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Ferrous soft magnetic materials are commonly used for electric facilities, and especially, electric steel sheet for motors has
been growing in importance in all industries. In order to miniaturize and increase the efficiency of electric motor unit, the
magnetic flux in steel sheets needs to be controlled and flux leakage to be cut off. In this work a unique laser working on thin
steel sheet combining cutting and melt-infiltration has been examined as a possible processing for local non-magnetization in a
shape of a narrow layer.

Two-ply 0.5 mm-thick steel sheets were cut using defocused laser beam so as to make 0.2 ~ 0.8 mm-wide slit. The cut surface
exhibited metallic luster and little oxidation. Then Cu or Cu-Si wire was placed onto a slit and melted using 1.0 ~4.0 kW laser
beams. Due to a low laser absorptance of copper, more than 2.0 kW-laser power was needed to infiltrate the Cu completely,
which caused a melting of the adjacent edges of steel slits with considerable dissolution of Fe into a Cu infiltration.

The Cu-Si wire showed a deeper infiltration than pure Cu wire. The magnetic flux density across the infiltration-modified
layers decreased linearly with decreasing the amount of Fe dissolution. Under the best process conditions, it was decreased by
64% compared with an unmodified material, which reveals a modified emissivity less than 1/10 of electric steel sheet.
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Fig.1 Experimental setup of wire melt-infiltration.
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Fig. 2 Measurement of magnetic flux density in locally modified
steel sheet.

Fig. 3 Laser-cut surface of slit in two-ply steel sheets.
(a) Laser power 0.8 kW, spot diameter 0.15 mm.
(b) Laser power 2.0 kW, spot diameter 1.0 mm.
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Fig. 4 Pure Cu wire melt and infiltrated into the slit of steel sheet.
(a) Slit width 0.2 mm, (b) slit width 0.8 mm.

Table 1 Melting morphology of non-magnetic wires onto 2 mm-
thick steel sheet.
Yes: only wire melt, No: no melt, Excess: wire melt and
severely fused with steel sheet.

. Laser Melting
Material Power, kW
Pure Cu wire
as received (diameter 1.0mm) 20 No
Pure Cu wire 1.0 No
with roughened surface 1.5 No
(diameter 1.0mm) 2.0 Yes
1.0 Yes
CuSi wire 1.5 Yes
(diameter 1.2mm) 2.0 Excess
3.0 Excess

THEMT A2 EBbro/z. ZZTUTTIE, MEILL
#Cudd (LT Culif) # 1L —¥H72.0~4.0kW, CuSi
WA 1.0~2.0 kW CHEN S, BRMK (XY v MIFE0.2
mm) O EEIREE & L L 7.

33 L—HIZL D CuFERMEBDER

Fig. 5%, L —H%HENE2EZ T CollEzBR LD
WA Z LR L 72 D TH S, 2kW TIXERLL 72 Cu
DY BN, 2D OFME TTRATITERAL T2\,
B EIZRR D, L —YIBO P2 Cu ML S
N, Wi THERE TEHH SN D 72O RN EERE L 724
RLEbLND.

LOVMEE 0%, SHNORBIZEID Ay POk
By VPEMLTHEELTWLETHY, SWHIRIC Fe
WEH L2 ERHLNTH D, Cu & DIHIZIE, Fe D
PR RS =7 Y VEAL FOSERD LN, FiE
DEBARS ORI LEFHING.

L—Y % 40 kW I2T 5 & ERE Cu 29k 2 % B
WLCHEELADOO, WEOHHKE % 0.5 mm DL EERE
S, WHEIAKE QIR L CTHEOERBERO L)
BIERIZZR > T A, O 3.0 kW BITE T L RAT L7225,
FEEAE & AR A R 2 S IE RV 2 e e o 7z,
O &) ITH Cu ldBENTIEEEM TH DA, L—F T
BRNCE D 28 5720 Fe HiR0SHEIT S $, AT
B L B IRMEALIIZM S v 2 E b h o 7z,

Fig. 6 |X CuSi fROLAETH Y, L —FHTIH31.0kW, 2.0
kW & b2 CuSi Bl ASA ) v MHRIZIRAL T, 285D
JEXIZIFIETE L. 2720 BKHLTHLIZEEb LT,
1.0 kW O J SISO ERIH L EIRKE SRR 5.

Cu & Fe i MLAMICHHMBI 2 BEAE 2 D 5, 4712 Si A%
BIMENL3TERATREHPTOHEET 2 L) 124257,
FNENTICERBEAOTIER LA I 7 oz =98
D, (a) 1.0 kW OB 2T B R E 23K Fe V) v
FH UKf) BFEREN S, ZOFRD2S Fe V) v FHHIL,
R Cu & BE L 7R P RS SN THELEEZLND.

xFLC (b) 20 kW Tld Fe V) v FHAMANC 2 ), %
ERICATHL TV 5. AT 255k 7% Cu &4 TILFE
B2 S8 AR L 72 N oS B S ST 0 Y,
TR TR O RMER D &, AR OREA B S
NBY. S5 L —FIMBTIERE AR SN, L0
ICTHHHEEDSRKZ WS, HTRELICCVWEEZDS
N5, REBRTIHHEDFESVEIEERICELOT,

Fig. 5 Cross section of modified layer with laser infiltrated non-
magnetic material using Cu roughened wire.
(a) Laser power 2.0 kW, (b) laser power 4.0 kW.
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Fig. 6 Cross section of modified layer with laser infiltrated non-
magnetic material using CuSi brazing wire.
(a) Laser power 1.0 kW, (b) laser power 2.0 kW.
Each magnified view below shows Fe-rich phase in the
infiltration layer.

Table 2 Relationship between magnetic flux density and Fe
dissolution in modified layers of electrical steel sheet.

Material Laser Power, B X dissol. Fe

kW mT % mass%

- - 62.2 0.0 100.0
2.0 28.8 54 32.7
CuSi wire 3.0 46.9 25 57.4
4.0 47.6 23 58.6
Pure Cu wire 1.0 31.1 50 422
(Roughened) 2.0 22.5 64 25.0
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Fig.7 Decrease rate of magnetic flux density before /after the
modification by CusSi infiltration.

100 um

Fig. 8 Cross section of infiltration by blue laser irradiation (left)
and component map of upper infiltrated section (right).
(a) Cu roughened wire, Laser power 0.5 kW.
(b) CuSi brazing wire, Laser power 0.75 kW.
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