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Mechanical Shock Fragility Testing Method Using Only Half
Sine Shocks with One Sample
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Proper packaging is required because defective packaging and over-packaging create economic and
environmental problems. For proper packaging, cushioning packaging design in which the drop height during
transportation and mechanical shock fragility of the product are considered is an effective method. Although
the test method for determining mechanical shock fragility of a product is standardized, it is generally not
performed. Therefore, we developed a mechanical shock fragility test method for a product that could obtain the
information necessary for cushioning design using only one sample. However, there were three issues: (1) two
types of shock waveforms, i.e., trapezoidal and half-sine waves were used for the test; (2) the critical acceleration
that was higher than the maximum acceleration of the trapezoidal wave could not be obtained; (3) the cargo
would be over-packaged if it generated a half-sine shock waveform. Therefore, we proposed a test method using
only half-sine waves to solve these issues. We demonstrated the reliability of the proposed test method using
actual products and succeeded in obtaining the critical acceleration of the product using the half-sine wave
when the acceleration band was broader than the maximum acceleration of the trapezoidal wave.
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Fig. 1 One degree of freedom spring mass

system

Fig. 2 Difference between SRSs in square

and half-sine shock

Fig. 3 Difference between DBCs in square
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160Hz, response critical acceleration
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Fig. 4 Over—packaging due to difference in
critical acceleration between square

and half-sine shock

Fig. 5 Defective packaging due to difference
in critical acceleration between square

and half-sine shock
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Fig. 6 Overview of the conventional method®

Fig. 7 Procedure of the conventional method
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Fig. 9 Overview of half-sine only test

Fig. 10 Procedure of half-sine only test
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Fig. 14 Determination of acceleration

increase ratio at half sine shock

Fig. 15 Correction value of acceleration
increase ratio from square shock

to half sine shock

3. RERICK BRI
DVD 7L A ¥ —ZHWTIREE L MREC
X BFEREIT-T,

3.1 =EBHEH

FEFEE L LT DVD LA F— (225 mm
RV,
M X DT

X230 mm X 50 mm, E& 1200 g)
BRI ENIXEm O & & L,

BT 572 Fig. 16 (279 X 912 DVD
TA Y —%XFFLT, AGHEIX [DVD 7

LAY —D LA MBRBAREE RS TZHE
e L7,

Vol.29 No.6 (2020)

Fig. 16 Test sample (DVD player)
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Table 1 Set values as test machine
specification in conventional method

Trapezoid shock pulse

Minimum acceleration 98 m/s?
Maximum acceleration 980 m/s?
Minimum velocity change 1.5 m/s
Maximum velocity change 6 m/s
Minimum acceleration 49 m/s?

increase value
Minimum acceleration 1.1x
increase ratio

Half-sine shock pulse

7 m/s

(short pulse
only)

5.5 m/s

(other pulses)
Depends on vel
ocity change
49 m/s?

Maximum velocity change

Maximum and minimum
acceleration

Minimum acceleration
increase value
Minimum acceleration
increase ratio

1.18x or less
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Fig. 18 Setting values on proposed method
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Fig. 20 Test results on proposed method
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Fig. 22 Comparison of accuracy of critical
acceleration between conventional

method and proposed method
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Fig. 23 Cushion tester

4.2.1 BR—ILBEKREDLE

Fig. 24 [ R TER—LEEE (A 71— b,

110 mm X 110 mm X 50 mm) % FEBRICH W,
B L7 @R % Fig. 25 (ICR7, BEAR—
WERZREME L THWESES, BFIEIC
UL - REWNTRET D, O
To . HERIE Y OB A T RN
RN MEL R D,

BRI CORRMNEE 2R3 25461
KEOF—AERBE LLLEREED DML
N D, Fig. 3R LIz X IT, FAMEEIX
EZEEOFPRELS, HEERKREL R
HER 2 EOFBEMEENF LN TS, E
BT8R TIT 9 A3, B R THEE B O FF A N
ED 2 L7 b, EOH, BEAR— VG
ZREWEAM L L THWASHAIC, ER RO
BIHE A LZRICHAT 2720120, 5FAEM
WEON73 OE 2 BERFHIEN T 5 LR
b5,

AR T O R M0 &l

Fig. 24 Corrugated cardboard structure

Fig. 25 Shock waveform by corrugated

cardboard structure
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Fig. 27 Shock waveform by foamed polyethylene
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