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Intelligent laser welding

GILBERT HAAS AND JEFF NORUK

THIS INCREASINGLY POPULAR INDUSTRIAL
LASER PROCESS PROMISES INCREASED

QUALITY, EASE OF USE

aser welding is a fast-growing industrinl laser

process with a wide range of u|‘.upht*.'|t'i::ns.

Continual improvements are bheing made with
liser welding equipment Lo make it more robust ad
ensier to use, Intelligent laser welding is the ilp|.1]it'-.|.liun
and interration of smart sensors that iJ:':J\'idr the
desired leedback to close the
process control loop,

The laser welding process
requires monitoring of several
parameters to ensure 4 good-qual-
ity, repeatable weld. The monitored
parameters can be divided into
three specific areas: pre-weld mon-
itoring {(part fit-up and seamn trick-
ing), active weld monitoring
(process monitoring}, and post-
weld monitoring (weldment inspec-
tion and verifieation?,

Adaptive integration of these
monitored feedback signals to the laser
and motion control svstem is essential to
control and maintain the laser welding
Process. “Add-on” monitoring sensors
hiove been nsid with great success to
incrense process robustness but o
not represent o standard, easilv inte-
erated solution, To overcome these
iss11es lglc]ﬂluluj_ﬂ.' is now available
which incorporates the unigque advan-
tages of varions sensors integrated within a
single “intelligent” laser process head (see Figure 1.

The integration ui'uumil:lrlm_.{ sensors can be cate-
guri;r_m[ hased on their EI]iI.L't'IHI:'rIt ( berfore, 1lllri1|.*_',. ar
after welding) and method of application. Available
sensors inelude the ollowing:

* Laser power sensing. You can check the laser oul-
I'I'I'IF I':Il.!"ﬁ.l"l' jl_t ;'I_“:|| li”“." ]l'l. Et]‘r];{l'ilullnillg tl“" |;.|."|"'1' h!‘il[l
to perform a power check into an onsite luser power
sensor. Then you can compare the output power to a
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known acceptable value. This check can highlight any
problems with the luser resonator, external beam
delivery, and optics.
¢ Laser focus sensing. The use ol o 31D laser vision
SOTESOT 2500 ll'l'l'l:l.l!'. t'l::II"I'L't't. -'“.H.[ rl];li"h]i“ ”l!' prfli'.lt"l'
focus position via triangulation. This ensures that the
proper energy density of the laser focus spot is main-
tained over a workpiece of varyving shape.
o Plasma sensing. An ultraviolet (UV) senser can
measure the plasma emission to determine if the
actual ultraviolet light level, plasma signal. and signal
E"n-qm*nl.'_\' mteh the uns:iuuf sigmature associated with
a good-gquality weld, Laser foeusing
errors, shielding gas interruption,
..,I]_li_]_ EL”A.L']_'J] r_:Ihl_‘l' L'!]1ll1i1_i.fi!lﬁ EAn I]i'
determined. In addition, weld
I:z'!u'l ratiom and defects can be
detected which are related to
the space L'h;l.l'gl' L::[l.‘l_uf* aned
l'I]IL‘iIlI.I lemperature
s Reflective light sensing. An
inlrared (IR) reflective light sen-
SO ;1||:|]Il.. s the amount of
infrared rellected light from the
weld process and compares it to
the optimum level of a good weld sig-
nature. The infrared emissions can be
related to the weld penetration :il-p!h
and weld surface quality.
* Laser head temperature sensing.
Internal sensors are designed to monitor
the laser welding head temperature to
ensure it stavs below an .|1'L:1*'|rt.1fl|t* maxi-
mum. This can catch a jmtt-uliul ]]J'Hllll‘nl
before it damages the head or adversely affects
the welding process,
» Weld pool sensing. The use of a 3D laser vision
camer sensor enables sensing of the weld pool siee,
shape, and location (with respect to the seam) and
compares it to allowable tolerances.
® Juint tricking sensing, Seam tracking incorporates the
use of a camer sensor to measure, correct, and main-

tain the proper laser beam focus position to |-.|.*u|1 it

FIGURE 1. Servo Robot Corp. Digi-Las™ imelligent laser
welding head.
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inn the medical arena, hl!l"l‘.‘i“l.‘d]]:h' the

MRI carts that utilize o great deal of

sheet metal, “We've also increased
our business in the industrinl console
and consumer pmducl.s industrics, as
well as high-security enclosures,”
explains Bedard. “In addition, the
telecommunications world has kept
us quite busy, A recently announced
joint program in India between
Nokia and Nortel worth 5800 million
will also mean more business for us.”
BMP is running many. different types
of metal—stainless, aluminum, and
steel—in virious thicknesses on the
combination machine. “1 am actually
very surprised to see the wide varia-
Hons in ganges.” siays Bedard, “We also
are burning some high-strength allov
steee] that would be difficult to punch.
“The LPE opens whole new
avenues tous in terms of ﬂu'xillﬂitl'.'
and capacity, where we are not saying
o’ or mivhe’ to oor eustomers,” con-
tends Bedard, “It is o positive move,
especially when you consider what we
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BMP is running many different types of metal, including stainless steel, aluminum, and car-
hon steel, in various thicknesses on the LPE. The company also is burning some high-strength
alloy steel that would be difficult to punch.

e 1-."““11.'. ilu':‘.nug_]l now ... with many
different metal types, ganges, ant
alloys, It gives us confidenee, I the
customer 51“}“'5 LIS B 1y '|_'.N'll't. W e
winming many new contracts becanse
we can say yves” more often than ‘no.”
We have a much better imderstanding

af what our machines can do. and the
luser/turret punch system hias hroad-
ened our range of custamers tremen-
dously. It has opened many different
doors lor us,” @

Artichy provicleed by Finn-Foivers
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properdy aligned with the joint
see Figure 2),

s Adaptive welding sensing,
Application of a real-time [fit-
1111 '_:.l.]:"| S1EC |1||.';.Ih||l'i'||||."|"
|.|.'|'|H.'r“'||| IllL'Ur]HH'“t{'ﬂ []H‘
selection of different weld
schedules capable of handling
the changing joint, Power
level. travel speed, and cold
wire addition are just some of
the |H=:~.~'i|=1t- variables that can
be adapted.

* Aconstic emissions sensing,
The sound of a process some-
times can E!I(J'\'jlll' uselnl

Rl E3FL

——Conoavity
ald slope

high Spatter can indicate an
out-of-control [rOCess

= Weld pool temperature
sensing. Monitoring the tem-
perature of the weld []l..ll:ll unel
its homosenelty can indicate
il the weld nugret is being

created properly

Coneclusion

A wide variety of process
monitoring sensor aptions are
avatlable with the Intelligent
Laser 1'-"-'-'|I|iilj..', Head, The
integration of these sensors
with '.I'.lil]'.l[!l'-l' controls is

information about its -mjl'.uifj[_\_
The acoustic spectrum can be
l.'umil.u':'-.i to o ]11'1'-.1|'h'r1||i||w:i bpti-
mun sienature to determine if a
|[|.'1.|.'L't "'i”l.'il Fe L ]le‘].‘;“:\ | 5 ]'I'I'I_"ﬂ'll[

o Weld dimension sensing. A GeoSean
system s capable of measuring the
¢'|=-I'I|i'|E1.'[l.‘ geometry of the finished
\'tl‘ll.[ .ll|:1 i | I.'I':l'll'll_'l..lrl' ||u- n-"_'illll:\ toa
eompany or industry standard (see
Figure 3
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FIGURE 2. Weld bead inspection and joint tracking.

s Pinhole sensing. A Poroscan system
is designed to detect all holes ranging
Froam hnru-l']rlnl_qil b surface [HIrOs-
ity. Pinholes as small as 0.3mm can he
detected |':‘]Iil!1[_1.' it .*'-;'Jt‘ﬂds of up to
5.Umfmin

sAdaptive  welding
Traditional adaptive welding is done
by using the tracking information

SCNSIT,

essential o close the process

control |rm|r This new tech-
rm]w_‘,’_‘. is tor .‘-ﬂil:-t'TEHr' to the E:r;»-'..'iml_\;
approaches of individoal “add-on®
semsors. The modular design of the
intelligent luser process head allows
the unit to be built to Specitic cus
tomer requirements and facilitates
true sensor fusion, It lnu_nj:hw the
end user with a L'llrll|l]1'|L' interrated
solution that has the additionul bene-

FIGURE 3. Measuring the complete geometry of a finished weld and inspecting the results,

from the leading sensor. However it is
also now '|'I1I.'-.\ill|t' by se the [nished
weld measurements from the trailing
sensar to do ¢ ||J.'\l'l|-|1HI|P [eedback.

s Weld spatter sensing. The IR
detector is |-.L]1.|h|t- of measuring the
amonnt of weld spatter being created
by the process compared to a known

signal and spatter livel. Excessively
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fits of reduced physical size, l.||u|r1|-
Fiesd programming, n|u|r]-.|-r setup, and
easier troubleshooting. This means
e |1I'|s||.=ll.'h=|n time and bette

weld :|l|.:||r"..
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