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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 ODE Model of a feeder
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APPLICATIONS
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BACKGROUND

Alternating Current o
v = Voltage
v(t) = V2Vsin(wt + a) i(t) = vV2Isin(wt + B) i = Current
p(t) = VIcos(a — B) — VIcos(2wt + a + B) PR

P = VIcos(0)

Real Power

/]
/ ¥

-

Voltage —’//"xf L P

Reactive Power

Q = VIsin(0)
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BACKGROUND

Other Basic Equations

S = Apparent Power
z = impedance
x = inductance
r = resistance

S=VI=P+iQ

2 =TIz
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SET-UP

Vo Vi Vi1
Feed Llne - |
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P1.q1 Load Pk 9k Pis1:Qk+1

S51=5,—5 -5,
Vi=Vo—211p
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DEVELOPING THE MODEL




PROBLEM FORMULATION

Vi Vit

—_—

Po, Qo l_ l_ Pk.le_

P1.q1 Pic» Gk Prs1:Qk+1

Discrete form

Pk+l—Pk.

Qr+1 — Qk Gk — Tk~ 5
)k

P; + Q%
11‘2
k

'Uz+1 - ’U;% —2(re P + 2k Qr) — (7‘2 s Tf)

where
k =0,..., N enumerates buses of the feeder
Py.,Q}. real and reactive power flowing from bus k& to bus k + 1
Pk, qr overall consumption of real and reactive power at bus &
Tk, ) line resistance and reactance connecting bus k to bus k + 1

with Boundary Conditions
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Continuous and Homogeneous form

Large number of consumers N > 1
continuous form with limitl N — o0

e . k
— 1s set constant. rp = rz and z; = a:z

Lk
L total length of the feeder line
[ length of line from bus k to bus k£ + 1

= Se
L

2 = —

L .
decomposing Fj, = F(z) + F(Ly)/N

pr and g are small varying fast

L L
p(z) = Pk~ and g(z) = G- are in O(1) and varying smoothly
k

k
Relating Finite difference to derivatives Fj.1 — Fi. =~ F'(2)l;./L
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P, Qk
v v

Pic» Gk Pr+1:Gk+1

Boundary Value Problem

p
Q

(%

a
dz

with Boundary Conditions

Vg = 13P(L) — Q(L)
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Py, Qo
z=0

Re-scaling

Assuming p =constant and with new variable s =

[ r P(2)
r Q(z)
p| v(L)
)

v(z
v(s) = (D)

T(s) =

v

THE UNIVERSITY
OF ARIZONA

Thursday, March 28, 13 12



Initial Value Problem

2 2

P sign(p) — &5

4,
o’

R
=], A—BQ—;—:T
S v __o+BT

1 2]

with Initial Conditions

v(0) = 1, 0(0) = 7(0) = 0
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Solving for original end points
s : 0 — s, and solving for the p(s.), 7(s.) and v(s.)

_ o(s«)VIpl/r

V(S«)

sV
v(S4)
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MATLAB/RESULTS




INITIAL AND BOUNDARY VALUE PROBLEMS

IVP BVP

2 e,

sign(p) — - ( P ) p—r—H

2 Y- (l A,

p~+1” =i = P +0

A pe? g e
p+f}‘)t __rP+x
R -

Q

Graphs generated from each
problem:

End Voltage vs. Length Voltage vs. Position

Power Utilization vs. Power vs. Position
Length
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MATLAB CODE

IVP

ode45 used to solve the system of rescaled ODEs

BVP

bvp4c was used to solve the original system of
ODEs

Requires a guess of the solution
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End Voltage, v(L)

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

J—

End Voltage vs. Length. p=-1,q=-05
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End Voltage, v(L)

END VOLTAGE VS. LENGTH
P=-1,Q@=0

End Voltage vs. Length: p=-1,q=0

o
o
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=-1, Q = -0.5 -1, @ =0

End Volage vs. Lenggh p=.1,9=0
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TWO END VOLTAGES FOR ONE LENGTH
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POWER UTILIZATION VS.
LENGTH

Power utilization = Initial Injected Power = P(0)
Power Consumed p*L
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POWER UTILIZATION VS. LENGTH
P=-1,Q =-.5

-P(OYLvs. Length: p=-1,q=-05
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VOLTAGE ALONG THE LINE

e e
. .

Voltage along the line: p=-1, q=-05
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VOLTAGE ALONG THE LINE

Voltage along the ne: p=-1,q=0
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POWER ALONG THE LINE

Voltage along the line: p=-1,q=-05
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FUTURE WORK




FUTURE WORK

Major Assumption:
Uniform consumption of loads p

In reality

Slight variations across a line
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OUR PLAN

Monte Carlo Method (, ) | ) q M’M” rM t‘ y' | |

Let p(I) = p, + w(l)

Substitute for p in DistFlow ODEs
Solve for boundary value problem

Repeat
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EXPECTATIONS

Verity the previous researcher’s approach to
statistical similarity as valid

Averaged results will align with previous findings
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