FREXS A HAZY X|X|2o| o|NEHHLIQ ot 24

YT, o195, $34
#FAAdATA

Analysis of Slip Displacement and Wear in Oscillating Tube supported by
Plate Springs

Hyung-Kyu Kim', Young-Ho Lee, Ju-Sun Song

Korea Atomic Energy Research Institute

ABSTRACT: Tube oscillation behaviour is experimentally investigated for the study on the fuel rod
fretting that is caused by the flow-induced vibration in nuclear reactor. The experiment was conducted in
air at room temperature. The specimen of tube assembly was supported by plate springs which simulated
the spacer grids and fuel rods of a fuel assembly. To investigate the influence of contact condition
between the grids and rods, normal load of 10 and 5 N, gaps of 0.1 and 0.3 mm were applied. The range
of the oscillation at the center of the fuel rod specimen was varied as 0.2, 0.3 and 0.4 mm to simulate the
fuel rod vibration due to flow. Displacements near the contact were measured with four displacement
sensors during the tube oscillation. As results, the shape of oscillation (phase) varied depending on the
contact condition. The oscillation displacement increased considerably from the contact to gap condition.
The displacement increased further as the gap size increased. It is regarded that the spring shape
influences the tube oscillation behaviour. Simple calculation showed that the slip displacement was very
small. Therefore, cumulative damage concept is necessary for the fuel rod wear. The mechanism of
plowing is thought required to explain the severe wear in the case of gap existence.

Key Words: Tube fretting wear, Oscillation behaviour, Contact condition, Slip displacement
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Controller

Fig. 1 Sliding/Impact Fretting Wear Tester;
1:Servo-Motor, 2: Eccentric Cylinder, 3: Lever, 4:
Movable Hinge, 5: LVDT, 6: Load Cell, 7: Tube
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Fig. 2 (a) Sensor configuration, (b) Specimen
arrangement.
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Fretting Tube Specimen

Fig. 3 Tube assembly specimen.
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Center of Rotation —

(b) Mode T

Fig. 4 Two possible modes during tube oscillation.
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Fig. 5 Tube oscillation behaviour near contact region relevant to various contact conditions.
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Table 1. Axial slip range evaluated for each test conditions (x 107 ym)

. Contact conditions
Center range | Loc. 0N SN 0.1 mm Gap 0.3 mm Gap
S 3.04 6.66 9.92 250.72
0.2 mm D, 0.96 1.44 1.20 206.00
Dr 7.64 15.36 21.30 295.44
S 15.00 22.56 15.70 32.08
0.3 mm D, 1.98 2.90 15.06 31.52
Dr 32.46 48.68 16.34 32.66
S 26.60 29.04 23.26 157.30
0.4 mm D, 4.46 5.34 20.90 144.82
Dr 59.04 65.24 25.62 169.76
"S: Spring, D, : Left Dimple, Dg: Right Dimple
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