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ABSTRAK 

 

Penelitian ini bertujuan untuk menganalisa pengaruh pola dan orientasi 

serat terhadap karakteristik mekanik bumper mobil berbahan komposit 

berbasis serat pelepah pisang dan resin polyester dengan metode simulasi 

numerik menggunakan perangkat lunak LS-DYNA. Tiga pola serat diuji, yaitu 

continuous, woven, dan laminate, dengan variasi orientasi serat meliputi 0°, 

45°, 90°, dan 120°. Parameter utama yang dianalisis meliputi tegangan von 

mises, displacement, dan safety factor pada kecepatan tumbukan 60, 80, dan 

100 km/jam. Hasil simulasi menunjukkan bahwa pola laminate dengan 

orientasi 45°/90° menghasilkan tegangan von mises tertinggi (382,996 MPa), 

sedangkan pola woven juga menunjukkan performa tegangan yang baik dengan 

orientasi silang. Nilai displacement tertinggi tercatat pada laminate 0°/45° 

sebesar 47,8671 mm, menunjukkan kemampuan absorbsi energi yang tinggi, 

sementara woven menunjukkan kestabilan deformasi yang lebih baik dibanding 

serat continuous. Namun, analisis safety factor menunjukkan bahwa seluruh 

konfigurasi berada di bawah nilai aman (>1), dengan nilai tertinggi hanya 

mencapai 0,4 ul pada orientasi continuous 90° kecepatan rendah. Penurunan 

safety factor signifikan terjadi seiring peningkatan kecepatan, terutama pada 

bahan laminate. Secara keseluruhan, orientasi serat silang cenderung 

meningkatkan kemampuan distribusi tegangan dan deformasi, namun belum 

cukup untuk memastikan ketahanan struktural secara menyeluruh. Oleh karena 

itu, meskipun bahan komposit berbasis serat pelepah pisang memiliki potensi 

sebagai bumper kendaraan, peningkatan kekuatan struktural masih diperlukan 

agar memenuhi batas aman dalam aplikasi benturan berkecepatan tinggi. 

Kata kunci: Komposit Serat, serat pelepah pisang, bumper mobil, LS-DYNA, 

tegangan von mises, displacement, safety factor
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ABSTRACT 

 

This study aims to analyze the influence of fiber pattern and orientation 

on the mechanical characteristics of car bumpers made from banana sheath 

fiber-reinforced polyester composites, using numerical simulation through LS-

DYNA software. Three fiber patterns were tested—continuous, woven, and 

laminate—with fiber orientation variations of 0°, 45°, 90°, and 120°. The main 

parameters evaluated were Von Mises stress, displacement, and safety factor 

under impact velocities of 60, 80, and 100 km/h. The simulation results 

indicated that the laminate pattern with a 45°/90° orientation produced the 

highest Von Mises stress (382.996 MPa), while the woven configuration also 

demonstrated good stress performance with cross-orientation. The highest 

displacement was recorded in the laminate 0°/45° configuration at 47.8671 

mm, indicating high energy absorption capability. Meanwhile, woven fibers 

showed more stable deformation behavior compared to continuous fibers. 

However, the safety factor analysis revealed that all configurations were below 

the safe limit (>1), with the highest value reaching only 0.4 in the continuous 

90° orientation at low speed. A significant decrease in safety factor was 

observed as impact velocity increased, especially in the laminate materials. 

Overall, cross-oriented fiber configurations tend to enhance stress distribution 

and deformation behavior, yet are not sufficient to guarantee full structural 

integrity. Thus, although banana sheath fiber composites show potential for 

automotive bumper applications, further structural reinforcement is necessary 

to meet safety requirements under high-velocity impacts. 

Keywords: Fiber Composite, banana fiber, car bumper, LS-DYNA, Von Mises 

stress, displacement, safety factor
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