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Development of an Inspection Robot Operating on a
Single Square Rail Track
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Abstract: This paper proposes an inspection robot that can operate on a single square rail. Various
inspection robots have been developed to identify emergency situations in industrial environments,
such as those involving fires or individuals with cardiac arrest. Because the robots must operate in
wide areas and long tunnels, they are designed to move along a rail installed on the ceiling. Double rail
track are typically used to ensure the stability of robot movement. However, the cost for installing a
double rail track is nearly two times that for a single rail track. Moreover, it is challenging to install
double rail tracks while ensuring the same curvature and interval between the two rails. Therefore, in
this study, an inspection robot that operate on a single square rail track is developed. To ensure stable
movement in the longitudinal and lateral directions, two passive guide parts are used, and the main
active wheel is allowed to move on the upper side of the square rail. The prototype was manufactured,
and experiments were performed for different robot velocities.
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[Fig. 1] (a) Developed inspection robot including the moving
part and sensing part and (b) prototype of the developed inspection
robot
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[Table 1] Systems driven on double and single rail tracks
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[Table 2] Design conditions

Double rail track | Single rail track Desired Velocity over 6 m/s
System stability Stable Unstable Available weight (sensing part) 3kg
Installation expense 1 ) Minimum radius of curvature (rail) 40 mm
Installation difficulty 1 I
Control difficulty ) I
Available weight ) l
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[Fig. 2] (a) Single square rail, (b) moving part: active and passive
wheels, and (c) motions of passive parts in the lateral and
longitudinal directions
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[Table 3] Specifications of the developed inspection robot
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[Table 4] Results of experiment according to velocities

RPM 00 | 50 | 1000
Length of rail (m) 1.5
time (s) 896 | 21 | 1
Motor RPM | Desired velocity (m/s) Real velocity (m/s)
100 0.2553 0.1674
500 1.2763 0.7143
1000 2.5525 1.3636

Size 287 mm x 106 mm % 221.5 mm
Weight About 4 kg (Only moving part)
Spec. of rail Aluminum square rail (25 mm x 25 mm)
Rated Voltage 24V
Rated Power 220W

Spec. of actuator Rated Torque 729 mNm

Rated RPM 2490 rpm

Max. RPM 3170 rpm

Diameter of active wheel 75 mm
Gear ratio (of Pulley) 13:20
Maximum velocity 8.0916 m/s

(b)

[Fig. 6] (a) Size of the developed inspection robot and (b) the
main part manufactured as a single part and the weight of the
developed inspection robot (4.125 kg)
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[Fig. 7] Experiment according to different robot velocities
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