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Paper

Effective Equivalent Finite Element Model for Impact Limiter of
Nuclear Spent Fuel Shipping Cask made of Sandwich Composites Panels

Seung-Gu Kang*, Jae-Moon Im*, Kwang-Bok Shin**', Woo-Suk Choi***

ABSTRACT: The purpose of this paper is to suggest the effective equivalent finite element model for the impact
limiter of a nuclear spent fuel shipping cask made of sandwich composite panels. The sandwich composite panels were
composed of a metallic facesheet and a core material made of urethane foam, balsa wood and red wood, respectively.
The effective equivalent finite element model for the impact limiter was proposed by comparing the results of low-
velocity impact test of sandwich panels. An explicit finite element analysis based on LS-DYNA 3D was done in this
study. The results showed that the solid elements were recommended to model the facesheet and core of sandwich
panels for impact limiter compared to combination modeling method, in which the layered shell element for facesheet
and solid element for core material are used. In particular, the solid element for balsa and red wood core materials
should be modeled by the element elimination approach.
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(a) ASTM D3574

(c) ASTM C365

(d) ASTM C273

Fig. 3. Material property tests of absorber materials

Table 1. Mechanical properties of Urethane foam

Urethane Foam Tensile Compressive Shear
Strength (MPa) 1.23 1.73 0.88
Modulus (MPa) 168.69 22.98 313.21

Table 2. Mechanical properties of Balsa wood and Red wood

Balsa wood Tensile Compressive Shear
N 2.63 9.58 1.43
Strengt
0.48 0.70 0.79
(MPa)
r 0.47 0.68 0.90
dul v 1,089.22 141.74 14.90
Modulus
0 136.53 33.99 12.80
(MPa)
r 133.17 26.09 13.01
Red wood Tensile Compressive Shear
b 15.14 45.96 1.99
Strengt
1.24 6.31 1.32
(MPa)
r 1.21 6.92 1.49
dul 2,557.63 1,815.58 151.52
Modulus
634.55 97.53 174.81
(MPa)
r 637.16 117.34 172.57
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Fig. 5. Low-velocity impact test instrument

Table 3. Results of impact test for sandwich panels with Ure-
thane foam, Balsa wood and Red wood core

Energy Core Material | Direction Absorbed | Dent
energy(]) (mm)
Urethane foam - 1.75 1.47
1.62 0.58
Balsa wood 0 2.07 1.33
3] r 1.71 1.12
1.51 0.24
Red wood 0 2.00 0.57
r 1.65 0.58
Urethane foam - 2.66 2.05
2.59 1.03
Balsa wood 0 3.28 1.90
5] r 2.97 1.57
2.39 0.34
Red wood 0 3.25 1.04
r 2.60 0.87
A432 A Ak AR AEE AYE 2 A
=94 o] A9, 2 W o i A Fgo] A e A
o2 I E=, o= Wk A 2 e =
/do] 6, r Y AiF o2 7] feo = doteh ®
== A8d MEA] ade FfAor e
NA FreS 2t ol defert fdd S0
AR Hth 22 SAE 47t s ddE 7
Z T4 A &5 542 0 W AT MESA
ol A HeRt=d| OI% Ao B gy Al 9
3 54 Mol 237 Wo = HekET) Table 32 A
42 AlHe] Asls MoiE,
3. EAYES 9557 9824 2y
&% A FAA A=A H o] Y& 27

o

2lal 4 o2& Fof SAAF M=ENA Hd &
& w7l o= a4 ek A A=A
o] T4 A& BAZA vjebyg HYS uHd ujAg
g Segafor B, olu) el =9I Ao e
o] 7FaAl= Gl L= % Aok A==
45 2400) wje} ey A5E HolA Ar. o
94 ats nee FANAS 91 54 9l
8 4 3l|A] (Dynamic explicit finite element analysis) ZZ 271
9] LS-DYNA 3D A}g3}0] Zrallatglon, oF Ho) 717

A B A HS Bl w2y 7 upakd B 2859l

71E9] At A= MEL A 5 g o s A =3P A] HA o
2l Q@ A (Shell element)E A-835}= Ao| t A&t |44
BE DS 4 Yo 14] & Ao = LdHFE = =4
517 918l Al e A ES 2= 2 4 (Solid
element) 5 AHE-5lo] mElg)-S a5l om, AA xS
2 A n x| eF Al o &S Folstdlth &4
Aot A|He FH A& d1e)EQ] HolH (Surface to surface)
&2 AHgstelon AlH g% ] A= ZHA
= mARSITh S5 A ES £7Y ela w240
R Ol 719 3L Aokl vl
Asjol 2 Aol ol Hek ), AN 98
sto] Al s WA g E9E0] A9 AuojHAdo s
7Hgste] 97l 9] 71AA B4 ?—45} A5k, AA == 2170
o] EFuas Zh oulA] EXo|u R ofu Srlo] o3t
QAaREE HEst-tb= e SR o) Fa3t
W7k ek e, B oAl A8 ATeke] e
WAL B9 93 AU HHo) 57} fatasud
g Aekm Bbshe o] B ok

ol H-L% OweF Eo] BAF}E MAT 165 PLASTIC
_NON-LINEAR_KINEMATICo| | o] ©.gel 28 ma}
3 4= Q)= MAT_057_LOW_DENSITY_FOAM, MAT_083_
FU_CHANG_FOAM 18] 11 MAT_063_CRUSHABLE_FOAM
H7hECke] vlm A, e & AEelX) o] 4%
22 A9 Aake} g AR AE-S o] Agstaltt
A | EL-E 0] EA47IE = MAT_WOOD 547155
83519 0 o]= MAT_ORTHOTROPIC_ELASTIC, MAT_
COMPOSITE_DAMAGE 2A7}= oko] v w2 E3)] A4
Aotk AR EA7IEE 2 =23 fARE A AR ZE
IEA[15]A A H S47HE} 5 Lg 2kl gl

shsict

=2
A
4z o
oo
r&
rE
ol
-
m]I.
oi
1)
rr
‘g !
o
o
Rl
e
JZi
ro,
a2
=l
PRI &= o

)

Oﬂ:‘,—‘o

o o Eorlo oAt ox W12

% ofy
r_t rlo _IE

E, At 71AH EAC whet 1o WA 2
ok ey £ deld A4 BAnEe g HEA
0] 2 go] BrHs 3ol AR} A =S o] tjat 9
A%t FA o] et WA Ageh wue Agstrt
o &= o] AL, z ek 0.40, 6 ‘%}?{,k 0.15 HFSE 0.20



Effective Equivalent Finite Element Model for Impact Limiter of Nuclear Spent Fuel Shipping... 62

e

i
T

| 0] A, 2 WA 0.0, 0%
0.309] A2 ALl
Alls}e Fasto] sy &
ﬂ% 917 o] fESTE faras
=E o Fig 63} 2-on 25758719 WA} 12,9537] 9] Q.4
2 PHEY AN SRS BEe 445 A 2
otel vl o) A5t 0n, 45 Aol vel o
574 feann AT S v
o) (Batch S92 2Hgolo] Azt Azel WS 44 Al LS.
DYNA 3De 4 o] 24-2]e] 424 §lo] A5 o= ¢ ejural
SABEE so] 4 sAaict.

AEA L) e SEST STaswde] PFEL 99
A457 A7 Aol FA8)4 A0 vawstlth A4
%7 4 At 5L 3 )3} 5 9] Ao Aof o
3 syl glon], WAlE ) B =90l 28 MAT_WOOD
247les ARe] W WAA 24 A7 (Element

oo
ol
M e
|o
H
=
I
1
Wi

ro

u
ik

o2
o 0
Lo
oM,
—{o
N' _I}L

Y
]—J

NN 2 ol
oo

jaie)
ol
N
= [o

ll'l L

r
of
2
=2
i)
OPO rlr

(Input)-

Impactor

Upper Holder

Bottom Holder
Facesheet: SUS304

Core : Balsa wood or
Red wood or

Urethane Foam

Fig. 6. The effective equivalent finite element model for sand-
wich panels

5.0
Experiment 3J

Analysis 3J

Experiment 5J
Analysis 5J

4.5 o

4.0 A

4 pon

3.5
3.0

A
2.5 o Y A

Force (kN)
<

204 V‘..o*".‘ ‘A

Time (msec)

Fig. 7. The comparison results of force-time histories for Ure-
thane foam sandwich panel after impact event

5.0
4is —a— Experiment 3J
] a ®  Analysis 3J
4.0 - P A A Experiment 5J
/ A v Analysis 5J
3.5 / v \
/ \
v
304 | Jmuw|Y
= 4 oo |
254 4 ¥ o @
8 I * \
5204 | y® 1\ |
[ f .
154 /) / \'l“\\“
- ] |\
] ,‘7 1\
05 -;‘ \ ‘R
J/ | @\
0.0 T Ix T T L T T
0 1 2 3 4 5 6 i

Time (msec)

Fig. 8. The comparison results of force-time histories for Balsa
wood sandwich panel after impact event

5.0
—a— Experiment 3J
4.5+ ®  Analysis 3J
4.0 4 A Experiment 5J
v Analysis 5J
3.5
3.0
z
X 25
Q
g 2.0:=} w oA
e oz va
15 A ” ®
/ A v s e - Sewm .. -
1.0 A - AV B
o5 K A\,
1w ™e A ew
f A VOm
0.0 ¢ T T T T L T
0 1 2 3 4 5 6 T

Time (msec)

Fig. 9. The comparison results of force-time histories for Red
wood sandwich panel after impact event

Table 4. Comparison of experimental and analysis results for
ontact force and dent after impact

Specimen Contact Dent
Force(kN) | (mm)

Experiment 1.99 1.47

Urethane foam 3 Analysis 1.95 1.57
sandwich panel ) Experiment 2.69 2.05
7 Analysis 2.64 2.12

Experiment 3.00 0.58

Balsa wood & Analysis 2.73 1.11
sandwich panel z Test 428 1.03
7 Analysis 3.85 1.59

Experiment 3.12 0.57

Red wood sand- 3 0 Analysis 3.14 0.79
wich panel Experiment 3.73 1.04

& Analysis 3.94 1.13
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