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New Products &
Technologies

New Grain-Oriented Electrical Steels for Transformer Cores
with Extremely Low Iron Losses™

Michiro Komatsubara**

1 Introduction

The production of grain-oriented silicon electrical
steels, which are used mainly as the materials for trans-
former cores, is increasing with the increase in demand
for e¢lectrical power supply. An improvement is sought
for iron loss in electrical steels used to make the iron
cores of clectrical equipment, especially the transform-
ers used for power transmission.

Kawasaki Steel has developed new grain-oriented
electrical steels that have extremely low iron loss raics
when used as the core material of transformers. They
combined technologics with (1) a new component sys-
tem and the development of a production process suit-
able for this system'™, (2) a new domain refining
process*™® applicable to both materials used for wound-
core transformers and for stack-core ones, and (3) the
development of equipment able to run these technolo-
gies.

This report expresses the characteristics of rccently
developed  grain-oriented  electrical  steels  having
extremely low iron losses and examples of how to apply
them to transformers. '

2 Concepts of the Development

As iron loss in clectrical steels consists of hysteresis
loss and eddy current loss, both kinds of losses need to
be reduced independently. This was achieved by apply-
ing the following two concepts.

(1) Decrease in hysteresis loss by applying a high align-
ment technique to the grain orientation of the materi-
als with thinner gauges

(2) Decrease in eddy current loss by applying a heat-
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proof domain refining technique to the materials with
thinner gauges

3 Distinctive Features of New Products

(1Y 23RGHO90N

The technique of high orientation alignment was
applied to the thinner gauge materials, for which high
induction and extremely low losses are characteristic.
These materials can be used for both stacked-core
transformers and wound-core ones, especially since
they have excellent magnetic properties in the higher
fields. Moreover, their good magnetostrictive proper-
ties are particularly suitable for meeting the strong
demand in reducing transformer noise.

(2) 23RGHPDO85N, 27RGHPDOYON

These products were developed by applying a heat-
proof domain refining technique®™® to the above mate-
rials. During this process, grooves arc formed a cer-
tain distance apart on the steel surface through elec-
trolytic etching after final cold rolling, reducing the
eddy current loss remarkably through the demagnetiz-
ing effcct of the grooves. These materials can be used
for both stacked-core transformers and wound-core
ones. They have fewer high harmonic magnetostric-
tive components than the materials irradiated by the
plasma jet flame™, thus are suitable to be used as
transformer materials with low loss and low noise
rates. Especially the 27RGHPDOYON has an
extremely low loss rate in the materials with this
gauge. It has therefore the advantage of improving the
efficiency of the stacking process.

4 Characteristics of New Products

The typical magnetic values of the new products are
shown in Table 1, and Fig. 1 compares the iron loss
curves of the new products to the conventional low loss
material of Kawasaki Steel (conventional one: RGH),
The iron loss of each new product is extremely low, and
the W 7se of 23RGHPDOSSN especially is reduced by
almost 25%.
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Table 1

Typical magnetic properties of new materials and conventional one

Material o Grade I - Iron loég(W:/ikg) ,,., e ,M}}dion
o Wiarze Wigrmg Wiz Wisro Wissan Wizseo By (1)
2ARGHO90N 0.43 .63 Toss 062 0.82 1.13 193
New RGH 23RGHPDO3ON 0.42 0.57 0.77 0.56 0.75 1.00 1.89
27RGHPDO9ON 0.45 0.61 0.84 0.60 0.81 1.11 1.89
RGAH" 30RGH105 {156 075 1403 0.85 0.59 137 1.89
DConventional material with high permeability
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Fig. 1 Iron loss curves of new materials comparing

with conventional one, measured at 50 Hz

Figure 2 shows the magnetostrictive properties of the
new products in comparison with the conventional one.
The magnetostrictive properties of the new products
both to flux density and to compressive stress are con-
siderably improved. This is a great advantage in reduc-
ing the noise of transformers.

[ 1 5= [t 15— | <= | () 4 1 50— =150

Magnetostriction; App (x10 )
e

27RGHIPDGYON

T 23RGHPDOSON
}
o 0.5 1.0 1.5
Flux density; B (T)
30“‘3”& 23RGHO90N
10}

L5

27TRGHPD0

2ZIRGHPIH)E5N

Magnetostriction; App 17/50 (x10°%)

a1

e
T2
o

0.2 0.3 04

0.5

Compressive stress (kgf/mm?)

06 07

Magnctostriction curves of new materials

comparing with conventional one, measured

at 50 Hz

5 Ways of Applying to Transformers

The examples show how these materals have becn

Joint geometry Step iap
Lap width " mmx5
‘Number of sheets 2 o
/Unit lap

Shect thickness, | 0.23 mm X 144
Number of

stacked sheets
Core weight

: 0.27 mm % 120
{0.30mm x 108

| ca 100kg

Fig. 3 The configuration of a 3-phase stacked-core model transformer
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applied to stack-core transformers and wound-core ones.

The new products have been tested using the model o) I —— e S S

stack-core transformer with iron core structures for step _ T T = ? T

laps as shown in Fig. 3. These results are shown in £ - 95 Ae

Table 2. Moreover, the new products have been tested in 2ol | | N E sl | | e

wound-core transformers with a capacity of 20 kVA and 2 26% z 2%

with step lap structures. These results arc shown In = b=

Table 3. Figure 4 compares the iron loss rates of these 5 W £

transformers with the new products and the conventional _5 g

one. The iron loss rates for both the stack-core trans- - |

former and the wound-core transformer were improved o "

by 15 to 25% by using these new products in compari- W m @ n 20 o 27 23

son with using the conventional one. This is a reason- RGH RGH - RGII RGH ROH ROHRUILKGH

able result in improvement for the iron loss rates of the 090N 085N 90N 5N

new materials. - Grade . (b} Woundffriftt‘mns[omwr
Moreover, Table 4 shows the results of using the new (&) Stackedcore transformer .

product (27RGHPDO90N) and a conventional one Fig. 4 Loss reduction rate of model transformers

(27RGH100) in a stack-core transformer at 110 MVA using new materials comparing with conven-

tional one

Table 2 Magnetic properties of stacked-core model transformers

Mafznetic propertiég of |

Material Grade materials Magnetic properties of model transformer cores
By (1‘) Wirme W/kg) | Wiess (W/kg) Fovrrss (A) lNUiSQW/MJ (dn) BF?
23RGHO90N 193 0.86 1.01 0.74 T sz 117
New RGH 23RGHPDO8SN 1.89 0.77 0.90 0.75 52 1.17
27RGHPDOSON 1.89 0.84 0.99 0.85 53 118
~ RGH" 30RGHI0SN 189 1.03 121 085 | 56 117

DConventional material with high permeability
BRF: Iron loss of transformer core/lron loss of material

Table 3 Magnetic properties of wound-core model transformers

Material Grade | Magnetic properties of materials Magnfrl:rlgt};)c;}:r’s;?ii:c[smndd
By (M Wiz W/kg) | Wi W/ke) | BF?
23RGHOI0N ) 1.93 ) 0.86 ' 0.87 1.01
New RGH 23RGHPDCSSN 1.89 0.77 0.78 101
27RGHPDOION 1.89 0.84 0.85 101
RGH" 30RGH105 ' 1.89 ' 1.03 1.04 ‘f 1.01

YConventional material with highr permeab-ility
ARF: Tron loss of transformer core/Iron loss of material

Table 4 Magnetic properties of 3 phase-3 limb stacked-core transformers (step lap, V notch, designed flux den-

sity: 1.78 T)
) Magnetic pl:opcrties of “Magnetic properties of transformers
Material Grade materials (no load, at 50 Hz}
T B, () Wiy (W/7ke) |Excitation (%) Loss (kW) 1, (%) Noise {dB)
- ’ w28 00 8L
New RGH 27RGUHPTH090N 1.90 0.85 100 58.9 01z 72
110 95.9 are 0 =
o T 475 oos 4
RGHY 27RGHI00 1.90 0.97 100 70.3 014 B/
_____ | L 107.4 089 =

DConventional material with high permeability
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which also shows that the iron loss rate of the trans-
former has been remarkably improved by using this new
product.

6 Conclusion

The newly developed materials, 23RGHO90N,
23RGHPDOSSN and 27RGHPDO90N, had their mag-
nctic properties presented and the ways they can be
applied to tranceformers, By using these materials, large
energy saving can be expected for transformers with
their iron loss.
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