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ABSTRACT

An iron loss increases by the fixation method efator core such as swaging, welding and the tHensert, etc.
Theymake a residual stress in the motor core. It I¢@adscrease a building factor and an iron losshefrnotor. Therefore,
the residual stress must be removed or reducee@dredse the iron loss of the rotating machinesedids to remove or
reduce the fixation method of a stator core for ritor. In this paper, a possibility of the new Aebonding method
using the barrel nitride method for motor core agestigated. AIN and Fe-Al intermetallic compoundlere appeared
between the pure Al and the silicon steel sheetl #e insulating layer was appeared between the fuand the silicon
steel sheet. The Fe-Al bonding material is possiblde a motor core. But it needs thinner AIN arekAy layers.

Moreover, a measurement method of the thin lays@stance should be established.
KEYWORDS: Motor Core, Fe-Al Bonding, Residual Stress, DisamMetal Bonding, Iron Loss

Note: There should no nonstandard abbreviations, acledgmhents of support, references or footnotes then

abstract.
INTRODUCTION

Modern society needs huge amount of energy. Edpedize electric energy is clean and highly adbfgaMost
large electricity usage in the modern society retating machine which shows over more than 57.3% e electricity
usage rate [1], [2]. The rotating machines are usedany fields such as an industry, commerce andusehold, because
those have high efficiency and handiness. Thergfmeincreasing of the rotating machine efficietegds to save the

huge amount of the electrical energy. It is thdizable way of the Negawatt [3].

Usually, the rotating machines are controlled byramerter because of its available method to conbeir speed
and torque. However, it increases an iron los$efrotating machines by making a lot of minor loapsl a large major
loop of the magnetic hysteresis curve in a statorrator of the motor. Moreover, magnetic hysteyesirves are affected

by the residual stress (mainly compressive stress).

The motor core is including a rotor core and aostabre. And the cores of the rotor and the statermade from
electrical steel sheets. An iron loss increaseshbyfixation method of a stator core such as swgagivelding and the
thermal insert, etc. They make a residual stresisarmotor core. It leads to increase a buildirgjdiaand the iron loss of

the motor. To get a high efficiency motor, a residstress of the motor core must be removed orcestluTherefore, to
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get a high efficiency motor, it needs to removephecess of the swaging, welding or the thermadrinsf the core of the

motor.

The Fe-Al bonding method with AIN (aluminum nitrideyer using a barrel nitriding method is reportedently
[4]. In this report, used Fe material was a stamlsteel. If it is possible to bond between thieasil steel with an AIN
bonding layer using the thin aluminum film, new riabtion method of the motor core without caulkengd welding will

be realized.
In this paper, a possibility of the new bonding Inaet is investigated in the materials of the motmec

EXPERIMENTAL PROCEDURE

Specimen Preparation

Silicon steel sheet (35A300, 0.35 mm thicknessheuit insulating layers are used as a substrateriadat¥S-
A1050 commercial grade pure aluminum plates (1 mch@1 mm thickness) are prepared to bond siliteal sheets. A
size of prepared materials is 20 mm width x 50 namgth. The specific chemical compositions of themahum are

measured by a spectrometer (Ametek., Spectrolath@sn in Table 1.

Table 1: Chemical Composition

onent
Si Fe Cu Mn Mg Zn Ti Al
Material
Al1050 0.0951 0.318 0.014 0.0028 0.0041 0.0038 0.0138 Bal.
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R ALV AL O, powder
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Figure 1: A Schematic Diagram of the Barrel Nitridng Process
Barrel Nitriding

Al203 particles (average diameter 0.1 mm) and AlB@6 Mg alloy powders (average diameter 0.2 mmjewe
prepared as filler for the inside of the barrelrobar. The furnace was evacuated by a rotary purdgtenvacuum rate
was maintained at 7.5x1Gorr before the treatment; after that, the atmesplwas substituted by N2. The N2 gas flow

rate was adjusted with a program control unit amdaags flow controller when the nitrogen gas (N2¥ wdroduced into
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the barrel. The furnace temperature was adjusteéd aitemperature control unit. A schematic diagmanthe barrel

nitriding furnace used for the experiment is shamwhRigure 1 [5], [6].

After the introduction of N2, barrel nitriding wasrried out with the oscillation of the barrel chzen at the
temperature of 640 °C for 10hrs. After a holdimgej the specimen was cooled in the barrel. The ¢eatypre inside of the
powder was measured by a thermocouple; the temperand the N2 gas flow-rate were both monitoreth \&i data

processor.
Microstructure Observation

The optical microscopy (OM) and scanning electracroscopy (SEM-EDS) (HITACHI, SU6600) were used to
observe the micro-structure and morphology afténdgng and polishing on the cross-sectional regidithe specimen.
The structures of the AIN and Fe-Al intermetallemmpound layers were identified by an X-ray diffaoeter (RIGAKU,
UltraX 18 TTR) using monochromatic CusKadiation. The X-ray diffraction (XRD) measurermemtere performed using
a goniometer at a scanning range of 3@®9 < 80° at 40kV and 200mA with a step-size of 0.02ie Al substrate was
mechanically polished to the AIN and Fe-Al interadiit compound layer in regular increments in orttemeasure the

XRD for each layer.
Measurement of Hardness

The micro hardness of the AIN and Fe-Al intermé&atbmpound layer was measured by using a Vickécsom
hardness tester (Akashi, HM-125). The hardness uneaents were performed from the Al substrate ® 36A300
silicon steel with the AIN and Fe-Al intermetaltompound layer under a load of 100 g for 10 sethercross-sectional

region.
Continuity Test

It is difficult to get a resistance value of eaaldr between the A1050 plate and the 35A300 pldte.resistance
value is investigated from the surface to the opjpasde surface of the Fe-Al bonding material gsandigital multimeter
(Hioki, 3541).

RESULTS AND DISCUSSIONS

As shown in Figure 2, the multilayer are formediszin A1050 and 35A300 at 640 °C for 10hrs. Thektiasses
of each multilayer are around 2@@n and 90um with the 1 mm and 0.1 mm Al plate, respectivédoreover, the
multilayer is different with the thickness of Algté. Al plate is still left around the part A. Howeg, Al plate disappeared

around the part C. It means that the thickneshe@® plate is important to decide the amount ef #h remains.

Enlarged SEM image of the circled part A is showrFigure 3. From the shape of the AIN layer, AlNwgths
from Al plate to the silicon steel. In other worll, and N diffuse from Al plate to the silicon steél width of the AIN
layer is around 4@m. Table Il shows the chemical component of thepaiand b using SEM-EDS. 3 components such
Al, N and Mg appear at the point a. The Al compdnisndetected twice as large as the component N,the Mg
component remains nothing much. From the pointeh AF and Si components are detected. The Al cormpbis detected
2.7 times as large as the Fe component. It meanghé intermetallic compounds of Fe2AI5.4 appeaswben the silicon

steel sheet and Al plate.
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To clearly demonstrate which phases appear at thiiBlager between the aluminum substrate and th&3898

substrate, XRD measurements were performed, asnshioigure 4 and 5. Figure 4 shows the XRD resfithe nitride
layer (point a) and Figure 5 shows the XRD restithe FexAly layer

AIN
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Silicon Silicon
steel C steel

Figure 2: SEM Image of the Silicon Steel-Al
Plate Multilayer
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Figure 4. XRD Result Around the Point a
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Figure 6: Enlarged Image and EDS Result of the
Part B of Figure 2
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Figure 7: Enlaegl Image of the
Part C of Figure 2
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(point b). In the case of the nitride layer, AINajie were detected with Al peaks. Al peaks appeangér than the AIN
peaks. It means that the nitride layer has mangoftiponents. It is possible to reduce the insulagtoength of the nitride
layer. It must be improved to use the motor canghk FexAly layer, an intense peak is exhibitedctvlis attributable to
Fe2Al5.4 (221) with other low intensity peaks &ttiied to other Fe compounds. As mentioned aboeenitnide layer
shows Al rich. It will be explained later with Figu8.

Enlarged SEM image and EDS result of the circled Bais shown in Figure 6. From the line scannieguit
using SEM-EDS, Al and N components decrease fraamptire side to the silicon steel side. It means Athand N is
diffused

Table 2: Element of Each Point

ponent

t%] [Fe Al Mg N @) Si

Point

a - |65.98 0.52| 33.5| - -
b 27.0072.67| - - - 10.33
c 0.80/39.58| 6.17|53.45 - -
d 28.38 70.74| - 0.21| - |0.67
e 4.21(24.68/14.52| 4.89|51.00| 0.70
f 27.7071.37| - - - 10.92

from Al plate to the silicon steel. The chemicahgmnent of the point ¢ and d is shown in tableThe chemical

component of the point c is different to that of fhoint a. Though an amount of the AIN is less,osponent is 1.5 times
larger than Al component. However, it is not cleduy this kind of a big pore appears and the thiskre nitride layer and
Fe-Al layer is thin. One of the possible reasoth& Al plate near pore is absorbed by above atmbthe area of the
silicon steel sheet. Another possible reason isttteaspace between Al plate and the silicon stieeét partially. It should

be figured out to make a homogeneous Fe-Al andlAjrs.

Figure 7 shows enlarged SEM image of the circlatl @aCeramic particles are scattered in the middlEe-Al
layer. It means that Al plate is absorbed compjetelthe silicon steel sheet. Inhomogeneous AlNedayowever, is

possible to reduce the insulation strength. Theegib must be improved.

AIN is possible to exist with aluminum below 660, %3 shown in Figure 8. And MgN is also possiblexst
with magnesium below 660 °C. It means that Al-Myuid is possible to absorb N2 gas around 640 °Ql then, the
liquid with N2 gas permeates between the silicaelssheet and the aluminum plate in capillarityisTih the possible

reason of the aluminum nitriding between the silisteel sheets.

Figure 9 is the Fe-Al phase diagram [7] which shdmss types of Fe-Al intermetallic compounds. Itshiaeen
known that the FeAl2, Fe2Al5 and FeAl3 compoundsctvthave a high aluminum composition have high hass
values with brittleness. In addition, Fe3Al and FeAmpounds also have good mechanical propertigseiraspects of
wear resistance, oxidation resistance, corrosigistance and specific strength properties [8].his work, as there are
different diffusion rates of aluminum into the sagé of the 35A300, it can be expected that anrieallic Fe-Al
compound layer will be formed with a nitride laystween the pure aluminum and 35A300 silicon stkekt using the

barrel nitriding.

The Vickers hardness was investigated on a cragmeeof the multilayer after the barrel nitridimag 640 °C for
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10 hrs. In general, the area is divided into fgymes: pure Al, AIN, Fe-Al, and silicon steel. Thartiness of the pure Al
and silicon steel is found to be about 30 HV an@® 20/, respectively. In addition, the maximum harsimef the

aluminum nitride layer is found to be 377 HV, ahd £e-Al
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Figure 9: Binary Phase diagrams of Fe-Al
compound layer is found to have a maximum hardo£940 HV, after barrel nitriding.

The conduction state of the Fe-Al bonding matenigh AIN layer was investigated. As a result, tlesistance
value of Fe-Al bonding material shows infinite valut means that the layer between the A1050 @latethe 35A300 is

insulated. But it is difficult to specify which lay has the insulating property. Moreover, the tasise value of each layer
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is not measured. Therefore, it needs to find a oreasent method of the thin layer resistance.

From the result, the Fe-Al bonding material is jjussto be a motor core. But it needs thinner Al &exAly

layers. Moreover, a measurement method of theldlyier resistance should be established.
CONCLUSIONS
A possibility of the new Fe-Al bonding method usihg barrel nitride method for motor core was itigaded.

AIN and Fe-Al intermetallic compounds were appedretiveen the pure Al and the silicon steel shead the

insulating layer was appeared between the puradiltiae silicon steel sheet.
The Fe-Al bonding material is possible to be a motwe.

But it needs thinner AIN and FexAly layers. Moreova measurement method of the thin layer resistahould

be established.
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