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Introduction

Performance time of initial element is included in
performance time of relay, which means that time depends
of used filters inertia of inverse order components.
According to definition, inertia time ¢, presents time of

establishing of amplitude on frequency signal [1].

Classic symmetric components filters consisted of
relative elements in the form of passive four-end geometric
figures that have frequency depending transient
characteristic and are described by the width of pass-band
Afo,7, [1]. However, determination of ¢, by known

relation ¢, =1/ 4f; 7 has sense only if the construction of

their frequency characteristics is necessary.

Time inertia influences the most on duration of its
own transient filter process. Determination of inertia of
different filter type, as is given in [1], is possible according
to character of transient process and calculated time
constants. In addition are given methods and results of
analysis of voltage inverse order group filters. This
procedure can be applied to general filters of asymmetric
components, as is shown on [1].

Methods of voltage inverse order group filters

Current through resistant R of inverse order
voltage filters can, according to theory of four-end
geometric figure, be determined by given operational form:

o

where U, (p) — open circuit voltage (idle time), Z,x(p)

(M

— operation impedance of short circuit, determined on the
side of outgoing ends of filter in short circuited entering
ends-internal impedance.

Open circuit voltage is calculated according to:
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where  K(p)-— transfer coefficient, Upy (p)-sized to
k — branch of filer
M(p)N(p)- polynomial
transformation of input value.

Denominator in expression (1)
according to:

inter-phase voltage,
value determined by

1s determined

o(p) Z(p)
R NG

If (2) and (3) are replaced in (1), the following form
is obtained:

Zir(p) 3)

U(p)
M(p)z(p)

Character of its own transient filter process and its
time constants are determined according to Z(p)=0.

1(p)= @

In that way, operational impedance of short circuit
must be determined for each analysed filter, and further,
according to (3) must be determined characteristic
equation. During determination of short circuit impedance
was assumed that reactive filter elements are ideal and
have no losses. For capacitors this assumption is
reasonable. In additional analysis also is included
assumption that transformers and autotransformers are
without loss, so the schemes and general relations are used
in that sense.




o o P
i i [ R, i
—EEEARIAT it — +—
N A ! N B n l
& — 4
L&, T )
X J
d)
Fig. 1. Filter types
Table 1. Filter parameters
. Group a) Group b) Group ¢) Group d)
Filter type Fig. 1., a Fig. 1., b Fig. 1., c Fig. 1., d
V3 1 1 V3 R,=L ¢, -2 1 1
= — = — R =—, L =—w A~ 4 A~ ! C = 2 T
Ra=" La=qe |fc=p2e =T 2 30| ¢y
Filter h_l,K:R—A &zl,K:R_C &:lyK:R_ &:l,K:R_C
parameters SN 2 R >N 2 R >N 2 R >N 2 R
BSg =065, 7, =05 |ASg=098,7,=05 |fSp=098, y, =05 |fSg =065 y7=05
Kp =2 K =2/43 Ky =2/3 Kis =2
Characteristic a)\/g @ _ a)(l +K )
; =0 pr—=——-=0 +oV3(1+K)=0 pt——7m===0
equation + 1+ K NE) (1 + K) p a)«/_( ) N
ph
z 2 1,84 5,52 1,84 5,52
= .8 k=0
S B
g = ks o
S = k= oo Tends to infinity oo Tends to zero 0
é § kn
= K 5,52 11,87 0,9 1,84
ks
4 4 ¢ A A C
T Ry L, T Re Le | R, L, T c. Re T
RS —J 'Y T
X )/ Y L——— J‘
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Fig. 2. Filter types
Table 2. Filter parameters
. Group a) Group b) Group ¢) Group d)
Filter Type Fig. 2., a Fig. 2., b Fig. 2., ¢ Fig. 2., d
1 3 V3 1 1 3 3 1
Ry=—,L,=— Ry=—,Cy=2-— |Ry=—, L, =— Ry=—,C, 4=2-—
A B A 2 @ A 2 A ® A B A B A B A ®
Filter 3 _1 Rl .22 1 s 221 B3 _1
parameter RC_T’LC_E(O ¢ e ﬁ @ €7y c 3 o RC‘T’LC_E
PSr =058, 75 =029 |65 =058, 7r =029 BSr =075, 75 =029 PSr =075, 75 =029
K, =08 K, =103 K, =0,67 K, =2,K=087
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. Group a) Group b) Group ¢) Group d)
Filter Type Fig. 2., a Fig. 2., b Fig. 2., ¢ Fig. 2., d
a3 ph 7, =184 7, =558
£ gl k=0
€ 55 7 =10 7=5,52
cT e m r=3,18 !
GEE| k=o 7, =99 o, =258
£ £ S| wor 7 =27 7, =103 7, =136 r=414
£ 5 |K= Ky 75 =99 T, =37 7, =74 o, =201
S§ =
Gé é) nor
= K= - - - T1=7T) = 3,18
K

Legend: ph—idle time, ks —short circuit, nor —normal.

Examples of analysis of different filter types

First group. Filters with autotransformers and
active-reactive cycle that is plugged on two three-phase
voltage. Filer schemes are given on Fig. 1, a-d, and filter
parameters according to scheme 1,a are:

1

R, = =
47 2
SR 213339 }// 20353 (5)

where y  — unbalance coefficient caused by frequency

Sopt
Pakt

indicates relation of loading power and active power in the
circuit.

drift dependable on filter type; £ = —indicator that

Operative impedance of short circuit and
isti : : Ly +R
characteristic ecquation s 7 iF ( ) _ p LA - A ,
Y|

Z(p)z pLy (RA +R)+ R, - R =0 and equation roots are:

P=—""T"7"5\

L,R+R,)
According to expression (6) proper transient filter
process can only be aperiodic. Its time constants (r)

depend only according to (5, 6) from filter load impedance:

R
= 1+ K , _Kg (7)
o3 R
and have minimal value 7;, L where K =0, which

V3o

corresponds to idle time regime. In the regime of short
circuit they tend to (oo) and during coordination of loading

(K 5= 2) time constant is:
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Fig. 3. Filters with autotransformers (1)

a) b) ¢
Fig. 5. Filters with autotransformers and active-reactive
cycle (1)

Fig. 6. Filters with autotransformers and active-reactive
cycle (2)



¢ which solutions can be two real and two conjugate-
complex roots. Solutions of characteristic equation (for
K=R,/R) for:

—a{jg+K(n+\/§)}

P2l k3 +1)

a)\/jg+K(n+\/§)2 i+ k{n3+1)

)
21+ K3 +1)|
For scheme on Fig. 2., b are:
x y
Fig. 8. Filters with autotransformers (4) {
P2 == —+K(n+—ﬂi
Expressions (6) and (7) can be applied on filters of 2|3 V3
groups (b—d). Parameters of first group filters and
2
obtained results are presented in table 1. 1| 4
Second group. Their characteristic is that they are + w\/Z{fJF K (n + \/g)} - [1 +K (”\/5+ 1)] (10)
plugged on two lineal voltages. Filter schemes of group
(a -d ) are presented on Fig. 2. Single filters in the group For scheme on Fig. 2.c are:
differ in values n =R, /R . Character of proper filters
. e prop of4+3K(m+1)] . |[4+3K@a+)P 140K
transient process also depends on these values, P2 = + - . (11)
because filters contain two independent electric circuits 23(K +1) 12(K +1) K+1

and have characteristic equations of the second degree,

Table 3. Filter parameters

. Group a) Group ¢) Group ¢)
Filter type Fig. 3., a Fig. 4., a Fig. 4., b Fig. 5., b
1 1 1 1
Ci=—.Ry=\3  |R=1,Cp=—— |L;=—,Ry=+3 Rl:l,leﬁw
. R R = =
Filter N1=N2,K:—2 Ny =N, K:ﬁ N1=N2,K=—2 Ry =1, Ny=N,
parameters R ’ R R pSr =031, vy= 0,5
BSp=067.yy=05 |BSp=126,y,=05 |BSr=1,77=05 R,
Ky =08 K, =115 Ky =2 Ky =173, K==~
Characteristic a)(l +K ) o3 a)(3 +K )
; p+————=0 +oV3(1+K)=0 + =0 p+——==0
equation ﬁ p w[( ) P (1 +K ) ﬁ (1 +K )
ph r=552 r=1384
k=0
Filter regime r ]isoo Tends to zero 0 Tends to infinity oo =552
o r=184 =086 r=552 r=318
ks
For scheme on Fig. 1., d: to aperiodic components with different time constants.
a)[ A4 K ( N l)] Filters in group d) can have harmonic and periodical
- n
P12 = \/—— * transient process, and also critical with equal time
V3 (1 +nk ) constants of components and minimal establishing time 7,
~ 2 p2(2 [1].
+ a)\/4 4K(n +1) K (n 10n + 1) . (12) Third group. This group of filter is made of active-
243 (1 +nK ) reactive components and variable values of voltage and

Analysis of expressions (9-12) shows that proper  here are considered filter groups (a—e) which don’t
transient process of filter in group (a —d ) can include only  require transformers with three magnetic poles. These are
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presented on Fig. 3-8. From the aspect of proper transient
processes, third group filters are divided into two versions:

1) Filters with one reactive element in a group
whose transient process contains only one aperiodic
component. Extent of testing of time constant value
depending on resistance of filter loading is determined by
character of reactive element in the branch. For filters with
capacitor in short circuit regime, time constants tends to
zero value.

Table 4. Filter parameters

2) Second version filters with two reactive
elements. Character of proper transient processes is
determined by the type of reactive element, relation of
mutual parameters of active resistances. For some of
filters, depending on resistance of loading, transient
process can be harmonic or aperiodic in a sense that can
become critical. Estimation results for third group filters
are given in Table 3 for first version filters and in Table 4
for second version filters.

. Group a) Group d) Group e)
Filter type Fig. 3.5 Fig. 3., Fig. 6. Fig. 8.
1 NE) 1 2 1 1 NE) 1
Ci=—.Ry =" R=Ry=—,G=-"r— |Ci=Ly=—Ry=v3 | =¥ [, =20
1 P 2 2 2 \/g w 0] ! 2 ! 2
) N, =2N,, BSp =0,65 2
Ly =—w, Sk =093 L2=£waﬂ51€=0»75 R Ci=—, N1 =2N,
Filter 2 2 7, =05 K=22 w
parameters o ke R, S g R BSr =0,65, = 0,5
Yr=R R vy =087 . K==r K =15, Ky =6,46 R,
K, =086, K, =343 |k =05, K,, =273 K== Ks =15
Ky = 6,46

2, pal(142K) 5

P2+ 22 (34 2kK)+ +o’ + , pw 2
Characteristic equation \/5 \/§(I+K) p +f(3+K )+a) (1+K ): 0
+20°(1+K)=0 +2-0°(1+K)=0
ph 7 =3,60 7=552 7 =3,064
k=0 Ogop =220 Ogops = 246 Ogop =157
2 8 =1,84
ES | M =184 o r=184
é o k=o0 Ty = 5,52
s c A 7=2732 =413 =245
= f K, Ogopst =333 Ogops =201 Ogopst =283
k 71 =7 = 1,12 TN =7 = 2,32 T1 =7 = 1,11
Kl’l
. Group c¢) Group d)
Filter type Fig 54, Fig. 5.b. Fig. 7.b. Fig 7.a.
3 1 3 2 1 3
R1:£,C1=2-— R1:R2:£,L1=— Rl:Rzzﬁ’Clzg Clz_’Rzzi
2 0] 2 w 2 w 2
1 2 1 2
Filter Cy=276—.7,=05 |Cr=—, N =N, Ly=—.N; =N, Cr=—. N =N,
parameters @ @ 20 @
N =276N,, fSg=041 |[Sp =025 y,=029 |ASp=025 y,=029 |ASz=065, 7, =06
_R _ R R, R,
=% Kns =288 K== Ky =15 K== Kp =13 K=—5. Ky =15
K\W3+1
p2+pw{l+J\/J;—)}+ 2+pa)2(3+2K) 5 p2+22(3+2K)+

Characteristic equation|

+@w2 =0

«/§(1+K) +o” + NE)

2K

2 _ +—w" =0
3 +2-0%(1+K)=0 3
=1
] ph r =318 f =184
< k=0 7, =99
Te 7 =184
SE| b r=552 ! r=552
29 | k=ow 7, =5,52
o
2 nor 71 =2,61 71 =136 71 =1
2 K=K 7, =318 7, =74 7, =94
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Fourth group. These are the filters on the basis of
mutual inductance. These filters are derived from the third
group of filters that consists of intertransformer and
inductance which are joined into one element, whereat
inductance of transformer secondary winding is used as
inductance of configuration. In this sense, filer does not
differ from third group filter, and not even in number and
character of transient process.

Fifth group. These filters are based on bridge
schemes. Electric circuit in general case, is consisted of
three branches that presents active-reactive circuits. In the
fourth branch if filter loading. Voltages of secondary
windings of intertransformer are introduced into diagonal,
and their primaries are connected to interphased voltages.
We shall not discuss filters whose branches are consisted
of reactive elements, since their time inertias are big and
since they have high fault levels and bad indicator y ;.

All shown filters are consisted of two independent
configurations with reactive elements. Their transient
processes depending on resistance of loading, can be
harmonic or aperiodic with two components, and often can
be critical.

Conclusion

During selection of symmetric component filter in
measuring system, specially in relay protection, important
role have not only filter parameters in stationary regime
but also parameter SSp and y, and their time inertia,

which must be degraded as much as possible. Results of
this analysis enable the selection of the best symmetric
components filters, with parameters that lessen their
inertia. From filters that have the best indicators S, and

the smallest time inertia during regulation of loading, first
group filters, version ¢) (Fig. 1., ¢) and third group filters,

version b) (Fig. 3., b) are distinguished. From filters that
have the best indicators y » and the smallest time inertia,

second group filter, version b) (Fig. 2., b) are to be
distinguished.

For accomplishment of given performance time of
measuring element, in the sense of time inertia, we must
chose filter of a type that on the account of parameters
change limits duration of proper transient processes. These
filters are filters that contain only one capacitor (first and
third group), whose transient process is aperiodic, and time

constants that are determined by relation of filter resistance
and loading can be set to be very small. In the widest
sense, the most appropriate filters are third group filters,
version b).

Analysis, conducted for inverse order voltage filter,
can also be accomplished for inverse order current filter, as
well as for other symmetric components filters.
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For realization of fast measuring relays with frequency-selecting elements that should have given zero initial conditions in transitive
process, the initial element for relay switching after occurrence of short circuit is needed. Initial element is realized according to known
principles, where one is usage of event or change in asymmetry of voltage and currents in electrical network. In this case initial element
is consisted of inverse order voltage or current filter (filters). Group of inverse order voltage filters that are used in measurement of
symmetric components in electrical network was analysed. Il1. 8, bibl. 8 (in English; abstracts in English, Russian and Lithuanian).

Y. AAxmmm, H. Mapkosuy, C. Bresauy. HceneqoBanne HHEPTHOCTH KOMIIOHEHTHOT0 GUJIbTPA HYJ1€BOI0 psiga // DJIeKTPOHUKA U
snexkTpoTrexHuka. — Kaynac: Texnonorus, 2009. — Ne 6(94). — C. 99-105.

VYka3aHo, 9TO B OBICTPOACHCTBYIONINX PEJICHHBIX CUCTEMaX OCHOBHBIM KPUTEPUEM SIBISIETCS BOCCTAHOBIICHHE PAOOTHI B HCXOHOE
COCTOSIHHE. OJTH YCIIOBHE JOCTaTOYHO XOpPOHIO O0ecHednBaeTcs NpeoOpa3oBaHMEM CHMMETPHUH TOKOBBIX CHTHaioB. OmuchIBaeTCs
HOBBII (MJIBTP TOKA W HanpsDKeHWs. [IpUBEEHBI TEOPETHUECKHME M OKCIEPUMEHTAIBHBIC MHCCIEIOBaHUsS (QUIBTPOB, Koraa B



AIICKTPUUECKUX CETAX MPUMCHSIOTCS CAMMETPUYCCKUE KOMITOHEHTHI. V1. 8, 6ub:. 8 (Ha aHrITHiiCKOM s3bIKe; pedepaThl Ha aHTIIUHCKOM,
PYCCKOM U JIMTOBCKOM 513.).

U. Jaksié, N. Markovi¢, S. Bjeli¢. Nulinés eilés komponentinio filtro inertiSkumo tyrimas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2009. — Nr. 6(94). — P. 99-105.

Greito matavimo sistemose naudojamos relés turi uztikrinti pradines savybes po pereinamyjuy procesy (po komutacijos). Elementai
realizuojami pagal Zinomus principus keigiant jtampos ar srovés signalo asimetrija elektros tinkluose. Siuo atveju pradinis elementas yra
sudarytas i§ inversinio itampos ar srovés filtro. ISanalizuoti inversiniai jtampos filtrai, kurie taikomi simetriniams komponentams
matuoti elektros tinkluose. I1. 8, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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