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Abstract

The report describes the development and preliminary investigation of an exper-
imental drive system, of which the central component is a permanent-magnet
synchronous motor optimized for a hybrid electric vehicle. The maximum output
power of the motor is 50 kW in continuous operation and 100 kW in intermit-
tent operation. The synthesis of the motor was based on numerical calculations
of the motor properties and losses by means of a finite-element method. Simu-
lations according to standardized driving-cycles were used to predict the energy
consumption of the drive line. A thermal model was developed and implemented
as a thermal network and the numerically calculated losses were applied for eval-
uation of the temperature distribution in the motor. Experimental results have
shown discrepancies less than 5 K between the measured and the calculated tem-
perature rises in the stator windings. Control of the drive was done with a control
computer based on a digital signal processor. A simple comparison of two differ-
ent control strategies indicates that the motor efficiency is affected by the chosen
strategy. A calorimetric method was implemented to improve the accuracy of the
loss measurements, since the traditional input-output method is useless for high-
efficiency motors. The maximum relative error in the measurement of the total
motor losses was estimated to be ±2.3 % at the nominal operating point and less
than ±3.5 % at any operating point in the investigated region. The measured
maximum efficiency of the motor was 95.5 %, obtained at the nominal operating
point. The motor concept chosen for the vehicle application can be designed for
high efficiency in a wide range of speeds and loads.

Keywords: electric drivetrain, permanent-magnet motor, permanent-magnet drive,
efficiency, calorimetric measurement, thermal network, thermal model.
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Chapter 1

Introduction

Personal transportation is, and will be, an expanding field due to a growing pop-
ulation and increasing demands on availability and fast, convenient travel. At the
same time, issues of environmental awareness and global energy consumption are in
a state of continuous development. Subjects like green house gases, oil prospecta-
tion, fossile fuels, ozone layers and environment friendly alternatives will probably
characterize political discussions and daily life for many years to come. In addi-
tion, considering that a large amount of the population does not yet have access to
the highly technological society of the western world, solutions to environmental
problems should develop and mature quickly if the rates of energy consumption
and pollution are to be kept at reasonable levels. One important term arising from
the energy consumption issue is energy efficiency. The impact of energy efficiency
is great on numerous fields of technical interest, vehicle propulsion being one of
them.

From a historical perspective, it is easy to realize that there is a problem with new
environmental aspects impacting on different interests in an expanding technologi-
cal society. It takes a lot of effort to inhibit or influence an ongoing process of great
magnitude. The present infrastructure of the industrial world is well established,
and the cost for changing any major part of it can be hard to justify, economically.
Concerning personal transportation, there are today service establishments pro-
viding fuel, spare parts and whatever is necessary to keep the transports running,
all being supplied by large industries [?].

Social structures involving habits and customs also make it difficult to release
new concepts on the market, if they yield constraints in comparison with the old,
well established systems. One aspect to account for, if new concepts for personal
transportation are imposed on people’s daily life, is that the combustion engine
powered car is a vehicle that can provide both short and long-range transportation
in a convenient way. Suggestions about using ‘city-cars’, adapted to the require-
ments for short-range traveling, have been given attention before, but without any
real success.
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In contrast to the ordinary combustion engine powered car, which people are
used to, an electric vehicle (EV) is dependent on the possibility of recharging
quickly at charging stations which today do not exist. Long-range capacity is
not yet possible if the term ‘long-range’ refers to the capacity of an ordinary
car. Most people are likely to perceive and refer to the differences as unwanted
restrictions since the concept is unfamiliar, but it may only be the inertia of
the mind that prevents a more positive response to the electric vehicle alternative
from evolving. A key to liberate obstructed thinking is to uncover obscure facts by
providing comprehensible information and education. There are many technical
solutions under development, which make it possible, and indeed favorable, to
further compel the issue of emission-free transportation.

In order to establish public confidence in an EV, one approach would be to combine
the features of the combustion engine and the electrical motor. In inner city regions
with high vehicle density or in other areas sensitive to pollution, it is possible to
propel the car in a pure electric mode, yielding zero-emission operation. For long-
range transportation on highways, the combustion engine would be used for on-
board power generation. The concept of combining the two motor types establishes
a new type of vehicle topology called hybrid electric vehicles (HEV), which can
be implemented in, for instance, cars, buses, trucks and scooters. There are two
major subsets of the HEV; the parallel hybrid system and the series hybrid system.
Comparative investigations have been made [?] [?], which in itself is a subject for
discussion and further scientific work. A series hybrid system was selected as the
basis for the study in this project.

Electrical machines for vehicle propulsion is hardly a new idea 1. However, the fast
developing research in material science makes it possible to find new approaches to
refining and developing electrical drive systems. Low-loss materials, low density
composites with high mechanical strength and the rapid development of power
semiconductors and computers are all very important for the future evolution of
energy efficient drives.

In a vehicle application, important properties of the drive system are low weight,
small volume and low production cost. Because of the battery’s limited energy
storage capacity, the efficiency of the electrical drive is an additional property
that becomes utterly important if a competitive solution is to be created [?]. An
electric drive in a vehicle application operates in a wide range of speeds and loads.
In order to achieve high overall energy efficiency, it is essential to optimize the
drive for the conditions encountered in a vehicle application [?].

1According to the book ‘The Green Car Guide’, the first known electric car was a small model
built by Professor Stratingh in the Dutch town of Groningen in 1835. But the first practical
electric road vehicle was probably made either by Thomas Davenport in the United States or by
Robert Davidson in Edinburgh in 1842. (http://www.energy.ca.gov/afvs/ev/evhistory.html)
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Chapter 2

The Project

The aim of the project was to investigate different types of electrical motors suit-
able for an HEV, and further develop one selected machine type. Improvement
of energy efficiency in order to extend the operating range of the vehicle was con-
sidered to be important. Hence, the development of methods for analysis of the
electric drive line in a vehicle application was necessary and was regarded as a
part of the main objective. Construction of a full-scale experimental motor and
validation with respect to the specified characteristics was also a primary goal.

Preliminary Study

An introductory part of the work was to identify the requirements which are
important for an electric drive in an HEV application. Keywords for the study
were weight, volume, power density, transmission complexity and overall efficiency.
The purpose of the initial study and system analysis was to determine the required
combination of motor specification and transmission most suitable for the HEV.
The vehicle specification, used as a basis for the investigation, corresponds to an
ordinary mid-sized car, except for the overall mass which is higher because of
the battery (Paper A). As a result, it was decided to use a two-speed automatic
transmission [?] and a motor designed for a constant power speed ratio (CPSR) of
at least 2:1 (Paper A). At the time, the output power required was chosen to be
40 kW in continuous operation and 80 kW in intermittent operation. Later on,
new information on the subject led to an upgrade of the required power to yield
50 kW in continuous operation and 100 kW in intermittent operation (Paper B).

Analysis

Development of methods for the analysis and design of the electrical motor as a
part of the whole drive system was an important task. Computer-based tools for
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simulations and computations were regarded as necessary for accurate prediction
of the properties of a motor design.

To obtain a motor with low losses, relatively new materials have been chosen,
which augments the difficulties in the calculations. Hence, the modeling and cal-
culations of the iron losses were interesting challenges associated with a number of
uncertainties. In the design procedure, measures were taken to reduce losses ac-
cording to the theoretical models, but the additional losses arising from neglected
phenomena and manufacturing processes were unknown.

A two-dimensional, time-stepping finite element method was used for the predic-
tion of the motor properties and losses (Paper A). The end regions of the motor
were, thus, not included in the numerical solution of the magnetic field. The pre-
diction of the stator currents takes the end regions into account by using constant
end-winding impedances in the circuit equations. The iron losses were calculated
based on the Fourier analysis of the flux density variation [?] [?]. Furthermore,
the terminal voltage of the motor was assumed to be sinusoidal, neglecting the
influence of the voltage harmonics. The finite-element calculations were done by
Johan Hellsing [?].

A dynamic model of the vehicle was used for simulations according to standardized
driving-cycles. Calculations of the total energy consumed by the drive, given a
specified distance traveled, is a measure of the energy efficiency. Improvement of
the overall efficiency requires comparisons including the whole drive line and for
this reason, loss models of the transmission and power electronics were included
(Paper A). Regenerative breaking was not accounted for in the simulations, since
it was not regarded as a limiting factor in the motor design work.

A thermal model was developed for the design and optimization procedure of
the permanent-magnet motor. The model is a thermal network with lumped
parameters represented by equivalent thermal resistances and equivalent thermal
capacitances. Steady-state calculations and transient simulations with the thermal
network were performed using a constant reference temperature. Special focus
was put on the temperatures of the permanent magnets and the end windings
(Paper D).

A Comparative Study

A comparison of a state-of-the-art induction motor (IM) design and a permanent-
magnet synchronous motor (PMSM) design of the inset-magnet type was made.
The IM design was specially made for low losses using thin laminations in the iron
core and a copper cage winding in the rotor. Results have shown that both the
IM and PMSM are good alternatives for the HEV. However, in terms of efficiency,
improvements could be made by optimizing the PMSM (Paper A).
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Motor Optimization

A univariant optimization procedure was applied to refine the inset magnet design
chosen for further development. The constraints used in the procedure were:

• The ability to deliver required output torque

• The ability to withstand permanent demagnetization

• The maximum allowed temperature of the permanent magnets and the wind-
ings

Finite-element calculations were used to determine the output torque and the
flux density in the permanent magnets at a three-phase short circuit. Steady-
state calculations and transient simulations with the thermal model provided the
additional information necessary to determine the feasibility of a motor design
(Paper D).

The comparison of motor designs were based on driving-cycle simulations and an
objective function including (Paper B) [?]:

• The cost of the active materials of the motor

• The cost of the power electronic converter

• The cost of weight

• The cost of energy losses

• The cost of extra batteries required for a specified distance traveled in pure-
electric mode

An experimental motor was constructed according to the design which emanated
from the optimization. The optimized motor design had a 10 % loss reduction
and a 14 % weight reduction compared with the preliminary design [?].

Power Electronics and Control System

A compact power electronic converter suitable for a vehicle application was built
for the PMSM. It is a water-cooled voltage source converter (VSC) equipped with
integrated power modules based on IGBT-technology. A reduction of electromag-
netic interference with the control system was achieved by using optical links for
the signal transfer between the power circuit and the control system.

Control of the VSC was conducted with a single-board control computer devel-
oped by Anders Carlsson [?]; the Iea-mimo, based on the Texas Instruments
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TMS320C30 floating point digital signal processor. The control computer was
equipped with a resolver decoding interface, an optical interface for the transfer
of signals to the power circuit and additional signal conditioning devices to enable
the assembly of a complete drive system (Paper E).

The Experimental Drive System

A laboratory set-up was built for experiments with the drive system. The PMSM
was connected to a thyristor converter fed dc-machine, via a torque transducer and
a reduction gear box. Power was supplied to the VSC by a grid-connected thyris-
tor rectifier via a smoothing inductance and a dc-link capacitor bank (Paper C)
(Paper E).

The set-up included equipment for measurements of the motor shaft torque, the
electrical quantities of the motor, the motor temperature, the cooling water tem-
peratures and the flow rate of the cooling water (Paper C) (Paper D) (Paper E)
[?].

Methods for Loss Measurements

Motors with high efficiency, η, involve problems with measurements of the total
losses. The use of the traditional input-output method is associated with inherent
difficulties if a high accuracy is to be obtained. The maximum relative error of the
total losses is 1

1−η times the errors of the measurements of the input and output
power (Paper E). Therefore, high efficiency suggests that attention should be given
to other possible methods.

By considering the test object to be a water cooled, high-efficiency motor with low
rotor losses, the thermal aspects become interesting since most of the dissipated
losses will be transferred to the cooling water. Studies of a calorimetric method
were conducted and results have indicated that considerable improvement of the
loss measurement accuracy could be made. Equipment for the implementation of
the method was constructed and calibration with respect to actual conditions was
carried out (Paper C) (Paper E) [?].

Motor Tests

The preliminary test results of the PMSM were based on three basic experiments:

Tests with open stator circuit provided information on the emf induced in
the stator windings and, hence, the flux linkage due to the permanent mag-
nets. Measurements of the shaft torque at different rotational speeds give
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the sum of the friction losses and iron losses with zero current in the stator
windings.

Tests in generator operation with resistive load were the first steps in the
investigation of the machine characteristics under load conditions. Prelimi-
nary tests of the calorimetric method were also made for verification of the
performance of the measurement system.

Tests in motor operation using two different control strategies were the final
test sequences made. Approximately 50 tests in steady-state operation at
various operation points were made. Each test involved around two hours
of running in order to obtain thermal equilibrium. The operating region
investigated comprised speeds up to 6000 rpm and load torque up to 80 Nm,
which corresponds to the constant torque region.

The measurements have shown that the motor has a high efficiency: 95.5 % at the
nominal operating point. An error analysis determined the lower efficiency limit
to be 95.3 % and the upper to be 95.6 % (Paper E).

A preliminary analysis of the loss measurements has shown differences compared
with the calculated losses, which indicate that the additional losses are relatively
high. Subtraction of the winding losses and friction losses from the measured
total losses, leaves a residual comprised of iron losses, eddy-current losses in the
magnets and additional losses. The sum of loss components, calculated with the
numerical method, was about half of the separated residual. The winding losses
are also larger than expected, mainly due to the skin effect and proximity effects
in the stator windings (Paper E). Measurements of the experimental motor have
shown that the winding resistance increases by approximately 84 % at 200 Hz and
172 % at 400 Hz, compared with the dc-resistance [?].

9



10



Chapter 3

Summaries of the
Included Papers

Paper A:

Design and Analysis of Electrical Motors
for a Hybrid Electric Vehicle

In this paper, the predicted performances of a high-efficiency cage induction motor
and a permanent-magnet synchronous motor are compared with each other, based
on the data and drive requirements of a hybrid electric vehicle.

The design of the permanent-magnet motor is of the inset-magnet type. A time-
stepping finite-element method was used for the analysis of machine behavior and
losses. As a result, loss charts of the machines were obtained for control strategies
that minimize the losses. The energy efficiency of the machines was compared by
using driving-cycle simulations.

A specially designed cage induction motor can reach a very high efficiency in a
hybrid electric vehicle application. Results from the simulations have shown that
the energy efficiency of the induction motor is 94.8 % which should be compared
with 95.3 % for the non-optimized permanent-magnet motor. A conclusion is
that further improvement of the efficiency can be achieved by using an optimized
permanent-magnet synchronous motor.
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Paper B:
Design of High-Efficiency

Electrical Motors for a Hybrid Electric Vehicle

The paper deals with the design and optimization of a permanent-magnet syn-
chronous motor for a hybrid electric vehicle. Finite element analysis and a ther-
mal network have been used to evaluate the electromagnetic properties, losses and
temperature distribution of the motor.

The losses of the motor, mechanical transmission and power electronics are pre-
sented as loss charts, and used in the simulation of the vehicle dynamics over
standardized driving cycles. In this way, the total energy consumption of the
drive line can be evaluated. The variation in the manufacturing costs, weight and
losses of the drive line, as well as the variation in the battery cost and weight have
been used to evaluate an objective function for the optimization of the motor.

The calculated results have shown that the motor design and properties were
influenced by the definition of the objective function, which was expected. The
predicted energy efficiency of the optimized inset-magnet motor increased from
95.7 % to 96.3 % during the optimization.

Paper C:
Permanent-Magnet Motor

for a Hybrid Electric Vehicle

The paper deals with the constructed permanent-magnet synchronous machine
of the inset-magnet type for a hybrid electric vehicle. The machine characteris-
tics have been evaluated by finite element analysis and driving simulations. The
optimization of the machine was based on an objective function including the en-
ergy losses, weights and production costs of the electric drivetrain, as well as the
amount of batteries required in a pure-electric operation.

The experimental machine has high efficiency in a wide operating region. Pre-
liminary tests of the machine operating as a generator against a resistive load
indicate that there are discrepancies between the predicted and measured losses.
The measurements of the machine losses were made with a calorimetric method.

12



Paper D:
Thermal Model

of a Permanent-Magnet Motor
for a Hybrid Electric Vehicle

The report describes a thermal model of a water cooled permanent-magnet motor
intended for use in a hybrid electric vehicle. Studies of previously published work
on thermal modeling of small induction motors were used as a basis for the model.

A lumped-parameter model of the motor was implemented as a thermal network,
using a constant reference temperature both for steady-state calculations and tran-
sient simulations. Temperature measurements of a full-scale experimental motor
showed good agreement with the calculated temperatures, using the measured
losses applied to the thermal model. The relative error of the temperature rise
was less than 12 %.

A sensitivity analysis of the model showed a maximum temperature deviation of
±12 K, when the thermal resistances were changed from 200 % down to 50 %
of the nominal value. Especially important components in the modeling are the
thermal contact resistance between the stator yoke and frame and the heat transfer
from coil sides to stator teeth.

Paper E:

An Experimental Permanent-Magnet
Motor Drive
– System Description

and Preliminary Measurements

The report presents a drive system built for experimental use in a laboratory. An
experimental permanent-magnet motor of the inset-magnet design, optimized for
a hybrid electric vehicle was the test object. A power electronic converter suitable
for the experimental motor was built and equipped with a digital control system .

Control methods suitable for the motor design were studied and implemented for
the experimental drive. Results from the tests show that the motor performance
depends on what control strategy is chosen. Below the base speed, the commonly
used current minimization strategy works well and utilizes the motor capacity
better than the quadrature axis current control.

The total losses of the PMSM were measured with a calorimetric method for
improved accuracy. Accuracy estimations show that the total losses can be de-
termined within ±3.5 % of the measured value in the whole operating region
investigated. At the nominal operating point, the error was less than ±2.3 %.
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The predicted torque characteristics agree well with the ones experienced in the
laboratory. In addition, the induced emf corresponds well to the expected perfor-
mance, which indicates that the calculated flux linkage agrees well with the real
one. The maximum efficiency measured is 95.5 %. Analysis and estimation of the
errors show that the true efficiency is between 95.3 % and 95.6 %.

Further investigation associated with the control aspects should be made in order
to validate the experimental PMSM to its full extent. An investigation of the
friction losses can simplify the loss separation and improve the analysis of measured
results.
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Chapter 4

Conclusion

This thesis describes the development of an electrical drive system based on a
full-scale experimental motor. The drive was constructed for experimental investi-
gation in a laboratory. The central component of the drive is a permanent-magnet
synchronous motor, optimized for a hybrid electric vehicle application.

Methods for analysis and design of the electrical motor were developed based
on finite-element calculations and driving-cycle simulations. A comparison of an
induction motor and a non-optimized permanent-magnet synchronous motor has
shown that both alternatives are suitable for the application. The permanent-
magnet motor was chosen for further development and improvement of efficiency.

The experimental motor was constructed according to the results from a univariant
optimization procedure. Water-cooling of the stator frame was chosen and a pre-
tensed carbon-fiber composite sleeve was used for sufficient strength of the rotor
construction.

A thermal model was developed and implemented as a thermal network. The
numerically calculated losses of the motor design were applied for evaluation of
the temperature distribution in the motor. A validation of the model using mea-
sured losses has shown discrepancies less than 5 K between the measured and the
calculated temperature rises in the stator windings. A sensitivity analysis of the
model has shown a maximum temperature deviation of ±12 K, when the thermal
resistances were changed from 200 % down to 50 % of the nominal value.

Various control methods suitable for the motor design were studied. Results from
the tests show that there are deviations in the motor performance depending on
the control strategy chosen. Below the base speed, the commonly used current
minimization strategy works well, but at speeds in the vicinity of the base speed,
the harmonic content of the armature current become high, due to an insufficient
dc-link voltage. The chosen control strategy did not include the required flux
control at high speeds, yielding current controller saturation and overmodulation.
Hence, the maximum efficiency achieved may possibly be improved further by the
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implementation of a refined control.

A calorimetric method was adopted to improve the accuracy of the loss mea-
surements, since the traditional input-output method is useless for high-efficiency
motors. Approximately 50 tests were conducted in steady-state operation at var-
ious operating points up to 6000 rpm and 80 Nm. An estimation of heat leakage
was made by measuring the temperatures of the motor surface and the support-
ing mechanical structure. The estimated total leakage was less than 17 W at the
worst case during the tests. The maximum relative error in the measurement of
the total motor losses was estimated to be ±2.3 % at the nominal operating point
and less than ±3.5 % at any operating point. The measured maximum efficiency
of the motor is 95.5 %. Error estimations show that the limits of the efficiency
are 95.6 % and 95.3 %.

A preliminary analysis of the obtained test results indicates that the additional
losses are significant. The observed discrepancies between measured and predicted
losses are related to the additional losses since the predicted loss components do
not include three-dimensional effects or increased losses due to harmonics in the
load current. Furthermore, the model used for the friction losses has not been
verified, which introduces some uncertainties in the analysis of the measurements.
A subtraction of the winding losses and friction losses from the measured total
losses, leaves a residual comprised of iron losses, eddy-current losses in the magnets
and additional losses. The sum of loss components, calculated with the numerical
method, was about half of the separated residual. A suspicion is that the man-
ufacturing process may influence the iron losses, perhaps due to little experience
with thin laminations. Degradation of the current control at high speeds may also
slightly contribute to an increase in losses due to a high harmonic content in the
stator current.

Further investigations associated with the control aspects should be carried out
in order to validate the experimental motor to its full extent. The performance in
flux weakening operation is of special interest and should be brought to the fore.
Experimental investigation of friction losses is required for accurate loss separation
and to improve the analysis of measured results. Reduction of the skin effect and
proximity effects in the stator windings can possibly be done by using litz-wire.

The motor concept chosen for the vehicle application can be designed for high effi-
ciency in a wide rage of speeds and loads. Numerical computation of iron losses is
time-consuming and associated with difficult issues concerning loss models. The
fast development of computer capacity and the potential of combining rapid com-
putation with accurate measurements indicate promising opportunities for future
work.
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115



116



���������
	��
	�����	��
�������������������! #"�$%�� &����'(�)"��
$%�*�+�
$
�-,*��./$%�0�������! 1"�$%�� 324��5��� !���

687!91:<;>=@?BA86871CEDGFHFJI�?LK8M<A�687!91?HK1N8I�OQPSR;T= UV71U�PQW�W�?H;
XEDGY1ZSPQO[=@DGK�O\;^])_�FLDS`+OQPQ?a`GZ^Fcb4Z>`ed8?LK<DSI 9�ZSf1;>PeZSOQ;TPQgh;S]
_�FHDS`iOQP[;>=@Dj`kd1ZSK8?J`lI

ZSK1Nhmn;SopDGP�_�FLDS`iO[PQ;TK8?J`GI C�DGFJI�?LK8W�?&qEK<?Lr%DGPsI0?LO�gt;^]pu&DS`ed8K8;>FH;>MTg
v d1Z^FH=@DGPeIpqEK8?Hr%DGPeI�?LO�gw;^])uxDj`kd8K<;>FL;TM>g y�z�{}|�~>���G�>~�_�I�Y1;%;8A�yn?LK8FaZ^K1N

� |B�8�l���T����R;TOQDGf1;>P[M8A � o\DSN�DlK

�l�>�>�

���1���Q�e�T�k�
�&�S���S�����^���0�������T��� �H¡+�£¢/¤k¥S����¦§¡k�}¤��S�©¨i�Gªa��«����©��¥S��¬h�[¤e¨i�w�©¥S�S­S���£�©¡+¥4¢�¡i��¡i�

¤k¥S�§¤\�T���£¢/¤k¥S��¥G�JªJ¢/¤k¨+¥S���!¦�¬G¥S�®�S�£¡+¥S¡i­S¦¯¢E¡+�£¡+�&¤e������¡+¢E�T¤e�£����°&�©�����[¤k�®�§¡+�£�S���[±
² ¤k¦����w¡i¥t�£�S���T¤k�B¤�¤e¥S�V�S�£��³i�p�£��´G­S�©����¢E��¥G��¦
¡k�x¤E�G¬ ² ���©�V��µ©�����£���©��³+���^���0µ��i¶��&�S�
�>����¢�¤e¥S�0¥l� ªa¢�¤e¨i¥S����¢E¡+�£¡+���©¦8¡e�>���S�&�©¥S¦£���JªJ¢/¤k¨+¥S���8�J¬G�>�+¶8·@���©¢��®ªJ¦��£���S�S�©¥S¨x¸T¥S�©����ª
��µ©��¢E��¥G��¢E�����^¡l���©¦!­S¦��0���L¡+�!���S�
¤e¥>¤eµ©¬G¦��©¦�¡k��¢/¤k�B�^��¥^� ² ���>¤Q³l�©¡i­S�c¤k¥S��µ©¡i¦�¦��0¦[¶1·n¦
¤}����¦£­Sµ©�[±%µ©¡+¦£¦��B�>¤e���£¦�¡e���£�S�p¢�¤e�®�S�©¥S��¦¯¤k���\¡ ² �®¤e�©¥S���¹�H¡+�n��¡+¥G���£¡+µ1¦£���®¤e���0¨+�©��¦����T¤k�
¢E��¥^��¢��©º��8�£�S�&µ©¡+¦�¦£��¦[¶8�&�^����¥^����¨i¬��®«����©��¥S��¬\¡e�>���S�&¢�¤e�®�S�©¥S��¦���¦8��¡i¢��T¤k����� ² ¬
­S¦ ª
�©¥S¨
�^���©³G��¥^¨eªJ��¬G��µ©�¯¦��©¢�­Sµ»¤k���©¡+¥S¦Q¶%·h¦��>�����»¤eµ©µ©¬��S��¦£��¨i¥S���E�[¤e¨i�
�©¥S�^­S�����©¡i¥�¢�¡+�£¡+�1�Q¤e¥
�£�[¤e�®�/¤)³+���£¬��S�©¨+���®«����©��¥^��¬��©¥�¤��G¬ ² ���©����µ©�����£���©��³+���S�©��µ©��¤e�S�Sµ©�©�[¤k���©¡+¥�¶¼·@�H­S�£���S���
�©¢��^��¡e³+�0¢���¥G�8¡e�8���S���®«����©��¥^��¬��[¤k¥ ² �
¤e�®�S�©��³i��� ² ¬�­S¦��©¥S¨�¤��T�0��¢/¤k¥S��¥G�JªJ¢/¤k¨+¥S�0�
¦£¬l¥^�B�^��¡+¥^¡+­S¦n¢�¡+�£¡+�Q¶

½ ¾�¿
À�Á1ÂEÃ§Ä�Å!À8Æ�Â�¿

Ç
È>É�Ê%ÉeËSÉeÌ©ÍTÎ%Ï�É+Ð^ÑwÍGÒ�ÉeÌ�ÉeÓeÑQÔ®Õ©Ó×ÖSÐ>ÊØÈ^ÙÛÚ%Ô�Õ�ÊÜÉeÌ�ÉeÓeÑQÔ®Õ©Ó�ËSÉ+È>Õ©ÓeÌ©ÉeÝ�È%ÖjÝwÞTÖGÕ»Ð>ÉeÊØÕ»Ð>Ó+Ô®É+ÖGÝ�Õ»Ð>Þ
ÖGÑ�Ñ�É+Ð^Ñ�Õ©ÍTÐEÕ»Ð§Ô®ÉeÓeÉ+Ð^Ñ&ÙSÉ+ÖSÔ®Ý+ß!à�ÐEÑ[È>ÉeÝ�É�ËSÉ+È>Õ©ÓeÌ©ÉeÝ+á>Õ»Ï§Î%Í>Ô®Ñ[ÖSÐ^Ñ¯Ô®Éeâ%ã>ÕäÔ�É+Ï�É+ÐSÑ0Ý!ÒaÍTÔ#Ñ[È>É�ÉeÌ©ÉeÓeÑ[Ô®Õ©Ó
Ê�Ô®Õ©ËSÉ�ÖSÔ�ÉtÌ©ÍGåæå�ÉeÕ©ÞTÈSÑiá&Ý[Ï§ÖGÌ©Ì�ËSÍSÌ»ã%Ï�ÉSá�È>Õ©ÞTÈhÉQçtÓeÕ©É+Ð>ÓeÙèÖSÐ>Ê4Ì©ÍGåæÓeÍSÝ�Ñiß�Ç
È>ÉwÓeÌ»ÖGÝ�Ý�Õ©Ó+ÖGÌ
Ó+ÖGÞSÉ�Õ»Ð>Ê�ã>ÓeÑ�Õ©ÍTÐ@Ï�ÍSÑ�Í>Ôêé àJë�ìnÕ�Ý\ÖSÐVÍTÚ^ËTÕ©ÍTã>ÝpÖjÌ�Ñ0É+Ô�Ð%ÖGÑ�Õ©ËSÉ�åpÈ>É+ÐíÓsÈ>Í>ÍSÝ�Õ»Ð>Þ§ÑQÈ>É�Ï�ÍSÑ�ÍTÔxÒJÍTÔ
Ñ[È>É�ËSÉ+È>Õ©ÓeÌ©É/Ê�Ô�Õ�Ë^ÉSá�Ú%ã>ÑpÖ�Î%É+Ô�Ï�ÖSÐ>É+ÐSÑ�îBÏ§ÖGÞTÐ>ÉeÑ
Ý0ÙÛÐ>ÓeÈ%Ô®ÍTÐ>ÍTã>Ý\Ï�ÍSÑ�ÍTÔ\éJï&ë�ð>ë�ìnÓ+ÖSÐVÍGñ1É+Ô
ÖGÊ%ËlÖSÐ^Ñ[ÖGÞ^ÉeÝ
Õ»ÐwÑ�É+Ô�Ï¹Ý
ÍGÒcÈ>Õ©ÞTÈ>É+Ô�ÉQçtÓeÕ©É+Ð>ÓeÙ�ÖSÐ>Ê�Ý[Î%ÉeÓeÕóò�Ó§Î%ÍGå�É+Ô\ô»õQö¯ôø÷iö®ß
Ç
È>ÉùÏ§ÖGú>Õ»Ï/ã%ÏûÑ�Í>Ô®âÛã>ÉVÍGÒpÖ@ï&ë�ð>ëüÕ©Ý�Ì©Õ»Ï�Õ©Ñ�ÉeÊýÚ^Ù�Ñ[È>ÉwÝ�ÑQÖGÑ�ÍTÔ\Ó+ã%Ô�Ô�É+ÐSÑ§Ô�ÖGÑ0ÕäÐ>Þ�ß�Ç
È>É
Ý[Î%ÉeÉeÊ§ÑQÈ%ÖGÑ1Ó+ÖSÐEÚ%É
ÖGÑ�Ñ[ÖjÕäÐ>ÉeÊ�ÚSÙ�ÑQÈ>Õ�Ý&Ñ0ÍTÔ®â%ã>É&Õ�Ý&Ì©Õ»Ï�Õ©Ñ�ÉeÊtÚ^Ù�Ñ[È>É�Ö+ËGÖGÕ©Ì»ÖSÚ>Ì©É
Ý[ã%Î%Î>Ì©Ù�ËSÍ^Ì�ÑQÖGÞSÉSß
Ç
È>Õ©Ý¹Ú%ÖjÝ�É§Ý[Î¼ÉeÉeÊ1á�ÑQÈ>ÉtÏ§ÖGú>Õ»Ï/ã%ÏþÑ0ÍTÔ®â%ã>ÉtÖSÐ>Ê�Ñ[È>É§Î¼Ílå�É+ÔêÒ ÖGÓeÑ0ÍTÔ
ÑQÈTã>ÝEÊ%ÉeÑ�É+Ô�Ï�Õ»Ð>ÉVÑ[È>É
ÿ�� Ô�ÖjÑ�Õ»Ð>Þ§ÍGÒ�Ñ[È>É�Î%ÍGå�É+ÔnÉeÌ�ÉeÓeÑQÔ®ÍTÐ>Õ©ÓeÝ\ÒaÉeÉeÊ%Õ»Ð>ÞVÑ[È>É/Ï¹ÍSÑ�ÍTÔeß

÷��



�êÐ ÉeÌ©ÉeÓeÑ[Ô®Õ©ÓwËSÉ+È>Õ©ÓeÌ©ÉwÕ�Ý�ÍTÎ¼É+Ô�ÖGÑ�ÉeÊ4ÖGÑ�ÖSÐ�ÖSÎ%Î%Ô®ÍGú>Õ»Ï§ÖGÑ�ÉeÌ©Ù�ÓeÍTÐ>Ý0Ñ[ÖSÐ^Ñ/Î%ÍGå�É+Ô�Í>ã>Ñ[Î%ã>Ñ�Õ»ÐhÖ
å
Õ©Ê%ÉtÝ[Î¼ÉeÉeÊ�Ô�ÖSÐ>Þ^ÉSá1ÖSÐ>Ê�Ñ[È>É�ÓeÍTÐ>Ý�ÑQÖSÐSÑ�î�Ñ�ÍTÔ®â%ã>É§Ô®ÉeÞSÕ©ÍTÐ�ÓeÍGËSÉ+Ô®Ý�ÍTÐ>Ì©Ù@Ñ[È>É�Ì©Ílå�ÉeÝ�Ñ�ÝQÎ%ÉeÉeÊ%Ý+ß
Ç
È>É�Ú%ÖGÝ0ÉùÝ[Î¼ÉeÉeÊèÕ©Ý�ã>ÝQã%ÖGÌ©Ì�Ù*ÖSÚ%Í>ã>Ñ�÷���� ÍGÒ�Ñ[È>ÉwÑ�ÍSÑ[ÖjÌ
ÝQÎ%ÉeÉeÊØÔ�ÖSÐ>ÞSÉSß*Ç
È>É�ÓeÍTÐ>Ý�Ñ[ÖSÐ^Ñ®î
Î%ÍGå�É+Ô�ÍTÎ%É+Ô0ÖGÑ�Õ©ÍTÐVÍGÒ¯ÖSÐVÉeÌ©ÉeÓeÑ[Ô®Õ©Ó+ÖGÌ&Ï§ÖGÓeÈ>Õ»Ð>É�Õ©ÝpÖGÓeÈ>Õ©ÉeËSÉeÊ�Ú^Ùtå�É+Ö��jÉ+Ð>ÕäÐ>Þ�Ñ[È>É	�<ã>úVÍGÒ&Ñ[È>É
Ï§ÖGÓeÈ>ÕäÐ>ÉSßnÇ
È>É�ÍTÎ%É+Ô�ÖjÑ�Õ©ÍTÐEÍGÒ Ö\ï&ë�ð>ë ÖSÚ¼ÍGËSÉ�Ñ[È>É
Ú%ÖGÝ�É�Ý[Î%ÉeÉeÊ�Õ�Ý¯Î¼ÍSÝ�Ý�Õ»Ú>Ì©É�ÚSÙEå
É+Ö��GÉ+Ð>Õ»Ð>Þ
Ñ[È>ÉpÎ%É+Ô0Ï§ÖSÐ>É+Ð^Ñ®îBÏ§ÖGÞTÐ>ÉeÑ&Éeú>ÓeÕ©Ñ[ÖGÑ�Õ©ÍTÐ�ÚSÙ�Ö\Ê%É+Ï§ÖGÞTÐ>ÉeÑ�Õ�
eÕ»Ð>ÞEò�ÉeÌ©ÊtÓeÍTÏ�Î%ÍTÐ>É+Ð^Ñ&Ý[ã%Î%Î>Ì©Õ©ÉeÊùÚSÙ
Ñ[È>É�Ý�ÑQÖGÑ�ÍTÔxå
Õ»Ð>Ê%ÕäÐ>Þ�ô��eö�ô�
Gö¯ô��iöBß
�êÐíÉeÌ�ÉeÓeÑQÔ®Õ©ÓQî�ËSÉ+È>Õ©ÓeÌ�ÉVÊ�Ô®Õ©ËSÉEÍTÎ%É+Ô�ÖjÑ�ÉeÝ
Õ»ÐùÖ�å�Õ�Ê%ÉEÝ[Î%ÉeÉeÊ@Ô�ÖSÐ>ÞSÉ�Ö^Ð>ÊwÒ�Ô®ÉeâÛã>É+Ð^Ñ�Ì©ÙùÖGÑ
Î%ÖSÔ®Ñ0ÕäÖjÌ
Ì�Í>ÖGÊ1ßùÇ
È>É+Ô®ÉQÒJÍTÔ®ÉSá#Ñ[È>ÉVÊ�Ô®Õ©ËSÉ§Ý[È>ÍTã>Ì©ÊèÈ%ÖiËSÉtÖVÞ^ÍTÍ>Ê�ÉQçVÓeÕ�É+Ð>ÓeÙhÖGÌ©Ý�Í�ÖGÑ�Ì©Ílå3Ý[Î%ÉeÉeÊ%ÝVÖSÐ>Ê
Ý[Ï§ÖGÌ©Ì�Ì©ÍTÖGÊ%Ý+ß�à ÑwÕ�ÝwÑQÈTã>ÝVÕ»Ï§Î%ÍTÔ�Ñ[ÖSÐ^ÑtÑ�Í4Ô®ÉeÊ�ã>ÓeÉ�ÑQÈ>É�Ï¹ÍSÑ�ÍTÔ�Ì©ÍSÝ0Ý�ÉeÝùã%Ð>Ê%É+ÔVÌ©Õ�Þ>ÈSÑ�Ì�Í>ÖGÊ
ÓeÍTÐ>Ê%Õ©Ñ�Õ©ÍTÐ>Ý�ÚSÙwã>Ý�Õ»Ð>ÞwÖSÐwÖSÎ%Î%Ô®ÍTÎ%Ô�ÕäÖjÑ�É�ÓeÍTÐ^Ñ[Ô®ÍSÌ8Ý�Ñ[Ô0ÖGÑ�ÉeÞSÙùô�
+ö®ß
à�Ð�Ñ[È>Õ©Ý
Î%ÖSÎ¼É+ÔeáSÑ[È>É\Î%Ô®ÉeÊ%Õ©ÓeÑ�ÉeÊ�Î¼É+Ô£ÒJÍTÔ�Ï§ÖSÐ>ÓeÉeÝnÍGÒ�Ö�È>Õ©ÞTÈ^î�ÉQçtÓeÕ©É+Ð>ÓeÙùàJë-ÖSÐ>ÊtÖEï&ë�ð>ë Ö^Ô®É
ÓeÍTÏ§Î%ÖSÔ®ÉeÊ�å
Õ©Ñ[ÈwÉ+ÖjÓsÈíÍSÑ[È>É+Ôeá%Ú%ÖGÝ�ÉeÊ�ÍTÐwÑQÈ>É�Ê�ÖGÑ[Ö�ÖSÐ>Ê�Ê�Ô®Õ©ËSÉ/Ô�ÉeâÛã>Õ»Ô®É+Ï�É+Ð^Ñ�Ý�ÍGÒ¯Ö§È^ÙÛÚ%Ô�Õ�Ê
ÉeÌ�ÉeÓeÑQÔ®Õ©Ó
Ë^É+È>Õ�ÓeÌ©ÉSß¯Ç�È>É
ï&ë�ð>ë3Õ�Ý!ÍGÒ%Ñ[È>É&Õ»Ð>Ý�ÉeÑ®îBÏ§ÖjÞTÐ>ÉeÑ�Ñ®Ù%Î%ÉSß!Ç
È>É!ò<Ð>Õ©Ñ�É�ÉeÌ�É+Ï¹É+ÐSÑ&Ï�ÉeÑ[È>Í>Ê
Õ�Ý
ã>Ý�ÉeÊ�ÒJÍTÔ&Ñ[È>É�ÖSÐ%ÖGÌ©Ù>Ý�Õ©Ý�ÍGÒ�Ï§ÖGÓeÈ>ÕäÐ>É�Ú%É+È%ÖiË>Õ©ÍTã%Ôeá%ÖSÐ>ÊVÝ[Î%ÉeÓeÕ»ÖGÌ1ÖGÑ�Ñ0É+ÐSÑ�Õ©ÍTÐ¹Õ�Ý�ÞSÕ©ËSÉ+Ð�Ñ�ÍEÑ[È>É
ÉeËlÖGÌ»ã%ÖGÑ�Õ©ÍTÐ¹ÍGÒ�Ñ[È>É�Ì©ÍSÝ�Ý�ÉeÝ¯Ú^Ù�Ñ�Õ»Ï�ÉQî�Ê%ÍTÏ§ÖjÕäÐ¹ÓeÍTÏ§Î%ã>Ñ[ÖGÑ0Õ�Í>Ð8ß�Ç
È>É�ÉQñ1ÉeÓeÑ�Ý!ÍGÒ�ÉeÊ%Ê%Ù�Ó+ã%Ô�Ô�É+ÐSÑ�Ýiá
Ï§ÖGÞTÐ>ÉeÑ�Õ©ÓVÝ[ÖGÑ[ã%Ô0ÖGÑ�Õ©ÍTÐ8á!Ñ[È>ÉwÏ�ÍSÑ�Õ©ÍTÐ ÍGÒ
Ñ[È>ÉwÔ®ÍSÑ�ÍTÔEÖSÐ>ÊhÑ[È>É�Ð>Í>Ð^î�Ý�Õ»ÐTã>Ý�Í^Õ�Ê�ÖjÌ
Ý[ã%Î%Î>Ì©Ù×Ö^Ô®É
Ñ[Ö��GÉ+Ð�Õ»ÐSÑ0ÍèÖGÓeÓeÍTã%Ð^Ñ+ß��pÝùÖ4Ô®ÉeÝQã>Ì�Ñiá
Ì©ÍSÝ�ÝwÓeÈ%ÖSÔ®Ñ�ÝVÍGÒ�Ñ[È>É�Ï§ÖGÓeÈ>ÕäÐ>ÉeÝùÖ^Ô®É@ÍTÚ>Ñ[ÖGÕ»Ð>ÉeÊ�ÒaÍ>Ô
ÓeÍTÐSÑQÔ®ÍSÌ8Ý�Ñ[Ô�ÖjÑ�ÉeÞSÕ©ÉeÝ
Ñ[È%ÖGÑ
Ï�Õ»Ð>Õ»Ï�Õ�
eÉ�Ñ[È>É�Ì©ÍSÝ�Ý�ÉeÝiß¯Ç
È>É�É+Ð>É+Ô�ÞSÙtÉQçVÓeÕ�É+Ð>ÓeÙwÍjÒcÑ[È>É�Ï�ÖGÓsÈ>Õ»Ð>ÉeÝ
Õ�Ý\ÓeÍTÏ§Î%Ö^Ô®ÉeÊùã>Ý�Õ»Ð>ÞtÑQÈ>É�Ô®ÉeÝ[ã>Ì©Ñ�Ý�Ò Ô®Í>Ï Ê�Ô®Õ©ËTÕ»Ð>ÞGî�ÓeÙ>ÓeÌ©É�Ý�Õ»Ï/ã>Ì»ÖGÑ0Õ�Í>Ð>Ý+ß

� �	���nÅ&Æ��§Å���À<Æ0Â�¿ Â��@À����æÃEÁ Æ! ��

Ç
È>É
ËSÉ+È>Õ©ÓeÌ©É�Ê�ÖGÑ[Ö\Ý[È>ÍGåpÐEÕ»ÐVÇ�ÖSÚ>Ì©É�õ�å�É+Ô®É\ã>Ý�ÉeÊ�ÒJÍTÔ!Ñ[È>É
Ê%Õ»Ï�É+Ð>Ý�Õ©ÍTÐ>Õ»Ð>ÞtÖ^Ð>Ê§ÓeÍTÏ§Î%ÖSÔ�Õ�Ý0ÍTÐ
ÍGÒpÑ[È>ÉwÏ�ÍSÑ�Í>Ô®Ý+ß"�pÝ�Ñ[È>É�ò<Ô®Ý�Ñ�Ý�Ñ�É+Î ÍGÒ
Ñ[È>Õ©Ý§Õ»Ð^ËSÉeÝ�Ñ�Õ©ÞTÖGÑ0Õ�Í>Ð8á¯Î%Ô®ÉeÌ©Õ»Ï�Õ»Ð%ÖSÔ®Ù4Ê%ÉeÝ�Õ©ÞTÐhÍGÒ\Ñ[È>É
Ï�ÉeÓsÈ%Ö^Ð>Õ�Ó+ÖjÌ&Ñ[Ô�ÖSÐ>Ý[Ï¹Õ�Ý0Ý�Õ©ÍTÐ�å
Õ©Ñ[È@ÍTÐ>É�ÖSÐ>Ê@ÑBå�ÍVÝ[Î%ÉeÉeÊ%Ý�å
ÖGÝ\Ó+ÖSÔ�Ô�Õ�ÉeÊ@ÍTã>Ñiá1ÖSÐ>Ê@Ñ[È>É�Ñ�Í^Ñ[ÖGÌ
ËSÍSÌ»ã%Ï�ÉSá>å�ÉeÕ�Þ>ÈSÑ¯ÖSÐ>Ê�ÓeÍSÝ�Ñ¯ÍjÒ<Ñ[È>É
Ñ®å�Í�Ý�Ù>Ý�Ñ�É+Ï�Ý&å�É+Ô®É�ÓeÍTÏ§Î%ÖSÔ®ÉeÊ1ß&Ç
È>É�ÑBå�ÍGî�ÝQÎ%ÉeÉeÊ§Ê%ÉeÝ�Õ©ÞTÐ
å)ÖjÝêÔ®ÉeÞ>ÖSÔ®Ê%ÉeÊ�ÖjÝêÖ�ÞSÍ>ÍTÊ�ÓeÍTÏ§Î%Ô®ÍTÏ¹Õ�Ý0É/Ú%ÉeÑ®å�ÉeÉ+Ð�Ñ[È>É�Ý0Õ#
eÉ�ÍGÒ¯ÑQÈ>É/ÉeÌ©ÉeÓeÑ[Ô�Õ�Ó+ÖjÌ¯Ï�ÍSÑ�ÍTÔ�ÖSÐ>Ê
Ñ[È>ÉwÓeÍTÏ§Î>Ì©Éeú>Õ�Ñ®ÙhÍGÒpÑ[È>ÉVÑ[Ô�Ö^Ð>Ý[Ï�Õ©Ý�Ý�Õ©ÍTÐ8ß�Ç
È>ÉwÝQÎ%ÉeÓeÕóò�Ó+ÖGÑ�Õ©ÍTÐ ÍGÒpÑ[È>ÉVÉeÌ©ÉeÓeÑ[Ô®Õ©Ó+ÖGÌpÏ�Í^Ñ�ÍTÔ�Õ©Ý
Ý[È>ÍGåpÐ�Õ»Ð�Ç!ÖSÚ>Ì©É
÷�ÒJÍTÔ8ÑQÈ>É¯Ñ®å�ÍGî�Ý[Î%ÉeÉeÊ�ÑQÔ�ÖSÐ>Ý[Ï�Õ©Ý�Ý0Õ�Í>Ð�ÖGÌ©Ñ�É+Ô�Ð%ÖjÑ�Õ©ËSÉSáSÖSÐ>Ê�ÑQÈ>É¯ÓeÍTÔ�Ô�ÉeÝ[Î%ÍTÐ>Ê%Õ»Ð>Þ
Ñ�ÍTÔ®â%ã>ÉQî�Ý[Î%ÉeÉeÊ�ÓsÈ%Ö^Ô�ÖGÓeÑ�É+Ô®Õ©Ý�Ñ0Õ�ÓeÝ�ÖSÔ®É�Õ©Ì©Ì»ã>Ý�Ñ[Ô�ÖjÑ�ÉeÊùÕ»Ð%$&Õ©Þ�ß�õSß

Ç�Ö^Ú>Ì�ÉVõ�&!ÿ&É+È>Õ©ÓeÌ�É�Ê�ÖGÑ[Ö�ÖGÝ�Ý[ã%Ï¹ÉeÊ

ÿ&É+È>Õ©ÓeÌ©ÉtÏ§ÖGÝ0Ý õ('�)�)*�^Þ
+�Ô�ÖjÞ§ÓeÍTÉQçVÓeÕ�É+Ð^Ñ )%ß���)
ïnÔ®Í�,®ÉeÓeÑ�ÉeÊVÒ�Ô®ÍTÐ^Ñ)Ö^Ô®É+Ö ÷%ß»õ�Ï.-
Ç#ÍTÎwÝQÎ%ÉeÉeÊ õ(��).�>Ï./SÈ
�\ÓeÓeÉeÌ©É+Ô�ÖGÑ�Õ©ÍTÐ�Ñ�Õ»Ï�É0)iî[õ()�)0�>Ï./SÈ õ+÷�Ý

÷1




Ç!ÖSÚ>Ì©É/÷2&!ë@ÍSÑ�ÍTÔnÝ[Î¼ÉeÓeÕóò�Ó+ÖGÑ�Õ©ÍTÐ

ë�ÖjúTÕ»Ï�ã%Ï Õ»ÐSÑ0É+Ô�Ï�Õ©Ñ�Ñ�É+Ð^ÑpÎ%ÍGå�É+Ô 3�)*��4
ë�ÖjúTÕ»Ï�ã%Ï ÓeÍTÐ^Ñ�Õ»ÐTã>Í>ã>ÝpÎ%ÍGå�É+Ô 
5)*��4
ë�ÖjúTÕ»Ï�ã%Ï Ý[Î¼ÉeÉeÊ õ+÷�)�)�)/Ô0Î%Ï
6
ÖjÝ�É�Ý[Î%ÉeÉeÊ 7�)�)�)/Ô0Î%Ï
ë�ÖjúTÕ»Ï�ã%Ï Ñ�ÍTÔ�âÛã>É õ+÷�'08\Ï

0

2 0

4 0

6 0

8 0

100

120

140

0 2000 4000 6000 8000 10000 12000

Sh
af

t 
to

rq
ue

 (
N

m
)

Rotational speed (rpm)

Continuous

Intermittent

80 kW

40 kW

$&Õ�Þ>ã%Ô®É§õ�&&Ç1Í>Ô®âÛã>ÉQî�ÝQÎ%ÉeÉeÊwÓeÈ%ÖSÔ�ÖGÓeÑ�É+Ô�Õ�Ý0Ñ�Õ©ÓeÝ
ÍGÒ1Ñ[È>É�Ï�ÍSÑ0ÍTÔ¯ÖGÓeÓeÍ>Ô®Ê%Õ»Ð>Þ/Ñ0Í/ÑQÈ>ÉpÝ[Î¼ÉeÓeÕóò�Ó+ÖGÑ�Õ©ÍTÐ

÷��



9 :*Æ<;=�?>�@�ÀA�B�0��ÆQ¿�CD�V¿�Æ®ÀE�?>F�HGI�J;K��¿
ÀL�\¿��MG!N�@<ÆO@

Ç
È>ÉtÓ+ÖjÌ�Ó+ã>Ì»ÖGÑ0Õ�Í>Ð4ÍGÒ
Ñ[È>ÉVÍTÎ%É+Ô0ÖGÑ�Õ©ÍTÐ%ÖGÌnÓsÈ%ÖSÔ0ÖGÓeÑ�É+Ô®Õ©Ý�Ñ�Õ©ÓeÝ�ÍGÒ
Ñ[È>ÉwÏ�ÍSÑ�Í>Ô®Ý�Õ©Ý§Ú%ÖGÝ�ÉeÊhÍTÐ Ñ[È>É
Ñ�Õ»Ï�ÉQî�Ý�Ñ�É+Î%Î>Õ»Ð>Þwò<Ð>Õ©Ñ�ÉQî�ÉeÌ©É+Ï�É+Ð^Ñ§ÖSÐ%ÖGÌ©Ù>Ý�Õ©Ý�ÍGÒ¯Ñ[È>É§Ï§ÖGÞTÐ>ÉeÑ0Õ�ÓEò�ÉeÌ©Ê�ÖSÐ>Ê@ÉeÊ%Ê%Ù�Ó+ã%Ô�Ô®É+Ð^Ñ�Ý/ô�7iöBß
Ç
È>ÉpÓeÕ»Ô®Ó+ã>Õ©Ñ
Éeâ%ã%ÖGÑ�Õ©ÍTÐ>Ý�ÍGÒ1Ñ[È>É\å
Õ»Ð>Ê%Õ»Ð>ÞSÝpÖSÔ�É
Ý�ÍSÌ©ËSÉeÊVÑ�ÍSÞSÉeÑQÈ>É+Ô&å
Õ©Ñ[È�Ñ[È>É�ò�ÉeÌ�ÊwÉeâ%ã%ÖGÑ�Õ©ÍTÐ>Ýiá
ÖSÐ>ÊùÑ[È>É�Ô�ÍSÑ�ÍTÔnÕ©ÝpÔ®ÍSÑQÖGÑ�ÉeÊùÖGÑ�É+ÖGÓeÈVÑ�Õ»Ï�É�Ý0Ñ�É+ÎwÚSÙVÓeÈ%ÖSÐ>ÞSÕ»Ð>Þ§Ñ[È>É}ò<Ð>Õ�Ñ0É�ÉeÌ©É+Ï�É+Ð^ÑêÏ�ÉeÝQÈVÕäÐ
Ñ[È>É/ÖGÕ»Ô�Þ>ÖSÎ8ß
Ç
È>ÉtÏ§ÖGÞ>Ð>ÉeÑ�Õ©Ó�ò�ÉeÌ©Ê�Õ©Ý�ÖGÝ�Ý[ã%Ï�ÉeÊ@Ñ�ÍwÚ%É�ÑBå�ÍGî�Ê%Õ»Ï�É+Ð>Ý0Õ�Í>Ð%ÖGÌJá�Ú%ã>Ñ�Ñ[È>É�Ñ[È%Ô®ÉeÉQî�Ê%Õ»Ï�É+Ð>Ý0Õ�Í>Ð%ÖGÌ
É+Ð>Ê>îBÔ®ÉeÞSÕ©ÍTÐEò�ÉeÌ©Ê%Ý
Ö^Ô®É
Ï�ÍTÊ%ÉeÌ©Ì©ÉeÊtÖSÎ%Î%Ô�Ílú>Õ»Ï§ÖGÑ�ÉeÌ©Ù�ÚSÙEÓeÍTÐ>Ý�Ñ[ÖSÐ^Ñ!É+Ð>Ê>î�å
Õ»Ð>Ê%ÕäÐ>Þ�Õ»Ï§Î¼ÉeÊ�ÖSÐ>ÓeÉeÝ
ÕäÐ�Ñ[È>É�ÓeÕäÔ�Ó+ã>Õ�Ñ�Éeâ%ã%ÖGÑ�Õ©ÍTÐ>Ý�ÍGÒ�Ñ[È>É�å
Õ»Ð>Ê%Õ»Ð>ÞSÝ+ß§Ç
È>É§Ð>ÍTÐ^î�Ý�Õ»Ð>ã>Ý�ÍSÕ©Ê�ÖGÌnËSÍSÌ©Ñ[ÖGÞSÉEÝ[ã%Î%Î>Ì©Õ©ÉeÊèÚSÙ
ÖSÐ4Õ»Ð^ËSÉ+Ô®Ñ�É+Ô�Õ©ÝVÕ»Ï§Î%ÍSÝ0ÉeÊèÍTÐhÑ[È>ÉVÒJÍTÔ�Ï�ã>Ì»ÖGÑ�Õ©ÍTÐ Ñ[È%Ô®ÍTã>Þ>È�Ñ[È>É�ÓeÕ»Ô®Ó+ã>Õ©ÑtÉeâ%ã%ÖGÑ�Õ©ÍTÐ>ÝVÍGÒ�Ñ[È>É
Ý�Ñ[ÖGÑ�Í>Ô
å
Õ»Ð>Ê%Õ»Ð>Þ�ßVÇ
È>É�ÝP�SÕ»Ð@ÉQñ1ÉeÓeÑ�Õ»Ð@Ñ[È>É�Ý�ÑQÖGÑ�ÍTÔ�å
Õ»Ð>Ê%Õ»Ð>Þ�Õ©Ý�Ð>ÉeÞSÌ©ÉeÓeÑ�ÉeÊ1ßVÇ
È>É§Ô®ÉeÝ�Õ©Ý�Ñ�Õ©ËSÉ
Ì�Í^Ý�Ý�ÉeÝ�ÍGÒ<ÑQÈ>É
å
Õ»Ð>Ê%Õ»Ð>ÞSÝ
ÖSÐ>ÊtÝ0ÍSÌ©Õ�ÊVÓeÍTÐ>Ê�ã>ÓeÑ�Õ»Ð>Þ§Î%ÖSÔ®Ñ0Ý+áGÝ[ã>ÓeÈ§ÖGÝ
Î¼É+Ô�Ï§ÖSÐ>É+Ð^Ñ
Ï�ÖGÞTÐ>ÉeÑ�Ý+áSÖ^Ô®É
ÓeÍTÏ§Î%ã>Ñ�ÉeÊwÊ%Õ»Ô®ÉeÓeÑ�Ì©Ù�Ò Ô�ÍTÏ�Ñ[È>É�Ó+ã%Ô0Ô®É+ÐSÑnÊ%É+Ð>Ý�Õ©Ñ�Õ©ÉeÝpÝ0ÍSÌ©ËSÉeÊwÕ»Ð§Ñ[È>É\ò<Ð>Õ©Ñ�ÉQî�ÉeÌ©É+Ï�É+Ð^ÑpÖSÐ%ÖjÌ�Ù>Ý�Õ©Ý+ß
àJÑVÕ�ÝùÖjÝ�Ý[ã%Ï�ÉeÊ�Ñ[È%ÖGÑ§Ñ[È>É�Ô®ÉeÝ0Õ�Ý0Ñ[ÖSÐ>ÓeÉ�Ú¼ÉeÑ®å
ÉeÉ+Ð Ñ[È>É�Î%É+Ô�Ï�ÖSÐ>É+ÐSÑwÏ§ÖGÞ>Ð>ÉeÑ�Ý§Õ©ÝùÈ>Õ©ÞTÈ*ÖSÐ>Ê
Î%Ô�ÖGÓeÑ�Õ©Ó+ÖGÌ©Ì©Ù�Ð>Í§Õ»Ð>Ê�ã>ÓeÉeÊ@Ó+ã%Ô�Ô®É+Ð^Ñ�ÝJ��ÍGå*Ò�Ô®ÍTÏ Ï§ÖjÞTÐ>ÉeÑ
Ñ�ÍtÏ�ÖGÞTÐ>ÉeÑ+ß
Ç
È>É¯Ì»ÖSÏ�Õ»Ð%ÖGÑ0ÉeÊ�Õ»Ô®ÍTÐ\Õ©Ý!Ñ[Ô®É+ÖGÑ�ÉeÊ�ÖjÝ Ö�Ð>ÍTÐ^î�ÓeÍTÐ>Ê�ã>ÓeÑ�Õ»Ð>Þ�áSÏ§ÖjÞTÐ>ÉeÑ�Õ©Ó+ÖGÌ©Ì©Ù/Ð>ÍTÐ^î�Ì©Õ»Ð>É+ÖSÔ&Ï�ÉeÊ%Õ»ã%Ïwá
ÖSÐ>Ê�Ñ[È>É
Ð>ÍTÐ^î�Ì©ÕäÐ>É+Ö^Ô®Õ©ÑBÙ�Õ©Ý¯Ï�Í>Ê%ÉeÌ©Ì�ÉeÊwÚ^Ù�Ö
Ý�Õ»Ð>ÞSÌ©ÉQî�ËGÖGÌ»ã>ÉeÊùÏ§ÖGÞTÐ>ÉeÑ�Õ�
+ÖGÑ0Õ�Í>Ð�Ó+ã%Ô�ËSÉSß&Ç
È>É¯Õ»Ô®ÍTÐ
Ì�Í^Ý�Ý�ÉeÝ�Õ»Ð§Ñ[È>É�ÌäÖ^Ï�Õ»Ð%ÖGÑ�ÉeÊwÎ%ÖSÔ®Ñ�Ý�ÖSÔ®É
Ñ[È>ã>Ý¯Éeú>ÓeÌ»ã>Ê%ÉeÊVÒ Ô�ÍTÏ�Ñ[È>É\Ï�ÍTÊ%ÉeÌJá%Ú%ã>Ñ�Ñ[È>ÉeÙ§ÖSÔ®É
ÓeÍ>ÏEî
Î%ã>Ñ�ÉeÊ×ÖlÒaÑ�É+Ô�å)Ö^Ô®Ê%Ý\Ò Ô�ÍTÏþÑ[È>É§Ñ�Õ»Ï�ÉQîBÈ%Ö^Ô�Ï�ÍTÐ>Õ©ÓVÓeÍTÏ§Î%Í>Ð>É+ÐSÑ�Ý�ÍGÒ�Ñ[È>É0�<ã>ú^î�Ê%É+Ð>Ý�Õ©Ñ®Ù�Ê%Õ©Ý�Ñ[Ô�Õøî
Ú%ã>Ñ�Õ©ÍTÐwÉeËGÖGÌ»ã%ÖGÑ�ÉeÊùÊ�ã%Ô�ÕäÐ>ÞVÑ[È>É�Ñ�Õ»Ï�ÉQî�Ý0Ñ�É+Î%Î>Õ»Ð>Þ�Î%Ô®Í>ÓeÉeÝ�Ý�ô�'köBßQ$&Õ»Ð%ÖGÌ©Ì�ÙSá8ÑQÈ>É�ÕäÔ�ÍTÐVÌ©ÍSÝ�Ý�ÉeÝpÖ^Ô®É
ÖGÊ%Ê%ÉeÊùÑ�Í�Ñ[È>É�ÉeÌ©ÉeÓeÑ[Ô®Õ©Ó+ÖGÌ!Õ»Ð%Î%ã>Ñ�Î%ÍGå�É+Ô�ÍGÒ&Ñ[È>É�Ï§ÖGÓeÈ>Õ»Ð>ÉSá<Ö^Ð>ÊùÑ[È>É\Ò�Ô®Õ©ÓeÑ�Õ©ÍTÐ@ÖSÐ>Êwå
Õ»Ð>Ê�ÖGÞSÉ
Ì�Í^Ý�Ý�ÉeÝ�ÖSÔ®É�Ý[ã%Ú>Ñ[Ô0ÖGÓeÑ�ÉeÊVÒ�Ô®ÍTÏ3Ñ[È>É/Ï¹ÉeÓsÈ%ÖSÐ>Õ©Ó+ÖGÌ#ÍTã>Ñ[Î%ã>ÑpÎ¼Ílå�É+Ôeß
Ç
È>É§Ñ�Õ»Ï�ÉQî�Ý�Ñ0É+Î%Î>ÕäÐ>Þ�Ï�ÉeÑQÈ>ÍTÊ�ã>Ý0ÉeÊ�ÓeÍTÐ>ÝQã%Ï�ÉeÝ/Î>Ì©É+Ð^ÑBÙ@ÍGÒ�ÓeÍTÏ§Î%ã>Ñ�É+Ô}Ñ�Õ»Ï�ÉSßtà£Ð@ÍTÔ®Ê%É+Ô\Ñ0Í
Ï�ÍTÊ%ÉeÌ�Ñ[È>ÉùÏ�ÍSÑ�Õ©ÍTÐ ÍGÒpÑQÈ>ÉùÔ®ÍSÑ�ÍTÔEÎ%Ô®ÍTÎ¼É+Ô®Ì©ÙSá�Ñ[È>ÉùÎ%É+Ô®Õ©Í>ÊèÍGÒ\Ì�Õ»Ð>ÉíÒ Ô®Éeâ%ã>É+Ð>ÓeÙèÈ%ÖGÝ�Ñ�Í�Ú%É
Ê%Õ�Ë>Õ©Ê%ÉeÊ4Õ»ÐSÑ�Í@÷�)�)iîR3�)�)§Ñ0ÕäÏ¹É§Ý�Ñ�É+Î>Ý+ßS$�ÍTÔ�Ö^Ð@Õ»ÐSËSÉ+Ô�Ñ�É+Ô�Ý[ã%Î%Î>Ì©ÙSá!Ñ[È>É§Ý0Ñ�É+Î@Ý�Õ�
eÉ§Ý[È>Í>ã>Ì�Ê4Ú%É
Ý[È>ÍTÔ®Ñ§É+Ð>Í>ã>ÞTÈhÑ�Í�Ï�Í>Ê%ÉeÌ
Ñ[È>ÉwÈ>Õ�Þ>È>É+ÔtÈ%ÖSÔ0Ï�ÍTÐ>Õ©ÓwÓeÍTÏ§Î¼ÍTÐ>É+ÐSÑ0Ý§Õ»Ð4Ñ[È>ÉwÝ[ã%Î%Î>Ì©Ù4ËSÍ^Ì�ÑQÖGÞSÉSß
à�Ð@ÍTÔ�Ê%É+Ô\Ñ�ÍtÝQÖ+Ë^É�ÓeÍTÏ§Î%ã>Ñ0ÕäÐ>Þ�Ñ�Õ»Ï�ÉSá8Ñ[È>É�Ì©Õ»Ð>ÉQî�Ñ�ÍGî�Ì©Õ»Ð>ÉwËSÍSÌ©Ñ[ÖGÞSÉEå
ÖGÝêÖjÝ�Ý[ã%Ï�ÉeÊ@Ñ�ÍwÓeÍTÐ>Ý0Õ�Ý0Ñ
ÍGÒ¯ÍTÐ>É�Ý0âÛã%ÖSÔ�É�Î%ã>Ì�Ý0É¹Î¼É+ÔpÈ%ÖjÌøÒLîBÎ%É+Ô�Õ�Í>Ê1á1Éeú>ÓeÉ+Î>Ñ�ÒaÍTÔ)Ñ[È>É�Ì©ÍGå�ÉeÝ�ÑpÔ®ÍSÑQÖGÑ�Õ©ÍTÐ%ÖGÌ1ÝQÎ%ÉeÉeÊ%Ý+ß
Ç
È>Õ©Ý
Ô®ÉeÝ[ã>Ì©Ñ�Ý&Õ»Ð�ÖSÐEÍlË^É+Ô®ÉeÝ�Ñ�Õ»Ï§ÖGÑ0Õ�Í>Ð\ÍGÒ<ÈSÙ>Ý�Ñ�É+Ô�ÉeÝ�Õ©Ý¯ÖSÐ>Ê�ÉeÊ%Ê%Ù^î�Ó+ã%Ô�Ô®É+Ð^Ñ¯Ì©ÍSÝ�Ý0ÉeÝcÖGÝ!ÓeÍTÏ§Î%Ö^Ô®ÉeÊ�å
Õ©Ñ[È
Ö§Ï�Í>Ê%É+Ô�ÐwÕ»Ð^ËSÉ+Ô®Ñ�É+Ô�å�Õ�ÑQÈwÖ§È>Õ©ÞTÈwÝ�å�Õ�Ñ0ÓsÈ>Õ»Ð>Þ�Ò Ô®Éeâ%ã>É+Ð>ÓeÙSß

T UV�MC�� ÆQ¿�Ã�Ä�Å!À<Æ�Â}¿W; Â�À<Â�Á

�êÐVàJë-å
ÖGÝnÊ%ÉeÝ�Õ©ÞTÐ>ÉeÊ§ÒJÍTÔxÑ[È>ÉpÊ�Ô�Õ�Ë^É
Õ»ÐVÍTÔ®Ê%É+Ô&Ñ0Í�ÓeÍTÏ§Î%ÖSÔ®É�Ñ[È>Éêïxë�ð>ë å
Õ©Ñ[ÈVÖ�Ô�ÉQÒaÉ+Ô®É+Ð>ÓeÉ
Ï§ÖGÓeÈ>ÕäÐ>ÉSß�Ç
È>É�ÞSÍ>ÖGÌ8ÍGÒcÑQÈ>É�Ê%ÉeÝ�Õ©ÞTÐ�å)ÖjÝ
Ñ0Í¹ÖjÓsÈ>Õ©ÉeËSÉEÌ�ÍGåØÌ©ÍSÝ0Ý�ÉeÝpÕ»ÐíÓeÍTÐSË^É+Ô®Ñ�É+Ô£îJÒJÉeÊwÍTÎ%É+Ô0Öiî
Ñ�Õ©ÍTÐ8ß
Ç
È>É�Ó+Ô�ÍSÝ�Ý®î�Ý�ÉeÓeÑ0Õ�Í>ÐwÍGÒ&Ñ[È>É/à ë�Õ©ÝpÝQÈ>Ílå\ÐVÕäÐ"$&Õ©Þ�ß�÷tÖ^Ð>ÊùÕ©Ñ�Ý�Ï§ÖGÕ»ÐwÊ%Õ»Ï�É+Ð>Ý�Õ©ÍTÐ>Ý�Ö^Ô®É
ÞSÕ©ËSÉ+ÐwÕ»ÐùÇ!ÖSÚ>Ì©É*�¼ß
$�ÍTÔ}ÍTÚ>Ñ[ÖGÕ»Ð>Õ»Ð>Þ�È>Õ©ÞTÈ ÉQçtÓeÕ©É+Ð>ÓeÙSá&Ñ[È>É§Õ»Ô®Í>Ð@ÓeÍTÔ®É§Õ©Ý�Ï§ÖGÊ%É§ÍGÒ
Ì©ÍGå�î�Ì©ÍSÝ�ÝEÝ�Ñ�ÉeÉeÌ&Ý[È>ÉeÉeÑEÍGÒ�)%ßø÷
Ï§Ï Ñ[È>Õ©ÓX�TÐ>ÉeÝ�Ý�ÖSÐ>ÊwÑ[È>É�Ó+ÖjÞSÉpå�ÕäÐ>Ê%Õ»Ð>ÞwÕ©ÝpÏ§ÖjÊ%É�ÍGÒ�ÓeÍTÎ%Î¼É+Ôeß
Ç�È>É�ÞSÉeÍTÏ�ÉeÑ[Ô�Ù§Õ©Ý
Ý[Î%ÉeÓeÕ»ÖGÌ©Ì©Ù

÷�7



$&Õ�Þ>ã%Ô®É�÷2&BY
Ô�ÍSÝ�Ý®î�Ý�ÉeÓeÑ0Õ�Í>ÐVÍGÒcÑQÈ>É�àJë

Ç!ÖSÚ>Ì©É*�2&!ë�ÖGÕ»ÐwÊ%Õ»Ï�É+Ð>Ý�Õ©ÍTÐ>Ý�ÍjÒ�Ñ[È>É�Õ»Ð>Ê�ã>ÓeÑ�Õ©ÍTÐ@Ï�Í^Ñ�ÍTÔ

8pã%Ï�Ú%É+Ô�ÍGÒ¯Î%ÍSÌ©É�Î%ÖGÕ»Ô®Ý ÷
8pã%Ï�Ú%É+Ô�ÍGÒ¯Î%È%ÖGÝ�ÉeÝ �
8pã%Ï�Ú%É+Ô�ÍGÒ&Ý�Ñ[ÖGÑ0ÍTÔ&Ý�Ì©ÍSÑ0Ý 
Z3
8pã%Ï�Ú%É+Ô�ÍGÒ¯Ô®ÍSÑ�Í>Ô&Ý�Ì©ÍSÑ�Ý ��3
[ ã>Ñ�É+Ô
Ê%Õ»ÖSÏ¹ÉeÑ�É+Ô�ÍGÒ&Ñ[È>É�Ý�Ñ[ÖjÑ�ÍTÔnÓeÍTÔ®É ÷%õ\)%ß�)�Ï�Ï
à�Ð%Ð>É+Ô�Ê%ÕäÖ^Ï�ÉeÑ�É+Ô�ÍGÒcÑQÈ>É�Ý�Ñ[ÖGÑ�Í>Ô¯ÓeÍ>Ô®É õ(��)%ß�)�Ï�Ï
Y�ÍTÔ®É�Ì©É+Ð>ÞSÑ[È õ('��%ß�)�Ï�Ï
�pÕ»Ô�ÞTÖSÎ )%ß�7/Ï�Ï

÷�'



ÖGÊ�ÖSÎ>Ñ�ÉeÊ*Ñ�Í�ÑQÈ>ÉùËSÍSÌ©Ñ[ÖjÞSÉùå
ÖiËSÉVÒJÍTÔ�Ï ÍGÒ}ÖhÎ%ÍGå�É+Ô£î�ÉeÌ©ÉeÓeÑ[Ô®Í>Ð>Õ�Ó ÓeÍTÐSË^É+Ô®Ñ�É+ÔeánÝ�ÍhÑ[È%ÖGÑVÑ[È>É
È%ÖSÔ�Ï�ÍTÐ>Õ©ÓEÌ�Í^Ý�Ý�ÉeÝpÖSÔ�É�Ô®ÉeÊ�ã>ÓeÉeÊ1ß
Ç
È>ÉêÎ%Ö^Ô®Ñ®î�Ì©ÍTÖGÊ§ÉQçVÓeÕ�É+Ð>ÓeÙVÍGÒ1ÖSÐtà ë-Ó+ÖSÐ§Ú¼ÉêÏ§ÖjúTÕ»Ï�Õ�
eÉeÊùÚ^Ù/ÓeÍ>ÐSÑ[Ô�ÍSÌ©Ì�Õ»Ð>Þ�Ñ[È>É
Ý0Ñ[ÖGÑ�ÍTÔ!Ë^ÍSÌ©Ñ®î
ÖGÞSÉSßpàaÒ
Ñ[È>É}Ò Ô�Õ�ÓeÑ0Õ�Í>ÐùÌ©ÍSÝ0Ý�ÉeÝ�ÖSÐ>ÊùÑQÈ>É�Õ»Ð��<ã>É+Ð>ÓeÉtÍjÒ
Ï§ÖGÞTÐ>ÉeÑ�Õ©ÓEÝ[ÖGÑ[ã%Ô�ÖjÑ�Õ©ÍTÐùÖSÔ�É/Ð>ÉeÞSÌ©ÉeÓeÑ�ÉeÊ1á
Ñ[È>É�ÉQçtÓeÕ©É+Ð>ÓeÙSáÛÖjÑcÖ\ÞSÕ©ËSÉ+Ð}Ò�Ô®Éeâ%ã>É+Ð>ÓeÙSáTÕ©Ý&Õ»Ð>Ê%É+Î%É+Ð>Ê%É+Ð^Ñ�ÍGÒ<Í>ã>Ñ[Î%ã>ÑcÎ¼ÍGå
É+Ô!å\È>É+Ð�ÑQÈ>É
Ý0Ì�Õ»Î�Õ©Ý
�GÉ+Î>Ñ&ÓeÍTÐ>Ý�Ñ[Ö^ÐSÑ&ÚSÙ�Ô®ÉeÊ�ã>ÓeÕ»Ð>Þ�Ñ[È>É�ËSÍSÌ©Ñ[ÖGÞSÉ�ÖSÎ%Î%Ô®ÍGú>ÕäÏ�ÖGÑ�ÉeÌ©Ù/ÖGÝ&ÑQÈ>É
Ý0âÛã%ÖSÔ�É)Ô�ÍTÍSÑ!ÍGÒ�Ñ[È>É�Ì�Í>ÖGÊ
Ñ�ÍTÔ®â%ã>Éùô�3iö®ß§à�Ð@ÍTÔ�Ê%É+Ô�Ñ�ÍwÑ[Ö��GÉ�Ñ[È>É§Õ»Ð��<ã>É+Ð>ÓeÉwÍGÒ)Ï�ÖGÞTÐ>ÉeÑ�Õ©Ó§Ý[ÖjÑ[ã%Ô�ÖGÑ�Õ©ÍTÐ@ÖSÐ>ÊhÈ%ÖSÔ�Ï�ÍTÐ>Õ©ÓeÝ
ÕäÐ^Ñ�ÍtÖjÓeÓeÍTã%ÐSÑiáSÑ[È>É\ò<Ð>Õ©Ñ�ÉQî�ÉeÌ©É+Ï�É+Ð^ÑêÏ¹ÉeÑ[È>ÍTÊVå
ÖGÝ
ã>Ý�ÉeÊVÑ�Í�ÉeËlÖGÌ»ã%ÖGÑ�É�ÑQÈ>ÉpÌ©ÍSÝ�Ý0ÉeÝpÖGÑ¯ËGÖSÔ®Õ©ÍTã>Ý
Ì�Í>ÖGÊ%ÝêÖ^Ð>ÊwËSÍSÌ©Ñ[ÖGÞSÉeÝißcÇ�È>É/Ô®ÉeÝ[ã>Ì©Ñ�Ý\ÖGÑ
Ñ[È>É\Ò�Ô®Éeâ%ã>É+Ð>ÓeÙwÍGÒx÷�)�)0]M
�ÖSÔ®É�Ý[È>ÍGåpÐ�Õ»Ð%$&Õ©Þ�ßB�%ß
�
Ñ&Ì©Õ�Þ>ÈSÑnÌ�Í>ÖGÊ%Ý+áGÑ[È>ÉpÏ¹ÕäÐ>Õ»Ï�ã%Ï�Ì©ÍSÝ0Ý�ÉeÝ¯ÖSÔ®É�ÍTÚ>Ñ[ÖjÕäÐ>ÉeÊVÖGÑcÖ\ÓeÍ>Ð>Ý�Ñ[ÖSÐ^Ñ&Ý�Ì©Õ»Î�ÍGÒ^)¼ß�'����3áGåpÈ>Õ©ÓsÈ
Õ�Ý�Õ»Ð4ÖGÓeÓeÍTÔ�Ê�ÖSÐ>ÓeÉ§å
Õ©Ñ[È Ñ[È>ÉVÑ[È>ÉeÍTÔ®Ù�ÒJÍTÔ\Ì©ÕäÐ>É+Ö^Ô§Ï§ÖGÓeÈ>Õ»Ð>ÉeÝ+ß%�
Ñ�È>Õ�Þ>È�Ì©ÍTÖGÊ%Ýiá�ÑQÈ>É�È>Õ©ÞTÈ>É+Ô
ËSÍSÌ©Ñ[ÖGÞSÉ�Ó+Ö^ã>Ý�ÉeÝpÝQÖGÑ[ã%Ô�ÖGÑ0Õ�Í>ÐVÕäÐ�Ñ[È>É�Ï§ÖGÓeÈ>Õ»Ð>ÉSá<ÖSÐ>Ê�Ñ[È>É/Ï¹ÕäÐ>Õ»Ï�ã%ÏþÌ©ÍSÝ�Ý�ÉeÝ�Ú%ÉeÓeÍ>Ï�É�Ì»ÖSÔ®Þ^É+Ô
Ñ[È%ÖSÐhÎ%Ô®ÉeÊ%Õ©ÓeÑ�ÉeÊèÚSÙ Ñ[È>ÉtÌ©Õ»Ð>É+ÖSÔ§Ï¹ÍTÊ%ÉeÌJß@Ç
È>É�Ï�ÖGúTÕ»Ï�ã%ÏûËSÍSÌ©Ñ[ÖGÞ^ÉSá1ÍGÒpÓeÍ>ã%Ô®Ý�ÉSá&Ô®ÉeÝ�Ñ[Ô�Õ�ÓeÑ0Ý
Ñ[È>É/Î¼ÍSÝ�Ý�Õ»Ú>Õ©Ì©Õ�Ñ0Õ�ÉeÝEÍGÒ&Ì�Í^Ý�ÝpÔ®ÉeÊ�ã>ÓeÑ�Õ©ÍTÐ�ÖGÑ
Ñ[È>É�È>Õ©ÞTÈ>ÉeÝ0ÑpÌ©ÍTÖGÊ%Ýiß
Ç
È>ÉpÍ>Î>Ñ�Õ»Ï§ÖGÌ8ËSÍSÌ©Ñ[ÖGÞ^ÉQî�ÓeÍTÐSÑQÔ®ÍSÌ%Ý�Ñ[Ô0ÖGÑ�ÉeÞSÙ}ÒaÍTÔnÑ[È>É\Õ»Ð>Ê�ã>ÓeÑ�Õ©ÍTÐwÏ§ÖGÓeÈ>Õ»Ð>É\ÒaÉeÊwÚ^ÙtÖSÐ�ÕäÐ^ËSÉ+Ô®Ñ0É+Ô
å)ÖjÝ¯ÍTÚ>Ñ[ÖjÕäÐ>ÉeÊùÚ^Ù§Ï�Õ»Ð>Õ»Ï�Õ�
eÕäÐ>ÞwÑQÈ>É
Ì©ÍSÝ�Ý�ÉeÝ
ÖGÑ�Ö�Ì»ÖSÔ�ÞSÉêÐ>ã%Ï�Ú%É+ÔnÍGÒ8Ò�Ô®ÉeâÛã>É+Ð>ÓeÕ©ÉeÝpÖ^Ð>ÊtÌ©ÍTÖGÊ%Ýiß
à�ÐwÑQÈ>Õ�Ý\å
ÖiÙSáTÑQÈ>É�ÓeÍTÐ>Ý�Ñ[ÖSÐ^Ñ®î�ÉQçtÓeÕ©É+Ð>ÓeÙwÓ+ã%Ô®Ë^ÉeÝ
Ý[È>ÍGåpÐVÕ»Ð%$&Õ©Þ�ß�
�å
É+Ô�É�ÍTÚ>Ñ[ÖGÕ»Ð>ÉeÊ1ß

0

1

2

3

4

5

0 2 0 4 0 6 0 8 0 100

  Voltage 1.00 p.u.
  Voltage 0.86 p.u.
  Voltage 0.73 p.u.
  Minimum by linear theory

T
ot

al
 l

os
se

s 
(k

W
)

Shaft power (kW)

$&Õ©ÞTã%Ô®É��2&nï̄ Ô®ÉeÊ%Õ©ÓeÑ�ÉeÊ�Ñ�ÍSÑ[ÖGÌ8Ì©ÍSÝ�Ý0ÉeÝ
ÍGÒ&Ñ[È>É�àJë(ÖjÑ)÷�)�)0]M
wéJÖSÚ%Í>ã>Ñ�7�)�)�)�Ô�Î%Ï�ì
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Auxiliary power unit

Battery Converter Motor Transmission
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ñ�ßBÜ�æõöô×YÛ)êÅÝ?ÖB×YÖUÚ�íiêÅÝüîeÖB×_Ú!ê�ìUÚ)ìeÛ�Ú�á�ö�×Åì��9×YÛ�æ�×��9×_Ù_Ú$Ü�åU×àéBÚ)Ü�Ø�Ü��YÝKÚ)Ü�ìeÖÿìKë�Ú=ßB×äö�×YÛ$êÅÝ?ÖB×YÖUÚ
êÅÝKîeÖB×_Ú)æ�Ý?ÖBÞþÙYÝ?Ö â�×ÅÞ�×_æ)Ü�îeÖB×_Þ ë�ìeÛ�î?ìBìBÞ��Gé��Uí�ò�×YÝ��K×YÖBÜ£ÖBîþö�Û�ìeöô×YÛ�Ú)Ü�×_æ�����
iç�����
iç��! "
iðÅÕ�Ö

#�#



�¨Ü�îeé�Û�×$��%�&�Û�ìUæ)æ�í�æ)×_Ù_Ú)Ü�ìeÖ�ÝüØGîU×_ìeê�×_Ú=Û�áÁìKë Ý!ëLìeé�Ûiíiö�ì?Ø�× Ü£ÖBæ)×_Ú�íiêÅÝKîeÖB×_Ú�ê�ì?Ú)ìBÛ

Ú=ßB×�Þ�×_æ)Ü�îeÖoìKë�Ú=ßB×Åê�ì?Ú)ìeÛ�ç�Ú=ßB×�Ú)ìUÚ=ÝKØ+×YÖB×YÛ�îUáùÙ_ìeÖBæ=é�êøöBÚ)Ü�ìeÖ3ç+Ú=ßB×�Ú)ìUÚ=ÝKØ+ò�×_Ü�îeßUÚ Ý?ÖBÞoÚ=ßB×
Ú)ì?Ú=ÝKØ¨ö�Û�ìBÞ�éBÙ_Ú)Ü�ìeÖ Ù_ì?æ)Ú�ìKë�Ú=ßB×�Þ�Û�Ü�å?×_Ú=Û)ÝKÜ£ÖoæSßBìeéBØ�ÞDâô×�ÝKÙ_Ù_ìeé�ÖUÚ)×_Þoë�ìeÛ_ð�ñ�ßB×�Þ�×_æ)Ü�îeÖ ÙYÝ?Ö
â�× â�ÝKæ)×_ÞäìBÖäêÅÝKÚ=ßB×YêÅÝüÚ)Ü�ÙYÝKØ�ìeöBÚ$ÜÂêõÜ'�YÝüÚ)Ü�ìeÖäÙ_ìeê�âBÜ£ÖB×_Þäò�Ü�Ú=ßäÖBé�ê�×YÛ�Ü�ÙYÝKØ+Ù_ìBêÅö�éBÚ=ÝKÚ)Ü�ìeÖøìKë
Ú=ßB×àêõì?Ú)ìeÛ�ö�Û�ìBö�×YÛ�Ú)Ü�×_æÅâUá�ÚSßB×(�GÖBÜ�Ú)×�×_Ø�×Yê�×YÖUÚÅê�×_Ú=ßBìBÞDÝUÖBÞþÞ�Û�Ü�åeÜ£ÖBîþæ$ÜÂê�éBØ£ÝKÚ)Ü�ìeÖBæ)����
�ç
� # 
ið
ñ�ßBÜ�æàö�Ý?öô×YÛ�Þ�×YÝKØ�æÅò�Ü�Ú=ßÿÚSßB×äÞ�×_æ)Ü�îeÖ Ý?ÖBÞ ÝUÖ�ÝKØ�áeæ)Ü�æÅìüëÉÝ*�,+�+��Uú öô×YÛ)êÅÝ?ÖB×YÖUÚ�íiêÅÝKîBÖB×_Ú
æ)áãÖBÙ_ß�Û�ìeÖBìBéBæõêõì?Ú)ìeÛÉëLìeÛ�Ý æ)×YÛ�Ü�×_æ�ßUáãâ�Û�Ü�Þ.×_Ø�×_Ù_Ú=Û�Ü�Ùäå?×YßBÜ�Ù_Ø�×?ð.- î?ìeÝKØ{ìKëyÚ=ßB×Áæ)Ú=éBÞ�á(ß�Ýüæ
â�×_×YÖoÚ)ìÁÞ�×_å?×_Ø�ìeöþêõ×_Ú=ßBìeÞ�æ
ë�ìeÛÆÚ=ßB×ÅÝ?Ö�ÝKØ�áBæ)Ü�æ Ý?ÖBÞoÞ�×_æ)Ü�îeÖoìKë Ú=ßB×�×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ êõì?Ú)ìeÛ
ÝKæ�Ý
ö�Ý?Û�Ú�ìKë0Ú=ßB×�Þ�Û�Ü�åU×�æ)áeæ$Ú)×Yêäç�Ý?ÖBÞäÝ�æ=ö�×_Ù_Ü£ÝKØ�×YêÅö�ß�ÝKæ)Ü�æ�Ü�æyö�éBÚ�ìBÖÅÚ=ßB×�×YÖB×YÛ�î?áÅ×Sï�Ù_Ü�×YÖBÙ_áäìKë
Ú=ßB× Þ�Û�Ü�å?×_ÚSÛ)ÝKÜ£Ö3ð

/ 0-Ï+Ô21436587�3{Ó¨Ô29ÅÓ;:�ÎGÔ$Ð�Í

ñ�ßB×(×_Ø�×_Ù_Ú=Û�Ü�Ù.Þ�Û�Ü�åU×_Ú=Û)ÝKÜ£ÖóìKë�Ý.æ$×YÛ�Ü�×_æ(ß?á�â�Û�Ü�Þó×_Ø�×_Ù_ÚSÛ�Ü�Ù.å?×YßBÜ�Ù_Ø�× Ù_ìeÖBæ)Ü�æ)Ú)æoìKë�Ý ö�ìKò�×YÛ�í
×_Ø�×_Ù_ÚSÛ�ìeÖBÜ�ÙþÜ£Ö?åU×YÛ�Ú)×YÛ_ç
Ý?Ö.×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ êõì?Ú)ìeÛÅÝUÖBÞ Ýÿê�×_Ùbß�ÝUÖBÜ�ÙYÝüØ�Ú=Û)Ý?ÖBæ=êõÜ�æ$æ)Ü�ìeÖ�ÝKæ�Ü�Ø�Ø£éBæ�í
Ú=Û)ÝKÚ)×_ÞoÜ£Ö��¨Ü�î�ð(��ð�ñ�ßB×Å×_Ø�×_Ù_Ú=Û�Ü�ÙÁ×YÖB×YÛ�î?áùÜ�æIæ=é�ö�öBØ�Ü�×_Þ âUáùÚSßB×�â�ÝKÚ)Ú)×YÛ�áäìeÛ
Ú=ßB×ÅÝ?é��BÜ�Ø�Ü£Ý?Û�á
ö�ìKò�×YÛ
é�ÖBÜ�Ú$<=-?>�@BA_ç?òyßBÜ�Ù_ßùéBæ=é�ÝüØ�Ø�áÁÙ_ìeÖBæ)Ü�æ)Ú)æÆìKë Ý?ÖÁÜ£ÖUÚ)×YÛ)Ö�ÝKØ3Ù_ìeê�â�éBæ)Ú)Ü�ìeÖÁ×YÖBîUÜÂÖB× ÝUÖBÞùÝ
î?×YÖB×YÛ)ÝKÚ)ìBÛ_ð
ñ�ßB× æ)×YÛ�Ü�×_æ�ßUáãâ�Û�Ü�Þo×_Ø�×_Ù_Ú=Û�Ü�Ù�å?×YßBÜ�Ù_Ø�×!Ü�æ�Û�×_è�éBÜÂÛ�×_Þ�Ú$ì�Û�×YÝKÙ_ßäÝÅö�×YÛiëLìeÛ$êÅÝ?ÖBÙ_× ìüëC� # +$�eêED?ß
Ú)ìeöÁæ=öô×_×_Þ ÝUÖBÞ.�,+�ð # æyÝKÙ_Ù_×_Ø�×YÛ)ÝüÚ)Ü�ìeÖýÚ)Ü£ê�×
ë�Û�ìeêF+�Ú)ì)�,+G+$�eêED?ß3ç�Ý?ÖBÞùÚ=ßB×�åU×YßBÜ�Ù_Ø�×ÅêÅÝKæ$æ
Ü�æ��,H�+G+I�Uî�ðJ- Úiò�ìKí�æSö�×_×_Þ.ê�×_Ùbß�ÝUÖBÜ�ÙYÝüØyÚ=Û$Ý?ÖBæ=ê�Ü�æ)æ)Ü�ìeÖÿò�ÝKæ�Ù_ßBì?æ)×YÖ.ÝKæÁÝoÙ_ìeêÅö�Û�ìBê�Ü�æ)×
â�×_Ú�ò�×_×YÖäÚ=ßB×�æ)Ü��_×IìKë0Ú=ßB×�×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ¨ê�ì?Ú$ìeÛ�Ý?ÖBÞäÚ=ßB× æ$Ü'�_× ÝUÖBÞùÙ_ìeêÅöBØ�×K�BÜ�Úiáäìüë0Ú=ßB×�Ú=Û)ÝUÖBæ�í
ê�Ü�æ)æ)Ü�ìeÖ3ð�ñ�Ý?âBØ�×L��æ=ßBìKò�æ�Ú=ßB× öô×YÛ�ëLìBÛ)êÅÝ?ÖBÙ_×�Û�×_èãéBÜ£Û�×_ÞoìKë¨Ú=ßB× ê�ìUÚ)ìeÛ?����
 ñÆßB×!êÅÝ��BÜ£ê�é�ê

#�M
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�¨Ü�îBé�Û�×.�N%�ñÆßB×ùÙ_ìeêÅöôìeÖB×YÖUÚ)æ�ìüë Ú=ßB×ù×_Ø�×_Ù_Ú=Û�Ü�ÙþÞ�Û�Ü�åU×_Ú=Û)ÝKÜ£Ö.ìüë!Ýþæ)×YÛ�Ü�×_æäßUáãâ�Û�Ü�Þ�×_Ø�×_Ù_Ú=Û�Ü�Ù
å?×YßBÜ�Ù_Ø�×

ñ0Ý?âBØ�×
��%PO�ìUÚ)ìeÛ�ö�×YÛ�ë�ìeÛ)êøÝ?ÖBÙ_×

QÆìeê�Ü£Ö�ÝKØ¨ö�ìKò�×YÛ # +$�?ú
OþÝ��eÜ£ê�é�ê öôì\ò�×YÛR<S�!êõÜÂÖNA �,+�+(�Uú

Q�ìeêõÜÂÖ�ÝüØ+æ=ö�×_×_Þ M +�+�+�Û)ö�ê
OþÝ��BÜ£ê!é�ê æ=ö�×_×_Þ �,�$+�+�+�Û)ö�ê

ê�ì?Ú)ìeÛ
æSö�×_×_ÞþÜ�æ Ù_ìBÖBæ)Ú=Û)ÝKÜ£ÖB×_Þ(âUáoÚ=ßB×ÅêÅÝ��BÜ£ê!é�ê æ=ö�×_×_Þ ìKë�Ú=ßB×�Ú=Û)Ý?ÖBæ=êõÜ�æ$æ)Ü�ìeÖ3ç0Ý?ÖBÞ Ú=ßB×
êÅÝ��BÜÂê�é�êIí�Ú$ìKíiÖBìeê�Ü£Ö�ÝKØ�æ=öô×_×_Þ Û)ÝKÚ)Ü�ìùìüëT�äÜ�æÅÙ_ßBì?æ)×YÖ ëLìBÛ�Ú=ßB×äê�ì?Ú)ìBÛ ÝKæIÚ=ßB×�Ú�ò�ìKí�æ=öô×_×_Þ
Ú=Û)Ý?ÖBæ=êõÜ�æ$æ)Ü�ìeÖýÜ�æ�éBæ)×_Þ+ð?-�â�ìKå?×IÚ=ßB×ÅÖBìeê�Ü£Ö�ÝKØ ê�ì?Ú$ìeÛ�æ=öô×_×_Þ+ç8�Gé��ùò�×YÝ��ü×YÖBÜÂÖBîäÜ�æ Ý?ö�öBØ�Ü�×_Þ
Ú)ì�ÝKÙ_ßBÜ�×_å?× Ú=ßB×�Ù_ìBÖBæ)Ú=Ý?ÖUÚ�íiö�ìKò�×YÛ{ìeö�×YÛ$ÝKÚ)Ü�ìeÖ3ð

U V Ð�Î3Ð�Ï�Ñ(3�53ÔXW�Í

Y;Z\[ ]�^�_8`ba�c�d\c

- ê�×_Ú=ßBìBÞþâ�ÝKæ)×_ÞoìeÖ Ú=ßB×e�GÖBÜ�Ú$×!×_Ø�×Yê�×YÖUÚ æ$ì?Ø£éBÚ)Ü�ìeÖýìKë Ú=ßB×ÅêÅÝKîeÖB×_Ú$ì?æ)Ú=ÝKÚ$Ü�ÙB��×_Ø�ÞþÜ�æ éBæ)×_Þ
Ú)ìoÙ_ìeêÅö�éBÚ)×ÁÚ=ßB×ÁÙbß�Ý?Û$ÝKÙ_Ú)×YÛ�Ü�æ)Ú)Ü�Ù_æ�ÝUÖBÞDö�Ý?Û$Ý?ê�×_Ú)×YÛ�æ�ìKë�Ú=ßB×äêÅÝKÙ_ßBÜ£ÖB×?ð.�3é�Û�Ú=ßB×YÛ)ê�ìBÛ�×?ç¨Ý
Ú)Ü£ê�×Sí�æ)Ú)×Yö�öBÜ£ÖBî��GÖBÜ�Ú)×Á×_Ø�×Yê�×YÖ?Ú�ê�×_Ú=ßBìBÞþÜ�æÅéBæ)×_Þoë�ìeÛ
Ú=ßB×�ö�Û�×_Þ�Ü�Ù_Ú)Ü�ìeÖÿìüë
Ú=ßB×ÅÜ£Û�ìBÖþØ�ì?æ)æ$×_æ
Ý?ÖBÞþÚ=ßB×ÅÙ_ìUî?î?Ü£ÖBîùÚ)ìBÛ�èãéB×f� M 
iç���H�

ÝKæIò�×_Ø�Ø�ÝKæ�Ú=ßB×ÅÞ�×YêøÝKîeÖB×_Ú)Ü��YÝKÚ)Ü�ìeÖ ìKë�Ú=ßB×�ö�×YÛ$êÅÝ?ÖB×YÖUÚ
êÅÝKîeÖB×_Ú)æÁÝ?ÖBÞ.Ú=ßB×ä×_Þ�Þ�á.ÙYé�Û)Û�×YÖUÚÅØ�ì?æ)æ$×_æÅÜ£Ö.Ú=ßB×oêÅÝKîeÖB×_Ú)æ)����
ið.ñ�ßB×ýØ�ì?æ)æ)×_æÅæSßBìeéBØ�Þ â�×
×_å\ÝKØ£é�ÝKÚ)×_Þýë�ìeÛ�åKÝ?Û�áBÜÂÖBîÁæ=öô×_×_Þ ÝUÖBÞäØ�ìBÝKÞùÜ£ÖäÚSßB× òyßBì?Ø�×Iìeö�×YÛ)ÝüÚ)Ü£ÖBîàÛ�×_îUÜ�ìBÖäìKë¨Ú=ßB×!êõì?Ú)ìeÛ_ç
â�éBÚ Ú=ßB×�Ú)Ü£ê�×Sí�æ)Ú$×Yö�öBÜÂÖBîf�GÖBÜ�Ú)×Å×_Ø�×Yê�×YÖUÚ!êõ×_Ú=ßBìeÞ Ù_ìeÖBæ=é�ê�×_æ öBØ�×YÖUÚiáoìKë�Ù_ìeêÅö�éBÚ)×YÛ
Ú$ÜÂêõ×?ð
ñ�ßB×YÛ�×Së�ìeÛ�×?ç+Ý?Ö�ÝKØ�áBÚ)Ü�ÙYÝKØ ê�ìBÞ�×_Ø�æ ò�×YÛ�× Þ�×_åU×_Ø�ìBö�×_Þ ëLìeÛÆÜ£Ö?Ú$×YÛ)ö�ì?Ø£ÝKÚ$ÜÂÖBîýÞ�Ü��9×YÛ�×YÖ?Ú�Ø�ì?æ)æ�Ù_ìBêIí
ö�ìeÖB×YÖUÚ)æ!âô×_Ú�ò
×_×YÖ Ù_ìeêÅö�éBÚ)×_Þþö�ìUÜÂÖUÚ)æYç�ÝKØ�Ø�ì\òÆÜÂÖBîoÚ=ßB×�ìeöô×YÛ)ÝKÚ)Ü£ÖBîoÛ�×_î?Ü�ìeÖýÚ)ìùâ�×ÁÝ?Ö�ÝKØ�ág�_×_Þ
â�ÝKæ)×_ÞùìBÖÁæ)Ü��äÚ)Ü£ê�×Sí�æ)Ú)×Yö�öBÜ£ÖBîÁÙ_ìeêÅö�éBÚ=ÝKÚ$Ü�ìBÖBæR���"
ið
Õ�Ö÷ÝKÞ�Þ�Ü�Ú)Ü�ìeÖ Ú)ì.Ú=ßB×oØ�ì?æ)æ$×_æùìKë�Ú=ßB×þê�ì?Ú)ìeÛ�ç�Ú=ßB×þØ�ì?æ$æ)×_æäìKë!ÚSßB×þì?Ú=ßB×YÛÁÙ_ìeêøö�ìeÖB×YÖUÚ)æäìKë
Ú=ßB×ùÞ�Û�Ü�å?×ýÚ=Û)ÝKÜ£Ö.Ý?Û�×äÙYÝKØ�ÙYéBØÂÝüÚ)×_Þ+ð ñÆßB×äÙ_ìeÖ?åU×YÛ�Ú)×YÛ�Ø�ì?æ)æ$×_æ�Ý?Û�×ùö�Û�×_Þ�Ü�Ù_Ú)×_Þ÷âUáDêõ×YÝ?ÖBæÅìKë
Ý?Ö�ÝKØ�áeÚ$Ü�ÙYÝüØe×K��ö�Û�×_æ)æ)Ü�ìeÖBæ â�Ýüæ)×_Þ ìeÖ
ÚSßB×
ê�ì?Ú$ìeÛ3ÙYé�Û)Û�×YÖUÚYçvÚ=ßB×
öôìKò
×YÛGë�ÝKÙ_Ú$ìeÛ_ç_Ú=ßB×{Þ�Ù å?ìUØ�ÚSÝKî?×?ç
Ú=ßB×ùæ)òÆÜ�Ú$ÙbßBÜ£ÖBî ë�Û�×_è�éB×YÖBÙ_á Ý?ÖBÞ.Ú=ßB×ýÚ=Û)Ý?ÖBæ$Ü�æ$Ú)ìeÛ�ö�Ý?Û)Ý?êõ×_Ú)×YÛ�æ)��h"
iði��ìeÛIÚ=ßB×oê�×_Ùbß�ÝUÖBÜ�ÙYÝüØ
Ú=Û)Ý?ÖBæ=êõÜ�æ$æ)Ü�ìeÖ3ç+Ý�Ø�ì?æ)æ�ê�ìBÞ�×_Ø0Þ�×Yöô×YÖBÞ�ÜÂÖBîýìeÖäÚSßB× òyßB×_×_Ø�Ú)ìeÛ�è�éB×?çqÚ=ßB× å?×YßBÜ�Ù_Ø�×Åæ=öô×_×_ÞþÝ?ÖBÞ
Ú=ßB×�î?×YÝ?Û¨Û$ÝKÚ)Ü�ì�ò�ÝKæ¨Þ�×_å?×_Ø�ìeö�×_Þ���j"
�ð0ñ�ßB×�Ø�ì?æ$æ)×_æ ìKë3Ú=ßB×yê�ìUÚ)ìeÛ_ç?ê�×_Ù_ß�Ý?ÖBÜ�ÙYÝKØqÚ=Û)Ý?ÖBæ=êõÜ�æ$æ)Ü�ìeÖ
Ý?ÖBÞDöôìKò
×YÛ�×_Ø�×_Ù_Ú=Û�ìeÖBÜ�Ù_æÅÝ?Û�×�ö�Û�×_æ)×YÖ?Ú$×_ÞDÝKæIØ�ì?æ)æ Ù_ß�Ý?Û�Ú$æ Ü£ÖþÚSßB×Åæ=ö�×_×_ÞBí�Ú$ìeÛ�è�éB×àöBØ£Ý?ÖB×Áë�ìeÛ
×_å\ÝKØ£é�ÝKÚ)Ü£ÖBîäÚ=ßB×�Ø�ì?æ$æ)×_æyìüë0Ú=ßB× Þ�Û�Ü�åU×_Ú=Û)ÝKÜ£ÖäÜ£Ö Ú=ßB×�òyßBì?Ø�× ìBö�×YÛ)ÝKÚ$ÜÂÖBîÁÛ�×_î?Ü�ìeÖ3ð Õ�ÖùÝKÞ�Þ�Ü�Ú)Ü�ìeÖ3ç
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Ú=ßB×äØ�ì?æ)æ)×_æÅìüëyÚ=ßB×ùâ�ÝKÚ)Ú$×YÛ�Ü�×_æõÝUÛ�×àÝUö�ö�Û�ì��eÜ£êÅÝKÚ$×_Ø�áÿÚ=Ý��ü×YÖþÜ£ÖUÚ)ì(ÝKÙ_Ù_ìeé�ÖUÚÅâ?á.ê�×YÝ?ÖBæ�ìKë�Ý
Ùbß�Ý?Û�î?×YÛ�×Sï�Ù_Ü�×YÖBÙ_á�ÝUÖBÞùÝÅâ�ÝKÚ)Ú)×YÛ�áÅ×Sï�Ù_Ü�×YÖBÙ_á?ð
ñ�ßB×�Þ�Û�Ü�å?×�ìeöô×YÛ)ÝKÚ)×_æ¨Ü£ÖÅÝÆò�Ü�Þ�×yÛ)Ý?ÖBîU×
ìüë�æ=ö�×_×_Þ�æ�Ý?ÖBÞ�Ø�ìBÝKÞ�æYð¨ñ+ì�Ù_ìBêÅö�Ý?Û�×�Ú�ò�ì�Þ�Û�Ü�å?×_Ú=Û)ÝüÜÂÖ
Þ�×_æ)Ü�îeÖBæ�ë�Û�ìeê Ý?Öø×Sï�Ù_Ü�×YÖBÙ_áùö�ìUÜÂÖUÚ�ìKë¨åBÜ�×_òIç�Ú=ßB×
Ú)ì?Ú=ÝKØq×YÖB×YÛ�î?áÁÙ_ìeÖBæ=é�êÅöBÚ$Ü�ìBÖÁÜ�æ
Ú=ßB×
ìeÖBØ�á
Û�×_Ø�×_å\Ý?ÖUÚÅ×YÖUÚ)Ü�Úiá?ð.kBÜ£ê�éBØ£ÝKÚ)Ü�ìeÖ.ÝKÙ_Ù_ìBÛ�Þ�Ü£ÖBîþÚ)ì�Ýýæ=öô×_Ù_Ü���ÙùÞ�Û�Ü�åBÜÂÖBî.ö�ÝKÚ)Ú$×YÛ)ÖoÜ�æYç¨Ú=ßB×YÛ�×SëLìeÛ�×?ç
ÖB×_Ù_×_æ)æ=Ý?Û�á?ð{ñ�ßB×�×YÖB×YÛ�î?áÁÙ_ìeÖBæ=é�êÅöBÚ$Ü�ìBÖäìKë0ÚSßB×�Þ�Û�Ü�å?×_Ú=Û)ÝKÜ£ÖÁÜ�æ�×_åKÝKØ£é�ÝKÚ)×_Þäë�ìeÛ�Ý?ÖÁ×K��ö�×_Ù_Ú)×_Þ
Ø�ÜÃë�×_Ú)Ü£ê�×ÁìKë Ú=ßB×�å?×YßBÜ�Ù_Ø�×�â?áoÝÅæ$ÜÂê�éBØ£ÝKÚ)Ü�ìeÖ ìKë Ú=ßB×�å?×YßBÜ�Ù_Ø�×�Þ�á�Ö�Ý?ê�Ü�Ù_æ�ìKå?×YÛÆæ)Ú=Ý?ÖBÞ�Ý?Û�Þ�Ü'�_×_Þ
Þ�Û�Ü�åeÜ£ÖBîþÙ_áBÙ_Ø�×_æYç¨éBæ)Ü£ÖBî�ÚSßB×ÅÞ�ÝKÚ=ÝÁìKë�Ú=ßB×øØ�ìUæ)æ Ù_ß�Ý?Û�Ú)æ
ë�ìeÛ�Ú=ßB×ÅÙYÝKØ�ÙYéBØ£ÝKÚ)Ü�ìeÖ ìKë�Ú=ßB×ÅÞ�Û�Ü�å?×Sí
Ú=Û)ÝKÜ£Ö Ø�ìUæ)æ)×_æYð
�Gé�Û�Ú=ßB×YÛ)ê�ìeÛ�×?ç0ÝäÚSßB×YÛ)êÅÝKØ ÖB×_Ú�ò�ìeÛX� Ü�æÅéBæ)×_ÞÿÚ)ìùê�ìBÞ�×_Ø�Ú=ßB×ÅÚ)×Yêøö�×YÛ)ÝKÚSé�Û�×
Þ�Ü�æ$Ú=Û�Ü£â�éBÚ)Ü�ìeÖýÜ£ÖäÚ=ßB×�ê�ì?Ú)ìeÛ{â�ì?ÚSßäÜ£Öäæ)Ú$×YÝKÞ�áàÝUÖBÞäÚ=Û)Ý?ÖBæ)Ü�×YÖUÚ�æ)Ú=ÝüÚ)×?ð

Y;Zbl m�n;o�d\pqdsrN_to�dsuv^

ñ�ßB×�ìeöBÚ)Ü£ê�Ü��YÝKÚ)Ü�ìeÖ ìKë0Ú=ßB× êõì?Ú)ìeÛ Ü�æ�â�ÝKæ)×_ÞäìBÖÅÚ=ßB× êõÜÂÖBÜ£ê�Ü��YÝKÚ$Ü�ìBÖùìüë Ý?Öøìeâ�w�×_Ù_Ú)Ü�å?×
ë�é�ÖBÙSí
Ú)Ü�ìeÖäÙ_ìeÖBæ$Ü�æ$Ú)Ü£ÖBî�ìKë¨Ù_ìeÖUÚ=Û�Ü£â�éBÚ)Ü�ìeÖBæÆë�Û�ìeê)%

x Ú=ßB× ö�Û�ìeÞ�éBÙ_Ú)Ü�ìeÖ Ù_ì?æ)Ú�ìüë Ú=ßB×�×_Ø�×_Ù_Ú=Û�Ü�Ù�Þ�Û�Ü�å?×_ÚSÛ)ÝKÜ£Ö

x Ú=ßB×�ò�×_Ü�îeßUÚ�ìKë¨Ú=ßB×�×_Ø�×_Ù_Ú=Û�Ü�Ù�Þ�Û�Ü�å?×_Ú=Û)ÝüÜÂÖ

x Ú=ßB×I×YÖB×YÛ�î?áäÙ_ìeÖBæSé�êÅöBÚ)Ü�ìeÖäìüë Ú=ßB×�×_Ø�×_Ù_Ú=Û�Ü�ÙÅÞ�Û�Ü�å?×_Ú=Û$ÝKÜ£ÖäìKå?×YÛ�æ)ÚSÝ?ÖBÞ�Ý?Û�Þ�Ü��_×_ÞoÞ�Û�Ü�åeÜ£ÖBî
Ù_áBÙ_Ø�×_æ

x Ú=ßB×
ò�×_Ü�îeß?Ú�Ý?ÖBÞÁÙ_ì?æ)Ú ìüë â�ÝKÚ)Ú)×YÛ�Ü�×_æ�ÖB×_×_Þ�×_ÞùÜ£ÖÁö�é�Û�×y×_Ø�×_Ù_Ú=Û�Ü�ÙSí�åU×YßBÜ�Ù_Ø ×!ìBö�×YÛ)ÝKÚ$Ü�ìBÖIëLìBÛ
Ý�îUÜ�åU×YÖùê�Ü£ÖBÜ£ê�é�ê Þ�Û�Ü�åBÜ£ÖBîàÛ)ÝUÖBî?×?ð

ñ�ßB×�ê�Ü£ÖBÜ£ê�Ü��YÝKÚ)Ü�ìeÖ�ö�Û�ìBâBØ�×Yê Ü�æÅÞ�×��GÖB×_Þ Ü£ÖûÚ)×YÛ)ê�æÅìüëÉ×_Ü�îeßUÚ�ö�Û�Ü£êÅÝ?Û�á(åKÝ?Û�Ü£Ý?âBØ�×_æYð�ñ�ßB×
Ý?ö�ö�Û�ìeÝKÙ_ß.Ù_ßBì?æ)×YÖDëLìBÛÅÚ=ßB×ýìeöBÚ)Ü£ê�Ü��YÝKÚ)Ü�ìeÖ Ù_ìeÛ$Û�×_æ=ö�ìBÖBÞ�æ�Ú)ì Ú=ßB×�ê�×_ÚSßBìeÞ�ö�Û�×_æ)×YÖUÚ)×_Þ÷â?á
Qyé�Û�Þ�Ü£Ö ×_Ú ÝKØ�ð)�	�,+�
ið�ñ�ßB×�×_æ)æ)×YÖUÚ)Ü£ÝKØ
öôì?Ü£Ö?Ú�ìüë
Ú=ßBÜ�æ!ÝUö�ö�Û�ìeÝKÙ_ßýÜ�æIÚ=ßB×Åæ)á�ÖUÚ=ßB×_æ)Ü�æ�Ù_ìeÖBæ)Ü�æ)Ú�í
ÜÂÖBîÿìKë�Ú=ßB×äÙYÛ�×YÝKÚ$Ü�ìBÖÿìKëyë�×YÝKæ)Ü£âBØ�×ùÞ�×_æ$Ü�îBÖBæàö�Û�Ü�ìeÛõÚ)ìþìeöBÚ)Ü£ê�Ü��YÝKÚ$Ü�ìBÖ3ð*�¨Ü£Û�æ)ÚYç{Ú=ßB×äÞ�×_æ)Ü�îeÖBæ
ê!éBæ$Ú â�×�ë�×YÝKæ)Ü£âBØ�×?ç+Ü�ð ×?ð£ç3ÚSßB×�Û�×_è�éBÜÂÛ�×Yê�×YÖ?Ú$æ�ìKëWêÅÝ��eÜ£ê�é�ê Ú)ìeÛ�è�éB×?ç+êÅÝ��BÜ£ê�é�ê Ú)×YêÅö�×YÛ$Ýví
Ú=é�Û�×äÝ?ÖBÞDêõÜÂÖBÜ£ê�é�êy�Gé��þÞ�×YÖBæ$Ü�Ú�áÿÜ£Ö(öô×YÛ)êÅÝ?ÖB×YÖUÚÅêÅÝKîeÖB×_Ú)æÅê�éBæ)Ú�â�×øë�éBØ���Ø�Ø�×_Þ+ðDñÆßB×YÖ3ç
Ú=ßB×�ìeöBÚ)Ü£ê�Ü��YÝKÚ)Ü�ìeÖþö�Û�ìeâBØ�×Yê½Ü�æ�Þ�×��GÖB×_Þ(ÝKæz�GÖBÞ�Ü£ÖBî Ýõë�×YÝKæ)Ü£âBØ�×ÅÞ�×_æ)Ü�îeÖoòyßBÜ�Ù_ßþê�Ü£ÖBÜ£ê�Ü��_×_æ
Ú=ßB×�ìeâ�w�×_Ù_Ú)Ü�å?×Ië�é�ÖBÙ_Ú)Ü�ìeÖ3ð�ñ�ßB×�ìeöBÚ)Ü£ê�Ü��YÝKÚ$Ü�ìBÖoÜ�æ ÙYÝ?Û)Û�Ü�×_ÞoìeéBÚ âUáùéBæ)Ü£ÖBî�ÝÁæ$ÜÂêøöBØ�×øæ)×YÝ?Û�Ù_ß
ê�×_Ú=ßBìBÞ{����
içv� # 
�ð
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-�ë�éBØ�ØÃí�æ)ÙYÝüØ�×Á×K��ö�×YÛ�Ü£ê�×YÖUÚ=ÝKØ ê�ìUÚ)ìeÛ�ò�ÝKæ�â�éBÜ�Ø�Ú�â�ÝKæ)×_ÞoìeÖ Ú=ßB×�ìeöBÚ)Ü£ê�Ü��YÝKÚ)Ü�ìeÖoÛ�×_æ=éBØ�ÚYðIñ�ßB×
ÜÂÛ�ìeÖ Ù_ìeÛ�×ùÜ�æùêÅÝüÞ�×�ìüëÉØ�ìKò�í�Ø�ì?æ)æäæ)Ú$×_×_Øyæ=ßB×_×_Úäìüë�+�ð��þêÅê Ú=ßBÜ�ÙK�eÖB×_æ)ævçyÝ?ÖBÞ�Ú=ßB×�Q�ÞN�q×,�

# h



ö�×YÛ)êÅÝUÖB×YÖ?Ú�êÅÝKîeÖB×_Ú)æ ÝUÛ�×�êÅÝKÞ�×�ìKë+×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ�Ø�áÅÜ£ÖBæ=éBØ£ÝKÚ)×_ÞäöBÜ�×_Ù_×_æ�Ü£Ö�ìeÛ�Þ�×YÛ¨Ú)ì�Û�×_Þ�éBÙ_×
Ú=ßB×
×_Þ�Þ�á?í�ÙYé�Û)Û�×YÖ?Ú�Ø�ì?æ$æ)×_æYð;- ö�Û�×Sí�Ú)×YÖBæ)×_ÞäÙYÝ?Û)âôìeÖUíb�Gâ�×YÛÆÙ_ìeêÅöôì?æ)Ü�Ú)×�Û�×_Ú=ÝKÜ£ÖBÜ£ÖBîÅæ)Ø�×_×_å?×�Ü�æ���Ú$Ú)×_Þ
Ý?Û�ìeé�ÖBÞÅÚSßB×yÛ�ì?Ú)ìBÛ�Ú)ì�×YÖBæ=é�Û�×
æ=éUï�Ù_Ü�×YÖUÚWêõ×_Ùbß�Ý?ÖBÜ�ÙYÝKØqæ)Ú=Û�×YÖBîUÚ=ßIìKë+Ú=ßB×yÛ�ì?Ú$ìeÛ�Ù_ìeÖBæ)Ú=Û$éBÙ_Ú)Ü�ìeÖ
ÝKÚ�ÚSßB×�êÅÝ��BÜ£ê�é�ê æ=öô×_×_Þ+ð�-½Ù_ìeêÅö�ÝKÙ_Úäê�ì?Ú)ìBÛ�Þ�×_æ)Ü�îeÖ Ü�æùÝKÙbßBÜ�×_å?×_Þ÷âUá éBæ)Ü£ÖBî.ò�ÝKÚ)×YÛ�í
Ù_ìeì?Ø�Ü£ÖBîùìüë Ú=ßB×�æ)ÚSÝKÚ)ìeÛ ë�Û)Ý?ê�×?ðBkBìeê�× ìüë Ú=ßB× Þ�Ü£ê�×YÖBæ)Ü�ìeÖBæ�Ý?ÖBÞ�ö�Û�ìeö�×YÛ�Ú$Ü�×_æ�ìüë Ú=ßB×!ê�ìUÚ)ìeÛ
Ý?Û�× ö�Û�×_æ)×YÖUÚ)×_ÞýÜÂÖýñ0ÝUâBØ�×(��ð

ñ0ÝUâBØ�×(�N%;Ooì?Ú)ìBÛ Þ�ÝüÚ=Ý

kBÚSÝKÚ)ìeÛ{ìeéBÚ)×YÛWÞ�ÜÂÝUê�×_Ú)×YÛ �,h M êÅê
kBÚ=ÝüÚ)ìeÛ{Ü£Ö�ÖB×YÛ�Þ�Ü£Ý?ê�×_Ú$×YÛ ���,+�êÅê

kBÚ=ÝKÙK��Ø�×YÖBî?Ú=ß ����+�êÅê
�
å?×YÛ)ÝüØ�Ø�êÅÝKæ)æ M ���Uî

OþÝKæ)æ�ìKë ÝKÙ_Ú)Ü�å?× ö�ÝUÛ�Ú)æ �GH��Uî
OþÝKæ$æ�ìKë�Q�ÞN�q×,� öô×YÛ)êÅÝ?ÖB×YÖUÚ�êÅÝKîeÖB×_Ú)æ �?ð�H$�Uî

QÆìeê�Ü£Ö�ÝKØ+å?ìUØ�ÚSÝKî?× �G��+e�
��ö�×YÖUí�Ù_Ü£Û�ÙYéBÜ�ÚIå?ì?Ø�Ú=ÝKî?× +�ð�H�j�ö3ð�é3ð

��ÜÂÛ�×_Ù_Ú�íiÝ��BÜ�æ
æ)á�ÖBÙbß�Û�ìeÖBìeéBæyÛ�×YÝüÙ_Ú=Ý?ÖBÙ_× +�ð��� Åö3ð�é3ð
� é�ÝüÞ�Û)ÝKÚ=é�Û�×SíiÝ��eÜ�æ
æ)áãÖBÙ_ß�Û�ìeÖBìBéBæyÛ�×YÝKÙ_Ú=ÝUÖBÙ_× +�ð�h�+�ö3ð�é3ð

QÆìeê�Ü£Ö�ÝKØ�×Sï�Ù_Ü�×YÖBÙ_á j MG�
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Õ�ÖoÚ=ßB×��Gé��?í�ò�×YÝ��ü×YÖBÜÂÖBîùÛ�×_î?Ü�ìeÖ3ç+Ý�ÖB×_îBÝKÚ)Ü�å?×�Þ�Ü£Û�×_Ù_Ú�íiÝ��BÜ�æ Ù_ìeêÅöôìeÖB×YÖUÚyÜ�æ�Ü£Ö"wi×_Ù_Ú$×_ÞþÚ)ìÁÚ=ßB×
Ý?Û)êÅÝKÚSé�Û�×yòÆÜÂÖBÞ�Ü£ÖBîøëLìBÛ
Û�×_Þ�éBÙ_ÜÂÖBîÁÚ=ßB×B�Gé��ÁØ�×_å?×_Ø+ìKë0ÚSßB× êÅÝKÙ_ßBÜÂÖB×$������
ið;� ×_Ø�ìKò÷Ú=ßB× ÖBìBêIí
ÜÂÖ�ÝüØ æ=öô×_×_Þ+ç0ÚSßB×ÅØ�ì?æ)æ)×_æ�ìKë�Ú=ßB×Åê�ìUÚ)ìeÛ
ÙYÝ?Öoâ�×ÁÛ�×_Þ�éBÙ_×_ÞDâUáoÙ_ìeÖUÚ=Û�ì?Ø�Ø�Ü£ÖBîùÚ=ßB×ÅÞ�Ü£Û�×_Ù_Ú�íiÝ��eÜ�æ
ÙYé�Û)Û�×YÖUÚYð��
Ýüæ)×_Þ ìeÖ Ú=ßB×ýÙYÝKØ�ÙYéBØ£ÝKÚ)×_Þ ê�ìUÚ)ìeÛ�Ù_ß�Ý?Û)ÝKÙ_Ú$×YÛ�Ü�æ)Ú)Ü�Ù_æYç�ÚSß�Û�×_×oÞ�Ü��+×YÛ�×YÖUÚÁÙ_ìeÖ?ÚSÛ�ì?Ø
æ)Ú=Û)ÝKÚ$×_î?Ü�×_æ ò�×YÛ�×ÅÜ£ÖUå?×_æ)Ú)Ü�îeÝKÚ$×_ÞoëLìBÛ Û�×_Þ�éBÙ_Ü£ÖBîoÚ=ßB×ÅØ�ì?æ)æ$×_æõÝüÚ ö�Ý?Û�Ú)Ü£ÝKØ{Ø�ìBÝKÞ+ð$�¨Ü�î�ð)�äÜ�Ø�Ø£éBæ�í
Ú=Û)ÝKÚ)×_æ�Ú=ßB×ÁÙ_ìeÛ)Û�×_æ=ö�ìeÖBÞ�Ü£ÖBî(êõì?Ú)ìeÛ�å?ì?Ø�Ú=ÝKî?×äÝKæ�Ýäë�é�ÖBÙ_Ú)Ü�ìeÖÿìKë
Ø�ìBÝKÞDÝüÚõÖBìBê�Ü£Ö�ÝKØ�æ=ö�×_×_Þ+ð
&�é�Û�å?×e- æ=ßBìKò�æÆÚ=ßB× ìKë�Ú)×YÖäÛ�×_Ù_ìBêÅê�×YÖBÞ�×_Þþê�ì?Ú)ìBÛ�í�Ù_ìeÖUÚ=Û�ì?Øqæ)Ú=Û)ÝKÚ$×_î?áÅòyßBÜ�Ù_ßùÜ�æ�â�ÝKæ)×_ÞýìeÖ
�GÖBÞ�ÜÂÖBî Ú=ßB×àêøÝ��eÜ£ê�é�ê½Ú$ìeÛ�è�éB×�ö�×YÛIÙYé�Û)Û�×YÖUÚ!Û$ÝKÚ)Ü�ì�ç�Ü�ð ×?ð£ç�Ú=ßB×ÅØ�ìKò�×_æ)Ú!öôì?æ)æ)Ü£âBØ�×ùÛ�×_æ)Ü�æ)Ú)Ü�å?×
Ø�ìUæ)æ)×_æ�ìKë Ú=ßB×�Ý?Û)êÅÝüÚ=é�Û�×�ò�Ü£ÖBÞ�Ü£ÖBî{�	�"�K
�ç��	�G�X
�ðyñ�ßBÜ�æ�ê�×YÝ?ÖBæ�Ú=ß�ÝKÚÆÚ=ßB× å?ìUØ�ÚSÝKî?× Ü�æ�Ø�ìKò�×YÛ�×_Þ
Ú)ìKòWÝUÛ�Þ�æ�Ú=ßB×�ìeö�×YÖUí�Ù_Ü£Û�ÙYéBÜ�ÚIå?ì?Ø�Ú=ÝKî?×�ÝKæ�ÚSßB×�Ø�ìBÝKÞùÜ�æ�Û�×_Þ�éBÙ_×_Þ+ð
-ÉÖBì?ÚSßB×YÛ�ÝKØ�Ú)×YÛ)Ö�ÝKÚ$Ü�åU×�Ü�æ
Ú)ìÅê�Ü£ÖBÜ£ê�Ü��_×�Ú=ßB× ö�Û�×_Þ�Ü�Ù_Ú)×_ÞùÚ$ì?Ú=ÝKØ3ê�ì?Ú)ìeÛ{Ø�ì?æ)æ$×_æR����
iðP-yæÆæ=ßBìKòyÖ
â?áÅÙYé�Û�å?×4�.Ü£ÖE�¨Ü�î�ð;��ç?Ú=ßB×
å?ì?Ø�Ú=Ýüî?×�Ü£ÖÅÚSßBÜ�æ�ÙYÝKæ$×4�K×YöBÚ�ÝKÚ Ý�æ$Ø�Ü�îeßUÚ)Ø�áÁØ�ìKò�×YÛ¨åKÝKØ£éB×?ç�æ)Ü£ÖBÙ_×�Ý
Û�×_Þ�éBÙ_×_Þþå?ì?Ø�Ú=Ýüî?×�Ù_ìeÛ)Û�×_æSö�ìeÖBÞ�æ
Ú)ì�ÝøØ�ì\ò�×YÛC�Gé��äØ�×_å?×_Ø ÝUÖBÞ Û�×_Þ�éBÙ_×_Þ�Ü£Û�ìBÖäØ�ì?æ)æ)×_ævð�kBÜÂê�éBØÃí
Ú=Ý?ÖB×_ìeéBæ)Ø�á?ç¨ÝäßBÜ�îeßB×YÛ ÝUÛ)êÅÝKÚ=é�Û�× ÙYé�Û)Û�×YÖUÚ!ÝUÖBÞ�Ü£ÖBÙYÛ�×YÝüæ)×_ÞDÛ�×_æ)Ü�æ)Ú)Ü�å?×ÅØ�ì?æ)æ$×_æ!Ý?Û�×�ìeâBÚSÝKÜ£ÖB×_Þ+ð
�¨ÜÂÖ�ÝüØ�Ø�á?ç�Ü�Ú{Ü�æ�öôì?æ)æ)Ü£âBØ�×�Ú)ì ê�Ü£ÖBÜ£ê�Ü��_×�Ú=ßB×yö�Û�×_Þ�Ü�Ù_Ú)×_ÞäÞ�Û�Ü�åU×_Ú=Û)ÝKÜ£Ö�Ø�ì?æ)æ$×_æ Ü£ÖBÙ_Ø£éBÞ�ÜÂÖBîÁÚ=ßB×yêõìKí
Ú)ìeÛÆØ�ìUæ)æ)×_æ�Ý?ÖBÞoÚ=ßB× Ü£ÖUå?×YÛ�Ú)×YÛÆØ�ì?æ)æ)×_æ$� # 
ið�Õ�Ö?åU×YÛ�Ú)×YÛÆØ�ìUæ)æ)×_æ Ý?Û�×IØ£Ý?Û�î?×_Ø�áäÞ�éB×�Ú)ìÁÚ=ßB×!ê�ìUÚ)ìeÛ

# j



ÙYé�Û)Û�×YÖUÚYç�òyßBÜ�Ùbß ×K�ãöBØ£ÝKÜ£ÖBæÅò
ß?áoÚ=ßB×ÅìBöBÚ)Ü£êÅÝKØ åUì?Ø�Ú=ÝKî?×�æ=ßBìKòyÖþâUáoÙYé�Û�å?×)&�Ü£Ö��¨Ü�îqð��äÜ�æ
â�×_Ú�ò�×_×YÖäÚ=ßB×�Ú�ò�ìÅö�Û�×_åeÜ�ìeéBæ
ÙYé�Û�å?×_ævð

0,7

0,75

0 ,8

0,85

0 ,9

0,95

1

0 2 0 4 0 6 0 8 0 100

A

B

C

V
ol

ta
ge

 (
p.

u.
)

Shaft Power (kW)

E0

�¨Ü�îBé�Û�×.�N%��¨ìUØ�ÚSÝKî?×ùÙ_ìBÖ?Ú=Û�ì?Ø�æ)Ú=Û$ÝKÚ)×_î?Ü�×_æäÝKÚ M +�+G+þÛ)ö�ê ëLìeÛ�<=-?AÅêÅÝ��BÜ£ê�é�ê&Ú)ìeÛ�è�éB×Sí�Ú)ìKí
ÙYé�Û)Û�×YÖUÚÉÛ)ÝüÚ)Ü�ì�ç�<b��A
ê�Ü£ÖBÜÂê�é�ê ê�ì?Ú)ìBÛ�Ø�ì?æ)æ)×_æ�Ý?ÖBÞ�<S&�A�ê�Ü£ÖBÜ£ê�é�ê Þ�Û�Ü�å?×_Ú=Û)ÝKÜ£ÖýØ�ì?æ)æ)×_ævð����
Ü�æ
Ú=ßB×�ìeöô×YÖUí�Ù_Ü£Û�ÙYéBÜ�Ú å?ì?Ø�Ú=Ýüî?×

�;Zbl }e� �Nds��^���a p¡_�n

�¨Ü�îqð* þæ=ßBìKò�æÅö�Û�×_Þ�Ü�Ù_Ú)×_Þ�Ù_ìeÖBæ)ÚSÝ?Ö?Ú�í�×Sï�Ù_Ü�×YÖBÙ_á.ÙYé�Û�å?×_æÅìKë�Ú=ßB×ùê�ìUÚ)ìeÛ_ðÿñ�ßB×ùö�Û�×_Þ�Ü�Ù_Ú)×_Þ
êÅÝ��BÜÂê�é�ê ×Sï�Ù_Ü�×YÖBÙ_á.ìKë�Ú=ßB×ùê�ìUÚ)ìeÛ
Ü�æ�j�H�ð�� � Ý?ÖBÞÿÚ=ß�ÝKÚ ìüëyÚ=ßB×ÁÜÂÖUå?×YÛ�Ú$×YÛ!ÝUÖBÞDê�ìUÚ)ìeÛ
Ù_ìeê�âBÜÂÖ�ÝüÚ)Ü�ìeÖäÜ�æ?j # ð! � ð
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ñ�ßB×�k�-?§�Þ�Û�Ü�åeÜ£ÖBîýÙ_áeÙ_Ø�×$¨�� M �� ùéBæ)×_ÞoÜ£ÖoÚ=ßB×�Þ�Û�Ü�åBÜÂÖBîoæ)Ü£ê�éBØ£ÝKÚ)Ü�ìeÖBæIÜ�æ�æSßBì\ò
ÖùÜ£Ö��¨Ü�î�ð #
�	�,��
iðoñ�ßB×äÞ�Û�Ü�åeÜ£ÖBîþÙ_áBÙ_Ø�×äÙ_ìeÖBæ)Ü�æ)Ú)æ�ìKë�â�ì?Ú=ß Ù_Ü�Ú�áþÞ�Û�Ü�åeÜ£ÖBî(ÝUÖBÞDßBÜ�îeßUò�ÝYá Þ�Û�Ü�åeÜ£ÖBî�ðÿñ�ßB×
Þ�Û�Ü�åeÜ£ÖBîÁÙ_áeÙ_Ø�×�Ü�æ4��he gj M ê�×_Ú)×YÛ�æ�Ø�ìeÖBîÅÝ?ÖBÞäØ£ÝKæ)Ú$æ ë�ìeÛ��N�,� M æ)×_Ù_ìeÖBÞ�æyÝKÚ�Ý?ÖÁÝvå?×YÛ)ÝKîU×�æ=ö�×_×_Þ
ìKë� ghB�Bê$D?ß3ð¨ñ�ßB×�Ú)ìeö�æ=ö�×_×_ÞÅÜ�æ�j M ð! T�Bê$D?ß�Ý?ÖBÞ�Ú=ßB×�êÅÝ��eÜ£ê�é�ê�ÝKÙ_Ù_×_Ø�×YÛ)ÝKÚ)Ü�ìeÖ
�?ð # +yêEDKæª©vð
ñ�ßB×�å?×YßBÜ�Ù_Ø�× æ=öô×YÖBÞ�æ M  � ìKë+Ú=ßB×�Ú)Ü£ê�×�Ý?ÖBÞ� �� � ìKë�Ú=ßB×yÞ�Ü�æ)ÚSÝ?ÖBÙ_×�Ü£ÖÁÙ_Ü�Ú�áÅÞ�Û�Ü�åBÜ£ÖBî�ç3Ý?ÖBÞ
Ú=ßB×!Û�×_æ$Ú
Ü£ÖýßBÜ�îBß?ò�Ývá�Þ�Û�Ü�åBÜ£ÖBî�ð
ñ�ßB×�ìeéBÚ=ö�éBÚ�ë�Û�ìeê Ú=ßB×�Þ�Û�Ü�åeÜ£ÖBî æ$ÜÂê�éBØ£ÝKÚ)Ü�ìeÖõÜ�æ¨ÚSßB×
Þ�Û�Ü�åU×_Ú=Û)ÝKÜ£Ö�×YÖB×YÛ�îUá Ù_ìeÖBæ=é�êøöBÚ)Ü�ìeÖ3ðP�¨Ü�îqð
M <�Ý�A�æSßBì\òÆæyÚ=ßB×IØ�ì?æ)æ)×_æ
ìKë ×YÝKÙ_ßäÞ�Û�Ü�å?×_ÚSÛ)ÝKÜ£ÖýÙ_ìeêÅö�ìBÖB×YÖ?Ú�ÝKÚ�ÖBìeê�Ü£Ö�ÝKØ�Ø�ìBÝKÞ�Ý?ÖBÞþÖBìeêõÜÂÖ�ÝüØ
æ=ö�×_×_Þ+ç
Ý?ÖBÞ¥�¨Ü�î�ð M <�âNA�æ=ßBìKò�æÅÚSßB×äÙ_ìeÛ)Û�×_æ=öôìeÖBÞ�Ü£ÖBî.Ø�ì?æ)æ)×_æäÝKæ�Ý?Ö.Ývå?×YÛ$ÝKî?×ÁÞ�é�Û�Ü£ÖBî.Ú=ßB×
Þ�Û�Ü�åeÜ£ÖBîùÙ_áBÙ_Ø�×?ð!ñÆßB×!Þ�Ü��+×YÛ�×YÖUÚ ê�ì?Ú)ìBÛ�Ø�ì?æ)æ�Ù_ìeêÅöôìeÖB×YÖUÚ)æ Ý?Û�×Iæ=ßBìKòyÖýÜÂÖf�¨Ü�î�ðRHôðÉÕ�Öf�¨Ü�îqð
H�<�Ý�A_çUÚ=ßB×
Þ�Ü��+×YÛ�×YÖUÚ�ê�ì?Ú)ìBÛ¨Ø�ì?æ)æ�Ù_ìeêÅöôìeÖB×YÖUÚ)æ�Ý?Û�×
æ=ßBìKòyÖ�ÝüÚ
ÖBìeê�Ü£Ö�ÝKØ3Ø�ìeÝKÞùÝUÖBÞàÖBìeêõÜÂÖ�ÝüØ
æ=ö�×_×_Þv«Bò�Ü£ÖBÞ�Ü£ÖBî�Ø�ìUæ)æ)×_æ Ý?ÖBÞ�Ü£Û�ìeÖ�Ø�ì?æ$æ)×_æ Ý?Û�×�ÝKØ£ê�ì?æ$Ú0×_è�é�ÝKØ�Ü£Ö�Ú=ßBÜ�æ¨ÙYÝKæ)×?ð¨Õ�Ö(�¨Ü�î�ð�H�<�âNA�Ú=ßB×
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�̈ Ü�îeé�Û�×? �%�> Û�×_Þ�Ü�Ù_Ú$×_Þù×Sï�Ù_Ü�×YÖBÙ_á�êøÝ?öÁìKë̈ Ú=ßB× ê�ì?Ú)ìBÛ

Þ�Ü��+×YÛ�×YÖUÚ�ê�ì?Ú)ìBÛ�Ø�ìUæ)æ�Ù_ìeêÅö�ìBÖB×YÖ?Ú)æ�Ý?Û�×
æ=ßBìKòyÖÅÝKæ�Ý?ÖÅÝvå?×YÛ)Ýüî?×�Þ�é�Û�Ü£ÖBî�Ú=ßB×�Þ�Û�Ü�åBÜ£ÖBîÅÙ_áeÙ_Ø�×�«
ÜÂÖ Ú=ßBÜ�æ�ÙYÝKæ)×?ç3Ü£Û�ìeÖýØ�ì?æ)æ)×_æ�Ù_Ø�×YÝ?Û�Ø�áoÞ�ìeêõÜÂÖ�ÝüÚ)×�Ú=ßB×Åê�ì?Ú)ìeÛWØ�ìUæ)æ)×_æYð ñÆßB×õö�Û�×_Þ�Ü�Ù_Ú$×_Þþ×YÖB×YÛ�î?á
×Sï�Ù_Ü�×YÖBÙ_á�ìüë Ú=ßB×�ê�ì?Ú)ìBÛ Ü�æ?j # ð! � Ý?ÖBÞùÚSß�ÝKÚ�ìKë̈ Ú=ßB× Ü£ÖUå?×YÛ�Ú)×YÛ
Ý?ÖBÞoê�ì?Ú)ìeÛ{Ù_ìeê�âBÜ£Ö�ÝKÚ)Ü�ìeÖ
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�¨Ü�îBé�Û�×TH¬%�Ooì?Ú$ìeÛ¨Ø�ì?æ)æ$×_æ,%�<�Ý�A¨Ø�ì?æ$æ)×_æ�ÝKÚ
ÖBìeêõÜÂÖ�ÝüØGØ�ìeÝüÞàÝ?ÖBÞäÖBìeê�Ü£Ö�ÝKØ3æ=öô×_×_Þ+ç�<�âNA{ÝYåU×YÛ)ÝKî?×
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Õ�ÖoÝKÞ�Þ�Ü�Ú)Ü�ìeÖoÚ)ìÁÚ=ßB×I×K�ãöô×YÛ�Ü£ê�×YÖ?ÚSÝKØ ê�ì?Ú)ìBÛ_ç�Ý?Ö ÜÂÖUå?×YÛ�Ú$×YÛ�ò�ÝKæ
Ù_ìeÖBæ)Ú=Û$éBÙ_Ú)×_Þäë�ìeÛÆÚ=ßB× Þ�Û�Ü�å?×
æ)áeæ$Ú)×Yêäð Õ�Ú�Ü�æä×_è�éBÜ£ö�ö�×_Þ÷ò�Ü�Ú=ß Ü£ÖUÚ)×_Ø�Ø�Ü�î?×YÖUÚ�Õs°R��ñ{íiê�ìBÞ�éBØ�×_æùÝ?ÖBÞ÷éBæ)×_æÁòWÝüÚ)×YÛ�í�Ù_ìBì?Ø�ÜÂÖBîqç
òyßBÜ�ÙbßþÝüØ�Ø�ìKò�æ�ÝÅÙ_ìeêøö�ÝKÙ_Ú�Þ�×_æ)Ü�îeÖoæ=éBÜ�Ú=ÝUâBØ�×õëLìeÛ
åU×YßBÜ�Ù_Ø�×äÝ?ö�öBØ�Ü�ÙYÝKÚ)Ü�ìeÖ3ð$kBÜ�îeÖ�ÝKØ�æ!ÝUÛ�×�ìeöBÚ)ÜÃí
ÙYÝKØ�Ø�á Ú=Û)Ý?ÖBæ�ë�×YÛ)Û�×_Þoâ�×_Ú�ò�×_×YÖoÚ=ßB×�Ù_ìeÖUÚ=Û�ì?Ø�æ)áBæ)Ú)×Yê½Ý?ÖBÞoÚ=ßB×Áö�ìKò�×YÛ�Ù_Ü£Û�ÙYéBÜ�ÚYðÁñ�ßB×�Ù_ìeÖ?ÚSÛ�ì?Ø
Ü�æøÜÂêøöBØ�×Yêõ×YÖ?Ú)×_Þ�éBæ)Ü£ÖBî(ÝýÙ_ìeÖUÚ=Û�ì?Ø�Ø�×YÛ�â�ìeÝ?Û�Þ â�ÝKæ)×_ÞÿìeÖ(Ýoñ�O.kJ����+�&z��+äÞ�Ü�î?Ü�Ú=ÝKØ�æ)Ü�îeÖ�ÝüØ
ö�Û�ìeÙ_×_æ$æ)ìeÛ_ð
ñ�ßB×äØ£Ý?â�ìeÛ$ÝKÚ)ìeÛ�áoæ)×_Ú�íié�ö(éBæ)×_Þÿë�ìeÛ�Ú)×_æ)Ú)Ü£ÖBîoÚ=ßB×ùê�ì?Ú$ìeÛ
Ü�æÅæ=ßBìKòyÖ ÜÂÖ��¨Ü�î�ð.h�ð�>�ìKò
×YÛ
Ü�æ
æ=é�ö�öBØ�Ü�×_ÞóÚ)ìÿÚ=ßB×ùÜ£ÖUå?×YÛ�Ú)×YÛäâUá Ý îeÛ�Ü�ÞBí�Ù_ìeÖ�ÖB×_Ù_Ú)×_Þ÷ÚSß?á�Û�Ü�æ)Ú)ìeÛÁÛ�×_Ù_Ú)Ü���×YÛäÝ?ÖBÞ Ú=ßB×oÞ�ÙSí�Ø�ÜÂÖN�
å?ì?Ø�Ú=ÝKî?×ýÜ�æ�æ=êõìeì?ÚSßB×_Þ âUá Ý?Ö¥±v&²��Ø�Ú)×YÛ_ðóñ�ßB×ù×K��ö�×YÛ�Ü£ê�×YÖUÚ=ÝKØ êõì?Ú)ìeÛIÜ�æùê�×_Ù_ß�Ý?ÖBÜ�ÙYÝKØ�Ø�á
Ù_ìeÖ�ÖB×_Ù_Ú)×_ÞùÚ$ìõÝIÞ�Ù êÅÝüÙbßBÜ£ÖB× åBÜ£ÝÅÝIÚ)ìeÛ�è�éB×
Ú=Û)Ý?ÖBæ)Þ�éBÙ_×YÛÆÝ?ÖBÞùÝ�Û�×_Þ�éBÙ_Ú)Ü�ìeÖäîU×YÝ?Û)â�ì��3ð¨ñ�ßB×
Þ�Ù!êÅÝKÙ_ßBÜ£ÖB× Ü�æ
Ù_ìeÖ?ÚSÛ�ì?Ø�Ø�×_Þ�âUáàÝ�îBÛ�Ü�ÞBí�Ù_ìeÖ�ÖB×_Ù_Ú)×_ÞùÚSß?á�Û�Ü�æ)Ú)ìeÛWÙ_ìeÖ?åU×YÛ�Ú)×YÛ_ð

Rectifier
Inverter

400 V~

DSP
controller

VSI

Power
analyzer

Temperature
monitorPMSMdc machine

Torque
measurement

�̈ Ü�îeé�Û�×�hN%;±+Ý?âôìeÛ)ÝKÚ$ìeÛ�áÁæ)×_Ú�íié�ö

ñ�ßB×oæ)×_Ú�íié�ö Ü£ÖBÙ_ØÂéBÞ�×_æo×_è�éBÜ£ö�ê�×YÖ?ÚÁë�ìeÛÁê�×YÝKæ=é�Û�×Yê�×YÖ?Ú$æ�ìKë!êõ×_Ùbß�Ý?ÖBÜ�ÙYÝKØ�ç
×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ�Ý?ÖBÞ
Ú=ßB×YÛ)êÅÝKØ�è�é�Ý?ÖUÚ)Ü�Ú)Ü�×_æYð̈ ñ�ßB×YÛ)ê�ìBÙ_ìeé�öBØ�×_æ
ÝUÛ�×�ÜÂÖBæ$Ú=ÝKØ�Ø�×_Þ�Ü£Ö�Ú=ßB×�Ù_ì?Ü�Ø�æ)Ü�Þ�×_æ�Ý?ÖBÞÅ×YÖBÞ�ò�Ü£ÖBÞ�Ü£ÖBî?æ
ìKë Ú=ßB×�×K��ö�×YÛ�Ü£ê�×YÖUÚ=ÝKØ̈ ê�ì?Ú)ìBÛ�Ú)ì�ê�ìBÖBÜ�Ú$ìeÛ�Ú=ßB×IÚ=ßB×YÛ)êÅÝKØ3æ)ÚSÝKÚ)×�Þ�é�Û�Ü£ÖBîäÚ=ßB×�Ú)×_æ$Ú)æYð�-�Þ�ÝKÚ=Ý
ÝKÙ_èãéBÜ�æ)Ü�Ú)Ü�ìeÖóæ$áeæ)Ú$×Yê&Ü�æoéBæ)×_Þ�ë�ìeÛäê�ìeÖBÜ�Ú)ìBÛ�Ü£ÖBî Ú=ßB×(êõ×YÝKæ=é�Û�×_Þ�æ)Ü�îeÖ�ÝKØ�æYçIÝ?ÖBÞ÷×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ
èãé�Ý?ÖUÚ)Ü�Ú)Ü�×_æ�Ý?Û�× ÝKØ�æ)ì�êõ×YÝKæ=é�Û�×_Þoâ?áäÝ�Ú=ß�Û�×_×Síiö�ß�Ýüæ)×!öôì\ò�×YÛ�Ý?Ö�ÝKØ�á��_×YÛ_ð
kBìKëLÚ�ò�Ý?Û�×�Ü£êÅöBØ�×Yê�×YÖUÚ=ÝKÚ$Ü�ìBÖoìKë Ú=ßB×�Ù_ìeÖUÚ=Û�ì?Ø�ö�Û�ìKåeÜ�Þ�×_æB��×K�BÜÂâBÜ�Ø�Ü�Ú�á(Ý?ÖBÞþêÅÝ��K×_æÆÜ�Ú öôì?æ)æ)Ü£âBØ�×
Ú)ì(Ü£ÖUå?×_æ)Ú)Ü�îeÝüÚ)×äå\Ý?Û�Ü�ìBéBæäæ)Ú=Û)ÝKÚ$×_î?Ü�×_æYð ñÆßB×ùæ)×_Ú�íié�ö ÝKØ�Ø�ì\òÆæàê�×YÝüæ=é�Û�×Yê�×YÖUÚ)æÅò�Ü�Ú=ß�ÝþßBÜ�îeß
ÝKÙ_ÙYé�Û)ÝKÙ_áÁÜ£ÖäÝ òÆÜ�Þ�× Û$Ý?ÖBî?×
ìKë0æ=öô×_×_Þ�æÉÝ?ÖBÞÁØ�ìeÝKÞ�æYð�&�ìeêÅö�éBÚ)×YÛ�Ü'�_×_ÞäÙ_ìBÖ?Ú=Û�ì?Ø+Ý?ÖBÞ�Þ�ÝüÚ=Ý�ÝKÙSí
èãéBÜ�æ)Ü�Ú)Ü�ìeÖýé�ÖBÜ�Ú$æWêøÝ��K×�Ü�Ú
öôì?æ)æ)Ü£âBØ�× Ú$ì ê�ìeÖBÜ�Ú)ìeÛ Ú=ßB×yæ$áeæ)Ú$×Yê ö�Û�ìeöô×YÛ�Ú)Ü�×_æ�â�ì?ÚSßÅÜ£ÖøÞ�áãÖ�Ý?êõÜ�Ù
Ý?ÖBÞùÜ£Öäæ$Ú)×YÝKÞ�áÁæ)Ú=ÝKÚ)×?ð

M �
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� ×_ÙYÝUéBæ)×þìKë�Ú=ßB×þßBÜ�îBß�×Sï�Ù_Ü�×YÖBÙ_á÷ìKë Ú=ßB×oæ)áBæ)Ú)×Yê çyæSö�×_Ù_Ü£ÝKØ ÝKÚ)Ú$×YÖ?Ú)Ü�ìeÖ Ü�æùîUÜ�åU×YÖ Ú$ì.Ú=ßB×
ÝKÙ_ÙYé�Û)ÝKÙ_áäìKë¨Ø�ì?æ)æyêõ×YÝKæ=é�Û�×Yê�×YÖUÚYð�ñ�ßB×�Ü£Ö�ö�éBÚ�í�ìeéBÚ=ö�éBÚ êõ×_Ú=ßBìeÞ+çôÜÂÖýòyßBÜ�Ù_ßäÚ=ßB×�Ø�ì?æ$æ)×_æÉÝUÛ�×
ëLìeé�ÖBÞõë�Û�ìBê�ê�×YÝKæ=é�Û�×Yêõ×YÖ?Ú)æ{ìKëGÚSßB×�×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ�Ü£Ö�ö�éBÚ�ö�ìKò�×YÛ¨Ý?ÖBÞÅÚSßB×yê�×_Ù_ß�Ý?ÖBÜ�ÙYÝKØ�ìeéBÚSö�éBÚ
ö�ìKò�×YÛ_ç�Ü£Ö?åUì?Ø�å?×_æyö�Û�ìeâBØ�×Yê�æ
ò�Ü�Ú=ß Ú=ßB× ÝKÙ_ÙYé�Û)ÝKÙ_áÁÜÃë Ú=ßB×�×Sï�Ù_Ü�×YÖBÙ_áùÜ�æ�ßBÜ�îeß3ð
ñ�ßB× ×K��ö�×YÛ�Ü£ê�×YÖUÚ=ÝKØ�ê�ì?Ú)ìeÛ�ß�ÝKæ
Ý�ò�ÝKÚ)×YÛ�í�Ù_ìBì?Ø�Ü£ÖBî�æ)áBæ)Ú)×Yê-ìKë¨Ù_ìeé�ÖUÚ)×YÛ�íb��ìKò÷Ú�á�ö�× ÝKæ�Ü�Ø�Ø£éBæ�í
Ú=Û)ÝKÚ)×_ÞÿÜ£ÖJ�¨Ü�î�ð{j�ðÿñ�ßB×ÁÙ_ìeì?Ø�Ü£ÖBîÿòWÝüÚ)×YÛB��ìKò�æ�Ü£ÖÿÙbß�ÝUÖ�ÖB×_Ø�æÁÚ=ß�ÝKÚÅß�Ývå?×äâ�×_×YÖ.êÅÝüÞ�×äÜÂÖ
Ú=ßB×�æ)Ú=ÝKÚ$ìeÛ�ë�Û$Ý?ê�×?ð¨ñ�ßB×YÛ�×Së�ìeÛ�×?çBÜ�Ú�Ü�æ�×YÝKæ)áÅÚ)ìÅéBæ)×�ÝIÙYÝKØ�ìeÛ�Ü£ê�×_Ú=Û�Ü�Ù�ê�×_Ú=ßBìBÞÅë�ìeÛ{ê�×YÝKæ=é�Û�Ü£ÖBî
Ú=ßB× Ø�ì?æ)æ$×_æ$�	�K "
ið�>¨Ø£ÝKÚ$ÜÂÖBé�ê Û�×_æ)Ü�æ)Ú=Ý?ÖBÙ_×�æ)×YÖBæ$ìeÛ�æyÝ?Û�×!éBæ)×_ÞoÚ)ì�êõ×YÝKæ=é�Û�×IÚ=ßB× Ú)×Yêøö�×YÛ)ÝKÚSé�Û�×
Û�Ü�æ)×�ìüë
Ú=ßB×ÅÙ_ìBì?Ø�Ü£ÖBîoòWÝüÚ)×YÛ_ç0ÝUÖBÞþÚ=ßB×Åå?ìUØÂé�êõ×_Ú=Û�Ü�Ù(��ìKò Û)ÝüÚ)×�Ü�æ�ê�×YÝKæ=é�Û�×_ÞDâUá�ê�×YÝUÖBæ ìKë
ÝÅÚ=é�Û$âBÜÂÖB×»��ì\òóæ)×YÖBæ)ìBÛ_ð�-�ÙYÝKØ�Ü£â�Û)ÝKÚ$Ü�ìBÖoìKë Ú=ßB×IÜÂÖBæ$Ú=Û)é�ê�×YÖUÚ)æ Ý?ÖBÞýæ)×YÖBæ)ìeÛ�æ�ò�ÝKæ
êÅÝKÞ�× Ú$ì
ÜÂêøö�Û�ìKå?×�Ú=ßB×ÅÝKÙ_ÙYé�Û)ÝKÙ_áoâ?áýÚ=Ý��UÜÂÖBîäÚSßB×!Ù_ß�Ý?Û)ÝüÙ_Ú)×YÛ�Ü�æ)Ú)Ü�Ù_æ�ìKë Ú=ßB×�Ü£ÖBÞ�Ü�åeÜ�Þ�é�ÝKØ�æ)×YÖBæ$ìeÛ�æ�Ü£Ö?Ú$ì
ÝKÙ_Ù_ìeé�ÖUÚYð

Flow sensor

Experimental motor

Cooling water

Temperature sensors

�̈ Ü�îBé�Û�×RjN%�&�ÝüØ�ìBÛ�Ü£ê�×_Ú=Û�Ü�Ù!êõ×YÝKæ=é�Û�×Yê�×YÖUÚ

±3ì?æ)æ)×_æøòyßBÜ�Ùbß Ý?Û�×äÖBì?Ú�Þ�Ü�æ$æ)Ü£ö�ÝKÚ)×_Þ ÚSß�Û�ìeéBîeßÿÚ=ßB×ÁÙ_ìBì?Ø�ÜÂÖBî.ê�×_Þ�Ü£é�ê&Ý?Û�×äÖBì?Ú�ê�×YÝKæSé�Û�×_Þ
Þ�ÜÂÛ�×_Ù_Ú)Ø�á?ç ÝUÖBÞ�Ü�Ú�Ü�æ�Ü£êÅö�ìBÛ�Ú=Ý?ÖUÚyÚ$ìàê�Ü£ÖBÜ£ê�Ü��_×ÁÚ=ßBÜ�æ�Ú=ßB×YÛ)êÅÝKØ�Ø�×YÝ��YÝüî?×?ð?- ÚSßB×YÛ)êÅÝKØ̈ ê�ìBÞ�×_Ø
òWÝüæ0Þ�×_å?×_Ø�ìeöô×_Þ�Ú)ìy×_åKÝKØ£é�ÝKÚ)×{Ú=ßB×�Ø�×YÝG�YÝKî?×�Ý?ÖBÞ Ü£êÅö�Û�ì\åU× Ú=ßB×{æ)áeæ$Ú)×Yê ÝüÙ_ÙYé�Û)ÝKÙ_á?ð;¼�ÝKÞ�Ü£ÝKÚ)Ü�ìeÖ
Ø�×YÝG�YÝKî?×
Ü�æ ×_æ)Ú$ÜÂêøÝKÚ)×_Þ�ò�Ü�Ú=ßÅÝ�âBØ£ÝKÙK��â�ìBÞ�á�ê�ìBÞ�×_Ø�Ý?ÖBÞÅÙ_ìeÖUå?×_Ù_Ú)Ü�ìeÖIÜ�æ�Ú=Ý��K×YÖIÜ£Ö?Ú$ì ÝKÙ_Ù_ìeé�ÖUÚ
â?áÅÝ?Ö�ÝKØ�áBÚ)Ü�ÙYÝKØ�ê�×YÝ?ÖBævð½&WìeÖBÞ�éBÙ_Ú)Ü�ìeÖ3çeâô×_Ü£ÖBî!ÚSßB×
Ø£Ý?Û�î?×_æ)Ú ö�Ý?Û�Ú̈ ìüëGÚ=ßB×�Ø�×YÝ��YÝüî?×?çBÜ�æ êõìeÞ�×_Ø�×_Þ
â?á��GÖBÜ�Ú)×ä×_Ø�×Yê�×YÖUÚ�Ý?Ö�ÝüØ�áBæ)Ü�æÅìKë
Ú=ßB×�æSé�ö�ö�ìeÛ�Ú$ÜÂÖBîoæ)ÚSÛ)éBÙ_Ú=é�Û�×äÝ?ÖBÞ.ê�×YÝKæ=é�Û�×Yêõ×YÖ?Ú)æ�ìKë
Ú=ßB×
æ=é�Û�ë�ÝKÙ_× Ú)×Yêøö�×YÛ)ÝKÚSé�Û�×_æ�ìKë0ÚSßB× æ=ß�Ývë�Ú�Ý?ÖBÞùÙ_ìBé�öBØ�Ü£ÖBî?ævð
Õ�Ö�ÚSßB× æ)Ú)×YÝüÞ�á?í�æ)ÚSÝKÚ)×�Ú)×_æ)Ú)æYçvÚ=ßB×YÛ)êøÝKØK×_èãéBÜ�Ø�Ü£â�Û�Ü£é�ê�ò�ÝKæ+Ù_ìeÖBæ$Ü�Þ�×YÛ�×_Þ!Ú$ìWß�Ývå?× âô×_×YÖ�ÝKÙbßBÜ�×_å?×_Þ
òyßB×YÖäÚ=ßB×�Ú$×YêÅö�×YÛ)ÝüÚ=é�Û�× Û�Ü�æ)×IìKë0Ú=ßB×IÙ_ìeì?Ø�Ü£ÖBîÁòWÝüÚ)×YÛ{å\Ý?Û�Ü�×_ÞýØ�×_æ$æyÚ=ß�ÝUÖ)¾(� � Ü£ÖäìeÖB× ßBìBé�Û
�	� # 
ið̈ ñ�ßB×
Ú)×YêÅö�×YÛ$ÝKÚ=é�Û�×�Þ�×Yöô×YÖBÞ�×YÖ?ÚÆå\Ý?Û�Ü£ÝKÚ$Ü�ìBÖBæ Ü£ÖÅÚSßB×yÞ�×YÖBæ)Ü�Ú�áÅÝ?ÖBÞÁæ=ö�×_Ù_Ü���Ù ßB×YÝKÚ{ìKë+Ú=ßB×
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î?×YÖB×YÛ)ÝKÚ)ìBÛ+ò�Ü�Ú=ßøÛ�×_æ)Ü�æ)Ú)Ü�å?×�Ø�ìeÝKÞ+ð¨ñ�ßB×�×_æ)Ú)Ü£êÅÝüÚ)×_Þ�Ú)ì?Ú=ÝKØUÚ=ßB×YÛ)êÅÝKØBØ�×YÝ��YÝüî?×�Þ�é�Û�Ü£ÖBî ÚSßB×
Ú$×_æ)Ú)æ
òWÝüæyÝKÞ�w)éBæ)Ú)×_ÞùÚ$ìÅØ�×_æ)æyÚSß�Ý?Ö�h�ú�ç�ÝUÖBÞùÚ=ßB× ÝKÙ_ÙYé�Û$ÝKÙ_áä×_æ)Ú)Ü£êÅÝKÚ$Ü�ìBÖäæ=ßBìKò�æ�ÚSß�ÝKÚ�Ú=ßB×IÚ)ì?Ú=ÝKØ
Ø�ìUæ)æ)×_æ�ìKë0Ú=ßB×Æ×K�ãöô×YÛ�Ü£ê�×YÖ?ÚSÝKØ+ê�ì?Ú)ìeÛ{Ý?Û�×�Þ�×_Ú$×YÛ)ê�Ü£ÖB×_Þäò�Ü�Ú=ßBÜ£Ö)¾?��ð�H � ð0ñ�ßBÜ�æ�åKÝKØ£éB×yÙYÝ?ÖÁâ�×
Ù_ìeêÅö�Ý?Û�×_Þÿò�Ü�Ú=ßoÚSßB×�×YÛ)Û�ìeÛ
ìKë4¾?�N� � ×_æ)Ú)Ü£êÅÝKÚ)×_Þ ëLìeÛ�Ú=ßB×ÅÜ£Ö�ö�éBÚ�í�ìeéBÚSö�éBÚõêõ×_Ú=ßBìeÞ+ðýñ�ßB×
ê�×YÝKæ=é�Û�×_ÞýØ�ì?æ)æ)×_æ�Ý?Û�×�ßBÜ�îBßB×YÛ�Ú=ß�ÝUÖäÚ=ßB× ö�Û�×_Þ�Ü�Ù_Ú)×_ÞoìeÖB×_æ"«�Ú=ßB×�êÅÝ��BÜ£ê!é�ê Þ�Ü�æ$ÙYÛ�×Yö�Ý?ÖBÙ_áùÜ�æ
��+ � ð�ñ�ßB× ÙYÝüØ�ìBÛ�Ü£ê�×_Ú=Û�Ü�Ù!êõ×YÝKæ=é�Û�×Yê�×YÖUÚ)æ�òÆÜ�Ø�Ø¨â�×ÅéBæ)×_Þ ëLìeÛWÚ=ßB×
ë�é�Û�Ú=ßB×YÛ�Ý?Ö�ÝKØ�áBæ)Ü�æ�ìKë¨Ú=ßB×
ÜÂÛ�ìeÖäØ�ì?æ)æ$×_æYç�ÝKÞ�Þ�Ü�Ú)Ü�ìeÖ�ÝKØ�Ø�ì?æ)æ)×_æ
Ý?ÖBÞäë�Û�Ü�Ù_Ú)Ü�ìeÖäØ�ì?æ$æ)×_æ�ìKë¨Ú=ßB× êÅÝKÙ_ßBÜ£ÖB×?ð
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Ý�ßBÜ�îeß
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ö�Û�ìeÙ_×_Þ�é�Û�×õÝUÛ�× ÝKÙ_ÙYé�Û)ÝKÚ$×�Ù_ìeêÅö�éBÚ=ÝKÚ$Ü�ìBÖÁìKë ÚSßB×�Ø�ìUæ)æ)×_æ�Ý?ÖBÞäÚ=ßB× ×YÖB×YÛ�î?á�×SïÁÙ_Ü�×YÖBÙ_áýìKë¨Ú=ßB×
òyßBì?Ø�×ÅÞ�Û�Ü�å?×_Ú=Û$ÝKÜ£Ö3ðT±9ì?æ)æ ê�×YÝKæSé�Û�×Yê�×YÖUÚ)æÉâUá�êõ×YÝ?ÖBæyìüë Ú=ßB×�ÙYÝKØ�ìeÛ�Ü£ê�×_Ú=Û�Ü�ÙÅê�×_Ú=ßBìBÞoáeÜ�×_Ø�Þ
ÝÅßBÜ�îeßùÝKÙ_ÙYé�Û$ÝKÙ_á?ð
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!ñ�ð8kB×Yâ�ÝKæ)Ú$ÜÂÝUÖ�ÝUÖBÞÂ°øð�¼�ð�kBØ�×Yê�ìBÖ3ç)Ãª��ö�×YÛ$ÝKÚ)Ü£ÖBîäØ�ÜÂêõÜ�Ú$æ ìKë Ü£ÖUå?×YÛ�Ú)×YÛ�í�Þ�Û�Ü�åU×YÖþö�×YÛ)êøÝví
ÖB×YÖUÚ�êÅÝKîBÖB×_Ú�ê�ì?Ú)ìBÛ Þ�Û�Ü�åU×_æYç!ÄÆÅXÇ�Ç�Ç¸È8É2Ê�ËNÌKÊ�Í"ÎbÏ|Ð�Ë¬Ì$Ð�ËÑÅªË�Ò�ÓGÌKÎbÉªÔ)ÕCÖ�Ö�×�Ï|Í�Ê�ÎbÏ=Ð�ËNÌ_ç
å?ìUØLðt����ç�ÖBì�ð���ç�ö�ö3ð8����H"ØN������ç�OþÝ?Û�Ù_ß��,j�hGH�ð

���"
R¨�ð�±+éBìeêõÜLçz¨�ð�±3Ü£ÖBÞ�æ)Ú=ÛKÙìeê ç�Ý?ÖBÞ¥¨�ð�ÚÆ×_Ø�Ø�æ)Ü£ÖBî�çyÃX��×_æ)Ü�îeÖ Ý?ÖBÞ ÝUÖ�ÝKØ�áeæ)Ü�æäìKë�×_Ø�×_Ù_Ú=Û�ÜÃí
ÙYÝKØ
ê�ì?Ú)ìeÛ�æ ë�ìeÛÅÝÿßUáãâ�Û�Ü�Þ ×_Ø�×_Ù_ÚSÛ�Ü�Ù�åU×YßBÜ�Ù_Ø�×?ç!Ä Ü£Ö�Å�Ç�Ç�ÇPÛNÜ�ÎbÐ"ÍKÝ"ÞgÐ�×�ßáàâÐGã;ä,É.È8ä�ÍKÞ
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å ÐGËKæKä,É2ä,ËtÍªäzàâÉ2Ð,Í�ä�äªÒ�Ï=Ë�çGÌbç�kBÚ$ìeÙK�eßBìUØÂê ç�kBò�×_Þ�×YÖ3çN¨eé�ÖB×$�,hvíè�G���"j�j # çUå?ì?Ø�ðN§¨Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ
OþÝKÙ_ßBÜ£ÖB×_æÉÝ?ÖBÞ)� Û�Ü�åU×_æYç�ö�ö3ð���H� �Øé��H�jôð

���"
R¨�ðt±3Ü£ÖBÞ�æ)Ú=ÛKÙìeê ç�¨�ðtÚ�×_Ø�Ø�æ)Ü£ÖBî�ç+Ý?ÖBÞ)¨�ð8±+éBìeêõÜLçeÃX��×_æ)Ü�îeÖÁìüë ßBÜ�îeßUí�×Sï�Ù_Ü�×YÖBÙ_áo×_Ø�×_Ù_Ú=Û�Ü�ÙYÝKØ
ê�ìUÚ)ìeÛ�æ�ë�ìeÛ�ÝÁßUáãâ�Û�Ü�Þo×_Ø�×_Ù_Ú=Û�Ü�ÙÅå?×YßBÜ�Ù_Ø�×?ç!Ä÷Ü£Ö�Ç�ê�Ü�ëXì�í
àâÉ2Ð"Íªä�äªÒGÏ|ËGç�Ì_çé�
æSÝ��YÝ�çt¨eÝ?ö�ÝUÖ3ç
�
Ù_Ú)ìBâ�×YÛ?�,�\íª� M �,j�j M ç?å?ìUØLðqÕiÕ$çGö�ö3ð M  �Ø M jôð

�! �
�k3ð�� Ý?Ö
ÚyÝUéBÚ)×?çgk3ðNÚÆ×YÖ�ÖB×Yâ�×YÛ�î?×YÛ�ç�î�ðNÚyÝ?êõ×_á?×YÛ_çg¼�ðé�{×_Ø£êÅÝ?ÖBævçN¨�ð���×yñ�×YêÅê�×YÛ)êÅÝUÖ3ç
Ý?ÖBÞf¨�ð8��×�&WØ�×YÛ�Ù_èGç
ÃX��×_æ)Ü�îeÖýÝ?ÖBÞoÙ_ìeÖUÚ=Û�ì?Ø+ìüë
Ý�öô×YÛ)êÅÝ?ÖB×YÖUÚÉêøÝKîeÖB×_Ú
æ)áãÖBÙ_ß�Û�ìeÖBìBéBæ
ê�ìUÚ)ìeÛ�Þ�Û�Ü�å?×{ëLìeÛ¨Ý�ßUá�â�Û�Ü�ÞÅ×_Ø�×_Ù_Ú=Û�Ü�Ù�å?×YßBÜ�Ù_Ø�×?ç!ÄäÜ£Ö
Ç�à�Ç»ï ðNñ�à�É2Ð,Í�äªä�Ò�Ï=Ë�ç�Ì_çYñ�Û�ìeÖBÞ�ßB×_Ü£êäç
QÆìeÛ�ò�Ývá?çgkB×YöBÚ)×Yê�âô×YÛ4hvíª�"+)�,j�j�Hôç?å?ì?Ø�ðv�Uç�ö�ö3ðv� # HG+"Ø�� # H # ð

� # 
R¨�ð;ÚÆ×_Ø�Ø�æ$ÜÂÖBîqçqÃX��×_æ)Ü�îeÖÿÝ?ÖBÞÿìeöBÚ)Ü£ê�Ü��YÝKÚ)Ü�ìeÖ ìKëÉÝýö�×YÛ)êøÝ?ÖB×YÖ?ÚÅêÅÝüîeÖB×_Ú!ê�ìUÚ)ìeÛ
ë�ìeÛIÝ
ßUáãâ�Û�Ü�Þä×_Ø�×_Ù_Ú=Û�Ü�ÙIå?×YßBÜ�Ù_Ø�×?ç!Ä{±3Ü�Ù_×YÖUÚ)Ü£ÝKÚ)×�Ú=ßB×_æ)Ü�æYçtkBÙbßBìBì?Ø3ìKë½§ Ø�×_Ù_ÚSÛ�Ü�ÙYÝKØ0Ý?ÖBÞ)&�ìeêÅö�éBÚ$×YÛ
§{ÖBî?Ü£ÖB×_×YÛ�Ü£ÖBî�ç;&�ß�ÝKØ£ê�×YÛ�æ(@yÖBÜ�å?×YÛ�æ$Ü�Ú�áoìKëyñ�×_Ùbß�ÖBì?Ø�ì?îUá?ç�°$ÙìUÚ)×Yâ�ìeÛ�î�çvkBò�×_Þ�×YÖ3çvOþÝ?Û�Ù_ß
�,jGj�h�ç0ñ�×_ÙYÖBÜ�ÙYÝKØ�¼�×YöôìeÛ�Ú4QÆì�ð���hG��±¨ð

� M 
R-�ðv-�ÛX���?Ü�ì�ç*Ã��¨ÜÂÖBÜ�Ú)×Á×_Ø�×Yê�×YÖUÚõÝUÖ�ÝKØ�áeæ)Ü�æ�ìKë�ÙYÝKî?×øÜÂÖBÞ�éBÙ_Ú$Ü�ìBÖ.ê�ì?Ú)ìeÛ�æ
ëL×_Þ.â?áoæ)ÚSÝKÚ)Ü�Ù
ë�Û�×_è�éB×YÖBÙ_áùÙ_ìeÖUå?×YÛ�Ú)×YÛ�æYç!Ä�ÅXÇ�Ç�ÇòÈ8ÉèÊGËNÌKÊ�Í,ÎbÏ=Ð�ËNÌRÐGË�óIÊKç�Ë�ä"ÎbÏ|Í�Ìbçqå?ì?Ø�ð8� M ç3ÖBì�ð��ôç+ö�ö3ð
#�# ��Ø #�#  qç�OþÝ?Û�Ù_ß��"j�j�+�ð
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Ü£ÖBÞ�éBÙ_Ú)Ü�ìeÖÁê�ì?Ú$ìeÛ�æ
éBæ)Ü£ÖBîE�GÖBÜ�Ú)× ×_Ø�×Yê�×YÖUÚyÚ$×_Ùbß�ÖBÜ�è�éB×_æYç!ÄÿÜÂÖÂàâÉ2Ð,Í�ä�äªÒ�Ï=Ë�çGÌ4Ð2æ(Î=ÞgäeÅªË�Îbä"ÉªËtÊ�ÎbÏ|ÐGË�Ê�× å Ð�Ë�æ·ä"ÉXë
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ö�ö3ð��¬�,H"Øé���¬�?ð
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R¨�ð�Ú ð8¼�ìBÙ·�KìUÚYç$Ã=ñÆßB× ÙYÝKØ�ÙYéBØ£ÝKÚ)Ü�ìeÖoìüë Ú=Û)Ý?ÖBæ)Ü�æ)Ú$ìeÛ�Ø�ì?æ$æ)×_æyÜ£Öoê�ì?Ú$ìeÛ�Þ�Û�Ü�åU×!Ü£ÖUå?×YÛ�Ú)×YÛ�æYç!Ä
Ü£Ö�à å ÅXô=àâÉ2Ð,Í�ä�äªÒ�Ï=Ë�çGÌ=ç�&�ßBÜ�ÙYÝKî?ìqç�Õ�Ø�Ø�Ü£ÖBì?Ü�æYçv�
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ë�ìeÛ�ÝÁß?á�â�Û�Ü�Þù×_Ø�×_ÙSí
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Ü£ÖBî�çR&Æß�ÝKØ£ê�×YÛ�æ�@
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�k3ð�OoìeÛ�Ü£ê�ìUÚ)ì�ç�O.ð�k�Ý?Ö�ÝKÞ�Ý�ç�Ý?ÖBÞ¡ö!ð�ñ�Ý��K×_Þ�Ý�ç÷Ãª§P�+×_Ù_Ú)æäÝ?ÖBÞ÷Ù_ìBêÅö�×YÖBæ=ÝüÚ)Ü�ìeÖ�ìKë
êÅÝüîeÖB×_Ú)Ü�Ùäæ=ÝKÚ=é�Û$ÝKÚ)Ü�ìeÖ ÜÂÖ��Gé��Uí�ò�ò�×YÝ��K×YÖBÜ£ÖBîþÙ_ìBÖ?Ú=Û�ì?Ø�Ø�×_Þ�ö�×YÛ)êøÝ?ÖB×YÖ?ÚÁêÅÝKîeÖB×_Ú�æ)á�ÖUí
Ù_ß�Û�ìeÖBìeéBæ�ê�ì?Ú)ìBÛ�Þ�Û�Ü�å?×_æYçøÄùÅXÇ�Ç�Ç¹È8É2Ê�Ë¬Ì·Ê�Í"ÎbÏ|ÐGËNÌ�ÐGË*ÅªËtÒ�Ó�ÌKÎbÉ�Ô�ÕCÖ�Ö�×�Ï|Í�Ê�ÎbÏ=Ð�ËNÌ_ç+åUì?Ø�ð
��+ôçãÖBìqð M ç�ö�ö3ð�� M ���"Ø�� M ��H�ç�QÆìKå?×Yê�â�×YÛ?�,jGj� �ð
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Ø�Ü£êÅÝ?Ö3ç ÝUÖBÞ(ñ�ð ú�ðvQÆ×Yé�êÅÝ?Ö�Ö3ç*Ã=Õ�Ö?Ú$×YÛ�Ü�ìeÛ öô×YÛ)êÅÝ?ÖB×YÖUÚ!êÅÝüîKí
ÖB×_Ú�æ$áãÖBÙ_ß�Û�ìeÖBìeéBæ
ê�ì?Ú)ìeÛ�æ ë�ìeÛ�ÝüÞ�w�éBæ)ÚSÝ?âBØ�×�æ=ö�×_×_ÞoÞ�Û�Ü�å?×_æYçøÄ*ÅXÇ�Ç�Ç�È8É2Ê�Ë¬Ì·Ê�Í"ÎbÏ|ÐGËNÌ4Ð�Ë
ÅªËtÒ�ÓGÌ·ÎbÉ�ÔRÕCÖ�Ö�×�Ï|Í�Ê�ÎbÏ=Ð�ËNÌ_çBå?ì?Ø�ðN����ç�ÖBìqðg qç�ö�ö3ð�H���h�ØéH� gH�çG¨eéBØ�á.�,j�h M ð
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�	�,�"
�Ãª§ Ø�×_Ù_Ú=Û�Ü�Ù å?×YßBÜ�Ù_Ø�×Å×YÖB×YÛ�îUáäÙ_ìeÖBæ=é�êÅöBÚ)Ü�ìeÖýÝ?ÖBÞ�Û$Ý?ÖBî?×�Ú)×_æ)Ú
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�	�K �
!ñ�ð�±+Ý?Û�æ)æ)ìeÖ3ç6Ã�&�ÝKØ�ìeÛ�Ü£ê�×_Ú=Û�Ü�Ùþê�×YÝüæ=é�Û�×Yê�×YÖUÚ�ìüë Ø�ìUæ)æ)×_æäìKë!Ýÿö�×YÛ)êøÝ?ÖB×YÖ?ÚäêÅÝKîBÖB×_Ú
æ)á�ÖBÙ_ß�Û�ìeÖBìeéBæ ê�ìUÚ)ìeÛ_ç!Ä(O.ð�kBÙ?ð ÚSßB×_æ)Ü�æYç���×Yö�Ý?Û�Ú=êõ×YÖ?Ú¨ìKë�§ Ø�×_Ù_Ú=Û�Ü�ÙT>�ìKò�×YÛP§ ÖBî?Ü£ÖB×_×YÛ�Ü£ÖBî�ç
&�ß�ÝüØÂêõ×YÛ�æ�@
ÖBÜ�å?×YÛ�æ)Ü�Ú�áoìKëWñ�×_Ùbß�ÖBìUØ�ìUî?á?ç�°EÙì?Ú)×Yâ�ìBÛ�î�çvkBò�×_Þ�×YÖ3ç£çv¨Bé�ÖB×��,j�j�hôç$¼�×Yö�ìeÛ�Ú
QÆì�ð���HG§�ð

�	� # 
!Õs§�&F>{é�âBØ�Ü�ÙYÝKÚ$Ü�ìBÖú�� Kíè��-�çûÃ�O�×_ÚSßBìeÞ�æIë�ìeÛ�Þ�×_Ú)×YÛ)êõÜÂÖBÜ£ÖBîÿØ�ì?æ)æ)×_æäÝ?ÖBÞ.×Sï�Ù_Ü�×YÖBÙ_á.ìKë
Û�ìUÚ=ÝKÚ)Ü£ÖBî�×_Ø�×_Ù_Ú=Û�Ü�ÙÅêÅÝKÙ_ßBÜÂÖB×YÛ�áÁë�Û�ìBê Ú$×_æ)Ú)æ�<7×K�BÙ_Ø£éBÞ�Ü£ÖBîùêÅÝKÙ_ßBÜÂÖB×_æÆë�ìeÛ{Ú=Û)ÝKÙ_Ú)Ü�ìeÖÁåU×YßBÜ�í
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Losses in the end windings

Heat flow to the frame
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        Voltage limit ellipse T=80 Nm
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Ë	z�­¨¤��X¦���­�����¦�ü`�]Ë]Ê`£;ü`�]Ë	|�­	w?�L�]�^�����^�gü^ÐsÐe�&¦]�ü��e^�¢&¦�Y��]�^¤������E¤�­§¦sW�bca [ H3\�\�U_IJF�U_a�h�H3MOF�w6d�UoEZH3v5WyI�U [ H3\�|JU&W�F�U&Wo¨ [ H3\�F�WyHTM©PzW_bc\�IJb>�GMOU8ew3\�a�ª{b/\�a4AR\�U&Wcd������3�GMObcI_wTF�b/H3\�eÂ­r�B��¦d�ª¦��¥���O�_�j�i­�Y��O���E�s���L��ÈÄ�R�O�O�¥�+�R�^�L�7�]¤���ÿ%���2«�������^�6ÈZ¤�¬]��¤��O�^�+��¤�¬&­�ÿ"���L�����^�+�{nW¤��R�]�^�¡���R�|�Æ�q�¿�#�O�O��¤��]�R�]¬]�]­r��:�]���^���E�+¬&­�Y�²%�O���^¤�­ü^ÐsÐ	��­7�#�O�O��¤��R�^�L�7·%�^���E�¡��w"�X¦ÌË]Ë�ü]¦]�ü^Ñ`^�ÃÆ¦(����¤���¬E�+�^¤�­`tuHJa3U&MObc\3d�w3\�a [ HT\�F�W^H3MZH^].h�HTMxF�w8d�U�EZH3v5WyI�U [ H3\�|&U&W�F�U&WBe [ H3\�\�U_IJF�U_aF�HYFcL5UY¦sW�b/a]­W�Z��¦��ª¦#�¥���O���R�^­uY��Â�����]�%�L�WÈ7�R�O�O�¥�+�R�^�L�"�]¤��Æÿ%�E�6�������^��ÈZ¤�¬]��¤��O�^�+��¤�¬&­ÿ"���q�¢�£�^�+��nW¤��R�]�^�¡���R�|�¯�L���Å�O�Â��¤��]�R�]¬s�]­o��:�]���^���E�+¬&­JY�²%�O���^¤�­7ü^Ð]Ð	��­W�Å�O�Â��¤��R�^�L�Z·%�x«���E�+��w?�&¦ÌË]Ñ�ü]¦]�üy�`^�¢&¦u����¤������¥�6:�E��­N¢&¦~�#�������f­��]¤�� ¢X¦~Q"�O�R�R����¤�¬&­¡;¼���^���ª�s¤��^¤]�+«|�6�L¬E¤��O�ª���]�������f�E����s�¨���¡�j�»�O�j�O�O�x�+�R�ª�]�^���R�O�R�]­>=)��¤£�oqz«sP�?�A¬CG�®­�¯z?�A�A�A'��HTWyaTb/IYª{HTW�KJe_L�H��°HT\YPzH3SVU&Ww3\�a{?_\�a3vTe�F�W�b/wTMDARMOU_IJF�W^H3\�bcI6efPRW^H&I�U_U�a3bc\3dTeÂ­�È7�¥���E�X­#Ò7��¤����]¤��#­�§¿��¬E���_�¸Ê	�i«|Ê�|°ü^ÐsÐ	��­����¦&Ê�z	z`£¨Ê	zsÑ�¦]�üy|`^¸ÀUÈZÿl�B�����j�R�^�L�_�j��¤ÕË¡�L«|ÊL§�­$;_Ã��O�x���E���2�f�E�����O���^���£�¢¤���¤�¬±�R�]�����O���]¤��Æ�xÏ³�O�R�^¤��O�Æ�L��+�s�¥�L����¤�¬��O�R�O�O�¥�+�R�ª�ª�L�O���¢¤��^�¡�
� �+��� �_�O�����ºKz�O ��O��������¤�¬°�ª�L�O���¢¤��O�?�f�E�B�¥���L�O���R�E¤
�s�^���Ì«�O�R�O�¼OO­X���^�L�¥���+�^�£�^¤]�"�q�©�R�]���_�O�W�]���x���g�^�L�R�E�+�����O�¥�+�R�����O�¥�����#­>=4�Å�O�Â��¦&·��^��¦�­#ü^Ð	|¡�&¦]�üy�`^�§�¦#§g��¾�¾]�R�&­�;_Ò7�¢¤��R���
�O�R�^���^¤s�£�s¤��L�R�E���R���L�"�^�L¬]�6�¢¤��&���O�_�j��¤Æ���]���E�¡�����O�Æ�]�¹���x�L���R��I�+�OÁ����^¤��O�°�O�E¤s�]�^�+���^�¡�^­>=±?�A�A�A
XZWywT\+e6w3I&F�bcH3\+e�HT\§tuw6d5\�UJF�b/I8eÂ­X�]�]�f¦�Ê	��­�¤��&¦;Ê�­#����¦Ñ]Ñ�üp£¨Ñ]Ñe�X­]Ã��]�+�O�°üiÐ]Ð	z�¦]�ü^Ð`^�§�¦L§¿�_¾E¾s�R���]¤���§¸¦	w?�R�^���^¤��ª�]��­�;¥ÈÄ�������ª�L���R�E¤2�L���R�]�����O�7��¤��^�L¬s����¤��&���O���R�E¤
���]�_�E�+�������¤�¬§*;¤��R�����O�R�^���^¤s�W�_�O�Â��¤��RÁ����O�^­>=±�¢¤²PRW^H&I�U�U_a3bc\3dTe}H^]oFcL�Uf?_\�F�UJW_\�w3F�b/HT\�w3M [ H3\8]�UJW�kUJ\�I�U�H3\4ARMOU�I&F�W�b/I�w3M+t§w3I6L5b/\�U6eO­LÃÇ�s¤��Â���O���_�^�O­+n�¦+À�­¦Y��^�����^�����^��ü^Ñi«¥ü`|ªü^Ð]ÐsÊ�­L�]�]�f¦�Ê�­����¦&Ë�üy|`£¨Ë]Ê�ü]¦]ÌÊ	z`^º��¦`MZ�L�^­�À�¦ «|È"¦eQW�L�R�R�^¤������^­��]¤��"¢&¦ÌÈ?¦	x��¡��²�¤�­¬;xÿ"�+�]���¡«I�¥�L�¥�����q���R�E¤g��¤2�¥�����]�¥�s«|�L���U«I¬��]��O�R�O�O�¥�+�R�^�L�"�ª�q�Â����¤��O�´Kf�L�ª�ª�L�O����¤��O�¼OO­>=³?�A�A�A�XZW^w3\+e6w3I&F�bcH3\�eiH3\gAR\�U&Wcd�� [ HT\�|&UJW�ke6b/HT\&­��]�]�f¦#ü]­�¤��&¦Åü]­&����¦#üyzsË`£;ü]ü^Ê�­]Ã��]�+�O�°üiÐ	�	��¦
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´ ÓÒGPDJD#Ø%Ö"×�s �xÖ��p! �BµNq%×���ÔmÖ
§¿¤¹�O ����+�O���_�j��¤¹�f�E�g�ª�L ��������º���E�¡Á¨���ª���^�2�]�ª���^�+�ª��¤¹�¥���ª�O��¤����¥�]¤s�g���E�+Á����ª�+�O¬]�R�E¤¹�R�
�E���¥�L��¤��O���]�¹������¤�¬��¥���¸�s���ª�L�¥���¡���^�����+�^¤s���]�O�O���E�O­�- à ­X�¥���L²W¤��¢¤¯Ò7�R¬&¦�Ê	��¦W�?���\<q«|�L ��R��]¤�� = «|�L ��R�"�^�����+�^¤s�"�O�E�ª���E¤��^¤s���W�^�s¤������O ����+�O���_�O���L�

-�Ï�ÑÒ-�à�����¤ÈK²,oO K¡ü^Ë	O
�]¤��

-�ÐuÑÒ-�à[�O�]�÷K²,oO K¡ü���O

d

q

γ i
a

Ò7�R¬E���+��Ê	��v©�?���¸�]���6�L�¥���+���^�����+�^¤s�"�]�O�O�����
²W���^�+�X-�à
�R�³�¥���°�6�L¬E¤��R�¥�����°�q�¿�¥�����^���_�+�^¤]�6�]�O�O���E�"- à ¦±§¿¤ �]�����+�E�L�O�±���¹�¥���°����¤��¼«���R®^�L���R�E¤
�L�#�¥�����^�����+�^¤s�^­(- à ­��R�"�L�Â���R�O�]�O�°�s�"*;¤�����¤�¬ª�¥���g�ª�L �������� �_�E�+Á����%�������T*& E�O��^�����+�^¤s�¿�ª�q¬E¤��R�¥�����]¦g�"���¸���+�����j�^� �R�g���6�j���^¤s���¼�f���x���¸���s���R���R�E¤¯�L�Z�¥�����^���_�+�^¤]�g�s�O�O���E��¥���L�Z���R�O�R���W�¥���?�E����������� �¡�O�¢�q���R�E¤³���O�+²��O�^¤¸-�Ï��]¤���-�ÐO¦B�"���W�O�R�O�O�¥�¡�E����¤��]���R�g���E�¡Á¨���"�R�

9 × Ñ ËÊ 6 - à ç 1 Ö )6¶e@ K²,oO�¤ÒKÞ2 Ï Õ 2 Ð O üÊ �_�¢¤�KfÊe,oO è K¡ü^Ñ	O
�]¤��°�¥���g���^�¡�j�L�L���R�]�2�L�©�x�������E�¡Á¨����²"�R�¥�°�¡�O�¥���O�O�������¥�������s���R���R�E¤¯�j�

· 9o×· , Ñ ËÊ 6 -�à`¸ Õ 1�Ö @ -¹�NK²,oOJ¤¡¸y2~Ð Õ 2~Ï�º~¸]ü Õ ÊÄ����¤�âeK²,oO^º�º K¡üy�	O
ü^Ñ	�



Y��]�R�E��¤�¬±�f�E���¥���¯���E�+Á����°�ª�L ����¸����­%¬]�R�]�^¤ �¹�x���O�O��*&�O� �^�����+�^¤s�³�]¤�� �¥���������R�¥���_�j��¤Æ�L�È7Á����L���R�E¤��TK¡ü^Ë	O7�]¤��XK¡ü���OO­L¬]�R�]�O�B�¥���W�+�O���L�_�j��¤ª���O�+²%�O�^¤��¥����<m«|�L ��R���]¤�� = «|�q E�R�Z�^���_�+�^¤]�_����E���¥��������¤����¸���º�s���ª�L�¥���¡�W�^�����¡�^¤]�W�6�L¬E¤��R�¥�����

-�Ï�Ñ 1�Ö
Ê�KÞ2 Ï Õ 2 Ð O É 1 âÖ��KR2 Ï Õ 2 Ð O Õ - âÐ K¡üy|	O

ü^Ñ	|



» ÓÒGPDJD#Ø%Ö"×tI7ÔmÖ"×�D#Ô�%
¼»�È���~������Û ó 0 � Ë(�o�Ú�	�	�oÛ�Û����
�"����¬]�^¤��^�_�L���O ¨���+�O�_���R�E¤����E�B�¥���g�����¥�����%�I�+�E�µ�]¤��s¤��L�R�]¬E�����ZÀ�«I�O�E¤s�¥�+�]�R�R�^�"�R�

) K²ÔÅONÑÒ0"ÿ ç�½ K²Ô­O�¤ ü9Z�G¾�¿� ½ KÁÀ(O�<�À è K¡üy�	O
� ���^�¡� ) K²ÔÅO��R���x���"�E���¥�����B���R¬E¤��L���I�+�E���x�����ZÀ�«I�O�E¤]�x�+�]�R�R�^���s¤�� ½ K²ÔÅO7�R�%�¥���"��¤������%�O�E¤]�x�+�]��^���+�E�O¦�ÀI¤»�
�¥�]�ª���R�O�����������^� ²?�j�x���
�O�E¤����¥�s¤]�g�¥�s�ª���R�ª��¤]���^�¡���L�f­¬ÂÅ­#�¥�����E���x�����g�I�+�E�
�¥���º�BÀz«I�O�E¤s�¥�+�]�R�R�^�?�^�]¤����2²W�+�R�����^¤��L�

) KRý(ONÑÒ0\ÿ�Ã ½ KÞý(Oo¤ ü9Z� 	���
�� ½ K��JO�Â�Ä K¡ü^Ð	O
§¿¤¹�L�R���^��¤��q���R�]�¸�]�����¡�E�L�O���R�g���ª����V#�^�+�^¤s�����L�����¥������¤s���O¬E���q�����]�+�^­ZÅX­���¤�ÈÄÁ¨���q���R�E¤[K+ü`�	OO­������¤�¬=������V#�^�+�^¤��O�ª�]�����+�L ����ª�L���R�E¤6�f�E�B�¥�����_�¢�£�x«I���^�+�R���L���R�]�

ÅJKRý(O Õ ÅJKRý Õ üyOÂ Ñ 0\ÿ9Z� ½ KRý(O K Ê	z	O
²W���R�Â���^�]¤°���¸�+�^�]�_���]¤�¬]�O�
���

ÅJKRý(O�Ñ 0"ÿ9 � ½ KRý(O�Â�¤�ÅJKRý Õ üyO K Ê�üyO
!¥2u� Ü~���JÜ ��Ær�������È�J���½óo� Ë(�Ú�o�	�	�oÛ�Û����
§ ���^�L��«|���^�L�7�^�����+�^¤s���O��¤]�¥�¡�]�R�j�^�[�f�E�#�x���a�7ÃZY�Ãµ�R�7���^�+�R�]�O�2�I�+�E�þ�¥���Z�s�]�R�¥�L¬]�7�OÁ����L���R�E¤���¢¤��¥���º< = «|�+�x�f�^�+�^¤��O��� �_�]���

; Ï ÑÒ7 Ó - Ï ¤{2 Ï <�-�Ï<	Ô�Õ /a2 Ð - Ð K Ê]Ê	O
�]¤��

; Ð�ÑÒ7PÓ_-�Ðo¤U2~Ð <�- Ð<�Ô ¤�/a2uÐ�-�Ð�¤�/RÇ Ö K Ê]Ë	O
ü^Ñ	�



�"���g�]�]�R�¥�L¬s�x«I�������¿�s�+�^�����O�+²%�O�^¤
�¥�]�ª���R�O��ý
�]¤��´ý ¤ ü��R�"���^�+�R�]�O�
�I�+�E� ��¤]�_�O¬E���L���R�E¤6�L�È7Á����L���R�E¤��HKfÊ]Ê	O%�]¤��[KfÊsË	O
¾@È 	_É 7yÊcË	 Ë ; Ïy<�ÔÈÑ ¾ÌÈ 	�É 7yÊcË	 Ë 7PÓ�-�Ïp<	Ôo¤ ¾ � î È/È 	_É 7yÊcË6Ê� î È 	 Ë6Ê

2uÏ�<�-�Ï Õ
ÕY¾ È 	�É 7yÊcË	 Ë /a2~Ð�-�Ð¼<�Ô K Êe��O

¾ È 	�É 7^Ê/Ë	 Ë ; Ðp<	ÔNÑ ¾ È 	�É 7yÊ/Ë	 Ë 7PÓ�-�Ð¼<�Ô�¤ ¾ � ï ÈcÈ 	�É 7yÊcË6Ê� ï È 	 Ë6Ê
2~Ðp<�-�ÐÈ¤

¤ ¾ È 	_É 7yÊcË	 Ë /a2~Ï�-�Ï�<	ÔJ¤ ¾ È 	_É 7yÊcË	 Ë /a1�Ö�<�Ô K Ê]Ñ	O
�"���W�R�x�f�+«|���]¤��
���R���O�"��¤³ÈÄÁ¨���q���R�E¤��TKfÊ¡��O7�]¤��ZKfÊ]Ñ	O7�]�¡�"�¥�����]�]�R�¥�L¬]�x«I�_�¢�£�W�]�+�^�L�%���O�+²%�O�^¤�¥�]�ª���R�O�Pý��]¤��XýP¤ ü]¦B·%�O²W�+�R����¤�¬
�E�R�O�R���

Í Ï�KRýZÎpý�¤ üyONÑÏÂ�7PÓ�Ð-�Ï	KRýZÎ¼ýP¤ üyOJ¤U2~Ï ¸ -�Ï	KRýP¤ ü`O Õ -�Ï	KRý(O_O º ÕÕ 2~Ð�Â Ð/TKRýZÎpýP¤ üyO+Ð-�Ð`KRýZÎ¼ý ¤ üyO K Ê	�	O
Í Ð	KRýZÎ¼ý ¤ üyONÑ'Â�7PÓ+Ð-�ÐeKRýZÎpý�¤þüyOJ¤{2~Ð ¸ -�ÐyKÞýP¤ üyO Õ -�ÐyKRý(O º ¤¤ 2uÏ6Â Ð/�KRýZÎ¼ý ¤ üyO�Ð-�Ï÷KRýZÎpýP¤ üyOo¤�Â Ð/TKRýZÎ¼ý ¤ üyO_1�Ö K Ê	|	O

²W���^�+�{Ð -�KRýZÎ¼ý§¤ üyO
�]¤�� Ð/TKRýZÎ¼ý"¤ üyO����^¤��s���O�³�x�����i�]�^���L¬s���^�����+�^¤s�³�]¤��Õ�¡�]���E�ª�s¤�¬E�s«�¢�s���I�+�OÁ¨���^¤��O�±���O�+²%�O�^¤¹�¥�]�ª���R�O�"ý��]¤��[ý"¤(ü]­��¡�O�¥���O�O���R�]�O�R�]¦°�?���ª�R�x���+«|���s¤������R���O���¢¤È7Á����L���R�E¤��HKfÊ	�	O%�]¤��[KfÊ�|	O%�]�+�g�¥���g���O�����+�O�¯�]�]�R�¥�L¬s�x«I�������¸�]�¡�^�L�%�¢¤��¥����<q«I���¢�¡�O�O���R�E¤¹�]¤��= «I�����+�O�O�_�j��¤��q�"�¥�]�ª���R��ý�¦ZÀ��Z�¥�����i�]�^���L¬s�W�^�����¡�^¤]�"�R�g�]�����+�L ��¢�6�L���O�°�s�
Ð -�KRýZÎpý�¤þüyONÑ -pKRý�¤þüyOJ¤{-pKRý(O

Ê K Ê	�	O
�]¤��ª�¼�#�¥���"�+�]���E���]¤�¬E�����]�Å�I�+�OÁ����^¤��O���j�%�L���¥���£�O�ª���g���"�O�E¤��_�¥�]¤s�7�¢¤£�¥���%�¥�]�ª���R�"��¤s���^�+���q�KRýZÎ¼ýP¤ üyOG­E�x�����OÁ����L���R�E¤��"�^�]¤����������ª���R��*&�O�����

Í þÏ KÞý(ONÑ'Â 7PÓÊ ¸ -�Ï	KRýP¤ üyOJ¤{-�Ï	KRý(O º ¤ 2~Ï ¸ -�Ï	KÞýP¤ üyO Õ -�Ï	KÞý(O º Õ
Õ Â 2 ÐÊ /TKRý(O ¸ -�ÐeKRýP¤ üyOÚ¤ -�ÐeKRý(O º K Ê]Ð	O

ü^Ñ]Ð



Í þÐ KRý(OuÑ'Â 7PÓÊ ¸ -�ÐyKRýP¤þüyOJ¤{-�Ð`KRý(O º ¤{2uÐ ¸ -�Ð`KRýP¤ üyO Õ -�ÐyKRý(O º ¤¤�Â 2 ÏÊ /TKRý(O ¸ -�Ï	KRýP¤þüyOJ¤ -�Ï	KRý(O º ¤�Â¦/TKRý(O�1�Ö K Ë	z	O
�g�^�L��«|���^�L�"�+�O�x���E¤����g�q�[�x���W�^�����¡�^¤]�%�R�"�L�Â���R�O�]�O���¼���x���W���O�����+�O���^���_�+�^¤]�"�L�B�¥�]�ª���R�Pýª�R�
�L�Â���R�O�]�O�6�E¤��%�¥�]�ª���R�"���L���^�G­L�¥���L�7�R�~-¼KRý�¤¯üyOÈÑj-¼KRý(O þ ­L²W���R�O���R�Z��¤����^�+���O�6�¢¤s����ÈÄÁ¨���L�_�j��¤��KfÊ]Ð	OB�]¤��[KfË	z	OG¦o�g�R�E�R���R�E¤¯�]�4Â�¬]�R�]�O�%�¥���g�O ����+�O�����R�E¤6�f�E�Ä�¥���g���O�����+�O���]�]�R�¥�q¬]�¿�¡�x���^�+�^¤��O�
���L�����O�"�L�7�¥�]�6���j� ýg�f�E�7���^�����¡�^¤]�~�©«I�O�E¤]�x�+�]�R�R�^�7²"�R�¥�����^�q��«|���^�L�B¬E�L��¤ª�]¤��2�f�O�O��«f���E�¡²��s�+��O�E�ª���^¤��x�L���R�E¤���¤��¥�����¥�s�ª���R�O�°���������^��¦

;�þÏ KRý(ONÑ ç 7 Ó
Ê ¤ 2 ÏÂ è KR- þÏ KRý(O Õ -�Ï	KRý(O�OJ¤ 7PÓ�-�Ï	KRý(O Õ

Õ 2~ÐÊ /TKRý(O5¸y- þÐ KRý(OÚ¤ -�ÐeKRý(O^º K Ë�üyO

; þÐ KRý(ONÑ ç 7PÓ
Ê ¤ 2uÐÂ è ��- þÐ KRý(O Õ -�ÐeKRý(O��N¤ 7PÓ�-�Ð÷KRý(OÚ¤¤ 2 Ð
Ê /TKRý(O ¸ - þÏ KRý(Oo¤ -�Ï	KRý(O º ¤ò/TKRý(O�1�Ö K Ë]Ê	O

�"�������^�L��«|���^�L��¬E�L��¤��"��¤��¥����<q«��]¤�� = «I�����+�O�O�_�j��¤��¿�]�¡�]­��¥�����
0"ÿ�ÏaÑ 7 Ó

Ê ¤ 2 ÏÂ K Ë]Ë	O
0\ÿ Ð~Ñ 7PÓ

Ê ¤ 2uÐÂ K Ëe��O

üy�	z



Ó ��Ô�Ù;Ù s Ø~q"ÙÚGPD#Ø�! Ø�Ö"×
!¥2u�U����Û��o�	��ÍÒ�(�	�	��Ë ñ ���®2u�NÜ
�"���¸����²%�^�%���R���_�¢���q���O�¹���ª�ª�O���]�R��¤�¬=���O�������¶½&�L²"��¤�¬=�L�����]�]�������O�¥�¡�j�m½&�L²)���L��� =�Ñ �R����O���^�+�����O�4�s�

4�ÏrÑc3oKR5eO ) ÿ�KR5eO =�Ñ �H5 K Ë]Ñ	O
²W���^�+�"3�KÞ5÷O��j�g�x�������^¤����R�+���L�Z�¥���2�O�E�]���]¤s�^­ ) ÿ�KÞ5÷O?�R�W�x���¸�x���O�O��*&�ª���^�L�W�^�s���L�O�R�|���q�Z�¥����O�E�]���]¤s�°�L�ª�_�^�ª���^���q�¥���+�X5�­��]¤��'�H5 Ñ 5&Ò�Ó ¿ Õ 56� � �R���¥���°�_�^�ª���^���q�¥���+���¡�j�_���q���¥����O�E�]���]¤s�^¦
Àz�"�¥���ª���^�6���^���L�x���+�ª�+�R���ª�R���¥�6�L�R��­7�
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