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Chapter 5

i

Generalization of Newton-Raphson Load-Flow by Diakoptics

5.1. Introduction

The main s ghapter is to present

the mathemat ica ] ;Y l‘famh;; embeded Diakoptics

in NRLF and DLE s=af NRLF and DLF are

extended from ] and non-linear

resistor (or reag %l inear Diakoptics.
Also, the assump ol 1#2' Ay :.Q ied; the equations

of DLF are satisfigF -rbe,: 'Hnmg network models.

5.2. Notations

E o D&opnd
d V. Y
Qd ;j = owe il Demand
‘a LY
* A UHANYTINE T
vV g - ful age Magnitude

ical Current

RN INTNININY

= ‘Complex Conjugate

Y = Element of [ Y-Bus ] at Position
km
km
= - G + j B

km km
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S = P + JQ

= E 1
Re = Real Part of Complex Number
Im = ary Part of Complex

¥ Generation

g
Q . Generation
B
5.3. Review of , S0 WA A B NRLF
From Kirgh

[ 11 (5.1)

Then, from the def’ power, the equation

can be written as

. s ¥? (5.2)
For bus k, the cf]

ﬂummrmwmm o

re

Zifiiﬂma»ihi%tﬁii“ﬁﬁtﬁmaﬂ

Con jugate the equation (5.4), thus
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n &
= (G + J B Y VV [=5 (6.5)
m=1 km km km km
where 6 - = 8 = &
km k
L ] n .
s = § VYV : = £ - JSINg )

K =1 km e " km km

SERIRALL J A PO (5.6)

and

s (oA : i
k j o

L
Then, take Re ana Im of 8 , it yields

ﬂﬂﬂ%ﬂﬁﬂﬁﬂﬂﬂﬂi

qmmn‘jmum'z%maﬂ @

., mZk (5.8)

From the definition of net-power
net k g k d k

net k g k d k
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The mismatech terms, in eq. (2.1), are

AP

n
-
I
b

(5.9)
k net k k

- Q (6.10)
k K

AQ
k

From eq. (6.7), real o bus k to bus m is

s + B SIN & )
! km km
(5.11)

Q = -B - B Ccos & )
km km km
(6.12)

The eleme bian matrix; ‘[ H ],

[N lr [ J ]1 ‘;_ _."' as follow:

Ly

" Augingningans
RTINS

H

2
= Q + B V
km km k %
. Kk Fm (5.13)
H = 3 p
kk -k
s
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(5.15)

=26 v ﬂUI’JMH‘IﬂoﬁMH’Iﬂﬁsm ¢
ammﬂmummmaﬂ
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m km

km

NINYINT
IMNpIaY,

(5.17) |

km

B cos § )
km km
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= g = B V (6.20)

6.4. Diakoptics in D

From teari e TSI 7 T calculated by,
R : - P
k k tie k
(5.21)
A Q s Q
k k tie k
(6.22)
The tie-line's powe
s =1% (5.23)
1 =fa (E -@ E )Y - (6.24)
"AULINENINYINT
U4
ARTadnsIai i Inda e
q : |
where £ is total tie-line in system
Y is tie-line admittance
tie k-1
The tie-line's power is
2 t t
P — ¥ I @6 - v V(G cos 6 +



B SIN 6 ) (5
k-1 ki
2 t t
Q = -v I B = VI v(e SING
tie k k i=1 k-1 k i=1 i k=1 ki
B cos§ ) (5
P = +
tie k-1 ki
(5
Q = P =
tie k-1 ki
(5
The block diagonal
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.25)

.26)

.27)

.28)
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and

nn

For [ H ] or 5 . they can be

calculated;

= c,f"I‘LlEI’JVIEl‘lfl’a"WEI’]f'I’i

are nut in the same area (5.29a)

QW']&W?W%JWI’JVIEHMJ

E1) a8
m m

., k and m are in the same area (5.29b)

The term 3 P ; has effect only on diagonal elements,
tie k

a8
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because the tie-line's power 1is directly injected to bus

k. Then,
3 p = ) ., m< k (5.30a)
tie k
a8
m
3 P Q
tie tie k
" . (5.30b)
H is
km
H
km
, k and m a (6.31a)
.k £m, andlf and me e sam¥l area (5.31h)

ﬂummﬂmmmm W
am mmmum'mmaif

By the %rinciple of Diakoptics, the tie-line shall be

used in [ Z ]. Then, eq.(5.31c), the susceptance, B ~
4 k-1
must be taken, so eq.(5.31c) is become,

H =-Q - B V - Q (5.32)
kk k Kk k tie k
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For [ L ] or L-model, in block diagonal, they can be
calculated;

L
km

1
=

, k and m are no

diagonal element,

v
k

because the tie-11i 3 ctly injected to bus

k. Then,

(6.33a)

tiek ﬂﬂa&l?ﬂﬂﬂ?“i"]ﬂe sn».rdi
ammﬂgmmfmmaﬂ

B (5.33b)

L is:
km

km
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, k and m are not in the same area (6.34a)
2
= g + B VWV
km km k
v v

, k #m, and k ang} : ; me area (5.34b)
2 t
- ¥ LB
k k i=1 k-i
(5.34¢c)

By the principle o} Wiie-line shall be

used in [ Z ]. THen Tl -:, Busceptance, B ?
4 ‘ k-1
must be taken, so eg
L (6.32)
kk

BRI NYINT

The %%twark of H-mpdel and J-model argypnonlinear.
Becaus®] mmmwummm B8 oo
linear Diakoptics is used, the linearlization technique
of nonlinear resistor theory must be applied. If current

is in a function of voltage;

b
n

f(v) (6.36)

then, the admittance is defined by (49):
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-
1]
o
—

(6.37)

For P-¢ problem, as voltage, AP

as current, and 5 Admittance Matrix

; the swing bus ‘whpircuit. The effect

of tie-line, W E S PSR\ % e swing bus, shall
be included in : o A\ W On  the other side

of swing bus and The other tie-

i

lines are used to®c thé H-model of non-

is;

N

linear resistor

ﬁﬁﬂ%ﬂﬂﬂﬁﬂﬂﬂﬂ?‘

ammmnfwvmmaﬂ
an
Z = 1 (5.39)
tie k-1
Y
tie k-1
Z is the primitive impedance of tle-1line k-1 in
tie k-1
P-¢ problem. Note that, Z is not bilateral ( its

tie k-1
characteristiec of V-1 is a curve that is symmetric with

respect to the origin ).
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tie k-1i tie k-i

and

For Q-V proble as voltage, AQ

as current, an ; — \ Z_Fﬁ Admittance Matrix
; the PV and swij : orted-circuit. The
effect of tie-1lin ng the buses, shall
be included in thQ‘ «sltiun.un the other side
of PV and swing b
-

other tie-line 3—-—

jever used again. The

Z |, the L-model
4

RY |

of non-linear. re 5

ﬁﬁﬂ‘iﬂﬂﬂ‘mﬂﬂm
ﬂ;mammumramnwu

= Q - Y (5.40)
tie k-1 k k-1
v
k
and
Z = 1
tie k-1
Y

tie k-i
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Z is the primitive Impedance of tie-line k-i in
tie k-1i
Q-V problem. Note that, Z is not bilateral.
tie k-1
3 Q 9 Q
tie k-1
9V
i
and
3Q
tie
Vv
k

As in DLF, ;-nsidered as voltage,

current, and Bus Adm KCL. But the Jacob-
~ il ,
fan matrix I1N=== - —_— ;iaupling between

H-model and L—mdﬁh ' a block diagonal

AULINENINYINS
MIAINTAUNNIINGIAY

matrix:

hl
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qmmnmfwﬁw#wﬁ'ﬂ

or [ N | or N-model, it can be shown that
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k tle k

3V a v

The term 3P has, y on the diagonal ele-

tie k

, m £k

AUBIHENSHENS
mQRNRIN TN AN

=

(5.41)

km
, k and m are not in the same area (5.42a)
= P - GV
km km k
v

m
k £m, k and m are in the same area (5.42h)
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t
= P + P + G V +Vv I G
k tie k kk k k i=1 k-1i

k=mnm (5.42¢)

The nonlinear resistor model of N-model is

SIN & )
k-1 ki

(6.43)

tie k

X anﬂmum Wﬂ*ﬁ'ﬁﬂ’]ﬂ‘ﬁ

The term 3 q has effgect unly the hggonal ele-

ﬂmmnsmum'mmaﬂ

ments of [ L ], then

?Q
tie k

, k#m

CLI,
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+

=% ]
o
I
-
[ R
=
_—
]
3
o
w
O

(5.44)
Then J - is;
km
J
km
. k and m (5.45a)
kEm, ka > e SN\ s (5.45b)
G
k=i
(5.45¢)
The nonlinear
v 1
tie k- i‘ tle k-i
Wﬁa\mﬁmm WEJ%?EJ
= P - v G (5.486)
tie k-1 .k k-1
The primitive of L-model is not bilateral. Clearly, the

last terms in eq. (5.42c) and (5.45¢) are excluded.
For complete primitive model of nonlinear resistor

in NRLF, with coupling of tie-line, in matrix form is
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2 p 3 p
tie k-i| tie k=i

ad a v

k k

Y =
k- :

tie i 3 Q 5 g

tie k-1

The primitive im

| 2
tie

Then, for total

Note that, the tie-line, which is connected to the PV-bus

has only 3P term.
tie k-1

Bﬁk
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In electrical network, the network model for NRLF

is shown in Fig. 5.1.

MANTUAINGINY

Fig. 6.1 Network Model for NRLF
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