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ABSTRAK 

 

Negara berkembang yang memiliki industri dengan kebutuhan sumber 

listrik yang bertambah seiring bertambahnya penduduk yang memakai kebutuhan 

listrik terutama peralatan non linier banyak digunakan dalam pabrik, perusahaan 

maupun industri. Pada perkembangan jaman teknologi elektronika, teknologi 

sistem kontrol, beban-beban sumber daya listrik ternyata terdapat pengaruh 

karakteristik pada arus, tegangan maupun frekuensi dan bentuk gelombang, 

artinya bentuk cacat atau mengalami perubahan yang terjadi karena timbulnya 

harmonisa, itulah yang dinamakan beban non linier. Untuk mengurangi atau 

meredam jika terjadinya harmonik maka dibutuhkan Single Tuned Filter yang 

dipasang pada industri PT.Indocement Tunggal Prakarsa.Tbk Palimanan-Cirebon. 

Pada penelitian ini juga dilakukan perbandingan antara THD tegangan dan arus 

berdasarkan standar IEEE 192-2014 dengan melakukan perhitungan untuk 

merancang Single Tuned Filter. Perhitungan ini dilakukan terjadi adanya 

timbulnya harmonisa pada motor induksi 3-fasa Cement Mill pada Plant 10 SS E6 

PT.Indocement Tunggal Prakarsa. Tbk Palimanan-Cirebon karena melebihi batas 

dari standar sehingga harus meredam harmonisa dan menyebabkan pertambahan 

thermal stress pada motor-motor induksi yang berdampak pada kondisi dan umur 

isolasi pada motor. Berdasarkan perbandingan dan analisis yang didapat bahwa 

THD arus yang terukur masih melebihi batas standar IEEE 519 1992-2014. 

Sebaiknya segera dilakukan penanganan maupun perbaikan sehingga tidak terjadi 

kerusakan yang berlebih pada Motor Induksi 3 Fasa 6,6 KV Cement Mill Plant 10 

SS E6 PT.Indocement Tunggal Prakarsa. Tbk Palimanan-Cirebon. 

 

Kata kunci : THD (Total Harmonic Distortion), Harmonisa, Filter Pasif 

Singel Tuned 

 

 

 



 

ABSTRACT 

Developing countries that have industries with electricity source needs 

that increase with increasing population who use electricity needs, especially non-

linear equipment is widely used in factories, companies and industries. In the 

development of the era of electronic technology, control system technology, the 

burden of electrical resources turned out to have a characteristic influence on 

current, voltage and frequency and waveforms, meaning that the shape is 

defective or changes due to the emergence of harmonics, that is what is called 

non-linear load. To reduce or reduce the occurrence of harmonics, a Single Tuned 

Filter is needed which is installed in the industry of PT. Indocement Tunggal 

Prakarsa. TB Palimanan-Cirebon. In this study also conducted a comparison 

between voltage and current THD based on the IEEE 192-2014 standard by 

performing calculations to design a Single Tuned Filter. This calculation is carried 

out the occurrence of harmonics on the 3-phase Cement Mill induction motor at 

Plant 10 SS E6 PT. Indocement Tunggal Prakarsa. Tbk Palimanan-Cirebon because 

it exceeds the limits of the standard so it must reduce the harmonics and cause 

increased thermal stress on induction motors that affect the condition and age of 

insulation on the motor. Based on the comparison and analysis found that the 

measured current THD still exceeds the IEEE 519 standard 1992-2014. Handling 

and repair should be done immediately so that there is no excessive damage to 

the 3 Phase Induction Motor 6.6 KV Cement Mill Plant 10 SS E6 PT. Indocement 

Tunggal Prakarsa. Tbk Palimanan-Cirebon. 

 

Keywords: THD (Total Harmonic Distortion), Harmonics, Singel Tuned Passive 

Filter 

 

 

 



 

DAFTAR ISI 

 

HALAMAN JUDUL ................................................................................................ i 

HALAMAN PENGESAHAN I ............................................................................... ii 

HALAMAN PENGESAHAN II ............................................................................ iii 

HALAMAN PERNYATAAN ................................................................................ iv 

HALAMAN PERSEMBAHAN .............................................................................. v 

MOTTO .................................................................................................................. vi 

KATA PENGANTAR ........................................................................................... vii 

INTISARI ............................................................................................................... ix 

ABSTRACT ............................................................................................................. x 

DAFTAR ISI ........................................................................................................... xi 

DAFTAR GAMBAR ............................................................................................ xiv 

DAFTAR TABEL ................................................................................................. xvi 

BAB I PENDAHULUAN ........................................................................................ 1 

1.1 Latar Belakang ................................................................................................ 1 

1.2 Rumusan Masalah ........................................................................................... 2 

1.3 Tujuan Penelitian ............................................................................................ 2 

1.4 Manfaat Penelitian .......................................................................................... 3 

1.5 Batasan Masalah ............................................................................................. 3 

1.6 Sistematika Penelitian ..................................................................................... 3 

BAB II TINJAUAN PUSTAKA ............................................................................. 5 

2.1      Tinjauan Pustaka ........................................................................................... 5 

2.2     Landasan Teori ............................................................................................... 6 

2.2.1    Definisi Harmonik… ................................................................................. 6 

2.2.2    Batasan Harmonik.. ................................................................................... 8 

2.2.3    Total Harmonic Distortion ......................................................................... 9 

2.2.4    Identifikasi Harmonik .............................................................................. 10 

2.2.5    Penyebab Harmonik ................................................................................. 11 

        2.2.5.1  Beban Linier ...................................................................................... 11  



 

        2.2.5.2  Beban Non Linier .............................................................................. 12 

  2.2.6  Dampak Harmonik ..................................................................................... 14  

  2.2.7  Resonasi ..................................................................................................... 15 

        2.2.7.1 Resonasi Seri ...................................................................................... 15 

        2.2.7.2  Resonasi Parallel ............................................................................... 16 

 2.2.8  Efek Distorsi Harmonik pada Sistem Tenaga Listrik ................................ 16 

 2.2.9  Efek Harmonik pada Peralatan Sistem Tenaga ......................................... 16 

  2.2.9.1  Capasitor Bank .................................................................................. 17 

  2.2.9.2  Sumber Harmonisa pada Motor Induksi ........................................... 18 

 2.2.10 Filter Harmonik ........................................................................................ 19 

  2.2.10.1 Filter Aktif........................................................................................19 

        2.2.10.2 Filter Pasif ........................................................................................ 20 

 2.2.11  Single Tuned Filter .................................................................................. 21 

 2.2.12  Motor Induksi 3 Fasa ............................................................................... 24 

  2.2.12.1 Prinsip Kerja Motor Induksi 3 Fasa ................................................. 24 

  2.2.12.2 Konstruksi Motor Induksi 3 Fasa ..................................................... 27  

BAB III METODE PENELITIAN ........................................................................ 30 

3.1 Metode Penelitian ........................................................................................... 30 

   3.1.1   Jenis Pengambilan Data ........................................................................... 30 

   3.1.2   Teknik Pengolahan Data .......................................................................... 31 

3.2  Alat Penelitian ................................................................................................. 31 

3.3  Waktu dan Tempat Penelitian ......................................................................... 32 

3.4  Langkah Penelitian .......................................................................................... 32 

3.5  Flowchart Alur Penelitian ............................................................................... 34 

BAB IV PEMBAHASAN ...................................................................................... 35 

4.1   Alat Ukur Power Quality And  Energy Analyzer .......................................... 35 

   4.1.1  Power Quality Analyzer Fluke 435 ........................................................... 35 



 

  4.1.2  Spesifikasi Motor Induksi 3 Fasa Cement Mill ........................................ 36 

  4.1.3  Flowchart Proses Pengukuran ................................................................... 38 

4.2   Skema Pengukuran Power Analyzer .............................................................. 39 

4.3   Cara Melakukan Pengukuran ......................................................................... 41 

4.4   Analisis Hasil Pengukuran ............................................................................. 45 

4.5   THD Tegangan ............................................................................................... 52 

4.6   THD Arus ....................................................................................................... 54 

4.7   Persentase THD Harmonik Tiap Orde Pada Motor Cement Mill .................. 57 

4.8   Analisis Dampak Harmonisa Timbul pada Motor Induksi 3 Fasa ................. 58 

4.9   Analisa Pengaruh Harmonisa Pada Arus Netral ............................................ 59 

4.10 Analisa Perbaikan Harmonik ......................................................................... 59 

BAB V PENUTUP ................................................................................................. 68 

5.1  Kesimpulan ..................................................................................................... 68 

5.2  Saran ................................................................................................................ 69 

DAFTAR PUSTAKA ............................................................................................ 70 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

DAFTAR GAMBAR 

 

Gambar 2.1.   Gelombang fundamental,  harmonik dan gelombang hasil ............... 7 

Gambar 2.2.   Spectrum urutan orde harmonisa....................................................... 7 

Gambar 2.3.   Polaris Komponen Harmonik ............................................................ 8 

Gambar 2.4.   Jenis Beban Non-Linier ................................................................... 13 

Gambar 2.5.   Konfigurasi Filter Aktif. .................................................................. 20 

Gambar 2.6.   Konfigurasi Filter Pasif ................................................................... 20 

Gambar 2.7.   Rangkaian Single Tuned Filter ........................................................ 21 

Gambar 2.8.   Arus Pada Kabel Menghasilkan Fluks ............................................ 25 

Gambar 2.9.   Berputarnya Medan Magnet Arus 3 fasa......................................... 25 

Gambar 2.10. Gaya Timbul  akibat  Hukum Lorentz ............................................. 26 

Gambar 2.11. Gaya akibat Fluks pada Stator dan Rotor ........................................ 26 

Gambar 2.12. Frame Stator .................................................................................... 27 

Gambar 2.13. Rotor tipe Squirrel Cage .................................................................. 29 

Gambar 2.14. Rangkaian Rotor Slip Ring ............................................................. 29 

Gambar 3.1.   Peta lokasi PT.Indocement Tunggal Prakarsa Tbk-Cirebon ........... 32 

Gambar 3.2.   Diagram Alir Penelitian .................................................................. 34 

Gambar 4.1.   Alat ukur Power Quality and Energy Analyzer Fluke 435 ............. 35 

Gambar 4.2.   Panel Pengukuran Arus dan Tegangan Motor ................................. 37 

Gambar 4.3.   Motor Induksi 3 Fasa Cement Mill ................................................. 37 

Gambar 4.4.   Flowchart Pengukuran Power Quality Analyzer Fluke 435............ 38 

Gambar 4.5.   Pemasangan alat ukur pada Power Quality Analyzer ..................... 39 

Gambar 4.6.   Tampilan setting posisi kabel pengukuran ...................................... 41 

Gambar 4.7.   Tampilan setting frekuensi .............................................................. 41 



 

Gambar 4.8.   Tampilan setting Tegangan Star & Delta ........................................ 42 

Gambar 4.9.   Tampilan setting Adjust Limit ........................................................ 42 

Gambar 4.10. Tampilan setting Amps Scaling ...................................................... 43 

Gambar 4.11. Tampilan setting Volt Scaling ......................................................... 43 

Gambar 4.12. Tampilan hasil ukur harmonik berdasarkan tegangan ..................... 44 

Gambar 4.13. Tampilan hasil ukur harmonik berdasarkan arus ............................ 44 

Gambar 4.14. Tampilan Amps Phasor ................................................................... 45 

Gambar 4.15. Tampilan Record Harmonic tabel ................................................... 45 

Gambar 4.16. Grafik THD terhadap tegangan ....................................................... 54 

Gambar 4.17. Simulasi Etap mencari arus hubung singkat (Isc) pada motor ........ 55 

Gambar 4.18. Short Circuit Report simulasi ETAP ............................................... 55 

Gambar 4.19. Grafik THD terhadap arus ............................................................... 57 

Gambar 4.20. Rangkaian Single-Tuned Filter ....................................................... 62 

Gambar 4.21. Rangkaian Filter Pasif Parallel dan Seri .......................................... 66 

Gambar 4.22. Skema Pemasangan Filter Pasif ...................................................... 66 

 

 

 

 

 

 

 

 

 

 

 

 



 

DAFTAR TABEL 

 

Tabel 2.1. Batas Distorsi arus menurut standar IEEE .............................................. 8                      

Tabel 2.2. Batas Distorsi tegangan menurut standar IEEE ...................................... 9 

Tabel 4.1. Spesifikasi motor induksi 3 fasa Cement Mill ...................................... 36 

Tabel 4.2. Hasil Pengukuran THD Tegangan dan THD Arus ............................... 45 

Tabel 4.3. Batas Distorsi tegangan menurut standart IEEE ................................... 53 

Tabel 4.4. Batas Distorsi arus menurut standart IEEE ........................................... 56 

Tabel 4.5. Persentase THDI harmonik tiap orde .................................................... 57 

Tabel 4.6. Spesifikasi filter pasif single tuned ....................................................... 65 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


