
ISBWSftNiiBjyv 

AD/A-006  645 

DEVELOPMENT   OF  OPTIMIZATION   PROCEDURE 
FOR  DESIGN   OF   PACKAGE  CUSHIONING 

Tom   D.   Dunham,   et   al 

Southwest   Research   Institute 

r 
Prepared  for: 

Army   Natick   Laboratories 

January   1975 

DISTRIBUTED BY: \m 
National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 

■■—mäatA ■ - 



" HI lumuun j 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE fWi»n Dmlm Enl.r.« 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

I.   REPORT NUMBER 

75-Mi-AMEL 

2. 30VT ACCESSION NO. 3.   RECIPIENT'S CATALOG NUMBER 

I ■) «.'Ü» 
4.   TITLE fan«* SUDMI/O) 

Development of Optimization Procedure 
for Design cf Package Cushioning 

S.   TYPE OF REPORT » PERiOO COVERED 

Final Technical Report 
June 1973 - February 197*+ 
6.   PERFORMING ORG. REPORT NUMBER 

02-3692 
7.   AUTHORt» 

Tom D. Dunham, Herbert G. Pennick, 
Daniel D. Kana, and Andrew (nmi) Nagy 

8.   CONTRACT OR GRANT NUMBERf»; 

DAAG17-73-C-0239 

9.   PERFOHMINO ORGANIZATION NAME AND ADDRESS 

Southwest Research Institute 
8500 Culebra Road 
San Antonio. Texas 78284  

10.   PROGRAM ELEMENT, PROJECT, TASK 
AREA ft WORK UNIT NUMBERS 

Tech. Work performed for 
others (Customer AMMRC) 

CONTROLLING OFFICE NAME AND ADDRESS 

Department of the Army 
U.So Army Natick Laboratories 
Natick, Massachusetts OI760 

12.   REPORT DATE 

January 1975 
IS.   NUMBER OF PAGES 

202 
U.   MONITORING AGENCY NAME ft AODRESSf" dltlmnnl from Controlling Ollicm) 15.   SECURITY CLASS, (ol thl, rmprrt) 

UNCLASSIFIED 

IS«.   DECLASSIFICATION/DOWNGRADING 
SCHEDULE 

16.   DISTRIBUTION STATEMENT (ol thl» Ktpott) 

Distribution of this document is unlimited. 

17.   DISTRIBUTION STATEMENT (ol Ihm mbttrmcl mnlmrmd In Bfr.cfc 20, II dlllmrmnl from Rmporl) D D C 
-n nrp^ 

MAR  4 1975 
!| 

PRICE SUBJKT TO CHANGE 

n.   SUPPLEMENTARY *OTE5 
Pepfcduced by 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

US Department of Commerce 
Springfield, VA.  22151 

19.   KEY «WROS (Conllnum on rtvrte tldm II nmctmmmry mnd Identity by block number) 

PACKAGING DEVELOPMENT VIBRATION ISOLATION TECHNIQUES 
CUSHIONING OPTIMIZATION SHOCK ISOLATION 

.JACKING MATERIALS    DESIGN SHOCK ABSORBERS      COSTS 
CUSHIONING MATERIALS VIBRATION ISOLATION TEMPERATURE       INTERPOLATION 
 VIBRATION ISOLATORS TEMPERATURE EFFECTS 1;QCTRAP0LATI0N 

20.   ABSTRACT (Conllnu* on rtv»r&m »Id» II .imcmnmry and Idmnllly by block numbtr) 

The objective of this project was to develop a computer-aided design 
procedure which will utilize an optimization technique that will select 
available materials and define the material or combinations of materials 
that will provide the protection to a packaged item from the expected 
shipping environment, at the least cost. 

(Continued on reverse side) 

OD,: 'SB. 1473 EDITION OF I NOV 6S IS OBSOLETE UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAJE (Whon Dmlm Bnlmrmd) 



UNCLASSIFIED 
SECURITY CLASSIFICATION Of THIS PAOEQW.» Dim KnlttwtO 

20. Abstract (Contd.) 

The basic cushioning problem is assumed to be one-dimensional and must 
therefore be solved independently for each of the three orthogonal directions 
It is recognized thac 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. 

The mojt recent design developments for vibration isolation recognize the 
great utility of tne complex modulus of a material for characterizing' its 
vibration isolation properties. Therefore, the comjlex modulus method is 
the basis for our mathematical formulation. 

A direct mathematical method for shock isolation is being used. It is a 
relatively simple design approach which can be formulated for mathematical 
computations by use of the typical cushioning materials design data, vihich 
is peak acceleration versus static stress for given drop heights. 

Based on the data available, the temperature influence on materials will 
be utilized in this program. Ambient temperature variations over wide 
ranges have a significant influence on cushioning material properties. Un- 
fortunately data for such variations are extremely scanty. 

I A. 

UWCIASSIFIED 
SECURITY CLASSIFICATION OF THIS P \Gt(Wh»n Dal« Kntmrmd) 

:    ....    ..-■ . .. w. ~-,      . * 



FOREWORD 

This report prepared by the Southwest Research Institute under 

contract DAAG17-73-C-0239 describes a computer program for the least; 

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 Earl C. Steeves or Frank D,  Barca 

at the U.  S. Army Natick laboratories. 
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The objective of this project was to develop the computer software 
for a cushion property and coat optimization procedure for the de^jigr. 
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 ar-.d vibration damage.    Current 
state-of-the-art design procedures and criteria were used. 

The General Equipment and Packaging Laboratory (GEPL>,   Natiek 
Laboratories,  ha3 the responsibility to design and specify shipping pack 
ages for a large number of supply items which are shipped in large quar.• 
tities.    Current design procedures do nor. use computer-aided design 
(CAD) techniques;  therefore,  in the interest of time and economy,  it was 
desirable to incorporate into computer -aided design the procedures and 
criteria that constitute the current state-of-the-art.    Thus,  development 
of new design procedures was not within the scope of work of this project, 

The approach used in this project was to implement a computer- 
aided design (CAD) procedure which can be used to select from the avail 
able materials data files the material or materials that will protect the 
item to be shipped for the least cost.    The »hipping environments were 
accounted for in terms of shock vibracior...    The temperature effects on 
the package cushioning material properties were allowed for in the 
stored data,    Thus,  the CAD program optimises leas': cost fo^ the ma- 
terials that will provide the recessary protection» 
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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. aa£» 
some transmissibility. 

Nopco Chemical Div. 
of Diamond- 
Shamrock Company 

Polyurethane Nono 

U. S. Forest 
Products Lab 

Anything 
available 

None 

Du Pont 
Company 

Polyurethane 
Nothing outside of 
that in 304 

Package Evaluation 
Lab, Wright- 
Patterson AFB 

Anything 
available 

Only what is in 304. 
Some data on Air Cap, 
SD-240.   Transmissi- 
bility data being devel- 
oped under current 
contract. 

Dow Chemicals 
Expanded 
Polyethylene 

Some additional data 
to 304 

Michigan State 
Univ,,  School of 
Packaging 

Anything 
available 

None 

Goodyear Tire Co. 
Foam Prods. Div. Urethane Cushions None 

Owen s - Corning 
Fiberglass Corp. 

Fiberglass None 

Armour & Co. 
Polyurethane 
Rubberized Hair 

None 

Flextron 
Industries 

Curled Hair None 

3M  Company Folyester None 

Kimberly-Clark 
Corp." Cellulose Wadding None 
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TABLE I (Conr.d,} 

MATERIALS DATA CONTACTS 

Organization 
Material Data 

Sought 

                   ■ ■ -1 

Data Supplied 

The Williamson 
Company 

Polyvinyl 
Chloride 

None 

Union Carbide 
Corp. 

Polyester, 
Poly ether 

None 

B. F. Goodrich 
Chemical Co. 

Polyurethane None 

Continental 
Felt Co. 

Felt None 

Armstrong Cork 
Company 

Cork None 

Chicago Curled 
Hair Co. 

Curled Hair None 

Stearns and 
Foster Co, 

Cellulose Wadding None 

Boeing Aero- 
space Co. 

Polyurethane Foam 
Nona 

(Classified) 

Sheller-Globe 
Corp, Polyurethane None 

GAF Corp. Felt Not uaeful 

National Bureau 
of Standards 

Anything 
available 

None 

Plastics Tech- 
nical Evaluation 
Center, Picatinny 
Arsenal 

Anything 
available 

Numerous 
Repctd 

Janesville 
Coiton Mills 

Curled Hair 
(Hairkore) 

No::;.e 

Blocksom & Co. Rubberized Curled Hair Very 1^'le data 

Goodyear Aero- 
space Corp. 

Fiberglass Nor^e 

Te-neco Chemicals, 
Inc. (Houston) Polyurethane None 

I (-?■" 



to determine the best way to tabulate the voluminous shock aa';a.   A-:. inter- 
polation procedure was developed based upon "Digital Compute? Program 
EMI 494 Aerodynamic Interpolation''^4). 

Since there has been much concern about U3i:'g package cushioixig 
materials to protect against shock damage, most of the available materials 
performance data for protection against shock are found in MIL-HDBK-304, 
Package Cushioning Design^). 

The report "Vibration Testing of Resilient Package Cushioning 
Materials"'6' provided the most useable vibration data.    There is very 
little vibration data available.    The lack of good frequency response and 
phase angle data for package cushioning materials according to the varying 
parameters, i. e., 

Density (lb/ft3) 

Static Stress (lb/in.2) 

Thickness (in.) 

Temperature (° F), 

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

Some vibration data were obtained from the report "Resilient 
Cushioning Materials"*''.    The vibration data for package cushioning 
needed some standard form of presentation.    In this CAD Program,  the 
vibration-related parameters for each material that were standardized 
are: 

. Storage modulus,   Er,   as a function of temperature and 
frequency 

Loss tangent,    ta^ *,   as a function of temperature and 
frequency. 

Shock data were obtained from the report "Test Results on Air 
Cap SD-240 Cushioning Mater: al"(°).    Frequency response vibration data 
were not available. 

For those materials i icluded in the initial ten materials cataloged 
that did not have available actual data related to the performance of the 
material under shock and \ibration environments, an estimate of the phy- 
sical parameters was uiade and so indicated ir. the materials information 
tabulation (Section C;. 



It is recommended 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.2) 

Material, thickness (in.) 

Environmental Temperature (°F) 

Material Density (lb/ft3) 

It is recommended that vibration data (i. e., storage modulus, Er, 
and loss tangent, tan 8) for use with this CAD Program be obtained from 
frequency response curves with phase angle plots for the parameters: 

Material Density (lb/ft3) 

Static Stress (lb/in.2) 

Material Thickness (in.) 

Environmental Temperature ( F) 

It is our understanding that additional materials performance data 
under vibration conditions 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 

J 



Supported 
Area A„ 

Rigid Outer 
Container 

P(t) 

FIGURE 1.    CONCEPT OF CUSHIONING PROBLEM 

vibration excitation,  and is given in terms 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 * suitable 
material of thickness   Tc   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 pre- 
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'1' 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 



using the complex modulus for materials, both amplitude 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 to 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* = Er + iEjj = Er (1 + i tan 6) (1) 

where   Er   is the storage modulus,    E^   is the loss modulus, and   tan 6 
is the loss tangent. 

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

«n = Ac Erng/TcW (2) 

where   Ac   is the supported area,    Tc   is the cushioning material thick- 
ness,    W  is the weight,    Ern   is the storage modulus at frequency,  uun, 
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 

IH*■{[•-£ W+W6}" 
where   uu   is steady-state excitation frequency. 

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

Y(uu)  =   H((U) x(U>) 

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 
usually the case), then it will be characterized in terms of its stationary 
acceleration power spectrum   SJ^UJ).    In this case, the power spectrum 
of the transmitted acceleration response   Sy(UJ)   is 

Sy(w)  =   |H(U))|a SI«U) (4) 
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Equation (4) is directly from Iv; ^ties (3. 137), page 99,  Eenda.. 
and Piersol'     ■',    Chapter 3 of this reference,   ^Mathematical Theory for 
Analyzing Random Data" provides the basis and derivation for Equation (4). 

In general Equation (4)  [i.e., Equa'ion (3. 1 27)(
1L
 ] is obtaJ-.ed 

from the transformation of [i. e.,  Equation (3. 134)f*w] 

03 

Ry(T) = jj h(?) h(n) R^ (T+ %-r\) d?drj (5) 

where   Rx(T)   am*   &y(T)   are autocorrelation functions of the time dis- 
placement,    T,    to a complex-valued frequency domain by taking Fourier 
transforms. 

The latter approach was used in most cases,  since the power 
spectral density formulation can always be used even for sinusoidal input., 
providing that the measured excitation data has been analyzed with a ffnite 
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   Er   and   Ern,   we *.iust solve for the 
thickness   Tc   from Equations (2),  (3),  and (4), with all other information 
given.    The effect of temperature on the problem is discussed later. 

The CAD Program allows three options to the users regarding 
the vibration environment specification.    These options are: 

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

(2) Multiple Sine Excitation 

(3) Random Excitation 

Vibration Optimization for MIL-STD-C10B 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 Equation (2) for 

Wj = <%i (6) 

and 

oi -    [ *oij   Aj 
xoi =     Toii   *i (7) 



also 

_   Ac Emi 8 
Tci =        w? w (8) 

The smallest   Tcj   of all frequency bands that satisfies   x0£ £ xallow 
is the optimum thick less value we seek. 

The 1-octave band center frequencies,    Wj,    are stored in a 
DATA statement in the subroutine VIBRTN as a^ray 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   2rr   to obtain the frequencies in rad/sec.    These frequencies 
were chosen based upon the International Standardization Organization 
(I. S. O.)   Recommendation R. 266,  Pieferred 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 = ?lToijh w 

Again the smallest   Tcj   of all frequency bands that satisfies x0i < xa^ow 

is the optimum thickness value that we seek. 

Vibration Optimization from Random Excitation 

Excitation power spect: cl density   S(U)j)   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 

o? = £ S(Wj)   |Toij(Wj)|8 (10) 

and the RMS response is 

o{ =V^f (11) 
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Assume fo/ a Gaussian process that 

xoi  =  2.5 0{ (I-.) 

Again,  the smallest   Tcj   of all frequency bands that satisfies XQJ; < -'canow 

is the optimum thickness that we seek.    Note that 2. f- Ojas maximum will 
be exceeded only 0.62% of the time. 

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

The random excitation option provides for the utilization of 
the most comprehensive data that can be obtained 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 lemperature 

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, temperature 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. Many such curves for various 
materials are given in Reference 1, The curves for a given material 
present the maximum transmitted acceleration as the function 

Gm = 5(W/A) 

for selected trial thicknesses   Tc,    One simply needs to verify that 

Gm < GF 

for the given conditions.    However,  in order to incorporate this pro- 
cedure into a digital computer program.,  it was necessary to store the 
data for these curves for the candidate materials.    This was done by an 
appropriate interpolation scheme. *     Here C    is the fragility acceleration. 

IT 

Discussed in Subsection F,   Computer Software, 

11 



0.04     0.06 0.08 0.1 0.2 0.4 0.6   0.0   I 

STATIC STPeSS.w/t (PSI) 

i      4 

FIGURE 2.    A TYPICAL SET OF PEAK ACCELERATION- 
STATIC STRESS  (Gm-W/A)   CURVES FOR 

FIXED DROP HEIGHT   h. 
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Since different material* have different range a of opiimuni 
static stress, the static stress,    os,    that would be created by a particular 
shipped item (i. e.,  of weight,   W,   and area.   A) has to be calculated by 
the equation 

aa  *  W/A (13) 

and then checked to determine that the materials are within :heir 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 awd retrieval 
of vibration data (i. e.,  complex modulus,  E ) and shock data (i. e.,  maxi- 
mum acceleration,  Gm). 

The con.ijlex modulus form is 

E* = Er^T)  (l + i tan6S2(T)J (14) 

where   T   is varying temperature and  ^(T)   and  ?2^)   are the functions 
which describe the temperature effects. 

The maximum acceleration shock isolation form is 

GmT   =   Gmy3(T) (15) 

where   ^(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   ^(T)   shown in Figures 4 and 
5.    The;e temperature effect curves (i. e.,   ^(T),   ^C1")'  and y3(T)) 
are only estimates; therefore,  any use of data from this CAD Program 
should be used with caution until actual temperature 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 acceleration, Gm) at d the vibration (i.e.,  storage 
modulus,  Er,  and loss tangent, tan 6)  data.    The shock ar_d vibration data 
are then stored in the computer file. 

C. Treatment of Fragility and Damage Susceptibility Criteria 

The subject of fragility or damage criteria is complicated because 
of the way in which different items fail when they are subjected to different 
environments.    Various individuals,  depending upon their background a:-:d 
resources,  advocate different concepts,  equipment and testing procedures 
for obtaining fragility ratings for items. 

The determination of fragility or damage susceptibility criteria 
for a specific item must be done by the program user prior to utilization 
of the computer program developed during 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 in multiples of gravitational 
acceleration,  g.    Fragility ralings 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 not repairable and discarded when 
damaged 

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

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

Probable 
Fragility Percent Repair Cost per 
Rating, R Damaged, % Damaged Item, $ 

55 0 0,00 

60 5 5,0G 

65 20 25.00 

70 80 475.00 
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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 
muse be further reduced to an even more concise form as shown in 
Figure 6b.    That is, by accumulation of such data from multiple vlights 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 

P(gx)  = 
_!•      -f(gx-U3)a/2a8

a] 
2TT 

(16) 

where   |ia   is the mean shock level,    g^   is the deviation from the mean 
level,  and   ag   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 

Smax 3 a« (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- 
81 OB, 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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FIGURE 6a. MAXIMUM SHOCKS RECORDED DURING 
AIRLINE TEST SHIPMENT 

Mi a, 

FIGURE 6b.    SHOCK AMPLITUDE   (g„) 
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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 

* 
48-inch drop height was omitted from OPP- ACK Proi gram because 
of the lack of materi als data. 

2.     Vibration Environment 

Vibration excitation can be expressed either as a discrete 
spectrum^' as shown by the example for truck transportation in 
Figure 7, or by z power spectrum^) 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, 
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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-8I0B 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: 

Single frequency sinusoidal excitation,  i. e., 
M1L-STD-810B excitation   (IC = 1) 

Multiple sine excitation   (IC = 2) 

Random excitation   (IC = 3) 

The input environmental vibration data for the MIL-STD-810B 
excitatior   (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 single 
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. f,6,   314.159,   628,300,   1884.96, 

3141.59,   4398.23,   5654.87,   5969.03,   6283.19, 

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

0.5,    0.5,    1.,    2.,    3.,    3.,    3.,    3.,    3.,    3.,    3. 

Note that the input vibration frequencies are to be in radians per sec 
(rac1   dec). 
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The Input environme   :al   ru --"io". data fb"   SüC mulJiple si: e 
excitation  (IC = 2)  are also to be in the form of acceleration,   g,   at spe- 
cific frequencies,   rad/sec. 

Al3o,  if *he user does not k:.ow wha: \ne er:-; ror.me.'.tal vibra- 
tion data are,  he may use the previously listed accelerations and fre- 
quencies. 

The input environmental vibration data for random excitation 
(IC = 3)  are to be in the form of Power Spectral Density (FSD),  g^/Kz 
at specific frequencies,  rad/sec.    If the use.- has PSD data they are to 
be put on Data Card Number Three (i.e„ ,   PSD,  g^/Hz, for the specified 
frequencies on Data Card Number Two),    If '-he user does not know what 
the FSD,  g^/Hz data are,  he may use the following PSD levels: 

3,66(10)-4, 5. 17(10) 4, 1.91(10)-4, 1.19O0)-4, 

1.13(10)-4, 5.09(10)"7, 5.83(10)-6, 5,09(10)-7, 

5.09(10)"7,   5.09(10)-7,   5.09(10)-7.. 

which correspond to the previously given frequencies. 

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 missile skid.    The data are from Contract DA-31- 
124-ARO-D-2Z6. 

E„ Cost Function Considerations 

To formulate a function that expresses the total cost of cushion- 
ing,  packaging and shipping of a given item while allowing for the possi- 
bility of some damage,  to be covered by over shipment,   requires a 
functional knowledge of all the cost variables in packaging design,   Many 
of these cost variables are tangible,   such as cushioning material costs 
and shipping costs;  however,   some are intangible such as costs of storage 
of the cushioning and packaging materials and some phases of loading and 
handling during shipment.    Since we are mainly concerned with optimiz 
ing the cost function for a given variety of candidate materials and mode3 
of shipment,  many of the intangible variables play very mir.cr roles i.i 
determining the optimum package,   since these costs are shared nearly 
equally for all possible designs.    The primary cost variables that were 
considered in the cost function are; 

Cm ~   cost per unit volume of cushioning material, 

Cc   ~   cost of the exterior container, 
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Cf    ~    cost of faDrication of the cushioning material to the 
specified dimensions, 

C„   ~   cost of packaging of the item for shipment, 

Cg   ~   cost of shipment, 

Cj    ~   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 material 
must be accounted for in the overall cushion cost. 

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. 
Provisions 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 lb/in3 and the container material cost is 0. 00232 $/in.3. 

9MI VWt 
The cost of container,   $/m.3,   is the cost ox 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 items 
are best initially expressed in units of time since the price of labor is 
generally 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 cost variables, 
in that,  weight,   cube,  number of items to be shipped ard mode of ship- 
ment can play equaLy important roles.    When shipping by A-uck,  train, 
plane,   ship or any combination thereof,  the package engineer mua; cor.side.- 
the limitations on weight and cargo volume of each of the possible modes of 
shipment.    For a shipment that requires multiple 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- 
cient when cube and weight limitations arise in shipping. 

4. Cost of Damage Replacement 

The cost of the item being packaged enters the cost function 
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   [vrnCm+ Cc (W, Vc) + Cf (m, Vc) + Cp (W, Vc) + fnCr] 

(18; 
+ Cs(n, s,W, Vc) 

where the brackets denote a function of those variables and   n   is the numbe: 
of items to be packaged,    Vm the volume of cushioning material including 
waste,   W the weight of the package,    Vc the cube of the package,    m de- 
notes a particular cushioning material,    fn fraction of items allowed for 
possible de mage,  and   s the particular mode of shipment.    It should be 
pointed out that since a different cushioning material can be used on each 
of the three orthogonal surfaces,  the expression   VmCm   can be expanded 
to read 

3 
vmcm =    Z     Vm.Cm. (19) 

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

4 
Ca(n, s,W, Vc)   =     £     Cg(n, s,W, Vc). (2C; 

S= 1 
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The value of cushioning material,    Vm,    in itself is a func- 
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 

Data file input/output 

Procedural subroutines 

Batch and remote processing. 

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*   '.    They are the following: 

LAGINT (i. e.,   Lagrangian Interpolation Subroutine) 

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 set 
to obtain a more dense set   T(k).    The method of interpolation to be used 
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is that of Lagrange by passing a parabola from 'ue righ,'. ar.d f'on   he Ie:: 

and averaging.    For those points in   I*(k)   which are not spanned 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 and have failed to 
yield any increase in accuracy and have often caused undesirable oscilla- 
tions. 

LaGrange's interpolation formula; 

r     ,  .   <fc-fci)---(k-fci.l)<k-kj+l)- --(k-km) 
00 = iti (ki-kl>' ' '(ki-ki.iXki-ki+i). • .(ki-km) 

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 Yi r Yi+1 Yi+2 

0 0 X 0 0 

ki-1 ki k ki+l ki+2 

Using Lagrange's interpolation formula for a parabola from the left (use 
points   kj_i,    kj,    ki+i) 

(k-kj)     (k-ki+i) 

F(k)L=  Y(ki-l)(ki.l-ki)(ki-l-lH) 

+  Y(ki)      (k-kj.t) (k-ki+1) 

(ki-ki.l) (ki-ki+1) 

(k-kj.t) (k-k£) 
+ Y(ki+l)   (ki+i-kul) (ki+i-14) 

and a parabola from the right fuse points   kj,    k^j,    k.; ,_2) 

(k-ki+1)(k-ki+2) (k-kj) (k ki+2) 
F(k)R = Y(Ui)  (ki-ki+1) (ki-ki+2) + ^+1» (ki+1-ki)(Kifl-ki+2/ 

+ v(k.   2)       <fc-fci)fr-^l) (23) 
+ Y(  1+2)   (ki+2-ki)  (ki+2-ki+D     • 

Thus,  if the desired point lies between two adjacent points, we average 
the parabolas as 
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r(k) = ifnk)L + r(k)R] . (24) 

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 th* function,  FLAGR, are shown in t'ne 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. 
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TABLE III 

GLOSSARY OF VARIABLES FOR OPPACK 

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

A(NPTSG, NPTSB, NPTSA)      -    Input table. 

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

AL(I)   ---------   Area of the perpendicular face of the 
package. (COSTMT subroutine). 

ALF(NPTSA)     ------    Vector of independent variables. 

ALI (I)       --------    Actual dimensions ol package. 

ALL    ---------    Item length + container and cushion 
thickness. 

AT ---------- Environmental temperature. 

BETA(NPTSB)  Vector of independent variables, 

Cl   ---------- Cost of material on face one. 

C2   ---------- Cost of material on face two, 

C3  ---------- Cost of material on face throe. 

C12      ---------    Contains the minimum cost between 
the materials on face one and face two. 

C13      ---------    Contains the minimum cost between the 
materials on face one and face three. 

C23      ---------    Contains the minimum cost between the 
materials on face two and face three, 

C123    ---------    Contains the lowest cost of the three 
materials. 

CA(I, J)    --------    Material cost and property matrix. Con- 
tains cost of material, cost of fabrica- 
tion, cost of 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 

CAXIS(I, 1) -    Cost of the packaging material for 
face one. 

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

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

CAXIS(I.J)   -------    Coat of packaging material for all 
three faces. 

CD (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    --------- Cost of fabrication. 

CI ----- Cost of item.   . 

CM (I) --------- Array containing material cost. 

COST  Total cost. 

CP(I)  --------- Array containing the cost of packaging. 

CPP -.-- Cost of packaging. 

CS ---------- Cost of shipment. 

CSS      --------- Cost of shipping the package. 

CVC    --------- Cost of material for corner. 

DH ---------- Calculated drop height. 

DHH (I)  Drop height. 

DHL (I)     -------- Drop height longest length, 
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TABLE III   (Contd.) 

GLOSSARY OF VARIABLES FOR OPPACK 

DITW(I)     --------    Drop height upper weight limit. 

DII ----------    Array of drop heights. 

DLH    ---------    Dummy parameter. 

DL(I)  ---------    Change in package dimensions along 
each face. 

DRPH       --------    Actual drop height - stored on file. 

DV.-'B    ---------    Weight added by the addition of a 
bearing board. 

ERI      ---------    Modulus at center frequency. 

ERJ     ---------    Modulus at environmental frequency. 

F(I)     ---------    Table of dependent variables. 

F2 (I)   --------    -    1-D array of interpolated accelera- 
tions. 

FE(I) Work - vector. 

G    ----------    Interpolated acceleration. 

GAM(NPTSG) Vector of independent variables. 

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

GM       ---------    Fragility limit (acceleration). 
(SHOCKE subroutine) 

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

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

12----------    Array subscript for material used on 
face two. 
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TABLE III   (Contd.) 

GLOSSARY OF VARIABLES FOR OPPACK 

13----------    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 to determine type of interpolation. 

II (I)     ---------    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   ( Co:r/-d,} 

GLOSSARY OF VARIABLES FOR OPPACK 

MOMS       --------    Number of frequencies stored on data 
files (VIBRTN Subroutine). 

MTC    ---------    Material code. 

MTS    ---------    Number of temperatures stored on the 
vibration file.  (CDPRO subroutine) 

MTS    ---------    Number of temperatures stored on 
data file. (VIBRTN subroutine) 

MXI(I, J, K) ------- Array containing the number of thick- 
nesses included in the dynamic thick- 
ness array. 

MXIT(I, J, K)      ------    Number of thicknesses stored for each 
axis and temperature. 

NMATS    --------    Number of materials to be considered, 

NPCNT    --------    Number of different percent damage 
allowed. 

NPTS ---------    Number of points in table, 

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. 
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TABLE III  (Contd.) 

GLOSSARY OF VARIABLES FOR OPPACK 

OB (I)  ---------   Array of 1-Octave band center fre- 
quencies, Hz. 

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

OM ----------    Environmental frequency. 

OMJ(I)     --------    Environmental Frequencies (rad/ sec) 

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

OMS(I) Frequency scale.   (VIBRTN subroutine) 

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. 

RHOC ---------    Specific weight of container material 
under consideration. 

RHOM       --------    Specific weight of material under 
consideration. 

S(I) PSD (Power Spectral Density) input 
for random excitation.   (DAMALW 
subroutine) 

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

SI Static stress (W/A). (CDPRO sub- 
routine) 
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TABLE III   (Con'xt.) 

GLOSSARY OF VARIABLES FOR OPPACK 

SI----------    Interpolating stress. (SHOCKE sub- 
routine) 

SIG(I)       - ------    Array of static stresses in ascend- 
ing or^s*-,   (CDPRO subroutine) 

SIG(I)        1-D table of static stresses (W/A). 
(SHOCKE subroutine) 

SIT (I)        .-.--.--    Work array used for sorting. 

SJ   ----------    Sum of output excitations for one 
center frequency. 

SLT(I) -_.    Safe low temperature. 

T(I)     ---------    Array of temperatures in ascending 
order.  (CDPRO subroutine) 

T(I) 1-D table of temperatures. (SHOCKE 
subroutine) 

Tl----------    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) 

TAB1(I, J,K) 3-D table of peak accelerations G = F 
(TH,  SIG,  T).  (SHOCKE subroutine) 

TAB1(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)      ------    Array which contains loss tangent = F 
(frequency, temperature).    CDPRO 
subroutine) 

TAB2 (I, J, K) ------ Table containing behavior oi loss tan- 
gent EL/ER = F (Frequency, Temper- 
ature).   (VIBRTN subroutine) 

TCC - Total cost of container by volume. 

TCC(I)  Calculated thicknesses. 

TCMV       -------- Total cost of material by volume. 

TCON       -------- Thickness of container (in.). 

TF(I)   --------- 1-D array of guess thicknesses. 

TF(WI, WJ, ERI, ERJ, DJ) -    -    Statement function to calculate trans- 
fer function. 

THCK (A, ERI,  WI,  W)    -    -    -    Statement function to calculate thick- 
ness. 

TH(I)   ---------    Array of thicknesses in ascending 
order.  (CDPRO subroutine) 

TH(I) 1-D table of thickness values. 
(SHOCKE subroutine) 

THI A trial thickness.  (CDPRO sub- 
routine) 

TH1 _-._    Guess thickness.  (SHOCKE sub- 
routine) 

THIK(I, J)      -------    Matrix of thicknesses generated 
during shock calculations. 

THIKV(I, J)   -------    Matrix of thicknesses generated 
during vibration calculations. 

TI   ----------    An environmental tamperature. 
(CDPRO subroutine) 

TI Interpolating temperature.  (SHOCKE 
subroutine) 
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TABLE III   (Contd. ) 

GLOSSARY OF VARIABLES FOR OPPACK 

Till      --------- Environmental temperature. 

TMX    --------- Maximum allowed shock thickness. 

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

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

TS(I)   ---------    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(I) -     --------A thickness 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----------    Weight of item. 

WI     Weight of item (lb) (CDPRO subroutine) 

WI        ---------    1-octave band center frequency. 
(VIBRTN subroutine) 

WII Weight of item. 
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TABLE III   (Contd.) 

GLOSSARY OF VARIABLES FOR OPPACK 

W(K)   ---------    Work array containing function weights, 

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

XB ----------    Horizontal argument (interpolating 
value). 

XDD (I)     --------    Calculated output excitation. 

XDDA        _-_--__-    Maximum allowable G-level. 

XDJ(I)      --------    Environmental G-levels. 

XIK(I)       --------    Table of independent variables to be 
interpolated. 

XK ----------    Interpolating value. 

XL Width (in.) 

YG ----------    Vertical argument (interpolating 
value). 

YL ----------    Height (in.) - shortest dimension. 

ZA ----------    Depth (interpolating value). 

ZL ----------    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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PROGRAM OPPACK(INPUT,OUTPUT»TAPE 1,TAPE2,TAPE3,TAPE*,TAPES, 
1   TAPEb,TAPE?,TAPES-TAPES,TAPt10) 

C     OPTIMIZATION  PACKAGE  MAIN  PROGRAM 
C     ROUTINE  READS  CARD  INPUT  DATA 

OC0003 COMMON /COSTM/ CAf 10, 7) ,CD(10,2) , CS,f.I, WII 
00O0C3 COMMON /VPASS/ NIC,IC,IITM,MIC,MXI,MOMJ,TCON,TEML,TEMH 
000003        DIMENSION OM,(11),S(11),XDJ(11) 
000003        READ 1000,NIC,IC,IITM,MIC,MXI,MOMJ,CS,CI,TCON,fEML,TEMH 
00003S READ 1020,(0MJ(I),1=1,HOMJ) 
OOOOSO        REAO 1020,(8(1),Isl.KOMJ) 
0000b3 READ 1020,(XDJ(I),Isl,MOMJ) 
00007b PRINT 10?U 
000*02        PRINT  1030, NIC,IC.IITM,MIC,MXI,MOMJ,C3,CI,TCON,TEML,TEMH 
001 I* PRINT  10*0, (OMJ(I), Ial, MOMJ ) 
000.•*? PRINT nSU, (S(I), 1*1, MOMJ ) 
0CY,:b2 PRINT lObO, (XDJ(I), isi, MOMJ ) 
T.'~;?3        CAUL  TEMPEV(UMJ,S,XDJ) 
C'r>i?l»0    1000 F0RMAT(bl2,5E10.0) 
0OU5CO    1010 F0RMAT(*0I2) 
000200    1020 FQRMAT(li£7.0) 
0Ü0200    1030 FORMAT ( 1H0, 18  , 52H s NIC — CODE NO. OF CONTAINER MATERIAL T 

10 BE USED /1X,I8,25H ■ IC—OPTIMIZATION CODE    / 
1/18 , 23M a HTM — ITEM NUMBER 
2/18 , SbH a  MIC — MAXIMUM NO. OF ITERATIONS FOR DROP HT. CALX. 
3/18 , 55M s Mxi — M*XIMUM NO. OF ITERATIONS FOR G-CONVERCENCE 
•♦/IB , *7H a MOMJ — NUMBER OF ENVIRONMENTAL FREQUENCIES 
S/Ell.*,  33H (S/LB) = C3 — COST OF SHIPMENT 
b/F8.2 ,  2<»H ( S )  * CI — COST OF ITEM 
?/F8.b,   *2H (IN.)  a TCON — THICKNESS OF CONTAINER 
VF8.2,   50H ( F ) *   TEML —  LOWEST ENVIRONMENT TEMPERATURE 
1/F8.2,   51H ( F )  = TEMH —  HIGHEST ENVIRONMENT TEMPERATURE ) 

000200    10*0 FORMAT ( 1H0,90H (RAD/SEC) « OMJ(I) ALL OF THE ENVIRONMENTAL FREQ. 
1/ 11E11.S ) 

000200    1050 FORMAT ( 1H0,3*H  PSD  INPUT FOR RANDOM EXCITATION 
1/ 11E11.S ) 

OC- 00    lObO FORMAT ( 1H0,92H (G'S) * XDJ(I) - ENVIRONMENTAL EXCITATIONS EACH 
1 CORRESPONDING TO ONE OF THE ABOVE OMJ(I)S/ HEll.S) 

000200    1070 FORMAT ( 1H1,// 30X, bSH***  OPTIMIZATION PROCEDURE FOR DESIGN OF 
1PACKAGE CUSHIONING  *** // ) 

000200        STOP 
000202        END 
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OPPACK 

PROGRAM LENGTH INCLUDING I/O BUFFERS 
031022 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
looo  - oooeab   1010 
10*0   -  0003*b    1050 

BLOCK NAMES AND LENGTHS 
C08TM  -  000135    VPA3S  -  00O011 

VARIABLE ASSIGNMENTS 

» 000231 1020 - 000233 1030 - 000235 
- 00035? lübO - 000370 1070 - 000*05 

CA O00000C01 CO - OOOlObCOl CI 
I 000*71 IC - 000001C02 IITM 
MOMJ 00000SC02 MXI - 00000*C0? NIC 
S 000**3 TCON - ooooobcoa TEMH 
XDJ 000*5b 

START OF CONSTANTS 
000201 

OOOlS^COl CS - 000132C01 
000002-.12 MIC - 000003C02 
0O000OC02 OMJ - 000*30 
000010C02 TEML • 000007C02 

START OF TEMPORARIES 
000*20 

START OF INDIRECTS 
000*30 

UNU8E0 COMPILER SPACE 
0*2*00 
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1 

TEMPEV  -   Subroutine 

Usage: 

This subroutine is used to initialize the three 
temperatures to be considered. 

Subroutines called: 

DAM AL W 
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SUÖKOUTINE  TEMPEV(0MJ,3,XDJ) 
OOOOQo COMMON /VPASS/ NIC»IC,IITM,MIC,MXI,MOMJ,TCON,TEML,TEMH 
OOOOC'b COMMON /COSTM/ CA(1U,7) ,CD(10,2>,CS,CI,NII 
OOOOOb COMMON /TEMPT/ TTHIKUO, 3,1l), IM, IAX8, ITEMP, IJE, TMX 
OOOOOb DIMENSION TIC3) 
OOOOOb DIMENSION OMJ(ll),S(10),XDJC11) 
OOOOOb TMX=12. 
00000? ITEMPsB 
000010 TI(1)= TEML 
000012 TI(2)= O.S*(TEMHfTEML) 
000015 TI(3)s TEMH 
00001b IF((TEMH-TEML).LT.20.)ITEMPsl 

000022 CALL 0AMALH(NIC,IC,      I ITM, TCON, TI,MIC, MXI,CMJ, M0MJ,S, XDJ) 
000035 RETURN 
00003b END 
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TEMPEV 

SUBPROGRAM LENGTH 
>T00055 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 

BLOCK NAMES AND LENGTHS 

VPASS  -  OOOOll    COSTM  -  00013S    TEMPT  -  000517 

■'■■ LIABLE ASSIGNMENTS 

HEMP   I   OSOSJJCG! S?c       "   ÜSJ0"08 Ic        ■   nooooicoi IITM     -   oooooacoi 

*'   : EF §■  : ES S. : =« &  : SS»! 000000C03 

START OF CONSTANTS 
0000*0 

START OF TEMPORARIES 
OOOOff 

START OF INOIRECTS 
oooo -a 

UNUSED COMPILER SPACE 
0H37O0 
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DAMALW -  Subroutine 

Usage: 

(1) Reads remainder of problem data deck. 

(2) Prints input and explanation of input. 

(3) Determines materials to be considered. 

(4) Determines best shipping policy, 

(5) Prints appropriate information concerning 
the best shipping policy. 

Subroutines called: 

CDPRO 
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Glossary of Variables for   DAMALW 

CA(I, J) 

CD(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. 

Container cost and property matrix.   Contains specific 
weight of container and cost of container. 

CI    -    -    -    -    - Cost of item. 

CS   ----- Cost of shipment. 

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

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

12 ----- Array subscript for material used on face two. 

13 ----- Array subscript for material used on face three. 

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

MATSC(I)- 

NMATS - 

NPCNT - 

OCOST (I, K) 

OMJ (I) - - 

OPSS(I)      - 

OTHK(I, K) 

PCTD(I) - 

REPCI(I)   - 

Material code. 

Number of materials to be considered. 

Number of different percent damage allowed. 

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

Environmental frequencies (rad/aec) 

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. 
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Glossary of Variables for   DAMALW   (Confed. ) 

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  [>AMALW(NIC,IC,      T 11 M, TCON, TI, MIC, MXl , OMJ, MOMJ, 3, 
1  XOJ) 

C BASED UPON THE ALLOWED DAMAGE. 
C CA(I,J) s COST AND PROPERTY MATRIX - CONTAINS COST OF MATERIAL» 
C COST OF FABRICATION,COST OF PACKAGING,SAFE LOW TEMP, 
C LOW AND HIGH STATIC STRESSES, SPECIFIC WEIGHT. 
C CD(I,J) = COST AND PROPERTY MATRIX - CONTAINS  SPECIFIC WT OF 
C CONTAINER AND COST OF CONTAINER. 
C CI = COST OF ITEM 
C CS = COST OF SHIPPING 
C DAMALW 
C GMF(I) s ALLOWED G-LEVELS FOR EACH PER-CENT DAMAGE ALLOWABLE 
C II s ARRAY SUBSCRIP-FOR MATERIAL USED ON FACE ONE   (1) 
C 12 s ARRAY  SUBeCRIF FOR MATERIAL USED ON FACE TWO  (2) 
C 13 s AR*AY SUBSCRIP FOR MATERIAL USED ON FACE THREE (3) 
C MATOP(I,K) s OPTIMUM MATERIAL FOR EACH FACE 
C MATSC(I)s MATERIAL CODE 
C OCOST(I,J) s MATRIX OF OPTIMUM COST FOR EACH ALLOWED G-LEVEL 
C OMJ(I) s ENVIRONMENTAL FREQUENCIES (RAD/SEC) 
C OTHK(I,K) s OPTIMUM THICKNESS FOR EACH FACE 
C PCTD(I)s PER-CENT OF DAMAGE ALLOWABLE 
C REPCI(I)s REPLACEMENT COST 
C S(I) = PSD INPUT - FOR RANDOM EXCITATION 
C SUBROUTINE READS FRAGILITY DATA FOR DAMAGE ALLOWABLE 
C SUBROUTINE READS MATERIAL COST AND PROPERTY FILE 
C THEN ITERATES ON CDPRO FOR DIFFERENT FRAGILITY DATA 
C THEN IT UETERMINES THE OPTIMUM SHIPPING STRATEGY 
C THE REMAINING INPUT VARIABLES ARE DEFINE IN THE OUTPUT FORMATS 
C Tl a MATERIAL THICKNESS FOR FACE ONE 
C T2 s MATERIAL THICKNESS FOR FACE TWO 
C T3 = MATERIAL THCIKNESS FOR FACE THREE 
C WlIswEIGHT OF ITEM 
C XDJ(I) s THE ENVIRONMENTAL G-LEVELS 

OOOOlb DIMENSION TI(3) 
00001b DIMENSION 0PSS(10),0C0ST(10,2),0THK(10,3),MAT0P(10,3) 
OOOOlb DIMENSION GMF(IO) ,KTD(10) ,REPCI (10) ,MATSC(10) ,0MJ(10) ,8(10) , 

1   XDJ(IO) 
OCOOlb COMMON /OPT/ II,I?,73,Tl,T2,T3 
UOOf.Jb COMMON /COSTM/ CA(10,?),CD(10,2),CS,CI,WII 

C READ COST FILE 
OOOOlb READ    SOO,NC,MITEM,MNMATS 
000087 PRINT »010, NC, MITEM, MNMATS 
0000*1 READ    10, C(CA(I,J),Jsl,7), Isl ,MNMATS) 
OOOObO READ    10, ((CD(I,J),Jsl,2), I&1,NC) 
000077 PRINT »02U, ((CA(I,J) ,Jsl,?) ,Isj , MNMATS ) 
OOOllb PRINT »030, ((CD(I,J),J=1,2), Isl, NC ) 
000135 RHOCsCD(NICl) 

C READ FRAGILITY DATA FOR DAMAGE ALLOWABLE 
0001*3      20 CONTINUE 
0001*3 READ    5, ITEM, WI, XL, YL, ZL, NPCNT 
OOOlbS PRINT »0»U, ITEM, WI, XL» YL, ZL, NPCNT 

C USING THE RANGE OF OPTIMUM STRESSES DETERMINE THE MATERIALS TO F>t 
C CONSIDERED 

000203 XsXL 
000205 Y=YL 
0002C-b Z>ZL 
000210 Ws*I 
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C CHANGE PCF TO PCI 
c CHANGE COST/CF TO COST/CI 

000211 00  25  Isi,MNMATS 
00021b CA(I,?)=CA(I,?)/1?28. 
000220 25 CA(I,1)=CA(I,1)/1?28. 
000224      2b CONTINUE 
00022* SI = W/(X * V) 
00022? 32 s H/(X * Z) 
000232 33 * W/CZ * Y) 
000235 Slls AMIN1(S1,S2,S3) 
000242 322= AMAX1(S1,S2,S3) 
00024b NMAT3S0 
00024? 00  28  I«1,MNMAT3 

C '£LECT  MATERIAL  TO  BE  CONSIDERED 
0002S0 IFC8ll.GT.CA(I,b).0R.Sil.LT.CA(I,5))G0 TO 28 
0002bl IF(3c^.GT.CA(I,b).0R.S22.LT.CA(I,5))G0 TO 28 
000272 XP(CA(X»»).GT.TXC1)) GO TO 28 
00027b NMAT3=NMATS ♦ 1 
00027? MATSC(NMATS)«I 
000301      28 CONTINUE 
000304 IF(NMATS.EQ.O)PRINT 4000 
000314 IF(NMATS.EQ.O)STOP 
00031? PRINT 40b0,(MAT3C(I)rI=l,NMATS) 
000332 Wllswi 
000334 IF(ITEM.NE.IITM)PRINT 3000 
000350 READ    7, (GMF(I),PCTD(I),REPCI(I),I«1,NPCNT) 
0003«.? PRINT 40SU, (GMF(I), PCTD(I), REPCI(I),I«l, NPCNT) 
0004t>b DO 40 ITsl,NPCNT 
000413 GMsCMF(IT) 
000415 CALL CDPRO(XL,YL,ZL,TCON,TI,WI,NMAT3,RHOC,MIC,MXI, 

1   C09T,MATSC,GM,0MJ,M0MJ,S,XDJ,IC,NZC) 
000442 IF(TI(1).E0.1500.)G0 TO 4S 
000450 0THK(IT,1)*T1 
000452 0THK(IT,2)sT2 
000453 0THK(IT,3)«T3 
000455 MATOP(ITfl)sMATSCCU) 
00045? MAT0P(IT»2)sMATSC(l2) 
0004b2 MAT0P(IT,3)sMAT3C(l3) 
0004b4 0PSS(IT)«1./(1.0-0.01*PCTD(IT)) 

C COST OF OVERSHIPPING 
000471 0C0ST(IT,l)aC0ST*0P8S(IT) 

C COST OF ALLOWING DAMAGE 
0004 74 0C0ST(lTr2)sCOST*REPCI(IT) 
00047b PRINT 1000, PCTD(IT),GM,C0ST,0P8S(IT),OCOST(IT,1),0C0ST(IT,2) 
000515   •  40 CONTINUE 
000523      45 CONTINUE 
000523 IF(TI(l).EQ.1500.)NPCNTsIT-l 
000527 IF(NPCNT.EQ.O)PRINT 4070 
000540 IF(NPCNT,EQ,0)RETURN 
000542 II-l 
000543 0SB=0C0ST(1,1) 
00P545 DO 50 1=1,NPCNT 
00054b IF(OS8.LE.0COST(I,l)> GO TO 5n 
000551 OSB=OCOST(I,J) 
000553 11 = 1 
00Ü5F4      50 CONTINUE 
OU055? PRINT HOUO 
t)005b2 PRINT 150O, OSB,GMF(IT),PCTD(II),OPSS(II) 
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00057b 

ÜOOblb 
OOObl? 
ooobei 
000b22 
oooba? 
000b32 
oooba* 
OOObSS 
000b*0 
0C?feS3 

o-j-:-t -3 
ÜUÜ702 
00070S 
o'-r ?:: 
I Liü /] c 
000712 
00071b 
001722 
000723 
0007J3 
000723 
000723 
000723 

0007P3 

000723 

000723 
000723 
000723 

000723 

000723 
000723 

000723 

PRINT 200U,0THK(II,l),MAT0Pni,l),OTHK(II,2),MATOP(II,2), 
1   0THK(II,3),MAT0P(II,3) 
11 = 1 
OVERS*OSB 
0SB«0C0ST(1,2) 
00 bO I=1»NPCNT 
IF(08B.LE.0C0ST(I,2)) GO TO bo 
OSB=0COST(I,2) 
11*1 

bO CONTINUE 
PRINT lbOOr OSB,GMF(II),PCTD(II),REPCI(II) 
PRINT 200U,0THK(II,1),MAT0P(II,1),0THK(II,2),MAT0P(II,2), 

1   ÜTHK(II,3),MAT0P(II,3) 
IF(OVER.S.GT.OSB)GO TO 70 
PRINT iaou 
PRINT 12000 
RETURN 

70 CONTINUE 
PRINT H0Ü 
PRINT 12000 
RETURN » 

5 F0«MAT(I*,2X,HE10.0,2X,I2) 
7 F0RMAT(3E10.n) 

10 F0RMAT(ES.0,Eb.0,F.b.0,Eb.0,3El5.S) 
500 F0RMAT(*0I2) 

1000 F0RMAT(2X,3HF0RlX,hb.2,lX,22HPER-CENT DAMAGE AND A 
1 17HFRAGILITY RATE OF Ft.lr1X,3HG'S/ 
2 2X,11HTHE COST IS1X,F9.2,IX,15HD0LLARS WITH A 
3 25HMULTIPLICATI0N FACTOR OF IX,Fb.2,IX,qHTlMES ONE / 
•♦   2X,20HWITH A FINAL COST OFlX,F9.2,IX,7HD01URS 
5 17HF0R OVER SHIPPING / 
b 2X,31HF0R ALLOWING DAMAGE THE COST IS 1X,F9.2,1X, 
7 12HD0LLARS/ITEM  /) 

1500 F0RMAT(2X,18H0VER SHIPPING DATA / 
1 2X,19HTHE OPTIMUN COST IS1X,FS.2,IX,7HD0LLAR3 / 
2 2X,21HTHE FRAGILITY RATE lS!X,Ff.1,IX,3HG«S / 
3 2X,22HTHE PER-CENT DAMAGE I81X,Fb.l / 
* ?X,28HTHE MULTIPLICATION FACTOR IS1X,F5.1/) 

lbOO F0RHAT(2X,21HDAMAGE ALLOWABLE DATA / 
1 2X,11HTHE OPTIMUM COST ISlX,Fq.2,lX,7HD0LLARS / 
2 2X,21HTHE FRAGILITY RATE IS1X,F*.1,1X,3HG»S / 
3 2X,22HTHE PER-CENT DAMAGE ISlX,Fb.l, / 
* 2X,22HTHE REPAIR COST/ITEM six,F9.2,IX, 7HD0LLARS/) 

1800 F0RMATO2H00VER3HIPPING IS THE BEST POLICY/) 
1^00 FORMAT(f8H0THE ABOVE PER-CENTAGE DAMAGE IS THE BEST POLICY/) 
2000 F0RMAT(2X,37HTHE OPTIMUM THICKNESS FOR FACE ONE ISlX,F7.3,IX, 

1 bHINCHESlX,HHIF MATERIAL1X, 12,IX, 7HIS USED/ 
2 2X,3?HTHE OPTIMUM THICKNESS FOR FACE TWO ISlX,F7.3,IX, 
3 bHINCHESlX,HHIF MATERIAL1X,I2,1X,7HIS USED/ 
f       2X,39HTHE OPTIMUM THICKNESS FOR FACE THREE IS1X,F7.3,1X. 
5   bhINCHESlX,HHIF MATERIAL1X,I2,1X,7HIS USED//) 

3000 F0RMAT(2X,t5H*THE ITEM IDENTICATION NUMBER DOES NOT AGREE* 
133H*WITH THAT OF THE FRAGILITY DATA*) 

fOOO F0RMAT(2X,S2HN0 MATERIAL IS IN THE RANGE OF OPTIMUM STRESS—STOP) 
tOlO FORMAT (1H0,IB,30H s NC — NUMBER OF CONTAINERS/ 

HX,l8,2fH s MITEM — ITEM NUMBER/ 
21X, I8,*0H * MNMATS— NUMBER OF MATERIALS ON FILE ) 

f020 FORMAT f!H0,2X, 85H CST-MAT      CST-FAB     CST-PAK      SL-TEMP 
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1 LW-STRS       HI-STR3      GAMMA   / (EU.H,vi.l3.f)) 
000723    «f030 FORMAT (1H0,2X,27H GAMMA        CST-CONTAINER  / (Ell.fr bE13.*)) 
000723    *0H0 FORMAT (JHO,2X,18»12H*ITEM NUMBER  /3X,E11.f,aqHsWEIGHT OF ITEM Hl 

1( POUNDS ) /SXfEU.trbSHs DIMENSION PARALLEL TO X-AXIS 2ND LONGEST 
2 DIMENSION XL (INCHES) /3X,EU.*,bSH« DIMENSION PARALLEL TO Y-AXIS 
3 3RD LONGEST DIMENSION YL (INCHES) /3X,Ell.*,blHs DIMENSION PARALL 
*EL TO Z-AXIS LONGEST DIMENSION ZL (INCHES) /,3X, 9HNUMBER *   18) 

000723    *0S0 FORMAT ( 1H0,8X, 35H MAX-G     PCNT-DAM    REPLACE-CST  / 
1(3X,3E12."0 // 2(180(1H*)/ ) ) 

000723    *obO F0RMAT(1HU2X,30HMATERIAL CODES CONSIDERED ARE  10(lX,l2,2H,  )) 
000723    «»070 F0RMAT(50H0  NONE OF THE DATA 15 ACCEPTABLE FOR THIS PROBLEM     ) 
000723   11000 FORMAT (/   120(1H*)/   ) 
000723   12000 FORMAT ( //    (120UH* )/ ) / 1H1 ) 
000723 END 
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DAMALW 

SUBPROGRAM LENGTH 
Q0170b 

FUNCTION ASSIGNMENTS 

STATFMENT ASSIGNMENTS 
5 
2b 
bO 
IvCO 
•~co 

•rCbO 

000735 
0(1022* 
000b35 
001032 
0011*7 
0012b* 
0013b5 

7 
28 
70 
IbOO 
3000 
*030 
*0?0 

m 

m 

mm 

•» 

m 

0007*1 
000301 
000712 
001072 
00121b 
001301 
00137* 

10 
*5 
500 
1800 
*000 
*0*0 
11000 

«■ 

0007*3 
000523 
0007*7 
001133 
001231 
001310 
001*0* 

20 
50 
1000 
1900 
"♦010 
*050 
12000 

- 0001*3 
- 00055* 
- 000751 
- 0011*0 
- 0012*1 
- 001352 
- 001*07 

'■ "C" NAMES AND LENGTHS 
J ■ T      - 00000b COSTM - 000135 

VARIABLE ASSIGNMENTS 
CA 
GMF 
ITEM 
J              - 
MNMATS - 

000000C02 
001b02 
OOlbbO 
OOlbSb 
001b5* 

CD 
1 
11 
MATCP 
MOMJ 

m 

00010bC02 
001bS5 
OOOOOOCül 
0015** 
000002 
OOlbbS 
00170* 
001b2b 
001b?5 
000003C01 
OOlbbl 
001bb2 
OOlbb* 

COST 
II 
12 
MATSC 
MXI 
0C03T 
OTHK 
RHOC 
S2 
T2 
WII 
Y 

- 
001702 
001703 
000001C01 
001b*0 

GM 
IT 
13 
MITEM 

- 001701 
- 001700 
- 000C02C01 
•  OOlbSS 

NMATS  - 
0P3S 
PCTD 
31 
S3 
M 
XDJ 
Z 

001b77 
001*50 
OOlbl* 
00U72 
001b7«* 
001b71 
00000* 
001b70 

NPCNT 
03B 
«EPCI 
Sll 
Tl 
MI 
XL 
ZL • 

m 

m 

oooooo 
001*b2 
00150b 
00',b5? 
00U73 
00000*C01 
00013*C02 
OOlbb? 

NC 
OMJ 
OVERS 
S 
S22 
T3 
X 
YL 

- 00ibS2 
•  000001 
- 001705 
- 000003 
- 001b7b 
- 000005C01 
- OOlbbb 
- OOlbbS 

START OF CONSTANTS 
U00725 

START OF TEMPORARIES 
001*1* 

START OF INDIRECTS 
001*30 

UNUSED COMPILER SPACE 
037500 
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CDPRO  -   Subroutine 

Usage: 

(1) Reads material files. 

(2) Stores material thicknesses by material and 
axis for the shock and vibration environments. 

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

Subprograms called: 

(1) DHGHT 

(2) SHOCK E 

(3) VIBRTN 

(4) COSTMT 
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Glossary of Variables for   CDPRO 

AL (I)    -    -    -    - Array of longest dimensions for each face of package. 

ALI(I*   -    -    -    - Actual dimensions of package. 

DH   ----- Calculated drop height. 

DII   ----- Array of drop heights. 

DLH      ...    - Dummy parameter. 

DL(I)    -    -    -    - Change in package dimensions along each face. 

DRPH -    -    - Actual drop height - stored on file. 

DWB     -    -    -    - Weight added by the addition of a bearing board. 

GM  ----- Maximum G-allowable (ft/sec/sec). 

IJE  Deletion code. 

ITEMP      -    -    - Number of temperatures considered. 

MIC      - Maximum iterations for drop height weight convergence. 

MOMS  -    -    -    - Number of frequencies stored on the vibration file. 

MTS      -    -    -    - Number of temperatures stored on the vibration file. 

MXIT (I, J, K) -    - Number of thicknesses stored for each axis and 
temperature. 

NMATS      -    -    - Number of materials to be considered. 

NS    ----- Number of static stresses. 

NT   ----- Number of temperatures. 

OMS(I)       -    -    - Array of frequencies stored in ascending order. 

RHOC   -    -    -    - Specific weight of container material under consideration. 

RHOM  -    -    -    - Specific weight of material under consideration. 

SI     ----- Static stress (W/A). 

SIG(I)   -    -    -    - Array of static stresses in ascending order. 
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Glosaaiy of Variables fo"    ZD^RC   (~o:*ia. ' 

T (I) -    -    -    -    -    Array of temperatures in ascending order, 

TAB1 (I, J, K) -    -    Work array—during shock calculations it contains G = F 
(thickness,  static stress,  temperature).    During vibra- 
tion calculations it contains ER = modulus = F (frequency, 
temperature). 

TAB2 (I, J, K) -    -    Array which contains loss tangent = F (frequency, 
temperature). 

TCON - - - Thickness of container (in.). 

TH(I) - - Array of thicknesses in ascending order. 

THI - A trial thickness. 

THIK(I, J) - - - Matrix of thicknesses generated during shock calculations. 

THTKV(I, J)    -    -    Matrix of thicknesses generated during vibration 
calculations. 

TI    - -    -    - -    An environmental temperature. 

Till ... _    Environmental temperature. 

TMX -    - Maximum allowed shock thickness, 

TS(I) - Array of temperatures stored in ascending order, 

TSK - Thickness predicted by shock environment, 

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

WI -    -    -    -    - Weight of item (lbs). 

XL -     -     -     -     - Width (in.). 

YL ----- Height (in.) - shortest dimension, 

ZL ----- Length (in.) - longest dimension. 
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SUBROUTINE CDPR0(XL,YL»7L.TCON,TJ,WI,NMATS,RHOC,MIC»MI,COST» 
1   MATSC ,GM,OMJ,MOMJ,S,XDJ,IC»NlC) 

C CUSHION  DESIGN  PROCEEDURE 
C GM         MAX   G-ALl.OWABLE (FT./SEC/SEC) 
C MATSC—— VECTOR  OF  MATERIAL  CODES 
C MIC  —— MAX  ITERATIONS  FOR  WEIGHT  CONVERGENCE 
C MXI  —— MAX  ITERATIONS  FOR  GM  CONVERGENCE 
C NMATS—— NUMBER  OF  MATERIALS  TO  BE  CONSIDERED 
C Ns   ..... NUMBER  OF STRESSES 
C NT   ——. NUMBER  OF TEMPERATURES 
C NTH  -"— NUMBER  OF THICKNESSES 
C RHOC —— SPEC. W  OF CONTAINER UNDER  CONSIDERATION  (PCI) 
C RHOM —— SPEC. W  OF MATERIAL  UNDER  CONSIDERATION  (PCI) 
C SI   —— STATIC  STRESS -CALCULATED 
C TCON  THICKNESS  OF  CONTAINER   (INCHES) 
C THI  —— GUESS  THICKNESS -CALCULATED 
C TMIK —— ARRAY  OF  TMlCKNESSFS  WORK  ARRAY 
C THIKV—— ARRAY  OF  THICKNESSES  WORK  ARRAY 
C TI   —— INTERPOLATING  TEMPERATURE 
C WI   —— WEIGHT  OF  ITEM 
C XL   —— WIDTH (INCHES) 
C YL     HEIGHT (INCHES) 
C ZL   —— LENGTH (INCHES) 

00002b COMMON /MMM/ MXIT(10»3,3) 
00002b COMMON /THK/ TSK,ITEM 
00002b COMMON /TEMPT/ TTHlK(10,3,11),IM,IAXS,ITEMP,IJE,TMX 
00002b COMMON /N/ NT,NS,NTH,SI,THI,TI11 
00002b DIMENSION TI(3) 
00002b DIMENSION TH(10),8IG(10),T(10),TAB1(10,10,10),MA TSC(10),TS(10) 
00002b DIMENSION OMS(IO),THlK(10,3),DII(5),THIKV(10,3),TAB2(10,lOrlO) 
00002b DIMENSION OMJ(H),XDJ(ll),FE(10),S(10),AL(3),ALI(3),DL(3) 
00f)02b EQUJVALENCE(TH,TS),(SIG,OMS)/(T,FE) 
00002b INTEGER DRPH 
00002b INTEGER DH,DLH,DII 
00002b DATA  Oil/ 18,2f,30»3b,H8/ 

C STATEMENT FUNCTION TO CALCULATE WEIGHT CHANGES 
OOno?b WF(T1,T2,T3»RC»RM)=2.*((RC*TC0N+RM*T1)*(Z +2.*(TC0N*T1))* 

1 (Y +2.*(TC0N+T1)) ♦ (RC*TC0N+RM*T2)*(X *2.*(TC0N*T2))* 
2 (Z +2.*(TC0N+T2)) + (»C*TC0N+RM*T3)*(Y +2.*(TC0N*T3))* 
3 (X +2.*(TC0N+T3))) 

C 
00010b ITIMt = 0 
00010? DWÖso.O 
000110 DO  130  ITEM=1,ITEMP 
000111 Till = TI(ITEM) 
000113 XDDAsGM 
000115 ALC1)=ZL 
00011b AL(2)sZL 
0001J? AL(3)=XL 
000120 X = XL 
000121 YsYL 
000122 ZsZL 
000123 PRINT 11000 
00012b DO  50  IMsl,NMATS 
000133 MS s MATSC(IM) 
00013b REWIND MS 
OOOlfC DO  f  IAXS=1»3 
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0001*2 *   THIKV(IM,IAX3)a0.0 
000150       5 CONTINUE 
000150 THIS3.5 
0001C2 TMlK(IM,l)sTHI 
00015* THlK(IM,2)aTHl 
000155 THIK(IM,3)=THI 
00015b 0LH=0 
00015b Tls THI 
Q0015? T2 = ThI 
OOOlbO T3« THI 
OOOlbl TTla Tl 
OOOlbS TT2s T2 
0001b* TT3s T3 
0001b5 0L(l)s e.*(THI ♦ TCON) 
000170 0L(2)s 2.*(TMI ♦ TCON) 
000173 DL(3)s 2.*(THI + TCON) 
00017b READ(MS,12)RH0M,DRPH,IC0DE 
000207 RH0MsRH0M/18.**3 
000211 00  lb  ICOUNTslfMIC 
00021b 00  15  IAXS=1,3 
000217 THI*THIK(IM,IAX3) 
00022 3 ALICIAXS)=.AL(IAXS) + DL(IAXS) 
00022b IF(IAXS.EQ.1)ASY*Z 

000232 IF(IAXS.EQ.2)ASX*Z 
00023b IFCIAXS.EQ.3)ASY*X 
0002*2 WW = Wl t WF(TT1,TT2,TT3,RH0C,RN0M) t OWB 
000255 DH= DHGHTiWWrALHIAXS)) 
0002b3 IJ=0 
0002b*      11 CONTINUE 
0002b* IJ=IJ*1 
0002bb IF(IJ.GT.*)PRINT 10000 
000303 READ(MS,20)NT,NTH,N8 
000315 REA0(M3,10)(T(I)fIal,NT) 
000330 READ(MS/la)CTH(I),Isl,NTH) 
0003*3 READ(MS,10)(SIG(I),I=1»NS) 
00035b DO  1000  K=1,NT 
0003b3 00  1000  I=1#NTH 
0003b*    1000 PEAD(MS,lU)(TABl(I,J,K)rJsi,N3> 
000*12 irCDH.NE.DII(IJ))READ(MS»12)RH0f'f ^«rH,IC0DE 
000*32 IF(DM.NE.OIKIJ)) 

1RH0MSRH0M/12.**3 

000*37 IF(DH.NE.0II(IJ))G0 TO 11 
000**2      13 CONTINUE 
000**2 REWIND  MS 
000*** READ(M3,12)RH0M,DRPH,IC0DE 
000*5b RH0MsRH0M/12.**3 
000*b0 SIsWI/A 
000*bb THIK(IM,IAXS)= SH0CKE(TABl,TH,SIG,T,GM,MXI) 
000*7b TT1 = THlK(IMrl) 
000500 TT2 = THIK(IM,2:> 
000501 TT3 s THIK(IM,3) 
0005P3 DL(1)=2.*(TT3+TC0N) 
000511 DL(2)=2.*(TT3*TC0N) 
00051* DL(3)=2.*(TT1*TC0N) 

C CALCULATE DELTA LENGTH FOR LONGEST DIMENSION 
00051?      15 CONTINUE 
000521 IF(A83(T1-TT1).LE.1.E-1.AND.AB3(T2-TT2).LE.1.E-1.AND.AB8(T3-TT3)1 

1  LE.l.E-1) GO TO *5 
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000545 PRINT ?001,TlrT2#T3,TTl,TT2,TT3 
0005b* Tl s TT1 
OOOSbb T2 s TT2 
0005b? T3 s TT3 
00(!5?i      lb CONTINUE 

C PRINT  APPROPRIATE  MESSAGE  FOR  NON-CONVERGENCE 
00US77 PRINT ?00UrMATSC(IM) 
000b05 MATSC(IM)sO 
G.TOblO GO TO SO 
OOObl*      HS CONTINUE 
OOOblf IF(TT3.LE.TMX)G0 TO 50 
00Cbl7 ITIME = ITIME+1 
ÜOC'bSO IFCITIME.NE.DGO TO SO 
OOObSl REWIND MS 
00Ub?3 YsYL*e.*T2 
000b2t> PRINT 800U#XL»Y,ZL»/»IM 

C CALCULATE WEIGHT OF (1./Y) INCH PLYWOOD FOR EACH AXIS 
UCOb^t DWflso.OOS8*(Y*Z t Y*X) 
OOObSO GO TO 5 
OOObSM-      50 CONTINUE 

C 
OOObS? DO  Sb  IMsl,NMATS 
OOObbO IF(MATSC(IM).EQ.O)GO TO Sb 
COilbbS MSaHATSC(IM) 

C READ TO BEGINNING OF VIBRATION FILES 
OOtlbbt REWIND MS 
OGOfabb DO  55  IR=1,* 
000b?0 READ(MS,12)RH0M,DRPH,IC0DE 
000701 REAC'(MS,20)NT,NTH,NS 
000713 READ(MS»10)(T(I)FI=1»NT) 
000 72b READ(M3flU)(TH(I),Ial,NTH) 
0007*1 READ(MS»lU)(SIG(I),Isi,NS) 
00075«» DO  55  Ksl,NT 
0007bl DO  55  1=1,NTH 
0007b2      55 READ(MS»Jn)(TABl(I,JfK),Jsl,N3) 
OD101?      5b CONTINUE 

C CALCULATE THICKNESS FROM VIBRATION ENVIRONMENT 

Ü0.G15 DO  100  IMsl,NMAT3 
00101b MS=MATSC(IM) 
001051 IF(MS.EO.U)GO TO 100 
001022 READ(MS»12)RH0M,MTS,M0MS 
001033 READ(MS.l*)(T3(I),Isl,MTS) 
001 O^b REAP(MS,1'OCOMS(I),I = 1,MOMS) 
OOlObl DO  bO  Isl,MOMS 
OOlOfch REAC>(M8,lf)(TA8l(l,J, l),Jsl,MTS) 
0O.UO1 bU   CONTINUE 
'101107 00      bS      1=1,MOMS 
001111 READ(MSrl*)(TA82(I,J,l),J:tl,MTS) 
OOllPt      b5 CONTINUE 
001132 DO  70  IAXS=1,3 
001l?f THlHV(IM,IAXS)sTHIK(lM,IAXS) 
OOim IF(IAXS.EU.l)A = y*Z 
nilHS IF(IAXS.Eü.2)AsX*Z 
001151 IF(IAXS.EQ.3)Asy*X 
ÜU1155 wwswi 
00115b      bS CONTINUE 
00115b TSK=THIKV(IM,IAXS) 
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0011t>2 
001202 
001207 
001213 
00121t 

00121t 
001220 

001223 

001212 

001213 
001250 
001252 
00125t 
001255 
0012bc 
0012b* 
001275 
001301 
001303 
001312 
001317 

001322 
001323 
00132t 
001330 
001332 
001335 
0013*0 
0013*5 
0013*b 
0013*7 
001352 
001357 
0013b0 

0013b0 
0013b2 
0013b3 
001370 
001372 
001375 
0Ü137? 
ooitot 
OOltOb 
001*10 
001*11 
001*lb 
001*21 
001*31 
001*3b 
001*51 
001*52 
001*52 

CALL  VIBRTN(TABl,TAB2,TS,OMS,TOP,0MJ,FE,M0MJ,XDDA,A,WH,S,IC,XDJ) 
IF(IJE.EQ.0)GU TO 75 
THIKV(IM,IAXS)ST3K 

70 CONTINUE 
75 CONTINUE 

IF(IJE.EQ.0)MATSC(IMJ30 
100 CONTINUE 

PRINT  THICKEJSES 
PRINT 50no,((THIKV(I#J),Jsl,3),Ial,NMATS) 
ELIMINATE  MATERIALS  THAT  00  NOT  OVERLAP  ALL  TEMP  REGIONS 
IK = 0 
UP-OATE  THICKNESS  ARRAY 
00  120  IM=1,NMATS 
IF(MATSCCIM).EQ.O) GO TO 120 
iXsIK+1 
DO  110  IAsl,3 
MXX=MXIT(IM,IA,ITEM) 
DO  110  IU&1/MXX 
TTHIK(IK,IA,IU)=TTHIK(IM,IA,IU) 
MXIT(IK,lA,ITEM)sMXX 
IFCITEMP.EQ.DGO   TO   HO 
MXITUK,IA,ITEM-1)3MXIT(1M,IA,ITEM-.1) 

110 CONTINUE 
120 CONTINUE 

SORT OUT DELETIONS 
DO 125 1=1,NMATS 
00 12F J=I,NMAT8 
IF(MATSC(J).LT.MAT3C(I))G0 TO 125 
SAVE = MATSC(J) 
MATSC(J)aMATSCd) 
MATSC(I)sSAVE 

125 CONTINUE 
NMATS s IK 
IF(NMATS.NE.0)G0 TO 12b 
PRINT bOOO 
TI(l)slSOQ. 
RETURN 

12b CONTINUE 
SORT MATSC(I) BACK INTO ASCENDING ORDER 
DO  127  Isl,NMATS 
DO  127  J«I,NMATS 
IF(MATSC(J).GT.MAT3C(I))G0 TO 127 
SAVEsMATSC(J) 
MATSC(J)»MATSC(I) 
MATSC(I)sSAVE 

127 CONTINUE 
130 CONTINUE 

DO  135  1=1,NMATS 
DO  135  IAsl,3 
MXIIsMXIT(I,lA,ITEMP) 
IF(ITEMP.EQ.1)MXII=1 
THIKV(I,IA)sTTHIK(I,lA,MXII) 

135 CONTINUE 
CALL COSTMT(THIKV,X ,Y ,Z ,TCON,THIK ,MATSt,NMATS,COST,NIC) 
RETURN 

10 F0RMATU1E7.0) 
12 FORMAT(E7,0,5I2) 
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r 
0GH52 If   FORMATC11E11.1) 
001152      SO F0RMAT(SI2) 
001152    5000 F0RMAT(2X,3HHMINIMUM THICKNESS FOR MATERIAL BY AXIS / 

1   10(2X,3E15.1/)) 
001152    faOOO F0RMATC1X,SBM ALL MATERIALS DELETED — NO OVERLAP BETWEEN TEMPERA 

1TUPES  29H-0PTIMIZE ON DATA ACCUMULATED  ) 
001152    7000 F0R>AT(S5H CAN NOT DETERMINE THICKNESS FOR DROP HGT. CALCULATIONS 

1  2X.1SHMATFRIAL CODE =I3,2X,21HTHIS MATERIAL DELETED) 
00HS2    ?0H1 F0RMAT(2X,3HTlsE11.1,2X,3HT2sE11.1»2X,3HT3«EU.1» 

1   2X,1HTTlsE11.1,2X,1HTT2*E11.1,2X,1HTT3*Ell.1) 
0011S2    8000 F0RMAT(2X,30HPLYW00D BEARING BOARD 1/1 INCH/ 

13X,10HDIMENSI0NS FS.2,3H X F5.2,2X,bHSIDE 3 
23X,10HDIM£N3I0NS FS.2,3H X F5.2,2X,bHSIDE 1 3X,15HMATERIAL NUMBER 
3 13) 

0Ü1152   10000 FORMATQHO 2SHCAN NOT FIND DROP HEIGHT     ) 
00J1?2   11000 FORMAT (/   120(1H*)/   ) 

;•.-        END 
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COPRO 

SUBPROGRAM LENGTH 
ooboae 

FUNCTION ASSIGNMENTS 
WF • U00034 

STATEMENT ASSIGNMENTS 
4 000142 S - 000150 10 - 0014bb 11 . 0002b4 
12 001*70 13 m 000442 14 - 001473 20 • 0014?b 
45 000bl4 50 - 000b54 Sb • 001012 b9 . 00115b 
75 ooieif 100 ■ 001220 110 m 001312 120 m 00131? 
125 001340 12b - 0013b0 127 - 00137? 5000 m 001500 
bOOO 001511 7000 ■1 001525 7001 • 001542 8000 m 00155b 
1OOO0 ooiboa 11000 m OOlblO 

BLOCK NAMES AND LENGTHS 
MMM * 000132 THK » 000002 TEMPT - 000517 N m 00000b 

VARIABLE ASSIGNMENTS 
A - 00bC12 AL • 00575b ALI • 005?bl COST m 000004 
OH - 005770 on - 003743 DL • 005?b4 OLH m 005771 
DRPH - 0057b? OWB - 00577b FE M 001723 GM m 00000b 
I - OObOlS IA - 00b025 IAXS • 000S13C03 IC m 000013 
ICODE - OObOlO ICOUNT » nobon IJ ■i OObOlf IJE m 000S15C03 
IK » 00b024 IM - 000S12C03 IR * 00b020 ITEM m 000001C02 
I TEMP " 000514C03 ITIME - 005775 IU - 00b02? J m 00b017 
K " OObOlb MATSC - O0CQ05 MIC H 000002 MOMJ m 000010 
MOMS * 00b022 MS » OÜbOOO MTS ■B 00b021 MXI • 000003 
MXII - ooboai MXIT » 0OOOO0CO1 MXX m 00b02b NIC • 000014 
NMATS «• 000000 NS - OOOOOlCO* NT m 000000C04 NTH • 000002C04 
OMJ - 000007 OMS - 001711 RHOC - 000001 RHOM . OObOO? 
S m 000011 SAVE - ooboao SI - 000003C04 SIG - 001711 
T - 001723 TAB1 » 001735 TAB2 - 00400b TH . 001b?7 
THI - 000004004 THIK - 003705 THIKV * 003750 Tin . 000005C04 
TMX - 00051bC03 TOP - 00bO23 TS « 001b?? TSK m OOO0OOC02 
TTHIH - Ü00000C03 TT1 » 00b004 TT2 - OObOOS TT3 m OObOOb 
Tl - OObOOl T2 - 00b002 T3 m 00b003 WH m OObOlS 
X - Ü05774 XOOA » 00577? XOJ m 000012 V m 005773 
z - 005772 

START OF CONSTANTS 
U01454 

START OF TEMPORARIES 
OOlblS 

START OF INOIRECTS 
001b?l 

UNUSED COMPILER SPACE 
03b30O 
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DHGHT   -   Function Subprogram 

Usage: 

Picks drop height using criterion set forth in the 
MIL-Standard. 

Subroutines called: 

None 
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■w.^» Mpnm m. mm 

ALL 

DH   - 

DHH(I) 

DHL (I) 

Glossary of Variables for DHGHT 

Item length + container and cushion thickness. 

Calculated drop height. 

Drop height. 

Prop height longest length. 

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

WW -----    Item weight + container and cushion weight. 
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w.*tM-.m.#J»i*'. 

FUNCTION DHGHT(WW,AI L "> 
000005 DIMENSION DHw(7),DHL(7),DHH(7) 

C ALL — — ITEM LENGTH ♦ CONTAINER ANÜ CUSHION THICKNESS 
C     DHH- DROP HEIGHT 
C OnL—— DROP HEIGHT MAXIMUM LENGTH 
C     OHW-  DROP HEIGHT UPPER WEIGHT LIMIT 
C wn ——— ITEM WEIGHT ♦ CONTAINER AND CUSHION WEIGHT 

000005 DATA DHW/lOO.#inP.,20n.# 800. #1000. ,1000. #1000./ 
OOOOOS DATA DHL/3b.#500.#3b.#500.,3b.#bO.#feOO./ 

C OATA DHH/t8.#30.,30.#2«t.#2f.,3b.#2'»./ 
000005 DATA DHH/3b.,30.,30.#?H.»2*.,3b.,2*./ 

C THIS  FUNCTION  PICKS  THE  APPROPRIATE  DROP  HEIGHT 

dOOOGfe IF(WW.GT.1000.)G0 TO 20 
OOL'OJl DO  10  Isl,7 
JG0C12 11 = 1 
100013 7 CONTINUE 
000013 IF(WW,GT.DHW(H))G0 TO 10 
C00017 Ir(ALL.LT.DHL(II))GO TO IB 
000021 IF(DH*(II).LT.DHW(II+1))G0 TO IB 
000023 11=11+1 
000025 GO TO 7 
000025 10 CONTINUE 
000027 18 DM=DHH(II) 
000031 20 DHGHT=DH+U.l 
000033 RETURN 
00003* END 
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DH6HT 

SUBPROGRAM LENGTH 
OOOlOl 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
7      -  000013    10     -  000025    IB     -  000027    20     -  000031 

BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
DH     -  00007b    OHGHT  -  000050    OHH    -  OOOObr    DHL    -  OOOObC 
0KW    -  OOOOri    I      -  000077    II     -  000100 

START OF CONSTANTS 
00003b 

START OF TEMPORARIES 
0000*2 

START OF INDIRECT3 
OOOOff 

UNUSED COMPILER SPACE 
0*3300 
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Usage: 

COSTMT   -   Subroutine 

(1) Calculates cost of packing materials by axis. 

(2) Calculates 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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Glossar y o( -\ a   'able a to?    CCSTM I 

AL (I)    - Area of the perpendicular face of the package. 

Cl     -----     -     Coat of ma''t "ial o:.J fare or.e. 

C2    ------    Cost of material on face two, 

C3    ------    Cost of material on face three. 

C12-    -    -    -    -    -    Contains the minimum cost between the materials 
on face one and face two. 

C13-    -    -    -    -    -    Contains the minimum cost between the materials 
on face one and face three, 

C23 ------      Contains the minimum cost between the materials 
on face two and face three, 

C123      ----- Contains the lowest coat of the three materials, 

CAXIS(I, 1)     -    -    . Cost of the packaging material for face one, 

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

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

CF(I)    -----    Array containing cost of fabrication to specific 
dimensions, 

CFF ----- Cost of fabrication. 

CM (I) ----- Array containing material cost. 

COST ----- Total cost, 

CP(I)           -     - Array containing the cost of packaging. 

CPP ■■     - Cost of packaging, 

CSS ----- Cost of shipping the package. 

CVC ----- Cost of material for corners, 

II (I)       -----    Contains array positions of optimum thickness for 
each of the three faces. 
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Glossary of Variables for   COSTMT   ( Contd. ) 

MC (I)  Contains material code for each of the three faces. 

MTC      -    -    -    -    - Material code. 

SLT (I)  Safe low temperature. 

Tl------ Optimum thickness for face one, 

T2 - Optimum thickness for face two. 

T3    -----    - Optimum thickness for face three. 

TCC      ----- Total cost of container by volume. 

TCMV •    -    -    - Total cost of material by volume. 

VI    -----    - Volume of packaging material needed for fao one. 

V2    -----    - Volume of packaging material needed for face two. 

V3  Volume of packaging material needed for face three. 
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SUBROUTINE COST MT(THTKV,XL»VL»ZL,TCON,C4X IS,MATSC,NMATS,COST,IC) 
UME OF CONTAINER MATERIAL 
COST OF FABRICATION TO 
O.OS-MIN) 

cc 
CF 

000015 
000015 
00001S 
000015 
000015 
000015 

000015 
000015 
00001b 
00001? 
000021 
000022 
000085 
000027 
000032 
00003* 
ooooto 
0000*2 
0000*5 
300050 

000052 

000057 

OOOObl 
0000b* 

OOGObb 
0000b? 
000070 

000072 
000102 
000110 
000115 
000123 
000125 
00012b 
000130 

1-0 ARRAY COST/UNIT VOL 
•- 1-D ARRAY CONTAINING 

SPECIFIC DIMENSION ( 
COST OF ITEM 
•- 1-0 ARRAY CONTAINING 

CI — 
CM — 
COSTMT 
CP .... i-D ARRAY COST OF PACKI 
CS -— COST OF SHIPMENT 
GAMAC —- 1-D ARRAY CONTAINING 

MATERIAL 
R0S1 —- l-l) ARRAY LOH END OF 

STRESS OF EACH MATER 
R0S2 --— 1-D ARRAY HIUM END OF 

STKESS OF EACH MATER 
SLT —-- 1-D ARRAY OF SAFE LOW 
COMMON /COSTM/ CA(10,?),CD(10,2 
COMMON /OPT/ U,I2,I3,T1,T2,T3 
DIMENSION MATSC(IO) 
DIMENSION CM(10),CF(10),CP(10), 
DIMENSION GAMAC(10),CC(10),THIK 
EQUIVALENCE (CA(1,1),CM),(CA(1, 

1  CCA(l,5),R0Sl),(CA(l,b),R032) 
EQUIVALENCE (CD(1,1),GAMAC),(CD 
ALU) =ZL*YL 
AL(2)=ZL*XL 
AL(3)=XL*YL 
DO 20 !=1,NMATS 
MTCsMATSC(I) 
VlsAL(l)*THIKV(I,l) 
V2=AL(2)*THIKV(I,2) 
V3=AL(3)*THIKV(I,3) 
CAXIS(I,1)=V1*CM(MTC) 
CAXI3(I,2)=V2*CM(MTC) 
CAXIS(I,3)=V3*CM:MTC) 

20 CONTINUE 
CALL MINC0S(II,1  iS,NMATS; 
DETERMINE COST OF PACKING MATER 
DO 30 1=1,3 
IIC15 CONTAINS ARRAY POSITIONS 
IL=II(I) 
MC(I) CONTAINS MAT. CODE 
MC(I)=MATSC(IL) 

30 CONTINUE 
I,J,K CONTAINS MAT. CODE 
IsMC(l) 
J=MC(2) 
KsMC(3) 
CALCULATE MIN. COST 
C123 = AMINl(CM(n,CM(J),CM(K)) 
C12=AMIN1(CM(I),CM(J)) 
C133AMIN1(CMU),CM(K)) 
C23=AMIN1(CM(J),CM(K)) 
11*11(1) 
I2*!IC2) 
13*11(3) 
T1*THIKV(I1,1) 

MATERIAL COST/UNIT VOLUME 

NG ITEM FOR SHIPMENT 

SPECIFIC WEIGHT OF CONTAINER 

THE RANGE OF OPTIMUM 
IAL 
THE RANGE OF OPTIMUM 

IAL 
TEMPERATURE FOR EACH MATERIAL 
),CS,CI,wII 

SLT(10),R0S1(10),R0S2(10),MC(3) 
V(10,3),CAXIS(10,3),AL(3),II(3) 
2),CF),(CA(1,3),CP),(CA(1,*),SLT), 

(1,,2),CO,(MC,AL) 

IAL 

FOR CORNER AND EDGE CUSHIONING 
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00QJ32 T2=THlKV(I2,2) 
00013S T3=THIKV(I3,3) 
000137 CSS=(ZL«YL*Tl*CA(Il,?)*ZL*XL*T2*CA(I2,7)tXL*YL*T3*CAn3,7))*CS 

1   ♦ CS*WII 
00015» PRINT 2000,MC(l},THIKv(Il,l),MC(2),THlKVn2,2),MC(3),THIKV(l3,3) 
000221 Cl = 7.L*THlKV(Il,l)*THlKV(l2,2)*Cl2 
000332 C2 sXL*THIKV(ia,2)*THIKVC13#3)*C23 
00023 7 r3=YL*THlKV(l3,3)*THlKV(Il,l)*Cl3 
0002*» CVC=THIKV(Il,l)*THlKV(I2,2)*THlKVCI3,3)*C123 

C     TOTAL COST OF MATERIAL BY VOLUMF 
000252 TCMVs2.*(CAXlS(Il,l)KAXlS{I2,2)>CAXISCl3,3)) 

1  ♦8.»CVC*'».*(C1 + C2*C3) 
C     TOTAL COST OF CONTAINER BY VOLUME 

TCCsCC(IC)*TCUN»(2,*(7L+2.*THIKV(I3,3))*(YL+2.*THIKV(I2f2))+ 
1 2.*(ZL*2.*THlKV(13,3))*iXL*2.*THIKV(Il,l))+ 
2 2.*(XL*2.*THIKVC11,1))*(YL*2.*THIKV(12»2))) 

C     COST OF FABRICATION BASEO ON A RATE OF 3 INCHE3/MIN AND THE ASSUMPTION 
■;     THAT IT TAKES 1/2 AS MUCH TIME TO CUT THE EOGE FILLER AS TO CUT 
C     THE SURFACE. 

000 315 CFF = 2.*(CF(I)*(7.LtYL)fCF(J)*(XL + ZL)*CF(K)*(XL*YD) 
C     TOTAL COST 

OOP 332 CPP=b.«aP(I)*CZL*YL)*CP(J)*(XL*ZL>+CPfK)*(XL*YL)) 
0003»b        COSTsTCMV+TCC+CFF+CSS+CI+CPP 

C     TO BE CONTINUED LATER     ********* 
00035* PrfINT 100U, COST,(MATSC(IA 1,(CAXIS(I A,JA),JAsi,3),IAsl,NMATS) 
000*11 RETURN 
000*12    1000 F0«r'AT(2X,lbHT0TAL C0ST/ITEMsF8.2,/,2X,12HMINC0S-INPUT / 

1 2X,HbHC0ST MATRIX-MATERIAL VERTICAL,AXIS HORIZONTAL / 
2 10(2X,I2,2X,F8.2,2X,F8.2,2X,FB.2/)) 

000*12    2000 F0RMAT(2X,!5HMATERIAL CODE = I»,2X,2»HTHICKNE3S FOR FACE ONE =F8.3 
1 ,lX,bHlNCHES/ 
2 2X,15HMATERIAL CODE = I»,2X,2»HThICKNESS FOR FACE TWO =FB.3 
3 ,«.X,bHINCHES/ 
»       2X,15HMATERIAL CODE = I»,2X,25HTHICKNESS FOR FACE THREE» 
5   Fa.3,lX,bHINCHES/) 

000*12 END 
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C08TMT 

SUBPROGRAM LENGTH 
000701 

FUNCTION ASSIGNMENT} 

STATEMENT ASSIGNMENTS 
1000   -  000*22    2000 

BLOCK NAMES ANO LENGTHS 
COSTM  -  00013S    OPT 

OOOb*^ 
000012C01 CFF 

VARIABLE ASSIGNMENTS 
AL 
CF 
COST 
CSS 
C123 
C3 
IC 
12 
K 
NMATS 
TCC 
T3 
Nil 

CA 

000002 
OOObbb 
000bb2 
000b71 
000003 

CP 
CVC 
C13 
GAMAC 
II 

-  000001C02 13 
OOObbl    MATSC 
000001    R0S1 
000b7.*    TCMV 
000005C02 VI 
00013fC01 

-  000»** 

UOOOOb 

OOO00OCC1 CC 
000b75 CI 
00002*C01 CPP 
000b?2 Cl 
OOObb* C2 
OOOlObCOl I 
000b*7 IL 
000002C02 J 
nooooo   Mc 
nooosocni ROS2 
000b73    Tl 
OOObS*    V2 

000120C01 
000133C01 
000b?b 
000bb7 
000b?0 
000b52 
OOObS? 
OOObbO 
oonb** 
00H0b2C01 
00r.003C02 
000bS5 

CD 
CM 
CS 
C12 
C23 
IA 
II 
JA 
MTC 
SLT 
T2 
V3 

OOOlObCOl 
OOOOOOCCl 
000132C01 
OOObbS 
OOObbS 
000b?7 
000000C02 
00G700 
O00bS3 
00003feC01 
0O0OOKO2 
G00b5b 

START OF CONSTANTS 
000*1* 

START OF TEMPORARIES 
000510 

START OF INOIRECTS 
OOOfi?* 

UNUi'ED COMPILER SPACE 
0*1'.00 
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MINCOS -   Subroutine 

Usage: 

Picks the material that has the minimum cost for 
each axis. 

Subroutines called: 

None 
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Glossary of Variables for   MINCOS 

CAXIS(1, J)     -    -    Cost of packaging material for all tnree fa ces, 

IT(I) -    -    -    -    -    Contains array positions of optimum thicknesses for 
each face. 

SIT (I)   - Work array used for sorting. 
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SUBROUTINE 
MIN C03T 
SUBROUTINE 

MlNCUSfIIrCAXlS,NMATS) 

PICKS THE MATE' IAL FOR EACH AXIS-WHICH 
C HAS THE MINIMUM COST 

OOOOOb DIMENSION II(1),CAXIS(10,3),SIT(10) 
00000b DO SO IAXIS=1,3 
00000? DO 30 I=1,NMATS  ' 
000010 30 SIT(I)»CAXIS(I»IAXI3) 
000020 II(lAXIS)si 
000022 DU *0 IMsifNMATS 
00002* IF(SIT(1).LT,SIT(IM)) GO TO YD 
000087 H(IAXIS) = IM 
00C031 SAVE=SIT(1) 
000032 S1T(1)=SIT(IM) 
000033 SIT(IM)=SAVF. 
OGOOSY fO CONTINUE 
00U03? 50 CONTINUE 
OOOOfl         RETURN 
0000*1         END 
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MINCOS 

SUBPROGRAM LENGTH 
000070 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
30     -  000010    HO -  00003* 

BLOCK NAMES AND LENGTHS 

VARIABLE ASSIGNMENTS 
I      -  IJOOObS    IAXI8  -  OOOObf    IM 
SIT  - oooosa 

-  OOOObb SAVE   -  GOOOS? 

START OF CONSTANTS 
uooota 

START OF TEMPORARIES 
000044 

START OF INOIRECTS 
00004b 

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 environment. 

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; 

LAG1NT 

FLAGR 
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Glossary of Variables for   SHOCKE 

F2 (I)     ----- 1-D array of interpolated accelerations. 

G      ------ Interpolated acceleration. 

GM  ------ Fragility limit (acceleration). 

NS    -    ...    -    -    - Number of static stresses stored on file. 

NT   ------ Number of temperatures stored on file. 

NTH      ----- Number of thicknesses. 

SI     ------ Interpolating stress. 

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

T (I)       ----- 1-D table of temperatures. 

TAB1 (I, J, K)       -    - 3-D table of peak accelerations 
G = F (TH,  SIG,  T). 

TF(I)    ----- 1-D array of guess thicknesses. 

TH(I)    ----- 1-D   table of thickness values. 

THI ------ Guess thickness. 

TI    ----- Interpolating temperature, 
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!■■  > iiwiWP^w^^^ii 

oooon 
ÜUCOll 
oooou 

O'.'O' . i 

000Ü13 
0000!* 
ooonih 
000021 
000023 
000033 
000036 
O'JOO** 
00LO5 
0000*5 
0000*7 
0000*7 

110 

12U 

IS 

FUNCTI 
COMHON 
OIMENS 
DIMENS 
GM  — 
NS  " 

NT  — 
NTH -- 
T 
TAB1-- 
TM  « 
THI -- 
TI -- 
31  — 
SIG -- 
UNLESS 
CONTIN 
00  12 
THisFL 
TFII) 
CALL L 
F2(I) 
IF(ABS 
CONTIN 
SHOCKE 
RETURN 
CONTIN 
SHCCKE 
RtlURN 
END 

ON SHÜCKE(TA81» 
/N/ NTfNS»NTH, 
ION TAB1(10,10. 
ION TF(5),F2(S) 
FRAGILITY LIM 
NUMBER OF STRE 
TnEN 2 
NUMBER 
NUMBER 

ARF NEE 
OF TE 
OF  TM 

1-0 TABLE OF T 
3-0 TABLE OF PE 
1-D TABLE OF T 
(INITIAL THICK 

(TEMPERATURE) I 
(STRESS) INTER 
1-0 TABLE OF S 
EXTRAPOLATING- 

UE 
0  1=1,5 
OAT(I) 
FLOATdi 
AGINT(TAB1#T,3I 
G 
(G-GM).LT.0.1)G 
Ufc" 
sFLAGR(5,F2,TF, 

UE 
sTHI 

TH,SIG#T,GM,MXI) 
SlrTHI,Tl 
10),TH(10),SIG(10),T(in),FU0) 

IT  (ACCELERATION) 
SSES  MUST BE AT LEAST 3 UNLESS EXTRAPOLATING 
CEO 
MPERATURES  MUST  BE  AT  LEAST  1 
ICKNESS  VALUES  MUST BE AT LEAST 3 
EMPERATURES (FAHRENHEIT) 
AK ACCELERATIONS  G=F(TH,SIG,T) 
HICKNESS  VALUES  (PTS. AT WHICH DATA WAS TAKEN) 
NESS)  (GUESS) 
NTERPOLATING VALUE 
POLATING VALUE 
TATIC STRESS W/A (PTS. AT WHICH DATA WAS TAKEN) 
-THEN 2 ARE NEEDED 

G»TH,G,F) 

0 TO 15 

GM) 
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SHOCKE 

SUBPROGRAM LENGTH 
U00112 

FUNCTION ASSIGNMENTS 

STATEMfNT ASSIGNMENTS 
15     -  UOOO*S    110    -  000011 

BLOCK NAMES AND LENGTHS 
N      -  00000b 

VARIABLE ASSIGNMENTS 
F      -  0000b*    F2     -  000103    G      -  000111    I      -  OOCllO 
SHOCKE -  0000b3    TF     -  00007b    THI    -  000004COI 

START OF CONSTANTS 
U00051 

START OF TEMPORARIES 
00005t 

STAKT OF INDIRECTS 
0000b2 

UNUSED COMPILER SPACE 
0H33OO 
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VIBRTN  -   Subroutine 

Usage: 

(1)       Determines thickness needed to protect in the 
vibration environment. 

(2) 

Options: 

Determines the union of the temperature 
dependent thicknesses. 

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

(2) Physical optimization based on multiple sine 
excitation. 

(3) Physical optimization based on random excitation. 

Subroutines called: 

LAGINT 
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Glossary of Variables fo:*   VIERTE 

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

AT   ------- Environmental temperature. 

ERI       ------ Modulus at center frequency. 

ERJ       ------ Modulus at environmental frequency. 

FE(I)    ------       rork - vector. 

IC    ------- Procedure code. 

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

IC = 2   -    -    -    -    -    - Multiple sine excitation. 

IC r 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 thicknesses 
included in the dynamic thickness array, 

OB (I)    ------ Array of 1-octave band center frequencies,  Hz. 

OM  ------- Environmental frequency. 

OMJ(I)       ----- Environmental frequencies. 

OMS(I)       ----- Frequency scale. 

S(I)-    -    -    -    -    -    - Array of 1-octave band power spec'-al densities, 

SJ     ------- Sum of output excitations for one center frequency. 

TAB1 (I, J, K)       -    -    .    Table containing behavior of storage modulus (ER) 
ER = F (frequency,  temperature). 

TAB2 (I, J, K)       -    -    -    Table containing behavior of loss tangent 
EL/ER = F (frequency,  temperature). 
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Gloaaary of Variables for  VIBRTN   ( Contd. ) 

TCC(I)-    ---_.    Calculated thicknesaes. 

TF(WI, WJ, ERI. ERJ, 
DJ) -    Statement function to calculate transfer function. 

THCK (A, ERI, WI, W)   - Statement function to calculate thickness. 

TOP      ------ Optimum thickness. 

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

TS(I)     ------ Temperature scale. 

TSK       ------ Thickness predicted by shock environment. 

TT(I)    ------ A thickness work array. 

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

vV  Weight of item. 

WI    -----..- 1-octave band center frequency. 

XDD (I)       ----- Calculated output excitation. 

XDDA   ------ Maximum allowable G-level. 

XDJ(I) ------ Environmental G-levels. 
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c 
c 

000081 

000051 
000081 
OOOOc-1 
000081 
000081 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

000081 

0000H7 
OOOOfal 
OOOObS 
0000fc3 
oooobs 
OOOObb 
000070 
000071 
000073 
00007b 
oooim 
0OÜ11S 
oonia* 

c 
00Ü181» 
00013Ü 

SUBROUTINE  VIBRTN(TAB1,TAH8,TS,0M3,TOP,0MJ,FE,M0MJ,XDDA,A,W,S, 
IICXDJ) y 
SUBROUTINE  CALCULATES THE  OPTIMUN  THICKNESS FDR THE VlBKATION 
ENVIRONMENT 
DIMENSION  |ABH1U,10,10),TAB8(10.10,10),OB(11),TS(1),OMS(1), 
10MJ(l),S(l),FE(l),XDD(ll),TCC(ll),XDJ(l),T0PP(ll) ,TT(88) 
COMMON /MMM/ MXI (10,3,3) 
COMMON /TEMPT/ TTHIK(10,3,11),IM,IAX,ITEMP,IJ,TMX 
COMMON /THK/ TSK,ITEM 
COMMON /N/  M,MTS,MOMS,AT,OM,ZA 
DAI A 0B/l.,8.,».,8..1b.,3l.5,b3.,18S.,85U.,500.,lO00./ 
******* 
FE   —_-_  WOSK - VECTOR 
MOMJ   NUMBER  OP  INPUT  ENVIRONMENT  FREQ. 
OMJ   ENVIRONMENTAL  FREQUENCIES - VECTOR 
OMS  -----  FREQUENCY SCALE (PTS. AT WHICH INFO. IS RECORDED)   - VECTOR 
TAB1 -----  TWO - D  TABLE (CURVES)  CONTAINING  BEHAVIOR OF  STORAGE 

MODULUS(ER)    ER s F(TEMP,FREQ) 
TAB8 -----  TWO - D  TABLE (CURVES)  CONTAINING  BEHAVIOR OF  LOSS 

TANGENT (DJ)   DJ=EL/ER =F(TEMP,FREQ) 
TOP ----- OPTIMUN THICKNESS 
TS .....  TEMPERATURE SCALE (PTS. AT WHICH INFO. IS RECORDED) - VECTOR 
XODA  MAXIMUM  ALLOWABLE  G - LEVEL       * 
A ----- SUPPORTED  AREA  OF  ITEM ***     (SO. INCHES) 
M -----  «EIGHT  OF  ITEM ***** 
S ..... P s D - IN  1-OCTAVE BANDS *** INPUT IF K e 1 *•* - VECTOR 
XDJ ----- ENVIRONMENTAL G-LEVELS - VECTOR   ***** 
IC   PROCEEDURF.  CODE  VALUE=1,8,0R 3   *** 

* 
AT   ENVIROMENT'L TEMPERATURE 
IC=1 ----- PHYSICAL OPTIMIZATION FOR  MIL - STD BlOB  EXCITATION 
IC=8   PHYSICAL OPTIMIZATION FOR  MULTIPLE  SINE  EXCITATION 
IC=3   PHYSICAL OPTIMIZATION FOR  RANDOM EXCITATION 
OM   ENVIRONMENTAL  FREQ  OMJ(J) 
MOMS   NUMBER  OF  VALUES  ALONG  FREQ. SCALE (0M3) 
MIS- NUMBER OF TEMPERATURES STORED ON FILE 
** 
TAB1 AND TABS ARE ASSUMED TO USE THE SAME TS AND OMS VECTORS 
******* 
TF(WI,WJ,ERI,ERJ,DJ)= SQRT((l.+DJ**8)/((l.-(WJ/WI)*«8*ERI/ERJ)**2 

1 ♦  DJ**8)) 
THCK(A,ERI»WI,W) s 38b.t0*A*ERI/(W*WI**8) 
M = l 
ZA=0.0 
DO  =0  1=1,11 
SJ a 0.0 
wI=b.8831853*0B(I) 
OM = Wl 
XOO(I)=1.E10 
IF(0M.LT.0MS(1))G0 TO 50 
CALL LAGINT(TAB1,DUMY,TS,0MS,ERI,FE) 
TCC(I) = THCK(A,ERI,WI,w) 
GO  TO  (10,80,30) , IC 

1U CONTINUE 
MIL  STD  810 - B  EXCITATION 
CALL  LAGINT(TAB8,DUMY,TS,0MS,DJ,FE) 
SJ = TF(W1,0M,ERI,ERI,0J)*XDJ (I) 
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0001*7 GO TC *S 
0001*7 20 CONTINUE 

C MULTIPLE  SINE  EXCITATION 
0001*7 00  25  J=1,M0MJ 
000151 OM a OMJCJ) 
000153 IF(0M.LT.0MS(1).0R.0M.GT.0MS(M0M3))G0 TO 25 
0001b*» CALL  LAGINT(TABl,DUMYrT3,0MS,ERJrFE) 
0001fc7 CALL  LAGINT(TAR2,DUMY,TS,0MS,DJ, FE) 
00017b SJ s SJ ♦ TF(HI,OM,ERI,ERJ,-DJ )* XDJCJ1» 
0ÜU217 25 CONTINUE 
000222 GO TO *5 
000222 30 CONTINUE 

C RANDOM  EXCITATION  (PSD  INPUT ) 
000222 DO  35  J=1,M0MJ 
00022*» OH s OMJ(J) 
00022b CALL  LA6INT(TABi,DUMY,T8,0MS,ERJrFE) 
000231 CALL  LAGINT(TAB2,DUMY»TS,0M3,DJ »FE) 
0002*0 3J s  SJ ♦ 3(J)*TF(wI,0M,ERl,ERJ,DJ )**2 
0002bl 35 CONTINUE 
0002b* SJ =  2.S* SQRT(SJ) 
0002b7 <f5 CONTINUE 
OOOet.7 XDD(I) s SJ 
000271 50 CONTINUE 
000277 IIsO 
000300 CT=1. 
U00301 DO  bO  I si,11 
000303 IF{XDD(I).EO,1.E10)GO TO bO 
00030b IF(XD0(I).GT.XD0A)G0 TO bO 
000312 ii = im 
000313 IF(CT.EQ.1.)T0P*TCC(I) 
00031? TOP s AMIN1(T0P,TCC(I)) 
000323 T0PP(II)3TCC(I) 
000325 CT a 0.0 
00032b bO CONTINUE 

C SORT THICKNESSES INTO ASCENDING ORDER 
000330 DO  bS  1=1,11 
000332 DO  faS  J=I,II 
000333 IF(TOPP(J),GT.TOPP(I))GO TC b5 
0003*0 SAVEsTOPP(J) 
0003*1 TOPP(J)=TOPP(I) 
0003** T0PP(I)aSAVE 
0003*5 b5 CONTINUE 

C CHMPARE SHOCK THICKNESS TO VIBRATION THICKNESS 
000352 IF(T0P.LT.TSK)G0 TO b2 
00035* TSKsTOP 
0ÜÜ355 111 = 1 
00035b GO TO 80 
OOOSSb b2 CONTINUE 
00035b DO  70  1=1,11 
0003bO 111 = I 
0003bl IK(TSK.LE.TOPP(III))GO TO ?r. 
0003b5 70 CONTINUE 

C PRINT  APPROPRIATE  ERROR  MESSAGE 
00n3b7 PRINT 1000 
000372 PRINT 2000,TSK,TOP 
000*05 PRINT 3000,IM 
000*13 IJsO 
000*1* RETURN 
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000*15 75 
oon*i? 80 

c 
ooo»i7 
000*2b 
000**2 
ooo*bO 

aon*b3 
v. 

000*b5 
300*72 
000*73 
000*75 
000*77 
000505 
000507 
000512 85 
000515 

000557 

0005*0 
OU05*2 
0005*3 
0OU5*S 
ÜOÜSS1 

OOOSFb 
00O5b* so 
0005b? 
000571 
000572 
000573 
OOObOO 
OOObOl 
OOObO* 
000b05 ss 
000bl2 
OOUblS 
OOObl? 
000b2? 100 
OOObll 
000b?b 
OOOfaSb 105 
000b3b 
00Qb*l 
000b*2 
0ÜUb*5 
OOUbSS 110 
000b55 
onnbbn 
OOObbl 
OOübbl 500 
OOObbl 1000 
unubbi 2000 

o o n b fc j. 3000 
OOObbl *000 
OOObbl sonn 

TSKSTOPP(III) 
CONTINUE 
CHECK OPTIMUM THICKNESS AGAINST MAX ALLOWABLE OPTIMUM 
IF(TSK.GT.TMX)IJsO 
IF(TSK.GT.TMX)PRINT 3000»IM 
IF(TSH.GT.TMX)PRINT SOOO,TSKrTMX 
IF(TSK.GT.TMX)RETURN 
DETERMINE THE UNION OF THE TEMPERATURE DEPENDENT THICKNESSES 
IFCITEM.EQ.1)G0 TO 105 
MXII=MXI(IM,IAX,ITEM-1) 
IJ = 0 
OU  85  I-III, II 
I*sin + (I-III) 
IF(TTHIK(IM,IAX,1).GE.T0PP(I*))G0 TO 85 
IJsIJ+1 
TT(IJ)sTOPP(I*) 
CONTINUE 
IFCIJ.EQ.rj> 

1PRT'(T 3U0U,IM 
IFUJ.EQ.U) 

1PRINT *00U 
IF(IJ.EQ.U)RETURN 
IKso 
00  SO  Isl,MXII 
IF(TTHIK(IM,IAX,I).GE.TT(U))GO TO 90 
IK s IK + 1 
TT(IJ+IK)sTTHIK(IM,IAX,I) 
CONTINUE 
UK = IJ + IK 
DO  HS  Isl,IJK 
DO  95  JsI,IJK 
IF(TT(J).GT.TT(I))GO TO S5 
SAVE s TT(J) 
TT(J)= TT(I) 
TT(I)s SAVE 
CONTINUE 
IF(IJK.GT.11)UK = 11 
DO  100  1 = 1,UK 
TTHIK(IM,IAX,I) s TTCI) 
CONTINUE 
MXI(IM,IAX,ITEM)sUK 
RETURN 
CONTINUE 
IT = II-III  +1 
DO  110  Isi,IT 
11=111+1-1 
TTHIK(IM,IAXrI) = TOPPU!) 
CONTINUE 
MXI(IM,IAX,1)=IT 
U = l 
RETURN 
F0RMA7(?X,bEl5.b) 
F0RMAK51H SHOCK THICKNESS IS LARGER THAN VIBRATION THICKNESS) 
F0RHAT(2X,lbHSH0CK THICKNESS*  EIS.*,2X,28H0PTIMUM VIBRAflON THICK 

lNESSs  EIS.*) 
FORMATCIHijMATEfflAL I3,17H IS BEING DELETtD ) 
rCRMATOJH NO TEMPERATURE OVERLAP ) 
F0RMATC20H OPTIMUM THICKNESS = E15.5,2X, 

85 



1   33HMAX ALLOWABLE OPTIMUM THICKNESS s ElS.5,/) 
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VI8RTN 

SUBPROGRAM LENGTH 
001133 

FUNCTION ASSIGNMENTS 
TF    -  O0U02?    THCK 

STATEMENT ASSIGNMENTS 

000053 

10 • ooom 20 • 000147 25 m 00021? 3f •  000222 
4s m 0002b? SO m 000271 bO m 00032b b£ •  00035b 
bS - 000345 ?5 m 000415 eo m 00041? 85 •  000S12 
10 * U00Sb4 «»5 ■» 000b05 105 m 000b3b 500 •  000b?2 
1000 m 000b?5 2000 a» 000704 3000 m 000715 4000 •  000722 
5000 - 00072? 

BLOCK NAMES AND LENGTHS 
MMM    -  000122    TEMPT 

VARIABLE ASSIGNMENTS 

-  00051? THK •  000002 -  00000b 

A - 000003 CT •  001123 OJ •  00111? OUMY •  001115 
ERI - UOlllb ERJ •  001121 FE •  00(1000 I •  001112 
IAX - 000513C02 IC •  00000b II •  001122 III •  00U25 
IJ • 00051SC02 UK •  001131 IK •  001130 IM •  000512C02 
IT - 001132 ITEM   « •  000001C03 14 •  00112? J •  001120 
M - n00000C04 MOMJ •  000001 MOMS •  000002C04 MXI •  O0O00OC01 
HXII • 00112b 08 •  001010 OM •  000004C04 S •  000005 
SAVE • 001124 SJ >  001113 TCC •  00103b TMX •  OOOSlbCO? 
TOPP * oniosi TSK •  00O000CO3 TT •  0010b4 TTHIK  ■ •  00O000C02 
H - 000004 WI •  001114 xoo •  001023 XDOA •  000002 
XDJ - 000007 ZA •  PJ0Ü05C04 

START OF CONSTANTS 
OOObbS 

START OF TEMPORARIES 
000743 

START OF INOIRECTS 
001001 

UNUSED COMPILER SPACE 
U40b00 
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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 called: 

FLAGR 
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Glossary of variables for  LAGINT 

A(N.PTSG, NPTSB.NPTSA)   -    - Input table. 

ALF(NPTSA)      ------ Vector of independent variables. 

BETA(NPTSB)  Vector of independent variables. 

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). 

YG   ----------    Vertical argument (interpolating value). 

ZA   ----------    Depth (interpolating value). 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SU8R0UTINF  LAß INT(A,ALF,BFTA,GAM,VAL.F) 
A(NPTSG,NPTSB,NPTSA)  INPUT TABLE 
ALF(NPTSA)   VECTOR OF INDEPENDENT VARIABLES 
BILTA(NPTSB)--- VECTOR OF INDEPENDENT VARIABLES 
GAM(NPTSG)   VECTOR OF INDEPENDENT VARIABLES 
IF NPTSA NOT EQ TO 1 INPUT TABLE IS 3-D 
IF NPTS8 EG 1 AND NPTSA tö 1 TABLE IS 1 - D 
IF  NPTS8 NE 1 AND NPTSA EQ 1 TABLE IS ? - D 
NPTSA  NUMBER OF X-Y PLANES IN INPUT TABLE 
NPTSB NUMBER OF COLUMNS IN INPUT TABLE 
NPTSG   NUMBER OF ROwS IN IN°UT TARLE 
VAL- — — - INTERPOLATED VALUE 
Xp ------- MORI70NTAL ARGUMENT 
¥(, ....... VERTICAL AROUMF.NT 
ZA — DEPTH 

I i'.'OU DIMENSION A(iO,10,lU),8(in,10),F(l),ALF(l), 
1  BtTA(l),GAM(l) 

OCOOll COMMON /N/ NPTSA, NPTSB,NPTSG,XB,YG,ZA 
C ChECK  FOR  THREE  DIMENSIONS 

OOOOll IF(NPTSA.fcQ.l)GO TO 1110 
C SOLVE  THREE DIMENSIONAL  CASE 

000013 DO  10  1=1,NPTSG 
00001* DO  10  Js).,NPTSB 
000015 DO  5  K=l,NPTSA 
GOOOlfa S F(K) = A(I,J,K) 
000031 B(IrJ) s FLAGR(NPTSA,ALF,T,7A) 
0000*3 10 CONTINUE 
0000*7 GO  TO  120 

C CHECK  FOR  TWO  DIMENSIONS 
000050 100 CONTINUE 
000050 IF(NPTSB.EQ.1)G0 TO 200 
00U052 DO  11U  1=1,NPTSG 
OOüOS«» DÜ  110  J = l, NPTSB 
000055 110 B(I,J)=A(I,J,1) 

C SOLVE  TWO  DIMENSIONAL  CASE 
000071 120 CONTINUE 
000071 00  ISO  1-1,NPTSG 
000073 DO  l*ü  J=l,NPTSB 
000074 1*0 F(J) = B(1,J) 
000 ins 8(I,i)=FLAGR(NPTSB,BETA,F,XB) 
OÜCj.15 150 CONTINUE 
COOil? GO  TO  ?20 

C     SOLVE  ONE  DIMENSIONAL  CASF 
000120 200 CONTINUE 
00C120 DU  210  1=;,NPTSG 
000122 210 3(1,1) = A(I,1,1) 
000131 220 CONTINUE 
000131 VAL = Fi_AGR(NPTSG,GAM,B, YG) 
0001*0 RETURN 
0001*1 END 

DEPTH 
HORIZONTAL 
VERTICAL 
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LAGINT 

SUöPRUGRAM LENGTH 
0003*2 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGN*.. ' ' 
S      -  00001b    100 
i*o  - 00007*  eoo 

- ooooso 
- 000120 

110 
2in 

m 

m 
00005S 
00012? 

120 
220 

- 000071 
- 000131 

BLOCK NAMES AND LENGTHS 
N      -  OCOOOfc 

VARIABLE ASSIGNMENTS 
Ö      -  000153    I 
NPTSA  -  OOOOOOCOl NPTSB 
TG    - onooo*coi 2A 

START OF CONSTANTS 
0001*3 

START OF TEMPORARIES 
0001** 

START OF I^jIRECTS 
oooisn 

UMJ3ED  COMPILER   SPACE 
0*3000 

000317    J 
000001C01 NPTSG 
000005C01 

- 000320    K 
- 000002C01 XB 

nooat'i 
000003C01 
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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) Thrc« 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. 

Q2 
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Glossary of variables for  FLAGR 

F(I)  Table of dependent variables. 

IGO - Code to determine type of interpolation. 

NPTS    .---- Number of points in table. 

W(K)  Work array containing function weights. 

XIK(I)   ----- Table of independent variables to be interpolated. 

XK  Interpolating value. 
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0ÜH007 

uoono? 
QOOOIO 
OOOOll 
Ü0U01* 
00001b 

000090 
0001130 
000030 

00U0*0 
0000*0 
S0G0»2 
U000H3 
OOOOH? 
000052 
0000S3 

ooross 
00005? 
OOOOfeO 
0000b2 
0000b* 
OOOObS 
0000b? 
000070 
000077 
000101 
000103 
000105 
000107 
000111 
oonns 
000117 

000121 
000121 
00018? 
00012L 
000127 
000130 
C00132 
000133 
00OIH2 
0001H» 
000 *b 
0001S0 
Q0U1S2 
üüü.lSf 
OOOlbO 
0001b2 
0001b4 
0001.bG 
oonibb 

FUNCTION 
DIMENSION 
LAGRANGE 
00 2U0 
ITsI 
IKXK.LE. 

200 CONTINUE 
FLAGRsF(N 

1   /(XIK( 
RETURN 

20b CONTINUE 
FLAGRsFd 

1   /(XIK( 
RETURN 

210 IF(XK.E3. 
1 GO s 3 
IFCIT.LE. 
IFdT.EQ. 
B = 0.0 
IFCI60.EQ 
PARABOLA 
IFCIT.EO. 
00  300 
IAR6 ~   IT 
WEIGHT = 
DO  290 
IFCJ.EQ.I 
JARG s IT 
WfclGHT - 

290 CONTINUE 
Wfl) s WE 

300 CONTINUE 
00  310 
IARG = IT 
Ö = B + w 

310 CONTINUE 
IFCXGO.EQ 
PARABOLA 

350 CONTINUE 
DO  tOO 
IARG = IT 
WEIGHT s- 
00  390 
IFCJ.EQ.I 
JARG -   IT 
WEIGHT = 

390 CONTINUt 
W(I)s WEI 

»00 CONTINUE 
00  »10 
IARG = IT 
8. s B + W 

»10   CONTINUE 
IFUGO.EQ 
Ö   s   8   *   0 
GO   TO   bOO 

500 CONTINUE 

FLAGR(NRT8fXlK#F,XK) 
XIK(l)fF(l),W(3) 
INTERPOLATING  FUNCTION 

I=1,NPTS 

XIK(I))G0 TO 210 

PTS)*(XK-X*iK(NPT3))*(F(NPTS)-FCNPTS-D) 
NPTS)-XIK(NPTS-D) 

)*(XK-XIK(1))*(F(1)-F(2)) 
1)-XIK(2)) 

XIK(I))GO TO 500 

2)IG0si 
NPT3) IGO s 2 

.2) GO TO 350 
FROM  THE  RIGHT 
1)G0 TO 20S 
1 = 1/3 
-2*1 
1. 
J = l,3 
)G0 TO 290 
- 2 ♦ J 
WEIGHT*((XK-XIK(JARG))/(XIK(IARG)-XIK(JARG))) 

IGHT 

K = l,3 
- 2 ♦ K 
(K)*F(IARG) 

,1)G0 TO bOO 
FROM  THE  LEFT 

I«l,3 
-3 + 1 

1.0 
J = lr3 
)G0 TO 390 
- 3 ♦ J 
WEIGHT*((XK-XIK(JARG))/(XIK(IARG)-XIK(JARG))) 

GHT 

Ksl,3 
- 3 ♦ K 
(K)*F(IARG) 

.2)G0 TO bOO 

.5 
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OOOlbb 
00U170 
000170 
000172 
000172 

B   s   F(IT) 
bOO   CONTINUE 

FLA6R   s   3 
RETURN 
END 
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FUGR 

SUBPROGRAM LENGTH 
U00231 

FUNCTION ASSIGNMENTS 

STATEMENT ASSIGNMENTS 

aus  - uooujo   2i;j  - 0000*0  mo       - 00007?   350  - 000121 
j<*o   - 0001*2   soo   - oooibb   bno   - 000170 

Bci'CK NAMES AND LENGTH? 

mlAdLE ASSIGNh, NTS 
B      -  U00223    FLAG« - 00021* I - 000220    IARG   -  00022* 
1"'    -  U00222    IT - 000221 J - 00022b    JARG   -  000227 

<■• -  000230    H - C0021S WEIGHT - 000225 

START OF CUNSTANTS 
00017* 

START PF TEMPORARIES 
000177 

START OF INDIRECTS 
000207 

UNUSEO COMPILER SPACE 
0*3000 

96 

■■-  naagBi 



SCOPE     3.* CONTROL-CARO-INITIATED  LOAD LOADER L3»0 u/n/73   07.*R.*S. 

rut  OF  THE  LOAD 
LiA+i or THE LOAD 

101 
S3077 

TWANSFER A0DRES9 -- OPPACK 

HO. 'ABLE MOVES JB 

»SO 

b2S31B KORDS MERE REQUIRED FOR LOADING 

PROGRAM A><D HLOCK «SSIGNNFNTS. 

BLOCK       ADDRESS   LENGTH FILE PREFIX TABLE CONTENTS 

/COST*/ 101 135 
/vPASS/ ilk 11 
OPPACK 2*7 310» BINPAK 
/TE»PT/ 31271 517 
TEHPtV 33010 55 BINPAK 
/OPT/ 320bS b 
OAM«L« 32073 170b BINPAK 
/MMM/ 3*001 132 
/TH«/ 3*133 2 
/N/ 3*135 b 
CDPRO 3*1*3 bn32 BINPAK 

OHGHT »2175 101 BINPAK 
COSTHT *Sf7b 701 BINPAK 
«INCOS »3177 70 BINPAK 
SHOCKt »?2b7 112 BINPAK 

VlHRTN *3»01 1133 BINPAK 
LAGINT »»S3* 322 UINPAK 
FLAGS »SOSb 231 BINPAK 
S'STEM »5307 1125 5L-NUCLEU3 05/2»/73 

ACGOER »b*l* 12 SL-LIB33 OP 
GETBA »b»»b 17 SL-LIB33 OP 
C«E«IT *b»bS 32 SL-LIB33 OP 
SURT »bS17 »S SL-LIB33 OP 
1NP0TC »bSb* 10» SL-LIB33 OP 
CUTPTC »bbJO 10* SL-LIB33 DP 
REHINH »b77» US SL-LIB33 DP 
<*A*ER »7111 10*1 SL-LIB33 D» 
KUOER 50152 12S« SL-LI333 05/17/73 

3101 Sl«2b 1«S1 SL-STSIO 10/30/73 l».»R.3b. SCOPE 3.* COMPASS 3.732*7 

1.1** CP SECONDS LOAO TI«E 
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3. Input Data to OPPACK Program 

Input consists of problem card data deck(9) and material files stored 
on di9k.    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 10p0 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 HTM - Item number which is an arbitrary number assigned 
to the item being shipped.    IITM must not be greater 
than two digits (i. e, ,  99).    The condition   IITM = 
MITEM = ITEM   must exist. 

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

9-1G 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 shipping ($/lb). 

23- 32 CI  -   Cost of item ($), 

IWIPH:1*'])! 

Not needed.    Set equal to L. 
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Columns 

33-42 TCON -   Thickness of container (in.). 

* o 
43-52 TEML      - Low environmental temperature (  F). 

53-62 TEMH   ' - High environmental temperature ( F). 

Card Number Two   is read according to  statement 1020 FORMAT 
(11 E 7.0) 

Columns 

1-77 (OMJ(I),  1=1,  MOMJ) - Environmental frequencies 
(rad/sec) - in ascending order. 

Card Number Three   is read according to  si .tement 1020 FORMAT 
(11 E 7.0) 

Columns 

1-77 (S(I),  1=1,  MOMJ)   - Environmental Power Spectral Density.. 
(PSD).    g^/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 E 7.0) 

Columns 

1-77 (XDJ(I),   1=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 (401 2) 

Columns 

1-  2 NC - Number of containers (Max.  = 10). 

3-  4 MITEM - Item number (see IITM on Card Number One). 

If (TEMH-TEML) is less than 20°F,  make TEMH = TEML, 
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CoIumn9 

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(I,J),  J= 1,7>,  1= 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(1) (lb/in.2). 

39-53 High stress(1) (lb/in.2). 

54-68 Gamma (lb/ft3). 

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(I, J), J = 1, 2),  I = 1,  NC) - Cost and property matrix 
container material. 

1-   5 Gamma (i.e.,   specific weight) of container (lb/in.  ). 

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, 
not  container volume. 

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

Columns 

1- 4 

7-16 

17-26 

27-36 

37-46 

49-50 

ITEM - Item number (see IITM on Card Number One). 

WI - Weight of item. 

XL    - X-length (2nd longest length) in inches. 

YL    -  Y-length (shortest length) in inches. 

ZL    - Z-length (longest length) in inches, 

NPCNT - Number diffe.-ent percent damage allowable 
cases (Max.   = 10). 

Card Number Eighteen through. . .   are read according to statement 7 FORMAT 
(3E10.0). 

Columns 

1-30 

1-10 

11-20 

21-30 

(GMF(I), PCTD(I), REPCI(I),  I = 1,   NPCNT). 

(GMF(I) - Fragility in units of acceleration,  g. 

PCTD(I) - Percent damage at above acceleration level, 

REPCI(I) - Replacement cost for above percent damage 
($/item). 
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l.-ipu*  D.' ;       j-«_k   l^.j 

The program is set up to handle one to ta.n cataloged disk files. 
Each tile contains the shock ar.d vih* i'.'or i"rr. ma'ion reeded 'o1- a 
meaningful scrminisaSor of tha' c.i**fii ...'-? .'.-! ;'

:.v; i'. 

Each material file is as.signeii a two- digi< numerical mate: iVI 
code which is linked to (lie logical device oi<  .•d.icli U-..t ma'-r^ia! file is 
cataloged through the ASG ccnt-o1 card and to USE co :•'   :A card,    Ov.ce 
execution starts,  the material is referei ced tl rough the use of the. 
numerical material code. 

The file structure if 'he sj;v,t fa.- ,-iil material files?-    The frort 
portion contains the shock envi  onrnen' information,   and the real po • tio > 
contains tne vibration environmert information.    The content and read 
sequence of each section is as follows; 

Input Data   -   Disk File 

Shock Environment  -  18-Inch Drop  Heigh'. 

Format 

(E7.0,   512) 

E7.0 

12 

12 

(512) 

12 

J2 

12 

(T1E7.0) 

E7, 0 

M 1E7.0) 

E7. 0 

RHOM,   DKPH,   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 -  Numbe- of thicknesses (Mar.   .-  10, 

NS •  Number of stresset. (Max,       10 > 

(T(l),   11,   NT) 

T (1) -  One of the temperature*   i' which (\.-.'.;i is »ecordcd 
'degrees fahrenheit) 

(Tif(I),   I -  I,   NTH) 

TU{I)      One offne, material th ic k' em -.:>: '• considered du-ing 
data gathering, 
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(11E7.0) (SJG(I).   I ,  1,   \S' 

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) (TAB1 (I, J, K), J = 1, NS) 

TAB1 (I, J, K) = G = F (Thickness, Stress,    Temperature) 

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

Next is the vibration environment which consists of the following. 

Input Data   -   Disk Files 

Vibration Environment 

RHOM,  MTS,  MOMS 

RHOM - Specific weight of the material (PCF) 

MTS - Number of temperatures (Max,  =10) 

MOMS - Number of frequencies (Max.   =10) 

(TS(I),   I = 1,   MTS) 

TS(I) - A temperature at which data is recorded 
(degrees fahrenheit) 

(QMS(I),   I = 1,   MOMS) 

QMS(I) - A frequency at which data is recorded (rad/-ec) 
DO  X  I = 1,   MOMS 

X READ (MS, Fl)   (TAB1 (I, J. 1),   J = 1,   MTS) 

TAB1 (I, J, 1) s ER s F (Temp.,   Freq,) 

DO XX I = 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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(E7. 0, 512) 

E7.0 

12 

12 

(11E11 4) 

Ell.4 

(UE11 4) 

Ell.4 

(11E11 4) 



4. Description of Output 

Output Item <i 1 

This output item consists of a listing and definition of all the card 
data input.    The first four output tables of this item are printed in the main 
program of OPPACK.    The last five tables are printed in the subroutine 
DAMALW. 

Output 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. Thev are Item 
»2. 1 and Item «2. 2. 

Item "2. 1  - consists of the thicknesses calculated by the function 
subprogram SHOCKE.    At the end of each drop height iteration,  the thick- 
nesses   Tl,   T2,   and T3   are compared to the corresponding newly calcu- 
lated thicknesses   TT1,   TT2,  and TT3,   respectively.    If the change in the 
corresponding 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 Y 3  table of minimum thicknesses where the 
rows correspond to materials and the columns correspond to different axis. 
Items    *2, 1 and *2, 2 are repeated for each of the three possible temperatures. 

Items    »2. 3 and #2. 4 - are output from the subroutine COSTMT. 

Item ^2. 3 -  shows the optimum thicknesses and the materials to be 
uf-ed with these thicknesses. 

Item    "2.4 -  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 vox corresponds to a different 
material and each column to a different perpendicular face of the package. 

Item "2.5 - is output in the subroutine DAMALW.    This output is 
self -explanatory. 

Output Items U2. 1-2.5   are repeated for each percent damage 
allowed. 
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Output Items ft 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 considered 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 i v 

Card 
No. 

1 
2 
■} 

SAMPLE PROBLEM NUMBER ONE 

INPUT DATA CARDS 

—    i 

7 
8 

9 
10 

11 
12 

13 
14 

15 

16 

17 
18 

19 
20 

21 

I tl 
] i i 

1 I I 

I 
9 111 
z 
0 I | • 

MO H I 11100 0 
i i i i ' '; » r i 'i iMI 

llllllllllll 

2 2 3 2 7 2 2:J22J 

]332334133}) 

441(44444444 

555555555555 

mi i mi esi 

7 7 T 7 7 7 7 T T T 7 I 

imiiumi 

opmnnn 
111 'i" ■) i ii ii ■> »II 

MIIIO 
ii n Ii :i n n 

2IM11 

i » ii n ii M n »>' 

lllliltIK DOOOl ilOCOOOQOlOO 
.1 M |i i; ii :< » M I' II n <:' <: •: u n II r u n >■ n u u M 

1 I II 1 1 I ) 1 I 1 1 II 1 1 1 I 1 I II II I I 

iiiiSM ni999 nnntimi 
It » 1  » I) II I» II II tl M tt l! II l  II it II il II ■' " •! "Ml W II V 'I H M ■ |l II I) H II H II H M It II 71 I) Ii i) it M  I I- a 

191 
»II MM 

1  1   I 

no 
II i? ii 

111 

222 

333 

444 

MS 

II» 

i n 

HI 

Ml 

cot 
MUM 

I  1  1 

222 

333 

444 

555 

III 

J J) 

III 

Ml 

ItlMI 
7i it ii II n ■ 

IIIMI 

22222* 

31)311 

'4444 

SMili 

nnii 

i J J 11 ? 

MMM 
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••• OPTI*I/»TION PROCEDURE FOR ursicN or »»ciu&c CUSHIONING •«• 

NIC --- CODE NO. OF CONTAINER "«TFM»L 10 »I   USED 
K---iP'l*l?*TION COOE | SAMPLE PROBLEM II (MULTIPLC SINE 

EXCITATION) CONSTANT TEMPERATURE ,    s    [["•   ...    lie   Nj-Hfo 
in •   «ic   .—  «iiIMu»  NO.   OF   ITERATIONS  FOR  BRO»  HT.   C»LC.            
>S •:   »■!   ---   »»HHU»  NO.   OF   ITER»TIONS  FOR  G-CONVERSENCE 
H •   «0«J   ...   NUMHER   OF   ENVIRONMENTAL   FREQUENCIES 

J.äS«nF-rjL    (S/tS)   ■   CS   -•-   COST   OF   SHIPMENT 
^S.On (    I   )      t   CI   •-•   COST   OF    ITEM 

,l*sn0n (IN.)      a   ICON   —   THICKNESS   OF   CONTAINER 
-»0.00 (   F    )      •   TENL   ---      LOHEST   ENVIRONMENT   TEHPERITURE 
iiv.ll" '   ►    )      «   TfHH   ...      HIGHEST   ENVIRONMENT    TEMPERATURE 

lRi3/StC>   «   ONJ(I)   »LL   OF    THF   ENVIRONMENTAL   FREO. 
.J1300F»0Ub.*fS00E«01l.c'4bb0E»0r,3. 5»E»nJb.i>MO0E»O?l.ll»*bE»O33.m5Ut03«.3M,.'    ♦ tn5.b$1l>E»03S.*b'03E«03b.?i3HE»03 

PSD INPüT FOR RANDOM EXCITATION 
•. •• •. 

U'S) » IL.'(I) • ENVIRONMENTAL EKITAUONS E»CH  CORRESPONDING TO ONE OF THE »SOvE 0»J,lu 
.O0uroE-0iS.0OOOCE-0.1.0U0OP£»O!lJ.0OnOPE»nn3.OO')OO£»0n3.nnoO0E»O0«.O0000E»0O3.(>nnc''r»O0 3.n 0-3E»00i.00000E«00 3.fl0000E»00 

1 • NC "- NUMBER OF CONTAINERS 
1 • »ITE« --■ ITEM NU»9£R 

10 ■ «NMATS — Nu"«E» OF »»TERI»LS ON FILE 

CST.HAT CSWAH CST-Ri« 3L-TFMP L«-9TRS HI-STRS ;AMM» 

1 «jrnf »oi, s.onoiE-n? J.OOr.nE-OJ -J.?n0OE»Ol l.OOGO'-Ol »,nnnnE»on l.sPoo£»no 
s •OPOf»Ou S.OOOOE-O? l.OOPOE-Pi -b.0000E»01 l.')00UE-01 l.SOOOl'OO j.nooof«oo 
i lbCOf«Ou S.O0OOS-« l.OOCOE-0? -3.»nop£»oi 3.0000f-0? 3.0000E-QI ?.«oooE»ao 
1 »»CC«»00 S.OOOOE-O? l.OOOOE-0? -h.OOOOEtOl J.OOOOE-OJ 1.5O0OE.O0 I.OOOOE-01 
1 S«PO''»nu S.0001E-0J l.OOPOE-0? .•.0"0PE»01 3.0000E-0* 3.0000E-QI l.S000E«00 
1 ,3bOOt«OU S.OOOPE-0? l.OOOOE-OJ -i.OO0PE»Pl 3.OOO0E-0? S.OOOOE-Ol J.0000E»00 
1 OOCOf »00 S.3000E-0? l.OOOOE-0? -J.P000E»01 ?.ooooE-oa e.ooooE-oi ?.R000E»00 
I ,OOOOE»UU 5.0000E-0? I.OOOOE-O? -?.OOOOE«01 3.0000E-0? J.3000E-01 I.IOOOE»OO 
« J"<iOE»Ou S.OOOOE-')«' l.OOOOE-0? -J.PPOPE»PJ l.OPOOE-O? t.SOOOE-01 1.1«00E»01 
I U001"»OU S.PPOOE-0? l.onnnE-o» -J.00U0E»01 J.POOOE-0? I.OOOOE-01 1.1100E»01 

SIMM« CST-fONT»IN£R 
I ,7-jnof-in *.3<OOE-03 

1»!T£H su»HER 

l.OnuOE»n?s»EISHT OF ITEM »IC R0UN0S ) 
l.inOOE'Ol« DIMENSION PARALLEL TO I-1«IS »NO LONGEST DIMENSION >L (INCHES) 
l.«POOE«oi« OI«ENS!ON PARALLEL TO V-AIJS 1R0 LONGEST DIMENSION »L (INCHES) 
».«•JOOE'Ol« 0:«ENSION PARALLEL TO J-A.1S LONGEST OI«ENSION ZL (INCHES) 

NuHBFK • 1 

"•TE»I»L  COOES  CONSIDERED   ARE 

x»«-G 
S.S0PUE»01 
b.ooaoE»oi 
b.S0OUE»0J 
7,C00OE»01 

PCNT-DAM 

0. 0 
S.U0O0E»OO 
2.1000E«U1 
l.0000£»01 

RE'LACE-CST 

s.noooE»oo 
I.OOOOE»PI 
l.S010E»0l 
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ri* 3.5ounEton 
TI« },snnoE*no 
Tl* J.SOlmEtOO 
Tl« 3.SDuOE»OH 

Ti» 3.5U00E*00 
T^* 3.sunoE*oo 
te» i.suoottoo 
T*« 3.SuOl)Eton 

T3« S.SOOOEtOO 
T3« s.soonttoo 
T3» s.snnotton 
13« 3.S0OOt»O0 

SHUCK THICKNESS IS LARGER THAN VIBRATIUN THICKNESS 

TT1« i.SSOSE+OO 
TT1« i.2311EtOO 
TT1* ?.15bRE»00 
TT1« e.isiiEtoo 

SHOC* iMjCumtSS« *.b?'»lt*00  OPTIMUM VIBRATION THICKNESS« 

NATfVlAL  t lä btlNG UELtTEU 
MINIMUM THICKNESS FOB MATERIAL BT AXIS 

3.1UttSE»00              3.1U«SE»00 3.t.SbSt*00 
3.SS87E»00              3.S«87EtOO 3.»SSOE*00 
1.0UR"E»00           3.0u«RE*Otl ».R«.»IE*OO 
?.,^3^^£♦oo         ?.^3?*Etoo ?.be»iE*oo 

.--\   MATERIAL   COOt 
. «**(S'»L ccoe 

MiTE»:»L CODE 

THICKNESS FOR FACE ONE w 
THICANESS FOM FACE THU « 
THICKNESS FOR FACE THREE« 

3.010 INCHES 
3.010 INCHES 
2.4M INCHES 

TC'AL COST/ITEM*   81.01 
•>;US-lN»dT 
LOST MATRIX-MATERIAL VERTICAL»AXIS HORIZONTAL 

1       .*»       .*<* .S» 
i 3.J»      3.?»      1.S5 
'       .??       .11 ,3b 

FUR   O.uO P£«-C£sT ÜAMAGE AND A FRAGILITY RATE 0F55.0 G'S 
f2.5) W COST 1»     81.(11 DOLLARS «ITH A MULTIPLICATION FACTOR OF 

IITM t FINAL COST UF     81.ni OÜLLARSFOR OvER SHIPPING 
Fi« ALL0«ING DAMAGE THE COST IS     81,01 OOLLARS/ITEM 

(B> 

TT!" 2.SS05E*00 
TT?« 2.2»UE+00 
TT*« 2.1SbRE»00 
TTM ?.1511E*00 

3.2187E-02 

TT3* 3.D30bE*00 
TT3* ?.2050E*00 
TT3« i.ORRlEtOQ 
TT3« e.b«»lEtOO 

1.00   TINES  ONE 

'is  3.souoE»oo 
Tl»   3.S0U0E*00 
Us   3.S3uO£*00 

t^s   3.5UOOE*00 
Ti?« 3.suooE»nn 
f?=   3.SuOOE»00 

T3»   3.SP(inE»00 
T3*  3.5noo£»on 
13=   3.S001t»00 

TT1« ?.*0?8Et00 
TT1» l.ROSSEtOO 
TT1« e.0818Et00 

TT2« 2.»0?8E+On 
TTJ* l.R0S3E*no 
TT?«   J.0B18E»00 

TT3* 2.^*R7E»C0 
TT3* ?.000„t*00 
TT3« e.OSObF.tOO 

MATERIAL  3 IS BEING OtLETEO 
UPTJMjM TMIC«NESS S    1.3?001E»01' MAX »LLÜKABLE OPTIMUM THICKNESS « 1.20010E*01 

MlNlM(.M THICKNESS FCC M»Tt»lAL sr AXIS 
'.'3lbE*nO     «.»31bt*0n S.^Si^F+OO 
T.*S»OE»"0     '.»5'UEtOO 3.?J70EtnO 
?.n«l8E»00     n. 0. 

MATERIAL LÜDE * 
"ATE-'IAL CUOt » 
-*Tf»I*L COKE = 1 

THICKNESS FOR FACE ONE X 
THICKNESS FOR FACE T«O * 
THICKNESS FO« FACE T»*ET« 

T-TAL CUST/ITEMS   HH.SU 
MINCOS-INPJT 

C.«JT MAT*I«-MATERIAL VERTICAL, A« IS HORIZONTAL 
1      1.S1      LSI        .b» 
j    h. n b.n l,hH 

♦.732 INCHES 
t.?3? INCHES 
3.«9» INCHES 

FuR   S.uO PEK-CESI 0*MA<",t »NO » FRAGILITY BATF OFbfl.0 G'S 
TH£ CCST Is     88.SO DOLLARS *ITH A MULTIPLICATION FACTOR OF 
«IT* A FJNAL COST UF      9 3.1b MLLABSFQR 0»ER SHIPPING 
FUR «LLD«ING CAMA&E THE COST IS     HJ.Stl DOLLARS/ITEM 

l.ns TIMES ONE 
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TU  i.sniiuE*oo    i*=  3,5UOOETOP    13* 3.snonE»oo 
Tl* 3.50O0E»U0  T*« J.SUOOEtQfl  T3« 3.500'^ »00 
MINI"! IM TntC«NES3 FOR MATERIAL BY AXI9 

».S7SSE*00     *.S7C5Ft0n     3.O83OE«o0 
1.058?Etno     l.a587E*0n     l.«27?r#O0 

TU* l.lbSOttaO 
TU« 1.57«b£t00 

TJ?a i.2bS0E»0n 
TT?« l.S7SbE*00 

TTä» e.8b87E*00 
TT3« 1.787bE»00 

MATERIAL COPE = 1 
MATERIAL COOt ■ 1 
MATERIAL CODE *   1 

THICKNESS FOB FACE ONE S 
THICKNESS FOR FACE T*0 « 
THICKNESS FOM FACE THREE« 

».575 INCHES 
*.5?5 INCHES 
3.98* INCHES 

TUTAL COST/ITEM*   87.«18 
MINCOS-INPUT 
COST MATRIX-MATERIAL VERTICAL,AXIS HORIZONTAL 
1      l.»b      i.»b       .b» 
i 1.7b      1.7b       .87 

FUR  80.OU PER-CENT DAMAGE »NO A FRAGILITY RATE OFbS.D G'S 
THE CnST IS     87,08 DOLLARS KITH A MULTIPLICATION FACTOR OF 
«ITM A FINAL COST (JF    10«.S7 DULL4RSF0R OvER SHIPPING 
FUR ALLOxlNG t'AMAt.t. THE COST IS     "»7.98 OCLLARS/ITEM 

1.i*   'IMES ONE 

TI= 3.snuoE*on 
Tls 3.5üuOE*00 

re= 3.suooE*oo 
Tis   3.5UO0E*OO 

13*   3.500Pt*on 
T3«   3.S0OOE+0C 

MIMMiiM   TnlCKNESS   FOR   MATERIAL   BY   AXIS 
*.57S5E»nO 
l.SS87E*00 

<.S75SE*00 
l.SSB7E*00 

3.SB3SE*no 
l."»?7?E*'IO 

TTls ?.1??8E*00 
TT1* 1.2S3BE+O0 

TT?s i.l??8E»0n 
TT?« l.e538E+00 

T 13« 8.7877Et00 
TT3» \,5?OOEtOQ 

MATERIAL CODE 
MATERIAL CODE 
MATERIAL CCOe 

1  THICKNESS FOR FACE ONE = 
1  THICKNESS FOR FACE T*0 = 
i THICKNESS FOR FACE THREE: 

».S7S INCHES 
».57S INCHES 
3.S8» INCHES 

TC'TAL   CÜST/ITFMI        B7.R8 
MINCOS-INP'JT 
COST «ATRI*-«ATERIAL VERTICAL,AXIS HORIZONTAL 

1      l.th      !.•■»       .b» 
f 1.7b      1.71-       ,87 

FOR  na.un PER-CENT 0AMAGE »NO A FRAGILITY RATE 0F70.0 G'S 
THE COST IS     87,08 DOLLARS KITH A MULTIPLICATION FACTOR OF 
»IfH A FINAL COST OF    »3S.O0 OOLLAHSFOR OVER SHIPPING 
FOR ALLOxlNG DAMAGE THE COST IS    10«.18 OOLLARS/ITEM 

S.00 TIMES ONE 

0V£« SHIPPING 0A1A 
(3.1) W OPTI-UN COST IS     81.01 DOLLARS 

T«E FBAGlLITr -ATE IS 55.D C.' 3 
THE PFR-CENT DAMAGE IS    0.0 
T"E MULTIPLICATION FACTOR IS   1.0 

THE OPTIMUM HKKNESS FOR FACE ONE IS 
n y\ THE OPTIMUM THICKNESS FOR FACE T«O IS 
lJ-'> Tn£ OPTIMUM T-ICKNESS FOR FACE THREE 13 

3.010 INCHES IF MATERIAL  * IS USED 
3.010 INCHES IF MATERIAL  * IS USED 
e.OO» INCHES IF MATERIAL  "♦ IS USED 
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Qf)  DAMAGE At ALLOWABLE DATA 
Trt£ OPTIMUM COST IS     81.Ü1 DOLLARS 
TH€ FRAGILITY RATE IS 55.0 G»S 
TnE PER-CENT DAMAGE IS    0.0 
THE REPAIR COST/ITEM s      o.OO DOLLARS 

6~~1\ THE OPTIMUM THICKNESS FOR FACE ONE IS 3.010 INCHES IF MATERIAL H IS USED 
THE OPTIMUM THICKNESS FOR FACE TWO IS 3.010 INCHES IF MATERIAL * IS USED 
THE OPTIMUM THICKNESS FOR FACE THREE IS   2.99'» INCHES IF MATERIAL  * IS USED 

9 
f,3 :..-, JVCRSHIPPING IS THE BEST POLICY 

**««************M*********»*****A***********'*»*****A************************** 
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Card 
No. 

1 
2. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20, 

21 

SAMPLE PROBLEM NUMBER TWO 

INPUT DATA CARDS 

0102012075t l0.*39V000t^S«00t-UC"J   0. 12500   ,<'   r-4„."0   U      l*-.   O'O 
— I I ...  

b.*B>     i^.«3  12».*' ->U. 139628. ■»  lU8H.*6>l*i .5V4*98, o»6'4. 8/5^6 ". 036283« Iv 
J        -!        J       J       J        J    .  J_.._   _J   .j.   .J   ...   J 

0.»    0.5    1 

010 I iO 

1.92 o«-» f 
j    j    j 

5.40 0.-3 0. 

2.16 0 . ■ 3 v . 

1.44 0.1.3 0. 

1.50 0.-3 C•. 

c. 

1.0 r> a. '• 5 

I.00  0. 3  ' 

4»20  0.0 3  0 

2.11  0•C S  V 
I       J 

• 001 /. 000 
-J      J 

I   100. 

I .36  0. . a 
J 

35» 
J 

60 • 

65. 

/o. 

0. 0 

3. 

<:0. 

80 « 

2« 

-42. 
J 

-60. 

->4. 
J 

-60. 
I 

-4. . 
J 

-20. 
j 

-2P. 

-4 0. 

-4b. 

-2b. 

U. 

0.0 

3. 
J 

10. 
J 

15. 

0. 10 
. J.. 

0. 14 
J 

0.T3 
J 

0.*0 
J 

0.U3 

0.03 

0.02 

0 • <>3 

0.0 I 

0.2 
J 

12. 24, 

J 

1 .00 
J 

1.50 
J 

0.30 
_J. 
(.50 
J 

0.30 
J 

0.50 

0.20 

0.2 0 

0.13 
I 

0.80 

i. 
J 

l«5 
J 

2.0 
J 

2.4 

0.8 
J 

1.5 
J 

3.0 
J 

7.9 
J 

1 • 1 
J 

11.9 
J 

11.1 
J 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1*1(0 
1 1 I I I 

11111 

222*2 

3 3*33 

44444 

55555 

Mill 

inn 
1 

9 I.IM 

» Milt 
111«1 

Hill 
1 1 11 11 it 

Mill 

22222 

33333 

44444 

55555 

If III 

77 77? 

till] 

Mill 

MMMMIM 
II I) II II II II II II 73 I! II 

11 I 1 I 11 2 11 1 

HI22222222 

3 3 3 3 3 3 3 3 3II3 

44444444444 

5 5 5SS55il55 

IMIM.MM 

77777777777 

14.1 III Ml I 

MMMIIMI 

MIMMMMMMMMMMMMMMM 
IIII IJ II U » N II II » II II II I) «I IIII II IIII M II » SI M » K ») II SI H II I! 

I  I  1  1  I  I  1  I  1  I  I  1  1  I  1  I  1  I  1  I  1  I  1  t  1  I  II  1   II  1  I 

2222222 

3333333 

4444444 

5555555 

MIMM 

7777777 

MIIJII If IMMMIIillM J JIH/III 

IMIMMMMIMMMMMM MIMM 
I I  I II II II II II IMI II II II N II It n II II II II II II » >. U II U n M II II IIII II U 1; M II II IMI •• ''i II II U M H 1' »I H It II II U U M U H II H M II ,' II n II It II II II II H 
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• •«  OPTIMIZATION PROCEDURE FOR DESIGN OF PACKAGE CUSHIONING  »«* 

@ 
NIC   —  CODE  NO.   OF  CONTAINED  MATERIAL   TO  RE  USED 
IC---uPTIMUATION  CODE SAMPLE PROBLEM #2 (MULTIPLE SINE 

EXCITATION) VARYING TEMPERATURE j s 11T« --- ITEM NUMBER 
SO • «IC --- MAXIMUM NO. OF ITERATIONS FOR DROP MT. CALC. 
75 * "Kl -— MAXIMUM NO. OF ITERATIONS FOR G-CONVERGENCF 
u » MOMJ -..- NUMBER OF ENVIRONMENTAL FREOUENCIES 

3.35'UF-ül (S/LB) » CS —' COST OK SHIPMENT 
«.on ( S )  « CI COST OF ITEM 

.iisanc  (IN.) » ICON — THICKNESS OF CONTAINER 
71.0(1  ( F ) i TEML — LOWEST ENVIRONMENT TEMPERATURE 
»2.00 ( F )  » TtvMM —-  HIGHEST ENVIRONMENT TEMPERATURE 

;i»ü/«EC) = UHJ(I) »LL UF THE I IVIRONMENTAL FRECI. 
.-••'• ;!*Oub.iB3n0Emi.«Sbb0E«ne3.m5SE*oeb.2830OE«0el.8B»RbE*O33.imREtO3».3S8Ä3E»0 3S.b5't»7E»O35.Rb*0 3E*03b.i«3l«E*n3 

INPUT "-"OR RANDOM E«CITATION 

) « xDJ(I) - ENVIRONMENTAL EXCITATIONS EACH  CORRESPONDING TO ONE OF THE AP.OVE 0MJ(I)S 
." -: :s.oooooE>oM.ouoooE»o^.(ioooo£*oo3,oooooE«oa3.oonaaE«oo3.aoaooEtoo3.oaaooE+ooj.oooooE«oo3.oooooE*oo3,ooosoE«oo 

1 i NC ••• NUMBER OF CONTAINERS 
; x «ITEM --- ITEM NUMBER 

10 « MNMATS— NUMBER OF MATERIALS ON FILE 

C«T.MAT 

1.HJIJ0F»OU 

S.»üüOF«Ou 
i.lbOQf»0U 
i.»».iaE»oj 
i.58:oE»on 
i.3bonc»oo 
i .OOfOEfOu 
l.OOPOF»uu 
»,eoooE*oo 
J.1100E«00 

GAMMA 
I.7000E-03 

CST-FAB 
S.OOUUE-0? 
5.0000E-0? 
S.OOOOc-OJ 
S.OOOOE-O? 
5.OOOOE-O2 

S.OOOOE-02 
S.OOUOE-0? 
S.OOOOE-02 
5.0üOOE-ne 
S.0000E-02 

CST-PAK 
i.OOOOE-0? 
1.0000E-02 
l.OOOOE-0? 
i.oonoE-o« 
i.ooooE-oa 
i,ooooE-oe 
l.OOOOE-OJ 
1.0000E-0? 
I.OOOOE-Oü 

1.0000E-02 

SL-TEMP 
-e.?oonE»oi 
-o.onooE»oi 
-3.»n00E»Ol 
-b.OOOoEtOl 
•t.0000E*01 
-2.0000E»01 
-8.ooonE«oi 
-i.0000E»01 
-2.0000E+01 
-?.OOOOE»01 

LH-STRS 
l.oonoE-oi 
l.»000E-01 
3.000DE-0S 
«.OOOOE-Ol 
3.0000E-02 
3.0000E-0« 
2.0000E-02 
3.0000E-0? 
l.OOOOE-0? 
2.O000E-0Z 

Ht-STRS 
I.OOQOE+OO 

I.S000E*00 
3.0000E-01 
i.50onE»on 
3.0000E-01 
s.ooaaE-oi 
2.0000E-01 
i.ooooE-oi 
l.soooE-oi 
8.0000E-01 

GAMMA 
l.SOOOEtOO 
?.0000E»00 
J.tOOOEtOO 
B.OOOOE-01 
l.SOOOEtOO 
J.OOOOEtOO 
7.S0OOE»00 
l.lOOOEtOO 
l.llOOEtOl 
1.1100E»01 

CST-CONTAINER 
J.3J0DE-03 

1»ITEM NU»«ER 
1.0oaOE«0?»»EIGHT OF ITEM HI( POUNOS ) 
i.8000E»01* DIMENSION PARALLEL TO X-AXIS 2ND LONGEST DIMENSION XL (INCHES) 
l.ÄOGOEtOl« DIMENSION PARALLEL TO Y-AXIS 3RD  ONGEST DIMENSION VL (INCHES) 
?.»noOE»Ol« 0IMENSI3N PARALLEL TO Z-AXIS LONG:ST DIMENSION ZL (INCHES) 

NUMBfR «        » 

MATERIAL COOES CONSIDERED ARE   1. ».      10, 

MAX-G 
5.50)UE*01 
b.nooaE»Pl 
b.;ouuE«oi 
?.ooou£»oi 

PCNT-DAM 

0. 0 
S.UOOOEtUO 
t.oooaEtui 
8.0000E»0l 

REPLACE-CST 
0. 
S.OOOOEtOO 
i.oanoE«oi 
l.SOOOEtOl 
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(2.1) us i.snunE»ori    r?s 3.sunnE*nn    TI« s.snnotton    m* 3.«7bbE*oo    rm- 3,<»7bbE»oo    H3» 3.3?33E*no 
Tls 3.snunE*(in  T?s l.simoEtnn  T3« 3.5nont»00  TTl» ?.S58«E*00  TTgs 2.SS8«E*00  IT3a e.3i°3E»n0 

MATERIAL  ? IS BEING HELETEO 
OPTIMUM THICKNESS a    l.32S[llE + 0« MAX ALLOWABLE OPTIMUM THICKNESS a    I.eOOnoEtOi 

.2) MINIMUM THICKNESS FOR MATERIAL BY AXIS 
7.*5»0EtC10     7,»5»0E»OO 3.7«70£*t)0 
a.556SE*on     0. 0. 

•»»»»»»«»»««»«»«•»»»•»»«»•»»•»•«»»»««♦«»»«««»»««»ix.*»»»*»*»****»»*»«»»«««*»*»*****»»»»«»***««**»»*« 

Tls 3.5l)u0E*On  T?s 3.SunOE»nn  T3= 3,S0nnE*0n  TTJs 3.1217E*00  Tig« 3.1217E»00  TT3* ?.7?5bE*00 
MINIMUM THICKNESS FOR MATERIAL BY AxIS 

a.ss^E + oo i.as**f*n<i 3.7283E+no 

Tis 3.souOE*on    Ti>s 3.5iiooE+oo    T3= 3.5nnnt*on 
MINIMUM THICKNESS FOR MATERIAL BY AXIS 

l.RS87F*on     l.«587E*00     <».7«3bE-01 

TTls-8.8S?HE*nO  TTJJ-B. 88i«e*0tl  TT3s-o.bl»0E*(10 

,  . MATERIAL CODE »   J 
(2.3J MATERIAL LOPE s   i 

MATFXJAL CODE *   i 

THICKNESS FOR FACE ONE s ?0.5»B INCHES 
THICKNESS FOR FACE T"0 a ec.i'-i INCHES 
THICKNESS FO« FACE THREE«  10.?<»b INCHES 

TOTAL COST/ITEMa  HbS.bO ©TOTAL COST/ITEM 
MINCOS-INPUT 
COST MATRIX-MAT 

lft. 53 
ERIAL VEPTICAL,AXIS HORIZONTAL 

18.53      f.b3 

FOP   Ü.UU PER-CENT DAMAGE AND A FRAGILITY RATE 0F55.0 G'S 
(2.5) THF COST IS    »bS.bO 00LLAR3 t»ITM A MULTIPLICATION FACTO» OF 

WITH A FINAL COST OF    »b5.b0 DOLLARSFOR OVER SHIPPING 
FOR ALLOWING DAMAGE THE COST IS    Hb5.bC DOLLARS/ITEM 

1.00 TIMES ONE 

Tis 3.50uoE»nn    TJS s.suooE+on    TS« s.snonE+on    TTIS 3.8n«»bE*on    TVs 3.80SbE*nn    TT3» 3.eib3E+oo 
MINIMUM THICKNESS FOR MATERIAL BY AXIS 

3.B5H*E*00     3.8S»»EtOO     3.7SB3Ft00 

Tls 3.5l)U0E*00 IS*   3.&UOOE*no  T3* 3.5000E*nn 
MINIMUM THICKNESS FOR MATERIAL MY AXIS 

3.85»»E»00     3.85HHE+00     3.7283E+00 

TT1B a.B7blE«0n  TTg« 8.87bSE*00  TT3* e.bl8BE+00 

Tls 3.50UUE+0H 
Tls.l.OcSSE+Ol 
Tls-b.7'ic'3E*00 
TIs-l.nb«3E*0l 
Tls-b.7iq3E*0n 

T8s 3.5onoE*nn 
TJa-l.0bq3E*01 
Täs-h.7q«3E+on 
T?s.l.Ob«3E*01 
T?s-b.?«.o3E*00 

T3s 3.5nnoE»no 
T3s-1.133»E*01 
T3s 1.07?bE»0n 
T3s.l,133»E»01 
T3S 1.07?hE+00 

TTls-l.pb<<3E*01 
TTls-b.7»«3E*0n 
TTl = -l.Cb<>3E*01 
TTl = -b.7R<13E»00 
TTl=-l.Pb«3E+01 

TT?»-1.0bR3Et01 
TT?*-b.7«-S3E*00 
TT?s-l.0b«3E+01 
TT2a-b.7«93E*00 
TT?s-1.0bR3E*01 

TT3=-1.133»F*nl 
TT3« 1.07SbE*00 
TT3t-l,133»E*01 
TT3a 1.07?bE*0C 
TT3«-1.133»E+01 

113 



U»-1.0b93E*01 T2«. •l.ObOEtOl      1 S'-i.niHE^oi    l Tl«-b.7S93E»t.O TT2=-b. 
Tl3-b.7993E*00 T2»- b.7993F*00     1 3«   1.0?2bE*00      1 Tls-l.0b<OE»01 TT2*-l. 
Tla-1.0b93E»01 T2«- •l.Ob«3E*0l      1 r)«-1.113«E*01     1 Tl»-b.7993E*0) TT2»-b. 
U*-b.7993£*00 rif ■b.7993E«00      1 3«   1.072bE*0tl     1 Tl»-l.0b93EtOi TT2*-1. 
U*-1.0b93E*01 T2«- ■1.0b*3E*01     1 3>-1.133«E«01     1 Tls«b.7993E*00 TT2»-b. 
Tl»-b.7993F*00 T?«. •b.7993E*0H     1 rj» i,07?hE*on rTl«-l.nh93F*01 TT?*-1. 
U»«1.0b93E*01 n— -1.0b93E»01 ri«-i.l33*E*01 rTl»-h.?993E*00 TT2=-b. 
TU-b.7993E*00 Te«- •b.7993E*00 rs* i.o7jbE+on 'Tl»-1.0b93E»01 TT2=«1. 
Tla-l.DbS3t»01 11- ■1.0b13E*01 r3»-1.133»E»01 fTl*-b.7993E*0O TT2»-b. 
Us-b.79936*00 Te«. •b.7993E»00 f3*   1.072fcE*00     ' rTH-1.0b93E«0l TT?«-1. 
Un»1.0b93E*01 12«- •l.Ob93E*01 r3»-1.133»E*01     1 m»-b.7993E»0" TT2«-b. 
Tl«-b.7993E*00 T2«- •b.7993E*00 ra* i.07?bE»on rU*-1.0b93E*0 TT2«-1. 
Tls»1.0b93E*01 T2«' ■1.0b93E+0l r3*-1.133*E*0l •Tls-b.7993C*00 TT2=-b. 
Tls-b.7993E*00 T2» »b,<">*jt;?o ri»   1.072I.E+00 rTi«-i.ob93E*oi TT?«-i. 
Tl»-1.0b93E*01 T2w ■l.O;»93E*0i 3«-1.133»E*01 rTl»-b.7993E*00 TT2«-b. 
AN   MOT   DETERMINE   TH ICKNESS   FJR   DROH   MGT.   CALCULA riONS     MATERIAL CODE   « 
"jNlMyM   THICKNESS  FOR   MATERIAL   BY   AXIS 

n. □ . 9. 

7993E+0P     1 T3»   I. 
Ob93E+01      1 T3«-l. 
7993E*00     1 TT3e   I. 
0b93E+01 rT3«-l. 
7993E*00 TT3*   1. 
0t>93E*01      1 fT3«-J. 
7193E+00 rT3«   1. 
0b93E*01 rT3»-l. 
?993E*00 rT3« i. 
0b93E»01      1 rT3«-i. 
7993E+00     ' rT3« i. 
0bS3E*01 rT3«-i. 
7993E*00      ' rT3« i. 
0S"3E*01 rT3*-i. 
7993E»00     1 fT3«   I. 
i      THIS   MA rERIAL 

.072bE*00 

.133*E+01 
•072bE*00 
,133*E*01 
,072bE*00 
•133«E*01 
•072bE+00 
,133»E*01 
,O72bE*O0 
.133>»E*01 
,072bE*0O 
.133»E*01 
.072bE*00 
.13**E*01 
,072bE*O0 
DELETED 

ALL M»TERIALS DELETED NO OVERLAP BETWEEN TEMPERATURES-OPTIMIZE ON DATA ACCUMULATED 

OvEP SHIPPING DATA 
THE OPTIMUN COST JS    »bS.bO DOLLARS 

3.1» THE FPAGILITr RATE IS 55.0 G'S 
THE PFR-CENT OAMAGE IS    0.0 
THE MULTIPLICATION FACTOR IS   1.0 

£' 
(Qi 

THE OPTIMUM THICKNESS FOR FACE ONE IS  20.51? INCHES IF MATERIAL  2 IS USED 
,2i THE OPTIMUM THICKNESS FOR FACE TWO IS  20.592 INCHES I* MATERIAL  2 IS USED 

THE OPTIMUM THICKNESS FOR FACE THREE IS  10.29b INCHES IF MATERIAL  2 IS USED 

DAMAGE ALLOWABLE DATA 
THE OPTIMUM CUST IS    fbS.bO DOLLARS 
THE FRAGILITY RATE IS 55.0 G'S 
THE PER-CENT DAMAGE IS    0.0 
THE REPAIR COST/ITEM ■      0.00 DOLLARS 

THE OPTIMUM THICKNESS FOR FACE ONE IS 20.592 INCHES IF MATERIAL 2 IS USED 
E OPTIMUM THICKNESS FOR FACE TWO IS 20.592 INCHES IF MATERIAL 2 IS USED 
E OPTIMUM THICKNESS FOR FACE THREE IS  10.29b INCHES IF MATERIAL  2 IS USED 

(O) OVERSHIPPING IS THE BEST POLICY 
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Card 
No. 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 

16 

17 

18 

19 
20 

21 

TABLE VI 

SAMPLE PROBLEM NUMBER THREE 

INPUT DATA CARDS 

01 0 i d 140751 | 0.*>»900ui.45.    0 0   v.l2!>.0   0 /2»P0LU      7J.O0G.;. • • » .. ... 
tt.-cäi      6^.ö3       12b.66   > 14. l»962ö. >       I ÖÖH . V6 J I 4| • b V4.49H . Oi»{> >4 . t 7SV6    .0362aj.IV 

O.s 
L 

010 1 to 

0.5 
L 

I .92 0..a 
L I 

5.40 O.v» 
L L 

0. -» 2. 16 
L L 

I . 4 * Ü • 0 » 
L L 

I«50 0» rs 
L L 

I»36 0•-» 
L L 

1*00 b • -» 
i. ;. 

I .00 0 . .■» 

10. 

60 • 

65. 
I 

70, 

I. 
L 

C.   w 
L 

i' . ■' 
L 

:■ • L 
i 

4.20      0.us      v. 
1. t 

2» I 1      0.15      L. 
I- 

.00 17.0C23» 
I. L 

1       iOO. 

I 

0.0 

9. 

40« 
t. 

60« 

-<:2. 
L 

-6( . 
C 

->4» 
L 

-60. 

-4L' . 

-40. 

-40 . 

-^L . 

-40. 

-4. « 

14. 

0 • t 

1. 

•». 

15. 

0. 10 

0.14 
t 

0.03 
L 

0.40 

0.Ü3 

0.03 

0.02 

0. 0 3 

o.ot 

0.U2 

12. 

3« 

24. 

i. 

1.00 

I »50 

0.30 

1.50 

0.30 

0.50 

0.20 

0.20 

0. IS 

0.80 

>. 

1.5 . 

2.0 

2.4 

O.i 

1.5 

3.0 

7.9 

1. I 

» 1.9 

U.I 

I 

2 

3 

4 

5 

6 

7 

a 

V 

10 

itllllHMII llllllllllllll 
t > i < i i i i i ii it <t ii it ii ii mi ii it n n n it n n 
1111II ii 1111 it 11 ii i iM 11 ii 

21*211112 222*2172221 

1133111 113333321t US 

44444444444444441444 

555535395S55555I5555 

lilllltlllllCIIIIII 

7 7 7 17 7 7 7 7 7 7 7 7 7 7 7 7 17 7 

Ulli It llllllllit III 

llllllllllllllllllll 

111111 

lit!!! 

444444 

555555 

llllll 

»77777 
1 
S lit III 

* HUM 

11111 H 111111 S I 0 11111111 
II II B II M II H II II II u II « « u II uii a a M II u I) 

1 I I I I 1 I I 1 1 I 1 I I I I I I I 1 I I I I 

illlllllllllltJJJHiil 

1111111111111911111111 

IIIMtlll 
U » )l 1» »M II « C 

I I I I I I 1 I I 

117111127 

111313331 

444444441 

555SS555S 

HIHIHI 

7777777/7 

IJIJJIIII 

llll 9 

lllllll 
M II « a n n n 

I I II I I I 

lllllll 

llllll! 

4444444 

5555SSS 

lllllll 

777777 7 

lllllll 

mint 
I   I   I I  I  I   I  I  I II II It II II II II II II II H II » II N n n II M » N MI IIII » » II H M N II U I  U 41 M II II " '1 tl U II M N i> 11 U H .   .   .1 II U U M II II M II II It II II tl II If II II ■ 
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1 

«••     C>"1"W»'I0N   CKuCfnu»f   FOR   DESIGN   OF   f»L«»GE   C 'JSMJOSINS      ••• 

o 1    :    If---.'•'I'lli' I 

?t. '1  (  F   > 

i'»   CJNTIISE»  ««If«I»i   TO  BE   uSfD 
C St 

"t • 

I   SAMPLE PROBLEM #3 IMll-STD 810B I 
i EXCITATION! C0NS1ANT TEMPERATURE; 

«»i!"j-   M>.    ;i»    PMl'lCS   fun   HMOM   wt,    C»LC. 
-»"I-."   SL .   ■►    ltf««'IPNS   f.m   l,-Cl'S.f »liESCt 

•   '..•'Htw   C'F    f SvI«CV-f-.I«l    »Xf.JilFNCIfS 
s   . «   -•-   c    SI      ►    S..,P»( vT 

t I C ~ST   ,■>»   I (►« 
■n     L,'.,>        =     •■     '. l«!f>'.HS    Tf     CO'.T»lSf» 
'0    (    F     i       I    tf«i     --•      LO«fSl    fN.IBUSXINT   TF«PfSJTuSE 

l   *    !      s      '_■"•   ---      «»»»EäT   tS.!«JN»lsT   TfHEutTjfll 

■C    »    .-J(.'I    »L*       '    W    (•.•I*-,N»t«.T»L    f»FQ. 
LI«il,».?»tJ.'t«JH.r'.>.i,-f«nfl.iMi,'e»'1J».;(10üf»rjl.l(l',>kE»'Jäl.lllS'<F«OJ,t.3l"B;iE»CH5.k%»l?ft03S.»k«Plt«03W.eHl«etnJ 

; i s. ~ . ' -  £ -   u . - 
F«.'.'»TI:N«   MC-        Cn«»ES»'«<0r«iS   '0   3NE   CF   W   «("".£   0«J(1)S 

-i^.;.i'ni,nt«c"i.|firr!f»r'pi,!;rnanE«om."iOO'JF»ooä,[!ilonof»nn!.oci)Oü£»[i03.(jnoonE»oo}.ODoroE»oc 

5   Nr-   --•   •»„■"*{■   r»   LlMlIsHS 
, -itt- --• HE- -...-HE« 
fi    "\"»T5-..    s. Mrf«    v*     "*TeHl*LS    .'H    FILE 

t.ii: IF«0L 

S.       J 
b.iJUU 
s. : ■ I 

b . j i, - 
S.nnn 

b . '; L a 

C5'-> «x 
- 't- v 
- j. • • n e 

J't- 'e 

»a M't -"(• 
m :••■( -v 

•J'.'J •►•"? 
•inn    flV 

t"«1 -f »•> 

1. 
l.L' 

1.' 
Tint 

•nt 
• l <> 

•11* 

J.UOOI'f • 
l.'-'f"!» 
1 .r n,!"F - 
1 .I'T'H - 
1 ,-n'ipl. 

.Tl,i 

. T"0 

Tf HI- 

t»Ul 
t«ni 
*.♦(]» 
E»01 
E»ni 
E.oi 
E«ni 
E«ni 
it;' 1 
t »m 

L«-STUS 
DJCOE-P» 
•opoc-oi 
oumiF-c* 
ooonF-ni 

"ürOE-0? 
UOPOC-0* 
OOOPF-0* 
pppi3F-p<> 
notiPF-G* 
noonF-Oi? 

-I-STRS 

i.Sf)Pt«uo 
l.ooort-ui 
1 ,sopnt»uti 
i.onont-ji 
s.rnaot-ui 
t.ni not.[| 
;,ntn>pt-:!| 

I. S (i U 01 •.. 1 
«.nnnc-oi 

1 .SnooE«00 

i.onotit »oo 

H.OOOOt-01 
1.«."ont «oa 
3.0000E«PO 
»,«GUOE»no 
l.iooot »no. 
1 ,t«U1E»ftl 

l.UO0f»0l 

»l"l C ST.;-,r»Isfu 
»• j;r*. i      (.ir. F-:i 

i«! T t •  ■• J - n ►. •* 
1.jnOCt^Ois-elu-T   JF    I?<»   «t(   > 

l.i1C0E«Cl«   '• I"' '<5 I';N   "»»«LIEL 

i.iOGIi(L«Hi   „i«f-.Sl!T.   P»»»LLfl. 
j,.r'.-:e.-is :r»-;ssr.s «■•CILLEL 

^SJ: I 
TO    1-<1J»    fN"    LüNitJ'    M-FNS10".    >L    tINCntS) 
",'   »-iijs   )»n  LCINGFST  CI'-'NSIUN  rt   (I*C»S5) 
10   Z-illS   LOir,tS'   !!I«E>.JI-«(   ?L   (!>.C-ES) 

-»TLBI»L L.JES c NSIL-E«EO »»f      ;.      e.      «.    io, 

-4 BCsT-r«» »t"L«i.E-CST 

'1       S. f:r" Qt »yl       1 ^ n t'P1' > *flL! 
' 4     ^.':,'-( ♦"!     » .''(■■HLE »it 
)l      «.ni.,; IE«LI      l,»SOuf»*U 
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©:::; .il'H Jt *i'ti 
'1=    i.SÜUHf »Uli 
ll =   J.bl'JUE*i"l 

!<!«   3.5u'luE»00 T3* 3,srnnt«on 
[r>a   *.SunuE»')0 T 1 = .<,suR"fc»on 
t?»   3.SiMMlt»nn T3* j.snnnf »tin 
Te* i.bu'uitvMP Tj* i.snoot«on 

ITl« 3.835bE*0n 
T T1« 5.1h?SF*00 
TU» ^.B3^^E♦D0 
TTI* ?.»IORE*OO 

TTJ» a.KSSbEtOO 
TTei 5.ibesE»on 
iTjt e.mjeE»oo 
TTJ* *.»in-:E*0O 

TT3« 3.?sMf,*oo 
TT3» H.083eE*OC 
TT3* 2.S3blE*OU 
TT3« a.RORbEtOO 

H»lt»l»L  f IS Ht I»»C OEtfc TECl 
OPTIMUM 1~1C«NESS »    l.»bS38E*ni MA» ALlO«AHLE OPTJMUM THICKNESS * i.eooooE*oi 

MATERIAL      i   IS   »HI« 
uRi 1<",|»   tHlC*r»ESS   * 

HLETID 
i.8tiSJi?E»ni      «*«   ALLOWABLE   OPTIMUM   TMICKNFSS   « 

SNtO   »MlCKStSS   IS   LArfGFR   THAN   VIBRATION   THICKNESS 
bfJCK   T-iK«^E9S« *.*0'»bE*nn      tiPTlMU«   VIBRATION   THICKNESS'. 

i.enoooE»oi 

3.?i8?E-ue 

MHATE«lAL     *   IS   ntINu   ÜELETED 
MINIMUM    TnlCuSESb   FC»   MATERIAL   BY A«1S 

5.t>.jblE»0J «.bUblE'UO ».3S35E*1Q 
S.lbiC?»'^ 0. P. 
?.Hli?.(*<'U 0. ". 
r.*n?i*o« 2.<>i??E»no 

MATERIAL   CODE   - 
(2.3)  «*Tf«!»L   CODE   * 

MAffMTAi. cote * © 
e.*o«»sE*oc 

i THICKNESS FOR FACE ONE « 
1  THICKNESS FUR FACE T*0 • 
i THICKNESS FOR FACE THREE« 

S.bOb INCHES 
S.bOb INCHES 
».35» INCHES 

/*""\ TO!»t CUST/ITEH»   «2.01 
(2.4) XiNCo-5-; »■>.r 

^-y   Li/jT   MArajI-HATfRlAL    VERTICAL. A*IS   HORIZONTAL 
l     I.?««     i.'<»      ,?n 

».—x FCR 
,2.5) Tnf. cos' is 

»i • " t v i'.AL CIST UF 

*- E. — — i t'-T '1AM.AC.E ".NO A FRAGILITY RATE UFln.O G'S 
Sü.'Jl DOLLARS »Iln A MULTIPLICATION FACTO» OF 

S2.n] rOLLAHSFOR OVER SHIPPING 
FC« ALLÜ-1N& JAMALE Tr.£ COST IS      S?.01 UOLLARS/1TE* 

1.00 TINES ONE 

Tls J . S ■:> ..i -IE »:,n  It's 3.SU"at»ari  Ti* 3.5.,ort«0O 
MIUJMMM T"K*NfcSS Ft* MATERIAL HT A«IS 

• ,5'4Sf»Jü     ».S'SSl»no     S.UBJ'JF^nO 

*A*ER;AL LO-;C *  l 
■"»Tt'°IAL CCi-'f. s   1 

THICKNESS Fu» FACE ONE * 
T"IC«NESS FUR FACE Txü « 
THICKNESS FUR FACE THREE* 

ITl» ?.»078E»00  TT?» e.»0?8E»0C  TT3» 2.R»S7E»00 

».575 INCHES 
»,57b INCHES 
3.«8» INCHES 

■»iNtflÄ-lNRüT 
LIST M»TRIn-M»TtMlAL «E«TlCAi.,AnIS MQBIJONTAL 
1      ] .»b      1.»b       ,b» 

FCR   S.HO PE-.iENT ';eMAf,t IM) A FWAGILIT» BATE OFbO.O G'S 
Tft LOST is     !),■(» ü:LL»»S «it» A "ULTIRLICATION FACTOR OF 
»;T- A f!',AL C.JSI OF     ■»?.»<) DULLARSFU» UvtR SHIPPING 
H ") Al L :.'«IM. .'»-» .E T"F erst 13     NR.«8 DriLL ARS/I T£M 

1.P5 TINES ONE 
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Ti« 3.5OUOE*OO T?« a.suootton T3« s.sooot*on 
MjNlMiiN THICKNESS FUR MATERIAL H» «.«IS 

».S7SSE»O0     ».S7S5E»00     3.4B34EtoO 

TU* ?.?bSOE«00 Mi*   2.£bSOE*no  TT3» ?.8bB7E*00 

«»TFRIAL CODE « 1 
MATFKJAL COiH * 1 
MATERIAL CODE ■   1 

THICKNESS FOR FACE ONE ■ 
THICKNESS FUR FACE TNO ■ 
THICKNESS FOB FACE THREE« 

».S75 INCHES 
i».575 INCHES 
3.SI» INCHES 

TUTAl COST/lTtM«   67.48 
MJNCUS-INRUT 

CUST MATRIX-MATERIAL VtRTICAL,AXIS HORIZONTAL 
1      l.»b      l.»b       .b» 

FOX  ?0.UU P£R-CtNT DAMAGE AND A FRAGILITY RATE UFbS.O G'S 
THI COST IS     87.48 OOLLARS *ITH A MULTIPLICATION FACTO» OF 
«ITH t FINAL COST Of    10^.47 0ULLAR3F0R OVER SHIPPING 
FUR ALLOWING DAMAGE T«E COST IS     41.48 DOLLARS/ITEM 

1.85   TIMES   ONE 

".--   3.50JOE»üP      T2*   3.5U0OE*0O      T3*   3.5000t*nn 
"INIMUH   THICKNESS   FÜR   MATERIAL   BY   AUS 

»,57S5E*00     »,»755E»00     3.483"»?*DO 

TT1« ?.12?2E*00  TTS« i.liiil*00     TT3« ?.7B77E*00 

MATERIAL CODE « 1 
NAT£Hi»L CODE * 1 
MATERIAL CODE t   i 

THICKNESS FO» FACE ONE • 
THICKNESS FOR FACE TNO t 
THICKNESS FQM FACE THREE* 

».575 INCHES 
».575 INCHES 
3.48» INCHES 

TOTAL COST/ITE«*   87.48 
NIxCOS-lNPuT 
COST M»TRI«-MATERIAL itRTIC AL,Ax 1S HORIZONTAL 
1      l.»b      l.»b       ,fe* 

FOR  80.ua PER-CENT DiMAGE ANO A FRAGILITY RATE 0F70.0 G'S 
TH£ COST IS     87.48 DOLLARS *ITn A MULTIPLICATION FACTOR OF 
KITH A FJNAL COST OF    »34.40 DOLLARSFOR OVER SHIPPING 
F„R ALLOXING JAHAGt TME COST IS    10*.4B DOLLARS/ITEM 

5.00 TIMES ONE 

OVER SHIPPING DATA 
(3.1) T«E CPTlHuN COST IS     4J.0J DOLLARS 

THE FRAGILITY RATt IS 1U.0 G'S 
T*E RfR-CENT JAKA5E IS    P.O 
THE MULTIPLICATION FACTOR IS   1.0 

^-v THE DPTlMu« THICKNESS FOP FACE ONE IS S.bOb tNCHES IF MATERIAL 1 IS USED 
3.2) T"E OPTIMUM T-ICuNESS FOR FACE T»0 IS S.bCb INCHES IF MATERIAL 1 IS USED 
v_- TH£ UPTIMUM TMICKNESS FOR FACE THNEE IS   ».35» INCHES IF MATERIAL  1 IS USED 

DAMAGE ALLOWABLE DATA 
T«t OPTIMUM COST IS     88.48 DOLLARS 
TMR FOi&lLIT» R»TE IS bU.O G'S 
THE P(R-CENT DAMAGE IS    5.0 
THF REP*:»* COST/ITEM z      I,J() DOLLARS 

Tnf OPTIMUM T-ICKNESS Fn« FACE UNE IS   ».575 INCHES IF MATERIAL  1 IS USED 
(3.4) THE UPTIMUM THICKNESS FUR FACE T*O IS  ».S7s INCHES IF MATERIAL I is USED 

THE OPTIMUM THICKNESS FUR FACE THREE IS  S.RR» INCHES IF MATERIAL I is USED 
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(3.5)THE ABOVE PERCENTAGE DAMAGE IS THE HEST POLICY 

****************************»***********************<************** 
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xq 

TABLE  VII 

SAMPLE PROBLEM NUMBER FOUR 

INPUT DATA CARDS 

Card 
No. 

1 

2 

3 

0U3    I <!0 /SI ' 0.*J»90U'J   ^s.    0 

9.*2    7öl     .    4<yoj7«'^-r9l /s. JVO2»50. /O(,J0 | .b-fJoOi. lfl<J I 2C"> . >7..'IH 2. 74 i. 82». ,9 

• 12=  u   n       /2.. 0 
1 I 

1 >. 0', n 

*.06t-H&«i7E-«J.V|6-H.. ■'E-'*l..3t-Hf..u-rE-7a.M3t-ob.üVE-7s.0Vfc-76.U'»E-7 
- J      .: 

0 1"    10 

• 1 <. 0 . 3       • 1     -*i. 0 . 1 0 

I 3.40 0 . 5       • 1     -0   . 0 . 14 

8 Mt) Ü. 3             t 1        ->4« 0.(3 

9 I •«*♦ 0 . 3         ,   » i         -6     . o.*< 

10 1 .50 u • 3             • I       - 4 fi . 0. 0 3 

11 1 »36 0 • 3             • 1       -d    . 0.3 

12 1 • D 0 r  • 3          ' . I      -<:;!• Q.:2 

13 I . 00 • 3         '   • 1              -*V   I 0.    i 

14 4.20 c • 3             . 1      - <:   . 0. n 1 

15 2« 1 1 0 • 3              • 1        -i!    . 0. J2 

16 . n 0 1 /. ü' <s3 

17 1 1 n 0 • u. 12* 

18 1 3 • 0 • 0 . ' 

19 6 rJ . 3 • 3 . 

20 65. <:£>. 1 0. 

21 /0 • HO . i5. 

14 . 

I .00 

1 »50 

Ü.30 

I «30 

0'J>0 

0. 30 

Ü .20 

U .20 

0.13 

0.60 

I .5 

2.0 

2'u 

0.8 

1.5 

3.0 

7.9 

[. 1 

1 I .9 

I I . I 

2 

i 

4 

5 

0 

I 

d 

I TIM 
I 1 1 1 1 

II 1 I I 

2!?n 

3)4)1 

44144 

5555} 

Hill 

in j J 

»lull 

& Mill 
1 t 1 4 1 

I II 
IC II 1) I) 

111 

222 

3)4 

444 

555 

III 

111 

sit 

Ml 
II II II II 14 

MM 
ii 11 n n 14 

nn 
2222 

3343 

4444 

5155 

MM 

1111 

MM 

MM 

IMMMIMMMMMMMMI 
II I! 1! J4 !i M Jl jl » i: (I II II 14 4- 44 41 41 41 Ii II 1} II S4 U 

II   1   1   I   1   f   1   I   I   II   I   1   I   I   I   t   1   I   1   |   II  1 

HIHIHI M HIM/Mill lit 

HHHHMHMHMIHMM 
II II n r II » II it x n M » ■ i. mi N B a i> :i a 4i 41111:1141u41 u •• ■> 1111 n » :i 

HHHMIHHHI 
M II U II M II II II 14 B a II U ■ II 11 

1111111111111111 

lllllllll 
1 'i w u it 11 'i n a 

11 1 1 1 I 1 1 

2222222222222223 

3333333333333333 

4444444444444444' 

5555555555555555! 

iiiiiiiiiiiiinii 

? 111 iiimiiimi 

HHHJUHHIM. 

MHMMMMMHI 
v 'i H ii a 111111 u i> u 1111 n 19 n 1 * 11141111111111 a 
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• ••       Hk'I"W»TU'S    »»ÜU   '  «t    f-x       tSUS    IF    >»(.«»uF 

0 I   =   si •   It'-t    ".i ,    0»    C0N1»IM1   x«IF»l»L    TU   HF    USFD 

I       SAMPLE PROBLEM #4 (RANDOM 
!EXCITATION! CONSTANT TEMPERATURE :   s  1i'- —  l'i« •. .-tit' 

t    = -i: ... -tlj-^. SG. of   IH«4TI;SS «o» am* -T. CILC. ' 
>i    :   -,:    ...    «»,;...   ..p,    :>     |1|HI|    -,5   IP»   G-COS.F »0t SCF 

1      i   »..-J   ...   ■, .-..1.1      I    f s, |«„S«f.ST»|.   FOF.. ;FsCIF 4 
j.l*...     (•"!      It,.-.1      S     C*     ...     [      Sf I      S-lB-tsT 

.•'..'-    I    I    »       I.I OST    ~l    IT(« 
• ItfS" .1**.'       s    r.    s   ---    l«K««SF5S   '►    C-ST*f,SF1 

>r.Ur    (    F     )       1    !t-i             L^.tSI    E"Ml»:)S*f M    Tf»P(((»lj«f 

!..,■'■    i   »    )      s   it—      »l»»cil   Is» Im ••«(•st   i(«P(»U .»[ 

(«»O/'li.)    t    ;»J{1)    »l^    r«     ,-E    £••>!»'. S-t'.'lL    F»£S. 
..^.^li^.n1;|.|l(»«^lt♦ül).'t.'•H♦',l'.4^•n?t•nil.s^>K|lt♦',*^."^s<l3f♦a^^.^^l9bF•t'^l.#ok^»t♦ol^.»<J»»f»l)^».^^s»'t♦o^ 

ss:       IS**„T    F jW    *»•»£')•'    tlCITÄTI^S 

.»»--':»-'•S.l>      ,t..'>l.*l'r-!,t-O'l.l'<inr'F-,»l.lpi0(«n»%.nl>"[)0£-fl75.SJ0nOf-nbS.nqQQ0E-0'5.0<O0D€-0?5.O,inn0E-CI7 

:i - is.:«-s»f".'»i tici'»'i"\!i ?»CH 'OQF5»p.s[ISO   to   C St    CF    THE    »BO.E   0»J(|)S 

V„*9t«    "H     LjSTAlSF«S 
...    [If.    v«HM 
-."    S.."9fw    ,)F    NiTfi*|iL3 ;•» 'II! 

csf.*»*T 
LS'.'»3 CST-CI« 3I.-TE"? L«-JT«J MI-3IB1 G»MK» 

I If   lf»!;l S ??H<   f—<?             i ' 1 p n f . i; (> -<■ fP'J")f »11 i miGnf«ni ; ."onnl'in l.snnot»".! 
s * r r ' t • 11 s r :• t''. t - "■ ^      i uflnnF-iv -h rinuoEtni I »nnoF-ni l ,sno»;»iio «.oacoEtoa 
i U        ' •'   : ^ i, i .[.-,>       i '.•>nri* • v • 1 .ü'iOf'U i ^innf-n^ ».onont-Ji ».•rjOOE»nu 
I »VHJf » II' s "I'll If-U*          1 inrpF »iii» -l> TuunF.«oj t 'I (inf.ni l.soonEtua 8.00UOE-ni 
1 s»- IF»'.;. s. 11   ,-'   lm„t               , ■ (luuf-.i* .» n'i' -1♦ <ij < nouof-n* i.aonpE.ui i.4C0OE»nu 
1 JbPUKPu s nj.tjnt-n*       1 ijQnnt »0* ■ " nno(E»ni 1 iinoot-o; S.oonot-ui i.ooonctoa 
1 JI'PÜF *"u s •jt JPt "v      i OTlHf «0? -i P"UPE«PI t t»fMinF-n^ j.noont-M ?.snnot»no 
1 cinaof tnu s npu'U-o*       [ gnnrf«u* •t onor£«ai i fiüPiF-n^ ?.ocoot-ui l.inooE«nrj 
. iov if »lit s ".■"fc-'V       j 'M,nnr-rii> ••e nnurt»0l 1 üon'j'-u; i.soont-ui 1.1'00£«0J 

1 JQCOf»01 

s 

t1 

3C>nt>E-s*      l 

Cst.COxTllsl w 

■ i i"rnE»ni ? DOPOf-0* S.ODOnE-Ql i.i tOOE*OI 

l«J*f«    Sj-^f 
l.O^COE'IJs-Flü-I   PF   ITE»   «!(   PiiACS   ) 
I.J'fEOH   ,I»tsSIuS  B»»»i.Lft    la   >.«>I3   ^SP   L0S6ESI   r,I»ESSIOS   It   (ISC'ES) 
l.<"l:l!>1l=    -I«FSSI0S   »»»»ll.Fl    TT   »-»«IS   JNP   (.O-'GEST   OI^EFiSION   'L   (INCfS) 
c.«>:   f»-i= .;»tssii'.s ujttLiEu   t,, z-nis icisr.Fsi ni«£ssies ?L ti'-c»FS) 

s..»iF«   « » 

»4ft'i»u :'JE5 COISIDE"!C »BE      I.      *, 

PCST-D»- »£»l«CE-CS' 

10. 

i . S " ~ ■-1 ♦ ~ 1 
k,PCifjuE»ni 

» . e r- 'J u t • I 1 
'.ruuuE»oi 

S.^or-PE'uo 
*,'iupn£»yl 

S.nnncF«pa 

l.inqOE«!'! 
1.SI00E«PI 
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n \£ 
U* 3.S0i'UE»O'' 
Us 3.%»lH't ♦!!''. 
U = 3.bl)Mft *un 
U* J.SIH'lif»uc 

[?*   3.5linnF*O0 
Tes  a.sunn *>•- 

i<?s   3.S>ueot»on 

T3 = i.SOOOEtnn TTls 3.bS?8F»00 
T3* 3.SOnOt*On TT1* H.8J7lE«00 
13* J.SOOOttDO TU* a.7S??£»O0 
19* 3.S"0(it*un [lit e.38?f)FtU0 

J«Cf«   l"K«NfcSS   IS   Lt^liER   TK»N   VJB»»TION   THICKNESS 
5H.-:K    TH1C»..£SS: e.f«7?Sf.tno      CHTI-UM   VIHH»TItJN   THICKNESS* 

►•Alt »!IL      »   IS   HI ING   Of LETHJ 
/<"p^ HI-.Iij»   r»K*'.ES3   FC*   M»Tt«I»L   Rr   »XlS 

■-.bLlblf •''■I 
► . H l lj 1F ♦ i 0 
l.Ut'HMt ♦ ll 0 

.biblEten 
b.^lOlEtOU 
3.cn>»i)E»nn 
?.S3?*E*nn 

353S£tni) 

?,<1S»3E*"0 
?.877SFt00 

TT?« J.bSeBEtOO 
TT?« "».83?lE»0n 
TT?« 2.7S7«tOO 
Ti?« e.i8iCE*ao 

3.J187E-02 

TT?» 3.b?8lE»00 
TT3* 3.87»SEtOO 
TT3» ?.»B7$EtOO 
l!Ji J.S77Sf*0U 

'►« ' »L    I (lilt     * 

T«IC».NtS9 Ft,H F*CE ONE * 
T-IC«NtS5 ►(.'•< f*Cc T«l) s 
T«lC«NtSS   fU«   F»CE   T«t»EEs 

3.CUO   INCHES 
3.010   INCHES 
t.11*   INCHES 

•i»i.   C 'Sl/llfs        Bl.'Ji 
•COS-Is-jT 
•"   ~»TBI«."»tf<I»l.    vf»TIC»L,*xIS   MGHIZONT»L 

J.'" l.7c .7r 
fc.i<? b.ei ?.B3 
.'? . >? .St 

^-^  *./B        .'.i.o   Bf-Ct-.T   r»M»C-E   »NC   *   FR»GIUT*   BATE   0F1S.0   G'S 
(2.5; ,Mf   c^iT   :s i*l.fl   L1LL»HS   «ITM   A   HULTIPLH.»T10N  F4CT0R   OF 

»I Tu    l   FIN4L,    CJöT    OF Kl.Ill    naiLAHSFUS    (lv£B   SHIPPING 
»U.C1.G   u»»*GE   T«t   CC5T   IS tl.Ol   dOLL »RS/I TEH 

£.5, 1.00   TIMES   ONE 

'.*   3,iOu"fc*-1<"' 
Us  <.&<U'L

,
E*I;I 

U-   i.Siifi)t»i'; 

i<>s  3.S'rirt*nn 
Vs   3,Sii'K'f*no 
i^i   j.s'ncttnn 

'3* j.soonttno 
T3* s.snoottim 
T3*  3.snn'it*on 

111: ?.'.078£*00 TTi>* J.»078EtOO TT3* ?. S-*S 7E*0u 
TT1* l.S053£tO0 TT«* l.lOSJEtOO TT3* e.OOOOFtOJ 
TTls   ?.0818Et00      TT?s   «.08185*00      TT3*   «.OSObEtOQ 

»llfCUl        3    IS   i F IM.   DFL» T e c 
UPII-.I« WC»NESS s       i.3i«»ou*oa   H;X »LIVABLE OPTIMUM THICKNESS * l.?OOOOE+01 

•l''!""1" T-K* -f->5 FC» "<TE«I«L H» »»13 
».'»Inf♦'" ».7Ub£*n~ 3.<>S."lF*nu 
'.»'»"£♦ ' '.♦S»nE»rjC 3.7e?DF»no 
f. : I tj J >. F ♦ I' ''. n. 

'tTf«;»L 

«»ltftTi- 

1 •»■ICNESS F0« F*CE OM * 
J r-IC'NESS fan F»CE T«U * 
1      '-IC-^ESS   PO»   FACE   TMttfEs 

»,?3? INCHES 
».73t1   INCHES 

?."»8»   INCHES 

'/I! 
•I» 

HO. 

k«r«;«.M»TEBI«L   ii f<TIC*L> »»IS   «U«IZOST»L 

1 .SI l.Si .•>» 
<■. >; b. '1 l.bS 

F ;u        s.M.i   PiR-CE.'.'   ;<M*r.f    «••«D   «   FB»GILIT»   P»T£   OFbri.O   G'S 
l"c.   CGJT   I'J -B.Sn   J^LL'RS   «IT«   »   »JL TIPLIC»TION   F*CTOB   OF 
«IT-   i   f[-.4i    r )ST   rf ^J.ih   njLL«wyt-OB   0\'£B   SHIPPIM, 

F'IB   A> LC ft I *.'..    ■-»•"».£    T-fc   CUST    IS S3.50   ÜOLL»BS/ITEH 

l.OS   TIMES  OK'E 
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■M i.n.m ) i -r4J mi i  .■! • 

Tl«   J.blHMJEtJ'l      TPs   3.SuO[lE»uO      T3 =   3. SuOPE»00 
T1 r   3,SUVI)E*IHI      (■? =   *. i 'J 011 e ♦ n L'      T3*   i.snnnttun 
M;%IM|IM   TH1C«NFSS   HJ«   M«TE*1AL R»   »»IS 

».««?Sbf»iij t.s?ssfc»on i.sRjirtnu 

TT1*   J.?b50E»00     TT8«   i.2tS(lEt00     TT3*   J.Bb87E»00 
HI«   l.S78bE*00     Ml*   l.S78hF.»no     TT3»   1.7B7bEtf)0 

MATFRTAL   tJl'E   *        1 
M»n«I»L   LO"F    * 1 
MATERIAL   U >t   s        1 

THICKNESS Fu« FACE ONt 5 
TIKKNESS FU* FATE T«U s 
THICKNESS   FUR   FACE   T«Kfts 

H.S75   INCHES 
*.S7S   INCHES 
3.88*   INCHES 

TOTAL   CUST/ ITMs        t 7.8* 
HU'CUS-lM'uT 
LUfiT   "ATi»I »»MA Tf * I AL    »t*T ICAL,Ax 13   HORIZONTAL 

i 1 .»K I .»»■ .b» 
t' 1,7b 1.7t, .1? 

Ft"      i»U,itU   PH-IL'"'   UAMAGfc   AM)   A   FRAGILITY   «ATE   (iFb<i.n   f. • S 
IHF.   CrST    IS 87. <<8   JULIA*?   H n M   A   M JLT IRL IC A T I ON   FACTO»   OF 
«IlH   A   FINAL   CITMT   OF 108.«?   CULLAHSFÜR   UvE»   SHIPPING 
FUR   AILO»ING   ,)A-AI;E   T»t   CUST   IS 87.88   DOLL ARS/ITEM 

l.ii   TIMES   ONE 

'is i.soi<iiE*on    ia= s.sunnfc^op    ras 3.sounE*oo 
U* 3.S'll'UE«CRI  T?s 3.Su0dE*00  T3« 3,SOinE*00 
MINIMUM THICKNESS FOP MATERIAL 8T AXIS 

».S7SSEt00     ».bJbbE + OO     3.8838F*00 
l.«S87f»»n    i.3bB7E»no    l.8e7*E*nn 

TTl* i.il!it*00     TT2S J,1?22E*00  TT3« ?.7B77E*00 
TTl* l.iSSBEtOO  TT£* 1.2538E+0Q  TT3* l.S?80EtOO 

MATERIAL COPE * 1 
MATERIAL COUE s 1 
"ATE»TAL COPE s   1 

THICKNESS FOR FACE ONE S 
T'IC"NfS« FUR FACE T«U s 
T«IC«NESS t  ? rk<:    TMweEs 

».S7S INCHES 
t.S75 INCHES 
3. 88» INCHES 

'OTAt    L,.«:.'! rE"s        87.88 
HlNC;l-lNKjT 
CuS'    "ATKlx-HATErflA       .ExTICAL, AXIS   MIJPIZfJNTAl 

1 l.*b l.»b ,bi 
e 1 ,7b 1,7h .87 

FOR  1-0.111) PER-TENT DAMAGE AND A FRAGILITY NATE OF 7(1.0 G'S 
THf C(ST IS     87. «18 DOLLARS «ITH A MULTIPLICATION FACTOR OF 
«ITM ^   FINAL CO«T OF    »38.80 OOLLARSFUR OVER SHIPPING 
FUR Mlür.1%5 GA-AGE THE COST IS    102.88 OOLLARS/ITEM 

5.no TIMES OF'E 

•3 i\ OvER SHIPPING DA I A 

Z'y  THk OPTIMUM COST IS     81.01 DOLLARS 
Tnt F3AGILITT *»TE IS lb.U G'« 
THE r>tR-CEM DAMAGE IS    0.0 
THE Hi LMPLICATU'I FACTCR IS   l.n 

THf OPTl'ivJM THJCK-,E^^ FnB f4CE ONF IS   3.010 INCHES IF MATERIAL  * IS USED 
(3.2) THt 0FTI"u- THICKNCSS FOR FACF T*r> IS   3.01U INCHE* IF MATFRIAL  * IS USED 

THE IPTIHUM THICKNESS FOR FACE TMWEE IS ?.<*<**  INCHES IF MATERIAL <*  is USEO 
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•j~x DAMAGE ALLOWABLE DATA 
(i.i)  THE OPTIMUM COST IS    MI.01 OOLL 
^-^ THE FRAGILITY RATE IS 15.0 G'S 

ARS 

THE PFR-CENT DAMAUE IS 
THE REPAIR COST/ITEM 

0,0 
O.no DOLLARS 

(3~4)TTH 
vy TM 

THE OPTIMUM THICKNESS FOR FACE ONE IS 
TL-E OPTIMUM ThICKNESS FOR FACE TWO IS 

E OPTIMUM THICKNESS FOR FACE THREE 13 

3.010 INCHES IF MATERIAL  * IS USEO 
3.010 INCHES IF MATERIAL  «♦ IS USED 
e.SS» INCHES IF MATERIAL  «♦ IS USED 

(3.5)0VERSHIPPING IS THE BEST POLICE 

****** *************** ♦ A************:", a******************************* ********** 
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TABLE  VIII 

SAMPLE PROBLEM NUMBER FIVE 

INPUT DATA CARDS 

Card 
No. 

1 

2 

4 

5 

6 

7 

8 

9 
10 

11 

12 i 

13 

14 

15 

16 

17 

18 

19 

20 

21 

0102   120 /&» i o.>*s>vuon   «is»rG   0.'   0.I2»P0 
X 

72 • I 0    „      7 2 . 0 i. t . H 

6.*«>      6*->t*1      12a.6-        i<J«(39"2o.-> 

0.6 n .5 

o 1111 o 

1.92 Ot'l» 

6.40 O.i"» 

2«I 6 0 •   a 

I «44 0 . . a 

I .63 n•    5 

I • 3ö 0 •    a 

i.o o :..9 

l . Ü 0 . .    9 

4.20 0.    » 

2*1» 0 • . 6 

• 00 1/. 0023.- 

t 0 6». 12« 

22. 0.10 

611 « 0. 14 
J - 

44. 
J 

0.03 
J 

6ii . 0.20 
J 

Ht . 0.03 

20. 0. 03 

*l* • 0.02 

20. 0. "3 

2S. 0. J I 

2U. 0. o2 

20. 

60. 

65. 

70. 

0 • u 

6. 

20« 

ao. 

o. o 

to. 

15. 

12. 

■ 84.,r6>l->i'594-9ö.^3aö;.4.S/5>*ö'.0-\628^«IV 
.: J J J J 

12. 

*. 

I «00 

l«P0 

0.30 

1.5 0 

0.30 
J 

0.50 

0.20 

0.20 

0' 1» 

0 -B0 

1.5 
J 

2*0 
J 

2*4 
J 

0.8 

1.5 
J 

3.0 
i 

7.9 
I 

I. 1 
i 

11.9 
i 

ll.i 
I 

i. 
j J 

2 

3 

4 

6 

© 

7 

0 

9 

1 0 

11 11011 It 
I ] I I 1 I I I I 
111111t 11 

iiiwiin 
33(33)313 

444444444 

SSS3S SSSS 

M 1111111 

17 7 J 7 7 M 7 
i 

s liliuiil 

* IIIIIMM 

It IIICIHItllllt 
ii it ii u ii ii ii ii ii n ii n ii it n n 

11111111112 11111 

2222222222227222 

3143333333334333 

4444444444444444 

SSSS5S55SSSISS59 

Mill ItlCIIIIII 

7717777T77777T77 

1111iiia11111111 

IIIIIIIIIIIIIIJS 

ID ID MC 10 000110 D00 I 00 0 100 Oil 1800 tu 
n a ii u u H u H II ii n u <i <i n u ii«ii a II H >i u u M u » II it H u II it 

1 1 I 1 1 1 1 t t I 1 1 I I J i 1 1 I I t I t 1 ! i I I 11 I I 1 

22222222 

33333333 

44444444 

55555555 

llllllll 

7 7 7.7711 

llllllll iiiitiiiiiiiiiiin mm 

immmniimmmt itiiiin 

mit 
U H II II It 

1111. 

222 

333 

444 

ISS 

III 

777 

III 

III 
i i i i i i i i II II ii II H n II II II II II n n n M N n ii n n »i. u u M n .< » II M II n .1 II M II N <i u " " n » u « II r «i u ii w n « u II u w im u n n ti ii II ii II n n n ■ 
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•«•  OPTIMIZATION PROCEDURt FOR OESIGN OF   P»C««G£ CUSHIONING  •«• 

v J 
C  •--  COOt   NO.  OF  CONT»,NER  M»TERUL  TO BE  USED 
--.JHTIHWMIüN  CODE 

[ s    IJTH    «-    ITfN   NUMBER 

in *   MI'   —•   »ill»U«   NO.   OF   1TEH»TI0NS  FOB   0*0»  MI.   C»LC. 
,<. >   *>I   ...   «»»IKJ«   NO.   OF   ITSO«UONS   FOR   «-CONVERGENCE 
ll >   NCiNJ   ...   MjMiitR   OF   ENVIRONMENTS   FREQUENCIES 

i.JSIUfOl   (l/Lrt)   «   CS   ---   CUST   of   SHIPMENT 
^s.oo ( » )    '■ ci -— rosi OF IIEH 

■ l,!5nun (IN.)      =   TCI".   ---   t"IC«NFSS   OF   CONTMNES 
??.0P (   F   )      •   IEML   ---     LOMEST   ENVIRONMENT   TEMP£R«TURE 
V.nri (   I    )      «   T£rn   •»-     «IGriE^T   ENVIRONMENT   TEHPER4TURE 

SAMPLE PROBLEM #5 (MULTIPLE SINE 
EXCITATION) CONSTANT TEMPERATURE 

■iiT/tECT   i   U»J(I>   »LL   OF   IMF   efc":'ION«ENT*l   FBES. 
,!»viot*ui o.^8^onE♦llIl./,s>>(>Ile♦o^3.^♦l5«E♦o^^.^p^noe♦n^l,8^»,<^E♦03^.^»»s,'F»n3|t.3^8^^E♦o^5.(>s|^•7E♦o^5.^nolE♦o3b.^»3x'E♦OJ 

JNUfcT   Ft«   RJNDU»   E«CIT»T!n>. 
•. *. ». *. *. *. *. *. *. *. 

j'5)   •   ■3JIII   •   EN>I»i".»'M«l   HClTdTIONS   E»C*       CORRESPONOING   TC   ONE   OF   THE   »BOvE   OMJ(I)S 
. ac.,nor-DlS.nOi)OOE-(lll.ölinno£«OT?.nnoO(,E*0',3.0nooOE«003.00nOOE«003,OOPOOEt00 3.0UOOOE«On3.00000E»003.00000E»003.00000E»00 

I   s   NC   —   Mji'SEN   OF   CONT«lNtRS 
t   t    -Ilfc«   ---   lit«   NL«HER 

1U   »   MNHlTS»-.   xu"HE«   OF   H«IEC»»LS   ON   FILE 

r:. - ■»' CST-Fin CST-«»K SL-TEHP LK-SIRS MI-STRS GtMM* 

1 *. ""    ['(.■ b ironf-M l.mont-iJ -?.enont«oi l.aaooE-oi »,ooooE»on l.SOnOEfOJ 
i <K,ilOE*Oi' s 'JDO'iE-O? i.onpoE-u* -b.onon£»oi i.»onoE-oi l.S009E»00 ^.00O0E♦O0 

i lbOIIF»'J!: s ooiiuE-O? l.cuiniE-ii? -3.»n0ri£»0l 3,0000£-0< 3.0000E-01 e.tauoEtnu 

I » » n a F ♦ D ii s nnn'iE-n; l.icoOE-oe -b.000fl£»01 ?.noooE-oi l.Sonof«oo I.OOOOE-01 
1 SH':"* ♦!■»!] s (iCQr'E-n? l.COOOE-Otf • » .000fl£»0l 3.0000E-0! 3.0000E-01 I.SOOOF»OU 

i Jtd(ir».1.j s CCC't-1? l.ooooE-n? -S.1000E»0) 3.0000E-OJ s.onooE-oi 3.0000E»00 
1 n>;nnf »ilu b nnoii» •t.i l.nnnnf-T^ •i.npvnttvi e.ooooE-oe ?.oonnE-oi 7.«000E»0U 

.^IIOf »Hi' 5 Oijuut-ne i.ooonF-o? -?.000nE»01 3.0000E-0? «.OOOOE-Ol t.lOOOEtOO 
■♦ e-'i.u» »["j i U'.'CE-U? J.QQCii(*<]2 -l.cnurttvi l.OUOOE-OJ 1.5O00E-U1 i .iiaoEfOi 

I 1!C1F»0U S ncont-ii? I.OOOOE-0? ^.OOOOEfOl !.oonak'-o? 8.OO0OE-O1 1.1100E»01 

(,»««•» CST-cn'.TA tNES 

i ,7f,r,0f-(13 i 3iOi.F-n 3 

I*ITE»   NJ-ft H 
S. Oonnt ♦01*»£Il»"T   OF    JTE«   «J (   POUNDS   ) 
i.inuut»Uls   OIMFNilO'.   PJUiLLEL   »0   «-«»I?   fNO   LONGEST   DIMENSION   XL   CINCHES) 
l.eOOOE»OI"   DIMENSICN   P»R»LLEL   TU   »-HIS   3R0   LONGEST   DIMENSION   »L   (INCHES) 
l.inonEt'll»  nI«tf,SION  P«R*LL£L   TO  1-ttIS  LONGEST  OIKENSION  U.   (INCHES) 

NiiHgfe x •» 

»I'fPIll   CUOES   CriNSIOE*FD   «RE        1»        I, 

•<«i-G Pfi 1.1»» »E»L»CE-CST 
J.3'j"i;f»oi ' . i. 
».IJOUE»"I A.oon'jE»uo    5.nnoo£»flO 
6.C-J'l'lE*Jl i.')00'lE»Jl      I.aSOOE*Tll 
?. .*CtiU£»01 H.-U'"lE»i'l      i.50,JIIE»f,I 

10» 
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*•**•*»*•***'A**************************************************************** ******************** 

2.D ! vti> 

@M 

Ti: 
T 
I 

3.5liuOE«')U T<? =    1.bnf)nE*00 
j.'jiiiHit + i.n \e-  j.siioae*on 
3,S0Uüt»nn T? =   ^.suOOE+no 
3.5IMint ♦UU It's   J.'iilOuE+IU 
3,Si);/uE*<J0 Tc"=   3,Su(".ttaO 

iNlMt'M    "iIC*'<eSS   FUR   MATERIAL 
S.b^bEtO1 S.b??bE»U0 
L.tJbbf ♦ •Id b.93bbE*Q0 
h.n)isf*ou h.unsEtnn 
b.ihH1f»'iy h.lb«4E»<!0 

Tu* 3.S00nE*un 
T3s 3.sono£*on 
T3=  s.sonoE+on 
T3s   3.50Ullt*UP 
T3»   3.SaOflh*00 

br   Axis 
5.b??bEt00 
b.93bbE*OC 
b.OUSEtnu 
t.lbHJfc*Q0 
g.s'iJSEtoo 

TTls 3.bO79E*n0 
TTls *.S0n7E'»O0 
TTlx 3.U77E*00 
1T1 = ».dHOBEttU 
TTls ?.?n?iE»oo 

TT? = 3.bn?SEtO0 
TT? = *.bon?E*no 
TT2« 3.1777E+O0 
TT?s H.i8U8Et00 
TT?« e.?OilE*üü 

TT3= 3.bO?SE*00 
TTjs ».500?E»00 
TT3* 3.1??7E»O0 
TT3 = ».?80BE*00 
TT3« ?.?0?lEtOU 

MATERIAL COLE 3  iu 

12.3)M»TE«IAI CODE s  1Ü 
MATERIAL CODt =  10 

THICKNESS FUR FACE ONE « 
THICKNESS FOR FACE T*O * 
THICKNESS KOR FACE THREE« 

i. S*3 INCHFS 
?.9t3 INCHES 
?.9*3 INCHF.S 

TOTAL CüSI/ITEMs B'». 12 
(2.4) ^ 1' C OS-lNHL'T 

CU3T "ATf?I«-MATtHlAL VfcR T IC AL , AX 1 S HORIZONTAL 
1       .91' .«U .90 
?      3.1? 3.1? 3.1? 
♦ .•><! .7? . >? 
b .70 .70 .70 

JO . <•? .5? .5? 

-s.Füfi        U.IIII   Pt*«iEM   DAMAGE   ANC   A   FRAGILITY   ^ATE   OF?f).U   G'S 
(2.5) THE   COST   IS 59.la   COLLARS   WITH   A   MULTIPLICATION   FACTOR   OF 

»ITH   A   FINAL   CIST   OF 59.1?   DÜLLAWSFOR   OVER   SHIPPING 
FÜP   A|LO«lNG   DAWAI.E    fHfc   COST    IS 59.1?   O0LIARS/IT£M 

1.00   TIMES   ONE 

Tls 3.brnj(<L*'ir' T?s 3,Suoot»nr T3=  3.snnnt+un TT1 = ?.bblbE+00 TT? = e.bblSE+OO TT3s ?.bblbE*00 
Tis 3 . S' 111 < ■ t ♦ 'J r' Trfs 3.5uuuE»on T3=   3.b01f)E*no TT1 = ?.»15SE+00 TT?s e.*lb5E+0D TT35 ?."U5SE*UU 
Tl = j.5ijll<l£»i.'ii T«>s J.SUOUEtUO T3=  3.sount>on TTls ■..3»»?E*00 TT? = ?.3HH£E+DO TT3S ?.3*»?£+00 
Tl = 3,SUuuF*0!) T?s i.sunoE*oci T3*   3.SnOOE»00 TT1 = S.BbOOEtOO TT? = 3.ttb0OEtOO TT3s 3.8b00E+0U 
T) " 3.bi)U'JE*l"i res j.%ijnnE*oo T3s   3.SO0OE+0O TT1* ?.3BS3E*nO TT? = ?.3Bb3E*00 TT3S ?.38S3E+00 
MINI MtJM   THRmtSS   F )R   MATERIAL 8Y   AXIS 

<.ieo»E»iio J.^n*      "11 3.1?OHE*00 
■J. b 1 ? 5 E ♦ Ci 0 3.bl?5E»0D 3.bl?SE*0U 
?.0?Ut» iu 3.(l?13t»D0 3,nai3E*00 
(.. iknattio b.l«83E«00 S.lbB3E*00 
?,9»35E+0n e!.'IH3bt*il[) ?.<"»3SF*00 

Mt'MTAL C'lOE s 
MATERIAL C.10E = 
MATfrfTAL    LWl    = 

T»KKNtSS   FO"   FACE   ONE   s 
TmCfNfcSS   FUR   FACE   T«0   = 
THICKNESS FUR FACE THREES 

3.0?1   INCHES 
3,O?I INCHES 
3.0?1   INCHES 

T'JTAL    CÜST/ITE*": S7.9» 
MiNr'ir.-i'iP>iT 
C'.I.T   «UnICKiTHUI.   VEHTKAL.AHIS   HORIZONTAL 

1 .SO 
I? ! .hi 
* .V- 
b . >" 

10 .S.' 

FQ.' b.HIJ p 
T- . :"ST    15 

.Su 
1 .hi 

. ih 

. ?n 

.Sli 

l.h 1 

. 3^ 

. >'• 

.S? 

-Ct'.T    OARAGE    AND    A    FRAGILITY    "ATF    CFHO.fl    U' 9 
S7.H»    Jf'LLARS    ."IT"    A    "IJL T I HI. I C AT 1 O'i   FACTOR   OF 1.05   TIMFS   ONE 
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»ITH    A    FINAL    CHS'    0^ bO.Ms    PtlLLAPSFuH   OVER    SHIPPING 
FJR   »ILO»IV.   I'AM-st   THE.   CL'ST   IS bP.tt   DOLL Abi/ITE* 

11: 3.sninjt"*nc l<>3 ä.soai'k'too 
Tls 3.b'Hi'i£*iin ie = 3. "iiinpe «•on 
Tl = i.suuu£*nn W: 3.b(l()l£»no 
Its J.SUi UEtU'i It's J.Su'Uif »dO 
U: j.sniiüE+üo 12= 3.5unnE+nn 
MINI MiiM   THJOWESS   FC«!   «iirt»i*l 

3.18U»Et');i 3.1?OtF*nn 
3,»l25EtMU i . h 1 2 51 ♦ 1 f i 
l.U213t»iM 3.U213E«n(i 
h.lhB1?t[in b.lbB3E»(IO 
^.i»35E»na 2.Hi3«E»no 

135 3,snnrE»on 
13=   3.5Oi)Ut*0O 
ns j.!>oonE*un 
n= 3.tJdont*on 
13-   3.5r'nnb«ri0 

HY    «XiS 
3.l2n»E»PO 
*.hl25t»nn 
3.U213E*no 
b.lbf»3F»UU 
2.M*35E*P0 

IT1= 2.5>>33E*0U 
1T1S 2.15*BEt00 
in* 2.2*noE*uu 
TU* 3.807*E*ao 
TTl* 2.3»57E*O0 

TT2* 2.S»33E*00 
TT2* 2,15»8E»00 
TT?« e.2»ooE*oo 
TT2* 3.807H£*00 
TT2« 2.3«»S7Et00 

» 2.S'»33E»00 
■ 2.1S»8E*00 
« 2.i"»00£tOU 
■ 3.807»E*00 
* 2.3»S7E*00 

-* TE bt I *i CoCE « 
MATEF. t*i. CjCE = 
«4Tt«!*L tCUE s 

THICKNESS FUH FACE ONE * 
flKK^ESS   FUH   FACE    T«U   s 
r«IC«NESS   Fu«   FACE   TMHFE« 

3.021 INCHES 
3.021 INCHES 
i.m\  INCHES 

::
T
AL CUST/ITE-S  I?.ii 

"INCuS-lNPut 
COST -ATPK-MATiRlAL VERTICAL,AXIS HORIZONTAL 

1 . SO • SO .sn 
t1 l.bj l.b3 l.bl 
» .3b . 3b . 3b 
b .7(1 . 7(1 ,711 

10 .5c .52 .Si" 

FC*  en.U'J fffc-CC'-T DAMAGt AND A FRAGILITY PATE L'Fb5.0 G'S 
THE COST IS     57.«♦ OOLL**S «IT- » MULTIPLICATION FACTOR OF 
»1TH A FINAL COST OF     72.»3 DOLLAPSFOQ UVEP SHIPPING 
FOR AlLOxlNG l»»»»r.E THE COST IS     b7.ti OtlLL'RS/ITEM 

1.2S TIMES ONE 

Tl = 
ri = 
Tl = 
Ti = 
U* 

3.5 
J.5 
3.5 
3.5 
3.5 

(JM1 H 

nnoE*nn iez  3.S(nof.»00 
(JUDE'OD \i-  3,s»noE»nr 
01 ■ 0 E ♦ r> 0 T?= 3.5'iiinE*nn 
0uOt»OQ 12 = 3.5uuuE*nn 
0 u U f ♦ u' ■ 12 = 3.5tiPnfc*Pn 
THICKNESS FfjP MATEHIAL 

18J»t*!10 3.12T»E*O0 
b I 25 E♦01 3.bl2SE»0n 
dc»l 3E +r. .1 3.0?»3E*(l(i 
lbH3E*H'! b.lb83E*no 
"t»3SE»i'n e.=ii3bF»"n 

T3= 3,snoPE*on 
T3= 3,S0(lPfc»(i0 
T» = 3.5r>onE»cin 
TJ=  3.snofit*nn 
T3=   3.5D0nE*on 

HY    A»1S 
3.l2fi»F«rn 
3.biasE»nt' 
3.nei3E»nn 
b. lbB3E*OU 
?.1»3SE+nu 

TTlr 2.»2S0EtOO TT2 = 2.H2S0E»00     T 
TTl* l.S1»2EtOO TT2* i.B1>»2E»00     T 
m = 2.13SBE<-00 TT?i 2.13S8E»00     T 
TTl* 3.7S»7E»OU TT2* 3.?S»7E*O0     T 
TTl* 2.30blE»00 TT2* 2.30blE+00     T 

TT3* 2.»250Et00 
TT3* 1.8<U2E*00 
TT3* 2.13SBE»00 
TT3* 3.7S»7E*00 
TT3* 2.30blE*03 

HATfcUIAL    C'JJE    s 
HATFRIAL   COPE   = 
HAtERIAL   CUOE   s 

»       THICKNESS   Fjp   FACE   ONE   = 
i    THICKNESS FJH FACE T*U = 
»  TMICKHESS FÜK FACE THPEES 

3.121 INCHES 
3.021 INCHES 
3.H21 INCHFS 

TuTAj.   CUS'/IT:"= 5J.1» 
HINrOf.-lNPjT 
CG.Sr   "ATBll-'IATEHIAL     <fc(«TICAL, A»IS 

1 .5P .50 .50 
■.' 1 . b ? 1,M 1 . b 3 
* .3b .3b .3b 
b .?n .?o .7n 

-OblZHNTAL 

128 

f—■ -■- --■   - --■-■■■ 



10 .52 .5? .5? 

FOR  BO.UO PEP-CEM DAMAGE AND A FRAGILITY RATE 0F70.0 G'S 
THE COST 13     57.9H DOLLARS WITH A MULTIPLICATION FACTOR OF 
WITH A FINAL COST OF    289.72 OOLLARSFOR OVER SHIPPING 
FOR ALLOWING DAMAGE THE COST 13     72. «*>♦ DOLLARS/ITEM 

5.00 TIMES ONE 

«A****************************************************************************** 

3.1  T 
OVER SHIPPING DATA 
HE OPTIMUN COST IS     5S.12 DOLLARS 

THE ►RAGILITY RATE IS 20.0 G'S 
THE PER-CENT DAMAGE IS    0.0 
THF MULTIPLICATION FACTOR IS   1.0 

^-^THE OPTIMUM THICKNESS FOR FACE ONE IS 2. «»* 3 INCHES IF MATERIAL 10 IS USED 
v3.2)TMF. OPTIMUM THICKNESS FOR FACE TWO IS 2.Sf3 INCHES IF MATERIAL 10 IS U3ED 
vL- THE OPTIMUM THICKNESS FOR FACE THREE IS   2.S43 INCHES IF MATERIAL 10 IS USED 

DAMAGE ALLOWABLE DATA 
(3.3)THE OPTIMUM COST IS     5>».12 DOLLARS 

THE FRAGILITY RATE IS 2U.0 G'S 
THE PER-CENT DAMAGE IS    0.0 
TME REPAIR COST/ITEM =      O.OP DOLLARS 

THE OPTIMUM THICKNESS FOR FACE ONE IS   C.S«»3 INCHES IF MATERIAL 10 IS USED 
(3.4)THE OPTIMUM THICKNESS FOR FACE TWO IS   _.S*3 INCHES IF MATERIAL 10 IS USED 

THE UPTlMUi THICKNESS FOR FACE TMHEE T„   2.q*3 INCHES IF MATERIAL 10 IS USED 

3.5,0 VERSHTPPING IS THE BEST POLICY 

••ft**************************************************************************** 
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TABLE IX 

SAMPLE PROBLEM NUMBER SIX 

INPUT DATA CARDS 

Card 
No. 

I 

2 

"5 

c, 

■ a ■ 
i>.<:3»      6«-'.°3      'i»>«6   3 l (4. t a9«2a. .>       i <*•♦. vo * I 4 , • 5 'u -lt>. tisb   **««j/5i»6   • OjtxfR^ |v 

0.' 0.5 I . ?. i, J. .'. 3. 3. 

0 U i I 0 

:•92     a,"a       .i -22. o.iu i •no l .5 
j 

7 &.U0U.3       .   i - 6". o. i u i. s o 2 • o 

8 2 • I e      0 •    3      '. •    I -iM. 0."3 0 • 3 0 2*4 

9 I«**«»      0-3 .1 -6    . 0.20 1.50 0»« 

10 |.5ö      0«:»      r-    i -vi). 0.<'3 0.30 '..5 

11 l.3o      0.    a      i.l -<*    . 0..3 U.5Q 3.0 

12 1,00      0 .   a      t.l -4L   . 0. r- 2 0.20 7.9 

13 i.00      b.    a .1 -2f. 0.u3 n.20 l.i 

14 4-20      O.'a      ..    1 -2'. 0.1 0«ia »1.9 

'S            2«li       0«    a         .i -t:. 0.U2                               0«B0                               It. i 

6 . C U i /. U   23- 

17 i     : oo. i <:• 12« *<♦• *♦ 

18 5&. 0..! 0 • ü 

19 60 . a. a. 

20 65. 20« 10 

21 70 . ap. 15. 

2 

3 

4 

5 

7 

a 

9 

1 P 

I INI 
11)11 

It I I I 

am 
mil 

44444 

5J555 

111C i 

17777 
i 

9 I. Ill 

Mini 
1111 > i 

iiiini 
II 14 I) II !    II   1 M 

lllllll 

2212222 

4)3]]]) 

4444444 

5555555 

SlilllS 

?nm; 
iiiini 
limn 

1111 111 o i e 11111 e III11 s 1111111111 
n ji ii:; ii if fi » Ü mi » n M !' » n 4i ii H «m i! u ii mi M ii u u 

I I I 1 I 1 I 1 I 1 I I I I I I I 1 1 I I I I ! ' I 1 M 1 I 

2222 

4)13 

4444 

SS5S 

III! 

7 7 7? 

Illl 

Illl 

lllllllllllllllll! lllllll 

iniiiiiiniiimmniii 
i ■ i it n i! ii if ii ii nil ii N n n n >4 n n ii ■ a «i. u n M u »i> M it 4i 4i a i u it u 4i«•• -MI u u w u 

I 
a«» 

1 

2 

3 

4 

5 

I 

7 

I 

II I] 14 li M II U M 1 II 

Mill 
mmiii 
i i I i I 

222 

313 

4/4 

in 
in 
77? 

Ill 

II! 
ii n ii i ii 
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... s»»i«mtio»i PBCceouHt »o» OESICN o» >'«c«»c;f CUSHIONING «•• 

MC 
IC- 

—   CCOE   NO.   Uf   CONHINfl»   ««IfHUL   10   BE    U3f0 

• O*"I»II»T:ON cooe 

I ■   HT«   ••*   ME"   Nj"Ht» 
?n ■   «IC   -"   »«i|»u»  NO.   OF    Ht»»riosS   '0"   DSOP  MT.   C«LC. 

H •   "■:   •--   "»«I"J"   "-S.   ff   ITi»»T!csS   > 00   G-C I »-»F MOE NCf 
11 «   »0«J   *--   Nu«Hf.B   Of   E*«I*C*IM[HTH   FBEOukNCltS 

3.15«of-oi  il/t»)  «  rs --- rj!t  CF  S~IC<ENT 

es.on (   I   )     •   cl   •--   COST   "F   ]If» 
,1*503? (IN.)      «   KCN   •••   T«IC«NFS!   nF   CC«.T»f«fll 

>*.0n (    f     )       •    Tt«l    ---       LÜ«fJT    fN.lBONMFNT    TfHPfBlTUHE 
U'O.JP (    F    1       1    TF«»    •-•       «JuHtsT    FNvlBCNHIM    T(«P!B»Tii»£ 

I SAMPLE PROBLEM #6 (MULTIPLE SINE 
I EXCITATION» VARYING TEMPERATURE 

("«l/SEO    «    OXJll)    «CL    OF    W    fN«|HfN«fNT4L    FBfa. 
.e»inrf»uuk.JI)O0t«Oll.?SI>kOt»0?l.l'l%«E«n?l-,?81O0E»0Jl.ai»«h(«on.l»lS*EtOl».5llliJE»0JS.k5»!?FtOi*.'k«01£»(13i.JiJHE»03 

PJO      INCuT   FOB   «»NOOK   EKIUTION 
• •. •. ». •■ •• •• •• *. *• •. 

(O'S!   •   «1U(!>   -   f N<!BUN«ENT»I.   flCIT»T[CNS   E»CH       C OBBE SPC'Nt ING   T0   OSC   Of   THE   IBOvE   0«J(I)S 
.O^nirf-olS.OOIOOt-Cll.OgOOCF.aPf.'JOnO'Etnol.OOOOOE^OOl.noOOOE« oni. 0010 Of tOOl. OOOOOE^OOS.OOOOOE ♦ 001,000O0E»0O3.O00ODE»t)0 

I   i   Nc   ...   Nu«8EB   OF   C0NT1INEBS 
1   •   «ITt»   -••   ITC«   Nu-tifB 

10   »   NNHITJ--.   NU«»EB   OF   »»TE«Ii(.S   ON   »RE 

1.1 
4.« 
1,1 
I.» 
1.5 
1.3 
1 .0 
1.0 
• .? 
f.l 

CST. 
KJIf 
OOOE 
kO'.'F 

OF 
«O'-f 
krdf 
ii-nf 

onof 
cor 

10 BE 

HIT 
♦ UO 
♦ OU 
♦ uu 
♦ oa 
♦ 01) 
♦ 00 
♦ ou 
♦ ou 
♦ "U 
♦ 00 

cs 
4.000 
«.000 
S.0"0 
5.000 
4.000 
4.00U 
s.opo 
5.000 
5.000 
s.ooo 

T-f t« 

OE-0* 
OE-OJ 
OE-0» 
PE-O» 
OF-0* 
nf-O? 

I'Oi 
OE-0* 

C5T-P«« 
i.oocoE-oe 
l.OOOOC-Oi 
l.OOOOE-O? 
l.OOOOf-0* 
l.nooCE-O? 
l.OOOOF-0» 
l.OPPIF-0? 
l.onooE«o^ 
1.OCOOf-0* 
l.OOOOE-0? 

SL-TEHP 
-J.JOOOE^Ol 
-k.OOOOE^Ol 
-i.toorE^oi 
-k.OIOOEkOl 
-«.OOOPE^nl 
-J.oncoE^oi 
-*.0P0n£»n 
-J.OOOOE^Ol 
-f.OfOpE^Cl 
-?.OOOoE^01 

Lk-STBS 
l.OOOOf-01 
i.»oooe-oi 
l.OOOOf-OJ 
».OOOOf-01 
l.OOOOF-O? 
^.oooo^-o^ 
?.noooE-o? 
l.OOOOE-0* 
l.OOOOF-0* 
».oooor-02 

HI-STH» 
1.0000E*00 
l.SOOOE*00 
3.0000E-01 
1.S00CE.00 
3.0P00E»0l 
5.0000E-01 
J.OOOOE-01 
J.0000E-01 
l.SOOOE-Ol 
I.OOOOE-01 

G»HH» 
1.5000£«00 
*.ooooc*oo 
J.*00OE*OO 
I.OOOOE-01 
l.SOOOE^PO 
l.OOOOEtOO 
>.«OOOE^0O 
t.10001*00 
t.14001*01 
t,1100E*0J 

GA*"* 
i. '-;rf-3i 

C5T-'CNT»!NE« 
i.MO"E»oi 

1« J TE«   Nw««k» 
l.tiOOn£*Oi»»EIi»T   0»   ITt»   .I(   »CüNOS   ) 
J.«OOOF*01*   OI-fNSlCN   C«B«LLEL   Tf   l-»MS   ?N0   LONQEST   DIMENSION   IL   CINCES) 
l.«000E»0t"   CI«tNSION   »»»»LLEL   TO   T.»«IJ   JBO   LONStlt   DIMENSION   >L   UN'xtS) 
?.»"00E^01«   OIHENSION   P»B»LLfl.   TO   Z-»«IS   LUNCE5T   0I«ENSION   JL   (1NC»CS) 

Nt,»BEB   • ♦ 

"»TtBUL   CODES   C0NS10EBE0   »BE 10, 

S.SOOUE^Ol 
b.eoooE^oi 
k.50001*01 
'.0000E*01 

'CNT.O»" 

0. 1 
5.000PE*UO 
J.OOO"?*01 
I.O00OF*Ol 

BE»LiCE-CST 
0. 
i.noooE*oo 
l.OOOOf»01 
1.5000E»01 
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'j:   *.suune*on 
TO 
30 

U*   3.S0U0E»00 

■? A u*  ).sauoE»oa 
•y   TJ«   3.S0U0E»01 

T?S i.sonnE«nn 
T<?» i.sunii£*nn 
Ti* 3.SuOOE*PP 
Ti»« 3.S;lO0E*On 

Tis 3,snnnt«np 
13* J.sonot»oo 
T3* 3.S00PE*CP 
13* 3,SOP"F-on 

TTjs ?.5snsE»on 
TT1* ?.?UlE«0O 
TTls J,15hSE*P0 
TTls ?.1S11E*P0 

SHDC THiriNESS is L*"GE« TM»N VI«M«TION THICKNESS 
S>,r:CK   THJCKNESS* ?.ba*it«nn    ofTi-uM *IRM»TION THICKNESS* 

TT?* <?.sso5E»nn 
TT?s 2..J311E«00 
TT?s i.lSbSE*Oa 
TTP* ?.1S11E«00 

TT3* 3.03nbE*00 
TT3* 2.?0S3E»00 
TT3* ?,o^me»oo 
TT3« e.betlE+OO 

f-»in»'lL      »   IS   SUNG   DELETED 
2.2) NjNiMiiw THICKNESS FO» H»TE»I*L »' *KIS 

3.1vlB5E*0!3 
3.b«.S7E*GP 
3.illllBF»00 

J.UiHSE*no 
3.S«IB;E»OP 

J.OC'BF+pp 

3.bSb5E»nO 
3.*5S1E»00 
?.<<<»» 3F»PQ 
?.b?»lF»0O 

n*  3.5aüQE»an 
W   i.SUUOE*00 

. ■    ?.5ülJ0E»00 

T?S  3.S'iont*nr 
T*s   3.SU00F»P0 
1 ? =   3.5uO0E»'JP 

13*  3.5nont»op 
T3*   3.SP0Ok*0O 
M*    3.5POQE»OP 

TTi* ?.3nM)E«no 
TTls l.b730E»00 
T T 1 _ ?.n?8»F»00 

TT?S ^.^obOE♦oo 
fT?s l.b733F.*00 
TTe» *.nj8»E»00 

TT3« J.8«.*a£*n0 
TT3« l.B'»77F*00 
TT3« *.OlbOE*00 

*«H s:«L  i IS BElNf, 3U( Ttn 
CPTI-^M THJ,.HNESS *    1.3*401E»Pc< HAX »LLO»«flLE OPTIMUM THICKNESS l.jooooEto» 

HINI«U* THICKNESS FOS M»TE»I»L BT »»IS 
».?}lbE*OQ ».'31bE*nO 3.'»B3I»E*00 
?.»S*OE*OP 7.»i;»0E»00 i.7?7pE*P0 
?.neti»E»AO p. p. 

TI=   3.5nunE»oo T?s  3.5tn(iE*on I 3* 1.SPPPE»PP       T u* i.<ci»E«nn TTP*  i.s^i>»E*nn    T1 T3»   ?.713bE*O0 
Tl*   3.40'JOE'Od T?s   3.5unpE»PP T3* 3.500Pf.»0P      T n*-i».ps7flF«pc TT?»-».057BE*00      Tl T3S   1.388. «•♦00 
Tl«-».0S7tlf »00 Tifs-'t.uSJBEtOO T3 = 1.38BnF.»00      T ri*  i.bssbF»pn TT?«-*.0578E»00     T 13*   1.3BBUE+0U 
Tl*   l.bSSbE*00 T?s-».0S78F*r)n T3 = 1.398PE»OP      T fl*«».nS78F«00 TT?s   l.bS5bE*00      T rj»   J.38B0F»00 
u*-».osm*oo T?«   l.bSSbF.tOO T3* 1.3BB0t«0P      T ri*-».0578F«nO TT?s-t.0S78E*00      Tl T3« ?.o,«^7e*oo 
T1*-«.0S7BE«00 Ti>r-H.PS78E*Tfj T3* ^.0'^97t♦np      T ls-».0S78E»00 TTe*-*.0578E*00     Tl 3«   1.3880E»0P 
Tls"».0S7BE»0P T?s-».0578EtnO T3* 1.3B80t»00     T n*   J.b55bE*00 TT2«-».057BE»00     Tl T3*   I.3B80E*00 
Tl»   l.bSSbE»00 T?=-»,0S7BE»PP T3* 1.3BP0t»00      T ri*-*.OS78E*P0 T^i   l.bS5bE»00      T 3*   1.388OE*P0 
U*-».OS'»E»00 T?«   l.bSbbEtPO T3X 1.3880E»00      T ris-».0S78E»00 TT?s-».0578E»00     Tl 3«   2.0«H7E»00 
T1»-».OS ?BE *00 T? = -».0S78E*(;0 T3* e.o»<>7E»cp    T ri*-».0578E«00 TT?a-*.0578E»00      T T3*   1.3880E*J0 
TH-».QsTiE*00 TJ=-«.0S7BE»C0 T3* 1.3B80E*OP      T rl=   l.b5SbE*P0 TTJ*-».0S78E»P.O      Tl r3*   1.38B0E+O0 
M«    l.b«S^F*'JO T?s-».ns?9F»m T3* 1.3B8Pt»0P      T 1*-».PS7HE*00 TTJ»   l.bSSbE*00      Tl 3«   1.38B0E*0n 
'l*««.05786*00 T?*    l.bSSbE»"P T3* 1.3880E*TO      T l*-».C578E4r,fi TT?*-».0578E»OP      T 3»   J.0»'»7F*Cr. 
Tls-».057BE*00 ff*-».(l578E*nn T3* ^.P»«7t*UT      T ris-».P.s?8E*00 TT;*.*.0S78E»O0      Tl 3«   1.3BR0E+0P 
'i*-».0S7BE*0[! :?*-».0S78EtP0 T3 = 1.388Pt*nn      T fl«   l.hSSbE»00 TT?*.*.QS78E»00      Tl 3*   1.3BB0E+PC 
Tl*   l.bS5bE«0n T?*-».ns78E*P'l T3* i.38RPt*PP      T l=-».0S78E»Pn TT?r   l.b1%hE»0P      T1 3*   1.38B0E+PP 
•i 1 = -».0S7BE*00 T?s   l.bS5bE*PP T3* 1.3BB1t*0P      T ris.*.ns78t*oo TT?«-».0S78E*00      Tl 3«   J.0*<»7E*00 
T;*-».OS7BE*OO T£s-».0578E»P0 T3 = ?.r<»'<7F.»pP      T ris-».P,S78E»0U TT?s-t.0578E»00      T 3*   1.38BOE*00 
Tl*-».0S7BE»O0 T?*-».0S7BF*0C T3* 1.388PF.*0P      T ri*  i.bssbE+oo TT?»-'».0S78E*00      T r3*   1.3890E*00 
Tl*   l.bSSbE*00 T*s-».0%7SF«PP T3* 1.3880t*0P      T ri*-».ns7RF»oo TTjs   l.bS5bE*00      T n*   1.38BOF*nO 
T1*-*.0S78E*00 T?*   l.bSSbE*O0 T3* 1.3880E*0P      T ri=-».PS7BE»00 TT?*-i».0S7BE*00      T r3i   J.t)iH7E»00 

C»N   NOT   DETEH"INE    THICKNESS   FOB Dwrp H:,T. C«LCHL»T IONS   M4TEP.HL C"DE   *      I      THIS   M*T( .»1*1.   DELETED 
»IM»yH   THICKNESS   FC   «»TEDl»l BT   t «IS 

».57% •lr*00 
n. 

».575SE»m 
0. 

3.<)H3<»F«'0a 
1. 

j HATEBML   CODE   * 1      THICK'.ESS FO» ■ACE   ONf    *         7 .■»h8   INCHES 
' HiTE *!»(.   CUDF   * 1       THICKNFSS *08 •»CE   T«n   s        7 ,"bH   INC-FS 
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»'--"-f- SB «MM 

M* TF»»I *L   CCOf    »        J      THICKNFS*?   «0«   ' TF   T   i(M: t.HH»  iM'HfS 

TOTAL COST/ITEMs  IPO.8? 
MINCUS-INPUT 

COST MATRIX-MATFRJAL VERT IC AL , AX I 5 HORIZONTAL 
I      ?.•.*      ?.SS       .b» 

,.—v fP»   0.UÜ PER-CENT QAMAGt *NP « FR4GILITY »ATE OFSS.P C'S 
2.5) W cos» is   IUP.B? DOLLARS «IT" A MULTIPI KATION FACTOR CF 
V   «IT. A FINAL COST OF    U.n.H? D0LLAR9F0R OvER SHIPPING 

FOR ALLUxING DAMAGE THE COST IS    100.8? Uf'LLARS/ITE" 

I.00   TIMES   ONE 

Us   3.S(](!0E»0O     1? =   3.SmlOE*00     T' =   j.soonE.nn 
MlNjMu*   THICKNESS   FOR   MATERIAL   BT   A«1S 

»,S7SSE»00 ».5?SSF*nn 3.9839F.00 

TTi = ?.«tn7«t«no    TT?S a."»n78E*on    TT3« e.ti»9?E»oo 

TU 3.SOOOE*OO    T?= 3.5unoE«nn    T3s 3.snnnt»DP    TTI» ?.i»inE«oo    m* a.i>»ioE»oo    TT3« ;.748<»E*OO 

MATERIAL  1 IS BEING DELETED 
NO TFMPERATuRE OVERLAP 
MINIMUM THICKNESS FOR MATERIAL BT «X IS 

».S^SSE^O     ».S'SSftUO     l.T*6tf*00 

ALL MATERIALS OFLETFD --- NO OVERLAP KETtEEN TEMPERATURES-OPTI MIJF ON DATA ACCUMULATED 

OVER SHIPPING DATA 
'3 J) THE OPTIMUN COST IS    100.8? DOLLARS 
-■ \J   THE FOAGILITY RATE IS S5.0 G'S 

THE PFH-CENT DAMAGE IS  o.n 
THE "ULMPLICATION FACTOR IS   1.'< 

£ 

(Tz) THE OPTIMUM THICKNESS TOR FACE ONE IS ?.1bB INCMES IF MATERIAL 1 IS USED 
THE OPTIMUM THICKNESH FOR FACE T«0 IS 7."»bB INCHFS IF MATERIAL 1 IS USEO 
THE OPTIMUM THICKNESS FQR FACE THR£E IS   3.«8» INCHES IF MATERIAL  1 IS USED 

^^ DAMAGE ALLOWABLE DATA 
3.3) THE OPTIMUM COST IS    100.8? COLLARS 
~J*'  THF FRAGILITY RATE IS 5S.0 G'S 

THS »FR-CENT DAMf.f is    o.P 

0.00 DOLLARS THE REPAIR COST/ITEM 

/-->. THE OPTIMUM THICKNESS FOR FACE ONt IS ?.RbB INCHES IF MATERIAL 1 IS USED 
(3.4) THE OPTIMUM THICKNESS FOR FACE T«C IS 7."»SB INCMES IF «ATEHIAL 1 IS USED 
^^   THE OPTIMUM THICKNESS FOR FACE THREE IS   *.<»«» INCHES IF MATERIAL  1 IS USED 

fil OVERSHIPPING IS THE REST POLICr 
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TABLE   X 

SAMPLE PROBLEM NUMBER SEVEN 

INPUT DATA CARDS 

Card 
No. 

1 

? 

; 

■4 

8 

10 

1! 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

» ■ 
o.^tji      6-"o3       I2!>.t>6    -M'4.I&962ö. 

1^3      0 / 2.   o   ,-,     7t.o 

'if 0.5            l.               2« 

o i r . * • 

• 5/ 0 • . a      " .    1      -*2. 

5» "0 0.   »         .    |      -os. • 

Mb 0 • . »       ..     1       - i 4 . 

.44 0.9             .1         -OC • 

i«i»d c.   a    L •   i     -H n • 

I • 36 0.    s         .1      -2   . 

I • 0 0 . .   a        .1      -«so. 

i.uo :.   3     -•   i     -^i. 

•4.20 0.9          .    I       -4. • 

2.11 0 ♦. 9       i  -     I       -2i . 

• 0 0 i / « 0 ' <: 3 "" 
i 

I 10 0.                     I i.% 

ai>. 0. C 

60 • 9. 

65. 
I 

/0 . oO ■ 

0. •. 

b. 

i 0. 

15. 

■>. 

0. i 0 

0.14 

0. 3 

0. <:i> 

0.3 

0. 03 

0. <2 

0.03 

0. r I 

0. f2 

12. 

[•*»>*.1b*l*   •»"♦JVö.2336   4.0/s^f,   .03o28.-.l 

2*«. 

I .00 

: .so 

0 .30 

1*50 

0.30 

0.50 

0.20 

0.20 

U. is 

u .ao 

1 .5 

2. 0 

2.4 

0.0 

l«S 

3«0 

7»9 

I. 1 

J 1.9 

M.I 

i. 

1 

2 

j 

1, 

fa 

7 

t) 

9 

10 

1111110 8 111 1111111 M M 111 0 
I  1  I I I I  I I I II II I! II H II li II II II n II II II n .- .1 

1 I I 1 I I I 1 I I I 1 1 I I I I I I I 2)1 I 1 i 

miimnmmimzmi 
j J * 11 J 1 J 13 3 J «a n 13 3 J j 3 « n 

4444444444444444444444444 

9S9SSSSS9S3SS9S5SS93SB9SS 

IIIIIIIIIIIIIIIIIISCIIHI 

lllllllllllllllllllllllll 
1 

5 i;01ll3lltlllllil]l3IJl|| 

8 IIHIIIIIIIIIItllMIMIM 

1 c 0 0 o it g 019 g a a 0 g li 11111111111111 
II .1 It '   II i: U £ 11 )' » I! II 11 II I! « U H IMI II H II U U M H M II 

I   I   I   I   I   I   I   I  I   I   I  I   I   I  I  I   I   II  1  I  I  I  I  I  I  I  I 

7 

3 

4 

i 

I 

) 

I IllllllllllllJjJJliJi 

iiimiiiiimtimti 

ggg 
Man 

I I I 

222 

331 

444 

3 3 9 

III 

IM 

311 

»Stil 
1 1 1 1 1 1 ti 1 n 111111 M 1111111111 n 11 u a M n a n n n a 1. v u M n a 11 ita1111 u 1.1111 * 11 n ■• ;i 1111 u M N r »1H11 u 1111 u u u a11 

MM 
n 11 u 11 

I 1 II 

Mill 
1» 11 *■■ 

I I ' I 1 

22 j 

13J 

444 

9 5 5 

III 

17? 

Ill 

III 
1111 n it i) 11 n 111111 n a 
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• «•  Of>TI»IZ«TIOi. 'BOCfO '0» OEStGN CF PlCK.GE C " 'IONINS 

M    1 ■ MC --- CORF SO. OF CONTAINER MATERIAL. '0 BE UitO 
u;      i > je— üPMMIJ'MI)* conf SAMPLE PROBLEM 17 (MIL-STD 810B 

EXCITATION! CONSTANT TEMPERATURE; i   >   HI»  ...   HE"  NL-BE* 

jo • «n   —. >i«i«u» no. of  nt»»TiPxs fo» DROP MT. C«LC. 

}S   i   .i     ...   <II|"J«   so.   I'F   l.t«»'l'".i  FOR   f.-CON»t»liE'«CE 
il   «   «C    ;   ---   Nu«Bt«   OF   EN»|R0N«tNt»L   FREQUENCIES 

i.mnfji   .»/L«)  « c  --- COST  CF  sMP«tNT 
ii. 01) i    I   ) • C!   ...   COST   OF   HE« 

• I^SOo» (lv.) « HO,   --.   'nlOXESS   CF   C0'»'«I'.f» 
'i.no (   ►   ) • TE«L      LO»EST  EN»IRON«ENT   TC*PER»TuRE 
71.00 (   ►    I « tfxn   --.     fil&wEST   tNvIDuN"tNT   T!:       •MTufll 

(M»f/Sti)   *   U«Jlll   »LL   OF   t«E   EN<I«ON»tNT«L   FREQ. 
. ?m;:uf »UiK.^mant. .Oil.*SkkOE»il?3.1'ili'l6.aJt..JI3OOE»0il.»»','kE«On.l»14«E«0J». J1I«JE»035.b5'lS?E»03S.<k<t03E«03fc^lli^E»OJ 

»Sr      INPuT   ►0«   »4K00'"   EiCIT«TICN 

» ■• •• *. •. •• •• •• *. *. •, 

li.'S,   »   <uj(l)   -   ESv I«US»t HT*L   f«CIT»TICtS   E»C«        CORMt SPONDING   TO   ONE   OF   T«E   »BOvE   0»J(I)S 

.uoonnf .ais.ooejoE-ou.ounocE»oo?.DononE«ao3.oooont»no3.oooooc«ooi.ooooo£»oo3.ocoooE«oo3.ooooof.»0OJ.ooooa£«ooi,oooöol>oo 

i    •    NC    --•    NU«»t«    QF    C0NT41NEBS 
I    s   "ITE"   »--   ITt■   V.«BE« 

1Q   •   »N««TS-.-   NU«8E&   uF   «*TE«1»LS   ON  FILE 

CST.«.T 

i ,«?rof.nu 
S.«OCOF»0<J 
i. .borif • I'J 

1 .•*iiflE*Ou 
L.SBOOf »flu 
I.3bPflf »on 
i.nor.nttOu 
i, oor(jF»uu 
».eoooE»cu 
e.iiooF»oo 

EIWI 
1.»OOOE-O! 

CST-F.t) 

s.ocnn-o* 
S.OOtfOE-0« 
«..OOOGE-Oe1 

S.OOOOf«0? 
«.IJJOE-Oif 
i.OOOOfO* 
s.onooE.n? 
S.OOUOE-O? 

S.nouOE-Ot' 
«..OOOOE-O! 

CST-e»« 

i.oonoE-Oi> 
l.OOOOK-OJ 
i.ooooe-oj 
l.Oonr.E-oe 
l.DOOOE-0? 
L.OOOOE-O? 
l.ooooE-o* 
I.OGOOE-O* 
l.ooonE-n* 

l.o&ooE-oe 

«.L'TEKP 

-?.>000E«01 
•b.oooo£«ni 
-3.»O00E»01 
• b.noooE»m 
-».OOOOf»01 
•?.ooonE»oi 
-*.oouoE«ni 
-*.OOOOE.Oi 
-*.OOOOE»01 
-J.OOOPE»01 

LH-STRS 
l.OOOOE-01 
l.tOOOF-OI 
3.noooE-o? 
J.OOOOE-01 
1.0000E-Ü? 
l.OOOOE-0? 
i.ooaoi-ai 
».oaooE-oi 
l.oonoF-o* 
J.onoof-oj 

«I-SIRS 
l.00006*00 
1.5000(400 
3.0000E-01 
l.SOOOEtOO 
j.oonot-ui 
f.OOOOE-01 
J.OOOOE-01 
J.O000E-Ü1 
l.iOOOfc-01 
l.onooE-oi 

51MMJ 

l.S0COE»0O 
».nooüttoo 
;.»ooo£«uo 
l.OOOOE-01 
l.SOODE«00 
3.UO0OE »OU 
>.«000E*00 
l.lOOOEtOO 
i. iinoEtoi 
l.llOOEtol 

■TM-CONTJINEB 

<.3?00E-13 

I * I Tt ■*  S'j'flta 
1 .noOOt»0«««EIG"T   OF    ITE«   »It   POUNDS   ) 
i.i«3ilE»Pl» OI»ENSICN P»R»LLtL TO «-»«IS *ND LONGEST Ol»ENS10N «L (INC«ES) 
l.enoi)t»01» 0I»EN3ItlN »»»»LIEL TO »-»»IS 3RD LONGEST OI»£NS!ON TL (INCHES) 
?.-njuf «ijl«   ■).«H.SION   »«««LLEl    TO   Z-»iIS   LONGEST   T1«ENSI0N   ZL   (INC»E3) 

lj!j«UfH      Z » 

"»US1«L   CC.'ES   CONSIIitBEC   »»E ll 10, 

«•I-i 
«,«oo ■ t♦ri 
b. 0 z <n> t • n i 
b.C0'luE»Ol 
>.nouuE«oi 

»■CNT-Ci« 

S. ■-O0OE »00 
i.i.'IOIl'UI 
H .tOnOE*'Ji 

»EPL1CE-CST 
0. 
5.0000F«00 
l.ponaE»^! 
l.SOfiJE'Ol 
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?'i> '      = J . S :' Uli t »i1.' 
* 1 = l.SHi'jt O'J'l 
'is J.Suui)E*O0 
'is J.Si'uu£»'ii' 

I?: J.bL'QfiEtno 
T*« J.Su3nt»0O 
T^s j.SuOOt»rir 
l<?s 3.5uOuf»OM 

rja 3.SOOOE»00 
U* 3.sooot*no 
T3» j.snonE«oo 
Ms i.sront^on 

TTls J.SSOSttOO TT£*   i?.b505E»no 
TTlr ?.?31U*00 TT£s   *.23UE*00 
TTi» ;.iSbsftao rr?s i.i5biE*oo 
TTls ?.151lFtOO His   i.iSHEtOO 

TT3* 3.030bE»00 
ITS« 2.SOSOE»OO 
TT3« 2.0S<UE»00 
TT3= e.hatiEtPo 

SMliC«    TMIL*NFSS   IS   LAMGE«   THAN   VIBRATION   THICKNESS 
SH.JC*    t «J L^NE iSs c).«>e»lt»Qa     0°Ti"o>'   rflHWATION   THICHNESS* 

."""V 
v?.2) 

MAT£J;»L      »    Is   BEING   DJ Lt Ttfi 
*lNt't,l    ln\C*Hf33   FOM   H1|{«UL Hr    AKiS 

1   luHSr»'JÜ             3.1ti8SF»n 3.hSbSE*no 
3.i»H?EtOO              3.V(87£»00 3.»SSOE*0U 
1.1 ii M MF »u )            j.iiiitottnii ?.9S»3E*ro 
*.*ietf*'3n          i.*}iif*<)Q ?.h;»iE»cn 

3.em?t-oe 

■*TF»!*L CTDE 
-A" "I L t P3E 
«ATF»T,,.  .,;.t 

THJCHNESS Füw F»CE ONE s 
T-tJC*NESS *Ow *AC£ Tnu s 
T"IC«NeSS   ••>   MC£   T-KEEs 

:r»L   CC3T/!TE«s        81.Ul 

;j M»iai,.M4Tt-«*4L   »ERTKAL.AXlS   HORIZONTAL 
. .'O •■>« .S« 
' 3.?» 3.J» 1.4b 
- .>/ .11 ,n 

3.010 INCHES 
3.010 INCHES 
rf.""»» INCHES 

V 
•—,   ►»•) I.UÜ   <»t»«CfcST   D»Hi(it   »M;   <   ►«»ClLirr   RATE   0FS5.0   G'S 
2.5)   T"E   C°ST   15 81.01   DOLLARS   WITH   1   MJl T IHL IC AT ION   »■ACTOR   OF 

«!'"   A   MNAL   COST   o^ 81.01   miLAWSFO«   OvE»   SHIPPING 
H'J   «1 LU*lNu   L'AKATE    TH£   COST   IS 81.01   DULLARS/ITE» 

1.00   TIMES   ONE 

'Ü 
3.S" 
3,Su 
3. Si.1 

Jill»'. 

jiiE*' 
J U t • L T*s 

3, sinnE»Of' 
3,Su')l;E»0() 
3,5u')OE»OU 

Tjr 

T3i 
T3E 

«INI"-  <    T-ICRStSS   FC»   H»Ttk4*L 
».(iid'.''': ».'utit + oa 
?. » 4 * n £ ♦;' n ?#*t,*ii£*nrj 
r .' »18t ♦    ■ 

3.50ont»iln 
3.Snoo!:»ür.i 
3.Snaoh*ün 

TTls i".*C78Et00 TT?s 2.»0?8E*QD 
TTls l.S053E»üO Mi- l.S053E"»00 
TMs   ?.081Hf»i|n      TT?s   i.0816E»Pn 

TT3S 
TTJs 
TT3S 

?.oonoE*ou 
i ,050F-E*00 

3    15   It 1%&   CFLf TtC 
«IC«'<ESS   = 1.329dl£t0i Mt« ALL0«ARL£ oPTiMuf THICKNESS » 

'»IS 

l.iUOOOE*01 

f£BIAL 't   = 
' r    c 

1 

1 

rHIC«Nt-SS    FOS    f»CE    ONE    = 
IHIC'NESS   FO«   F»C£    T»U    s 
i■•• ic»sesc; Fo« FACE  r—«Ets 

>. MJ   I'.CntS 
».?32 INCHES 

3.98»  INCHES 

'    T A u    >-    5 r / I 1 i " s 8 8 . S j 
■ 'NC ^S-;,.X. T 

..;•   n!S|i."»>t»i|,     /E~T ir»L» A» IS   -(JHI^1ST»L 

» 1.S1 1.41 .h» 
*>.'; •>. J l i. b M 

*JJ S.U'J    -t«-CL<I    JAM»i".f    ANfl 
THt.   ClibT    IS dc.Sn   !/■■ Ll ArtS 
»i r"   »   F I'.Al    COST   OF n. ii, 
m» AI L''i«i'<u  ^•-»■■c  TH[ CMST  : 

A   FWA(,IL1T»   "ATE   tlFbn.O   G'S 
■ ITH   I   HIJLTIBL KATI'.IN   FACTO»   OF 

i.'JLlAWSF'i'-R   'J»K"   SHIPPING 

S M<.S i   COLLAHS/ITFK 

l.OS   TIMES   ONE 
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T1= 3.S0U0E»U0 T.1« 3.5u0ClE*0n r i* 3.SOnOE«00 
1H I.SOUOEtOO 12» 3.Sli00t*0O T3* S.SOOOttUt) 
MINIMUM   THICKNESS   FOR   MATERIAL   Br   AXIS 

*.S7bSE*00 <t.S7SSE»0D 3.t8mt00 
l.*S87E*00 l.SSB7E*0D 1.9272E10U 

TT1« 2.2bS0E*D0 
TT1« 1.57«.bE*0O 

Tte* 2.2bsoF*oo 
TT2» 1.571bE*00 

TT3= 2.8b17E*00 
TU« 1.787bE»00 

MATERIAL CODt * 1  THICKNESS FOR FACE ONE *   «t.S7S INCHES 
MATERIAL CODE « 1  THICKNESS FOB FACE TwO «   ».S7S INCHES 
MATERIAL CODE » 1  THICKNESS FOR FACE THREE«   3.R8* INCHES 

TUTAL COST/ITEM» 87.«8 
MINCOS-lNPUl 
COST »"ATRlX-MATERlAL VERT ICAL» AXIS HORIZONTAL 
1 l.Hb l.Hb       .b« 
2 1.7b 1.7b       .87 

FUR  2C.UU PER-CENT DAMAGE ANU A FRAGILITY RATE OFbS.O G'S 
THE COST IS     87.98 DOLLARS «ITM A MULTIPLICATION FACTOR OF 
xITH A FINAL COST OF    10S.S7 DOLLARSFOR OVER SHIPPING 
FOR ALLOKING DAMAGE THE COST IS     R7.9.B DOLL»RS/ITEM 

1.85 TIMES ONE 

MATERIAL CODE 
MATERIAL COOE 
MATERIAL COOt 

THICKNESS FOR FACE ONE » 
THICKNESS FOR FACE TWU 
THICKNESS FOR FACE THREE« 

TT1«   2.1222E*00     TT2«   2.1222E*00     TT3«   2.7B7?E*0Q 
TT1«   1.2S38Et00      TT2«   1.2S38E+00      TT3*   1.S7R0E+00 

».S7S   INCHES 
H.575 INCHES 

3."»8»   INCHES 

TOTAL   COST/ITEM»        M.V9 
NINCOS-INPUT 
COST   MATRK--ATERUL   VERTICAL,AXIS   HORIZONTAL 

1 1.1b 1.4b .b« 
i 1.7b 1.7b .87 

FUR  80.UÜ PER-CEM DAMAGE AND A FRAGILITY RATE 0F70.0 G'S 
THE COST IS     b7.«B OULLARS RITH A MULTIPLICATION FACTOR OF 
■ITH A FINAL COST OF   »3«.SO DOLLARS^OR OVER SHIPPING 
FUR ALLOWING DAMAGE THE CUST IS   102.18 DOLLARS/HEM 

S.OC TIMES ONE 

(3.i) OVER SHlr 
V-/ THE OPTI» 

lr-RI'iG DATA 
[MUN COST IS   31.01 DOLLARS 

THE FRAGILITY «ATE JS I5.0 G'S 
THE PER-CENT DAMAGE IS  0.0 
THE MULTIPLICATION FACTOR IS  1.0 

©! 
THE OPTIMUM THICKNESS FOR FACE ONE IS 
HE OPTIMUM THICKNESS FOR FACE T«O IS 
HE joTiHuM THICKNESS FOR FACE THREE IS 

3.CIO INCHES IF MATERIAL  * 18 USED 
3.010 INCHES IF MATERIAL  * IS USED 

2.191 INCHES IF MATERIAL  » IS USED 
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\3) 
V. 

DAMAGE ALLOWABLE DATA 
TME UPTIMUM CÜ8T IS     81.01 DOLLARS 
THE FRAGILITY RATE IS 55.0 G'3 
THE PEN-CENT DAMAGE IS    0.0 
THE HEPAIk COST/ITEM a      0.00 DOLLAR! 

/T]N THE OPTIhüM THICKNESS FOR FACE ONE IS   3.010 INCHES IF MATERIAL  * IS USED 
(3.4) TnE OPTIMUM THICKNESS FOR FACE T*0 IS   3.010 INCHES IF MATERIAL  f IS USED 

THE UPTIMUM THICKNESS FO« FACE THREE IS   2.<m INCHES IF MATERIAL  * 18 USED 

(3. T) OVERSHIPPING IS THE BEST POLICY 

I**************************************************************************** 
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'I ja w.u immmrwm *»«wwwwwiin 

Card 
No. 

1 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

i5 [ 

16 

17 

18 

19 

20 

21 

SAMPLE PROBLEM NUMBER EIGHT 

INPUT DATA CARDS 

0U30I40/5100.*3590U,    25.0    O.i     U.i2»b0    .i /2.I-0    U      7>.OPr.O 

»J,»2-'7öl..-4V6*7rbV917!.y*Vi»2l»0./9630|.B^oOii.l«<,^o«.*7^«H2.7'»4«2>.H9 

>.66t-HS.l7t-(tl.9lt-Hi. , *E-1* •    3t-H5.0VE-7i,.ö3t-65.0VE-73.09t-75.0VE-7 

010,10 

1 .92 0.0s»      1/ .: 
L I           l 

5. <* 0 0 .    9      L . 0 
L l.           : 

2 • 1 6 0 • "9       U . ' 
I ! 

| .4H 0*9      0 • 

I .90 0 .    ->       u • . 
1 

1.36 0 • i.' 9        0 . 

i.oo j •  9    t' •; 
i i 

1.00 t . r9 

4.20 Ü . •; 9     ;:. 

2.11 0 ... 9     (,. c 
i ; 

.00 17. 0023- 
I. 

I 100. 

95. 0.U 
i l 

60 • 9. 

-22« 

-60» 
I 

-6U . 

-«♦ü. 

-2U • 

-20 • 

-21 • 

-23« 

-20« 

12. 

65« 
i 

70' 

*0, 

60 • 

0.0 

9. 

10. 

19. 

0.10 

0.14 

0. U3 

0.20 

U.03 

0.H3 

0. 02 

0 . i,3 

o.u i 

0. U2 

i2. 2 «4, 

1.00 

1-50 
t 

0..S0 

1.90 

0.30 

0.50 

U. ^0 

0-20 

0. 19 

0 • S 0 

1.5 

2'0 

2'H 

0*8 

1.9 

3.0 

7.9 

1. I 

1 1.9 

1 l. I 

i 

2 

i 

H 

6 

9 

10 

'1109000000 100 0 CG 0 0 SOU« OB 
I i i i i i l l 'i ii ii iiu ii :•    'i . ;i: it nit.. :• ii 
II 1 I I t 11 1 I I ! 11 1 1 I 1 1  3111111 

21122 2 2 2 2: : ■?. 222 2 2 2 2 2 7 222 

3 4311333*!) 4333333 333 43 3 

444444444444444444444444 

S3SSS5S555SSSS55^S5S4555 

lOitfif Ciiitidiiiciiii« 

unninnninnniin 

; IIIIJIJI 13 1113133311 lli 

119999199999991113999999 

c a o.: o c a o o d a o o o o o o o o o o o o o o i 
n u ■      ] u ii u ii ii a II ti ii t: u is n <i II o niiunmi 
11 I i I I 1 1 I I i 1 I 1 11 I 1 1 1 I 1 I I 1 11 

Jililllllllllil u i J Jit Hill 

0 91 3 I 9 9 9 9 8 91S 9 5119 J1JI 9 19 9 9 9193: J 
I  )  I  I I  I I I II II II i: u I» II Uli II N !' I) IIII II » II 1» II » I. U II K a K II II IIII II 4 11 M II U II U ii ') II 11 II M 11 V »I II ll It II U II u U U II U U n Ji I! II I, 11 II IM) u» 

000010 
II U II H II U 

111111 

22222 

33333 

4*444 

55555 

ttf St 

7777 7 

inn 

999999 

IllilOO 
ii n II II II II 

111111 

222222 

111111 

444444 

555555 

IStitt 

7 J im 

nun 
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i'ii..ii'i«i»wjijiMjmu*j.püw.nj.-..a ^ ■^-nw*,m«n ||« iinmiimiii in vmi i'BBW ".!•"'- W '■ÜSWWHWWWfWf-MINi.'M MV i-W,mUWJiPl.J»lM»IPl*,l"«,BHJ 

.«.  OPTIMIZATION PROCEDURE FO» 0E3IGN OF PACKAufc CUSHIONING  ••» 

SAMPLE PROBLEM 18 (RANDOM 
EXCITATION) CONSTANT TEMPERATURE 

ri\    1 « NIC -•- LODE NO. OF CONTAINER MATERIAL TO DE USED 
1    3 • IC—ul»TI»IZA110N CPOE 

I s liT" --- HE» Nu*MtR 
in • NIC -"- H»»IKUM NO. OF ITERATIONS FOr DROP NT. CALC. 
?S = »»I --- HJIIMuM NO, OF ITERATIONS FOB G-CONVERGENCE 
in • MQMJ «- NuHrlE» OF ENVIRONMENTAL FREOUtNC'ES 

J.351ÜE-UI l»/LB) a C5 --- CU5T OF SHIPMENT 
*5.00 ( » )  • Cl — COST OF JTE« 

.l«"0(l (IN.)  » ICDN --- TMIC".NF-jS OF CONTAINER 
»J.00 ( F )  = TtNL ---  LO»FST ENvIRUNNENT TEMPERATURE 
»3.1)0 ( F )  « 1EHK ---  HIGHEST ENVIRONMENT TEMPERATURE 

(NO/StC) s JHJll) ALL C* 'nE ENVIRONMENTAL FREO. 
.♦^»-B?♦oul.88'•«bE♦nlJ.7l.l^|^lt♦nl7.5^l^»^E♦nll.5o?<kE♦o^^.ol5^^E♦o^k.o^lBl>E»o^l.?oh^7E♦o^^.^^^»»E♦ol».8^5»<lE♦o^ 

*3      iNP   T   FOR   HANUOM   t <C 1 I »TION 
-•jont*o»  .i'coot-o»i.'<ino(it-o'ti.noonE-ri'«i.nouoE-D'i5.ol<nooE-o?s.eionoE-ob5.nnoooE-o75,o,«onoE-n?s.osnooE-o? 

.i'SJ = liJU) - ENVIRONMINIAI EXCITATIONS EACH   CORRlSP0N0INK TO ONE OF THE ABOVE QMJ(I)S 
•• *• • - •• *• •• *• *• •« 

i  « NC --- NUMBER OF CONTAINERS 
» s »ITE»   ITEM VUMBER 

1Ü « MNMATS--- NUMBER OF MATERIALS ON FILE 

i:ST-MAT CST-FAB CST-PA» 3L-TEMP LN-STRS HI-STRS GAMMA 
1 «?03*«nu 5 ooone-n; l.OOOOE-0? -J.JOOOE»"! i.onooE-oi 1.0000E«00 l.SOOOE*00 
s •nooE^ou i OUOOE-0? i.onnoE-o? -b.00O0E«QJ l.tOOOE-01 l.SOOOEtOO J.OOOOEtOO 
i IbOOErOli i UOUOE-OJ i.ooooE-oi -3.*000E»01 3.0000E-0J 3.0000E-01 e.toaoEtoo 
I ,ttOOE»OU S ooooE-oe l.ooonE-os -b.0O00E»01 ?.0000E-01 l.S00OE»00 e.ooooE-oi 
1 S8?0F«0u s 0(lOOE-o^ I.OOOOE-O? -t.ooonE«oi }.n000£-02 J.OOOOE-OI l.soonEtoa 
1 }bPOF.»Ou s OOOUE-Oc" l.OOOOE-OJ -?.00O0E»01 3.0000E-0J 5.0000E-Q1 3.0000E»00 
i ooro'-tou s OOOOE-OJ i.ooniE-o? -?.ooooE«ni ?.OOOOE>02 J.OOOOt-Dl 7.9000E»00 
1 U ,-"•£■»00 s OOOOE-0? l.OOOOE-OJ •2.n000E«01 3.U0O0E-O? 2.0000E-01 1.1000E»00 
'• eootiE»ou b OOUUE-0* l.OOOOE-O« -e.ooooE»oi 1.0000E-02 l.SOOOE-01 l.lROOEtOl 
i linnf»ou s 0000E-02 i.noooE-oe -2.0nOOE»rJl i.ooooE-oe ».OOOOE-01 1.1100E*01 

GAMMA CST-CONTAINER 
1 .»nriQf-OJ I 3JOUE-03 

i = IT£M «iu«BE» 
I,000OE»O?*»EIG"T OF ITEM »I( POUNDS ) 
I.eOOOEtal« OI-ENSION PARALLEL TU «-AXIS JND LONGEST DIMENSION XL (INCHES) 
l.JOOOE'Ol" (ilMENSION PARALLEL TO Y-AXIS jRD LONGEST DIMENSION VL (INCHES) 
e.'OOOEtols DIMENSION PARALLEL TO Z-AXIS LONGEST DIMENSION ZL (INCHES) 

NU»H£R «        « 

"ATERIAL COOES CONSIDERED ARE 10, 

MAX-G PCNT-DIM BEPLAC -CST 
t.?Tout»oi :. o, 
b.0000E»01 S.POOOEtuO      i.000OE»OO 
b.500UE»01 i.UOOOftll     I.OOOOE»OI 
'.ooooEtoi «,noooE»ji    i.socnEtoi 
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Tl« 3.S0UQE+00  TZ* 3.5U0OE+O0 T3« 3.S000E+00  1T1» 2.550SE+00  TT2« 2.5S0SE+00  TT3* 3.030bE»OQ 
(2  f, Tl" 3.50U0E*0D  T2« 3.5U00E»00 T3» 3.S000E+00  TU* 2.2311E+O0  TT2« 2.23UE + 00  TTM 2.2050E*00 
'Ml« 3.5OU0E*OO  T2» 3.5U00E+00 T3« 3.50anE*O0  TT1* 2.15bH£t00  TT2« 2.1Sb«»Et00  TT3» 2.0H1E*00 

Tl« 3.SOUOE+00  T2* 3.5UOOE*00 T3* 3.50OOE*O0  TTi« 2.1511E+00  TT2« 2.1S11E+00  TT3« 2.b2<»lE*00 
3MUCK THICKNESS 13 LARGER THAN VIBRATION THICKNESS 
3MOCK THICKNtSS« 2.b2"Utt00  OPTIMUM VIBRATION THICKNESS» 3.21B7E-02 

MATERIAL  » IS BtING DELETED 
(2.2) MINlH'jH THICKNESS FOR MATERIAL BY AXIS 

3.1U8bEtno 3.1U85E+00 3.bSbSEtOO 
3.S1B?E*00 3.5«.87E»O0 3.*S$OE*00 
3.0U^8E»00 S.OUSdEtOO 2.SS<t 3EtOQ 
2.<I322E*00 2.*322E*00 2.b2*lEt00 

MATERIAL CODE »   * TMICKNE33 FOR FACE ONE ■   3.010 INCHES 
(2.?) MATERIAL CODE «   » THICKNESS FOR FACE TwO ■   3.010 INCHES 

MATERIAL CODE ■   * THICKNESS FOR FACE THREE»  2.««.* INCHES 

@ 

TOTAL COST/ITEM«   B1.01 
MINCOS-INPUT 
COST MATRIX-MATERIAL VERTICAL»AXIS HORIZONTAL 
1 .S<»       ,t9       .5* 
2 3.2*      3.2«      l.SS 
»       .72       .72       ,3b 

FOR   O.UO PEW-CENT DAMAGE AND A FRAGILITY RATE OFSS.O G'S 
1.00 TIMES ONE 

f^   run   u.uu 'f-LC.™! u»n»i»t »NU » rn»i»iniT unit urss.u t»'a 
(2 5) THE COST IS     81.01 DOLLARS WITH A MULTIPLICATION FACTOR OF 
\Ly   WITH A FINAL COST OF     81.01 OOLLARSFOR OVER SHIPPING 

FOR ALLOWING DAMAGE THE COST IS     81.01 DOLLARS/ITEM 

«»••»»••»»»»*»«»»*»»»*»»«*»«»»**«***»»»»»*»*«*»*»»**»»***»r*»*<H»**«»***«»<*«*»»**»«> ••«*««»«»«»*««»» 

U« 3.50UUE*Q0 T2* 3.5U0UE+00 T3» 3,S00OE*00 TT1» 2.»078E*00 TT2» 2."»078E*00 TT3« 2.S*t7E*00 
Tl« 3.S30QE+00 T8s 3.5U00E*00 T3» 3,50006*00 TT1» 1.90S3Et00 TT2» l.R0S3E*OO TT3» 2.0000E*00 
Tl« 3.50oaE*00  T2= 3.5U00E*00  T3» 3.5000fc»00  TT1« 2.0818E+00  TT2« 2.0818E*00  TT3« 2.0SObE*00 

MATERIAL  3 IS BEING DELETED 
OPTIMUM THICKNESS «    1.32901E+O2  MAX ALLOWABLE UPTIMUM THICKNESS «    1.20000E*0' 

MINIMUM THICKNESS FOR MATERIAL BY AXIS 
*.731bE»00 *.731bE+00 3.S839E+00 
7.<»S«»0E*OO 7.«»S*0E»00 3.7270E*00 
2.0818EtO0 0. 0. 

MATERIAL CODE « 1 THICKNESS FOR FACE ONE « «t.732 INCHES 
MATERIAL CODE ■ 1 THICKNESS FOR FACE TWO ■ ».732 INCHES 
MATERIAL CODE «   1  THICKNESS FOR FACE THREE«   3.98» INCHES 

TOTAL CUST/ITEM*   88.Su 
MINCOS-INPUT 
COST MATRIX-MATERIAL VERTICAL»AXIS HORIZONTAL 
1      1.51      1.51       .b* 
£      b.71      b.71      l.bB 

FOR   5.00 PEH-CENT DAMAGE AND A FRAGILITY RATE OFbO.O G'S 
THE COST IS     88.50 DOLLARS WITH A MULTIPLICATION FACTOR OF    1.05 TIMES ONE 
WITH A FINAL COST OF     13.1b OOLLARSFOR OVER SHIPPING 
FOR ALLOWING DAMAGE THE COST IS     HJ.50 DOLLARS/ITEM 
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r 
Tl» 3.50uOE»OU T?« 3.bunuE»00 13« i.SOODttOO TU« c.?b50E»00 TT?« 2,ibSOE*00 TT3« ?aBbB7EtOO 
Tl« 3.SOO0E«0O lg* 3.5U00E*OO T3« 3.5OO0E«OO TT1» l.S?*bE*0O TT2* i.S?SkE»00 TT3« 1.787bEt00 
MINIMUM THICKNESS FOR MATERIAL BY »XlS 

».57556*00     <t.b?55E*00     3.S83<»E»00 
l.SS87E»00     l.SS87E*00     1.9i7aE*00 

MATERIAL COPE e   l  THICKNESS FOH FACE ONF «   H.S75 INCHES 
MATERIAL CODE *     1 THICKNESS FOR FACE TNO •  *.57s INCHES 
MATERIAL COOfc i   1  THICKNESS FUR FACE THREE«   3.181» INCHES 

TOTAL LOST/ITEM»   87.S8 
MINCOS-lNPuT 
COST MATRU-MATERIAI. VERT IC AL, AX IS HORIZONTAL 
1      l.*b      J.th       .b» 
J      1.7b      1.7b       .*> 

FO>>   Q.uO PER-CENT DAH»GE AND A FRAGILITY RATE OFbü.O G'S 
THE COST IS     87.SB DOLLARS KITH A MULTIPLICATION FACTOR OF    J.2S TIMES ONE 
«ITH A FINAL COST OF    10H.S7 DOLLARSFOR OVER SHIPPING 
'"CU »LLONING DAMAGE THE COST IS     S7.9B DOLLARS/ITEM 

Tla 3.500CO00  T2« 3.5U0OE*OO T3» 3.50O0E»0P  TTJ» 2.12?2E*00  TT2« 2.1?22E*00  TT3« 2.7877E*00 
Tl« a.SOOOEtOO  Ti= 3.SUOOE»00 T3* 3.5000E*00  TU« 1.2538E*0O  TT2» 1.2S38E*00  TT3« 1.S7R0E+00 
MINIMUM THICKNESS FOR MATERIAL BY AXIS 

*.S75SE*Q0     ».S7S5t*00 3.<»83<lE*00 
l.«»S87E»00     i.R587E»00 l.«272E*00 

MATERIAL CODE * 1 THICKNESS FOR FACE ONE a "».575 INCHES 
MATERIAL COUE • 1 THICKNESS FUR FACE TWO « *.S7S INCHES 
MATERIAL CODE a   J  THICKNESS FOR FACE THREE«   3.SB» INCHES 

TOTAL COST/ITEMs   87.R8 
MINCOS-INPUT 
COST MATRIX-MATERIAL VERTICAL,AX IS HORIZONTAL 
1      l,*b      l.ib       .b* 
i 1.7b      1.7b       .87 

FUR  flO.UO RE«-CENT DAMAGE AND A FRAGILITY RATE OF70.0 G'S 
THE COST IS     8'.IB DOLLARS NITH A MULTIPLICATION FACTOR OF    5.00 TIMES ONE 
«ITH t   FINAL COST OF    »3S.90 DULLARSFOR OvER SHIPPING 
«01» ALLOXING DAMAGE THE COST IS    102.98 DOLLARS/ITEM 

© 

<Q 

OVER SHIPPING DATA 
THE OPTIMUN COST IS     81.01 DOLLARS 
TMK FRAGILITY RA1E IS 55.0 U'S 
THE PER-CENT DAMAGE IS   0.0 
THE MULTIPLICATION FACTOR IS   l.U 

THE OPTIMUM THICKNESS FOR FACE ONE IS 3.01a INCHES IF MATERIAI, <♦ is USED 
THE OPTIMUM THICKNESS FOR FACE T*O IS 3.010 INCHES IF MATERIAL » is USED 
THE OPTIMUM THICKNESS FOR FACE THREE IS  2.<»q» INCHES IF MATFRIAL » is USED 
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<B> DAMAGE ALLOWABLE DATA THE OPTIMUM COST IS     81.01 DOLLARS 
Tut rRAGlLlTY RATE IS 55.0 G'S 
TriE PFR-CENT DAMAGE IS    0.0 
THE REPAIR COST/ITEM a      0.00 DOLLARS 

TME OPTIMUM THICKNESS FOR FACE ONE IS 
THE OPTIMUM THICKNESS FOR FACE TWO IS 
THE OPTIMUM THICKNESS FOR FACE THREE IS 

3.010 INCHES IF MATERIAL  » 15 USED 
3.010 INCHES IF MATERIAL  * IS USED 

2.99» INCHES IF MATERIAL  •♦ 13 USED 

3>5)0VERSHIPPING IS THE BEST POLICY 

•«•«ft*******************«*»»*******************-»*******»********************** 
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•1* a.souoE*oo T2»   3.5U00E»00 Tit  3.snooE»oo    T U»   ?.77<C»E»00     l TT2» 2.??1<tE*00     Tl ri» 2.7?«.«.E*OQ 
Tl = 3.50uUE»üO T2«   3.5uOOE»DO T3»   3.SOOCt*00      T 1«   2.b7blEtOO T2» 2.»?blE*00     T rs» e.b?biE*oo 
Tl« j.iouOEton T2»   S.SUOOEtOO T3»   3.5000Et00      T ri« i.**art*ao T2« 2.»'»i3£>00      T ri«  2.*«83E»00 
U« 3.50tiOE*00 T2» j.suooEtoo T3*   3.5000E*00      T tl«   3.«12bE»00 T2* 3."U«bE»00     T ri'   3.<U2bE*00 
Tl* 3.SO(IOE*00 12»   3.SUOOE>nO Ti*   3.5000E»00      T ri» 2.»2»IE»OO T?» ?.»2'»«.E»0C     T ri« 2.*2»,»Etoo 
M1N MUM   THILKNESS   FOH   MATERIAL BY   »«IS 

?.l?0»€tOO j.ieotF*oo 3.120»E»00 
3.bl2SEtOO 3.bl2SE*OD 3,bl2»E»00 
3.0213£tOO 3.0213£»00 3.0213E«00 
h.ibBSEtni) b. lb83EtO0 b.lbb3E*00 
2.«»35£»oo e."»»35E»in i.<»t3SE«00 

> v "*Tt»I*L COPE * 
'"';' ..' ►*TEHT*L CODE * 

-*TE«T*U CODE « 

THICKNESS FÜR FACE ONE « 
THICKNESS FOR FACE TMU « 
THICHNESS FOB FACE THREE« 

3.021 INCHES 
3.021 INCHES 

3.021   INCHES 

• OT»L   i.OST/ITEMr 5?. So 
"INCJS-lNPuT 
COST   MATRIX-MATERIAL   VERTICAL,AXIS   HORIZONTAL 

,sn .SO .50 
i l.b3 i.bl l.b3 
• .3* .3b ,3b 
b .70 .'0 .70 

10 .5? .52 .52 

"■Jf   0.1)0 Pf-ftNT DAMAGE AND A FRAGILITY »*TE UF5S.0 G'S 
(2.5) T«t COST IS     S».«* DOLLARS MITH L   MULTIPLICATION FACTOR OF 

WITH 1 FINAL COST OF     S'.1»» OOLLAHSFOR OVER SHIPPING 
FCR Al'.OdlNG OAMAGE THE COST IS     S?.*"» DOLLARS/ITEM 

1.00 TIMES ONE 

T3» 3.S030E*UP 
T3» 3.SOO0E»UP 
T3S 3.5000E»U(1 
T3* 3.SDUnE*00 
T3» 3.5000fc»00 

Tl = 3.50U0E»00 T2 = 3.Sl)00E»O0 
Tl: 3.50U0E*00 T2» S.SbOOEtOO 
Tls 3.50U0£*00 T2= 3.5u00t«00 
Tl  3.5ÜU0E»O0 T2« 3,500^*00 
11= 3.50U0E*üj T2» 3.5uOCL»00 
MINIMUM THICKNESS FOR MATERIAL BY AXIS 

3.1?0»E»00 3,12O»t*00     3.120*E*00 
3.t>125E*U0 3.bl2SE»0U     3.bl2SE«nu 
1.0211E»00 3.0?l3E*no     3.0?13E»no 
b.lh83E«00 t>.lb83£*00     b.lb83E*Pn 
?,g,jS£,PQ 2.9»35t"*00     2.«»35E»0P 

"»TE^IAL LOCE s 
«•«TE«IAL C03E - 
-4Tf^iAL csoe s 

THICKNESS FOR FACE ONE » 
THICKNESS FOR FACE T»0 « 
THICKNESS FOR FACE THREE« 

TT1« 2.bblbE*00 
TT1» 2.»155Ft00 
TT1= 2.3»»2E*00 
TT1* I.BbOOEtOO 
TT1« 2.3853E»00 

TT2= 2.bblbE*00 
TT2« 2.»15SE*00 
TT2« 2.3»*2E*00 
TT2S 3.8bOOE*00 
TT2« 2.38S3E+0G 

* 2.bblbE»00 
« 2,»155E*00 
« 2.3»'»2E*00 
■ I.BbOOEtOO 
« 2.3853EtOP 

3.021 INCHES 
3.021 INCHES 
3.021 INCHES 

T:TAL LOST/ITEM« 57.9» 
MJSCOS-lNPuT 
CÜST MAfSI«»H»TE«lAL VERTICAL,A»IS HORIZONTAL 

i       .51: .50 .50 
1       1 . b 3 1 . h 3 1 . b i 
•       .3b .3b .3b 
b .70 .70 .70 

10       ,5f .52 .5? 

FUR   5.UP PER-LEN' DAMAGE AND A FRAGILITY RATE OFbO.O G'S 
Tnt rr,ST 15     S7.U« COLLARS «IT» A MULTIPLICATION FACTOR OF 1.05 Tints ONE 
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wi[H A FINAL COST OF      bO.1»"» ÜÜLLARSF;.} OVER SHIPPING 
FUR ALLOWING DAMAGE TMt COST IS     SB.«»* D0LL*RS/1TEM 

Tla   3.SOUOE»00 I?s   J.SuOOE+OO T3*   3.5000E+00 1T1« ?.S»33f»00 1^« ■>.4»33E»00 TT3» e.5H33E*00 
Tl^    J.5DUUE«U0 I£-   J.Suout*nn T3*   3.5U10E+U0 1T1« 8.15»Bt»00 TT2S e.ismtoo TT3 = J.15H8E+00 
Ha  3.sutufc»un Us   3.5uOUE»00 TJ*  j.buoottun TTis *..?*oof *oo TTi« ?.?»00E»00 TT3« «.«»OOE'OO 
Tl-    3.5UUUt»ÜÜ T^=  j.buQüt*nn T3S   3.5UO0t.»UO 111 = 3.B0?'»t*00 TT?s 3.B07*E*QU T13« 3.807»E»00 
Tl«   3.S0U0E*0U 72=   J.SuOOttOü T3»   3.SD00E»0n TU» J.3*57tt00 TT8» 8.3»S7E*00 TT3« 2.3<tS7EtOO 
MINIMUM   THICKNESS   FOR   MATERIAL BY    AXIS 

3.180*£«00 3.180»E»O0 3.1*0*EtOO 
3.bl«?5E»00 3.bl?5t«i)0 3.biesE»nn 
3.0<>13t»00 3.0?13E«OP 3.0813E»00 
b.lhhjt»on b.IbSJFtOO b.lb83EtOO 
*.H»35E»00 *.<W3SF»00 J.q'HSEtOO 

MA'ERIAL CODE « 
MA'EHTAL CODt = 
MA,E*IAL CODc = 

»  THICKNESS FUR FACE ONE S 
»  THICKNESS FUR FACE T*0 = 
«» THICKNESS FUR FAct THREE« 

3.oei INCHES 
3.021 INCHES 
3.021 INCHES 

TOTAL LOST/ITEM»   57.RH 
HlNCUS-lNPuT 
COST MATRIX-MATERIAL VERT IC AL,AX IS HORIZONTAL 

1 .50       .50 .50 
2 l.bJ l.b3 l.b3 
* .3b ,3b .3b 
b       .7Ü       ,70 .70 

io      .^      .52 .5* 

►0»  20.UÜ RER-CENT DAMAGE AND A FRAGILITY RATE OFb5.0 G'S 
TnE COST IS     57.t* DCLLARS WITH A MULTIPLICATION FACTOR OF 
»IT- A FINAL COST CF     72.*? LJLLARSfOR OvER SHIPPING 
FUR ALLOWING DAMAGE THE COST IS     bl.tf OOLLARS/ITtM 

1.85 TIMES ONE 

Tl = i.50nClE*00 12 = 3.5(lOOE*0(< T3 =   3.5000E*00 TT1 = 2.t250E+00 
Tl« ).50uüE*00 T2 = 3.5u00E*00 T3 '   3.5000E«O0 TT1-- l.B"»»2E*00 
Us ).50uOE»0a T2s 3.5liOPE»00 T3 :  3.5onnE*on TTls 2.13S8E*00 
Tl = 3.50Uü£»ÜO 12 = 3.5uOOE*nO T3 s   3.5000t»Q0 TTis 3.75»7Et00 
Tis 1.50uQE«üü 12 = 3.5uOOE*00 T3 =   3.5l)00t*00 TTis 2.30blE*00 
MINI» IHM   THICKNESS   MIR   MATERIAL BY »*IS 

3.i?o»t»oa 3.1?n^E»P0 3.1?0»E*nti 
3.bi2Sfctao 3.bi2b£t00 3.bliSE»CU 
3.oei3t»uo 3.0213E»00 3.0213E+00 
h.lbb3E*l>0 b.lb83E+no b.lbB3E*0n 
2.""t3SE»00 2.<"»35E»00 ?.SH35E*00 

TT2* 2.»250E*00 
TT2« l.Bq»2E*00 
TT2« 2.13S8E+00 
TT2» 3.75*7£t00 
TT2« 2.J0blE+00 

TT3S e.nesoEtoo 
TT3* l.BS*2E*0Q 
TT3* 2.13SBEt00 
TT31 3.7S*?E»00 
TT3» e.30blEt00 

MATFRTAL tO^t = 
MATERIAL CODE s 
MATfHTAL CC"r S 

THICKNESS FOR FACE ONE S 
THICKNESS FUR FACE TWO S 
THICKNESS FOR FACE THRFF* 

3.021 INCHES 
3.081 INCHES 
3.021 INCHES 

TO''»L    LÜKf/iltMS 57. 1<t 
M;NCOS-INPI.T 
COST H»TRIX-MATERIAI VEST IC AL.A X IS HORIZONTAL 
1       .SU .50       .SO 
i l.bl l.b» l.b3 
*       .3b .3b       ,3b 
b        .70 .7(1        .70 
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in .5? .58 .53 

FUR  80.110 PER-CENT DAMAGE AND A FRAGILITY HATE OF70.0 G'S 
THE COST IS     S7.S1 DOLLARS WITH A MULTIPLICATION FACTOR OF 
WITH A FINAL COST UF    8BS.78 DOLLARSFOR OVER SHIPPING 
FOR ALLOWING DAMAGE THE COST IS     ??.«*♦ DOLLARS/ITEM 

5.00 TIMES ONE 

,?-*S   OVER SHIPPING DATA 
3.1' "HE OPTIMUN COST IS     57.St DOLLARS 
v-' THE FRAGILITY RATE IS 55.0 G'S 

•r«E P-R-CENT OARAGE IS    0.0 
T
ME ^JLlIPLlCATION FACTOR 15   1.0 

THF OPTIMUM THICKNESS FOR FACE ONE IS   3.081 INCHES IF MATERIAL  * IS USED 
... ,ft OPTIMUM THICKNESS FOR FACE THO IS   3.081 INCHES IF MATERIAL  * IS USED 

FHE OPTIMUM THICKNESS FOR FACE THREE IS   3.021 INCHES IF MATERIAL  * 13 USED 

,,-v DAMAGE ALLOWABLE DATA 
(3.3) lME OPTIMUM COST IS     57.St DOLLARS 
C.V TME FRAGILITY RATE IS 55.0 G'S 

THE PEW-CENT DAMAGE IS    0.0 
THE REPAIR COST/ITEM =      0.00 DOLLARS 

/—s THE OPTIMUM THICKNESS FOR FACE ONE IS   3.081 INCHES IF MATERIAL  * IS USED 
(3.4) THE OPTIMUM THICKNESS FOR FACE TWO IS   3.081 INCHES IF MATERIAL  •♦ IS USED 
V— THE OPTIMUM THICKNESS FOR FACE THREE IS   3.081 INCHES IF MATERIAL  •» IS USED 

i3,5)OVERSHIPPING IS THE BEST POLICY 

A*»******«******»*«*»*»******»*»************/:************«-******************«** 
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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 beei   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   (a-  in  g's) 
versus static stress   (og  in psi).    These curves are normally illustrated 
parametrically in terms of cushion thickness,    Tr  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 usei 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 
lb/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 lb/<"t  ,   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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TABLE Xlll 

CATALOGED MATERIALS 

Material Code Mate" ial 
  

1 LTrethane Foam 
2 Foamed Polyethylene 

3 Felt 

4 Expa^led Resilien'.  Polystyrene 
5 Rubberized Hair 

Cellulosir 

i Vinyl Foam 

8 Fiber Glass 
0 Rubber Foam 

10 Air Bubbles 

range of Optimum Static Stress of 0, 10 to 1.00 lb/in.',  and the Safe Low 
Temperature of   -22 "F.    Likewise,   the user would know that for the 
cataloged VIBRATION DATA,   data were obtained from the inr'itatetl Data 
Reference Source for the parameters of Density,   Static Stress,   Ihickr.ess, 
and Temperature listed. 

Figure 9 illustrates the typical data form for peak acceleration 
versus static stress curves.    This data form was converted into digital 
tabulation for computer compatibility.    The previously described inter- 
polation program will be used for the material data.    This program uses 
a sophisticated and accurate Lagrangian parabolic interpolation technique 
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 
stresses.    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. 

(4) 
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TABLE XIV 

URETHANE   DATA 

Material Description :                             Urethane Foam (Ether Type) 

Material Code: 1 

Density in Data File: (lb/ft3)              2.0 

Data 
Reference 

Source 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 2.0 MIL-Hdbk. 304 (5) 

M Drop Heights: (in.)       18,24,30,36 

u Thicknesses: (in.)           2,   3,   4,   5 

ii Temperature: (  F) 72 

From Data Plot9 Range of Optimum 
Static Stress: (lb/in.2)                    0. 10 to 1.00 

Mustin, SVM-2   (1) Safe Low Temperature: (  F) 

Parameters for 
VIBRATION DATA 

-22 

PB 167 372, Zeil (6) Density: (lb/ft3) 2.0 

11 Static Stress: (lb/in.2) 0. 16 

II Thickness: (in.) 2.9 

n Temperature: (  F) 

COST DATA 

72.0 

Commercial Quote 
to SwRI Material Cost: ($/ft3) 1.^2 

Estimated Fabrication Cost: ($/min) 0.05 

Estimated Packing Cost: ($/mir>) 0.01 
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TABLE X\ 

POLYETHYLENE DATA 

Material Description 

Manorial Code: 

Density in  Data Fil   .  (lb/ft3) 

Polyethylene Foam 

2 

2. n 

Da: a 
Reference 

Source 

MIL-Hdbk.   304 (5) 

From Data Plots 

Estimated 

Estimated 

Estimated 

Estimated 

Estimated 

Commercial Quote 
to S'ä'RI 

Estimated 

Es''A mated 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 2.0 

Drop Heights: (in.)        18,24,30,36 

Thicknesses: (in.) 2,    3,   4,    5 

c 
Temperature: (   F) 

Range of Optimum 
Static Stress: (lb/in.2) 

Safe Low Temperature: ("F) 

Parameters for 
VIBRATION DATA 

72 

0.14  to   I.50 

Density: (lb/ft3) 

Static Stress: (lb/in.-) 

Thickness: (in.) 

Temperature: (   F) 

Material Cost: ($/ft3) 

Fabrication Cost: ($/min) 

Packing Cost: ($/min) 

COST DATA 

-60 

2. 1 

1.0 

:.o 

S.40 

0.05 

0» 01 
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TABLE XVI 

FELT   DATA 

Material Description :                              Wood Fiber Felt 

Material Code: 3 

Density in Data File: (lb/ft3)              2.4 

Data 
Reference 

Source 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 2.4 MIL-Hdbk 304    (5) 

ii Drop Heights: (in.)        18, 24, 30, 36 

it Thicknesses: (in.)           2,   3,   4,   5 

II Temperature: (  F) 72 

From Data Plots Range of Optimum 
Static Stress: (lb/in.2)                    0.03 to 0.30 

Mustin, SVM-2   (1) Safe Low Temperature: (  F) 

Parameters for 
VIBRATION DATA 

-34 

Estimated Density: (lb/ft3) 1.8 

Estimated Static Stress: (lb/in.2) 0.08 

Estimated Thickness: (in.) 4.0 

Estimated Temperature: (  F) 

COST DATA 

72 

Commercial Quote 
to SwRI Material Cost: ($/ft3) 2. 16 

Estimated Fabrication Cost: ($/min) 0.05 

Estimated Packing Cost: ($/min) 0.01 
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TABLE XVII 

POLYSTYRENE  DATA 

Material Description :                              Polystyrene (Expanded Resilier4;) 

Material Code: 4 

Density in Data File : (lb/ft3)             0.8 

Data 
Reference 

Source 

Density: (lb/ft3) 

Parameters for 
SHOCK DATA 

MIL-Hdbk.   304 (5) 0.4  to   1.5 

i r Drop Heights: (in.) 18,24,30,36 

11 Thicknesses: (in.) 1," 1.5,   2,   3,   4,   6 

11 Temperature: (   F) 72 

From Data Plots Range of Optimum 
Static Stress: (lb/in.2)                    0.20  to   1.50 

Mustin.SVM-2   (1) Safe Low Temperatur e: (°F)                                 -60 

Parameters for 
VIBRATION DATA 

PB 167 372, Zeil (6) density: (lb/ft3) 0.8 

it Static Stress: (lb/in.2 )                                           1.46 

11 Thickness: (in.) 5.0 

n Temperature: (  F) 72 

COST DATA 
Commercial Quote 

to SwRI Material Cost: ($/ft3) 1.44 

Laf.imated Fabrication Cost: ($/min)                                    0.05 

Estimated Packing Cost: ($/min) 0,01 

1 ir.ch only for 18,   24,   36 inch drops. 
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TABLE XVIII 

RUBBER HAIR DATA 

Material Description :                              Rubberized Hair 

Material Code: 5 

Density in Data File: (lb/ft3)               1.5 

Data 
Reference 

Source 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 1.5 MIL-Hdbk.   304 (5) 

H Drop Heights: (in.)        18, 24, 30, 36 

ii Thicknesses: (in.)           2,   3,   4,   5 

ii Temperature: (   F) 72 

From Data Plots Range of Optimum 
Static Stress: (lb/in.2)                    0.03 to  0.30 

Mustin, SVM-2   (1) Safe Low Temperature: (  F) " 

Parameters for 
VIBRATION DATA 

-40 

Estimated Density: (lb/ft3) 1.48 

Estimated Static Stre3s: (lb/in.2) .256 

Estimated Thickness: (in.) 3.0 

Estimated Temperature: (   F) 

COST DATA 

72 

Commercial Quote 
to SwRI Material Cost: ($/ft3) 1.58 

Estimated Fabrication Cost: ($/min) 0.05 

Estimated Packing Cost: ($/min) 0.01 
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TABLE  XIX 

CELLULOSE   DATA 

Material Description: 

Mate-:al Code: 

Density in Data File: (lb/ft3) 

Cellulose Wadding, Asphalt Treated 

6 

3. 0 (Estimated) 

Data 
Reference 

Source 

MIL-Hdbk,   304 (5) 

From Data Plots 

Estimated 

Wilson, L. T.       (7) 
Sandia Labs 

Commercial Quote 
•:o SwRI 

Estimated 

Estimated 

Density: (lb/ft3) 

Drop Heights: (in.) 

Thicknesses: (in.) 

Temperature: (   F) 

Range of Optimum 
Static Stress: (lb/in.2) 

Safe Low Temperature: (T) 

Parameters for 
SHOCK DATA 

18,24, 30, 36' 

2,   3,   4,   5 

2.9: 

72 

0. 03  to  0. 50 

-20 

Density: (lb/ft3)" 

Static Stress: (lb/in.2) 

Thickness: (in.) 

Temperature: (   F) 

Material Cost: ($/ft3) 

Fabrication Cost: ($/min) 

Packing Cost: ($/min) 

Parameters for 
VIBRATION DATA 

2.91 

2) .268 

3.0 

72 

COST DATA 

Lit 

nin) 0.C5 

O.Ci 

Drop Height 36" was estimated. 

Compression of 16.7%. 
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TABLE   XX 

VINYL  FOAM   DATA 

Material Description :                              Vinyl Foam 

Material Code: 7 

Density in Data File: (lb/ft3)               7.9 

Da'.a 
Reference 

Source 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 7.97 Estimated 

M Drop Heights: (in. )       18, 24, 30, 36 

f 1 Thicknesses: (in.)           2,   3,   4,   5 

II Temperature: (   F) 72 

From          . Plots Range of Optimum 
Static Stress: (lb/in.2)                    0.02 to  0.20 

Estimated Safe Low Temperature: (  F) 

Parameters for 
VIBRATION DATA 

-20 

Wilson, L. T.       (7) 
Sandia Labs Density: (lb/ft3)' 7.93 

it Static Stress: (lb/in.2) .266 

! 1 Thickness: (in.) 3.0 

II Temperature: (°F) 

COST DATA 

72 

Estimate'' Material Cost: ($/ft3) 1.00 

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 

Material Description :                              Fiber Glass 
1 
i 

Material Code: 8 

Density in Data File: (lb/ft3)              1.1 

Data 
Reference 

Source 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 1. 1 MIL-Hdbk.   304 (5) 

' t Drop Heights: (in.)        18", 24", 30, 36 

• l Thicknesses: (in.)            2,     3,     4 

" Temperature: (   F) 72 

From Data Plots Range of Optimum 
Static Stress: (lb/in.2)                     0.03 to  0.20 

Estimated Safe Low Temperature: (°F) 

Parameters for 
VIBRATION DATA 

-20 

Wilson, L. T.       <7) 
S.tndia Labs Density: (lb/ft3) ' 2.0 

», 7 
Static Stress: (lb/in.   ) .256 

11 Thickness: (in.) 3.0        | 

11 Temperature: (   F) 72 

COST DATA 

Estimated Material Cost: ($/ft3) 1.00 

Estimated Fabrication Cost: ($/min) 0.05 

Estimated Packing Cost: ($/min) 0.01 

18, 24, 36 inch drop heights were estimated. 
Compression of 15.8%. 
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TABLE XXII 

RUBBER FOAM DATA 

Material Description :                             Rubber Foam 

Material Code: 9 

Density in Data File: (lb/ft3)              11.9 

Data 
Reference 

Souice 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 11,9 Estimated 

11 Drop Heights: (in.)        18, 24, 30, 36 

Thicknesses: (in.)            2,    3,   4,    5 

ii Temperature: (   F) 72 

From Data Plots Range of Optimum 
Static Stress: (lb/in.2)                     0.01 to  0. 15 

Mustin, SVM-2   (1) Safe Low Temperature: (   F) 

Parameters for 
VIBRATION DATA 

-20 

Wilson, L. T.       (7) 
Sandia Labs Density: (lb/ft3) 11.9 

11 Static Stress: (lb/in.2) 1,28 

' i Thickness: (in.) 3.0 

• i Temperature: (JF) 72 

COST DATA 
Commercial Quote 

to SwRI Material Cost: ($/ft3) 4.20 

Estimated Fabrication Cost: ($/min) 0.05 

Estimated Packing Cost: ($/min) 0.01 

Compression of 3.0%. 
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TABLE  XXIII 

AIR CAP DATA 

Material Description: Air Cap 

Material Code: 10 

Density in Data File: (lb/ft3) 1. 1 

Data 
Reference 

Source 

Kinetic Systems, 
Inc. (8) 

From Data Plots 

Estimated 

Estimated 

Commercial Quote 
to SwRI 

Estimated 

Estimated 

Parameters for 
SHOCK DATA 

Density: (lb/ft3) 

Drop Heights: (in.) 18,24,30,36 

Thicknesses: (in.) 1,   2,    3 

Temperature: (  F) 

1.0 

72 

Range o' Optimum 
Static Stress: (lb/in.2) 

Safe Low Temperature: (°F) 

0.02   to  0.80 

-20 

Parameters for 
VIBRATION DATA 

Density: (lb/ft3) 1.8 

Static Stress: (lb/in,2) 0.08 

Thickness: (in.) 4.0 

Temperature: (   F) 72 

COST DATA 

Material Cost: ($/ft3) 2. 11 

Fabrication Cost; ($/mir ) 0.05 

Packing Cost: ($/min) 0.01 
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CURVES FOR POLYETHYLENE FOAM 

[Mustin, G. S. ](1) 
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FIGURE 10.    RANGE OF RECORDED 
OPTIMUM STATIC STRESSES 

3.      Materials Data 

For each material listed in Table XIII,  there is i coded file 
containing the following: 

Data on Disk File for Each 
Package Cushioning Material 

Shock Environment 

Format      Record No. 

(E7.0, 512) 1 

E7.0 

12 

12 

(512) 2 

12 

12 

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 

E7. 0 

(11E7.0) 4 

E7.0 

(11E7.0) 5 

E7. 0 

(T(I).   I = 1,   NT) 

T(I) - One of the tempe  amres at which da';a is 
recorded (degrees fahrenheit) 

(TH(I),  I = 1,  NTH) 

TH(I) - One of the material thicknesses con- 
sidered during data gathering 

(SIG(I),   I =  1,   NS) 

SIG(I) - Static stress at a point 

DO XX   K = 1,   NT 

DO XX   1=1,   NTH 

(11E7.0) 6 XX READ (MS, F) (TAB! (I, J, K),   J -   1,  NS) 

TAB1 (I, J, K) = G = F(Thicknesd, Stress, 
Temperature) 

where  (NT) ■:= (NTH) = (5)* (4) = 20 
for 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   £rs +  1, 
since the last record of the shock data (Irs) will be 

its   =  4*5 + (NT18)*(NTH18) f (NT24) * (NTH24) 

+ (NT30)*(NTH30) t (NT36)*(NTH36) 

where for   NTj   and   NTHj   the subscript   i   denotes the indicated drop 
height. 

6 
thru 

(NT) * (NTH) 
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Input Data   -   Disk Files 

Vibration Environment 

H°J ma<"       Record No. 

(E7.0.   SI?)       irsi   ! KHOM,   MTS,   MOMS 

E7.0 RIIOM - Specific weight of the material (PCD 

12 MTS - Number of temperatures (Max.   =  10) 

12 MOMS - Number of frequencies (Max.   -  10) 

(11E11.4) £rs t  2 (TS(I),   I -  1,   MTS) 

El 1.4 TS(I) - A temperature at which data is recorded 
(degrees fahrenheit) 

(llEli.4) (QMS(I),   In  1,   MOMS) 

El 1.4 QMS (I) - A frequency at which data is recorded 
(rad/sec) 

DO X  I =  1,   MOMS 

(11E11.*)        Ira *  3 X READ (MS, Fl) (TAB 1 (I, J. 1), J =  1,   M TS) 
thru TAB1 (I, J. 1) =  ER = F(Temp. ,   Freq. ) 

Ira  '  MOMS DO XX   1=1,   MOMS 

(11E11.4)   irs + MOMS      XX      READ (MS, F2) (TAB2 (I, J, 1), J = 1,  MTS) 
• 1   thru TAB2 (I, J, 1) = EL/ER = F(Temp. ,  Freq.) 
Ira + MOMS 
t 1   ¥ MOMS 

The mmnlete shock and vibration data file printout is  available 
f: urn the cognizant project engineer at U, S, Army Natick Laboratories. 

11". Optimization Technique 

The general concept of an optimization process involves the pro 
blem of minimizinq; a function of several variables,  wherein the va^i^blc 
.ire subject to a set of constraints.     The function to be minimized ig 
genera-lly 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 with eithev 

the protection of the packaged item and thus the cushioning 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 for this problem 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 sored as discrete variables;   likewise, packaging exterior con- 
tainer designs and shipping costs ?re also in discrete form.    Therefore, 
an optimization solution technique such as linear programming'"^ 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 temperatures and a third 
temperature halfway between the two extremes. 

Those materials that cannot provide proter ion 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 consideration, 

I. Package Cushioning CAD Program 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    C^PACK,  is 
shown in Table XXIV 

Sample Problem No.   1 

The problem is to optimumly ship a 12 in. x 12 in. x24in. , 
100-lb 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 REQUIREMENT c FROM USER 

Step ft. 

Step 9. 

q*-ep 10. 

Input Data on Caid Number One 

Step 1. What is the shipping container material? 

Wood                        -       NIC = 

Paperboard          -       NIC = 

etc. 

Step 2. Which type of vibration optimization is to be used? 

MIL-STD-810B   -       IC = 1 

Multiple sine       -       IC = 2 

Random                  -       IC r 3 

Step 3. What is the Item Number? 

Set   HTM r 1 

Step 4. 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 

Step 5. Set      MXI = 0 

Step 6. What is the number of environmental frequencies which are 
going to be provided as input?   (Up to a maximum of 11) 

Step 7. 

MOMJ = 

What is the cost of shipping? 

CS =                           ($/lb) 

What is the cost of the item? 

CI = ($) 

What is the thickness of the shipping container? 

TCON - (in.) 

What is the lowest environmental temperature (  F) to 
which the item will be exposed? 

TEML (°F) 
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TABLE XXIV   (Contd. ) 

Step 11. 

Step 12. 

Step 13. 

Step 14. 

,o-,« What is the highest environmental temperature (   F) to 
which the item will be exposed? 

TEMH (°F) 

NOTE    If (TEMH - TEML) < 20  F,  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 6? 

If the environmental frequencies are UNKNOWN,  use 

6.283,  62.83,   125. .o,   314.159,  628.300,   1884.96, 

3114.59,  4398.23,   5654.87,   5969.03,  6283.19 

(rad/sec). 

Input Data on Card Number Three 

What is the Power Spectral Density (PSD),  g^/Hz value at 
each of the corresponding environmental frequencies in 
Step 12? 

If the environmental 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)'6, 5.09(10)-7r 5.09(10)-7, 5.09(10)"7 

(g2/Hz). 

Input Data on Card Number Four 

What are the environmental acceleration levels,  g,  which 
correspond to the environmental frequencies in Step 12? 

If the environmental frequencies of Step 12 are used and 
acceleration levels are UNKNOWN,  use 

0.5,   0.5,    I.,   ?..,    3..    3.,    I,,   3.,    3.,    3. ,    3.    (g) 
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TABLE XXIV   (Contd.) 

Step 15. 

Input Data on Card Number Five 

How many different types of containers are there to be 
considered? 

NC = 

Whav is the Item Number? 

MITEM = 

MITEM - is an arbitrary number assigned to the item being 
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) on Card Number Five should be the 
following (i. e., 10) until modified by Natick Laboratories. 
Check with cognizant engineer. 

. A! 1 

II   II   I 
iiitiii 
1   i    n 

linn 

3)11)1 

444444 

551555 

llfllf 

um J 
f 

15)14« 

° mm 
iiiiiiii 

nun 
ii it ii ii ii n 
linn 

222121 

11111) 

444444 

5S5S5S 

mii: 

I J7 7 7 7 

ntm 

mm 
II II n II II n ii n n H n n ii II n K i, u n « B u ii ii M II II it •• u n 11 n 11" " M II II M U ¥ 'i M 11 H II I; II U 

11 III 9 Mil 111 0110 OH'. II i) MM IIII Qllll III Ulli 
n n H a i) n n » II mi u » II ii n M <i II ii i) u II II II u ii M ii it u M is H ii u M H II B u ii u a 
I 1 1 I 1 1 11 I 11 t I I I II I 1 1 II I I II 1 I 1 II I 111 11 II 1 I I 1 I 

222222 

111111 

444444 

555555 

mm 

Mini 

mm 

7 7 7 7 7 

in 11 ii i m im ii 11 mm mi i ii 11 

mmmmimmmmmmm mm 

where   Number of Container types 
to be considered  NC = 1 
(The input data for each type 
of container are as shown on 
Input Data Card Sixteen) 

Item Number     MITEM 1 

II II U H i II ii ii u n )| nam 

Number of Materials on File - MINMATS •_ 10 
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TABLE XXIV   (Contd. ) 
Reproduced   from 
best  available  copy. 

Input Data on Cards Numbers Six through Fifteen 

Step 16.        Cards Numbers Six through Fifteen ahould be the following, 
until modified by Natick Laboratories.    Check with 
cognizant engineer. 

J J 

ji.j 

Illll 
11)11 

111 

3.222 

33   13 

44444 

S555S 

Illll 

urn 
t     , 
s«; 'ii 
I 8 mil 

0 9    OH    0    01 
1 I  I il n il u II i| l| il i| 

I M i 1 I It 1 I 1 

222222222722 

33 33133 333 

444444444444 

5555 ISSISiS 

Hit iiilllll 

177777777777 

II »J JIII '1II1 

IHH3IHH9 

H    H 
n II n n H 

115 11 

2 722 

333 3 

44444 

55555 

:IIII 

777 77 

IIJll 

11)11 

HI illlllMlllll ID I IHHHHHHHHIIIH 
I' II » » II II 11 M B B II II » «I II <! «I U « U li U II M )i U 1) M M M II M H H II 0 IIII U ■ II ■ 

I 1 1 111iI 11111111 I II111 I 1 I 1 I 11 1 I1JJ1J1 1 II I I 

11111IHIIIIIIIIII 'H i 11 «I 

tllllllllllSIIIIHIIIIHI 
) i i i I i i i ii »II n II it ii II 'i ii II n ii ii » n » II n i» » I. w II M B ii II II M u II «l i« « II II II '- •• •' II 

2227122222 

Hllllljl! 

4444444444 

5555555555 

IIHHHH 

77J7777I7I 

11 111II111 

HIHIHI! 

222 

331 

444 

555 

HI 

77? 

Ill 

HI 

• HIIIJ 
Mnun ana 
!lI Ij* 

2 2 2 2 2 

1131t 

44444 

ISIS! 

Illll 

Illll 

11114 

Illll 
M II ¥ 'I M M M II II IIII II N II II M II II II II V B II 11 l< .< a 
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TABLE XXIV   (Contd. ) 

Input Data on Card Number Sixteen through  

Step 17.        Card Number Sixteen contains the specific weight (lb/in.   ) 
and cost ($/in.^) of the container material.    The cost of 
container material is material volume,   NOT container 
volume. 

There should be one Card Number Sixteen type card for 
each container material specified in Data Card Number 
Five (i. e. ,   NC).    The data cards would appear  is follows: 
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n ]' 11 !! 14 I! it 1! « ]■ U ii 4! I! «4 U II II 41 •• II !' 15 SI M '.1 

11111111! 111111111111111: 

22?2 

jy>/Vim 
\ , }f'.   . Jy7   1(6 6 

7 7 7/ 

IMIIHIIIIIIIJJIIIiJIUI 

999999939999 ?9999999S3999 
1 t 'i ' 1 it:■ u n 11 ii 111 n ?i v : inn« » : I 11 <■ I    41 .    44 4) 14 I'  II  ■ 

1000 
U II II il 

1111 

2222 

3333 

4444 

5555 

(CC6 

7 7/7 

lilt 

JS 99 
> »I I" II I   I 

Step 18. 

Step 19. 

Step 20. 

3tep21. 

Input Data on Card Number Fifteen + Number of 
Container Material Cards (i. e. ,   Card Number 
Seventeen in Sample Problem) 

What is the number of items? 

What is the weight of the item? 

ITEM = 

WI = 

01000 
H II ■ II II 

11111 

2222 

3333 

4444 

5555 

Ctll 

IM J 

till 

999999999 
u a 1111 it u » 11 u n 14 n n 

II 
11 n 

1 I 

2 

3 

4 

S 

I 

7 

i 

If i 
in 

I 

2: 

3: 

4' 

S! 

I! 

7 

J 

!' 
ii »n 

(lb) 

What is the X-length (2nd longest length) of the item? 

XL. (in.) 

What is the Y-length (shortest length) of the item? 

YL = (in.) 
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TABLE XXIV   (Conid. ) 

Step22. What is thp Z -length (longest length) of the item? 

ZL r                           (in.) 

where the lengths are: 

/     / A, 
YL 

XL 

Step 23. How many different percent damage allowable cases are 
there9    (Maximum =  10) 

NPCNT = 

Input Data on Cards Numbers Fifteen + Number of Container 
Material Cards 4  1 (i. e. ,   Card Number Eighteen in Sample 
Problem),  through. . . . Last Card Containing Damage Allow- 
able Data (i.e.,   Card Number Twenty-One in Sample 
Problem One). 

Step 24. What is the fragility of the item in acceleration,  g? 

GMF(I) ,                           (g) 

Step 25. What is the percent damage at the acceleration level in 
Step 24? 

Step 26. 

PCTD(I) =                           (%] 

What is the replacement cost fc r the percent damage in 
Step 25? 

REPCI(I) =                           ($/item) 

Step 27. Repeat Steps 24,   25,   26 for each different percent damage 
allowable case indicated in Step 23 on a separate input 
data c iid. 
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TABLE XXV.    SAMPLE PROBLEM NUMBER ONE 
INPUT DATA CARDS 

Card 
No. 

1 

2 

3 

4 

6 

8 

9 

10 

11 

»2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

0ti2    I 20 7s 1 i 0 . -OsVOU ■■'   25..    J 123    J /2« I 0 7 2.0.) 

6.*8i      62.03       12&.60   3 » 4. i 3<»o2". >       I og4 • VOJ I •< , . 5v4 3V0. 23b*   4 • 6 7bf6    • 0 36203 • I V 
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I.92 0.    a 
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1 .4* U•*3 
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. ü 0 I .'. J ' i 3 ■ 
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60 • 3 . 

65. 2Ü . 

/0• öüt 

-<:2. 
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-6 . 

-H • 
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12. 

0. - 

p. 

i r • 

15. 

o. i u 

0.14 

0.    3 

O.-r. 

o. 3 

0.3 

0. -2 

0. Ji 

0. 1 
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12« 

3. 

I • CO 
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0.3Ü 

S.20 

11-20 
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24. 

3. >. 
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2.0 
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O.B 
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3.0 

7.9 

I. . 

I t .9 

I I • 

1. 

d 

l 0 
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I 
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II > I  I) II II 
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3 3 3*3 

44444 

5 4*55 
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17777 
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llllllllllllillllMill 
II II U M 0 H II 11 II tt II II li u i) M ll U i) it )l )) 

I II I I M II I I II I I 11 M I M 

III I III 11111 III 11 III 11 

mmmmmimm mm 
I II I) i) H II II III! II N II t> » H >) N )l a II * ), U )) M B » IMI H U II II r M II H II «I •• 'Ml U U M U f .-I U H H II I) II M I) « II H H II P l> T] M II II II If N 
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U SI II 

111 
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H U II II (1 II I) ■ II 
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777 7777 
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1 M M I 

2 2 3 2 2 2 

33)3)3 
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St ep 5. 

St« sp 6. 

St« *p 7. 

Input Data on Card Number Gr.e_ 

St ep 1. The shipping container is cardboard. 

NIC =  1 

Step 2. The shipping environment is considered to have Multiple 
Sine Excitation. 

1C:2 

Step 3. The item number is No.   1 

IITM =  1 

IITM is an arbitrary number  assigned 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 

Set      MXI = 0 

The eleven environmental frequencies are going to be provided. 

The shipping cost is $0. 3359 per pound. 

CS = 0. 3359   ($/lb) 

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 10. 55   F is the lowest environmental temperature. 

TEML = 55 (°F) 

Step 11. 72   F is 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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"K»^ 

(Input Data Card Number One) 

:  ID 
i : i » I l i i 
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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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i i i i i 
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Input Data on Card Number Three 

Step I 3. Since the Multiple Sine Excitation (1C = 2) is being used, 
this card is blank. 

Input Data Card Number Three would look like the following: 

11111110 o n 
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Input Data Card Number Four 

Step 14. Since the suggested environmental frequencies are used 
(i. e. ,   Step 12;,  tne suggested acceleration levels are used. 

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: 

I 
i i 
1 

■■ * 
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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: 

i 
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Input Data on Card Number Sixteen 

Step 17.        Since the specific weight of the container is 0. 0017 lb/in.^ 
and the container material cost is 0.00232 $/in.J.  Input 
Data Card Number Sixteen would look like the following: 
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Step 18. 

Step 19. 

Step 20. 

Step 21. 

Step 22. 

Step 23. 

Input Data on Card Number Seventeen 

There is 1 item. 

ITEM = 1 

The item weighs 100 lb. 

WI = 100 (lb) 

The second largest length is 12 inches. 

XL = 12 (in.) 

The shortest length is 12 inches. 

YL = 12 (in.) 

The longest length is 24 inches. 

ZL = 24 (in.) 

There are 4 different percent damage allowable cases. 

NPCUT  =  4 
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1 

Input Data Card Number Seventeen would look like the following: 
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Step 26 

Input Data on   Cards Numbers Eighteen through Twenty-Ore 

The four different percent damage allowable cases are: 

Fragility 

ill 
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70. 

Percent Damage 
(%) 

0. 

5. 

20. 

80. 

Repair Cost 
($) 

0 

5.00 

10.00 

15,00 

Input Data Cards Numbers Eighteen through Twenty-Ono 
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/ jr all of the OPF\CK 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 piograms or by using the disk file 
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r 
ecli: procedure* in the   i\LABS  U-11G6   CL. .,? . 'I ER I \nCiL.T 1    . SLRS 
GUIDE,    Since the programs SCALE and TDATAF vere u^ed to generate 
much of the estimated data information,   it would be appropriate to use 
the file edit procedures in the USERS GUIDE to change fhe materials 
data as they become available. 
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r III.    SüMMARi 

The initial development of a Computer Aided Design ^HAD) pro- 
gram (designated as,  OPPACK) for package cushioning has been done. 
The mathematical algorithms were computer-coded and the available 
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 data 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 neces- 
sary starting point in a building-block approach to the refinement and 
enhancement of this CAD program for package cushioning« 
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TEST,  SUBROUTINE LAGINT,   FUNCTION FLAGR 
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I'o debug and test the LAGINT subroutine and the FLAGR function, 
digital data were taken from the peak acceletarion versus static stress 
curves shown in Figure A-l. 

Tor  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 
infe.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 data 
changes beyond the tabulated input data; the basis for this statement is a 
comparison of Peak Acceleration (g) dat.. (Table AIII) the the P*.:ak 
Acceleration from Figure A-l.    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 subroutine 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 
W/A 

5 in,thick 4 in.thick 3 in.thick 2 in.thick 
GM5 GM4 GM3 GM-> 

(psi) (E) (8) (E) (E) 

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                      ! 

i 
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STATIC   STRESS,   W/A ( P.S.I.> 

FIGURE A-l.    Gm-W/A  Curve for Urethane Foam (Polyester 
Type,   Large Celled, 4.0 pcf) for a 30-inch 
Drop Height. 
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$NXYZ 

NX S in» 

NY = »# 

NZ s 1» 

XV = O.llE+on, 

YV s 0.3PE+01, 

ZV = O.O, 

4END 
FUNCTION VA|_UE=   3.7BÜ8F+01 
XV=  1.1000E-01 YVr  j.JUOnE+OO  ZVs  0. 
FUNCTION VALUE=   b.lb5?F*ni 
XVs  l.DOOOE-01 YVs  ?.0OOOE+OO  ZVs  n. 
FUNCTION VALHE=   '♦.HH3E + 01 
XVs  1.U000E-01 YVs  3.00H0E+00  ZVs  o. 
FUNCTION VALUEs   3.72?1E+01 
XV=  l.OOOOE-Ol YVs  «».OOOnE + 00  ZVs  o. 
FUNCTION VALUEs   3.23*3E+01 
xv= l.onooE-oi YVS s.ooooE+no ZVs p. 
FUNCTION VALUEs   8.q83bE*01 
XVs  1.U000E-01 YVs  5.5000E+00  ZVs  o. 
FUNCTION VALUEs   2.8000E+01 
XVs  2.0000E-01 YVs  3.0000E+00  ZVs  n. 
FUNCTION VALUEs   *.20onE*01 
xvs    5.UOOOE-01 YVS    3.cinooE*no    ZVs    o. 
FUNCTION VALUEs   l.OSO't+08 
xvs e.ouonE-oe YVS S.OOOOE+OO ZVS n. 
FUNCTION VALUEs   «<.8nonE + 01 
xvs    2.onnnE-02 YVS    >f.rinonE*oo    zvs    n. 
FUNCTION VALUES      e.arinoE+oi 
xvs    e.üonnE-oi YVS    l.onooE+no    zvs    o. 
FUNCTION VALUEs   9.b371E*01 
xvs i.üonoE-ni YVS i.ooooE*no zv= n. 
FUNCTION VALUES  P.H371E*OI 

xvs l.üoonE-ni YVS I.OHOOE+OO zvs o. 

TABLE A-II. OUTPUT DATA 
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TABLE A-III. - URETHANE FOAM OUTPUT DATA 

Static Stress 
W/A 
(psi) 

Thickness 
(in.) 

Peak Acceleration 
(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 
y 

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 
> 
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PROGRAM TEST(INPUT»OUTPUT,TAPE 1 = INPUT,TAPEa = OUTPUT) 
000003 OlMFNSION X(20),Y(20),2(50),TAB(20,20,20),F(20) 
000003 COMMON /N/ NZ,N*',NX,YV»XV,ZV 
000003 NAMELIST /NXYZ/ NX,NY,NZ,XV,YV,ZV 
000003 READ(1,NXYZ) 
00000b WRITE(2,NXYZ) 
000011 READ JOOO,(X(I),lBl,NX) 
00002"* IF(NY.6T.1)REA0 1000, ( Y(I), Ial,NY) 
0000*1 IF(NZ.GT. DREAD 1000,(Z(I),1*1»NZ) 
00005b READ 1000,(((TAB(I,J,K),I*l,NX),J=l,NY),Ksi,NZ) 
00010* 60 TO 20 
000105 10 CONTINUE 
000105 IF(E0F,1)*91S,1S 
000110 IS CONTINUE 
000110 READ(1,NXYZ) 
000113 20 CONTINUE 
000113 CALL LAGINT(TAB,Z,Y,X,FV,F) 
00011? PRINT 2000,FV,XV,YV,ZV 
000133 1000 F0RMAT(10F8.0) 
000133 2000 F0RMAK1H 2X,»FUNCTION VALUE* *E12.*»,/, 

1   3X,*XV**E12.*,2X,*YV**E12.*,2X,*ZV=*E12.H,) 
000133 GO TO 10 
00013Y sqqq CONTINUE 
000131» STOP 
00013b END 

TABLE A-IV.    MAIN PROGRAM,   TEST 
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SU3R0UTINE  LAGIM(A,*LP»BETA,GAM  '. r) 
C NPTSG ---- NUMBER OF ROWS IN INPUT TABLE        VERTICAL 
C NPTS8 --— NUMBER OF COLUMNS IN INPUT TABLE    HORIZONTAL 
C NPTSA «-- NUMBER OF X-Y PLANES IN INPUT TABLE DEPTH 
C     XB   HORIZONTAL ARGUMENT 
C     fG — VERTICAL ARGUMENT 
C     ZA - — DEPTH 
C     VAL  INTERPOLATED VALUE 
C     ALF(NPISA)   VECTOR OF INDEPENDENT VARIABLES 
C «ETA(NPTSb)--- VECTOR OF INDEPENDENT VARIABLES 
C     GAM(NPTSG)   VECTOR OF INDEPENDENT VARIABLES 
C A(NPTSG,NPTSB,NPTSA) ---- INPUT TABLE 
C IF  NPTSA NOT EO  TO 1 INPUT TABLE IS  3-D 
C IF  NPTSB NE 1 AND NPTSA EG i TABLE IS 2 - 0 
C IF  NPTSB EQ 1 ANO NPTSA EQ 1 TABLE IS 1 - D 

unooil DIMENSION A(20,20,21),B(20,20),F(1),ALF(1), 
1  BETA(1),GAM(1) 

OOOOll COMMON /N/ NPTSA, NPTSB,NPTSG,XB,YG,ZA 
C CHECK  FOR  THREE  DIMENSIONS 

OOOOll IF(NPTSA.EQ.1)G0 TO 100 
C SOL^E  THREE DIMENSIONAL  CASE 

000013 DO  10  Isl,NPTSG 
00001* DO  10  Jsl,NPTSB 
000015 DO  5  K=i,NPTSA 
00001b 5 F(K) s A(I,J,K) 
000032 B(I,J) s FLAGR(NPT8A,ALF,F,ZA) 
0000** 10 CONTINUE 
000050 GO  TO  120 

C CHECK  FOR  TWO  DIMENSIONS 
000051 100 CONTINUE 
000051 IF(NPTSB.EQ.1)G0 TO 200 
000053 DO  110  IslrNPTSG 
000055 DO  110  JslfNPTSB 
00005b 110 B(I,J)sA(I,J,l) 

C SOLVE  TWO  DIMENSIONAL  CASE 
000073 120 CONTINUE 
000073 DO  150  Isl,NPTSG 
000075 DO  1*0  J«l,NPTSB 
00007b 1*0 F(J) s B(I,J) 
000107 B(I,l)sFLAGR(NPTSB,BETA,F,XB) 
000117 150 CONTINUE 
000121 GO  TO  220 

C SOLVE     ONE     DIMENSIONAL     CASE 
0001c22 200   CONTINUE 
000122 DO     210      1*1,NPTSG 
00012* 210   8(1,1)   s   A(I,1,1) 
000133 220   CONTINUE 
000133 VAL   =   FLAGR(NPTSG,GAM,B,YG) 
000i*2 RETURN 
0001*3 END 

TABLE   A-V.    SUBROUTINE,    LAGINT 
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FUNCTION    FLAGR(NPTS,Xl*.F,XK) 
000007 DIMENSION X IK(1),F(1),w(3) 

C     LAGRANGE  INTERPOLATING  FUNCTION 
000007 00  200  I=1,NPTS 
000010 IT=I 
000011 IF(XK.LE.XlK(I))GO TO 210 
00001»» 200 CONTINUE 
OOOJlb 210 IF(XK.EQ.XIK(I))GO TO SOO 
000021 IGC s 3 
000021 IF(IT.LE.2)IG0xl 
000025 IF(IT.EO.NPTS) IGO = 2 
00003G BsQ.O 
000031 IFCIG0.E0.2) GO TO 350 

C     PARABOLA  FROM  THE  RIGHT 
00C033        IF(IT.E(J.niT*8 
00003b DO  300  1*1,3 
0300*0 IARG s IT-2+I 
0000*2 WEIGHT s 1. 
0000** 00  290  J = l,3 
0000*5 IF(J.EQ.I)GO TO 290 
0000*7 JARG = IT - 2 « J 
000050 HEIGHT s WEIGHT*((XK-XIK(JARG))/(XIK(lARG)-XIK(JARG))) 
000057 290 CONTINUE 
OOOOfal W(I) * WEIGHT 
0000b3 300 CONTINUE 
OOOObS 00  310  K*l,3 
0000b7 IARG * IT - 2 ♦ K 
000071 B * B ♦ W(K)*F(IARG) 
000075 310 CONTINUE 
00007? IFCIGO.EO.DGO TO bOO 

C     PARABOLA  FROM  THE  LEFT 
000101 350 CONTINUE 
000101 DO  HOO  1=1,3 
0ÜIU03 IARG = IT - 3 ♦ I 
000105 WEIGHT s 1.0 
0Ü0107 00  3*0  J*l,3 
000110 IF(J.EQ.I)GO TO 390 
000112 JARG « IT •• 3 ♦ J 
000113 WEIGHT = Wi:iGHT*((XK-XlK(JARG))/(XlK(IARG)-XIK(JARG))) 
000122 390 CONTINUE 
00012* W(I)= WEIGHT 
00012b *00 CONTINUE 
000130 DO  410  K=l,3 
000132 IARG = IT - 3 ♦ K 
00013* B s B ♦ W(K)*F(IARG) 
0001*0 *10 CONTINUE 
0001*2 IF(IG0.E0.2)G0 TO bOO 
0001** B = B * 0.5 
0001*5 GO TO bOO 
0001*b 500 CONTINUE 
0001*b S = F(IT) 
000150 bOO CONTINUE 
OOd'.SO FLAGR = 8 
00G152 RETURN 
000152 END 

TADLE A-VI. FUNCTION, FLAGR 
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