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Adjustment of Resonant Frequency of Packaged Freight by Shape Change of
Stress-Strain Curve of Cushioning Material - Effect of Reduction of Maximum
Acceleration during Impact and RMS Value of Acceleration during Vibration -
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Cushioning materials are used in order to protect products from shock and vibration during transportation.
Normally, it is often difficult to achieve both cushioning and damping, because cushioning materials
suitable for cushioning are different from ones suitable for damping. The maximum acceleration during an
impact has been used as an index for cushioning, and the RMS value of acceleration during a vibration as
an index for damping. If both the values can be reduced, it can achieve both of the above. In this paper, it
was considered that both the values could be reduced by adding a feature to the shape of the stress-strain
curve of cushioning materials. Here, based on a general stress-strain curve, the rise was changed to a steeper
shape, and the changes of both the values were examined. As a result, it was found that the RMS value
could be reduced, because the resonant frequency of packaged freights was higher than the dominant
frequency band of truck bed. It was found that the appropriate shape change had almost no effect on the
maximum acceleration. From these, it is considered that the steep rise of the stress-strain curve will help to
achieve both of the above.
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Fig.1 Vibration of truck bed and transfer
function of packaged freight

Fig.2 Vibration of truck bed and product

Fig.3 Vibration of product
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Fig.4 Example of vibration measurement
of truck bed
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Fig.5 Maximum stress for cushioning and
Inclination for damping in stress—
strain curve
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Fig.6 Shape change of stress—strain curve

of cushioning material
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Fig.8 Stress—strain curves of cushioning
material before and after shape

change

4.2 ETE OB XIEE & KUk E 0o

HEEEMEORTHE
421 ETHRORXMEE

RE I, MEMLEET L LICL
DHETEHEZ XL —ZRILL TWDH,
ZOERICL DR LFX =X, S — O
FTHMBICBTL2HROT HETOHBE
(MR M cHENT-RBE) MY
%, Fig. 91— O T HiifRIcH T 2=
AN —DOWERERT, TOREDREK
DT HERDDZDIZ, BFRIZLSHTX
NE—DETEREZ X LT -2 BRAE
BoOmMBEDORA Y N ERERETICEY

— 286 —



AR REZZ54 Vol.29 No.d  (2020)

BH LY B oni Kz R (1)
WAL, BERORRINEEZFHEL
2o T2 T 50cm O PR S &2HBEL.,
"W OEELK kg 7 HA 102kg F TH
0.5kg Zl A CTHIMSH ., HHIE %
0.00IN/mm* 7> % 0.1 N/mm®> £ T 0.0005
N/m? A CRELS LR ZBEVIEL =,
T LERIZE D=3V X =721 TILE
THBEZ X LY —Z2 X W& ICIERE
WAFATRE L CHIBT L, BHEZ TR L,
AETCHLONIZEHNIS ) T &R RN
W A BT AR T J RO B | R L
w89 I 1 D de RN JE FE — #6908 7 ith
DOEER LT, BIREERIZIZB T DK

RN BE — F 605 77 il g 0 224k & el L |

RBEIEOHRZBET LT,

Omax X4

Amax = — (1)
Amax - BNHE 0y WRNES
A XTI m :HE

Fig.9 Equivalence of drop energy and
deformation energy in stress-

strain curve

4.2.2 0¥ B 0D hn 2 BE E ShE

LT ERICEVBEEM AL LR
REZ FHIRAE L L CIREIL TV 5, S,
OHELBREMOZ T I DB
RO THERD, PIHMOT A LTI
MM L e LT, R @) ITRT v
JRERH L (Fig9 &R, b=y
I HEERG)ITRAL TR EKE K
DT, R ICRTHIBFEEH AR L,
421 LEIERIC, ®AOBEEEK kg 05
%) 102kg £ TH 0. 5kg Z A THM S 4,
FrA I 71 % 0.001 N/mm® 225 0.1 N/mm® &
T0.0005 N/mm*Z|ATRK&EL L, 3tE%
iR L7z,
FETHLONEHNIE) DL O KIEE
W A F T MR SRR A B gk, AR L
B 6 7 0 S % R Bk S — FR R0 S 0 il R
DD EER LTz, 22 TIEARZ—2 0 D
RINGEFE — F B9 ST Tl TR 5.
BEMEA R OERL OIS OICER L,
Z O FAIS I T 2 B R B o 0k
FhE A R To, BARRIZIE, £ O FBIIG
BT HEIER R E 2 ETHRELEL
LR, E#EE O PSD 26 & IR
O NI EEE i A R L 7e . TEAR A G
%I T DN B EE DB & ek L,
RRIEODR LR LI,
(2)

:_:Exé (3)

— 287 —



BT DIST) — O T B R OTENR IR 1 S S A

SELTHY D IEHRE T e B Dy B

~ 7K FHFDIRA NI SE 15 I OIHHF D I 2 TS i DRI 2D R~

E Y /&R o

€ (035 P2 k : NXREHK
F o faf i x ERE
t 2 fn o IEAJE K

4.3 ET B O KMNEE & LU0 i B DA
EEEMEOEMTER

431 ZETHORKXMEE

Fig.10 (ZJB IR 28 Bl 1% 12 F 1T 2 fe RN
—ERIS R AR T, AV S

MR XoIlT, BWIREEIZL Y KHEWIEH
T O Fe RINGE XA L, e KN E —

#%mﬁ%ﬁiﬁzv7hbfwé 74
RN BE — 5 e 7 b o0 e T asic i A
?ék\%ﬁﬁﬁzibwkmLEi%
PN EL 7Y G TIERE L o
TWVW5, SHICBREELZRDDL L LB
2, RRMEEICIT - EOMHMITRA SR
T ENIENITE Y RELS R DEMICH

0.0075

Fig.10 Maximum acceleration—static stress
curve of cushioning material before

and after shape change
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Fig.11 Resonant frequency-static stress
curve of cushioning material before

and after shape change
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Fig.12 Vibration of truck bed and transfer
function of packaged freight before
and after shape change (Static
stress 0.0075(N/mm?))
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(a) Maximum acceleration

(b) RMS value of acceleration

Fig.13 Maximum acceleration and RMS value
of acceleration before and after shape
change (Static stress 0.0075(N/mm?))
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Table 1 Rate of change of maximum acceleration and RMS value of acceleration

(Static stress 0.0075(N/mm?))

Pattern 0 | Pattern 1 | Pattern 2 | Pattern 3
Maximum acceleration (%) — -9.5 -3.9 44
RMS value of acceleration (%) — -15 -34 -34
Resonant frequency (Hz) 18.2 26.0 43. 6 56.2
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