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Abstract—The manufacturing of a slinky stator core is the rsult
of a sequence of difference processes: straighteginpunching,
rolling..... It has been shown in the literature thatmanufacturing
processes lead to a degradation of the magnetic prerties.
However, it is really difficult from the state of att to classify them
a priori from the most influent to the less. In oder to determine
the most influent processes, it is necessary the atwate
guantitatively the impact of impact of each processin this paper,
a campaign of magnetic characterization is carriecbut on FeSi
1.3% specimens extracted after each process on the
manufacturing line of a slinky stator. Samples havedifferent
shapes, so different characterization methods weraised to
determine the normal curves and total losses. Ressllshow that
the dispersion in raw material is quite important and depends on
the level of induction. Straightening and training processes
deteriorate the magnetic material properties and dpersion after
both processes is higher than the raw material on&he effect of
rolling and cutting are the most harmful compared b the other
manufacturing processes, while the compacting pross shows a
benefic effect.

Keywords—slinky stator, iron losses, manufacturing process,
electrical steel, magnetic measurements.

I.  INTRODUCTION
A. Context

magnetic properties. According to Lim et al. thialg} stator

is less efficient than the conventional one [2].dddition,
Ramarotafika [3] found a large dispersion in thaksi stator
performances, coming from the same processes lin¢he
following, we will give a brief state of art abotlte effect of
some manufacturing processes on the Fe-Si lamirsatio
characteristics. These processes are involved énstimky
processes line.

B. Review of Manufacturing Mrocesses and Influence on the
Magnetic Performances
1) The cutting techniques

Punching and laser cuttings are the two widespread

methods in stator lamination cutting. Punchingu#able for
big series due to its speed whereas laser cutsimgdferred
for prototypes and special machines. Reported esughow
that magnetic properties are sensitive to thermttnethod. A
comparison between different cutting techniqueshafound
in [4]. It shows that, at 60Hz and 1.5 T, the vimias, due to
the cutting method, of the losses and the pernigab#én be
up to 10% and 20% respectively.

In the slinky case, punching is the suitable cgttimethod.
It is made by a forceful shearing with a precisghaped die.
Several studies treat deeply the impact of punchiogess on
the mechanical properties. Ben Ismail [6] has distadd a

Energy efficiency and performances of electricalcorrelation between the plastic strain, and its me#g
components are important aspects in embedded systenproperties degradation (falls of permeability) fire tvicinity of

especially in automotive. The claw pole generatopleyed
for the on-board electrical energy production ige of critical
components. The efficiency and performances arectljr
linked to the magnetic material properties, whioh degraded
during the process of fabrication of the stator &mel rotor.
The stator of this electrical machine is manufadussing the
slinky process instead of the conventional one Wwitignsists
in stacking laminations. In fact, the slinky proseshables in
the case of a claw pole machine to save raw m&t¢a&% to
35%) [1]. The process consists in rolling up a Engand of
punched lamination in a spiral way to form the @tathape.
The manufacturing process leads to material
modification and involves mechanical and thermaésstes
according to the process, which generally detedsrahe

the cut edge using experimental analysis combinéth w
numerical simulation. Moreover Ramde [7] gives Ewation
methodology in order to optimize the quality of the edge
and loads of tools. Also in [8], Hambli presentsagorithm
to predict the geometry of the sheared profile,rttexzhanical
state of the sheared zone, the burr height, theefpenetration
curve and the wear evolution of the punch versasntimber
of the blanking cycles. Experimentally, Jana [9flsises the
effects of varying the punch-die clearance andhtirelness of
the specimen on the surface finish and quality lehked
specimens corresponding to different metals. WHil® et

strectu al.[10] investigates the degradation due to the chiny

process using three needle probes arranged inceabpay to
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pick up the flux around the area of the cutting eedgd the
flux of the unaffected center area, respectively.

Four parameters are taken into account: the clearahe
cutting speed, the tool geometry and clamping emi. In
[11], Maillard shows that the cutting edge is defirwith four
zones: the height of the imprint, the sheared hgige

snatched one and the burr height. Other works tteat

C. Purpose

In order to improve the slinky stator performancte
degradation of magnetic properties during manufaaju
process should be determined. However, in thealitiee, the
impacts of the different cutting, shaping and adsim
processes are treated separately. No study eristdich all
processes are examined and compared in terms dctmp

impacted distance from the cut edge by punchinge Thyjithin a given manufacturing process line. It ismabt

distance is estimated relying on several metho@shamnically
by measuring the hardness on the surface [12] ntiagte by
using the needle probe method [13] or basing omthi size
detection with microscopy [14].

2) Welding
Laser welding is the most used method thanks tspiezd

and quality in series welding. The welding quatispends on

different parameters, such as the power, the nuwfeelded
lines, the diameter of the spot and the penetratépth.

As in the cutting case, most of the studies doaketinto
account the influence of the parameters. Schopp. ¢15]
investigates the impact of welding by changing thenber of
welding lines on a 20 stacked 0.5 mm laminationssuRs

show that the magnetic properties degradation isnlgna
observed between 0.4T and 1.4T. The welding process 1.

induces thermal stresses and structure modificaitiorthe
welded zone which leads to small strailms[16], Markovits
analyses the effect of different parameters onitbleled sam

impossible to quantify from the state of state e¢ffect on the
magnetic properties of each process of the manufagtline.
This study has to be done directly on the manufagjuby
extracting and characterizing samples after eacbess.

In this paper, the whole process of slinky stators
manufacturing is investigated. A methodology isgmsed to
quantify the process degradations on the magnetipepties
(B(H) curves and total losses) in order to find tmest
harmful process. First, the whole process of timkglstator
manufacturing is preliminarily described. Then metim
measurements, carried out on different specimetaazd
after each step of the process, are analyzed.|¥itla results
are discussed and compared qualitatively to the afnthe
state of art.

SLINKY PROCESSDESCRIPTION

The description of conventional electric stator
manufacturing can be found in [1]; a stator is fedrfrom

geometry He shows that the smaller are the depth and thieminated steel sheets. The raw material is predeas a huge

width of seam, the less is the magnetic loss.

3) Compacting
In literature, studies mention that the effect ofnpaction

roll called mother coil (MC). The sheet is unrolldthttened
and then punched. A group of punched sheets ikedathen
compressed to eliminate the air gap between thetshand
finally welded to maintain the package. As the aantional

has been always harmful. Arshad et al. [17] shohat t Stators, the slinky process includes almost theespracesses
pressing damages the insulation which causes mddy e (Fig.1). The main difference locates between thitirgy and

current losses. It may also cause a deteriorafidhheomaterial
and hence higher hysteresis losses. In [18], Chdrcal.

the welding processes.

mentions a 20%decrease of the magnetic permeability inA Raw Material

regions of moderate induction (0,7-1,2 T) at a caragion of
8 MPa and negligible effects at low (< 0,5 T) anghh(> 1,5
T) induction levels.

4) Annealing:
In metallurgy, the annealing process is a heatrtreat. It
alters the physical and sometimes chemical pragsedf the

material to increase its ductility and reduce itgdmess. It

consists in heating a material above
recrystallization temperature,  maintaining a

temperature, and then cooling. This process is atad to

eliminate the residual stresses. Bertoldi et d19],[indicates

that the annealing process allows recovering sofrbeolost
magnetic quality during the above-mentioned marufaty

processes. It shows that the magnetic propertiperdeon the

annealing temperature and a reduction up to 40%herotal
losses can be reached. Despite its benefits, theading is
prohibited on the stator due to the coated insuriatiat could
be damaged under the effect of the high temperature

suéab

The Manufacturer receives the material as a cdiedo
sheet (MC). The MC is put on a wheel to be charged
continuously in the process line.

B. Straightening and Training

The aim of the straightening is to flatten the edlisheet
and prepare it to be punched properly. The sheetses a
group of rotating cylinders (rollers). After strhigning, the
flat sheet passes between two cylinders in ordedrag the
sheet along all the next processes. In these taepses the
applied forces on the sheet can lead to a plasficrehation
and consequently an increase in the hardness anavahk
hardening rate.

C. Punching

After training, the flattened sheet is punched teedh are
formed. At the end of this process, four toothedpstare
formed. As the geometry of the cutting tool impamtsthe cut
edge state, the tool is regularly sharpened.



D. Rolling

After cutting, the sheet is rolled (Fig.2); it isrfed to pass
a circular arc path then rotates around a cylindeform a
helical shape. This process involves plastic deédion in the
sheet. No study shows the impact of rolling on regnetic
properties, but Lunge [20] gives the distributidntlve stress
along the width of the rolled sheet. Consequentby,
modifying the mechanical properties, this prodess also an
impact on the magnetic characteristics but it haf®en
quantified yet.

E. Welding & Compacting

The helix called slinky is pressed and well-adjdstesuch
a way that the teeth of each turn are stacked etettth of the
previous turn. Then the slinky core is welded @ duter
periphery along the axial direction in order to ntain the
stator package. The welded package is finally categato
fulfill the dimension specifications of the package

Ill. SPECIMENS& CHARACTERIZATION

The slinky stator is obtained from several proesshat
have an impact on the magnetic properties. Howetres,
relative impact of each process is not obvious dtermnine
from the state of art where the parameters of thegss under
study (speed, temperature, composition of the nadte} are
not necessarily given. To be further able to prepastrategy
for reducing the deterioration of magnetic promsiti an
experimental investigation of each fabrication stejs
required. Once the impact of each fabrication $tap been
quantified on the magnetic material characteristine most

impacting processes can be determined in order déo b

improved. To reach the goal, different samplesexteacted
after each process on the manufacturing line. Thaye
different shapes: non-punched sheets, punched sstzat
packages (Fig.1).

The non-punched sheets were characterized with a

standard method, the Single Sheet Tester (SST). tiv@r

their dimensions are in the order of the mm. Cousatly, the
water jet method was rejected. The electrical disph
machining (EDM) technique was preferred to limi iimpact
of the cutting. Samples were cut with a finishingps It is
done with low power (low spark) to avoid heatirlg.order to
eliminate the heated region resulting from the Step.

Process

Fig. 1. Received specimens after each manufactprocess

punched sheets, which have a complex shape, sthndar

magnetic characterization techniques are not
Therefore, the samples were extracted from the lppthcheet
taking care that the method of cutting has almostpact on
the magnetic characteristics. The lamination paekagre
wound and characterized as a torus sample.

A. Non-punched Sheet

adapte

Fig. 2. Rolling process

In Fig.3, the shape of the different samples igivThe

To characterize the raw material and the non-puhchegqge color in this figure represents the cuttinghoe; black

laminations after straightening and training, samaplvith

dimensions of 50mmx200mm well fitted for the SSTerev
cut. All samples were cut with water jet to avoity stresses
(mechanical or thermal) around the edge zone. Ma® to

prevent oxidation of the cut edge after cuttingngkes were
drowned in the ethanol then dried.

B. Punched Sheet

In order to show the impact of punching, sampleth wie
same dimensions should be extracted after thengpprocess
with a less impacting technique that can be constieas
reference. In our case, the sample shapes are ewnapid

represents the EDM and red represents the punching.
The considered samples do not present a regulaneeg
and therefore the section is not constant. Theuatiah of
magnetic flux density B and magnetic field H is possible in
this case because their distribution is not homogsralong
the flux path in the sample. Therefore, the resuli be
presented in term of the magnetic flux flowing th@mple
which is conservative versus the magnetomotiveef¢hdMF)
deduced from the current in the primary coil (N*IA
comparison between these two types of samplesemes in
Fig.3, can give us an estimation of the punchingcess’'s
impact on the edge parallel to the flux densityfldrimary



and secondary coils are manually wound around dbth tto
create the MMF and measure the flux respectively.

C. dinky Packages.

The extracted samples after
compacting (see Fig.1are made from an helical strip. These
packages have the same weight, being extractedfatedt
steps of the process, but they do not present lgxthet same
shape and height. In Fig.4, the different samplepeesented.
In the case of samples before welding, the shapsepts a
wavy surface that was adjusted with stems and wiagd
with plastic ribbons (Fig.4a). The welded packadese
almost the same height as the previous ones, kbt avflat
surface (Fig.4b,4c). In fact after rolling, sampée adjusted
and pressed lightly in such a way to have a fldafase. After
welding the package is compacted, so the air gayees
sheets is eliminated, which means that the heighthe
compacted stator (Fig.4d) is smaller than the wkldee
(Fig.4c). According to the package shape and thecgss
types, the impacted region is located on statoeytéeth are
not exposed to any mecanical or thermal stresses.

Rolling involes plastic and elastic strain in thekg part
whereas the welding induces thermal stress. Tactenze the
impact of the processes (rolling, welding, compagtion the
yoke, this one is wound like a torus (Fig. 5).

Fig. 3. Samples cut, by EDM (a), by punching (b)

Fig. 4. Samples after rolling (a & b), Welding &)d Compacting (d)

rolling, welding and

N\
Fig. 5. Stator yoke supposed equivalent to a toous

The creating flux flows mainly through the yoke waithihas
almost a constant section. It is then possibleei@rhine an
average B(H) curve and also the losses.

IV. RESULTS

The principle of magnetic characteristic measuremen
consists in creating a varying magnetic flux by nweaf a
current | passing through a primary coil placed the
ferromagnetic core. The magnetic flux is determired
integrating the voltage measured at the termindisao
secondary coil. In the following, the results aminparisons
are presented in terms of the normal curve and totzes
except for punched sheet. The normal curve gives th
coordinates (KaxBmay Of the tip of the hysteresis loop in
function of the maximum magnetic fieldnkk

Preliminary measurements were carried out in ortder
show the dispersion of magnetic properties on the r
material provided by the mother coil (MC). The s#spare
extracted for different locations (beginning, migldand end)
of the MC; for each location, 8 samples are charasd. The
results of these characterizations are given inelralwith the
mean and the standard deviation (STD) and the dende
level (CL=2*STD/mean ) associated to the magné&il
required to reach a specific magnetic flux dengéiue in the
material for a frequency of 50 Hz. In addition, TeaB shows
the evolution, versus the frequency, of the meaa 3TD and
CL of total losses for an induction of 1T.

Table. 1 Mean, Standard Deviation (STD) and Comfigel_evel (CL and
CLO) of the magnetic field in function of the magoédlux density at 50 Hz.

Magnetic field (A/m)
EL“;‘S“) om | 01(m| 025() | 05T | 0,75(T)
mean 0 24.41 32.46 41.40 48.67
STD 0 4.65 3.13 2.94 3.01
cL - 0.38 0.20 0.14 0.12
cLO - 0.076 | 0.039 0.012 0.011
g('e“g‘sm 1M |1.25m)| 15m | 175M | 1.8(M)
mean 59.27| 97.20| 37024 516530 712532
STD 3.59 9 55.91 | 540.27|  502.79
cL 012 | 0.18 0.30 0.20 0.14
cLO 0.007| 0.007| 0.005 0.004 0.004




Table. 2. Mean, Standard Deviation (STD) and Canfie Level (CL ) of
total losses in function of the frequency for agmetic flux density of 1 T.

losses (W/Kg)
50 | 100 |250 [ 500 | 750 | 1000
Frequencyl iy | Hz) | Hz) | Hz) | H2) | (H2)
Mean 1 | 264| 1046 31.94 6349 102020
STD 0033| 0087 0326 0850 1216 1.770
CcL 0.066| 0.066] 0062 0054 0038 0034

For an accurate study the CL is compared with the

characterization repeatability confidence levelame sample
(CLO). The confidence interval CLO is calculatednfr several
B(H) curve measured on the same sample (CLO idystile

Confidence Level of the measurement process). Beshbw
that the measurements are accurate. CLO does oe¢@xX.08
and is always 5 times lower than CL showing the&@ability

on the raw magnetic material exists. The confidelavel

CL% belongs to the interval [12%-30%] and depenualghe

magnetic flux density levels. However, one canaw®that the
variability is less pronounced on the total lossd@éey

decrease with the frequency to reach 3.4% at 1000Hz

A. Straigthening and Training

In order to emphasize the impact of straightenimgl a
training, magnetic measurements performed on seaples
withdrawn after both processes are compared wéloties of
the raw material. Note that the magnetic charasttesi are
measured on 9 MC samples, 6 samples after straiglatand
6 samples after training. Fig.6, presents normaves at a
frequency of 50 Hz. It appears a difference betw@&nand
1.6 T. In fact, after both processes, the requinednetic field
to magnetize the material increases meaning tlddt pbcess
yields a degradation of the material. We can nbst the
impact of the training process is more pronounced.

Fig.7, shows the mean of the total losses evolutind
their deviation with frequency for a magnetic fldensity of
1T. It is noticed that total losses increase frone @rocess
step to another. Also, the ratio of the total IssBereases,
with respect to the MC sample losses, is almossteon with
frequency. It is about 8.75% after straightenind 80% after
training. The second interesting phenomenon ig the
dispersion of total losses after both processqsedialy the
straightening one increases with frequency. It.8tBnes the
dispersion on MC in case of straightening whiles i2.4 times
in case of training at 1000 Hz. A non-repetabitifithe plastic
strain distribution due to the two processes caxldlain this
dispersion.

B. Cutting

1.6 =
1.4 B
12} 1
'—
N—r
2 1 1
(2]
c
L 0.8 B
©
é 0.6
T I vic
R
0.4 I straightening ||
—_——
0.2 I Training
—_——
L L L L L L T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Magnetic field (A/m)
Fig. 6. Normal curves for MC, Straightening arairting at 50 Hz

C "18,05%
8,09%

——
[ straightening |
J——

I Training
—

120 H

o
o
T

20,37%

-]
=]
1

9,48%

@
=]
T
1

20,19%

B
=]

o 9,12%
N 8,37%

A

0 100

Total losses (W/Kg)

[
o
1

0

| I I I I I
400 500 600 700 800 900

Frequency (Hz)

L 1
200 300 1000

Fig. 7 Evolution of total losses with frequency éomagnetic flux density of
1T for MC, Straightening and training

The impact of the punching process along the edges

parallel to the flux circulation is clearly visib{&ig.8). For a
given magnetomotive force, the magnetic flux valae the
sample obtained by punching is less than the oteiras by
EDM where the effect of cutting can be consideregligible.
This result indicates the global permeability dietation due
to the cutting edge. Obviously, this noticeablegyvébur must
be put in the context of the considered geometay pinesents
a tooth width of few mm and so that is very sewusitio the
edge degradation due to the process of cutting.

As the magnetic behavior, the impact of punchingls

As it was mentioned before, the magnetic propertiefronounced on the material total losses. Fig.9 emissthe

cannot be quantified accurately because of the tmp
sample shape (tooth shape). Instead of the nororakgcthe
evolution of the Flux with the magnetomotive forisél is
analyzed. Figure 8 presents a comparison betwdex (IN*I)
curves obtained on two samples one punched (éstram
the manufacturing line) and one cut by EDM (se@)ll

total losses evolution in function of the frequefaya linkage
flux equal to 3.6 pWeber, correspond to the maxitogdl
losses ratio. The total losses in the case of prthdamples
are higher than the EDM ones.



C. Roalling, Welding and Compacting.

As they are measured likewise, measurements oragask
after welding and compacting will be compared te thlled
one. In Fig.10, we can see the normal curves medsat
50Hz. We remind that on the package it is posditadm the
measurement of N*I and the flux to reconstruct(bl)Bcurve
(see IlI.C). The B(H) curve after rolling and weldi are

While those for compacted samples decrease fro2420 at
5Hz to 2.49% at 500Hz. Slinky process have beeesitiyated
in terms of impact on the magnetic properties. Duehe
samples shapes, the effect of rolling alone coubd Ine
quantified. Despites this, the impact of rollingutmb be
highlited qualitatively. In the Fig.12, we preseatgraph
giving the magnetic field value corresponding tonagnetic

nearly similar Regarding, the compacting process, its effectlux density of 1T. It appears clearly a degradatiof the

can be divided into two regions. Under the 0.7%E, normal
curve is above the one obtained after welding ahereas it is
the opposite above this value.

For total losses, results are presented in Figuhkre the
samples obtained after rolling are taken as refereRor the
low frequencies, losses for welded samples arétglidpigher
than the rolled ones, while the compacted ones2ar24%
higher at 5Hz. Now if we look at the of the totakses in
function of the frequency, we can see that the tosses for
welded samples, compared to the rolled ones, inertzster.

Maximum ratic

Flux (weber)

0 | | | |
20 40 60 80

I I I I I I L
100 120 140 160 180 200 220

N*1 (A)

Fig. 8. Evolution of linkage flux versus the magmabtive force N*| at 50Hz.
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material characteristics after the steps of purgchind rolling
with a required magnetic field to reach 1T 9 tirgesater.

To determine which process among punching andneplli
is the most influent, we present also in Fig.12 tequired
magnetic field to reach the same flux value in thse of a
cutting by punching and EDM (see IV-B) . The maximu
ratio (Fig.8) of the magnetic field values is equal 3.
Moreover, the width of the stator yoke is equabtmm while
the mean width of the sample characterized in 1¥6Bbout
2.4 mm. The effect of punching will be more proncea in
the case of the sample than in the case of theapack
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Fig. 11. Evolution of total losses with frequenoy & magnetic flux density of
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Consequently, we can definetly deduce that the anpéh
rolling on the stator yoke is really significaittis even the
most harmfull process.

V. DISCUSSION

The experimental results will be now discussed agudfied
within the frame of the state of art. First, Istapecify that, in

On total losses, the effect of rolling could not beye jiterature, no study exists about the effecstedightening

investigated alone. In Fig.13, the left graph pnés¢he total
losses evolution after each process for a magfiekaensity
of 1T at 500Hz. The right graph presents also tha losses
for punching and EDM for a flux of 3.6 pWeber atObiz

which corresponds also to the maximum ratio. Thel losses
on the stator yoke after punching and rolling & times the
training ones. While punching alone is 1.4 times EDM

ones.

As the width of the specimens is not the samegffet of
rolling on total losses could not be deduced. Tdlisbal
comparison emphasizes the effect of
manufacturing processes on the stator yoke ancftbet of
punching on the stator’s teeth on the magnetic gntags.

1000

Magnetic field (A/m)
Magnetomotive force (A)

A,
'?Qh, S[}Q@Z}af,}/}? (//70 /7/'%9/07)700/)703
Q[‘@r/é//@ﬁ/}? 9 o “ 9 Cy,

Fig. 12. The required magnetic field to reach lf€raéach process (left) &
the required magnetomotive force to reach 3.6 p\We¢bght) at 50Hz.
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and training on magnetic properties. As both preessare
based on rotating cylinders on the sheet metahsarith an
applied force, the effect of both processes mustidie to the
cold rolling effect. Hou and Lee [21] have investied the
effect of effective rolling strain, in the ranged47 for a flux
density of 1.5T and a frequency of 50 Hz. It wasnid that
permeability is inversely proportional to the saquapot of
strain. This explains the results shown in Fig.6r &n
induction above 0.8T. After each process, the rsttavel is
higher so the permeability decreases. Also, tfoand that

the differenfy qteresis losses increase with the square roostraiin.

However, eddy current losses decrease with thesdser of
square root of strain. If the total losses is appnated by the
sum of the hysteresis losses and the eddy curasges
(excess losses are neglected), there is a kindrapensation
leading to a constant increase, with respect toréfierence
case, of the total losses (Fig.7). In [22], Baudadial. have

shown that cold rolling is less detrimental on thagnetic
properties compared to the tensile deformation. &ffiect of

punching on the magnetic properties (Fig.8 and9ifas
been widely treated in the literature. The origifi the

degradation is related to the involved plasticistreoming

with residual stresses near the punched edge. &rgathe

rolling process effect, it has not been investidate previous
studies. But, as this process acts on the matie@ah flexion

force which involves plastic compressive strainttie inner
edge region, and plastic tension strains in thesroedge
region of the yoke, some studies can be used tapolate
qualitatively on the bending process effect. Int,fdoe effect
of plastic strains on the magnetic properties heenbwidely
discussed, especially to emphasize tthet overall magnetic
properties are drastically ruined from the begignof the

plastic deformation and a strong magneto-plastiscaopy

effect appears [23]. This could explain the sevegnetic
degradation that is observed after the rolling .stefj24] Hug

et al. mention that magnetic deterioration is relatedthe

dislocation density. In [25] Hug mentions that mi& stresses
affect also the magnetic behavior, while the qoests how
the effects between dislocation density and residtrasses
could be discriminated. In [26] lordackt al. present the
magnetic properties evolution under tensile plasti@ins
effect in loaded and unloaded states. They show ttha
magnetic properties in loaded state are less detitiath than
the unload one. This effect is explained by theidred

stresses involved after plastic deformation. Inltzeled case,
the applied force tends to oppose to the residwesses, so
the magnetic properties are found less ruined. iffpact of

welding is observed to be negligible on the normales, but
affects the total losses. As it is known, weldimguces
thermal stresses and affects magnetic properttes.fact that
the normal curve after welding is not significanthodified

could be explained by the stator yoke shape.



Finally, the effect of compaction shown in Fig.1@da
Fig.11 does not totally match with the conclusifind in the
literature. The decreasing in total losses coulddbe to the
result presented by Hug in [25]. He mentions that plastic
straining tends to strongly decrease the dynansisel®. This
phenomenon may be due to the increase of the iekdctr
resistivity with plastic strain. This proposal exjpls well our
results knowing that the insulation is not damaged.

VI. SUMMARY

The manufacturing line of a slinky stator is a same of
several processes. A laminated mother coil sheenislled,
flattened, punched, rolled, welded and then conggacthe
impact of each process on the magnetic proper@ssbeen
investigated. Measurements of normal B(H) curves tatal
losses were carried out on samples extracted &feh
process. As products after each fabrication stey dave the
same shape, different characterization methods wsaéd. The

main conclusions of this measurement campaign hee t

following. First, a non-negligible dispersion in ethraw

material properties has been observed and its lgvahges
with induction levels and frequencies. Besidesaightening
and training processes modify the magnetic progertihe
dispersion induced by both processes is higher tharihe

raw material dispersion. The welding effect seembe the
less detrimental process, while the compacting gs®shows
positive behavior. Then, the rolling and cuttingpst are found
to be the most detrimental compared to the othecqsses.
The total losses are multiplied by a factor greéttan 2 after
this step of the slinky stator manufacturing. Tdadi a less
detrimental process of slinky stator manufacturihe, rolling

and the punching process should be optimized.

Thus, future works will focus on these two procssdall
now, the rolling impact hasn't been investigated. ya
methodology is required to link the geometrical gmaeters
(the radius, the width of the yoke...) and their iripan the
magnetic properties. The cutting process is wedtwsed in
the literature; magnetic properties could be legmed if
optimal process parameters were found. In the saaye the
parameters of the punching process (cutting
clearance...) should be optimized.
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