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INTRODUCTION

Previous container cushioning research reports [ ) - 9], prepared

under the MICOM container cushioning research effort, have been concerned |

with:

1)

2)

3)

4)

5)

6)

This research report extends the previous work to equa! thickness com-
binations of selected bulk cushioning materials. In this report, a com-
bination or composite of materials refers to identical thicknesses of two

different bulk cushioning materials being utilized as the cushioning system,

-

The logic behind the investigation of a two material cushioning sys-

o |

[ |

instead of only one cushioning material.

tem is related to the physical properties of the material. Certain bulk

. cushioning materials provide excellent shock mitigation at low static stress

levels (.03 - .8 psi), while others do 1ikewise at high static stress levels

the acquisition of an experimental data base for selected
individual bulk cushioning materials over a wide range of
temperatures.

the development of a statistically significant parabolic-
logrithmic equation for a specific set of conditions.

the development of confidence intervals and prediction limits 1
for selected temperature sensitive bulk cushioning materials.
the validation of generalized bulk cushioning models for
selected temperature sensitive bulk cushioning materials.

the development of computerized models for selected tempera-
ture sensitive bulk cushioning materials.

the development of HP-9815A desk-top calculator models for

selected temperature sensitive bulk cushioning materials.
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(» 1.0 psi). Similarly, some bulk cushioning materials provide superior
cushions at low temperatures (-65°F to -20°F), while others possess good
cushioning ability at high temperatures (100°F to 160°F). Thus, it be-
comes clear that if a judicious choice of bulk cushioning materials is
made, the best properties of each material will be capitalized upon. Per-
haps a cushioning system superior to either individual cushion will be
identified.

Consequently, three sets of bulk cushioning material were selected for
experimental purposes. The bulk cushioning materials selected had been
modeled previously as individual cushioning systems. It was felt that pre-
viously modeled bulk cushioning materials might be more productive in com-
bination, since individual cushioning models could be compared prior to ma-
terial selection.

The first combination selected consisted of a 44/ft.' density polyester
type polyurethane foam (Urester 4) for one material, and a 24/ft.’' density
cross-linked polyethylene foam (Minicel) for the second material. The second
material combination selected was a 44/ft.' density linear polyethylene foam
known as DOW Ethafoam (Etha 4), utilized in combination with the Minicel ma-
terial identified in the first combination. The third and final combination
consisted of like thicknesses of two DOW Ethafoam materials, a 24/ft.’
density linear polyethylene foam known as Etha 2, and a 44/ft.' density
linear polyethylene foam known as Etha 4.

The data acquisition structure was similar to that identified in UAH
Research Report No. 159 or MICOM Report No. RL-CR-75-1, Volume III, entitled
"Temperature Sensitive Dynamic Cushioning Function Development and Validation
for Polyester and Polyether Type Polyurethane Foam." The temperature levels
considered were -65°F, -20°F, 20°F, 70°F, 110°F, and 160°F.




The procedures utilized in the analysis of the experimental data have
been previously documented in UAH Research Report No. 159, or MICOM Report
No. RL-CR-75-1, Volume I, entitled "Temperature Sensitive Dynamic Cushioning
Function Development and Validation for Hercules Minicel Thermoplastic Foam."

The validation of the developed composite models follows the procedures
documented in MICOM Report No. RL-CR-76-7, Volume I, entitled "Validation of
Generalized Cushioning Models for Selected Temperature Sensitive Cushioning
Materials."

This report is divided into three basic sections; the first section pre-
sents the results of the Urester 4 and Minicel combination cushioning system;
the second section concentrates on the Etha 4 and Minicel cushioning system
combination; the third and final section presents the results of the ftha 2
and Etha 4 cushioning system combination. All three sections contain
appropriate composite dynamic cushioning functions, composite function

F-statistics, generalized models, and a discusston of validation statistics.
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POLYESTER TYPE POLYURETHANE/CROSS-LINKED POLYETHYLENE

Urester 4(ds/ft. ') /Minicel (24/fFt.")
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ANALYSIS

The composite dynamic cushioning functions for the Urester 4 + Minicel
material combination are given in Tables 1 through 4 for drop heights of 12,
18, 24, and 30 inches, respectively. Table 5 presents the F-statistic values
for the various experimental conditions. It is noted that the developed
functions are statistically significant for all experimental conditions ex-
cept seven. Four of these remaining seven equations are very close to the
critical value of F. Hence, a slight relaxation of the a level would cause
these four equations to be significant.

Table 6 presents the developed general model for the Urester 4 + Minicel
material combination. The model consists of a constant term and three inde-
pendent variables. The container cushioning system designer may substitute

the independent variable values directly into the model qiven in Table 6. It

is necessary to adjust temperature utilizing Fw60460 and ¥ psi (100)
in the provided model.

Fifty-five different combinations of drop heiqght, temperature, and cush-
ion thickness were evaluated. Twenty-eight of these combinations could not
achieve the criteria established for mode! validation (a = .10 and minimum
IDCC G-level value bounded by ¢+ 1.0 psi.). However, it is noted that in 18
of the cases, a very small number of static stress values were outside of the
prediction 1imit range. These static stress values were at the lower end of
the experimental test scale. [t would be a rare instance in which such a
low static stress level would be encountered in a cushioning system design.
Consequently, these 18 cases are not considered to be of a significant nature
with regard to validation of the Urester 4 + Minicel composite model. The ten
remaining cases are a cause for concern in this model, indicating that this
material combination in this confiquration may not be as useful as other com-

posite materials. The cushion system designer should utilize caution in the

application of this composite material configuration.
5
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Table 1. Composite dynamic cushioning
functions for 12" drop hetght

.

for Urester 4 + Minicel.

THICKNESS TEMPERATURE | DESIGN CURVE EQUATION




- —

Table 2.

Composite dynamic
functions for 18" drop height
for Urester 4 ¢ Minicel.

cushiagning

THICKNESS

|

.20° ly = 384.04 - 126.48 inx + 12.59 (inx)?
v = 213.59 - 92.07 tnx + 11.51 (inx
1 e 70° ly = 250.81 - 126.12 tnx + 17.54 (tnx)?
}?J: " » 205.90 - 100.71 gnx « 14.43 (inx)*
i 160° ; « 180,19 . 91,09 inx ¢« 13.67 (inx)?
. W e i SRS S ———
| 20" |y 307.03 107.88 inx « 9.85 (inx)*
: 20° « 126.99 - 50.57 tnx + 5.7) {inx)?
Ir -5 P8 : .t :,‘ « 127.44 - 56.2) inx + 7.03 [ 1nx
! 10° Iy 38.67 - 42.0 ax + 5.39 (2ax)?
16 |y« 108.21 - 50.62 inx + 6.83 (inx)’
o e R s L ot o O R ssinmierpaiisial
-20 Y = 275.92 -~ 95.37 inx ¢+ B 49 {inx)°
20 ly = 95.68 - 34.97 inx « 3.62 (inx)?
3% » @ 70° ly = 68,53 - 27.89 inx + 3.40 (inx)~
; ly = 54.39 ~ 20.22 inx + 2.44 (inx
160 fy = 67.08 ~ 29.53 inx + J.B3(tnx)* |
i |
NOTE x = 100 x

| ——
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Table 3. Composite dynamic cushioning
functions for 24" drop height
for Urester 4 ¢ Minicel.
THICKNESS i TEMPERATURE ' DESIGN CURVE EQUATION
% -20° ‘. * 484.71 - 198.19 inx + 21,73 (tnx)?
20° ly = 303.57 - 145.97 inx + 19.60 (inx)?
¢ + 1° , 70° ly = 388.13 - 207.08 inx + 29.40 (inx)?
: 1o’ 'y * 305.59 - 163.28 inx + 24.47 (inx)?
L 1s0° ly = 298.71 - 165.03 inx + 25.24 (tnx)?
*?. -ZOT R e .«} s 386.684 - 125.43 inx + 11.84 (inx)*
1 20° y = 147,15 - 61.28 inx ¢+ 7.30 (inx)?
2% § 2w z 70’ y = 163.73 - 78.11 inx +« 10.36 (.‘:nu):
' 110° y » 134,98 . 63.56 inx ¢« 8.68 (inx)?
160° y » 140.73 - 69.00 inx ¢« 9.64 (inx)?
.20° y = 335.06 - 117.71 inx + 10.64 (inx)®
20° y » 110.25 - 41.46 inx + 4.85 (inx)?
L 70° y = 100.38 - 44.38 inx « 5.63 (inx)?
no’ y= 76.74 - 32.18 inx + 4.19 (tnx)?
160° y = 89.12 - 42.60 inx ¢+ 5.83(inx)?
NOTE: x = 100 x




Table 4. Composite dynamic cushioning
functions for 30" drop height
for Urester 4 ¢+ Minicel,

THICKNESS i TEMPERATURE | DESIGN CURVE FQUATION -
T 20" |y =397 % - 15197 tax + 1575 (inn)? ]
| 20" f 185.43 - B3.16 inx ¢ 10.53 (inx)?

2%+ 2 ! " ly = 219.70 - 109.42 inx + 14.79 (inx)?
L q1g? ly = 168.39 - B0.B4 inx + 11.28 {inx)?

| 160° u « 192.99 - 100.09 inx + 14.32 (inx)?

e Iy = 378,50 - 138.80 inx + 13.10 (inx):®

20" ; 134.40 - 55.17 inx ¢+ 6.40 (inx)?

3 + 3" 79° ly = 136.4) - 63.25 inx »+ B.19 {inx)’
no’ 7‘,, = 107.05 - 49.32 {nx ¢+ 6.67 (inx)?

160° ‘ » 121.86 - 58.48 inx + 7.93 (inx)?

|




Table 5. Quadratic polynomial regression

F-statistics for Urester 4 + Minicel.

F 3.0; Outlier t = 1.66

critical
Orop Height
TEMPERATURE (°F) THICKNESS

18 24" 30"

i1 ¢« 1 7 64 5.07 40 .99

-20° 2" % 2" 13.94 16.89 67.9% 13.80
3* ¢+ 3* 7.12 9.44 15.75 32.29

™ 5 = 2.77* 2.61% Z.02% . R
20° £ 22" 5.7¢ 4.13 02 1.74*
3 * 3 5.02 2.89°* 2.75% 2.74*

Lt TR 12.67 5 .84 4. 88

70° N P 4 .80 4 .80 3.93 4.27
; e B 2.12* 3.42 3.16 3.36

1“ ¢ 1" 17.8¢4 11,1t 6.06 -

110° 2"+ 2" §.07 13.82 6% 9.84
3" ¢+ 3° 13.82 3.48 3.98 5.68

L T 11.61 8.19 5.39 -—e-

160° ol B 11.08 4.99 7.52 5.45
3" e 3" 6.28 11.34 4.20 7.3%

* Not Significant at 1 = 0.10

10
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Table 6.

Coefficient

Urester 4 +« Minicel Composite Model.
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CROSS-LINKED POLYETHYLENE/POLYESTER TYPE POLYURETHANE

Minicel (2¢#/ft ')/Urester a(49/ft.")




ANALYSIS

The composite dynamic cushioning functions for the Minicel + Urester 4
material combination are given in Tables 7 through 10 for drop heights of 12,
18, 24, and 30 inches, respectively. Table 11 presents the F-statistic values
for the various experimental conditions. [t is noted that the developed
functions are statistically significant for all experimental conditions except
fourteen. Four of these remaining fourteen equations are very close to the
critical value of F. Hence, a slight relaxation uf the a level would cause
these four equations to be significant.

Table 12 presents the developed general model for the Minicel + Urester 4
material combination. The model consists of a constant term and 20 independent
variables. The container cushioning system designer may substitute the ir-
dependent variable values directly into the model given in Table 12. It is
necessary to adjust temperature utilizing @ = ZETsﬁiég and e psi (100) in
the provided mode!.

Stxty different combinations of drop height, temperature, and cushion
thickness were evaluated. Nine of these combinations could not achieve the
criteria established for model validation (a = .10 and minimum IDCC G-level
value bounded by ¢ 1.0 psi.). However, it is noted that in six of the nine
cases, two or less static stress values were outside of the prediction limit
range. These static stress values are at the lower end of the experimental
test scale. It would be a rare instance in which such a low static stress
level would be encountered in a cushioning system design. Consequently, these
six cases are not considered to be of a significant nature with regard to

validation of the Minicel ¢+ Urester 4 composite model.

13




Composite
functions for
for Minicel ¢

fynami

cushwoning
12" drop heirght

TEMPERATURE |

DESIGN CUR

\

o

y = 40.15 .

inx

inx

-

{ ¥ J4)
¥ 143
y 144
¥ | 3¢
v l“)
y = 214
v 1
y = 7
y 61
y = 70

PREVEE Sl
. 07
y = &.
y = 69,
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Table 8. Composite dynamic cushtoning
functions for 18" drop height
for Minice! ¢ Urester 4,

THICKNESS TEMPERATURE i OESIGN CURVE EQUATION
|
| -20° y = 341.24 - 128.68 inx ¢+ 13.25 (inx)?
. 20° y * 238.94 - 109.22 inx + 1411 (inx)?
1“ ¢ 1" 70° y = 263.16 - 136.43 inx + 19.40 (inx)?
1o’ y = 215.40 - 111.08 inx + 16.29 (inx)?
160° b = 189.76 - 96.60 inx + 14.67 (inx)?
-20° | "'1, = 349.24 - 128.29 inx + 12.22 (tnx)?
20° fy = 89.93 - 31.90 inx ¢+ 3.56 (tnx)?
Ze & 2" 70° !y = 123.65 - 55.79 inx ¢+ 7.15 (inx)?
”O" y = 102.43 . 45.73 ynx + 6.02 {(inx)?
l 160° y * 89.32 - 40.80 inx + 5.69 (inx)?
.20° T |y = 245.81 - 88.52 tnx ¢ 7.99 (inx)T
20° y = 84.36 - 30.25 inx ¢+ 3.15 (inx)?
3 70° y = 56.58 - 23.25 inx ¢+ 3.00 (inx)‘
no’ y = 56.75 . 22.66 inx + 2.86 (inx)?
' 160° y = 64.30 . 27.56 inx ¢« 3.57 (inx)?
|

NOTE: x = 100 x

15
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Table 9. Composite dynamic cushioning
functions for 24" drop height
for Minicel + Urester 4,

THICKNESS | TEMPERATURE ; DESIGN CURVE EQUATION
.20° “, = 407.85 - 164.24 inx + 18.28 (inx)?
20° ‘_-, = 340.96 - 162.47 inx + 21.58 (inx)?
TR CHE (R ly « 339.70 - 183.63 inx + 26.98 (tnx)?
119" ., . 332.99 - 185.76 inx + 28.13 (inx)?
160° |y = 273.74 . 149.42 nx + 23.49 (inx)?
; -20° 4/ 301.44 - 106.72 inx + 9,99 (inx)?
20° ly »123.60 - 50.33 fnx + .15 (inx)?
- ol O o 3 70° y = 148.46 - 70.74 inx + 9.58 (inx)?
1o’ y = 115.60 - 53.47 inx + 7.41 (inx)?
160° y = 115.48 - 55.49 inx + 8.05 (inx)?
20" y = 284.23 - 104.05 inx + 9.92 (inx)-
20° y = 98.44 - 37.93 inx + 4.27 (inx)?
- ol B 70° y * 92.48 - 41.93 inx ¢+ 5.5 (inx)?
110° y = 74,17 - 31.43 inx + 4.13 {(inx)*
160° y = B82.50 - 38.28 inx ¢+ 5.26 (inx)?

NOTE: x = 100 x

16




Table 10. Composite dynamic cushioning
functions for 30" drop height
for Minicel + Urester 4.
THICKNESS TEMPERATURE DESIGN CURVE EQUATION
-20° y = 466.15 - 197.31 inx + 22.98 {inx)?
20° y = 821.67 - 217.74 inx + 30.56 (inx)?
1* + ) 70° y = 411.82 - 227.90 inx + 34.48 [inx)?
no’ y = 310.55 . 173.33 inx 27.95 (inx)?
160° y = 373.73 - 214.67 :nx + 34.53 (inx)?
B v = 374.73 - 144.32 inx + 14.60 (inx):
‘ 20° ly = 169.25 76.61 inx + 10.02 (inx)?
2= 2" 170° y = 201.94 - 101.50 inx + 14.07 [inx)?
1o’ y = 189.82 99.36 inx + 14.32 [inx)?
160° y = 121.02 88.11 inx + 12.91 (inx)?
-20° y = 34G.51 - 131.69 inx + 12.87 {inx)®
20° y = 119.07 - 49.99 inx 6.02 (inx)?
3" . 3" 79° y = 108.29 51.08 inx 7.01 (2nx)?
no’ y + 94.19 . 43.24 inx 5.97 (inx)*?
160° y = 106.73 51.92 inx 7.38 (inx)?
NOTE: x = 100 x

17




Table 11. Quadratic polynomial regression
fF-statistics for Minicel + Urester 4.

F(v‘i(i(a\ 3.0; Outlier t = 1.66

Orop Height
TEMPERATURE (°F) THICKNESS

12" 18" 24" 30"

it 2 s 11.99 4.02 5.39 6.74

-20° e + 2" F. 549 42.43 4.8) 63.67
3" # 3" 7.64 11.88 15.18 27.80

1% 4 2.00* 4.09 6.38 4.80

20° "l B 3.96 1.4+ 1.47* 2.66*
%l 7.78 4.57 3.40 3.89

| el S 7.48 6.58 Y. 1 6.06

70° < =2 4 5.02 3,33 4.94
0l O V.67* 1.29" 2.41* 2.80*

™ 5.85 7.00 4.16 3.43

no° g 2" 4 6.30 6.87 3.84
: il B 2.85* 3.00 2.81* 3. 63

e 12.30 7.47 9.38 27

160° 2" & 2" 1.20 7.60 8.7 6.68
a" * 3¢ 2.42* 6.81 6.90 8.48

* Not Significant at a = 0.10
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Table 12. Minicel + Urester 4 Composite Model.

Variable Coefficient 3 i g! n? 17 | g3 | (tnog)i(tnag) |
0 22045884 T' |
1 0.0 X { {
2 0.0 X ‘ X
3 0.0 x | X X
4 73.252522 x x |
5 -39. 010025 X x | X
5 -4.5392164 X X I‘ X x
? 5.1754836 - e :
3 -1.3005991 x X X X |
9 0.0 X ' X | X { X
10 0.0 X X !
11 0.0 X X X !
12 0.0 X X S
13 0.0 x X } {
14 0.0 x| X " X
‘5 Lbé.‘-‘r-’}.“) A ' X X l X
16 0.0 X X x {
17 0.0 o x x % 1
18 0.0 « | x x | x
19 0.0 X x i
2 0.0 X 4 X i
21 0.0 X x , X
2 -0.4830%006 X x ¥ |
< 0.0 X x x X ‘
24 -0.295487139 X X X : X
25 0.0 X X X {
2 0.0 \ X X X
27 0.0 X x x X
28 0.0 ¥ X |
29 118. 01099 x x X
30 u.0 X X X
3] -83.691243 X X
32 ). 0 % o x X
33 -5.8215625 x > v
34 9.3710246 X
35 0.0 \ x X X
36 0.39998398 ’ x el x
37 -725.38749 x| 1 ;
38 -117.32628 | » i { X
39 3.4598770 X { 1 { X
40 58.689010 x { [ {
4 36.498087 ‘ X ‘ ‘ | | X i
42 -0.58720109 | SR i X
43 0.0 ! X '
44 -2.7682574 » | X
‘5 OO X \ X




SECTION 11

00w POLYETHYLENE FOAM/CROSS-LINKED POLYETHYLENS
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ANALYSIS

The composite dynamic cushioning functions for the ttha 4 + Minicel
material combination are given in Tables 13 through 16 for drop heights of
12, 18, 24, and 30 inches, respectively. Table 17 presents the fF-statistic
values for the various experimental conditions. [t is noted that the devel-
oped functions are statistically significant for all experimental conditions
except one.

Table 18 presents the developed general model for the ttha 4 + Minicel
material combination. The model consists of & constant term and 15 independ-
ent variables The container cushioning system designer may substitute the

independent varitable values directly into the maodel given in Table 18. It

°F + 460 "
1S necessary to adjust temperature utilizing and o = psi (100)
100 S
in the provided model
SFVP”!]'!"" J1fferent combinations of dr W '\v‘\l]h:, h'mp('ratur('. and

cushion thickness were evaluated. Ten of these combinations could not

achieve the criteria established for model validation (a = .10 and minimum
IDCC G-level value bounded by + 1 0 psi ). However, it is noted that in two
of the ten cases, only one static stress value was outside of the prediction
limit range. This static stre<s value 15 at the lower end of the experimental
test scale It would be a rare inistance in which such a low static stress
level would be encountered in a cushioning system design. Consequently,

these two cases are not considered to be of a significant nature with regard
to validation of the £tha 4 ¢« Minicel composite model. The remaining

eight cases were very close to the prediction limit ranqe.
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Table 13. Composite dynamic cushioning
functions for 12" drop height
for ttha 4 + Minicel.

THICKNESS TEMPERATURE DESIGN CURVE EQUATION
-65° y= 311.28 - 95.23 tnx ¢ 7.70 (inx)
.20° y = 261.21 - 76.97 tnx + 6.02 (inx)?
™ %" 20° y ’82.55 - 94.70 ¢nx 8.45 (inx)?
70° ¥ 38.24 - 89.90 nx + 9.17 (inx)?
110’ y = 199.33 - 78.02 tnx ¢ 8.37 (inx)?
160° y = 141.54 - 56.25 tnx + 6.46 (inx)?
-653 y 335.588 111.83 inx 9 68 (inx)‘
20" y 236, 44 74.93  tnx 6.23 (tnx)?
v g 20° y = 215.49 - 70.53 inx + 6.06 (inx)?
70° y 188.94 . 68.16 inx 6.49 (inx)?
1o y = 13530 - 49.35 inx ¢+ 4.87 (inx)?
160° y = 108,48 _ 40.73 ipx ¢ 4.23 (inx)?
-65° 50 - 86.49 inx ¢ 7.15 (inx)?
-20° y = 250.39 - 82.81 inx ¢ 7.10 (inx)?
¥+ 3 207 y = 229.36 - 7919 inx ¢+ 7.09 (inx)?
70° vy *137.26 - 86.35 fnx + 413 (inx)?
ne y = 100.64 - 34.08 fnx + 309 (iax)?
160° y = 100.30 - 37.94 f&nx ¢+ 3.8 (inx)?
NOTE: x = 100 x
22




Table 14. Composite dynamic cushioning
functions for 18" drop height
for Etha 4 + Minicel.

THICKNESS | TEMPERATURE DESIGN CURVE EQUATION
-65° y = 374.21 -120.53 inx ¢ 104.75(inx)?
.20° y = 390.09 -133.92 inx ¢ 12.33(tnx)?
1" . 20° y = 327.99 -115.54 tnx ¢+ 11.09(inx)?
70° y = 324.23 -132.78 itnx ¢+ 14.74(2nx)?
1o° y =245.72 -102.30 inx ¢+ 11.93(tnx)?
160° y = 183,88 - 79.53 tnx + 10.06(inx)?
-65° y =376.98 -126.33 inx + 11.08(tnx)?
.20° y »270.48 - 87.5 tnx + 7.50(tnx)?
2 & 2w 20° y »268.26 . 92.43 inx ¢+ 8.40(inx)?
20° y =219.23 - 80.78 itnx ¢+ 7.97(tnx)?
1o’ y =153.14 - 56.56 inx ¢+ 5.79(inx)?
160° y =113.59 - 42 .47 tnx ¢ 4 §7(inx)?
-65’ y =337.3&4 -115.48 inx ¢ 10.26 (tnx)?
-20° y =305.41 -104.22 inx ¢+ 9.2) (inx)?
3 e 3 20 y 2253.29 - 88.40 inx ¢+ B8.04 (inx)?
10° y =191.70 . 69.45 jinx + 6.61(inx)?
ne y =124.39 . 43,89 inx ¢ 4.21(tnx)?
160° y =116.35 - 24.28 inx ¢+ 4.59 (nx)?

NOTE: x = 100 x
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Table 15. Composite dynamic cushioning
functions for 24" drop height
for Etha 4 + Minicel.

THICKNESS | TEMPERATURE DESIGN CURVE EQUATION
-65° y =490.73 - 172.37 tnx + 16.35 (inx)?
-20° y =435.28 - 157.66 inx + 15.63 (inx)?
1* +1° 20° y =372.94 - 138.67 inx + 14.19 (inx)?
70° y =399.90 - 175.73 inx + 20.82 (inx)?
10° y =320.73 - 143.50 gnx + 17.74 (inx)
160° y =231.16 - 106.89 inx + 14.44 (inx)?
-65° y =311.02 - 96.83 inx ¢+ B8.03 (nx)?
.20° y =322.48 . 106.88 tnx + 9.37 (&nx)?
2" + 2" 20° y =331.32 . 118.82 inx ¢ 11.20 (tnx)?
70° y #245.98 _ 93.98 gnx + 9.68 (inx)?
1o y =172.96 - 65.91 inx + 7.00 (tnx)?
160° y *140.05 - 56.15 tnx + 6.48 (inx)?
-65° y =327.50 - 107.49 inx ¢+ 9.22 (tnx)?
-20° y *325.42 - 111.11 inx + 9.86 (inx)?
yFe+ ¥ g y =295.43 - 104.22 inx + 9.57 (inx)?
70° y =189.83 - 68.26 inx + 6.57 (inx)?
ne y =149 64 - 54.64 inx ¢+ 5.44 (inx)?
160° y =112.26 - 42.47 tax + 4.53 (inx)?
NOTE: x = 100 x
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Table 16. Composite dynamic cushioning
functions for 30" drop height
for £tha 4 + Minicel.
THICKNESS TEMPERATURE DESIGN CURVE EQUATION
-65° y =480.70 - 173.55 gnx + 17.25 (inx)?
-20° y =453.82 - 170.29 tnx +17.73 (&nx)?
1" o+ " 20° y =487.77 193.83 inx + 20.85 (inx)?
70° y =478.79 223.02 inx + 27.81 (inx)?
1o’ y =350.17 163.80 inx + 21.35 (inx)?
160° y =296.52 145.74 gnx + 20.38 (inx)?
-65° y =445.32 - 152.15 gnx ¢ 13.66 (tnx)?
-20° y »371.B8 . 126.48 gnx +11.82 (tnx)?
2"+ 2" 20° y =390.69 142.86 inx +137.10 (tnx)?
70° y =258.87 101.87 inx + 10.92 (inx)?
110° y =192.7 76.01 inx + 8.47 (inx)?
160° y =159.21 66.14 inx + 7.97 (inx)?
-65° y =342.15 110.90 inx + 9.44 (inx)?
.20 y =345.59 117.33 inx +10.39 (inx)?
3 . 3 20 y =315.88 . 113.57 tnx +10.66 (tnx)?
70° y =234.83 87.47 inx + 8.67 (inx)?
ne y =159.45 59.62 ftnx + 6.14 (inx)?
160° y =129.67 50.85 inx + 5.63 (inx)?
NOTE: x = 100 x
25




Table 17.

Quadratic polynomial reqression

F-statistics for Etha 4 + Minicel.

Fcritica!

- 3.0; Outlier t = 1.66

Crop Height
TEMPERATURE (°F) THICKNESS

12 13" 28 | 30
1* » 1" 5.20 22.49 9.47 7.08
-65° 2" ¢+ 2 15.35 11.92 10.48 6.71
3" . 3" 5.67 8.27 30.76 25.18
1* 1 1.42¢ 31.98 11.50 6.33
-20° 2* ¢+ 2 17.24 10.7 6.64 9.3
3* + 3" 21.65 11.45 7.35 12.86
1"+ 45.67 17.77 10.22 22.55
20° 2"+ 2" 15.93 8.87 7.9 11.49
3"+ 3 13.60 11.74 6.47 4.23

!
1* + t* 36.89 51.66 12.73 } 12.99
70° ol B 7.52 | 12.60 26.55 | 21.34
o 16.98 | 5.76 13.19 | 14.33

{ i
1" e 21.65 | 10.40 9.62 | 3.70
110° 2% + 2° 25 .58 ; 103.72 31.03 | 13.80

{
o o 8.49 | 23.16 72.00 | 97.95

| !
1* + 1" 23.79 8.43 10.0) 5.70
160° 2" ¢ 2" 32.54 46.62 21.10 16.82
R 25.57 1 22.97 54.19 | 28.94

* Not Significant at a = 0.10
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Table 18. Ettha 4 + Minicel Composite Model.

Variable Coefficient 8 8% g7 WY | 1M ' | ien Js)‘("" ') !
0 338. 68941 " |
! 0.0 X X
2 0.0 v ; X X
3 0.0 . ey X
4 0.0 X X { X {
5 0.0 X X I, X x {
6 0.0 X x i X ! X
7 32.614392 . T ‘
8 -5.0961467 X ¥ v |
9 0.0 X x A { X
10 0.0 x X
il 0.0 X X X
12 0.0 \ X X
13 0.0 X ol ,
14 -3.6993450 ' X X X
15 0.63438176 X x X X
16 -4 3129470 X X X
17 0.58519131 . x X X
13 0.0 : x X X
13 0.0 X X
20 0.0 . x x |
21 0.0 X x | x
22 0.854G3419 X X |
23 0.0 X X » |
24 0.0 X x M
25 0.0 x X %
26 0.0 x ¥ X !
27 0.0 X X X ¥
28 0.0 . X
29 0’) . ¥ x
30 0.0 v X X
3 0.0 " #
32 10.660749 X x X
13 -1.8236532 x X .
34 -2.4597742 ¥ X
35 0.0 ! x N X
36 0.0 X X \ X
37 0.0 X | ] !
38 53.449983 X . { X
39 3.1497049 Lox | { X
40 -8.8143942 | _ ‘ { { ’
4) 8.6115005 i » : { Cx
‘2 0.0 | X { ‘ : j X
43 0.0 | ‘ I = |
44 0.0 ; x ! X
45 -0.078832109 \ ‘ | = X
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ANALYSIS

The composite dynamic cushioning functions for the Minicel + Etha 4
material combination are given in Tables 19 through 22 for drop heights of
12, 18, 24, and 30 inches, respectively. Table 23 presents tho F-statistic
values for the various experimental conditions. It is noted that the devel-
oped functions are statistically significant for all experimental conditions
except two. One of these remaining two equations is very close to the cri-
tical value of F. Hence, a slight relaxation of the a level would cause this
equation to be significant.

Table 24 presents the developed general model for the Minicel + Etha 4
material combination. The model consists of a constant term and 15 independ-
ent varfables. The container cushioning system designer may substitute the
independent variable values directly into the model given in Table 24. It is
necessary to adjust temperature utilizing @ = OFW%BA§9 and o, ® psi (100)
in the provided model.

Seventy-two different combinations of drop height, temperature, and
cushion thickness were evaluated. Ten of these combinations could not achieve
the criteria established for mode! validation (a = .10 and minimum IDCC
G-level value bounded by + 1.0 psi.). However, it is noted that in two of
the ten cases, only one static stress value was outside of the prediction
limit range. This static stress value is at the lower end of the experimental
test scale. It would be a rare instance in which such a low static stress
level would be encountered in a cushioning system design. Consequently, these
two cases are not considered to be of a significant nature with regard to
validation of the Minicel + Etha 4 composite model. The remaining eight cases

were very close to the prediction l1imit range.
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Table 19. Composite dynamic cushioning
functions for 12" drop height
for Minicel + ftha 4.
THICKNESS | TEMPERATURE DESIGN CURVE EQUATION
-65° y = 332.53 - 101.48 tnx + 8.19 (inx)*
-20° y = 286.99 88.61 inx + 7.30 (inx)®
1* + 1" 20° y = 296.18 98.82 inx + 8.86 (inx)?
70° y = 213.86 79.95 2nx + 8.37 (gnx)?
ne’ y » 169.7¢ 64.94 inx *+ 7.21 (inx)?
160° y = 131.85 - 50.38 tnx + 5.99 (&nx)?
-65° y = 302.59 - 93.55 2nx + 7.53 (nx)?
-20° y = 239.13 - 73.2) tnx +5.85 (inx)
2" + 2° 20° y = 208.03 66.30 tnx +5.59 (inx)?
70° y » 133.85 42.84 inx + 3.78 (inx)?
1o’ y = 124.89 - 43.66 tnx +4.24 (inx)
160° y = 93.74 31.80 tnx + 3.16 [(inx)®
-65° y = 246.72 71.62 tax +5.27 (inx)?
-20° y = 252.40 - 80.45 inx + 6.58 (#nx)
3" e 3 20° y = 228.77 - 75.92 inx * 6.63 (inx)?
70° y = 158.63 - 5598 inx +5.21 [(inx)?
ne y = 11214 = 3910 gnx + 3.71  (inx)?
160° y = 1059 39.19 inx ¢ 3.93  (inx)?
NOTE: x = 100 x
30




Table 20. Composite dynamic cushioning
functions for 18" drop height
for Minicel + Etha 4.
THICKNESS | TEMPERATURE DESIGN CURVE EQUATION
-65° y = 442.57 - 147.09 tnx +13.09 (inx)?
-20° y = 347.67 - 114.29 tnx +10.28 (nx)?
1*+ 1" 20° y = 302.22 -103.5) gnx + 9.94 (inx)?
70° y = 301.35 - 126.18 tnx + 14.78 (gnx)?
noe’ y = 240.00 - 100.60 inx +12.23 (inx)?
160° Yy = 192.89 - 84.29 inx +11.25 (&nx)?
-65° y = 344.61 - 110.30 inx ¢+ 9.27 (nx)?
-20° y = 283.58 - 90.70 tnx + 7.66 (fnx)?
2"+ 2" 20° y = 235.36 - 76.27 inx + 6.63 (tnx)?
70° y = 203.52 - 73.91 fnx ¢+ 7.31 (inx)?
110° y = 153.45 - 56.17 inx + 5.80 (inx)?
160° y = 112.50 - 40.67 tnx + 4.40 (iny)?
-65° y = 297.52 - 91.43 inx + 7.21 (tnx)?
-20° y = 295.16 - 96.95 inx + 8.22 (inx)?
3"+ 3" 20° y = 227.24 75.35 inx + 6.54 (inx)?
70° y = 150.33 - 51.78 inx + 4.81 (&nx)?
ne y = 133.25 - 48.44 inx + 4.82 (inx)?
160° y = 103.07 - 37.09 fnx ¢+ 3.82 (fnx)?
NOTE: x = 100 x
3N




Table 21. Composite dynamic cushioning
functior for 74" drop height
firy 'Jy‘,‘.\'\ ¢ Ftha "

THICKNESS TEMPERATURE ESIGN CURVE EQUATION
-65° y = 571.) 37 tnx +19.13 (inx)?3
-20° y = 370.42 - 126.08 &nx +12.09 {&nx)*
™ 1" 20° y 342 .18 - 124.25 inx +12.90 (inx)?
70 381.99 - 168.52 tnx + 20.66 (inx)?
110 y = 'S5 - 134, inx +17.46 (inx)?®

1

{

160° ’ ¢ ] 24 inx +15.24 (inx)? J
-65 y = 362.0¢ 116.19 inx + 9.88 (inx)? 1
\

~-207 y P L 11.83 tnx ¢ 7.72 (inx)® |
& i » |

2| . 2.. '.(}- g 4 4 = 3 - ‘nx + 1.68 ,"""\‘ ‘
70 y ] - 54 inx + 53 nx)? |
|

110° ] 1 ¢ T i PN paviz |
110 Y 3. 5 inx J6 (Rnx) {
1

160° /= 151.06 - 59.19 nx + 6.89 (ink)? |
sl

S . 1
-65 v 3124 .96 - 101.6¢f nx + 8.23 tnx )< |

wiia
Q
-
'
-~
p=
b
.
e
0
N
> o »
-~
>
-
*
T —

NOTE: x = 100 x




Table 22. Composite

dynamai

cushioning

functions for 30" drop height
for Minicel + Etha 4.
THICKNESS TEMPERATURE DESIGN CURVE EQUATION
-55 y = 543.4) 191.73 inx +18.62 (inx)?
-20° y = 470.9 174.53 inx +18.12 inx)*
1" + 1" 20° y = 434, 170.20 inx +18.75 (inx)?
70° s = 438, 3¢ .18 tnx +25.77 (fnx)*
10 y = 34).69 - 163.48 jinx +22.66 (tnx)?
160° ;s = 3 i ] ’9 tnx +25.72 inx)?
-65° y = 350.68 -108.95 ginx + 9.06 inx)*
-20° y = 341.15 -110.84 gnx + 9.66 inx)*
2* « 2 20° y 84 -106.37 inx + 9.91 (inx)?
y =262.95 -102.63 inx +11.11 (inx)?
110° y =215.99 - 86.54 inx + 9.84 (inx)?
160° y = 189.30 - 78.73 inx + 9.60 inx)?
-65° y =344.20 -109.78 inx + 9.11 (inx)? |
-20° vy = 318.53 -105.82 inx + 9.18 inx)? |
* + 3 20° y =300.33 -107.32 inx +10.04 (inx)? %
70° y =194.55 - 72.65 tnx + 7.43 (inx)? |
ne y =184.02 - 71.29 inx + 7.58 (inx)?
160° y =137.21 - 52.97 inx + 5.92 (enx)?

NOTE: x = 100 x
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Table 23 Juadratic polynomial reqression
F-statistics for Minicel + Etha 4.

& 3.0; Outlier t 1.66
critical

Crop neight
TEMPERATURE (F) THICKNESS T
T ) s 1 .
| hal: ¢ {949 6.04 14.19
-65° ol T = Z2.49° 16.16 5.71 7.20
3 4 3* ¢ 11 .68 16.¢
. 1,94 ] ] 11.19 18.03
-20° 2" & I» 2.80¢* 6.58 8.76 8.09
3° + 3 iR 17. 3¢ 13 1. 36
L
¢ 4 16.53 .47 35.76
20° 2™ & 2° | 9.39 ). B9 12.48 12.36
3™ &« 3 { 17.2¢ ) 9 .84 6. 8¢
%
. f .63 31.77 36.30
70° g ; 6.1 i 66 66.82 | 144.79
¥ +3 | 13.8 61. 7 16.93 18,44
L
' # i 7,649 47.98 21.56 q9.89
110° 2" + 2° | 34.97 53.54 28.87 37.74
{ it B ! 14,54 29.59 19.3% 38.15
|
| 17.06 a.36 11.78 7.02
160° " 6.59 g 38.02 30.40
3> a3 15.04 12.14 23 32.93

* Not Significant at 2 = 0.10
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Table 24.

Minicel + Etha 4 Composite Model.

Variable Coefficient A Al 8 Rt | i il A ;5)(
0 495.97272 ]
} 0.0 x X
2 0.0 X ' X ‘
3 0.0 x | X ‘
) 30. 352322 X x| x ;
5 0.0 X x f X !
6 0.0 x x | X
7 7.2316497 x X 1
3 0.0 X X g
3 0.0 x X .
10 0.0 X E »
11 0.0 x . |
12 0.0 X . ‘
13 0.0 X X | X |
14 -3.8087434 v X [ X |
15 0.0 x x I x |
15 0.0 X x . ?
7 0.0 X X x |
18 0.0 v X x '
) 0.0 X x
30 OL‘) . x
) 0.0 X »
22 0.0 . N x '
2 0.0 X X X |
24 ). 11994912 » X x 1
25 1.0 y N X |
2 -0.055827933 x X X }
27 0.0 x X > |
2 -RH. 869467 x X
24 1.0 Bl X
30 0.0 x x
31 0.0 x X
32 11.080006 x X
33 0.0 . X
314 0.0 X X
35 0.0 x X
36 -0. 3444994 X X
37 0.0 X
38 -63.710830 x {
19 1.4256175% v ‘
40 -19.209793 ¥
4] 10.554163 X i
4?2 0.68592748 » {
43 0.4947094918 X
44 0.0 x
45 -0.14904717 x

35

A AP




L A 30 A N AT b b RO YO = =8

SECTION 11

DOW POLYETHYLENE FOAM/DOW POLYETHYLENE FOAM

Dow Etha 2(2#/ft.")/Dow Etha 4(4#/ft.")




ANALYSIS

The composite dynamic cushioning functions for the ttha 2 + ttha 4

material combination are given in Tables 25 through 28 for drop heights of

12, 18, 24, and 30 inches, respectively. Table 29 presents the fF-statistic
values for the various experimental conditions. It is noted that the devel-

oped functions are statistically significant for all experimental conditions

except three.

Table 30 presents the developed general model for the £tha 2 + Etha 4
material combination. The model consists of a constant term and 20 independ-
ent variables. The container cushioning system designer may substitute the
independent variable values directly into the model given in Table 30. It

is necessary to adjust temperature utilizing © = fTBbA§Q and r psi (100) !

S———

in the provided model .

Seventy-two different combinations of drop height, temperature, and
cushion thickness were evaluated. One of these combinations could not achieve
the criteria established for model validation (a = .10 and minimum ]DCC
G-level value bounded by ¢+ 1.0 psi. ). However, ft is noted that the predicted
mode! values for this case are very close to the acceptable prediction
limits. Consequently, this case is not considered to be of a significant Q

nature with regard to validation of the Etha 2 + Etha 4 composite model.
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Table 25. Composite dynamic cushioning
functions for 12" drop height
for ttha 2 + Etha 4.
THICKNESS | TEMPERATURE DESIGN CURVE EQUATION
-65° y = 336.28 - 101.44 inx + g.07 (inx)?
-20° y = 282.84 - 8542 inx + 6.93 (inx)?
1 + 1" 20° y = 241.38 76.55 inx + 6.62 (inx)?
70° y = 249.4) 96.36 inx +10.10 (inx)?
no’ y = 209.50 83.67 tnx ¢+ 9.18 (tnx)?
160° y = 148.77 - 61.38 inx ¢+ 7.25 (inx)?
-65° y = 339.55 - 103.58 2nx + 8.14 (tnx)?
-20° y = 267.42 - 81.48 inx + 6.44 (inx)*
2"+ 2" 20° y = 226.16 71.37 inx + 5.89 (inx)?
70° y = 174.36 - 61.20 tnx + 5.71 (&nx)?
neo y = 133.38 - 47.09 inx + 4.54 (inx)?
160° y = 112,15 - 42.17 inx + 4.37 (inx)?
-65° y = 305.85 - B5.80 inx + 6.08 (inx)?
-20° y = 263.06 73.92 inx ¢ 5.23 (inx)?
3"+ 3 20 y = 242.13 74.13 inx + 5.82 (inx)?
70° y = 164.78 . 55.14 gnx ¢+ 4.88 (inx)?
e y = 146,10 - 51.49 inx + 4.77 (tnx)?
160° y = 107.05 - 39.54 tnx ¢+ 3.90 (inx)?
NOTE: x = 100 x
38




fable 26. Composite dyr ¢ cushioning
functions for | drop height
for Etha 2 + Etha 4
THICKNESS TEMPERATURE ESIGN CURVE EQUATION
PREE FESE e
-65 y 19.26 tnx + 13.27 (2nx)?
-20° v 5.03 inx + 11.36 (inx)*
R 20° y = 3 6.25% inx + 10.18 {inx)
70° y = 3 138 39 inx + 15.68 (inx)?
110° y = - 119.06 iny + 14.26 (nx)*
160° y 37.97 inx + 12.46 (inx)?
-65° y 4 118.79 inx + 9.82 (&nx)?
-20° y 18,56 tnx +  8.11 (nx)?
2"+ 2" 20° y 411 94.73 inx + B.28 (inx)?
70° y - 77.66 inx ¢+ 7.7 (anx)?
110° ¢ = 163 - 62.21 inx + 6.53 (inx)?
160° y = 141,35 - 56 .89 tnx ¢+ 6.37 (.nxf
65’ y = 361 - 105.99 inx ¢ 7.92 (enx)?
-20° ¢ = 33918 103,80 inx ¢ B8.16 (2nx)?
3+ 3 20° g = 292.65 . 95.80 inx ¢+ 6.1 (gnx)?
70° y = 203.89 - 71.36 inx + 6.58 (fnx)?
ne y = 175.33 - 64.10 tnx ¢ 6.21 (tnx)?
160° y = 126.42 - 48.37 inx ¢ 5.02 (2nx)?
HOTE: x = 100 x
L 19
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Table 27. Composite dynamic cushioning
functions for 24" drop height
for ttha 2 + Etha 4

THICKNESS TEMPERATURE DESIGN CURVE EQUATION

-65° y = 422.66 - 142.36 inx ¢+ 13.26 (inx)?
-20° v = 40) .86 - 140.99 inx + 13.76 (tnx)?
1" . e 20° y = 406.99 . 154.87 inx ¢+ 16.18 {inx)" ;
70 ’ 199 6 179.01 tnx + 21.52 (2nx)®
110 y S A tnx ¢+ 18.90 (inx)
160° y 34.33 - 145.41 inx + 19.73 (inx)?
-65° y = 405.87 - 129.62 inx + 10.84 (2nx)?
.20° y = 346.94 111.23 inx + 9.39 (inx)?
2 v 2 20 = 31516 - 10779 inx & 9.76 (tnx)’
10° y = 248.29 - 96.01 inx + 9.98 {inx)?
1o’ y = 195.84 - 78.99 inx + 8.77 (2nx)® |
160° y = 168.41 - 71.83 inx + 8.49 (inx)” j
-65° ’ 64.80 - 106.95 inx + 04 {tnx)* |
.20 ¢ = 339.09 -104.15 inx ¢ B8.26 (inx)® |
3* .+ 3" 20 vy = 297.55 - 96.63 inx ¢+ B8.15 {nx)*- .
70° y = 214.78 - 76.84 inx + 7.30 (2nx)® |
ne y =190.00 - 71.58 tnx + 7.22 (inx)? |
160° y = 143.81 - 56.80 tnx + 6.14 (fnx)? Jl

NOTE: x = 100 x




Table 28. Composite dynamic cushioning
functions for 30" drop height
for Etha 2 + Etha 4.

THICKNESS TEMPERATURE DESIGN CURVE EQUATION 1
-65° y = 488.93 - 170.93 inx + 16.53 (inx)?
-20° y = 452.34 - 167.03 inx + 17.22 (inx)?
1* % )" 20° y = 452.31 - 178.77 inx + 19.4) {inx)*
70° y = 500.17 - 236.14 tnx + 29.51 (&nx)?
10’ y = 419.90 - 205.33 inx + 26.96 (inx)?
i 160° y = 379.09 - 196.65 tnx + 27.41 (inx)
-65° y = 403.16 - 129.32 tnx + 10.96 (inx)?
-20° y = 352.07 -113.37 tax + 9.73 (inx)?
2" + 2" 20° y = 363.26 - 128.60 inx + 12.05 (2nx)?
70° y = 274.91 - 109.76 gnx + 11.86 (&nx)?
10° y = 234.86 - 99.36 inx + 11.46 (inx)?
160° y = 203.49 - 91.35 inx + 11.26 (inx)?
-65 y = 451.73 - 141.29 inx ¢ 11.42 (inx)*
-20° vy = 365.21 - 113.00 inx ¢+ 9.09 (inx)?
r+¥ 20° y =297.55 - 96.63 inx + 8.15 (inx)?
70° y = 245.41 . 91.02 tnx + 8.96 (fnx)*
ne y = 209.72 - 81.37 inx ¢ 8.50 (inx)?
160° y = 167.53 - 68.54 tnx + 7.64 (2nx)?

NOTE: x = 100 x




Table 29. Quadratic polynomial reqression

F-statistics for Etha 2 + Etha 4.

) 0 1er 3

f“_‘“\_dl 3.0 ; Qutlier t ] . 6¢

rop 4eiant

TEMPERATLRE ('F) THICKNESS
e 7.29 3. 44 9. bt 34
-65° e +2 5. 13 13 354 1. 38
il RN o 2.58~ 50 .91 8.54
—
ot 3.01 .02 5, 3¢ 4.4
-20° Lo 3.96 9.74 16.33 i 20.56
3* s 3" 0.99* 5.46 | 23.44 | 8.64
|

1" & 1" 5 89 6.57 .74 | 5.2
20° 2"+ 2" 8.42 40.34 44 .09 46 .19
Ll N 5.10 16 9K 10.16 10.16
il BE e 12.02 8.97 6.68 5.73
70 " caBl 2B o 28.96 36.499 19, 37 9.39
" gl S 33. 52 32.97 31.32 26.27
1% 26.39 10. 30 690 5.21
4 3 g - b W 18.57 26.139 11.64 12.15
: 3™ & 3" 33.08 30. 37 51.42 54.03
| ok, 58 6.9 5.96 3.00 3.70
160? 2% 5 2> 12.92 13.69 10.68 4.72
3" e 3" 17.46 23.14 21.35 16.59

* Not Significant at 1 = 0.10
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' Table 30. ttha ¢ + ttha 4 Composite Model.
Variable Coefficient - : bt | k[ (tno ){(tna)

0 10). 84126
) -99. 352813 x x
2 21.354231 X U %
3 0.0 . | .
.z 0\] X x »
5 -1.443739) a X | X X
n 0.0 X x X X
7 15.056152 x X x
8 -5.1622315 X X X X
9 0.38916001 X { X x X
10 0.0 X X
il 0 X | X X
12 0.33239932 x ! X b
13 4.3514820 x x | X {
14 .0 X X : X x !
1% 0 x x l X { .
i) ¥ X » ’
7 ). 0 x | X x x g
18 0.0 X X X : X
19 0.0 ! x {
20 0.22303519 X x » i
21 0.0 v » X
22 0.0 . x x !
23 -0.5%9521806 X X ¥ X |
24 0.11350470 X ¥ x b
25 0.( ¥ » » ;
26 ). ( X X X » {
:" }_ . 1 X ¥
28 ). X X
2 0.0 ¥ X X

‘ 30 0.0 . X X
1 0.0 . X
e 0.0 X X X
33 0.0 » X X
34 0.0 X
35 1.342054) . X
b -0.30672112 X N
37 291.23260 .
38 -58.921384 . : | x
39 0.0 x i X
40 -71.524129 X | |
41 R8.5114836 x ! X j
4?2 0.97569838 ¥ ! X
43 4.1622124 X | |
14 0.0 ‘ x X ﬁ
45 -0).14793199 X ! X
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ANALYS TS

The composite dynamic cushioning functions for the E£tha 4 + ftha 2 material
combination are given in Tables 31 through 34 for drop heights of 12, 18, 24, and
30 inches, respectively. Table 35 presents the F-statistic values for the various
experimental conditions. It is noted that the developed functions are statistically
significant for all experimental conditions except three. One of the remaining
three equations 1s very close to the critical value of F. Hence, a slight relax-
ation of the : level would cause this equation to be significant.

Table 36 presents the developed general model for the Etha 4 + Ltha 7 materia)l
combination. The model consists of a constant term and 20 independent variables.

The container cushioning system designer may substitute the independent variable

values directly into the model given in Table 36. It 1s necessary to adjust
°F + 460 : A
temperature utilizing o = 100 and o psy {(100) in the provided model.

Seventy-two different combinations of drop height, temperature, and cushion
thickness were evaluated. Five of these combinations could not achieve the ¢ri
terta established for model validation (. 10 and minimum [0CC G-level value
bounded by ¢ 1.0 psi.). However, 1t is noted that in one of the five cases, only
one static stress value was outside of the prediction limit range. This stati
stress value is at the lower end of the experimental test scale. 1t would be a rare
instance 1n which such a low static stress level would be encountered in a cushion-
1ng.5ystem design. Consequently, this case is not considered to be of a signifi-

cant nature with regard to validation of the Etha 4 ¢+ Etha 2 composite model. The

remaining four cases were very close to the developed prediction limits.

| ——
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Table 31. Composite dynamic cushioning

functions for 12" drop height
for Ltha + Etha 2.

TrICKNESS TEMPERATURE DESIGN CURVE EQUATION ]
-657 y =351.66 - 104.84 gnx + 8.18 (&nx)? *
-20° y =340.37 - 111.78 tnx + 9.71 (&nx)? t
1" « 1 20° y =262.15 - 86.27 nx + 7.62 {nx)? |
70° y =24Y.37 « 93.37 gnx + 9.72 (2nx)* *
110° y =214,.84 - B7.40 tnx + 9.59 (2nx) :
16:. y = 16,4 } s 64 73 nx + 0“5 "-,f‘.l_\; :
-
-65° y =283.08 - 79.89 tnx + 5.72 (inx)?® |
«20" y =273.22 - 83.74 tnx + 6.63 (tnx)® |
2" « 2" 20° y =235.45 . 76.15 gnx ¢ 6.41 (inx)® {l
70° y =164.51 . 58.34 gax + 5.48 (tnx)* ‘
110° y =151.29 - 56.23 inx + 5.53 (inx)? |
160° y =112.36 - 42.93 inx + 4.47 (inx)® |
-
-65° y =270.84 - 70.67 inx + 4.48 (inx)?® |
-20° 2274.62 - B81.28 tnx + 6.14 (tnx)? |
" e 3 20° , 2245.69 - 76.85 inx + 6.15 (enx)? |
70° y =160.08 - 54.71 gnx + 4.87 (inx)? |

"o y =150.80 - 55.16 inx + 5.25 (inx)®

160° y =102.11 . 37.65 tax ¢+ 3.69 (&nx)?

NOTE: x = 100 x

a6




Table 32. Composite dynamic cushioning
functions for 18" drop height
for Etha 4 + ftha
THICKNESS TEMPERATURE DESIGN CURVE EQUATION
-65° y = 429.12 -140.49 2nx + 12
-20 y = 371.96 124.80 inx 1
]| + 1* ZC y - (.”‘»,]}" 11(7.4" LnNX 1‘
70° y = 315.53 -132.90 gnx + 15
not y = 303.09 136.44 (nx 16.
160° y = 233.69 .109.51 pnx + 14.
-65° y = 387.97 -124.54 gnx + 10.
= 20" y = 302 . 3) 95.15 onx 7
2" e 2" 20° y = 267.39 38.99 ¢nx 4
70° y = 203.86 75.31  fnx /.
110° y = 183.76 00 inx ]
]66: y = 137.86 55,31 inx 6.
«65° y = 364.66 .106.88 inx 7
-20° y =314.; 35.39  inx 7.
3.- + 3-' 20: Y ~ ""‘,“" Q] 3t AN X 7
70° y = 192.81 66.33 inx + 6.:
¢ y = 169.45 63.80 Lnx 6.
160° y =120.51 . 46.29 gnx + 4.
NOTE: x = 100 x
a7
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Table 33. Compostite dynami sshioning
functions for 24 dre helght
for £tha 4 + ftha

-
THICKNESS | TEMPERATURE DESIGN CURVE EQUATION ';
|
-és: v = A76 67 . 164 A¢ inx + ¢ 3 . }

_:CZ y = 410 J . 14§ 4 inx + 14 13 ny )

v + 1" :O: y = 39.44 - 153.1 inx +« (6.0 LNx :
70° v 387.° - | i tnx + 20.7 Lnx ) (
110 y = SR 39 = 137 i inx + 1 $#Q inx)* |
-€5 v = 44 - 147.7 inx + 12.7¢ inx) ;
_:C: y = 3151 1 <V fnx + 10 N9 inx)*

-l B 20° y =3 -115.09 tnx + 10.5 ax)? |
70° y =231.40 . 89 tnx + 9. 3¢ tnx)*
110° ¥ 5213 83 - 7 §3 tnx + 9 Kt Ny !
160° y = 169.04 . 72.5 tinx + 54 (inx
-65° y =442.94 _137.26 gnx ¢ 10.9] inx)*
‘23‘ y = 367 .43 «115.1 LNx ¢ 3. 27 LNX :

3" e 3 20’ y #322.2) -107.75 inx + 9.31 (inx)?
70° y wdlZ. 57 = 79 fnx ¢+ 6.92 (fnx)c |
ne y «185.19 . 71.17 nx ¢ 7.26 (tnx)® |
15C: y = 139.90 - 55.55 fnx ¢« 6.00 ( fnn}: :

2

NOTE: x = 100 x

aK
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Table 34. Composite dynamic cushioning
functions for 30" drop height
for Etha 4 ¢+ ttha 2

THICKNESS TEMPERATURE DESIGN CURYE EQUATION 1

-65° y =573.66 . 211.22 tnx + 21.01 (inx)? i
-2C° y =471.54 - 176.72 tnx + 18.18 (inx)* |
1* &+ 1" 20° y = 449.67 . 180.89 gnx + 19.90 (&nx)?
70° y *481.13 - 231.20 inx + 29,27 (enx)?® |
110° y =847.09 - 224.05 inx + 29.44 [inx)?
160° 357.76 - 184.25 tnx + 25.73 i

e 3

NOTE: x




Juadratic

potynomial

1stics for

ttha

reqression

4

ttha

i 1.0; Outlier t 1. 6¢
al
p Height
TEMPERATURE | OF THICKNESS
. f T
1% 4 9 A 64 ] Q 2 2
-RE° 2% & 2 1.0 i 42 .04 9.5)
- i 63* ] 17.] 11.69G
R U ey i | R, - ™ |
| . 't | 4 34 13.49 ) i
|
_:7. ~ * { i 'l : ni "‘. "
1* & by 4 | 11.29 8.
1
! i
N | | |
. ] 29 ]: 9 |
' i
::: 7 il P -4 41 97 1Q f¢ Q |
’ ‘
3 LR 14.4 51 | 47 3% | a 5 |
| |
) . | ! W) Y { " » !
* 'R “ { ¢ i 14 b { | {
=D I TWNG: - l
'k 2% 5 2% 1 | 19 a5 00 1 73 |
: . & ‘ , 5 i F
™ + 3 3 | 54 3996 39.30 |
! | |
<+ { )| !
+ 3.07 20.06 | 10. 36 «A.'.;‘Cl
..:; ] . 5 B Y &t 63 ) ’ 29 86 | .‘] £n
{ . 4
3 ¥ 3 4 47 54.77 | 8. 67 ?25.73
!
I o
1* & |® 10.73 7.3% 5.59 | 6.4
160° ikt W 50.14 13.55 10.27
3" R 3 22.85% 37.98 26.58 10. 88

* Not Significant at

50
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CONCLUSIONS
The material contained 1n this report describes the development of
composite cushioning models for equal thicknesses of:
1. 4#/ft. ' polyester type polyurethane (Urester 4) combined with
2¢#/ft.’ cross-linked polyethylene (Minice)).
2. 4#/ft.” linear polyethylene (Etha 4) combined with 2#/ft." cross-
linked polyethylene (Minicel

L}

3. 2#/ft.' linear polyethylene (ftha 2) combined with 4#/ft." linear
polyethylene (ttha 4).
These three material combinations resuylt in six cushioning models, since each
material combination may be utilized 1n two confiqurations, bottom and top.
The six models have been statistically validated and are available for
use on the HP-98)5A desktop calculator, or on a FORTRAN lanquage computer.
Although all six composite models have been implemented, caution must be
exercised when utilizing the Urester 4 ¢ Minicel composite mode) Considerable
difficulty was experienced in the development of this model which suggests the
existence of a natural phenomena which has not been previously encountered.
This is perhaps explained through the physical characteristics of the two
cushioning materials involved. Urester & is much softer than Minicel, and
apparently causes the natural phenomena when the Minicel material is located
next to the item to be protected, and the Urester 4 material impacts the
rigid surface first
The remaining five composite models perform as expected, and can be

utflized in cushioning applications with the same confidence as the single

material models.
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