XVII IMEKO WORLD CONGRESS
Metrology for a Sustainable Development
September, 17 — 22, 2006, Rio de Janeiro, Brazil

REFERENCE MATERIAL FOR MAGNETIC MEASUREMENTS IN EPS TEIN FRAME

Marcos Fukuhara ! Taeko Yonamine !, Frank P. Missell 12

! Instituto Nacional de Metrologia, Normalizagdo eafijdade Industrial - INMETRO, Duque de Caxias, RJzBra
2 Universidade de Caxias do Sul, Caxias do Sul, RS|IBraz
® Corresponding author: mfukuhara@inmetro.gov.br

Abstract: The development of a reference mater@l f This grade of electrical steel is referred to a8 EDy its

magnetic measurements in an Epstein frame will lenabproducer Acesita. The measured density was foanket

Brazilian companies to obtain reliable, yet inexgiea 7.684 g/cm and was obtained through the hydrostatic

calibrations of their equipment. By means of pedod method according to NBR5161. The sample consistdd o

measurements according to the standard NBR 516ii]lit  strips, 30cm in length and 3cm in width, with aatowveight

be possible verify the stability of the calibraioand the of 560.32g. The strips had received a surfacenresat to

rated operating conditions from the behavior of theavoid oxidation. Total power loss and permeability for

reproducibility graph and an interlaboratory conigzn. inductions of 1.0T, 1.3T, 1.5T and 1.7T at 50 &tiHz
were the measured magnetic propertiEise behaviour of
total power loss and permeability obtained at la&@ 60Hz

Keywords: total power loss; permeability; Epstein frame. are frequently used by equipment producers to wahé
reproducibility of measurement results (figure 2).

1. INTRODUCTION For the measurement, the Epstein sample is sureaund

. , . - by an inner secondary winding, while outside is phienary

DL!e to mdus_trys need to increase the ef_ﬁmentfy Oor magnetizing winding. Applying an electrical cemt in

eIectncaI__ machines, new S|I|con__ steels W|f[h_ h|gherthe primary winding at 60Hz, for this case, a maignield

permeability (related to the capability of amplifgi the H in A/m will be produced as given by:

magnetic field) and lower power loss are being tped. '

The steel quality can be determined by magnetic .

measurements. The main magnetic properties are the H :M (1)

magnetic permeability and the power loss, which ben |

obtained from hysteresis curves displaying the ragn

induction of the material as a function of the metgmfield. whereN is the number of turns in primary windinig;is the

The internal area of the hysteresis curve corredpdn the rms value of exciting current in A andis the effective

energy dissipated during one cycle of hysteresiterA magnetic path lenght in rithe maximum intensity dfmust

dividing this area by the material density and iplying by ~ be enought for the inductio® to reach 1.5T in the

the frequency, the result is equal to the powes lasd is secondary winding. This induction valuB may be

given in W/kg. These measurements are usuallyezhout  determined from the voltage induced in the secondar

in an Epstein frame and, in Brazil, according tangard winding, which is proportional to the time variatiof the

NBR 5161. Most of the Brazilian laboratories pemiothe  magnetic flux = B.A):

measurements with equipment specifically develofmd dg
that purpose. The reference material under devedopm U=-N,— 2
(non-oriented electrical steel) is to be used falibcating dt

this magnetic measurement equipment.
whereN, is the number of turns in the secondary winding;
2. METHODS @is the magnetic flux in Tfmandt in s. Integrating

. — . equation (2):
Magnetic characterization was performed with aq )

Brockhaus System MPG100D hysteresis tracer, using a

25cm Epstein frame with 700 windings at the Labmmabf AB = — 1 IUdt
A
2

Magnetism  (LAMAG-DIMAT)  of  INMETRO. N (3)

Measurements are traceable to the PTB (Germanyigh
a certified reference material.
The reference material chosen is a fully proce¥d The relative permeability; is obtained from:
silicon steel with medium quality magnetic propesti and
which is relatively inexpensive. This 2% silicoreat is B=yuH (4)
widely consumed by electrical equipment manufacture



where 1, is the absolute permeability irvacuum obtained under the same conditions is 854.5 and the

(410" H/m). standard deviation is 1.4. After a much more esiten
reproducibility verification, producers equiped hviEpstein
3. RESULTS frames in their laboratories will be invited to ficipate in

an interlaboratory comparison of magnetic measunésnen
The values of the electrical currentin the primary materials supplied by INMETRO.
winding, the voltageU induced in the secondary and
equations (1) and (3) can then be used to plotstelssis
curve, such as that of figure 1. 4. CONCLUSIONS

The mission of INMETRO is to promote scientific and

1.57—% technological advance through the development Gbmnal
1.5T / 60H
4 //fﬂ metrological standards. To that end, E230 eledtateel is
10 / being examined for use as a reference materiahagnetic
05 measurements in an Epstein frame. At the end of the
o { / interlaboratory comparison a certified referencetemal
o 00 will be offer to Brazilian steel producers and aomers.
/ ! To date, the average value of total power losE260
05 / steel at 1.5T/60Hz presented a reproducibilityiach0.2%.
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Figure 1. Typical hysteresis curve
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As mentioned before the internal area of the hasier
curve corresponds to the dissipated energy antbeaasily [1] Norma Brasileira NBR 5161 — Produtos Laminados
converted to magnetic power loss in W/kg. In thsecof Planos de Aco para Fins Elétricos - Verificagdo das
the Brockhaus system, the power loss is calculdiexttly Propriedades.
by the internal wattmeter of the equipment. Sorinst f
results are shown in figure 2, where successive
measurements correspond to successive days.

reproducibility verification at 1.5T/60Hz
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Figure 2. Losses at 1.5T/60Hz for reproducibiigyification

Up to now the average value of total power loss at
1.5T/60Hz for E230 electrical steel is 4.0849 Wyl the
experimental standard deviation is 0.0079, cornedimy to
0.2% of the average valueThe relative permeability



