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Abstract. This work enlightens the impact of punching on ec#fic stator performances. Two specimens typendttedrawn
from a M330A35 punched lamination sheet. One tygprasents a closed magnetic circuit while the otBpresents two
parts. Magnetic measurements are performed ontio#ls. Measurements are compared with those peztbon specimens
cut by WEDM. The specific purpose of this papetoisnvestigate the impact of punching in preserfcairogap which exist
in electrical machines between rotor and statoer&tore a dedicated device is developed in ordeomdrol airgap perfectly
and FEM simulations are also presented to makétsasore accurate.
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1. Introduction

The punching process is based on a shearing phewonwaith a precisely shaped tool. Due to its
cutting speed, it represents the widespread lainimattting method. However, as any manufacturing
process, it affects the material properties andde¢a magnetic behavior degradation [1] [2] Glopall
it leads to the decrease of the magnetic permeahifid increase of the iron losses. Several studies
have tried to define the impacted zone with diffiérenethods. Results show that punching could
impact the material, depending on the cutting patans, up to 10mm from the cut edge [3] [4].

Existing studies address the impact of punchinghenmagnetic behavior considering normalized
characterization devices and the extrapolationhef riesults to real application is not necessarily
straightforward because the effect of punching ddpéhighly on the parameters of the process [5]
[6].In addition, in the electrical machines, the gape between stator and rotor belong to the ntimgne
circuit. So, how much punching could affect the hiae performance?

In this paper, we propose an approach to charaeténie effect of punching on samples collected
from the manufacturing line of slinky stators, whienables to highlight the effect of the process on
this specific geometry in presence of airgap.

2. Experimental conditions

2.1. Sample geometry

Two types of punched samples are considered: tBe tlipe represents a closed magnetic path
(without airgap), the second one consists of twitspavhich represent the upper and the lower pdirts
the first sample type. In fact, the slinky statokg fabrication is performed in several steps #fiatv
extracting these two types of samples (Figure 1).

Each sample represents 5 stacked laminations.der do estimate the impact of punching, the
electromagnetic behavior of samples are compar#datiher samples having the same geometry and
extracted from the same lamination sheet. Theyrackaimed using the wire electrical discharge
machining (WEDM) cutting method. This process pguted by its precision and its limited impact on
magnetic behavior among cutting process. Thus,nihgnetic behavior of these samples will be
considered as a reference.
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2.2. Magnetic measurements

The same magnetic measurement method is appliedotn samples type. A primary and a
secondary windings are placed around teeth asstidsvn in Fig. 1. The considered samples can be
arranged to form a closed magnetic path, but witbraconstant cross-section. Thus, the estimatfion o
the magnetic flux density is not straightforwardtasill not be homogeneous. Therefore, it is chose
to consider the evolution of the magnetic flux éimelimposed Ampere-turns (NI) in order to evaluate
the impact of the process. For more visibility, times an average section will be referred to the
magnetic circuit. Thus, magnetic behavior will begented as an evolution of ~B (~H).

B=Flux/average section D
H=Nl/average length (2)

Measurements have been performed with sine waveformthe secondary coil in a frequency range
of [10 Hz—1.5 kHz] and from ~0.2 to ~1.5 T for abok samples. While the open samples in a
frequency range of [50 Hz—1.5 kHz] and from ~0.2102 T.
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Fig. 1. Extracted samples and the schematic ofetth magnetic characterization

2.3. Experimental device for open samples.

In order to investigate the impact of punching be magnetic behavior in the presence of air gap
accurately, a specific characterization deviceeigetbped Erreur ! Source du renvoi introuvable.).
It allows controlling the airgap between parts witphm. During measurements, one part is clamped
and the position of the second part is settlechuvigicrometric screw. The air gap is measured dyrect
using an LVDT ((Linear Variable Differential Tramsfmer) displacement sensor according to Abbe
principle.

When both parts are in contact, the airgap is demed null. However, the contact between surfaces
is not perfect. In fact, the stack of cut sheetpasformed manually by sticking sheets together.
Therefore the surface of the stack is not perfaaiiyne. Some profile measurements using an optical
roughness meter are performed on sample partsitRebow that deviation between the sheets could
reach 100pum.

LVDT: displacement sensor

resolution (0.1 um)

Display
screen

micrometric
screw

Needle of LVDT

Fig. 2. The experimental device for open samples.

To be more accurate, an effective measuremenegiratas set up. Samples are placed in the same



way they are, during magnetic measurements, andn8Bsurements are realized using a ZEISS
Coordinate-measuring machine (CMM) (Fig. 3). Theapdic air gap between parts are calculated as
follows:

1. We got two plans corresponding for both parts utliregeast square method.
2. The deviation of points from plans is calculated

3. Summing deviation of two parts points
4

Define a plane perpendicular on (xy) and tangenttlom sum of deviations using a
constrained least square algorithm.

5. Make the deference between plan and deviation foint

2.4. Impact of parasitic air gap

In order to, quantify the impact of the parasitic gap on our measurements. The problem is
simulated using a 3D FEM model. Scattered pointsesponding to each sample are imported into a
computer-aided design software (CAD) in order tketanto account the misalignment of sheets.
Geometries including parasitic air gap are simdlatéh ANSYS (Maxwell). Raw material properties
are used for both samples. This simulation doedala into account the effect of punching or the
effect of WEDM. The aim here is to quantify the rnmaal error due to the geometry difference.

X Direction (mm)

*  Ybirection tmmi '

Fig. 3. Parasitic air gap measurements.

In Fig. 4, we present the evolution of the genefditex for different imposed current levels at 50Hz
in coils which correspond to the primary winding anir device. The blue curves represent the
generated flux for the punched sample geometryenthié black curves correspond to the WEDM one.
Result show that the highest difference peak isiratadl3% of the generated flux. As far as we are
closer to the saturation level the difference ddtrease and will be lower than 0.5%.
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Fig. 4. The impact of parasitic air gap on magnegbavior.

3. Impact of punching on closed samples.

In Fig. 5 we present the hysteresis loopéN-1) corresponding to the single core samples at 50Hz,



Punch__C for punched samples and WEDM__C for witesamples. It is clear that punching has a
drastic effect on the magnetic properties, a siggnit degradation of the permeability is observed.
Thus, extra Amperes-Turns are needed in case afhug samples to reach the same flux level. For
example, to get 3.3pwb in case of punching, we Betes N.| than those needed in the WEDM case.
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Fig. 5. Impact of punching on hysteresis loop for clc samples

Also, punching effect is well pronounced on totaldes. In (Fig. 6) we present total losses evaiutio
with frequency for different flux level. The totklsses difference decreases with frequency. Itdcoul
reach 90% at 50Hz (~1.1T). While for high frequesdhe difference is almost constant around 25%
(~1.1T). This phenomenon could be explained thatping affects mainly the hysteresis losses which
their portion in front of eddy current losses deses with frequency.
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Fig. 6. Impact of punching on total losses for ebsamples.

4. Impact of punching in presence of airgap

Magnetic measurements are performed on open saffiopldgferent air gap value (0-300um). The
Fig. 7a presents the hysteresis logys-1) corresponding to the open core samples when tlesynar
contact (no air gap) at 50Hz. We notice that magr®thaviors of both samples are deteriorating in
comparison with closed samples (Fig. 7). This cdwddreferred due to the parasitic air gap which
affects significantly the magnetic behavior. Nekeless, the impact of punching is clearly
emphasized when compared with the wire-cut sanles, it was important to quantify the impact of
the parasitic air gap in order to separate its chfsam the punching one.

The Fig. 7b represents the evolution of needed Aeipens, to reach different flux levels, with
airgap size. We notice that the difference betwiderior both samples remain almost constant for
different air gap values Fig. 7c. This is fully sisient, as magnetic behavior is linear in the /zdr.
shown in Fig. 7d, the global impact of punchingrdases with air gap increase and it could reach



16% to around ~1T. Taking into account the effdgparasitic air gap (13%), the difference will be
around 14.5%.
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Fig. 7. Impact of punching on nnetic bel behaviordpen samples

5. CONCLUSION*

This paper studies the effect of punching on aifipestator geometry. Magnetic measurements are
performed on samples extracted from punched laomaat different steps. A specific device
allowing to control air gap is also developed. Iegence of ~300um air gap at least 14.5% of
additional current is needed in order to reachstirae flux level. In fact, we have to mention thnet t
difference should be higher, because even WEDMahaspact on magnetic properties. Finally, we
can deduce that it is worthy to investigate moreptie the impact of the manufacturing process in
order to produce more efficient electrical machines
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