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METHOD FOR DETERMINING QUALITY INDICATORS
OF ELECTRICAL POWER

lon S. ANTONIU?, lon N. CHIUTA?, Dan D. GHEORGHIADE?

Abstract. This paper proposes to introduce a small number of quality indicators for
electrical power in systems with three-phased consumers which are disbalanced,
asymmetrical and distorting. These indicators are required for measuring and pre-
determining the effects of such consumers on the supply network in order to establish
measures for improving the quality of power supply in the electrical networks.

Keywords: Quality indicators, electrical power, energy quality

1. Introduction

The problem related to the power quality in electrical networks are the following:
- frequency variations;

- active and reactive power shocks;

- distorting, asymmetrical and disbalanced regime.

This last problem has some very important consequences:

- the increase of power losses and active power;

- the interblocking of installations transport and supply capacity;
- difficulties related to the voltage regulating;

- parasitic torques in electrical machines;

- errors done by measure and control apparatus.

2. Three-phased disbalanced, asymmetrical and distorting consumer
Let it be a three-phased asymmetrical consumer R, S, T, whose impedances
Lo #Lg#Ly

Supplied from a three-phased voltage system ug,us,u; €ug, With disbalanced
currents i, ig,I; €y running under distorting conditions.

Instantaneous value expressions and the phase voltage u.s; and the i, currents
are:
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Uogrsty = 2, Uyrsty X V2 X COS(Kat + @ psry) = U rst) X COS @t —U ) X SiN ot
1

Uggrsty = 2, Upgrsty XV 2 x SIN(K@t + o4 gsty) =Uggsry X C0S a0t +U g o) x SiN ot
1

. 1)
Io(rsTy = z lrsty X V2 x COS(K@t + By (rs1y) = l(rsty X COS @t — | §(sry X SIN 0t
1
igrsty = 2 Niqrsty X V2 xSIN(K@E + By gsty) = ly(rsry X COS @t + I oy x SiN et
1
where:
U sty = Z Uy (rst) X V2 x COS[@y sty + (K — D]
1
U rsty = Z Uy rsty X V2 x SN[ rsry + (K —Dat]
1
. 2
le(rsTy = Z sty X V2 % COS[ B, rst) + (K =) aot]
1
lsrsT) = Z sty X V2 X SIN[ By sty + (K —Det]
1
Current and voltage systems satisfy the following requirements:
Ucr +Ucs +Ucr =Uco
Usg +Uss +Usr =Uso
3

ler T lcs T et =leo

Isg +1gs + 15t =lgg
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There has been demonstrated [1], [2], [3], that:

2 2 .2 .2
2 Ucrsty T Us(rsT) | 2 lewsty tls(rsT) (4)
Ugst = 2 ) lpst = 2
_ Ug(psty X iC(RST) + Ug(rsT) X iS(RST) _ Uc(rsty X iS(RST) — Ug(rsT) ¥ iC(RST) 5
Prst = 5 Orst = > )
2 2 -2
Spet = Ugst X Igst (6)

which represent characteristical functions of voltage ugrst, current igst, active
power prst, COMplementary power cgst, and apparent power sgst. These functions
of voltage and current are graphically represented in figure 1 and figure 2. Their
property is that of being able to describe the variations of sizes characteristic to
power quality as compared to the ideal conditions. The characteristic functions:

N T
Ul =Y U2 = [ul, xdt = f [uZ, xat ()
0 T 0 0
2 | 2 1T-2 T-2
IRST:ZIk =?IIRSTth= fIIRSTth 8
0 0 0
» 17 T
Pst ZZPK z?IpRSTth: prRST x dt €))
0 0 0
- 17T T
Qrst = ZQK = .I_._[qRST xdt = f _[qRST x dt (10)
0 0 0
SFZ{ST :UI§ST X IEST (11)

enable us to obtain voltage, currents, active, inactive and apparent powers.

In them papers mentioned above these has been demonstrated that among the
characteristic functions we have the relation:

SéST = przzST + qrzzST (12)

which represents the principle of power separation introduced by C. I. Budeanu. It
also may by rendered as:

$?=P2+Q%+D? (13)

where D represents the distorting power.
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3. Quality indicators

To define the power quality we do introduce two indicators (figure 1 and figure
2):
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Fig. 2. The characteristic function of current.
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e load of the isolation: S,

S, = |Ui; xdt =U2, xT (14)

w O Ly, —

e thermal load:

i

]

S, = [ligy xdt = 13 xT (15)
0

These indicators are independent upon frequency variation and knid of sinusoidal
energetical regime.
For sinusoidal energetical regime (S) there are two situations:

a) for frequency f =50Hz, T = 1/f;

.
S.(S§T)= jués(RST) xdt = Uers(RST) xT (16)
0
.
Si(S,T) = J-iésmsn xdt = |§5(RST) xT (7)
0
b) for frequency f* #50Hz, T = 1/f
T
Su(SlT'):J‘U;ST th:UéS(RST) xT' (18)
0
.
Si(S,T") = J‘issmsn xdt = IéS(RST) xT' (19)
0

For non-sinusoidal energetical regime (N) there are also situations:
a) for frequency f = 50Hz, T = 1/f;

.
Su(N1T):Ju|§N(RSTOth:UFZQN(RST) xT (20)
0

.
Si(NlT)=JiI§N(RST)th: I;N(RST) xT (21)
0

b) for frequency f* #50Hz, T = 1/f°

.
Su(N’TI):IuFZ{STth:UéN(RST)XT' (22)
0

.
Si(N!TI)ZJ.iIgN(RST)thZ IrzeN(RST)XTI (23)
0
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By using the representations in relative units of functions uZ (t)and iz, (t)in
figure 1 and figure 2, we can define these function such as:

SU(S,T):UZT:%xT

1 (24)
S,(S,T)=17T ZEXT
] 2 1 1 1
SU(S,T ):U T :EXT
1 (25)
S,(S,T") = IZT'=§><T'
Sy(N,T)=>UZT =0,4709T
. (26)
S((N,T) =Y IT =0,3995T
1
Sy(N,T') => UZT'=0,4709T"
, 27)

S,(N,T") =Y 12T'=0,3995T"
1

Having as reference basis the functions S,(S, T) and Si(S, T) corresponding to the
distorting energetical regime at frequency f = Hz, any non-sinusoidal energetical
regime at frequency f* # f = 50Hz is characterized by functions S, and S;.

The deviation from energy quality (voltage and current) can be defined by
following functions:

n_ Sy(N,T)=S,(S,T) B U2
AS,(N,T") = S, (NT) =1 Zn:UkZT- o
Asi(N,Tv):Si(N,T')—si(s,T)=1_ 12T

Si(N,T") ilsz. (29)

The quality deviation due to the network frequency variation is defined by the
functions:

S,(5.T)-S,(T)_, T
S,(S,T") T

AS,(S,T") = (30)
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S(.T)-S(6T)_, T

AS. (S5, T) =
I( ) Si(S’TI) TI (31)
and then we have the relations:
AS(f) =1—%=1—fT=ASu(S,T')=ASi(S,T') (32)

The quality deviation due to non-sinusoidal energetical regime is defined by the
following functions:

S,(N,T)-S,(S,T) _1- u?

AS,(D,T)= S(N.T) iUf (33)
n_ S,(NT)-S,(8,T) ., U’
AS,(D,T") = S.(NT) =1 anuf 34)
CS(NT)-S(5.T) , I
A5,(D.T) = S,(N,T) =1 ilf (35)
N SNTH-S(8T) 17
AS,(D,T') = S.(NT) =1 ZH:IE 36)
AS,(D)=S,(D,T)=AS,(D,T'); (37)
AS;(D) =S;(D,T) =AS;(D,T); (38)

Under these conditions, the deviation from energy quality (voltage and current)
can be defined as follows:

AS,(N,T')=1—[1—AS,(D)]x[L—AS(f)] (39)
AS,(N,T") =1~ [L- AS,(D)]x[L- AS(f)] (40)

These should be noted that from the representations of figure 1 and 2, when it is
operated at a frequency, f = 47Hz, it results a deviation from energy quality
AS,(N,T')=12% and AS;(N,T")=24,8%.

A unique energy quality indicator would be that which is including both insulation
load and thermal load.
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(UE(RST) + usz(RST) )(ICZ(RST) + Icz(RST) ) for an
2

electrical period T or T’, we obtain the characteristic of insulations load and

thermal load, SIT.

For sinusoidal energetical regime at frequency f = 50Hz, T =1/f, we have:

Laying down the characteristic S s, =

SIT(S,T) — ](UCZ(RST) ZUSZ(RST) )(ICZ(RST) _2'_ iCZ(RST) )dt — U 2| 2T (41)
0]

While for non-sinusoidal energetical regime at frequency f' # f =50Hz, T' =1/f', we
have:

. T ucz(RST) +u52(RST) icz(RST)+ic2(RST) - 2 z 2
SIT(N,T) = [( : Rt =3 Uy 1T (42)
0 1 1

The deviation of isolation and thermal load characteristic is:
SIT(N,T")-SIT(S,T)
SIT(N,T")

ASIT(N,T") = =1—[1—ASU(N,T')][1—ASi(N,T')]? (43)

Conclusions

There have been suggested the indications for isolation load and thermal load to
characterize the derivation from the electric power quality. With their help we can
define a general energy quality indicator by means of the isolation and thermal
load deviation. The main advantage is that these indicators can be determined
without performing any harmonic expression.
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