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RESEARCH FIELD OF INTEREST

Power Quality Issues

Overhead Distribution Line

s

U

Lightning-Overvoltages : Direct and Indirect Events

U

Improvement of Lightning Performance Analysis

Optimal Strategies for Surge Protection

U




RESEARCH RESULTS

i’?

EMTP-based modelling of an actual distribution network

Optimal protection strategy (generation of events): a new tool to statistically

characterize lightning events based on Futures and Design of Experiments
(DOE)

Optimal protection strategy (choice of the optimal device allocation): Single-
Objective and Multi-objective approaches for optimal location of Surge
Arresters (SAs) and Decision Theory
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PROBLEM STATEMENT

Enhancing Lightning Protection in Power Infrastructures

Bosnia.andiHerz: of ‘t’ ¢
‘g‘:‘ﬁ’;gsf@'f ég

1. Increased lightning activity (growing frequency of events)

s

2. High ground flash density (percentage of faults related to lightning)

Ke
2.1 Equipment damage, overvoltages and surges, power quality issues, : }%& %% ‘
grounding issues, fire hazard T , : i s}”ﬁ f
3. Vulnerability of distribution areas (regions prone to lightning-related failures) “

3.1 Damage assessment, isolation and safety measures, equipment repair or
replacement, power restoration

4. Need for protection mechanisms (strategies to improve performance)

4.1 Lightning arresters, grounding and bonding, shielding and insulation,
lightning detection and monitoring systems, regular maintenance and

ispections.
Total Lightning Density events/km?/year
B
1 2 4 8 12 16 32 64 96



RESEARCH OBJECTIVE

Modelling of an actual distribution network

Unified lightning attraction model-based direct/indirect lightning assessment

Protection devices analysis

Protection strategy

 Single-objective and multi-objective optimization for the allocation of the arresters

* Scenario-based approach - Design of Experiments techniques — comparison to Monte Carlo
approach to generate random lightning events (computational time)

» Decision theory approach for choice of protection alternative

10



NETWORK MODELLING
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Note di presentazione
24kV MV Distribution Network
Lightning Return Stroke Modelling



UNIFIED LIGHTNING ATTRACTION MODEL
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Note di presentazione
SA+SW (Types, Coverage and Constraints)
Concerns about placing the arrester –
Arresters on Every Pole – Cost Ineffective
Transfer Voltage Mechanism
Critical Tower



FLASHOVER ESTIMATION

| .
Average Standard Average Standard
Deviation Deviation
Current Amplitude [kA] 31 0.46 13 0.641
Front Time [ps] 5 0.54 0.31 0.66
half Time [us] 70 0.56 20 0.67
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SINGLE AND MULTI-OBJECTIVE PROBLEM FORMULATION

Minimize F = Z[(1 — x;)FOR; + x;AFOR, | Fol, . c
i=1 Minimize F = Z [Wl I,total + " L,total]

Cmax

W»
FOI max Rrisk,max

Minimize F = Z Cr

i=1

CT = Nsa * (Cinit + Cmaint + Cshort + Clong) + Csw

Minimize F = Z Ry
i=1

Ry = fOOP(Ip,Ti) - P(FA)dE + foof(V)-D(V)dv
0 0


Relatore
Note di presentazione
Where  𝑥 𝑖  is a binary decision variable, indicating whether a surge arrester is installed at tower (i) (1 if installed, 0 otherwise)

 𝐹𝑂𝑅 𝑖  is the flashover rate at tower (i) without a surge arrester.  

 𝐴𝐹𝑂𝑅 𝑖,𝑗  is the adjacent flashover rate caused by a flashover at tower (i), which affects neighbouring tower 

n is the total number of towers in the distribution line.
 𝐹𝑂𝐼 𝑖  is the Flashover Index of tower ( i ), representing the likelihood of a flashover occurring at that tower.   
  𝐹𝑂𝐼 𝑚𝑎𝑥  is the maximum flashover index observed in the system.    
 𝑅 𝑖,𝑡𝑜𝑡𝑎𝑙  is the total risk associated with surge arrester ( i ), capturing the failure probability and its impact.   
  𝑅 𝑟𝑖𝑠𝑘,𝑚𝑎𝑥  is the maximum allowable risk for any surge arrester in the system. 
 𝐶 𝑖,𝑡𝑜𝑡𝑎𝑙  is the total cost associated with surge arrester ( i ), including installation, maintenance, and replacement costs.
  𝐶 𝑚𝑎𝑥  is the maximum cost across all surge arresters in the system.    (  𝛼 1 ,  𝛼 2 ,  𝛼 3  ) are weighting factors that prioritize the importance of minimizing FOR, risk, and cost respectively.\end{itemize}



PROTECTION STRATEGY: TRADITIONAL APPROACH

Generation of Random lightning events- current magnitodle(l }
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Note di presentazione
You performed the MC + GA as all the researchers did 
Limitations of this approach (1. they usually refer to a single-line… unfeasibility of complex networks) Simple 10 tower system- 8.2 hours - for a 10000 lightning events
large number of network buses – increased complexity
Non – consequential events (Indirect)




PROTECTION STRATEGY: SCENARIO-BASED APPROACHES - FUTURES & ALTERNATIVES

* The lightning return stroke locations fq = L(xq ) yq) are 0.03
Location < considered with a uniform distribution probability. s
0.025 ¢
(Indirect) *Xg = (@—1)-30,forg € N,1 <G < Np where Ny _
represents the total number of towers Z 00y
E' 0.015 ¢
« (1.2/50 s lightning waveform) 2
current » probability distribution of current amplitude denoted as f, q
0.005 ¢
magnitude where g = 1, . . ., 3, is considered. |
* The occurrence rates for amplitudes of 30 kA, 50 kA, and 80 % 50 100 150 20 250
KA are specified as 0.6, 0.3, and 0.1, respectively. Cttertiic)
Alternatives Type coverage Shielding Nature
100 — w v T v . . v T .
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Relatore
Note di presentazione
Each future is assigned a probability of occurrence, which represents the likelihood of lightning events happening. 
These probabilities are represented as ωq (where q = 1, . . . , nω ), sum of all these probability values is equal to one



PROTECTION STRATEGY: DECISION THEORY
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Relatore
Note di presentazione
For each alternative, Ap, the expected total FOR ( 𝐸𝐹 𝑇  ) associated with all the  𝑛 𝑓  futures is evaluated as: FOR associated to alternative  𝐴 𝑝  and future  𝐹 𝑞  . The criterion of the expected FOR minimization suggests design alternatives that are the best on the average of the futures. This choice implies that, if the future which really occurred does�not happen close to the average, high regrets can derive. The second criterion is based on the. risk analysis paradigm aimed at minimizing the regret. The regret can be defined as follows: once the future occurs, the regret felt when the optimal decision for the really occurred future was not made will be evaluated. For each future, the minimum total FOR can be easily found as:






Multi objective
Optimization

@



PROTECTION STRATEGY: DESIGN OF EXPERIMENT TECHNIQUES FOR GENERATION

OF LIGHTNING EVENTS - FULL FACTORIAL DESIGN
e —

I Monte-Carlo
Taguchi
FFD

DoE techniques assess system responses based on various input

combinations. Responses are influenced by factors, which directly affect
outputs.

Factors are data points with varying levels that impact system outputs.

FOI

Full Factorial Design (FFD):FFD considers all possible combinations of
selected factors and levels.

For m factors, each with n levels, the total number of experimental runs is

nm

1 | ‘ |I II II II
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SA Protected Towers

Lightning peak current Ui 01
_ Level 2: u; + o;
Return stroke front time HUo Oy
—
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Note di presentazione
DoE is a statistical technique that allows performing the
simultaneous study of the effects of multiple variables. The
DoE techniques are based on a simple paradigm that is, given
a system with a number of inputs, the responses of the system
which are performance indicators (i.e., outputs) are evaluated
for each combination of the inputs and represent a quantitative
measure of system behavior. The system’s responses are
influenced by factors,


Protection Scenario

PROTECTION STRATEGY: PROTECTION ALTERNATIVES AND VALUES OF THE

OBJECTIVES
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Note di presentazione
Results of single objective + scenarios +Decision Theory (PSCC)
Multiobjective + Results of Doe  (IEEE Access)
Results of Multiobjective + (combination of Taguchi and scenarios) + Decision Theory (future paper on TPD)



PROTECTION STRATEGY: DESIGN OF EXPERIMENT TECHNIQUES FOR
GENERATION OF LIGHTNING EVENTS - TAGUCHI MULTI-AREA
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Note di presentazione
Results of single objective + scenarios +Decision Theory (PSCC)
Multiobjective + Results of Doe  (IEEE Access)
Results of Multiobjective + (combination of Taguchi and scenarios) + Decision Theory (future paper on TPD)
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PROTECTION STRATEGY: DESIGN OF EXPERIMENT TECHNIQUES FOR
GENERATION OF LIGHTNING EVENTS - TAGUCHI MULTI-AREA
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Note di presentazione
Results of single objective + scenarios +Decision Theory (PSCC)
Multiobjective + Results of Doe  (IEEE Access)
Results of Multiobjective + (combination of Taguchi and scenarios) + Decision Theory (future paper on TPD)
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Protective Device Evaluation

Analysis of Critical Towers

Heuristic Approaches

Consideration of Key Constraints

Design of Experiments (DoE) - Reduction of lightning sample
requirements for analysis

Decision theory approach for choice of protection alternative

Separate evaluation for lightning mitigation devices

Use of effective lightning attraction models

Assessment of lightning occurrences along distribution lines

Time-consuming nature of traditional heuristic methods

Fixed protection alternatives based on “degree of elimination”

Critical Towers; Transfer Voltages; Cross Section; Surge Travel;
Consecutive Arrangements

Implementation of Full Factorial and Taguchi arrays

Taguchi multi-area and Decision Theory criteria
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Generation of Events

Monte Carlo

Futures (Scenarios)

Design of Experiments

Optimization Problem

Single Objective (FOR)

Multi-Objective

(Pareto (FOI, CI) and Weighted
Sum (FOI, CI and RI))

Device Allocation

Genetic Algorithm

Decision Theory
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