)
L
a.ru
(© | T z
B . i e St (SR L LTS SO OO (Ve tre i T ] s et B s s | M v
(@D

(
|
| ./ )
{
« 1 ‘x
\
“ f
_
\
| 7,
(
{ |
Y
'
(
| ‘
e @
{ fam
\
) [
J
\ v %
Sy
'
[
t go|
’
Y,
y
|
2
r
{
{
4 J
: )
y
! \
o0
2
¥ ¢ (
\ y
( ,
Y
( ,..U
y I,
( 3,
|
\ &
: :
: )
fo 3 KY,
~ %

'\\_.\

A

\

Lila Nw2a o

<

¥ |

L

“



OVERVIEW

Power Station

Power Transformers

@) GENERATION

) TRANSMISSION

Transmission
Substotion

Distribution

Substation

@ COMMERCIAL & INDUSTRIAL O DISTRIBUTION

DISTRIBUTION
AUTOMATION
DEVICES

— .

) RESIDENTIAL CONSUMERS
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MOTIVATION

Along a feed line voltage fluctuates
Desire: Reduce voltage drop at end of line

Determine maximum length supporting consumption

Goal: Create low-parametric model of power and
voltage distribution along an electrical line using [1]
to understand energy flow in grids

Adjust model to include consumption variations in

A THE UNIVERSITY
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APPLICATIONS

Consumer Devices

Network Operations

Energy Users

Distribution
The orstADANON NEtwOMk ¢

correct problems 1o pror

1

« of the system and & bertc

Transmission

Smart Grids

Transporting Energy

® EITIEER - saLyi) s o« SF XD e 1322

Superbowl Power Outage
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BACKGROUND

Alternating Current

v = Voltage

v(t) = V2Vsin(wt + a) i(t) = vV2Isin(wt + ) i:_CPurrent
p(t) = VIcos(a — ) — VIcos(2wt + a + B) .

P =VIcos(0)
Power emmmp

Real Powe
/]

i
.f
Voltage —"f;” 4

Reactive Power
Q = VIsin(0)
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BACKGROUND

Other Basic Equations

S=VI=P+jQ

2 =14+

S = Apparent Power
Z = impedance
X = Inductance
r = resistance

A
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SET-UP

: Vo Vy Vi Vit
Feed LiNE g |

':5 \ rﬂz’kr

P1,.q1 Load Pk, 9k Di+1: Gk+1

S1=5 —95 — 957
Vi=Vo—211p

Assumptions: One directional flow, uniform
consumption at loads, static

A THE UNIVERSITY
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DEVELOPING THE MODEL



PROBLEM FORMULATION

Vi Viet1

—

Po, Qo j_ l_ Pk,ri

P1,91 Pk, 4k Dr+10 Q41

Discrete form

P;+Q;f
) k k

Pri1 — Py Pk — Th——5

Uk
2 2
P+ Q.
Qrr1 — Qk Q. — T 5
U

P + Q3
Vi1 — vk = —2(rk Py +23Qp) — (1} + ) 02 :
k

where
k =0,..., N enumerates buses of the feeder
Pr,Q real and reactive power flowing from bus k to bus £ + 1
i, g overall consumption of real and reactive power at bus k
Tk, T} line resistance and reactance connecting bus k to bus k + 1

with Boundary Conditions

vo=1,Pv=0Qn =0

A
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CONTINUOUS AND HOMOGENOUS FORM

Transform the discrete finite element to a continuous form:
e assume large number of consumers N > 1

e continuous form with limit N — o¢

Tk . Ly L
— 18 set constant so rp, = r—and zp = r—
L L L

r and x are constant values

L total length of the feeder line and [ length of line from bus £ to bus £+ 1
Fy = F(z) + F(L)/N

— F'(z) which is the change from node k to k + 1
— F(Ly)/N which is the averaging term

k—1
Z = Lk — Z lk
1=0

Fiy1 — Fy = F'(2)l/L

A THE UNIVERSITY
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Vi

S

Py, Qk

v v

Pk, qk Dr+10 Q+1

Boundary Value Problem

P
Q

(3

a
dz

with Boundary Conditions
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Re-scaled Form

e Assuming p =constant

\/W(L — 2)

v(L)

e New Variable s =

Dimensionless Variables for P, () and v

[T P re)
9(3)‘\/;1)(1;) ‘\/;v(m’ )
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Initial Value Problem

i
e

g [ @ sign(p) —

- n A B o ‘I‘T
d:S 11 Q+BT

v

with Initial Conditions

v(0) =1,p0(0) =7(0) =0
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EVALUATING FOR END POINTS

Solving IVB for some value of s,
s:0 — s, we obtain o(s4), 7(s4) and v(ss)
Then we can compute the value of L and the end values

v(L) =

U(Sy)

NG

v(s4)
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REPRODUCTION OF RESULTS



INITIAL AND BOUNDARY VALUE PROBLEMS

2,2
sign(p) — 25T

A_BP%FL

p+Br

Ly

Graphs generated from each
problem: N
End Voltage vs. Length Voltage vs. Position
Power Utilization vs. Power vs. Position
Length

A
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END VOLTAGE VS. LENGTH
P=-1,Q=-0.5

End Voltage vs. Length: p=-1, g=-0.5

End %oltage, w(L)
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END VOLTAGE VS. LENGTH
P=-1,@q=0

End Voltage vs. Length: p = -1,

"""""""" e e e |
' ' ' '

End Yaoltage, wiL)
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TWO END VOLTAGES FOR ONE
LENGTH

v(s) vs. 5 — Solution to third equation of IVP

Length, siv(s)

sivis) vs. s — Shows how end voltage can give same length for different s

A
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POWER UTILIZATION VS. LENGTH

Power utilization = Initial Injected Power
Power Consumed
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POWER UTILIZATION VS. LENGTH
P=-1,Qq=-5

-P{0}L vs. Length: p=-1,g=-0.5

Power injected/power consumed, -P{0)/L
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VOLTAGE ALONG THE LINE

Voltage along the line: p=-1, g=-0.5

“oltage along the line, v(z

THE UNIVERSITY
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1, g=10
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ne:p=-1,g=-05

Position along the line, z

Voltage along the |
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OUR GRAPHS VS. ARTICLE

0l Veiage v Lengiic p =L =837 L o POVL vs. Langth: p= -1, q= 05

—
—_—

H H H

02 03 04 05 7 : X 02 03 04

Length. L Length, L
Volage along the bne. p= -1.q= 0.5 Voltage along the line: p=-1, g= 05

-
-
=
[ay]

—i
=
Fu

o
3
T

ashed) along the line

=
s
=
P

Veltage alang the lne, v(z)

o
oo

Voltage v along the line

(b)

0 0.2 04 0.6
Position along the ling, z [0, L]

0.7

0.2 0.4 0.6
Position along the ling, z = [0, L]

Y (solid) and Q (d
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STOCHASTIC ADDITION



NON-UNIFORM CONSUMPTION

Major assumption in the article:
Uniform consumption of loads p

In reality

Slight variations across a line
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ADDING STOCHASTICITY

Let p(l) = py + W(l), where

W(1) is a Wiener Process.

Substitute for p in DistFlow ODEs

Solve for boundary value problem




METHODOLOGY

Monte Carlo Method

Create p(l)

[ \

Plot Solve
Solution the BVP

S ="

A THE UNIVERSITY
OF ARIZONA



RESULTS



RESULTS

Voltage along the line: p = random about -1, g=-0.5 Power along the line: p = random about -1, g =-0.5

Real Power

Reactive Power
— Aweraged

Constant p

— Averaged
Constant p |

—
5]
—
=
@
£
1]
-=
=]

on
=
=
m
[
om
2]
=
>D

Power along the line, P(z) and Qi(z)

| 8
0.2 0.25 0.3 ! ! ! ] L 0.2 0.25 03
Paosition along the line, z Position along the line, z
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DISCUSSION

Small perturbations of power consumption have
relatively little etfect on voltage at the end of the line

. Assuming a constant power consumption 1s
statistically valid

Suggests that power consumption alone does not
serve as an explanation to sudden voltage drops
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FUTURE WORK

Dynamic Model Branching

Implementation energy variations with . Take into consideration the grid layout
respect to time of energy distribution systems

Better understanding of jumps’ in . Use discrete form of the model to
stability examine energy flow dynamics of
three and four bus systems

Introducing producers along the line;
effect of renewable energy sources
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