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ADVANCES IN LASER TECHNOLOGY 

Achievements in fundamental physics more than once sen•ed as the basis for construction of new heat 
sources for welding and related processes. During the last 20-30 years another new scientific-and­
technical area has been formed in the field of the welding technology. This area is associated with 
lasers and characterized by extremely high rates of development. 

Now lasers hat'e transformed from an object of physical research into a powerful tool for welding, 
cutting and surfacing. A new branch of machine building has emerged, which manufactures industrial 
equipment for the respective technological processes and, in the first turn, technological lasers. The 
latter hac_•e a number of peculiarities, primarily a high power, which distinguishes them to adc_•antage 
from many other types of lasers used for communication, medicine, information facilities and many 
other purposes. 

Technological lasers are classified mostly by three indicators: operation mode (continuous or pulsed 
radiation), type of an active material (solid-state actic_·ated-glass or ion crystal lasers, gas lasers, 
semiconductor or diode lasers) and excitation method (optically pumped lasers, gas-discharge lasers 
and lasers with electron pumping). 

Technological lasers generate radiation which theoretically is superior to that generated by all other 
heat sources, including electron beam, in power per unit surface. Laser radiation can be used for 
welding and cutting of materials with a ?.'ery wide range of physical properties, from the smallest 
thickness and to a thickness of several centimeters. In welding without deep penetration the travel 
speed can amount to ten meters per second! In this respect, laser welding hm•e certain ad?.•antages 
m•er electron beam one. 

The many-year competition between laser and electron beam heat sources for welding applications 
turned out to be very exciting and fruitful. 

Despite the fact that the efficiency of vacuum used as a shielding environment in welding was 
demonstrated many times, the need for substantial capital im•estments to build evacuation systems 
and the vacuum chamber proper is a serious factor in famur of choice of laser radiation, instead of 
electron beam. This is especially pronounced in laser welding of extended ship and aircraft multi­
functional monolithic ]-dimensional structures, based on the so-called stringer panels, made from steel 
and aluminium alloys. Laser turned out to be beyond compare in manufacture of tailored blanks for 
car bodies and many other pieces. 

Laser has introduced radical changes into cutting of sheet materials, especially precision cutting. It 
opens up large prospects in the field of deposition of thin wear resistance coatings. 

The efficient applications of combined welding processes: arc+ laser beam and high frequency current+ 
laser beam, have been recently reported. Our Institute is successfully dec_>e/oping a welding method 
which combines plasma and laser beam. A combined effect of these two heat sources has a particularly 
high manifestation in this case. There is no doubt that the hybrid processes using lasers will find 
wide application in welding industry. 

Visitors of the last welding fair in Essen (September 2001) were highly impressed by demonstration 
of laser welding equipment and applications. Exhibits covered the entire range of potential applications 
of laser welding: from fully automated with computer control to the so-called mobile (mechanized) 
welding, and from precision welding requiring binocular microscopy for tracking the process to 
high speed tandem laser-arc welding of heat exchanging aluminium panels 10 mm thick. 

The main factor that restricts application of laser welding is certainly a high cost of equipment. 
Hopefully, this situation will change to the better in the near future, in particular owing to construction 
and commercial application of high-power diode lasers, which are much less expensive, small-size and 
characterized by an incomparably higher efficiency. 

This issue of our Journal, which we offer to your attention, is dedicated to description of achie?.•ements 
in t lze laser technology and its capabilities. 

Prof. Boris E. PATON 
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LASER TECHNOLOGIES 

LASER TECHNOLOGY AT A NEW STAGE 
OF DEVELOPMENT 

V.S. KOV ALENKO 
Research Institute for Laser Equipment and Technology of the National Technical University of Ukraine dCPh, Kyiv, Ukraine 

ABS1RACT 

The state-of-the-art and prospects of development of laser technologies and equipment for welding, cutting and various 
types of hardening treatments are analysed. Extremely high potential of laser processes for advancement of modern 
science and technology in the most important industries is shown, and the national experience in this area is noted. 

Key words: <celding, gas and solid state lasers. microma 
chining, cutting of metals, laser hardening, surfacing, engrav­
ing, surface cleaning 

The first I ascrs emerged at the end of the 1950s -
beginning of the 1960s. Today they have more than 
350 different applications a lmost in al l spheres of 
human activity. Among them materials treatment is 
the area where laser technology has gained the widest 
acceptance [1 ]. This technology is a very dynamic and 
self-sustained area of modern machine building and 
instrument making, having multi-billion (in dollar 
amount) turnovers in the volume of capital. The most 
efficient technological application of laser radiation 
is for micromachining (manufacture of microholcs, 
slots, micromilling, etc.), location and spacing of 
blanks and cutting of materials, surface hardening 
treatment (hardening, alloying, surfacing, spraying, 
etc.), welding, marking, engraving, deposition and 
reading of coded symbols, running balancing, surface 
cleaning (removal of insulation, contaminants, radio­
active materials, etc.), growth of three-dimensional 
objects, making of tailored blanks of sheet materials, 
and special laser treatment operations. 

Based on orientation of this issue of the Journal 
to the particular subject matter , while analysing the 
state-of-the-art and prospects of development of laser 
technology the author gave a special consideration to 
problems associated with laser welding, cutting and 
different types of hardening treatment of materials. 

Laser equipment. Today the most extensively used 
lasers arc gas COrlasers with a wave length of A. = 
= 10.6 11m and sol id-statc YAG lasers with A. = 
= 1.06 11m. Radiation power of the former amounts 
to 50-70 and the latter - to 2- 4 kW. Drawbacks of 
COrlascrs include large dimensions, substantial con­
sumption of very valuable helium and impossibility 
of using fibre optics for transportation of their radia­
tion. YAG lasers have no such drawbacks, this ac­
counting for their more frequent current application. 
Recently an increasing acceptance has been received 
by lasers which generate radiation in the ultra-violet 
range of electromagnetic spectrum (CO-, cximcr-, 
metal vapour, etc.). Their short wave length (0.2-

© V.S. KOVALENKO, :1001 
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0.6 11m) provides a higher power density and effi­
ciency of utilisation of laser energy owing to its better 
absorption by metal surfaces. Emergence of X-ray la­
sers will make it possible to increase capabilities of 
super-precision treatment, e.g. in building of micro­
modules for a new generation of computers 121 . 

Given that modern high-power lasers arc compara­
tively low-efficiency power converters (their effi­
ciency varies from tenths of a percent to several per­
cents), developments of semiconductor (diode) lasers, 
the efficiency of which amounts to 90 % and higher, 
arc considered very promising. Because of a very low 
power of individual diode lasers , the trend now is to 
combining them into a large matrix, which enables 
achieving the value of an integral power equal to 
100 Wand higher. A substantial increase in the effi­
ciency of operation of the Y AG lasers and decrease 
in their dimensions can he achieved also by using the 
diode lasers . They are applied for pumping active 
solid-state clements, instead of gas-discharge pump 
tubes. As a result, size of laser radiator with a power 
of 1 k W can be decreased to that of a sboe box l3 J. 

Micromachining. The usc of lasers for microma­
chining has been known since the time of their first 
emergence. Owing to specific properties of laser ra­
diation characterised by a high concentration, elec­
tromagnetic energy can be localised to a considerable 
degree, which allows controlled removal of micro­
scopic volumes of material and, thus, precision ma­
chining. At present, microholcs with a diameter of up 
to several micrometers can be made in different ma­
terials, independently of their properties. This tech­
nology is used to machine precision hol es in tool 
stones, diaphragms, fuel nozzles, various filters, spe­
cial tools of the type of diamond and hard-alloy dies, 
and drawing dies for making synthetic fibres, etc. 111. 
Productivity of making such holes, depending upon 
the material thickness, may amount to several thou­
sands of holes per second. High-speed scanning of 
laser radiation can be applied for making complex­
profile slots in different components of m icroclcctron­
ics, precision adjustment of resistors , etc. This tech-

. no logy is indispensable for precision slotting or scrib­
ing of superhard synthetic or natural materials 141. 
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The challenge of improving quality and precision of 
machining can be handled by using supershort laser 
pulses (nano-, femtosecond) and lasers which generate 
radiation in the ultra-violet and even X-ray range of 
electromagnetic spectrum. Also, this will allow mas­
tering of the range of submicron (down to nano-) 
values of diameters of the holes and width of the slots 
which can be made using the laser beam. 

Location and spacing of blanks and cutting of 
materials. The use of lasers for location, spacing and 
cutting is very popular now, as along with high ac­
curacy and productivity of treatment they provide a 
substantial saving of materials owing to a very small 
width of the cut and a rational system of location and 
spacing of blanks, compared with traditional tech­
nologies 14, S 1. The efficiency of cutting of parts of 
a complex profile at a small-series production is much 
higher in this case than in conventional blanking of 
sheet parts. In the case of large-size billets of a com­
plex profile with a large quantity of standard simi­
lar-type components (large holes, windows, etc.), ma­
chining may be performed using hybrid facilities of 
the laser- press type, thus enabling the high-efficiency 
utilisation of advantages of both processes: traditional 
blanking pressing of typical components and flexible 
laser cutting of complex profiles. 

Laser location and spacing of blanks is extensively 
used in modern automobile industry, aerospace engi­
neering , ship building, electrical engineering, agri­
cultural machine building and light industry. In ad­
di t ion, rather specific applications of laser location 
and spacing are being developed now, e.g. in power 
engineering. For instance, at nuclear power stations 
it is often necessary to perform remote treatment (cut­
ting) of various metal pieces for erection and repair 
operations at high levels of radiation. This treatment 
can be conducted very effectively by laser technology 
through transporting the laser energy via light guides 
to very large distances (up to 100-200 m) and using 
robotic systems with a remote control 161. A striking 
example of specific capabilities of laser cutting was 
the development of a robotic laser system for disman­
tling operations to be performed on the <<Shelter>> 
object at the Chornobyl Nuclear Power Station. Ow­
ing to the use of con tactless remote treatment, a scl f­
propelled robot can be made as a very compact facility, 
which docs not require much power for functioning. 
It can penetrate into hard-of-access locations inside 
the object to perform operations on disintegration of 
fractured metal structures and high-radioactivity lava 
formations for their further decontamination and 
burying 171. This robotic laser system was developed 
by the Research Institute for Laser Equipment and 
Technology in collaboration with the Research Insti­
tute for Mechanics Problems <<Ritm~ of the National 
Technical University of Ukraine <<Kyiv Polytechnical 
Institute>> 181. 

Surface hardening. Now this area is being very 
intensively developed in Ukraine, other CIS countries 
and Western industrialised countries, although the 
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pioneering investigations in this field were carried 
out by our scientists, in particular the scientists of 
the NTUU «KPh 19-111. At the beginning the most 
intensive activity was in development and application 
of surface hardening without penetration of a mate­
rial. This method, being very simple, allows micro­
hardness of a surface material and wear resistance of 
parts to be increased from 2 to S times, avoiding 
thermal distortion of the parts, which is typical for 
traditional heat treatment methods. High efficiency 
of the process was demonstrated in local hardening 
of blades of various types of cutting tools (cutters, 
mills, drills, broaches, knives, scissors, blanking dies, 
etc.), many machine parts (crank- and camshafts, gear 
wheels, working surfaces of engine valves, hydraulic 
valve stems, etc.), various large-size parts of chemical 
and power engineering 112, 131. 

In the last years a high interest in this technology 
has been expressed by developers of turbo-jet engines 
and super-power turbines (for local hardening of 
working surfaces of turbine blades). These critical 
parts operate under extreme conditions and, therefore, 
require extra hardening treatment 113]. 

Processes of local laser alloying, surfacing and 
coaLing make it possible to form a layer of a superhard 
material on the working surf ace of a part made from 
conventional structural steel, which allows a substan­
tial improvement in performance of the part and an 
entire machine or instrument as a whole. These tech ­
nologies arc topical for any industry, but of a special 
interest they arc to aerospace, motor engineering and 
other industries, where it is necessary to combine light 
weight and compactness of a structure with its high 
strength and wear resistance under extreme service 
conditions. For example, surface alloying of alu­
minium alloys with iron, silicon, copper and other 
metals makes it possible to substantially increase heat 
resistance of parts made from such alloys r14]. Per­
formance of critical parts of titanium alloys in aero­
space engineering can be increased in a similar way. 

Despite a very high level achieved in the devel­
opment of laser hardening technologies, there are still 
many problems which require solution in order to 
improve quality and raise productivity of these proc­
esses. In particular, because laser hardening is per­
formed by using mostly high-power C02- and Y AG 
lasers, this involves losses of laser radiation, caused 
by the fact that the major part of infra-red radiation 
generated by the laser is reflected from the metal 
surface. This problem can be solved through selecting 
the most efficient materials for absorbing coatings 
and methods for their deposition. The following ma­
terials arc used at present for the above purposes: 
graphite paint, Zn, ZniP04h Si2, Al203, C, Fc304 
11 S I, and search for new materials is in progress. 

Laser hardening technology is a multifactorial 
process, depending upon more than thirty different 
factors, which can hardly be controlled at a time. 
Therefore, it is advisable first to identify those factors 
which affect other factors and the process as a whole. 
The following factors can be identified as the main ones: 
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surface temperature, heating time and rate, as well 
as cooling rate. Surface temperature itself greatly dc­
,pends upon absorbing properties of the surface. To 
control and raise the efficiency of hardening, it is 
necessary to find the possibility to control the absorb­
ing ability of the surface and its temperature simu 1-
taneously with controlling the irradiation process. A 
device has been developed recently, allowing estima­
tion of not only the absorbing ability of the surface 
during the process of its irradiation, but also its iw 
stantancous temperature in the laser-affected zone 
1151 . 

One- or two-component compositions were used 
earlier for local surface alloying. Now laser cladding 
is performed using multicomponcnt compositions, pri­
marily those which were initially developed for 
plasma cladding. Among them the most common com­
positions are the Ni-bascd ones. Main drawbacks of 
such compositions include high price, setting of the 
deposited layer in dry friction and high tensile 
stresses. The Research Institute for Laser Equipment 
and Technology of the NTUU «l(Pb developed new 
compositions based on Fc-B-C alloys 1161. Owing 
to the iron base of these compositions, tensile stresses 
formed in the deposited layer arc usually lower than 
in the case of using Ni-bascd compositions. Coating 
carbon steels with boron provides a much higher wear 
resistance, but leads to a decrease in ductility. The 
ductility loss was compensated for by adding silicon 
and chromium as extra alloying clements. 

Tests showed the following advantages of the com­
positions developed for laser alloyi ng: 

• they arc less expensive than compositions on the 
nickel (S-6 times) and cobalt (8-9 times) base; 

• new compositions arc non-toxic ; 
• hardness of the deposited layer is not lower than 

that of Ni-base alloys (HRC 62-63); 
• new alloys have better adhesion owing to their 

similarity to the matrix material. 
Improvement in quality of cladding using both 

existing compositions and new materials can be 
achieved by allowing for their thermal-physical prop­
erties and by bringing them closer to properties of 
the matrix material. The procedure developed for se­
lection of compositions for cladding, allowing for the 
above factors, enabled a substantial decrease in the 
level of tensile stresses and, hence, the probability of 
microcracking 1171. 

Different combinations of laser technology and 
affecting a material by other energy sources can be 
used to increase the hardening effect of laser surface 
treatment. For example, specialists of the NTUU 
«KPb studied and suggested for practical application 
the following processes to be combined with laser 
hardening: 

• simultaneous plastic roll or ball deformation of 
an irradiated material; 

• ultrasonic deformation, in which plastic defor­
mation occurs due to the effect of a concentrator on 
the irradiated material vibrating at the ultrasonic fre­
quency; 

• treatment in liquid nitrogen , which provides an 
improved removal of heat from the irradiated zone 

12/2001 

LASER TECHNOLOGIES (" 

(due to an increase in temperature gradient) and cre­
ates conditions for more intensive diffusion of nitrogen 
in the matrix material; 

• laser cladding with electromagnetic stirring, 
which improves homogeneity of the deposited mate­
rial and, therefore, quality of laser cladding 1181. 

Also of interest arc the processes which arc based 
on the combination of plasma treatment and laser 
effect on a material. Such a combination can be se­
quential (first plasma cladding is performed, and then 
laser radiation is used to improve adhesion charac­
teristics of the deposited layer) or simultaneous (laser 
beam is fed through the plasmatron directly to the 
treatment zone, thus intensifying the plasma treat­
ment process) [ 191. 

Welding. Owing to a high power concentration 
and the possibility of a very flexible space and time 
control of the power , the laser beam has become a 
universal heat source for making permanent joints of 
different materials. At present it is used to join thin 
conductors with a diameter as small as several microns 
to metal microfilms. The laser beam can also be em­
ployed for welding steel parts more than ten centi­
metres thick, providing welded joints of a sufficiently 
high quality, which cannot be achieved by any other 
welding method . In addition to joining different types 
of steels, the laser technology turned out to be very 
efficient for welding aluminium as well as aluminium 
and titanium alloys. The possibility of ensuring a very 
high quality of welding of metal sheets of different 
thickness led to the development of a new technology 
for making tailored different-thickness blanks, mean­
ing that location and spacing of primary blanks of 
metal sheet of the same thickness were done also by 
using the laser beam. This technology is very popular 
in motor industry and aerospace engineering. One of 
the new applications of precision laser welding is fixa­
tion of clements of magnetic circuits in electrical en­
gineering parts, which leads to improvement of the 
technology of manufacture of high-quality electric­
motor rotors, transformers and other similar products 
1201. Laser welding opens up new prospects for qual­
ity thermal joining of parts made from plastic, ceramic 
and composite materials. 

Among the problems handled by investigators of 
the laser welding process, one should note the fol­
lowing: making of a reliable system for monitoring 
of the welding process (several variants of diagnostics 
of the process using video equipment arc available 
now); study of the capabi 1 itics of using new types of 
high-power lasers for welding; development of meth­
ods and instruments for non-destructive testing of the 
process; investigation into peculiarities of laser weld­
ing of materials of a differing nature , etc. Concerning 
the latter, a good example is joint research conducted 
by specialists of the NTUU «KPh and the Beijing 
Institute of Synthetic Materials (China) to study the 
possibility of improving the efficiency and quality of 
laser welding of composite diamond-bearing segments 
to a steel casing of circular saws employed for proc­
essing of stones under the deposit conditions, without 
fluid cooling [21 ]. 
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Marking, engraving, deposition and reading of 
coded information symbols. In view of the almost 
unlimited growth of ranges and output of different 
products (r:\arts and components), iden tification of 
these products and deposition on them (or reading 
from them) of d i ffcrcnt volumes of functional in for­
mation have become a pressing problem. In contrast 
to traditional methods, laser technology allows mark­
ing of any material by the contactlcss method and at 
a very high speed, ensuring the exceptionally high 
quality. It can be done not on ly on the surface, but 
also in the bulk of a material transparent for the laser 
beam. For example, identification number of a micro­
scopic size can be made inside a very valuable diamond 
without any deterioration to its marketable state and 
with a guarantee that this number will be retained 
almost forever. The less exotic application of this 
process is marking of parts of microelectronics , elec­
trical engineering, instruments and different types of 
tools, etc. Making of decorative inscriptions, figures 
and different types of engravings proved itself advan­
tageous in jewellery, manufacture of souvenirs from 
metal , wood, glass, stone, plastics, etc. Lasers arc 
applied quite extensively for making different types 
of relief inscriptions, signs on instrument panels , com­
puter keyboards, etc. 

Normal functioning of modern trading networks 
would be impossible without the usc of laser deposi­
tion and especially laser reading of coded information 
on each product. Also, the laser technology provides 
a reliable on-line inspection, registration and control 
of goods flow circulation not only within an individual 
trading entity, but also within a trading system, re­
gion, country, etc. 

Laser technology led to a revolution in the field 
of deposition, conservation and reading of audio and 
video information. Traditional forms of storing of 
aud io (disks , magnetic tapes) and video information 
(magnetic tapes) arc now swiftly replaced by laser 
compact disks. They can contain an enormous amount 
of information in the form of coded bits applied by 
the laser beam to a plastic disk, and provide an almost 
ideal quality of record and playback of this informa­
tion. Until recently, its drawbacks included a limited 
amount of information which could be recorded in 
one disk and impossibility of deleting the recorded 
information or re-recording it. The first drawback has 
already been almost overcome. It turned out that the 
compact disk could be made of two layers, the upper 
layer being made transparent to non-focused laser ra­
diation. Therefore, the required information is first 
deposited by the focused beam on the first layer , and 
then recording (or reading) of the information can be 
continued by shifting the focal spot to the surface of 
t he second layer. As a result, the amount of the in­
formation recorded on such a disk is doubled 1221. 
Further investigations arc in progress on manufactur­
ing multilayer compact disk. Exciting solutions are 
emerging in the field of avoiding the second drawback. 
In particular , a special material can he used for the 
manufacture of the compact disk , which can restore 
its initial properties under conditions of extra pho­
tothermal treatment, i.e. the old record can he clclclcd 
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and a new in formation can be recorded i nstcad of it. 
Other possi bi 1 itics of i ncrcasi ng the efficiency of using 
laser compact disks arc also studied. 

Dynamic balancing. Some modern high-precision 
parts have units which must he treated by a specific 
operation dynamic balancing, i.e. precise removal 
of an unnecessary mass from the surface of a unit or 
part rotating at a high speed, to ensure stab le opera­
tion of the product. Such parts include ship and avia­
tion gyroscopes , high-speed electric motors, etc. 

With traditional methods of balancing a location 
of unbalance is first determined and then this unbal­
ance is removed as a rule by machining from the part 
(unit) in the quiescent state. The laser technology 
allows the operation of determination of location and 
amount of unbalance and the operation of precision 
removal of the unnecessary unbalanced mass to be 
combined in one process. This provides substantial 
saving of time (1 -2 h), as it takes up to one hour for 
some critical instruments to achieve working concli­
tions (several tens of thousands of revolutions per 
minute) and the same time to stop. The usc of laser 
dynamic balancing docs not only yield a substantial 
saving of time, but also provides a high precision of 
removal of mass (to a few milligrams or even tenths 
or a milligram). 

The developed systems of laser dynamic balancing 
enabled considerable improvement of quality of gy­
roscopes, high-speed electric motors, etc., and, there­
fore, increase in reliability and extension of service 
life, as well as a substantial reduction in their manu­
facture cost 123, 241. Further improvement of the 
technology can be achieved owing to application of 
the more efficient types of lasers, upgrading of the 
systems for automatic location of unbalance , etc . 

Surface cleaning. This process has been inten­
sively developed in the last years. Whereas until re­
cently only laser removal of insulation from the ends 
of wires prior to their connection to appropriate elec­
trical (electronic) devices has been widely spread, 
now more and more extraordinary and even exotic 
app 1 ications arc cmcrgi ng. 

As it is , removal of insulation is a very efficient 
process: fast, readily controllable and contactlcss 
(causing no damage to a conductor). This is very 
important for supcrth in microconductors and various 
microclcctric parts. The high quality of cleaning is 
achieved owing to a high absorbing ability of various 
organic materials (such as polymer insulating coat­
ings) under conditions of their irradiation by the in­
fra-red beam of lasers with a wave length of 'A = 
= 10.6 or 1.06 11m. This technology is employed also 
for cleaning of surfaces of critical parts from industrial 
contaminants, different types of surface inclusions in 
a material, etc., instead of traditional chemical clean­
ing methods. 

The possibility of utilising the cleaning effect of 
laser radiation stimulated the development of envi­
ronmentally clean technology for removal of different 
types of old paint coatings from large-size airfoil sur­
f aces of aircraft, he! icoptcrs and spacecraft. Trad i­
tional technologies for cleaning the surface from paint 
arc of low-productivity and environmenta ll y hazard-
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ous. In the case of using a gas torch, it is hard to 
localise the heat effect on the surface treated, the 
-process is difficult to control and involves the risk of 
fire. Various chemical methods of dissolution and 
washing out of paint deal with usc of toxic materials, 
which can hardly be recycled further on . The quality 
of treatment is difficult to guarantee, because old 
paint and chemicals used for washing out may remain 
in mircocracks, pores, etc., which may lead to further 
development of a dcfccL. 

Laser technology allows removal of old paint and 
primer from the surface of a part without any damage 
to the base material. Modern types of lasers, video 
systems and robotic facilities can be used to build a 
high-productivity laser complex with a feedback to 
enable adaptation of conditions of removal of a paint 
layer depending upon its type, thickness, colour, etc. 
125, 261. In the case of using a laser with a power of 
up to 6 k W , a prototype of the faci 1 ity can ensure 
productivity of surface treatment equal to 
92 cm2 / min. In addition to the above positive fea­
tures , laser technology makes it possible to very ef­
fectively detect leading cracks in critical zones of a 
structure and , hence , prevent development of emer­
gency conditions. 

Considerable recent progrc~s in nuclear power en­
gineering resulted in a pressing problem associated 
with cleaning of surfaces of various parts from radio­
active contaminants . Laser technology can offer so­
lution to this problem as well. Scanning the contami­
nated surface by the focused laser beam provides re­
moval of radioactive materials due to their local closed 
evaporation , furth er suction from the laser-affected 
zone and recycling in a special storage. 

There arc cases where it is necessary not to remove 
a radioactive conta minant from the surface but, on 
the contrary, fix it reliably to prevent pollution of 
radioactive materi a ls (dust). This can also be done 
using laser radiation, but in the mode of pcnclration 
of the surface layer together with the radioactive dust. 
Therefore, the radioactive dust can remain for ever 
on the laser beam treated surface of metal, rein forced 
concrete, brick, ceramic roof, etc. [7, 271. With a 
traditional technology this fixation was achieved us­
ing polymer coatings, which decomposed (fractured) 
under the atmospheric effects , thus leading to a dan­
gerous spread of the radioactive dust. 

Growth of three-dimensional objects. The clas­
sical technology of manufacture of a part (item) in 
industry provides for removal of excessive material 
from a billet to ensure the required shape, size and 
quality of the part. Progress in laser equipment and 
emergence of modern f ast-rcsponsc computers with 
an enormous memory capacity made it possible to 
develop the fundamentally new laser technologies for 
making parts of a complex spatial con figuration, 
which provide clem ent-by-clement and layer-by-layer 
growth of a material in accordance with an image 
formalised in the computer memory. Available now 
arc very many diverse methods for realisation of the 
processes, which can be found in a special literature 
and bear different names: optical fabrication, rapid 
prototyping, 3D-component forming, solid free form 
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forming, stcrcolithography processing, laminated ob­
ject manufacturing, directed light fabrication , se­
lected laser sintcr ing, material accretion processes, 
etc. r28, 29 1. Po lymers, paper or cardboard tape 
treated with an adhes ive composition, metal strip with 
a low-melt ing point coating, metal powder or special 
composition, etc. can be used as materials for reali­
sation of this technology. or special interest is the 
method of synthesis of a 3D-part from metal powder 
materials using a scanning laser beam. With this 
method a powder of one composition or a composition 
of different powders mixed in different proportion s 
can be fed to the laser-affected zone to provide special 
properties of a part in the required locations. There­
fore, different properties of components of a part in 
accordance with different designed service conditions 
can be provided as early as at the stage of manufacture 
(growth) of the part. This makes it possible to elimi­
nate the need for subsequent deposition of a coating, 
cladding, local alloying or other additional operations 
typical for traditional technologies of manufacture of 
parts. 

The processes of growth of 3D-objects arc now 
gradually coming out from the stage of experimental 
verification into the stage of commercial application. 
This technology is particularly topical for such dy­
namic industries as aircraft engineering, motor indus­
try, electronics, tool-making industry, space engi nccr­
ing, etc. As compared with traditional methods of 
design of parts and units, the new technology of 
growth of objects at the US Company 4' Gcncral Mo­
tors>> allows saving of up to 60-80 % of time and 
money. For example, in manufacture of a model o f 
the locomotive transmission gear box casing the time 
consumption was reduced from 6 months to 400 hours 
( 16.6 days). Laser technology enables a very prompt 
realisation of an enormous diversity of complex 3D­
parts of any design at minimum costs, allowing for 
the boldest fancy of a customer (buyer). 

One of the efficient application fields of the new 
technology is manufacture of components of die tools, 
especially repair of die cavities and moulding dies for 
manufacture of large-size parts 1301. Interesting pros­
pects arc opened up by using it in medical practice, 
particularly in preparation and conducting of surgical 
operations for remedy of traumatic consequences or 
pathology. For instance, if necessary to conduct a 
neuro-surgical operation, a plastic 3D-model of a 
skull, which shows real consequences of trauma, is 
grown by the tomography data to develop strategy 
and tactics of such a complicated operation. A surgeon 
identifies in detail all stages of the operation using 
this model and, therefore, increases the guarantee that 
the operation will be a success. Even now the time 
for making the plastic model by the tomography data 
is less than 6 h 1311. This time can be further reduced, 
providing that more perfect software and increased­
capacity computers arc available. 

One of the most important pccul iaritics of the sug­
gested laser technologies is the possibility of separating 
different stages of development of a part in time and 
space. The computer information on a designed part 
(CAD-in formation) can be elaborated in one city at a 
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certain time, and then transferred via telephone or 
satellite communication lines to the other place, e.g. 
to a workshop equipped with special hardware for 
laser synthesis of parts. Just imagine transfer of such 
an information to a future space interplanetary station 
at which there is a need to manufacture a spare part 
for the station hardware. Then it will be enough to 
transfer via a satellite communication from the Earth 
a formalised description of the part (instead of sending 
a finished part by a transport rocket), and make it 
on the station using a compact multifunctional laser 
facility. 

Formation of parts of a complex spatial configu­
ration from sheet metal. The possibility that heat 
energy input into the laser-affected zone and its dis­
placement over the surface of a workpiece can be 
controlled very precisely resulted in the development 
of a technology for programmed changing of shape of 
a sheet metal due to thermal deformations generated 
by the laser beam. This technology, avoiding the usc 
of traditional expensive deformation tools (punches, 
dies, moulds), can be used to make tubular pieces, 
wavy surfaces, and bend metallic materials according 
to a program 1321. This technology has proved itself 
advantageous in cases where it is necessary to make 
a small batch of complex-configuration parts from a 
metal sheet, and where design and manufacture of 
complex-shape deformation tools is economically un ­
justified. Reported is an experimental usc of radiation 
of a high-power C02-Iascr to change spatial configu­
ration of a rolled steel plate 25 mm thick 1331. 

Special laser treatment operations. Specific fea­
tures of utilisation of the laser beam as a versatile 
tool make it possible to keep offering new technologi­
cal applications for lasers. Combination of laser tech­
nology with other processes yields a substantial effect. 
For example, the usc of laser for local heating of a 
material layer prior to removing it by a mechanical 
cutting tool makes the process of machining of super­
hard materials much easier and extends life of a cut­
ting tool 134]. With classical cutting the laser can be 
effectively used for grinding of discharge chips, e.g. 
in drilling deep holes, which enables a substantial 
rise in productivity of the process of their machining 
by gun drills. The usc of lasers for dressing of dia­
mond-bearing abrasive wl)ccls reduces losses of syn­
thetic diamonds, increases productivity and accuracy 
of diamond treatment of superhard materials. Excep­
tional prospects arc opened up by combining laser 
techno logy with clcctrochcmical, clcctric-dischargc, 
ultrasonic and other types of materials treatment. 

Potential of technological application of laser ra­
diation is farfrom being exhausted, which is evidenced 
by results of numerous recent publications. Further 
development of laser equipment and technology al­
lows a manufacturer to receive substantial benefits 
under conditions of severe competition in the modern 
global economy. 
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LASER TECHNOLOGIES IN SHIPBUILDING 
REALITY AND PROSPECTS 

P. ZEYFFARTH and]. HOFFMANN 
Training-Research lnstitule , Rostok, Germany 

ABSTRACT 

Experience of development and application of laser technologies in shipbuilding, gained in Germany, is generalised. 
Companson of Lhe effectJveness of app lication of laser technologies and arc processes is made. Examples of the most 
effective laser apphcatwns in shipbuilding are given. 

KeY words: laser technologies in shipbuilding, laser 1celd 
mg, laser arc welding, sur/ace treatment, cost e{{ectiveness 

Laser technologies, applied in many areas of materials 
processing , are regarded to be the most effective and 
promising. Laser allows cutting, welding and proc­
essing the surfaces of various materials at a high level 
~f technology and cost-effectiveness. As indicated by 
forecasts, only those sectors of the economy, that will 
extensively usc laser techno logy, will be competitive 
on the world scale in the future. It should be noted, 
that Japan uses as man) lasers for material proccssi ng, 
as both Western Europe and USA . Application of 
laser welding showed, that in fabrication of regular 
ship structures, the efficiency of manufacturing panels 
with up to 16m weld length increases by 100 °o, as 
a 'result of a considerable increase of welding speed, 
as well as a low heat input, and, hence, cost saving 
due to elimination of subsequent manual treatment, 
for instance, straightening, etc. 

Laser technology introduction into shipbuilding 
began in FRG already at the start of 1990s, in par­
ticular, in fabrication of individual parts, including 
panels 111, and for processing the surfaces of seaborne 
machinery . Investigations have been conducted since 
that time with the aim of the process certification 
both for welding 12], and for surface treatment, i.e. 
prerequisites for its introduction arc created. Euro­
pean classification societies have taken a decision on 
issuing uni ficd guide! incs on laser welding application 
in shipbuilding. Research is being intensively pursued 
in Germany, which is vividly demonstrated by laser 
centers. In particular, Fraunhover Institute of Laser 
Equipment in Aahcn, Institute of Appl icd Laser Tech­
nologies in Bremen, Bavarian Laser Center in Nuern­
bcrg-Erlangen , Laser Center in Hanover, as well as 
similar institutions in Berlin, Ilamburg, Ncumucnstcr 
and other cities . 

. In addition to the high interest from the Ministry 
of Education, Research and Technology, as well as the 
centers on research results introduction into the German 
shipyards, Shipbuilding Research Center, German 
Lloyd and manufacturers also continuously provide the 
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initiative for solving the problem of laser application 
in shipbuilding today and in the ncar future . 

State-of-the-art. Data on the efficiency of laser 
welding techno logy (Figure 1) were given in there­
port of Prof. Hcrziger in the meeting of the Ship­
building Engineering Society in Berlin in 1992 13]. 

In addition, comparison is continuously being 
made with the most advanced highly efficient welding 
processes developed, that provide a welding speed of 
up to 6 m / min and deposition rate of up to 16 kg / h 
(high-speed arc welding, welding in a four-component 
shie lding gas and twin-arc welding). Laser sources 
arc being continuously improved, for instance, output 
beam power already now reaches 45 kW (Figure 2). 

Known is a comparatively new type of laser, de­
veloped allowing for the specifics of shipbuilding, as 
by no means the least important application (Fi­
gure 3). lt features the best technical parameters and 
characteristics in terms of beam quality, 
weight / power ratio and outer geometrical parame­
ters. Commercially available turbolascrs have stable 
output power of 20 kW, and a 30 kW turbolascr op­
erates under the laboratory conditions. Work goes on 
to increase the output power, the intent being to con­
nect several modules to increase the efficiency to 40~ 

"w• mfmin 
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Figure 1. Welding speed, depending on thickness of metal welded 
(structural steel) for different welding processes [5]: t, 2 laser ; 
], .J ~ submerged-arc with two wires and one wire, respectively 
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Figure 2. C0 2- laser of 45 kW power with transverse pumping and 
six axes processing center (Institute of Welding Equipment in 
]\fatz, France) 

60 kW. Figure tj shows the achievable penetration 
depth, depending on welding speed. 

Such a high output power of the laser is usually 
used to achieve a high welding speed. In Figure 4, 
hm\cvcr , it is shown, that at a relatively high speed 
it is al so possible to weld thick metal, comparatively 
ra rely used in shipbuilding. 

Technological problems arc encountered in the upper 
thickness range. There is a high probability, that it will 
he possibl e to solve them on the basis of further research 
and development (multi-beam and laser-arc welding) 

Figure 3. TRUMF laser, TLF 2000 Turbo 
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Figure 4. Penetration depth at beam output power of 30 ( 1) and 
45 (2) kW, depending on welding speed 

141. High-speed welding of up to 12 mm thick plates 
has a! ready become a reality now, so that direct in­
troduction of this process into industry is possible, 
which it is rational to implement in the ncar future 
in view of the growing international competition. 

Laser technologies in shipbuilding arc becoming 
applied in such companies as Mailand (Italy), Riva 
Techint, as well as Maycr-Werft in Papcnburg. This 
will be soon followed by laser equipment mounting 
in Odcncc and Fincantieri Concern in Venice. German 
shipyards are conducting intensive preparation for la­
ser application in shipbuilding. Riva Techint Com­
pany, in particular, is working to increase the pene­
tration depth and welding speed. Combination of 10 
and 17 kW laser beams, provides a summation of 
output powers on the item, i.e. 27 kW. In this ex­
perimental set up butt and fillet welds were produced 
by the order of Fincanti.cri Shipbuilding Concern. The 
whole system is made as a mobile gantry with the 
working zone of 3.50 x 52.00 m. 

Three-dimensional processing systems with a 
built-in COrlaser arc very seldom larger, than the 
size of a car. This limitation is mainly the result of 
the length of the rcflccLcd C02- laser wave ( 10.6 f!m) 
and the need to bring the beam to the processing 
location through a system of mirrors. Applied in in­
dustry arc processing systems with a moving item, 
running beam (<<flying>> optics) or hybrid systems. 
Solutions, based on flying optics, provide a high dy­
namics of the machine operation, due to its light­
weight structure. 

However, any widening of the processing field has 
physical limits. Divergence of Gaussean beams is re­
sponsible for variable illumination of the focusing 
optics, depending on the beam path. In order to guar­
antee the stability of processing results, telescopes 
and adaptive optics arc used, that should be designed, 
allowing for the beam path and free passage of the 
beam through the gantry, while providing continuous 
illumination of the focusing optics. Such systems with 
path length of up to 64 m were developed and tested . 
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Table 1. Relative cost depending on plate thickness 

\\'orl<pine 
Parameter 

Container ship 

Water displacement, t 

Average plate thickness, mm 

Relative cost, 0
o 

7500 

7-8 

18 

14000 

16-20 

5 

Laser welding as a highly effective joining 
method in fabrication of ship hulls. Signi fie ant qual­
ity improvement is always associated with higher en­
ergy density. This is proven by the history of welding 
processes development: forge welding - gas welding­
arc welding - beam welding. Increase of energy den­
sity brings about the following effects: higher welding 
speed; lower heat input, and, hence, smaller amount 
of heat applied to the item; lower strains; shortening 
of the processes of post-weld treatment, for instance, 
flash removal, fitting, straightening; higher precision 
of manufacturing; general increase of efficiency. 

According to statistical data, the potential saving, 
that is annually achieved as a result of higher precision 
of parts and shortening of stages in the general proc­
ess, is $830,000 in the case of fabrication of two tank­
ers of 50 ,000 tons displacement. 

The data in Table 1 shows a considerable cost 
reduction in application of laser welding, especially 
in the case of sheet products. Our own analysis and 
evaluation demonstrated, that if the ship hull were 
made with laser welding application in shipbuilding, 
it would mean ""SO % saving of welding costs. This 
again indicates, that improvement of the accuracy of 
part and component fabrication is very important in 
shipbuilding technologies. 

According to Japanese studies IS I the accuracy of 
4-6 mm / 10 min marking and cutting involves labour 
consumption of 50- 80 hours per ton of steel, wh i lc 
precision increase up to a level of less, than 
2 mm 10m reduces the cost in ship hull fabrication 
to 25 hours per ton of steel. Strains and the associated 

Regular structure types 
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Figure 5. Comparison of critical distances between the frames in 
laser (1) and MAG welding (2) (circles sho\\" zone interfaces) 

deviations from technology occur mostly in thermal 
cutting and welding, while laser technology allo\\'s 
minimizing them. Consistent application of beam sys­
tems contributes to production costs of 15 hours per 
ton of steel becoming a real goal now. 

Results of investigations in the Training-Research 
Center of Mcklcnburg-Vorpommcrn Land demon ­
strated the ad vantages of I ascr systems application in 
fabrication of flat load-carrying structures with stiff­
eners. A lower heat input, resulting from a higher 
speed of laser welding, leads not only to reduced 
deformations, but also to a high stabi I ity of item form. 
Figure 5 shows the zones, where we can anticipate 
buckling due to loss of the form stability. 

Comparison between MAG and laser welding dem­
onstrates, that in case of the latter either the panel 
thickness can be reduced, or the stiffener spacing can 
be increased without any loss of stability. In addition 
to weight reduction, also a reduction of production 
costs is achieved, due to smaller number of welds (if 
this docs not contradict strength analysis or boundary 
conditions of the structure functioning). 

Sandwich type structure 
made by laser welding 

Possible cross-sectional shapes: 

Lascar Project Meyer-Werft Project 

·::::::::~::::::::::::::::::~::::::::: 
a ~I b T 

Figure 6. Variants of fabrication of cassette panels (flooring): a, b - welds made by laser welding 
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F igure 7. Software lo ca lculate in terna l stresses and strains 

fn add it ion to simpl e repl acement of t he regular 
\\eld ing processes, t he advantages of the new tec h­
nology in terms of structure adaptation arc becoming 
more and more obvious. For instance. it concerns the 
var iant of cassetlc floo ring in a Meyer-Wcrft shipyard 
in Papcnburg, the <<smoothness>> of t he flooring being 
due to buried tee join ts (Figure 6) . In t he Trai ning­
Research Center in Rostok there already are programs 
on deformation behaviour of materials in laser \\Cid­
ing, that can be used to opt imize the whole process 
(Figure 7). Such struclun.:s, adaptcJ lo laser welding, 
arc made us ing light-weight clements . Still anoth er 
major advantage is t he fact, t hat many preced ing and 
subsequent operat ions arc t hus el iminated. 

8 = 40 mm 
a=120mm 
s = 4mm 
t= 3 mm 
b=2mm 
l = 1 mm 
h=Smm 
d = 1.5 mm 
Q = 600 Jjcm 

Ambient temperature 20 oc 

Preheating temperature 20 °C 

cr y= 280 MPa (yield point) 

So, in t hi s case, no straighten ing or moun t ing 
cou nter weig hts is required, thi s simultaneousl y pro­
mot ing \\ eight lowering . Thermal and sound insul a­
t ion measures are si mp l i ficd , as the space between th e 
upper and lower sides of the cassette panels is used 
for mounting the separated wire systems. 

In Great Britain the intent is to appl y such des ign 
geometr ies for aircraft carrier landing decks, that guar­
antees t hem a high local strengt h and rigidity 121. 

Standard structures can be batc h-produced cost­
cffcct i\·e ly for a multitude of other ship el ements, for 
instance. founllatJons of vanous auxil iary machines , 
pumps, separators in the engine-room, etc., as well 
as light-we ight mobile part it ions, ferry quays, and 
even hatc h covers . Programs for computat ion of low-

r-----,r---------- p 

Mb )Mb 
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to crack initiation 81423 
Fatigue crack initiated 
along the weld in tee joint 

Section 2 
Lo d a maxn max 
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F igure 8. Software for calculation of low-cycle st rength of struct.ures with buried tee joints 
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cycle fatigue of structures with buried tee joints have 
already been developed (figure 8). 

Application of the currently available laser beam 
generators can be expanded by combining them with 
the regular welding processes. A mu ltitudc of process 
variants, allowing greater thicknesses to be welded, 
is being developed now, that have process advantages, 
in particular, increasing the welding speed. This per­
tains to combining laser systems with plasma, MAG 
or SAW. Let us en umeratc just the foil owing: greater 
maximal depth of penetration; higher welding speed; 
minimizing the welding heat input; improvement of 
weld properties; higher loading for the available units 
by their retrofitting, etc. 

Macrosection of the joint, produced in combined 
laser and SAW of shipbuilding plates 20 mm thick, 
and studied in the Training-Research Center of Mck­
lenburg-Vorpommcrn Land, is shown in figure 9. 
Such a combination of welding processes is achieved 
by fitting the modern gantry for SAW with additional 
laser heads. It is just necessary to additionally mount 
a sensor-controlled precision axle. Considering, that 
in welding from one side, it is technically difficult to 
provide the weld root protection by the backing, in 
the combined process it is possible to apply high-speed 
laser welding up of the root. Edge preparation accu­
racy, sufficient for the laser process, is guaranteed by 
milling machine tools, currently ap plied in shipbuild­
ing. Laser cutting proper, however, provides the edge 
preparation accuracy, comparahlc with the mechani ­
cal methods . Laser process speed allo\\S welding and 
cutting to be performed in one laser processing center, 
depending on the scope of production. 

While edge preparation can be performed with the 
required accuracy, maintenance of the maximal ad­
missible tolerances during the process is somewhat 
difficult. Thermoplastic processes during welding 
lead to a great widening of the gap, that should be 
taken into account, considcri ng small defect toler­
ances in laser welding. Mathematical simulation 
showed, that this problem can be solved by selection 

0.10 

E 
E 
ci 0 
ctl 

(.? 

-0.10 

-0.15 

-0.20 

-0.25 

Figure 9. Macrosection of a combined laser+ submerged-arc weld 
(d = 20 mm) 

of clamping devices and conducting the process in an 
appropriate manner (figure 1 0). 

When a decision on laser welding application is 
taken, the decisive factors arc cost of one linear meter 
of the weld, of each panel and, ultimately the cost to 
apply a new process, compared to welding in a con­
ventional unit. Taken for comparison, is a sample of 
a panel, made of 4 plates (3 x 16m, 12 mm thick) 
and 16 strips 161. The length of butt welds to he made 
is 48 m, fillet weld length being 256 m. The cost to 
make 1 m of butt weld, allowing for welding speed 
at the respective power is given in figure 11, and the 
cost of a fillet weld- in figure 12. 

When butt welds arc made, the advantages of laser 
welding over SAW arc clearly manifested only at 
process speed higher, than 0.7 m / min, while in \\cld­
ing of fillet welds the advantages in terms of cost arc 
obvious in the entire parameter range. Additional cost 
prior to welding and after it , is not taken into account. 
With optimal design of the gantry for laser welding, 
the optimal depreciation rate was calculated to be 1. 5 
years. 

Technique of laser processing of surfaces in ship­
building during fabrication and repair. The aim of 
laser processing is achievement of specific properties 
on the surface, for instance, high wear resistance or 
corrosion resistance . Given below arc some cases of 
laser technique application for surface processing. 
These arc ship engine gears of up to 2000 kg weight. 

Clamp (fastening) 
distance from 

weld middle, mm 

Heat source position, mm 
120 

Figure 10. Dynamics of the welding process al clamping distance of 100 mm in the welding direction, heat input of 6.8 kJ 
= 1.8 m min 
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LASER TECHNOLOGIES 

Submerged-arc welding, 7 DM/m at 0.6 m/min I 

OL-----~-------L------~-----~------~ 

0.6 0.9 1.2 1.5 1.8 ''w• m/min 

Figure 11. Cost of 1 m of butt weld, allowing for welding speed 
at laser power of 10 k W 

Table 2 gives the list of processing operations and 
power consumption in regular martcmpering , com­
pared to laser quenching. 

The effect of rationalizing the quenching process 
is due to replacing double heating, performed in the 
furnace at 335 kW power for several hours in the 
regular quenching process. In terms of power con­
sumption in this example the saving is 5667 kW h 
per gear. 

Material saving effect is achieved due to a much 
smaller item deformation, compared to martempcring 
(owing to minimal heat input). Material removal in 
teeth grinding after quenching varies in the range of 
tens fractions of a millimeter, unlike large gears, sub­
jected to martempcring (1-2 mm). Laser quenching 
of the surface is a locally limited processing, that is 
conducted only where hard surfaces arc functionally 
reqt.tircd. In regular furnace martcmpcring of large 
gears the entire surface is saturated with carbon. 
Regular quenching is required to be preceded by re­
moval of the carbon izcd 1 aycr several m i 11 imetcrs thick 
from the sides of t he teeth being quenched. No such 
material loss is found in laser quenching. 

In addition to gear quenching, the process of coat­
ing a piston head for ship diesel engines should be 
empiricall y considered. In Europe the annual demand 
for these products, new and designed to replace the 
worn ones, is 4500 pes, of which about 2400 pes arc 
reconditioned. In case of coating app I ication, the main 
problem in service consists in wear of the piston ring 
groove edges. Hard Cr-plating of these edges is per­
formed, to extend the service life. This is an electro­
plating process, where the maximal thickness limit is 
0.3-0.4 mm. Hence, the limited service life of 

6r----r==================~~ 
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Figure 12. Production costs per 1 m of fillet weld, allowing for 
welding speed and power, plotted on abscissa axis (numerator gives 
welding speed, m min; denominator - power, kW) 
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Table 2. Process operations and power consumption in gear 
quenching 

Operation 

Turning 

Material control 

Marking 

Drilling 

Tooth milling 

Technical control 

Mechanical work 

Carbonization 

Material control 

Surface cutting out -90 °o 

Drilling 

Quenching 

Material control 

Sand blasli ng 

Turning 

Cutting-off with the pol­
ishing wheel 

Marking 

Drilling 

Cutting-off \\·ith the pol­
ishing wheel 

Technical control 

Material control 

Mechanical work 

~·larll)mpering 

Yes 

Same 

>> 

290.4 kW h 

Yes 

Same 

2791.1 kW h 

Yes 

276 kW h 

Yes 

2613 kW h 

Yes 

Same 

>> 

>> 

>> 

440 kW h 

Yes 

Same 

>> 

Laser quenching 

Yes 

Same 

>> 

>> 

357.5 kW h 

Yes 

Same 

Not required 

Same 

>> 

>) 

-336 kW h 

Yes 

Not required 

Same 

>> 

Yes 

Same 

50 kW h 

Yes 

Same 

>> 

-1 0, 000 h. In terms of technology the I i mit adm issiblc 
wear of the edges is 0.9 mm. After 0.4 mm of the 
chromium layer is lost, wear to the maximum admis­
sible value of 0.9 mm occurs instantly, after which 
restoration to the initial condition is again required. 
This so far has been performed, using a surfacing 
process, requiring high consumption of material and 
power 171. Laser surfacing technology allows apply­
ing layers of various wear-resistant materials up to 
several millimeters thick on a limited functional sur­
face of piston ring groove sides, thus minimizing the 
wear, without any abrupt jumps. The first coating 
was applied on ~Nordhauscn~ ship in 1989. Testing 
showed, that the service life of up to 30,000 h can be 
anticipated, although a life of 40,000 h can be also 
achieved. 

The process of reconditioning a piston that has 
developed maximal wear, is shown in Table 3. A great 
d i ffcrcncc is observed between the rccond it ion i ng 
processes. Working operations, related to high power 
consumption (heating, stress relieving by annealing, 
surfacing), and, therefore, to considerable material 
consumption arc eliminated (no need to remove 25-
30 kg of materials and again fill this space or make 
new circular grooves). If the laser process is used for 
coating new piston grooves, laser surfacing process is 
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Table 3. Comparison of piston reconditioning technologies 

Rr>gular recondil ioniny 

Groove cutting out 

Welding of a buffer and wear­
resistant layer 

Stress relieving by annealing 

Crack monitoring 

Cutting out piston ring groove 

Groove edge grinding (prepara­
tion and Cr-plating) 

Cr-platecl layer grinding 

l.asPr recond it iouiny 

Cutting out a wavy groove 

Laser surfacing of groove 
edges 

Groove edge grinding 

Crack monitoring 

not needed at the first stage. Simple overlapping of 
the areas of the circular groove and application of 
piston ring interference fit is sufficient. 

In case of hard Cr-plating we have an extremely 
toxic and ecologically unsafe process. Its replacement 
by the laser process would allow completely elimi­
nating the emission of toxic gases and vapours. A 
considerable reduction of heat input allows recondi­
tioning piston heads that have so far been regarded 
as non-repairable. There is no need to make great 
numbers of new pistons to replace the worn ones. In 
addition to the two above-mentioned examples, it is 
also possible to mention reconditioning of cross head 
pivots and piston rods. 

Optimal process parameters arc determined by 
simulation to reduce the scope of preliminary work. 
Figure 13 shows development of internal stresses in 
laser welding at optimised process parameters. 

In conclusion it should be noted, that the question 
of the prospects for laser technologies application in 
this area can only be given an unambiguously positive 
reply. Industrial application of the laser has already 
been implemented and this was the driving factor for 
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Figure 13. Inner longitudinal stresses in the bead deposited by a 
laser 

changes in production of ship hulls and machines. A 
thorough study of the development process in Italy, 
Denmark, as well as overseas allows laser technology 
application to be highly recommended to German 
shipyards. 
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LASER TECHNOLOGIES 

PROSPECTS FOR USING LASER TECHNOLOGIES IN 
INDUSTRY OF UKRAINE 

V.P. GARASHCHUK and V.Yu. KHASKIN 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABS1RACT 
Positi1·e properties of thermal laser technologies, such as cutting, \\"elding, heat treatment, cladding and alloying, are 
described. Prospects lor using laser technologies in industry of Ukraine are shown. Expediency of further development 
of some ingenious scientific-and-technical developments in the field of laser technologies, e.g. amorphization of metal 
surfaces is noted. 

Key words: laser technologies, equipment, process fixture, 
tests of lwrdC'ned parts, commercial application, application ex 
am piPs 

Thermal laser technologies (TLT) include cutting, 
welding, heat treatment, surfacing, marking, etc. Sci­
entific principles of these technologies were elabo­
rated earlier 111. All of them arc characterised by high 
productivity (linear speed of treatment amounts to 
several meters per minute), rapid transition from one 
mode to the other (e.g. from marking to cutting), 
insignificant heat input into a workpiece and high 
level of automation. However, the serious drawback 
of TLT is a high cost of the equipment involved. 

M<)dcrn thermal laser technologies arc charac­
terised by a rapid advancement and wide acceptance 
in different countries. Main factors that favour their 
swift dcvciopmcnt arc research of the operational ca­
pabilities of a high-power laser radiation in materials 
treatment, elaboration of not only principles of the 

Figure 1. Part made by laser cutting (a) with marking (b) 
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technology, but also specific competitive processes, 
as well as mastering of commercial manufacture of 
high-efficiency and rei iablc lasers with a good quality 
of radiation , based on both traditional and new de­
signs. The latter includcNci:YAG lasers with radiation 
transmitted via optical fibres, the diode-excited lasers 
in particular 12 I, and high-power diode lasers with 
radiation also transmitted via optical fibres 131. This 
allows a flexible process fixture to be built, e.g. a 
Cartesian or anthropomorphous robot, or a focusing 
head to be used as a hand tool. 

Thermal laser technologies arc being introduced 
now into the industry of Ukraine, although at an 
insufficient rate. The purpose of this article is, firstly, 
to draw attention of industry to possible solutions 
TLT can offer to technological problems and, sec­
ondly, to give an idea of where investments could 
hold promise in the case of changing a profile or wid­
ening a range of products of an enterprise. 

Laser cutting laser cutting of sheet metal I ic and non­
metallic materials has received the widest acceptance in 
industry. It provides a cutting speed of more than 
10 m min at a steel sheet thickness of up to 1 S-20 mm, 
an cxt·cllcnt cut finish for thin (up to S mm) sheets and 
satisfactory cut finish for thick plates. The usc of laser 
cutting is indicated for manufacture of small series of 
parts or fulfilment of rush orders, where fabrication of 
a blanking die is not justifiable from the economical 
standpoint or from the standpoint of time consumption. 
Modern laser cutting machines arc equipped with com­
puter control systems, this enabling a fast change of the 
program of a tech no logical process for cutting incl ividual 
parts. These properties of laser cutting equipment cor­
respond in the best 1vay possible to current requirements 
of industry of Ukraine (i.e. small-series production, 
short terms from the moment of making a contract for 
delivery of equipment to its delivery to a customer). 

At present several laser cutting systems arc in op­
eration at a number of Ukrainian enterprises: OJSC 
<<Zavod Bolshcvib (Kyiv), YuTZ ~zorya>> (Myko­
laiv), Concern <<Lan>> (Aicksandriya, Kirovograd dis­
trict), etc. Figure 1 shows a sample of a part made 
by laser cutting at YuTZ ~zorya>>. The parts shown 
in the Figure were not just cut out, but marked as 
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well. This was done us ing the same system and the 
same mach ine. 

Laser weld ing can be used to make butt, overlap, 
T- and fillet we lds. Laser we lding can be performed 
with or without filler metal , and with a gas or fl ux 
shielding. Laser we lding is extensive ly used in motor 
industry for manufacture of bod ies of cars, jo ining of 
t ransmi ss ion gear components, etc. However, laser 
weld ing received the widest acceptance in manufac­
ture of tailored blanks for further forming and deep 
drawing of car components, such as parts of bod ies, 
frames, etc. 141. Welded tailored blanks will find 
with time a wide application in agricultural machine 
bui lding, motor industry and other industries of 
Ukraine. Therefore, arrangement of manufacture of 
tailored blanks at our metallurgical plants ho lds high 
promise, and this production can be competit ive in 
the external market. 

The trend now in aerospace and ship building in­
dustries is to replacement of solid metal sheets or 
parts made from them, ensuring the required struc­
tural strength, by \\cldcd stringer or multilayer 3D­
panels. Laser welding , being characterized by narrow 
and deep penetration, perfectly suits these purposes. 
A fragment of the multilayer 3D-panel made by the 
E.O. Paton Electric Welding Institute is shown in 
Figure 2. Steel rolling plants of Ukraine arc capable 
of manufacturing such panels by orders of customers. 

Modern farms now need milk refrigerators, in 
which the bottom of a vessel serves as an evaporator 
of the refrigerating machine. The above vessels arc 
made from two or three sheets hermetically welded 
on the ends and in the field by spots with a diameter 
of 10-12 mm, located following a certain pattern to 
ensure the required strength. Evaporators can be made 
by arc or resistance welding. This, however, leads to 
deterioration of their internal surface, which should 
be smooth and have no open porosity and no fo lds. 
Therefore, after welding the internal surface of the 
vessel should be thoroughly polished , which is a la­
bour-consuming operation. Laser welding presents an 
easy solution to this problem. The externa l sheet of 
the evaporator is welded to the internal bottom under 
such conditions which do not allow its through pene­
tration. Laser welding heat input into the evaporator 
bottom is minimum, its distortion is insign ificant, and 
because the weld docs not penetrate to the interna l 
surface the latter docs not require thorough poI ish i ng. 
Leading manufactu rcrs of milk refrigerators (e.g. 
Swedish companies) widely apply laser we lding. They 
manufacture refrigerator vessels also for food proc­
essing, pharmaceutical and chemical industries . Fi­
gure 3 shows a fragment of the evaporator bottom 
made by laser welding at the PWL 

As shown by the world practice, such TLT as clad­
ding, alloying, amorph ization and heat treatment arc 
less common than laser welding and cutting. Cladding 
is used as a rule for repair operations, whi lc heat treat­
ment and alloying arc applied primarily for the manu­
facture of new parts. Powders, wires and strips of various 
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Figure 2. Fragment of a multi layered 3D-panel of sheet lo\\'·carbon 
steel 5 mm thick 

metals and alloys arc used as filler metals in cladding 
and alloying I 5 I. In addition, laser alloying may in­
volve gaseous or liquid media. Heat treatment can be 
clone both \\ ith and without surface melting. Special 
coatings arc usually applied to increase absorbing abil­
ity of surfaces hardened without melting. 

We performed studies aimed at increasing v. ear 
resistance of steels and cast irons bv laser heat treat­
ment and alloying, and invcstigati~ms into wear re­
sistance of some alloys deposited by laser cladding. 
Dry friction tests were conducted by the pin-ey I i nder 
method using the friction machine of an ingenious 
development. Cylindrical samples treated by laser ra­
diation were tested to dry friction at a speed of 1500-
2000 m / h under a load of 10- 20 MPa. Mating bodies 
were made from hard steels and alloys (JJRC 65-55) 
(Figure 4). The materials of the following chemical 
composition were used, %: C 0.38; Cr 1.0; 
Ni - 3.0; Mo, V 0.6 (38KhN3MFA); Ni 30.0; 
B, Si - 2.0-4.0; C - 0.8-1.2; Cr 10.0; Fe - base 
(PG-N1 ); B 1.2- 1.8; C - 0.2-0.6 ; Si 2.3- 2.8; 
Fe - ~ 0.1; Ni base (PG-1 ON-04) ; B 2.5- :-3.5; 
C - 0.9- 1.8; Si 2.5-3.5; Cr 14.0- 18.0; Fe 
~ 3.0; Ni - base (PG-AN6); B 1.75- 2.5; C 
0.3-0.6; Si 1.25-3 .25; Cr 8.0-1/t.O; Fe 1.25-
3.25; Ni - base (PG-12N-01). 

Figure 3. Fragment of the stainless steel evaporator bottom of milk 
refrigerator with a diameter of 1000 mm and thickness of 2 mm 
the built-up sheet being 1 mm thick ' 
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Figure 4. Results of dry friction-wear tests (i) of samples of hy­
poeutectoid multicomponent steel by the pin-cylinder method at 
a frirlion speed of 1650 m h and specific load of 10-15 MPa: a 
after hardening by laser alloying and heat treatment; b - after 
lase!' cladding 

Laser treatment has a rather rare usc in our coun­
try. For example, it is employed at TPO <<V.A. Ma­
lyshcv Factory>> (Kharkiv) for hardening of inside 
surfaces of internal combustion cylinders for locomo­
tive engines. In the future , laser heat treatment and 
alloying can be recommended for the manufacture of 
such commercial parts which require high heat locality 
for hardening of their working surfaces, and properties 
of which should be at a high level. 

Laser restoration cladding has gained wide accep­
tance owing to a number of unique properties, such 
as the possibility to deposit layers 0.1-3.0 mm thick 
with preset properties, absence of buckling of treated 
parts, minimum allowance for finish machining, etc. 
161. Cladding systems arc available at the PWI, Fac­
tory No. 410 GA, companies «Engineering Centre for 
Laser Tcchnologicsi>, <<Verkon>> and at other compa­
nies which usc laser equipment. Laser cladding is em­
ployed to recondition parts of cars, railway transport, 
printing equipment, machine tools, etc. (Figure 5). 
This is a very promising process for our country, as 
often it is much simpler and less expensive to repair 
a part of foreign make equipment than buy a new one. 
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b 
Figure 5. Laser radiation clad crankshaft of '' Volga•> car wit.h 
polished main journals (a) and transmission of << Renault» car (b) 

Thermal laser technologies can be widely applied 
in industry of Ukraine only at a comparatively low 
price of the equipment involved. Cost of foreign tech­
nological lasers and laser technological systems 
amounts to hundreds of thousands of dollars. As 
shown by estimation, domestic production of both 
technological lasers and technological systems for cut­
ting, welding and other types of TLT will be 2-3 
times less expensive than the foreign one. There is an 
R&D potential for their development and arrange­
ment of their mass production . Late in the 1980s­
early in the 1990s a C02-laser with a power of up to 
10 kW 171 and a laser cutting machine «Lazurit-2.5>>, 
based on the COr laser with a power of 2.5 kW 181, 
were built in Ukraine, and coolers for lasers, laser 
optics, etc. were developed and commercially manu­
factured. But despite this fact, the above laser equip­
ment available in Ukraine is morally obsolete and 
requires upgrading. The above-said applies also to the 
technological instruments based on the COrlascrs. 
As far as the R&D potential for development of high­
power solid-state lasers is concerned, our country has 
not created it as yet. 
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LASER WELDING OF ALUMINIUM ALLOYS 
(REVIEW) 

A.A. BONDAREV and Andr.A. BONDAREV 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABS1RACT 
The brief review is presented about \\·eldability of alum inium alloys using a laser radiation. The effect of different 
factors on the stability of penetration of all oys and formation of joints, being free of any most widely spread defects, 
such as pores, cracks, oxide inclusions, is shown. The lack of necessary information about the load-carrying capacity of 
alummmm alloy JO!nts made by the laser welding under the complex conditions of loading is outlined. 

Key words: laser u.'elding, aluminium alloys, penetrat ion 
depth, reflectivity, energy density, plasma flame, shielding 
gases, u·eld pool, pores, cracl?s 

Alumini um alloys, as structural materials, have a wide 
range of application in different branches of industry: 
automobile and instrument industries, sh ip-bu ilding, 
electrical engineering, etc. By their mechanical char­
acteristics the high-strength aluminium a ll oys arc not 
inferior to some grades of steel. Moreover, they pos­
sess such an important property as a low specific 
weight, that is especially important in manufacture 
of sea vessels and air vehicles, as well as different 
kinds of the rolling stock. 

Among all the heat sources, used now for welding 
aluminium alloys, the laser radiation and electron beam 
have the highest specific density of energy which is 
concentrated in the heat spot. Figure 1 shows the levels 
of energy density of different sources which arc used in 
welding or other processes of heat treatment 111. 

Welded joints of a luminium alloys arc made using 
all types of welding, but coming from the economical 
aspects, which arc defined, first of a ll , by the quality 
of products, the search for the advanced technologies 
remains still actual 12, 3 1. 

The laser beam, as a high ly-conccntrated heat source, 
has been already used in the above-mentioned branches 
of industry and a volume of its application is growing 
constantly as compared with other welding sources. 

The laser beam is used widely in suc h tec hnol ogica l 
processes, as wei ding, cutting, heat treatment, sc ri b­
ing, piercing, marking on various materials (metals, 
ceramics, plastics, wood, g lass) 12, 4, 5 1. 

The material (sample) being treated plays a large 
role in interaction (absorption) of a target and lase r 
radiation. The absorption clcpcnds, first of a ll, on t he 
length of a laser radiation wave. Thus, the CO?-lascrs 
generate radiation of 10.6 11-m wave length. -

In a solid-state ruby laser, where a ruby is a gen­
erating clement, having a crystal! inc latti ce Al20 3 
with three-digit ions Cr3T, implanted into it, t he 
waves of 0.69~-Lm length arc generated. The so l id-statc 
lasers on yttrium-alum in ium garnet, a lloyed wit h neo­
dymium, i.e. Nd:YAG lasers, generate radiation of 
1.06 Jlm wave length. Depend ing on these factors the 
absorption of COrlascr radiation by the carbon steel 
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is ""4 % (at room temperature), and for aluminium 
it is less than 1 %. For t he same steel the absorpt ion 
of Nd:YAG laser radi ation is 30 %. In this respect, 
t he relation between the depth of steel penetration 
and different capacity of radiation of COr and 
Nd:YAG lasers is very significant (Figure 2). 

It follo ws from this F igure that at equal radiation 
capacity the depth of penetration of stee l using 
Nd:YAG laser is much higher than that in case of 
using the COrlascr 111. In fact, many other factors, 
except absorption, such as thermal-physica l charac­
teristics of materials, reflectivity of surface of samp le 
in a so lid state or surface of a molten weld pool, ini tial 
state of t he welded joint surface, its roughness and 
others, influence the penetrability of the laser beam. 
In a general form the wc ldability of the most widely 
used materials using laser is presented in the Table. 

Other types of lase rs can be used at different meth­
ods of treatment of materials. Thus, at present the 
lasers on ni t rogen, vapours of some materials, free 
e lectrons, excimcr lasers and others have been devel­
oped, but t hey still have a limited app li cation 161. 

At present there is a number of high-power laser 
sources, such as technological COrlascrs, hav ing an 
output power of radiation from 0.75 up to 25 kW, 
Nd:YAG lasers of 50-3000 W power. In the laboratory 
conditions the equipment of up to 40 kW capacity i.s 

q,w;crm~2 ______________________________ ~ 

1·10 7 

Laser or 
electron beam 

---------- Plasma 

----------- Arc (MIG •. TIG, MAG) 
__________ Friction, 

resistance welding 
Light beam 

1·1 0 
2 
'------------------------------------' 

Figure 1. Achievable levels of energy density qat different weld ing 
processes 
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Figure 2. Effect of radiation power Pin use of Nd:YAG (1) and 
C02- laser (2) on the depth of penetration h of low-carbon steel at 
1 m min welding speed 

used. The range of principles of generation of the laser 
radiation is widening: cxcimcr, argon, semiconductor 
lasers, lasers on dyes. The project «Eurolascr» can 
serve as an example of implementation of this field, 
envisaging the creation of COr laser units of 10-
100 kW capacity and excimcr lasers of 1-10 kW capac­
ity L 4, 71. 

Welding of aluminium alloys using the laser beam 
also finds a wide spreading. The high concentration 
of the laser radiation and the process flexibility give 
an opportunity to provide the high efficiency of the 
process, minimum volume of weld metal, HAZ of 
small width at the expense of a short-time heat action, 
saving of the rolled metal, etc. 12, 41. In addition, 
the laser beam possesses a number of advantages as 
compared with the electron beam, namely no vacuum 
is required, radiation transfer for long distances, fea­
sibi lity of beam splitting with its supply to several 
stations simultaneously and fulfilment of complex in­
tricate welds and cuts on large-sized workpieces. 

However, when laser is used, certain difficulties 
are encountered: low efficiency factor of the process, 
high requirements to the accuracy of edge preparation, 
expensive equipment, insufficient level of reliability, 
sometimes, imperfection of the technology [4, 8-101. 
With respect to the aluminium alloys, the problems 
of usc of the laser arc due, first of all, to the high 
(about 0.97) reflectivity of liquid and solid aluminium 
at laser radiation and high fluidity of metal. Often, 
the aluminium alloys contain such alloying clements 
as magnesium, zinc, lithium, which arc susceptible to 
intensive evaporation and plasma formation. The 
problem of a reliable and rational protection of the 
molten pool against the defects in welded joints is 
very urgent [4, 5, 9, 111 . 

Laser-welded aluminium alloys. After develop­
ment of laser of the power being sufficient for pro­
ducing welded joints, the attempts were made for 
welding different aluminium alloys. In 1978 the weld­
ing of joints made from alloys 5456 ( Al-3% Mg-Mn 
alloying system) and 5086 (AI-4.5 % Mg- Mn) was 
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Weldj~bility of most widely spread materials welded by the laser 
beam 

fila/erial CCh lasa Nd:YAC laser 

Steel XXX XX 

Aluminium alloy X XX 

Copper X XX 

Nickel alloy XX XX 

Titanium XX XXX 

Zirconium X XX 

Gold and silver XXX 

"Number of crosses corresponds to the material \\·eldabilily. 

performed . Here, the high weld porosity and, some­
times, substrate flowing out were observed. The con­
clusion was made about the high sensitivity of alu­
minium alloys to the intensity of input power and 
welding disturbances due to high metal fluidity, low 
melting temperature and high content of casily-vola­
Lilc alloying components. Taking into account all 
these peculiarities, joints were performed on alloys 
2219 (AI-6% Cu-Mn) and 5456 (AI-Mg-Mn) with 
a 9.5 mm butt thickness. In spite of a porosity in 
joints, the ultimate rupture strength was Gt = 

= 342 MPa at Gt = 345 MPa of the parent metal. 
The mechanical properties at the level of the parent 

metal were obtained in laser welding of alloy 5750-0 
(Al-3 % Mg), which is used in automobile industry, 
and Si-containing alloy 6111-T4 (Al-Mg-Mn-Si-Cu) 
l12j . The welding of sheet metal was performed at high 
(up to 10 m 1 min) speeds to prevent the metal over­
heating at a highly-concentrated heat source. The ra­
diation power was 3 kW. The best results were observed 
in the range of 5-7 m/ min speeds that exceeds by 
several times the speed which is used in the EBW. 

The rather complicated welding of a stringer 
panel, made from alloy AMg6 (AI-6.2Mg), was per­
formed using 1 ascr by the authors of 1131. The panel 
length was 750 mm, stiffener thickness was 5 mm and 
the flange thickness was 8 mm. The problems of the 
panel distortion and internal stresses were solved si­
multaneously using a special fixture and a highly-con­
centrated laser source of heating. After tensile tests, 
the samples showed G t = 375 MPa, that corresponds 
to the parent metal level. The welding was performed 
at a low speed (30 m / h) for laser. However, the 
authors stated the feasibility of increasing the process 
speed. The quality joints without pores and mi­
crocracks were obtained on the same alloy at 5 kW 
laser capacity at the 2m/min speed [141. 

Using laser beam, it is possible to produce high ­
density welded joints on the aluminium alloys. 
Welding of vacuum chamber, made from alloy 
A6063 (Al-Mg-Si), can serve as an example. The 
laser radiation power was 4 kW, thickness of walls 
welded was 4 mm and welding speed was 3m / min. 
After welding, the welds, which were tested using 
the method of a helium sample, proved the leakage 
level 1.33-1 o-10 Pa-m3 / s. This density of welds 
makes it possible to provide the ultrahigh vacuum 
of 1-10- 7- 1-10- 10 Pa L151. 
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Many works arc devoted to the application of the 
hybrid methods of welding of alum inium alloys, 

, namely the laser beam with arc 111, 16, 171 or COr 
laser with Nd:YAG laser [18, 191 . The similar hybrids 
make it possible to usc simultaneously the technologi­
cal advantages of both methods and to compensate 
the drawbacks of each of them. This improves the 
quality of joints and increases the penetration . 

The aim of investigations, whose resu lts arc de­
scribed in 1171 was to study the fcasibil ity of com hi­
nation of the COrlaser with TIG or MIG processes. 
During experiments, made on samples from al loys 
A5083 (Al-4 .5% Mg-Mn) and A6061 (Al-Mg-Si), 
penetration was increased by 2 mm when the laser of 
10 kW power and arc current of 190-210 (for TIG) 
and 350 A (for MIG) were used. The most quality 
formation of welds was observed at the combination 
of laser with a MIG process. Here, the depth of pene­
tration as compared with a laser welding was in­
creased, there were no pores, typical of MIG process 
and no cracks occurring in welding with the laser 
only. The combination of COrlaser of t'l kW capacity 
with Nd:YAG laser of 200 W capacity could also 
improve the weld formation and prevent defects in 
the joints [9]. The Nd:YAG lasers arc used for welding 
aluminium alloys of small thicknesses, up to 1 mm 
and higher [2, 201. This is due to the usc of techno­
logical lasers of low power for the present, though 
these lasers for the instrument industry arc indispen­
sable, because of a highly-concentrated heating and 
precision of the process. The air-tight we lds arc ob­
tained in microinstrumcnts made from the Al-Mg al­
loys 121]. For the same purpose the welding was per­
formed on products from alloys A5052 (Al-3% Mg) 
and A5083 (Al-4 :;-o Mg). The laser power in this case 
was 1.5 kW, wall thickness was 1 mm and welding 
speed was 0.6 m / min 1221. The Nd:YAG lasers arc 
used widely in industry and for producing spot welded 
joints f3, 20]. 

Technological aspects of improving the effi­
ciency of laser welding of aluminium alloys. 
Reflectivity overcoming. The surface of the pure 
aluminium in solid and liquid states has a high re­
flectivity of the laser radiation. The rcflccti vity factor 
is about 0.97 for the radiation of an in frarcd spectrum, 
while it is somewhat lower for the laser radiation of 
a ultraviolet region of the spectrum 121. Thus, the 
problem requires the solution both at the initial phase 
of the process when the metal is still in a solid state 
and also at the stage of the molten pool. The effect of 
a «threshold power» is associated with a reflection of 
the laser radiation from the metal solid surface, i .c. at 
power density, which is lower than a definite value, the 
metal melting docs not occur r 141. 

This problem is solved in several directions. The 
first direction refers to the development and applica­
tion of light-absorbing coatings which should provide 
the increase in absoption of radiation power and have, 
at the same time, a minimum effect on the joint qual­
ity. The excellent absorber of the laser radiation is 
the aluminium oxide Al 20 3 . However, under t he ac­
tion of such highly-concentrated heat source, as a 
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laser beam, Al 20 3 is destroyed not completely, being 
a cause of formation of defects of in clusions type 1161. 

To increase the coefficient of abso rption it is possible 
to usc eli ffcrcnt coatings, such as g rap hi te, cement, phos­
phate coatings, mixtures of oxides, etc. 116, 23, 241. 
The results of investigations, described in these works, 
prove a low effectiveness in usc of the graphite which 
is burnt in air at temperature 600 oc with the formation 
of C02, and at high temperatures it is ionized. Among 
the coatings investigated the phosphate films (zinc and 
manganese phosphates) possess the best absorptivity. 
Mixtures of oxides were also excellent. They provide 
the low material evaporation, and also the formation of 
the smaller plasma flame. 

The basic moments for producing the quality (thin, 
dense and smooth) surface of the coating arc the dis­
pcrsity of powder (the finer grain, the higher absorp­
tion) and maintenance of proportions of coating com­
ponents (binder, solvent , mixture of oxides). All these 
requirements, specified to the coatings, become more 
strict in the presence of harm fu l vapours of phos­
phates. The I ight-absorbing coatings arc useful at the 
initial stage of their deposition, and they become lm),­
cffcctivc with the formation of a molten surface. The 
preliminary investigations, carried out at the 
E.O. Paton E lectric Welding Institute, showed the 
rational usc of light-absorbing components in the com­
position of fluxes, as the pool protection is provided 
and the penetration is increased. 

The problem of initiation of the metal surface is 
also solved by its roughing using abrasives of cliflcrcnt 
grain sizes or a metallic brush 12, 6, 22]. It was stated 
that when the more rough surface is used, its absorp­
tivity is higher. However, th is surface preparation is 
not much effective due to appearance of a large num­
ber of defects in the weld. After formation of the 
molten pool the effect from its action is lost. 

At the stage of t he molten pool the different factors 
may show the ir effect: welding speed, laser radiation 
power, scanning, shielding gas, atmosphere composi­
tion and the usc of a filler. In case of weld ing of 
samples , coated with non-metallic materials at a high 
welding speed, the absorptivity of the surface is in­
creased from 20 to 100 % 1161, and with increase in 
power (at a certain its value) a cavity of penetration 
is formed and the level of radiation absorption is in­
creased at the expense of an inner ref lection of the 
beam 12, 161 . The use of t he filler material also con­
tributes to the increase in absorption and appearance 
of the cavity [25 1. 

The superposition of actions of au xi I iary temperature 
sources is one more means of increasing the level of the 
absorbing radiation and the depth of penetration 117]. 
The combination of COrlascr and a low-amperage arc 
provides a quality welding of samples of small and me­
dium thicknesses. The similar action is shown by a pulsed 
Nd:YAG laser. To improve the adsorption a deep edge 
grooving can be used at which a multiple rc-rcflcction 
of radiation is occurred 126, 271. 

Losses in plasma and methods of its elimination. 
With increase in laser beam power a channel in the 
form of a cav ity is formed. At the same time, the 
losses for heat conductivity and convection arc de-

21 



LASER TECHNOLOGIES 

creased significantly and the losses for evaporation 
arc increased by many times. They can amount up to 
90 % 128, 291. The intensive evolution of metal va­
pours leads to the formation of a plasma flame which 
can exist in several states, such as erosion flame, being 
transparent for laser radiation and, thus, being not 
an obstacle; ncar-surface discharge in metal vapours 
which absorbs a part of radiation in a close vicinity 
of the metal surface and, in some cases, can lead to 
the increase in rates of metal heating 130, 311; laser 
wave of absorption which occurs in a surrounding gas 
and can be a serious obstacle on the path of the beam. 

The beam passing through the laser wave of ab­
sorption is accompanied by increase in a focusing spot 
and reduction in power density in the heating spot. 
The threshold of formation of the laser wave of ab­
sorption is estimated by the energy density of 
2-106 W / cm 2. In 1321 the problem of the plasma 
flame occurrence was also considered. The states of 
plasma were studied by spectra of radiation, which 
made it possible to establish that the erosion flame 
consists mainly of molecular vapours. When analyzing 
the metal vapours the lines of atoms and ions of the 
material arc recorded. It follows from 1301, that this 
phase corresponds to the state of the ncar-surface 
plasma. Breakdown of gas surrounding the target (la­
ser wave of absorption) is accompanied by the more 
intensive glow of the lines of the gas ions. The thresh­
old of the breakdown appearance is estimated by the 
density in the range of 0.5-10 MW / cm 2. 

Tlic investigation of the plasma flame [331 makes 
il possible to distinguish two typical frequency ranges: 
1- 10 kiiz, including phases of the erosion flame and 
ncar-surface discharge; 100-500 kHz, including high­
frequency flame corresponding to the laser wave of 
absorption. It is stated in all the works that the erosion 
flame docs not cause any difficulties in interaction of 
the laser radiation with the metal. 

The ncar-surface plasma can contribute both to the 
faster metal heating and also prevent the appearance of 
the penetration cavity. In this case the degree of ionizing 
of vapours of metal and shielding gas is important. The 
usc of helium as a shielding gas promotes the deeper, 
as compared to argon, penetration because of a high 
potential of ionizing (iHe = 24.580, iAr = 15.755 eV) 
131, 341. To avoid screening by the ncar-surface plasma, 
the authors [311 suggest to usc the powerful coaxial jet 
of the shielding gas instead of a lateral jet. This scheme 
of the protection will contribute to the moving of the 
ncar-surface plasma inside the cavity, and, thus, to the 
higher penetration (a typical barrel-shaped form of pene­
tration is created). 

Another method of prevention of formation of the 
ncar-surface plasma is based on its removal from the 
zone of the beam action 135, 361. For this purpose, 
special blowing-out nozzles arc used, whose effective­
ness depends on their shape, diameter, scheme of ar­
rangement, number, as well as pressure of the blow­
ing-out gas 1141. All the schemes suggested showed 
a positive effect, however, the high gas consumption 
(up to 90 1 min) is a main drawback of the above­
mentioned method. The results of investigations car­
ried out in [321 indicate that the exhaustion of over-
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heated metal vapours from the penetration cavity oc­
curs always normal to the target surface. Using this 
feature, it is possible to avoid partially the screening 
action of the plasma by arrangement of the sample in 
the inclined position relative to the beam axis in the 
direction of welding 112, 32, 371. The angle of incli­
nation of the sample welded should be from 5 to 20°. 

The welding speed also affects greatly the nature 
of the beam interaction with a plasma <<cloud». Ex­
periments on study of the plasma state 130 I were 
carried out at 10 em s welding speed. The authors 
state that at the sufficient level of power the time of 
the channel formation is less than 5 11s; and from the 
data of 1281 the period of the highest losses in plasma 
begins after 6 11s. This proves that at high speeds of 
the process the decrease in plasma effect is possible 
at a negligible decrease in the penetration depth. 
Thus, the best results were obtained in welding alu­
minium alloys at the 5- 7 m min speed 1121. 

Scanning as a method of producing the deep pene­
tration is used successfully and for a long time in the 
EBW. Taking into account that the laser and electron 
beams arc much similar by the nature of action on 
the metal as high ly-conccntratcd heat sources, then 
it is possible to assume that the scanning by the laser 
beam should also provide the positive results. The 
problem of realizing cffecti ve scanning cone! itions con­
sists in difficulty of the laser beam control. The laser 
optics can provide only mechanical scanning that lim­
its significantly the frequency of the beam movement, 
as compared with an electron beam, but it cannot 
realize the mechanism of a discrete scanning. Never­
theless, the results of experiments on scanning with 
a laser beam using accessible conditions are given in 
1381. The beam scanning along and across the weld 
at 2.7 kW beam power did not give the remarkable 
results. In the best case, the penetration depth re­
mained at the level of penetration at a static beam. 
It was noted, that the sinusoidal scanning of the tra­
jectory of scanning gives better results as compared 
with the square scanning. The absence of effect is, 
probably, due to the insufficient level of the power 
density. Work 121 contains in formation about the ap­
plication of scanning along the beam focusing. Here, 
the increase in penetration depth by 45 % was noted. 

The usc of clements that hinder ionizing can be 
one of the effective methods of the plasma suppression, 
because, after entering the region of the beam action, 
they will reduce the screening action of the plasma 
flame 121. As regards to the aluminium alloys, this 
method of addition of this kind of clements into the 
coating composition is very actual, because such cle­
ments as potassium, sodium (with a low potential 
ionization) or fluorine, chlorine (dcionizers) arc in­
cluded into the composition of fluxes for aluminium 
welding using arc methods. 

As alternative, it is possible to usc an evacuation 
19, 161. From one side, the advantages of the laser 
beam as compared with an electron beam arc lost, 
wh i lc from another side even a low degree of a vacuum 
makes it possible to increase the penetration by 3- 5 
times 191. Moreover, the specifics of the laser beam 
enables it to be transferred through the transparent 
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barriers, that can be used for manufacture of special 
products. After certain improvement of the equipment 

, the laser beam can be used under the space conditions 
as a welding tool. 

In all the works of 129,30, 32,331, in which the 
phases of plasma appearance were studied, the prob­
ability of optical breakdown of the gas atmosphere, 
occurring at some distance from the target surface, 
was noted, that is a serious obstacle on the path of 
the laser beam. The need in selecting conditions for 
prevention of the optical breakdown occurrence is 
also indicated. 

Protection of the weld pool metal. The gas pro­
tection using helium or argon is used as a main means 
for protection of the aluminium alloys in laser welding. 
Due to a lower potential of ionizing the argon contrib­
utes greatly to the formation of a screening plasma. In 
this connection, the helium is assumed to be more suit­
able 12, 15, 371. For saving the expensive helium the 
use of helium-argon mixtures is possible with a mass 
share of helium up to 40 %. Here, the depth of pene­
tration remains the same as in usc of the pure helium 
[391. In [11] the helium is recommended for the flame 
suppression, while the argon can be used for a common 
protection of the molten pool. 

The effectiveness of protection and degree of usc of 
the beam power depend not only on the selection of the 
gas, but also on the scheme of its supply. At the ar­
rangement of a nozzle, supplying shielding gas, parallel 
to the sample surface the reliable protection will not be 
provided. Therefore, the optimum angles of inclination 
of the shielding gas nozzle, i .c. 30- 40°, were determined 
experimentally 12, 16, 401. The parameters which have 
a direct effect on the quality of protection arc a nozzle 
diameter, distance from the nozzle tip to the surface, 
gas pressure, supplied to the zone of protection. The 
evacuation can also be regarded as one of the variants 
of the possible protection r 15 I. 

The usc of fluxes as shielding means is not almost 
mentioned in literature, except the usc of fluxes for 
braze welding of microcircuits. At the PWI a feasibility 
of usc of fluxes for shielding the aluminium alloys in 
laser welding was studied. Fluxes used for non-consum­
able electrode welding were selected as basic. The results 
of studies prove the possibility of using fluxes of a chlo­
ride-fluoride type for producing quality butt and overlap 
spot joints. Graphite, alight-absorbing component, was 
added in eli ffcrcnt proportions to the composition of 
fluxes for the effective use of the power. 

Defects of welded joints. The geometric defects 
or shape defects , such as excessive deformation, poor 
~Add formation, metal leakage, undercuts, caused either 
by unpropcr conditions (energy input, focusing, con­
sumption of shielding gas), or by non-quality butt prepa­
ration for welding (non-rational profile, contamination, 
error in butt assembly for welding, etc.) [41]. 

The inner defects (flaws): pores, cracks, lack of 
fusion, cavities, inclusions, microscgrcgation, arc 
mainly connected with the properties of material and 
its sensitivity to the action of the laser radiation. The 
properties of aluminium and aluminium alloys, which 
specify the weld metal susceptibility to defects in 
welding are as follows: low temperature of boiling, 
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high heat conductivity, reflectivity of solid and mol­
ten surface of metal, content of hydrogen in prefab­
rications, and also the presence of casi ly-volati lc com­
ponents in the composition of the alloys 141 1. 

Pores. Pores are the most typical defect for the 
laser welding of aluminium alloys. Usually, they arc 
caused by hydrogen which is contained in metal or 
enters there together with a moisture. The source of 
moisture in the zone of a thermal action of the beam 
can be an oxide film, containing moisture in discon­
tinuities. In alloys, which contain magnesium, the 
complex oxide film is especially sensitive to hydra­
tion. Moreover, the magncsi um also contri butcs to 
more complete dissolution of hydrogen 12, 42]. After 
entering the molten metal, hydrogen is evolved in the 
form of bubbles at the phase of cooling during decrease 
of its dissolution in the metal welded. Except hydro­
gen other gases can be a cause of pore formation, for 
example, nitrogen from atmosphere, because of a poor 
protection of the pool molten metal. The shielding 
gases, helium and argon, can form pores or voids at 
their enter the molten metal as a result of an intensive 
stirring of the pool metal and collapsing of the pene­
tration channel. By the degree of effect of shielding 
gases on the pore formation they can be arranged in 
the following sequence, %: hydrogen - 90; nitro­
gen - 5; helium and argon - 5 1421. 

The main method of pore prevention in case of usc 
of the Nd:YAG laser is the rational formation of the 
welding pulse. The pulse shape modulation makes it 
possible to ensure the most favourable conditions for 
producing the required penetration and, simultane­
ously, for the metal cooling . The time modulation can 
control the period of metal duration in the overheated 
and molten state that reduces to minimum the prob­
ability of initiation of defects [42, 431. 

In case of COr laser with a constant generation of 
radiation the causes of the pore formation arc the 
same, however, the approach to their prevention is 
different. Here, a welding speed has a special effect. 
With its increase the time of pool metal contact with 
atmosphere is decreased 1111. This effect of <>high 
welding speed>> can cause a contrary result. Analysis 
of causes of porosity in aluminium alloys showed that 
in Mg-frcc alloys the porosity, due to the dissolved 
hydrogen, was highest, while in the Mg-containing 
alloys it was minimum [ 42]. This situation is quite 
opposite to the results obtained in usc of the Nd:YAG 
laser. The mentioned effect is explained by the fact 
that magnesium contributes to the more complete dis­
solution of hydrogen, but at high welding speeds typi­
cal of COrlascrs, the hydrogen has no time to be 
accumulated into bubbles and to evolve, because of 
the fast proceeding of the process. The results of ex­
periments made on samples of alloys 5754 (Al-Mg) 
and 6111 show that the pore-free welded joints can 
be produced at the speeds of about 7 m / min r121. 

The evaluation of effect of pore sizes on strength 
characteristics [ 44] of aluminium alloy welded joints 
made by using laser showed that, if the air-tightness 
requirements arc not specified to the joint, then the 
pores of small sizes are quite admissible, as they arc 
not essential stress raisers. 
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The general technological measures for prevention 
of porosity may include a re liable protection of the 
pool molten metal with inert gases, as well as the 
removal ' of contaminations from the sample surface 
by etching, oxide film - by scraping or other methods 
before welding r2, 3, 161. 

Cracks. The heat-hardened aluminium alloys and 
al loys, which contain clements, forming the fusible 
cutcctics of Al-Mg and AI-Si types, arc most suscep­
tible to the crack initiation. The high speeds of weld­
ing also contribute to the decrease in crack-resistance 
of welds, as in this case the effect of the highly-con­
centrated heat source promotes the occurrence of a 
rigid thermal cycle and, respectively, high rates of 
cooling. This narrows the range of possible conditions 
and their selection is complicated by a search for a 
compromise between the high speed, providing the 
pore suppression in the weld, and an acceptable ther­
mal cycle, not causing the crack initiation. This prob­
lem refers mainly to the C02-Iascr welding. The 
authors of 1251 recommend to usc a filler material for 
these purposes which will make it possible to avoid 
the overheating of the sample welded . The scanning 
of the laser beam along the focus can be used as a 
method of crack prevention 121, as it contributes to 
the more effective heat input and decrease in energy 
input. The usc of the tandem welding with two beams 
1261, combination of beam of the COT laser with an 
arc or a beam of the Nd:YAG laser decreases the crack 
formation 115 , 171. In particular, the authors of 1171 
combined C02- laser of 10 kW capacity with TIG and 
M[G processes and prevented the crack initiation, 
which initiated inevitably in the aluminium alloy 6061 
during welding using only a laser beam. The depth 
of penetration was also increased here. 

Fi llcrs with special properties can also be used as 
a means of crack prevention. Titanium or nickel in­
ter! ayers were used in scaling of the instrument bodies 
made from the aluminium alloys. Titanium and nickel 
possess the higher absorptivity than that of alu­
minium, and create conditions for <rcuring>> of a mol­
ten aluminium constituent of hot cracks between the 
high-temperature phases on the base of titanium or 
nickel I1H , 211. 

Losses of alloying elements. The laser beam, as a 
high ly-conccntratcd heat source, evaporates i ntcn­
sivcly the pool metal. Therefore, the clements, having 
the low temperature of boi I i ng, are evaporated more 
intensively. Magnesium, zinc and lithium belong first 
of all to the above-mentioned clements in the compo­
sition of the aluminium alloys. In magnesium alloys 
5052 (2.5 "o Mg) and 50H3 (4.5 ~o Mg) the losses 
were 0.4H and 0.74 °o, respectively, at 1.5 kW beam 
power and 0.6 m 1 min welding speed 1221. The maxi­
mum losses arc observed in the zone of the highest 
overheating, i.e. mainly in the upper and middle part 
of the melting zone. It was noted that the larger mag­
nesium content in the alloy composition, the higher 
its losses in evaporation. This aspect, as regards to 
the lithium alloys, is not elucidated in literature. 

The increase in the welding speed is the reliable 
method of decreasing losses of alloying clements. As 
the authors of 1121 recommend , its increase should be 
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up to 10m min. Using this approach, they managed 
to reduce the losses of magnesium in alloy 5754 from 
3.0 to 0.2 %. For comparison, in EBW the magnesium 
losses in alloy AMg6 may exceed 1 % and the same 
amount of zinc in alloy V95 (AI-Zn-Mg-Cu). In arc 
methods of welding these losses are up to 3-6% 13]. 

Quality control of joints. In many works related 
to the quality of the laser welding joints the aspect of 
in-process control of the selected parameters of the proc­
ess is considered. This approach is, first of all, connected 
with a high efficiency of the laser welding which is 
used , as a rule, in the conditions of a conveyor production 
where any change in process parameters can cause the 
repetition of defects and rejection of a large batch of 
products because of the high speed of the process. 

During recently, the plasma formed in metal va­
pours, is used more often as an object of the in-process 
control. Plasma fluctuations are used for judgement 
about the violations of the normal process I45-4H]. 
Plasma monitoring is made by different methods. The 
plasma control using the light diodes can evaluate the 
presence or absence of a complete penetration in butt 
welding or the same parameter for the upper sheet in 
case of the overlap welding 1451, i.e. to control the 
main parameter during the process. The spectrometric 
method can control the wider range of parameters: to 
estimate the plasma temperature (to control the proc­
ess phases and, when necessary, to perform the pI asma 
control), to indicate the presence of contaminations, 
to control the losses of clements 1461. For the AI-Mg 
alloys the control can be made by the atomic lines of 
spectrum of aluminium, magnesium, copper, zinc and 
iron or molecular MgO, AIO, AIH with the help of 
which it is possible to evaluate the effect of shielding 
atmosphere and COI11\)lctcness of \)rocecding of differ­
ent reactions at different stages of the process. 

Specially-designed equipment on the basis of spec­
trometry method and measurements of electron tem­
perature provides a feasibility to reveal such defects, 
as a lack of fusion of edges, blowholes, splashes, de­
fects of assembly (steps) in a real time, approximately 
one month l!i7l. 

Using the method of a thcrmovision observation 
it is possible to study directly and evaluate the de­
viation from the preset process parameters in different 
shielding media (in argon, helium) and at different 
their pressures I4HI. 

As an alternative to the thermoclectron observa­
tion of the plasma, the authors of 1491 used the method 
of acoustic monitoring of the zone of the beam-metal 
interaction. The comparison of acoustic (in the range 
of audibility) and ultrasonic method using the expen­
sive highl y-sens itive microphones showed the advan­
tage of the acoustic method as the cheapest method. 
The similar procedure can reveal reliably the devia­
tions in focus and width of gap in the butt. 

The express evaluation of the penetration depth , 
except plasma control, can be made using the infrared 
sensors, as was suggested in l50 1. The observation is 
made by measurement of temperature of the reverse 
side of the product. 

------- 12/2001 

CONCL 

1. The las 
ing, in p 
structure. 
clements 

2. The 
provcmcn 
arc still r 
laser wei 
strength 
varieties, 

3. In 
the laser\ 
of prcvcn 
the pcnct1 
ex istcncc 
level of d 
reliable p 
side of th 
of the v. el 

REFERE 
1. (1998) 

D. Schu 
2. Grigoria 

metals. 
3. Rabkin, 

minium 
4. Lashkev 

(1990) 
ser tech 
act. o[ 
tile "el 

5. Safonov 
techniq 
vodstco, 

6. Ivanov, 
nologica 
Tekffnol. 

7. Lebedcv 
(\<)C)1) 
Avtoma 

8. Nazaren 
Achieve! 
special 

9. Nazaren 
high po 
(Reviell 

10. Baron,. 
for tailo 

11. Velichk 
State-of 

L:. \ enkat, 
C02- lase 
alloys. H 

13. \'elichko 
(1987) \ 
lov Al\1 
sl.wka, 

14. Avramch 
Al\lg6 all 

15. Yuki, :--.1 
<celding 
chamber. 

16. Dilthey, 
capabiliti 
ser-:--.IIG 

17. Shida, T. 
of alumin 

18. Kravets, 
proveme 
bined las 

19. Ishida, T. 
ser weldi1 
sembly of 

20. \'elichko. 
pu/s('d Ins 

12/2001 -



they managed 
loy 5754 from 
he magnesium 
and the same 
g-Cu). In arc 
to 3-6 °'o I 3 1. 
works related 

' the aspect of 
crs of the proc­
all, connected 
ding which is 
yor production 
can cause the 

large batch of 
e process. 
I in metal va­
the in-process 
'or judgement 
!Cess l45-t1K I. 
methods. The 
n evaluate the 
·ration in butt 
upper sheet in 
.o control the 
spectrometric 
larametcrs: to 
1trol the proc­
rm the plasma 
ntaminations, 
or the Al-Mg 
tomic lines of 
lper , zinc and 
,h the he I p of 
·t of sh ielding 
ing of d i ffcr-

process. 
basis of spec­
electron tem­
such defects, 
splashes, de­
pproximatcly 

observation 
luate the de­
rs in different 

at d i ffcrcn t 

tron obscrva­
·d the method 
' beam-metal 
(in the range 
1g the ex pcn ­
•d the advan­
pest method. 
ly the devia­
utt. 

~
ation depth, 
the infrared 

bscrvat ion is 
pf the reverse 

12/2001 

CONCLUSIONS 

1. The laser welding finds more and more wide sprcad­
·· ing, in particul ar in manufacture of clements and 
structures of mass production , for example, of body 
clements of the motor cars. 

2. The additional integrated investigations for im­
provement of technology and technique of welding 
arc still required for a wide implementation of the 
laser welding in structures made from the high­
strength aluminium alloys, in cluding t heir modern 
varieties, such as AI - Li a lloys. 

3. In the conditions of a practical realization of 
the laser welding process, the solution of the probl ems 
of prevention of formation of the plasma fl ame from 
the penetration channel, improvement of stability of 
existence of the penetration channel , reduction of the 
level of defects in weld metal and ensurancc of the 
reli able protection of the weld pool both from the 
side of the laser beam and a lso from the reverse side 
of the weld remains still comp li cated . 
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LASER-MIG PROCESS 
FOR AUTOMOTIVE INDUSTRY 

H. STAUFER and H. HACKL 
Fronius Internationa l, Wels, Austria 

ABS1RACT 
Considered is a separate and combined effect of laser and arc radiation sources in welding of materials. In the latter 
cases it is possible to achieve a positive synergic effect, ensuring a simultaneous improvement in quality of joints and 
h1gh productJvJty of the welding process at re latively low costs. 

Key words: laser welding, arc MIG welding, hybrid 
process, synergic effect, quality of u·elding, productivity, costs 

It has been known how to com bin e laser light and 
the arc into an amalgamated process of weldi ng th in 
materials ever since the 1970s, but fo r a long t im e 
thereafter, no furthe r development work was under­
taken. Recent ly , researchers have t urn ed t he ir atten­
tion to this topic aga in and attem pted to un ite t he 
advantages of the arc w ith t hose of t he laser in a 
hybrid we ldi ng process. W hereas in the earl y days 
laser sources sti ll had to prove t heir sui tab ili ty for 
industrial use, nowadays t hey arc standard techn o­
logi-cal equipment at many manufacturing enterprises. 
The combination of laser weld ing with another weld­
ing process is referred to as a <1 hyhr id welding proc­
ess>>. This means that a laser beam and an arc act 
simultaneously in one we lding zone, and influence 
and support one another. 

Laser welding requ ires not on ly high laser power 
but also a high-quali ty beam in order to obtain the 
desired <1dccp-wcld effect>>. The resulting higher qual­
ity of the beam can be exp loited to obtain either a 
small er focus diameter or a larger focal distance . 

+--5 

Figure 1. Schematic representation of the laser-MIG welding proc­
ess: I - laser beam; 2 - arc electrode; 3 - arc; 4 - fusion zone; 
5 - welding direction; 6 - workpiece; 7 - vapour cavity; 8 -
pl asma; 9 - laser-induced metal vapour 

•( II. STJI UITR and II. 11.\CKL, 2001 

For t he development projects that arc current ly 
underway at Fron ius International , a lamp-p umped 
so li d-state laser with a laser beam power of 4 kW is 
being used. The laser light is transmitted via a 600 ~--tm 
g lass fi bre. The laser light is transm itted via a g lass 
fibre, in which the beginning and the end arc water­
coo led. T he laser beam is projected onto a workpiece 
by a focus ing module with a foca l distance of 200 mm. 

For we ld ing metal l ic workpieccs, the Nd:YAG la­
ser beam is focused at intensit ies of above 
106 W cm2 When the laser beam h its the surface of 
t he material, it heats up th is spot to vaporization 
temperature, and a vapour cav ity is formed in the 
weld metal due to the escaping metal vapour . The 
distinguishing feature of the weld head is its high 
depth -to-width ratio. The energy flow density o f the 
free ly burning arc is s lightly above 104 W I cm2, 

which does not al low welding with deep penetration. 
F igure 1 il lustrates the basic principle of hybri d 

weld ing. The laser beam depicted here feeds heat to 
t he we ld metal in the top part of the bead , in addit ion 
to the heat from the arc. U n like a sequential configu­
ration where two separate weld ing processes act in 
succession , hybrid welding may be viewed as a com­
bination of both welding processes acting simultane­
ous ly in one and t he same process zone . Depend ing 
on w hich arc or laser process is used, and on the 
process parameters, the processes will in fluence one 
another to a di ffere nt extent and in different ways 
11' 2 1. 

T hanks to t he combination of t he laser process and 
t he a rc process, t here is a lso an increase in both the 
weld penetration depth and t he weldi ng speed (as 
compared to either of the processes used on its own). 
T he metal vapour escaping from the vapour cav ity 
rctro-acts upon t he arc plasma. Absorpt ion of the 
Nd:YAG laser rad iation in the processing plasma re­
mains negligib le. Depending on what ratio of t he two 
power inputs is chosen, the character of the overall 
process may be determ ined to a greater or small er 
degree either by t he laser or by the arc 13, 41. 

Absorption of the laser rad iation is substantia ll y 
in f1 ucnccd by the temperature of t he workpiece sur­
face. Before the laser we lding process can get under­
way, t he in it ial reflectance must first be overcome, 
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Figure 2. <<Audi-A2~ space frame 

especially on aluminium surfaces. This can he achieved 
by starting wei ding with a special start program. After 
the vaporisation temperature has been reached, the 
vapour cavity is formed, with the result that nearly 
all the radiation energy can be input into the work­
piece. The energy required for this is thus determined 
by the temperature-dependent absorption and by the 
amount of energy lost hy conduction into the rest of 
the workpiece. In laser-MIG welding, vaporisation 
takes place not only from the surface of the workpiece 
but also from the filler wire, meaning that there is 
more metal vapour avai I able , which in turn faci I itates 
the input of the laser radiation. This also prevents 
process dropout . 

Laser-MIG welding found a wide application in 
automotive industry. The «Audi-A2>> space frame 
(Figure 2) consists of 30m laser (light strips in Fi­
gure) and 20m MIG weld length. Structure of joints 
on <<Audi-A2i,> is shown in Figure 3. Additionally, 
1700 rivets arc also used. By using space frame tech­
nology, a weight reduction of 43 o{, is possible in 
comparison to a steel car body. 

Figure 4 shows a laser-MIG welded joint of a 
A1Mg3 cast material with an AIMgSi1 sheet material. 
The filler wire is AlSiS and the shielding gas used is 
argon. With increasing laser power, deeper penetra­
tion is possible. Combining the laser beam with the 
arc in this way achieves a larger weld pool than with 
the laser beam weld process on its own. This makes 
it possible to weld components with wider gaps. 

In the automotive industry there arc many appli­
cations of overlap welding without joint preparation. 
At the moment, the state-of-the-art process for this 
welding job is the laser welding process with a cold 
filler wire, due to hot cracking of the aluminium alloy. 
When the joint is welded with a filler wire, a lot of 
the laser energy will be lost in order to melt that 
filler wire. 

Figure 3. Structure of joints on <<Audi-A2 >> 
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FigureS represents the differences between laser­
MIG and laser welding on an overlap joint (gap 
1 mm) with a welding speed of 2.4 m min. In the 
case of laser welding, there is no possibility to fill up 
the weld gap, and undercut is produced. Also, there 
is only a very small penetration into the base material. 
The weld bead width is very small, and therefore a 
low tensile strength will he expected. In the case of 
laser-MIG welding, additional material is transported 
into the weld pool. The undercut is fi lied with the 
wire from the MIG process, and a portion of laser 
energy is now saved. This saved laser energy can be 
used to increase the penetration into the base material, 
and the weld head width is higger than the material 
thickness, which is predicted from the numerical simu­
lation. The welding head should have small geomet­
rical dimensions, so as to ensure good accessibility to 
the components to be welded, especially in the auto­
body field . Moreover, it should be designed to permit 
both a suitable detachable connection to the robot 
head and adjustability of such process variables as 
focal distance, and torch stand-off distances in all 
Cartesian co-ordinates. Figure 6 shows the welding 
head, while the process is in action. 

The spattering that occurs during the welding 
process leads to increasing dusting of the protective 
g lass. The quartz glass is coated on both sides wit.h 
an antircf lectivc material and is intended to protect 
the laser optical system from damage. Depending on 
the degree of dusting, the spatter accumulating on 

AIMgSi1 

2.0mm 

Figure 4. Overlap joint with a gap of 0.5 mm 
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the glass can cause the laser power actually impacting 
upon the workpiece to decrease by as much as 90 °'o. 

Heavier dusting generally leads to the destruction of 
the protective glass, as such a large proportion of the 
radiant energy is then absorbed by the glass itself, 
causing thermal stresses in the glass. 

With the laser-MIG welding procedure it is pos­
sible to weld materials of aluminium, steels and stain­
less steels from up to 4 mm material thickness. If the 
thickness is too large, full penetration is not possible. 
For joining zinc coated materials, it is also preferable 
to usc the laser brazing process. Further applications 
in the automotive industry arc power trains, axles 
a1_1d car bodies, where the laser hybrid welding process 
can be suitable. 

The following advantages result from the merging 
of arc and laser beam: 

<r advantages of laser-MIG welding over laser 
welding: 

• higher process stability; 
• higher bridgcability; 
• deeper penetration; 
• greater ductility; 
• lower capital investment costs; 
<r advantages of laser-MIG welding over MIG 

welding: 
• higher welding speeds; 
• deeper penetration at higher welding speeds; 
• lower heat input; 
• higher tensile strength; 
• narrower welds. 

Figure 6. Laser-MIG welding process 

The arc welding process is characterised by a low­
cost energy source, good bridgcability and by the fa­
cility for influencing the structure by adding filler 
metals. The distinguishing features of the laser beam 
process, on the other hand, arc the great welding 
depth, high welding speed, low thermal load and nar­
row weld bead that it achieves. Above a certain beam 
density, the laser beam produces a ~deep-weld cffccb> 
in metallic materials, which enables components with 
a greater wall thickness to be welded, provided that 
the laser power is sufficiently high. Laser-MIG weld­
ing thus makes for higher welding speeds, process 
stabilisation due to the i ntcraction between the arc 
and the laser beam, increased thermal efficiency and 
greater workpiece tolerances. Because the weld pool 
is smaller than in the MIG process, there is less heat 
input and thus a smaller HAZ. This means less wcld­
mcnt distortion, which reduces the amount of sub­
sequent post-weld straightening work that needs to 
be done. Where there arc two separate weld pools, 
the subsequent heat input from the arc means that 
the laser beam welded area, especially in the case of 
steel, is given a post-weld tempering treatment, 
spreading the hardness values more evenly across the 
joint. 

Turning now t.o the economic advantages of hybrid weld­
ing over laser welding, the following statements can be 
made. The welded joint consists partly of a laser weld and 
partly of a MIG weld. The hybrid process makes it possible 
to reduce the power of the laser beam, meaning that the 
energy consumption of the laser source can be greatly de­
creased, as Lhe laser beam apparatus has an efficiency of 
only 3 °o. ln ot.her words, a reduction of 1 kW in the laser 
beam power impacting upon the workpiece leads to a re­
duction of"' 35 kW in the power consumed from the elec­
tricity mains. 

A laser beam apparatus costs around EUR 0.1 min 
for each 1 kW of laser beam power. To take just one 
example, in a case where the utilisation of the hybrid 
process makes it possihle to usc a 2 kW laser beam 
apparatus instead of one with 4 kW of beam power, 
this results in savings of EUR 0.2 min in investment 
outlays. However, it must be remembered here that 
for the hybrid process, a MIG machine costing around 
EUR 20,000 will he needed. Thanks to the higher 
welding speed, both the fabrication time and the weld­
ing costs can be reduced. 
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It should be noted in conclusion that laser-MIG 
welding is a wholly new technology that offers syn-

'crgics for wide fields of application in metalworking 
industries, especially where it is not possible or fi­
nancially viable to achieve the component tolerances 
that arc required for laser beam welding . The much 
wider range of application and the high capabi I ity of 
the combined process lead to enhanced competitive­
ness in terms of reduced investment outlays, shorter 
fabrication time, lower manufacturing costs and 
higher productivity. 

Basic research studies 15-9] have shown that a 
process is possible in which, by combining the two 
processes, synergies can be achieved and the draw­
backs of each separate process can be compensated 
for, resulting in enhanced welding possibilities, weld­
ability and welding reliability for many different ma­
terials and constructions. In particular, this has been 
demonstrated for aluminium alloys. 

By choosing favourable process parameters, it is 
possible to selectively influence weld properties, such 
as geometry and structural constitution. The arc weld­
ing process i ncreascs the bridgeabi I ity by adding fi llcr 
metal; it also determines the weld bead width and 
thus reduces the amount of workpiece preparation 
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that is needed. Moreover, the interactions taking place 
between the processes lead to a substantial increase 
in the efficiency of the process. This combination of 
the processes also requires considerably smaller in­
vestment costs than the laser welding process docs. 
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PECULIARITIES OF PENETRATION OF METAL 
IN LASER-ARC WELDING USING YAG LASER 

I. V. KRIVTSUN 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABSTRACT 
Simplified model of thermal processes occurring in metal in combined laser-arc welding performed in the thermal 
conductivity penetration mode is suggested. The model allows for the effect of contraction of the anode region of the 
arc as resulting from laser evaporation of metals. Experimental and numerical investigations into peculiarities of 
penetration of stainless steel samples in combined welding using the YAG laser and the argon arc with a non-consumable 
electrode were conducted. Results of the calculations are in a sufficiently good agreement with the experimental data. 

Key words: laser-arc r.celding, electric arc, laser beam, 
metal penetration, temperature field, investigations 

Along with traditional mctbods of welding and treat­
ment of metals using arc , laser or electron beam heat­
ing, the combined technological processes realized by 
a simultaneous usc of two different heat sources, e.g. 
laser beam and electric arc 11, 21 receive an increas­
ingly wide acceptance now . One of the main causes 
of emergence of tbe combined processes was a trend 
to combine advantages and eliminate drawbacks char­
acteristic or the known arc and beam technologies 
taken separately. The initial investigations into the 
laser-arc methods of welding, cutting and surface 
treatment showed that they arc characterized by a 
number of peculiarities, which cannot be explained 
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by a simple superposition of properties of each of the 
above heat sources [3-5]. For example, it was estab­
lished that the combined laser-arc effect on metals 
increased the efficiency of both laser and arc powers, 
improved spatial stabilization of the arc spot on a 
workpiece surface and raised the degree of contraction 
of the anode region of the arc discharge. 

Issues of experimental investigations into peculi­
arities of laser-arc welding using COrlascrs arc cov­
ered in voluminous literature (see, e.g., review 161). 
At the same time, solving such an important problem 
as determination of peculiarities of heat impact on a 
workpiece by the electric arc and laser beam combined 
in a single process is impossible without a detailed 
theoretical analysis. The need for such an analysis, as 
well as the recent trend to replacement of high-power 
technological COrlascrs by simpler and small-sized 
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- 1 0 8, mm 

Figure 1. Profiles of the weld beads produced in the experiments 
on laser (a) argon-arc (b) and laser-arc (c) welding of steel 
IOKh ISNIOT 4 mm thick: I= 75 A, v =12m h, Q = 285 W , rF = 
= 0. 7 mm (here and in Figures 2-5 Hand Bare penetration depth 
and width, respectively) 

solid-state YAG lasers of a lower power, slipulaled 
the purpose of this study, i .c. ex peri mental and theo­
retical i nvcstigations into the thermal-cone! ucti vity 
mode of penetration of metal in welding using a com­
bined laser-arc heat source (beam of a solid-state laser 
and argon arc with a non-consumable electrode). 

Focused radiation of the pulse-periodic YAG laser 
with a power of Q :S: 400 W 171 (radius of the focusing 
spot rF = 0.7 mm) and the DC (I= 60-100 A) argon 
arc with a tungsten cathode located at an angle of 
45° to the metal surface ahead of the laser beam in a 
direction of welding were used in the exper iments. 
Distances from the electrode tip to the sample surface 
and to the axis of the laser beam were the same and 
equal to 2 mm, thickness of the samples was () = 

Figure 2. Experimental profile of the weld ( 1) in laser-arc welding 
of stainless steel 4 mm thick, and calculated shape of isotherm of 
metal mel ling using independent heat sources (2) and allowing for 
conlraction of the arc in lhe combined process (3) 
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= 1- 4 mm, and material was stain less steel 
1 0Kh18N1 OT (C - 0.1; Cr - 18.0; Ni - 1 0.0; Ti -
0.6 wt.%). It was established as a result of the ex­
periments that the cross section area of the weld beads 
produced by the combined method was much in excess 
of the sum of the corresponding areas of the welds 
made separately by the laser and arc methods (at the 
same values of the arc current, laser beam power and 
welding speed). An increase in the area occurs mainly 
due to an increase in the penetration depth (Figure 1 ). 

In addition, it turned out (Figure 2) that the ex­
perimental shape of a weld in laser-arc weld ing did not 
correspond to the profile of an isotherm of metal melting 
calcu lated from the formula for a quasi-stationary tem­
perature field in a flat layer() thick for two independent, 
coaxially acting and moving heat sources (laser and arc 
sources arc assumed to have normal circular parameters 
q,, r1, q" and r" and be of the surface type, as we consider 
the thermal conductivity penetration mode). ln the 
Cartesian coordinate system (x, y, z) with axis x di­
rected along movement of the sources, this formula has 
t he following form 181: 

1 
T = T0 + ----== 

27rA.-Vna 
=J ~ [ (z - 2n8)

2
] 

.L, exp -
2 

x 
0 11 =-= 4aw 

( 1) 

q" [ (x + vw
2

)
2 

+ /]} + ., 2 exp - ? dw, cw-+ r,,l4rz) 4rzw- + ~ 

where T0 is the initial temperature of metal (ambient 
temperature); A. and a arc the coefficients of thermal 
conductivity and diffusivity of metal, respectively; q1 

and q" arc the effective powers of the laser and arc 
heat sources, respectively; r1 and rn arc the charac­
teristic sizes of the respective heat sources determined 
as a distance from the axis at which the heat flow 
decreases by a factor of e; v is the welding speed. The 
following magnitudes of the values included into for­
mula ( 1) were used for calculation of the isoth erm of 
melting in a case where the sources were independent 
(Figure 2, dashed curve): To = 20 °C , 'A = 

= 0.218 W / (cm·K), a = 0.048 cm 2 / s for steel 
10Kh18N10T 19], and v = 12 m/ h. The effective 
power of the laser heat source was calculated from 
formula 

(2) 

where [is the coefficient of absorption of laser radia­
tion with a wave length of 1.06 11m, characteristic of 
the YAG lasers (in a case of stainless steel f = 0.6 
f 1 OJ) by the metal surface, and the effective power 
of the arc source was determined from the plot of 
dependence of power input into a workpiece in ar­
gcm-arc welding upon the arc current (q" = 300 W at 
I = 75 A 1111). A characteristic size of the laser heat 
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Figure 3. Profiles of the welds produced in the experiments (1) 
on laser-arc welding of stainless steel at an arc current of 60 (a) 
and 100 (b) A, and corresponding calculated isotherms of metal 
melting allowing for contraction of the arc (2) 

source, r,, was selected equal to r1 2 and that of the 
arc heat source, r0 , was dctcrmcncd from a condition 
of the best fit of the calculated isotherm of melting 
(at q1 = 0 and selected values of qa and v) to the 
experimental profile of the weld for argon-arc welding 
(Figure 1, b), which yields r" = 1.58 mm. 

The following model was suggested to explain the 
effect of violation of additivity of thermal effect of 
laser and arc heat sources using the Y AG laser. As 
plasma of the argon arc column under an atmospheric 
pressure is almost transparent to radiation with a wave 
length of 1. 06 J..lm [6 J, the only mcchan ism of inter­
action of the laser beam and the electric arc in a given 
case is variation in the character of occurrence of the 
anode processes due to an additional laser heating of 
the workpiece (anode) surface. Burning of the con­
ventional argon arc at currents of more than 100 A 
involves an anode spot 1121, the formation of which 
is associated with an intensive evaporation of metal 
from the anode surface, and the arc is contracted into 
this spot [13, 14j . In the above experiments on laser­
arc welding the lower-current arc was used, which 
caused no evaporation of metal at the absence of its 
laser heating (which is confirmed by calculations us­
ing formula (1) at q1 = 0) and, accordingly, no for­
mation of the anode spot. An extra heat input due to 
the use of such a concentrated heat source, which the 
laser beam is, leads to formation of the boiling zone 
on the sample surface. As a result, the arc starts burn­
ing in metal vapours which have a lower ionization 
potential than argon (UFe = 7.9 and UAr = 15.8 cV). 
In this case the arc current tends to concentrate within 
the given zone, which leads to an increase in the 
density of the power introduced by the electric arc 
into a workpiece in laser-arc welding. Therefore, for­
mula ( 1) can be used for a more accurate quantitative 
estimation of the results of the combined thermal ef­
fect on metal welded in the thermal-conductivity 
penetration mod_c, supposing the radius of the arc 
heating spot, Ra (for a normal circular source with 

12/2001 

LASER TECHNOLOGIES 

71 

70 

69L_ ____ ~ ______ J_ ______ L_ ____ ~ 

10.0 

9.5 

9.0 

a 

60 
b 

70 80 90 1, A 

Figure 4. Calculated dependence of density of power input into a 
workpiece in laser-arc (a) and argon-arc (b) welding of steel 
10Kh18N10T upon the arc current 

ra "'Ra/2) to be equal to averaged radius rb of the 
established zone of metal boiling, and assuming in 
the first approximation that the effective power of 
the arc heat source remains unchanged. 

Profile of the isotherm of metal melting calculated 
within the frames of this model (allowing for the arc 
contraction in the combined process) is shown in Fi­
gure 2 by a solid curve (all the selected magnitudes 
of the values included into formula ( 1) arc the same, 
except r0 , which in this case becomes equal to 
0.58 mm). Results of these calculations for laser-arc 
welding of stainless steel 4 mm thick at the same 
welding speed and a different value of the arc current 
arc shown in Figure 3. As it follows from comparison 
of the given calculated curves with profiles of the 
welds produced experimentally under the correspond­
ing welding conditions, the calculated and experimen­
tal data are in a sufficiently good agreement (espe­
cially at high arc currents). This confirms validity of 
the suggested mathematical model for q uantitati vc 
estimation of thermal effect on metal by the combined 
laser-arc heat source. 

Numerical investigation into peculiarities of ther­
mal effect on a workpiece by the laser beam and elec­
tric arc combined in a single process was conducted 
on the basis of the developed model of metal pene­
tration using the YAG laser. It was established that 
density of the power introduced into metal by the arc 
in laser-arc welding was almost 7 times as high as 
that in argon-arc welding (Figure 4). In addition, the 
character of dependence of the power density upon 
the arc current is also changed (sec Figure 4). Whereas 
in argon-arc welding within the investigated range of 
currents the arc power density monotonously increases 
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Figure 5. Calculated dependencies of the maximum weld width 
(a) and penetration depth (b) in laser-arc welding of stainless steel 
upon the welding speed using independent heat sources ( 1) and 
al lowing for the arc contraction in the combined process (2) 

wilh an increase in I I 11 J, in combined welding using 
the lase r beam with a power of 285 Wit has a maxi ­
mum at I "" 70 A. This fact should be taken into 
account in realization of a specific combined process 
by selecting such an arc current at the preset values 
of Lhc laser radiation power and welding speed that 
the density of the power introduced by the arc into 
Lhc metal welded is maximum. 

Calculated dependencies of the maximum weld 
width Band penetration depth H, shown in Figure 5, 
indicate that there is a certain range of the combined 
welding speeds in which the effect of contraction of 
Lhe a node region of the arc due to laser evaporation 
of metal is most pronounced. In laser-arc welding of 
stain less steel 4 mm thick using the argon arc at a 
current of 75 A and Y AG laser beam power of 285 W 
(rr = 0.7 mm) this range covers speeds of up to 
82 m h. At welding speeds of above the said value 
the penetration depth fluctuations begin, which is 
assoc1atcd with an unstable evaporation spot existing 
on the metal surface, this spot full y disappearing at 
a speed of 97 m h . As the welding speed is further 
increased, the laser beam and the electric arc start 
acting as two independent heat sources (sec Figure 5). 

Contraction of the anode region of the arc and its 
stabi I izat ion in the zone of laser evaporation of metal 
in laser-arc welding enable the speed of the combined 
welding process to be fundamentally increased, as 
compared with the speed of welding using the con­
ventional arc, the effective power of which is equal 
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to the sum of the effective powers of the laser and 
arc heat sources. For example , a maximum speed of 
laser-arc welding with full penetration of stainless 
steel plates 1 mm thick at Q = 285 W and I = 60 A 
is, according to the calculations, 90 m/ h (in the ex­
periments the maximum value of the speed of welding 
with full penetration, l'max"" 60 m / h, was limited by 
the capabilities of a device used for displacement of 
a sample), which is almost 4 times as high as the 
maximum speed of argon-arc welding, Vmax = 

= 23 m h , achieved at I = 90 A. It should be noted 
that with the selected parameters of the laser and arc 
heat sources a relationship of qa (I = 90 A)"" qa (I = 
= 60 A) + q1 (Q = 285 W) is met. 

Therefore, t he suggested mathematical model of 
thermal processes occurring in laser-arc welding using 
the Y AG laser and argon arc, despite its simplicity, 
enables the penetration profiles in the com bincd effect 
on a workpiece by the laser beam and electric arc to 
be calculated at a sufficient accuracy, allowing for 
their interaction on the metal surface. This makes it 
possibl e to usc the calculated data obtained by using 
this mode l to select parameters of a specific laser-arc 
welding process. 

In conclusion, the author would like to thank 
A.I. Bushma for the assistance in making the calcu­
lations. 
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RECONDITIONING OF EXCHANGEABLE PARTS 
USING LASER TECHNOLOGIES 

]. HOFFMANN 
Training-Research Institute, Rostok, Germany 

ABSTRACT 
The paper describes the features of laser-powder spraying and laser surfacing appl ication for repair and restoration of 
the spec1f~ed contour of ship machinery parts, in particular , piston rods. Advantages of application of laser restoration 
technolog1es are demonstrated. 

Key words: laser restoration technologies, coating appli 
catwn by sprayzng, su1·jacmg, reconditioning 

Laser technologies arc regarded to be promising and 
efficient technologies of the future in many manufac­
turing areas. 

Unlike laser cutting and laser v.:elding, that have 
already been widely accepted by industry, laser proc­
essing of the surfaces of various materials is used only 
by a few specialised enterprises. Training-Research 
Institute of Mek len burg-Vorpommern Land devel­
oped practically feasible and cost-effective variants 
of the process of laser spraying of coatings on ship 
machinery parts. 

Repair by laser-powder spraying. In recond ition­
ing by laser-powder spraying the filler material is 
applied onto the item for restoration of the specified 
contour (Figure 1). Similar and dissimilar filler ma­
terials arc used, for instance, high-quality wear-resis­
tant materials or superplastic alloys. 

This technology envisages feeding the filler pow­
der by blowing it into the molten pool on the item 
in the form of a jet of gas and powder mixture. The 
powder melts in the zone of the laser beam impact 
and quickly solidifies to form a coating in the shape 
of a bead. In this case the substrate surface melting 
is minimal, this being sufficient for metallurgical 
bonding of the coating with the base material, with 
an extremely low degree of mixing of 5 °0 . 

In order to produce reliable coatings, it is necessary 
to take three conditions into account simultaneously, 
namely achievement of the required strength of the 
structure coating, suitability of the material for coat­
ing and ability to perform spraying on the shop floor. 
Each of the above conditions depends on the mater ial, 
technology and structure, and, therefore, cannot be 
considered separately. 

The ability to select material combinations, tech­
nology and structure in reconditioning and repair, 
unlike manufacturing new items, is limited by that 
the appropriate operating requirements and base ma­
terial of the structure have already been specified. 

Repair of ship machinery parts by laser surfac­
ing. Let us consider recond itioning of piston rods in 
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greater detail. Two piston rods were damaged in fab­
rication by a defect ive lathe tool ~ a circular groove 
of 1 mm width and 1.2 mm depth was formed. Depth 
of finish treatment of piston rods was 0.2 mm. 

The base material of the parts, Sk45, was charac­
terised by a high sensitivity to the thermal cycle of 
surfacing, manifested in higher hardness of the sub­
strate. In connection with a great ( 1.5 t) weight of 
the parts, the cool ing rate was extreme from the view 
point of self-hardening. 

The coating materials and technology should be 
se lected so, as to allow producing a joint, capable of 
reliably withstanding the high inner stresses, devel­
oping as a result of extreme conditions of hardening, 
as well as working loads. 

The material, defect geometry and treatment con­
dition required a local surfacing process with minimal 
heat input, that can on ly be implemented by applying 
laser-powder spraying. 

Selection of the variant of laser-powder spraying 
process was conducted to meet the following require­
ments: recess fill ing; temperature mode, guaranteeing 
absence of cracks in the HAZ material and during 
coating deposition; tempering of the adjacent material 
zones ( lower hardening in t he HAZ metal); ability 
to apply the selected coating material. Coating ma­
terial se lection shou ld be performed, taking the fol-

Movement direction 

Figure 1. Block-diagram of powder spraying by a laser beam: 
coatmg; 2 - laser beam impact zone; 3 - gas-powder mixture; 
.J - base metal 
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Figure 2. Laser-powder spraying of piston rod by C02-laser 

lowing properties into account: tension, susccpti bi 1 ity 
to hardening, strength properties, material ductility 
for inner stress relieving. 

Spraying was performed with a COrlascr, stcl­
litc 21 was selected as the coating material, cobalt 
being the base (Figure 2). Laser-powder spraying 
guaranteed identical work results on samples and 
actual parts. 

Spraying was followed by local heat treatment 
with C02- laser for tempering of the HAZ metal, lo­
cated ncar the item surface. The aim of tempering, 
using the laser beam, was to lower the hardness from 
HFo.3 700-780 to 420. During tempering the coating 
material proper was not remelted, so that its hardness 
\\as practically unchanged (Figure 3). 
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HVo .3 .-------------------, 
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Figure 3. Hardness profile of a 15 kg sample of Sk45 after laser­
powder spraying without tempering ( 1) and after tempering, using 
C02-Iaser (2) (I - measurement point spacing) 

Grinding of the laser-powder coating of stcllitc 21 
produced good results, and the required surface rough­
ness tolerances of 0.05 )..l.m were ensured. 

Process duration (surfacing plus tempering) of pis­
ton rod repair was 90 min. Piston rods were approved 
by German Lloyd for a wide usc in container shipping. 
Parts of the total cost of DM 30000 have been repaired 
and commissioned at less than DM 2000 cosL 

The above case illustrates the rationality of apply­
ing laser surfacing in repair technologies, compared 
to the traditional technologies, for local ising the ther­
mal impact on the item being restored, as well as 
minimising the material removal in finish machining. 
In addition, laser-powder surfacing can be used for 
repair of parts of ship and agricultural machinery , 
making tools and steel and plastic items. 

Application of laser processing initiated further 
change in reconditioning technologies. 
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IMROVEMENT OF THE EFFICIENCY AND QUALITY 
OF LASER PROCESSING OF MATERIALS 

1 2 'l N.J. ANYAKIN 1
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ABSTRACT 
The paper presents the results of calculation and experimental studies of thetechnologies of laser welding of magnet 
core plates and laser cutting of sem iconductors. Capabilities of laser technologies are demonstrated m terms of Improve­
ment of process efficiency and processing quality. 

Key words: laser processing ( c.celding and cutting), proc 
ess efficiency, processing quality, pou.'er and radwtwn energy 
density, semiconductor materials, core 

Improvement of efficiency and quality of material 
processing is one of the ways to raise production and 
economic indices. This is usually achieved at minimal 
cost by improving the available equipment, tool de­
signs, optimising the processing modes , supplying ad­
ditional inexpensive kinds of energy to the cutting 
zone, etc. Among the methods, effectively used to 
improve the efficiency and quality of laser technology, 
is optimisation of power density distribution in the 
focal spot 'Yilp(x, y) (or integral characteristic 
energy density WL(x, y)) of the laser flow in its 
impact zone. This method is applicable for improve­
ment of various technological processes (TP), namely 
strengthening, welding, surfacing, cutting, etc. 
Change of power density Wp(x, y) is usually ach icvcd 
through application of special focusing systems, tha~ 
convert the distribution of laser flow, coming out of 
the laser cavity, and change of energy density W E(x, 
y) is produced by the focused beam scanning the sur­
face being processed 11 - 1 0 1. 

This paper gives the results of studying TP of laser 
processing of materials by scanning laser radiation, 
obtained by the authors during investigation and op­
timisation of the technologies of magnet core welding 
and semiconductor cutting. 

Experimental procedures and equipment used. A 
number of TP, where a focused laser beam is used as 
the processing tool, such as annealing, strengthening, 
welding (without 4key-hole» penetration) [111 , can 
be described by a non-linear , non-stationary multidi ­
mensional equation of heat conductivity, taking into 
account phase transformations with the appropriate 
initial and boundary conditions: 

aT a ( aTJ d ( ()TJ 
c(T)p(T) at = dx 'A(T) ax + az l 'A(T) az ; (1) 

(2) 

aT 
ax lx ~ Q, X~ /lx = 0; 

(3) aT 
- 'A(T) az lz~o = [1 - R CD]Wp(X, y, t); 

Tstart = 250 "C, 

where x, y, z, t arc the spatial and time co-ordinates; 
p(T), c(T), A(T), R(T) are the dependencies of den­
sity, heat capacity, heat conductivity and opti cal 
properties of the part material being processed on 
temperature T; cv is the heat capacity of, the material 
being processed at a constant volume; cv is the heat 
capacity, without allowing for the phase transforma­
tion; Or is the phase transformation enthalpy; Tr is 
the phase transformation temperature; D is the delta 
function; H x, H 2 are the part length and thickness; 
W p(x, z, t) is the power density of the focused laser 
beam, depending on the spatial and time co-ordinates. 
Therefore, the process of laser welding of the magnet 
core was studied through computational experiments, 
using as the process model the above system of equa­
tions, solved by the method of finite differences. The 
data on temperature dependencies of thermo-physical 
properties of electrical steel with silicon volume frac-. 
tion of 2.2 % corresponded to those given in 1121, of 
optical properties ~ to those in 1131, and they were 
interpolated by cubic splines . Focal spot diameter do 
and flow intensity distribution 1Vp(x, y) were deter­
mined by the method of <<scanning» aperture with 
subsequent processing by the least squares method. 
Function W p(x, y) had the following form: 

4P(t) 
Wp(x, y, t) = --

2
- exp x 

rtd0 

2 2 
(-4Cconc ((xc- x) + (Yc - y) ) 

X 2 
do 

(4) 

where Xc, Yc arc the co-ordinates of the beam center. 
The coefficient of concentration Cconc = 2. 

In the case of a focused laser beam scanning by 
an elliptical law and processed part displacement 
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Table 1. Operation sequence in investigation of the technological processes 

No. Magnet core tee/ding {G. 9, /Of Se111icondnc/OJ cnlfinq /7. /if 

Proce~s model - equations ( 1 )-(7) 

2 Computational experiment 

Process model - equation (8) 

3 Experimental check of the obtained 
results 

Preplanning, selection of process factors, model kind, experiment plan 

Implementation of the experiment, process model construction, verification of 
the suggested hypothesis 

4 

5 

Result analysis Result analysis, process optimisation 

Experimental check of optimal modes , making test batches of parts 

along axis OX, the co-ordinates of beam center Xc(t) 
and Yc(t) and energy density distribution of the fo­
cused beam are calculated by the following equations, 
respectively: 

lmon· 

Xc(t) = Xo + l'x t +A cos (2cot); 

y,(t) =Yo+ B sin (2cot); 

, . . _ J P(t) exp {- C,.,,, [(x(/)- x) 2 + (y(/) - y)2
] / ri\} 

II Jo{.t, y)-
2 

dt, 
o n:ro 

(5) 

(6) 

where x 0 , y0 arc the co-ordinates of the beam axis 
initial position; w is the scanning frequency; A, B arc 
the scanning amplitudes. 

In order to determine the maximal pulse power 
Pmax• modelling of the process in the pulsed mode of 
t he laser operation was performed, using a relation­
ship, allowing for the equality of the mean beam 
power P 11, and beam energy in different generation 
modes: 

t 

J P(t)·dt = ~II, (7) 

where 't , v arc the duration and repetition rate of laser 
pu lscs. 

When analysing the results of the computational 
experiments, the processing time and quality were 

6 

determined by the time of existence and depth of the 
weld pool. Calculations were performed for various 
magnitudes of processing speed (v, = 1, 5, 10, 15, 
20 mm s), scanning frequency (w = 0, 55, 65 , 
75 Hz), two laser generation modes (continuous and 
pulsed) and constant scanning amplitudes (A, B = 
= 0.3 mm) and focal spot diameter (d0 = 0.3 mm) 16, 
9, 101. 

In connection with the fact, that the modes of 
precise laser processing (hole drilling, cutting, etc.) 
still have not been adequately described by physical 
dependencies I 5, 111, model] ing and optimising of the 
process of semiconductor laser cutting was performed 
by experiment planning methods f7, 8, 141, i.e. the 
process model for each response y, (cut width at the 
entrance Sent and exit Sexit• respectively, cut side 
roughness RJ were calculated, using equation 

i = k ii = k 

y1 = b0 + L b; X;+ L b;1 X; Xj + L b;; xL (8) 
i =I i ;tj = I ii =I 

where k is the number of process factors x;; b0 , b;, bii, 
b;; are the coefficients of the regression equation; i, j 
arc the indices . 

Welding and cutting TP were studied by the clas­
sical procedures, with their implementation sequences 

8 9 

Y~x 
7 

6 z 
5 5 

4 

4 
3 10 

3 2 

2 

b 
Figure 1. Schematics of experimental set up for studying the process of welding (a) and sem iconductors cutting (b): 1 - worktable; 
2 fixture; 3 - sample; ..f - focusing lens ; 5 - rotating mirror; 6 - drive; 7 - laser beam; 8 - telescopic system; 9 source ; 
10 - PC 
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Table 2. Levels of process factors variation, when studying the process of semiconductor cutting 

l'r 111/ll S v. 1<1 I z 1-:. /ll/11. !iF, 111111 w. II z C<. " l.er.wl and iuten•al of 
No. 

factor Nniatiou 
CodP 

XI 

Main level 0 15 

2 Variation interval 10 

3 Upper level +1 25 

4 Lower level -I 5 

given in Table 1, and diagrams of the used experi­
mental set ups arc shown in Figure 1. 

When studying the process of laser welding, ex­
perimental check of the results, obtained when solving 
equations ( 1 )-(7) was carried out in the experimental 
set up (Figure 1, a), incorporating Y AG source of 
180 W power, operating in the continuous and pulsed 
generation modes ( Vp = 1 SO Hz, t = 4.5 ms); scanning 
system (rotating mirror, fastened on an electric motor 
shaft) and worktable, moving at the speed of 1-
20 mm / s. Micromotor armature core stack was 
clamped in a special fixture and processed in eli ffcrcnt 
modes, calculated earlier by solving equations (1)­
(7). In view of the ability to compare the results of 
the computational and full-scale experiments, inves­
tigations were conducted, using a passive strategy 
(with succcssi vc change of proccssi ng speed, scanning 
frequency and laser generation modes), with three 
experimental results derived for each experimental 
point. Weld samples were further subjected to tensile 
testing, and used to prepare macroscctions, on which 
the depth and width of the melt pool was determined 
16, 9, 10]. Weld pool parameters and cut width were 
measured in BMI-1Ts and PMT microscopes, and cut 
surface roughness in binocular Linnik microscope 
(MIS-11 ). 

The process of I ascr cutting of semiconductors 17, 
8] was studied in an experimental set up (Figure 1, 
b), consisting of YAG laser with Q-factor modulation 
(pulse repetition rate v = 3.4-54 kHz, average radia­
tion power P,, = 20 W) and two-coordinate scanning 
system (driven by reversible piczoccramic step mo­
tors). Blanks of polycrystallinc silicon 0.3-0.5 mm 
thick were mounted on the worktable, having the 
displacement speed of up to 30 mm s, and were proc­
essed in keeping with the plan of experiment 
(Rechtschafncr saturated plan 1141 for six process 
factors), experiments being conducted three times for 
each experimental point. Table 2 gives variation 
ranges of the following process factors: part displace­
ment speed Vx (X 1); pu lsc repetition rate v (X 2); focal 
distance of focal lens F (X3); value of defocusing of 
focusing optics !J.F (X1); frequency w (X5) and scan­
ning amplitude a (X6). 

At laser beam scanning by the schematics, given 
in Figure 1, amp! itudc A and B of the focused beam 
displacement over the part surface, according to equa­
tion (5), depends on the angle of rotation of scanning 
mirror a and lens focal distance F. Unlike the process 
of laser welding of the magnet core, when scanning 
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x2 X" x, x,l X" 

23.4 45 -0.05 70 120 

20.0 5 0.05 50 60 

43.4 50 0 120 180 

3.4 40 - 0.10 20 60 

amplitude A= B = 0.3 mm (values F, d 0 and a arc 
constant) in investigation of the process of scm icon­
ductor laser cutting the amplitude of scanning over 
the part surface changed in the coset space in the 
range of 20 to 60 J..l.m. 

Analysis of the results of preplanning and com­
putational experiments. The influence of additional 
focused laser beam scanning on the result of material 
processing is the most vividly demonstrated , when 
comparing the shape of energy density distribution of 
focused laser radiation over the part surface with the 
appearance of the laser scribe (cut). Figure 2 shows 
the distribution of energy density in spatial co-ordi­
nates, derived when solving the system of equations 
(4)-(6) in the PC, as well as the result of process­
ing - appearance and shape of the laser scribe. These 
data are given for the case, when laser radi ation (P 111 = 
= 20 W, v = 3.4 kHz) was focused into a spot of 
diameter d0 = 0.04 mm and was scanned by a circular 
(Figure 2, a, b) and linear law (Figure 2, c) at dif­
ferent speeds of the part displacement 17, 81. As is 
seen from the above relationships, the shape of laser 
scribe completely corresponds to the law of variation 
of function 1Vc(x, y) in the spatial co-ordinates. At 
the moments of the focused laser beam and the part 
moving towards each other, when their summary 
speed <:'1: is equal or close to zero, an abrupt increase 
of value W~:(x, y) and of the scribe depth , respectively 
(up to complete perforation of the blank) is found . 

Further scanning by the focused laser beam also 
influences the processing result in laser welding. 
Change of energy density W ~:(x, y), as shown by 
numerical sol uti on of equations ( 1 )-(7) 16, 9, 10 I, 
leads to the change of thermal cycles, heating depth, 
time of liquid phase existence, etc. Figure 3 sho\\ s 
the graphs of the change of temperature T(z, t), de­
pending on time, at different depth z of the surface 
being processed, as well as of focused radiation power 
density Wp in laser beam processing in the continuous 
mode of laser generation (P 111 = 180 W, do= 0.3 mm). 
Figure 4 shows similar dependencies, obtained for the 
pulsed mode of laser generation (P,, = 180 W, do = 
= 0.3 mm, v =150Hz, t = 4.5 ms). In both the cases 
the part displacement speed was equal to 0.3 m min. 

Having analysed the results of calculations, the 
fragments of which arc given in Figures 3, 4, the 
following should be noted: 

• thermal cycles reproduce the periodicity of the 
heat source appearance (focused laser beam), this de­
pendence decreasing with greater distance to the sur-
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Figure 2. Energy density distribution H 'E(x, y) of focused laser radiation in spatial co-ordinates (/eft) and in one of the sections 
(middle), and appearance of the appropriate laser scribe after beam processing at the speed v, = 5 (a) and 8 (b, c) mm s, v = 3.4 kHz 
(right): a, b circular scanning (A= B = 0.04 mm); c - linear scanning; material is single-crystal silicon; A laser erosion products 
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Figure 3. Dependencies on timet for temperature T(z) at different depths from the irradiated surface (1 z = 0; 2 2 = 0.09; 3 -
2 = 0.25 mm) and laser radiation power density 1Fp (.f) in welding by a focused laser beam at different scanning frequency: a - 0; 
b 55 Hz (A= B = 0.3 mm); material is electrical steel 
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Figure 4. Dependencies on lime t for temperature T(z) at different depths from the irradiated surface (I z = 0; 2 z = 0.09 ; 3 -
z = 0.25 mm) and focused laser radiation power density H'" (.J) in welding with the scanning frequency of 0 (a) and 55 (b) llz (A= 
= B = 0.3 mm); material is electrical steel 

face being processed , because of the inertia of the 
heating system and damping influence of phase trans­
formations in the material being processed (Figures 3, 
4, curve 3); 

• time lag twai t before reaching the maximal tem­
perature (both on the sample surface and in its depth), 
relative to the moment of maximal laser radiation 
energy input, is recorded; 

• in all the studied coset space (Figures 3 and 4 
give the results of solutions for some particular cases) 
the surface temperature is higher, than the steel rim­
ming temperature 16, 9, 101. Metal vapours and ero­
sion plasma reduce (through absorption and reflec­
tion) the amount of 1 aser energy, reaching the surface 
being processed , especially in the case of low proc­
essing speeds. Increase of lag fwait• related to increase 
of the total speed of the part and the focused beam, 
results in the beam intensity peak <<moving away>> 
from the plasma, thus increasing the effectiveness of 
interaction of the focused laser beam with the surface 
being processed; 

• in the pulsed generation mode (with the same 
average radiation power) the power of individual 
pulse is more than 3 times higher, than the average 
one, and is equal to 600 W, therefore, processing in 
this mode allows achieving a greater weld pool depth 
and time of its existence, compared to the continuous 
generation mode. 

In processing by a scanning laser beam, the average 
surface temperature decreases, because of redistribu­
tion of energy density vVc(x, y) (sec Figures 3, band 
4, b). However, the time of the weld pool existence 
becomes longer, due to multiple passage of a focused 
beam over the processing zone and longer input of 
energy that is more effectively absorbed by the part 
surface (because of continuously moving away from 
the plasma) and promotes a balance on the liquid­
solid interface. As in case of laser processing of semi­
conductors (sec Figure 2), an abrupt increase of sur­
face temperature is observed, when the sum mary speed 
of the focused radiation beam and the part being proc­
essed is equal (or close) to zero (sec Figure 3, b and 
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4, b). Surface temperature surges arc especially no­
ticeable in the pulsed processing mode at the moments 
of time, when l'L = 0 that coincides with the moment 
of generation (Figure 4, b). 

Figure 5 presents the resulting dependencies of 
weld pool maximal depth 1! 11 , max and existence time 
tm on part displacement speed <'x in processing electric 
steel by the laser beam, focused into a spot wiLh d0 = 
= 0.3 mm, in the pulsed generation mode (P111 = 
= 180 W, v =150Hz, t = 4.5 ms), for different scan­
ning frequencies. As is seen from these dependencies, 
processing at low irradiation speeds produces welds 
with weld pool maximal depth and time of existence. 
However, because of processing zone overheating, it 
is rational to perform processing at maximal irradia­
tion speeds with focused beam scanning. With the 
increase of scanning frequency up to 75Hz, a balance 
is observed between the appl icd laser radiation energy 
and the heat, removed from the laser impact zone, 
due to natural heat conductivity. In this case the melt 
pool depth is smaller, than in irradiation wiLh the 
frequency of 65 Hz. However, because of the high 
displacement speed, the scanning beam continuously 

h mmax' mm 

0.92 4 0.430 

0.46 0.315 

9.75 14.50 Px, mm/s 

Figure 5. Dependence of maximal depth of the molten pool 
h, wax (t) (solid curves) and time of its existence (clashed curves) 
on the speed of part displacement v,. in processing electrical steel 
by a laser beam with scanning frequency w = 0 (1), 55 (2), 65 (3) 
and 75 (.J) Hz in the pulsed generation mode 
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Figure 6. Distribution of energy density 1F1,(x, y) of focused laser radiation in spatial co-ordinates (a) and in one of the sections (b); 
c appearance of respective laser scribe after processing by this radiation (d0 = 0.04 mm, P., = 20 W, v = 3.i! kllz , l'., = 5 mm s); 
material is sing le-crystal si licon 0.3 mm thick; A - products of lase r erosion 

preheats the melt, extending its life, th is , certainly, 
affecling the welding quality. 

Similar to laser welding, in laser cutting of semi­
conductors, lo\\·-speed processing leads to a larger 
liAZ, greater amount of the melt in the cut zone and 
subsequent re-filling of the formed scribe with the 
melt (Figure 6). 

Analysis of the results of the conducted experi­
ments and process optimisation. Modelling of the 
developed TP was conducted in keeping with the ear­
lier described general research strategy. In laser cut­
ting of semiconductors, focused beam scanning was 
performed in the plane, co in ciding with the direction 
of the part displacement speed vector, as this is exactly 
the mode. providing the minimal cut width (sec Fi­
gure '2, c). After implementation of the experiment 
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Figure 7. Rank diagrams of the coefficients b in t he regress ion 
equation, describing TP of laser processing of polycrystalline silicon 
0.3-0.5 mm thick; abscissa axis indicates respective indices of the 
coefficients 
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plan, calcu lation of the coefficients of the regression 
equation Uor each response) and checking the sta­
tistical hypotheses (they were confirmed), adequate 
models of TP of laser cut.ling of semiconductors were 
obtai ned 17 , HI, given in Figure 7 in the form of rank 
diagrams. As a rcsul t of analysis of these dependencies 
it shou I d be noted, that in the studied coset space 
(Table '2 gives the boundaries of change of inde­
pendent variables), those process factors have the 
greatest inrlucncc on the processing result, that in­
rlucncc the energy density redistribution along the 
cut line, namely scanning frequency and amp li tude. 
This statement is especially valid for the model, de­
scribing the dependence of the cut sides roughness 
(Figure 7, c), as Rz parameter is the most critical to 
the frequenc y of occurrence of such moments , when 
the total speed of the part displacement is equal or 
close to zero (sec Figure 2, c). The linear and quad­
ratic sets or coefficients have the strongest influence 
on R z dependence on the process factors, namely scan­
ning frequency from the linear set, scanning fre­
quency and amplitude from the quadratic set (coef­
ficients bs, bss. b55). 

lL should be noted, that in the entire studied coset 
space, a through-thickness cut is formed due to a 
layer-by-layer cutting of the processed material (be­
cause of multiple passage of the focused beam). In 
addition, as a result of H1

1::(x, y) redistribution, it is 
also due to perforation of elementary holes , formed 
at moments of time, corresponding to l'l: = 0, and 
crossing each other. 

Scanning frequency of laser radiation a lso has the 
maximal impact on welding result. Graphic interpre­
tation of the results of experiments on studying the 
TP of magnet core laser welding, is given in Figure 8. 
The presented dependencies demonstrate, that the 
maximal dimensions of the weld pool, namely depth 
(Figure H, a), width (Figure H, b) and maximal rup­
ture strength (Figure H, c) arc found, when a scanning 
focused laser beam is used as the tool . Analys is of the 
rcsu Its, obtai ned from the performed calcu I ations (sec 
Figures 3 and 5) and experiments (Figure H) demon­
strates their qualitative coincidence. As shown by the 
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Figure.8. Dependence of_dept h /-/ ,. (~),width 5 ,. (b) and rupture strength G". (c) of a weld on part displacement speed v, in electric 
steel pwcessrng by a laser beam (P"'- 180 W , d0 = 0.3 mm , t = 4.5 ms, v =150Hz) with different scanning frequency· 0 _ 0 + 
55; + - 65; X 75 Hz . ' 

performed studies, maximal rupture strengths arc ob­
served in processing by a focused laser beam, scanning 
with the frequency of w = 75 Hz (Figure 8), this 
being related, as was mentioned, not to the maximal 
depth of the melt pool , hut to the time of its existence 
(sec Figure 5, curve ,I). 

It should be noted, that in the case of a continuous 
generation mode at processing speeds higher, than 
13 mm / s, it was not possible to produce a sound 
permanent joint of magnet core plates in the entire 
studied range of beam scanning frequencies. This is, 
probably, related to the short time of existence of the 
liquid pool less than 0.12 s (sec Figure 5) and 
incomplete diffusion process , respectively. 

Thus , in the studied range of variation of the part 
displacement speed , scanning frequency and laser gen­
eration modes, it is rational to perform welding of 
the micromotor rotor plates at the limit speed (to 
achieve the maximal operation efficiency) with scan­
ning amplitude within the focal spot and frequency, 
equal to 75 liz. It is also rational to usc similar modes 
to weld transformer plates. Despite the fact, that one 
weld prevents the plates falling apart, thci r spreading 
(not tight enough contact between the plates on the 
side, opposite to the processed one) is found, because 
oflow-quality stamping, especially with the die wear. 
Therefore, the recommendation is to apply the welds 
parallel to the d ircction of thci r mechan ica I fastening. 

The established modes were used to process a test 
batch of micromotors and transformers, whose rig test­
ing demonstrated their correspondence to the items, 
made by the standard technology. 

When the results, derived using equations ( 1 )- (7) 
(implicit link between the processing result and proc­
ess factors) in investigation of materials laser proc­
essing TP , do not satisfy the technologist, optimisa­
tion of these processes is also possible, hut its requires 
considerable consumption of computing power 1151. 

Unlike process models, incorporating an implicit 
link between the processing result and process pa­
rameters, the models, obtained by the experiment 
planning methods, are ideally suited to handle opti­
misation problems, solved hy the non-linear program­
ming methods 11 5, 161. These methods allow for the 
limited nature of the coset space, multi-criteria! na-
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turc of the process, etc. 116 j. Thus, optimisation of 
the TP of laser cutting of semiconductors included 
establishing the processing modes, providing minimal 
roughness of the cut sides and maximal efficiency in 
a limited design space: 

(9) 

( 10) 

It was assumed, that the cut width should not 
exceed SO 11m: 

( 11) 

Optimisation problem was solved bv the method 
of <<penalty functions>>, re-arranging the system of 
equations (8)- (11) as follows: 

i = 1 

where qt, ... , q:3 are the weight coefficients. Hookc­
Ji vcs method was used as the method-organ iser of the 
search r 1 61. 

After solving problem (8)-(12) and experimental 
check of the results, processing modes were estab­
li shed, that provide laser cutting of polycrystallinc 
silicon 0.3- 0.5 mm thick with 8 !lin roughness of the 
sides of the cut 0.045 mm wide. Processing speed was 
25 mm s, modulation frequency was 44kHz, lens focal 
distance being 40 mm with defocusing of - 0.1 mm, scan­
ning frequency and amplitude of 80 Hz and 120", 
respectively. It is obvious, that cutting of single-crys­
tal silicon is also possible in the above modes. Further 
experiments demonstrated, that in this case (material 
was single-crystal silicon 0.3 mm thick) the cut width 
was 0.04 mm, while the side roughness was not less 
than 0.8 11m (measurements were limited by the meas­
urement limit of Linnik microscope). Lower side 
roughness and smaller cut width arc attributable to 
a stable th ickncss of the blank (unlike the polycrystal , 
where the th ickness varies considerably) . It should 
be noted, that usc of kinematic equations (5) allows 
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determination of such a law of relative displacement 
of the focused laser beam and the part, that minimises 
not only the cut width, but also the period of time 
of reaching vi= 0. However, because of the comp lexity 
of the processes, proceeding in the processed material 
during evaporation, minimising of the distances be­
tween the points with zero summary speed in the focal 
spot and the part and of the roughness peaks, respec­
tively, docs not allow obtaining the optimal result. 

The cstabl ished proccssi ng modes were used to 
make a test batch of blanks (40 pes), of which solar 
clements were later manufactured by the standard 
technology. Full-scale testing demonstrated, that 
their efficiency is by S-6 % higher, than that of the 
solar clements, manufactured by the conventional la­
ser cutting, i.e. without scanning (sec Figure 6). This 
is related to the fact, that the HAZ in standard samples 
is by 30 °o larger (determined by I.A. Podchcrnyacva's 
method of paramagnetic resonance), than that of sam­
ples, made by the developed techno logy. 

CONCLUSIONS 

1. Focused laser beam scanning within the focal spot 
allows improving the laser technology process effi­
ciency and quality. 

2. Improvement of processing efficiency and qual­
ity is attributable to redistribution of laser radiation 
energy density over the processed part surface and its 
more effective absorption by this surface. 

3. In laser welding laser radiation scanning within 
the focal spot leads to lowering of the processed sur­
face temperature and longer time of the weld pool 
existence. 

4. In laser cutting of semiconductor materials 
higher efficiency and quality of processing is attrib­
utable to their layer-by-layer cutting and perforation 
(at moments of time, when the summary speed of the 
processed part and focused beam is close or equal to 
zero). 

S. In laser cutting of semiconductors, the minimal 
width of the cut is guaranteed in the case, when the 
focused beam scanning is performed in a plane, coin-
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ciding with the direction of the part displacement 
speed vector. 

6. In the studied coset space the highest welding 
efficiency can be achieved in the case of app li cation 
of sources, operating in the pulsed generation mode 
with add itional beam scanning. 

7. Laser welding of magnet core plates docs not 
impair the finished item parameters (compared to the 
standard technology). 
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ASSURANCE OF QUALITY OF LAYERS 
MADE BY LASER SURFACING 

OR STRENGTHENING TREATMENT 

L.F. GOLOVK0 1
, J. DYVEIK 1 and V.I. ORESHNIK2 

1National Technical University of Ukra ine <<KPI», Kyiv, Ukraine 
20JSC <<Zavod Bolshevik>>, Kyiv, Ukraine 

ABSTRACT 
Method of changing the quality character ist ics of surface layers produced by a laser surfacing or strengthening treatment 
is suggested. The feasibility of control of the coo ling processes of the deposited layers by changing the space distribution 
of radiation power in the focusing plane is shown. Unique technical solutions were used for control of the space 
distribution of the laser rad iation power. 

Key words: laser b!'am. laser surfacing. space distribut ion 
of power, focusing systems. cooling rate. heat source. residual 
stresses. cracks in sur(acing 

The technology of surfacing with a usc of energy of 
laser radiation is an effective method of restoration 
of dimensions of worn-out parts and imparting high 
physical-mechanical and service properties to their 
surface layers. Over the recent years, the processes of 
laser surfacing and treatment arc studied very com­
prehen sively in t he industrialized countr ies, as t hey 
are a basis of the intensively developing waste-free 
technology of manufacture of parts, the so-ca ll ed 
Rapid Prototyping method 111. 

At present, a number of works has been made in 
which different methods of t he laser surfacing 11 , 21, 
mathemat ical models of accompanying heat a nd hy­
drodynamic processes 13, 41 arc cons idered. U is 
shown that t he laser surfac ing is not, in principle, 
inferior , and in some cases even superior to some meth­
ods of surfacing by the quality of the deposited layer, 
strength of welding of the parent and deposited met­
als, depth of penetration, level of deformations a nd 
other characteristics IS, 61. 

-,. 
laser 

However, the app I ication of different methods of 
the laser surfacing (including a powdered surfacing 
among them) is I i m i ted by several factors"' and, first 
of all, by t he lack of effective methods of selection 
of conditions and filler materials that could provide, 
in general, t he high reliability of the process and 
absence of defects (cracks, pores , non-fusions, clc.) 
in the deposited layer. 

The laser powdered surfacing is performed as fo l­
lows (Figure 1 ). The filler powder is fed by gravity 
or with the help of a transporting gas at angle ex. to 
the weld pool which is formed at the surface of the 
part being surfaced under the action of the laser ra­
diation of power P, focused by a lens or a mirror, up 
to do diameter of the focusing spot. During surfacing 
t he part is displaced with respect to the laser beam 
at a rate <' . 

To have a more dctai led description of t he process, 
it can be presented in the form of a tec hnological 
scheme (Figure 2) which is based on comb in at ion of 
scvcrai physical processes (radiation absorption, heat­
ing, melting, hyd rod y namic processes in weld pool, 
so lidification, diffu s ion , so lid-state structura l-phase 
transformations). The processes of melting and solidi­
fication arc main among t hem and characterized by 

Figure 1. Scheme of the laser powder surfacing process: 
beam; 2 - focus ing lens; 3 gas-powder mixture; I 
5 - deposited layer; 6 we ld pool; 7 samp le (11

1
,. , 

of penetration) 

IIAZ; Technological parameters of process 
depth 

Figure 2. Laser gas-powder surfacing as a technological system 

©I .. F. GOLO\'KO, .!. I)Y\'EIK and \'.I. ORESI INIK , 2001 

12/2001 43 



LASER TECHNOLOGIES 

three main characteristics: temperature, rate (time) 
of heating and cooling. 

The analysis shows that the main parameters of 
the process of the laser surfacing, which can influence 
the quality and geometry of the deposited layers arc 
as follows: power of laser radiation and its distribution 
in the focusing spot, size of a focusing spot, consump­
tion and direction of the powder feeding and speed 
of surfacing. By changing the parameters of the sur­
facing conditions it is possible to change the geometry 
of the deposited layer, to contro l its physical-mechani­
cal and service characteristics. As a rule, the surfacing 
materials refer to hard-to-weld materials, and a main 
defect in the deposited layer is cracks, while nature 
and amount depend also on the laser surfacing con­
dition parameters. The aim of the present work was 
Lo study a feasibility of prevention of crack formation 
by using control of heat processes in the depositing 
and parent metal during laser surfac ing. 

The feasibility of changing the nature of solidifi­
cation of the weld pool and rate of cooling in the zone 
of surfacing by changing the distribution of power of 
the laser radiation on the surface being clcpositccl was 
stud icd. Di ffcrcnt distributions oft he rae\ iation power 
were compared: Gauss, uniform, non-uniform with a 
sLeep and sloping front in the direction of the laser 
beam movement. 

The numerical modelling of two-dimensional field 
in a metallic sample (in the form of a prism) with a 
coating at heat source movement along its surface was 
studied. The heat problem was considered in a non­
linear statement. The non-linearity of the problem 
was determined by a dcpcnclcncc of thermophysical 
properties on temperature and coordinates, presence 
of phase transformations. Here, the thermophysical 
properties were preset in the form of hyperbolic equa­
tions. Relations of distribution of power density in 
the focusing spot "IV, were interpolated similarly. 
During calculations of coefficients of polynomials the 
equality of an integral density of power in the focusing 
spot at different distributions of the radiation inten­
sity was taken into account. 

p 

v 

2 

Figure 3. Scheme of plate heating in laser surfacing with different 
di stribution of radiation power at the focusing surface: I - parent 
metal; 2 deposited layer 
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The distribution of temperature T(x, y, z, t) in 
the samp le, along the surface of which the heat source 
is moved at a rate c: • along the axis OX, is described 
by the non-linear equation of heat conductivity using 
the following boundary and ini t ial condit ion s: 

oT o ( oTJ o ( oTJ c(T)p(T) at= ox K(T) ox + az K(T) OX ; 

oT 
OX l.r = 0; X = I 

oT 
= 0; -R(T) -s-fz= O z =l = A(T)Wp(x, f); oz . ~ 

oT 
-s-fz= l = 0; oz ' 

where cl(T), Pl(T), K1(T), c2(T), piT) and K2(T) 
arc the dependencies on temperature T of heat capac­
ity, density and heat conductivity of deposited and 
parent metals, respectively; "\Vp(x, t) is the distribu­
tion of power density of laser radiation in a focusing 
spot; x, z, t arc the space and time coordinates; c 1-(T) 
is the volume heat capacity; c 1.(T) = c(T)p(T); c'1,(T) 

is the heat capacity without allowance for the phase 
transition; 8 is the Dirac's function; Q is the latent 
heat of the phase transition; Tin is the initial tempera­
ture of the part being surfaced; l.n llj, lz arc the sample 
dimensions; A(T) is the dependence of absorptivity 
of surface on temperature T; x 1 , z 1 , x2, z2 arc the sizes 
of material layers. 

The scheme of the plate heating during surfacing, 
accepted for calculations, at different distribution of 
the radiation power along the focus ing surface is given 
in Figure 3. The calculation of the temperature dis­
tribution and cooling rate in the surface layer at con­
tinuous action of the laser radiation was made using 
the following initial data: 

Pm,·er of laser radiation P, W 
Diameter of focusing spot do, mm 
Speed of beam movement <' , m min 
Thickness of coating zt , mm 
Material of coating .................... .. .. 
Mater ial of substrate .......................... . 
Dimensions of part /, x 1!1 x !,, mm 

1500 
2.5 
0.2- 0.5 
0.5 
PG-SR4 
steel IJ5 
500 X 20 X 6 

The above system of equations was solved using 
Lhc method of finite differences with non-uniform 
pitches along the space and time coordinates. 

Figure 4, a presents calculated dependencies of 
heating temperature on time at different depth from 
Lhcsurfaccofstecl 45 (C - 0.45 wt.%; Fe balance) 
sample, being surfaced with PG-SR4 (Cr - 15.0; 
Ni - 80.0; Si - 4.0; W - 4.0 wL%) powder at 
Gauss(/), non-uniform s loping (II) and sLeep (III) 
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Figure 4. Dependencies on time for temperature of heating of sample of steel45, deposited with powder PG-SR4 (a), rate of heating-cooling 
(b) at different distribution of power density in the heating spot (shape of distribution is shown by a dash line) at the distance of the 
deposited layer surface (0 ( 1); 2.5 (2); 4.5 (3); 8.5 (,.1) mm) and corresponding temperature fields of the deposited layer in coordinates 
z, x (c) 

front of radiation power distribution in the direction 
of the heat source movement. Figure 4, b illustrates 
the dependencies of heating and cooling rates on time 
at different depth from the sample surface, while Fi­
gure 4, c shows the temperature fields in surface layer 
in coordinates z, x for corresponding distributions of 
the radiation power. 

The non-uniform distribution of the radiation 
power in the focusing spot, when its maximum is 
shifted in the direction of the beam movement to the 
focusing spot edge, as compared with the traditionally 
used distributions (uniform, multimodc, Gauss), pro­
vides the increase (by 40- 80 %) in time of existence 
of the liquid phase (for conditions of calculation from 
0.5 to 0.9 s); formation of weld pool, being non-uni­
form in depth and elongated in the direction of the 
heat source movement; decrease (by 2- 3 times) in 
rate of cooling (for example, from 2.6·1 04 to 
0.7·104 oC/ s). The effect of influence of the non-uni­
form distribution of power is intensified with increase 
in the surfacing speed. This heat state creates addi­
tional conditions for the relaxation of thermal stresses 
in the deposited layer due to plastic deformation of 
plastic layers, which arc located beneath. 
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In the course of the experimental investigations 
two distributions of the radiation power were com­
pared: multimode, cylindrical with an axial symmetry 
(non-profiled beam), which is typical of many pow­
erful COrlascrs, used for the surface strengthening 
and surfacing (Figure 5, a), and also non-uniform 
with a shifted maximum along the direction of beam 
movement to the focusing spot edge (profiled beam) 
(Figure 5, b) . 

The experiments were performed using the tech­
nological complex on the base of two powerful COr 
lasers. To preset the necessary distribution of the 
power in the focusing spot and widening the range of 
the rae! iation power control, the appropriate focusing 
systems arc used. A focusing system with a spherical 
mirror (Figure 6) was used for these purposes in our 
experiments 171 . This system consists of a radiator 1, 
telescopic system 3 and spherical mirror 5 designed 
for changing the transverse section of the laser beam 
2 which is fed to a focusing mirror 6 using flat ro­
tatable mirrors 4. The system can produce different 
distribution of power in the treatment plane 7 by chang­
ing the angle of beam incidence on the spherical mirror 

45 



Figure 5. Oscillograms of space distribution of laser radiation power at the surface deposited: a - multimode, cylindrical with axial 
symmetry (non-profiled beam); b - non-uniform with a shifted maximum along the direction of laser beam movement to the focusing 
spot edge (profiled beam) 

that is attained by matched vertical (along axis z) 
and angular (for angle j) displacements of the mirrors. 
To evaluate the radiation power distribution in the fo­
cusing plane, a procedure of scanning the transverse 
beam section by a diaphragm was developed. 

A focusing system (Figure 7) presents a special in­
terest. In this system a laser beam 1 with a circular 
distribulion of the radiation power is introduced into a 
1 aser beam 2 with a uniform distribution of the radiation 
power. A telescopic system 3 is used for additional ad­
justment of the size of this introduced beam. With a 
change of the mutual position of axes of the beams by 
a rotatable mirror .J and their focusing with lens 5, it 
is possible to control effectively the radiation power 6 
distribution in the treatment plane 7. 

In experiments the powders of different materials 
were deposited on the samples from steel LIS and heat­
resistant alloy ZhSfiK (Co - 1 0.0; Mo - 5.0; W -
5.0; Ti 2.5; AI 5.5 wt.%; Ni - base): self-flux­
ing alloy PG-SR4, mixture PS-12NVK (Cr - 15.0; 
Ni HO.O; Si - LI.O; W - 4.0 wt.% + WC), master 
alloy KhTN (C ~ 0.12; Cr - 17.0- 1H.O; Si 
~ O.H; Mn - 1.0-2.0; Ni 9.0-11.0; S - up to 

5 

3 

Figure 6. Scheme of laser beam focusing for producing different 
distribution of radiation power in treatment plane (for designations 
see the text) 
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0.02; P up to 0.035 wt."~ + TiB2 + CrB2) and 
Ni-clad boron carbide B1C. Here, the surfacing con­
ditions varied within the following ranges: radiation 
power 0.9- 3.0 kW, surfacing rate 0.1-0.6 m / min, 
focusing spot size in the direction of surfacing 1-
5 mm, powder consumption 0.1-0.5 g s. After sur­
facing, the microstructure of the deposited samples 
was examined and the nature and distribution of 
cracks were studied. In parallel, the residual stresses 
were determined using X-ray sin 2\j/-method at a layer­
hy-layer etching. The strength of welding deposited 
and parent metal was evaluated on special samples 
using method of pins in the rupture test machine. 

It was established that when the powder is fed 
behind the laser beam (to the weld pool tail) the 
energy consumption for surfacing is lower by 25-
30 " .. , than when t he powder is fed ahead the beam. 
In addition, the losses of the filler powder arc decreased 
by 10- 15 "o and also the probabi I ity of appearance of 

Figure 7. Scheme of system of focusing two laser beams for pro­
clueing different radiation pO\\·er distribution in the treatment plane 
(for designations see the text) 
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Figure 8. Distribution of residual stresses a,., in depth of the de­
posited layer depending on the type of the material surfaced (1, 
1 PG~S R'l : J, I KhTN) nnd nature of radiation power dis· 
tribution (/, 3 non-profiled beam; 2, </ profiled); vertical 
dash line is fusion boundary 

lack of fusion is red uccd. Therefore, the first scheme 
of surfacing was accepted as basic in this work. 

!he sizes of the deposited layers depend on the 
surlacing conditions, powder consumption and its 
composition. When the powders from self-fluxing al­
loy PG-SR4 and mixture PS-12NVK arc used the 
width. of the deposited ~cads is decreased smoothly 
w1Lh 1ncrcase 111 the surfacing speed and density of 
the radiation power. In addition, the hardness of metal 
of the deposited layer is changed negligibly (in the 
range of HF 700-900) depending on the surfacing 
speed, while a quantity of cracks is changed remark­
ably: the higher density of the radiation power and 
surfacing spc~d, the larger quantity of the cracks. By 
the nature ol their dislocation, the conclusion was 
made that the c:acks. arc initiated in a surface layer 
at low speeds of surfacing and in the fusion zone at 
high speeds of surfacing. 

Level and nature of distribution of the residual 
stresses arc used as characteristics of quality of the 
deposited layer. As is seen from Figure 8 the tensile 
residual stresses arc formed on the surface of the de­
posited layer from alloy PG-SR4, which can reach 
70-250 MPa depending on the nature of radiation 
power distribution. At the fusion boundary the tensile 
stresses arc transformed into compressive stresses of 
almost the same level. The different situation is ob­
served at the surface of the layer deposited with a 
powder of master alloy KhTN. The residual compres­
sive stresses, equal to 50-100 MPa, arc formed which 
arc transformed into tcnsi lc stresses in the parent met­
al. The usc of the laser beam with a non-uniform 
distribution of radiation power in the focusing spot 
leads to the reduction of the level of residual stresses 
in layers deposited with both materials. 

The effect of level and nature of distribution of 
density of the laser radiation power and also the sur­
facing speed on the process of crack formation in the 
deposited layer of alloy PS-12NVK was evaluated 
(Figure 9). The susceptibility of the deposited metal 
to the crack formation was evaluated in relative units 
(from the amount of cracks in the weld of 10 m 
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Figure 9. Effect of density of laser radialion power H', on the 

sperlfir quantity of m1rks n 
1 

in the depo§ited layer of p~1rdet of 
alloy PS-12NVK at different surfacing speed: I - 2.0; 2 1.5; 
3 - 1.0; 4 - 0.5 (non-profiled beam); 5 - 1.0 m min (profiled 
beam) 

length). Thc1:c is its own peak of power density for 
each speed ot surfacing, corresponding to maximum 
of cracks in the deposited metal (Figure 9, curves 
1-4). At similar power density and speed of surfacing 
(FTgurc 9, curves 3 and 5) the usc of the laser beam 
with a non-uniform distribution of power reduces the 
susceptibility of the deposited metal to cracks. 

Strength of joints of the deposited and parent met­
al was evaluated from the value of a tensile rupture 
strength of the samples-pins of 5 mm diameter. The 
results obtained show that, when the lack of fusion 
is not observed, the strength of joints in I ascr surfacing 
is varied in the range of 250-350 MPa depending on 
the type of material being surfaced, i.e. it is at the 
same level with the strength of joints made by other 
methods of surfacing. 

The results obtained during investigations can be 
used in the solution of the definite technical problems , 
in particular, in the improvement of the wear-resis­
tance of shrouds of blades of gas turbine engines and 
drilling bits, manufacture of thrust bearings of tur­
bines of the system of turbo-supercharging of diesel 
engines, etc. 

CONCLUSIONS 

1. The good quality of the deposited layers is provided 
within the following range of the laser process parame­
ters: radiation power 0.9-3.0 kW, focusing spot 1-
5 mm, surfacing speed 0.1-0.6 m/ min , consumption of 
filler powder 0.1-0.5 g/ s. In addition, the direction of 
!)owdc: feeding behind the beam is more economical by 
25- 30 % as to the energy consumption and by 1 0- 15 % 
when the powder material is fed opposite the beam (at 
laser radiation power up to 2 kW). 

2. Distribution of radiation power in the focusing 
spot with a shifted maximum of intensity in the di­
rection of laser beam movement leads to a significant 
reduction of residual stresses in the deposited layer 
and decreases the susccptibi I ity of the deposited metal 
to the crack formation. · 
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3. The technological complex which uses two la­
sers with simi I ar distributions of intensity of rad iation 
in output beams makes it possible to widen great ly 
the technological capabilities of equipment at the ex­
pense of increase in power of a total radiation and 
changing the nature of its distribution at the treatment 
surface, to reduce to minimum the probability of fail­
ure of the production task when one of the radiators 
is coming out of order. 
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METHODS OF DESIGNING DEVICES 
FOR HELIOWELDING 

I I I 2 2 B.E. PATON, A.E. KOROTYNSKY, G.F. KOLESNIK, V.G. LITOVCHENKO and A.V. MAKAROV 
1The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

2Inst itute for Physics of Semiconductors, NASU, Kyiv, Ukraine 

ABSTRACT 
The peculiarities of designing devices for heliowelding are considered. The classification of methods of designing devices 
of the mentioned class, including the direct transformation of solar energy, indirect transformation based on using 
different types of t ransducers, as well as combined transformation, is presented. It is shown that the indirect methods 
on the base of the photoelectric transducers are most promising at present. The description of a solar battery on the 
base of modules of the BFK-8-18 type is given. A schematic diagram of the welding installation is described, in which 
lead-acid cells, supplying a resonance transducer, are used as an intermediate accumulator of energy. 

Key words: helio<ce/ding, solar battery, photoelectric 
transducer. resonance arc <celding, im·erter. storage battery 

The attempts of using solar energy for welding and other 
related technologies were made many years ago 11 -4 1. 
To serve as a technological source of the heat energy, 
the natural light flux should be concentrated to the 
required sizes and channeled into the zone of welding. 
These arc so-called direct methods of hcliowclding 
(HW), when the solar energy is used directly for weld­
ing without any conversions. The un iversal solar fur­
naces found the widest spreading I 5 1. The Sun tracking 
in these devices is realized with the help of a hcliostat 
(flat mirror). The beam, reflected from it, is directed 
to a concentrator. The latter is usually made fixed and 
has a shape of a paraboloid. A techno logical module 
with a workpiece being welded is placed in its focal 
plane. The displacement of the workpiece and butt track­
ing arc realized by a unit of automation, whose main 
function is to provide a constant size of a focal spot on 
the workpiece. For example, using the furnace USP-1.5, 
the producing of 1100 WI cm 2 density of energy flux 
in spot is guaranteed at the input flow of 670 W m2 

density and coefficient of concentration k = 4.35 em -2
, 

that is quite sufficient for welding plates up to 2 mm 
th ickncss. 

As the results of experiments, carried out by 
N.N. Rykalin and others 121 on samples of steel 
12Kh18N10T (C ::;; 0.12; Cr 17.0-19.0; Si -
::;; 0.8; Mn - 1.0-2.0; Ni - 9.0-11.0; S up to 
0.02; P up to 0.035 wt.%), showed, this method 
of welding provides high mechanical properties of 
welded joints and can be used for the manufacture of 
structures operating at static loads. 

The direct methods of HW can be also realized on 
the base of devices with a usc of mirrors and objec­
tives. One of these devices is a helio installation 
<<Luch- 1 >-> [3], which includes a parabolic countcrrc­
flcctor (Mcrscn's optical scheme) which directs flux 
of the radiant energy into the zone of welding. As to 
the devices which usc objectives as concentrators, then 
they arc not used in principle, because their sizes 
(diameter) are rather large ( 1.2-2.0 m) for the flux 
of a radiant energy, even of a ncgl igiblc density . These 
devices arc too large and expensive. 

The drawbacks of the direct methods of usc of the 
beam energy arc as follows: dependence of their func­
tioning on the weather and time conditions; complex­
ity in adjustment of technological conditions; impos­
sibility of generation of powerfu l pulsed conditions 
during short periods of time. 

© B. E. PilTON, A. E. KOROTYNSKY. G. F. KOLESNIK. V.G. UTO\'CIIENKO and ii.V. l'l i\Ki\ROV, 2001 
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Figure 1. Classification of I-lW methods 

There is no above-mentioned drawbacks in the de­
vices made on the base of the i nd i rcct methods of 
I-IW. These devices arc based on the procedure of an 
intermediate accumulation of the electric energy. The 
photoelectric transducers (PET) 161 or thermoelectric 
generators (TEG) 17, HI arc used usually as primary 
sources which convert the radiant energy of flux into 
electric energy. 

There is a number of combined methods of con­
version of the energy of the solar 1 ight into the electric 
energy which envisage the usc of PET and TEG in 
combination with optical concentrators 16, 7, 9, 101. 
Here, the energy, stored in a battery, can be used for 
different technological operations (welding, cutting, 
surfacing, etc.) 1111. 

The most well-known methods provide a direct 
conversion of a concentrated solar energy using sin­
gle-type PET 16, 71, system of different-type PET, 
cascade-connected 16-11 I, or combination of PET and 
TEG using a spectral division of a light flux 1101. 
The optical concentrators used in these systems can 
be divided into stationary concentrators with a fixed 
orientation and those with means of the Sun tracking 
1111. A large interest to the solar energy systems with 
concentrators should be noted. The comprehensive 
information on this subject is presented in 1101. 

However, the significant drawback of the concen­
tration systems is their too large size, inconvenience 
in transportation, complexity in providing reliable 
operation of the scrvosystcms, inevitable losses in 
light reflection, and also the fact that the energy of 
the dissipated light, amounting to 10-15 % of the 
total light flux, is not used. In this connection, the 
flat panels of solar photoelectric generators for the 
creation of mobile self-contained power complexes arc 
more preferable. 

The above-described HW methods can be classified 
in accordance with their features, as it was made in 
Figure 1. If the d ired methods of IIW usc a I ight 
beam directly as a heat source, then the indirect and 
combined methods usc the conversion of the energy 
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flux. The later two approaches arc more versatile, 
because, when the appropriate welding lransduccrs, 
supplied from accumulators, arc created, it is possible 
to realize almost any technological processes: arc 
welding (TIG, MIG/ MAG), electron beam and laser 
welding, etc. 

It is evident, that the traditional optical svstcrns 
(objectives, mirrors), with the help of which the di­
rect methods of HW arc realized, arc not suitable for 
the creation of small-sized mobile, quickly deployed 
welding devices. Moreover, these devices operate in 
real time, and, consequently, the power of the light 
flux in the spot depends on the atmosphere condition. 
To provide stability of the technological process of 
welding it is necessary to usc rather complex devices 
of a tracking diaphragming, which also limit the 
power characteristics. 

The approaches, based on the usc of semiconductor 
PET of solar energy (solar batteries) arc more prom­
ising. During recent years a significant progress >Aas 
achieved in this field for the increase of the efficiency 
factor and improvement of mass-dimensional pararn~­
tcrs. These elements arc convenient as a charging de­
vices for any intermediate accumulator of tbc electri­
cal energy (accumulators or molecular capacitors). 
Let us give one of possible variants of a practical 
realization of this approach (Figure 2). The illustrated 
schematic diagram of a mobile self-contained welding 
complex with a self-contained power sources includes 
four main units: a solar battery (So/B), a charging 
controller (ChC), two storage batteries (SB) and a 
resonance welding transducer. 

The solar battery consists of ten separate modules 
BFK-1H-18, whose technical characteristic is given 
below. 

Technical characteristic of module BFK-18-18 
Peak power, W, not less than ............... 18 
Number of phototransducers, pes, 
not less than .. .. .. .. .. . .. .. .. .. 36 
Type of design .. .. .. .. .. .. .. . .. .. .. .. .. frame 
Operating current, A, not less than 1 
Operating voltage, V, not less than 18 
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Figure 2. Schematic diagram of mobile self-contained welding complex on the base of a solar battery (see designations in text) 

Dimensions, mm, not more than 
Mass, k¥, not more than .... . 
Area, m , not more than ................ . 
Energy efficiency (by area), W m2, 

not less than . 
Energy efficiency (by mass), W / kg, 
not less than . . ........................ . 

20x241x749 
1.5 
0.18 

125.9 

12.9 

Using the developments in the field of the space 
engineering, the solar modules were created, which 
arc characterized by good energy-mass parameters at 
a high reliability and effectiveness. 

Below, the main technical parameters of SolE arc 
given. The solar converters, included into it, arc made 
on the basis of getter treatments with un iquc protec­
tive and anti-reflection coating, consist ing of dia­
mond-like films. They provide 14.2 %efficiency fac­
tor, density of short-circuit current lsh.-c = 33.5 rnA, 
open-circuit voltage Ua.-c = 0.618 V, shape factor FF = 
= 0.701 (in the conditions AM1.5)*. 

Technical characteristics of SolB 
Peak power, W, not less than 180 
Number of modules, pes, not less than 10 
Operating current, A, not less than 5 
Operating voltage, V, not less. than 36 
Area (in working position), m2, 
not more than . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9 

I 

I ::n..r: 
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'{ 

,J 7 
8 

I 

11 

]---

._....--2 
-3 

4 

' 

Figure 3. Design of a solar module: 1 - protective film; 2 -
transparent glue; 3- transparent plastic material; ..J - glue-sealer; 
5 ·_ photoelectric transducer; 6 - honeycomb plastic material; 
7 - frame; 8 - sealer 

Al\11.5 is the atmospheric mass, which is 1.5 for Kyiv. 
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Dimensions (in transpOI:tation 
position), mm, not more than ............... 300x300x800 
Mass, kg, not more than ................ 16 

Figure 3 shows a design of the module whose pho­
toelectric transducers arc glued on a honeycomb plas­
tic frame made from a polycarbonatc. From the frontal 
side the photoelectric transducers arc closed by a sheet 
of a transparent plastic material which is protected 
by a special transparent film from the external side, 
thus preventing it from mechanical damages and at­
mospheric actions. Thus, the module design provides 
a complete scaling of the photoelectric transducers 
and their protection from the unfavourable climatic 
and mechanical factors. The polymeric materials and 
glue, which arc used, arc characterized by a high 
strength and reliability. During assembly, the module 
is fixed rigidly in the frame made of a light aluminium 
alloy. The electrical current is generated at the module 
rear side, on which a sealed connector is mounted. 

The flux of the solar energy Ns is converted, with 
the help of SolE, into electrical signals whose power 
is "" 180 W. The energy flux, formed by a charging 
controller ChC to a required level enters, via a com­
mutator of cond itions CC, theSE and charges them 
up to 24 V voltage. The maximum charging current 
here is equal to 5 A. This is sufficient for SE of 90 A-h 
capacity. If to take into account that the allowable 
charge is 25 °o, then it possible to usc only SE of 
capacity of about 67.5 A-h for the practical realization 
of welding. Then, the time of welding can be deter­
mined by the following expression depending on the 
current: 

where Wsn is the effective capacity of the accumulator; 
kwM is the efficiency factor of the welding machine; 
!"'is the welding current. 

Curves, reflecting this relation, are given in Fi­
gure 4. If to select the welding current equal to 100 A, 
then the described device at kwM = 0.85 is capable 
to provide the 34.6 min duration of welding process 
in one charged cycle, and at efficiency factor of 0.60 
it is 24.9 min. At 60 A current (that is sufficient for 
electrodes of 2.5 mm diameter), we shall obtain 57.1 
and 40.7 min, rcspecti vcly. If it is necessary to i ncreasc 
the duration of the process, then it is necessary to usc 
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the accumulators of the h ighcr electrical capacity. For 
example, SB of :210 A·h capacity at kw,, 1 = 0.85 in 
the discharge condition provides welding current 
·tOO A for 75 ~o during 80 min that already makes it 
possible to deposit a sufficient amount of the c lcctrodc 
metal. It is shown in 1101 that the mass of the depos­
ited metal is determined by the expression 

Product 1wtw corresponds to the effective electric 
capacity of SB, i.e. 1wtw = 0.7Swsn. Taking into ac­
count that the coefficient of deposition ad= 

= 9.5 g (A-h), then it is possible to deposit 1.27 kg 
of electrode metal using SB of 210 A-h capacity at 
100 A current. However, if to usc the welding 
transducer with 0.60 efficiency factor, then the mass 
of the dcposi ted metal wi II decrease to 0.89 kg. 

In this connection, the creation of the high-effi­
cient welding equipment for the practical realization 
of the HW seems very actual. Investigations , carried 
out at the E.O. Paton Electric Welding Institute 191 
showed that the resonance transducers, operating in 
the range of 300-600 Ilz frequencies, arc most suitable 
1121. These devices have the efficiency factor, reach­
ing 85 %. In the short-circuiting conditions, that arc 
very typical of the operation of welding equipment, 
the consumed current in a primary circuit is dcCJ·cascd 
by 1.5-1.8 ti mcs and, here, the service l i fc of the 
accumulators is increased significantly. • 

The schematic diagram of one of the developed 
and tested variants of the resonance welding source 
is given in Figure S. The device represents a known 
scheme of a two-cycle transducer, whose frequency 
of commutation of transistors Tf and T2 is set by a 
controller. It is based on a microcircuit of a driver of 
UC38S2 type. The welding transformer Tr, whose 
magnetic core is made from a high-frequency electric 
steel of E 34:25 grade and 0.08 mm thickness, is made 
with a developed yoke scattering, The inductance of 
its scattering and reactor Cr form a series-connected 
resonance circuit which provides high welding-tech­
nological properties. This device is featured by that 
the secondary circuit consists of two similar win<,lings 
w2, w3 which arc connected from one side to the rc-

LASER TECHNOLOGIES 

tw,~h---r---------------------------. 

2 

0 50 100 150 lw , A 

Figure 4. Dependence of lime of welding t" on current I" for SB 
of 90 A-h capacity: 1 kwM = 0.85; 2 - kwM = 0.60 

actor Cn and from the another side to positive and 
negative terminals of the appropriate accumulators 
via the electron keys Kf and K2. Accumulators, as 
seen from FigureS, operate as formers of the voltage 
of additional vo lts . The commutation of accumulators 
(Figure 6) occurs almost instantaneously, therefore, 
the voltages UK 1 and U K2 arc close to a rectangular 
shape. Windings l£'2 and w 3 arc phased so that the 
positive and negative half-waves are summed. And, 
as the transition of weld ing current through zero oc­
curs at a high rate, the device ensures the conditions 
of reliable repeated arc exciting and also high stability 
of the welding process. 

For welding in all spatial positions, a modulation 
of welding current, realized by an electron key KJ 
and additional reactor Cm is used in the device. The 
depth and frequency of the amplitude modulation arc 
preset by a control ler depending on the conditions 
and spatial position of the welded joint. Rectifier 
Rect with a voltage multiplier (Cf, C2 and Choke), 
mounted at the output of the resonance circuit, pro­
vide high welding-technological parameters of the de­
vice using any types of electrodes. 

In the welding source, tested by us, the effective 
value of total voltage U 1, 2 did not exceed 35 V in 
the idle condition. Here, the maximum welding cur­
rent was 1 SO A. The main relations which describe 
the voltages, acting in the device, arc as fo ll ows: 

C2 

Figure 5. Scht!matic diagram of the resonance welding source with a rectifier and current modulation (see designations in text) 
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Figure 6. Time diagrams of the resonance welding source (see 
designations in text) 

(1) Figure 7. Complex for HW 

Uss = U 1• 2 sgn t, (2) pacity. The latter can provide lw = 200 and 250 A 
during 40 and 32 min, respectively. 

U,, 2 = Uw2,w3 +Usn= U2111 sin mt + Ut, 2 sgn t, (3) 

where Uw2, w3 is the voltage at secondary windings of 
Tr; U2111 is the ampl itudc value of voltage of secondary 
windings; Us/J is the voltage at accumulators; sgn t 
is the sign function; co = 2rrf is the transformation 
frequency (( = 400 Hz). 

Technical characteristics of mobile self-contained 
electric welding complex 

Dimensions (without So/B), mm, 
not more than .. .. .. . .. .. .. .. .. .. .. . 370x500x600 
Mass (including So/B), kg, 
not more than . .. .. .. .. .. .. .. .. .. .. .. .. .. . 36 
Type of SB ............................ .. 
Capacity of SB, A·h, not less than 
Service life, years, not less than 
Time of operation from SB 
(at 2.5 mm electrode diameter), h, 
not less than .................................. . 
Maximum discharge current, A, 

lead-acid , sealed 
90 
5 

0.6 

not more than . .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. . 1 00 
Maximum charge current, A, 
not more than .. .. .. .. .. .. .. .. . .. .. .. .. .. .. . 5 
Output voltage, V, not less than 32 

The appearance of complex for HW is given in 
Figure 7. 

It can be noted in conclusion that the power ca­
pabilities of the equipment for HW based on using 
SolE can be increased significantly. Thus, for SolE 
of 3m2 area, providing the charge current up to 19 A, 
it is possible to usc the accumulators of 210 A-h ca-
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~~TEKH 
LASER SYSTEMS, SERVICE, TRAINING 

LASER TECHNOLOGIES 
FOR MODERN PRODUCTION 

Russian-Bulqarian Lasertekli Ltd. Joint Venture performs delivery of laser processiug complexes 
( LPC) of H ebr family, their mounting and repair, as well as training technical personnel for 
their maintenance. 

LPC are fitted lr•ith 1.3 and 2.5 kW C02 laser sources and are applied for cutting, <.e1elding and 
heat treatment. 

Our company has supplied several dozens of LPC to enterprises in various industries, including 
Tulsky Kombajnovy Zavod OJSC, T7 1erskoj EkslwvatorOJSC, Kirovsky Zavod O]SC, Izlwrskiye 
Zavody OJSC, etc. Tlze experts of tlze company's seroice team have been certified by the LPC 
manufacturer Optical Technologies Company, Bulgaria, and have ten years' experience of 
working with the above equipment. Availability of modern diagnostic equipment and specialised 
test benches all me's any technological problems, related to Herb LPC, to be solved promptly and 
efficiently . 

Lasertekh Ltd. JV lias upgraded tlze system for entering control programs into NPC by substi 
tuting PC for the card photoelectric readers, supplied by the manufacturer. Complete loading 
of control programs into NPC memory, or frame by frame data entering is provided. Capabilities 
of editing t!Jf' ready and entering a nerr· program, use of automated transfer in a certain sequence, 
modes of analysis of the vietc•ed drmc•ing and cutting sequence are provided. 

In addition to the standard set of LPC components, our Company supplies self sufficient systems 
of <.e'ater cooling, co developed 7(1it!J Promk/zolod Ltd. ]V, and systems of control programs 
preparation, deneloped intf'rnally. Self sufficient cooling system keeps t he water temperature at 
LPC inlet in the range of ( 6±1 )-( 18±1) oc at the temperatures of boiling of 5 oc and condensation 
of 40 °C. An optimal temperature of cooling <e>ater at LPC inlet is maintained by a cooling unit 
with a closed loop, air cooling condenser and evaporator . 

The system of control programs preparation consists of AutoCad modules and provides plotting 
the cut contour bot !J by standard Aut oCad means, and additional means for issuing cutting in 
commands, processing built-in contours, and assigning the cutting sequence. 

Lasertekh Ltd . .TV has its own production facilities, fitted with several H ebr LPC, that fu lfils 
local orders for laser processing of various materials. The need for such productions is due to the 
characteristic features of development of the majority of the modern industrial enterprises, namely 
small-batch manufacturing of a broad range of products. Application of laser cutting instead of 
stamping provides a considerable saving of time and cost of preparation for production. LPC is 
expensive process equipment, therefore perfornumce of laser processing work through co-operation 
is c:;st-effective for the factories. 

Lasertek!J Ltd. ] V <e'as the u•inner of the «Russian Mark» N a tiona! Competition in tlze 1wmination 
of services on laser processing of materials, delivery and servicing of laser complexes, and <e•as 
awarded a «Russian Mark>-> silver sign of quality. 
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S.N. SMIR N O V 
Director General, 
Lasertekh Ltd. JV 
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DEVELOPMENT AND APPLICATION 
OF MANUAL LASERS FOR INSTALLATION WORK 

I ~ J. HOFFMANN and K. SCHMID 
1Training-Research Institute, Rostok, Germany 

2 Mobile Laser Tee, Wolfsburg, Germany 

ABSTRACT 

The paper deals with the applications and advantages of manual lasers , special design features of heads, depending on 
their purpose (welding, cutting, surface treatment). Potential for material saving, when using laser technologies, is 
described. 

Key words: laser processing, linear and gantry systems, 
robots, manual lasers, heat input, mobility 

Lasers arc widely applied in practically all the fields 
of engineering. In addition to application in electron­
ics, data communication modules, measurement de­
vices for determination of speed and distance, medical 
systems, the laser is one of the all -purpose tools for 
material surface processing. This energy source allows 
performing welding, cutting or surface treatment. The 
latter is conducted using all-purpose C02-, Nd:YAG 
or diode lasers with output power from several watts 
to several tens of kilowatts in the majority of cases. 

Linear or gantry systems or industrial robots arc 
mostly applied for relative displacement of the item and 
the laser beam in laser processing of materials. Advanced 
developments allow scanning systems to be used. 

Linear or gantry systems provide three-dimensional 
processing by the laser beam in the Cartesian co-ordinates 
(three main axles arc located normal to each other). At 
least two pivot axles arc required for orientation. The 
third axle can further improve the accessibility of the 
processing location. It is often installed co-axially with 
the laser beam, so as to allow sensors mounting in front, 
lateral feeding of the working gas or welding wire feeding 
in a certain direction along a tangential trajectory. In 
principle, linear and gantry systems can be used for cut­
ting, welding, brazing and surface treatment. Gantry sys­
tems have a very rigid structure and high accuracy of the 
trajectory, respectively. 

However, the advantages of laser processing of 
materials cannot be used in all the industries without 
limitation. Available integrated systems arc oriented 
to automated manufacturing processes. This means 
that, firstly, the laser radiation source proper is tied 
to a certain point, i.e. is stationary, in the majority 
of the cases. Secondly, the equipment, providing the 
relative movement of the laser beam and the item 
(these moslly arc multi-axes linear systems or robots 
with a hinged arm), is large-sized and heavy, i.e. the 
programming, required for processing, takes a lot of 
time. Therefore, this equipment is not yet used in 
many of the industries. Mobile manual lasers open up 
new areas of app I ication. 
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Mobile manual laser systems arc compact Nd:YAG 
or d iodc laser systems of up to several kilowatt power. 
Pulsed lasers or continuous-wave lasers arc used, de­
pending on the application. Manual systems (simi I ar 
to stationary units) have all the advantages, inherent 
to the laser. Furthermore, they arc mobile, i.e. not 
tied to one place. All the necessary functions of one 
system arc fulfilled due to a compact mobi lc design; 
dimensions, convenient for transportation; build-in 
rollers, providing for easy movement; laser sources 
with several fiber-optic outlets to select from; air­
water cooling; working gas feeding; inner contro l of 
manual processing; one or several heads for manual 
processing; integrated safety features. 

Manual heads for welding, cutting and surface treat­
ment allow processing individual parts, small batches 
and large-sized parts without involving any program­
ming cost. This requires head designs, suitable for the 
posed task. MobilLascrTcc heads arc applied, that arc 
comparable with manual heads used in MIG/ MAG or 
plasma TIG welding with the same functions and ad­
vantages, as in laser processing of materials. 

The main features of the heads arc as follows: no 
programming cost, built-in system of monitoring the 
process and feeding the shielding gas; provision of a 
crossjct for protection of the optics; ability to quickly 
replace the cassettes with protective glasses; compati­
bility with Nd:YAG lasers; implementation of com-

Figure 1 
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Figure 2 

pad modular design; provision of laser safety due to 
several independent sensors. 

Laser wei ding and cutting systems f urthcr provide: 
constant heat input due to a built-in feeder; ability 
to weld different butts; ability to adapt huilt-in 
c Iampi ng devices; abi I ity to process difficult-of-access 
contours, using aS\\ ivcl head. 

Optimal usc of mobile manual laser systems re­
quires satisfying the folio\\ ing limiting conditions: 

• connection to :3HO V mains; 
• closed vented working space with above-zero 

temperature for air-water cooling; 
• suction; 
• qualified welding personnel; 
• appointment of a person in charge of laser ra­

diation protection (two days training, materials in 
the package, enclosed with the integrated system); 

• specified fixtures to provide laser and labour 
safct y; 

•. means of operators' personal protection. 
Head operation in surface treatment (Figure 1) 

requires providing the follcming conditions: Nd:YAG 
laser system with fiber optics of Rofin or Ilaas Laser 
Company (maximal average power P1 - 500 W; fihcr 
plug of Haas or Rofin Company, fiber diameter of 
0.3- 0.6 mm); connection to 220 V mains; specified 
fixtures to provide laser and labour safety; appoint­
ment of a person in charge of laser radiation protec­
tion; qualified welding personnel; means of operators' 
personal protect ion . 

In the case of the head operation in welding cut­
ting (Figure 2) the above conditions should be pro­
vided . and a laser system of maximal average power 
(P1 = 3000 W), should be used. 

Manual or partially mechanised systems allow con­
ducting laser processing of materials for new parts with­
out any special cost, for instance, large-sized parts, in­
dividual clements, small batches, as well as repair work. 

Laser'' cldi ng has a I ready become a rcgu I ar process 
in fabrication of vehicle bodies. Individual samples 
or small batches arc nm\ made, using robots, that 
require considerable programming cost. Manual sys­
tem can significantly reduce the scope of this work, 
and. hence, improve the cost-cHcctivcncss. 

Laser welding provides a better surface quality due 
to lower heat input. Therefore, there is no need to per-
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Figure 3 

form expensive flame straightening or grinding op­
erations, taking up a considerable portion of the time, 
in fabrication of the rolling stock bodies. There arc, 
however, certain limitations also in this case, associ­
ated with a small number of similar parts, dimensions 
of structures or typical tolerances. Rolling stock 
manufacturers still usc very few laser systems, and 
even these just for cutting in the majority of cases. 

Manual laser systems can be also used at minimal 
cost for processing stainless steels or other high-alloyed 
materials, for instance, in fabrication of similar parts. 
Automatic repair is impossible in most of the cases. 
Therefore, in this case also the wcldi ng operations should 
be performed manually. TIG welding is being more and 
more widely applied lately, with all its disadvantages 
(higher heat input and distortion, in particular, because 
of applying tc!o thick layers). In manual laser welding 
the item geometry is close to the final contour, and 
distortions are minimal (Figure 3). 

A laser cutting system has been extensively used 
in Nord power plants from the start of 2001. In the 
nuclear power plant in Greifswald metal shells and 
tanks were earlier severed by this process, unique in 
terms of dust generation level, which is attributable 
to an extremely narrow cut . 

Laser systems have a considerable potential in terms 
of repair and maintenance of comparatively expensive 
forming and castings tools. Manufacturing defects arc 
to be repaired, and it cannot be achieved without proc­
essing by manual laser tools. Laser processing is highly 
accurate, the coating material layer is thin, i.e. minor 
post-processing treatment is required. Pulsed laser al­
lows difficult-to-weld materials to be treated without 
preheating. Manual servicing allows ·wut-paticnl>> 
treatment, for instance, in the press. This brings down 
the cost associated with storage and tool idle time in 
processing, ·and, therefore, the possible machine down­
time is essentially shortened. 

Mobile manual laser systems open up new possi­
bilities for the users. Processing that could not be 
done earlier, using regular lasers, can be successfully 
performed by mobile systems. The laser can he brought 
to the item, and can perform processing with a readily 
controllable head, without spending any time for pro­
gramming . This allows the laser to be used in those 
areas, where it was unthinkable before. 
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MULTI-PURPOSE PROCESSING COMPLEXES 
' INCORPORATING LGT-2.01M LASERS 

L.A. SHTERNIN and N.V. SMIRNOV 
Russian Welding Institute, RAS, St.-Petersburg, Russia 

ABSTRACT 

The paper briefly describes the work of the Russian Welding Institute on development and improvement of processing 
complexes for weldmg and cuttmg low-carbon alloyed steels, brass, titanium, plastics, glass and other materials. Cases 
of effective applicatiOn of laser technologies are presented. 

KeY words: laser u:elding and cutting, processing com 
plexes, assembltes, systems, positioning tables, capacity 

Processing lasers LGT-2.01 M have been developed in 
the Russian Welding Institute, based on Lantan lasers 
of the Institute of Problems of Mechanics of the Rus­
sian Academy of Sciences. Fast-flowing C02-Iasers 
with a longitudinal semi-self-maintained DC dis­
charge, transverse frequency pre ionisation and fi vc­
pass stable cavity arc well-established as the energy 
source for technological processes of thermal treat­
ment of materials. Results of laboratory and industrial 
operation allowed defining additional requirements 
to the main components and systems, as well as con­
duct laser upgrading that essentially improved its 
properties. At present preionisation electrodes have 
beeT: designed that feature rei iabi I ity and long-term 
performance. A procedure of initial material selection 
has been developed and check of the quality of output 
mirror of zinc sclcnidc has been performed in co-op­
eration with the local manufacturers of the mirrors, 
allowing their service life to be extended consider­
ably. 

A fast-response electromechanical power breaker 
has been installed, that simultaneously is a calorime­
ter. It allows, if required, recording the radiation 
power on the plotter during the pauses in the tech­
nological process. Electronic switching of the beam 
was added for short-time processes and frequent 
change of the items being processed. The signal of 
pre ionisation frequency variation, as well as of the 
main discharge current and radiation power from the 
threshold up to the working values, is issued by the 
program of item proccssi ng through the optoelectronic 
pair. A system of the main discharge current stabili­
sation is incorporated, maintaining its value with up 
~o 0.1 A accuracy in the range of currents, required 
tor processing a group of items with close levels of 
radiation power. 

The above measures allowed taking up develop­
ment of processing complexes, based on LGT-2.01 M 
laser. The first processing complex was mounted in 
Les CJSC (St.-Petersburg). It incorporated a posi­
tioning table with the work space of 1 000x1 000 111111, 
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<<flying~> optics and computer control, that was pro­
~idcd by the customer. This complex is used to per­
form cutting of the blocks of ornamental (palace) 
parquet of 'various kinds of wood (birch , oak, beech , 
mahogany) S to 1 S mm thick at the speed of 110m h. 
Control programs, developed at Les CJSC allow tak­
ing into account the cut width, which is different-for 
different kinds of wood, thus minimising the gaps 
between the clements, made of different kinds of wood 
when assembling the blocks. The complex is kept in 
the operable condition without involving the Russian 
Welding Institute. 

The processing complex for welding parts and bod­
ies of storage batteries was mounted at Istochnik Ltd . 
JV NIAI (St.- Petersburg). Its focusing system is sta­
tionary, and AP-400 positioning table, rotators and 
manipulators are used for the processed item displace­
ment. The complex is used for welding low-carbon 
alloyed steels and alloys 0.3 to 1.5 mm thick, as well 
as cutting shaped active clements of nickel-hydrogen 
accumulators, which consist of a nickel mesh base, 
made of 0.1 mm wire, moulded with nickel powder. 

A complex for laser welding of filter bodies for 
fine cleaning of petrol in cars with injection engines, 
has been developed , manufactured and introduced for 
Big-Filtr Ltd. JV. It is used to perform successive 
welding of three circumferential welds of filter com­
ponents of steel 10Kh18N10T, namely cover and 
sleeve, to nuts with the wall thickness of (0.4 + 3.8) 
mm in the welding area and 18 mm diameter and of 
a sleeve Lo cover with the wall thickness of (0.4 + 
+ 0.4) mm and 54 mm diameter. The complex consists 
of LGT-2.01.M laser and automated fixture, providing 
centering of the filter parts , their fastening, rotation 
and successive axial displacement, filter lifting and 
lowering to fix the welding area relative to the sta­
tionary focusing head. The electronic system of beam 
power switching ensures crater welding up. A protec­
tive air shutter and monitoring the lens overheating 
temperature arc envisaged in the focusing head. Av­
erage life of a lens of locally-produced zinc sclenidc 
of P0-4 grade is 30,000 to 60 ,000 welds under these 
conditions. 

In connection with the change of the process cycle 
of filter manufacturing the nuts arc now welded to 
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covers separately, then the nuts arc welded to sleeves, 
while the cover is joined to the sleeve only after 
mciunting into the filtering clement body. All the 
items arc checked for tightness by air pressure of up 
to SO MPa at immersion into the water. The complex 
capacity is 6 to 10 welds per minute. The current 
program of filter output is fulfilled by making 45,000 
to 60,000 welds per month, with the design capacity 
of 75,000 welds per month. 

The Russian Welding Institute manufactured and 
is operating two complexes for laser cutting. Czech 
digigraphs arc used as positioning tables, accommo­
dating the 4flying1> optics, including two copper ro­
tary mirrors and focusing head with a lens of zinc 
sclenidc, cutting gas feed system and nozzle that forms 
the gas jet. In view of the high cutting speed, idle 
setting motion, as well as inadmissibility of burning 
of the items working surface, an electronic switching 
circuit has been developed, which provides a drop of 
the laser radiation power from the working level to 
the adjustable safe level, in terms of the traces left 
on the item, and its rise in 0.01 s. The high level of 
the noise, generated by LGT-2.01 M laser, predeter­
mined the need to provide optoelectronic channels for 
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transferring commands from the positioning table to 
the laser. In cutting small-sized thin items of dielectric 
materials the laser beam is first fed onto the dividing 
board of zinc sclcnidc, mounted at 45• angle, and then 
is fed to the two synchronously moving focusing 
heads. The process efficiency is doubled. 

Automatic cycle of the table operation is organ­
ised, where removal of processed items and mounting 
of the new blanks in the same working position arc 
performed during cutting of the items in the second 
position, thus providing a time saving. Exhaust ven­
tilation removes the destruction products, formed in 
laser cutting, thus providing for operator's comfort. 
The complexes arc used to perform cutting of items 
of low-carbon and alloyed steels 1 to 5 mm thick, 
brass, up to 3 mm thick titanium, as well as wood, 
plywood, plexiglas, textiles and diverse plastics up 
to 20 to 40 mm thick. Even when large batches arc 
processed the complex operates reliably for 1.0 to 1.5 
shifts. The approximate life of locally produced an­
tireflection lenses of zinc sclcnide at beam impact is 
100 h in metal cutting and 500 h in dielectric cutting. 
Processing complexes, based on LGT-2.01 M lasers , 
arc successfully operating in production. 

RIIIAL 
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DEVICE FOR A FOCUSING LENS PROTECTION 
FROM SPRAYS AND HEATING IN LASER WELDING 

A.A. BONDAREV and Andr.A. BONDAREV 
The E.O. Paton Electric Welding Institute, NASU, Kyiv, Ukraine 

ABS1RACT 

Analysis of different variants of existing designs of a barrel for the laser welding is given. Results on improvement of 
the protection of a focusing lens in C0

2
-laser welding of aluminium alloys from sprays of metal vapours and its heating 

by the reflected beams are presented. New design solutions on manufacture of the barrel are offered taking into account 
the conditions of the laser welding of aluminium alloys. 

Key words: laser <c•elding, aluminium alloys, reflected 
beams, barrel, lens, plasma flame 

In laser welding a nozzle head (barrel) is a final cle­
ment of an optical path in the design of a set of the 
COrlascr installation, through which the laser beam 
is directed to the welding site. As a rule, the barrel 
fulfills several very important functions on which the 
safe and failure-free operation oft he laser installation, 
as well as the quality of welded joints, depend. A 
lens (crystal KCI) is located in the barrel, focusing 
the laser beam and providing the required level of 
energy concentration in the heating spot for the metal 
melting. The barrel includes also a separator through 
which a flow of a shielding gas enters preliminary for 
the focusing lens cool in g. The shielding gas is supplied 
through the nozzle at the lower section of the barrel 
to the welding site . Sometimes, a mechanism for a 
filler wire feeding to a weld pool is fastened on the 
barrel. In addition, different-purpose sensors can be 
arranged on it. 

In practice, many different variants of designs of 
the barrel for the laser welding are used [1-7[. In 
each of them separate problems of improvement of 
the reliability of equipment service and cnsurancc of 
the required quality of the welded joints arc solved. 
During our investigations of wcldability of the alu-

Figure 1. Typical case of a focusing lens failure under the action 
of thermal stresses 
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mmmm alloys using the laser beam a design of a 
multifunctional barrel was optimized. This design in­
cluded partially both the well-known and also new 
solutions, coming, first of all, from the specific fea­
tures of welding materials of this class. 

Several factors occurring in the process of welding 
aluminium alloys influence the term of service of the 
focusing lens. As the coefficient of reflection of light 
beams by the aluminium surface reaches 0.97, then 
the higher power of the laser beam, used for welding, 
the higher heating of the lens with beams, reflected 
from the weld pool surface. If the welding of short 
joints is performed, then the lens heating with re­
flected beams is negligible and there is no hazard of 
its coming out of order. If the welds of length of 
several meters are welded, the temperature drop oc­
curs in the lens in the direction of its radius and it 
can crack or fail. Figure 1 gives an example of «ther­
mal1> fail of the lens (crystal KCI) of HO mm diameter. 

The lens heating with a heat radiation, whose 
sources in welding aluminium alloys are an ionized 
plasma, forming in a penetration channel, and also 
the surface of the weld pool molten metal, is not less 
hazardous. 

And finally, the lens is heated greatly by the effect 
of process of evaporation of alloying clements from 
the aluminium alloys being welded. Such alloying 
clements, as zinc, magnesium and lithium, have a high 
pressure of vapours and, therefore, their losses in 
welding for evaporation are, sometimes, significant. 
The negative effect of the vapour flow is not only due 
to a high heat storage. Having condensed on the lens 
surface, the metal vapours reduce its transmissivity 
of the light beam which is retarded in a condensate 
layer of the metal vapour and losses a part of its 
energy for the lens heating. 

The investigations were carried out using the laser 
equipment LT-1 04 with the 10 kW maximum power 
of the beam. To reduce the negative effect of the 
plasma flame on the lens, which is coming from the 
penetration channel, a scheme of its blowing away 
with a shielding gas through the nozzles, arranged 
ahead of the weld pool, was developed. The optimizing 
of nozzles and selection of effective parameters of 

12/2001 

Figure: 
the peno 
plasma 
nozzles 
with as 
out noz: 

Figure: 
of gas fc 
</ ~ exl 
weld po 
tempera 
t rcalme1 

12/201 



a 

v 

1 .., 
c 
t 

t 

t 

c 

J 

' 
n 

11 

e 

y 
c 

·r 
·r 
c 
c 
y 
d 
g 
>f 

)1 

LASER TECHNOLOGIES 

4 

Figure 2. Scheme of laboratory bench for investigation of interaction of flows of shielding gas, blowing out jets and plasma flame from 
the penetration channel: / - cylindrical barrel for shielding gas supply; J flow of shielding gas; 3 smoke cloud-simulator of a 
plasma flame; I - simulator of the penetration cavity; 5 simulator of sample being "·elded; 6 - jets of b]o,,·ing out gas; 7 
nozzles for supply of the gas deviating the plasma flame: 8 - support; 9 - flow meters for gas consumption control; /0 cylinder 
with a shielding gas (d cavity diameter; I distance from nozzles of blo\\·ing out gas to the ca\'ity; a angle bel ween the blo\Ying 
out nozzles; ~ - angle of inclination of blowing out nozzles to the plane of sample being welded) 

A 

9 

8 

11 

Figure 3. Scheme of a barrel for lens fixation and its protection from the flow of metal vapours and reflected light beams: flow 
of gas for shielding and coo ling of the lens ; 2 - circul a r cavity for supp ly and separat ion of the sh ielding gas; 3 focused laser beam; 
I - external heal dissipating surface of lhe barrel; 5 internal light-absorbing surface of the barrel; 6 reflected light flow; 7 
weld pool of molten metal and channel of penetration; 8 thermocouples for control of lens heating; 9 instrument for recording 
temperature of the focusing lens; 10 - flow meter of gas consumption control; II - cylinder with a shielding gas (A profile of 
treatment of the barrel light-reflecting surface; 8 profile of treatment of the nozzle light-dissipating surface) 
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Figure 4. Bench tests of a barrel of the new design 

blowing away were tested at the laboratory bench 
(Figure 2). 

During experiments, the necessary usc of two noz­
zles was established, because one nozzle docs not pro­
vide a sufficient reliability in the plasma flame blow­
ing away. For the most effective blowing away, the 
angle a between nozzles is set equal to 40-50°. For 
<:tngle ~ between nozzles and surface of plates being 
welded, the best results were obtained in the range 
of 30-40°. At lower values the blowing away docs not 
take place. With increase in angle ~ for more than 
40° the risk of violation of the pool dynamics by a 
gas flow is appeared. With allowance for optimizing 
the spatial position of the nozzles, the optimum values 
of diameters of outlet orifices arc within 0.5-0.H mm. 

To protect the lens from the effect of reflected 
beams of the light flow and heat radiation, a design 
of a barrel was made so that to provide a step changing 
of its diameter, i.e. fi-H mm from the outlet orifice 
up to H5 mm in the place of lens fixation. The inner 
surface of the barrel had a special profile (Figure 3, 
view A, B), promoting the dissipation and reflection 
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in a reverse direction of radiation reflected from the 
pool surface. To eliminate the barrel heating, its ex­
ternal surface was made developed (Figure 3). 

Lens protection from the vapour flow was realized 
by a collector, located directly under the lens. The 
shielding gas in the form of many jets is supplied from 
the collectors through a large quantity of holes made 
in a radial direction. After washing the lens surface 
and its cooling the shielding gas is directed towards 
the vapour flow to the outlet orifice of the barrel. 
Figure 4 shows a moment of laboratory testing of the 
barrel of the new design. To visualize the behaviour 
of the plasma flame coming from the channel of pene­
tration during welding, an intensive stream of smoke 
was used. It was supplied under the excessive pressure 
in the direction opposite to the shielding gas from the 
barrel nozzle. 

After the laboratory tests the optimized variant of 
the barrel design was used during investigation of 
weldability of aluminium alloys of different systems 
of alloying. 
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