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Abstract: In this paper, a mathematical methodology was theoretically studied to obtain the impact force
caused by the collision between rigid bodies. This theoretical methodology was applied to compute the impact
force applied on the spent nuclear fuel disposal canister that accidentally drops and collides onto the ground.
From this study, the impact force required to ensure a structurally safe canister design was theoretically
formulated. The main content of the theoretical study concerns the rigid body kinematics and equation of
motion during collision between two rigid bodies. On the basis of this study, a general impact theory to
compute the impact force caused by the collision between two bodies was developed. This general impact
theory was applied to theoretically formulate the approximate mathematical solution of the impact force that
affects the spent nuclear fuel disposal canister that accidentally falls to the ground. Simultaneously, a
numerical analysis was performed using the computer code to compute the numerical solution of the impact
force, and the numerical result was compared with the approximate mathematical solution.
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Table 1 Comparison between the experimental value
and theoretical value for the impact
between 1 in. diameter copper c¥linders at
10 cm/sec velocity of approach™™*?

Time Experimental Theoretical
(usec) value value
0.0 0.0 0.0
14.2857 4.95652 417391
26.7857 9.13043 8.0
375 14.4248 12.65487
50.892857 20.35088 20.35088
65.17857 28.42105 28.42105
86.607142 34.69565 35.73913
108.84956 38.08696 39.39130
Impact | 120.35398 39.21739 39.91304
‘EOLVS 142.47788 37.65217 39.21739
161.9469 34.69565 36.60870
189.38053 26.92982 29.12281
214.91228 19.02655 21.22807
242.10526 12.65487 1477876
277.19281 6.173913 7.739130
299.12281 2.782609 4521739
312.42857 0.695652 1.565217
350 0.0 0.0
401 N
30
o
=l
1]
s
S 20
]
(=] 4
© Experimental
o
E
o]
0

o 100 200 300

Collision Time, t(sec)

Fig. 6 Impact force-time curve for the impact of
two 1-in-diameter crossed copper cylinders
at an collision initial velocity 10 cm/sec™**®
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Table 2 Comparison between the numerical value
and the theoretical value for the direct
collision of the canister on the ground

Time Numerical Theoretical

(sec) Value Value

0.0 0.0 0.0

0.00175 18.88 14.16

0.00275 55.61 47.98

0.003375 82.39 76.70

0.004 105.86 97.28
0.004625 120.43 107.54
0.004875 122.84 108.47
(a) beginning of falling down from vehicle ':,?)Fr’ggt 0.005125 121.98 107.79
(MN) 0.00525 120.68 106.94
0.005875 106.88 97.73

0.006625 84.13 80.88

0.00725 57.63 57.71

0.007875 32.88 30.03

0.008125 24.56 18.17

0.009125 251 1.69

0.00975 0.0 0.0
'mp(?é:,t\l_'srgg)“'se 556.87 526.28

Impact Period(sec) 0.00975 0.00813174

(b) during falling down 130

120
110 -
100
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80
70
60 -
50
40 4
30 4
20
10

Impact Force(MN)

,Theoretical

0 T T T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010
Time(sec)

(c)direct colliding on the ground Fig. 8 Comparison between the numerical value and

the mathematical approximate (theoretical)

Fig. 7 Computer simulation of the SNF disposal value for the impact force occurring to the

canister that accidentally drops and directly canister accidentally dropped and directly
collides onto the ground using RecurDyn collided on the ground
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