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NOTICE

W hen go~~c rn I n c n (  d ru~ ~~~~ .pt- tsIs i (inn~ . sir ot lsc r s l a t s  s r .  ~~~~ to,  an~ ~~ o - .  oih. r t l . i i ,

w ith a deti nit el y re late d gu i  s~r ii mc nt p rut - u ri tns ~n I ispe ral son . Ihs I us ’ s  .-d St a Ic.. ( • i is iii t lii i 5 1 s  i o, U ri. ft. ..

bili ly *h at ,soeie r and t he (act  that  th. i io irrn mcn t ,n su~ his ’ e (s . rn i is l .s ts -d , f u ,s ,s . i , ,d  so iii ii..i isn~ u)ipIse. l it s. ..sid

draw i ng ... ,s pei - stl ,at ionb . sir other data. is. ous t t o be rei~ar dtd iii i ini i lsussis.ut SI, • ,1 i, . ~ s~ .- ~s. is,  ,.i ss  n%un ,..s is. . . i . . i sss  t Iss

ho lder or an~ oIh~r per isun or cor por * Ii itn . or rufu s iis ~ any  rsi~hli. or permss.s..ohs I ns.i isul . ic t s , r e . u..c. or ..eIl isn~
Inucation that may in an y way bc related thereto . ‘I’hi.. reius, I ~. 11.51 to lur ss.ucsl s it who le is. iii isur t for ititi ci (I,Ifl hi In s.I5t5~~

purpn~c~ .

ABSTRACT

An evaluat I on o t a po l v i i  i i  t hane /po lyst v rot is compos ito  cusit ion ing  t o r i i i
r evealed  t h a t  t h t  dyn a m i c  cush t o n i n g  e h ar a ct o r  i st  i cs  of t h  i m a t o r  i~ i I
h i s  a br oader  St  it ic St ross range , fo r  a spi c i f !  ~ poak ai ct  I o r . t t  ion
t h a n  some of t ho  . x  t Ing 2 p c f m a t e r i a l s  l i s t e d  in t he  M i l i t  :t r v ii
304 A , ~ Package  C u s h i o n ! ng De~ j g~~ . Samp 1 i S  of mat or Ia is ~~n t i i I ~d is

s t r u c t u r a l  g r i d i  and cu s h i o n in g  g r a d &  t o g i t h o r  w i t h  l i t  r m t d i a t  o gi ds . - 1
of na to  r I al fo rmu l i t  ions  , wer o an a l  v~~i d  t o  dot or m i l i t ’ t he t t ! i c  t of t ho
oxpa nded p01 v st  v re1w hoads In t ho mat  or !  al  lormu 1 at  ion .
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N umerous  samples ot  th e  pol y u r e t t i a i i e / p o i ’.- s t y r~~ne c o m p os i t e  i s t i I o ~ ing
m a t e r i a l  were eva lua ted  is d e ter m i n e  what e f f e c t  the po 1y st ~~rene
bead con te n t h ad on dynamic c u s h i o n i n g  charact eristics.

because of the  large a u a n t i r v  of samnles r equi r ed  t~ ~crTlc~~c t h ~ ~i-s tS ,
the m a j o r i t y  of the da ta  is fo r  a drop h e i g h t  of 24 inches and a
static stress range of 0.06 to 0. 1  ps i.

A detailed i n v e s t i gat ion of a composite cushiup ing material was
conducted h~’ t h e Naval Weapons Support Center in December 1976.

DESCRIPTION OF MATERIAL

Th e pol yurethan e/polystvrLne composite material consists of a poiy—
u ret h a n e matrix with expanded polystyrene beads which are uniformly
distributed throughout the polyurethane. The density, Indent Load
Deflection (ILD) factors , percent of bead content and the bead size
varied for some of the samples tested. To eliminate the many van —
ahies in the material formulation , a set of samp les with only the
bead content as t h e  variable 2 ‘crc included in this evaluation .

The material Identifi ed as c ush i o n i ng  grade was designed primaril y
f r  the furnitur e industry and the structural grade was formulated
for packag ing material. The percent of head c o n ten t  is by we i g h i t  .
Sample thicknesses of two and four inches were evaluated. A detailed
descript ion of t h e samples  are listed in Table I of t he  a p p e n d i x .

le st I n st  rum and ~~~~iJ~~~nt

rho fol lowing instrumentat ion and equi pment was employed during
this evaluation :

1. Oscilloscope , 4 channel storage , Tektronix Model 564—B

2. Accelerometer , St atham Model AS—1O~)—35O

3. Amplifier , Sensotec Model RN—6

4 . E P U T / T i m c r , Beckman—Berkele y , Model 7360R

. Hardlgg Cushion Tester , Hardigg Industries , Inc. Model 3

W I  egani and Smith , “Invest igat ion of a Shock N it igat ing Composite
Foam” (Report Nr. NWSCICR/RDTN—31), Naval Weapons Support Center ,
A pp I led Sc Li-nec- I)e-partmi’nt , Crane , I n d i a n a  47522

-
, 

A l  bou gh L i i i ’  sample  deits it los var liii wit It t h e  bead cotfl t nt  , t lie
dens It v of t li e p~ l yurc I bane mat  or I a 1 It ~i i f  wits he l d const an t
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Test Procedures

The dyn amic cushion characteristics test was conducted in accordance with
ASTM Test Method D—1596 , Dynamic Properties of Package Cushioning Materials.
The sample sizes were 8 X 8 X 2 inches and 8 X 8 X 4 inches. The m a j o r i t y
of the dr op tests were conducted at a heigh t of 24 inches and a static
stress (weig ht/area) range between 0.066 and 1 psi. Limi ted data were also
obtained for the structural grade material at drop hei ghts of 36 and 42
Inches.

Test Resul ts

All of the  test  results are presented graphical ly on semi—logari thmic two
cycle  graph paper. Grap hs 1 and la reveal the e f f e c t  of the polystyrene
beads which were added to the pol yure thane ma t r i x .  Increasing the bead
content  decreased the  peak accelerat ion at the h ig h s ta t ic  stress range
and increased the peak acceleration at the low s ta t ic  stress range . These
samp les were formulated spec i f i ca l ly  for  this  test series to determine
the e f fec t  of the bead content .  The sample numbers on each graph can be
matched with the sample numbers in Table 1.

Grap h 2 compares a pol yurethane sample without  beads wi th  the 9% bead
content of the cushioning grade . Grap h 3 compares the 15% bead content
of the s t ruc tura l  grade with a sample without  beads.

Variations of the cushioning and s t ruc tu ra l  grades were made by using a
soft  polyurethane matr ix  and increasing the pol ystyrene bead content .
Grap h 4 reveals the results of the intermediate grade which has a bead
content of 13%. In graph 5 the bead content was increased to 18%. For
the 2 inch thick sample note the effect of bead compression which results
in an irregularity in the static stress range of 0.15 psi.

In graph 6 the 13% intermediate grade is compared with polyure thane and
polyethylene foam , 2 pound density listed in Military Handbook 304A. Note
the broad static stress range for the composite (sample 9) as compared
to the other materials. The composite sample 9 is also compared to 4 pound
density polyurethane and polyethylene in Graph 7.

The Gm — W/A data for sample 14 were generated for drop heigh ts of 24 , 36
and 42 inches and a static stress range of 0.07 to 0.9 psi (graph 8) .

In graph 9 the data for - sample 14 (acceleration vs. drop height)
reveals that the standard structural grade material will protect an item
to 42 Cs at a drop height of 30 inches even though the static stress varies
frost 0.1 to 0.5 psi. This data also reveals that the composite is superior
to the polyurethan e as the drop heigh t increases because the polystyrene
beads begin to compress at a static stress of 0.3 psi.
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Recoz~~endat ions

Generate additional dynamic test data to enable packaging specialists and
designer. to determine specific applicat ions for this type of composite
material. This should include additiona l drop heights , additional thick - I -

messes and the evaluation of other special polyurethane/pol ystyrene torn- Iulations .
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