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ABSTRACT

The Data Center employs the IBM 1440 in the search and retrieval

of its data files. The files are maintained on EAM cards but are io be

converted to disk during a search. The Center formerly utilized the

IBM 101 Statistical Machine and the IBM 870 Document Writing System.

The Center has data relating to more than 1/2 million materil tests of

metals and plastics. Use of the computer has permitted the Center to

cope with the increasing demand on its services without increasing its

budget by the same order of magnitude.
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1. SUMMARY

The Mechanical Properties Data Center employs mechanized

processes in the storage and retrieval of its data files which consist of

the mechanical properties of metals and plastics. Data are stored on

EAM punched cards and searched using the Center's I1-M 1440 computer

which was installed in late 1965. Prior to that time, processing was

done with EAM techniques based upon the IBM 870 Document Writer

system (foi output formatting) and the IBM 101 Statistical Machine

(for retrieval by selective file searching).

The Center has stored data relating to more than a half million

material tests which is currently growing at the rate of about 8, 000

records per month. The major source of this information is in documents

from DDC. In addition, original test records are received from some

companies. The Center's Director considers a test lab report to be

the ideal form in which to receive information. At present no attempt

is made to include classified material.

The services of the Mechanical Properties Data Center are

available free of charge to 1)oI), NASA, and their contractors. More

that 60 queries are answered in a typical month. The largest number

I



handled in a single mionth was A typical search might produce

300 specimen tests from six different references and 10 references cited

to documents that discuss the subject, but contain no data. Requests

for inforination may be receivcd by telephone, TWX, telegraph, or mail.

Figure 1 illustrates the flow of information to the Center.
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II. MECIIANIZATION

i

1. CHRONOLOGY

The Center was started in June 1959 with the award of a contract

by the Air Force's Directorate of Materials and Processes, Aeronautical

Systems Division. From the beginning, EAM punched cards were

chosen as the storage medium. -Retrieval of information and processing

was done using electronic accounting machines, particularly the IBM

870 system and the 1DM 101 Electronic Statistical Machine.

This arrangement was preferred to a computer because of probleis

associated with obtaining computer time and because of the difficulty of

refining a search in mid-process through the data file. These disadvan-

tages were considered greater than the limitation on the number of fields

searchable per pass inmposed by the IBM 101.

In 1965, after studying available systems, the Center acquired

an IBM 1440 computer and developed pvonvams to perform the searching

and listing formerly done with the ,'A.I equipment. No change, however.

was made in the data storage for'nt . "kh Centcr dec-ldcd on the

computer because they felt the level of %'cork (both for the ('enter and

"-4-



for Belfour-Stulen's other activities) justified the cost, and because

the 1440 had the special feature of random access disk files that arc

easily changed.

Another reason for acquiring the computer was to lower the unit

cost of searches, particularly to keep costs within the Center's budget.

Since 1964, search requests have increased from an average of 12 per

month to 60 per month (peak was 90 per month).

2. DESCRIPTION OF PROCESSES

(1) Input Proce-dures

The primary source of information for the Center is

documented numerical data from tests such as tensile tests,

compression tests, fracture toughnc:.s tests, and creep tests.

These data are entered on EAM punched cards and filed by test

type within material type. The process is illustrated in Figure 2

and has the following procedure:

1. A docunment which includes test results is selected,
checked to see if it is already in the files, and then
ordered. At this ti:nc a title card for" the docum~ent is
prepared mianual l,

2. Wmhcn the doctinic(it is received, it is matched
against the title card, and che'.ed again for ,iuplication.
(This sito is currnt\ .lv a i:tntull process. but will be
eventually convecrted to a C.oln11ptat1 r process. )
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3. An acces.sion number is assigned to the document.
This is a five-digit number for a document containing
information that directly relates to the collection. A
four-digit number is assigned in the case of a document
of a more general nature.

4. At this point, a preliminary indexing takes place in
order to provide a means of retrieving the document's
information before the document has been selected from the
backlog and fully processed. This indexing will permit
retrieval by means of one or more of the subject words
most frequently mentioned in requests; e. g. , alloy, property
or test conditions. The information encoded and keypunched
is material identification, test types, test conditions, title
and author.

5. Documents are filed in numerical accession number

order. They are selected for encoding into the data storage
cn a basis of subjects which are of greatest intercst at the
moment, or subjects in which the Center's stored data
appears to be low.

6. A document containing information selected for
routine processing goes to an encoder who extracts the
information to be used and records it on encoding forms.

Numerical data, such as actual mechanical properties,
test temperature, etc. are directly keypunched (except for
rounding off to the significant places consistent with desired
accuracy) without encoding. Other information is assigned
numeric or alphabetic symbols derived from a prepared
code book. The code book is not a rigid thesaurus, and
new codes are entered whenever necessary. Appendix A
illustrates several of tihe work sheets which are used to

format the information for keypunching.

There are two basic formats, A and 13. The A format
consists of the final test results together with a relatively
complete sullilmar'y or the material condition, manufacturing
processcs, tec;t specimien configuration, specimen condition-
ing, and testinio environments. All of this A format infornma-
tion is keypunched in a single card for' each test. In most
searches, this card is all that necd be retrieved to obtain
the principal informaion. Two e'amples of tile A format
worksheets; are shown in Appendices A-I and A-2. One is
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labeled Format MTC-A for metals, tensile-creep test,

A format. The other is labeled MBT-A for metals,
bending fracture toughness test, A format.

The B format contains more information such as
material composition and heat treatment. These cards
are filed separately from the A ca'ds and are related by
a common serial number, which is a composite of the
document accession number, the unit, set and specimen
number. The number is discrete within test type (card
columns 1-3), and by adding the test type code (columns 4,
5), it becomes unique.

The B format is divided into two types of cards,
B and B_, the worksheets for which are shown in1'
Appendices A-3 and A-4.

One A type card will normally exist for each material
specimen and one B type card for each unit of material.
Furthermore, the B type express only the basic material
and are independent of test types. Thus, the same B cards
will normally exist for several A cards.

In addition to the A and B formats, there are supple-
mental card formats referred to as A cards and an
"encoder's card. " There is also a format variation
specifically for fatigue tests (which is not discussed). The
former are supplemental to the basic A card; e. g., AI is
the first supplement to its A card, A is the second, etc.
Note that cach of these A 's relate to a specific A card and
to no other. The "encoder's card" is an 8-1/2" x 11" form
which is generated for each document to contain significant
information not covered in the standard format. The A and
encoders formats are shown in Appendices A-5 and A-Cr

7. The encoded information is edited to catch obvious
errors and interpretative discrepancies. The information
is then keypunched on FAN cards and verified.

8. The cards prepared for the document are placed in a
storage drawer at the keypunch station, When 8. 000 to

10, 000 cards are accumulaied, a m)chine edit is made. The
cards are sequenced by material and added to the already
existing file. The inventory is modified, when necessary,
by putting in delete cards.
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In practice, the center maintains three files. Since
questions come in by materials type, one file is organized
by materials type. The second file is organized by test
type within materials type. The third file is completely
random. Which file is searched depends upon the charac-
teristics of a query.

(2) Query Preparation and Retrieval Outputs (See Figure 3)

1. A request for information is refined and initially
recorded on the Search Request Form illustrated in 13-1.
The codes for the various parameters are determined and
the request is redefined on the coded search form illustrated
in B-2. The system will accommodate a maximum of 10 OH
conditions and 5 ANT) conditions within each of these OR
conditions. (A NOT parameter is indicated by a flag in the
NOT column of a particular AND condition. )

2. Attribute cards are then keypunched with the coded
search parameters.

3. Either pertinent data cards are selected from the
materials or tes'. type files, or the first group of cards to
be searched is obtained from the random file. The computer
then searches the data cards for the desired parameters
based on the material field (card column 5) and the test type
field (card column 4) using the attribute cards to define the
desired information. The printout of the first rough sort is
referred to as the "blast-out". An example may indicate
that further refining or narrowing of the search is necessary.
The seas'ch is run again using deletion cards to remove un-
desired inforiration and format heading cards to obtain the
desired output form in the final printout. An example of a
final printout is shown in Appendix C. The Center is equipped
with a card-to-graph x-y plotter which, along with the computer.

* provides the Center a capability of producing data tabolations.
listings, graphic displays and other pre-programmed print-
outs.

4. From time to time, personnel at the Center retriev.eP
the entire inventory of a particular subjefc't temrt type, This
is published and distributed to menmbers cof the aerospace

and defense inlCtst1'iVs as a means of acquai mtiflg them with I
the resou rces of the Mechani3cal Properties I)nIta Ce.Iter,

-10-



3. ACT'VI'IVTIES BEING.J'L ANNI121) OR I)VlELOP]F'D) FOR
MECIIANIZATION

A KWlC index of document titles may be produced for in-house

use. The KWIC index would be used as a tool for locating the contents

of documents before indexing them in depth and as a duplicate-checking

device. It would also give, as a by-product, some thesaurus information.

All of the data are now stored on punched cards. The Center will

probably not convert these to tape files becauise of the relative ease of

upda:,ing the cards and the low rate of use of many of them. Converting

to tape, however, may be considered if the search rate exceeds about

30 per day. Certain groups of cards may also be converted to tape to

create a protable file. Another possibility being considered is to put

card groups on disks in order to permit long Boolean-type searches.
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I1I. PROGRAM SYSTEM DATA

The IBM 1440 Computer is used to perform data search and

retrieval processes on the Center's data card file. This activity

has been done, until r-,-ently, semi-manually using EAM equipment

centered around the I13M 101 Statistical Machine and the IBM 870

Document Writing System.

1. MAJOR FILES

(1) Data Card File

There are three basic types of EAM cards (denoted by

A, A, and 13) used to record the data. The formats are fixed

and are described in Appendix A. The cards are filed manually

by materials class (column 7), and within alloys by test type

(column 4). Related cards are linked by a reference number

(column 1-3) which is discrete within a test type, and a test

type (column 4) which, takcn with the reference number, form

a unique code.

(2) Master Code Disk Pack

The format of this disk file is shown in D-I. The file

is used as a code dictionary that relate card types and attributes

to tll1mC'.IicnI cOdc.s.

- 12-



2. ROUTINES

System flow diagrams arc shown in Appendices D-.2 throgh ID-5.

These are described as they appear in the retrieval process in the

following paragraphs:

(1) Attrib,•e Cards to I)isk

This routine is illustrated in D)-2. An attribute card,

containing the codes to be later used in searching the data cards,

is read and the first attribute is placed in main memory. Next

the Master Code Disk Pack is searched for the code striiigs that

relate to the attribute. These are then added to the main memory.

This process is iterated for all attributes.

(2) Data Card to Disk

1-3 illustrates the routine. To begin, the Master Code

Disk Pack is replaced by a Scratch Disk Pack. The first data

card is then read and tested for the desired attribute codes. As

these a:c located, the attribute code is flagged with word niarks

in the nwain memory and the corresponding data are written on the

scratch disk. This process is iterated until all data cards are

rena(.

-13-



(3) End of Job Routine

This routine is illustrated in Appendix D-4. The last

sector of the scratch disk that is used is recorded on the

trailer sector of the scratch disk. The scratch disk now

consists of all of the desired attribute codes with word marks

flagging those which were encountered on the data cards. The

scratch disk is then sorted, becoming the Organized Work Pack.

(4) Blast Out Routine

This routine is illustrated in Appendix D-5. The Organized

A' urk Pack is then run with heading cards, and the Master Code

Pack, and printed oui. The heading cards identify the output

format and the Maaster Code Pack supplies the alphabetic descrip-

tions coriesponding to the attribute codes.

(5) Final Report Routine

This routine is shown in Appendix D-6. Following a review

by the project engineer, the desired data deletions and form4t

instructions are keypunched. These are run with the final report

printout and x-y plotting cards (if needed).

-14-
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IV. EQUIPMENT, COSTS, AND EVALUATIONS

EQUIPMENT

IBM 1440 Computer:

- Central Processor with 8K character core memory

- 2-Model 131 Disk Storage Drives

(Each disk file has 20, 000 addressable locations,
100 characters per address, 7 bits per character.)

- Model 1442 Card Read Punch (400 cpm)

- Model 1403 High Speed Printer (340 lines per minute)

EAM Equipment:

02G * Card Punch

047 Tape to card converter

083 Sorter with sort suppression

056 Verifier

053 Collator

I\11 870 ])ocurnent W'riting System:

Moscly X-Y Plotter with model 30A card translator connected

to ]]1-% 514 Reproducing Punch. (Reads 6 card columns per

data print at 50 cards pcr minute. )

-15-



The following EAM equipments are to be eliminated with the

introduction of the 1440 computer:

101 Electronic Statistical Machine

602 Calculating Punch

834 Control Unit

866 Non Trans. Typewriter

2. COSTS

Equipment Monthly Rental:

1440 Computer including processor, disk control,
console, etc. - $1,800

14,12 Card Read PLunch - $445

1403 Printer with 1446 Control - $1,040

1311 l)isk Storage Drives (2 units) - $745

083 Sorter with Sort-Suppression - $112

026 Printing Key Punch - $60

101 Electronic Statistical Machine - $275

602 Calculating Punch - $245

834 Control Unit - $124

86C Non Trans. TypMwriter - $35

- i;



Developmient:

The Center has been developing its systemn of data storage

and retrieval since its establishment in June, 1959. The recent

computer program development was performed by the Center's

full time programn systems engineer who has spent approximately

2, 000 man-hours developing it.

3. FACILITY IS EVAIUATION

Experience has indicated to the Center that the cost equivalence

point betweeni computer and cam searching is about three to four

.searches per clay. Beyond this rate, the EAM sysien becomes increas-

ingly cumbersome to thc point of impracticability.

The cost of ani in-dividual search is not directly related to the

number of cards, involved. Oultpult forml varieS, and Data Center,

personinel reviewv displayvs arid refe ren-ces for ca-ch search in, varyinig

depth, dependinpg oni usor rccluiremnetts.

Both the prey-CVi)l E-AM svsl`e n) anfd, to a greater extent, the

presen't comput.1 ScStll r s c-r ift the 'inp'n Onf dlata- taken fromi

malyl). t~ inlto varioLIS forn.1: 1 uC, a variety of te.St par'ameters.

This fla, ibii ity in reclating" d1ata. gi'v'eý the Centel. a caipability of psoudo -
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Earlier computers were not suitable for the Center because of

the long linear tape files and corresponding long search time that would

have been reqt,.-ed. The present computer has a random-access, high

capacity disc memory which avoids this problem and has the additional

advantage of simple disc file changing.

The various outputs of the Center have been intentionally restricted

to requested information and a few published reports which are for the

purpose of publicizing and stimulating the use of the Center. This

restriction is due to thO Cenler's policy "not to contribute to the volume

of published literature competing for the attention of the technical

community".

-lI 8-
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TABLE VII

TABULAR OUTPUT - FATIGUE TEST DATA

SAE 4340 STEEL

z z z
S 0 0 0
Z -- - bfl

wi 0 0 0-- -. w - w

z P-, - I- T ; U W• n W F• :-

W 0 Zhi z Z - , C0 a.0 &. w (l W
z x Z W x• 0 Z Z• 4n 0 O0 >" W cc¢• -L

-W- w - 0 -:W C 0.S- W W V) X )•)
hi A .. I-. AIL - . C. hi-w-
U W b- W -C . U a: 1 Z to) x l -
Z & ) b-- 0- Whiz >- < <u hi .- 4 iW
hi I 0 ZOu u- cc 0 a -' x u - 4n ZU

cc z 0 4(0 <oz Zo- Ix ~ U)
hi I- j! - A- t. t. a: o0 o0 j I.- z w w
S.. -C l .- r~ w M u - u o w Li u I V) -C hi

w -- Z D )- X W j0:0 - w U. hi .I-
CK V) I- w 0 01 . V) V) 0U U b-0 x-C V 4) .

009 19 147 159 15 68 10 4 51 51 11 038 oo8 075 075 4,500
009 19 147 159 15 68 10 4 51 51 11 038 oo8 070 070 43,000
009 19 147 159 15 68 1o 4 51 51 11 038 oo8 065 o65 120,000
009 19 1117 159 15 68 io 4 51 51 11 038 oo8 o6o o6o 900,000
009 19 147 159 15 68 1o 4 51 51 11 038 oo8 058 058 2,500,000
009 19 147 ',59 15 68 1o 4 51 51 11 038 oo8 057 057 20,000,000 4
009 19 147 159 15 68 10 1 51 51 11 038 08o 065 065 2,200
009 19 1471 59 15 68 1o 4 51 51 11 038 08o 063 o63 10,000
009 19 1147 159 15 68 1o 4 51 51 11 038 o8o o6o o6o 18,ooo
009 19 1147 159 15 68 10 4 51 51 11 038 o8o o58 058 55,OCo
009 19 1147 159 15 68 10 14 51 51 11 038 08o 055 o55 1110,000
009 19 017 159 15 68 10 14 51 51 11 038 080 053 053 4oo,ooo
009 19 1117 159 15 68 10 ), 51 51 11 038 080 051 051 1,500,000
009 19 11!7 159 15 68 10 4 51 51 11 038 080 050 050 1,,6oo,ooo
009 19 1117 159 15 68 10 11 51 51 11 038 oSO 047 047 2,800,COO
009 19 147 159 15 68 10 )' 51 51 11 038 080 0113 043 3 4oo,0oo
009 19 1147 159 15 68 10 4 51 51 11 038 030 0141 0111 18,ooo,ooo 4.
009 19 1);7 159 15 68 1o 4 51 51 11 038 008 000 090 18,ooo
009 19 I147 159 15 68 10 4 51 51 11 038 003 000 090 25,000
009 19 l',V 159 15 68 10 h; 51 51 11 038 003 000 082 69,ooo
0,09 19 1),7 159 15 68 10 11 51 51 11 033 008 uoo 076 85,ooo
039 19 1147 159 15 68 1o 4 51 51 11 038 o08 ooo o78 130,000

f:1" I f;(' TES RUNlOUT
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AttlvihuLtc Car1d Input 1itit i

IN

DI1. PAE _____
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I-____ __ L 7 7



Data Car'd to J.)SkLB t'Mfl i-

hAD

YES

JOB

1NO T3$
FOR

3c c I z) cc:



E nd Of Jo01 ROLOU~

F::C.X11 TO
DIS"K ROLTTII'z

d ~.C



B~last. Out Rout il.

H'EA A) 1GSo

JU3 ROUTLT1E

"BEAST OUTI" 15fElA

I'lC "I PRI1NTT PACK,

0IT
TO >CC



JOB cum Final Repoil ROLItilic A

SORT

SOBY

FPRC-' paOJISCT

I~~T no -O PACk9

.L G'D

F VI3,

1- C. ' o ` :



Unclassified

SDOCUMttIT CONITROL DATA• R&D
(S. t." , I ,Dsaa . 4 .. ,14. -. * t A h.I-, F Aw m pi * .. , 1.b.., , , .. .! I . ..... -,I

5. ffl. IA II,, n^c.A , I'I, , .... ... ,,

BOOZ. ALLEN APPLIED RESEARCH, INC. _ Unclassified
4733 Bethesda Avenue
Bethesda, Maryland 20014 .

1 'ir'Ofl1 TILE

Mechanization Study of the Mechanical Properties Data Center

Traverse City,_ Michigan
4 VESt IlriP.VE i S140 .ES ( 'T? I •I,@ *.ý t tot ,, r .f- ,•...,it .

Final Report of on-site survey
% Au? wOR(%) MaoI #".'.I,,;.n

G. A. Kershaw, D. Crowder, J. E. Davis, E. G. Loges,
E. Merendini, S. M. Thomas
September, 1966 6

DSA-7-15489 914-1-9
p, Ioparcl .o

phi .r.I••l~w)

AD 489 998
t A'•A L• •1IL tTV •.LPITA~rioN P? CtJ?•

1V oreign announ ceme111 and dissemination of this report is not author-
ized without prior approval of Air Force Material Lab (MAAM-R. F.

,•1ling=n)nhWfrighl=.PRatter~•-QAir Forc •Base, Ohio..
11 UPI'L rUENTAFty No'fr.S ] ? POSOý Mse ILI;ARY ACý t ,

None Defense Supply AgencyNone Defense Documentation Center
Cameron Station, Virginia

The Data Center employs the IBM 1440 in the search and retrieval
of its data files. The files are maintained on EAM cards but arc
to be converted to disk during a search. The Center formerly
utilized the IBM 101 Statistical Machine and the IBM 870 Document
Writing System. The Center has data relating to more than
1/2 million material tests of ýnetals and plastics. Use of the
computer has permitted the Center to cope with the increasing
demand on its services without increasing its budget by the same
order of magnitude.

1 '3 U 11-la"s
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