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ABSTRACT 

Wilson 

Dr. Ir. Ahmad Kholil, M.T., Dr. Eng. Agung Premono, M.T. 

Universitas Negeri Jakarta, Fakultas Teknik, Jurusan Teknik Mesin 

Jl. Rawamangun, Jakarta Timur 

 

ABSTRAK 

 

Permasalahan sampah plastik di Indonesia memerlukan teknologi pengolahan 

yang sesuai untuk skala komunal, khususnya pada tahap reduksi ukuran sebelum 

proses daur ulang lanjutan. Penelitian ini bertujuan merancang mesin shredder 

botol plastik dual poros berbasis Internet of Things (IoT), menentukan spesifikasi 

teknis sistem mekanik, mengevaluasi kekuatan komponen kritis, serta merancang 

sistem elektrikal dan kontrol. Metode penelitian meliputi perancangan konseptual, 

pemodelan 3D, perhitungan elemen mesin, penyusunan Bill of Materials, simulasi 

Finite Element Analysis menggunakan Autodesk Inventor, analisis modal rangka, 

serta perancangan arsitektur elektrikal dan IoT. Hasil penelitian menghasilkan 

sistem transmisi pulley–V-belt tiga tahap berasio total 23,52 untuk menghasilkan 

putaran 59,524 rpm dan torsi 151,313 N·m, lebih besar daripada kebutuhan torsi 

PET sebesar 50,441 N·m. Simulasi menunjukkan safety factor pisau sebesar 3,893 

dan rakitan poros sebesar 2,624, sedangkan displacement maksimum rangka 

sebesar 0,281 mm. Sistem kontrol dirancang menggunakan ESP32, Raspberry Pi 3, 

sensor inframerah, load cell, servo, monitor, dan rangkaian keselamatan hardwired. 

Rancangan memenuhi kebutuhan awal kekuatan statik dan fungsi kontrol, tetapi 

masih memerlukan fabrikasi serta pengujian eksperimental. 

 

Kata Kunci: pencacah, perancangan, sampah, lingkungan 

 
ABSTRACT 

 

The problem of plastic waste in Indonesia requires processing technology 

suitable for the community level, particularly in the size-reduction stage prior to 

further recycling. This study aims to design a dual-shaft plastic bottle shredder 

based on the Internet of Things (IoT), determine the technical specifications of the 

mechanical system, evaluate the strength of critical components, and design the 

electrical and control systems. Research methods included conceptual design, 3D 

modelling, mechanical element calculations, preparation of a Bill of Materials, 

Finite Element Analysis simulation using Autodesk Inventor, frame modal analysis, 

and the design of the electrical and IoT architecture. The research resulted in a 



 

 

VII 

 

three-stage pulley–V-belt transmission with a total ratio of 23.52, producing a shaft 

speed of 59.524 rpm and a torque of 151.313 N·m—greater than the required PET 

torque of 50.441 N·m. Simulations showed a blade safety factor of 3.893 and a shaft 

assembly safety factor of 2.624, while the maximum frame displacement was 0.281 

mm. The control system was designed using an ESP32, a Raspberry Pi 3, an 

infrared sensor, a load cell, a servo, a monitor, and a hardwired safety circuit. The 

design meets the initial requirements for static strength and control functions but 

still requires fabrication and experimental testing. 

 
Keywords : shredder, designing, waste, environment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

VIII 

 

DAFTAR ISI 

 

LEMBAR PENGESAHAN TUGAS AKHIR .................................................... II 
LEMBAR PERNYATAAN ................................................................................ III 
KATA PENGANTAR ......................................................................................... IV 
ABSTRAK ........................................................................................................... VI 
DAFTAR ISI ..................................................................................................... VIII 
DAFTAR GAMBAR ............................................................................................ X 
DAFTAR TABEL ............................................................................................... XI 
DAFTAR LAMPIRAN ..................................................................................... XII 
BAB I PENDAHULUAN ...................................................................................... 1 
1.1. Latar Belakang ............................................................................................ 1 
1.2. Identifikasi Masalah .................................................................................... 3 
1.3. Pembatasan Masalah ................................................................................... 4 
1.4. Rumusan Masalah ....................................................................................... 4 
1.5. Tujuan Penelitian ........................................................................................ 5 
1.6. Manfaat Penelitian ...................................................................................... 5 

1.6.1. Bagi Penulis ........................................................................................ 5 
1.6.2. Bagi Pembaca ...................................................................................... 5 

BAB II TINJAUAN PUSTAKA ........................................................................... 7 
2.1. Sampah Plastik ............................................................................................ 7 
2.2. Mesin Pencacah Plastik ............................................................................... 8 

2.2.1. Mesin Pisau Pencacah Poros Tunggal ................................................ 9 
2.2.2. Mesin Pisau Pencacah Dua Poros ..................................................... 10 
2.2.3. Granulator Plastik.............................................................................. 11 

2.3. Komponen Mesin Pencacah Plastik .......................................................... 12 
2.3.1. Pisau Pencacah .................................................................................. 12 
2.3.2. Ball Bearing ...................................................................................... 13 
2.3.3. Shredder base .................................................................................... 14 
2.3.4. Plummer Block .................................................................................. 15 
2.3.5. Gear .................................................................................................. 16 
2.3.6. Bushing .............................................................................................. 17 
2.3.7. Motor Induksi .................................................................................... 17 
2.3.8. Pulley................................................................................................. 18 
2.3.9. V-Belt................................................................................................. 19 
2.3.10. Frame ................................................................................................ 20 
2.3.11. Hopper .............................................................................................. 21 
2.3.12. Storage .............................................................................................. 21 

2.4. Komponen Elektrikal ................................................................................ 22 
2.4.1. Mikrokontroller ................................................................................. 22 
2.4.2. Servo ................................................................................................. 23 
2.4.3. Sensor Timbangan ............................................................................. 24 
2.4.4. Sensor Inframerah ............................................................................. 25 
2.4.5. Monitor Display ................................................................................ 26 

2.5. Perhitungan Elemen Mesin Pada Mesin Pencacah Plastik ....................... 26 
2.5.1. Analisis Gaya Pencacahan ................................................................ 27 
2.5.2. Analisis Torsi Motor ......................................................................... 27 
2.5.3. Analisis V-Belt .................................................................................. 28 



 

 

IX 

 

2.5.4. Analisis Poros Pencacah ................................................................... 29 
2.6. Finite Element Analysis............................................................................. 29 
2.7. Desain Mesin ............................................................................................. 30 
BAB III METODE PENELITIAN .................................................................... 32 
3.1. Tempat dan Waktu Penelitian ................................................................... 32 

3.1.1. Tempat Penelitian.............................................................................. 32 
3.1.2. Waktu Penelitian ............................................................................... 32 

3.2. Alat dan Bahan Penelitian ......................................................................... 33 
3.2.1. Perangkat Lunak yang Digunakan .................................................... 33 
3.2.2. Alat dan Bahan yang Digunakan....................................................... 33 

3.3. Diagram Alur Penelitian ........................................................................... 34 
3.3.1. Uraian Diagram Alir Penelitian ........................................................ 34 

3.4. Teknik dan Prosedur Pengumpulan Data .................................................. 37 
3.5. Teknik Analisis Data ................................................................................. 38 
BAB IV HASIL PENELITIAN .......................................................................... 39 
4.1. Deskripsi Hasil Penelitian ......................................................................... 39 

4.1.1. Hasil Rancangan dan Prinsip Kerja Mesin........................................ 39 
4.1.2. Bill of Material (BOM) Mesin .......................................................... 44 
4.1.3. Rancangan Sistem Elektrikal dan IoT ............................................... 45 

4.2. Analisis Data Penelitian ............................................................................ 48 
4.2.1. Analisis Gaya Pencacahan dan Sistem Transmisi ............................. 48 
4.2.2. Analisis Kekuatan Struktur Mesin .................................................... 51 
4.2.3. Analisis Sistem Elektrikal dan IoT ................................................... 59 
4.2.4. Analisis Algoritma dan Flow Control ............................................... 70 

4.3. Pembahasan ............................................................................................... 80 
4.4. Aplikasi Hasil Penelitian ........................................................................... 83 
BAB V KESIMPULAN DAN SARAN .............................................................. 84 
5.1. Kesimpulan ............................................................................................... 84 
5.2. Saran .......................................................................................................... 85 
DAFTAR PUSTAKA .......................................................................................... 86 
LAMPIRAN ......................................................................................................... 93 
 

 

 

 

 

 

 

 

 

 

 



 

 

X 

 

DAFTAR GAMBAR 

 

Gambar 1.1. Data Sampah Nasional 2024 .............................................................. 1 

Gambar 1.2. Data Komposisi Sampah Nasional pada Tiap Tahun ......................... 2 

Gambar 2.1. Mesin Pencacah Tipe Satu Poros ....................................................... 9 

Gambar 2.2. Mesin Pencacah Tipe Dua Poros ...................................................... 10 

Gambar 2.3. Mesin Granulator Plastik .................................................................. 11 

Gambar 2.4. Pisau Pencacah ................................................................................. 12 

Gambar 2.5. Ball Bearing...................................................................................... 13 

Gambar 2.6. Shredder Base ................................................................................... 14 

Gambar 2.7. Plummer Block ................................................................................. 15 

Gambar 2.8. Gear .................................................................................................. 16 

Gambar 2.9. Bushing ............................................................................................ 17 

Gambar 2.10. Motor Induksi ................................................................................. 17 

Gambar 2.11. Pulley .............................................................................................. 18 

Gambar 2.12. V-Belt ............................................................................................. 19 

Gambar 2.13. Frame .............................................................................................. 20 

Gambar 2.14. Hopper ............................................................................................ 21 

Gambar 2.15. Storage ............................................................................................ 21 

Gambar 2.16. Mikrokontroler ESP32 ................................................................... 22 

Gambar 2.17. Servo............................................................................................... 23 

Gambar 2.18. Sensor Timbangan .......................................................................... 24 

Gambar 2.19. Sensor Inframerah .......................................................................... 25 

Gambar 2.20. Monitor Display ............................................................................. 26 

Gambar 2.21. Sketsa Mesin Pencacah Botol Plastik Dua Poros Skala Komunal . 30 

Gambar 2.22. Skematika Elektrikal Alat .............................................................. 31 

Gambar 3.1. Diagram Alur Penelitian................................................................... 34 

Gambar 4.1. Rancangan Mesin Pencacah Botol Plastik Berbasis IoT .................. 41 

Gambar 4.2. Exploded View Sistem Pencacah Dua Poros ................................... 42 

Gambar 4.3. Diagram Alir Prinsip Kerja Mesin Pencacah Botol Plastik ............. 43 

Gambar 4.4. Diagram Blok Sistem Elektrikal dan IoT Rancangan Mesin ........... 47 

Gambar 4.5. Distribusi pada Pisau Pencacah ........................................................ 56 

Gambar 4.6. Distribusi pada Rakitan Poros Pencacah .......................................... 57 

Gambar 4.7. Distribusi Displacement pada Struktur Rangka ............................... 58 

Gambar 4.8. Skematik Sistem Elektrikal, Kontrol, dan IoT Mesin Pencacah ...... 61 

Gambar 4.9. Diagram Alir Algoritma dan Flow Control ...................................... 71 

 

 

 

 

 

 

 



 

 

XI 

 

DAFTAR TABEL 

 

Tabel 2.1. Shear Stress Material HDPE dan PET ................................................... 8 

Tabel 2.2. Perhitungan Gaya Pencacahan ............................................................. 27 

Tabel 2.3. Perhitungan Torsi Motor ...................................................................... 27 

Tabel 2.4. Perhitungan V-Belt .............................................................................. 28 

Tabel 2.5. Perhitungan Poros Pencacah ................................................................ 29 

Tabel 3.1. Jadwal Penelitian.................................................................................. 32 

Tabel 4.1. Sistem Transmisi Mesin ....................................................................... 43 

Tabel 4.2. Pengelompokan Bill of Material Mesin Pencacah Berbasis IoT ......... 44 

Tabel 4.3. Arsitektur Sistem Elektrikal dan IoT ................................................... 47 

Tabel 4.4. Hasil Perhitungan Gaya dan Torsi Pencacahan ................................... 49 

Tabel 4.5. Hasil Perhitungan Sistem Transmisi .................................................... 51 

Tabel 4.6. Hasil Analisis FEA Sistem Pencacah .................................................. 53 

Tabel 4.7. Pedoman Pemilihan Design Factor untuk Material Ulet ..................... 54 

Tabel 4.8. Hasil Analisis Statik Rangka ............................................................... 58 

Tabel 4.9. Hasil Analisis Frekuensi Natural Rangka ............................................ 58 

Tabel 4.10. Kebutuhan Daya Sistem Kontrol ....................................................... 62 

Tabel 4.11. Pemetaan Input dan Output Sistem Kontrol ...................................... 66 

Tabel 4.12. Kondisi Operasi dan Respons Sistem ................................................ 78 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

XII 

 

DAFTAR LAMPIRAN 

 

Lampiran 1. Gambar Teknik Rancangan Mesin ................................................... 93 

Lampiran 2. Bill of Material (BOM) Rancangan Mesin ..................................... 114 

Lampiran 3. Design for Manufacturing (DFM) Rancangan Mesin .................... 117 

Lampiran 4. Hasil Simulasi FEA Pisau dan Poros Pencacah ............................. 119 

Lampiran 5. Hasil Analisis Statik dan Modal Rangka ........................................ 127 

Lampiran 6. Skematik Sistem Elektrikal dan IoT ............................................... 131 

Lampiran 7. Log Bimbingan Bersama Dosen Pembimbing ............................... 136 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	1a73dbf954cc852cc0a76354ad2bf9a046549209d5ef7b084c4975652b1a20cd.pdf
	1a73dbf954cc852cc0a76354ad2bf9a046549209d5ef7b084c4975652b1a20cd.pdf
	1a73dbf954cc852cc0a76354ad2bf9a046549209d5ef7b084c4975652b1a20cd.pdf

