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INTISARI

Proses pengujian kolong kendaraan bermotor secara konvensional masih
dilakukan secara manual, sehingga berisiko terhadap keselamatan dan
kenyamanan kerja petugas penguiji. Robot uji kolong dikembangkan sebagai
solusi otomatisasi proses inspeksi, dengan rel sebagai komponen utama jalur
pergerakan robot. Penelitian ini bertujuan menganalisis kekuatan rel robot uji
kolong menggunakan metode Finite Element Method (FEM) berbasis
SolidWorks Simulation, pada enam variasi panjangrel (1m,2m,3 m,4m, 6
m, dan 12 m). Material rel menggunakan profil aluminium V-Slot 2080 Al 6063-
T5 (ov= 145 MPa), sedangkan penyangga dan konektor menggunakan baja
AISI 1020 Cold Rolled, dengan beban 59,35 N merepresentasikan berat robot
6,05 kg.

Hasil analisis menunjukkan tegangan, deformasi, dan regangan
maksimum terjadi pada titik pembebanan di tengah bentang, sedangkan titik
di atas tumpuan menunjukkan nilai terendah, konsisten dengan perilaku balok
sederhana. Tegangan von Mises maksimum meningkat dari 3,737 MPa (1 m)
hingga 60,946 MPa (12 m), seluruhnya masih di bawah kekuatan luluh
material, dengan safety factor menurun dari 94,37 menjadi 2,38. Pada analisis
defleksi, konfigurasi 1-4 m memenuhi kriteria, sedangkan rel 6 m dan 12 m
melampaui batas izin sebesar 2,1x dan 9,2x. Konfigurasi parsial dengan
penyangga antar segmen terbukti lebih unggul mengendalikan defleksi dan
tegangan dibandingkan bentang penuh. Analisis fatigue (zero-based loading,
R = 0, 300 siklus) menunjukkan rel 1-6 m memiliki damage 0,000300%
dengan total life mencapai batas saturasi 100.000.000 siklus, sedangkan rel
12 m menunjukkan damage maksimum 0,047340% (158x lebih besar)
dengan total life minimum 633.710 siklus (8,09 tahun operasi).

Berdasarkan hasil tersebut, konfigurasi rel dengan panjang maksimum 4
m per bentang tanpa tumpuan perantara direkomendasikan sebagai
konfigurasi optimal, karena memberikan keseimbangan terbaik antara
keamanan struktural, safety factor, pemenuhan batas lendutan, dan umur
fatigue yang panjang.

Kata kunci: rel robot uji kolong, Finite Element Method, SolidWorks

Simulation, stress, diplacement, strain, safety factor, defleksi, fatigue
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ABSTRACK

Conventional under-vehicle inspection is still performed manually, posing
safety and ergonomic risks to inspection personnel. An automated
undercarriage inspection robot was developed as a solution, with a rail system
serving as the main guide track for the robot's movement. This study aims to
analyze the structural strength of the undercarriage inspection robot rail using
the Finite Element Method (FEM) based on SolidWorks Simulation, across six
rail length configurations (1 m, 2 m, 3 m, 4 m, 6 m, and 12 m). The rail
material used is V-Slot 2080 aluminum alloy Al 6063-T5 (oy = 145 MPa), while
the support and connector components use AISI 1020 cold-rolled steel, with
an applied load of 59.35 N representing the 6.05 kg weight of the robot.

The results show that the maximum stress, deformation, and strain occur
at the loading points located at mid-span, while the points above the supports
show the lowest values, consistent with simple beam behavior. The maximum
von Mises stress increases from 3.737 MPa (1 m) to 60.946 MPa (12 m), all
remaining below the material's yield strength, with the safety factor
decreasing from 94.37 to 2.38. In the deflection analysis, the 1-4 m
configurations satisfy the criterion, while the 6 m and 12 m rails exceed the
allowable limit by 2.1x and 9.2x, respectively. The segmented configuration
with intermediate supports proved superior in controlling deflection and stress
compared to the full-span configuration. Fatigue analysis using zero-based
loading (R = 0, 300 cycles) shows that the 1-6 m rails exhibit a damage of
0.000300% with total life reaching the simulation saturation limit of
100,000,000 cycles, whereas the 12 m rail shows a maximum damage of
0.047340% (158x higher) with a minimum total life of 633,710 cycles (8.09
years of operation).

Based on these results, a rail configuration with a maximum span of 4 m
without intermediate supports is recommended as the optimal configuration,
as it provides the best balance between structural safety, safety factor,
deflection compliance, and fatigue life.

Keywords: undercarriage inspection robot rail, Finite Element Method,
SolidWorks Simulation, stress, displacement, strain, safety factor, deflection,

fatigue
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