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Abstract:

An automatic bolt-tightening system using a collaborative robot, “Cobolt™,” was developed to reduce labor while
ensuring safety and consistent quality in tightening torque shear type high-strength bolts widely used in steel bridge
construction. Cobolt mounts a commercially available shear wrench and aims to automate tasks from initial tightening
to final tightening; this paper reports elemental technology evaluation and field demonstration focusing on these two
operations. To cope with positional errors caused by bolt-hole clearance and irregular nut orientations, JFE
Engineering has developed a socket engagement method integrating a force sensor, a vision sensor, and a
misalignment-compensation mechanism, enabling stable engagement and continuous tightening. In addition, for
outdoor use at construction sites, a protective cover using SPACE COOL film kept the robot surface temperature

within allowable limits even under direct sunlight at an ambient temperature of 40°C, demonstrating feasibility for

stable outdoor operation.
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Fig.1 Robot system configuration
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Table 1 Robot specifications
CRX - 20iA/L
Payload 20 kg
Robot weight

(without transport cart) 4lke
Reach 1 418 mm
Position repeatability +0.04 mm
Ambient temperature range 0to45°C
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Fig. 2 Workflow for robot-assisted bolt tightening
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Photo1 Demonstration test using a flat-plate specimen
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Photo 2 Experimental verification on a composite slab panel
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Table 2 Results of the composite deck slab panel
demonstration tests

Number of bolts tightened 14 bolts
Pin-tail ejection failure 1 bolt
Success rate 93 %
Average number of tries 1.3 times
Retry rate 29 %
Ayerag§ cycle time 73 s
(including retries)
Averagq cycle t@me 18 .
(excluding retries)
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Photo 3  On-site robotic bolt-tightening operations for bridge
construction
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Table 3 Results of on-site construction tests

Web
Number of bolts tightened 56 bolts
Success rate 98 %
Average number of tries 14 times
Retry rate 30 %
Average cycle time 20 s
(including retries)
Average cycle time 15 s
(excluding retries)
Lower flange
Number of bolts tightened 5 bolts
Success rate 100 %
Average number of tries 1.8 times
Retry rate 60 %
Average cycle time 2% .
(including retries)
Average cycle time 15 s
(excluding retries)
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