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Research of dynamic operating mode of wide-range current transformer

Abstract: The current given in article results of research of a dynamic mode of the developed widely range transformer at impact on its
entrance of the current consisting from sinusoidal and periodical components.

Keywords: current transformer, sinusoidal and aperiodic components, periodic component, forced component, expansion theorem,
wide-range CT

The dynamic operating mode of current transformers (CT) arises at jumping of operating modes of objects of operation of power systems
(PS) and electric technological installations (ETT)". Practically widely applicable model of primary current is the expression consisting of the
sum of sinusoidal and aperiodic component of input signal®. In this connection we research dynamic characteristics of developed wide-range
CT — control system element at its connection to the current source representing the sum of sinusoidal and aperiodic components’.

For research of operation of developed wide-range CT in dynamic mode we will use the mathematical model, resulted in*. After simple
conversions it will assume the following:

Tﬁﬂz:(T—Tz)Aﬂ, 1)
L,+L d dt L
Where — T = —E“R—Bz constant of time of the contour formed by branches of the secondary current and magnetization, sec; — T, = —
E2 nr 0 E2
—a 180" —
i . _ k@) 180" _ h(a) 80 -a)
constant of time of branch of secondary current, sec; — R, (a) =p s Jo) s R, (a) =p S =p 3 electric resistance
l 2
of ring elements with length (@), I,(@) and cross-section section S; — p resistivity of material of ring elements — R (a)= p? = p?r
e , . . . R,(@)-R(a)
resistivity of diametrical crosspieces of ring elements; A = ———————=——
R (a)+R,(a)+R,
Substituting in last differential equation expression i, =1, sin{@t +y,)+] ale”’/ % | we will receive:
Al
‘ZZ i, = (T -T,)wAI,, cos(wt +y)——2Le NT-T,). (2)

1
The solution of the differential equation (2), i.e. finding i,(t), will be realized by the operational method®. At initial conditions #,(0_) =1,(0) =0,
i,(0.)=1,(0)=0, I,,, =-I,, siny , equation (2) in the operational form has the following state:
o(T -T))AL, (pcosy —wsiny) AL, (T-T,)

P+’ T(p+ L
i(p Tl)

Tplz(p)+Iz(P) =

o(T-T)AlL,pcosy @’ (T-T)AL,siny AL, (T-T,) _H(p) H,(p)_ H,p) )
W+pT)(P* +0?)  (+pT)(p +e?)  (+pT)A+pT) G(p) Glp) G(p)
Originals of components of the operational current are on the basis of expansion theorem®. Here we will only show the resultant expression
of original of the secondary current according to (3):

Iz(P)=

_o(T-T,)AI, o(T-T,)AI,e™ T-T, =

iZ(t)_——\/TTT“Z—Sin(wt+W +¢)- T sm(v/+¢)+T_T? o
T-T, “

_WA Ila oe i2np (t) + i2a (t) = izl (t) + izz (t) + izs (t) + iza (t)

The magnetizing current according to 7, (t) =, (¢)+14,(t) is defined as

! Afanasyev Y.V, Adonyev N. M., Kibel V. M, Sirota I. M., Stogniy B.S. Current transformer. - L: Energoatomizdat, 1989. - P. 417.

2 Stogniy B.S., Kirilenko A. V., Puylo G.P. and other. Modeling and automation of designing of current measuring converter/Executive editor Rogoza V. V.-
Kiev: Naukova dumka, 1989. - P. 267.

3 Patent of Republic of Uzbekistan. Ne 03858. Current transformer/Amirov S.E, Halikov A. A., Hushbokov B. H., Shoyimov Y.Yu., Balgaev AD//Official
bulletin 2009. - Ne 1.

4 Afanasyev Y. V,, Adonyev N. M., Kibel V. M, Sirota 1. M., Stogniy B.S. Current transformer. - L: Energoatomizdat, 1989. - P. 417.

> Demirchyan K. S., Neyman L. R., Korovkin N. V,, Chechurin V. L. Theoretical bases of electrical engineering: In 3 vol. Textbook for HEIL. Edit. 4 -
St. Petersburg Peter, 2006. - P. 576

6 Ibidem.
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iW(t)=i,(t)-i,(¢)= Z,\I'"l sin(wt +y)—

L ; (5)
T-T,)Al T-T,)AleT - + T- +
—Msm(wtﬂy +¢)+wsin(w +¢)_T; TzAIla.oe 5 +T TzAI]a.oe T
1+ oT? 14+ 0°T? T-T, T-T,

The analysis of components of the secondary current. The first term of the right side of equation (5) represents the forced sinusoidal
component of a transitive secondary current. The second term is free aperiodic component of the secondary current, which during the initial
moment (at ¢ =0) of transient compensates periodic component of the secondary current. The analysis of the equation (5) shows that the
second summand at the moment of switching is equal to initial value of the general aperiodic component of the secondary current 4,, .

The third summand is forced aperiodic component of the secondary current. The fourth summand is free aperiodic component,
compensating third summand at the moment of switching, Components i,,(t) and i,,(t) also become isolated in a contour formed by branches
of the secondary current and magnetization of a CT and fade from time constant 7.

Fading of the component i,,(¢), as well as a primary current i,,, is defined by time constant T;. Here at L,, =0, i.e. purely active loading
branch, and at ¥ =0 component ,,(¢)=0.

Analyzing the equation (5), we can be sure that at £ =0, i.e. during the initial moment of transient i, (0)=0, and at t=o0 will be
iy(w0) = MAI",I sin(@f +y +¢), i.e. to equally established value of the current i,(t). Signs of components 1,,(t) and 1, (¢) depend

Vi+o’T?
on the parity between time constants T;, T,, T. In control systems of EES and ETU in most cases performed conditions T, > T, . If, besides,
thereis T = T;, and amplitude of a variable component of primary current in a transitive mode exceeds amplitude of a current of normal mode,
then current component i, (¢) will be opposite to the sign of aperiodic component of a primary current i, .

From the equation (5) we can see that at any moment the secondary current of the CT 4,(¢) differs from its primary current in value of
magnetizing current. At £ = periodic and aperiodic components of magnetizing current, according to the equation (5), are equal to zero
and all primary current will be transformed to the secondary chain of CT. At T =T, ,i.e. L, =0, all primary current passes on magnetization
branches, and current 4,(t) =0. In actual conditions distribution of periodic components of currents between magnetization branches and
the secondary current depends on parity between full resistances of these branches?

At performance of condition 7,(0_) =7,(0) =0 we have

. o(T-T)AI, .

1,(0_) = ——==2—"lsin(y +

5.(0.) Ny w+¢),
which is equal on value and opposite to the sign of initial current 4, (t). If T > T}, so in process of current fading the third #,,(t) component
of the secondary current starts to influence more strongly than its second and fourth components as they fade more slowly. On fig. 1 are resulted
curve changes in timei,,(t)/1,,, put to amplitude of periodic component of the primary current &¥,, at different values of 7;; and on fig.
2are resulted curves 7,(f) at T, =0,1 sec, T, =0,016 sec, ¥ = 30° and different values T;
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Fig. 1. Curves, i,,(£)/ I, T, =0.05 T, =0.016, y = 30° at the Fig.2 Curvesat i,(f) T, =0.1, T, =0.016, y =30° at the
different values: 1- T = 1sec;2- T = 0,4 sec;3- T = 0,1se different values T: 1- T=1 sec;2— T =07 sec;

: = 150G = Ut seq =Hhlsec 3- T=0,5sec;4- T=0,015 sec

The resultant aperiodic component ,, (t) decreases and during some moment of time even changes the sign. Further the current i,, reaches
negative maximum and gradually abates to zero. The resultant aperiodic component of current ,,(t) has maximum value at =0, but in all
cases it cannot exceed amplitude of the periodic component I,,,.

Thus, the analysis of components of the secondary current in a dynamic operating mode of developed wide-range CT has shown that the
first term represents the forced sinusoidal component, and the second term represents free aperiodic component, compensating the periodic
component of the secondary current. The third summand is the forced component, and the fourth summand is free aperiodic component,
compensating third summand at the moment of switching. Also was established that signs of the second and fourth components depend on
parity between constants of time of primary, secondary chains and magnetization chains.

! Afanasyev Y. V,, Adonyev N.M,, Kibel V. M, Sirota I. M., Stogniy B.S. Current transformer. - L: Energoatomizdat, 1989, — P, 417.

2 Stogniy B.S., Kirilenko A. V., Puylo G.P. and other. Modeling and automation of designing of current measuring converter/Executive editor Rogoza V. V. -
Kiev: Naukova dumka, 1989. - P, 267.
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The method of determining design value of a combination separator

Abstract: Scientific development after separation and fractionation of grain of wheat is given in article. The received results allow to in-
vestigate and define one of the key design data of the car for separation and fractionation of grain.
Keywords: fractionation, wheat, separation, efficiency.
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MeToavnKa onpefAeneHNA KOHCTPYKTUBHbIX NapameTpoB KOM6UHNpPOBaHHOW
MaLLMHbI ANA cenapayum u GpakuMOHNPOBaHUA 3epHa

AuHoTamus: B CTaThe IPUBEEHbI HAYYHbIE Pa3paBOTKM MO CeNapupoBaHiy 1 GPAKUMOHNPOBAHUM 3CPHA MILIEHMIEL. Tomy4erube
Pe3yNBTaThl TO3BONIAIOT MCCIEOBATH M OMPENENATh OMH M3 OCHOBHBIX KOHCTPYKTMBHBIX IapameTpob MalIMHbL JJIA Cenapalyn
" (paKLMOHUPOBAHUSA 3€PHA.

Kniouesble CT0Ba: GPaKIMOHMPOBAHIte, IIIEHMI[A, Cenapanys, 3G PeKTUBHOCT.

HeoCTATKOM OYMCTUTENBHBIX MAIIVH AB/SETC HU3Kas 3P EKTMBHOCTD paseNieHus ¥ OTCYTCTBUE OIUCTKM OT npumeceit. OnHako
M3BECTHOE YCTPOICTBO He 06eCIIeuBaeT JOCTATOYHYIO CENapaluio ChITYMX NPOAYKTOB, B JACTHOCTH SEPHA U 3€pHOMPORYKTOB'.

/i 3TOIA Liem HaM¥ TIpe/laraeTcsi KOMOMHUPOBAHHBIN CerapaTop A/ O4YMCTKM 3€pHa B MYKOMOTIBHO-KPYIIfAHO, KOMOUKOPMOBOit
¥ IPYTHX OTPAC/AX NIPOMBIIIEHHOCTH. KOMGMHMPOBAHHEI CeNapaTop MOBBIMIACT 3 (PEKTUBHOCTD OYMCTKHM U CEMAPALMM CBITYIHNX IIPO-
[[yKTOB, B YaCTHOCTM 3€PHA U 3ePHONPOJYKTOB Ha JKE/TaEMOE KOMMYECTBO dbpakimit.

TI5UIb ¥ JIeTKie YaCTHIB! (COTOMMCTBIE M APYTHE PUMECH), KOTOpbIe MEHbIle MACChI 3€PHA YA/IAI0TCA U3 KaMepbl cenaparyiti aciit
PALMOHHBIMYU KaHANaMy TlyTeM BcachiBakyA. OCTaBIIAACA 3ePHOBAS NPUMECH, TIONAAAA HA NOBEPXHOCTD HAK/IOHHO TepOpUPOBAHHOY
TOZIKM TIPOCenBaeTcsl. VI3-32 TOTO, 4TO pa3Mepst OTBEPCTHA Meppopartit 6oNbILe, eM PasMEPI 3€pek, TO 3EpHA IPOXOAT Jepes OTBEPCTHA
Y TIOMAI0TCA K IIMTAIONIeMY BanuKy. [Ipu 9TOM ApyTie KpymHble pumecy (COMOMBI, KaMHU 1 1p.), lepeMelasCh MO MOBEPXHOCTH HAKIOHHOJ
nepdOpUpPOBAHHOI TIONIKH, Yepe3 BHIXOJHOE OKHO ITOCTYTAeT B eMKOCTD 1A c60pa KPYITHBIX TSKETBIX IpUMeceit.

ORHUM 13 OCHOBHBIX MEXaHM3MOB HOBOI JIByX 3TalHO# KOMOMHIPOBAHHOM! MAlUMHbL 1A Cemrapaiui u dpakuOHNpOBaHHUS 3epHa
AB/IA0OTCA TATAIOUAA Ba/MK 1 HATPaB/IAIONIelt T0TOK, KOTOPbIE B CBOIO O4epe/ib IPEAONPEeNsioT Aa/bHeAINA TEXHOJIOTMYECKMIi mpowect
PabOTB! MaLIMHBI, TO €CTb OYMCTKY Y QPaKUMOHMPOBAHHAA 3ePHA 11O maccam?. TIpu BEUIETE 13 TUTAIOLIErO Ba/MKa 3EPHOBAs CMeCh Gyfer
MMETb O[HAKOBYIO HAYATbHYIO CKOPOCTb ¥, , BEKTOP KOTOPOJA IEXHT Ha IIOCKOCTH Oxy v HanpaB/ieH nof HekoTopbiM yrom B x ocn Ox
(puc. 1). Hanpasnsomui TOTOK YCTAHOB/IEH C BO3MOXKHOCTDIO PETy/IMPOBAHIA yI/Ia HAK/IOHA B Mpe/ieiaX: B =0 +45" . CrenmanbHbi
MeXaHM3M PEryMpoBaHiA yI/la HaK/IOHa, HATIPAB/IAIOLIETO OTKA, [TO3BOTIAET €10 yCTAHOBUTD Ha Tpe6yeMyio BeNMIMHy.

I1pu noneTe Ha YaCTHIY IGCTBYIOT CWJIa TSDKECTH M8 , Tie 1, — Macca i - yacTuLpI, § - yCKOpeHMe CBOBORHOTO mafer A u ki - co-
IPOTHB/IEHYE BO3AYXa, IIPOTOPLIMOHATBHO [EPBO CTEMEHN CKOPOCTH.

VpaBHeHue JBIKeHuA POUBOTBHOIM YacTuibt Maccot m; (i =1..., 1) B IPOEKLMM Ha OCh Ox umeer BUJ,

mX =—kx , unu 5c'=—ik. (1)

i
Tlocrie HEKOTOPBIX Peo6pasoBaHMii ONPENETMM PAcCTOAHME OT HaYa/ia KOOPAMHAT JI0 TOUKM, KO/ HacTIHa Maccoit m; TIORHNMETCH
Ha MaKcMManbHylo BbicoTy h (cM. puc. 1)

V2 -Sin2f8

§=
2k (. .sinp + ™8
m, k

+R, 2

e, R - paguyc 6apabana.

VCTaHOBJ/IEHO, UTO PACCTOAHME OT Hava/a KOOPAMHAT 0 TOYKM, KOTAA YacTHIa Macco 1 TOAHMMETCH Ha MAKCUMA/IBHYIO BBICOTY h
NPAAMO IPOMOPIMOHATBHO Ha4a/IbHOM CKOPOCTM MAcChl M yI/Ia IOAbEMA HANPaB/IAIONIEro /I0TKa, 06paTHO TIPONOPLMOHANbHO KO3 duuH-
eHTY COnpOTHBNIeHUA Bo3Ayxa. Ha puc. 2 npuseneHa rpaQuK M3MeHEHM PacCTOAHMA TONETA 3€PHOBOJL CMecH S OT Hayasna KOOPAUHAT

! Jlarmmu V. T1. PacyeT u KOHCTpPYMpOBaHue 3epHOOYMCTHTENbHBIX Maninu/ M. IL. Jlamums, H. W Kocunos. Kypran: TUIIIT «3aypanbe», 2002. 168 ¢;

Crpuxynos H. ). Ouncrka sepHa 1 ceMAH. MalIMHBI 1 TEXHONOTUM: yue6uoe mocobue/H. Y. Crpukynos, B. V. Benses, b. T. Tapacos. Bapnayn: Man-Bo ATAY,
2007.131 c.

2 Bapakaes H. P, Pusaes A. A., Baxapupos IL A. u nip. Cenaparop. [Tarent PY3 NeFAP 00631, TocyfiapcTBenHO€ IaTEHTHOE BEAOMCTBO Pecrry6muku
V36exucran, OduumanbHbii Glonneredn, Ne 7 (123),2011 .




