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Rigid Body Dynamic Analysis on the Spent Nuclear Fuel Disposal
Canister under Accidental Drop and Impact to the Ground:
Numerical analysis
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Abstract

This paper is the second paper among two papers which constitute the paper about the rigid body dynamic analysis on the spent
nuclear fuel disposal canister under accidental drop and impact to the ground. This paper performed the numerical study on the rigid
body dynamic analysis. Through this study the impulsive force which is occurring in the spent nuclear fuel disposal canister under
accidental drop and impact to the ground and required for the structural safety design of the canister is computed numerically. The
main content of this numerical study is about the technical method how to compute the impulsive forces occurring in the canister
under accidental drop and impact to the ground by using the commercial rigid body dynamic analysis computer codes. On the basis
of this study the impulsive force which is occurring in the canister in the case of collision with the ground is numerically computed.
This numerically computed impulsive force is increasing as the canister weight is increasing, and the canister falls plumb down and

collides with the ground in three types according to the analysis results.
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Fig. 1 Structural geometry and dimensions of the
PWR canister(unit : cm)
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Table 1 Material property values of composing parts

. ) Outer shell,
Material Insert Lid & Bottom Fuel Bundle
Fuel +Zry-4
. tube
Cast iron Copper .
. (equivalent
Properties
value)
Young's Modulus
£(GPa) 126.5 117.0 29.7774
Poisson’s ratio v 0.25 0.3 0.3
Thermal
expansion 10.85 16.5 3.24
coefficient
a(10°%/7)
Mass density
8,000 8,900 2,000
p(kg/m?)
Yield stress 900 64 ~
oy (MPa)
Tensile strength 1 400 900 ~
o, (MPa) ’
Thermal
conductivity 52 386 0.135
k(W/m)
Specific heat
C(J/kgC) 504 383 2,640

Table 2 Computed geometric property values of canisters
D | Volume | Mass |p(density)| 4, =1 L
(cm) | (m?) (kg) (kg/m’) | (kem? | (kem?)

102 | 3.9169 [26,581.29| 6,786.30 | 52,200.9 |3,463.75

107 | 4.3098 |29,765.50 | 6,906.4 |58,655.7 |4,268.05
112 | 4.7215 |33,100.26 | 7,010.5 |65,460.9 |5,199.89
117 | 5.1519 |36,585.53 | 7,101.3 |72,622.8 |6,271.73
122 | 5.6011 |40,221.31| 7,180.9 |80,147.9 |7,496,56

¥ DAREE AR, L I, I Ae87]9) F8d BRlE (principal

moments of inertia)
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Fig. 3 Transport vehicle model geometry and canister
configuration on the vehicle
(g: gravitational acceleration)
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Table 3 Spring constants for various canister diameters

Diameter(cm)| &, (N/mm) E,,(N/mm?) k, (N/mm)
102 120,580.4128 | 85.2366346x10° | 3,086.858.54
107 162,852.9223|95.0628131x10° |4,169,034.81

112 211,449.1116 | 102.821513x10%|5,413,097.26

117 266,969.8737 | 109.010673x10% | 6,834,428.77

122 330,027.7875 | 113.988595x10° | 8,448,711.36

Table 4 Static friction coefficient between canister and
the vehicle surface and initial Y velocity of canister

Initial Y

Diameter(D) | Mass(m) | Static friction velocity of

(cm) (Kg) coefficient(y,) | canister(v,)

(mm/sec)

102 26.58 0.3578 3.,244.380

107 29.765 0.387 3,374.175

112 33.1 0.40 3,430.379

117 36.58 0.40857 3,466.932

122 40.22 0.4168 3,501.676
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Fig. 6 The first falling plumb down collision type 1

Fig. 7 The second falling plumb down collision type 2

Fig. 8 The third falling plumb down collision type 3
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Table 5 Collision time

D(diameter) (cm) 102 107 112 117 122

R | 1.675 | 1.588 | 1.556 | 1.536 | 1.540
Ist | A ] 1.622]1.599 | 1.543 | 1.633 | 1.563
type At 1 0.009 | 0.01 {0.0095| 0.009 | 0.01
1 R | 1.696 | 1.607 | 1.595 | 1.661 | 1.577
2nd| A |1.637 | 1.628 | 1.570 | 1.661 | 1.577
At | 0.01 | 0.01 {0.0075| 0.009 |0.0096

Coll- R | 1.580 | 1.553 | 1.559 | 1.567 | 1.540
S:;I; 1st| A [1.602]1.578 | 1.613 | 1.627 | 1.645
(sec) | tyPe At ] 0.01 | 0.01 | 0.009 [0.0072] 0.009

2 R | 1.622 | 1.592 | 1.668 | 1.593 | 1.626

2nd| A |1.648 | 1.603 | 1.655 | 1.652 | 1.677
At 10.0086|0.0084|0.0081| 0.008 |0.0075

. R |1672] - - |1.604 1583
y;e 1st| A | - - 16211628
At [0.0096] - - 10.0115] 0.019

¥ R RecurDyn, A:ADAMS, At: collision durartion,
- ! not observed

Table 6 Maximum collision impulsive force(MN)

D(diameter) (cm) 102 | 107 | 112 | 117 | 122
Lt R |37.35|35.29|49.40 | 49.64 | 53.23

type A [39.20|48.22 | 57.65 | 68.17 | 72.68

1 ond R | 75.40 | 80.02|89.81 | 91.82|104.9

Colli- A |89.47(104.1|117.1|137.7|162.7
ion Lt R |36.27|41.38|63.56 | 87.12|73.35
force |type A [40.58|46.41 | 56.41 | 65.51 | 75.94
(MN) | 2 ond R |68.01|77.40 | 83.67 | 108.0|112.3
A |78.14(91.32|106.4 | 134.9 | 147.0

type| | R |182.3| - - 1 206.8|100.4

3 A [102.6] - ]108.3]198.9|151.0

#R: RecurDyn, A!ADAMS, - : not observed

Table 7 Collision impact impulse(MN-sec)

D(diameter) (cm) 102 | 107 | 112 | 117 | 122

lst R 10.159|0.180 | 0.209 | 0.218 | 0.247
type A 10.1610.184 | 0.205|0.234 | 0.245
1 ond R 10.341]0.377 | 0.351 | 0.423 | 0.499
Impu- A 10.326|0.340 | 0.366 | 0.406 | 0.488
Ise lst R 10.167|0.186 | 0.256 | 0.234 | 0.296
(MN- |type A 10.1670.188 | 0.207 | 0.229 | 0.255
sec) 2 ond R 10.286|0.322 0.310 | 0.423 | 0.381
A 10.2710.305(0.331(0.401 | 0.421

type lst R |0.557 - - 0.760 -
3 A 10.592 - 0.640 | 0.759 |1 0.799

#R: RecurDyn, A:ADAMS, - : not observed
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¥ E}(Table 6~9 #=x). 3]
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Fig. 9 Collision contact impulsive normal force
(D=102cm)
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Table 8 Collision normal impact impulse(MN-sec)

D(diameter) (cm) 102 107 112 117 122

type | 1st | 0.147 | 0.167 | 0.194 | 0.202 | 0.229

1 |2nd|0.317 | 0.350 | 0.351 | 0.393 | 0.463

g’;ﬁi type | 1st | 0.155 | 0.172 | 0.238 | 0.217 | 0.275
(M-see) |2 |2nd[0.266 | 0.209 | 0.288 | 0.393 | 0.353
ty?f’e st | 0.557 | - - 10.705 | 0.856

¥ Rt RecurDyn, A'ADAMS, - : not observed

Table 9 Collision contact impulsive force and impulse
(collision contact angle variation)

. D Contact Maximum Impulse Collision
(Diameter) ngl force (MN-sec) ¢

(cm) angle (MN) sec ype
large 36.271 0.1671

102 type2
small | 51.045 0.1673 ype
large | 44.376 0.1857

107 type2
small | 52.596 0.1890 pe
lar 49.403 0.2086

112 arse typel
small | 53.938 0.2180
1 49.638 0.2178

117 aree typel
small | 55.280 0.2280
large 53.226 0.2465

122 typel
small | 69.654 0.2623 ype

ol visle] FEAE ol 2| W] WA o] o) F
Z_I:] 4

dubr o g AL Agete A P 22 2 EFe flv
I AREY & &2 &t AR Asdke Al FE F
AHE A FxaA Al g o Abgshe A Bl
ot AlRHET AAZ HEE7] JRiIAle oEge &
FEAIRE T AEE76 7eliAlE A 25 g 271 F
A& (impulse)elgta & 4 J&=dl Table 73 Table 8l

Uehd vle} o] FEd| o FAFE AU S vlg)

53] Al B AR AL 72
2 g3k 4% (Table 89 )2 dnbdoz A4V
of FAFA A&dhe FZ % (Table 79 gHELE o]
oh mEbA] A FEYs SE o8 &4l JFEiAE
32 Table 8 Yehd F& $7 FAZolgta AasH
o] EE ALY A A eFEE TR 7 Al 9
gor #ggto] gttt Atmdnt. 294 ¥a F9] &
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Block and Wire Ropes of a Goliath Crane for the
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