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Abstract

Measurements of the temperature in zone of action
of laser radiation on the molten metal have been
performed. The results are reported for different
speed of cutting of mild-steel plate of 3 mm-thick
with high-power fiber laser; oxygen was used as an
assisted gas. Researches demonstrate that
fluctuations of local temperature are related to
unequal radiation absorption that associates with
local deformations of surface of melt. Thus noise
spectrum of those fluctuations reflects turbulent
surface deformation caused by gas jet and capillary
waves. The standard temperature deviation does not
exceed 10 K on the frequency of 7 KHz and above,
and power law of spectrum of density of
fluctuations of local temperature is about “-2.8” in
range of capillary turbulence. Thus we can
distinguish radiation pulsation due to laser cutting
from other processes of radiation affection to the
sample, including unwanted, degrading the quality
of technological operations. The results of
investigation can be useful for monitoring laser
cutting process.

Introduction

Sheet-metal laser cutting is the largest, in terms of
market of machinery, widespread industrial laser
application. An investigation of the dynamics of the
laser radiation action on the material and a
development of the monitoring systems is one of
the directions of quality improvement in laser-
thermal technology. It can be mentioned a few
papers published recently aimed to improve the
performance of the cutting [1-5], all of them related
to thermal technology using CO, laser. We
investigated local thermal luminosity of melt in
process of fiber-laser cutting of metal sheet using
multichannel pyrometer, as described in [6]. The
cutting with fiber laser is competitively solution
since nearly 2006 [7], but researches on the
characteristics of fiber-laser applications are still
few in number.

Experimental setup and results

A series of experimental cutting of a low-carbon
steel sheet of 3 mm thick was made using
Ytterbium-doped fiber laser YLS-3000 [IPG

Photonics] with oxygen as an assist gas. The cutting
speed was varied from 30 to 60 mm/s in
experiments on cutting different specimens; the
recommended speed of cutting metal plate of 3 mm
thick was 40 mm/s for laser power of 1800 Watts.
The pressure of oxygen was (0.3...0.5) MPa. The
local brightness temperature was measure from the
different depths on the cutting front (0.6 mm, 1.2
mm, 1.8 mm and 2.4 mm).

A luminosity of local area, about 100 um, on the
cut zone heated by laser radiation is collected by an
optical lens and illuminates the end face of optical
fiber located at an angle of ~30° to the plane of the
sheet. The light delivered by each of four optical
fibers to the own photo-sensor. The arrays of photo-
sensors K1713-05 [Hamamatsu] are used. This type
of detector incorporates an infrared transmitting Si
photodiode mounted over an InGaAs p-i-n
photodiode along the same optical axis. Thus the
measurement of brightness temperature applied the
two-color method of pyrometry: the local
brightness temperature defined in this case as a
function of ratio of photocurrents of two
photodiodes sensitive to neighboring regions of the
near infrared radiation spectrum. We used rejected
filter to reduce the penetration of laser radiation to
optical path of pyrometer. The scheme of
experimental set-up is on fig.1 and the photo of
laser head with pyrometer is shown on fig.2.

Figure 1 Experimental set-up (scheme)
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Some results are shown on fig.3-4.

Figure 3 Temporal dynamics of temperature on depth of 1.2 mm
(bottom line); 1.8 mm; 2.4 mm (upper line) with cutting velocity
50 mm/s and pressure of oxygen is 4 bar.
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Figure 4 The dependence of the average temperature at 2.4 mm
on cutting velocity in the same conditions.
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Results and discussion

The results of measurements of the temperature
fluctuations allow to calculate noise spectra of the
temperature pulsations for the above - mentioned
condition. The measurements were obtained by
multichannel pyrometer on the various depths that
allows us to trace spectra transformation along the
front of cutting along front of cutting.

The noise-like spectrum of temperature
fluctuations

Averaging of power of spectra makes it possible to
enhance the relative amplitude of resonance
oscillations against the background of random
oscillations. Some of that low-frequency resonance
coupled with the roughness and longitudinal strips
[8], but high-frequency resonances are additive
interferences that must be born in mind when
analyzing the spectra.

Figure 5 The noise spectra of temperature fluctuations
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Standard deviation +/E (w) corresponding to

variance spectrum of temperature is calculated as
base to further investigations of physical factors
affecting temperature variations in the zone of gas-
assisted laser cutting of metals: spectra of
pulsations of the local brightness temperature were
obtained to define ranges of influence of different
melt surface deformation mechanism and to define
the parameters of capillary waves distribution

(fig.5).

The spectrum of density of turbulent-energy
dissipation

The function &= E,(w)-®’, having the meaning
density of turbulent energy dissipation [9], was
calculated (fig.6). This function has the maximum
in hydrodynamic turbulence on the boundary
between inertial and viscosity domains and tends to
zero in the high-frequency area. The measurements
show the existence of conditions for developed
turbulent flow in range (1...7) kHz.

Figure 6 The spectra of density of turbulent energy dissipation
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The maximum of ¢ is different for -cutting
conditions: its value rises with increasing oxygen
pressure in described range of parameters. The



frequency of maximum & is increased with
increasing of cutting velocity. The maximum of ¢ is
localized near depth of (1.2...1.5) mm along the
cutting front.

The phenomenon of capillary—wave turbulence

Consider another auxiliary function
O(k) = E,(k)-k”*, where k is wave number, and
dispersion &k’ =w’(p/c) (p is melt density, © is
melt surface tension). Function ® is near to
constant in case of capillary—wave turbulence with
low frequency energy input [10]. Capillary waves
we obtained are intensified with cutting velocity
increasing (fig.6). The range of capillary-wave
turbulence expands along the cutting front. The
function ® is near to constant for capillary-waves
shorter than 0.45 mm. The maximum of energy of
short capillary-waves is on depth of (1.2...1.5) mm.

Figure 7 The spectra auxiliary function ©
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Conclusion

These researches demonstrate that we can estimate
the mechanism and regime of laser cutting by
measuring the spectrum of heat emission
pulsations. It is shown, that local fluctuations of T
are related to local melt’s surface deformations due
to unequal radiation absorption. Thus noise
spectrum of T fluctuations reflects turbulent surface
deformation, caused by gas jet and capillary waves.
Furthermore, the paper focuses on investigation of
high frequency part of pulsation spectra, what is
important to reduce the response time of emerging
reaction on deviation from the given regime of laser
cutting [11]. So the results of investigation can be

useful for development of monitoring and quality
control system of laser cutting process.
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