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INTRODUCTION

The development of mathematical models for temperature sensit ive bu lk

I cushioning materials requires a very precise and exacting procedure . The

procedure which has been developed during the MICOM Cushioning Material

Research Program consists of the following aspects :

1 1. experImental design

2. data acquisition forms

I a) single material

i b) composite two mater ial

3. test plan

1 4. temperature effects (analysis of variance)

5. outller detection

I 6. indivIdual dynamic dushion ing curves

I 7. mode l development

8. model validation

I 9. model optimization

a) tailored cushion (CUSHOP)

I b) encapsulation (ENCAP).

I Each of these aspects will be discussed in the material which follows . For
I’several aspects , a computer code exists to perform the calculations necessary

to utilize that portion of the procedure. These computer codes have been

tested extensively, and have been utilized in the development of nine bulk 9
I cushioning models.

This report will be confined to a general descripti on of the developed

container cushioning methodology. Complete details , together with extensive

I data analysis , are contained In [1 - 9] for the indiv idual interested in a

specific application .

tp
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I EXPERIMENTA L DESIGN

The procedure begins wi th the experimenta l design which , for all

I MICON/UAH temperature sensitive bulk cushioning efforts , has been a split-

I split plot design . The split -split plot design is a specialized form of

a nested design In which a subtreatment factor is nested wi thin a main

treatment , and a sub-subtreatment is crossed with the subtreatment factor and

the main treatment.

I Unde r this design configuration , the mathematica l model for each experi-

i mental observation may be written as 
~1’~

I ~ij kt ~ ~ S1 
+ Rt + SRit~ 

WHOLE PLOT

+ Th~ + STh
1J + ThRit + SThR iJt~ 

SPLIT-PLOT

+ Tk + ST Ik + ThT
Jk + STh T IJk + TRkt

SPLIT-SPLIT PLOT

+ ThTRjkt + STRikt + SThTR iJkt

where ~i the general mean

static stress level

Th~ ~th material thickness

- kth temperature level

Rt tt~ replication

SR 1t whole plot error

ThRit + SThR ijt - Split-plot error

TR kt + ThTR Jkt + STR Ik t  + SThTRIJkt - Split-split plot error.

2
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I
DATA AC QU I S I T I O N  FORMS

In an attempt to simplify the data acquisit ion procedure , while maintain-

1 ing the randomization element of experimental design , a data col lect ion fo rm

I generator has been prepared for use on the UNIVAC 1100 . This form generator

prepares forms of the type shown in Table 1. The randomization scheme pro-

I vides the order in which the drop hei ght-thickness experimental combinations

should be perfo rmed . For example , the first experimenta l combination to be

I performed for a given stress level , temperature , and replication , according

I to Table 1 , is identified by a 1 at the intersection of a 2 inch thickness

and a 30 inch drop hei ght . Thus , the random order of experi mentation is corn-

I pletely provided .

The numbers to the right of the matri x gives the experimenter the order

( of material samples to be loaded into the temperature controlled bins. Con-

I 
sequently, during the actua l drop tests , the temperature conditioned samples

can be drawn out in the proper sequence , with a minimum amount of time and

I temperature loss.

A computer code for single material forms generation is provided in

Appendix A . The computer code for composite two ma terial forms generation is

located in Appendix B. A sample of a composite two material form is g i ven in

I Table 2.

I
I
I
I
I
I
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Table 1. Sample data aoll ect l on form for singl e material

~ LNGLc. 1a~ATL ,~~AL

t~T h A F Q A M — ~

~~~~~~ LLW L L :

lEMPL,~MIuNL;

I
L)ka ) t~ Ht- lwiT

A ~~ A t o ’ ’ I 2’+’ ’ 1 3 0’ ’  1

I — ——1 
A I I 1 1 1 1 1
I A / 1  I 1 ~. 1  I 4 1  1 ~~1 2’’

I i 1 I 1 I I I I
A 1— — —— I I—— ——1 1——— —1 A— — — — 1 2’’
1 1 1 I A
A A I 1 1 3’ ’I I A I
A I 1 1 1 1’’

I ——— — i— — ——— — j— — ——1 —I — ——— J . 

I 
A I I I I I I 1 1 1’’

A I A o l  I ~. A  l i u l I i i
L I. A 1 1 1 1 1 1 3’’
K ~~~‘ ‘ A i — — — 1  1—— ——! 1——— —!I 1 1
L 1 1 1 1 1

1 1 1 1 I 2’’ - ‘

I S 1 1 1 1 
1— — — — A —— — — — —i——— — I 3’’

I I I I I A 1 1

I l A ,)1 1 11. 1 1 t,A  1 9 1  2’’
1 A I I I 1 1 A 1
A 1 — I  I———— i 1——— — i 1———— 1 3’’
A 1 1 1 II A A 1 A I 1’’
A 1 1 A I

I ~~~~~~~~~ 
I

II
1 S

.
;

~~hh1~ — ‘
~~

‘ , 
~~~~~~~~~~ ~~~~~~~~~~~ 

..



___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . --~~~~ . -

I
Table 2. Sample data col lect ion form for two materials
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I
I TEST PLAN

The experimental testing of any bulk cushioning material requires a

I documented test procedure. The test plan follows the ASTM method D 1596-64

I 
(dynamic drop test procedure), wi th MICOM compensation for temperature

ex tremes , since the ASTM method considers a temperature of 73°F only. The

I procedure assumes a drop tester and related data measuring equipment are

available as specified by MIL-C-2686l .

I The test plan follows :

1. Identi fy approximately nine well-spaced static stress values

I in the 0.03 to 5.0 psi range based on the specifi c material

to be tested (not all materials can wi thstand psi values

greater than 2.0). Testing should be in ascending static

.1 stress va l ue or der.

2. Procure an adequate number of test specimens (8.0 by 8.0

inches) to satisfy temperature conditioning requirements and

replication demands.

3. The temperatures to be utilized are -65°F , -20°F , 20°F, 70°F ,

j 110°F , and 160°F, while drop heights are 12” , 18” , 24”, and

30”.

1 4. Initially, condition the test specimens by dropping on them

once , one at a time , from a 24 inch drop height measured f rom

the top of the sample, at 70°F.

1 5. The test specimens are loaded into conditioning bins according

to the right most col umn on the data form. Each bin is loaded

I to a specific replication with a total of three replications

I per temperature/static stress.

6. The test specimens are conditioned to the desired temperature

I in the conditioning bins.

1 
6

~~~~~~~~~~— ~~~~~~~~~~~~~ 
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I
1 7. Only one drop is permitted per test specimen per condi tioning

phase. This precludes dropping on compressed test specimens ,

which would bias the experimental data. Test specimens are to

be permitted to return to ambient temperature prior to beingI temperature conditioned again (approximately 24 hours).

1 8. The testing sequence (1-12) has been randomly established by the

representative numbers for each of the twel ve blocks on the data

sheet. The first test specimen to be tested is identified with

a one in the upper right hand corner of one of the twelve identi-

cally shaped blocks on each data sheet.

9. Two experimental values are to be recorded for each drop test.

The value to be recorded on the upper portion of the indi vidual

data locati on is the peak G value. Below this val ue should be

recorded the pulse width in milliseconds .

This test plan will result in valid experimental data to be utilized in

the development of superimposed dynamic cushioning curves. The sections

which Ininedlately follow will address the data analysis portion of the model

development methodology.

-. 1

~1
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TEMPERATURE EFFECTS

The effect of temperature upon foamed bulk cushion ing materials has

been proven conclusively in [1 - 3].  However, there may be an occasion

when the experimenter desire s to verify the temperature effect upon some

new , exotic bulk cushioning material. Consequently, the material which

follows in this section will describe the method of identify i ng a signifi-

cant temperature effect.

In order to test the significance of the temperature effect on cushion-

ing material properties , an ANalysis Of VAriance (ANOVA) is conducted on the

5 data for each material type based on the experimental spl i t-split plot design .

The appropriate ANOVA is performed on the data by utilizing a UNIVAC 1108

STAT-P ACK code entit led ANOSSP (Appendix C). A suninary discussion of the

assumptions and calculation methodology employed in this code is contained

in [1].

A sample ANOVA table is show n in Table 3. In general , it is known that

a significant difference exists between stress levels or between material

thicknesses. This information is provided once again as part of the ANOVA

procedure. The Important significance test in Table 3 is the one related to

temperature. In repeated testing upon Minicel , Ethafoam 2, Ethafoarn 4,

Urether 3, and Urester 4, the temperature effect has always been very signi-

ficant. On a new bulk cushioning material , it would be important to test

for a temperature effect.

£ 
8  

_  _
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I
I OUTL I ER DETEC TION

As every experimenter knows , an observation , purportedly taken under the

I same conditi ons , may be widely different from other observations , or an outlier

- from the rest. Thus , the problem confronting the experimente r Is whether to keep

the suspect observation in computation , or whether it should be discarded as a
- 

faulty measurement.

Although many criteria have been proposed for guiding the rejection of

outliers , none we re found in the l i teratu re which were particularly applicable

to this case. Consequently, an extension of the extreme studentized deviate

• from the sample mean , or Nair Criterion , was developed and incorporated as a

preface program to the CVREG curvilinear regression computer code .

Referring to Table 4, the first step in the out lier subroutine is to corn-

pute the sample variances for each set of three replications of C l evels to

find which set has the maximum sample variance. For the set of observations

having the largest variance , each observation of the set is then tested

ind ividua ll y as a candidate for rejection as an outlier by using the stat is t ic

I
- - where X

e 
= an individual observation in a set of three replication s

x = the sample mean of the three observat ions

s~, = an independent external estimate of the standa rd deviation from

concurrent data .

To get s,~,, the set of replications of G’s having the max imum samp le

1. variance , as indicated above , corresponding to a particular stress level , is

eliminated from the calculations of s. From the r e rna in in g  sets of rep li-

catlons of G’s, s,,., is calculated with the expression

1S_ 
10 
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where s~ = sample variance of the ~~ set of replications of C’ s and

n = number of stress levels.

The values of the t stat ist ic for each observation in the set of repli-

cates being tested are compared with the appropriate va lue from a t table.

A point is rejected as an out lier if t(ca lculated) > t(tab le value ) [10].

If an observation is rejected in the fi rs t iteration of the outlier

test , the set of replicates to which it be longed is no longer considered in

further ca lculations , but the code then moves to the set of replicates with

the next highest sample variance to check for outliers . Iteration is con-

tinued unti l a set of replications is checked and no points are rejected.

Safeguards are built into the outlier test code which restrict the num-

ber of data point s that can be rejected in a set of rep licates. For instance ,

only one point can be rejected in a set of three replications. Al so , i f  two

of the three values of t are the same and are grea ter than the test criterion

value of t, then neither of the observations is rejected. This is essentially

a tie rule for a relatively rare but possible eventuality .

The outlier detection code is contai ned in Appendi x D.

12
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I
INDIVIDUAL DYNAMIC CUSH IONING CURVES

Wi th the out lying observations removed from the data , the data is suffi-

ciently conditioned for input into the curvilinear regression code (CVREG),

which determines the equation of the s ta t is t ica l ly  best f i tt ing polynomial ¶
for use as the dynamic cushioning desi gn curve for a part icular drop hei ght

and material thickness.

A fairly rigorous method for determining the degree of the polynomial to

be f i tted to a given set of data consists of firs t fitting a strai ght line to :~
a set of data , I.e. , y = b + b 1x and testing the hypothesis ~ = 0. Then ,

fit a second degree polynomial and test the nul l hypothesis ~ = 0, namely , r
that nothing is ga ined by including the quadratic term . If this hypothesis

can be rejected , a third-degre e polynomial is f i tted and the hypothesis

= 0 is tested , etc . This procedure is continued until the null hypothesis

= 0 cannot be rejected in two successive steps and , consequently, there is

no apparent advantage to carrying the extra term s .

The output of the CVREG code contains the coefficients of the fi rs t ,

second , third , and fourth degree polynomials for the experimental data under

consideration. In addition , each polynomia l is accompanied by an analysis of

regression variance , and an F-stat is t ic  for determining whether the third and

fourth terms should be reta ined . In most cases , a second order polynomial

is sufficient to desc ribe the experimental data.

The CVREG code is co ntained in Appendix D.

-

~~~~~~~~~~~~~~~~~
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1 MODEL DEVEL OPMENT

The experimental data for a particu lar cush ioning materia l f rom wh ich

the Individua l dynamic cushioning curves were developed Is now u t i l ized  in

total to deve lop a genera lized model. The general ized model is predicated

‘I upon a combinat ion of drop hei ght, cushion th icknes’., cushion temperature ,

and stat ic  stress leve l mathematic a l ly stated as :

1 ~/:‘ 1 i - -
‘ 

-
- c + V h V -- —- n -~~

-
~~ - V 

~~ 
V c - - 

,(~n 100 ~
0 k— O T ’~~~ ’ j~ l i~ 0 iJk~

- + V ~~ V c (~ n 100
m~O mn S

where c constant

h drop hei ght

I thickness

o = temperature -~b-9

sta t ic  stress.

F rom th is genera l mode l it is necessary to select th~ combination of terms

which best describes the s i tua t ion to be mode led.

A stepw ise regression procedure (Appendix C ) is ut i l ized  in acqu irinQ

coefficients for the genera l model . A total of 45 terms are conside red by

• the stepwise regression procedure . These terms represent the Comb ination s

• of variables found to describe hulk cushioning behavior very adequately . A

sumary of the variable combinations is given in Table 5. The variable com-

binations are i dentified by an ‘.‘. in the appropriate column .

Each time a variable is added to the general model , it is necessary to

~. eva luate the resultant dynamic cushion i ng curves to assure the proposed model

- L
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Table 5. V ar iable combination suninary

I
Varia ble Coefficient 0 0 t 3 -~ h½ r~~ r~~ ______ _______T

2 x x
3 x x x

• 4 x x x
5 x x x x
6 x x x
7 x x x
8 ‘4 X ‘4 X
9 ‘4 x x~~ ‘4io x x~~11 x ‘4 x

12 X x ‘4
13 X ‘4 ‘4
14 ‘4 ‘4
15 X x x x
16 x x x t

17 x x
18 x x x
19 x x
20 x x x

x I  ‘4 X
4- ’ x x x
23 x x ’ x x

25 ‘4 ‘4
26 x x x

x x x x
28 x
.~9 ‘4 ‘4 x( 30 x ‘ 4 ;  ‘4

31 i x  ‘4
32 ‘4 ‘4 ‘4
33 x
34 x

x I ,\ ‘4
• 36 x ‘4 ‘4 -L 37 x I

3S x
39 ‘4 1 ‘4
40
41 x ‘442 x x
43 ‘4 -

44 x x

L _ _ _



j is providing the hypothesized U-shaped curves which do not possess negative

peak acce lerations ’. and the curves are distinct. Obviously, many of the

developed models wil l  be similar in their predictive ability. Howeve r, first-
- hand observartion during the experimenta l phase , supported by statist ica l

evaluations at each step of the model developmen t effort, are the best methods

to evaluate the various developed models. In addition to the deve loped mathe-

matical mode ls , the regression procedure provides pr inter plots  for each drop

• height/thickness/temperature combination , to assist in a valid model selection. ‘

t L_
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I
MODEL VA LIDATION

The model validation procedure builds on the earlier aspects of the

methodol ogy being described. In [6L a procedure for validating the model

dynamic cushioning curves is documented in detail , wh i ch i s predi cate d upon

prediction limits.

The developed generalized model procedure provide s dynami c cushioning

curves for individual combinations of drop hei ght , temperature , stat i c stress ,

and cushion thickness. The individual dynamic cushioning curves [10CC] are

compared with the developed prediction limits to ascertain whether the

generalized model is predicting the 10CC in a consistent statistical fashion .

In essence, the test of the generalized model is to determine if i t can pro-

v ide C-leve l values which include the si gnificant static stress level portion

of the 10CC an d st i l l  rema i n wi th i n the predi cti on l imit s for the pa r t i cu l a r

conditions under consideration. The significant portion of the 10CC is

ident ified as the minimum 10CC C-level value bounded by + 1.0 psi. This signi-

ficant portion may be truncated at the l ower or upper static stress level if

the bounds fall outside the standard static stress range of 0.05 to 5.20 psi .

The valida tion code is provided in Appendix F. A sample output is given

in Table 6 for the Ethafoam 2 model. The minimum C-level for the 10CC is

25.67 at a static stress of 1.6 psi. Consequentl y, the significant portion

is 0.60 to 2.60 psi as identified by the double asterisk (**) to the left

of the MODEL column . Over this static stres s range , it is seen tha t all model

values are contained within the developed prediction limi ts for this case.

Thus , the general model is found to be predicting C-level values very ade-

quately.

17
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Table 6. Sample Validati on Output

ETHAFOAM-2 12 .0 IN. D.H. 1.0 IN. THICK -65.0 TEMPERATURE

STATIC STRESS DECELERA TION (C)
PSI 10CC LOWER-P MODEL UPPER-P.05 173.75 156.18 187.51 191.32
.10 119.70 102.45 125.06 136 .95.15 93.74 76.81 95.17 110.68
.20 77.86 61.23 76.95 94.49.25 67.00 50.67 64.51 83 33
.30 59.06 43.02 55.45 75:09
.35 53.00 37.25 48.57 68.76.40 48.25 32.78 43.18 63.72
.45 44.43 29.23 38.86 59.63.50 41 .31 26.38 35.36 56.25
.55 38.74 24.06 32.47 53.42.60 36.59 22.16 ** 30.07 51.02
.65 34.78 20.59 ** 28.06 48.97.70 33.25 19.30 ** 26.37 47.21
.75 31.96 18.23 ** 24.95 45.68
.80 30.85 17.35 ** 23.75 44.36.85 29.91 16.62 ** 22.73 43.20
90 29.11 16.02 ** 21.87 42.19
.95 28.43 15.54 ** 21.15 41.31

1.00 27.85 15.15 ** 20.54 40.55 ¶
1 .20 26.34 14.34 ** 19.03 38.341.40 25.72 14.29 ** 18.52 37.141.60 25 .67 14 .72 ** 18.66 36.63
1.80 26.01 15.42 ** 19.22 36.59
2.00 26.60 16.30 ** 20.07 36.912 .20 27 .39 17 .28 ** 21 .13 37 .502 .40 28.31 18.33 ** 22.33 38.28
2.60 29.32 19.43 ** 23.63 39.212.80 30.40 20.56 25.01 40.25
3.00 31 .54 21.72 26.44 41.363.20 32.71 22 .89 27.91 42 .533.40 33 .91 24 .09 29 .40 43.733.60 35.12 25 .30 30.91 44 .943.80 36.35 26 .53 32 .42 46 .164.00 37. 58 27.77 33.94 47 .384.20 38.81 29.03 35.46 48.594.40 40 .04 30.29 36.97 49 .79
4.60 41.27 31 .56 38.47 50.98
4.80 42.49 32.83 39.97 52.165.00 43.71 34.08 41 .46 53.335.20 44.92 35.32 42.93 54.52

18

1
- -



_ _ _ _ _ _ _ _ _ _ _ _  - — — -—---

I
I MODEL OPTIMIZATION

The development of a valid mathematica l model of impact response for

a particular cushioning material creates a need for specifi c application

techniques. A coarion application method is a tailore d cushion , where the

I cushion thickness is determined fi rst , and the size of the cushion determined

secon d. This applicati on technique is entitled CUSHOP , referring to tailored

cushion optimization.

- Another corrnon application method is encapsula tion (ENCAP), where the

- - 
en ti re surface of the p rotecte d it em i s encase d by the cush i on i ng ma ter ial .

- The max imum an d m in imum sur face areas must be determ i ne d pr i or to calcula ti ng

the cushion thickness when the encapsulation method is utilized. I’.

Appen di x C conta i ns the com puter codes for the CUSH OP an d EN CAP appl i-

ca ti on proce dures . Deta i le d i nstruc ti ons for the use of thes e co des i s con-

tained in [9]. Table 7 is a typical CUSHOP code output , from wh ich the super-

- imposed dynamic cushioning curve s may be plotted. In a similar manner ,

Table 8 is a typical ENCAP code output. In both cases , tabu la r  values are

p rov id ed over a stat ic stress ran ge of 0.10 to 5.00 ps i for a col d , amb ient ,

and hot temperature va l ue. In addition , the codes identif y the cush ion

thickness required to provide the desired i tem protection for the applica-

tion technique selected.

• The cushion designer who desires a plotted set of superimposed dynami c

cush ioning curves for a particular set of conditions should consult [8] for

complete details. A typical set of superimposed dynami c cushioning curves

is given in Figure 1 for the CUSHOP application technique utilizing the

Minicel cushioning material. It is seen that three and one-half inches of

I 
Minicel provide the i tem to be protected to a 30 C fra gi l ity level over a

temperature range of -65°F to 160°F, and a drop hei ght of 26 inches. The

1 19
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Table 7. Typical CUSHOP Output

LL,5Hj40N ~MTL~ IAL OPT IMIZAT 1UN
CUSHOP

MINACLL -:

LOW LH ss .~ u uP~ LN S~ 1.4 u QbQP HLIGHT 26.0 G—LEVLL 30.0
MAIt.PdAL T~I1CKI~L5S 3.50
TEMPLRATUR ~.S —oS.Ou 70.Ou ~~~~~~
øt.I1,HT 10.00 ~~~~ 8EAR ING Ak~ A 7.14 ‘.~AX . 8EAR1N ~ AR LA 12.50

SE M T 1C 5IRLSS CULO 6—LL~iEL AM bIE I~T U LE VLL HOT 6—L LV ~ L

.05 237.ol 119.od 70.31

.10 160.96 73.72 45.15

.15 123.50 53.01 34.47

.20 100.27 41.Od 28.69
•25 84.17 33.41 25.25
.30 72.46 2u.11 23 .lu
.35 b3.O6 24.46 21.76
.4~) 55.74 21.78 20.94
.45 49.78 19.82 20.49
.50 &44.&+ 18. LeJ 20 .30 r
.55 ‘+0.70 A7 .38 2u.30
.60 37.~ 3 16.b7 20 .44
.65 34.17 16.20 20.69
.70 ~~~~~ 15.92 21.03
.75 29.~~3 15.80 21.43
.60 27.37 15.oU 21.89
.85 25.ob 15.92 22.39
.90 24.15 1b .~~~ 22.92
.95 22.83 16.39 23.47
1.00 21.u7 lt,.72 24.05
1.05 20.05 17.10 24.64
1.10 19.75 17.53 25.25
1.15 18.96 17.99 25.86
1.20 18.2b 18.’+9 26.40
1.25 17.o5 19.01 27.11
1.30 17.12 19.56 27.74
1.35 16.oS 20.12 28.37
1.40 16.25 20.71 29.01
1.45 15.90 21.iu 29.64
1.50 15.ul 41.91 30.28
1.55 15.36 22.53 30.91
1.60 15.15 23.1b 31.54
1.65 14.99 23.~~U 32.18
1.70 14.85 ~4.’+’+ 32.80
1.75 14.15 25.08 33.43
1.80 14.u9 25.13
1.85 .14.64 26.39 34.67
1.90 14.o3 27.05 35.28
1.95 14.b3 27.70 35.90
~.O0 14.06 28.3o 36.50
2.05 14.11 49.03 37.11

• 2.10 14 ./ 8  29.b9 37.71
2.15 1q.d~ 30.35 38.31
2.20 14.96 31.01 38.90
2.25 15.08 31.01 39.49

20
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Tab le 7. Typical CUSHOP Outpu t (concluded)

2. 30 1b..~1 32 .33 40.07
2.35 15.~~5 32.99 40.65
2.40 15.50 33.o’+ 41.23
2.45 15.o7 34.30 41.80
2.50 15.84 34.95 42.37
2.55 lo.03 35.uu 42 .93
2.60 lb .42 3 o . 2 s  43 .49

lo.43 30.90 44.05
2.1U 1b.u4 37. s’e 44 .60

T 4.75 16.8o 38.18 45.15
4.80 17.08 3t~.o2
2.85 17.32 39.4o 140.23
2.90 17 .bo 40.10 4b.7 7
4.9 5 17.80 4 0 . 7 3  47 .30
.5.00 18.05 41.36 47.83
3.0 5 18.31 4 1.98 48 .35
.5. 10 18.57 42 .01 48 .87
3.15 10.83 143 .43  49.39
.3. 20 19.10 43 .85 ‘+9.90
.5.25 19.37 ‘+4 .4o  50.41
3. 30 19.oS 4 5 . u /  50.92
3.35 19.93 45.08 51.42
3.40 20.2 1 4o.29 51.92
.5.45 20.50 ‘+ t, .&i 9 52.42

• 3.50 20.79 47.49 52.91
3. 55 21.08 40 .09 53.40
3.60 21.38 48.69 53.89
.5.65 21.oO ‘+9.48 54.37
3.70 21.91 49.~~1 54.85
3 .7 5 22.28 5O .’+~ 55.33
3.80 22.58 51.04 55.80
3.85 2~~.8b 51.62
3.90 .3.19 52 .11
3.95 23.50 52 .17 57.20
4.00 23.81 53.34 57.o7

24.12 53.91 50.12
‘4.10 24.43 54.48 50.58
‘e.1b 24.15 55.1)4 59.03
4. 20 25.uu 55.uO 59.48
4.25 25.38 So.lo 59.93
‘4.30 25.70 Sb.12
4.3 5 2o.01 57 .4~ bU.82
4.40 26.33 57.82 ol. 26
4.45 26.oS 58.37
4. 50 46 .97 58.91 62.13

27.2’ ) 59 .145 o2.bo
4.60 27.ul 99
4.65 27.93 oO.53 o3.41
‘4.70 28.46 61.06 63.84
4.75  28.56 o1.uU
4 .80 28.90 62.13
4.85 ~~~~~ o 2.65 o b .09
4 .90 4 Q .55  u3.18 ob.b1
‘4 95 ~9.a7 u3. 11) 65.92
5.0 0 30.19 64.22

21 
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Table 8. Typical ENCAP Output

cUSHION MAT ER IAL OPTiM IZAT I ON
ENLAP

LTHA FOAM— 2
LO*~.h 55 .~~3 UPPER S5 1.00 ON .)P HLI6rI I 23.0 ~—LE V LL 35.u
~A TL NIAL ThiCKk~ SS 2.50
T&PE.RA luR ~.5 —~ b .01) 70.00 160.00
~t l~ hT 10.00 M 1i~j. 8L.AR.I NG A~(L~A 10.00 MA X. b~ ARIN (j ANLA 12.uO

STATiC SIRLSS CuLO o—LEVEL AMbIENT 6—LEVEL HOl ~—L [VEL

.05 284.36 154.45 61.86

.10 190.21 95.03 41.ol

.15 144.57 b7.93 33.28

.20 116.42 52.08 28.95

.25 96.99 41.71 26.49

.30 82.oB 34.50 25.06

.35 71.69 29.2o 24.27

.40 62.97 25.41) 23.88

.45 55.91 22.49 23.77

.50 50.10 20.28 23.86

.55 45.~~Le 18.01 214.10

.60 41.15 17.35 24.44

.65 37.86 16.41 24.85

.70 34.07 15 .14 25.33

.75 32.10 15.29 25.85

.80 29.88 15.01 26.41

.85 27.9b 14.87 2b.99

.90 26.28 14.bo 27.59

.95 24.03 14.95 28.21
1.00 23.Sb 15.12 28.83
1.05 22.46 15.37 29.47
1.10 21.50 15.b9 30.11
1.15 20.o7 16.1)5 30.76
1.20 19.98 16.47 31.40
1.25 19.35 16.92 32.05
1.30 18.02 17.42 32.70
1.35 18.38 17.94 33.34
1.40 18.01 18.49 33.98
1.45 17.11 19.00
.1.50 17.47 19.bb 35.26
1.55 17.28 20.2b 35.89
1.60 17.14 20.88 io.52
1.65 17.05 21.52 37.15
1.70 17.1)0 22.17 37.77
1.75 Ib .98 22.8.3 38.39
1.80 17.00 23.50 39.00
1.85 17.1)5 24.18 39.~~1
1.90 17.13 24.8o ‘+0.21
1.95 17.24 25.55 40.81

• - -  2.00 17.37 26.24 41.40
2.05 17.53 2o.94 441.99
4.10 17.70 27.83 42.57
2.15 17.90 28.34 43.15
2.20 18.11 49.014 ‘+3.72
2.25 18.34 29.75 ‘+‘e.29

22
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I
Table 8. Typical ENCAP Output (concluded)

2.30 18.59 .50.45 44.85
2.35 18.85 .31.16 45.41
2.440 19.13 3].o7 45.96• 1 2.45 19.’41 32.57 46.51
4.50 19.71 .53.28 47.06
2.55 20.02 33.99 47.60
2.60 20.3’e 34.69 48.13
2.65 20.67 35.40 48.67
2.70 21.01 36.10 49.19
2.75 21.35 36.80 49.72

• 2.80 21.71 37.50 50.23
2.85 22.07 38.20 50.75
2.90 22.44 38.90 51.26
2.95 22.81 39.59 51.76

• 3.00 23.19 ‘+0.29 52.27
3.05 23.57 440.98 52.76
3.10 23.96 141.67 53.26
3.15 24.36 42.35 53.75
3.20 24.76 43.04 54.24
3.25 25.16 443 .12 54.72
3.30 25.57 44.40 55.20
3.35 25.98 445.07 55.o7
3.40 26.39 45.75 56.15
3.45 26.81 446.42 56.62
3.50 27.23 47.09 57.1)8
3.55 27.65 47.78 57.54
3.60 28.07 48.442 58.00
3.65 28.50 49.08 58.46
3.70 28.93 449.74 58.91
3.75 29.36 50.39 59.36
3.80 29.79 51.05 59.80• 3.85 30.23 51.70 60.24
3.90 30.86 52.35 60.68
3.95 31.10 52.99 81.12
‘1.00 31.544 53.63 61.55
‘e.05 31.98 54.27 81.98
‘4.10 32.42 54.91 02.41
4.15 32.86 55.54 62.84
£4.20 33.30 56.17 63.26

• £4.25 33.75 56.80 b3 .o8
‘4.30 344.19 b7.’43 84.09

- - ‘4.35 34.63 58.05 64.51
44.40 35.08 58.87 64.92
‘4.45 35.52 59.29 05.33

• 4.50 35.97 59.90 65.73
‘4.55 36.42 oO .52 bb.14
‘4.60 36.86 81.13
‘4.65 37.31 81.73 66.94
4.70 37.75 62.34 7.33
‘+.75 38.20 62.944 67.73
‘4.80 38.65 63.544 88.12
‘4.85 39.09 64.14 88.51
‘4.90 39.54 64.73 b8.89
4.95 39.98 85.32 09.28

L. 5.00 ‘40.443 65.91 69.66

23
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I-
i, tailored cushion would be 7. 14 inches square at a static stress leve l of

— 0.80, or some combination between these two extremes . Only values of static

stress which extend from 0.80 and including 1.40 psi can be utilized for the

solution to this situation .

Similar  superimposed dynam ic cushioning curve resu lts are obtained wi th

the ENCAP code, for a particular set of conditions . Figure 2 is a typical

output of the ENCA P ap pl i cation technique .

25
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I
CONCLUSIONS

1 

This report documents the step by step procedure necessary to develop

a bulk cushioning model for use in either a tailored or encapsulation appl i-

cation. Appropriate compute r codes are included in the Appendices for the

model development methodology . Any new bulk cushioning material can be

modeled utilizin g the developed methodology.

C

a .
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1 27

I 
- ----

_ _ _ _ _ _  
~~~~~~~~~~~~~

~ -



REFERENCE S

1. Wyskida , R. N. and M. R. Wi lhelm , Temperature Sensit ive P,ynamic Cushioning
Funct ion Development and Validation for Hercules Mi~dcel ThermoplasticFoam, 1JAH Research Report No. 159, Vol. 1, Huntsv ille, Alabama , September

2. Wyskida , R. M. M. R. Wilhelm , and J. D. Bynum , Temp~rature Sensi t ive
Dynamic Cushion i ng Function Develop~ient and Valid ation for Polyester andPolyether Type Polyurethane Foam, 1JAI-I Research Report No. 159 , Vol . III ,
Huntsville , Alabama , December 1974.

3. Wyskida . R. N.. M . R . W i l h e l m , and J. D. Bynum , Te~~erature Sensit ive
Dynamic Cushioning Function Devel opment and Validition for DOW Ethafoam
Po1yeth~’lene Foam, IJAH Research Report No. 172 , Vol . 1 , HuntsviTle , Ala bama ,
July 1975 .

4. Wysk ida , R. M. , M. R. Wilhelm , and J. 0. Bynum, Temperature Sensitive
Dynamic Cushioning Function Developmen t and Validation for Blocksom Rub-
berized Hair, UAH Research Report No. 172 , Vol. Ifl , Huntsville , Alabama ,
July 1975 .

5. Wyskida , R. M., N. R . W i lhelm , and J . D. Johannes , Development and Appl i-
cation of Confidence Intervals and Prediction Limits on Dynamic Cushioning • -Functions for Selected Temperature Sensitive Cushioning Materials , UAH
Researcb Report No. 180 , Vol . V , Huntsville , Al abama , October 1975.

6. Wyskida , R. N. and J. 0. Johannes , Validation of Generalized Cushionin9
Models for Selected Temperature Sensitive Cushioning Materials , UAH
Report No. 181, Vol . 1, Huntsv ill e , Alabama , October 1976 .

7. Wyskida , R. N., J . D. Johannes , and N. R. Wilhelm , Container Cushioning
Design Engineer Users Manual, UAH Report No. 187 , Vol . II , Huntsville ,
Alabama , Octobe r 1976 .

8. Wyskida , R. M. , J. 0. Johannes , and M . R. Wilhe lm , Container Cushioning
Design Engineer Users Manual (HP-9815A Vers ion) , UAH R~port No. 203 ,
VOl . 1, HuntsvilTe , Alabama , August 1977.

9. Wysk Ida , R. M. and J. 0. Johannes , Conta iner Cushioning Design Engineer
Users Manual ( CDC-6600 FORTRA N Vers Ton), UAH Report 203 , Vol . II,
June 1978.

10. Natre l la, M. G., Experimenta l Stat is t ics ,  National Bureau of Standards
Handbook 91 , August 1963.

28

_ _  _ 
-
~
__ _

- —~~~•—-~~~~— - - - . •—• ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•• —  • - - - • -  — -—

~~~~~~~~~~



—

I
I

APPENDIX A
Single Material Data Collection Form Generator Code

I
I
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I
The Single Material Data Collection Form Generator Code will generate

and print any specified number of special data collection forms for a given

specific material , as exemplified by Table 1 of this report. The number of

forms and mater i al name are i n put by the user. -

I-
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I
I

~~~~~~~~~~~~~~~~~~~~~~ .*~~** * *. .*$ *. 4 . . i, $*. * * *$ , .*. $ .* * *. *. *$ .*

~1’~~LL ~AT~~ 1ML ~‘~lA CVLLLLTAON FORM GLNLRATOR

L.. S• .* * * * * *S $* ~~~~~* $ $* $ * * * * * ** *~~~4 * ,* * * * *$* * * * *$ * * * * * * * * * * * * * *

1h~~~ PP’~uu~MM r~Me~Lj’J .iLY URDLN.s Thi NUMt L~~~ FROM 1 TO 1~ USINL A
uN jFo~,M RA r~L’O~•~ ~UN L,LN ~,LIdt..NMIOR. THLN LALLS A SUbROUT~~NL WHICH

~R Lh E S ~-~~~-S NTA i .t~&1’h, ThL t~AN0QMIZLU ~JShION THICKNLSSES.

cO .~~Ur. /Nui~S/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~L . . ,ur4 /~‘I~ 1T/ t~A T1 3),Ml1,~~1..,fr13

~L~w THL ‘~ .~~tiLI~ OF FOr~M~ lu PR1Nl~ NF-~ AND THE RAN~U SELD x (1).

NE AL’ (~~‘4 )  ~a-.x (1)

L L~ M~’I~L~ LiJ L

L3 DIAj~ U1234bb139U
L ~ 4oil’

~~~~ 111L ~
- 

~TLt’~i~ L ~AML5 A~ U IHE SAMPLE T A N L ~ 5~ S

~~~~~~ (b ,5i ~.u) ( i i A T t 1 ) , I~ 1,J),~ T 1,MT2 ,MTj

LxM~~~LL. LOL
L3 uib 9u12345o13~,~i
L 1FiA A~~~~ 1 .~ .~

L)~ J l iJO A~ I’12
NO- 11)

A t h .~ LO~~TINUL

c~Li~Lk~ IL ~i i1 ~ F~~INl NF I- ONi i~

~~O iI~0 ~~1.N F
LALL R~ i’iUu (X ’ i~~)

‘JRLJ LN iriL ~~~~~~~ I ~~~~~~~~~~~ 13Y t~ANLiUt1 A~~-~ ’,~r

~ ALL SL1t~ 1 112)

i~Ln (3)Z~1Ti
14)~ I.T

[
~Li~ (7) ~~~~

~L* (10) ~~

31

[
. -~~ - - -  

~ . —
~~~~~~~~



I
I L~. I j 1 ) — ~~ i .)

I ..~~) 
~00 r- .L,L

I S~~L~~ N L - I ( ~ . I
V.L. . r% (I ~~~~~~~ I — N L  ,~ ~ 1%)

~~~~~ LL ~.( j I~L~~ ( -

1 IL ‘~~L~~ RMI~UO

A ( j ) - \ t A ~~~)* I  .J..9+1.I.)
¼ -A L L  ~~~~~

J J L  L (~’ .~~~I~~~L)L

*k i It. to .o~ fl)

1 
sT~ P

I.-

_+ .~ v ~~~~~~~ ~1j,Fc .uI
~~~~ ~~i~~AT ~~~~~~~~~~
u0u ~uh .~~T IlhL )

-

IV U
I

I

I

I

- 
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I
Jc ¼)UI

~~~
L Su~U(N) 

- 

-

~ C . i~-~~N / 4us- S/ NU~’~
(j 2) .A ( J ~~

) ,,4UfrR (12) ~NL~i ’.1~~)L

~~i~~I~~~t FL- . SOI’T ING N N~ NijOM NUMb~J~S LU ASCENDING UROE~A U1.) MRb$Ij ~.,LS IIIL LORRESPONUII. G THICK{~ESSES, MJM, ACCORDING TO
T~i~ S ~A~~)u1. I~ A i IU N 5CHt~.piL .

l
A ) t~ ~OkT1~ Ot.

If (P-~,L~~.~i )  ~t.hJR~

.- ti u CONTINUL

) j t ~ LOh,IINLJL
11.i+M
.LF (A ( I ) . L i .X U L ) )  Go l.j ~~~~
~~~A ( I )

A (11)Zf-
~~ .‘~LJt.’ (I)

~~ I ~ 
) ~i~UM (II)

I-~ut.~t LI ) N ~-
1 .1 —~

-

IF (j.~,L.j ) ~u IC, .~O0
‘eJ~. COi~.T1rAuL

‘_ J~~~I+ I
IF ~~~~~~~ 10 iOu
¼.~O To 2~ 0

I

I
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I
~Lk~ROUTiNL wRilt .

¼-
L ~U~ HOUTA NL WHIUI FRLNT TI-IL NANDOMIZ~t) F ORMS FOR

L RuP I-IEi(,hlS Ui— 12’’ ,lb’’ ,~~1., ’ ’ , AND 30’ ’ .
C

(50i’ifrON /NLfl’-,S/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~j COrOa)N /MA1T/ MAT ( .~) ,MT1 ,MT2 ,M 1 j
* RA1E (u,IUO) ( MA T ( I ) , j ~~L.3)
~Rj .lE (o ,200 ) V

*RIT L (o,.S00 )
*Rj f l. (u, L+u O)
nRiTL (o.’4~ O)
*RLTE (o,500) ~~~~~~~~~~~~~
~X A 1L (o~ 19OO) NU~ R( i)
* R AT L  (u.4 u0)

~RIIL (u,t.~C ,fl)j w R.LIL (t,,7t~0) Mu

~RA 1t. (o,191U) ,~UNR (2)

~RLT L (b,t~L,0)
~RiTL 

(o,buO)
*R ITE. (o.i9Ou) MJI’~R ( 3 )

i~RiIE. (u,bu0)
w RITE (b,bufl )
w RIIL
~RIJE (o ,300)
* RA T t .  (u,9u0)
nRAI L (o , ’+ ij O)
* RLT E (o,i~ 0U)ARA IL  (u,1900) i~UI~’N (b)

~RA T L (o , L4u 0 )
*RITE. (t~,i1OO) (NUM(j) , I:t ~,~j )wR .LTE (b’4+u0)

~
RL1L (o~1~ 0O )

wRITE (t,190C,) ~UI~N (o)wRilE (u.u ~M )

~~~~

. ( V f  0) -112
J ~RiTLC6.13u0)
4 wR ITE (c. u~u0)

A R L J L  (o,i’400)

~
Ri 1E (b,l900) ~uI’ R(7 )

wRiTE ( t ,o u O )
~HiIL (

~~.it,0OI
- 

I 
wRITL (c),L~uO)
WRi TE (bil000)

~RiTL (b.l.900) l’IOMR(8)wRITE (u.&M.~0IwfUT L (t~.1tflu )
W H A l E  ( t~,..~o0)
W HA lE (&,,i900) NLiI~’Ii(9)
wHilE (t~,’+u0)

~RiIL (u, ’4u01
~RiT L tu.190u) i~iLlt~R( 1O)
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I
wHA1L (

~~,bC ,C) t~ U’- ( I) . l~ 9.1~~)
w H i l E  (u.4U0)
WHi lE (u,u ~a Q )
wRi l t . (o ,i9Ou ) ~aU~ NU 1)
wHil t. (u,~~ij 0) ffli
wHi l E I o , -b U O )
wRL T t .  (I. ibIj O)
~Nilt. (&.1 91’U) NUMR (12 )
wH Al E (o,I,t,0)
w~~IlL (o.t ~UO )w R iTE (ii~ I.,O I.i )

¼-
C
iJ,~ FUN ’~AT (ihi. A . ’~ ’j N~,LL MA 1LHIAL ’ ,//.2~jX,3~~ ,///.12X,’SIRE SS LEVEL.

~~~~~ i- ORMAT (1i~ ,3L~x , ’LROP HL h ,t-i1’//1bX , ’l’ ,¼ix , 4Hl2’’.3x, .A’ ,~~X ,4H1 8’’,
‘ 1’ . ‘+X ‘ ‘~H2+’ ‘ . 3X, • I ‘ . 4)1., .11131.,’ ‘ . 3X. ‘I ‘ I

~~~ FORMAT (1~.A. ’————I ’ .4(’— ——— —— X—— — — 1’))
‘4Ju ~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 3u FORMAT (1H+ ,2 qA. L+ ( I~~,1~~~) )
00¼- P ONMAT (1~ A ’ ’i’ ’~~1uX , ’I—~~~~j’))

L 

~~~ FORivi#~t (lr l+.11A’I1,2H’ ’)
o~)u FOR MAT (VLo A . ’I ’ ’4 (IIX ’ ’j’))
9~~ Fo~~ AT t l t I+ ,9 x . ’ T ’ )
IJu O FORMAT t l t l+.9A. ’h ’)
l ivO FOt ~MAT ( It ’~ c 9X .  * A ’ .5x , f I~~,~~x , L+ ( I2 , 1OX ) )
i~.u~J FO,-~MAT ( 1I i$ -.9X. ’ C ’ )
A3 u0 FO, MAT U 1 i+, 9A .~~HF’ .11,211’’)
i’et~) I-O e*IAT UtI+.9X’’N’)
I~ IJ0 FORMAT (111+.9x.’L’)
LbUI. ) FOr~MAT (iH+ .9A ’ ’S ’ )
1h.h) F Op-iMAT (1l1+.IIA.1I,2H’’)
.L~ uO l- Op~i’1A1 (L~ X . ’— —— 1 ’ ,&~( ’ —  — I ’ ) )
i9uU F~)NMAT t1 + , 7 J X . L 3 , ~~H ’ ’ )

LN~
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APPENDIX B
Composite Material Data Collection Form Generator Code
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~~~~~~~1 The Composite Material Data Collection Form Generator Code w i l l  genera te

~ 
and print any specified number of special data collection forms for a given

- specific materia l, as exemplified by Table 2 of the report. The number of
- I forms and material names are Input by the user.
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I

¼. COIMPOSIIE Iwu MAT ERIAL DATA COLLECTiON FORM GLNLRA1OR

¼- ~~*-* 4*  **  ***ss~ *s*$ ********s*4~ *~ *;~ ****~.****ip*$** * ** ** ** * * * ** ** * * * * *$
¼. lhL~ PRuGRAM NM’41)OMLY ORDERS THE NUMbERS FROM I TO 12 USING A

ONAI- ORM RA N DO;4 ~IUhuER ~ENLRA TOR , THEN CALLS A SUbROUT INE WHICH
V 

PR INT S ,-ONNS Cu~1TA iN INb THE RANDOMIZED NUMbERS.
C

¼-0,’IM1.JN /NUMS/ NUM( I2) .A ( j~~) ,  NUMR( 12) ,Nt.W ( 12) 
V

COIV .I.1UN IN!, friA TA(.~).MA 12L~J
¼..
¼. RL~W il-it. i’4jMBt.R oF FORMS 1¼ PRiNT , NF~ AND THE RANDU SEED X ( 1) .
C

P’( t. A IJ ( S ’ OUu )  NF.A ( 1)
¼. EXAMPLE : COL
¼. i2~~~o7ö9Q1234567tS90i2i’4Sb7tj90
C O A IM  ,~~O 14572,
¼-
¼-
1.. NEML) THL MMTLRIAL NAMES AND 1HE SAMPLE THICKNEsSES
¼-

NEML)(5,’400) ~M Ii ,I~A12,frlT1,MT2,MT3C
¼. EXAF~ LL; CUEC i23~+567t~9~ 1231+567890 i2345b7b90

UA IA L1HAFUAM2 ETHAFOAM4 1 2 3
¼-

DO 1¼-I) i~~i,12
h.Ui.i(l)

~~
j.

[ IOu
¼.

¼. V[I~ILHA 1L A ie D PRINT NF FORMS
¼.

oO iu) A- i ,NF
CALL RMI~IDU (X,.j2)
CALL SOt (T (I2)

~Lw (  1) frill
Nk~~( 2) MTI
I’~lEnI 3) NIl
I~l E w (  14) - “.11
r iEwI 5) r’uT2
NEw( 6) MT2
I~Lw ( 7)

V NEwt 8) MT2
i~t.~~( 9)N E w - t A O )  i-li
lE wt j l )
NLw (I2) ~T3DO ~00 r~~L .12
15Db ~UMtK )
NUi ’IR(ISULj)
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I
~~ f, CO~~iLNUL
¼..
C I,L~LRATE tIEW RMNL)U SEEu

J C
A ( L )~~X (12)*1.U t.14+l .0
CALL WRiT E

• .0u COI,TANUL
• w RiTE (b’S uO)

STuP
¼-
‘+th~ l-ORMAT (oA ’e,3I2)

~~~ FORMAT (1111)
- oOu FORMAT ()
• END

a

I

L
- I

.1

- 

- 

~~~~~~~ V k- - ~~~~~~~~~ - ~~~ - -_



C 
SUbROU1iNt. SO RT N)

¼. SUuHOUIANL FOt.~ SUNTING I’, RANDOM NUMbERS IN ASCEN DING ORDER
¼. Al’Ii) MHk ,~NOLS THE COI RESPth’~DiNG THICKNESSES. NUt-i. ACCORDING TO
¼. tHIs RANDUMILA IION SCHEME .
1..

COt.1MUN / N~JMSI NUM (j 2 ) .A ( 1~~), NUMR(1~~) ,l~Lw ( A 2 )
¼.

Lu t )  CO,dINUi.. 
V

IF (M.L~.~i.0) NL IUH1-

.J~~i

~-. - _J V)  ¼-O~IT1NUL
A~~tJiOu COi1IINUt.
II I+~iIF (A (I).L1.X(ii)) (jO To ‘+ut.j
I~~ A t A )

A (i1 )~~F
NF NUM IA )
l4LJM (I)~ s~L1,’ (Ii)NUN(II)~~Nl-

iF (1.(,t..i) bu To .500
‘+01., ¼.O I’ IT LIJUL

~J~.s+1If (o. t.,I .r) 1,0 10
uO 11.) 2u0
LN~
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I
SUoKOUTLNL W R L I t .

I..
t
~
Ei
~
ERATt. AhO PRINT NF FORMS

J ¼..
COiw,MON / I4UMS/ NL*i(12) .X ( 12) ,  NUMR(12) ,I~Ew (l2)COMMON /MT/ MMl1 (3),MAT2 (3)

C

WR IT E (b ,llJO ) MA IA.M A T2
wR ITE (b ,~ u0) V

4 WR ITE (o,300)
wRiTE (b,400)
WR ITE (b. ’+U0)
W R ITE (b.lbOO ) K ,MAT 2 1) .MA 12 (2) ,MA I2 (3)
wR ITE (b .4L0)
WR iTE (o .buO) (NL ,M(1),l~~l,~+)
WRITE (b.%0)
W HIT E (o ,ibOU) K ,FA l1 (J.) ,MA TI (2) ,MAT I (3)
WRITE to,btjO)
WRIT E (0.71,0)
wRITE (o.1700) NUMR (1),NUMR (1)
WRITE (o.loO)
WRiTE (o,luO)
W H I T E  ((,bOO)
wR iT E ,,110u) NUMH(2) ,NUMR(2)
wR ITE (o.7(jO)
WHIlE (v.900)
wRITE (o,700 )
w~ IIL (o.1000)
WRITE (o,1700) ~uMR (3),NUfr~R( 3)
*RiTE (v.700)
wHilE (~~.1i0UIw HilE (v.300)
WRA1t. (o.1~0O)
WRiTE top ilOO ) NUIIR (1+),NUMR(1+)
WRITE t~~”+u0)wRi T E tu.liO U )

4 wRiTE (o.’+U0)
WRiTE (0,14+00)
WHilE (v.1700) NUI’.H (b) ,1~4Ufr iH(5)
WRITE (o.b00) (NUr.(I).i~5,8)
~Ri 1E (0,1400)WR ITE (e.lbOu)
W RITE (b.1400)

4 WR ITE to.1b0O)
WR ITE (u.iIOu) I’IUMR (b ),NUMRtb )
WRITE (o.bOO)
WR ITE t~~.7u 0)
wR iTE to,l700) NU~1N (7).NUMN (7)W RI TE (o.700)
W R ITE (o.7 00)
wRi TE (o.1700) NUMR(8),NUMr( ( t) )
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I

w RITE (O. 7 0 0 )

wHITt. (u.IbOU) ~
,“ MT2 (1) ,Mn12(2) .MAT2 Lj)

WR11t .  (
~~.7uO)

wRi TE (o.i7flU) ‘~UtR (9).NUMN(9)
WRi TE (v.70’))
wR ITE (o.lbOU ) I\,MAT I (1 ).MA 1I (2 ) ,MAT I (3)
wR i TE (o, 3i,0)

~R~ TL (o.170u) NtJ”~K( 1O) ,NUMK(1U)
*RiT L (v.1 +~ 0)
wRiT E (o, ’+UO)
wHiTt . (o’170U) 1~J(’V ft (1j) ,NUI tjN (11)
wR ITE tv . ’+~ 0)
W RiT E (v.~~~0) (NUN(I), I~ 9,i2)
wRITE (o.-’+~ 0)
WRiTE (v. 110¼ -) I~iU? i ((12) ,NUtiR(12 )
wRITt (o,~~ijfl)
wH i l E  (u,700)
w RIT E. (u,i’uO)
wR iTE t o.7U0)
wHi lE (v.700)

wRITE (o.lbOO) “.-AT2 (A ).MAT2 (2)’MAT2 (i)

~RiTE (v.700) -~~

w RITE (
~~.700)

wR ITE (o.l bOO ) p~,IvA T 1 (j ) ,MM l1 (2) ,MATl (3)
WRiTE (o. 1~ 0O)RE TUHN

C
1O~., l-Or~MAT (lh1,23X , ’COMPO SITE MAT ERIAL S’ ./I2~ X , ’INNE k (bUTTOM )’ ,5x .’O

1UT LR(TOP )’ ./I,~~bX’3A4 .t l4 5e3A 4 + ./ / / , 12X , ’STRESS LEV EL:’ .15X, ’REPLICA
~TIoN: ’///1~ X .’lEM PERATuRE: ’///)

~0o FORMA T (Id ,3L+ A ,~~OHOP HEI~ r11 ’//2UX .’.L’ .14X .4+H12’’.3X.’i’ ,4X .4H1 b’ ’.
lix. ‘ 1’ .1+X .1+ H24 ’ ’  .3X. ‘ I’ .‘+u1+h30’’ .3X.’ I’

iOu FORMAT (luX, ’ — — I’,4 ( ’ — —- —— I—— — I ’ ) )
‘+u~ FORMAT (20x.’I’’14(oX,’i
SO~ FORMAT (ll1+ ,20A .1+ ( i2 , 1OX ))
UO U FORMAT (20A’ ’L’ ’4(6X.’I— ——— J ’ ))
lou FORMAT (20A’ ’i’ .’+ (llX . ’j’)) 

V

c~Ou FORMAT (1i1+,9X. ’l’)
9J~ FORMAT (IH+,9X’ ’H’)
b o O  FORMAT 1l’-$- ,9X, ’ 1’)
ilu~ F ORMAT (1h* .YA. ’ C ’ )
A~ oO FORMAT (j.H+,9X,1hK )
1300 FORMAT tj r l+ ,9X. ’N’)
i’+~ 0 FORMAT (ji-l +,’~X.’E’)
L~ u0 FORMAT (l1i+ ,’~A ,’S’)
IOuJ FORMAT (1ox, ’— — l’.14 (’— 1’))
1700 FORMAT IIH+,69A .I1,3H — .11)
LdOO FORMAT (1M+,SX ’ I1’3H’ ’— ,3A ’-e J
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I

The main dri ver of this code establishes dimensions , reads the input

I data , and c a l l s  the split -split plot analysis of variance UNIVAC STAT-PACK 
V

program ANOSSP as a subroutine .

I 
The following is a desc ription of the necessary input parame ters and

floating point arrays that are created in ANOSS P.

I
I Y is a NI by NJ by NK by NL , floatin g-point array ;

four-dimensional array of input
observations .

NI is the number of main treat- FORTRAN integer;
ment factor A levels, input

I ¼
NJ is the number of subtrea tment FORTRA N integer;

factor B levels, input

1 NK is the number of subtreatment FORTRAN inte ger ;
factor C levels , input

NI is the number of replications FORTRA N integer;
per experimental cell , ML > 1. input

SS is a 12-element array contain- floating-point array ;
I ing sum s of squares . output

IDF is a 12-element array contain- FORTRAN integer array ;
I 

ing degrees of freedom. output

F is a 10-element array contain- floating-point array ;I ing F-statist ics, output

PF Is a 10-element array contain- floati ng-point array ;
I ing probabili ties that the output
I F-statistics are exceeded.

YW4SQ is a 11-element array contain- floati ng-point array ;
I ing mean squares. output

The above fi ve arrays are ordered as follows :

1 In program execution , ANOSSP employs the logic given below:

‘ 

(1) Sum the observati ons for the grand total , factor level sums , and
cross level sums .

1
I

- -  
,
~~~~~ 

- i_~;~~~_ ~~~~~~~~~~~~~~~~ ~~~~~~~ 
. --



(2) Divide grand total by the number of observations to obtain grand
mean.

(3) Calculate factor A level means , estimates of effects , and sum of
squares.

(4) Calculate factor B level means , estimates of effects , and sum of
squares.

(5) Calculate factor C level means , estimates of effects , and sum of
squares .

(6) Calculate replication level means , and sum of squa res.

(7) Process the firs t order interaction parameters .

(8) Calculate AxB interaction level means , estimates of effects and sum
of squares .

(9) Calculate AxC interaction level means , estimates of effects and sum
of squares .

(10) Calculate Ax replication interaction level means and sum of square s
for Error (A).

(11) Calculate BxC interaction level means , estimates of effects and sum
of squares .

(12) Calculate the Bx replication interaction level means , and sum of
squares for one component of Error (B) .

(13) Process the second order interaction parameters.

(14) Calculate the AxBxC interaction l evel means , estimates of effects ,
and sum of squares.

(15) Calculate the AxBx repl i cation interaction level means and sum of
squares for the second component of Error (B).

(16) Multiply each source ’ s sum of squares by an appropriate factor to
obtain the final sum of squares.

(17) Compute total sum of squares , the resi duals , an d the res id ual sum
of squares .

(18) Subtract the repl ication , Error (A) , and Error (B) sum of squares
from the residua l sum of squ are s to obtain Erro r (C) sum of squares .

(19) Set up the degrees of freedom.

(20) Set up the mean squares.

- 45

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



V V 

V

I
I (21) Divide each source ’ s mean square by the appropriate erro r mean

squa re term in each Error (C), Error (B), or Error (A) group toobtain the F-statist ics.
- 

(22) Call FISH to calculate the probabiliti es that the F-statistics
are exceeded. FISH is a required subprogram but other sub-
programs which  compute F-statisitcs can be utili zed.

VP

r

- 

I~V
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I

¼.
¼.

I ‘- ~-~t~ Jok~ u~ E5 ~1A T—PA LK R ) ~~T It’~E ANO~ SF ( SPLIT—S PLIT f-LOT UESI(,N)
¼. 1~ CAL ¼. t LP~TL M~ A L y S 1S OF V I~NIANC~ ~~ LUSHION Ik(.5 M,~,T LhiAL
¼. r’~ ~T NLsS LLVLL~~, 3 T H1Cp~.,~E~ SLS, 3 lEMPER~~1UR ES, ANti

— 
¼. ,~ r~L~~LILATiONS .

I 

¼.
¼. • 4 * * *~~ . 4 4* $ * * *$ * * * ** * * S* *  ~~* * ** * * $~* * * ** $ * t * * * ** * * * * ** * * *$ * * * ** 4 * * *
¼.

I 
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

¼. iSu”~’s j
~ +i t , . . + A~~L

¼. I~~t~UL’ I~ t~~N 1 + i) * ( I~J+ i) s ( N ,~..+ 1 ) — l 1

I UI.~LNSI¼J . ‘% I d  ,~~j ’ NK,NL)  •~ st i~
) 
‘ 1L) F (i2 ,F (12) ,PF ( 1.?), T MNSQ ( 12).

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

I ,‘~1.I~1 
V

.-

I

M S~.r~~r~A E L L.A i-¼ 0 t- U~-~ EACH UA IA SHEET. LOOPS FROM I~ 5IflLI OW AkL TL I- PL I~ M~~U ” L .  Ihi C~\j~L~S, kEPLIC~~TION, Ai~D STRt.SS.

‘~-~UT p 
~~~~~ 1~, -~ LE FiEL~ .

L~ J 110 i.z1,Ni

I ~JO iv b L~~1.~ IL 
- —

~ L,-~L~
( 5 ’A t , U u)  ( L Y ( A , ~i ,K ,L) , p~_ 1. N K) ,J_j , N .j )  V

~ - , . _) LL) i~.t I (J U L .
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¼. RESIDUAL 55
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Lur ( o ) — ( I L - 1 ) * ( .~K ’ 1)

j
£L) F- ( 5 ) — t N I — 1 ) * ( 4 ~J 1)

I iU~~ t~~
iU~— t ~ 

)
~~NL— 1

Lt.ip~(1 )~~N1— 1

I **** * *$** ** * *** * *** * * * * * * * *** *** ** ** * * * *** **  V

1 ‘-~ SIL l UP iWILAN SuUMKC-S
¼.

00 150 1~~1~~11
isu YM1’.SO(l)zSISClI/AU F (I)

¼.
¼.. C0~PUTE F—STAIISTICS Ai~U PRU~Ab1LITILS F—SlATS EXCEEDED

1 ‘. L Nt SUR ( L ) ¼’ROUP
¼, *4 * * * * *5* * * *4 4 4* * * * *5* ~~~~ *~~ * *** ** ** * *4* * * * * *** * * *** * * * * * * ** * * ** *  ** *  4

Li~.i IbO L — I i ’ l v
1 ~~~~~~~~~~~~~~~~~~~~~~~~

CALL DVLHK (ILRR)
IF (IE.Nt~.LIj.1) ~~u 10 99

j~~U F- ’FtL )~~1.—F 1SHU (1),IL,F(I),14)1- ( 1 1 ) )  
V1 ¼.

I 
~.. L N r ( U R ( b )  ¼,R0(jP
¼, **5*** *l L* * *$***** 4* * *$*4 .** * * * * * *** * * * *4**$* * *$* *** *$* * *4 .*** * * *$ $* *

•1 ~O 170 I~~~+ ’ 5

CALL DVLHK (ILr~k)
1 IF (1ENp~.LI.1) uU 10 99 V

j ~1v P F (A )~~1. F-iSil (F- (II.IJF (I),I~.~F (b))
¼.

¼. LkI~ON (A) FOR FACTOR A

1 ¼,

3
CA LL L)V¼.hR (ALRR)

I Ll- ( lERr.c.L.1) ~~ 10 99

IIL IURN
‘J~ REtURN .1- I

I
1
I
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I

The main driver of this code reads the da ta , initi alizes arrays , and

calls the outlier (OUTLR) and curvilinear regression (CVREG) subroutines.

- 
Subroutine SORT is utilized in locating the set of replications having the

- largest sample variance in the OIJTLR subroutine . This criterion for rejec- V

- tion of outlying observations is explained in detail in the Outlier Detec-

tion section of this report. This code and the code contained in Appendix E

assume that the Input data Is sorted ascending , by temperature, then by

thickness , then by stress-level , and finally by replication .

r

I

I

I
i 
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I
C

I C DATA ANALYSiS PROGRAM
¼.

¼.

1I C MAIN DRIVER HEADS THE CUShION MATERIAL DATJ~ RECORD CONSISTING ØF
C TEMPERATURE. DROP HEIGHT , THICKNESS, SIRESS—LEVEL . 6—VALUE ,
C REPLICATION AND MATERIAL TYPE (IN THIS ORDER).

J C LN IT1AL IZ~S ARRAY S CALL OUTLN (OUTLIER SUBPROGRAM) . AND CALLS
C CV NLG (CURVILINEAR REGRESSION SUBPROGRAM).
C

j I.. THE. OUTPUT IS IN THE FORM OF:
C FOR A PARTiCULAR
C 1. DROP HEIGHT,TEMPENATUHE,AND MATERIAL THICKNESS A

I C TABLE CONTAINI NG I RE. STRES S LEVELS AND 13—VALUES,
C AND ANY POINT THAT *A S REJECTELJ BY OUTLR IS ALSO LISTED.
C
C 2. IF-IL. F — S1 ATI STIC ANL) THE FIRST. SECOND , THIRu AND

I c FOURTH UEI’REE POLYNOMIAL COEFFICIENTS ARE LISTED.
¼.
¼.

I C* .* .***** * *ic* *.** * * * ***** * * ** ****** ****** * * ****** *** *** * * *** * * * *** * ***
-I DIMENSiON STR(75). 6(7t~). ALPH(3), X (75)

DIMENSION COEF (1~ ). YI (75). SIGHAT (te )

I 
L)IMENSIUN XNE~ (7b), YNEW (75)DIMENSION BK (b.44)
REwIND 12

I KNI~ 01FLA G~0KFLAG:O
130 TO 200

I LOu KNl~~1I
~ )0 KL.AL) ( 5.17UO,LND~ 44Ij O) A 1,A 2 ,A 3 ,A 4 4 ,A b ,A b , (A L P H ( i ) . I~~1,.~

) V

I IFtRNT.L~,l.U)UTO~A3IF (A3.NE. DT~.J ) G~ TO 500
s~N1 :p NT+1

iOu TEMP:A1I 1HCK:A3

I ST IU KNT~~A4G (KNT)~ A5
REP~A6

I (,O TO~~ UO
‘IOu 1FLAG~ 1

~Ou NPTS KNT
00 600 L~ i.hPTSI X (1) : ALOB (100..SIR(I))

t00 CONTINU E
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II4 N V L I t .  ( u ’ L b O O )  A LPII,OHT ,Tt. 141.),THCK
A R V ~~TL. (u,190U)

1TLvIP zi-
~
PT
~/Ou Il- t1.GT.LTEMP ) ¼ U  TO iOJu

IF- (S1 r~(fl.EQ.S )H(I+1).ANO .~~1R (I+1).LQ.STR(I+2)) GO TO 900
IF t ST,.II).E0.~~rR (I+1)) GO lu 80u
~R 11E (o,~~1OU ) STl~(I).A (I),G (I)
KFLAGZI

(,O TO 7~~J
oUu ANilE (o,~~ Ou) STN (I),sTR (1+1),X (I),X (l+1),13 (I),13 (I+1)

i~FLA~~~1

bO TU 700
90u eRL1E. (u.2uOu) STR (L ) ,STr~(I+j),STR (I+2 ) ,X (A ) . X ( I + 1 ) . X ( I - s - 2 ) . G ( I ) . G (

• 
~O i O 7uU

LOU.) C0i~T1NUL

CALL OUTLR (NP$s,X,13,NLWp1~~,xNLW,YNL~~)

00 1u70 1K 1,,~EWPTS
XN~~~( I K ) Z A ( I K )

z Gt i i~)
~.~~ItJ COi~T1NUc.

ij UO 4i~ i’VdI+1

cALL CVRL’~ (Ni,NE.~IPTS.XtJLw ,YNEW
,DEGRL,COEF)

SI~ hAI(NI)~~).
4.. POLYNOMIAL CAL CULATION

uG 1200 I~~i,i~L*~ TS

IFIWI.LU .i)YI (L)~ Y1 (1)+COEF (44)*XNE~ (1)**.~1FINj .L~~.4 4 ) Y 1(i)~~Y L( 1)+COLF ~~,)*XNE~~
( I) * *44

SIuHAT (NI)~ S1utIAT (NI)+(yNLw(j)—YI (I))**2
I..u0 COiiTINUL

uO 1150 K— I~ b
I1t.~J btc( r~.N1) C OLF - - ( K )

0F .N LWPIS—NI—1
S1 iAT (~1I)ZS14. ,HAT (,i1)/iJl-
IF (NI.uT.L) ~.,U TO 130u

~O T o 1AUO
1)
~~ I FN l.E~ .44)F~ MuS ((S113HA1L )—SIGHAT (q))/5113hAT (44))

*N1 IE (u.ioOO) F,4.iI,Si (,HMT(NII),Nl,SI~,HATtNI)i F (NI .Lr. ’.) ~u TO llOu

1

V.
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I
I ~R~~F~.(1~~

) 
~E~1PI~w k i t L ( 1~~

) 4 ) HT ,  I EMF-,T p - ICK , (ML~-’ t j ( II) ,1lzi,2), ( ( B K ( K K . O J )  ‘ KP~~1.5) ,

I
L 00—1.44). (A(LL),LL~ I,NEWPTS), (Y (LL),LL:1,NLwpt5)1~~ j IF (I FLAI,.LQ.1I GO T~,) 1t0U

¼~O TO Iu O
i5I~J iP~ 9 999

1 ..RI1E (1~~) IPTI 5T~PC
iuuO I-OK~’AT (//,2X, ’F ~‘‘El 5,8. A , ’SI13’.Ii, ’SQ ~ ‘ .E15.8.5x ,’sIG’ ,j1, ’sQ

j

A /uO FOP~V 1A T ( 3 F - j 0 . U• FX U .2 , 2 F -j ,j.~~,~~X , 3 A 4 4 )
b oO l- 1j p’(~’AT ( l Hi.3A4. ’ ’  DROP HE~~,HT OF’,F5.I,~ l-1’’ ,’, TEMPERATURE. ‘‘F6.1I i’’F-’
19u0 F-OHMAT UR ,13X.’STRESS LLV~.LS’,21X,’LN11OO*STRESS LEVLLS)’,25X,3H6I’S)

- 

~3uO I-OK~AT 11H ,3(.~F- 10. 4+ ,5x ) )
- ~IuJ FORKAT (111 .3(1-10.4.25,))

~~uO 1-ONMAT L1~ ,3(2F10. 4 4 , 1 5 X ) )
END

I-
I

Ii
I.
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I
SUbROUTINE OUTLN (NPTS,X .T.NEWPTS.XNEW,YNEW)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C
C OuTLIER POINT REJECTION SUBPROGRAM
C

C METHOD BASED ON THE NAIR CRITERION (AN EXTENSION OF THE
C EXTREME STUDENTIZED DEVIATE FROM THE SAMPLE MEAN ) .
C
C FOR THE SET OF OBSERVATIONS HAVING THE LARGEST VAR IANCE
C EA~H OBSERVATIOs~ OF THE SET IS TESTED INDIVIDUALLY AS A
C CANDIDATE FOR REJECTION AS AN OUTLIER.

C ** * * ~. * *s*s. * * . * * * * * ..** * * *. * ** * * .** * * $ * * * s * * * * * * * * * * ** * * ** * * * * * * S * * * *
DIMENS ION AU ). Y (1), XNEW (1) . YNEW (1) . XA (25) . XB (25 )e XC (25). YA

L (2~ ). YB (25). ~C (25). YMEAN ~~5). S2N 2s. KEY (25)
TESTV = j.b6
1)0 100 1:1,25

100 KE Y C I ) 0 -
“V

NTEMP NPTS—2

1:1

~00 CONTINUE
0:1+1

IF (I.GT.NTEMP ) GO TO 500
IF (X (0).NL.X(1¼)) GO TO 4uu
IF (X (I) .NE .X(J)) GO To 300
XA (L) X (IJ
A B(L) :X (J)
XC IL ) :X (K)
YA (L):Y(I)
Yb (L):Y (J)
YC (L) Y (K )
KEY IL) :U
L L +1
1:1+3
130 10 200

~0(i CONTINU~.1=1+1
130 TO 200

‘IOU CONTINUE
1:1+2
130 10 200

~0O COi~TINUEL:L—1
NP:L
F1P15 (L*3) 1

C CALCULAT E MEANS & VARIANCES
DO 700 L j,NP
IF (YA U).NE.Yb (I).OR .YA (1).NE.YC (1)) ~O To 600YMEAN (I)~~YA (I)___________ 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
-
~~~~~~~~~: ~~~~~~~~~~~~~~



V -~~~~~~

: 1 -

I
WRITE (b,2. 0u) ~MLAN(I),S~N (I)
130 10 700

OQu COi’~TiNULY M LA N ( 1) : ( T A ( I ) + Y t 3 ( I ) +Y C ( 1)  )/ ,3.
5 2 N ( I ) z ( ( Y A ( L)— Y M E A N ( I ) ) * * 2 + (Y B( I )_ YMEAN ( I) ) * * 2 + (YCI I )_ YMEAN ( I ) ) * *

I i~~)/2 .
V~ 

~ lOu CONTINUE
C * * * S * * * $5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C SORT IN ORDER OF DECREASING VARIANC E

I CALL SORT (NP .S2N .YMEAN,YA ,yB,YC,XA,XB,xC)
C* .**s **sS**s ** .*S*****s ************s ************************** .*******
C CA LCULATE SNU

1 L L
I C SUM VARIANCES

~O0 $NT :C~SUMV O.
00 900 I:1,NP -.
IF (KEY (I).EQ.1) C’o TO 94)0
IF (I.L~ .L) GO TO 900

1 

SUr~i V S UMV+S2N (L)
KN T KNT+1

904) CO~T1NUE
I SNU SQRI (SUMV/(KNT—1) )

C TEsT
rA:Ads ((yA (L)—yMEAN (L)),s~u)
TB:ABS( (Y~ML )—YMEAN (L) )/SNU)
TC:ABS( (YC (L)—YMEAN (L))/SNU)
iF (TA .c.Q.TB.OR.TA.EQ.TC.ON.Tb.EQ.TC) ~,O To 13001E:MAX (TA .Th.TC)
IF (TE.LE.IESTV) G~ TO 1300
IF ITE .EQ .TA) ~ 4) 10 1000
IF (TE.LQ.TB) lao TO 1100
IF (TE.EQ.TC) 130 TO 1200
130 10 1300

ii)uO WR ITE (o.~ 4O 0) L , XA ( L ) ,Y A ( L ) ,T E ,SNU
AA (L) 999.
KEY IL)
~O TO 1300

AX00 *RiTE tu.2~ O u) L ,Xb(L) ,Y B( L) ,TE ,S NU
Xb (L) 999.

60 TO 1300
i~ u O WRITE (b.2’+Ou) L,XC(L),YC (L),TE,SNU

XC (L ) 999.

4. CHc.CK To SEE IF ALL VALUES
I L3~ O IF IL.E~ .NP

) 
~ o 10 l’eOo

I L L+1
130 TO 800

C PUT IN NEW ARRAYS
I 144(10 L u

1 60
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I
~
PTS:O

L~~uO L:L+1
IF ( X A ( L ) 999 .)  1b4)O,l7QQ.j~ 0O
POINT AcCLPT ED

bouJ N PTS~NLWII-’TS+1
XN (NL*PT~~) XA (L)
YN L.w(NL,, PTS) :Y M(L)

b7i.~O IF (X6 (L)—999.) 1lauO,l9OO .I~~c.jO
bo~~3 NEA PTS NEWPT$+1

XN (NL*PTS)ZX ~~tL)
YNt~~(NEWPTS):Yb (L)b-~v0 IF (X C ( L ) 999.) 20 u0 ,2j Q4 ) .2uoQ

~0LO NE*PTS:NEAPTS+1
AN~W (N1wPTS):XC (L)YNt~w (NL*PTS) Yc (L)

~1uO iF (L.bc- .~ P) GO TO 220u
uO 10 1500

~~~~U)  NE.1UHN
C
~3u0 FORMAT (1Hu,1~ A .’SAML VALUES ‘.2Fb.O)
24400 FORMAT (‘ONEJECT F-QINT’,Ij,’, X ‘‘F~ .2.’. Y :‘

,F6.2,’,T ‘.F6.2.’
1’Si~sU :‘.Fo.2)

1’
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1

SUbROUTINE CVNLU (N1,NpT,x, -,- ,DEGNE.COL~- -)
CS,
4.
¼, CUI (VIL1NEA~ RLui (ESS1ON
c ~.URViLINLAN NL ,NESS1ON DEtERMINES THE t OUAI iONs
L uI- TI-IL STAIIS1ICA LLY Bt.ST F1IT1N 13 PULY~4QMIALS OF FiRST,
L SECOND . Th IRD AND F-OU RIH Uk~ LN.
L
L*. ..* S* .$* * *.* ** S $* * ** ** * * * * ** .* s s * *$* * * * * * * i * * * * ** * * *s * ** * * * * * * ** *s * *

LJIML NSIUN M (1D,I1), x (1). Y(j), COL.F(i), KDN (1o)
N~N 1+1 V

ANi-~T .NP 1
uO 100 i~ l.N
0¼) 14)0 o~~i.M

1-JL~ M(I’J) .U.

uO ‘+uO KzA ,NP t
00 300 L~~1.N
uO 300 ozl.N

IF- IIPJ~~) iOu.-30U’200
i~Ou A (j,J):A (1,J)+A (K)*51P02
.)0u COs~I1NUE

00 400 I~~~.N :

‘+Oi, A (j,M)~~A (I,M )+X (K)** (L—1)*Y (K)
00 54)0 ozA ,NPT

~) U u  A ( 1 , M )~~A ( I , M ) +~~
(J)

uO t~jO J~ 1.M
00 bOO i~~1cN

LUu A ( j,~.J):A (I,J)/A~ PT
1ENN~ 0

00 130u I-~I.N
if (A (I.I)) th)O’7L~Ij ’804)

/O u ILNN~ i
oO To 1’+Oo

u0v lL~~P~~1.o/A (I,1)
IF’ .I~ 1 + 1
00 900 J~ iI’1.~1

900 A ( i , J ) - M( 1 ,J )* 1 L ~’1I
00 1200 K~~1.N
iF (1— K ) Iu00 ,li~Ud, 14)OU

lUuO 00 LlOu ~J:jp~~~(~1 V

L1~ 0 M (r,,,j) A (K.J)— A (K’I)*A (j,-iJ )
i~~u0 CON11NUL
1.3u0 CONTINUE

Nz~ 1+1
M~ N+1

I~~,j J IF tL Lk ~~
) 1SU4)’1b4~U .15uO

151)0 WRLI L (u.3I00)
130 10 ~a0O
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i.uut
~ 

Cth~~INUt. 
- 

-

00 17fl~
) K~~I.N17u0 C~~ F- ($iç)~~A t~~,M)

I 00 190U I~~A .NPl
Y C~ COEF (1)
uO it~0i) K~~~.N

V L&~U~.) YC~~YC +COLFtK )SA (A~~**(K—1)
N~~~1 1 ) — Y C

i9~.L) 5Ut~R2:SUMR~~+R*t~
SI~~~A~ SuNI (SUMN2/NNPT)
5SLkR:SUMN~

0¼) 2001.’ I~~~.NP1
~04 )0 5UMN2:SUMN4~+ Y ( L )

bAh~~1 SUMN~ /N P I

00 ~10U i~~L.NPI
N:I (1) uAN ’V 1

~ iu O  SUMN2 SUt4R~ +H4t~SSI UT SUMN~
SSRL13:SSTU1 —SSc.NN
OSR E13:S5NE13/N1
DSLRN SSERR/ (i’JPT LN1+1))
FRATO ~ uSREb/OSLRR
UE ,FI NA
uEOt-B:NPT—(Nl. +I)
UEI,RL:NPT—1
LT S:SSEI*C/SSTUT
LF (ETS .13E.1 .D )L15 1.&)
CORH:SUNT (i.U—ETS)
WRI TE (u’~~o0O ) ~~*RiTL (

~~.2b00)
*RiTL (o,~~70U) SSkLG,DL~,I-1.U5RLO.FkAJ0,CQHI~W RITE (O’~~bO4 )) sSLRK,DLGFb,~~sERH
WRITE (b’~~90U) SSTQT,JL~ f~L
WRIIL (~~ec..40~j)

00 2~ Ou 1-I.1O
~~u0 K014 ( I )Z L—1

WHflL 1u.~ 50O) (K0N (l).COEt-(1).I~~1,MM )

‘~iu.) RE J URN
¼,

~44U0 1- ON MA T I/ / ,2X , ’CUNVE C~ [FFi~~IENTS’)
~5u0 f ORMAT (/ / ~ X ,2I -4h.,(’ I1,1ffl.3A,E1b.7)
2ouU F QRMAT(//....X. ‘suU~CL’ ‘9x’ ‘S.~ ’ .9)1

, ‘o.F’ ,9X , ‘M .S ’  ‘ 9A .  ‘ I- ’ . 12)1. ‘H’)
~7uO 1- uriMAl (//,2X, ’LJUL TO’.5(44*,L1l.,.44))

~t~sj O P 0t-iMAT t / / ,2X , ’ABUUT ’.3 (4X , L1U.44 ) )
2900 FORMAT t// .2X ’ ’TOlAL ’’ L (~#X ,L1 0 .44))V - 304)0 fO,~MAT (ii11,2A , ’ANOVA P- ON CURVE OF 0NOLR’,ji)
i1
~~
) FOR MAT (//,4X,~~SI1~jULA~ MAI RIX ‘‘/.4X’’CUI-kVL FiT IMPO SSIE3LI’)

I
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I

SUuR¼ )UTLNE SONI (N ’VAL•Aj.A2 ,A 3 .X4.X5 ,XO ,X 7)

C
C SUIJROUTINL FOR SORTiNG N NUMbERS IN UESCENu ING ORDER
C
¼, 5*  i i * $* *** S* * *S* ** * * ** ** * *** **** *** *  * * ** * * * * ** S* * *$ $* *S* $** ** * * * * * *-S** $*

DIMLNSION VAL (1),A1 (1),x2 (I) ,X3(1),X4(j) .X5(1) .Xb (1),A7 (I)
•. i’l:N—1

- - 00 14)0 i :i.M
:1+1
00 lu O II L .1~IF(VAL (1) .GL . ,IAL (ZI)) 13ut~ luO
F VAL I1 )
VAL (I) VAL (II)
vAL (1I) 1-

XI I I ) :X I ( u i )
A 1 ( 1 1 ) - P
l A2 (I)
A2(I) X~ (11)A2 (11) F
t A 3 ( I )
A3(I):X~~(1 i)

V X3 111 ) 1-
- - . F:A’+ (I)

- -1
11)

F~~AS (I)
A 5 (l ) X. ,(u i)
X5 (1I)~~F

Xb (1)~~Xb (1I )
At , 1 I1) 1-
f - ~~ 7( I )
Al-I l )~ X7 ( 11)
Alt 11 )— P

Lo u C0I~TiNUL
NI IURN
EM)

I’

1.
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APPENDIX E

Cushion inq Model Development Code

C -
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I
I The Stepw ise Regression code generates the coefficients for the term s

in the general cushion model. It uses the data as generated by the Da ta
Analysis program .

66
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¼,

¼,

c jrij~ frR0(N~~-1 IS U~ L0 10 GLNL,~A I L  THL DY NAMIC CUSHIONING MOuEL.

~
- *-* * IIIL I’LUT huUTI s~LS ARE. STANDAIW CUC bbOU SCOPE ROUT INES .5*

¼..

¼. ,-~M55 I iS USLLI J t ,.) uLI’~LHATL UAE ,-4 FOR THE MLR PROGRAM.
4-

4- j5 USLL, 10 LVhLUA TE Tttt COLFFIC1LN$S FROM iRE. ~LR PROGRAM4.. 1~N0 PLOT 1~~. 1-INAL HESUL1S.
¼..
4. • * * *4 S* * * * * *S * *~~** * *$ 4 * $ * * * *4 * S * * 4 4* 4 5* * 4 * $ * $ * * *5 * *5 * * *$ * $ $* $ 5* $ $  V

4-
t-’l-,O1j hAl- . ML)DFV L ( 1A F ’ L1~~1,), lA I E2~~65,TAPEI1,

* TAPLYi— rib . IA I t.99Z130,
• PtJNLh- I~~~5, LI~)-~LiT~~b5, U~~Iptj T ._1iJ, 1 A I-L7Zf’UNCII, TAPE5~ 1NPUT)

¼,

Li i~LI-4~,I0N TE -1t-~(11.’) .  A I L r ~t~~i~~) ,UR o p ( j O ) ,  OL (10
o1 -Lr1~ ioN HLA~~([)

) ,  LEI- T ( b ) ,  UUT1OM (ô)
L)1~~L I , IU~ 1~1Uhl(15) 

IUIMENSIUN INUt ).COEfFL,j),A (l3~~5).X (jü1),Y (1tj1) 
4

o1~.~ENS1U~ r- C (~~~), NCARD (~~~, VlSi )L)IP-iE.II.~ .LU~ T , IALR ( 1~~) ,  I-~SY M (j ~.,
)

L)A IA L~~Fi/~~*1h /
¼.

~j A ( s  P1L,-~U/j, *1H /
L)A~~M lLNP/lU*LI. /~ UI )P/1~J* u. / ‘ ATLMP’ ~ L / 2u * IOh***** * ** **  /
oA~~M 1lI1¼.K/I.,*0./, NSY~~/1O*XOH********.*/

A i , - ~ LRL)/o *Ul I, NIt.,F41/1t)4-jI-% /
ijAlM Tr .i~.Jhi.T4-’5S’L,L/5*i./
4-ALL L~M1L ( QA Y )

L I u ~SLKT i4U~1bLr~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¼,

NL~ 1r~L I
RL a i O (7 ,~~s~)* )  e’lILSl
lE t LOF (1~) • L~j h. ~~~ ) c,o io 2u0

¼,

4 - * * * *.* .,*** *  PASS I *5*  * * * ** * * * * * * * *** * * * * *~~** * * * * * *S * $* * * *~~******~~ ***
‘j ~w-~l

4.. COP , 1 M P E  9’-, l o  FILL 1

I
fl

‘~t.~ ii’~[.) INLv~i~I-~L) 9.
j .J RLML) ( b’9 U~~

) NLMRL ‘ 1P~ U,~ , 1C’ 55, ¼~L’ REP. IP1.Tfr2
90~ IO ,~¼ jA T (bA j~,, 1i’b I 1 4).5,~~X ,,A iu ,A 2 )

iFt LOF t S ) .~~L. 0.0 ) Ut) 1¼, 11+
¼. IF (Li t1 .LD.  21) uO 10 1.)
¼. i F I I L  • J L . ‘4. )~~ t) 10 13
¼,
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4
E LOOL (SU,9 u, LARO (i))iP,UH,TC,SS,GL L

9UJu PORi-IA I4SFII,.b)
PRiNI 9001.NCMRU

)JJ A ~ Ort IA f ( *  TEST *-,bAl,j )

~N i1E (1’9~~tj) Nt ARU

~j~— + j
¼.. LOth’4 1 UIFFLRE~

,.1 TEMPENMIURES ANt) CUi.~ST p~UCT LABELS
00 lb ~-J~~I.hBR~LF( IP .L~ . Tc.~~- ’ (0) ) ou ~o lb

10 LOhIINU&.
lL~~P(Nbt~T )
0T~ It - -’
E~cUpE (1u,Ql~

,A1LMp-’(’JbRT)) JTP
Ij _ ~~~’.- fOrti A T ( i 3 .*  1Jt~,t-(LL*)

Nhr(1 + I - 
-

I-.- COL’,tT ¼.I FPLNL -”T uROP hL~ vHtS AND C~~ sr ,~uCT LABELS
04) 1,1 .t~ 1,t’~tiko - 

- -

i Ft Oh .E4). t r(UP(J) ) GO lo lb
X I  ¼.Ot~.TiNLL

JkoP(NbR0) on
Z thl

LI~CuL4 L(1u.~~l’+ .0L( NbRD) )  J~~t I
‘~-i’+ P0l-th .AT( I3.* INL,1Lb* )

( ‘4bRL~ + 1

4-. LOU~~1 uIE F~~~E’~T TH1CKNLS~ LS

~~ 00 19IFI 1C .L’ i. T l t L ~ K LJ) ) 00 To 21)
I~ COtd I JUL

1t1LCK ( NUHL ) - 14..
14..

L CODL (lu,9i5,l~SY-~
(NtMC)) ~TC

t;(j j  FOiu~IATtij. 9X) - ;

~~~~ + ~

~ u ~~~~~~~~~~~~~~~~~~
4-j O 10 1.)

11+ ENu FILL A

~ LwIN D I
RLUII’-40 99

Z i~t b p~ I — 1
— III~JI~~4.~ 

— A
— A

IF ¼ JP*Nb R1 SNL)rc0*I~uNC .NE. ~
, ) ~,O TO ~1PR 1i-~1 9Au

~ ju FOr~~AT (*IWROi-o 0 INP UT F~~LL$//,/)
4.. i-~UL)L 1.

— LU~ F ( I L ~iP( i))  — iu4)~ u
I E ~-it- - ’ ( t -J )

~~i L0~~1lNULiFt ~LjNi) •tj T .  S ) N,jN~ 5
WNI TL I 9O,9.)(1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I
‘-‘~~ ° J,t A T t~~A iu ,~~i~~/3I10fiu.4/I0ulu /))

~~~~~t i ’IJ ‘)8
¼..

I ~~t.luR~liC 43 )Z .(4)Z L (t.) IC(1,jZ~ L (l7)-~NC (Id)~~NC (j9) 9C (2d)
i~C t~~)zt~P

I I~C (9)~~~99
NC II2) I

I PRii~T ~~~ L) MY
‘-330 FOt~~MT (*1ovNAMAC L~JSI-lIUtJ1h~~ A NALYSI S* 9 , jX ,Aj U)

oO iSu 1 4 1  A.1

~Lv~Ii’-JD I

I NP~~~ O
I~C (1) ~~IJL  (

~~o)~~9T
~C ( 2 )~~NC( I3)z ~ Lt l L+ )~ I~V t ~

I IT TLi~PtI.. T )
1

l.~-J r¼EMU( 1.901) IP. ~ r-j , TI., ~~~~, GL
9-JL FOKMAT (SFLU .5)I £ F (  EOF( 1) .NL . ) ~3() Io 1~~0

¼~
C I~~b~~ T t)ATA COI’.DITIONb HERE... ,-,LSO IN AI- FLCTELJ DO LOOPS IN PASS 2 ....

I ¼..

YVM N
¼..

‘ 
¼. LONPUIL U~~~sM lC CUSHIONING MODEL VAHIAoLES 

V

t,O TO BOO
IU~ ¼. O,~T IF4LJt.

C

I ~ i1~SLRl YVA k TP~MNSEuHMAiION HLNL 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~Ni1L (il) ( V (J). u~ l, NV N ) .  Y V A N
NP~~~~N P + J .

I ~~o io

1 ¼.
A 2 J  LN,.j FILL  IA

PNii~T 9u2.liPI PO,~ i A T (/ / *  Z

*HiTL (,~’9l.”+) NC
P-’RINI 9u.+ . N’-

I 

934, FORNAT ( 14.i5
WRIIt: . .(2 ’900)  T PI,1h-’2
PRINT 9Ot~. T Pi,T P2

l 

~~o P O,<MAT (b&JA,T2.*uYi.At-IIC CUsHjONINo MODELS SA6A IU)
.LSu L0,9ILNUL

PH i t-4T 94)7’ C I t..MPIJ), J~ i.’J~ kTPRiNT 9Ub’ ( uNOPIU), o~ 1’N~ ND

I 
PRiNT 94)9. 1 Tr1lCKt0),J~~1,~~0kC

90/ POr~~A T ( / / / s  1LMPt~f(ATUR ES* i iFb.O)
94)b F0~ P”AT ( 1* ~ N4J P t’E IlaHlS* IiFb .O)

I 

909 FORNAI ( /5 ThlIC~.NESSES $ 11E6.O)
RLn1 ’iL) 11
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I ~-(LP~~N1)
vtJ 10 999
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I ¼ .* . S~~ * * $ S* *$•  P~~s5 2 * 4 ~~ * * ” * * * $  * * * **** ** +** * .* $ * S* ** * * ,* * * * * * * * *4 * *$
4.. - -

~~~ ~~~~~~ I

I hLAOL LONSIMF,iTb FOR PMSS 2
r~ L n i t 4 U  9~RLMLJ (9o. ’i.~O ) It- ’ 1’TP2 .I~i3Hi,,-JbRU,NBhC,TLt~1P,MJLMP,UNQP ,0L ,THiCK ,NSYM
II- ¼ I~f lN t  • L Q .  U ) STOP ‘~~t~~ ijR ’
I4NL1UI~ I
~1EA~~U) IPI
41~~ M L J ( 2 )  z 1P2

* I AM~ i~ MLLJt,1U ( i t . ’3 )
I ~~~~ AL0¼,l~~¼ iu.u)

( A I~ MA — AM1 f~ / iou .
• ~~~~ Rt~ L (7~92u) N ¼ . A N L , K ,  C~~~J~~~ v NT, I’~V , 1ij, NSIEP, NV, sE. , H

~~~~~~~ FOii ’-A T (&A I~~’iX’ jb ‘~~2u , d ’~~15 v l - 2~J . 4 , F 1~~.7)
A F~ LOft? ) .NL . u’u ) GO LU 999

¼. 

PR~ wi ~~~~~~
9~~ F-Or HAT (*1* / *1* 15* V~ NIA I3LES CORt~LLAdON COLFFICLLNT IS*

*I b . b / / /  ~‘IL~ 0O1P’~ I CA rLS*//)
V N I N I  •:~i U i  t ’!CArt o

* 
,i~.i FO, A T t J ~X ’ & A 1 U )

00 220 J~ I.NV
RLw (7 . ’~2U) ~4~ ½k1 , i’-Io t J )~ COLFF(J)

~~ u PRiNi 9Ii)~ NC~~r(V- LI~JCODL tISu.9IA ,R .L 4- ,HT) C I,~L- LJ)
~ 0~~j .i~v )

‘~ A A  l-~ s~’4AT ( i , jOX.bO.~,T i, 5~
)
~~~

)
4--.

oO 2t ’7 Hr I’’~uN l
MT Ll ~ P (N I)

II- TL.~1Pti- ~T)
¼. uNLI-’ hL I Lj I I I

JO ~~~ lLi — i .e~ok~
uli up~uP t Nr~

)
¼ . • *

• nLMU (b)
CALL SL l O,~iL)

( M~ lb~ A~- I i’ 1, AMAX, O.u’3.~0.)
CAL L LA uG- ” LD( M’ I. 20. 2UHLUO ( STATIC STNLSS

• 4-ALL LM,~bkiL) ( s~ ~~‘ ~0, 20h G LLVLL I
LA~ L LAU(~RA D 1  ~~‘ 3, ôÜ, HLA~

V CALL LA~ i.,RiO( ~~‘ ‘4. 76. NAtnt l
¼.

¼. T F I i W R4, ILSS

~~ 240 ~TL Z1,i~ukC
IC

XI-~ I~
0¼) ~.Y) oP~~i,i~.’i
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4- 0~~~01~ ~ Y~~4-M 1C C(J~ ,iIu1~ ii~G MOJt.L VMNIAOLE.S

~v T O buO
V ~~~~~~~~ CG u~LA ’ IUL

‘itoP ) CJi~S1
uO ~~~
I — INut’) )

~~~ ~ (uk- ) Y L~P) + C0~.EF(,J ) • v U)
A ( U r ) XX - -

C
4.. A~ ISLr( l kE.VL~~SE YVA R 1FtANSFUKM.UILN HLNL. y(Jp ) ....... .......
4-

~~i~J AX X X + ~~X - 
-

C
CALL PLIO-t iD ( ~~

. I -d SY * 1( NTC ), 101. X . Y
~~‘-+u LQI,TIN%JL

¼..

~-.ALL Pr<ANTPL ( M~ bLOUTp-’ijT
. 5 J  LONTINUL
~~~o COL~1Ii~UL

oO TO 21t)
4-

0J0 COt~1 IrJUL
¼ .* * *~~ *~~ $**  DYI9 ,tt iV I A C C HIOhIN~ M0u~ L * * ** ****4*** * * * * * *** * * * * * ** , p* * * * * * * * *

55100 b~ * j U t . ’.
ML A LUO ( SSlut.’
ML~~~~~AL * AL
SkLIt -I ~~t~1 C Oti )
iC~ rI IC .4- 1 —3.s)
1t~

ik.~ Ti~ • T.~Iko 1r~ * TR2
IN’, Ti-c.3 * TN

¼.

ICuri z IC** (—J.s)
lOut  i C* * C—i . ~~

)
1C A N ~ TL** (—2 .5)

TN * rLOh • 1.u

4-CU,)) In * T¼.OH * l.u * $L~
vtu4 ) 1k * TUth • SRUfl

— TN * r Clt-i * SRL, H * ~ L
v ( u t . ) 1I~( * t¼. EPi * SH~ i l  * ML2
~Cu? ) z Tt’~ * ~¼ .UIi  * SRL,H
V Iub ) Tt~ * Ft-.UH * SRtJ h • #~L
~l ( ~~ Y )  TN * 1¼.Uh 4’ SR~ p-j * ML2
4-- t A O ) 1N~. * ICO N * lii .
v (.’I) 1N2 * I4 ..Uh * l.i,, 4’
t I C i 2 )  Tt (~. * ICCII * 1.11 * ~4L2
V 113) rR~ * 14 - 1 11 * SNi)H
V(i’.) ~- [N.. * TCTI- t * SKIM-t • ML
w (i5 ) Tr~~ * I~~TF * S,.4~ P-4 * AL~
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I
I ¼.

¼..

SlEP W L~L ~IJLTiP Lc. LINLUR NLURLSSION 
VU ’ - * . * $ * * *S 4 S* S* * * *. * * * * *~~ 4 * 4 4  ~~44 * * ** * * * * * * * ** * * *.* $* * ** * * * * * * * * * * * *

¼.

I L bA~)L0 0 P - ~ ,-‘NULEUUNLS 1,, Dt~APEN’ s .~PPLA LD -<EGRESSION ANALYSIS
¼. A NLI SNMRt... ~uMuLR 1~~ 3
¼. [AP LS q (A t ) AND 10 (D0) ARE U~ Eu MS wORr ’, TAPLS.

TAP L 5 11 (t ,~~) AND 1-3 (00 )  AR E UsLu AS HINMHY INPUT TAPES.I M. t ’- L.P< ~~~~~~~~ CAR ’.J 1 FURNAI j4 15 ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-

¼. ~l ’ .~ ,~PkOo NU~-1UL-~ 10 I,J~j NE~ F~ PROE3 Lc~j .
¼. uo IU ,,~~ T OIM L NUMBErt OP- j,’,i[)EPENULNT VA N1A L3 LLS IN INPUT LJATA .
¼. il— IS ~~~~~ T O h~L P~UM13LN ~)t - DEPENOL ’ST VA NL A E3 LL S II-J INPUT DATA.
¼. io— ~~u iNDEX~ INULX Of TNL DLPLN[)LNT VANIAu LE FUN THE PRtjB~ E4-1.

.. i— ~~s I9 UATA . TUTuL ‘~UMbE N OF 0ATA OL3SLitVuTIO,S FOR THE PROBLEM.
il- UNKNQ,,N— ..‘c T LOUA L -\4AX IMUM EXPECTED AND SLT LAST

4.- ~ A 1A U13SC.N V A T LV N LOUAL T .) 99999999.
¼. ,~ t3~~~~U IuLN NU ’L LN yE A LPhADLTIC HEAULR CARDS I SEE C ).
¼- j A~~~~~ ~“TYPL 0 FuN R~ GULAN RU,\ W IT h DATA ON LANDS.

I 1 To t~LOiND IL) M~~j  STOR E. CAt-U) DATA FOR LATLR PROBLEM.
I 2 lo NLw IND 1~0 A~~) USE DATA STOR ED DY A PREVIOUS PROD.

4.. 3 lo  S1OR~ 4-ARL . ,jATM ON TAPL it) w IThOUT REwIND .

I ‘- 4 It) USE. ~A 1;~ u-s 1 APE 10 W IINOUT FIRST RE~~iN~~ING.
1.. 5 1) USt. TA PE L I  (85 ) AS IN-’UT AFTLi- NEwI NL~ING. I.-
¼. 6 It.’ USE. FAPL ii (135) AS INPUT ~IT HOUT REW1I IIDING. - 

-

¼. 7 Nc~~1l~U D5. USL AS INPUT, 1:IEN REt~A N U  F0p~ LATER USE.

I 
¼. ,)..‘~~‘V4U ~t1L.~h 0 TO USt. L)A )u nAih OUT REAR RANGING IT.

1 Lu RLAkI~Aj9t)t ~‘A 1A ACCORuII~~ To CO~ TR0L CMRU F.

~ ‘.l4~ ~iAX 51r’ MAXLMU N NUMbt R UI- STEPS ON iT . NMT IONS ALLOWED.
4.. Tu bYPASS PN1N~ jU1 OF CALc ULAT iON S PRIOR Tu SUMMARY,

SLT L~U~L TO 9’j9.
¼. ~~~ 5L) iF~j A Ct t  5T s . P A l  ~HICPl UA Ci~ SOLUTION STARTS (ACTUAL VS PI’(ED.).

I Sti L~ UAL It) ,) 1-01-C NO DMCK sOLUTIoN .
¼. Sc. T L,~aUA L 10 9’~9 1- JR DAC K SO LUT IO 9 OF SUMMARY ONLY.
4- yTL — IF r,uur 4 * ( Nxv +1 )  Is GI-C LATE rC THAN ,)UL)Q~ Ab IS
¼. U~~t .o To ~TO RL ~A T A THE~~tj By iNCREASING RUN TIME.

I c si~~~s I4STAR I -)UM~~c.N OF INLE.PLNL)ENT V A k j A t ~LES TH AT YOU ~ LSH TO START
¼. IRE NLGp~E5S1UN W ITH (SL~ u) .  NONI—IAL VAL UE IS 0.
¼. it - N-’TA1 -(T —j iRE PROGHMv, WILL AUTOMATiCALLY PUT

I 

¼. ALL NXV VMIUAULLS IN RLc RLSSION A START n1TH A
~~~~~~~ ¼. L~~ T oF ONE.’ WL1HOUT CO ITNUL CARDs IN 0. TEST iS ZERO

4-— -o rC ..fH~LR ;‘JEUMI JV E VALULS.

I 4- 5Lj 4jLj i AN SU 1 MI,-~ No r. OF AND V A I~ IN SUMr1A~~Y 0/ P. ‘JONMAL 4IALUE IS I.
¼. l)I 0) .IA A S U.5 MMX NbR OF IriL) VM rs A N S U’ -M A P- ( Y 0/P. NORMAL 4 -A LOE iS NXV ... oo—I u  - , ~X R L ~, MAX ~I3I’ OF INS) V AN iN REoRESSION. NORMAL 4 -AL O E IS NXV.

1 ‘ -~,.. -t OONTr~0L CArl u 2 *-**s-**$”*,*.***
¼. ,..1 ¼j5 ik-*T -~~ ct Fot-~ UNAL I%,blTLt) L)ATA
¼. 1 IF * LiGP$T S ARL READ IN AS INPUT .

I ‘- ~u 1 U  £FCNS1 0 A r- CO~ STA ~~T ~~~~ £5 TO ii OALOULAIEU. —

4. 1 rt. ’ JLLLTE CO~ 5 1ANT TERN

1
I

.~~~~~~~~~
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I
¼- ~~1 II- LLNST ILRM j~ i t ) ~3L L O .~~1L)LRED AS THE CuEFFICIL~~T4. ut A ~~w ó~~L)LPi~~DLNT 4-MNIuuLL XL) WHICh AL~ AYS HAS THE
4. t P4LL)~- 1. THE ~iu NIFICAI,CE 3h- IHE LONSLAN 1 nILL liE

~~
J I L M T C J  NY 115 STANL)ANL)

¼. 1~. - A ~
) . P- LI~~1 fl To L~.s1 INPUI .~ATM. 1 UIIILNtVIS L.

¼. i u~~~ u ~h- SUf ’~~ - 1t t o  L I S T  ~u~- l ( A t . X J ) ,  1 cl IcNWISL.
c ~~~~~~~~~~~~ if-NES 0 Iv L I- ~ I S U \ ( A i _ A B A R I ) ( X J _ A D A N t ) ) ,  1 OTbIERwISE .
¼. ~~U j U  ~FCORrt .~ Eu LiST ~ i~~PLL LONRELATIOlI COLFFIC1LNTS. 1 OTHERwI~~E.
¼. j1 ,)D .CNOS~, 1 It V~~JU -~Is lu INCLUDE AS A DDiTIONAL INL)LPLNDLNT
c 4- MNIUbLL~~, IHL S~ UAHES Ai4) It-IL C,-OSS PRODUCTS OF
¼. IIIL IN - ‘ L IwL ~~ T VA RIALLt ~~. LLRO OTHLRt~1SL.
¼. ULNENA ILL. VANAID LES ApC E XUs XV+ 1 )~~Xl*X 1
¼. A t NX 4 - + 2 )~~ X 1* X 2 ,  X (NXV -’-i )_xj4-X3 ’ . . .X (iiXV +NXV )~~X i*X - -JXV
L A&N~ V+NXv+i )-~ >~~4-X2 . X ( X ~ +NX 4-+2)~~X2*X 3 .... ETC.
4. ~~~~~~~~ ~J-TRA ALLO*S ~ON 1RANSFL jNMA TIONS 01- INPUT DATA. SEE. & FOR USE

9 — oN r~v T RMN SrOn~ ATI ON S
c - 1 Fort 1RA NSI-UNi-AU O NS.

— —1 T~ oSL PRLVIoU~, TkA~~ ~tiIL A -t t. SE1LL IN CoRE.
¼. +1~~+~ 4-QIL~ — 9 )O PNOCESS ALL oBSERVATIONS. 1 TO READ UP TO 14
C UUS , .RV AT IO NS It) 0L LEFT oUT ~F RLGNESSION. sEE CONTROL

CA NS ) L. —
~~ 

Jo USE PNL4-IO~~ L CARL) .
¼- ~~~~~~~~ ~l-5~~ Z~ NU F L rC NO~~~AL. ~ tj N. POSiT ivE. VAL UE CALLS A N A
¼. USLN SUPPLILU .UJROUTINL CALLLD NtjROFX (Ih-S08,NXV)
L T o  CHANGE. N.4V t~~oTL— NBRUFA MUST BL SUI-’PLILL, EVEN
¼. IF I i is Ju5T U ~ETUNN). A jSE~ SUPPLILD SU~ R O U T I N L
¼. L.~i_LLL. Et SUAT (iFSU5- ,UATA ) As USED TO MAK L THE DESIRED
L C-L~~S t— ’NJ DL)CT ~\ .,L’ INAN5FuR~~A I1 0NS (NOTL— LEPENUEFJT
¼. V A ,~ LA 1  LL SHOULD L’~~ OLFLNLO ~5 THE. vAR IABLt. DATA (NXV+L )
¼. ~,ILNL u A T 4 i~ -\ SET OF UOSLNVA IIONS DOING INTO THE
4. 5/1< A~ -U TIlL TNA 4SFUNMEU ~L I COMMIND OUT
c ~~

j —
~~~ ~~~~~ (1 i-oN h’LUULAN L 1}-UT F U R MA J ( , , - j O . U ) .

1 TO k L AL  £ 4pU1 FoRMAT ( SLE 1 ).
4.. ~— 1 io USL FONNA I h-NOM PNLV 10u~ NuH.
¼.. ~-o ~~~~U ~ P- P f - JL i t  fl To ~ LLF L 1’UN~.~,,IN(~ OF L .S U M T I 3 9  COLFF ICILS9TS .
4. ~~~~~~~~~~ ~FtjAI~ 0 To P”INT UA [L oF COMPUTLR RUN
4- l)cJ~~~/ 4 .  ~ h- NAML I~ lo Re-AL ’ NM- .L ~~ oF- VAN IA ULES . SLL H FOR FUp~ -1A T
¼. ~— 1 To U5L F-’NLVIUUS H CANS), SEILL IN CONE .
¼. 1 To A SSUME t3LM~~ N A M E S

¼. C .  MLPriAt.~LTLL I-iE4ULr~. cA ~~3~~. Do 931 U~ L Ar IDLN~O
4- AuL~ CANu~ ~ I T i  FORI~1AT C 1’.~ k-~) LA ST CARL.’ REPEATED UN EACH PAGE

4- u. 4.ANUS FL)i~ 4-MRIU oLLS IN r¼ LD ~ L~~~IU~ AT SIMNT MNL) LONRLSPONL,IND TESTS.
ut) ~OT USL IF ~s1Ar.T~~O. IrlL,<L SHOULu DL ‘N START ’ FIELLS.7(Ft3 .C,12)

~— ~i—uo IL SItA ) ~- A ft~ I CONuITI L). ~H1C -I ULTL~ ,.1i 9LS nHLTIIER A VANIA E~L~.
¼. (gILL bL ~~LLAILL1 ON AL -JLL- TO [tIE kEGNE5s1~~N .  ITS
¼. 4-ALU~ IS j— N*-. . ZLRo CO ESl-’O\tL’s TO A MULTIPLE CORR
¼. ¼.DL I-F1CIL~ T Ot- 1, ~ 1Ic,i NAKES IT IMPOSSLBLE FOR THE
¼. t-’NOONAM 10 .JLLLTL THAT VM—U AULE F-RUM TIlL SET OF IND
4- V ARIAbLES . TL5t~~1 CONN LSPONUS TO MUL l CORN COEF OF 0

.,-1I¼-pi MA1\LS ~ LLtI A OLLLT IUN CERTA iN.
¼. ~9 j1j  iI~~L L X t 1 ) —  I- l,-tsl ~ARiALh.L 10 NL 1~~CLoL) EL) iN t-CEtiRLSSXO s Al START.
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11 1& lEST (2>~ IL~~S FOR TnO ~A A t Lt SLT .
¼. 19~~~ U J~L~LX (2 ) ;  ~LLUNL 4 -A RA AULL 10 UL INCL0ULD IN REGRESSION AT START .
¼. ~~~~~~~~~ ILST t3) - Tt~~ t F UN THKL¼. ~MR1AbLL SE- i .

~~~~~ 
~i~tJLX (3)~ ETc.

c* *
¼. c . utjSLRVAT Iu~~ To UL NLr-I OVLU l—~~oM RL&NLSSION. USE ONLY Ii- NVOID~ J.
4- ‘.1—uS f oDOOu (I) INULX OF 1SE PoINT To bE REMoVED. C FORMAT (14I5) I
¼- u0 10 ~oGOULi (~~) L.TC.

4- r. çON(r<OL CANG [U RLARNAN~,L ~~~~ DATA. L)O I’~UT USE. 11- ‘tHLAR ~ Q. (1415)
‘.. -, 1—L)S ~~OR u~ NUMULK U- V~L-I- .oS I i -  TAPI oN LAND RECORD. t
4. 4-0 1U ~.oCy LuLMTI~~N OF U E 1 -V L I 9 L ) E I - JT VANIAUL E Y.
4. I’.) I~~ L X ( O ) , ~~~~1,I~ A\I LOLAT IONS OF 1hSLLPLNDLNT VARIAL3LLS.
¼. IF IF~~T~~o ‘..ASI LOCATION IS FOR WEIGHTS.

¼. 0. INA F- O r< ’~ t.1 iO i~ L0N1NOLS. DO NUT USE ii- ~FTR AzJ. FONMAI (7 (Fa .0,12))
c P01 TRA 9S1-UR MA SAON S AND CUN<LSPONOIND 4-UI- SlANTS IN SAME ORDER AS
4.. A M L  Y V MNIA ULC.S. 

1-.
4-. IR~ HSFoNMATI0~4~ OZNOS-SL, A ZA *C, ~~X*o. 3~ X/C. 4~ C/XP ~~X**C, 

V

¼. u~ C**A , 7-~LN (A +L)’ L3~ LUG (A+L)’ 9~ E** (C,X), 1LJ~ L** (C/X),
I1~~S i N t C * A ) ,  1~~~CoS (C*A), 1.~~TAN (C*X )

4.. ui L) t~ LONSI CO~~~[A1 T FOR FiR~~1 VA R IA bLE
¼. ~~9 1 U  9bH T RM TRM ISFONMATIO N EON FIRST VA r<AAU LL
4- i1 1a C0N~ T FOR SECONI) VANIAS3LL ETC.
4- 1Y—~~J Z Tt-C A FOR SECUI’tL) tiA-c IAEI L E , ETC .

t.. H. i-PuT VA NAMU L L 9U~~LS IN ONuE~ OF iNPUT. USL ONLY IF il-NAME~ 0.
4. u1 10 RA NL UI- Fu~~T 1NPU 1 VA-< AA I3 LE
L jl~~~u - NAMt- OF SL¼.ONLJ INPUT VANIA 8LL ’ LTC. FOI~1MAT ( 7 (Ab ,AL )

4- 1. VMR~ AbLt Fu*IAT 1-UN iNPUT DAtA (1~~Ab ). o~~E ONLY iF NFMi~~1. V

L u. -Lk DATA CARDS ~riUULU 13L P0NCI,EL) ~-.IT H FONMA 1 (7F10.O), OBSERVATION
¼. uY o~~S Lr(V MJION IN THE. l-OLLU~~ING ORLL N (IF iNTYPE~ 0~~1) Xl’ X2~ X3 ’
4. ~c -4 . . . . . ~~~ Y I-v i2, Y .~,v • . . Y~sYv WT iF 1FWT~ 1 )
4- uATu CARUS ~ON I l - T T P E Q , j , 5  ~ i i LY .  tJINAR t TAPE. INPUT FUN OTHER CODES
4- ~ i- NLAFC ~~j  oRDEr< OF LiATA 15 ULTERMINLO Liy CONTROL CARD F.

¼.

I t . ’  U~~E irlE PR~ oRAM 1-01< AN ONUI~~M~ Y IULTIPLc. NEORESSIUN (I.E. r i o
c AI)oUI~~ V LNG ON OELET1 I9D), PUT ALL VA R1A DLES IN THE RLGRLSSAON AT
S.- I rIL OUISET C .STANI —N~4.V ) AND P01 MAX SJP 1.

~~** *4 S* * * *  CAr ( L ~UT PUT 4 IF IFPI\ILH IS c~o1 E~ UAL ZERO
4.

4- ONt. CMI ’.O F ort LMC,-1 V AR j A 0L L  19 E4UAJI ON
4- F- OR~ A T (  IS’L~~J .tj ,bI5 ,1- .~U. 4 ,F10.7 I

ul—05 I I-ULX OF I~sUEPLI uENT VAlUAbLES IN L(~UATIL )N
¼. uo—~ 5 CULFF (i) CUEFFILIL NT FOR 4 - A NAAL j L L  I

~b~~ O NPNOB F 0ULL~ ~U~ uER
4.. .~1—35 rftjp <NOW I-<UMBE,~ OF- VARIABLES Ii~ L4~LiAT ION
4- 36 40 INLIEXY — INDEX OF DLt~ENDENT VAR IABLE
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I
4 j —

~
th Z NU~~TcP s1EP NUM4.rnN IN W HIC -l I l-iL LOUAT ION WA S COMPUTED

4.. ‘4 b—50 IFPNCrI — INPUT VALUE GREATER THAN ZERO 
V

4.. Si—l U SIuPC T STANDARD LICROR OF EDURTION AS A PERCENT OF Y MEAN 
—

/1— 80 RLORCO CORRELATI ON COEF FILIEsi T OF- EQUATION
4-
C**s+***** uAsjC STAIISTICS uUTPU 1 **********
C
C A l  -~ A VALUL OF ObSERVATION FUN VARIABLE I
4- sUi-t ( x~ ) z SUMMATION OF VARIAbLE. i
C N NUl~1F5ER OF ObS ENVA li~ I -~SXN WEIGHIE L) NUiwi tiLk OF OBSERVATIONS

C NE~ i~ z ~EiuhTL LI AVERAGE SLSN ( Xi ) / AN

~

TM

~

UAkU UE.V IAIIOI4 S~ RT ( (SUM (XI**2)—SUM (XI,*MLAiJ)/CXN—1) )
5-

sLJt.-i oF VA KLAL3 LL-~ SUI— i ( XI )
RM

~ 

SUM OF SQUMI~ES AND CRO~~ PRODUCTS SUM ( XVL*XJ
4- sUM OF SosJAR LS AND CROSS PRODUCTS ABOUT THE. ~1EAN CORRECTED SUMS~
4- Z sS(  I,J ) SUM (XI*XU)—SUM (XI)*SUM (Xo)/XN
C si-iP LE CONRELAI IOIJ COEf-FICILNTS z
C r~~i,J) — SSu,J /Surtr ( SS(I,I)*Ss (J,-J ) )

I
4 - * 4 * * * **~~~* RESIDUAL MNALYSIS C MLTUAL VS PREDICTED ) PRINTOUT *********
4-
¼.. AC t UAL ULPLNUENT VARIAbL E
C PRLDICTc.I) — YC COMPUTED Y USIN(’ RE~ RESSION E~ UATION
4- AU + Al*XJ. + A2*X2 + ... + AN*XN
C RESIDUAL E ~C 

— Y
C NORMALIZE-u DEVIATE NLSIIJ tJAL / STANuAi-w ERROR
4- PEr~CLNT UL VIAT A U Ss 10(1 * RESIDUAL / I9CTUAL
C *EAGIIT INPUT ~LIDHT OF UL3SLRVATION
C SSc. RLS1LSUAL 501’ OF SDUA I-(L5
C CR1 SQUARE SOR t C RESIDUML**~ ) / ‘yC I
4..
L**s4***** ANMLY~~IS f- 5<INTOUT
C
C IOIAL(CORNLCTLIj ) SUM OF SI~IUA NES SUi i OF SOUARLS ABOUT THE MEAN
c SU M ( C Y—Y ML A N ) * * 2 )  s i j Is i ( (YC~ Y MEA N)* * 2 ) + S U M ( ( Y — Y C ) * * 2 )  ~S S (Y )
C TO IAL ( ORI~~IN I SU~ oF St~UMRLS SUM OF- SQUARES ABOUT THE ORIGIN .
C USEIJ INSTEAD Of- SS(Y) ~HLN REGRESSiON IS- FORCED FI-IRU ORIGIN .
4- REoNESSION SUM OF S(~UARLS — SUM OF SOUANES DUE TO REGRESSION
C L~~PL~~INE.u VA RIAT iON — SUM ((YC—yMLAN)**2) SS ( N)
c RESIDUAL SUM OF SUUARE~ SUM OF S(~UARES ABOUT THE REGRESSION
C UNEXPLA1NLL~ VARIATI ON SUM ((Y—Yc)**Z) SS(E)

JHc. MEAN S~ UAR LS COLUMN Is 9~~TAIN EL) uY U1V LDIN~ THE SUM OF SQUARES
4. ENT RY BY ITS COHNLSPONDING DEGREES OF- FREEDOM.
C i-~LSIU (JAL “iLAN SUL,ARL VARIANCE ABOUT THE REGRESSION ~**2 ~MS (E)
¼. (.OLFFICAEN) oF MULTIPLE L)LTLRMINATION PCi OF EXPLAiNED VARIATION

(SS DUE TO REGNESSIOI,l),(SS ABOUT MEAN ) CORN. FORM SS(R)
4- LONNLLA1ION COEFFiCIENT N SQl-tIC CO RR. FORM OF SS(k)
C STMNDAHLI ERROR UP ESTIMATE S S~RT ( MS (L)

~.L. AS PLT. OF- MEAN lUo * S / YMLAN

76
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I 
H-

1 I L ~,1 F-Ot~ Sj u~~it ICANCL or ~L uNLSSiON — MS (R)/MS (L)

¼. COI~5TANi - A C ’ .)) — YMLA ,~— SUM(A C1 )*XMLANC1 )) CONSTANT TERM
4- 4 - O L F F I L 1 L 9 1  ,

~
( 1)  Tlil- LI- I- LCT ON Y OF- A UNIT INC ’(LASL IN Xi ~FILN

4- EHL U 1S F - k V 5 ~ iAtj LE~ ANL 1-ilLi) CONSTAN1
C ~TMI~L)\R~) ERROR S1ANDARLI LRNON OF RLGNLSSLON COLFI- IC iLl-si .

I TI - iL YS PLNLLNI CONl-IULN~ L LIMITS FOR A UN! VLI-tSL l<LGNESSION
C COLI- FILILNI AS”t GIVEN tl y THE SA1’iI-~LL COLFFICILNT PLUS AND MiNUS

1RI.OZS) TA~iL S THE LS1LN1AII D STANDARD OF THE COLFI-ICIENI .
4- LOLl- F-/ SE . tJStU iN HYPuTIIL~

,iS 1HAT COE F F I C A L N1 z
I 4- — ~u11-t- ICIENT DIVIIjI L) ~ ‘y ITS STANL)ANL) ERROR TO GiVE THE NUMLLR

4-. OF 5.L .  A WA Y I NO .1 HyI’ OIrIL I~ Ei) ZLNO. SHOULD t~1. GREATER TI-IAN I
¼. VAL UE 10 NLUL4.-T TIlL I-IYPo1HLSIS THA I IRE COLI-FICILNT is NOT
C SI1n~1F- ICANILY UJFFLhLNT FROM ~LNo.1 r — F VALU E 10 NLMQVL VARIABLE FRO~I RLGRESSIL)N. •*.. NOT 0510 **

ilLIA CU L F -t -A C IL91 — ~ILA sLRL oF- THE. NLI LFFL4.-T OF LAd -I VARIADLE. Os Y 
- 

-

4- t~s S~~ L I IA NL,L DLLRLASL II~, ~~~~ If THE VARIALILL Is REMOVED FROM RLGRE-.

l’A ,dIAL NS~ — IIIL S~ UANL or THE PA NIIAL CORRELATION CUEFF ICIF-NT OF
4- VAR IAbLE i-.. ~oT fl.j I~IL N~~ RLS5ION W i t h  TIlL NLSPONSL 1.

1 P( ( K ’ I.LN’i... ) * * 2  WIILRL L . M ’ Nv . . .  ARL ALNLAL) Y IN REGRESSION .
4- — I~ L L A 1  I~~L ~¼r - I~ uNT UI 1 1l’NOVLMEN I ISI A I 1~ BROUG HT ABOUT IF
5- VARAALS LL 1\ nLRL ADIJLi) I~ TFiL RE0 ’~EssjON.1 4- ~Or. I~1LL~ ~~1 I - / ~~ U - THL 1401*ALLLD SUI’1 OF- ~~ UAkES OF RLS VL LJUALS FOR
C VAR IAbLE ~ HAL) IT TOo L L F N  HtGRLSSEU. USEFUL IN DHA I~ING
C A T1LN 1ION 10 NEAR—LINE AR L)LPLNULNCILS AMONG THE iNS). VARIABLES

- 4- DELTA k$t~ — CIIAIsUL IN , iF VAR i ABLE ts. WERE ADDED TO REGRESSION.
4.. VAN1A oLL W I t H  LARGE5T J t L T A  Is AUULL) 10 REoRESSI O Ss NEXT.

F- z I- VALU E TO ‘ D L  ~‘A kIA HLF 14.) NLURLSSION . **$*  NOI USED $* **
C
4 . 4 4 * I * * *4 $  AL-DiNo AisU L )ELL 1I-hL ’ ~A kIAL ILL , * $ * $ * 4 $* $ * $ $ $* $ * $ $$ * * * * * * * *$

• 4-..
4- SI LF 1 — ii IL L/AR 1 MULL NOT IN ii 1L L~~UAT loss ~t41C i4 CAUSES TIlL OF*VATLST
4- L I I4NO~ ~~ h~— ..< is fr uL)LL) T O T i ~ REUNESs ioN •
¼. j  I Lt  ‘.~ TI L V M R 1 4.LL~’ iN Ii IL LuLsAT I ON At~L ii lL~ CI-ILCKL IJ 1 c sEE 11- 0 JL
4- LAisi DI- L)LLLTLD. T Nt. VA RIAL ILL W HiC H LA USF S Ti l L  SMAL LLS1 CI4A NGL I’
S.. ~~~~ I’~ SLLLCILO F oi- NLI<OV MI.. . 11- 1IIL L’-~JATioN WiTHOUT I R I S  VA RIAHLE

- 4- P-’t<vUUCL.., A ~‘5 CR ) ~HICPl I S S~~,~LLER I t Ii¾N 1 ilL . PRE V I OUS 55(N) FOR 1’ IAT
* 4- NUMbER oF VANI A ULL 5, TIft L/ANI AL~LL 1~, IsLN 1OVLL .

L S I L P  3 — If- A VAN LA ULL WAS NLNUVLL ). NLI-’LAT STL i ’ .‘ ‘

¼. U1Ii LI~~ IsL NLt L A T STLI j ANI) 2.
C -

L ,$ * * * *, * *+* $ * * .* $*  * • * $ $ * * $ $ e $* .~~ 4 + *  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
7 4-j 4. 11 SHOULD L~ I NUlL T H A i  THE ~TA T1ST1CS FuN NON—L INLAN L~ UAT1ONS

¼. SHOULD DL USLL) ‘~i l ii CA R IV I ~~ SHOULo Nol 14 L COMPARLO ~.i I M  THO SE
4.. ~~~~~~ L19L.4h Lg~Iu,41IONSp ,~5 lIlL Y HAVE L III F-i JCLNT -sLMNIN~ S.

I- Oi-~ LXA I~IF’LL 
— LI- Y is 1RA NSF- URMLL) t~’~ IMK1N4., iTS LOs.,ARIT IjM, iRE

-~ 
~ . SLIM OF ISlE c~~UMRLh OF ItI L A cTUAL kLSlt)UALS I4LTWLLN liii CALCULA JED S
¼- ANi.~ T i E  OUSLNV LL) ‘I VALU LV S ARt NOT M IN iMI~

’L L ,  NAIHLN J IlL SUM OF

1 SQUARES ~F- THE. LOL’ANITI ,~lS us- THE RATI o S OF THESE VALUES ARE

[ ¼. ~1iNi, I~jNi t~iI~~Lo C (LOG ‘y C LOU Y ) C LOUC ’y C/Y ) ) J e

1

- ~~~_ _ _ .-_ . - - -~~~~



4- [h~ NLFOr -~L’ COMPAN ISION OF A ’ 4Y STAT ISTI C S 1I-iAT ARE. DASLO UPON THE
¼. SUM oF JIlL SULJAHLS OF THE Y RESIDUALS SUCH AS THE I- VALUE OR
¼. COr~NLLMlI UN COEFFICIENT MAY i~E MISLEA DIN,.
C

ii SHOULD ALSO ul i’&TEU TH A T WHEN TilL CURVE IS FORCED THROUGH TIlL 
- -

oR iOiN UN SOME OTHER SP1L~F LED V INTERCEPT’ THE DEURLES OF FREEDOM
C ARE 4-FlANGED ANu T~1E. CURVE e14 ) LONGER UOLS TiIROU ,H TI-IL MEANS OF THE
4- VARIA I3LLS, TF-~ .REbY, CHAf4Gi~R, THE VALUES OF THE STATISTICS AND
¼- MA rING COMPARISIOI~S OF CURVES WITH UNSPECiFIED Y INTERCEPTS
¼. MISLLIUJINU . uLSU, COMPARISON OF F VALUES wITH THE STANDARD F
¼. DIsTRIbuTIoN IS NUT NECESSARILY VALID.
Cs* s******************* • **$* *~~** #*~~****-****s~ $*$*$4*4$*$*$$*4.$s***.**$.
¼~
C IRE USLIVL S uF TI-u S PROGRAM ARE UNG~L, TO REVIEW THE STANDARD TEXTS
C ON REGRESSION MNAL ’ISIS FOR l i-iL USES AND LIMITA IIONS OF THIS
4.. 1L~ t-iNIQUL , AND bEAN IN M1N~ THAT Is-IL STATiSTICAL RELA1IONSHIPS ARE

i~iO BETTER THAN 11-41 UATA THA I WAS USED TO COMPUTE THEM.
4 - * * * * * * * * * * * * * * * * * * * * ** * $~~ * * *$ * * ** $ * * ** $* *4 *  * V 4~ * * * * * * * * **$ $* * * *$ * * * * * * ** *

* LOMMON S1OMA (bO),U(52,52),SIMCOR (52,52),AVG (60),TEST (oO)
CO fri’-lON POINT (oO),STN1N,.,(30U0).1NDPAC (3U,30),INDEXP (bI)
COMMON LNDLX ( oU ) , NO UT CU O ) , i¼ ST EP ( bO ) ,A L PHA CI t , ) ,YM EA N , IUEN , I FAVE

L CO~~~ON -.1AASTP,ip-PLLH,NSUMNY,1~SKIP,NlAPL 9,NLWCOs~.MOh NOVAR .NbNNOI,~,NO5TLP ,4LAIA,NbNXY~~,NbNX,LPATH,DLFRM,K
CO~ 1’ON IFBMCK,1.FCNST ,IF-CONR ,NPROb,NURPVN ,TOL,REMANK
CO ’1MON iNL)LXY ,LL3AU,NOGOOU (2~~)
cU~~MON iFWJ,YCONST,NyTNA ,V (~~,51 ),yTRA (~~)
CO1’MON S1~~ENR (~~O),CORSOR (~~j)
UCUbLI PRECISION A ,SIMLQR,SIOMA ,AVO ,TEST V

4- V

¼.

U1a~LNSiUN VNuiE L~,b1),CRuSS (8)UIM ENSIUN XDATA (~ S5), LOCA (bU ), CONST (UU), NBRTRA (bO , NMT (12), FM
-
~~

uiiv LNSIUCs ~V O i~~(j 4 )
u1i~LNSION J R A ( . ) ) ’  Mi j~(A(~~,j~~)L)AI A (A INuL1 ,J )  ‘o 1’17) / ‘,+C’ ‘ ‘x*c’ , ‘x/ C’ ‘d x’. ‘Xa*C’ ~ ‘Cs*X’ .

I • — - J X + C ’ ,’LGX+ L ’ ,’ L* * C *X ’,’L+* C/X ’ ,’SINC *X ’ ,’COSC *X ’ ,’TNC * *X ’ ,
~ ‘SNHC*D’ . ‘CSHC*O’,’TNHL,U ’,’C TERM’ /

UA IA t C R U S S ( I )  c i 1’t3 ) / ‘ v t l )  ‘ ‘V(2) ‘ . ‘ V t 3 )  ‘ , ‘V (ie ) ‘ .‘V ( b )  ‘ 9

uAI M NRLLLS, LUI-/I.O/
uA IA (N~IT (J),.J

.i,i.fl/bH (7Ei~~.
,
~~HU),1u*IH /

uA TA BLANI¼/1Fi /

• L)A IA  AX / 1F1X/ ,A~~/ 1t Y/
uA Iu START,VOIbLU .S1AR4-II,TN,~N .FONAMT /bi-15TAs-tT P bHVOLDLL),t,HSLARCH,bH

I T’- A •btlOI- M1 /
¼.

L LJAI A (XL)A 1M (I)DIZl,1i.I ) /
1 bJIIXSLLLLTEL ) PERCENTiLE VALUES OF THE sTUDLNT T DIS1i-~IDUIION /~
.j.XuA1A (i ) .i~~I1.23) /lijI-i .IU ‘uS .ul
j  I—OR DIRECTIONAL (ONE—TAILEL)) TESI I’L 4CX ~ ATA (~~).I~~ ’e’Jb)/ 7~H

78

_ _j .~~ -

- ~ - - — ~~~~ — ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ~~~~~~ - -~~~~~~ V - - - ~~~~~~~~~~
,_ C



V - - V ~~~~~~~~~~~~~~~~~~~~ -~~~~~

-

-

5 .20 .10 .u~~ FOR NON D IRECTIONAL (TWO—TAIL ED ) TES
/

oA IA  ( A D A T A ( J ) ’ O ~ j 7 ,18a)/ ’4 i- i 1,3.078,b.313,31.821,Ll Ii 2,1.8t3b,

~ 
2.920.o .9b5.Wrl
4h b’1.’476’2.ulb’3.365~ .-1~F-l b.1.’+’+o,1.943’i.143’

~I 14n 7,1.1e1b .L .~ 95,2.998, 4h d’1.397.1.860’2.896’
t+ ‘4t 9’1.~ 83.1.83 .~.2.821, ‘+1-i 1O,1.372.1. o12.2.76’I .
S ‘4ti 11.1.i6.~.I.79b.2.718. ~~-i 12.1.35~ .1.782’2.b81.
b l+h 13’1..~50e- i.7? 1.2.b5O. ~4f1 1L4,1.3l- l5,1.761,2.62L4 ,
7 ‘4h 1b’1.~~4 11~1’7bi’2 .oO2, 141 -I lb .1.337,j.7L#6.2.b3ö.
b ‘4h 17i1 .j339i .7’4~j.~~.5~7~ 4}~ lb ,1.~~3u ,1.l3’4’2.S52~
‘
~~ m 19.1.328..i.7~ 9’2.539’ ‘411 20.1.325.1.725.2.528.
z’ ~#ii 21,1.~~23,i.721.2.518, ‘lI-i 22.1.321.1.717.2.508.

~ ‘4l~I 23.1.,~)19,1.711+,2 .bO0, ~+l-1 2’4.1.31&s.1.711.2 .’#92.

~ ‘-ê ri 25 ,1s .~1b .i .7Ob ,2 .L485, ‘#1-s 26.j.31~~.1.7u 6.2.’479.
~D ~4ii 27,1.i1’4,i .7UJ,~~.’473, ‘#H 28.1.313.1.701.2.’467.
$ ‘4ri 29.1.ill.L.b99.2.’+62. ‘+51 30’1.ilU.1 .b97.2.457.

~ 4’ii ‘+O .1.~~Oi,i.b8’4.2.’423, ‘45-I 51a.1.298,1.b76.2.’i0i.

~ 4s-i 6O.1.1~9b’1.b’1’2.390 . ‘41-i 8u.1.292.1.66’1.2.37’l .
‘4ii 1OO’1.c~9U’l.bbu’2.365. 4h 2OO,1.28b,1.b53,~~.3Li5,

~ ‘#s- s 5OO,1.~~83.1.b’+o,2.33’+, ‘#~-s lNF ,i.28~ ,1.b45.~t.326 /
wRL TL (u~9b 0) (XUATA(J),o~ j,1~3u)

4- ¼ ,

CALL SLIT E ( I J )

uO 20 J~ 1.~~0
DO .~U K~~1’.~O

W RiT E (u ,~~bO)
C

REuLs (b,110O.END~ 9’+0) NPRUD,NXV .NYV .INOEXY .NOATA .IDEN.II-ITYPE ,NRLAR1.MAXSTP .If-UACIc,NSTART,MINSU;w1,MAXSUM ,MAARLG,IFWI,IFCNSI,IFLIST,IFSLJ-

~MS,IFAVE.,IFCONR,NCkUSS,IFFNA ,NSKiP,IFSUb ,NFMT,.iFPNCH,1FDATE,IFNAME
4-

~NjTE (Q,1180) -4Pk0b,NXV,NYV,INDEXY,NDATA .IUEN,INTYPE,NREAR ,MAXSTP
1.IFBACIS,NSTARr,M1NsUM .MAXSUM,MAxREG,IFWI ,IFcNST,IFLIS1,IFSUMs ,IFAv V

1~L,jFCOkR,NCRUSS.1FTRA,(~SK 1P,1FSUb .NFMT,IFPNCH,jFOATL,jFNAI .jE
Li1~~LiLANK
U2ZbLAN~

C DAT E IS MAP S/t-( TO PICr~ DATE OFF SEQUENCE CARDIF (IFOMTL.E~ .0) CALL DATE (D1,D2 )PRINT 1140. NPt~U5 ’ NXV ,t ~YV , i i - ,isj EXY ,INTY PL
NBNI-JOWZNSTNR F
IF (NFMI.NL .u) GO TO ‘40
DO 3u J~ 1.i2
F M

1+0 COi~T I N U ~.1F(NDA1U .LE.U)NUATA ~ 1OUOO
NW1 T :I-4XV + NYV
LF (IFWT.NL .0)N~~1T~ NWTT+1
IF (IFSUB.GT.0) CALL NBROS- 4 (IFSUb .NXV )

tiSUMRY~~J

1~
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I
I
I l4uI(xY ~ r 1xV s 1

¼. NU R A ~- NUMbER OF INOLPLNIJLNT VARIMULLS
C NU R A Y NUi~ibLk OF ANUEPLI-IDENT VARIABLES + JEPE~ DLNT VARIABLE
C NBRAY ~~- S1~ E UI- ARR AY NBRXY + 1
C NbNNOv~ NuMbER OF COEFFICiENTS FOR PRESENT EQUATION

INDEX Ii~ijLX OF PRESE NT EQUATiO N
i~F H’- lAX SiP.EO .0)MAXS1P ~ 998
1F Ii*IAXNE&.LT .5)MAARL~~ 5

• C
to SToNE DA Iu Qh TAPE FUR ~SL iN ANOTHER PROBLEM, SET INTYPE~~1

4- EON REv~IND. JNTYPE~ 3 F~~N NO RE~ INSJ
4- 10 USE DATu FRuM A PRLVjOUS PRubLEI’~ SET 1NTYPE ~ OR 5.
¼. THi ,’EL3’V CAUsINb TAPE 10 REWIND .

INTYPL ‘4 ON o FOR BIN. TAPE 10 OR 11 TO thE USED AS INPUT
C ALSO PREVENT S TA PL RLWIND AT START OF PROBLEM.

F-~tWt3 5~~i
IF (IN TYPL .NE ./) 0 ¼) T O 50
NRLwb5~ u 0

ANT YPE~ shITMPLZ1U
i,I~~~MDZLj
I\lWt ’ ( i 1L ~~~lJ

If (INIYPL.EQ .u) L-o ro ol)
IFs.iNTYPE .L0.1.OR..iNTYPE. ..~)NWRITE~~1 L
IF (INTYPL.LQ.5.0R.iNTYPL.c.Q.t,)NTAPE~ j1
IF (INT’yPE .EQ .1.0N.1NTWL .E~~,2.OR.INTYPL.EU.5) REWIND NTAPE
1F 1I’ITYPL .NE .1.MNL.INTYPE.NE.3)NHEADZ1

4-
C NUMuER OF INDEPENDENT + DEPENDENT VARIABLES

I’4TuTAL~ NXV+NYV
NEv,~ l’iXV+ INUEXY
IF (NTOTAL.LE.J2 ) oO TO 7u

4. 100 MANY VARIAbLES
l’IT LJi AL NL~.IF (( .T O1AL.LE .5~

) GO T~ 7u H

~.kIl E (0.9/fl) I’IIOTAL
CALL EX IT

/0
IF (i~CR US5.L~i.O ) “0 TO j j u  V

IF (NOVAR.LE.5L) GQ TO 95)
s’iCROSS~ O
WR ITE (u,IIj(~- u )

00
LI- tlFCNST .LT.O)I~OVA R~~4UvAI-L $- i
NLIRXYWZPIOVMR+1
l’o0 RX ~~N4 )VAR 1 V

MA A V A N 51I~4 0 ( MAXSUM ,MAX i- ( L¼,PN bNX )
C NEAL) CONTROL CARD ~

- 

I I I  ( IL , L~i)  12u.1Ou ’1i~)j iuu uO 110 .JZI ,l t ,

80 
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I

lb AL PHA ( ¼))~~~LAhK
A~ U IOc.N~ IAbS (1DEN1

TO 130
~~~ 00 1’40 i~.l.IUEN

REuu (5.9bu) (M~ PrA (~J),j~~1,~~~)11+u WRITE (oi990) (ALPrlA(J),~~ j,16)
i~~t~ COlIIINUE —

C REAL) CONTROL CARD U
DO 160 j

~1,60
V r’.StLP(D~~ 1 

-‘

iou TEsT (J)~~+2.OE+)J
IF (N STMRT) 19U’22~~’17u

liu READ (5. lOoO ) (TEST (J) p IN0E~~
(J) .U~~1.l4BNNOW )

C PACK INDEX
DO 180 u~~1,NbRNOW

1du CALL PACK (NbsffiOW’J.INDEX (o),l)
uO 10 2.10

.19u NbNNOW~~NXI~
DO 200 O~ 1,NbRNQW
CALL PACK (NUNNOW’J,J,j)
TEsr (J)~~1.uou

~0u CF (NSTA,-(T.LT. .L) TLST (J)a).U

~1u aRITE (o,-1090) START p (T~ ST~~j),INDEX (J) .J~ 1 .NBRi~iO W )

~~~ ~ II4VAR ~ F.iAX u(3. .l~IINSUM)
NTAPL9~iIF (IFB ACK.EO.0) G~ TO 230
IF (NC,ATA*NBRXIW.LL.3003) G~ TO 230NTMPL9.0
REwIND 9

~~ u oO 2&+ O L~~i,NBI ’(AYWLiO ~‘40 %J~~i ,N L 3 R A Y 1~
~‘4C s ( 1.¼) )~~U.~J
C NEAL) CONTROL CAR D L

IF (NSKAP. LE.0) GO TO ~9o
READ (5.LAUO) (JvO1O(J),~~ 1,j’+)
OV~ O
DO 2b0 L i.2t3 .~NOGOOD (L)~~5)NO~ OQD(L+1)~~0

~Su IF (JV.LQ. .14) ~Q TQ 28u

4 IF (1JVOi.ULV)) 270.250,2b0
~ou N0i,OOD (L)~~¼ )VOL O (JV )

V NO¼,OOD(L+i)~ JVOIU (JV )
LBAO~L+1* IF (JVOAO (DV+1)) 25O .2t~O.~ oi~

~7u e’,QuOOD (L+1)~~1AuS (’-)VOIO(~JV))

~eo COid INUL

~ 9U NSr,A P~~IAL3S(NSI%1IP)
IF (NSKAP .NE.O) wRiTE t~~,1iiu) VOI0ED,(tIOG000LI),J:1,LBAD)¼. REAL) CONThOL CARD F
LOv,c:0
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I IF ( NRLAR ) 310.320.300
C IF NREAR~ 1 READ SET øF SEARCH PARAMETERS.
OOu NNX~J~NXV

I 1F(IFwT.NL.0)NNXJ~N XV + L
READ (5.1100) NWOROS ,LOCY , (LOCX (J).J ~ 1,liNX 1J )

31u W R ITE (o.1110) SEARCH ,NWuKOs ,LOCY ,(LOCx (~~),4.I~ 1 ,NNX J)
LOOt¼~~1

320 CONTINUE
C REAL) CONTROL CARD &
4- READ T RANSFORMAT IO 1~S

iF ( IFT NA. GT.0) READ (5,1080) (CO NST ( I) .NdNTRA ( I) , I~ j ,NTOTAL)
IF (IFLLST .NE .U) G~ TO 330
wRITE t o,1160) ALPHA,D1,D2,(AX,J,J~1,NXV),(AY,J,J:1.NYV)

33u NW)ZNTOTALI iF (IFTRA.NE.O) WRiTE (6.1090) TRAN,(CUNST (I).NBRTRA (L),I:1,NTOTAL
1)

C REAL) CONTROL CARD H NAME OF VARIABLES
IF (1FNAML ) 370.360,34t)

34u 00 350 ¼)~ 1.2
00 350 L~ 1.NTOT AL

350 VNAM E (~J .L)~~BLANK
* ~O T O 370

ibu READ (5.1140) ((VNAME LJ,L),o~ 1,2),L~ 1,NTOTuL )
- 37u IF ( IFLLST.EQ .0) W RITE (6.1150) ( (V NAME(J ,L) .J~ 1.2).L~ 1,NTOTAL)

C
- - C REAL) CONTROL CAR D 1 ( VA RIAB LE FORMAT )

V IF (NFMT.&T.O) REAL) (5.1120) FM T
- IF (NFMT.NL .O) WRIT E (b ,1120) FORAMT .FMT

IF (IFwT.NL .0)N*T~ NIOTAL+1- - NSI4.IP~ IA8S(NSKIP)
• NBAD O
• YCuNST~ C0NST (i’4E.W)

DATA ACT,UAL/DHACTUAL,IH /
• YTRA (1 )~~ACT

YTRA (2)ZUAL
— J~ NBRTNA (NEW)

NY1RA~0IF tIFTKA.EQ .0.oR.~J.EQ.O) ,o TO 380
— IF (NbRTKA (NEW).EQ .7)NYTRA~ —j.IF (NI3RTNA (NEW) .EQ.5~)NYTRA~+1YTRA (1)ZATKA (1,J)
I YTNA (2)~ ATRA (2,J)

380 CONTINUE
C

-
~~~~ 

I C
-‘ DO 590 N~~L ,NOA 1A

IF (NREAD ) 4’e0”44O ,390
39u IF (LOQic ) ‘.00.1+00.q2o
‘+00 IF (ENDFIL NTAPE,NREELS ,NLOF)) ‘+b0,930,q10
‘110 REAO (NTAPL ) IPDINT (J),J:1,NWTT )

60 T0 490
‘+As IF (ENDI-ILINTAPE,NREELS,NEOF)) ‘130,930,430
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- I
‘43¼, REuL) (NIAPE ) (MiAlA(J).J ~~l.N5wONDS)GO lo 470
¼.

‘+‘êu AF (LOUis ) ‘.5U,L#bU ”1-b~‘+50 NEAL) (5,Ft.11) (POINT (J),~J~ i,i~~TT)
IF (s~WlcLTE .NE.u) ~‘NITE (LU) (POINT (~~),u~ I,i~wTT )uO 10 490

‘#00 i~EuD (5 .FMT ) 
~~u A t A ( J ) ,J ~ i,,,,*ORDS)

• iF (NwRITL.NE.~J) v~RITE (10) (XDATA (~~).o~ 1,~ WOROS)
470 uO 480 o~~i.NNAL)

~.iLuC~~L0LXLI )
‘+~ u POINT (o)~~XDATA (JLOC )

POINT (NwT)~~POIi~T (NNXJ)-e POl iT (NEW)~~XDATA (L0CY )
C
C CHECK FOR El-IL) oF DATA i,~L,ICATOR‘+9u IF (POIIIT(1).cM.99999999.) GO TO 605)

JDMTA N
IF (LFSob.oT.0) CALL EQUA l (IFSUb ,POINT)
IF (IFLIST.EQ.u) WRITE (6.i~ oO

) N.(POIiiT (J).J~ i.NWT)IF (iFTi~A.LQ.0) GO TO sOU - r
CA LL CHANGE (P0INT,N~RTRA ,C0NST,NTOTAL)
IF (IFLLST.Eo.0) WRITE (6,1070) N.(P)Is~TLI).J~ I.NWT)C r

SOu COI~iTiNUL
• C

POLNT (NUVMR )~~PO4.NT (NEW)WHT ~~i.G.LF (IFWT.1E.0)ws-l t~ POINT (Nw1 )PO INT (NDNXYW )~~~rlT— iF (NCNUSS.EQ.u C5) TO 520
¼. CROSS PRODUCTS ARE USED AS INDEPENDENT VARiA BLES

L~ NbRXYDO 510 ~~2.NbNA(
L)C- 510 o~ 1.NbRXYPOANI (L)~ PuINT (I—l)*pOj5-d LI—i)

310 LZL+J.
52o LF (1ECNST.LT.0)POINT (NQVAN—1)~ 1.0

if (IFBACK.Eo.0) G~ TO 55u
IF (NTAPE9.EQ.0) G~ 10 540

C STORE IN STRING IF DATA POINTS * VARIABLES LESS ThAN 3000
DO 530 ~~1.NbRXYW - -

OJ~ NbRXYW * (N—1)+J

~~~~ 5TRiNGLhJ )~~POiIiT (o)
vO TO 5SO

C SToNE DATA ON I APt 9 Il~ DATA PoIi~Ts * VARIABLES EXCEED 3000
S4v WRiTE (9) (POiNT(i--), 1,r-~0-I ,~R),WHT-

$ I J30 CO,~TINUL
iF (NSKIP.EQ .O) GO TO 570

C CHL~ K 10 5~~ iF PO INT i~ TO BE DELETED FROM RE&RESSION
DO bbO L)~ i.LhAo.2
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I
I IF (N.L1.NuGOOu (L)).OR,N,G1.,~OGOOU (J+1)) &O TO ~60

~L3uO~NbAD+1(iO 10 590

I ~~~~~~~~ CONTINUE
¼.
31u 00 580 I~ i.NOV uN

I C SUM X (I)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~uO 580 o~ I.NOVA R
4- SUM X ( I ) * X ( J )

I A C I~bNXY w , NURXYW ) ~ A ( NBRXY W ‘ NbR XY~~)
39v CONTINUE
I..
C *ss***s**4****4******s***** *****s* * **** * **~~~~~~~~~~ - 1

¼.
oGu -1L)M1M~~JuATA—N,jMLi ;~

UEI~iOM~A (NbNXYW,NBhXYW )— 1 .O
if LIF wT. NL.0)DLNOl’~~DENUM+1..~IF (i- ~iTAPE9 .EQ .sJ ) NL~ INo 9

8. iF (NNLwBS .EQ.lj ) NEWIN~ 11
C

I W r LL EL (o.I17u) \IPRUU,ALP HM ,NDATA ,NOVA R,M( N BRX YW ,NB RX y ñ) ,D1 ,02 - :I
lEt IFTNA .L~e.tfla~~1
*RiIE (o.bulu) tbLANK,U~ 1,Ic )
~KITE (o.10 2v)
1X1:60

C

4. oL) obO ~~ 1.NOVANYMt.A N~ A ( U~ N BRX Y * ) / A ( NBj ( XY * , h b RXY W )
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I

V ( j p q J )~~VN Mt-lE ( i’ U)

I
IF (J.G1 .NAV ) GO TO ô3u

1 -  u1~,, IF (1FTRA.LQ .u) (,U TO o5u
I~~~c3RT kM( L)
IF (I.LL.0l GO TO oSO 1:
ic: ~~ V

- IRA (3)~~LOl-1ST (L)
u2u tRA (i)~~MTRM (1.A)

I 1NM (~~)~ MTRA (2?i)
uO TO b~Qb3u 111

I
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I
J IF- ( 1F¼.~ S I .LT .~J.A I~D.J .EQ .NOVA R—1 ) GO To o2u

L~~4 XV + IslDEX Y
V (j , 0 ) VNAI~iEC1 ,L)
~~~~~~~~~~~~~~~~~~~ V

IF (J.L~~.t~oVA R) GO To o10
C CROsS PRODUCTS

1xi~ iX1+1
IF ( IX I .L L . NXV - )  GO TO o’4O
IX~~ lX2+1
L X L ~~IX 2

OL+U nkLTL (0.1u40) *JPYMEAN,STLJEV ,IX2 ,1X1
V (j . o )~~4- ROSS( IA2 )

V V ( 2 . . J ) -~C ROSS( IA1 )
GO T0 000

o~~j iF (J.Eu.NOVAN) GO TO ubO
WRITE (u.lu3U) V(I,U),V (2,0),J,YMEAN,STDEV,(TRA (L),L~ 1,K )

005) CONTINUE
W RITE (o ,A u Stj ) V (I.~J ),V (2.0),yMEAN,5TDEV, (TRACL).L ~ 1,l¼ )

C
if - ( IFSUMS.EQ.u) CALL PNTsUp~IF (IFCi~ST.NE.U) 

G~ TO b70
CA LL RESIL’
DEI-kM~ L)LFNf’l—I • 5)

u/u CALL CORREL
CA LL SLITL1 (1,LI&t-4T)
IF (LlGiiT.EQ.I) GO TO 10
4DATA :UUAT A V

i4SKIP~NBA uIF C MAX~ TP.EO.999) WRITE (u,1220)

C
boo

KPMTh~ 1
ii (NBR -IOW.GT.u) GO TO 820

09u IF (A (NOVAR,NUVAR ).GT.u.U1 ~O TO 730W R IT E (o.l~ Ou) A ( NOVA R , NOVA R)
PRiNT 1~ Q0. 

A (,~OVAR ,~tOVAR )
GO TO ObO

• C
/0¼. UP.0

NbRPVR~~~L3RhOW
NbRNOW~~N13NNOW—1
00 710 i ,NBRP~ N
CALL PACK INt3NPVk ’U,~~.1)
IF (IND LXLi).L~a.K) (10 10 7I ,~

CALL PACK tNbRI’&W’UP,INDEX(~~) .1)
lb CONTiNUE

1)0 720 i~ I.NUVMR
f 

iJO 720 Jz1,NOVMR
720 ALI ,J) SIMCORtI’O)

I

_ _ _ _ _-- 
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I
C
730 CALL AD L’TO

CALL SLITET (i,LIGHT )

I ~O TO (860 ,740) ’  LIGHT
71+0 &O TO (800,830,800), LPATF-$
C
Thu TEST (NbRNO*)~ A (NOVAR ,NOVAR )
/6u CALL OUTPUT

CALL SLITET (2,L1GHT )
IF (LIGl-4T.L0.1) GO TO 700
NS1EP~NSTEP+1
IF (NSTEP.GT.MAXSTP ) Go To ~~o
iF (NBRNOW .GE.MAXREG ) GO TO 860

I CALL SLITET (1,LIGHT)
GO TO (860.770). LiGHT

77u GO TO (190,780.10), KPATH
- -  7~ U KPA TH~ 1

79¼i IF (NBRNOW. LE.2) Gu TO 811)
CALL REMOVE

- IF LREMARK.EQ.0.0) GO TO 815)
LPATH~1

80¼. CALL MATR iX
&O TO (760.850.8LU). LPATH

- 
010 iF (NBRNOW .LT.N8RX ) GO TO 690

• WR ITE (o,11 90) 
—

60 TO 800
- 820 KPATH~2

03¼, L 1,
LPAT H~ 2

8’.u CONTiNUE
CALL PACK (NBR NOW .L,K,2)

• (10 10 800
C ********************* TRY AUJUNCTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1~ 

oso L~L+1
I-. IF (L.LL.NURNOV.) GO TO 81+5)

GO TO (810.750.910). KPATH
¼.
C SUMMAN~bb5,i WR ITE (6.1230) AL PHA ,NPROb

IFUFIjACK.EQ.998) iFBACK~ NSTEP
IF (IFBACK.EQ.999) IFBACK~ j,
IF(MAXSTP.E.Q.999)MAXSTP~ 99a
00 880 J:1,NBRNOW

1 DO 870 L~ 1.Jj  87¼ , CALL PACK (J ,L ,INDEX(L),2)
IF (INDLX (i).LE .0 ) GO To 80u
WR ITE tb ’121+0) o ,KSTEP (J) ,STDERR (J) ,CORSQRLI) . (INDEX (L) .L~ 1.J)

I Odu CONTINUE
KP MTH:3
NBNNOW MINVAN

1 NSUMRY :1
I ~~~ IF (NBHNOW .GT.MAXVAR ) GO To 10

1 86

I
~~~~~~~,- 

- V

- - — - - - --— - ~
— -

~
- ---~~• - * 1  —-- -—~~



_ _ _  

__- 

T

I
CAL L f- i .4-r~ ~~~~~~~~~~~~~~~~~
~~ (J.L~~.u) Ou To
U’.) 900 £~~.k,NOVAt ~
DO 9~.,0 U- L,NOV .” (

90u ~ (i,J)— ~~IitcON L i.J)
uL) 10 O~ s)

91.j CALL OUIPo~
9~~¼, I1br -~UW~~~L3r(I~*O*+i

uO Eu 890
9.~. WRIIt . (u’ i~.1u ) uoMIA , (F-’oII~ [tu),J ~~1,NwT1 )

~~~~ sTo~-

¼.

9~~ rU~~ -AT L1 h//i3A O/13Au//4~~(~~’4,2X,3F10,3/))9o~ ~-0i~~-AT (4 / t t l  - 
~sI~ PL.L sTLt-~~ISL ~1ULT1PLL LINEA I~ r(EuRLSSION45X23HAR

~~~~~~~~~~~~~~~~~~~~~ MISSILE CUMMANO/92X25dREuSTONE ARSF

~~A L’ ~~~~~~~~
9/~, F-ur~~-A T (37~i0 TOTAL ~U~iuLR OF VMRiAb LLS TOO LAR~ LI6)
9~~j PC~eJ*~AT (Ius5)

• ~~~ 
lQ ~~- -A~ (/~~A .I~~~.))

.L5)u~ ~-ui-u•~~T (4/ti ur ~ ) 5S PR0~ U Ci~~ UELEJEO, As THERE ARE TOO I~lANY//)
IOU F-Oh~ AT ~2UA35i1VAN W IEL A t~LRAGL sTA No. 0EV. ‘g~A 1,jX,25HTRANS

~~O AT io~ CON5 T’-~ j T )
iJ~~i,) 1-ORMAT ( I A )
iJ,~u F5)p~MAT 

( 7X . 2 i .~~i ’ 1 X, 2 E 1 o .~~, t ,X . 2 A O, Ej ó . 4)
iJ’#J t-ORi~~ T (1 A c 1 i c L X .~~E16.5r oA,2HX (12,o~i) • X (12.1H))
IØ~J J  f- Orv* iAT (7A.2Au’jh Y,lA ,2LI~~.5PbX .2Mo,Lbo .4)
iijuU rOr~i’IA I ( j 9 . 1X . AJ F I 2 . 3/ (j u A ,j ~ F12.3) )
.~070 F - OR . MT tS~ .1 ( i . .1H), 10F12.3/ ( 15)X .1UFi~~.3 ) )
iO bt) i-~Cr~MAT (7 ( t - 8 .~,.I~~

) )
1J9J F-tj r~frAT t1 r IL) , 3XAo , 1u( F1U.3 ,L) / ( 1UX , 1U(f -j 0 .~~, I 2) ) )
A Ij u  rOl’u~IA T (1 ’ +j 5 )
ii.b0 F0R~ AT (jii~~,Ao.~~4I5/(7X~ 4Ij))
i1~ U IUr~~ MT (13,ib)
.LIiJ FOR ¼IA T (30A,b t lDMlA S tLT Ib,iux,4 15)
i1’.~.) FORMAT (7(A6 .~~4))

• I1t,U F-Or~i’i AT t1~ A20,-~u)
ijoO FOR~ MT L3’#hl * * I N 1 D i 1) A I A * *5A1OA5’2XA~~~A4//6(9X.

ii0L7XA1 .l’ItJ2 .it~
))/))

i i V/U IOR ~IA1 (3JH1STLPWISL RLGNLSSION PROULI .i NO~IUER I5 ,bu XboA5 /23H NUM
IL3LN OF O(35ERVA IIONSLLeX .I5/2i~h NUMBER 05— VA RIA F3L ES17X IS/ 30H W EIGHTE
~u oLGF~LLS ~F FR~~~UUM l-12.~~.78X2Ab/ / )

I1~.,
() f¼),~~A T t/ /u5rs P N 0 G N A C ¼) N T N 0 L S////]uH NPROU ~Ii 3 • A O t $  NA !~ —i5’lOH NYV Z15,1I., -$ INuLXYZIS,1 0I, NDATA ~ I5.

~.b0ti lULl’S ~ is .1Ct-i ANTYPizIS//1OH 14REAF~ ~15.1jH MAXSTP~ Is.1

~ jH IFuACr, :15,IUll IJ5IAR r~~15,IUH MIs-isUM :I5,1~Jh MAXSUM:I5,IOH
‘4 rIAXNLG~~i5//I01-1 IF~ T i5.i0h IFCNST~~I5’1OH iF-LIST~~I5.1OH

~ iF5urvi~~ 15,I~e,1 IFRES ~ Is,jUh 1FCONk~ ib.10I- i -ICNUSS IS// luH
t~ il-IRA ~i~~.1u1 NVOIL) I~~~jjH IFSUI3 ~I5.1uH NFMT :15,IOH
il-Pi,CH

~~
I5.1

~~
H 1fL)AT L~~j 5.1u5-j IFNAML~~.IS)
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I
AX ~ 0 l-O~~ iAT (bihO * * *** ***** * * ***~~ ~ANIAbLE5 EXHAUSTED ************/)
125)0 F-ONMAT t80r’O*************  PROBLEM TERMINATED. SUM OF SQUARES IS NO

l~’S—l ’OSI1iVt **************L13.5/ )
i~~IJ FOr~MA T (//314H END oF FILE REACHED AFTER REAUINGIS ,0H POINTS./2OHOL

jAS] 0BSERvMT1Ul-~ IS// (LA ,BL lu.8))
i~~~J FORMAT t33hLMULIIPLL LINEAR REGRESSION STEPS)
i230 FO~~;AT (i~+h1SOMIb1ARY ~F ~ESI SETS OF VA KLABLES.2X16A5,9H PROBLEMI6

1 I//~~5H i~ S] EP 511) ERR N5Q// )
i2Le 0 5—ORM AT ( UX , 12 .I4,F11.3,F9.b,IX ,35I3/28A,35i3)

V

-I L.
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I
5UL) ROUTAI

~
L OUTPUT

CO- .;ON ..1GMACOU) ,A(52.52) ,-~IMCOR
(52.52) .AVu (60) .TEST(oQ)

LOM~1ON POII.T (oU),STRING(30o0).INOPMC (3o,30),IN1)EXP (61)
L O -

~~
O

~
4 I ,

~OLX (bL’),l’UUT (oO),~¼STEP (tO ).ALPHA (1b),YMEAN,l0EN,IFAvE
COi~RuN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
L(~~NU!j I 4OVMR. ,aoRN .NO5TLl~,, ATA ,NBNXY.. ,NbNX ,LPATH,O 5~t-RM,K
CO P— NU N LFDACK , i rC i .S T ,IFCO RN ,NPNOB,NUNPVN ,T UL,RLMARK
~O~-ii~ON ANL )LXY ~ LOAL , NOGOOL) (2L~

)

~ONNON IFw1 ,YCUNST,NYTNA ,V (~~,51),YTRAL~)
CO~.,~lON SIUENr..( b(j ) ,CO RsQR (s ~..,)
uULi~ LE PREcISiU~ Ji,SiMC Of~

,
~~IGMA ,AVGp 1 [~ T

4-
1)i~iLNSI0N COLFF(bfl, AbC (~~j
DUuULL PRLLISio~i LOLFF,CON~~T
uOuOLE PRLLI 5IC~ SUMS5),TSS,510Y2,SIGy
oCuLLE PRL4-ISIU’-I YpRED,yQuS,UEV,NSu,S~~ LG,5QREu2
LIOUbLL PNECISio~ UEVSO,CHL,L.SUMSUU. CtijsQU .DEtiU .YO .YC
J A I M BLMN~~/1H /~~V O I D/ÔhVOiDLL/ ,CHECK/6rij~LVI EW/
DA IA ACTUML/0hACTUAL/

¼. NeN-~O.~ NUMbER ~F COEFFICIENTS FOR PRESENT EUUAT ION
INDEX ii~uE~- OF PR ESL~-~T EQUATiO i~

C NSUMR T ~i FOR ~jOILDI’~G PHASE . 1 FOR SUM~1ARY PHASE .
r P M  I H~ 1
IF ( NSISiP.hE. -J KPAT H~ 2
~Hl~~1 .0
155 Si4,I-u (~~u~ MN)*SIG,4-,A (N0~,AR )
CALL SLiTL1 (i.~~I~~r1T)
uO I~) (10. 0). LIGhT

ju LULL SLiTE (1)
uO TO 30

~~ N0 LP~~ 3~ 1EP+jIF (
~~suMRT .EO.1 ) ‘‘JSTt~—~ KSi LI- ’ ( N B RNOW )

JO U0 40 J~~1’t ”
‘+0 I’eOUTC,j )—J

~u So h J 1~~~~IlHhI’1U*

CALL PACK ( N i ~iO~~.J,1,~~)
ii~lULX (J) 

::j
100 1( 1)  ~i.bETs

~u CO L F-S -  (J)- M (I.NO~(A R)*SIuMA ( ,VAf1)/5IG~~~(i)
IF (IFC’-S SI.EO .u) G~ TO ~0
LON5T~~J. 0

~~ 10 80
uu COnoST~~AVG (IeOVA K)

uO 7u IZ1,I-.bN,~S0n
OZA UEA tI )

hi COe~~T~ CON51— (COEf -F-tI )*AVG (U) )
o~-~ A t ~~O~t,sruNUVAR ) •

AV sR NL)R-~1O~,

~JE f- N~ DLF- Ni”i XVA N
‘LicJ- k~ LJLFk
NUEF RM~ ULi NM
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AD A076 351$ ALABAMA UNIV IN HUNTSVILLE F/S 1311$
METHODOLOGY FOR CONTAINER CUSHIONING NOVEL DEVELOPMENT AND VALI °UC(U)
AUG 79 R M WYSKIDA . .J 0 .JOHANNES DAAK’eO—?8—C—O tfl
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I
I ~~ 

(~~AX~~tP.Li.’~~9) GO To ~~ 0iF (iF c~ACk.E~l.0.Ok.IFBACK.~,1.NOSTEF ) (50 TO ~30

t ***s Co’iPuI~ tiACK SOLUTIOk
I ~~~~~~~~~~~~~~~~~~~~~~~

IF( jFwd .i\It...U I NM IjC 2

I iF NYT R~~.k~..0) NASC 5
IFt ~LrR .LE .j I SIGY U.0L~0

ChiS~e

~UI~iSuU
0.OUU

-
~ i~4OI~O U

LLI’4 t.~~5O

LaO �20 ~~1, N L I A f M
* £F (N Tb P L 9 . ’ J t . U )  ~ O TO 90

• 
~~~~MU (9)  (

~~0Ii11 (L),L~ ipNO~/Mr~~e WHT
uO T O  110

~ J J~.J~~N DRA ~’W * ( N — i )
a.)O 100 L~ i,NO~/ I~

(

lOu ~~~~~~~~~~~~~~~~~~~~
~J~JZNERAYW*~• 
~HI~~STRlN (7t JJ)L

• liv YPr~L (.~JN~.i1
LaO 1~~O i~~i,N~3pci~iOw• 
~J:i~NUEA (i )

• 1~~V Y L Lj~ Y~ RLLJ+C 0tFF (l)*POINTL))
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- YOb5~ PO ii~1 t FiOVA r’~)
UE YPi~c~LP~ Ob~
t..iLvi’i~ DLV/ SAGY
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- PC1~~)EV/YOL,S*1UO.O

uOUL)~ BL4NK
IF (AbS (L.L~~~).~jI.~).5) ~OOO~ CHECK
(70 10 (150,i3a~i). KPATHLii) LaO 1146 ~~i~ LbML~~~
IF (N.L1 .~ oGO~

u (J).OR.N,G1.,~OGOOD U+1)) GO TO 14~0OoLi~ VQ IL)

~6ML~~NbA U+1
IF ( hiEjAu.L(7.a’lSr.IP) KpA 1H~ j
~0 To 1w.)

i’+~I 1.50 OEvSa~ (L,LV*U1.V)*wHT
~UtiSQ SUMSQ + DLV~~
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~F I L,.ul.1j ..OI~.Y Pê~t,.t .uT .15.) ~M) TO 1i35
V U  Z i)LAP(’~ )u~

,)  — Y L 0 N S ~
L’~LAP (~~PULU)~~~C0NST

u0 T Q ~~~OU
iu u  iF (Y O L 1~~.U i .O .s Uk .YPNLU,G 1 .tj .) (,O TO 105

YO 1~~. u$$ ’~Uu~, — Y LONS1
IC 10.0 .4 —

.~~)v  LU.~ tLN1JL
—

AU~~t 3 )
AL3LI ’+) —

A b c ( S )  ut.VU
1F~ ~jOL~J.Ltj~.VUiI) L’O 1C ~

) i’~~(J L V LI$uLVI1) * V~HT
- ~ UM5~~u + oe .VSO
— ui1S~ L’ + u[VS ~~/~~

~0 10 190
~~~~ • d0 ~~.) I

19u L0~~ $ 1 N L’L
U- (L1I4L.LL. .:~ J ) U~ 10 .~iJ  r

( ULA~~t’..~ J — i ’ N~ uC)

~~~~~ ~NA11(u.4/i,
) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~ ~.0id 1IJU~

L * * * * $ * 4 * * $ 4 $  * * * $ 4 * 4 *  4 * 4 4 *  * $ $  * 4 * 4 *
uS~~~T (  .~,UMS~./UEF~

U~~~~ 1(S UV ~S~~(J/DLI-N)

ii- Y 1 ~~A (  1) .NL.ncJUAL ) LZ~
~I 1 IT L  (u, L+’h~) ~ iuY ’  CI41 .,~., j

~iS~~ (bLANi~. ~.J~~1,L)
Il. I AUc.L~i.~3 .MNL . ~,4OI’4O.L¼J~.U ) 

~bR1T L 
(
~~,50u) Sj~~~U, 4LS~ tj,SUMSI.~tJ

IF INTA ~’L9 .Fu .U)  ~ LWINL, 9
A ( i~OVAN , N L~VAN )  •

4~~S) IJ L 0i .~1j N1j L
iF (A ( N U V A ~~, Ie0~,MN) .L1 .j .o)  (N 0VAR,N0VMR)~~U.0[jU
SU~~~~~~)At3S I LI . )

U- IN1~~~ N.~~T . J )  v~ Ti) ~ 4 U *

* Nj 1L It.,,370)  L S I L ~~

.i iuI* LT~~0.ii

c A cL ~Li1L ( I)

~T~ LNR (~~uRI~O~~
) - 0.0

cOhSCr~ I (4R ~~On ) 0.0
IF U’A ) j 1 i ’.Fi.~.99Y )  Nt.TUI~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~ .U~~u A ( I ’~0 W M k ’ N0V A h )
IFI N0SIL~ .NL . T Lf’ C~ 4 I~RM)~~ 
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~,u 10 ~‘+5

41iJLl
~

N(I’4 UI
~

I10n) —

c0,
~
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U ( i
~~
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~.. 4J cONI 1NUL
IF (MAX ~~IP .t ~~~~~~~~~~ i~~ T~j~~i~
M’V ~~~~~~~~~~~~~~~~~~~
1N -1.O

u ,O ~~~~i~ l ( I~ Sij )

~— RS (~/ A\l t\h

~~~~ (NUvAh , NO V Mt~~) / uLF ~
4

’

L)A~~A CUNN LL.Tt /&4C0Rr~L(.Jl41tL )/,0R1.u1i’~I/uII ORh’I.IUN/
uA5L1~~Cub~RLC
~iA~~L~~~ 1 LL)

• II- ( I ~~Li ’~SI . L ~~.u )  “0 1.) ..~5u

~~~ WFUIL ( u ’4 4 0)  *iUglL~~,A LF A ,,5F*NUL3,BA 5t 1,0ASL2.NL~LFRM .TSS,TR,Nt3RN0W .
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V
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~jO c~9O JZ1, ’~t,NA

~ &iu ~ 0A ~~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
hi C0~..11NUL

~NI 1L (u, ’suO )

IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WKITL 7.4t30. KK,C0NST,NPROU .Nt~RN

U- (AFC e~SI  .L~~.u) n~~ITE (~~‘iy~~
) CONST

* * *.  LI ST LOFFFIL ILNTS
• 00 310 i,NIi~~e0~

A~~INLJLXI J )
If (1Ff CH.1u.U.oh .NSUMHY .L~~.0) ~;o 10 •.iO%.)

• ~HA IL (7.’+bO) I .LOLFI LJ) .M~~0A
,NbRN0~~

, iN0L*Y~~NOS1LP. IFPNCHiSIGPCI.
Ii~LURCO

~UU 5LU~~S (1hI (M b5 (M (I,i)))$SI (iY/51GMA (I)
cI.CQLFF (~~) /SLu

j IFI SEb .Lli . U.u ) CT
I W R A I L ( b . 4 1 u )  V I~~,.1 ) ‘v ( ~~. I )  • 1.COLFF (0) ,SUJ~ cT.A (1.NOVAR),pOjNT (I)

A F t POA ’~I(I).LL.u’u I GO I~ 311)
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jjU LOI~TjNUL

if INt3 h~ 0,..t .iiut~~~) 
~O 10

If INL)LFI~ .L[ .~~I i~.U 10 3ti~)

*ip~~~iL (~~,‘,~~(1)

Lii) 350 i - A .~~~br~ A

f’A ,~~ F O i l~ T ( 1) / A r u4
• if I M( 1,1 ) ,LL .IUL I P~~ N i~~~) ~3.3 .~3~ 3L33ii- (i~0 W ( i ) )  

~~~~~ ..0,3so
II- (NI’ ) 3’4Ia ’~~~~’34u

,.~3U li4~~L

~S~~ A (I~~1)
LILLI:.I’V A F i I ( I)

•
j4*J ~N I1 L tb.430) 1 I,k~~AN,SSN.~)LLT,I,PAR,A (I,1),POINI (1)

jSo LOi~.T LNUL
IF 114P.kL .U) ~~~i1L (o ’ ’+j U)  I ’NPAR.SSN,L)LLl

juiJ i’(L1Ln~rJ

~~~ FO,~kAr L9HINu ~OhL i~NLc.s FRI LUOM STLI-’I5/1HO,1~~O (1Hs))
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*9 *J 4.I fOr~M,~T(~.UX,40HVAI~ COLfFL~.jLh 1T STAND. E.RROR LOLF/SE .TXP
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4.10 fOi~r~iAT t7 X~ Au.13, L17.ópLI’~.u’F10,4.~~F1’+.8I

~~ o FONMAT ( iH 1Xs~,Hkt.oNLSs1oN OF THL VANIAL3LL K O~i THL SLT OF VARIA IIL
jLS At3OVL/1tiJ. .~(4X”.’eHK PAR1IA L RS(~ NONNLD SUM/SQ DELTA RSQ.

~~ 1A )
4j~J EUbt~,AT (.?A ,4~(L’4’F i3.1.jX2L1u .7,9X))
~~~~~ F0p~~~ T I5~ticTLf’I’4’9X,1uA5 .9ti I-’RObLLMIu/UHUANOVAI2IX,31JH ....... OR

j L(, .INAL ~JN11 S .......9X,2b,~.... CORHLLA I1ON F0F~~ ..,../bH SOVJRCLI3X
• 5 (I~4 ut SI~1UARLS r~LAN SUUMRLSYX,2bH~ UM SQUMRLS MEA l c

~ iUNNLS1IXI9HU~/LhALL F/7HO1UIAL (Ab ,A i,1iI) livE 17.8.2~~X,f15.8/11H i~LG
L.NLSS1ONL1J,2~~1 /.b’3X,2r 1b.0,F2~~.’+/11ti ~‘(L~,IUUAL 113,.~ti7.8,3X,.~~15

~ , FOs~~AT IStiA ~,TLPi4’10X’~.3IiNL~~IOUA L ANAL YSIS ( 
~CTUML IIS CALCULATED

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ab .A’4,13H
ALLULA I LU,L~X vj)hP~LSIDUAL NON DL~d PC T DLvvA3 ,Ab.6HWE1 (~HT.3A1j.3~~i ACTuAL CAL L. DLV / 1 )

410 FOr iMAT (1~~,A b ,Au , I  17.~~v �~F-iu .5,F 1u.3,F11.3.1XA(,,Ft3.4 ,FL~~.2,2F11.2)
t~~~~j  P 0r(M~ T ( I 5 . F .~J.0’SI5.F~~u . 4 vf j U . 7)
‘.90 f up~ 1AT (17hKSinI’~UM,(U ERROR _ F1O.3.15 l p CMI SQUARE ~F 11.t4,2X,

. 7 Pi  ~~~ ~L 15 .o,2A1 ,3 ’ .HFuN 1RAN SF0R ~jEi) OLPLNDt.NT VARiAbLE I
SJu F Qv’~MA T I17piOS 1MN~jARL) ERROR F1O.3,1~ II p C~iI S~jUARL :~-1l.4.2X,

* /~ i S~L ~L15.ov~~X ,3’.IiFvp( kECO s~VLRTL~ ULPENDLNT VARIA bLE I
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10 ;~~ A I~ T jU~~~ ’ uf CROSS t~~OUUCT5
SUu~ OU1 INC I~~ 1 SLIM

hA# SuMS C~ ~~usRLS MM) c~ uSS PROUuC 1~
~u . •U N ~~~~~~~~~~~~~~~~~~~~ ,‘I~~COR ( 52 ,t ,2.’ ,A V u( b u ) , T ES T ( u u )
cUi- 4L~~ P UihT (~~~

),S1Ni* (3Uu .,lv1NUPAC (3 o,30),1NUEXP (t1)
LO~~~~Lt INuL~~~uoI ,t.UUI (oU),r,S1LP (b0),ALI’~1A (itj),YMLAN,1tjLN,IfAVE
cQi~iP.0N ~IAX 5T fvi~~l 1 ’ L . U ~4t ,NSR1P,NTAPL9,NLW
cU

~~
-I0t, NUVMN.I ~~~~ L* ,N3S1 - , I~L)A TA,NfJNliY,,~,NbIiX ,LPA TF1,DLfRM,K

~~~~~~~ II- UM rs ,L FL ’~ST.ifCORt~,l.PHOb,Nt3NPVN,TOL,RLMARK

[ cO ,~~or LI~LIL X Y  • Lt.~ML •
c0i.~~oN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• cU4~~-lUfJ S~ UF (5U).COR5I~,R( 0)
uOuuL~ PNLLIS1U~ A , S P4cO H.S IG MA .AV G ,  T1 .,1

LIA IM Lib/ IJI /
*RI1t. (tj,&sC) V

n N L I L  t u, I t C~
) I L i v~~D A ( A , t r ~A Y ~~) v 1Z 1,NI( ,%A)

ViRI T L (cj , 170) #~ ( I V ~~t~ v Mj NAV,. )
vik i (L Ci~.IbO ) 1;
*kji t. (u,L9~)) I ( ‘I.J ,A (A v ~))’~

)
~~1,NbpcX ),I~~A .NURX

)

:1 ~kjIL (u.~~UO) (LIb v ivA (I .NuVuR )vI~~i,NbRXI

~N iIL 
(o.~~i0I M UVA R ,r~OVAr~,)

* * ** * *$ * * * * ** * * * *  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C ~: , / t~ To C~iLCUL A1L MNU ri~l~~T IHL NESIL)UML SUM Of SQUARES AND C.P.

~~~~~ RLS IL)
iF ( A ( L A 1 W , .~uR A I , ,) )  IO’i~~, U

lu n~~L T L ( u . d~~0)  e~~’RUti
LAcL LAI T

~
o ~.iO ‘*0 ~~~~~~~~~~

iiD 30

~0 A t  ~ .4)1—At I .0) — (~~ (i .Nt3 NAYv~) 4 A ( J , N U H XY  ~
) / A (NUNXYW vNBRXYv~

) )
‘40 A V u L  1 )— n i l  DtJbRA )/A(N~~~~Yl4,t\bRXYW )

If L1FA VL .NE.0 ) o~ 10 ,0
t~RI (L ~~~~~~~
A F<ITL (u. 190) 1(01., 1 ,0,.A I ~ ~~~ •0~~I .Nb,~ X )  p 1~~j ,N13t (X)

~RLTt. (~~v g~(.j(lI (Oh ’ i .A(.& ,NO%/~~t~) , 1 1.NUNA)
APt IJL (u ,~~j0) n(( V A N’ t ’~0V M ~()

~~~~~ ‘ILIL~r’J ,
C

C S/k TO CMLCULAFL AND PRINT 1H~ S IMPLE COR~ LLAT IO N COIFt-IC1ENTS
LNT~(1 LiJRI (LL

uU 90 L—1.i\,OVAr (
IF ( A ( 1,i)I bU’ j

~ t~Ou~ * NiTL (
~~..~‘.O) I

iF~ 1.L~~.s.vVAi~ I CALL ~.L.~. LI1)
SI~~M A C 1 ) ~~~ .0
00 /0 4J~ j ’N0VAh
M t  A ‘ Li ) ~u. il

to M ( * j ’ A ) ~~ U, ~J
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‘~u A (~~.1)~~i.vA
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lP.1~~1+1
00 .100 At-1 ,,1U~ I~R4 ( A , L i ) A ( L ,J )/ t S 1 U ,4A ( 1) *S i~ip~i M ( 0 ) )

I uO 110 J~ 1.NOVA N
uO 110 l~~1,NOVM~c

lb 5I~ C0R (~~.’\
)
~~A tLi ’K )

If LIFCI,S1 .NL,iJ) 00 TO 140
IF (IFC ORN) I4o~~12u,14~~

i~~u v , RAT L to.~~b0)
A F t  NL3RA.LL.1 ) UQ TO 13s

~d(s .i30 A~~L . NOV ~~IPJz 1+1
* i~~u ~RAIL (o.~~o0) tLib ’1.J,A (i.i ),~J~ IP1,I~1bRX)

135 ~k L TL (o.~~10) (0b’I.A (j,NOtfAR ),I~~j,NURX)
1~4U RE.T URt~

c
C

A5~ ~U~~~MT t1 hu,4~~A ,1bhSU~ OF VARIAULLS//)
Lo*.I )O i~fr*AT I’4tMlPl .I H SU74~ X (I,~’3t4

) ~F14.t4))
lb r OR MAT IOAv1UIS UM Y ~f 1’..4)
loi) ro,~~A 1 t lhu7Orl kA b~ SUM 0t SQUARES A

• ~~~~~~ CRosS PRUOL,CTS//)
I~
fl) t-Oh~tA1 I3tMlPbh X (L,7h) VS X (12~~3H) ~Fi7.o))

- 
~ Jqj FOh~-iAT 13 (M1,brl X (I~~,1~~H) VS V ~~F17. b) )

• ~ bu 1 0rir2AT (
~~A , 16NY VS Y ~F17.b) L

~~~u f O r ~MA T I3~ ri0 ~~ RO rdUM BLR OF ~A1A .  PROBLEM 16/ ) P
* ~3u F0p~MAT (ltlIj25ASut-ISIJMS (iF S~ UARES ANLI CROSS PRODUCTS AbOUT TH
I jt. t~LAN// )

~.‘*u F0p~ iAT (l UilO vnN1M~ LEI5,1jM iS CO~4ST A Nt /1)
~SI) f O r ~MAT 4 1 t ~u.33A,3iHS1Mt-’LE CORRELATION COEFFICIENTS/i )
~ o0 FORMA T (3(M1.~n~ X ( I~~,7ri ) VS X ( 12 .3H ) 

~F12 .8 ,5X))
I c 1 0  l- Op~MAT t3 (ul.ori X ( I~~.1~ i1) V S I ~FI2 .8.5x ))
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To MOLd A WARIMbLE
SU~ ROU1 INL ADo~~4)
cOiiV ’ UN ,,ju~ A ( u o I  ,M( 5~~.5,~) .~~j~~C0R (5~~.~~21 .AV~~(bO) .TE~~T t o 0)
c Ur.•

~
oN Po l f 4 T ( u u ) ,5 T N I ot iu0~~) . 1F.O PAL(3u ,3*J ) , lNL ,EAP(o b)

c U*’~~* U:4 £NLiL~.(u
,
~~OUT (b0), LI~tO U ),MLp-’PtA t jb ), ’YMEAN ,1LEt~,1FAV 1cU~*r’ioN i,\ X~.TP. IFP *ch, ~ (J~~ ~ , NSKIP,N1 AP~~9, NL*

LU.’.INVN ~UV M R v iukNL~~ .N~)ST[P. .IL) A T A  ‘NIJRXY id .llbNX .LI’AT Pl.L)EI-RM.K
co~iMQN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CU~~ ’ON A N ULX T vLUA 1I,NQGUUO (

~~b)
LU.,i~lUN iFi 1.~~L0i4ST .NYTNA ,vL,5j).YTNAL )L ~~~~~~~ S ERRI ) ’ CV RS i H t J L . )
L)UULILF LLI5~~U~ P4vSIMLOR.SIUMA ,AV o,TE5I 4 .

UO~ bLE PRLcISi¼J~ UA ,V A R , V M I1~,VMA X
Nb~~k0~ ~iU-IbLN ~F LO~~I- t- iCALN IS ~ Or~ PNLSLNT ~QUA1 ION

,UMUL N ~ F LO L r FA C A L NT S  FCp’ PNLVIOUS E~4lUA1IoN
4*- 1’ .ULJ~ 14i*JLA OF F,~L5L~~1 CoLIAT i0~

INLLXr ii~L)LX OF PRLVI~~US L~ UATiOi~— 
L.U li~ 0 l  ,I..ti*1N UM

j u ~ALL PAcr~ tNbRt’4Oy~’JP~~~(j~ X t L i ) v 2 )
oO dO

~~j  ~~~~ t J)~~~4J
IF ~N~•t~*~0w) bu’SU ’30
00 ‘*0 j . i~ ’ii~ ’~~o.~

• *,OoMMY~~.LNoLXLJ )
40 *‘~O~~TtNOUMM i )~~i
Si) VMnA~~-l.~)

FI 1.o L~~~oL~~ L L L 1 A  (VAR DELTA)
• LJ0 lu  I-~j,I~~ N .

)
~

i~Y~~i\S5 II- ALRLAUY IN Li~UA I I QN
IF (NØL# I (I) . r . L .J )  ~,o ro 7u
IF ~A (i. I) •o~~. I4JL ) 0~ 1j

~RIIL t u,~i10) A( 1’1).I,(INULALj)vU~~1,NuNNO,~)
u0 10 70

c
uU

IF (V A k . L~~.VM,~A )  ~-‘i) TO ~~

— 
~~~I

/0 LONT1NU~. 
V

c I 1 M W L  Fou~~L) O PT IMAL ~ A~~IAbLL
I~*SlLP~ N0S1LP+ .~
IF IVMA A ) ~0,9o’9U

so ~RA1L (o.5~ 0) ~‘.AX
cALL SL J TL (1)
uO TO ~ul)

- ‘~0 Nbr*~V RZ.*.t4t’u~40V,
* ~L,~NOh dkNO* +A

IF (TESl I RNO~~)—~’tNOV4R,N~~~~R )+V~’iAX) i0o.1U0 .A~2u
LOU *HL1L (0.530) P~

,Nt*RNQ~~,NS (LF
oO 110 i~~l,NuVnR

~
.U 110
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c ALL. ~s Ml~~IMJLL 1~~ INULX
i~~.I.., cc~~T~~N~ L

if 1~~~~~V i~ ) .~o’~~
)
~~.13 u

T 130 ui.) 1’*O Li~ b ,NURPVh
I’.U ~~~~ PA Cr ~ t N N’0, 1NOLXPL~I.~~)

oO IbO oz 1,r~UNNu~
- ISu CALL PAcK IN bk ~ O A ’ L i . j N 0 L X t . 4 j ) , 2)

uC At ~O , jzj ,N: j , ( f ’V N 
V

If (1Nt )LXPtLi )—I~
) iuO,Iuü ’17 ..,

Iou LALL SLLTL (1)
v*kilt (o’4oi) )

• uO T0~~~ t) H
L / ~J 00—U

vU 1U IvU
AJ 1J LOI,. I lt .UL

A Nut. I V ~ [.  ~~ 
Z

v~) 10 ~1u
A~~ J L~~I4L’ r~fJL~~~~0Li

~-~L .‘LO sj~~,.vL

i~

~~~ lN,.,LXP(,N)
~~Ir,ULAI-’ ( NS)  V

LNL) LX P I O O ) -K
c CHL~~. 1C~ SLC if SF1 Hu~ ALREADY tiEL N CUMPIITLU

~ i v  oO ~~~ I ~~~~~~~~ 
V

LMLL F4McK INL3N*~UA ’ L i v I~~L)
If IINOLXI (J ).I*IL. A ) ~.,.) TO 2’+ ij

~~4 u  ~ OI*iT 1NUt.
ivNITL t~~..9O) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
LPATrI~~3

4 

~~.)u Ii LX , ’ t~~ )~~P~
.. .4 .i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C t~L~ SLI — P01 INUEXLS 1.~ MAT R IX
IJ i J  dSO i,t~b * i ~J~

~ Su CALL PACK ( NLt ( N0w’u , INULXP(J .l)
L1441 H~~1
IFtMAXS1P .LO.9~~~) 00 T~ d5s
A FI h, STL P.LU.1) vO 10 25b

.5s .RIT L( o . S u O )  i..,tL~~.K, V ( 1.i~J ,V t 2 . K )
Lsu  r ¼ S ) L I ’ (V jNNo*) .~~ -’1LI

I~S L t I JN**eOW )~~~~S1LP

~~~~ P4LT Ur%N

*4~
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C PAC ’~ nNfl LA )~~~CT IMJLA FROM ARRAY *~~~ ~tiICH HAS 4 VALUES PEN WI)
C

SU~~P(O UTiNL PACr ~ (lI,.JJ.JVA L4*jL.NGO)
Lo~-,i’* &3N ~ 10,.Atov ) ,

~‘(52’5~~
) .sj~’iCOR t 52.52) .AVo (6O) ‘TESTIbO)

COMMON r~01NT (cO),STRINo (3Uou).IN0PAC(3o,30),INoEXP (61)
C OMMON £NL. (o U ) , ’~0 U T ( uO ) , P~~ 1LP( b0) IALPHA( 1b) ,Y MEA i* l , I L ,EN, IFAV E
COMMON - A ~~STP,IfPI4CH,N5UMRY,NSKIP.NTAPc9,NLn
COMMON ~OVAR ,i N .NOSTLP,NDATA.NbN ~~Yw,NbRX.L f’ATH,DLfRFj,K
L O - ~’UN AF CK ,IFC 5T.IFCORN,NPROb.N~jRPVR ,T0L,NCMARK
cO~~N~UN iNuLX’f ,LUAU,NOGOOD I~~i.)
Co -M I-ri iFnl,YCONST,NYTRA,V (2,S1),YTNA (2)
LO~~”Uf J S I O E k R t S U ) . L u RS Q N t 5 ~~

)
UOUoLE P-’RLLISIQN A ,SIMCON,. 1GMA ,AVG ,TEST
c.QU IVA LLNCL ( M ,A ~~

)
O U- i.NSION FAS tct ’+)’ MASKC (4), MASKS(Le )
I JA I M  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
uA I A  .~A ,KC/O77V/77/7777oU,U77 /77777OU77,0777777007777,07777OO777777

1/
L*A IA  “ 1A S KS/O1.U11 ,0,ObOOOQ ,01~~003*J0/

c
C INLLX IN N*’. A p-iRAY

C *01w I~~ OL PA C r ~EL)
i iZi l~~j PA L (I,J)  L

C POSITION IN M 10 bi. PALr4* LD C 14
iv~ — d * l Ou( L i p  �) +)4 Q0( .JJ ,  ~~) +1

c
vO 10 (iu. .~ O ) ’  *100

C PACi’~ 1i~DLA
1.0 i—MNDIM ,MMSKC.tl’4W ))

X MZ U N( M ,J V M L U t* MA S K S ( N~~) )
ANL,PAC (I, J)~~M
fill URN

c LXT~~AC 1 A . L L A  V

do

r~L l Uk N
C
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I
C I P MNSFOrIMAT ION OF LIATA

SU~ R0UTLNE Ct1Ag*10~. ( POINT ,tst~f lT RA,CON ST , l* 1TQT ML)
C

• 01~*1ENSioN l O 1NI t~~O ) .  NURT R A ( b O ) p
C

uO At~ O .1Z i,NTUIptL
IThAZNo

~

< T k A ( I J
iF (ITRA.LE.tè) vO TO 2 0  

V

if (1T NM.LT.17) 00 TO 10

~NiT E (o .230) AT RA

I vO Eu �20 H
C

iu L.V ZI-’O I N T U )
CZCONST (I)
IF ( ITf ln.vI .b)  vO 10 1~ 0

• i,O to (~~Ov * .0’40,5Ov 6OvbO ,1Uu ,11OI, FIRM
~ U L) Lj+C

1,0 TO 210
30 U~ u*C

~0 TO di~
41* U~~ /C

oO TO kL&*

~u 0~ L/O
00 T0 210

ou iF (C.LI.0.0) 01) T~ 70

1,0 TO dlO *

?u LI~ j./O**NC) 
V

uO TO 2iQ
tiu IF (L).Lf.U.0) ou T(.) 90

00 TO ~1O
9u l./C**( L))

10 2.10
IOU O~ MLOG (Ld+C)

00 TO dIO
110 U~ MLOG 1u(0+C)

00 10 210
I—
120 iTRM~~IT r~A—o

iF (L.Lu.O.0) L~ 1.
V oO TO (i3Uv140P153P1b0,17tje1d0,19Q.~~jO), Ill-i A

131) u~ L X P ( C *D i
v O TO 210

1’#u U~ LXP (C/U)
00 TO d13 4

V 

ISU O~ SlN (C*u)If • oO TO ~i0 
V

ioU L~~COS CC * D)
~O T O 2.L~Jj 17u L,:SiN(C*0)/CO~~tCsU )
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.iV

~jO II) 2Iu
-L ou 0~~siNH(C*U)

1,0 10 210
191) L)~ L1)~ HtLSO )

i-U TO d1O 
V

~.UU u:1A NH(Lsu)
~1u POINI (I)zu

~.2U CONIINUc.
NE IURN 

V
14. V

C -
VC

~ iu FORMAT t/IX,1&rITNANSFORMATIONI3,18H IS NOT IN I A8LES,3bH II WILL Fl
ic. StT to ~LRU A*40 IGNOKLD.//)

-l
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I
I LlUfit~iV SUDRUOTINI To MMK L UNUSUAL T~~~LS OF TRANSFORMATIONS.1pi 1~ suUfWIJI1~ L IS HEPLACU) AT OLiuLCT TiME WiTH OI’~E WHICH

PEP* ONMS THE L’LSIRc.L~ 1t’ A NSFOKMATLOP*1S.
I ~~. Po1l~TZ DAT M OhSLHVATIu* l Wh iCh WA~ hLAL) iN oN CARDS OR TAPE
I IF$ub A ~

\eUM0LR 0,’&IAILs-~ THAN ILl-Il) WHIC H CALLS S/b EQUAl AM)
c NtjbOF >.. MAY tic. OSLO AS A Uf~ANCt-j IND1CATQp~.

- C I~En NUMUEfI Of INULPENOENT VAbIAbLIS V

C MAIc L. suRE OLPLNL)[NT VArUABLE MATCHIS NXV -4 INOEXY.
C

- i.. S/N b OAT AS USED lu MOO OR (.HANoL IJA 1A OBSLNVAT1ON~ 
4 ,

I-

C S/fl NoRuFA IS USLI) I~ CHANGE IlIc VALUE OF NXV.
C AND MUST LiE OSLO.
C

— C
C LXAI”IPLL — POLYNOMIAL ~.1)UATlON lI-sUB P0*1k OF X

Z MO + M1*X + A 2*A ssd + A3 .Xs * 3  + • .,  + A (IFSUB)*X*sIFSUB
1.

• SUUNUUTVLNL NU~(OFX (JFStj~~,i*1 A~~)

~XVZIPSuU
NYZI’iXV +l
N X~ N A V

4 bLIURN
C

V 
L N T R Y  L1,IJA IIAFSUII ,POJNI )

&Jlr.LNS1UN l--’OINI (5d )
C STOtIL Y

54— NA

00 10 J— i~~!.5d

- L—L 1
iu POiNT CL )ZPuII11 (K)

- C
c STtjhL I.V O W L R S  OF X

00 ~u JZ2 ,l (

- ~.o 1-’0INT(0)~~PoINttO—1
)*POjNT (i)

RE (URN

4

I
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4 1
L~ I ~UuflQUTjNl D M I L (A ,y )

UA 1A B/U-i

I
I

C

I
I

U.

!
I
I 

V

I
I
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APPEND IX F
Cushioni ng Mode l Validati on Code

106

_________________ V ~~~~~~~~~~



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

~~~~

‘ I
I This code provides the calculations necessary for a specific model

I validation as outlin ed in the Model Validation Section . Input to this

program is generated by the Data Analysi s program .

I

I
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1
I

C
C VA LILIATION 01- CUSHION MATL.NLAL MODELS
C

C
1NILOEN TYP EM
CO MMON/ ST U/IL .1YPEM(3 ,20 ) , NVI 2 O) ,CONST (20 ) , CO EF(5 1,2 0)
COMMON /STL ,1/T P.TC ,SS ,O LP NVN ,V 151)
COMMON /5102/ Ct-I,CA,CC,GLMAX,SSL (3),SSU 3),W .Drl,BMIN,bMAX

14.
RAI~0LZ 1.Q V

C
C 1-ILL 12 CONTA1l~S THE SPECIFIC MATERI AL DATA

REp,IND 12
C
C
IOu LONT1NUt.

• C
C NE*u SPLCIML CASE FLAG AND MATERIAL TYPE NUMbER
C

P KENUt5,22L~U) ls,IL
C
C NUMBER OF COl~~I-iCIENTS FOR [liE MOOt.L
C

NA ~NV (AL )
C
C SPc.CIAL CASE 15 U ALL DMA CASES IS
C

.0u IF (iS.L~~.1) uO TO 4u0
C

REAL) (b,21Ofl,t.NLI~ 1b00
) TC,Oh,TP

4Ou CO,*e T ].NUL
READ (1~~) I*1PTS
iF ( i’IPTS.LIj .99999) GO TO iSt) u

- NPTA~ NP1S+1.
V 

REAL) (12) OH pIP ‘IC ,(IAU1),IIZi,2),((b (KK,JJ).KK~ j.,5),J~J~ 1,4),
I(X (LL),LL~~~.NPIA )’(Y (LL),LLZ~~,NP1A)

- IF (IS.t.Q.3) GO )t) 500
500 PRINT 2300. IYI-’LM (1.IL),TYPLMI2,IL),TYPLM (j,IL),OH ,TC,Tp

- A C 1 ) ~~NPTS
Y ( j )

~~NP 1S

- CALL CONFILI LX, i .NPTS ,Y L ,YU ,u)
V C* *$***** * * * * * * * * * * * * * *I~***********************************************

UELTA~ O.0b
Xt ~~)~~O.U5U

S.

oOU CONTINUL
— IF CX (i).b1.5.2) 00 TO 70u

• LF(A (I).6L..95)oLLTA~ 0.2

108
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C
SECOND URoLR POLY NOMIAL

C
Y (A ) (L,N )+bI

~~

PN)* (ALOu (X (A )*101).))
1~~i+1
x (A )ZX (I— 1)+0t.LIA 

V

oO TO t,00
701* CONTINUL.

Y I I) .~ I—2 V

oou COi~TINut.I
00 900 L~ 2.)(
Y (L).

~
Y (L)+b (3,N)* (ALOGCx (L)..10u.))*s2

C
C oEI*1t.RAL CUSHION MATERIA L MOuLL 

4

C
SS~~~~X ( L )

CALL MODEL

YM (L) ~oL V -

90u CONTINUt.
C
C CALCULATE PRLOICTION LA MI IS
C V

i~P FA~~X (I)

CALL PREDIC (x,Y,NPTA,YL,YU, b,TPL,Ypu)

C
C 1-I~~o MiNIMUM 10CC 6—LEvEL
C

YMiN~ iOU0.u
00 1200 I~~~~K
IF CY M1N.LL .Y(i)) oO To 1€~.1)pj
YMIN~ Y (1 )

12u0 COi*eTINUL.
C
C OL1ERMiNE VAL Io  MODEL RANOE FROM L300NDLO 10CC
C AND PREDICTION LIMITS,
C

AM 1 N~ X CM
XL~ XMIN—RAINIGE
XU~ XMIN+RANGEw RIT E (o.2t 00)

~RI1L (o .2000)
00 1’+00 1~ 2.K
N:3H
LU~ 3H
LF IX ( I) .1,L.XL .AN D.XII) .LL.X U) Ib~ 3H **

109
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I
I IF(Y PL( i) .oT .YM ( I) .0N.YPU( I) .LT.YM( 1) ) N~ jH a V

IF (YPL( I) .LE.O.u)  GO TO 1i~ U
WRi TE (o.2700) X C I )  .Y ( I)  .YP L( I)  , I8 .YM(j ) ,N,YP U( I)  V

1 00 TO 1400
4 1. NEi,ATIVc. G—VALU ES SET TO — —

13u3 aR ITE (o.2b00) X ( I ) ,Y ( L ) , l d , Y M(t ) ,N ,Y P U( I )
- L’+00 CONTINUE

C
C NEAT CASE

- 60 10 300
- C- . C LNO OF OOu

lbUO wRITE (b.2900) V

CA LL EX I T
C
1.

• 401)0 FORMAT (1H1)
411*0 FORMATC4F5.1 ,F7.1) t
~~ uO FORMA T ( ij , 12)
4300 FORMAT (~~pi 1 .1Qx,3A q,qX ,~~4.~~,~ IN. U.N. ‘,F~~.i.’ IN. THICK’ .F8.1. ’

J IEMPERATU RL’)
4*400 FORMAT ()
4500 FOriMAT (///lbA, ’STATIC STRt.SS’,17X,’OECLLERATIUN (6)’)

~ou0 FORMAT (21X. ’PSI’’12X.’IOCC’,4X,’LOWLR—P ’.9X,’MOQEL’,uX,’UPPER—P’)

~ 70O FORMAT(18X,F6.2.9X,F7.4,4X,F7.2,4X,A3,F7,2,A3,3X,F7.2)
4du0 FORMAT( 18A,Fb.2,9X ,F7 .2 ,7X ,’— ‘.5X ~ A3~ F7.2 ,A3 .3X.F7.2)

V 4900 FORMAT (IHI. ’ END OF JOb’)
END

I

1~
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I
SUuP1O

~~
1jNL COP1IF1D

Cs******•*****aa****sa*.**i*s$*a*************.***$a*..*$$a$*..*$.*.**s$
C
C COMPUIL 1HI PNEOICTION LIMITS OF THE CURVES
C
C...~ s*s*aasa.sss*s*****as*as.a. **a*a*****aa*,******.**,****.**$***$***

uIMENSIUN A (S00). 1(500), YM(500). YPL (50u).
A YPUC500),b (5.4),IA(2),YL (500),YU(500) 4

O1MINSIUN XAN (bOQ’3), IARC500 ). C(3). A (3.3). AIN (3’3)e E(3)

- 
TAr-i 1.60
F2 0.0

4. bX~ O.0
YS~ 0.0
NPIS X ( 1)
uO 300 I~~k,3
C(L)~~0.U

00 100 L~ 1,3£ AIN (I.L)~~0.0
A (i,L):U.O

IOU CONTINUE
uO 200 J~ I.NP1s

401* CONTINUt.
30u CON T I N U E

F~ u.1)

SS~i~ 0.U
00 41)0 ~~ 1.NPtS

XA Rh1 ,1 )~~I.0
AAN (1.2) ALOO (A (J)*100.)

• *A N (l,3)ZxAR (A ,2)**2
V A R C I)~~Y (U)

‘ 0u COi’ilINUt.
DO ouO i~~1.3
Do t~00 o~ 1.NPTs
C (I).~C (1)+AAR (U. i)*YAR IU)

~~ CO~~1INUt.
uX~ UX+C ( I)* B( I ,2 )

DOu CONtINUE
(JO 700 o~ 1.NPtS
TS~ YS+YAR (U)*.2

701) CONIINUL
401*0 F0i’iMAT (3X,’YS, OX ‘.2F15.+

- S~ S0N1(SSU)
00 800 J~ 1.NPT5
A (1,1)~~N (i.1)+AMk LJ,1)*XAR (J,i)
A (i,2)- A (1,2)+XARLJ.I)*XAR (j,2)1

1
I
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1 M t2 .2 ) ~~A (~~
,2 ) +A A R C J ,2 ) *X A N ( o ,2 )

ML, 3 ) Z M ( 2 , 3 ) + X A R L J , 2) *X A R ( J , 3)
A L

~
’ 1) -

~
A (3 , 1) +A A R( U . 3 ) *X A R ( U . 1)

A L),2 )~~A ( 3 , 2 ) +A A R ( J . 3 ) .X A N ( U ,2 )

oJu CONTINUc.
O
~
u (l,i)* (A (2,4)*At3,3)—A (3.4)*A (2,3) )+A (1,.2)*CA (3.l)*A (2,3)—A (2,1

L)*u(3 , 3 ) ) + A ( 1 . 3 ) a (A ( 2 , 1 ) * M (j , 2 ) — A ( 3 , 1) * A ( 2 ,2 ) )

• X I I1.3)~~(A ( i ,4 ) *A ( 2 .3 )— A I .~,~~)*A ( 1, 3 ) ) / U
3, 1) sA (2. 3 )— A (2, 1) *A (3 , j )  )/ o

X IN(2 ,2)~~t A (  1, 1) *A ( 3 ,3 )— A ( 3 ,  j) s A C  1.3)

X1N (3,I)z(M (2.1)s~~C3,2 )—A (3,1)*,~t2,2))/u
AIN (3 ,2 )~~(A ( 3 , I) *A tj . ,2 ) — A ( I . , i ) *A ( 3 ,2 ) ) / U

RETURN
Cs.s***a*****a*s**sa$*** ***sa.*,*.s.*$*s***$ss*.*******s***,..*s*$$.s*a

ENTRY PREDIC (A,Y,NPT 5,YL,y~~.bpYpL,yP~~)
C.. s .a*s . ss *a s s*a s s .. .• 4 **$$5$****5$***5**$$55*$4*$$***$4$5*$5*$5i45$5$$

00 91)0 I~~1.NPTs
AA R C I,1)Z1.

XA b ( I ,.J~~x t U )
XA p’c ( 1,3 I A A R ( L . 2 ) 5 * 2

9~~tj CONTINUE
VPL (I) I~PTSYPO (1)~~NPTS
YU tl):NPTS

* VL (1)~~NPTs
00 1401) J~~1,NP1~
00 110u A~~1.3
oO 1000 S—I .3• 
L (i)~~E (A )tA 1 ~NI0,K )*XIN (K,1)

11)1)3 CUNT1NUL.
11~ 0 CONTVINUL.

00 1200 IZi,3
(U’ I)

12u0 LONJINUL.
I-2— 1.0+l-
F 2 ~ SQR T ( F4 )
F~~ ofiTCF ) H
N~~J+i H
VU(N):Y(N)+TMli*~~al-
~LtN) tN )— TAh1 ’~S*I-
YPu (N)~~Y CN )+1.~ri*S5F2
YPL (N)~~~(N ) TAH*S5F2 V

00 130U 1~~1.3
L (A )~~O.U

112
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I 1303 CONTINUC.
14u0 COiiTINUt.

NE I URN

• 4000 1- ONMAT (3X,’B’,5F15.4)
I ~~~~~ FOl-cMAT (3X, ’SSO. 5’ F. F2’.i~~,4Fib.4)

ENu

I
1
I 

V

1 -
.4

r
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I
1 ~UDNOUT ANt. MOOt.L

L***aa**** DYNAMIC CUSHIONING MODEL *******aa~ a**************a*~ ********I L*.a.sa.a.*a*.*.a*ssaa*.ssa*.*s.s.as..*a*.s*.s,..****aaa*ss*a*s**asaa.s*
I INTEGER TYPEM V

COMMON /STO1/TP.TC.SS.GL,NVR,V (51)
I COMMON /5102/ CHPCA,CC,GLMAX,SSL (3),SSU (3),W,OH,BMINPbMAX

COMMON/ST0/IL,FYPEM(3,20),NV (20),CONST (20),COEF(S1,20)
C

• SSIOO SS * luO.
AL ALOG ( SSIUO

- AL2~~~ AL * AL
SRL)H SQI-(T( OH
TR :(TP + 460.O)/100.
TR4 :TN * TR
TR3 Tr~~* TR2

• TR4 :TR3 S TN
TC0H TC *. (—0.5)

V 
TCTH TC 5* (—1.5)

C
VIOl ) TN * TCOH

V V I~~2) 1k . ICON * AL
V (03) z TN * ICON * AL2
V Iu ’+) TN • TCTH * SNOH
V (0b) TN * T CT H * SRL)H a AL
V (ub) TN * TCTH * SROH * AL2 V 

-

V (07) TN a TCOH ~ ~~UH
TN * T COH * SROH * AL

- V109) TN * ICON * SNDH * AL2
V IlO ) TN~ • TCOH
V Ii l)  = 11-12 a ICON * AL V ,

~

V V (j 2 )  TR 2 a TC OH * AL2
1R2 * TCTh * SNOH
1R2 • TCTH * SRL)H * AL

V(15) 1N2 * TCTH ~ SNDH * AL2

~1(1b) TR~ * iCON * SHUN
V (j7) TrI~ * TCOH * SH UN * AL

4 V(lb) TR2 a TCOH * SROH * AL2
- V (3 .9 )  TR3 a ICON

V (20) 1R3 a ICON * AL
I V (21) 11-13 • ICON * AL2

V (42) TH3 a TCTH S SROH
V143) 11-13 * TCIH * SRDH * AL

• V (4’4) 1R3 a ICIN a SHUN * AL2
V (25) TR3 a ICON * SRDH

1N3 a ICON * SHUN * AL V

V(47) 1R3 a ICON * SNL)H * AL4
TN a TCTH

V V (29) TN a TCTH * AL
VC30 ) TN a TCTI4 * AL2

r V (31) 1HZ a TCTH

I vua ~~z a TCTH * AL

:1 114

I
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- —

I
1 V L 3 )  Z TN.~ • TLT II * AL~144 (34) Iki • TCTH

~/L)5) z TN3 * TC1H * AL 
V

t V ( 3 o )  T i-u • T CT H * AL~I V(j7) Tr
V ( J ~~) Z T N * AL

TN * AL2

J V (4O)
T~~ *
1Ng~ • ML2-. 

V (*43) TK3
Tk,~ * ML

Tr(.) * uL2

COMPUTt. DY~ A MIC CUShIU~~lNG FUNCT iO~

- ‘L CUNST (IL)
NA NV (IL )
DO 10’) -J~ I,N A

11)1) (~L GL + COEF (J’IL) * V (J)
RE TURN

C

4

S 
V

a

a

:1
I
I
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OLuCK DATA

C MODEL CUEFICILNTS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

*******s***s••* V

A N IL UER TYl~EM 
V

COMMON /STU1/Il-’.l L,SS,OL,NVN ,V (bt )
COIvIMON /S1o2/ CH.CA,CC,GLMAX ,SSL (3),SSU (3),v,PDHPt3MIN,LSMAX
C0MM0W5b0h1L,1Y M (3’

~~
0},

~~~~
2
~~ 

,C0NST (20),C0E1- (51,20)
LA 1A (N~.( l) . 1~~1.l1)/ 4*36. 1*45/
DA IA (TYPEM (1,i),kZ1,5)/4IiMINI •4HLTHA,4HLTHAp ’i HURLT,4HUNES/
UA IA (1TPLM (~~.I).A~~1,5)/~4liLLL 

,L+HFOAr4,4HFOAM,t4HHER—,4HTL.R~ /
DA IA (TYPLM (3.i),J-~~1,5)/4Ii ,4H—2 ‘‘+H—4 ,L4H3 .4H4 /
UA IA (TYPLM (l,I),I-o,11)/ 4PIUNCS,4HMIN+,4HLtHA,4HMIN+ ,4H[THA,

A 4HETHA/
UA (A (TYPEI4 (2,I) .i~ o.1l)/ 4HILR4.4HURLS,4H4+MI,4HETHA,4H2+ET,

1 4P-~4 +E T /
U A 1 A ( T Y P L M C 3 ’ A ) ’ I~~o,I1)/ ~4t$+MI N,3~4TLR,1HN,lH4,31-lHA 14,3hHM2/ 

V

DA IA (CUNS1 (I).i~~l.5)/—b.3931bU2.22.b7i363.j2.918823vl6.45bb37,
1 559.7’+u/
UATU (CONSl (I),I~~b,11)/ 17u.9b3Oo,22j4.5~384,33~~.~~~941.

I. 495.97272c1U1.b4126,3b4.t~b31 /
DA 1A ((COL1- (I,U),A~~1,5j.).Uzj,-44)/ 

r

2*1).,3.~~419457,u.,—15.31&~724,3.3L4U1b7.2u7.49326p
V. I —t~O.3595be,1.4 56.o..-u.b9b 8791pt4*u.,-~)4.6Sbb8i,1l.b21323,0.,

~ — I . 3 O 1u393’2 . Ul 89a8b ’— .22bb4 2 ’— .4OI4 1~~3b ’ .u117303b . .0953190.
3 3.9422o41.— .8000377,O.,—233.77506,2th303’-[58.0.,49.67075,26.3232’4,
4 _o.067o314,0., b.1520 7,I.0752888,15*0.,3*0.,_38.759t499.O.,
S I. 35U ’2 .399 ,—53. 5374P2.97001305’3*0. ,b.988bU2b,2*0., V

t —4s.7b~ x7’~~.1~.s33s7.3sO..— .oo9o2’.745a,2*O.,— .1)2o8o2au .2.27U69~i4.
7 u.. .Ub7i25~ bI, 4l8.9400U,A5b.4O7ISc t5.1)O3939.133.999b6p
O —30.92u09.2.ZbdbL93. 1Q.413401,2.1412173,1b*O. ,—48.107497,3*0..
9 1.b30209’0.0130922.210.47u81’ 33.44t,35.2*U. ,4.339839,2*0.,
A 9.4729454.—1.UUb3U34’—51.l&~1U93’3.b88f819c.55j1’43b2,2*1)..
ii — .1O1U39u~~,— .*19b13b ô,~~.33t123O2b,O. ‘3.2311b04,O. .—.o54746082,
C 53.ISI.)IP13O. 172P 11.dbS9b,72.15b 14, 25.154b75,U. ‘—4 .1437L~95’
L) O.’.35Fi ’l4*u .’13.2t~b93,—t~.bô1Ô181,~~*J.v O3.9746b9,—9.O835167.
L-4.bllIi9l’fl..i.474952.—5.94~ 6191.,41)1OO1U9.1.8227191’O..
I- i8.55UO .u.’~~.’~39818bP .l1bb1U2b,0.,.49953221,0., .15167925,
0 .U1527u00~~’1.030Ob23’U .,-.l9l95351,2l.394lb1’ 18.ô57U59’3*O., H

P1 •‘+1J841270,2*O.,1b*0./
DMA (~~CQc.1- (I.o) , I~~j,5j) ,ozs,5)/3*o. ,—j1)7.9u113,32.951647,

£ —3.77bI 1’2uO.U4943’—49.8O97O8,—5.~~394&+2b,3*U. .19.77191 .2*0.’
3 —5o .L~249bb, 7.~3 +34b 7 9Pi . l O 2 o tj 4 3, 4 *0. ,—j . 1) 9i 3 5 1 4, . 142 3 1 5 4 8,
*4 3.749b497’O . .— .3b9832j 3,~~s~~. i10.179~ 55,q8.3b47 12 ,—3 ~~.6l921b,0..
S —9 .0194091.b.953505,—.43214979,—213.634,U. .8.2119242.0. ‘14.258078
I) ,—5.OO7b~.78’3.5b99545,—2.4343742. .59891583.b*U./
~)A [A( (CuLF(I,U),I::1,51.I ,J~~~u, o)/
I 23*U.0PU.01u48* 1b9P13*U .1*,~~13.9O313~~,3*u.O,U.2t,9845i9,9*O.0/
0A1A ((C0L1- (I.J)’1~~1,~~1),U~ 7,7 )1

A i*O.U’13.252522’—39.010025’ 4.539210L+,5.175’4836,—I.3005991,
V A b*0.U.

.~ 3.t,~ 2UU29’(*0.O’ .48jU9Uu~~,U.0’ 0..9548739’4*0.O• 110.01099.
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#
4

1 3 • U , s).U’-~1.~4~)P U. U .—b .t~2i .~~~~
, ~.3 ~~~~~~~~ 0.0.  U •

-. —/25. 3ti19~~. A 1  ~~~~~~~~~ ~ 43’-14i7hJ. St~.ti t~ JJIU ’ 3b.*4Q8087, —0 .~~8 1.’lJ1 U’1
,

I
1 UA IA (CLU L I- (I. J ) .1—A .St ), .i— ~ ,I A u~ O .*J. b1*439t!.~~5.U*)L I 4t/p t *J .1) ,_ 3. t~9J34~~0, 0.b3431i1 76.

~ . —. .31 4/.~~.S0J1~~A iI’4eu.u.0.854934A9,9sU.u,1j.O . 7Q~~
, V

~ A . •‘JuSi. ’ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i4’-flu4’~.—t ~.t~143~ W .. ,
‘4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
oA 1 A ((CULl-(I.U).I~~A .51),J_ . ~~, Q)/

I 3•O.U. .JS )2-.O,O,pj.u. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V 

V

.:

3
4 Au,5S ’41u~ •U.b 927~+ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4 0A IAt( (UL 1- (I.J ) .1 1.~,1),U~ 1O,1U)/
i

—5.  Au3.~iP~.0.3b9loOU1 ‘U.U. O . 0 ,— 0 .3 ~~. 39’~3.~.4. 351’th2.
V -)

4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- j DA EA I ( C U L I - ( I . . J ) . 1 — 1 . 5 1 ) , J — Aj , I 1 ) /
A u*O .U. ’4i. I1i0t~l .— I3. 459’t,1)th~4t.’~

), — 7 . Qt~3o~~l .  14.4q3~%5Q ,
._

A —U.SP93t’.’~tj0l.U.U.U.1),
3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~

C
LN~

4’..

i 1 1 ’

L i 
_ _
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V 
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I
1 This code considers eleven diffe~~nt materials and is ut il ized by

T the Conta iner Cushion Des-iqn [nqlneer System . Further documentation per-

ta m ing to this code is contain ed in [9] .

I

~1

1
I
I
1~
I-.
I.



____________________

H
t 
‘ 

C *~~5 * * * *S * ** * * * * * * * * * * * *5 * * 4 $ $* * * *~~* * + * $ $* * * * * *5 * *$ * *5 *
C • Ci3N 1M1LsLI~ Lu~ hIONINo (JLSioN ENGINLLR *
C • LUSNuP MNU LNCMP MOUt.L. *
C * *
C * S
C * MAT LP’~1AL TV PLS
C MA NICEL *
C * L I ,IAI OAM .. •
C • LItIA F UAM ~. *
C * Ut’(LTNLN 3 *
C * URLSILN ’4 *

I C • UrLS 1LIC 4 + Mj JCLL a
C * MANICLL + UNLSILH 4+ *
C * L1IIAFOMM *4 4 ~i1NICLL
¼. • MLI4IICLL + t •1IIAI - OAM 44 *

~ 
C • L IIIA F OAM ~ 4 LIHAF OAM 4 *

- C * LI,IA F OAI.1 £4 + LIIiA FOAM ~ *
4 

‘. S *
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V LUi*#NUN /StU1/TI-’,1L,S5,uL,Ii~/i~,V (bA )
V L ).-~i-~DN /Sh~/ /  C 1 l ,CA ,CC ,GL~ M~~,SS L( 3 ) ,S S U (3 ) ,~~,OH,UM IN,uMAX

uI~~LNS1ui-. 1 ( s )
L(~~j i V A L L N LL (1 (i)’CH)

~~~ LONLIN tJL
C A N A T IAL A 2MIIO N

- kLAU(5, 5)  MO L’L ,4JLi~1A A.Ch~ CA ,CC,~~,UMIN,1~M AX
A F MUULL •L ). I) UolO 4t~0V 
AF U’IODLL .LD. ~~) 0010 ~U U

V -~~~~~)LL .LO. 99) ~
,OT0 401*

- - PR~~~1 SOUpiv iOULL
V UO1L) lUo

..Uu CALL CU~~IiJI-
1*010 11)1)

i~~~~ CA LL LNCAt-
1*UI~J lou

--  
~+0C I-’Rj.-é l bUi)

V -~UU 1- O t ’ * NA T ( L H I , I u X , ’Lt’NOH iN ~D~ LL NLOULsT— — MUsT DL A 1.~~.oR A c Q ~~)

uOv I-Up~~A T (A I 4 1 , 1u X , ’L ’,0 oF W Oo ’)
- ::,TuP~V 

L.NU

r
4’-

4~ 120

- 1

1 
- 

~~~~~~

-- --

~~~~~~~~~~~~



- - 
V

I
SUUR#MJT ANt. CUs,iUP

C

C ‘ C U S l - 4 1 ) P ’  V

¼. CLj 5HIOt-* MA IENLA L IHICKNESS ~r-~T1MIZATIO N PROGRAf~
C
C* $  s .s * s . * s s . s . 4 . s s* * * *s s * *s * s s s * *s s * s * * *a , I * ~~ s * s * s s s s * s * *s * *s s s * s * s * s * *
I..

1NLL1*~ N IVPEM
COM t~l0N /ST (J1/ W ,IC,SS ,oL,N~,N ,V (5 l )
COMMON /51L2/ C4-I,CA ,CCPGLMMX,SSL (3) .sSu(j) ,w,DPI’UMlN ,uMAX
L1)MMOt’~ / 511. 1 lL.TYPLM (3,2u),NV (2u),CoNs1 (4u),CuEFt51,~~0)
UIMLNSI#JN I(S). TLC (3), YL (3). YU (3), ICMAX (11). YM (3)
LQULVALLNLL (T (1).CH)
(JA1A TCMAX/ ,*4.U.’4.U.q.1)/

V C
C I1~4L T IA LI~.~AT IOh o

UA IA TCMAX/4 . J P 4 . U ’ 4 4 . 0 , 4 4 . U~ 4 . O, b . 0 ,b . 0 ,b . U , 6 . O ,b . 0 , o . 1 */
C ()55 *iELIA ~~AT1C STRESS SSMA N MAN STATIC SIRESS
C ~5MAX MMX . IMTIC STRESS DTC DELtA MATCNIAL THICKNESS
C ILMIN MAN MA 1LI- #AAL 1H1Ct~~LSs TCMAX MAX MATERIAL THICKNESS
C

DMA DS~~, N, .,5t A X , O J C ,  FL~* j iN /0 .05,iJ.U,5 .1* ,0 .5 ,U.5/
C

00 LOU 1L~~1,A1
PN.kNT l)O0
IC TC~-iI N
IKI~-~AX~~1L MMA (IL )4U.b
IF t i (3).LI.—41*.U.MNU.AL .*~L..4) GO To lu0u

C HAS MAAIMU M Th1CKNLSS ULEN NLACHLD i

IQo IF CTC .i,L .IKMAX ) 1*0 TO 800
C

C INCHL.MLi~T TrIALKNLSS
C
200 IL— 1C+L )1C

V DO 300 4J~ 1.3

lCC 1J)~~U.u
30o SSLtU)~~U.U
ii.

C INII 1A LI2L IL~ PLNA1URt. iNDEX
C

0
* C

C HAS THiRD lt~~~LRATUNE ULLN REACHt.L)C
L *400 IF IN.GL.J) ~o ro 80u

¼.

V 
- C INCREMENT Tt.MPLHATUN[

C

121
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_  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
I
— TP—T (N )

C
C INiIIuL1.~L ~TAtI C STN L.S~

I C
SS— SSMA ~.~ V

I L
C HAS MAAIMUM STATIC STRESS 8ELN NLALHLD
¼.

I 
SUu IF (SS.4,T.SSMAA) 1*1) TO iou • V

C. 1NCNc.AE.1~T SIAT AL ~Ir(ES5
C

I
1-

CALL MUoLL
V ¼.******S***************v * ** ** * * * ** * * ** * * * * * * *44 * ** * $ ** * * ** ** ** * S* * * ** * ** *

I IF (6 L .v T .~~L4 A A )  ‘-‘0 10 501*
~SLIN)~~~S :

1

f YL (N) GL
I ¼.

C HAS MAAINU~s SI Ar IC SIhL~ 5 0EL~’4 REACt-lEDC
u0u iF ISS.1*T.SSMMX) GQ TO ~~~
C
C LNCHLMU14 T S )/4 T 1C S TRESS H

1
¼.*s ** *s .**s * *- * * * *s*  *5*5  .* 4*5 5* s* s * s * *s *~ s**s  *s*a**s************a*****sss

CALL MODEL

iF (&L.L1.~~LMMA ) *~o to  bOO t
LF~~.,L.0T.1* LMAX )SS~ SS—DSS V

/Oo sSUIN)~~~S

YUCN)ZGL
I.
¼. MAKE. RANGt. It.Si
C

lE ST
IF (TEST.1*L.U.cJ G~ TO L+UO

TO 100
c~3u COII TL NUt.

IF (SSL I3).Ei~.u.~~
) 1*0 TO 90u

IF ITEST.~~L.u.2) Go tO iluu
I 901.I CO~ TlNUt.
I IF IIC .LT.IKMAA ) G~ TO 21*1*

PRINT 1~ OU. T K MAX ’TY P EM ( 1 . IL ) . IY P E M C 2 . L L) , I Y P E M(3 , I L) ,S S L(3 ) ,
i 550(1) .(.3LI~u A X .  1(3) .Y M ( 3 )  .T L~

) P~~M( 2) .1(i) .Y r - s ( 1 )
1*0 TO 1200

1.. 122
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I
- LOuO IF( IL .GE. . a) ~OTO 11*1)

PRiNT lsOO . TYPEM (I,IL),TyPL t~
; (2,1L),rypEM (3,IL)

GO lu 1200

I .i.1o3 LOj iTINUL
I iN~~~/~~SUt1)

bMMX W/~ SL(3)

I PRINT £400. TYPEM (1.IL),TYPLM (2.IL).IYPLM (3,IL),SSL (3),SSU (1),Dh,
IGLMAX , TC .T (3) ~ r 

(~~) ‘T(i) , W. d I-AN . bMAX

C PRINT TAULL. OF STATIC ~TRc.SS VERSUS G—LLVELS FoR THE THREEI C tEMPERATURES ——COLD • AMUILJ-4T ANL) HOT
C

CA LL TAoLE

I C
.L203 COi~iTINUt.
I..

i RE I URN

I
.L300 FORMAT (lhl,T23, ’CUSHION MAtERIAL OPTIMI2ATION’./,T33,’CUSHOp ’,/)I .14u0 FORMAT (T32.3M4’/’t3X, ’LOWLN SS ‘‘F5.2.2x.’UPPEN SS ‘,F5.2.2X.’OROP

I Hc~11*HT’ .F5.1.~~X. ‘G LEVEL’ .i-o.1./.8X. ‘I~IATENIAL’
, THICKNESS’ ,F8.2.

~/ ,bX , ’TL.MPLRATURES’ ,3X ,3F12.2 ,/ ,bX , ’W Ej Gt- iT’ ,F8. 2 .2X , ’frj I$~. h EARING
I 3ANt.A’,Fo.2.2X,’MAX . BEARING AREA’ .Fa.2./)
I ~~oo FORMAT (//,5X, ’INVALID LOWER TEMPERATURE F~ N ‘‘3A4) *

101*0 FORMAT (//,5X, ’***BEYONU MAXIMUM THICKNESS (‘.F6.2.’ ) OF ‘.3A4
V4 P /~ 6X• ’LOWt.R ss ‘‘F5.3,2X.’UPPER SS ‘.F5.3.2X . ’DROP Ht.IGHT ’.F6.1.2I ~X.’G—LE~ EL’,Fb.1,/.11*X,’HOt

~,iX ,F8.3,/ ,A0X , ’At ~dIENT TEMPt.FIAIURE’ ,3X ,1- 8 .3 ,3X, ’G—LEVLL ’ ,3x,F8.3,/
‘+ ‘lOX, ’CuLu 1t.MPLRATURE’,3X,F8.3,3x,’G—LEVEL ’,3X.F8,3,//)

I ENo 

4

I
I
I

- I -

I
I
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V ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

I
I SUuROUI ANt. ENLAP V

I ‘ L 1 ~~C A P ’  
V 

*~C c.NCAPSuLAT1U~’4 CIJ5HIQr~ MATERIA L OPt IMILATIUN PROGRAM
C. 

V

I C. oLic.HMi~iE ~IATLNIAL THICKNESS FOR GIVENSTATI C sTRL.SS DROP HEI1*)-iT Aj5 4~j TEMPERATURES

I C

V INILGE N TY,-’EM
COMMON /STU1/ iI-~

, TC,SS,DL,NVN.V (51)
V 

COMMON /ST D2/ C H,CA ,CC ,G LMAA ,SSL (3 ) ,SSU( 3) ,~~
,DH,bMIN,UMAX

I COMMON /ST~ / IL.TYPEM (3,2u),NV(2U),CONST (2~~) .COEF (51,2u)* 
uIM~ N5IuN IC MMX (5 ) ,  y M(3 ) .  1(3)
E(~uIVALLNLL (T (L)’CH). (TC,THCK)

I DA IA TCMAA/Ll•U,4.C,44,O,14.lJ,+ .0/
C
1.. IiiIT IALI~~A TIOI’1

• C

I C 055 DELlA STATIC STRESS SSMAN M1i-~ S T A T I C  STRESS
MA X .~1AT1C STRESS DTC OEL1A MATERIAL THICKNESS V

C TCMIN MAN Mu1EP~IAL THICKNESS TCMAX MAX MATERIAL THICKNESS
¼. V

I DA IA DSs,SSMAN,SSHAX ,OTC,TC4AN/O.05, 0.u. 5.0.0.5.0.5/ 
V

¼. V

I SU~ W/OMAf-s

L 

5L~ w/bMMX
C 

- V

io~ DO ouo 4’L~~~.5
PRINT 1001*
TKMAX TCMA )(IL)+8.5
IC TCMI It

2O~j 1C~ TC+Q.5
IF tTC .UT.1KNAA ) ‘-‘0 TO 5uU
YM(1 )zu.u
YM (2):O.0

SS~ SL
IF (T(3).LI. 2u.U.AND.IL.~~t..4) GO TO 4uO

30u COI\ITINUt.
TP~ T (I)

Ca**** **** * *** * *** * * * * ** * ** **a* *** * ****** ** * *a*** * ** ** * *a* * * *** ** ****  aSS
CALL MODEL

IF (GL.1*T.1*LMA~.) uO TO 2uu 
V

5S~ SU
1:1—1

1 J F ( I  .G~.. I) 1*0 10 30u
1 PRINT 700. TYP~.M (I,IL),TYI t.~~(2,IL ).TYPt.M (j,jL),SL,SU,uH,GLMAX.TC,

1 
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I L
‘ 

IT (3).1t~.).I(i).s~,bM1N.tSMAX
C** *•.~~******•******S********~~*.************.~~****** a a* s s a s* . .* ,* s s s s s s $

CALL T AuLL

I C* *  S* *~~* * * * * * *$* * * * * * * * ** * * ** $ * * * * * * * ** $ * * $ S* * * * * * *S  ** *** * * * ** ** * *******

~O To uuO
‘JU PRiNT 9u0. T~IPt.M (APIL),TYPL .1 (2,IL),T’!PLM(V.j,1L) V

~.iO TO bOOI Pf~jraJ ~~~gj, TK~1AX. T~ PtMt1 ,i L),TyPLM (2,IL)
IA. (1(J) .YM (J),J~ 1.3)

uG u LOi~TINUL

I ‘(ElURN 
V

C
C

I 7~)t., FOR r~A T ( Tj 2 ’3 A 4’/ ’ t j X , ’LO~ Li~ ~S ‘‘F5.2e~~~.’UPPLr( SS ‘,1 5•2,2X,’L)ROP
1 hLIGHl ~~~~~~~~~~~~~ ‘ ,—LEVL L’ .hu.l,/ .t ~X . ‘MAT ERIAL ’ .’ THICKNESS’ ,F8.2, V

I ~/.b A .’TLMPt.RATuRES’ ,3X.3FA2.(,/,8X,’.~EjGHT’,F8.2.2X,’l 1N, bEARING
3MRLA ’,F0.2,2X,’MAX . hEARING ARLA’ .F8.2./) -‘

uOo FORMAT (//.5X. ’**~ dEYOND MAXiMUM THICKr~LSS (‘.Fb.2.’ ) OF ‘.3A 4

I h ’/,t~X,’L0*~~ ~~ ‘‘F5.2,2x. ’UPPLN ss ‘.F5.2.2X.’DROP HEI1*HT’,F6.1.2
TEMPLRATURL ’.3X.F 8,3,3X,’G—LEVLL’,

33X . P8 . 3./ .  & O X .  ‘AMbIENT TEMPLNATUNE’ .3X.F8.3.3X. ‘G— LEVLL ’ .3X.F8.i./

I *4’lvX. ’CDLD TE MMt.RATUHE’,3X,F8.3,3X,’u LLVEL’,3X,Fb.3,//)
‘~0t 4- URMAT (//,5X, ’ANVAL ID LOWER TEMPERATURE FuR ‘.3A4)
A Uot) FORMAT (1P1l.T23P’CUSHIuN MATERIAL OPTIMI ZATION ’./.r 33.’ENcAP ’,,)

I
I
I
I
I
1
1
1
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I
~
UL,NCUTINL

C
C PRINT TAbLE OF sTATIC 5THc.s~ VERSUS 1*—LEVELS F~

p THE THREE
IE.

~
IPLNAiUNLS — C0L0,Ak~IENt AND HOT

¼.
COMMON /S1D/ iL.T~ PEM (3.2U) ,NV (2v) .CuN~ T(2o) .CUEF (b1.20)
COMMON /STD1/TPPTC•SSP1*L;NVN,V (51)
COM MON /SI~ 2/ Cri,CA.CC,GLMAX,SSL (3),SSU (3),W,Dh

,bMIN,UMAX
C

V sS 0.~~bA — u . O
ASI 9999999.1*
PRiNT 500
UO ‘400 A:l.iuu
Fe CC
CALL MODEL
YC~ uL 

V

LF (YC .1*t. . O.u) C~UTO luO
A z  1.0
Y C A SI

IOu COi~TlNUt.
IP z CA
CALL MODEL

IF~~YA .uL . ‘)•)~ GL’TO 21*0
A . 1.0
IA A SI

• ._ 00 CONTLNUL
TP z CH
CALL MODEL
Yhzt L
AF~ YH •1*E. O.u) 1*010 300
A 1.0

T Y R — A bE
-iou CO~-1T1NUL

PR AN1 bUO,~~S.-~~.,Y A ,YH 
V

55+0. uS
‘+t)~., CO~dINUc..

iF A s E Q.  O .u)  RETURN
PRINT V 100

REIURN
• C

SOy I OtiMAT (/, 8X,’STATLC 5TNL~~~’’4X.’COLO (,LLVEL’,44X,
r A ’A1’IUI€N1 1* LLV LL’ *4X .’MOT ¼~—LEVEL ’./)

uQ~ ~Or~I4AT (A0X.Fb .~~.3(12X.~-6.2))
7)~ I-ORMAT ( /,IOA.’ASTERISKS A ,~DICAtE CA LCULATED 

I, VALUE ’
I ‘ DOES NUT EX iST ’ )

L

z
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