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= Solutions of voltage, current and power
output conditions in the electric network
+ Voltage and current conditions on power line
m  Possibility of some passive parameter neglecting
= Solution with using replacement two-ports (I1, T, I'-
cells)
= Example
<+ Determination power output flows in branch, branch
losses
= Derivation of relation
= Example
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5th lecture KEE/TPDE

Solutions of voltage, current and power
nditions in the electrical n rk

= Calculation goal = determination of active
parametrs, i.e. U, I or P, Q in nodes and
branches

= Premise for calculation - knowledge of
substitude schema of elctrical network

= We choose the procedure for solving according to
the complexity of the network:

« simple networks (neglected transverse paramters) —
method of gradual simplification of schema (without using
PCs, usually for LV or HV networks)

« complex networks — method Kirhoff s (node) voltages

Voltage and current conditions
on power line (1)
= Assumption:
« the line is symmetrical or transposed
+ the passive parameters are constant
+ voltages and currents are sinusoidal

!

= Current and voltage expansion along lines can

be described by so-called u . a
telegraph equations: |, =R+l
_9 _Gusc™
ox at

<« where: u(x, t) = U(x) et , i(x, t) = I(x) eiot

on power line (2)
= The solution of telegraph equations are wave

equations in the form:
Ur1 = Uf2 - coshyl + ZyI2 - sinhyl
Ii = L%£~sinhy7l+iz -coshyl

where: v

Ust, Tt ... phasors at the beginning of the line

U2, Iz ... phasors at the end of the line ~ z
Zv ... wave impedance Zy= 8L
_ I G+jB Y
Y ... spreading factor

7=0+ip=JR+X) (G+iB)=Z-Y
o ... damping factor
B ... phase rotation factor
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n rren naicion

on power line (3)
= Wave equations can be further solved in a simpli-

fied way:
a/ using the first two members of the development
of hyperbolic functions in a row
vi2 5vi2
Uty = U2 -(1+%)+i2 -(1+%).Z
7912 2
i - Uf2 .(1+%).?|+iz .(1+%)

Vol

= Note: o2 ot
cosha =1+—+—
2 4

5

4oen

o o®

. o
smha:ﬂ+ EG

Voltage and current conditions

on power line (4)
m Wave equations can be further solved in a simpli-
fied way:
b/ by some parametr neglecting
Voltage level Can be omission Cogitate
400, 220 kV R, G X, B
110 kV G R X, B
vn G, B (v) R, X (2)
nn G, B, X R

G=0,B=0

Im

Unl

Voltage and current conditions
on power line — transmission HV line (5)

= Phasor diagram, if w
[ —

0

I
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Vol n rrent condition
n power line (6)

= Wave equations can be further solved in a simpli-

fied way:

¢/ by using replacement two-ports (11, T, I'), to which

these matrix equations apply:

(U | [A B] [Us2]
LI

[Ur2
LI ]|

Ol >
O @

where| A, B, C,D | are tzv. Blondel ‘s konstants,
| AD-BC=1 A= Bl
U =A-Up2 +B-I2 |

I1=C-Up+D-DI

Written:

Only for
symmetric cells

Vol n nt conditions on power
line - replacement two-ports (7)
ALl _BIq]

u I1 cell — =3 g

- Urt = Uf2€+ ﬁ)«@Dlz _

L z L, 2 D[
- I_l_ _ B B 772 N B 772
Tnl —i || Toa I1= Ufz@- % }4— 1264- %)

U 74 74 | U = =
f1 2 2 C [s] Ufl

7. 6.

5 o XTI
Upa =2 (v=0) 2

3 i, ] 7SS Te]
_ B v s 9.1 \IJ L RvTS
TIo2 =Uf2 ~ELUfz ‘ .

- 47 SONL ¥y s phase
To1 =Un 5t Unt ‘Tz Covl i3 diagram
Vol n rren nditions on power
line - replacement two-ports (8)
Al] B [a]
u T cell A WA A
Ut =Up|(1+ =)+ (1 + =) - ZI
L7 7§ 2 .
— 1 . = - rAY
I, t-Ue- (D ‘2@ T@ T,
_ _ - Tl = 10.
Ugy Uso Yt -
. 27747278,
= U
Up = Tg (o) 7. N ‘i/ 1. R@? ™
(v2 =0) A _ _ '
To = Uro - Y1 L Uro 25Ul Un Y phase
6 diagram
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Voltage and current conditions on power
line - replacement two-ports (9)

a I cell ;‘=1[‘] _ E[Q]
: .
a, Zr L = D[-
lio — | I :Ufz(?l)+fz«1+27|2)j
lUﬁ ¥ l U, C[s] U,
5.
_ %10
_ U . Urz 4,
Ur2 :T?‘) '(p: o\ 1 i .
(v =0) 5 1\ i, Rz.123
To =Us - Y1 L Upt 2. | ll,s.:ﬂ e
; diagram .
Vol n rrent conditions on power
line - replacement two-ports (10)
s T cell AL B[Q]
i s i, [Un = Un((1+ZYR)+ 12 (71)

CI[s] -

T ‘ PEAQEARE
Up,

‘ Uy 71

U
A
XLl

Tn 6.
U T o - 1+ - f -
U = Tg SN / 1 W ¢
(02=0) ]

Io =Ur2- Y1 L Ur2 Ip 3 phase
diagram

Voltage and current conditions on power
line - replacement two-ports (11)

a T cell
</U/f1/:7£+7 ;I/E P) U =Upp+2Z1-T;
G | Groncn
=(Ur +21-I)YI+12) = (Ur1)=Ur2 +21-(V1-Upz + 1) =
<=Uf2 A+ZYP) + fEé)
L Lo &
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Vol n r nditions on lin
— example 5-2 (1)

m Task:

+ Calculate volatage and current at the beginning of
transmisson line and draw phase diagram (for check
your results), if you know conditions at the end of
line.

Transmission line 110 kV:
R = 0,096 Q/km, X = 0,39 Q/km, B = 2,92 . 106 S/km
| =100 km, P, = 50 MW, Q, = 10 MVAr

Voltage and currect conditions on line
— example 5-2 (2)

= Solution I1-cell
« It is necessary to calculate in phase values
« We put phasor U, into real axis

sz=ﬁ=£=635kv

V3 V3 ’
Z=0096+j039 Q/km ¥ =292-10765/km
o _P=iQ _(50-j10)-10°
273Uy 3-110
=267,632—11,3°A

= 262,42 —j52,49 =

Vol n r nditions on lin
— example 5-2 (3)

Blondel's constants:

o 2 ) _ ) 100?
D=A=1+Y-Z-E=l+j2,92-105-(0,096+]0,39)-T=1+

+ (j0,28032 — 1,1388) %72 =1+0,14016 - 10~ — 0,5694 - 1072 =
0,994306 + j0,0014 = 0,994306 [ |

s Z = 0,096 + j0,39 Q/km
— — i7g — o -

B=Z-1=96+,39 YM ¥ =j2,92-1078/km

£=?-1.(1+}7-2’-2): /=100 km

100?
=2,92-1076-100 - (1 +j2,92-107¢- (0,096 + j0,39) - ) =

4
=j2,92-107*- (1 +0,73-1072 - (0,096 + j0,39)) =
=2,92-107*- (1 +0,07008 - 1072 — 0,2847 - 107%) =
=j2,92.107*—j0,831324 - 107 — 0,2046336 - 107 ¢ =
= —0,2046336 - 107¢ +j291,17 - 1076 =291£90°-10-6 S "
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Vol n r nditions on lin
— example 5-2 (4)

Input voltage and current: Uy = % — 63,5 kV
Uy =AUy +B 1Ly 3
"=10,9943 - 63,5 - 10° + 40,16£76 - 267,6932 — 11,3 =

= 63146,53 + 10748,02265 =

= 63146,53 + 10748,02 - (cos 65 + j sin 65) =

= 63146,53 + 4542,3 + j9741,01 = 67689 + j9741 = 6838628,1°V

U; = 118448V (50— j10) - 10°
—_— p /A B
=G Uy + AT, V3-110
291-1075290-63,5- 10% + 0,9943 - 267,632 — 11,3 =
= j18,49 + 266,1 - (cos(—11,3)) + j(sin(—11,3)) =

=267,632-11,3°4A

—

1

=j18,49 + 260,94 — j52,14 = 260,94 — j33,66 = 2632 — 7,35° A

Vol n r nditions on lin
— example 5-2 (5)

For phasor diagram:

- 1 100
foz =Y -5 Upp=j2,92 107° "= 635- 10% = j9,272 A
I A 100
Iy =75 Oy =j292- 1076 '+ 6838648,1 = 9,98498,1° 4
I=1+ Iy, = 262,43 — j52,49 + j9,272 = 262,43 — 43,22 =
= 265,972 —9,35° 4
I =1+ Iy, = 262,43 — j43,22 + 9,984 - (cos 98,1 + jsin 98,1) =
= 262,43 — j43,22 — 1,55 + j9,87 = 260,88 — j33,35 =
=26324—-728°4 Y =j2,92-10765/km,
/=100 kmn

20

Vol n r nditions on lin

— example 5-2 (6)

R-1-T=0,096-100- 265972 —9,35 = 2,5532 — 9,35° kV
jX-1-1=j039-100- 265972 —9,35 = 10,3732 — 80,65° kV

Volba méfitka: Uj:lem =5 kv lilem =20 A

Z = 0,096 +0,39 Q/km 7 4

2,

T=h+l,=265972-9354 %
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Determination of power output flow
in branch (1)

Derivation of relation for calculation of branch
power outputs

m Substitution branch by P — Kk
IT-cell, which _ —
parametrs are: U ifT Y. T Oy

“ R+ Lik > Xi
« Gjkp --- We neglect
« Gk => Biko

v : 1 1
I I I

) . 1.
Yik0 = Giko + Biko =0+ Bikg = EJmCik

Determination of power output flow in

branch (2)
Derivation of relation for calculation of branch
power outputs = Y,
= The same like for currents 'e—= , K
- 2 parts, tj. S flowing: _
+ into longitudinal element " Vie Vo Ui

« into transverse element \ il
§ik :Pik +jQik 2«/§~Di 'iik* =
=3-Ui-[Yiko™ - U + Vi - " - Uk )] =

— = *— % = kX, — % — X 2 — * — * — — k— X
=Ui[Yiko Ui +Yik (Ui —Ug )] ?Ui (Yiko +Yik )-Uilk Yik
L ] —_

converted to multiply and
line voltage reproached
23

Determination of power output flow
in branch (3)

Derivation of relation for calculation of branch
power outputs i i& L "
Sik =P + iQik _ lé
S U2V Y GO v 0
Sik =Ui“(Yiko +Yik )-UilUk Yik T Yo Thio T kf
Sik = Vi (U2 ~Tilk") + U2 Viko" = = =
= (G~ 3Bi)- (U7 Ve U %) —jUPBio = - | Yik = Gic + 3Bik
= (G 1B (U2 - U 000) 2y = TR0
= (Gik - JBi) - (U ~ U &)~ JUiByg =
= (Gik -~ 3Bik) - [U® ~ Ui (cos By + jsin 93 )] - JUiBiko
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Determination of power output flow
in branch (4)
Derivation of relation for calculation of
branch power outputs
m Dividing Sk =Pk +JQi into active and reactive
components

ISik = (Gy — Bi) - [U — Uy (cos 9y + Jsin 8501 - JUBicg

< We split previus link for Re and Im part:

2 :
|P|k = GikY;” — GigUjUx cos 8k —BiUiUg sin 9ik|

|Qik = U (Bik +Biko) + BikUiUk C0s 9ik — GixUUg sin 9ik|

25

Determination of power output flow
in branch (5)
Simplification for VHV:

< Assumption Rik << Xik = Gik << Bik , Bik =- L
. Xik
« then

Pk = -BijxUiUksin 9 = Xl—k UiUy sin 9k
|

9ik = 0 = sin 9k = Yi[rad]

Uy
P, = —i-K g
ik Xik ik

<« Same for Qj

1
Qi = )T_k(Ui2 ~ Ul cos 93 ) — UBio
|

Calculation of active losses in the branch

i k
e nll Pai = —Pi .
P Py APy =0 -- lossless line

APy =Pk +Py - with the same electrical power orientation from

) node to branch as the index orientation
Pik = Gik (Uj” — Ul cos i) - Bi Ui sin B
P = Gii(U> — UgUjcos 8y) — BygUyUjsin 9y =
=Gk (Uk2 — UUk cos 9ik ) + BixUjU sin 9k
= Reached: Gki = Gik €OS 5, = COS Iy;
Bki = Bik S = _Sik} sin Slll(k: —sin S'EI

[aPy = Gy (U2 + U — 2 Uy, cos 8 )

= When we calculate active power losses, we can never
neglect the G, member. n
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Calculation of active power losses
in the branch - example 5-3 (1)

= Task:
To compare the effect of differential voltage

nodes and angles between voltages solve an
example for the following entries:

a) Ui = Uk =400 kv, VK= 100

b) U= 405 kV, ostatni jako v a)

o vj= 5° ostatni jako v a)

d) Uj=405kV, Uy = 400 KV, vj = 0°

Calculation of active power losses
in the branch - example 5-3 (2)

= Calculation of passive paramters
Gik, Bik (Rik, Xik) @ Bikg :

Rix =R-1=0,028-100=2,8 Q0

Xi =X1=0,35-100 =35 Q
Ric _ 28
Ri + X2 2,8%+352
By =~k = P _0,02845

Rik + Xik 2,8 +35

Gike =2,.271073s

Bixo = g 1=3-1075.100 = 0,00015 S

Calculation of active power losses
in the branch - example 5-3 (3)

= Solving of the variant a):
Ui=Ug=400KV, vj=10°= 100w =0,1745rad

|P|k = Gy (U ~ Ul cos i) - BixUUicsin Sikl
Py = 2,27 -10-3(400% — 400400 0,9848) +0,0284 - 400 - 400 -0,1736 =
=5,52+788,84 = 794,36 MW

|Qi = U2 Bik +Biko) — GiUiUicsin 9y +BicUil cos 9

Qj = - 400%(-0,0284 + 0,00015) 2,27 103 - 400 - 400 0,1736 -
~0,0284 - 400 - 400 - 0,9848 = 4520 — 63,05 — 4474,9 = 17,95 MVAr

[Py = Gy (U2 +U® ~2 Uccos gy )|
APy =2,27-10°3(4002 + 4002 - 2400400 -0,9848) = 11,04 MW
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Calculation of active power losses
in the branch - example 5-3 (4)
= Solving of the variant a):
Ui=U =400 KV, vy=10°= o m=0,1745 rad
Calculation in a simplified form of neglecting members Gik:

P = % ik = % -0,1745=797,7 MW For comparison :
Qi = i(Ui2 —UU cos 9 ) — UizBiko _ Pk = 794,36 MW
X Qi =-17,95 MVAr]
- % 4002(1.- 0,9848) - 4007 -0,00015 = 45,49 MVAr

The comparison of the results shows that a simplifying
assumption can be used to calculate active power. We
cannot afford simplification when calculating reactive

power. J

Calculation of active losses
in the branch - example 5-3 (5)

= Solving of the variant b):
Uj= 405 kV, U, = 400 kV, vy = 10°

[P = Gi (U2 ~ Uy cos 9y ) ~ By Ucsin 9y

Py =2,27-1073(4052 — 405400 - 0,9848) + 0,0284 - 405 - 400-0,1736 =
-10,1864 + 798,699 = 808,89 MW
|Qik = U2 (Bi +Biko) ~ GikUiUk Sin 9ik + BixUiUic cos Sikl

Qi = - 405%(~0,0284 +0,00015) 2,27 1073 - 405400 0,1736

-0,0284-405-400-0,9848 = 4633,7 - 63,84 — 4530 = 39,86 MVAr

|AP|k = Gy (U7 + U2 2 Uy cos Sik)l
APy =2,27-1073(4052 + 400% - 2405400 - 0,9848) = 11,23 MW

Calculation of active losses
in the branch - example 5-3 (6)

= Solving of the variant c): 10

Uy=Ug=400kV,  uy=50= o0 m=0,08725rad

Pic = Gik (U2 — Uiy cos 94 ) — By Uiicsin 9y

F’ik =2,27 -10_3(4002 —400-400-0,9962) +0,0284 - 400 - 400 -0,0872 =
=1,382 +396,237 = 397,62 MW
lQu = U2 (Bik +Bixo) — GikUU 5in 9 + B iU cos 3y

Qik = - 4002( - 0,0284 +0,00015) - 2,27 -10°3 - 400 - 400 - 0,0872 —
~0,0284 - 400 - 400 - 0,9962 = 4520 — 38,37 — 4526,7 = — 38,37 MVAr

|AP|k = Gy (U + U — 2 - Uy cos 9 ) ~ By UUicsin Sikl
APy =2,27-1073(4002 + 400% — 2400 400 0,9962) = 2,76 MW

2021/22



5th lecture KEE/TPDE

Calculation of active power losses
in the branch - example 5-3 (7)

e Solving of the variant d):
U; = 405 kV, Uy = 400 kV, vy=0°(sin 0 =0, cos 0 = 1)

Pk = Gi (U2 —Uiy)

Py =2,27-103(4052 - 405-400) = 4,6 MW

|Qik = U2 (Bi +Biko) + BikUiUkl
Qk =- 4052( —0,0284 +0,00015) +0,0284-405-400 = - 32,9 MVAr

|AP|k =Gy (U2 + U2 -2 UiUk)l
APy =2,27-1073(4052 + 400% - 2405 - 400) = 0,057 MW

Calculation of active power losses in the
branch - example 5-3 (8)

= Summary of results:
a/ b/ c/ d/

change U | change v | V= 0°

Py [MW] 794,30 | 808,60 | 397,28 | 4,60
Py [MW]
(after simplification) 794,71 | 807,69 | 399,09 0
Qi [MVAr] -18,01 | 3895 | -38,41 | 32,89
Qu [MVAr] 45,49 | 103,61 -6,60 | 33,26
after simplification) ' ' ' ’

AP [MW] 11,04 | 11,23 2,76 | 0,057

Calculation of active power losses in the
branch - example 5-3 (9)

Evaluation:
We can do these ressults from example 5-3
+ Resistance can be neglected in the approximate
calculation of active power output
+ The size of the angle between the voltages in the
nodes mainly determines the size of the active power
output
+ The difference in the size of voltage in the nodes
mainly determines the size of reactive power output
< Active power losses depend only on equation
members containing Gik
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Next time

= Solution of voltage, current and power
output conditions in the electrical
network
> ga:qc)ulation of voltage drop on line (DC, AC-1ph and
p!
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