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Abstract

In this paper, an improved model predictive control method is proposed to drive an induction motor fed by a
three-level matrix converter. The main objective of this paper is to present a novel method to increase the switching
frequency at a constant sampling time. Also, it is analytically discussed that increasing the switching frequency not
only can decrease the motor current ripples, but it can also significantly reduce its torque ripples. Finally, this study
demonstrates that reducing the motor current ripple will improve the quality of the supply current. To be the accurate
model and validate the motor drive system, a co-simulation method, which is a combination of FLUX and MATLAB
software packages, is employed to find the simulation results. The findings indicate that the proposed method
diminishes the THD of the supply current up to 26% approximately. Furthermore, increasing the switching

frequency results in the torque ripple reduction by up to 10% almost.

Keywords: model predictive control, three-level matrix converter, induction motor, switching frequency,
torque ripple

1. Introduction

Lack of dc-link capacitors makes the matrix converter a suitable choice for lightweight and low volume applications.
Besides, matrix converters have other characteristics such as input and output sinusoidal currents, and the unity power factor in
the each load and regeneration capacity [1]. In recent years, researchers have shown an increasing interest in matrix converters
used in applications such as variable speed drives [2-3], flexible alternating current transmissions [4], and renewable energy

conversion systems [5-7].

Matrix converters in high-power drives have certain constraints such as high currents and voltages on power switches.
The hybrid structure of power converters may yield noticeable advantages that can address these problems [8-10]. An effective
idea to augment the converter power capacity is the combination of matrix and three-level converters. Hence, to make a
three-level matrix converter, the three-level diode-clamped indirect matrix converter (TLDCIMC) topology is a very
appropriate candidate. The TLDCIMC has two main input sections: cascaded-rectifier and diode-clamped inverter. The input
cascaded-rectifier provides two dc-links for the diode-clamped inverter that makes a three-level output voltage. This structure
is suitable for high-voltage and high-power applications due to the reduction in the output harmonic distortion,
common-voltage mode, stress voltage on the switches, and variation rate dv/dt [11]. But, its complex model may lead to some

difficulties for the modulation and the design of the control system.
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On the other hand, finite control set model predictive control (FCS-MPC) has gained in popularity among many
researchers [12-17]. This method is applicable in different types of linear and non-linear systems and has some advantages
such as high-speed response and controlling multiple variables without creating extra loops. In this method, the control
variables are measured in the first step and then the predictive model predicts their values for the next sampling time. Next, a
cost function is defined for the system. Afterward, the controller evaluates the switching states and selects the best one to

minimize the cost function and apply it to the converter [18-19].

An effective way to improve the quality of the converter current is by increasing the switching frequency. As a result, it
reduces the torque ripple of the motor [20-21]. In conventional methods, a modulator receives the reference signal to perform
the switching with a constant frequency [22]. Besides, the switching frequency can be increased by reducing the controller
sampling time. This action reduces the prediction time for selecting an optimal switching state [23]. Therefore, the switching
states will change in a shorter period, and subsequently, the switching frequency will increase. Hence, the processor may

encounter some problems owing to many calculations at each sampling time.

The FCS-MPC has no modulator and the switching frequency is not precisely determined by the controller designer. In
this method, a cost function is defined for the converter to determine the optimal switching state at each sampling time. This
paper presents a new method to increase the number of commutations at each sampling time to raise the switching frequency as
well as reduce the motor current ripple. Thus, not only can this method decrease the torque ripple without reducing the

sampling time, but it can also diminish the total harmonic distortion (THD) of the source current.

Increasing the switching frequency could be considered an indispensable constraint for a power converter since a high
switching frequency leads to high power losses. Thereby, the efficiency of the converter would ultimately decrease [24]. Yet,
the proposed method demonstrates that increasing the switching frequency would not lead to a significant decrease in the

efficiency of the converter.

In this study, the FCS-MPC method is used to drive an induction motor by a TLDCIMC. A cost function is also defined to
control the stator currents. Increasing the switching frequency is the other purpose of the cost function to reduce the motor
torque ripple as well as the THD of the supply current. As the motor behavior becomes more nonlinear due to the variable
conditions of the drive, the effects of the magnetic saturation on the control algorithms should be taken into account. FEA that
is the most precise modelling tool for the numerical analysis of electrical machines is used to simulate the motor by FLUX
software. The simulation of the induction motor drives in MATLAB/Simulink and provides a suitable environment for the
design of the controller due to various mathematical tools. By coupling these two software packages, the co-simulation results

of the proposed drive and the presented method for increasing the switching frequency are drawn with a high level of accuracy.

This paper is organized as follows. The power circuit of the three-level diode-clamped indirect matrix converter is
described in Section 2. Section 3 presents a detailed description of the proposed predictive controller. Section 4 describes the
effect of using the proposed method on the induction motor torque ripple and the THD of the supply current. In Section 5, the
proposed co-simulation method is defined and Section 6 indicates extensive simulation results compared to the conventional

ones. Finally, the c is included in Section 7.

2. Converter Modeling

Fig. 1 shows the structure of the TLDCIMC which is made from a cascaded-rectifier, input LC filter, three-coil
three-phase transformer, and diode-clamped inverter. There is a connection between the two sections of the cascaded-rectifier
and diode-clamped inverter. The cascaded-rectifier structure consists of two series rectifiers. Each rectifier includes six
bidirectional switches that are fed from the secondary side of the three-phase transformer. The diode-clamped inverter provides

three terminals P, Z, and N for the positive electrode, neutral point, and negative electrode of the dc-link, respectively.
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Therefore, the inverter has two DC voltages between “P” and “Z” points as well as between “N” and “Z” points in the
inverter’s input. The input passive filter including primary-side inductors, secondary and third-side capacitors of the

transformer is used to eliminate high-frequency harmonics.

All available rectifier switches (S,,,, h = 1:--6) in the third side are switched similar to the secondary-side rectifier
switches (S, h = 1--- 6h). Therefore, the resulted two voltages based on the input voltages and cascaded-rectifier switches

are obtained as:

Vp:[srpl_srp4 Sip3—Sms SrpS_Srpz:| V1 1)

Vn:[sml_SmA Sm?‘:_SmG SmS_SmZ] Vio (2

Veo

The secondary and the third-side currents of the three-phase transformer are specified by a matrix of the rectifier switches

as follows:
N St Sipa |
ig1 |=|Sms |lp —|Sips ?Z (3)
iCl Srp5 Srp2

where I, I,, and I, are positive and negative dc-links, and null wire currents, respectively.

At least one of the S,,;, S;p3, and S,,5 switches and one of the S,,4, S;pe, and S,.,, switches must be on so that the
current path does not be disconnected toward the output load. Thus, there are 9 correct switching states for the
cascaded-rectifier. The switching states are decreased to 6 by considering that two switches in each rectifier phase should not
be on simultaneously. Table A.1 and Table A.2 in the Appendix depict the correct switching states as well as the generated

voltages by the upper and the lower rectifiers shown in Fig. 1.
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Fig. 1 Power circuit of three-level diode-clamped indirect matrix converter
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If N,,, N, and N, are assumed as the turn number of primary, secondary, and third windings of the transformer, the source

currents are obtained by:

NS

N Tar t Th2
i p p
A
i — &| +_ti 5
= I vt B2 5)
i P P
S

NSI +—Li

N_ct c2

L P p J

Two dc-link currents (1, I,,) and null wire current (I,) can be calculated by a matrix of inverter switches and load currents as

follow:

I Sial Sia3 Sia5 ia
I |=| —Siba —Sine —Sip2 i (6)
Iz Sial_Sibl SiaS_SibS SiaS_SibS ic

Finally, the output voltages are calculated by a matrix of diode-clamped inverter switches and dc-link voltages (1, and 1},) as

follows:

Va Siat —Sipa Vv
Vi, |=[Sias —Sips {Vp} (7
Ve, Sias —Sip2 |

Since the output load must not be open circuit, there are 27 switching states for a diode-clamped inverter [25]. Therefore, the

controller has to consider 6x27=162 possible switching states as shown in Table A.3 in the Appendix.

The output load of the TLDCIM is an induction motor with the following mathematical model [26]:
di .
VO:LSd—:JrRSl0 +e (8)

where Ry, Lg, and e are stator resistance, stator inductance and the back electromotive force (EMF) of the motor, respectively.

v, is the vector of the output voltages ( v,,, vy, V.,) and i, is the vector of the load currents (i,, ip, i.)-

3. Predictive Controller Scheme

Fig. 2 describes the proposed algorithm of the FCS-MPC method. In the first step, the measurement of the stator currents
was performed at sampling time (k). Using the predictive model, the behavior of the currents in the next sampling time (k+1)
was predicted for all 162 switching states. In the next step, a cost function was defined for the system. The main constraint for

the cost function was calculating the error between the predicted currents and their reference values in sampling time (k+1).

The constraint of increasing the number of converter commutations can also be added to the cost function as an additional
term. In this constraint, the available switching states were compared to the switching states maintained since previous
sampling time (k-1). The cost function evaluates all correct switching states in each sampling time. Finally, the switching state

with the least error was selected to be applied to the converter in the next sampling time.
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Fig. 2 The algorithm of the FCS-MPC method

3.1. System predictive model

Primarily, to obtain the stator current predictive model, the stator current derivative is written by Euler approximation in

the discrete equation:

diy i (k +1)—iy (k)

dt T %)

S
where Ty is the sampling time. Then by substituting the above equation in the load current dynamically described in Eq. (8), the
predictive term of the load current in time k + 1 is obtained. Due to the measured values of load current i, (k) and output

voltages v, (k) obtained from all switching states, the predicted value of stator current is found by:

RSTS

i,k +1)=0@1- .

)io(k)+TL—s(Vo(k)—e(k)) (10)

S

The back EMF of the motor which is shown in Eq. (10) can be estimated by calculating currents and voltages:

ek ~1) =V, (k =)~ =i, ()~ (R, ~)iy (k - (11)

S

Since the sampling frequency is more than the frequency of back EMF, there is not a significant change in the back EMF

of each sampling time. As a result, it can be assumed that e(k — 1) is approximately e(k).

3.2. Cost function

The main purpose of the cost function, considering 11-norm [27], is defined on the alpha-beta coordinate system that

calculates errors between the source and predicted currents as follow:

g:AiO:

g (K +1) =i, (K +1)|+

i (K +1) =g (k +1)| (12)
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where i, (k + 1) and i,g (k + 1) are real and imaginary parts of the predicted stator current in the alpha-beta form. Moreover,
iq(k +1) and iyg(k + 1) are real and imaginary parts of the reference current. To increase the number of commutations of

TLDCIMC switches in the sampling time k, it is proposed that the number of switching state changes in all switches of

cascaded-rectifier and diode-clamped inverter is also added to obtain:
6 6
AS =[S0 (K) = Sy (K =D)| + S,y (K) = Sy (K =) + D [Siay (K) = Sy (K =1)| +[Sy5 (k) = S (K =) (13)
h=1 y=1

where A is a constant value. If the number of commutations in each voltage source cycle must be evaluated by calculating its
average for all TLDCIMC switches, the average switching frequency in each cycle can be attained using the following

equation:

Nf
swo ASS (14)

where f; and N are the frequency of the voltage source and the number of converter switches, respectively. Finally, the system

cost function is proposed by two terms:

. A
=Al_ +— 15
g =Al, AS (15)

The term AS in each switching state causes cost changes in the cost function which can lead to select an optimum state
with a more commutation number in the FCS-MPC method. As A increases, a rise in the commutation numbers of the cost

function becomes more important. Consequently, it leads to an increase in the switching frequency.

4. Reducing Motor Torqgue Ripple and Supply Current THD

According to Egs. (1), (2), and (7), the output voltage of the converter is derived as:

7
[Srpl Swa Sp3—Spe Sps Srp2:| V1
Va Siar ~Sipa Ve,
Ve |=|Sias Sine VAZ: (16)
= S [Sml_sm4 Sm3—Sme SmS_SmZ] Vg2
L VCZ__

The output voltage includes pulses in which their amplitude is determined by the transformer voltages. Their frequency is
obtained by the matrix of the converter switching states. By changing the switching states with a higher frequency, the
frequencies of the output voltage harmonics will be increased. As a result, the output voltage harmonics of the converter will
remain at higher frequencies in comparison to the main component of the output voltages. The Fourier series of the output
voltages is presented as:

Vo =V 1 C08(apt +9)+ Y Vo cos(n(at + ) 17

n=23,..

where V,; and V,,, are the amplitudes of the fundamental component and the harmonics of the output voltage. w;,, is the

fundamental frequency and ¢ is 0, +27/3. Thus, the motor current equation based on the output voltage can be written as:

v, —€ Va

. V e
= — == —COS(@nt — 0+ ) + > %cos(n(a)olt—9+¢))—z— (18)
s a/RS +(wyls) n=23... \|RZ + (N, Ly ) s




International Journal of Engineering and Technology Innovation, vol. 10, no. 4, 2020, pp. 265-279 271

where 6 represents the phase difference between the stator voltage and the stator current, and Z; is the motor impedance. It can
be seen from Eq. (18) that the larger the amplitude of the n" component of the converter output voltage harmonics, the smaller
harmonics of the motor current. As a result, the switching frequency component is further away from the main component
frequency, and thus, the ripple of the motor current reduces. On the other hand, the motor torque can be calculated using the
following Eq. (18) [28]:

T, =2 pmfp,| (19)

where ¥, and p represent the stator flux and the number of poles, respectively. It can be deduced from Eq. (19) that by

reducing the ripple of the motor current. Additionally, the ripple of the motor torque will be also decreased.

According to Egs. (3)-(6), the relation between the input and the output rectifier currents can be derived as:

Ij =Mgy xi, (20)
Where i; (i412, ip1,2: ic1,2) 1S the input rectifier current, and Mg, ; is a matrix of the converter switching states. Therefore, with
the same argument as stated for the output voltage of the converter, the higher frequency of the switching state changes will
result in the higher frequency of the input current harmonics. Accordingly, the switching frequency component is further away
from the resonance frequency of the input LC filter in a way that the input LC filter resonance can be decreased. Besides,

reducing the motor current ripple can reduce the ripple as well as the THD of the converter input current.

5. Co-Simulation of Flux and MATLAB/Simulink

31.
TLDCIMC and FCS-MPC Is
method in MATLAB/Simulink Rf

wWr* io Vo

| |

Stator Current

Ct
Prediction |—| Vi

Cost Function |
Optimization S1(K) =

w skt .
. S24(k) 3I

Transient-Transient Flux-
MATLAB/Simulink Coupling

FEA Software

I
: Induction Motor in Flux
I
I

Fig. 3 Block diagram of the transient-transient link between the control method for

TLDCIMC in MATLAB/Simulink and finite element induction motor model
Considering the control algorithm of Fig. 2, the block diagram of the proposed FCS-MPC method for the drive of an
induction motor fed by TLDCIMC is shown in Fig. 3. In this method, the current reference of the stator was calculated using
field-oriented control (FOC) with the torque reference obtained from the speed controller output. For the precise control, the

accurate model which is similar to a practical motor must be considered. Thus, the geometry, mesh, and physics of the
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induction motor were modeled in Flux 2-D FEA software that resulted in getting a very close behavior to the motor. Moreover,
the circuits of the control system were modeled in MATLAB/Simulink. Subsequently, a co-simulation was used in the
coupling between Flux and MATLAB/Simulink, and the input (voltages) and output (currents and speed) parameters were
defined in the transient-transient coupling. Therefore, a high-fidelity coupling of power electronics components and a
complicated model of the motor was performed by the co-simulation capability [29].

6. Results

In this section, a comparison is made between the FCS-MPC method responses for an induction motor fed by TLDCIMC
using conventional and proposed methods. The parameters of the converter, controller, and motor are shown in Table 1. In the
conventional method, the cost function (12) was used and the controller’s goal is only to control the motor stator current. In the
proposed method, the cost function (15) was considered to increase the switching frequency. The sampling frequency for both
conventional and proposed methods is assumed to be 20 kHz.

Table 1 Converter, controller, and motor parameters

Variable Description Value
T Sampling time 50 us
A Weighting factor 8.5
U 271Vrms Source phase voltage
fs 50 Hz Source frequency
Ng/Np, Ny /Np 1 Transformer ratio
R¢ 05Q Input filter resistance
Le 1mH Input filter inductance
Cy 15uF Input filter capacitance
P, 7.5 kW Nominal power
V, 658 Vrms Nominal Line voltage
fn 50 Hz Nominal frequency
p 1 Pole pairs
Ji 0.0343 kg.m? The moment of inertia
Ry 154 Q Stator resistance
Ly 10.31 mH Stator leakage inductance
ir 24 mH Stator leakage inductance
R, 2.836 Q Stator resistance
L, 326 mH Magnetizing inductance

Fig. 4 shows the torque and speed results of the system for the conventional and proposed methods. It should be pointed
out that if the motor load has a small constant torque, the motor speed may change from -1500 to +1500 rpm. However, as a
load with a large constant torque was applied to the motor and simultaneously the motor speed changed from -1500 to +1500
rpm, the motor torque exceeds its nominal value, and the system would become unstable. Thus, the simulation scenario here
was that the speed reference changes from +1500 rpm to -500 rpm at t=0.55 s. Then, the load torque of 19.5 N.m was applied to
the motor at t=0.4 s. As a result, the motor drive followed the speed reference as well as the dynamic response of the motor

drive. Thereby, it is suitable for both methods.

Fig. 5 demonstrates the average switching frequency of the converter for both methods. The switching frequency varied
from 1600 to 2200 Hz and from 3000 to 3600 Hz for the conventional and proposed methods, respectively. Therefore, because
of the increase in the number of commutations at each sampling time, the proposed method has a higher switching frequency
than the conventional method.
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Fig. 4 The speed and torque of the motor for the conventional and proposed methods
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Fig. 6 The stator voltage for the conventional method and proposed methods

Fig. 6 depicts the stator voltage for both conventional and proposed methods and Fig. 7 shows the harmonic spectrum of
the stator voltage after applying the load at the steady-state. As can be seen, the amplitude of the voltage harmonics of the

conventional method at frequencies lower than 4 kHz is higher than that of the proposed method. Nevertheless, the amplitude
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of the voltage harmonics of the proposed method at frequencies above 4 kHz is higher than that of the conventional method.
The THD values of the stator voltage for the conventional and proposed methods are 283.57% and 263.92%, respectively.

Therefore, increasing the switching frequency of the proposed method reduces the harmonic distortion of the output voltage.

5 Fundamental (25Hz) = 237.2 , THD= 283.57%

Fundamental (25Hz) = 229.7 , THD= 263.92%

45
40 40 1
— 35 —~ 35+ |
= g
c
T 30 G 30| ]
£ &
3 S o5 |
c 25 c 25
> >S5
[T L
%5 20 %5 20+ A
X 51
= 15 = 5
E 10 E 10 [ 4
5 5*..;..’. 1l
o 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Frequency (Hz) Frequency (Hz)
(a) Conventional method (b) Proposed method
Fig. 7 The harmonic spectrum of stator voltage for the conventional and proposed methods
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Figs. 8 and 9 illustrate the motor current and the harmonic spectrum of the stator current for both methods, respectively.
The stator current THDs of the conventional and proposed methods are 45.09% and 31.18%, individually. Consequently, in
comparison to the conventional method, by increasing the switching frequency in the proposed method, the stator current THD
relatively decreased up to 13.91%.

In Fig.10, the steady-state torque characteristics after loading are shown in a zoom for both methods. The standard
deviations of the proposed and conventional torque values are 5.1273 and 5.6703, respectively. Hence, it is compared to the

conventional method, reducing the THD of the motor current by the proposed method decreasing the torque ripple up to 9.58%.
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Fig. 10 The torque of the motor for the conventional and proposed methods in zoom
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The waveform of the supply current for both conventional and proposed methods are shown in Fig. 11. The harmonic
spectrum of the supply current whose the load torque is applied is drawn in Fig. 12 for both methods. As can be seen, the
amplitude of the supply current harmonics is greater at frequencies less than 4 kHz for the conventional method. However,
there is an inverse relationship for frequencies above 4 kHz. The supply current THDs of the conventional and proposed
methods are 122.23% and 96.63%, respectively. Consequently, by increasing the switching frequency in the proposed method,

the supply current THD considerably decreased up to 25.6% compared to the conventional method.

To analyze the switching power losses of the converter under the conventional and proposed methods, the SemiSel
software which is designed by Semikron Corporation is recommended. The software suggests the IGBT package with the part
number of SKM1200MLI12TE4 to estimate the switching power losses of the converter. In order to have a better comparison
between two methods that work with different average switching frequencies, the loss effect can only be calculated for the
diode-clamped inverter. Hence, the result of the comparison would be considered for the TLDCIMC with a rational

approximation.

Considering the results in Table 2, the proposed method would lead to a 15 Watt more power loss in comparison to the
conventional method. So, it revealed that increasing the switching frequency would not have a significant influence on the
efficiency and the power loss of the inverter. Moreover, such an increase in the switching power losses against the high
switching frequency of the proposed method which results in the remarkable reduction of the motor torque ripple. In addition,
the source current THD seems to be acceptable and will be a good indication of the efficiency. Also, the superiority of the

proposed control method in high-power drives.

Table 2 Results of the power loss calculation for the diode-clamped inverter by SemiSel

Power losses Proposed method | Conventional method
Switching losses 8.28 W 14.58 W
Conduction losses 3272 W 4142 W
Total losses 41W 56 W
Efficiency 98.7% 98.2%

7. Conclusion

This research investigates the driving of an induction motor fed by a three-level diode-clamped indirect matrix converter
using an improved FCS-MPC method. To do so, a cost function is defined with the main constraint of controlling the stator
current. Reducing the motor torque ripple and the source current THD as two important factors in high-power drives are also
considered in the proposed method. Thus, increasing the switching frequency is added to the cost function as another constraint
which leads to achieving the aforementioned objectives. Despite the conventional methods, in this research, the switching
frequency is increased by raising the number of commutations, and thus, there is no change in the sampling time. As a result,
the microprocessor does not face numerous computational processes in a short cycle. This type of arrangement is extremely

practical in high-power applications where having the least THD and ripple is highly desired.

Extensive simulation results using a co-simulation method based on finite element analysis and MATLAB/Simulink
demonstrate that the proposed drive system properly follows the speed reference as well as the motor load torque with an
appropriate dynamic response. Additionally, decreasing the motor current ripple results in reducing the THD of the input
current. It is also observed that increasing the switching frequency in the proposed method would not have a significant effect
on the efficiency and the power loss of the inverter compared to the conventional methods. This topology has a big opportunity
for future research; one of the main areas which could be more improved is reducing the THD in such design which leads the

topology to have fewer losses and more efficiency.
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Appendix

The correct switching states of the TLDCIMC are as follows:

Table A.1 Upper rectifier switching states
No. | Srp1 | Srpz | Stps | Srpa | Stps | Seps | ia1 | i1 | lca Vp

1 1 0 0 0 0 I, 0 |1,/2| Vacr
0 I, | 1,/2 | vpeq
L/2| I 0 —VaB1
1,/2 0 Iy | —Vaca
0 | 1/2| Ip | —Vpa
Ip I,/2 0 VaB1

R, O|lO|O

|| B [W|IN|F
ROl O|[O| O

1 1 0 0
0 1 1 0
0 0 1 1
0 0 0 1
0 0 0 0

Table A.2 Lower rectifier switching states

No. Srp1 Srp2 Srp3 Srp4 Srp5 Srp6 iar igy icq Vp
1 1 1 0 0 0 0 —-1,/2 0 -1, Vace
2 0 1 1 0 0 0 0 -1,/2 -1, VBC2
3 0 0 1 1 0 0 -1, -1,/2 0 —VaB2
4 0 0 0 1 1 0 -1, 0 —1,/2 | —vaca
5 0 0 0 0 1 1 0 -1, —1,/2 | —vges
6 1 0 0 0 0 1 —-1,/2 -1, 0 VAB2
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Table A.3 Switching states of the diode-clamped inverter

Ql Q0 © Q Q |8 |8 [8)
NS ] N L] S S S
- R R R N T R ) Y S o || .=] .2
5 ol|lo o|o
gl sl .o s .o || o | [ | NERE
| e | e ~ | e | ~ hd [§) ©
s ..LC 5
O Q| Q
[=% O ol Q| 9 o ol Q| Q IS 5 e} Bl Bl ]
— o|.Ylo|o| .| .2 .5 +b o|o|. plo|lo]| .| .2|.S +b WSS +a m S I B e I e
S .5 S
= B IS
-
a a Q S m
) )
8 n = S S aE (NS < =~ =~
oo N[+ O NF| + o | xF| + oMo xR o x| |7 e P 1 L NS P I I NG
8 8 8 ~ ISR N
~ ~ o~ | m Vn_ Vn_
S | |
=
S AR Sy S Sy S o
3 I Sy N & AT Ll o ol >
5 Sl e[ BT I T| =T L2 2T ]| B & =|o|5F|+]|e
~ e ~ e ~
I ~ | ~ | m nE
1
3| =
NEIES salsalsa|  of F| NN NFlo oo
a gl 2| w2 al na| s kS
3 oo RN 11 elgltlololo | RSN 4|+ + S
> ___VnVnVn I el el e 2
RN NS NSNS S| SO d | o
—
o
mn % m
n}b A | A O([A| A O |A| A |O|A| A |O|dA| A | O | A | A | O | m53001001
17
n D o
o5 o|ld|o|lo|d|o|o|d|o|lo|d|o|lo|d|o|jo|d|o|o|w Sl &2 |||
ey
(&)
=
o
SM o|lo|ldA|dA|dA|dA|dA|d|O|O|O|dA|HA|dA|dA|d|d|O|O|O H\WuSanUOOIll
)
o A !
o olo|o|lo|o|d|d|d|o|lo|o|o|lo|lo|d|d|-d|o|o|o Sl B
o
! < —
A o|lo|o|lo|o|o|lo|lo|d|d|d|dA|ld|dA|dA|dA| A ||| Fl e ]
B .
oF o|lo|o|o|o|lo|o|o|o|o|o|o|o|o|o|o|o|d|d|d SN |Q 8|
o o|ld|lN|m|t|vw|Oo|~|o|lo|o|d
= NI T O I ~0® Sl adld|ld|ld|ld|ld|a|9 | N




