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Linear model study on the fragility of stacked products and
product supported viscoelastically

Takamasa NAKAJIMA®, Katsuhiko SAITO* Masayoshi KUBO* and Yoshiharu TERAGISHI*

In order to reduce the volume of packaging materials, it is necessary to evaluate the fragility
of product exactly. We studied on the fragility of stacked products and product supported vis-
coelastically by using 2 kinds of linear models. Maodel-A that represents the former is a model of
2 spring-mass systems to be connected. And Medel-B that represents the latter is a model of a
spring-mass system with linear viscous damping. The main results obtained are as follows,

(1) In the case that the mass of Model-A is damaged by shock load, the lower mass is more fra-
gile. And in the case that it is damaged by acceleration, the upper mass is more fragile. Moreov-
er, in the latter case, critical acceleration of damage boundary curve by rectangular shock pulse
shows a variation for velocity change.

{2) The closer the damping ratio { gets from O to 1, the more the response resembles the shape of
input shock pulse. Consequently the shock transmissibility approaches 1 and the critical accelera-
tion will be improved.

Keywords : Package, Transportation, Cushioning design, Shock, Mechanical-shock fragility,
Linear model, Stack, Viscoelasticity, Product
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®ORx ORARVORIRATEE
"o 0 (s®+wz2?)
sTF (@112 + 0127+ 022%) P+ w11 % w207
Aga(l+e” )
s?(s®+a%)

X2 = 2. 2
W11~ W22

s'+ (011 2+ 012% +w22%) %+ w112 w357
Aga(l+e™T9)

s2(s2+a?)

Lk,
o EE2EBREREHVTRUNCEY
BTHHBOHS 75 AEHRY 2f7) LK

DEHR B,

x1(t) = Aown*{g (VU ) +g1 (t—To)
U(t—To)}
(wz22—a?)sin at
& (@—B7) (2P — &)
> (w22*—B%)sin Bt
B’ (B*—a’) (a®—B%)
" (wgp®—a?)sin at
2@ —a) (BP— D)
x2(t) = Aowi1®w22*{g2 (1) U (1)
—g2(t—To) U(t—To)}

g1 () =

(l)gzzt
aZBZaZ

sin at
aﬁ (aZ_BZ) (aZ_aZ)
+ sin 8t
B°(B*—a?) (a*—B?)

g2(t) =

n sin at + t
a3(a2_a2) (ﬁz_az) aZBZaZ

-::."(:‘\ a-=— 7Z'/To

@ ® twi® + wz0®) ]
aB= Vi 2+ wi12” + we2%) 4wy 2wa2®
Y 2
L7

WEH RO IARNTRT S,
fi = ky (xo (1) —x; ()
f2 = ko (x; () —x2(t))
Flo, SEEMICRET D2MHEE £, (O
2 WE X ORF O 2BHSICLT
RKDBZENTE D,

6.3 Model-B (FTH)

@R%* QDRI ATBE
- 2lws + w? Ag(1—e™T5)
X S 2lwst+ w? 53

L%,

—133—



BBDRIGE FNAZ & BGRH X OB}

hozE 2 EREHrHWTELOEY
BT 2BE085 75 AEEY 2179 Lk
DEIh Db,

x(t) = Aolg(t) U(t) —g(t—To) U(t—To))

2 2
glt) = jscggjgz) e+ Bzac(c;l:t;) et
t? 1
PR
Z I T,
a.f=—Clwtiv1-¢*
L7

WEIZRKTEKE 5,

f = mx(t)

I, k() EERICRET HIEET,
x(t) D2WHTICE - TRKDBZEHTE
%,

6.4 Model-B (IE3%3i#)

OXz2 ORI ATHLE

2lws+ w® Apa(l+e™T%)
2+ 2lwst+w? s?+a?
&b,

IhoxHE2BBERLAVTEMOERE
ETHBEOMT 77 ALEY 2175 £ X
NDEIE B, .

x(t) = Ao{g() U () —g(t—To) U(t—"To)}

x:’

2lwa+w?
& (a—B) (@ +22) ©
2{wp+w? '
YR @D
2ifwa+ w?
—2ia’ (ja—a) (ia—B) ¢
—2ilwa+w?
2ia® (ia+a) (ia+B)

at

g(t) =

iat

—iat

a2

A

a.B=—lwtiw /=7
L7,
WE AR TRE D,
f = mx(t)
TIT, k() FEERMICRET B IEE T,
x(D) O 2B L > THDBZ LN TE B,
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