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Introduction

One of the main elements of electric trains of an
alternating current with the motor of an alternating current
is entrance LC filter [1, 2], which should smooth the
current consumed from the rectifier. This unit is necessary
also in work with pulse regulators [3], which adjust a
voltage of traction motors of a direct current. If the current
was ideally smoothed, then from a network of an
alternating current
the one of the rectangular form i; (Fig. 1.) would be
consumed.
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Fig. 1. Idealized form of a network current in traction (a) and
brake (b) operation modes

Effective value of this alternating current coincides with
amplitude of a current, that is,

IIZIL/kTR’ (1)
where [, - an average current of a reactor of filter L. As the
current coincides on a phase with a voltage of a network,
the total consumed power

Si=1-U,, 2
and active power

P=1,-U,, (3)
where U,,=0.9U /krg . kg — transformation coefficient of
entrance transformer. Then the power factor is determined

P . . .

as y = S—l =0.9. This power factor practically is constant
1

and enough high, that is the big advantage of this system.

Effective value of the fundamental harmonic of a current

of such form is determined as

Ly =091, , 4
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and effective values of all other odd harmonics will be
inversely proportional to numbers of harmonics nk = 3, 5,
7, 9.... It means, that the network current has constant
harmonious structure with constant number of the relation
of amplitudes of harmonics.

However, it is really difficult to achieve completely
smoothed current of a reactor, as pulsations of the rectified
voltage of the single-phase bridge rectifier are very big
(Fig. 2) and their frequency is very small - 100Hz.

In connection with that a real processes in the filter
differ from idealized, it is necessary to lead the specified
calculation of processes of the filter. It too is a problem of
this work.

Fig. 2. Connection of the entrance filter to the network
transformer: a) the circuit; ) the form of a current of a reactor of
the filter i; at work with rectified voltage u,; ¢) the real form of a
network current

Processes in the filter

Processes in the filter with the big capacitance of the



capacitor can be described using the following differential
equation :

_ Um|sina)t|—0.9U—m,

dt V2

where last member describes an average meaning U, of
voltage of the capacitor. Solving this equation, we receive
expression for a current of a reactor
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where 4 — is an initial condition.
If to accept, that at =0 current i=/7;it can be

. 0.9U
received that A=171, +

and changing of an instant
oL

current is described as

J2u 0.9U

i :—(1 coswt)+1; ———t¢. (7
L= aL 4
To find the minimal and maximal values of a current,
it is necessary to find the moments of time in which value
of the rectified voltage u, coincides with a voltage of
capacitor Uc. If frequency of a network is 50 Hz it occurs
at the moment of time
Uc

1 .
fy = —arcsmm——.
w

(®)

m

Atw =314 1/sand U = 0.9U, /2 this moment of

time is 2.2 ms. The second crossing will be at 10 — 2.2 =
7.8 ms. Taking into account this time in the equation of a
current, we receive expressions for calculation of the
minimal and maximal instantaneously current:

_A2u

0.9U

: N2 0229+ 1, ——2222.107° 9

min 314L d I ( )
_N2U 0.9U

max =3 1774 g =78 1073, (10)

314L

Observing the received expressions, a full pulsation of a
current of a reactor

Jau

1.54 -
314L

Instantaneous values of current of the capacitor can be
described as

09U 5 6.1072

(11)

Al =

ic=i; -1y :%(l—cosa}t)—%t. (12)

Applying this expression, it is possible to calculate a
voltage of the capacitor as

1
=—\|icdt+B=
C Cfc

_J2u

(I-cos t)dt—— tdt+ B
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or
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sin wt
(t- )=
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0.45U
LC

t>+B.

If approximately to accept, that at # = 0 voltage of the
capacitor uc = Ugpay, then it can be received B =U pax

and also a curve of change of an instant voltage is
described as

sin wt
Uc = t— )—
w

0,45U
LC

2
t°+U cmax -

(13)

Value of the minimal voltage approximately will be at the

. V4 -
moment of time t:2— and then the minimal voltage
@

stands as

0972

a)C\/_\/_

Then the full pulsation of a voltage of the capacitor stands
as

Ucmin =Ucmax + (14)

U T J— 0972
= _ 2= =
TN ]

oL

0.304U
@*LC

AU = (15)

To check up the received expressions, computer
modeling was carried out. Computer modeling is carried
out at a network’s voltage 600 V and various values L, C
(look Fig. 3). As we can see, pulsations of an entrance
current mainly depend on inductance of a reactor. The
inductance is lesser, the pulsation of a current is more. If to
limit pulsations of a current of a reactor at a level of 10 %
from a current of loading then value of inductance in the
consent with expression (11) is defined as

_0.00189U

0.11, (16)
As we see from the data of computer modeling (see the
table) and from data on Fig. 3, concurrence between ranges
of pulsations of a current are on an allowable technological
level. A mistake of pulsations of a voltage is much more, it
is especial at the big values of capacitance. However, it is
possible to accept, that the received calculation expressions
can be applied in practice.

Table 1. The comparative table of results of computer modeling
and the calculation data

Parameters The calculation Results of computer
L,C data modeling
ALA | AU,V Al A AU,V
0,003; 379,27 205,55 543,86 283,1
0,003 ’ i ’ i
0,01;0,01 | 113,76 18,5 12597 | 32,31
0,05; 0,05 22,75 0,74 25,57 5,6

Choice of parameters

To have an opportunity to choose inductance of a
reactor depending on allowable pulsations of a current, on
Fig. 4 the curve L = f(4l /1;) is represented. As we see,

the more is allowable pulsation of a current, then can be



inductance of a reactor lesser. Increasing relation U/l
necessary inductance is increased also. For a practical
choice it is necessary to accept value /; maximum big and
Al to accept as 2 minimal values /; that provides a

continuity of a current in a reactor.

Imin=10.93A

C=0.003F Inax=5334.788A

L=0.003H Upex=719.55V  Upin=436.45V
ite =346.36A
ite/itvzl 208

itv=286.65A
i =313.85A

C=001F  Ipe=33984A  Imin=233.87A
L=001H Upex=591.53V  Upin=559.22V
ie=29946A  1y=296.27A

Lefirg=1.012 i11-269.19A

C=0.05F  Ipax=341.34A  Imin=31597A
L=0.05H Upa=6107V  Upin=6051V
ie=329.36A 1tv=329.25A
Ugy ite/itv: 1.00 itle: 296.55A
Ue .
1 1y

i

2t

t

Fig. 3. Results of computer modeling: time diagrams of instant
values of a current i of a reactor of the filter and a voltage of the
capacitor uc of the filter at various values of L and C; the
maximal and minimal in stationary mode instant values
respectively Inax ,Umax and Ly, and Uy; an effective i, and
average i, values of an input current of a reactor, and also the
first harmonic i, of an input current of a rectifier

As we see from the diagrams on Fig.4, when the
relation of pulsations is lesser, the greater inductance of
the reactor needs to be applied. Practically, if minimal 7,
makes 0.05 from maximal it is necessary to apply the
relation 0.1, and at the relation of a voltage and the
maximal current equal two, it is necessary to apply a
reactor with inductance close to 40 mH. It is important to
estimate weight of this reactor which needs to be defined
on a loading current, which makes a part from the maximal
current. Calculations can be conducted on considered in [4]
connections of a two-rod reactor with two coils.
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Fig. 5. Curves Gp = f(L) at various values k,, (results of
computer modeling), designed at the maximal current 300 A

On Fig. 5. such designed weights of reactors are
represented depending on necessary inductance L at the
maximal current 300 A and relation of the rated loading
current to the maximal one as factor k,,,. Thus

koms = In/1. a7n

As we see from Fig. 5, the L is more, the weight of a
reactor and accordingly dimensions are more. Thus
dimensions and weight grow, if the factor of relations
grows too. Really for the filter, this relation should be
close 0.5 and then, for example, at necessary inductance
0.04 H the weight of a reactor can reach 700-1000 kg. As
we see, weight of a reactor is impressive, and its volume
reaches 0.1 m’ .

Influence on a network

The form of a network current with the filter on an
input is represented on Fig. 2. c. It is important to
investigate harmonious structure of this current. On Fig. 6
effective values of the maximum harmonics (nh = 3, 5, 7,
9, 11) are represented depending on inductance L at C =
0.01 F. Figure is executed according to computer modeling
at a current of loading 300 A.

According to computer modeling we can define the
factor of the total harmonics distortion of current THD
depending on inductance L. Thus



) ) ) ) 5 3. Researches of parameter THD show, that it is
1) + {5+ 1(7) + 1oy + 1 (1) ically possible to all h he big pulsati
THD = . (18) practically possible to allow much more the big pulsations
L1y of a current of the filter without essential increase of
parameter THD. It means, that the reactor of the filter can
be chosen by a principle of a continuity of an entrance
current at the minimal current of loading.

THD
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where I3, I5), 17, 19, 1)) - effective values of the majority
harmonics of a current, /; - effective value of the

fundamental harmonic of a current.
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Fig. 7. A curve THD = f(L) at C=0.01 F (results of computer

Fig. 6. Change of effective values of the majority harmonics of a modeling)

current at C = 0.01 F and a loading current 300 A (results of
computer modeling)
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B pabore paccmoTpena ¢uibTpanms BbIIpsMIICHHOTO HampspkeHus ¢ L, C ¢uiapTpoM B HeynpaBisieMOM OIHO(Aa3HOM
BeIpsiMuTese. [lomydeHsl BBIpaKeHUsI, KOTOPBIE ONMHUCHIBAIOT pabodne pexuMbl (GUIBTPA, a TAKKE JAI0T BO3MOXXHOCTh PacCUHUTATh
napaMeTphl 3JIeMeHTOB ¢uibTpa. [IpoBeeHO KOMIBIOTEPHOE MOJICIHPOBAHUE, KOTOPOE IOATBEPXKIAET MPABIIBHOCTD ITONYYEHHBIX
BeIp@KeHMH. PaccunTanbsl mapamerpel gpoccens (UIbTpa B 3aBUCUMOCTH OT MHIYKTHBHOCTH M PacyeTHOTO TOKAa, a TaKKe Macca
npoccens Guibtpa. MccnenoBano BiausiHue GUIIbTpa HA TAPMOHUYECKUI COCTAaB MEPEMEHHOTO ToKa ceTu. Jlokazano, uro ¢aktop THD
6mm3ok k 0,4 ¥ MaJio 3aBHCUT OT HyJbCcalMid Toka Jpoccens. Mn. 7, 6ubn. 4 (Ha aHrIMHCKOM s3bIKe; pedeparsl Ha JUTOBCKOM,
AQHIJIMHACKOM M PYCCKOM $13.).
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