Rancang Bangun Alat Pirolisis Baterai Lithium-ion Tipe 18650 dengan Sistem Kontinu
Yulius Tomy Wijaya, Dr. Ir. Budi Arifvianto, S.T., M.Biotech.; Ardi Wiranata, S.T., M. Eng., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR ISI
SAMPUL ...ttt bbbttt i
HALAMAN JUDUL....ciiiiiitiiiiieiie sttt st nne e e il
LEMBAR PENGESAHAN DOSEN PEMBIMBING........c.cccooeiiiiiiiiiienieneene iii
LEMBAR PENGESAHAN DOSEN PENGUIJL......cccoooiiiiiiiiiie e v
PERNYATAAN BEBAS PLAGIASI......ooiiiiiiieeee e v
HALAMAN PERSEMBAHAN ..ottt vi
KATA PENGANTAR ...ttt et vii
DAFTAR TSI .. ettt X
DAFTAR GAMBAR ..ottt nnees Xiii
DAFTAR TABEL ..ottt ettt xvi
INTISARI ...ttt nae s Xvii
ABSTRACT ...ttt a e e et e e raree s Xviil
BAB I PENDAHULUAN ..ottt 1
1.1 Latar BelaKang ..........cccoviiiiiiiiiiic i 2
1.2 Rumusan Masalah ... 4
1.3 Batasan Masalah...........cccoooiiiiiiiii e 5
1.4 Tujuan Penelitian...........cccoiieiiiiiiieiisieseee e 5
1.5 Manfaat Penelitian ...........cccoooieiiiiiieiiiiiie e 6
BAB II TINJAUAN PUSTAKA ...ttt 7
2.1 Kebutuhan Daur Ulang Baterai..........ccocviveiiiiiiieiiccsicseccsecse s 7
2.2 Proses Daur Ulang.........cocuiiiiiiiiiiniiiiesiis s 17
2.3 Pirolisis KONTINU. ....cciviiiiiiiiiiie e 25
BAB III LANDASAN TEORI ..ottt 36

X



Rancang Bangun Alat Pirolisis Baterai Lithium-ion Tipe 18650 dengan Sistem Kontinu
Yulius Tomy Wijaya, Dr. Ir. Budi Arifvianto, S.T., M.Biotech.; Ardi Wiranata, S.T., M. Eng., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

3.1 PITOLISIS ettt 36
3.2 Design for Manufacture and Assembly (DFMA) ......cccccocevviiiiiiiiiiincninnne. 38
3.3 Computer Aided Design (CAD) ..........cccocuiiiiiiiiiiiiiii i 39
3.4 Computer Aided Engineering (CAE) ..........ccccoooiiiiiiiiiiiiiiiicieec e 40
3.5 Finite Element Method (FEM) ............ccoccouiiiiiiiiiiiiii i 40
3.6 Kriteria Kegagalan Von MISES .......ccocoveriiiiieiiiiiec e 41
3.7 Angka Keamanan ............ccccviieiiiiiiiciii s 43
3.8 GAYA GESCK ...vviiiiiiiiiie ittt 44
3.8.1 Gaya GeSeK StatiS .....c.ccveiriiiiiieiiiisee e 45
3.8.2 Gaya Gesek Kinetik .......cccooueeiiiiiiiiiiiiiciecee e 45
3.9 Perpindahan Panas ...........cccooviiiiiiiiiiicn e 45
3.9.1 KONAUKST .ttt 45
3.9.2 KONVEKSI ..t 46
3.9.3 RAGIAST . cevviiuvieiieieiie ettt ettt 46
3.10 Pre-processing pada Software Abaqus CAE ...........cccooviniiiiiiicic 47
3.10.1 Konsistensi UnNit.........cccciiiiiiiiiniiiiniinies e 47
3.10.2 MOAUIL PAFE ittt 48
3.10.3 MOAUL PFrOPEFLY ..ottt 49
3.10.4 Modul ASSEMBLY .......ccveiviiiiiiiiieeese e 49
3.10.5 MOAUL S7EP ..o 49
3.10.6 MOAUI INIEFACLION ... 49
3.10.7 MOAUL LOGA ..o 50
3.10.8 MOAUI MESH ... 50
3.10.9 MOAUIL JOD ... 51
3.11 Processing pada Software Abaqus CAE...........cccoovviiiiiiiiiiiie, 51



Rancang Bangun Alat Pirolisis Baterai Lithium-ion Tipe 18650 dengan Sistem Kontinu
Yulius Tomy Wijaya, Dr. Ir. Budi Arifvianto, S.T., M.Biotech.; Ardi Wiranata, S.T., M. Eng., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

3.12 Post-processing pada Software Abaqus CAE..........cccccoiiiiiiiiiiiiiis 51
BAB IV METODOLOGI PENELITIAN ....ooiiiiiiiiiieieiee e 52
4.1 Metode Penelitian..........ccocvviiiiiiiiiiiici 52
4.2 Alat dan Bahan Penelitian ...........cccooeeiiiiiiiiiiiiie e 55
4.2.1 Alat Penelitian ........ccooeiiiuieiiiiiic et 55
4.2.2 Bahan Penelitian.........ccoooveiiiiiiiiin i 56
4.3 Objek Penelitian ........ccooveiiiiiiiieiiiiiseei e 56
4.4 Prosedur Penelitian............coeiiiiiiiiiiiiicec e 56
4.4.1 Observasi dan Identifikasi Masalah ............cccccooviniiiiiiiiiee 56
4.4.2 Alat Pre-EKSPerimen .........cccoveiiieiiiiiiesicesiee e 57
4.4.3 Design Requirement and Objectives (DRO) ........ccccccvvviiiiviiiciicnnns 58
4.4.4 Konseptual desain .........ccooveiiiiiiiiiiiiiiiic e 59
4.4.5 Pemilihan Material............ccoooiviiiiiiiii 64
4.4.6 Simulasi Heat Transfer pada Pipa...........cccooeviiiiniiiiiiciiei e 66
4.4.7 Pendorong Baterai..........ccceeiiiiiiieiiiiiiesie e 69
4.4.8 Pemilihan Sistem Pengumpan Baterai ...........ccccoceviviiniieniiiiiecn, 70
4.4.9 Pemilihan Fam ........cccoooiiiiiiiiiiiii e 71
4.4.10 Alat Pirolisis Skala Lab........c.cccoooiiiiiiiiic e 72
4.4.11 Simulasi Penahan Ledakan Baterai.........ccccocviiiiiiiiiiniiiiiieiieeiene 74
4.4.12 Proses Perancangan Alat Pirolisis Pilot Scale............cccccooveniennnnnn. 75
4.4.13 Proses Fabrikasi Alat...........ccoccviiiiiiiiiiiiii 84
BAB V HASIL DAN PEMBAHASAN ...ttt 86
5.1 Alat PITOLISIS ...uveeiieiiic e 86
5.1.1 Sambungan Antar Rangka Meja...........cccooviiiiiiiinici e 86
5.1.2 Tray Kabel.......oooviiiiiiiiicie e 87

xi



Rancang Bangun Alat Pirolisis Baterai Lithium-ion Tipe 18650 dengan Sistem Kontinu
Yulius Tomy Wijaya, Dr. Ir. Budi Arifvianto, S.T., M.Biotech.; Ardi Wiranata, S.T., M. Eng., Ph.D.

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

5.1.3 ROAA TTOI. c.eiiiiiii i 87

5. 1.4 SUPPOFE PIPA...ciiiiiiiiiiiiiii e 88
5.1.5 Tempat Pengumpul Gas .........cccoeriiiiiiiiiiiiieiiiie e 88
5.1.6 FOCUSEr BAETAL ......ceiuviiiieiiiieiie ettt et 89
5.1.7 CoVEr PIPA..uciiiiii ittt 89
5.1.8 Rangkaian Pipa PVC ... 90
SL.9 AXIAL FAT . 90
5.1.10 Penahan Ledakan Baterai...........ccccceviiiiiiiiiciiiiiic e 91
5.1.11 Electric Linear ACTUALOT .............ccccoucuiiiiiiiiiieaiiee e 91
5.1.12 Pipa dengan Pemanas............cccocueeiiriiieiiiiiie e 92
5.1.13 Pengumpan Baterai dengan Motor S€rvo .........cccevvveeiiieeiiieenieeene 93

5.2 Simulasi Finite Element Analysis Static Structural ................ccccccoeeuennene. 93
5.3 Simulasi Heat Transfer pada Pipa.........ccccoviiiiiiiiiiiiii e 95
5.4 Simulasi Penahan Ledakan Baterai.........cccooeiiiiiiiiiiiin e 96
5.5 Kondisi Alat Saat BEeKerja .........ccoeiiiiiiiiiiiic e 97
5.6 Kondisi Baterai Hasil PiroliSis.......cccoooveriiiiiiiiiiicscec e 98
5.7 Evaluasi Alat ........coooiiiiiiiieiiiee e 100
5.7.1 Sistem Pemanas...........coceeiiiriieiiiiiieseeee e 100
5.7.2 Sistem Pengumpan Baterai ..........coceeviiiiiininiiiicnc e 101
5.7.3 Sistem Pengendalian Gas .........ccocceeieeiiiiiieiiieiic e 102
BAB VIPENUTUP ..o 103
6.1 KeSIMPUIAn ........ooviiiiiiiii e 103
0.2 SATAN....ciiiriiiiiii i 104
DAFTAR PUSTAKA ...ttt 106
LAMPIRAN ...ttt sttt et et be e neas 112

Xii



	DAFTAR ISI

