¥y ¥ ¥y

Tecnura

Te CIh ufa |SSN: 0123-921X

ecnologln y Culturs Afrmanco o Conecimiain tecnura@udistrital.edu.co
Universidad Distrital Francisco José de Caldas

Colombia

MARTINEZ, JOSE ALEXANDER; MARTINEZ S., FREDY HERNAN
Optimization of maintenance management of trees in power distribution systems
Tecnura, vol. 17, nim. 35, enero-marzo, 2013, pp. 12-25
Universidad Distrital Francisco José de Caldas
Bogotéa, Colombia

Available in: http://www.redalyc.org/articulo.oa?id=257025800003

How to cite e

Complete issue - .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=2570
http://www.redalyc.org/articulo.oa?id=257025800003
http://www.redalyc.org/comocitar.oa?id=257025800003
http://www.redalyc.org/fasciculo.oa?id=2570&numero=25800
http://www.redalyc.org/articulo.oa?id=257025800003
http://www.redalyc.org/revista.oa?id=2570
http://www.redalyc.org

Optimization of maintenance management of
trees in power distribution systems

JOSE ALEXANDER MARTINEZ

FREDY HERNAN MARTINEZ S.

Fecha de recepcion: 12 de abril de 2012

Fecha de aceptacion: 27 de noviembre de 2012

-

Ingeniero Eléctrico. Ingeniero de Codensa SA Esp. Bogota, Colombia.
Contacto: jmartinezv@endesacolombia.com.co

Ingeniero Eléctrico, candidato a doctor en Ingenieria de Sistemas y Computacion
de la Universidad Nacional de Colombia. Docente e investigador de la Universi-
dad Distrital Francisco José de Caldas. Bogota, Colombia.

Contacto: fhmartinezs@udistrital.edu.co

Clasificacion del articulo: Investigacion

Financiamiento: Universidad Nacional de Colombia

Key words: fuzzy systems, genetic algorithms, maintenance, power distribution net-

works, trees.

Palabras clave: sistemas difusos, algoritmos genéticos, mantenimiento, redes de distri-

bucidn de energia, arboles.
ABSTRACT

We propose a data-analysis-based methodology
for maintaining trees that affect power distribu-
tion networks. From the information captured in
the field, we use fuzzy-logic-based techniques
and models together with genetic algorithms so
as to focus maintenance activities on the optimal
time and place. The strategy is aimed at two key
aspects: first, the history of failure events caused
by trees on medium-voltage power supply sys-
tems; this information is used to calculate quali-
ty indicators such as energy-not-supplied (ENS)
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and number-of-users (NU) affected due to falling
trees only. In this case we use a fuzzy-logic-based
system to weight and find the critical circuits on
which forest maintenance should be performed.
Second, we construct an objective function based
on tree-to-network distances and growth patterns
of trees (classified per species) in order to simu-
late forest maintenance; this is achieved using a
genetic algorithm to determine optimum pruning
cycles for a given power supply system. We use
real historical data of medium voltage circuits for
system setting as well as for performance evalua-
tion.



RESUMEN

Se propone una metodologia basada en analisis de
datos para el mantenimiento de arboles que afectan
las redes de distribucion de energia. A partir de in-
formacion capturada en campo, se utilizan técnicas
y modelos basados en logica difusa y algoritmos
genéticos que permiten focalizar el mantenimien-
to en el lugar y tiempo 6ptimos. La estrategia esta
centrada en dos aspectos clave: primero, el histori-
co de fallas causadas por arboles en alimentadores
de media tension; esta informacion es usada para
calcular indicadores de calidad (energia no sumi-
nistrada ENS y ntimero de usuarios afectados NU)

1. INTRODUCTION

The electricity distribution aerial networks may
be affected by temporary or permanent contact
with trees, at the expense of service quality. This
is the reason why distribution companies of elec-
tricity in Colombia include forest care in mainte-
nance programs, which entails a large investment.

On behalf of the Colombian government, the
Energy Regulatory and Gas Commission (CREG)
with resolution 097 of 2008 [1] established the
methodology and quality indices ITAD (Grouped
Quarterly Index of Discontinuity), [AAD (Grou-
ped Annual Index of Discontinuity), and IRAD
(Grouped Benchmark Index of Discontinuity) to
which it applies the new scheme of incentives and
compensation to users, allowing network opera-
tor (OP) increase or decrease their usage charges
of connected assets to Local Distribution System
(SDL). The aim of this new regulation is to stan-
dardize the quality of service around the average
quality, i.e. reduce the dispersion of quality im-
proving the indices for the worst users served.
The issue of trees takes center stage because the
new regulatory philosophy requires improving
quality indices in rural areas.
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debidos tinicamente a fallas causadas por arboles.
Luego, se utiliza un sistema basado en logica difu-
sa para ponderar y encontrar los circuitos criticos
sobre los cuales debe realizarse el mantenimiento
forestal. En segundo lugar, se construye una fun-
cidn objetivo basada en distancias arbol-red, y cur-
vas de crecimiento de arboles por especie con el
fin de simular el mantenimiento forestal, usando
un algoritmo genético para determinar el ciclo de
poda optimo de un determinado alimentador. Se
utilizan datos histdricos reales de circuitos de me-
dia tension tanto en el ajuste del sistema como en
la evaluacion final de desempefio.

To manage the ITAD part involving the mainte-
nance of networks, i.e., the NTG (Quarterly Le-
vel of Discontinuity by Quality Group) compo-
nent (the part not manageable in maintenance is
corresponding to Energy Sales VT, this compo-
nent is inversely proportional to the ITAD and its
management is of commercial nature), we pro-
pose an analysis involving only the interruptions
caused by trees. In this way, we think that we
can identify the circuits with higher energy not
supplied and most users affected, parameters that
directly affect the ITAD.

Our ideas for the projection of tree maintenance
are strongly influenced by research on maintenan-
ce services priority in electrical feeders [2]-[7].
According to these researches, there is a strong
relationship between system parameters such as
reliability and power quality and environmental
parameters such as the vegetation presence, sea-
sonal loading and even vandalism.

To prioritize the circuits, we are first inspired by
the power of abstraction used in fuzzy systems
[4], [8]-[10]. As is common in many approaches,
we use the experience of experts to establish the
growth of trees as high impact variable in the
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failure of circuits in the city of Bogota D.C. (Co-
lombia). Subsequently, we perform a graphical
analysis of the hierarchy obtained in order to per-
form a technical analysis to validate the results.

Our research also wants to find answers to ques-
tions that arise once we have found the critical cir-
cuits: What trees should I intervene? When should
I intervene and how much maintenance costs?
These problems have been addressed from diffe-
rent perspectives. One option uses the philosophy
of Reliability Centered Maintenance (RCM), ba-
sed on four principles: best pruning techniques, do-
cumentation of the work, training and competence
requirements, quality control and auditing [11].

Another approach documented, which is also rela-
ted to our work, uses a mathematical model based
on Artificial Neural Network (ANN) [12], which
relates the failure rates of the feeders with variables
that affect the nature of vegetation as the ambient
temperature, the rain and the time elapsed since the
last pruning. A variation of the latter model uses a
genetic algorithm (GA) [13], involving variables
such as the feeder length, height and growth rates
of trees by species, and time of year, giving costs
associated with maintenance and estimated ENS.
Our research also estimates the optimum time for
pruning through a genetic algorithm, which uses
models of growth of native trees.

The paper is organized as follows. Section 2 pre-
sents preliminary concepts and problem formu-
lation. Sections 3 illustrates the methodology of
work, details of the prioritization of the circuits and
the optimal pruning cycle. Section 4 presents the
behavior of the methodology developed and Sec-
tion 5 concludes the paper.

2. PROBLEM FORMULATION

Let WcR be the closure of a contractible open
set in the line that has a connected open interior.
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Let PcW be the priority values assigned to the
prioritization of the circuits, which is the open
subset of W. Let EcR be the closure of a con-
tractible open set in the line that has a connected
open interior. Let EPNScE be the average en-
ergy not supplied for a given breakdown, trans-
former and circuit, which is the open subset of
E. Let NcR be the closure of a contractible open
set in the line that has a connected open interior.
Let NUcCN be the number of users affected for a
given breakdown, transformer and circuit, which
is the open subset of N. The prioritization model
depicted in Figure 1 is obtained by a prioritiza-
tion mapping of the form:

h: Y—P (D
in which:
Y=EPNS*xNU 2)

We define §: [i,j,k]— be the priority assignment
that is obtained from ¥ by applying fuzzy inferen-
ce for a given interruption i, transformer j, and
circuit k.

Let ZcR be the closure of a contractible open set
in the line that has a connected open interior. Let
CcW be the maintenance cost values assigned by
a process of uninformed search of the optimal cost,
which is the open subset of Z. Let McRxR be the
closure of a contractible open set in the space that
has a connected open interior. Let MncM be the
information matrix for n trees in a given circuit
encoding: the tree 1D, the cost code, the species
code and the Di, which is the open subset of M.
Let KR be the closure of a contractible open set
in the line that has a connected open interior. Let
NCcK be the circuits to be considered for forest
maintenance, which is the open subset of K. The
optimization model depicted in Figure 2 is obtai-
ned by an optimization mapping of the form:

h: X—C (3)



in which:
X=MnxNC 4)

We define :[k]—X to be the valuation of cost of
maintenance that is obtained from by applying
genetic search for a given circuit k.

3. METHODOLOGY

The first part of the analysis establishes a mainte-
nance priority for each network circuit of medium
voltage, from a “measure” of criticality due to fo-
restry events. The second part of the analysis is
that once are identified the most critical circuits,
we analyze the characteristic of them in order to
define a period of pruning, a quantity of pruning,
and a stable budget for each feeder.

3.1 Prioritization of Circuits

The prioritization of the circuit begins with
downloading and debugging information from
the unified system information registry from the
network operator (OR). We only retrieve infor-
mation related to forestry events, taking into ac-
count the events for transitory faults, permanent
faults, circuits associated with events, duration of
interruptions, customers affected by transformer
and transformer energy demand (Figure 1).

With the downloaded information, we implement
a forestry database to calculate the indicators
EPNS (not included in the Equation 5 the load
factor) and the NU. These are the input data that
feed the fuzzy logic systems, system which is res-
ponsible for prioritizing the circuits. This calcula-
tion should be performed by transformer, circuit
and period.

EPNS variable is defined as the average ener-
gy not supplied due to the interruption i, for the

investigacién

Download Information

Forestry Events DB

Indicators

Analysis of Results

Tree Management

Figure 1. Flow diagram of information management for
prioritization of circuits.

Source: own work

transformer j, circuit £, in the period /. This varia-
ble is calculated as:
Tijk1*DEP;
EPNS, j i, = Lkt D5kl (s

minutes;

Where:

Ti,- ., 18 the duration in minutes of interruption and

DEP,,, is the average energy demand.

Similarly we calculate the sum of users affected
NU, as the number of users affected by interrup-
tion i, transformer j, circuit 4, in period /.

Both the system output variable, priority P, as in-
put variables EPNS and NU, are associated with
linguistic variables defines fuzzy sets. An over-
view of rules that govern the inference engine is
illustrated in Table 1.

The prioritization performed by the fuzzy logic
system can be visualized as a 3D surface where
X and Y axes correspond to the inputs and the Z

Optimization of maintenance management of trees in power distribution systems 15

Jost ALEXANDER MARTINEZ / FREDY HERNAN MARTINEZ S.



investigacién

Table 1. Set of fuzzy rules for prioritizing circuits.

NU EPSN Uncritical Little critical Critical Very critical
Uncritical No maintenance is Maintenance with low Priority maintenance Very priority
performed priority maintenance

Little critical Maintenance with low | Maintenance with low Priority maintenance Very priority
priority priority maintenance

Critical Priority maintenance Priority maintenance Priority maintenance Very priority
maintenance

Very critical Very priority Very priority Very priority Very priority
maintenance maintenance maintenance maintenance

Source: own work

axis to the output. We evaluate the prioritization
using both Mamdani as Takagi-Sugeno inference,
using different sets of rules. In Figure 5 we show
the result of four of these exercises.

The fuzzy logic system provides the possibility
of periodic monitoring of indicators of critical
circuits on which it is applied preventive and co-
rrective measures. Graphically speaking, we ex-
pect that all circuits tend to come together at the
lower part of the surface with the majority of the
population.

3.2 Optimal Pruning Cycle

At this stage we process the information collected
in the field, which corresponds to forest inven-
tories conducted for each feeder. The inventory
information is entered into a genetic algorithm
(GA), and so we get a curve that describes the
optimal pruning cycle (CPO) and the budget.

Among the most important data that contains an
inventory are: location of tree, species, physi-
cal condition, health, geographical coordinates,
height, diameter at breast height (DAP), plate
identification, intervention performed (pruning or
felling) and a photographic record for each indivi-
dual. From this database, in our research, we use
for the optimization process the following data:
identification plate, height, species, and tree-net-
work distance (distance between the medium vol-
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tage network and the nearest point of the tree).

The time between pruning done at the same tree
is called pruning cycle (CP). The optimal pruning
cycle is then the optimal time that should elapse
between forest maintenance performed on a cir-
cuit, in order to minimize the possibility of con-
tact between the trees and the medium voltage
network and thus minimize service interruptions.

The analysis methodology is summarized in Fi-
gure 2.The inventory information is encoded in

Inventory =]

Coding Information

Analysis of Results

Solution Approach

Figure 2. Flow diagram of information management to
determine the optimal pruning cycle.

Source: own work



a matrix. This matrix is composed of n rows re-
presenting the number of trees, and four columns
that correspond to the parameters: Tree ID, Cost
code, Species code, and Di.

The /D identifies a unique tree. The Cost code
is the cost of pruning the tree according to his
height. We assign to this parameter three possi-
ble values: 0, 1 and 2. Thus, 0 corresponds to a
height of less than 7 m, 1 is to a height between 7
m and 15 m, and 2 correspond to greater heights.
The species are coded with values from 0 to 18.
Finally, Di is the initial tree-network distance in
cm.

We handle a total of 19 native species to the savan-
nah of Bogota. The growth curves for these spe-
cies were determined by previous research [14].
That research describes the cumulative growth of
trees after having been subjected to pruning. With
this information, we can simulate the implemen-
tation of forest maintenance, and in this way, we
can make the performance evaluation of the ge-
netic algorithm.

investigacién

We build the objective function to minimize from
two elements: the tree-network distance coming
from the inventory, and growth models by species
(Figure 3). We define three distances;

e D(t)= Distance to optimize [cm].

e Di= Initial distance [cm]. It’s the same tree-
network distance.

e y(?)= Cumulative growth [cm] of the tree in
time ¢ [days] This depends on the growth
function of each species.

e Pruning threshold. Is the distance that serves
as a criterion to discriminate between trees
should be pruned and which should not be
pruned.

The optimum distance for an individual tree is
defined as the distance difference between ini-
tial and cumulative growth. Thus, Equation 6
attempts to find the maximum time # to wait for
pruning, i.e., the time at which the distance D is
equal to or approaching zero.

Medium voltage
etwork

D(t)

Di
Y(t)

Figure 3. Distances that form the objective function.
Source: own work
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D@)=Di~y(1) (6)

Negative values of D in Eq. (6) (when y(2)>Di)
are produced by the growth of a tree which is al-
ready higher than the desired value, that is, grea-
ter than the tree-network distance found in the in-
ventory. Accordingly, the optimal distance should
not have negative values, therefore:

D=0 7
Di=y(®)>0 (8)

Equation 8 is the constraint equation to optimize
D without getting negative values.

Since along an air electricity network there are a
certain number of trees of different species and
heights, it is necessary find, not the cycle of pru-
ning each tree but the best pruning cycle which
can perform general maintenance. For a number
n of trees, the objective function (FO) is defined
as the sum of distances D for all trees in the in-
ventory, namely:

Dopt(t) = Yk=1Dix — y(©)x 9)

Likewise, for a number » of trees, we define n
constraint equations as follows:

Di—y() =0 (10)
The simulation of maintenance is shown in Figu-
re 4. From this figure it can analyze the behavior
by individual or species according to the cumu-
lative growth. The process happens at each step
corresponds to:

1. We recorded the distance Di in the inventory
as found in the field.

2. In the first PC the growth y(?) is calculated
and subtracted to Di (Equation 9). Then it is
estimated that trees are within the threshold
of pruning, i.e.:

Dt)<Threshold (11)
3. Then we assume that necessary pruning are
performed by assigning a new value of Di (for
this example of 350 cm) for those trees whose
cumulative growth is within the threshold, ac-
cording to the value previously set. The new
value of Di for trees that are not within thres-

Cumulative growth [cm]

7
Steps in the simulation

. Medium voltage
network

[__JPino Candelabro
[—JEucalipto Plsteado
[ cerezo
-Eu:alnplo Pomarmoso

Figure 4. Simulation of carrying out forest maintenance.
Source: own work
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hold, D(?) is the same as calculated above,
ie.:

Di=D(t) (12)

4. Then we repeat the three previous steps as the
number of cycles to simulate, according to a
previously defined value.

Finally, we obtain curves that describe the CP
characteristic of the circuit and the amount of pru-
ning performed in each cycle. On these graphs,
we analyze the execution time of maintenance
and the number of individuals to intervene. The
cost of maintenance in each CP value is calcula-
ted according with the pruning of costs according
to the Cost Codeassociated with each tree. Note
that this budget is the minimum required in each

investigacién

CP to minimize the possibility that some trees
generated outages. The methodology concludes
with an analysis of the data obtained from the si-
mulation and proposals for solution in accordance
with the analysis.

4. RESULTS AND PERFORMANCE

We prioritize the circuits first introducing to the
fuzzy logic system the historic events for the year
2009 for all unplanned events caused by trees,
in the medium-voltage circuits, in the area of in-
fluence of Bogota and the neighboring municipa-
lities of the savannah. In the upper surface of Fi-
gure 5 are the most critical circuits, and is a clear
priority among them. By contrast, in the bottom
of the figure is the majority of the population.

PRICARITY

Figure 5. Surfaces of priority.
Source: own work
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It is obvious that the modification of rules and
fuzzy sets directly affects the way the system prio-
ritizes the circuits, but this becomes visible when
comparing the four graphs. We work the two Ma-
mdani systems with three fuzzy sets in the out-
put. The design difference between them is that
it has changed the core and the boundary of the
input fuzzy sets, and the scale priority. With these
changes the output is a bit more uniform and hie-
rarchy between priority circuits is more visible.

The first system ranks the 44% of the population,
while the remaining 56% were grouped in the
bottom of the graph with the same priority value.
With the second Mamdani system we ranked 95%
of the population and only 5% share the same va-
lue. We also changed some rules to give more
priority to circuits with a very high rate relative
to the other; the effect of this is seen in Table 2.

Mamdani’s 2 ranking is achieved include circuits
that were not previously but which deserved more
priority characteristics, this is the case of circuits
SU21, MUI1D and TB34. By analyzing their in-
dicators, we can observe that they have industrial
customer profile, i.e., high consumption and low
users, or otherwise, many users and low con-
sumption. Both cases are of concern, both for the
profile and by Colombian regulatory framework.
Importantly, if sales of energy are low in propor-
tion to the number of users, the ITAD increases.

In the figure, these customers tend toward the
ends, which is very useful because it displayed
sectors in that are grouped circuits with special
characteristics. Another example of this is in the
bottom-right edge of the surface, where they have
been located some 34,5 kV circuits (suffix R).
These circuits are also very important because
although they have few users, the service of subs-
tations or industrial customers depends on them,
hence the EPNS is high. While some of them are
not included in the ranking, view them may be
useful as a warning flag.

20  Tecnura | Vol. 17 | No. 35 | enero-marzo de 2013

Table 2. Priority Circuits - Mamdani 1 and 2

Circuit EPNS NU Mandani 1
SM1A 0,755 1 0,816
TI21 1 0,282 0,751
CN27 0,254 0,737 0,725
MO18 0,348 0,592 0,703
TN12 0,527 0,304 0,692
TO16 0,231 0,52 0,691
PT12 0,517 0,22 0,688
MO21 0,262 0,499 0,687
us16 0,36 0,478 0,683
SM22 0,277 0,458 0,679
MO17 0,239 0,425 0,672
CC24 0,204 0,38 0,662
SM26 0,237 0,243 0,642
T 0,183 0,164 0,484
Circuito EPNS NU Mandani 2
SM1A 0,755 1 79,817
TI21 1 0,282 62,412
CN27 0,254 0,737 60,343
MO18 0,348 0,592 59,727
us16 0,36 0,478 57,016
TN12 0,527 0,304 55,727
TO16 0,231 0,52 55,28
MO21 0,262 0,499 54,951
SuU21 0,14 0,497 54,874
SM22 0,277 0,458 53,833
MU1D 0,695 0,005 53,327
MO17 0,239 0,425 52,221
TB34 0,068 0,516 50,732
PT12 0,517 0,22 50,575

Source: own work

Figure 5(c) and 5(d) correspond to two Takagi-
Sugeno systems with four fuzzy sets in the out-
put. The most obvious difference compared to
Mamdani systems is that the surface is uniform,
i.e., the prioritization is more uniform. The orga-
nization along the z axis is more vertical; conse-
quently, there is a better distribution of the data



Table 3. Priority Circuits - Takagi-Sugeno 1 and 2

Circuit ENS UN TS 1 TS 2
TI21 1 0,282 100 100
SM1A 0,755 1 90,06 90,06
CJ11 0,157 0,313 87,974 87,974
SM22 0,277 0,458 86,916 86,916
usS16 0,36 0,478 84,5627 84,527
MO18 0,348 0,592 84,36 84,36
T 0,183 0,164 82,761 82,761
MU1D 0,695 0,005 82,53 82,53
TN12 0,527 0,304 82,238 82,238
SM26 0,237 0,243 82,176 82,176
FO21 0,203 0,045 80,979 80,979
1A12 0,158 0,297 80,597 80,597
TB34 0,068 0,516 78,852 79,635
CC27 0,054 0,219 78,382 78,852

Source: own work

range. In the first case, an 83% of the data were
ranked completely, while in the second an 85%.
As in the previous comparison, the second case
has a change in the rules to give some importance
to circuits with extreme indicators; however, this
is not visible in the ranking of the most important
because in the high hierarchy not there were di-
fferences.

To evaluate the optimal pruning cycle, we use
a forest inventory of 2009, of the circuit CY12
code, which contains 27 trees distributed in six
species: Acacia Melanoxylum, FicusAndicola,
PrunusSerotina, CupressusLusitanica, Eucalyp-
tus Globulus and Salix Humboldtiana. According
to information processing detailed in Fig. 2we co-
ded the information with the following parame-
ters: threshold = 200 cm, Di = 400 cm, CP = 10.
The results are shown in Table 4.

According to the simulation, the first maintenan-
ce is performed in the very short term, but this
time gradually increased until a point of stability.

investigacion

Table 4. Simulation of forest maintenance. Circuit

CY12
Prunings
CP Days Realized Budget
1 2 14 14
2 80 23 23,7
3 100 25 257
4 140 25 25,7
5 347 26 26,7
6 347 25 257
7 347 26 26,7
8 347 25 257
9 347 26 26,7
10 347 25 25,7

Source: own work

In the same way it happened with the amount of
pruning, stabilizing between 25 and 26 pruning
per CP.

To simulate the maintenance cost, we assume
values to the type of pruning: Code 0 costs 0.9,
Code 1 costs 1, and Code 2 costs 1.4. By optimi-
zing the amount of pruning is also optimized the
budget (Figure 6).

Figure 7 shows the behavior of the trees along the
simulation. In this figure highlights two indivi-
duals whose growth contrasts, the growth curve
of the Salix Humboldtiana, is faster than the cur-
ve of Acacia Melanoxylum. The red stripe passes
the threshold in all cycles of pruning, so the tree
should be pruned in all cycles of pruning. On the
other hand, the yellow stripe passes the threshold
in only five times. This last individual never rea-
ches the maximum point. The pruning cycle pe-
riod depends on the individual faster.

To verify the performance of the algorithm with
more data is entered TI21 circuit inventory, which
is among the most critical, according to initial
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Figure 6. Results CPO, CY12 circuit.
Source: own work
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Accumulated Growth [cm]

Steps in Simulation 0

Figure 7. Tree growth in CY12 circuit.
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Table 5. Simulation results circuit T121

Prunings

CP Days Realized Budget
1 3 201 151,3
2 70 235 171,2
3 78 305 218,8
4 160 364 258,3
5 294 406 292,2
6 347 389 275,3
7 347 406 292,2
8 347 389 2753
9 347 406 292,2
10 347 389 275,3

Source: own work

weighting. The exercise is performed with 463 in-
dividuals, which are divided into eleven species.
The results are shown in Table 5 and Figure 8. In
this case, the number of trees was not inconve-
nient to find a point of stability.

investigacion

The last methodological block is the approach
to solutions. For this it is necessary to propose
alternatives that emerge as the analysis of the si-
mulated results, as a technical analysis of the de-
sign conditions of the medium voltage network,
geography, and individual trees. Some possible
solutions found are:

e Identify the optimum time of pruning, when
the best solution is to simply perform pruning
along the circuit.

e By combining the analysis of CP with the lo-
cation of individual trees along the network,
we can identify sectors in which take techni-
cal measures to mitigate the indicators and/or
extend the CP.

e [t is possible to identify individuals whose
management tree is not expensive or compli-
cated, in exchange for extending the CP, such
as cuttings, transportation network, replace-
ment of species, and the other coming from
each particular case.

Pruning cycles - Execution time
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Figure 8. Tree growth in T121 circuit.
Source: own work
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5. CONCLUSIONS AND FUTURE WORK

In this paper we apply fuzzy logic techniques to
design a tool that would guide the management
of trees in medium voltage networks globally.
This tool also allows grouping, view and track
circuits according to the linguistic qualifiers that
denote key technical criteria in the management
of maintenance, additionally considering the qua-
lity indicators established by the regulator. From
a specific point of view, we find that there is a sta-
ble pruning time for all trees that affect a circuit,
despite the diversity of species and the uneven
growth of these.

The methodologies proposed, but from real data,
are purely theoretical and the nature of the pro-
blem require monitoring for at least the medium
term. The prioritization of circuits must be a pe-
riodic process that evidences the effectiveness of
the maintenance performed, and the projection of
the indicators of the circuits. Similarly, analysis

of the optimal CP requires monitoring and fee-
dback both growth curves used and the pruning
to be done. For the application of the integrated
methodology we propose:

e Pilot tests should be performed for implemen-
ting and monitoring of maintenance, allowing
for adjustment of the growth curves either by
mistake or in the model including environ-
mental factors such as humidity, temperature,
soil conditions, time of year and in general
any other factor affecting the growth of trees.
Here we take into account the follow any tech-
nical measure applied and its impact to the CP.

e Should be continued the work in [14], develo-
ping the cumulative growth curves for species
that have not yet.

e Should be design and implement a fuzzy lo-
gic system as proposed in this research, but
allows prioritizing circuits using all possible
causes of failure.
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