












 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 
 
 

 



 
 

 

 ..............................................................................................  

 ................................................................  

 .....................................................  

 .................................................  

 ............................................................................  

 ............................................................................................................  

 .........................................................................................................  

 .........................................................................................  

 ..........................................................................................................  

 ..........................................................................................  

 ................................................................................................  

 ......................................................................................  

 .....................................................................................  

  ....................................................................................  

  ............................................................................  

 .................................................................................  

  ...............................................................................  

  ..............................................................................  

  .........................................................................  

 ............................................................................  

  ..................................................................................................  

  ....................................................  

  ..............................................  

  ......................................  

  ............................  

  .........................................  

  ..........................................  



 
 

  ......  

  ................................................  

  ...........................................................................................  

  .............................................................  

  .................................................................  

  ....................................................  

  ......................................  

  ...........................  

  .........................................................  

  ....................................................................  

 .......................................................................  

  ...............................................................................  

  ..............................................................................  

 .....................................................................  

 ............................................................................  

  ...........................................................................  

 ..........................................................  

  ...............................................  

  ....................................................................  

  ...................................................................................  

  ....................................................................  

  .............................................................................  

  .......................................................................  

  ..................................................................................  

  ............................................................................................  

 .........................................................................................  

  ..............................................................  

  ...........................  

  .........  

  ........................................................  

  ..............................................................  

  ...................................................  

  .......................................................................  



xii 

 

3.8.5. Pencatatan dan Analisis Data .................................................... 43 

3.9. Analisis FEA ..................................................................................... 43 

3.9.1. Pembuatan Model Geometri ..................................................... 44 

3.9.2. Penentuan Sifat Material ........................................................... 44 

3.9.3. Penentuan Tipe Elemen dan Meshing ....................................... 45 

3.9.4. Penentuan Kondisi Batas dan Kontak ....................................... 45 

3.9.5. Proses Simulasi Impact Menggunakan FEA ............................. 45 

3.9.6. Analisis dan Interpretasi Hasil Simulasi ................................... 45 

BAB 4 HASIL DAN PEMBAHASAN ............................................................... 46 

4.1. Hasil Pengujian Impact ..................................................................... 46 

4.1.1. Energi Serap Impact .................................................................. 46 

4.1.2. Perbandingan Antar Spesimen .................................................. 47 

4.2. Hasil Pengamatan SEM..................................................................... 48 

4.2.1. Identifikasi Mekanisme Kegagalan ........................................... 48 

4.3. Hasil Simulasi FEA ........................................................................... 51 

4.3.1. Mesh Convergence Test ............................................................. 51 

4.3.2. Tegangan von Mises .................................................................. 52 

4.3.3. Internal Energy ......................................................................... 55 

BAB 5 KESIMPULAN DAN SARAN ............................................................... 58 

5.1. Kesimpulan ....................................................................................... 58 

5.2. Saran .................................................................................................. 59 

DAFTAR PUSTAKA 

DAFTAR RIWAYAT HIDUP 

LAMPIRAN 

 

 



 
 

 

 .........................................................................  

 .....................................  

 ..............................................................................  

 ......  

 ....................  

 .................................  

................................  

 .....................................  

 ...............  

 ...............................  

 .....................  

 .................................................................  

.........................................  

 ..............................................................  

 .........................................................................  

 ...............................................................................................  

 ........................................................................................  

 .............................................................................  

 ......................................................................  

 .................................  

 ...............................................................................  

 ..........................................................  

 .........  

 ...............................................................  

 ...............................................................................................................................  

 .  

 ...  

 ......................................................  



 
 

 .....................................................................................................................  

 .....................................................................................................................  

 .......................  

 



 
 

 

 ........................................  

 .................................  

 .....................................................................  

 ..............................................  

 



xvi 

DAFTAR LAMPIRAN 

Lampiran 1. Spesimen Uji Impact Variasi Fiberglass Woven dan Fiber Carbon 

Lampiran 2. Spesimen Uji Impact Variasi Fiberglass Acak dan Fiber Carbon 

Lampiran 3. Tabel Data Pengujian Impact 

Lampiran 4. Proses Fabrikasi Spesimen 

Lampiran 5. Proses Pengujian Impact 

Lampiran 6. Setup Simulasi Uji Impact pada FEA




