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Kinematic Design of a Smart Visual Testing (VT) System for Structural
Integrity of SMR Heat Exchangers in Nuclear Hydrogen Production
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otlim@ulsan.ac.kr Abstract >> Clean hydrogen production via Small Modular Reactors (SMRs) re-

. quires high structural integrity of heat exchangers. However, visual testing (VT) in
ﬁzszgzd ;gﬂz/ ;gzg highly radioactive, confined environments faces blind spots and Foreign
Accepted 29 July, 2026 Material Exclusion (FME) risks from bolted joints. This study proposes a ‘3-Tier

Smart VT System’—comprising a 120 ° bracket, magnetic mount, and mobile ro-
bot—to mitigate these risks. A boltless dovetail mechanism and single-cable
Power over Ethernet (PoE) setup were applied to minimize radiation exposure.
Autodesk Inventor-based finite element analysis (FEA) verified a maximum
equivalent stress of 123.9 MPa under a 70 N load, securing a 2.22 safety factor.
Furthermore, dynamic analysis confirmed an 85.1% reduction in impact energy
via a fail-safe reel. This system provides a highly reliable Operation and
Maintenance (O&M) solution for nuclear-hydrogen ecosystems.
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Fig. 1. FME risk of conventional bolted joints in nuclear facilities
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Fig. 2. Conceptual diagram of the integrated 3-Tier smart visual
testing system
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Fig. 4. 3D CAD modeling of the 120° bracket and boltless dove-
tail joint
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Fig. 6. Equivalent stress distribution of the bracket under a
70 N combined load
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Fig. 7. Local FEA result of the boltless dovetail joint under a
combined load
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Table 1. Comparison of dynamic fall behavior of the mobile robot
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