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ABSTRAK

Penelitian ini menganalisis pengaruh parameter proses cetak 3D berbasis Fused Deposition
Modeling (FDM) terhadap pembentukan void dan laju keausan pada bearing berbahan nylon.
Tiga parameter utama yang diuji ialah layer height, nozzle temperature, dan infill density,
masing-masing pada tiga level dengan rancangan eksperimen Taguchi L9 (3%). Void
dianalisis melalui citra mikroskop optik menggunakan ImageJ, sedangkan laju keausan
ditentukan berdasarkan selisih massa sebelum dan sesudah pengujian. Data dianalisis
dengan metode Taguchi, ANOVA, dan Grey Relational Analysis (GRA) untuk memperoleh
kombinasi multirespon optimum. Hasil penelitian menunjukkan bahwa infill density
berpengaruh paling besar terhadap pembentukan void dengan kontribusi 90% (p = 0,003),
sedangkan layer height dominan terhadap laju keausan dengan kontribusi 71% (p = 0,021).
Kombinasi optimum (layer height 0,12 mm, nozzle 270°C, infill density 100%)
menghasilkan penurunan void sebesar 54% dan laju keausan sebesar 22% dibanding kondisi
terburuk. Nilai GRG prediksi sebesar 0,95 dan aktual 0,94 menunjukkan model valid secara
kuantitatif. Penelitian ini memberikan kontribusi terhadap peningkatan efisiensi dan

ketahanan aus komponen polimer hasil manufaktur aditif.

Kata Kunci : 3D Printing, Nylon Bearing, Void, Laju Keausan, Metode Taguchi, ANOVA,
Grey Relational Analysis
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ABSTRACT

This study analyzes the effect of 3D printing process parameters based on Fused Deposition
Modeling (FDM) on void formation and wear rate in nylon bearings. Three main parameters
tested were layer height, nozzle temperature, and infill density, each at three levels with a
Taguchi L9 (3°) experimental design. Voids were analyzed through optical microscope
images using ImageJ, while the wear rate was determined based on the mass difference
before and after the test. Data were analyzed using Taguchi, ANOVA, and Grey Relational
Analysis (GRA) methods to obtain the optimum multi-response combination. The results
showed that infill density had the greatest effect on void formation with a contribution of
90% (p = 0.003), while layer height was dominant on the wear rate with a contribution of
71% (p = 0.021). The optimum combination (layer height 0.12 mm, nozzle 270°C, infill
density 100%) resulted in a 54% reduction in voids and a 22% reduction in wear rate
compared to the worst condition. The predicted GRG value of 0.95 and the actual value of
0.94 indicate the model is quantitatively valid. This research contributes to improving the

efficiency and wear resistance of additively manufactured polymer components.

Key Word : 3D Printing, Nylon Bearing, Void, Wear Rate, Taguchi Method, ANOVA, Grey
Relational Analysis
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