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Investigation on the influence of the process parameters power and velocity to laser
cutting of lamellae
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The continuous development of mechanical engineering, automotive, electronics, etc. entail to the need for developing of new
systems to electrical drives and mostly of the base module electromotor in them. Simultaneously with the design of the new drawing
it is necessary in short terms to produce a test series for a rapid trial-run. These requirements give rise and the need of searching on a
new technology in the production of lamellae for stator and rotor packages of the electric motors.

The paper examines the investigations related with the new laser technology for cutting through melting with disk laser TruD-
isk2001 of sheet material by electrical steel. The influence of laser power and cutting velocity are discussed to obtaining qualitative
cuts. On the basic of a number of experimental studies are defined and taken out recommended working intervals for cutting of sheet

material with 0.35 mm and 0.50 mm thickness.
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INTRODUCTION

Forecasts for the electric cars production shown
that over the next 10 to 15 years it will dominate over
that of diesel and petrol driven cars [1]. Therefore to-
ward the modern design, development and testing of
new mechanism for these types of electric cars appear
new challenges. These entail and the demand for new
production technology of lamellae for stator and rotor
packages of the electric motors. In the existing until
now punching technology for each new model motor
it is necessary to make a special tool for production
of a new design lamella. In principle, the produc-
tion of the punching tool will entail great expense and
long time for its elaboration which are justified only
in large-batches production [2]. To small series and
prototypes is necessary to search and develop a new
technology for cutting. Such innovative technological
solution for cutting of lamellae from Si-plate for the
stator and rotor packages can be supplied by the laser
technology on a contour cutting.

For the introducing of concrete technology for cut-
ting of lamellae in production of motors is necessary
to do some extensive specific studies [3,4]. This is
indispensable especially now after the appearance of
a number of new, highly efficient lasers from a new
generation - disk and fiber lasers [5,6] providing high
accuracy and production in the cutting process.
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PRESENTATION

In the recent years for the preparation of lamellae
are mainly used multi-position punches, see Fig. 1.
For example, presses with four- and six- position
punch are used for asynchronous motors [7].
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Fig. 1. A four-position punch for rotor and stator lamellae.

Despite its high performance the punching method

has several disadvantages:

v" A high cost of the punch (punches of solid
metal-ceramic alloys are 2 to 3 times more ex-
pensive and with 2 times longer period of tech-
nological manufacture than those with high-

alloy instrumental steels;
v' A passage through several subsequent positions

to give the final product (the lamella);
v Receiving defects: a strong distortion of a

cutting detail, rounding of the cutting edges,
breaking the edge of the cuts and burrs (espe-
cially large when the punch is wearied — see
Fig. 2);
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Fig. 2. Possible defects after punching of the lamellae [8].

v" Distortion of varnish layers in the impact area
that increases the losses from the eddy currents;

v' Structural changes in the area of mechanical
impact after the punching process of the ma-
terial — see Fig. 2;

v" Pollution of an environment area from the use
of a cooling lubricant liquid to increase the
wear resistance of the punch;

v One of the noisily production when used an au-
tomatic presses from 600 to 1 200 hits/min.

The appearance of the laser technology in the re-
cent years is related with a number of advantages
[9-11] that make it much more needed and affirma-
tive in the industrial production for cutting of sheet
material:

— A contactless cutting process — there is no wear
of the tool;

— Processing of details with a complex configu-
ration;

— A rapid implementation of new design solu-
tions to shorten time for testing the new model
and to produce some prototypes;

— Low production costs and high performance (it
not required manufacturing of another punch-
ing tool for each new design idea);

— A good quality (there are no burrs, with a small
HAZ, etc.).

The correct selection of the technological param-
eters for production of lamellae is connected with the
knowledge of the criteria for evaluating quality of the
cuts (Fig. 3) [12,13].

From the large set of factors that affect an influ-
ence on the complex process of laser beam interaction

with the substrate of the material, it could be sepa-
rated two major factors which have significant impor-
tance as well as the very operation of the process and
processing quality. These are the power density in the
irradiated area and the reaction time [14, 15].

For a given diameter d of working spot the power
density g, of laser beam is related with the output
laser power P
il (1)
nd
In turn, cutting speed v as one of the most impor-
tant technological parameter of laser cutting process
through melt [16, 17] is connected with reaction time
t of the laser beam in the irradiated area

t=d/v 2)

Only in a certain combination between these two
technological parameters: laser power and cutting
speed (respectively laser power density and reaction
time) can be maintained an optimum operation mode
of the laser cutting process by melting for given mate-
rial. The requirement is in the irradiated area to main-
tain the operating temperature in the range between
that of the melting point 7;,, and evaporation 7, for the
sheet material of electrical steel

T.<T<T, 3)

qs =

Experimental investigations

Laser sources with different technological param-
eters are produced globally, but some of them are suit-
able for realizing of cutting process by melting of thin
sheet material of electrical steel. That is why the pro-
cess quality and its economic efficiency are directly
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Fig. 3. An overview of a schema that include the cutting quality criteria [18].

related with the choice of a suitable laser cutting sys-
tem.

The experimental investigations were made on
industrial laser technological system TruLaser 1030
[19] with dimensions of working range 3000 x
1500 x 75 mm, consumption power 35 kW, maxi-
mum cutting speed 80 m/min, focal length of the
optical system 200 mm, maximum pressure of the
working gas (nitrogen) 20 bar. Technological param-
eters of the laser sources: wavelength 1.03 um, max-
imum frequency of following pulses 20 kHz, maxi-
mum laser power 2 kW, minimum diameter of work-
ing spot 0.200 mm, beam quality BPP = 4 mm.mrad.

The choice of disk laser TruDisk 2001 (wave-
length 1030 nm) to perform the experiments con-
ducted in our research on the laser cutting of lamellae
by electrical steel with 0.35 mm and 0.50 mm thick-
ness, is determined through the following considira-
tions:

e High efficiency — 30%;

e A possibility for a transport the laser beam
through fiber to the cutting area;

High-speed cutting;

Low maintenance and running costs;

A stable quality of the laser beam parameters
during the running;

High productivity.
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The investigations are grouped in several experi-
mental series and accordingly is changing laser power
P and v = const or vice versa the velocity is a variable
in a given operating range, but P = const.

For each group of experiments was monitored for
a width of input bjnpye and the width of output boygpu
of the cuts — parameters connected with the treatment
quality. Dependencies that investigated are:

— binput = binput (P) and binput = binput(v);

— boutput = boutput (P ) and boutput = boutput(v)a
as the observations and measurements were made us-
ing a microscope Neophot with a magnification to
2000.

Experimental results

Investigating the influence to the change of laser
power P under constant cutting velocity v. In that
study the technological parameter laser power P
varies in the range P € [400 = 2000] W with step
AP =200 W. During a realization of the technolog-
ical cutting process remain constants a diameter of a
gas nozzle (1.7 mm) and the pressure of nitrogen gas
(14 bar).

The experiments are conducted in four groups as
in each one of them the cutting velocity is supported
constant: 4 m/min, 8 m/min, 14 m/min, 20 m/min.
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Fig. 4. Graphics of the experimental dependences binpue = binput(P) and bouput = boupue(P) to the cutting process with

velocity v = 8 m/min.

The results of changes on the cutting width in the
input bjnpy and the output boypue as a function by
variation of laser power P are graphical presented on
Fig. 4.

Analogous graphical dependences have been seen
in the experiments for which v is supported constant
respectively 4 m/min, 14 m/min, 20 m/min.

Fig. 5 shows graphical relationships of bjypu =
binput(P) for cutting of samples with both thickness
of steels to cutting velocity v = 20 m/min and focus
position Af = —2.00 mm.
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Fig. 5. Graphics of the experimental relationship bjppy =
binput(P )

By the analysis of the obtained experimental in-
vestigations can be made the following conclusions:
v The rapidity of which is being varied the cut-
ting width as well as to the input Abj,p, and
the output Abgyepye in a function of the studied
power P have slight values, respectively on the
input Abinpu/AP = 0.0081 pm/W; on the out-
put Aboutput /AP = 0.0061 um/W. The amend-
ment of cutting width Abjypue and Abgygue in
studied range of laser power P for both thick-

ness steels is on the order of £5 um.
v" The change of the power of laser radiation in

the studied range P € [400 -+ 2000] W does not
lead to significant variance in the cutting width
b both the input and the output, i.e. the geome-
try of the cuts.

Investigating the variation of the cutting velocity
v under constant laser power P. During the exper-
iments the cutting velocity v varies in the interval
v € [20 < 60] m/min by step Av = 10 m/min. All the
rest technological parameters that have already been
given up stand constant, as for each one series of ex-
periments the laser power P is respectively: 500 W,
1000 W, 2000 W.

The results of experiments when studying the rela-
tionships binput = binput(v) and boutput = Poutput (V) are
given in graphical aspect. In Fig. 6 are shown the
graphics of this study with the experiments of con-
stant power of laser radiation P = 2000 W for cut-
ting of lamellae with thickness 0.35 mm and 0.50 mm
from the electrical steel.
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Fig. 6. Graphics of the relationships binput = binput (V) and bougpur = bourput (v) to cutting of samples by electrical steel.

Analogous results of the dependencies bjppy =
binput(v) and bouput = bourpur(v) are obtained in the
other two series of experimental studies: P = 500 W
and P = 1000 W.

For the assessment the thickness of sheet mate-
rial on the results of cutting process, some experi-
ments were carried out on the samples with thickness
350 um and 500 pum to the same process parameters.
The results of the investigation are shown on Fig. 7.

By the analysis of the obtained results can be made
the following conclusions:
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Fig. 7.  Experimental dependence binpui = binput(v)

throughout the same focus position Af = —2.00 mm.
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v' The change of the cutting velocity v in the
range (20 + 60) m/min with the step 10 m/min
leads to no variation in the cutting width b as
well as on both input and output. Average val-
ues of the cutting width b in the studied interval
of speeds are as follows:

— For 0.35 mm thickness — bippy = (262 £
5) um; bouput = (173 +5) pum;

— For thickness of 0.50 mm - bjypy =
(273 £5) um; bouput = (186 +5) um.

v There is no significant change in the rapidity
with which varies the cutting width Ab to the
cutting velocity Av for the both thickness of
sheet steel (0.35 mm and 0.50 mm).

Microscopic analyzes. Using optical observations on
the irradiated areas we evaluate the quality of cuts
in the studied series experiments. There are defined
limit values for the power P and cutting velocity v.

For example bending of the cutting edge and drops
of molten material is ascertained on the output of the
cuts obtained by cutting of samples with power of
laser radiation P = 1000 W and velocities greater than
50 m/min, see photos on Fig. 8.

Accordingly, the visual observations showed good
cuts in the interval of the laser power P = 1000-
1400 W and cutting velocities 20 m/min — 40 m/min
(Fig. 9).

Concerning the quality has been analyze and the
heat affected zone with supporting of photos and op-
tical observations, based on standard methods.
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Fig. 8. Cutting parts in P = 1000 W of samples with thickness: a) 0.35 mm and v = 60 m/min; b) 0.50 mm and v =

50 m/min.

Fig. 9. Cutting parts of samples with thickness: a) 0.35 mm; b) 0.50 mm with v = 20 m/min in P = 1200 W.

In Fig. 9 are represented photos by that are being
watched good cuts with laser power P = 1200 W and
cutting velocity v = 20 m/min.

Summary. On based on to the received results by the
experimental investigations of the influence of tech-
nological parameters: laser power P and cutting ve-
locity v on the cutting quality determine their work-
ing intervals in which are realized laser cutting pro-

cess by melting of lamellae with laser technological
system TruLaser 1030 and disk laser TruDisk 2001 in
good quality.

In terms of microscopic analysis and considera-
tions of energy efficiency as advisable modes are de-
fined the following intervals:

e For the power of laser radiation 1000 W —

1400 W;
e For the cutting velocity v = (20 +40) m/min.
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CONCLUSION

According to preliminary studies made by us we
have reached a conclude that along with the consid-
ered two basic technological parameters (power P and
velocity v) which exert influence upon the introduc-
ing of specific technology for laser cutting of lamel-
lae through melting in the production of electric mo-
tors, it is necessary to make and other additional stud-
ies. By essential is to investigate the influence on the
technological process from the gas pressure, the fo-
cus position toward the working surface, as well as
the complexity to the contour of the lamella. These
studies will be a subject of our next publications.
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N3CJIEOIBAHE HA BJIMAHUETO HA TEXHOJIOTUYHUTE ITAPAMETPU MOITHOCT 1 CKOPOCT ITPU
JIABEPHO PA3AHE HA JIAMEJIN

JI. HaSOBl, Xp. ,[l,eHeBa2
! Faculty of Engineering Rézeknes Augstskola Atbrivosanas aleja 115,Rezekne, Latvia
2 Texuuuecku yrueepcumem I'abposo, yn. “X. Jumumsp” N°4, 5300 I'abposo, Banzapus

(Pesome)

HemnpekbCHATOTO pa3BUTHME HA MAIIMHOCTPOEHETO, aBTOMOOMIOCTPOEHETO, eJIeKTPOTEXHMKATA U Ap. MOpakaaT HeOOXOAMMOCTTa
OT pa3BUTHE HA HOBY CUCTEMMU 32 eJIEKTPO3aaBIKBaHusl. OCHOBEH MOJIYJI B TSIX CE SIBSIBAT ChBPEMEHHMTE eJIeKTpoMoTopu. ToBa, OT CBOSI
CTpaHa, Hajlara IPOEKTMPAHE Y TECTBaHE B KPATKM CPOKOBE Ha HOBY KOHCTPYKIMY e7IeKTPOMOTOPK. Te3u M3MCKBaHMs TOPAsKAAT U TOT-
pe6HOCTTa OT ThpCEHEe Ha HOBA TEXHOJIOTHS IIPU IIPOU3BOACTBO Ha JIaMe/Iy 3a CTATOPHUTE ¥ POTOPHY [TaKeTH Ha eJIeKTPOABUTATETUTE.

IokmambT pasriexkia M3cIeIBaHMs CBbP3aH C €JHa HOBA MTHOBATMBHA TEXHOJIOTYS 3a JIAa3€PHO Psi3aHe upes3 TOIeHe C 11aitboB asep
TruDisk 2001 Ha J1CTOB MaTepuas OT eIEKTPOTEXHMYECKA CTOMAaHA. [IMCKyTHUpa ce BAUSIHMETO Ha MOIIIHOCTTa P Ha JIa3€PHOTO JIbUeHe
M CKOPOCTTA V Ha psi3aHe 3a MojiyyaBaHe Ha KauecTBeHy cpe3oBe. Ha 6asaTta Ha pefyiia eKCriepMMeHTaTHY U3C/IeIBaHMSI ca OIIpee/ieHu
¥ U3BeHEeHM IIPeropbUMTeTHM pabOTHM MHTEPBA/IM 3a PsI3aHe Ha JIMCTOB Matepuai ¢ gebemmun 0,35 mm u 0,50 mm.
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