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Abstract- Calculation of electrical system’s steady-state
regimes is practically carried out according to the node
voltages equations and solved with the Zeydel’s method,
when equations are written as complex values. Software
algorithm of electrical system’s steady-state regimes
developed for computers is based on solution of nonlinear
node equations written as balance of powers or currents.
Advanced method offered in the article enables to simplify
algorithm of task solution, when systems generator nodes
are set in parameters P and U and accelerate solution of
node equations with iterative way in specific case.
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I. INTRODUCTION

In general case, electrical systems Node Voltages
Equations (NVE) are nonlinear and express balance of
currents or powers. Dependent on a choice of variables
these equations are written in different ways:

- As complex voltages (U ), in this case each node of
scheme is expressed by one equation with complex
coefficient.

- As longitudinal and cross components of voltage, in this
case each node of scheme is expressed by one pair of
equation with real coefficient and equations are written on
Cartesian coordinate system U’, U".

- As module and phase angle of voltages, in this case one
pair of equation with real coefficient expresses each node
of scheme and equations are written on polar coordinate
system U, 9.

At calculation of system’s steady-state regimes
generator nodes are basically given in two kinds, with
parameters P-Q or P-U. In first case, active and reactive
power of generator is known and P = const, Q = const are
accepted. The specified equations do not correspond to real
control condition of system’s regime, because, there is no
regulator maintaining reactive power constant in
generators. On the other hand, in a case if generator node
represents one part of an electrical system, its reactive
power can vary in very large limits, so what is difficult to
determine beforehand. If generator node is given in
parameters P-U, its active power and module of voltage
are known and P = const, U = const are accepted [1].
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These equations correspond to the real control
condition of system and it becomes possible to maintain
parameters P and U constant by regulating frequency and
excitation in generator.

Il. NODE VOLTAGES EQUATIONS
Let us assume that NVE of electrical system having n
number of independent nodes are written down as complex
voltages and express balance of currents [2, 3]:
Si

U.

n

j=t

J#i
where, Y;jj is Eigen complex conductivity of node I, Yj is
conductivity (with reverse sign) between nodes i and j, Yip
is conductivity (with reverse sign) between nodes i and b

(basic), U;,U;,U, are complex voltage of independent

nodes and basic node, U, =U, £0°, S;, U, are conjugate
of complex total power and voltage of node i,
U, =U,2-6, S; =P - jQ, therefor we get:

R-1Q

Y i=1n

n
YiUi + D YU + YUy = , (2)
=
where, P;, Q; are active and reactive power of node i.

Independent nodes can be applied to generator nodes,
load nodes in system or any other nodes in scheme. Let’s
consider generator nodes. Generator node is considered
separate power plants, large synchronous compensators
connected to node point in scheme and equivalent source
(generator) representing one part of electrical system. Four
regime parameters participate in equation of these nodes,
active power (P) and reactive power (Q) of generator,
module of voltage in node (U) and phase angle ().

Two of them are accepted as independent variable and
their value is known from initial conditions of a task.
Usually parameters P, Q or P, U are accepted as
independent variable, what means generator nodes are
given out as P-Q or P-U. Then in first case units U and
and in second case units Q and ¢ are determined from
solution of NVE.
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III.ZEYDEL’S METHOD
Solving the Equation (1) by the Zeydel’s method with
iterative way the equation of generator node i at iteration k
is written thus

U8+ SU0 1 3 VU Ly, = i)
j=1 j=i+l Ui

As it is known, in this case initially the complex value
of voltage at first approximation (U@ =U®© £5@) js
accepted, then solving the Equation (1) separately the
value of voltage at next approximation is found out, etc.
So the value of complex voltage of generator node at any
iteration can be found by the formula:

- JQ, ZY U

’(k -1)

ut -1

) @)
(et .
- Z YijUE = ibtUp)
j=i+l

The shown order of calculation concerns the case when
generator node is given out in parameters P-Q. However,
if these nodes are given out in parameters P-U, because
value of generator’s reactive power is not known, it is not
possible to use the Equation (4) directly and calculation
becomes complicated. According to the existing order of

calculation the values 5 and Q™ of generator node i

given in parameters Pj-U; at approximation k are
determined in the below listed sequence [2, 4]:

1- In the Equation (4) accepting reactive power of
generator node equal to the Q; = 0 the initial value of
voltage U; at approximation K is calculated:

1 R
k) = |
V| Y. (Lﬂk 1)

B(k)j V/(k) + jVi"(k) (5)

i-1 n
BY =>Y,U + > vufP 4y U, =W 285 (6)
= j=i+l
2- The intermediate value X is entered in to the calculation
and its value is determined:

X :Vi’(k) (buiUi'(k_l) + giiUi”(k_l))_
_V1”(k) (giiUi'(H) _biiUi”(kil))

3- Qi(k) is determined from solution of quadratic equation
written relative to reactive power of node i:

("

Q) —xz X2 -uf )it

4- The value of complex voltage of node i is found out:
j0) _ylo_ i Q

UI VI JYiiUi(kil) (9)

Thus, solution of the generator nodes equation given in
parameters P-U by the Zeydel’s method is carried out with
the Equation (5) to Equation (9) instead of Equation (4),
which is relatively complicated.

IV. PROPOSED METHOD FOR SIMPLIFICATION
OF EQUATIONS SOLUTION ANALYTICAL
COMPARISON

With the purpose of easing the calculation, the
following simplifying method is offered. Taking into
account the Equation (6) let us write the Equation (4) in
this way:

Te1W)
® ok _ A—IQ

YUl + B —Ui("-l’ (10)
From here,

YU+ B0 < R - joi (11)
or if we write,

Yii = Vi< — o (12)
U =0 25 (13)
Lji(k—l) — Ui(k_l)é_é‘i(k_l) (14)
Bi(k) — Bi(k)éﬁi(k) (15)

and also taking into account U =U® =U. for module
of voltage we get,
YiiUi24(5i(k) ~5' P — gy )+ 16)
+Bi(k)Ui4(ﬂi(k) -5 ) =R -jQY

If split up the left side of the last expression in to the
real and imaginary parts and equal them accordingly to the

Piand QM we get the below two equations:

yiU; cos(ﬁ(k) 5 ”)+
k k k-1 (17)
+BMU, cos(/n’i( ) st "): P

yiUZ sin (5i(k) -5 —g; )"‘ 18)
+B(k)U sin (ﬂ(k) 5(k 1)) Q(k)

where, are two unknowns as (Si(k and Qi(k). The value of
5i(k) is found out from the Equation (17):
cos(5) -5 - )=
_BMy, COS( B _ 5k ) (19)
yil?
Then reactive power of generator node at iteration k is

calculated with the Equation (19). But as the value of 5i(k)
is already known, there is no need to find out the power

Qi(k), to calculate this power matters only at the end of

iteration process.

Thus with offered method the only two Equations (6)
and (19) are used at determination of the phase angle value
of the generator node i voltage at iteration k, so what is
considerably simple. The block scheme of the calculation
algorithm is specified in the Figure 1, where ¢ is desirable
accuracy of calculation.
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Figure 1. The block scheme of the calculation algorithm

V. ACCELERATION OF ITERATIVE PROCESS
Although the method above allows finding out the

voltage U with a simple way, but it does not change

number of iterations in calculation. Using the advanced
method described below the solution of the Equation (4) is
not only even much more simplified, the iterative solution
of NVE becomes accelerated too. As may be seen from the
Equation (3), here two different values of complex voltage

in considered node i are participated, U™ in the right
side and U in the left side.

In subsequent iterations difference between these units
gradually decreases and it becomes U{™ ~U{™™ at last

iteration m. It gives a base to state that, if U is written
instead of U™ in the right side of the Equation (2), then

the found value for U from the solution of this equation

will be more closer to true (exact) value of a voltage, that
means acceleration of iterative process. Indeed value of

U % depends on under Equation (4).
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Therefore replacing voltage U™ with U® , which is

exacter than it, the value of U calculated on the

Equation (4) will turn out much exacter. This conclusion
is also compatible to process of steady-state regime
establishment in electrical systems [5].

VI. SIMULATION RESULTS AND ANALYTICAL
CALCULATIONS

The effectiveness of the proposed method is verified
practically by observing a sequence of steady-state regime
establishment on the Calculation Desk (CD) of an
alternating current, what is mathematical model of
electrical system.

Thus, system’s steady-state regime is obtained by
adjusting voltage and phase angle of separate model
generators iteratively in several cycles by turns in scheme
of electrical system typed in CD. Here each cycle of
regulation corresponds to one iteration step of analytical
calculation and such conformity is satisfied only if

UKD UM is accepted in the Equation (4). Thus having
written U ~U® in the Equation (2) we receive:
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RY - jQi
G0
where, value of the complex unit A®) is calculated on the

follows expression:

YUl + AL = (20)

i-1 n

AR =3 Y00+ 3 YU 1y 0, (21)
j=L j=i+l

From the Equation (20) we can write:

%02+ U0 A = RO - oY (22)

Let us write complex units in Equation (22) as in
power:

U® —u 0 50 23)
U =250 (24)
AR — AR g0 (25)
Yi =YiZ—@i =i — by (26)

Then the Equation (15) will turn out so:
giU7 +U; A% cos(-5) +a{)) -

27
[0 -UAYsino0 sa)]=P-j 7
From here, we get:
giU7 +Ui A cos(-6 + o) = R (28)
biU? ~U; A sin(-51 +4) =Q (29)

Now let’s consider use of the Equations (28) and (29).
The units P; and U; are known if generator node is given
out as P-U. In this case, ¢; is found out from solution of the
Equation (28):

R - gy’
UiA
Then Qj is calculated from the Equation (29). Let us note
that in the considered case there is no need to determine
reactive power at separate iterations, it is reasonable to

know its value only at the end of iteration process.

cos(—5; + ;) = (30)

VII. CONCLUSIONS

Analyzing the solutions of electrical systems node
voltages equations for steady-state regimes calculation, the
equations are written down as a balance of currents and
with complex coefficients. Considered the complexities
arising in a case when generator nodes are given with
parameters P and U. Proposed advanced method, which
enables to simplify and to speed up the solution of
generator nodes nonlinear equations by Zeydel’s method
at electrical system’s steady-state regime’s calculation.
When generator nodes are given in P-U form and nonlinear
equations are written down with complex coefficients.
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