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Structural Analysis of Robot Structure Handling Nuclear Fuel Assembly

in Liguid Metal Reactor Vessel Il : Static Deflection Analysis
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Abstract

This paper describes the solid mechanics analysis of static robot structure handling the nuclear fuel
assembly in Liquid Metal Reactor(LMR) to get deflection values for the basic design of such robot
structure using Multidisciplinary Design Optimization methodology. The static robot structure determined
through the rigid body dynamic analysis is used for the analysis. The analysis is performed for four
cases of static robot structures handling nuclear fuel rods with weight loads of 100kg, 200kg, 300kg,
400kg, 500kg. The analysis result shows that the robot structure handling the fuel rod located in the
farthest position from the central rotation axis has the maximum deflection value. And the analysis on
such robot structure with various cross sections shows that the hollow rectangular cross section is the
optimum shape to have the minimum deflection value.

Keywords © Liquid Metal Reactor, robot structure handling nuclear fuel assembly, deflection, solid
mechanics analysis, optimum cross section
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Fig. 1 Solid model of static robot structure
for case 1

Fig. 2 FEM model of static robot struc-
ture for case 1
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Table1 Deflection magnitudes and maximum stresses of static robot structure (Case 1) for
various cross section shapes

(Unit : cm , MPa)
. Rectangular Rectangular Rectangular| Square Square Circle Circle -
Section Shape Shape Shape Shape Shape Shape Shape Shape
(Hollow) (4/5) (Hollow) (Hollow)
P ALY
2\ D)\ | D
. 7 | bz
Weight
100 | +X| 0.068854 | 0.071680 | 0.105650 |0.104900]0.109928 |0.106860 | 0.112032 0.079914
(kgf) | -7 | 0.096701 | 0.100326 | 0.151720 |0.149750|0.156030 | 0.152644 | 0.159220|0.111156
200 | +X | 0.079144 | 0.081424 | 0.121920 |0.120310 | 0.1246000.122540 0.126970|0.092468
(kef) | -7 | 0.110306 | 0.113106 | 0.173580 |0.170532|0.175546|0.173814|0.179218 | 0.127634
Deflection | 300 | +X| 0.088424 | 0.091168 | 0.138198 |0.135720 | 0.139270 0.138220(0.141910{0.105020
(cm) (kegh) | -7 | 0.123910 | 0.125840 | 0.195970 |0.191312]0.195242|0.194984 | 0.199216 | 0.144110
400 | +X| 0.099727 | 0.100912 | 0.154470 |0.151126|0.153942|0.153904 | 0.156846 0.117578
(kgf) | -7 | 0.137512 | 0.138666 | 0.218100 |0.212092|0.214850|0.216156 | 0.217940 | 0.160588
500 | +X| 0.110018 | 0.110656 | 0.170744 |0.166534|0.168616 | 0.169586 | 0.171784 0.130130
(kef) | -7 | 0.151118 | 0.151446 | 0.240230 |0.232874 | 0.234458 {0.237326 | 0.239208 | 0.177066
Maximum 100(kef) 23.719 22.867 29.146 28.316 29.472 27.934 38.497 30.528
Stress 200 (kef) 26.891 25.616 33.727 32.562 33.517 31.540 42.958 34.813
(Von Mises| 300(kaf) 30.063 28.365 38.309 36.809 37.563 35.147 47.432 39.098
Stress) 400(kgf) 33.236 31.114 42.891 41.055 41.609 38.754 51.881 43.382
(MPa) 500(kgf) 36.408 33.863 47.472 45.301 45.656 42.626 56.343 47.667
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