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DEVELOPMENT OF AUTOMATED LASER WELDING

TECHNIQUE AND EQUIPMENT FOR MANUFACTURING PARTS

OF HEAT EXCHANGERS FOR MARINE VESSEL ENGINES

Equipment for laser welding complex, which can apply to machine-building, aerospace, shipbuilding, and automobile 
industries, has been designed and manufactured on the basis of technique for automated laser welding of flat tubes made 
of copper-nickel alloys. A method for controlling the integrity of welded flat tubes has been developed. It implies the pressure 
tests and the search of defective sections by laser interferometry technique in automated mode. A specialized welding head 
has been designed and manufactured for industrial application of laser welding technique.

K e y  w o r d s: marine heat exchangers, copper-nickel alloys, laser welding, slitting compounds, and pulse-modulated 
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The heat exchangers apply to remove heat from 
the power plants (for instance, engines) of marine 
vessels with the use of overboard seawater as 
cooling agent. The main working part of these de-
vices is a figured flat thin-walled tube made of 
copper-nickel alloy. These metal tubes run into a 
tube plate by welding or brazing. The need to use 
copper-nickel alloys for manufacturing these heat 
exchangers is dictated by working conditions: the 
heat exchangers must be highly resistant to cor-
rosive effect of seawater. Welded or brazed con-
nections should have high strength and complete 
impermeability under prolonged operation at 
high temperatures in aggressive environments. 

Welding is a dominating method for the manu-
facture of heat exchangers. It ensures higher reli-

ability and does not require expensive solders. 
According to experts of ATIS-Lab, today, the laser 
welding is one of the most promising methods for 
heat exchanger welding [1]. For example, it is used 
for the manufacture of Alfa Laval Compabloc CP 
30, CPL 40, CPL 50, and CPL 75 heat exchangers 
[2]. The plates and tubes of different heat exchang-
er models are made of stainless steel, titanium, tita-
nium-palladium alloy, Hastelloy and so on. The use 
of laser welding has made it possible to get narrow 
and thin welds on these materials, to alleviate sig-
nificantly the total thermal effect on the device, 
and to reduce its susceptibility to cyclical and ther-
mal loads. The laser welding improves reliability, 
increases service life, and ma kes it possible to ex-
ploit the Compabloc heat exchangers in harsh con-
ditions. Among other advantages of laser welding 
there are the automation of process and the reduc-
tion of time of heat exchanger manufacture. 
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The authors of [3] proposed to replace brazing 
by laser welding for the manufacture of thin-wal-
led cooling panels and heat exchangers in con-
nection with high requirements applying to this 
equipment that operates at high pressures, high tem-
peratures, and repeated thermal cycling. Welds of 
satisfactory quality able to withstood pressure up 
to 10 MPa were obtained for welding of stainless 
steels, nickel alloys, and titanium alloy VT15. 

According to Lazerform, the laser welding te-
chnique has been used successfully for welding of 
thin-walled tubes with a wall thickness of 1 mm 
made of structural steels and titanium alloys. The-
se tubes are used to produce heat exchangers for 
the nuclear industry, which requires particularly 
high reliability [4]. The strength of the welds is 
compared to that of the parent material, whereas 
the resistance to corrosion and to the formation 
of hot and cold cracks increases.

However, the laser welding technique can be 
improved using pulse modulation of laser radia-
tion. This approach gives fine-grained and fine-

powder structure of weld’s molten metal and ma-
kes it possible to minimize its width and heat af-
fected zone (HAZ). The compounds having these 
parameters are capable of providing not only high 
strength, but also high impact hardness, elonga-
tion, corrosion resistance and so on. The proposed 
approach is of crucial importance, insofar as the 
heat exchangers with such characteristics can op-
erate under high temperature, pressure, and are 
resistant to the corrosive effects. 

Given the above, the task of this research was 
to create a technique for automated laser welding 
of copper-nickel parts of heat exchangers used for 
cooling of marine vessel engines with overboard 
water. The other task was to design and to manu-
facture laser welding equipment based on the de-
veloped technique, which can be implemented in 
mechanical engineering, aerospace, shipbuilding, 
and automotive industries. 

To address the above tasks a research was car-
ried out on copper-nickel samples (MN25 alloy) 
having a thickness δ = 0.35 mm using a fiber laser 
YLR-400-AC (IPG, Germany) with a wavelength 
of λ = 1.07 μm and a radiated power of up to 400 
W. Si nce the flat tubes of heat exchanger consist 
of two parts connected to each other not only on 
the edges, but also across the whole length (Fig. 
1), the welding was made by slot spot and linear 
seams. Among the criteria of weld quality there 
were not only the absence of pores, full penetra-
tion welding, high-quality formation of reinforc-
ing beads, but al so the achievement of strength 
and tightness of connections at air pressure inside 
the tube up to 0.6 MPa (according to the specifi-
cations). It was found that for addressing this 
pro blem the structure in the welds and HAZ sho-
uld be as fine-gra i ned as possible. It can be pre-
pared in various ways. 

For example, the authors of [5] proposed to use 
nano-powder modifiers (TiN, TiN + Cr, mixture 
of Y

2O3 and TiNi and make it possible to change 
the weld chemical composition while reducing 
the weld structure to very small particles, which 
contributes to a significant enhancement of weld 
mechanical properties. A more simple way to ob-

а

b

Fig. 1. Appearance of blanks (a) to be welded for the ma nu-
fac ture of heat exchanger tube (b)
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tain fine-grained structures is to use pulse-peri-
odic modulation of laser radiation.

The authors of [6] developed a method for la-
ser welding of metals based on the action of laser 
radiation with a pulse of complex shape on the 
surface of welded metal. For this purpose, it was 
proposed to melt the metal locally, in the welding 
zone, by pulses of focused laser radiation, which 
had a steep leading edge and a smoothly decreas-
ing trailing edge. 

In this case, the trailing edge of the pulse com-
prises two inclined sections. The upper one en-
sures fusion of welded metal without intense eva-
poration, while the lower one gives the weld a 
fine-grained structure by creating conditions for 
the emergence of the maximum number of crysta-
llization centers and minimization of linear growth 
rate of crystals in welded metal. The lower sec-
tion is modulated by frequency of ultrasonic ran-
ge with an amplitude ensuring a required slope of 
the section and fluctuations of the weld pool. The 
introduction of ultrasonic vibrations occur with-
out an additional vibrator. 

The proposed method of laser welding under-
lies the technique for automated laser welding of 
parts of marine vessel engine heat exchangers ma-
de of MN25 alloy (δ = 0.35 mm) by slot spot and 
linear (length 350 mm) welds.

When developing the laser welding technolo-
gy, such specific physical properties of MN25 
copper-nickel alloy as propensity to gas absorp-
tion, due to the presence of nickel, at elevated 
temperatures and high sensitivity to impurities 
were taken into consideration. These properties 
could lead to the formation of internal pores and 

crystallization cracks. To eliminate these defects 
the following preventive measures were imple-
mented: laser scanning, selection of heat input, 
and protection of weld pool and weld by inert gas 
(argon). It was found that to obtain high-quality 
welds it was necessary to clean thoroughly the 
welded edges and the adjacent areas (having a 
width of 20—25 mm) by mechanical means (to 
remove a sulfur tarnish) and to degrease them in 
acetone, white spirit or petrol. Insofar as for pre-
venting the edges from the formation of worm-
holes, they should fit flush with each other, the 
blanks were previously straightened. 

In the course of experiments on laser welding 
of MN25 alloy by the slot spot weld it was found 
that among the characteristic defects there were 
wormholes, incomplete penetration, and devia-
tion from the center of the hole (Fig. 2). The ex-

а b

Fig. 2. Development of technique for laser welding by slot welds (MN25 alloy, δ = 0.35 mm): a – wormhole (surface blowhole); 
b – partial penetration weld (incomplete penetration); c – beam deflection from the center of the hole; d – high-quality weld

c d

Fig. 3. Test bench for strength and tightness tests of heat 
exchanger tubes
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pansion of weld spot diameter by increasing the 
focal spot impaired hydrodynamic stability of the 
weld pool and caused its drooping or formation of 
wormhole. These could be explained by uneven 
heat dissipation from the zone of welding (loose fit 
of the upper and the lower pieces) and uneven 
heating as a result of beam deflection from the cen-
ter of the hole. In the case of the slot linear welds 
the wormholes were reported for loosely fitted 
pieces, while the incomplete penetration was 
caused by insufficient heat input of laser welding. 
As a result, it was established that the average heat 
input should be 20—22 J/mm and the shielding 
gas consumption should account for 6 l/min. 

A test bench was designed to verify the results 
of technique developed. It allowed the operators 
to test three tubes simultaneously (Fig. 3). For 
this purpose, three pneumatic cylinders through 
the seal coupling pressed the sample to the oppo-
site coupling; then compressed air was fed into the 
submersed tubes. Each tube was tested for leaks by 
air pressure of, at least, 0.6 MPa being submersed 
in water for one minute. The quality of welded 
samples was controlled by searching for the defects 
during the pressure test on the bench (see Fig. 3). 
For the purpose of automatic control a laser inter-
ferometry technique was used [7].

In order to apply commercially the proposed 
technique for laser welding of heat exchanger flat 
tubes, a new technical solution of shielding gas 
system design was developed (Fig. 4). In this de-
sign, a protective nozzle (a kind of slit located 
transversely to the longitudinal axis of the part) 
was slightly wider than the welded part. In the 
middle of the nozzle, there were protective clamp 
bars with holes for getting the focused radiation 
in the zone of welding. On both sides of the bars, 
there were tubes with holes through which shield-
ing gas (argon) fell into the zones of laser weld-
ing. The laser radiation “performed” slot spot 
welding with the help of high-speed inertia-free 
two-coordinate positioning system, with the pro-
tective nozzle shifting linearly along the axis of 
the welded part. 

Hence, among the project outputs there are:
 Technique for laser welding of copper-nickel 
alloy MN25 (δ = 0.35 mm) by slot spot and lin-
ear welds with pulse modulation of radiation;

 Method for control of welded samples, which 
includes pressure test of the sample and search 
of defects by laser interferometry method in 
automatic mode;

 Special welding head for the industrial appli-
cation of developed laser welding technique.

Fig. 4. Design (a) and appearance (b) of shielding gas system for simultaneous protection of 
multiple laser welding zones

а b
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РАЗРАБОТКА ТЕХНОЛОГИИ
И ОБОРУДОВАНИЯ АВТОМАТИЗИРОВАННОЙ

ЛАЗЕРНОЙ СВАРКИ ДЛЯ ИЗГОТОВЛЕНИЯ
ДЕТАЛЕЙ ТЕПЛООБМЕННИКОВ СУДОВЫХ

ДВИГАТЕЛЕЙ

На основании разработанной технологии автоматизи-
рованного лазерного сваривания плоских трубок из мед-
но-никелевых сплавов спроектировано и создано техно-
логическое оснащение лазерного сварочного комплекса, 

которое может быть внедрено на предприятиях машино-
строительной, авиакосмической, судостроительной или 
автомобилестроительной промышленности. Для контро-
ля герметичности сварных плоских трубок разработана 
методика, заключающаяся в испытании образцов давле-
нием и поиске дефектных участков лазерной интерферо-
метрией в автоматизированном режиме. Для промыш-
ленного применения разработанной технологии лазер-
ной сварки спроектирована и изготовлена спе циа ли зи-
ро ван ная сварочная головка.

Ключевые слова: судовые теплообменники, медно-
никелевые сплавы, лазерная сварка, прорезные соедине-
ния, импульсная модуляция излучения.

В.Д. Шелягін, А.Г. Лукашенко,
В.Ю. Хаскін, Д.А. Лукашенко, В.А. Лукашенко

Інститут електрозварювання ім. Є.О. Патона
НАН України, Київ

РОЗРОБКА ТЕХНОЛОГІЇ ТА ОБЛАДНАННЯ
АВТОМАТИЗОВАНОГО ЛАЗЕРНОГО

ЗВАРЮВАННЯ ДЛЯ ВИГОТОВЛЕННЯ
ДЕТАЛЕЙ ТЕПЛООБМІННИКІВ 

КОРАБЕЛЬНИХ ДВИГУНІВ

На підставі розробленої технології автоматизованого 
лазерного зварювання плоских трубок з мідно-нікелевих 
сплавів спроектовано і створено технологічне оснащен-
ня лазерного зварювального комплексу, яке може бути 
впровадженим на підприємствах машинобудівної, авіа-
кос мічної, суднобудівної або автомобілебудівної промис-
ловості. Для контролю герметичності зварених плоских 
трубок розроблена методика, яка полягає у випробуван-
ні зразків тиском і пошуку дефектних ділянок лазерною 
інтерферометрією в автоматизованому режимі. Для про-
мислового застосування розробленої технології лазерно-
го зварювання спроектована і виготовлена спеціалізова-
на зварювальна головка.

Ключові  слова: судові теплообмінники, мідно-ніке-
леві сплави, лазерне зварювання, прорізні з’єднання, ім-
пульсна модуляція випромінювання.

Received 11.03.14



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


