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1. General Information

1-1 HI-B Grain-Oriented Silicon-lron

A new type of grain-oriented silicon-iron has been developed by NIPPON STEEL Corp.. Itis called
ORIENTCORE*-HI-B, commonly abbreviated to HI-B. The properties of this material enable the
production of transformers with reduced core loss, exciting current and noise. In addition, trans-
formers with a higher efficiency, larger capacity and more compact design are possible with HI-B.

The main difference between HI-B and conventional material (C.G.O.) is that a higher degree of
grain orientation is obtained in HI-B, as shown in Fig. 1-1-1. The average deviations of < 001 > axis
from the rolling direction are about 3"in HI-B and about 7°in C.G.O..

However, it should be noted that there is also a difference in the tensile effects due to the surface
coating which consists of a glass-film and a phosphate coating (see Fig. 1-1-2). The surface coating
not only acts as interlaminar insulation, but also places the material under tensile stress in the roll-
ing direction.

The improvement in grain orientation has resulted in an improvement in the magnetizing
characteristics, a decrease of hysteresis loss (see Fig. 1-1-3) and a reduction of eddy current loss
with applied tensile stress for the materials as shown in Fig. 1-1-4. The reduction in magneto-
striction (see Fig. 1-1-5), should result in a reduction in transformer noise.

In commercial practice, tensile stress in the material originates from the difference in thermal ex-
pansion coefficients between the surface coating and the steel. The reduction of the losses by ten-
sile stress, which is produced in the material by the surface coating, is shown in Fig. 1. 1. 7. The
values of tensile stress in the rolling direction are about 0.3~0.5 kg/mm? for stress coating (S-
coating) and about 0.1~0.2 kg/mm? for conventional coating. The decrease in losses is remarkable in
HI-B with S-coating. The reduction of losses due to surface coating (produce isotropic tensile stress
in the material) is almost the same as that at the corresponding value of tensile stress applied
along the rolling direction. This shows that the effect of tensile stress due to surface coating on
magnetic properties may be attributed to the anisotropic property of magnetostriction in Goss tex-
tured silicon-iron (see Fig. 1-1-2 (a)).

1-2 Magnetic Properties of ORIENTCORE-HI-B

1-2-1 Core Loss and Permeability

As the B-W curves in Fig. 1-2-1 show, ORIENTCORE-HI-B exhibits markedly improved core loss
characteristics. The B-H curves in Fig. 1-2-2 indicate that ORIENTCORE*HI-B has high permeability,
with saturation induction comparable to that of conventional material.

1-2-2 Polydirectional Properties

Since ORIENTCOREHI-B features excellent grain orientation, it has superior magnetic proper-
ties in the rolling direction. However, its magnetic properties around the transverse direction are
inferior to those of conventional material (Fig. 1-2-3).

1-2-3 Stress Sensitivity

When grain-oriented electrical steel sheet is being fabricated into transformer cores, stresses are
induced in the core. While elastic tensile stress has a favorable effect on magnetostriction
characteristics, compressive stress has a deleterious effect (Fig. 1-2-4). Because of the effect of S-
coating, ORIENTCOREHI-B is less affected by compressive stress than C.G.O..
ORIENTCORE-HI-B is also less sensitive to slitting, shearing, punching, bending and other kinds
of stress (Figs. 1-2-5, 1-2-6, 1-2-7 and 1-2-8).

NIPPON STEEL CORPORATION

1-3 Measuring Apparatus

Fig. 1-3-1 shows a single sheet tester for measuring losses and permeabilities. This apparatus pro-
duces measured values that correlate well with the Epstein test (see Fig. 1-3-2) and is useful for
testing under applied tensile or compressive stress.

Fig. 1-3-3 shows the a.c.magnetostriction tester which features a differential transformer for
detecting a.c.magnetostrictive vibration. This apparatus is also useful for testing under applied

tensile or compressive stress.

Fig. 1-3-4 shows the instrument for measuring losses under elastic bending.

HI-B C.G.0O.
Fig. 1-1-1 (100) pole figures showing the grain orientation of HI-B and C.G.O.
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Fig. 1-1-2 Schematic diagram showing (a) Goss oriented texture and (b) surface coating.
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ORIENTCORE-HI-B is supplied to electrical machinery manufacturers both in Japan and
differfential & :Xf» the other countries for use in transformers ranging from 10 KVA wound core transformers to
franstormer string for compression Q § | ultra-large 1, 000 MVA stacked core transformers. Data from manufacturers indicate that

<96 —>«——288 - 96— puiey ORIENTCORE-HI-B offers a 5~20 per cent reduction in core loss, a 10~50 per cent reduction in
screw for fixing exciting volt-amperage, and a 2~7 dB reduction in noise.
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3. Building Factor of Commercial Transformers

Building factors of single-phase and 3-phase 3-leg transformers classified by core structure are

given in Figs. 3-1 and 3-2. There is no specific difference in the building factor of transformers
with a 45°-joint regardless of whether they are made of ORIENTCORE-HI-B or C.G.O.. How-
ever in sheets with 90" -joints in the iron core, the building factor of ORIENTCORE-HI-B trans-
formers is higher than that of C.G.O.transformers.

Fig. 3-3 shows building factors of 3-phase transformers with a special core structure (e.g.,
3-phase 5-leg, shell type and other structures). A larger distortion of magnetic flux wave form is
observed in the yoke zone of 3-phase 5-leg and shell type transformers, making the building fac-
tor higher. The above is the av erage value of the building factor. However, as shown in Figs.
3-1~3-3, individual building factors in fact vary considerably depending upon core structure,
stack conditions, etc.

Transformer Core Loss (W/kg)
Material Core Loss (W/kg)

Note: Building Factor=

(a) Wound core -
e
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Fig. 3-1 Building factor of commercial single phase power transformers.
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4. Core Loss Characteristics of Model Transformer

4-1 Single-Phase Model Transformer

Fig. 4-1-1 shows the measured core loss of iron cores assembled with 45-joints. It has been proved
that since most magnetic flux flows in the rolling direction, core loss is proportionate to the iron
loss measured by the single sheet tester.

Fig. 4-1-2 shows the core loss measured with iron cores stacked with two different lap widths. It
has been proved that in iron cores with 45-N joints, core loss and exciting volt-ampere increase
with increasing lap width because of the effect of opeing with a triangle shape in the corners, while
in the case of 45-joints core loss and exiciting volt-ampere remain almost constant.

4-2 3-Phase Model Transformer

A comparison of core loss between the 3-phase model and the single-phase model transfomer is
shown in Fig. 4-2-1.

Fig. 4-2-2 gives an example of local core loss measured by the Thermistor Bridge Method.

Values of core loss measured in T-joints and yoke zones are higher than that measured in the leg
zone. This can be explained by the following three factors.

As generally known, core loss per unit weight in a 3-phase transformer is larger than that in a
single-phase transformer. Presumable factors for the larger core loss are:

1) Core loss due to rotating magnetic flux in the region around T-joint ==« Fig. 4-2-1,
Fig. 4-2-3

2) Core loss due to magnetic flux in directions other than the rolling direction
and magnetic flux concentration around lap joints ««---ssseeeerrrrermeeeeeeee Fig. 4-2-4

3) Core loss due to the lack of uniformity of magnetic flux caused by different
magnetic path lengths and distortion of the magnetic flux wave form owing
to the |aCk O-F uniformity ..................................................................... Flg 4_2_5 (a)l (b)

As shown in Fig. 4-2-1~Fig. 4-2-5, an increase in magnetic flow in directions other than the roll-
ing direction, polarization of magnetic flux, and partial distortion of magnetic flux wave form all
make core loss higher.

Fig. 4-2-6 shows the relationship between the size ratio of the window and the building factor
(transformer core loss/material core loss). The building factor decreases as the size ratio of the
window increases. The rate of decrease is almost the same in both HI-B and C.G.O.

Due to transportation restrictions, the 3-phase, 5-leg type of iron core is often used in large-size
transformer. This type of iron core is apt to cause a larger distortion of magnetic flux wave form
in the yoke zone with a resulting higher core loss than with the 3-phase, 3-leg type of iron core.

Taking all factors mentioned above into consideration, the use of ORIENTCORE-HI-B in
transformers can reduce both core loss and exciting current. In other words, the use of
ORIENTCORE-HI-B in transformers assures better performance than does C.G.O.

Core Loss of Model Trans. (W/kg)
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Fig. 4-2-2 Distribution of core losses in model transformer (local core losses were measured
by means of thermistor bridge).
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APPENDIX[1I]

A New Instrument for Measuring Local Core Losses
Using Thermistor Bridge

1. Introduction

Electrical sheets do not necessarily become magnetized uniformly. Normally their magnetic proper-
ties such as intensity, orientation and magnetic flux wave form differ locally.

Although the mean iron loss of electrical equipment or electrical sheet is measured by use of a
wattmeter, etc. , some other method has to be employed for measuring local iron loss. For this pur-
pose, we adopted a method which utilizes a thermistor and developed a local iron-loss measuring
apparatus which incorporates a combination of AC thermistor bridges and a lock-in-amplifier.

This report describes our study of problems and the accuracy of measurement by this local iron-loss
measuring apparatus, and finally, examples of applications are presented.

2. Measuring Apparatus

2.1 Principle of the Measuring Method

When a constant energy is applied to a substance under adiabatic conditions, its temperature rises
linearly with the elapse of time at a rate determined by its heat capacity. If an electrical sheet is
magnetized by AC, its temperature rises due to iron loss, and if the rate of its temperature rise is
measured, its iron loss can be obtained.

The procedure for obtaining the absolute value of iron loss from the rate of temperature rise is as
follows.

First, apply a DC to material identical to the specimen of iron loss measurement, and obtain the
rate of temperature rise by the Joule heating.

Second, obtain the Joule loss per kilogram of the material from the value of the current and that of
the resistance. Thus, by obtaining the relation between the Joule loss per kilogram of material and
the rate of temperature rise, the iron loss per kilogram of material corresponding to the rate of
temperature rise at the time of iron loss measurement can be calculated.

2.2 Configuration and Function of Measuring Apparatus

This apparatus consists mainly of a sensing unit, lock-in-amplifier, differentiator, Y-t recorder and
measuring frame. Fig. 1 shows the configuration of the apparatus and Fig. 2 the typical arrange-
ment of the thermistor of the sensing unit and measuring frame. The function of the apparatus is
generally as follows. The thermistor is installed on the surface of the steel sheet and the bridge is
adjusted to balance. When the thermistor senses any temperature change, the bridge balance is dis-
turbed by the change in resistance, producing an unbalanced voltage. This unbalanced voltage is
amplified by the lock-in-amplifier and synchronously rectified to obtain a DC output. This output is
then differentiated by the differentiator, and recorded on the Y-t recorder whose X axis denotes
time. As the rate of temperature rise becomes constant, the output voltage on the Y axis also
becomes constant, and by reading this voltage, the rate of temperature rise is obtained.

As is shown in Fig. 1, two bridges, A and B, each having a thermistor and three resistors form the
sensing unit, and are connected by wire so that bridges A and B function differentially. Hence, in
order to prevent drift due to a change in ambient temperature, bridge B is used for compensation
(as in the case of Fig. 2) and the temperature rise is measured employing bridge A. However, by
the method of measuring the time differential of temperature change by the differentiator as done
by this apparatus, even if a single bridge is employed, the effect of change in ambient temperature
only produces an offset voltage working on the recorder if measuring is started when the change in
ambient temperature becomes linear with time, and thus does not impede the proper function of
the apparatus. An applied voltage adjusting resistor is installed in the bridge B circuit and adjusted
to make the sensitivity of both bridges equal because it is difficult to obtain the same bridge
characteristics for bridges A and B. The output and the differential output of each bridge are
selected by switches.

3. Examples of Application of the Apparatus

3.1 Comparisons between This Measuring Method and the Wattmeter Method

A comparison was made using the same measuring frame for both this method and the wattmeter
method in measuring the iron loss of a single electrical sheet specimen. The construction of the
measuring frame is shown in Fig. 3, and the frame is sealed in a bakelite box to eliminate the
direct effect of atmospheric air. Also, to prevent the specimen from coming into contact with the
bakelite of the coil frame, it is held up by the insertion of a styrofoam board. The thermistor sensor
is embedded in the styrofoam except for the portion in contact with the steel sheet to shield it
against heat radiation from the coil. A dummy specimen was placed in the same heat-shielded box,
and the double bridge method was used. The specimen for measuring was é cm wide, 30 cm long
and 0.028 cm thick. The wattmeter method is capable of measuring iron loss over a broad area. In
this measuring method, an average of 15 point measurements are taken, at 3 locations separated 6
cm from each other in the middle in the longitudinal direction and at 5 locations at 1 cm intervals
in the transverse direction. The result of the measurement is shown in Fig. 4. From this graph it is
clear that the measurements of both methods are in good agreement. The same magnetic flux den-
sity of 0.5~1.5 T was adopted in measuring iron loss.

3.2 Measurement of 3-Phase Model Transformer Iron-Loss Distribution

Iron loss was measured by this apparatus at locations on a small model of core-type 3-phase trans-
former. The measuring frame used had the construction shown in Fig. 5, and considerations were
given to eliminate the effect of atmospheric air and assure heat insulation, just as in the foregoing
case.

Shown in Fig. 6 is a distribution of iron loss measured by the use of this apparatus, and the
distribution is indicated by equal iron-loss lines. The measurement was conducted at 10 mm inter-
vals on the top of a 12-layer specimen block of oriented electrical sheets. The iron loss of the entire
transformer calculated using this result was W17/60=1.77 W/kg, and that obtained by the watt-
meter method was W17/60 = 1.72 W/kg, showing a comparatively good agreement between them.

4. Conclusion

The local iron-loss measurement is a very useful means of studying the magnetic properties of elec-
trical sheets. In this respect, it is necessary to carry out measurements accurately with high stabili-
ty. We have made it possible to obtain high stability by a combination of AC thermistor bridges
and a lock-in-amplifier, and to achieve the shortening of test time as well as the improvement of
accuracy by directly measuring the rate of temperature rise by the use of a differentiator.
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Mechanical and Physical Properties of HI-B And C.G.O.
HI-B C.G.O.

Tensile Strength, L 32 (46,000) 36 (51,000)
kg/mm? (Io/m?) C 38 (54,000) 40 (57,000)
Vield Point. L 30 (43,000) 32 (46,000)
kg/mm? (Ilb/m?) C 33 (47,000) 40 (55,000)

L 13 17
Elongation, %

C 64 65

L 28 18
Bending, Test Values

C 18 14
Modulus of Elasticity, | L 1.189 1.114
X10%kg/mm? C 2,038 1.931
Hardness, Hv (1) 170 175
Density, g/cm? 7.65 7.65
Resistivity, micro-ohm-cm 45 48
Saturation Induction, Tesla 203 203
Curie Temperature, C 745 745
Thermal Conductivity
at 25C, cal/sec. cm. deg.C 0.067 0.061

L=Test specimens taken longitudinal to the rolling direction
C=Test specimens taken transverse to the rolling direction
Note: Tensile and bend tests were conducted in accordance with JIS C 2550 1975.
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