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INTISARI 

Truk refueller sebagai kendaraan pengisian bahan bakar penerbangan 
beroperasi dengan footstep yang diposisikan tinggi dari permukaan tanah. Kondisi 
ini berpotensi menimbulkan risiko tergelincir dan jatuh bagi operator, yang ber-
kontribusi terhadap 27% dari seluruh kecelakaan truk. Penelitian terdahulu telah 
merancang footstep adjustable secara ergonomis berdasarkan data antropometri 
operator dan metode House of Quality, namun belum disertai validasi kekuatan 
struktural. Penelitian ini bertujuan menganalisis kekuatan struktur desain footstep 
adjustable pada truk refueller melalui simulasi numerik, menentukan skenario uji 
dan material optimal, serta melakukan perbaikan desain apabila hasil simulasi 
menunjukkan ketidaksesuaian terhadap persyaratan kekuatan struktural. Analisis 
menggunakan metode elemen hingga (Finite Element Analysis / FEA) dengan 
SolidWorks 2022, pembebanan statis 2600 N pada area 100×100 mm sesuai BS 
EN 14183:2003. Desain footstep terdiri dari tiga komponen (Bawah, Tengah, Atas) 
yang diuji melalui tiga skenario: simulasi assembly utuh (Skenario 1), simulasi 
terpisah dengan gaya reaksi FEA (Skenario 2), dan simulasi terpisah dengan gaya 
reaksi perhitungan manual (Skenario 3). Empat kandidat material (Aluminium 
6061-T6, AISI 1020, ASTM A36, AISI 304) dibandingkan menggunakan AHP-TOP-
SIS dengan kriteria tegangan Von Mises, Displacement, factor of safety, dan harga 
material. Skenario 2 dipilih sebagai metode paling representatif karena 
menghasilkan deformasi lokal per komponen yang relevan untuk evaluasi material, 
dengan konsistensi tinggi terhadap validasi silang Skenario 3. Material AISI 1020 
terpilih melalui AHP-TOPSIS dengan Closeness Coefficient rata-rata 0,991, di-
dorong kombinasi FoS tertinggi dan harga terendah ($0,54/kg). Evaluasi menun-
jukkan komponen Bawah dan Tengah over-design (FoS 13,12 dan 4,215), se-
dangkan komponen Atas tidak aman (FoS 0,28; tegangan 1257 MPa atau 3,6× 
yield strength). Optimasi geometri menghasilkan FoS seragam 1,9 di seluruh kom-
ponen dengan reduksi massa 31,8% (6,03 → 4,11 kg), memenuhi persyaratan BS 
EN 14183:2003. 

Kata Kunci: Footstep Adjustable; Truk Refueller; Metode Elemen Hingga; AHP-
TOPSIS; Faktor Keamanan; Optimasi Geometri 
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ABSTRACT 

Refueller trucks, as aviation fuel-loading vehicles, operate with footsteps 
positioned high above ground level. This condition poses potential risks of slipping 
and falling for operators, contributing to 27% of all truck accidents. Previous re-
search designed an ergonomic adjustable footstep based on operator anthropo-
metric data and the House of Quality method, yet structural strength validation 
was not conducted. This study aims to analyze the structural strength of the ad-
justable footstep design for refueller trucks through numerical simulation, deter-
mine the optimal testing scenario and material, and perform design improvements 
if simulation results indicate non-compliance with structural strength requirements. 
Analysis was performed using Finite Element Analysis (FEA) with SolidWorks 2022, 
applying a static load of 2600 N over a 100×100 mm area in accordance with BS 
EN 14183:2003. The footstep design consists of three components (Lower, Middle, 
Upper) tested through three scenarios, complete assembly simulation (Scenario 
1), separated simulation with FEA-derived Reaction Forces (Scenario 2), and sep-
arated simulation with manually calculated Reaction Forces (Scenario 3). Four ma-
terial candidates (Aluminum 6061-T6, AISI 1020, ASTM A36, AISI 304) were com-
pared using AHP-TOPSIS with criteria including Von Mises stress, Displacement, 
factor of safety, and material cost. Scenario 2 was selected as the most repre-
sentative method due to its generation of component-specific local deformations 
relevant for material evaluation, with high consistency against Scenario 3 cross-
validation. AISI 1020 was selected through AHP-TOPSIS with an average Closeness 
Coefficient of 0.991, driven by the combination of highest FoS and lowest cost 
($0.54/Kg). Evaluation revealed Lower and Middle components were over-de-
signed (FoS 13.12 and 4.215), while the Upper component was unsafe (FoS 0.28; 
stress 1257 MPa or 3.6× yield strength). Geometric optimization achieved uniform 
FoS of 1.9 across all components with 31.8% mass reduction (6.03 → 4.11 kg), 
satisfying BS EN 14183:2003 requirements. 

Keywords: Adjustable Footstep; Refueller Truck; Finite Element Analysis; AHP-
TOPSIS; Factor of Safety; Geometry Optimization  


