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SUMMARY

The principal objective of this work has been to develop a
computer-oriented pileot system for the selection of the mest sujitable
material for a given design case.

Spacial emphasis has been placed upon the means of creating a
well orgaﬁized materials catalog from which the selections can bé_
made. The numerical values for various properties and the order of
importance of relevant properties (as designated by the designer who
is requesting the selection) are the bases of comparisons.

Properties defined as "Secondary" for the purpose of this_pilot
study are qualitatively rated on a scale of ten for the want of a

better basis of comparison. The lack of unifeormity in test data or the

total lack of quantitative data on such properties 1s mainly respon-

gible for such a leose basis of comparison.
-The main.conclusion reached as a result of this study is that
the cataloging and selection system presented here in detail can be

implemented nationwide with the cooperation of the materials manufac-

turers and users through a universal clearing house.

The followlng conclusions and recommendations should alse be
considered for further development:

1. Further work in this field is necessary, desirable, and
Justified. The system presented in this study should be improved upen
by extending the materials data catalog and by reducing the Input/Output

and processing times through program refinements.
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2. To simplify cemparisons bhetween materials eof different nature,
the data pertaining to the properties of engineering materiaisishould be
made uniform by the use of compatible units. By establishing uniform
test conditions for high-temperature preperties, creep, corrosion, and
the like, these can be included in the compilation of the catalog,.and
the use of ratings can be eliminated.

3. .Today, the selection of a particular material in a given
degign situation is largely based on the experience of the individusl
designer:and.his access to a large, up~-to-date catalog library. There-
‘fore, in most cases the decisions are based on a limited variety of
materials resulting in costly changes during.the production phase.

4, At present the dissemination and maintenance of specific data
on engineering materials :is done by distributien of catalogs, bulletins,
and leaflets published by the manufacturers. Therefore the users have
to go through the costly process of maintaining a huge library of cata-
logs or several such libraries, when the design efforts are decentra-
lized. These disadvantages can be eliminated with this proposed system
by the propagation of mass-produced punched cards and/or magnetic tapes.
The recent developments in time-share techniques and peripheral\equip-
ment make it possible to reach a catalog in a central computer from

distant locations by remote terminals through telephone data lines.

IR

e Bl e, i kit B et AT Ly

¢ it -

R T

it 10,

g =iyl

T

NG

ey

I TR SR 1

P

o T

TV SN S S S S SR R JE T S e Y

e
el

T

A W w W




Pt

e

Ty
ot e 4 8

T R - N
I S B

PR

P Tl

AR e R
A .

CHAPTER T

INTRODUCTION

In a broad sense an engineering material is any physical substance

from which a finished product can be manufactured, fabricated, or con-
structed to serve a pre-defined purpose. Thus, the common volcanic
rocks from which mankind's first wheel and first weapons were made, and

tropical tree limbs from which the first bow and arrows were made, qua-

'1ify as engineering materials as well as today's powder metallurgy mix-

tures and composite materials. However teoday, in an age when mankind's
needs are incomparably more sophisticated in quality and huge in gquan-
tity, a narrower mere practical definition is necessary. Therefore,
specifically, an engineering material is & substance frem which an item
in demand can be competitively produced.

The value of an engineering material is highly relative, depend-
ing on the gpecific circumstances under which it is to be usged. A
statement such as "Steel is the most adapteble material,” and "Cast
iron is the cheapest material" are blanket statements irrelevant to a
good desigh engineer. There are as many different materials suitable
for a given design as there are different designs to accomplish a cer-
tain design goal. However, there is a "best' material for a certéin
design when a sufficient number of conditions are set for the material

to meets Consider a simple cylindrical connecting rod to be used in a

four-bar linkage. When no conditions are set, a wooden pole with a
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knot=-hole at each end is just as good as a machined steel bar or any

. other material for that matter. In short, there are an infinite number

of materials sultable for this application. However as more conditiens

-are introduced, the selection narrows dewn. One basic condition almost

universal to all design situations is "low cost” which in general applies
to the material as well as the other design variables. Another condi-
tion is derived from the fact that this hypothetical linkage 1s to be

used in an airberne application and will be subject te high bending

loads: the requirement for a high specific strength. It is obvious

- that an infinite number of conditions such as the two above, can be set

to finally limit the choice of available materials to a small number.

In most cases however, it becomes necessary to make compromises from the
requirements st this stage to reach a definite decision. This is only
possible by setting relative priorities for each requirement;'ige.,
“what is the most important requirement?”, "second mest?", etc. and then
comparing each material successively with others in view of requirements
and prierities.

It is apparent from this short discussion that a theoretically

ddeal material selection which starts from an infinite number of avail-

able materials and proceeds with a large number of requirements and

their assigned prieorities, suggests a lengthy, time consuming process

. of successive comparisons. In actual practice such a long, uneconomical

process is aveoided by limiting the number of materials aveilable to
those with which the designer pas-previous-experiences and/or those
used for similar applications in the past. Requirements are also limited

to a few that have the highest priority, i.e., the most important ones.

R

ar

B i 5 R L it sy T

ey —————

LTI

TR TR,

Cam-a




T e T R b M e e T e e A R ILIL S
EmTETETEY L AT T T RoER ARt ) e T E S el
e T A T T R TR R T R S T e L eI oE L

T TR TR R T

T T

e e

=

=T F

The rest is left to be decided by costly t;ial—andderror methods that
quite successfully indicate -critical shortcomings ‘in tangible properties
such as strength, corrosien, ete., but fail to indicate any intangible
disadvantages such as the high cest, lew specific strength, etc.

Developments 'in the-last 30 years .in several fields made a sys-
temaitic appreoach that more closely approximates'the theoretically
iﬁeal material selection, beth necéssary and possible, These develop-
ments are:

a. Unprecedented expansion of technical and gcientific informa-
tion. It is-estimatedrthat'scientific and technical information has
doubled every 12 or 15 years since 1750. In the field of engineering 
materials the growth of-infbrmationzis at least parallel to this,.if
not more accelerated. The 1962 edition of the Materials Handbook
‘issued by the Materials in Design Engineering (h)* has only less ‘than
200 pages -in comparisen with more than 550 pages of materials data in
the 1965 editien (5). A c¢lose look at the latter also reveals that,
during the year 1965 only, information became available on ten new irons
and steel; 15 nen-ferrous metals; 24 plastics and rubber; nine ceramics,
glass, carben, and mica;!five fibers, felts, wood, and paper; and 12
compesite materials, in addition to new data on more ¢onventional ma-
terials and fheir variations. The first volume of the Metals Handbeok
‘prepared by the American Society for Metals (6), has expanded threefold

from the seventh edition to the eighth. Other facts pointing at the

*
Numbers in. parentheses refer to items cited in Bibliography.
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information explosion specifically in the field of engineering materials
are too numerous to list. The inescapable conclusion 1is that all these
data should be systematically-organized for easier accesgs, wider use,
better cataloging, and wider dissemination (1,2,3).

b. Development ef automatic data processing devices and the
birth of the information science. Three principai reasons, namely
emergence of statistics as an important tool in economics; fast rising
-cogts of laber; and industrialization, gave way. to'the developmant of
electronic data processing -equipment (7). Extensive developments in
the computer technology in a shert pericd have made the multi-purpose
computers and the smaller, cheaper limited-purpose computers a standard
tool of management and engineering (8). The formulation of time~sharing
systems and the emergence of data processing service companies have
brought the computers inte the reach of even the smaller engineeringJ
companies (9). It is enlj natural te deduce that computers should be
utilized to bring comprehensive materials data within reach of every
engineer to the benefit of both the users and the manufacturers.

¢. Emergence of operations research as an important branch of

applled science. COperations resedarch was born during the Second World

War in response to military logistics problems. However, its tech-

‘niques are being widely used today in. industrial management to improve

decisians,-scheduling, queuing, stocking, and many other management
functions (10). Mathemstical dévelopment of the statistical decision
theory 'is one of itS'many=contriﬁutions-and it applies equally well to
engineering decisions asg it does to ﬁanagement (11).

One of the basic decisions that a design engineer faces frequently




h.{‘-

is ‘the selection of a material suitable for the manufacture of a part

under consideration. In view of the trends above, it 1s logical to

R O o ars o
e e

%; agsume that s system can be devised to develop and maintain s well or-

?%Q ganized, extensive materials catalog and to select the most suitable £

material for a given design situation by utilizing the mathematical de- o

cision theory together with the computational speed and huge memory
‘capacity of the electronic computers. Thisg, then, is the principal ;;

object .of this pilot study.
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CHAPTER TI
ENGINEERTNG MATERTALS AWD THEIR PROPERTIES

A Brief Look at the Present Status and the Future

Materials

A very rapid and accelerated development of new ehgineering
materials occurred during and-in'fhe years follewing the Second World
War. During the war, most publicized developments were in the light

metals, and in plastics and syntheties. However, the necessity. of con-

serving scarce raw materials also led to revaluation and improvements in

older materials (12).
After the war, the impact of the theories developed in the 1930's

in the basic sciences became increasingly more pronounced. The entire

‘picture -of the subatomic structure of matter was revolutionized by the

development of quantum mechanics. The studies of crystal defects, the
development of a dislocation model for plastic flow, and the studies of
diffusion were advances so revolutionary that it was only a question of
time until the field of materials would begin to feel the impact (13).

To be sure, the engineers of the Pharachs erected marvelous
buildings three thousand years ageo, with no power except that of men and
animals, and virtually no materials except stene, brick, and gypsum
plaster. They alse built carriages made of only woed and leather. The
situation changed very little until the nineteenth century..

This extraprdinerily slow progress was neot cempletely due to a
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lack of mental ability on the part of the engineers all through the

centuries, but partly due to a lack of suitable materials with which to
work. The idea of the steam engine had been_in-men's;minds-far centuries,
but it teock 25 years -and one of the best machine builders in Great Bri-
tain for James Wati to build an engine that would function satisfacterily.
His -inventive genius could design governors, linkages, and gears, but he
could not obtain a true cylinder or a tight pisten. When he did obtain
a eylinder only an eighth of an inch larger at one end than the other,
he hailed it as a triumph. Due tol the lack of heavy relling mills, the
only sheets available for boiler manufacture in Watt's days were of
wrought iron. The whole development of steam power had to lag until
large machine tools could be built, and these toels had to await the
production of large ingots of steel, and large ingets of steel were un-
known until Bessemer invented his steelmaking process in 1856,

The impact of the developments between the Firgt World War and
the Secend came in the late forties and early fifties in the form of
better alloys, .improved properties, and cempesite and reinforced materi-
als. Airplane,.space, and weapons technolegies, coupled with unprece-~
‘dented econemic expansion and.prQSperity, both benefited from, and forced,
the development and widespread use of new materials and alloys. Mass-
produced aluminum, magnesium, and titanium alloys, ﬁowder:metallurgy,
refractory metals, superalloys, ceated and high-strength steels, are all
answers developed in response to requirements impesed by these technolo-
gies. |

The nermetallic materials, responding to the expanding-economy :

and censumer prosperity, have expleded into the marketplace. Polymers
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and their blends, ABS/IVC thermoplastic. sheets, and other conventional
mill ferms, structural foams, fiber'glasa,.phenOIics, polyesters and
mmerous. other thermosets, elastemers, new ceramics, carbens and graph-
ites, are net enly replacing conventional materials, but alse are find-
ing imaginative uses ne ene-wbuld have expected 20 years agoe.

In any field changing as fast as the field of englneering mater-
ials does, it.is.highly'desirable to take the time to review the status
of various areas before any projections dinte the future are made. -The
following, then, .is a snapshot of this field, assessing ﬁhe-present
status and the future of each area.

Steel. Today steel is available in a-wide range of alloys and a
variety of mill forms. The amount eof- information gathered in alleying
and manufacturing steels in most applications is so deta?led that it is
‘almost possible to custom make alloys for specific preducts. Because
of this, most of the develepments should be expected in the improvement
. of mill methods, heat treatments, and further specialized areas of
coated steels, 'P/M-prod.ucts., etc.

Superalloys. Development of superalloys that withstand high
loads at high temperatures have made space re-entry vehicles, .supersonic
aircraft and rocketry, and gas furbines possible. New developments in
these.nickel-,_anﬂ cobalt-based alleys and titanium are most likely to
be ih the methods of preduction and in the dimproved stress-corrosion
characteristics.

Copper. The use of copper for applications requiring high rates
of heat transfer and electrical conductance together with strength is

being challenged by aluminum and other -light metals readily available
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in.materials markets. The diminishing supply and the resulting higher
prices are foreing the users te look for substitutes. BSe the future

developments are most likely to be din the improvement of these proﬁer-
ties together with new and better reclamation processes. Developments

in newer and cheaper bearing alloys -are alsc probable.

Light Metals. The use of_magnesium-in.space applications has
dAncreased treméﬁdously'im recenfayears, Because of the very high spe-
‘eifie strength it possesses, its use should continue increasing and
trigger further developments in both the manufacturing precesses and
‘improved properties.

Aluminum use should continue to grow and spread further inte new

. areas-such as bearing alleys, electronics, compesites, ete. The mest

important future development will prebably be in the improvement of its
‘stress-correosien resistance without sacrificihg:strength.

Refractory Metals. Columbium, tungsten, and tantalum alloys are

presently being used in aerospace applications and weapens systems.
Future developments should be in the dlrection of imbroved stress-
rupture strength, better oxidation resistance, refined heat treatments,
and productien innevations.

Powder Metallurgy. This relatively new technique is gaining

widespread use in replacing conventional casting and forging pr&cesses

becausge of its advantages of increasing ductility and improving proper-
ties. Its versatility in ebtaining custem=tailored properties through

the manipulation of blending ratios and cempacting density, and the

rossibilities it offers in blending metals with nommetallics, are vir-

tually endless. Future developments, .obviously will be in providing a

f e r——— o = s L - i A R T FECI N - e =

T e e s e e

i

T2y e el

T
At
e




T

10

wider range.of powdered materials (possibly superalloys) as well ag im-

proved blending and forging techniques.

Plagtics, -Rubber, andTCeramics: With the continuing trend of

decreasing prices, thermosets and thermoplastiecs have invaded the markets

that traditionally belonged to paper, wood and other organi¢ meterials,

“and lower priced cast metals. They are everywhere; from products for the

home to automobiles, to industrial products. Develepments in the near
future are mbre-likely to be in neovel applications and custom-tallored
properties rather than: new cempounds. Important developments will proeb-
ably alse unfold in reinfercing and plating techhiques :in an effort te
open new markets as substitutes for higher priced metals.

Elastomers have come a long way from natural rubber. Synthetic
manufacturing methods coupled with chemical post-curing and hardening
techniques are producing elastomers that respond to classical applica-
tions better. Improvements will probably be in the direction of more
economical preduction methods as well as improved extreme temperature
‘characteristics.

Probably the most significant trend taking place in ceramie
materials. is their growing use in many new applications. New uses are
being found in chemical processing, automotive, appliaunce, and electrical
and electronic equipment where maintenance-free, leng lasting usage is
made possible by the outstanding oxidation and corrosien resistance,
dimensional stability, and heat.resistance qualities .of ceramics. De-
velopments in the near future will have to be oriented toward individual
applications.

Other Materials. Most of the other materials such as fibers,
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felts, wood, paper, -carbon and graphites, rare metals, etc. have all
shown improvements in production methods and/or mechanical and physical
properties. But these improvements mostly have been geared to individual
applications in recent years, and there is noe reason to think that it
will be different in the near future.

In this continuous intersdction of socioclogical, ecenomical, and
technological activities, new trends inevitsbly mean new and improved
meterials and methods. It is not very hard to project that the dawning
ecological renaissance will no doubt re-direct.at least .scme of the ef-
ferts toward reclamation proqésses.and reusable rather than disposable
materials. Precarious prices aﬁd supplies in the world market for
metals such. as nickel, chromiuwm, and cobalt are already pushing the
manufacturers toward the development of suﬁstitute-materials and new
designs using other materials. New technologies such as cryogenics,
nuclear power, underwater research, off-gshore mining, and space explora-
tion do and will continue to require materials with extreme properties
that. were hitherto unnecessary. Answers to these challenges will be
provided by new materials as well as new production methods such as re-

‘inforced materials, composites, powders, whiskers, finishes, ahd coat-

‘ings, ete.

Properties

A quantity that defines a speecific characteristic of a material
is a property. The propertlies of a material provide a basis for pre-

dicting its behavior under various <conditions (14). Materisls proper-

ties ‘commonly used in engineering design can generally be classified

into five major groups: mechanical (strength, ete.), physical (density,
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electrical and_therm31 conductancé,.etc.),-chemical (corrosion re-
sistance, etc.), technolegical (machinability, etc.), and composite pro-
perties (specific strength, ete.).

If a property is %o be used as the basis of comparison between
different materials, obviously the method with which if is -evaluated
must be standardized. Until recently this standardization was usually
undertaken by either the users or the manufacturers, and eofien by beth.
A healthy trend in the sixties, however, has been toward the merging of
all standard testing specificatiens inte the large body of specificatiens
created and standardized by the American Seciety for Testing Materials.

The testing methods, and the properties tested, are generally
dependent on the particular material group in question because of the
different physical'configuratians, particular range of properties, and
the different end uses. For example, the bursting strength for poly-
ethylene films and shear Strength for cast steels are generally known
preperties, but bursting -strength for -cast steel and shear strength for
polyethylene £ilm would not only be useless properties but alse meaning-
‘less. Therefore, a preliminary cemparison of the-matefials-has to be
made based on the intrinsie gqualities ef their general clagses. 4 quan-
titative comparisen between different classes is often net feasible and
is usually unnecessary, except in extreme cases. One must be very care-
ful in interpreting and cemparing preperty. test resulis for different -
materi&lsfgwx1withiﬁ'the-same general class. Test metheds will often
change to accommodate widely varying ranges in the value of the property
and the physical limitations imposed by the materials themselves. For

example, tensile strength is evaluated by ASTM D882 for polyester films,

FE:
o
o

B Al E

£

P EINENL X

T
PR P

i

ey, e

S i

et AR i

£
LR

EE SR TR ;

Ct
4
x:% .
b
!
FH

it




= T A T
PR et S & i )

e A

Mg

_z?v_—._r:g X

':-'—.'.res': T

R A T AL

Rt o
Caar e
T

Loid

13

but for woven glass reinforced polyester fabric the method genefally

used is ASTM D638. Corresponding values of the tensile strength are

-17-18 ksi and 25-55 ksi, respectively.

A good understanding of definitions of various properties is
usually the first requirement‘toward.cerrect interpretation of the
values determined by tests. Therefore, it is appropriate to outline
the definitions of the properties used in this study (6,15).

Tensile Strength. Under tensile testing conditions, the ratieo

of the maximum load to the original cress-sectional area. This is
also called the "ultimate strength."
Yield Strer « The stress at which a material exhibits a spe-

eified deviation frem the proportionality eof stress and strain. An

- offset of 0.2 percent is used for many metals.

Shear Strength. The stress required to produce fracture in the
plane of the cross section, conditions of loading being such that the
directions of the force and of resistance are parallel and opposite,
although their paths are offset a specified minimum amount.

Compressive,strength. The maximum compressive stress that a '

material.isncapable of developing, based on the original crossg-sectional
area.

Tensjle, yield, shear, and compressivé strengths are measured in
psi (pounds per square inch) or ksi (lOdO psi).

Eloggatien. In tensile.testing the increase in gage length mea-

sured after fracture of the specimen within the gage length, usually

expressed as the percentage of the original gage length.

Reduction of Area. Expressed as a percentage of the original
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area, the difference between the original cross-sectional area of a
tensile test specimen and the minimum cross-sectional area measured -
after complete separation.

Modulus of Elasticity. A measure of the rigidity of materials.

Ratio of stress, within the preportiensal limit, teo corresponding strain.
Usually, unless otherwise speéified, it refers to the Young's medulus,
obtained in tension or compressien, measured in psi or ksi.

Endursnce Limit. The maxXimum stress below which a material can

presumably endure an infinite number of stress cycles. Also called

‘"fatigue limit" and measured in psi or ksi.

Brinell Hardness. Resistance of metal to plastic deformation by

rindentation-aS'meaSured by the Brinell method.

Machinability. The relative eagse of machining & metal. Usually

expregged on a scale where ATST Blll2 steel is assumeéd 4o have a machin-

ability of 100.
Densgity. Weight of material per unit volume, measured in pounds

per cubic dinch.

Electrical Resistance. The property of material which determines

the amount of current pfoduced by & given difference of electrical pe-

tential. Usually used to mean the specific electrical resistance, which

is the resistance of the unit volume expressed in ohm-cm or microehm-cm.

Melting Point. The temperature at which a pure metal, .compound,

or eutectic changes from solid to liquid; the temperature at which the
liguid and selid phases are at equilibrium. Measured in degrees Fahren-
heit (°F).

Thermal Conductivity. Time rate of transfer of heat by cenduction,
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through unit thickness, across unit ares, for unit difference of tem-
perature. Measured in British thermal units per hour per square foot of
cross-sectional area for a thickness of one foot and a temperature
difference of one degree Fahrenheit (BTU/hr/sq.ft/°F/ft).

Thermal Expansion. The ratio of the change in length of & ma-

terial due to heat input for a change of one degree Fahrenheit in tem-
perature, to the original length measured at 32°F.

Composite Properties. Combination of two or more basic proper-

ties. Those uged in this study dre specific stiffness and specific
strength which are obhtained by dividing the modulus of elasticity and

the yield strength by the density. Also used are stiffness price and

gtrength price ebtained by dividing the same properties by the compara=-

tive price per pound.

Obviously, there are many other properties that play important
roles in the selection of materials in various design situations, but
neither the scope nor the purpose of this pilot study would permit the
inclusion of these. Properties ineluded here, however, should be suffi-
cient to demonstrate how all properties generally affect the decision

process ag employed in engineering design and materials selection.

o et

JPRpTaRY:r

T 2

%

Forlid e ocp T

T o,




16

CHAPTER TTI

ANATYSTS OF DECISION PROCESS AS RELATED TC THE SELECTION

O ENGINEERING MATERTALS

Proper analysis of material selection requires an understanding
of the logical activities invelved in the process of mechanical desgign.
In this chapter, general procedures used in the design of mechanical
systems and elements and material selection will be outlined with special
emphasis on the methods employed for major decisions throughout the pro-

Ce88.

Design Methodolegy

A review of the literature shows that every author that attempted
the task of analyzing the design process -concluded with a different set
of steps representing the process. These differehces, in geﬁeral; can
be attributed to varying past experiences and backgrounds .of the investi-
gators. I+ is obvious that a somewhat different approach would be used
‘in the design of a weapons system as compared to the design of = consumer
product. Table 1 shows & comparison of various descriptions of the de-
sign process collected by Alger and Hays (16). It can be argued, how-
‘ever, that the differences are generally those of semantics, interpreta-
tion, and emphasis rather than basic methodology. Regardlegs of these
variations in emphasis, every successful design effort can be broken
down into four main activities:

l. Recognition of a need for a system to perform a certain
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Various Deseriptions of the Design Process

—

Source A Source B Source C Source D Source E
Anslysis Recognize Investigate Recognize Review re-
direction gquirements
Synthesis Define Establish Specify Brainstorm
' measures
Evaluation Conceive Develop Propose Evaluate and
and decision methods solutions analyze
Optimization | Apply Optimize a Evaluate Analyze and
structure alternatives refine
Revision Evaluate Complete a Decide on a2 | Layout and
solution solution design re=-
view
Implementa- Communicate | Convince Implement Details,
tion ' hardware and
SQURCES

A) M. Asimow, "Morphology or Vertical Structure of Engineering Work, "
Introduction to Design, Prentice-Hall, Inc., Englewood Cliffs,

N. J., 1962,
B) Engineering Services, General Electric Company, 1955.

C¢) E. K. Von Fange, Professional Creativity, Prentice-Hall, Inc.,
Englewood Cliffs, N. J., 1959, pp. 129-130,
D) J. R. M. Alger, C. V. Hays, Creative Synthesis in Design, Prentice-

Hall, Inc., Englewcod Cliffs, N. J.

196k,

E) A. E. Coryell, "The Design Process, ' Machine Design, November 9,
1967, pp. 154-161.
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function. This activity includes the definition eof basic requirements.
2. Formulation of a feasible concept. This usually involves
several cycles through the phases of conceptual design and feasibility
determination until a feasible concept is found and/er optimized.
3. Development of the hasic concept into a working system,
This includes component selection and/or design, .if applicable.

Y4, Production of the developed system. This includes improve-

‘ments based on the feedback from actual applications.

Often the design process cycles through these steps several times

for a single product.

Materials Selection in Degign Process

Material selection and evaluation takes place to some extent in
all of the above activities, with the possible exception of the firgt.
Te reflect that, an analysig of the design-process-is shown in flew
chart form in Figure 1 (17). .First encounter with.é materials question
is generally during the:evaluation of feagibility of the tentative con-
cept. Questions to béqansﬁered are of a general nafure and are mostly
concerned with whether or not any extreme material preperties would be
vequired. It is at this stage that certain classes of materials are
usually eliminated frem consideration due to their limitations. .Often
a tentative decision is made as to the genersl class of materials”ﬁﬁébe
congidered. It is also possible that materials limitations might make
it necessary to reformulate the tentative concept and even force modifi-
cations in the secondary specificétions-for the functien te be performed.

The most extensive materials evaluation takes place during the

development stage., This usually involves the determinatien of critical

Rt
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Figure 1. Materials Selection and Evaluation Activities
During Design Process
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values for various materials’ prepérties, as well as desirable manufac-

turing metheds, =zllowable costs, availability of standard shapes, and

. other such factors peculiar o the design problem at hand. These sc~

tivities are investigated in further detail in the next section.

‘Materials evaluation also takes place during the production but
this is usually of minor importance compared 4o the activity in the de- -
velopment stage. The occurrence of unexpected conditions in tooling,
purchasing, production, or marketing might sometimes cause a major

change in material specification, but this generally also requires a

‘redevelopment effort and therefore is the same as the activities asso-

ciated with the development phase.

Logical Decigsions in Material Selection

Material selection in engineering design can be represented as a
geries of decisions and actions as shown in Figure 2. The process_

usnually starts with a search for previeus experience by the designer on

*
similer applications. Availability of direct (2) or indirect (3) infor-

mation on such applications either from the designer's own experience or

from technical literature provides the starting point, but this alse
diminishes the pesgibility of & fresh loeok at the probable hidden disad-
vantages such as excessive cost,-newly availqble'substitutes,.etc.

Quite often the matter of possible recent -changes is net investigated
(11), and response to the question of alternatives (20) is negative.

In the absence of Information on prévious experience, the next

* P )
‘Underlined numbers in parentheses refer to block sequence num-
bers in Figure 2.
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Material Selection--A Simplified Flow Chart
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action ig an ordering of priorities of various property requirements
(6), and (based on the dominant property so determined) the selection
of the general class of materials to be considered (7). The latter is
bypassed if this determination was made in the feasibility stage.

Following the class determination, a series ofjcomparisons-takes
place to match the design requirements against properties of each in-
dividual material in the selected class. Usually there is no compromise
from the major-requirement-(éz). The minimum acceptable numerical value
of the property'léadihg-the priority ranking has to be satisfied. In
addition to that, if optimization technigues are being used, a combina-
tion of several propertles assoclated through a design equation must be
satisfied. Minor requirements (those that folloﬁ the major property on
the prierity 1ist) can usually be compromised if the situation requires
it (;&). A consilderable amount of flexibility is also exercised in the
requirements for auxiliary features such as standard mill forms, avail-
ability (lead times), manufacturing metheds, ete. (13). If all of these
tests are properly passed or‘coﬁpramised, material is added to the list
of acceptables for further consideration (12,19). Alternates are added
to the list through repetitions of the same process_untii all likely
materials in the selected class are investigated (20).

If there is more than one candidate on the resulting list of
acceptable materials, a final elimination takes place based on either
the material-seléctien factor (19) (if optimum design methods are em-
ployed) or auxiliary requirements.such as cost, fabrication methods,
ete. (21,22).

It should be emphasized that this picture of the material selection

bt
Lt e e L)

Fem L bt

P

. rr Ay - e it A e e § serm o

Fa W opn omo o dle e

A

L AP e

g . R LN L i st T T 7= el ms el PP




o

PSR

A
'
¢

1L, SR

AR

Ik

AP ST S,

23

process is simplified to bring out the highlights, and at a given loca-
tion for a gpecific design project, there might be variations both in
sequence and in importance placed on different steps.

Current material selection process as characterized abeve has
vﬁrious-important drawbacks:

l. Dependence on previous experience hinders the consideration

: of newer, possibly more suitable, materials.

2. Dependénce on. proper maintenance and updating of méaterials
catalogs by vendoré slows down dissemination of data &nd limits the
materials data available for selection.

3. .Compromises are often made. on the basis of personal prefer-
ences that are not explicitly knewn or stated.

k. Cest factor -is often congidered with only a passing interest
and has, to be reevaluated by value engineering during preduction stages.
' 5. MNumerical comparisens of preperties are made in a sequential
manner rather than simultanéously, resulting in uneconomical use of
materials with better properties than necessary.

In the folleowing chapter an automated system to minimize these

disadvantages will he developed and presented.
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CHAPTER IV
DIGITAL COMPUTERS AND DECISION THEORY AS ENGINEERING TOOLS

Digital Computers

In the few years since their devéiopment,.computers have become
impbrtant,teols in meny branChes:of engineering. Their use in éngineer-
ing today is incomparably more sophisticated than their humble begin-
nings as glorified calculators. This growth has been a result of
developments in three important directions:

1. Sophistication of physical devices associated with cemputer
gydtems.

2. Dévelopment of advanced compilers, program packages, and
programming systems, further facilitating engineer-computer -communi-
cations.

3. Increasing emphasié with which engineering scheools educate
students in programming and use of computers.

‘Many routine computational tasks in engineering have been pro-
grammed through the efforts of computer manufacturers, engineering

groups of private companies, or educatienal institutions. Specialized

'programs are now widely used in many disciplines of engineering. Some

specific examples of such programs are:
"SKETCHPAD" (20), a system developed by the Mechanical Engi~
neering Department at the Massachusetts Institute of Tech-

nology {MIT), for kinematic evaluation of lihkages.
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"COMMEND" (21,22), COMputer aided Mechanical ENgineering Design,
developed by the International Business Machines Corporation
(IBM), for design computations on bhasic machine elements
{springs, gears, etc.)
"STRESS" (23), developed by the Civil Engineering Department at
MIT for structural analysis computations
"coco" (2L), COordinate GeQmetry Program for surveying and plane
geometry calculations
"DYANA" (25), D¥nsmic ANAlyzer for analysis of ‘dynamic systems
"ECAP" (37), Electronic Cireuit Analysis Program, developed by
IBM.
These are some representative examples, the list.is too long to
include here.
Development of systems and programs for storage, search, and re-
trieval of engineering information has been much slower. .Of the two

facets of the information retrieval problem in engineering, one (docu-

ment retrieval) has received all the attention while the other (dats

organization and retrieval) has been grossly ignored.
The emphasis on document retrieval hasg been mainly due 19 pres-
sure exerted by groups of engineers and scientists alarmed by the infor-

mation expleosion that.has been taking place in the lgst 30 years. First

such system of programs to be developed and successfully implemented

was in the field of Chemical Research (Chemical Abstracts Search and
Retrieval System) which did not lend itself to uniform quantification of
standardized data. Since then many such programs have been initiated

(26,27,28,29) by private industry but the main thrust has come from the
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efforts of the Engineers Joint Council (30).

Engineering data retrieval, on the other hand, shows very little
development despite the fact that several articles appeared in profes- i

sional journals since the 1962 Report of the Engineers Joint Council, }&

P T

envisioning and encouraging such systems. As early as 1965, it has been

Y aears

¥

predicted that:

T
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«+programs will be available to engineers throughout the design
procesa to provide fast and reliasble access to frequently used
information. The programs not only retrieve information from a
file, but select the items on the basis of their match to some
B specified set of characteristics (22).

ATt o

A 1966 psper presented to the Design Engineering Conference by &é
Norman E. Cottrell, Director of Documientation Service for the American ;?
Soclety for Metals, stated: _ &

vea8 Yelatively small number of journals cover the field of
engineering materials definitively. Therefore the task of

systematically organizing this type of iinformatien presents
fewer complications than many other fields . . . (1).

These projections and claims are yet to be realized. Q;

Other problems, gimilar to the material selecﬁion problem in %E
nature, have been programmed and are in use in other fields (32,33,34).
These are, in general, simple programs matching the required component E
characteristics to those on a disk or tape file on a go, no-go basis. ;
3ince these matches are on a one-to-one bagis (i.e., only one match
exists for every requirement), sophisticated decision or compromising

;. techniques are net necessary. .

iy In the selection of engineering materials, however, often there B

is no exact mastch for the requirements, and a compromise has to he made., 3

In addition, usually many materials“exceéd the specified requirements

]
T
5w

=
Py

f
b o e 3 T i

|l U] RS - . : M i W CIDTULISAT e e eemeg o n s ieioi oo ool o




w

R AR T T

27

and criteria must be developed as bases of decisions. The technigue for

such a selection is developed from the methods of statistical decision-

making and is outlined briefly in the fellewing sectien.

Statistical Dedisions iri Material Selection

Bayesian decision rules and their evaluatien is a teopic of sta-
tistical decision theory. For reference purposes,.a brief explanation
is included in Appendix A on those aspects_of_the theory that are-necesa

sary -in the development of material .selection ériteria.

Development of Selection Criteria

To be able to apply the atatistical decision theory to the problem

. of material selection, it is necessary to develop the desirability and

probability matrices (18,35) in terms of materials’ properties and de-
sign requirements.

Notation. The following notation is developed for a group of m
acceptable materials judged on the basis of n properties. P denotes

the matrix of the numerical values of each property for each material,

.i.e., element pjk'iS'the numerical value of the Jth property for the

kth material., I denotes the importance vector representing the weight-

ing factors assigned to each property by the designer on the basis of
their relative impertance for the particular design problem, i.e., :'|.j

is an element of vector I and represents the relative importance of the
jth property for all acceptable materials. R denotes the request vector,
similar to I with the exception. that element rj represents the numerical

value requested by the designer for the jth property. V denotes the

vector representing elements vj gpecified by the designer to indicate the
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th

direction of eoptimization for the j property. Element v can be ag~

J

signed only twe values,'zero and one, causing the optimization of the
numerical value for-the“jth property upwards or downwards, respectively.
Dk is an index of ‘the computed desirability of the kth material.

Technique of Selection. . Assuming that desirability (Dk) of a ma-

terial k ‘'is inversely proportienal\to the variation. of catalog values

. of its individual properties (pJk where j = 1,...,m) from the requested

values (rj); elements of the property matrix Pk can.be normalized with
the elements of the request vector rj such that the normalized property

matrix En will have the elements:

representing the degree of desirability of each property for each ma-
terial. This normalized property matrix has te be further changed to
accounf for the differences in the direction of optimization. -This-is

v
done by multiplying each element by (-1) J, % gn now has .elements:

(-1) 9|2k
d
and is a fair representation of the.desirabilities asgociated with each
material and each property.
Importance vector I in this-iﬁstance is to represent the weight;
ing factors that make up the probability-matrix in the clagsical deci-
sion theory. To do that, however, it must be modified so it will fulfill

the requirement that the cumulative total probability must be 100 percent.
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n
This can be accomplished simply by dividing each iJ by E;ij' But,
_ iE

before that can be done, the following special condition must be con~

sidered. To avoid possible overreliance on, and misuse of, subjective

ratings (properties for which uniformly reliable numerical data are not

available, i.e., corrosion characteristics) and coemposite properties

(not explicitly available to the designer, e.g., specific strength), con-

stant facters of 0.5 and 0.75 have been applied to corresponding elements

~of the importance vector I. Since (as will be seen in Chapter V):

= lysen,d “represent primary properties,

[N
I

J=6...,9 represent ratings (0.5 facgar),

= 10,11,12 represent composite properties (0.75 factor),

[N
!

the cumulative totel probability is:

P '5: g 1z
EI - jZiijwa-ﬂ_o& ng.iJ + 0.75 jz 1

=11

‘30 the normalized importance vector ;P has the elements:

iJ/EI fOI‘ J = '1,051,5
0.5 -ij/_I for j = 6,...,9
075 ij/ZI for § = 10,11,12

If the technique of statisticel decisien-makipg is followed,
the desirability ranking -Dk of each material would be obtained by
multiplying the columns of normalized property matrix gn with the

corresponding element of the normalized impeortance vector ;F and finding
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the sum of the elements on each row. In the classical sense, each sum
would then represent the expected "loss" for the corresponding row.

For reasons of computational efficiency, however, each element of nor-

melized property matrix En is subtracted from unity, thus reversing the

order of the final ranking of the above mentioned sums. So now these

new values do not represent the."loss,ii but the relative desirability

th

Dk of corresponding material. Hence, the k  material, maximiﬁing the

value of:
S e[ i s § - [ St
J=1 d J=8 _ J

. 12 . i
X ;% + 0.75 jzm {1 - [(-1)v‘j fl-i.—;-ili]} ;:%

should be selected as the most desirable material.
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CHAPTER V

""CASEM" — A SYSTEM FOR

COMPUTER AIDED SELECTION OF ENGINEERING MATERTALS

System Degcription

Definition

CASEM is a pilot system for compilation, maintenance, and

31

updating of engineering materials data, and selection of materials from

this data-base to fulfill specific property requirements.

Characterigtics

The 'system was designed to have the following characteristics:
1. Appropriate éditing-of‘input data

2. An expandable matefials-cafalog.

‘3. Computation of compesite properties

4, Procedures for updating and maintenance of materials data

catalog

- 5. Belection process based on statistical decision-making

techniques

6. Output to provide flexibility for the designer te exercise
his judgment on the final selection

7. Complete listing of the data-base, or listing(s) sorted on
the basis of an individual property as requested

8. Program and data en punched cards.
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Minimum Computing System Reguirements

Computer program associated with the system was.implemented on a
Burroughs B-5500 computing system. On.that basis, the minimum system
requirements are: 80-column card reader, 120-character printer, 24 K
minimum core storage for program (4B-bit words), minimum of two disk-.
drives, and a COBOL-6l (or higher level) compiler with the Disk-Sort
feature.

System Flow Chart

A flow chart showing input, output, and processing activities
aggociated with this system is showm in Figure 3.

Engineering Department Materials Data Coordinator (&)* is the
focal point of maintenance and updating activities. Changes to and
deletions of the materials already in the catalog and up-to-date catalog
-listings-are all accomplished and obtained through him. As new materials
are brought to his attention, he adds these te the catalog using Ma-
‘terials Data Form (C,D) and requests up-to-date listings (B) from the
Data Processing Department using the Listing Request Form (samples of
all forms are included in Appendix E). Designers (B) can also submit
listing requests, but their main use of the sgystem is with the Selection
Requests (F). All of these requests are key punched and verified and
#rranged into the form of an. input deck (Figure 6) for periedical runs.
Included in the input deck is the complete Materials Catalog Deck (L)
as well as the program deck (M). Output (Q,P,Q) is distributéd to |

originating parties.

* _
Underlined letters in parentheses refer to Figure 3.
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Computer Program

A listing of the computer program is included in Appendix D.
The program is written in COBOL language because of the relative ease
with which literal (alphabetical) data can be handled in this language.
A summary flow chart of inputs to, outputs from, and operations
within the program is shown in Figures 4 and 5. Fifst processing ac-
tivity is reading and editing of all input data (g)* where all segquence
and format errors are detected and warnings are printed. If there are
no terminal errors (i.e., only card sequence errors), processing con-
tinues after discarding all data on the cards with sequence errors.
If a listing request was included in the input deck for a complete
catalog ‘listing (5), all properties of all materials in the catalog are
printed in a tabular form. If there are no other requests {no selec-
tions or property listings), the run is then terminated. If there
was a selection request {up to nine selection requests can be handied
in one'run), it is reorganized to indicate properties that are used as
bases for selection, and these properties are earmarked for later sort-
ing (6,8). The same process is used to earmark properties for which a

property listing is requested (é,;g). In either case, the first prop-.

erty that needs to be sorted is determined (9 or 1l1) and sorted (12).

If there was a selection request using this property, then the first
ten materials fulfilling the requirements set forth in each request are
determined from the sorted list and are added to a list of possibly

acceptable materials for that request (14,15). If there was a listing

*
Underlined mumbers in parentheses refer to Figures k and 5.

[

LT S U Y

e

Do e a4 o oe
Rt L e

N

[ty e S P S iy

T




PN (ool

P
Read Cards Input
and Edit
Datea

Warnings and

Error
Messages

Data

7N

Catalog
Listing Re-

Yes

. ]
Listed quest?

7, -
12 Sort Materi-

als 'in Cata-
I-{1log for this
Property

Figure 4. Program Flow Chart
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request (;&,;Z_ar-;&,;ﬁ,;@,;z), it is also fulfilled. After all prop-
erties earmarked for sorting are processed in the same manner, the run
is terminated (20,21) unless at least one selection request was en-
countered in the input data deck. In that case, for the first request,
the Importance Matrix is built (22). Materials data (for each material
that is in the list of possible materials) are-checkédito insure that
they :satisfy the limitabions  for properties otﬁér-thah.the.one on the
basis of which the material was added tohéhe list. If it passes these
tests, then it is included in the degirability matrix. .Composite prop-
erties are computed (if required), and rankings are also placed in the
desirability matrix if necessary (23,24,25). Finally, both matrices
{desirability and importance) are normalized and the decision index is
evaluated for each material (26) as outlined in Chapter IV. On the
basis of their computed desirasbilities, thg best three materials are
printed out and the process is repeated for the next selection request
(27,29,22). After the last request is processed, the execution is
terminated (27,29,28).

Input Deck Setup

Tllustrated in Figure 6, the input deck consists of:

1. MCP (Master Control Program) and COBOL compiler centrol cards.

2. Program deck (in source or object language)

3. Data file control (intreduction) card.

4. Materials data catalog on cards, each material consisting of
two cards, up to 161 materials (total capacity for this program).

5. Seiection request cards, if any. One card is required for each

request. Up to nine requests can be processed in each run.

— e T
T TR L

T R

o TR

—

—————




38

" END CARD
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fh= 6. Listing request card, if there is a listing request. -Only

;Hi one listing request card can be processed in each run.
34 ' 7. End card {orange).

Qutput Reports : ;{

In addition to the error and program messages, three types of re-

ports are generated if requested. These are:

1. Catalog listing  tabulating all materials and all of their X

properties in a sequential order,

o Lt sty ey b E T

2. Property listings showing, in ascending or descending order,

all materials for which data are available for a primary property.

3. Selection results, for up to nine requests, showing the re-
sults of the selection process in a tabular form with material numbers 2l
and relative desirabilities.
Samples of output reports are included in Appendix C.

Warnings and Messages

Error messages of a warning nature are printed during editing of
input data. All error messages are preceded by: 'XXXXOXX WARNING FLAG-
DATA SECTION." The error messages are: _ iy

1. "AAA CARD MISSING THEREFORE CARD NUMBER NNNNN IS EXCLUDED
FROM THE CATALOG.” where AAA is either "1ST" or "2ND" and NNNNN is the
number of the card that is in error.

g 2. "THE FOLLOWING CARD IS UNIDENTIFIED, THEREFORE NOT PROCESSED:,"

g

followed by the image of the unidentified card.

§ 3. "CATALOG DATA SUPPLIED EXCEEDS STORAGE CAPACITY, THUS ONLY

1ST 160 MATERIALS ARE COMPILED, CARD NUMBER NNNNN AND ALL MATERTALS DATA -

FOLLOWING THIS CARD ARE OMITTED."
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4, "THE LISTING REQUEST CARD BELOW IS REJECTED, DO NOT COMPILE

MORE THAN ONE:,  followed by the image of the rejected card.

5. "THE SELECTION REQUEST CARD BELOW IS REJECTED, DO NOT COMPILE

MORE THAN NINE:,” followed by the image of the rejected card.
When an error condition is found'during editing, the card that is in
error is discarded and proéessing is continued.

The program prints three messages to supply information sbout
completion of progrém phases. Each one preceded by "XOXXXX PROGRAM
MESSAGE:, " these messages are:

1. "PROGRAM AND DATA HAVE BEEN COMPILED, CATALOG CONSISTS OF
NNN ITEMS," where NNN isjthe mmber of materisls in catalog.

2. "EXECUTION IS REQUESTED BUT CATALOG NOT SUPPLIED THEREFORE
THIS COMPUTER RUN IS SUSPENDED: SUPPLY CATALOG WITH NEXT RUN."

3. "SUPFLIED CATALOG HAS BEEN READ IN AND FILED,--EXECUTION

- TERMINATED SINCE NEITHER LISTING NOR SELECTION IS REQUESTED. "

User Procedures

Materials Catalog Maintenance

There are three activities associated with this phase of the
gystem: additions, deletions, and changes to the catalog. The step-
by-astep procedures to be used for these activities are given below for
various groups involved.

Engineering Department:

Step El. Using Materials Data Form (Appendix E), indicate the type of
request; add 6r-change.
Step E2. If add, £ill form according teo instructions :in Appendix A.

Go to Step ES.
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Step E3. If change, fill only the properties or fields to be changed.

Columns 76-80 should conhtain the number of the card to be changed.

RN e e e O ey

Go to Step E5.

Step B4, If delete, indicate the numbers of materials to be deleted.on g
Delete List (Appendix E). | %f

Step E5. .Date and asign the document and forward to Data Processing E
Department. -%

H

.Data Processing Department: :g

Step D1. If change or delete, go to Step D5. %
Step D2. Key punch the infonmétion from the document. All fields are %
numeric and right-justified except for Comments, Name, and Condi- i%

tion, which are alphabetical and left-justified. %

Step D3. Key verify the punched cards (two per document).
Step Dh. Place cards, in seguence, in the Materials Data Card File,

Go to Step D1O.

Step D5. If delete, locate the cards in the Sequential Materials Data .

Card File and remove. Go to Step D10, - |
Step D6. Locate card to be changed in Card File. ' [
Step DY7. Duplicaté the wachanged portion of the old card, punching only

the changed fields from the Materials Data Form.

Step DB. Key verify the newly punched fields.

Step D9. Place new cards in the Card File.

Step D1O. Returﬁ deieted and changed cards and documents to Engineering
Department to indicate the cqmpletion.of the requested changes,

additions, and/or deletions.
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Ligting and Selection Requests

Catalog and property listings can be obtained by filling in the
Listing Request Form (Appendix F). For selection requests, use the
Selection Request Form and follow the directions below:

Engineering Department:

Step 81. Determine, in mumerical form if possible, all the important -

properties and qualiﬁiés-necessary. These would include desigh
loads, price, corrosion, machinability, etc.

Step S52. Find the property numbers for each property.or rating from
‘Table 2. '

Step S3._ Decide the relative importance of each property. or rating
within its group on a scale of nine, where zere ig the least
important, and nine the most important.

Step Sh. Decide the direction of optimization for each property (but
not for ratings). If optimizatien is.to be upward (i.e., the
optimum value is the minimum aGCeptable), place 1 in the asgso-
ciated field (called "optimization" on the form), otherwise

leave blank. .

Step 85. Write the desired numerical values of each property in
"Optimum Value" field. All ratings are on a scale of nine where
nine indicates the best and zere the worst. Exceptions are
Compressive 3trength and Reductien in Area, where the ratiné is
replaced by the actual numerical values, i.e., 26.7 percent
reduction.in area and 34 ksi compressive strength would be shown

as ratings of 27 and 34, respectively.
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Table 2.

Materials Properties and Rankings

Property

Property

Number

Unit

o1

02
03
ok
05

o7

09
10

11

14
15

0l
02
03
ol

o1
oz
03
Ol
05

o7

09
10
1n
12

PRIMARY PROPERTIES

Yield strength
Tensile strength
Elongation
Shear strength
Brinell hardness
Modulus of elastieity
Endurance limit
Machinability
Density
Coefficient of thermal
expansion
Thermal conductivity
Comparative price
Melting point
Electrical resistance

COMPOSITE PROPERTIES

Specific stiffness
Stiffness price '
Specific strength
Strength price

RATINGS

Corrosion resistance

Creep characteristics
Impact strength

Wear resistance
Availability
Compressive strength
Reduction in area

ksi; 1000 1b/sq in.

ksi; 1000 1b/sq in.

percent :

kai; 1000 1b/sq in

Brinell hardness number; BHN
100,000 1b/aq in.; 100 ksi
ksi; 1000 1b/sq in.

bagis: 100 for AISI Blll2
0.001 1b/cu in.

0.00001/°F

10 BTU/hr/sq £4/° ¥/t
¢/1b

°F

0.1l microohm=cm

10® inches
10'° in.-1b/$
10° inches
10® in-1b/4

on a scale to 9

dndustrial atmosphere

marine atmosphere
sea water
hydrochloric acid
sulphuric acid

“ammoni a

standard mill forms aznd sizes
ksi; 1000 1b/sq in.

. percent
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Step 56. When the form is completed, add date, sign, and forward to

Data Processing Depsartment.

Data Processing Department:

Step Rl. Punch Selection'Request Card from the Selection Reguest Form.
Verify.

Step R2. Accumulate requests unless either the selection requests
exceed eight in number of there is a-liSting-request. Then go
to Step R3. ,.

Step R3. Set up the input deck with the CASEM program and Materials
Data Card File as shown in Figure 6. Run the program.

Step R4. Forward all printed output to the Engineering Department for
distribution. Forward Request Cards-to originators of Request
Forms. Return program and Materials Data Card File to Card
Cabinet marked "Materials.”

The procedurés given above are intended as-examplés and obviously
would have to be amended to fit the specific¢ organization that is using

the system.

- Example.

A U-cross-section roller guide, used in the landing gear assembly
of a fighter plane is presently being cast from nodular~ifon (type 120-
90-02). Recent vendor problems, however, caused the necessity of con-
sidering an alternate material and a possible switch from the present
nmanufacturing method. Specifications and tests of,the.actqal material

show that it has a Brinell hardness of 250 and a tensile strength of

125 ksi, with a factor of safety of 2.50. If a substitute can-be found,
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it preferably should be no heavier than the present weight, should have

good wear characteristics, and although not extremely important, avail-

ability of a mill form close to the desired U-cross-section would be

very convenient. Because of the amount of work that would be involved

in redesigning the assembly, it is extremely undesirable to change the

dimensional parameters from the present configuration.

Based on the statement of the problem given above, the selection

eriteria are:

l‘

2.

Tensile strength of 125 ksi or more,

Property number is 2 (from Table 2),
TImportance "is judged to be:8 on :a scale :0f nine,
Optimization is upward (value 1).

Hardness of 250 Brinell or harder (after heat treatment, if

be

Property number 5,-

Importance 7 {s¢lightly less than strength, but still impdrtant)

Optimization is upward (value 1}.

Density 0.290 pounds per cubic inch or less,
Property number is 9,

As jmportant as hardness; importance is judged 7,
Optimization downward (blank}.

Wear rating should be good, possibly 9,
Importance judged 9, very important,

Rating number is 9.

Availability is not very important, importance is judged to

54
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5 L6 :E;
iﬁ Only with a high rating of availability might there be a ;ﬁ
_Eﬁ possibility of finding a standard U-sectien, so it is assumed ﬁ
' to be 9, |
§; Rating number is 10, _ §§
" "
3} These requirements are coded onto the Selection Request Form which ;
; is shown in Figure 7. | 'ﬁ
E; When this infermation is processed through the program, the i
z. following selections resulted: ' ;é
Ej First choice is Material #72 (wrought nitride steel, type EZ) ié
ij with tensile strength of 126 ksi, Brinell ha.rdness of 255, and ,
? a density of 0.283 1b/cu in. It is ratéd excellent for wear E
(9) but availability is average; therefore, likelihood of find~ |
% ing a standard U-section 15 not very good. Desirability of this _;
h selection was computed as 9% percent. 41
| . i
% Second and third choices were also nitride steels (catalog ;;
? numbers 66 and 69) and had desirabilities of 89 and 87 percent, §:
F respectively. | i;
éi The outputs applying to this example are gshown in Appendix C ;
i under request number 5. | §
§
3
4
:




Lt M

TR i e T £

L7

CASEM

SELECTION REQUEST FORM

 Card Columns

Optimum Value

Optimization

Importance

Number

\

Card Code

0.

PRIMARY
FROPERTIES

02-09

o = [o
[© kﬂ o
I~ o

z 35

5 0 |10-17
2 0O |18-25
26-33 |

|
|
|
|
|
I
{

I 34-41

RATINGS

N

jo o
ko
|
o

k2-L6
'i | 9 |u-51
' 52-56
57-61

COMPOSITE

PROPERTTES

| 62-67

Al 16873
N D D R B (T

Request

Figure 7. Selection Request Form for the Example
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CHAPTER VI

‘RECOMMENDATIONS AND SUGGESTICHNS

The principal objective of this work was to develop a computer~

based pilot system for cataloging engineering materials data and making

gelections from that data base to fulfill specific property requirements.

As implied by the word "pilot," further work in this field is
not only desirable and justified but also necessary.

The following suggestions should provide a basis for further
development of this system: |

l. Dissemination of timely and uniformly accurate data for new
materials is most important to the designer, with or without this system.
Therefore, it would be very desirable to prepare a detailed proposal
for a "master plan" for standardizing such activities.

2. A method of comparisen should be developed for properties

~ that are compared only thrbugh ratings in this system.

3,' Efforts should be undertaken to expand the Materials Catalog
from the existing pool of 160 materials. The quality of selections will
improve in direct proportion to the size of the catalog.

. Processing time and core memory requirements should be re-
duced by utilizing the following recommendatiens for the CASEM computer
program:

a. Data should be transferred to aﬁd be kept on disk or tape

files rather than cards, thus improving the core usage.
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T

%? b. The program should be broken into three smaller programs ;E
‘f‘ independently executed but using the same file. These Wouid
£ ' v
B (1) Catalog Maintenance Program -
; (2) Catalog Listing Program
E : (3) Selection Program.
E ¢. Possibilities should be investigated for the feasibility §:
gé of use through remote terminals in a .conversational mode. In %;
?j this instance, the program would interﬁogate the designer on .;
'i; a real time basis, to obtain the criteria necessary for {
gelection. ;

’% 5. 'The possibility of establishing converaion tables for use E
é (only to provide a basis for comparison) in comparing-properties tested E

; by different methods for different materiais should be investigated. {

; 6. A method should be devised to make the initial decision as i

;@ to what class of materials is to be considered for selection. ;

: 7. Fabrication methods that can be used with each material %
should be made a part of the data for each material so evaluations can
%i be made on the basis of fTabrication equipment available &t the manu-~ - ?
éi facturing=locatioh; ﬂ
%}' The system presented here can evolve into a major tool for the E
i’! design engineer and greatly reduce the efforts required of him in this :'
field as well as improve his selections. But most importantly, activi- %

ties of this nature provide a thrust toward a better understanding of f

the logical processes-involved. Thus it is hoped that even the simple ”5

activity of preparing the data for this system will help the designer %5

is.
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to grasp the explicit meanings of the assumptions he makes and judg-

ments he exercises to make a material selection.
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~ APPENDIX A
STATISTICAL DECISIONG

The following is a brief review of those aspects of the
Statistical Decision Theory necessary for the development of a material

gelection technique.

Notation

Symbol X represents the vecter Xl,.;.,Xm, denoting the randem
variables on which the decision is to be based. Symbol Y represents
‘the veetor-Yl,...,Yﬁ, denoting the randdmlvariables that will be ob-
‘gserved after the decision is made. Symboi D is an index for possible
decisions. Symbol s denotes a decision rule defined by nen-negative
numbers s{x;D), where s(x;D) is the probability assigned by the deci-
sion rule s to cheoosing the decision D when X = x. If L 4is the

number of values D can take, then by definitieon:

L
EE s{x3D) = 1 for each x.
D=1
Symbol 8 is an index for the possible joint distributions of X and Y.
The loss incurred when X = x, Y = y and decision chosen is D is W(y;D;x)
-~ or W(y3;D), when it does not depend en X explicitly. By definitien,

the expected value of a losza is

L

rffi;S') =z IZ R(83x;D) s(x;D)
1

X
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when the de¢ision rule s 1is used and where R(8;x;D) is the loss
function.
Evaluation
In general, a decision rule is said to be "good" when r(6;s) is
small for all ©. If s, and 83 are two decision rules, s; is said to be

better than sy if:

r(8;s,) = r(0:s3) for all © and,

r(038;) < r{0;55) for at least ene value of 0.

A decision rule +t ig called "inadmissible" if there is & deci-
sion rule which is better than t. Any decision rule that is not in-

admissible is "admissible.”

Bayesian Decision Rules

If b(1),+4...,b{h) are non-negative numbers adding to unity,
then a decision rule s is called "Bayesian relative to b(1l),...,b(h),"”
irf. '
h h
GZ b(6) r(658) 5 ) b(8) r(8;t)
=1 =1 )
for each and every decision rule +t. Therefore any admissible decision
rule is a Bayesian Decision Rule. However, some inadmissible decision
rules are glso Bayesian (36).

‘To construct a Bayesian decision rule relative to b{(l),...,b(h),

8 should be chosen to minimize the expression:

L
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where K(D;x) is the loss function associated with b(1),...,b(h) for all
6 and all Y. Obviously s(D;x) has to be set equal to zero for each
pair of x .and D, ﬁnless K(D;x) = min {K(1;x),ss00.,K(L;x}}. If for
‘some  x, K(D;x) is minimized for more than one value of D, then there

is more than one Bayesian decision rule relative to b(1},....,b(h).

Degirgbilities and Probabilities

Construction of Bayesian Decision Rules when there ig a finite
number of distributions and a finite number of decisions, has been gstudied
in detail by Jeffrey (35). In resulting methods, a set of more descrip-
tive labels evolved to describe matrices representéd by r(6,8) and vec-
tors represented by b(@). r(6,s) is referred fo as the "Desifability"
metrix and b{6) is called the "Probability" vector. The product ma-
trix represented by the element b(8)r(8,s), the sums of which must be
minimized to give a Bayesian decision rule, .is termed the "Consequence,"

"Expected Desirability,"” or the "Decision” matrix.
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APPENDIX B
NOTES ON THE COMPILATION OF MATERIALS .DATA

New materials are added to the Materials Data Card File (catalog)
by the use of the Materials Data Form shown in Figure 8 in Appendix E.
The same form is used for revising the data already in the catalog.

All numerical fields on the form are filled 'in right~justified,
and. alphabetical fields are left-justified. It is of utmost importance
that all nmumerical data that do not cenform to the units as shewn on the
form be converted by the use of conversion tables and conversion facters
commonly available in professional handbooks. .

If the form is being used only to change existing data, the
appropriate box should be checked. -In this case, enly the field that
is to be changed need be filled. For identification purposes, Class,
Subelass, Name, Condition, and Card Number must also be shown.

For the addition. of new data to the catalog, the following points
should be kept in mind: |

1. Data are punched on two cards per material. Card codes 1 and

2 (first column of each card) indicate first and second cards, respec-

tively.

2. Class and Subclass numbers are assigned from Tabies:3,.h, and
5. Their purpose is to facilitate preselection comparisons on the basis

of dominant properties of each group of materials in future work.
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Table 3. Materials Clagsification

Class Materials
1 Ferrous metals
2 Non-ferrous metals
3 Plastics :
b Rubber, ceramics, glass, carbon

Table 4. Subclasses for Ferrous Metals (Class 1)

Subclass ‘Materials

0l Grey cast iron

02 Nodular or ductile cast iron

03 Malleable (cast) irons

Oh White and alloy cast irons

05 Ingot and wrought irons

06 Carbon steels--hardening grade

of Carbon steels-=-carburizing grade

08 Nitriding steels--wrought

09 H-gteels--wrought

10 Alloy steels--wrought

11 High strength steels--wrought

12 Ultra-high strength steels (wrought)
13 Free-cutting steels--wrought

14 High temperature steels-—-wrought

15 Austenitic stainless gteels--wrought
16 Ferritic stainless steels--wrought
17 Martensitic stainless steels-~-wrought
18 Age hardenable stainless steels

19 Iron-bagsed super alloys--wrought, cast
20 Iron-based chromium-nickel super alloys (cast)
21 Carbon steels--cast

22 Alloy steels--cast
- 23 Cast stainless steels

24 Heat resistant alloys--cast

25 Tool steels (wrought)

26 Alloy steels--quenched and tempered
27 Ferrous metal powders

28-99 Unuseqd
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Table 5. Subclasses for Non-ferrous Metals (Class :2)

Subclass " Material
01 Wrought aluminum
o2 Cast aluminum .
03 Cobalt and cobalt-based super alleys
ok Tantalum, tungsten, molybdenum (wrought)
05 Wrought columbium
06 Wrought copper
o7 Copper base cast alloys
08 Lead-~cast or wrought
09 Wrought magnesiuvm alloeys
10 Cast magnesium alloeys
11 Non-ferrous metal powders
12 Rare earth metals
13 Nickel and alloys--wrought
14 Nickel and alloys--cast
15 Low=-expansion nickel alloys (wrought)
16 . Nickel base super alloys
A7 Precious metals--wrought
18 Tin--wrought, cast
19 Tin-lead-antimony alloys--cast

20 . Titanium=-=-wrought
21 Wrought zine alloys
22 Cast zine alloys
23 Hafnium, throium, uranium, vanadium, and
beryllium--wrought '

24 Wrought zirconium and its alloys

25=990 Unused
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3. All numerical values compiled in this study represent average
vﬁlues. They vary depending on the manufacturer. When the system is
installed, if available, wvalues representing materials in use at that
specific location should be compiled.

h. Property values used here are reported to be determined by
standard tests at room temperature and under nermal conditioﬁs; unless
otherwise indicated. Consistency and uniformity throughout the catalog
are at least as important as the individual testing methdds employed to
determine the numerical values. |

5. Where mamifacturing methods cause appreciasble difference in
properties, the same material manufactured in several ways has been
treated as several different materials, method of manufacture being
indicated in the "Condition" field (i.e., hef rolled, cold rolled, etc.)
or ‘implied by the subclass selection (e.g., Class 2, subelass. 13:
"Nickel and alloys--wrought,” versus subclass 14: "Nickel and alloys--
cast");

6. Yield strength values are at 0.2 percent offset.

7. Shear strength values for wrought steels are taken to be 60
percent of the yield strength if explicit numerical values were not
available. |

8. Rockwell "C" and shore hardness values were converted to
Brinell to mske comparisons possible.

9. Values shown for modulus of elasgticity are in tension.

10. Values given for fatigue strength are endurance limits in
ksi for 10° cycles.

11. Machinability indexes are based on AISI Blll2 : 100,

o
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12. Columns 52-75 on both cards are reserved for comments and
will not be processed by the system.

13. Card numbers are 1o be unigue, and assigned sequentially so
they can be used to quickly identify cards to be changed or deleted
during maintenance.

1k. Prices are given only #s cemparative values and do noet re-
fleect pricing strﬁctures end manufacturing costs as they may apply to
specific locations.

15. Materiai name should be as descriptive as possible within
the given 25-~character limit. HNote that, because of report format space

restrictions, middle three éharacters (the-three positishs of the"

' middleline on the form) will not be printed in. listings.

16. "Condition" should describe the material when the reported
properties were measured. Some examples are: cast, wrought, annealed,
pearlitie, cold worked, investment cast, ete.

17. All ratings are based on & maximum of nine with the exception
of compressive strength and reduction in area, which are explained below
in items ‘19 and 20. A rating of nine indicates that the material se
rﬁted.is very suitable for such applications.

18. Corrosion ratings are developed from published information
and should be replaced if possible by judgments based on past expefience
at the specific location where the system is being used. -
19. Compressive strength ratings are actual.values-in ksi and,

if 100 or higher, 99 should be substituted.

. 20. Reduction in area ratings are rounded percentage values as

.pbtained from tests.
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2l. A high creep rating -indicates that rated material shows a
relatively low rate of creep up to 1000°F.

22. Impact ratings should be based on impact strength as deter-
mined by Notched-Izod test.

23. A high wéar rating indicates good wear characteristics.

24, Availability ratings refer to variety and intricacy of com-

mercially available shapes and cross sections such as sheets, bar-steck,

hollow sections, ete.

_-Seurces of Materials Data

Seurces of materials and data used in this study are listed below:

--Metals Reference Issue, Machine Design, September 1965.

-=J. M. Alexander, Manufacturing Froperties of Materials, Van No-
strand Co., New York, 1963.

--R. L. Peters, Materials Data meographs,.Reinheld Publishing

Corp., New York, 1965.

--8AE Handbook, Society of Automotive Engineers, New York, 1965.

--C. A. Keyser, Materials of Engineering, Prentice-Hall, Inc.,’

Englewood Cliffs, New Jersey, 1956.
Items L4, 5, 6, 12, 14, 15, and 19 listed under ''Literature

Cited" are a2lso used but not listed here to aveid duplication.
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i 'APPENDIX C o
¥ sé
EL &
ﬁ SAMPLES OF COMPUTER OUTTUT FROM CASEM - 5%
?5 ‘Samples of computer-ﬁrintouts follow this page in the following j@
e "
.%; . order: i
.g- 1. General Catalog Listing Header Page }
2. Sample page from the Catalog Listing ’

‘3. Property Listing for Tensile Strength

4. DProperty Listing for Brinell Hardness

i M el Sl

5« .Property Listing for Density

bt e

6. An alphabetical listing of materials in the catalog

-

T+ A typical output page showing selection results for gix
selections (requests O through 5).
i All materials and properties used for the example in Chapter V

it are marked with asterisks for ease of reference.
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: FECTI¥FLYS FpR & DTSCUSSTON DF SUBCLASSES REFER Tg TUp TEXT,

P=VALUES LESTED FOR FATIGUE ARE ENOVURAMEE [TWiTS GIYEM W x5F.

I=VALUES FOR MACHINARILIYY ARE SASED OM ATST A7 = 100,

T TR RRTIRGS AKE REUAYIVE VALOTST § w90 8 1MGTERTE TEAST aNg T L e e
“OST PESTRABLE APPLICATIONS, RESPECTIVELY,

S=PRICES ARE GTVEN ONLY AS & COMPARATIVE MpAsURy NF Tup vitug,

S=FOLLONING UNETS ARE NOT SHOWN Tw THE TAGLF FOR THE SiKE OF
STUBLTETTY ¢
MOAULUS OF ELASTICITY cronhod RSt
ELECTRICAL RESTSTAMCE €.t  WICROOMM=CMY
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TELLOWNAIASS RBII GA,58% CAST >
LELETO L] * ANNEALED *
THOR [l « BYNEALED »
caghpr « RIIM TEwR, »
GRAY TRON CLASS 33e CAST »
ALUMINUN=NR aLan 5050+ HARDY] Hlawe
ZIRCALOY~2 « # 80 F, o
IIRCUQIJH--CDQﬂERc]lL « * 500 F,
ALUMINUM=MR LLLDY 5005+ HARDND  Higs
ALUMINUM=RR 2| LY 3003+ HERDYD  Hi5«
w3 ALLOY A5TH AZSIM & CAST -
AU U=l ALLTY 5050+ HAADYD  Hlas
ALUSINpY=aR ALLDY SO57« LYNEALED -
RLUNMTHUY GLLDY ALDM * LA5T .
GRAY TRIN CLASS 25% CAST *
ALUMT yy=ng TYCE EL+ HARDUD Hige
ALUMINUM &4 0Y TYPE3I19%  SAYD CAST «

ALUsiNyd=ag ALLOY 30pa+
ALUNINUS=WR ALLOY Sop5«
GI4Y TRIN CLASS 2)a
ALUWINUN=nR ALLTY 30D1e
ALUMIH =R AL DY 5050
IINC=R0LLED CDH*EH&?I;‘
ALUMTMYS=NR TYPE 1083e
ALUMINUM ALLOY TYPE 434
ZIRCONIJH==REACTOR GR,»
ALUNINUM=NR TYPE 1100

 ALUMIMU®=#A_ ALLOY 500Se

HIBH=STLTCARLLOY TRON

ALUMTHpN=wR ALLDY 303«
ALUMTNUM=NR YYPE 065«
ALUNINUM=NR TYPE 13pDa
AL UMMy =R TYPE Efe
ALUNINUM=NR _TYPE 1060

LEADTIES) =NROUGHT .

ANNEALED -

AARDND  Hi4e
CaST .
HARDND Wigw

ENNEALFD
HOT ROLCED «
HARDNG  wWige

CAST -
P BODF,
HARDND  Hlaw
AMMEALED *
CAST *
AMNEALED *
HAADND  Hl4s
ANREALED «
ANNEALED

.
AWNEALED o
.

ROLLED

4
14
36
1
31
32
T
30
79
79
1
7R
28
2n
28
zr
?7
£
21
22

21
i9

e
18
ta
L)
15

13

12
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LISTING 3% THE WATEATALS IV THRE CATALOG=~<PROPERTY _ISTED I 74€ TABLE BELOW IS
. ARINNEL HARDMNESS
- T IN THETTABLE BELOW i COLUWN 1 LTSTS TAE CATALIG NT
COLUMM 2 L18TS THE CLASS
- COLUMN 3 LISTS THE SUBCLASS
COLUMN & LI5TS THE PROPERTY
FOR DVHER PROPERTIES OF Ady AATERIAL LISTED AELDN
REFER TO THE GENERAL TABLE
& 1 & 2 % 3 s+ HATERLAL YAME * CONDITEON & & % 1 ¢ 2 » 3 & SATERIAL NaME e TONDITIOR + & =
_— i-‘i.i.lliiltiit.tatltt.t.i.ti.lt*ilttlﬁtﬁ‘l'ti"i‘t‘tﬁGOi-.‘i....Q‘tlII'tttlt‘ilt.'O.l.O.Q‘t.‘QtOtlit.til*a‘ﬁt.itt.*tttoll‘
# 6h w2+ T s CARADW STL, AIST C1917+ CARDURIZINGS 740 ¢ 19 4 2 & 28 & ZIRCONMIM==COSMERCIAL « B RODM TEMPH 179
* 63 & | & T « CARBDW S$TL. AIST C1023+ CARBURIZING» 684 s¢ %2 » § » & » CARDON STL, A1ST 1030+ HARD,GRADE + 174 +
o &2 4 | ¢ 7 4 CARBONW STL, MIST CID20+ CARBURIZINGS &84 %4 58 & | & 4§ » CARBOY 5TL, AISI CH1137« HARD,GRADE + {74 ¢
o 51 e 1« T o+ CARBON STL, A1ST C1OL5* CARBURIZINGs S84 o2 9 & 1 & 2 o CAST TRIN  AUSTEN[TICH CAST . 17D e
€ 83 & 1+ P o CARDON 5TL. AIST CL118# CARBURTIZINGs 4§70 ww 1280 & L + 98 » ST,STL.=oR AIST 303 & ANMEALED = 185 «
__# 85 2y » 10 & ALLOY STEEL AYST S160s WMROUGHT o 827 ¢« 5 & 1 % 2 ¢ LAST IRON S0=a3=19s CAST 185 ¢
* BE R U 1D RTALLOY RTEEL TRIST adsye wROUEHT * 505w F &4 o« Ty & GRAY TRON CLASS 2%5¢ LasT i85
¢ B 4 1 » 10 4 #LL0Y STEEL ATST 92%5+ WROUGHY « &DT wx BB A 2 4 A 4 WUNTZ METALFREE=CUTTIVe HARD . 152 «
e B2 & 1 ¢ 10 « ALLDY SVEEL A[ST 61%0» WROUGHT & 301 e 126 ¢+ ) ¢« 15 & STNLSTL.*WR MISE 321 « ANNEALED + 160 »
* BE # 1 & 10 & ALLDY STEEL A[ST 5150« WROWGHT o B0y 4% 1 4§ w 1 s GRAY IROW GCLASS 20+ CAST + 180 »
s B0 + 1 ¢ 10 &« ALLDY STEEL ARSI a350¢ NROUGHT . sra ae A5 # 2 4 28 & TIRCONIUN==TYPE 4 ATR « & 600 F, & 1%0 ¢
[ B T9 e 210 & ALLDY STEEL AYST ATAOC NRADUGWY e STR e 128 & § s 17 o 5‘";2;L;:!!”‘!§!_!!9 * AMMEALED ¢ 135 ¢
¢ TR P E A0« RLLOY SYEEL ALSI Aidhe W HI 7o TRTR as TRRTTL w43 F STHLSTL oWR AJST 316 » AWNEALED e T jaR ¥
& 1T # ¢t &« & & NICKEL=HARDALLOY [ROM » CAST a 555 o0 123 ¢ 1 =« 13 ¢ STEEL = WA ATSTI 33132 » FREE=CUTTIN® Y43 +
; & B3+ 4 & D + ALLDY STEEL ALISE 8450« NROUGHT * B55 ee 36 4 2 % 27 = vANADIUN * AMNEALED o+ 149 +
! * T o« 4 % 10 « ALLOY STEEL ARST SJa0e WRQUGHT o 555 se¢ B2 & 2 4 & ¢ JANSS==FREE CUTTINGs ARD * 4R *
L * TS e 1 4 10 ¢ ALLOY STEEL ATSI 3110« wADUGMT 2 555 4s B} ¢ 2 ¢ B o« BARSS=oFREE chtlast ANHEALED » jaB »
; * 7B s 1 o+ 1% ¢ ALLOY STEEL A1S] S140¢ MRIUGHT € 534 e P6 ¢+ | & 5 ¢ JNLOT JRON * COLD ORAWN » 142 o
: « 19 et ¥ & iTHOLYDBEWUM ALLDY TRON = CAST * 525 4 10 « 1 % 3 ¢ mALLEABLE C,1,GRIES10« FERRETIC o 133«
- s 25+ % B & HIGH-SILICAALLRY IRON + CASY . # 1 & 21 « CARBON ATL,CLASS &0000+« ANNEALED + 1§33 ¢
. * 18« | & 4 & WIGH CHADMEALLDY INDN » CAST . * 2« 9 o YELLOWSRASS ABI G, 58e CAST 130 »
: * 78 o« ) @ 20+ ALLDY FTEEL A1S] 8130« MRDUGHT . ® 2 o 28 & TIRCONIJN==REACTOR GR.e & &DF F, & 129 »
i ¢ th st * 4+ WHITE 18OY s CAST » a2 % 28 o JIRCOMIM==REACTOR GR,e P RODN TENPe 129 +
i @ Ty a1 r B x ll!?%_% STLTYPE 3 We o MRDUGNT  * . * 2 % 9 & ALUM ORINIE SB1] CR Phs SAND CASY o 130 &
v ] v 1+ 3 e wa EamE L,T,R)5018 FERAITIC ~ « 2 4 8 « ARCH OROMZE CWA ® 385+ ANNEALED + {10 »
o 68 « 3 ¢ B & WITRIOE STLTYPELLISHD o WAOUGHT . 2 & g & ALUMINUMeMR ALLGY S0B#« NARDND MI4s LOS
dk * 69 s 1 ¢ B ¢ WITRIDE STLTYPEN1I54Dse WROUGHT . € 2 4 4 & ALIMINUY=WR ALLDY 5083+ MARDND HIL3e 105 »
* P ey & 3« CAST IRDN 120=00e02s CAST . €2 ¢ 1 ¢ ALUSIHUM=MR TYef ECo NAROND WESE 105 +
¥ v 65 « g v Bow NITRIDE 5TL rﬂ'nus- sRQUGEHT * # b 5 o WRQUGHTIRDNLONG,PROP, 5+ NOT ROLLED + 104 «
& 31 4 7 & 27 « HAFNTUM . annzthn . % 2 4 | = ALUMINUSSHR lLLQ[_!!!!c HARDWD _ M3+  §00_+
T TR 1 ¥ W & NITRIDE STLTYPE i N = uiﬂi - ] & § ¥ TNGDT JRDW WOF ROLLED 3 oy #
. * 120 & 2 * 46 + WONEL SO% casr * # 24 g & ALUNTNUMeMA ALLODY aoonu RARDND Wiz 77 ¢
* 23 & 1 Ao« YIwALUMINUNALLDY lnun s CasT * *« 2 & | & ALYUNINUS=MR ALLOY $052« HAROND W3Bs  T7 ¢
* 13) & 1 & 22 « ALLDY STEELLLASS1I20DDOs CAST . # 2% § & ALUMINUY=MR aLLDY S0d5» AMNEALED « 75 »
B ¢ 18 4§ &« 1 = GRAY TRON CLASS 50« CAST . e 2 6 1 e ALONINUA=ER ALLOY SOM3e ANWEALED ¢ 75 »
k * T2 a1« Boa WITAIDE SYLTYRE 2 E2 ¢ WROUGHT ~_ « 23% * 24 (e ALUSINGd-wR TYPE ECe ANMEALED ¢ 7§ o
e Sy e T+ ¥ e WALIERALE c.T.00002+ PFEARCITIE = « P& ¢ & TIN ARONIE RRIT GR,28 » TAST CR 1
* 13 4 1 & 1 » GRAY IMON CLASS 50e CAST * 238 44 97 @ 2 & 2 & ALUMINUN ALLOY TYPEDII9e 5AND CAST « TO 4
& 4 s g * 2 o« CAST 1R0N Sosg0=3* TAST ¢ 235 %¢ 93 4 2 & 3 o« ALYSINUN AL DY ALOB  + CAST *  FD o+
* &7 « & B ¢ NITRIDE STL TYPER13S5as #ROUGHT * 230 s 24+ | ¢ 5 « INGOT JAON * ANNEALED » 4% &
-  5F & 3y o & & CARBDY STy, A1S] C1005+ MARD,GRADE = 229 e¢ 136 & 2 + 4 & ALUSIHUM=NA &LLDOY sosz- HARDWD  Mlne 4D ¢
s S0 e 4 4 3 v MALLEABLE _ .1 329!3:_251551!19 4 226 «% 95 2 3 ¢ 3 & ALUMINUN ALLDY 40=E & CAST ¢ AGED» &b *
T S8 w ) & 6 « TARBON STL, ATST C1080% MARD,GRADE « 223 ow 14D % 27% 7§ o ALUMINUN=HR ALLOY 3056 AWMEALED « &5 »
« 17 « | ® 1 « GRAY IRIN CLASS ADe CAST P20 & (57 & 2 0 | & ALUSTHUMeRR ALLDT 5050« HIRDND HIBe 4] »
- B« § & 2 & CAST IRIN HEAT RESIST# CAST 220 4« 183 & 2 w y % ALUMINUW=AR ALLOY 3008« HERIND HIdw 53 &
* 6 v J & 2 4 CAST TRON 100=75=04e CAST 220 we 158 & 2 ¥ 1 & ALUMINUNeMR ALLDY S158s ANNEALED - LI
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wALLEADLE Coalo50DAn
CARBOM STL, ATS] cpos0s
HIGH=STLICRALLDY [ROM =
5 %LEIBLE €.1,50007
BAN STL, &1ST cttaq.
unrulun
VANADIUY .
STNGSTL,*4R AIS] a20 »
GAAY 1RON CLASS 30
WALLEABLE ol aa0004
CARBOR STL. AJSI Cpisiw
CARBON 5TL, AISI €19%0e
TVCONEL #10 -
MALLEABLE Calod5007w
MIGH=NTCKELALLDY TRON
UHANTYM  (BEPLETENY =
STN,STL, =R ATST 405
MALLEABLE C,7,GRAS010e
CARBON 5TL. AIS1 c:ano.
ITREALDY=2
ZIRCALDY =2
ZIRCONTUM==COMMERC AL +

PEARLITIC
HARD , GRADE
CAST
PEARLITIC
HARD , GRADE
* COLD WORKEDS
COLO WDAKEDS
AMNEALED
CAST
PEARLITIC
HARD 4 GRADE
HARD , GRADE
CAST
PEARLITIC
CASY
ANMEALED
CULD WORKED»
PEARLITIC
HARD.GRADE »
* 800 F, »
* B RAOON TEWPe

LR B )

=% % % BRR

400 F. e

219
212
210
204
201
200
197
195
195

183

1%2
192
(R 1]
190
190
188
185
185
i8)
179
179
179

(1]
L]
(2]
L]
L 5]
(L]
L L]
rx
L4}
L]
(2]
i
(2]
L L]
(1)
i
-
£l
L1
Ll
&
L L]

136
138
156
1%2
117
137
142
ri
122
131
135
L L)
15%
149
180
150
134
148
159
127
15
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ALUMINGd=WR ALLIY 3003
MG ALLOY ASTH A761A-F «
ALUMTNUMSWR ALLDY 505D#
ALUSTHUY=NR ALLDY S00Se

UG ALLOY ASTW AFEIA &
ALUMINUN=NR ALLDY 5052«
ALUMTNU4=WR &LCOY A0DS«
NITRIAE STLTYPEISMIZALS
LINC»ROLLED COMMERCTaLe
ALUMINUMSNR ALLOY 5005+
ALUMINUM=NR ALLOY 3003«
AL UNTHUS ALLOY TYPE #da
ALUMI4ydesR ALLOY S053«
ALUMTNUS=#R  TYPE 04D«
AL UM[wyd=uR  TYPE 1100w
ALUNEINpM=MR ALLDY 5005+
ALUMINUY=NR ALLOY 30034
ALUMTNUM=’R  TYPE J0BD«
ALuMigyw=wr TYPE 1D«
ALUMINYY=4R TYPE LOBD»
LEADC 138O =ARDUGHT ]

A — . P "

AAROND  H1Be
FORGED *
HARDND W33+

HAROND  HLAs
CART .
ANMERLED -
ANNERLED .

MAJUGHY -
HOT ROLLED «
HARDND  HiAs
HARDND  Hjas
casty .
ANNEALED .
HARDYD Hips
HARDND Hi4e
ANNEALED L]
AMNEALED "

HARDMD  Hyaw
ANNEALED -
ANNEALED -
ROLLED *

. *
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LISTING OF THE MATERTALS IN THE CATALOG===PROPERTY LTSTED IN THE VABLE PELOW [S:
. DENSTTY : :

UNETS 1 PDUNDS/CU,EN,

T4 THE TABLE BELOW v CDLUMN 1 LISTS THE CATALOG WO
COLUMN 2 LISTS THE CLASS
COLUMN 3 LISTS THE SUSGCLASS
COLyuN & LISTS THE PROPERTY

FOR  OTHER PROPERTIES OF &Ny MATERIAL LISVEQ @ELOW
REFER TD THE GEMERAL TABLE

® ) % 2 & 3 % MATERIAL VAYE » CONDITION & § w& 1 & 2 &« 3 & GATER[AL YVAME « CONDITION & 4 &
LA LI TRy Y LAl Ly R T R Y LI R R T L e e eI L LT dhkkadkrddg [E 1T ) (IR TI AR R A Rl AT T Y]]
* 101 & 2 & 4§ o TUNGSTEN = WRDUGHT & § ROOM TENP+ TFOO s o1 & 3+ CAST IRDM AUSTENITICS CAST o 2458 ¢
%33 &7 & 2T e URANTYM (OEPLETEDY » ANMEALED & 49D oa 51 » 1 « 3 » WALLEABLE ColoeBDOO2e PEARLITIC ¢ 267 *
# 11 & 1 & 3 & MALLESBLE LC.Y,GR3I5018s FERRITIC & §1D »+ 50 & 1 & 3 o WA LEARLE Co1A0003e PEARLITIC + 287 +
(®J0D & 2 & 6 & TANTALUM = WRDUGHT ®ODM TEWP *h A% & 1 & 3« wALLER . CaTeS3000s PEARLITIC « 267 ¢
* 3F O F 627 « NAFNIUN T «eoLo dbeKE s 48 &y ¢ 3 & WALLEABLE EeT.%0007+ PEARLITIL « 267
* 31 & 2 e 27 & WAFNIUM * ANNEALED o wa A7 & g+ 3 & WALLEABLE ColedBO0Ae PEARLITIE + 247 »
40 & 2 & g % A¥g ALLDY =WAOUGHT o ROOM TEMFe 430 v+ 4d 4§ + 3 ¢ WALLEADLE Colaa300Te PEARLITIC # 247 ¢
35 &« 2 e 27 « THORIUM « COLO WORKED» o 1 ¢ & v HIGH=MICRELALLOY JRON & CAST * 28T *

* 34 & 2 & 27 & TAORTUM & ANNEALED . 1 % 3 4 MALLEABLE C.1,GR8%5010e PEARLITIC o 267 »
A 115 2 e L0« LEAD(IESE) =NROYGHT *_ROLLED _ s 2 1% 3 ox MALLEABLE C.J.GRA2%510+ FERRITIC = 281 & _ .
* 103 & 2 &« & o TEN ALLOY =NROUGHT « & RDOM TE4Pe 1% | &« GRAY IRON CLASS 40w CAST * 280 ¢
€ 102 + 2 & 4 o NOLYBROEMUM WROUGHT 4 @ ROOM TEMR® « 1 & ¥ « GAAY TADW CLASS 50w CasT * 280 ¢
* 110 ¢ 2 & § & COMROMICHEL=8R CDASTOSs AMNEALED ] 1 ¢ 1 » GRAY IRDM CLASS a0e CAST * 260
® 28 & 2« 3 s COBALT - + ROOW TEWP, » 1 0 | &« GRAY IRDN CLESS 30« LAST * 260 ¢
# 0T & 2 & 8 & BROWZE = WKk COA 2220 « ANNEALED * 2 % 25 « FINC=ROLLED COMMERCIALY MOT ROLLED » 28§ ¢

* 112 + 2 ¢ & » TIN BRDNZE BOI] GR,24 % CAST L. .1 2 « CAST [RON_ = 120=90-02s CASY _ & 25F &
# 131 & 2 ¢ @ « COPPERALLOY=NR COASTSTa ANNEALED - * 1 2 « LAST InDu 100=TS=04a CAST = 25T »
} * {05 * 2 & 7 4 COLONNIUM =WROUSHT * P RDOW VEMP« * 1 & 2 « CAST [ROW slugS=gDe CAST o uT a
* 98 & 2 & 4 » (OBALY SUPERALLOY SHiGs WROUGHT L] * & 2 & CAST IRDN 80=§nade CAST & 257 »
& 30 & 2 4 3. COBALY AL~LOY ¢ NIVEOe RDOW TEWF, « * 1 &« & & HIGHeSILICAALLOY IRDN « CAST “ 283
* 92 ~ 3 & B » BRASSevFREE CUTTINGs HARD * * 1 # & & HIGH=STLICAALLOY IRONM & CAST 250 &
91 % 24 B & BAASS=oFREF CUTTINGs ANNEALED +# A 1« 2o CAST ERDN HEAY RESISTe CAST il
TR R K F W ANTHPRONZE  Leh # 385 ANNEALER # *TLTE 1 e GRAY THON CLASS 25+ casT » 250 =
106 % 2+ T x B=gf ALLOY YROUGHT & § RODON TCHPs 1 e { * GRAY IROM CLASS 20a CAST + 290 ¢
* 809 ¢ 2 0 O+ BRASS=FORGE (DA £ 37Pe  ANMEALED & 2 & 20 &« ZIRCONTUN==TYPE 1 ¥R &« W SO0 F, & 240 »
109 & 2 « @& & MAYVAL BAASSw=MA CDASAETe ANMEALED - 2 &« 20 » JERCALOY=2 « # 400 F, » 237 &

B8 & 2 & § & MUNTZ RETALFREC~CUTTING HARD . * 2 & 28 & ZIRCALOY=2 . « ® qDOW TEWPs 237 «
% 8T & 2 4 0 ¢ HUNTZ METALFREE=CUTTINe ANMEALED o A2 28 & FERCONIUN=COMMERCEAL »_ ® 60O Fu &« 23F o
@ J0R e F T @ 2 THUNTZ METAL=WN CDAS2004 ANNEALED '« * 24 28 ¢ FIRCOMIUM==COUNERLTAL o P RODN TENPs 237 ¢
« 520 % 2 » 14 » NONEL 505 «  CAST - & F & 28 &« FIRCONTUN==REACTOR GR.a B 6DO F, + 235 =
& 119 * 2 & 16 « TUCONEL 610 & CAST * 24 28 ¢ ZIRCOMIdM==REACTOR GRen P ROON TENPe 3238 »

* 99 ¢ 2 4 5 & (OPALY SUPCRALLDY HSZiIw INVEST,CASTe # 2 & X7 &« JANADRIYN « CALh WORKEOS 330 ¢
* 318 & 2 # 1% ¢« DURANECREL=WR TYRE 101a ANNEALED = ¥ o 2T « FANADIYW o ANNEALED . 230 »
4 P42+ 3 CORALT AL-LOY UMCH=S0s ADON TEWP, « * A8 MI=RLUNINUNALLOY TROM o CAST & 24 ¢
* 126 & 3 & 1% » STN,STL,=WR AIST 321 o AWNEALED 2 ¢ 24 % TITANTUM ALLOY 7AL=awde WR, PRODN T,» 152 «
125 % 1 & 1% & STNLSTL.oWR ATS1 316 « AWNEALESD * e % oo YELLOWPRASS ABI1 GR.4Bw CAST * 12 -
128 & 1 3 19+ STHLSTL ¥R ATST 301 « ANNEALED » #2024 ALUNINYY ALLUY A1OB  « CAST LA 1 2
13 % 4w 23w ALLOY STEELCLASSI20000s CAST - # 2 & 2 AL\MIMUN ALLDY ad~E « CAST + AGED» 100 ¢

- 130 % 1 o« 31 o+ CARBOM STL,CLASS 40000 ANVEALED « * F & | & ALUMINYM=WR ALLOY 3003« HAROND HiAs 99 +
2123 2 1 & 23 ¢ STEEL = NR AIS) 81112 » FREE=CUTTINe €24 1 & ALUMINUNSYR ALLOY 3053+ HAROND  Hias 99 &
# T3 &1 ¢ B & NITALOE STLTYYPEISNT24ALe WAOUGHT * * 2 & | s ALUMINUMeNR SLLDY 3003+ ANNEALED * " - o
% * T2 &+ 1 &« B % NITRIDE STLYYPE ¢ EZ ¢ NRQUGHT & * 2 & 1 x ALUMIMUM=NR TYPE {100« HAROND Hi4e 98 * =]
# TFh o« 4 &« & o NITRIDE STLYYPE ¢ N» & WRQOUGHY * * P& L ¢ ALUMINUMSAR  TYPE tipbe ANNEALED . 98 »
. ¢ TO 3 & 8 + NITATDE STLTYPE ¢ W * HROUGHT . 2% 1 & ALUMINUN=WR TYPE 1060+ HAROND HiBw 98«




# v 49 . 1 & 8 « NITRIDE STLTYPF11}SuDe+ WRDUGHT * 283 4 1808 4 7+ 4 ALyYRINUNeNR TYPE 1080+ HAROND Myaw on *
¢ 58 e L 4 8 4 NITRIDE STLTYRFIyacuD NAJUGHT * 283 av 14T & 2 &y & ALUMINpU=NR TyPE 1060« ANNEALEZ  + L1
* 67 ¢ | & 8 0 NITRIDE STL  FYPER]ISes WROUGHT * 283 20 140 e 22 | e ALUMINUNSNR ALLDY 300&s HARDND LELTUT I
%85 ¢ 1 » B e NITRIDE STL TYPEI135¢ WROUGHT ®O283 Aw 143 4 2 4 1 o« ALUNENUS=HR ALLOY 30DAe- HARDAD  M3as  oa
B - 32 B S Y 1. 1 STL. &IsT C1a16a CARBURTITOS WY wd N2 TN QTR NUMNR ALLDY 3004« AUNEALER '« gg '«
e 64 4 1 & T w CARBON STL. ATET CL117+ CARBURIZINGS 283 a4 133 ¢ 2 « 1 a a_yMINUM=NR TYPE EC+ WARDND wi1f» gp »
* B3 # 1 & T & CARBON STL. ATSI Cq022e CARBUATZINGe 283 a¢ 132 « 2 % | & ALUNINUN=NR TYPE ECe ANNEALED o g8 &
P82 0 1 ¢ T a CARAON SfL, ATS] C1020s CARBURTZINGe 283 e 457 & 2 4 | » ALUMINUMSNR RLLOY 50504 HARDND H3gs aF »
51 # 4 ¢ P+ CARSOW STL, ALSI C1015+ CARBURIZ[HGS 203 ae 156 « 2 + | & ALuttuuu-un ALLOY 5050« WARDND wdas 37 &
L& 5T e 1 ¢ 6« CARBOW STL, AIS[ C10956 WARDLGRADE & _ 283 we 155 » 2 6 g R OALLOY 5050« ANNEALED » 97 +
* 86 ¢ | & F w CARBON STL, AIST Lin8ne WARD,GAADE o~ 20) 4¢ 952 & 2 % 3 ROALLOY Sp0S+ HARDND Hise g7 »
* 5% s 1« 6 & CARAON STL. AIST C1040s HARD,GRADE + 203 w151 * 2 ¢ 1 & AL UMIMUNeNR ALLDY S005» WMARDND  Hine 7 »
314 6 s CARBDY STL, ATSI C1050+ HARD.GRAQE « 253 #¢ 150 & 2 4§ & ALUMINUN=®R ALLDY 5005+ ANWEALED e 97 »
* 53 & L e 6« CARMOM STL, AILE ty0A0e HARD.GRADE & 283 ## 139 & 2 & 1 o 4] gHINyY=uR ALLOY 5052% HARDND KIBe 37 «
* 52 4 3 & 6+ CARBOW STL, ATST (10304 HARDLGRADE « 283 ws 138 ¢ 2 ¢ & ALUINU%=dR ALLDY $0526 HARDND  H3as 27 »
L B0 41 v &« CARBON STL, AfST C11403s HARDLGRADE ¢ 282 4 137 ¢ 2 ¢ | o ALUNINUM=wh ALLOY 5052+« ANMEALED  + g7 +
259 s 1 4 g e CARADW STL, AfSI C11N1» HARDLGRADE & 282 &% 97 » 2 + 2 & dLusINyY ALLOY TYPENI9a SAND CAST o 97 »
* S8 e 4 4 84 CARBOM STL, ATS] CL137+ HARD.GRADE o 252 s+ 96 4 2 4 3 o« ALUMINUM BLLDY AIBD & DIE CAST « 97 o
S LIS & 2 ¢ 9 4 ALYY,BRINZE BRTL GR,94e  SAMD CAST & 281 sa 98 4 3 4 2 e ALYUMINUN ALLOT TYPE y)e CaST T
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APPENDIX D
COMFUTER PROGRAM LISTING

A listing of the computer program developed for this system is
included in the following pages. Below is a brief breskdown of the
program, identified by the statement numbers.

Statements 1-1 through 8-30 are identification, enviromment, and
data divisions. Highlighting these divisions; statements-l—lT*ﬁthrough
1-28 are the input card file, 1-29 through 1-337 are the output report
file, 1-34 through 1-L0 are the sort file. Working storage starts at

statement 1-41 and its highlights are Materials Data File (2-1 through

- 2-17), Listing Request Card (2-18 through 2-21), Selection Request Card

(2~22 through 2-39), Error Messages (5-1 through 5-65), and output for-
mats (6-1 through 8-30).

The.procedure division starts at statement 10-1 and continues
with Card Read and Edit Section (through 10-405}, Table Headers (10-41
through 10-72), sort section (11-1 to 11-25), Property Listings (11-26
through 12-22), Matrix Manupilation and Decision Calculations (12#50
through 1L-13), Selection (14-16) and Composite Property Calculations
(through 14-58), Sort Processing sections (15-1 to 15-66), Catalog
(16-1 to 17-&9) and Selection (18-1 to 19-99) Listing Sections, and
concludes with a caleulation of the processing time requirements (20-1

to 20-3).

Interrelationships of various sections are shown in-Figures-h and 5.

*
Numbers referred are statement numbers.
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THENTIFTRATIAN DIVESION, 159 LIS R o I UL
BANSRAM=TT, EAWPUTER ATOED SELECTIAN oF ENGTHFFRING WATERIALS 1 50 81 4 PR 999
LITHOR, uEFTw NEPTH DIVITEL. 161 a1 g0 ee Gow,
RATE WRTTTEN, APAIL 1987 . 1 &2 01 S PE 999,
NATECOMPILIR, Bei9whA, 4329 AW, 163 61 K Fe 999,
ENVIRDNUE YT R1vTx1dN, 1 &4 LI L3 1. I'M
CANFIBURATION SEFTINN. 1 8% A1 KHM BT BeS,
SIUIALE=FANPTER, A=5800, 1 5% a1 L RE 99,
TVJECT=EnuPTER, Aey%0n, 1 47 By 49 w9,
THPUTSNUTIUT SEEYIAN, 1 48 at LL Pe 99,
FYLFeturan,, 1 &% A1 LYL e 9,
SELEELT CanpF A%5TGN TD REARER 1 70 ay W PFC 0o,
SELFLT PRINTROT ARSIGN TO PRINTER DISK 171 nL % PEoBog;
SELFET SMHTFTLEL ASSTGN TD SPRT B1sK, 112 01 SU8 ec ve9e,
navhk Bivisiny, FPEERARED FOH a«5%00, 11 a0 KeTH ag 9.
FILE SECTTON, 174 aL ¥ fro9,
D CaRDr 175 a1 P PL 99,
LARE REEMRD 15 STANDARD 1 151 N1 ACTYaL=TIRE.
VALME OF ID ¥8% WCASEMI™ 1 752 B2 ArT1 A7 24,
oara mECARD 15 CARDFORMAT, t I3 32 AtY PE 99899 ,09990,
Bi CARBFOIRMET, 1 T84 02 FILLER S &% VA SPACES,
D2 DeTINN PL 9, I 2.1 al _MYLOYEEMS. . . . L
82 ArsT. 2 2 82 NTLOTY DCruURS 160 TEMES.
DY RPSTCHAD, 2 32 &) KELASY PR 9,
88 ArSTY ST 20, 2 83 SUNCLASS P WY,
by RPST2 52 20, 2 9 &3 PRAOPERTY DCEUNS 13) P 090,
03 DuP1 &7 28, 2 8 03 SRUPERTY DRCURS 2) PC Dege,
Y LRDNY PE 9(%), .1 O1. WILDYGEY®.. ... . e -
A PRINTINT I ] 82 SYLBTH BCrURS 160 TEMES.
LABEL REETADT ARE STANDARD 2 9 03 NaME 7 2%,
YALUF OF IO vS mCaSEWMIT™ 20 4% caup¥w 37 11,
NATAE IECHANS ARE PRINTRALANK, 211 oY CORROLTON 9C &3 PE 9.
AL PRINTILANK 57 12D, 212 23 sRapERTY OC 27 PL 99,
52 Py LFR ST 24, 21} 03 FREPEATY 0L 8} PL 9.
n? PRRK &7 T, 211 N1 WwTEDTGEMY.
6% FILLER ST 2, ? 19 a2 wT 0Ty BCrURS 140 TIMES.
%3 SORTPILEY ) DATA RECORD 1S SIRTREC, LR Y] fny CAMPRARY  OC &) PL Iveee,
51 SORTRIC, 217 8% CROND PC 9{%),
h2 SRTCLS *C 9, 2 14 ol auPCen,
2 SRTSEL PC 99, T1? 02 OMFREYL OrLUAS 1Y) PL 9,
52 MaATHNY  Pr 999, 22 A2 SeLaSs PC 99,
32 PYALUE PP 9009, 2N A2 GT4ABLE PC 9,
0% SaTHw PC ov(2%), 2 22 M NESVRALS,
WHIKTYE=LTORAGE <ECTION, F3E £ N2 DESVAR DCeURY 9,
n & Be 90N, 2 24 nY FIELD DCCURS 5.
DY Ak Pe POP, L2.2% . A BapPRYY PC ¥R, e
A1 LAL PE OR9, 1] na TuFRTH PC W,
I BT T h-3-14 AN MagHIN PC 9,
LI LN LT ? B ad Ardval PL 9(w),
H1 WHB #E 99, 229 a0y FRELD DLEIRS & TUMES.
hM mLMES 57 11 YA SPACES 2 30 Ak Payn NC 99,
M ALNYRY SF 22 Ve SPACES 2 M an IwPs PL 3,
#1L cnaT % 9, ? 32 Ny RYNG  PC 99,
D1 11 PL WY, 2 13 ¢y FAELD OF 3,
ni efin 3¢ w, 2 34 ok 2yl PC 9.
Nl PTRL 3¢ 009, 2 1% LI E LIS S M

€L




e ey Ly T

e ATz T

MNNYYANMARNNYNAN RN Y SNV NN SR WAYNNRNY SNNNMNMNY YN NY N YR RN NN YN N Y

n

L]

at

"

11

13|

ny

TR - TN
A4 g 3T 983,
AN BEIOELTHT ¢ a,
waTRICE S,
A% WATREIX NC2934 50,
1y TN B Gy,
Ay yALY A {2 P 370399,
EREILTILE BT DR AL L
SALUTEDN,
32 4001 ¢ 9,
By SW2 1% 5,
ma Sl o 103 Proded,
ANSHF RS,
A3 Av3dFRY Or Y,
Y AWSHERZ DL 3,
A4 owr ee 894G,
ny Reg A0 3959y33%,
Ay SR E @RIV
Al sual ol 493y0e9,
A3 4y I FIFVERT,
nRG=9ry,
a2 Aui=RFAt AL 15.
"y PUR Pr 9,
0y RNR OC 9§ PT 9.
TABLFIHT,
N2 STRL PL NN T4 TeF,
a RaM=TFTLE PC X{27),
N2 5122 pC Ky ¥ men,
Ny ropuMd O A,
a1 tn bevsFLELD PC XC11),
Ry Y20 nf x,.
AlW=t TNEE,
n NN PC {223 ¥a ™ e
4> KLLMD,
A% RWL K2 PCO¥(Y),
0% AMNID PC (L19) ] YA Tesemmmsissvanecanank,
2 e Ny,
13 AwWLM3It P oW{T),
N1 RMLYI™ PL X165} YA Tmeccsscsmmecuqan,
A2 RILNE 2 VE11)F VA Prmdssssmeaan,
WARK=AAFAY §7 23,
02 Wall PL RP)Y,
a2 ¥p12,
Nl wald BT x(4}.
01 Wala 0 wIq%),
WORK=ARE~D,
LESE TY-3
23 FILLE® %7 4 vA SPaiF5
Nl AP AL 999 3 7S ALAYY W&HFN ZERT,
N1 FYILLEY 57 A V4 SPACES o
N Wer2,
D3 WLA2Y PC ON{11).
ny HAIT B¢ N(Y).
ny #2331 M¢ 211,
07 4123,
ny FrLFe 37 % 4a SPAEES .
Ay WE33Y PR 9§ 75 MLAYS WHFN ZFRA,
N1 FTLLE® &7 5 ¥4 SPALES
N dady,
Y FrLLFe SF 3 WA SPACES
a1 WAPAY PO Q99D § 7S RLANW wWaEw ZETA,
n4 FYLLFe %7 % VA SPACES

% A2 Wi, X

1 Ay we2S1 BT {11,

? ny WA?S2 PO XI11).

21 02 Walé,

22 mY FILLE® 57 P W& WREQUERT e,
*3 £1 WAPEL P9,

a LLRETT T

a5 AY FILLE® S7 % WA SPaffS.

2% ny A83TY PC O OURR | 5,

a7 0y FILLEY %7 S WA " ¢ 7,

EL] Az Asn,

29 ny MaAPH1 PC 999 J F5 BLAHK WuFN
in nY FILLE= %7 2 va ® (",

n -} #a2d2 Prow,

iz A% FILLE® %7 1 ¥& ","7,

3 ny da?B3 PL o,

1 A% FILLFR 57 1 YA ™im,

% Nl HANGARRAY,

a N2 UG ot IR0 PO ROIAYL

. 91 UNITARREY,

s A2 Yuil AL 14 B X1,

r At SRToRIPY,

[ A% SRTPANS{] OGS 140 TIWES.
e 2% skTfLsy P 2,

° 3 Seistiy »e 9o,

1

1 a3 Su] pr 99,

17 2y BRAP of gd4q,

11 0% SRTNMY  BC XL29),
a1 01 RUMP YR NG,

52 A2 nue{pL N L 2,

53 ul FYLLE® $7 1,

e 1y STaRL o N,

5% ny LYNA R{ 909,

56 &) STARZ PC X,

5T 3 ol Pr oy,

kL] 43 STARY P X,

59 o% SeLy or 9%,

4 a3 SYLRN PC X,

Al N NANFOIT  BC X(2%),
a2 nY SEARS PC X

43 0y enNpfiet AC XC111.
54 A3 STARS PO X,

% Ay PRAPDNY  PL 9(A),
LT 3 START BL X,

AT N3 FILLER S22 4.

6% n1 DUHPSALNK.

59 N2 NuB2RLNE ~C 3,

L a3 FILLED 57 3,

(4] 61 STARTY I X,

Tz A1 HAMETITZ PO X251,
ra N3 STARA Br o,

Ta ny SrL2 aft o9,

7S n3 STARD P ¥,

Té ny £ 2 Pr q,

rr : ny SYRTH P2 oX,

Ta hY LTHN2 PC 999,

re N3 STARLN ProX,

an 03 FILLE® 37 1,

n Bl DB R N, .

a3 32 NuedR MK A 7,

a3 Ay CrLLF2 57 1,

Aa 13 STARI® 2 X,

nl




I 2

14

1 AS A1 EYNAY B u39, s 3 A2 FRY 3¢ 1y,

1 46 ny SYRR1 PRoX, % A TEOFQLLE® 47 3 WA % EAAR MTSSTNG, TWEREENRF CARD MUusER =,
1 BT ny £ A= 9, £ 5 A% Feyz2 af sy, '

3 AR 03 5TARN . B i, 5 & B2 FTILLREY 7 17 Va = 05 ECLUNFD FRNM THE CaTaLDG. "

3 A9 "y RFLY h A, 5 7 Al FRRS 7 430 Uy »NXANYC WAANING FlafisBbaTa SECTION ¢ THE F3L
3 90 Ny STARTSE ¢ K, 5 A = PLARYYG CARD 1S UNTOEUTIFIED. THERFFNRE NOT PAOCESSED =

¥ G VAMEDT Y BC X(PaY, 5 9 - - L

1 92 03 STaRtl«e PC X, S5 n MOFRAs

kIR | LI ALLL LR SR L B s 1 N2 Fu LFR &7 1A W4 SPACES,

3 a8 0) STAR1Y pg X, 5 12 A2 FR361 PL_4LARY,

1 9% Ay SPAPLATT PE QLAY 51 N2 CHLFR K7 2 o8 SPACFS,

3 a4 nY STARLE B¢ X, 514 NYOFRAT RF A0 4 wOUONYY WARNING FLafenaTa SECTION 1 CaTaLng
38T MY FTNGTATY o de, 515 - "HATY S 1P TEn FYCEEDS STORAGE CARAc)TY, THUS A%LY 15T 140 WAT
I g A1 STaR1N pr X, 5 14 - HEREALS ARE rlitm=,

L1 M FILLER 57 1, 5 1Y M FRRA,

4 2 A1 TITLeA, 4 18 42 FLLLER %7 55 vo = *ILE
4 27 n2 TITLEIAL af 2, 519 . BALCARN MIMRFR ®,

L2 ] "3 Tr 4, 5 20 N3 FRIPS BL nEgy,

A 29 nA KT L M. s 21 N2 FILLER S7 A7 ¥4 ™ AND AL MATFRTELS NATA FOLLOWCNG THIS Ca
4 30 ns FrLFr 57 1, 45 22 - R g OuTTYEN, .

' 31 A CAaTNO PE D99 § OIS ALANK W4EN PPWR, 5 23 AL ERRD g7 430 va AXEXEYN WATVING FLaS=DATA SECTION THE 1%
LI 1 ng FrolEd 52 1, % 24 - “Tinh REAUESRY CARN BELNW TS REJFETEM £ A NOT COMPILE MORE TH
4 31 re S22 ppox, 5 25 - mAW TiyE: .

L1 ] ng FrLLER 42 1. 5 26 nEOFRRO SF 120 vy waXARAX MARMING Fpase=DaTs SERTION 2 THE SEL
4 3% fECIRD A0 @ Fs B AWK wHtH ZERA, 5 ar - “ECTEIM PFRUEST caRD REiNS IS REJECTED, AH MDY COMPILE voO%E t
a 36 nd FrLFe 57 1, £ . *HAY wINFI "

a 37 ne 53 pp X, 5 51 A1 nAy, :
LIRT na FTLLER 57 1. 5 52 02 FILLER %7 52 va * PROGRAY 84D OATA HAS REEN CQUPILED:
Ve M SELE PROBD T 7S AL NN guEN ZERN, 5 53 - “CATALO6 CNNSISTS OF -

& an AN FYLLER ST 1, 5 5 a2 J» Pr 399,

2 st he ST PC X, 5 55 N2 FYLLER ST & ¥a ™  TTRus ]
ka2 ns FILLER §7 1, 5 54 NP FILLER ST 16 WA SPACFS.

a3 fy My xug PO oXCERY, 5 57 B MAZ SF 170 va EXECYTION REQUESTED myT CATALDG 4NT syep
. ad na 5% PC X, 5 58 - “LIEG THFREFARE THES COMPUTER RUN 1S SUSPENDEODE SUPPLY CATALD
8 as n% FILLFR &7 1, 5 5% - "G WTIM NFXT Apune,

a4l M LTy PE YL11Y, % U T MRY %7 420 va - SUSPLIED CATALNG WAS REEN READ [v ann F1
aar ne STé Br A, % A1 - CLEN==EYFCUTION TFRMINATED STNCE MFITHER ( ISTIMG NON SELECTIR
& 4R o FYFa 87 1. 5 82 - N T% RERUESTED =,

4 Ay fa Palye A0 g{43; TS ALANY JHEN FERD, 5 &3 nt nby,

.50 4 FrLLER 87 1. 5 Aa A2 FILLER S7 28 VA “nIdnxXXX PRNGREW MPSSAGEL™.

[ Y1 Ay 537 PE W, 5 &5 n» CYLLER ST %% YA SPACES,

& 82 nL FITLENT. & 1 N TITLFY &Y 128 Wy m LISTING O3F THE WATERIAL
& %) N2 TITLRY71 nn 3, 4 P e "R T THE CATALAGaw=PROPERTY LISIFD IN THE TARLE BELOW 151
L ny TTLT, A1 = - ",

4 55 nd StRA P X, 6 A Nl FITLrs,

158 na FYLLER 57 1, 4 5 N FTLLE® ST A2 Ya SPACES

[ 14 ol CaTHAR BC 999 ¢ S5 Apauk WWEN PEAR, & 6 nE ELAATY. Pr o ¥(38),

1 54 na Friofw 82 1, & 7 02 FILLER 57 42 v 5PAC0Fs,

459 ng Sry opr X, L] M TTTLF A,

LT 84 FrLLER 57 1, 6 9 N2 FRLLER ST 4% va SPACFS

LI | 63 CiS4 PL G 1 75 OLavk weDy ZERD, (SN T ] - TLE N N

4 B2 e Fri Fa 87 1, 4 1 T3 UMT{ B NTAYE VA muxits g =,

1 83 aA TR A7 oW, .13 A TRLUNTY PO O XI1%),

4 Aa aa FreLfe $2 0, 6 13 Ny FILLER 7 49 vA SPACFS,

465 AN SALA PTG 7S AN wHFW TERN, A Qe A1 FITLEA 57 130 va ™ IN THE T
1 54 ny FrLLEs 87 1, 615 = TARALT MEINW v ENLUNY 1 LTSTS THE eatalDG wn

4 &7 ne 5Y1{ Pf x, 4 ta - - ",

v 48 na FepifFa &7 1, A 17 Ny OTITLES &7 128 uy -

4 &7 LERCAIR LRI A FE TN LI L - - CNL UMY 2 [STS THE LRSS

& Fr na STz oenox, 4 19 - " "

5 1 Y FRR, & 2n A TITLF4 87 120 va ™

5 2 X OFILLE® ST 39 va XYY daantys FrAGeNaTA SECTION 2 . CI-3 | - - CALMNE % L1STS Te SURACLASS

¥

= ¥ Ty
PR TN o T



FiLi.FR

e B B B B B B B ‘15‘1"“1“"‘“““""‘1“‘-‘.‘1" NER BRI PRPERRErIPREPERETR BRI ER IR PGP E A

SRR el NS F TR

NG bk i o
- Y Y. R e,

" N A
LR

AF MDY
L

ny

ity

nl

L |

LA

nt

nt

0y

11

"M

L]

n

B |

nt

nt

M

1

TtlLl? 57 174 vA o
-qu&M A LISTS THE 8ePERTY
L4 .
THILFA,
A2 FILLE® 57 3% yi4o ®
LESR R TTEAN 1 15 4

FOR =,

NE FILLFAR 52 A0 ¥4 "PROPESTIES OF Awr WMATERTaL LISTED AELOW=,

B3 FYLLER ST 35 VA SPACFS.
TITLFQ &7 170 va "

“TMF SENFRAI, TROLE

L] ..

HITLF10,

h? Fp_LER 47 18 Vi "t 4 g

A2 FILLE® 57 3% 3 Va = = CNTTTIANY & 5
02 FILLER $7 38 Ya ™ 3 » RATERTAL WAL

ng FILLER 87 t2 ¥a "y o+ B 4%,

TITLEATL &7 27 ya *

“ETEraAL LYSTYHG AF THE MATFATALS IH IHE CATALNG

* 3 v GATFRIAL YiwF

L1

L] -
TITLE1? KF 120 yA #*» A2 % 3 & NATERLAL YAME
® L o« 3 & % w MATEQLAL NANE e | & 2w

"TAL MA4F ",
TITLEYD &7 |20 wa &
"G NF WATEAYALS I THE 2aTALDS RELINGEIWE TOr
- I'
TRV eLn,
02 FAILLER 57 43 ¥a 7
cLASS ¢ ",
0% TTL2Y PL oo, .
0% FYLLEN $7 56 Y& SPALES.

TITLF15.
G2 FILLE® S7 A3 vA =
- LURCLASS ¢ 7,

62 TTL2S P( #9,

N7 FILLER ST 55 yi SPACES.
GEMTAALEY ST 120 v ™

- EN[RQL TaBLE

aeurnwtzz T 129 ¥4 = m

’ILL WATFRIR'S amB PRﬂ'EllIES Caum[LED W THE CATALDG

SENTARLEY §Z 120 v o |
“ <14 THS NRDER OF CONPTLATIONS

GEMTRALEN 57 120 Vi

B[UtlﬂLF‘ 2 120 da *

=Y) FAR & DIRCUSSINN DF SUMCLASEFS GFFER TN THF TEXT,

- "

GENTAALES 57 1720 VA "

GENTAALEAT S7 120 ¥ -’

REFER 10

"

e

)

1
* CUNDITI‘

AN ALBHAD

L3
3 « WATER

LIsTY

& LISTING OF

SFO0G MACHTNARTLETY AHE MASED ON o181 A1112 = (00,
-

RENTAXLET 457 120 vy ®

GENTARLEA 4T 139 ya "
PESTRABLE APPLICATINNG: RESPECTIVELY,

MFES ¢ 1=l ASSES
-1 AnDd 2 INDtCatF rsnanus AN yN=FFARROVS urrALs RES=

PELTIVEL

IeVALUES L
*I&TF0 FRe FATiGUE laE ENDUHaNCE (THTITS ATvey TN 5T,

I=¥ALUES

A=RLt RATI
mNis ARE ATLATIVE YALUES, | AND 9 IWOICATE LF&5T ANR
»

wRST D

- - .
FLISPIPERPVIANPIESIAETFIARETIREIE ID B ME I oW o W Wy g o ey W

-
o

ht

ni

at

n

i

™

b |

n

L1

T

61
"M
n
oL
o1
"

o1

e . Za
FRY &7 120 ¥u *

L] L]

GENTRALES SF 17D Vo * S5«PRICES &
'RE EIVEN WO Y &S A cnuﬂaentlvt MEASURE NF THE VALOE.

GE‘YQRL[!Q §7 120 va "
*HE NTTR AP T SHOMN TN THE ThaLF FOR THE SAKE OF
- -

A=FOLLONY

BEMTAALETS §7 £20 V4 * StepLI¢
1Y 3
" -‘
GEMTAALF12 S7 120 VA *
" NOAULUE IF ELASTICTTY (109090 #S1)
.
GENTAILAIY S7 120 v *
. ELPCTAYCAL RESTSTANCE (41
-
nEnrnaLttn ST 120 va ®

THEAMAI CONOUCTIVITY (10 BTU/WR/SQLFI/E/FT)

e

.

MICRDOHM=CM)

GEHT!RLEIE 7 120 va *
CIFF, nF THERWAL EXFAMSIOY (1/PEG,F1

FRI &7 190 Wa =
= TaRugatinw 5r THE RESULTIS)

FQ! 81 190 Va -
* BASED AN TuE RELATIVE DESIMABILITY NF EacH
-

T-SELECTIONS anE

MATENEAL WITH
:RESICQT T0 *HE REMVESTED PROPERTIES,
L]

Fra g7 120 ve o
2 ANF EVALUATED FXOM THE NORUALIZED OESTRABT~

SeDESENADILITIES

T m———

Ty T 190 ¥4 ¥ TULITY WATRIX WH
*ICH (ORRELATES THE DFSIRED AND aCTUAL PRDPERTIES
- -

PRE 57 190 va 0 WETH RESPECT T
"D TWEIR RELATIVE [MPORTANCE.

'R? ‘st oysg A TpeValllEs W THE

'lEQUEST CBLU!"(S! ARF EXFRESSED 14 THE FpAM

vnn £2 120 Va - OF KCYoZD NHER
-t ¥ 15 THE ntslntu YALUE? Y T5 THE RELATIVE
HS $27 430 Vi o '

") ¥ 1% A% TuDICATDR F 4CCEPTIRILTTY OF _ONER
»

FRO £2 190 Wy

AND MEDWER vaL
'UEQ NENATER nt L Aun H, Rtsrtcttvtgv.

’RGCCDUQF DIVTSIﬂ!o
FLPN, O%pn [NPUT CARDF OuTPUT PHINTOUT, MOYE | VO No ™, NOVE ZERQ

L

LI

TR CNNTy ETLAC XCEN, DWP,

READ cARAF Ay EyD GO TO FINMISH, [F NPTION « 1 &0 TO Ri1. IF
AFTEAe & 2 G TA %2, IF OPTION » 3 40 79 %), IF OPTIOM = o
GO To Ra, &0 10 R5.

TF CoNT & 0 MWD N € 161 MOVE RESTCARD TN WTLDTL (WD MOVE 1
TO ENNT WAVE CAONL 10 CRDND (N) &% TO RO,

“AF N oa LAt MAYE CRDMY TO EARTYS WRTITE PRINTALANK FROM ERRT

AFTER ANWANCING CMANWEL 1 WEITE PRIWFOLANK FROWM EARE AFTER

INPORTANCE anD

9l

CHDHEA AT alaniet)

PRI b W



THLF.11

.l
o
-
[

Ra,

L1 N

LL N

El.
Fe

A STR L NES MAWE 1 {0 ETNT R T 3D, IF 49 » 1A] WAYE |
TO cagT A7 TS 30, WOYE "2un® D Ewat dO¥F CIANO CND T9 ERRZ,
50 Th £y,

IF £aNT ; 1 AND N < 141 WAUVE RESTCARD Tn NTLOTZ (N) ND¥E

TFRN TR #ONY ARD L TG N wOYE t TH FTLG &0 TN RO, §F N 2 18]
“O¥F YEAA TO £9%T ADD 1 17 4 G0 11 9B, NOVE #1579 To ERRIL,
un¥E CRANG TY LA,  MOVF ZERT TH CANT. oA TR EX,

IF NuB o § MAVE CARDFNARUAT 1D ERHAL KRITE PRINVHLANG FRON
ERRY AFTRQ AMVANCING 1 LYVES WRITF SRINTBLANS FROW ERAe AFTER
ADVANCINE CHANSEL. f¢ IF NNP 3 0 MOVE RESTY TN ONPCAD NOVE 1
¥ nuk, tF CANT = & G0 Ty HO. uOVE "2K0" tn ERA1. MOVE CROND
(N} th ERAZ. WIVE ZERN T CUNT, &0 TQ Ey,

TF NywMy¥1 > 4 w3¥E CARDFARMAT TN FRRE] WRITE PRINTOLANK FANMY
ERRA aFTER ATVANCING 1 LINES WRITE PRINTALANK FROM EA%e AFTER
ARFANCING CHANNEL 1, TF DUWYL ¢ & AOVE REST TN CESVAR M)
ADD 1 TN RUMuYL MOVE 1 TD XCTY. IF DUMMY) « 10 ADD ¢ TO N ,
TF CONT w 0 A% TN R0, WIVE "29D% Th ERAY, unvE CROMD (W) ™0
ERAZ. WAWF ZFRI TO COMT, 6O TN g1,

WitVF CARNFORWAT TO ENRAY, WRITP PRINTEL &My FAOM ER®S AFTER
ADYAMCING CHaNNFL 4, WRITE PRINTRLAVK FROw ERMS AFTER
ADVANCTME 1 (IwFS, a0 TH #b.

tF IP210u & 1 WOVE RESTCARD TH MTLDT1 (N}, wOvE ¢ADNY 10
LRONA {uYy,

WRITE PRYNTO ANK FROM EWR AFTER 4nwaNCING CNANNEL 1 89 TO RD,

FUNTAM, s OSF CARDF, WOVE ZTR05 TO ANSWERS.

HDVE SPACES TO TITLEI6. IF N » 161 MOVE 141 TD N
AMUBTRACT | Fofld M SUBTRALY 1 FRDW w,
TF CYLG =0 4ND XETM. 8. { AMD DUP a..§ URIFC rRfdTaLANK FRON
JOBA AFTFR ARVARCING 2 LINES WRITE PRINTBLANK ERON S0 AFTER
ABYANCING 1 tINES GD YO CLOSEFELES1. IF CTLG = 1 AND XCTN o O
AND DMP u 0 wRITE PREMTBLANK PROM JN8A AFTER ADVANCING 2
LINES #RITE SRTNTALANK FROM JONY AFTER AOVANCING | LINES &D
T E(OSEXILEST. IF CTLG » 1 AMD GTARLE # o 4D TO

. SEMERALeTANLE, .. e
07800, IF XETW 8 3 GO TO DRGAMIZE=REQUEST,

GTTOR, PERFONM ST VARYING X FROM 1 BY | UNTIL = 3. @0 t0 HD.

5T,

BOYE ®s® T RTAN] €X)s STANZ (X3, STARI (43: STARA («3,
STARS («y, STARS (K)s START (K3, KTaRB (K), STARD (N},
STARLO (w)s ATARIL CK)e STARLR €K}, GTANYY fx)s STARLA ¢K),
::::4!-&!!: ATARLG (XYs STARLT (X)u STARLE (23 STARLD (K),.
H (XY,
WOVE ®u® TO STARE (3)s STARY (3). STARG ())s STARIO €3),
STARYY t3).
nOvE =

TIELD STRENGTH 4 T0 WDNG (1),
WOVE ™ TENSILE STRENGTH " TD WDNE (2),

- AQuE w ELONGATION B TD MONE (3% -
AVE # SHEAR STRENGTH ® T3 HONG (#),
uOVE = NATMNEL MANDHESS * T0 ADNG (%),
NOY¥E MODULUE NF ELASTICITY = 0 HDNG (41,
MOVE » ENDURANCE LEwIT = 10 WOMG (7).
MOVE = WACHENANILTTY = 1D HOWG (@),

- MBNE R BENSZITY S ee— - W 0 HONG €93, .
MOVE = ANEFPTETENT OF THERWAL £xSanSIdN = 10 4p88 (10),
NDYE = THERMAL CONDUCTIVEITE ® 10 HOWE (11),
MOYE » CONPARLTIVE BRICE " T0 MDNE (123,
4AVE = MELTTHE POINT » 70 HDWG C18),
WOVE = ELECTRICAL RESISTaNCE = 10 WONG (133,
wavg .= . 1000 PSI™ 7O UNIT &40, uUNEY g2)5 UNET (4)a

UNTY (63, UNIY (73, MNVE = PERCEMT® TH UNIT (33  NOVE
" POSNBA/CULTNGY TO UNIT (93, WOVE "0.000001/0E6.F." T0

YT (10%, MOIE SATHAMRSFTZ/EAET® IO UNIT (11). MOVE »  gsp
® R 0017 Th UNIT {427, 4OYE % DEGFANAIFNHEIT® T UNIT (14D,

in

-
=
~ >
L]

in

-

-
-
" -

ks e g -
-
- AR e A e

MOVE *  dTEQODIMMALY ™ TN UNET C1Nt, WOWE M TO J2 . WRITE
BRINTALANY FANY JOMA AFTED ADVANETNG CHMANWEL 1 WRITE
PRINTALANY Fody JIRL AFTEY ADVINCING | LIgES, IF De® » o GO
A F ., SOVE TERY TO |,

LISFEING, DD 1 Tn I, TF MMPKEY] (13 & 1 44D T « 17 60 TO LISTEND.

T4
10,

1.
2.

17,
3.

n,
18,

IF NwPKEYL (1) & § dnD T < 17 6O FO LISTEND ELSE IF [ = 17
AMD muPerYl 2E) » 2 GO IO LTSTEND, ¥NVE FEROS TO J, CTR2,
UANVE RPAPFS T SATEROPY, uOVE 1 TA £TR1. F 1 € 13 40 T 1%,
IF I « 19 GO TO LISTEND. LF | « 14 60 T (34 IF 1 = 186 &0 TQ
13« ¥F § = 7 50 TO I8, G0 TD LISTEMD,. . . -
SART SNRTFILC| NN DESCENDING MEY #VALUE » MATNOL
INPUT  PROCEDURE 1% SORT1Iw .
QUTFUT PADLEDUAE I5 sOATiDUT,
TF XeTN « O AD TD LO, TF PN® () = | MOvE ZEROS TO J GO VO
DYVREMHELK, )
a0 T8 Lo P e
SUBTRACT 13 eQ0% T GIVIYG NUMvyL,
SORT SOAPFILFY OM DESCENDING SEY ®valuf , waTND]
tNPUT PROCEDURE 1% SARTZIN
QUTPUT PRACEDURE [s SIRTIOUT,
G0 Tn 1s,

SOBT . SORFILPY O ASCFNDING KEX SETMM . .odavedl . __._ .

TNPUT PRACEDURE 1§ SNNTITH
JUTRUT PANLEOURE f4 SARTIOUT.
sn oLy,
SOAT SORTFILEL O ASCEMDING KEY SRTSCL » wAtany
INPUT PRAOCEOURE TS SNRTEIN

14
L

SUTISUT FancEouer 35 gantenyr,
a0 Ty L2,

aRITE PAEMTR dNe FROM TITLEL AFTCR ADVAMCINE CMANSEL 1,
WOYE HONS (14 T PROPTIL, WRITE PRUMTELANK FROM TITLEZ AFTEA
ADVANGING 2 UINES, IF 1 4 % 4N | # 8 ANSO [ &.13 MOWE UNIT

ETY PO TRLUNTT WRITE SRUMTALANK FROW TITLED AFTER ABVANCING
- 2-LINg ALS) si1pps L

S, J1E. S _u & MOYE * . -
PRIATELANK FRON TITLES AFTER ADVAMCING 2 LINES WOVE *uNtTs
" % T3 UNTL, WRITE PRIMTOLANK FeDM TLTLCS AFFER. aU¥aNCING
L LIMES WRITE PayytOL AN FAGH TITLES AFTER ASYANEINR 1 | INES
WRITE PRYMTOLANKC FAQW TITLES &FTER aDVaNCINR { LINES "mITE
PATRYALAUK FaDM TITLET AFTER ADVANCING | LTNES WIYE = DTHER »
Lt PRINTRL £RDM T

e XA YLE MRL

SR N N VAT NS [ W)

LiY

L2CR0. D %, .

AME
WRITE PRYMTRy A FAOM TITLE? AFTER dOVANcIWS 1 LINES WRITE
PRINTOLAMG FoO4 TITLEIO AFTER ADVANCING 4 LEINES MRVE ®evcdens
'ooatttootoonthota.ltoa.iottito.ncttnottogtt.ﬁ.tﬁootot’ T
TIL2e (13 TTLR4 (23, WRITE FRINTELANE FEOW TITLF1& 4FTER
ADVAUCING 1 1 IMES, WOVE SPAEES TO TTe26 C10s TTLEG (B}, WOVE

ADN 1 TR K. MONF "ew TD ST1 {d), sT2 {x), %73 (M) 3TA (X
T3 #x)a 3TA ()e KT7 (43s IF K « 2 GO TO SR, PLEFORN 6O THdY
WX YARYTMG * FAGM 1 AY | UNTIL 2 » CTR2, @B TO ISTEND,
MOVE uMO0t {2y YO CATNDY {1)s0UMMYZ, NOVE PREE () TO PRPI®
€13, wOVE ZERDS TR 11, ®ERFORN W2 vaRYIue ¥ €RON 1 8Y 1 yNTIy

TF Auduys & 4 aMD DUMNY2 ¢ SPACES WAVE KCLASS (DUWNYZ) To
LS (¥) MOVE SURCLASS [(DUMBYZY TO XCLO (v) BOVE NaNg
(DUMMY2) TO W22 MOVE WARZ) TO WAZS| NOVE wAREd TO NARS2 wave
WAZE TN MTLWM® (Y} MOVE EDNOTH (DUMMY2) TO enDTNE (¥}
COMPTE MMMy FROM ETRZ +2, IF It = 0 wOyE #ROP (BUNNY2} TO
RREQA (D), MAVE ¢ FO T8, MOME WuBy ¢

Numiy) TA CATNIP (2), DUMMY2, IF ¥ u CTRY ARD CTR1 = 0 wOYE
TEATIA TO CaTuO® (2}s €LSO (232 SCLO (2}, PRPS* {2} nove
APACES Th CHRTNG (2), MILNNR (23,

WRITE PREMTELANK FROM TITLELS AFTER ROVAMCING 1 LINES,

LL

T

3

Pt

'l T e I TR R At SUS e, P S S

- ;1'~!ufhv.“-e.;(' y.l&.‘-&.;.q




etk .k . W g b

46

= —_— = s 58 i s LT TR
Hhe MNNT TEANE A g vavd, 11 4 Fly TF ax = 11 4rD TN 2 G T2 F2 FL&7 [F wATNO C3R)Y & O ADA |
e ARTTS 23MAA 4 PRI TTTF L1 AF 172 AWANETHG CHANNEL 1. 17 5 TY Gk, WAVE ST {AeFe AR} T MATND tam) &DD | TN Ak GO T F3,
v Ye ~AITE PQEANQ a4y FROM TIFLF4 SFTFT ARVAMEIYS 2 LIVES. WRITE 11 K Fr. »aye 1 th ik,
PRINYALAYL Foldd TITLES AFTER ADVANCING 4 LINFS ARITE 13 7 FSa FF Mal40 £4ay = O O% AA 2 S1 GO TJ F12 FLSE NDVE MATNG (Ak)
PRINTA L Avn Fonu TITLEA AFTFR ANVANCTING 1 LIMFS WOWE "3 THE® 1y 3 TN nludyy uAvE | TN AAA,
TO TPLT WRTYE ORYNTOLAMY FIOM TITLFRA AFTEN AMWANLING 2 LINES 13 4 Fhy TF Ran 3 & Oa T F7, MOVE PIPRTY (h, Akt T1 Duesmy2, IF
FRETF PRrqTRavg FROWM FITLED AFTER ABVANCTNG | LINFS WRITE 12 o Nrssyz = & NrYE 4 T A G0 1D F7, 1F
ORINTALAMY Fuld TITLFAZ AFTER ANVAMEING 4 LTHFS WIVE "aesanew 13 10 MIMYY2 ¢ 1) uYE PROPERTY {OUMMY1,DUHMY2Y TO SuB ELSE
CetoammpvevRiadeatankNataann hrnaa® T TYLAT (1), TTL27 (7). 11 11 SUHBTEARY 43 CROW CIMUY2 WOVE PRIPCRTY ENUNMY.0UNMYZ)Y T Syd,
TTILOF (3%, WoITE PRINTRLANK Fanw TITLELT AFTFR ADVANCING 1 112 TE CNRXNTY Caah24) = 0 AND $SU9 > RFQvab fa4.4ds)) O&
LINES, wnvE «PACFS T0 TITLEIZ. PRERFNRM G4 YARY NG « FHOW & Ay 13 13 EMACHEN fARRAY * 1 ANM SUR < QRESvAL {A,8RA}Y WAVE ZEADS 7O
1 UNTIL % » a, G Tn %4, 13 11 SUHY (ARY GR T F11, IF WANYIN fR,.A84) 2 o E0OMPUTE
A WAYE %em TR STA (K}a STO (43 STI0 (€D STIM €3 STY2 {3, 13 1% VALY (AdehlAn FRNM (INPRTH (4rRA0))m(SURY/EREOVAL Chedad})
$2, YF T = 4T GN T LA, PERFNAM ¥ Tuas v¥ yaByiud 7 FAOM 1 RY t t3 té FLSE COVPUTE VAL ChAd,A04) Fald (TUARTN (4, 0aA)In(ZRREGVAL
4TI 7 » 278>, 6 TN LISTEYND, 1% 17 (RpA4RT w SUR)/QERVAL (M, hAN), A} t TD A&k GO TN F6,
¥1. SOWFE aNAy (7 TH CATHAR (13e Duwuvy, 9IVE SRTNHL £7) T WA22 1% 18 FFre TF 82k 2 1D &0 70t FA FLSFE MOVF PR4A {Ardkhd = 53 TO OUsmyz,
WOVE WAL T WAPSH MNYE wa2Pd Tl 46752 MOYE AAPS T AT NuB 17 19 TE "uadyd = n MAYE A0 T AAR GH Tn FR, [F DIJuMY2 > & ANP < 11
F1), PEIFIRM ¢! WARYINS v FIAA | ay 4 (GNTIL ¥ = &, GO TO vx. 1% 20 SUATRALY 4 FANM MIMMY? MOVE PREZEATY (DUWMY Y, DUMMYZ)Y TO SuUN
Y2 TF O ApNuY? J 0 RND DUMMYD € 141 WHE KELASS (DINYY2) T rL$E 1y 2 FLSF TF AduMv2 » 10 SURTRACT 10 Fenw Quuuyd WOVE PASPERTY
(¥ 90yE SUACLASRS (DIMYr2Y T SCLS (Y)Y, 'F ¥ = § CAMPYTE 1% 22 DMLyl N3y TD SR ELSE MIVE mOSROSTON TRUSMYL,DYMKY2) TO
MY D FRAM ATRY » I, TF ¥ 2 2 cOMANTE MIWMY? FADY {2xCTR2 3¢} 13 23 RUR, IF SUA 3 RYYG (deshd = S) COwPUTE vaLt (AR &A4) FAOH
. 1F (< CYR2 = 4 aND ¥ ¥ I} O/ ¥ % 1 uOYE WMDY (MIvuyd) T 13 24 A 5u1uBY Lhasahd = 53, IF SUR > RTYE Chsthd = 5) COVPUTE vaLt
DMl HO¥E JyudyYl TO DUYMTZ, IF ¥ < 3 avp 7 < CTR2 - 1) 11 2% CAMeiddy FRMa (TMPS (Mo dah = S)dncPaRTHG (NsAdM » %) = SUAY/
OR tY = { A¥% F ¥ CTR? = 1) MOVE 4&ME (OUMNY2) TO W422 wOVE 1y 2 {PERTNG Fhpkad = 53Y, IF SUQ € QFyn fa2a88 = 5} COSOUTT yiid
WEIRY TR YT WIVE WARPI T WARST wNNF wasS T MTLWNB f¥ep) 13 27 CAk, a0d) FROIV  [IWPS CApRAd = S3)¥wguA / (FmRTHG th.4&t + 513,
WAVE BJMuY? 10 CATMOA (Y+13. IF {7 & CTR2 AR CTR1 ¥ 1) OR 13 28 &NN | T4 asa %9 T FF,
(2 > (TR = o ANA £TRL = 2) WIYE SPAGES TH STLNNE (Y)Y MAvE 1} 29 FAa. 'F dak = 13 a0 Y0 FO, MIVE PN C(a,4kd = 9y TN DyMMyz,. If
FER®e ¥m CATuAR C1)s CLSH ¢1)e SCLA (3D, 1} 10 BlMYY = 0 GN TO FR. IF (COMPRAPY (OUMMY],.DUMNY2) & (0, 000x . ..
YU ARITE PRENTAr A¥x FRTM TITLELZ AFTFR ADVANCING | LINES. 11 131 RAVL tAaddh = 3330 COMPUTE VL1 {adahhd) FROW (O, FSRTUP (4,
¥¥. wOVE FETONS T DuMuyd, 1y 32 LA » B3Y ADR 4 Td AL GO T3 FO, 1F (MXHN (A 400 = %) = 1}
L?s wATTE PRYNTA d4q FROW TITLFLY AFTRR ADVAMETING CHAMMEL 1. 13 1 CAMPUTE wALT CAlphAd) FROM CO3xTWR A hll = 9))/CANAOVL {As
“OVE NePeEYL EA7) TR TTLAY. WRITE PRINTALINK FROW TITLELS 11 34 VAR = GXIINC/2MAQIL (AEA = D3)af (RO0CONPROPY [OUMNYE,
AFFED ADVAMCTHG | LTWFS. JF SCLASS 4 0 WNVF SCLASS TD TTL2S 11 35 UMMy I3}y ELSE CDUPUTE VALY (Ad,ANdt FROM (LIXIMP (& hRA = 9}
WRITE PRYNTR AW FROM TITLELS AFTER aDVANFTNG 1 LINES,. 13 34 WIDOGRCAMPROSY (DUNNYT.OUMMYZY )/ CaxRAVL thaddd = 933Y, ADD | .
6% Tn L3, 13 37 T han G* TR P,
L% PERFDIW FN TWR Iy vARYING T FROW 1 AY 1 UNTTIL 7 » (TRD, 13 7% F. YO¥F ZERAS TA an4,
R TR LERTFYN, 19 38 FL10, &DD 1 TN &&e, ADN VEL1 cAdsAAR) TA SUML (&R), .
Fe WINE whAL (74 TN CaTHN (10, MUuayd, WOVE SATELSY (P 1O £LSA 13 39 1F &sk w 12 =0 ¥n FY1y ELSE GD TR fin, s
CLY, WIVE SoTSTL1 2 19 SCLS (1), PERFNAY 77 VARYING ¥ FROM L3 b Fll, ADN 3 TA Ak GZ TO F5, .
1 & 1 JNTly ¥ = 4, GO 1O IK. 13 a1 F12, PERFIRN SELFCTENY VARYIYG B FROW | @Y 1 uNTIL E.m SL.
TZe VF THidY® £ n ANT DYMMYZ < §A) NAVE NAME (DUMMY2) TD Wa2P 13 42 MOVE 1 THA ik,
WANE w231 To AR2S SOVE SAZPY TR 44?52 WDYF WAZS 10 dTLNun 13 a3 F13, TF 42k 2 & 0 TN FLA, AO0 IMPATY CASAAAY, SUM2 CA). ADD 1,
€Y) UIVE «TLASS (DUNNMYZY T3 CLS# vy, IF ¥ = 1 COMPUTE Nyuayz 1t a4 MRk, 0 TR Fed,
FRAM CTA® & 7, 1F ¥ & 7 COMPUTE miuuy? FRnd (2=20TR2 147, 13 as Fla, TF auk « 10 GO T F15, SURTRACT & FROM a4h GIVING BR8B, ADD
TF ¥ < 3 AN NJMuY? < LAT wIVE wee cDUMMYZ) T pUMEY] MDYE 13 4% THPS [RaMARY, SUMY Ch), aDD 1+ Aas, GO TA Fld,
BUMUYY TN NUawYY, CATNGS (Y413 @IVE SUARLASS COUAMYZY t0 SCL8 13 ar FU1%. 1F sad w 13 G0 T3 Fya, SURTRAZY ¢ FRDM AAA GEVING ARR, AOD
(¥aa), 1F {2 = LTR2 AND CTRL # 1) 8 €7 3 CTR2 = 1 a¥h 13 ars THP [a,ARAY, Sihud ChY. ABD 1. saa, 50 TY FIS,
CTRL » 2% MOWE STACES TO MTLAWA V) SMUVF 2ER05 TO CATNOS (1) 131 ag Fid, MULTTPLY Q.% AY SUMY {d) wULTIPLY 9,75 Oy SUME (A} ADD Suma
TLS® vy STLS (), 17 ans (AY, SUMY (A SUMZ (A,
Fos WRITE PREMTRANG FRDM TVELELI7 AFIF? ABVANCTYR 1 LINES. 13 % TF n < o Afin 1 T & G0 0 Fi. PERFOAN FIT VARYING & FROm |
Fre wOVE FEANS T Jrw4r2, 11 50 RY 1 UNTTL & = ue] AFTER & FAOM | AY 1 HNTIL R a8, G0 T0 Fif,
CUSYEND. TF T € 17 67 T LISTING. IF W= = 0 40 TO CLISEFILEST,. 13 51 F17, TF NFS #&sRy £ 0 AND SUMZ (&) 4 n DIVINE SUNMZ (&) INTG DES
Fo WP FrE9m T 1. 11 51t thamy,
PREZARATIINL. ANN 1 TO I 13 52 Fi8, PERFAAY F19 VARYING W FRIM | AT 1 GNTIL k = 9, GO T F20,
G, TF PWR €1 = 1 04 T = 1Y BT T0 298, “AVE | TO LX1, CTRY wOVE 13 53 F1%, 9wlvr me= N 4720 {x),
FEACS TR gy CTAZ MOVF SOACTS Th <ATek0Py, IF [ « 13 60 0 1% 13 54 F20. GO 13 FIMAL-RERNRTZ,
FLSF §7 TD 71, I» 1 NAVREAEFe, ART ] TO 4,
e TF 1 € (5 §% T SREPARATIONG, PERFIRY COMPUTING=PRAPERTIES 18 2 A0 TF SR £T,0% 4 9 MOVE ANR (Teg) 13 K ELSE GP TD EXx,
WARY NG 0 FRIma U Y 1 UNTIL J = Y41, ia 3 MAVE 1 TA L.
RESIrICY, wIvF 1 T3 4, 12- 4 % TF L = 4 « 1 G0 T 02, IF YAXHIN {(4%X) & 0 AND
Fle 4NVF 7EQRS TR VATRICES, MOYE 1 T4 a, 8a, 14 % PRAR (L) € AFOVAL CJaK} SUBTRAZT ¢ FROM FLSE G0 T3 %7,
F2a IF & o & A 171 Fa ELSE w9yF § T 44, 14 & The PFRFARM NS VaRYING §] FRA¥ 1 BY 1 oNTIL 1T = 11, 60 TD n2,
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Yie WME LT ORINTUL L6 IF A0 x v a0 @ Iat a0 uM egg) TA S 15 %2 PRy AN 1 T4 K, tF 0 F N R T) Sa,

Cdes BTN, 13 53 7o IF wrLdsy (Jy 5 DMPKEYL (17D wWE SUBCLASS (J) TO SRTSEL

Ve tF tagMTe LHKF 3 1 AND PN (L3 ¢ QFUYAL )X SUATRACT {1 1% 84 MAWF ) TH MBYN]Y ELSE 67 TJ M6, tF SCLASS # 0 AND SURELASS
FAOM L AN TO DA, DD 1 T3 L 37 T1 3%, 15 5% (Y 2 SCLARS 6D TO P4, EF CTRE = + a0 { TN CTRZ, 0D { T0

72, uNVF TEQRNS TA M4t (D), T0MATYL. 1S 56 CTRY, tF TR 2 & WAYE { N CTRY, 9FLEASE $NQYREC, 60 T4 Ps,

X, IF + ¢ ¥ S0 T OSVRCHECY ELRE TF LXq w | G0 TO 308 ELSE s 8 <%, MDVF TERAS Tn 0,

&N TA LA, 1% 99 N4, FYIT,

SELFETIN™ SEPTINW, 1% 81 SIRTADUT SECTINN,

raly IF &ital a3 « 3 gt vA rpa, 1% 42 aF, A0 v 9 J,

TF daTyn (3 2 ATL thst) UR 4YL (au2) 2R WEL (Ard) 6D TO FTR 1% 63 A%, BETURY ENRTFILENF AT END 53 TO N6, wOVE SATELS 1O SATELSY) (J)
o TF SN (9y » OES the1) MIVE NPS a2 7O NES (K. 1) unyE 1% 64 HOVF SIPECL Y7 SATSCLL (J) MOVE watNDY TD usDl ¢J) G TD PT.
MTL fApY TA ATEL (A 3) MOYE 0FS [hetd 17 DEY (A 27 “OWF 1% 4% n&, ¥N¥F FERNS TR ), .

MTL sl TO O MTL (A3 %AYF SUMT ¢RMY TD NES (hal) 4OYE 15 A6 ¥, FYIT,

MATYA (MY PN NTL (R Y FUSE TF &4y £33 » NFS (ha3Y +“AvE % Té AREALTZE~IEDIFST,

AFS 4,21 T OFS (M3 MIVE 4TL (4233 A T (Aa3} AOVF 1% 7 PERFOAN 182 yARYIMNG & FRIW | Ar | uNTTL & & W&l AFTEA & FADM .
SUMT (RY TO SFS [8e2)  4AVE MATYON (W) 1A WYL {Ae2) ELSE IF 1% A 18y 1 wHTTL & ¥ 6, &0 TY GYTONH.

SUMY £BY > DFS [As3) MDUE GATHD taY T «TL (4,33 NAVE 1% % N8>, IF SAPRTY (4,4} & O MOYE PROITY A, A) TN DPMMY] WOVE N 1D
SUMT (RY TR MES (Aedd, 15 A0 YR UMY Y s rY WDNE 4 TT FNT CDUNuTEY,

FHO. EXTT, HOVE TRUNCATENN

COMPUT ING=PRRPERTIES SEETTON, 18 1 GENERAL=TABLF, MAVE + TO J4d,

&3y IF BRIREAYY £, 0) F 0 DIVIDE FROPFRTY (3,93 TVT] PRAPERTY 16 2 ¥, WOVE SPArES T PRINTALAYK SRITE PRIVt 2Ny AFTER ADVANCING
fJeAY GTVING CONPRDPY (Js0) DIYINE DROPEHTY ¢ Ja®) INTO 14 3 CHANNEL 1 WAYTE PRINTALANK FROM GENTAGLFL AFTER AQVAMCTING 10
AROPFRTY CJai) GIVING COWRIPY £ 0033, IF PROPERTY (Jat?) # O 14 & LINES WasTE PRINTALANK FRIN GENTANLF2 AFTER ADVAMCING 3 L TWES
DIVINE PEAREQTY (Jei2) INe0 CTusdnly (5,03 SIVING CIMRRAPY is % wAITE SRINTH ANK FROM GETAOLES AFTFR ARVANCTNG 2 LTHES we[TE
{Je?Y NIYTIOE PROPERTY (Ju 12 INTO cNuBRIPY [Jed) GTVING 16 @& PRINTALAMK FAJ% GENTABLES AFTER aDVANCTNG 12 LINES WRITE
LOMPRAPY CJen), 18 7 PRENTALANM FoOu GENTARLES aFTER ANVAMCING ) LINES wRITE

xI%, EXIV, 16 8 PRINTALANK Fou SEMTARLES AFTER anvaNtluG * LINES ARITE

CIRTLIN SFCTIAN, 14 9 PRINTRLANKE Folw GEWTAILEGY AFTCR anviWCIng 2 LIMES #RITE...

"1y ADD 3y TO N, OF ) 0 N OGP TH OS2, 18 30 FRINTOLANE FoDy QENTANLE? AFTER ADVAMCING 2 LINES WRITE

Sie JIF  AROSFRATY {JgaI) 4 0 9OVE PRASFRTY C0s[) TN PydLJE WIVE J 14 13 PRINTALAMK FROw GENTABLES AFTER A0WANCING 1 LIYES WRITE
TH wafNAL EL¢E A0 10 Py, IF £TRY 5 0 WOVE 1 TO CLTA} ELSE “OVE 16 32 SNINTALAUN FRNW GEMTABLES AFTER AAVANCING 2 | ENES WAITE

ZEIN TR CTR1 AN | Y0 Cri2e IELEASE SORATREC, 60 19 L4 1Y 16 1) SRINYALANK FPAv GEMTARLEID AFTER afivaNCING 7 LINES WRITE

§24 MOVE TERAR T, : 14 14 RRINTALANY Fofd GENTABLEYL AFTER AOVANCING 1 LINES WRITE

e EXIT, 16 t5 FRINEALAMK Folw GENTEBLE12 AFTER. sbyawcIug 1 LINCS MRETE .. _ ..

SORTIOUT SECTION, 14 14 PRINTALAMK Fulu RENTAMLELY AFTER &DVANCYNG 1 LINES MRITE

A3, ADD ¢+ ¥ J, 14 17 PRINTRLANK FuOy GENTAALELN AFTER 4DVAMCING 1 LINES WRITE

fle BETUIY SARTFILELE AT E4D 39 T 02, wIYE myaLuf TD #wie (), 14 18 PRINTALAGUK Fallm GEMTAALELS AFTCA aOuANETNG 3§ LINES WOVE sPatE
WIYF NATNIL ™0 wNTL (). D T P2, 14 19 TO PRINTALAWE WRETE PRINTALANK QEFARE ADVAWE[NB CHANNEL 1.

#7, MDVF FERAS TN 18 20 SIVE AWLNY T4 IMMTITLE YIWE SPacES TO PRINYELAMNK WRITE

wie FUA1T, 18 21 FRINTALAVK AFTER ADVANCING 4 LINES, PEATONM A1 VARYING K FROQM..

CORTRIN SECTIAV, 14 22 1 0y § untl & = 9, &0 10

B3+ 4ND 1 Th # 'F g » N 4D 1] 54. 18 23 Ay MOVE ™= T $T20 (X). WOVE RWLN® TH COLUMN=FIELD (X},

SYe TF PRUPERTY (JenudH¥i) o 3 MOVE PRUBERTY ¢, nUMHY1Y TO PyaLug 15 2% R IF J0J » N BA T GTROO,

HOVE ) TR MATNIY ELSE GO TN AX, X ATR) w N WOWE 1 TD CTRY 15 24 Gly MUMVE SCATALTA SUMREA™ TO ROATITLE, PERFONN GF VARYING J FADM
ELSE 40¥f ZERT A ETAL AD0 € YD CTR3, RELEASF SOMTREC, 40 13 14 27 1 &v | UNTIr ) = @, &0 TO G21,
», 14 20 G2+ CANPUTE Y1 FROM JJJ ¢ (5 = 1), wnvE ILIL YO wAZ11 WMOVE a2,

54, MAVE FERAS Th ), 18 29 T3 CnLUMesFIFLY (JYe IF TID » W MAVE SPACES TN COLUNN=FIELD

e Fatr. 14 30 ¢Sy, .

SNRT RN AECTIMN, 14 1 f21. MRTYF PRINTALANK FROM TABLEQUT, DFRRFORM n{ vARYING X FRpw 1

#8, abbD v T a, FF g * N GO T] SA, 18 32 BY 4 UNTEL M m 9, [F LY 4 O WOVE AWLNY TO ROW=TITLE WRITE

S5s TF WaME (J) o SIATES MOVF NAME €1 TO ST AIVE J TO MATHOL it PRANTOLANS Fedy TRALEOUT,

ELSE 50 TN A, 1F CTRI = | AND 4 TN CTAD, ADD | TO T&1, TF if 3 42%, SOVF ~CLASST 1D ADN=TITLE, PERFORW GJ VARYENG J FNOW | QV.§. .
ETRY = & VP | TN LTRY, RELEMSE SMATAEC, 67 TN P&, 18 3% uMTT. J e 9, 09 TD G3I,

6, VOYF ZERAS Th ), 16 38 6% COMRUTE ¥97 FROM JJ0 & €J = 13, wAYE KELASS (IT1Y T wazM

t4e EXLT, 18 3 WAKE A% TN CILUNMRFTELD €3« IF TIT > N WOVE SPACES 10

SHRTIQUT RELTIAN, 18 38 EOLHuNeETELD ().

PS. anl 1 A I, 18 39 B30, PERFORM A71 WIVE TSURCLASS™ Tn AnweTITLE PEAFDRM G4 VARYING

e FETURY SAATFILLE AT CNA G) TH a4, 40VE SRTYe TO SRTNHL £J3 14 &0 J FRRY  RY 1 UNTIL J & 9, GO TO a4y, -
MOYF  MATNOY T1 M9I1 (43 5D 8D es, 18 &1 Rds CAMRPUTE TT] PR JJ0 ¢ () » 1), WOVE SURCLASS CI[I) TN Wa23i

Ty wAVE ZFERAS T5 4, 14 a? UAVE 4ADY TO CALUMN=FTELD CJ)e TF IT1 > N WOVE SPACES TN

., FOfT, MBYE TRUNCATIAN

SIRTA[N AELTrIN, . 14 a3} EALUMNSEIFLD ()Y,
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Fate PEIFTIE 21, 19UF YNANFS 1D A%i=FTTLE, BPERFOIAW G5 VadyInG
FRIU 4 g t NTT), 0 v 9, 40 T 55y,
G% ENMROTE [TT FI0L LEE 4 €9 = 1Y, uOWE NAuE CTIYY 1D WAPD, wbVF
MA221 TN R uMN=FLELD (e IF 170 » N waF SPACES ™D
CALUNNSFEIELD (Y,
685, WRTTE PoTNTaLANK FROW TARLEDEY, PERFORW /%2 VARYING ) FROM
1 8Y 1 uNTiL g W 9, 5RO Th 19),
A%, COMPUTE TIT FINN JU0 ¢ L4 = 13, wAyF NAME (TIT) TD wan7 wOvg
WAIZ Y TR GO reNeFLELD €)y IF TIT s N MAVF 4P&CES Thn
ENLIwN=E1ELh )y, )
A53. MOVE ALPCST T7 ROMet{TLE. PRRFNgu W21, WhVE “ENNDLITIAN® T
RAM=TITLF, OFAFDNY G4 VARYIVG t FROW { &Y ¢ UNYIL J w9,
“4OYE 1 TA L9, &0 Th age,
B8 FANPUYE FTT €ANY LA + 04 = 1), wAvE ChNBYy {11y ™
EALUGY=FIFLD €43, IF IT0 » ¥ 4gu) sPapy T EALUMNSFIELA (1Y,
S41s PERFIRS 421, PINF My o vIRLD (xRFIw TR MRwaTITLE. WMOWE § T2
e WIYE T &% ¥n Rapwz|,
G704 MOYF ZESNS ¥ NUMMY, PEAFIRY 67 van¥Tug FOFROM Ot MY § gnTIL
e g, 8 Ty,
AP COMPUTE FYE FRIN JJJ » €0 « 1), wnvp PRAPERTY (JL1IslQY ™h
WAZY), WNVE wA21 1D CALIN=FIELD (93, IF ¥EF » ¥ H4IWE SPACES
TA & UvuaFten (0],
G711, MRIYE wafdToland FROM TaRLECUT, HOVF RMLNS TO ROATITLE,
PERAENRN B7F GATYING J F4O0M ) BY | ONTIL Jwge GD 1Y G255,
AV, MIYF Rl 4a T CALISH=FIELD {4,
K73, IF 1.9 4 0 WRlTF PRINTALANK FRAY TARLEDUT,
Ghe MOVE "R o TEMSILE (AS{)® TO AfW=t{rLE, WOYE 2 T0 1T, wOvE
WF #* T3 RWLWZY, PERFORM GFO THHU 47%, WOYE "N & SHEAR (K$])w
TD AYWetITLF, wOVE & TR T MOYE »G «® T RN N2t, PEAFNRM 470
THRUY G78, WNVE ®t « FUTIGUE™ O RON=TITLE, HOVE 7 TO LA
HOVE *H 4% Tn AwLN21, PFAFORY 870 TMRY A7T8, WOVE » o CONMRES
"SIVF (M%1)" TH ROWSTITLE, ¥OVE [ T 11,
BM . MOVE ZERNS 10 pUusyYy, PERFORM GAD YANYING J FROM 1 8Y 1
UNTIL 4 & 9. GO TN Gat,
BAPy COMRUTE T[T FADM JJJ 4 {J » 13, #OVE PRAPENTY (ILIai1y 1O
WAL, NAVE wady 1O COLUMN=FTELD .0y, IF ITT » & HOVE SPACES
T enLUMM=FIFLD ¢ J),
RAS, PERETRY 421
834, vOYF 3 11 (1, HIVE ®==ar T AWLNDY, MAVF CFLONGATION (§)"
Th ROJeTITLE, PERFORN &T0 THRI 475, wOve 2 10 IT. w3¥E “mEpue
STIOw 1IN MRER (43" TD RANSTITLE, eERFORM RN THAY A3, wOVE

5T T, WOWE ecaw T3 gw N1, wnpe TRRTNMEL MARDNESS -
TD RAN=TIFLF, PERFORM GTD THHY S7%, WIYF A TH I, wuowvE
PUAEMINART TTY “ TH AN=TITLE, MNOVF "swen T RNLN?,

PERFORN 679 THRY G5, MDYE * » r on 1 mdLv3L, NYE

LA STSNUETRIAL ATV,™ TN AQM=TITLE, wOyF { 10 11,

GRS, WI¥F ZERNS T MMMYTe PERFIRM GOO YANYING J FROW 1 BY 1
WITL J e B, BB TN Gay,

80, COMPUTE TIT FROM JuJg ¢ (J » 1Y, JONE CRansIon (I1T8,113 19
WAEY Y,  WOYE Wa®3 1T COLUMN=FTELD i) IF TI[ > W MAVE SPACESY

T FaLusv=FrELn (JY,

£901, MBYF Ruwida 19 COLUMN=FTELD (),

G¥1. NRTTE ®RiNTALANK FaON TARLEAUT, WOYE Avimd TR ADU=TITLE,
PERFAIN AOD1 WARYING J FRUM 1 AY | UNTIL 4 & @, WRLTE
FRINTELAWK Fofw TARLENUT BEFNAE ANVARCING 1 L INES,

GI%. WINF *Q + | v ) RNLNYI1, MDYE ™ o D oMARINE AT4,” T
RANSTITLF. MAyE 2 T (1. PERFORW ang THAY G810, MOVE »& & f 4n

TO PALNSY, ¥OVF % & R WSE4 EATER™ TO A0w=TITLE, NOVE 3 T0
[Te FPERFARM 288 THRU 01, MOVE T o | amw 70 AMLN3], WOYE ™ «
"5 e H A RONSTITLE, “I4FE & tp 11, PERFARM Ga% THRU GoY,
MAVE T & N o7 TN RMLNIL, MOVE % o 0 o WY 50" TO AVWeTITLE

ANVE 5 N 11, SPRFORY LA% TRy (91, MOVE »Y #eseer 78 RuLy3y

VAWE T« ok N OHI T RNMRTTILE, WNVE & TO TT, PERFNIM GAS
THRII G901, MOWE ® o CRFFO“ 1N 20MTITLE, WOVE ™5 &® T3 SWLNZ1
IWF 1 fh T,

G9%s WOVF ZESDNS YD MUMYYY, PERFIRY GOY VARYING J FROM 1 AY 1
ONTHL U w @, GO TN RGO,

G93e LONROTE TTT FRAA JLJ ¢ 10 = 1), 4OVE PRESFRTY (I10s01) 19
A3t MAYE 229 TD COLUMNSFTELD ¢ ), IF TIT » N MOYVE SPACES
T EALUNNCFTFLD (1),

A%%, WOVF TFENS D nyuMY], PEREORY 57 THRU §T8,

695, MOVF * + [uPACT® TD RON-TITLE, WOVE ™S «* TO RWLN2), NOVE
2 TR ], PFRFARN G972 THRY G4, WNVE * o WEAR® TO ANDWeTITLE.
MOWF m e T SeLN21, MDYE 3 Th 11, PERFORN 92 THRU Eae,
WOVE % o AVATLARILITY™ 10 R0M=TITLE, MOVE "ae=n 10 RALNZ1,
MAVF & TN T1, PERFORY G397 THRY 94, WOVE 12 TN 1T, WAVE *EA[

TeCE r B 4 LA, 17 T) RONSTITLE, WIVE ees® 70 RWLNZY,
PERFRAM RTO THRL G75S, MDVE 6 TH T(. wDVE » WDDULUS OF ELASTIC
“ITy= T RW=TITLE, “OVE “=a=m £ ¢uLN3{, FEIFORM A73 TRy
A75, A0VF @ TN [1s MAVE "DEYSTTY (LR, /CI,TN,3" TD AON=T[TLE.
PERFARM £70 MR RS, WIE "MELTING RDINT ¢(OEGLF) ™ T9
WON=TITLE, 4AVE 1 1D I1.

f%6. MOVE ZERTS 7Y DUNMMYI. PERAFIAY GUF vARYING J FROM { 8Y 1
UNTTL J = 9, GD TN GOSN,

GOFs COMPUTE [IT FROM Jgg & £J ~ 13, 4nvE FRUPERTY C([1Telly YO
HAPAy, WAVE MADR TN COLUMNSFIELD (). 1F TIT > N WDVE SPACES
T enLUanaFIeLD (J), )

G%8, MOVF "e=e=® T AWLM21, FIRFORV §3q,

RQ, “RVF ®E FRTATEAL RESISTANCE * ¥n RAN=TETLE, WOYE 2 TD
PERFANK 636 THRU G94, WOVE “THERMAL COMDUCTEIVITY » 1Q
RNWeTIT P, wOVE 13 TO TI, PERFORW GFO TWRU &FS. HOVE =LOEF,
“AF TUERMAL FXPAW«"® TO RONSTITLE, MDVE 10 T0 11, MOVE 0 TQ Le
AERFRRW KTD THAY G7%,

GJs VAVE KPAEE TA PAINTRLANK NRITE BRENTELANK AEFDRE ADYANCING
a LIvEs,

11,

6%, ahd 2 TR 4JJ G0 TH &, - R —

FI4&| =AFeRTS,
HOVF SRLCES TO PRINTRLANK WRITE PRINTOLANK REFORE ADVANCING
CHANMEL 1 WRYTE PATHIRLANK FRON FQy AFTFR ADVANC (4G 10 LINES
WRETE PRANTRI ANk FRON GEWTABLES AFTFR ADVaNCING 10 LINES

RRITF PQYMTR) &A4x FRON GENTAILES AFTFR ADVANCING | LINES wAITE

PRIGTALAUK Foftu GENTABLES AFTER ADVAMCING 2. L TMES WRLTE
PRIYYRLANK FONy GENTAMLEA] AFTER &DVANCING 2 LINES WRITE
PRIMTRLANY FeOuw GENTARLE?T AFTFA LOVANCING 2 LINES WRITE
PRINTILAUG Foliw GENTARLES AFTER AnvAMCING 1§ LINES WRYTE
PRYINTALANK FoDy fiENTARLEG AFTER abyaMCING 2 LINES wRETE
PRIMYAL AN Fefiy GENTRALETD AFTER ADVAMECTYNG 7 LINES WRITE
PRINTRLANK FalW GEMTABLEL1 AFTER aOVANCTING 1 LINES [ [ B8]+
PRINTRLANK FrOy GEMTARIE1? AFTER LOVAMECTING 1 LINES WRITE
PRIUTRLANK FONv GENTAALF13 AFTER ADYANCTNG LINES WAITE
PRIUTRLANY FoOW GENTARLE 1A AFTFR aBvaNCINg t LINES WRITE
PRINTRLANK Fofiv GEWTAMLE(S SFTER aOVANEING { LINES WATTE
PRIMTRLANE FOltw FRP? AFTER ADVANCING 2 LINES WRITE FPAINTEL Ay
FROM FRY AFTCR ADVENCING 3 LIKES WATTE PRINTGLANK FROW FR4 .
AFTFR ADVANCYNG » LINFS oHITF PRINTALANK FRON FdS AFTER
AOVAREINS 1+ TNFS WATTE BRINTHLANK FRIDM Fad AFTER ANVANCING |
LINFY WRtTE PRINTALANK FROM FRT AFTFR ANVAHCING 7 (TWES wRIYE
PRINTRLANR FROM FRS AFTER AOVAMCING 1 LINES wRITE PRINTBLANK
FRIY Fae AFYER AOVANTING 1 LINES WRITE PRINTBLANK FRIN FRD

ETFR ADUANETYG | LINES 9VE SPACES 70 FRINTELANK WRITE
PRINTELANK RFFORE ADVANEEING CHANNEL L, wiyg | 10 A,
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APPENDIX E
SAMFLES OF FORMS USED WITH CASEM

Forms used in the transmittal of Materials Information and
Requests are shown in Figures 8 through 11. Instructions for the
preparation of Materials Data Form and Selection Request Form are in
Appendix B and Chapter V, respectively. Delete List and Listing Re-

quest Forms are self-explanatory.
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ADD CHANGE DATE:
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(ksi)
(kei)
(Percent)
(ksi)

(100 ksi)

(ksi)

(AISI Bll12.: 10D)
(0.001 1b/cu in.)
(0.00001L/°F)

(10 BrU/hr/sq £t/°F/ft)
‘5]

F

(microohm-cm)

LEiterreirrrrrt
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LELEErredir et
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Corrosion -
Ratings

 (ksi)
{Percent)
Other
Ratings

[ ]
FEdyr it

— —— —— ———— —— —— — ——— — — —

/19 BY:
1 Card code
2 Clsss

-4 Subclass

=7 Yield strength

-10 Tensile strength
11-13 Elongation

14-16 Shear strength

17-19 Brinell hardness
20-22 Modulus of elasticity
23-25 Endurance limit

26-28 Machinability

29-31 Density

32-34 Coefficient of Expansion

(@ o 2N Y]

'35~37 Thermal conductivity

38-40 Comparative price
hL-47 Melting point
48451 Electrical resistance
52~ Comments
75

76<80 Card number

1 Card code
P- Name

26
27-37 Condition
38 1Industrial atmosphere
39 Marine atmosphere
40 Sea water
41 Hydrochloric acid
42 Sulphuric acid
43 Ammonia
hh-h5 Compressive strength
L6-h7 Reduction in area
48 Creep
L9 Impact
50 Wear
51 Availability
52= Comments
75
76-80 Card mumber

Figure 8. Materials Data Form
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CARD NO.

NAME

Delete List

The following materials data cards should be deleted from CASEM
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Column

D 0=1 OVA £ 10

CASEM LISTING REQUEST FORM

Write "1" into the blank for the listing requested.

NERENREEEEERERERRET

-Property Listing

Code

Yield strength
Tensile strength
Elongation

Shear -strength
Brinell hardness
Modulus of elasticlty

Endurance limit

Machinability
Density

Coefficient of thermal expansion

Thermal conductivity

Comparative price

Melting point

Electrical resistance

Alphabetical listing

Class listing (fill in the class number)

Subelass ‘listing (class must be indicated above)

Complete catalog listing

85

Dept.:

Date: / | / 19

Figure 10. Listing Request Form
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CASEM

TR S T, T A

- SELECTION REQUEST FORM

y . Card Columnsa

Optimum Value

Optimization

Importance

2 Number

I3 Card Code

0l

02-09

_ 10-17

. PRIMARY

[ : - 18-25
i PROPERTIES '

' 26-33

e o - 3k
‘ R | k2-k6
—_ = | 4731
RATINGS 1 | 52-56
— 1 __ __|57-61
N — _ __|62-87
COMPOSITE

== - _|68-713

PROFERTIES '
—_ | — — — | 7b~79

Request 80

Figure 1l. B8election Request Form
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