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Review of the Recent Development of Electrical Sheet Steel
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Fig. 1. Electrical steel production and -electrical
power used in Japan.
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Fig. 2. Electrical steel production in various
countries,
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Fig. 3. Status of commercial grades of non ori-
ented electrical steel in Japan.
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Fig. 4. Typical electrical and magnetic properties
of commercial grades of non oriented ele-
ctrical steel.
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Fig. 5. Effect of coating on punchability.
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Fig. 6. Lowest values of total loss of commercial
electrical steel in various years.
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Fig. 7. Improvements in total loss of commercial
grades of grain oriented electrical steel in

Japan.
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Table 1. Manufacturing process and guaranteed maximum total loss.

HI-B Conventional
Steel making (Al, N) Steel making (Mn, S)
Slabbing Slabbing
Hot rolling Hot rolling
. High temp. annealing Annealing
Manufacturing Cold rolling Cold rolling
Process Annealing
Cold rolling
Decarburizing Decarburizing
Box annealing Box annealing
Grade 0.30 mm* 0.35 mm* JIS Grade 0.30 mm* 0.35 mm*
Guaranteed
Gl12 — 1.83
Total Loss GIl .62 1.66
Watts/kg at G10 1.47 1.51
Z9H _— 1.37 G9 1.33
1.7T and 78H 1.22 126
50Hz Z7H 1.13 .17
Z6H 1.05

* Sheet thickness of ORIENTCORE-HI-B and conventional grain oriented electrical stecl.

(a)

(b)

Fig. 8. (100) pole figures showing the orientation of grain-oriented silicon steel:
(a) ORIENTCORE HI-B, (b) conventional grain-oriented steel.
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WLTS. 202 BRI TR T O Wil S 2 3t
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HREZEZDLNT WS, gD JIS #lik(Eix Table 1
TLTHD.

Zhicat U, SRR E A E R HI-B i3 AIN

AAreea—&L, |ERGERCEDTES. $ib
H Table | ¥4 X ST Al, N 2fhmL, &
PR, BAAE L 7-%, AIN BT HIBESTZ L, YR 1 ERORIAEIC
I OTURMES & Lot kL, fHREEdaTiRs.
fESke D Jy e FE A T 1 Bap R X 5 B EAR Y]
et xhTwi. 7 AIN IxF=EL IhTWi. L
L AIN OF o254 L, 1 BRE L
BEETE LA EE LESE D 2 EMNTER. AN
b 1100°C BL BT L, PEEL LT H 9 2 ¥ ic R
En5. TN Fig. 8(a) OMEMARTX S
[001] oD AL J5 [~ DEFEE IR e <h, 10° B
s 1009 T 3° i T 5. By 1x 1.92 Tesla ¢
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— 123 —



910 % x4

% 62 4£ (1976) 557 =

BO®7 1y 2 2THY, BUREEGIIETIZ/IE .
Lo TSI I O THRL D THITEIH»LEL S
ZEEhD. FRELI D RETEE I THRETREEL
RO REE 25 EMNFAETH 5. ZDENFHIED
WSS T B XTI EIT By 5% 1.82 Tesla fr D 4]
HECIEEAOTH DA, B 78 1.9 Tesla oz % &858
wIRD R HBEMNEF D, Hagom b & EEy
KRR L TSRO T IRESI 23R H 5. gidoHk
¥X Table 1 RLTH5B.
4-2 HETaoHE

Fig. 9 WgkED i 2 v €O WRE e plc, 1.7
Tesla w135 1 ¥4 2 vdhic D OIB EJHIEEOMBER
BT ATV AEIABEBC AT AET, 19
Ao VHIVDEeZF ) ABE—EEEZLNDS. &

%1973

Bg 1.99 Tesla
Thickness : 0-28mm
Average

Grain diameter: l4&mm

__
(=]
T

Applied Tension

=1
Ancmalous

| loss percycle,
watts/kg/cycle
w
(=]
1

L o—o 0 k

20 Loss 050 9
= »—x .20
2 1of Classical 4 .80

Eddy‘Loss
¢ hi 1 Static Sleresis Loss
0 50 100 150 200
Frequency, Hz

Tig. 9. Effect of applied tension on total loss per
cycle against frequency curve for grain-
oriented 39 silicon iron, Measurement of
total loss were made at 1.7 Tesla. The
surface was chemically polished.
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Fig. 10. Effects of By value on hysteresis loss for
grain oriented electrical steel,
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#s 1.7 Tesla OFEO L 25 ) o 238 Wy 17/50 (Eifk
EZF Y v 2iEE 50 f5 L7 d) ik 0.16 W/ kg 4>
T5. REAHNCERIA B 1FEZ M LI 25 T & RS
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28 ° HI-B 0.30mm 1.925T
>y #® QONVENTIONAL 0.30mm  1.825T
® G.G

o 16

X Without Surtace Coaling
w

= 1k

f; |

]

q.

=2

=
2

04 02 0 ©02 04 06 08 10
Compression «—— Tension
Stress — kg/mm?
Fig. 11. Effect of stress applied along the rolling
direction on total loss for HI-B and

conventinal G.O.
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TFig. 12. Effect of stress applied along the rolling
direction on magnetostriction for HI-B and
conventional G.O.
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Fig. 13. Effect of the degree of grain orientation
on the tensile stress dependence of total
loss and d.c. hysteresis loss for grain-
oriented electrical steel.
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Fig. 14. Angular dependence of effect of applied
stress on total loss for HI-B without sur-
face coating (Bg=1.95T). ‘Thicknes is
0.27 mm.
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5. REHBLO HIC & X I3 R INEHEN T —FRix
RATHD, ARBO L 57 [LEEH AN Z 25 ERER D &
WWHEINC B oTw5. L L (110)[001] ofsShAfn
DI D ER G EDONERIRN & F s shFasdb b, FEIE
FHIRIOERIE &R R B4 5. Table 212RT X5
WERE A [ & 5 B IV 2 O BRI SV ERSE T % n . 7=
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TIHTIE S ORI B SR 50, EfAHRTIR
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Table 2. Effect of applied tensile stress and surface coating on total loss and magnetostriction
(6 1/1) of HI-B in the rolling direction and cross-rolling direction.

{a) Rolling direction

Applied stress (kg/mm?) Surface
0 0.11 ; 0.23 : 0.33 0.47 coating
E?T%ﬁ?2§g?§ﬁf) 1.31 1.27 1.27 1.17 1.11 1.15
gé{\fvi:(cLoasand 1.77T +1.7 +0.4 —0.2 -0.3 —0.3 —0.2
(b) Cross-rolling direction
Total loss (watts/kg) 1.25 1.08 0.92 0.86 0.87 1.80
-6
gé&éﬂ%)mﬁ 1.0T +8.9 +7.8 +5.3 +2.2 +0.7 +10.7
25 AHIED Bl X BICiRNEIRO K E B FOHWIE (S
2HIE) T B L EOTER R —BEDD T EMNT
& 7219,
20k /,A"”—A 4.2.3 ZERE D
s F MR AR T & < WSS EE LS 2 DUk
_— . BEOREVDIOPLIEC b5 &, WE, BERF
ension -
1.4 kg/mm? 4 \\\ WEToRT, GRIBELVERE DO EDBIRTHS.
0.5 - %,

Free \
Compression

/

\1.4 kg/mm?

Total loss at 1.0T and SOHz, watls/kg
&
T

o
[32)
T

1 ] ) 1 ] !
0% 1¢ 30 25 6 ¥ oF
Angle from Rolling Direction

Fig. 15. Angular dependence of effect of applied
stress on total loss for HI-B with surface
coating (Bg=1.92T).
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XOTEIBlE ST 0L L.

CORMBEECT X HRNDBEAMEDO I WHDIFE
EMBEC LIS ENOREWVZIEE LY. Z0RDF S

WEZ/NESLTH-DOREEET X 5MUEERIE S
TN ESETERVY, EROZESRGOOMILINT
DOTERTOREE LGS, BHMBELZM TN
VETHD.

Bz B BT ERE L EH LA TES. RO
HEIEFHEOEREBILEREHLEE D EFCEEehic
X O MOEMEPMETHS. WROEKE S DH#H
VST BB WS, RIS AR E—I L Y,
mh7e ST XD TE X HMOFHELZFR L THELS
LT 5BNBH5.

Fig. 16 13{f3kfH e HI-B OEDOLHEREE RS .
HEED v O REURE /NI L, BRI DX
EVWEMHMHIED b DI & QI BFIRERSHTT <ShTw
BT NP5,

Bl 7z X 5 i TR 5 L 5 PR FE R SAR Y 5 ik
O LT By (bR L X, EEHEER X 5RN%)
BEHEEOTIEW T ChiRiFEO b0 E LR S
X5k ol.

13 ERRZEARNMERBROZTERCEITIEE

MEFMBEIEESAE H-B EALS X #R4E I
S TS TWwWa8, Fig. 17 B h OHFEE A
—h—DOWETE I IDTH 5. ETEERGERN
oW TiE, KEWHohx 60 77 kVA DEAMETES
»h, NEWHoO: 10kVA BEOEKLETLRBCES
FCRAEMHEOR ECHRG LT 15% BEOM.LER
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Fig. 16. Effect of the degree of grain orientation
and surface coating on the compressive
stress dependence of magnetostriction for
grain-oriented silicon steel.

Thickness : 0.30 mm
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Fig. 17. Comparison of characteristics of actural
transformers made from same design using
HI-B and conventional material.
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Fig. 18. Effect of thickness on total loss at 1,7
Tesla.
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Fig. 19. Effect of melting method on total loss
at 1.7 Tesla.
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Table 3. Typical total loss values in the experiment-
al products of HI-B due to new technical
development.

Sheet thickness Total loss at k.7 T, 50 Hz

0.35 mm 1.13 Watts/ kg
0.30 mm 0.98 Watts/ kg
0.28 mm 0.95 Watts/ kg

1.30}~

.20

-Total loss — watts/kg at 17T and 50Hz

I 1
186 188 180 192 .94 196
Bs — Testa

Fig. 20. Effect of permeabitity on total loss at 1.7
Tesla.
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Fig. 21. Effect of [Si] content on total loss at
1.7 Tesla.
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Fig. 22. Effect of scratching on total loss for grain-
oriented 3% silicon iron. The surface
was chemically polished and then scrat-
ched in the cross-rolling direction with a
interval of 10 mm on the upper side.
Surface roughness: about r.m.s. 10g inch.
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