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Extension of Applicable Range for Equivalent Drop Test
for Packaging
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According to JIS, the equivalent drop test by a shock machine should be configured a duration of inputted shock
pulse with 3ms or less. This means that the equivalent drop test with the longer shock duration can’t be applied to
packaging with high natural frequency. In the other words, the testing limitation has been existed in the conventional
method.

In order to extend the testing limitation, the new method that doesn’t have any influences between the natural
frequency of tested packaging and the shock duration of inputted shock pulse has been proposed. In the equivalence
testing theory, a corrected factor of input velocity change was found by configuring a ratio of the shock
transmissibility and an approximate line of the conventional theory. Then, this proposal method has been verified by
the mathematical calculation with simple modeling with an analysis software that simulate the free-fall and the
equivalent drop. As the result of this analysis, the peak acceleration and the peak displacement were confirmed to
equivalent of both of tests. However, the velocity change using the proposal method became bigger than the free-fall
test. Moreover, the experimental comparison with free-fall tester and the shock machine was conducted to
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demonstrate to apply for practical use. Peak acceleration of both was almost same, but the velocity change on the
proposal method was bigger than free-fall test. These results mean that the same with the mathematical analysis, and
the proposal method will be conducted the drop test with safety. Namely this method will become severe test for

packaging comparing with the free fall test method
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Fig.1 Shock transmissibility of half-sine

pulse and the approximation line

Fig.2 Shock transmissibility of half-sine

pulse and an approximation line with ng
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Table1 Parameter of mathematical analysis

at £,0, =03
Item Value
Peak input shock pulse | 1000m/s’
of pre-test
Peak response shock | 1522m/s
pulse of pre-test
T, 1.522
D, 1.91ms
fn 157.1Hz
Nes 0.808
AV, 4.90m/s
Acsmax p 3908.1m/s
AV 8.86m/s
Desmaxp 4.0lmm
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Table2 Result of mathematical verification between conventional method and free—fall

Item Value
fD, 0.1 0.2 0.3 0.4 0.5
D,(ms) 1.91
£.(Hz) 524 1047 | 157 209.4 261.8
AV(m/s) 3.96
Af fmax o (m/s?) 1302.7 2605.4 3908.2 5210.9 6513.6
Acsmayx(m/s?) 1273.8 2372.6 3156.2 3550.3 3664.9
E.(%) 22 -8.9 -19.2 -31.9 -43.7
Df fmax (mm) -12.0 -6.0 -4.0 -3.0 2.4
Desmax(mm) -11.8 5.5 3.2 2.1 -1.4
E; (%) 2.4 -8.9 -19.3 31.4 -43.7
AV (ml/s) 7.92
AV, (m/s) 7.83 7.57 7.16 6.64 6.07
E,(%) -1.1 -4.5 9.6 -16.1 234
Table3 Result of mathematical verification between proposal method and free—fall
Item Value
fuD, 0.1 0.2 0.3 0.4 0.5
D,(ms) 1.91
f(Hz) 52.4 104.7 157.1 209.4 261.8
Ngs 0.977 0.910 0.808 0.681 0.563
AV, (m/s) 4.05 435 4.90 5.81 7.04
At fmax(m/s?) 1302.7 2605.4 3908.2 5210.9 6513.6
Acsmax p(m/s?) 1302.8 2605.5 3908.1 5210.9 6513.6
E.(%) 6x107 22%10° -1.6X10° 0 0
Dy fmax(mm) -12.0 -6.0 -4.0 -3.0 2.4
Dsmax p(mm) -12.0 -6.0 -4.0 -3.0 2.4
E; (%) 0 0 0 0 0
AV (ml/s) 7.92
AV, ,(m/s) 8.01 8.31 8.86 9.75 10.78
E,(%) 1.1 4.9 11.9 23.1 36.2
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Fig.3 Analytical shock pulse of proposal
method and free—fall at f,,D, = 0.3
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Table4 Dummy packaging for
experimental verification

Item Details

Box Size 340%340%340 mm

Mass 4kg

Contents Wooden Box
Size:300 X300 X 300mm

Cushioning MEF Corner-pad M6,

Material Expanded ratio:30
Thickness:40mm

Accelerometer 3 axis accelerometer was
installed in the wooden box.
PCB Piezotnics,356B20

Fig.4 Dummy carton box
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Tableb Parameter of experimental
verification for proposal method

Item Value
Input shock pulse | A;=133.2m/s’
in pre-test D=15.19ms
AV=1.12m/s
Response  shock | Agsmax= 185.2m/s’
pulse in pre-test T=14.76ms
fn 33.9Hz
D, 9.68ms
fnDe 0.328
T, 1.390
Nes 0.675
AV, 5.86m/s

Fig.5 Free—Fall Tester

— 2562 —



7% Vol.26 No.5 (2017)

Fig.6 Shock Machine
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Table6 Peak acceleration and velocity change

of each test with E value

Peak Velocity
Acceleration change
Free-fall 938.8m/s 6.16m/s
Proposal 2
982.9 m/s 8.36m/s
method
E 4.7% 35.7%
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=+ =Free-fall

Acceleration(m/s2)
2] o
g g

=
8

g

e

Time(sec)

Fig.7 Experimental shock pulse by proposal
method and by free—fall
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