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SUMMARY 

The principal objective of this, work has been to develop a 

computer-oriented pilot system for the selection of the most suitable 

material for a given design case-. 

Special emphasis has been placed upon the means of creating a 

well organized materials catalog from which the selections can be 

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 uniformity in test data or the 

total lack of quantitative data on such properties is mainly respon

sible for such a loose 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 following conclusions and recommendations should also 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 upon 

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 comparisons between materials of different nature, 

the data pertaining to the properties of engineering materials.: should be 

made uniform by the use of compatible units. By establishing uniform 

test conditions for high-temperature properties, 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 

design situation is largely based on the experience of the individual 

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. 

k. At present the dissemination and maintenance of specific data 

on engineering materials is done by distribution 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. 
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CHAPTER I 

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

lify as engineering materials as well as today's powder metallurgy mix

tures and composite materials. However today, in an age when mankind's 

needs are incomparably more sophisticated in quality and huge in quan

tity, a narrower more practical definition is necessary. Therefore, 

specifically, an engineering material is a substance from which an item 

in demand can be competitively produced. 

The value of an engineering material is highly relative, depend

ing on the specific circumstances under which it is to be used. A 

statement such as "Steel is the most adaptable material," and "Cast 

iron is the cheapest material" are blanket statements irrelevant to a 

good design 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 certain 

design when a sufficient number of conditions are set for the material 

to meet-. 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 jus.t as good as a machined steel bar or any-

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

of materials suitable for this application. However as more conditions 

are introduced, the selection narrows down. 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 is to be 

used in an airborne application and will be subject to 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 at this stage to reach a definite decision. This is only 

possible by setting relative priorities for each requirement; i.e., 

"what is the most, important requirement?", "second most?", etc. and then 

comparing each material successively with others in view of requirements 

and priorities. 

It is apparent from this short discussion that a theoretically 

ideal material selection which starts from an infinite number of avail

able materials and proceeds with a large number of requirements and 

their assigned priorities, suggests a lengthy, time consuming process 

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

process is avoided by limiting the number of materials available to 

those with which the designer has 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. 
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The rest is left to be decided by costly trial-and-error methods that 

quite successfully indicate critical shortcomings in tangible properties 

such as strength, corrosion, etc., but fail to indicate any intangible 

disadvantages such as the high cost, low specific strength, etc. 

Developments in the last 30 years in several fields made a sys

tematic. approach that more closely approximates the theoretically 

ideal material selection, both necessary and possible. These develop

ments are: 

a- Unprecedented expansion of technical and scientific informa

tion* It is estimated that scientific and technical information has 

doubled every 12 or 15 years since 1750* In the field of engineering 

materials the growth of information is at least parallel to this, if 

not more accelerated* The I962 edition of the Materials Handbook 
-x-

issued by the Materials in Design Engineering (k) has only less than 

200 pages in comparison with more than 550 pages of materials data in 

the 1965 edition (5)» A close look at the latter also reveals that, 

during the year 1965 only, information became available on ten new irons 

and steel; 15 non-ferrous metals; 2k plastics and rubber; nine ceramics, 

glass, carbon, and mica; five fibers, felts, wood, and paper; and 12 

composite materials, in addition to new data on more conventional ma

terials and their variations. The first volume of the Metals Handbook 

prepared by the American Society for Metals (6), has expanded thr'eefold 

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 mstterials 

are too numerous to list. The inescapable conclusion is that all these 

data should be systematically organized for easier access, wider use, 

better cataloging, and wider dissemination (1,2,3)• 

b. Development of automatic data processing devices and the 

birth of the information science. Three principal reasons, namely 

emergence of statistics as an important tool in economics; fast rising 

costs of labor; and industrialization, gave way to the development of 

electronic data processing equipment (7). Extensive developments in 

the computer technology in a short period 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 into the reach of even the smaller engineering 

companies (9)* It is only natural to 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. 

c* Emergence of operations research as an important branch of 

applied science. Operations research 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 

decisions, scheduling, queuing, stocking, and many other management 

functions (10)» Mathematical development of the statistical decision 

theory is one of its many contributions and it applies equally well to 

engineering decisions as it does to management (ll). 

One of the basic decisions that a design engineer faces frequently 
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is the selection of a material suitable for the manufacture of a part 

under consideration. In view of the trends above, it is"logical to 

assume that a system can be devised to develop and maintain a well or

ganized, extensive materials catalog and to select the most suitable 

material for a given design situation by utilizing the mathematical de

cision theory together with the computational speed and huge memory 

capacity of the electronic computers. This, then, is the principal 

object of this pilot study. 
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CHAPTER II 

ENGINEERING MATERIALS AND THEIR PROPERTIES 

A Brief Look at the Present Status and the Future 

Materials 

A very rapid and accelerated development of new engineering 

materials occurred during and in the years following the Second World 

War.. During the war, most publicized developments were in the light 

metals, and in plastics and synthetics. 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 Pharaohs erected marvelous 

buildings three thousand years ago, with no power except that of men and 

animals, and virtually no materials except stone, brick, and gypsum 

plaster. They also built carriages made of only wood and leather. The 

situation changed very little until the nineteenth century. 

This extraordinarily slow progress was not completely 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 for centuries, 

but it took 25 years and one of the best machine builders in Great Bri

tain for James Watt to build an engine that would function satisfactorily. 

His inventive genius could design governors, linkages, and gears, but he 

could not obtain a true cylinder or a tight piston. When he did obtain 

a cylinder only an eighth of an inch larger at one end than the other, 

he hailed it as a triumph.. Due to the lack of heavy rolling 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 tools had to await the 

production of large ingots of steel, .and large ingots of steel were un

known until Bessemer invented his steelmaking process in 1856. 

The impact of the developments between the First World War and 

the Second came in the late forties and early fifties in the form of 

better alloys, improved properties, and composite and reinforced materi

als* Airplane, space, and weapons technologies, coupled with unprece

dented economic expansion and prosperity, both benefited from, and forced, 

the development and wideispread use of new materials and alloys. Mass-

produced aluminum,, magnesium, and titanium alloys, powder metallurgy, 

refractory metals, superalloys, coated and high-strength steels, are all 

answers developed in response to requirements imposed by these technolo

gies.. 

The nonmetallie materials, responding to the expanding economy . 

and consumer prosperity, have exploded into the marketplace. Polymers 
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and their blends, ABS/PVC thermoplastic sheets, and: other conventional 

mill forms, structural foams, fiber glass, phenolics, polyesters and 

numerous other thermosets, elastomers, new ceramics, carbons and graph

ites, are not only replacing conventional materials, but also are find

ing imaginative uses no one would have expected 20 years ago* 

In any field changing as fast as the field of engineering mater

ials does, it is highly desirable to take the time to review the status 

of various areas before any projections into the future are made. The 

following, then, is a snapshot of this field, assessing the 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 of' information gathered in alloying 

and manuf.acturing steels In most applications is so detailed that it is 

almost possible to custom make alloys for specific products. Because 

of this, most of the developments should be expected in the improvement 

of mill methods, heat treatments, and further specialized areas of 

coated steels, P/M products:, etc. 

Superalloys. Development of superalloys that withstand high 

loads at high temperatures have made space re-entry vehicles, supersonic 

aircraft and rocketry, and gas turbines possible:. New developments in 

these nickel-, and cobalt-based alloys and titanium are most likely to 

be in the. methods of production and in the improved 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 forcing the users to look for substitutes. So the future 

developments are most likely to be in the improvement of these proper

ties together with, new and better reclamation processes. Developments 

in newer and cheaper bearing alloys are also probable. 

Light Metals. The use of magnesium in space applications has 

Increased tremendously in recent years. Because of the very high spe

cific strength it possesses:, its use should continue increasing and 

trigger further developments in both the manufacturing processes and 

improved properties. 

Aluminum use should continue to grow and spread further into new 

areas such as bearing alloys, electronics, composites:, etc. The most 

important future development will probably be in the improvement of its 

stress-corrosion resistance without sacrificing strength. 

Refractory Metals. Columbium, tungsten, and tantalum alloys are 

presently being used in aerospace applications and weapons systems:. 

Future developments should be in the direction of improved stress-

rupture strength, better oxidation resistance, refined heat treatments, 

and production innovations. 

Powder Metallurgy. This relatively new technique is gaining 

widespread use in replacing conventional casting and forging processes 

because of its advantages of increasing ductility and improving proper

ties,.. Its versatility in obtaining custom-tailored properties through 

the manipulation of blending ratios, and compacting density, and the 

possibilities it offers in blending metals with nonmetallies, are vir

tually endless. Future developments, obviously will be in providing a 
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wider range, of powdered materials (possibly superalloys) as well as im

proved blending and forging techniques. 

Plastics:, Rubber, and Ceramics. With the continuing trend of 

decreasing prices, thermosets and thermoplastics, have invaded the markets 

that traditionally belonged to paper, wood and other organic materials, 

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

home to automobiles, to industrial products. Developments in the near 

future are more likely to be in novel applications and custom-tailored 

properties rather than new compounds. Important developments will prob

ably also unfold in reinforcing and plating techniques in an effort to 

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 production methods as well as improved extreme temperature 

characteristics.. 

Probably the most significant trend taking place in ceramic 

materials is their growing use in many new applications:. New uses are 

being found in chemical processing, automotive, appliance, and electrical 

and electronic equipment where maintenance-free, long lasting usage is 

made possible by the outstanding oxidation and corrosion 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 no reason to think that it 

will be different in the near future. 

In this continuous interaction of sociological, economical, and 

technological activities.., new trends inevitably mean new and improved 

materials and methods. It is not very hard to project that the dawning 

ecological renaissance will no doubt re-directat least some of the ef

forts toward reclamation processes and reusable rather than disposable 

materials* Precarious prices and supplies in the world market for 

metals such as nickel, chromium, and cobalt are already pushing the 

manufacturers toward the development of substitute materials and new 

designs using other materials.. New technologies such as cryogenics, 

nuclear power, underwater research, off-shore 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, and coat

ings, etc. 

Properties 

A quantity that defines a specific characteristic of a material 

is a property. The properties of a material provide a basis for pre

dicting its behavior under various conditions (l4). Materials proper

ties commonly used in engineering design can generally be classified 

into five major groups: mechanical (strength, etc.), physical (density, 
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electrical and thermal conductance, etc.), chemical (corrosion re

sistance, etc.), technological (machinability, etc.), and composite pro

perties (specific strength, etc.). 

If a property is to be used as the basis of comparison between 

different materials, obviously the method with which it is evaluated 

must be standardized. Until recently this standardization was usually 

undertaken by either the users or the manufacturers, and often by both. 

A healthy trend in the sixties, however, has been toward the merging of 

all standard testing specifications into the large body of specifications 

created and standardized by the American Society for Testing Materials. 

The testing methods, and the properties tested, Eire generally 

dependent on the particular material group in question because of the 

different physical configurations., 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 

properties, but bursting strength for cast steel and shear strength for 

polyethylene film would not only be useless properties but also meaning

less.. Therefore, a preliminary comparison of the materials has to be 

made based on the intrinsic qualities of their general classes. A quan

titative comparison between different classes is often not feasible and 

is usually unnecessary, except in extreme cases. One must be very care

ful in interpreting and comparing property test results for different 

materials''even within the same general class. Test methods 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, 
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but for woven glass reinforced polyester fabric the method generally 

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

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

A good understanding of definitions of various properties is 

usually the first requirement toward correct 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 ratio 

of the maximum load to the original- cross-sectional area.. This is 

also called the "ultimate strength." 

Yield Strength. The stress at which a material exhibits a spe

cified deviation from the proportionality of 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 is capable of developing, based on the original cross-sectional 

area. 

Tensile, yield, shear, and compressive strengths are measured in 

P'si (pounds per square inch) or ksi (1000 psi). 

Elongation. 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 rigiditjr of materials. 

Ratio of stress, within the proportional limit, to corresponding strain. 

Usually, unless otherwise specified, it refers to the Young's modulus, 

obtained in tension or compression, measured in psi or ksi. 

Endurance Limit. The maximum 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 

indentation as measured by the Brinell method. 

Machinability. The relative ease of machining a. metal. Usually 

expressed on a scale where AIST B1112 steel is assumed to have a machin

ability of 100. 

Density. Weight of material per unit volume, measured in pounds 

per cubic inch. 

Electrical Resistance. The property of material which determines 

the amount of current produced by a given difference of electrical po

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

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

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

or eutectic changes from solid to liquid; the temperature at which the 

liquid and solid phases are at equilibrium. Measured in degrees Fahren

heit (°F). 

Thermal Conductivity. Time rate of transfer of heat by conduction, 
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through unit thickness, across unit area, 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 a 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 used in this study are specific stiffness and specific 

strength which are obtained by dividing the modulus of elasticity and 

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

strength price obtained 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 included here, however, should be suffi

cient to demonstrate how all properties generally affect the decision 

process as employed in engineering design and materials selection. 
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CHAPTER III 

ANALYSIS OF DECISION PROCESS AS RELATED TO THE SELECTION 

OF ENGINEERING MATERIALS 

Proper analysis of material selection requires an understanding 

of the logical activities involved in the process of mechanical design. 

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

cess. 

Design Methodology 

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 differences, in general, can 

be attributed to varying past experiences and backgrounds of the investi

gators. It is obvious that a somewhat different approach would be used 

in the design of a weapons system as compared to the design of a consumer 

product. Table 1 shows a comparison of various descriptions of the de

sign process collected by Alger and Hays (l6). It can be argued, how

ever, that the differences are generally those of semantics, interpreta

tion, and emphasis rather than basic methodology. Regardless 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 



17 

Tahle 1. Various Descriptions of the Design Process 

Source A Source B Source C Source D Source E 

Analysis Recognize Investigate 
direction 

Recognize Review re
quirements 

Synthesis Define Establish 
measures 

Specify Brainstorm 

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 a Layout and 
solution solution design re

view 

Implementa Communicate Convince Implement Details, 
tion hardware and 

manufacturing 

SOURCES 
~K) 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., Englewood Cliffs, N. J., I96J+, 
E) A. E. Coryell, "The Design Process," Machine Design, November 9, 

1967, pp. 15^-161. 
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function. This, activity includes the definition of 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/or optimized. 

3. Development of the basic concept into a working system. 

This includes component selection and/or design, if applicable. 

k. 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 Design Process 

Material selection and evaluation takes place to some extent in 

all of the above activities^,with the possible exception of the first. 

To reflect that, an analysis of the design process is shown in flow 

chart form in Figure 1 (17).. First encounter with a materials question 

is generally during the evaluation of feasibility of the tentative con

cept. Questions to be answered are of a general nature and are mostly 

concerned with whether or not any extreme material properties would be 

required. It is at this stage that certain classes of materials Eire 

usually eliminated from consideration due to their limitations. Often 

a tentative decision is made as to the general class of materials t6 be 

considered,. It is also possible that materials limitations might make 

it necessary to reformulate the tentative concept and even force modifi

cations in the secondary specifications for the function to be performed. 

The most extensive materials evaluation takes place during the 

development stage. This usually involves the determination of critical 
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values for various materials' properties, as well as desirable manufac

turing methods-, allowable costs, availability of standard shapes, and 

other such factors peculiar to the design problem at hand. These ac

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 to 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 Decisions in Material Selection 

Material selection in engineering design can be Tepresented as a 

series of decisions and actions as shown in Figure 2* The process 

usually starts with a search for previous experience by the designer on 

•X-

similar .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 also 

diminishes the possibility of a fresh look at the probable hidden disad

vantages such as excessive cost, newly available substitutes, etc. 

Quite often the matter of possible recent changes is not investigated 

(ll), and response to the question of alternatives (20) is negative. 

In the absence of information on previous experience, the next 

Underlined numbers in parentheses refer to block sequence num
bers in Figure 2. 
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action is 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 (J). The latter is 

bypassed if this determination was made in the feasibility stage. 

Following the class determination, a series of comparisons 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 (l£). The minimum acceptable numerical value 

of the property leading the priority ranking has to be satisfied. In 

addition to that, if optimization techniques are being used, a combina

tion of several properties associated through a design equation must be 

satisfied. Minor requirements (those that follow the major property on 

the priority list) can usually be compromised if the situation requires 

it (l4). A considerable amount of flexibility is also exercised in the 

requirements for auxiliary features such as standard mill forms, avail

ability (lead times), manufacturing methods, etc. (l^). If all of these 

tests are properly passed or compromised, material is added to the list 

of acceptables for further consideration (12,12). Alternates are added 

to the list through repetitions of the same process until 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 selection fsictor (19) (if optimum design methods are em

ployed) or auxiliary requirements such as cost, fabrication methods, 

etc. (21,22). 

It should be emphasized that this picture of the material selection 
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process is simplified to bring out the highlights, and at a given loca

tion for a specific design project, there might be variations both in 

sequence and in importance placed on different steps. 

Current material selection process as characterized above has 

various important drawbacks: 

1. Dependence on previous experience hinders the consideration 

of newer, possibly more suitable, materials. 

2. Dependence on proper maintenance and updating of materials 

catalogs by vendors slows down dissemination of data and limits the 

materials data available for selection. 

3» Compromises are often made, on the basis of personal prefer

ences that are not explicitly known or stated. 

k. Cost factor is often considered with only a passing interest 

and has to be reevaluated by value engineering during production stages. 
/ 

5- Numerical comparisons of properties are made in a sequential 

manner rather than simultaneously, resulting in uneconomical use of 

materials with better properties than necessary. 

In the following chapter an automated system to minimize these 

disadvantages will be 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 development, computers have become 

important tools in many branches of engineering. Their use in engineer

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 computer 

systems. 

2. Development of advanced compilers, program packages, and 

programming systems, further facilitating engineer-computer communi

cations 

3* Increasing emphasis with which engineering schools 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 educational 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 linkages. 
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"COMMEND" (21,22), COMputer aided Mechanical Engineering Design, 

developed by the International Business Machines Corporation 

(IBM), for design computations on basic machine elements 

(springs, gears, etc.) 

"STRESS" (23), developed by the Civil Engineering Department at 

MIT for structural analysis computations 

"COGO" (2k), Coordinate GeOmetry Program for surveying and plane 

geometry calculations 

"DYANA" (25), DYnamic ANAlyzer for analysis of dynamic systems 

"ECAP" (37)> Electronic (Circuit 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 (data 

organization and retrieval) has been grossly ignored. 

The emphasis on document retrieval has been mainly due to pres

sure exerted by groups of engineers and scientists alarmed by the infor

mation explosion that.has been taking place in the last 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 



26 

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

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

envisioning and encouraging such systems. As early as 19&5, it has been 

predicted that: 

....programs will be available to engineers throughout the design 
process to provide fast and reliable 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 
specified set of characteristics (22). 

A 1966 paper presented to the Design Engineering Conference by 

Norman E. Cottrell, Director of Documentation Service for the American 

Society for Metals, stated: 

...a relatively small number of journals cover the field of 
engineering materials definitively. Therefore the task of 
systematically organizing this type 'of^information,presents 
fewer complications than many other fields . . . (l). 

These projections and claims are yet to be realized. 

Other problems, similar to the material selection problem in 

nature, have been programmed and are in use in other fields (32,33>3*0« 

These are, in general, simple programs matching the required component 

characteristics to those on a disk or tape file on a go, no-go basis. 

Since these matches are on a one-to-one basis (i.e., only one match 

exists for every requirement), sophisticated decision or compromising 

techniques are not necessary. 

In the selection of engineering materials, however, often there 

is no exact match for the requirements, and a compromise has to be made. 

In addition, usually many materials exceed the specified requirements 
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and criteria must be developed as bases of decisions. The technique for 

such a selection is developed from the methods of statistical decision

making and is outlined briefly in the following section. 

Statistical Decisions iri Material Selection 

Bayesian decision rules and their evaluation is a topic of sta

tistical decision theory. For reference purposes, a brief explanation 

is included in Appendix A on those aspects of the theory that are neces

sary in the development of material selection criteria. 

Development of Selection Criteria 

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

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

probability matrices (l8,35) 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 p. is the numerical value of the j property for the 

k material. I denotes the importance vector representing the weight

ing factors assigned to each property by the designer on the basis of 

their relative importance for the particular design problem, i.e., i. 
j 

is an element of vector 1 and represents the relative importance of the 

j property for all acceptable materials. R denotes the request vector, 

similar to I with the exception that element r, represents the numerical 

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

vector representing elements v. specified by the designer to indicate the 
J 
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direction of optimization for the j property. Element v. can be as-
J 

signed only two values, zero and one, causing the optimization of the 

numerical value for the j property upwards or downwardiS, respectively. 

D, is an index of the computed desirability of the k material.. 

Technique of Selection. Assuming that desirability (DL_) of a ma

terial k is inversely proportional to the variation of catalog values 
of its individual properties (p., where j = 1,...,m) from the requested 

JK 
values (r.); elements of the property matrix p.., can be normalized with 

<J <]k 

the elements of the request vector r. such that the normalized property 

matrix P will have the elements: 

r.i - P.IK 
r. 
0 

representing the degree of desirability of each property for each ma

terial. This normalized property matrix has to be further changed to 

account for the differences in the direction of optimization. This is 
v. 

done by multiplying each element by (-l) . So P now has elements: 

(-D 
v. 
• 0 

r . j ' p . i * 
r 

3 

and is a fair representation of the desirabilities associated with each 

material and each property. 

Importance vector I in this instance is to represent the weight

ing factors that make up the probability matrix in the classical 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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This can be accomplished simply by dividing each i. by ) i.. But, 
o j4t J 

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 composite properties 

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

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

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

j = 1,...,5 represent primary properties, 

j = 6,...,9 represent ratings (0.5 factor), 

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

the cumulative total probability is: 

5 9 12 

I i s X v ^ Xv+0-75 X v 
So the normalized importance vector I has the elements 

±./Jl for 3 = 1,...,5 

0.5 i./)l for j - 6,...,9 

0JJ5 i • /)]• for j = 10,11,12 

If the technique of statistical decision-making is followed, 

the desirability ranking D, of each material would be obtained by 

multiplying the columns of normalized property matrix P^ with the 

corresponding element of the normalized importance vector I 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

malized property matrix F 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," but the relative desirability 

D, of corresponding material. Hence, the k material, maximizing the 

value of: 

~ r r v.. r. - p., -,v "i. ?- f r v. r. -» p... n> 

1 {* - [(-1) 3 J L T 7 J & 1 # - °-5 I I1 - [(-D ° JLTH*D 
o=i J a=s J 

,]=10 J 

should be selected as the most desirable material. 



31 

CHAPTER V 

"CASEM." - A SYSTEM FOR 

COMPUTER AIDED SELECTION OF ENGINEERING MATERIALS 

System Description 

Definition 

CASEM is a pilot system for compilation, maintenance, and 

updating of engineering materials data, and selection of materials from 

this data-base to fulfill specific property requirements.. 

Characteristics 

The system was designed to have the following characteristics: 

1. Appropriate editing of input data 

2. An expandable materials catalog 

3. Computation of composite properties 

h. Procedures for updating and maintenance of materials data 

catalog 

5. Selection process based on statistical decision-making 

techniques 

6. Output to provide flexibility for the designer to 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 on punched cards. 
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Minimum Computing System Requirements 

Computer program associated with the system was implemented on a 

Burroughs B-55'OO computing system. On that basis, the minimum system 

requirements are: 80-column card reader, 120-character printer, 2k K 

minimum core storage for program (1+8-bit words), minimum of two disk-

drives, and a C0B0L-61 (or higher level) compiler with the Disk-Sort 

feature. 

System Flow Chart 

A flow chart showing input, output, and processing activities 

associated with this system is shown in Figure 3» 

Engineering Department Materials Data Coordinator (A) 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 to 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 system is with the Selection 

Requests (F). All of these requests are key punched and verified and 

arranged into the form of an input deck (Figure 6) for periodical runs. 

Included in the input deck is the complete Materials Catalog Deck (L) 

as well as the program deck (M). Output (0,P,Q) is distributed 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 k and 5. First processing ac-

tivity is reading and editing of all input data (2; where all sequence 

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 (£), 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 handled 

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 (6,10). In either case, the first prop

erty that needs to be sorted is determined (£ or 11) 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 (LU,15). If there was a listing 

Underlined numbers in parentheses refer to Figures 4 and 5. 
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request (l]£,17 or Ik, 15,16,17), 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) arec checked i;to' insurethat 

they .satisfy: the limitations for properties other'than the one on the 

basis of which the material was added to the list. If it passes these 

tests, then it is included in the desirability matrix. Composite prop

erties are computed (if required), and rankings are also placed in the 

desirability matrix if necessary (23,2j+,2J>) • 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 desirabilities, the best three materials are 

printed out and the process is repeated for the next selection request 

(27,2^,22). After the last request is processed, the execution is 

terminated (27,g2,28). 

Input Deck Setup 

Illustrated in Figure 6, the input deck consists of: 

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

2. Program deck (in source or object language) 

3. Data file control (introduction) card. 

k. Materials data catalog on cards, each material consisting of 

two cards, up to l6l materials (total capacity for this program). 

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

request. Up to nine requests can be processed in each run. 
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Figure 6. "CASEM" Input Deck Set Up for B-5500 
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6. Listing request card, if there is a listing request. Only 

one listing request card can be processed in each run. 

7. End card (orange). 

Output 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 

properties in a sequential order, 

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 

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: "XXKXXX WARNING FLAG-

DATA SECTION." The error messages are: 

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. 

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

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 MATERIALS DATA 

FOLLOWING THIS CARD ARE OMITTED." 
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k. "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 processing is continued. 

The program prints three messages to supply information about 

completion of program phases. Each one preceded by "XXXXXXX PROGRAM 

MESSAGE:," these messages are: 

1. "PROGRAM AND DATA HAVE BEEN COMPILED, CATALOG CONSISTS OF 

NNN ITEMS," where NNN isJ the number of materials in catalog. 

2. "EXECUTION IS REQUESTED BUT CATALOG NOT SUPPLIED THEREFORE 

THIS COMPUTER RUN IS SUSPENDED: SUPPLY CATALOG WITH NEXT RUN." 

3. "SUPPLIED CATALOG HAS BEEN READ IN AND FILED,—EXECUTION 

TERMINATED SINCE NEITHER LISTING NOR SELECTION IS REQUESTED." 

User Procedures 

Materials Catalog Maintenemce 

There are three activities associated with this phase of the 

system: additions, deletions, and changes to the catalog. The step-

by-step 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 or cha.nge. 

Step E2. If add, fill form according to instructions in Appendix A. 

Go to Step E5. 
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Step E3» If change, fill only the properties or fields to be changed. 

Columns 76-8O should contain the number of the card to be changed, 

Go to Step E5. 

Step Ek. If delete, indicate the numbers of materials to be deleted on 

Delete List (Appendix E). 

Step E5» Date and sign the document and forward to Data Processing 

Department. 

Data Processing Department: 

Step Dl. If change or delete, go to Step D5» 

Step D2. Key punch the information from the document. All fields are 

numeric and right-justified except for Comments, Name, and Condi

tion, which are alphabetical and left-justified. 

Step D3. Key verify the punched cards (two per document). 

Step Dh. Place cards, in sequence, in the Materials Data Card File. 

Go to Step DIO. 

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

Card File and remove. Go to Step DIO. 

Step D6. Locate card to be changed in Card File. 

Step D7» Duplicate the unchanged portion of the old card, punching only 

the changed fields from the Materials Data Form. 

Step D8. Key verify the newly punched fields. 

Step D9» Place new cards in the Card File. 

Step DIO. Return deleted and changed cards and documents to Engineering 

Department to indicate the completion of the requested changes, 

additions, and/or deletions. 
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Listing 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 SI. Determine, in numerical form if possible,; all thk"important :r 

properties and qualities necessary. These would include design 

loads, price, corrosion, machinability, etc. 

Step S2. 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 zero is the least 

important, and nine the most important. 

Step Sk, Decide the direction of optimization for each property (but 

not for ratings). If optimization is to be upward (i.e., the 

optimum value is the minimum acceptable), place 1 in the asso

ciated field (called "optimization" on the form), otherwise 

leave blank. 

Step S5» 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 zero the worst. Exceptions are 

Compressive Strength and Reduction in Area, where the rating is 

replaced by the actual numerical values, i.e., 26.7 percent 

reduction in area and 3^ ksi compressive strength would be shown 

as ratings of 27 and 3̂-> respectively. 



Table 2. Materials Properties and Rankings 

3̂ 

Property Property 
Number 

PRIMARY PROPERTIES 

01" Yield strength 
02 Tensile strength 
03 Elongation 
0̂ - Shear strength 
05 Brinell hardness 
06 Modulus of elasticity 
07 Endurance limit 
08 Machinability 
09 Density 
10 Coefficient of thermal 

expansion 
11 Thermal conductivity 
12 Comparative price 
1̂ - Melting point 
15 Electrical resistance 

COMPOSITE PROPERTIES 
01 Specific stiffness 
02 Stiffness price 
03 Specific strength 
Ok Strength price 

RATINGS 

01 Corrosion resistance 
02 
03 
Ok 
05 
06 
07 Creep characteristics 
08 Impact strength 
09 Wear resistance 
10 Availability 
11 Compressive strength 
12 Reduction in area 

Unit 

ksi; 1000 lb/sq in. 
ksi; 1000 lb/sq in. 
percent 
ksi; 1000 lb/sq in. 
Brinell hardness number; BHN 
100,000 lb/sq in.; 100 ksi 
ksi; 1000 lb/sq in. 
basis: 100 for AISI B1112 
0.001 lb/cu in . 
0.0000l/°F 
10 BTU/hr/sq f t / ° F / f t 
tf/lb 
°F 
0.1 microohm-cm 

10 inches 
IO10 in.-lb/$ 
106 inches 
108 in-lb/$ 

on a scale to 9 

industrial atmosphere 
marine atmosphere 
sea water 
hydrochloric acid 
sulphuric acid 
ammonia 

standard mill forms and sizes 
ksi; 1000 lb/sq in. 
percent 



kk 

Step S6. When the form is completed, add date, sign, and forward to 

Data Processing Department. 

Data Processing Department: 

Step Rl. Punch Selection Request Card from the Selection Request 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 Rk. 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 procedures given above are intended as examples 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 iron (type 120-

90-02). Recent vendor problems, however, caused the necessity of con

sidering an alternate material and a possible switch from the present 

manufacturing method. Specifications and tests of the actual 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 

criteria are: 

1. Tensile strength of 125 ksl or more, 

Property number is 2 (from Table 2), 

Importance 'is fudged to be Q on a' scale >6f nine, 

Optimization is upward (value l). 

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

any), 

Property number 5> 

Importance 7 (slightly less than strength, but still important) 

Optimization is upward (value l). 

3» Density 0.290 pounds per cubic inch or less, 

Property number is 9> 

As important as hardness; importance is judged 7> 

Optimization downward (blank). 

h. Wear rating should be good, possibly 9> 

Importance judged 9> very important, 

Rating number is 9* 

5. Availability is not very important, importance is judged to 

be 5, 
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Only with a high rating of availability might there be a 

possibility of finding a standard U-section, so it is assumed 

to be 9, 

Rating number is 10. 

These requirements are coded onto the Selection Request Form which 

is shown in Figure 7« 

When this information is processed through the program, the 

following selections resulted: 

First choice is Material #72 (wrought nitride steel, type EZ) 

with tensile strength of 126 ksi, Brinell hardness of 255, and 

a density of 0.283 lb/cu in. It is rated excellent for wear 

(9) but availability is average; therefore, likelihood of find

ing a standard U-section is not very good. Desirability of this 

selection was computed as 9^ percent. 

Second and third choices were also nitride steels (catalog 

numbers 66 and 69) and had desirabilities of 89 and 87 percent, 

respectively. 

The outputs applying to this example are shown in Appendix C 

under request number 5« 



CASEM 

SELECTION REQUEST FORM 
' M . < / . ! > -

PRIMARY 

PROPERTIES 

RATINGS 

COMPOSITE 

PROPERTIES 

Request 

il 

i L i l 
0 °> 

JLJS. 
I o 

7_ 

7 

3. 
s 

JLSLS-

2 9.0 

02-09 

10-17 

18-25 

26-33 

3 ^ 1 

_ 9 _ k2-k6 

_ 2- | ̂ -51 

| 52-56 

57-61 

62-67 

68-73 

7^-79 

80 

Figure 7» Selection Request Form for the Example 
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CHAPTER VI 

RECOMMENDATIONS AND SUGGESTIONS 

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

based pilot system for cataloging engineering materials data and making 

selections 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: 

1. 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 proposed. 

for a "master plan" for standardizing such activities. 

2. A method of comparison should be developed for properties 

that are compared only through 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. 

k. Processing time and core memory requirements should be re

duced by utilizing the following recommendations for the CASEM computer 

program: 

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

files rather than cards, thus improving the core usage. 



h9 

b. The program should be broken into three smaller programs 

independently executed but using the same file. These would 

be: 

(1) Catalog Maintenance Program 

(2) Catalog Listing Program 

(3) Selection Program. 

c. Possibilities should be investigated for the feasibility 

of use through remote terminals in a conversational mode. In 

this instance, the program would interrogate the designer on 

a real time basis, to obtain the criteria necessary for 

selection. 

5» The possibility of establishing conversion tables for use 

(only to provide a basis for comparison) in comparing properties tested 

by different methods for different materials should be investigated. 

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

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 

be made on the basis of fabrication equipment available at the manu

facturing location. 

The system presented here can evolve into a major tool for the 

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 

the logical processes Involved. Thus it is hoped that even the simple 

activity of preparing the data for this system will help the designer 
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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 DECISIONS 

The following is a brief review of those aspects of the 

Statistical Decision Theory necessary for the development of a material 

selection technique. 

Notation 

Symbol X represents the vector Xx,.. *,X- denoting the random 

variables on which the decision is to be based. Symbol Y represents 

the vector -Y],,...., YL-, denoting the random variables that will be ob

served after the decision is made. Symbol D is an index for possible 

decisions. Symbol s denotes a decision rule defined by non-negative 

numbers s(x;D), where s(x;D) is the probability assigned by the deci

sion rule s to choosing the decision D when X = x. If L is the 

number of values D can take, then by definition: 

L 

y s(x;D) = 1 for each x. 

Symbol 0 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(y;D), when it does not depend on X explicitly. By definition, 

the expected value of a loss is 

L 

r(e;s) = £ Y R(e;x;D) s(x;D) 
x D=i 
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when the decision rule s is used and where R(9;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 0. If Si and ss are two decision rules, s;l is said to be 

better than ss if: 

r(9;Sl) * r(9;ss) for all 9 and, 

r(9;S]_) < r(9;s2) for at least one value of .9. 

A decision rule t is called "inadmissible" if there is a deci

sion rule which is better than t. Any decision rule that is not in

admissible is "admissible." 

Bayesian Decision Rules 

If b(l), >b(h) are non-negative numbers adding to unity, 

then a decision rule s is called "Bayesian relative to b(l),...,b(h), 

if: 
h h 
£ b(9) r.(9;.a) .3 £ b(6) r(0;t) 

for each and every decision rule t. Therefore any admissible decision 

rule is a Bayesian Decision Rule. However, some inadmissible decision 

rules are also Bayesian (36).. 

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

s should be chosen to minimize the expression: 

L 

> V s(x;D) K(D;x) 
U 
x u=i 
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where K(D;x) is the loss function associated with b(l),...,b(h) for all 

9 and all Y. Obviously s(D;x) has to be set equal to zero for each 

pair of x and D, unless K(D;x) = min {K(l;x),.....,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(l),....,b(h). 

Desirabilities and Probabilities 

Construction of Bayesian Decision Rules when there is a finite 

number of distributions and a finite number of decisions, has been studied 

in detail by Jeffrey (35)" In resulting methods, a set of more descrip

tive labels evolved to describe matrices represented by r(6,s) and vec

tors represented by b(0). r(0,s) is referred to as the "Desirability" 

matrix and b(G) is called the "Probability" vector. The product ma

trix represented by the element b(6)r(6,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 numerical data that do not conform to the units as shown on the 

form be converted by the use of conversion tables and conversion factors 

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, only the field that 

is to be changed need be filled. For identification purposes, Class, 

Subclass, 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 Tables 3> ^t an(i 

5. Their purpose is to facilitate preselection comparisons on the basis 

of dominant properties of each group of materials in future work. 



Table 3» Materials Classification 

Class 

1 
2 
3 
k 

Materials  

Ferrous metals 
Non-ferrous metals 
Plastics 
Rubber, ceramics, glass, carbon 

Table h. Subclasses for Ferrous Metals (Class l) 

Subclass Materials . 

01 Grey cast iron 
02 Nodular or ductile cast iron 
03 Malleable (cast) irons 
0^ White and alloy cast irons 
05 Ingot, and wrought irons 
06 Carbon steels--hardening grade 
07 Carbon steels--carburizing grade 
08 Nitriding steels—wrought 
09 H-steels—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 steels—wrought 
16 Ferritic stainless steels—wrought 
17 Martensitic stainless steels--wrought 
18 Age hardenable stainless steels 
19 Iron-based super alloys—wrought, cast 
20 Iron-based chromium-nickel super alloys (cast) 
21 Carbon steels--cast 
22 Alloy steels—rcast 
• 23 Cast stainless steels 
2k Heat resistant alloys—'Cast 
25 Tool steels (wrought) 
26 Alloy steels—quenched and tempered 
27 Ferrous metal powders 
28-99 Unused 
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Table 5,, Subclasses for Non-ferrous Metals (Class 2) 

Subclass Material  

01 Wrought aluminum 
02 Cast aluminum 
03 Cobalt and cobalt-based super alloys 
0U Tantalum, tungsten, molybdenum (wrought) 
05 Wrought columbium 
06 Wrought copper 
07 Copper base cast alloys 
08 Lead--cast or wrought 
09 Wrought magnesium alloys 
10 Cast magnesium alloys 
11 Non-ferrous metal powders 
12 Rare earth metals 
13 Nickel and alloys—-wrought 
lU Nickel a,nd alloys—cast 
15 Low-expansion nickel alloys (wrought) 
16 Nickel base super alloys 
17 Precious metals—wrought 
18 Tin--wrought, cast 
19 Tin-lead-antimony alloys—cast 
20 Titanium—wrought 
21 Wrought zinc alloys 
22 Cast zinc alloys 
23 Hafnium, throium, uranium, vanadium, and 

beryllium--wrought 
2k Wrought zirconium and its alloys 

25-99 Unused 
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3- All numerical values compiled in this study represent average 

values. They vary depending on the manufacturer. When the system is 

installed, if available, values representing materials in use at that 

specific location should be compiled. 

k-. Property values used here are reported to be determined by 

standard tests at room temperature and under normal conditions; unless 

otherwise indicated. Consistency and uniformity throughout the catalog 

are at least as important as the individual testing methods employed to 

determine the numerical values. 

5. Where manufacturing methods cause appreciable 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., hot rolled, cold rolled, etc.) 

or implied by the subclass selection (e.g., Class 2, subclass 13: 

"Nickel and alloys--wrought," versus subclass Ik: "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 make comparisons possible. 

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

10. Values given for fatigue strength are endurance limits in 

ksi for 10s cycles. 

11. Machinability indexes are based on AISI B1112 : 100. 
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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 to be unique, and assigned sequentially so 

they can be used to quickly identify cards to be changed or deleted 

during maintenance. 

14. Prices are given only as comparative values and do not re

flect pricing structures and manufacturing costs as they may apply to 

specific locations. 

15. Material name should be as descriptive as possible within 

the given 25-character limit. Note that, because of report format space 

restrictions, middle three characters (the-.three positxo'nsf ofthe'""'" 

ittiddlelLne 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, 

pearlitic, cold worked, investment cast, etc. 

17. All ratings are based on a 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 so 

rated 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 experience 

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 

obtained from tests. 
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21. 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 wear 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-stock, 

hollow sections, etc. 

Sources of Materials Data 

Sources of materials and data used in this study sire listed below:: 

—Metals Reference Issue, Machine Design, September 1965. 

—J. M. Alexander, Manufacturing Properties of Materials, Van No-

strand Co., New York, 1963* 

--R. L. Peters, Materials Data Nomographs, Reinhold Publishing 

Corp., New York, 1965. 

—SAE Handbook, Society of Automotive Engineers, New York, 1965. 

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

Englewood Cliffs, New Jersey, 1956. 

Items 4, 5̂  6, 12, 14, 15, and 19 listed under "Literature 

Cited" are also used but not listed here to avoid duplication. 



APPENDIX C 

SAMPLES OF COMPUTER OUTPUT FROM CASEM 

Samples of computer printouts follow this page in the following 

order: 

1. General Catalog Listing Header Page 

2. Sample page from the Catalog Listing 

3- Property Listing for Tensile Strength 

k. Property Listing for Brine11 Hardness 

5. Property Listing for Density 

6. An alphabetical listing of materials in the catalog 

7- A typical output page showing selection results for six 

selections (requests 0 through 5). 

All materials and properties used for the example in Chapter V 

are marked with asterisks for ease of reference. 
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fl 

T T R I O E STL 
T Y P E M 3 5 

WROlldMT 
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67 

1 
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1 
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8 
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T Y P E M 3 S M 0 * 
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70 

1 
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71 
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* * CREEP 
* G * 
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* * A V A I L A B I L I T Y 
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2i5_ 
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^15_ 
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2?5_ 
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'fl3 
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'«3 
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65 
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65 
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65 
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L I S T I N G OF THE M A T E R I A L S IN THE C AT AL OG — P R O P E R T Y L ^ T E D IN T H E TABLE BELOW tSl 

TENSILE STRENGTH 

U N I T S ( 1006 P S I 

IN THE TABLE BELOW « COLUMN 1 LISTS THE CATALOG NO 
COLUMN 2 LISTS THE CLASS 
COLUMN 3 LISTS THE SUBCLASS 
COLUMN 6 LISTS THE PROPERTY 

FUR OTHER PROPERTIES OF ANY MATERIAL LISTED R'"LOw 
<*FF£R TO THE GENERAL TABLE 

* 1 

***** 
* 11 
* 86 
* 85 
* 82 
* 81 
* 6* 
* 80 
* 79 
* 76 

* TT 
* 83 
* 75 
* 78 
* 74 
* 101 
* 73 
* 71 
* 124 
* 30 
* 68 

* * 69 

* * 66 
* 7 
* 70 

* 131 
* * 72 

* 103 
* 67 

* 60 
* 65 
* 106 
* *32 
* 120 
* 6 
* 104 
* 59 

* 99 
*__ 51 
* 4 
* 64 
* 58 
* 129 

******** 
3 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 

_ 8 
8 

15 
3 
8 

24 
8 
C 
8 
2 
8 

22 
8 
6 
8 
6 
7 

MATERIAL NAME * 
************************ 
M A L L E A B L E C . I . G R 3 5 0 1 B * 
*LLOY STEEL AISI 4063* 
ALLOY STEEL 
ALLOY STEEL 
ALLOY STEEL 
•LLOY STEEL 
ALLOY STEEL 
ALLOY STEEL 

ALLOY STEEL 
ALLOY STEEL 
ALLOY STEEL 
ALLOY STEEL 
ALLOY STEEL 
ALLOY STEEL 
TUNGSTEN 

*TSI 5160* 
A I SI 6150* 
A T SI 5150* 
ATSI 9255* 
ATSI 4150* 
AlSI 8740* 
A I SI 4140* 
AISI 4340* 
AISI 8650* 
ATSI 3110* 
AISI 5140* 
AISI 4130* 

WROUGHT * 

NITRIDES TJJ YPit 5 N I_2 A L* 
NITRIDE STLTYPE I N * * 
STN.STL.-WR AISI 301 * 
COBALT AL-LOY I NIVCO* 
NITRIOE STLTYPEI135HD * 
TITANIUM ALLOY 7AL-4M0* 
NITRIDE STLTYPEl135HD** 
^UpALf SUPERALLOY $816* 
NITRIOE STL TYPEU35* 
CAST IRON 120-90-0?* 
NITRIOE STLTYPE I N * 
ALLOY STEELCLASS120D00* 
NITRIDE STLTYPE i Zl * 
TZM ALLOY -WROUGHT * 
NITRIDE STL TYPEH35** 
CARBON STL. AISI C1 144* 
CARBON STL. AISI C1118* 
B = && ALuuV WROUGHT * 
HAFNIUM * 

WONEL 505 * 
CAST IRON 100-75-04* 
AVC ALL3V -WROUGHT * 
CARBON STL. ATSI C1141* 
COBALT SUPERALLOY HS21* 
J<ALLEABLJ JL.l.80002*. 
CAST IRON 8 0 - 6 0 - 3 * 
C A R B O N S T L . AISI C 1 1 1 7 * 
C A R B O N S T L . AISI C 1 1 3 7 * 
S T N . S T L . - W R AISI 4 2 0 * 

CO N D I T I O N 
********** ** 
FERRITK 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
* ROOM TEMP 
WRJ3UGHT 
WROUGHT 
ANNEALED 
ROOM TEMP, 
WROUGHT 
NR.PROOM T. 
WROUGHT 
WROUGHT 

WROUGHT 
CAST 
WROUGHT 
CAST 

WROUGHT 
> ROOM" TEMP 
WROUGHT 
HARD.GRADE 
CARBURIZING 
P ROOM TEMP 
COLD WORKED 
CAST 

CAST 
P ROOM TEMP 
HARD,GRADE 
INVEST.CAST 
PEARLITJC_ 
CAST 
CARBURIZING 
HARD.GRADE 
ANNEALED 

***** 
530 
345 
322 
315 
31? 
305 
301 
290 
290 
284 
282 
280 
278 
234 
220 
206 
190 
185 
165 
159 
145 

_J_*5 
1»6 
138 
135 
132 
128 

_ i?A 
125 
121 
117 
113 
112 
112^ 
110 
110 
105 
103 
101 

_100 
100 
97 
96 
95 

** 1 * 2 * 3 * 

******** *« ** ****** 
** 130 * 1 * 21 * 
** 14 * 1 * 1 * 
** 9 * 1 * 2 * 
** 141 * 2 » 1 * 
** 100 » 9 » A » 
** 90 - 2 » 8 * 
** 53 » 1 * 6 * 
** 19 » 1 • 4 * 
** 109 » 2 » 8 * 
** 108 » 2 » 8 * 
** 87 » 2 » 8 * 
** 13 » 1 » 1 * 
• * 111 » 2 » 8 * 
** 89 » 2 » 8 * 
** 16 > 1 » 4 * 
** 10 • 1 • 3 * 
** 91 • 2 • 8 * 
** 41 • 2 • 28 * 
** 37 • 2 • 27 * 
** 35 • 2 • 27 * 
** 27 • 1 < • 5 * 
** 154 « > 2 < > 1 * 
** 96 < • 2 i > 2 * 
** 146 < > 2 < * 1 * 
** 112 * 2 * 9 * 
** 45 * 2 * 28 * 
** 22 t 1 * 4 * 
** 21 * 1 * 4 * 
** 110 * 2 * 8 * 
** 25 * I < 5 * 
** 12 * 1 * 1 * 
** 116 * 2 * 11 * 
** 145 * 2 * 1 * 
** 140 « 
«* 139 « 

C
M

IC
M

 

_.. L * 
1 * 

** 24 * 1 * 5 * 
** 144 * 2 « 1 * 
** 105 * 2 * 7 * 
** 153 * 2 * 1 * 
** 138 * 
** 10 7" * 

? * 
9 * 

! * 
A * ** 158 « 2 « 1 * 

** 143 * 2 * 1 * 
** 95 * ? * 2 * 

M A T E R I A L NAME * 
************************ 
CARBON STL.CLASS 60000* 
GRAY IRHN CLASS 63* 
CAST IRON AJSTENITIt* 
ALUMINUM-WR ALLOY 5056* 
l l u l l i nil - uo ri~. •>•.•<. ~ 
• - ,- , . 11.1,-i - x r t t j u i i n i » 
ARCH,BRONZE CKA t 385* 
CARBON STL. AISI C1043* 
MOLYBDENUM ALLOY IRON * 
NAVAL BRASS-WR CDA#467* 

, MUNTZ.METAL.-WR C0A1280* 
MUNTZ HETALFREE-CUTTIN* 
GRAY IR O N CLASS 50* 
C3PPERALL0Y-WR CDA*757* 
BRASS-FORGE CDA i 377* 
WHITE IRON * 
MALLEABLE C.I.GR32510* 
BRASS — F R E E CUTTING* 
ZIRCONIUM--REACTOR GR.* 
VANADIUM * 
THORIUM * 
WROUGHTIRONLONG.PROP.S* 
ALUMINUM-WR ALLOY 5086* 
ALUMINUM ALLDY A380 * 
ALUMINUM-WR ALLOY 5083* 
TIN BRONZE BBII GR.2A * 
ZIRCONIJM — TYPE I ATR * 
HIGH-NICKELALLDY IRON * 
HIGH-Sl].ICAAkLJ)Y_ IRDN_* 
CUPRONICKEL-WR CDA'<706* 
INGOT IRON * 
GRAY IRON CLASS 40* 
MG ALLOY ASTM AZ61A-F * 
ALUMINUM-WR ALLOY 5083* 
AtUMINjjM-WR ALLOY 5056* 
ALUMINUM-WR ALLOY 5052*" 
INGOT IRDN * 
ALUMINUM-WR ALLOf 3004* 
CDLQMBIUN -WROUGHT * 
A L U M I N U M - W R ALLOY 5086* 
ALUMINUM-WR A1L0Y 5552* 
BRONZE - WR CDA *220 * 
ALUMINUM-WR ALLOY 5154* 
ALUMINUM-WR ALLOY 3004* 
ALUMINUM ALLDY 40-E * 

CONDITION 
>******•****< 

ANNEALED 
CAST 
CAST 
HARDNO H38« 
p R 3 J H TEMP< 
ANNEALED 

HARD.GRADE 
CAST 
ANNEALED 
ANNEALED 
ANNEALED 

CAST 
ANNEALED 
ANNEALED 

CAST 
FERRITIC 
ANNEALED 

P ROOM TENP« 
COLD WORKED' 
COLO WORKED' 
HOT ROLLED 
HARDND H34< 
DIE CAST 

HARDND H113< 
CAST 
P 600 F, 

CAST 
CAST 
ANNEALED 
HOT ROLLED 
CAST 
FQRGFn 

ANNEALED 
ANNEALED 
HARDND H38« 
ANNEALED 
HAROND H39< 
P ROOM TEMP* 
ANNEALED 
HARDND H34« 
ANNEALED 
ANNEALED 
HAROND H34< 
CAST • AGED* 

6 3 
63 
63 
60 
60 
60 
60 
60 
57 
_ 5.4 
54 
54 
52 
52 
50 
5.Q 
49 
49 
49 
49 
48 
47 
47 
46 
45 
45 
45 
45 
4 4 
44 
44 
43 
42 
4£ 
42 
42 
41 
40 
38 
38 
37 
35 
35 
35 

o 
VA) 

MUNTZ.mETAL.-WR


* 102 * 2 * 6 
* 126 * 1 * 15 
* 118 * 2 * 15 
* 23 * 1 * 4 
* IB * 1 * 4 
* 57 * 1 * 6 
* 127 * 1 * 16 
* 125 » 1 * 15 
* 63 » 1 * 7 
* 88 • 2 * 8 
* 50 • 1 * 3 
* 49 • 1 * 3 
* 8 » 1 * 2 
* 114 • 2 * 9 
* 31 • 2 * 27 
* 62 < > 1 * 7 
* 55 • 1 * 6 
* 52 i • 1 * 6 
* 48 - 1 * 3 
• 38 ' 2 * 27 
* 33 * 2 * 27 
* 17 i 1 * 4 
* 61 * 1 * 7 

* 128 « 1 * 17 
* 123 * 1 * 13 
* 119 « 2 * 16 
* 47 « 1 * 3 
* 5 « 1 * 2 
* 92 * 2 * 8 
* 46 « 1 * 3 
* 43 * 2 * 28 
* 54 * 1 * 6 
* 15 * 1 * 3 
* 39 * 2 * 28 

' MOLYBDENUM WROUGHT 
STN.STL.-WR M S I 321 
DURANIC<EL"WR•TYPE 301 
HI-*L'JMINUMALL3Y IRON 
HIGH CHROMEALLOY IRON 
C A R B O N S T L . A T S I ci095 

STN.STL.-WR AIS1 405 
S T N . S T L , - * R AISl 316 

CARBON STL. AT S; C',02? 
MJNTZ .METALFREE-CUTTIN 
MALLEABLE C.I.60003 
MALLEABLE r.1,53004 
CAST IRON H E & T INSIST 
ALUM,BRONZE BBII GR.9A 
HAFNIJM 

CAR33N > T L , ATSI ClO?0 
CARBON STL. AISI ClPftO 
CARBON STL. AISI C103H 
MALLEABLE r.. 1.50007 
BERYLLIJM 
URANIUM !OF."LETED) 
NICKEL-HAROAl.LClY IRDN 
CARBON STL. AI St C1015 
IN&OT H O N 

STN.STL.-WR AIST 4l0 
STEEL • WR AIST 81112 
INCONEL 610 

MALLEABLE C.I.4B004 
CAST IRON 60-45-10 
BRASS--FREE CUTTING 
MALLEABLE C. 1.45007 
ZIRCAL0Y-2 
CARBON STL. AISI C1050 
MALLEABLE C.I^GRASOIO 
ZiRCbNIUM"CdMMERCIAL 

» R3UM TEMP* 
ANNEALED * 
ANNEALED * 

CAST * 
CAST * 
HARD.GRADE * 
COLD WORKED* 
ANNEALED * 
CARBU^IZING* 

HARD * 
PEARLITIC * 
P E A R L I T I C * 

CAST * 
SAND CAST * 

A N N E A L E O * 

CARBURIZING* 
HARD,GRADE * 
HARD,GRADE * 
PEARLITIC * 
ANNEALED * 
ANNEALED * 
CAST * 
CARBURIZING* 
COLD DRAWN * 
ANNEALED * 

FREE-CUTTIN* 
CAST » 

PEARLITIC * 
CAST * 

HA*0 * 
PEARLITIC * 
P ROOM T£NP* 
HARD,GRADE * 
PEARLITIC * 
f» ROOM TEMP* 

V> * * 113 * 2 * 9 
90 ** 36 * 2 * ?7 
90 ** 34 * 2 * 27 
90 ** 28 * 2 * 3 
90 * * 3 * 1 * 1 
89 ** 157 * 2 » 1 
85 ** 44 * 2 * 28 
84 ** 40 * 2 » 28 
8? ** 152 * 2 » 1 
BO ** 136 * ? • 1 
80 ** 117 . 2 * 12 
90 ** 156 * ? » 1 
80 *» 137 * ? » 1 
79 ** 93 * 2 k 2 
77 ** 2 * 1 
75 ** 133 * ? 
75 ** 97 * 2 
75 ** 142 * ? < 
75 ** 151 * ? i 
75 ** 1 * 1 i 
75 ** 135 * 2 * 
75 ** 155 * 2 « 
73 ** 122 * 7 t ?« 
73 ** 149 * 2 « 1 
70 ** 94 * 2 * 7 
70 ** 42 * 2 ' 28 
70 »» 160 » 2 * 1 
70 ** 150 » 2 « 1 
70 ** 20 * 1 • 4 
68 ** 134 . 2 * 1 
AS ** 148 * 2 * 1 
68 ** 159 * 2 * 1 
65 ** 132 * 2 • 1 
65 ** 147 • 2 * 1 
64 ** 115 * 2 * 10 

YELLOWBRASS BBII G3.6B* 
VANADIUM * 
THORIUM * 
COBALT * 
GRAY IRON CLASS 30* 
ALUMINUM-WR ALLOY 5053* 
ZIRCALOY-2 * 

ZIRCONIJH--COMMERCIAL * 
ALUMINUM-WR ALLOY 5005* 
ALUMINU««-WR ALLOY 3003* 
M5 ALLOY ASTM AZ63A * 
ALUM1NIH-WR ALLOY 5050* 
ALUMINUM-WR ALLOY 505?* 
ALUMINU" ALLOY A108 * 
GRAY IRON CLASS 25* 
ALUMINUM-WR TYPE EC* 
ALUMINUM ALLOY TYPE319* 
ALUMINUM-WR ALLOY 3004* 
ALUMINUM-WR ALLOY 5005* 
GRAY IRON CLASS 20* 
ALUMINUM-WR ALLOY 3003* 
ALUMINUM-WR ALLOY 5050* 
ilur.nm i'r-'i. ~*:..~.-~-^-—.— --
i'>»-iui,ii.u i.u"it.i<(.l«L* 
ALUMINUM-WR TYPE 1060* 
ALUMINUM ALLOY TYPE 43* 
ZIRCONUH--REACTOR GR.* 
ALUMINUM-WR TYPE 1100* 
ALUMINUM-WR ALLOY 5_005* 
HIGH-SILICAALLOY IRON* 
ALUMINUM-WR ALLOY 3003* 
ALUHINUM-WR TYPE 1060* 
ALUMINUM-WR TYPE 1100* 
ALUMINUM-WR TYPE EC* 
,AL,UMINUM-WR TYPE, 1060*, 
LEAO(lISB)-WRbuGHT * 

CAST * 34 * 
ANNEALED * 34 * 
ANNEALED * 3« * 
ROOM TEMP, * 34 * 
CAST * 33 * 
HARONO Hi** 32 » 
? 600 F. * 30 « 
? 600 F, * 30 « 

HARONO Hl?» 5<J « 
HARONO HIS* ?9 * 
CAST . ?9 * 

HARDNO H3«* ?R * 
ANNEALf.D ?B * 
CAST . ?* * 
CAST ?B * 
HARONO H19* 27 * 
SAND CAST . ?7 * 

ANNEALED • ?6 * 
HARDND Hl*« 73 * 
CAST * ?3 * 
HARDND H14* 22 * 
ANNEALED * 21 * 
HUT B U L L E D * 21 * 
HARDND H18* 19 * 
CAST * 19 » 
? 600 F, * 19 * 

HARDND H14* 18 * 
ANNEALED * IB * 
CAST * 18 * 
ANNEALED * 16 * 
HARDND H14* 14 * 
ANNEALED * 13 * 
ANNEALED * 12 * 
ANNEALED * 10 * 
ROLLED * 3 * 

ON 

- , * , -S • 



LISTING 3F THE MATERIALS IN THE C AT ALOr,---PROP£RT Y LISTED IN THE TABLE BELOH IS« 

RRINNEL HARDNESS 

IM THr TTBLE BTLOt* t CDLU«iN I L T S T S fffr CATALOG NO" ' 
COLUMN 2 LISTS THE CLASS 
COLUMN 3 LISTS THE SUBCLASS 
COLUMN 6 LISTS THE PRQPERT* 

FOR OTHER PROPERTIES OF ANY MATERIA^ LISTED B E L 3 * 
REFER TO THE GENERAL TABLE 

1 * 2 * 3 « MATERIAL NAME « CdNOITION * 6 ** 1 « 2 * 3 « MA T E R I A L NAME * CONDITION * (S * 

********* ****»« ************************ ************* ************** **** ***** ************************ ******************** 
CARBON STL. AISI C111r« CARBURIZING* 740 ** 39 * 2 « 28 * ZIRCONIJM--COMMERCIAL * * R33M TEMP* 1.'9 * 
CARBON STL. AISi C1022* CARBURIZING* 664 ** 52 * 1 « 6 * CARBON STL. AISI C1030* HARO.GRAOE * 17f« * 
CARBON STL. AISI C1020* CARBURIZING* 684 ** 58 * 1 « 6 * CARBON STL. AISI C1137* HARD.GRAOE * 174 * 
CARBON STL. AISI Cl0l5« CARBURIZING* 684 ** 9 * 1 « 2 * CAST IR3N AUSTENITIC* CAST « 170 * 
CARBON STL. AISI CU18* CARBURIZING* 670 ** 124 * 1 * 15 * STN.STL.-MR AISI 301 « ANNEALED * 165 * 

* 10 * ALLOT STEEL A|SI 5160* WROUGHT * 627 ** 5 * 1 * 2 * CAST IRON 60-45-10* CAST * 165 * 
* 10 * ALLOT STEEL M S I 4063* WRDUGHT * 605 ** 2 * 1 * 1 * GRAT IRON CLASS ?5* r»c r a 165 * 
* 10 « •LLOT STEEL ATS! 9255* uOniJ£iir s »U1 ** BB * 2 < 8 « MUNTZ W E T A L F R E E - C U T T I N * HARD « 162 * 
* 10 * ALLOT STEEL AISI 6150* WROUGHT * 601 ** 126 * 1 * 15 * STH.STL.-WR AISI 321 * ANNEALED « 160 * 
* 10 i ALLOT STEEL AISI 5150* WROUGHT * 601 ** 1 * 1 * 1 * GRAT IRON CLASS 20* CAST * ISO * 
* 10 i • ALLOT STEEL AISI 4150* WROUGHT * 578 ** 45 * 2 * 28 < ZIRCQNI'JN--TrPE 1 ATR * » 600 F. « 159 * 
* 10 * ALLOT STEEL M S I 8740* WROUGHT * 578 ** 128 * 1 < 17 * STN.STL.-WR AISI 410 * ANNEALED « 155 * 
* lS i • ALLOT STEEL AISI 4140* WROUGHT * 578 • * 125 * > 1 * 15 * STN.STL.-WR AISI 316 * ANNEALED « 149 * 
* 4 4 > NICKEL-HAROALLOT IRON i CAST * > 565 ** 123 * 1 * U * STEEj. - WR AISI 81112 « FREE-CUTTIN* 149 * 
* 10 < • ALLOT STEEL AISI 8650* WROUGHT * 555 • * 36 * 2 < 27 * VANAOIUM * ANNEALED * 149 * 
* 10 * • ALLOT STEEL AISI 4340* WROUGHT i » 555 *• 92 * k 2 * 8 * BRASS--FREE CUTTING* HARD « 148 * 
* 10 * *LLOT STEEL M S I 3110* WROUGHT < • 555 • * 9i i 2 * 8 < BRASS—FREE CUTTING* ANNEALED « 148 * 
* 10 ' • ALLOT STEEL AISI 5140* WROUGHT * 534 *« 28 4 1 4 

1 4 

> 5 4 ' INGOT IRON * COLP DRAWN < 
> FERRlfiC * 

l«2_*__ * 10 ' 
• NOLTBOENUM ALLOT IRON * • CAST * • 525 • • 10 4 

1 4 

1 4 3 * MALLEABLE C.I.GR32510* 
COLP DRAWN < 

> FERRlfiC * 133 * 
> HlGH-SILICAALLOT IRON * CAST * • 475 • # 130 * 1 4 > 21 * CARBON STL.CLASS 60000* ANNEALEO * 131 * 
* HIGH CMROMEALLOT IRON < • CAST * > 475 ** 113 4 2 4 • 9 4 » TELLOWBRASS BBII GR.6B* CAST * 130 * 

* 10 < •• ALLOT STEEL AISI 41304 WROUGHT * 461 ** 42 4 k 2 4 > 2 8 4 • ZIRCONIJM--REACTOR GR.4 9 600 F. * 129 * 
k WHITE H O N 4 • CAST * > 440 ** • t 4 k 2 4 » 2 8 4 > ZIRCONIUM—REACTOR GR.4 > » ROOM TEMP* 129 * 

- i - I 4 
• NITRIDE STLTTPE t N* > WROUGHT < 

• F E R R I T I C < 
• 415 
• 330 

• * 
** 

114 4 • 2 4 • 9 4 > ALUM,BRONZE R8II GR.9A4 
> ARCH.BRONZE CKA * 3854 

SANO CAST * 
> ANNEALED * 

_ _12Q * - i - I 4 > MALLEABLE C.I.GR35018 
> WROUGHT < 
• F E R R I T I C < 

• 415 
• 330 

• * 
** 90 * » 2 * • 8 < 

> ALUM,BRONZE R8II GR.9A4 
> ARCH.BRONZE CKA * 3854 

SANO CAST * 
> ANNEALED * 110 * 

» NITRIOC STLTTPEM35M0 < » W R O U G H T < ' 320 ** 1 5 4 4 • 2 * > 1 4 • ALUMINUM-KR ALLOT 50864 > HARDND H34* 105 * 

* • NITRIOt STLTTPEU35M0* • W R O U G H T * • 295 • • 146 i k 2 < • 1 • ALUMINUM-WR ALLDT 50834 » HARDND H1134 105 * 
• CAST IRON 120-90-02 • C A S T * • 2B5 *• 133 ' • 2 > 1 • ALUMINUM-WR TTPE EC4 k HARDND H194 k 105 * 

* • NITRIOC STL TTPEU35 > W R O U G H T i • 280 *• 27 i • 1 4 • 5 < • MROUGHTIRDNL0NG.PRDP.S4 • HOT ROLLED * 101 * 
* 27 < 

*—r< 
> HAfNIUM • ANNEALED < 

• WROUGHT i 
• 280 
> 277 

** 
** 

141 4 • 2 4 > 1 4 
• 5 

k ALUMINUM-MR ALLOT 50564 
> INGOT IRON 

> HARDND H384 
r HOf ROLLED 4 

100 * * 27 < 

*—r< • NITRIDE STLTTPE I N 
• ANNEALED < 
• WROUGHT i 

• 280 
> 277 

** 
** 25 4 • 1 

> 1 4 
• 5 

k ALUMINUM-MR ALLOT 50564 
> INGOT IRON 

> HARDND H384 
r HOf ROLLED 4 k 83 * 

» 120 • 2 * 16 < • NONEL 505 k C A S T i • 275 ** 144 4 > 2 4 > 1 4 • ALUMINUM-WR ALLOT 3004 k HARDND M38< k T7 * 
> HI-ALUNINJMALLOT IRON k C A S T i k 265 ** 139 4 > 2 < • 1 4 • ALUNINUM-WR ALLOT 50524 . H A R D N O M384 7T * 

• 131 * 1 * 22 * ALLOT STEELCLASS120000 k C A S T i • 262 *• 153 4 k 2 4 * 1 4 • ALUMINUM-WR ALLOT 50864 k ANNEALED 4 k 75 * 
• GRAT IRON CLASS 60 • C A S T i > 260 »* 145 i • 2 • t <• »LL"*I«y*=«R ALLOT 5083 k ANNEALED 4 k 75 * 

* • NITRIOE STLTTPE t 11 > WROUGHT k 255 ** 132 * • 2 k 1 4 * ALUMINUM-WR TTPE EC k ANNEALED k 75 * 
• MALLEABLE C. 1.80002 • P E A R L I T I C i • 255 ** 112 • 2 • 9 • TIN BRONZE RBI! &R.2A • CAST -k 75 * 
> GRAT IRON CLASS 50 • C A S T • 238 ** 97 • 2 • 2 • ALUMINUM ALLOT TTPE319 k SAND CAST 4 k 70 * 
• CAST IRON 80-60-3 » CA S T • 235 • * 93 • 2 < k 2 • ALUMINUM ALLOT Aj.08 » CAST k 70 * 
• NITRIOE STL TYPEU35* • W R O U G H T i • 2 30 ** 24 • 1 • 5 • INGOT IRDN • ANNEALEO k 69 * 
» CARBON STL. AISI C1095 » H A R D . G R A D E < » 229 ** 138 » 2 » 1 » ALUMINUM-WR ALLOT 5052 « HARDND H34 » 68 * 

» 50 * 1 • MALLEABLE C.1.60003 » P E A R L I T I C » 226 ** 95 • 2 • 2 • ALUMINUM ALLOY 40-E k CAST * AGED » 68 * 
• 56 * 1 • CARBON STL. AISI ClOS'6 » H A R D . G R A D E • 223 ** 140 • 2 • 1 • ALUMINUM-WR ALLOT 5056 k ANNEALED * 65 * 
• 12 * 1 • GRAT IR3N Cl.ASS AO » C A S T * 220 ** 157 » 2 » 1 » A L U M I N U M - « R A L L O T S O S O » HARDND H38 » 63 * 
• 8 * 1 * 2 • CAST IRON HEAT RESIST » C A S T • 220 ** 143 • 2 » 1 » ALUMINUM-WR ALLOT 3004 * HARDND H34 » 63 * 
» 6 * 1 * 2 • CAST IRON 100-75-04 » C A S T » 220 ** 158 » 2 » 1 » AuUMIMUM-HR ALLOT 5154 * ANNEALED » 5B * 

VA 



• MALLEABLE C.I,53004 » P E A R L I T I C * 219 
> CARBON STL. AISI C1060* > HARD.GRADE * 21? 
• HIGH-SlLKAALL'Or IRON < • CAST * 210 
• MALLEABLE C.I.50007< • PEARLITIC * 204 
• CARBON STL. AISI C1144< > HARD.GRADE * 201 

27 • HAFNIUM • COLO MORKED* 200 
27 * • VANADIUM COLO MORKED* 197 
ir .< • STN,STL.-rfR AISI 420 t ' ANNEALED * 195 

• GRAY IRON CLASS 30< • C*ST * 195 
• MALLEA8LE C.I,48004" > PEARLITIC * 193 
• CARBON STL. AISI Cll«l< ' HARD.GRADE * 192 

6 • CARBON STL. AISI C1050 . HARD.GRADE * 192 
16 < » INCONEL 610 > CAST * 190 
3 < > MALLEA8LE C.I.45307* > PEARLITIC * 190 
4 4 > HIGH-NICKEL ALLOY IRON i ' CAST * 190 

2 7 « • URANJJM (DEPLETE^) ' > ANNEALEO * 166 
16 i • STN.STL.-NR AISI 405 < COLO MORKED* 185 

i t • MALLEA8LE C.I.GR45010* PEARLITIC * 185 
6 < • CARBON STL. AISI ClO40< » HARD.GRADE * 183 

2 9 < • ZIRCALOr-2 p 600 r, • 179 
2 6 < • ZIRCALOY-2 f ROOM TEMP* 179 
26 i * n * C Q N I J J M " C O M M E R C I A L * • M O F , * 179 

136 • 2 • A L U M 
116 • 2 • 11 • M S A 

156 • 2 • All'M 

152 » 2 i • AL.UM 

\\7 • 2 < > 1 2 • M G A 
137 • 2 » A L U M 

142 < • 2 * » * L U M 

73 i • 1 • 8 < • N I T R 
122 • 2 • 2 5 > Z I N C 
151 • 2 • AL17M 

135 i • 2 • A L U M 

94 » 2 * • 2 < » A L U M 

155 • 2 * • A L U M 

149 i • 2 t > ALUM 

160 * 2 * • A L U M 
150 * 2 < • A L U M 

134 i i 2 « » ALUM 
148 * > 2 < > ALUM 
159 • 2 < • A L U M 

147 i • 2 < • A L U M 

115 * • 2 « • 1 0 * • L E A D 

INUM-MR ALL^Y 3003 
L10T ASTM A761A-F 
INUM-MR ALLOY 5050 
INUM-MR ALLDY 5005 
LLOY ASTM AZ63A 
INUM-MR ALLOY 5052 
INUN-NR ALLOY 3004 
IOE STLTYPEI5NI2AL 
-ROLLED COMMERCIAL 
INUM-MR ALLOY 5005 
INUM-MR ALLOY 3003 
INUM ALLOY TYPE 43 
INUM-WR ALL^T 5050 
INUM-MR TYPE 1060 
INUM-MR TYPE 1100 
INUM-MR ALLOY 5005 
INUM-MR ALLOT 3003 
INUM-MR TYPE 1060 
INUM-MR TYPE 1100 
INUM-MR TYPE 1060 
(USB)-MROUGHT 

* HARDND H16* S") 

* FORGED * S5 

* HAROND H34* 53 

* HARDND HIS* 51 

* CAST * 50 

* ANNEALED 47 

• ANNEALEO * 45 

• MROJGHT * 44 

• HOT ROLLED * 4? 

• HARDND H14* 41 

* HARDND H14* 40 

* CAST • 40 

* ANNEALEO * 36 

* HARDND HIS* 35 

* HAROND H14* 32 

* ANNEALEO * 28 

* ANNEALEO * ?ft 

* HAROND H14* 26 

• ANNEALEO * ?3 

* ANNEALED * 19 

* ROLLED * 6 

* * 
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* * 69 * 
* 68 * 

* * V * ^ * 66 * 
* 65 * 
* 6* * 
* 63 * 
* 62 * 
* 61 * 
* 57 * 
* 56 * 
* 55 * 
* 54 * 
* 53 * 
* 52 * 
* 60 * 
* 59 * 
* 58 * 
* 114 * 
* 129 « 
* 128 * 
* 127 * 
* 26 * 
* 25 * 
* 24 * 
* 19 * 
* 27 * 

* u * * 16 * 
* 18 * 

NITRIDE STL 
NITRIDE STL 
NITRIDE STL 
NITRIDE STL 
CARioN STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL, 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
CARBON STL. 
ALUM. BRONZE 
STN.STL.-HR 
STN.STL.-WR 
STN,STL.-*R 
IN60T IRON 

TYPFM35MD** 
TYPFti35M0 « 

*YPEI135** 
TYPEU3S* 

AtSI ClilB* 
AISI C1117* 
AISI C1022* 
AISI C1020* 
AISI C 1015* 
AISI C1095* 
A I SI ClQBrt* 
AISI C1060* 
AISI C1050* 
AISI ClOAO* 
AISI C1030* 
AISI C1144* 
AISI C1141* 
AISI C1137* 
BBII GR.9A* 
AISI 420 * 
AISI 410 * 
AISI 405 * 

WROUGHT 
WROUGHT 
WROUGHT 
WROUGHT 
CARBURTZING 
CARBURIZING 
CARBURIZING 
CARBURIZING 
CARBURIZING 
HARO.GRADE 
HARD,GRADE 
HARD.GRADE 
HARD.GRADE 
HARD.GRADE 
HARO.GRADE 
HARO.GRADE 
HARO.GRADE 
HARO.GRADE 
SAND CAST 
ANNEALED 
ANNEALED 

COLD WORKED 

INGOT IRON * 
MOLYBDENUM ALLOY IRON * 
WROUGHTI«ONLON«.PROP.S* 
NICKEL^HARDALLOY IRON * 
WHITE IRDN i 
HIGH CHROHEALLOY IRON * 

COLD DRAWN 
HOT ROLLEO 
ANNEALED 
CAST 
HOT ROLLED 
^AST 
CAST 
CAST 

283 ** 
283 ** 
283 ** 
283_** 
283 ** 
283 ** 
283 ** 
283 ** 
283 ** 

_283 ** 
28 3 ** 
283 ** 
283 ** 
283 ** 
283 «« 
282 ** 
282 ** 
282 •* 
281 ** 
280 •* 
280 ** 

1&<L **_ 
280 ** 
280 •* 
280 •• 
280 ** 
278 *• 
278 *» 
278 ** 
272 ** 

148 
147 
144 
143 
142 
133 
132 
157 
156 
L55_ 
152 
151 
150 
139 
138 
137 
97 
96 
94 

158 
154 
153 
146 
145 
141 
140 
38 

nr 
116 

* ALU«INUH-WR TYPE 1060* HARDND H14* 98 • 
* ALUMINUM-WR TYPE 1060* ANNEALED * 96 * 
* ALUHINUM-WR ALLOY 3004* HARDNO H3B* 98 « 
*_ALU«INUN-WR ALLOf 3D04* HARDND H34* 98 * 
* ALUWINUN-WR ALLOY 3004* ANNEALED * 98 * 
* ALUMINUM-WR TYPE EC* HARDND H19* 98 * 
* ALUMINUM-WR TYPE EC* ANNEALED * 98 * 
* ALUNINUH-WR ALLOY 5050* HARDND H38* 97 * 
* ALUMINUM-WR ALLOY 5050* HARDND H34* 97 * 
* A_LU*INUH-WR ALLOY 5050* ANNEALED * 97 » 
* ALUMINUM-WR ALLOY 5005* HARDND HIS* 97 * 
* ALUMINUM-WR ALLOT 5005* HARDND Hl«* 97 » 
* ALUHINUM-WR ALLOY 5005* ANNEALED * 97 * 
* ALU*INUW-*R ALLOY 5052* HARDND Htfl* 97 * 
* ALU*INUM-WR ALLOY 5052* HARDND H34* 97 * 
* ALUNINUH-HR ALLOY 5052* ANNEALED * 97 * 
* ALUMINUM ALLOY TYPE319* SAND CAST * 97 * 
* ALUMINUM ALLOY A380 * DIE CAST • 97 * 
* ALUMINUM ALLOY TYPE 43* CAST * 97 * 
* ALUHINUM-WR ALLOY 5154* ANNEALED * 96 * 
* ALU«INt)M-WR ALLOY 5086* HARDND H34* 96 * 
* AL_UMINUM-WR ALL.OY 5086* ANNEALED * 96 * 

"^w^1 J « D J " nanum/ tl 1 3* 96 * 
* ALOMINUM-WR ALLOY 5083* ANNEALED * 96 * 
* ALUMINUM-WR ALLOY 5056* HARDND H38* 95 * 
* ALUMINUM-WR ALLOY 5056* ANNEALED * 95 * 
* BERYLLIUM * ANNEALED * 67 * 
* we ALLOY ASTM AZ63A * CAST * 66 * 
* M6 ALLOY ASTM AZ61A-F * 

* * 
FORGED * 

* 
45 * 
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AN ALPHABETICAL LISTING OF THE MATERIALS IN THE C A T A L D G 

IN THE TABLE BELOM I COLUMN 1 LISTS THE CATALOG N3 
COLUMN 2 LISTS THE CLASS 
COLUMN 3 LISTS THE SJBCL A S S 

FOR ALL Trf£PROPESTIES OF ANT MATERIAL LISTED B E L O M 
REFER TO THE GENERAL TABLE 

1 
***** 

84 
75 
86 
74 
76 
BO 
77 
78 
SI 
85 
82 
83 
79 

131 
11* 
93 
96 
94 
97 
95 

13? 

~m 
1*7 
148 
1«9 
159 
160 

150 
151 
152 
155 
156 
157 
137 
138 
139 
1*0 
141 
1*5 
146 
153 
154 
158 

»IAL NAME • 
» * * * * * * * * * • * * * * . . * • 
r STEEL M S I 92SS* 

ATSI Jt10* 
ATSI 4063* 
ATSI 4130* 
AlSI 4140* 

STEEL 
S T E E L 
STEEL 
STEEL 
STEEL 
STEEL 
STEEL 
STEEL 
STEEL 
STEEL 
STEEL 
STEEL 

ATSI 4150* 
ATSI 4340* 
AISI 5140* 
&TST 5150* 
* I ST 5160* 
A I SI n i50* 
*ISI 8650* 
M S I 8740* 

STEELCL»SSl2O000* 
,*R3NZE BBII GR.9A* 
INUM ALLOY AlOS * 
INUM ALLOY AJ80 * 
I NUN ALLOY TYPE 43* 
INLM ALLOY TYPE319* 
INUN ALLOY 40-E • 
I NUN-MR 
INUN-MR 

TYPEEC* 
TYPE EC* 

MR T Y P E 1060* 
*R T Y P E 1O6O* 
MR TYPE 1060* 

MR TYPE 1100* 

_-R__T^E^ I * 0 0 * 
** ALLOY 3003* 
MR ALLOY 3003* 
MR ALLOY 3003* 
MR ALLOY 3004* 
MR ALLOY 3004* 
HJLAkLOY 3004* 
MR ALLOY 5005* 
MR ALLOY 5005* 
•MR ALLOY 5005* 
MR ALLOT 5050* 
MR ALLOY 5050* 
WW ALLOY 5050* 
•MR ALLOY 5052* 
•MR ALLOY 5052* 
•MR ALLOY 5052* 
•MR ALLOY 5056* 
•MR ALLOY 5056* 
•MR ALLOY 508J* 
•fflTTLLlJTTea'J* 
•MR ALLOY 5096* 
-MR ALLOY 5086* 
•MR ALLOY 5154* 

7 
9 
8 

28 
30 
29^ 
99 
98 

105 
111 
110 
118 

1 
2 
3 

12 
13 
14 
31 
32 
23 
18 
22 
20 
2T~ 

119 
24 
25 

3 
r * * * 

8 
8 
6 

MATERIAL NAME 
*********************** 
BRASS--FREE CUTTING 
BRASS-FORGE CDA t 377 
BRONZE - MR CDA #220 
CARBON STL. AISI C1015 
CARBON STL. AISI C1020 
CARBON STL. AISI C1022 
CARBON STL. AISI C1030 
CARBON STL. AISI C1040 
CARBON STL. AISI C1050 
CARBON STL. AISI C I O A O 
CARBON STL. AISI C10S0 
CARBON STL. AISI C1095 
CARBON STL. AISI C 1 U 7 
CARBON STL. AISI C U 1 B 
CARBON STLj. A1SJ C11371 
CARBON STL. AISI C1141 
CARBON STL. AISI C1144 
CARBON STL.CLASS 60000 

80-60-3 
60-45-10 

100-75-04 
120-90-02 

AUSTENITIC 
HEAT RESIST 

CAST IRON 
CAST IRON 
CAST IRON 
CAST I«ON 
CAST IROU 
CAST IRON 
COBALT 
COBALT AL-L3Y l NIVCO 
COBALT AL-LOYtJMCO-50 
COBALT SLIPEfALLOY HS21 
COBALT SUPERALLOY S816 
COLOMBIUN -MROUGHT 
COPPERALLOY-MR CDA*757 
CUPRONICKEL-M* COAI706 
QUHANICKEL'MR TYPE 301 
GRAY IRON CLASS 20 
G*AY IRON CLASS 25 
GRAY IRON CLASS 30 
GRAY IRON CLASS 40 
GRAY IRON CLASS 50 
GRAY IRON _CL.ASS 60 
HAFNIUM 
HAFNIUM 
HI-ALUMINUMALLOY IRON 
HIGH CHKOMEALLOY IRON 
HIGH-NICKELALLOY IRON 
HIGH-SIL1CAALL0Y IRON 
H I G H - S I L I C A X L L O Y IRON 
INCONEL 610 
INGOT IRON 
INGOT IRON 

** 1 « 2 * » 3 * 

******** ** * »*****< 
** 49 « * 3 * 
** 50 * • 3 * 
• * 51 « • 3 * 
** 10 • • 3 * 
*. il * • 3 * 
** 15 * » 3 * 
•• 117 * ? * 12 * 
•* t1* « 2 • 11 * 
•* 19 * 1 • 4 * 
* * 102 - 2 - a * 
** 120 * 7 • 16 * 
** 10B * 2 • B * 
** 87 * 2 • B * 
** 88 * 2 • 8 * 
**-.iO_2.! 
** 17 i 

2 • 8 • 
» 4 • 

** 66 i • 8 * 
** 67 i » fl * 
** 72 * * ft * 
•• 70 * » 8 * 
** 71 * r\ • 8 * 
• • 68 i r\ » 8 * 
• • 69 * » 8 * 
*• 73 i » 8 * 
** 123 » 13 * 
** 12* t • 15 * 
•* 125 < 
•* 126 < \-\-

• 15 « 
• 15 * 

•• 127 i • 16 * 
*• 128 * » 17 • 
•* 129 * 17 * 
** 100 • 2 • 8 * 
** 34 
•* 35 

* 2 
» 2 

* 27 * 
* 27 * 

** 112 • 2 * 9 * 
*• 121 < • 2 » 24 • 
** 101 i • 2 » 6 * 
•* 103 • 7 » 8 * 
>** 33 • 2 * 27 * 
** 36 • 2 * 27 • 
*• 37 • 2 * 27 * 
** 16 • 1 * 4 * 
** 2f • 1 * 5 * 
** 113 • 2 * 9 * 
** 122 • ? • 25 * 
** 43 » 2 * 28 * 
** 44 » 2 * 2B • 
«* 39 » 2 * 28 * 
** 40 » 2 * ?8 « 

MATERIAL NAME 

******•»********! 
MALLEABLE 
MALLEABLE 
MALLEABLE 
MALLEABLE 
MALLEABLE 
MALLEABLE 
MG ALLOY 

C . I .S3004 
C. I.6 3003 
C .1 .8000? 

CI.5R32510 
C.1.GR3501? 
C.I .GR4S010 
ASTM AZ6JA 

MG ALLOY ASTM AZ61A-F 
MDLTBDENJM ALLOY IRON 
M."L'BDENjM MROUGHT 
M O N E L 505 

MJNTZ METAL-MR CDA#2B0 
MJNTZ METALFREE-CJTT1N 
MJNTZ METALFREE-CJTTIN 
NAVAL BRASS-MR C0A*467 
NIC<EL-HARDALL0Y IRON 
NITRIDE STL TYPEH35 
NITRIDE STL TYPEI1S5* 
NITRIDE STLTYPE l EZ 
NITRIDE STLTYPE I N 
NITRIDE STLTYPE « N* 
NITRIDE STLTYPEI135MD 
NITRIDE STLTYPEI135MD* 
NITRIDE STLTYPE15NI2AL 
STEEL - KR AISI B1112 
S T N . S T L . - M R AISI 301 
STN.STJ..-MR AISI 316 
STN.STL.-MR AISI 321 
STN.STt.-MR AISI 405 
STN.STL>-MR AISI 410 
STN.STL.-MR AISI 420 
TANTALUM - MROUGHT 
THORIUM 
THORIUM 
TIN BRONZE BBII GR.2A 
TITANIUM ALLOY 7AL-4N0 
TUNGSTEN • MROUGHT 
TZM ALLOY -MROUGHT 
URANIUM (DEPLETED.)^ 
VANADIUM 
VANADIUM 
MHITE IRON 
MROUGHTIRONLONG.PROP,S 
YELLOMBRASS BBII GR.6B 
ZINC-ROLLED COMMESCTAL 
ZIRCALOY-2 
ZIRCALOY-2 
ZIRCONIJM--COMMERCIAL 
ZIRCONIUM--COMMERCIAL 

O^ 



f, (p-B.^- ^"-yjp,-

90 * 2 * 6 * ARCH,BRONZE C<A t 385** 
10* * 2 * 6 * AVC ALL3T -NROUGHT ** 
106 * 2 * T * B-66 ALLOY NRtiuGHT ** 
38 * 2 * 21 * BERYLLIUM ** 
9 i * 2 * 8 * BRASS — FREE CUTTING** 

26 * 1 * 5 
115 * 2 * 10 

46 * 1 * 3 

m * 1 * 3 
48 * 1 * 3 

INGOT IRON * * 
LEA0(USB)«HR5UGHT * * 
MALLEABLE C . I . 4 5 0 0 7 * * 
MALLEABLE C . 1 , 4 8 0 0 * * * 

3 * MALLEABLE 

41 * ? * 29 * ZIRC0NIJ>(--REACT0* GR. 
H7 * 7 * 28 * Z1RCDNIU<4--REACT0<? GR. 
45 * 2 * 28 * ZIRCONI1H--TYPE J &TR 

C.I.50007** 
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•CHOICE 

•DESIRABILITY 

• C A T A L O G NUMBER 

.:!;2L'LS:.!.°.:i.S:.^i^.:LM2.^2::L*.3!2 i H O l C i *R"UEST M *tST CHOICE .MB. CHOICE .3RD CMIft • 
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• CATALnR NUMBER . # ,, V • * 

- — — — — * ... • * * *__ Jl * 86 . BS 

•CHOICE 

•DESIRABILITY 

•CATALOG NUMBER 
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7| 



72 

APPENDIX D 

COMPUTER PROGRAM LISTING 

A listing of the computer program developed for this system is 

included in the following pages. Below is a brief breakdown of the 

program, identified by the statement numbers. 

Statements 1-1 through 8-30 are identification, environment, and 

-* 
data divisions. Highlighting these divisions; statements 1-17 'through 

1-28 are the input card file, 1-29 through 1-337 are the output report 

file, 1-3̂ - through l-i+0 are the sort file. Working storage starts at 

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

2-17), Listing Request Card (2-l8 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). 

Theopracedure division starts at statement 10-1 and continues 

with Card Read and Edit Section (through 10-^05), Table Headers (l0-4l 

through 10-72), sort section (ll-l to 11-25), Property Listings (11-26 

through 12-22), Matrix Manupilation and Decision Calculations (12^50 

through 1^-13), Selection (l*i-l6) and Composite Property Calculations 

(through 1^-58), Sort Processing sections (15-1 to 15-66), Catalog 

(16--1 to 17-^9) and Selection (l8-l to 19-99) Listing Sections, and 

concludes with a calculation of the processing time requirements (20-1 

to 20-3). 

Interrelationships of various sections are shown in Figures k and 5» 

* • 

Numbers referred are statement numbers. 



•' - s s •> :) r i 4 i i . r •) * ^ i L f H , o i s < F W I ^ A Y 
• I I S F R * uj99ii:>. H I N <n*4 
«-ClM!»lLf «T»:"l»»i/^T*.AN C0rtTL .??S«0000f »0314 ALHN 
«-PRncEss=or)isnr>*ooo»>cnnr\i. ^uncFSSBtsicriRnL I 0 » l 5 . 
••DATA. 
••DATA CASEMT . 

i IDENTIFICATION OJVISIDN. 
2 P*0<>RAM-TD. fOMPnTFU AIDED SELECTIflM DF ENGTNFFPING MATERIALS . 
3 AITHDR. «EFTK ME'I* HI VI TCI. 
4 DATE URITTENi APolL 196? • 
5 DATE»COM»n.Fo. 4-11*-**/ 4129 AM, 
6 ENVIRONMENT DIVISION. 
7 CONFIGURATION SErTinN. 
«J S0URCE*CONtP>)TER. B-S500. 
o oiJEeT-cn»«Ptj*ER. R - S S O O , 

10 ISJP'.JT-O^TPUT SFCnON. 
11 F T L F - C O N T ^ O L . 
12 SELECT C»'<r>F ASSIGN TO RFMHP 
13 SELFfT P»INTnllT ASSIGN TO PRIMTFK DISK 
1» SELECT SORTFTLEl ASSIGN TO SORT DISK. 
15 DATA DIVIS ION. PPE»AREtl FriR 3-5S0O, 
1 6 F I L E S E C T I O N . 
17 FT CARDr 
18 LABEl. RECORD IS STANDARD 
19 VALUE OF 10 TS "CASEHI" 
20 DATA RECORD TS CARDFoRMAT. 
21 iji cARDFlftMAT. 
22 . . - 02 OPTION PC 9 . 
23 0? RFST. 
2 * 03 RPSTCuRO. 
25 04 RrST1 SZ 2 0 . 
26 04 RrST? 57 30 , 
ft 03 T>MP1 S7 2 4 . 
2«L 03 CRDNU PC 9 ( 5 ) , 
29 FD PRlNTDtJT 
10 LABEL RECORDS ARE STANDARD 
11 VALUE DF 10 TS "CASEMII" 
32 DATA REC1RPS ARE PRINTWLANK. 
33 01 PR1NT3LANK ST 120, 
33? 0? M I L E * SI 24, 
135 0? PRRK S7 79, 
137 0? FILLER SZ 24. 
3* S3 snRTril.Fl t DATA RECORD IS SURTREC. 
35 01 SORTREC. 
36 02 SRTCLS PC 9. 
37 02 5RTSCL PC 09. 
3» 02 M»TN01 p* »°«« 
39 02 PVALUE Pr 9999. 
40 0? SRTNM PC vt?5), 
41 MOR'UNG-STURA'iE SECTION. 
42 01 A Pf. 999, 
43 01 AA PC 999. 
44 01 AAA PC 999, 
45 01 1 PC 99; 
46 fit PR °f 393, 
465 01 PBB PC 90. 
47 01 PLNKS S7. 11 "A SPACES , 
4« 01 PLN<S1 S7 ?2 y* SPACES . 
49 01 CONT »C <». 
50 01 fTl »C 9*>, 
51 01 rTLO »C ». 
52 01 CTRt »C «99. 

1 53 Ot fTR? »C 9°9. 

1 5« 01 p«P PC 9. 
I 55 01 ruiHMvi Of 993, 
1 56 01 0UMMV2 PC 99<J. 
1 57 01 T PC 99. 
1 5« 01 II »f 99. 
1 59 01 Ill PC 99", 
1 60 01 .1 PC 999; 
1 61 01 J.I PC 999. 
1 62 01 JJJ PC 909. 
1 63 01 K PC 999, 
1 64 01 KK PC 99i 
1 65 01 K*K PC 999. 
1 65 01 L PC 999, 
1 67 01 1 9 Pf 9, 
I 48 01 LL PC 99. 
1 69 01 L<1 PC 9, 
1 70 01 M PC 99, 
1 71 01 N PC 999; 
1 72 01 SUB PC 9999. 
1 73 01 XCTN »C 9. 
1 74 01 * PC 9. 
1 75 01 f PC 99. 
1 751 01 ACTUAL-TmE. 
1 752 «2 ATT1 S7 2A-. 
I 753 32 AIT PC 99999.99999, 
I 754 02 FTUER SZ 04 VA SPACES. 
Z...L -. at HTLOTSFMl. 
2 2 

-. at 
02 HTLDTl OCfURS 160 H U E S . 

2 3 0) KeLASS PC 9. 
2 4 01 SURCL4SS PC 99. 
2 5 01 »«nPERTY OCCURS 131 PC 999, 
2 6 01 PRUPCRTY OCCURS 2) PC 9999, 
2..... r. at.. MtXBtSE**. 
2 8 92 m O T » OCfURS 160 TIMES. 
2 9 01 NAME S? 25. 
2 10 01 C O N O T N 57 U . 

2 11 01 CB«RO«!0N OC 6) PC 9. 
2 12 03 PRAPE9TY OC 21 PC 99. 
2 11 01 P.S£tti!.T" 0.C »» ft ?, 
2 11 01 "TLOTSENl, 
2 15 02 MTtOTl OCCURS 160 TIMES. 
2 16 03 CP.««P"OPY OC 4l PC 9V999. 
2 17 03 CRONO PC 9(5). 
2 IH 01 OMPCRO. 
2 1? 02 OMPKEYl OCCURS 17) PC 9, 
2 20 02 SfLASS PC 99. 
2 21 02 STABLE P"C 9, 
2 22 01 0ESVR9LS; 
2 23 02 DFSVAR OCCURS 9. 
2 24 01 FIELO OCCURS 5. 
2. 25 04. P1P8TY PC ?!*. 
2 26 04 I M P R T N PC 9. 
2 2-' 84 M A X M I N PC 9. 
2 26 fl» RrOWAL PC 9(4). 
2 29 i>3 FfELO OCCURS 4 TIMES. 
2 30 n4 P*ND PC 99, 
2 31 04 IMPS PC 9, 
? 32 04 RfSG PC 99. 
2 33 03 F*fLO OC 3, 
2 34 04 PviD PC 9. 
2 35 04 IMP PC 9. 

W 



~> 1"< 
•> it 
•> 30 
7 10 
•> 41 
0 12 
7 13 
7 4 4 
7 45 
? 46 
•> 47 
7 4B 
7 49 
7 50 
7 S I 
? 52 
7 5 3 
7 54 

•> 55 
? 56 
7 57 
0 5« 
7 59 
7 6 0 
7 61 
7 6 ? 
7 6 1 
2 64 
7 65 
7 66 
7 67 
7 6 8 
7. 6 9 
7 70 
7 71 
7 7? 
7 73 
7 74 
7 7S 
7 7 6 
7 77 
7 7« 
7 rv 
2 8 0 
7 31 
9 8 ? 
7 8.3 
? 84 
7 85 
2 86 
7 *7 
2 88 
7 89 
? 90 
2 91 
7 92 
7 9 3 
7 94 
7 95 
7 96 
9 97 
7 98 

V I 3ii^ a ; •)<)!, 

0 1 l?n;irc;T"JT Pf 9 . 

MATR»C? S . 
0? MAT 1 * ! * PIC - J R S so. 

'>! JATMO °c ; > » > • > . 
0 1 V A L 1 T 12? P C 3">V999, 
""3 sn^l T ' 7 0 1 V 9 9 " , 

S O L O M O N . 
32 S0; . l . oc 9 

03 S U 2 OC 5 . 
0<i S ">; . n c i o ; PC »o?. 

»»S*F">S. 
0? A ^ i H F R I n r " > 

••3 .VSWE*?? nr 3. 
0 4 M TL PC 9 9 9 . 
r>» n r i PC. 9 9 9 9 ^ ' J ' n , 

03 S'l't? •>r 9 ci 9 V J J 9 , 

•'>3 S"M3 of* 9 9 9 V 9 9 0 . 

03 S"-4« •*c 9 9 J V 9 9 9 , 
ORG-RFII, 
02 n ^ r . - R F o i oc 15. 

03 P*R PC ' 9 . 
0 3 R lR nc 9 J PC 9 . 

TABLFOUT^ 

02 R n * - T ! T L E PC X ( 2 2 ) . 
02 ST?2 PC Xt VA " * " . 
02 COLl""'1 0C 8 . 

03 C n L l l M " - F l E L D PC. X ( U ) . 
" 3 ST">0 "C X . 

ROX- I T N E f . 
0 2 R . L N 1 °C v ( ? 2 ) 5 VA •»- — - - — . . . . . . . 

0 2 R > ! t « 2 . 
03 R K L N ? < P C < ( 3 ) . 
( 1 3 R " I . N 2 : » P C < 1 1 9 > I VA " - — - - - . - - - - - . 

02 R i L ^ . 
,)3 RwLN3« PC X ( 7 ) . 
0 1 RWLMl"* PC X f l S ' S VA " - - . - . — - — . 

0 2 TV1.H4 ?C " M l ) ' VA " " . 
i * 0 R K - A 3 F « l S * 27. 
0 2 t f A l l PC X f 3 ) , 
0 2 " M 2 . 

0 3 * « 1 3 »C X ( 4 ) . 
(;3 W»t« T. V f t 5 ) . 

N O R X - A R E * ? . 
0 2 ¥ 4 2 1 . 

03 F T I . l E P S7 1 VA SPACFS . 
03 * A ' 1 ! PC 9 9 9 | 7S 3[_AN< WHFN ZERO. 
0 1 F f l . L E ^ 57 1 VA SPACES . 

" 2 • * t ? 2 . 
' )3 Xfc221 PC X C t l ) . 
" 3 X f t ' 2 ? PC X ( 3 ) . 
n j * ?. ? ? 3 PC X C ' 1 } . 

0 2 -l.« 3 3 . 
03 f t l . l f T 57 5 VA SPACES . 
03 W»?3 I °C 9 ; 7S Hl_A'J< *HFM 7 F R T . 
" 3 FTLLE'? 57 5 VA SPACFS . 

0 2 * » - » 4 . 
03 F t L L f o S7 3 VA SPACES . 
i-i 3 rff.'Ot rr 9 9 9 9 » 75 RLAWK WMEN ZE^O. 
"3 FILLfo S7 1 VA SPACES . 

9V 

I 

0 2 W,-. ? 5 , 

" 3 * » 2 5 1 PC X ( 1 U , 
2 0 1 WA?S2 PC X( 11 ) , 
21 0 2 " A 2 6 . 
2 ' " 3 F T L L E P 57 9 VA "REUUEf.T *". 23 C3 N/>?61 PC 9 . 
24 n? '•"">??. 
2 5 0 3 F f L L F P 5 / 1 VA SPACFS. 
2* . 0 3 f / > ? 7 1 PC 9 V 9 9 ! • 7 S . 
27 0 3 F1LLE-? S7 5 VA " X " . 
2S 02 WA7S. 
29 0 1 WA281 PC 9 9 9 1 7S BLAMK WHFN 7ER0 
30 <M F f L L E ' ' S7 2 VA " C . 
31 C3 WA?8? PT V . 
32 03 F T L I . E " 57 1 VA "» ". 
3 3 0 3 X A 2 8 3 PC X . 
34 0 3 F l L L F " S? 1 VA " ) " . 
35 01 H O N G A R R A V . 

11 
1? 
13 
51 
52 
53 
54 
55 
56 
57 
5fl 
59 
60 
61 
62 
63 
64 
65 
6» 
67 
6H 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
HO 
31 
92 
83 

0 ? ^onCi o r m > P H X O M . 
I j N I T A R R A * . 
0 2 Hk'TT OC !•;» PC X C 1 5 5 . 
s R T P R n p t ; 
0 2 S R T P R P ° U TCCi/RS 1 6 0 T l ' i E S . 

0 3 5 R T C K 1 PC 9 . 
0 3 S R T S C I 1 PC 9 9 . 

0 3 MMni or 9 9 9 . 
03 PPOP »C 9 9 9 9 . 
0 3 SRTMH' PC X ( 2 5 ) . 

IMJMPIRLMK. 
0 2 OMPtRL^K "C 2 . 

03 F T L L E P S7 I . 

03 STAR! PC X . 
<V3 CTMO PC 9 9 9 . 
P3 STAR2 PC X . 
C3 CL t Pr f. 
0 3 STAR3 PC X . 
0 3 S f H PC 9 9 , 
0 3 S T » R 4 PC X . 
0 1 MAHFri lT 
0 3 STAR5 PC 
03 coNnnnT 
"3 STAR6 PC X, 
03 PROPOnT PC 9 ( 6 ) . 

(•3 STAR7 PC X. 

03 FtLLEo S7 4. 
OUMPJBLNiC. 
02 O M P ? p L N K "C 3. 

03 F I L L E D S7 3. 
03 STAR11 »r X, 

01 N»HF_nuT2 p C X(251, 
01 STAR* »C X. 

03 SCL2 »C 9 9 , 
01 STSR9 ?C X, 
01 C| 7 Pr 9, 

03 STARO PC X. 

01 CTN02 PC 9 9 9 . 

01 S T A R I T PC X. 

03 F 1 L L E " S7 3. 
OUHP^BL^ 1*. 
02 0 WP3H| «j« T C ?. 

01 >-,LLF» S7 I. 

"3 SfARiT ->r X. 

PC X t 2 5 ) . 
X. 

PC <(in. 



3 * t 

* 87 
3 3 8 

3 89 
1 90 

1 71 
•1 9? 

3 93 
3 Oft 
1 9-5 
3 9/S 
1 97 
3 9t< 
1 99 
4 2.6 
4 27 
4 Z« 
4 ?9 
4 3 0 
4 31 
4 3? 
a 33 
ft 3« 
4 3"> 
4 36 
ft i r 
4 38 
4 39 
4 4 0 
4 41 
4 ft? 
4 43 
4 44 
ft 45 
4 4 6 
ft *r 
4 48 
4 4 9 
4 5 0 
ft 5 1 
4 5 2 
4 5 3 
4 5 4 
4 5 5 
4 5 6 
4 sr 
4 5 8 
4 5 9 
4 6 0 
4 6 1 
4 6? 

ft 6<l 
ft 6 5 
4 6 6 
ft 6 7 
4 6 8 
4 6> 
ft 
5 

ro 
l 

ZS RLAMK WMFM 7 f < n , 

•• i C » N P i ^r oat). 

03 STAR! •» t.(j X. 

"3 ft 1 P- 9. 

0 3 STAR'... °C *'. 
01 SCL1 T 9 9 . 

03 ST4R1S »P X. 

1'3 NANrf).|i"3 PC X(C">), 

03 S'ARl". PC X. 

03 CONOO'iT 1 PC X( 1 1 ) , 
03 STAR'.T PC X. 

01 opopOnTl PC 9 ( A ) , 

01 STAPt« PC X. 

VI "TNGO 'T3 DC 99. 

03 STAR1 1 PC X. 

0 1 FILLER S7 I . 
"1 T I T L M * . 

0? T T TLT 1 *> t ''C ?, 
03 TTL?6. 

04 ST\ ->C X. 
04 FiLLFR SZ 1. 
04 C*T^09 PC 9?g ; 
o'. F'LLE* SZ 1. 
04 S T ? pp x. 

04 F ILLER SZ t . 
04 Cl SO PC 9 I 7S -JuANK WH^i ZERO. 
04 E'LLFR SZ 1. 
Oft ST1 PC X. 
04 FT LLER SZ 1. 

04 SfL9 PC 99 > ZS 3LANK V4FN ZFRO, 
*»« FTLLER SZ 1 . 
04 ST4 PC X, 
o» FtLLFR SZ 1 . 
04 MTLNM9 PC X C 2 2 K 
04 STS PC X. 
oft FTLLFR SZ 1. 
04 CuDT«l9 PC < ( H ) , 
n» S T A PC X, 
04 FiLi.FR SZ 1. 

04 P»1>90 PC 9(4J| 7$ RLAN< -"HEN 7FR0, 
*« F T L L E * SZ 1. 

o4 S T 7 PC X. 
Dt T I T L r 1 f . 

*? TTTLr,71 ir 3 > 

03 T T L ? Z . 

04 STR PC X. 
04 F T L L E R SZ 1. 

04 C\TN08 Pf 999 

04 FTLLFH SZ 1. 
04 ST? PC X. 

04 F»LLER SZ 1. 

04 Ci S* PC 9 J 7s Rj.A<K WHTN ZERO. 

0 4 F U L r * SZ 1, 
04 5 M 0 P- X, 
04 F T L L E R SZ 1 . 

04 SrL9 PC 99 J 7S RLANX WHEN ZFRq. 
01 FTLLER S7 I. 
04 ST1 1 PC X. 
04 FTLLFR S/ 1. 
04 M T L ^ M R PC X ( ? 2 ) . 
04 S T 1 2 or x, 

•"»! F?R. 

•>? FILLER S7 13 VA "XXXXXX *A-?NI«*G FLAG-OATA SECTlTN 

ZS «LA*!K WHEN 7 E * 0 . 

5 4 

5 5 
5 6 
5 7 
5 A 
5 9 
5 to 
5 11 
5 12 
5 13 
5 H 
S Vi 
5 1 * 
s 1 / 
s t 8 
s 19 

s ?0 

s 21 

s 22 
5 23 
5 24 
5 2r> 

5 27 
5 2 * 
5 5 1 
S 5 2 
5 5 3 
5 54 
5 5 5 
5 56 
5 5 / 
5 58 
5 59 
5 6 0 
5 6 t 
5 6 ? 
5 6 3 
5 64 
5 6 5 
6 1 
6 2 
6 1 
6 4 
6 5 
f 6 

6 12 
6 13 
6 14 
6 15 
A 16 
6 1 / 
6 in 
* 19 
6 20 
6 ?1 

0? r^t *c <xx. 
1? FILLER S7 17 VA " CARD MISSING, THERFFORF CARD YUMRER ". 
0? Fo}2 a c ->f5), 

^2 FILLF" SZ V VA " IS E K C L ' J O F D TROM THE CATALOG. 

Ot FRRS S7 1?0 <M "XXXXXX WARNING F| AT,.DATA SFCTIDN « THF FT.L 

• "LTM'MG r.M»D IS il'tlOfjuTIFIEO. THEREFORE NOT PROCESSED : 

it ERR* . 

"2 Fti_LFR S7 in VA SPACES. 

0? F?:?6t PC T H O ) . 

02 r?LLFP SZ 2 VA SPACFS. 

o« FTR7 S7. 1'0 -/A -XXXXXX WARNING r L A G - O A T A SECTtQN I CATALOG 
" D A M SlP»l.tro FXCEtDS STORAGE r A P AC ITY, THUS ONLY 1ST 160 MAT 
"FRT\LS » T rt)l-". 

"11 TRRB. 

"•2 r i L L E R S7 5S Vft " pjir 
".O.CARO HllMPTR ••. 

02 FCR7S °C " ( S ) . 

02 CILLER S7 67 VA " ANO A Lu MATFRTAIS OATA FOLLOWING THIS CA 
H R 0 IS 0»<TTTro. •». 

01 ERRO SZ 120 "A "XXXXXX HAR*lN'3 F L A G - 0 A T A SECTION I THF LIS 
"TING RFOMFST CARO BELO* T S REjFCTCD ; 00 NOT COMPILE MORE TH 
"AN riMEl ". . 

ni FRWO SZ 1?0 "A "XXXXXX H A R M M G FLAG-OATA SECTION « THE SEL 

"ECT11N RFOIIrST CARO P.EI U« IS R E J E C T E D , 00 NOT COMPILE MORE T 
"HAV NlNFI 

01 .inni. 

02 F I L L E R S7 ^2 VA - PROGRAM ANO DATA K»5 BEEN CO_MPlLE.QL 

"CATALOG CONSISTS OF ". 
0? J? PC 999. 

n? FILLER SZ 40 VA " ITFMS », 

0? riLLER SZ 16 VA SPACES. 
"1 .ma? SZ 1?0 WA " EXECUTION R E Q U E S T E O RUT CATALOG NOT SljPp 

"LlEti THEREFORE THIS COMPUTER RUN IS S U S P E N D E D ! SUP«Mr C A T U J 1 

"C. WITH NFXT RUN". 

01 .lOBl S7 120 «'A " SUPPLIED CATALOG HAS REEN RE»0 IN AND Fl 
"LE0-=EXFCUTT0N TERMINATED SINCE NFTTMER LISTING N O * SELECTIO 

"N TS REQ«ESTrn ". 

01 .1084. 
0? FILLER SZ ?« VA "XXXXXXX PROGRAM M F S S A G E I " . 
n ? FILLER SZ 9n VA S P A C E S . 

"I TTTLFl S7 1?o V^ " LISTING 3F THE MATERIAL 
»S T-- THF C A M L O G - - - P R 0 P E R T Y L I S T F O IN THf TARLE BELOW ISI 

01 T I T L F 3 . 

0? F ' L L E R S7 42 VA SPACES . 
0? BkOPTTI . P f X f 3 6 ) . 
n ? FTLLER SZ 4? V<* S P A C E S . 

01 T T T L F l . 

"? FILLER SZ 49 VA SPACFS . 
0? IM T. 

0 3 iiNTI Pf X(« ) i v A "UNITS J " , 

03 TTL'JNTT PC X C 1 S ) . 

D? FILLER S7 (19 M* SPACES. 

01 TJTLF4 S7 t?0 VA " j N T H E T 

MfiLF HElOW • COLJMN 1 LISTS THF CATALOG NO 

oi TITLFS S7 t2o VA " 

COLJMN 2 LISTS THE CLASS 

0 1 TITLF«> S7 t2o VA " 

COLUMN 1 LISTi THf. SUPCL&SS 

->) 
vn 

FiLi.FR


A 22 
A 23 
6 34 
6 25 
A 26 
6 17 
A 28 
A 29 
<S 30 
6 31 
6 32 
6 33 
A 34 
A 35 
A 36 
6 37 
6 38 
6 39 
6 40 
6 41 
6 42 
6 43 
* 44 
A 45 
6 46 
6 47 
6 40 
6 49 
A 50 
6 51 
6 52 
6 53 
6 54 
6 55 
6 56 
6 5? 
7 1 

7 2 -
7 3 -
7 4 
7 5 -
7 6 -
7 7 
7 8 -
7 * 
7 10 
7 11 
7 12 
7 13 
7 14 
7 15 
r 16 
r If 
7 18 
7 19 
7 20 
7 21 
7 22 
7 23 
7 24 
7 25 
7 26 

01 T ML* 7 S7 1?0 VA " 
» CIL'IMN A LISTS THF PROPERTY 

01 

01 

TtTLr*. 
0? FILLER SZ 35 VA » FOR ». 
0» TTL7 PP. *'T). 
0? rrLLFP s* , n v* "PROPERTIES C1F ANY MATERIAL LISTED BELOK". 
02 rtLLER SZ 35 VA SPACES. 
TITLF9 S7 l?o VA " REPER TO 
"THF r.ENFRAI. TARLE 

AM ALDHAR 

3 * MATER 

n\ TITLF10. 
0? r|i_LEP SZ *A VA -* 1 * ? * 3 * MATERIAL NAME ' 
0? FTLLFP 57 IS l »l " » CTJOTTTOM * «s ** 1 « ? * ' 
02 FILLER SZ 36 VA " 3 * MATERIAL NAME * CDNOI Tl« 
0? FILLER SZ t2 VA "ON » A *••. 

01 THLF.11 S7 I'O VA " 
"ETITAL LISTING OF THF MATERIALS IM THE CATALOG 

Ot TITLF12 SZ 1->0 \/n " * \ « 2 * 3 * MATERIAL NAME 
" 1 « > * * * MATERIAL NAME ** 1 * 2 * 
"IAL NA*r «". 

0 1 TlTl_ri3 «7 I »0 VA " 
"NG'rif MATERIALS IN THE CATALOG RELONGING TOl 
" "• 

01 TITLF14. 
02 FILLER SZ A3 VA » 

CLASS 1 ». 
02 TTL?3 PC '• 
0? FILLER SZ 56 VA SPACES. 

01 TITLP15. 
02 FTLLE" SZ A3 VA " 
« SUBCLASS I .".. 
02 TTL25 °C «'. 
0? FILLER SZ 55 VA SPACES. 

01 GENTARLEl SZ 120 V* » 
" 5EWERAL TABLE 

01 GENTARLE? SZ t?0 VA « W^CT!fl-*l-C.£ ai I1'» » » I* L l a 

"ALL MATFRlAlS AND PROPERTIES COMPILED IN THE CATALOG 
A LISTING OF 

01 GENT&HLE* SZ 1»0 VA " 
«t -IN THr ORDER OF COMPILATION. 
m n 

01 GENTARLE4 SZ 120 VA NOTES 1 1 - C L A S S E S 
1 Awl 7 TNOTCAfF FERROUS A**0 MlN-FrRROUS MFTAL& RE* 

" * • 

•M G E N T A R L F * %2 \?f) VA » PECTIVEL 

"it TTR 1 DISCUSSION nr SUHCLASSFS RF:FER TT THE TEXT, 
f» •» # 

01 GEMTARLEA SZ l?o VA - 2-VALUES L 
"tSTFT FOR PoTlSUE ARE ENDURANCE LIMITS P<TVEN IN KST. 

» » 
11 GENTARLEA1 S7 1?0 VA " 3-VALUES 

"FOR MACHINABILITY ARE RA S E 3 ON AlSJ Rill? « 100, 

" ". 
01 P.ENTA*LE7 SZ 120 VA " 4-ALL RATI 

"NGS ARE RELlTIVF VALUES, 1 AND 0 INDICATE LFAST AND 
1* m 

01 GENTARLEB SZ 170 VA " «*OST 0 
"ESIRABLF A°°LKATIONS. RESPECTIVELY. 

7 ?7 
7 28 
7 29 
7 30 
7 31 
7 32 
7 33 
7 31 
7 35 
7 36 
7 37 
7 38 
7 39 
7 40 
7 41 
7 42 
7 43 
7 44 
7 45 
7 46 
7 47 
7 48 
A 1 
8 £ -

8 3 -
8 4 
8 5 -
8 A -
8 7 
8 8 -
8 9 -
8 10 
8 11 

.."...18 -
8 13 
8 14 
8 15 -
8 16 
• 17 
8. 18 
8 19 
8 20 
8 21 
8 22 
8 23 
9 24 
« 25 
8 26 
8 27 
8 28 
a ?9 
8 30 

10 t 
10 2 
10 3 
10 4 
10 5 
10 55 
10 6 
10 7 

01 G E N T A R L ^ 0 SZ 1'0 VA « 5-PRICES A 

"RE r.tVFw ONl Y AS A COMPARATIVE MEASURE 0«" THE VALUE. 

01 GENTARLE11 S» 120 VA " A-FOLLOMI 
"NG UNITS ARr NOT SHO*N IN THE TARLF FOR THE SAKE OF 

01 P.ENTARLE11 S» 170 VA " SIMPLlC 
"ITY 1 

01 P.ENTARLF1? ST 120 VA " 
" MOOULU* OF E L A S T I C I T Y O O O O O O P S D 

01 GENTARLF13 ST 120 VA " 
" ELFPTRtCAL RESISTANCE (.1 MICROOHM-CM) 
w 1. 

01 P.ENTARLE14 ST l ? 0 VA " 
TMERMAl C O N D U C T I V I T Y ( 1 0 B T U / H R / S 9 . F T / F / F T ) 

H I. 

01 GENTARLE15 S7 120 VA " 
COFF. OF THERMAL EXPANSION (1/OEG.F) 

01 PR1 SZ 1?0 VA " 
» TA*ULAT[rm OF THE RESULT(S) 
H I. 

01 PR2 SZ 1>0 VA » 7-SELECTlOHS AHE 
" BA*EO ON THE RELATIVE DESIRABILITY OP EACH 

Ot PR3 SZ t?0 VA • 
"RESPECT TO THE REQUESTED PROPERTIES. 
• • 

01 PR4 %7 \90 VA •' 
" ARE EVALUATED FROM THE NORMALIZED DESTRABT 

MATERIAL WITH 

8-DESlRAilLlTIEs 

01 PR5 57 1?0 V« " LITY MATRK MH 
"ICH CORRELATES THE DFSIRED AND ACTUAL PROPERTIES 

01 PR6 SZ 1»0 VA » 
"0 THEIR RELATIVE IMPORTANCE. 

WITH RESPECT T 

01 PR7 $Z tPO VA " 9-V»LUES IN THE 
"RE9UEST COLHMN(S) ARE EXPRESSED IN THE FORM 
it •* 

01 PR8 SZ 1?0 VA » or K<Y,Z) HHER 
"E X IS THE OESIRED VALUEI Y IS THE RELATIVE 

01 PR9 SZ 1?0 VA " IMPORTANCE AND 
"J Z IS AN INDICATOR OF ACCEPTIBILITY OP LONE R 

0 1 PRO s z i ? 0 \l\ -
"UES OENflTEO RY L ANO H , R E S P E C T I V E L Y . 

AND HI8HER VAL 

PROCEDURE DIVISION. 
FLPN. OPFN INPUT CAROE OUTPUT PRINTOUT. MOVE 1 TO N» M, MOVE ZERO 

TO CONT. CTLft. XCTN. OMP, 
RO. READ CARUP AT END GO TO FINISH. IF OPTION • 1 60 TO Rl. IP 

OPTION • 2 GO TO R2. IF OPTION • 3 (10 TT R3. IE OPTION a 4 
GO Tn Ri; 00 TO R5. . .. _ _ _ 

Rl. IE CONT • 0 AND N < 161 MOVE RESTCARD TO MTLOTl (N) MOVE 1 
TO CONT MOVE CRONil TO CRDNO (N) flO TO RD. 

•IP N s iAi MOVE CRDNU TO ERR75 dRITE PRlNTRLANK FROM ERR7 
APTEP AOvANCtNG CHANNEL t NRITE PRINTBLANK FROM ERR8 AFTER 

-̂J 

THLF.11


10 11 
10 11 
10 t2 
to t3 
10 14 
10 15 
10 16 
10 17 
10 IB 
10 19 
10 to 
10 2t 
10 22 
10 21 
10 24 
10 25 
10 26 
10 27 
to 28 
10 29 
10 30 
10 31 
10 3? 
10 33 
10 335 
10 34 
10 35 
4A 1A-
10 37 
10 37 
10 36 
10 3» 
10 40 
10 (0* 
10 41 
10 42 
10 43 
10 44 
10 45 
10- U _. 
10 47 
10 46 
10 49 
10 50 
10 51 
i* *2 
10 53 
10 54 
10 55 
10 56 
10 57 
W-*A 
10 5« 
10 60 
10 61 
10 62 
10 63 
10- 64 
10 65 
10 66 
10 67 
10 69 

VTV«---fMP, 1 i I'iFS MHwr 1 fj CTMT r,? Til :»[), IF i > 111 MOVF. 1 
Til C.IMT fit T-> =*r>. MOVE "2'JI>" TO EHRI MOVF CRDNO CN) TO ERR2. 
50 TO F1, 
IF C U T a 1 ANO N < 161 MUVE RESTCARD Tn MTLDT2 (N) HOVE 
7FR0 TO PONT Ann 1 TO N MIWE 1 TI) CTLG fin TO RO. IF N * 161 
*nVF 7ERft TCI C1NT ADD 1 TO S GO Tl RD. MOVE "1ST" TO ERR1. 
MOVF CROMI) T"> ERR?. MOVF JERO TO CONT. GO Tfl El. 
tf n*» . 1 HIVE CAROFORM/JT TO ERttftt NRITF PRINTBLANK FROM 
ERR9 AFTFR ADVANCING t LIMES WRITF »RINTBL*N< FROM ERR6 AFTER 
A0VAMCIM8 CHANNEL 1. IF r>MP * 0 MOVE SESTt TO DNPCRO MOVE 1 
TO IMP. TF CnNT » 0 GO Ti) RO. MOVF "2N0" T" FRR1. MOVE CRONO 
(N) TO EAR2. MOVE ZERO TO CJNT. GO TO El. 
IF n.jMMVt > •» MOVE CAROFORMAT TO (?RR«1 WRITE PRlNTBLAMK FROM 
ERRO AFTFR ADVANCING 1 LIMES WHITE PRINTBLANK FROM ERR6 AFTER 
AO V A M C I N * rH<MMrL 1. IF DJMMY1 * 9 MOVE REST TO OESVAR CM) 
ADO « Til 0UMMY1 MOVE 1 TO XCTN. IF DUMMY! < t0 ADO I TO M , 
TF CONT • 0 'SO TO RO. MOVE "2ND" TO ERRl. MOVE CRDNO (N) TO 
ERR?. MOVF 7rR1 TO CONT. GO TO El. 
MOVF CARrtFOR'iAT TO ERRftt. WRITF PPINTBLANK FROM ERR5 AFTER 
ADVANCING CHANNEL 1. WRITE PRINTBLANK FROM ERRft AFTER 
ADVANCING 1 | INFS. GO TO HO. 

El, tF OPTION a 1 MOVE WESTWARD TO MTLDT1 CN). MOVE C.RDNU TO 
C R 0 N « (N). 
WRITF PRTNTBlANK FROM E«R AFTER ADVANCING CHANNEL 1 GO TO RO. 

R?< 

"3. 

R4. 

RS, 

F. 

HO 

_ 7iR0S TO ANSWFRS. 
MOVE SPACES TO TITLE16. IF N > 161 MOVE 161 TO N . 

SUBTRACT 1 F»nM M SUBTRACT 1 FROM N. 
ir CTI.C i . o u m x c a i i A*O OMP > t w*vt« mwaiAiiK FROM. 
J0B4 AFTFR ADVANCING 2 LINES WRITE PRINTBLANK FROM J0B2 AFTER 
ADVANCING 1 LINES 00 TO CLOSEFlLESl. IF CTL6 « I ANO KCTN - 0 
AND OMP a 0 WRITE PRINTBLANK FROM J0B4 AFTER ADVANCING 2 
LINEt "RITE PRINTBLANK FROM JOBS AFTER ADVANCING 1 LINES GO 
TO CiOSEPlLCM. IF CTLG * 1 AND GTARLE * 1 GO TO 
tf Mf RAL'TABLfj. 

6T600, IF XCTN • 1 GO TO ORGANIZE-REQUEST. 
GT700, PIRFORM 5T VARYING K FROM I BY 1 UNTIL K • 3. GO TO HO. 
ST. WOVE •*• TO STAR1 (K), STAR2 (K), STAR) (K), STAR4 (K), 

»TAR« («>, STAR6 (K). STAR7 (K), STARS (K>. JTAR9 (K), 
STAR^ (W)» <TARU (K). STARl? (K). STARlJ U ) , STAR14 (K), 
» * « « - « > ' STAR16 Hi* $1,317 ( O * SIA*W CKJ* STA*l» (*>, 
STARO (Kl, 
MOVE ••» TO STARS (3). STAR9 (3). STARO (J), STAR10 (3). 
STARil (J), 
"OVE » YIELD STRENGTH • TO HONG (1). 
HOVE » TENSILE STRENGTH • TO HONG (2). 

• *«W* • CtOJtGArtOM a T0 HONfi C4), 
"OVE " SHEAR STRENGTH » TO HONG (4). 
*OVF " RRINNEL HARONESS • TO HONG (5), 
MOVE » MODULUS OF ELASTICITY - TO HQNG (6). 
HOVE • ENDURANCE LIMIT « TO HONG (7). 
M°VE • MACHlNABlLlTY • TO HQNG (8). 

-»«»*-•• BEMSlTt m T0 Hojua /ji' 
MOVE - COEFFICIENT 0F THERMAL EXPANSION » TO HJ5N8 (|0)." 
"OVE » THERMAL CONOUCTIVITt • TO H0N6 (11), 
M<>VE " COMPARATIVE PRICE » TO HQNG (12), 
""VE " MELTING POINT • TO HONG (14). 
HOVE » ELECTRICAL RESISTANCE » TO MONO (15), 
MOVC-" 1000 PSI" TO UNIT (l).UNIT 12), UNIT <«)« 
UNIT (6), UM«T (7). MOVE • PERCENT" TO UNIT O ) MOVE 
" POJNOS/rU.IN." TO UNIT C9). MOVE "0.000001/OEG.F." TO 
• INIT (ION. MlVE "«Tl)/HR/FT?/F/FT» TD UNIT (tl). MOVE " */|.B 
» « 0,00«» Tri !IMTT (J2), MOVE - DEG.FAHRFMHEIT" TO UNIT (14). 

ln «' «OVr » ^TOOnHM-CM," rn LIMIT (tS). MOVF N TO J2 , WRITE 
1° 70 »RINTRLAN< FROM J0B4 AFTE» AOVANCTNG CHANNEL 1 WRITE 
1 0 71 »RINmAM>< F»TM J3R1 AFTF^ »DVAMCtNG 1 LINES, IF OMP • 0 GO 
f> 72 TO F . MOVE »ERO TO I, 
>* l LlSTtNG. »r>0 I Tn I. IF OMPKFYl (I) * 1 ANO I < t7 GO TO LISTENO. 
>« 2 IF O^PKEyl (?) 4 1 AND I < 17 GO TO LISTENO ELSE IF I a 17 
•t 3 *"0 OMPKFYt n) » 2 GO TD'LISTENO. MOVE ZEROS TO J, CTR2. 
I' * *»OVF «lPAfFS TT IRTPRoPt. MOVF t Td CTRt. \f \ < 13 GO TO 15. 
»1 ' TF I . 1J GO TO LISTENO. IF I < H r,0 TO H , IF I . IS GO TO 
1» * 13. TF I a IT 51) TO 14, 60 TO L1&TEN&, 
11 ' 15. SORT SORTFILM ON DESCENDING KEY "VALUE , MATN01 
)} J INPUT PROCEDURE IS S O R T I I N 
11 ' OUTPUT PROCEDURE IS SORTtOUT. 
11 10 I«i tF XCTN * 0 r,0 TO LO. IF PNR (I) » t MOVE ZEROS TO J GO TO 
11 11 OSVRcHECif. 
11 12 10. GO TO LO, 
11 13 II. SUBTRACT U rROM I GIVING OUMMYt. 
11 1* t2, SORT S0RTFRF1 ON DESCENDING KEY BVALUE » NATN01 
11 I5 INPUT PROCEDURE IS S^T?TN 
11 1* OUTPUT PROCEDURE is SORTlOUT, 
11 17 T7. 60 Tn l«Si 
I t 16 J J * SORT SORTFILH ON_ASCENDJM£ HE1. SJlrMJt. ^ j U U i a i 
11 1° INPUT PROCEDURE IS S0RT3IN 
11 20 TijrBijT P R f i r r n j a r t> > > g r i > . . . 

u 21 i». GO Tn LI; " "" 
11 22 14. JORT S0RTFILF1 ON ASCENDING KEY SRTSCL » NATiQl 
11 2 J INPUT PROCEOURE IS S0RT4IN 
H - * 4 QUTJilX-ggncEDURE 1^4f>BT>0m.. 
H 25 t9, 60 To L2i 
11 26 LO, NRITl PR1NTBI.ANK FROM TlTLEl AFTER AOVA«£IM WAMCt 1, 
11 tT NOVE MONB (II TO PROPTTL, WRITE PRINTBLANK FROM TITLE? AFTER 
J| ?? A0VAM6IN4 ? LINES. IF I # S ANO I # • AN© I # t J MO*E UAtlT 
J II M > T 0 TTLUNTT WRITE PRIMT8LANK FROM TITLE1 AFTER AlVANCINB 
u - ^ ^ 8 LIMES. IF-*_» S MO>t£- » . - A U l - I H U - i - U > . " Tl} tfRf WtXl 
J1 11 PRINTBLANK FROM T I T L E J AFTER ADVANCING 2 VINES NOVt -UNITS I 
11 32 " " " ?3 UNT1. WRITE PRINTBLANK FROM TITLE4 AFfCR AflVAMINO 
11 33 t LINES WRITF PRINTBLANK FROM TITLE5 AFTER ABVANtlNB 1 LINES 
11 3* H«*Tr PRINTBLANK FROM TITLE6 AFTER ADVAMCIIt-.l LINES WRITE 
11 3f PRIMTRLANK FROM T1TLE7 AFTER ADVANCING 1 LlNtS NO»E " OTHCR • 
"-**' IJ-WtZ-MglTr PR!NTBIANir.F9JIH_TTTir« AFrrB tBWtiieiwe r, ^ ^ 
}) \l ""'TE PRTNTBL4NK FROM TITLE9 AFTER ABVANCINB 1 LlNtS WRITf 
11 3" PRINTBLANK FROM TITLEtO AFTER ADVANCING 4 UwES lOVC •••••••• 
11 3* " "***•*******«****************************•*••**••*•*•»• 10 
U *0 TTL2* (11* TTL26 (2). WRITE PRINTBLANK FROfc W e l l * 4fTEI 
11 •> ADVANCINB 1 LINES. WOVE SPACES TO TTL26 (1». TTLt6 (t). MBVE 
11 12 -XZSLa-XO-H* -_... 
11 ' 3 SR. AOO 1 TB K. MOVF "•» TO STl (K). ST2 (K), ST3 (K), ST4 («), 
J} •• ST5 <K). ST6 (K). ST7 (K). IF K < 2 GO TO **, PMFORM WO T U U 
11 *' "* VARYTNG y FROM 1 AY 1 UNTIL Z > CTRP, It TO LISTENO. 
U 46 MD. MOVF MNOt (Z) TO CATN09 (1)#DUWMY2, MOVE P«*» (1) TO PRP99 
11 •' (1). MOVE ZEROS TO II. »ERFORM WZ VARTlNS T FROM I Br I UNTIL 
U--4B- *-«-J-r-«* T» -W4N— 

U 49 WZ. IF riUMMYP P ft ANO 0UMMY2 * SPACES MOVE KCLASS (DUNMTJ) TO 
11 50 CLSO (Y) MOVr SUBCLASS (DUMWY2) TO SCL9 (»» MOVE NAME 
11 l\ (0UMMY2) TO WA?2 MOVE WA221 TO WAP?t HOVE NAI23 TO WA252 MOVE 
11 52 WA?« TO MTLMM9 (Y) MOVE COMOTW (0UMNY2) TO tMOTNt (t) 
11 53 COMPITF MJMMY2 FROM CTR2 *Z. IF If , 0 MOVC PROP (BUNMY2) TO 
U It ••«»•• <?l. NAVE 1 TO 1 U MOVE MN01 -(DUMMY*! TB 6UMMT1 MOWC 
} II OUMMyi Tft CATN09 (2), DUMMY2, IF t - CTR2 AND CTR1 P 0 MOVE 
1 5« »C».0« TO CATM09 (2), CLS9 (2), $CL9 (2), P«P«9 (t) WOVE 

11 57 SPACES Tft CNnTM9 (2). MTi NM9 f»)_ 
It 59 WY. WRITE PRTNTBi.ANK FROM TITLE16 AFTtR AOVANCIM 1 LINES. 



11 =>-. 4 < 

11 6 0 1 • 
11 (SI 1 3. 

11 62 
11 A3 
11 64 

11 65 
1.1 66 
11 67 -
11 6d 
11 6> 
11 TO 
11 i\ SA. 
11 11 SR. 
11 n 
11 74 Y 0 . 

11 lb 
11 Id 
11 7 7 Y7. 
11 16 
11 19 
11 80 
11 81 
11 
1 j 

82 
93 

11 84 
11 8b 
11 86 
11 87 YX. 
11 86 Yr. 
1? 1 L». 
12 2 
12 3 
1? 4 
1? 5 
1? 6 L*. 
1? 7 
1? 8 71, 
1? 9 
1? 10 
1? 11 7 7 , 

1? 12 
12 13 
1? 11 
1? 15 
12 16 
12 If 
12 18 
1? 19 
1? 20 7*. 

1? 21 7 Y , 
12 22 i t s 
1? 50 F. 

1? 51 PRE 
1? 5? 001 
1? 53 
1? 5«* 
1? 55 Qflft 

1? 56 
1 3 1 nrs 
13 2 F1 . 

13 3 r i . 

•« T V ! 

JRIT- •>}TNT'3. A J< FROM T T T . H 1 nffri A O i M N d N U CHANNEL 1. 

iRlTF "RT'lTRl AMK FROM TITLF4 JFTr» ADVANCING ? LIMES. WRITE 
PRIMT3LAMK FoOM TITLF.5 AETE* ADVANCING 1 LIMFS WRITE 
PRIMT^LAVK FmOM TITLE* A F T R AnvAMC T M tl 1 L H F S MOVE "ALL THE" 
TO TTL7 URITF. °RINT3LAN>< FROM T U L F * AFTFR ADVANCING ? LINES 

*RITF PRTNTRi AN* FROM TITLE* AFTFR ADVANCING 1 LlNFS WRITE 
ORINTRLAN* FuOM TITLF12 AFTER ADVANCING 4 LINES MOVE ******** 
"**»*»»»***»,****•*»»»****»**•**,,» TQ TT|_?f Cl>. TTL27 ( ? ) , 
TTL'7 (3>. HPITE P R I N T R L A N V F R O M TITLF17 AFTFR ADVANCING 1 
ITNFS. MOVE SPACFS TO TTTLE17. PERFORM SA VARYING < FROM 1 3Y 
1 UNTIL < • 4. GO TO SI. 

, MOVF »*» TO STS ( K ) . ST9 ( < ) . ST11 ( K ) . ST11 C«>» ST1? (<>. 

. IF T a IT GO TT L « . PERFORM YO THRU YY VARYING Z FRO* 1 BY 1 
HNTT| 7 > CTr>?. r,0 TO LTSTEND. 

, MOVF MNOl (7^ TD CATN09 (1>. DUMMY?. MOVF SRTNM1 (7> TT WA2? 
MOVF HA??! T"! WA?S1 MOVE H«??3 TD *»?5? MOVF WA?5 TO MTLNM8 
M ) . PERFORM <(/_ VARYING Y F*OM 1 *Y 1 UNTIL V = 4. GO TO YX. 

, TF nUMMY? '* 0 ANO DUMMY? < H i '»OvE KCL4SS (DUMMY?) TO CLS8 
(Y) MOVF SUBCLASS ( O U M ^ ' Y ? ) TO SCl* ( Y ) . TF Y = 1 COMPUTE 

PJMMY? FRDM cTR? • Z. IF Y s ? COMPUTE DUMMY? FROM (?«CTR?)*Z 
, TF (7< CTR? - 1 ANO Y * 3) Hrf Y r 1 MOVE MNOl (DUMMY?) TO 
OUMiivl MOVr TilMMYl TO 0'JHMY2. IF (Y < 3 AND 7 < CTR? - 1) 

OR tY = 1 ANn 7 > CTR? - 1>^MDVE NAME (DUMMY?) TO WA22 MOVE 
«A2?1 TO *A?"M MOVE VjA5?3 70 n*?1)? MOVF. w »?=> TO M T L N M S (Y*l> 
MOVF DJMMY? TO CATN08 ( Y + 1 ) . IF (7 = CTR? AND CTRl * 1) OR 
(7 > CTR? - i ANO CTR1 c ?) MOVE SPACES TO MTLNM8 (3) MOVF 
7ER0t TO CATuPS ( 3 ) . CLS8 ( 3 ) . SCLfl ( 3 ) . 

WRITF PRTMTRl AN* FROM TITLE17 AFTFR ADVANCING 1 LINES. 
MOVE ZEROS T-> 3UMMY2. 

, WRITT PRTNTRl AN< FROM TITLF13 AFTFR ADVANCING CHANNEL 1. 
MOVF DMP*EY1 (17) TO TTL?3. WRITE PRINTRLANK FROM TITLE14 
AFTFo A O W A M C T N G l L I N E S . IF SCLASS * 0 MDVF SCLASS TO TTL25 
WRITF PRTNT«|ANK FROM TITLE15 AFTFR ADVANCING 1 LIMES. 
GO TP H i 

, PERFORM 7" TMRI 7Y VARYING 7 FROM 1 RY 1 UNTIL 7 > C T R ? . 
GO TO LTSTFNn. 

MOVF MN01 (7> TO CATNflB ( 1 ) . OijMMY?. MOVF SRTCLSl (7) TO CLSH 
( 1 ) . MOVE S»TSC( 1 (Z) TO SCL8 ( 1 ) . PLRFllRv, 7Z VARYING Y FROM 
1 Rv i IINTIL v = 4. GO TO I t . 

IF OliMMY? * n ANO DUMMY? < 161 Mn»/F NAMF (DUMMY?) TO WA2? 
MOVE WA??1 T- ^A?5l MOVE WA??3 TO H«?5? MOVF WA25 TO MTLNM9 
(Y> MOVE <CLASS (DUMMY?) TO CLSS ( Y ) . IF Y = 1 COMPUTE nijMMY? 

FRO" CTR? • 7. IF Y = ? COMPUTE D I M M Y ? FRDH ( ? * C T R 2 ) * 7 . 
IF Y < } ANO DJMMY? < 1A1 MOVE MNOl (DUMMY?) TO DUMMY1 MOVE 
DUMMY! Tf1 OUviMY?, CATN09 (Y • 1 > MOVF. S U R P A S S (DUMMY?) TO SCLB 
( Y + 1 ) . TF (7 = CTR2 AND TTR1 * 1) TR (7 > CTR? - 1 AND 

CTRl a ?> MOVE S°ACES TO MTLNM8 (1) MUVF 7FR0S TQ CATN08 ( 3 ) . 
CLSft ( 3 ) . STL'S ( 3 ) . 

WRITF PRfNTRl AN< FROM TITLE17 AFTER ADVANCING 1 L I M E S . 
WOVE 7E*"S T« DIIM4Y2. 

TEND. IF I < 17 GO TO LISTING. IF X'TN = 0 50 TO C L 0 S E F I L E S 1 . 
MOVF 7ER" TO I. 

PARATfONl. AlO 1 TO I. 

. IF PNR M ) = 0 TH I = 13 GO TO 30*,. MOVE 1 TO LX1» CTRl MOVE 
7ERTS Tn J> CTR2 M Q V F SPACES TO S R T o ^ Q P l . IF I < 13 50 TO 15 
FLSF GO TO Tl . 

. TF T < 15 *n TO °»EPARAT I O N I , pfRFORM COMPUTING-PROPERTIES 
VARYING J E R i * 1 RY 1 UNTIL J = N+l. 

irlON. MOVE 1 TO A. 
MOVF 7ER0S Tn MATRICES. MOVt 1 TO •». SB. 
TF P * *S GO TO F4 ELSE Mr{VF 1 TO A A 

n * FT. TF At = tl A^n , rn * GO TO F? FLSF IF MATNO (3R) * 0 ADD 1 
1 3 5 TO Kb. MnvE SOL (A.R.AA) TO MATNO (MR) ADD 1 TO AA GO TO F 3 . 
13 6 FIJ. m i r i Ti u , 
1 3 "' F S . TF MATNO (AAi = 0 OR AA a 51 GO TO F12 FLSE MOVE MATNO (AA) 
13 * TD r»UMMY1 MOi'F \ TO AAA. 

I 3 9 Eft, IF AAA a 4 Gl TO F 7 . MOVE TMPRTY (A.AAA) TO DUMMY2. IF 
13 »5 DUMMY? a D MnVE S TO AAA GO TO F 7 . IF 

1* 1° DIIMMv? < 13 .<OVE PROPERTY (DUMMY 1, DIIMMY2) TO SUB ELSE 
' 3 11 SIIRTPACT 13 rRO'l nilMMY2 MOVE PR[IPE»TY (DUMMY 1, DUMMY?) TO S U 9 . 
13 I 2 TF (UAXMTN (A,AAA) * 0 AND SUR > RFOVAL (A,AAA)) OB 

13 13 ( M A K M N fA.AfA) = 1 ANn SUP < REOVAI (A,AAA)) MOVE 7FR0S TO 
13 1' SIIM1 (AA) GO TO F 1 1 . IF MAX*MN fA.AAA) = 0 COMPUTE 
13 15 »•• • " • •••• •" ' ••-• 

13 28 
13 29 

13 30 
13 31 
13 32 

13 33 
13 34 

13 35 
13 36 
13 37 

13 37-S F 9 . MOVF 7ERMS Tl AAA. 
13 38 
13 39 
13 40 

13 41 
13 42 
13 43 

13 44 
1 3 45 

13 46 
13 47 
13 47S 
13 Id 
13 4»5S 
13 49 
13 50 

13 51 

13 52 F1<4. 
13 53 ri9 

14 

14 3 
14 4 

14 5 

14 6 

F 1 0 . ADD 1 TP AAA. ADO VAL1 (AA.AAA) TO SUM1 ( A A ) , 
IF AAA m 1? -.0 TD Fll ELSE GO TD F I D . 

F U . ADD ) Tfl AA GO TO F 5 . 
F l ? . PERFORM SELrCTION VARYING 8 FROM i 8Y \ UHTIL ft • 5 l , 

"OVE 1 TP AAA. 
F1 3 . IF AAA • 6 ',0 TD F 1 4 . ADD IMPRTN ( A . A A A ) , SUM2 ( A ) . AOD 1, 

AAA. SO TO F l 3 . 

r m , -.u Li l r LT u.* -5T su*j i«) MULIl^LY 0,75 RY SUM4 (A) ADO SUM4 

( A ) , SUM3 ( A ) . SUM? ( A ) . 

IF « < M ADn 1 TO A GO TO F l . PERFORM Fir VARYING A FROM 1 
RT 1 UHTTL A > M + 1 AFTER R FROM 1 RV 1 UNTIL R « « . GO TO Flft. 

F 1 7 . IF r,FS (A,H\ * 0 ANO SUM2 (A) * D DIVIDE SUM2 (A) IMTO OES 
( A » M ) . 

. PERFORM F19 VARYING K F R O M 1 RY , UNTIL K « 9, GO TO F 2 D . 

. MOvr »*- TO ST?D ( < ) . 
F ? 0 . GO ro F I N A L - R E P O R T ? . 
DSVRCHEPir. ADD ) TO J. 
? 0 . IF R.jR (J,j) t 0 MOVE RNR (1»J) ID K ELSE GO TO Ex. 

"DVF i TP L. 
03 . IF L = N • 1 GO TO D 2 . IF MAXNIN (J,K) n l) AND 

PROo (L) < RrQVAL (J.K) SUBTRACT 1 FROM L FLSE GO TD 0 7 . 
06. PFRFTRM PS VARYING U FROM 1 HY 1 UNTIL If » 1 1 . GO TO D 2 . 

-o 
CO 

TTt.H1


11 
14 
1« 
14 

•nv/r MM'ii rjj) TH si'. 

.<) SUBTRACT 11 

14 1? 

t« n 
14 16 
14 161 
14 16? 
14 \T 

14 18 
14 19 
t» 20 
14 21 
11 22 
14 23 
14 24 
14 25 
14 SI 
14 52 
14 53 
14 54 
14 55 
14 56 
14 57 
1» 59 

15 
15 
15 
15 
15 
15 
15 
15 11 
15 1? 
15 13 
15 14 
15 15 
15 16 
15 21 
15 22 
15 23 
15 24 
15 25 
15 26 
15 27 
15 25 
15 31 
t*> 3? 
15 33 
15 34 
15 3S 
15 36 
15 3' 
15 41 
15 42 
15 43 
15 435 
15 44 
15 45 
15 5i 

v* • ' *:> ' • ' : ' • : • ' " ' ] ; I . I . 1 r .i.i » i 4 m < 
u . ' . t n . 

*>?, TF 'I.UMI.I (.!.<> * 1 4ND - ' i n * ( L ) < RF'JVH (. 
FROM L Hn T.I 04, ADD 1 n L iJO T1 n * . 

T?. MOVF 7FR1S T1 l»\|R ( I ) , DIM'IYl . 
r * . I r •• < * r>) T1 DSVRCHEC< ELSE TF L X | . I GO TO 306 FLSE 

on Tn m, 
SFLFCTIIn SETTIO", 
F* 1 . IF SiiMi (n) s n r,n Tn rro. 

IF J4TN" (R> a MTL (4,1) JR MTL C A.-?) HH MTL (A»3) 03 TO F70 
. IF SUM1 C<V> OES (A,l) MOVE nrs (A.2) TO OES (A,*) MOVF 
MTL f\»2^ Tn MTL (A.3) MnVK |>F.S (4.1) Tn DFS (A.2) MOVF 
'(TL f A . n Tn >4TL ( A . ? ) MT/F SUMI rR) Tn nrs C A . D MOVF 
MATMn (1> T1 MTL C A. 1 1 FLSF IF V I M ( ^> > |>F.S ( A . 2 ) MHVE 
HFS M » 2 ) TO OFS C A» 3 > MTVE UL ( 4 , 2 ) TO MTi CA,3) MOVF 
SUM1 (R) TO ">ES (A ,? ) MflVE MATNO (R) Tn MTL ( A . 2 ) ELSF IF 
SIIM1 (R) > Or'S ( A . 3 ) MOVF M4Mn (*) TO MTL ( A . 3 ) <4r)Ve 
SUM1 (R) Tn 1F> ( A , 3 ) . 

FrO. FXTT, 
COMPuTlNr.-PRnPERMES SETT TON. 
A3. TF BPHPfpry #,|,<i), .1 o DTVTOE PRnpr*TY C.1,0) INTO PROPERTY 

(J»6) GIVING COMPROPY (J,l) OTVT.nr PROPFKTY (J,9) INTO 
PROOFRTY fJ,D GIVING COM'ROPY f.|,l), IF PROPERTY (J,12) * 0 
DIVIDE PROPFRTY (.1,1?) TNTO rnuo*fiB» (jj*; GIVING »-i..»r.-pr 
(J»2) DIVIDE PROPERTY (J,l?) INTO COMPROPY (J.J) GIVING 
COMPRIPr (J.O, 

XlT, EXTT, 
SORTUN «FCTION. 
• i. A D D i T O >•. ir j > H sn TO sa, 
51. IF PROPFRT* (J.I) * 0 MOVE PROPERTY (,I»I) TO PVALJE MOVE J 

TO MATN01 EL«E GO Trj P U jp rT,j a 0 snvE , TQ C T,j £ L S E ^ 
?ERl TO CTRl ADO 1 TO CM*. 7ELEASP SORTREC. GO TO PI. 

52. MOVE ZEROS Tn J, 
XI. EXIT, 
SORTIOUT SECTION. 
P?. AOO i TO J, 
nl. RETURN SPRTFTLE1I AT END 30 TO 02. MOVE PVAL'JE TO PRO9 (j), 

MOVF MATN01 TO MN01 (J), GO TO P?, 
02. MOVF 7ER"S Tn J, 
X2. EXIT. 
S0RT2IN SECTION. 
P3. AOO 1 Tn J. IT J > H GO T3 S4. 
53. IF PRJPFRTY (J.rillMMYI) * 0 MOVF BRi|BFRTr fJ.OUHMYl) TO PVALJE 

MnVF j TD MATN31 ELSE GO TO P3. IF rTRl • 0 MOVE 1 TO CTR1 
ELSF MOVF 7ER0 TT TTR1 400 1 TO CTR2, KFLFASF SOKTREC. GO TO 
•3. 

54. MOVF 7ER"S rn j, 
X3. EXIT; 
S0RT3TN SECTTON. 
P4, «D0 1 TO I. TF J > N GO TO SA, 
55. IF NsME (J) * SPACES MOVF MAME (j) TO SRTNM MJVE J TO MATN01 

FLSE GO TO Pi, TF CTR1 • 1 ADO \ Tn CTR2, AOO 1 TO CTRL TF 
rTRl • 4 Mnvr t TO CTRL ^ELEASF SORTREC. GO TO P4, 

56. MOVF JTER1S Tn j, 
X4, EXIT. 
SORTJOUT SECTION. 
»5, AOO 1 TO I, 
03. RET'IRN SO'TFrLEll AT r^n GJ TO 04. MOVE SRTNM To SRTN'41 fj) 

MOVF MATN01 T) M^Ol (J) 00 TO B^. 
T4. MOVE JTER"S T-. I, 
<5. EXIT. 
SORTajN SECTTON. 

15 52 '6, 400 i Tl I, Tr | > H 00 r) Sfl. 
15 53 sr\ IF KrL4S^ (,|> > OMPKETl (17) MOVE SU9CLASS (J) TO SRTSCL 
IS 54 MHVF .1 Tn MATini ELSE GO TO »6, IF SCLASS * 0 AND SJRCLASS 
>s S5 (j) 4 SCI.A.SS GO TO P6. IF CT31 3 i »nD 1 TO CTR2, ADO 1 TO 
15 ">6 CTRL IF CTRi s 4 MOVF 1 TO CTR1, "("LEAST STRTREC. GO TO P6, 
15 5? <;•., MOVF TERnS T" j , 
IS 55 <6. EXIT. 
15 61 SORTAOUT SECTION. 
15 62 »r", AOO i TO J. 
15 63 n5. RET'JRN snRTFTLEU AT ENO 33 TO 06. MOVE SRTCLS To SRTCLSI tJ) 
1S 6" «nVF SRTSCL TT SRTSCL1 (J) MOVE naTNOI TO MN01 (J) GO TO PT, 
15 65 n6. MOVF 7FR0S Tn j, 
15 66 xr, EXIT; 

15 76 nRGAvl7E-RE9UFST . 
>' TT PERFORM TR2 V4RT1NG 4 FR3M J *y , ,|NTII. 4 « M + l AFTER R FROM 
i*5 " I Hi 1 UNTIL R » 6. GO TO GT700. 
15 7V nR2, IF PRPRTT (A,3) * 0 MOVE P*P*TY (4,8) Tn 0UMMT1 MOVE R TO 
H «0 RNR (OUMMYl,*) MOVE 1 TO PNR (0UMMY1). 

MOVE TRUNCATION 
1* 1 GENERAL-TABLF. MnVE 1 TO JJJ. 
1A ? P'T. MOVF SPArrs T!) PRINT8I.ANK >"* ITP PRINTRLANK 4FTER ADVANCING 
16 3 f.HAN;jFL 1 WTTE PRINTBLAN< FROM GENTABLF1 AFTER AOVANCIN-G. 10 
'* 4 LINES KRTTE PRINTRLANK FROM GENT4RLF2 AFTFR ADVANCING 3 LINES 
iS % WRlTF PRTNTHl ANK FROM 6ENTARLE3 AFTFR A0V4NCING 2 LINES WRITE 
16 * PRINTRLANK TR3M GENTABLE4 AFTER ADVANCING 12 LINES NRITE 
16 ' PRINTRLANK FoOM GENTARLE5 AFTER ADVANCING 1 LINES URITE 
»* » PRINTRLANK F»OM GENTARLE6 AFTER 40VANCING 2 LINES URITE 
16 ' »RINT»LANK F»3N GEAIT4BLE61 AETCR AOvANCIAia 2. LJMtS iRIIC 
»* »° PRINT9LANK FROM GENTARLE7 AFTER ADVANCING 2 LINES URITE 
1* I1 PRINTRLANK FROM GENTABLE8 AFTER ADVANCING 1 LINES URITE 
1* I2 PRINTRLANK FROM GENTABLE9 AFTER ADVANCING 2 LINES WRITE 
16 >3 PRINTRLANK F»OM GENTABLE10 AFTER ADVANCING ? LINES WRITE 
}* 1* PRINTRLANK F»OM GENTABLE11 AFTER ADVANCING 1 LINES WRITE 
16 l? PRINTRLANK FROM GENTABLE12 AFTER. 40VANClN.fi 1 Ll«5 WJUTX _ 
1* l* PRINTRLANK FBOM GENTA«LFl3 AFTER AOVANCTNf, 1 LINES WRITE 
16 »r PRINTRLAMK FROM GENTABLE14 AFTER ADVANCING 1 LINES WRITE 
l* '* PRINTRLANK FnOM GENTABLE15 AFTER AOVANCING 1 LINES NQVE SPACE 
}* i* TO PRINTRLANK WRITE PRINTRLANK REFORE ADVANCING CHANNEL 1. 
1* 2° MOVE RWLN1 Tn R1K-TITLE MOVE SPACFS TO PRlNTBLANK WRITE 
16 21 PRINTRLANK AFTER ADVANCING 4 LIN£S. PEWORM k\ ViBylMS It raOW, 
1* 2? 1 Rv 1 UNTIi. < » 9, GO TO G. 
14 *3 At, MOVF "»» TO ST20 (K), MOVE RWLN4 TO COLUMN-FIELD (<). 
1* 2* G. IF J.I.I > N Cy TO GT600, 
16 2A G L MOVF -CATALOr. NUMRER- TO SD^-TITLE. PERFORM G2 VARYING J FROM 
1* 2" 1 Rv t IINTli I a 9. GO TO G21, 
16 26 G2. COMPUTE Til FROM JJJ • (J - 1). MOVE III TO WA2H MO\t£ iA2l _ 
lft *' ,J CHLUMN-FIFLO (J), IF III > N MOVE SPACES TO COLUMN-FIELD 
16 30 (J), 
16 31 S?l, WRITE PRINTRLANK FROM TABLE O J T , PERFORM Al VARYING K FROM 1 
16 J2 »T ' JNT1L X • 9, IF L9 # 0 MOVE RWLN1 TO ROW-TITLE WRITE 
1* 33 PRINTRLANK FROM TABLEOUT. 
16 3* R?9. aO'.'F "CLASS" TD ROS-TIiLE. PERFORM GJ VARYING J. FBOW V• »1. 1. -
1* 35 UNTTl J • 9, 60 TO G31. 
16 36 G3, COMPUTE H I FROM JJJ • (J - U . MOVE KCLASS (III) TO WA231 
16 iT MOVF dA2S TO COLUMN-FIELD U ) . IF III > N MOVE SPACES TO 
16 3« COLUMN-FTFLO (J). 
16 39 GIL PERFORM 021 MOVE -SllRCLASS- To ROW-TITLE PERFORM G4 VARYING 
'* *u J FROM \ BY 1 UNTIL J • 9. 60 TO <«L 
16 41 R4, COMPUTF TTI rNOM JJJ • (J - 1), MOVE SURCLASS (III) TO WA?31 

unyr \t,.".r.n., "1VE - * " T 0 COLUMN-FIELD (J). IF III > N MOVE SPACES TO 
16 43 COLllMN-FTFLO (J). 

VO 

40VANClN.fi


!A ll n*U ll"1** "'?U n V F ,,NAWF,, T3 "-'-T'TLC PERFORM G5 VARYING , 

A 2 7 " ' r!l!!!"Tf' ™ r " M IJI + {J " !*• MOwr NAMF (IP) T!j „ „ , MOVF 

i s ; ; M I , I " : ; T ; s iK' i ' r , : " : ; n ^ r - Pr*"*M
 R , ?

 v4Rmrt j
 FR™ 

18 W " S ? ' S ? r " T t M I F , n M J J J * ( J " »>• W "«HF ( I I ! ) TO MA?? MOVF 
' * S J rflLDun-rTFi.n ( j > , L 

!« « fiSJ' ^ ^ " L M < 5 1 " arl,*-TITLt-.. PERFORM r,?l. MOVF "CONDITION" TO 
J 55 90W-TTTLF. PFRFORM Go VARYMG ., FROM «Y , UNTIL J - ! 

|* 5$ "nvF i Tn L". GO TO r,6i. • 

* IN r'^ ̂ ^ , , T F 'I1 r 9 ™ ,JJ • CJ " 5)' M n uP CONOTN nil) TO 

« 5S „41
 C2»^:rT^"-( , K lF , M * * '<lJW,: *P»<:E T" "LUMN-FlELn ( M . 

!! :> r,ro- r/,:E"%r',"rv1 , p^r)f" r,r v4Hmr> •• F,OM ! **»««"•. 
16 S3 r.7. COMPUTE TTI FRJM JJJ • fj - , ) . „ n v F P R o P r m (in,m Tn 

it 11 rYU.',""1 "*?X n ca»-.iM^riCLO ( i , IF TIT > "invF sP.rEs 
l * * s TO rOLUMH-FTFLi) ( J ) . s"«i.t!» 
16 6« B M , WRITE PRTNTnLANK FROM TARLEOUT. >40VF HMLN? TO HOrf.TTTir 

:::: «,/5Kf i ,!Mr;: T"KL5*;ij??!v(;;' """""• • • s " " " : 
16 6» R75. IF 1.9 / o KB I Tf "pRINTBLANK FROM TA«LEOt)T. 
6 TO r,1. MOVE »R » TENSILE C*SI)» TO KDW-TITIE. MQVE ? TO II. MOVF 

* A VM'1,,!1""- """'"• G r o THRU ars MOVE » N " IMEAS usn-

M^i^^.Mf.iw-s ;:«:;,TW!!!{-/s': S iJo 

I! 15 • . . . ^ z l ^ i ^ ^ ^ ^ w w 1 - w E " s a s"« tj M .M.^JJJ «;n;;jaBuj,u.^E.ro„ „, VARTIN, ., FROM , BT , 

16 78 z*9, COMPUTE III F*OM JJJ • (J - J), Mnwr PRiprRTV fTtt IT, rr> 

:; ii ::*Jk,^;,;::M!."i—"^s»" "'">"««;,s„ 
16 81 (?8S, PERURM <J21 " 
! 2 >1 « M « "°Vr 3 TO I I . MJVE TO RHL.M?!. MOtfF "FLONGATIOM <(•)» 

* l l T 0 " 0 " - T » T L E . PERFORM G70 THRU firs. MOVF , TO I I . MOVF -Srni ir 

" ' V\TAH ,3n;r(!2:.:°T!!n::Lj^
E->»""'i «' "!»°"5 « " 

i! B s:i:: ---v ws/sirswru • 
; ; ; ; :fcKU{S'"IHT;l«., «,. -Mf ^VV^^^i:' "JSl?"' 
\1 ll . . a / * ' , JfU«TR!AL ATM." TO R 0 ^ - T I T L E . Mflyr 1 TO I I . 

if ! 8M,„:!;r ;T5.Tnr!u;;Yf;/"rMM r,9n U Y I ^ j r " - ! •* > 
!J 5 R " , , / t ^ : ; ' T E I 1 ! F , 0 H J J J + ' < J " >>• - 0 " . CHRMM8M f i l l . I I ) TO 
J? 5 C.901, MOWF R«LN4 TO COLUMN-FlELO ( J ) , 
- - - G * ! , N R T T C »RINTPLAijn FRO*" TiP.LETiT. MOVF R'̂ i »-. m H I U . T I * . r 
j ; ' "ERFORM r,»oi VARTIMG J r u ' R? 7 IJSTII V - »\ SSTJr L C " 
7 5 r,o t R " " l - » « FoOM TAKEOUT REEO^E AOVANC N6 1 Ll^Es! 
7 10 «••• « w r "R • R .- TO RULMli. MOVE • . 0 .MARINE ATM.- TO 

7 ! rn*:ITU' Mn'F 2 T0 U - '":*rJR,< r'"' THRU G9 . % -I . 0 .-
17 !i ,1" ""LNJI. MOVF - * R .SEA -ATER" TO ROM-TITLE. MOVE 3 TO 
T }? " : P ^ B r n R M *•»» THRU (191. MOVE -T • I - T O RMLN31. MOVF • . 

MOVF i ;„%:. SRrT-'Js. ?;iru ; „ : i0;,
H%%v:..:i S-SJK; 

17 16 
17 17 
17 1« 
17 19 
17 20 
17 21 
17 97 
17 2 3 
17 2« 
17 25 
17 26 
17 27 
17 28 
17 29 
17 3" 
17 It 
17 32 
17 33 
17 3* 
17 35 
17 36 
17 37 
17 3« 

17 40 
17 41 
17 42 
17 43 
17 44 
17 45 
17 46 
17 17 
17 48 
17 4* 
1* 1 
18 i 
18 3 
18 4 
18 b 
IB 6 
ia 7 
18 8 
18 9 
18 10 
18 11 
18 12 
18 13 
IS 1« 
18 15 
IB 16 
18 17 
18 M 
18 19 
18 20 
18 21 
18 22 
18 23 
ts 21 
18 25 
18 30 
18 It 
18 I? 

«1VE - • * v HI- TO RIH-TITLF. MOVE * TO I I . PERFORM G89 
THRU S91, MO./F • * CRFFP" TO ROW . T I T L E . MOVE "li *" TO RMLN21 
«nVF 1 Tn TT, 

G92 . MOVF ZEROS TO OIIMMYI. PERFORM G91 VARYING J FROM 1 BY 1 
MMTTI. J • 9, G'l T'l r,91, 

r.93. COMi' ITE IJI FROM J.lJ • (j - j ) . MOVE PRFPFRTY ( I I I » I ! ) TO 
WA231. MHVF "A?1 TO C O L U M M - F I E L O C J ) . IF H I > H MOVE SPACES 
TO CILDMM-FlFLI) (J). 

R94, MOVf 7FR0S T() nilMMYl. PERFORM r,T\ THRU G7^, 
C.95. MOVF " * IMPACT" TO ROW-TITLE. MOVE »S «» TO RMLM2I. MOVE 

» TO II, PFRFORM C,<>? THRU G9l. MOVF » * NEAR" TO ROW-TITLE. 
MOVF - *« Tn RMLM2t. MOVE 3 TO IT, PERFORM 692-THRU G94. 
MOVF - » AVMLARILITV- TO *OM-TITLe, MOVF TO R*LN21, 
MnVF a Tn II. PERFORM GO? THRU G94. MOVF 1? TO II, MOVE "PRI 
"CE f S / LR. )» TO ROW-TITLE. MOVE TO R*LM21. 
PFRFnRM r,70 THRU f.7S. MOVE 6 TO U . MOVE » MODULUS OF ELASTIC 
•MTV" TT ROM.TITLE. »«OVE T.l PMLN?t. PERFORM «73 THRU 
C.75. MOVF 9 TO It. MOVE "DENSITY ( L«. /CU. TN.)" TO ROW-TITLE. 
PERFnRM r,70 THRU G75. MOVE -MELTING POINT OEG.F) - TO 
ROM-TULF. MOVE 1 TO II, 

G96. MOVF ZFPOS TO nUMMYI. PrRFOa* r,9 7 VARYING J FROM 1 BY 1 
'JNT TI J • 9. GO TO G9S. 

(597. COMPUTE II! FRflM JJJ + (J - 1). MOVE PRU»ERTY (III»II) TO 
MA?41. MHWE MA24 TO COLUMN-FIELO ()). IF M l > M MOVE SPACES 
TO COLUMW-FIFLO (J). 

C,98. MOVF --.-» TO RWLN21. PERFORM G?l. 
fiO. «OVF -ELFCTRtCAL RESISTANCE » TO ROM-TITLE. MOVE 2 TO II. 

PFRFORM 094 THRU G98, MOVE "THERHAi tOilOUCT lWl tt " TO. _ 
ROM-TITLF. MOVE 11 TO TI. PERFORM C70 THRU B75. MOVE "COEF. 
-OF THERMAL FXPAN." TO ROM-TITLE. MOVE 10 TO II. MOVE 0 TO L9 
PERFnRM R70 THRU G7S, U 

CO. MOVF UPAPF To PRINTPLMK KRlTF PRINTBLANK BEFORE ADVANCING 
« LI^ES, 

r.9. AOD e TO JJJ GO TO G. 
FINAt-RFPORT^. 

MOVF SP4CES TO PRINTBLANK MRlTE PRINTBLANK REFQRE ADVANCING 
CHANMPL 1 MRTTE PRINTRLANK FROM FRt AFTER AOvANCINO 10 LIMES 
WRITE PRTNTRl /INK FROM GENTA8LE4 AFTFR AOVANCINfl 10 LIMES 
HRITF PRTNTRlANK FROM GENTA3LE5 AFTFR ADVANCING 1 LINES WRITE 
PRINTRLANK FPOM GENTABLEft AFTER ABVAtiCUG ? L U E S «RITE 
PRtNTUAMK FPOM GENTABLE61 AFTER AOVANCING 2 LIMES WRITE 
PRINTRLANK FPOM GENTABLE7 AFTFR ADVANCING 2 LINES WRITE 
PRIMT*LAMK F»nM C.ENTARLE8 AFTER AOVANCING 1 LINES WRITE 
PRINTRLANK FPDM CENTARLE9 AFTER AOVANCING 2 LINES WRITE 
PRtNTRLANK FrOM GENT»RLE10 AFTER AOVANCING 2 LINES WRITE 
PRINTRLANK FROM C E N T A B L E U AFTER 40VANCING I LINES M I T E 
PRIMTRLANK FPQM GENTARLEt? AFTER AOVANCING 1 L U E S WRITE 
PRINTRLANK FoOM GENTABLF13 AFTER ADVANCING 1 LINES WRITE 
PRINTRLANK FoOM GENTAPLE14 AFTER ADVANCING 1 L U E S WRITE 
PRINTRLAWK FOOM GENTAHLEt5 AFTER ADVANCING 1 L U E S WRITE 
PRINTRLANK FOOM FR? AFTER ADVANCING 2 L U E S MRlTE PRINTBLANK 
' ^ r*>l A F I r R «">"•« U«> 1 LINES WRITE PSiNTBLANK FROM FRt 
AFTFR AOVANCTNG ? LlNFS WRITE PRINTRLANK FROM FK5 AFTER 
ATtVANCUf, 1 » U F S WRITE PRINT«LANK FROM FRft AFTER ADVANCING I 
LINES WRITE PRINTBLANK FROM FR7 AFTFR AOVANCING 2 L U E S WRITE 
PRINTBLANK FROM FR8 AFTER ADVANCING 1 L U E S WRITE »RUTBLANK 
FR I M FRQ AFTER AOVANCING 1 L U E S WRITE PRINTBLANK FROH FRO 

AFTFR AOVANCTNG 1 L U E S MOVE SPACES TO PRIMTBLiSK WRITE 
PBlNTRLANK BFFORK AOVANCtNU CHANNEL 1. MOVE 1 TO A. 

F I N A L - R F P O R T ; IF A > M+l GO TO CLOSFFILESl. 

I l l ' ITV "C-TICF" TO ROM-TITLE <4uVE I TO AAA. MOVE A TO AA. 
F73. MOVF RFODESTNO (tA) TO MA2M MOVF MA26 TO COLUMN-FIELD (AAA) 

OD 

o 



1 R *'*'•> Pt»«"l)TF n MEMORY S I / F ?<)?«<> 
1 * 3 J FROM 4A« • 1 MOVE "1ST C H O l t t " Tn rOLl 'MN-FTrLO CB) ADO 1 TD 
18 *• B MIVE " » * D C H O I C E " Tn C O L U ^ - F I E L D CB> ADO I TO B MOYE "i«D 

!• 1* • "CHOKE" TO <")LHMN-FIFLD O U . IF M > A • 1 ANO AAA a 1 ADO 1 
1* 3* TO AA AD« 4 TO AAA On TO F73. 
IB 17 FT*. IF « > t • i MfWE fABLEOIT TI PRTNTflLANK ELSE MOVE SPACES 
1* J* Tn PR1NT«LAN/ MOVE TA A L E O U T Ti) PH«K. MRITF PRINTBLANK BFFORE 

MOVE TRUNCATION 
>* 3* »nVAjf,INf, 1 ( INFS. MOVE fML*1 TT R I M - T I T L F . PERFORM F7S 

*• •° vA»Yi«ir, v FR«M i BY i UNTIL * * ». r.n TD rr6, 
18 41 F75, MOWF RMI N4 rn COLUMM-Fr£LD ( < ) , 
IB 42 F74. IF >J J i • i MO^E TAHLFfJJT TO P R | N T B L A * K FLSF MOVE SPACES TO 
i » •> PRtwTflL'NK unv/r TAHLFOIIT TO P * H K . M R I T F P R I N T B L A N K BEFORE 

NOVE TRUNCATION 
1* «* ADVAnCINC 1 I INES. MOVE "OESTRAHTITTY» TT R O M - T I T L E MOVF 1 
I* * 5 TO AAA MOVE 1.00 TO WA?M 10VE A TO B. MOVE MA27 TO 

MOVE TRUNCATION 
1* * 6 rOL'im-FlF.LD (11, COLUMN-FIELD (5). PERFORM F77 VARYING K 
1» */ FRO* 1 BY 1 UNTIL K » 4, GO TO F75. 
IB «S FTT. MOVF OF* (B.<) TO NA271 MOYE WA?7 TO C I L U M N - F I E L D (K4AAA). 

MOVE TRUNCATION 
F78. IF M 2 A • t MOVE 5 TO AAA *D0 t TO 3 PERFORM FTT VARYING < 

FROM 1 Rv 1 UNTIL K m 4 MOVE TARLFOtlT Tn PRINTBLANK ELSE 
MOVF TARI F.nUT TO PR8K. MRITE PRINTBLANK RFFORF ADVANCING 1 
LH F * . MOVE **LMt TO ROM-TITLE. PrRFORM F75 VARYING K FROM I 
BY 1 iWTt. K * 9. IF M ? A • 1 Mnvp TABLEOUT TO PRINTBLANK 
CLSf MOVF TABLF.OUT TO PftBK. NfMTE PRINTBLANK BEFORE 

AOVA^CtNG 1 i INES. MOVE 1 TO AAA MO«E A Tn AA MOVE "CATALOG N 
• ijMRrR" TO RIM-TITLE MOVE SPACES TO COHlMN-FlELO Cl>. 
COLilMN-FTELn (5) PERFORM F79 VARYING K FROM 1 BY 1 UNTIL 
K « A . nn Tn rai. 

FT9. MOVE MTI (AA.K) TO WA2U MOVE KA?t TO COLUMN-flELO CAAA4K). 
FBI. If M i A M -OVE 5 TO AAA AOU J TT AA PERFORM F79 VARYING K 

TROM 1 BY 1 UNTIL K » 4 MOVE TABLEOUT Tn PRINTBLANK ELSE MOVE 
TABiEOUT TO PRBiC. WRTTF PRINTBLANK BEFORE ADVANCING t LINES. 

MOwr RMLN1 TO ROM-TITLE. PERFORM F7S VARYING K FROM 1 BY 1 
UNTIL K » 9. IF M 2 A M MOVE T * B L F O U T TO PRINTBLANK ELSE 
MOVF TABIEOUT TO PRBK. MRITE PRINTBLANK BFFORE ADVANCING « 

LINFS. 
F99, ADO 7 Tfi A »,0 TO FINAL-REPORT, 
CLOSEFlLESI. C0»"»IITF AIT FROM (( DATA (1)>/ft0). MOVE "CURRENT TIM 

"C Or THF DA* » • TO AIM *RITF PRINTBLANK FROM ACTUAL-TIME 
AFTER ADV»MC»Nr, CHANNEL I. CUMPUTE AIT FROM ( (OATAC 2>)/«0). 
MOVF "ArriJAL PROCESS TIME IS i« Tn AITl. MRtTE PRINTBLANK 
FROM ACTIIAL-TTMF AFTF<> ADVANCING 1 LlltS. COMPUTE AIT FROM 
f(0»TA (4))/«0), MOVE "ACTUAL l / 0 TIMF IS I" TO AtTl. 
MRlTr PRINT"! AMK FROM ACTUAL-TIMF AFTER ADVANCING 1 LINES. 
COMPUTE AIT FROM ((«4 * DATA (4))/A0), MOVE "CURRENT H A R O M A R E 
" TT*F isl • TTi AITt. N « m PRlMTBUNK FROM ACTUAL-TI^F AFTER 
AOVAMCIW; t L I N E S . cLnst P R I N T O U T . 

STOP RUN 
ENO-OF-jnB..;.... 

COMPILE 0 K , B-5S0D 0?-l»-A* 
PRT SIZE 0392 
MO. SEGS. 194 
COMPILE TIME 00747 SFCS. 
TOTAL SEG. SI7F D97«4 
OISK SIZE 13770 

IB «9 
IB 50 
18 »1 

MOVE TRUNCATION 
IB « 
IB 53 
IB M 

MOVE TRUNCATION 
18 55 
18 56 
IS 565 
18 57 
18 58 
18 59 
18 60 
18 4t 

MOVE TRUNCATION 
IB 6? 
18 63 
18 64 

MOVE TRUNCATION 
18 IS 5 
19 99 » 
?0 1 C 
20 11 • 
2D 1? 
20 1) 
?n 14 
20 15 
20 1* 
20 17 

20 1? 
20 7 
20 3 E 

CD 



APPENDIX E 

SAMPLES 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. 



QAED • CHANGE DATE: / / 1 9 BY: 

_____ 2 
_ _ 3-^ 

(ks i ) 5-7 
( k s i ) 8-10 

(Percen t ) 11-13 
( k s i ) li+-l6 

17-19 
(100 k s i ) 20-22 

( k s i ) 23-25 
(AISI 31112. : 100) __ _ 26-28 

(0 .001 l b / c u i n . ) 29-31 
(0 .0000 l / °F ) 32-3i+ 

(10 BTU/hr/sq f t / ° F / f t ) __ __ __ 35-37 
U/Vo) 38-i+O 

(°F) Z Z kkA7 
(microohm-cm) 48-51 

52-. 
75 

_ ' 76-80 
2__ 1 

2 -

___ Z Z Z 26 
27-37 

Corrosion 38 
Ratings 39 

_ kO 
__ k l 

_ ^ 

— >3 
(ksi) kk-h^ 

(Percent) U6-V7 
Other 1+8 

Ratings __ k9 
__ 50 
__ 51 
__ 52-

__ . 75 
76-80 

Card code 
Class 
Subclass 
Yield strength 
Tensile strength 
Elongation 
Shear strength 
Brinell hardness 
Modulus of elasticity 
Endurance limit 
Machinab ility 
Density 
Coefficient of Expansion 
Thermal conductivity 
Comparative price 
Melting point 
Electrical resistance 
Comments 
Card number 
Card code 
Name 

Condition 
Industrial atmosphere 
Marine atmosphere 
Sea water 
Hydrochloric acid 
Sulphuric acid 
Ammonia 
Compressive strength 
Reduction in area 
Creep 
Impact 
Wear 
Availability 
Comments 
Card number 

Figure 8. Materials Data Form 



Qh 

DELETE LIST 

TO THE DATA PROCESSING CENTER: 

The following materials data cards should be deleted from CASEM 

Catalog Card File: 

ITEM CLASS SUBCLASS NAME CARD NO. 

1 

2 

3 

k 

*? 

6 

7 

8 

9 

10 

By: 

Dept.: 

Date: 

Figure 9» Delete List 
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CASEM LISTING REQUEST FOEM 

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

Column Property Listing 

1 _2 Code 
4 2 Yield strength 

•3 Tensile strength 
k Elongation 
5 Shear strength 
6 Brinell hardness 
7 Modulus of elasticity-
8 Endurance limit 
9 Machinability 
10 Density 
11 Coefficient of thermal expansion 
12 Thermal conductivity 
13 Comparative price 
15 Melting point 
16 Electrical resistance 
17 Alphabetical listing 
18 Class listing (fill in the class number) 
19-20 Subclass listing (class must be indicated above) 
21 Complete catalog listing 

By: 

Dept.: >_̂  

Date: / / 1£ 

Figure 10. Listing Request Form 



CASEM 

SELECTION REQUEST FORM 

Card Code 

PRIMARY 

PROPERTIES 

RATINGS 

COMPOSITE 

PROPERTIES 

Request 

01 

02-09 

10-17 

18-25 

26-33 

3U--Ifl 

1+2-1+6 

1+7-51 

52-56 

57-61 

62-67 

68-73 

7U-79 

80 

Figure 11. Selection Request Form 
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