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Kata Pengantar

Fakultas Teknik Universitas Muhammadiyah Surakarta memprakarsai konferensi
tingkat nasional pada tahun 2001 (Rekayasa Aplikasi Perancangan dan Industri atau
RAPI). Pada tahun 2013, telah diselenggarakan ICETIA (International Conference on
Engineering, Technology, and Industrial Application) pertama sebagai versi internasional
dari RAPI. Sejak itu, kedua ICETIA berlangsung bersamaan dengan RAPI.

Tahun ini, ICETIA dan RAPI 2022 mengambil tema “Peran Engineer dalam
Mendukung Perwujudan "Konsumsi yang Bertanggung Jawab". Melalui tema ini, RAPI
berupaya untuk menghadirkan inovasi dan terobosan teknik yang berbeda, terutama yang
relevan dengan konsumsi sumber daya alam yang bertanggung jawab yang merupakan 1
dari 17 tujuan dari Sustainable Development Goals (SDs) atau Tujuan Pembangunan
Berkelanjutan (TPB). TPB/SDGs merupakan komitmen global dan nasional dalam upaya
untuk menyejahterakan masyarakat dalam rangka pembangunan yang menjaga
peningkatan kesejahteraan ekonomi masyarakat secara berkesinambungan,
pembangunan yang menjaga keberlanjutan kehidupan sosial masyarakat, pembangunan
yang menjaga kualitas lingkungan hidup serta pembangunan yang menjamin keadilan dan
terlaksananya tata kelola yang mampu menjaga peningkatan kualitas hidup dari satu
generasi ke generasi berikutnya.

RAPI berupaya mewadahi munculnya ide, konsep, aplikasi, praktik terbaik, dan
penelitian dari teknik elektro, teknik industri, teknik mesin, teknik kimia, lingkungan
binaan, teknik sipil dan bidang terkait lainnya di bidang teknik dalam upaya mencapai
tujuan Komsumsi yang Bertanggung Jawab. Terdapat 28 artikel yang akan dikelompokkan
menjadi 7 sub-tema yaitu: Teknologi Informasi Ramah Lingkungan; Desain dan
Manajemen Produk; Optimisasi Sistem Industri; Manajemen Air dan Sumber Daya Air;
Pembangunan Lingkungan Berkelanjutan; dan Rekayasa Material. Prosiding ini menjadi
dokumen penting yang berisi kumpulan makalah yang telah dipresentasikan dan bisa
dipergunakan sebagai referensi semua pihak yang membutuhkan.



Kepanitiaan

Penanggung Jawab

Steering Committee

Ketua
Wakil Ketua
Sekertaris

Bendahara

Acara
Prosiding

Reviewer

Rois Fatoni, S.T., M.T., Ph.D.

Mochamad Solikin, S.T., M.T., Ph.D.
Wisnu Setiawan, S.T., M.Arch., Ph.D.

Dr. Ir. Indah Pratiwi, M.T.

Tri Widodo Besar Riyadi, S.T, M.Sc., Ph.D.
Umar, S.T., M.T.

Anto Budi Listyanto, S.T., M.T., Ph.D.

Ir. Agus Dwi Anggono, M.Eng., Ph.D.

Dr. Nur Rahmawati Syamsiyah, S.T., M.T.
Heru Supriyono, S.T., M.Sc., Ph.D.

Dr. Eni Budiyati, S.T., M.Eng.

Etika Muslimah, S.T., M.T., M.M.

Dr. Agung Sugiharto, S.T., M.Eng.

Eko Setiawan, S.T., M.T., Ph.D.

Afigoh Akmalia Fahmi, S.T., M.Sc.

Ade Usman Saori, S.Ak.

Alimatun Nashira, S.T., M.Eng.

Diah Susilowati

Malik Musthofa, S.T., M.Sc.

Muchlison Anis, S.T., M.T.

Etika Muslimah, S.T., M.M., M.T

Dyah Widi Astuti, S.T., M.Sc.

Denny Vitasari, S.T., M.Eng.Sc., Ph.D.

Nur Khotimah Handayani, S.T., M.Eng.
Dr. Ir. Widyastuti Nurjayanti, M.T.
Muhammad Siam Priyono Nugroho, S.T., M.T
Dr. Suryaning Setyowati, S.T., M.T.

Prof. Kun Harismah, Ph.D.

Dr. Ir. Ahmad M. Fuadi, M.T
Nurmuntaha Agung, S.T., M.T.
Muhammad Alfatih Hendrawan, S.T., M.T.



Kepanitiaan

Eko Setiawan, S.T., M.T., Ph.D.

Ratnanto Fitriadi, S.T., M.T.

Arinda Soraya Putri, S.T., M.T.

Ir. Abdul Rochman, M.T.

Qunik Wiqoyah, S.T., M.T.

Aris Budiman, S.T., M.T

Hasyim Asy'ari, S.T., M.T
Publikasi dan Web Hamid Abdillah, S.T., M.T.

Yulda Rahman, S.Kom

Fauzi Mizan Prabowo Aji, S.Ars., M.Ars

Muhammad Lutfi Arsyad, S.Kom

Basir Wismoyo Jati, S. Kom.

Bagian Umum Malik Musthofa, S.T., M.Sc.
Muchlison Anis, S.T., M.T.
Etika Muslimah, S.T., M.M., M.T.



Daftar Isi

Kata Pengantar
Kepanitiaan
Daftar Isi

Tema 1:
TEKNOLOGI INFORMASI RAMAH LINGKUNGAN

01

02

03

04

PENGARUH DURASI WAKTU AERASI PENGOLAHAN AIR LIMBAH
DENGAN SISTEM LUMPUR AKTIF (BIOFLOKULASI) TERHADAP
PENURUNAN BOD (BIOLOGICAL OXYGEN DEMAND) AIR LIMBAH
RUMAH SAKIT PKU MUHAMMADIYAH SURAKARTA

Lusi Indriyani, Agung Sugiharto

PENCAMPUR PESTISIDA CAIR OTOMATIS BERBASIS ARDUINO NANO
Taufiq Arif Ismail, Umi Fadlilah

PERANCANGAN SISTEM DIGITAL LOG BOOK UNTUK PENGGUNAAN
DAN PERAWATAN PERALATAN LABORATORIUM FAKULTAS
TEKNIK BERBASIS WEBSITE

Alfin Asfariza, Ratnanto Fitriadi, Purwo Setiawan

DESAIN PHOTOVOLTAIC SISTEM ON GRID PADA GEDUNG
BERKAPASITAS DAYA LISTRIK 345 KVA
Hasyim Asyari, Ratnasari Nur Rohmah, Pepy Mutiara Arratri

Tema 2:
DESAIN DAN MANAJEMEN PRODUK

05

06

07

08

PERBAIKAN POSTUR KERJA PEKERJA MENGGUNAKAN METODE
WORKPLACE ERGONOMIC RISK ASSESSMENT (WERA) DAN
EVALUACION DEL RIESGO (ERIN) (STUDI KASUS: PT. DUWA
ATMIMUDA)

Atarika Azalea Farnida, Muchlison Anis

ANALISIS POSTUR KERJA UNTUK MENGURANGI KELUHAN
MUSCULOSKELETAL DISORDERS (MSDS) PADA PEKERJA UKM PSG
ASRI MOJOLABAN MENGGUNAKAN METODE CTD RISK INDEX
Muhammad Iksan Danendya Putra, Muchlison Anis

STRATEGI PEMASARAN PRODUK ROTI BOLU ADENTA DENGAN
METODE MARKETING MIX
Margareta Ashari Saputri, Mila Faila Sufa

INOVASI LEMARI PENGERING PAKAIAN OTOMATIS DENGAN FITUR
STERILISASI

Ratnasari Nur Rohmah, Fattah Miftahul Rizky, Aris Budiman, Umi Fadlilah,
Fajar Suryawan

11

18

24

32

41

49



Tema 3:
OPTIMISASI SISTEM INDUSTRI

09

10

11

ANALISIS PERBAIKAN SISTEM KERJA DI SENTRA INDUSTRI GITAR
BAKI DENGAN METODE WISH (WORK IMPROVEMENT FOR SAVE
HOME) (STUDI KASUS: UKM GITAR BAKI)

Irfan Rizaldi, Muchlison Anis

OPTIMASI NILAI KEKASARAN PERMUKAAN BAJA ST 37
BERDASARKAN PADA PARAMETER PROSES PEMBUBUTAN
MENGGUNAKAN METODE TAGUCHI

Eka Mahdi Ananta, Anis Siti Nurrohkayati

ANALISIS MANUAL MATERIAL HANDLING DAN POSTUR KERJA
PADA BAGIAN PACKING MENGGUNAKAN METODE NIOSH
MULTITASK DAN REBA (STUDI KASUS: PT. SARI WARNA ASLI V
KUDUS)

Ni'ma Salsabila, Etika Muslimah

Tema4:
DESAIN DAN MANAJEMEN PRODUK

12

13

14

PERBAIKAN KUAT GESER TANAH LEMPUNG MENGGUNAKAN
KAPUR DAN DIFA SS
Agus Susanto, Renaningsih, Anto Budi Listyawan, Umi Nur Hidayati

PEMANFAATAN MATERIAL LOKAL LATERITE SIMPANG PASIR
KECAMATAN PALARAN KOTA SAMARINDA SEBAGAI AGREGAT
KASAR DALAM CAMPURAN BETON NORMAL

Adde Currie Siregar, Santi Yatnikasari, Fitriyati Agustina, Vebrian, Subandi

ANALISA VARIABEL PENERAPAN SISTEM MANAJEMEN
KESELAMATAN DAN KESEHATAN KERJA (SMK3) JALAN TOL SOLO —
JOGJA

Alfia Magfirona, Alif Firmansyah Romdhoni, Sri Sunarjono, Budi Priyanto

Tema 5:
MANAJEMEN AIR DAN SUMBER DAYA AIR

15

16

PENGEMBANGAN SENSOR KELEMBABAN TANAH NIRKABEL UNTUK
KEPERLUAN IRIGASI PERTANIAN OTOMATIS
Ratnasari Nur Rohmah, Nurhuda Fawzi Rachman, Bambang Hari P., Nurokhim

KAJIAN HUBUNGAN DEBIT AIR SUNGAI DENGAN DEBIT SEDIMEN
TERAPUNG (SUSPENDED LOAD) PADA ANAK-ANAK SUNGAI
BENGAWAN SOLO BAGIAN HULU

Jaji Abdurrosyid

Tema 6:
PEMBANGUNAN LINGKUNGAN BERKELANJUTAN

17

PENENTUAN AREA BAHAYA TANAH LONGSOR MENGGUNAKAN
PENDEKATAN SIG (SISTEM INFORMASI GEOGRAFIS) DENGAN
METODE WEIGHTED OVERLAY DI KAWASAN IKN

Wisnu Ismunandar, Fajar Alam, Akmal Faiq Luthfi

Vi

56

65

73

80

89

95

100

106

113



18

19

20

21

KONSEP PERANCANGAN PUSAT EDUKASI SOSIAL REMAJA DENGAN
PENDEKATAN SENSORI
Elisse Moudy Seraphima, Parmonangan Manurung, Maria Kinanthi

INOVASI BIOPESTISIDA ALAMI DARI TEMBAKAU (NICOTIANA
TABACUM), BAWANG PUTIH (Allium sativum) DAN DAUN PANGI
(Pangium edule)

Kun Harismah, Ananda Muhammad Batistuta Caparies, Ahmad Muhammad
Fuadi, Tri Widayatno

IDENTIFIKASI KUALITAS PARKIR DAN SIRKULASI TERHADAP
KINERJA TERMINAL TEGALGEDE DI KABUPATEN KARANGANYAR
Najib Suwendho Hasan, Wisnu Setiawan

INDEKOS HAYATAN THOYYIBAH WUJUD ARSITEKTUR TANGGAP
PANDEMI
Nur Rahmawati Syamsiyah, Syori Syaktika

Tema7:
REKAYASA MATERIAL

22

23

24

25

26

27

28

THE EFFECT OF PRINTING SPEED AND NOZZLE TEMPERATURE ON
TENSILE STRENGTH, GEOMETRY, AND SURFACE ROUGHNESS OF A
PRODUCT PRINTED USING ABS FILAMENT

Faisal Arif Nurgesang, Santo Ajie Dhewanto, Muhammad Ridlwan, Paryanto

PENGARUH KETEBALAN DAN JENIS MATERIAL 3D PRINTED CORE
TERHADAP KEKAKUAN BENDING KOMPOSIT SANDWICH SKIN
SERAT KARBON

Muhammad Ridlwan, Abdi Haritz Pratama

OPTIMASI SAMBUNGAN ROTARY FRICTION WELDING (RFW) PADA
ALUMINIUM 4017 DENGAN VARIASI BENTUK PROFIL SAMBUNGAN
Yustiasih Purwaningrum, Fathurahman Fatha, Aldino Data Pratama

PENGARUH SUBSTITUSI STEEL SLAG TERHADAP SIFAT MEKANIK
HIGH VOLUME FLY ASH-SELF COMPACTING CONCRETE PADA
VARIASI KONSENTRASI PERENDAMAN KLORIDA

Nur Khotimah Handayani, Budi Darmawan, Fajar Listyo Adi Nugroho

PERBANDINGAN KUAT GESER TANAH LEMPUNG YANG DICAMPUR
PASIR PUTIH PANTAI UTARA DAN PANTAI SELATAN JAWA

Anto Budi Listyawan, Qunik Wigoyah, Sugiyatno, Renaningsih, Agus Susanto,
Ayu Kaputri Parku

PEMBUATAN BATA BETON DENGAN BAHAN TAMBAH BUTIRAN
PECAHAN GENTENG DENGAN METODE PENEKANAN MODEL
PELAT DESAK DATAR DAN PYRAMID

Aliem Sudjatmiko, Taufik Marjuki, Rachmad Sadli, Sinta Noviantika

PEMANFAATAN CRUMB RUBBER DAN RUBBER CHIP DARI LIMBAH
BAN BEKAS TERHADAP SIFAT MEKANIS BETON

Yenny Nurchasanah, Abdul Rochman, Nur Khotimah Handayani, Rafif Aryo
Irianto, Achmad Taufig Sulistyo

vii

121

127

134

145

152

157

165

171

177

185

194



Home / Archives |/ 2022: Prosiding Simposium Nasional Rekayasa Aplikasi Perancangan dan Industri

2022: Prosiding Simposium Nasional Rekayasa Aplikasi
Perancangan dan Industri

;@inS Naroeko Tema: Peran Engineer dalam Mendukung Perwujudan "Konsumsi yang Bertanggung
Jawab"

Waktu: Selasa-Rabu, 13-14 Desember 2022

Penyelenggara: Fakultas Teknik, Universitas Muhammadiyah Surakarta

ISSN: 2686-4274 (online)

Website Seminar: https://rapi.ums.ac.id/2022

Prosiding Terbit: 30 Desember 2022

Peran Engineer dalam Mendukung
Perwujudan “Konsumsi yang

Bertanggung Jawab” Pu inShEd: 2022‘1 2'30

FAKULTAS TEKNIK
UNIVERSITAS MUHAMMADIYAH SURAKARTA

ISSN: 2686-4274

Front Matter

Front Matter
Agung Sugiharto

‘PDF]

Articles

Pengaruh Durasi Waktu Aerasi Pengolahan Air Limbah dengan Sistem Lumpur Aktif (Bioflokulasi) terhadap
Penurunan BOD (Biological Oxygen Demand) Air Limbah Rumah Sakit PKU Muhammadiyah Surakarta

Lusi Indriyani, AQung Sugiharto 1-4

{PDF]

Pencampur Pestisida Cair Otomatis Berbasis Arduino Nano
Taufig Arif Ismail, Umi Fadlilah 5-10

‘PDF]

Perancangan Sistem Digital Log Book untuk Penggunaan dan Perawatan Peralatan Laboratorium Fakultas Teknik
Berbasis Website

Alfin Asfariza, Ratnanto Fitriadi, Purwo Setiawan 11-17

[PDF]

Desain Photovoltaic Sistem On Grid pada Gedung Berkapasitas Daya Listrik 345 KVA

Hasyim Asyari, Ratnasari Nur Rohmah, Mutiara Arratri 18-23

‘PDF]

Perbaikan Postur Kerja Pekerja Menggunakan Metode Workplace Ergonomic Risk Assesment (WERA) dan
Evaluacion Del Riesgo (ERIN) di PT. Duwa Atmimuda

Atarika Azalea Farnida, Muchlison Anis 24-31

[PDF]

Analisis Postur Kerja untuk Mengurangi Keluhan Musculoskeletal Disorders (MSDS) pada Pekerja UKM PSG Asri
Mojolaban Menggunakan Metode CTD Risk Index

Muhammad Iksan Danendya Putra, Muchlison Anis 32-40

{PDF]

Strategi Pemasaran Produk Roti Bolu Adenta dengan Metode Marketing Mix
Margareta Ashari Saputri, Mila Faila Sufa 41-48

‘PDF]

Inovasi Lemari Pengering Pakaian Otomatis dengan Fitur Sterilisasi.

Ratnasari Nur Rohmah, Fattah M. Rizky, Aris Budiman, Umi Fadlilah, Fajar Suryawan 49-55

[PDF]

Analisis Perbaikan Sistem Kerja di UKM Gitar Baki dengan Metode Wish (Work Improvement For Save Home)
Irfan Rizaldi, Muchlison Anis 56-64

‘PDF]

Optimasi Nilai Kekasaran Permukaan Baja ST 37 Berdasarkan pada Parameter Proses Pembubutan Menggunakan
Metode Taguchi

Eka Mahdi Ananta, Anis Siti Nurrohkayati, Aus Mujianto, Hery Try Waluyo 65-72

[PDF}

Analisis Manual Material Handling dan Postur Kerja pada Bagian Packing Menggunakan Metode Niosh Multitask
dan Reba di PT. Sari Warna Asli V Kudus

Ni'ma Salsabila, Etika Muslimah 73-79

‘PDF]

Perbaikan Sifat Fisis dan Kuat Geser Tanah Lempung Menggunakan Campuran Kapur Dan Difa Ss

Agus Susanto, R Renaningsih, Anto Budi Listyawan, Umi Nur Hidayati 80-88

[PDF]

Pemanfaatan Material Lokal Laterite Simpang Pasir Kecamatan Palaran Kota Samarinda Sebagai Agregat Kasar
Dalam Campuran Beton Normal

Adde Currie Siregar, Santi Yatnikasari, Fitriyati Agustina, V Vebrian, S Subandi 89-94

{PDF]

Analisa Variabel Penerapan Sistem Manajemen Keselamatan dan Kesehatan Kerja (Smk3) Proyek Jalan Tol Solo -
Jogja
Alfia Magfirona, Alif Firmansyah Romdhoni, Sri Sunarjono, Budi Priyanto 95-99

‘PDF]

Pengembangan Sensor Kelembaban Tanah Nirkabel untuk Keperluan Irigasi Pertanian Otomatis

Ratnasari Nur Rohmah, Nurhuda Fawzi Rachman, Bambang Hari Purwoto, N Nurokhim 100-105

[PDF]

Kajian Hubungan Debit Air Sungai dengan Debit Sedimen Terapung (Suspended Load) pada Anak-Anak Sungai
Bengawan Solo Bagian Hulu

Jaji Abdurrosyid, Ilyas Farhan Oktavianus, Gotot Slamet Mulyono 106-112

‘PDF]

Penentuan Area Bahaya Tanah Longsor Menggunakan Pendekatan SIG (Sistem Informasi Geografis) Dengan
Metode Weighted Overlay Di Kawasan Ikn

Wisnu Ismunandar, Fajar Alam, Akmal Faiq Luthfi 113-120

[PDF]

Konsep Perancangan Pusat Edukasi Sosial Remaja Dengan Pendekatan Sensori

Elisse Moudy Seraphima, Parmonangan Manurung, Maria Kinanthi 121-126

{PDF]

Inovasi Biopestisida Alami Dari Tembakau (Nicotiana Tabacum), Bawang Putih (Allium Sativum) Dan Daun Pangi
(Pangium Edule)

Kun Harismah, Ananda Muhammad Batistuta Caparies, Ahmad Muhammad Fuadi, Tri Widayatno 127-133

[PDF]

Identifikasi Kualitas Parkir Dan Sirkulasi Terhadap Kinerja Terminal Tegalgede Di Kabupaten Karanganyar
Najib Suwendho Hasan, Wisnu Setiawan 134-144

[PDF]

Indekos Hayatan Thoyyibah Wujud Arsitektur Tanggap Pandemi
Nur Rahmawati Syamsiyah, Syori Syaktika 145-151

‘PDF]

The Effect Of Printing Speed And Nozzle Temperature On Tensile Strength, Geometry, and Surface Roughness Of A
Product Printed using ABS Filament

Faisal Arif Nurgesang, Santo Ajie Dhewanto, Muhammad Ridlwan, P Paryanto 152-156

[PDF]

Pengaruh Ketebalan dan Jenis Material 3D Printed Core terhadap Kekakuan Bending Komposit Sandwich Skin
Serat Karbon

Muhammad Ridlwan, Abdi Haritz Pratama 157-164

‘PDF]

Optimasi Sambungan Rotary Friction Welding (RFW) pada Aluminium 4017 dengan Variasi Bentuk Profil
Sambungan

Yustiasih Purwaningrum, Fathurahman Fatha, Aldino Data Pratama 165-170

[PDF]

Pengaruh Substitusi Steel Slag Terhadap Sifat Mekanik High Volume Fly Ash-Self Compacting Concrete Pada
Variasi Konsentrasi Perendaman Klorida

Nur Khotimah Handayani, Budi Darmawan, Fajar Listyo Adi Nugroho 171-176

{PDF]

Perbandingan Kuat Geser Tanah Lempung Yang Dicampur Pasir Putih Pantai Utara Dan Pantai Selatan Jawa

Anto Budi Listyawan, Qunik Wigoyah, S Sugiyatno, R Renaningsih, Agus Susanto, Ayu Kaputri Parku 177-184

‘PDF]

Pembuatan Bata Beton dengan Bahan Tambah Butiran Pecahan Genteng dengan Metode Penekanan Model Pelat
Desak Datar Dan Pyramid

Aliem Sudjatmiko, Taufik Marjuki, Rachmad Sadli, Sinta Noviantika 185-193

[PDF]

Pemanfaatan Crumb Rubber Dan Rubber Chip Dari Limbah Ban Bekas terhadap Sifat Mekanis Beton
Yenny Nurchasanah, Abdul Rochman, Nur Khotimah Handayani, Rafif Aryo Irianto, Achmad Taufiq Sulistyo 194-197

‘PDF]

Platform &
workflow by

OJS / PKP


https://proceedings.ums.ac.id/index.php/rapi/index
https://proceedings.ums.ac.id/index.php/rapi/search
https://proceedings.ums.ac.id/index.php/rapi/issue/current
https://proceedings.ums.ac.id/index.php/rapi/issue/archive
https://proceedings.ums.ac.id/index.php/rapi/issue/view/46
https://proceedings.ums.ac.id/index.php/rapi/index
https://proceedings.ums.ac.id/index.php/rapi/issue/archive
https://issn.brin.go.id/terbit/detail/1565930288
https://rapi.ums.ac.id/2022
https://proceedings.ums.ac.id/index.php/rapi/article/view/2593
https://proceedings.ums.ac.id/index.php/rapi/article/view/2593/2548
https://proceedings.ums.ac.id/index.php/rapi/article/view/2746
https://proceedings.ums.ac.id/index.php/rapi/article/view/2746
https://proceedings.ums.ac.id/index.php/rapi/article/view/2746/2709
https://proceedings.ums.ac.id/index.php/rapi/article/view/2594
https://proceedings.ums.ac.id/index.php/rapi/article/view/2594/2549
https://proceedings.ums.ac.id/index.php/rapi/article/view/2595
https://proceedings.ums.ac.id/index.php/rapi/article/view/2595
https://proceedings.ums.ac.id/index.php/rapi/article/view/2595/2550
https://proceedings.ums.ac.id/index.php/rapi/article/view/2596
https://proceedings.ums.ac.id/index.php/rapi/article/view/2596/2551
https://proceedings.ums.ac.id/index.php/rapi/article/view/2597
https://proceedings.ums.ac.id/index.php/rapi/article/view/2597
https://proceedings.ums.ac.id/index.php/rapi/article/view/2597/2552
https://proceedings.ums.ac.id/index.php/rapi/article/view/2598
https://proceedings.ums.ac.id/index.php/rapi/article/view/2598
https://proceedings.ums.ac.id/index.php/rapi/article/view/2598/2553
https://proceedings.ums.ac.id/index.php/rapi/article/view/2599
https://proceedings.ums.ac.id/index.php/rapi/article/view/2599/2554
https://proceedings.ums.ac.id/index.php/rapi/article/view/2600
https://proceedings.ums.ac.id/index.php/rapi/article/view/2600/2555
https://proceedings.ums.ac.id/index.php/rapi/article/view/2601
https://proceedings.ums.ac.id/index.php/rapi/article/view/2601/2556
https://proceedings.ums.ac.id/index.php/rapi/article/view/2602
https://proceedings.ums.ac.id/index.php/rapi/article/view/2602
https://proceedings.ums.ac.id/index.php/rapi/article/view/2602/2557
https://proceedings.ums.ac.id/index.php/rapi/article/view/2603
https://proceedings.ums.ac.id/index.php/rapi/article/view/2603
https://proceedings.ums.ac.id/index.php/rapi/article/view/2603/2558
https://proceedings.ums.ac.id/index.php/rapi/article/view/2604
https://proceedings.ums.ac.id/index.php/rapi/article/view/2604/2559
https://proceedings.ums.ac.id/index.php/rapi/article/view/2605
https://proceedings.ums.ac.id/index.php/rapi/article/view/2605
https://proceedings.ums.ac.id/index.php/rapi/article/view/2605/2560
https://proceedings.ums.ac.id/index.php/rapi/article/view/2606
https://proceedings.ums.ac.id/index.php/rapi/article/view/2606
https://proceedings.ums.ac.id/index.php/rapi/article/view/2606/2561
https://proceedings.ums.ac.id/index.php/rapi/article/view/2607
https://proceedings.ums.ac.id/index.php/rapi/article/view/2607/2562
https://proceedings.ums.ac.id/index.php/rapi/article/view/2608
https://proceedings.ums.ac.id/index.php/rapi/article/view/2608
https://proceedings.ums.ac.id/index.php/rapi/article/view/2608/2563
https://proceedings.ums.ac.id/index.php/rapi/article/view/2609
https://proceedings.ums.ac.id/index.php/rapi/article/view/2609
https://proceedings.ums.ac.id/index.php/rapi/article/view/2609/2564
https://proceedings.ums.ac.id/index.php/rapi/article/view/2610
https://proceedings.ums.ac.id/index.php/rapi/article/view/2610/2565
https://proceedings.ums.ac.id/index.php/rapi/article/view/2611
https://proceedings.ums.ac.id/index.php/rapi/article/view/2611
https://proceedings.ums.ac.id/index.php/rapi/article/view/2611/2566
https://proceedings.ums.ac.id/index.php/rapi/article/view/2612
https://proceedings.ums.ac.id/index.php/rapi/article/view/2612/2567
https://proceedings.ums.ac.id/index.php/rapi/article/view/2613
https://proceedings.ums.ac.id/index.php/rapi/article/view/2613/2568
https://proceedings.ums.ac.id/index.php/rapi/article/view/2614
https://proceedings.ums.ac.id/index.php/rapi/article/view/2614
https://proceedings.ums.ac.id/index.php/rapi/article/view/2614/2569
https://proceedings.ums.ac.id/index.php/rapi/article/view/2615
https://proceedings.ums.ac.id/index.php/rapi/article/view/2615
https://proceedings.ums.ac.id/index.php/rapi/article/view/2615/2570
https://proceedings.ums.ac.id/index.php/rapi/article/view/2616
https://proceedings.ums.ac.id/index.php/rapi/article/view/2616
https://proceedings.ums.ac.id/index.php/rapi/article/view/2616/2571
https://proceedings.ums.ac.id/index.php/rapi/article/view/2617
https://proceedings.ums.ac.id/index.php/rapi/article/view/2617
https://proceedings.ums.ac.id/index.php/rapi/article/view/2617/2572
https://proceedings.ums.ac.id/index.php/rapi/article/view/2618
https://proceedings.ums.ac.id/index.php/rapi/article/view/2618/2573
https://proceedings.ums.ac.id/index.php/rapi/article/view/2619
https://proceedings.ums.ac.id/index.php/rapi/article/view/2619
https://proceedings.ums.ac.id/index.php/rapi/article/view/2619/2574
https://proceedings.ums.ac.id/index.php/rapi/article/view/2620
https://proceedings.ums.ac.id/index.php/rapi/article/view/2620/2575
https://proceedings.ums.ac.id/index.php/rapi/about/aboutThisPublishingSystem
https://proceedings.ums.ac.id/index.php/rapi/login

Simposium Nasional RAPI XXI —2022 FT UMS ISSN 2686-4274

THE EFFECT OF PRINTING SPEED AND NOZZLE TEMPERATURE ON TENSILE
STRENGTH, GEOMETRY, AND SURFACE ROUGHNESS OF A PRODUCT PRINTED
USING ABS FILAMENT

Faisal Arif Nurgesang!, Santo Ajie Dhewanto! Muhammad Ridlwan?, Paryanto?
!Program Studi Teknik Mesin, Fakultas Teknologi Industri, Universitas Islam Indonesia
JI. Kaliurang, KM 14.4, Sleman, Yogyakarta, 55584 Telp 0274 898444
2Program Studi Pendidikan Profesi Insinyur, Fakultas Teknik, Universitas Diponegoro Semarang
JI. Prof. Sudarto No.13, Tembalang, Kec. Tembalang, Kota Semarang, Jawa Tengah, 50275 Telp 024 7460036
Email: faisal.arif.nurgesang@uii.ac.id

Abstract

3D printing is an additive manufacturing technology that can quickly create 3D models by softening
thermoplastic filaments layer by layer. In making objects using 3D printing technology, there are
several parameters that affect the strength of the printed objects, including the printing speed and
nozzle temperature. This study aims to investigate effect of printing speed and nozzle temperature on
tensile strength, geometry, and surface roughness of a product printed using ABS filament. The
printing speeds were varied at 30, 40, and 50 mm/s while the nozzle temperature vaeried at 235, 245,
and 255 °C. The tensile test was carried out on the printed specimens according to ASTM D-638-02a.
The surface roughness and geometry tests were carried out on the printed specimen with dimensions
of 30x30x40 mm. The surface roughness and geometry tests were performed on the vertical side in
order to examine the layer and the change of height. The results concluded that the optimum printing
speed and nozzle temperature based on the research conducted were 30 mm/s and 255 °C where the
tensile strength as high as 33.52 MPa was obtained.

Keywords: 3D printing, printing speed, nozzle temperature

Introduction

3D printing is an additive manufacturing technology that can create three-dimensional objects based on
designs by pushing softened thermoplastic polymer filaments through the nozzle layer by layer (Shahrubudin, Lee,
& Ramlan, 2019; Wang, Blache, & Xu, 2017). This technology was first introduced by Charles Hull in the late 80’s
(Malloy, 2010). Recently, 3D printing is widely used in many sectors including agriculture, automotive, aviation and
health. Through this technology, many products can be produced quickly, accurately, and efficiently (Keles,
Blevins, & Bowman, 2017). Based on ASTM F2792-12a terminology, 3D printing technology is grouped into 7
groups, namely binding jetting, directed energy deposition, extrusion material, jetting material, powder bed fusion,
sheet lamination and vat photo polymerization (ISO/ASTM, 2013). From these various types, 3D printing
technology is currently not only used for prototyping but can be used to make various kinds of products that can be
used directly (Wang et al., 2017). In the process of making prototypes and final products, there are several important
parameters that need to be considered to produce a prototype or final product in accordance with the design made
and have the strength as expected. Several important parameters in the manufacturing process using FDM type 3D
printing are printing speed, nozzle temperature, infill density, layer orientation, and some other parameters. Some of
these parameters are very influential on the printing results so that it is necessary to determine the best parameters to
obtain the desired mechanical properties.

Research on the effect of parameters on the tensile strength of FDM type 3D printing has been reported,
including research conducted by Hasdiansah & Suzen (2021). In this study, the nozzle temperature was varied at
205, 215, and 225 °C but the filament used was PLA+Sugoi. As a result, the highest tensile strength of 32.40 MPa
was obtained with a nozzle temperature of 205 °C with a concentric infill type where the higher the nozzle
temperature, the lower the tensile strength. However, different results are shown in the infill lines, cubic, octet, and
zigzag types where the higher the nozzle temperature, the higher the tensile strength even though it is only in the
range of 20-25 MPa. From this study, the higher the temperature is not directly proportional to the tensile strength
produced (Hasdiansah & Suzen, 2021). To the contrary, another study stated that the nozzle temperature is directly
proportional to the tensile strength reported by other researchers where the higher the nozzle temperature, the higher
the tensile strength in specimens made using PLA filaments (Pamasaria, Herianto, & Saputra, 2019). From these two
research results, it is necessary to confirm the effect of nozzle temperature on the resulting tensile strength.
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In addition to the nozzle temperature, an important parameter to produce the highest tensile strength is the
printing speed. Effect of the printing speed was also reported that the lower the speed the better tensile strength. But,
this study uses PLA filament (Setiawan, 2017). Thus, there are several things that need to be confirmed to ensure the
effect of nozzle temperature and printing speed on tensile strength of a 3D printing product. Most of the research
that has been done is using PLA filament because the operating temperature is lower than ABS filament. However,
ABS filament has better strength than PLA as reported by Ikhsanto & Zainuddin (2019). Based on the results of
several previous studies, one of the important factors to get the best mechanical properties (tensile strength) is infill
density followed by printing orientation and layer thickness. The higher the infill density (can reach 100%) and the
layer thickness, the higher the tensile strength, which is in the range of 11-13 MPa (Radhwan, Shayfull, Abdellah,
Irfan, & Kamarudin, 2019). However, using an infill density of 100% has drawbacks such as requiring a lot of
material and making the product heavier. As a comparison, other researchers said that only 80% infill density can
produce an optimal tensile strength of 32.64 MPa (Samykano et al., 2019). Another parameter that affects the
mechanical property is the nozzle temperature. This result has been reported by previous research that the higher the
nozzle temperature, the higher the bending strength where the highest bending strength is obtained at a nozzle
temperature of 244 °C (Ikhsanto & Zainuddin, 2019). Nevertheless, the varied temperatures are still quite far from
the maximum operating temperature that can be applied to ABS material, which is 260 °C. The results of other
studies have also reported that print speed influences the tensile strength. Other researchers have also concluded in
their research that the speed of 100 mm/s produces lower tensile strength when compared to the speed of 80 mm/s
but this study used PLA material for the manufacture of test specimens (Setiawan, 2017). These parameters affect
the quality of the printing results such as surface roughness, dimensions, and product geometry.

Research Methodology

An eSun ABS filament with diameter of 1.75 mm was used in this research. The tensile test was carried out
using Universal Testing Machine (JTM-UTC 220) on the printed specimens according to ASTM D-638-02a Type |.
Surface roughness test was performed using surface roughness tester (SurfcomTouch 5.0). Geometry measurement
was also carried out using a digital vernier caliper (Mitutoyo). The surface roughness and geometry tests were
carried out on the printed specimen with dimensions of 30x30x40 mm. The surface roughness and geometry tests
were performed on the vertical side to examine the layer and the change of height. The ABS test specimens were
printed using Flashforge Creator Pro. The printing process performed considering two different parameters as
variables which are the printing speed (30, 40, and 50 mm/s) and nozzle temperature (235, 245, and 255 °C) where
the constant value was chosen including 80% infill density, 110 °C board temperature, and 0.4 mm layer thickness.
All the tests were done with three replications for each specimen.

Results and Discussions

The effect of the printing speed on tensile strength is shown in Figure 1. Based on the figure, the tensile stress
values for speeds of 30, 40, and 50 mm/s are 32.41, 18.75, and 19.23 MPa, respectively. These results indicate that
the printing speed is very influential on the strength where the slower the printing speed, the higher the strength of
the specimen printed using ABS filament. These results confirm from the previous research by Setiawan (2017).
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Figure 1. Effect of printing speed on tensile strength

These results affect the roughness value (Ra) obtained from the results of the surface roughness test, the
influence of the printing speed on the roughness value as can be seen in Figure 2. Based on this figure, the
roughness value (Ra) in the printed specimen has a directly proportional relationship printing speed. The higher the
printing speed, the higher the roughness value. The roughness values for the printing speeds at 30, 40, and 50 mm/s
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were 31.64, 33.02, and 33.18 pm, respectively. Based on these results, it can be concluded that the profile formed
between layers is getting wider or rougher along with the faster printing speed given when making the specimen.
However, to prove this, it is necessary to test through micro/SEM photos.
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Figure 2. Effect of printing speed on surface roughness

In addition, based on the geometry test to determine the changes in the height of the specimens that have
been carried out, the results also show a directly proportional relationship to the printing speed as can be seen in
Figure 3. It can be seen in the figure, shrinkage occurs at a printing speed of 30 mm/s. At higher speeds of 40 and 50
mm/s, the height of the specimen increases. This indicates that for a speed of 30 mm/s, there is a better interlayer
connection compared to 40 and 50 mm/s which causes the bond between layers to become stronger and has a direct
impact on the tensile strength.
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Figure 3. Effect of printing speed on changes of height

From the tensile strength test that has been done on specimens made using the best printing speed obtained
from the previous discussion, which is 30 mm/s, the results can be seen in Figure 4. Based on this figure, the tensile
stress values for nozzle temperatures are 235°C, 245°C, and 255 °C was 31.58, 32.41, and 33.52 MPa, respectively.
Compared with a temperature of 245 °C which is used to determine the effect of printing speed, by using a nozzle
temperature of 235 °C, there is a decrease in tensile strength. However, by using a nozzle temperature of 255 °C,
there is an increase in tensile strength. Thus, these results indicate that the nozzle temperature also affects the tensile
strength. The higher the nozzle temperature, the higher the tensile strength of the specimen when it is made with a
low printing speed i.e. 30 mm/s.

These results also affect the roughness value (Ra) obtained as can be seen in Figure 5. Based on the figure,
the roughness value (Ra) in the printed specimen has an inverse relationship with the nozzle temperature. The higher
the nozzle temperature, the lower the roughness value. The roughness values for each nozzle temperature at 235,
245, and 255 oC were 32.66, 31.64, and 30.81 um, respectively. Based on these results, it can be concluded that the
profile formed between layers is getting denser or smoother as the nozzle temperature increases when the specimen
is made.
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Figure 4. Effect of nozzle temperature on tensile strength
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Figure 5. Effect of nozzle temperature on surface roughness

In addition, based on the geometry test to determine the change in the height of the specimen that has been
carried out, the results also show a directly proportional relationship to the nozzle temperature as can be seen in
Figure 6. It can be seen in the figure, the higher the nozzle temperature, the higher the shrinkage that occurs. Thus, it
can also be concluded that the bonding layer by layer is getting tighter and stronger and has a direct impact on the
tensile strength. This result is also directly proportional to the surface roughness measured using the surface
roughness tester.
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Figure 6. Effect of nozzle temperature on changes of height
Conclusions
Based on the description of the results and discussions that have been done, several conclusions can be obtained as
follows:
1. Printing speed has an inverse relationship to tensile strength. The higher the printing speed, the lower the
tensile strength. This result is related to the roughness and shrinkage of the size in the vertical direction
(height of the specimen). The higher the printing speed, the higher the roughness value. This indicates that
the profile formed between layers is getting wider or coarser with the faster the printing speed. However,
the lower the printing speed i.e. at a printing speed of 30 mm/s, the greater the height reduction. This
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indicates that for the speed of 30 mm/s, there is a better interlayer connection compared to 40 and 50 mm/s
which causes the bond between layers to become stronger and has a direct impact on the tensile strength.

2. The nozzle temperature also has an influence on the tensile strength. However, the nozzle temperature has a
directly proportional relationship to the tensile strength. The higher the nozzle temperature, the higher the
tensile strength. A high tensile strength of 33.52 MPa was obtained at a temperature of 255 °C. In addition,
the higher the nozzle temperature, the lower the surface roughness and the higher the shrinkage. These
results also indicate that the merging between layers is getting better and the bonds between layers are
getting stronger, resulting in higher tensile strength.
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