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ABSTRACT

\‘;/

An evaluation of a polyurethane/polystyrene composite cushioning material
revealed that the dynamic cushioning characteristics of this material

bas a broader static stress range, for a specific peak acceleration,

than some of the existing 2 pcf materials listed in the Military Handbook
304A, PPackage Cushioning Design®. Samples of materials identified as
structural grade and cushioning grade together with intermediate grades
of material formulations, were analyzed to determine the effect of the
expanded polystyrene beads In the material formulation.
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INTRODUCTION

Numerous samples of the polyurethane/polystyrene composite cushioning
material were evaluated to determine what ¢ffect the polystyrene
bead content had on dynamic cushioning characteristics.

Because of the large auantitv of samnles required te complete the tests,
the majorlity of the data is for a drop height of 24 inches and a
static stress range of 0.06 to 0.1 psi.

A detailed investigation of a composite cushiqning material was
conducted by the Naval Weapons Support Center in December 1976.

DESCRIPTION OF MATERIAL

The polyurethane/polystyrene composite material consists of a poly-
urethane matrix with expanded polystyrene beads which are uniformly
distributed throughout the polyurethane. The density, Indent Load
Deflection (1LD) factors, percent of bead content and the bead size
varied for some of the samples tested. To eliminate the many vari-
ables in the material formulation, a set of samples with only the
bead content as the variable 2 were included in this evaluation.

The material identified as cushioning grade was designed primarily
for the furniture industry and the structural grade was formulated
for packaging material. The percent of bead content is by weight.
Sample thicknesses of two and four inches were evaluated. A detailed
description of the samples are listed in Table 1 of the appendix.

Test Instrumentation and Equipment

The following instrumentation and equipment was employed during
this evaluation:

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

2. Accelerometer, Statham Model A5-100-350

3. Amplifier, Sensotec Model RM-6

4. EPUT/Timer, Beckman-Berkeley, Model 7360R

5. Hardigg Cushion Tester, Hardigg Industries, Inc. Model 3
‘wicguuland Smith, "Investigation of a Shock Mitigating Composite

Foam" (Report Nr. NWSC/CR/RDTN-31), Naval Weapons Support Center,

Applied Science Department, Crane, Indiana 47522

Although the sample densities varied with the bead content, the
density of the polyurethane material ftself was held constant.
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Test Procedures

The dynamic 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 majority
of the drop tests were conducted at a height of 24 inches and a static
stress (weight/area) range between 0.066 and 1 psi. Limited data were also

obtained for the structural grade material at drop heights of 36 and 42
inches.

Test Results

All of the test results are presented graphically on semi~logarithmic two
cycle graph paper. Graphs 1 and la reveal the effect of the polystyrene
beads which were added to the polyurethane matrix. Increasing the bead
content decreased the peak acceleration at the high static stress range
and increased the peak acceleration at the low static stress range. These
samples were formulated specifically for this test series to determine

the effect of the bead content. The sample numbers on each graph can be
matched with the sample numbers in Table 1.

Graph 2 compares a polyurethane sample without beads with the 97 bead
content of the cushioning grade. Graph 3 compares the 157% bead content
of the structural grade with a sample without beads.

Variations of the cushioning and structural grades were made by using a
soft polyurethane matrix and increasing the polystyrene bead content.
Graph 4 reveals the results of the intermediate grade which has a bead
content of 13%. In graph 5 the bead ccntent 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 polyurethane 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 heights 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 Gs at a drop height of 30 inches even though the static stress varies
from 0.1 to 0.5 psi. This data also reveals that the composite is superior
to the polyurethane as the drop height increases because the polystyrene
beads begin to compress at a static stress of 0.3 psi.

:" e .";l L .)‘A_A TN Y, T




Discussion

The addition of expanded polystyrene beads in vavrving proportions in a
polyurethane matrix could enable a manutacturer to formulate cushiontng
materfal which would meet spectal packaging requivements tor specitic
ftems. Also one tormulation, such as the structural or intemmediate
grades, would provide approximately the same shock level protection for
ftems which have varfous wefghts and surface atveas., Mis could reduce
the need for a large number of cushioning material tvpes and thicknesses
tn organtzatfonal {nventories,

Cost Analvsis:  Accurate manufacturer's cost data for the various composite
materials tested was not avatlable; however, the estimated relative cost
fnformation listed {n table 1 should provide some fasight into compavat ive
costs with relationship to commonly used package cushioning matervials.

The cost rvatfos tor the materfals shown arve based on an equivalent volume
of polvurethane (ether) matervial,

TYPE FOAM (. pet) COST RAT1IQ
Polvurethane (ether) 1.0 ;
Polvurethane (ester) i
PU/PS Composite 1 |
Polyethylene 1.4

1. Relative Cost Informat {on

Table

Conclustons

When compared to the dvnamic cushionfing curves of the polvurethane matvix
material alone, the addition of expanded polvstvrene beads in oa polvare
thane tormulatfon will degrease the peak accelevatfon at the high static
stress range of the Gm - curves and increase the peak acceleration at the
low range. The percentage ot po\l\'s:lvrvnv beads in the tormulations will

5 N
determine the shape of the Gm A curves,

The most signitfcant effect of the polvstyrene beads {8 the "tlattening” ot
the polvurethane Cm { curves such that the level of protectton provided
remafus essentially constant over a wide static stress rvange. This chavac
terfatic simplities the package design process since one tyvpe and thickness
of material can be used to package {tems with widely ditfeving weights

md

dimensfons,

At static stress loads of 003 pst and above, compostite polvurethane
polvatvrene materials provide significantly better protection than poly
urethane as drop hefghts ave fncreased.  As an oxample, the polvarethane
will "bottom out" (€ the static stress (s greater than 0.3 psi, 11 a pack
fs acctdentally dropped st a height which {8 greater than than the wmaxt

mum design hetght, the item will be damaged: wheveas, the compostite material
will continae (o provide the same protection to a static stress of 0.0 psi
which would be equivalent to drop hefghts greater than the maximum design

drop height.




Recommendations

Generate additional dynamic test data to enable packaging specialists and
designers to determine specific applications for this type of composite
material. This should include additional drop heights, additional thick-
nesses and the evaluation of other special polyurethane/polystyrene form-
ulations.
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% 'SAMPLE SAMPLE DENSITY POLYSTYRENE BEAD
Y BEAD CONTENT STZE
1 PU - 2.24 0 =
L: k3
: 2% PU/PS C.G.1 1.82 8 to 10 790
¥ o 2.00 8 to 10 790
4 " C.G.3 2.1} 8 to 10 790
E 5 " $.G. (Std)  2.20 15 790
6 g et 2.46 18 790
7™ " Inter. 2 2.16 18 to 20 790
i 8* " Inter. 3 2.00 18 to 20 790
9 " Inter. X 2.24 13 790
10 PU 8 | 1.54 0 -
Il pyips S.F. 2 1.59 10 950
12 L 1.72 15.8 950
13 i S.Fo % 1.87 20.9 950
) RN e L ol I e e e o =
a2 PU - Polyurethane RN o e |
o
=
PS - Polystvrene oy St
o C.G. - Cushioning Grade (furniture)
2 S.G. - Structural Grade (packaging)
e INTER. Intermediate Grade
LA S.F. - Special Formulation I e i

Fable IT, Sample Description

* Craphs not included In this report
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