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PROJECT DESCRIPTION RESULTS STOCHASTIC RESULTS
e Develop a model of power and voltage distribution along an electrical line Boundary Value Problem e = T —— Ipe:pz‘ranomraou_"qz_rgzzuc;f;;wer'
using [1] to understand energy flow in grids o Vollage dong felive p=-1.q=05 o Power dong e lne p=—1.q=05 ==
e Adjust model to include consumption variations in loads and analyze effects == ‘a D S S e S S e
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POTENTIAL APPLICATIONS
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Voltage along the line, v(z)
Power along the line, P(z) and Q(z

e Use in smart grid technology to predict voltage fluctuations in a line,
allowing for more efficient energy provisions for a given grid
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Voltage along the line, v(z)

Power along the line, P(z) and Q(z)
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e Explain and prevent undesired events like power outages 0 I T T N N N B N N A N
e Understand how to transmit energy over long distances, such as from wind S I e ST T — Postoncowgteinez
turblne_s _ _ _ 073 0.505 0.11 0.515P 0_;;[_2 Io.izsth c|1_.3 0.535 0.54 0..;45 0.15 % o.ios 0.i1 0.i15Ph q;_z Io.izsth c|1'3 0.i35 054 U.Z;H 0.:5 VOltage and POWEr along the line with stochastic element:
e Better integrate renewable energy sources that input energy into the grid e EE— - The average of solutions with varying p are almost identical to the solution
Voltage and power along the line: with constant p

- A negative p leads to power consumption (decreasing curves) - There was less variation in shorter lines
MODEL FORMULATION - All initial conditions are met (v(0) = 1, P(0) = Q(0) = 0)

1. The solutions for the stochastic power consumption tended towards

An eIectricaITfﬁed isI modeled as tg one directiogal Iilge witr|1 a IatLgeI_number l;)f Initial Value Problem the original solution of constant power consumption.
cONSUMELS. 1€ real POWEl, Teactive POWET, and VOlage along the liNE Can b Fr e vatege e temi p=-ia=0s PG il 2. In none of these simulations did the solution jump to the lower
modeled by the following system of ordinary differential equations with T T T AN .
. o U s s — T branch, indicating a rather stable solution, regardless of the
desirable boundary conditions: st . .
06 5 consumption profile.
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[ P [ p—rEZE o7} g7 3. The variance of the end voltages was much less than that of the
d O - querz S osf Z power consumption profiles.
dz q Pt 5:”?@ s s 4. From the simulations, it was seen that a high variation in power
\ v / \ y / 5 04 8 consumption along a power line has little influence upon the
03 < st stability of the line. Therefore, it is statistically valid to assume that
02 g ol there is a constant power consumption across the line.
vo=1,P(L)=Q(L)=0 AR N N NN <ot N NN B N 0 N E N N SO S
Where. 0 0.1 0.2 O'Eength, lE].4 0.5 0.6 0.7 0 0.1 0.2 O'iength, L0.4 0.5 06 0.7 GLOSSARY OF TECHNICAL TERMS
. i iti i End voltage and power utilization versus length of line: :
. Zl:ntg . egsflec;re]:lftk’zﬂg :23 I;:1nnecl reactive power consumptions along the line There are two stable solutons : Real Power: Real component of complex power that is consumed.
) P d grep b th tance and pt ce of th IPn d J « The higher value, which resulted more often in simulations Reactive Power: Imaginary component of complex power that is stored
rdnd xreprese € resistance d _reac ance or the ling, a e The lower value, which could lead to power outages and returned to the system
« Pand Qrepresent the real and reactive power flows - There is a maximum length of line
« vis the voltage e The length is limited because there is a limit to the amount of REFERENCES
power that can be consumed by the system

Further, the system can be rescaled to define an initial value problem:
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II. The boundary-value problem solver was then run with this new power ACKNOWLEDGEMENTS
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