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Application and Research Status of Spent Fuel Transport Cask Impact Limiters

SUN Qian, ZHUANG Da-jie, SUN Hong-chao, WANG Chang-wu, WANG Zhi-peng,
LIAN Yi-ren, SUN Shu-tang, LI Guo-giang

(China Institute for Radiation Protection, Taiyuan 030006, China)

ABSTRACT: The work aims to learn the mature structural forms of impact limiters for spent fuel transport casks at home
and abroad, analyze the main characteristics of application technology, and sort out the material characteristics and re-
search status of existing impact limiters, so as to provide certain reference for the design and development of domestic
impact limiters. The application status of impact limiters for representative spent fuel transport casks at home and abroad
was summarized. The advantages and disadvantages of existing impact limiters, and the matters needing attention in
structural design were analyzed. The shell impact limiters filled with wood were mostly used on the spent fuel transport
casks. Polyurethane foam, honeycomb aluminum and other materials were also used as filling materials. In addition, foam
aluminum, carbon foam, two-way corrugated honeycomb aluminum and other new materials have also been studied for
impact limiters. It is suggested to increase the research on new buffering materials and structural designs of impact limi-
ters to meet the application needs of large domestic spent fuel transport casks in the future. At the same time, the adaptability
and compatibility development of impact limiters should be paid attention to and series products should also be developed.

KEY WORDS: spent fuel transport cask; impact limiter; filling material; wood; structure design

Z bz AR R G TE R s e R AR E R E R, RSSO T AR
ASCHEDE T, AR i Z R RE e Z R L ezt SiMISSRENE , AT IRz Ry s I 20 222 R 1T BT Y
MARALRIIE . T AR L e BITRE, 28 iR, RIS, R EFS e R

Wi EEE: 2022-08-18
TEHE®A: #hk (1994—), B, Mt



a4k H£5H

PR, 5 Z Ik i A A D8RR LT B A BRAR 283 -

T = SRR Z B 25 48 00 RR A Y T A
TAEA G P 9 Jo 4 43 B LFE )R GB 11806—2019
FIMISEER , Hoh B BUGS G200 2 9 m [ i R 5450
2RI A R M N ANEAT = RHE i 2 A R
R 2R, FELEH N SR 72 0 52 N 2% v bt
B, R R w s, Hoh, i Ahe
RERE B 4 AR 1 P ) 22 b RE, T2 o R 31 5
PEAS AR B0l ™ 2 o BE 1Y SCBRVE

1 ZHBHEWMAFRBERS N AR

B Sb 7 5 G2 o b RH FE A G Z AL
AR R A BOE T A S BT, ERRIRM . RA
BEIIR | BB AR AR S S bbbk, EANE A Z
TR S i o BRILZ AN, A/ NA 2 R
B A AR K, R T HABZE R 2 sk

CriaTy
1.1 KEFERR RS

PAA A AR by 3 70 61 A6k 1) e X0 R 8 2 H i vz
B B M mIE . BEANE L EE
NAC-STC #IZ ks aa mitE, BHEEE
NFS—4 Bz 75251, f[E CASTOR ZRFIZ #5141
E TN %] (TN-12, TN-13. TN-24. TN-32 %)
KB HZR MSF 25145410 M2 1 TK RINE4 .
HhE KN-18 SNF iz i 25 145 24 2% 72 2 2
R AR MR mREERMENE
AR

FE[H NAC A A A7) NAC-STC Bz M 75 2% &
i LA 3Tz e Rk = ks i e, T
BT, w2 b T P e R A e R
IR LI | ISAYERIEFEATRL, SMBALEE 304 ANEG
WM BAZE ,, T TR e g F (i sE sl
GNS A FHFI ) CASTOR F 1) K BIBR B 45 1k 12 i 25
PR TR, PR AR A2
LB RS RO % R A = B A AR MR S 2% bRt
H1, LI CASTOR HAW/TB2 Bl Sz i 75 gl 20 4], %5
i T ity A B S T VR A AR ) RST I i 2 A
MEAARRST, X RN NAERRERINA LT 3
SRR DB R A, 7 B TE I R FH A 2 R e e —
SEM i e, AL 1. MEEARKE, B
PR 4] 58 EE T, DRI B R T B RERE T
{EER AL I RSB MR AR TE AL 2 5 BUR B X H BT B 3 K
TR o

B R SN, BTARAE | B G A2 A1 = L [m) A
il A A ST HE Z B s A 4, R L & 4k
(OSB) Mz, ARE AR (OSB) &7k
FAATIE 3 4608 F th /N EAR B AU F 34 ey, 2
— B TREAL . SRR Y TR A o S TE AR VR A

R DX BLHES , 7RSI IXCOK SRS, LAARTS
TG 4% 1] RV A g 2 PR RE

K1 CASTOR HAW/TB2 iz ki 45 212
Fig.1 CASTOR HAW/TB?2 transport cask!'*!

FE P 1) 2 R R 3z i 2 TR R AR A b HEL 7 0l
o, ARG RY-1 2 Bz s aw' | BQH #51
ZBRRHER 757810 CNSC-24 B = Wbz s gell 714
F T P A BRI A PR A, 3 1 2 SR FH AR A AR R i
PREE bR, o, P RY-T BN Z RRHE A7,
T4 YRR P 2 A A A R [ L P A R AR A A ol
TREFERORL BRI A1, At BT R R s T
AN A K2 I e I A S e R T PN B 1Y
GER, RERSAE RSO T L AT R, WRIE R
A PRSI Z SRRk R R

1.2 HtEx=NNEER

ARAE R 2% ikt AR ELAT BTt/ I BSR4
P, (HAAATEA ek | MR ARAE ) 22 55 1145 B
PR I 43 2 MR MRHZ i 25 AR T o SR G R v U L e g
FRAFILAL T AA BME R A g v Ak, S5 T-3 Y
sk e T e R g FFTF Z Rk 14,
T St A el 4 P AR 9 90 5 A PR 33 7 4 A8 ok 3R 4
BEHLIARA R B, I IR 5 AR A, i H AR
25 A v G52 25 A8 s AR A

W BT R A AR 1) 2 ik B LA 45 1) S, PR AR DR
T 22 R 43 X 33 78 1 33 . 95 [ Holtee [EIPRA
F) B A Hi-STAR100 P JH = BRKEL 25 28 7618 K
AT HC% T AL-STAR W2 sl REE LK 2,
AL-STAR il 52 #5915 1 % RE 05 Kt o A IR il 3ok 3 R
il 7E S B 60 £%, FEh 304 AN SN
B BT BR % pP ARG B, E AR 32 B ) ity ey 9 X 05
HE T B s SR AT R, 7E whi ofer 7 al T RE & AR AR
FR I DX SR 78 T 0L e 3 AR AR, RIS T AR i
PRI T 2 308, R LIR R E T 2 AEIE N
FRIR, BRIz AN, PEPES ENSA /A H] ENUN 32 = 88



. 0284 -« 1% T #

2023 3 H

Tz i 75 A DR A 0 R T T R AR A R T TR
B A BRI B 7 D8R i 1T RS2 B v
DX, vl AR IO ) AN, SR AR R B A B 3R
LRRIEIRAT I, L0 A% 00 TR P AR X /s
1 84 T BORHECE , LU K2 $R VR Lz i i iy A2 RO BR
il o Ay T e ok P 000 TR R AR S 77 T 4 DAL

Bl 2 e i 1S B BT (B HETE
PR
M Cosbmalw o FEEBNE

’rk le] 3&% '| |

- R

L pys s

K12 AL-STAR 5% s 2 2
Fig.2 Schematic diagram of AL-STAR
impact limiter'?"

13 EAEAR

Prac R AR AL, TR Z MRS ARk T
HAbL5 IR E 8 . 2 E GE AwRIBHi IF R
Gz, Je Ik E LA = R LR 2 R
DL TF-300 BUiz i 254 A, XA a 2 70 t, 7E4%
FRANER IR T 2R AR A B PRI R B i
VI SEBLZE sidi iR VE T, 1] 3 /R T izis ki 254 i
WAL o SR AR A L, TR T Y
K F ol R A PO AT A A ) DA S 2R L BRI B Y A

s

3 IF-300 ik 75 25 A )
Fig.3 Schematic diagram of IF-300
transport cask!>

VER/NZ IR BHE R 2 4%, BAH AGN-1 Rz
i 75 A AR R B A A 75 SRR T T AN 5 B A R AR 5
R, AL LA 4, AGN-1 Bz A
5 CASTOR RYEHI A A AN ER B R A 4
JEEAIXT AN (2 54 t), 2%z i 75 Wi 9 7 2
R A I s kL, TR E AR T N
HF A, RS T AR LR
REAS AR SE AN I ST VR 1Y AR TE W e b o BB o, (R 8T
L3 /IR ok is i 7 e ),

4 AGN-1 Uiz Hi 2525 m 2 2
Fig.4 Schematic diagram of AGN-1
transport cask!*¥

SR A2 2 ARk A A R S 3 B 0 A R AR
% TUK-145/C BIZ el s an k722
AR AR B0 s M AR AR s M LR S,
SKODAVPVR/MB I %528 FIRE & W 6 B ( EAC ) P
Eatg . Horp, REEMCKE (EAC) M A B F
PiER4Y, Ui A 18 500 kg, Hi#Ed 2 000 kA 44
T ) 25 U BRARR T A, TSR % IR B3 . SN
MR M B (EAC) B2t NTAL, HTW
WO Zs S5 o T e B R ph RE A, BERS AR AZAN
%TF 90 m/s 1) 3 B Xt WA i) v i o

[ASC
%% (EAC)

COLLLLNL SNssNeNe

o’
o,
’
-
L
‘l..
o
L)
9
L)
)
R

SSSSSSN 'SNNSNNNS
CSLSNSSN SN

CELLEELE SEERNEEE

SKODAVPVR/MBZ 7%

K5 TUK-145/C %= Bhphiz i 75 4%
7R 7 [ 2]
Fig.5 Schematic diagram of TUK-145/C
spent fuel transport cask*®



a4k H£5H

NI, A5 ZRRHZ 2 AR A I T B W5 IR - 285 -

1.4 INZ5

76 2R A2 [ N A Z SRR fi 2 A ok FH I £
LML, BTl & AR, B T 2
MR B i A a o AR e EER b brkL, [E5hk
Femn ZRHRA | LURSEAM BEAT IR, i 1 P U i
FEGCIR T E R A AR S A R BRILZ A, R
FMRALIR | W53 40 25 TR M BT TR 4 2 st
e FIERI ARSI IR . M AE A BT
Il S8 7 2 A i 2 e AR P SR B T Mt
SEIE AR, W RESE B RAFARICR

2 ZBMPEmEFBRERILLTAR

2.1 ZHE R

TR 58 TR R A S (L
SRUBPRHI A LS, H bR ol
TG R HLAEI, PR R % PERE SR
SRR BPRR ) T HFSEH A,
211 KEHFHH

A BA AR AR RN 5 TN T i TR
WORAEIL AL, B2 vh i 3800 A T2 e BAT B A B 1 i
Wehk 31, DRI T2 AR Z MORHE i 2 S IR 2R 11
BFER L

FE s L, BROHE R Z RAA AR =2, 1
EREFEARMAE AR A Z R, BRILZ AL, R
TR M IR A | LR SEAR B BA H A BT 48
PERE . MDA IE BoR Y, DR RBT R 4R K T
A, R RERCR I &, IF HIRHAAR R 2L,
P RBON R B e R . SLORME, B
AREP R TE RS, 200l . 5 R BERR )
PR T SO, R AT T 4 o R A5 B AR R Y
BORTE R b BAT SR RERE S, N, L RE
L PV )

5 R ¥ 7 2 2l 25 ) o7 A 32 B0 S T R e O AR
BT R SRS, SR 5 TR AR R R0
R, RAEBCEARRER/N, HEERERRANFEE
JOL 3 AN 52 WA TR AR o pl TR R R sz Wil
PRI M ST U4 A B 22 [ SRR AL, (ELAS [] A Aot 3
HpEveefEtE 2 5%, BIRRINEEBK, T
e i v B ORI M RE B 2 IR R, TR
BN RIESE e Bl BE T i 3 R R 1 2 PERE TR B
I HX — MU T HAR AR B2 7T i ) 24
FERY RIS, A JUAF [ S 5 2 i BN T %k A 33
FEI R AR KBRS F T R TR, R
IRITAMA Pl BEAF T Y B AR 0S JC RS 1P 375 88 e i 552 1)
%2 nrﬁj[33-34]o

I8 B [ N ARG AR B R, SO
H, R R N Z 082 i 2 a8 O fe BT £ 2L

GEUR T = AL R A A D 2 oh A Ak o L AR B T 4
RERTFT oS, YA A Bl 1) L REAS 2 B HE R 47 1) TR 4
PERE RN RETERE , Rk U B &N, Ho R4 |
W REMERE W TR, B 2 IREE AR L [ iy
ZoEF L TRIT T T BT IR A A AL A2 AR A
R f G thRT R AT RENE o P EAROLBHE AT SERBE B
SCARAFEOTRT R [ 7 9 JLAR L AR 1 980 i
AR A, REW . B E R,
(AT 5% e i M i AN T, M LA AL R K
T VL AN AZ 55 BEAR XA, PURBREERL/IN, AT AR
PO 558 B RS BERAN v Y 4 BB AR o R 35
T RIS PERE , 2% M A BT X R B N AR AT i
TR R B R e 0T, 25 SRR IR Bt S P AR AT B
TR AR B MU, fE—E R bR R
B AU B o r TR BRI S B b TN AR S
TENZEARMTURGETERE , 0158 % Wz A2 AL
A PERE I T RSO ) Y, LA R A 2 R
(500 m/s) &, mnfZARBEBRHMEREN T, BA
S/ RULS UG VAS

2.1.2 IRREFRMH

BT A RA KB AR , AR R BENS T 47 M5
AL PSR B, A R TR A R,
REBRALIK | s B RHB  VE = BRRL 2 f 25 9%
VNS NES AL v/ SO

B R AS(ELELAT AT LTS A4 g fig 4, i HL
JERRRE RS TN T B 4 1 R A T2 R
W RESR AL B 3 RO, FE s B A w sl R A s i
17 2 4% T B, I LU 45 P BE 0 30 25 0 R
PEA R T HAE R = 25 (09 2% vhb bt o EDRE B0 I T-40F
5 P e et i R R 6 A BT A e SR
RATRIIER R A BUOZ AL R AR/, i R 5 B v
I, A AERE IR, BRI AN, REEE RN T
APk RESZ AT RH B AR A R MK . 25 A e T 4
| BT NRGs PR I S i N | I A
B, AR RN S -R A G g, PURRE
FREGE M5 A TR AR P RE A S HGI R PERRARH, X
Ry Ul R A ) R ok — B I 4

Ve AR AR B RN L WRBRE IR . 5 T
Tl SR, FEMTES TR Sl B A T
TN T RS E, B R . s R
e pil 2 fr A1 T RBLE 1YY, B AT 0 0 2k o
B, MEEARADRME G W . R LW AE . (A
FRLE W BEZE Jy 2 B PR ISR 1Y b, s b RN
TV BT R T (4 46 /N IR JEE 38 00 340 7 B 386 5 A1 k)
MM RERE T, MAPRIE RSN 1 f5EE, R EERE
P 2 59, Mest bR 2 Rt B A 45 )
SEME R bE e R gy ) B EA A R 4E PR RE
IR BERE J1, DL, 5 B AEJ R w1 78 2 % &



- 286 - f1 %% T 72

2023 3 H

W B AR AR TS T 1) o
2.1.3 FEHEFTEH R

BARIA R vh MR T —E &0, (Hif
TEAE A BRI 2, R, [ P ohe 1 B SR A
HIF 5% 2 B W 4 T %0 T B % e RS H oy 7
BR L BRULIR . OBLIE] FUAK W R S B A Rk iF 5 o T
ZIRRHE A A R A o

IR R —Fh 45 1) [ AR, B 3R i L
SREE . ELKIBE R BB, fEsCilis . A AR
LA R B IS T 11T I AR AT S 1) 2 g
ZFN TR 22 B ISR SE T LIRS AR N =
BRRLZ i A AR R A TSR R R T e, 25 R,
AT 7.5 8 65 WA 1) 940 R % 7 A 0 208 TR 4 2o A v R g
Sy ARYS], B AR AR PERE FI REMERE , HL7E—
FEF RIS N KBUER], BA RIFMMReR e . 1
KWL FI, FLEUR | LIRSS B IR R 44 R
() 48 R REPEE A LM, (HE58 M A% —,
ARt — 2RI

Vi A2 B ) Z2 FLES MR RE , BRI TR B 4 iy A T
IGEABAE . AL | AR 2 A4 5 Ah
Frokah e 7 HEA B p Jr2abEne, o dka
B TR A B Y0 TR KR N R, S R R RO ) 3 A
%, #ebrig /N H ( AREVA ) BF9E FIAE D2 5 1) 5%
PRAPRIEH, BFSE A B, 1E—40 °CHI 140 °C I i 6 FE
T, BRIIR P PUR A HERE A Z R, I H A
AR P AR AN BBURR 3ok By 15 AT A ] T 1 Sy ik 5 4 2% o
MR R o 75 BRI, BRIGTRI S 2E R A
BRARAR A% ) S, X5 T A R LA R AR K i T 1)
AR ETA TS

XL ) BUAS W B3 A0 A S — Flogr BUALRE, B R 22
WFSE 4 T8 = Bokhia §i 25 0% B 2 ) 122k
BN ERIE Z FLER TR KL, Hk 808 bR L 7S
—2F, HIESSAE, HIJy2 e 32 10 A R 0
S, HA Z 1 WRERE S . SRR, XU R
AR AT RHE 3 A7 E A RER B BLAE Y 2
g, HifldE T AR, BRSNS hit—
A I IE L BETEBE , TR 225 A NAC-STC iz 4
HWZEOTET 9m H il TR 05 B B9,
45 JE R WXL ) BUAS e 5 AR EL A R A O R A RORSR
HOF- 6 3 S REAS I JE NAC-STC i i 2452587 6 1 /7
T P A /M 12.35 MPa 95K
2.1.4 NG

Ve ML GE Z v RE, R B 32 A T = S0k
B EIE S, B S TR R TR RE KA
Pea, SR, H APkt B 45 ) S A 1 e
H5Z R . JREEAREE AR

RAMEWLIR . 5T 4555 TR MR AE i 78 il 3
TS S B XHLE 46 9 E f 4ah, AE eh el 3k T B

R SR AERE ST, B 2 MOAPRHLAFAES A Bk
Ao b SRR VL VR A9 BT 44 P RE i I BE T v T R
W, R ) S MR REAF AR A5 1) S B T A Bk, B
AR o

N e IR BAT 22 v AA P BE A R BR A, JIRER | B
LUK | WL FL A 36 R A5 ST L T e v P O P A Y
P RHEAEPERT I, T Z ik — L AL E #1 R
T3 RO B R A

2.2 ST

VR 7 O 5 R IR TR i A e A o 7 A
EE . 7R 2R A B R ST T, T LA T
HOEA R R S5, RABCE R S B S R
BRV& A1 T DR A% 0 ks R RBAAR AR, 3 T ) A B e ik
A IR RE AT R

STV, HE— 2 T R IE A8 I 45 # T
b, BRI R, W= &R A A AT b
ol A e {3 B ) B AR, (R A e R e i - PR A
S a5, TR C LR AT AN Y i S IO BB SR A 4
PR PERE, ROMIG N TIREA w5 4h, uidk
T AR BB A% 52 i ok 75 5 b o A BRI, AR i i &k Ab
S f A B T 5% 5 SO 48 2 R i Sy A R T
(5] T2 194 ik 2 g it 3505 30 A7 R T AR AU o o R o A0
I St 7 1 ) 0 R0 ok B 2 BRI =2 40, DR RS AT
FER IR R B —E . o R Re Ao
DPURFGE R B, FEI R A A5 b A IE 247 BoR A —
SE 5 P ) [A) BT AR E ,  B T 3 a4 o 2% ook R
2y oRORGE R, DR DR e TE i B B Y
Kb Jro

I ELAE |, SR ANSYS. ABAQUS. LS-DYNA
SEAT BRGS0 ST DR R RN 7 A (R B RS R >3]
BEALLES 28 R I8 00 i bk i A, 3 Btk — 25 O Ak ik
AL, R TR I N ) L R AR AR R T
Wrbrife, BeIELs Al SEPEPS S Hodh ) R S PE A o
CL7E T S VE A 20 )32 B, i 8 T AR B A
FRUETE 2015 WL ASME ($e 0 5 i J1 & a8 H03E ) 5511
B BRI F ) g o ki E Il R
FARBERIT T 2 FhPEHbr v e = BROBHE i 25 78 0=
T T I A 22 0T W 5E R B T R T PR B o
EONE i ML) | KOS SN d o |- T £ 2 R VARGV TR (L S
SEEEIE T 100 %,

R T, M EOR EE AR,
2 FE A FE PR FRENLI (TAEA ) KR AR (it
PEY) 4 4 b 5] ) ( SSR—6 ) I 5E 1 7 B b i
S, RESHEHE T IO % Sz i )
(GB 11806 ). [E PFAMT I I 24150 1 2 B N it 2 1
AR — SR ok, N b E R 5 B E 5
Be LA TT R 130 t 585 2= ae )1, XD
2 e B O S BLE P . RSB T, E



a4k H£5H

NI, A5 ZRRHZ 2 AR A I T B W5 IR - 287 -

r L WFIEBE 2 R TSR MR ST, ARk I A
BT B 2 TR AR R BT S M, MILZ T,
[l SN 2 FDRE B RHIE 5T -5 I A4 BT I T K 3R 45
HINER A

3 4513

L LRI, Z R RhE i A AR A TR LA R R R
SEMSERE , W ORZIRRH L s i SR o 1R SR
e BB DT AR, AR, e
5 A2 2 AP R Z s A A 1 oK i P AR R
ZIRELE AR IR AR BT TH B AR A, 74
i A S AT LU LAR JUAS 7 I T 4

1) FERPRHIESE 5 T, S SO o 37 2 22 o b e
AOERER, T XA ARk o o O e P Q8 R W
SFAINART I, RO R B0 s v REAS R N T4
wIZ

2) (eI AR AR BT OT I, B I AR AR
AT, S RBT S E PR LA . AR IE A, R
L X ORI Z SRRz i A e e B BT A

3) FEIBRE AR i T AT, AU R S AN R
e AR IS BCVE , BEXEA R RSE | 28R Z 0RHZ
Ao nUT R RS . AL 6

4) EBMAIE BT, AW AR AT BT
il RO IR R, B LA TR SR ], HEE ARG
PEAE T E T — R R

S 230k

[1] GB 11806—2019, Jif 5 ¥EW) it 4 4xiz i AR [S].

GB 11806—2019, Regulations for the Safe Transport of
Radioactive Material[S].

[2] B&H, ZFHM, DRE. SRR Z RS i 5 dr 45 i
BRI, Rk 5 TR, 2017, 37(2): 308-313.
YIN Yong, LI Qi-peng, MA Qing-jun. Study on the
Structural Design of High Burnup Spent Fuel Transport
Cask[J]. Nuclear Science and Engineering, 2017, 37(2):
308-313.

[3] FRANKLIN A. Evaluation of Improvement Potential for
Spent Fuel Cask Handling[R]. Pacific Northwest Lab,
Richland, WA (USA), 1981: 8-10.

[4] KOMANN S, BALLHEIMER V, QUERCETTI T, et al.
Design Assessment by BAM of a new Package Design
for the Transport of SNF from a German Research
Reactor[C]// Proceedings of the 19th International
Symposium on the Packaging and Transportation of Ra-
dioactive Materials PATRAM 2019, America, 2019:
1176.

(3]

[11]

[12]

[13]

[14]

[15]

i, BmER, IV, % KRS ARSI kR
[7]. HLAE TARIE, 2015(12): 65-69.

WANG Hai, TONG Ming-yan, SUN Sheng, et al. Re-
search Progress of Spent Fuel Transport Container[J].
Mechanical Engineer, 2015(12): 65-69.

YAMAMOTO T, HODE S, KAMIWAKI Y, et al. De-
velopments in Spent Fuel
Casks[J]. Technical Review, 2006. 43(4): 1-6.

KIM K S, KIM J S, CHOI K S, et al. Dynamic Impact

Characteristics of KN-18 SNF Transport Cask - Part 1:

Transport and Storage

An Advanced Numerical Simulation and Validation
Technique[J]. Annals of Nuclear Energy, 2010, 37(4):
546-559.

KIM K S, KIM J S, CHOI K S, et al. Dynamic Impact
Characteristics of KN-18 SNF Transport Cask - Part 2:
Sensitivity Analysis of Modeling and Design Parame-
ters[J]. 2010, 37(4):
560-571.

BI0TT . AL Z OB A R R BT BRI 5
[D]. ¥ IHAEE T K2, 2019: 3-5.

LI Zhong-fang. Study on the Filler Material in Impact

Annals of Nuclear Energy,

Limiters for Nuclear Spent Fuel Transport Cask[D]. Zi-
bo: Shandong University of Technology, 2019: 3-5.

XU Yu-mei, YANG Jian, XU Chao, et al. Thermal
Analysis on NAC-STC Spent Fuel Transport Cask under
Different Transport Conditions[J]. Nuclear Engineering
and Design, 2013, 265: 682-690.

KLEIN K, WILL J, SEIDER T. Numerical Simulation
of Wood Filled Impact Limiter with LS-DYNAJ[C]// In-
ternational Congress on FEM Technology with ANSYS
CFX & ICEM CFD Conference, Germany, 2004: 1-7.
QIAO L, ZENCKER U, MUSOLFF A, et al. Dynamic
Finite Element Analyses of a Spent Fuel Transport and
Storage Cask with Impact Limiters by 9 Meter Drop
Tests[C]// SIMULIA Customer Conference, Germany,
2011: 932-945.

SALIBA R, MOURAO R P, QUINTANA F, et al.
Analysis and Design of Spent Fuel Transport Cask Im-
pact Limiters[J]. Packaging, Transport, Storage & Secu-
rity of Radioactive Material, 2011, 22(4): 172-178.

JA X, RY-1 B Zophz A ar st . A ni ],
IRETRT IR, 1991, 11(5): 51-58.

ZHOU Yu-qing. General Situation of Design and Test
of RY-I Spent Fuel Transport Container[J]. Radiation
Protection Bulletin, 1991, 11(5): 51-58.

JE T, WYL, sKEk. RY-UE = JhRHE i 25 2 5T
WEE[I]. ERR AR, 1993(1): 11.



- 288 -

(-

2023 3 H

[16]

[17]

[18]

[19]

(20]

[22]

(24]

ZHOU Yu-qing, YOU Mei-ying, ZHANG Yi. Study and
Test on Ry-I Type Transport Cask for Spent Fuels[J]. Chi-
na Nuclear Science and Technology Report, 1993(1): 11.
VSO, #5220 BQH—20 MU= Bhokhiz i 2588 1124 0)
Bridl. #% TR 51, 1998(26): 7.

XU Wen-qing, GAO Xue-gong. Mechanical Analysis of
BQH-—20 Spent Fuel Transport Cask[J]. Nuclear Engi-
neering Research and Design, 1998(26): 7.

TE4R. CNSC-24 ZHRBHHk s B I T 2t
[D]. WA/REE: M/REE TR, 2017: 15-18.

WANG Jun. Thermal Safety Analysis of CNSC-24
Spent Fuel Transportation and Storage Cask[D]. Harbin:
Harbin Engineering University, 2017: 15-18.

e, AR, L3O, G — T ZHORS A A
China, 210073345U[P]. 2020-02-14.

SHENG Xuan-yu, CHENG Yu-min, KONG Wen-wen,
et al. A Kind of Spent Fuel Transport Container: China,
210073345U[P]. 2020-02-14.

LEDUC D, JEFFERY E J. Spent Fuel Cask Impact Li-
miter Attachment Design Deficiencies[C]// Proceedings
of the 15th International Symposium on the Packaging
and Transportation of Radioactive Materials, Miami,
2007: 1-9.

SINGH K P, SOLER A I, BULLARD C W. Validation
of Impact Limiter Crush Prediction Model with Test
Data: Case of HI-STAR 100 Package[J]. Packaging,
Transport, Storage & Security of Radioactive Material,
2006, 17(1): 41-49.

HARDING D C, QUEVEDO D G. Protecting Against
Corner Impacts: Sensitivities Discovered during a Rail
Cask Impact Limiter Design[J]. Packaging, Transport,
Storage & Security of Radioactive Material, 2014,
25(1): 38-46.

MEIER J K. Thermal Analyses of the IF-300 Shipping
Cask[R]. California Univ, Livermore (USA): Lawrence
Livermore Lab, 1978: 1-2.

ANDERSON R. Studies and Research Concerning
BNFP: Operational Assessment of the General Electric
IF-300 Rail Spent Fuel Cask[R]. Allied-General Nuclear
Services, Barnwell, SC (United States), 1978: 3-6.
PUGLIESE G, FRANO R L, FORASASSI G. Spent
Fuel Transport Cask Thermal Evaluation under Normal
and Accident Conditions[J]. Nuclear Engineering and
Design, 2010, 240(6): 1699-1706.

TR, HET 2 A0 M I Z BARHE fi 25 6% CHEBOR DAY
[D]. BT #ryLK2%, 2012: 11-16.

[26]

[27]

(28]

[29]

[30]

[31]

[33]

[34]

[35]

XU Chao. Research on the Key Technologies of Safety
Design for Spent Fuel Transportation Cask[D]. Hangzhou:
Zhejiang University, 2012: 11-16.

BUDU M, DERGANOV D V, SAVINA O A, et al. De-
veloping a Spent Fuel Cask for Air Transport[J]. Nuc-
lear Engineering International, 2014, 59(715): 17-21.
EISENACHER G, WILLE F, DROSTE B, et al. Devel-
opment of a Wood Material Model for Impact Limiters
of Transport Casks[C]// WM2014 Conference, Phoenix,
2014: 14111.

KANG S G, IM J M, SHIN K B, et al. Effective Equiv-
alent Finite Element Model for Impact Limiter of Nuc-
lear Spent Fuel Shipping Cask Made of Sandwich Com-
posites Panels[J]. Composites Research, 2015, 28(2):
58-64.

CHOI W S, SEO K S. A Simple Sizing Optimization
Technique for an Impact Limiter Based on Dynamic
Material Properties[J]. Nuclear Engineering and Design,
2010, 240(4): 925-932.

VURAL M, Ravichandran G. Dynamic Response and
Energy Dissipation Characteristics of Balsa Wood: Ex-
periment and Analysis[J]. International Journal of Sol-
ids and Structures, 2003, 40(9): 2147-2170.

HAROON R, XUE J. Impact Limiter Development and
New Material Investigation for Spent Fuel Transport
Casks[C]// Proceedings of the 19th International Sympo-
sium on the Packaging and Transportation of Radioactive
Materials PATRAM 2019, America, 2019: 1279.
CHARLOTTE K, AMINE N, HERVE 1. Development
of Innovative Solutions for High Performance Impact
Limiters on Transport Casks[C]// Proceedings of the
18th International Symposium on the Packaging and
Transportation of Radioactive Materials PATRAM
2016, Japan, 2016: 1010.

FELDKAMP M, ERENBERG M, NEHRIG M, et al. Be-
havior of Wood Filled Impact Limiters During the IAEA
Thermal Test[C]// Volume 7: Operations, Applications and
Components. Waikoloa, Hawaii, USA, American Society
of Mechanical Engineers, 2017: 65721.

FELDKAMP M, ERENBERG M, NEHRIG M, et al.
Heat Flux from Wood Filled Impact Limiter Under Fire
Conditions[C]// 9th International Scientific Conference-
Wood & fire Safety 2020, Online, 2020: 51517.

LI Zhong-fang, YANG Si-yi, XU Hai-le, et al. Study on
the Two-Way Corrugated Aluminum Honeycomb as a

Filler Material in Impact Limiters for Spent Fuel



a4k H£5H

PR, 5 Z Ik i A A D8RR LT B A BRAR

+ 289 -

[36]

[37]

(38]

[39]

[42]

[44]

Transport Casks[J]. Journal of Nuclear Science and
Technology, 2019, 56(5): 425-431.

BICHE, MR R, ZREK, % JLA A TARAR B 58
e PEREWFSE[CY/ A2 AL W b BB 2 5 H R 2 AR B
iex, Kb, 2011: 208-211.

LYU Wen-hua, LIU Jun-liang, QIN Te-fu, et al. Study
on Shock Absorption Performance of Several Plantation
Woods[C]// National Symposium on Biomass Material
Science and Technology, Changsha, 2011: 208-211.
HOCHe, IRHER, Sei, S Rz A d el
ek R B B BF ][9], AR B ARl R A eE iR, 2015,
43(2): 75-79.

LYU Wen-hua, ZHENG Ya-xian, CHAI Yu-bo, et al.
Preparation and Characterization of Special Shock Ab-
sorption Wood[J]. Journal of Northeast Forestry Uni-
versity, 2015, 43(2): 75-79.

PN, XBETT, BSR, AE. AN[RDNEGE AR AR R
RAT i 22 RO B E 2 M (0], b R, 201,
42(10): 79-84.

ZHONG Wei-zhou, DENG Zhi-fang, WEI Qiang, et al.
Multi-Scale Numerical Analysis on Failure Behavior of
Wood under Different Speed Loading Conditions[J].
China Measurement & Test, 2016, 42(10): 79-84.
PATEL J, STOJKO S. Characterising Polyurethane
Foam as Impact Absorber in Transport casks[J]. Pack-
aging, Transport, Storage & Security of Radioactive
Material, 2010, 21(1): 25-30.

MANE J V, CHANDRA S, SHARMA 8, et al. Mechanical
Property Evaluation of Polyurethane Foam under Qua-
si-Static and Dynamic Strain Rates-an Experimental
Study[J]. Procedia Engineering, 2017, 173: 726-731.
TRy, TR, BEBUR AR IR R ) e R S
JE BERR A SR AOC R [I]. TR, 2001, 29(8):
8-10.

WANG Wei-li, XU Biao. Relation of the Mechanical
Properties of Rigid Polyurethane Foam with Its Density
and Content of Its Reinforced Phase[J]. Engineering
Plastics Application, 2001, 29(8): 8-10.

MAZZUCA P, FIRMO J P, CORREIA J R, et al. Mechan-
ical Behaviour in Shear and Compression of Polyurethane
Foam at Elevated Temperature[J]. Journal of Sandwich
Structures & Materials, 2022, 24(2): 1429-1448.

HU L L. Dynamic Crushing Strength of Hexagonal Ho-
neycombs[J]. International Journal of Impact Engineer-
ing, 2010, 37(5): 467-474.

FrP R, B IEAL. GRS S I A R R S IR A

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

D1 A R 22 224 (A R BE 22 ), 2013, 44(3):
1246-1251.

WANG Zhong-gang, LU Zhai-jun. Experimental As-
sessment on Energy Absorption Property of Aluminum
Honeycomb under Out-of-Plane Compression[J]. Jour-
nal of Central South University (Science and Technol-
ogy), 2013, 44(3): 1246-1251.

%, mRE, SRR B G A Al b e e 46 T RE
Rtk (] APREREE 5 TAREAER, 2015, 33(5): 675-679.
CAI Mao, GAO Qun, ZONG Zhi-jian. Energy Absorp-
tion Properties of Honeycomb Structured Aluminum
under Axial Compression[J]. Journal of Materials
Science and Engineering, 2015, 33(5): 675-679.

T4, B —, R, A B Z ORHE fi 7 f
AR HUTE AR T R RE[D]. fu % TR, 2019, 40(21):
111-117.

XING You-dong, YANG Si-yi, AN Yu-kun, et al. Re-
search Progress in Impact Limiter Filling Materials for
Nuclear Spent Fuel Transport Casks[J]. Packaging En-
gineering, 2019, 40(21): 111-117.

AN Yu-kun, YANG Si-yi, ZHAO Er-tuan, et al. Forma-
tion Mechanism and Three-Point Bending Behaviour of
Directly Fabricated Aluminium Foam Plates[J]. Mate-
rials Science and Technology, 2017, 33(4): 421-429.

LI Zhong-fang, YANG Si-yi, XU Hai-le, et al. Study on
Aluminum Foam as a Filler Material for Impact Limiter
of Spent Fuel Transport Cask[J]. MATEC Web of Con-
ferences, 2018, 238: 05006.

TOOWE, ZEERE, WRRHR, SF. L UR R 46 A fE
AE M52 I & 4 B 0], B SR, 2018, 49(3):
315-318.

YU Li-li, LI Ai-qun, XIE Lin-lin, et al. Analysis of In-
fluencing Factors on Compressive and Energy Absorp-
tion Property of Aluminum Foam[J]. Architecture
Technology, 2018, 49(3): 315-318.

INAGAKI M. Carbon Foam: Preparation and Applica-
tion[J]. Carbon, 2015, 87: 128-152.

XING You-dong, YANG Si-yi, LI Zhong-fang, et al.
Simulation and Application of Bi-Directional Corru-
gated Honeycomb Aluminum as Filling Material for
Impact Limiter of Nuclear Spent Fuel Transport
Cask[J]. Nuclear Engineering and Design, 2020, 361:
110502.

CHOI W S, SEO K S. A Simple Sizing Optimization
Technique for an Impact Limiter Based on Dynamic

Material Properties[J]. Nuclear Engineering and Design,



+ 290 -

(-

2023 3 H

[53]

[54]

2010, 240(4): 925-932.

HAO Yu-chen, LI Yue, WANG Jin-hua, et al. Study on
the Impact Limiter Design in Spent Fuel Transfer Cask
in Nuclear Power Plants[C]// Volume 1: Beyond Design
Basis; Codes and Standards; Computational Fluid Dy-
namics (CFD); Decontamination and Decommissioning;
Nuclear Fuel and Engineering; Nuclear Plant Engineer-
ing, Virtual, Online. American Society of Mechanical
Engineers, 2020: 83761.

KU J H, SEO K S, PARK S W, et al. Beneficial Influ-
ence of the Weldment Rupture of Cask Impact Limiter
Case on the Impact Absorbing Behavior[J]. Nuclear En-
gineering and Design, 2000, 196(3): 263-279.

[55]

[56]

[57]

KANG S H S, KIM D H, CHANG Y S, et al. Compara-
tive Stress Analyses of Dropped Spent Nuclear Fuel
Assembly in A Prototypal Cask[C]// Volume 6: Mate-
rials and Fabrication, Virtual, Online. American Society
of Mechanical Engineers, 2020: 21510.

KANG S, KIM D H, CHANG Y S, et al. Integrity As-
sessment of Spent Fuel Assembly in Vertically and Ob-
liquely Dropping Cask[J]. Journal of Mechanical
Science and Technology, 2021, 35(9): 3821-3827.

KIM S P, KIM J, SOHN D, et al. Stress-Based Vs.
Strain-Based Safety Evaluations of Spent Nuclear Fuel
Transport Casks in Energy-Limited Events[J]. Nuclear

Engineering and Design, 2019, 355: 110324.

SRS . 1R



