VOLTAGE DROPIN POWER SYSTEM
Simple DC line(LV, HV)

Double-wire circuit. Pre-condition: constant creégstion and resistance.
El. traction, electrochemistry, light sources, lahgtance transmission,
power electronics.

Single load is fed from one side
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a) addition method
Count voltage drops In circuit section by section.
(Voltage drop Is counted for both conductors irtiseg

k-th section

U(k—l) — Uk = AU(k—l)k = 2_(|k — I(k—l))[l](k—l)k (V, Qm, m2, m, A)
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Current In k-th section
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b) superposition method
Voltage drops are counted in places of discretédoa

AU, =225 10,
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I 1« ...current moment to feed

Rated voltage drop:
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Note. Losses should be counted using additional!
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Single load is fed from both sides — voltage les¢he same
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- Round grid, higher reliability of supply.
- Two one-side fed lines after fault.
- Evaluation of current distribution and voltage dsop



Consider ¢ as negative load (power supply-feeder):
AU,, =U, -U, =0=22%"1,1, 2B,
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Hence (moment’s theorgm
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Analogically (current moments to other feeder)
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Current distribution identify the place with thebest voltage drop = the
place with feeder division» split-up to two one-side fed lines.
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Single load is fed from both sides — voltage levalifferent

Two different sources, ash grid.




Superposition:

1) Current distribution with the same voltages.

2) Different voltage and zero loads balancing current
Uy, —Ug
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3) Sum of the solutions 1+2

Further calculation is the same.

Or directly:




Direct current transmission at UHV

Long distance energy transmission or local stat{&eDC-AC).
Reasons:

- transmission stability, power systems connection,

- short-circuit conditions,

- parameters compensation,

- econonc aspects.

Lower insulation distances are available and higiegrsmission capacity
than for AC systems.

DC voltage regulation.

Principle
A B
DC line
- B " - =
Rectifier B Inverter

Inverter - Rectifier



Applications:
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a) Earth as back conductor. Ground resistance doesdapeind on line
length but on ground connection. Suitability fooaaupied places
(corroding process, EMC).

b) Two wires line. Compared to 3f less material, leghtbwers.

c) Two convertors in series. Low balancing ground @niricaused by
asymmetry. During fault transforms to a), half powe




Complex power in AC grids

3phase P:3Uf|COS¢:\/§U|COS¢ (W)
Q=3U,Isind =+/3UIsing (VAr)
S=3U,1 =+/3U1 =/P* +Q% (VA)

Complex (1phase)
éf =R £)Q = UfI(COS(I)"—'jSin(I)):SfeiM)
Sign according convention.
Inductive load:
U, =Ue® 1. =le*
Complex current sum:
S =U,I" =U, el %) =y |el*
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3 phaselinesof LV, HV
Series parameters are applied, for X\A0.
3 phase line HY1 load at the end

Symmetrical load— 1phase scheme, operating parameters.
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Complex voltage drop:
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Phasor diagrartinput Uy, I, ¢,)

(anglev usually small, up to3

After imag. part neglect and modification
_R3UI, £ X3Ul,  RP+XQ

T 3U, 3U,

Percentage voltage drop:
_ AU, RP+xXQ RPxXQ

U, 3U? U?

3 phase active power losses:

I\I\I\

AS=3AU, 1" =3Z,10 =32,1% =
=3(R+jX )12 =3RI? + j3XI?
AP=3RIZ=3R(12+I2) (W;Q,A)

| Even reactive current causes active po
losses!— Reactive power compensation




3 phase HV line one-side fed

Constant series impedance
Z, =R +jX, (Q/km)

IR R

Voltage drop at the end (does not have to be edist, it depends on load
character)
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After imag. part neglect'
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Voltage drop up to point X (superposition)
X

AU = lezlklk +ZI1|AX Zlk
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3 phase HV line doth-side fed
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Calculation as for DC line (feeder is negative laeglo voltage drop)

AU, =0=2 >'I,1,-Z 1,
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Moment's theorems:
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(in principle is talking about current divider feach load)
Active and reactive power sign change could bafferént nodes—
maximum voltage drop should be controlled at bettders.



Nodal grid HV
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Nodal voltage method

Grid with n nodes. Set series branch param&errsload current (nodal
current)|k, min. 1 nodal voltagb'fk




Calculation with series admittances
Vo = 2 =
R + JX km

Branchk, m:
T = (0 =0, ¥,

After modification:

,I\k = _Zn:(ofk - lAme )?km - Ofk?ko

m=1
m#zk
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Admittance matrix parameters set:
Nodal self-admittance (diagonal):

PN n Vo Vo
Yk = _ZYkm ~Yyo
-1

mzk

Between nodes admittance (non-diagonal):
Yom = Yme = Yim Prom#k

(for non-connected node¥ «m = O)

Hence
n

=) YumYm
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Matrix form:

i)=(v)0,)

Set voltages at nodes 1k@x), currents at nodds-1 ton (y)
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calculatelix). (0

0 )= (9, )"0, )- (%, )" (%, ] (0,)

Hence



If some nodes are connected to the ground (thradghttance), then
admittance matrix is regulap to set all nodal current is enough.

(0.)=(7)°()
Note 1: Similar for DC grid.

(1)=(G)v)

Note 2: For power engineering — powers are seh, thiarent are
calculated.
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Results are not accurate if nominal voltages aedus iteration method.



