
___ -

AQ—A076 355 ALABAMA UNIV IN HUNTSVILLE F/G 13/14
TEMPERATURE SENSITIVE DYNAMIC CUSHIONING MODEL DEVELOPMENT AND ETC(U)
AUG 79 R M WYS KIDA • J D JOHANNES DAAK4O—7S— C—0114 6

UNCLASSIFIED UAH 221 V0L 3 USA MICO M TRI CR 79 2k VOL NL

ENI D

2 19

N 
- -

~~~



IJ
17T~~~

TEWERATU~ SINSITIVE OYII*IC CUSHIONING MODEL

I if) OEVELOP!(NT MD VAL I DATION FOR EQUM. ThICEJIESSES

I OF SELECTED SULk CUSHIONING MTERIALS

I
I by

Richard N. I~ysk1da

I - J s  0.
N$ck y A. Vllhel.

I Final ~ port
For th Period S Jim , 1978 - 30 Septs~ ier , 1979

Vol . III

• This research work wos supported by the
s nrand 

~. A
W~dir Cositrsct DAAX4O-78-C-0146

The IMiworel of Alabi In NimtsvIlle1 ~~~
. 0. lox 1247

I~~~~,i11s, A1.ba s 35107 i~w’.moz4 STATE14~W?
Approv.d tot pubbc ,o1.~~~I ~~guIt 1979 

~~~~~~~~ utgz~j~.d

:. 79 j 1~ O5 345
________  - — 

— — — — - — - -~~~~~~~~ -~~~~~~~- - — -- ~~~ -

- -~~~~~~~~~~~~~~~~~~~~~~~~ —~~- - -- — — -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r a

,

OI OIflION UdSThUCTI~~~

lU’~~ V 1lUSa 4i.lT NSNOftSNOU _
~~~~ TiII SO NOT

51Ti IT TO Till Orr~~LTOS.

1~i
_ 1

DIScIANIR

Till P- NJJ.$$ N illS ~~~*I ASS NOT TO N ~~~~TSUSO AS AS
O~~ICMI SUP*S~~INT OP Till ~~~ V ~~~~~~~ ~~IUN ls S S -
~~TSO ST OilsU ASTilOSIflO S~fl~~~I(fl ~

_ _ _  

I
~~~~ ft~~N

1 O P  ThAN OS ~~~~~~~ iUSS N ills WONT ~~~~NOT CONOTITUTI AS OPPICIAI il*l1 005 ~~~S4PV*1 OP
Till ~ as,. im.uacw. nsns ns s SSPT~~~~ . a

-ì

~
j I

L - — - -- - —— - 
~~~~~~



Z
~
?ii

~~~
i;J ‘~~ikI1

_ c Q~~~ rt No. - 9-24— Vs~\ UAH
\__.____ .___ ___._~ ~~

7
’
,
‘ JE~~ERATURE SIN SITI V [

,
QYNAMIC C~~~ lON1NG~~OOE L

)EVELOP~(NT AND)AL Z DAT JON FOR EQUAL THICKNESSES ~
—

~~~
—- •—---

~~ 
—

OF SELECTED BUL K CUSH I~~Mi~~G MAT[ R~ A L S .

by

‘II Ricnard M . I v c ~~j d ,~.

Ja rT~ s ) .  J o r ~rs~

J Mic k*~ /

/
1/ ,

-

Fi nal RPPOP t ~ 
/ :

For the t’ri3d ~ J~ rie . l’~~~~-~~~. ‘ e : ~~~~~~~ l9~~

: 1 :

Thi. r* ~~~p, j r~~~’ wo rk waS -~ j : ; r tpd ~~~ the
U. 5. Arr~, M i ss i l e Co”r ,ir i d

Re .lst r’ne Ar se na~~ A 1 a~4~A ~~~~~ /(~
~~er ntract[~AM~4~ - 7F~-C-tfl46 / —

~~

The Un i versity of Alabama in ‘4u rtc vill p
P . 0. Box 1247

Hunt sv illp . A laba ma ThRC7

F / Au~~~~~~$7~j  



—
~
-=

~~~~~~ -

• . •~~~ ~~
. .• .~~~~~.. . .J ., 

_____

R EPORT DOCUMENTAT ION PAGE )

‘~ : ~~ ~
- ~~~~ . ‘ 

— C. ,,

4 • • 4 .
~~~~ • ~l ~~

4 t  

~‘ “ 4 ’ r~ ~~~~~ 
. . ( k1~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
. -

- . ~~~~~ l~ 8 —  ~~~‘ , . -  : - r  ,‘~~~
. ? ~~~~~~~ • 4 ~ I i I . . !  . . I . c . • - . - i - .

4 14 t ~ 4 I Ii~ I i I ~ 
.... —~~~~~~~ •_ .-- .4

. 1  • 1 .
• - .. s.~~~ :‘ . “ .~~~I4 t ”  •

• .~~ ‘- ‘ ,-, ,  •

- 
.‘v . • — i’h— ~ — U

~ 
4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -  —

‘ 1 . -. . 0 • -~ I ‘ . . 7 7 . • S t  ~ S 5 - 
~. 4 1

; Q  .~~~~~~ . .:

• 
~4 . 1 ’ 

~~‘‘ ,•

- - •.‘ •. . :‘ • - t . - . • - .•. ~ % . !P - . •

• 
• U. S • . - • ~~~~~~~ 1~ - ‘ ~~~~~ ~~~. • . , •  • 

• .

• ., 1..~~~• ~~~~~ . • - • —  .... . s  . 0 ’’ • t C . . ” . A S  • •. - v i  — —

‘ ~~~ ..
4 f l , . - .. • •. .. y . .

_
~~— 

‘41 i t  ~~~~~~~~~~~~~~ • 3 • ~~ - ’ ‘ UnI i~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ••
—;

-----;-; ~~~ , - ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_______________ __________ 
________________________________________________

• ~ .. P _ t . . ( % & S .  4. 
_ ;

• . . . . — .  ~. 
- 

...
-

. - • ,• . ••  • ~~~~~~~ ••. .. r~ •.— ‘ 

~~~~ L • •~~~i 
• 1 ’ ’ ;

. 4  4 . 
.

1 1

- — . . 4  5 4  * 4  • * —  . .. •~~~ • -‘.. fl•

n i -  I r .  r ø -  . ‘ 1 ’ . - . ’ -  ~~~~ ‘‘  ~• .‘‘~~ ~ i i i ?~~~~ ‘‘~~ l ’, ‘ ‘ p .

1C , . , ,~~~~ ) ! ~~~~~~~ i i ’  0 ’ ~,(‘1’’(~~.- .! 
~~~~~ ‘ 4 ’.~ .i . 

DO • . ~~~.I 1473 ~~~~~~ .~~~~ v

~~~
.. ‘ i-’ . • I ’ - ~~~~’

-. - . S ’~~~~..~~~~ V •  ~ ~~~~~~~ •~~•_ ~

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~I~’



- -- -~~~~~~~~~~~~~~ 

Ta

I
TABLE OF CONTENTS

Page

List of Tables 11
a

INTRODUCTION 1

SECT ION I
Polyester Type Pol yurethane/Cross-L inked Pol ye thylene 4

ANALYSIS 

Cross-Linked Pol yethy lene / Polyester Type Polyurethane 12
ANALYS IS 13

• SECTION 11
Dow Pol yethylene Foam/ Cro s s-L inked Pol yethylene 20

ANALYSIS 21

Cross-Linked Pol yethy lene/ Dow Polyethylene Foam 28
ANALYSIS 29

S E C T I O N  I I I
Dow Polyethylene Foam/Dow Polyethylene Foam 36

ANALYSIS 37

~~~~ Pol yethylene Foam/Dow Polyeth ylen e Foam 44
ANALYSIS 45

CONCLUSIONS 52

REFERENCES 53

/

L 
~~~~~~~~~~~~~~~~

• 

.



_ _ _ _  

, . . 
- - -  — .-.- . , ----— ----——--- - —‘— - . —  -— - . -  — - - . --

I
LIST OF TABLES

Page
Table 1. ComposIte dynamic cushioning functions for 12’ drop

height for Urester 4 + Minicel 6

Table 2. Composite dynamic cushioning function s for 18M drop
-
~~ height for Urester 4 + Mini cel 7

Table 3. ComposIte dynamic cushion i ng functions for 24~ dropheigh t for Urester 4 + Min icel 8

Table 4. ComposIte dynamic cushioning function s for 30” drop
hei ght for Urester 4 + Min i cel 9

Table 5. Quadratic polynomial regression F-statistics for Urester 4 +

N ini cel 10

Table 6. Urester 4 + M inice l Compos i te Mo del 11

Table 7. Compos ite dynamic cushioning functions for 12” drop
heigh t for M in i ce l + Urester 4 14

Table 8. Compos i te dynamic cushioning functions for 18” drop
hei ght for Minice l • Urester 4 15

Table 9. Composite dynamic cushion i ng functions for 24” drop
height for Minicel + Urester 4 16

Table 10. ComposIte dynamic cushion ing functions for 30” drop
height for Minice l + Urester 4 17

Table 11 . Quadratic polynomial regression F-statistics for Minicel +

Urest r 4 18

Table 12. Nlnicel + Urester 4 Composi te Model 19

Table 13. ComposIte dynamic cushioning functions for l2’ drop
height for Etha 4 + Mi nice l 22

Table 14. Compos i te dynamic cushioning functions for l8~ dropheight for E tha 4 • M inicel 23

Table 15. Composite dynamic cushioning functions for 24 drop
heigh t for Etha 4 • M lni ce l 24

Table 16. Compos i te dynamic cushioning functions for 30~ dropheight for Etha 4 • Ni nice l 25

Table 17. Quadratic polynomial regression F-statistics for Etha 4 +

Ni nice l 26

Table 18. (the 4 + Minlcel Composi te Model 27

Ii

-L L..~~ _ _ _ _



.4 -—- ---,-- --—,---—•-- 

-‘I

I
LIST OF TA BLES (con ’t )

Table 19. Composi te dynamic cushioning functions for 12” drop
height for Minicel ~ Etha 4 30

Table 20. CcMçOSIte dynamic cush ioning functions for 18” drop
height for Minice l + Etha 4 31

Tab le 21. Composite dynamic cusiior4i ng funct ions for 24” drop
height for MInice l + E’’a 4 32

Table 22. Composi te dynamic cush ioning function s for 30” drop
height for Min ice l • Eth a 4 33

Table 23. Quadrat ic polynomi al reç ression F -s ta t i s t i c s  for Minice l +

Etha 4 34

Table 24. Min$ce) ‘ Etha 4 Coinposi’ e Model 35

Table 25. Composite dynamic cushion i ng funct ions for 12’ drop
height for Etha 2 • EtPi a ~ 38

Table 26. Compos Ite dynamic cushion ing funct ion s for 18’ drop
height for Eth a 2 + Eth~ 4 39

Table 27. Composite dynamic cushion~nq functions for 24’ drop
height for Etha 2 • Etha 4 40

Table 28. Composite dynamic cushion ing functions for 30” drop
hei ght for EtPia 2 + Etha 4 41

Table 29. Quadrat Ic polynomial regression F-stat i st i cs for Etha 2 +

Etha 4 42

Table 30. Etha 2 • Etha 4 Cor x,site Model 43

Ta b le 31 . Composite dynamic cushioning functions for l2~ drop
height for EtPi a 4 • Etha 2 46

Table 32. ComposIte dynamic cushioning function s for 18” drop
height for E tha 4 • Etha 2 47

Table 33. ComposIte dynamic cushioning functions for 24” drop
-- he i gh t for Et Pi a 4 + Eth a 2 48

Table 34. Composite dynamic cushion i ng funct ions for 3O~ dropheight for (the 4 + E tPia 2 49

Table 35. Quadra tic polynomial regression F-statistics for Etha 4 +

Etha 2 50

Table 36. (tha 4 + Etha 2 Compos I te Model 51 

_ _ _  

- ‘



INTRO DUCTIO N

Previous container cushion ing research reports [ I - 9], prepared

under the MICON conta iner cushioning research effort , have been concerned
with :

1) the acquisi t ion of an experimenta l data base for selected

individua l bulk cushioning materi als over a wide range o f

temperatures.

2) the development of a statisticall y significant para~,olic-

logrithm ic equat ion for a spec i f i c  set of co ndit ions .

3) the development of confidence intervals and prediction limi ts

for selected temperature sensitive bub cushion ing materials.

4) the validation of genera lized bulk cush ion ing models for

selected temperature sens itive bulk cushi on in g mater ials.

5) the development of computeri2ed models for selected tempera-

ture sensitive bulk cushioning materi al s.

6) the develo pm ent of HP-98l5A desk-top calculator models for

selected temperature sensitiv e bul k cushion i ng materi als.

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 mater ials refers to i dent ica l thicknesses of two

different bulk cushioning mater ials be ing utilized as the cushioning sys tem ,

j instead of onl y one cushioning ma terial.

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

tem Is related to the physical pro perties of the material. Certain bulk

cushioning mate rIals provide ex cellent shock mitigation at low static stress

levels (.03 - .8 psi), whi l e others do likewi se at high stati c stress l evels

ii’
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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  hi gh temperatures (100 ° F to 160°F). Thus , it be-

comes clear tha t if a jud ici ous choice of bulk cushioning ma terials Is

made, the best properties of each materi a l will be capit alized upon. Per-

haps a cushion i ng system superior to either individual cushion wi l l  be

ident i f ied.

Consequently, three sets of bu lk cushioning material ~~re selected for

experimental purposes. The bulk ~u ’hioning materials selected had been

modeled previously as ind iv i dual cushioning systems . It was felt that pre-

viously modeled bulk cushion i ng mater ials rri qht be more productive in com-

bination . since individua l cushionin g models could be compared prior to ma-

ter ia l select ion .

The first combi nat ion selected consisted of a 4~/ft. ’ density polyester

type pol yurethane foam (Urester 4) for one ma terial , and  a 20/ft. ’ density

cross-l inked polyethylene foam (Mi nicel) for the second ma terial . The second

ma terial combinat ion se 1ec~ed was a 40/ft. ’ dencity linear polyeth y lene foam

known as DOW E thafoam (Etha 4 ) ,  u t i l i zed  In combination wi th the M i n i cel ma-

terial identified in the firs t combination . The third and fina l combination

consisted of like thicknesses of two DOW ttPiafoam material s , a 21/ft . ’

- density linear p olyeth ylene foam known as (the ? . and a 49 / f t . ’ density

— linear polyethy l ene foam k nown as Etha 4.

- - The da ta acquisition structure was simil ar to that i dentified in UAI-(

Resea rch Report No . 159 or MICOM Report No. RL-CR- 75-l , Volume III , entitled

“Temperature Sensitive Dynamic Cushioning Function (
~ veIopment and Validation

for Polyester and Pol yether Type Pol yurethane Foam. ” The temperature l evels

.- conside red were -65°F , -20°F , 20°F . 70°F , 110°F , and 160°F.

2
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The procedures utilized in the anal y sis of the exper imental data have

been previousl y documented in UAH Research Report No. 159 , or MICOM Report

No. RI-CR- iS- I . Vo hsne I . ent~ t1ed “Tempe rature Sensit ive Dynamic Cushioning

Function Development and Validation for Hercules Minicel Thermoplas tic Foam.”

The validation of the developed composite models follows the procedures

L documented in MICOM Report No. RL -CR -76-7 , Volume I , entitled Validation of

Generalized Cu shionin~ Models ~~r Sel*~ ted Temperature Sensitive Cushioning

Mater ials. ”

Thi s report is livi ded into !hree bas i c  si~c t io n~~; the f~~rst ~e tion pre-

sents  the resul’~, o~ the  ~n- .~~~r 4 m d  M in icel comb ination cush ion ing system ;

tn~ second seL t ion  co nc t ~rt r ~i t” - . ~n ‘
~~~~ E. t ha 4 and M in ice l ~u’h ion ing syst em

L) - t ) l nat i on ;  the t h i rd  and f i n a l .~ t i an  presents the res u l ts  c~f the [the 2

and Et ha 4 ~us h i ) n i n ;  s~ stern cnnib1n~it ,on . A l l  t P ~ r~’~’ s ec t i ons  con ta i n

appropriate cor~p v . i t~’ lyn ii ’ic c~ hionin~ func t i n~ , ( w ’ p ( l - l t e  funct ion

F-stat ist i cs . r r a l i z ed r i o W ? s . and i d t s c u c c io n  of v a ? i d a t i ~~n s t a t i s t i c s .

1
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ANALYSIS

The composite dynamic cu~h i on iri q functions fur the Urester 4 + Mi n icel

mater ial comb ination are qi ven in Tables 1 through 4 for drop he i ghts of 12 ,

18. ~4, and ii in~ ht’~~, respect ive ly . Table 5 presents the 1-stat i stic values

for the variou s experimental con di ti ons. It is noted that the developed

t irictions are s t a t is tic all ~ s i gn i ficant for all exp eriment al condit ion s ex-

e;,t Seven - Four o’ these rt’ma in i n~ - e v e n  equa tions are very close to the

c r i t i cal v alie of F . ‘~Pn c e , ~m s l i qh t re L,~~it i on of the i leve l would cause

these four t ’qua 1 ~~~ be sign i~~ i in

~able 6 presents ~~~~~~ je ve1u ~ ed ~enp r i1 model for the rester 4 + M inicel

‘iat~ ria 1 c~ nb i n ation . ‘he ~x~L1e l con si st ’ - of a constant term and three inde-

~.‘c den~ var ia b le ‘he :o n t i i n er  ~r b 1~~ninq ~~u. t e~’ des~ gner r~ui~ substitute

t r ’ . inde pendent ~ir ii~ l. v a l ~ .’ ~~~ l~ 1n tc~ n -  ~~1p 1 l i ve r ,  in ~at l e 6. It

is  necec ir , t~ ~ ~~~~
• • ,s~ , . r ~ t ~r’ -~~~~t 1 11 :inq F 

~~~ and psi (100)

i n the provi ded mold .

F~~~t i - f i v e  di ff e r-er~ o r ’Th ln i t i o ns  of dro;~ he igh t , temperature , and cus h-

i c n  t hic kness were evaluated. ‘
~~‘ ‘~~~e i q~~t of thp~e combinations could not

I
ac hi eve the criteria e c t i b 1 i c h ~’d ~~~~ i’rde~ v a l i d a t i o n  .10 and min imum I
DCC G- le vp I value hounded b, • 1 .0 ;~s i . . ‘lowever , i is  noted that in 18

of tne c - i - c • i ver y -,r~a l1  nir~~~’ o~ s t i t i c  stress value s were outside of the

~-r ’~ 1ct ion li r n i t  range . T h es e  sta tic stress value s were at the l ower end of

the exper imental tn st scale. ~! wo~~Id he a rare instance in wh ich such a

l ’w static stress level would he en countered in a cushioning system design.

consequentl y. these 18 cases are not conside red to be of a significant nature

with regard to v al idation of the Urester 4 + M in icel composite model . The ten

remaining cases are a cause for concern i n  this mode l , indicatin g that thi s

materia l combi nation in t b ’ s  confi guration may not be as useful as other com-

posit e ma ter i als . The cushion system des i gner should utilize caution in the

application of this composite ma ter ial confi guration .
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F - s t a ’ ic’  “ . 5  ~ tr Jrm .r,t,..- 4 • Mi n icel -

~ 
~~~~~~~~ ~~~ in ’ t ‘ 1 6b

Drop ~4ei~ ht
EMPEPA TUR( (~~g-

) ~~~~~~~ ‘2’ .‘4’ 3J”

• I ,‘ ~ ‘ 117 4C~ 99 — — — —

-20 ’ 2 • 2 ’ 11 ‘4 1~~. II~ 67 .~ ’ I3 .~ n

3 ’ • p . 1 .  - 0 , 44 1’ - . 7 5  3 2 .2 9

I ‘ • ‘ 2 ‘‘ • ‘ . t l ’  ?12
2” • - . 4.13 4.02 1 , 74’
3 • ~~02 2 u Q  2.75 ’  2 74’

I • I 1 2 - -
. 

0 -~4 4 - P.R - - - -
‘O 2” • 3” 4 0 1  4 MO 3 Q ~ 427

• r •‘ .12’  1.42 1. 1~- 3.36

• I” 1 ‘, -- - 4 17 . 71
1I0~ “ • 2 Q . ~7 11 82 765 9.84

3 • Y 1 3 . 112 348 3.98 5.68

I” • 11 .61 8.Ig 5.39
160 2” • 11 )~ ‘ 4.99 7.52 5.45

3” • 3” 
~.28 11.34 4 .20 7.35

• Not Sig ni fi ca nt at 0.~0
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Table 6. Urester 4 • M in i ce l Composite Model .

Va riab le Coefficient ‘• - ‘
. h’I T~~ 

~~~~~~ ~~ ~s
)
~~~

I 
~~~

ci 176 ,96306
0.0 ‘~~~~

2 
- *

3 x K

4 ‘ ;  *
5 ,‘
6
7 ‘ J  K K

8 ‘ K K

9 I K -

I’ ? 
-i,j ‘11 ‘- I

I- • K - K

13 - •

14 • 
-

15
16
17 , I
18 I

p I I - K

19 x
20
2 1 1
22 *
23 I K 

- 
K K

24 0. illz8zH g ‘ p K

25 0,0 ‘
I p

26 ‘ * K

27 K K ‘ 
K

28 I K

29 ‘ K K

30 1
31 t K ; I

32 - ‘ * I
33 - • - I. K

I -

34 x , K P

* 1 - K 
‘ 

K
I *

37 I

38 -13.90 3138 •
39 0.0 - -

40 0.0 1

41 0 O  
-

42 0.26984~19 - x
43 0.0 x
44 0.0 -

45 0.0 -

11



C~ ISS-L INkE D POL.Y(THYIIN [/POLYLIST ER Typt POLYURETHAN E

Ml nice l (21/ft ‘)/Urester 4(40/ft. ’)
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ANAl. Y SI S

The cou~os1te dynamic cushion i ng functions for the Minice l + Urester 4

ma terial combination are given in Tables 7 thro ugh 10 for drop heights of 12 ,

18, 24, and ~ inches , respec t ivel y. Table 11 presents the F -statistic value s

for the various experimental conditio n s . It is noted that the developed

functi ons are stat i stical l y significant for all experimenta l conditions except

fourteen . Four of these remaining fourteen equations are ve ry close to the

c ritical value of F. Hence , a sli ght rela xa ti on ~f the * level would ca use

these four equations to be si gn if i cant .

Table 12 presents the developed general model for the Minicel • Urester 4

ma ter ia l  c~~tb ina t1on . The mode l consists of a constant term and 20 Independent

variables. The containe r cushi oning syst em desi gner may substitute the Ic-

dependent variable valu es directl y Into the ~ode 1 given I n Table 12. It is

necessary to adjust temperature u t i l iz ing ~F
1
~~460 and o~ ‘ psi (100) in

the provided model .

S i xty different cont,fnat ions of drop hei ght , tempera ture , an d cus hi on

thickness were eva luated. Nine of these combination s could not achieve the

criteria established for mode l validation (~~ • .10 and m1 n 1n~m 10CC G- level

value bounded by + 1 .0 pslj. However , it Is noted tha t in six of the ni ne

cases , two or less static stress va lue s were outside of the pr ediction limi t

range. These stat ic str e ss val ues jre at the lowe r end of the experimental

test scale. It would be a rare Instance in which such a low static stress

leve l would be encountered In a cush ioning system design . Consequently , these

s ix cases are not conside red to be of a significant nature wi th regard to

va lidation of the M in ice l • Urester 4 composI te model .

13

L4 ~~~~— - .  - _—_ _ -_  . ~~~~~~~~~~~~~~~~~ - - —.-———,--.~~~ .
--. —- —. — —



I ab le ,‘ L~~’ ’ -1 c ~‘. 1 • - , I 1-  11 1. - ‘ ? -  1 t p ~~i
t UI1( t 1 f t  - ‘1 - I. ’” l v t t ; -  O i l  -I~I
to ’ M , 1 1 1 1 l  • t i e ’-,’ ’ ’ r  1

THICKNESS MP1~J~ 0~ ~ :~~ ~~, ‘ ‘~~~~
‘
•‘  

1

-21 ,~~~~ . -~~~~~‘ - H ~~~R i z •  ‘4’ 
~~~~

20’ , = i - : I 4~ . r’ . )

V • 1 ’  1 , 71- : 1 -~ ~~ ~ •n , • 0 . . H (.n~~)

11 ~~
‘ • ‘o - 1 ~~, • 8.fl

~~ V ~~ 4 ? . - ‘~~ • ‘ K  ‘.~~~~~
‘ ( . n K ) ~

, : ~‘I  - - ‘ 1~ f l 1  

-

‘ 4.’~~ f l I )~~

- 1 ~ I . I~’ •n i •
2” • 2” - - —

-
. ~ ~nI • 3 . ~I

‘ 1 ~~ 1 — ~ -
. • ~1 K • -~~

‘
~ ~ .,?‘ • ~

• .‘t~ I — 1 I 
‘ f l *  ~~. ‘

~~

-2  
- 

- 14 ~~~~ 4~- •~~~~ • ~- 4 I

- 2~ 17 - n z  • 2 4 1  I. ‘ K~~~

• •,, : 
. 41 , .. - 1~ . 10 

~ f l K  • 1 .80 ( n~~’

I I - )  , 4 -  l ’- - 14 . ’3 :n~ • l ,f~’, ~ I n * )

1 — 1’ — 1 ~
- - H 7 fi 1 • 2 - ¶ 1 7  ( n )

- ________________

NOT E: * 100 *
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p” — -—--~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V - .-.-~~ ~ . -- - 

- -

Tab le M. ..ompo ’.i~ *- ~,-nun l ,
funct iici~~ t - r  1 ’-- ” - 1fo ~ ~ i - i qh t

(~~r Mi i i  I ~
- ~ • O f i ,  t* ’r  4.

THICKNESS 1’E,cER..A’ ~~ - - : -~N ~~~~~
_________  -

• ¶ 4 1  . 4 l~~ t~R .~~~~ K • 1~~ .5 (.r~~ )

20 .‘3R , 14 - 1 ( 0  22 ~nx • 14 .11 ( ~nxj

I — • 1 “ 71) 
- 

, . . -
~ t I ~‘ - I lo .

~ I • 19 , 40 ( ~nx

11 Y ‘ ~l t 4 t  - 1 1 1  U~ n* • l6. .’~ (~ nx)

_ _ _ _ _ _ _  _ _ _  - - -  I ~~~~~~~~~~ - 
~~~~~ r . l 4 67 (~~nx )

_
~~j  - 

34~ ..4 - l2~ 
‘
~~ ;i ~~ • 17.7? (~ nx)

20’ * - 11 •( • 3.56 (~~~ f l K ) ’

2 • 2” L~ 1 ‘ - - ‘ 5 .  7~ • ‘.15 (~ nx)~
11 3 • 107.41 - 4~~ f3 n~ • 6.02 ~~flx )~

_ _ _ _ _ _  

16C ’ 
-
~~~ 

- 

~~~~~~~~ ‘ ‘ -

_20 1 
• P 4  i J J  - i’IP S, ~ri~ • ~.99 

-

20 ’ - -~~ ~~~ - - 1 ,,~~~ ~~ • 1.15 (;nx)

3” • 3” --o • . ‘ -~ - 23 75 ;rx  • 3 .00 ( n*)
• -~ - t

’~~ - ?2.t~t •ri ~ • .86 ~~rix )

____________ — 

160 ’ __ __j
~_ _~ 

~~~~ 30 - .P~~L p~) • ? ~~* • 3.57 ( nx ) :

NOTE : * • lOO K
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Table q • Lornpo~~~t’ i~ 11 I I’ i( (~~ .P l i O rflflq
f u n c ’~i c~n’~ f I r . 4 drop heiq~itfor ~‘4in i c e1 • Urester 4 ,

-
~

- 1E~ :GN C ,~ .E E :~~~:oN
I

, • 4O7 ,~45 164 .2$ ~‘ -x

• 34~ —p 1 — 11-2 4 7  
~~~~~~ • 2 1.58 ~‘n~ )

• ~~
- - , 3 1 1 , 7f l  — 1 (~3 , t- 3 ~~~~~~ • ,‘~j c~3 ( . r i x ) ~

I - ii ~ - . 1 t * 2~ . 13 ( .nx )

- . 7 ~~ . -‘4 — I4’~. 42 
~ f l K  • 2 3. 49

- 

;r~~ . - ~~qg (tn x~~~~
22 . • 123 . 1-1 - 5 . 3~ n~ • 6.15 ( r ix )

- 7 . 74 ~~f lX  9, 5~~ ( rf K ) ’

/ • 1T’ 6~ - 5 1 4 .’ ~nx + 7 .41 -~~nx )

• 115 , 44 - 5 5 ,40 n~ • ~. .05 (~ f lx )
~, ‘?

~i4 . 2 1 - i 1 4 .OS ;n *  • p .92

• ‘1~~,44 - 3 .~~1 nI • 4.27 (.nx~ ’

3~ • I’ ‘ - 4 1 -~l ~~K • 5 .51  ( ; n x )

I -‘4 . 1 7  — 3 1. 43 nx • 4 .13 ( cn x

y I - 38 .28 i~~~~K ‘ 5.?6 I n K ) ’

NOTE: II

S
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~~~~~~~~ - 
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- ~~~~~~~~~ - - -

Table 10. Composite dynamic cush ioning
funct ions for 30’ drop he iqht
for M jni cel + Urester 4.

T hICKNESS TEMP ERATU PE :~~~:~~ ~~~~~

-20~ 
• 4t~t~ 15 - 197 .31 ‘~~ • 22.98 (~ nx )

2-3 ’ • 4 ?1 . t /  - :‘17 .74 n~ • 30.56 ~ nK)
+ 1” 73 3 • 4ll. ~ - 7;7,q . r’~ * 34 .48 

~~~f l K ) ’

11 0 ’ 310,55 - 173 .33 n~ * 27 .95 1;nx )2

• ¶73. 7 3  - 2 14 . 6 ’  r *  • 34.53 (;n~~ - --— —~~~~~~~ -—

-20 ’ 
~

- ~74 . 7 1  - 144 .37 ;~~~r • 14.60 •nx

20
. 

~
- • 169 .25 - lt.6l ~n • 10.0? (:nx )Z

2” • 2” I 2-~1 .94 - 10L5~ ;. nx + 14 .07 ~~nx )~
11- 0’ i 7~ 9.82  • 14 .32 ( Z n z ) ~

• 1’1 .02 - R~ . 1 1  II • 12 91 ( nx )’
-,- . — - -  —

~~~~~~~
- —- --— —— ____________

• 349 .51 - 1 3 1 . 6Q •n~ • 12 .87 ~~n x)’

20 ’ , 1 1 9 07 - 49~ 99 II 6 .02 (;nx)

• 3 ’  73 ’  • 108 29 - 51.08 1nx • 7.01 (;nx)’

110 ’ , • 94 .l~ - 4 3 24 ~~~ • 5.97 ~~ nx)

- 106 .73 - 51 .9? :r~K + 7.34 ~~nx )

MOTE: • lDQ i

V
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Tab le 11 . Quad ratic po lynomial regression
F -s t a t i s t ~cc for Min ice l + Urester 4 .
F c r i~~~cal 3.0 , 1)~t 1ie r t •

Drop ~1e1ghtE’4 PER.ATUR E (3f l  Tr4ICK NESS
12 ’ 18 ’ 2 4 ”  30”

1” • 1 ”  11 .99 4.02 5.3~ 6.74

-20 2 ’  • 2” 1 .55’ 4?.43 4.81 63.67

3’ • 3” 7 .64 11 .88 15.18 :7 .80

1” • 1” 2.0(1’ 4.09 6.3-8 4.80
2 ’ • 2 ’  3. 96 1 . 41’ L47 2 .66’
3 • 3” 7 7 8  4 .57 3.40 3.89

1” • 1” 7 .48 6. 58 9.18 6.06
7-3 2” + 2” 7 21’ 5. 0? 3.33 4.94

• 3” 1.61’ 1 .29’ 2.41’ 2.80’

V • 1” 5.85 7.00 4.16 3.43
1I0~ 2 ’ • 2” 2.91’ 6.30 6. 87 3.84

3 • 3” 2 .85’ 3.00 2.81’ 3 .23

1” • 1~ 12.30 7.47 9.38 3.27

1€0 2” ‘ 2” 7.20 7.60 8.71 6.68

3” + 3” 2 42’ 6.81 6.90 8.48

• Not Signif icant at -
~ ‘ 0.10
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I .,b l.’ 1? . M~~~~t’l • - J r , - ter 4 Coi~ipos i te MOtli ’1 .

- • - . •
-
~~~~ ( ; n :  )(&n .t ) 2

Var iab le Cje fiCie ’~ 
- ‘. - 

‘ S S

0 2. 14 . - ‘~o-$
1 0. 0
2 0.0 • •

3 3 . 0  - K

4 ‘i . ’ ’2? .

5 3— 4 • 0lO~2’ ‘ *

- $ 5  ¶~ . )t4 K . , I p

5. 1 ‘ ‘ t 4 ~i J ’  
-

-4 - 1 . 3005’~fl
0.0 ‘ K p

13 0.(J .

13. 1) ‘ - 
V P

12 0.0 ‘
13 . r • .

14 ‘ ‘ .

I — •-o. ¶ 1 ) .  -~ ,

16 O .k., •

17 0 . 0  • *
18 0.0 . -

0. 1
20 0.0 ‘
2’ 0. ’~ •

22 — 0 .  - : - - - ri - - -
~~ • , ,

* K

- ‘3 . 1 ’ 1~~~~73 , ,
0.0

27 o.o
28 o.o

118 .0 1 . ‘~~ ‘

0.0 • *

— -1 1 ’  ~12- ~ .

-i.o •

33 -5. P21 ’ 16, ’- *

‘4 4 ~7 1  024 ’
o. r
0. I - ~-1 1k - • . K

3 - 125
3-8 -11 ’ 3 ?€28 K

I; .

SR. t-~3~n10 ‘
41 11- 4 3 ~- JR ’ K

42 -0. 58 ?(11 ~ ,

43 0.0
44 _ ?. 7~~t ,5 ’ 1
45 0.0 x
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ANA L V S S

The C04flp0 ,1 t. i-,’ia ’ i ~ - ~p . ’ - r u f i 1 f l ;  h R  ~~~~ ‘ t .  ~Itr tht’ I I l Id  4 • M1n1 (f’ l

mater ia l  co.nbiv,at i -n  t r ’ -  ~~1 •- ‘ ‘ ‘  I ’ -  ‘,jt -l . - - . 1 ~P - ’ - ,0h Ii f 1 r  
~~~~ h.’ iqhts of

17 • I ~4 • 14 d’ - 30 1 0 -  P- ’ ’ - 
• ‘- n,- - i -~‘-1 , 1 ~t l .‘ 1 7  : K  ‘ ‘ ‘ .. ‘rt s P . ’  1—stat 1 st 1 C

1 UCS - ‘ ‘  ‘(0 “ ~~.i ‘ 1  t~ 4 ‘-  K~~~’~ I - ‘ I i ’ - 1 L - ‘ 1.1 1 • 1 i ’  - I ‘- f t  - !  oO that h. devel —

• ~f ’ ‘ . t ri S 1 ~. 1 -  i I I  , ‘, ;Ti i f  ~ ‘ , il l i ’ - ’ ’ I ~‘fI~ i I oridi ti ons

f ’ * - K ’ ,~ ‘. 
-f lii ’

‘,~1-1. ’ 1i-~ ~ rp . - ,‘ ~i ç  ,~~~~, . - , ,. ‘ ~~~~
. 

~~~~~ 11 ~
,‘1 $ , ‘ h p -  ‘ ( ‘ i I • Mi n icel

-- ,,te r i j l  ~~.- ( ‘ r - - i ’ l - r - , ‘ • - ‘ — o l  -r , i ’ , ,  ‘ . ; ( c - ’ ~~ ’ 1  ‘ ‘~~
- a’~ i L  independ—

‘‘“ ‘ ~,ir’ ~~
‘ ~~.‘ -  ‘ ‘ . C ‘ ‘ I i ’- ’ - ’  C . ,  ‘ 1 n i ’  ‘., ‘ ‘ 1. - ’ , l  .‘~~i ‘ i~ ‘.u ’~’- t 1 t ute the

1 ”  i’’ , • ‘ 1’’’ 1, , ‘ ‘ - . ‘ ,‘ .~ 1 f ’  - I , 1’  ‘ ( I  ‘‘‘ ,t ~* ‘  1 -
~ 1 p 1 ’  I f  

— 

~~ 
- 18 . 1 t

0; •
1 %  f ’ . ’ ‘‘~~ ‘ I 1 ’  • ,  1..’ - ‘ I ,‘ - ,‘ 

- 
~~~~~~~‘ . oô ‘ “ :1’ -. 1 (100 )

7 I’ 11 - • ‘ ~.‘ ‘ 
‘ ‘ I

S~’~•’’ •
_ 1 1 ’ - - ’ ’ ’ I • ‘ 1 ’  i’ in f l ’. U ’ ‘‘ ‘ -  ‘ . ‘ ‘ . ‘ ‘-  :‘ ‘- ‘  itur e • - ‘. fl~1

1’. ) .‘ ‘ ‘,‘ ,‘,‘ ‘.‘  - . i 1 , ~ ’’- ‘i-  ( l ’ • P . , - - ,’ ( 1 ’~~ l I 1 -  ‘ ‘. - j l d  fr i t

I ! ‘ 1 f ’  I •‘ - t i l  l i - ’ ’ - - ¶ ‘ - l  ,~~1i • i~ j r .( 1’lflifllUlIr

IDC C ‘,~~‘1 ~- ‘I~ .’ • r~~~, -~~ ‘ • • 1 0 p- .~ ) .  - -  , ‘ - ‘ . i ’ i ’~ n - ’ . .’~j that 1fl two

o ‘ tPlf • “‘— - ,,- ‘, , ‘ , ‘ .-‘ •. t i  • i - ‘. • ~~~~~ ,al u.’ ~~~‘ - , o ‘- 1 I I P ’  - - hi ’ predi ction

• an ~~
-‘ ‘ “ ‘  ‘, y 

~~~ i t  ‘. • r.’~~, • 1 - i . -  i ’  i ’ t ’  .- l~~~’~- .‘. O n ’ ¶ 1-t i-’ e*pe~-;inenta 1

~~~~~~~~ c~~~ !-’ ~~ ~ , i~~~ .- - i  i ’ ’  ‘ - ‘ . ‘
~~~~ ~~~ ~~~~~

i ’ -  - j $’ a 1~~ ‘~~ i I 1C  c t ’ — ’’- ’-

lPv” l w t - t -~ i (  ~,‘ ‘r ~~~~~~~~~~~~~~~ 7 ’  1 C ,  ‘ i - f i f i ~~ ~~~~~~~~~ ii’ ’- i ; ’
- - C ’ - .’-o u ent 1~ - ,

thece ~w~- ca -~”c a’-’ n0 - r - ’~ ’ ~~~~~ - • - -~~~i ’ ~1 :r- ‘ i i -  i’ I ‘ i t ~~~~
’- .-  wi th regard

! ) val idat ~ 
-r —

~~ ~ ~ 
-
~ 

-: • ~ ~ ‘- 1 ~~~ ~ t •
~~ 

— , 
~

.-  I - 
b~~. rpm~ ~ fli flQ

e ’-~~~’ ci~~c we’” ‘~p r , ~1 - .“ ‘ f - t i -  ‘ “  ~1c t i  ‘ 1 i ~~~~ i ran ;“ .

~
‘ 1

- - - ____________________________ ___________
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l
~ t I  1~ I I. - ~‘~ t ’  7 .

’ - ‘. . ‘ i ’  1~ ( u - f - I  - f t i f l -
‘ ~ 

-
‘ ‘ 1. -‘ 1 ’ - ~ hi’ 1

I ~ ‘ ( I .  .~ I • ~
‘ ‘ 7 -  . 1  -

~I~ CKNESS EMP E RATL’ RE :[S:GN C-J~~f ~~~A T : o~

-‘ 
• - 1 1 .7’-. — ~- 7~ nI • * -‘ -

• . 11 .1 I, ~7 ~f lX  • 0? ( . n~~)~
1 ’~ • 1” .~~~~

, - 
- — 71 - n~ • ~~~. 4’ r ,~ )

-~ 
- 

n’ ~ 1 ( . r K

113 • 1 ’~ 1 3  - ‘
0 . ,‘ ~~~ 

4 ‘-3 . 3 ’  (,nz)

lb 1 , • 1 - 1 ’ - - — - 
~~~.. : ~rx  • $ t

I 0- 5 - — 1 1 1  - 1 - n* • i - s ’  ( n~ )

• 7 ’’  - . - . — - -
~~~~~~~

‘ ~~ • ~~I (~~f l x)

2” • 1’ - - ’ — 
‘ I~ l~ ‘ n - *  • ‘ l f  ( k nx)

• 100 ..: - II r + “ ~nx~~
1 13 • 1 0 i’~ — - ‘ • ~r ix  • 4 ~ 7 ( ,

1 6 2 ’  • • 1)0 :0 — -.0. ‘ 1 , n~~ • 4..’~ (;nx)

:7 5 _  - - l  , $ ‘  n~ • • ( 5  ( f l x )~
/ ,‘5~ • — r~~ • 10 ( ;nx)

• ‘ - ~ I • - ‘ - ,  — - ‘ . 1 4  t lT + 7 0

• I - 
— ¶5 • 4 . i ( ‘ n ~

1l ~ • 100 .~ -: - ~4 , -4 ~nx JQ ( ; nx )  l

l6Q~ . ‘ 1(10 ~ — 3 7 -3 4 fl1 • ~~~ (:nx)~

‘40 E :  • 132 1

h.....1. ~~~~~~ —. --
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I ,~~t ) , -’ 14 . C~ ” ;t’it . - ~~~~~ 1

f ~n I i  ti ‘. t - , * - - d r l  ~
- ?u~ I ~~~~ t

4 •

T hLC KN ESS T EM E~,A7LRE ~~~~ -2 U~V E £ - U ~ ” -7N

I • 3 ’4 - 2 1 — 120.0 ni • 104 75~

— 2 0 W • ‘I ‘ — 1 ~3 . ~: t f l X  + 12 33~f,nx)

1 -. 1” 20~ • 1 , 7  . — 115 ‘ - f l*  + 11 - 0~ ~nx ) 
2

• I ~~.‘ - 
~~f lX  4 14 . 74(~ nx)’

110’ ,‘ - 4’ ‘2 — 1 , .  10 in~ • 11 . 93( ~nz)
16 1 • 1 0 1  oP - ~~~ 

;n~ • 10.O6~~nx )~

~65: l ’ r ~~
- - — 1 ,6.33 ~nx 4 1 1 . )4’~ nx)3

• ‘ ‘~~ — ‘- t1  ~nz +

2” • 2 
p - Q 7 4 ;  

~~ • 8.40(~~nx)2

70~ y •~ ‘1 ’~- 7 1 — 00 70 ~nx • 7,Q7 (Lnx)2

110’ ,- 1 5 3 1 4  - St . Sf ~i~x • 5, 79(~ nx)*

16& ‘ 1 1  ‘ 0  - 47 47 tnx • 4 . 5 7 ( ~~f l X ) ’

-65~ 3 1 ’ 14 - 115 40 ~nx • 10.26 ( t nz ) ’

/ 1 - ’  41  - 104 .77 ;n~ • 
Q ,7 1 (~ nz)~

• 3 2’Y t~~~~~~’~~ - ~~~41) ,j~~ + 8. 04 ( inx)
- 1  —~1 ‘ ) - 6~ 45 ;nx • 6.61 ( ~nx) ’

1 10D • 1. 4 - -
~ - 43.oq ;nx • 4 .21 (tnx)

16O~ ,~ 
.11’- 1’ - 44 70 f nx • 4.59(Pnx )’

P$OTE: * • lOO x
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““1

T a b le 15 . ~ t ) 1~ f ( ’ ’-. 1 . ‘ -1 1 ,’ ,i~ ”i C ( .~‘,h i t - f ’ t i n- :
fUn Ct ion ’ , 1 - t r ~‘4” drop height
f I T  t n ,I 4 • U 1~~~11 ~~~~ -

THtCKNESS TE~~ERA T~RE :~[S:m C2~ .E E2L~T T N

-65 ~i • 4~ - - 1 ‘ : . ~~
‘ L f l X  + l( . 35 ~

-20~ I • -  ~~~ - 15 t- t- •ri z • 15. 63 (tnx)~
1” • 1” 20’ y ‘ ~~-

‘
. .  ~ — 1 ¶- ‘. ‘ ~nx • 14 . 19 ( •nx) ’

73’ y • 3 ’ ’  - ,  - - I •
~~‘ . 7 3  ;nx • ?0.R2 (Znx )2

1l 0 y • ~~~~~~~ -
‘ 

- 143 ,5 1  ‘ r i x  • 17 . 74 (Znx )
16 0’ / ‘211 1~ - 1 t O O  ~nx + 14 .44 ( ; n x ) 2

.65 : 
/ • 1 11 07 - ~t . P1 ~nx + 8.03 (~ nx )

-20’ • 3 2 . 4 o  - 116 .88 ~nx • p .37 (~ nx)~
2” • 2” 20 • ~31 . 1 ,’ - 118 ,07 

~nx • 11 .20 (;nx )~
73’ V .  ‘~‘) 3~l — ) 3 4 ” in K + 968 (izix)

l10~ . 1 7; .  it - - - p5.91 ;nx • 7 .00 (~ nx )

160 ’ 1 • 141 9- - L~ I ’- ~nx • 6 . 48 ( Lnx )
___________ ______________ - 

• ~~~~~~ - lo7 .49 ~f lx  + 9 .22 (~ nx )

y • 375 4 ,’ - 1 1 1 . 1 1  ~nx + 9. 86 (~ nx )
3” • 2 0.’ 

~ 
• 7 o )~~~4 3  - 1 -04 .22 £~ x + 9 5 7  (inx)

70’~ v a 1’-~~ -11 - 69 .26 thx + 6.57 (~nx )2

11~~ y .149.64 - 54.64 tnx + ‘~.44 (~ nx) 2

160~ • 112.26 - 4 7 . 47 fnx + 4 .53 (tnx) ’

NOTE: x • 10O~
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Table 16. Compos i t e  jyn~ir ’ - i t  c us h io n i ng
functions for 30’ drop he~qhtfor [th~ 4 • Mlnf Cel.

1’8ICKNESS TE~~ERA TURE ESIGN CURVE EQUATION

_65 1 
,‘ • 4 0 0 . 7 0  - 171.55 t n x  • 17.25 (~,n

x)2

-2O~ y .4 5  1 .8 ,  - 170 .79 Lnx • 17.73 (~ nx)

1” + 1” 2O~ y .407. ’ ?  - 193. 03 tnx • 20.85 (tnx)2

70~ ~ 
.4 7 8 . 70 - ? 3 . (17 tnx • 27 .81 ( t h x ) ’

110 ’ • 35 .1 - 
- 163. 90 ~,nx + 21 .35 (thx )

16& y ‘ -~~~~~ 5.’ — 145 . 74 ~n x + 20.38 (iinx )

-65~ / .445. ~~~
‘ 

- is ;- . 15 tflx • 1366 (tnx)

-20’ y • 17 1 88 - 126. 48 i f l x  • 11 ,42 (tnx)

2” • 2” 20~ y • 3~~(1 f - 4  - 147.8-6 thi + 137. 10 (tnx) 2

y •.S” .07 - 101. 87 thx + 10.92 (thx)2

110~ y .197.71 - 76.01 thx • 8.47 (~ nx)2

160 y • 159 71 - 66.14 tnx + 7.97 (thx)2

-
, .342. 15 - 110.90 ~~~~ + 9.44 (tnx) 2

.23 : • 14S 59 - 1 1 7 . 13 ~n x • 10.39 (Lnx)~
3” • 3” 20” • 3 1 ’ ~- . 8O - 113.57 t hx  + 10.66 ( f nx )

~ 
.214 .81 - ~- ? 47 ~nx + &67 ((nx)

lId y .159 ,45 - cq .62 ~rix + 6.14 (thx)2

16d y .l2° . 6 7  - 50.85 tnx • 5.63 (tnx)2

NOTE: X • lOO x

1’
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Table 17. Quadrat lc pol ynoiiial regression
F - s t a t i s t i c s  for Etha 4 • Min ice l.

- 3.0; Out lier t • 1.66

:ro p -e’ if l t
~‘EMP~ RMURE ( ‘ F )  ~81C KNESS 1~~’ ”  ‘ - ‘ , ‘- ,

I.: .. ~~~

1” • 1” 5 .20 72.49 
— 

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 .4~ ” 31.98 11.50 6 . 3 3
1 7 ‘4 10 77 6 64 9 31

3” ‘ 3 ’  ?l .t ’ 11. 45 7.35 12 . 8.6

1” • 1” 4’ .p -7 17. 77 10.77 7;’ .55

2C~ 2” • 2” 15 , 0 . 3 8 . 0’ 7 -
~~~ 1 1 . 49

3” • 3” 1 3 . 6 0  1 1 . ’4 ( . 4 7  4 . 2 3

1 ’  ‘ Y 36,89 51.66 17.1 3 1 12 .99
7 .3 : 2” • 2” 7 .52 12.60 . 26.55 2 1 .34

3” • 3” 
— 

1~~.98 5.76 13 .19 14 .33

1 ”  • 1 ’  7 1 .6 5 10. 40 9.62 3.70

• 2” 2 5 .5 8  103.72 31 .03 13.80
3’ • 3” 8 . 49 2 3 .16 t 72.00 97 .95

1” • 1” 23. 7~ 8.43 10.01 5.70

160’ 2” • 2” 32.54 4 6 .P~? 21 .10 16.82

3” • 3” 25.57 22.97 54.19 28.94

. No~ S1gri1f~cant at ~ • 0.1-3

26
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ljblt’ 18. tha 4 • “inic.’ l  1 t ~I’ i’o’ . ite  Model .

Va r Iab l e Co e fficient .‘ - . . .‘ ‘ 

- 

•,
‘. 

, 

(~~n ‘5
) ( i n  

~~~~
338.6994 1

1 0 .0  x
2 0.0 ‘ K

3 0.0 ‘ x
4 0.0 ‘

5 0 .0 I

6 0 .0 ‘

I 3 2 . h 1 4 1 4  - , ‘ -

8 — 5. 0-.~ 14~ 7 . ‘

9 0.0 I
13 0 0  -,

‘1  u. o I I

1.2 0.0 x
13 0.0 . . I
14 - ~~~~~ ¶ 4 5 )  . . I

15 0.6 ¶ 4 3 8 1 ? . - 
‘

16 — 4 31 ,” ~41) 
, I

17 0. 0~ ’- l fl 3 1 I K

13 0.0 • 
-

‘3 0.0 .

23 0 .0  , *
21 0.0
72 0. ~. ‘4  ~ ‘ I l ’  • .

23 0.0 . .
24 o.o . .
25 0.0
26 0.0
2 7 0.0 .

28 0.1) .

29 0.0 .

30 0 0  . P

31 0.0 .

32 1 0. •-~t0: • ,

33 - 1 . 0236’ - 32 •

34 ~2.4507 ‘32 ,

35 0.0 .

36 0.0
37 0.0
38 03 . 44 ‘~‘.‘ - l
39 3. 14 , ’ 1 4 4

40 -R.81 41 ’4.
41 P. (115 005 • K

42 0.3
43 0.0
44 0.0 V

45 -0. 0788 - 12 1(0- ’ V x

2 7 

~~~~~~~~~~~~ 
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ANALYS IS

The compos i te dynamic cush i on i n g funct ion s for the M inice l + Ethd 4

material combination are g iven in  Tables 19 through 22 for drop he i ghts of

12 , 18 , 24 , and 30 inches , respectively. Table 23 presents th~ F-stat istic

va lue s for the various experimental condi t ions.  It is noted that the de ve l-

oped funct ions are statisticall y si gnif ican t for all experimental conditions

except two. One of these rema ining two equat ions is very close to the cri-

tical value of F. Hence , a slight relaxat ion of the i level would cause this

equation to be signifi cant.

Table 24 presents the developed genera l model f o r  the M i ni c el  + E tha  4

material combinat ion. The model consists of a constant tenn and 15 inde pend-

ent variables. The conta iner cushionin g system designer may substitute the

Independent var iable values directl y into the mode l given in Table 24. It is

necessary to adj .jst temperature utili z i n g  °F + 460 and 
~ 

ps i (100 )

in the provided mode l .

Seventy-two d if ferent c~ it’ inat1ons of drop height , temperature, and

cushion thickness were evaluate d . Ten of these combinations could not achieve

the criteria established for mode l valid at ion ( . .10 and m inimi.sn IDCC

G’-level va l ue bounded by + 1 .0 psi.). However , it is noted that In two of

the ten cases , onl y one static stress value was outside of the prediction

limi t range . This static stress value is at the lowe r end of the exper imenta l

test scale. It would be a rare ins tance in which suc h a low s ta t i c  stress

level would be encountered in a cushion i ng sys tem design . Consequently, these

two cases are not considered to be of a significant nature wi th regard to

valid ation of the Ml n lcel • E tha 4 composite model. The remaining eight cases

were very close to the prediction limi t range .

29
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Table 19. Composit~’ dynamI~. cush ion ing

function ’~ for h” drop heightfor Mi n i $’ l • 1t h ~ -

THICKNESS TE?~~ERATURE DESIGN CURVE £QUAT 1C~

-65’ 35 , 53 - 101. 48 ~nx + 8.l -~ (.n~ )-

/ 2 -~ , 1q — 8-8.61 ~nx • 7.30 (~ nx)

1” • 1 ’ 20’ ,‘ H~ 19 — -~0.82 ~nx -~~ ( ;n ~~)-

— 
70’ = 21 ~~~~~~~ - 7~ - 95 ~nx + 8- - 3 (~~ r x )

113 y lt- ~ .1 ’ - 64 . 94 n x  + 7 . 1  (~~n x )  1
160’ y 13 1 , ss — 50 , ~~~ ~nx + 5 . -H (;nx )

-65’ y • 3~ 7 
513 - 93. 55 Znx • 7 . 53 (~~n x )

—20 ’ y • ‘~ ~‘? 1 1  — 7.i. 2) ~~~~~~ • ~~~~~~~~~ (~~~ ) :

2’ • 2 ” 20 ’ . H O 9 1  - t6 . 30 ~~ + 5- 5-~ ( ~n x )

70’ y • 133 i5  - 47.~.4 ;r~ + 3.78 (;nx )

110 ’ y l , ’4 . -~ - 4h~-- 4 ~ ~n x  • 4 . -
~ ( f l x )

160’ / • ~1 ~4 - 1.90 ~n x  • 3. 1~ (~~r*)

—6 5’ / . -
~~~ “ , - 71 . t 2  ~n* • 5 .71  ~. nx ) ’

-20’ * ,“ 7  4 1
~ - ~0.45 nx  + 6 . 51- . (cn K )’

3” + 3” 2g’ • 2. 4 ‘
~ - 75 92 ;.nx ‘ 6.63 (~nx)

70” • 158 .63 - ~~~~ m x  4’ 5 .2 1 (~~n x ) ’
— 110 ’ y • 1 l.~ 14 - 3’3 10 ~nx 4 3 .71 ( ~~~~

160’ • 1 -5 ~l - 39.19 ~n x  • 3 .93 (~ nx)

NOTE: x • 100 *

- Ii
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Table 20. Composite dynamic cushion ing
functions for 18” drop height
for Min ice l  • Etha 4 .

THICKNESS TE~~ERATURE DESIGN CURVE EQUATION

-65° j • 442. 5 7  - 141 .09 ~nx • 13.09 (mx)’
•200 y 34 7 . 6 7  - 11 4 ?9 tnx •lO.28 -- (tnx)~

1” 1” 20’ y • 392 22 - 193 .51 fnx + 9.94 (~ n x )~
70 ’ - 15 - 17t— .18 ~~ + 1 4 . 74 ( Q n x ) °

110 ° • . 40.00 - lOO .t ~ n x  +h’.23 (Lnx )

160° lQ ? 89 - 

~4 .29 ~flx + 11 .75 (cnx )

-65° • 344 €- I - 110.30 inK • 9.27 (~ n x )
-20° 2811-8 - ‘ - 7 0  tnx + 7.66 (~ nx)2

2 • 2 20’ y • •‘l”  1 -  - ‘6 2 7  ~nx • 6 . 6 3  ( t nx ) 2

70° .‘ • ~‘J 3 . 5? - 73.91 tnx • 7.31 (~.nx)’

110° / • 151 . 4L - 56. ’’ £.nx + 5 ,80 ( t n x )~
160° y~~ l1 .~-0 - 4 (~~~.7 m x  • 4 .40 (thx)’

-65 ° y ‘ - fl . 43 ~nx • 7 .21 ( m n x )

• 7~ 5 16 - ~695 ~n x • R.2 ? (~nx)°

r • 3” 2~ y • 7 2 7 .24 - 7 5. 15 thx • 6.54 ( t n x )
70~ y ‘ 15 0 . 3 3  - 51 . 78 f n x  + 4 .81 (f .nx)

y • 133 .2 5  - 48.44 £nx + 4 .82 (f nx )
y • 103.07 - 37.09 tnx • 3.8? (tnx)’

NOTE: x • 100 *
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• 
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t s r  ~~~i f l  i ( s - 1  ‘ E~’

~i:D~~’~~~~- E M r H - , 7 . ~r : ;’1 c-.-~~. - ~~ :,
_ :

— - - ‘3 . )l — l C ,l ‘
~~ ~~~~ l 1 . t . ( s r . )

-
~ : ‘1J. -~7 — 1 ’ -~ 5~ ;r i ’ •19 .1 , ~s r . .K ) ’

1 + 1 ’  ~~* : . : .‘u~~~~~~ ,’9 , i , . 18~~ - 
~nx ): 1

I D  - 19 - s - 39 1 . H nx • ~ .77 I nx )

1 • ~
- 1 . ‘ — 1’ ~~~~~~~~~~~~ ‘ ~~~- 

- 9’ - ( r x  )

- ‘ 
• 1 :7. — 173 .  * :5 - n~

—
~~~~~ 

, • 15 9 ’ — ~
. • ~~. ~ ( 7r ~x )

— 3 D -  • - - 1 . i’ - 110 . - -: ~~~~ + -
~~~~~

-
~~ ( n c ~~~

2 ” • 2 ’  2 -3 ’ - 1  — 1 € - . ~7 r.~ + 
~~, I ( ; r x )

— 1 :-: . 5 .1 - r •- 11 - 11 C n~ )
I 10 • ,L- - • ~~-: ,-. . - , ~~~ (

* 1 - i . 1 — - - 7 3  , r ,~ • ~~~~~

-. = -: -: . ;o  — 1 - • . ‘8 ~~~~ • ~ 11 ( f i x )

181- - 1  ~5 R 2  m- ~ 18 ( ~nx )

3” + 3 . ~ O. - 1D’~ 3~ -r . . + 1 0. 94 ( - n x )
* 1 - ‘

~ 
:5 - ~~~~ ~ • 7.43 (;rix)’

11 0 ° 1 4• u3 — 71 . ; r x  + 7.58 ( ~nx )

y • 1 i~~.. 7 - 5 , .  ~7 
;n ~ + ç q ~ ~nx )

MOTE : x •
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- . .:  lii . - ;‘ 11 1- ’ 1’~ - ii
• 

,.. ‘~ • 9 - ,

~~ ~~~ 
~~~~

-

~~~L 

~~~

: R? I 

1

• ‘ ‘  13 .  - - - 
- .  H . - j  19 .44

I ’  2 ’  ~~~ ‘ 4 7 .  ‘ - -  2 1  - t  • 9 4

2 ‘ • : ‘ - ‘ - 4 ‘ S .  - ‘ . - ‘4

• 3” ~ -: - - 4 -
- 1 i9 19 .15

• 
~~~

‘ 1’ . fl~ if ll . ’~1 7 .97

C ” • ~~~ 2~’ . 71 07 30 .40

3 • ~~~
‘ 15 .94 12 . 1 4  7 3 . O ~ 1?.~~1

• Mc~ ~ ‘ ;r’’’ :-3 r~’ ~~ J . 13
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ANAL VS I S

The compos i te dynam ic .usti ion inq funct ions for the Etha 2 • Itha 4

mate rial c~~t ina tivn  are ;lven in Tab les  25 through 28 fc,r drop he i ghts of

12 , 18 , 24 , and 30 inches , rt1’-,~l,’ s t i~ s ’ T y .  T able 29 presents tht ’ 1 - s t a t i s t i c

value s for the variou s experimental ond~ tin ,~~. t i~~~ noted tha t the deve l-

oped funct ions are s t a ! i s t i~ a 1 l - , s i q n i t i ~ ant for a l l  ex periment al cond it ions

except three .

Table 30 ;~re ’ . t ’nt -
‘ the i .-ve1o ;~’i 9rne ra I mode l for the i tha 7 • [tha 4

ma terial .~ont.- inat ion . ~~ t,=~ 1,• 1 ~- n ’ .i~~t~, f 4 rnst~ n t  term and 20 i ndepend-

ent var iables. Th~= container u- .hion i n 3  .y’-t * ’~- designer may subst itute the

i ndependent variable valu e s ~i r,’ t l ,  in t .  the mode l given in Table 30. It

is necessary to 4dj~ st ter’~peraHr.’ u t i l  i :l no .. 
0F ,.+ 469 and ‘ ‘ psi (100 )

in the provide d model .

Seve nty- t~~ di ~ fere rt ~. orTh i na ’ i : f l ’ . of dr~;~ height . temperature • and

cushion thickne ss were evaluated. h,e o~ these co~itinations could not achieve

the cr iter ia establi shed for r~x id,’1 va l idat ion & .10 and minim ,fthi 1 0CC

G-leve l va lue bounded by • 1 .0 psi ) .  ~iowever . it is noted tha t the predicted

~~del vi l ues for this case are very close to the acceptable prediction

limits . Consequentl y, this case is not considered to be of a significant

nature with regard to va li d a t i~-~r of the £tha 2 • Etha 4 con~,os ite model .

37
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Table 25. Composits’ dynamic Cushtonin ~
functi on s for 1.’” drop height
for [tha . • ~tha 4 .

T HICKNESS TEMP E RATURE DESIGN C l/RY E EQUATION

650 • i3~~~? I-  - 101. 44 tflx + 8. 07 (~ nx )~
-20 ~ y • • . 4 I

1
. 84 - ‘-‘5. 4? (nx • 6.93 (~ nx )~

I” • 1” 2O~ y T .4 1 38 - 76 .55  & i-i x + 6 .62 ( m n x )

70~ • .~49 4l - 3€ ~nx • 10. 10 (~ nx) °

110 ° y • .‘ ~~~~~~~~~~ - 83.67 ~nx + 9.18 (tnx )

160’ y • 1 4 0 7 ’  - 61 .38 Lflx • 7.25 (Znx) ’

-65’ y • 3 3 9 . 5 5  - 101.58 ~nx + 8.14 (fnx)°

-za ’ y • 1— ’ .47 - 87 .48 tnx + 6. 44 (Znx

2” • 2” 20 ’ y • .‘.‘ *— . l6  - 7 1 . 3 7  
~~ + 5.89 (~ nx)’

70~ y • 114 .3 €  - € 1 . 7 0  tl3x + 5 . 71 ( t h x )
l1J~ y • 1 3 1 ,38 - 4 ’ O Q  mzix + 4 .54 (~ nx )’

160~ y • 1 12, 15 - 4 2 . 1 ~ c n z  • 4,37 (tnx)

-65° • 15.85 - 95.80 ; nx  + 6.08 (~ nx )

-2 0 • . f 3. -9 t- — 73.9? ~flX + 5 .23  (~ nx )

Y + 3 y • 242. 13 - 74.13 c..z~x + 5.8? (Lnx)’

70° • 164 . 7~ - 55. 14 (n x  + 4.84 ( t n x )

110° y • 146.10 - 51 .49 Lnx + 4.77 (tnx) °

160° • 107. 95 - 39.54 tnx + 3.90 (~ n x)’

NOTE: x • lOQ x
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