ISSN 2077-1738. 36ipnux naykoeux npayw Jon/[TV. 2014. Ne 2 (43)

EJEKTPOTEXHIKA. PAIIOTEXHIKA

UDC.62-83:612.313

Candidate of Engineering Sciences Dryuchin V.G.,
Candidate of Engineering Sciences Samcheliev Yu.P.,

Belokha G.S.,
Bakaev O.V.
(DonSTU, Alchevsk, Ukraine)

POWER SUPPLY WITH DISCRETE ELECTRICITY CONSUMPTION

We propose a discrete power supply with power consumption and relay—controlled electromagneti-
cally compatible with the circuit, which is invariant to the action of the perturbation and reduced losses
in the power supply line. The analytical expressions to calculate the frequency relay modes, power

losses and simulation results are given.
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At the present time the solution of elec-
tromagnetic compatibility and energy saving
problem is at the first place during the devel-
opment of any converters of electric energy
parameters. The most effective means of inte-
grated solutions of this problem (inactive
component of the total compensation of
power and the power distortion) are the power
active filters (PAF) with Pulse Width or vec-
tor control. Algorithms implementing these
controls are based on a large amount of
measurement, conversion and computing op-
erations, which lead to complication control
system and deterrence of their introduction
[1].

Another way to solve the EMC problem is
proposed in this article: using tracker system
with forced formation circuit consumed cur-
rents close to sinusoidal shape in the absence
of a phase shift between voltage and current
(the problem of EMC is solved) and relay
control (the problem of speed, accuracy, low
sensitivity of the perturbation to the action is
solved). Such a solution can dramatically
simplify both power section and control sys-
tem [2].

At the expense of power factor close to
unit, a reduction of the quantity current con-
sumed by the circuit and hence reduction of
the power loss in the supply lines is reached.

The proposed control power supply algo-
rithm allows additionally reducing the power

loss in the line due to the discrete electricity
consumption of the circuit.

Figure 1 shows a functional block diagram
of the power supply, made on the basis of a
single-phase module (SPM).
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Figure 1 — Functional diagram of the power
supply

The module consists of two keys K1 and
K2 with bilateral conductive, input throt-
tle L , current sensor UA, two IGBT transis-

tors shunted by bypass diodes, two capacitors
C1 and C2 and the voltage sensor UV¢ on the

capacitors.
The control system consists of coefficient

unit (CU) of capacitor voltages U Zl »and cur-

rent consumption of the circuit i =/, sin ot ,
two adders, two relay elements RE1 and RE2
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and logic device (LD) providing work of the
keys K1, K2 and transistors VT1, VT2.
Before working it is necessary the capaci-
tors C1 and C2 to be charged to a voltage ex-
ceeding the peak value of the phase voltage
(it is a necessary condition of the module ef-
ficiency) Uy =U, >U,,. When applied to

a summing input of the first adder the signal
i=1, sinot, and the countdown input from

the UA voltage output sensor, the unit im-
pulse or zero signal, depending on the sign of

the error Ai =i —i unit appears on the output
element of the relay REI.

The transistors VT1 and VT2 are con-
nected to the capacitors C1 and C2 according
to the phase voltage or counter, keeping cur-
rent in the current corridor, which is set by
the width of the hysteresis loop relay element
REI.

The equations describing the behavior of
the current in the load, depending on the
magnitude and sign of the error is of the form
(we neglect throttle active resistance)

Lﬁ+ud =U,,smot+Uq
dt
—a<Ai<L a,ﬁ> 0
di g )
LE+ud =U,, smot—-Ucry

—aSAiSa,ﬁ<0,
dt

where U, sinof is the instantaneous volt-

age circuit, i is the instantaneous current in
the load, L is throttle inductivity, 2a is hys-
teresis width relay element RE1, u; — the

instantaneous load voltage.

The current fragment formation consumed
by the circuit is shown in Figure 2, according
to which the expressions describing the be-

havior of the current have the form

) 2a . di

=[,smot+—t —a<Ai<a,—>0
T, dt

2a di @

=], smot+—t —a<Ai<a,—<0,
T, dt

&9

where 1, is the current increase time from
.* .* . .
(i —a) to (i +a), T, 1s current reduction

time from (z'* +a) to (z'* —a).

Figure 2 — Determination of the time *! and ©

In general, the active load comprises an ac-
tive resistance R; , inductivity L; and ca-

pacitance C,;. Then the voltage on the load
will be

3)

where up is the voltage on Ry, u, is the

Ug =Up +uy +uc,

voltage on Ly, u. 1s the voltage on C,; .
Taking into consideration (2) the voltage

up = IRy sin oo (4)
is determined
By —aSAiSa,ﬁ>0
dt
2al.
uy :coLdI; cos ot + ——d ; ®))
Ul
1
ue =———1, coscot+—j—tdt +A4; (6)
(DCd
By —aSAiSa,ﬁ<0
dt
2al.
up :coLdI; cosof ——d ; @)
2
1
uc =———1, cosot ——j—tdt +A4; (8)
(DCd Ty
—j—tdt ~ j—tdt ~ )
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Since switching keys K1 and K2 is carried
outby wf=0 and wf=m, so from (6) and
(8) with (9), the constant of integration is

1

A:—I; npu ot =0
(DCd
(10)
1 *
A=-— I npu OF=T
oC, m p

Solving (1), subject to (2-10) with respect
to 7y and 1,, we obtain

2a(L+ Ly)
= 1 .
Ul —Uz +UC1i7[m
! (11)
2a(L+ Ly)
Ty = 1 .’
_(Ul —U2)+Ucz iilm
(J)Cd

where U =(U,, —I;Rd)sin ot
1 *
Uy = {co(L +Ly) ——}Im cosmt
(DCd

Then the frequency of the relay mode in

the formation of the current z'*

1

oly
4a(L+Ly)

k
Im

UG+ (U, —Uy)* +

V1=

(12)

The stable operation of the source will be
subject to the power balance, i.e. equality of
power consumption of the network and load
power. Control of the balance of power con-
servation is carried out by controlling the
keys K1 and K2.

If the power consumed from the circuit
k

1 . .
P. :Ume (the key K1 is closed) is more

than the power of the load, the capacitors C1

and C2 are charged from the voltage
* * .

Ucip—-b)to (Ucp+b) (Fig. 3). Upon

reaching the voltage values (Uaz +b) key

K1 opens and K2 closes and capacitors start

90

discharging from the voltage (Uaz +b) to

u 212 —b), then processes are repeated .

When the capacitors are being charged the
energy balance equation has the form

k
Unlm
2

C * *
Z%((Ucu +b)? —(U¢yp —b)),

L’R,
( = m2 =

(13)

where ¢ 1s time to increase the voltage on

. cC .
the capacitors, C,, =——2—, 2b - hysteresis
1 2
width relay element PE2,
k
Uci2 =Uc1 +Ucs.
We determine the time from (13)
k %
__4CUciy  _20CUciy 1y
h=—s 5= . (14)
Ul -I'*R,  P-F

The energy balance equation at the capaci-
tor voltage reduction stage will be

*2
ImRi, _Ciar* 2
- ty = Ucip —b)" —
S 2=, ((Uci2—-b) (15)
* 2
—WUcr2 +0)%),
where ¢, voltage reducing time.
We determine ¢, from (15)
% %
b = 46Uy _ 26C1U0c1n (16)

1 :12Rd Fy

We determine the frequency shift keys K1
and K2 as
1 PBy(P-PFy)

Vy = *
I +1p 2bC12UCl2P

(17)
Relative duration of the power source is in

the circuit will be

4
'Y: = *
H+b Umlm

IR, P
m d:_d

s (18)

The expression (18) allows to determine
the range of current control at a given rated
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load resistance and the range of variation of
the load resistance at a given current.

0<17, Sllje—m, R; = const
’ (19)
U, *
0<R; <—, 1, = const
Im

The control algorithm keys K1 and K2 al-
lows to reduce power loss input line in ac-
cordance to

*
2

Figure 3 shows the processes in the power
source in the current source. Figure 3a shows
the response of the source to the reduction of
the current task. Sinusoidal current and cur-

(20)

ux10,B

rent coincidences in the phase with the circuit
voltage are saved and electromagnetic com-
patibility is not broken. Figure 3b shows the
response of the source to the reduction of the
supply voltage. The load current is not
changed, i.e. source is not sensitive to the ef-
fects of such perturbations, sinusoidal current
and cos¢ = 1 are saved.

Figure 4 shows the process when the load
is fed through inductive capacitive transducer
(P switch in position 2). Figure 4a —shows the
response source to the reduction to the volt-
age, figure 4b shows the response to the re-
duction in the supply voltage. As in the case
of a current source, electromagnetic compati-
bility is not broken, the source is not sensitive
to changes in voltage.

i,A
[1]

=20

Figure 3 shows the processes in the power supply in the current source
a) reaction to the change in the current job, b) response to changes in voltage
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Figure 4 shows the processes in the power source voltage source mode
a) response to changes in voltage reference, b) response to changes in circuit voltage

Thus, the proposed source of supply is the turbances at power loss reduction in the sup-
electromagnetic compatibility with the net- ply line.
work, an invariant to the action on it of dis-
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HUCTOYHUK IIMTAHUSI C AUCKPETHBIM NIOTPEBJIEHUEM 3JIEKTPOOHEPI' MU
Ipeonooicen ucmounux numanust ¢ OUCKPEMHbIM NOMPeOIeHUEM INEKMPOIHEPSUU U DELCUHbIM
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ynpaenenuem, dAeKmpOomMmacHumHo COBMECUMDLIL C cemolo, uHeapuaHmelﬁ K 0eticmeuio 603Myu4€Huﬁ u
C YMEHbULEHHbIMU nomepAmMuU MOUWHOCMU 6 I’lOOGO()ﬂW@LZ JIUHUU. HpueedeHbz anaiumudecKue evlpasice-
HUs 0n1A pacuema yvacmomi pe]lelZHblx PEeNCUMOB, nomepb MOWHOCMU U pe3)lbnanivl MOO@JZHpOGaHu}Z.

Knwueevie cnosa: INNEKMPOMACHUMHAA COBMECIMUMOCNTD, peﬂeﬁyoe ynpaejienue, UHeapuaHmHocmso,
nomepu MOWHOCMU, UCMOYHUK NUMAHUA.

K.T.H. JIptounn B. I'., Camuenees 1O. II., beaoxa I'. C., bakaes O. B.

(Uon/[TY, m. Anuescok, Yrpaina)

JIUKEPEJIO )KUBJIEHHS 3 JUCKPETHUM CIIOKUBAHHSIM EJIEKTPOEHEPTTI
3anpononosano Ooicepeno HcueneHHsA 3 OUCKPEMHUM CHONCUBAHHAM eleKMpOeHepeii ma peieuHum

KEePYBAHHAM, €eKMPOMASHIMHO CYMICHe 3 Mepedceio, iHeapianmue 00 Oii 30ypenb i 3 3MeHUleHUMU

smpamamu nomyosichocmi 8 ninii niosedenns. Hasedeno ananimuuni 8UCiO6II08AHHA OISl PO3PAXYHKY

YACMOMm peneunUx PeiCuMie i 8mpam HOMYHCHOCHI ma pe3yibmamu MoOen08aHHA.

Knrouoei cnoea: enexmpomazHimua cymicHicmo, peieline Kepy8awHs, iHEAPIAHMHICMb, 8mpamu
NOMYACHOCII, 0XCEPENO HCUBTLEHHSL.
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