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PERANCANGAN FRAME WIRE ARC ADDITIVE 
MANUFACTURING 3 AXIS MENGGUNAKAN METODE 

VDI 2221 
MUHAMAD RIFA’I 

 
 
 

ABSTRAK 
 

Wire Arc Additive Manufacturing (WAAM) merupakan teknologi manufaktur aditif 
logam yang memanfaatkan pengelasan busur listrik untuk mencetak komponen secara 
bertahap (layer by layer). Saat ini, sistem WAAM di industri masih didominasi oleh 
penggunaan lengan robotik (robotic arm). Penggunaan sistem ini menuntut biaya 
investasi dan perawatan yang sangat tinggi, sehingga dinilai kurang ekonomis jika 
diaplikasikan untuk skala riset dan fasilitas laboratorium pendidikan. Oleh karena itu, 
penelitian ini bertujuan merancang mekanisme gerak tiga sumbu (3-axis) serta 
menganalisis kekuatan struktur rangka mesin WAAM berbasis Gas Metal Arc Welding 
(GMAW). Proses perancangan dilakukan secara sistematis mengacu pada metode 
standar VDI 2221, yang meliputi tahapan klarifikasi tugas, perancangan konsep, 
perancangan wujud, hingga perancangan detail. Evaluasi kekuatan struktur rangka 
divalidasi menggunakan metode Finite Element Analysis (FEA) melalui perangkat 
lunak Inventor. Berdasarkan proses seleksi matriks keputusan, varian ketiga (Varian 
3) terpilih sebagai alternatif desain paling optimal dengan perolehan nilai Overall 
Value Weighted (OVW) tertinggi sebesar 8,08. Hasil simulasi pembebanan statis 
membuktikan bahwa rancangan rangka mampu menahan beban terpusat sebesar 
210,915 N. Tegangan Von Mises maksimum tercatat sebesar 66,13 MPa, dengan 
deformasi (displacement) maksimal senilai 0.04061 mm, serta parameter Safety Factor 
yang berada di atas batas aman material yang direkomendasikan. Rangkaian hasil 
analisis ini mengonfirmasi bahwa struktur rangka usulan memiliki integritas mekanik, 
nilai kekakuan, dan standar keamanan yang memadai untuk menopang seluruh beban 
instalasi WAAM. Kesimpulannya, desain rangka box cartesian 3-Axis ini terbukti 
layak secara struktural dan ekonomis untuk direalisasikan sebagai alternatif mesin 
pendukung kegiatan penelitian dan pendidikan. 
 
Kata Kunci: WAAM, 3-axis, VDI 2221, FEA. 
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DESIGN OF A 3-AXIS WIRE ARC ADDITIVE MANUFACTURING FRAME 
USING THE VDI 2221 METHOD 

MUHAMAD RIFA’I 
 
 
 

ABSTRACT 
 

Wire Arc Additive Manufacturing (WAAM) is a metal additive manufacturing 
technology that utilizes electric arc welding to print components gradually (layer by 
layer). Currently, industrial WAAM systems are still dominated by the use of robotic 
arms. The use of this system demands very high investment and maintenance costs, 
rendering it less economical to be applied for research-scale and educational 
laboratory facilities. Therefore, this study aims to design a three-axis (3-axis) motion 
mechanism and analyze the structural strength of a Gas Metal Arc Welding (GMAW)-
based WAAM machine frame. The design process was conducted systematically 
referring to the standard VDI 2221 method, which includes the stages of task 
clarification, conceptual design, embodiment design, and detail design. The evaluation 
of the frame's structural strength was validated using the Finite Element Analysis 
(FEA) method through Inventor software. Based on the decision matrix selection 
process, the third variant (Variant 3) was selected as the most optimal design 
alternative, obtaining the highest Overall Value Weighted (OVW) score of 8.08. The 
static loading simulation results proved that the frame design is capable of 
withstanding a concentrated load of 210.915 N. The maximum Von Mises stress was 
recorded at 66.13 MPa, with a maximum deformation (displacement) of 0.04061 mm, 
and a Safety Factor parameter that is above the recommended safe limit of the 
material. This series of analysis results confirms that the proposed frame structure 
possesses adequate mechanical integrity, stiffness, and safety standards to support the 
entire WAAM installation load. In conclusion, this 3-Axis Cartesian box frame design 
is proven to be structurally and economically feasible to be realized as an alternative 
machine supporting research and educational activities. 
 
Keywords: WAAM, 3-axis, VDI 2221, FEA. 
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