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Abstract- Predicting and solving EMI emissions related to Common Mode (CM) ones
in inverter (including pulse with modulation (PWM) inverter)-induction motor drive
systems requires various frequency-dependent effects to be considered. Thus, the
application of filter circuitry to improve the performance per size and prevent
dependency on some parameters of the motor for Electro-Magnetic Interference (EMI)
filter is considered. The major problems are power line frequency rejection and the
compensation of the feedback loop, which is influenced by the wide-ranging utility
impedance. Thus, the proposed method allows another way to determine Common
Mode (CM) impedance components as a beginning way and sample on the application
stage of EMI filter to prevent the EMI noise applying to the conducted electromagnetic
emissions generally caused by power supply firstly, then secondly to Common Mode
(CM) path of the motor drive system.
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1. INTRODUCTION

The common and differential mode excitation sources are easily modeled in the .
frequency model and related to switching functions of the PWM inverter. Network
~models are used where the induction motor is represented using its frequency-dependent
impedance characteristics. The power electronic devices rapidly spread with the
advance for electric power and high speed processors in our daily technology. The
conducting emission with the switching condition which was not being taken up by now
becomes a large problem tangibly. The effect of the conducting emissions broadens
electric power system and gives dependence to the parameters of the main devices or
filters as a failure to the peripheral equipment [1]-[3]. As differential mode oscillations
between output phases tend to be in the megahertz range, it is only necessary to
consider a detailed motor model for the common mode emissions. Thus, we are now’
concerning with not only low-frequency range but also HF band of interest up to 3 MHz.
Common Mode impedance (between motor terminals and frame) is affected by the rotor.
speed and position. It has to be analyzed for some special applications. EMI noises of
the motor drive system shown in Figure 1 are studied. From this point of view, this
paper is especially based on the new approach which uses ANN approximation to an
initial study of determining HF Common Mode (CM) impedance of the drive system.
For both delta and star connections, the common mode impedance can be expressed as a
function of the frequency,
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Zraot (W) = Renoi(W)+Hj Xmor( W) . (1.
Equ. | indicates that every switching event in the inverter (even if it is a PWM one) will
. produce a disturbance in the Common Mode (CM) circuit.
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Figure 1. Structure of motor drive system using a printed circuit board

2. EMI EMISSIONS OF MODERN AC DRIVES

Electromagnetic Interference (EMI) noise is defined as an unwanted electrical
signal that produces undesirable effects in a control system, such as communication
errors. All AC drives (including PWM ones) have the potential to cause EMI with
adjacent sensitive equipment, when large quantities of drives are assembled in a
concentrated area [4]-[8]. However, faster switching speeds of new converter/inverter
- topalogies require an updated study of new system EMI issues [9]-[13]. Increasing drive
quantity increases the sum total of transient CM noise current to ground. Higher drive
carrier frequency increases the number of switch transitions and sum total of transient
CM noise current,

In the case of EMI mitigation, it is important to determine protection equipment
ground, signal grounding and the effect of grounding system type on CM noise.
Common Mode (CM) conducted emissions are due to currents which flow between the
input phases and the earth of the system [5], [6]. In a drive system, they are principally
due to the combination of the rapidly switched inverter output voltage and the various
stray capacitances to earth at the output side of the drive. A generic equivalent circuit
for the common mode currents can be developed by making suitable assumptions. At
the input side of the drive, the 3-phase of the Double-LISN (Line Impedance
Stabilization Network) [9] and input cable are-connected in parallel with respect to the
earth. The high frequency component is blocked by the inductance of the Differential
Mode (DM) filter and is therefore constrained to flow mainly through the stray
capacitance between the power circuit and the heat sink. This leads to the High
Frequency Common Mode (CM) equivalent circuit (general diagram in Figure 2 with
current paths in Figure 3). At this frequency, the induction machine can be represented
simply by its terminal capacitance since there is litde or no penetration into the winding,
Resistances Ryi.gx are included to model damping (loss) effects due to the cable.
Suitable values are difficult to determine directly, but can be deduced by comparing
simulation results and experimental measurements. The un-dumped oscillation
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frequency (fomp) of the circuit can be derived from the total series inductance (L¢y) and
capacitance (Cemi)
1 _
fom = F=—— (2)
oL C | - '

cml ™ eml

[10], [11], where (Lemi) and {(Cemi) can be expressed as follows;
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I-Jcml =4 Lcabf (3?

Cems = [Cstray + (3/2)Ccab2][6ct + (312)Ceab2] / (Ciray + 6C: + 3Cea2) : (4)
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From our system equations, It is calculated that L., is 30 nH and Cemi 18 4773 pF. From
the calculations on the equations 4 and 5, Lewe = 22.5 nH, Cy,, = » 9% 4773 pF,

(9*Cemi)s Coap = 1 0F, C = 144 nF  (represents adequately the motor impedance in
such cases of inter phase oscillations in the high frequency range), Ry and R, are

included to model damping effects due to the cable. Suitable values are difficult to
determine directly, but can be deduced by comparing simulation results and
experimental measurements. Here, they are 0.1 Ohm according to the condition. Since
the high frequency mode is mainly trapped between the IGBT inverter and the induction
motor, its contribution to the total conducted emissions measured at the LISN is not
significant. However, depending on the drive system arrangement in practice, it may
disturb other equipment by various means of cross talk [7], [8], [1 11, [12], [14]. Figures
2-5 show a simplified representation of a general system block diagram including NN
controller, the figure of current paths of the system, HF Common Mode (CM) frequency
domain equivalent circuit and single phase schematic of Double-LISN respectively.

The general mathematical conditions of LISN part as follows;

A IR . 0 X 1 0 .
: |2+ aopllo 1 RZ“P JX s (5)
R '+ X R+ X
f A+JB  C+JD
Xel =1/ (2PKfCI> = 1'7‘?8/ K related to the solution { E+JF G Jij
- X11=2pKIL] = 1407 K. type of the equation + * (6)

X = 1/(2pKfCo) = 1.’76i8/K -
f, frequency, K, the nopimalized frequency, which has the value of 1 at the cut-off
frequency. After solving upe letters A to H [26], according to the value of frequency, the

component vajues of LISI\i circuit are easily determined (in Figure 5).
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3. FAST BACKPROPAGATION ALGORIT'HM

This algorithm is derived by sequentially minimizing the objective function Gy (A),
defined by equation 7, for kul 2,....m. The update equation for the synaptic weights Wpqg
1s obtained as equatjon 8. - ' g I

Gk(/l)wligaz(e,._k)ﬂl-/zjigp,(%) Wk =12m ) o RGN
T iml i=l . :

W,u.p‘\' m-.-w;a.k-i ~+~ agﬁ.k (’?') hi : | : (8)

Here, ¢, (,r)mé««xz and ¢(.) is a positive, convex and differentiated function at every

place. A €[0,1].
If the output of the network is analog,

e;,’.ko%_):,ﬂ(y,d—},,.k)ffl~A>ram{ﬁ<’yﬁ.&'—},,A.)] I e

o(x)=x and o'(x)=1. In this condition, it is detexmmed 010, &(x)=(1/B). From here, It 19

easy to understand ¢';(x)=tanh (Bx) and ¢(x)=1/2 x* ve h'2{X)=X.

On the other hand, if the network has binary outputs,
A2

Ep A==y, Yy, =AY,.) Lo . (10)
Because of its simplicity and speed, this algorithm provides an ideal basis for
investigating the role of A during training. Here, &, and o are the output error .and
learning rate respectively. A is given as, : :

A=exp(-W/E?) | DU (11)
where 1 is selected by user with a cut and trial process on the tlammg stage of the
algorithm {15]. Utilization of neural networks provides the advantage of determining
the component of CM in an easy way.
The advantages of using Fast Back-propagation algorithm are,



230 - Kayhan Gulez and Nobuyoshi Mutoh

1- Fast results both in training and test phases comparison to the other ANN algorithms
(as fast as nanoseconds),

2- Besides fast approximation as compared to the other algorithms, we may also claim
that accurate results are obtained.

As an initial study, considering a simplest circuit with only one impedance related to the
random frequency values between 0 kHz and 3 MHz, the associated architecture of
ANN controller can be given as in Figure 6 and comparative diagram of the results can
be given as in Figure 7. Table 1 shows test phase results of ANN.

4. CONCLUSIONS

A DynaBook Satellite 2060 computer is used to train NN controller. C++ is used as
programming language for programming ANN. In the paper, for Fast Back-propagation
Algorithm [15], Frequency (f) (in kHz) is used as the input to ANN, and Resistance
(Ry) and Reactance (X,) are the output quantities of ANN of the motor to apply the
proposed method for the simplest circuit. The results are made and discriminated with
success rate under %0.1 generalized system error. For 350000 iterations, the generalized
system error is %0.0299 including 3 and 4 nodes in 2 hidden layers respectively, These
results important success for improving the performance that is adapting to changes in a
very short time (nanoseconds). In addition to all these, the simulator diagram of CM
voltage control circuit including EMI filter with NN controller to the path of Common
Mode in the Motor Drive System, (Matlab simulations [16], [17]), HF CM model
voltage and current diagrams, CM voltage and leakage current simulation and
experimental result diagrams of the system and the spectrum analysis results of them
both in simulation and plots of experimental results are depicted in Figure 8 to Figure
13 respectively. As can seen from Figures 11 and 12, the results of the filter application
simulations of the system are similar to the system requirements. The representation of
the model parameters more than one with NN and the improvement of general circuit
according to the system requirements are under consideration with spectrum analysis.
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Table 1. Test phase results of ANN

Kayhan Gulez and Nobuyoshi Mutoh

F (kHz) R. X ANN ANN
: (Ohm) | (Ohm) | Results of | Results of
Ry, (Ohm) () X
{Ohm)
15 152 650 151.704 612,37
30 157 330 157.014 324,28
60 166 140 164.394 141.57
75 169 60 169.182 4521
90 173 35 173.052 31.24
1650 g 55 0.370 54.07
1900 0 43 0.178 4493 .
2100 0 38.5 0.115 -40.27
2650 O 30.25 (0.058 33.82

Figure 9. (a) CM voltage and leakage
current simulation result diagrams of
the system
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Figure 11. (a) The spectrum analyzer Figure 12. (b) FFT analysis diagram for
result showing noise condition before the experimental system result of the
filtering taken from CM voltage path leakage current

Figure 11, (b) The spectrum analyzer
result showing noise condition after
filtering taken from CM voltage path

Figure 13. (2) CM Voltage, Simulation-
FFT Motor Terminal side
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Figure 12. (a) FFT analysis diagram
for the simulation result of the leakage
' current

experimental result, FFT Motor
Terminal side






