XX B H XX Rl AR (H SRR RR 9 S0) Vol. XX No. XX
XXXX 4 XX H  ACTA SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI XX XXXX

DOI: 10. 11714/acta. snus. ZR20260005

B TR IR MY B TR 7 2 WS IR IR Sl Rk
FAA, B, AECE, RAEE, ER

. L kSRR I REYRE, T 4 24 519082
2. B A RIRATRNE], T & R 518026

O AR R I R AR SR HEAT AR IR SR SR 10 2 B R A . MR AR I 1 O 3 K A2 B
A 1) R R 2% AL A 7 A T A, PR R S T 7 A b 2l A 1) SR R AR o 2 T s S R T i AR A
IR ) 4TS 1, ST T — b 2 SR 2 SR SRR i i PR AR B . 3E— 25, R R B a8 N vk , 3 2ok it Jn o B3 7 9k
Jilh A BT T R AR A il 1 AT I 2 R (R AR S M 7 [ SR [ B 2 SRR R DA T TS . dea  BIE T AR SO ik
RO WERR I AT 25 o

RSREA] IR BhA b s 22 T ORI 5 AR R R s R R

FESES:TL352 XEERESE:A  XEHS:2097 - 0137(XXXX)XX - 0001 - 08

Vibration characteristics of multi-span fuel rods solved by the transfer
matrix method and mode superposition method
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1. Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-sen University, Zhuhai
519082, China
2. China Nuclear Power Technology Research Institute Company Limited, Shenzhen 518026, China

Abstract: In pressurized water reactors, these rods are commonly constrained by spacer grids, forming
a multi-span beam configuration characterized by multiple elastic supports. Concurrently, the flow
channels housing the fuel rods experience turbulence induced by axial flow interacting with the spacer
grids, leading to increased excitation forces on the fuel rod surfaces compared to pure axial flow
conditions. Based on the transfer matrix method (TMM) and the anisotropy of fuel rod stiffness, a
multi-elastic constraint model of fuel rod bending vibration was established.. Additionally, the mode
superposition method (MSM) is utilized to simulate and investigate the vibration response of fuel rods
subjected to axial flow by applying segmented harmonic excitations. A comparative assessment of
various elastic constraint failure scenarios is also performed. Finally, the method’s accuracy is verified.
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Fig. 1 Lumped mass and massless beam segment
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Fig.2 Beam with free boundary conditions at both ends
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Fig. 3 The equilibrium relations at both ends of the i-th massless beam segment
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Table 2 Air-mode frequencies and wet-mode frequencies
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Fig. 4 Comparison of air mode shapes
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Fig. 7 Distribution diagram of amplitude root mean square

values under different support failure conditions
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Table 4  First four orders natural frequencies of fuel rod under different cases Hz
& L1 L2 L3 L4 L5 L6 L7 L8
1By 4.57 12. 66 12. 89 12. 89 12. 89 12. 89 12. 66 4.57
2B 28.16 34. 06 34.57 34. 60 34. 60 34.57 34.06 28.16
3B 39.92 39.93 39.96 40. 02 40. 02 39.96 39.93 39.92
4k 40. 67 40. 92 40.92 40.21 40.21 40. 92 40. 92 40. 67
RS ORETOUR % S E R LR 7 AR (E
Table 5 Displacement root mean square values at each support position under different cases pm
SRR 2 L1 L2 L3 L4 L5 L6 L7 L8
1 39. 80 0. 81 0.34 0. 05 0. 09 0. 09 0. 09 0.12
2 0.92 36.01 1.36 2.48 2.29 2.22 2.24 0. 88
3 0. 61 2.13 36.21 2.03 3.41 3.32 3.25 0.24
4 0.53 3.45 2.02 36. 11 1.99 3.40 3.34 0. 65
5 0. 66 3.34 3.41 1.99 36. 11 2.00 3.44 0.53
6 0.24 3.25 3.32 3.43 2. 04 36. 17 2.12 0. 62
7 0.95 2.30 2.29 2.35 2.55 1.43 36.36 0.95
8 0.14 0.11 0.11 0.11 0.07 0.36 0.81 40. 34
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