Volume 23| October 2023 ISSN: 2795-7640

” E&rasian Journal of
Engineering and

Dynamic characteristics of a new

remote transformer current

converter with compensating
capacitor

Babanazarova N.K.

In the paper analytical equations of transient characteristics of a new remote transformer
current converter with a compensating capacitor are obtained when a jumping, linearly
increasing, sinusoidal and sinusoidal with damped amplitude influences are applied to
their input. It is shown that the developed current converter can be represented in
structural schemes of control and management systems in the form of a series-connected
ideal differentiating link, a real differentiating link without statism and an inertial link of
the second order, and in the case of neglecting active losses in the magnetic core - in the
form of a series-connected ideal differentiating and oscillating links. It is established, for
the case of connection of the primary circuit of the current converter to the network of
sinusoidal current with damped amplitude, that at 6>w_0 (where 6 is the damping
coefficient and w_0 is the natural angular frequency of the secondary circuit) the transient
current of the secondary circuit consists of the sum of two free aperiodic and forced
damped sinusoidal components, at 6=w_0 - one free aperiodic and forced damped
sinusoidal components, and at 6<w_0 - one free and one forced damped sinusoidal
components, the degree of damping of which depend on the time constants of the
secondary and primary circuit of the current converter, respectively.
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transient characteristic, physical-technical effect, jump current,
linearly increasing current, sinusoidal current, sinusoidal current
with damped amplitude

Keywords:

Introduction. In recent years, remote
transformer current converters (RTCTs) have
been widely used to measure large currents of
high-voltage electrical equipment, in particular,
to convert currents in high-voltage transmission
lines [1, 2, 3].

In Tashkent State Transport
University, a new DTPT for measuring currents
in the wires of a three-phase high-voltage line
has been developed, the device, principle of
operation and features of which are detailed in
[5,6].

In this paper, we investigate the
dynamic characteristics of the new DTPT with a
compensating capacitor (CC). As it is known
[7,8], the CC is used to increase the sensitivity
and output power of DTPT.
The dynamic characteristic of
DTPT, in general, is the dependence between
the informative parameters of the output and
input signals and time or the dependence of the
output signal on the input signal in dynamic
mode. The dynamic characteristic of DTPT, as
any measuring transducer, is usually described
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by a differential equation, transfer or complex
frequency functions [9].

Method. Analytical expressions of the
dynamic characteristics of the developed DTPT
with CC in the form of an operator equation can
be relatively easily obtained using the
parametric structural scheme (PSS) compiled
for its dynamic mode [10].

It should be noted that the PSS by the
methods of their compilation, transformation
and obtaining the corresponding equations do
not fundamentally differ from the structural
schemes widely used in the theory of automatic
regulation and control for the analysis and
synthesis of automatic systems, but at the same
time it has some of its own features. Thus, if in
the structural schemes the processes occurring
in the automatic system are displayed in the
form of a set of series, parallel and mixed
connected typical links, then in the PCS of the
converter a further decomposition of typical
links to the parameters of resistance,
inductance, capacitance and their
corresponding  inverse  parameters  of
conductivity, deductivity and rigidity of circuits
of different physical nature, as well as to the
physical effects and phenomena (so-called
physical-technical effects (PTE)) within a circuit
of the same physical nature is made Such
decomposition, firstly, allows to reflect in more
detail, up to elementary transformation, the
processes occurring in the converter, secondly,
allows to reveal all possible influences of
internal and external perturbations on the
parameters and coefficients of intra-circuit and
inter-circuit FTEs, and thirdly, allows to analyze
the processes occurring in the converter,
secondly, allows to reveal all possible influences
of internal and external perturbations on the
parameters and coefficients of intra-circuit and
inter-circuit FTEs.

Since the sequence of compiling the SAR
of measuring transducers is described in detail
in the scientific works of Prof. M.F. Zaripov, in
particular in [10], devoted to the energy-
information model of circuits of different nature
and the SAR apparatus, we will limit ourselves
here to presenting the compiled SAR of the
developed DTPT with QC for the study of its

dynamic characteristics (Fig. 1). The following
physical and technical inter-chain effects (FTEs)
and parameters are involved in the SAR of the
investigated DTPT with QC: 1) inter-chain FTE
between the converted electric current I_e1l and
magnetic voltage U_pl with conversion
coefficient K_(I_e1 U_p1 )=w_1, where w_1=1is
the number of turns of the DTPT primary
winding (in our case the busbar with the
converted current, [-]; 2) intra-chain FTE of
conversion of magnetic voltage U_plC into
magnetic flux Q_p1 is the parameter of magnetic
capacitance C_u18 of the air gap on the path of
working magnetic flux Q_pul of the magnetic
circuit, where C_p18=8/(pn_0 S_p ),[H]; S_, 6 are,
respectively, the cross-sectional area and length
of the air gap on the path of working magnetic
flux, [m"*2 |; [m]; p_0=4m-107(-7),[H/m] -
magnetic constant; 3) intra-chain FTE of
conversion of magnetic flux Q_p1 into magnetic
voltage U_p1C - magnetic stiffness parameter
W _pst of the steel part of the magnetic circuit on
the path of the working magnetic flux Q_ul,
where W_pst=l_(ust.)/(upp_0 S_(ust.) ),[1/H];
S_(pst.), I_(ust.), [m”2 ]; [m]; 4) intra-chain FTE
of conversion of magnetic flux Q_pl into
magnetic voltage U_pu1C - cross-sectional area
and length of the ferromagnetic multifilament
core (MBC), respectively. ) - respectively cross-
sectional area and length of the ferromagnetic
multifilament core (MFC) on the path of the
working magnetic flux, [m”*2 [; [m]; 4)
intrachain FTE of conversion of magnetic
current I_p into magnetic voltage U_plR -
parameter of active magnetic resistance R_p of
the MFC on the path of the working magnetic
flux Q_p1, where R_u=G_(e. vortex), G_(e.vortex)
- electrical conductivity of the MBS on the path
of eddy currents, [S]; 5) intra-chain FTE of
conversion of the rate of change of magnetic
current I_p”' into magnetic voltage U_plL -
parameter of magnetic inductance L_p of the
steel part (MBS) of the magnetic circuit on the
path of working magnetic flux Q_ul, where
L_u=C_(e. vortex), C_u=C_(e. eddy), C_(e.eddy) -
electric capacitance of the MBC on the path of
eddy currents, [F]; 6) interchain FTE of
ampervites between electric current I_e2 and
magnetic voltage U_u2 of the secondary circuit
of DTPT with conversion coefficient K (I_e2

Eurasian Journal of Engineering and Technology

www.geniusjournals.org
Page |2



Volume 23| October 2023

ISSN: 2795-7640

U_u2 )=w_2, where w_2 - - number of turns of
the secondary measuring winding, [-]; 6) inter-
chain FTE of electromagnetic induction
between magnetic current I_p and electric
voltage of the secondary circuit of DTPT U_e2
with conversion coefficient K_(I_p U_e2 )=w_2,
where w_2 is the number of turns of the
secondary measuring winding, [-]; 7) intra-
chain FTE of conversion of electric voltage
U_e2G into electric current I_e2 of the secondary
circuit of DTPT - the parameter of electric
conductivity G_(e2)}), where G_(e2)]) is the total
electric conductivity of the secondary circuit
(secondary winding and load), [S]; 8) in-circuit
FTE of conversion of the rate of change of
electric current I_e2”' into electric voltage

U_e2L - the parameter of electric inductance
L_e2, where L_(e2))= [(L) _e2+L_e2n), L_e2,
L_e2n - electric inductance of the secondary
circuit, measuring winding and load of DTPT,
respectively, [H]; C_(pn2))) - total magnetic
capacitance of the secondary magnetic circuit,
[H]; 9) in-circuit FTE of conversion of electric
charge Q_e2 into electric voltage U_e2W -
electric stiffness parameter
W_(e2)))=W_e2+W_e2k ,[F*(-1) |, where W_e2
is the intercurrent electric stiffness of the
measuring winding, W_e2k=1/C_e2k is the
electric stiffness of the CC connected to the
secondary circuit to increase the output power
of DTPT; p is a complex variable (operator).

Eurasian Journal of Engineering and Technology

www.geniusjournals.org

3

Page



Volume 23| October 2023

ISSN: 2795-7640

| L)

Klalq&

________________ ]
S0y p) - Ualp)

NS 1

-

Um@ﬂ

fm—————————————
1l

|

I r———"—"—"—"~—"=—"~—=—-=

| | ro—————————
I I

! | :QQ

| | |

I | |

| e d——

| |

Kyl | W

I _T_dl 1

| l |

| I |

| I T T T T T T T T T
| I

| I

| I

| I

| I
L ___]

Fig. 1. Parametric structural diagram of the developed DTPT to determine its dynamic
characteristics

Let's write the system of equations by SAR
describing the dynamic mode of operation of the
developed DTPT with CC. In order to simplify
the formulation of equations on the SAR of the
converter, we will divide it into two (I-II)
sections. In order to simplify the study of the
dynamic characteristics of DTPT with QC in the
first approximation we can neglect the magnetic
inductance (electrical capacitance on the path of
eddy currents in the magnetic core) L_p of the
magnetic circuit, the interscrew electrical
stiffness W_e2 and the demagnetizing effect of
the magnetic field of the secondary current on

the magnetic field of the transformed current of
DTPT with QC because of the smallness of their
values (in the PCA these branches with the FTE
coefficient and parameters are shown by dashed
lines) [13].
Let us obtain the operator equation for the
secondary circuit current for the case when a CC
is included in the secondary circuit in series
with the load.

The following equations are valid for the
[-th section of the PSS:

L, (p) = Gazy Usz6 (D), (1)
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Us26(0) = Usz(p) — Usz,(p) (2)
- U:-)ZW(p);

U32L(p) = pVIL;ZZISZ(p): (3)

Usow (p) = ;ZK L (p). (4)

Substituting (3) and (4) into (2), and then
(2) into (1), after simple transformations, we
have the following expression:
132 (p)
3 pCo2xUs2 (p) (5)
(Lazzcazzpz + RBZZCBZZP + 1)
According to the SAR for the electric
voltage at the ends of the measuring
(secondary) winding of DTPT we have the
following equation [14]:
Uy (p) = Kluuazlu(P)- (6)
The following equations can be written
for the II- oth sections of the SAR:

L(p) = pQu(p), (7)
Q;ﬂ(P) = PCu18Uu1c(P): (8)
U;uc(P) = U,ulCW(p) - U;uw(P)» 9)
U;uw(P) = Wuchm(P): (10)
U;uCW(P) = U;A(P) —Upr (p), (11)
UuR(p) = Rylu(p)- (12)

Substituting equation (10) into (9) and
then (9) into equation (8), we obtain the
following equation:

Cu1s (13)
Qm(P) = —1+VI5 I 6U/,tch(p)
pucr~ul
= M1ZUM16W(I9),
Cuis
Where CﬂlZ = #;6;116

Taking into account equations (11), (12) and
(13), equation (7) takes the following form:

_ __PCuy
IM (p) - 1+RyCpayp U[,tl (p)
(14)

From the SAR we have the following:
Um(P) = K131Uu1]31(P)-
(15)
Substituting (15) into (14), the resulting
equation into (6), and the result into equation
(5), we finally have:

Iy (p) =
p?K

)i =
(L32ZC32ZPZ+R32ZC322p+1)(1+RuCu12p) 21 (p)
W, (0) 151 (p). (16)

here W_2 (p), [-] is the transfer function

of DTPT with KK; [K=C)] _(e2}) M_e12,[s"2].

Expression (16) is a mathematical model

of the dynamic mode of the developed DTPT

with series connection of the compensating
capacitor with the load.

Results. The analysis of the compiled SAR of the
CTDT with a compensating capacitor and its
transfer function shows that the developed
CTDT with a compensating capacitor can be
represented in the structural schemes of control
and management systems in the form of a series
connected one ideal differentiating link, one real
differentiating link without statism and an
inertial link of the second order. It should be
noted that in case of neglecting the active losses
in the magnet core (R_p=0) the -current
converter can be represented in the structural
schemes as a series connected ideal
differentiating and oscillating links.
The analysis of the operation of the developed
DTPT with CC shows that the time constant of
the magnetic circuit T_u [=R] _p C_(p1Y) is
approximately two or three orders of
magnitude less than the time constant of the
secondary circuit of DTPT with CC. Therefore,
the time constant T_p can be neglected in the
first approximation.

Then the operator equation (3.36) takes the
following form:

Ly, (p) =

p’K
(Ly23Cs25P?+Ry25 Cyoy D+1)
(17)

Thus, using the PCA method, the
operator equation for investigating the dynamic
properties of the developed DTPT with QC
connected to the secondary circuit is obtained.
It is necessary to obtain transient, impulse
transient, frequency and amplitude-phase
frequency characteristics of the developed
DTPT with QC.

As it is known [12], to study the dynamic
properties of elements (links) of control and
management systems determine their response
when a step, pulse, linearly increasing and
harmonic influences are applied to their input.
In addition, it should be noted that when
designing DTPT designed for operation in
transient modes of high-voltage electrical

Ial(p)-
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equipment, it is important to study the response
of DTPT to sinusoidal current with damped
amplitude [15]. In order to study the dynamic
properties of the developed DTPT with QC, we
will determine its reactions under the above
input influences.

1. Connecting the primary circuit of DTPT to the
source of direct current i_el=I el0=const.
Taking into account [_el (p)=I_el0/p, the
operator equation (17) takes the following
form:

I _ pKls10 _ PKw§lyo
32 (p) - 2 - .2 2
(Lazzcazzp +R322C322p+1) pe+26p+wy
F1(p)
, 18
F(p) ( )
R
here 26 = 222, [s71]; w? = ,[s72].
Lazz Lszzcszz

The characteristic ~ equation F 2
(p)=p"2+26p+w_072=0, as itis known [16], has
the following roots:

P12z = —618% - wg,
(19)

The nature of the transients will be
significantly different depending on whether
the roots (19) are real or complex, which is
determined by the following different relations
between 6 and w_0: 1) 6>w_0; 2) 6=w_0; 3)
0<w_0 [16].

Let us investigate these three cases.

(a) Let 6>w_0, i.e., the roots of the
characteristic equation are real and unequal to
each other.

The original operator transient current
by (18), found using the decomposition theorem
[16], is as follows:

KL ow?
iy (t) = —— O (62—w3

267 — i
B 6) e—(s- /52—w3>t N

F(=ags)e ()]

(20)

From the transient current characteristic (Fig. 2,
a), plotted on the basis of (20), we can see that
the transient process has an aperiodic character
and at a certain value of time the transient
current graph has a maximum value.

Examining the current function ie2 (t)
according to (20) for extremum, we find the

following value of time, at which the current has

the maximum value:
1 l 5- /82—(05
n :
2\/62—(4)(2) 6+J82—w§
(21)

b) let 6=w_0, i.e., the roots of the
characteristic equation are real and equal to
each other. As it is known [16], for this case the
expression of the original transient current
becomes undefined due to the equality of both
numerator and denominator to zero. Using
Lopital's rule [17], we obtain the following
expression for the original transient current:

i () = KIalO(‘)(ZJ(1 - 8t)e_6t-
(22)

The character of transients in this case
does not qualitatively differ from the case when
0>w_0. But unlike the previous case, the
moment of current reaching its maximum value
is shortened and is determined by the following

expression
2

:tmax = E . (23)

c) now let 6<w_0, i.e, the roots of the
characteristic equation are complex and
conjugate: p_1,2=-8+jw_sv”"', where
w_svA'=V(w_072-8"2 ) is the angular frequency
of free or natural oscillations in the secondary
circuit of DTPT with CC, [s*(-1) ] [16].

Application of the decomposition
theorem allows us to obtain the following
expression of the original secondary current:

3
iaz(t) = - KIL?(UO

tmax -

e 9tsin(wlt — @q),

(24)
@, = arctg(w.,/6) - phase angle between
voltage and current of DTPT secondary circuit,
[degri].

The analysis of the obtained expressions
of the secondary transient current of DTPT with
CC ie2 (t) (20), (22), (24) and time
characteristics (Fig. 2.), a), constructed on the
basis of these expressions showed that at
connection of the primary circuit of DTPT with
CC to the source of direct current and under
fulfillment of the condition §>w_0 and 6=w_0
the transient current of DTPT has aperiodic
character, at a certain value of time has a
maximum, and as the difference between the
attenuation coefficient (6) and natural angular
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frequency (w_0) of the secondary circuit tends
to zero (6-w_020), the time to reach its
maximum value decreases, and at 6<w_0 the
transient current of DTPT has an oscillatory
character. Besides, one more peculiarity of

0,1
0105\ I»2(t), 4=wo
VA
0
i32(t)! 5>(UO
-0,05
0 0,01 0,02 0,03 0,04
a)

[s]

00 \_/

connection of the primary circuit of DTPT with
CC to the source of direct current is that at the
moment of switching (t=0) the secondary
current has some finite value i_e2 (0).

0,03

Io(t), o<
0,02 /N Y. o<

0oL / I2(t), d=wy

0 \ N_ubsl
0o

1 i32(t)’ 0>

o

0 0,01 0,02 0,03 0,04

b)

Fig. 2. Transient response curves of the developed DTPT with QC when a jumping constant (a)
and linearly increasing (b) currents are applied to its input at T_e2=0.05 s, T_e12=0.004 s.

2. Connecting the primary circuit of
DTPT to the source of linearly increasing
current iel=kIl t where kI is the
proportionality coefficient, [A/s]. Taking into
accountI_el (p)=k_I/p”2, the operator equation
(17) takes the following form:

I (p) _ Kk; _ Kklw(z,
22 (LazyCoay P2 +Ragy Cogyp+1)  (P2+28p+wd)’
(25)

The transition of the last operator
expression into its original for the above three
types of roots of the characteristic equation and
the features of their time characteristics are
described in detail in TOE textbooks [16].
Therefore, we will limit ourselves here to giving
the expressions of the original of the current in
the secondary circuit, its time characteristics
and the results of comparative analysis of the
case when a jump direct current, considered
above, is applied to the input of DTPT with CC.

a) in the case where § > wg:

2
i,(t) = _Kkiwo_ ,—stop [52 w2t,
2 ’52—(4)(2)
(26)
t - —~ _arch 8
max ,62—(»% /Sz—wg.
(27)

b) in the case where § = wy:
i32 (t) = Kkl(l)gte_at,
(28)

1

tnax = 5 (29)
c) in the case whered < wy:
. Kkjwd _st .
i(t) = w’,w" e tsinwl,t.
(30)

The comparative analysis of the obtained
expressions of the secondary transient current
and their curves for cases of connection of the
primary circuit of DTPT with a compensating
capacitor to the sources of direct current
(expressions (20), (22), (24) and Fig. 2, a) and
linearly increasing current (expressions (26),
(28), (30) and Fig. 2, b) shows that in both cases
at the corresponding ratios of the attenuation
coefficient (§) and natural angular frequency
(w_0) of the secondary circuit the character of
the transient process does not change, but at
linearly increasing current at t=0 the transient
secondary current will be equal to zero, and the
time of current reaching its maximum value will
be less.

3. Connecting the primary circuit of
DTPT to a sinusoidal current source. For this

. . . wlyy
case, taking into account I31(p)_—(p2+w2)

operator equation (32) takes the following
form:

_ P2Kwwilyim _ E(p)
ha(p) = (P2+26p+w)) (P2 +w?)  Fy(p)
(33)
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Characteristic equation F,(p) = 0 have

the following roots: p;, = -6 £/62 —w¢ u
P34 = Hjw.

The originals of (33), found using the
decomposition theorem [16], have the following
form:

a) in the case where § > w,:

. —(5- /52—w2>t
laz(t) = 132.1CB.e < ) -
-6+ }62— 2>t
e ( “0 + Lymcos(wt — @,), (34)

where Lo 1cs =

<8—W>2wa5131m
2J62 [( J&Z -
(35)

2
<8+ /62 w%) Kow3lm

Ly 2ce. = p) ,[4],
T [ oo+ f5e-8) o7

(36)

K(I)Z(l)(z)l:_,lm

- (4],
\/462w2+(a)2—a)g)
(37)

132.2013.

[4],
)|

IsZm

[de gril.

(38)
6) in the case where § = wy:
i32 (t) = ISZCB.(Z - 6t)e_6t + IsZmCOS((‘)t - (pZ)'

(39)
wherze Ly =
K&uwolalm’ [ ] (40)

62+ w?
B) in the case where § < wy:
isz(t) = IaZCB.e_StCOS(wéB t— (Pg) +

IsZmCOS((Ut - 902): (41)
where Ly =
Kwwglim
2 2 2’ (AL,
wéB\/462w£B +[82 (wéB —wz)]
(42)

262—((»&32—(»2) .
oeal [degri].
(43)

Expressions (34), (39) and (41) are the
transient characteristics of DTPT with a
compensating capacitor for the non-resonant
mode of the secondary circuit. It should be
noted that in most cases, to obtain the maximum
output power, the secondary circuit of DTPT
with a compensating capacitor is tuned to the
voltage resonance. To obtain the transient
characteristics of DTPT with CC at resonance
mode in the secondary circuit of DTPT in
expressions (35)-(38) and (42), (43) it will be
necessary to take into account the condition
w_0=w.

Analysis of the obtained expressions of
transient characteristics and their curves (Fig.
3) for the case of connection of the primary
circuit of DTPT with CC to the expressions (34),
(39) and (41) are the transient characteristics of
DTPT with a compensating capacitor for the
non-resonant mode of the secondary circuit. It
should be noted that in most cases, to obtain the
maximum output power, the secondary circuit
of DTPT with a compensating capacitor is tuned
to the voltage resonance. In order to obtain the
transient characteristics of DTPT with CC at the
resonant mode in the secondary circuit of DTPT
in expressions (35)-(38) and (42), (43), it will be
necessary to take into account the following
condition wy, = w.

Analysis of the obtained expressions of
transient characteristics and their curves (Fig.3)
for the case of connection of the primary circuit
of DTPT with CC to to a sinusoidal current
source showed that at 6>w_0 and 6=w_0 the free
components of the transient current have
aperiodic character, and at 6<w_0 - oscillatory.

Q3 = Zarctg —+ arctg

Eurasian Journal of Engineering and Technology

www.geniusjournals.org

Page |8



Volume 23| October 2023

ISSN: 2795-7640

0,05 0,15
iom((t) .
\< 2 /\ / 0,1¥ |32(t)
0 [# I.S] \X( i32.CB(t)
i 10a(0) \/ 00 i)
005 | k /\ /
}iaZ.ZCB(D |32(t) ’ \/ [,lS]
0 0,01 0,02 0,03 0,04 0.05 0,01 0,02 0,03 0,04
a) (at é > wy) b) (at 6=w,)
0,02
0,01\ iazm(t) i92.CB(t) %\ /

Vo

8]

K

/\|32(t)

,01

0,02

0,03 0,04

c) (at 6 < wyp)
Fig. 3. Transient response curves of the developed DTPT when sinusoidal current is applied to
its input at T_e2=0.05s; T_e12=0.004 s.

4) Connection of the primary circuit of
DTPT with a compensating capacitor to a
sinusoidal current network with damped

amplitude
t

i,; = I,;e To1isinwt. For this case the
secondary current in operator form has the
following form:

P2Kwwilyim
L,(p) = > : 11 2 .
(p2+28p+w0)[(p+a) +w2]
(44)
XapakTepHuCcTHYECKOe

ypaBHeHueF,(p) = 0 have the following roots:
P12 =-0%02—wiups, = —Tiijw.
31

The original of this current for the three
cases is as follows:
a) in the case whered > wy:

| (o)
laz(t) = 132.1CB.e -

—<8+ /62—(»%)1? __t
e + I,me Toicos(wt + @,),

(45)

132.2CB.

where I,; 105 =

2

<5— /52—w(2)> Kow3TA Ly

T 2
2\/52—w51[<6—\/82—w%)T31—1

2
<5+ /52—w3> Kow3T2 Lym

132.2CB. = ( 2
2\/52—4051 <6+J82—w(2,)T31—1
Kw%lalm

[4]

)
2
+w2T31}

(46)

[4]

+a)2T321}'
(47)
, [A]

Lom = 2
J4w2T321(1—5T31)2+[1—26T31+(w3—w2)T321]
(48)
1-28Ty1 +(w3-w?)TE
Z(A)T31(1—6T31)

(49)

)

Q4 = —2arctgwT,, + arctg

[degri]

b) in the case where § = wy:
t

i (1) = Ly (2 — 6t)e 8t + I, e Toicos(wt +
®a), (50)

where Ly =

KSWwdT Iam [A]
2[(1-8T51)2+w2T4] V7
c) in the case whered < wg:

(51)
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i32 (t) = I:-)Z.é:B.e_&COS(wéB t— (pS) -
Lyme Toicos(wt + @), (52)
132.CB. =

= [A]

42
KwwoTsilhim

wéB\/4wgBZT321(6T31—1)2+[1+(62—w332+w2)T321]
(53)
1+(82—wé32+w2)T321
ZwéBTal (6T31 - 1)
Wiy

= (54)

The analysis of the obtained expressions
of transient characteristics (45), (50), (52) and
their curves (Fig.4) for the case of connection of
the primary circuit of DTPT with CC to the
network of sinusoidal current with damped
amplitude shows that at §>w_0 the transient
current of the secondary circuit consists of the
sum of two free aperiodic and forced damped
sinusoidal components (Fig.4.), a), at 6=w_0 -
one free aperiodic and forced damped
sinusoidal components (Fig. 4, b), and at §<w_0
- one free and one forced damped sinusoidal
components (Fig. 4, c), the degree of damping of
which depend on the time constants of the

Qs = arctg
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secondary and primary circuits of DTPT with
CC, respectively.

Conclusion

1. It is shown that the developed remote
transformer current converter with
compensating capacitor can be represented in
the structural schemes of control and
management systems in the form of a series
connected ideal differentiating link, real
differentiating link without statism and inertial
link of the second order, and in case of
neglecting active losses in the magnetic core - in
the form of series connected ideal
differentiating and oscillating links.

It is shown that the developed remote
transformer current converter with
compensating capacitor can be represented in
the structural schemes of control and
management systems in the form of a series-
connected ideal differentiating link, real
differentiating link without statism and inertial
link of the second order, and in the case of
neglecting active losses in the magnetic core - in

the form of  series-connected ideal
differentiating and oscillating links.
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c) (at 6 < wyp)
Fig. 4. Transient response curves of the developed DTPT when a sinusoidal current with
damped amplitude is applied to its input at T_e2=0.05s; T_e12=0.004 s.

2. It is established, at supplying to the
primary circuit of the developed remote
transformer current converter with a
compensating capacitor of jump-shaped direct
current and at §>w_0 and 6=w_0 (where 6 -
damping coefficients and w_0 - natural angular
frequency of the secondary circuit) the transient
current has an aperiodic character, at a certain
value of time has a maximum, and as the
difference (8-w_0 ) tends to zero, the time to
reach its maximum value decreases, and at
0<w_0 transient current has an oscillatory
character.

3. Itis shown that for cases of connection
of the primary circuit of the developed remote
transformer current converter with
compensating capacitor to the sources of
constant and linearly increasing currents,
respectively, at corresponding ratios of the
attenuation coefficient (6) and natural angular
frequency (w_0) of the secondary circuit, i.e. at
6>w_0 and 6=w_0 the transient current has
aperiodic character, and at 6<w_0 - oscillatory.

4, It is established, for the case of
connection of the primary circuit of the
developed remote transformer current
converter with compensating capacitor to the
network of sinusoidal current with damped
amplitude shows that at §>w_0 the transient
current of the secondary circuit consists of the
sum of two free aperiodic and forced damped
sinusoidal components, at 6=w_0 - one free
aperiodic and forced damped sinusoidal
components, and at §<w_0 - one free and one
forced damped sinusoidal components, the

degree of damping which depend on the time
constants of the secondary and primary circuits
of the current converter, respectively.
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