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ABSTRAK

Penelitian ini membahas analisis kontingensi pada sistem tenaga listrik
IEEE 30 Bus menggunakan metode aliran daya Distributed Slack Bus. Analisis
dilakukan untuk mengetahui hasil aliran daya pada kondisi normal serta
mengevaluasi dampak kontingensi terhadap profil tegangan bus dan kondisi operasi
jaringan. Metode Distributed Slack Bus digunakan untuk mendistribusikan
kebutuhan daya akibat rugi-rugi sistem ke beberapa generator berdasarkan faktor
partisipasi, sehingga pembagian daya tidak hanya ditanggung oleh satu slack bus
sebagaimana pada metode Single Slack Bus. Penyelesaian aliran daya dilakukan
menggunakan metode Newton-Raphson, sedangkan analisis kontingensi dilakukan
dengan skenario N-1, yaitu pelepasan satu saluran transmisi secara bergantian dari
41 saluran yang terdapat pada sistem IEEE 30 Bus. Simulasi dilakukan
menggunakan MATLAB dengan mengevaluasi profil tegangan, tegangan
minimum, dan Performance Index. Hasil penelitian menunjukkan bahwa pada
kondisi normal metode Distributed Slack Bus menghasilkan total pembangkitan
sebesar 289,1265 MW untuk memenuhi total beban 283,4 MW, sehingga diperoleh
rugi-rugi daya sebesar 5,7265 MW atau 2,02%. Pembagian daya dilakukan kepada
enam generator berdasarkan faktor partisipasi, dengan Generator Bus 1 memiliki
faktor partisipasi terbesar sebesar 40,01%, Bus 2 sebesar 15,55%, sedangkan Bus
5,8, 11, dan 13 masing-masing sebesar 11,11%. Dibandingkan metode Single Slack
Bus, metode Distributed Slack Bus memberikan pembagian kebutuhan daya akibat
rugi-rugi sistem yang lebih terdistribusi karena tidak hanya dibebankan pada satu
generator. Pada analisis kontingensi N-1, terdapat tiga skenario yang mengalami
voltage collapse, yaitu pelepasan saluran Bus 9-11, Bus 12-13, dan Bus 25-26,
yang berkaitan dengan konfigurasi radial sehingga bus tujuan menjadi terisolasi
ketika saluran dilepas. Kontingensi terparah yang masih konvergen terjadi pada
pelepasan saluran Bus 28-27, dengan tegangan minimum sebesar 0,8250 p.u. pada
Bus 30 dan Performance Index sebesar 40,9008. Bus 30, Bus 26, dan Bus 29
menjadi bus yang paling rentan karena berada pada bagian ujung jaringan dengan
konfigurasi radial. Hasil penelitian menunjukkan bahwa metode Distributed Slack
Bus dapat digunakan untuk menganalisis aliran daya serta mengidentifikasi bus
rentan dan saluran kritis akibat kontingensi pada sistem IEEE 30 Bus.

Kata Kunci: Analisis Kontingensi, Sistem Tenaga IEEE 30 Bus, Distributed Slack
Bus, Newton-Raphson, Performance Index
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ABSTRACT

This study discusses contingency analysis of the IEEE 30 Bus power system
using the Distributed Slack Bus power flow method. The analysis was conducted to
determine the power flow results under normal operating conditions and to
evaluate the impact of contingencies on the bus voltage profile and overall system
operating conditions. The Distributed Slack Bus method was used to distribute the
power requirement caused by system losses among several generators based on
their participation factors, so that the balancing responsibility is not assigned only
to a single slack bus as in the Single Slack Bus method. The power flow solution
was performed using the Newton-Raphson method, while the contingency analysis
employed an N-1 scenario by disconnecting one transmission line at a time from
the 41 transmission lines in the IEEE 30 Bus system. The simulations were carried
out in MATLAB by evaluating the voltage profile, minimum voltage, and
Performance Index. The results show that under normal operating conditions, the
Distributed Slack Bus method produces a total generation of 289.1265 MW to
supply a total load of 283.4 MW, resulting in system losses of 5.7265 MW or 2.02%.
The power contribution was distributed among six generators based on their
participation factors, with the generator at Bus 1 having the largest participation
factor of 40.01%, followed by Bus 2 at 15.55%, while generators at Buses 5, 8, 11,
and 13 each contributed 11.11%. Compared with the Single Slack Bus method, the
Distributed Slack Bus method provides a more distributed representation of the
power requirement associated with system losses because the balancing
requirement is not assigned to only one generator. In the N-1 contingency analysis,
three scenarios resulted in voltage collapse, namely the disconnection of lines Bus
9—-11, Bus 12—13, and Bus 25-26, which are associated with a radial configuration
that causes the destination bus to become isolated when the corresponding line is
disconnected. The most severe contingency that still converged occurred when line
Bus 28-27 was disconnected, resulting in a minimum voltage of 0.8250 p.u. at Bus
30 and a Performance Index of 40.9008. Buses 30, 26, and 29 were identified as
the most vulnerable buses because they are located at the end of the network and
are associated with radial configurations. These results indicate that the
Distributed Slack Bus method can be used to analyze power flow conditions and to
identify vulnerable buses and critical transmission lines under contingency
conditions in the IEEE 30 Bus system..

Keywords: Contingency Analysis, IEEE 30 Bus Power System, Distributed Slack
Bus, Newton-Raphson, Performance Index
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