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ABSTRACT
This paper deals with the result of the work done in determining the Hysteresis and Eddy current losses of a
magnetic material using Epstein frame. This paper deals with all about construction of Epstein frame using a
particular magnetic material and tracing its Hysteresis loop in a CRO, (Cathode-Ray Oscilloscope) with the
help of values obtained from the CRO the losses are calculated
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I. INTRODUCTION

Designer of the transformer must know the iron losses i.e. the Hysteresis and Eddy current losses of the
magnetic material used for the construction of the core of the transformer. Determination of iron losses using
Epstein frame is one of the easiest and economical method which does not require rigorous design and
complicated calculations.M. S. Lancarotte, A. d. A. Penteado Jr., and S&o Paulo, has been carried out [2] on
“Prediction of magnetic losses under sinusoidal or nonsinusoidal induction by analysis of magnetization
rate. M.Amar and R. Kaczmarek has been carried out [3] on “A general formula for prediction of ironlosses
under nonsinusoidal voltage waveform. Zhigang Zhao and coworkers have been carried out [7] on
“Measurement and Calculation of Core — Based B-H Curve and Magnetizing Current in DC — Biased
Transformers”.John B. Good enough has been carried out [8] on “Summary of Losses in Magnetic Materials.
Aldo Boglietti and coworkers have been carried out [10] on “Predicting Iron Losses in Soft Magnetic Materials
with Arbitrary Voltage Supply”. KapilVenkatachalam, Charles R. Sullivan, TarekAbdallah, and HernanTacca
have been carried out [11] on “Accurate Prediction of Ferrite Core Losses with Nonsinusoidal Waveforms
Using Only Steinmetz Parameters”. Simon Steentjes, Georg von Pfingsten, Macro Hombitzer, and Kay
Hameyer have been carried out [12] on “ Iron-Loss Model With Consideration of Minor Loops Applied to FE-
Simulations of Electrical Machines. Yu Zhang has been carried out [13] on “Magnetic Charateristics and Core
Losses in Machine Laminations: High —Frequency Loss Prediction from Low-Frequency Measurements”.
Maged Ibrahim and PragesenPillay have been carried [14] on “Novel Equipment for the Measurement of Core
Losses in Laminations for Advanced Machines”.

Il. DETERMINATION OF LOSSES

The losses that can occur in a material are:
Iron losses: Iron loss is caused by the alternating flux in the core and consists of hysteresis and eddy current
losses.

Hysteresis Loss: Hysteresis loss is associated with the phenomena of hysteresis and is an expression of the fact
when ferromagnetic material is involved, not all the energy of the magnetic field is returned to the circuit when
mmf is removed. It is known as hysteresis loss.The core of a transformer is subjected to an alternating
magnetizing force and for each cycle of emf a hysteresis loop is traced out.A great deal of information can be
learned about the magnetic properties of a material by studying its hysteresis loop [16]. A hysteresis loop shows
the relationship between the induced magnetic flux density (B) and the magnetizing force (H). It is often
referred to as the B-H loop. An example hysteresis loop is shown below.
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Figure 1: hysteresis loss

The loop is generated by measuring the magnetic flux of a ferromagnetic material while the magnetizing force is
changed. A ferromagnetic material that has never been previously magnetized or has been thoroughly demagnetized will
follow the dashed line as H is increased. As the line demonstrates, the greater the amount of current applied (H+), the
stronger the magnetic field in the component (B+). At point “a” almost all of the magnetic domains are aligned and an
additional increase in the magnetizing force will produce very little increase in magnetic flux. The material has reached the
point of magnetic saturation. When H is reduced to zero, the curve will move from point “a” to point “b”. At this point, it
can be seen that some magnetic flux remains in the material even though the magnetizing force is zero. This is referred to as
the point of retentivity on the graph and indicates the remanence or level of residual magnetism in the material. As the
magnetizing force is reversed, the curve moves to point “c”, where the flux has been reduced to zero. This is called the point
of coercivity on the curve. (The reversed magnetizing force has flipped enough of the domains so that the net flux within the
material is zero.) The force required to remove the residual magnetism from the material is called the coercive force or
coercivity of the material. As the magnetizing force is increased in the negative direction, the material will again become
magnetically saturated but in the opposite direction (point “d”’). Reducing H to zero brings the curve to point “e”.

It will have a level of residual magnetism equal to that achieved in the other direction. Increasing H back in the positive
direction will return B to zero. Notice that the curve did not return to the origin of the graph because some force point “f”
back to the saturation pointwhere it with complete the loop.the mathematical model can be developed [15].

Figure .2: ferromagnetic specimen

Consider a ring of ferromagnetic specimen of circumference ‘L’ meter, cross sectional area ‘a’ m®and
‘N’turns of insulated wire as shown in the figure above.
Let us consider, the electric current flowing through the coil is ‘I amperes. Magnetizing force is given as:
H:';—"' orl = #
Let the flux at this instant is ‘B’.
Therefore, total flux through the ring, ®=B x a Weber’s.
As the electric current flowing through the solenoid is alternating, the flux produced in the iron ring is

also alternating in nature, so the emf (e’) induced will be expressed as,
d®
e' = —N

o odt
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Figure 3: B-H curve

According to Lenz law this induced emf will oppose the flow of electric current, therefore, in order to maintain
the current | in the coil, the source must supply an equal and opposite emf. Hence applied emf,

‘e = e'=Na=
dr
Energy consumed in short time dt, during which the flux density has changed,

=e.l.dt

dB

= Na *1xdt

3

at

=N s HL it =a.L.H.dBjoul

=1 GEXF\—FXG =a.L.g.abjoules

Thus, total work done or energy consumed during one complete cycle of magnetism,
W =alL [ " H.dB 1)

Now ‘al’ is the volume of the ring and ‘H.dB’ is the area of elementary strip of B —H curve shown in the figure
above,

[ H.dB = totalareaenclosedbyhysteresisloop.

Therefore, Energy consumed per cycle = volume of the right x area of hysteresis loop.
The hysteresis loss per second is given by the equation[20]:
Hysteresis loss, Ph=n'(Bmax)-*f V joules per second (or) watts.
Where, f: supply frequency in Hz,

V: volume of core in cubic meters,

n’: hysteresis coefficient,

Bmax: peak value of flux density in the core.

Hysteresis loss can be obtained by Steinmetz method [29], according to which hysteresis loss per cubic meter
per cycle of magnetization of magnetic material depends upon:

() The maximum value of flux density,
(i) The magnetic quality of the material.
Therefore, (hysteresis loss) o (Bmax)"%j/m%cycle
Hysteresis loss = 1 (Bmax)"® j/m%cycle
=1 (Bmax)"° f V j/s (or) watts. )
Where,
M = is a constant for given specimen and a given range of flux density and is known as Steinmetz constant,

f = frequency of reversals of magnetization,
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V = volume of magnetic material in m°.

Eddy current losses: These losses arise from the fact that the core itself is composed of conducting material, so
that the voltage induced in it by the varying flux produces circulating currents in the material. These are called
eddy currents and are accompanied by ‘i’ loss in the core called eddy current loss.

Since the eddy current loss depends upon the rate of change of flux as well as the resistance of the path, it is
reasonable to expect this loss to vary as the square of both the maximum flux density and frequency [18].

Therefore, Eddy current loss, Pe = Ke 2 (Bmax)*2V watts (or) J/s. (3)
Where, Ke = eddy current coefficient, it depends upon type of core material,

f = number of complete magnetization cycles per second,

Bmax = maximum flux density in Teslas (Wh/m?),

t = thickness of laminations in meters,

V = volume of core material in m®,

Eddy currents result in a loss of power, with consequent heating of the material.

Eddy current loss can be computed as follows:

Consider a lamination of transformer of length ‘I’ meters width ‘w’ meters, thickness ‘t” meters and
carrying an alternating flux of density given B = Bmax sin ot passing in the direction of the arrow and parallel
to the plane of the sheet. Eddy current will tend to flow around through the sheets in paths similar to the one
drawn on the face of the lamination. Taking thickness of the lamination very small in comparison to its width,
these paths may be considered as parallel to surface of the sheet.Consider an elemental path at a distance ‘x’
from the center line of the sheet. Let the thickness of the path be ‘dx’.The flux enclosed in this elemental path at
any instant,

Ox = 2xw Bmaxsinwt

= 2xw Bmax sin 2xft (since ® = 2xf)

ffffff [
! | e 4 |-¢',elemen(ary7
I ' eddy {
current
path
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Figure 4: Lamination carrying alternating flux

The emf induced in this portion of elemental path,

Ex = d®x/dt = d(2xw Bmax sin 2zxft) /dt volts

= 4nxwiBmax cos2zft volts
The rms value of this induced emf,
Ex = (4nfwxBmax) / V2 volts

= 272 mxwf Bmax volts (4)

The resistance of this portion of the path,

R = px 2w /1 dx ohms, where p is the resistivity of the material in ohm-meter.
Neglecting the end portions of the path, the magnitude of eddy current is given by:
ix = Ex /R = (2V2 nxfw Bmax) / (2pw / 1 dx)

International Conference on Innovations in Electrical & Electronics Engineering (ICIEEE-2014) 88 | Page
GURU NANAK INSTITUTIONS HYDERABAD



Hysteresis and eddy current losses of magnetic material by ...

= (V2 nfx Bmax | dx) p amperes (5)
Eddy current loss, Px= (ix)? R

ix = Ex /R = (2V2 xfw Bmax) / (2pw / 1 dx)
= (V2 nfx Bmax | dx) p amperes
Eddy current loss, Px= (ix)° R
= (N2 xaf Bmax 1 dx / p)*%(2pw/l dx) watts
= (4n*f’B’max lwx?)dx / p watts (6)
Total eddy current loss, Pe= |, :U 2 px

Pe=] = 2 (4n2B2max Iwx? dx)/p
= (n?fztszmax wlt) / 6p
=(n’B’max ft* volume of lamination)/ 6p
{Since volume of lamination = wit}

Eddy current loss per unit volume = (n°B?max %) / 6p watts. @)

To find the hysteresis loses in a transformer core:
We know that, in a transformer, the applied voltage ‘v’ is given by
V=4 2nfn0,, 5, =v 2nfnB A

Bm_\?rrfm;:
2320
Bm: [T T, - =
VEr(50)(12000(1.0%107%
B,, = 0.8Tesla

W,,= Hysteresis Loss= K, x f x B:® watts
W,, = 0.8 mill : watts

S Voltage | Bmax H Hysteresis
No. (volts) | (Tesla) (webers | loss

) Wp(watts)
1 20 0.22 1.5 0.0041
2 40 0.43 2.22 0.0547
3 60 0.55 3.47 0.0886
4 80 0.60 5.55 0.0923
5 100 0.71 6.66 0.1547
6 120 0.74 9.13 0.1938
7 140 0.85 13.33 0.2564
8 160 1.15 15.24 0.3919
9 180 1.27 18.47 0.4879
10 200 1.28 19.33 0.7666
11 220 2.14 20.3 0.888
12 240 3.19 25.69 1.123

Table 1: calculating the hysteresis loses in transformer core

I1. WORKING OF OPERATION

The primary winding of the Epstein frame is connected to a 1 — ¢ auto — transformer with an input of
230V, 50Hz as shown in the circuit diagram (fig.3.3).The secondary side of the Epstein frame is connected to a
RC integrator with 10k and 1% resistor followed by a 0.22uF polyester film capacitor. The CRO probe is
connected across the capacitor to obtain B — H curve.Before switching on the single phase variac the CRO must
be set in swap mode. A dot appears on the display of the CRO which must be set to the center When the single
phase variac is switched on we can observe a parabola on the display of the CRO which slowly converts into a
leaf like structure (B — H Loop) with the increase in voltage.The unit enables one to trace the B-H loop
(hysteresis) of a ferromagnetic specimen using a Cathode Ray Oscilloscope. A measurement of the area of the
loop leads to the evaluation of energy loss in the specimen [19].
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Figure 5: Circuit Diagram of Experiment setup
The experimental arrangement is shown in the figure given below:

¥ S | INTEGRATOR _\."I'ERT.
i 3 CRO

R, G j
SPECIMEN

Figure 6: Transformer core arrangement.

One of the specimens used in the unit is made using transformer stampings. There are two windings on
the specimen (primary and secondary). The primary is fed to low A.C. voltage (50 Hz). This produces a
magnetic field H in the specimen. The voltage across R1(resistance connected in series with the primary is
proportional to the magnetic field. It is given to the horizontal input of the CRO. The A.C. magnetic field

induces a voltage in the secondary coil. The voltage induced is proportional to j—f(B-flux density). This voltage

is applied to passive integrating circuit. The output of the integrator is proportional to B and fed to the vertical
input of the C.R.O.As a result of the application of a voltage proportional to H to the Horizontal (input) axis and
a voltage proportional to B to the vertical (input) axis, the loop is formed as shown in the figure below.

Figure 7:B-H curve obtained with CRO connected across the capacitor
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Figure 8: B-H curve obtained in the display with increaing in the input voltage
The transformer core may be replaced by a ferrite ring.
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Figure 9: Ferrite ring

One patch cord and two BNC-BNC leads are supplied with the kit. The value of R1 can be selected by
connecting terminal D to A or B or C (A-D =5 ohm; B-D =15 ohm; CD= 50 ohm)Note: The extra loops in case
of Ferrites are due to the phase shift introduced, as we are working at low frequency

B-H CURVE UNIT

A [ <

PRIMARY SECONDARY

VERICRO HORCRO

oN MTTAL ENTERPRISES
VSVTIC NEW PATEL, NAGAR

Figure 10: Front Panel of B-H Curve Unit

IV. DETERMINATION OF THE ENERGY LOSS IN THE TRANSFORMER CORE
a. Connect D to A. Connect the primary &secondary terminals of the transformer specimen to respective
terminals. (Following same colourcoding).
b. Adjust the C.R.O. to work on X-Y mode
c. Connect terminal HOR .CRO to the Horizontal input of the CRO. Connect terminal VERT. CRO to the
vertical input of the CRO. Switch ON the power supply of the unit. The Hysteresis loop is formed.
d. Adjust the horizontal and vertical gains such that the loop occupies maximum area on the screen of the CRO.
Once this adjustment is made, do not disturb the gain controls.
e. Trace the loop on a translucent graph paper. Estimate the area of the loop.
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f. Note the vertical sensitivity (Sv) and horizontal sensitivity (SH) of the C.R.O.
g. The energy loss is given by

Vi R, €.

Energy Loss =—— x—x—x§ 8, xarea of the loop

N, R A

in Joules/cycle/unit volume

Where N1 = No. of turns in primary

N2 = No. of turns in secondary

R2 =4.7KQR1 = Resistance between terminals D-A, B, C
C2=4.7uf

A = Area of cross-section of Specimen

L = Length of Srpecimen

N Ro G5, x5y dreaof loop
EnergyLoss = —* x == e

Where

N;, N, = No. of primary and secondary turns

R,, R; = Resistance connected in secondary and primary side respectively in chms
Sv, Sy=horizontal and vertical sensitivity of the CRO in V/div.

C, =capacitance in farads

e ! 1200 5 0.22 x 10-6 0.1x01x7x107%
’ ! = ——x— XU X X =
Mergy LSS = 1200 " 25 B8 x 10 2x (L6x 10-9)

mr? (8)

Ry length ®xarea of cross section

= 1.2 mill: watts.

V. KIT DIAGRAM

.-

Figure 11: kit diagram

VI. DRAWBACKS AND FUTURE SCOPE
6.1 DRAWBACK : The following are the major drawbacks of this project: Construction of Epstein frame for
every magnetic sample that is to be tested would be a tedious job.Here, we don’t consider the rotational iron
losses for the magnetic material.

6.2 FUTURE SCOPE : This project can be improved by considering the aspects stated below.Improvisations in
the frame should be made such that a single magnetic sheet can be tested.The impact of rotational iron losses
should be taken into consideration.Other magnetic materials having different grades and thickness must be
studied.
VII. CONCLUSION

This project proposes a simple and economic method for determining the iron losses of magnetic
material of known composition, by constructing and Epstein frame.Through this project the designers can
improve the performance of the electrical machines by predicting the iron losses and magnetic characteristics of
the material. Therefore by constructing Epstien frame for different magnetic materials and determining the iron
losses in a similar fashion, we can compare and determine the best suited magnetic material for the construction
of transformer core.
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