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ABSTRAK 

ANALISIS PENGARUH ‘FOREIGN OBJECT DAMAGE’ TERHADAP FAN 

BLADE PADA ELECTRIC ENGINE PROTOTYPE 

Oleh: 

Muhammad Mebi Adintyo 

0616 3032 1457 

 
Dalam dunia penerbangan banyak sekali faktor-faktor yang mempengaruhi keberhasilan 

suatu pengoperasian pesawat terbang, salah satu diantaranya adalah adanya pengaruh dari benda-

benda asing atau yang biasa kita kenal dengan KOBA (Kerusakan Oleh Benda Asing). FOD 

sendiri mempunyai dampak-dampak yang dapat mengakibatkan kerusakan pada struktur fan blade  

sehingga menimbulkan indikasi-indikasi kegagalan pada pengoperasian engine pesawat dan hal ini 

menjadi latar belakang dalam melakukan analisa dan pembuatan prototipe ini, 

Pada analisa yang dilakukan dan dibantu dengan sebuah rancang bangun electric engine 

prototipe  menggunakan sebuah sensor cahaya optocoupler modul LM393 untuk mengukur 

kecepatan putaran yang dipasangkan pada drive shaft motor. Nilai kecepatan putaran motor yang 

digunakan adalah hasil rasio 1:3 dari nilai kecepatan putaran engine  saat akan lepas landas. 

Sistem ini bekerja dengan set-point  sebesar 2000rpm pada saat sensor mendeteksi 

penurunan nilai kecepatan putaran  < 2000rpm yang mengindikasikan bahwa FOD menghantam fan 

blade, sistem menyalakan indikator berupa LED dan buzzer sebagai caution.  Apabila nilai rpm ≥ 

2000rpm, sistem mematikan indikator LED dan buzzer yang mengindikasikan putaran motor 

kembali normal. Saat di darat dilakukan inspeksi terhadap fan blade untuk menentukan laik atau 

tidaknya untuk digunakan kembali. 

 

Kata kunci : Foreign Object Damage, Fan blade, FOD, Sensor Cahaya  

Optocoupler modul LM393 
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ABSTRACT 

ANALYSIS THE EFFECT OF ‘FOREIGN OBJECT DAMAGE’ ON FAN 

BLADE OF ELECTRIC ENGINE PROTOTYPE 

By: 

Muhammad Mebi Adintyo 

0616 3032 1457 

 
In the aviation world there are a lot of factors that influence the success of an aircraft 

operation, one of which is the influence of foreign objects or what we commonly known as FOD 

(Foreign Object Damage). FOD sendiri mempunyai dampak-dampak yang dapat mengakibatkan 

kerusakan pada struktur The FOD itself has impacts that can cause damage to the fan blade 

structure, giving rise to indications of failure in the operation of the aircraft engine and this is the 

background in analyzing and making this prototype.  

In the analysis carried out and assisted by a prototype electric engine design using an 

LM393 module optocoupler sensor to measure the rotational speed paired on the motor drive shaft. 

The value of the motor rotation speed used is the result of a 1:3 ratio of the value of the engine 

rotation speed during take-off. 

This system works with a set-point of 2000rpm when the sensor detects a decrease in the 

rotation speed <2000rpm which indicates that the FOD hit the fan blade, the system turns on the 

indicator in the form of an LED and buzzer as caution. If the rpm value is ≥ 2000rpm, the system 

turns off the LED indicator and buzzer which indicates the motor rotation returns to normal. When 

on land an inspection of the fan blade is carried out to determine whether or not it is suitable for 

reuse. 

 

 

Key Word : Foreign Object Damage, Fan blade, FOD, LM393 module 

optocoupler sensor 

 

 

 

 

 

 



 
  

v 
 

   DAFTAR ISI  

MOTTO.................................................................................................................... i 

KATA PENGANTAR ............................................................................................ ii 

ABSTRAK ............................................................................................................. iii 

ABSTRACT ............................................................................................................. iv 

DAFTAR ISI ........................................................................................................... v 

DAFTAR GAMBAR ............................................................................................ vii 

DAFTAR TABEL .................................................................................................. ix 

DAFTAR LAMPIRAN ........................................................................................... x 

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

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

1.2 Tujuan dan Manfaat..................................................................................... 3 

1.2.1 Tujuan................................................................................................... 3 

1.2.2 Manfaat................................................................................................. 3 

1.3 Rumusan Masalah ....................................................................................... 3 

1.4 Batasan Masalah .......................................................................................... 3 

1.5 Metodelogi Penulisan .................................................................................. 4 

1.5.1 Metode Studi Pustaka ........................................................................... 4 

1.5.2 Metode Observasi ................................................................................. 4 

1.5.3 Metode Wawancara .............................................................................. 4 

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

2.1 Engine Indicating Sistem ............................................................................ 5 

2.1.1 Engine Speed Measurement and Indication ......................................... 5 

2.2 Fan Blade .................................................................................................... 9 

2.3 Foreign Object Damage (FOD) ................................................................ 11 

2.3.1 Pengaruh FOD terhadap Penerbangan ............................................... 11 

2.3.2 Pengaruh FOD terhadap Pesawat Terbang ........................................ 12 

2.3.1 Kerusakan-kerusakan yang disebabkan Oleh  FOD .......................... 13 

2.4 AC/DC Adaptor ......................................................................................... 13 

2.4.1 Jenis-jenis Adaptor ............................................................................. 14 

2.5 Pulse Modulation Width (PWM) DC Motor Controller ........................... 15 

2.6 Arduino UNO ............................................................................................ 16 

2.6.1 Spesifikasi Arduino UNO .................................................................. 16 

2.7 Motor DC .................................................................................................. 19 

2.7.1 Prinsip Kerja Motor DC ..................................................................... 20  

2.7.2 Spesifikasi DC Motor OSDT ............................................................. 21 

2.8 Sensor Putaran (RPM) .............................................................................. 22 

2.8.1 Optocupler .......................................................................................... 22 

Halaman 



 
  

vi 
 

2.8.2 Spesifikasi Optocoupler Modul LM393 ............................................ 23 

2.8.3 Piringan Bercelah ............................................................................... 25 

2.9 Alat Ukur Kecepatan Putaran Motor DC .................................................. 25 

2.9.1 Tachometer ......................................................................................... 25 

2.10 LCD 16x2 .................................................................................................. 27 

2.11 Buzzer ........................................................................................................ 29 

BAB III  PERANCANGAN ALAT ...................................................................... 30 

3.1 Tahap Perancangan.................................................................................... 30 

3.2 Blok Diagram ............................................................................................ 31 

3.2.1 Blok Diagram Keseluruhan ................................................................ 31 

3.2.2 Blok Diagram Masukan ..................................................................... 32 

3.2.3 Blok Diagram Keluaran ..................................................................... 32 

3.3 Flowchart Pengujian FOD terhadap Fan Blade........................................ 33 

3.4 Perancangan Perangkat Keras ................................................................... 34 

3.4.1 Perancangan Mekanik ........................................................................ 35  

3.4.2 Perancangan Elektronik...................................................................... 36 

   3.4.2.1 Perancangan Motor DC Speed Controller ..................................... 37 

   3.4.2.2 Perancangan Optocoupler Modul LM393 ..................................... 37 

   3.4.2.3 Perancangan Buzzer dan LED pada Arduino ................................. 37 

   3.4.2.4 Perancangan Rangkaian Display Data ........................................... 38 

   3.4.2.5 Perancangan Elektronik Keseluruhan ............................................ 39 

3.5 Pemilihan Komponen ................................................................................ 39 

3.6 Prinsip Kerja Alat ...................................................................................... 40 

BAB IV  ANALISA DAN PEMBAHASAN ....................................................... 42 

4.1 Tujuan Pengukuran Alat ............................................................................ 42 

4.2 Metode Pengukuran ................................................................................... 42 

4.3 Peralatan Pengukuran ................................................................................ 42 

4.4 Langkah-langkah Pengukuran Alat ........................................................... 43 

4.5 Hasil Pengukuran Pada Alat ...................................................................... 43 

   4.5.1  Tabel Data Hasil Pengukuran ................................................................... 44 

   4.5.2  Analisa Hasil Pengukuran Data Tabel 4.1 ............................................... 44 

   4.5.3  Analisa Hasil Pengukuran Data Tabel 4.2 ............................................... 45 

   4.5.4  Analisa Grafik Persentase Speed Controller terhadap Resistansi (Ω).. 46 

   4.5.5  Analisa Grafik Persentase Speed Controller terhadap Tegangan (V) .. 47 

   4.5.6  Analisa Grafik Persentase Speed Controller terhadap nilai RPM ........ 48 

   4.5.7  Analisa Grafik Hasil Pengukuran Data 4.3 ............................................. 50 

   4.5.8  Analisa Grafik Perubahan Nilai RPM akibat Foreign Object Damage 51 

4.6   Analisa dan Data Perhitungan ................................................................... 52          

BAB V  KESIMPULAN DAN SARAN ............................................................... 57 

5.1 Kesimpulan ................................................................................................. 57 

5.2 Saran ............................................................................................................ 57 

DAFTAR PUSTAKA 

LAMPIRAN 

Halaman 



 
  

vii 
 

 

DAFTAR GAMBAR 

 

Gambar 2.1 Engine Indicating Instrument .............................................................. 6 

Gambar 2.2 Tachometer .......................................................................................... 7 

Gambar 2.3 N1 Speed Indication ............................................................................ 8 

Gambar 2.4 N2 Speed Indication ............................................................................ 9 

Gambar 2.5 Fan Blade .......................................................................................... 10 

Gambar 2.6 Foreign Objects Damage (FOD)....................................................... 13 

Gambar 2.7 Adapter Konvensional ....................................................................... 14 

Gambar 2.8 Grafik Tegangan Segitiga dan Lebar Pulsa ....................................... 15 

Gambar 2.9 Arduino Uno ...................................................................................... 16 

Gambar 2.10 Motor DC dan Simbol Motor DC ................................................... 20 

Gambar 2.11 DC Motor ........................................................................................ 21 

Gambar 2.12 Rangkaian Optocoupler................................................................... 22 

Gambar 2.13 Sensor Optocoupler Modul LM393 ................................................ 24 

Gambar 2.14 Piringan Bercelah ............................................................................ 25 

Gambar 2.15 Tachometer Optik ............................................................................ 26 

Gambar 2.16 Spesifikasi Pin pada LCD ............................................................... 27 

Gambar 2.17 Buzzer .............................................................................................. 29 

Gambar 3.1 Blok Diagram Engine Speed Indicator System ................................. 31 

Gambar 3.2 Blok Diagram Masukan .................................................................... 32 

Gambar 3.3 Blok Diagram Keluaran .................................................................... 32 

Gambar 3.4 Flowchart Pengaruh FOD terhadap Fan Blade................................. 33 

Gambar 3.5 Perangkat Keras Engine Nacelles ..................................................... 35 

Gambar 3.6 Motor Drive shaft .............................................................................. 35 

Gambar 3.7 Electronix Box dan Penyangga Prototipe .......................................... 36 

Gambar 3.8 Skematik Rangkaian Motor Dc Speed Controller ............................. 37 

Gambar 3.9 Skematik Rangkaian Keseluruhan ..................................................... 39 

Gambar 4.1 Grafik Tabel 4.2 Pengaruh Perubahan Persentase Speed Controller 

terhadap Nilai Resistansi (𝛺) ................................................................................ 46 

Halaman 



 
  

viii 
 

Gambar 4.2 Grafik Tabel 4.2 Pengaruh Perubahan Persentase Speed Controller 

terhadap Nilai Tegangan (V) ................................................................................ 47 

Gambar 4.3 Grafik Tabel 4.2 Pengaruh Perubahan Persentase Speed Controller 

terhadap Nilai Putaran Motor (RPM) .................................................................... 48 

Gambar 4.4 Grafik Perubahan Nilai RPM akibat Foreign Object Damage ......... 51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Halaman 



 
  

ix 
 

DAFTAR TABEL 

 

Tabel 2.1 Pin LCD – Pin Arduino ......................................................................... 28 

Tabel 3.1 Daftar Komponen .................................................................................. 40 

Tabel 4.1 Tabel Data HasilPengukuran Tegangan Optocoupler LM393, Buzzer, 

LED ....................................................................................................................... 44 

Tabel 4.2 Tabel Data Hasil Pengukuran Resistansi, Tegangan, dan Nilai RPM .. 45 

Tabel 4.3 Tabel Data Hasil Pengujian Material FOD Menghantam Fan Blade ... 49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Halaman 



 
  

x 
 

DAFTAR LAMPIRAN 

 

Lampiran A. Surat Kesepakatan Bimbingan LA Pembimbing I 

  Surat Kesepakatan Bimbingan LA Pembimbing II 

  Lembar Bimbingan LA Pembimbing I 

  Lembar Bimbingan LA Pembimbing II 

  Surat Rekomendasi Ujian Laporan Akhir 

  Lembar Pelaksanaan Revisi Laporan Akhir (LA) 

Lampiran B. Data Sheet Sensor Optocoupler LM393  

Lampiran C. Data Sheet ATMega 328 Arduino Nano 

Lampiran D. Data Sheet LCD Grafik 

Lampiran E. Foto Pengukuran dan Pengujian Alat 

Lampiran F. Daftar Program RPM Arduino Uno 

 


