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1. INTRODUCTION

Laser Matrial Processing technology has deeply
penetrated into various industrial applications since
1966(1) when the first industrial CO, Laser was built.
Since then the versatility and importance of Laser in
material proccssing has been gaining recognition and
acceptance with the result that many industries in
the developed countries utilise Laser systems. This
has encouraged further investigations into the im-
provement processing methods using Laser to over-
come the presently confronted difficulties.

Laser is the versatile tool both for metals and non-
metals and as a single heat source it can perform
multifunctions given below, which is not possible by
any other heat source :

i) Welding

i) Cutting

iii) Drilling

iv) Machining or Trimming
v) Brazing and Soldering

vi) Engraving or Scribing

vii) Surface hardening

viii) Surface cladding or alloying
ix) Glazing

This document dcals with all aspects of ‘Laser Weld-
ing’ alone and not with other ‘Laser Material Process-
ing’ applications.

1.1 Theory of Lasers
Laser is an acronym for Light Amplification by Stimu-

lated Emission of Radiation. The lasing action can be
broadly split into two phenomena.

The authors arc with The Welding Research Institute, BHEL,
Tiruchirapalli - 620 020.

(i) Stimulated Emission of Radiation

When energy is supplied to atoms in the ground state
by intense flash of light or an electrical discharge,
then the electrons of the atoms acquire higher energy
levels by absorbing the energy. The energy levels of
absorption/emissions are characteristic of the atomic
number of the element. These electrons in their effort
to come back to their ground state or lower energy
levels emit radiations of characteristic frequency and
wavelength (Fig-1)

The wave length of each photon emitted is related to
is energy (E) by A = ch/E, where ¢ is the velocity of
light:  h=Planck’s constant.

These photons while passing close to another excited
particle, stimulate the emission of radiation of same
wave length, phase and spatial resolution (Fig-2).
These photons, in turn, are also capable of stimulat-
ing emission of radiations.

(ii) Amplification

The lasting medium is contained within a sealed
cavity consisting of highly polished and paralled
mirrors (Fig-3). Lasing is possible when enough pho-
tons are present. The emitted photons are reflected by
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Fig. 1.

INDIAN WELDING JOURNAL, OCTOBER, 1991

200



ORIGINAL PHOTON

STIMULATED PHOTON

Fig. 2. Stimulated emission

thesc mirrors back and forth in the cavity and ena-
bling them to stimulate furthcr cmissions of photons.
Thus the number of photons in the cavity keeps on
incrcasing. The photons travelling normal to the
parallel mirrors are multiple rcflected between the
mirrors (Fig-4). Somc of thesc photons pass through
thc partially transmitting mirror located at one end.
Thesc photons cmergy as coherent, single frequency
light radiation in the tube while the other photons
continuc to oscillatc in the cavity generating more
photons.

1.2 Industrial Lasers

Some of thc important industrial Lasers, their wave
lengths, power ranges and matcrial processing appli-
cations arc tabulatcd in Table - 1.

2. LASER WELDING

Welding is accomplished with Laser by the applica-
tion of concentrated cohcrent light beam on the
surfaces o be welded. The thermal energy of the laser
is precisely controllable in  intensity and position.

HIGH VOLTAGE
POWER SUPPLY }
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Fig. 3. Basic CO, laser configuration

The high concentration of energy on small spots
produce high intensity of energy which causes the
material to melt. Joining is basically two kinds of
industrial Laser beam welding(LBW) processes - i)
condition limited and ii) deep penetration.

(i) Conduction limited welding

In this method, the metal absorbs the incident beam
on the surface and the heat is conducted through the
metal to the subsurface region. This reduces the
capability of the process for welding thick material
and the depth of penetration is limited. Conduction
limited LBW utilises solid state and moderate power
CO, Laser and is normally performed with low aver-
age power. The weld structure/shape is  hemispheri-
cal due to the uniform thermal conduction in all
directions.

(ii) Deep penetration welding

This method utilises high power continuous wave
CO, Laser. The incident laser beam of high intensity
melts a small cylindrical volume of metal through the

Table - 1
LASER TYPE WAVE LENGTH POWER PRINCIPAL USES
M m kW
He-Ne 0.63 10¢ METROLOGY, SURVEYING
Ga-As NEAR OPTICAL COMMUNICATION
INFRA-RED
CO, 10.6 < 0.1 CERAMIC SCRIBING, CUTTING, DRILLING
0.1-05 WELDING, SOME CUTTING APPLICATIONS
1.0 -5.0 HEAT TREATING, HEAVY SECTION WELDING, CUTTING
> 10.0 LARGE SCALE HEAT TREATING, CLADDING, ALLOYING
Nd-YAG (Pulsed) 1.06 0.05 SPOT WELDING, SMALL HOLE DRILLING & SOLDERING.
0.1-04 SEAM WELDING, HIGH SPEED
SPOT WELDING, CUTTING LARGE HOLE DRILLING
Nd-YA 1.06 < 0.1 CERAMIC, SCRIBING, RESISTOR,
(Continuous TRIMMING, DIAMOND, SAWING,
Wave) NON CONTACT MARKING
02 -038 WELDING & HEAT TREATING
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thickncss of the material. A column of vapour is
trappcd insidc this volume surrounded by molicn
mctal. As the becam is moved along the joint the
column moves along with it, melting the metal in
front of the column through its depth. The molten
mctal flows along the base of the column and solidifies
on the trailing end. The vapour column is stabilised
by a balance between the cnergy density of the Laser
bcam and weclding spced. This method is also known
as keyhole weclding. This is capable of producing
greater penctration. Onc more advantage of this
process is that, due to prefercncial heating, the impu-
ritics in thc metal arc evaporated and escape as
vapour, thus purifying the weld. Such welds also
have high depth to width ratio.

2.1 Influence of Various Parameters on Laser

Welding

In welding, the main point of attention in Laser beam
and matcrial intcraction is absorption. It is the ab-
sorbed cnergy which contributes to the melting of the
metal and hence dircctly relates to the efficiency of
the process. The process parameters which influence
the results of the process i.c. penetration depth and
quality of weld arc

(i) bcam power

(ii)) bcam diamcter
(iii) welding speed

(iv) focussing conditions
(v) TEM mode

2.2.1 Absorptivity

During the welding of metals, the main problem
which arises is the reflectivity of the metal. Metals
having high reflectivity do not absorb the requisite
energy for fusion and consequently welding. Hence,
we have to optimise the factors affecting reflectivity/
absorptivity so that absorption is maximum. The
factors governing reflectivity are

(i) wave length of incident beam

(ii) angle of incidence of beam

(iii) polarisation of the beam

(iv) temperature of the material

(v) physical and chemical properties of the matrial

Different materials exhibit varying reflectivity at
different wave length of incident light, e.g. most
metals are highly reflective to 106 um wave length
CO, Laser and comparatively less reflective to 1.06
pum wavelength Nd-YAG Laser. Linearly polarised
light probably has some detrimental effects on weld-
ing.

The absorption of the radiations by metals depends on
the conductive absorption by free electrons, hence the
absorptivity is related to the electrical resistivity of
the material. Electrical resistivity is itself a function
of the temperature of the material. The absorptivity
of polished surfaces of various materials was found to
be directly proportional to the square root of the
resistivity. The absorption increases with rise in
surface temperature and rises rapidly in the molten
state and remains high in the vapour state of the
material. Absorptivity increases at higher power
densities for materials which are highly reflective at
lower power densities. This is due to keyholing. The
cylinderical vapour cavity surrounded by molten
metal acts as a blackbody and absorbs the incident
beam which undergoes multiple reflections at the
walls of the cavity e.g. For Al,which has an initial
absorptivity of 2% at 10.6 um, keyholing results in an
absorption of 60% or more.

2.1.2 Beam Power

A minimum threshold power is required for Lascer
welding of given thickness with a beam of specificd
diameter. The penetration increases almost linearly
with incident beam power.

2.1.3 Beam Diameter

For a given power, the beam diameter defines the
power dcnsity. A gaussian beam diameter is defined
as. the diameter where the power is l/e or l/e? of the
central value. The diameter corresponding to l/e? of
the power at centre is recommended as it contains
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Fig. 5. Lffect of welding speed on penetration on

a 300 series stainless steel

morc than 80% ol the total powcr. The diameter in the
focal planc depends on the diamcter and the focal
length of the lens being uscd.

2.1.4 Welding Speed

In general for a given power output, an increase in
welding  speced  causcs a  decrcase in the depth of
penetration. Conscquently, if higher speeds are sought
for thc samc depth of penctration then higher power
outputs arc rcquircd. Thc variations of penetration
depth change in spceeds are shown in Fig. 5. Welding
spced is specifically critical in dccp penetration weld-
ing. The vapour column is stabilised by the proper
combination of cnergy density and welding speed.
Too high speeds result in incomplete penetration and
0o low spceds results in wide fusion zones and
somctimes  drop-through.

2.15 Focussing Conditions

The laser becam cmcerging from the focussing lens
converges in  the dircction of propagation and attain-
ing a minimum diamcter and diverges beyond this
region. This diamcter is attaincd at its focal length
from the lens. Fig. 6 depicts the situation.

For a small distancc +d on cither side of the focal
planc the variation of bcam diameter is very small
and thc power density is practically constant and a
max. over that region. This rcgion usually defines the
working rcgion for malerial processing. Beyond +d,
the intcnsity may reduce below the threshold surface
of the material as greater part of the high intensity
rcgion interacts with the matcrial. With higher focal

Fig. 7. Gaussian (TEMO0O) intensity distribution
length lenses the depth of focus is greater and vice
versa.

From earlier results, it was proved that the penetra-
tion was greater when the focal plane was positioned
slightly below the surface of the material. The corre-
lation between power .density and depth of focus and
their effect on penetration has been studied. It was
found that maximum penetration for higher power
densities occurred at deeper focal points, suggesting
that to obtain maximum penetration with increase in
power density the focal point has to be sunk deeper
into the metal. They also found that for a given
density, the position for which the maximum pene-
tration occurred was invariant of the speed.

2.1.6 TEM Modes

The oscillations of photons between the resonators in
the Lascr cavity form an intense electromagnetic
field. This field can have many cross-sectional shapes
termed as transverse electromagnetic modes (TEM
modes). In general, it is represented as TEM mn mode
where m and n specify the integral number of trans-
verse nodal lines across the emerging beam.

The simplest mode is TEM oo with a gaussian energy
distribution through its cross section. It is the ideal

203

INDIAN WELDING JOURNAL, OCTOBER, 1991



mode for welding as most  of the energy is concen-
tratcd at the centre of the bcam. Other modes (e.g.
TEM 01) do not have the focussability as that of
TEMO0. Thus proper sclection of the modes is neces-
sary for the spccific matcrial processing application.
Fig. 7 shows the cnergy distribution for TEMOO
across the cross scction.

2.2 Advantages and Limitations of Laser Weld-
ing

Many advantages of laser welding are given below:

(1) The high intensity of Lascr beam radiation has
madc it possiblc to wcld matcrials with narrow
deep  penctration.

(2) The small spot diamcier of focussed Laser gives
high intensity which allows the weld to be supe-
rior with a very narrow hcat affected zone.

(3) Laser welding can be donc at room temperature
and pressurc  without nccessity for pre-heating
and vacuum atmosphere.

(4) The rapid hcating and cooling rates of the weld in
LBW results in finc grain structure in the weld
rcgion thus cnhancing the strength of that re-
gion.

(5) Difficult matcrials such as Ti,quartz and ceram-
ics can be welded.

(6) The work picce nced not be clamped rigidly
(7) No clectrode or filler matcrial is required.

(8) Intricatc shapes can be welded using light deflec-
tion tcchniqucs.

(9) Timc sharing and bcam spliting of Laser beam
can be achieved.

(10) Higher welding speeds can be achieved by Lasers
than conventional  mcthods resulting in reduced
distortion duc 10 minimum residual stresses.

Limitations of Lascr welding arc given below when
comparcd with conventional arc  welding processes
and compcting clectron bcam  welding.

(1) High capital cost, when compared with
tional arc weclding proccsscs.

conven-

(2) High inventory cost of optical spares towards
maintcnance ol the cquipments.

(3) Equipment cfficicncy and process efficiency both
arc lower when comparcd with electron beam
welding (EBW).

(4) Joint preparation without gap and alignment of
the beam on the joint are critical.

(5) Surface reflectivity and plasma formation above
the surface limit the capability of the process.

2.3 Laser Welding of Industrial Materials

2.3.1 Steels

Welds have been formed in SS with aspect ratios as
large as 12:1. With SS, high density, non-porous
welds can be achieved. Tensile strength of the SS
welds can be equal to that of the parent material. The
Laser welds in HSLA were found to have equal
mechanical properties as that of the parent material
in contrast to the arc welding techniques. Laser
welding was found to be the only method capable of
welding tin free steel. Successful, autogenous, square
butt welds of X-80 arctic pipelines steel using a high
power cw CO, Laser is reported. Both single pass and
dual pass techniques are used to weld 13.2 mm thick
material.

2.3.2 Ti and its alloys

Ti is a chemically sensitive metal and has a complex
temperature dependent structure. Laser welds of Ti
(upto 5 kW laser power) showed no cracks, porosity or
inclusion. The tensile strength of the weld is almost
equal to that of the parent metal. Welding speeds in
excess of 15Sm/mm, were obtained for lmm thick Ti-
6Al-4V alloy was conducted. Radiographically sound
welds were produced by all three techniques. Laser
welds were narrower than arc welds and were compa-
rable to, but more uniform than EBW weld beads.

2.3.3 Aluminium and its alloys

The high reflectivity of the surface of Al and its alloy
has posed immense problems in Laser welding of
these materials. They are highly reflective to 10.6*m
radiation from CO, Laser. Unacceptable amounts of
porosity in all weldments and excessive drop through
was observed for full penetration depths. When the
shielding gas was so directed that the plasma was
pushed into the keyhole, it resulted in porosity free
welds.

3. DEVELOPMENTS OF LASER WELDING
TECHNIQUES

3.1 Laser Beam Pressure Welding

The Laser beam pressure welding is a new welding
technique which allows to weld with very high speed
and minimum of defects. The principle of Laser beam
pressure welding was discovered when efforts had
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Fig. 8. Schematic diagram of laser pressure

welding of sheets

been done o avoid defects in laser welds originating
in thc mclt. The idea was o suppress melting or
squccze melt out of joint before it resolidifies. This is
possiblc by hcating up the region of welding parts
(work picces) with the focussed laser beam and at the
samc time pressing them  together. The point of
impingcment should be as ncar the contact region of
the weld parts as possible. In this way, the welding
zonc is hcated dircctly without any mechanical con-
tact and without hecat conduction through work pieces.
The hcat is concentrated in the joining area itself.
This arca is madc small bccausc of the high power
density of focussed lascr bcam. Another important
point is that no melt is nceded for the welding process.
It only rcquirc high (emperature, a temperature for
hot working ncar the solidus temperature of the
mcterial. If melt is produced, it is squeezed out
mcchanically by the forces of pressure rolls. One
possiblc arrangement is given in Fig. 8. In the indus-
try, this technique has been uscd for tube welding, T
profilc butt weld and weclding of difficult materials
likc brass, cr-coated foils cic  (Fig. 9).

The salient [caturcs and advantages of this technique
arc:

(1) Materials with no or poor electric conductivity
should bc weldable becausc of direct heating of
welding zonc by Lascr bcams.

(ii) Very high welding speeds possible because of
dircct heating up wcelding zone with high power
density (cxperiments have bcen done for speeds
upto 240 m/min)

(iii) Because of high speed, low heat input is realised.

(iv) Because of high power density and high speed
narrow  HAZ is obtaincd.

(v) Welding defects like pores, solidilication cracks,
or irrcgularitics of wcld surface are not present.

(vi) Coated matcrials can bc wclded.

Fig. 9. Laser Pressure welding of austenitic

stainless steel of T-Profile

Thickness ISmm/Imm
Power 4KW
Speed 70m/min

(vii) Metallurigical effects of high cooling rates would
be used for processing ‘difficult’” materials.

(viii) Mechanical tests have been shown that weld is
stronger than base metal.

There is a distinct disadvantage with this process.
Due to large temperature gradient with increase in
depth, it is not very suitable for crystalline metals like
high carbon steels.

3.2 Laser Welding with Wire Feed

Autogenous welding of butt joints usually results in
severe undercuts which places closer tolerance limits
on joint prcparation. The use of wire as filler material
eliminates undercut and  produces reinforcement of
the weld (Fig. 10). Work has been done in the inves-
tigation of the effect of welding speed, wire feed rate
and gap at the joint on the quality of the weld.

Trails on a 1.9 kW Laser with transverse speed of 1.2
m/min, argon plasma shielding at 15 1/min and wire
feed position at 1.2 mm in front of the Laser beam
were carried out. The conclusions from the trails
were:-

(i) A constant wire feed rate can overcome mild vari-
ations in gap geometry.

(i) Higher feed rates build up a top bead at the
expense of penetration.
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Fig. 10. Laser welding with wire feed-experimen-
tal  set-up

Multiple pass dcep penctration  welding has  been
possible by wirc fced mcthod and also, weld metal
composition can bc varicd by using filler wires of
suitable  compositions.

3.3 Laser Welding with Metal Powder as Filler
Material

The automobile industry puts very high demand on
the smoothness ol non-covered joints. It has been
found that butt welding of thin shcet metals leads to
undercut duc to the small gap. Present day methods
of using wircs as [liller matcrial are found to produce
unacceplable big reinforcement of the weld. The
requircments for the industry were, a joint with
modcratc reinforcement of the weld and a minimum
hcat input.

Kecping these requircments in mind, the use of
powder as [iller material was atempted and the
eflccts on  joint quality and reinforcement investi-
gated. The process utilised a 2.5 kW cross flow CO,
Lascr with co-axial gas shiclding. The powder male-
rial is led preferencially into the gap of the joint, the
principle of stray magnctic (lux between the gaps of
the joint was uscd. The work picces made to be a part
of a magnctic polarisation ol thc cdges and hence the
powdcers arc preferancially collected in the gap. The
results from the cxperiments concluded that:

(i) !mm thick sheet metal can be butt welded with-
out joint preparation by adding powder filler ma-
terial.

(ii) Satisfactory welds could bc obtained with weld
gap of 0.4 mm,

(iii) The optimum gap which gave the maximum
powder collection for the scl experimental para-
meters was 0.2 mm.

: POWDER NOZZLE ANGLE (deg)
: POWDER NOZZLE HEIGHT (mm) 1|37 |1w0] 5 |22
: LASER NOZZLE HEIGHT (mm)
: POWDER JET DISTANCE FROM 2|60 | 10} 5| 58

THE LASER FOCAL POINT (mm)

oQ@®>»

Fig. 11. Laser welding with metal powder as filler
materials

(iv) The larger the joint gap, the lower the welding
speed limit.

(v) The largest gap which could be satisfactorily
welded without powder was 0.2 mm, whereas
that with powder was 0.4 mm.

3.4 In-vacuum Laser Welding

Laser welding at reduced pressure has been investi-
gated and the results have been found to be favour-
able. It was found that as the chamber pressure was
reduced., the depth of penetration got increased. The
reasons for the increase in penetration was attrib-
uted to the reduction of plasma screening. The Laser
beam welding was also found to be much more stable.
In-vacuum Laser also found to be much more stable.
In-vacuum Laser welding increase keyhole stability
and permits operation at much more lower welding
speeds than possible at atmospheric pressure. Pene-
tration of the order of 19 mm was obtained with only
3.4 kW but only at 0.2 mm/sec. speed. With 5 kW
laser, and 0.34mm/sec. speed 41 mm deep weld could
be made.

The penetration curve is found to saturate after below
a pressure of 102 torr. It has been found that Laser
welding in reduced pressure at slow speeds greatly
increases the penetration. Experimental at different
external pressure and translational speeds were
performed. The results are illustrated in Fig.12 & 13
for SS (304) and Ti-6Al1-4V respectively. The problems
encountered in such a process were undercut and
surface roughness. Osillation of the Laser beam has
been proposed as a remedy for these problems on the
basis that such a method eliminated these defects in
electron beam welding.

Substantial welding thickness (3-5Smm) SS and Ti
sheet were obtained by reducing pressure (around 10
torr). But the speed of welding required to be slow.
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Fig. 12. Laser welding of AlISI 304 in vacuum-
welding speed vs penetration depth
3.5 Thick Plate Multipass Welding

Welding of 50 mm thick plate, which requires 100 kW
class Lascr in single pass weclding, is demonstrated
with § passcs at 10 kW power level with satisfactory
bcad gcometry. Thicker plaics above 20mm have not
been welded so far by industrial CO, Laser due to
limitation of cquipment powcr rating of 25kW (com-
mercial availability) and scverc plasma formation
screening the bcam and the substrate. To overcome
this limitation, multipass lascr welding technique
using [iller wirc addition was dcveloped to join thick
platc.

The joint gcomctry is shown in Fig. 14. The focus
point was located 36mm below the surface at the first
laycr and at around the middle of the each deposition
hecight at the following laycrs using 1.6mm wire. Fig.
15 shows thc cross-scction of thc weld produced with
S passes at 35cm/min. welding spced showing bead
width of approximatcly 7mm corrcsponding to an
aspcct ratio of approximately 7. Gap width at the
surfacc initially 6mm became about 4.5mm at depos-
iting the final laycer by shrinkage deformation.

3.6 Arc Augmented Laser Welding
In this technique, additional hcat energy is given
through tungsten (TIG) arc in augmentation with

Lascr bcam. This additional hcat cnergy enhances
thc depth of penctration and/or welding speed. It is
proved that around 40 to 60% incrcase in penetration
and 100% incrcasc in welding speed can be achieved
by adopting this tcchnique. This dual heat source also
causes a contraction of thc arc root into the Laser
generated keyhole  and resulting in increased pene-
tration and stable arc cven at higher welding speeds.

DEPTH
imm)

4 SPEED imimin)

Fig. 13. Laser welding of TI-6AL-4V in vacuum-
welding speed vs penetration depth

Laser beam
f'
Emm_ | ; o
'
]
; (8]
| : 3
] ' 3 o
! o
3 3
3mm i} 3 3
~
3
3
Fig. 14. Multipass laser welding-joint geometry

Both processes mutually help each other in enhanc-
ing the capacilities under augmentation, but other-
wise having limitations as an individual process. For
example joint fit-up critical requirements of Laser
welding can be overcome by this technique. The
disadvantage of this techniques is the increased weld
bead width and the distortion.

4. LASER WELDING APPLICATIONS

4.1 Automobile Industry Applications

Laser welding of mass produced automobile parts
using powers upto 5 kW is on the increase. The
applications range from precision transmission parts
to engine parts, body panels and other automobile

parts.
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Fig. 15. Macro view of multipass laser weld

4.1.1 Engine Paris

The potential applications of Lascr welding in engine
includes fabricating sumps, bcarings, crank cases,
connccting rods, ancillary components like alterna-
tors and fucl dclivery cquipment . Mercedes Benz
have reported about welding applications which are
in mass production on automatic machines. The first
is the fabrication of pressed stcel hydraulic tappet
bearing. They achieved component times of 4 secs
(producing 8000 units in 2 shifts).

The sccond application is in a dicscl engine precom-
bustion chamber. The tubular region between two
dissimilar parts (x 10 cr 13 and Si 52-2) requires a
weld depth of 2.5mm to 3mm. This was achieved by
Laser wclding Earlicr thesc parts were screwed to-
gether. Doing away with thrcad cutting etc. saved
cost substantially; and wclding gave a smoother surface
to the chamber. this improved combustion and re-
duced soot content in cxhaust. With respect to ancil-
lary cnginc componcnts fuel filters are being fabri-
calcd by Lascr welding. A filter is assembled from a
can, a cover and two end fittings. This can be done by
crimping or wclding. Crimping is not very reliable; so
welding is donc, which is cither by TIG or Laser. For
this particular application, to gct equal production
onc nceds o invest 3 times more for a TIG system
when compared to a Laser system. Here the end
fittings are lirst lap welded to cover and can. After the
filter material is inscricd the cap is pressed on can
and lap weclded.

Lens position
offset distance

s -4
.o

Laser beam

L
arger diameter parts Smaller diameter parts

Fig. 16. Laser welding of core laminations stack-
ing of different sizes in auto parts

Fig. 17. Laser welded synchronous gear ring.

4.1.2 Auto Parts

Among the autoparts, Laser welding is used exten-
sively in startors, motors, dynamos etc. In stator
cores, the stator is laminated to reduce eddy current.
These laminated sheets were earlier being rivetted.
As these parts became more and more compact the
cores became smaller, reducing peripheral band width
area. First arc and then resistance welding was used.
When the peripheral width was reduced to 4mm, the
CO, Laser was tried. This proved to be a very success-
ful way of welding the laminated core. For varying
diameters of cores, one just has to vary the focal point
of the beam. So Laser welding gives the required
flexibility in manufacturing of auto parts See Fig. 16
& 17.

4.1.3 Transmission Parts

Here majority of applications are for welding prema-
chined precision made parts because beam welding
produces deep fusion welds with low disortion, it
allows gears to be welded on shafts. This reduces the
machining out the entire part. In other words, this
property of Laser welding enables parts, that nor-
mally difficult or impossible to machine, to be fabri-
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Fig. 18. Laser welded visco differential and
control  units

cated in 2 or 3 parts and then joined together. Another
examplc arc the Vasco control units and Vasco differ-
cntial units (Fig. 18). The butt weld required is done
by Lascr wclding. Both the units have internal splines;
and it would be impossible (0 machine them if they
have 1o be fabricated from a single piece. Laser
welding allows for reduction in machining time and
material wastage. Laser welding is also being experi-
mented for manufacturing  brake shoes, steering col-
umns, clutches, torque converlors, and wheels.

4.14 Body Parts

In the last 40 ycars, welds for mass produced auto
body parts have been produced by resistance spot
welding and scam welding. Though this is a reliable
technique, ‘it necessitates the use of lap joint and also
nceds  clectrode to access joint on both sides. This
limits opportunity to simplify fabrication and save
matcrial. Lascr being a high cnergy density welding
technique can make many confligurations in sheet
mctal, like lap, butt, cdge, cdge fille,, T, flared T
joints. This has incrcased scope lor auto body fabrica-
ton. Volve has reported trials on B pillars and drip
rails.  General motors  have done study for Laser
welding  rool” to quarter pancl  dich joint. Fig.19
shows arcas ol car body under considcration for Laser
welding,

Underbody welding has been successfully implemented
with 6kW Laser system by Ford Motor Company. The
Laser remains stationary and motion of the freedom
by a combination of moving mirrors. The ease with
which the becam may be dirccicd with this optical
arrangement, coupled with a longitudinal degree of
freccdom obtained by moving the automotive under-

body, facilitics welding over the complex contours
associated  with  various humps and ridges of the
underbody.

With this system, penctrations of 2.5mm have been

Fig.20. Nickel electrode laser welded to cold-
rolled spark plug body

achieved at speeds greater than Sm/min and penetra-
tions of 1.5 mm have been achieved at speeds near
12.5 m/min. This welding performance allows upto 60
underbodies (0 be welded per hour on an assembly
line basis. The underbody welding offers striking
proof of the ability of the Laser to produce high speed
welds in large, complex parts.

4.1.5 Spark Plug

Fig. 20 _hows nickel electrode Laser welded to cold-
rolled steel spark plug body. In this case, the part had
been resistance welded and subsequently rejected
because of poor joints; Laser welding was a reclaim-
ing process. A 575 watts beam with using a 2.5" lens
(5 millisecond pulse length,100 pulses per second)
was used. The weld time was 330 milliseconds and the
penetration was 1.5 mm.
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4.1.6 Exhaust Gas Oxygen Sensor

The TiO, exhaust gas oxygen (EGO) sensor developed
by the Ford Motor Company is one of many new
products related to emission control systems. The
sensing unit provides the air fuel ratio feed back
control with a signal proportional to the CO, content
of the exhaust gases. Ni-Cr lead wires are joined with
terminals pins of the sensor in a gas leak tightness by
Laser welding. Ni-Cr lead wire was used as the filler
metal and a defocussed Laser beam was employed as
the heat source in this application, using a 1.5 kW
Laser.

4.1.7 Futuristic Trends
Production lin~s are moving continuously towards
FMS, and so the Laser processing equipment in-

stalled in such production lines must be compatiable
with FMS. The Fig-21 shows an example of a laser
processing system in FMS. Such a system will use
flexible optical systems like fibre optics. This will
require

1) Increased stability in high Laser output power

—  Oscillator
—  Oscillator

self-diagonsis  function
self-recovery function

2) Fibre optics system for CO, Laser

3) High power Laser equipment which can use fibre
optics.

The current fibre optics beam emitting system for
YAG Laser have a dia of 30mm. If this can be reduced
to the diameter of the optic fibre, freedom in process-
ing will be remarkably increased.. New systems must
incorporate in-process monitoring to assure weld
quality, sensors to detect defects. If the problems of
part fit up and galvanized sheets arc overcome large
numbers of Laser will replace spot welders. Laser
processing is beginning to pay off the investment
madc to incorporate them. The next decade will make

Fig. 21. Laser processing system in FMS

industrial robots common sights on assembly lines.
Fig. 22 shows an example of an assembly line with
multiple welding heads supplied by a single Laser
source. When certain technological problems raised
by the transmission of CO, Laser beams are resolved,
the fields of application will undoubtedly be enlarged.
4.2 Power Industry Applications

4.2.1 Laser welding in manufacture of gas turbines
and steam turbine engine parts

Fundamental and feasibility studies have been done
on the application of Laser welding to gas turbine and
steam turbines. At present, gas turbine ducts are
fabricated with GTA welding. If a Laser process is
available for the welding of this component, a large
benefit can be derived. Tests showed that stainless
steel plate of 8mm thickness can be welded by SkW
CO, Laser. By using filler wire at feed rate of 1.5m/
min the allowable gap for 6mm thick plate was
increased from 0.3mm to 1mm. Conventional steam
turbine nozzles diaphrams are manufactured with
welding after machining complex shapes or by mak-
ing nozzle openings by electro-discharging process.
The nozzles diaphrams consists of pair of outer and
inner rings; spacer rings to which are welded simple
shaped nozzle parts. In the new technique, slots are
made on spacer rings; and the simple shaped nozzle
parts are inserted into these slots and welded. This
welding is done by Laser using filler wire. Fig.23
shows the appearance of test piece before and after
Laser welding.

supplying several welding heads
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Fig. 23. Nozzle diaphrams test piece laser welding

4.2.2 Boiler Membrane Panels

The fabrication of power stations and petro chemical
plant involves making a large number of welded
joints between pipes, between tube and tube plates,
and bectwcen tubes and panels, and Lascr are being
considercd for welding cach of these. The fabrication
of boiler membranc panels has been another-arca of
rccent investigation. These panels, used for the walls
of spiral furnaces, consists of tubes upto 30 m in
length; joincd by flat strip. The parts are currently
fabricated by sumbcrged arc welding, which requires
welds 1o be made on both sides of the panels. With the
Laser, autogenous welds can be made from one side
only, greatly reducing fabrication time, componcnt
disortion and the complexity of the work handling
system.

4.2.3 Laser Welding of SS Spindle Assembly

As an import substitution for stainless steel spindle
assembly of bellow component for BHEL (India), the
fcasibility welding of the component was taken up at
Welding Rescarch Institute. 2 welded lap joints were
to be done with dissimilar thicknesses of 0.1 mm to 0.4
mm and 2 morc of 1.2 mm to 3.7 mm. Successful
circumferential welds conforming to the require-
ments of partial penectration and stcam leak tightness
were obtained at welding speed of 425 mm/min. The
welds were found to be free from defects.

4.3 Nuclear
4.3.1 Tubes to Grid for the Core

Applications

T™Muclcar industry has been active in the develop-
ancnt of Laser applications for many years because of

Fig. 24. Close-up view of laser welded chandelles
10 the sommier plates of the reactor

it allows remote operation for processing in reactive
environments. Welding of a very large number of
tubes to a grid for the core of the super phoneix 2
nuclcar reactor chose to look at Laser and EB welding
only, since very close dimensional tolerances on the
structure precluded other proceses. While both proc-
esses gave similar welding performance. Laser weld-
ing was eventually chosen for production, as it could
be operated without a vacuum chamber and the Laser
bcam was casily manipulated around the structure.

4.3.2 Chandelle 10 the Bearing Plate

The feasibility welding of chandelles to the sommicr
plates of the super phoneix 2 (SP X 2) reactor has been
successfully carried out. Fig. 24 shows the samples
Laser welded. The sommier material is AISI 304L
stainless steel. 15kW power CO, Laser equipment
has been employed with operating power parameter
of 12 kW. The welding speeds have been kept at 2.7m/
min. and 1.2m/min. in order to achieve penctration
depths of 8mm and 12mm respectively. It is reported
that there is no hardness difference in the weld zone
with respect to the base material. The tensile tests
demonstrate a higher toughness in the joint than in
the base material.

4.3.3 Zircaloy and Stainless Steel Fuel Pins

CNC based Nd-YAG Laser welding system has been
employed by Bhaba Atomic Research Centre, Bom-
bay, India for welding fucl rods of zircaloy and stain-
less steel materials inside the glove box. It is reported
that zircaloy welds generally have shown much less
colouration compared to GTAW welds made under
identical conditions. The hecat affected zone was very
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Fig. 25. Laser welded missile section of 2.5mm
thick stainless steel

narrow because of the higher power density of the
pulsed Laser. Micro hardness of these pulsed Laser
welds is almost the same as that of the GTAW welds.
Accepted wclds have been produced by the Laser
welding system.

4.4 Aerospace Applications

44.1 Gas Turbines

The acrospace industry was quick to take to the idea
of Laser welding in the late 1970s (Fig. 25). For
example, Pratt and Whitney began production weld-
ing 6 mm thick parts for gas turbines using a 6 kW
Laser in 1979. The growth in applications for aero-
space has not, however, been as rapid as might have
been expected and electron beam welding has re-
mained the favoured process in the majority of appli-
cations to which power beam welding is applicable.
However, there are some production systems in-
stalled and there continues to be considerable re-
search activity looking at the production and per-
formance of Laser welds in a wide variety of aero-
space alloys. This suggests that growth in the appli-
cation of Laser in the aerospace industry is likely in
the next few years.

4.4.2 Aircraft Panels Stitch Welding

In this application, a corregated section is to be
welded between two plates whose separation is 10mm
(Fig. 26). Each plate is 1mm thick and the corregated
section is 0.8 mm thick. Both are made from a nimonic
alloy, which is difficult to weld by other techniques.
But using thc Laser, high quality welds are produced

Fig. 26. Stitch welding of aircraft panels corru-
gated section

accurately and repeatedly through two layers of
material i.e. through a total weld width of 18 mm.

The dimensions of the panel ar Imm by 0.5m with
weld lines occuring every 10 mm. Of course, seam
welding along the entire contact length of the plate
and corregation would ensure good weld strength.
But the time taken to process each panel by this
mcthod would be unacceptably long. So using a Nd-
YAG Laser the manufacturer now uses a stitch weld-
ing technique to combine strength with rapid proc-
essing. A series of 10 overlapping spot welds is carried
out at 10mm intervals along each weld line. During
each burst of spot welds, the operating speed is 150
mm/min.

4.5 Defence Applications

4.5.1 Recuperators Fabrication

Laser welding is being employed to fabricate recu-
perators for turbine engines that power army tanks.
Laser welding is done to join two air inlet and outlet
holes to form a plate pair. The stacked plate pair are
then again welded around the outter and inner di-
ameters. Each recuperator has a total weld of of 3000
metres. This method has been adopted mainly due to
the distortion free weld properties at Laser welds.
The matcrial of the plate is Inconel 625.

452 Gun Mount Fabrication

Fig. 27 shows the hoist and strike down tubes of the
Mark 6 component of the Mark 45 Gun Mount. The
hoist and strike down tubes comprise the main struc-
ture in the material handling mechanism for loading
and unloading ammunition in the Mark 45. The
Laser beam welding application is a linear 4.75 mm
thick butt weld on the shell to flange. The steels are
corten and 1015. The present method is submerged
arc welding, requiring two passes. Laser beam weld-
ing will require only one pass with no filler wire
addition and no backgouge operation. Also, grinding
and straightening will be reduced due to the non-
contact, low distortion properties of Laser welding.
The cost saving of more than $200,000 is being
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Fig.27. Laser welded hoist and strikedown tubes
of the gun mount

claimed based on Mark 45 systems per year resulting
from Laser beam welding. The cost savings associ-
ated with these welds was not associated with the
faster welding speed of the Laser beam welder, but
rather with the lower heat input and the consequent
lower distortion.

4.6 Battery Can and Food Can Applications
4.6.1 Battery Can

Battery cans have been hermetically welded by La-
sers. The example shown in Fig. 28 is a 38 mm
diameter nickel plated, cold-rolled steel can with the
top welded on around 1 mm lip. A 375 watt beam (with
a 2.5" lens) in a pulsed mode (80 pulses per second, 4
millisecond pulse length) was used to achieve 0.75
mm penetration. The weld time was 8 seconds per
can.

The similar application of battery can hermetic seal
welding was carried out at Welding Research Insti-
tute, BHEL, India (48). The most critical require-
ment of this application was that during welding
there should be no thermal damage to the non-woven
nylon seperator, which is kept as a roll inside the can
for the insulation purpose between positive and negative
electrodes. Though the nylon roll was almost occupy-
ing the entire volume of the can, there was absolutely
no thermal damage to the seperator after the success-
fully hermetic welding between the can and the lid.
CO, Laser equipment of 600 watts capacity was used
for this application in continuous wave (CW) mode
operation.

Fig. 28. Laser welding of nickel-plated steel
battery can

4.6.2 Food & Aerosol Cans

Laser side seam welding was developed as an alterna-
tive to soldering or resistance welding for food and
aerosol cans manufacture. This eliminated lead and
its associated health hazard to the consumer and the
machine operator. Also, eliminated copper wire used
in the resistance seam welding process. It resulted in
improved efficiency by the use of a non-contact elec-
trodeless welding procedure. These cans were made
from 0.2 mm thick tin plate. Laser welding went on
line in multiple shift operation in 1983. An ultra
reliable new CO, Laser was designed and built spe-
cifically for this purpose suiting to the demand of this
application. Welding speeds of 30m/min. at 800 watts
power is being reported.

4.7 Electrical and Electronics Applications

4.7.1 Micro Motor Coil

Unit now motor coils have been produced by winding
a round wire continuously. But now an entirely new
system has been developed to make a motor coil
without winding wires, by utilising a pulsed Nd-YAG
Laser. This new development results in the produc-
tion of coil with extremely high space factor, capable
of manufacturing a small size servo motor of high
efficiency and excellent controllability.

A pulsed Nd-YAG Laser is used to make high reliabil-
ity butt welds at high speed. Joining of Cu or Al wires
for coil forms a key technology in the manufacturing
process of the high density armature coil. Fig. 29
shows schematically new manufacturing process of
the armature of the commercialised and miniaturised
DC coreless servo motor.
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Fig. 29. Cross section of micro motor coil

4.7.2 Laser in Lamp Making

In the modern European automobile dual filament
headlamps, the ‘passing beam’ filament is mounted
within a tiny shield, which is welded to the lamp
frame on which both filaments are mounted. Me-
chanical shocs and vibrations during service call for
very strong welded joint. Earlier methods adopted
resistance welding of 0.25mm thick molybdenum
shield to the molybdenum frame. Component distor-
tion and local crystallisation occurcd as a result of
resistance welding. Since pulsed laser provides highly
localised and short energy incidence times, crystalli-
sation effects can be greatly reduced. YAG ‘Laser is
being used by Thorn Lighting Ltd.,UK. Production
rate of 1650 assemblics per hour are routinely achieved
on their systems, which has been in daily use for 10
years.

The samc company has incorporated a 800 YAG
Laser in their welding system,which was designed to
process a range of lamp frame assemblies. The ce-
ramic discharge tubes used in high pressure sodium
lamps arc mounted on simple SS wire frames within
an evacuated glass envelope. Earlier method of resis-
tance welding was replaced by pulsed Laser. The
focused spot was moved across the junction of the
wires forming the stitched weld. Single short pulsed

arc then directed at the niobium-stainless steel joints
at each cnd of the discharge tube. Pulse repetition

tes of 5 per second with energy of 13 J/pulse were
used for stitch welds 2. pulses of 13 j were used for
niobium-stainless steel  joints.

4.7.3 Relays Manufacture and Other Applications

The laser has been accomplised for welding of small
electrical relay cans to effect a hermetic seal without
dcgradation of the glass to metal seals at the basc of
the contact pins, because of ncgligible heat diffusion
into the enclosure (Fig. 30). For this rcason, tiny
pacemaker cans and integrated circuit (IC) packs are
Laser welded. Some Laser welders are cquipped with
a microscope for viewing and aiming. Miniaturized
clectronic components, time piece and camera parts
and instrument parts, which rcquire a precisely
controlled wcld and consistency registration lend
themselves to Laser welding. A 3 kW system is being
integrated into a production welding system for Icad-
acid storagc batteries.

Of greater intercst is the Laser sealing of large metal
clectronic packages. These are currently welded sat-
isfactorily at very high rates. (1 package/sec.) by
automatic  ‘singlc-shot’ resistance projection welding,
but weld quality becomes an increasing problem as
package cxceced 25 mm in diameter. Small scalc

Fig. 30. llermetic seal welding of electrical relay
can
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resistance  scam  welding machines have been devel-
oped for such larger packages but the welding rate is
slow (0.lm/min.), electrodc wear is rapid and doubts
exist as to thc weld quality, especially at package
corners. Since packages arc required to contain a dry
nitrogen atmosphcre, EB welding is not attractive
and ncither is soldering because of the difficulty of
cnsuring flux removal. Both solid state and CO,
Lasers have been considered for this application, for
the former being capable of welding at speed of
approximatcly 0.5m/min. and the latter approximately
at 3m/min.

Another application of pulscd Laser welding was the
recuperation of defective image display tubes in which
an open wcld may bc missed during manufacture.
Under normal conditions, since the tube was alrcady
scaled,the defective product would have been scrapped.
But since glass is transparent to certain wavelengths
of Laser, pulscd Laser was utilised for closing the
open welds without disturbing the assembly.

4.74 Heart Pacemaker Manufacture

Hecart paccmakers are implanted for the patients
suffering from arrhythmic heart diseasc. As clectri-
cal simulation of the hcart became accepted, a new
industry centred upon  microelectronics. About one
third of a millon pacemakers arc implanted annually
and continuing technological advance will cnsure
that this number continues to increase.

Laser welding has become a key process in the manu-
facturc: of paccmakers, and had advantages com-
pared to EB welding and TIG welding. The pace-
maker is made of titanium material. Pulsed YAG
Laser was cmployed for the application with pulse
length of 7m.scc. and pulse energy of 8J maximum at
SHz repetition  rate.

4.8 Ship-building Applications

A 15 kW Lascr welding machinc has effectively
replaced the conventional submerged arc welding
process. The advantages offered by the Laser system
arc incrcased welding speed, lower distortion and
other thermal effects,reduction of filler material
consumption and last but not the lcast of all single
pass welds instcad of seven pass submereged arc
welds.

Six types of Lascr bcam welded joints are currently
being investigated for production applications at
Northern Ordinance (USA). Viz. squarc butl plate
joints, melt through comer joints and melt through

scam joints. In onc application, Laser is used to weld
‘ready service ring’ rails for guided missile launch
system. This involves welding butt joints (22 mm
thick) of carbon steel plates. Shell to flange butt joints
on the tubes were Laser welded. There are few
production applications for Laser welding in ship
building at present, particularly in the area of panel
welding. Panel welding by Laser could cither involve
through thickness welding of solid panels, with or
without the use of filler wire, or the production of light
weight structural panels. These panels are welded at
a Lascer power of 10 kW and a welding speed of Sm/
min.

In the study of the applicability of Laser welding to
merchant  ship construction, grade AB and C ship
stecls were welded in thickness ranging from 9.5mm
10 12.7 mm for grade A, 12.7mm to 19.0 mm for grade
B, 254 mm to 28.6 mm for grade C. Welding was
accomplished with a Cw, continuously cooled, high
power CO, at power levels from 5.5 to 12.8 kW. At
thesc power levels, it was necessary to weld the
19.0mm and 25.4mm thick materials in two passcs,
onc from each side. The welding of the tee section was
accomplished by impinging the Laser beam of the
seam at a low angle of incidence ( 6 to 9 degrees) to the
plate.

S. CONCLUDING REMARKS

Due to high flexibility of Laser becam, as per latest
developments, 10kW  orbital Laser welding system
(Fig. 31) has been used to demonscatc the auto-
genous butt welding of 18 mm thick, 0.76 m diameter
pipcline in a single pass welding lasting only seven to
cight minutes (57). SkW welding has been carried out
at distances excecding 75 m from the Laser. Lascr
welding of pipe from inside has been carried out by
passing the beam through a mirror, which could be
rotated inside the pipe to move the beam around the
joint (Fig.32). Pilotl trials have been made using a 10
kW Laser to weld a 300mm diameler stainless stecl
pipc with a wall thickness of 8.5 at a speed of 1.8 m/
min. ie. 35 seconds to complete the joint (58). These
demonstrations have proved, beyond doubt, that LBW
is more flexible for various applications when com-
pared to competitive EBW process.

The success of the industrial Lascr applications will
undoubtedly contribute to rapid cxpansion of the
industrial use of Laser welding. The unparalleled
adaptability of the Laser process o automation will
bc a higher factor in speeding ils acceptance by
industry.
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Fig. 31. 10kw Orbial laser welding system Fig. 32. Laser welding of pipe from inside with a
rotating mirror

Back to the Basic — GMA Welding Process
-- Continued from page 30

Pulscd operation produces spray transfer at much
lower average currents than those required for the
normal spray transition. Th¢ droplcts are transferred
during the high current pulsec (idcally one drop per
pulse ) while a low background current maintains thc
arc between the pulses, as shown in fig 5 . Excellent
arc stability and necgligible spatter levels are pro-
duced with this type of transfer.

Dip Transfer

In dip transfer thc arcing current is insufficient to
melt the filler wire as it feeds towards the plate. The
arc gap gradually dccreases and the wire dips into the
weld pool, causing a short circuit to occur. The cur-
rent rises rapidly and the short circuit ruptures to
detach some of the filler wire and re-establish the arc. argon shield gas

This scquence of cvents is repcated in a relatively
rcgular manncr as shown in fig 6, (at frequencies of
100 o 200 H). The low current and the addition of
relatively coldwirc cnsure a low heat input and limit . A
the sizc of the weld pool. For these reasons the dip
transfer mode is suitable for positional work and the

L. . . . spray lasm.
joining of thin shcet material. The high current surge transter plasma
prior to rupturc of the short circuit may give rise to
spatter but this may be controlled by the selection of
the correct shiclding gas and adjustment of the oper-
ating paramcters.

Fig. 4. Globulor and spray transfer — a - globu-
-- Continued on page 60 lar, b - spray
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New books from:-

ABINGTON PUBLISHING
Woodhead Publishing in association with The Welding Insititute, U.K.

COMPUTER TECHNOLOGY IN WELDING
Edited by W Lucas
328 pages paper 210 figures 1990 £95.00

The potential of the computer as a powerful tool in the hands of engineers involved in welding is increasing all
the time. These conference proceedings bring you the latest developments worldwide and show how they can
create and handle your essential welding data and offer new expert systems for problem-solving, design and
production.

Papers were presented under the following headings:

Process control and analysis; Sensors and instrumentation; Robots and cell controls; Computer integrated
manufacturing; Modelling; Information technology; Expert systems.

HEALTH AND SAFETY IN WELDING AND ALLIED PROCESSES
Fourth Edition

Edited by N.C. Balchin

232 pages Cased 1990 £37.50

CONTENTS:

Outline of welding processes, Gas welding and cutting, Arc welding and cutting, Personal protective equipment,
Work on vessels contaminated by flammable materials, Plasma arc processes, Electroslag welding, Resistance
welding, Thermit welding, Electron beam welding, Laser welding and cutting, Brazing and braze welding, Soft
soldering, Thermal spraying, Welding and flame spraying plastics, Radiographic inspection, Mechanical hazards,
Measurement and assessment of fume, Sources of fume, Ventilation and fume protection, Lighting, Fire, First aid,
UK legislation, Bibliography ,Useful addresses

PROCESS PIPE AND TUBE WELDING
Edited by W Lucas
160pages 234 X 156mm Cased 120 tables and photographs 1990 £49.50

The original idea for this book came from a seminar organised by The Welding Institute which attracted over 100
acknowledged experts concerned with design, fabrication and quality assurance, and which yielded a number of
invaluable papers.

These papers are now published here, together with additional chapters providing up-to-date coverage of all aspects
of tube welding, from initial design considerations through production to final inspection.

Information is included on the process and equipment options available for both manual and mechanised welding,
the application of tube welding in the aero-engine, ship building, power generation, petrochemical and chemical
plant industries, and production management aspects of tube welding. The book therefore builds up into the most
comprehensive study of tube welding in the industry.

For:further.information and complete:catalogue of:Books, Journals, Video Tapes; please write to
VIVA MARKETING, 4327/3, Ansari Road, Darya Ganj, New Delhi - 110 002 Phone: 3267124
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