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Abstract—Iron losses have a large share in the overall losses
of high power density electrical machines operating as variable
speed drives. Therefore, commonly used control strategies such as
Maximum Torque per Ampere or Maximum Torque per Voltage
aiming at minimizing the copper losses do not select the best
direct- and quadrature currents to maximize the efficiency or
minimize the overall losses at each operating point. This paper
elaborates a loss minimizing control strategy considering the iron
loss distribution at all operating points, comparing different iron
loss models.

Index Terms—Loss minimization, efficiency optimization, field
oriented vector control, nonlinear optimization

I. INTRODUCTION

Permanent-magnet synchronous machines (PMSM) are used

in electrical drive trains requiring high power density and high

efficiency in a wide operating range. Especially PMSM with

buried magnets offer high power densities and low rotor losses.

The magnetic salience leads to a reluctance torque which can

be used applying the best direct and quadrature (dq) current

combination to maximize the torque per ampere (MTPA). This

results in minimal copper losses and is a common choice.

However, in high power density machines operating as variable

speed drives iron losses have a large share in various operating

points due to high magnetic utilization and elaborated field

frequencies. On that account, the iron losses need to be

considered in all operating points to select the best direct and

quadrature current combination leading to the lowest overall

losses. For this purpose the iron loss calculation scheme is

of particular interest. This loss minimizing control strategy is

known as the maximum efficiency (ME) control, whose theory

is well known and has been proposed and applied by different

authors [1]–[3].

A commonly used approach to represent the variability of

the iron losses is to add a speed-dependent iron loss equivalent

resistance to the machine model [1], [2], [4]–[7] or to employ

variable loss coefficients [8] and elementary iron loss models

[9]–[13]. All of these approaches solely consider iron losses

caused by the fundamental harmonic of the magnetic flux

density in the machine leading to a strong simplification, in

particular in the field-weakening range.

The main challenge and central task of the loss minimizing

control strategy is an accurate description of the considered

loss components maintaining the simplicity of the loss mod-

els to be applicable for real-time applications. Depending

on whether or not a prototype exists the loss models are

parametrized by measurements [11], [14] or directly look-up

tables of measured losses are used to accomplish the simplicity

and accuracy [8]. Considering the speed-dependent additional

losses during the control of the machine enable to minimize

the overall losses, tantamount to maximizing the efficiency. For

PMSM especially at the partial load area the efficiency can be

improved, because at this area the iron losses are dominant.

Considering the drive cycles of speed-variable traction drives

in [8] and [14] show that the average efficiency gain or energy

loss decrease rises up to 2%, which is a non-negligible amount

that can be achieved by the correct control of the machine.

This paper deals with the same methodical approach to min-

imize the overall losses, but in contrast to other investigations

this paper bases the iron loss estimation solely on standardized

Epstein measurement data to parametrize the applied iron

loss models in combination with a Finite-Element model and

specific control strategy to incorporate the operation char-

acteristics of the machine. This approach allows combining

efficiently the material information gained from standardized

measurements (loss and non-linear magnetization behavior)

and the operation dependent load characteristics. Therewith,

an a priori design and loss prediction of the machine across

the whole torque-speed map is possible. The importance of the

used iron loss model and the comparison with measured data

is discussed in detail. This paper uses two extended iron loss

models [15] in combination with Finite-Element simulations to

derive a more accurate loss minimizing control strategy. These

two extended iron loss models share an additional eddy-current

loss component to account for increased iron losses at high

magnetic flux densities and high excitation frequencies. They

are different in terms of the consideration of higher harmonic

flux density component and the hysteresis loss component.

II. MODELING APPROACH

A. Machine model

In order to evaluate the proposed methodology a permanent

magnet synchronous (PMSM) machine with buried magnets

is modeled in a rotor-flux-fixed dq-reference frame including

cross coupling magnetization and saturation [16]:[
Ψ̂d

Ψ̂q

]
=

[
Ldd Ldq

Lqd Lqq

] [
îd

îq

]
+

[
Ψ̂f,d

Ψ̂f,q

]
. (1)
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The quadrature and direct current is varied during simulation

to extract the torque calculated by the eggshell method for

different excitations [17]. The average torque is determined

by the formula:

T =
3

2
p
(
Ψ̂dîq − Ψ̂qîd

)
(2)

To calculate the efficiency of the machine, the various loss

components which occur during the operation have to be

considered. These are detailed in the following subsections.

B. Copper loss model

For the consideration of the copper or ohmic losses the

equation:

PCu = 3Rs(θ)i
2
eff

is used. The influence of the changing temperature of the

stator windings is taken into account by using a temperature

dependent stator resistance Rs(θ), which is calculated by:

Rs(θ) = Rs(θ0)
1

1− (θ − θ0) · 3.9 · 10−3 (degC)
−1

(3)

The resistance Rs(θ0) is determined by a DC measurement at

temperature θ0 and for the simulation results set to a fixed

value at temperature θ = 100 ◦C. Comparing the simula-

tion results with measurement amounts to the temperature,

measured at different points at the winding, is considered.

Additional copper losses due to eddy currents and inverter

loss are not taken into account.

C. Iron loss model

The utilized iron loss model [15] plays a central role for this

control strategy. The model has to deliver reliable and accurate

results in all operating points of the machine, i.e., material

saturation characteristics, rotational iron losses and harmonics

need to be considered. Therewith the loss distribution can be

calculated and the control strategy adjusted. In this paper, two

different iron loss calculation methods are applied. The first

one calculates the iron losses solely based on the fundamental

component of the magnetic flux density B1 in combination

with the fundamental frequency f1. More precisely, the Fourier

summations in (5) to (8) are replaced by the fundamental

components. The second approach considers the influence of

induced field harmonics using a Fourier series representation

of the magnetic flux density waveform for the least common

multiple of an electrical period and the rotational period of

the rotor. Based on this, the amplitudes and orders of the

field harmonics can be used for the iron loss calculation

[18]–[20]. The level of magnetic flux distortion and rotational

magnetization are included in both models in a similar way

using the maximal and minimal magnetic flux densities Bmax,

i.e., Bmin, over the Finite-Elements of the machine model

during one magnetic period.

PFe = Physt + Pclassical + Pexcess + Psat (4)

with the following loss contributions:

Physt = a1

(
1 +

Bmin

Bmax

(rhyst − 1)

)
Bα

maxf1 (5)

Pclassical = a2

∞∑
n=1

(
B2

n (nf)
2
)

(6)

Pexcess = a5

(
1 +

Bmin

Bmax

(rexcess − 1)

) ∞∑
n=1

(
B1.5

n (nf)
1.5

)

(7)

Psat = a2a3B
a4+2
max f2

1 (8)

The material dependent parameters (a1 − a5 and α) of the

iron loss model (Table I) are identified using standardized

Epstein measurement data (purely sinusoidal magnetic flux

density waveforms). A comparison of loss predictions and

measurements is depicted in Fig. 1.
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Fig. 1. Comparison of calculated iron losses with measurements at different
frequencies using parameters of Table I for material grade M330-35A.

TABLE I
IRON LOSS MODEL COEFFICIENTS FOR THE INVESTIGATED ELECTRICAL

STEEL, CLASSIFIED AS M330-35A.

α a1 a2 a3 a4 a5
2.0 18.531e−3 62.75e−6 32.55e−3 5.0 0.4e−3

D. Bearing loss model

The losses due to friction occurring in the shaft bearings

are modeled by using an analytic approach described in [21]:

Pbear = nbearf0 (vbearn)
2

3 d3bear · 2πn · 10−7,

where nbear, f0 and vbear denominate the number of bearings,

the bearing coefficient and the bearing viscosity. Values for f0
and vbear are taken for the data sheets provided by the bearing

manufacturer. They are both temperature dependent are set to

a mean value depending on the operating conditions.

III. MODEL-BASED CONTROL STRATEGIES

In order to calculate the operation points for the entire

operating range a combined control strategy is used. The

optimization problem is defined by:

minimize
îd,i,j ,̂iq,i,j∈R

J(̂id,i,j, îq,i,j) =
√

î2d,i,j + î2q,i,j

subject to Ti =
3

2
p
(
Ψ̂d,iîq,i − Ψ̂q,iîd,i

)
, ∀ i = 1, . . . ,m,

ûj = ωjΨ̂d,i ≤ ûmax, ∀ j = 1, . . . , n.
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with the torque vector T1, T2, ..., Tm subject to m ∈ N and

the speed vector n1, n2, ..., nn with n ∈ N. This optimization

problem combines the maximum torque per ampere (MTPA)

control for the base speed range and the maximum torque

per voltage (MTPV) control for the field weakening range.

This control strategy minimizes the current vector, which

is tantamount to minimized ohmic losses. Since the current

amplitudes are known, which is the case for current driven

controls, this control scheme is a simple method to reduce

the losses and maximize the efficiency. However, this control

strategy neglects the other losses, which are influenced by

the direction and amplitude of the current vector. Du to the

current-dependent magnetic field distribution the iron losses

are also dependent on the position of the current vector for

each occurring frequency. For this reason the iron losses can

be considered in the control strategy by:

minimize
îd,i,j ,̂iq,i,j∈R

J(PLoss,i,j) = PCu,i,j + PFe,i,j

subject to Ti =
3

2
p
(
Ψ̂d,iîq,i − Ψ̂q,iîd,i

)
, ∀ i = 1, . . . ,m,

ûj = ωjΨ̂d,i ≤ ûmax, ∀ j = 1, . . . , n.

This optimization problem combines the maximum torque per

loss (MTPL) control or the maximum efficiency control (ME)

for the base speed range and the maximum torque per voltage

(MTPV) control for the field weakening range and it has the

same boundary conditions as the MTPA control.

IV. RESULTS

A. Simulation Results
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(b) Flux linkage vs. îd, îq.

Fig. 2. Torque and flux-linkage in dq-reference frame.

Figure 2 presents the result of the calculated average torque

and flux-linkage for different dq-current excitations using

Finite-Element simulation. In the case of a PMSM with buried

magnets it is shown that the torque and the flux is strongly

depend on the magnitude and angle of the rotor-flux-fixed

current vector. This current-dependent data can be used by the

first control strategy to calculate the speed-torque depended

operating points.

Figure 3 shows the trajectories of average electro-magnetic

torque calculated with different current excitations. Further an

overlapping mesh of calculated operating points, from 0Hz
to 400Hz fundamental electrical frequency and 0Nm and

190Nm inner electro-magnetic torque, using the combined

control strategy is mapped. The rotor-flux-fixed current vectors

are defined for each operating point by the operation points,
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Fig. 3. MTPA-trajectory vs. îd, îq.

which are calculated for the given optimization problem. The

basic speed range is represented by the trajectory that extends

along the rising torques (red), whereas the field weakening

area is represented by the mesh below this trajectory.

In comparison to these results, Fig. 4 presents the operating

points for the overall loss minimizing MTPL control strat-

egy. For the MTPA control all operation points for different

frequencies in the base frequency range are on the MTPA-

trajectory (red) until the voltage limit is reached, because only

the current is considered and minimized by this strategy.
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Fig. 4. MTPL-trajectory vs. îd, îq.

As soon as the voltage limit is reached the operating points

are frequency-dependent due to the additional field weakening.

This operation area is for both control strategies the same,

because the voltage limit is in both cases the dominant factor

or boundary and the point of minimum current as well as

the point of minimum losses are out of the possible current

excitations. The MTPL control strategy can exclusively be

applied in the base speed range. In Figure 4 the MTPL-

trajectories for four different velocities are presented. At

standstill the trajectory corresponds to the MTPA-trajectory.

With elevated speed the trajectories move to the negative d-

axis, i.e., the field weakening to reduce the flux density and

the occurring iron losses to accomplish the point of minimum

losses.

Points of operation can be realized by different current

excitations along the trajectories for given torques and speeds

(Fig. 5 and 6).
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Fig. 5. Loss distribution versus the d-axis current (n = 3000 rpm).
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Fig. 6. Loss distribution versus the d-axis current (n = 5000 rpm).

It is apparent that the point of minimum losses is shifted

to the direction of the negative d-axis. By decreasing the

hysteresis loss by field weakening the higher field harmonics

can cause an increase of eddy current losses, which need to

be considered to minimize the overall losses. The result of

reducing losses for all operation is presented in Fig. 7 and 8.

The maximum reduction of losses is primarily dependent on

the voltage limit, which is also shown in Fig. 6. As soon as

the voltage limit is reached the MTPV criteria is the dominant

factor for adjusting the dq-current combination.

Figure 8 presents the relative reduced sum of losses in %
using the formula:

p% =
PMTPA − PMTPL

PMTPL

The area just before the voltage limit is reached is the most

influenced area by the loss minimizing strategy. In particular,

the partial load area, where the iron losses are dominant, the

efficiency is increased.

B. Experimental results

The machine under test (MUT) is a 8-pole synchronous

machine with V-shape internal permanent magnets (IPMSM),
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Fig. 8. Relative reduced sum of losses in % using MTPL.

dimensions and electrical parameters are given in table II.

The test bench setup is shown in Fig. 9. The load machine

(LM) is a speed controlled induction servo motor. A torque

transducer TT (HBM T12) is coupled between the MUT and

LM. The power analyzer (Yokogawa WT 1800) is used to

TABLE II
SIMULATION AND MACHINE PARAMETERS OF THE IPMSM.

Stator outer radius rstator,o 135 mm

Stator inner radius rstator,i 80.75 mm

Height of stator yoke hyoke 40 mm

Radius of the middle of stator yoke Nyoke 125 mm

Air gap length δ 0.7 mm

Rotor outer radius rrotor,o 80 mm

Axial length lFe 90 mm

Number of Poles / Slots 2p/N 8 / 48

Battery voltage Udc 400 V

Rated current IN 142 A

Rated torque MN 162 Nm

Rated speed nN 2500min−1

Rated power PN 42.4 kW
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Fig. 9. Test bench setup.

calculate the electrical input power of the Aron circuit. The

power analyzer additionally calculates the mechanical power

transmitted between the MUT and LM using the TT. Thus the

overall power losses in the MUT can be determined. As the

iron losses cannot be measured directly, an accurate copper

loss calculation is important for a proper iron loss separation.

Therefore the temperature in the stator winding is measured

at different positions to evaluate the average temperature.

Figure 10 presents the measured points (black) and the

interpolated temperature in the end winding of the stator dur-

ing the following analyzed measurement. By using equation

3 the temperature-dependent stator resistance value can be

calculated for each measurement. In addition, the mechanical

losses through bearings are calculated with equation II-D.

Since these are small compared to the copper and iron losses,

the mean measured temperature is used for approximating

the bearing coefficients. Since the simulation results indicated

that the maximum achievable loss reduction can be achieved

for operating points located close to the maximum inverter

voltage as shown in Fig. 7 and 8, a fixed speed of 3000 rpm
is chosen. The reference speed is controlled by the load
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Fig. 10. Stator winding temperature during measurement.

machine. For the MUT a grid of reference values is defined

in the dq-current plane, as indicated by the black dots in

Fig. 10. For each quadrature current value the direct current

is varied. To keep the temperature changes caused by high

currents as small as possible, small and large reference current

values are set alternately. As seen in Fig. 10, the temperature

change during the measurement is limited to 30K using this

procedure. The change in rotor temperature, which affects a

change in the permanent magnet flux density and further a

change in the induced voltage, torque and iron losses. During

the measurement the induced voltage is evaluated after each

step in no load tests to keep the change in the voltage and

temperature low. To avoid multiple FE simulations, the mean

value of the measured induced voltage is used to adapt the

flux linkage in the simulation.
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Fig. 11. Comparison of measured (black) and simulated (white) average
torque.
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Fig. 12. Comparison of measured (black) and simulated (white) flux linkage.

Figures 11 and 12 present a comparison between measured

(black) and simulated (white) torque and flux linkage values in

the dq-reference current plane, which indicates a good corre-

lation between the measured values and this simplification. In

order to achieve a good match between the measured flux link-

age and the simulation results, the machine model described

in equation 1 must be extended by a leakage inductance.

This leakage inductance is determined by parameter variation

during post processing and set to the value Lσ = 50 μH. The

result of the adaption is shown in Fig. 12. This shows in the

whole dq-reference plane a good match. After this adaption
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Fig. 13. Comparison of measured (black) and simulated (white) efficiency
(without harmonics).
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Fig. 14. Comparison of measured (black) and simulated (white) losses
(without harmonics).

the machine can be controlled by the MTPA/MTPV control

using the dq-current depended flux linkage and torque. For the

loss minimizing control MTPL the losses must be known. For

the copper loss model the stator resistance and the temporary

winding temperature have to be measured and it is simple

to calculate the ohmic losses occurring in the winding. For

higher electric frequencies additional losses by eddy currents

have to be considered in this model. The knowledge about

the temporary occurring iron losses is not as simple. In this

paper to models are used to compare the utility for the

loss minimizing control. As described the two models are

parameterized by measurements at the Epstein frame. In order

to determine the losses occurring in the machine the difference

between the supplied electric power and the mechanical power

is calculated. The measured efficiency (black) is presented for

3000 rpm in Fig. 13 and 15. The first comparison between

measured and simulated results using the first iron loss model,

without considering the harmonics in the flux density, is

presented in Fig. 13 and 14.

The results show a good match in the direction of the

quadrature current and a nearly good match of the point of

maximum efficiency. In the direction of the negative direct

current the consistency of measured (black) and simulated

(white) results is poor. The simulated efficiency is too high

in the greatest part of the measurement and increases in the

direction of the d-axis. This is a result of the underestimated
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Fig. 15. Comparison of measured (black) and simulated (white) efficiency
(including harmonics).
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Fig. 16. Comparison of measured (black) and simulated (white) losses
(including harmonics).

losses in the field weakening area, which can be seen in Fig.

14. The measured and simulated data have a good match for

high d- and q-currents but decreases in the partial load area.

As shown in the simulated results the area of partial load is the

most important area for the loss minimizing control, because

in this are the iron losses are the dominant loss part, which

has to be minimized.

Adding the iron losses produced by the harmonics in the

flux density leads to a significant improvement of the data

match. Especially the efficiency comparison in Fig. 15 shows

an excellent match of the measured and simulated data. The

point of maximum efficiency can be calculated more precisely.

In particular field weakening area in negative d-axis show a

high improvement comparing to the first approach with the

iron loss model without harmonics.

Figure 16 presents the comparison between measured and

simulated losses. This approach shows a good match between

measured and simulated losses. Comparing to the first ap-

proach the losses increase in the whole dq-plane and are

particularly severe in the field weakening area.

However this approach shows an overestimation of the iron

losses near the d-axis. Building the difference of the two iron

loss simulation approaches delivers the part of losses produced

by harmonics in Fig. 17. The calculated iron losses increase

in the negative d-axis, which is in contrast to the behavior of

the flux linkage.
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Fig. 17. Simulated iron losses caused by harmonics.

V. CONCLUSION

In this paper a methodology to reduce the overall losses

in arbitrary operating points is proposed. Central part of this

loss minimizing control strategy represents the simultaneous

consideration of occurring copper losses and current dependent

iron loss distribution. It is shown that this approach can be

used to calculate the loss distribution a priori using iron

loss models which are parameterized utilizing standardized

Epstein measurement data. The used iron loss model is the

most influencing parameter for the loss minimizing control

strategy and should consider material saturation characteris-

tics, rotational iron losses and harmonics to deliver reliable and

accurate results in all operating points. The loss minimizing

control reduces hysteresis losses by adding a direct or field

weakening current component. This increases the ohmic losses

but also the classical current losses, due to field harmonics,

which has to be considered in the iron loss computation.

In this paper an iron loss model is used, which considers

the influence of induced field harmonics using a Fourier

series representation of the magnetic flux density waveform

for the least common multiple of an electrical period and

the rotational period of the rotor. This approach shows a

good validation with measured data. The interdependence of

macroscopic and microscopic eddy currents, hysteresis, skin-

effect and magnetic saturation significantly affects the field

distribution within the lamination and as a consequence the

overall iron losses and magnetizability. FE-Modells using the

same BH-curve for all simulated frequencies do not consider

the field and harmonics reducing skin-effect. In conclusion

this approach shows a methodology for a priori loss prediction

using standardized Epstein measurement data to parametrize

iron loss models to obtain the current combinations, which

minimize the overall losses in each operating point.

REFERENCES

[1] F. Fernandez-Bernal, A. Garcia-Cerrada, and R. Faure, “Determination
of parameters in interior permanent-magnet synchronous motors with
iron losses without torque measurement,” Industry Applications, IEEE

Transactions on, vol. 37, no. 5, pp. 1265–1272, Sep 2001.

[2] G. xu Zhou, H. jun Wang, D.-H. Lee, and J.-W. Ahn, “Study on
efficiency optimizing of pmsm for pump applications,” in Power Elec-

tronics, 2007. ICPE ’07. 7th Internatonal Conference on, Oct 2007, pp.
912–915.

[3] J. Lee, K. Nam, S. Choi, and S. Kwon, “A lookup table based loss
minimizing control for fcev permanent magnet synchronous motors,” in
Vehicle Power and Propulsion Conference, 2007. VPPC 2007. IEEE,
Sept 2007, pp. 175–179.

[4] M. Cao and N. Hoshi, “Electrical loss minimization strategy for interior
permanent magnet synchronous motor drives,” in Vehicle Power and

Propulsion Conference (VPPC), 2010 IEEE, Sept 2010, pp. 1–6.
[5] J. Stumper, A. Dotlinger, J. Jung, and R. Kennel, “Predictive control of

a permanent magnet synchronous machine based on real-time dynamic
optimization,” in Power Electronics and Applications (EPE 2011),

Proceedings of the 2011-14th European Conference on, Aug 2011, pp.
1–8.

[6] T. Windisch and W. Hofmann, “Loss minimization of an ipmsm drive
using pre-calculated optimized current references,” in IECON 2011 -

37th Annual Conference on IEEE Industrial Electronics Society, Nov
2011, pp. 4704–4709.

[7] S. Odhano, R. Bojoi, A. Boglietti, G. Griva, and S. Rosu, “Maximum
efficiency per torque direct flux vector control of induction motor
drives,” in Energy Conversion Congress and Exposition (ECCE), 2014

IEEE, Sept 2014, pp. 1293–1300.
[8] J. Goss, M. Popescu, D. Staton, R. Wrobel, J. Yon, and P. Mellor, “A

comparison between maximum torque/ampere and maximum efficiency
control strategies in ipm synchronous machines,” in Energy Conversion

Congress and Exposition (ECCE), 2014 IEEE, Sept 2014, pp. 2403–
2410.

[9] J. Lee, K. Nam, S. Choi, and S. Kwon, “Loss-minimizing control of
pmsm with the use of polynomial approximations,” Power Electronics,

IEEE Transactions on, vol. 24, no. 4, pp. 1071–1082, April 2009.
[10] C. Mademlis and N. Margaris, “Loss minimization in vector-controlled

interior permanent-magnet synchronous motor drives,” Industrial Elec-

tronics, IEEE Transactions on, vol. 49, no. 6, pp. 1344–1347, Dec 2002.
[11] D. Pohlenz and J. Bocker, “Efficiency improvement of an ipmsm

using maximum efficiency operating strategy,” in Power Electronics and

Motion Control Conference (EPE/PEMC), 2010 14th International, Sept
2010, pp. T5–15–T5–19.

[12] C. Mademlis and N. Margaris, “Loss minimization in vector-controlled
interior permanent-magnet synchronous motor drives,” Industrial Elec-

tronics, IEEE Transactions on, vol. 49, no. 6, pp. 1344–1347, Dec 2002.
[13] H. Aorith, J. Wang, and P. Lazari, “A new loss minimization algorithm

for interior permanent magnet synchronous machine drives,” in Electric

Machines Drives Conference (IEMDC), 2013 IEEE International, May
2013, pp. 526–533.

[14] A. Rabiei, T. Thiringer, and J. Lindberg, “Maximizing the energy
efficiency of a pmsm for vehicular applications using an iron loss
accounting optimization based on nonlinear programming,” in Electrical

Machines (ICEM), 2012 XXth International Conference on, Sept 2012,
pp. 1001–1007.

[15] S. Steentjes, M. Lessmann, and K. Hameyer, “Advanced iron-loss
calculation as a basis for efficiency improvement of electrical machines
in automotive application,” in Electrical Systems for Aircraft, Railway

and Ship Propulsion (ESARS), 2012, Oct 2012, pp. 1–6.
[16] T. Herold, D. Franck, E. Lange, and K. Hameyer, “Extension of a d-q

model of a permanent magnet excited synchronous machine by including
saturation, cross-coupling and slotting effects,” in Electric Machines

Drives Conference (IEMDC), 2011 IEEE International, May 2011, pp.
1363–1367.

[17] F. Henrotte, G. Deliége, and K. Hameyer, “The eggshell approach
for the computation of electromagnetic forces in 2D and 3D,”
COMPEL, vol. 23, no. 4, pp. 996–1005, 2004. [Online]. Available:
http://134.130.107.200/uploads/bibliotest/2004FHelecmagn.pdf

[18] G. Bertotti, A. Canova, M. Chiampi, D. Chiarabaglio, F. Fiorillo,
and A. Rietto, “Core loss prediction combining physical models with
numerical field analysis,” Journal of Magnetism and Magnetic Materials,
vol. 133, pp. 647 – 650, 1994.

[19] F. Fiorillo and A. Novikov, “An improved approach to power losses in
magnetic laminations under nonsinusoidal induction waveform,” IEEE

Transactions on Magnetics, vol. 26, no. 5, pp. 2904–2910, 1990.
[20] ——, “Power losses under sinusoidal, trapezoidal and distorted induction

waveform,” IEEE Transactions on Magnetics, vol. 26, no. 5, pp. 2559–
2561, 1990.

[21] K. Grote and J. Feldhusen, Dubbel: Taschenbuch für den Maschinenbau.
Springer Berlin Heidelberg, 2014.

Authorized licensed use limited to: Universitaetsbibliothek der RWTH Aachen. Downloaded on August 19,2020 at 11:45:58 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


