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This is the jubilee 10-th volume of book 5 Mathematics, Informatics and Physics. The
beginning was in Spring, 2001, when the colleagues of the former section Mathematics
and Physics decided to start publishing our own book of the Proceedings of the Union of
Scientists — Ruse. The first volume included 24 papers. Through the years there have
been authors not only from the Angel Kanchev University of Ruse but as well as from
universities of Gabrovo, Varna, Veliko Tarnovo and abroad — Russia, Greece and USA.

Since the 6-th volume the preparation and publishing of the papers began to be done

in English.

The new 10-th volume of book 5 Mathematics, Informatics and Physics includes
papers in Mathematics, Informatics and Information Technologies, Physics and materials
from the Scientific Conference ‘Information Technologies in Education’ (ITE), held at the
University of Ruse in November 2012 in the frame of Project 2012-FNSE-02.
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DETERMINATION OF PRELIMINARY INTERVALS OF THE SPEED OF
LASER WELDING ON ELECTRICAL STEEL

Nikolay Angelov, lvan Barzev

Technical University of Gabrovo

Abstract: Numerical experiments on determination of preliminary intervals on the speed of laser
welding of electrical steel M530-50A were conducted. They refer to a diode laser and CO,-laser. The
obtained graphic dependences between the maximum depth of the melt and the speed for two types of
lasers were compared and analyzed.

Keywords: laser welding, electrical steel, diode laser, CO,-laser, preliminary intervals.

INTRODUCTION

On the laser welding process influence a number of factors related to:

e Material properties - optical characteristics (reflectance, absorption, penetration
depth) and thermo-physical properties (thermal conductivity, thermal diffusivity, specific
heat capacity).

e Laser parameters - power, power density and volume density of absorbed energy.

e Technological parameters - speed, defocusing.

These factors are in particular physical dependencies between them. They are
important for the understanding of the physical nature of the process [1, 2]. The speed, in
conjunction with the power density, is a basic factor in the realisation of the research
process.

The objective of the work is to obtain preliminary speed intervals through numerical
experiments on laser welding of products of electrical steel from M530-50A. They are
necessary to reduce the timing of real experiments in the study of this process.

EXPERIMENT

1. Used software, material and lasers

In  conducting numerical experiments is used a specialized software
TEMPERATURFELD3D [3] - the working environment for the calculation of temperature
fields with a wide range of input parameters and capabilities for analysis of the calculated
results. For the calculations are necessary the following input parameters: program
parameters; geometric parameters; parameters of the laser; parameters of the material.

After the calculations, on the output are received the following options: approximation
of the results; animation of the entire process; temperature profile of the material at a
particular moment of time; profile of the maximum temperature; dependence on the
temperature from the time; amendment on the temperature of material in depth.

The experiments are related to electrical steel M530-50A, which is widely used in the
manufacturing process of rotor and stator packs for electric motors [4, 5, 6]. The chemical
composition of the steel is shown in Table 1.

Two laser systems with diode laser [7] and CO-laser [8] are used. Their parameters
are shown in Table 2 and are suitable for welding steels.

Table 1

Element C Si Mn P S Cr Mo AL
Content, % 0,027 | 1,45 | 0,236 | 0,097 | 0,020 | 0,06 | 0,021 | 0,358
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Laser Parameter Diode laser | COo-laser
Wavelength A, nm | 1070 10 600
Power P, W 6000 5000
Frequency v, kHz | continuous | continuous
wave (cw) | wave (cw)
Beam quality M° | <10 <10
Positioning 2,5 2,5
accuracy, Jym
Efficiency, % 40 20

2. Results for Diode laser

Table 2

In order to determine the intervals of changing of speed at different power densities,
the dependence between the depth of the melt and the speed for the two lasers is

examined.

With the use of the program Temperaturfeld3D a series of numerical experiments
were held; the speed changes in the interval v € [20, 120] mm/s with a step 10 mm/s.
From the obtained temperature fields on the surface of the sample and layer by layer is
determined the depth of the melt. In Fig. 1 are shown the temperature fields of the speed v
= 70 mm/s and power density of the laser radiation gs = 6,19.10° W/m?. On the surface of
the sample (hs = 0) and in layers 2 (h, = 100 ym), 3 (h3 = 200 pym) and 4 (hy = 300 pm),

the temperature of the specimen in the impact zone is above the melting point.

% 10" Predl der maximalen Temperaturen in der Schicht 1
I3
g T

¢ 10”  Profl der maximalen Temperaturen in der Schickt 1

y-Haordinate [m]

Fig. 1.
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The results are summarized in Fig. 2, where graphs of the dependencies of the depth
of the melt h to the speed of welding v are presented: 1 - for the power density gs =
6,19.10° W/m?; 2 - for the power density gs = 7,43.10° W/m?. From their analysis can be
drawn the following conclusions:

¢ With the increasing of speed is observed a decrease in the depth of the melt. It is
explained by the fact that with the increasing of speed the time for impact is reduced. Also,
this reduces the energy absorbed in the impact zone, the volume and depth of the melt.

e The average speed of the reduction of the depth of melt is 4,30 um/(mm/s) for
power density gs = 6,19.10° W/m? and 5,70 um/(mm/s) for gqs = 7,43.10° W/m?.

e Intervals for the speed of laser welding are received:

- v € [20, 57] mm/s for power density gs = 6,19.10° W/m?;

- v € [20, 94] mm / s for power density gs = 7,43.10° W/m?.
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Fig. 2.

3. Results for CO,-laser

A series of numerical experiments were conducted; the speed changed its interval v
€ [20, 120] mm/s with a step of 10 mm/s, and the power density of the laser radiation was
kept constant. In Fig. 3 is shown a graph of the dependence between the depth of the melt
and the speed of welding: 1 - for the power density gs = 1,23.10'"° W/m?; 2 - for the power
density gs = 1,56.10"° W/m?. From these could be drawn the following conclusions:

¢ With the increasing of speed is observed a decrease in the depth of the melt.

e The average speed of reduction of the depth of melt is 4,00 um/(mm/s) for power
density gs = 1,23.10'° W/m? and 5,20 um/(mm/s) for gs = 1,56.10'° W/m?.

e Power density of laser radiation for the CO»-laser is more than two times larger than
that of the diode laser; the melt depth for the studied range of speed is almost the same.
This is explained by the larger absorption of the radiation of diode laser compared to that
of the COy-laser for electrical steel M530-50A.

e Intervals of the speed of laser welding are received:

- v € [20, 53] mm / s for power density gs = 1,23.10"° W/m?;

- v € [20, 80] mm / s for power density gs = 1,56.10"° W/m?.
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CONCLUSION

The received intervals are the preliminary step for the optimization of the process of
laser welding of electrical steel products. Numerical experiments can be supported by the
study of the influence of the power density of laser radiation on the depth of the melt.
These results can serve as a basis for further experiments related to the study of the
process.
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