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Motivation [Prtid HH-Ij!ﬁlgnd|:

* As the maintenance method of power facilities is mntmnu | S
switched from TBM (Time Based Maintenance) to |
CBM (Condition Based Maintenance), accurate [ e 1 s P ey
condition evaluation technology is required. T ' || mducion

- - 3 1

* Partial discharge diagnosis is the only diagnostic preee Image | Statntical Diate a
method for underground transmission lines in fostrss | | chatering L e
operation. . 3 § : 3 . .

* Since 2018, an online partial discharge diagnosis I
system based on the IEC 61850 communication o PO 7 Eraion
protocol has been introduced and operated in the : T : T
345kV underground transmission line. | AND

P decinion

¢ Standardized systems and data become the basis for
the development of an intelligent partial discharge
and condition assessment system for underground
transmission lines(U-phas)

Figure 2. Two-step automatic decision process

Health index calculation algorithm
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Big Data Collection
¢ * Derivation of 8 input parameters through ANOVA and

E B 8 ‘! logistic analysis of the existing health index and new

load  Failure Disgnosis i load.

* Development of health index calculation algorithm

CNN(PRPD)/LSTM{Pulse) Ondre PD Monitoring &Decision based on ensemble NN(neuraI network)
I“H \I\HlHI 000 AAd A} A H * Additional analysis in progress to secure the reliability
Mt ooc Sl Fatces ) ’ of the improved health index
AAA Ensemble Neural Network Health Index/
(Health Index) Condition Assessment.

Figure 1. Overview of Intelligent Partial Discharge and Condition Table 1. Parameter Derivation for Health Index Calculation

Assessment System for Underground Transmission Lines(U-phas)
ata 'arameters

Operating period at Max load No. of Joint box New
Thtermal Annual maximum load o edrecord ofvL| Exist
. . . . . stress - - amaged record of xisting.
Partial discharge decision algorithm (4) Operating perod operatil =
- n peratl | Dismantledrecordof | _ . .
Sheath circulating current on Joint box Existing
. Py - - Joint
* Development of a two-step automatic decision Electrical No. of lightning (s) oo oy ot st
. . . Ipe laying rate XIsting
algorithm to determine PRPD patterns and pulses using stress No. of outrage pelanme |
. PP . . (3) e history Score of operating
various artificial intelligence technologies od New
" perio:
Record of hanging cable
* PRPD patterns recognition Physical Pipe laying rate Averagecfload | New
X . and Norsliding device Componem of
. 1') CI\!N(Convqutlorf Neural Network) : Noise environme | nstallation environment Load | Corrlaion coefficent | New
elimination and Learning PRPD images X accuracy 99.8% ntal stress Manhole size @) matrx
(6) i ; AR
. . . PR Maintenance history for . New
2) SVM(Support Vector Machine) : Noise elimination connectiongat (Load variabilty)

and learning with 7 statistical features X accuracy 99.9%
* Pulse determination

1) LSTM(Long -Short Term Memory) : Time series data
processing, PD ratio > 0.65 X 99.0%

* After continuous verification of field data, PRPD
pattern recognition is selected by CNN and pulse
determination is selected by LSTM method.
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Condition assessment algorithm

* The improved Health Index and Rl are used to
determine the condition of underground
transmission lines.

* RI(Risk Index) means a risk factor that requires
immediate action according to the diagnosis result

-> PD decision result, EBG result of DGA, EBA result of
DGA

* It will be used to determine the inspection interval of
the underground transmission line by multiplying the
improved Health Index (HI) and the Risk Index (RI) .
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Figure 3. Calculation process of Condition assessment

System development

* The physical structure of U-phas is divided into big
data server, Al server, DB server, and Was server, and
each function is as follows.

* The big data server : collecting online PD diagnostic
data and operational data from the field. All
diagnostic and operational data linked to the system
can be inquired, analyzed, and managed through the
big data server.

* The Al server : re-learning PD algorithms and
developing new learning models.

* The DB server : building the partial discharge
determination result and the data received from the
head office legacy as a database.

* The Was server : Users can access the system
* The Ul of the system is divided into :
- General status
- Condition assessment
- Partial discharge decision
- Big data
- Artificial intelligence platform (Only administrator)

- System management (Only administrator)

Figure 4. Configuration of U-phas
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Figure 5. General status of Health index(HI) and Risk
index(RI) in U-phas

€3 e mysmvr

ws o ovem v ww mR ﬁ
= ~

I - mul'hlh 0 .

Figure 6. Big data Management in U-phas
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e Conclusions

ez .

¢ KEPCO is working on data linkage and system
E — = = improvement in order to expand and use U-phas to all
o ’ ' e headquarters.

v

advances the two-step automatic decision algorithm

or 1 w . | by continuously collecting field data.

U-phas will serve as a basis for establishing a
. ; preventive diagnosis system that can prevent
. | e | o | e
. - - breakdowns in underground transmission lines.

] ) * In addition, we are developing an algorithm that

Figure 7. Result of PD analysis using Al algorithm in U-phas

Application

* U-phas was applied to 23 underground transmission
lines in the field.

- 14 lines (online partial discharge diagnosis system
based on IEC 61850) : a two-step automatic decision
algorithm

- 9 lines(the existing system) : only PRPD

¢ After the existing systems are changed to the data
structure based on IEC 61850, a two-step automated
decision process will be applied.

Figure 8. Application of KEPCO's actual underground transmission
lines
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