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ABSTRAK 

 

Mesin CNC micro-milling menuntut pada tingkat kekakuan struktur dan stabilitas 

redaman getaran yang sangat tinggi untuk menjaga kepresisian dalam proses 

pemesinan pada skala mikro untuk mendapatkan hasil yang optimal. Penelitian ini 

memiliki tujuan untuk mengetahui pengaruh variasi pada persentase kandungan 

agregat limbah granit terhadap karakteristik sifat mekanik komposit beton polimer 

serta menganalisis kekuatan dengan simulasi pada struktur base mesin CNC micro-

milling dengan menggunakan Metode Elemen Hingga. Variasi persentase kandungan 

limbah granit yang diuji pada penelitian ini meliputi 65%, 70%, dan 75%. Pengujian 

sifat mekanik material dilakukan secara eksperimental dengan mengacu pada standar 

ASTM D638 untuk pengujian tarik dan standar ASTM C579 untuk pengujian tekan. 

Berdasarkan data pengujian, variasi kandungan limbah granit sebesar 75% terbukti 

menghasilkan performa mekanik paling optimal, dengan capaian rata-rata kekuatan 

tarik sebesar 15,94 N/mm², kekuatan tekan sebesar 37,89 N/mm², modulus elastisitas 

sebesar 0,86 GPa, kekuatan luluh sebesar 26,85 N/mm², serta massa jenis sebesar 1833 

kg/m³. Selanjutnya, properti mekanik dari variasi terbaik tersebut diaplikasikan 

sebagai parameter material pada simulasi pembebanan statik sebesar 950 N terhadap 

tiga variasi desain pada tulangan base mesin menggunakan perangkat lunak 

Solidworks. Berdasarkan hasil analisis numerik, Variasi-3 terbukti sebagai desain base 

terbaik dan paling aman karena menghasilkan nilai tegangan maksimum terendah 

sebesar 2,191 N/mm², deformasi maksimum 1,302 mm, serta nilai factor of safety yang 

mencapai 6,893. 

 

Kata Kunci : Base Mesin, CNC Micro-Milling, Beton Polimer, Limbah Granit, 

                       Metode Elemen Hingga 
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STRENGTH ANALYSIS OF BASE CNC MICRO-MILLING MACHINE BASED 

ON POLYMER CONCRETE COMPOSITE WITH GRANITE WASTE 

AGGREGAT USING FINITE ELEMENT METHOD 

HASTO MURTI YUDHO RAHARJO 

 

 

 

ABSTRACT 

 

CNC micro-milling machines demand at a very high level of structural rigidity and 

vibration damping stability to maintain precision in the machining process on a micro-

scale to obtain optimal results. This study aims to determine the effect of variations in 

the percentage of aggregate content of granite waste on the characteristics of the 

mechanical properties of polymer concrete composites and analyze the strength of the 

base structure of CNC micro-milling machines using the Finite Element Method. The 

variation in the percentage of granite waste content tested in this study included 65%, 

70%, and 75%. Testing of the mechanical properties of materials is carried out 

experimentally with reference to the ASTM D638 standard for tensile testing and the 

ASTM C579 standard for pressure testing. Based on test data, the variation in granite 

waste content of 75% was proven to produce the most optimal mechanical 

performance, with an average tensile strength of 15.94 N/mm², compressive strength 

of 37.89 N/mm², modulus of elasticity of 0.86 GPa, yield strength of 26.85 N/mm², and 

density of 1833 kg/m³. Furthermore, the mechanical properties of the best variation 

were applied as material parameters in the simulation of static load of 950 N against 

three design variations on the machine's base reinforcement using Solidworks 

software. Based on the results of numerical analysis, Variation-3 is proven to be the 

best and safest base design because it produces the lowest maximum voltage value of 

2,191 N/mm², maximum deformation of 1,302 mm, and a factor of safety value of 

6,893. 

 

Keywords:  Machine Base, CNC Micro-Milling, Polymer Concrete, Granite Waste, 

Finite Element Method.  

https://lib.mercubuana.ac.id



 

ix 
 

DAFTAR ISI 

 

 

 

HALAMAN SAMPUL ................................................................................................ 0 

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

HALAMAN PERNYATAAN KARYA SENDIRI ....................................................... ii 

SURAT KETERANGAN HASIL UJI TURNITIN ..................................................... iii 

HALAMAN PENGESAHAN ..................................................................................... iv 

KATA PENGANTAR ................................................................................................... v 

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR DI 

REPOSITORI UMB .................................................................................................... vi 

ABSTRAK ................................................................................................................. vii 

ABSTRACT ................................................................................................................ viii 

DAFTAR ISI ............................................................................................................... ix 

DAFTAR TABEL....................................................................................................... xii 

DAFTAR GAMBAR ................................................................................................ xiii 

DAFTAR LAMPIRAN ............................................................................................. xiv 

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

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

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

1.3  Tujuan................................................................................................................ 3 

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

1.5  Ruang Lingkup dan Batasan Masalah ............................................................... 4 

1.6  Sistematika Penulisan ....................................................................................... 4 

BAB II TINJAUAN PUSTAKA .................................................................................. 6 

2.1  Penelitian Terdahulu .......................................................................................... 6 

2.2  Mesin CNC Micro-Milling ................................................................................ 9 

2.2.1  Komponen Base Mesin CNC Micro-Milling ........................................... 10 

2.3  Komposit Beton Polimer ................................................................................. 11 

2.3.1  Matriks Resin Epoksi ............................................................................... 12 

2.3.2  Agregat Limbah Granit ............................................................................ 12 

2.3.3  Kalsium Karbonat (CaCO3) Sebagai Filler .............................................. 13 

2.3.4  Keunggulan Beton Polimer untuk Struktur Mesin ................................... 14 

2.4  Pengujian Sifat Mekanik Material .................................................................. 15 

2.4.1  Uji Tarik ................................................................................................... 15 

2.4.2  Uji Tekan .................................................................................................. 16 

2.5  Dasar Analisis Struktur Base Mesin Micro-Milling ........................................ 18 

2.5.1  Beban ........................................................................................................ 18 

2.5.2  Tegangan, Regangan, dan Deformasi ....................................................... 19 

2.5.3  Faktor Keamanan ..................................................................................... 20 

2.6  Metode Elemen Hingga .................................................................................. 21 

2.6.1  Tahapan Proses Analisis Elemen Hingga ................................................. 22 

https://lib.mercubuana.ac.id



 

x 
 

2.7  Perangkat Simulasi .......................................................................................... 23 

2.7.1  Solidworks ................................................................................................ 23 

2.7.2 Independent of Mesh ................................................................................. 24 

BAB III METODOLOGI PENELITIAN ................................................................... 25 

3.1  Diagram Alir Penelitian .................................................................................. 25 

3.2  Prosedur Penelitian ......................................................................................... 27 

3.3  Komponen Base Mesin CNC Micro-Milling .................................................. 27 

3.3.1  Dimensi Komponen ................................................................................. 27 

3.3.2  Pembebanan Statis pada Struktur Base .................................................... 28 

3.4  Pembuatan Spesimen ...................................................................................... 28 

3.4.1 Spesimen Uji Tarik .................................................................................... 29 

3.4.2  Spesimen Uji Tekan ................................................................................. 31 

3.5  Pengujian Sifat Mekanis ................................................................................. 32 

3.6  Input Geometry ............................................................................................... 32 

3.7  Input Spesifikasi Material ............................................................................... 33 

3.8  Parameter Analisis........................................................................................... 33 

3.8.1  Batas Tumpuan ......................................................................................... 33 

3.8.2  Besar dan Arah Gaya Tekan ..................................................................... 34 

3.9  Analisis Hasil Simulasi ................................................................................... 35 

BAB IV HASIL DAN PEMBAHASAN.................................................................... 36 

4.1  Pendahuluan .................................................................................................... 36 

4.2  Hasil Pengujian Tarik ...................................................................................... 36 

4.2.1  Spesimen Uji Tarik Komposit Limbah Granit untuk Kandungan 65%.... 36 

4.2.2  Spesimen Uji Tarik Komposit Limbah Granit untuk Kandungan 70%.... 38 

4.2.3  Spesimen Uji Tarik Komposit Limbah Granit untuk Kandungan 75%.... 39 

4.3 Hasil Pengujian Tekan ...................................................................................... 41 

4.3.1  Spesimen Uji Tekan Komposit Limbah Granit Untuk Kandungan 65% . 41 

4.3.2  Spesimen Uji Tekan Komposit Limbah Granit Untuk Kandungan 70% . 43 

4.3.3  Spesimen Uji Tekan Komposit Limbah Granit Untuk Kandungan 75% . 45 

4.4  Input Material .................................................................................................. 46 

4.5  Pemodelan Desain Base Mesin CNC Micro-Miling ....................................... 48 

4.5.1  Geometri Base Variasi ke-1 ...................................................................... 48 

4.5.2  Geometri Base Variasi ke-2 ...................................................................... 48 

4.5.3  Geometri Base Variasi ke-3 ...................................................................... 49 

4.6  Analisis Hasil Simulasi ................................................................................... 50 

4.6.1  Independent of Mesh ................................................................................ 50 

4.6.2  Analisis Geometri ..................................................................................... 52 

4.6.3  Tegangan .................................................................................................. 54 

4.6.4  Deformasi ................................................................................................. 55 

4.6.5  Regangan .................................................................................................. 57 

4.6.6  Factor of Safety ........................................................................................ 59 

BAB V PENUTUP ..................................................................................................... 62 

5.1  Kesimpulan ..................................................................................................... 62 

https://lib.mercubuana.ac.id



 

xi 
 

5.2  Saran................................................................................................................ 62 

DAFTAR PUSTAKA ................................................................................................. 64 

LAMPIRAN ............................................................................................................... 67 

  

https://lib.mercubuana.ac.id



 

xii 
 

DAFTAR TABEL 

 

 

 

Tabel 2.1 Penelitian Terdahulu ..................................................................................... 6 
Tabel 2.2 Kovergensi Meshing(Hendra et al., 2023) ................................................. 24 
Tabel 4.1 Data Hasil Pengujian Tarik Kandungan 65% ............................................. 36 

Tabel 4.2 Data Hasil Pengujian Tarik Kandungan 70% ............................................. 38 
Tabel 4.3 Data Hasil Pengujian Tarik Kandungan 75% ............................................. 40 
Tabel 4.4 Data Hasil Pengujian Tekan Kandungan 65% ........................................... 41 
Tabel 4.5 Data Hasil Pengujian Tekan Kandungan 70% ........................................... 43 
Tabel 4.6 Data Hasil Pengujian Tekan Kandungan 75% ........................................... 45 
Tabel 4.7 Data Rata-Rata Hasil Pengujian Sifat Mekanik ......................................... 46 
Tabel 4.8 Material Properties Komposit Beton Polimer Agregat Limbah Granit ...... 47 
Tabel 4.9 Independent of mesh variasi-1 ................................................................... 50 
Tabel 4.10 Independent of mesh variasi-2 ................................................................. 51 
Tabel 4.11 Independent of mesh variasi-3.................................................................. 52 
Tabel 4.12 Properties base variasi-1 ........................................................................... 53 
Tabel 4.13 Properties base variasi-2 ........................................................................... 53 
Tabel 4.14 Properties base variasi-3 ........................................................................... 53 
Tabel 4.15 Tegangan base variasi-1 ........................................................................... 54 
Tabel 4.16 Tegangan base variasi-2 ........................................................................... 54 
Tabel 4.17 Tegangan base variasi-3 ........................................................................... 55 
Tabel 4.18 Hasil analisis tegangan maksimum .......................................................... 55 
Tabel 4.19 Deformasi base variasi-1 .......................................................................... 56 
Tabel 4.20 Deformasi base variasi-2 .......................................................................... 56 
Tabel 4.21 Deformasi base variasi-3 .......................................................................... 57 
Tabel 4.22 Hasil analisis deformasi maksimum ......................................................... 57 
Tabel 4.23 Regangan base variasi-1 ........................................................................... 58 
Tabel 4.24 Regangan base variasi-2 ........................................................................... 58 
Tabel 4.25 Regangan base variasi-3 ........................................................................... 58 
Tabel 4.26 Hasil analisis deformasi maksimum ......................................................... 59 
Tabel 4.27 Factor of safety base variasi-1 .................................................................. 59 
Tabel 4.28 Factor of safety base variasi-2 .................................................................. 60 
Tabel 4.29 Factor of safety base variasi-3 .................................................................. 60 
Tabel 4.30 Hasil analisis factor of safety ................................................................... 61 
 

  

https://lib.mercubuana.ac.id



 

xiii 
 

DAFTAR GAMBAR 

 

 

 

Gambar 2.1 Mesin CNC Micro-Milling Industri (a)Kern micro; (b)Sodick AZ150; 

(c)Fraunhofer IPT Minimill; (d)Makino Hyper2J; (e)Kuglar MicroMaster MM2; 

(f)Fanuc ROBOnano; (g)Precitech freeform 700 Ultra; (h)Moore Nanotech 350FG . 9 
Gambar 2.2 Struktur Mesin CNC Micro-Milling ...................................................... 10 
Gambar 2.3 Komposit Beton Polimer ........................................................................ 11 
Gambar 2.4 Resin Epoksi ........................................................................................... 12 
Gambar 2.5 Limbah Granit ........................................................................................ 13 
Gambar 2.6 Kalsium Karbonat .................................................................................. 13 
Gambar 2.7 Struktur Komponen Base ....................................................................... 14 
Gambar 2.8 Pengujian Kekuatan Tarik ...................................................................... 16 
Gambar 2. 9 Kurva Tegangan-Regangan ................................................................... 16 
Gambar 2.10 Pengujian Kekuatan Tekan ................................................................... 17 
Gambar 2.11 Grafik Kekuatan Tekan ......................................................................... 17 
Gambar 2.12 Beban Terpusat ..................................................................................... 18 
Gambar 2.13 Beban Terdistribusi............................................................................... 19 
Gambar 2.14 Beban Momen ...................................................................................... 19 
Gambar 2.15 Visualisasi Distribusi Tegangan ........................................................... 22 
Gambar 2.16 Solidworks ............................................................................................ 23 
Gambar 3.1 Diagram Alir Penelitian .......................................................................... 25 

Gambar 3.2 Spesimen Uji Tarik ASTM D638-Type1 ................................................ 29 

Gambar 3.3 Desain Base Mesin CNC Micro-Milling ................................................ 32 

Gambar 3.4 Posisi Fixed Support............................................................................... 34 

Gambar 3.5 Arah dan Area yang Menerima Tekanan pada Base ............................... 34 

Gambar 4.1 Spesimen Uji Tarik Kandungan Agregat 65% ....................................... 37 

Gambar 4.2 Permukaan Patahan Spesimen 65% No.3 .............................................. 37 
Gambar 4.3 Spesimen Uji Tarik Kandungan Agregat 70% ....................................... 39 
Gambar 4.4 Permukaan Patahan Spesimen 70% No.3 .............................................. 39 
Gambar 4.5 Spesimen Uji Tarik Kandungan Agregat 75% ....................................... 40 
Gambar 4.6 Permukaan Patahan Spesimen 75% No.3 .............................................. 41 
Gambar 4.7 Spesimen Uji Tekan Kandungan Agregat 65% ...................................... 43 
Gambar 4.8 Spesimen Uji Tekan Kandungan Agregat 70% ...................................... 44 
Gambar 4.9 Spesimen Uji Tekan Kandungan Agregat 75% ...................................... 46 
Gambar 4.10 Line Chart Kekuatan Sifat Mekanik Beton Polimer Limbah Granit .... 47 
Gambar 4.11 Geometri Variasi-1................................................................................ 48 
Gambar 4.12 Tulangan Variasi-1 ................................................................................ 48 
Gambar 4.13 Geometri Variasi-2 ............................................................................... 48 
Gambar 4.14 Tulangan Variasi-2 ................................................................................ 49 
Gambar 4.15 Geometri Variasi-3 ............................................................................... 49 
Gambar 4.16 Tulangan Variasi-3 ................................................................................ 49 

https://lib.mercubuana.ac.id



 

xiv 
 

DAFTAR LAMPIRAN 

 

 

 

Lampiran 1. Grafik Uji Tarik 

Lampiran 2. Grafik Uji Tekan 

Lampiran 3. Bukti Bimbingan Tugas Akhir 

Lampiran 4. Curiculum Vittae 

https://lib.mercubuana.ac.id




