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ABSTRAK 

3D Printing fused deposition modeling (FDM) merupakan salah satu 

proses additive manufacturing dengan cara mencetak lapis demi lapis material 

hingga membentuk suatu produk tiga dimensi. Pada saat proses pencetakan 

diperlukan temperatur lingkungan yang tepat untuk menghasilkan produk yang 

baik, oleh karena itu dibutuhkan ruang ber pemanas untuk mengatur temperatur 

saat proses pencetakan. Maka diperlukan simulasi Computational Fluid Dynamics 

(CFD) yang bertujuan untuk menganalisis distribusi temperatur yang terjadi di 

dalam ruang ber pemanas saat proses pencetakan. 

Penelitian ini menggunakan metode eksperimen dengan software CFD 

Ansys 2022. Simulasi dijalankan dengan dua kondisi berbeda yaitu 

menonaktifkan pemanas tambahan dan pemanas tambahan dinyalakan dengan 

variasi temperatur 70oC, 80oC, 90oC dan 100oC dengan kecepatan aliran udara 

sebesar 3 m/s. Material produk yang digunakan adalah acrylonitrile butadiene 

styrene (ABS) dengan ukuran 70 x 30 x 30 mm dengan variasi geometry X, Y dan 

Z. 

Berdasarkan dari data hasil simulasi bahwa temperatur di dalam ruang ber 

pemanas mengalami peningkatan dan pendistribusian temperatur yang merata saat 

proses pencetakan seiring dengan peningkatan variasi temperatur pada pemanas 

tambahan hal ini juga menyebabkan pendistribusian heat flux pada produk merata. 

Kata Kunci : 3D Printing, Ansys 2022, CFD, Distribusi Temperatur, ABS  
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ABSTRACT 

3D Printing fused deposition modeling (FDM) is one of the additive 

manufacturing processes by printing layer by layer of material to form a three-

dimensional product. At  the time of the printing process, the right ambient 

temperature is needed to produce good products, therefore a heated – chamber is 

needed to set the temperature during the process printing. Therefore a 

Computational Fluid Dynamics (CFD) simulation is needed which aims to 

analyze the temperature distribution that occurs in a heated – chamber during the 

printing process. 

This research uses an experiment method with the CFD Ansys 2022 

software. The simulation was carried out under two different conditions, the 

additional heater was turned off and the additional heater was turned on with a 

Temperatur variation of 70oC, 80oC, 90oC and 100oC with an airflow speed of 3 

m/s. Product material used is acrylonitrile butadiene styrene (ABS) with a size of 

70 x 30 x 30 mm with variations of geometry X, Y and Z. 

Based on  simulated data, the temperature in the heated – chamber has 

increased and the Temperatur distribution is evenly distributed  during the 

printing process  along with the increase in temperature variations in the 

Additional heating This also leads to an even distribution of the heat flux in the 

product. 

Keywords: 3D Printing, Ansys 2022, CFD, Temperature Distribution, ABS  



 

  viii 

 

DAFTAR ISI 

 

LEMBAR PENGESAHAN SKRIPSI I ................................................................ i 

LEMBAR PENGESAHAN SKRIPSI II ............................................................. ii 

LEMBAR PERNYATAAN ................................................................................. iii 

KATA PENGANTAR .......................................................................................... iv 

ABSTRAK ............................................................................................................ vi 

ABSTRACT .......................................................................................................... vii 

DAFTAR ISI ....................................................................................................... viii 

DAFTAR TABEL ................................................................................................. x 

DAFTAR GAMBAR ............................................................................................ xi 

DAFTAR LAMPIRAN ...................................................................................... xiii 

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

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

1.2 Identifikasi Masalah .................................................................................... 4 

1.3 Pembatasan Masalah ................................................................................... 4 

1.4 Perumusan Masalah .................................................................................... 5 

1.5 Tujuan Penelitian ........................................................................................ 5 

1.6 Kegunaan Penelitian.................................................................................... 6 

BAB II KAJIAN TEORI ...................................................................................... 7 

2.1 3D Priting Fused Deposition Modelling (FDM) ........................................ 7 

2.2 Pengaruh Temperatur Lingkungan Pada Proses Pencetakan ...................... 9 

2.3 Perpindahan Panas ...................................................................................... 9 

2.4 Konveksi ................................................................................................... 10 

2.5 Heat Generation Rate ............................................................................... 19 

2.6 Computational Fluid Dynamics (CFD) .................................................... 19 

BAB III METODOLOGI PENELITIAN ......................................................... 28 

3.1 Waktu dan Tempat Penelitian ................................................................... 28 

3.1.1 Tempat Penelitian ............................................................................... 28 

3.1.2 Waktu Penelitian ................................................................................. 28 

3.2 Alat dan Bahan .......................................................................................... 28 



 

  ix 

 

3.3 Diagram Alir Penelitian ............................................................................ 29 

3.4 Prosedur Penelitian.................................................................................... 30 

3.4.1 Studi Literatur ..................................................................................... 30 

3.4.2 Mendesain Heated Chamber Dengan CAD........................................ 30 

3.4.3 Perhitungan Kondisi Batas.................................................................. 32 

3.4.4 Simulasi Aliran Fluida dan Distribusi Temperatur di Ansys Academic 

Fluid 2022 ......................................................................................................... 34 

3.4.5 Desain Objek 3D Printing ................................................................... 42 

3.4.6 Persiapan Parameter Pencetakan ........................................................ 42 

3.4.7 Foto Struktur Mikro ............................................................................ 46 

3.5 Teknik Analisis Data ................................................................................. 48 

BAB IV HASIL PENELITIAN DAN PEMBAHASAN ................................... 51 

4.1 Deskripsi Hasil Penelitian ......................................................................... 51 

4.1.1 Perbandingan Distribusi Temperatur Dalam Heated – Chamber. ...... 51 

4.1.2 Perbandingan Aliran Udara Didalam Heated – Chamber .................. 58 

4.1.3 Perbandingan Heatflux Pada Spesimen .............................................. 59 

4.2 Analisis Data ............................................................................................. 64 

4.2.1 Distribusi Temperatur Dalam Ruang Heated – Chamber .................. 64 

4.2.2 Distribusi Aliran Udara Dalam Ruang Heated – Chamber ................ 64 

4.2.3 Distribusi Heatflux Pada Spesimen..................................................... 65 

4.2.4 Pengaruh Heatflux Pada Spesimen. .................................................... 65 

4.3 Pembahasan ............................................................................................... 67 

4.4 Aplikasi Hasil Penelitian ........................................................................... 67 

BAB V KESIMPULAN DAN SARAN .............................................................. 69 

5.1 Kesimpulan ............................................................................................... 69 

5.2 Saran .......................................................................................................... 70 

DAFTAR PUSTAKA .......................................................................................... 71 

LAMPIRAN ......................................................................................................... 74 

RIWAYAT HIDUP ........................................................................................... 102 

 

  



 

  x 

 

DAFTAR TABEL 

Tabel 2. 1 Aplikasi CFD dalam berbagai bidang  21 

Tabel 3. 1 Table Properties of 1 atm Pressure 32 

Tabel 3. 2 Material Properties 33 

Tabel 4. 1 Distribusi temperatur hasil eksperiment (Celsius) 51 

Tabel 4. 2 Distribusi temperatur hasil komputasi (Celsius) 51 

Tabel 4. 3 Perbandingan nilai rata rata heatflux pada spesimen 59 

Tabel 4. 4 Contour heatflux hasil simulasi pada spesimen 61 

Tabel 4. 5 Spesimen hasil printing 62 

Tabel 4. 6 Struktur mikro dengan perbesaran 4000 μm 63 

Tabel 4. 7 Standar deviasi distribusi heatflux pada spesimen 65 

  



 

  xi 

 

DAFTAR GAMBAR 

Gambar 2. 1 3D Printing Fused Deposition Modelling (FDM) 8 

Gambar 2. 2 Perpindahan panas secara konveksi 11 

Gambar 2. 3 Perpindahan panas aliran dalam secara konveksi 11 

Gambar 2. 4 Contoh aliran laminar dan turbulen 12 

Gambar 2. 5 Konveksi alami pada permukaan horizontal 17 

Gambar 2. 6 Konveksi bebas (alami) 19 

Gambar 2. 7 Finite difference (Metode beda hingga) 25 

Gambar 2. 8 Finite element method (FEM) 25 

Gambar 2. 9 Finite volume method (FVM) 26 

Gambar 2. 10 CFD flow procces 27 

Gambar 3. 1 Diagram alir 29 

Gambar 3. 2 Desain heated - chamber 31 

Gambar 3. 3 Inlet dan outlet 32 

Gambar 3. 4 Input Geometry 34 

Gambar 3. 5 Extract Volume 35 

Gambar 3. 6 Input Meshing 35 

Gambar 3. 7 Input Named Selections 36 

Gambar 3. 8 Set General 36 

Gambar 3. 9 Set Energy (ON) 37 

Gambar 3. 10 Set Viscous Model 37 

Gambar 3. 11 Set Material 38 

Gambar 3. 12 Set Material Air 38 

Gambar 3. 13 Set Momentum Inlet 39 

Gambar 3. 14 Set Thermal Inlet 39 

Gambar 3. 15 Set Boundary Conditions 40 

Gambar 3. 16 Set Intialization 41 

Gambar 3. 17 Model Solver 41 

Gambar 3. 18 Model spesimen pencetakan (a) geometri X, (b) geometri Z dan (c) 

geometri Y 42 

Gambar 3. 19 Heated – chamber 43 

Gambar 3. 20 Tampilan awal software ultimaker cura 43 

Gambar 3. 21 Input file stl 44 

Gambar 3. 22 Setting material filament dan diameter nozzle 44 

Gambar 3. 23 Pengaturan ukuran layer 45 

Gambar 3. 24 Pengaturan infill dan temperatur nozzle dan bed 45 

Gambar 3. 25 Pengaturan kecepatan pencetakan 45 

Gambar 3. 26 Pengaturan support pada awal pencetakan 46 

Gambar 3. 27 Alat mikroskopik 47 

Gambar 3. 28 Tampilan awal software HiView 47 

Gambar 3. 29 Alat kalibrasi mikroskopik 47 



 

  xii 

 

Gambar 3. 30 Proses kalibrasi mikroskop digital 48 

Gambar 3. 31 Analisa 4 Titik Bidang X 50 

Gambar 4. 1 Grafik perbandingan temperatur eksperiment dengan komputasi pada 

Heater off 52 

Gambar 4. 2 Grafik perbandingan temperatur eksperiment dengan komputasi pada 

Inlet 70oC 53 

Gambar 4. 3 Grafik perbandingan temperatur eksperiment dengan komputasi pada 

Inlet 80oC 54 

Gambar 4. 4 Grafik perbandingan temperatur eksperiment dengan komputasi pada 

Inlet 90oC 55 

Gambar 4. 5 Grafik perbandingan temperatur eksperiment dengan komputasi pada 

Inlet 100oC 56 

Gambar 4. 6 Contour of Air Temperatur Heater Off (Konveksi Alami) 57 

Gambar 4. 7 Contour of air temperature konveksi paksa (a)Inlet 70oC (b) Inlet 

80oC (c) Inlet 90oC dan (d) Inlet 100oC 57 

Gambar 4. 8 Streamline Heater off 58 

Gambar 4. 9 Streamline (a)Inlet 70oC (b)Inlet 80oC (c)Inlet 90oC dan (d)Inlet 

100oC 59 

Gambar 4. 10 Grafik perbandingan nilai heatflux pada spesimen 60 

Gambar 4. 11 Grafik perbandingan standar deviasi pada distrbusi heatflux pada 

spesimen 66 

  



 

  xiii 

 

DAFTAR LAMPIRAN 

Lampiran 1 Surat Peminjaman Alat dan Ruang 74 

Lampiran 2 Mesin 3D Printing Ender 5 Plus 77 

Lampiran 3 Mesin Heated Chamber 78 

Lampiran 4 Desain 3D Heated Chamber dengan mesin Ender 5 Plus 79 

Lampiran 5 Desain 2D Heated Chamber 80 

Lampiran 6 Validasi Kecepatan Udara Inlet Menggunakan Anemometer 81 

Lampiran 7 Parameter Temperatur Saat Proses Pencetakan 82 

Lampiran 8 Pengukuran Temperatur Ruangan Dengan Hygrometer Analog 83 

Lampiran 9 Table properties of air 1 atm 84 

Lampiran 10 Hasil Perhitungan Kondisi Batas 84 

 

 


	b28e46ee8ff403b40bd036730a071cd261349c5a1d1de3e7e1cc123c41df4637.pdf
	a4cf90fb4db05dc1c02fe9d469388161b9c0eec1f00e8326e2b8a4eff2817b44.pdf
	b28e46ee8ff403b40bd036730a071cd261349c5a1d1de3e7e1cc123c41df4637.pdf

