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Abstract: A fuel transport cask is a critical piece of equipment utilized for transporting radioactive
substances. Its safety performance is directly linked to public safety and environmental protection. The
spent fuel transport casks play a vital role in effectively preventing the leakage of radioactive substances
and ensuring the safety of the transport process. The impact limiter in the spent fuel transport cask is a
crucial component that effectively reduces vibration and shock during the transport process. It also
protects the radioactive materials in the container from high acceleration loads. Researchers commonly
use wood as a filler material for impact limiters to improve the damping effect of spent fuel transport
casks. Wood, being a natural material, possesses good shock absorption properties. However, due to the
dispersion of its mechanical properties and size effects, it requires thorough study and analysis.
Therefore, in this study a small-scale compression test was initially conducted, and the Gaussian stress
distribution of the yield platform of paulownia wood was obtained through the experiment to lay the
foundation for subsequent research. Secondly, a full-scale compression test on wood components was

conducted, and a test component model was established using LS-DYNA finite element analysis
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software. Through comparing and analyzing the test results, the simulation results were obtained. The
results indicate that in the elastic and plastic stages, the simulation results are in good agreement with
experimental data. It is observed that the compression-displacement results of the full-size can be
approximated by the yield platform data of the small size with a 75% confidence interval. Finally, the
design of the wooden impact limiter was analyzed, and a 9 m free drop simulation of the transport cask
was conducted. Through simulation analysis, it is found that the design of the impact limiter structure is
reasonable because it can effectively reduce the impact of the free drop. A drop test of the prototype
from a height of 9 m above its centre of gravity was conducted. The test results are consistent with the
simulation, further confirming the reasonableness and accuracy of the selected Constitutive model.
Applying Gaussian distribution to measure the stress data of wood yield platform can improve the
reliability of impact limiter, which can replace full-scale component testing and reduce research and
development costs. This is beneficial for reducing research and development costs and enhancing the
safety performance of transport casks. The research results are highly significant for enhancing the

safety of radioactive materials during transportation.

PR F A ZHRRHIZ i A A AR IR Bt 2429

Key words: paulowina wood; transport cask; impact limiter; component test; numerical simulation

Bifi 5 T LA A7 o | PR K R, A% H i = R
BRI RIS AE 2025 AR 14 000 W, Ry 22
W% L0 Z SRR I AR TR T, Z SRR R AhE
Z RIS i 75 4 R A T U P = SRR R
WA, R G ) I 4 43 i A A S
T, o 2wt EE, ERARNRIT
B R IAT I RO PR 22 A is i R ) 1), 1
AT il TR Z —: 545t 9 m & A
BRVE I, A REOR 15 25 20 45 00 70 HE e R Bk . DR
TR I T BE 2 W A b o 1 B R AR A A, B UL
BRI MR FENRZ —,
RGP AR T & RN — B A s A A
;AR N AR,

Z AL B A AR R A S AR A
PS5 Al d L R L %5 B IR L A2 PR 5E Tw
BNERE . KM EAGBM S T &
AARHE . BB OR AE O A, FLAH HIR R AR R R
P 0 UK, A7 48 v 1Y) L T R A (B o R R Y
i), Pk 2 BRI i 25 25 DB R A 32 SR A R
TREA R, H TS A IR R LA AR A2
K. HERRE, WEEP TN R H 5w, K
VB A T S FE MR g AR I 3 B 25 25 ) U8R
i 30 o A A 48 W AR e, PR G TR A Y
RAETE MU SRR o ARMAE g —Fh B SR RE, 3
F12FPERE AT FE S dobE, DT 5% e HL8 7% | R BE
PE o A BB E SAR, 38 H R /N R R 3k 1S

A HEA A R RE R, /N RS B9 A BE g 2 1k
AE -5 TR I T B A RS AR B4 552 P 1 00 22 K
O FifE R IO RS 280 T A, 2 £ D T
ORI RE BT, AWETE R I A7 L A7 I80RE
de i, 8 A A A AR P 5 2 AT R
IR ARG AR AT W oA, I I /N R A
A RCT A PFIRCH, X HEAER 25 2R, D el e i i et
PRI .

1 MEMRE RIS
1.1 /IR ARIRE

T 56 A HRC R A D8 A 1) T A 114 T —
AR, 00 bRk SR 4 58 IS EAT B R T . U
SRR A 1R R A AR R,
X BE T IS B A B SEAT 0 TE , SRR AR MR GG | RO
SRR AN ST EBAL o B 3K A B 20 mmx
20 mmx30 mm(RxTXL, R F/RRESUAR ], T /R
Qg 1n), L LR RS 1)) R g6 44, iE 1 B .

— //' 2 i
ol | PRH| DR T I'i o
£
@ T
e T | et i | | R &0
il 'y 2 20 mm
FriCHTIRGE - IRIEHEE R R 5 17

B R AR SR

Fig. 1 Illustration of test wood sample
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Fig. 2 Stress-strain curve of paulowina wood
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Fig. 3  Stress-strain fitting curve for paulowina wood
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Fig. 7 System energy of quasi-static compression
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