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FOREWORD

This report prepared by the Southwest Research Institute under
contract DAAG17-73-C-0239 describes a computer program for the ieast
cost design of package cushioning systems, The effort was part of a
program for the optimum design of packaging systems sponsored through
the AMC CAD-E program under project no, 1E662703A090, Design,
Analysis and Optimization of Structures. Requests for the program resu.'~
ing from this work can be directed to Farl C, Steeves or Frank D, Barca

at the U, S, Army Natick L-horatories.
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1, INTROUDO LI

The objec:ive of thia projec* way ‘o develop he compuler software
for 1 cushion property and cost oplimization proceaure for the dezign
selection from available package cushioning materials. The design
problem relates to the use of existing cushioning materials to protect
large quantity supply items from shock a»d vibraticr damage, OCurrert
state-of-the-art design procedures and criteria were used,

The General Equipment and Packaging Laboratory (GEPL}, Naick
Laboratories, has the responsibility to design and specify shipping pack -
ages for a large numbe= of supply items which are shipped in large gquar .
tities, Current design procedures do no: use computer-aided design
{CAD) techniques; therefore, in the interes! of time ard economy, il was
desirable to incorporate into compule: -aided design the procedures axd
criteria that constitute the curzent state-of-the-ar*, Thue, developmer:
of new design procedures was rot withia the scope of work of this projec’,

The approach used in this projeci was ‘o implemert a compuler-
aided design (CAD) procedure which can be used to select from the avail-
able materials data files the mate»ial or materials that will proiect the
item to be shipped for the least cost. The shipping environments were
accounted for in terms of shock vibratio:, The temperature effects on
the package cushioning material properties were allowed for in the
stored data, Thus, the CAD program op-imizes leas* cost fc: the ma-
terials that will provide the recessary prosection,
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TABLE I

MATERIALS DATA CONTACTS

Organization

Material Data
Sought

Data Supplied

Sinclair Koppers
Company

Expanded polystyrene
(Molded DYLITE™)

Room temp. Gm v3. Og¢,

some transmissibility,

Nopco Chemical Div.

of Diamond- Polyurethane Nonv

Shamrock Company

U. S. Forest Anything

Products Lab available None

Du Pont Nothing outside of

Company S e that in 304

Package Evaluation . Only what is in 304,

Lab, Wright- ':::itll;?lg Some data on Air Cap,

Patterson AFB € SD-240. Transmissi-
bility data being deveil-
oped under current
contract,

. Expanded Some additional data

Dow Chemicals Polyethylene to 304

Michigan State .

Univ,, School of Any.thmg None

. available

Packaging

Goodyear Tire Co. .

Foar Prods. Div. Urethane Cushions None

Owens-Corning -

Fiberglass Corp. Fiberglass Nore

Polyurethane
SRS (31 (% Rubberized Hair AT
Flext
¢ ro.n Curled Hair None

Industries

3M Company Tolyester None

Kimberly- Glark Cellulose Wadding None

Corp.
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TABLE I (Cortd.;
MATERIALS DATA CONTACTS

. s Material Data . .
Crganization Sought Data Supplied

The Williamson Polyvfnyl None
Company Chloride

Union Carbide Polyester, None
Corp. Polyether

B. F. Goodrich

+

Chemical Co. Polyurethane None
Corntinental

Felt Co. Felt None
Armstrong Cork Cork None
Company

kih?cago S Curled Hair None
Hair Co.

tearns and

1 i Non

Foster Co. Cellulose Wadding Nore
Boeing Aero- None
space Co. Polyurethane Foam (Classified)
Sheller-Globe

Corp. Polyurethane None
GAF Corp. Felt Not ugeful
National Bureau Any.thmg None

of Standards available

Plas’ics Tech-

nical Evaluation Anything Numerous
Certer, Picatinny available Reperis
Arsenal

janesville Curled Hair No-
Cozon Mills (Hairkore) o€
Elocksom & Co. Rubberized Curled Hair Very li*:le data ;
S L ERIGCECE Fiberglass Nor.e
space Corp.

Texneco Chemicals, 3

Inc. (Houston) Polyurethane None
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to determine the bes”: way to tabulate *re volurnirous shock da’a, A fnter.
polation procedure was developed based upon "Digital Computer Program
EMI 494 Aerodynamic Interpolatior1"(4).

Since there has been much concerx abeui’ usizg package cuchioving
materials to protect against shock damage, most of the available matezizls
performance data for protection against shock are found in MIL-HDBK-304,
Package Cushioning Design(S).

The report '"Vibration Testing of Resilien? Package Cushioning
Materials!(6) provided the most useable vibration data, There is very
little vibration data available, The lack of good freque:.cy response and
phase angle data for package cushioning materials according to the varyirg
parameters, i.e.,

. Density (1b/ft3)

. Static Stress (Ib/in.?)
. Thnickness (in,)

: Temperature (°F),

is hindering the effective use of the CAD program that was developed,

Some vibration data were obtained from the report "Resiliex
Cushioning Materials"(7), The vibration data for package cushionin
needed some standard form of presentation, In this CAD Program, the
vibration-related parameters for each material that were standardized
are:

e Storage modulus, E,, as a function of temperature and
frequency

. Loss tangent, ta~ A, as a function of temperature and
frequency.,

Shock data were obtain :d from the report '"Test Resul:s on Air
Cap SD-240 Cushioning Mater! a1"(8), Frequency response vibra‘ion data
were not available,

For those materials iicluded in the initial ten materials cataloged
that did not have available actual data related to the performar.ce of the
material under shock and - ibration environments, an estimate cf the phy-
sical parameters was -.nade and so indicated ir. the materials information
tabulation (Se¢ctiorn 7.,




It is recominended that shock data (i.e., peak acceleration, g)
generated for use with the CAD Program be in the parametric curve form
used in MIL-HDBK-304; that is, with the parameters:

‘ . Drop height (in.)

. Static Stress (lb/in.z)

. Materia) thickness (in.)

] Environmental Temperature (°F)

. Material Density (lb/ft3)

It is recommended that vibration data (i, e., storage modulus, E,,

and loss tangent, tan §) for use with this CAD Program be obtained from
frequency response curves with phase angle plots for the parameters:

. Material Density (1b/£t3)

. Static Stress (lb/in.2)

. Material Thickness (in.)

. Env{.ronmental Temperature (°F)

It is our u.nderstanding that additional materials performance data
{
under vibration c>nditions are being generated under contract for Wright-

Patterson AFB, titled "Package Cushioning Materials Testing." Data
from that work are not available,

B.  Mathematical Modeling of Cushioning Material

1, Description of Problem

. The basic cushioning problem is illustrated in Figure 1. The
outer container as well as the inner item is assumed to be rigid, and the
time-dependent input force P(t) is uniformly distributed across the outer
container base, and its resultant acts through the center of gravity of the
isolated item of weight W, We also assume that the problem is one-
dimensional, and must therefore be solved independently for each of the
three orthogonal directions, It is recognized that such a formulation is a
considerable simplification from reality; however, in order to develop an
optimization scheme that can utilize the bulk of presently available data,
it is necessary to start from this point,

At the outset we assume that we have the following statement of
the problem. The weight W and its dimensions are given, Therefore, the
supported area A is also given, The loading from P(t) is given in terms
of a power spectral density, or RMS level and discrete spectrum for

b
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FIGURE 1. CONCEPT OF CUSHIONING PROBLEM

vibration excitation, and is given in ternis of an initial drop height h for
shock excitation, Finally, we are given the damage criteria for the item,
For shock it will be damage fragility rating Gp transmitted to it at the
interface, and for vibration it will be maximum RMS vibration level Yp
and possibly an associated power spectrum Sp of acceleration tr .s-
mitted at the interface. With this information given, we seek a suitable
material of thickness T, that can satisfy the above criteria,

It is recognized that some of the literature considers various
forms for the shock excitation including acceleration pulses, velocity
pulses, etc, However, most of the design information appears to be p-e-
sented in terms of equivalent drop height, and since a transformation to
this parameter can be accomplished in any case, we use it as the most
feasible design parameter,

2. Vibration Isolation at Room Temperature

The most recent design developments(l) recognize the great
utility of the complex modulus of a material for characterizing its vibra-
tion isolation properties. A complex modulus can be thought of as exist-
ing for any material exhibiting creep or relaxation behavior. Also, by

el
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using the complex modulus for materials, both ampiitude and phase angle
are considered in the mathematical treatment for vibration analysis.
Therefore, we used it in our mathematical formulation. However, it is
recognized that complete data on this parameter are not available for all
materials tc be considered. Therefore, it has been necessary to estimate
it from other parameters, such as static elastic modulus, material damp-
ing, etc. that are available. Therefore, consistent with notation in
Reference 1, the complex modulus is

E* = Ex +iEy = Ex (141 tan 8) (1)

where E. is the storage mcdulus, E; is the loss modulus, and tan )
is the loss tangent,

In view of the above formulation of the problem, the natural
irequency of the supported item in fhe cushioning material is

W2 = AL Eppg/TW (2)

where A, is the supported area, T. is the cushioning material thick-
ness, W is the weight, E.,, is the storage modulus at frequency, W,
and g is standard gravity (note that in this formulation the compliance
contribution from the cushioning material outside the isolated object is
ignored). With this, the squared magnitude of the transfer function for
the material is

|H{w)|2 = {[1 - z’%—a EEf: ]a + tan? 6}-1 (3)

whiere W is steady-state excitation frequency.

If P(t) is a steady-state sinusoidal input, then the complex
transmitted acceleration is

Y(w) = H(w) x(w)

where x(W) is the complex excitation. If P{t) is a combination exci-
tation which may include random and multiple sine components (which is
:sually the case), then it will be characterized in terms of its stationary
acceleration power spectrum Sy(w). In this case, the power spectrum
of the transmitted acceleration response Sy(w) is

Sy(w) = |Hw)|? Se(w) (4)




Equation (4) is directly {rora Iy a%ics (3.137), page 99, Benda:
and Piersol(10), Chapter 3 of this refererce, '"Mathematical Thecry for
Analyzing Random Data' provides the basis ar.d derivatior for Equation (4).

In general Equation (4) [i.e., Equa‘icn (3. 127)(10}7 is obtaired
from the transformation of [i.e., Equatiorn (3. 134)\“3)}

Ry(1) = [ [ h€) h(n) Ry (14 £ dgan (5
0

where R,(T) and Ry('r) are autocorrelatior fucctions of the time diz-
placemernt, T, to a complex-valued frequency domain by taking Fourier
*ransforms.

The latter approach was used in most cases, since the power
spectral density formulation can always be used even for sinusoidal inpuf,
providing that the measured excitation data has been analyzed with a firite
bandwidth resolution (which will always be the practical case), and this
bandwidth is specified with the data.

The design problem °s now clear. Upon selection of a trial
material having a given modulus E, and E,,, we ..;ust solve for the
thickness T. from Equations (2), (3), and (4), with all other informa*ion
given, The effect of temperature on the problem is discussed later,

The CAD Program allows three opZions to the users regarding
the vibration environment specification, These optinns are:

(1) MIL-STD-810B Excitation (i.e., sinusoidal)

(2) Multiple Sine Excitation

(3) Random Excitation

Vibration Optimization for MIL-STD-£10B Type Excitation

This excitation assumes a single sine wave is applied at the
natural frequency for amplitudes given in the MIL-STD, The excitation
at each i-octave band is calculated from Eqguation (2) for

U)j = (uni | (6)
and
%oi = | Toij| % (7)
9
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The smallest T.; of all frequency bands that satisfies x5; < X3]10w
is the optimum thickess value we seek.

The 1-octave band center frequencies, w;, are stored in a
DATA statement in the subroutine VIBRTN as array OB (I), The stored
frequencies are:

1., 2., 4., 8., 16., 31,5, 63., 125,, 250., 500., and
1000. Hz, These frequencies, Hz, are subsequently changed by multi-
plying by 2m to obtain the frequencies in rad/sec. These frequencies
were chosen based upon the International Standardization Organization
(I.S.0.) Recommendation R, 266, Preferred Frequencies for Acoustical
Measurements.

Vibration Optimization for Multiple Sine Excitation

Single or multiple sine components each at a fixed amplitude
and frequency are the excitation. Octave band transfer functions and
thicknesses are again computed from Equations (2) and (3). For each
octave band, the total response becomes (conservative)

Xoi = ? lToijI x; (9)

Again the smallest T; of all frequency bands that satisfies ¥5; < Xallow
is the optimum thickness value that we seek.

Vibration Optimization from Random Excitation

E..citation power spect: -1 density S(W;) must be specified in
1-octave frequency bands, Transfer functions and thicknesses are again
calculated from Equations (2) and (3) for each i-th frequency band. For
the material frequency in the i-th octave band, the total mean square
response becomes

Oia = ? S(UJj) |Toij (wj)l (10)

and the RMS response is

Oi = VO? (11)

10




Assume fo: a Gausgian process that
Xoi = 2.5 0j (i2)

Again, the smallest T.; of ail frequercy bands that satisfies %g5; < ¢ 110w
is the optimum thickness that we seek. Note that 2.5 gjas maximum will
be exceeded only 0.62% of the time. '

These three options prcvide the user the ability ‘o utilize
whatever vibration environmental data he has available or to use typical
vibration environments as provided ia the sample problems.

The random excitation option provides for the utilization of
the most comprehensive data that can be chtained and should be used
wherever possible. The multiple sine excitation and single frequency
MIL-STD-810B excitation provide for less comprehensive types of en-
vironmental vibrations.

3. Shock Isolation at Room 1emperature

The rigorous mathematical design of cushioning for shock
isolation is in a considerably less developed state than that for vibration, ;
This results from more complexities involved with time, strain rate,
and temperature dependence of the materials at large deflections normally
considered part of the shock isolation problem. Therefore, we used the
Direct Method. Again, tempera‘ure dependence will be discussed later,

The Direct Method is a relatively simple design approach
which can be formulated for mathematical computations by use of the
typical design data shown in Figure 2. Mary such curves for various
materials are given in Reference 1. The curves for a given material
present the maximum transmitted acceleration as the function

G, = F(W/A)

for selected trial thicknesses T One simply needs to vevify that

c’

for the given conditions. However, in orde:r to incorporate this pre-
cedure into a digital cormnputer program, it was necessary to store the

data for these curves for the candinate materials, This was done by an
appropriate interpolation scheme.”™ Here GF is the fragility acceleraticn,

“Discussed in Subsection F, Computer Software,

11
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Since different materials have different ranges cf opiiraum
static stress, the static stress, o4, that would be created by a particular
shipped item (i.e., of weight, W, and area, A) has to be calculated by
the equation

o = W/A (13)

and then checked to determine that the materials are within their static
stress optimum range.

4, Temperature Influence on Material Properties

Ambient temperature variations over wide ranges have a
significant influence on cushioning material properties. Unfortunately,
data for such variations are extremely scanty for all of the materials of
interest for this CAD Program.

Basically, the temperature effects on the complex modulus
of a cushion material are typical of that shown in Figure 3. The effects
are relatively insignificant until the so-called rubber-to-glass transition
occurs. In any event, provisions were made for the storage ai.d retrieval
of vibration data (i. e., complex modulus, E*) and shock data (i.e., maxi-
mum acceleration, Gp,).

The comn.vlex modulus form is
E* - E.%|(T) (l+i tan & .'r'z(T)) (14)

where T is varying temperature and 31(T) and ¥3(T) are the functions
which describe the temperature effects.

The maximum acceleration shock isolation form is
GmT = Gm ¥3(T) (15)

where ¥3(T) is the function which describes the temperature effects.

We generated the temperature effects on the complex modulus using the
functional curves for % (T), ¥,'T), and ¥3(T) shown in Figures 4 and
5. Thecze temperature effect curves (i.e., %,(T), F»(T), and ¥3(T))
are only estimates; therefore, any use of data from this CAD Program
should be used with caution until actual temrerature effect data have been
cataloged,

Points on each of the Scale Factor Function Curves were used
in the computer program TDATAF to generate the temperature effects on

13
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the shock (i, e., peak accelera’ior, Gp,) ard the vibraiion (i.e., slorage
modulus, E;, and loss tangent, tan 8) data. The shock ard vibrafion data
are then stored in the computer file,

sw 4

C. Treatment of Fragility and Damage Susceptibiiity Criteria

The subject of fragility or darnage criteria is complicated because
of the way in which different items fail when they are subjected to differen®
environments. Various individuals, depending upor their background axd
resources, advocate different concepts, eguipment and tesling procedures
for obtaining fragility ratings for items.

The determination of fragility or damage susceptibilily cri‘eria
for a specific item must be done by the program usexr prior *o utilization
of the computer program developed durirg this project.

Fragility rating, normally in terms of the peak acceleration of the
pulse which causes damage or malfunction of the item, should represent
the peak of the main pulse (as distinguished from peaks of superimposed
high frequency components), expressed ir multiples of gravitational
acceleration, g. Fragility ratings for individual items of a group should
be averaged to obtain a mean value for the group.

The fragility input data will hav. two forms:

(1) Those items that are no* repairable and discarded when
damaged

(2) Items that are made of components, These items can
have a range of damage to the componernts.

For example, the fragility input data might be in the following form:

Probable
Fragility Percent Repair Cost per
Rating, g Damaged, % Damaged Iiem, $
55 0 0. G0
60 5 5,00
65 20 25,00
70 80 475,00

17
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D, Statistical Form of Environment

It is recognized that many possibilities of shock and vibration en-
vironments exist for transportation of packaged items. The modes of ship-
ment include (1) Plane, (2) Truck, (3) Train, and {4) Ship. In each case,
the length of exposure time can vary, depending on the details of the package
and its destination, Therefore, herein we suggest a procedure for applica-
tion of average and maximum environments for each case,

1. Shock Environment

Statistical information about the typical number of shocks which
occur in a given transportation environment are available to varying de-
grees of detail from several sources. Figure 6 shows a profile of shock
excitation measured during a typical airline flight'“’, Data of this type
musi be further reduced to an even more concise {orm as shown ia
Figure 6b., That is, by accumulation of such data from multiple rlights of
varying durations, in the future a probability density for shock levels must
be developed by fitting a Gaussian distribution to the data. Then, the en-
tire set of data is described mathematically by

Is , -llgx-ug)/204]

Plgy) = 5= (16)

where Ug is the mean shock level, gx' is the deviation from the mean
level, and 0y is the standard deviation., This form is particularly useful
for computational purposes. The maximum shock expected in a given en-
vironment can be taken as

Emax = 30g (17)

Thus, the above formulation can be utilized for design to withstand re-
peated shocks (assuming superposition) or maximum as well.

Since all of the available shock isolation data for package
cushioning materials are presented in the form shown in Figure 2, and
since probability density shock levels for the different modes of trans-
portation are not available, the shock conditions specified in MIL-STD-
810B, Method 516.1, Shock, were coded into the computer program,
OPPACK. The shock conditions from Method 516, 1 are the drop heights
based upon weight and dimensions, The weight and dimensions which
determine specific drop heights are in Table II, The 48-inch drop height
was omitted from the computer procedure because materials data for a
48-inch drop height were not available,

Thus, it is not necessary for the OPPACK Program user to speci-
fy any shock environment,

18
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TABLE II

TRANSIT DROP TEST HEIGHTS FROM
MIL-STD-810E, METHOD 516.1

Weight of test item Largest dimensions Height of drop
and case (inches) Notes (inches)
Under 100 pounds Under 36 A 48*
man-packed and
man-portable
36 and over A 30
100 to 200 pounds, Under 36 A 30
inclusive
36 and over A 24
Over 200 to 1,000 Under 36 A 24
Pounds,
inclusive 36 to 60 B 36
Over 60 B 24
Over 1,000 pounds No limit C 18

£3
48-inch drop height was omitted from OPPACK Program because
of the lack of materials data.

2. Vibration Environment

Vibration excitation can be expressed either as a discrete
spectrum(z) as shown by the exam{JIe for truck transportation in
Figure 7, or by ¢ power spectrum 3) as shown by Figure 8, In the latter
case, the data have been accumulated for equipment mounted in air-
launched missiles. In the past, the tendency has been to express trans-
portation environments in terms of discrete spectra (Figure 7). However,
in recent years, with the advent of more compact laboratory analysis and
excitation equipment, presentations of data on such environments have
been shifting more to the power spectral form (Figure 8).

For the present program, available data were reviewed, so
that enveloping power spectra could be established for each type of en-
vironment, Considerable judgement was exercised in this process, to
account for varying power spectra at different speeds in transportation
environments. Again, the assumption of a Gaussian distribution about
some mean levels allowed reduction of the data to two parameters,

20
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mean and standard deviation. These power spectra of excitation then
formed the inputs to the equations presented in the previous sections.

Since most of the package cushioning design procedures used
in previous publications on the subject do not deal extensively with the
protection of the packaged item from vibration, a widely accepted method
of describing the materials data relative to vibration does not exist, Also,
a widely accepted method of describing the environmental vibration does
not exist. Therefore, because the vibration environment can be de-
scribed in relatively simple conventional terms (i, e., single frequency
sinusoidal excitation, such as MIL-STD-810B excitation) or in more
complex terms (i. e,, multiple sine excitation) or in the most complex
terms (i, e., random excitation), the computer program OPPACK was
written to allow three options for the optimization regarding the vibra-
tion environment. Those three options are:

o Single frequency sinusoidal excitation, i.e.,
MIL-STD-810B excitation (IC = 1)

5 Multiple sine excitation (IC = 2)

5 Random excitation (IC = 3)

The input environmental vibration data for the MIL-STD-810B
excitation (IC = 1) are to be in the form of acceleration, g. at specific
frequencies, rad/sec*, If the user of OPPACK has specific environ-
mental vibration data and wishes to optimize the package design for singlce
frequency excitation, he may input these data on Data Card Number Tv/o
(i.e., frequencies, rad/sec) and on Data Card Number Four (i.e,,
acceleration levels, g, for the specified frequencies),

If the user does not know what the environmental vibration
data are, he may use the following frequencies, rad/sec:

6.283, 62,83, 125.ho, 314,159, 628,300, 1884, 96,
3141.59, 4398,23, 5654,87, 5969,03, 6283.19,

and the following accelerztions, g, which correspond to the previously
given frequencies:;

Note that the input vihration frequencies are to be in radians per sec
(rac¢ asec).
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The laput envirenme tal »iv:=icr dala fo° ‘e malliple 3sire
excitation (IC = 2) are also to be in the form of acceleratioa, g, a* spe-
cific frequencies, rad/sec.

Alzo, if *he user does no! kriow wha' ‘ne e=ironrnertal vitza-
tion data are, he may use the previously listed accelerations and fre-
quencies,

The input environmertal vibratior data {fo: random ex-iation
(IC = 3) are to be in the form of Power Spec*zal Dexsity (FSD), gZ/Hz
at specific frequencies, rad/sec. If *he use> has I"SD data they a~e ‘o
be put on Data Card Number Three (i.e., PSD, gZ/Hz-, for the specified
frequencies on Data Card Number Two), If *he use:r does rot krow what
the FPSD, gZ/Hz data are, he may use the following PSD levels:

3,66(10)-4, 5.17(10)°4, 1.91(10)-4, 1.15(10}"4,

1.13(10)-4, 5.09(10)°7, 5.83(10)-%, 5,0%(10)"7,

5.09(10)-7, 5.09(10)-7, 5.09(10)"".
which correspond to the previously given frejuencies.

These vertical excitation data are from a truck transporting a
LANCE missile at 19 to 45 MPH over a gravel road from the acceler-
ometer mounted on the misgsile skid. The data are from Contract DA-31-

124-ARO-D-226.

E. Cost Function Considerations

To formulate a function that expresses ‘he :otal cost of cushion-
ing, packaging and shipping of a given item while allowing for the posei-
bilit» of some damage, to be covered by overshipment, rcqui:zes a
functional knowledge of all the cost variables in packaging design. Many
of these cost variables are tangible, such a3 cushioning material cosis
and shipping costs; however, some are intangible such ay zos‘s of storage
of the cushioning and packaging materials ard some phases of loading and
handling during shipment. Since we are mainly concezrned wi*h optimiz-
ing the cost function for a given variety of candidate materials and modes
of shipment, many of the intangibie variables play ve:y mircr ~oles i.
determining the optimum package, since these costs are shazed nearly
equally for all possible designs. The przimary cost variabies that were
considered in the cost function are:

Cm ~ cost per unit volume of cushiorning material,

Cc ~ cost of the exterior container,

23
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C¢ ~ cost of fabrication of the cushioning material to the
specified dimensions,

Cp ~ costof packaging of the item for shipment,
Cg ~ cost of shipment,

C; ~ cost of the packaged item.
These cost variables can be grouped into four main categories; cost of
materials, cost of labor, cost of shipping, and cost of allowable damage

replacement.

1. Cost of Materials

The cost per unit volume of the cushioning material enters
the cost function in a direct manner when the required volume of cushion- |
ing material is known, It is often the case that material prices are based
on a given thickness and width of sheet; in these cases, the waste mat=rial
must be accounted for in the overall cushion tost.

The exterior container for the purpose of cushion analysis
was taken to be a rigid container. Cost and fabrication of the container
were estimated for the sample problems from limited commercial data,
Previsions were made in the program for the user to input container data
(i. e. . Input Data Card Number Sixteen).

In the sample problems, the specific weight of the container
is 0.0017 1b/in3 and the container material cost is 0,00232 $/in.>.

EALTIQN,

e o
The cost of container, $/§n.3, is the cost of the
container material volume, not the container
volume.

2. Cost of Labor

The cost of fabrication of the cushioning material to the
specified design dimensions, as available, is included in the cost analysis,
as well as the cost of packaging of the item for shipment, These iteras
are best initially expressed in units of time since the price of labor is
generaliy changing, and therefore only a single dollar per hour rate is
necessary to update existing data. At the present time, we are using an
average rate of $3, 00 per man-hour, This rate is based upon data from
Area Wage Survey, U, S, Department of Labor.
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3. Cost of Shipping

The cost of shipping is one of the more complex cos* variables,
in that, weight, cube, number of items to be shipped ard mode of ship-
ment can play equaly important roles, When shippiag by “ruck, ::ain,
plane, ship or any combination thereof, the package engineer mus’ cor.sider
the limitations on weight and cargo volume of each of the possible modes of
shipment, For a shipment that requires muitiple modes, for example, by
both train and plane, a least cost operation must consider the cost in each
phase of shipment. Of course, the cushioning package will be designed to
withstand the environmental conditions imposed by all required modes of
shipment; however, the least cost package may not be the most cost effi-
ciert when cube and weight limitations arise in shipping.

4. Cost of Damage Replacement

The cost of the item being packaged enters the cost functiocn
when the cushion design accepts the possibility of some damage, by chang-
ing the item's fragility factor, and compares the excess cost of the items
shipped to cover the damage against the reduced cost of the cushioning
package.

Thus, the cost function is a linear sum of the above-mentioned
cost variables, The general cost function then takes the form

CF =n [VpyCm+ Cc (W, Vo) + Ce(m, Vo) + Cp (W, Vo) +£,Cy]
(18;
+ Cg(n, s, W, V)

where the brackets denote a function of those variables and n is the numbe:
of items to be packaged, Vg, the volume of cushioning material including
wagte, W the weight of the package, V. the cube of the package, m de-
notes a particular cushioning material, f, fraction of items allowed for
possible demage, and s the particular mode of shipment. It should be
pointed out that since a different cushioning material can be used or. each

of the three orthogonal surfaces, the expression V,,C,, can be expanded
to read

3
1=

where the subscript denotes the three pcssible surfaces. Likewise, the
possibility of multiple modes of shipping can be functionally expressed as

4
Csin, s, W, Vo) = ) Cgln,s, W, V). (2}
S=1
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The value of cushioning material, V,, in itself is a furc-
tion of the cushioning material properties, fragility factor of the item,
and the shipping environment.

F. Computer Software

The actual implementation of the FORTRAN computer software
into the Natick Laboratories UNIVAC 1106 Executive 8 System was the
culmination of all of the work on this project.

The Computer Aided Design (CAD) of package cushioning was
accomplished through the FORTRAN language. FORTRAN permits the
use of:

. Mathematical expression

q Data file input/output

. Procedural subroutines

Batch and remote procesaing.
Thus, a main program is used to cali and manipulate the subroutines.
The subroutine programs were structured so that modifications can be
done with a minimum amount of difficulty, The use of subroutines permit-

ted the segmented development of the complete package cushioning de-
sign computer program.

1. Lagrange Interpolation of Data

Since we knew that a large number of data files were going
to be required and that interpolation of the data contained in these files
was necessary, we have developed and implemented a subroutine and
function for interpolation and extrapolation(4). They are the following:

5 LAGINT (i.e., Lagrangian Interpolation Subroutine)

5 FLAGR (i.e., Lagrangian Interpolating Function)

The interpolation programs are designed to save consider-
able computation time in generating data by interpolating a set for a more
dense set so that a realistic data is realized. The mathematical inter-

polation scheme used is that of a three point Lagrange with a fairing
over a four point set.

Program Theory for Lagrange Interpolation

Given a set of matrices Y(k), we wish to interpolate this get
to obtain a more dense set I'(k). The method of interpolation to be used
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is that of Lagrange by passing a par-abola f~cin "ne righ! azd ircm ‘ne lel"
and averaging. For those points in I'(k) which are no* spanaed by at least
two points on either side by the set y(k), a single parabola will be used at
these points, Higher order polynomials have been tried ar.d have failed to
yield any increase in accuracy and have often caused undesirable cscilla-
tions.

LaGrange's interpolation fornila:

M (k-kp)+ » +(k-kj_) (k-kjyq1) « o (kekpy)

Hi - iElY(ki) (kij-kp)* » - (kj-ki.1) (ki-kjs1)e » - (ki-km)

(21;

Consider the five points shown below, where the 0 denotes values from
the Y(k) set and the X denotes the desired value for the T'{k) set.

Yi-1 Y r Yitl Yis2
0 0 X 0 0
ki-1 kj k kit1 kit2

Using Lagrange's interpolation formula for a parabdla from the left (use
points ki_y., ki, kjyp)

(k-k;)  (k-kjy)
(ki-1-k;) (ki 1-kj)

I‘(k)L = Y(kj-1)

+ Yk (K-kiop) (k-kyyy)

(¢2)
(ki-ki-1) kj-kj 1)

(k-kj_1) (k-k;)
(kiy1-ki1) (kiy1-kg)

+Y(kj1)

and a parabola from the right (use points k;, ki 1, k:.2)

(k- ki) (k-kiy2) Y(kes) (k-k;) (k-kiy2)
+ . B .
(kj-kiy1) (ki-kinz) © U (g k) (kip kg

I‘(k)R = Y(ki)

(k-ki) (k-kjy1)

(23)
(kiy2-kj) (kjiz2-kiz1)

+ Ylkiy2)

Thus, if the desired point lies between two adjacent points, we average
the parabolas as
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The program is set up to interpolate a single set of input matrices or
input two sets, scaling the second set by a scalar and adding it to the
first set, then interpolating the combination.

Copies of the main program (i.e,, TEST), the subroutine
LAGINT, and the function, FLAGR, are shown in the Appendix.

2. Computer Aided Design (CAD) with Program OPPACK

The following pages identify the main driver program and
subroutines. The usage of each subroutine, other subroutines called,
and & glossary of variables are specified.

Table III, Glossary of Variables for OPPACK, contains the
alphabetical listing and description of the FORTRAN variables in the
Computer Program OPPACK.

28
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TABLE III
GLOSSARY OF VARIABLES FOR OPPACK

A - o - -
AL(D) - - -
AL(D) - - -
ALF (NPTSA)
ALL() - -
ALL - - -
AT - - - -
BETA (NPTSB)
clL - - - -
cz - - - -
C3 - - - -
ciz - - -
cl13 - - -
c23 - - -
C123 - - -
CA(LT) - -

A (NPTSG, NPTSB, NPTSA)

Support area of iiem (sq in.).
Input table.

Array of longest dimensions for each
face of package. (CDPRO subroutine).

Area of the perpendicular face of the
package, (COSTMT subroutiae).

Vector of independent variables.,
Actual dimensions ol package.

Item length + container and cushion
thickness.

Environmental temperature.
Vector of independent variables,
Cost of material on face one,
Cost of material on face two.
Cost of material on face thrce.

Contains the minimum cost between
the materials on face one and face two,

Contains the minimum cost between the
materials on face one and face three,

Contains the minimum cost between the
materials on face two and face threez,

Contains the lowest cost of the three
materials,

Material cost and property matrix. Con-
tains cost of material, cost of fabrica-
tion, costof packaging, safe low temper-
ature, low and high static stresses, and
specific weight,
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TABLE III (Contd.)
GLOSSARY OF VARIABLES FOR OPPACK

rﬂ e
5
|
|

CAXIS(I,1) - - - - -~ - - CoBstof the packaging material for
face one,

CAXIS(L,2) - - - - - - - Cost of the packaging material for
face two,

CAXIS(I,3) - - - - - - - Cost of the packaging material for
face three.

CAXIS(I,J) - - - - - - - Coatof packaging material for all
three faces,

3 CcD(I,J) - - - - - - - < Container cost and property matrix.
Contains specific weight of container
and cost of container,

CF(I) - - - - - - - - - Array containing cost of fabrication
to specific dimensions.
CFF - - - - - - - - < Costof fabrication,
] Cl - - - - - - =« - =« - Costof item, .
CM() - - - - - - <« . - Array containipg material cost.
COST - - - - - <« « - < Total cost.
[ CP(I) - - - - - - - - - Array containing the cost of packaging,
" CPF - - - - - - - - - Costof packaging.
CS- - - - - - - - - - Costof shipment,
CSS - - - - - - - - - Costof shipping the package.
CVC - - - - - - - - - Costof material for corner.
DH- - - - - - - - - - Calculated drop height,
DHH(I) - - - - - - - - Drop height,
DHL(I) - - - - - - - - Drop height longest length,
30
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TABLE III (Contd.)

GLOSSARY OF VARIABLES FOR OPPACK

DHW () - -
DII- - - -
DLH - - -
DL(I) - - -
DRPH - -
DWB .- - -
ERI - - -
ER] - - -
F() - - -
F2() - - -
FE(I) - - -
G - - - -
GAM (NPTSG)
GM - - -
GM - - -
GMF(I) - -
1 - - - -
12 - - - -

Drop height upper weight limit,
Array of drop heights,
Dummy parameter,

Change in package dimensions along
each face.

Actual drop height - stored on file,

Weight added by the addition of a
bearing board,

Modulus at center frequency.
Modulus at environmental frequency,
Table of dependent variables.,

1-D array of interpolated accelera-
tions,

Work - vector,
Interpolated acceleration,
Vector of independent variables,

Maximum G-allowable (ft/sec/sec)
(CDPRO subroutine)

Fragility limit (acceleration).
(SHOCKE subroutine)

G-levels for each percent.damage
allowable.

Array subscript for material used on
face one,

Array subscript for material used on
face two,
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TABLE III (Contd,)
GLOSSARY OF VARIABLES FOR OPPACK

I3 - - - -« - -« - - - - Array subscript for material used on
face three,

IC - - - - - <« - - <« - Procedure code,

IC=1 - = - =~ = = - - MIL-STD-810B excitation,

IC=2 - -~ - = = = = - Multiple sine excitation,

IC=3 - - - - = - - - Random excitation.

IGO - - - - - - - - - Code te determine type of interpolation,
ImiIi h - - - - - - - - - Contains array positions of optimum

thickness for each of the three faces,

IITM - - - - - - - - - Item number.

IJE - - - - - - - - - Deletion code.

ITEM - - - - - - - - - [Item number,

ITEMP - - - - - - - - Number of temperatures considered,

MATOP(I,K) - - - - - - Optimum material for each face.
MATOP(I,K) = F (G-level, axis).

MATSC(I) - - - - - =~ - Material code.

MC(I)- - - - - <« - - - Contains material code for each of
the three faces,

MIC - - - - - - - - - Maximum iterations for drop height
weight convergence,

MITEM - - - - - - - - Item number,

MOMJ - - - - - - - Number of input environment fre-
quencies,

MOMS - = =« = = = - - Number of frequencies stored on the

vibration file, (CDPRO subroutine)
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TABLE III ( Jo~*d.}
GLOSSARY OF VARIABLES FOR OPPACK

MOMS - - - - - - - - Number of frequencies stored on data
files (VIBRTN Subroutine).
MTC - - - - - - - - - Material code.
1 MTS - - - - - - - - - Number of temperatures stored on the
] ’ vibration file. (CDPR" subroutine)
MTS - - - - - - - - - Number of temperatures stored on
data file. (VIBRTN subroutine)
MXI(I,J,K) - - - - - - - Array containing the number of thick-
1 nesses included in the dynamic thick-
ness array.
1 MXIT(L,J,K) - - - - - - Number of thicknesses stored for each
] axis and temperature,
3 NMATS - - - - - - - - Number of materials to be considered.
NPCNT - - - - - - - - Number of different percent damage
allowed.
‘ NPTS - - - - - - - - - Number of points in table,
P
k NPTSA - - - - - - - - Number of X-Y planes in input table,
NPTSB - - - - - - - - Number of columns in input table.
NS - - - - - - - - - - Number of static stresses. (CDPRO
subroutine)
NS- - - - - - - - - - Number of static stresses stored on
file (SHOCKE subroutine)
NT- - - - - - - - - - Number of temperatures. (CDPRO
subroutine)
NT- - - - - - - - - - Number of temperatures stored on
file. (SHOCKE subroutine)
NTH - - - - - - - - - Number of thicknesses,
33
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TABLE 1III (Contd.)

GLOSSARY OF VARIABLES FOR OPPACK

OB(I) - -

OCOST (I, K)

OM- - -

oMJ(I) -

OMS(I) -

OMS(I) -

OPSS(I) -

OTHK (I, K)

PCTD(I) -
REPCI(])

RHOC - -

RHOM

S(I)

S(I)

Array of 1-Octave band center fre-
quencies, Hz,

Matrix of optimum cost for each
allowed G-level, OCOST (L K) =
F (G-level, axis).
Environmental frequency.

Environmental Frequencier (rad/sec)

Array of frequencies stored in ascend-
ing order. (CDPRO subroutine)

Frequency scale. (VIBRTN subroutine)
The optimum number of packages to be
shipped in order to have one reach the

destination undamaged.

Optimum thickness for each face.
OTHK(I, K) = F (G-level, axis).

Percent of damage allowable,
Replacement cost,

Specific weight of container material
under consideration.

Specific weight of material under
consideration,

PSD (Power Spectral Density) input
for random excitation, (DAMALW
subroutine)

Array of 1-octave band power spectral
densities. (VIBRTN subroutine)

Static stress (W/A), (CDPRO sub-
routine)
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TABLE IIl (Con’d.)
GLOSSARY OF VARIABLES FOR OPPACK

st - - - - - - - - - - Interpolating stress. (SHOCKE sub-
routine)
SIG (I) - - -~ =~ = = - - Array of static stresses in ascerd-

ing ordz.. (CDFPRO subroutine)

SIG (I) -~ ~ =~ <~ = = = =~ 1-Dtable of static stresses (W/A),
(SHOCKE subroutine)

*

i SIT (I) - = = - - =« =~ - Workarray used for sorting.

SS) - - - - - - - - - - Sum of output excitations for one
center frequency,

O

SLT (I) - - - - - - - - Safe low temperature.

T (I) Array of temperatures in ascending

order. (CDPRO subroutine)

| .

T(I) - - -~ - - - - - - 1-Dtable of temperatures. (SHOCKE
] subroutine)

T1 - - - -« - - - - - - Material thickness for face one,
‘ T2 - - - - - - - - - . Material thickness for face two.
| T3 - - - - - - - - - - Material thickness for face three.

TAB1 (I, J, K) Work array - during shock calcula-
tions it contains G = F (thickness,
static stress, temperature), During
vibration calculations it contains ER =
modulus = F (frequency, temperature),

(CDPRO subroutine)

TABI (I, J, K) 3-D table of peak accelerations G = F

(TH, SIG, T). (SHOCKE subroutine)

TABI1 (I, J, K) Table containing behavior of storage
modulus (ER) ER = F (frequency,

temperature), (VIBRTN subroutine)
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TABLE III (Contd.)
GLOSSARY OF VARIABLES FOR OPPACK

TAB2(I, J, K)

TAB2 (I, J, K)

TCC -

TCC(I)

TCMV

TCON
TF(I) -

TF(WI, WJ,

]
]
]

- - - -

ERI, ERJ,

THCK (A, ERI, WI, W)

TH(I)

]
]

TH(I)

]
]

THI - -

THIK (I, J)

THIKV(I, J)

TI - - -

TI - - -

]
]
]
]

DJ)

Array which containg loss tangent = F
(frequency, temperature). CDPRO
subroutine)

Table containing behavior of loss tan-
gent EL/ER = F (Frequenrcy, Temper-
ature). (VIBRTN subroutine)

Total cost of container by volume,
Calculated thicknesses.

Total cost of material by volume.
Thickness of container (in.),

1-D array of guess thicknesses,

Statement function to calculate trans-
fer function.

Statement function to calculate thick-
ness.

Array of thicknesses in ascending
ordar. (CDPRO subroutine)

1-D table of thickness values,
(SHOCKE subroutine)

A trial thickness, (CDPRO sub-
routine)

Guess thickness. {SHOCKE sub-
routine)

Matrix of thicknesses generated
during shock calculations,

Matrix of thicknesses generated
during vibration calculations,

An environmental tamperature,
(CDPRO subroutine)

Interpolating temperature., (SHOCKE
subroutine)
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TABLE III (Contd.)
GLOSSARY OF VARIABLES FOR OPPACK

TIII - - - - - - - - - Environmental tempera‘ure.

TMX - - - - - - - « - Maximum allowed shock thickness,

TOP - - - - - - - - - Optimum thickness.

TOPP(I) - - - - - - - - Array of acceptable thicknesses,

TS(l) - - - - - - - - - Array of temperatures stored in as-
cending order. (CDPRO subroutine)

TS(I) - - - - - - - - - Temperature scale. (VIBRTN sub-
routine),

TSK - - - - - - - - - Thickness predicted by shock environ-
ment.

TT() - - - - - - - - - Athickness work array,

TTHIK(I,J,K) - - - - - - Dynamic array which contains the
union of the thicknesses of all three
temperature environments.

TTHIK(I,J,L) - - - - - - Dynamic thickness array contains all
acceptable vibration thicknesses for
each material, axis, and temperature.

Vi - - - - - - - - - - Volume of packaging material needed
for face one,

v2 - - - - - - - - - - Volume of packaging material needed
for face two.

V3 - - - - - - - - - - Volume of packaging material needed
for face three.

VAL - - - - - - - - - Interpolated value,

W - - - - - - - « - - Weightof item,

WwI - - - - - - - - - Weight of item (1b) (CDPRO subroutine)

Wil - - - - - - = - - l-octave band center frequency.
(VIBRTN subroutine)

WIr - - - - - - - - - Weight of item.
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TABLE II! (Contd.)
GLOSSARY OF VARIABLES FOR OPPACK

W (K)

ww -

XB - -

XDD(I)
XDDA
XDJ(I)

XIK(I)

XK - -
XL - -

YG - -

YL - -
ZA - -

ZL - -

Work array containing function weights,

Item weight + container and cushion
weight,

Horizontal argument (interpolating
value),

Calculated output excitation.
Maximum allowable G-level,
Environmental G-levels,

Table of independent variables to be
interpolated.

Interpolating value,
Width (in.)

Vertical argument (interpolating
value).

Height (in.) - shortest dimension,
Depth (interpolating value).

Length (in.) - longest dimension.
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MAIN DRIVER AND SUBPROGRAMS

OPPACK -- Main Driver

Usage:

(1) Read first four input cards from problem

card deck,
(2) Initialize appropriate variables.

(3) Print and define input data,

Subroutines called:

TEMPEV
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0coo003
oooor3
ooooe3
ooooe3
000035
000050
0000&3
000076
ogo:’ o2
ann %
Q50 .47
DIV Y-
10723
ChnRud
ouyu2G0
000200
0oo200

000200
000200
oc- oo
000200

000200
000202

PROGRAM OPPACK(INPUT,QUTPUT,TAPEL,TAPER2,TAPEI, TAPEY, TAPES,
1 TAPE®, TAPE?, TAPEB - TAPEY, TAPELD)
OPTIMIZATION PACKAGE MAIN PROGRAM
ROUTINE READS CARD INPUT DATA
COMMON /COSTM/ CA(C10,?),CD(10,2),CS,CI,WII
COMMON /VPASS/ NIC,IC,ITITM,MIC,MXI,MOMJI, TCON, TEML, TEMH
DIMENSION OMS(11),S(11),XDJC11)
READ LOOO0,NIZ,IC,IITM,MIC,MXI,MOMJI,CS,CI,TCON,TEML, TEMH
READ 1020,(OMI(I),131,MA0M))
READ 1020,(S(I),I=21,MOMJ)
READ 1020,(X0J(I),I=1,MOMJ)
PRINT 10?0
PRINT 1030, NIC,IC,IITM,MIC,MXI,MOMJI,C89CI,TCON, TEML,TEMH
PRINT 1040, (OMJ(I), I=1, MOMJ )
PRINT 1nS0, (S(IY, I=1, MOMJ )
PRINT 1060, (XDJ(I), I2), MOMJ )
CALL TEMPEV(UMI,S,XxDJ)
1000 FORMAT(bI2,S5E1n,.0)
1010 FORMAT(4012)
1020 FORMAT(11€?,.0)
1030 FORMAT ( 1HO, I8 , S2H =2 NIC === CODE NO, OF CONTAINER MATERIAL T
10 BE USED /1X,18,25H = ICe=aQPTIMIZATION CODE /

1718 , 23K = I1ITM === ITEM NUMBER

2/18 , Sbh 3 MIC === MAXIMUM NO, OF ITERATIONS FOR DROP HT, CALC,
3/18 , SSH 3 MX] === MaXIMUM NO, OF ITERATIONS FOR G=CONVERGENCE
/18 , #?H 3 MOMJ === NUMBER OF ENVIRONMENTAL FREQUENCIES

S/E11,%, 33H ($/LB)
6/FB.2 » 29H ( 8§ )
?/FB.b, w2H (IN,)

C8 === COST OF SHIPMENT
CI === COST OF ITEM
TCON === THICKNESS OF CONTAINER
Q/F8.2, S0H ( F ) TEML === LOWEST ENVIRONMENT TEMPERATURE
1/F8,2, Si8 ( F ) TEMH === HIGHEST ENVIRONMENT TEMPERATURE )
1040 FORMAT ( )HO,SOM (RAD/SEC) = OMJ(I) ALL OF THE ENVIRONMENYAL FREQ,
1/ 11E11.5 )
1050 FORMAT ( 1HO,3%H PSD INPUT FOR RANDOM EXCITATION
17 11£11,5 )
1060 FORMAT ( 1HO,92H (G'S) =2 XDJ(I) = ENVIRONMENTAL EXCITATIONS EACH
1 CORRESPONDING TO ONE OF THE ABOVE OMJ(I)S/ l1E1l1,S)
10?20 FORMAT ( 1H1,// 30X, b6SH#*x* OQPTIMIZATION PROCEDURE FOR DESIGN OF
LPACKAGE CUSHIONING w»xx // )
STOP
END
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OPPACY

PROGRAM LENGTH INCLUDING I/0 BUFFERS
u3lo2e

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

1000 - Q0o022s 1010
1040 = 0003%p 1050

000231 1020
00035? 1060

BLOCK NAMES AND LENGTHS
COSTM = 000135 VPASS

oonol1l

VARIABLE ASSIGNMENTS

CA = 000000CO1 CD 000106CO0) CI

I « 000471 Ic = 000001C02 IITM
MOMJ = 000n000SC02 MXxI = 00000%C0~ NIC
8 * 000443 TCON = 000006C02 TEMHM
X0J = 000456

START OF CONSTANTS
000204

START OF TEMPORARIES
000%20

START OF INDIRECTS
000430

UNUSED CIMPILER SPACE
o%2400

4]

000233 1030
000370 1070

000133C01 CS
oo0one:.%2 MIC
000000C02 OMJ
000010C02 TEML

00023S
o0o%05

000132C01
000003C02
000%30

000007C02




TEMPEV - Subroutine
Usage:
This subroutine is used to initialize the three

temperatures to be considered.

Subroutines called:

DAMALW
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00009s
agooce
00000s
000006
000006
00000Cb
onoo0?
oanolo
oanole
000015
00001l
N00o0¢ee
000035
00003b
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SUBRQUTINE TEMPEV(OMJ,S,XDJ)

COMMON /VPASS/ NIC,IC,IITM, MIC:HXI:NOMJ: TCON,TEML, TEMH
COMMGN /COSTM/ CA(LU,?7),C0C10,27,C8,CI,WI]

COMMON /TEMPT/ TTHIK(1003011)11"01AX30ITEMP:IJE:TMX
DIMENSION TI(3)

OIMENSION OMJ(ll)uS(lo)oXDJ(ll)

TMX=1P,

ITEMP=)

TI(l)= TEML

TI(2)= 0.S*(TEMH+TEML)

TI(3)= TEMHW

IF((TEMH-TEML).LT.EO.)ITEMP:I

CALL DLAMALW(NIC,IC, IITMpTCON'TI,MIC,MXI;GMJpMOMJoSoXDJ)

RETURN
END
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TEMPEY

SUBPROGRAM LENGTH
500055

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

BLOCK NAMES AND LENGTHS
VPASS = goo0ll COSTM = 00013S TEMPT =

' RTABLE ASSIGNMENTS

i = 0ghoooCoe2 ¢b

ITEMP = (p0S14C03 MIC

NIC = 000000CO1 TCON
) = Q0oonose2 TMX

poalosCoe IcC

000003C01 Mu..J
000005C01 TEMH
000516C03 TTHIK

START OF CONSTANTS
Gooo4o

START OF TEMPORARIES
000044

START OF INDIRECTS
00002

Gt e

UNUSED COMPILER SPACE
043700

44
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000001C01 I1ITM
000005C01 MXI
000010C01 TEML
000co0CO03

000002C01)
00000%CO1}
000007?CD!L



Usage:
(1)
(2)
(3)
(4)
(5)

DAMALW - Subroutine

Reads remainder of problem data deck.
Prints input and explanation of input,
Determines materials to be considered.
Determines best shipping policy,

Prints appropriate information concerning
the best shipping policy.

Subroutines called:

CDPRO
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Glossary of Variatles for DAMALW

CA(I,J) - - - Material cost and property matrix. Contains cost of
material, cost of fabrication, cost of packaging, safe
low temperature, low and high static stresses, and
specific weight,

CD(I,J) - - - Container cost and property matrix, Contains specific
weight of container and cost of container.

CI - - - - - Costofitem,

CS - - - - - Costof shipment.

GMF(I) - - - G-levels for each percent damage allowable.

I1 - - - - - Array subscript for material used on face one.

I2 - - - - - Array subscript for material used on face two,

I3 - - - - - Array subscript for material used on face three,

MATOP(I,K)- - Optimum material for each face.

MATOP(L, K) = F(G-level, axis).

MATSC(I)- - - Material code.

NMATS - - - Number of materials to be considered.

NPCNT - - - Number of different percent damage allowed.

OCOS'T (I, K) Matrix of optimum cost for each allowed G-level,

OCOST (I,K) = F (G-level, axis)
OMJ(I)- - - - Environmental frequencies(rad/sec)

OPSS(I) -

The optimum number of packages to be shipped in
order to have one reach the destination undamaged.

OTHK(I,K) - - Optimum thickness for each face.

OTHK (I, K) = F(G-level, axis)
PCTD(I) - - - Percent of damage allowable.
REPCI(I) - - - Replacement cost,
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Glossary of Variables for DAMALW {Contd, )

S(I) - - - - . PSD (Power Spectral Density) input for random
excitation,
Tl - - - - . Material thickness for face one,
T2 - - - - - Material thickness for face two.
T3 - - - - . Material thickness for face three.
WII - - - - . Weight of item.
- XDJ(I) - - -« - The environmental G-levels,
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SUBROUTINE DAMALW(NIC,IC, TTiM,TCON,TI,MIC,MXI,0MJ,MOMJI, S,

1 xX0J)

BASEC UPON THE ALLOWED OAMAGE,

CA(I,J) = COST ANO PROPERTY MATRIX = CONTAINS COST OF MATERIAL,
COST OF FABRICATION,COST OF PACKAGING,SAFE LOW TEMP,
LOw ANO AIGH STATIC STRESSES, SPECIFIC WEIGHT,

COCI,J) = COST ANO PROPERTY MATRIX = CONTAINS SPECIFIC WT OF
CONTAINER AND COST OF CONTAINER,

CI = COST OF ITEM

CS = COST OF SHIPPING

DAMALW

GMF(I) = ALLOWED G=LEVELS FOR EACH PER=CENT DAMAGE ALLOWABLE

I1 = ARRAY SUBSCRIP=FOR MATERIAL USEO ON FACE ONE (1)

ARRAY SUBSCRIF FOR MATERIAL USED ON FACE TWwO (2)

& ARRAY SUBSCRIP FOR MATERIAL USEO ON FACE THREE (3)

MATOP(I,K) = OPTIMUM MATERIAL FOR EACH FACE

MATSC(I)= MATERIAL CODE

0COST(I,J) = MATRIX OF OPTIMUM COST FOR EACH ALLOWED G=LEVEL

OMJ(I) = ENVIRONMENTAL FREQUENCIES (RAO/SEC)

OTrK(I,K) = OPTIMUM THICKNESS FOR EACH FACE

PCTD(I)= PER=CENT OF OAMAGE ALLOWABLE

REPCI(I)= REPLACEMENT COST

S(1) = PSD INPUT = FOR RANCOM EXCITATION

SUBROUTINE REAOS FRAGILITY DATA FOR DAMAGE ALLOWABLE

SUBROUTINE REAOS MATERIAL COST ANC PROPERTY FILE

THEN ITERATES ON COPRO FOR DIFFERENT FRAGILITY DATA

THEN IT DETERMINES THE OPTIMUM SHIPPING STRATEGY

THE REMAINING INPUT VARIABLES ARE OEFINE IN THE OUTPUT FORMATS

—t =4
w v
" "

T

Tl = MATERIAL THICKNESS FOR FACE ONE
T2 = MATERIAL THICKNESS FOR FACE TwO
T3 = MATERIAL THCIKNESS FOR FACE THREE

WII=WEIGHT OF ITEM
XDJ(1) = THE ENVIRONMENTAL G='EVELS

OO0

ooUole DIMENSION TI(3)
0000146 DIMENSION OPSS(10),0C08T(10,2),0THK(L10,3),MATOP(10,3)
000016 DIMENSION GMF(10),FCTD(10),REPCI(10),MATSC(10),0MJ(C10)},8(10),
1 XDJ(10)
0Gnolk COMMON /OPT/ 11,12,713,T1,72,723
000616 COMMON /COSTM/ CA(10,7),C0(10,2)+CS,CI,NWI1
c READ COST FILE
000016 READ SO0,NC,MITEM,MNMATS
600027 PRINT 4010, NC, MITEM, MNMATS
] Gooowl READ 10, ((CA(C1+J),J=1,7)y 121 ,MNMATS)
6000K0 READ 10, (CCOCYIrJd)eJd=1,2)r 1I21,NC)
00007? PRINT 4020, C((CA(CI,J),J=1,?7)s1=2, MNMATS )
00011% PRINT %030, ((COCI,J),Jd=1,2)r 121, NC )
6001365 RHOC=CO(NIC,1)
c REAO FRAGILITY DATA FOR DAMAGE ALLOWABLE
000143 20 CONTINUE
g0nNl+3 REAO Sy ITEM'WIIXL'YLIZL'NPCNT
00C1l63 PRINT “40%U, ITEM, WI,» XLs YL» ZLs NPCNT
c USING THE RANGE OF OPTIMUM STRESSES OETERMINE THE MATERIALS TO EBE
o CONSIDERED
000202 XsxL
600205 YsyYL
p0o2CHh I=2L
000210 wawl
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000211
000216
000220
oooe2e
goo2ev
000ee?
00232
000235
oooz242
000246
000e4?

0002%0
0002e1
000e?2
000276
000277
000301
00030%
000314
000317
000332
00033%
000350
0003¢&?
0o0o4%0b
000%13
000%15

000442
000450
0oo4se
000453
000455
000457
000462
000464

000471

000474
000476
000518
000se3
000523
goose?
000S+0
00osu+e
000543
000S4S
000546
000551
1006853
0305°¢%w
ugsse?
000Ske

es
eb

28

%0
%5

SO

CHANGE PCF Y0 PCI

CHANGF. COST/CF T0 COST/CI

DO 25 I=1,MNMATS

CA(CI,?)=CA(I,?)/1728,

CA(I,1)=CA(I,1)r1728,

CONTINUE

81 = W/(X %~ Y)

82 = w/(X *x 2)

83 5 w/(Z » Y)

S11= AMIN1(81,82,83)

§22& AMAX1(S81,82,83)

NMATS=0

DO 28 I=1,MNMATS

“ELECT MATERIAL TO BE CONSIDERED
IF(811.,6T,CA(I,b6),0R.811.,LT,CA(CI,S5))GO TO 28
IF(3¢e.6T,CA(CI,b),0R,822.,LT,CACI,5))GO TO 28
IF(CACI,4).6GT,TIC1l)) GO TO 28

NMATS=NMATS ¢ )

MATSC(NMATS)=]

CONTINUE

IF(NMATS,EQ.0)PRINT %000

IF(NMATS,EQ.0)STOP

PRINT 4060, (MATSC(I)rI=1,NMATS)

WII=wI

IFCITEM,NE,IITM)PRINT 3000

READ ?, (GMF(CI),PCTD(I),REPCI(LI),I=1,NPCNT)
PRINT 4050, (GMF(I), PCTD(I)s REPCI(I),I=1, NPCNT)
DO %0 IT=1,NPCNT

GM=CMF(IT)

CALL CDPRO(CXL,YLsZL,TCON,TI,NI,NMATS,RHOC,MIC,MXI,
1 COST,MATSC,GM,OMJ,MOMJ, 8, XDJ,IC,NIC)
IF(TI(1).EQ,1500,)G0 TO %S

OTHK(IT,1)=T1

OTHK(IT,2)=Te2

OTHK(IT,3)=T3

MATOP(IT,1)=MATSC(IL)

MATOP(IT,2)=MATSC(I2)

MATOP(IT,3)=MATSC(I3)
OP8S(IT)=1./(1,0=0,01#PCTD(IT))

COST OF OVERSHIPPING
0COST(IT,1)=COSTx0OPSS(IT)

COST OF ALLOWING DAMAGE
OCOST(1T,2)=COST+REPCI(CIT)

PRINT 1000, PCTD(CIT),GM,COST,OPSS(IT),0COST(IT,»1),0COS8T(IT,2)
CONTINUE

CONTINUE

IF(TIC1).,EQ,1500,INPCNT=IT=1
IF(NPCNT.EG,0)PRINT 4070
IF(NPCNTL,EQ,0)RETURN

11=1

0SB=0COST(1,1)

D0 SO0 I=1,NPCNT

IF(OSB.LE.OCOST(I,1)) GO TO S0
0SB=0CUST(I,1)

I1=1

CUMTINUE

PRINT 110uG

PRINT 1500, OSB,GMF(IT),PCTO(II),0PSS(II)

49




000576

000b1b
000617
000621
000622
000627
00063¢
000634
000635
000640
002653

[ R
Jui?02
000705
nee il
Lhavle
000712
000716
0nd?ee
0on?el
000723
0007¢3
000723
(00723

{ 0007223

000723

0007223
000723
0007223

] 000723

0007e3
000723

000723

PRINT 2000,0THK(II,1),MATOPCII,1),0THK(II,2),MATOP(II,2),
1 OTHK(II,3),MATOP(II,3)
I11=1
OVERS=0SH
088=0C0S8T(1,2)
00 60 I=1,NPCNT
IF(OSB.LE.0CO8T(1,2)) GO TO bO
088=0C0S8T(I,2)
11=1
60 CONTINUE
PRINT 1600, 08SB,GMF(II),PCTD(II),REPCI(II)
PRIMT 2000,0THK(II,1),MATOP(II,1),OTHK(II,2),MATOP(L1I,2),
1 OTHKCII,3),MATOP(I1,3)
IF(OVERS,GT,088)G0 TO ?a
PRINT 1800
PRINT 12000
RETURN
70 CONTINUE
PRINT 1900
PRINT 12000
RETURN L4
S FORMAT(I%,2X,%E10,0,2X,12)
? FORMAT(3ELID.N)
10 FORMAT(ESQOIEbQOIEb-O’EbQOISEISQS)
500 FORMAT(40I2)
1000 FORMAT(2X,3HFORLIX,Fbas2,1X,22HPER=CENT DAMAGE ANO A
1?HFRAGILITY RATE OF F%,1,1X,3KHG'S/
eXs1IHTHE COST IS1X,F9,2,1X,15HOOLLARS WITH A
2SHMULTIPLICATION FACTOR OF 1X,Fb.2,1X,QHTIMES ONE /
2X,20HWITH A FINAL COST OF1X,F9,2,1X,?HDOLLARS
17HFOR OVER SHIPPING /
2Xy31HFOR ALLOWING DAMAGE THE COST IS 1X,FQ,2,1X,
12HOOLLARS/ITEM /)
1500 FORMAT(2X,18HOVER SHIPPING DATA /
1 2Xs19HTHE OPTIMUN COST I81X,F9,2,1X,?HOOLLARS /
e 2Xs2)HTHE FRAGILITY RATE ISIX,F%.1,1X,3HG'S /
3
[

N U E W

2X,22HTHE PER<CENT OAMAGE IS1X,Fbel /
PXs28HTHE MULTIPLICATION FACTOR IS1X,FS,1/)
15600 FORMAT(2X,21HOAMAGE ALLOWABLE OATA /
1 2XyL9HTHE OPTIMUM COST IS1X,F9,2,1X,?HOOLLARS /
2 2X,21RTHE FRAGILITY RATE ISIX,F4,1,1X,3HG'S /
3 2Xs22HTHE PER=CENT OAMAGE ISiXsFb,1ls /
v 2Xs22HTHE REPAIR COST/ITEM =1X,F9,2,1X,s?HO0OLLARS/)
1800 FORMAT(32HOOVERSHIPPING 1S THE BEST POLICY/)
1900 FORMAT(48BHOTHE ABOVE PER=CENTAGE DAMAGE 1S THE BEST POLICY/)
2000 FONMAT(2X,37HTHE OPTIMUM THICKNESS FOR FACE ONE IS1X,F?.,3,1X,
) 6HINCHES1IX,11HIF MATERIALIX,I2+,1X,?HIS USED/
2 2X,37HTHE OPTIMUM THICKNESS FOR FACE TWO IS1X,F?2.,2,1X,
3 bHINCHESLIX, 11HIF MATERIALIX,12,1X,?HIS USED/
¢ 2Xy 39HTHE OPTIMUM THICKNESS FOR FACE THREE IS1X,F?.3,1X.
5 bHINCHES1X»11HIF MATERIALIX,I2,1X,?HIS USED//)
3000 FURMAT(2X,45H*THE ITEM IDENTICATION NUMBER OOES NOT AGREE=#
133H*WITH THAT OF THE FRAGILITY DATAx)
%000 FORMAT(2X,52HNO MATERIAL IS IN THE RANGE OF OPTIMUM STRESS===STOP)
%010 FORMAT (1HO,I8,30H = NC === NUMBER OF CONTAINERS/
11X,I8s2%H = MITEM e== ITEM NUMBER/
21X, IB,%0H & MNMATS=== NUMBER OF MATERIALS ON FILE )
w020 FORMAT (1HO,2X, B8SH CSTeMAT CST=FaAB CSTePAK SL=TEMP
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000723
000723

0007223

000723
000723
000723
000723
000723

1 LW=8TRS HI=STRS GAMMA / (Ell.%,ecl3d.¢))
Y030 FOURMAT (1HO,2X,27H GAMMA CST=CONTAINER / (Ell.%,bE13,%4))
Y040 FORMAT (1HO,2X,18,12H3ITEM NUMBER /3X,El1l,.4%,29HsSWEIGHT OF ITEM WI
1( POUNDS ) /3XyElle%r65H= DIMENSION PARALLEL TO X=AXIS 2NO LONGEST
2 DIMENSION XL (INCHES) /3X,Ell.%,65H3 DIMENSION PARALLEL TO Y=AXIR
3 3RD LONGEST DIMENSION YL (INCHES) /3X,Ell.%,b6lHz OIMENSION PARALL
YEL TO Z=AXIS LONGEST DIMENSION ZL (INCHES) /,3X, QHNUMBER 2 I8)
4050 FORMAT ( 1HO,BX, 35H MAX=G PCNT=DAM REPLACE=CST /
1(3X,3E12.%) /77 2(120(1Hn)/7 ) )
4060 FORMAT(1HURX,30HMATERIAL CODES CONSIDERED ARE 10(1iX,I2,2H, ))
%070 FORMAT(S50H0 NONE OF THE DATA IS ACCEPTABLE FOR THIS PROBLEM )
11000 FORMAT (/ 120(1Hx)/ )
12000 FORMAT ( // (L20(1Hx )/ ) 7 JH1 )
END
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DAMAL W

0012eue

SUBPROGRAM LENGTH

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS

S -
2b
b0
iTeo
rag
}

+C60

a3 -

VARIABLE
Ca
GMF
ITEM
J

MNMATS
NMATS
OPSS
PCTD
S1

83

W

Xx0J

4

START oOF
uop?2s

START OF
001vjiv

00073s ?
onpe2y 28
000635 70
onlnae 1600
00112 3noo
00126% 4030
0nl3es ¥N?0
L.n0Y NAMES AND LENGTHS
000006 COSTM
ASSIGNMENTS
0oo0o000Caoe CO
0016092 I
001660 Il
001656 MATCP
00lesw MOMJ
001677 NPCNT
001450 088
001614 REPCI
001672 S11
00167% Tl
001671 Wl
000004 XL
001670 r4s
CONSTANTS
TEMPORARIES
INDIRECTS

START oOf
001430

UNUSED COMPILER SPACE
03?500

0007?7¢1
000301
000712
002072
001216
001301
001374

000135

gooloecCoe
001658
000000CO2
001544
000Go2
001665
001704
001626
001675
goo0003C01
001661
0016hk2
001bbY
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-

10

%5
500
1800
$000
“040
11000

cosT
I1

I2
MATSC
Mx1
ocosrT
OTHK
RHOC
Se

Te
WII

Y

Y

oeo0?43
000523
000747
001133
00123%
001310
001404

001702
001703
000001Co01
001640
000000
001462
001506
002657
N01&?3
00noo4Col
000134%Coe
001667

eo0

S0
1000
1900
%010
4050
12000

GM
17
13
MITEM

oMJ
OVERS

See
T3

YL

000143
000554
000751
001140
oole4l .
0013se
001%0?

001701
001700
000C02C01
001683
001652
000001
001705
000003
001676
0Go0o0SCo1l
00166
001663
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CDPRO - Subroutine

Usage:
(1) Reads material files,

(2) Stores material thicknesses by material and
axis for the shock and vibration environnients,

(3) Deletes materials that do not protect in all
temperature regions,

Subprograms called:
(1) DHGHT
(2) SHOCKE
(3) VIBRTN

(4) COSTMT
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AL(D)
ALI(DM®
DH -
DII -
DLH
DL(I)
DRPH
DWB
GM -
IJE -
ITEMP
MIC
MOMS

MTS

MXIT (I, J,

NMATS
NS -
NT -
OMS (1)
RHOC
RHOM
SI -

SIG (I)

]
i

K) -

Glossary of Variables for CDPRO

Array of longest dimensions for each face of package.

Actual dimensions of package.

Calculated drop height,

Array of drop heights,

Dummy parameter,

Change in package dimensions along each face.
Actual drop height - stored on file,

Weight added by the addition of a bearing board.
Maximum G-allowable (ft/sec/sec).

Deletion code,

Number of temperatures considered.

Maximum iterations for drop height weight convergence.

Number of frequencies stored on the vibration file.

Number of temperatures stored on the vibration file.

Number of thicknesses stored for each axis and
temperature,

Number of materials to be considered,
Number of static stresses.
Number of temperaturee,

Array of frequencies stored in ascending order.

Specific weight of container material under consideration.

Specific weight of material under consideration.
Static stress (W/A).

Array of static stresses in ascending order,
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Glossary of Variables for LDXRC (Sonta,'
\

- - - -

TAB1(I, J, K) -

TAB2 (I, J, K)

TCON -

TH(I) -

THI - - -
THIK(I, J)- -

THIKV(L J) -

TI - - - -

TIII

TMX

TS(I)

TSK - - -

TTHIK (I, J, K)

Wl - - - .
XL - - - -
YL - - - -

ZL - - - -

Array of temperatures in ascending order.

Work array-—during shock calcula’ions it contairs G = F
(thickness, static stress, temperature), During vibra-
tion calculations it contains ER = modulus = F (frequency,

temperature).

Array which contains loss tangent = F (frequency,
temperature),

Thickness of container (in.).
Array of thicknesses in ascending order.

A trial thickness.

Matrix of thickresses generated during shock calculaticus.

Matrix of thicknesses generated during vibration
calculations.

An environme:ri:l temperature.

Environmental temperature.

Maximum allowed shock thickness.,

Array of temperatures stored in. ascending order,
Thickness predicted by shock environment,

Dynamic array which contains the union of the thick-
nesses of all three temperature environments,

Weight of item (lbs).
Width (in.).
Height (in.) - shortest dimensiun,

Length (in.) - longest dimension.
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gooees
(000¢eb
000026
0000¢eb
0o0o0eb
000026
0000¢eb
000026
oonoee
ooonee
000026
000026

00002

000106
000107
000110
000111
000113
000115
0001l
0001)7?
000120
0oo1cel
0oolre
000123
0001e2b
000133
000136
00014C

OOOOOOOOOOOOOOOOOO0O0O0

1

SUBROUTINE COPROCXL,YLs7LTCON-TI,HI,NMATS,RHOC,MIC,MX],CQ8T,
MATSC ,GM,0OMJ,MOMJ,S,XDJ,IC,NIC)

CUSHION DESIGN PRNCEEDURE

GM sse=e MAX GeALLOWABLE (FT./8EC/SEC)

MATSC===== YECTOR OF MATERIAL CODES

MIC e===e==a MAX ITERATIONS FOR WEIGHT CONVERGENCE

MX] =ee==e MAX JTERATIONS FOR GM CONVERGENCE

NMATSe==== NUMRER OF MATERIALS TO B8E CONSIDERED

NS me=ewe NUMBER OF STRESSES

NT e=ea=s NUMBER OF TEMPERATURES

NTH eneea NUMBER OF THICKNESSES

RHOC e=a=e SPEC, W OF CONTAINER UNDER CONSIDERATION (PCI)

RMOM ===ew SPEC, W OF MATERIAL UNDER CONSIDERATION (PCI

S1 ewwaa STATIC STRESS =CALCULATED

TCON e==w= THICKNESS OF CONTAINER C(INCHES)

TH] ==ee= GUESS THICKNESS =CALCULATED

THIK =eeea ARRAY OF THICKNESSFS WORK ARRAY

THIKVese=a ARRAY OF THICKNESSES WORK ARRAY

Tl =weea INTERPOLATING TEMPERATURE

Wl seseae WEIGHT OF ITEM

XL =ee=a WIDTH (INCHES)
YL =ses= HEIGHT (INCHES)
L =====- LENGTH (INCHES)

COMMQON /MMM/ MXIT(10,3,3)
COMMON /THK/ TSK,ITEM
COMMON /TEMPT/ TTHIK(10,3,11),IM,IAXS,ITEMP,I1JE, TMX
COMMON /N/ NT,NS,NTH,SI,THI,TIIIL
DIMENSION TI(3)
DIMENSION TH(10),SIG(1C),T(10),TABL(LlO,10,10),MATSCCL0),TS(C10)
DIMENSION OMS(10),THIK(10,3)eDII(5),THIKV(10,3),TAB2(10,10,10)
DIMENSION OMJ(11)XDJ(LL),FE(LO0),SCL0),ALCI),ALI(3),0L(3)
EQUIVALENCE(TH,TS), (SIG,0MS),(T,FE)
INTEGER ORPM
INTEGER DH,OLH,DI1
DATA ODII/ 18,2%,30,3b,48/
STATEMENT FUNCTION TO CALCULATE WEIGHT CHANGES
WF(T1,T2sT3I,RCHRM)Z2  x((RCATCONSRMATLIIX(Z +2.2(TCON+TL))*
(Y 42.%(YCON+T1)) ¢ (RCATCON+RM2AT2)x(X +2,x(TCON+TR2))*
(Z +2.*(TCON+T2)) + (RC*TCON+RMATIIX(Y +2,*(TCON+T3I)) %
(X +2.*(TCON+T3)))

ITIME = 0O

DwH=0,.0

00 130 ITEM=1,ITEMP
TIIT = TICITEM)
XDDA=GM

AL(CLl)=2ZL

AL(2)=ZL

AL(3)=XL

X=XL

y=yL

Z=ZL

PRINT 11000

V0 S50 IM=1,NMATS
MS = MATSC(IM)
REWIND MS

DO % TIAXS=1,3
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oool%2 % THIKV(IM,IAXS)=0,0
000150 5 CONTINUE
000150 THI=3,5
000152 THIK(IM,1)=THI
00015Y THIK(IM,2)=THI]
000155 THIK(IM,3)=THI
000156 DLH=0
000156 Ti= THI
00015? Tes THI
000160 T3n THI
000161 TTiz T}
ooolee TT2= T2
000164 TT3= T3
000165 DL(1)= 2.%(THI + TCON)
000170 DL(2)2 2.%(THI + TCON)
6000173 DL(3)= 2.~(THI + TCON)
000176 READ(MS,12)RHOM,DRPH, ICODE
000207 RHOM=RHOM/12 % %3
000211 DO 1b ICOUNT=1,MIC
000216 D0 15 IAX8=l,3
000217 THIZTHIK(IM, IAXS)
000223 ALICIAXS)=ALCIAXS)+DL(IAXS)
000226 IF(IAXS.,EQ.1)A=Y%Z
000232 IF(IAXS.,EQ.2)A=X%Z
00023b IF{IAXS.EQGe.3)AYRX
000242 WW = W] ¢ WF(TTL1,TT2,TT3,RHOC,RHOM) ¢ DWB
000255 DH= DHGHT(WW,ALI(CIAXS))
000263 1J=0
0002b4 11 CONTINUE
00026Y 1J=1J+1
{ 000266 IF(IJ.GT.%)PRINT 10000
000303 READ(MS,20)NT,NTH,NS
000315 READ(MS,10)(T(I),I=1,NT)
000330 READ(MS,10)(TH(I),I=1,NTH)
000343 READ(MS,10)(SIG(CI),I=1,N8)
000356 DO 1000 K=1,NT
000363 DO 1000 I=1,NTH
0003b%4 1000 PEAD(MS,1u)(TABL(I,J,K),J=1,N8Y
ooo%)e IV (DH.NE.DIICIJ))IREAD(MS8,12)RHOY niH, ICODE
000432 IF(DH NE.DII(IJ))
1RHOM=RHOM/12,%%3
000437 IF(DHJNE.DII(IJ))GO TO 11
000442 13 CONTINUE
000442 REWIND MS
000444 READ(MS,12)RHMOM,DRPH, ICODE
0004%L RHOM=RHOM/12 ,2*3
000460 SIZWI/A
0004%6b THIK(IM,IAXS)= SHMOCKE(TAB1,TH,S8IG,T,GM,MXI)
000476 TTL = THIK(IM,1)
000500 TT2 = THIK(IM,2)
000501 TT3 = THIK(IM,3)
000503 DL(1)=2,#(TT3+TCON)
000511 DL(2)=2,%(TT3+TCON)
00ns51% DL(3)=2.,%#(TT1+TCON)
o CALCULATE DELTA LENGTH FOR LONGESYT DIMENSION
000517 15 CONTINUE
000521 IF(ABS(T1eTT1)  LE.LE=l  AND,ABS(T2=TT2) LE,1,E~1,AND ,ABS(T3=TT3),
1 LE.1.E=)) GO TO 45
y
4
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0oos4s
000Sb%
000Sbk
00058672
oous?2

3 000s??
0o060s
010610
000b1Y
000614
00Cel?
000bel
CuDuel
00Ube3
0o0echd

UCOob44
000650
000654

000657
000660
Ghlebe

0006bY
0G0bkbb
000670
ooo?nl
000713
000726
0007241
006?25
000761
000762
gci1o1e

J0.G15
a0lole
goioel
oolo0ee
001033
0010%6
001061
0010¢6b
001101
101107?
001111
00llew
001132
00112%
001141
071148
00l1¢%1
001185
0011S¢b
0011656

[g N g

PRINT 2001,T1,T2,T3,771,T7T2,TT3

TL =TTl
Te = TT2
T3 = 7173

16 CONTINUE
PRINT APPROPRIATE MESSAGE FOR NON=CONVERGENCE
PRINT ?2000,MATSC(IM)
MATSC(IM)=0
GO 7O SO
45 CUNTINUE
IF(TTI.LE.TMX)GO TO SO
ITIME = ITIME+L
IFCITIME.NE.1)GO TO SO
REWIND MS
YSYL¢2 . xT2
PRINT B00U,»XL,Y,ZL, 7, IM
CALCULATE WEIGHT OF (1l./%) INCH PLYWOOD FOR EACH AXIS
DwB=0.0098x(YxZ 4 Y*X)
GO TO0 S
S0 CONTINUE

DO Seb IM=1,NMATS
IF(MATSC(IM).EQ,0)G0 TU Sb
MSSHATSC(IM)
READ TH BEGINNING OF VIBRATION FILES
REWIND MS
DO 55 IR=1,%
READ(MS, 12)RHOM,DRPH, ICODE
READ(MS,20)NT,NTH,NS
READ(MS,10)(T(I),I=1,NT)
READ(MS»LO)(TH(I),I=1,NTH)
READ(MS,10)(SIG(I),I=1,NS)
DO S5 K=z1,NT
D0 S5 1I=1,NTH

S5 READ(MS,Nn)(TABL(I,J,K),JEl,NS)

S& CONTINUE
CALCULATE THICKNESS FROM VIBRATION ENVIRONMENT

DO 100 IM=1,NMATS
MS=MATSC(IM)
IF(MS.EQ,U)G0 TO 100
READ(MS,)l2)RHOM,MTS,MOMS
READ(MS, 14)(TS(I),1=1,MTS)
READ(MS,1%){OMS(1),1I=1,MOMS)
DO b0 I=1,MOMS
READ(MS,1%)(TABL(l,Jv1),J=1,MTS)
bu CONTINUE
DO bS5 I=1,MOMS
READ(MS,1%)(TAB2(I,Jr1),Jx1,MT8)
6S CONTINUE
DO ?0 IAXS=1,3
THIKV(IM,TAXS)=STHIK(IM,IAXS)
IF(IAXS.EV.1)A=Y%Z
IF(IAXSEG.2)ASXAZ
IF(IAXS.,EQ.3)A=YxX
WWEW]
69 CONTINUE
TSKSTHIKV(IM,IAXS)
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0Cllee
oclaoe
oglieo?
001iel3
oo0iely

001cl%
oo1ee2n

oolees
golc4e

oolau3
001e2s0
golese
ooi2s4
001255
0Qleec
00leb4
0ole?s
ccl3ol
001303
001312
001317

0gl3z2e
0ol3e3
001324
001330
00i33e
001335
0013%0
001345
001346
0013%?
001352
00135?
001360

001360
001362
001363
001370
00137
001375
0u137?
00l40%
001406
001%10
001%1l
00l4lé
ool%e2l
001%3l1
00l%3%
0ol%sl
o001%se
ooluse

g T

?0
?5

100

10
120

12s

l1ee

127
130

135

10
le

CALL VIBRTN(TAB1,TAB2,T8,0M8,TOP,0MJ,FE,MOMJ,XDDA, A, WK,8,IC,XDJ)
IF(IJE,EQ.0)GU TO ?5

THIKV(IM,IAXS8)=TSK

CONTINUE

CONTINUE

IF(IJE.EQ,0)MATSC(IM,)=0

CONTINUE

PRINT THICKE>SES

PRINT S000,(C(THIKV(I,J)»J=1,s3),I=1,NMATS)
ELIMINATE MATERIALS THAT D0 NOT OVERLAP ALL TEMP REGIONS
IK=0

UP=DATE THICKNESS ARRAY

DO 120 [IM=1,NMATS
IF(MATSC({IM).EQ,0) GO To 120
IX=IK+1

00O 110 1IA=}1,3
MXX=MXIT(IM,IA,ITEM)

D0 110 Tu=l,MXX
TTHIK(IK,IA,IU)=TTHIKCIM, IA,IU)
MXITCIK,IA,ITEM)=MXX
IF(ITEMP.EQ.1)G0O TO 110
MXITCIK,)IApITEM=1)SMXIT(IM,IA,ITEM=1)
CONTINUE

CONTINUE

SORT OUT DELETIONS

DO 12S I=1,NMATS

DO 12% J=1,NMATS
IF(MATSC(J) LT, MATSC(I))GO TO 128
SAVE = MATSC(J)

MATSC(J)SMATSC(I)

MATSC(I)SSAVE

CONTINUE

NMATS = IK

IF(NMATS,NE,0)GOD TO 128

PRINT 000

T1())=1500,

RETURN

CONTINUE

SORT MATSC(I) BACK INTO ASCENDING ORDER
DO 12?7 I=1,NMATS

DO 12?7 J=I,NMATS
IF(MATSC(J).GT,MATSC(I))GO TO 127
SAVE=MATSC(J)

MATSC(J)=MATSC(I)

MATSC(I)=SAVE

CONTINUE

CONTINUE

DO 135 1I=1,NMATS

D0 135 1IA=},3
MXTI=MXIT(I,IA,ITEMP)

IFCITEMP ,EQ,1IMXII=]
THIKV(I,TA)=TTHIKCI,IA,MXII)
CONTINUE

CALL COSTMT(THIKV,X ,Y ,Z ,TCON,THIK ,MATSC,NMATS,CcOST,NIC)
RETURN

FORMAT(11€E7,.0)

FORMAT(E?,0,512)
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0Gluse
0alysd
001452
oLl4s2
001452
anlese

001452

00152
poiuce

(Y ]

14 FORMAT(11E1ll.%)
20 FORMAT(SIR)
S000 FORMAT(2X,39HMINIMUM THICKNESS FOR MATERIAL BY AXIS /
1 10(2X,3E15,%7))
6000 FORMAT(1X,S58H ALL MATERIALS DELETED === NO OVERLAP BETWEEN TEMPERA
1TURES 29H=OPTIMIZE ON DATA ACCUMULATED )
7000 FORMAT(SSH CAN NOT DETERMINE THICKNESS FOR DROP HGT. CALCULATIONS
1 eX,15HMATERIAL CODE =13,2X,21HTHIS MATERIAL DELETED)
7001 FORMAT(2X,3HT12EL11.%,2X,3HT22EL) . 4,2X,)IHTIRELL, Y,
1 EX P WHTTLISELL 4, 2X o 4HTT23ELL,. %s2X ) 4HTTIZELL, 4)
8000 FORMAT(2X,30HPLYKOOD BEARING BOARD 1/4% INCH/
13X, 10HDIMENSIONS FS,2,3H X F5,2,2X,bHSIDE 3
23X, 10HDIMENSIONS F5,2,3H X F5,2,2X,bHSIDE 1 3X, SHMATERIAL NUMBER

3 13)
10000 FORMAT(1HO 25HCAN NOT FIND DROP HEIGHT )
11000 FORMAY (/ 120(1Hx)/ )

END
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iy T

SUBPROGRAM LENGTH

006032

FUNCTION ASSIGNMENTS

WF = u00o03%
STATEMENT ASSIGNMENTS

] = 00n01%e 5

le = 001470 13
%S = 000bl% S0
?5 = o0o0lel+ 100
128 = 0013%0 126
6000 = 0o0ls51) v000
10000 = 001603 11000
BLOCK NAMES AND LENGTHS
MMM = 000132 THK
VARIARLE ASSIGNMENTS

A = 0o0bGle AL
OH = 005770 DIl
DRPH = 005767 Dwe
I = 006015 IA
ICODE = 006010 ICOUNT
IK = 006024 IM
ITEMP « 00051%4C03 ITIME
K = N0bOlb MATSC
MOMS = 006022 M8
MXII = 006031 MXIT
NMATS = 000000 NS
oMJ = 000007 OMS
S = Qoo01l1l SAVE
T = 0017?23 TAB1
THI = 000004CO% THIK
THX = 000516C03 TOP
TTHIK = ¢000NOCO3 TT}
T1 = 006001 Te

X = 00577+ XDDA
4 = DOS577e

START OF CUNSTANTS
Udl14Sy

STARY OF TEMPORARIES
00lsk13

START OF INDIRECTS
001671

UNUSED COMPILER SPACE

036300

000150
ooo44e
000654
oole20
001360
001525
001610

000002

0057?56
003743
005?76
006025
006011
ooos12co03
005?75
o00coos
006000
oopo000COl
000001C0%
001731
006030
001735
003705
006023
006004
006002
005?77
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10
14
56
110
1e?
2001

TEMPT

ALl
oL
FE
IAXS

IR
]
MIC
MTS
MXX
NT
RHOC

TAB?
THIRV

TTR
T3
XDJ

001%b6b
001%?3
oolole
o013l
001377
ools42

000s1?

005761
005764
001723
000513C03
006014
006020
006027
oooo0o02
006021
006026
000000CO%
000001
000003CO0%
oo%006
003750
001677
006005
006003
oooole

11
e0

120
5000
8000

cosTt
DLH
GM
IC
IJE
ITEM

MOMJ
MX1
NIC
NTH
RHQOM
§16

TIII
TSK
TT3
WW

000264
001%76
001156
001317
001500
00155k

000006

o0000%
005771
000006
000013
000515C02
oooo0o0lCoe
006017
000010
000003
00001%
000002CO0%
006007
001711
001677
oo0000SCo%
o00000C02
006006
006913
005773




DHGHT - Function Subprogram

Usage:

Picks drop height using criterion set forth in the

MIL-Standard.

Subroutines called:

None
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Glossary of Variables for DHGHT

ALL - - - - Item length + container and cushion thickness,
DH - - - - - Calculated drop height,

DHH (1) - - - Drop height.

DHL (1) - =~ - Drop height longest length,

DHW(I) - - - Drop height upper weight limit,

WW . . - - - Item weight + container and cushion weight,
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gonoos

000005
g0oo00Ss

oooons

sooee
v0000k
focoll
Jaocle
{00013
Goo013
tooel?
ooo0o02l
000023
000025
0000es
000027
000031
000033
000C3Y4

R i e Bl

OO0

10
18
20

FUNCTION DHGHT(wWW, Al L)Y
OIMENSION OHW(?2),DRL(?),DHH(?)
AlLL===ewee JTEM LENGTH ¢ CONTAINER AND CUSHION THICKNESS
UHHeweoaa DROP HEIGHT

On| =ewecae DROP HEIGHT MAXIMUM LENGTH

DHNomewee DROP HEIGHT UPPER WEIGHT LIMIT

Ww eeeca= ITEM WEIGHT + CONTAINER AND CUSHION WEIGHT
DaTA DHN/[UD.olnn.oeon.rEUO.rlUOﬂ.rlUUO.olOOU./

DATA DHL/Bb.'500.p3b.p500.035.'50.0600./

OATA DHﬁ/WS..30..30..2#..8#.:36..8*./

DATA DHH/?&.130.oBO.r?“.r?“.oBb.paW./

THIS FUNCTION PICKS THE APPROPRIATE DROP HEIGHT
Dh= 18,

IF(WW.T,1000,)G0 TO 20

DO 10 1I=1,?

I1=1

CONTINUE

IF(WW,GT.,DHW(II))GO TO 10
IFCALL.LT.DHLCII)IGO TO 18
IF(DﬁN(II).LT.DHW(II*I))GO 70 18
I11=11I+1

GO TO ?

CONTINUE

DH=DHH(II)

DHGHT=DH+U,1

RETURN

END
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DHGHT

SUBPROGRAM LENGTM
goc101

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
? = 000013 10 = 000025 18

BLOCK NAMES AND LENGTHS

VARIABLE ASSIGNMENTS

OH = 00007b DHGHT = 000050 OHH
OKN = 000671 I = 000077 I1

START OF CONSTANTS
000036

START 0OF TEMPORARIES
oooau2

START OF INDIRECTS
000044

UNUSED COMPILER SPACE
0%3300
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COSTMT - Subroutine

Usage:
(1) Calculates cost of packing materials by axis,
(2) Celculates cost of container,
(3) Calculates cost of fabrication of package material,
(4) Calculates total cost,

(5) Prints total cost and cost by material and axis.

Subroutines called:

MINCOS
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AL(I)
Cl

c2 -
C3 -

cl2 -

Cl3 -

c23 -

cia3

t_ CAXIS(I, 2)

CF (I)

? CFF
| CM (1)
COST
CP (1)
CPP
CSS
cve

II(I)

CAXIS(I, 1)

CAXIS(I, 3)

Jicssavy of Va Tables 1er JCSTMTY

Area of the perperndicula: face of the package,
Cost of ma'erlal on fare ore,

- Cost of material on face two.,

- Cost of material or face three,

- Contains the minimum cos% between the materials
on face one and face itwo.

-~ Contains the minimum cost between the materials
on face one and face three.

- Contains the minimum cost between the materials
on face two and face three,

- Contains the lowest cost of the three materials,
- Cost of the packaging material for face one,

- Cost of the packaging mate-ialfor face two.

- Cost of the packaging material for face three,

- Array containing cost of fabrication to specific
dimensions.

- Cost ,Of fabrication.
- Array containing material cost,
Total cost,
Array con.aining the cost of packaging.
- Cost of packaging.
- Cost of shipping the package.
- Cost of material for corners,

- Contains array positions of optimum thickness for
each of the three faces,
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MC (1)

MTC
SLT (I)
Tl -
T2 -
T3 -
TCC
TCMV
vl -
\A

V3 -

Glossary of Variables for COSTMT ( Contd.)

Contains material code for each of the three faces.
Material code.

Safe low temperature.

Optimum thickness for face one,

Optimum thickness for face two.

Optimum thickness for face three.

Total cost of container by volume,

Total cost of material by volume.

Volume of packaging material needed for fac- one.
Volume of packaging material needed for face two.

Volume of packaging material needed for face three.
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000015
000015
000015
000015
000015
000015

00001S
000N1S
000016
000017
000021
onno22
000025
000027
000032
000034
000040
000042
00004S
J00050

000052
000057

000061
0000bY%

00G0bE
000067
000070

000072
oogloe
aoollo
000115
000123
00012S
00012t
000130

OO0 0O0O00N

20

30

T T T T e e T . e T Fr—— el e e B e ik P s P e e A )

SUBROUTINE COST MT(THIKV,XL,YLs2ZL,TCON,CAXIS,MATSC,NMATS,COST,IC)

CC o==e =) ARRAY COST/UNIT VOLUME OF CONTAINER MATERIAL

(F ==aea= Jap) ARRAY CONTAINING COST OF FABRICATIOM TO
SPECIFIC DIMENSION (0,0S=MIN)

Cl ==== COST OF ITEM

CM eweee= Jap APRAY CONTAINING MATERIAL COST/UNIT VOLUME

COSTMT

CP ee=== =D ARRAY COST OF PACKING ITEM FOR SHIPMENT

CS ==== COST OF SHIPMENT

GAMAC ==e= =D ARRAY CONTAINING SPECIFIC WEIGHT OF CONTAINER
MATERIAL

ROS]1 e==== JeD ARRAY LOW END OF THE RANGE OF OPTIMUM
STRESS OF EACH MATERIAL

R0S2 =ee= )eD ARRAY HIGH END OF THE RANGE OF OPTIMUM
STRESS OF EACH MATERIAL

SLY =eea jeD ARRAY OF SAFE LOW TEMPERATURE FOR EACH MATERIAL

COMMON /COSTM/ CA(L10,?),CD(19,2),C8,C1,nII

COMMON /0PT/ 11,12,13,T1,72,73

DIMENSION MATSC(l0)

DIMENSION CM(10),CF(1D),CP(10),SLT(C10),R081(10),R082(10),MC(3)

DIMENSION GAMAC(L10),CC(10), THIXKV(10,3),CAXISC10,3),AL(3),11(3)

EQUIVALENCE (CA(CLl,1),CM),(CACL,2),CF),(CACL,3),CP),(CA(LI"),SLT),

1 (CACL,S),RO0S1),(CA(1,B),RO82)

EQUIVALENCE (CD(L1,1)+,GAMAC),(CD(L1,2),CC)s(MC,AL)

AL(Ll) =ZLeYL

AL(2)=ZL»XL

AL(J)=sXL=YL

DO 20 T=1,NMATS

MTC=MATSC(I)

VIZAL(L)XTHIKV(I,1)

Ve2sAL(R2)*THIKV(I,2)

VISAL(I)*THIKV(I,3I)

CAXIS(1,1)=vixCM(MTC)

CAXIS(I,2)=vVexCM(MTC)

CAXIS(1,3)=v32CMIMTC)

CONTINUE

CALL MINCOS(II,¢ 1S sNMATS)

DETERMINE COST OF PACKING MATERIAL

00 30 I=1,3

TI(1) CONTAINS ARRAY POSITIONS

IL=TI(1)

MC(I) CONTAINS MAT, CODE

MC(I)=MATSC(IL)

CONTINUE

I1,J,K CONTAINS MAT, CODE

I1=MC(1)

J=MC(e)

K=MC(3)

CALCULATE MIN, COST FOR CURNER AND EDGE CUSHIONING

CLl23=AMINL(CM(IN,CM(J),CM(K))

ClesAaMINL(CM(I),CM(J))

CLISAMINL(CM(I),CM(K))

C23=AMINL(CM(J),CM(K))

I1=11(1)

12=11(2)

I13=11(3)

TISTHIKV(ILl,1)




000j3e
3911538
000137
000154
ooweal
g0oe32
000237
000244

Qoonese

000315

Qon33e2
000346

00C3s+
00nNwl1l
ocosi2

oo0%12

000412

Cryer M

(o]

1

1

1
2

1000
1
2

2000

1
e
3
'Y
S

T2=THIKV(IR2,2)
T3I=THIKV(13,3)
CSS=(ZLRYLRTINCACIL, ?)+ZLAXLATR2ACA(I2,7)4XLAYLATI®CACTII,?))nCS
+ CSenll
PRINT 2000,MCCL) e THIKV(IL L) e ME(R),THIKV(T2,2)oMC(3),THIKV(]I3,3)
CL=ZLaTHIKV(ILl,1)*THIKV(I2,2)%C}2
C2 SXL*THIKV(I2,2)*THIKV(I3,3)%C23
CISYLATHIKV(II,3)#THIKV(IL,1)xC13
CVCSTHIKVILp ) ATHIKV(I2,2)xTHIKY(I3,3)xl)R)3
TOTAL COST OF MATERIAL BRY vOLUMF
TCMVz2 ,w(CAXIS(IY,L)+CAXIS(I2,2)rCAXIS(I3,3))
+8,=CVCe+%  x(CLleC2+4CI)
TOTAL COST OF CONTAINER BY VvOLUME
TCCSCC(IC)RTCUN®(R . #(7L42 *THIKV(I3,3))x(YL*2, *THIKV(I2,2))*
Co®(ZL*2 2 THIKV(II,3)) A XL+2,*THIKV(IL,1))+
Be®(XL42 ATHIKV(IL,1))x(YL*2,~#THIKV(IZ2,2)))
COST OF FABRICATION BASED ON A RATE OF 3 INCHES/MIN AND THE ASSUMPTION
THAT IT TAKES 1/2 A8 MUCH TIME TO CUT THE EDGE FILLER AS TO CUT
THE SURFACE,
CFF32 % (CF(I)n(ZL+YL)+CF(J)n(XL+ZL)+CF(K)x(XL+YL))
TOTAL COST
CPPSb.x(LP(I)*(ZL+YL)CP(J)2(XL+ZL)+CP(K)x(XL+YL))
COST=sTCMV+TCC+CFF+CSS+CI+CPP
TO BE CONTINUED LATER RRRRARRRR
PRINT 1000, COST,(MATSCCIA)Y,(CAXIS(IA,JA),JA=],3),1AS1,NMATS)
RETURN
FORMAT(2X,)LoHTOTAL COST/ITEM=FB.2,72X,12HMINCOS=INPUT /
eX,4bHCOST MATRIX-MATERIAL VERTICAL,AXIS KORIZONTAL /
10(2xsI2,2XsFB.2,2X,FB.2,2X,FB,2/))
FORMAT(2X,  SHMATERIAL CODE = I%,2X,2%HTHICKNESS FOR FACE ONE =F8,3

21X, bHINCKES/
2X, 1SHMATERIAL CODE = Iw,2X,24HTHICKNESS FOR FACE TWO =F8,3
e LXy bHINCHES/
2X, 1SHMATERIAL CODE = J4,2X,2S5HTHICKNESS FOR FACE THREE=
FdedelX,bHINCHES/)
END
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COSTMT

SUBPROGRAM LENGTH
000701

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
1000 = 00022 2000 = 000%u%

BLOCK NAMES AND LENGTHS
COSTM « 000135 oPT = uoooce

VARIABLE ASSIGNMENTS

AL U00b WY Ca = 000000C21 CC = 0o001e20Co0}l €D = 0001luscCol
| CF « 0gcola2cCcol CFF * 000675 CI = 000133C01 CM = Qo00000CcC:

cosrt « Q00002 cp = 00002%C0} CPP « 000s?6 cs = 0o00132Co01

css = 000bbb cvce = 000672 €1 = 000mK? Ci2 = 000663

ci123 = 000bb2 C13 = 000bb% c2 = 000e70 ca3 = 000bbS

€3 * 000671 GAMAC « 000106COL1 I = 000mS2 IA = 000677

IC « 000003 II = 000b%? IL = NO0LS? Il « 00000002

I2 = 0o0o0o001Co02 I3 = 00ono0o2coe J = 000bb0 JA = 0046700

K = 000bb1 MATSC =« nonooo MC = 0006%% MTC « 000653

NMATS « Q00001 Rosl = 0N0o00S50CNl ROS2 « 00n062C0O} SLT = 000036C01

TCC ® 00017 TCMV * 0N0N6?3 T = 00r003C02 T2 = 00non+cCo2

T3 = 000005C02 vi = 0006SY ve = 000855 V3 = (£00bSH

Wil = 00013%Co1

START OF CONSTANTS
000%1%

START OF TEMPORARIES
00o0s10

STARY OF INDIRECTS
000574

UNUYED COMPILER SPACE
o+l1.00




MINCOS - Subroutine

Usage:

Picks the material that has the mininium cost for
each axis,

Subroutines called:

None
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CAXIS (1, J)

I(n -

SIT (I)

e b b A i |

ciiakimindhe. i Ll o b b o o il il e ol Lo L
LT T e pe— -

Glossary of Variables for MINCOS

Cost of packaging material for all tnree faces.

Contains array positiong of optimum thicknesses for
each face,

Work array used for sorting,
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SUBROULTINE MINCOS(II,CAXIS,NMATS)

c MIN CO3T
C SUBROUTINE PICKS THE MATE' IAL FOR EACH AXTS~WHICH
¢ HAS THE MINIMUM COST

000006 DIMENSION II(C1),CAXIS(L0,3),S1T(CL0)

000006 DO 50 TAXIS=1,3

000007 DO 30 I=1,NMATS !

000010 30 SIT(1)=CAXIS(I,IAXIS)

000020 1I(IaxIS)=1

0000e2 DU %0 IM=1,NMATS

onanee IF(SIT(1).LT,SITCIM)) GO TQ %0

gooo0e? IT(IAXIS)=IM

00C03l SAVE=SIT(1)

ooro3e SITCL)SSITCIM)

000033 SIT(IM)=8SAVE

060034 40 CONTINUE

Loupn3? S0 CONTINUE

000041 RETURN

000041 END
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MINCOS

SUBPROGRAM LENGTH
000070

FUNCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
30 = Q00010 40 = 000034

BLOCK NAMES AND LENGTHS

VARIABLE ASSIGNMENTS

I « 00n0obS IAXIS = (poOnob¢
SIT = (00o0se

START OF CONSTANTS
uooo43

START OF TEMPORARIES
00004

START 0OF INDIRECTS
0000%b

UNUSED COMPILER SPACE
043400
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SHOCKE - Function Subprogram

Usage:
Calculates the material thickness required to protect
the packaged item in the given shock enviionment,
Procedure:

(1) Given: a table G = F (thickness, static stress),
(2) build a one-dimensional table thickness = F (G).

(3) Interpolate or extrapolate to find desired thickness,

Subprograms called:
LAGINT

FLAGR
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e e amn et S

F2() - - -

GM - - - -
NS - - - -
NT - - - -
NTH - - -

sI - - - -

SIG (I)

T (I)

TABI1 (I, J, K)

TF(I)

TH (I)

THI -

TI - - - -

> e T

Glossary of Variahbles for SHCCKE

1-D array of interpolated accelerations.
Interpolated acceleration,

Fragility limit (acceleration).

Number of static stresses stored on file,
Number of temperatures stored on file.
Number of thicknesses.

Interpolating stress,

1-D table of static stresses (W/A).

1-D table of temperatures.

3-D table of peak accelerations
G = F (TH, SIG, T).

1-D array of guess thicknesses,
1-D table of thickness values,
Guess thickness.

Interpolating temperature,
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0nQaoll
guooll
oonecoll

0ros o
00,0t
0009113
gooole
000614k
000Cel
000(te3
000033
0000135
0900w
00L kS
0000%S
0000u?
000047

OO OOOO0OO0OO0O0O0

110

lau

15

FUNCTION SHOCKE(TABL,TH,SIG,T,GM,MX1)

COMMON /N/ NT,NS,NTH,SI,THI,TI

DIMENSION TAB1(10,10,10),TH(10),S1G6C10),TC10),F(20)

DIMENSION TF(S),F2(S)

GM =« FRAGILITY LIMIT (ACCELERATICON)

NS =« NUMHER CF STRESSES MUST BE AT LEAST 3 UNLESS EXTRAPOLATING
THEN 2 ART NEECED

NT == NUMBER OF TEMPERATURES MUST BE AT LEAST 1

NTH == NUMBER OF THICKNESS VALUES MUST BE AT LEAST 3

T we ]=D) TABLE OF TEMPERATURES (FAHRENHEIT)

TABl==3=D TABLE OF PEAK ACCELERATIONS G=F(TH,SIG,T)

TH == l=D TABLE OF THICKNESS VALUES (PTS, AT WHICH DATA WAS TAKEN)

THI == (INITIAL THICKNESS) (GUESS)

TI =« (TEMPERATURE) INTERPOLATING VALUE

SI == (STRFESS) INTERPOLATING VALUE

SIG == 1=D TABLE OF STATIC STRESS wW/A (PTS. AT WHICH DATA WAS TAKEN)

UNLESS EXTRAPOLATING=«THEN 2 ARE NEEDED

CONTINUE

00 120 1I=),S

THISFLOAT(1)

TECI)SFLOAT(I)

CALL LAGINT(TABL,T,SIG,TH,G,F)

F2(l)s6

IF(ABS(G=GM).LT.0,1)G0 TO 1S

CONTINUE

SHOCKESFLAGR(S,F2,TF,GM)

RETURN

CONTINUE

SHCCKE=THI

RETURN

EWD
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SHOCKE

SUBPROGRAM LENGTH
gaolle

FUNCTICGN ASSIGNMENTS

STATEMENT ASSIGNMENTS

15 = UD00%+S 110 = 000011

BLOCK NAMES AND LENGTHS

N = 000006

VARIABLE ASSIGNMENTS

F = 0DO0OObY F2 = 00c103 6 -~ 000111 1 = nOC1lo
SHOCKE = 000063 TF = 00007b THI = 00noo%CoO)

START OF CONSTANTS
uooonsl

START OF TEMPORARIES
00005y

START CF INDIRECTS
000062

UNUSED COMPILER SPACE
043300
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VIBRTN - Subroutine

Usage:
(1) Determines thickness needed to protect in the
vibration environment.
(2) Determines the union of the temperature
dependent thicknesses,
Options:

(1) Physical optimization based on MIL-STD-810B
excitatiorn.

(2) Physical optimization bzsed on multiple sine
excitation,

(3) Physical optimization based on random excitation,

Subroutines called:

LAGINT
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Glossary of Variables for VIERTuW

A - - - - - - - Support area of item (sq in.).

AT - - - - - - - Envirormental tempera‘ure.

ERI - - - - - - Modulus at center frequency,

ERJ - - - - - - Modulus at environmental frequency.
FE(I) - - - - - - ‘'ork - vector,

IC - - - - - - - Procedure code.

IC=1- - - - . - MIL-STD-810B excitation,

IC=2 - - - - - - Multiple sine excitation,

IC=3 - - - - - - Random excitation,
MOMJ - - - - - - Number of input environment frequencies,
MOMS - - - - - - Number of frequencies < “»red on data files.
MTS - - - - - - Number of temperatures stored on data file.
MXI(I,J,K) - - - - Array containing the number of thickresses
included in the dynamic thickness array,

OB(I) - - - - - - Arrayof l-octave band center frequencies, Hz.
OM - - - - - - - Environmental frequency.
OMJ (D - - - - - Environmentzl frequencies.

E OMS(I) - - - - - Frequency scale,
S{(I) - - - - - - - Arrayof l-octave band power spec’ral densities,
S - - - - - - - 8Sum of output excitations for one center frequency.

Table containing behavior of storage modulus (ER)

ER = F (frequency, temperature).

TAB! (I, J, K)

TABZ2 (I, J, K)

1
]
1

Table contairing behavior of loss tangent
EL/ER = F (frequency, temperature),
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Glossary of Variables for VIBRTN ( Contd,)

TCC(DH- - - - -

TF(WI, WJ, ERI, ERJ,
DJ)

THCK (A, ERI, WI, W)
TOP - - - - -

TOPP (I)

]
'
1
]

TS(I) -

TSK - - - - -

TT(I) -

TTHIK(I,J,L) - -

A

wlI - - - - -

XDD(I)

XDDA -

XDJ(I) -

Calculated thicknesses,

Statement function to calculate transfer function.
Statement function to calculate thickness.,
Optimurn thickness.
Array of acceptable thicknesses.

Temperature scale.

Thickness predicted by shock environment.

A thickness work array,

Dynamic thickness array contains all acceptable
vibration thicknesses for each material, axis,
and temperature,

Weight of item,

l-octave band center frequency.

Calculated output excitation.

Maximum allowable G-level.

Environmental G-levels,
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000021
0000¢1
0000¢°1
0000¢cl

000021

000047?
000061l
000062
000063
000065
0000bs
000070
000071
0c00?3
000076
00010l
000115
gonley

ooplew
000130
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SUBROUTINE VIBRTIN(TARL,TAR2,TS,0MS,TOP,OMJI,FE,MOMJI,XDDA, A, W, S,
11C,XDJ) vi

SUBROUTINE CALCULATES THE OPTIMUN THICKNESS FIR THE VIBKATION
ENVIRONMENT

DIMENSION (AB1(lu,10,10),7TAB2(10,10,10),0B(11),TS(1),0M8(C1),
10MJC1) »SCL),FECL)»XDD(CLL1),TCCCLL1) »X0JCL) TOPP(LL) ,TT(R2)

COMMON /MMM/ MXTI (10,3,3)

COMMON /TEMPT/ TTHIK(10,3,11),IM, IAX,ITEMP,TJ, TMX

COMMON /THK/ TSK,ITEM

COMMON /N/ M,MTS,MOMS,AT,0OM,ZA

DATA OB/)l.s2er%erBeslb,,31,5+63,,125.,250,,500.,1000,7

RARRARR

FE wma=as WORK = VECTOR

MOMJ e===a NUMBER OF INPUT ENVIRONMENT FREQ,

OMJ =wme== ENVIRONMENTAL FREQUENCIES - VECTOR

OMS e==== FREQUENCY SCALE (PTS, AT WHICH INFO, IS RECOROEOD) -« VECTOR
TAB)l ====a« TW0 = 0 TABLE (CURVES) CONTAINING BEWAVIOR OF STORAGE

MODULUS(ER) ER = F(TEMP,FREQ)
TABE ===== TW0Q = D TABLE (CURVES) CONTAINING BEHAVIOR OF LO0OSS
TANGENT (DJ) DJ=EL/ER =F(TEMP,FREQ)
TOP w=e== (OPTIMUN THICKNESS
TS wwew= TEMPERATURE SCALE (PTS, AT WHICH INFO, IS RECORDEQ) = VECTOR

XDDA ===== MAXIMUM ALLOWABLE G = LEVEL *
A e===e SUPPORTED AREA OF ITEM P (30, INCHES)
W ===== WEIGHT OF ITEM KRARR

S memes P § 0 = IN 1=0CTAVE BANDS %% INPUT IF IC = 3 axx = VECTOR
XDJ ===e= ENVIRONMEN{AL G=LEVELS = VECTOR 111
IC  =~~=~= PROCEEOURE COOE VALUE=21,2,0R 3 %%

*
AT a=m=a ENVIROMENTAL TEMPERATURE
IC=] =w-== PHYSICAL OPTIMIZ2ATION FOR MIL = STD B8l0B EXCITATION
IC=¢ ===== PHYSICai. OPTIMIZATION FOR MULTIPLE SINE EXCITATION
IC=3 =~w=== PHYSICAL OPTIMIZATION FOR RANQOM EXCITATION
O0M  ===== ENVIRONMENTAL FREQ OMJ(J)
MOMS =-==== NUMBER OF VALUES ALONG FREQ, SCALE (OMS)
MTSe==~==aNUMBER OF TEMPERATURES STORED ON FILE

x %

TABl AND TAB2 ARE ASSUMED TO USE THE SAME TS AND OMS VECTORS
AhkRAkkkR

TF(AI)WJ,ERIFERJ,0J)= SART((L.+DJx%2)/ ({1, =(WI/WI)an2#ERI/ERJ) %%
1 ¢ 0Jxx2))

THCK(APERI,WI)W) = 3RO HORAXERI/(WaWIxx2)

M=l

ZA=0,0

po &n I=1,11

SJ = 0.0
wliz=b.2RILBSIXOB(I)
oM = Wl

xOD(I)=1,E10

IF(OM,LT.OMS(1))GO TO S0

CALL LAGINT(TABL,DUMY,TS,0MS,ERI,FE)
TCC(I) = THCK(A,ERI,HWI, W)

Go 710 (10n,20,30) , IC

CONTINUE

MIL STD 810 = B EXCITATION

CALL LAGINT(TAR2,DUMY,TS,0MS,DJ,FE)
8J = TF(W1,0OM,ERI,ERI,DJI)I2xXDJ (1)
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0001%?
0001u%?

ooolw?
000151
000153
0001e6%
000Le?
00Ul?e
oaoe2l?
00og2e2e
oofea2e

000222
oon22%
ouoeese
000231
00oe%o
00026l
000264
000267
000ek?
00021
000277
000300
000341
000303
060306
000312
000313
000317
000323
00032s
0on3ze

000330
000332
000333
000340
Q00341
000344
000345

oo0o3ce
000354
00035%
0003¢Stk
000356
000356
000360
000361
000365

aoN3e?
000372
gonwas
0o0%13
00hw 1w

20

25

30

35
%5

S0

60

65

b2

70

GO TC 45

CONTINUE

MULTIPLE SINE EXCITATION

00 25 J=1,MOMJ

oM = 0OMJ(CJ)
IF(OM,LT,.OMS8(1),0R.OM,GT.OMS(MOMS))GO TO 25
CALL LAGINT(TABL,0UMY,T8,0M8,ERJ,FE)
CALL LAGINT(TAR2,0UMY,T8,0M8,0J, FE)
8$J = 8J ¢ TF(WI,OM,ERI,ERJ;O0J )n XOJ(I
CONTINUE

GO TO %S

CONTINUE

RANOOM EXCITATION (PSO INPUT )

00 35 J=1,MOMJ

OM = OMJC(J)

CALL LAGINT(TABL,DUMY,TS,0MS,ERJ,FE)
CALL LAGINT(TAB2,0UMY,TS8,0M8,04 ,FE)
8J = 8J ¢+ S(J)ATF(WI,O0OMyERIVERJ,OJ )ax2
CONTINUE

8J = 2,5 8QRT(S8J)

CONTINUE

XDD(I) = 8J

CONTINUE

I11=0

CT=1.

00 60 I =1,11

IF(X0D(1).ER.1,ELD)GO TO 60
IF(XDO(CI).GT.X00A)GO TO 60

I1=]1+1

IF(CT.EQ.1,)TOP=TCC(I)

TOP = AMIN1(TOP,TCC(I))
TOPP(II)=TCC(I)

CT = 0,0

CONTINUE

SORT THICKNESSES INTO ASCENOING OROER
00 b5 1I=1,II

00 &S J=1,I11
IFCTOPP(J).GT.TOPPCI))GO TO 65
SAVE=TOPP(.J)

TOPP(J)=TOPP(I)

TOPP(1)=8SAVE

CONTINUE

CNMPARE SHOCK THICKNESS TO VIBRATION THICKNESS
IFCYOP.LT,TSK)GO TO 62

TSK=TOP

11I=1

GO TO 80

CONTINUE

00 70 I=1,1I

111=1

IF(TSK.LE,TOPP(CIII))GO TO 7%

CONTINUE

PRINT APPROPRIATE ERROR MESSAGE
PRINT 1000

PRINT 2000,7SK,TOP

PRINT 3000, IM

IJ=0

RETURN
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000wl1S
gonw)?

oonw)?
000%es
00n442
00NweD

0004k
000465
J00%?¢
0oo4?3
0004 ?s
0004?27
0cosos
gooso?
gonsie
000S15S

oonse?

ooos+0
guosee
000S43
00usSHs
00uss:

000s<b
000SkY
000S67?
00ns?).
00ags?2
0ons?3
000600
000601
00060%
000605
000612
0aousbls
000617
000627
0006131
00Nb3b
000636
000636
000641
000b4e
00Uub4+S
00ues3
000b5S
000660
0o00hbl
000661l
000bb1l
uoUbbL

00Nbh
000ke1l
0u0bb1l

[ &)

?S TSK=TOPP(III)
80 CONTINUE
CHECK OPTIMUM THICKNESS AGAINST MAX ALLOWABLE OPYIMUM
IF(TSK.6T,TMX)IJ=0
IF(TSK.GT,TMX)PRINT 3000,IM
IFCTSKGT.TMX)PRINT S00N,TSK/,TMX
IF(TSKeGT.TMX)RETURN
DETERMINE THE UNION OF THE TEMPERATURE DEPENDEINT THICKNESSES
IF(ITEM,EQ.1)GO TO 105
MXII=MXI(IM,IAX,ITEM=]1)
1J=0
D0 85 I=IIl,II
INSIIX+(I=111)
IFCTTHIK(IM,IAX,1).GE,TQPP(I%))GO TO 8S
IJz1J+)
TT(IJ)=TOPP(IN)
8S CONTINUE
IF(IJ.EQ. 0
1PRTIT 300uU,1IM
IF(IJ.EQ.D)
1IPRINT %00u
IF(IJ.ERLU)RETURN
IK=0
0 90 I=1,MXII
IFCTTHIK(IM, IAX,I).GE.TT(IJ))GO TO <0
IK = IK ¢ 1
TTCIJ*IK)=TTHIKCIM, IAX,1)
90 CONTINUE
IJK = IJ + IK
D0 4S5 I=1,1JK
D0 95 J=1,1JK
IFCTT(J) 6T, TT(I))GO TO 95
SAVE = TT(J)
TT(¢J)= TT(I1)
TT(I)= SAVE
95 CONTINUE
IF(IJK.GT, L1)IJK=]11
po 100 I=1,1JK
TTHIK(IM,IAX,1) = TT(I)
100 CONTINUE
MXT(IM, IAX,ITEM)=IJK
RETURN
105 CONTIWUE
IT = II-II1 +1
D0 110 1I=i,IT
II=111+1=1
TTHIKCIM, IAX,1) = TOPP(I®)
110 CONTINUE
MXI(IM,IAX,1)=1IT
IRET
RETURN
SO0 FORMAT(2X,bEL1S.b)
1000 FORMAT(S1IH SHOCK THICKNESS IS LARGER THAN VIBRATION THICKNESS)
20N0 FORMAT(2X,l6HSHOCK THICKNESS=S E1S.4%,2X,28HOPTIMUM VIBRA(TION THICK
1NESS= E1S5.%)
anD0 FORMAT(AHUMATERIAL 13,194 1S BEING DELETED )
$o00N0 FCRMAT(23H NO TEMPERATURE OVERLAP )
SONN FORMAT(20H CPTIMUM THICKNESS = E1S.S5,2X,
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END

3IHMAX ALLOWABLE OPTIMUM THICKNESS = E15.5,7)
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SURPRIGRAM LENGTH

¢01133

FUNCTION ASSIGNMENT3

TF = oouuver THCK = 000053

STATEMENT ASSIGNMENTS

10 = Q0o0o01e2% eo = 0001%7 as = 00021? k14
%S = 000267 S0 = 000271 60 = 00032% be
65 = 00034§ 7?5 = 000%15 80 = 000%1? 85
Q0 = 000564 qs - NnookOS 108 - 0006306 500
1009 = 000675 2000 = 00070% 3000 = 000?718 4000
s000 = 0007?27

BLOCK NAMES AND LENGTHMS
MMM = 000122 TEMPT

000517 THK - 000002 N

VARIABLE ASSIGNMENTS

A « 000003 cT 001123 0J 001117 Dumy

ERI = Qollle ERJ = 001121 FE = 000000 1
IaX = 000513Co02 IC = 00000% Il = 001122 I11
J = 000S15Co2 IJK = 001131 1K = 001130 IM
Ir = 001132 ITEM = 000001C03 I% - 001127 J
M = NDDOODCOY MOMJ = poOoo001 MOMS = (000002C0% MXI

| MXII = 00l126 08 = o0o0l0l0 oM = Q0000D%Co% 8

1 SAVE = 00llev SJ = 001113 TCcC = 00103b TMX

: . ToPP = 00l0S1 T8K = 000000CO3 TT = 00l06% TTHIK
W = uoooov Wl = 00111% XxD0 = 001023 XO0DA
X0d4 = 000007 ZA = M)O00SCOoY

START OF CUNSTANTS
000683

START OF TEMPORARIES
000743

START OF INDIRECTS
oolo001

UNUSED COMPILER SPACE
us0600

e ol
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pon2zae
0001356
000512
000672
0007?22

000006

001115
oolLile
po1l2s
oooSieCoe
pollao
000030C01
ooncos
00051602
oooooocCoe2
ooooo0e
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LAGINT - Subroutine

Usage:

(1) Determine the number of dimensions of the input
array.

(2) Builds the appropriate interpolated table.

(3) Returns the final interpolated value,

Subprograms calied:

FLAGR
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Glossary of variables for LAGINT
A (NPTSG, NPTSB, NPTSA) - - Input table.
)
[ ALF (NPTSA) - - - - - - Vector of independent variabies.
] BETA(NPTSB) - - - - - - Vector of independent variables,
1 : GAM(NPTSG) - - - - - - Vector of independent variables,
[ NPTSA - = = - - - - - Number of X-Y planes in input table.
NPTSB - - - - - - =« - Number of columns in input table.
VAL - - - - - - - - - Interpolated value.
XB - - - - - - - - - - Horizontal argument (interpolating
value).
i‘ Y - - - - - - - - - - Vertical argument (interpolating value).
ZA - - - - - - - - - - Depth (interpolating value).
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Sl
0Cnnll
aoonll

0009013
6onolY
000015
G000lb
no0o03l
ooun%3
000047

0000S0
gooos0n
oouose
QUuNsLe
00n0ss

0600?71
900071}
002073
000G7?4
agoo1ns
00GCL1%
coo0117?

ogolr20
oocliao
000122
000131
000131
oanivo
000i%1

e v e R

OO0 0O O

1G

100

110

120

140

154

200

2la
2en

SUBROUTINF

LAGINT(A,aLF,BFTA,GAM,VAL,F)

A(NPTSG,NFTSB)NPTSA) w=== INPUT TABLE

=== VECLTUR OF INDEPENDENT VARIABLES
BETA(NPTSB)=== VECTOR OF INDEPENDENT VARIABLES
=== VECTOR OF INDEPENDENT VARIABLES
I+ NPTSA NOT EQ TO 1 INPUT TABLF IS 3 = D
IF NPTSB EG L AND NPTSA £Q@ 1 TABLE IS 1 = D
IF NPTSB NE 1 AND NPTSA FQ 1 TABLE IS 2 = O
NUMBER OF X=Y PLANES IN INPUT TABLE DEPTH

ALF(NPTSA)

GAM(NPTSG)

NPTSA =mee
NPTSG ===

VALeweoowes
Xt, LY T ¥ ¥y
Viy oroncew

ZA covesnw

NUMBER OF COL!'IMNS IN INPUT TABLE
NUMBER OF ROwWS IN INOPUT TARLE
INTERPOLATED VALUE

HORIZONTAL ARGUMENT

VERTICAL ARGUMENT

DEPTH

DIMENSION A(10,10,10),B8(10,10),FCL),ALF(L1),
1 BETA(l),6aM(]1)

COMMON /N/
CHECK FOR

NPTSA, NPTSB,NPTSG,XB,YG,ZA
THREE OIMENSIONS

IF(NPTSALEG,1)G0 TO 100

SOLVE THREE DIMENSIUNAL CASE
DO 10 I=1,NPTSG

00 10 J=),NPTSH

DO 5§ K=},
F(K) = A(I,

NPTSA
JrK)

BrI,J) = FLAGR(NPTSA,ALF,F,7A)

CONTINUE

GO T0 120

CHECK FOR
CONTINUE

TWO DIMENSIONS

IF(NPTSH,EQR,1)G0 TO 2n0

DO 110 Is
ou 110 J=

1,NPTSG
1,NPTSH

B(I,Jd)=A(l,Jd,1)

SOLVE TwO
CONTINUE

00 150 I=],NPTSG

00 140 J=

DIMENSIONAL CASE

1,NPTSH

F(J) = B(1,J)
B(I,1)=FLAGR(NPTSB,BETA,F,XR)

CONTINUE

GO TO P20

SULVE ONE
CONTINUE

DIMENSIONAL CASF

DU 21n i=i,NPTSG
8(I,1) = A(I,1,1)

CUNTINUE

VaL = FLAGR(NPTSG,GAM,B,YG)

RETURN
END
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LAGINT
SUBPRUGRAM LENGTH
pon32e
FUNCTION ASSIGNMENTS
: STATEMENT ASSIGNr, - °
E s - 000016 100 - 000050 110 e 0000SS 120 - 000071
i 140 - 00007% 200 - 000120 210 - 000122 220 - 000131
BLOCK NAMES AND LENGTHS
3 N - 0C000&
VARTABLE ASSIGNMENTS
B - 000153 1 - 000317 J e 000320 K - non3al
NPTSA = 000000C0L1 NPTSB = 000001CO1 WPTSG ~ 000002C01 XB - 000NC3COL
Y6 - 0NDDO%COL ZA - 00N00SCOL
! START OF CONSTANTS
00n1%3
» START OF TEMPORARIES
3 00014y
START OF INDIRECTS
gonisn
{ UNUSED (OMPILER SPACE
043000
3
'E
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FLAGR - Function Subprogram

Usage:

LAGRANGE interpolating function interpolates through a

one-dimensional table and returns an interpolated value.
Options:

(1) Two point linear extrapolation to the left.

(2) Three point interpolation from left,

{3) Three point interpolation from left and right,

(4) Three point interpolation from. right.

(5) Two point linear extrapolation to right,
Procedure:

For option one, a constant slope is assumed,

For option two a parabola is passed through the three
nearest points (two at the left and one on the right of the
interpolating value).

For option three a parabola is passed from the left and
from the right with the final value being the average of
the two.

For option four a parabola is passed from the right (two
points on the right and one on the left of the interpolating
value),

Subprograms called:

None,

o

i i R ket et




F(I)-
IGO -
NPTS
W (K)
XIK (1)

XK -

Glossary of variaoles for FLAGR

- Table of dependent variables,

- Code to determine type of interpolation.

- Number of points in table.

- Work array containing function weights,

- Table of independent variables to be interpolated.

- Interpolating value.
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ounpo?

ooonn?
ooo010
goanil
Q0unlLY
000016

000030
000030
ouon3g

00U0%0
000040
] COGNe2
3 0000N%3
00004?
ovoose
0000583

00r 0SS
00005?
000060
000062
000064
000085
_ 0100K?
] 000070
» 000077
000101
000103
00010S
000107
000111
n 000116
00n117?

oonizal
000121
goo0ie?
00012t
000107
000130
C0013¢2
600133
goo1i4e
0001 4%%
000. +b
000180
0oulse
000154
0001k0
000ibe
Q001lbY
00M1b5
000lbb

FUNCTION FLAGRINPTS XIK,F,XK)
DIMENSIUN XIK(L),F(l),W(3)
LAGRANGE INTERPOLATING FUNCTION
D0 200 I=1,NPTS
IT=1
IF(XK,LE.XIK(I))GO YO 210
200 CUNTINUE
FLAGRSF(NPTS) ¢ (XKoYIK(NPTS))I*(F(NPTS)=F(MPTS=1))
1 /(XIK(NPTS)=XIK(NPTS=1))
RETURN
205 CONTINUE
FLAGR=F (1) +(XK=XIK(L))®(F(1l)=F(2))
1 Z{XIK(1)=XIK(2))
RETURN
210 IF(XK,EN.XIK(I))GD TO Sno
160 = 3
IF(IT.LE.2)IGO=]
IFCIT.EQG.NPTS) IGOD = ¢
8=20.0
IF(IGO.EQ,2) GO TO 3So
PARABOLA FROM THE RIGHT
IF(IT.EQ.1)GO TO 208
U0 300 I=1,3
IARG = IT=2+¢]
WEIGHT = ),
D0 290 J=1,3
IF(J.EQ,I)GU TO 24an
JARG = T = 2 ¢ J
WEIGHT = WEIGHTA((XK=XIK(JARG))/(XIK(IARG)=XIK(JARG)})
290 CONTINUE
W(I) = WEIGHT
300 CONTINUE
00 310 K=1,3
IARG = IT = 2 ¢+ K
B =28 ¢ W(K)XF(TIARG)
310 CONTINUE
IF(IGO.EQ.1)GD YO 600
PARABOLA FROM THE LEFT
350 CONTINUE
00 400 [I=),3
IARG = [T = 3 ¢+ 1
WEIGHT = 1,0
00 39n J=1.,3
IF(J.EQ,I)GU TO 390
JARG = [T = 3 ¢ J
WEIGHT = WEIGHT*#( (XK=XIK(JARG))/(XIK(IARG)=XIK(JARG)))
390 CONTINUE
W(I)= WEIGHT
$N0 CONTINUE
00 410 K=1,3
ARG = IT = 3 ¢+ K
B =2 B ¢ W(K)*XF(IARG)
410 CONTINUE
IF(1G0.EQ,2)G0 TN 600
B =8 %« 0,5
GO TO enpd
S§00 CONTINUE
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0001b6
oouvl?20
Gocl?0
0001722
ouolre

B = F(IT)

600 CONTINUE
FLAGR = 3§
RETURN
END
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FLAGR

SUBPROGRAM LENGTH
u0ae3al

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMENTS

eus = 000030 a1y = 000040 290 000077 350 = 000121
390 = NODl%2 500 = 000166 &n0 = 000170

BLOTK NAMES AND LENGTHS

vatIABLE ASSIGNMcNTS

8 = yoo223 FLAGR = 00214 I = 000220 IARG = 000224
v = ugnaee It = 00922} J = 00022k JARG ~ p0oRe?
. = 000230 W = (Go0o21s WEIGHT « (po00225

. STARYT OF CUNSTANTS
: 030174

START OF TEMPORARIES
00n12?

START OF INDIRECTS
000207

UNUSED COMPILER SPACE
0%3000
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b
. SCOPE  3,% - CONTROL=CARD-INITIATED LOAD LOADER L3%0 12719773  07,49,45, PAG"
3 Fwa DF THE LOAD 101 6253108 WORDS WERE REQUIRED FOR LDADING

LwA+l OF THE LOAD 53077

TRANSFER AQORESS == DPPACK 280

NJ, TABLE MOVES kL

B ML

PROGRAM ANO HLOCK aSSIGNMFNTS,

sLOCK ADDRESS LENGTH FILE PREFIX TABLE CONTEN'S
7C08TM/ 101 138
/VPASYS/ 23 11
0PPACK 2%? 3ipee BINPAK
71EMPY/ 3127 5§17
TEMPEY 32010 s§ BINPAK
/0PT/ 32068 6
DAMALW 32073 1706 BINPAK
’ TLLLY) 34001 132
TALLYS 34133 ?
IN/ 34135 )
COPRO 34143 N3 BINPAK
OAGHT 217§ 101 BINPAK
CosTMY $2e?% 701 BINPAK
“INCOS $317?7 70 BINPAK
SHOCKE 3267 112 BINPAK
VIGRIN LELY 1133 BINPAK
LAGINY (1151 32 BINPAK
] FLAGR 5086 231 BINPAK
1 SYSTEM 5307 1128 SL=NUCLEUS 05/2%/73
f ACGOER “b4 e 12 SL-L1833 op
LETRA [YTITY 1? SL-L1833 op
CHEXIT (117 11 32 SL=-L183) opP
SuRt “hs1? 4 SLeL 1833 op
INPUTC “bS6% 10% SL=L1833 op
CUTPTC “bb?0 10% SL=L1833 or
REWINM “b?7% i1s SL=-L1833 or
KRARER 2111 1041 SL=L1833 or
¢ XUDER 0152 125% SL=L1033 0s$/17/73
s10% S1%2b 1481 SL=38Y810 10730773 1%,%9,36, SCOPE 3,% COMPASS 3,732W?

l.1%8 CP SECONDS LOAD TIME
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3. Input Data to OPPACK Program

Input consists of problem card data deck(s) and material files stored
on disk. The form of the data stored on the material disk files will be dis-
cussed later, Data contained in the problem card data deck(s) consist of
integers and real numbers. All integers must be right adjusted in the pro-
per card field. Real numbers must contain a decimal point in the proper
position.

The content of each card in a problem deck is as follows:

Input Data - Card Deck

Card Number One is read according to statement 1070 FORMAT
(612, 5E 10.0)

Columns
-2 NIC - Code number of container material to be used.
3- 4 IC - Code denoting type of optimization to be used;
IC =1, MIL-STD-810B excitation
IC = 2, Multiple sine excitation
IC = 3, Random excitation.

5- 6 IITM - Item number which is an arbitrary number assigned
to the item being shipped. IITM rnust not be greater
than two digits (i.e., 99). The condition IITM =
MITEM = ITEM must exist.

- 8 MIC - Maximum number of iterations needed for ccnver-
gence of drop height calculations.

9-10 MXI* - Maximum number of iterations needed for conver-
gence in shock environment.

11-12 MOMJ - Maximum number « = . .ronmental frequencies
(Max, = 11).

13-22 CS - Cost of shipring ($/1b).

23. 32 Cl - Cost of item ($).

No¢ needed. Set equal to L.
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.r Columns
33-42 TCON - Thickness of container (in.).
43-52 TEML* - Low environmental temperature (OF).
53-.62 TEMH* * - High environmental temperature (OF).

Card Number Two is read according to statement 1020 FORMAT

4 . (11 E 7,0)

: Columns

i - 1-77 (OMJI(I), I =1, MOMJ) - Environmental frequencies

(rad/sec) - in ascending order.

Card Number Three is read according to si{.tement 1020 FORMAT

(PSD). gZ/Hz each corresponding to one of the
above environmental frequencies.

This card is blank unless '"IC = 3."

] Card Number Four is read according to statement 1020 FORMAT
(11 £E7,0)

Columns

1-77 (XDJ(I), I =1, MOMJ) - Environmental acceleration levels,
g, each corresponding to one of the above environ-
mental frequencies,

Card Number Five is read according to statement 500 FORMAT (40I 2)

Columns
1- 2 NC - Number of containers (Max. = 10).
3- 4 MITEM - Item nurnber (see IITM on Card Number One).

* If (TEMH-TEML) is less than 20°F, make TEMH = TEML,

99
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(11 E 7.0)
Columns
1-77 (S(I), I =1, MOMJ) - Environmental Power Spectral Density,




Columns
5- 6 MNMATS - Number of materials on file (Max. = 10).

*
Cards Number Six through Fifteen are read according to statement 10
FORMAT (E5.0, 3E6.0, 3E15 5).

Columns
1-68 ((CA(L,I), J=1,7, I=1, MNMATS) - Cost and property
matrix,
1- 5 Cost of material ($/ft3),
6-11 Cost of fabrication ($/min),
12-17 Cost of packaging ($/min).
18-23 Safe low temperature (°F).
24-38 Low stress'!) (1b/in.2).
39-53  High stress(!) (1b/in.2),
54-68 Gamma (1b/£t3),

ok
Card Number Sixteen is read according to statement 10 FORMAT

(E5.0, 3E6.0, 3E15.5).

Only input data type specifications E5.0 and the
first of 3E6.0 are used to read the data from this
card type. Statement 10 FORMAT is also used for
other data card input.

Columns
1-11 ((CD(1,J), J=1,2), I =1, NC) - Cost and property matrix-
container material.
1. 5 Gamma (i.e., specific weight) of container (1b/in.3).

.* Must have one card for each material,
“” May have one to ten container material cards.
(1) From range of optimum stress of a particular material,
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Columns

6-11 Cost of container ($/'in.3). CAUTION: This is cost of
container material volume,
110f container volume.

Card Number Seventeen is read according to statemen: 5 FORMAT
(14, 2X, 4E10,0, 2X, 12).

Columns
1- 4 ITEM - Item number (see IITM on CTard Number One).
7-16 WI - Weight of item,
17-26 XL* - X-length (2nd longes* length) in inches.
27-36 Vi Sy engthl(shoztest leng-hkinlinehe s
37-44 ZL" - Z-length (longes: length) in inches.
49-50 NPCNT - Number diffe-rent percent damage allowable

cases (Max. = 10).

Card Number Eighteen through... are read according to statement 7 FORMAT

(3E10. 0),
Columns
1-30 (GMF (), PCTD(I), REPCI(I), I =1, NPCNT).
1-10 (GMF (I) - Fragility in units of acceleration, g.
11-20 PCTD(I) - Percent damage at above acceleration level,
21-30 REPCI(I) - Replacement cost for above percert damage
($/item).
y §
%* ? z
YL [Ad
- - - 3 X
. XL |
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The program is set up to handle ore ‘o ten cataloged disk files,
Fach tile contains the shock ard vih=itlor irfy-mation seeded for &
meaningful scrutiniza‘ior of thic caral ute o tavid,

Fach material file is assigred a two-ligi' numerical material
code which is linked to the togical device on »ticl ittt material fide iy
cataloged through the ASG cent=al ¢card and e USK con'v 5l ca~d, (hce
execution starts, the material is refeverce! through the use of tre
numerical material code.

The file structure is ‘he sanve o0 il matevial Niles, The oot
portion contains the shock envi-oamen’ information, arnd the rear peo-tion
contains toe vibration environmert informa*ion. The con‘ent and read
sequence of each section is as follows:

Input Data - Disk File

Shock Environment - 18-Inch Drop Heigh!

Format
(E7.0, 5I2) RHOM, DRPH, ICODE
E7.0 RHOM - Specific weight of the material (PCF)
12 DRPIH - Drop height
12 ICODE - Code used irn upda‘ing files
(512) NT, NTH, NS
12 NT - Number of temperatures (Max. - 5)
12 NTH - Number of thicknesses (Mav. = 10)
I2 NS - Number of streases (Ma, 1
(11E7.0) (T(DH, I -1, NT)
7,0 T (1) - One of the temparatures of which data is vecoride:!
fdegreesy fahre-heit)
(FEET.0) (TH(D, T -1, NTI
7.0 TH (]}  Oae of the materia] tiick: ¢ncos connileral (Duritg

data gathering,
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(11E7,0) (SIG(I), 1 =1, N8

E7.0 SIG (I) - Static stress at a point
DO XX K=1, NT
DO XX I =1, NTH
(11E7.0) XX READ (MS, F) (TABI1(1,J,K), J =1, NS)

TAB1(I,J,K) = G = F (Thickness, Siress, Temperatuve)

The preceding type of information ic also stored for the 24-inch,
30-inch, and 36-inch drop heights, respectively.

Next is the vibration environmen! which consists of the followirg;

Input Data - Disk Files

Vibration Environment

3 Format
: (E7.0, 512)  RHOM, MTS, MOMS
§ E7.0 RHOM - Specific weight of the material (PCF)
12 MTS - Number of temperatures (Max, = 10)
12 MOMS - Number of frequencies (Max., = 10)
(11E11. 4) (TS(D, I=1, MTS)
Ell. 4 TS(I) - A temperature at which data is recorded
(degrees fahrenheit)
(11E11. 4) (QMS(I), I =1, MOMS)
Ell. 4 QMS(I) - A frequency at which data is recorded (rad/=ec)
DO X I1=-1, MOMS
(11E11. 4) X READ (MS, F1) (TABI1 (I,7.1), J = 1, MTS)
L TABI(I,J,1) = ER = F (Temp., Freq.)
DO XX1=1, MOMS
(11E11. 4) XX READ (MS, F2) (TAB2(I,J,1), J =1, MTS)

TAB2 (I,J,1) = EL/ER = F (Temp., Freq.)
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4, Description of Output

Qutput ltem #1

This output item consists of a listing and definition of all the card
datu input. The first four output tables of this item are printed in the mair

program of OPPACK., The last five tables are printed in the subrgu‘ine
DAMALW,

Qutput Items #2,1 - 2,5

These output items consist of the results of some of the intermediate
calculations done in the subroutines CDPRO, COSTMT, and DAMALW, The

first two output tabies are printed in the subroutine CDPRO, They are Item
22,1 and Item #2, 2,

Item #2,1 - consists of the thicknesses calculated by the func’ion
subprogram SHOCKE, At the end of each drop height iteration, the thick-
nesses T1, T2, and T3 are compared to the corresponding newly calcu-
lated thicknesses TTI1, TTZ2, and TT3, respectively. If the change in the
corresponrling thicknesses is greater than the allotted tolerance, the thick-
nesses are printed and another iteration is initiated, The amount of output
in this item is purely a function of the number of iterations required for the
drop height convergence and the number of materials being considered.

Item #2.2 - is a N ¥ 3 table of minimum thicknesses where the
rows correspond to materials and the columns correspond to different axis.

Items 22,1 and 42,2 are repeated for each of the three possible temperatures,

Items #2,3 and #2. 4 - are output fromn the subroutine COSTMT.

item #2,3 - shows the optimum thicknesses and the materials to be
used with these thicknesses,

Itemm 52,4 - shows the total cost of shipping one item, This cost in-
cludes everything except the cost for allowing damage. item #2.4 also con-
tains the material cost matrix where each row corresponds to a diffevent
material and each column to a different perpendicular face of the package.

Item #2,5 - is output in the subroutine DAMAILW, This oulpu! is
self -explaratory,

Ou‘put Items 42,1 - 2.5 are repeated for each percent damage
allowedd,
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Output Items #3,1 - 3,5

Output Items #3.1 - 3,5 are all printed in the subroutine DAMALW
and are considered to be self-explanatory, Item #3.5 may appear in two
different ways. If Item #3,5 reads '"'overshipping is the best policy, ' the
information in Items #3,1 - #3,2 is cunsidered to be the optimum informa-
tion, If Item #3,5 reads '"the above percent damage is the best policy, "
then the information contained in Items #3,3 - #3,4 is the optimum informa-
tion,

These output item numbers correspond 'vith the circled item numbers
on the following nine sample problems. Tables IV through XII contain the
input data cards for the sample problems, Each table appears prior to the
OPPACK Program output for each of the nine sample problems,
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TABLE IV

SAMPLE PROBLEM NUMBER ONE
INPUT DATA CARDS

Card
No.
1 . D ) R v-' ------ [ o B ==l - e SSCRNSoIo ooy
2 B i '—. iy "n """ . ¢ - TTEEY L G a S sy S A ASEE e ams e g
5 . - g . . . n - - - <
4 . h . o -, . 0 3 3 -
. CL 1 1 ® [ - - -
. - L : - .I . q [ ond
7 S - ' . & T ]
8 L s s0eg B Lo - o :
9 T ' e -
10 T T ! . ) ) 5o -
11 f C ] A E
12 - ) ) ) )
13 g 2 © ) . 1.1
14 - - . S O o= ¢ -
15 - _ . “4 4 N
16 R
17 . ‘e *T
18 -
19 il -
20 - :
21 - tlk
BIEEE6CC00E 1006000000 0E0CDORCOINCOOO0N00CU0CO000R6O0COCOCCO00ECCO0OOGOEIER0OE
IR RN RN T RIRIR R R R R RHH IR RANNEIIE R AR I X HEAN iy MV IR I AN T R EIRH R TR R I B N NIV IR B E R R R RN
' EERRRRRRRRRR R R AR AR RN R R R RN RN R R R RN RN R R R R RN R R E R E R R R R R R R R RN RN RRR R R

2NN I NN mnmnnNnMN: 112

33433333323343333333334203233301) Sy N 135333333332133333313393333113311
7 ffﬁzzﬁ}ltl444444llllllltllllllfilali

i j:?fkﬁgysssssssssssssssssssssssssssss
Lkl s EEEOBOE0EEEobEOB0C0CEB00F0ESS
IR R AR RN SRR R R R R R RRRRRE R

flSQIIIJIII!!!llllllllllllllllllllllllllllllllll!3|lllIlllllllllllllllllllllllll?
8!l!llli!!l!llll!!!llllll COTBEOEOEE3000060000G0000CC0C0GCOC0TOCEOOREEIBYE2IYYN
YRR R wnn nKk N ann -0

] ] ¢
S A RTRI R RI N I () nan PiNRNRIAPVURG R B8O Q"IN NBYIARNPDIBENUTIUN nwanna

ALt i ataataaiinia
§555555555555555555859655553353383¢
CCEoOeEBsBbECOBECESCSCEOOCOO0N
RR AR R AR R R R R R ERERRERRRE

4 s
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s3s  OPTIMIZATION #RUCEDURE FOR LESIGN OF PACKAGE CUSHIONING ez

1 2 NIC === COOE O, OF CONTAINER WATEIAL 10 ®I USEO —
Sl G EALR LIRS IC0CE ’ SAMPLE PROBLEM #1 (MULTIPLY SINE
12 11TM =ec JTEM NUHBER EXCITATION) CO!\I_S[ANT TEMPF.RATURE

2
20 3 WIC === MAXIMyUM NO, OF ITERATIONS FOR CROP WY, CALC.
26 3 My] eee mALIMyM NO, OF ITERATIONS FOR GeCONVERGENCE
11 8 MOWJ eee NUMRER OF ENVIRONMENTAL FREQUENCIFS

1.3990F=0U1 ($/L8) 2 (S === COST OF SWIPHMENT

25,00 ( $ ) = C] e== COST OF ITE"™
«125000 (IN,) = TCON === THICHNESS OF CCNTAINFR

°¥N,00 ( F ) = TENL =ee LOWEST ENVIRONMENT TE“PERATURE
ie0,un £ b ) & TEMK eec HIGHEST ENVINONMENT TEMPERATURF

(RAD/8EC) = OMI(1) ALL OF Twf ENVIRONMENTAL FREO,
«28300F¢000,28300€¢011.25000E0023,"' 'SOEeN26,20300€¢021 08V C0EC0II 1% 15CEC03Y, 398, " ¢035,05%87€¢035,% C0IE+030,28319E+0)

FSD  INPUT FOR RANDOM EXCITATION

(0'8) = x0J(1) = FNvIRONMENTAL EXCITATIONS EACH CORRESPONOING YO ONE OF THME ABOVE O®J,.1;as
«00UCOE=0i5,0300CE=011,00000E¢0N2,00N0NE+NNI , 00000E+0NI,N0000E+003,00000E4003,00Nr"5e003,n 0772€¢003,00000€4003,00000€00

1 8 NC === HUMBER OF CONTAINERS
1l & M]ITE™ ewe JTEM NUMBER
10 = MnMATSeee WUMAER OF MATERIALS ON FILE

(STemaT CST=Fan CaT=Pax SLeTENP LneSTRS n]l=STRS SAMMA
1.42r0fe0y $.000NE=02 1.00rnE=p2 =2,2000E¢01 1,00060F=D) 1.,0000E¢00 1.5000E+00
S.*000E OV $.0000E=02 1.,0000€=02 =%,0000£¢0!} 1."00VE=01} 1.5000E+00 2,0000E¢00
2.10GC0E*0U $.0000E=02 1.00¢0€=02 <=3,+000EenN} 3,0000f«02 3.0000£=01 2,%000€¢00
l,e%C3ce00 $.0000E=02 1.0000£=02 =%,0000E+01 2,0000E-01 1.5000€¢00 $,0000E-01
1.5800¢¢n0 $.000NE=02 1.,0000E=02 «%,0000E¢01 3,0000E-02 3,0000£-01 1,5000€+00
1.,3600t «0v $.0000E=02 1.,0000E=D2 <«2,0000Ee0) 3,0000€-02 $.0000E-01 3,0000£+00
1.,0000F +00 $.2000E=02 1.0000E=02 =2,0000E¢01) 2.,0000E-02 2.0000E-01 7.%9000E+00
1,0000F GV $.0000E=02 1,0000€=02 =2,0000E¢01 3,0000€-02 2.0000E=0) 1,1000E+00
*,2700€e0v $.0000E="¢ 1.0000E=02 «2.0000E¢C) 1,0000E~02 1.5000E=01 1,1900E+0)
2.,11C0C000 $.0000£-02 1.0000E=02 <=2,00UQE«0} 2.0000E-02 8.0000E=01 1,1100€+01

[ALLTY CSTaf ONTAINER
1.770p8=0) 2.3200E=03

18I TEM NUMARER
1.0nu0Een2emEIG™T OF ITEM =I( POUNOS )
1.2N00EeD12 DIMENSION PARALLEL TO X=aX]S 2n0 LUNGEST DIMENSION XU (INCHES)
L.2000€e0.8 OIMENSION PARALLEL TO veAX]S IR0 LONGEST DIMENSION YL (INCHMES)
2,%700Fe012 ZIMENSION PARAL EL TD ZeAx]S LONGEST OIMENSION ZL (INCHES)
NySBENR = L]

MaTERlaL COOES CONSIOERED ARE 2 *

“Age( PCNTalam REPLACE=CST
$.S00UEe01 0. 0,
.0000£¢01 S,.U000E¢D0 S,N000E¢00
$.5000Ee0) 2.N7000Eeul 1,0000€e01)
7.0000E¢01 8.0000E*D) 1,5070€¢01
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X

RRCRARAR AR NN AR A AR R AR R AN R AR R R AR AP AR R VAR AR R AR AR R ARR AR R AR RRARA RN AR R ARA N RN A ARG AR AR AN AR RRAR R

iz 3,SNUNE*0M T2z 3, SUDOEenD T3® 3,5000E¢00 TT1im 2.5S50SEeDD Y723 2,5S05E¢00 TT3I® 3,0308E¢00

Tiz 3,500uEen0 122 3,5000E¢00 T3= 3,5000Nkenp TT1lz 2,231)0Ee00 TT22 2,2911E400 TT3IZ 2,2050E¢00

Tlz 3,S0UnEe0D T2z 3,5000E¢D0 T3® 3,5000E+00 TTim 2,1569E¢00 TT¢3 2,1509E¢00 TT3I2 ¢2,0%9)1Ee00

Tls 3,5GuDE*ON T2= 3 ,SunuEe0n TI® 3 S50p0kenn TTI® 2,1511E¢00 TT2® 2,1511€000 TT32 2,b2%1Ee00D
SHOCK THICANESS IS LARGER Tran VIBRATION THICKNESS

Sm0OCR THICKRNESSSE 2,b2%1Ee00 OPTIMUM VIBRATION THICKNESSE 3,2107E=p2

MATEWRIAL ¢ 13 BrING OVELETED
MINIMUM THICKNESS FOR MATERIAL BY AXIS

3.1uBSEe0D 3.1uB85E+00D 3.4565c¢00
3.59872E+00 3,5987E+00 3,%550€¢00
3.009"EeND 3.009RE<0D 2.99%3E+00
2.9322E+00 2.9322E+00 2.b2%1Een0

MATERTAL CODE = v THICKNESY FOR FACE ONE 3,010 INCHES
YATEZATAL (CDE = v TWICANESS FOw FACE Twi = 3,010 INCHES
HaTEs{aL CQOE = % TrICKNESS FOR FACE THREEs 2.9%% INCHES

57 TCTAL COST/ITEY= 81.01

CINTUS=INPYT
CCST MATRIX=MATERIAL VERTICAL,AXIS HORIZONTAL
1 L] .99 59
H 3, 2% 3,.2% 1.58
. .72 .72 .36
FoR 0,30 PEN=CENT DAMAGE AND A FHAGILITY RATE OFSS5.0 G'S
THE CNST I 81,01 DOLLARS wiTr A MULYIPLICATION FACTOR OF 1,00 TIMES ONE
wifr & FINAL COST OF 8l.n1 DULLARSFOR OVvER SHIPPING
FUR ALLOSING OAMAGE TwE COST I8 81,01 DOLLARS/ITEM

PR R AR R RA R IR RN AN R RN R AR AR R R AR AR AR N AAN R R RN PR RN AR R ARARA RN AR AR AR R AR AR AR R AR AR RANAANA RN RARRR AR RN RERD

Tlz 3,50u0E+n0 fé= I,SUDDEenD T3= 3 ,500nEeDD TTiz 2,%078EeDD TT2m 2,%078Ee0N TT3Z 2,9%37Ee¢50
Tiz 3,50unE+00 T2= 3, SUNDEenn T3® 3,SNN0EeON TTlz 1,9053E¢00 TTR2®m 1,9053Ee¢00 TT3I® 2,000.E¢30
Tlx 3,500NEe00 2= 3,5U0NDEeDQ T3= 3,500Nte00 TTlz 2,0818Ee¢D0 TT2= 2,0818E+00 TT3I® 2,050bE¢00

MATERIAL 3 I8 AEING OtLETED
QPTIMyUm THICKNESS = 1,32901E«0¢ Max ALLOWABLE OPTJMUM THICKNESS 3 1,200n0Ee0}

HINTM(™ TH]ICANESS FOR MaTERIAL BY AX]S

“.231bEen0 $,731bte0n 3.4839F*00
7.5%0feN0 7.%5%UE+*00 3.7272nEe00
2.7918E+30 a, Q.

MATEWTAL LODE
“ATERIAL CODE
“ATERIAL COCE

1 THICHNLSS FOR FACE ONE = ,732 INCHES
i THICKNESS FOR FACE TmD s %,.732 INCrES
1 TrICANESS FOR FACE TwwEEs 3. 8% INCHES

Total CUST/ITEM: HA LSy

MINCOS=INPUT
C.9T “ATWhix=MaTE~TAL VERTICAL,AXIS WORIZONTAL
1 1.51 1.51 b

N hetl bell [P}

Fua S,ul PER=CENT DAMAGE AND A& FRAGILITY RATE OFbN,D0 G*'S

Tewg CCST IS 68,50 DGLLARS wlTw & MULTIPLICATION FACTOR (F 1,08 TIMES ONE
w]Tm & FINAL CNST UF 3,16 DILLARSFON DvER SHIPPING

FUW ALLOWING DAMAGE THE CNST IS 93,50 ODOLLARS/ITEM
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flz 3,5000E+00 122 3,SunnEenn (33 3,S5NONE+OC TTis 2.2650E400 Ti2x 2,2b50E40N TT3z 2,8b872E400
Tiz 3,SqU0E+00 T2s 3,S000EeOn T3Is 3,5N00:c+00 TT1s 1.S796E400 7Tr23 [,579bEe00 TT3s |,7872bE400
MINIM M TRICKNESS FOR MATERIAL RY axlIy

*.5755E+00 $.57C5F+00D 3.,9839€E+00

1.9587%E+00 1.9587E+0n0 1.927223F 00

mATER[AL CODE = 1 TMICKNESS FOR FACE ONE 3 4,575 INCHES
MATERIAL CODE = 1 THICKNESS FOR FACE TwO = *,575 INCHES
MATERIAL COOE s 1 TnICKMNESS FOK FACE THREEs 3,98% INCHES

TUTAL COST/1TEMs 87.98

MINCOS=INPUT
s COST MATRIX=MATERIAL VERTICAL,AXIS HORIZONTAL
; 1 levb 1.4 b¥
2 le?8 1,76 .8?
FUR 20,00 PER=CENT DAMAGE AND A FRAGILITY RATE OFbS,0 G'S
3 TeE CnST IS 87,90 DOLLARS WITrW A MULTIPLICATION FACTOR OF 1,25 "IMES ONE
wlTw & FINAL COST OF 109,97 OOLLARSFOR OVER SMIPPING
FUR ALLOWING UAMALL THWE COST IS 92,98 OCLLARS/ITEM

RAUR AR AR AR AR R AR AR RACR AR R RN PR R R ARRA AR AN R AR AN AR R RN AR AR R AR ARRRRRRARRRRRARARRARRARRARRRRRARNRA RN AR

Ti=z 3.,50uUNE+Qn fa= 3,SUO0E+N0 T3z 3I,S5000ke0n TTl= 2.1222E+00 T12s 2,1222E«0n 1133 2,7877E+00
Tlz I,SUUOE«00 T2z 3. SUDOFe00 T3I= 3,50006¢0¢ TTLlE 1,2538E+NO0 TT2f 1.2S38E«00 TTI= 1,57Q90E+00
MINIMNM TRICHNESS FOW MATERIAL BY AXIS

%,5758E+00 %,5755E+00 3.Q839E£+00

1.96872€+00 1.9687€-00 1.92722E+N0

MATERIAL COCE 1 THILXNESS FOR FACE ONE 4,575 INCHES

MATERIAL COOE = 1 ThnICKNESS FOR FACE Tw0 = $,575 INCHES
MATERIAL CCOC = I TRnICKNESS FOR FACE THREE= 3,984 INCHES
TOTAL CUST/ITEMS R?,.91%
MINCOS=INPUT
COST “ATRIY=MATERIAL VEWRTICAL,AXIS WORIZONTAL
i l1e%h lo%h b
3 1.7b l.7w .82
FOR RO0,10 PER=CENT DAMAGE AND A FRAGILITY RATE OF?0,0 G'8
TME COST IS 87,98 DOLLARS WITwW & MULTIPLICATION FACTOR OF 5,00 TIMES ONE
wiftwm A FINAL COST UF 439,90 OOLLARSFOR OVER SHIPPING

FOR ALLOWING OAMAGE THE COST I8 102.98 OOLLARS/ITEM

RARAR R AN AR R AR AR RN AR R AN R R R R R R A AR R R AR AR A RN R RN A AR R R R AR RARRARARR AR R R AR R AARRRRRARRRAARRERARRRRRARR A AR

OVEW SHIPPING DATA
@ Tug OPTIMUN LOSMT IS 81,01 OOLLARS
Trng FRAGILITY “ATE I9 S§5,0 G*3

ThE PFR=CENT OAmAGE IS 0.0
TrE HULTIPLICATION FACTOR IS 1.0

ThE OPTIMUM THICKNESS FOWR FACE ONE 18 3,010 INCMES IF MATERIAL % IS USED

3 TrE OPTIMUM THICKNESS FOR FACE TwO IS 3,010 INCHES IF MATERIAL + IS USED
*/ TrE uUPTIMuUM THICKNESS FOR FACE THREE 18 2.99% INCHES IF MATERIAL + I8 uSED
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DAMAGE ALLOWABLE DATA

THE OPTIMUM COST I8 81,01 DOLLARS
THE FRAGILITY RATE I8 55.0 G'S

fME PER=CENT DAMAGE IS 0.0

THE REPAIR COST/ITEM = 0,00 DOLLARS

[FON

A THE GPTIMUM THICKNESS FOR FACE ONE 1S 3,010 INCHES IF MATERIAL « IS USED
*9 TrnE OPTIMUM THICKNESS FNR FACE Tw( IS 3,010 INCHES IF MATERIAL 4 18 USED
THE OPTIMUM THICKNESS FOR FACE THREE I8 2,994 INCHES IF MATERIAL & I8 USED

—_

2 ), 4VERSHIPPING I3 THE BEST POLICY

Y

>

AR AR R AR AR R RN R AR AR R RN A RN AR R RR RN RN R NN AN AR RN AR RN ANA RN ARRRRAN RN RN RN RN
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SAMPLE PROBLEM NUMBER TWO
INPUT DATA CARDS

F Card
' No.
1 01020120751|0.,J3=‘innous..nnuuc-n-nilzbon af .-'4\.1"0 U 1l 076
; 2. 60485 (4483 125040 SlUe1D9028,2 |8B4eT63| 2 (e5YHI98, 396" HeB/5Y0L 00362850 1Y
I J B 1 1 1 J AP | S =R | M |
| 3
4 0e> 0.5 le 2° e 3. Se 3. I a, 5:
w 2 Jd ! J E 4 0 . 4 4 Jd
5 ouotro
6 le92 0e'> Lel) «lZ 0.10 1e00 1+5 l
i A Jd d O 4 4 -
7 Sel0 °n.il= °'.-l “bU:I O:IM le50 20 2
8 Zn'lb ﬂn'-.b ve | -S4, 0]03 030 20’“ 3
9 lelln 0ell> Goe | =60 Dec0 le50 0.8 4
10 i - 4 M J ] 1
eSSy Qebed Caltl -4, 0 0eU3 0030 1«5 S
1 i . : al . ] !
le36 0..5 "I | -20¢ 0.U3 0590 3.0 6
12 d - . A . . |
lefdh Co™5 e} =2p, 0.02 020 79 ’ 7
. . §: . . . J
13 leQ0 Qe > e} =20, 0493 0.20 el "
3 14 4 = ! R H : b
4e20 0sL> o | -Us 0.0l 0,12 1.9 9
3 15 i . Nl . 4 | 1
2411 DelS Ll ~2U 0¢°2 0«80 11l 10
6 H H - J 4. . ! 3
1 «001/¢0023
3 A
17 . L 100, 144 12, 24+ 4
18 55+ 040 040
19 60 De >.|
E 20 650‘ 0 lﬂol
’ 21. /n] 80 15,
. !
a¥I09000000T 09000000999 000099839990030000000000000000000463000000990099989¢2080019199
TS E AN B L R BN NBUNBHNEBANANRBNNARANNUBUBUINARBNRNUBRTUIRNNIUBISNNBRNODUERNRNOINNNEUBRAING
IRR SRR R R R R R R RN 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 R R R R R R R R R R R R R R R R R R R AR R AR R AR R R AR
2222221222222272222222222221221 22?111111111111211i1122111121
1 33633333233334323333333433333 0 33733333333333333331333131133333
SAARAA A48 0000000040440 TN QA48 4000000048000000040000
5555555555555555555551555555551 i §5555555555555555559555555555§
XEERNRRRRRRRRRRRR AR ENRRRNRN GEEINCEBENG6000000000GEBNGY

(SRR R R R R RRERRRRERRARAA] (R R R R R R R R R R RRRRRRE ]
T R RN RN R R RN R NN R R R R R RN E R R R R R R RN R R X RE R RN RRRRRRRRERNRRIRRENEE)
0900000000000 00000000000 0000009000 000030000 0000099090099°23009099000098000818¢2Y)
EEREX A susNNaan nnunnm

§
BOURBUBBIBIBNDDUBANAARLLRDUBRNABZNQLUBANA N RNUNY nane ] BRtEIE
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#ee OPTIMNIZATION PROCEOURE FOR OESIGN OF PACKAGE CUSHIONING #aw

1 & NIC === COOE NO, DF CONTAINER WATERIAL 10 RE USEO
? 2 ICe==uPTIMIZATION COOE ! SAMPLE PROBLEM #2 (MULTI PLE SINE
L % IITw === ITEW NUNBER | EXCITATION) VARYING TEMPERATURE

20 & MIC === MAXIMUM NN, OF ITERATIONS FOR DRDP WT, CALC.
76 B MX] ==« MAXIMUM NN, OF ITERATINNS FOR G=CONVERGENCE
11 3 MQOMJ ~== NUMBER OF ENVIROMMENTAL FREQUENCIES
3,3590F=01 ($/L8) 2 C3 =o- COST OF SHIPMENT
25,00 ( 8 ) 3 Cl === COST OF ITEM
«425000 (IN,) = 1CON === THICKMESS OF CONTAINER
722,00 ( F ) = TEML === LOWEST ENVIRONMENT TEMPERATURE
22,00 ( F ) 2 Temm ane AlGHEST ENVIRONMENT TEMPERATURE

LA/ SEC) = QMJI(I) ALL UF THE L /YIRONMENTAL FREG,
L2487 64006, 20300Ee011,25000E4N23.1%]159E+020,20300E4021,B8YQ0E+03I, I1SAE40IH,IN023E0IS, 0SHA7E4+0IS,AbR03E+0I0,208319E+03

. INPUT FOR RANOOM EXCITATION

(é'%) & xDJ(1) = ENVIRONMENTAL EXCITATIONS EACH CORRESPONOING TO ONE OF THE ABOVE OMJ(I)S
S el 8,0G0000E=0L1.00000E+0N2,00000E¢003,00000E+003,00000E4003,00000E4003,00000E+4003,00000E+003.00000€+003,00000E+00

1 = NC === NUMBER OF CONTAINERS
I 2 MITEM eee JTEM NUMBER
10 = MNMATSewe NUMBER OF MATERIALS ON FILE

CoTaMAT (8T7=FaB CST=pPaK SL=TEMP Lw=8TRS Hl=8TRS GAMMA
1,492090F«00 S$.00UVE=-02 1.000NE=Nn2 =2,7200nE«0} 1.0000E=01 1.0000E400 1,S000E+00
S.*000€*00 §$.0000E=N2 1,0000E=02 =o,0Nn00E+01 1,4000E=01 1.S000E+00 2.0000E+00
2.16N0E*00 $.0000E=02 1.,0000€E=02 =3,4N00E+NL 3,0000€E=02 3,0000E-01 2,%000E+00
l.4%00¢<0y S.0000€=02 1.0000€=02 =6,0n00E+01 2.,0000E=01 1.S000E+00 #,0000€=01
1.56720E 00 S.0000€=02 1,0000E=02 ~%,0000E+01 3,0000E=02 3,0000t=01 1,5000€+00
1.3800F<00 $.0000E=02 1,0000E=02 =2,0000E+01 3,0000€=02 $.0000€~01 3,0000E+00
i.000GEQV $,0000E=02 1,0000€=02 =2,0000E¢01 2.0000E=02 2.0000E=0) ?.9000E+00
1.0000€+00 S.0000E%n2 1,0000E=02 =2,0000E+0} 3,0000E=02 2.0000E=01 1,1000E+00
*.2000€+00 S.0U00E=n2 1.,0000€=-02 =2,0000E¢01 1.0000€=02 1,500nE«01 1.1900E+n1
2,1100E400 $.000nE=02 1.,0000€=02 =2,0000E+01 2.,0000E=-02 8.,0000E=01 1,1100E+01

[TLLYY CST=CONTAINER
1.7000E=03 2.3200€=03

12ITEM NUMHER
1.0000€6+022wEIGMT OF ITEM WI( POUNOS )
1.,2000E+0ks OIMENSION PARALLEL TG X=AXIS 2NO | ONGEST OIMENSION XL (INCHES)
1,2000E¢01= OIMENSION PARALLEL TO Y=AKXIS 3RD .ONGEST OIMENSION YL (INCHES)
2.4N0CE+0Ll2 OIMENSION PARALLEL TO 2=AXIS LONG:3T OIMENSION ZL (INCHES)
NUMBER = L]

MATERIAL COOES CONSIDERED ARE le 2» $, 10,

MAX=G PCNT=0AK REPLACE=CST
S.50IYEe01l 0, 0.
»,n300€¢C1 5,0000E+400 S,0000E+00
6.,500UE+01 2.0000E¢0L 1.00n0E¢DL
?.000UEe0F O,0D000€E¢01 1,5000E+D1
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e e 4y e o o v e A Ty Te— O C o g

AR AR R AR AR A R A AN AN AR AR R RN R AR AR A AR AR T AR N R R R RN AR RN AR R AN RN AR RN RN RN AN AR IR RN AR R AR RS

GEE) Tis 3,SnunE+0n 723 3,S5000E+Nn T3= 3, Snn0ke0n TTl= 3,976bE+00 TT2x 3,97bbEenon TT3IZ 3,3233E+00
Tls 3,SNuUNEean TPz J,50n0Eenn  T3I2 3,5n00k+00 TT1lz 2,55B9E+00 TT2s 2,5589E+¢00 TT3z 2,3%93E+n0

MATERIAL 2 IS BEING NELETED

UPTIMUM THICKNESS s 1,32901E+02 MAX ALLOWABLE UOPTIMUM THICKNESS = 1.20000E+0;

é:g) MINIMIIM THICKNESS FOR MATERIAL RY AXIS
7.4540E+00 ?2.46%0E+00 3.7270E+00
2.,5589E+0N0 0. 0.

AR AN NN RN R R AR N AN AR R AR AR AR R R AN AR AR N RN AR AR RN R AR N R RN AN R AN AN AR AR AN R AN NANN AN RN AR RN RN R
Tlz 3,SUU0E+ON T@s 3,SU00E+00 (3= 3,500NE+0Nn TTiz 3,1217E+400 TT2® 3,1217E+00 TT3=2 2,27275bE+00
MINIMUM THICKNESS FOR MATERIAL B8Y AXIS

3.854%E+00 3.85%4E+nN 3,7283E+00

AR AR RN R R NN AR RN R AR AR RN R R AR R R RN R R R R R R R RN AR AR R AN AR A NA RN R NN AN AR AR AN R R RRANRRR RN RN RS

Tlz 3,S0UDE+nD  T22 3,SU00E+00 T3= 3,S5000E+00 TT12-8,82P9E+400 TT230,8229€+00 TT3I2=q,p1l%0E+00

MINIMUN THICKNESS FOR MATERIAL BY AXIS
1.9582€+00 1,95872E+n0 Q,7936E=01

MATERIAL CODE 2 THICKNESS FOR FACE TwO 3 20C,5%2 INCHES
MATEWTIAL COOE 2 THICKNESS FOR FACE THREEz 10.29 INCHES

TOYAL COST/ITEMz 4b6S,b0
MINCUS=INPUT
COST MATRIX=MATERIAL VERTICAL,AXIS HORIZONTAL
2 18,53 18,53 Y.b3

@ MATERIAL CODE = 2 THICKNESS FOR FACE ONE = PD,592 INCHES
3

¥65,60 DOLLARS WITH A MULTIPLICATIGN FACTOR OF
WITH & FINalL COST OF ¥bS,b0 DOLLARSFUR OVER SHIPPING
FOR ALLOwWING DAMAGE THE COST IS

FOR U, U PER=CENT DAMAGE ANO A4 FRAGILITY RATE OFS5,0 G'S
@ THE COST IS 1,00 TIMES ONE

“bS.b0 DOLLARS/ITEM

LA SRR S R R R R R R R I R R R R R R R R e R R R R R R R R R R R A R R RS EXSI R RRR 2 R)
Tls 3,S000E+*0N  T2s 3,S5U00E+0n T3 3.,5000E+D0 TTl= 3,8N%bE+ON TT2= 3,8096E+00 T732 3,2163E+00
MINIMUM THICKNESS FOR MATERIAL B8Y AXYIS

3.054%%E+00 3.85%%E+00 3.,7283F+00

AR R AR R R R R RN R R AN R AN RN R R R R AR R RN AN R RN AN RN RN R R RN AN N RN R RN R AN RN A AR AR RN RN R AN AANR RN AR RA NN
Tls 3,SU0U0E+DD 123 3,SU00E+00 T3z 3I,S000E+00 TTis 2.8769E+400 TTaz 2,B87269€+00 TT3s 2,b18BE+00
MINIMUM THICKNESS FUR MATERIAL RY AXxIS

3.85%%E+00 3.85%%E+00 3,7283E+00

R R R AR R R R R R AN A AR AR AR R AN A R AN AR AR RN R AN AR AN RN AR R AR AR RN R R AR R I AR RN AN R RN AR AR

Tl= 3,50UUEe0n T2= 3,S5UNNE+N0 T332 3,S5nONE+ND TTi==1.NbQ3E+0)l TT22~1,0693E+01 TT3I==]1,133%Fenl

Tlz=1,0093E+01 7T22=1,0093E+01 T33=1,133%E+01 TT13«b,7993E+00 TT2E=b,?993E+00 TT32 1,.022LE+00
Tls=b,?GR3E+00 T2==h,7993E+00 T3I2 1,0726E+0Nn TTlz=]l,0623E401 TT23=1,0693E401 TT3IZ=]1,133%E+01
Ti==1,0pR3E+01 TP=2=1,0b93E+01 T3I=wl,133%E+01 TT1l2=h,?993E+00 TT22=b,7993E+00 TT3IZ ]1,072bE¢0C
Tl==b,?7993E+0N T2=2=4,2993E+00 T3I= 1,0726E400 TTl2=1,0b93E+N] TT2==1,06Q3E¢01 TTIZ=1,133%E+01
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THE OPTIMUM TMICKNESS FOR FACE ONE 18
THE OPTIMUM TMICKNESS FOR FACE TWO IS
THE OPTIMUM THICKNESS FOR FACE THREE IS

Tlz=],0b93E¢01
Tlzeb,?933E400
Tlz=1,0093E+01
Tlz=p,?993E+00
Tle=1,0693E+01
Tlz=p,?2993F+00
Tizel , 0b93E¢0L
Tilz=6b,?7993E+00
Tlzel,0693E+01
Tls=b, 7993E¢00
Tle=1,0b93E¢01
Tla=p,?7993E+00
Tlze]l,0693E¢0])
Tls=b, ?7993E+00
Tlz=]1,0693E+01

Teme]l,0693E+01
T28=p,?7993F¢00
T2e=]1_0693E+D)
T2zep,?7993E+00
T2se]l,06%3E401
Tézep,?7993E¢00
Tes=]1,0693E¢01
T2e=b6,7993E+00
T2ze],0693E¢01
T2z=b,?7993E¢00
T2z=1,06%3E¢01
Tezeb,?993E+00
T2me},00%3E401
T2meb, 7993¢E: 70
Te2s=]1,0593E40,

CAN NDT OETERMINE THICKNESS FUR
“INIMUM THICKNESS FOR MATERIAL

n.

Time]l,133%E¢0)
T3= 1,0226E¢00
TIrel, 1334E40]
T3z 1,0726Ee00
T3ze]l,1334E¢01
T3z 1,0726Ee00N
Tize]l, 1334E¢01
T3z 1,0726Ee00
T3z=],1334E+01
T3z 1.0726E+00
T3z=1,133%E401
T3z 1,0726E¢00
Tize],133%E40)
Tz 1,0726E¢00
T3me], 1334Ee0)

OROP HGT, CALCULATIONS

BY axI8
0.

TTlzeb,?993E¢00
TTls=1,0693E+01
TT13eb,?993E¢0)
TTlze]l ,N6Q3E0L
TTlzebh,?7993E¢00
TTlz=1,N693F¢0]
TTlmeb,?7993E+00
TTlz=1,0693E¢01
TTlReb,?993E400
TTlz=1,0693E¢01
TTlzep,?7993E¢0"
TTlz=]1,0693E+0

TTl2eb,79a30enY
TTlge]l ,0693Ee0]
TTimeb,?993E400
MATERIAL

Tt2==b,79493E+0D
TT22=1,0693E40)
TTemeb, ?993E+00
TT2se=]l,0093E¢401
TT2R=b,7993E40N
TT22=-1,0093E+01
TT22=6,7993E+400
TT2=s«1,00693C*01
TT2R=b,7993E400
TT22«1,0693E+01
TTezeb,?7993E¢0D
T722=-1,0693E¢01
TTes=b,79493E+00
TTP2=],0593E¢01
TT28«b,7993E400
COOE = 2

TT3= 1,0726E+00
TT3ise]l,133%E4+01
Tt3e 1.0720E400
TT732=1,133%E¢01
T13z 1,0726E¢00
TT3m=],1334E401
TT3s 1,0726E+00
TT32=1,133%E+01
TT3as 1,0726E+00
TT38=1,1334E+01
1732 1,0726E+00
TTIz=1,1334E¢01
TT3z 1,0726E400
TT3z=],1334E+01
Tras 1,0726E400

THIS MATERIAL OELFTED

ALL MATERIALS OELETED === NO OVERLAP BETWEEN TEMPERATURES=-OPTIMIZE ON DATA ACCUMULATED

Ay AR AR R AN N A A A AN N AN A AN R A AN IR AR T A AR AR AR A A AN R AR AR AN AR AR AR A AR R AR AN RN A AN AR AN NN AN AN AN

OvER SHMIPPING DATA

THE OPTIMUN COST I8

i

THE MULTIPLICATION FACTOR IS

HE OPTIMUM THICKNESS FOR FACE

T
1 TRE OPTIMUM THICKNESS FOR FACE
TME OPTIMUM THICKNESS FOR FACE

DAMAGE ALLOWABLE CATA
THE OPTIMUM CUST I8

@ TME FRAGILITY RATE I8 S5.0 G'S
THE PER=CENT OAMAGE I3 0.0

THE REPAIR COST/ITEM =

465,60 OOLLARS
FRAGILITY RATE 18 55,0 G'S
PFR=CENT OAMAGE I3 0.0

1.0
ONE I8 20,592 INCMES IF MATERIAL 2 18 USED
TW0 IS 20,592 INCHES IF MATERIAL 2 I8 USED
THREE IS 10,296 INCHFS IF MATERIAL 2 IS USED
465,60 OOLLARS
0.00 OOLLARS
20,592 INCHES IF MATERIAL 2 18 USED
20,592 INCHES IF MATERIAL 2 I8 USEOD
10,296 INCMES IF MATERIAL 2 I8 USEO

Y
6.‘5‘oven3nxpn~c IS THE BE3IT POLICY

AR A AN AR AN AR R R TR AN AR AR AR R AR AR AR R AR AR AR R AN R AT N AR AR AN RN A AR AR RN AR AR R AR RN A NI A AN RN AN R AR RN RANRS
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T T e

Card

° Z
© 0 ® 3o U s wN=Z

—
=

™~N N b e — et e — e
—_ O O 0 =3 O W

DOH 12 . ou
- -
- -

TABLE VI
SAMPLE PROBLEM NUMBER THREE
INPUT DATA CARDS

013i0(2075110+2359000425570- 0 vel25.0 0 /24000 75,006. "

b:‘ﬂ) 64483 l2>tbb Jl“;l’QbZ&ti LuBH. Y0314 ] eBYUI9B,4355.,4.876Y6 4036285419

Ded> 05 [ 2 LX) 3. Se 3. 3. N S
L L L L L 5 B & . -
Oiglio
le92 0o 4 | ~L2» 0,10 le00 le5 . 1
L L L L 3 & =
S.40 Dev> Co.l -6l el W 180 240 2
L L L C L o d,
2016 Devd (ei ]l =34 0,03 0+30 24 3
L i L L L 3
|-Lu u.Lo= verl =6l 0420 1+50 0.3 4
leS8 O0er> o | —uy. 0.U3 030 1+5 )
L L ‘ (e S N .
l‘LJO OI‘U’ f'.c 1 -d0» 0.03 0«50 3.0 6
1400 Geo.> b:Ll -dua 0.02 0.20 7.9 7
i P o . c
le0O Berv> Ue.ol -dL e 0e.0U3 0e¢20 lel 8
L B H 0 a g o
“:20 0:“5 ve | =20 0.01 Deld 1le9 9
211 015 Le ~d.o Deb2 0«80 Ilel 10
. . . . . -
«001740023.
. I
i 100, 1 [ 24, 4
10 0.0 Dot
50 5. 1.
65, 40; 4.
70'0 80 15
J
O a o n o a0 ) oo a0 ad o000t RaRORRRRRRORORRNIY
T3 LN NN UBUINEBINNANRDABNARNRNUBUBUDIURNUANNUGSHIGUINRLHINNNNBLLOUBRNUERNNNININSIRINNN
IRRRRER SRR R R R RN I AR R R RN R RN R R R R R R R R R R R R R RN AR R R R R R R R R R RN R R R R R R R RERRUR R

111212222 2222222222
3303333033330 33333333303353133

112112122222 222222221 12

1333333333333333333131333333332
A4 008440340084 0480444000444040

555555555555555555555) 55555558
BOOROORO0R00ROR00RGE000000000E
R R R R R RN R R R AR RRERE]
0
'
]

IR R R R R R R RRER R RE]
COBBBOD 0D oo oo BBl i) 000 oa oo oo eaoaelssadiloasonoeloseoaeoeteaeeetionens

soonaaonnannonasannnaoonaaesesaelanuzanoinInanine. AL RN NN RN RN NN
R ananm urHum NUBENUEN nn

LRIRIE R'RIRIIRIRIE RIR2'R BB R} IRERRERERE MR KT NN EURIE S E] LN R IO [} nnun nnne

- -
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see  CHTIMIZATION BRULCEDURE FOR DFSIGN OF PALKAGE CUSRIONING see

6\ 12 NIU === OO0 wm, 0F CONTAINER MaATEALAL 10O ARE USED e e e e e e e
O S GO B SAMPLE PROBLEM 3 ({L-STD 8108 |
EXCITATION) CONSTANT TEMPERATURE

[11™ eea (Thuw o cmpw

MIL mee wARIM,E a0 6 [TERATIGNS FDR PHAP wT, CaLC,
My eme MAU]W_ @ o N{ 0 o p JTENATIONSG FOR Le{ UNVyERGENCE
o Ml o mee o Wb CF ENywONEESTAL PREQUENCIES

D o{®sM1 2 (S eae (L8 b Se[P¥ENT

i
|
i
i
.

-
.
w
r
o
]
P R IR T}

5. 7" ) 2 (] === (ST 0F [ibw

3 Jlencon i, 2 TT 0, eee THiCenf Sy P CUNTAINER
Ye, N P B TEML mee LORESY ENGIPUNMENT TEMPERATURE
S, FY 3 teme aea ] amERT By lwwmtnT TEMPERATURE

wa R0 g ety AL K TaF Fo ldampsTaAL FWERG,
LA eTUR e e, 2030t eill,done Eeng ), i01SFende 2B INUE N2l W00 RE e 3 1 159F 00Ty, JB2IE0DIS WSV EE0DIS, 0000 3Ee0I6, 23] V0N

INELT IR MANTTe B A1TATION

. ., ., ., ., ., ., ., ., .,

TATIONG paC- CANKNESP SDING YL OnF CF TWE aRT«E O%J(I)S
T el L, TR, NBALAESGN Y, MNANOEerN I, CINDNESQON I N ODLF N0, CO0N0ESNNI 0CO0UESODI,0N00NEC003,0L0D0ECOC

R g DY e N e NmENTAL b))
P R 18 L P

o NL mee NOWAEW DF (NTA NS

43 withY ees 1ltw N _MpEw

St #NYAYSeeas N MpFW (5 vATENTALS 0N FILE

4.8

§ amy” (S et an CQTaban Qo TE i La=STRS m]l=8TRS GAmma
c AT e §.r et 1,07 rer ¢ @, 2000 0] 1,2000F=n) ternneeun 1.9000E«00
S s, 8,00, ~=ne 1.000NE=n2  «b 90UPEeN] 1,%000€=014 1.,5000k ¢ 00 2.0000¢e00
Coin L bei 6. ‘ulte='e Lennvatec e wd,e00N0keN] 3, 0000bel @ EGLIIY X IVH] 2,9NNGCyL ¢00

Loweunrocy S.UuULteL? 1,09n0ke0e e, N0UDESOL 2.,0000F=n] 1,000k e 0D 8,0000E~01
Lute, e bol Y berg l,0na0tere NrEeny I NUCoEege I 3:L LI 1.5700¢t 00
Loasl ok e S naare=ng Loudontenyg 1L Fen] j.00nnEe0e $.0r00teU] 3,0000E00
3 1, fube y SN 0pene L, "0 itepd e nafngeng 2.,0000Fe02 2.aunnteny 2.9000E N0
Lainsibey Seulycbens L.0Nunp=n¢ e, ,70iPEen] 3.no0nnE-re 2.UNEeY 1.,1000¢800
SoltUsen, S, pepe Tofnied e gt Ley] L 00nrEese 1eS000L=2 1.190NEen)
2.117CF00, S0 )iEeed 1.7nNakend e Annntang 2.NNOnFene 8,00NE=DL 1.1100Ee0}

MLLY (ST=l" TaINER
1e?7y3Fe 2 @.3c. t=03

L2lTe™ s entw
LeunOOFE®neRnElynT 2F JTE® al( HOLNGN )
Lo@ICNESCLS S T%b %S 5n BARALLEL T2 AestB1® %0 LUnGEST DIMENSTON ¥ (INCRES)
L1a@00LESCLE S yMENSINN PaRALLEL T reAalS 3IRD LONGEST CIMENSIUN YL (INLRES)
2,90unEerlx DIMINGITN BABALLEL 10 2eAf1S tUNREST NIWERST. N 2L (INCES)
o vREE 3 o

MATERLAL JUCES CUNSILENED ARf i e, . 10,

“Ape] PCNTelAm BEPLALE~CSY
1.r0huken) . e
;oiEer] LA T IUIVH B WG TR X 1410
3 S.470 Beti @, ui kel e nin Eent
e Oy Eela W uLfAEer]  1,5uBuEen}
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B Jdhc e B8 W

e

r Y-Sl T e, -

WO 0 e N AN AR ARN AR RN RN P AR A IR NN RN RS R AN QAN R AN RN RO N O RR AN RARN R AN R R AR R AR A NANARARRNARAR AR ARRA AR

Yiz L, SLudEeN0 1o 3, Sun0Ee00 T3IE 3, SONnkenn TTLs 3, 9356€4N0 TT2E I, HISLECQ0 TTIs 3,7594EN0
Yis =,80udbenty  Tes 3,5gnukeny T 3,5unnkedn TT1lZ S5,1629F¢00 TTR® S,1029€¢0N TT32 w,0832€¢00
Tls 3,6umtgenn T3z I, Sunnkenn  TI® I . SNANES00 TTI® 2,H3IP2€+00 TTes 2.¥322€+00 TTIs 2,53bl€e0v
Tiz 3,90 gueen)  Tox 3,suintenn T3I® 3, 5000E40n TTlz 2,4)108EeN0 TT22 2,%1N%Ee00 TTIZ 2,909bE¢00
3 MATER]JAL ¢ 15 BEING DECETED
! UPTIMuM T-]1CanESS = 1.38532€e0)  MAY ALLUWAALE OPTIMUM THICKNESS = l.20000€+01
MATERIAL 4 15 BEiNe DELETED
uPTlsgm TH]CrnESS € L.88832E0n)  MAX ALLUOWARLE QPTIMyUM THICKNFSS s l1.20000€+01

THICANESS IS LAXGER TMAN VIBPATION THICKNESS
2,909bkenn  UPTIMUNM VIBRATION THICKNESYs

LI )
SrI(K Te](aNE8SZ

HATERIAL + 1S BEING LELETED
2.2) winluim TAICANESS FOO wATERIAL
G.tublEeQ S.bublEeuo

3,2187%¢-p2

HY axls
“,3535€+N0

Selbéafenn [UN n,
2.u322€e000 Qe LN
2.932°8 00 2.%322€+00 2.08KEC0OC

MATERIAL COOE = 1 THICKNESS FOR FACE ONE s S,b06 INCMES
Gi?ﬂ “ATERTAL (ODE = 1 Tr]ICKNESS FUR FACE TwD s S.806 INCHES
~~ MATERTAL COCE £ | THICKNESS FOR FACE TWREEs  4.35¢ INCHES
Tulal CUST/1TEMS k2,01
- (U3t MATRIxemATERIAL VENTICAL,AX]S HORIZONTAL
t 1.29 1.79 L
,’*\ FLR S.0u LEsaE%T DAMAGE SND A FREGILITY RATE UFIN,0 G*'S
Q% ) tek cost oIS 92,00 DOLLARS wlTr &4 MULTIPLICATION FACTOR OF 1,00 TIMES ONE

CUOLLARSFOR UVER SHIPPING
Q2,01 DNLLARS/ITEM

w2 FlvaL CST QF q2.n]
FGP ALLGAING UAMALE ThE COST 1S

VRN AN A e AR RPN R PR AN SN AR AR AN AR AN RN RO AR NN A AR R R R RN ARRR R AR S RRARSARRARANARAARRAARARRARANRARAAN

Taz 3,570PteDD T1T1s 2,%D728E¢00 TTes 2,%078€¢0C TT3z 2,9%%7€¢00

By Axl§
3.98348FengQ

Tiz 3,830038e50 Y22 3,50n0benn
Mpralsrm THICKNESS FUW MATERIAL
“, 5580 0 s,h7%858E 00

MLTERIAL (Cot = 1 TmICaNESS Fuv FACE ONE = v,575 INCHES
MATERIAL L0 s 1 TrICANESS #Uh FACE Twi = 4,575 INCHES
UATECTAL (OUE = 1 TriCRNESS FUR FACE THREES 3.98% INCHES

TUTAL CUNT/Z1TEvs

MiN(Re e T
CLSY #pTRIxewalew]AL
1 Javbk

7,99

vEmTICHL,Ax]S
J.%s b4

uOR1ZONTAL

FCw S5.00 Peeet ENT TaMALE AND A FRAGILITY RATE 0FbD,.0 G'%

Tek LOST Qv B7.4M LILLANS alTm & SULTIPLICATION FACTOW OF 1.05 TIMES ONE
Al & FLNAL Coar OF a2,n) (ULLANSFCO UVER SHIPPING
Biw b Loalnn cAvE b TeE COST 1S #A, 98 DNLLARS/ITEM

e et el A aRN At ettt RAR SR AR AR R RN AR AR R RO R AR AN R RN R AR R AR AR RN R AR R AR R R R AR R R R ARRRRNRAAARRARARANRASRNRARAN
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o o AT T —e T

Ll

®

o P T T o e T T
e+ e e - e <y e r——

Tiz 3,5000E+D0 T&= 3,5000t¢00 Y32 3, G0N0EeNn TTI® 2,2050E400 TT2m 2,2b50E«00 TT3Is 2,06087E¢4C0
MINIMOM THICKNESS FUR MATERIAL WY axl$
$,5785E+00 ¥.5755E+00 3,9839E+00

MATFRTAL COOE = 1 THICKNESS FOR FACE ONE = 4,575 INCHES
HATERTAL COOt = 1 THICKNESS FOR FACE TwO = ¥,575 INCMES
MATERIAL COOE = 1 THICKNESS FOR FACE THKEE= 3.98% INCHES

TOTAL COST/ITkwus 87,98

HINCUS=INPYT
CUST MATRIXeMATERIAL VERTICAL,AXIS WORIZONTAL
1 1%k 1.%b 1)
FOR 20,00 PERCENT QAMAGE AND A& FRAGILTITY RATE UFbS5,0 G*S
Tee COSY IS 87,90 OOLLARS wlTm A MULTIPLICATION FACTOR OF 1,25 TIMES ONE
wlTh a FinapL COST OF 109,97 DULLARSFOR OVER SHIPPING
FUR ALLOWING DAMAGE TWE COST IS 91,98 OOLLARS/ITEM

LA R R R R R R R R R R R R A A R R R L L R R R R R R R R R L R T R R s R R R R R R R YT

V= 3,50u0Eeun T22 3I,SU00E€00 T3I® 3,5000te0N TTim 2,1222E¢00 TYZ= 2,1222E«00 TY3=m 2,7877E¢00
MINIMUM THICKNESS FOUR MATERIAL BY Axls
©.57255E¢00 %.5755E¢00 3.9839Een0

MATERIAL CQOt = 1 THICANESS FOR FACE ONE @ $.575 INCHES
WATENTAL COOQE = 1 THICKNESS FOR FACE Tw0 = 9,575 INCHES
MATERIAL COCE = L TWICKRNESS FOP FACE THREE= 3,98% INCHES

TCTAL COST/ITEwms 87.498

MINCLS=INPUT
CUST MATRIX=MATEWRTAL VERTICAL,AXIS HORIZONTAL
1 lovb La¥%b bW
FOR B0.UD PER=CENT QAMAGE AND A FRAGILITY RATE 0F20,0 G*S
T=E COST IS 87,98 DOLLARS w]ITw A& MULTIPLICATION FACTOR OF €,00 TIMES ONE
witew & FINAL COST OF 39,90 DOLLARSFOR OVER SMIPPING
FUR LLLUWING OAMAGE THME COUST IS 10¢.98 DOLLARS/ITEM

LAR AR R X A L R R 2 AL R A R R R A R R R A A R R R R R Rl A R R R R P R R R R R R RS SRS 2 )

OVER AHIPPING DATA

THE CPTIMuN COST IS Q92,01 00LLARS
TE FRAGILITY RATE IS 1u.0 G'S

THE PERCCENT DAMAGE IS n.0

THE MULTIPLICATION FACTOR IS 1.0

£, THE OBTIMUM TWICANESS FOP FACE ONE IS 5,606 INCHES IF MATERIAL )1 IS USED
3,2) TmE CPTIMUM TWICANESS FOR FACE 7m0 IS  §,bCb INCHES IF MATERIAL 1 IS USEV
“—7 THE UPTIMUM TMICKNESS FOR FACE THNEE IS  ¥,35% INCWES IF MATERIAL 1 I8 USED

o

DAMAGE ALLCwAMLE DATA

Tmg ¢PTIMum CIST IS B8.28 OOLLARS
THE FRAGILITY RATE IS buy,D 6'S

THE PER=CENT DAMAGE IS $.0

TrE WEPAIR COST/ITE~ = 1,..0 O0LLARS

THE UPTIMUM THICKNESS FUR FACE TwD 18 $.575 INCHES IF MATERIAL |} IS USED

CEED Tre OPTIMuM T=ICKNESS FOR FACE UNt I8 “,575 INCHES IF MATERIAL } IS USED

TuE JPTIMum THICKHESS FUR FACE THREE IS 3.9 INCHES 1F MATERIAL 1 I8 USFO
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DOW 2.

TABLE VII
SAMPLE PROBLEM NUMBER FOUR
INPUT DATA CARDS

Qlul 1£0/5170423590LY ¢5. 0 N 122 0 n /2¢.0 o 75,050
1 i I

Qo2 781 “YOJ?tﬁv?l/b.aVDZlSO.Iubjn|-51300).laulZ&h.)7J“lZo74had=-~9

"°b='“5‘l75‘“‘.91=“”--.*E““l.:3;-~5-qu-7=.n}c-05-uYE-7>.09;-75.qu.7
= & & 4 3

gt 10
eve 0o 2 sl =<2 0.10 le00 le5 i
Seu0 e > o | -0 Deld 1e50 2¢0 2
2elbd 0e 2 o L =3u. 0013 Ue30 2{u 3
legw Do D 0o LI =06 Dect le%0 0:8 4
leB8 Ueo' > e 1 =4 0eu3l 030 L5 S
1e3b 0e 2 o | -Zd 0e-3 0.50 3.0 ]
1e00 e 2 "o 1 =gl 002 Ue20 7.9 /
le0 LI R S P S 0« 3 0e20 Lei -]
4e20 Geo O L Denl Del> LleQ k4
2o 11 Be > o 1 -4 Deu2 0«80 flel iy

eN0IL/,0" &3

i in0. l<e 12 cde <4
15, 0 e
YR Se 2
5. 0. 10
/0 ') 1S

9T9N00N 09D IR0 0000000000000 N RCODa000Q0GUROYR0Y0O0O0RNOYI00Y 0 RYRONRNNNYNY

T2 LN I NUNININNBRANNBATNIBNINUNRYBREGHDUCRCGUNNUNNBR NI BNNURIN IR IND

[RR R R R R RN R R R R RN R R R R R R R R R R AR AR AR R R R R R R R R AR E R R B

122222222222227222222212202122 1122122222222

33433333333 34332332333343303302 1333332131323333233313333333333003

R RN RN RN RN RN N RN RN RN RN I N NN N RN RN EYEEY

5555555589555 5555¢8555855555555
EE RN RN RN AR RN RN RN R RNRN

S5 955555559555855555555555555%
EEGE00EGEBNBOsO00 00000588108
IR R N R NN R R R R R R R R R RN ]
R IR R R R R R NN N R N N N R R RN N R R R N A R R NN R RN R R R R R R R AR R AR A RN N
SO9090 009009099999 9897998800939109
EERRRRRN nml

4 WO AN NN N

mmnnnInnImnInnInnnIITnnn

-
= -
z -

-
& -

0999999990 0990999905999992030000099190
[ R n |}

HHBRIAT U RDUB YN INUBREO NI Y




i e T C—— T S T o - e u
fee  OBTIW2ATION PHOCE VRE FRH T ESTON LF raladab | Se]ONTNG wee
,'Eh L3 Nl ees U0t o, OF CONTAINER wmaTER]AL TU HE U3ED v . = 1
) 307 [Umeawrl «12a1]C . €00E SAMPLE PROBLEM #4 (RANDOM
DE Ut ees }Urw o wnts EXCITATION) CONSTANT TEMPERATURE
2 M1l ees warlw.® 8O, OF ITHaaTIINS FOu DHOR =T, CALC, ¢ - =
T3 @] eme eaalw @ AT, CF ITeRaTD NS F0Q Ge(UNVEwGENCE
1 3 % ¥ eca s _MuER B PN IMONwENTAL PRFL, LENCIES

E T U S TR A eee (8T F Sulpwpn?
CELOT L) 3 (] eme (06T "6 [Tpw

RYLE VINGY @ 1o n eme TmITaNEON b L NTAINER
Ye Ur ( F) 3 Tew eea oAb ST EnylhonNuENT TEMPERATURE
Touh W F ) 2 fewe ema m]lamr S P IwCNMENT TEMP{RAT WE

(A0 /SEL) 3 JMJ{1) ALy TF THE By gmiNmpnvra, bwel,
CW2UTEE N WMLt 0L, TRANLE NN LT L ANRPEeN L] 5N e 23, N1503F 020 NII0NEC02) 2003780032, 0 27080030, 025v0E00)

PO INwLTY F oW o wanI T ECITAT]NN
ebo T ibetab L), tpane] (R inn0keaC]J1AANNF el (10008 enes,09N00E075,83000E2005,02000E=075,09000E-025,04NN0NE02

(o' 81 3 20000) @ enclaanwpnTar alltat] N tagw CTORESPANDING 17 (Nt CF TWE apOvE OmJ(1)S

. ., ., ", ., ., ., ., .. .,
Ll 2 %’ eea s wap# b INTAINERS
T eltiv eee [TEu K wafgw

Ly 2 wnwA®tese N, ®nfW F MaTFQTALS N F[ &

(STama? LSteFa3 CAT=Pax SLeaTEup Lme8t28 “i=8188 Gamma
1,98 peit .70 themne 1,/M0NE=9 g, 2709 eN] 1, 0nnng=ny i.0UNNEeD 1.5000€ ¢ND
Loeinkery S .0 geng LoulnnEene en nANLUNESNE ,en0nk=ny LebNanienp 2.0000E+N0
€.le " Fery S¢ ¢, VrFany Lo rid e d  aj ephipen] A, nInNEene 1, 000NL=v) 2.%00NkeN0
Love e S0 k= 1, "0rpE=ug  eb, q0unfen] 2. nN0Een) 1.900nEe00 8.0000€-01
LoSE° JEeu, SVttt eng Lo Muynkey@  aw nntageny ,0000nfen 3.000pE=V) 1.5C0NEeD0

lodonuvseny SertviDeeng 1L.uNNOg=02 =" nNNOrEeNn] 3,UN00E=0¢ 5.00N0E=01) 3,0006E+00
L lirmekeun Seulatene L.00NNEere @@ nitUrEeny P, 0N00Feng 2.N00NE=! | 7.90008 400
L uPJlEenu S, roUdtene 1.000NrE=2  «2,0NGPEeQL P NORAF e 2.0000¢k=u) 1.1D00EDO
v, 2N0F e .7 uigeng L0y el w2 nnUCReN] L.unufepe l.%0nnE=-u} 1.1%00£+01)
Q.lirltery $.3000E=0¢ 1.,0700F=G2 2,17 (10EeN] 2,0000¢8=02 #,000nE<0] 1.1100€¢01

ALY ColellnlalnNEwW
1,2cn06e0) 2odellt=ry

L31TE™ N, vntR
1o07C0E®722aE (Gt £F [Te™ ml{ PULNCS )
Po@Crgenls [ JeEnSTuN PAHALLEL 12 2428 280 LONGEST DI«ENSION 3L (INC®ES)
Ladrunfenlz C1mFNSION PARALLEL 7O YeaxS WD LOVGESY DIMENSION YL (INCHES)
€8 Fe i3 (MENSION BARALLEL Ti ZesulS LONGEST DIMENSION 20 (15CWES)
N Mdfuw 3 -

“ATESTAL JTUES CONSIDESED ARE X e, “o 10,

LI YA PinTaDau QEPLACE-CST
Lo "ol 7, Te
b 0LUCERIL §,70C0E0U0 S.N0NCEerD
haCGUULeLl e UNMNEe UL 1 7N00Eeu)
P.600ufedl R NOCOESUL L 5NN0EeN,
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— .

e T———— T ST

e T

RAR SRt e AR A NN AR RO ARR Y T RN ARR R AR N AR AR R R R AR RN AN RN RN AR RN AR AR ARRRRNRARRRARRARRRRRRRRONRARNRS

Tis 3,500vuEei 122 3,5uNnNE+00 T3s 3,SnNNEenn TT13 3,5928F 00 TT2% 3,692BE+00 TT3Iz 3,.6784E¢00

2.1 Tz 3,50ucksul Tes J,SuUNCEer™ T3I® 3,.50n0te0n TTi® w,W3IP1Ee00 TT22 %,8371Ee0n TT3I® 3,8745€400
\f 7 113 3,500uteun Tes 3,50,008¢00 132 3,500nke00 TVLl® 2,7572€¢00 TT2s 2,7%22E+00 7TT13z 2.4875E+00
T Tls g.s0vufeur 1@ 3,5uCOte00n T3S 3,4n0uteun  TTiz 2,3820FeL0 TT2s 2,JBRLE¢00 TTIE 2,97279F40U

SMIOx Inl(nutSS

SHA(K T](nngSSs

IS LANGFR TrAN VIBRATION THICKNESS

PATERTaL % 1S At I%G LELETED

Sebunltenn
bl ]t e
I, 004 o00D)
feQaggtenn

62\ MINIM m T=ICa%ESS FCh maTewlAL AY axls
AN

AeTEWTAL (D00
vatim A LUt

“itEWTAL (UL

vebLblESDN
b.V101E+00
1, CuuE+nn
2.9322EeMN

2. R274f 400

("

o Tem]CunNES8S 0K
¢  T=]CeNESS b0
o THICKNEYS ruk

TImyM vIHRATIOUN THICKNESSSE 3.218%8=02

%, 3%38E 00
b.e9%1t v00
2.99¢ 3E¢00
2.R279F+00

FACE ONE = 3,010 INCHES
FACF Tml = 3.010 INCHES
FACE TwREE= 2.99% INCHES

o~ TTiaL CaST/[TENe vl
R LD L ¢
Y osatQlremale~NIAL VERTICAL,AX]IS mGRIZONTAL

. 1.79 Lo?7 i
v k.0¢ bl E¢ 2.83
A 72 e L

 Fu® don) FEReTENT DAMAGE ANC A FRAGILITY ATE OF15,0 G'S
32.2)7'f Lrst? 1S 81,71 UNLLANS wTTw 4 MULTIPLICATION FACTOR OF 1,00 TIMES ONE
\ niTw 8 FINAL Co5T UF eletil NOLLAWSFUR DVER SHIPPING

Fow o ApLCe]l & CUAMAGE Trg COST IS E1.01 OQULLARS/ITEM

SRR PRSI N RV eSS NSRS AN NN AR E R AN AR RN AR RN AR AR R AR RN RN RN R AR R AN RN RN RRRRRRRRNRRRRNRRRRNNNRRRNRRASS

Faz Y, 5000k enr 123 9,5 010Eenn 132 4,.5000keNN  TT12 2.,%078BE+00 TV0% 2,4N78E+Q0 TT3s 2,9%97Eenu
Tizs d,.50ucbed Tes 3, %0006 T3z 3,5N00te0N TT1s 1.40653E¢00 TY2z 1,7053€E¢00 773z 2,0000Fe¢Qu

TaT o SaLite: 122 31.5790Ctenn  T3= 3 .5nnNte+0n TT1z 2,0818E¢00 7TV2z 2,N818E+00 TT3I2 2.0506E¢00
MatERLLL 3 IS thI% DRUSTEL
UPI = Tw]CnntSS 2 1,32900E¢n2 Mix ALLOWABLE OPTIMUM THICKNESS = 1.20000E+01
witiwi M TeIlnWFSS P(W wATEW]AL AY AX]S
v ddilnb el e, 723lngenn 3.9 39FenY
Tewtepe. LA LAl T A 3. 727CFeN0
Eantarbe R r,

MaTg@Ya 0%
MATERTAL (7 ¢
“dreEtal L

1 THICHNERS FOW FACE NhNt 2 “,.232 INCHES
) TmICXNESS FUW FACE Tal = v,?32 INCHES
I "=]C#NESS FOR FACE TwiEE= 3,98¢% INCHES

TETAL LS T/ T WE &y,
MANL Calsb T
CUst »ATKIgea™ATERTAL WERTICAL,AX]S wURIZONTAL
L 1.51 L.51 Jhe
o Fali ho?1l lohy

F b Setit PEReCEWT TiMAGE AND A FRAGILITY RAYE QFbN.D G'S

THeE LOLT I% B, 87 COLLARS alTw & MULTIPLICATION FACTOR OF 1,05 TIMES OME
wlT= & FIoa TNT UF “i.lbh DULLAKSEOR UVER SHIPPING

Fode Avplnl'n 8 a.F Twg CLOST 1S 93.60 VOLLARS/ITEM
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o n e g T - T v - u,‘

[ Y R Y R R NN R I N RN N R N Y R SR E SRR SRR L )

Tizs J,5NC0EedY  TPs 3I,SUnNnE«on T3I2 3,5uNlfEkel0 TTL® 2,2650E¢00 TT22 2,2LSNE+00 TT32 2,8b87E+00

Tiz J,5uvuEent  Te2 $,5u0uken T3z s, a0NNEeyn TTLE ),5796E400 TT22 ),574bE+n0 TT3= 1,207%bEeN0
MINIMUM THICANESS Fuw MaTEwIAL RY AYIS

¢ 828%Fen 4. 5556 400 3,9R3af+n0

1 JNGRIE® D J.AGRE4NN 1.9220t¢nN

MATFRTAL (JI'E = 1 THICKXNESS FUw~ FALE ONE = 4,575 INCHES
MATELRIAL LOVt = 1 THICKNESS FUW FACE Tw0 = 4,575 INCHES
MATEwIAL Lyt S 1 THICXNESS FUW FALE TWxbk: 3,98% INCHES

TNTAL CUST/ITEMs [T
MIrCuteIuPyT
LUST “AThIxeMaTEn]AL venTICAL,AX]IS HORIZNNTAL

i le%h Y he
¢ 1.7¢ 1.0 M2
Flin QU ity PER=t LT DAMAGE AND A FHAGILITY WATE (FaS,N 'S
Tmg CCST IS RI,4R UNLL AWS Wlin & MULTIFLICATION FACTOR OF 1,25 TIMES ONE
wlle a4 FivAL COST GF 109,497 CULLARSSOH UVER SHIPPING
FUR ALLURING OAmAGE Tmg CUST IS Q72.9R DUOLLARS/ITEM

FRARCRRERORL R RPN AR R R R R AR AR R AR RN R R R O R A R R R R R R AR R A AR RN O R R R AR R AN RN R R R AN R AR AN AR A ARAARAAANARARARARR

TI= 3,5Gn0EDN  T22 3I,S5unnEene  T33 3,.S000ken0 TTI2 2.1222E¢D0 772z 2.1222E+00 TT3z 2,78772E+00
Tlz 3,50vpE*0U  T@3 3,S5u00E«00 T3z 3,50NNE+00 TTl® ),2538E+D0 TY22 ),2530E¢00 TT32 }.57]0E¢00
MINIM M TWHICKNESS FURP MaTERIAL 8Y AXIS

4,5755E 00 %.5755€E+00 3.,98349F*n0

1.95872F enNN L. 3582 *N0 1.,R272E+n0

MATEWRIAL COCE = 1 THICKNESS FUW FALE ONE = 4,575 INCHES
MATERIAL CNUE = 1 TafClrnESR FUR FACE TwQ = 4,575 INCHES
MATERTAL CO0E = I TrICANESS ¢ 2 FAT' TwWiEs 3,%R% INCHES

TOTay (. RTr/[fEvs W2, 4R
MINCL3eInuwyT
CuST naATWlx=~ATERTA vERTICAL,AXIS WURIZANTAYL

l lewh lo%hk L

4 .76 1e7h oH?
FON  “0,00 FPER=CENYT DAMAGE AND A FRAGILITY KATE OFID,0 G*'S

ThE CrST IS 87,98 DOLLARS WITH A MULTIPLICATION FACTOR OF S.no0 TIMES ONE
wll= A FInvaL COST OF 439,90 DOLLARSFUW OVER SHIPPING

FUR AL LDml%NG LAmAGE THE COST IS 102,98 ONDLLARS/ITEM

LA A A AN R R A R R R R AR R R R R R R R R R R R R R R R RN R R R R R R R R R Y R R A R R R R RSS2SR ]

3 l OvER SHIPPING Data

Tre JRTIvyy CuSTY IS 81,01 DOLLANS
TrE FAAGILITY ~oTF 18 15,0 G'8
THE PeHeCENT DA“AGE IS 0.0

THE ML TIPLICATIUN FACTCR IS Lo

2) THE ORTIMUM THICKNESS FOR FACF Tad I§ 3,010 INCHES IF MATERIAL « IS USED

6::>tur UFTIMUM THICKWESS FNR FACE NNE IS 3,010 INUWMES IF MATERIAL « 18 USED
\ THE IPTimMum Te](wHESS FOR FACE THWEE IS 2.,99% INCHES IF MATEWIAL « IS uSED
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i

B e _ M B g e P

- e P T e S p— Y

DAMAGE ALLOWABLE DATA
@ THE OPTIMUM COST IS R1,01 DOLLARS
THE FRAGILITY RATE IS 15.0 G'S
THE PER=CENT DAMAGE 1§ oc.0

THE REPAIR COST/ITEM = 0.00 DOLLARS

THE OPTIMUM TrICKNESS FOR FACE TWO 18 3.010 INCHES IF MATERIAL % IS USED

@ THE OPTIMUM THICKNESS FOR FACE ONE I8 3.010 INCHES IF MATERIAL + IS USED
~/ 1hHE UPTIMUM THICKNESS FOR FACE THREE I8 2.99% INCHES IF MATERIAL % IS USED

_S)OVERSHIPPING IS THE BEST POLICY

A

.
f
i

e

ititt*niit*ttiiii**iii!*i*****i****i ﬁ***i*i*ﬁiﬁ****i*t******i*****************
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Card

2
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0 ~J O™ N W N -

11

12 |
13
14
15
16

17

oDNIR. ..

T, T =

TABLE VIII
SAMPLE PROBLEM NUMBER FIVE
INPUT DATA CARDS

0152 lzolstqozalbvuon zs;ro v, 0{12900.. 74{10 g 74:0ur.ﬂ o

beld S b~ﬂ53 ld::o' :.q:l:quzu:: lu8“z’6""lj59“396343=6vu;315V6?3°3°285319

O{b NeS .: 23 33 ) 3: J: 31 )3 J: a;

oltuilto
le92 Qetn Lo | =22 0.40 1e00 135 H
540 0:ra u: l -ou; O:IM 1;50 230 2
zzlo 0{ E) a{ft -:u; 0;03 - 0530 23“ 3
l:“* 0:.: SO -6“1 0320 1250 Ots 4
liSa ni 2 e | -ugi 0:03 0330 ljS 5
le36 0+ > (o 1 -402 0eul 0.50 330 o
le00 Je. 2 e | =4l 0.02 0;20 7.9 7
leGO ST U | -ZDo. 0.;3 0-50 lcn 8
4620 0o > o7l —zn; 0;71 0;19 ll;9 9
2e 111 Oet>d e’ | =20 0eu2 0;80 Llet i0

«001l/640023 - - . |

' l 0. . 12¢ 12 12. 4

20{ Oeu -o.u . .

60; 5: 2.

65; 20 ld.

70. 80 1S

cvacococontgasooooOOOOOGOODOROO00O000000CCDROCOCOCOQCRERORO0OROEEOOROODOOEOREDE)
1314302V I U UNBIRINNNDUBRUNINNNABUBENRRBONBUBRNANRNYULUIBBNSINUEINODUBENUNRNNNINABNININS

RN R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R RS R R AR R ERR R

222222222222212222222222222121212
334333333333433332333334333330)

122222222222222222212111212221
1333393330333
LR N N YN RN Y]
35998559595 955535558555555555§
SOcbRaaBotsnanocoesaeseesse
MmN
BBt as It dE I RO aR A0 B000R0 00000000003 0000000008
LR N R R R R R R R R R RN A RN NN NN NN RN NI
SERERREN nnNLUBMD n “ouu »

spunul RN nsAN Ann sdsuaduacrunaNsrserRattoaBge LRI EIR S Rl R

AA4004040000 0000000000000 00
§555555555555555555550555555583
[lllllllllllllllﬁli:llllllllll.
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e

®as  OPTIMIZATION PROCEDURE FOR OESIGN OF PACKAGE CUSHIONING ane

-

({b) 2 n!C == CGOE NO, OF CONTA,NER MATERIAL TD BE UBEO
A 2 3 It===uyPTINIZATION COOE

SAMPLE PROBLEM #5 (MULTIPLE SINE
RS T O EXCITATION) CONSTANT TEMPERATURE

ap 2 m[7 e=o Max)Mym NO, OF ITERATIONS FOR OROP WY, CALC,
3 Myl es=e sALIMym SO, OF ITEQATIONS FOR GeCONVERGENCE
1t 8 mOMJ =e= KUMAELH OF ENVIRONMENTAL FREQUENCIES
3,3590E=0t (3/LH) 3 (8 === CUST OF SHIPMENT
25.00 ( & ) + Cl == COST OF ITEM
108000 (IN,) = TCUN ==e THICANFSS OF CONTAINER
22,00 ( F ) & JEML === LOWEST ENVIRONMENT TEMPERATURE
22,00 (t ) T TEMM mse=  MIGHEST ENVIRONAENT VEMPERATURE

taaY/SECY = UMU(I) ALL OF ThE ENCINONMENTAL FREQ,
WTBIOFeUr 2,20300E 40111, 250004023, 19159 ¢N26,2RINDE4N2L,BB40EC03I, L4 159F¢NIY, IVBR2IE40IG,05%B7E4035, 9 N0IE40I0,28319E40)

I%PLT FUR RANOOM EXCITATINN
*

. .. *. .. *. ., ., .

J'%) 2 aDJ(l) = ENVIWONMESTAL BEXCITATIONS EACH CORRESPONDING YC ONE OF THE ARDVE OMJ(1)9
LICPNUF=D1S, NOUONE=DL1.QUNNDESDN2,ANO0RESONI,OND0CE+N0I,00000E4003,00000£4003,00000£4003,00000E4003,00000E4003,00000E400

1 2 NC wee NUMBEN OF CONTAINERS
AT MITEM esee [TE® NUMRER
LU 3 MNMATSees NUMAER GF MATERTALS ON FILE

[T N (STeFan C8T=vax SLeTEmp Lu=8TRS H1=8TRS GAMMA

Lawo ™ (o 5.,0000F =N2 1.nNQNeg=n2 =2,2N00EeN01L 1,0000€=01 t.0000E¢00 1,5000E¢00
GeMuN3EeD $.0001E=02 1.0000E=02 =b,000NEe0L 1,4000£=01 1.,5000E¢00 2,0000€¢00
2o lbDUF e Seandut=ge l.Countk=ve «3,400nEs)) 3,.0000E-0¢ 3,0000£-01 2.,4000E+00
loven0FeCy S.rnpng=ne 1,0000E=02 =b.0000Ee0L ?2.N000E-01 1,5000F+00 9,0000€6-01
J L NMTE ety L UCOnE=Ne 1.CON0E=0Z =%,0N0NE+0} 3,0000E=-02 3,0000£E=01 1.5000Fe00
Ie3enueeny S.0C0NE=N2 1,0000E=02 =2.nN00E+0) 3,0000&=0¢2 $.,0n00E-01 3,0000£+00
LaNGNNE ey NG rere lstinnnE=ng =2,n0U0ECL 2,0000E=02 2.0000E=0} 7.%000E¢00
L UOE el S.Guuue=ne 1.N00NF=02 =2,000nE¢01 3,0000E-02 2.,0000E-01 1.1000E+00
e, 2bUuk el S.untrt=ne 1.00CnE=n2 «2,000PEeN)L 1,0000E£=092 1,5000E=01 1.1%00E¢01
2. 110NFe0y SN0k =N2 1.NN00E=y2 =2,0000E¢01 2,00n0E=C2 8,0000E-01 1,1100E+01

GAMMA LSTeCNLTAINER
1.70008=03 2.320tE=N]

ISITEM NyouER
8,0n0NEe0LzwE et CF JTEM wI( PCUNDS )
le2Ruuk suls MIMENIICH PARALLEL TO 2«AXI® 2ND LONGEST UJIMENSION Xi (INCHES)
1.2N00E+01% OIMENSICH PARALLEL TU YeAXIS IR0 LUNGEST OIMENSION YL (INCRES)

1.,200Nkents NIYERSION PARALLEL TO0 Z-aAXIS LONGEST OIMENSION 2L (INCHES)
NUMBER = L)

vATFPIAL LUDES CONSIODERED ARE 1 2, ‘o b, 10,

MAKe( PlrTeNaM WEPLACE=CAT
2.0untfenl ., ar
8., NINUEeN]L  5,00N0Een0  §S,nNNDJEeND
6ocJEv Ll ¢ MUNGR ey 1,200k
7.°LGUE 0L W TURIRen] L 5000Een]
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h
3
3 BARARRNRAANA S AL ARA RN R P AR RA R A AR AANR AR RR AR P AR ARA AR ARAANA R R PR AR AR AERARERANRAAANR AR ARANRNAERARARRNRA RS AN
i) Tlz 3.50uy0Eeny  Téz 3,5u0nE+0n T3z 3,5n00NE+L0  1TL= 3,6N29E¢00 TT2= 3,6079€¢00 TT3z 3,5079E400
o0/ Tl= dyunideenn ez 3,5000€6400 T3z 4,5000E400  TT12 $,.5007E400 TTe= 4,50072€400 TTis 4,50072E+400
T tis 3,500ufeNn  TPE 3I,GUODESND T3S 3,5000E+00 TTLE 3, 19276400 TT2= 3,1227E+00 TT3s 3,17?276€+400
Tl= 3,50pupeuy 1= J,5uNUEeny  T3Is 3,5000be00 171z %, 2HOHESCD TT23 4,2808E¢n0 TT3= 4,280BF+00
TIs 3,50uUEe00  Tea 3,500%b400 T3I® 3, 600NE400 TTLl= 2,72021E+00 TT2% 2,7021Ee0G0 TT3Z 2,7021E¢00
MInIem TRlCavESy FOR MaTERIAL BY AXIS
S.be?bEenn 5.b2?6E400 §.62726t¢00
beS3ubFeni b.93bbE*N0 beqINLELNCT
hetIi 1ok ey b, U11SE®0D b.D11SE*NU
belbdIf ¢ holhR3E+0D r.lbR4E+0C
DJUNILE *5N @.9%35F 00 2.,9%35E+00
MATERTIAL COLE = 10 TrICKNESS FUR FACE ONE = 2,943 INCHFS
(::)*tYEHIAL CODE = 10 THICKMNESS FOWR FACE Twl = 2,943 INCHES
MATERIAL COOE = 10 TreICKNESS FOw FACE THREE=E 2.9%3 INCHFES
TOTAL COS1/1TEM: 59,12
‘*‘1' (Qs=InpPLY
MATRI xeMATERIAL VERTICAL,AXIS HORIZONTAL
L Q0 .90
E 3. 12 3.12 3,12
. .22 .22 22
b .70 .70 .70
10 .c0 58 .52
! FUR U U kE<=t ENT DAMAGE AND & FRAGILITY FATE OF¢0,0 G'S
i (\’/ THE CNST [§ 59,12 NDOLLARS wITH A MULTIPLICATION FACTOR OF 1,00 TIMES ONE
E wlTr & FINAL CUST OF 59,12 DOLLARSFOR OVER SHIPPING
F FUP AL LOWING DAMALE (e COST IS 59,12 DOLLARS/ITEM

RANAN AR AR AR R AN R AN A RN AR R AR AR R A AR AR R AR AR AR RN N AN A RRA AR AR R AR ARAR AR R AARRARRANAEARARRARRRARA AR RN RN

Ti= 3,500u0Eenn
Tis 33,5000 et
Tis 4,590 E*vy
Tl=s 3,Sunufe0n
Ti=z 3.5000Ee0

Tes 33,5000t enp
Tez 3,5000E00
Tes 3.5000U™E+00
T2 3. S0NNE+0N
fez 3, 5uNUE+OD

MINIMUM THICRVESS FUR MATERIAL

102wk eun
J.bleSE+LD
A,.0el3kenn
helhdldeend
2% ISERTN

MATERTAL CNOE
MATERLAL COUE
MATERTAL (IUE

TOTAL COST/IVEM:
MInCas=14Pal

CubT “ATw[xevwalp
1 «Hh
2 tehd
- .1k
b Al
14 5

.20 on
3,125k 400
3,0213ke00
b, 1nB3IE+00
2. u4Iseen0

T3z
T3=
13=
T3s
T3=

3, snnnke00
3, sunnEenn
3.5000k+00
3.,5000E+00
3,5000€E+00

BY AXIS

“  Te[Cune8S FOW
w  Ym (rNESS FUR
W THICANESS FUR
57,9
w18l vENTICAL,8x13
.50 1t
LK 1.m13
L] L)
70 Al
5o .57

3.1204E+00
J.b125E¢00
3,0213t+n0
he 16RIE*QU
?.9%35F+00

FACE ONE
FACE TwO

FACE THWEE=

HORIZONTAL

TTiz 2,6b1b6E¢00
TTiz 2.%155€6+00
TTls c.3%%2€400
Triz 3.8600€400
1712 2,3B83E+00

3,021 INCHES
3,021 INCHES
3,021 INCHES

F s S0 Prw=ChT LAMAGE anND & FREGILITY PATFE CFKhO,0 G'S
& ~»yLTIPLICATION FACTNR QF

Y";' .:J\QY ls

57,4% JCLLARS #ITn
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1722
Ttes
1722
T2
TTes=

2.bb1hE*00
2.%155€¢00
2.3%42E¢00
3,8600€400
2.38%3E+00

1,05 TIMFS ONE

TT3=
TTasz
T13=
TT3:=
TT3=

2.bblbE+QO
2.%155€E+00
2.3%42€6400
3,8b600E+00
2.,3853€E+00




ot ool e b L

WO T

A T K MR W T

-~ B s

wlTrm A FINAL COST Or
FoR M LUWING DAMAnE THE CUST TS

bOJ4% DOLLARRFOUR UVER SHIPPING

b2, 4% DOLLARS/ITEM

RO AR AR AR R R R AR AR R A AR A AR AR AR AR R R AR AR AR R AR A AR AR AR R A AR AR A AR AL AR AR AR R ARARRARAARARNARRR AN

11z 3,50nugenn 1= 3,500(te00 132
Ti= 3,50unEeun  Tez 3,5a00Eenn  Tas
Tiz I, SUBUEenND  Taoz I . Ng0rEenp Tas
142 3, 5UcUE*Un  Tes J,SUnBFen V3=
T1= 3.SO0UE+0N  TP= 3,SyunnEenn T3z
MINIMUM TRI(aNESS FLR MATERLAL RY a
J.120%Een 0 3.1204FeNnN
J.0leésteilt) i.hl1e5tenn
Y021t e J.uelIEeny
holhyiteun h.1nRIECND
4,94 35E+0N0 2.9%3LEeNp
“ATERIAL COOE = % THICKNESS FuUR
MATERTAL Cuolf = v TWmICANESS FUR
“ATeR1AL LCLE = ¢ THICKNESS FUR
TITAL CUST/ITEM: 872,39

“INCUS=INPUT

COST MATRI(=MATERIAL VERTICAL,AXIS

50
1,83
.3&
Lmn
5°

3.snnngeon
3,500tk «00
3, %000E+00
3,5¢000te0n
3.500NkeNQ
¥i$
3,)12n%E*n0
4ohlPSEeNN
3.0213FeNQ
belbRIECUL
?.49%368EeN0

FACE ONE
FACE TaU
FACF TwHWEESR

“0RI2ONTAL

Ivis
171z
TT1=
TTi=
TTl=

2.5%33E+00
2.154BE+00
2.2%N0E+GU
3.807%E¢010
2,3457E+00

3,021 INCHES
3,021 INCHES
J.nei

INCHES®

20,0y FENeCDNT NDAMAGE AND A FRAGILITY RATE (UFhg,0 G'S

1 .50 50
[ 1403 leb3
L} .36 .36
[ « 20 .70
10 o5 T4
FOR
THE COST |s

R7,9% OOLLANS w]Tw » MULTIPLICATION FACTOR OF
nlTH & FINAL COST of
FOR ALLOWING NAMARE THE CUST IS

72,43 DOLLARSFOR UVER SHIPPING

67,9 DNLLARS/ITEM

T12s=
Tres
TTes=
Tres
TTes

1.2%

2.5%33E+00
2.1548BE+00
2.2%00E+00
3.807%E+00
2.3%57E¢00

TIMES ONE

TTa=
TT3s
TT3=
TT3s
TT3=

2.,5%33E+00
2.1548%+00
2.2%00E+0OV
3,80%¢E¢00
2.3%57E+00

AR R AR R AR AR AR AR R AR R AR AR AR R R R A A AR AR R R AR AR AR AN R AR AR AR A AR AR R AR N AR R RN AN R AR AR ARG AR ARAR A RN ARG RS

TI= 3,5010¢E+00 122 3.50N0k+00 T3=
Tis 3,50u0k+0N (2= 3,5un0Eenn T3z
Ti= 3,5000E¢nD T2z 3,SuNNEenn  Tasz
Tizs 3,50u0€e00 ez 3,SvvuEenn  T3=
Ti= 3,50uufeur. Jez 3,Su0nkenn T3=
MINIMIM THICKNESS FOR MATERIAL BY
Jelederen 3.129%E+00
A.b125EeCN 3.b12SE+0N
F.NeL3b N 1,0213E+00
hoelRBIEeO b 1bBIESNQ
P9 IGE el FRLELIX b
MATERIAL CUVE = v THICKNESS FUR
MATFRIAL CODE = v THICRNESS Fok
MATERTAL CCOE = v THICxESS FUN
TuTAL CusT/ITzvus §7,9

MINCQSeINPYT
CULT MATR [qetaTER]AL

ERTICAL, AY]Y

1 5 1¢ «HU
[ 1eb3 ILE
] L «1b
b « 20 0

.50
1.%3

« 7N

3,5000te00
3.5000¢€+00
3, sngntenn
3,5unNe+0N
3.5n0nEe0N
xls
3.,12neFenn
A.h125E¢00
3.N213E*NN
heInBIECQU
2.9%35Eeny

FACE ONE =

FACE Tw =
FACE THWFES=

HORTZONTAL

TTis
TTiz
ITis
Ttis
TT)1z

2.4250E+00
1.89%2E+00
2.1354E+00
3.75%7E+00
2.3061E+00

3,021 INCHES
3,021 INCHES
j.ne:

INCHES

128

1722
TTes
Ties=
Ties
Ties

2.,%250E+00
L.89%2E¢00
2.1358E+00
3,254 7E+00
2.,3081E¢00

1732
T13s
T13=
TT3=
TT3s

2.4250E+00
1,894 2E+00
2.1358E+00
3,75%2E+00
2+30b1E+00
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10 «5¢2 52

52

FOR BO,U0 PER-CENT DAMAGE AND A FRAGILITY RATE OF20,0 G'S

THE COST I8 $7,9% DOLLARS WITH A MULTIPLICATION FACTOR OF S.00 TIMES ONE
WITH A FINAL COST CF 2B89.72 DULLARSFOR OVER SHIPPING

FOR ALLOWING DAMAGE THE COST 18 72.9% DOLLARS/ITEM

PR AR R AN AR AR A AR A AR RN R AR R AR R AR RN R AR AT R AN R AN AR AR A ARRNARRNAAANAARRRANARRARARRA AN

OVER SHIPPING DATA
THE OPTIMUN COST IS 59,12 DOLLARS

THE FRAGILITY RATE IS 20,0 6G'S

THE PER=CENT DAMAGE IS
THE MULTIPLICATION FACTOR

THE OWTIMUM THICKNESS FOR
3.2)THE OPTIMUM THICKNESS FOR
8 THE OPTIMUM THICKNESS FOR

0.0
I3 1.0

FACE ONE 1S 2,943 INCHES IF MATERIAL 10 18 USED
FACE TwO 18 2.943 INCHES IF MATERIAL 10 IS USED
FACE ThnREE 18 2.49%3 INCHES IF MATERIAL 10 IS USED

"\ DAMAGF ALLOwWABLE DATa
@3)1”15 OPTIMUM COST IS 54,12 DOLLARS
TRE FRAGILITY RATF IS 2u.0 G6'S

THE PER=-CENT UDAMAGE 18
TnE REPAIR COST/ITEM =

THE OPTIMUM THICKNESS FOR
3.4) THE OPIIMUM THICKNESS FOR
THE UPTIMUM THMICKNESS FUR

.0
0.00 DOLLARS

FACE ONE IS C.9%3 INCHES IF MATERIAL 10 IS USED
FACE TwO I8 “e9%3 INCHMES IF MATERIAL 10 IS USED
FACE THREE T, 2,343 INCHES IF MATERIAL 1o IS USED

@OVERSHIPPING IS THE BEST POLICY

ERR KRR A AN AR R R R TP AR R AR TR AR R R AR A RANARRANARAANR AN AN A RARNANARARANRARPARAR A AN RN AN
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12
13
14
'S5

17
18
19
20
21

DO 12 o

ey g e o

TABLE IX
SAMPLE PROBLEM NUMBER SIX
INPUT DATA CARDS

SHEFEHICS IR S = SR CPEEALE ) SEEFRREN, ASPRRAOR S PORGE QR (RREeE
L4 a o ]

B5¢<8P H<oB3 ‘2:356 llu:lbwvzu.: Ltn9a 6214 0514090, 326 4eg/576 20568800 1Y
02 05 Lo 2 4, 3. 2 3. Se 2, N
olcido . . .

e 92 UL o | 2L 0.0 L=00 115 .
B;HO 0: b o 5" D:nu Leb0 2.0 2
2+16 0o > e -S54, 0o 3 Qe S0 z;q 3
letge Qe.2 e 1 -6 . 0.20 .50 0-8 4
lebuy 0:19 T 4 -4 0ec3 0.30 ';5 S
l;3o De > 14 | =& 0.2 VeSO 3.0 13
l;Ou 9¢.9 Lo | ~Z . 0en2 0s20 7.9 7
l«00 Le B o | ~20 Geul Ne20 Lot L]
§¢20 0475 o | =2 0o -1 Del> Ile9 9
2+ Lt 0 o o Ll 0.u2 0«80 Lo ic

«CUi7e0 23.

| I lo0. 12e 12 e 4

55, 0¢ Bev

60 ED) Do

65. 20 10

70. 80 13-

DIODGOCEEOC 100G O00C00000C0C000000000000R00COCCOCOCO00ORCINNCOCONEEONNNGINENNSENDY
VL SN U N IR NI R B N RN AN BR IR N MU QUGG TSN U NN BN TS AU NI MG EIRU RPN RA I AN
(RRERERRR R R R R R AR R R R R R R 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 AR R R R R R R R R R R R R AR
122171221222121222222221221222

31333333131331313331330133003 00

1212211222222 2222222222222
334333333333431333331313342331313123)
4444088000800 00000 0000000040 RN R R R R NN NN RN NN Y
SSSSSSSSSSSSSSSSSSSSS'SSSSS!SE? S55555555555555555555955555385§
COSCOGIDEEOBUGIEEEacEEEOBICESS COOGOGEEEINONOEREIREEEINNENES
i TnmnmmnnnnImnnnIm
FNBASANIENINININNINININNIININIINI NI NN

SSCON N EEENSEE OGN OO NEEEaSNNISINDIEANEaES0aNCEENYRCINERONGEINNNYNS
EEREEERE TYCITENERER Y

[RIBHGETRTRTRIATICE RUR: R B R R RN FAFIR'S-FH'F IR R LRI R N NN ELALRTRRIR'R N JOE R N NN TN Y nmnne nuwne

130




P Ty T TP T A Ty 8 e VT T T AC IR M TS e

aes  ORTIMIPATION PROCEDUNE FOR NESIGN CF PaCraGE CUSHIONING sae

(fi) 1 ® NIC ee= (COE &0, UF CONTAINER WATEWIAL 10 BE USFO - o c o a o
~7/ 8% 1€e-c0PTIMIZATION COOE SAMPLE PROBLEM #6 (MULTIPLE SINE .
1® 11T ees [TEe wyeBta | EXCITATION) VARYING TEMPERATURE ;

20 ® MIL eee warluym NO, 75 1TEGATICNS FQR CROP wT, CaLC, = i
76 3 Mx] ese MaaluyM NI, NF [TERATIONS FOR GeCUNVERGENCE
11 5 MOM) wea NUMHER OF Eny]CNMENTAL FREQUENCIES

J.35%0F=0) ($/18) = 09 eee [T (F S«IPUENT

3 25,00 ¢ 8 ) = (] eee (08T OF (T€m

2126020 (IN,Y 5 100N wee TWHICanESY b (CNTAINER

22,00 ( F ) o TEML eea  LUWEST ENyIRONMENT TEMPEWATURE
100,30 ( F ) & fTFum ema  mlGri{ ST ENVIRONMEST TEMPERATORE

(Wal/8EC) 3 CMJ01) aLL GF ThE ENoINCNMENTAL FREQ,
20 300€00UD,29300E001),25000L0023,1%)18S%0020,20300E002),80%9%E0033,1%159€003¢,3002380035,05487€0035,9903E¢030,2083)9€¢0)

PSD  INPUT FOR MANOOM EXCITATION
»

(G*8) & (DJ(I) = EnNvIRUNMENTAL EXCITATICNS EACH CORRESPUNDING YO ONE OF THE ABOVE OMJ(I)S
2 0N0NOE=015,00700E=041,0U000E4002,70N00 E003,00000E¢003.00000E+003,00000€¢003,000008¢003,000008¢0C3,000G0E+003,00009€¢00

—y

1 = NC =o= NyMBER OF CONTAINERS
1 3 MITem cee JTEM NUMAFR
10 & MNMITSece NUMBER OF WATERIALS ON FILE

(8Temat [€ AR FY] C8TePax SLeTEMP LheSTRS LACE AL T ] GAMMA
L8269 000 $.0000E-C2 1,0006€=02 <«2,2000£401 1.0000€=01 1,0000E+00 1.5S000E+00
$,e000€%00 $.0000E0¢ 1,0000€202 <»,0000E40! 1,¢000€=-01 1,5000€¢00 2.,0000E+00
2.1000FeVy §5.0NCOE=02 1,000n€=02 «3,¢000Ee01 3,0000Fe02 3,0000E-0]1 2,¢000E+00
1,8e00F 00y $.0000€-02 1,0000€=02 <=o,0000E001 2,0000€-0) 1.,500cE«00 9,0000€<01
1,885nFeC0 $.1700€-02 1,0007€=02 «¢,000r€en) 3,n000F=02 3,0n00E-01) 1.%000E¢00
13006000 $,000L0E=-02 1.,00006=02 <2,0000E401 3,00000=02 $,0000£-01 3,0000E¢00
1.09708e00 9,000N€E=02 1.000NF=02 «2,0700Fe0] 2.0000f=02 2.n000E=01 7,.9000£00
1.0000E000 $.0000¢-92 1.,0n00E«02 «2,0000€401 3.0000€=02 2,0000€<01 1,1000E00
.20 F 00 $.0000k=02 1,0000€en2 «2,0r00E001 1,0000F=02 1.8000E-01 1.1900€+01
2,1102E¢00 $.,N0000€-02 1.00008=02 <«2,0000€e0) 2,0000E=-02 0,0000E-01 1.1100€¢0)

Gawes COTe"CNTAINER
1, 'n0CF=3) 2.32CNE"")

LEITE™ NuwBER
L. U000Ee02sx€15nT CF (TEM wml( POuNOS )
1.en00Fe0le DIMFNSICN PARALLEL T0 XeaAX1S 280 LONGFST OIMENSION ¥L (INCHES)
1.2000€%01% CIMENSION PARALLEL TO VveAX]S IR0 LONGEST OI®ENSION YL (IN"WES)
2.%700E001e DIMENSINN PARALLEL TN 2=AN1S LUNGEST OIMENSION 2L (INCHES)
1 NUHBER = .

“ATERIAL CODES CONSIDEREC ARE le 2, “, 10,

Mhxel PCNTeCAM REPLSCE-CST
$.5000€¢01 ¢, 0.
6,00C0Ee0) $,0000E%u0 $,0000€¢00
v, 50008001 2.0C0NFeUL 1,0000€en)
3,0000E401 ®,0000F201 1,5000€¢01
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2.0

tJ

MATERTAL

&2

Ce st R NSt RRAR A RSt RRA RS RERS SRR RS RARRASRRARARRRARRALRRARRRRAARARSSRRASaRARARARRRRARERRRSARSARRRRARRANARE

V‘:
Tl=

A,SUU0E+QD
3.5000E%00
Tls 3,5000E+00
Tis 3,5000E+00
SROCK THICANESS
SHOCA TWICKNESSSE

v 18 8¢

T2s
Tés
12s
12

3. 5uNnEenn
I, Sunngenn
3,5u00EeNnD
3,5000E+00

2.b2%ltenn

ING DELETED

131=
T3s
T3z
13s

3, 5000Ee0N
3.sanat «00
3.500nE+00
3,5N0nE«0n

TTl=z 2,5508E400
TTi=z 2,2311€E+00
TTlz 2.,15m9E¢00

TTis 2.15t1E¢00

IS LARGER THAN v1dHATION THICKNESS

CPTIMyM vIRNATION THICKNESSE

MINIMUM THICKNESS FOR MATERIAL BY AXIS

3.1UBS5E+00
3.5987E+C0O
3,0aBE+00
2.9322F+07

I, IURSEeND
3,598 k00
I, 0nepfenn
2.9322FeN0

J.h565E400
I He5NE+Q0
2.99%3Fen0
2.b2%1Fe00

Tt2z 2,550S5E¢00
T122 2,2311€E+00
Ttez 2,156%E+00
T1es 2,1811Ee¢n0

3.2187%te02

1132
T13=
173
TT3s

3.0306E+0Q0
2.2050E+00
2.0991€400
2.b62%1€E400

TSR A R AR RS RN RS R RN PSR SRR RGN R R A R AR R RS AR E N RN R R RN AR R RSP RURR AR NS R RE SR RRR A RRAARRARARARARARARRRR AN

Ti= 3,3000E<0N
Tiz 3,5000E+00
+.SUV0ESCD

matealaL 3 18 BE
CPTTM .M Twi, uNESS

12z
Tes
To=

3.5000EeN0
3,.5000F+N0
3. 5U0CEeDN

In6 DELETED
= 1,32901E¢

T3z 3.5nQNEeQnr TTiz 2,30m0ESN0 TY2= 2,3000Ee¢N0 TT732

T3® 3,S000E+00 TTiz 1,u?30E¢00 (122 1,0233F+00 TT3s

T3z 3,5000E«00 TTi. 2.,N28%Fe00 TT23 2,N28%EeQQ 173
02 MAX ALLOWABLE OPTIMUM THICKNESS = 1.,20000E+01

MINIMUM TWICKNESS FOR MATERIAL 8Y AXIS

“,731eEe00
7.,45%0Ee0N
2.N28%E N0

%, 731bEeN0
7.%5%NEeNN
n

3.9839E+00
Y.2270E400
n,

2.,8920E¢00
1.8%727F¢00
¢.,01b0€E+00

FERE S SRR R RN AR AR R e N AR RS R AR R R R R R AR RN S R R RN R AR R AR R R AR AR R AR RS R AR R RN E R AR RN R R AR RERENARARRRRRARRRARANRR RS

iz 3,5000Ee0N
Tlz 3,50190EeCN
Tlze%,0528E+00
Tiz 1,b566F¢00C
Tlzaw 0528E400
Tlizes 0578E 00
Tlze% 057BE4ON
Tlz 1,0656E¢0N
Tizey 0S?28Ee00
Tlz=% 0S78E00D
Tlz=4 _ 08729E+00
Tlzs 1,866-Fe00
flzes 0S?8EQO
Tilz=v ,06768FE00
Tiz=y 0528E¢30
Tiz 1,6566E00
Tlse% 0S?7BEQO
Tis=% 0S?28E+0D
Tizew 0578E+QD
Tiz 1,055bE400
Tlze%,0528E¢00
CAN NOY DETERMINE

122 3,S5000E¢Nn
T2z 3,50N0EeNO
Tese4,0878E000
T2zev ,0678FeNN
T2® 1.b556E400
To==%,0628F ¢N(,
T2ze4 ,0678E400
Tczeaw N5 7REeDN
T2® 1.6556E4N0
T2z=%,0578Ee1i0
T2%=%,0578E+0N
Tez=v ,N578Fe09
122 1.b5%6kenD
t2zew, N678E0NN
T2ze% N57BE*ND
12229 ,05628E+n0
722 1.b655bEe¢NN
Tdz=4,0578E00
T2z=4,057RF¢0C
T2z=v,0678F¢NC
128 1,b560E¢00
THICXNESS FNR

MINIMUM THICKXNESS FCR MATERIAL

$,575:7+00
0.

{3) “ATERIAL CGDE

N

MATERTIAL CUDF =

“,5265EeN0
'N

1 THICxrESS
1 TH1CHNESS

13=
132
132
T3z
13s
13=
T3s
T3s
T3
133
13s
13=
13=
T3s
T3s
13
133
T3=
T3z
T3s

3.5NNNEsON
3,.5n00Fe0n
1.388nEe00
1.38RnEsQn
l.,3880t+00
2.0492E600
1.3880E+00
1,38R0ke00
1.,3RB0Ee00
2.0%92Ee00
1,3880E+00
1.388nke0n
1,38A0E+ND
2.0%92E4(0
1.3880E+00
i,398nEe0N
1.388NEe00
2.N%Q)EennN
1.3880E+0n
1,3880E¢00

T3 1,3880E¢00
DHIP KHGT,
BY 4x189
3.QA3I9F +00
N.

FGR FACE ONE
FIR FACE TwD

CALCIHILATIONS

TTl® 1,991%€Ee¢00
TTl2e4,N52AF 00
TT12 1,6556F¢n0
TTized ,NS26FeNN
TTiz=v,05878Fe00
TT12=%,0578E+00
TTlz 1.bS5SbEOD
TTl2e4,0828Een0
T112=-4,0578E+00
TTiz=4,0578E+00
TT1s 1,.0GCS6ECDD
Tlizew NS2HESOQO
TTigew ,052RE enp)
TT1l2=4,0578E¢00
Ttls 1,bS656E*00
TTlz=%,0S78Een0
TTizew ,N57BE00
TTlz=%,NS728E+00
TTiz 1.6556F¢00
TTlz=¢ ,N57RFe00
TT1s=%,N57BE ¢90
MATERLAL

?7.958 INCHES
7.9.8 INCHFS

Tres 1,99)1%Eenn
Tr22-%,0678E¢00
T12s=%,0578E400
1122 1.bS5656E400
T12s=%,0578E400
TT2zev ,05?728E¢00
Trezew ,0578E+00
Trex 1,6556E¢00
11224 ,0578E+00
TTez=%,0578E¢00
TT22«4,0578E+00
Ttes 1,b556E¢N0
T723-%,0578E+00
TT2%e%,06728E¢00
Tt2zes,065728E400
1122 1,655hE400
T122=%,06?728E¢00
T122=%,0678E00
11224 ,0578E400
TT2% 1,b550E400
T12z=%,0578E+00
CPDE = 2

7132
T13s
TT3s
T13=
113
T13s
T3z
TT3s
1732
T13s
773z
TT3s
T13r
113
T13s=
T13s
Tr3s
T13s
TT3s
T73s
113z

THIS MATERIAL

2,7136E+00
1,388 .7+00
1.3880E+00
1.,3880F+00
2.0497E+00
1,3880€E+00
1.,3880E¢00
1,3880E+00
2.0%97€+00
1.3880E¢00
1.3880€E+00
1+3880E00
2.0497FeCT
1.,3880€+00
1.3880E+0C
1.,3880E¢00
2.0%97E+0D
1.38R0Ee¢00
1,3880E¢00
1,3880F+00
2.0%82E+00
DELETED




e

-

MATFRIAL CCQOF = 1 THICANFSS FQuw " *(F T WpFz Jo49ue INURES

/- TOTAL JO8T/ITEM= 100,80
Ré?z\ MINCUS=INPUT
COST MATRIX=MATERIAL VERTICAL,AXIS ~ORIZONTAL
1 265 2.5% be

~.

o FOR 0, U0 PER=CENT DAMAGE aND & FRAGILITY RATE NF48,n G'S
2,§\l~f cosT IS 100,82 VOLLARS wITw 4 MULTIPIICATION FACTOR CF 1.00 TIMES ONE
N7 WIT. a FINAL COST OF 1UN.52 OOLLARSFOR OVER SHIPPING

FOR ALLUWING DAMAGE THE CUOST IS 100.82 DOLLARS/ITEM

ERRRRRRAR R R RN R RN RRR AR R AR AR AR R RN R AR R RA R R R AR R R AR RN RN R AR RN RR N RAARRRRRRRRRRARRRARAARRARRRARRARR RN

Ti= 3,5000Ee0N 123 3,5udQbenn T = 3,5n0Nkenn TT]z 2,4n?dEenn TTR3 2,9n7BE600 TT3Ix 2,9497E¢00
MINIMUM THICKNESS FOR MATERIAL By AxIS
$.5755E¢00 $.5755Fe¢n0 1,9839F*00

RRRRAR AR AR R A RN R R AR R R AR R R AR AR R R RN RN R R AR R R AR R R RN AR R R AR RARRR R AN R AR AR R AR A RARRARARRARARARNNRRAARNAAAANRA NN
Tlz 3,5000E¢00 Vo= 3,5unaEenn T35 3,50nnkeqn TTLl3 2,1%10EenG TT23 2,1%10Ee0D TT3I® 2,798%E¢00

MATERIAL 1 IS BEING QELETED
NO TFMPERATURE OVERLAP
MINIMUM THICKNESS FOR MATERIAL BY AxIS
%,5755€E+10 $,5755€E¢00 2.,79B%F+0D

ALL MATERIALS DELETED e== NO OVERLAP HETWEEN TEMPERATURES=OPTIMIZE ON OATA ACCUMULATED

RRRRR P AR RR R R R R RN AR R R R R R R R R R R AR AR R R R RA R R AR L R AR R AR AR AR R R R AR R RO RN R RARAARARRARRRARARRARANRARAARNR AR AR AR

OYER SHIPPING OATA
C{i) THE OPTIMUN COST IS 100,42 OOLLARS
- THE FRAGILITY RATE IS 85,0 G'S
THE PFReCENT OAMAGE IS 0.0
THE “yLTIPLICATION FACTOR IS 1.0

a THME OPTIMUM TWMICKNESS FOR FACE Tw0 IS T.%%8 INCHFS IF MATERIAL 1 IS USED

<;‘\ THE OPTIMUM THICKNESS FOR FACE ONE IS 7.98 INCHES IF MATERIAL 1 IS USEOD
o= THE OPTIMU™ TMICKNESY FOR FACE THREE IS 3. age INCHES IF MATERIAL 1 IS USED

A2 OAMAGE ALLOWABLE OATA

‘3‘3)T~E OPTIMUM COST IS 100,82 COLLARS
N7 1w FRAGILITY RATF I8 $5.0 G'S

THE BERSCENT QAMLNE IS 0,0

THE RFPAIR COST/ITEM =z 0,00 UOLLARS

6’\)7HE OPTIMUM THMICKNESS FOR FACE ONE IS 7.9%8 INCHES IF MATERIAL 1 IS USED
3,

4) 1HE CPTIMUM THICKNESS FOR FACE TaC IS 7.9%8 INCHES If mATERIAL 1 IS uSEo
N’ THE OFTIMUM THMICKNESS FOR FACE THREE I8 A.,98% INCHES IF MATERIAL 1 IS USED

55)

N 'ovERSHIPRING 1S THE REST PoOLICY

R AR RN R R AR R R AR R R R R AR R R AR R R AR R AR R R R R R R R R RN R R AR AR AR R R R RN R R AR RN RN AR R AR AR R R R R RO RAARAROR RN P RRRARRARARN
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P R YRy S—"r

10

]

12
13
14
15
16
17
18
19
20
21

Card

-

[0 %

TABLE X
SAMPLE PROBLEM NUMBER SEVEN
INPUT DATA CARDS

01 .‘.40/51\01)399“. -dhl. 0 el 2> 0 | /e 0 o 7,.0_’ v
e * a

9:465 b:fol 1doe06 J314,]159028.4 JeB%aY0l s5T7TH3Y8,2300 4e8/5%0 «03028.00 17

Ten 05 e 2 2. 2. S, e 2. S 2,
[ S i . i i
e8¢ 0e.2 e} =c2e 0¢10 100 e 1
stuo 0T > o | -ey: 0:14 !:50 2.0 2
’Ilo 07.: e ) -14: 05 3 030 2:u 3
4 0e 5 s 1 -5Ce 0¢cu 1450 0ee ' “
lebd (e D (o || -un; 0;.3 030 |:5 5
leds 0 > e ) < . 0.03 050 3:0 6
{e00 .o D o b =20, 0eu2 020 79 7
1400 :; 2 el =g, 0.03 0.20 Lol 8
4e20 00 ® o 1l =& e 0erl Veld il.9 9
PR De. > I | -~ 0er2 VeB0 tlel 10

eGOL /00 L3 "
'

§ 100 (WS 12 24 e [
25 0.C O
007 D S
05% ¢0.a 10
/0 o0 15,

e e a e N o Taaaanas0 I INN00eeCa0co00Ieao0OCERRRYRdNRRaIINReRuRIRININItIINNNg

TIX AN A LA LR EHADNNNEN AN PREUBRNPARAO QUGN NINUNUNNANNBIOOUORNRERNIINRRINAN

IARRRRRRE RN A N R NN R R R R R AR RN R R RN R R R R R R R R R R R R R R R R RN R R R RN R RN R RRAR |

nmunInnnInINNI I N
IR R R R R RRRERRRRERRRRRRRRERE!

1222222222222222222212222222122
1993222232234333330333433000 )
SAA 40000580000 0000000000000
§5555555585555585595555B555855985§
R RN RN R AR A NN R R RN ERNRRN]]
mhimmmmvummmmmnnnnnn mnmirrmnmmnInnnnInnINg
A N LR RN R R L RN N NN R N R R R O O O N R O ARy
1 ll R R R RN NN RRNRRRRRR AL lillllllllllllllilllllllllllllllll!l
14 NORNANNLUUMERDENBODEUEA Y UUUNYHANUNGUUUROUUDBINDUAY

l
14 uuzu wuusunpan n . ¥




eer OPYIMIZ2aT10% PROCEQ -~ FOR OESIGh CF PACKAGE C . 'IONING wwe

1 & NIC = CORE NO, OF CONTAINER mATERIAL TO 8E VSED fe—— —ie =HE 0
L " pEsmmoRTipgaTion coot SAMPLE PROBLEM #7 (MIL-STD 8108
D a HIle eee [TEw noeBte EXCITATION) CONSTANT TEMPERATURE

2 3 M) === Mayvimym NQ, OF JTERATIONS FOR ONOP wT, CALC,
79 8 My eem pp]w M NG, (F TERATINNG FOR GeCONVERGLENCE
il 8 % ) eee NuMBLR OF ENVIRONWENTAL PREOUENCIES

I 3830621 3/08) 3 (8 =ee (0ST CF SulPwpat?

25,0n ( & ) 3 (] === CO8Y OF [1gm

e df500n (IN,) 8 100n ==e THICKNESY CF CONTAINER
72,00 (b ) 8 TEML ee= L OWEST ENvIRUNMENT TEMPERSTURE
2),00 (2 ) 8 Timn ese nlLMEST ENVIRUNTENT Ti “ATURE

(Al /8% ) & UMJUIY ALl OF TwE ENvINON®ENTAL FREO,
«2WICUECDUD  CHITNECDL ) 2S00 NEQ D23, 1% 159E¢020,20300E¢02) (009 QRE @0, LIVISVECDIV, JAB2IE0 0I5, 0598260035, %0003E¢030,202)%E¢02

P30 INPUT POR RANOQ™ EXICITATION
. .n ., .n .n .n o, .o .. .n L
Fu'S, 3 RUJCL) = ENvIWONMENTAL EXCITATIONY EACH COANESPONDING 10O ONE DF Twg aBOVE O™J(1)8
Su0ON0Fe015,00C90E-011.0uUN00E¢N02.00001E«003,00000E¢N03,00000E+003,00000E4003,0C000E+003,N0000E4003,00000E4003,0C000E¢00

L 8 NC === NUMPER OF CONTAINERY
b 3 WITE™ =ce [TEW n_ mBEN
10 3 MANMATSeee NUMBER UF WATEWIALS ON FILE

C3Terat C3TeFay (STleran SLeTEmp Lu~3TRS ERCERL] GAmma
1,9270Fe0u  §,000% 02  1,0000E=02 =2,.2N00Ee01L 1,0000€-0) 1,0000E¢400 1,5000E+00
5,%0C0FeNy  §,00u9E=Nn¢  1,0000£-02 <=+, 3000Een]) 1.%000€+01 1.5000E¢00 2,M000E*00
2.400N0Fe0y  §,0N0GE=N2  1,0000E=02 =), 9N00EeD} 3,N0N0E=N2  3.0000E=01  2,%000E+00
1,e800Fe0u  §.,0600E=N2  1,00NNE=G2 ~b,N000Ee0)  2,0000E~01  1.5000E¢00 0,.0000E-01
1.,8820Fe0y  &,NUI0t=p?  1,0000E=07 =+,nNN0€e0) 3,00006-02 3.0N0Nt-ul 1,5000E¢00
1.3600F 000 §,0000k~02 1.0000E-02 <=2,000nke01 3,00006~02 5.0000E-01) 3,0000E 00
1.0060F Ny &,0N00E=nd  |,00N0E~02 =2.00uNkenl 2,0000€=02 2,0000t=0) 7.9000E ¢00
1,00MUFeUy  5,00U0E=02 1,0GO0E~02 <=¢,0000£¢01 3,00006~02 2,0000NE~0} 1.1000E+00
%.20G0€eCU  S.NOUCE~A? 1 ,0000E=N? =2,0000Ee0) 1.0000€«02 1,5000E=0} 1. 1400E01L
2.i100Fe00  $,6000E-02 1,00N0DE=02 <=2,N00NEeOL 2.0000€-02 0,0000E~01 1.,1100E901

Gamma COT=LONTAINER
1,2360k=02 ¢.3200k=n3

18T NymgeR
1.0000te32amElGrT OF 1TEm wi( POUNDS )
fo@P0ubenis DIMENSICN PARALLEL TO X=AX1Y 2ND LONGEST OIMENSION AL (INCHES)
Lo@OOUE®DLS DIMENSION PARBLLEL TO Yeax]$ IR0 LONGEST OIMENSION YL (INCHES)

Povnutteuls D,MENSION PARALLEL 1D Zeax]3 LUNGEST OIMENSION 7L (INCwES)
HyMyFR 3z LY

MATEDLAL CCZJOEY CONSICLREC ARE 1 2. vr 10,

var=, FCNTela™ REPLACE=CS?
L6300 kel Ty 0.
B NCALEeN]  §,0000E€U0  5,0000F €00
v 800ukeld  2.0999E0u)1  1,00N0EeN)
7.Muuken)  BLCANDEOYLl  1,50N0ESQ]
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AR R A R A L A Al e R R R R R R R R R R R A R R R R R Y ¥

9 D T3 o3,%0udker 123 3,500NEenD 133 9,5000E400 TTiz 2,5505E¢00
LU TLE A.sNpueeat 123 3.50%0kect 13T 3, 5000ken0  TT1z 2,23118+00
a3 Jd,%uulEe0d Te2 3,.5uNNEenNt T332 4,5000E¢0n TT1z 2.1569€¢00
Tiz 3, 5vunfeny  §e22 3,S50u0ukenn Tz 4,5000ke00 TTlz 2,1511F«00
SHUTR THILanNFSS Iy LARGER TrAN vIgRATION THICKNESS
Se 2l TuluanESSs CebleltenNd UPT[MuM y]IBRATION THICKNESSE
AINMATENTAL e Iy MEING DELLTED
2.2) AINT'¢ 4 TnlfanF33 FOR MATERIAL HY AX1S
NS 1 lusseens 3.1095F +010 3.h5hGE+ND
ERELLEIX N 3. 44878400 3,4550f ¢0u
.08 e J. L QARE e 2,994 3€E+0Q
.43 2Ee00 2.9322FenNp 2,b2%1E*DD

SATEAI8L CODE = % TWICANESS +Qw

', “ATER] _ (DD = v TH]CANESS FOw

SATERT.L Lu.t 3 0w TRICHNESS s uw
C2§T/1TEmM= 81,01

-~ o
oL SRe e T

D3 MATRIx=wATERTAL vERTICAL,AXIS

. 99 ) 59
d 3.2 3.2 1.5%
0 .02 2 « 30
o~ bus
@_S)T-E CnST 1S 81,01 UOLLARS wlTm
S0 mlTe a4 HINAL COST O

bLW At LUalNe DAMAGE THE CUST IS

FACE ONE =
FACE Twyu =
FACE T-wEEe

3.010 INCHES
3.010 INCHES
2.99% |INCHES

rORI20NFAL

JoUd “EHeCENT DAMAGE AND A FRAGILITY RATE UFS5,0 G'S

A MULTIPLICATION FACTOR OF

81,01 DRILLARSFOR OvER SHIPPING

81,01 VDULLARS/ITE™

1723 2,5505E¢+N0 TT3z 3,.0306E¢00
TYes 2,2311EeN0D TT3Iz 2,2050E+00
f12= 2,1569E+00 7T73% 2,0991E+00
fTes 2,1511E+00 TT32 2,b2%1E¢00

J.2leot=-0e

1.00 TIMES ONE

(AR AR RS AR R RS A R e A A A R e A R R R R R R R R R R R R RN R X )

Tis 3,50 G0kent 123 4,S970Eenn T3 3 . 6NNNEedn  TTiz 2.4C78E00

Tiz 3, 50ubEeny 122 3, S5uni€edu T3S 3, 5nONteUn  TTiz 1.9053E+00

ToT od,5voueelt T2z 3,5u00Eeny  TIT 3 . §nAnkenn  TTiz 2,NBIREeND
“AFEETaL 3 IS5 mEING DELETED

QuFlv » TW]CnESS = 1,32901E 02

MINTY 4 THICKNESS FCR MaTER AL HY
LR LR ATRAFLIS D b]
V.ehelr e T YJ.e%eEen)
folmldre o Ty

“OTERTAL 0T = 1 TRlCantSS FO&
“aTERLAL LToeo 2 1 THICenESS ¢k
fTERTAL (e = 1 TmlCANESS Fiw

WA, 50

AL AN §

L' MATRPx=vATRERTA, ,bwTlCaL,axls
i 1.51 1,51 b

! heli ne’l 1.o%

b Selr) mEwemib oF CAMAGE AN A
Twe CuSt IS dr.bh VI LLANS w]Tw
L A FlreAl LUST D Fi,1h Dol
PO AL L Tw]s YARAGE THE CoSY IS

ay

MAX ALLUWARLE 0OPTIMUM* THICKNESS =

‘xls
3.,383%E¢0L
de222nEe0n
n.

w,232 INCWES
v, 232 INCHES
H] 3.9R% INCwES

FACE
FACE
FACE

LT
Twy =
t

“Uml2ANTAL

FRAGILITY WATE OFbN,0 G'S

4 MYLTIPLICATLION #ACTOR (F
LANSF{ R yvER SHIPPING
Wi, COLLAWS/]TEM
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1722 2,%07HE«00 TT3s 2,Q4972E¢DC

TT2= 1,9053¢¢00 71732 2,0000E+0U

7722 2,0816E+0D TT32 2,050RE+00
1.,20000€E¢01

1,05 TIMES ONE

2 i i




e e v o & S - | a)

[ 2 L R R R R R X R R R R AR R R R I F R R R 2 A A R A R X KR L R R R R N R R R R R R R R R R R N RS2 32

Ti= 3,50U0E*00 TP2 3,5000E«0D T3z 3, S0NNE«0N TTi® 2.26S50E¢N0 TT2® 2,2650E400 7TT73= 2,8h77E¢00
1l 3,S000E*D0 Te® 3,5U00E+00 T3t 3I,S50006+00 TTIE L,5796E+00 TT28 L,5796E+00 TV13= 1,728726E400
MININUM THICXNESS FOR MATERIAL BY AX1S

$.5255€E+00 $.,5755E+00 3.,9838E+00

1.95872€¢00 1.9587E¢00 1.9272t¢00

MATERIAL COOt = 1 THICKNESS FOR FACE ONE 2 %,525 INCHES
MATERIAL COOE = 1 THICKNESS FOR FACE Tw0 = 4,575 INCHES
MATEHTAL CODE = 1 TnlCnNESS FOR FACE THREE= 3,98% INCHES

TOTAL CuST/ITEMz 87,98

MINCOS=INPUT
COST YATRIX®MATERIAL VERTICAL,AXL1S HORIZOMTAL
1 l.4%b letth ob¥
2 le?0 ls70 .87
FOR 2C.U00 PER=CENT OAMAGE AND A FRAGILITY RATE OFbS.0 G'S
TnE COST 19 97,98 OOLLARS WITH A MULTIPLICATION FACTOR OF 1.25 TIMES ONE
wITH & FINAL CUST QF 109,972 DOLLARSFOR OVER SHIPPING
FOR ALLOWING OAMAGE TME COST IS 97.98 OOLLARS/ITEM

AR R A AT R NN RN RN AR R AR RN A AR AR R AR AR T AR RN AR AR AR R AR AR AN A RN R R AR AR N AN AR AN R AR RN NARNARANANNNRNAN

Tis 3_,50u0E+0ONn T2= 3,5000E+D0 T3= 3,5000E+00 7TTi= 2,1222E+00 7TT2® 2,1222E+00 TT3= 2,7877E+00
Tiz 3,5000E+00 T2z 3,SUQ00E~0D T3= 3,5000E+00 TTi= 1,2538E«00 7TTR2=2 1,2538E¢00 7TT73= ],57R%0E+00
MINIMyM THICKNESS FOR MATERIAL BRY aAxJS

$.57E5E+00 ¢.5755E+00 3,9839E+00

1.95872E+00 1.95B87E+00 1.9272E+00

MATERIAL COOE = 1 THICKNESS FOR FACE ONE = 4,575 INCHES
MATERIAL CODE = L THICKNESS FOR FACE Twy = 4,575 INCHES
MATERTAL CODE = 1 THICKNESS FUR FACE THREE= 3.98% INCHES

TOTAL COST/ITEME 97.98

MINCOS=INPUTY
COST MATRIxe™ATERIAL VERTICAL,AXIS HORIZGNTAL
i 1.%b le%b .bY
2 1.7 .78 .87
FUOR 80.0UU PER=CENT OAMAGE ANO A FRAGILITY RATE OF?0.0 6'S
TrE COST I8 87,98 OULLARS WITrm A MULTIPLICATION FACTOR OF 5,00 TIMES ONE
wlTrm & FINAL COST OF +39,90 DOLLARSFOR OVER SmIPPING

FUR ALLOWING OAMAGE THME COST IS 102,98 DOLLARS/TITEM

AR AR A AR R AR R A AR R AN RA R AR A AR AR AR AR AN R AAN AR AR AN N RN RN RARRANIARRARRRFANRRRAAAASNARNRANRA SN ANARS

@ OVER SHIvPING DATA
THE OPTiMun COST IS 31.01 DOLLARS

THE FRAGILITY RATE ]S %5.0 4'S
THE PER=CENT DAMAGE IS 0.0
THE MULTIPLICATION FACTOR IS 1.0

2) THE 0PTiMuM THICKNESS FOR FACE TwQ IS 3,010 INCRES IF MATERIAL 4 IS USEQ

@ THE OPTIMUM TWICKNESS FOR FACE ONE IS  3.C10 INCRES IF MATERIAL 1S USED
_/ ImE JPTIMUM TWICANESS FOR FACE TWREE I8  2,9a% INCHES IF MATERIAL + IS USED
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;2\ DAMAGE ALLOWABLE DATA
{3.3) THE UPTIMUM COST IS 81,01 DOLLARS
~—" THE FRAGILITY RATE IS 55,0 G'S
THE PER=CENT DAMAGE 18 0,0
THE REPAIK COST/ITEM 3 0.00 DOLLARY

THE OPTIMUM THICKNES3 FOR FACE ONE IS 3,010 INCHES IF MATERIAL % IS USED
3.4) TnE OPTIMUM THICKNESS SOR FACE TwO IS 3,010 INCHES IF MATERIAL % IS USED
THE UPTIMUM TRICKNESS FOR FACE THREE IS  2,99% INCHES IF MATERIAL 4 IS USED

=
(=
V2,

5,3} OVERSHIPPING IS THE BEST POLICY

AN R AN AR AR R R AN RN RN R RRRRARRARRRRRRR RN R R A RRARRARRARRRRRARRAR AR KRR RR R R A AR AR
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: SAMPLE PROBLEM NUMBER EIGHT

INPUT DATA CARDS
Card

...
O O W N OV oA W N g

Olu301¢0/51000035900~ 25.10“0

UO‘ZD\'

/20!0 u

7:.0nﬁ,n

496370bY917b ’952‘500’9030l'b?:oﬂa.leo

9;42"78L
i

len.:7<412 74*52?0“9

:;ooT ~5II7T.“1191= u.o.VE -4, 3:-*5 09E 75.&3: 55.09E 7:.09: 75.ovt 7

010410
1192 0405 1 =¢2e 0410 100 leS .
540 0o 5 _enl =60 0eid 1e50 240 2
L L ! !  § .
Zrlo OI > ur't -su? 0su3 0e50 24 5
Ledw 05 > 0. b -bu. 0.20 lobO 0eg 4
lisu Ou 5 ueel -4us 0e03 0.30 leo 5
11, 1.3 Dev® fu 1 -cus 0.23 050 3.0 6
12 1008 2e 5 Cel -cne Deu2 uep 7.9 7
it 1
13 1300 efs e 1 =20 003 0420 Lol 8
14 Torl) foBD  Be f edd Deul 0sln 1149 9
i3' 5.0 or~= LeGl =20 Dev2 Dego 1ot 10
16 .061710043;
17 100, Lo 2. 4. 4
18 25, 0e 0.0
19 09: b; D
20 o5+ <0 10,
21 70 upe 15
$009000005 10000 0003006 600¢ 002200000 00CB000000000000000CI0000900006998053099
1336381 81NNy M GAINBN L LN TRBAUAINPGAACRGH LAV LNUBSNUNINURUBENRIIURIIUNATINNS
RERRRRARARRR AR RARS IR RN RN R R RN RN R R R R R RR R R RN R R RERRRRRRRRREREREREEREERE

(3N

222222222200 222222222222212211212
334333303233 433333331313433313313)
S48 0403800000 8000040040
56555555555555555,555 455555555
9999059904989 9995999.9999499948

frrnnrnrnnnnnnananinnrIn

12227272271222212107222122221221022
137333333333333333333313313313133
‘IlIl‘llo‘l““‘l“l4444444444
§559555555555555555555555555¢6
EEEES9999990089990990000945E109)
1T n

9L 0090000 93 08302309 0030999099999990999099)0)90i8999999092999999948329999949933

DDH
- -

99909999999999999999999599999
TISIN I NN RBUN BN NAN NN NND

909939939
LUBUBRNDN

9997959999999999999999999999999899983929
s BUARBBROEEINUIURFIRABNRBUBUND YN luuhnuud.
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R Ll

Ry

¢ee  OPTIMIZATION PROCEQURE FOR DESIGN OF PACKAuLE CUSMIONING ane

Q:@) 1 8 NIC === LUOE NO, OF CONTAINER MATERTAL 70 BE USEOD - — RPN T
: 3 2 [CmeeurTINIZATIGN COOE SAMPLE PROBLEM #8 (RANDOM

LRSI oo S0y EXCITATION) CONSTANT TEMPERATURE
20 8 M]C === MANIMUM ND. OF ITEWRATIONS FO™ OROP MT, CALC, PEESSEEEE T o
75 2 mxl ==e MAXIMUM NO, OF ITERATIONS FOR GeCONVERGENCE
10 8 mQOM) e=e NUMHER OF ENVIRUNHENTAL FRENUENCYES
3.3590€6=ul ($/LH) 3 CS === CuST OF SHIPHENT

25,00 ( 8 ) 3 Cl === COST OF 1TE¥

125000 (I%,) 2 'CUN e== THICANFL3 OF CONTAINER
22,00 ( F ) = TeML e== (OWEST ENVINONMENT TEMPERATURE
23,00 ( F ) 3 TEMA e=e MIGMEST ENVINONMENT TEMPERATURE

(mad/8EC) 3 OMILI) ALl CF "WE ENYIRONMENTAL FREQ.
W ®2v7BES00L,BAYIBESNLI, 70991 E4017.539R2E4N11.5079E*023.01593E¢020,03100E4021,20637E4032,9127E+D30, 025906403

AD  INP' T FOR WANODM™ EXCITATION
souShEeue L 17000k=0%1,91000ke0%],14000E=0%1,13000E=0%5,09000E~07%,830n0t=0b5,M9000t=02%,09000E=0?7%,09000E07?

15°8) = xLJ([) = ENVIRONMENTAL EXCITATIONS EACM CORRESPONOING TO ONE OF TME ABOVE OMJ(I)S
. ' ., ., ., ., ., ., ., .,

4 T NC o== NyMHER OF CONTAINENWS
a 3 MITEM =ca JTEM NUMBER
U 3 MNMATSee= NUMHER OF MATEWIALS ON FJLE

S8Temal CST=Fag CSTePanr SL=TEHP LWeSIRS HI=STRS GAMMA
1.92n0Fenp $.0000E=N2 1.,0000E=02 <=2.2000E¢") 1,0000E-01 1.,0000€400 1,5000E¢00
$,4NO0E*0Y 5.0000E-D2 1,00006=02 ~b,0000E+01L 1,4000E=01 1.5000E400 2,0000E+00
¢.1600€+00 $.U0DUCE=02 1.0000E=02 <=3,4000E+01 3,0000E=0¢ 3.,0000€-01 2,%N00E+00
1.%400E*0U $.0000€=-02 1.0000€=02 «b,0000E901 2,0000E-01 1.5000E400 8,0000E=01
L.S8NOFeQy $.0000E=D2 1,0000E=02 =%,0000E0L 3.0000E=02 3,0000E=0) 1,5000E+00
1.3008°5u S.200uE=02 1,0000€=02 <=2,0000E¢01 3,0000E=02 $,0000€=0]) 3.0000E+00
1.00C00%egUu S.0000E=-D2 1.0007E=02 =2,0n00E«01 2.,0000E=02 2.0000E-01 7,9000E ¢00
1.0:7"ev00 S$.0000E=02 1.0000€E-02 =2.MNO0QE+0) 3,0000E=02 2.0000€=01 1.1000E+00
*.2001F*0u 5.00U0E=DR 1.0000E=02 <«2,0000E401 1.0000E=-02 1.5000E=01 1.1900E+01
2.,1100E40y 5.0000E-02 1.0000E£=02 =2,0000t¢0) 2,0000E-02 9,0000E«01 1,1100€+01

Gamma C3T=CONTAINER
1.2005fF=03 2.320UE=D3

L2ITEM NyUMHER
1.0000E4022wEIGNT OF ITEM wI( PUUNDS )
1,2000E+013 DIMENSJON PARALLEL TU xeAXIS 2NO LONGEST OIMENSION xL (INCMES)
1.2000k+013 GIMENSION PARALLEL YD YeAXTS IR0 LONGEST DIMENSLION YL (INCHES)

2.%000E9012 DIMENSTON PARALLEL TO Z=AXIS LONGEST OIMENSION ZL (INCHES)
NUMBER 3 .

MATERIAL COUES CONSTOERED ARE 1r 2, v, 10,
MAX=G PCNTeDAM REPLAC »C8T
£.800uke01 3, 0.
b,0000E«01 5,0000E4u0 &,0000E¢00

6,500ukeDl 2,02000keUl 1,0000Eenl
7.0000E¢01 9.N00CE*dL L1,50C0E«0L
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IMUCK TMICKNESS

THE COST I8

SHOCK THICKNESS=3

hakiiad AT T e T pET T T AT T T T .

Tls 3,S000E+00 T2s 3,5U00E+00 T3= 3,5000E<400 1Tis 2,5505E+400 TTe=s 2,5505E+00
Tis 3,S50U0E+00 T2z 3,5U00E+00 T3= 3,5000EeN0 TTLi= 2,2311E400 TTe=s 2,2311E+00
Tis 3,5000E+00 T2s 3,5000E+00 T3z 3,5000E+00 TTL® 2,1569E400 TT2® 2,1549€+00
Tls 3,S50U0E*Q0 T2= 3,SU00E+00 T3s 3,5000E+00 TTi® 2,1511E400 TTe= 2,1511E+00

IS LARGER TMAN VIHRATION THICKNESS

2,0241£¢00 OPTIMUM VIBRATION THICKNESSS 3,2187€=02

MATERIAL % IS BEING OELETED
@ MINIHUM THICRNESS FOR MATERIAL BY AXIS

3.1UB%E«ND 3,1UBSE+0D 3.6565E+00
3.5987E+00 3,5987E+00 3.4550E+00
3.0098E+00 3.0U9dE+00 2.99% 3E+00
2.9322E+00 2.9322E+00 2.b2%1E+00
MATERIAL COOE = ¢ THICKNESS FOR FACE ONE = 3,010 INCMES
2.3 MATERIAL CODE = ¢ THICKNESS FOR FACE TwO = 3,010 INCMES
MATERIAL CODE = ¢ THICKNESS FOR FACE THMREES 2.99¢% INCHES
TOTAL COST/ITEMs 81,01
4 MINCOS=INPUT
COST MATRIX=MATERIAL VERTICAL,AXIS HORIZONTAL
1 <99 .99 .59
H J.2¢ 3.2% 1.55
) o2 .72 «3b
FOR D,U0 PEW=CENT DAMAGE AND A FRAGILITY RATE OFSS,0 G'S

81,01 DOLLARS wITM A MULTIPLICATION FACTOR OF 1,00 TIMES ONE

&

WITH & FINAL COST OF

81,01 OOLLARSFOR OVER SHIPPING

FOR ALLOWING OAMAGE THE COUOST IS

118 3,S5000E+00 T2z 3.,SUOUVE+00 T3s
Tis 3,5000E+00 T2= 3,5U00E+00 T332
Tis 3,5000E+00 T2= 3,5U00E+00 T3=
MATERIAL 3 IS BEING OELETEO
OPTIMUM TMICKNESS = 1.32901E+02

MINIMUM THICKNESS FOR MATERIAL BY &

4,731bE¢00 4,.7316E+00
7.4S4DESDO ?.4540E*00
2.0818E+00 0.

MATERIAL COOE = 1
MATERIAL COOE = 1
MATERIAL COOE = 1

THICKNESS FOR
THICKNESS FOR
THICKNESS FOR

: TOTAL CUST/]TEM=

8B,50
MINCOS=INPUT
COST MATRIX=MATERIAL VERTICAL,AXIS
1 1.51 1.51 ¥
2 be?l b, ?1 1.68
3 FNR S.00 PER=CENT OAMAGE ANU A FR

THE COST IS 88,50 DOLLARS WITH
WITH A FllalL COST OF 93,16 00LL
FOR ALLOWING OAMAGE THE COUST IS

T T T

81,01 OOLLARS/ITEM

i il ' ol

AR AR AR AR AR AN R AN N AR AR R AR R R R R AR AR R R R AR RAR R AR R AR AR AN A AR R R AR AR R R R AN R AR AR AR R AR AR R ARA N R RN RRRARRANRRN N 4 A

TTa® 3,0306E+00
T3z 2,2050E+00
TT38 2,0991E+00
TT38 2,62%1E+00

RARARAR N AR R R RN R AR R R RN R A AR R RN AR AR AR R R R AN R AR ARR A AR R R AR R R AR R AN R R R R AR AR AR ARARR AR R AR A RN ARRARRAARRRANRRN

TT3® 2,9%97E+Q0
TT3s 2,0000E+00
TT3s 2,0506E+00

3,5000E+00 TTi=s 2,407BE+00 TT2% 2,%4078BE<00
3.5000E+00 TTl= 1,9053E+00 7TT72s 1,9053E+00
3,5000€%00 TTix 2,081BE+00 7TTVes 2,081BE+00

MAX ALLOWABLE UPTIMUM TMICKNESS = 1,20000E+0"

XI18

3.9839E+00

3.7270E*00

0.

FACE ONE = 4,732 INCHES

FACE TWO = 4,732 INCMES

FACE THREE= 3.98% INCMES

HORIZONTAL

AGILITY RATE OFb0,0 G'S

A MULTIPLICATION FACTOR OF
ARSFOR OVER SHIPPING

43.50 OOLLAKS/ITEM

1.05 TIMES ONE
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1
ARAAARAANRN AR R R AR AN ANA RN AR AR R AAR R AR AR R AAAR AR AN CRAANRA AR R AR AR AR ARARRARAANRAARRRAARARAARRARARARAARARRANIAAAN

Tls 3,50U0E«00
Tis 3,S000E+00

Tés 3,5000E+00
T2a 3,5000€900

138 3,5000E+00
T3s 3,5000€+00

Tris 2,.2650E+400
TTis 1.579:€¢00

T12s 2,2050E+00
Tres 1,5794E+00

TT3s 2.8007E¢00
TTIs 1,7876E¢00

3.1

3.2

N

MINIMUM THICKNESS FOR MATERIAL BY AXIS
%,5755E+00 *,5255€+00 3.9939€¢00
1.9582E«00 1,9587€+00 1.92722€E+00

MATERIAL CODE = 1
MATERIAL COOE = 1
MATERIAL COO0E = 1

THICKNESS FOR
THICKNESS FOR
TRICKRNESS FUR

FACE ONE s
FACE Two =
FACE THHEE=

%.575 INCHES
¥,575 INCHES
3,98% INCHES

TOTAL LOST/ITEMS 87,98
MINCOSR=INPUT

3 COST MATRIX=MATERIAL VENTICAL,AXIS HORIZUNTAL
1 le¥b J.%b +b¥

3 4 le?b 1.7 K2

FoR 0.U0 PER=CENT OAMaGE AND A FRAGILITY RATE OFbS%,0 G'S

™E CGST I8 87,98 OCOLLARS WITH
wITe A FINAL COST OF
CLR ALLOWING OAMAGE THE COST IS

A MULTIPLICATION FACTOR OF .25 TIMES ONE

109,97 DOLLARSFOR OVER SMIPPING

97,98 OOLLARS/1TEM

BRAARRRARARAR R AR AAARAARAARRAARRAAARARRARAARANAARAAARRAAARAANRAARRRARIAARAARAANAAARARARRARNARARANANRNARRAAANAR

T1= 3,5000E+00
Tis 3,5000€+00

Tes 3,5000E+00
1es 3,5U00E+00

T3= 3,5000E«00
T3s 3,5000E+00

Tris 2.1222E+00
TTls 1,2538E+00

Tres 2,1222E¢00
TTe= 1,2530E+00

T13s 2,7877E+00
TT3s 1,5790E+00

MINIMUM TRICKNESS FOR MATERIAL BY AXIS

%,57?55E+00 ¢,5755E+00 3,.,983%E+00

1.,9587E+00 1.,9587€+00 1.9272E+00
MATERTAL COVE = 1 THICKNESS FOR FACE ONE = ¥,575 INCHES
MATERIAL COUE = 1 THICKNESS FUR FACE w0 s ¥,575 INCHES

MATERIAL CODE = ) TWICKNESS FOR

FACE THREEs 3,98% INCHES

{ TOTAL COST/ITEMz 87,98
MINCUS=INPUT
! COST MATRIXeMATERIAL VERTICAL,AXIS =ORIZONTAL
J 1 1.%b 1.%b b¥
] 2 1.76 1.7 .8?

FCR RO,uUD PER=CENT OAMAGE AND A FRAGILITY RAYE OF?0,0 G*'S

TE COST IS 87,98 OOLLARS wITw
wITr A FINAL COST OF
$0R ALLOWING OAMAGE TrE COST IS

A MULTIPLICATION FACTOR OF $,00 TIMES ONE

$39,90 CULLARSFOR OVER SMIPPING

102,98 OOLLARS/ITEM

CVER SHIPPING DATa
THE OPTIMUN COST I8
THE FRAGILITY RATE IS 55,0 G'S

THE PER=CENT DAMAGE I8 0.0

THE MULTIPLICATION FACTOR I8 1.0

THE OPTIMUM THICXNESS FOR FACE ONE
THE QPTIMUM THICKNESS FOR FACE Tw(

TmE OPTIMUM THICKNESS FOR FACF TMREE I8

81,01 DOLLARS

138 3,010 INCHES IF MATERIAL,
18 3,010 INCHES IF MATERIAL
2.,99% INCHES IF MATFRIAL

v I8 USED
v I8 LSED
v 18 USED
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DAMAGE ALLOWABLE DATA

TRt OPTIMUM COST I8 81,01 DOLLARS
TrE FRAGILITY RATE IS 55,0 G'S

THE PER=CENT DAMAGE IS 0.0

THE REPAIR COST/ITEM =2 0.00 DOLLARS

©

THE OPTIMUM THICKNESS FOR FACE ONE IS 3.010 INCHES IF MATERIAL & I8 USED
3.4) THE UPTIMUM THICKNESS FOR FACE TWwO IS 3,010 INCHES IF MATERIAL 4 I8 USED
THE OPTIMUM THICKNESS FOR FACE THREE I8 2.,99% INCHES IF MATERIAL % 18 USED

3.5)OVERSNIPPING IS THE BEST POLICY

-~

AR A RA AR R R AN AR AR RN RARNARER AR RR AR RRRR AR RARRRARNRCRRRNRRARRRRARNRANARRRNRRRNARARARARNANAR
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Card

Tk W N e

o

10
1

"
&

13
14
15
16
17
18
19
20
21

ety dds dran

SAMPLE PROBLEM NUMBTR NINE
INPUT DATA CARDS

oluzulzowno.u:qoor.45,'0.0.\ Ve 29t U-U" 1260 v T7£,000.¢
1 [ ] .

6{"3 6‘;53 lz:;bb 3j4e 129028, lc“'""b’l"lfs"“iqf’-‘3’b'“-S/SVh'.'.OonuJ-IV

0;: 0{5 l? 2; Se e Ji 31 3- 2. :;
Jhe o 1

1194 0;0: Oorl =24, 0.10 te00 le5

51.“0 0;-: Ot. i -b"; 0.14 l;bu 20 2
2;[0 o: 5 0. | X' 0.0 0.30 2.4 3
liuﬂ 0:»: 0. | X' 0440 le50 0.8 4
leS0 Of'b Coa | =40 0.03 030 leb A
le3ds 0e'5 0e°1 ~20. 0.0U3 0+50 3.0 L
l:oo G%fb Ce .l =20 0su2 0+20 79 7
1:00 n;.n 0e I -£0. 0.03 0.20 le. 8
e20 0eld> [0 | =Lvs 0..1 0« i> 1l.9 9
Z%II 0. 5 041 -20¢ 0.02 080 Llet 10

«0017.0U23.
|

i 05. . e 1 2. 12 4
55 0.0 0.v
bo; Se [ 3
65, 20 “e
70: 80 15

shcconnnnsoi GonaannnoncoaaaaooaboRRRRRRBOCCEOO000OGOGOPORDRROBEOBE00008C8000088
P11 I MU BRI RAA A AN DU AN I NN B HMEU I UR RN U NN BNV SU IO URNI TAND I ANS
IR RN RN AN R AR RN R R R R R R R R R R R R RN R R RN R R NN R R R R R AR R R RN R RN RN R AR R AR AR
1221122222221 12102

BININNINININNINIIIININN

MmN
3303333333333 333333333033333133
N N RN RN NN NN NN RN
$9995959955555555555555555855

Gl
5555555555555555555550 55555555
IO H I CONODOCOBOOBEOICOBEEEEIOEEEEEN
hmmmnonmnmnannnnn IR AR R R RN R R R RN R R RRARRRRRRRR
N N R R L N R T R R R N R R N R N RN RNy
T

nNnunAneEnN

n

Boem

oo

ssannannocsacsannnnnnnRRsaRs b0 RbRRBRRORRRRRRRORARRBRRNNNNNEND
EERENREREY

] ]
] ! IRV B NHURE FE-BERFRERESRE-RERRARYNINNENESINESIEEFES RS LY NN NN YN A "
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sen  JPTIMITATIDON PRT -+ _RE POR UFSILN OF PACKAGE CLIMIONING ane

(oo MIIr[Z4T10N C(OE

SAMPLE PROBLEM #9 (MULTIPLE SINE |
EXCITATION) CONSTANT TEMPERATURE

e llTe ees (Tpw W mkpw
¢ 5 W] eee waolm M N, B [TE6aCICS FOR CHQP WY, TaLC,
SUoa my, mee Mapiw oMo b (YERATL NS FUR Ge{lnyENGENTE
i1 8 % M) mee t wpfe b ENvINCNMENTAL FREGLENCIES
1,446 v=1 (8. 2 (3 e=e ((S8Y P Smllupst

,m 1 5 ANIC === (N0E NO, OF CONTAINER MATERIAL 10 BF yUSEO ]
|
H

es,uh (% ) ' (] eee JUST CF [Tg™

W1@GLIN (1%,) 3 TTUN eee TH]CRNESS OB (OANTAINER
22,00 (F ) m TEML eee  (OREST ENVIWONMENT TEMPERATURE
Yo it L b ) 8 TEmMn eee  wlunf 8T pNvIR(AMENT TEMPERATULE

UNAD L REL) B LMY e, F Yep EnelW NMpNYAL FREG,
228 100F0un, PHICEOUIT250b0E023,19159E 0N, 2030080021 00N NEP0IT, 1% 8F+039,0023E¢025,05%07€4035,%6%03¢030,28319€+03

EET T T BOR WANDUM £xL1TATION
- . - " . -

o P TalvwptYe, ERCITATIONS EACm CONRESHONTI NG 10 PRE CF YME BRCvE CMJIET)S
EouateSuni0ubem 2 0L B e I, UnrrrEenn3 0 5T ke0uI,00GOUE*06I,00000€0003,u00n0E«003,00000€+4003,000G0€000

s 2 ND eee o mHENH b [ONTAIRENY
L 2 WITEM eee | pu oo, whiw
Lo K ®uNMATSesa n wppw F wiTpWIarS N FILF

RN % CSteban Caleban SLeTfup Ln=8TRS mleSIRS (Y LLTY
Lo~ b e 5. B ACS 1e77°00Fe3?  ee,2007ke7) l.PﬂGOS-O% 1.9000¢E +L0O 1.:CCDE090
Soefyfer. $e). JiE=02 1.,0CN0F=c2 en,rn00EeD) 1,%039F-01 1.5000t+00 2.,00uLFe00

e anribe Se3 LiE=UQ LoD RE="2 =3, e"NNFeN] 3.0000F=02 3.0000t=01 2,°000te00
beeel2t ey S.1d0.Ee02 1,0nn0t=u2 b, nr0pEen) 2,0000€=01 1.500nte00 8,0000€=01

1,500 e Lenh CFeg 1, UNQrEeng  ew angnte] 3. NoN0Eeye 3,100N0t-01 1.,5000€0 20
Lo3nCfeny . bne=ne 1,CHnnfend «2,00UNEeNt 3,00N0E=02 3,00N0E-0} 3,0000E00
Loam Fegu LT, bemd LettNube g e 00 ke0] P Ninut-yp ¢.nNANNLeL] 7,9000¢t 050

SelJbe2 1.,N0nrgevd e, n00GkeN] 3. TUCNE=y? 2,90908=0) 1. 1060k N0
LS 2 Lol PuFeté =¢,370Nke7] 1,000 =02 1.5000L=0} 1.,1900¢ 004
S, "LNEene 1.,0000E=C2 =2,7700Ee00 2,0CCOF=r? 8,nN00n0E=0) 1,110%°€ 0}

[T LLT Co = OnTAlNEN
Le? fubeiy eedcLt="3

MR IR L 1%

smflon~t TF ITEM ml oBD )

CrMENS TN PaRALE, LIS 20T LONGEST TIeseSI0nN sl (INC=ES)
JiME LRI PARALEL TO Yeaal8 397 CUNGFST DIMESSION L (INCmES)
DM SN PaAMAC B T 2=A3 1S (TAGEST SIMENSICH IL (INEmES)

.
S JINSTFwED ads 1 2. . be 1M
PrNtalaw QpPLACE=CY”
‘o".. . e
L3 O SN L R T ] X34
matiLibe o f, T kel e vken
T,P005te L w, L Thep 1,500 ;fer}
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= e e

RN AR AN AR SRR R AR N R RN AR R AR N R AR AR R RAARR RN RAARARAAARARRAARR TR ARSI AN NRAARAARRARRRRNRAARARARAAAAAAARAARARIAN

{) 1 *l® 3,50UUE*0) Tez 3I,SUO0E*n0 TI&% 3,5000E¢00 TT1lzs 2,77299E¢00 7TT72% 2,72799E¢00 TY3=s 2,7799E¢00
. 11 3,50u0Eev0 T2= 3,5¢00E+00 T3z 3,5000¢e00 TTjz 2,67b1Ee00 TT2s 2,6761E¢00 71732 2,67b1E¢00
Tiz 3,5000E+00 T2z 3,5000E+0n T32 3,5000F¢00 TT1s 2,%4B3E00 7TT2s 2,%483E200 TT32 2.4¢83E+00
Tie 3,5000E*00 T2= 3,5U00E*00 132 3,5000E¢00 TTlz 3,912bE¢00 TV2s 3,912bEe00 77733 3,912bE+0Q0
Yis 3,5000E*00 Tt2s 3,5000E¢N0 Ts% I, 5000Ee00 TTiz 2,424QE¢00 TT22 2,%2¢9Ee0C TT32 2,42¢9E«00
MINIMU® THICRNESS FOR MATERIAL BY AX1S
é:?) 3,1°0%€00 3.120%F«00 3.120%E*00
3.61¢5E¢00 3.012%E¢00 J.plesEr00
3.0213E+00 3,0213€E¢00 3.0213E+00
h.lbd3feny b, lb83Ce00 belbb3IECOO
2.9%35£+00 2.9%35E¢ND 2.9435E+00
5 3) #ATERIAL CODE ® & TWICKNESS FUR FACE ONE & 3,021 INCHES
Vo' “ATERIAL CODE % THICKNESS FOR FACE TwU = 3,021 INCHES
“ATERYAL COOE = ¢ THICANESS FOR FACE THREES 3.021 INCKHES
. TOTAL COST/ITEMZ:  §7,9%
Lo WINCSseINPUT
©OLNST MATRIX=MATERIAL VERTICAL,AX1IS HMORIZONTAL
5 .5h .50 .50
2 leb3 1.b3 1.8)3
. o3 13 13
3 76 70 .70
1n .52 .52 .52
(2] U0 PEP=CENT UAMAGE AND A FRAGILITY RATE UFSS,0 G'S
2.5) tnt COST 1§ 57.9% OOLLARS WITW « MULTIPLICATION FACTOR OF 1,00 TIMES ONE

wlTr & Fltal COST OF
$CR ALL.ORING OAMAGE THE COAT IS

$7.3% OOLLARSFOR UVER SHIPPING

$7.9% OOLLARS/ITEM

B E AR RN R R R AR RN A AN AR PR R R RN R RARAR AR R AR RRARERRARARRARNANRN A AR ARARARNARATARRARRRARRARANAARAARARAARER

Tl= 3,50U0E+D0 T12= 3I,SuCCE*ON 132 3,5n0Nkeun TTlzs 2,bbloEe00 TT2= 2.bblbEe00 TTIZ2 2,bblbEeqD
Tls 3,50U0E*00 T2= 3,SGOOE*O0D T3I® I, S000Eeul TT1z 2,4155F¢00 TT2s 2,%155E¢00 TT32 2,4155E+00
Tl 3,50u0E*00 T2= 3I,5u00E*00 T3= 3,5000Ee0n TT)z 2,3%42E¢00 TT2x 2,3%42E¢00 TT32 2,3%%2E«00
L 3,50u0€+00 T2z 3,5uCNke00 T32 3I,SOUNEegn TTlz 3,BbN0Ee00 TT2= 3,0600E+00 TT3® 3,8600E+00
Tl 3,50u0€*0u T2z 3,5u0CL«00 T3I= 3,5000te00 TT1z 2,3853E¢00 TT72% 2,3853Ee0C TI32 2,3853Ee0"
MINIMyM THICKNESS FOR MATERIAL BY AXlS
3.120%E*00 3,120¢t¢00 3,120%E¢00
3.h12SEeV0 3.6125F¢00 3.bleSEeny
3,0PL13k00 3,0713Ee0n 3.0°13€e0NN
b, lhEIE0Q0 v.lb83Ee0DN helbBIECON
2.9%35EeN] 2.9+ 35E«00 2.9%35E 0D
“aTEW]AL (OGE = s Tr]CRNESS FOR FACE ONE =2 3,021 INCHES
MATEW]lAL CODE = 4 TWu]CKNESS FOR FACE Tw0 = 3.021 INCHES
MATER]AL COOFE = o THICKNESS FOKk FACE THiEE=x 3.021 INCHES
TOTAL LCST/1TRM= §7.9¢
wInCIg=INPYT
CUSY MATRIN«MATERTAL VvERTICAL,AXTS HMORTZONTAL
i oSt «50 S0
N leb?d labhl 1,03
. «3b 3k «3b
b o0 e ?0 .70
10 «S¢ 52 .52
(L] 5,U0 PER=CENT DAMAGE AND A FRAGILITY RATE CFoND,0 6'S
Tk CA5ST IS 57,4¢ DOLLARS wiTm & MULTIPLICATION FACTOR NF 1,05 TI~ES ONE
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v e — g T

'- A Ty T T IR R YOS Ty T e -y
e i g YT T _
L O @ B AR 28 B i .

wiim & FINAL COST OF B0.99 DULLARSF{ 2 OVER 9niPPING
FOR ALLOWING DAMAGE THE COST IS 58,9% OOLLARS/ITEM

RARRRRA AR AR R RN AR R R R AN RN AR AR R R AR AR R RN RARAR AR R R RAR AR AR R R AR RN AR RN RN ARARAARN AN ARARNNANRARRENARRRAANN RS

113 3,SO00E*00 T2= 3.SUOO0E+90 13% 3,S000EeNQ 1T13 2.5%33€¢00 TT 2 2,5%332¢00 TT3IZ 2,5433€400
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OPTIMUN COST 18 57.9% DOLLARS
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G. Material Selection and Cataloging

1, Literature

The literature on cushioning mate~ials is very large and being
expanded, Most of the cushioning material data is empirical; however,
work has heer done to improve the generation of material data through
analytical methods. Cushioning materials can be divided into three broad
groups:

(1) RESILIENT materials - These materials absorb .relatively
small amounts of energy and recover most of the cushion
thickness in a short time, An example is a lightweight
open-celled plastic foam.

(2) QUASI-RESILIENT materials - These materials remain
resilient under small excursions; however, under large
distortions do not recover completely,

(3) NON-RESILIENT materials - These materials are used
for one-time absorption of very large amounts of energy
and the material performs its function once. This type
of material is not applicable to this project.

The data on materials was available primarily from researchers
with very little data obtained from the manufacturer, The most common
practice is to present the data in terms of peak acceleration (ap in g's)
versus static stress (0g in psi). These curves are normally illustrated
parametrically in terms of cushion thickness, T. in inches, and drop
height, h in inche:,

2. Selection

The selection of materials to be cataloged was based on infor-
mation gathered throughout this effort, Table XIII lists the materials se-
lected and cataloged. For each material (Table XIII) which was cataloged
into the materials data compucer file, there is a material code. For each
material code there are a number of parameters which describe *the
cushioning material used. Tables XIV through XXIII provide the use:r with
physical descriptions of particularly coded materials, For example, if
the selected material code from the program was 1, the user would know
that the material was a urethane foam (ether type) with a density of 2.0
1b/ft3. The user would know that the SHOCK DATA in the computer pro-
gram was cataloged from the indicated Data Reference Source, for a density
of 2.0 1b/ft3, for the four listed drop heights, for the listed thicknesses,
and for a temperature of 72°F. Also, as a part of the cataloged file is the
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TARLE X1l
CATALOGED MATERIALS

Material Code Mateial
1 {Trethane Foam
2 Foamerd Polyethylene
3 Felt
4 Exparded Resilien’ Poiystyrene
5 Rubberized llair
h Cellulosic
7 Vinyl Foam
8 Fiber Glass
e Rubber Foam
10 Air Bubbles

range of Optimum Static Stress of 0,10 to 1,00 1b/in.2, and the Safe Low
Temperature of -22 F. Likewise, the user would know that for the
cataloged VIBRATION DATA, data were obtained from the incicated Data
Reference Source for the parameters of Density, Static Stress, Thickness,
and Temperature listed,

Figure 0 illustrates the typical data form for peak acceleration
versus static stress curves, This data form was converted into digi:al
tabulation for computer compatibility, The previously described inte=-
polation program will be used for the material data. This program uses
a sophisticated and accurate Lagrangian parabolic interpolation techniqueM)
Thus, with a minimum amount of digitized data, these empirical curves
can be represented for computer usage.

Figure 10 illustrates the availability of recorded optimum static
stresges, The inclusion of this data reduces the iterative process within
the physical optimization routine of the computer program because it
readily eliminates some candidate materials,
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TABLE XIV
URETHANE DATA

Material Description:

Urethane Foam (Ether Type)

Material Code: 1
Density in Data File: (1b/ft3) 2.0
R fD:f;c Parameters for
eerence SHOCK DATA
Source

MIL- Hdbk. 304 (5)

From Data Plots

Mustin, SVM-2 (1)

PB 167372, Zell (6)

Commercial Quote
to SwRI

Estimated

Estimated

Density: (1b/ft3)

Drop Heights: (in.) 18, 24, 30, 36
Thicknesses: (in.) 2, 3, 4, 5
Temperature: (OF)

Range of Optimum
Static Stress: (1b/in.2) 0.10 to

Safe Low Temperature: (°F)

Parameters for
VIBRATION DATA

Density: (1b/ft>)
Static Stress: (lb/in.2)
Thickness: (in.)
Temperature: (OF)
COST DATA
Material Cost: ($/ft3)
Fabrication Cost: ($/min)

Packing Cost: ($/min)

2.0

72

1,00

-22
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TABLE X\
POLYETHYLENE DATA

Muarerial Deuscriptior:

Polyethylene Foam

AMatersial Code: 2
Density in Data Filo . (1b/ft3) 2.0
Dat
Rer’eiez:‘ce Parameters for
' SIIOCK DATA
Source
MIL- Hdbk. 304 (5) Density: (Ib/ft3) 2.0

From Data Plots

Es:imated

Estimated

Estimated

Estimated

ws:imated

Commercial Quote

tc SwRI

Estimated

Estirmated

Drop Heights: (in.,) 18, 24, 30, 36
Thicknesses: (in,) 2, 3, 4, 5

Temperature: (°F) 72

Range of Optimum
Static Stress: (1b/in.2) 0.14 to 1.50
Safe Low Temperature: (“F) -€0

Parameters for
VIBRATIO!!I DATA

Density: (1b/ft3) 2.1
Static Stress: (1b/in.2‘; . 1.0
Thickness: (in.) , 2.0
Temperature: { F) e

CCST DATA

Material Cost: ($/ft3) 5, 40
Fzbrication Cost: ($/min) 0. 05
Packing Cost: ($/min) 0.0l
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TABLE XVI
FELT DATA

Material Description:

Wood Fiber Felt

Material Code: 3
Density in Data File: (1b/ft3) 2.4
R fData Parameters for
. SHOCK DATA
Source
MIL-Hdbk 304 (5) | Density: (Ib/ft3) 2.4

From Data Plots

Mustin, SVM-2 (1)

Estimated
Estimated
Estimated
Estimated
Commercial Quote
to SwRI
Estimated

Estimated

Drop ieights: (in.) 18, 24, 30, 36

Thicknesses: (in.) 2, 3, 4, &
Temperature: (°F) 72
Range of Uptimum

Static Stress: (1b/in.2) 0.03 to 0,30
Safe Low Temperature: (°F) -34

Parameters for
VIBRATION DATA

Density: (1b/t3) 1.8
Ctatic Stress: (1b/in.2) ) 0.08
Thickness: (in.) 4,0
Temperature: (_F) 72
 cosT DATA
Material Cost: ($/ft3) 2.16
Fabrication Cost: ($/min) 0.05
Packing Cost: ($/min) 0.01
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TABLE XVII
POLYSTYRENE DATA

Material Description: Polystyrene (Expanded Resilier*)
Material Code: 4
Density in Data File: (1b/ft3) 0.8

Data

Parameters for

S SHOCK DATA
Source
MIL-Hdbk. 304 (5) Density: (1b/ft3) 0.4 to 1.5
" Drop Heights: (in.) 18, 24, 30, 36
" Thicknesses: (in.) 1, 1.5, 2, 3, 4, 6
" Temperature: (°F) 72
From Data lots Range of Optimum
Static Stress: (1b/ii.2) 0.20 to 1.50
Mustin, SVM-2 (1) Safe Low Temperature; (°F) -60
Parameters for
VIBRATION DATA
3
PB 167 372, Zell(6) | Density: (1b/ft3) 0.8
" Static Stress: (lb/in.z) 1. 46
i Thickness: (in.) 5.0
i " Temperature: (°F) 72
COST DATA
Commercial Quote
to SwRI Material Cost: ($/ft3) 1. 44
Eytimated Fabrication Cost: ($/min) 0.05
Es:imated Packing Cost: ($/min) 0, ¢}

“1 irch only for 18, 24, 36 inch drops.
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TABLE XVIII
RUBBER HAIR DATA

Material Description:

Material Code:

Density in Data File: (1b/ft3)

Rubberized Hair
5
1.5

Data
Reference
Source

MIL-Hdbk. 304 (5)

From Data Plots

Nustin, SVM-2 (1)

Estimated
Estimated
Estimated
Estimated
Commercial Quote
to SwRI
Estimated

Estimated

Parameters for
SHOCK DATA

Density: (1b/ft3)
Drop Heights: (in.) 18, 24, 30, 36
Thicknesses: (in.) 2, 3, 4, 5

Temperature: (o )

Range of Optimum
Static Stress: (1b/in.2)

Safe Low Temperature: (OF) *

Parameters for
VIBRATION DATA

0.03 to

Density: (1b/ft3)
Static Streas: (lb/in.2)
Thickness: (in.)
Temperature: (°F)
COST DATA
Material Cost: ($/ft)
Fabrication Cost: ($/min)

Packing Cost: ($/min)

1.5

72

0. 30

-40

1,48

. 256

3.0

72

1.58

0. 05

0.01
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TABLE XIX
CELLULOSE DATA

Material Description: Cellulose Wadding, Asphalt Treated
Mate-ial Code: 6
Density in Data File: (1b/ft3) 3,0 (Estimated)

Data

Parameters for

Reference SHOCK DATA
Source
MIL-Hdbk, 304 (5) Density: (1b/ft3) 2,91
" Drop Heights: (in.) 18,24, 30,36"
" Thicknesses: (in,) 2, 3, 4, 5
Temperature: (OF) 72
From Data Plots Range of Optimum
Static Stress: (1b/in.2) 0.03 to 0.50
Estimated Safe Low Temperature: (CF) -20

Parameters for
VIBRATION DATA

Wilson, L. T. {(n

Sandia Labs Density: (1b/ft3)** 2.91
" Static Stress: (1b/in.2) . 268
Thickness: (in.) 3.0
" Tempergture: (“F) 72
COST DATA
Commercial Quote
‘o SwRI Material Cost: ($/ft3) 1, 3¢
I stimated Fabrication Cost: {$/min) 0. G5
Eygtimated Packing Cost: ($/min) G. 0]

“"Drop Height 36" was estimated,
"“"Compression of 16, 7%.
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TABLE XX

VINYL FOAM DATA

Material Description:
Material Code:
Density in Data File: (1b/ft3)

Vinyl Foam
7
7.9

Data
Referenc Parameters for
elerence SHOCK DATA
Source
Estimated Density: (1b/ft3) 7.97
" Drop Heights: (in,) 18, 24, 30, 36
" Thicknesses: (in.) 2, 3, 4, 5
" Temperature: (°F) 72
From .. Plots Range of Optimum
Static Stress: (Ib/ir.2) 0.02 to 0.20
Estimated Safe Low Temperature: (°F) -20
Parameters for
VIBRATION DATA
Wilson, L. T. (7 *
Sandia Labs Density: (1b/ft3) 7.93
" Static Stress: (1b/in.?) . 266
" Thickness; (in.) 3,0
" Temperature: (OF) 72
COST DATA
Estimate: Material Cost: ($/ft3) 1.0C
Estimated Fabrication Cost: ($/min) 0. 05
Estimated Packing Cost: ($/min) 0. 01

“Compression of 16, 1%,
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TABLE XXI
FIBER GLASS DATA

NMaterial Description: Fiber Glass
Material Code: 8
L Density in Data File: (1b/ft3) 1.1
]
Dats
Refei:;ce Parameters for
SHOCK DATA
L Source
MIL- Hdbk. 304 (5) Density: (1b/ft3) 1.1
’ Drop Heights: (in.) 18,24 , 36, 36
" Thicknesses: (in,) 2, 3, 4
i
Temperature: (°F) 72
From Data Plots Range of Optimum
Static Stress: (Ib/in.2) 0.03 to 0.20
Estimated Safe Low Temperature: (°F) -20

Parameters for
VIBRATION DATA

Wi'son, L. T, (7)

S.ndia Labs Density: (1b/ft3) 2.0

" Static Stress: (1b/in.2) . 256

" Thickness: (in.) 3,0

| " Temperature: (“F) 72
; COST DATA

Estimated Material Cost: ($/ft3) 1. 00

Estirnated Fabrication Cost: ($/min) 0,05

Estimated Packing Cost: ($/min) 0.01

"18, 24, 36 inch drop heights were estirnated.
" “Compression of 15, 8%,
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TABLE XXII

RUBBER FOAM DATA

Material Description:

Rubber Foam

Material Code: 9
Density in Data File: (1b/ft3) 11.9
Data
Reference
Source
Estimated Density: (1b/ft3)

From Data Plots

Mustin, SVM-2 (1)

Wilson, L. T. (7)
Sandia Labs

Commercial Quote
to SwRI

Estimated

Estimated

Drop Heights: (in.)
Thicknesses: (in.)
Temperature: (°F)

Range of Optimum

Static Stress: (lb/in.z)

Parameters for
SHOCK DATA

18, 24, 30, 36

Safe Low Temperature: (°F)

Density: (1b/ft3)

Parameters for

VIBRATION DATA

Static Stress: (1b/in.?2)

Thickness: (in.)

Temperature: (°F)

Material Cost: ($/ft3)

COST DATA

Fabrication Cost: ($/min)

Packing Cozt: ($/min)

72

0.01 to 0,15

-20

4,20

0.05

0.01

“Compression of 3. 0%,
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TABLE XXIII
AIR CAP DATA

Material Description: Air Cap

Material Code: 10

Densiry in Data File: (1b/ft3) 1.1
Data

Parameters for

Reference SHOCIK DATA

Source

Kinetic Systems,
Inc. (8) | Density: (1b/ft3) 1.0

Drop Heights: (in.) 18, 24, 30, 36

. Thicknesses: (in.) 1, 2, 3
" Temperature: (‘1) 72
From Data Plots Range o~ Optimum
Static Stress: (1b/in,%) 0.02 to 0.80
Estimated Safe Low Temperature: (°F) -20

Parameters for
VIBRATION DATA

Estimated Density: (1b/ft3) 1.8
" Static Stress: (Ib/in,?) 0.08
" Thickness: (in,) 4.0
" Temperature: (°F) 72
COST DATA

Commercial Quote
to SwRI Material Cost: ($/ft3) 2,11
Estimated Fabrication Cost: ($/min) 0.05
Fatimated Packing Cost: ($/min) 0.01
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3. Materials Data

For each material listed in Table XIII, there is 1 coded file
containing the following:

Format

Data on Digk File for Each
Package Cushioning Material

Shock Environment

Record No.

(E7.0, 5I2) 1

E7.0

12

I2

{512) 2

I2

I2

12

RHOM, DRPH, ICODE

RHOM - Specific weight of the material (PCF)

DRPH - Drop height
ICODE - Code used in updating files

NT, NTH, NS

NT - Number of temperatures (Max, = 5)
NTH - Number of thicknesses (Max. = 10)

NS - Number of stresses (Max, = 10)
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Format Record No.

(11E7.0) 3 (T(I), I =1, NT)
F E7.0 T (I) - One of the tempe-atures at which data is
3 recorded (degrees fahrenheit)

(11E7.0) 4 (TH(I), I =1, NTH)

E7.0 TH(I) - One of the material thickresses con-

gidered during data gathering

(11E7.0) 5 (SIG{I), I- 1, NS)
F E7.0 SIG (I) - Static stress at a poir‘
DO XX K=1, NT

DO XX I =1, NTH

(11E7.0) 6 XX READ (MS, F) (TABi(I,J,K), 1- 1, NS)
] thru
] (NT) « (NTH) TAB1(1,J,K) = G = F(Thickness, Stress,
% Temperature)

where (NT)«(NTH) = (5)x=(4) = 20
fcr the 18-inch drop height,

The preceding type of information is also stored for the 24-inch drop
height, 30-inch drop height, and 36-inch drop height, respectively.

Next is the vibration environment which consists of the following:

The first record number for the vibration data will be £4rs + 1,
gince the last record of the shock data (4rs) will be

frg = 45 + (NT]S)" (NTHIS) -+ (NTZ4)*{(NTI’“’24)

+ (NT30) + (NTH3g) + (NT3¢) = (NTHzg)

where for NT; and NTH; the subscript i denotes the indicated drop
height,
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Input Data - Disk Files

Vibration Environment

Fo:rmat Receord No,

(E7.0, 512) 4rs + ! RHOM, MTS, MOMS

E7.0 RiIOM - Specific weight of the material (PCF)
12 MTS - Number of temperatures (Max, = 10)

12 MOMS - Number of frequencies (Max, = 1M
(11E11.4) £rs + 2 (TS(I), 1 -1, MTS)

El1l. 4 TS(I) - A temperature at which data is reco~ded

(degrees fahrenheit)

(11E11.4) (QMS(D), I =1, MOMS)
E11.4 QMS (D) - A frequency at which data is recorded

(rad/sec)

DO X 1=-1, MOMS

(11Ei1.4) irs + 3 X READ (MS, F1) (TABI(I,J, 1), J =1, MTS)
thru TABI1(I,J,1) - ER = F(Temp., Freq.)
srs « MOMS DO XX 1=1, MOMS

(11E11,4) Lrs+ MOMS XX READ (MS, F2) (TAB2(1,1,1),J =1, MTS)
i1 thru TAB2(1,7J,1) = EL/ER = F(Temp., ¢freq.)
Irs + MOMS
+ 1+ MOMS

Tlie complete shock and vibration data file printout iz avai’able
from the cognizant project engineer at U, S, Army Natick Laboratoriecs,

fi. Optimization Technique

The general concept of an optimization process involves the pro
blem of minimizing a function of several variables, wherein the vasiables
are subject to a set of constraints, The function to be minimized is
generally referred to as a cost function and for the present problem it is
exactly that, an expression of cost, The conditions of constraint for the
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package problem involve numerous variables mo :t of which deal "wvith either
the protection of the packaged item and thus the cushioring designs that
meet the required fragility limits for a given shipping environment, or are
of concern in the total weight and cube of the package for purposes of
determining the cost of shipping.

Unfortunately, the constraint equations ior this prohlem cannot be ‘
explicitly written out in functional form, such as in the form of inequalities,
since most of the cushion design variables are in the fo:'m of various graphs
which are s'ored as discrete variables; iikewise, packaging exterior con-
tainer designs and shipping costs 2re also in discrete form. Therefore,
an optimization solution technique such as linear programming(s) does not
conveniently lend itself to the present problem.

Thus, the optimization technique used in this computer-aided design
procedure is to take the specified problem input values and use the input
data in conjunction with the data stored for each material in an iterative
process, The iterative process will finally produce only those materials
which will meet all aspects of the shipping problem. The optimum material
is finally selected on the basis of least cost,

After the input data are read by the computer, the three tempera-
tures are set by using the specified high and low ternperatures and a third
temperature halfway between the two extremes.

Those materials that cannot provide protec:.on throughout the speci-
fied temperature range are eliminated. If the static stress of the shipped
item is outside of the optimum static stress range of a material, that
material is eliminated from further considcration,

I Package Cushioning CAD Prcgram User Guide

To use the CAD Program, OPPACK, for the design of package
cushioning, the user must be able to adequately understand, define, and
describe his package cushioning problem. A very simple step-by-step
tabulation of the required input data to the CAD Program CTPACK, is
shown in Table XXIV

Sample Problem No. 1

The problem is to optimumly ship a 12 in, x 12 in. x24in,,
100-1b item in a cardboard contained from Point A to Point B.

The package cushioning engineer completes the information in

Table XXIV and codes the computer sheets for keypunching. The punched
cards would appear as shown in Table XXV,
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TABLE XXIV

STEP-BY-STEP CAD PROGRAM, OPPACK,
INPUT DATA REQUIREMEN1s FROM USER

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
Step 6.

Step 7.
Sten 8,
Step 9.

| Step 10,

Input Data on Card Number One

What is the shipping container material?

Wood - NIC =
Paperboard - NIC =
etc.

Which type of vibration optimization is to be used?

MIL-STD-810B - IC =1
Multiple sine - IC=2
Random - IC=3

What is the Item Number?
Set IITM =1

What are the maximum number of iterations needed for
convergence of drop height calculations?

MIC =

If the number of iterations are unknown,
Set MIC = 20

Set MXI-=0

What is the number of environmental frequencies which are

going to be provided as input? (Up to a maximum of 11)
MOMJ =

What is the cost of shipping?
cs=__ ($/1b)

What is the cost of the item?
Cl= _ ($)
What is the thickness of the shipping container?

TCON - . —. (in.)

(.

What is the lowest environmental temperature ()F) io
which the item will be exposed?

TEML = _

o]

("F)
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TABLE XXIV (Contd.)

Step11.

Step 12,

Step 13,

Step 14.

What is the highest environmental temperature (OF) to
which the item will be exposed?

¢}

TEMH = _ (F)
NOTE If (TEMH - TEML) < ZOQF, make TEMH = TEML

Input Data on Card Number Two

What are the er..ironmental frequencies (radians/second) in
ascending order up to a maximum of 11 (i.e., MOMJ £ 11)
from Step 62

If the environmental frequencies are UNKNOWN, use
6.283, 62,83, 125, .0, 314,159, 628,300, 1384,96,
3114.59, 4398,23, 5654,87, 5969.03, 6283.19

(rad/sec).

Input Data on Card Number Thiee

What is the Power Spectral Density (I’SD), g2/Hz value at
each of the corresponding environmental frzquencies in
Step 127

If the ewvironmental frequencies of Step 12 are used and PSD
values are UNKNOWN, use

0. 000366, 0,000517, 0. 000191, 0,000191, 0, 000113,
4.09(10)-7, 5.83(10)-%, 5.09(10)-7. 5. 09(10)-7, 5, 09(10)-7
(g¢/Hz).

Input Data or Card Number Four

What are the environmental acceleration levels, g, which
correspond to the anvironmental frequancies in Step 12?
If the environmental frequencies of Step 12 are used and
acceleration levelz are UNKNGOWN, use

0.5, 0.5, 1., 2., 3., 3., 2., 3., 3., 3., 3, (g
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TABLE XXIV (Contd.)

Input Data on Card Number Five

Step 15. How many difierent types of containers are there to be
S Uik YP
considered?

NC =
What is the Item Number?
; MITEM =

MITEM - is an arbitrary number assigned to the item being
3 shipped, MITEM must not be greater than two
digits (i.e., 99). The following must exist:
MITEM = IITEM = ITEM,

What is the namber of materials on disk file?
MNMATS = 10
MNMATS (Columns 5-6) oa Card Number Five should be the

followiang (i. e., 10) until modified by Natick Laboratories.
Check with cognizant engineer.

JISER

TR0 NBINEIO009NNNoNRNNRIBeINOOCOCLI00000%0009 0RO RIUINRYONCERUcIRIYE

)
1IN DUNHITNIAREAUNRIAAMNNNNUDBBUNNANTOUABTEIRNNNUIBUNUIBRTUBURNENANNNNARDA.. B
1

AR RRRERE 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 AR R RN E R N

1
11

222222222222222222221 121010
NI

27222222222222222222222221221222

IjiNNNNNINININININIINNM

QA4 0040000800000 000404000440 G000 00000000 40

555555555553555555555555555353 559555555555 55:55555555555559

COGOEOBOBOIIIIIIGISCIGRREBERNE GEEGRIEINIINNIICUINNBEIEECSaN

'117777777177771777717711111?11 miItnnIImInInInIInInIINn

SESICIMININIINININI NN NN NI
COCEEE NG NI IN NN a N EsaagEeyNNg909338393393939 0999903599940 9999999999983468195)
EEEERREN] “n nnn

! WU RNUBIBUTANANANNARNANMIUNUBRNNAG U HBU TR N NNUUYINBHNNBUBUNY nnnENAINHEN

where Number of CTontainer types
to be considered -.---..- - NC =
(The input data for each type
of container are as shown on
Input Data Card Sixteen)

Item Number ------.-....-. MITEM =1
Number of Materials on File - MINMATS = 10
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,Reproduced from

TABLE XXIV (Contd.) best available copy.

Input Data on Cards Numbers Six through Fifteen

: Step 16. Cards Numbers Six through Fifteen should be the following,
until modified by Natick Laboratories, Check with
cognizant engineer.

o . -7 ISt M oS 1

;
4 - e R e —F . - % .'; f TV - T '___——77_ TrrTTTTT s .—"__";T

' 1 1 ! |
e s e e T :

. N J J J o |
RS DI o 2 oot e LT W7 &

. J J J J J J
s e 8, Ff 88 i oy ¥ o T

A . . - . N J

1" - DR - o7 o

F a a a J ] -~ J
L : - =g 5 5 =5 h

‘ S k ] ] |
4 - . - 1 Ty i < [T'.- 1'] 2

. J I
T ! N . oS 330 % )

! J
: R e o ot 2 RN s

. : J

"

§900090 0 0RO 0 0900 00000¢ 8 (000009 0G0000 !00 (000000990990 000099999990)9)

TIT AL 6T S NI NENEANANRINABUERNTURBORAUOQUUIENS RN UNSONNNIRUUBEINRERI RN

{ (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 RN AR R R R R R
2222222222212 122220211

TEELLN
LA SRR N1 |
1i1e

7NN 22222 112
133333333)33333331333133331333312
3444000000000 0000000000040
$3959955559955565555555555555
99999909999 09099000089099580100¢

minnmnnnInmnnImM
R R R R R R R R RN R R R R R R AR R R R RN R R R R R R RN RN RN R R R AR R RN R RN R R RRRRNR I IRY

990000909900 009993099959900900999099790920990099090359995859099992999C09009909599999)9)
rriebn oty

LRERNURTR R NI RN R RN R RORER D R RIBE N NIUDER R YU A B R R T NG NN I BRI L
!

33 33333 313333 33212333 13133133,
4443043000020 0000000 0088004
9855555559 95559595355 5555555355
S909 00999056990 00050909993596868
IR R R R R R R R R R R R R R R RRRER R

DO 12

te
"

2. R BiN L]

169




T T v

TABLE XXIV (Contd,)

Input Data on Card Number Sixteen through.....

Step 17. Card Number Sixteen contains the specific weight (1b/in.3)
and cost ($/in.3) of the container material, The cost of
container material is material volume, NOT container

i volume.

‘ There snould be one Card Number Sixteen tvpe card for
| each container material specified in Data Card Number
Five (i.e., NC). The data cards would appear as follows:

BOGONODOOODOSSSO00660ROU00HO0OD0D0O0CDORO0O00000GODRO0ORDOCADOOSODOEEEASE S

t
! L L M AN AN AN AN NN NN RE R NN M QRGOSR Y UMY N NN OUBGOERRN N AN AR
1 (AR R R R R RN R R R R R R R R R R R R R R R AR EERER R R R E R R R
221712221 1 1111122121211 12 1172222222222 2222122
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L]
gy TN UDHEREANBL ONHBUIT NGO LGN TR Y P ORI RN NN ne

Input Data on Card Number Fifteen + Numter of
Container Material Cards (i.e., Card Number
Seventeen in Sample Problem)

Step 18. What is the number of items? ITEM =
Step 19. What is the weight of the item? WI - (1b)

Step 20, What is the X-length (2nd longest length) of the item?
XL = (in.)

Step2l, What is the Y-length {shortest length) of the item?
YL = (in,)
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TABLE XXIV (Contd,)

Step 22.

Step 23.

Step 24.

Step 25.

Step 26.

Step 27,

What is the Z -length (longest length) of the item?
ZL = o (il’l.)

where the lengths are:

— o ZL
YL

EXL.

How many different percent damage allowable cases are
there? (Maximum = 10)

NPCNT =

Input Data on Cards Numbers Fifteen + Number of Container

Material Cards + 1 (i, e,, Card Number Eighteen in Sample
Problem), through....Last Card Coniaining Damage Allow-
able Data (i,e., Card Number Twenty-Cne in Sample
Problem One).

What is the fragility of the item in acceleration, g?
GMF(I) = (g)
What is the percent damage at the acceleration level in
Step 24”
PCTD(I) = (%)

What is the replacement cost for the percent damage in
tep 257

REPCI(]) = ($/item)

Repeat Steps 24, 25, 26 for each different percent damage
allowable case indicated in Step 23 on a separate input
datu c.uxd,
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TABLE XXV, SAMPLE PROBULEM NUMBER ONE
INPUT DATA CARDS
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Input Data on Card Number Cue

Step 1. The shipping container is cardboard,
NIC = 1 ’
Step 2, The shinping environment is considered to have Muitiple

Sine Excitation,

1C =2
Step 3. The item number is No. 1
IITM =1

IITM is an arbitrary number as=zigned to the item being
; shipped. IITM must not be greater than two digits (i.e,, 99),
' The following must exist: IITM = MITEM = ITEM.

Step 4. The maximum number of iterations are desired for the drop
height calculations.
MIC = 20
Step 5. Set MXI=0
; Step 6. The eleven environinental frequencies are going to be provided,
{
Step 7. The shipping cost is $0. 3359 per pound,

CS =0.3359 ($/1b)

Step 8. The item cost is $25.00,
CI = 25.00 ($)
Step 9. The shipping container is 0. 125-in, thick.

TCON = 0, 125 (in.)

Step 19, 55 F is the lowest environmental iemperature,
TEML = 55 ("F)

Step11. 72 'F ia the highest environmental temperature.
TEMH = 72 (°F)
Since (TEMH - TEML) < 20°F, make
TEMH = TEML

Input Data Card Number One would look like the following:
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(Input Data Card Number One)
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Input Data on Card Number Two

Step 12. The environmental frequencies (rad/sec) are UNKNOWN;
therefore, the suggested frequencies are used.,

Input Data Card Number Two would look like the following:
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Input Data on Card Number Three

Steg 13.

this card is blank,

Since the Multiple Sine Excitation (IC =

2) is being used,

Input Data Card Number Three would look like the following:
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Input Data Card Number Four

Since the suggested environmental frequencies are used
(i.e., Step 12}, tne suggested acceleration levels are used.

Step 14.

Input Data Card Number Four would look like the following:
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Step 15, Since there is only one type of container to be checked and the
item number is '"1", Input Data Card Number Five would look
like the following:
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Input Data on Cards Numbers Six through Fifteen

Step 16, Input Data Cards Numbers Six through Fifteen would look
like the following:
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Input Data on Card Number Sixteen

Step 17. Sirce the specific weight of the container is 0.0017 1b/in.3
and the container matnrial cost is 0,00222 $/in,”. Input
Data Card Number Sixteen would luok like the following:
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Input Data on Card Number Seventeen

Step 18. There is 1 item.
ITEM =1

Step 19. The item weighg 100 1b,
WI = 100 (1b)

Step 20, The second largest length is 12 inches,
XL = 12 (in.)

Step 21, The shortest length is 12 inches.
YL = 12 (in.)

Step 22, The longest length is 24 inches,
ZL = 24 (in,)

Step 23. There are 4 different percent damage allowable cases,
NPCUT = 4
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Input Data Card Number Seventeen would look like the following:
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thru
Step 26

Input Data on Cards Numbers Eighteen through Twenty-Ore

The four different percent damage allowable cases are:

Fragility Percent Damage Repair Cost
(g) (%) %
50. 0. 0
60. 5. 5.00
65. 20. 10.00
70, 80, 15.G0

Input Data Cards Numbers Eighteen through Twenty-On:
would look like the following:
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J. Source Program and Data File Change Procedures

The documentation for the basic procedures to change the com-
puter resident object program for OPPACK or to change the computer
resident data files is in:

NLABS U-1106 COMPUTER FACILITY
USERS GUIDE

Any modifications to an r ur all of the OPT'ACK subroutines should be
made not only to the Source Program disk file (i, e., OPPACK., which
contains OPPACK, MAIN, OPPACK,TEMPEV, OPPACK, DAMALW,
OPPACK. CDPRO, OPPACK, DHGHT, OPPACK,COSTMT, OPPACK,
MINCOS, OPPACK,SHOCKE, OPPACK., VIBRTN, OPPACK.LAGINT,
and OPPACK, FLAGR) but to the Source Program card file, After
changes have been made to the Source Program disk file, the listing
shown in Appendix J should be used to create the object program on the
disk file,

Any modifications to the materials data file on disk can be made
either by using SCALE and TDATAF programs or by using the disk file
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edil proceduares ia the NLABS U-11¢o o . IER alil..71 . SLRS
GUIDE, Since the programs SCALE and TDATAF v/ere uzed ‘o generate
much of the estimated data informatioi, it would be appropriate to use
the file edit procedures in the USERS GUIDE to change the materials
data as they become available.
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III, SUMMARY

The initial development of a Computer Aided Design (7 AD) pro-
gram (designated as, OPPACK) for package cushioning has been done,
The mathematical algorithms were computer-coded and the availabie
materials data cataloged,

Since Natick Laboratories does not have fragility criteria data
available, SwRI has set forth the assumptions and methods for describing
the computer program fragility da’a input requirements. Also, SwRI
constructed artificial shock, vibration, and temperature environments
in statistical form, At some point, Natick Laboratories may be able to
provide information about shock, vibration, and temperature environments.

The assumptions for the CAD program have been stated in this
report, This report and the CAD program provide the basis and neceu-
sary starting point in a building-block approach to the refinement and
enhancement of this CAD program for package cushioning,
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APPENDIX A

TEST,. SUBROUTINE LAGINT, FUNCTION FLAGR
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To debug and test the LAGINT subroutine and the FLAGR function,
digi.al data were taken from the peak accelerarion versus static stress
curves shown in Figure A-1,

For a urethane foam, the tabulated input data are shown in Table
A I. The actual computer printout is shown in Table A-II. The tabulated
inte:polated and extrapolated output data are shown in Table A-III. As
would be expected, the interpolated output data are very good and the ex-
trapolated output data are less accurate, dependent upon how the datu
changes beyond the tabulated input data; the basis for this statement i3 a
comparison of Feak Acceleration (g) dat.. (Table AIII) the the Puak
Acceleration from Figure A-1. It is anticipated that the LAGINT sub-
routine will only be used for interpolation of tabulated data; however, it
was desirable to design for the possibility of extrapolation, in case it is
needed later,

Copiec: of the program (i.e,, TEST), the subioutine LAGINT, and
the function, FLAGR, are shown in Tables A-IV, A-V, and A-VI.

TABLE A-I. - URETHANE FOAM INPUT DATA

Static Stress | 5 in, thick 4 in, thick 3 in, thick 2 in, thick

W/A GMg GMy4 GM, GM>»

(psi) (g) (g) (g) (g)

0. 04 62 70 80 100

0,05 54 60 70 90

0.07 43 48 55 75

0.09 35 40 45 65

0.14 26 29 34 54

0,16 24 25 30 52

0.18 22 24 29 50

0.20 20 22 28 50

0. 50 19 25 42 78

0. 80 30 48 79 124 !
|
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FIGURE A-1. Gp,-W/A Curvecs ior Urethane Foam (Polyester
Type, Large Celled, 4.0 pcf) for a 30-inch
Drop Height,
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SNXYZ

WX = 1n,

NY = %,

NZ = 1,

Xy S 0.11E+0n,
Yv = 0,32E+01,
Lv = 0.0

$END

R e T el

FUNCTINN VALUE=
XVs 1,1000E=01
FUNCTION VALUE=
Xvs  1,0000E=n1
FUNCTION VALUE=
XV=s 1,0000E=n1)
FUNCTION VALUE=
Xvs 1,0000E=01
FUNCTION VALUE=
Xvs  1,0000€E=0)
FUNCTION VALUE=
Xvs  1.,U000E=01
FUNCTION vALUE=
Xv= 2,00n0pDE=0)
FUNCTION VALUE=
Xy=  S,U00D0E=01
FUNCTION VALUE=
Vs 2,0000E-Q0@
FUNCTION VALUE=
Xvs  2,00N0E=02
FUNCTION VALUES=
XV  2,000NnE=Q)
FUNCTION VALUE=
XVs  1,0000€=01
FUNCTION vALUE=
XVs  1,0000E=n1

TABLE

3.7802F+01

YVs  3,200NnE+nD
b, 1E57E40]

Yvs 2.0000E+N0O
Y. 13%3E+01)

YV 3,00n0E+00
3,72249E+01

YV 4,0000E+00
3,2343E+01

YVs S,0000E+nn
2.983bE+0)

YV S.S500NDE+00
2.B8000E+01}

YV 3,0000nE+00
4.2000E+¢0)

Yvs  3.0000f+0nD
l1.nspt+0e

YV 3,0000€+00
Q,800NE+0)

YV= 4.000NE+00
8.BNO0E+01

Yvs 1,0000E+n0
9,6371€+01

Yvs  1.0000E+00
9.5371E+01

Yvs 1,0nN0NF+00

Zvs o0,
Zvs n,
Iv= o,
vs 0.
v o,
v o,
Zvs .
7v= 0,
Vs n,
Zv= n,
Zvs n,
Zvs n,
Iv= 0,

A-1I. OUTPUT DATA
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TABLE A-IIi. - URETHANE FOAM OUTPUT DATA

el S0 Thickness Peak Acceleration
Wil {in.) (g)
(psi) ) g
0.11 3.2 37.8
0.10 2.0 61,7
0.10 3.0 41.9
0.10 4.0 37.2
interpo-
0.10 5.0 32.3 lated
0.10 5.5 29.8
0.20 3,0 28.0
0.50 3,0 42.0
~
0.02 3.0 105.0
0.02 4.0 98.0
extrapo-
0.20 1.0 88.0 lated
0.10 1.0 96,4
S
——t
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PROGRAM TEST(INPUT,OUTPUT, TAPEL=INPUT, TAPER2=0UTPUT)

oooon3 OTMENSION X(20),Y(20),2(2n),TAB(20,20,20),F(20)
000003 COMMON /N/ NZ,NY,NX,YV,XV,2V

000003 NAMELIST /NXYZ/ NX,nNY,NZ,XV,YV,2V

000003 READ(1,NXY2)

000006 WRITE(2,NXY2)

000011 READ 3000,(X(I),I=1,NX)

000024 IF(NY.GT,1)READ 1000,(Y(CI),I=1,NY)

0000%1 IF(N2.CT,1)READ 1000, (2(1),181,N2)

000056 READ 1000,(CCCTABCI,J,K),I=2,NX),J=1,NY),K2]1,N2)
00010% GO TO0 20

000105 10 CONTINUE

000105 IF(EOF,1)3999,15§

000110 15 CONTINUE

000110 READ(1,NXY2)

000113 20 CONTINUE

030113 CALL LAGINT(TAB,Z,Y,X,FV,F)

000117 PRINT 2000,FV,XV,YV,2V

000133 1000 FORMAT(10F8,0)
000133 2000 FORMAT(LH 2X,*FUNCTION VALUEE *E12.4%,/,
| IX,nXyEnELlR %, 2X,rYVERE)2, , 4,2X,*ZVEREL2, . 4,)

000133 G0 10 10
00013% 9999 CONTINUE
00013% STOP
000136 END

TABLE A-1V. MAIN PROGRAM, TEST
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unooll
000011
000011

oouo13
0000i%
000015
000016
000032
00004
onooso

000051
0000S1
000053
000055
000056

000073
000073
000075
000076
000107
000317
000121

oo0o0le¢e
ooo0iee
000124
000133
000133
000.i%e
000143

OO OO0 0O0

10

100

110

120

140

150

200

210
220

SUBROUTINE LAGINT(A,ALF,BETA,GAM. "+ )
NPTSG ==== NUMBER OF ROWS IN INPUT TARLE VERTICAL
NFPTSB ~=== NUMBER OF COLUMNS IN INPUT TABLE HORIZONTAL

NPTSA =we=e NUMBER OF X=Y PLANES IN INPUT TABLE DEPTH

XB ee--e-wvce HORIZONTAL ARGUMENT
16 ==weeea VERTICAL ARGUMENT
IA ==e==== DEPTH

Vil ==ewe=e INTERPOLATED VALUE

ALF(NP1SA) === VECTNR OF INDEPENDENT VARIARLES
BETA(NPTSE)==e VECTOR OF INDEPENDENT VARIABLES
GAM(NPTSG) ==« VECTCR OF INDEPENDENT VARIARLES

A(NPTSG,NPTSR,NPTSA) ==== INPUT TaABLE
IF NPTSA NOT EQ TO it INPUT TABLE IS

3 =0

IF  NPTSB NE 1 AND NPTSA EQ 1 TABLE IS 2 = D
IF  NPTS8 EQ 1 AND NPTSA EQ ] TABLE IS )1 - D
DIMENSION A(20,20,22),8(20,20),F(1),ALF(1),

1 BETA(1),GAM(1)

COMMON /N/ NPTSA, NPTSB,NPTSG,XB,YG,2A
CHECK FOR THREE DIMENSIONS
IF(NPTSALEQ,1)GO TO 100

SOLVE THREE DIMENSIONAL CASE
00O 10 1I=1,NPTSG

Do 10 J=1,NPTSB

PO & K=1,NPTSA

F(K) = A(CL,J/,K)

B(I,J) = FLAGR(NPTSA,ALF,F,ZA)
CONTINYE

G0 TO0 120

CHECK FOR TWO OIMENSIONS
CONTINUE

IF(NPTSB,EQ,12G0 TO 200

DO 110 1I=1,NPTSG

00 110 J=1,NPTSB

BC(I1,J)=A(1,J,1)
SOLVE TWO DIMENSIONAL CASE
CONTINUE

DO 150 1I=1,NPTSG

00 140 J=1,NPTSB

F(J) = B(I,J)
BC(I,1l)SFLAGR{NPTSB,BETA,F,XB)
CONTINUE

GO TO 220

SOLVE ONE DIMENSIONAL CASE
CONTINUE

00 210 1I=),NPTSG

B(Il,1) = A(Il,1,1)

CONTINUE

VAL = FLAGR(NPTSG,GAM,B,YG)
RETURN

END

TABLE A-.V, SUBROUTINE, LAGINT
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0o000?

000007?
000010
ooooll
00001%
000)1¢
ooooal
ooooel
000325
00003C
000031

00{ 033
000036
219040
000042
000044
000045
0000%?
000050
0000S7?
000061
000063
00006%
000067
000071
00007?S
000077

oool01
000101
0un1032
0nn1os
cool0?
000:10
ooollie
000113
ooolz2e
ooglev
000l2e
000130
000132
00013%
000140
0001%2
0001%%
000145
000146
000146
000150
00050
oonise
000152

200
elo

290

300

310

350

390

400

500

600

FUNCTION FLAGR(NPTS)XIK,F,XK)
OIMENSION XIK(1),F(1),n(I)
LAGRANGE INTERPOLATING FUNCTION
DO @200 I=1,NPTS

I1T=1

IF(XK.LE.XIK(I))GO TO 210
CONTINUE

IF(XXK.EQ. XIK(I))GO TO S00
I6C = 3 ’
IF(IT.LE,2)IGO=)
IF(ITL.EQ.NPTS) IGO = 2
8=z0.0

IFCIGO.EQ.2) GO TO 350
PARABOLA FROM THE RIGHT
IF(ITLEG?)IT=R

00O 300 1I=)1,3

IARG = IT-2¢1

WEIGHT = )1,

00 e90 J=1,3
IF(J.EQ.IYGO TO 290

JARG = [T = 2 ¢ J

WEIGHT = WEIGHT#((XK=XIK(JARG))/(XIK(IARG)=XIK(JARG)))
CONTINUE

W(I) 8 WEIGHT

CONTINUE

00 310 K=1,3

IARG =2 JT =« 2 ¢+ K

B 28 ¢ W(K)XF(IARG)
CONTINUE

IF(IGO,EQ,1)GND TO &N0
PARABOLA FROM THE LEFT
CONTINUE

D0 &00 I=1,3

IARG = IT = 3 ¢+

NEIGHY = 1,0

D0 39p J=)1,3
IF(J.EQ.I)GO TO 390

JARG = IT = 3 ¢+ J

WEIGHT = WEIGHT#((XK=XIK(JARG))/(XIK(IARG)=XIK(JARG)))
CONTINUE '
W(I)= WEIGHT

CONTINUE

DO 410 Kk=1,3

IARG = IT = 3 ¢ K

B =8B ¢ WK)*F(IARG)
CONTINUE

IF(IGO.EQ,2)G0 70O &00

8B =8 ~ 0,5

GO Y0 &00

CONTINUE

8 = F(IT)

CONTINUE

FLAGR = 8

RETURN

END

TABLE A-VI, FUNCTION, FLAGR
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