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ABSTRAK 

Penelitian ini bertujuan untuk mengetahui tentang pengaruh penambahan serbuk 

tembaga dengan ukuran mesh 50 pada pengelasan titik dengan logam aluminium 

dengan pengujian uji kekerasan mikro Vickers, uji setruktur mikro dan uji SEM 

(Scanning Electron Microscope). Pengelasan pada penelitian ini menggunakan 

aluminium seri 1100 dan tembaga mesh 50. Pada penelitian ini untuk mengetahui 

nilai kekerasan, struktur mikro dan SEM-EDX. Pengujian ini menggunakan standar 

ASTM E384 untuk uji kekerasan mikro Vickers , uji foto mikro dengan Mikroskop 

Metalografi dan SEM-EDX untuk mengetahui topografi dan komposisi. Hasil 

pengujian kekerasan menunjukan hasil kekerasan tertinggi didaerah nugget dengan 

nilai 50.14 VHN, kemudian daerah HAZ dengan nilai 38.61 VHN dan terakhir 

daerah Base Metal dengan nilai 35.64 VHN. Untuk gambar setruktur mikro pada 

daerah nugget menghasilkan butiran yang lebih halus, kemudian pada daerah HAZ 

ukuran butiran kecil dan pada daerah Base Metal ukuran butiran besar. Pada 

pengujian SEM terindikasi cacat antara lain porositas, crak dan void. Pengujian 

EDX ini menunjukan bahwa tembaga (Cu) mendominasi pada area sambungan. 

 
Kata kunci: las titik, Aluminium dan Tembaga, Kekersan, Struktur Mikro dan 

Scanning Electron Microscope. 
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ABSTRACT 

This study aims to determine the effect of adding copper powder with a mesh size 

of 50 on spot welding with aluminum metal by testing the Vickers microhardness 

test, microstructure test and SEM (Scanning Electron Microscope) test. Welding in 

this study used aluminum 1100 series and copper mesh 50. In this study to 

determine the value of hardness, microstructure and SEM-EDX. This test uses the 

ASTM E384 standard for the Vickers microhardness test, micro-photo test with a 

Metallographic Microscope and SEM-EDX to determine the topography and 

composition. The results of the hardness test showed the highest hardness results 

in the nugget area with a value of 50.14 VHN, then the HAZ area with a value of 

38.61 VHN and finally the Base Metal area with a value of 35.64 VHN. For 

microstructural images in the nugget area, it produces finer grains, then in the HAZ 

region the grain size is small and in the Base Metal region the grain size is large. 

The SEM test indicated defects such as porosity, cracks and voids. This EDX test 

shows that copper (Cu) dominates in the connection area. 

 
Keywords: spot welding, Aluminum and Copper, Hardness, Microstructure and 

Scanning Electron Microscope. 

mailto:zidhanduhanur17@gmail.com


xii  

 

 

DAFTAR ISI 

TUGAS AKHIR ..................................................................................................... i 

HALAMAN PERNYATAAN ............................................................................... ii 

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

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

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

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

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

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

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

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

DAFTAR GAMBAR .......................................................................................... xiv 

DAFTAR TABEL .............................................................................................. xvi 

BAB 1 ......................................................................................................................1 

PENDAHULUAN ...................................................................................................1 

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

1.2 Perumusan Masalah ..........................................................................2 

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

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

1.5 Manfaat penelitian ............................................................................4 

1.6 Sistematika Penulisan .......................................................................4 

BAB II .....................................................................................................................6 

LANDASAN TEORI ..............................................................................................6 

2.1 Tinjuan Pustaka ................................................................................6 

2.2 Landasan Teori .................................................................................9 

2.2.1 Pengelasan ........................................................................................9 

2.2.2 Las Titik (Resistance spot welding) ...............................................10 

2.2.3 Aluminium ......................................................................................15 

2.2.4 Tembaga (Cu) .................................................................................19 

2.2.5 Mekanisme Penguatan Logam .......................................................21 

2.2.6 Difusi ..............................................................................................27 



xiii 

 

2.2.7 Pengujian kekerasan .......................................................................29 

2.2.8 Pengujian Struktur Mikro ...............................................................32 

2.2.9 Scanning Electron Microcope (SEM) dan Energy Dispersive X-ray 

(EDX) .............................................................................................33 

BAB III ..................................................................................................................36 

METODOLOGI PENELITIAN .........................................................................36 

3.1 Diagram Alir Penelitian .................................................................. 36 

3.2 Bahan Penelitian ............................................................................. 39 

3.3 Alat Penelitian ................................................................................ 40 

3.4 Sampel ............................................................................................ 42 

3.5 Lokasi Penelitian ............................................................................ 43 

3.6 Prosedur Pengelasan ....................................................................... 43 

3.7 Tahapan Pengujian ......................................................................... 43 

3.7.1 Pengujian Struktur Mikro ...............................................................43 

3.7.2 Pengujian Kekerasan Mikro Vikres ................................................44 

3.7.3 Pengujian SEM-EDX .....................................................................45 

BAB IV ..................................................................................................................46 

HASIL DAN PEMBAHASAN ............................................................................46 

4.1 Hasil Pengujian Struktur Mikro ...................................................... 46 

4.2 Hasil Pengujian Kekerasan (mikro vickres) ................................... 47 

4.3 Hasil Pengujian Scanning Electron Microscope (SEM) dan Energy 

Dispersive X-Ray (EDX) ................................................................ 49 

BAB V ....................................................................................................................53 

PENUTUP .............................................................................................................53 

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

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

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

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



xiv  

 

 
DAFTAR GAMBAR 

 

Gambar 2.1 Las Resistensi Listrik .........................................................................10 

Gambar 2.2 Jenis sambungan tumpang : (a) spot welding (b) seam welding (c) 

projection welding ..................................................................................................11 

Gambar 2.3 Welding process and welding time .....................................................13 

Gambar 2.4 Resistensi pada Resistance Welding ...................................................14 

Gambar 2.5 Struktur mikro dua fasa ......................................................................24 

Gambar 2.6 Bola baja metode brinell.....................................................................29 

Gambar 2.7 Mesin Uji Brinell ................................................................................30 

Gambar 2.8 Metode pengujian kekerasan rockwell ...............................................31 

Gambar 2.9 Bekas penekanan uji kekerasan vickers .............................................32 

Gambar 2.10 Skema SEM ......................................................................................35 

Gambar 3.1 Diagram Alir Penelitian .....................................................................36 

Gambar 3.2 Ukuran Spesimen ...............................................................................37 

Gambar 3.3 Standar pengelasan titik .....................................................................38 

Gambar 3.4 Plat Aluminium ..................................................................................39 

Gambar 3.5 Serbuk Tembaga Mesh 50 ..................................................................39 

Gambar 3.6 Mesin Las Titik ..................................................................................40 

Gambar 3.7 Mesin Uji Kekerasan Micro Vickers ..................................................41 

Gambar 3.8 Mesin Struktur Mikro .........................................................................41 

Gambar 3.9 Mesin Uji SEM-EDX .........................................................................42 

Gambar 3.10 Spesimen uji : (a) Spesimen uji struktur mikro (b) spesimen uji 

kekerasan (c) spesimen uji SEM-EDX ..................................................................42 

Gambar 4.1 Nugget dengan perbesaran 200x ........................................................46 

Gambar 4.2 HAZ dengan perbesaran 200x ............................................................47 

Gambar 4.3 Bese Metal dengan perbesaran 200x ..................................................47 

Gambar 4.4 Grafik nilai kekerasan daerah las pada mesh 50 ................................48 

Gambar 4.5 Grafik nilai perbandingan mesh 40, 50 dan 60 ..................................49 

Gambar 4.6 SEM dari sambungan aluminium dan aluminium dengan penambahan 

serbuk tembaga mesh 50 dengan perbesaran 1000x ..............................................50 



xv  

 

 

Gambar 4.7 Titik spektrum EDX pada sambungan aluminium dan aluminium 

dengan penambahan serbuk tembaga mesh 50 ......................................................51 

Gambar 4.8 Line analysis spektrum pada sambungan aluminium dan aluminium 

dengan penambahan serbuk tembaga mesh 50 ......................................................51 



xvi  

 

 
DAFTAR TABEL 

 

Tabel 2.1 Sifat Fisik Aluminium ...........................................................................16 

Tabel 2.2 Sifat Fisik Tembaga ...............................................................................20 

Tabel 2.3 Tabel Ukuran Mesh ................................................................................20 

Tabel 4.1 Hasil pengujian kekerasan (HMV) pada mesh 50..................................48 

Tabel 4.3 Hasil line analysis spektrum untuk sambungan aluminium dan 

aluminium dengan penambahan serbuk tembaga mesh 50 ....................................52 


