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Abstrak 

Pada masa ini teknik pengelasan telah banyak dipergunakan pada 
konstruksi mesin. Ini disebabkan karena mesin yang dibuat dengan teknik 
penyambungan menjadi lebih sederhana. Pengelasan biasanya 
dipergunakan untuk reparasi, membuat lapisan keras pada perkakas, 
mempertebal bagian-bagian yang sudah aus, menyambung dua material 
atau poros, dan lain-lain. Pengelasan harus mempertimbangkan 
kesesuaian antara jenis material yang akan disambung dan metode yang 
digunakan dalam proses pengelasan, sehingga hasil dari lasan 
mempunyai kekuasan sambungan yang baik. Tujuan penelitian ini untuk 
mengetahui seberapa besar kekuatan tarik, nilai kekerasan mulai dari 
logam induk hingga sambungan, dan struktur mikro dengan metode las 
gesek. Dalam penelitian ini material yang digunakan adalah Stainless 
Steel 403. Proses pengelasan dilakukan dengan memvariasi waktu gesek 
sebesar 4 detik, 6 detik, dan 8 detik. Gesekan dilakukan dengan mesin 
friction welding putaran 1450 rpm. Pengujian yang dilakukan adalah 
pengujian kekuatan tarik, pengujian struktur mikro, dan pengujian 
kekerasan vickers. Hasil dari pengujian menunjukan bahwa kekuatan tarik 
dari hasil las gesek mengalami kenaikan seiring bertambahnya waktu 
gesek yang digunakan, tegangan maksimum tertinggi pada pengelasan 8 
detik memiliki nilai tegangan 215.85 N/mm². Hasil penampang patah pada 
semua sambungan stainless steel didominasi perpatahannya bersifat ulet. 
Pengujian kekerasan menjelaskan bahwa dari ketiga variasi waktu gesek 
nilai kekerasan tertinggi terletak disekitar sambungan (weld line) pada 
waktu gesek 8 detik sebesar 280.24 VHN dibandingkan daerah haz dan 
logam induk. Terakhir, struktur mikro dengan perbesaran 500x 
memperlihatkan baik pada daerah lasan, daerah terkena panas, dan 
logam induk didominasi oleh struktur ferrite dan pearlite. 

Kata kunci : Stainless steel 403, Friction welding, Waktu gesek, Kekuatan 
tarik, Struktur mikro, Kekerasan Vickers 
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AND MICRO STRUCTURE OF WELDING FRICTION WELDING 
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Abstract 

At this time welding techniques have been widely used in machine 

construction. This is because machines are made with simpler connection 

techniques. Welding is usually used for repair, making a hard coating on 

tools, thickening worn parts, joining two materials or shafts, and so on. 

Welding must consider the suitability between the type of material to be 

joined and the method used in the welding process, so that the result of 

the weld has a good joint strength. The purpose of this study was to 

determine how much tensile strength, hardness value starting from the 

main metal to the joints, and microstructure using the friction welding 

method. In this study, the material used is Stainless Steel 403. The 

welding process is carried out by varying the friction time of 4 seconds, 6 

seconds, and 8 seconds. Friction is carried out by means of a 1450 rpm 

friction welding machine. The tests carried out are tensile strength testing, 

microstructure testing, and vickers hardness testing. The results of the test 

show that the tensile strength of the friction welding results increases with 

increasing friction time, the highest maximum stress at 8 seconds of 

welding has a stress value of 215.85 N / mm². The fracture section results 

on all stainless steel joints are dominated by ductile fractures. The 

hardness test explains that of the three variations of the friction time, the 

highest hardness value is located around the joint (weld line) at a friction 

time of 8 seconds of 280.24 VHN compared to the haz areas and the 

parent metal. Finally, the microstructure with a magnification of 500x 

showed that both the weld area, the heat affected area, and the base 

metal were dominated by ferrite and pearlite structures. 

Keywords: 403 stainless steel, friction welding, friction time, tensile 

strength, microstructure, vickers hardness 



 

xii 
 

DAFTAR ISI 

 

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

PERNYATAAN KEASLIAN TUGAS AKHIR ................................................ ii 

HALAMAN PERSETUJUAN ...................................................................... iii 

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

LEMBAR SOAL TUGAS AKHIR ................................................................ v 

MOTTO ...................................................................................................... vi 

HALAMAN PERSEMBAHAN .................................................................... vii 

KATA PENGANTAR ................................................................................ viii 

ABSTRAK .................................................................................................. x 

ABSTRACT ................................................................................................ xi 

DAFTAR ISI .............................................................................................. xii 

DAFTAR GAMBAR ................................................................................... xv 

DAFTAR TABEL ..................................................................................... xvii 

DAFTAR RUMUS .................................................................................. xviii 

BAB I PENDAHULUAN 

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

1.2 Perumusan Masalah ..................................................................... 3 

1.3 Batasan Masalah .......................................................................... 3 

1.4 Tujuan Penelitian .......................................................................... 3 

1.5 Manfaat Penelitian ........................................................................ 4 

BAB II TINJAUAN PUSTAKA 

2.1 Kajian Pustaka .............................................................................. 5 

2.2 Dasar Teori ................................................................................... 7 

2.2.1 Proses Dasar Pengelasan ...................................................... 7 

2.2.2 Pengelasan Gesek ................................................................. 8 

2.2.3 Daerah Sambungan Las ...................................................... 11 

2.2.4 Kelebihan dan kekurangan Las Gesek ................................. 12 

2.2.5 Aplikasi Las Gesek ............................................................... 13 



 

xiii 
 

2.3 Kajian Materi Uji .......................................................................... 13 

2.3.1 Stainless Stell ....................................................................... 13 

2.3.2 Stainless Stell 403 ................................................................ 15 

2.3.3 Diagram Fasa Fe-FeӡC ........................................................ 16 

2.4 Pengujian Bahan ........................................................................ 17 

2.4.1 Pengujian Tarik .................................................................... 17 

2.4.2 Pengujian Kekerasan ........................................................... 23 

2.4.3 Pengamatan Struktur Mikro .................................................. 25 

BAB III METODELOGI PENELITIAN 

3.1 Rancangan Penelitian ................................................................. 28 

3.2 Alat dan Bahan ........................................................................... 29 

3.2.1 Bahan Penelitian .................................................................. 29 

3.2.2 Alat Penelitian ...................................................................... 29 

3.2.3 Perlengkapan ....................................................................... 29 

3.3 Prosedur Penelitian .................................................................... 32 

3.3.1 Persiapan Spesimen ............................................................ 32 

3.3.2 Proses pengelasan ............................................................... 33 

3.3.3 Proses Pembuatan Spesimen Uji ......................................... 35 

3.4 Proses Uji Tarik .......................................................................... 38 

3.5 Proses Uji Kekerasan ................................................................. 38 

3.6 Proses Uji Foto Struktur Mikro .................................................... 39 

BAB IV ANALISA DATA DAN PEMBAHASAN 

4.1 Data Hasil Pengujian .................................................................. 40 

4.1.1 Analisa Data Hasil Pengujian Tarik ...................................... 40 

4.1.2 Data Pengujian Kekerasan dan Analisa ............................... 41 

4.2 Analisa / Pembahasan ................................................................ 43 

4.2.1 Pengujian Tarik .................................................................... 43 

4.2.2 Pengujian Kekerasan ........................................................... 46 

4.2.3 Pengujian Foto Struktur Mikro .............................................. 47 

BAB V KESIMPULAN DAN SARAN 

KESIMPULAN DAN SARAN ................................................................ 53 



 

xiv 
 

5.1 Kesimpulan ................................................................................. 53 

5.2 Saran .......................................................................................... 54 

DAFTAR PUSTAKA ................................................................................. 55 

LAMPIRAN............................................................................................... 57 

 

 
  



 

xv 
 

DAFTAR GAMBAR 

Gambar 2.1 Tahap friction welding ............................................................ 9 

Gambar 2.2 Skema Direct-drive Welding  ................................................ 10 

Gambar 2.3 Skema Inertia-drive welding ................................................. 11 

Gambar 2.4 Daerah Pengelasan Friction Welding ................................... 11 

Gambar 2.5 Hasil Sambungan Las Gesek. .............................................. 13 

Gambar 2.6 Diagram fasa Fe-FeӡC ......................................................... 16 

Gambar 2.7 Alat Uji Tarik ......................................................................... 17 

Gambar 2.8 Profil Singkat Uji Tarik .......................................................... 18 

Gambar 2.9 Pertambahan Panjang Benda kerja ..................................... 20 

Gambar 2.10 Skema uji tarik.................................................................... 21 

Gambar 2.11 Bentuk perpatahan pada uji tarik........................................ 22 

Gambar 2.12 Vickers Hardness Tester .................................................... 23 

Gambar 2.13 Indentasi Vickers ................................................................ 24 

Gambar 2.14 Mikroskop Struktur Mikro ................................................... 25 

Gambar 3.1 Diagram Alir ......................................................................... 28 

Gambar 3.2 Metallographic cutting machine ............................................ 30 

Gambar 3.3 Grinding and polishing machine ........................................... 30 

Gambar 3.4 Jangka sorong. .................................................................... 31 

Gambar 3.5 Ampelas ............................................................................... 31 

Gambar 3.6 Gergaji ................................................................................. 31 

Gambar 3.7 Kikir ...................................................................................... 32 

Gambar 3.8 Perlengkapan keselamatan kerja ......................................... 32 

Gambar 3.9 Raw material Stainless Steel ............................................... 33 

Gambar 3.10 Material yang akan diproses Friction Welding .................... 33 

Gambar 3.11 Mesin Las Gesek ............................................................... 33 

Gambar 3.12 Pengelasan gesek .............................................................. 34 

Gambar 3.13 Material Setelah Dilakukan Pengelasan ............................. 35 

Gambar 3.14 Standar Uji Tarik ................................................................ 36 

Gambar 3.15 Spesimen Material Sebelum Dilakukan Pengujian. ............ 37 



 

xvi 
 

Gambar 3.16 Skema uji Tarik .................................................................. 38 

Gambar 3.17 Titik Uji Kekerasan ............................................................. 38 

Gambar 4.1 Titik Uji Kekerasan ............................................................... 41 

Gambar 4.2 Diagram tegangan-regangan ............................................... 44 

Gambar 4.3 Histogram kekuatan tarik maksimum ................................... 45 

Gambar 4.4 Nilai kekerasan pada sambungan ........................................ 46 

Gambar 4.5 Struktur Mikro pengelasan 4 detik ........................................ 48 

Gambar 4.6 Struktur Mikro pengelasan 6 detik ........................................ 49 

Gambar 4.7 Struktur Mikro pengelasan 8 detik ........................................ 50 

 

  



 

xvii 
 

DAFTAR TABEL 

Tabel 2.1 Sifat-sifat mekanis Stainless Steel 403 .................................... 15 

Tabel 2.2 Komposisi kimia baja SS 403. .................................................. 15 

Tabel 3.1 Hasil proses las gesek dengan variasi waktu gesek ................ 35 

Tabel 4.1 Hasil Uji tarik dengan waktu gesek 4 detik ............................... 40 

Tabel 4.2 Hasil Uji tarik dengan waktu gesek 6 detik ............................... 40 

Tabel 4.3 Hasil Uji tarik dengan waktu gesek 8 detik ............................... 41 

Tabel 4.4 Hasil Uji Kekerasan Mikro Vickers waktu gesek 4 detik ........... 42 

Tabel 4.5 Hasil Uji Kekerasan Mikro Vickers waktu gesek 6 detik ........... 42 

Tabel 4.6 Hasil Uji Kekerasan Mikro Vickers waktu gesek 8 detik ........... 42 

Tabel 4.7 Hasil rata-rata pengujian tarik .................................................. 43 

Tabel 4.8 Hasil pengujian kekerasan ....................................................... 46 

  



 

xviii 
 

DAFTAR RUMUS 

Rumus 1 Tegangan ( σ ) ...................................................................... 19 

Rumus 2 Regangan ( 𝜺 ) ...................................................................... 20 

Rumus 3 Modulus Elastisitas ( E ) ....................................................... 21 

Rumus 4 Kekuatan Tarik ( 𝜎B )……………………………………………22 

Rumus 5 Kekerasan ( VHN )................................................................ 23 

Rumus 6 Kekerasan Micro Vickers ( d ) ............................................... 24 

Rumus 7 Kekerasan ( VHN )................................................................ 24 

 

 


