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INTRODUCTION

The development of mathematical models for temperature sensitive bulk
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. experimental design

2. data acquisition forms

a) single material
b) composite two material
3. test plan

temperature effects (analysis of variance)

o

outlier detection

(=g

individual dynamic dushioning curves
7. model development
model validation
9. model optimization
a) tailored cushion (CUSHOP)

b) encapsulation (ENCAP).

Each of these aspects will be discussed in the material which follows. For
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

cushioning models.

This report will be confined to a general description of the developed
container cushioning methodology. Complete details, together with extensive
data analysis, are contained in [1 - 9] for the individual interested in a

specific application.
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EXPERIMENTAL DESIGN

The procedure begins with the experimental design which, for all
MICOM/UAH temperature sensitive bulk cushioning efforts, has been a split-
split plot design. The split-split plot design is a specialized form of
a nested design in which a subtreatment factor is nested within a main
treatment, and a sub-subtreatment is crossed with the subtreatment factor and
the main treatment.

Under this design configuration, the mathematical model for each experi-

mental observation may be written as

Yigke =Wt Syt R SRit} WHOLE PLOT

#Thy + STh, + Th,, + SThRijt} SPLIT-PLOT
* Ty 4 STy, + TN, TR, % TR,

SPLIT-SPLIT PLOT
* THTRG, + STR; o + STHTR ;o

where y = the general mean

ith static stress level

th

Th, = j material thickness

Tk = kth temperature level

R . tth replication

SR,. = whole plot error

it
ThRJt + SThRijt = Split-plot error

TR %" ThTRJkt + STRikt + SThTRijkt = Split-split plot error.

k
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DATA ACQUISITION FORMS

In an attempt to simplify the data acquisition procedure, while maintain-
ing the randomization element of experimental design, a data collection form
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-
vides the order in which the drop height-thickness experimental combinations
should be performed. For example, the first experimental combination to be
performed for a given stress level, temperature, and replication, according
to Table 1, is identified by a 1 at the intersection of a 2 inch thickness
and a 30 inch drop height. Thus, the random order of experimentation is com-
pletely provided.

The numbers to the right of the matrix gives the experimenter the order
of material samples to be loaded into the temperature controllied bins. Con-
sequently, during the actual drop tests, the temperature conditioned samples
can be drawn out in the proper sequence, with a minimum amount of time and
temperature 1oss.

A computer code for single material forms generation is provided in
Appendix A. The computer code for composite two material forms generation is
Jocated in Appendix B. A sample of a composite two material form is given in

Table 2.




Sample data collection form for single material

Table 1.
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TEST PLAN

bk e e Gess Sumd G O GEN D

i

1 2.
J
y 3.
|
J 4.

The experimental testing of any bulk cushioning material requires a
documented test procedure. The test plan follows the ASTM method D 1596-64
(dynamic drop test procedure), with MICOM compensation for temperature
extremes, since the ASTM method considers a temperature of 73°F only. The
procedure assumes a drop tester and related data measuring equipment are
available as specified by MIL-C-26861.

The test plan follows:

Identify approximately nine well-spaced static stress values
in the 0.03 to 5.0 psi range based on the specific material

to be tested (not all materials can withstand psi values
greater than 2.0). Testing should be in ascending static
stress value order.

Procure an adequate number of test specimens (8.0 by 8.0
inches) to satisfy temperature conditioning requirements and
replication demands.

The temperatures to be utilized are -65°F, -20°F, 20°F, 70°F,
110°F, and 160°F, while drop heights are 12", 18", 24", and
) ol

Initially, condition the test specimens by dropping on them
once, one at a time, from a 24 inch drop height measured from
the top of the sample, at 70°F.

The test specimens are Toaded into conditioning bins according
to the right most column on the data form. Each bin is loaded
to a specific replication with a total of three replications
per temperature/static stress.

The test specimens are conditioned to the desired temperature

in the conditioning bins.
6




7.

Only one drop is permitted per test specimen per conditioning

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 being
temperature conditioned again (approximately 24 hours).

The testing sequence (1-12) has been randomly established by the
representative numbers for each of the twelve 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.

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

The value to be recorded on the upper portion of the individual

data location is the peak G value. Below this value 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 immediately follow will address the data analysis portion of the model
development methodology.
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TEMPERATURE EFFECTS

The effect of temperature upon foamed bulk cushioning materials has
been proven conclusively in [1 - 3]. However, there may be an occasion
when the experimenter desires 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 identifying 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

data for each material type based on the experimental split-split plot design.

The appropriate ANOVA is performed on the data by utilizing a UNIVAC 1108
STAT-PACK code entitled ANOSSP (Appendix C). A summary discussion of the
assumptions and calculation methodology employed in this code is contained
in [1].

A sample ANOVA table is shown 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, Ethafoam 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.
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l OUTLIER DETECTION t

As every experimenter knows, an observation, purportedly taken under the
‘ same conditions, may be widely different from other observations, or an outlier ;
from the rest. Thus, the problem confronting the experimenter is whether to keep
the suspect observation in computation, or whether it should be discarded as a ]
faulty measurement. 1
Although many criteria have been proposed for guiding the rejection of
outliers, none were found in the literature 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 outlier subroutine is to com-
F pute the sample variances for each set of three replications of G levels 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

individually as a candidate for rejection as an outlier by using the statistic

Ixg - xI |
s,

where X = an individual observation in a set of three replications

x|
"

the sample mean of the three observations

s = an independent external estimate of the standard deviation from
concurrent data.
To get Sy’ the set of replications of G's having the maximum sample
variance, as indicated above, corresponding to a particular stress level, is .
eliminated from the calculations of s, From the remaining sets of repli-

cations of G's, 5 is calculated with the expression

10
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th

where s% = sample variance of the i~ set of replications of G's and

n = number of stress levels.

The values of the t statistic for each observation in the set of repli-
cates being tested are compared with the appropriate value from a t table.
A point is rejected as an outlier if t(calculated) > t(table value) [10].

If an observation is rejected in the first iteration of the outlier

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

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

the next highest sample variance to check for outliers. Iteration is con-
tinued until 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 points that can be rejected in a set of replicates. For instance,
only one point can be rejected in a set of three replications. Also, if two
of the three values of t are the same and are greater 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 contained in Appendix D.




INDIVIDUAL DYNAMIC CUSHIONING CURVES

With the outlying 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 statistically best fitting polynomial
for use as the dynamic cushioning design curve for a particular drop height
and material thickness.

A fairly rigorous method for determining the degree of the polynomial to
be fitted to a given set of data consists of first fitting a straight line to
a set of data, i.e., y = bO + b;x and testing the hypothesis B, = 0. Then,
fit a second degree polynomial and test the null hypothesis 8, = 0, namely,
that nothing is gained by including the quadratic term. If this hypothesis

can be rejected, a third-degree polynomial is fitted and the hypothesis

B3 = 0 is tested, etc. This procedure is continued until the null hypothesis

B8 0 cannot be rejected in two successive steps and, consequently, there is

i
no apparent advantage to carrying the extra terms.

The output of the CVREG code contains the coefficients of the first,
second, third, and fourth degree polynomials for the experimental data under
consideration. In addition, each polynomial is accompanied by an analysis of
regression variance, and an F-statistic for determining whether the third and
fourth terms should be retained. In most cases, a second order polynomial

is sufficient to describe the experimental data.

The CVREG code is contained in Appendix D.

13




The experimental data for a particular cushioning material from which

l MODEL DEVELOPMENT

the individual dynamic cushioning curves were developed is now utilized in
total to develop a generalized model. The generalized model is predicated
A upon a combination of drop height, cushion thickness, cushion temperature,

and static stress level mathematically stated as:

;. L S g ; i
e+ J A o £ TS @ ¥ e, (100 0 )
© =0 k=0 TS 4 o TS .
3 2
¢ 3" Y ¢ (wm000)"
n=1 m=Q ™ :

where € " constant
h = drop height
T = thickness
8 = temperature = 218016'0

o = static stress.

; From this general model it is necessary to select the combination of terms
which best describes the situation to be modeled.

A stepwise regression procedure (Appendix E) is utilized in acquiring
coefficients for the general model. A total of 45 terms are considered by

the stepwise regression procedure. These terms represent the combinations

of variables found to describe bulk cushioning behavior very adequately. A

summary of the variable combinations is given in Table 5. The variable com-
binations are identified by an x in the appropriate column.
Each time a variable is added to the general model, it is necessary to

evaluate the resultant dynamic cushioning curves to assure the proposed model

14




Table 5.

Variable combination summary
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is providing the hypothesized U-shaped curves which do not possess negative
peak accelerations, and the curves are distinct. Obviously, many of the
developed models will be similar in their predictive ability. However, first-
hand observartion during the experimental phase, supported by statistical
evaluations at each step of the model development effort, are the best methods
to evaluate the various developed models. In addition to the developed mathe-

matical models, the regression procedure provides printer plots for each drap

height/thickness/temperature combination, to assist in a valid model selection.
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MODEL VALIDATION

The model validation procedure builds on the earlier aspects of the
methodology being described. In [6], a procedure for validating the model
dynamic cushioning curves is documented in detail, which is predicated upon
prediction limits.

The developed generalized model procedure provides dynamic cushioning
curves for individual combinations of drop height, temperature, static stress,
and cushion thickness. The individual dynamic cushioning curves [IDCC] are
compared with the developed prediction limits to ascertain whether the
generalized model is predicting the IDCC in a consistent statistical fashion.
In essence, the test of the generalized model is to determine if it can pro-
vide G-level values which include the significant static stress level portion
of the IDCC and still remain within the prediction limits for the particular
conditions under consideration. The significant portion of the IDCC is
identified as the minimum IDCC G-level value bounded by + 1.0 psi. This signi-
ficant portion may be truncated at the lower or upper static stress level if
the bounds fall outside the standard static stress range of 0.05 to 5.20 psi.

The validation code is provided in Appendix F. A sample output is given
in Table 6 for the Ethafoam 2 model. The minimum G-Tevel for the IDCC is
25.67 at a static stress of 1.6 psi. Consequently, 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 stress range, it is seen that all model
values are contained within the developed prediction limits for this case.
Thus, the general model is found to be predicting G-level values very ade-

quately.
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ETHAF0AM

Table 6.
-2 12.0 IN. D.H.
STATIC STRESS

PSI IDCC
.05 173.75
.10 119.70
.15 93.74
.20 77.86
25 67.00
.30 59.06
.35 53.00
.40 48.25
.45 44 .43
.50 41.31
.55 38.74
.60 36.59
.65 34.78
.70 33.25
.75 31.96
.80 30.85
.85 29.91
.90 29.11
.95 28.43
.00 27.85
20 26.34
.40 25.72
.60 25.67
.80 26.01
00 26.60
20 27.39
40 28.31
60 29.32
80 30.40
00 31.54
20 32.1
40 33.91
60 35.12
80 36.35
00 37.58
20 38.81
40 40.04
60 41.27
80 42.49
00 43.71
20 44 .92

DN ELELEELEPLEBWWWWLWMNMNMNN N — ot et -
T R w i il i e .

Sample Validation Output

1.0 IN. THICK

DECELERATION
LOWER-P

*k
ok
*h
* %
* %
* &k
*x
* ok
%ok
* %k
* %
*k
sk
*%
%%
*%k
* %

-65.0 TEMPERATURE

(G)
MODEL

187.

51

UPPER-P

191,
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MODEL OPTIMIZATION

The development of a valid mathematical model of impact response for
a particular cushioning material creates a need for specific application
techniques. A common application method is a tailored cushion, where the
cushion thickness is determined first, and the size of the cushion determined
second. This application technique is entitled CUSHOP, referring to tailored
cushion optimization.

Another common application method is encapsulation (ENCAP), where the
entire surface of the protected item is encased by the cushioning material.
The maximum and minimum surface areas must be determined prior to calculating
the cushion thickness when the encapsulation method is utilized.

Appendix G contains the computer codes for the CUSHOP and ENCAP appli-
cation procedures. Detailed instructions for the use of these codes is con-
tained in [9]. Table 7 is a typical CUSHOP code output, from which the super-
imposed dynamic cushioning curves may be plotted. In a similar manner,

Table 8 is a typical ENCAP code output. In both cases, tabular values are
provided over a static stress range of 0.10 to 5.00 psi for a cold, ambient,
and hot temperature value. In addition, the codes identify the cushion
thickness required to provide the desired item protection for the applica-
tion technique selected.

The cushion designer who desires a plotted set of superimposed dynamic
cushioning curves for a particular set of conditions should consult [8] for
complete details. A typical set of superimposed dynamic 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
Minicel provide the item to be protected to a 30 G fragility level over a

temperature range of -65°F to 160°F, and a drop height of 26 inches. The
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Table 7.

Typical CUSHOP Output

CUSHION MATERIAL VPTIMIZATIUN

OhOP HLIGHT ¢6.0 G-=LEVEL

CUSHOP
MINICEL
LOwe Kk SS OUU UPPER SO leluy
MATERIAL THICKNESS 3.50
TEMPLRATURES -bo9Y.0U
we IGHT 1000 MIine BEARING AKREA

STATIC SIRESS

«05
10
el
20
25
«30
¢35
40
45
¢S50
«55
«60
«65
«70
«75
«80
«85
«90
«95
1.00
1.05
1.10
leld
1.20
le25
1.30
1.35
l.40
leltd
1.50
155
1.60
le65
1.70
1e75
1.80
le85
190
1.95
2¢00
2405
2610
2615
2620
225

CulD G-LEVEL

237.01
160.Y0
123.90
100.27
84.17
72046
©3.006
55.74
49.78
4y .04
4070
37048
34617
31.98
29003
Te37
2505
24415
2283
2le07
20.05
19.75
18.96
18.<0
17.05
17.12
16«05
1625
1590
1S.01
15.36
15.15
1499
14.85
14.75
14.09
14.04
14.03
14.03
14.006
14,71
14.78
14.086
14.96
15.08

20

70,00
Tell

160
MAX o

AMBIENT O-=LEVEL

1l9006
73.72
3.0l
41.08
33e41
2el /7
24 e 46
2le78
19.82
18¢40
1738
1607
lbe2U
1592
1580
15.00
1592
lbell
16639
loe72
17.1v
1753
17.99
18e49
19.01
19.50
2012
2071
21edv
2191
2295
23e10
238V
<l olby
25eU03
25173
26039
27.05
27«70
28¢ 30
2903
29.09
3035
31.01
5100’

3UeV

+00
BEARING ARtA

HOT G-LEVEL

70.31
45.15
3447
2869
25425
23.1U
21.76
2094
20.49
2030
2Ue 3V
20.44
20.609
2103
21.43
2189
22039
2292
23.47
2405
24 .04
2525
2He 86
2648
27.11
2774
28437
29.01
29.64
30.28
30.91
31.54
32.18
3280
33.43
3%euUd
3467
35.28
3590
3650
37.11
37.71
38.31
3890
39.49

12,50




<o
2edY
Qe840
2ol
2e¢50
2eDY
200
<eBD
el
2eTd
Ze80
.
290
eI
3.00
Je0b
J.10
delb
d.20
d¢25
3.30
Je3H
J.40
Jeldd
3.50
de5H
Je60
Je0D
e 70
de 75
J.80
J.85
J3.90
395
Q.00
4405
410
4elb
4e20
Qe2d
430
4.35
4e40
Qeldd
350
4.55
460
4.60
4e70
Q475
4.80
4ol
490
4.95
500

Table 7,

Typical CUSHOP Output (concluded)

15.<¢1
15.05
15.90
15007
1504
1b.03
1628
loeld
loe0LH
1680
17.08
17.32
1750
17.80
18.0%
18.31
18.07
18.83
19.10
19.37
19.05
19993
20.21
2090
2079
21.08
2138
21.08
2le97/
2228
2208
2288
€3elY
2300
23.81
2hell
el
ChelDH
2%« V0
2538
2570
20001
26¢3)
2605
L6097
2Te29
2Te01
2Te9d
28ecl
2808
28¢Y90
292
<9e 0D
29e07
3019

32033
32099
33.04
34.30
G eHYL
JHe0U
Jbedd
ALY
3704
d8e18
dBe S
3940
40l
Q0«73
41.30
Q1.98
42.01
43e23
43.85
44 e840
45eu0 7
4He0LY
YoedY
Koo )Y
4749
4809
HeLY
4928
49e07
H0eHO
0104
D1eb2
D2elY
H2.17
DI IY
L3.Y1
LYY
DHeUY
bHeoU
Voelo
Loe L
HT7ee !
HT7.8
S8 37
Y891l
VYD
HY e YY
o0edd
ol.00
OleLU
boeld
02e0LL
0Seld
UJ.'U
Lheld

40.07
40.065
4123
41.80
B2e37
4293
43.49
44.05
44 .60
4515
4509
“0023
Yoe77
4730
47.83
4835
48.87
H9e 39
49.90
Y041
50.92
Hlefh?2
H1e92
D22
5291
L340
H3.89
H437
H4.895
55.33
HH e 8V
Hoel7
Yo« 74
5720
HYTe07
Hdell
HaeH8
H59.03
HYe 48
H9.93
LU« 37
ole82
Lle20
6leoY
b2eld
02eH0O
0299
0341
63.84
LU 2O
OO
uL V9
obeb1
6L e 92
L A3

B R —




Table 8. Typical ENCAP Qutput

-———

CUSHION MATEKIAL OPTIMIZATION

ENCAP

£ THAF OAM=2
LOwen SS 83 UPPER SS 100 DROP HLIGHI 23.0 G=LEvekL 35.u
MATERIAL THICKNLSS 250
YEMPERATURLES -05.00 70.00 160.00

wEl1GHT 10.00 MIne BEARING AKEA 10.00 MAXe BEARING ARcA 12.00

STATIC STRESS CulL O=-LEVEL AMBIENT O=LEVEL HOT o=LEVEL

«05 284 ¢ 30 154.¢5 ol.86
«10 190.21 9509 4l.01 |
e15 144457 0793 33.28 ?
«20 11642 52.08 2895 |
25 9699 41.71 2049 i
«30 82.08 3400 25.06
«35 71.609 29.208 24427
40 62.97 2540 23.88 |
45 55.91 22449 23.77 ;
50 50.10 2028 23.86 i
«55 45.¢4 18.01 24.10 |
«60 41.15 173 244
«65 37 .06 1641 24.85
«70 34.07 15.74 25433 {
75 3210 1529 25485 {
«80 29.88 15.01 coel4l |
«85 2796 14.87 20¢99 !
«90 26be28 1l4.80 2759 |
«95 2403 1495 2821 {
1.00 23496 15412 28483 '
105 2246 1537 2947
1.10 2150 15.09 30.11 ,
lolb 20007 1600 3076 {
1.20 19.96 1be47 3140
1¢25 19,35 1692 32405
130 18¢02 1742 3270
135 18.38 1794 3334
le40 18.01 1849 33.98
lel5 17.71 19«00 3402
1650 17.47 19.05 3526
1655 17.28 2020 35.89
1.60 17.14 20«88 3b0e5H2
165 17«05 2le02 3715
le70 17.00 2217 37.77
1e75 1698 2283 38439
180 17.00 2350 39.00
185 17.05 2ol 39.061
190 1713 2 e B0 40.21
195 17.24 25000 40.81
2400 1737 2belH 41l.40
2405 1793 2094 4199
1 2010 17.70 2705 42457
i 2015 1790 28034 43.15
2020 18.11 2904 4372

2025 1894 29¢7H 44.29

é




2e¢30
235
2¢40
2e45
250
2¢955
260
2065
270
275
280
285
290
295
J3.00
J.05
Jel1l0
Je15
d3.20
Je25
J3¢30
3635
Je40
Jel4S
350
355
J¢60
Je¢65
3.70
375
380
385
3¢90
395
4400
4.05
4,10
415
420
4e25
430
4635
4e40
4445
450
455
4.60
Be65
470
4e75
4.80
485
4.90
4495
5.00

Table 8.

Typical ENCAP Output (concluded)

18.59
1885
19.13
19.41
19.71
20.02
2034
20.07
21.01
2135
21.71
2207
2244
2281
23.19
2397
23.96
24+ 306
2476
2516
25¢57
2598
26039
2681
2T¢23
2705
2807
2850
28493
29¢36
29.179
3023
30.66
31.10
3154
31.98
3242
3286
33.30
33.75
34.19
JYe03
35.08
3502
3597
3642
3606
3731
37.75
3820
3805
39.09
39,54
39.98
40+43

30«45
31.16
31.87
3257
3328
3399
3469
35,40
3610
36«8V
3790
3820
3890
3959
4029
4098
41.07
8235
43,04
43e72
4440
4507
4575
4642
47.09
47«70
4842
49.08
49.74
5039
51.05
5170
5235
D299
53.603
S4e7
S54.91
5554
56017
H6.80
D743
0800
58.07
59.29
59.90
0052
6l.13
61e73
0234
6294
6354
bl4eld
bUe7d
6532
6591

44.85
45.41
45.96
40.51
47.06
47.60
48.13
48.67
49,19
49,72
50.23
5075
51.26
5l.76
5227
H2.76
H3.26
53.75
S4.24
S4.72
55.20
55.67
Y015
5662
57.08
57.54
S58.00
58.46
58.91
59.36
59.80
60.24%
60.68
6l.12
61.55
61.98
b2e41
6284
63.26
63.68
o009
6451
64 .92
6533
65.73
6014
b0« 54
6694
67«33
67.73
b8.12
o851
68.89
09.28
09.66
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tailored cushion would be 7.14 inches square at a static stress level 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 dynamic cushioning curve results are obtained with
the ENCAP code, for a particular set of conditions. Figure 2 is a typical
output of the ENCAP application technique.
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CONCLUSIONS

This report documents the step by step procedure necessary to develop
a bulk cushioning model for use in either a tailored or encapsulation appli-
cation. Appropriate computer codes are included in the Appendices for the
model development methodology. Any new bulk cushioning material can be

modeled utilizing the developed methodology.
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APPENDIX A
Single Material Data Collection Form Generator Code




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 material name are input by the user.
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- !
e Y e L S TS  E T S S T TR RN SR SRS SR RS i

\' !
! % SIvult MATERIAL UATA CuLLECTION FORM GUNERATOR
3
R T T T R T S T T T P T P TS PSS RS SR SRS RS
-
¢ THiS PRUGKAM RANUUMLY VRDERS THE NUMBEKS FKOM 1 TO 12 USING A
& UNLIFORM RANDOM NUMpER OENERAITORe THEiN CALLS A SUBROUTINE WHICH
. PRANTS FORMS CUNTALINING THe KANDOMIZED CUSHION THICKNLSSES.
.
COMMON /NUMS/Z WUMG12) ra (1) o NUMR(12) oNEw(le)
COMMON /ZMATT/ MAT(3) pMT1emTceM13
-
. KEau THe wuMotr OF FORMS 10 PRINT» NEe AND THE RANUU SEED x(1).
~
REAU (Hrduu) wkex(l)
-~
. LAanaMPLE CUL
\ 123450 70Y01234507890
% 5 Yo'l
.
. wE AL Tt MAaTErRLIAL HWAMES AND THE SAMPLE THICKNESSES
-
REMU (DeS50u) (MATL) pI=100) pMTLeMT2eMT
.
- LAAMPLE CUL
. le3ubo/sYul23gbo ruyo
- LIHAFVAM=2 1 & 9
.
VO 100 1=1012
NUm(L)=1
L0vu COnTINUL
.
. EwbERATL AND PRINT NF FORMY
.
VO 300 L=1eNF ‘4
CALL RANDU (Xxrle) ¢
.
. VRutR Trk SAMPet THICKNESSES BY RANDOM ARRAY
.
CALL SUKRT (12)
wew(l)=MTL
whwlg)zmTld
WEw(3)=mTl "
NEw(Q4)=mT A !
‘ NEw(S)ZHTe |
{ NEwlb)=mTe

NEwl(7)2nTe i
Newlp)=mTa 4|
NEwW(G)ZMTO ;
NEw(10)=M1o
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T—

Q-'\)U

nEwlll)amly
NEwl(12)=MTY

w0 <00 nzlele
ISUB=NUM (N

NUs (TSUB) =iew in)
COn I Inue

VENERATE vew AU SEEU

All)axtag)slooce+l. D
CALL wWRATL

COn i INUL

aRiTE loron0)

STuP

FORMAT (JorFpeu)
FURMAT (3A8e01c)
FORMAT (1hl)

tNuU
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COMMUN ZINUMS/Z WUMEL2) o X (1) o WUMR(L12) »NEW L)

sLorOUTLNE FOK SORTING N RANDOM NUMBERS IN ASCENDING URpDER
Aliu ARKANOES THe CORRESPONUVING THICKNESSES: NUMe ACCORDING TO
THLS RANDUMIZATLOIN SCHEME .

"ol X A e

l SUORQUT AL SURTIN)

| M=iv
‘ LJU \:OI\IXNUL
| , M=m/ ¢
IF (MJbEWeu) HETURN
K=N=M
J=1i
<Uu CONT INUL
l=y
QI CONT INUL
11=1+m
F (X(1)eteX(1l)) GO 10 4dy
F=a(I)
XUi)=x(4il)
Alll)=F
NF=iNUM(L)
NUMCTI)=SwUMCTIT)
UM L1I)=NF
LiZ]l=M
LF (l.s0el) 6L TO 300
SJ4 CONT INUL
Jautl
IF (J,Glan) GU T0O 10y
00 TU 2u0
eNu

Fewns
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| 9
:
l SULROUTINE wkIlE 'j

SUSKOUT ANt WHICH PRINT THE RANDOMIZEU FORMS FOR
URUP HELIGRTS UF 12" 2l 'e2G''e AND 30°',

e
‘ol gl of &

3 COMMOM ZNUMSZ NUM(12) e X (12) #1iUMR(12) o NEW (1)
COMMON /ZMATT/ MAT(3) yMT1eMT2,M13

P D e G e B B B

WwRITE
WRLITE
wRITE
wRITE
wR1TE
wRITE
WR1ITE
wWKiTE
WR11TE
WRITE
WR1TE
WRiTE
wRLITE
wRITE
wRLITE
WRITE
WRIiTc
WRIIE
wR1ITE
whkilb
wKiTE
wRilLE
WRLTE
WRITE
WRLTE
WRilE
wRITE
wRLTE
wRiTE

(orlu0)
(br2UN)
(pe300)
(oe&u0)
(oe&qU0)
(or5u0)
(br190Q0)
(oelu0)
(oro(0)
{or700)
(orlyav)
(ber80LO)
(or00)
(orl90u)
(oru0)
(beBULO)
(orl1900)
(or300)
(or900)
(or&u0)
(orly0u)
(orl9CU)
(orku0)
(brl1100)
(6r4u0)
(orl200)
(brly00)
(orou0)
(e /700)

WwRITE (601500)

WwR1TE
WRLITE
WR11E
WRATE
WRLTE
WRLITE
WRATE
WRITE
WRATE
wRITE
WRLITE
wWR1TE
WRLITE
wRiIIE
wRITE

(weou0)
(orl4q00)
(Le1900)
(brou0)
(orlH00)
(oerduQ)
(brlo00)
(601900)
(Lesu0)
(LrloNO)
(LedLO)
(ber1900)
(obr40u0)
(be4u0)
(Lrl90v)

(MAT(I)riz=103)

(NUM(T) e l=1r4)
NUMR (1)

Ml

WUMR (2)

NUMK (3)

NUMR(4)

NUMR (9)

(NUM(I) e I=5ry)

NUMR ()

M2

NUM.‘\' ( 7 )

NUMR (8)

NUMK(9)

NUMK(10)
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wRaTL (OeDULC) (NUMET) e I=90 1)
wRATE (Le4u0)

WRITE (oweogQ)
| WRITE (0rl90U) NUMK(11) |
aR11t (0 700) MY !
wRITE (uebuQ) |
wWRITE (0ebuL0)
wWRITE (00r1900) NWUMK(]12) ‘
wRITE (Leou0)
wRiTt (oesuQ)
WRITL (LeloOU)
KE TURN

Lou FORMAT (1H1e2HAr 'SINGLE MATLRKIALY v //7 026X e A0Ge 7/ /012X 'STIRESS LEVFL
Lot elOXe "RUFLICATIONS ¢ //7/71Xe *TEMPERATURLE LY/ /77)

29u FORKMAT (11t o340 *UROP HEIOHTY//710Xe Y1 o qXe U412 e 3Xre t 14X 418,
LR L X o 29 Y Y IXe YTV pUX P QHIU' e 3Xe 1Y)

30U FORMAT (lexrt====]11)y(tamecmcc]ea=a]")) 1

40u FORMAT (loare'I'ey(oXe'] 1))

LJu FORMAT (1ri+r24nr4(I2,10X))

0L FORMAT (loxe 'l r4loXptle===]1))

700 FORMAT (1r+tellAarIle2H?)

odu FORMAT (loaet1'sq(Lixerfr))

oL FORMAT (144 e GXe*'TY)

1Qu0 FORKMAT (1H+,9Xr'H")

L1000 FORMAT (Lt e9Xe 'Ll eSxe I puxe4(I2,10X))

L2ul  FORMAT (1H+,9Xe*'C*)

1300 FORMAT (1H+s9XrdHR o ILlo2HY)

L4000 FORMAT (1H+,9Xe'N')

L1500 FORMAT (1hi+s9xe't')

louu FORMAT (1H+,9Xr*'SY)

1700 FORMAT (1H+ellXrllogH'?)

Loud FOKMAT (lexetem=e=]lt ) (tamacncama=a]t))

L9uU  FORMAT (1h+r7urelle2H'Y)
ENU




APPENDIX B
Composite Material Data Collection Form Generator Code
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The Composite 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 2 of the report. The number of

forms and material names are input by the user.
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rd s Y
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LR a0 0 00 kg k0 R R R Rk 8K R R R R KR OK R KO KRR R R R R R R R kK R

¥ -
; . CUOMPUSIITE 1wy MATERIAL DATA COLLECTION FORM GENERATOK
(9
? COR et aPnta btk dkr Kok ok g ko ok R O K g R Rk e B ok R KRR kR bR kR kR ok
. . 1H1S PRUGKRAM RANDUMLY URDERS THE NUMBERS FROM 1 TO 12 USING A
| C JUNLFORM RANDOM NUMBER GENERATORe THEN CALLS A SUBROUTINE WHICH
| & PRINTS FORMS CUNTALINING THE RANDOMIZED NUMHBERS.
L
COMMUN /NUMS/ NUMLL2) ex (1) NUMR(12) eNEW(L12)
COMMON /MT/ MATL(3) e MAT2(3)
C
. READ THe NUMBER OF FORMS 10 FRINTe NFe AND THE RANDU SEED X(1).
C
KEAV (Srou0) NFeX(1)
¢ EXAMPLE: COL
- 123450789012345678901234567690
C UAIM 000 “6720
(&
3 .
! (* KEAD THL MATERIAL NAMES AND THE SAMPLE THICKNESSES
[
i READ(S59400) MATLeMAT20MTLeMT2eMT3
- G
: ¢ EXAMPLE: COL
: C 123456789012345678901234567890
; . VAIA LtTHAFQAM? ETHAFOAMY4 1 23
i C
: VU 166 4=les12
NUmM(I)=a
1Gvu COnT INUL
-
. VEnERATL AnD PRINT NF FORMS

VO 300 L1=1eNF
CALL RANDU (Xrld2)
CALL SORT(12)

NEw( 1) = mMTH
NEw( 2) = MT1
NEw( 3) = MT1
New( 4) = mMT1
NEw( 5) = mTe
NEw( 6) = MT2
NEw( 7) = wmTe
NEw( B8) = mMT2
NeEal 9) = mT
New(10) = wTd
NEw(11l) = mT3
NEw(l2) = mT3

V0 <200 n=1rl2
ISUb = NUM(K)
NUMR(ISUB) = Ivaw (W)
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§owcd

P s e e e

<00

20u

40u
2dvu
olu

COnT InUE

GENERATE NeW KANDU SEEU

X(1)=x(12)*1.0e4+1,0
CALL WRATE

COINT1NUE

WRITE (orb00)

STuP

FORMAT (LA4r312)
FORMAT (1H1)
FORKMAT ()

eNU
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Cec e

c

luvy

<Ju

00

40u

SUBROUT ANE SORT(N)

SUBROUTINE FOR SOKTING N RANDOM NUMBERS IN ASCENODING URDER
ANU ARKANOES THE CORKKESPONUING THICKNESSESe NUMe ACCOKDING TO
TH1S RANDOUMIZA(LION SCHEME .

COMMON /NUMS/Z NUMCL12) rx(12) s NUMR(12)rinEW(D2)

MZiN
COnT I
Mzwm/ 2
IF (Mebwe0) wiluRls
K=in=M
J=1
CONTINUL
) =19
COni INUL
LI=I+m
IF (X(I)elTeX(LL)) GO TU 4uy
F=all)
X(i)=x(11)
A(LL)=F
NFZNUM( 1)
NUMCI)=wUmIL)
NUM(ITI)=NF
1=1=M
IF (l.6tel) GU TO 300
LOnT IhUC
=vtl
1f (\‘cb‘o'\) U 10U 10\)
00 TO 2u0
ENU
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l SULROUT INL WRIlc
¢
l . GENERATE AND PRINT NF FORMS
("
COMMON /RNUMS/ NUM(12)ex(12)s NUMR(12) rivtw(lg)
COMMON /MT/ MAT1(3)MAT2(Y)
C

K=1
WRLITE (brelU0) MATL1,MATZ
WRITE (br2ul)
WRLTE (o0r300)
WRLITE (o0e&00)
WRITE (6r4u0)
i WRITE (021800) KeMAT2(1) 9 MAT2(2) v MAT2(Y)
x WwR1TE (be4u0)
| WRITE (0e500) (NUM(1)eIz=1lr4)
WR1ITE (be&00)
WRITE (0els00) KeMATL1(1)eMATL(2) PMATL(3)
WRITE (orbu0)
WRITE (oe700)
WRITE (0e1700) NUMR(1) ¢ NUMR(1)
WRITE (0e700)
WRITE (oe700)
WRITE (6r000)
NRLITE (o0rdl700) NUMR(2) »NUMR(2)
WR1TE (00700)
WR1TE (0r900)
WwR1TE (oe700)
WRITE (00e1000)
WRITE (0el700) WUMK(3) e NUMK(3) ;
WRITE (0e700) |
wRiTE (brliOu) i
WRITE (o00300) ¥
while (orle00) 13
|
|

WRLITE (o09rl700) NUMR(K) s NUMK(4)
WR1TE (oe4u0)

WR1TE (Le1500) |
WRLITE (br400) '
WRLITE (orl400) i
WRATE (0el700) NUNMR(S) s NUMR(S) ;
WRITE (0e500) (NUM(I)el=508) {
WRLITE (orl00) f
WRITE (6r1500)

WRLITE (oe&(0) |
WRITE (001500)
WRITE (Le1700U) NUMR{G) P NUMR(6) 1
WRITE (orb0) !
wRiTE (be700) |
WRITE (601700) NUMR(7) 9o NUMR(T7)

WRA4TE (60700)

WRITE (60700)

WRITE (0el1700) NUMR(8) ¢ NUMR (&)

M

- ,,,,,,,,H‘ -




‘ wRITE (or700)

KRan+l

WRITE (0elb0U) NeMAT2(1) e MAT2(2) P MAT2(3)
l wRITE (or700)

WRATE (0e1700) WURR(9) pNUMR(9)

WRITE (0e700)

WRITE (orlb0U) AReMATLI(1)eMATL(2) MATL(Y)
WRITE (oedu0)

WRITE (0el700) WUMR(10) ¢ NUMR(10)

wRATE (Le&y0)

WRAITE (or400)

wRiTe (bel700) WUMK(11) o NUMK(11)

wR1ITEL (be&U0)

WRITE (0eH00) (NUMCI)eI=901lp)

WRITE (or4u0)

WRATE (oel700) nWUMR(12) PNUMK(12)

wRiTe (oeou0)

wRilE (we700)

WRLITE (or /00)

WR1TL (oe700)

sRLTE (e 700)

K=K+l

WRITE (0els00) ReMAT2(1) e MAT2(2) e MAT2(S)
wRATE (be700)

WRITE (be700)

WRITE (o0rlb00) KeMATL(1) oMAJL1(2) e MATL(I)
WRATE (orlo00)

RETURN

10y FORMAT (1h1028Xe'COMPOSITE MATERIALS'»//25Xe ' INNER(BOTTOM) ' 95X 0
LUTERUTOP) "o // 020X A4 TS0 3A4r /7 /7 012X0 'STRESS LEVEL: ' v 15X *REPLICA
2TION:*///1eX o " TeMPERATURE: '/ /7)

<0u FORMAT (1A »34X0 '"UROP HEIOHT*//2UXe ' L0 el XogHL2 o 3Xr * 1 p X o 4HIE" 1
13X 'L el XelH2G "o 3Xe ' 10 )4 0 4H30 s 3X0 L)

30v FORMAT (loxrt====]t ) g(tumccac]ee=a]"))

40u FORMAT (20xr'1'r4(pXs ") 1))

Lou FORMAT (iH+,28XK04012/910X))

oQu FORMAT (20A¢r 114 {EXp V' Jmm==]1))

700 FORMAT (20xe*L'e4(21Xer1?)) e d

s0u FORKMAT (1H+,9Xr'T')

90v FORKMAT (1H+¢9Xr'H')

L0u0 FORMAT (1h+,9Xr'1"')

Liud  FORMAT (LiH+s9Xr'C')

1200 FORMAT (L1H++,9xr1HN) i

L1300 FORMAT (1H+,9Xr*'N*) :

L4u0 FORMAT (1H+,9Xr'E") |

; LOu0  FOKMAT (1H+r9x2'S") N

b | Aoud FORMAT (loxtt'====]1 )y (lamcvccnma=a]))

i 1700 FORMAT (1H+¢69Xr11e3H = ¢11)

1800 FOKRMAT (LH+,6XrI1r3H"=,3A4)

ENU

A i o (e
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APPENDIX C
Analysis of Variance Code
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The main driver of this code establishes dimensions, reads the input
data, and calls the split-split plot analysis of variance UNIVAC STAT-PACK
program ANOSSP as a subroutine.

The following is a description of the necessary input parameters and

floating point arrays that are created in ANOSSP.

Y is a NI by NJ by NK by NL, floating-point array;
four-dimensional array of input
observations.
NI is the number of main treat- FORTRAN integer;
ment factor A levels. input
NJ is the number of subtreatment FORTRAN integer;
factor B levels. input
NK is the number of subtreatment FORTRAN integer;
factor C levels. input
NL is the number of replications FORTRAN integer;
per experimental cell, NL > 1. input
SS is a 12-element array contain- floating-point array;
ing sums of squares. output H
IDF is a 12-element array contain- FORTRAN integer array; ‘
ing degrees of freedom. output
F is a 10-element array contain- floating-point array; F
ing F-statistics. output ;
PF is a 10-element array contain- floating-point array; ‘
ing probabilities that the output 4
F-statistics are exceeded. b
YMNSQ is a 11-element array contain- floating-point array; :
ing mean squares. output |
The above five arrays are ordered as follows: ;
{
In program execution, ANOSSP employs the logic given below: t

(1) Sum the observations for the grand total, factor level sums, and
l cross level sums.

l 44
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(2)

(3)

(4)

(5)

(6)
(7)
(8)

(9)

(10)

(1)

(12)

(13)
(14)

(15)

(16)

(17)

(18)

(19)
(20)

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

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

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

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

Calculate replication level means, and sum of squares.
Process the first order interaction parameters.

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

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

Calculate Ax replication interaction level means and sum of squares
for Error (A).

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

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

Process the second order interaction parameters.

Calculate the AxBxC interaction level means, estimates of effects,
and sum of squares.

Calculate the AxBx replication interaction level means and sum of
squares for the second component of Error (B).

Multiply each source's sum of squares by an appropriate factor to
obtain the final sum of squares.

Compute total sum of squares, the residuals, and the residual sum
of squares.

Subtract the replication, Error (A), and Error (B) sum of squares
from the residual sum of squares to obtain Error (C) sum of squares.

Set up the degrees of freedom.

Set up the mean squares.
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|

(21) Divide each source's mean square by the appropriate error mean
square term in each Error (C), Error (B), or Error (A) group to
obtain the F-statistics.

(22) Call FISH to calculate the probabilities that the F-statistics
are exceeded. FISH is a required subprogram but other sub-
programs which compute F-statisitcs can be utilized.
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" A o ol aak ol Sl il el

c

C

.

189
ilv

1cu

19V

SYMAJL (NI e INU P LD o Y LJK CNT 0 ind g NKD) » YMINIK CNT o NA D) » YMNUK (NJ 2 NK) »

AFPARRPLE AR B R R RRARR RN R R E R R AR R P R KRR R R R R R R AR R R R R R R R R R R k¥

PRUGRAM USES  STAT=PALK ROUTINE ANOSSE (SPLIT=SPLIT FLOT DESIGN)
TU CALLVULATE ANALYSIS OF VARIANCE ON CUSHIONING MATERIAL
UALTA USLINo NI STRESS LEVELS, 3 THICKNWESSESe 3 TEMPERATURESe AND

3 REPLICATIONS.

R R KR RO R R O kR RO g R R R i R R K gk R R kg R K OR KR R K Ok K kK ROk K ok K OR b ok R Kk i

FARAME LR WIZLoeNUZ3aNK=3 N =30 ISUMGZ204 IPROD=5YH

LSuMe 1o wlvildriintie

IPKROL Is CUINI+1)*(nJ+1) x(NK+1)=1)

UIMENSIUNG YD oindeNKaNL) 05S(12) v JDF(12) 2F(12) e PF(12) o YMNSQ(L12) ¢
LALPHA(IPROL) o YETMUCISUMG ) » YaddIL CNT o NL) ¢ YMNJL CNJ o NL) s YMNIJI(NI o NU) »

IR (el e NUsNK P L)

mIz=ivl

Md=IivwJ

MK ZINK

THERE 15 A SEPARATE CARD FOR EACH DATA SHEET. LOOPS FROM InNSIDE
VUL AKL TemPerATUREr THICANLESSe REPLICATION, AND STRESS.

INPUY FUuReaT 15 FREE FiELue.

LU 110 1314N1L 5
JO LuS w=lefiL o
REAL(Sr20Uu) (LY (L1eJdeKeL) rRZ1eNK) pJd=1eNU)

LOI\TII]UL

COnTINUL E

CALL ANUSSF Y riNL e iid e NKeNL eSS e TUF e FePE r YMNSU» ALPHA» YETMN YMNIL » €
ATYMJL e YL e YMAOL e YMEAN» YMA UK P YMNIK » YMNUK P LERR 2 S13Ur e MI # MU MK) ;
wRiTE QUTPUT

WRAITE(or1900) (CCOY(Truekel) s KS1oNK) pJZ1oNJ) P =1 eNL) p1=19N1)
WRATE(D22000) (LpSStI)»IOF(I) P YMNSQUI) v F (D) hPF(I)pI=1r12)
whiTE(0r2010) YMEAN, (ALPHA(L) »I=1¢IPROU)

WRITE(Lr2Uc0) CCU(RCLpdrko L) o L=1 o NL) P RZ1oNR) v JS1eNd) p IZ10NI)
WhaTE(622050) (YFTMN(I) p1=1,15UMYy)

wRITE(or2040) CCYMNILCLoL)eL=1oNL)eI=1si])

wRITE (0020500 COYMNJILGI L) =1 NL) ruz1 o NU)

wRiTE(or2000) (IYMNIJ(Lpd) ru=leNJ) rI=1rin])

WRATE(or20/0) CCOYMIOL (L edel) oLl eNL) pJd=LoNU) p IZ1eNT)
wWRITE(or2G000) (CIYMLIUK(LpJdrK) P K1 NK) pJdZ=1eNJ) » IZ1eN])
wRiTeE(orcuyN) ((YENIKCLI K) pK=1oNK) 2 1=10inl)

WRATE(0r2100) (CYMNUK(JoK) ern=1 e NK) v Jd=1rind)

STUP

WRITE(Or2410) LlERK

o0 TO 1<u

FURMATS

LU0u FOKMAT()
190u FORMAT(LH r9tl4en!
2U0U FORMAT('L L'22Ar 'SUMS UF SQUARES' r3Xe 'UFS'rHXr "MEAN SQUARES® »SXv

LYF=STATLISTACS " rOX? "PRODGT ot "7/ (LXe L2120 0EL15.605X2 130 2R2E15e002X
cbloete2ArlSen))

culu FURMAT(YOARRAY UF ORANU MbAay AND EFFLCIS'/ (1XrYE14.0))
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G

cved FORMAT(TORLSEIDUALSY /79X "REPLICATE 1% v9ar "RLPLICATE 2'¢9ne ' 4
LA'REPLICATL 3/ (DAPEL1Se0 e DX 1Hebr Xk 1YH.0))
codV FOKMAT(*OFACTOR LLVEL MEANS'/(L1Xr9E14e0))
cudu FORMATLYOULITRESS LbveLl X REPLICATIONS*/(1xedt15.06)) ‘
QULU FORMAT(*UTHICANLSS X REPLICATIONS'/(1Xr3L1%.0)) .
<UOU FORMAT(*OSTRLESS LEVEL X THICKANESS'/(1Xe3E15.0)) |
€UlU FORMATLYO5IREDS LLVEL X THICKANESS X REPLICATIONS'/(1Xrob15.0)) | .
CUBU FOMATC('OSITRESS LuvEL X THACKNESS X TEMPERATURE'/Z(1Xe0E1%e0))
2090 FORMAT('OSTRESYS LbVEL X TEMPERATURE'/(1xe3L15e0))
SAO0 FORMATC " OTHICANLSS X TeMPERATURE'/(LXr3E15e0))
Silu FORMAT (P OERROR £X4T FROM SUBROUTINLe IERKR = 'ele)
LNU




R R R R R RO KR R RO R R K R OR R R A 8O RO gOR R RO R o 8 R o R R R R K K R K Ok kR KK
SUUROUT INL FOR A SPLIT SPLIT PLOT DESIGN ANALYSIS OF VARIANCE
O R AR R R OB R OB K O OR R K g R R K 00K o 8O0 RO K R kR kg o K ok ok ok Kk
SULROUTAINE ANUSSEF (YeNLyNJeNReNL eSS I1DF o FePF o YMNSQr ALFHA» YFTMN»

LYMIL s YMNJL e YMINIJ? YMIJL » YMEAN? YMIJK e YMWIK e YMNJUK e JERKRe S r R

cMloeMJeMn)

VDIMENSIUN Y(MIeMUPMKe1) oSS(1) e IDF (1) eF (1) ePF(1) e YMNSQ(L) P ALPHA(L) »
LYFiMN(L) o YMNICCMIe L) o YMNJL (e L) n YMNLIJ (ML 1) o YMIJVL(MIoMJIrL) 0
SYMIUK(MArMUr 1) » YMNIK(M) 1) p YMNUK(MUP 1) rK(ML)MJIMKy1)

(% A AR R K R KR R R ROR ORI K g R R R o K R R o AR RO R o K g R o o K R R ko ok R Kk

C INLTIALLZATIONS

. 0 R R R o 0 0 RO K R gOR O R K o o b o g R ok R RO K 1
XNL1=NI
XNU=INJ
ANR=NK . §
ANL=NL ;

NIu=NI+ind
NLIUKRZ=NIU+iun
N1UKL=NLIJR+NL ;
SDUMB=0 i
XU U= XNL*xXNJ F
ADIRZXNL*XNK ‘
XUlL=Xivh®xainL
ADUKZXINJ R XINK
ADRL=XINK®*XNL
ADubl=XNuxXNL
ADAJR=XU1J*XNK
AUDUKLZXUJK*XNL
ADLIKL=XUIR®XNL
ALLAJLZXUL I U XINL
VO 1 I=1r1le

1 5S(1)=0.
w0 2 I=1/NIJKL

e YFIMiN(L)=0e
VO 5 1=Z1eNJ
L0 H J=1riNu
LU 4§ K=lrivn
vl 3 L=l
IMLJUL(LleJdrLL) =0
YMinDL (JrL) =0,

S YMwIL(I/L)=D.
YMAJK (LI rdrR)=Zue
YMwJK(UrK) =0,

¢ YMNIK(IrK)=0o

O YMNLIU(Led)=0,

e o aidada i

e e " E

YMLANZSU .
" R RO RO R KOO OKOK K ROk R K R R OR R OKOR R KR K OR ROR KOK K K R K KR ok K g K KR K ok R KOk
C bEolN SUMMING LeVELS
o A OR R R R OB O R R o R R OR  OR KR R g K Rk R R KO K K R R g K gk ok KR KR

VO 40 1=1rivI
DO S0 J=1riJ
U0 <u K=]1 v NK
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(839

VO 10 L=1rhL

YMINUR (U e R ) = YMINJR (Ve R)+Y (LTedphrell)

YMAR CL o) =YMNAR (L eR)*+Y (T rdpnell)

YMicAL (L) 2YMNLIC (L e L) *#Y (Trdanel)

YMivdbh (JeL ) zYMinuL (L) #Y (T eueir L)

YMnEJd (Ll e d) SYMAJd(L e ) #Y (Lrdekel)

YMAJL (Lede L) =Y MLIOL (T edel)¥Y (L7 JreKell)
IMAUR(LrdeR)=TMLIUR (L edeR)HY (L rdeKel)
YFIMNINLIRYL) YR TMNONTUR L) ¢ Y (L rdekel)
YFIMNONIOUYR) ZYE ITMNINTJ+RK) tYMIJK (T edrK)

YFIMNCNE YD) ZYE TMNINTI+J) 4 YMN LU (T ed)

YFIMNCL) YR TMNCL)YYMNIO(TPu)

YMEANSYMEAN+YF TMNCT)

T R T T R T e e R TS PR ST RN 5
ORANDL MLAN

R R R e N e YR ST R R S R
YMEANZYMEAN/ XULJU/ AUKL

AR R R R AR R AR R R RN E R R R R Rty R R PR R QR RR R PR AR R RN AR AR R R R AR R RN AR
COMPUTE FACTOR MEANS AND EFHECTSe THEN FACTOR SUMS OF SQUARLS

FACTOR A LEVLEL MEANS, LFFLCTSe AND SH

L e T e ST TR Ny
v S0 1=1+¢NI

YEIMNCLD) ZYETMNGOL) Z XDJKL

ALFPHACT) YR TMNGL ) =YMEAN

SSLL =050 Y HALPHACD) saLPHA (L)

LT N T N T T TS R RS RS SR SRR S R N Y
FACTOR o LbVil MLANS: BEFFLCISe AND SS

LT R R e e e e S R S S R S NS FE SRR S )
VO HH J=1rid

YEIMMNONI AU SYR TN INT+J) /XU IAL

ALFHA(INI+J) YR IMNINLAY) =Y ME AN

SSIR)ZSOS () +ALPHA NI HY) wALPHAINT+Y)

R R N Y T T e N T e S TSR 2
FACTUR C LEVEL MEANS: EFFLCTISe AND SYS

LT E R R R e Y S e e N Y I T S T TSRS SR N
LO bl K=1rhk

YEFIMNINIO*YR) =YF ITMNINTJHK) 7 A0 1JL

ALFPHA(NLIJAR) ZYE ITMNONLJ+K) =7 MLAN

SSCT) SO (7)) +ALPHACNTUSR) ¢ AL HA(NTU+R)

LR e T e T e T TS S SR TSP S S RS R N Y
REPLICATIUN Leviel MEANS AN SS

LR R R S e T e e T S S TS S SRR )
U0 oY L=1rivl

(R IMININLOR L) =Y F TMNONT UK L) ZAD T UR

LS V=SS D HUYFTMNINLIJURAL) =YMEAN) * %2

AR R R R R R R R R R R R R R R R R R R R R R R R R R R R KR R R R R o ROk ROk R R R
FInST ORDel INILERACTION LoVl MEANSe EFFLCTS AND SS

LR Y e T e S A T T T T T R R T T L T T TR TSR SR RN )
JO 80 1=1rivl

LT LR R e N T e e T Y P S R T RS TS S S N L Y
FACTOR A X B INTERACTION Lovel MEANSe LHEFECTSe AND SS




B s e Gae o TN BB

)

Wiy

o

ne e

7V

75

e1Y)

33e)

Yu

10v

T A KOK K RO R KK KO OR KR R R K R R R R O KR R 8 R R KOR R K A o K K OROR K o K o K R OK O R K K

u0 70 v=1eind

YMinIJ(Ied)zYMNAJ(10U) ZXUKL

NDUMENTUR+(T=1) xNJ+d

ALPHA (NOUM) SYMNEJ (L e D) =YF TMiv (1) =YFTMN (I +d) +YMEAWN

SS(H) =S5 (L) +ALPHA (NDUM) xALPHA (NDUM)

A 0 O K R OROR RO OR O K OKOR i A A Rk 80K K R OK KR OR R R OOR 3OK K 0K K o kR 0k ok K ok ok ok KOk

FACTUR A A C INTERACTION Level MEANSe cFFECTSe AND SS

20K KKK O K K o K A OK g O R O K ROR IO KK i 3K 8 K R K R R R R 8 i K i K O K kK KOk

U0 75 K=1e¢NK

YMVIK(LeK)SYMNAK (LK) ZXDJL

NDUMENIUK+I I * i+ (1=1) *NK+K

ALPHA (NUUM) SYMNLIR (Lo K) =YFTMiy (1) =YFTMIN(IN1J+K) +YMEAN

SS(6)=S5(8) +ALPHA (WDUM) xALPHA (WDUM)

A AR K R RO O 0O OK K K R R R K R OK R OROR R o K o R K OK K K gk kK kK kK o ok ok ok oK Ok K K

FACTOR A X REPLICATION LEVEL MEANS FOR ERROR(A) SS

A AR OK R OR R ROK K OKOR KR KR OR AOK g K OR OB R OKOR KOK R 8K kK KK ROR K ok K R kK 0K KOk KOk KK K

U0 U L=1rNiNL

Ml (Ie)=YMNAL (Lo L) ZXDUK

SSES =SS I+ CYMNIL(I L) =YFIMN(I) =YFTMN(NIUK+L) +YMEAN) %%

U0 90 J=1NJ

A K o R O OKOR Ok K R R R OROR KR A g K K i K KR KR o K gOK KOK ROROR K K OK o R R 0K i K R ok ok K KOk

FACTOR 8 A C INIERACTION LEvVEL MEANSe LFFECTSe AND SS

A R R KR R OK KK KR R R K ORI R R KK K i K K R g 8 8 KK K K g KOK ROR ok K g K R OK K K KOk

DO B5 K=1¢NK

YMINVUK (Ue R ) SYMINUR (W K) /XD IL

NDUMENTUK+NI*NJENITRNK+ (J=1) *NK+K

ALPHA (NUUM) SYMNUK LU K) =YF THV(NLI+J) =YFTMN(NLJ+K) + YME AN

SS(9)=55(9) +ALPHA (NDUM) *ALPHA (NDUM)

A K OR ROR RO AR K R KK O R o KO K K K OK OK iOK KK K g K K K K Rk K kK R R K ok K o K R ofOK K KOK K

FACTOR v A REPLICATION LEVeL MEANSe ANU SS FOR ERROR(bL) SS

A 0K R OR K R KOK A OK R OK R OR R o KO KR R K R KOK 0K KOK Kk K Ok R OK K R K ek 8k O o K o K K ok K ok KKk

VO 90 L=1rNL

YMivdb (Ve L) ZYMNUL (Ve L) /XU IR

SDUMb=SuUML+ (Y MINJL (Jp L) =YFTUNINI+J) =YFTMNINIJK+L) + YMEAN) %2

A OK OK K R 0 R KK ORI OROK R KOR o K R OROK KO KK i 8K K kg 8 kK K OR R K K 8 K R R o K o K 80K K OK KKk

OSECOND ORUELR (WTERACTIUN LbveL MEANS: cFFECTSe AND SS

Ao 0K KO R O KK OB R K K K OR OK R 8RR KR KOK KR AR K R R K KR KO gk K OR R OK K K R K K K OK

DO 110 1=1r,NI

VO 110 u=1rNu

R KOO R R KR OR OK R EOR OK KOK R o K KOK RO R R KK ROK AR R i 8Ok 8ROK K OK K i R KR g K g K KOk K R K Kok

FACTOR A X B X € INTERACTiOiv LEVEL MEANSe EFFECTSe ANU SS

AR OO R ORI OK K gOK R K R R K O OR OK RO K a0 30K K K K K K Ok R ok 8K Ok K ok K ok K K K

LO 100 A=1r¢NK

YMIJR (IrdeK)ZYMAJR (L odeK) 7/ XL

NUUMENLUK+HN TR NI ENLRNKH NI RN+ (T=1) kNJRNK+ (J=1) *yK+K

ALPHA (NDUM) SYMLIUK (L p I K) =YMNIJ(I pJ) =YMNIK (L e K)=YMNUK (UrK)+YFTMN(I)
LEYFTMNONI+O) +YF IMIVINIJ4K) =Y AN

5S(10)=55(10) +ALPHA (NDUM) *ALPHA (INOUM)

R OR OR OK R ORROR OKROROR KKK R ROK Rk 3R OK K K KR R ok K R OR R K K R OR K R g OK 0RO K K K Kok

FACTOR A X B X REPLICATION LEVEL MEANS AND SS FOR ERRUR (B)

A R g R K R R ORI R R o O R R R K OR O KR K K a3 R KKK K K i OK K OR  ok EgOK ok ok kKK

51

m—

s —— W~




1l

14V

vO 110 L=1rNL

YMaJdL(LledeL)=YMIVUL (1 oJoL) 7 XNK

9SS (0)=So (o) +(YMAJL (T eJdo L) =YMNIJ(T o) =YMNILC(I L) =YMNJL(JoL)+YFTMN(I
L)HYFTMNINA+JI) #YFTMNNONIUK+L ) =YMEAN) ®%2

AR R AR AR R R EE R AR KRR R R KRR KRR R R KR R R KRR RN g R R R R KRR Ry
MULTIPLY SS Y CORKECT FACTUR TO OBTAIN SUMS OF SQUARLS
o R R o g g K o g o i g o i 3 R R R K g R b o g g ok ok kR
SS(10)=5S(10n) »XNL

S5S(9)=S5(9)*xxuil

SS(8) =SS (8) *XVJL

SS(7)=SS(7)xXD1JL

55 (0) =S5 (o) *XNR+SUUMO* AU IR

5S(5) =SS (H) *XUKL

SS14)=SS(4)xXULKL

5SS )=5S(y ) xxXDuUn

SS(2 )=LS e ) xXulvun

59S(1 )=55(1 ) *xXDUAL

A oK O RO R ORI W KO ORI g i 8K R T R R O g g K o A 8K R R R K o K R ki g OK kR R ok KK
COMPUTL TOIAL SUM OF SwUAKRESe RESIDUALSe AND THE RESIDUAL 5SS

A 2000 K A K K KR o ORI K g R R g 3 a8 R R K K g R K ok o K g K Kk ok KR
DO 140 LI=1,NI

VO 140 u=irNJ

VO 140 KR=1leNK

VO 140 L=1/NL

55(12)25S(12)+(Y(LrJeKoL)=YMEAN) x%2

CALL OVeRFL (IbRK)

IF (lEKReLWwel) 0O TO 9y

A 0O 0 0RO ORI AR K R o RO R KO K 00K K ROR oK g K KR OR K g ROR R OR g K g 0 8 o ok Kok
RESIDUALS

g R K ROK R R R KK o K R iR K KR R K R o K o R KK s 8 g o ook K
NUOUMZ NLIJR+ IxNJU=NJ+J

NDUMLI=NLAJR+NL®vJI+ 1 aNK=jyK+K
ROLeJeReL)ZY(LrJr KoL) =YMEAN=ALPHA(I)=ALPHA(NI+J)=ALPHA(NIJ+K)=
LALFPHA (NUUM) =ALPHA (NDUM])

NOUM= NIJR+NI®*NJ+NLRNK+JENK=NK+K
WOUMISNLIJK+NIRNJ+HT R NK+NIRNK+ T ENIENK=NJI*NK + JENK =NK +K
ROLeJoKeL)ZR(1pJrKeL)=ALPHA (NDUM) =ALPHA (NDUM1)

B K R K g K O o N R R KK o R K R o o R R R g KO o R R ROR R R ROk
RESIDUAL 5SS

a0 K g R K K 0K RO o R K KOR K R R o R R R OR R K i R R R o o ok Rk ok R
SS(11)=0S(11)+R(IrdeKeL)*R(1vJreKrL)

0 o R KO OO O K R R K K R R g R RO K KRR R R R R Rk Rk
ERROR(C) 5SS IS RESIODUAL SS LESS E(B) SS LESS E(A) SS LESS REP SS
A0 KR R OROKOKROK K e K K KKK K R K R K K R R o R K Rk Rk
55(11)3255(11)=55(6)=SS5(3)=S5(2)

R KA K 0K KOOI R R KA K ROK R O OK K ORI K KRR K K R ok K R
St UP uBOKEES VUF FREEUOM

AR R K OK R A ORI ORI R O O SO R O K KK HOKOR O  ag  K Ok k p K
TIDF (12) =N1aNJENA®NL=1

lur (11)=SNAaNJ* (NK=1) «((vL=1)

AOF (10)=(Nl=1)*(NJ=1)*(NK=1)

JDF(9)=(NJ=1) % (NK=1)




1
i
L
1
i
]
1
1
1
!
l
1

c

e

1oV

is0U

1lv

Yy

Ior () =(lua=1) % (NK=1)

LOF (7)S0K=4

LOF (o) =nls(NU=1) % (\L=1)

ALF(S)Z(NLI=1)*(NU=1)

1DF (Q) Zivd=1

LDF (S )=(iva=1)*(NL=])

IUF (g )=NL=1

lor(l J=nNi=1

B0 0 e RO R b g o R o O R g e e o K o g o o e o K ok o K K
S UP MEAIN SWUAKRES

T N A R R R AR R A O g g g o K O a0 o o KO K ok
vO 150 i=1lr11

YMNSQ(I) =SS (1) Z00F (1)

A 0 K R o K g o R K K K K g op R R k0 o R o o g K o o o K R
COMPUTE F=STATISTICS AND PrUpABILITIES F=STATS EXCEEDLD

cRrUKk (L) OROUF

LR R R R R R e e R P R I R P TR T FTE ST S S
v 160 1=7.10

FOo)=ymnSutI)/ZYymnSwu(l1l)

CALL DVLHR  (ILRR)

IF (JERKetGel) U TO 99

PF(L)Sle=FLISH(F(D) o IUFC(I) e at(11))

A Ok K RO K R o e o OO K KR e 8 KK K R o o o A o K o RO K Kk
LRROK () LROUP

R R Y R Ty P e T e T ey T e T L P T I L I R T
uO 170 L1=4¢5

FOL)SYMILWSWT) ZVMNOG ()

CALL DVOHR  (IbkrK)

IF ‘IEHNULU-I) w0 10 9y

PF(L)=1le=F1ISH(F (L) 2 IDF (1) o lur (6))

A g R 0 K 0 R o g o o O R o K o o g o g ok R R K
tinOR(A) FUR FACTUR A

Ao 0 T o T R o g o o g o o o o O
FOL)SYMNSUW(L1) ZYMNSW(S)

CALL DVLHR  (lerkr)

iF (lERRecuel) GO TO 9y

PFOL)S1le=rAiSHIF (L) 2 IDF (1) o apF(3))

E | URN

RETUKN 1

ENu
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APPENDIX D
Data Analysis Code
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The main driver of this code reads the data, initializes 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 OUTLR subroutine. This criterion for rejec-
tion of outlying observations is explained in detail in the OQutlier 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.




D T S D G S S S e e e e e e By e ey e e

0000 0 20 30 0 0 o e O o A g o o o o o o K o R o o o Ok R R R

C

C UATA ANALYSIS PROGRAM

C

O 0 2 o o oo o K R KK A o R K g i R o K o K R R R ok kR K R ROK R K
C

C

C MALN DRIVER READS THE CUSHION MATERIAL DATA RECORD CONSISTING OF
C TEMPERATURE s URUP HEIGHT» THICKNESS: SIRESS=LEVELe G=VALUE.

C KREPLICATION AND MATERIAL TYPE (IN THIS ORDER) »

(" INLTIALIZES ARKAYS CALL OUTLR (OUTLIER SUBPROGRAM)» AND CALLS

C CVREG (CURVILINEAR REGRESSION SUBPROGRAM) «

C

C THe QUTPUT IS IN THE FOKM OF:

C FOR A PARTICULAR

C 1l DROP HEIGHT » TEMPERATURE»AND MATERIAL THICKHNESS A

C TABLE CONTAINING THE STRESS LEVELS AND G=VALULS,

C AND ANY POINT THAT wAS REJECTEULU BY OQUTLR IS ALSO LISTED.
C

C 2. THE F = STATISTIC AND THE FIRSTe SECONDe THIRL AND

C FOURTH UDEGREE POLYNOMIAL COEFFICIENTS ARE LISTED.

C

C

30 A0 30 a0 K 0 O 0 0 0 o 0 o oK 8K g 00K KR i 3 8 ok o K o 3K g o Kk K o Kok ok ok R

ODIMENSION STR(7S) e G(75)e ALPH(3) e X(75)
DIMENSION COEF(10)e YI(75)r SIGHAT(4)
DIMENSION XNEW(75)» YNEW(75S)
DIMENSION BK(Se&)
REWIND 12
KNT=0
IFLAG=0
KFLAG=0
GO0 TO 200
L0u KNT=1
60 TO 300
200 KEAD( Sr17007ENUZR00) ALPA2)A3PA4PAS A (ALPH(L) v 1=1,3)
IF(ANTeEQeU)DTU=AI
IF (A3«NEe DTJ ) 60 TO 500
KANT=KNT+1
J0u TEMP=AL
DHT=A2
THCK=A3
LTY = AJ
STR(KNT) =A4
G(KNT)=AS
REP=A6
60 TO 2Uu
40v IFLAG=L
200 NPTS=KNT
VO 600 L=1/NPTS
X(1) = ALOG(100«%STR(I))
000 CONTINUE
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PR

wRile (0r2500) ALPHeDHT » TeMpP s THCK
wRiTE (0rl90V)
1=l
LTemP=nP TS
lou IF (1.GToaTEMP) GV TO 100V
LF (STRUI) EQeSTRIX+1) ANUSTRII+1) ¢EQ.STR(I*2)) GO TU 900
IF (STR(I)eEQesTR(I+1)) GU TV 80U
WRITE (002100) STR(I)eX(I)eG(I)
RFLAG=]
I=1+]1
60 TO 70y
olu WRITE (0eccOu) STRID) pSTROL+1) o X(I) o X(I4+1)yG(I)eo(I+]1)
KFLAG=]
I=l+g
60 TO 700
YGu WRITE (0r2000) STREL) eSTROI+1) o STROI+2) o X(L) e X(I+1) o XCI42)0G (1) eG(
1i+1)eG(LH¥2)
is)+)
G0 TO 7vwU
L0Uu) CONTINUL
O 000 00 0 00 o 00 000 0K 0 g K K iR 00K 0 KR a0k K o K o R o a0 o R K oK K K
CALL OUTLK (NPISeXrGoNEWPT > XNEWe YNEW)
A R R K K R g K KK KK K KOO o R R K O R o K o e X o K o K OR R K
VO 1u70 Ih = 1eNEWPTS
XNew (IR)=X(IK)
YNew(IK) = G(In)
A07d COnTINUG
NiI=0
Alu0  l=iNI+l
O o o kR % 00K KA 0 0K KKK R o 8k 3O KK R K g K K R R K K R OR g K KOk K KK
CALL CVREL (NLoWNEWPTSe XNEwWe YNEWe DEGRE ¢ COEF)
CRAEPRRRRRERR PR R KRR R R R R R R K OR KRR R R R KRR KRR R R kg R R ¥
SIOGHAT(NI)=D,
(® POLYNOMIAL CALCULATION
vO 1200 I=1eNEWPTS
YICI)=CULF (1) +COEF (2) *anEw ()
IF (NI ebwec) YI(L)SYLI(I)+COEF (3) «XNEW (L) 282
IF(NIoEWeS)YI(A)SYI(I)+COLF (4)%XNEW(I) %%}
LFANLeEWwe®)YIC(L)ZSYI(L)+COLF (H) xXNEW(I) %%y
SIGHAT(NI)=SIGHATINI) +(YNEW (L) =YI(I))*x2
COnTINLL
VO 1150 K=1+¢5
BR(KeN1) = COLF(K)
UF SNEWPTS=iNI=1
SIOHAT (NI)=SIOHAT (iwl) ZuF
IF (NI.uTel) w0 TO 1300
00 TU 1a00
FZABS((SIOGHAT (Nl=1)=SIGHAT (1)) /SIGHAT(iN1))
LF (NI ob@e)F=ABS((SIGHAT () =SIGHAT(4) ) /SIGHAT(4))
NIl=NnI=1
WRITE (0elo00) FeivaloSIGHAT(NII) PN1¢SIGHAT(NI)
\F (NI.L[-‘O) o TU 1100
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|
I
I
|

s |

1400

JS IV

lou0

1740
lo0d

1940
<300

<£1lu0
2200

wRaTE (1)
WhITE(12) UHT e IEMF e THCR» (ALPHTITI) 0 I1Z102) 0 ((BK(KKoJJ) rKK=105)»
1 JJ=1:4) (R(LL) rLL=1 ¢ NEWPTS) ¢ (Y(LL) +LL=1¢NEWPTS)

IF (IFLAG.tQ.1) GO TO 1500

60 TO 1luo
Py = 9999y
wRITE(1Q)

STuP

NEWP I >

IPT

FORMAT (///72X0'F =t 0ELL.8r0x0'SIG 0110150 =9 91EL15.8¢5X0'SIG" 911/ 'SQ
L ='eEi1De8)
FORMAT (3F10.UrF10e202F10e0r8X03A4)

FURKMAT (1HL9»3A40 ' DROP HE4GHT OF ' oFS5el92H' 9"y TEMPERATURE 'r1F6.1
L42'Fr THICKNESS'rF&e102H?)

FORMAT
1'S)
FOKMAT
FOKMAT
FORMAT
END

(1K

(1H
(1H
(1n

»8Xe 'STRESS LEVELS'121Xr 'LN(100#STRESS LEVELS) * 925X 3HG

1 3(SF10.495X))
v 3(FLl0e40254))
1 3(2F10.4015X))




SUBROUTINE OUTLR (NPTS»XeYrNEWPTS» XNEW, YNEW)
CHmatpBadmmpb ok R ok R g K K R K O o KK K KK

C

C QUTLIER POINT REJVECTION SUBPROGRAM

C

000 000 000 o o0 o KK R K R o K KR R K KK
METHOD BASED ON THE NAIR CRITERION (AN EXTENSION OF THE

EXTREME STUDENTIZED DEVIATE FROM THE SAMPLE MEAN) .

o

C
C
C FOR THE SET OF OBSERVATIONS HAVING THE LARGEST VARIANCE
C EACH OBSERVATION OF THE SET IS TESTED INDIVIDUALLY AS A
C CANDIDATE FOR REJECTION AS AN OUTLIER.

C

C

002000 0 o0 a0 0 0 o o o o o o a8 o o o o o K o 2 o ok K K
DIMENSION x(1)» Y(1)y XNEW(1)r» YNEW(1), XA(25)s XB(25)¢ XC(25)¢ YA
1(25) e YB(25)r YC(25) s, YMEAN(25) e S2N(25)¢ KEY(25)
TESTV = 1.66
0O 100 I=1.25
100 KEY(I)=0
NTEMP=NPTS=2
L=1
I=1
200 CONTINUE
Jol+1
K=l+2
IF (I.GT.NTEMP) GO TO 500
IF (X(J)eNEeX(K)) GO TO 4UuU
IF (X(I)eNE«X(J)) GO TO 300
XA(L)=Xx(I)
XB(L)=X(J)
XC(L)=X(K)
YA(L)=Y(])
YB(L)=Y(J)
YC(L)=Y(K) ]
KEY(L)=0
LabL+l |
I=]+3 |
60 TO 200
300 CONTINUE
I1=1+]
60 TO 200
40u CONTINUE
I=1+2
60 TO 200
900 CONTINUVE
L=L=-1
NP=L
NPTS=(L*3)-1
C CALCULATE MEANS & VARIANCES
DO 700 I=1/NP
IF (YACI)eNE+YB(I)eOReYA(I) ,NEsYC(1)) 6O TO 600
YMEAN(I)=YA(I)




Sein(l)=0.0 ‘
WRITE (00r2300) YMEAN(I),Scei(l)
0 TO 700
olu CONTINUL
YMEAN(L)=S(YA(L)+YB(I)+YC(I))/ 3.
S2N(IISC(YAC(T)=YMEAN(T) ) %224 (YB(I)=YMEAN(I) ) %2+ (YC(I)=YMEAN(I) ) xx
12) /2.
70v CONTINUE
C 00 000 0 0 0 KA a6 K o o 0 o o o o o o o o o o o o
C SORT IN ORUDER OF DECREASING VARIANCE
CALL SORT (NPrS2N?YMEAN,YArYBeYCrXArXBrXC)
O 0 00 00000000 a0 a0 3o o o 0 K o o oo o K oK o R

C CALCULATE SNU
L=l
C SUM VARIANCES
800 KNT=0
SUMV=0.

DO 900 I=1/NP

IF (KEY(I)+EGel) GO TO 900
IF (I.Euel) GO TO 900
SUMV=SUMV+S2N(IT)

KNT=KNT+1
900 COnT INUE
l SNU=SQRT (SUMV/ (KNT=1))
¢ TEST

TASABS((YA(L)=YMEAN(L) ) /SNU)
TB=ABS((YB(L)=YMEAN(L))/SNU)
l TC=ABS((YC(L)=YMEAN(L) ) /SNU)
IF (TA«cQeTBeORsTALEQeTCeOR,TBEQeTC) 0O To 1300
TESMAX(TA»TB, TC)
[ IF (TE.LE.TESTV) GO TO 1300
) IF (TE.EQ+TA) 6O TO 1000
IF (TE.tQ.TB) 60 TO 1100
IF (TE.EQ.TC) 60 TO 1200
l 60 TO 1300
10U0 WRITE (0r2400) LoXA(L)oYA(L)TEVSNU
XA(L)=999.
‘ KEY (L)=1
60 TO 1300
L1100 WRLITE (or2400) LeXBIL)YBIL)TErSNU
XB(L)=999.
KEY(L)=1
60 TO 1300
r 1200 WRITE (602400) LeXC(L)sYC(L)»TEISNU
XC(L)=999. ;
KEY(L)=1 J
(" CHeCK Tu SEE IF ALL VALUES 8
1300 AF (LeE@enP) 0U 70O 1400 |
L=L+l &
60 TO 800 i
t

¢ PUT IN NEW ARRAYS
4 1400 L=y

60




L5vu0 L=L+]

IF (XA(L)=999.) 1000017009100
. POINT ACCLPTEL
loU0 INEwWPTSTINEWPTS+]

XNEw (NEwPTS)=XA(L)

YNEwW (NEWPTS)SYA(L)
1700 IF (XB(L)=999,) 18u0,1900¢1400
loud NEwWPTSSNEWPTS+1

ANEW (NEwPTS) =Xo (L)

YNew (NEWPTS)=Yb (L)
1900 IF (XC(L)=999.) 2000¢2100°2000
2000 NEWPTSINEWPTS+1

XNEW (NEWPTS)=XC (L)

YNew (NEwPTS)=YC (L)
2lud IF (L.GtenP) GO TO 220v

00 TO 1500
22ud RETURN

l NewPTS=0

23u0 FOKMAT (1Hurl2X¢'SAME VALUES "12F6.0)

2400 FORMAT ('QREJECT POINT'yI50%) X S'9F0e20'r Y S'1F6620' 1T =V 9F6e20!
1'SNWU ='rFue2)
ENu

|
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' SULKQUTAINEL CVREL (N1 yNPTeXeysDEGRECOEF) A
COR AR RO RN R R AR R R R R E AR KRR AR R AR AR R R R R RS R R R RN ¥ |

(" CUKVILINEAKR REOGRESS1ION

. CURVILINEAR REGRESSION DETERMINES THE cQUATIONS

C VF THE STAITISTICALLY BeST FL1ITING PULYNOMIALS OF FIRST
(" SECONDe THIRD AND FOURTH VURpERe

.

C

ER AP AR AR RN R R AR AR RN AR R RN R R R R R KRR A g R R R R R R D b &
UIMENSIUN AC10rll)e X(1)e Y(1)e COEF(1)y» KUN(1U)
N=N1+]1
MZiut ]
ANFT=NPI
v0 1U0 1=1¢N
LO 1V0 v=1irM
1Ju Alled)Zue
ACLel)=nPI
VO QU0 KR=L NPT
V0 300 1=1¢N
L0 300 VU=1rN
IPJU2= ] +u=<
I (1PJe) 30urd0Ur200
20v ACLeJd)SA(IrJ) #X(K)xx[PU
20U COoniINUE
VO 400 1=<eN
m ACLeM)ZACI M) +X(R) *%([=]1) %Y (K)
VO 500 U=1eNPT
oUU AlLeM)ZA(LeM) +Y (J)
V0 oLl J=1eM
DO o600 4=1¢N
oy ACLeJd)=A(Ied) /ANPT
IERKRZ0
M=yt ]
VO 130u 1=1¢N
1F (A(LIre1)) sUUe7LU800
/0v lERRZ1
V0 TOU 1wuv
vldvu TEMP=1e0/A(Ir1]) E
IP1=1+1 L
VO 900 J=irlem
90u ACLed)=A(led) *lEMY
VO 1200 K=1'N
IF (l=K) 1u00r120U01000 ‘3
loud VO 1100 J=1P1M L
LIU0 A(nrJd)=A(ReJd)=A(Kr L) ®A( 0 J)
12ul  CONTINUL .
1300 LOnTINUL @
NZwl+l
M=N+] ;
1490  LF (LEKR) 1500r 16001500 (8
I500 WRLTE (Le3100) ;
60 TO 2500 {

e R eap—

eq—

g
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LO 1700 K=4¢N
17200 COLF(K)I=A(K!M)
SUMRZZ=U e U
V0 190U I=)eNP]
YC=COQEF (1)
| VO 1800 K=ZeN
LU0 YCZYCHCOEF (K) ®Al 1) e {K~])
R=Y (1) =YC
LYo0  SUMKR2=SUMKLHR* K
SIOMAZSURT (SUMRZ/ZANPT)
SSLRRTSUMRe
SUMRZ=Y (1)
LUO 2000 I=c NP1
&000  SUMR=SUMRS+Y (L)
BARY 1=SUMRZ/ZNP )
SUMREZU .0
U0 ¢l0u (=1iPI
R=Y (1) =uvAKY1
«lul SUMRRISUMRgz4+R*K
SSTOT=5SUMKe
SSKEOG=55TUT =5S6ERR
USKEO=SSREOG/NY
USERR=SSERK/Z (NPT=(N1+1))
FRATQ=USREG/DSEKR
LVEOLF T=N1
VEOGHFB=NPT=(N1+1l)
VEORESNFT=1
ETS=SSERR/SSTUT
IF(LTSe0E«leDILTS=140
COKRSSURT (1e0=LTS)
wkiTt (0ed0Q0) N}
whRiTt (or2000)
WRATE (0r2700) SSREGIVLGFTPDSREGPFRATO CORK '
WRITE (0rcb00) SSERRPDEGFb e USERR {
WRITE (0602900) 5SSTOT,0LGRL '
wRiTe (orc40uy) ‘
MM=ivi+1 }
U0 2¢0u 1=1+140
2ul KOn(l)=l=1
MRITE (0r2b00) (KUNCL) o COuF (1) o I=1oMM)
23u0 RETURN

l doul Lot INUE

24U0 FORMAT (//7¢2Xe'CURVE COLFFLILIENTSY)

cHul0 FORMAT (//7¢Xe2Ho(?I1o1H) v 3Xe1be7)

SoUU  FORMAT(//Z 90Xt 'SUURCE Y 19Xt 'S oS  rOXp *DeF Y 29X ) "MeSYrOXe 'H 9 12X0 'RY)

700 FOURMAT (/72X '0UE TO'»5(4Xot1lued))

<U0  FORMAT (/792X YABUUT '3 (4Xr10e4))

2900 FORMAT (/72X 'TOTAL Y v 2(UX910.4))

S0U0 FORMAT (1H122X2 *ANOVA FOR CUKVE OF ORDER'e13)

3100 FORMAT (/7 »4Xe 'SINGULAR MATKIX *e/etXe*CURVE FL1T IMPOSSIBLE)
EiNw
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} ] SULKOUTANE SORTIN?VALPALPX20 A3 X4 e XD X009 XT7)
‘.‘l‘000.0".‘.““““‘0.‘#““0“‘#“*‘“‘ttt“.#“““*‘.“"““‘0‘0‘
(%

; ¢ SUBROUTINE FOK SORTING N NUMBERS IN DESCENUING ORDER
(9

CEREP R AR E R KR AR R R A RN R R g RN R R R R R R Rk R ko
VIMENSION VALCL) e A1(1) e X2CL) e X3C(1) e XG4 (1) e XH(1) e X0(1) e R7(1)
M=iv=1
wG 100 i=1leM
“=ltl
VO 1u0 AI=LeNN
IF(VAL(1) «Gte VAL(II)) GUTQ 100
F = VALL(I)
VAL(I) = VAL(I1)
vVAL(LII) =+
F=xl1(l)
A1el)=x1(ll)
AL(11)=r
F=xe(l)
Xx2tl)=xe(ll)
A2(11)=k
F=x3(1)
A3(I)=xo(ll)
X3(11)=F
Faau(lI)
i AG(l)=xe(ll)
Xe(Il)=r
F=Ab(])
AS(I1)=x0(11)
AS(LI)=F
“ F=aol(])
£ Xo(l)=Xxo(ll)
: xo(ll)=¢
: FSA7(I)
b § X7¢I)=x7(1})
X7¢11)=r
10U COnT INUL
KE TURN
NV
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APPENDIX E
Cushioning Model Development Code




The Stepwise Regression code generates the coefficients for the terms

in the general cushion model. It uses the data as generated by the Data

Analysis program.
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BERAELRARRKR R ER PR KR AR R R AR R AR G R R R R KRR R DR B R R S Rk R &k

THLIS PKOGRAM 1S Uscu TO OGENERATEL THE OYNAMIC CUSHIONING MOUEL.
*ex The PLUT KQUTINES ARt STANDARD CDC ob0u SCOPE ROUTINES +%%

PASS 1 1S uStu TV OENeRATe DATA FOR THE MLR PROGRAM.

PrSY ¢ 1S uSuu Tu cValUATe Trik COEFFICIENIS FROM THE MLR PROGRAM
ANU PLUT THe FINAL RESULTS.

C O CC.C-F OOC 5

AR ROR K KR R R RO R R K ok K R R KR O R R O R R A R R R R R R ROk K R R R R R AR R A R kR

PhuokAM MOUEL (TAPE1=1350r IAE2Z6Se TAPELL e
+ TAPLY8=65r TAFE99=]1 30
» PUNCH=0L5» 4nnPUTZe5e QUITPUTZ=130r TAFET=FUNCHe TAPESZINPUT)

VIMENSTUN  TEAP(L10) e ATEMP ()LL) tDROP(10) s DL(1U)
vimelSIo HEAL(E) » LEFT(B), BUTTOM(y)

viMeinsivn RIGHhI(LY)

UIMENSLIUN  TiU(S1) vCOEFF (1) e A(8YS) ex(1ul)eY(101)
vIMENSIUN NC(eB)e NCAKD(B),» V(51)

VIMENSIVIV THICRLLU) v NSYMLU)

VAIA LoFT1/78%1h /

VALA HEADZo*LH /
VAIA  TuMP/lu*ue/r DROP/Lu®ye/ ¢ ATEMPr DL / 20%10H*A* % xkkkex /
VAIA  THICAZLu*0e/ 0 NSYM/1UxlOH* ¥ kxkpxnnx/
UAIA HLADZu%*1n /9 RIGHT/Z1b%3H / ‘
VATA  TrPruhinTurSSroL/5% 6/
CALL DKIEC DAY )
Ny = 45

C o LuSeRT wuMbeir  OF LWwUATION TERMS HERE

RewlND 7
READ(Truy04) NIRST
IF L EOF (7) etewe Leu ) GO 10 200
.
Uik g kg dnd PADS L 4003 40k ko Rk 8o R ok ok 00k b 0 300300 0 aOK o %OK KO0 b ok K KR Kk koK kK
2 Wwonl =
% COPY 1aPE 9y lu FILE 1
NBRL =
NBRC =
NP =0
wKeEwlinD 1
KREwsiD va
Lo REAU( Hr905) WNCAKL Y TPe Une 1Ce SSr e REP» TPLeTHZ
900 FORMAT(BALLr Tarbb lUSruXrrALUrA2)
AFC LOFC O ) enibe Us0 )Y wu TO 14
IF(UH es@e 21) WO 10 10
LF(IC svbe Uo)OV 1U 15

i
|
1
i

Cceor

e e e
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EnCODE(H0 e QUUUr NCARD (L)) (P UHe TCrSSPGL
Yudu FORMAT(ODFLuLed)
PRANT 9QuQl e NCARU
Yudd FORMAT(* TEST %x,bAly)
wRi1TE(1e920) NCAKD
NP = Nk O+ 1
. COUNT LIFFLRENT TEMPERATURES AND CONWSTKUCT LABLLS
JO 15 =1 enBRY
LF( TP eEwe TeMP(Jd) ) ouU Tu lb
10 CONTINUL
! TEmP (NbikT) = T¢
. JTP = T
EnCOPE(L100912r ATENMP (NBRT)) JTP
Yae FORMAT (0302 DroREER)
oY = NBRT O+ 1
. COUNT LIFFERENT UROP HL L OHTS AND CUNSTRUCT LABLELS
1o UU 17 Jv=1lrnnBRo
JF( U «EQe URUP(J) ) GO Ty 18
L/ CONTINULL
VRUP (NBRU) = un
Jun = O
EnCopL (lueQl4rul (nBRD) ) Juti
i FORMAT(L3ea INCHESH)
NUBRuU = NBRL + 1

Jra— . a— E- TS

-

(- COUNT LIFFERENT THICKNESSES
Lo UU 1Y U=1riiBhC
LFC 1C etwe THUCKIJ) ) GU Tu 20
ls cOnTliiue
THICK (NoRC) = To
JTe = To
EnvCODE(1ur9lhenSYM(BKE) ) uTC
1o FOMAT(L1109X)
G = ke + 1

ceu LU ANLC
vO 10 19
I ENu FILL 4
ewliD 1
KewIND 99
wonT nBil = 1
NLRU N = 4
WKl NBRC = 1
IF O 1IP*NERTxNORD*VDRC oNEe y ) GO TO 21
PRinI 9lo
Ylu FORMAT (*x1wkOIso INHUT FiLbar//z/z/7)
. Mobe L
o= =LOCF (TEMP(L)) = 1QQuu
IEMP(N) = ue
21 COnTlhve
LF U NEBRY «0Te O ) NyRu = 5
wRATE(90r900) TPLeTP2ringR 1T 2 yuRDPINBRCr TEMP e ATEMP e UROP v UL ¢ THICK ¢ NSYM

" ST ——
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9OV FUNMAT(CALU P OLle/3010FU8/1unlu/))
KEwlnND Y8

NRKETURN = 1
NC L) =NC(R)ZNC (O =NC (L) SNC(LT)ENC (L) =NC(19)=nC(28) = 1
NC D)=y
NC(7)=u
NC(9)=9y9
NC(12) = 1
PRANT Quue UAY
9IU FOKMAT(*1UYNAMIC CUSHIUNING ANALYSIS*9yuXeAlU)
v 150 vl = 1l
KEwlinND 1
WP = 0
NWC(l)=NL (o) =T
WC(2)=NC(L3)=iC(14)= INVK
IT = TemP ULT)

1oy rREaL(1r901) TPe uHe TCr S5y GL
9JL FOKMAT (oFlueb)
IF( EOF (1) «Nce Geu ) GO Ty 120

1ASerT UATA CUNDITIONS HEREesee LSO IN AFFLCTED DO LOOPS IN PASS 2 ceee
YVAR = OL

COMPUIL UYnAMIC CUSHIONING MODEL VARLABLES
o0 TO 8UY
1uo COnT iU

LoeRT YVAR ThANSFURMATION HERL 00000 0000000000000 0000000000ce000000000
wRiTECLL) ( VOJ)r U=l HNVR ) YVAR
NP = NP + 1
00 TO 1Vl

12vu ENu FliLe 11
PRANT Su2risP
9de FORMAT(//% NP = *1hH)
WRITE(29904) L
PRINT Quier 1L
yd4 FORMAT( 1445 )
WRATE(299U0) TPLe TP
PRANT 9dor TPL»TP2
JdL FORMAT(LUXe T2 #UYLAMIC CUSHIONING MODEL* HSxz2Alu)
1ovu COwT INUC
PRINT 9070 ( TeMP(U)y U=1rphT )
PRINT 9u&r ( UrRVP(U) Yy U=1rnyRO )
PRANT 9U9e ( THICKR (V) vJ=1r0skKC )
YO/ FORMAT(///» TEMPERATURLS* 11F0.0)
9db FORMAT( /% ORuP HELGHTS* 11F6.0)
9dY FORMAT( /% THICKNESSES * 11F6.0)
Kewlinh 11
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Rbwili) &
o T0 999

LA B8 03 04 PALSG 2 33 KKk ko g Kk Ko p KO8 3 K R K K K o % Kk ROR KK Ok ok ok ok g K gOKOK koK o Kk

(9

cdo REwliD 7

<4V
eV

Yee

Yliv

Y4l

REAUE CONSTANTS FOR PASS 2
RowilND 98
REAU (G0r900) 1P TP2eNgRT e piRD Y NBRC» TEMP e ATEMP e UROP UL » THICK ¢ NSYM
IF( ABKT ecQ@e U )  STOP 'cKRUR?
HRLTURIN <
HEAU(L) 1Pl
neau(2) 1P2
AMiIN = ALVLLIU( oud )
AMAX = ALUGlul Llueuy)
UX = ( AMAX = xXMIN ) / 10U
REAL(70e920)  NCARLe Ky CunsTe NTe iNWoeiwbe NSTERPe NUe SE» R
FORMAT(OALUP YL IO 202048015 rF20e4rFly.7)
IF( BEOF(7) oNte LeU ) GU Tu 999

PRANT 9o NVe i
FORMAT (%1% / *]1» 15*% VARIABLES CORKELATLION CQLFFICLENT ISx
*Fbe///7% MLR WUTPUT CARLS*//)
PRINT 9dvr MCARU
FORMAT (A XrBAlD)
DO 220 J=1/NV
REAUV(T79920)  woeakbe [HU(J) ¢ CORFF (J)
PKaNT 910¢ MNCARU
ENCODE (1900 9Ll e RIGHT) (1L (J) e JZ1rivy )
FORMATCLOUN?SOAr T 5013)

VO 2N 1T = lenoR]
HEAU(B) = ATEMP(NT)
[P = TedP (NT)

URCK Huloil
JO 250 1 = 1riwohy
UH = DRUP(ND)

nEAL(B) = vl (i)

CALL SEIONIDE Ar =700 XMINe AMAX? Qeur350e)

CALL LAOGKIDC Ar 1 200 2uHLuG( STATIC STRLSS ) )
CALL LABOhADL Ar 20 200 20H G LEVEL )
CALL LALGKIDC Ar 3¢ 309 HuAy )

CALL LAVGRID( A» 49 769 Rluml )

THAVANLSS
Ll 240 wTL =1rnpkl
TC = THACK(INTC)

AX = XMAN
U0 <30 JP=Leluld
SSZ1u*k*aX
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e

lce

<29

c

PRSIV)

<4y

PR 1Y}
oL

.
630

Carxdaknnk DYWAMLIC CUDHIONING MUUELL %%k aokok 40k b a0k ok ok 8 ook K ok oK OK 0k ook koK ok ok ok K Kok K

57

E VIR IREL

COMPUIL DYNAMLL CUSHIUNING MOUelL VARIABLES

wu TO buvy

COnTILINUL

Y(UP) = CunST

U0 25 uz=leNV

i = INUWJ)

Y(uk) = Y(UP) + COcFF(J) x y(I
X(uP) = Xa

XX = XA + UX

CALL PLTIGKRAD( Ar INSYWM(NTC) e 10
CONT INUE

CALL PRINTPLE Ar OLOUTHUT )
CONTINUE
CUIT INULE
G0 TO 210

COnl INUL

SSIL0 = 95 * Lluue
AL = ALUG( SS1luu )

pavd ol
Tl s S

)

Lol REVenSt YVAR THANSFUKMATIUN HERE .

1l

YT L TS

AP

Alec = AL * AL
Shurt = ounitl un )

Cor = IC %% ( =3eH)

IN = (|P+“bU)/lbbo

IRe = Tk * Tr 3
TRo = Tr * TR t
Ry = T3 * TR 1
TCurt = TC**(=JeY) :
ICIH = TCx%x(=1eD)

TCANV = Tia%x(=geb)
V(ul) = TR * [CUH * leu
V(u2) = TK * TUOH % ley * AL |
VvIpa) = TR * TLUH * leu * ALc i
Viue) = Tk * TLTH * SRun i
VIiud) = TR * TCTH * SRuH * AL
viue) = Tr * TLTH * SRUH * 4L2 L
Vu7) = Tk * jLuh * SRUH {3
VIub) = Tik * TLUH % SRUR * AL
viuY9) = TR * [Tuuh * SRUH * paL2 F
VIiU) = The » 1CUH % 1,¢ 4
Vil) = TRe * ILOh * 1.0 * AL |
VEl2) = Tie % TCCH * 1.0 * aL2 N
VIi3) = TKke * 1CTH * SKpH F
V(L14) = TRe * TOTH % SKkpH * AL |
VIL19) = Tre * ICTH * SkuH * ALz i

7




viio) = Tre * (LUN * SKDH
V(17) = TrRe » TCUH % SRDH * AL
vild) = TrRe * ICTH * SRDH * AaL2
VI19) = Tro * TC0H * 1,0
V(igU) = TR x TCOH * 1,0 * alL
Vicl) = Ty * 1CoH x 1,0 * aL2
Vice) = TR * TCTH x SKPH
vied) = Tro * TCTH » SKOH * AL
vigh) = TRo * TCTH * SKDH * Alke
V(gd) = TR * TCOH * SrpuH
Vicb) = TRS * Teuit ¥ SRDH = AL
V(e7) = Tho * ICTH * SKUH * Alg
i Vict) = T x 1LTH
: V(¢9) = Tn * TCIH = AL
% VI30) = Tr * TCIH » ALc
] VI3l) = Tke * 1T
: Vioeg) = Tre * 1CIH = AL
VI33) = Tre * TLTH =xaL2
VIo4) = Thy * TLTiH
VIUD) = Tro * (CInt » AL
viob) = Ty » ILTh = ALZ
vio7) = TIn
VvIiob) = TK *x Ac
VI4Y) = TR x ALZ
vigl0) = Tre
VI4l) = TRe * AL
vige) = Te * ALc
vigd) = Tko
Viel) = TRO * AL
V(eS) = Thy * ALg
[
C

Cx £ % % % % # % % % %X x % X ¢ & & % % %k % & 4 % % % % %x ¥ % % % ¥ % ¥ x
wu TO ( 10 » <22 ) NKETUR,,
¢
99y COnT InUL
ehNu

T L1 W S 1 - iapea g s oy
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vl=yo
vo=lvV
14=15
1L0=2u
&d=e2o

PAS S 1V
31=35

QUTYY

Ll=40

40~V

Lu=ou
vl=oo
Lo=/v

vl=yud

vo=1v

CcCrroeccCcrCeCcrCcreorCCcrtrcercrcr.coo N CCCrECOSECOCOI OO C O

P N T T e e TS TS S S S 2

SiePwlst mMULTIPLE LINcAR ReORESSION

R KRR R R RO R R R OR R OR R R R 4 KR R KOK OK R R o R OR K K R  OK o RO R R o K R R OK R OR R KKK

bASLD UPON PRUCEDURLS 1w DRAPER'S APPLLIED REGRESSION ANALYSIS
ANU SHARE NUMOER 1533

TAPLS
TAFPES 11 (bD) AND 10 (up) ARE USEU AS BINARY INPUT TAPES.

wPKOb
NXV
NYV
INDEX T
WUATA

LUEN
INTYPC

wRE AR

mMAXSTY

LFBACK

WSTAKIT

M LINSUM
MAXSUM
MAXRE L

ISR EE S S 82
MLR CONTROL

LEwT

sFONST

Ae MLK CUNTROL

woaurn

o it n
DN DN EFE LGNV D

1

LI L

L B

9 (A0) AND 10 (8u) ARE UsEu AS WORR TAPES.

CARU 1 FORMAT( 1419 ) sokwsoxdors s d ok 40k ok ok b dopok KoKk o K%k
NUMBeR TO IDENTLFY PROBLEM.
TOTAL NUMBER OF INDEPENULENT VARIABLES Il INPUT UATA,
TOVAL NUMBER OF DEPENDENT VARLABLES IiN INPUT DATA.
INUEX UF THe DePenDeNT VARIAGLE FOR THE PRUBLEM,.
TOTAL NWUMBER OF pATA OBSLRVATIONS FOR THE PROBLEM,
1F UNKNOwM= LeT EQUAL MAXIMUM EXPECTED AND ST LAST
UATA OBSeRVATION EQUAL Tu 99999999,
NUMLER UF ALPHABELTIC HEAUER CARDS ( SEE C ).
FUR REGULAR RUN WITH DATA ON CARDS.
TU REwIND 10 ANU STORE CAKD DATA FOR LATER PROBLEM.
T REWIND 10 AnD USE DATA STORED BY A PREVIOUS PROS.
Tu STOKE CARU UATH ON TAPc 10 WITHOUT REwIND.
TU USE DATA UN TAPE 10 WITHOUT FIRST REWINUINGe.
TO USt TAPE 11 (B5) AS INPUT AFTEK REWINUING.
Tu USE TAPE 14 (B5) AS INPUT WITHOUT REWINDING,.
Rewliiy 35, USE AS INPUT» THEN REWIND FOR LATER USE.
TU USt DATA wiThOUT REARRANGING IT.
1 Tu RELARRANGE DATA ACCORDLING TU CONTROL CARL Fe
MAXLMUN NUMgeR OF STEPS OR ATCRATIONS ALLOWED.
Tu BYPASS PRLINTGUT OF CALCULATIONS PRIOR TO SUMMARY e
ScT EQUAL TO 94Ye.
ST AT WHICH BACK SOLUTLION STARTS (ACTUAL VS PRED.)
Sti LQUAL TO U FOR NO bACKR SOLUTIUN.
seT EQUAL TO 9499 FOR BACK SOLUTIOIN OF SUMMARY ONLY.
WUTE = IF NUATa*(NXV+1l) IS GRLATER THAN 3000 A6 IS
USLU TO STORe UATA THEReEBY INCREASING RUN TIME.
NUMbeR OF INCEPENDENT VAKIABLES THAT YOU WISH TO START
THE RLOGRESSION wITH (Stk v). NORMAL VALUE IS 0.
Ir NOSTART = =1 THE PROGRAM WILL AUTOMATICALLY PUT
ALl XV VARIAGSLES IN REGRESSION AT START wiTH A
TeoT UF ONEr WITHOUT CONTROL CARDS IN D. TEST IS ZERO
Fuk CTHER NEGATIVE VALULS.
MIN NBR OF IND VAKK IN SUMMARY O/P. NOKMAL VALUE IS 1.
MAX nNBR OF IMD Vax IN SUMMAKY O/P. INORMAL VALUE IS NXV,.
MAA WBh OF LINL VAR IN REORESSION. NORMAL VALUE IS NXV,

CARD 2 ekt dspdkxsy

0 Fuxk UnatlonTeo DATA

1 [F wllIGHTS ARc READ IN AS INPUT.

0 Ir CONSTANT TexM IS TO GE CALCULAVED.
1 Tu DLLETE COnSTANT TERM
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==1 IF CUNST TERM |5 TO 3t COnNSIDERED AS THE COEFFICIENT
UF A NEw 4NODEPCNDENT VARIApLE XD wHICH ALWAYS HAS THE
VALUEL 1. THE SIONIFICANCE OF ITHE CONSTANI wILL BE
ANDICATED Y IT1S STANDARKD ERRUR.
N Tu LiST INPUT UATAr 1 UTHLRWISE.
0 Tu LIST SUM(AL*XJ)r 1 UTHeRWISE.
Tu LAST SUMIAL=XBARI) (XJU=Xu3ARJ) e 1 OTHERWISE.
0 Tu LIST S1vPLt CORRELATION COLFFICIENTSy 1 OTHERWISE.
1 Ir YuU wlSH 1o INCLUDE AS ADDITIONAL INUEPLNDENT
VARIAbLES,) THt SGQUARES AL THE CROSS PRUDUCTS OF
THE INDEPENUCWT VARIALLES. ZERO OTHERWISL.
OENERATEL VARLIBLES ARE X(WNXV+1)=Xx1*X1
ACNAVH2)ZX1*X2p X(NXVHI)ZX1*¥X3r o0 o XINXVHENXV)ZX1RXNXV
AUNAVENXV+L1)Zn2*¥X2r XUNXVHNXVH2)ZX2%X3 seee ETCo
ALLUWS FOR 1RANSFURMATIONS OF INPUT DATA. SEE G FOR USE
0 FUR 1O TRANSFURMATIONS
1 Fur TRANSFORMAT JONS.
=1 Tu uUSE PReVIVUS TRANS whlCH Axt STILL IN CURE.
4l=45 WVOIU = 0 1u PROCESS ALc UBSERVATIONS. = 1 TO READ UP TO 14
OBSCRYATIONS Tu gE LEFT OUT OF REGRESSION. SEE CONTROL
CAKUD bLe = =1 TO USE PREVIOUS £ CARD
4o=ou 4FSUL = ZeKO FUR NOKMAL UiNe POSITIVE VALUE CALLS IN A
UstrR SUPPLIED oUJROUTINL CALLELU NoROFX(1IFSUBeNXV)
TO CHANGE NAV (WOTL= NBROFA MUST Bt SUPPLILIEU EVEN
IF 171 1S JusT A RETURN) e A USER SUPPLIED SUBROUTINE
CALLEL  EQUAT(IFSUBYDATA) 1S USED TO MAKt THE DESIRED
CRUSS PRODUCT At TRANSFURMATIONS (NOTE= ULEPENUENT
VARLALLE SHOULU uE OEFINED AS THE VARIABLE DATA(NXV+1)
wHERE VATA IS A SET OF OuSchRVAIIONS GOING INTO THE
S/ AND THe TRANWSFURMED SET COMMING OUT ).
0 FUR FEGULAR LNFUT FORMAT(/F1l0e0)
1 T RLAD IwPUT FORMAT( SEE 1 )
=1 Tu USL FORMAT FROM PREVIOUS RUN.
N TV ULLETE PUNCLHING OF LOUATION COLFFICIENTS.
0 Tu PRINT LATE OF COMPUTER RUN
0 Tu READ NamkdS uF VARIABLES. Sttt H FOR FORMAT
=1 Tu USt PREVIOUs H CARDe STILL IN CORE.
1 Tu ASSUME gLANK NAMES

3i=1i5 1FLIST
lo=cu 1FSUNMS
cl=eb LIFRES
c0=3u LFCORN
21=35 NCROSOL

LR I L RO B
o

o0=4U LFTRA

LA 1

H51=59 wkEMT

Ho=uu 4FPHCN
vi=oD LFULATL
vo=7u LFNAML

Cork 2tk af ol 3% w2t ol ol ok all o 28 ak ikl oF ok kit ok 38 4F iR o8 Y 2 A el Ak af oF 3% i 22 Ak A a

LS LT A A O L A X
=

Cateratprx

C Ceo ALPRABETIC HEAULK  CARDS. DO NOT uSt IF  IDeN=0 &

(% Lubiv CARUS wlITH FURMAT(loAD) LAST CARUL REPEATED UN EACH PAGE

CERERRER R X

C Ue LARUS FUR VARIADLEDS IN KReGhesSION AT START AND CORRESPOUNDING TESITS.

w0 NOT usSt IF NSTART=0. Trext SHOULULU O8u 'NSTARTY FIELULS.7(F8.Ce12)

vl=us TEST(L) = A 12ST CONDITIVU, WHICH DLTerMINLS WHETHER A VARIABLE
wlll bt UELLATED OR ALVEU TO THE REGRESSION. 1TS
VALUL IS 1=r*xg2s ZLRU CORKESPONDS TO A MULTIPLE CURR
COEFFICIENT ur 1 wHICH MAKES IT IMPUSSIBLE FOR THE
PROORAM TQ vttt Tk THAT VARIABLE FROM THt SET OF IND
VARIABLES., TtsT=1 CORRESPONDS TO MULT CURR COEF OF 0
wHICH MAKES SuCH A DELETLION CERTAIN.

L9=1lu LHUEXT1)= FIKRST VAR1ABer 10 Be INCLUOED IN REOGRLSS1ION AT START.

c

reeerTecrccce
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61

e s TR et S

il=1lo 1EST (2)= Tes! FOUR Two VARLABLE SET.

19=¢U INUEX(2)= ScCONv VARIABLE 10 BE InwCLuvED IN REGRESSION AT START,
c1=co TEST (3)= TusT FOR ThrEe VARIABLE SEi.

cI9=00 LiDEX(3)= ETC.

(RS RS T TS

C e UOSEKRVATIONS TU vk REMOVED FRUM REGRESSIONe USE ONLY I+ NVOID=1 .
¢ oul=ub NOGOOUI(1) LNDEX OF 1ST POINT TO BE REMUVED. ( FORMAT(1415) )

L uo=1lU wUGOULL (k) LTCe

CREERRERRXE

"k b ak w

"o

C Fe CUNIROL CARU TU REARRANGE Mk DATA. DO NOT USE IF NREAR=D. (1415)
v L1l=05 (wwORUS = NUMpEk OF WURUS [N TAPE UR CARD RECORD.

¢ Lu=1lu LOCY = LOCATIUN OF UEPLWDENT VAKLAGLE Y.

C 10=15 LOCX(J)ru=1eNAV = LOCATIONS OF INDEPENDENT VARIABLLES.

(= IF IFWwT=0 CAST LOCATION IS FOR WEIGHTS.

LR EEsERER

C 0o IKAWSFORMATLON CONTROLS. DU NOT USE 1F IFTRA=Je FORMAT(7(Fg.0012))
. FUT TRANSFURMAITLONS ANU CORRESPONDING CONSTANTS IN SAME ORDER AS
(+ X ANU Y VARIAQLESe

[ & TRANSFOURMATIOND U=WNONEy L=aA+Cr 2=X%Cor 3=X/Cr 4=C/Xr» H=X*%Cy

[ O **Xr TLN(AHTC) » BZLUGIX+C)r 9=Exx (C4#xX)r 1UZE**(C/X) 0

‘ L1=SINCC®X) e 122CO0S(CxX)r 13=TAN(C*X)

C Ul=0b LONST = CONoTANT FOR Finsl VARIABLE

L UY=1lU WwbKTRA = TRANSFUKMATION FOK FIRST VAK1AbBLLE

C 1l=io = CONoT FOR SECOND VARIABLE » ETC,.

C 19=¢u = TRA FOR SECOUMD vAkIABLE:» ETC.

CERERREgp &

¢ He LWPUT VARIALLE NAMES IN OKUER OF INPUT. USE ONLY IF L1FNAME=0.

¢ ul=lU = NAME OF FIKST INPUT VARLIABLE

C ll=cu = NAME UF SceONU INPUT VARIABLE ETC. FORMAT( 7(AG6rA4) )
CARER kxR E

C le VARLIABLE FURMAT FOR INPUT UATA (12A6). USE ONLY IF NFMI=1.
CRRPER R X KR XK

C ue MLR DATA CAKDS 5A0ULD Bt PUNCHED WITH FURMAT(7FL10.0)r» UBSERVATION

¥ BY UbSERVATION IN THE FOLLOWING ORULR (IF INTYPE=Z0r1) X1lv¢ X2¢ X3
C A4y soer XNXVre  Yle Y29 Y39 002 YRNYVe WTCGIF IFWT=1 ).

JATA CARUS FOK ANTYPE=ZOr103 unkYe BINARY TAPE INPUT FOk OTHER CODES
. iF WREAR=1 URDErR OF UATA IS UeTERMINED vY CONTROL CARD F,.

LESEE S ERRX

-

¢ U Ust THE PRUOGRAM FOR AN URDIiAKY MULT1IPLe REOGRESSION (leEos NO

O AUJUINING UR VELETING) ¢ PUT ALL VARIABLES IN THE REGRESSION AT

C e OQUTISET ( WSTART = =XV ) AND PUT MAXSIP = 1.

Lk K RO K K OK K R OR OK R OK AR R R R R K KK K KKK K K KK KK R K K R K R K OK K o K K OK kKo
CHrssrkaxr CARU VUTPUT  ( IF IFPNCH IS NOT EwUAL ZERO )

¢

C ONE CAKD FUR LACH VARLIAGLE IN EQUATION

- FORMAT( I5rc20e80515rF2Ue4rF10e7 )

[+ vl=05 = I = IiweX OF INDEPewuENT VAKLAGBLES IN EQUATION
. vo=¢b = CULFF (1) = COEFFICILNT FOR VARIABLL 1

. cb=30 = NPROB = Froslbem nWUMBER

o 31=35 = HurRNOw = NUMBER OF VARIABLES Iiv EQUATION

C 36=-40 = INUEXY = INDEX OF OUerENDENT VARIABLE
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41=45 = NOSTeP = STEP wUMuck IN WHICH THEL cQUATION WAS COMPUTED
40=50 = IFPNCA = [NPUT VALUL GREATER THAN ZERO

91=70 = SIGPCT = STANDARD erROR OF tQUATION AS A PERCLNT OF Y MEAN
71-80 = REORCO = COURRELAT1ON COEFFICIENT OF EQUATION

xkextrak PASLIC STAILSTICS QUTPUL ok kaokksokx

XI = A = VALUL OF OBSERVATION FOR VARIABLE I
SUMC X1 ) = SUMMATION OF VARIABLE 1

N = NUMBEK UF OBSERVAI LUNS

XN = WeIGHIED NUMBER OF (OBSERVATIONS

MEAIv = WEIOHTEL AVERAGE = sum( XI ) / xKN
STANDAKD LDEVIATLION = SURT( (SUMIXI*x%x2)=SUM(XIJ*MEAN) /(XN=1) )

SUM UF VARLABLLS = SUM( X1 )

RAwW SUM OF SQUARES AND CROSS PRODUCTS = SUM( X1*xXJ )

SUM OF SQUARES ANU CROSS PROLUCTS ABOUT THE MEAN = CORRECTED SuMS=
= 5S( Ied ) = SUM(XI*XJU)=SUM(XI)*xSUM(XJ)/XN

SIMPLE CORKELATLION COEFFICLLNTS =
= R(Led) = SS(LpJ)/SORT( SS(I1)xS5S5(Jdrd) )

cCroCr .. o cCc DO

srkrhrxns RESTOUAL ANALYSIS ( ACTUAL VS PREDICTED ) PRINTQUT *kakkkkikx

ACTUAL = Y = ULLPENUENT VARIABLE

PReDICTeD = YC = CUMPUTED Y USING REGRESSION EWUATION
S AU + A1*X1 + A2%X2 + <ee + AN%XN

RESILUAL = E = YC = Y

NORMALIZEDL DEVIATE = ReSIuvJUAL 7/ STANUAKU EKROR

PERCENT ULVIATION = 100 * keSIDUAL / ACTUAL

WELGHT = INPUT WEIGHT OF OBSERVATION

5Sc = KeSILUAL SUM OF SQUARES

CH1I SQUARL = SUM( ( RESIDUALx*2 ) / YC )

o kax®nhx ANALYSIS PRINTOUT ok ko kokkk

TOIAL (CURRECTEU) SUM OF SQWUAKES = SUM OF SQUARES AbOUT THE MEAN
= SUML(Y=YMEAIN) %x%x2) = SUM((YC=YMEAN) **2) +SUM((Y=YL)%%2) =SS(Y)
TOTAL( ORIGIN ) SUM OF SQWUAKLS = SUM OF SQUARES ABOUT THE ORIGIN.
UStw INSTLAU OF SS(Y) wHeN REGRESSLION IS FORCED THRU ORIGINe
REGKESSLION SUM UF SQUARLS = SUM OF SWUARES DUE TO REGRESSION
= EAPLAINEU VARIATION = SUMI(YC=YMEANN) **2) = SS(R)
RESIDUAL SUM OF SUUARES = SUM OF SQUARES ABOUT THE KEGRESSION
= UNEXPLAINEU VARIATIUN = SUM((Y=Y(C)xx%x2) = SS(t)
THe MEAN SWUARLS COLUMN Is usTAINED Y DIVIDINo THE SUM OF SQUARES
ENTRY BY ITS CORRESPONUDING DEGKRELS OF FREEDLOM.

RESIDUAL MEAN SQUAKE = VARLIANCE ABOUT THE KEGRESSION = S%*%x2 =MS(E)
COLFFICLENT Ur MULTIPLE ULTERMINATION = PCT OF EXPLAINED VARIATION
= (55 LUE TO REGRESSIUVN)/(SS ABOUT MEAN) = CORRe FORM SS(R)
CUORRELATIUN CORFFICIENT = R = SQRT( COkRe FORM OF SS(K) )

STANDARU tKROR VUF ESTIMATE = S = SGRT( mMS(k) )
Sebe AS PLTe OF MEAN = 10U &« S /7 YMEAN

SeEeEeSsesecfrraocCc . T c oo CnD
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T R A S W Y 2R 20k M AR Ak ik o s at ik ik s 2k A ak ak ak 2k 2 s & o 2% 2 X 2k 4 f &F a8 £k ok 2% 22 2 =8 an il o

t TEST FOR S1OonIEICANCE UF REORESSION = MS(R)/MS (L)

CONSTANT = A(Y) = YMEAN=SUM(A(I)®XMEAN(I)) = CONSTANT TLRM
COLFFICIENT = A1) = THE LFFLCY ON Y OF A UNIT INCREASE IN XI WHEN
THL OTHEKR VAKIABLESL Axt HELD CONSTANT.
STANDARD £RROR = STANDARL thKOr OF KREGRLSSION COLFFICLIENT.,
THE 95 PERCENT CONF IOLinct LIMITS FOR A UNIVEKRSL KLGRESSION
COLFFICIENT At GIVEN 8y THE SAMPLL COLFFICIENT PLUS AND MINUS
T1(0e02H) TIMLES THE LSTIMATED STANDARD OF THE COEFFICIENT.,
COLkF /S50 = USEDL IN HYPUTHESLS THAT COEFFICLIENT = Q.
= COEFFICLIENT DIVIDED vy ITS STANDARD ERROK TO GlIVE THE NUMBER
OF Sete AWAY FROM HYPOTHLIZED ZLRO. SHOULD Bk GRLATLR THAN T
VALUE 10 RedelT THE HYPOTHESIS THAT THe COuFFICIENT 1S NOT
SIGIWIFICANILY DIFFEKENT FROM ZERO.
r = F VALUEL TO REMOVL VARLIABLE FROM RLORESSIUN. *%xe NOT USED *»
VEIA COLFFICIENT = MEASURL OF THE NLT LFFECT OF EACH VARIAGLE OnN Y
RSW CHAWNGL = DLURLASE LN Koue IF THE VARIAbLE IS REMOVED FROM REGRE

PAKTIAL RSy = I1HE SWUARL Or THE PARTIAL CORRELATION CUEFFICIENT OF
VARLABLE K NOT IN THE RLORESSION WITH THE RESPONSL Y.
= R(KYelMiNeoo ¥l wHLKE LeMeNreoe ARE ALRCADY IN REGRESSION,.
= RebATIVe AMOUNT ot IMPROVEMENT THAT 1S BROUGHT ABOUT IF
VARLADLE R whhe AUDDLD Tu THE REORESSION.

WORMLD SUM/75Q = ThHe WORMALL LD SUM OF SQUAKES OF RLSIUVUALS FOR
VARKLALLE A HAD IT TOU UEEN REGRESSED. USEFUL IN LRAWING
ATTLNTION 1O NEAR=LINEAK DLPLENOENCIES AMONG THE IhNDe VARIABLES

VELTA KSQ = CHANOL [N KSG iF VARIABLE K wbtRE ADDED TO REGRESSION,
VARLIAOLE wllTH LARGEST ODLLTA IS AULLD TO REGRESSION NEXT.

F = F VALUL TO ADD VARLIABLE TO REOGRESSIUNe *®xsw NOI USED »wxt

trrrptnnr ALDING  ANL  UELETING  VAKJABLED ®#% 30 xx s st ad it sptabbndtadny

SlelP 1 = Tre VARLI Aokt NOT IN The tQUATION wHICH CAUSES THL OREATEST
CHANGE 4l RSQ 1o ADDED TO T RLURESSIUN.

oltr 2 = THL VARIALLeS IN itk LGUATION AKE THEN CHeCKED 10 SEE IF ONE
CAIN bE DELLTLUe Thr VARIAbLL WHICH CAUSES THE SMALLESY CHANGE v
KSu IS SELLCTEL FUR REMOVAL. 1F THE LQUATION WITHOUT 1THLS VARIAUSLE
PRUDUCLS A SSIK) WHICH 1S SMALLER THAN THE PREVIOUS SS(R) FOR THAT
NUMBER UF VARLAULESe Tt vARIABLE 1% KeMOVED e

Sler 3 = 1IF A VARIAULL WAS RbmuveDe REPLAT STLE 20

OTHERWISL REVEAT STEY 1 AND 2.

S e T Y T T T e I e T T TS I I A Y

IT SHOULD b NOTEL THAG The STATISTICS FUR NON=LINLAK LQUATIONS
SHUULD ot UStD Wl1TH CARbte AL SHOULL NOT Bt COMPARLY wITH THOSE
FRUM LINLAR LQUATIONSe AS THLY HAVE OIFFERENT MEANINGS.

FOR LXAMPLL = LF Y 1S TRANSFORMLD BY TAKING ITS LOGARLITHM, THE
SUM OF THE SQUARLES OF 1ML ACTUAL RESIDUALS BETwEEN THE CALCULATLD
ANU ThE OQUSERVLL Y VALULS Ant NOT MINIMIZEDer KATHLR THE SUM OF
SQUARES OF THE LOCARITHMS U THE  RATIUS  OF THESE VALULS ARE
BEAING MAINIMIZEL ( (LOG YC = (00 Y) = ( LOGWYC/ZY) ) ).

&




THLRLFORE » COMPARISION OF ANY STATLISTICS THAT ARE BASLD UPON THE
SUM OF ThHo SQUARES OF THE Y RESIDUALS SUCH AS THE F VALUE OR
CORRELATION COEFFICIENT MAY vLE MISLEADING.

|
|
|

¢
("
C
L
. 1T SHOULD ALSO ot NOTED THAT WHEN Tk CURVE IS FORCEL THROUGH THE
. URLIGIN UR SOME UTHEK SPECLFILD Y INTERCLPT» THE DEOGRELS OF FREEOOM
C ARE CHANGEU ANu THE CURVE N LONGER ¢OLS THROUGH THE MEANS OF THE
C VAKIABLES» TherREBYr CHANGING THE VALUES OF THE STATISIICS AND

. MARING COMPARISIONS OF CURVES WITH UNSPLCLIFIED Y INTEKCEPTS

. MISLEAUING, ALSU» COMPARISON OF F VALULS wlTH THE STANDARD F

. UISTRIBUTIUN 1S NUT NECESSARILY VALIU.

O 30 0 0K ORIk A ROR T BOR OK K ROR KO o K K 0 K K OR OROOK oK o K OKOK KK 30k R o Kok ROk ok ok kg
C
C
C
(9
.
.

IHE USERS OF THIS PROGRAM ARE URGED TO REVIEW THE STANDARD TEXTS
ON REGKESSION ANALYSIS FOK THE USES AND LIMITATIONS OF THIS
TELnNIQUE» ANV BEAR IN MINU THAT THE STATISTICAL RELATIONSHIPS ARE
NO BETTER THAN THE DATA THAT WAS USED TO CUMPUTE THEMe.

T T I T TnImMmMmMM I I M T T ImM T M T TTmMT T IO
COMMON S10MA(OU) v A(52¢52) ¢ SIMCOR(52052) ¢ AVG(60) v TEST (00)
COMMON POINT (00) » STRING(30U0) » INDPAC(3ur30) o INDEXP(61)
COMMON INUEX(oUL) e NOUT(b0) rKSTEP(00) » ALPHA(L16) ¢ YMEAN! IUEN? IFAVE
COMMUN MAASTP e AFPINCH e NSUMRY p NSKIPeNTAPLY NEW
COMMOM NOVAR ¢ NORNOW e NOSTEP » (WLATA» NBRXY W e NBRX P LPATH» DEFRM e K
COMMON LFBACK e AFCNST » IFCORK ¢ NPROB e NBRPVR e TOL ¢t REMARK
COMMON INUEXYrLBAD»NOGOODL (28)
COMMON IFWT e YCONSTeNYTRAPV(2e51) e YTRA(Z)
COMMON  STUERR(20) rCORSQR (¢ )
UOUBLE PRECISIUN A»SIMCLORISICMAPAVOLY TESLT

DIMENSION VNAME(2¢51)  CRUSS(8)

VIMENSIUN XDATA(205) e LOCA(OG)r CONST(oU)» NBRIRA(GO) e RMT(12)e FM
1T (0ie)

UlIMENSIOIN JVOLUL(14)

UIMENSION TRA(O)r ATRA(2017)

UATA (ATRAGLPJ) v U=1017) / "Xx+Crp 0 XRCr o 'X/Crp"C/X o tXKRCVp'CakX "

L ' =NX+C r "LOXHC "Lk CaX p "L akC/X p PSTINCKRXTp *COSCRX T "TNCRRX

e YSNHC*D Yy YOSHEXD Y "TNHC#D ' v 'C TERM? v

UATACCRUSS(I) v4=108) Z90 (L)' 2) ' V(3) etV I(Q) Y etV (D),

1 'vile)tetv(7)retviy)e /

VATA NkeblSelbkvr/100/

VATA (RMT(U) vU=11012)/6H(7b1yue?2HU) r1U*1H /

UATA BLANK/Z1H 7/

DAITA AX/ZIHA/ P AY/10Y/

UATA START ¢ VOLUED e SEARCH TRAN'FORAMT/6HSTART 2 oHVOLIDEL e OHSEARCH 6H
1 TRA= rs0HJFMT /

[ Sus—

-

UAITA (AUATAC(I)elz1010) /
1 6unlSELECTEU PLRUENTILE VALUES OF THE STUUECNT T DISTRIBUTION /e

cAXUATACL) 9 1=11923) / T8H e lU eUd P!
K) FOR LIKECTIONAL (ONE=TAILED) TEST /¢
GUIXUATA(L) v L=24r30)/ 784  O.F.
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5 20 1l VP4 FOR NONUIRECTIONAL (TwO=TAILED) TES
ol / {4
VAIA ( ADATA(J) vU=3T70188) 74 103407800¢313031e82104H 201,880 i
2e920009050 41 3'1-03802,553'40541"“" 401e53302¢13203.747 l
4h 501e47602e01l50363650 4t Orlel4l4urle9l43r3.143r
4n Trlel1501e895020998¢ 4+ 8r1e¢39711.86002¢896¢ |
G 9016383018350 2e8210 4 1Ur1e37201e81202:7640 |
4 1101¢36301e79002¢718¢ 4H 120163500 1¢78202.681» i
4n 1311¢35001¢7710266500¢ 4H 1401345017610 2.0240 {
Gh 1501381017530 20002¢ 4ht 10013370 1e7460265380 '
GH 170103301 e74002e567r 41 1801e330ur1e73402e5520
Gh 190132801 e7c912e5390 411 2Ur1e32501e72502¢5287¢ '
GH 21010231 1e¢72102+518¢ 4h 22¢1¢32101e¢7170245087 1
G 2301¢01901e71492¢500r 4H 2401031801 e71102.4920
G4n 250131601 ¢708012¢4851 4H 260163150 1e7U602:4790
B 270131401 e7U0502e4730 4H 2801031301701 02:467r
Gri 2991¢31171¢6990264620 411 30r1e¢31Ur 109702457
LT3 40r1e30371.08402e4230 4H SUrP1e¢298r1e07602e4030
UH 6001169611671 02¢3900r 4H BUP1:629211664902e3T74 0
L 100r1ec90r1leb0UP2e365r 4H 2000162800 1¢06530ce3450
4H 500012832 1e64802¢3340 4H INFrle282r1e045020326 /
wRaTE (0e950) (XDATA(J) pU=1r188)

— ewe— e

e O

P —
i Mo i ol

o Vv YUY OoONOUFOCNM

c

A0 TR W

1¢ CALL SLiTE (0)
VO 20 J=1040
VO <0 K=1r30

<C INUPAC(JeK)=U
WRITE (ueY900)

AT St oA I

KEAU (5911000ENV=940) NPROB,NXVeNYVe INUEXY e NOATA» IDENe INTYPE » NREAR
LeMAXSTPr IFLACK e NSTART P MINSUM e MAXSUM e MAAREG» IFWT e IFCNST o IFLIST» IFSU
¢MSe 1IFAVE s IFCORRYNCRUSSy IF TIRAYNSKIP» IFSUBeNFMT » iIFPNCHy IFDATE » IFNAME

WRATE (0r1180) HPRUBeNXVeNYV INDEXY s NDATA» IDENs INTYPE»NREAR ¢ MAXSTP }
12 IFBACKINSTARTeMINSUMe MAXSUM e MAXREG e IFWwT» IFCNSTe IFLIST o IFSUMS» IFAV |
<Er LIFCORRpivCRUSS IFTRAPNSKIP p IFSUB e NFMT o IFPNCHe LFDATE » LFNAME {
U1=BLANK
D2=bLANK
. DATE LS MAP S/R TO PICK UATE OFF StQUENCE CARD
IF (IFDATL«EweU) CALL DATE (ulrDR2)
PRINT 1130¢ NPRUB?NXVenYVe LWUEXY e INTYPLE
NBRHOWSNSTART
IF (NFMIeNEoU) GO TO &0
JO 30 J=1r12
98 FMI(J)=RMT (J)
40 CONTINUCL
IF (NUATAek e U)NDATAZ1000Q0
NWTTSNXV+iNYV
LF(IFWTeNE«O) NWIT=NWTT+1
IF (IFSUB.GT.u) CALL NBROFX (IFSUBeINXV)
NSiTeP=U
NSUMRY=J

|
|
|
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"2l g ik al i

COCOCac

2Jd

oJ

70

o0
Yu

ldu

10L=0.00001
WURXYZSNXVHL
NBRA = NUMbeh OF INDEPELNUENT VARIABLES
NBRXY = NUMbER OF 1INDEPLiNDENT VARIAuULES + UEPENDENT VARIABLE
NBRXYw= Slie OF ARRAY = NBRXY + 1
NBRNOw = NUMBLR OF COLFFICIENTS FOk PRESENT EQUATION
INDEX = InuvkX OF PRESENT EQUATIL1ON
LF (MAXSTP«EQeU)MAXSTPZ998
IF (MAXREGe LT e D) MAAREG=H

1V STURL DATA Oiv TAPE FUrR USE IN ANOTHER PROSLEM» SET INTYPE=L
FOR REwINUe INTYPE=Z3 Fur NO REWINU
10 USL DATA FRUM A PREV1IOQUS PROUBLEM SET INTYPE = 2 OR 5S¢
THEREBY CAUSING TAPE TO KEWIND.
INTYPE = & UR o FOR BiIN, TAPE 10 OK 11 TO 8E USED AS INPUT
ALSO PREVENTS TAP: REWIND AT START OF PROBLEM,.
whREwb5=1
IF (INTYPceNEe7) GU TO Hu
NRLwBS=U
INTYPEZDS
NTAPE=1U
wWREAD=UL
NWRLITE=D
IF (INTYPLeEQsu) GO TO 60
IFCINTYPE et QeleORe INTYPE et W, 3)NWRITE=1
LF(INTYPEeEQeHeVRe INTYPEecQe.0)NTAPE=11
IF (INTYPLeEQeleURGINTYPE e£Qe2eORCINTYPESEW.S) REWIND NTAPE
LF ( li\TYPtONEochNL- INT YPE-NL-Z’)NREAO:l

NUMBER OF LINDEPENDENT + DEPENDENT VARIABLES
NTUTALSNXV+NYV
NEw=NXV+INUEXY
IF (NTOTALeLE«DZ) GO TQO 7u
TOO MANY VARIABLES
NTUTAL=INE W
IF (NTOTALeLEeDe) 6O Tu 7u
wiklle (0e970) NTOTAL
CALL EXAT
NOSTEP=U
IF (NCRUSSeEwel) GO TO U >
NOVARZ (IWOHAY ®* (NURXY+1) ) /2
IF (NOVAR«LE «51) GO TO 90
NCKOSS=VD
WR1ITE (oreluCu)
NOVARZNDRXY
LFCLIFCNSTeLTeU)NOVARZNUVAKS]
NORXYW=NOVAR+1
NORKX=ENOVAK=1
MAAVAR=MINO (MAXSUMe MAXKE G NpRX)
REAU CONTkUL CARD ¢
I (luEw) 12001001130
vO 110 u=irlo
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llv ALPHA (J) SULANK
icu 10eiv=TAGS (1DEN? |
00 TO 120 |
L30 U0 140 i=1l»IDEN
REAL (5e98u) (ALPHA(J) vuU=1r16)
14y WRITe (00990) (ALPHA(J) pJ=1016)
150 COnl INUE
C REALU CONTROL CARD L
LU0 160 J=1,60
KSIEP (V) =1
lou TEST(J)I=+2.0E+050
IF (NSTART) 19002200170y
170 REAU (501080) (TEST(J) 2 INLDEX(J) pJ=1rNBRNOW)
C PACK INDEX
VO 180 J=1+/NBRNOW
lou CALL PACK (NBRINOWeJr INUEX(J) 0 1)
w0 TO 210
194 NBRINOW=INX Y
V0 200 J=1rNBRNOW
CALL PACK (NBRNOwrdJeJrl)
TEST(J)=1+000
<Qu IFANSTART e Te=1) TEST (J) =V
clu WR1ITE (00rly90) START (TEST(U) v INDEX(J) » J=19+NBRNOW)
ceu MINVAR=MAXU (10 MLINSUM)
NTAPE9=1
IF (IFBACK.EQesu) GO TO 230
IF (NDATA*NBRXTIwW.LE«3000) Gu TO 230
NTHPEI=D)
REwiND 9
<iu w0 240 L=LleNBRXYW
UO 240 u=l/NBRAYW
rL IV AlLrJ)=0eV
C REAU CUNTRuUL CARD E
IF (NSKIPeLEU) Go T0 29u
: KREAD (501100) (JVOID(J) pJ=1,14)
JVz=0
DO 280 L=1r280c
NOGOOD (L) =0
WOL0UD(L+1l)=y g
¢ou  IF (UVeb@eil) 60 TO 280 '
JVSJV+L
IF (JVOLD(WV)) 2702500260
<oy NCLOOD (L) =uVOLu(JV)
NOGOOD (L+1)=uvulIp(JV)
LBAD=L+1
IF (UVOLD(uV+1)) 5092800280
P NOWOOD (L+1)=1ABS(JVOID(UV))
28y COont INUL
29U NSKRIP=IABS (NSK4P)
IF (NSKIPeiNEsU) WKITE (6ellly) VOILED» (HNOGOOD(V)rJ=1,LBAD)
[ REAU CUNTROL CARD F
i LOUK=0

N

WS




k
'
' IF (NREAR) 310035200300
C IF NREAR=1 READ SET OF SEARCH PARAMETERS. 4
300 NNXJ=NXV
' IF(IFWT eNE o O) NNXJ=NXV+]
READ (5¢1100) NWORDS»LOCYr (LOCX(J) pU=10rNNXJ)
dlu WRITE (001110) SEARCH!NwWURDSeLOCY s (LOCX(J) rJ=1¢NNXJ)
LOOK=1
] 32u  CONTINUE
C REAL CONTROL CARD 6
C READ TRANSFORMATLIONS
I IF (IFTRA«6GT.0) READ (5,1080) (CONST(I) NBRTRA(I)»I=1rNTOTAL)
IF (IFLIST.NE.O) GO TO 330 4
WRITE (0r1160) ALPHA»D1sD2r (AXeJrJ=1¢NXV) e (AYerJrJ=1eNYV)
! d3uv NWI=NTOTAL
] IF (IFTRANE«O) WRITE (601090) TRANe (CUNST(I) +NBRTRA(L)I=1¢eNTOTAL
1)
C REAU CONTROL CARD H NAME OF VAKIABLES :
r IF (IFNAME) 37003600340 @
340 V0 350 J=1.2 i
VO 350 L=1/NTOTAL

350 VNAME (Jr L) =BLANK
00 TO 370
360 READ (501140) ((VNAME(JoL)»u=192) oL=1¢/NTOTAL)
370 IF (1FLIST.EQe0) WRITE (601150) ((VNAME(JrL)eJ=1¢2)¢L=1,NTOTAL)

C REAL CONTKOL CARD I ( VARIABLE FORMAT )
IF (NFMT.6T.0) READ (501120) FMT
IF (NFMT.NE.G) WRITE (601120) FORAMT FMY
IF(IFWTeNE«O)NwT=ENTOTAL+1 :
NSKIP=IABS (NSKIP) 3
NBAD=0 :
YCONST=CONST (NEW)
DATA  ACT+UAL/bHACTUAL»1H / 3
YTRA(1)=ACT :
YTRA(2)SUAL
J=NBRTRA (NEW)
NYTRA=0
IF (IFTRACEQsDeUReJeEQ.Q) G0 TO 380 ]
IF (NBRTRA(NEW) «EQe 7)NYTRA==]
1F AINBRTRA(NEW) eEQe8)NYTRAS+]
YTRA(L1)=ATKA(L1rJ) |
YTRA(2)=ATRA(2¢J) |
380 CONTINUE

L 4
| C

U0 590 N=1+,NDATA E

IF (NREAD) 440,440,390 |

! 390 IF (LOOK) 4000400420 |

| 400 IF (ENOFIL(NTAPEsNREELS,NLOF)) 4100930,410 H

410 READ (NTAPL) (POINT(J)»u=1rNwTT) |

60 TO 490 ﬁ
kv IF (ENDFIL(NTAPE,NREELS/NEOF)) 4300930430

|
| 82 !
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R

s -

Q5u

Q40
LTy

40U
470

bou

49u

210
o2u

KeAaU (NTAPE) (AUATA(JY) »J=1riNwORDS)
60 10 470

LF (LOUR) 4S5ur4bUr460

KEAD (SeFMT) (POINT(J) pu=1riwwTT)

IF (NWRAITEeNEeuU) WRITE (1U) (POINT(J)rd=1leowwTT)
00 T0 490

KEAD (HeFMT) (XUATAC(J) 9 J=19,ywORDS)

IF (NWRITEkeNE«U) WRITE (10) (XDATA(J) vu=1riNWORUDS)
V0 480 J=1rNNXJ

JLUC=LOCX (V)

POINT (U)=XUATA(JLCC)

POINT (NWT)=POINT (NNXJ)

POLINT (NEw)=XDATA(LOCY)

CHECK FOR t£nWD UF DATA InUICATOR
IF (POINT(1)ecwe99999999.) GO TO 600
JOATA=N
IF (IFSUBeGTeU) CALL EQUAT (LFSUB»POINT)
IF (IFLISTeEQeU) WRITE (601i000) Noe (POINT(J) v J=L1rNWT)
IF (IFTKAEQeQ) GU TO 500 :
CALL CHANLE (POINToNBRTRA?CONSTeNTOTAL)
IF (IFLISTeEWe0) WRITE (601070) Noe(POINT(J)rJ=1oNWT)

COnT 1INUC

POLNT (NOVAR)=PULNT (NEW)
WHT=1.0
LF(IFWT e o D) WHT=POINT(NWT)
POINT (NORAYW) =wnT
IF (NCRUSSEGeu) ©0O TO 520
CRUSS FRODUCTS ARE USED AS INDEPENDENT VARIABLES

L=NBRXY
U0 510 1=2¢'NBRAY
JO 510 J=1»NgRXY
POINT(L)=POINT(L=1)%POiNT (J=])
LaL+l
IFC(IFCNST e TeQ)POINT (NGVAR=1)=140
iF (IFBACK+EQe0) GO TO S50
IF (NTAPE9.EQeU) GU TO 54y

STORE iN STRING IF DATA POINTS * VARIABLES LESS THAN 3G00
U0 530 J=1leNBRXYW
JJENBRXYW* (N=1) +J
STRING(JJ)I=POINT (V)
w0 TU 550
STURE UATA OH 1APt 9 IF UATA POINTS * VARIABLES EXCEEL 3000
WRITE (Y) (POINT(R) »K=19NOVAR) P WHT

COnTINUE
sF (NSKiPeEQeu) GU TO H70

CHECK TO Stk 1F POINT IS TO BE DeLcTED FROM REGRESSION
Vv0 Y00 J=lrLBAULP2
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Q0L

o7vu

208U

c

o 1 1V}

L e ]

- olu

olu

viv

bdv

IF (NQLIQNUGOUU‘\J)cORoNoG]-NOGOOU(J*I)) 60 TO veu
NDAU=NBAD+1

GO T0 599

CONT INUE

DO 580 1=1¢/NOVAR

SUM X (1)
ACLeNBRXYW)ZA(L o NBRXYWN) +POULNT (L) *WHT
V0 580 u=I1,NOVAR

SUM X(4)*X(J)
ACLeJd)ZA(IeJ)+POINT(1) *POINT (J) *WHT
ACNBRXYW e WORXY W) =A(NBRXYWeiNpsKXYW) +WHT
CONT INUE

O K AR R K ORI 0K K KK K K o KOK OK ek KKk o 8 OK R K k OK g 8 8O K R o K o K K koK ok Rk

NDATA=ZJUATA=NGBAU

JEFRM=nUATA

JENOM=A (NBKXYWeNBRXYW) =10
IF ( 1FWT-N('-QO)DI'.NQb Z=DENOM+1. U
IF (NTAPEY.EW.0) REWINU 9

IF (NREWBD.EGeU) REWINL 11

WRITE (0rl170) NPRUB2»ALPHA»N\DATAPNOVAR? A(NBRXYWeNBRXYw) eD1¢D2
n=g

IF(IFTRALW.V)NR=]

wRiTE (orlulu) (BLANKeJ=10K)

aRLTE (orli2u)

IX1=60

IXxe=v

vl 060 u=1¢/NOVAR
TMEANZA(J e NBRXY W) ZA(NBRXYwWe nBRXY W)
STUEVZSURT (ABS((A(JrJU) =A(Jr nBRXYW) XYMEAN) ZLENOM) )
TRA (1) =0LANK

TRA(2) ZBlLANK
VIleJ)ZVNAME (L1 J)
VicrJ)ZSVNAME (20 J)

L=v

n=2

IF (UeGTolixV) ou TO 63u
IF (IFTRA«tQeu) GU TO ob5u
[=NBRTKA (L)

IF (lesLee0) GO TO ©50

K=o

IKA(S)=CONST (L)
TRA(1)=ATRA(L1r1)
TRA(2)=ATRA(201)

w0 TO 650

=47

VIlrJd)=ATKA(LP L)
Vicrd)=ATRA(20 1)




LF (IFUnSTelTeve AL eJdebQeinOyAR=1) 0O TU 02U
=XV +INDEXY
vileJd)=viNAME(LlreL)
: ! VIicrJ)SVNAME (20L)
] IF (J.EuweNUVAR) GU TO o1V
. CRUSS PROVULTS
IX1=IX1+1 |
IF (IxleLzoNXV) GO TO o040 |
LXe=1Xxe+1 h
IX1=1Xe §
oluy WRITE (orlut0) YeYMEAN»STUC Ve IX29IX1 t
V(1rU)ZCROSS(IAZ) 1
V(2eJ)ZCROSS(IXY)
o0 TO 60U
YeY] IF (JeEW«NUVAR) GU TO vou
WRATE (e lu30) VI1eJ)rV(20J) e Je YMEANSTLEV Y (TRA(L) PL=1/,K)
0ol COnTINUL
WRITE (orduS0) VIled) eV (20J) s YMEANSTOEVe (TRA(L) PL=19K)

e e

e

IF (IFSUMS.EQeu) CALL PRTSUM
I IF (IFCNSTONE«0) 6O TO 670
CALL RESIU
VEFKM=DLFRM=140
olu  CALL COKREL
CALL SLITEY (1sLIGHT)
IF (LIGHT.tQ@.1) 60 TO 10
, NDATA=JUATA
: WSKIP=NBAU
IF (MAXSTP.EQe999) WRITE (0r1220)

E
E

¢ 20 A0 R A K R K o g K K o o 8K KK e o 3K OK K ok g K o K KK i o K ok ook ok o K gk Kok ok ok R Kok
C
Lyu LPATH=1

KPATH=1
IF (NBRNOW.GT.u) GO TO 82u

oYu IF (A(NOVA'\"\CUVAR)OGT.UOU, w0 10 730
WRITE (orle0U) A(NOVARYNOVAR)

] PRANT 1<00¢ A(NOVAR?»NOVAR)

1 w0 TO 860

{100 JP=0

NBRPVR=NBRINOW

NBRNOW=INBRNOW=1

VO 710 J=1/NBRPVR

CALL PACK (NBRPVKeJrpyrl)

IF (INDEX(U) ebuweK) GO TO 71v
P , JPZJUP+1

CALL PALK (NBRNVWPUP» INDEX(U) 1)
llvu CONTINUE

DO 720 i=1eNOVAK

VO 720 u=1¢NOVAR
720 Al1rJ)=SIMLOR(LPY)

00 TO o8l

4




i
{
l
|

P d

C
730
?uu

750
760

170
780
790

800
810
820
630

840

85u

CALL ADLTO

CALL SLITEY (1l.LIGHT)

00 TO (860¢740)¢ LIGHT

60 TO (8000830¢800)¢ LPATH

TEST (NBRNOw) =A (NOVAR»NOVAR)
CALL OUTPUT
CALL SLITET (2,LIGHT)

IF (LIGHT.t£Q.1) GO TO 700
NSTEP=NSTEP+1

IF (NSTEP+GTeMAXSTP) GO TO go0
IF (NBRNOW.GE«MAXREG) GO TO 860
CALL SLITET (1r¢LIGHT)
G0 TO (8600,770)r LIGHT
G0 TO (790+780+10) ¢ KPATH
KPATH=1

IF (NBRNOW.LE.2) 60 TO glu
CALL REMOVE

IF (REMARK.EQ.0¢0) GO TO 81y
LPATH=1
CALL MATRIX
GO TO (760¢850r81U)¢ LPATH

IF (NBRNOW.LT«.NBRX) GO TO 690
WRITE (0r1190)
GO TO 860
KPATH=2
L=l
LPATH=2
CONTINVUE
CALL PACK (NBRNOW'L(K?2)
GO TO 800

RO KR R RO R KR TRY ADJUNCTION 3k 80k ok ok 38 2o e 00K o e 8o ok ok ok ok K K
w=L+l

IF (LoLE«NBRNOW) GO TO 840
00 TO (81097500910)¢ KPATH

SUMMARY
WRITE (60r1230) ALPHA!NPROB
IF(IFBACK «£Qe998) IFBACK=NSTLP
IF(IFBACK +£Q+999) IFBACK=1
IF (MAXSTP«EQe999)MAXSTP=998
DO 880 J=1+,NBRNOW
DO 870 L=1¢J
CALL PACK (Jrble INDEX(L)»2)
IF (INDEX(1)eLEsD) GO TO 88y
WRITE (601240) UrKSTEP(U) »STDERR(J) v CORSQR (V) » (INDEX (L) o L=10J)
CONTINUE
KPATH=3
NBRNOW=MINVAR
NSUMRY=1
IF (NBRNOWeGT«eMAXVAR) GO TU 10
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CALL PACA (Nbhrinwrlrdreg)
aF (\J.LL'U) oV rU 92u
uQ 900 4=l e/NUVAR

U0 9u0 J=1eNOVAK
AlLrd)=oIMLOK(Lrd)

w0 TO 820

CALL OUIlPUI
NBrRNOW=NBRNOW L

o0 TO B89v

WR1TE (Orlclu) JUATAr (RPOINT (W) v J=1eNwTT)
STuV

FURMAT (LUAB//ZL3AL/L3AL//80 (A4 2Xe3F10.57))

FORMAT (4711 NONSIMPLE STePwISt MULTIPLE LINEAK REOGRESSIONGSX23HAR
1YCOMPUTATLONCLATLER/92X20HARMY MISSILE COMMAND/92X25HREUSTONE ARSFE
cidAL?r ALADAMA)

FORMAT (3710 TOTAL NUMpeR UF VARIABLLS TOO LARotRI6)

FCRMAT (loAS)

FORMAT (ZOArlOAD)

FORFAT (&7hH  CrUSS PROpUCI> LELETED» A> THERE ARE TOO MANY//)

FORMAT (QUA3SHVAK WTEL AVveERAGE STANUe DEVe r2Alr 3Xe25HTRANS
1FORMATIUN CONSTANT)

FORMAT (LiA)

FORMAT (7X02A001371X92c1DeD)0X02ADE10H)

FORMAT (1lUarl3rlX?2E10e5r0A,2HA(LI200H) * X(I20¢1H))

FORMAT (7Ar2A0r0H  Yelar2uliveDr0Xr2A0rL10e&)

FORMAT (19e1XraJF1l2e37(1UArl1uFl2e3))

FORMAT (SXe1lH(1301H) p1UF12¢3/(10X010F1<e3))

FORMAT (7(F8.urlg))

FOURMAT (1nuedXAor lu(Flyedele) 7/ (luXelu(Flgear12)))

FORMAT (1445)

FORMAT (lnurAorctls/ (Taglly))

FORMAT (13n0)

FORMAT (30ArbHUATA SETL6rduxe415)

FORMAT (7(A6rA4))

FORMAT (12x20A0)

FOKMAT (34H1 * x [ N P U | D AT A » x5X10A5r2AA00 AL/ /6(9X 0
110 7xAlrlnitI2raH))/))

FORMAT (37H1STEPWISE RLGRLSSION PROBLEF NUMBER I5e1luX1oAS5/23H NUM
LOER OF OBSERVAIIONSL4XeI5/720H NUMBER OF VAKIABLES17XIS/30H WEIGHTE
U VEORLES UF FREEUUM  F12e30 78X2AB//)

FORMAT (/7051 P KR O G R A M CONTRKOL S////1VH NPROB =1
400 10H INAV =152 10H NYV =Ibrlon INUEXY=15910H NDATA =I5
<10H lubid =i l10h INTYPe=1I5//10H NREAR =15r1uH MAXSTP=1001
SJUH IFLACK=IOr Ut HSTART=Z15r 1UH MInSUM=IS5 1uH MAXSUM=IS¢ 10H
4 MAXReLG=15/710H IFWY =15¢10H LFUCNST=I5010H IFLIST=IS» 10H
v LFSUMSEIbSelun LFRES =15, 10h IFCORR=15,10H NCRUSS=15//71uH
v IFTKA =15r1uid NVOID =IveyH IFSUB =I5r1UH NFMT  =ISe10H I
(FPICH=IDr LuH LFUATE=15r 1uH IFNAME=/,15)
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' 4190 FORMAT (SiH0 *x*xsx*xxxxxxksknx VARIABLES EXHAUSTED **%x%xkxkkkkk%x/) }s
1200 FORMAT (BOn0*sxxx*sxxx¥xx*x PROBLEM TERMINATEDe SUM OF SQUARES IS NO
Lin=POSITIVE *kxxkkxkbxknnxkt | 4,5/) ‘7
l dcly  FORMAT (//734H enD UF FILE ReACHED AFTER READINGISesH POINTS./20HOL
1AST OBSERVATIUN IS//(1Ar8E1l0.8))
1cc0 FORMAT (33HIMULTIFPLE LINEAR REGRESSION STEPS)
i 1230 FORMAT (34h1SUMMARY OF BEST SETS OF VAKIABLES(2X16A5/9H PROBLEMI6 ‘
{ I 1//¢5H W SI1EP STV ERK K5SQ//) i
‘ 12460 FORMAT (1XrI2¢049F1143/F9e091Xr3513/28A03513) "‘L
! CNU I
14

S i, A ol

. 70 S S TR

v
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cCoOfc

iV

<uv

oV
4y

AV

(V]

/J
ov

SULKROUT 4iv. QUTPUT
COmMMON STOMA(BU) PA(S2052) 1 5IMCOR(52052) v AVL(60) e TEST(0O)
COMMON POLIT(0U) ¢ STRING(30uG) » INDPAC(30030) ¢ INVEXP(61)

COMMON Libe X (bu) 1 vOUT (60) » ASTEP(00) » ALPHA(16) ¢ YMEAN» JUEINe IFAVE

COMMOUN MAASTP e arPINCHe NSUMKY » NSKIP ¢ NTAPELG e NEW

COMMON WOVAR r NBRNOW e NOSTER » n\UATA P NBRXY v o NBRX ¢ LPATH» DEFRMe K
COMMUN LFBACK» AFCIvST» IFCORRyNPROB» NBRPVR ¢ TOL ¢ REMARK

COMMON AhUEXY P LLAL P NOGOOD(28)

COMMON LFwT e YCUNSTeNYTRAPV(Z2eS1)rYTRA(Z)

COMMON  STUERR(50) » CORSQR(50)

VOUBLE PRECISLIOIN AerSIMCORPSLIOMAPAVGY TEST

JIMENSIUN COtFF(bl1)e AsC(H)

uoubBLE PRECISIuin COEFF»CONST

UOUUBLE PRECISION SUMSQ,TSSeSIGY2¢SIGY

UCULLE PRECISIUN YPRED»YOUuS»UEVIRSUWr SQREGY SQRELR
VOUBLE PReCISLun DEVSWeCHISG e SUMSQU e CHISWUPDEVUPYOr YC
JAITA BLANK/IH Z¢vOID/6MVOLIULL/ ¢ CHECKR/6HREVIEW/

VATA ACTUAL/0HACTUAL/

NERNOw = NUMBER OF COtFFICIENTS FOk PRESENT EQUATION
INDEX = INUEX OF PRESENT EQUATION
MSUMRY = U FOR UILDING PHASEe = 1 FOK SUMMARY PHASL e
APATH=1
IF (NSKiPeEoU) KFPATH=L
*H‘:lou

1SS = SIuMA(NUVAK) *SIGMA (NOVAR)
CALL SLaTel (lrIUnT)
WO TO (LJrc0) e IOHT
CALL SLaTe (1)
w0 TO 39
NUSTEPSNOSTEP+L
IF (WSUMRY«EQel) 1WOSTErR=KSTLE (NBRNOW)
vl 40 J=1r0"
WOUT(u)=0
V0 50 J=1rNBRNUW
CALL PALK (NBRINOwrJrlre)
liwweX(J)=1
NOUT(I)=1

BETA = A(IleriNUVAR)
COLFF(J)ZACI P NUVAR) *STOMA (NUVAK) /STOMAC]L)
IF (IFCNS1«EQeu) GO TO oJ
CONST=Ue0
w0 TO 8L
CONST=AVG (1WOVAK)
U0 70 I=1rhBRNUW
JZANDEXLCT)
CONST=CUNST=(CuLFF(I)*AVG(U))
SUMSE = AULWOVARYNUVAR) * 5>
AVARENGRNOW
VEFKZDEFRM=XVAR
NODekFk=ueFR
NUEF RMZpEFRM
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s AD=AD76 354  ALABAMA UNIV IN HUNTSVILLE F/6 13/4 !
METHODOLOGY FOR CONTAINER CUSHIONING MODEL DEVELOPMENT AND VALI==ETC(U)
AUG 79 R M WYSKIDA ¢ J D JOHANNES DAAK40=78=C=0146
UNCLASSIFIED UAH=221=VOL=2 USAMICOM=TRT=CR=79=24=VOL= NL

2oz

-..... %

DATE
FILMED

12-79

DoC




T——

IV

10v

139

14U
15V

lbv

LF (MAXSTPe.EWeyy9) GO 10 230
IF (1FSACREQeQ0eORIFBACK 61 «NUSTEF) GU TO 230

«xxx COMPUIE SACK SOLUT10n
SIoY=DSURT(SUNMDW/LEFR)

NApC = 1

IF( IFwleNLeO ) NAGC = 2
LF(NYTRACINE«U) NABC = 5

IF( NDEFReLEsu ) SIGY = U.yuol
SUMSE=0.0UU

CHLSQ = D.uDL

SUMSQU = U.0uu
CHISGU = 0.00L0
NONO = U
NOROP=V
cle=s0

VO 220 =1 NDATA

IF (NTAPE9.NEeU) GO TO gy

RKEAU (9) (POLHT(L) rL=1sNOVAR) »WHT
w0 T0 110

JU=NoRATYW* (N=1)

VO 100 L=1+/NOVAR

KK=uJ+L

POINT(L)=STRING(KK)

JUSNERX Y *N

WHITS=STRING (JJ)

YPrREU=CUNOT

U0 120 I=1.NBRNOW

J=INDEX (1)
YPREUSYPREUL+COEFF (L) %xPOINT (U)

YOuS=POLINT (HHOVAR)

VEVSYPixkeU=YOBS

UEVINSDEV/SLGY

LF( NDEFR eoLte U ) QDEVN = 9.0

PCI=VDEV/YOuS*100,.0

GOVL=BLANK

1F (ABS(L}LVN) .bl’.-).b) UOOU:LHECK

G0 TO (1500130)r KPATH

VO 140 Jv=lr'LbAbLre

IF (NeL1enNUGOUU(U) sOReNoGT «nOGOOL (J+1)) GO TO 140
GOVL=VoLD

NWBAU=NBAD+1

LF (NBAU.EWeNSKIP) KPATH=1

60 Tu 100

CONTINUE

DEvSu (LEV*DEV) *WHT

SUmMSQ SUMSQ + DEvVSq

CHLSQ CHISU + DEVSQ/YPREV
CInESLINE+L
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—

lov

«JV

M = NALL

AL (1) = vulu

AbL () = whT

I ONYTRA) 17001900140

IF (‘\)bJ'U‘.lJ..UI“‘Y')RLlJ.Urglbo) 60 TO lﬁb

10 = DEXP(YOLYS) =YCONS)

YC = DEAP(YPREU)=YCONST

o0 TO 2006

IF (YOUSe0Ol eBeeVReYPREUGTose) GO TO 145

YO = 1lueQUU*RYUUS = YCONSIT

YC = 100uu**YPhEY = YCOUNSOT

COnT INUL

vEvU = YC = YV

AL ()) = Yu

ABL(4q) =~ YL

AbL (b)) = ueVu

IF (U vOLULWeVOLID ) GO TO 1Yy

UbvoQ = (wkVvUsurVU) » whiT

SUMSQU = SUMSWU + LEVSQ

CHLISWU = ChlSwUu + UEVSQ@/YL

V0 10 190

WO = |

M= 2

CONT LNUL

IF (LINLeLLedUl) GV TO 21U

WRATE (0P 4UU)INUSTEF e NPROL  (V(JPNOVAR) v J=102) o (YIRA(J) pu=102) ¢
(BLAGKR? J=ierNALC)

wivk=1

whlilt(oeg /7o) VUL rNeYOUS e YPRED v DEVeOLVINePCH e (AGC(J) v U=1 M)

Ot T

AR T I R B N R A U R N U DR U U DU U W S N UNE U DR N N R N

S510Y = VSURT( SUMLG/DEFR )

SIoYU = POWRT (SUMSQU/OLFR)

=1

LFCYTRA(CL) e N e ALTUAL) L=2

WRATE (e 9y) S10Yr CHIoue HUMSQe (BLANR, J=1eL)

IE U NADGC sLUeD eANUe [HONOebLWeu ) WRITL(LeHOU) SLI6YUr CHASWU» SUMSQU

1F (NT‘\}'t\,otHoU) '\ILWlNU Q

SUMSQ = A(NOVARYNOVAR) » TbHy

COnT INUL

IF CA(NUOVAR e WOVAR) o LT e0oU) A (NOVARYNOVAR)=U 0DV

SUMSWZVABS (SUMbDY) ‘ y

AF (INDEFReLTJ) OV TO 24U

WRATE (Le370) NUSIEP

S1uY=0.V

Jl\)’ CT;Ull'

RELKCOZU e l

CALL SLITe (1) r
!
!

ISR
LIP3

STULRR (npskivOA) = UL0
CORLGR (npikinOw) = 040
AF (MAALGTH eEQe999) RETURNN




l VO 10 dou
ey LONT INUC
SloYe=SuMbu/0LER
' SIOYZRSURT(SIoYE)
KOW=] e UuU=A(INOVAK?NOVAK) t
1 LF( NOSTEL oNte RSTEP(NBRNOW) ) GU TO 245 e
: STut kR NBRIIOW) = S510Y |
CONLUR (NBRNOW) = nSQ
w0 VONTINUL
LE (MAXSTP ob weY9y) Kt TURIN
AYYZA(NOVAK e NOVAR) é
IR=1.0 :
REORCO=5GNRT (Kbw)
R2=KLQA/AVAK
VE=A(NUVAR e NOVAR) 7 ULFR
Flebi=he/ Ve
¢ LURELOZhOLUI*ISS
i Suht G2Z5QREG/XVAR
UAIA CORREC r TEU/OHCORRLC» IHTE D/ ORI v0IN/ZOH ORIGICLIHNY/
VASE 1 =CURREC
BALLZ2=TRD
1F (IFUNSTeEWQeu) ©O TU 250
DBALE1=0R1
UALLS=0UAN
Jou WRITE (0rai0) NOSTLPALPHA» ( PROB e BASE 1 v BASL2 r NUEFRMe THS» TRe NBRNOW ¢
15GREV P SURLL2 P ROWP R P FTEST e FReSUMSQe S1OY e AYY V2
SIOPCT=AUS(SIOY/YMEAN®LOO0.U)

[
coU ARLIL(OrdoU) 240Y VI1eNOVAR) P V2 NOVAR) ¢ STOPCTeREGRCO
w0 290 JZ1leNBHRA
U POLNT (U)ZACJrNUVAR) *AINUVAR»J) ZA(JrJ)
eIV COnTINUL
-
WRITE (Le&u0)
AK=0
LE (IFPNCHeNE e Ue AND e WSUMRY e wel) WRITE (70480) KKeCONST o NPROB » NBRN ¢
LUWe INDEAY riNOSILP o LEPNCHe L 10PCT e RLGRCO i
IF (LFCNSToEQeU) WRITE (60390) CONST 4
i \_ !
. s LIST CORFHLICIENTS
! DO 310 J=1eNUBRINOW
! AZINVEX(J) ;
: LF (IFPNCHeEQeUeOR ¢NSUMRY oo 0) 6O TU 300
3 WRAITE (79480) 1eCOLFF(U) rINPROBeNBRNOW e AINDEXY ¢ NOSTEP » IFPNCHe SIGPCT »
¢ LREULRCO !
g 20U SEu=SOn T (ABS(ACLIL)))*SIGY/SIGMACT)

CT=COLFF (V) /5L

IF( SEL ebkuwe Ueu ) CT = wey

wRLITE(Or4lu) VIEiel)ev(geI)e TeCORFF(U) oSEBeCTrACIoNOVAR) »POINT(I)
IFC POANT (L) elbeveu ) GO Ty 310

WRITE (O 510)

CALL SLITL ()
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.

S |
21U COnTINUL

I (NBRINQuweEwennbRY) GO 10 JSou
IF (NDLFReLE«J) GV TO J60
whilt (oebc)
wWP=0
VO 350 i=lenNDRA
PAK=SPOINT (L) ZAYY
IFC A(LeD)eblbelul ) POINICL) =3.33333530L35
LFE CHOUN (L)) 30U0ed2003%0
vV IF (NP) 340033003490

330 IH=1
KPAR=PAK
OSHW=A(Le])
vbLT=PUANT D)
NP=1
w0 10 4LV
390 WRITE (0r830) Lo hPARYSSNeOLLT eI ePARVA(CIP1) 9y POINT (1)
NP=U

35v CONT INUL
IF (NPeivbeU) wWHRATL (o0r43U) L1HePRPAReSSNepbL]
JuJ RETunrN

o/u FORMAT (29YHINU MOKL DQEORELD FREEDOM STLPIS/Z1HO00120(1H*))

8V FORMAT (2Un05TANDARL EKROR UF Y FloeorHX2A6/2411 Set.e AS PERCENT OF
* McAN FLZ2e0/72491 CURRELATION COLFFICILNY Fleeo /7 )

SV FORMAT (TAP1HHLUNST . TeRM urel7.8)

qJu FORMAT(cUNP U3HV AR COLFF ACLLNT STANDe ERROR COEF/SEe 7Xe
11nBETA KSG CHANGL)

Wiu FOIMAT (7TrxcAorldr L17e8rEL19.0F1lUe40F1448)

42U FORMAT (LHRC1IXODOHREOGRESSIUON OF THE VARIAULE K OW THL SLT OF VARIABL
1S ABOVL/Z1hJe 2 (4R 44HK PARTIAL RSQ NORMLD SUM/SQ DELTA RSQe
<aln))

43V FORMAT (2Ar2(l4rFl3e70iX2blbeTr9X))

44U FORMAT (SHASTEPLGeYX e 10450911 PROBLEMIG/OHUANOVAP 21X e 3UHeeoeesee OR
LAGANAL UNITS coeveceee9Xr20tieeee CORRELAIION FORM eoee/bH SOURCE 13X
2r30HUeF o SUM U SWUARLS MEAN SQUARLSYXr 26HSUM SQUARLS MEAN S
QWUARESILIX e YHOVERALL F/Z7THOTOAL(AGrAI» 1H) 1 70EL1T8020XeF158/711H REG
GRESSIONLLS 2017002 3X02F15e80F20e4/711H KESIVDUAL  11302617.803X02F15
Hed)

Gou FORMAT (OSMASTEPLIG 10X r @ 3HRLLIDUAL ANALYSIS  ( ACTUAL VS CALCULATED
1 ) e9Xe 7THPRUBLEMLIOZ 1HU P 22X e A AR/ TX 0 16HUBLSERVATION Abe A4 1IN
cCALCULA TEV 8BXr SIHRESTIDUAL NOR DtV PCT DEVeA3rAbr 6HWEIGHT ¢ JAL
30 3UH ACTUAL CALC, DV /7/)

W70 FORMAT (LXrA60rd0eb 17e502FLloeDrFlue3rFlle3rlnA0rFB8ed4rFleelr2F11.2)

G4ou FORMAT (IOeECde8rOLISrF20e40F1067)

49U FOKMAT (L17THKOSTANDARKD ERROK =Fluoedelbid ¢ CH1 SQUARE =Flle4e2Xe
+ 7h OS5k L1500 2A1 9 34HFUR TRANSFOKMED DEPENDENT VARIABLE )

HIu FORMAT (17HOSTANDARD ERROR = F10e3015H » CHI SQUARE =Fl1le4e2Xe
« /h SOk SE1YedreXx 2 I4HFUR KECONVERTEL DEPENDENT VARIABLE )

LIV FORMATOLIX e H0(01%) ¢ 53 TLL=CONDITIONED SET === KRESULTS IN DOUBT. DO
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S/K TO #RINT SuMS UF CKROSYS PRODUCTS
SLLROUT LNE PRITSUM

KARN SUML COF LWUAKES AND CKOSS PROLUCTS
COMMON STomALoUl v A(52052) 15 MCOR(I52052) e AVO(DU) f TEST (0U)
COMMON POARNT(OU) o STRING(30uy ) INUPAC(3ur30) e INVEXP (DY)
COMMON  ANUEX(0U) 1 UUT (0 ) o KSTLP(OU) s ALPIHHACLO ) » YMEANe ILEN? IFAVE
COMMON MAASTH P IFPLCHe NSUMKY s NSRIP o NTAPLY e NL W
COMMON (HOVAR ¢ HORNUW e NOSTEF ¢ W\DATAPNBRAYW e NBRX e LPATH DLE RMe K
COMMUN LFUOAZR P AFCHST o IFCORKy NPROB o NBRPVK e TOL ¢ REMARK
COMMOM ANULXY P LBAL ¢ NOGQOL L Zy)
COMMON LFwl e YCUNSToaNYTRACNV (. eS51) e YTRA(LZ)
COMMON  STUERRIS0) e CORSUR (DY)
VOULLE PRECISLIUN ApSIMCORISIOMAPAVGr TESY

VALA yu/Zln /

wiilt (ueddl)

wWRilt (0elo) (JorirAlLenNnorAYW) p1Z1 o NBKX)

WRITE (0el70) AULWUVAKINDBRAT W)

whkilt (wels0)

WRATE (0rdy0) ((UbeledeAlLey) v JZLeNBKX) ¢ I=) e NBRX)

wWRiTE (oecU0) (JbrleALLoNUVAR) rIZ10NBRX)

WRAIITE (orclQ) ALNYVARYNOVAR)

e LUKN

(2R Y T I T R S e I Y S PSSP SRR Y

IR A R R R TS S R Y TS P SRR R

S/n TU CALCULATE AND PRINT THt RESIDUAL SUM OF SQUARES AND CePe
EIGTRY KRLESIUV

IF (ACGVURXYWe dORXYW)) L10rdurcl

wATE (Lrde0) wWPROY

CALL EALT

JO 40 1=1+1W0OVAK

v0O 3u JU=1210OVAK

Alaed)ZACL2I) = (AL NBRAYW) 4 (JrNURXY W) 7 A (NOURXYWeNBRKXYW) )

AVO L) =a (Ll e HBRAYW) ZA(NLRAY w s A\BRXYW)

iF (1FAVEeivE«d) OV TO 0

wRiTt (0rcdd)

WRITE (0ely0) ((JLeledeAaliry) rd=1eNbieX) e I=1 9o NBRX)

WRATE (LedU0) (UbsrdirACL s NOVAR) e IS eNBRX)

MRITE (brcll) ACNUYVARPNOVAR)

NL.UI‘\"«

FARAERA SRR PR AR PR AR BRI RN R e KR AR R KR AR AR A E AR AR RN R R RN AR R R RN R R B O R

AERERRR AR EP R AR AR PR AR R R E RPN R R QR R RS R AR R R R AR R R R ARG R R RN B RO R

S/ TO CALCULATE AND PRINT THE SIMPLE CORKELATION COtLFFICIENTS
ENTRY CURKLL

U0 90 1=1¢nNOVAR

IF (A(Ie]l)) bUrOL?LO0

wRATE (0e240) 4

AFL lebuwenuVAR ) CALL SLaic(l)

SIUMA(I)=41.0

V0 v v=1+'OVAR

Allro)ZUveV

hklurl)zuev
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ou
YU

1Jdvu

11lv

idv

1oV
130
14v

15y
1oV
17v
lov

49V
<JdV
Zlv
<20
<du

w4V
2oy
<OV
Py

WO TU YU

SIOMA(L)IZUSORI(A(L]))
Alar]l)=1leulLN

vO 100 Ll=1leNoA

IPLI=1+1

VO 100 u=iF1rlUVAK
AlLed)ZA(IJ)/Z/(STOMA(T) xS LomA (YD) )
Alurl)ZA(Led)

vO 110 J=1,NOVAR

VO 110 K=1¢/NOVAK
SIMCOR(UIK)=A(UPK)

lF (IFCNSTeNEWU) GO TO 140

IF (IFCUKR) 14urlcurlly

wRITE (oe2bn)

IF( NBKAsLEel ) GO TO 135
NOVM2=NBRXA=1

vl 130 1=1eNOVME

IPL=1+1

WRITE (orcol) (UBrIedrA(Lled) e J=IPLeNBRX)
wKITE (0e270) (JBrLleACLyNOVAK) v IZ1eNBRX)
RETURN

FORMAT (1HOUrLUAP1BHSUM  OF VAKIABLES//)

FOrMAT (4(A1r11H SUM X(icr3H) =F14.4))
FORMAT (bArllHSUM Y ZSFl4.4)
FORMAT (1hy70H KAW  SUM  OF SQUARES A

10 CRUSS FROVLLTS//)

FUORMAT (3(AlrohH X(Igo7H) VS X(I2¢3H) =F17.06))

FORMAT (3(Alrbnt X(IcoleH) VS Y Z=Fl17.6))

FORMAT (5Arl6HY VS Y =F17.6)

FORMAT (3<n0 ZerO NUMBER CF UATAr PROBLEM 167)

FORKMAT (1HU25A50HSUMS (OF SWUARES ANU CROSS PRODUCTS ABOUT TH

it MEAN/Z)

FORMAT (1010 VARIABLEISs10H 1S CONSTANT /7)
FORMAT (1HU»33Xr 3IHSIMPLE (ORRELATION COEFFICIENTS//)

FOKMAT (S(Alroti X(Ico7H) VS X(I2¢3H) =F12.8¢5X))
FORMAT (3(Alron X(IcgeleH) VS Y Z=Fl2.8¢5X))
tNU
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Pl s ed

C

e C,C

iv

Y

IV

QJ
oJ

($1Y

v

uu

Y

AJu

>/ TU AUL A VARIABLE

SULKOUT ANE AQUTV

COMMUN SI0MALDU) rA(LH2e52) e SIMCORIS2e52) v AVLI(60) v TEST (00)
COMMON PULNT(OU) o STRING(IuUL) ¢ INUPAC (30 30) ¢ INVEXP(O1)
COMMOUN ANUEX(oU) 2+ TOUT (B0) o KSTEP(DU) rALPHAGLL)  YMEANY IUENe IFAVE
COMMUN MARSTP e LFPUCH e NSUMKY o NSKIPeNTAPLY e NL W

COMMUN iwOVAR » INORNUW e NOSTER ¢ NUATA P NUBRXY W e NBRX e LPATHe DEFRMe K
CUMMON LFOACKR s AFCNST » IFCORRyNPROB Y NORP VR » TOL » REMARK

COMMON LINULXY rLBAL e NOGULD (28)

CUMMUN LFWT o YCUNSTINYTRAYV(_2S1) e YTRA(L)

COMMON  STUERR (DU »CORSUR (DY)

VOUBLE PRECISAUN AP SIMLCOReSLOMAPAVOLr TEST

VOUBLE PRLUISIUIN UAs VAR VMIN Y VMAX
NEBIKNOW = INUsibtR OF COEFFLICLIENTS FOr PRESENT  EQUATION

NGRPRV = wUMBLR OF CObFFICIENTS FOK PREVIOUS EwUATION
INUEX = Awut A OF MRESenT EGUATLION
INUEXF = 1NUEXN OF PREVIOUS EQUATION

YU lu Ja1 e hbRNOW
CALL PACA (NBRNOweJ» INUEX(U) 0 2)
VO 2U J=1enBRX
wWOul(J) =y
LF (NGO ) Surblr 80
VO QU J=1rhBRivuw
WOUMMY = ANwE X (J)
NOUT (NUUMMY ) =}
VMAA==1.0

FINU LAROLOIT LelYA (VAR = DELTA)
U0 70 L=L1riBBRA

BYPASS IF ALRLADY IN cQUATION

LFINQUI (L) eiveu) U TO 7U
LF (A(Llel)oGrelul) GU TV LU
whiTe (0e0l10) ACLe L) oI (INULA(Y) pU=1 9o NURNORW)
vO T0 7V

VAREA (L e NUVAR) *A(WOVARP I) ZA (L I)
IF (VAKeLweViMAR) GO TO 70
VMAUAS VAR
n=l
CONT INUL
nave FuuD uPTIMAL vakIABLE
NSTEPSNUSTEP+.
IF (VMAR) p0rv0ur9u
ARLTE (Lebc0) VMAX
CALL SLITe (1)
vl TO 200
NOKFPVR=RNO W
NLRNOWSIVBRNOW T
IF (TEST INODRNUW) =A(NOVAR P NOVAR) +VMAX) 10urlulrelv
aRLIE (0eD30) KeNURNOWeNSTEY
VO 110 1=1+,NOVAR
v 110 u=1eHOVAN
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rerCe

11v

lcv

13v

140

15v

lou

Ll

L3V

19v

eJv

clv

de v

eV

P A

s lv]

€99
P 1 &)

‘Od

ACLed)ZoIMCOR(LerY)
L”A"\:g
00 TO <dol
ADu VAnTAoee 1o INpEX
CUnTINLL
L (NBRPVI) 23urcdureldy
JO 140 vzleNoRPVK
CALL PACK (NBRPVReJe INUEXP (U) 0 2)
VO 150 vzl NEBRNURW
CALL PACK (NURINUWeJe INUEX(U) e 2)
vl 180 vzl 'NuRPVR
I CINOEXPUJU)=n) 1u0elo0rl7y
CALL SLILITe (1)
wikiTE (Ded )
w0 TO cou
JJd=J
oV 1V 1w
COnl INUL
ANUEXP (HERWOW) =R
o0 10 <lu
e=HLRNOw=JV
JO 200 u=irl
HRZNDRINUW L =J
NSZNURNUN=V
INGEXP (NR) 2 INUEAR (NS)
ANUDEXP (JJ) =K
CHeern 10 See IF SE1 Has ALREADY oEeN CUMPUTED
VO 20 vzl e NDRINUW
CALL PALK (NBRWUANPUr L)
IF CINUvEXF (D) etk e d) GO0 TO 24u
VONT INLE
WRITE (0eseu0) WOSTEP R e NBhivow? ( INDEX (J) ¢ J=1 e NBKNOW)
LPATHh=ZS
oV U 2oy

ANuEXP (L) =N
TEST (NorNva) =A LivuVAR e NUVAK) =VMAX
NECw Sel = PUT INDEXES 1w MATRIX
UV €50 u=lehbitivuw
CALL PACK (NERNOWrOUe INULXP(U) 0 ])
LPATHZ]
IF (IMAXSTPLQe9YY) OU Tu 250
LF(NSTEPLuel) 00 TO 250
WRATE(0rH50U) WOTEFeRe VI1eR) e V(20K)
ARSI (INORNUW) Sieo TV
ASITLP (IWORINUW ) ZNSTLP
KL TURN
A A A A e N P e SR ST R S TRy
PR AN AR AP R AR RN AR R AR PR R AR AR R RN R AR R PR R R AR R R R R R R R R R

ADUUS T COKRELATION MAIRIX FUOR ENTRANCE OF VARIABLE KN
LNTRY FMATRAA
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UA=leQ/7A(NeN)
YO Ju0 1=1.NOVAR
l LF (L1=R) &7003u0rc 0

cTu VU S0 V=l e NUVAR

IF (U=n) co0erYurdol
cov AlLed)ZAlLed)=nllrR)eA(RPU) #LA
<u LOUnTINLL

AlLeR)==A(lrn) DA
dJd COIT INUL

U0 5¢0 Uzl »NUVAR

AF VU=R) J1003800010
31U A(RrJ)ZA(NPJ) *UA
oev LOnNT [NUe

Alnen)ZDA
.
IF (NOSTER e l) Gl OMBZMINLI (L0002 e (WOVAR=1))
e INOSTEP«LE oNLUMD) GU YU 030
analt (weddN) WPKUp
CALL SLaTe (1)
Jouv KElunN
ke L N L e Y L T T T T T I T T T T N T TR S S SRR T
e LS e e I T e T T T T T T S T T T T LA LSS ™
. S/K 10 DLetbTe A VARIADLE
tNTRY nbsOvVL
~
JU A0 Ul e NBRINOIN
Owu CALL PPACKR (NERENOW? U AINUEXTU) 0 )
REMARKR = Ve )
RSy
NSTEPZNUS TP+
VMINS=_ syt 3y
. FINU SMALLLOT UelTA (VAR = DELTA)
| VO o0 U=l NORIwWR
| I iNLEXLY) |
i AR CACIPID=TOL) 300r30Us3LY |
l doU VAR=SA(LeNUVAR) *A(NUVAR L) ZA(I2 1)
‘ IF (VAR«LLoVMIN) Cu TO 3bu
VMINZVAR
nNZy
cov LOUNTINUL
AF CTESTONORNUN=1 ) #VMIN=AINUOVAR P INOVAKR) ) 370 e 3700 380
STv Cuivt INUL
o0 TV &/
. KEMuveE VARLABLE TO Bt QLeb TED FROM INOENX

dJuv UM = 0

U0 390 Ul HLRNUW

LF 0 INULX(U) sbwer ) 6LV TO Sy
] wP = UP ¢ )

ANUEAPLOP) = e X ilY)
IV L0l INLL

NUKEF VR < WoRMNON = |}
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. CrteR 10 see IE SE has ALKREADY uten COMPUTED
YU &80 v=lrrlibirP VYR
CALL PACR (IR VReUe L e )
IF (JetvelDEAP(VU)) 6O TO WPHU
Wy CoOnt liue
akalt toerDLY) A
o0 10 &/u

G NEw Sl = YUl INDEALS ©1w MATRIX
WU RLMMRK = lol‘
iUl = ooRNOW = |

TESTINODRNUR) Z=vm ]l v+ A (NUVAR» vUVAR)
UL 900 u=leliiRkiion

wOouv VCALL PACKR (HbRinunrue INOLXPLU) o))
whiTe(orhou) woTet eRe Vilen) o V(20R)
ASTEF (NORNUW) SO TLEP

47V KL TURN

r

HUU FORMATY o 0n0Al STERPLIGe 20 AQUOINED VARLADLETS » SX2A0 )

onu FURMAT ( omnDAT STERLIGe OMe CELETED  VARIADLEID ¢ SX0oAD )

GYU FORMATYT v ondAT STER TG e Qtie ADJUNCTIUN OF VARIOD( 25 PRODUCES The S
CAML SET OraSelatt VARTAGLES o5 BEFORL rlold/elly)

oOU FURMAT U An0e 1N r e OH b LET Tuin OF VARIOD a5 PRODUCES Tht S
eAME SET OF VARLIABLES AS Uerukt)

QOU FORMAT (8ah0ERAVR IIN ADJUVAN S7Reee PRODLEM TLRMINATED)

DIV FORMAT (2110 AUJOINING VARILIALLE 102304 PRODUCLS NO IMPROVEMENT FO
IR 13e 21t VARLADLESe AT STor 1)

LIV FORMAT L30n0IWURMALLLED RESTOUAL SUM OF SQUARES ISF11.0017H eeoescee
LevaAnlAvpLE Lorn 31 15 NEAR=DLPENOENT ON VARTADLESLILIIZ Z2X4013)

DU FURMAT (8YnOMAAIMUM NUMBER OF TTULRATIONS EACEEOED IN PROBLEMIS)

AU FORNMAT (L18hONCOATIVE VMAX FLlueOr 25H eseee PROGLEM TLRMINATED)
e Nu
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. PACA AND cATRACT InNDEX FROM ARKRAY wih WiiICH HAS 4 VALUES PER wD

SULROUTINe PACKR (1LeJJeJVALUEPNGO)

COMMON S10MALoU) rA(S52052) 151MCORIS2052) r AVLL60) P TEST(60)
COMMON POINT(0U) » STRING(30uy) » INDPAC (30r30) ¢ INVEXP(61)

COMMON aNweX(oU) e NOUT(00) v KSTEP(60)  ALPHA(L16) » YMEANY ILENY IFAVE
COMMON MAXSTP e LFPIVCHeNSUMRY o NSKIPeNTAPCLY9 e N W

COMMON NOVAR» NDRNUW e NOSTEF e NDATAP NBRXYW o NBRX e LPATHe DEFRM e K
COmMMON LFOACK e IFCNST» IFCORR» HPROB ¢ NORPVR ¢ TOL » Re MARK

COMMON INUEXY rLAUPNOGOOD(2¢)

CUMMON LFwl e YCUNSToNYTRAPV(2051) e YTRA(R)

COMMUN  STUERR(90) »CORSQR(5HY)

VOUBLE PRECISIVUN ArSIMCOKe 5IGMAPAVGr TEST

cQUIVALENCE (e XM)

DIMENSIUN MASK(4)r» MASKC(4), MASKS(4)

DALTA MASK/ZUTT7007700e 0770000 ru770000007

UATA MASKC/ZOT7T77777TT77700e0777T7777700770077777700777700777700777777
8 ¥4

UATA MASKS/01r010L0»010000001,000007

¢ INUeX AN hNiv  AxRAY
1=(il+1) /¢
v=(JJd+l) /¢
C wOku ITu b PACRKED
M= LvOPAC (L )
C POSITIUN Iin M TO Be PACRED ( 1=4 )

Ww=2%MOU(Lle2)+tMOU(JJrc) +1

w0 10 (lueregN)r NGU
L PACK 1inDEA
1U AM=AND (MesMASKC Livw) )
XMZOR (M» JVALUE*MASKS (Nw) )
INUPAC(LleJ)=M K
RETURN
. EXTRAC] Livub A ¥
2u AM=AND (Me MASK Civw) ) 5
JVARLUEZM/MASKS Livw) i 4
RE 1 UKN

ENu
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e AN e R ST TP TIP T

PRI

AT TMPE =+ PR P e P e el

lu

v
50
"y
VU

ol

Tu

($1%

Ju
100

110

12v

13y

149y

ioV

17v

TRANSFORMATION UF UATA
SUoROUTINE CHANGE (POINTeNuRTRAPCONSTrnTOTAL)

UIMENSLIUN FOLNI(60) e NGRTRA(E0) ¢ CONST(00)

V0 2¢0 4=1»NTUIAL
ITRASNBRTRA(I)

IF (ITRACLE.U) 0O TO 220
IF (1TRAWT.17) GU TO 10
WRITE (00230) LTRA
NBKIRA(L) =y

00 Tu «20

U=POINT(I)

C=CONST(I)

IF (ITKAevle8) GO TO 1lc0
60 TO (2003004450060 r80010ue110)» ITRA
v=u+C

60 TO 210

uzuxC

w0 TO 210

v=p/C

60 TO «1¢

U= /U

6C TO 210

IF (C.LIOOOO) (C19) TU 70
usp*x(C

60 TO «10

USle/0%%(=()

60 TO 210

IF (UDelTeGe0) w0 TO 90
U=C*x%xD

60 TO 210

U=le/C*x4(=D)

60 Tu 210

U=ALOG(u+C)

60 TO 210

U=ALUGLlu (L+C)

00 10 210

ITRAZITRA=b

AF (CobweDeN) L=1e
G0 TO (L300140015301600170r18001900200) ITRA
USeXP(CxD)

00 TO 210
U=EXP(C/D)

60 TO ¢19
U=S1in(C4D)

w0 TO ¢10
U=C0S(CxD)

00 TO 210
U=S51iN(CxD) /COS(CxL)
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cc

w0 10 210
10U USSINH(C*D)

60 T0 ¢l
190 USLUSHIC*U)

w0 TO ¢l
<OU UST1ANH(C*D)
clu POINT(]I)=v
<2u CONTINUC

RE IURN

€3u FORMAT (/1X¢14ATRANSFORMATIONI3?18H IS NOT IN TABLESe36H IT WILL B
1e SeT TU LERU ANDL IGNORED</Z/)
tNU
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UUMMY SULBRUUTLINE TO MAKE UNUSUAL TYPES OF TRANSFOKMATIONS. 13

Trld SUBROUTINE IS REPCACED AT QuuCT TIME wWiTH ONE WHICH !

PERKFOKMS THE CESIRLU TRANSFORMAT fONS.

POINT= DATA OBSERVATIUN wHICH WAS KRLAD IN UN CARDS OR TAPE |

IFSUB = A NUMBLLR OrbEATEr THAN ZerRO wHICH CALLS S/k EQUAT ANO
NUKOFA. MAY He USED AS A LBKANCH INDICATOR.

NXV = NEw NUMBEKR OF INUcPENDENT VARIABLES

MAKL SURE WEPENDENT VAR[ABLE MATCHES NXV + INDEXY.

S/R EUWUAT 15 USED To Avu OR CHANGE DATA OBSERVATIONS
S/K NLROFA IS USED v CHANGE THL VALUE OF NXV.
AND MUST HE UStD.

AR R R 2 R R e T T T T IR T TS ST ST T oY

EXAMPLE = POLYNOMIAL LQUATION
Y = A0 + AL*X + A2%atag + AJexsr) +

SUBROUTINL NLRUFX (IFSUBeiNXV)
WAV=IFSUY

NYZiNXV+1

NX=NXV

KETUKN

ENTRY LGUAT CLFSUBPPOINT)

VDIMENSION POINI(5)
STURE Y

A=bH4=NX
L=bd
VO 10 J=iNY e He
Rn=n=1
e=l=1
POLINT(L)=POINT (K)

STURL FOWLKS OF X
WU 20U J=21ivX
POINT(JISPOINT(U=1)POINT (1)
KE t URN
cNU
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QUOKQUTINE  DATE(X»Y)
DATA B/1H /
A=v

Y=L

RE TUKN

tNU
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APPENDIX F
Cushioning Model Validation Code
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This code provides the calculations necessary for a specific model
validation as outlined in the Model Validation Section. Input to this

program is generated by the Data Analysis program.
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e

CORAR PR PR R ER BB R R R AR A R E RS R A SRR R G ERRR E R ARG R e E KRR R
C
C VALIUATION OF CUSHION MATERIAL MODELS
C
(B e T PR T PR R P PP R e P e PR PP TR PT R RS E 02
¢
INTEGER TYFEM
COMMON/STUL/ILe TYPEM(3r20) eNV(20) »CONST(20) v COEF (51r20)
COMMON /STUL/TPeTCeSSrGLPNVReV(51)
COMMON /STL2/ CHeCArCCrGLMAX SSL(3) vSSU(3) eweDHeBMIN)bMAX

.
RANGE=1.0
"
" FILE 12 CONTAINS THE SPECIFIC MATERIAL DATA
REwIND 12
"
C
10V CONTINUL
¢
C REAL SPeClAL CASE FLAG ANDL MATERIAL TYPL NUMBER
(¥
READ(Sec200) 15rIL
¢
C NUMBER OF COEFFICIENTS FOR THE MODEL
o
NA =nvlL)
C
C SPeCIAL CASE IS = U ALL DAIA CASES 1S = 1
.
o0v IF (1SerQel) VU TLU §y0
¢

READ (902100,END=1500) TCrOH TP
+0v COnT INUE
READ (1e) NPTS
IF (NPTS.EWe99999) GO TO 1500
NPTASNPTS+)
READ (12) LH »TP »TC 2 (IACIL) v IIZ102) 0 ((BIKKrJJ) b KKZ10H) pdU=104)
JOXALL) pLL=2NPTA) P (Y (LL) v L= *NPTA)
IF (IS.tQe1) GO 10U 500
o000 PRANT 2300, TYPEMCLoIL) » TYPEMI201L) » TYPEM(S»IL) vOHeTC TP
A(1)=NPTS
Y(L)=NPIS
CASRAR RN R RN R RN R R R R R R R R A KRR KRR KRG R R R R AR R RO N
CALL CONFlL (XeY'NPTSeYLeYUrs)
CHERER QR R AR AR R R KRR R R R AR RN R R R R R R R R R R R KRR g R KRR &

VELTAZ=0.05
X(2)=0.05
I=¢

N=Z

o0u CONT INUL
IF (X(1)eOTe5e2) ©0O TO 70u
H"(K(I) 'Ok e .9b)UhL‘A=002
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l

(.
. SECUND VRULER PULYNOMIAL
C
YOL)SBlLA NI HBLZIN) R (ALOGIX(]1)*100))
I=l+]
X(L)=X(L=1)+DEcLTA
00 TO 000
70u CONTINUL
X(l)=I=2
Y(1)=I=2
80V COnTINUE
K=1l=1
VO 900 L=2rK
YL)SY(L)+b(3eN) * (ALOG(X (L) «100) ) %62
C
- GENERAL CUSHIOIN MATERIAL MOutL
.
SS = X(k)
S e L T Tt PR T T I P R T T IS ST Ty
CALL MOULEL
CARBERRE AR R R RPN R KRR R R SR R E KRR AR R R R g KRR KRR KR AR Rk kK
YM(L) =oL

J0v CONTINUL

CALCULATE PREUV4CTION LIMITS

cerc

NPTA=ZX (1)
CHERARR BB R R R R RN R R R R KRR R R R R R RGO RRAR K RR KRR R KRR R R R K
CALL PREDIC (Xe Y NPTAeYLeYUprYPLIYPU)
CAraptp g bRt gk b kR R R AR R R R R KRR QKRR R R g R R R R R Rk R R kK
C
C FInD MINIMUM IDCC G-LEVEL
¢
YMINZ=1000.0
V0 1200 I=c<¢rK
IF (YMINesLE.Y (L)) 60 TO 120y
YMIN=Y (1)
M=
levu  CONTINUE

VETERMINE VALIU MODEL RANGE FROM BOUNDED IDCC
AND PREUDLICTION LAIMITS,

cece

AMINZSX (M)

XL=XMIN=RANGE

XU=XMIN+RANGE

WRITE (o092500)

WRITE (or20600)

V0 1400 I=2¢K

N=3H

18=3H

IF(X(1) OGLQXLQANDOX(I)oLtoXU)IB=3“ %
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P

IFCYPLCL) e0ToYMUI) OReYPULI) LT YM(I))iN=3H =

IF (YPL(I)JLE«DQeuU) GO TO 1340

WRAITE (002700) X(1)oY(X) e YPL(I) o IBoYM(L)eN,YPU(I)
GO TO 1400

NEGATIVE G=VALUES SET TO = = o

WRITE (0026000 X(1)eY(L)eldyYM(I) oNe YPU(I)
CONTINUE

NEAT CASE
GO TOo 300

END OF JOu
«RITE (002900)
CALL EXIT

FORKMAT(1H1)

FORMAT(2FSe1¢F7.1)

FORKMAT(11r12)

FORMAT (1H1010Xr3A4r4XeFl4els? INe DeHo "+F7e10" INe THICK'eF8elr?
LTEMPERATURL ")

FORMAT ()

FORMAT (///16X2*STATIC STRESS'"r17Xe 'DECELERATIUON (G) ')

FORMAT (21Xe'PSI"r12Xe *TOUCCY o 4Xr *LOWER=P ' v 9X ¢ "MODEL'r0X s '"UPPER=P )
FORMAT (18X tF6e2?9XoFTe 20 UXtFTe204X0A30FTe20A323X0F762)
FORMAT(18XrF0e2tI9XoFT7e20TX0 = =1 95X0A3¢FT7e¢20A303XeFT7.2)

FOKMAT (1H1.»" END OF JoB')

ENU
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SULROUTINE CONFID (XeYeNPTS,YLeYURB)
Coa et 0 000 0 200 0 000 00 o o o R o R R o R
("
. COMPUIE THE PRELICTION LIMITS OF THE CURVES
.
CARAPRRARRE LR AR AR R R R AR RN KRR R R R R R RN R R R R KR KRR AR R R R b %
VIMENSION A(500), Y(500)r YM(500) YPL(50u)
1 YPU(S00) rb(5e) e IA(2) pYL(500) e YU(500)
VIMENSION XAR(S0023)r YAR(S00)r C(3)e A(3e3)e XIN(3e3)e E(3)
TAR = le.60
Fe=0.0
. B8X=0.0
¥YS=0.0
NPIS=X(1)
vO 300 I=1.3
C(1)=0.0
t(I)=0.0
VO 100 L=103
AINCLIoL)=0.0
A(leL)=U.0
400 CONTINUL
VO 200 J=1/NPT>
AAK(Jr1)=0.0
YARK(J)=0.0
<0u CONTINUL
00 CONTINUL
F=0.0
S=0e 0V
SSV:OoU
VO 400 1=1eNPTS
J=l+]
AAK(1r1)=160
XAR(Ir2)=ALOG(X(J)*100,)
XAR(Iv3)=XAR (10 2) *%2
YAR(I)=v (J)
40v CONnT INUE
LO 000 1=1,3
DO S00 Jv=1/NPTS
CLI)=C(L)+AAR(JP 1) xYAR(J)
S50vu COnTINUL
BX=BX+C(I)2B(1r2)
oQu COnNTINUE
VO 700 JU=1/NPTS
YSSYS+YAR(U) »xg
700 CONT INUE
“ could FORMAT(3Xr'YSe uX 11 2F15e4 )
SSW=(YS=uX)/Z/(X(1l)=3.u)
SESURT (SSU)
VO 800 J=1/NPTS
AClel)=A(lel) +AAR(UP L) RXARK(UP L)
A(Lr2)=A(102)+XAR(UI L) 2XAR(UPR)
ACLP3)=A(Le3)+XAR(JI 1) 2 XAR (U 3)

i
I
l
!

o

m

PN b

I——————————




oJdu

CER AR R R R AR PR R E N LR AR R AR AR KRR R R R R R R R R R R E R R R R

(T LT T L T T L LI I T I My

90u

1000
11yl

1200

A I e s NG A

Alcrl)zAa(2el) +aAR(JP2) 8sXAR(UP 1)
Al2e2)=A(202)+XAR(UP2) 6 XAR (U )
Algr3)=A(2e3)+XAR(UP2) sXAK(J» 3)
A(301)ZA(3r1)+XAR(UP 3) X AK(Ur])

ALSr2)=A(302) +XAR(UPI) s XAR (U R)
ACoe3)=A(3¢3)+XAR(UL 3) aXAR( U2 3)

CONTINUL

USA(L1e1) o (A(202)%A(303)=A(3,2)%A(203))+A(1,2)%(A(301)%A(2,3)=A(201
L)%a(303))+A(103) 2 (A(201)%A(302)=A(30r1)%A(2¢2))
AINCLP1)S(A(202)%A(303)=A13,2)2A(2:3))/0D
AIn(1e2)=(A(302)2A(193)=A(1,2)%A(3:,3))/D
XINC103)=(A(102)8A(203)=A(2e2)*%A(103))/D
XIn(201)=(A(301)A(203)=A(2,1)%A(303))/D
XIN(202)=(A(1r1)2A(3,)3)=A(301)%A(103))/D
XIN(2e3)=(A(201)%A(193)=A(1,1)%A(2,3))/0
XIN(3o1)=(A(201)2A(3,2)=A(3,1)%2A(2:2))/0D
XIN(3e2)=(A(301)%A(1e2)=A(1sLl)®A(3e2))/0
XIn(303)=(A(1r1)#A(2,2)=A(2,1)%A(1:2))/D
RETURN

e e e

ENTRY PREDIC (XoYoNPTSoYLeYUPBrYPLY YPU)

VO 900 I=1/NPTS

XAK ‘ I ’ 1 ) =1 L]

J=1+1

XAn(Ie2)=X(J)
XAK(1e3)=XAR([r2) *x2
CONT INUL

YPL(1)=NPTYS
YPU(L)=NPTS _
YU(L)=NPTS 3
YLIL)SNPTS |
JO 140V J=1NPIT>S ;
VO 110V 1=1+3

vO 1000 K=1+3 p
CUL)ZECL) TXAR(VIPR)I®XIN(Ke L) i
CONnT INUL i
CONT INUE "
VO 1200 I=1+3 '
FSF+E(I)®«AAR(Jr ) t
CONT INUE i3
F2=1.0+F |
F2=SQRT(Fe) 1
FSSUKT(F) i
N=ut+l 19
YUIN)ZY(N)+TAH®S*F
YLAN) Y (id) =TAHsSxF

YPUIN)SY (N) +TAHRS*F 2 |
YPLIN)ZY (N)=TAH®S*F2 i
FZUe0 k
DO 1300 1=1+3 K
L(1)=0eU !
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1500
1400

<009
<lul

CONTINUE
COinTINUE
RE TURN

FORMAT (3X» *B'15F 1D 4)

FORMAT (o0Xr 'SSQr
ENu

Se

Fo F2'03X04F15.4)
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SUBROUTINE MODEL
B N T e T T T T P PP PP e L P T P LTSS ST LIS T

Crossp®ssn DYNAMIC CUSHIONING MODEL 358 55 o o o o o o 350 0 00 o8 o 008 oo o o o o Ko Kok K K o
l C‘c““t“tttt#tttttt"4‘t‘tt‘##‘;t#““t#tt#t#t‘t#“t#tt‘t‘tt#t*ttttttt
INTEGER TYPEM

COMMON /STUL1/TPeTCrSSrGLINVRYV(51)

COMMON /STD2/ CHeCA»CCrGLMAX»SSL(3)eSSU(3) s WeDHeBMIN)BMAX
COMMON/STOD/IL TYPEM(3020) vNV(20) »CONST(20) ¢+ COEF(51920)

SS100

AL

AL * AL

SS * 1u0.
AL = ALUG( SS100 )

SROH = S5QKT( DA )

TR =
TRe =
TR3 =
TR&

TCOH =
TCTH =

L1

vViQgl)
viyR)
vVivd)
Viuk)
vi05)
vip6)
vio7)
vios)
vi09)
v(10)
viil)
viic)
vV{13)
viie)
V(15)
vilo)
vVi17)
vi18)
v(19)
vVic0)
vizl)
viz2)
Vigd)
View)
v(zs)
Vieo)
v(e7)
v(es)
vV(29)
vV(30)
V(3l)
V(32)

nunnunernuinnuuIrtrErreerBDBDND NN

TR
TR
TR
TR
TR
TR
TR
TK
TR
TR<
TRZ
TRZ
TRe
TRe
TRZ
TRe
TRe
TR2
TR3
TR
TR
TR
TRS
TRS
TR
TR
TR
TR
TR
TR
TR2
TR2

L 2R 2R 2N R R JE R JE 2R SR 2R 2R R IR AR B R 2 K R R I BE R SR BE IR IR R B R

(TP + 460.0)7100.
TR * TR
T * TRZ
TR3 »= TR
TC »x (=0.5)
TC #»% (=1,5)

TCOH
TCOH
TCOH
TCTH
TCTH
TCTH
TCOH
TCOH
TCOH
TCOH
TCOH
TCOH
TCTH
TCTH
JCTH
TCOH
TCOH
TCOMH
TCOH
TCOM
TCOH
TCTH
TCTH
JCTH
TCOH
TCOH
TCOH
TCTH
TCTH
TCTH
TCTH
TCTH

L IR AR R 2R B L IR IR 3R K 3R J

* # % W R %

SRDH
SKDH
SKOH
SKRDH
SRUH
SRDOH

SRDH
SRLH
SRDH
SRUH
SKRDH
SRDOH

SKOH
SRDH
SKDH
SRDH
SKRDH
SRLH
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AL
ALZ

AL
ALe

AL
ALe

AL
AL2

AL
ALe

AL
AL

AL
AL2

AL
Ale

AL
ALe

AL
ALe

AL




o |
' V(33) = TRe * TCTH * ALe
V(I3h) = TR * TCTH
VIoD) = TR * TCIH * AL
V(do) = TR * TCTH * ALe
l VI27) = Tr
Viog) = TR = AL
VI99) = TR » ALZ
! V(40) = Tre
V(gl) = TRe * AL
Vi42) = Tre * ALR2
V(4d) = TKY
VIGe) = TR * AL
VI4S) = Ty * AL
N
G COMPUTE DYWAMIC CUSHIOWNING FUNCT IO
.
oL = CONST(IL)
HA = NV(IL)

19U GL =

ENv

GL +

RETUKN

U0 100 J=1¢NA
COEF(JriL) x V(J)
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bLUCK DATA
O g 0 o R R o 0 K 0 A 0 OR R g R A R OR R g K R o g A g RO i N g R R R o R R Rk R
L MODEL COEFICLIENTS

C 400 000 0 00 g R MR O R ORI KA A K O K KO ok o o K KR R K K KR
INIEGER TYHEM
COMMON ZSTUDYI/ZTPeTCeSSroLeNVRKeV(BHL)
COMMON /5Tu2/ CHeCArCCoGLMAX e SSLI3) ¢ SSUC3) »weDHrBMIN, BMAX
COMMON/ZSTU/ZTIL» TYPEM(3020) e NV(20) pCONST(20) v COEF(H120)
LDATA (NV(1)el=1011)/ 4%360 7445/
VAILA (TYPEM(Lled)ed=105) 74HMINI ¢ 4HETHA» 4HETHA» GHURE T » 4 HURES/
VATA (TYyPem(2el) el=1yS)/78HCL ¢ 4HFOAMe 4HFOAM e 4HHER=¢ 4HTER=/
JATA (TYPEM(3e1i)elz=109) /740 t4H=2 rYH=4 ' 4H3 r 4HY /
UATA(TYPEM(L1r1)rI=00r11)/ GHURES» 4HMIN* ¢t 4HETHA ¢ 4HMIN+ » 4HETHA»
1 GHE THAZ
UATACTYPEM(22 ) 2 1=0011)/ GHTERG P 4HURES » 4HY+MI v 4HETHA ¢ 4H24ET»
1 QHE+ET/
VDATA(TYPEM(3r 1) rI=0rll)/ @ti+MINe 34TER» LN » LHY » S3HHAG ¢ INHA2/
VATA (CUNST(I) o h=195)/=3e39310602022¢073363132¢918823116.456637 ¢
1 55907QQ/
UVATA (CONST(I)rlz0ell1)/ 170,9030692204.5884+338.68941»
‘ 1 95972720101 .,841269 3643031 /
! DATA ((CORF(Ied)el=1y51)eu=104)/
2%0e23e0841945710¢r=153187249¢3.3401879207.49326
=5063595007 1 e H4IULL501 (0o 1 =0e 09587911 4% ?=H4.650087711¢021323000¢
=1e3010395r2.0789886r=.2260427=e40141035r.01173036r=:0953190+
5.9“220“1"05000577'00"d55n77506'250305“58'00'“9067b75'26'5232“!
=0 0678372001 =001520847¢1.0752888915%0e23%0e?2=38¢759499+ 00 ¢
1628350021202¢399261=53:35557T%02e9T70080923%0¢259886020r2%04 ¢
=40e 7217186153357 13200 r=, 00902474569 2%06 1= 0208028V 0242706984y
Ve r=e00752H25Lr=418¢9400Ur 156040775¢=15:003939¢133.99966¢

=30¢9200912:2085893r=10e473401021412173216%0e¢r=48¢167497¢3%( o

=4]1e630209r0e01389221210¢47081 933440350 2%0er%4e¢339839¢2%Qer

9el4729454 1 ~1e0063034¢=51¢70109373.0887819r5531436212% 0.

-0lUlngoﬁ'-'Glgblbbéi-l55“23026'0.'302511b0“'0"-005“7“6082'

=¢53e150011130e807721=11e805980 726156740 =25¢15407500e v =441437(095¢

00'0351100'17‘00'13025095'-50061b181'4‘0.003097“659'-900855167'

L=4e011139790603:474952¢=5.9426191+.401801099r1:8227191904¢

F =18¢55000000012e23981889r=e¢ 7106010252069 e4995322100er=e15167925¢

0=e01527000221¢03000623¢1049=¢19795351¢21.394161r=18.65TU59¢3%(0,¢

t e qUB8U1278¢2%0er10%0,/

DATA ({COEF (Leu) e I=1951)90=515)/3%0e0=107¢90113932.951647
«3eT7TO7201922V0eU2943r=49.3397U87r=5euUd9242593%Ue?19e77191 ¢2%0.
“H0 e U22I0br T BHIHOT9r 3, 18208431 4%0er=1409335120 14231548
3e7496497 706 r=e30983233¢c*ye?106179855948¢384712¢=31¢619216004¢
=9¢019209195¢9535051=,043214979r=213,65420er8+2119242004914.258078
1=5e007627805¢5699545r=2e43437429 598915830 6%0e/ .

JATACICUEF (Ted) v I=1e51)ed= o0 b)Y/ !

1 23%0e0r0e01lu8clB9r L 3%Ueyur=13¢903130¢3%UeVrU«2698451999%0,0/ ‘
DATAC(COEF (Ted) v 1=1r5l) U= 70 7))/ ‘

1 3*0eUr 73625295221 =39,0100259=4e5392104¢5¢1754836¢=1:3005991» f

A 6%0eUr

2 300200291 6%0e09=0e48009000r0e0r=0e2954873924%0e600118.010990¢

CrcCr»LCc~NCCFOLRFC

CU &€ 06w
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e —

D Qelr=83e09124370e0r=5,8219%0909¢371024900 000039998398,

G =729 0789 r=117e3202803:04098770058.689010036¢4980879r=0.5872010%9

S} UeQr=2e76820740 7000/

VATAL(COEF (T ed)el=1rH1) U= o 8)/

1l OR0eUPIceOLIBIVE I =He V01407 D% VeV r=3,0993450¢ 0034301 76¢

e =4eJ12YG 7000801913100 %0eUr0e8H49341999UUrLIUcLOUTYY

O =1e82305320=2e84H97TU293%0e0r=D3eBUYIBI P I LUTUUY =B 01839U,
G 8e0115009¢3%0eV0r=0e0TBBILU9POYV L0/
DATAC(COEF(Ted) e I=1051) ed= yy Q) /

1 S0V dUeIDL (:‘f'O.OJUcU'7.2510“9’l(\’UoU'-30“0‘)79;‘“"3.000'
P 0e 119949120200 =0600H5827933¢ 009 =88809407¢3%0eU? 110800060
d 320U r=0e3RU4994 100,07 =03¢7108301 42501750 =19.209793,
“ LUeHDAL0I rU08H92798 9070949130 0eur=0e 149047120 06%0.07
GATAC(COLF (T ed) e)l=1051) 0d=10010)/

1 =99¢35H28137 1 eIDU2I1 000V r o0 r=1eH03739Le0«0e1H40%019¢

2l =H5e1032015r 03091000120 0r0e0r=0e33.399320 439514820

) 000U 0223035190 0eUrVeuUr=0a95952180000«L13% 047410000

4 LedUUO1r=0e V0721129291 :23200=H8e921384¢00.0r=71:924129,
) BeHL1IG83001097009838¢0¢1021240 0600 =0e14793199,0%).0/

VATAC(COEF (Ted) e l=1eH1)pd=11011)/
L0V rlel7308Lle=13,004%Q0 1600841200 =0T7¢90302 79 14893859,
=1 IU‘.‘,\)“(‘J'J‘U'U"Jo.‘b-\)né"Oot)“q.'l“b-]\"u.UO 7'(_‘0()Q¢:Ll'
=0eDY302U00L U Qe
=0e1920978000eUL0610HU000* 0122870807 3% 000 =100 7320900060
700..‘0“510' -ty 10“559{.\&'0000"1‘30“9‘)7“0"\). ’U“"’?QJ'U'S{)U()‘JOR\)'
UeQr0eU?P=0UelldE373I00%0e0/

UELER -

LiNu
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APPENDIX G
CUSHOP and ENCAP Model Codes
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l This code considers eleven different materials and is utilized by
y the Container Cushion Design Engineer System. Further documentation per-

taining to this code is contained in [9].
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> B ek O sl

PRI

TR . G Rl R o Gl sl R % il 2l e il vl ) 3l il o

VY

«Ju
STV
K00

QUv
oQu

IR T Y R I I LIS TR T T I I ST R T RSN TR TR YY)
CONTAILeh CUSHIONING DeSiON ENGINLENR
CUSHUP aND ENCAP MODELDS

»
*

»

L

MATLRLIAL TYPLS .
MINICEL »
cIHAFOAM ¢ »
cTHAFOAM »
URLTheR 3 *
URLSTER 4 "
URLSTER 4 + ML ICEL »
MAINICEL »

L YHAF OAM »

»

¥

»

»

»

URESTER &

+ MiInICEL
MInICEL t. 1A OAM 4
cIHAFOAM 2 + LTHAFOAM 4
L1HAFOAM 4 + ETHAFOAM 2

LR R R R R R IR I R R 2R R N R B 2
+ £ 4+

»

BARREAP AR AR ERRRRR R AR R AR R R R R e R R R R R AR R R g AR KRR R R g R kR
COMMON /STLLI/ZTPeT1CeSSroLrinvine VIHL)

COMMUN 7/STue/ CiHHeCArCCrGLMARPSSL () v SSUCS) eweDHeBMIN UMAX
UIMENSTION 1(b)

tQuiVALelhwwt (1) reCH)

COnT INUL

INITIALLZALION

READ(Se *)  MOLELPDHrOLMARe P CAPCCorweMINe BMAX
LF(MUDLL Qe 1) LOTOQ 200

AF (MODEL eLQe <) VOTQ 00U

AR (MODEL eQe YY) LOTV {OU

PRinT SugrmOLLL

0OlV 1luv

CALL CUSHOH

GOV 1uU

CALL LNUAP

LIV 1uu

Pranl UL

FORKMATCAHL» LuX e 'ERROR UN MOuLL REQUEST== MUST bLE A 1ecrOR A QQF)
FORKMAT (1H1leluXe 'R0 OF JOL')

STuP

EiNL
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SUBROQUT INL CUSHUP
(%
(B Y e T R R PR SRS PR TSR R L 2
(" *CUS H QP e
L CUSHION MATERLAL THICKNESS OPTIMIZATION PROGRAM
(9
(S R T R T e R PRV P PSS TS P B
C
INIEGER TYFEM
COMMON /STU1/ TP 1CeSSrGLeNVRIVISHY)
COMMON /STu2/7 CHrCACCHrGLMANPSSL(3) v 5SULA) v weDHeBMIN, LMAX
COMMON /STL/ ILoTYPLM(J-dU)'NV(ZU)-CUN51(zu)'CuEF(blo¢0)
UIMENSIUN 1(5) e TCC(3)» YL(3) e YU(I)r TCMAX(11)r YM(3)
LQUIVALENCE (T(L1)rCH)
UDATA TCMAX/14eUr8eUr4ov/

("
C INITIALIZATION

UATA TCMAX/“os)’"OU'“QOOQoU'“oU'bOOIC)oO'ocU'boUIO'O'O-U/
C PSS = VELTIA STAYIC STRESS SSMIN = MIN STATIC STRLESS
C SSMAX = MAX SIATIC STRESS DTC = DELTA MATERIAL THICKNESS
C TCMIN = MIN MATERLIAL THICKNLSS TCMAX = MAX MATERIAL THICKNESS
C

UATA DSOS e SOMINIOSMAX P DIC Y TCMINZQ0S20euUrHelLr0eHrUeb/
C

w0 100 JL=1r11

PRINT 1200

TC = TCMIN

TRMAXZTUMAXA(IL) YUued
iF ‘1‘J).L]O-dU.U.ANUllLQOt.“) GO TO 1UUU

HAS MAAIMUM THICKNLSS betN REACHLD 4
IF (TCevbe IKMAX) GO TO 80U

INCREMENT THICKANESS

hNCOCCrCCC
(=2
c

o0 IC=1C+LIC
VO 300 v=1r)
SSulJ)=u.0
1CLid)=0eL
00 SSLIJ)I=V.0

L INLITALIZE TEMPERATURE INOEX

HAS THiIRD 1cMPLRATURE UetN REACHED
IF (NeGred) 6V TO 80u

INCREMENT TEMPERATURE

cccocECCcC
o
<
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Vs

INSIN* ]
TP=T(N)
("
C INITIALIZE STATIC STRESS
L
SS=SSMiiy
¢
. HAS MAAIMUM STATIC STRESS BEEN KLACHED 3
.
20u IF (SSe0TeSSMAR) GO TO 100 :
-
C INCReEMENT SIATLIC STRESS
C
SS=55+DLS

U0 0 o K K O O e K g K g K g K R o 8 OR 0K R K R R g K kR Kk KOk
CALL MOutL

U kA R g kR 0 a0 0 K0 0 0 o K g O R K OR o K o K K o K K KO R R R KK 0K K KK
1F (GLovTcULMAk) 00 T0 bOU
SSLIN)=5S
ICe(N)=IC
YLIN)=6L

HAS MAATMUM STATIC SThes>S BELN KEACLHED
IF (SSe0TeSSMAX) GO TO 70u

INCReMENRT STATIC STRESS

cCcoCccCcCcC
o
(=

5S=SS+05S

CEAARRERRR R AR AR R R KRR R AR A R R R R AR R R Rk R R KRR AR R R KR Rk Rk
CALL MOUEL

g e T P PP P P T e P T S P e T TR
AF (GLeLTeULMAX) ©O TO pOU
IF(GLOT o OLMAX) 55=5S5S=DSS

/0u SSLIN) =55

YMIN) 6L

YU(N) =6l
¢
(" MAKe KRANeGt 1eST
.

TEST=SSU (Iv) =S50 (N)
iF (TEST.bL.U.d) (V)] TO 4Uvu
eO TO 100
6dvu COnTINUE
IF (SSL(3) eEQeuel) 00 TO Y0
TEST=8Su (1) =55u(3)
IF (TEST.Skevel) G0 10 11UV
YU CONTINUL
IF (TCoeLTeIKMAA) GO TO 20V
PRINT 1000¢ TRKMAX?TYPEM(1eLlL) e TYPEM(2pIL) » TYPEM(I0IL) »SSL(3)
4 SSUCL) rGLMAX e T(3) o YM(3) o T ) e YM(2) o TCa)YM(L)
00 TO 100
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;

4000 IF( IL «GEe 8) VOTO 1uu
PRANT 1500¢ TYPEMCL1oIL) o TYPeM(20IL) v TYPEM(3,IL)
60 TO 1200
Llud  COWTINUL
oMINSW/5SU(1)
bMAX=KW/SSL(3)
PRINT 14000 TYPEM(L1oIL) pTYPEM(20IL) o TYPEM(S0oIL)»SSL(3)eSSU(L) #DHe
LOLMAXe TCoT(3) e T(2) o T(1)pwWedmINIBMAX

C
C PRINT TaABLe OF STATIC STReSS VERSUS G=LEVELS FUk THE THREE
C TEMPERATURES ==COLD » AMBIenT AND HOT
C
CALL TAuLL
C
42ud CONTINUC
C
RE | UKN
(%
C

4500 FORMAT (1h1¢T23¢'CUSHION MATERIAL OPTIMIZATION'+/,»T3350'CUSHOP /)

L4uU  FORMAT (T32r A4/ r8Xe "LOWER SS "rF5e2¢r2X? "UPPEK SS 'rF5.202X0 'DROP

L HolOoHT ' rFSelrckr 'o=LEVEL Y rFoelr /18X "mATERIAL' ¢ ? THICKNESS'oF8e20
</ 15X "TEMPERATURES ! 1 3X0 3F L2420/ 1BXo "WELIGHT ' 1 F8e202Xe "MIiNe BEARING
SAREAY ) FBe202Xe "MAXRe BEARING AREA'rFBe20/)

4500 FORMAT (//7¢S5Xe'INVALID LOWER TEMPERATURE FUR '»3A4)

1600 FORMAT (//¢5Xe **x*xBEYONU MAXIMUM THICKNESS (*+F6e20? ) OF '.3A4
L0/06X0 'LOWER S5 '"1F5,392Xe "UPPER SS '"1F5e3¢2X? "DROP HELIGHT'eF6ele2

cKr 'o=LEVEL'"rFbOelr /710X 'HOT TEMPERATURE ' ¢ 3X?F8e305X» *G=LEVEL'»

G3X1FBe30/010Xe "AMOBIENT TEMPLRATURE®* 1 3XoF8e303Xe 'G=LEVEL"r3XeFBe30/

4010Xe*CULD 1EMPERATURE ' 1 3X¢F8e3¢3X9 'G=LEVEL ' ¢ 3X+F8e30¢//)
ENU
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SUukOQUT INE ENCAP
O o 0 0k 0 o A 00 o o ok K o K o o R o 0K o K o o R o K K oK ok K K

''e NC AP
cNCAPSULATION CUSHION MATERIAL OPTIMIZATION PROGKAM

DEIERMINE MATERIAL THICKNESS FOR GIVEN
STATIC STRESS UKOP HEIGHT Aiv TEMPERATURES
B0 0 a2 0 o O K O R o e o R K o o e o o o o ok R K o o K ok KR K o K e o o ok K ok K Kok

INTEGER TYFEM

COMMON /STUD1/ TPeTCeSSrGLeNVRPV(S1)

COMMON /STL2/ CHeCAPCCrGLMAXPSSL(3) rSSU(3) v WeDHeBMIN,BMAX
COMMON /STu/ ILeTYPEM(392u) ¢NV(2U) 2 CONST(20) »COEF(51¢20)
VDIMENSIUN TCMAX(S) e YM(3)e T(3)

EGUIVALLNCE (T(L)eCH) e (TCoTHCK)

UATA TCMAA/Ge029e024,004300r4,0/

RN s

TCMIN = MIN MATERIAL THICKNESS TCMAX = MAX MATERIAL THICKNESS

(9
¢ IITIALIZATION
[
i (" DSS = VELTA STATIC STRESS SSMIN = Miil STATIC STRESS
(" SOMAX = MAX STATIC STKESS DTC = DELTA MATERIAL THICKNESS
("
.

: ¢
i l hy
E X
: C
b1 ¢
2 .
f ¢
i &
3

JATA DSS5rSSMIN?SSHMAXeDTCrTCMIN/ZDe0520eurSeUr 0650065/

c

SU=w/BMIN
SL=w/BMAX

1Jvu VO bu0 4L=4rb
PRINT 190U
TKMAXSTUMAA(LIL) +8eD
TC = TCMIN
200 TC=TC+C+5
IF (TCeOLTSTKMAR) GV TO Suu
TM(1)=0.0
YM(2)=0.0
YM(3)=0.0 |
5S=SL I
i
§

IF (T(3) ekl e=2Ue0eANDelLebE4) GO TO 4uo0

I=s
d0v CONTINUE i

TP=T(1) t;
0 0 0o 0 R o o R KR KK K R ROK R R R R R R ok kR R R kK

CALL MOUEL |
AR 8 0 00K oK A K R 3 o 0 o K oK R R o K R K R o ko K K Rk kK K a

YM(Ll)=06w
LF (GLeGTeGLMAA) VO TO 2uv p
SS=SU N
i=l=1 r
JF(I +6Gte 1) GUIO 30v

PRINT 700 TYPeM(LoIL) pTYPEM(20IL) e TYPEM(30IL) »SLeSUpUHIGLMAXTCo ‘




!
¢
{
{
i
{
i
!
!
!
!
|
1
{
]
|
|
1
l
B

LTUO) e Y () el (1) e WoeMINPBMAX

R R T R Y e T e I e T TS I TR RN L Y

CALL TAbLt

T T I T I e T T S P PRSI L Y

“Jv

LU ol o ol o

v

Y0u
AUul

o0 TO buo

PRANT QU0 TYPEM(LoIL) p TYPEM(20IL) e TYPEM(IrIL)

o0 T0 600

PRINT 800¢ TKMAXe TYPEM(10a0L) e TYPEM(2,IL) v TYPEM(30IL) ¢SLsSUrDHr GLMA
LXe (T(J) e YM(J) pd=103)

COnTINUE

RE TUKRN

FORMAT (T32r3A8e/r0Xr 'LOWEI SS 'rFS5e202X0 "UPPER SS '"rF5.202X0e 'DROP
L REIOHT Y ebDedrcRr 'O=LEVEL  rFoel e /708X "MATERIAL'»?* THICKNESS' 1FgBe20
S/ roXe "TEMPERATURES Y 13X 0 3F 1240/ 18X e "WELGHT ' vFB.202X e *MINe BEARING
JARLAY rFBer2Xr "MAX, BEARING AREA'»F8.2¢/)

FORMAT (//¢SX0o ' % x*gEYOND MAXIMUM THICKNLSS ('+Fbe2¢e' ) OF ',3A4
Lo/Z00Xe "LONER SO "1F5,202X0 "UPPER SS "9F5202X0 'DROP HEIGHT ' yF6.102
cAr'O=LEVEL'vFoelr/Ze10Xs 'HOT TEMPLRATURE ' ¢ 3XrFBe 303X 'G=LEVLEL"»
SOXeF8 3¢/ 010Xe "AMUDLENT TEMPLRATURE ' 0 3XrFB8e 303X 0 'G=LEVLL 1 3IXeFBe S0/
4rluxe'Culu TEMPERATURE ' r 3X e FB8e 30 3Xr 'G=LEVEL " v 3XrFHe30//)

FORMAT (//795X0 "INVALID LOWER TEMPERATURE FUR '»3A4)

FORMAT (1H1¢eT23¢*CUSHIUN MATERIAL OPTIMIZATION®»/ e T33¢'ENCAPY»/)

ceNu
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‘ol ol ol

i
I
I
I

e ——

10u

<20v

Y0uv

SULRCUTINE TALLL

PRINT TABLE OF STATIC STRe>S VERSUS 6=LEVELS FUR THE THREE
TEMPERATURES = COLDoAMUIENT AND HOT

COMMON /STUL/Z LeeTYPEM(3920) o NV(2U) v CONST(2U) v COEF(51020)
COMMOUN /STUl/TPeTCeSSeOLeNVReV(5])
COMMON /STu2/ CreCArCCrGLMAX P SSL(3) »SSU(3) rWeDHeBMIN, MAX

955 = 0.ud

A = u.0

AST = 9999999.u

PRANT Su0Q

VO 400 L1=1r10vV

TP = CC

CALL MOUEL

YC=oulL

LF(YC o0Ee Deu) GUIO 1u0
A= 1.0

YC = ASI

CONTINUL

TP = CA

CALL MOUVEL

YA=OL

IF(YA «CEe 940) GVUTO 200
A = 1.0

YA = AST

CONTINUL

TP = CH

CALL MOutL

Yh=0L

AF(YH +0Ee Qeu) bOIO 300
A= 1.0

YH = ASIT

COnTINUE

PRANT 6U0eSSrYLrYAPYH

SS = S5+0.U5

COIT INUE i
LF( A o¢tQe 0eU) KRETURN
PRINT 700

KE TUKRN 3

FORMAT(/¢» BXe'STATIC STRESS' r4Xe *COLD G=LLVEL'r4Xo
LYAMBLENT O=LEVEL' 74Xy "HOT u=LEVEL'¢/)
FORMAT(LOXPFHecr3U12X0F6ee))

FORMAT( /v10Ar *ASTERISKS INDICATE CALCULATED G VALULE' »
1 ' VOES NOUT EXISTY)

eNu




