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Overturn Thresholds for The Inverted Rigid Body
to Shock Models

Kazue NISHIHARA®, Takayuki YOKOYAMA®**

To maintain the safety of products, it is important to understand the circumstance in
which the rigid body turn over, and with this knowledge, to design the container hard to
upset even in the shock environment. In this paper, at first using some typical shock models,
computer simulations were achieved to give overturn threshold accelerations on the inverted
rigid body, getting two simple equations for the threshold accelerations. The two equations
were characterized in the case of the time integral area of shock wave, that is, case of the
area =1 and case of the area <1, both of which gave good approximations to the original
differential equation in a wider range of non-dimensional frequency Q.

Secondly, the shock experiment is carried out for a steelball overturning appratus with
various cushioning pads. It was evident that the tendency of the experimental threshold
accelerations coincided with that of above equations. So overturning thresholds will be
presumgd widely if the duration time and its integral area of actural shock are partly
assumed.

Keywords : Overturn of rigid body, Overturn of container, Overturn threshold, Turn over, Fall,
Upset, Shock model
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Fig. 1 Inverted rigid bodies
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Fig. 2 Experiment on shock overturning
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(a) shock wave
0.5G.div, 20ms/div (exp. No.1)
symbol ¥ : start and stop of impact

(b) apparatus
1 : polyurethane foam cushion
2 : steelball and accelerometer in the box
3 : trigger equipment
4 : guide

Fig. 3 Shock wave and apparatus
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Fig. 4 Models of normalized shock acceleration
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Fig. 5 Overturn threshold accelerations calculated,
simulated and experimented

solid line : calculated from eq.(1)
® : experimented and
¥V :simulated by eqs (5) and (6)

Table 1 Normalized shock model

No. s Th T, qQ n

comments

—

0.1728 5z/11 6=/11 001

2 02042 4x7/9 5x/9 001

3 02536 3x/7 4=z/7 001

4 03424 2x/5 3x/5 001

5 05798 «/3 2x/3 001

6 06544 #x/3 2z/3 005

7 1.047 n/3 2x/3 02

8 1.178 0 7 4 sinet

9 1571 0 n 2  sine?
10 20 0 4 1 sine
11 3.142 0 T rectangular
31 0471 3x/7 S5#/7 001 similar to 5
32 05610 3x/7 6x/7 001 similar to 6
33 07854 3=#/7 T=/7 001 similar to 7
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