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FOREWORD

The Sixth Annual Report of the Air ¥orce Machinability Data Center
(AFMDC) covers work performed under Contract F33615-69-C-1112 from
October 1, 1969, through September 30, 1970. The work described in this
report covers that accomplished under project No. 8975, Materials In-
formation Analysis Centers, Task No. 897506, Air Force Machinability
Data Center. It also cites some statistics covering the 5-3/4 years that
AFMDC has been in operation. This Center is operated for the Air Force
Materials Laboratory, by Metcut Rescarch Associates Inc., 3980 Rosslyn
Drive, Cincinnati, Ohio 45209. The manuscript was released by the author,

Robert E. Snider, Director of AFMDC, in October 1970 for publication as
an AFMDC Report

This effort is being administered under the direction of the Air Force
Materials Laboratory, Wright-Patterson Air Force Base, with Mr. E. L.
Horne (LAM) as project enginecer.

Your comments are solicited on the potential utilization of the Air Force
Machinability Data Center as applied to your present or future production
programs.

For a complete analysis of the progress made by the Center from its
early inception to the present, the following six references should be

reviewed:

‘*Final Report on the Design of a System for Collecting, Evaluating and
Disseminating Machinability Data for Aerospace Materials’’, Technical
Documentary Report Nr. ASD-TDR-63-572, July 1963, AD-416743.

‘“‘First Annual Report of the Air Force Machinability Data Center’’,
AFMDC 65-2, February 1966, AD-482278.

‘*Second Annual Report of the Air Force Machinability Data Center’’,
AFMDC 66-4, February 1967, AD-813037.

‘“Third Annual Report of the Air Force Machinability Data Center’’,
AFMDC 67-8, February 1968, AD-829879.

‘*‘Fourth Annval Report of the Air Force Machinability Data Center’’,
AFMDC 68-6, October 1968, AD-844920.

*“Fifth Annual Report of the Air Force Machinability Data Center’',
AFMDC 69-8, October 1969, AD-697794.

This report has been reviewed and is approved.

Edward Dugger

Chief, Materials Information Branch
Materials Support Division

Air Force Materials Laboratory
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ABSTRACT

This report covers the sixth year of operation of the Air Force Mach-
inability Data Center from October 1, 1969 through September 30, 1970
(Contract F33615-69-C-1112). During this contracting period 5,141 docu-
ments were processed from which 19,654 cards were keypunched. Currently,
there are 110, 143 supporting records on punched cards which permit com-
puter searches to be conducted for citation to 40,966 specific machining
situations coded on AFMDC’s documents.

During this reporting period, 1,038 specific inquiries were answered for
512 different organizations representing 761 individuals in 101 dif-
ferent SIC categories. Since the Center’s operation began in October
1964 a total of 5,739 specific inquiries have been processed. The aver-
age number of inquiries was 86 per month at an average processing cost
of $43.77 per inquiry.

Statistics are presented for estimated cost savings of AFMDC users.
Through September 30, 1970, it has been very conservatively estimated
that these savings amounted to more than $50,000,000.

Also in th.s report are tables and information reflecting AFMDC activity

in other areas related to data publications, Government activity, types
of inquiries, etc.
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INTRODUCTION

This Sixth Annual Report of the Air Force Machinability Data Center
covers a one year operational period from October 1, 1969, through Sep-
tember 30, 1970.

The Air Force Machinability Data Center began operation on QOctober 1,
1964, on a contract operated by Metcut Research Associates Inc. for the
Manufacturing Technology Division of the Air Force Materials Laboratory.
On October 1, 1968, the Center then continued operation under a change
of administration to the Materials Information Branch of the Air Force
Materi als Laboratory.

This report is concerned primarily with activities and progress made
during this past contract year of opecration. Contained herein are charts
reflecting the scope of services in answering technical inquiries and
the dissemination of information through the sale of data publications.
The other charts, along with presenting activities, serve as a guideline
on the trends in material removal and materials being used in today’s
industry and the area of industry in which they are being used.

During this reporting period several new computer programs were devel-
oped. One enables AFMDC to more effectively and at less cost obtain data
on all center activity. The data reported in this Sixth Annual Report
was primarily collected by utilization of this new computer program.
Other ne w computer processing capabilities are also reported.
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DESCRIPTION OF AFMDC

AIR FORCE MACHINABILITY DATA CENTER, 3980 Rosslyn Drive, Cincinnati, Ohio 45209.
Operated for the Air Force Materials Laboratory, Materials Support Division, under
Contract F33615-69-C-1112, by Metcut Research Associates Inc.

SCOPE

The Air Force Machinability Data Center (AFMDC) collects, evaluates, stores, and disseminates
material removal information including specific and detailed machining data for the benefit of
industry and government. Strong emphasis is given o enginearing evaluation for the purpose
of developing optimized material removal parameters, such as speeds, feeds, depths of cut,
tool material and geometry, cutting fluids and other significant variables, Data are being
processed for all types of materials and for alil kinds of material removal operations such as

turning, milling, drifling, tapping, grinding, electrical discharge machining, electrochemical
machining, etc.
COLLECTION

AFMDC has a data file of over twenty-seven thousand selected documents pertaining to all
phases of material removal technology. This data file is supported by an automated retrieval
system which is controlled by an (BM 1130 computer installation. tnformation retrieval is
based upon the specific material (with definite chemical, physical, and mechanical properties)
and the specific material removal operation being used. Sophisticated computerized search
techniques are employed wtilizing a combination of search parameters to produce source data.
Information retrieval can be rerined to the extent necessary to satisfy the requirements of a
specific inquiry by controlling the input search parameters.

INFORMATION SERVICES PROYIDED BY AFMDC

The Air Force Machinability DatuCenter maintains an intensive effort to serve as a communication
tink for hoth Government and industry by providing the following services related to the field
of material removal. Strong emphasis is placed on providing analyzed data in answer to techni-
cal inquiries, Services are available to the aerospace industry, all DoD agencies and their
contractors and other Government agencies, technical institutions and nonmilitary industries
in a position to assist the defense effort. At the present time inquiry service is availahle
without charge, however, AFMDC is conducting studies into a2 possible future means of collect-
ing output costs related to this service. AFMDC aiso maintains 2 selected mailing list (User
File) for the dissemination of new information or services available from the Center,

TO REQUEST MACHINING INFORMATION............

Telephone: §13-271-9510

TWX: 810-461-2840 or

Write: Air Force Machinability Data Center
39080 Rossliyn Drive
Cincinnati, Ohio 45200

TO HELP US ANSWER YOUR INQUIRY, IF POSSIBLE PLEASE:

1. Identify the material being machined (specificution or tradename); condition, (as cast,
hot rolled, cold drawn, annealed, quenched and tempered, etc.); microstfucture and hard-
ness.

2. (dentify the material removal operation in question (turning, milling, drilling, tapping,
surface grinding, electrical discharge machining (EDM), electrochemical macnining (ECV),
ete. ).

3. Specify reasons for requiring data unless your needs are proprietary. This enables AFMDC
to broaden the scope of its technical advice.

4. Specify deiivery requirements.
5. Indicate to whom the inquiry reply should be sent,

8. Transmit at) detaiis concerning present practices, including feeds, speeds, cutting tool
materiatl and geomstry, cutling fiuids, etc., in the event your inquiry pertains to im=
provement of an existing machining situation.

*ssesnnerse
NOTE: Association of the names of companies and individuals with specific requests is kept
confidential, However, duta developed remain the property of AFY for dissemination as re-
quired for answering similar inquiries and fot developing data publications.
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AFMDC OPERATIONAL AREAS

At AFNDC, personnel shown on page 4, work in ten functional areas of operation.
These are indicated below along with the numbers used for time coding purposes:

!

Administration

Engineering Supeivision

Systems Analysis

Machining Data Analysis

Data Processing

Qata Contral

Document Acguisition and
Document Storage

Data Dissemination

Macinning Data
Verification -
Experimental Machining

Secretarial and Clerical

Administration of technical and general
activities of AFMDC

Technical activities inciuding all mech-
anized handling of data and processing
of inquiries

Design of the machinability data system,
particularly processing

Technical evaluation of machinability
data and information including Prelimi-
nary Screening

Operation of a mechanized system
including a computer

Supesimposition and use of tontyols
to guarantee proper operation of data
processing system

Acquisition of all types of data and
information for processing. Storage

of documents including those which have
received Final Technical Evaluation and
those in process

Dissemination including duplication and
printing

Laboratory and shop work necessary for
resolving highly significant and contro-
versial data situations

Development and execution of all proce-
dures relating to typing and filing
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DISTRIBUTION OF AFMDC USER FILE

Names are added to the User File as a result of: 1) inquirers, 2) visitors, 3) ad-
ditional names submitted by current Users, 4) requests resulting from dissemination
of data publications, and 5) technical articles published in periodicals and an-
nouncements pertaining to the Center,

GENERAL CONCENTRATION OF USERS BY NUMBERS

STATES ORGANI ZATIONS TOTAL NO. ORGANIZATIONS STATES* INDIVIDUAL TOTAL INDIVIDUAL USERS

4 e 0 4 0 0
14 1-10 7 13 1-25 185
16 1125 268 12 26-50 429
] 26-50 - 197 A 51-125 792
5 51-100 402 6 126-300 1,356
] OVER-100 1,239 5 OVER-300 3,070

TOTAL 2,181 TOTAL 5,832

AREA CONCENTRATION OF ORGANIZATIONS

West Coast (3 states)- 255 companies
Midwest (5 states) - 777 companies
North Central (3 states) - 435 companies
New England (6 states)- 237 companies

The total User File (5,832), can be broken down as follows:

Company Users (Individuals) 4,979
Companies 1,938

College Users (Individuals) 729
Colleges 202

Societies, Centers, etc. (Individuals) 124
Societies, Centers, etc. 41

* Includes Washington, D,C.
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ANALYSIS OF INQUIRIES BY STATE
October 1, 1969 - September 30, 1970

10 STATES LEADING INQUIRIES

STATES COMPANIES INGIVIDUALS NO. OF INQUIRIES
(CCALIFORNIA a3 84 103
CONNECTICUT 18 35 38
fLLINOYS 30 37 40
MICHIGAN 32 47 61
MISSOUR} & 14 27
New JERSEY 20 32 42
NEw YORK 37 55 64
OHlo 95 216 308
PENNSYLVANEA a7 54 65
Texas 10 20 31

TOTAL 328 594 779
OTHER STATES SUBMITTING INQUIRIES
ALABAMA
AR)ZONA 1 2
COLORADO
DiISTRICYT OF COLUMBIA
DELAWARE
FLORIDA
GEORGI A
INDIANA 1 2
lowa
KANSAS
KENTUCKY 1 1
LOuISIANA
MaINE
MARYLAND

MASSACHUSETTS
MINNESOTA
MissIsSsSIPPI
NEBRASK A

NEw HAMPSHIRE
NEw MEXICO
NORTH CAROLINA
OKLAHOMA
OREGON

RHODE |SLAND
SouTH CAROLINA

OQON O NANN=NMANN = =R NU = =P = ONDH —=-NH N

=N NOOINOINOOUNIN -~ =N = —~O =00 HENOOELE =N

N OOUVDHBD®DENNNAN =-NODOUN =D =0 IAWU

TENNESSEE 1

VERMONT 1

VIRGINIA

WEST VIRGINIA

WASHINGTON 1 13

WiSCONSIN 1 1 14
TOTAL 138 181 259

TOTAL FOR ALL STATES 487 715 1038

10




ANALYS1S OF INQUIRIES BY MATERIAL GROUP

October 1, 1969 - September 30, 1970

MATERIAL GROUP INGUIRIES

PLAIN CARBON & LOW ALLOY STEELS 125
ULTRA HIGH STRENGTH & TOOL STEELS 55
CARBIDES 12
CAST IRON 60
CAST STEELS 11
STAINLESS STEELS 59
NICKEL ALLOYS 22
MARAGING STEELS 12
HIGH TEMPERATURE ALLOYS 200
TITANIUN ALLOYS 108
REFRACTORY ALLOYS 58
BERYLLIUM ALLOYS 9
ZIRCONIUM ALLOYS 9
ALUMINIUN, MAGNESIUM, ZINC, LEAD,

COPPER & TIN ALLOYS B4
PRECIOUS & RARE METALS 1
PONDER METALS "
FOAMY METALS 2
NONMETALLICS INCLUDING CERAMICS,

PLASTICS, GRAPHITE & COMPOSITES 81
W TIPLE GROUP 185
UNITERM TYPE (NO GROUP) 401

TOTAL 1,485

1n




ANALYSIS OF INQUIRIES BY TYPE OF MACHINING OPERATION

October 1, 1968 - September 30, 1970

OPERATION INQUIRIES
LONVENTIONAL CHIP REMOVAL
TURN ING 129
BORING 30
MILLING (GENERAL) 32
FACE MILLING 18
END MILL SLOTTING 15
PERIPHERAL END MILLING 17
SLAB MILLING 3
ALL OTHER TYPES OF MILLING 15
DRILLING 125
GUN DRILLING 7
REAMING 14
TAPPING 29
GEAR CUTTING 6
BROACH ING 12
ROUTING 4
BANDSAWING 4
TOTAL 450
CONVENTIONAL GRINDING
GENERAL GRINDING 55
SURFACE GRINDING 28
CYLINDR!ICAL GRINDING 12
INTERNAL GRINDING 6
CENTERLESS GRINDING 8
ABRASIVE MACH (NING 5
ABRASIVE BELT GRINDING 3
ABRASIVE CUTOFF 5
HON ING 10
TOTAL 132
ALTERNATE MACHINING METHODS
ELECTRICAL DISCHARGE MACHINING 31
ELECTROCHEMICAL MACHINING 37
ELECTROCHEMICAL GHINDING 6
CHEMICAL" MACHINING 14
PHOTOCHEMICAL MACHINING 2
ULTRASONIC MACHINING "
LASER MACHINING 6
ABRASIVE JET MACHINING 2
SUB-ZERO MACHINING 8
HOT MACHINING 12
THREAD ROLLING 2
TOTAL 120
MISCELLANEOYS
BURN I SHING 12
POL ISHING 1
UNITERM DESCRIPTIVE OPERATIONS 379
MULTIPLE OPERATIONS 336
MISCELLANEOUS CONVENT!ONAL
OPERATIONS 44
TOTAL 112
TOTAL 1404
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SUMMARY OF INQUIRIES PROCESSED BY AFMDC FOR STSP* & SBA**

October 1, 1969 - September 30, 1970

NUMBER OF INQUIRIES FOR STSP*

STATE

ARIZONA
10wA
MICHIGAN
WINNESOTA
NEW JERSEY
NEW YORK
0410
VERMONT
VIRGINIA

TOTAL

NO. OF INQUIRIES

NUMBER OF INQUIRIES FOR SBA**

STATE

CALIFORNIA
COLORADO
ILLINOIS
NASSACHUSETTS
MICHIGAN
MINNESOTA
NEW YORK

OHIO
PENNSYLVANIA

TOTAL

NO. OF INQUIRIES

!
2
2
|
|
|
2
2

4

STSP® - STATE TECHNICAL SERVICES PROGRAMS

SBA®* - SMALL BUSINESS ADMINISTRATION TECHNOLOGY
UTILIZATION PROGRAMS
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AIR FORCE MACHINABILITY DATA CENTER

SUMMARY OF SPECIFiC INQUIRIES BY SIC* NUMBER

OCTOBER 1. 1969 - SEPTENBER 30, 1870

NUMBER OF INQUIRIES

Sic
NAJOR SIC BY SIC BY SiIC % OF
GROUP INDUSTRY INOUSTRY MAJOR GROUP TOTAL
NO. NO. NO. NO.
91 FEDERAL GOVERNMENT 88 8.5
9100 DEFENSE RESEARCH LAB - SANTA BarBArRA, CALIF, 1
9100 USAF = WRIGHT FIELD 28
9100 USAF - ANDREWS AIR FORCE BaAsE 2
9100 USAF = RoBINS AIR FORCE BASE 1
9100 USAF « KELLY AIR FORCE Bask 2
9100 U.S. ArRmY 12
9100 ARNOLD AIR FORCE STATION, TN. 1
9100 NATIONAL AERONAUTICS & SPACE ACMINISTRATION 3
**9191 STATE TECHNICAL SERVICE PROGRAMS 24
9192 SMALL BUSINESS ADMINISTRATION 14
19 ORDNANCE AND ACCESSORIES 5 .5
27 PRINTING, PUBLISHING, AND ALLIED INOUSTRIES 10 1.0
28 CHEMICALS AND ALLIED PRODUCTS 17 1.6
29 PETROLEUM REFINING AND RELATED INOUSTRIES 15 1.4
32 STONE, CLAY, GLASS, AND CONCRETE PRODUCTS 18 1.7
33 PRIMARY METAL INDUSTRIES 58 5.6
34 FABRICATED METAL PRODUCTS, EXCEPT ORDNANCE, MACHINERY, 50 4.8
AND TRANSPORTATION EOUIPIENT
35 MACHINERY, EXCEPT ELECTRICAL 255 24.5
36 ELECTRICAL MACHINERY, EQUIPMENT AND SUPPLIES 64 6.2
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SUMMARY OF SPECIFIC INQUIRIES BY SIC* NUMBER (cont.)

NUMBER OF INQUIRIES

SIC
MAJOR SIC BY SIC 8Y SIC
GROUP INDUSTRY INDUSTRY MA)OR GROUP % OF
NO. ND. NO. NO, JOTAL
37 TRANSPORTATION EQUIPNENT 311 29.9
3721 AIRCRAFT AND MISSILES 144
3722 AIRCRAFT ENGINES & ENGINES PARTS -
Missit € ENGINES 88
3729 ALRCRAFT PARTS & AUXILIARY EQUIPMENT =
MIssILE PARTS 37
OTHERS a2

PROFESSIONAL, SCIENTIFIC, AND CONTROLLING

38 INSTRUMENTS: PHOTOGRAPHIC AND OPTICAL G00DS: 8 -8
WATCHES AND CLOCKS
39 JEWELRY, PRECIOUS METALS 1 B
40 RAILROADS, LINE-HAUL OPERAT!WG l B
50 WHOLESALE TRADE 6 -6
73 MISCELLANEOUS BUSINESS SERVICES 56 5.4
82 EDUCATIONAL SERVICES 46 4.4
Bt NONPROF T MEMBERSHIP ORGANIZATIONS 7 7
89 MISCELLANEQUS SERVICES 23 2.2
TOTALS 1038 100.90%

* Standard Industrial Classi ! SIC ] ] )
Bomnqard Industrial ( 7;z}jrcn ton Manual (SIC). Executive Office of the President,

** This NI Nunber Was A«signed Because of the Special Significance of the State Technical Service Progranm

15
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COMPANIES AND AGENCIES SUBMITTING INQUIRIES TO AFNDC
QCTOBER 1+ 1969 =« SEPYEMBEN 30s 1970
® INDICATES NEW INQUIRERS

AoBa DICK €34  CHICAGOs ILs

ABBOTY LABORATORIES CHICAGOe ILa

ABEX CORPe CCLUMBUS: OMs

ABEX CORPe  MAMWANS NJo

ACCRA TICONICS SEALS CORPe  BURBANKs CA.

ACCURATE BUSHING COs GARWOODs NJo

ACCURATE DIAMOND TOCL CORPo  WACKENSACK: NJo

ACME ELECTRIC WELDER COs LOS ANGELESe CAs

ACRALOC CORP, OAK AIDGEs TN,

ADAPTRONICSs INCe MC LEANS VAo

AERQJET GENEIAL CORP, SACRAMENTOs CAs

AERQJET=GENEAL CORPy A2UBAs CAs

AERONCA MANUFACTURING COs  MIDOLETOWNe ONe

ala FORCEs OIPT, OF THE ANDREWS AFB8s 0Co

AR FORCEs OEPTe OF THE KELLY AFBs TXe

AIR FORCEs OEPTs OF TWE ROBINS AFDe GAs

ALJO TOOL COs  STERLINGs NJo

ALLEGHENY=LLDLUM COs DUNKIRKe NYs

ALLIED CMEMICAL (0P, MORRISTOWNe NJe

ALLTED SCAEW PIODUCTSs INCo  MISWAWAKAS 1Mo

ALLIS=CHALMERS MANUFACTURING COs  MILWAUKEESs wie

ALLOY STEELSe I8NCe CINCINNATL, OMs

ALUMINUM CDe OF AMERICA DAVENPORTs [As

ALUMINLM COo OF AMERICA PITTSBURGHs PA,

AMERACE ESNA CORP,  UNION» NJo

AMERICAN COMPUTER SERVICE CINCINNATIs OHe

AMERICAN HELLER SORP, DEJROIT: MIe

AMERICAN OPTICAL COs SOUTMBRIDGEs MAs

AMERICAN STANDARD INCe FALLS CHMURCHe VA

AVERICAN T00L COe KALAMAZOO: MIs

AMERJCAN TOOL #ORKS CINCINNATI) OMe

AMERICAN TRADERS INCe ANAMEIM, CAs

AMERTCAN WELDING & MANUFACTURING COe

APEX CCRPs  MUDSONs OMs

APL MiAMIy FL,

ABSLLO WELDING COs INCe ROYAL OARs Mle

ARJZONA STATE UNIVERSITY TEMPE, AL,

AR¥Y, DLPT OF TME NEW YORKs NYo

ARMY, DEPT OF TME PNILADELPHIA¢ PA

ARMY, DEPT OF THE ROCK [SLANDs IL

ARMY, DEPT OF TME TEXARKANAe TXe

ARMY, DEPTs OF THE SACRAMENTO, CAs

ARMY, DEPT, OF THE STe LOUISs MO,

ARMYy DEPTy OF THE CHAMPAIGN: ILe

ARNILD ATR FORCE STATIONS THe

ASC CORPs OWINGSs MOo

ASHLAND CIiL INCo ASHLANDS KYe

ASTID WET ASSOCIATES INCe tlntllnlrl- Ony

ATLANTIC RICMFIELD CO¢ MARVEY, (i

AUTO SPECTALTIES MANUFACTURING CO- WARTFORDs MIo

AUTOMATION INDUSTRIESs INCe ABILENEs TXo

AVCO CORPy  CINCINNAT[ o Omo

AVCO CORPe  LOWELLe MAe

AV(CO CORPy  STRATFORDs CTe

AVEY MACHIAE TOOL COs COVINGTONs KYs

AVILOSEN TOOLS AND MACHINESs INCe NEW YORKs MY

BABCOCK & WILCOX  LYNCHSURGS VAo

BANCROFT COss INCe FRANKs COLUMBUSs OMs

BATTELLE MEMORIAL INSTITUTE COLUMBUSS OMe

VER BROSe COo SPRINGFIELDs Ome

BELL MELICOPTER COo FORT WORTH. TX,

MEVIS & CALL CO¢  SPRINGFIELDs MA.

AEADIN CORPe  DAVENFORTs TAe

BENDIX CORPs  OAYTONs OMe

BENDIR CCRPy  KANSAS CITYs MO,

BENDEX CORPe  SOUTHEIELDs MIs

BERG ELECTRONICSs 18Co NEW CUMBEALANDy P4,

BERLIN SUPPLY COe PHILADELPHIAe PAy

BOFING CDe 1TME) NEWw ORLEANSs LA¢

A3EING COe (THE) BPWILADELPHIAS PAs

BOEING COu (TRHE) SEATTLEs WAs

SRADEN INDUSTRIESs JNCe BROKEN ARROWs OKo

ARADLEY UNIVERSITY PEONIAY lho

BRANSON [NSTRUMENTS {NCe COOXVILLEs TNo

BRANSON INSTRAUMENTS INCe DANBURY: CTo

BROWN & SHARPE ulﬁ €0s DATTONs OMe

BRUBAKER TOOL €O MILLEASBURGe PA,

BRuUSH BEAYLL UM C ¢TuE}  CLEVELAND, OMe

BRYANT GRIADER CORPs  SPRINGFIELDs VTo

BULLARD CCo (THE) BATIDGEPCRT CTe

FUNKER=AANG CONPy  MIGHLAND MEIGHTSe OMe

BURGESS BHUTTMERS. INCe NORWOODs MAo

CAZILLAC GAGE COs  COSTA MESAe CAs

CALIFCANIAS UNIVERSITY OF LIVERMOREs CAe

CAMERON JRON wOAKS NOUSTON, TXe

CANFIELD WACHINE COs  RINGSTONs NYs

CARBORUNDLM COe MIAGARA FPALLS, NYs

CARLTON WACHINE TOOL COs CINCINNATI OMe

CAawer CQRO. MADISON MEIGMTS, Mi,

CAERCILLAR TRACTOR COs PEORIAs ILo

CAVITRCN ULTRASONICS INCo Lele CITYe NYo

€S ENGINEERINGs INCe BANTA CLARA CAs

CENTRAL WICHIGAN UNIVe MTs PLEASANT Mls

CESINA AIRCRAFY €Op wiICHITAs &

CHAMBERLA TN MANUFACTURING CORP,

C=AR=LYNN COs EDEN PRAIRIE,

CHEM FORNM  POMPANG BEACH) Flo

ImEM PROJECTS ASS0Ce NEW YORKs MYy
RRELL CORPe CEDAR AAPIOL: [As

<0 OAYTONS OMe

HARTFORDy CTo

STERLING nEIGHTSs Mo

WARREN, M1,

.
WATEALOO. LA

CmavsLER :ol!-
CINCINNATL MILACAONM CINCINNAT] . OMo
CINCINNATI MILACAON wiLWINGTONs Ome

CINCINNAT (o [NCo  WHITEWATERs Ome
CINCINRATE, UNIVEASITY OF KINCE
CITIES SEAVICE OIL C€Os  TULSAS
CLARRSON COLLEGE OF TECNOLOGY, POTSDAM, NY,
CLEVELAND AUTCHATIC WACMINE T00L COs CINCINAATIS OWa
CLEVELAND PAEUMATIC TOOL CO» ITiE)  CLEVELAND O
CuEVELAND STATE UNIVERSITY CLEVELANDs O

CLIMAK POLYRDENUM COs NEW YORK. AT,

CLIMC PACOUCTS [NCo CINCINNAT(o OMe

€37 INDUSTRIES =ARTFOROs LT,
CINNVECTICUT e URIVERSITY OF  STORRE, CTo
CUNSOLIDATED AEND STAUCTURES O TOR

Tle o0
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CONTINENTAL MACHINESs INCe SAVAGEs MNe
COPPER AANGE COs LEETSDALE: PAo
CORNELL UNIVERSITY [TWICAe WY,
COULTER STEEL & FORGE COe !uuvvm.h Che
CAEMISIOr DRo Mo §o CLINTONG NJe
CRESCENT PRECISION PRODUCTS TULSAs OKe
CTL=DIXIE CINCINNAT]s OMo

CUMMING ENGINE COes INCo COLUNBUS:H INe
CURTISS=WRIGHT CQRP.  BUFFALOe NY.
CURTISS-WRIGHT CORPy  CALOWELLs NJo
CURTISS=WRIGHT CORPs EAST PATERSON, NJo
CURTISS~WRIGHT CORPy, wOOD=RIDGEs MJe
CYCLOPS CORP.  PITTSBURGHe DA,

DANA CORPs  IVORYTONs CTe

DAWSON TOOL & ABRASIVE+ INCo SEATTLEs WA»
OAYTON STEEL FOUNDRY COe DAYTONs OMe
BENVER UNIVERSITY DENVERs COo

OESIGN AND DEVELOPMENT INCs [NOEPENDENCEs Ome
DICKs COle Jo NICHMOLAS WASHINGTONs DCe
DILLON MANUFACTURING CINCINNATI OMe

00 ALL COe DES PLAINESs ILe

DOVER CORPs CINCINNATI® OMe

CO0w CHEMICAL COs MIDLANDs MI

OR, MAX KRONENBERG ‘l“"”"l. OMe
OUNCAN MFGy COs  CINCINNATIS OMe

Eole DU PONT WESTERN SPRINGSe ILe

Eole DU PONT WILMINGTON: OFe

EAGLE PICHER INDUSTRIES INCa JOPLIN: MOe
EAGLE TOOL & MACHINE COe PRINGFIELO+ Ome
CASTERN CARODLINA STEEL COo¢ FLORENCEs $Co
ENERGY SERVICE CORP, WASHINGTONs DCo
ENGIS ECUIPMENT CO4 MORTON GROVE. fLe
ENVIRONMENT=ONE CORP, LATNAMs NY

ETTCO YOOL & MACHINE COe YORK) PAo

EX=CELL=0 CORP LIMAs OW.

FAIRDANKS=MORSE QELOLTe Mo

FALK CORPe (THME) MILWAUKEEs wie

FEDERAL MOGUL CORPy DETROITs MIe

FEDEAAL MOGUL CORPe NORTH YONAWANDA® NYeo
FELLOWS GEAR SHAPER COs (THME) SPRINGFIELDs VT
FERRIS STATE COLLEGE B10 RAPIDSs MIo
FIRESTONE TIRE & RUBBER CO. ltn:) AKRONo OMe
FIRTM STERLING MC KEESPO!

FLORIDAs UNIVERSITY OF GHNESVILLE' FLe

FORD MOTOR COs CINCINNATIC OMq

FORD MOTOR COe DEARSORNs M1o

FORD MOTOR COo DETROITs Ml

FRANKLIN INSTITUTE RESEARCH LABe PHILADELPHIA PA,
€ & M TECHNOLOGY INCo SANTA MONICAs CAs

GoAe GRAY €O CINCINNATIS OHy

GARRETT CORP, LOS ANGELESs CA,

GARRETY CORP, PMOENIXs Als

GARRETT COR TORRANCEs CAo

GARSON LAB INCo JACKSONe MSe

GARVIN CORPe (TME) CINCINNATI ¢ OMe

GENERAL DYNAMICS COAP, FORY WORTMe TXs
GENERAL DYNAMICS CORP, POMONAs CAs
GENERAL DYNAMICS CORP, SAN DIEGOe CAe
GENERAL ELECTRIC ERIEe PAs

GENERAL ELECTRIC ALBURQUERQUE s M4
GENERAL ELECTRIC BURLINGTONs VTe
GENERAL ELECTRIC CINCINNATE s OMe
GENERAL ELECTRIC CLEVELAND OMe
GENERAL ELECTRIC OETROIT, MIo
GENERAL £LECTYRIC LOUVISVILLEs kYo
GENERAL ELECTRIC PHILADELPHIAS PAy
GENMERAL ELECTRIC SAN JOSEs CAe
GENERAL ELECTAIC SCHENECTADY . NYo
GENERAL ELECTRIC SYRACUSEs NYe
GENERAL ELECTAIC WARREN: Mio
GENERAL ELECTRIC WEST LYNNs MAs
GENERAL CLECTRIC WILMINGTORs NCo
GENERAL ELECTRIC WORTMINGTONs Onte
GENERAL MOTORS COA| BUFFALOs NYs
GENERAL MOTORS FLINT. Nlo
GENERAL MOTORS INDIANAPOLIS INe
SENERAL MOTORS LA GRANGEs Il
GEVERAL MOTORS SAGINAW. M1e
GENERAL MOTORS SANDUSKY s OMe
GENERAL #OTOAS SANTA BARBARAs CAs
GEMERA . MOTORS WARNEN, Mo

GEOMETRIC TOOL

(<-1)
GEORGETOWN TOOL & MARUFACTURING COu
GILFORD INSTRUMENT LABORATORIES INCo
GLEASON wORKS ROCHESTERs WY,
GLOBE [NDUSTRIES DAYTOMs OMe

NEw MAVENs CTe
GEORGETOWNs KYo
OBERLINS One

GOULD INCe WK CONNELSVILLE: OMe
GRACE COov Wo R¢  CLARKSVILLEY MOo
GRINDING wEEL INSTITUTE CLEVELAND.
GRUMMAN ATRCRAPY SETHPAGE. NY,
QULP GENERAL ATOMIC INCe SAN DIEGOe
M & INDUSTRIES DAYTONs One
L] My  MORTON GROVEs ILe
l'v‘l WORFOLK s VAo
PALD ALTO:

One

HEWLETT PACK,
MITTWAN um. nCo

MOEGANALS CORP, RIVERTON® RJe

HONEYWELLe INCo NEW BRIGMTONs MM,
MOUDALLLE INDUSTRIESs InCe LOS ANGELESe CAo
MOUGHTON COss Eo Fo  CINCINNATE. OWo
MOUGHTON COso €4 Fe  PHILADELOMEIA: PAs
nowt !l(;:.ﬂlo: SCALE COe

HOWM AMONAY CAo
MUGHES FT CO¢ CULVER (IV" Che
HUGMES Axl:lAr' COs  TUCSON

1C1 AMERICA INCo  STANPORD. t'o

117 RESEARCH INSTITUTE CMICAGOe ILo

IMOVSTRIAL TOOL & MACHMINE CO¢ GEORGIAVILLES W14
INGERSOLL VILLING MACMINE COs (TwME} ROCKFORDe fLo
INGERSOLL RAND COo PAINCETON: MJo

INGERSOLL RAND COs ROCKFOND,

INTERNATIONAL BUSINESS MACHINES CORPy  OWldOs NY,
ENTERNATIONAL BUSINESS MACMINES CON BAN JOBEs CAe
INTERNATIONAL BUSINESS MACHINES CORPy  DOVLDER: €O

INTERNATIONAL WICKEL COe INC €TME)
INTERNATIONAL NICKEL COe¢ INCe (TME} WEN YORRe NYo
INTERNATIONAL NICREL COo I%Co (TME)  MURTINGTONS Wve
T10wA STATE UNIVERSITY OF SCIENCE & TECWNOLOGY ANES,
TRON AGL  BALA CYAWTDs PAs

117 MARLOW  MIDLAND PARK: NJs

JoTEC CEDAR RAPLDSs ta,
JOMNION § 30+ INCer 84 Co RACINEs wis

OAR BROOK+ Lo

A
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JONNSON SUPPLY 90 BILL PHOENIXe A2
JONES & LAMION SPRINGFIELD. VTe
JOSTEN'S INCe OWATONNAe MNo
KALSER ALUMINUM § CHEMICAL CORP,
RAMAN CORP BLOOMFIELDs (T,
KANARR CO KINGSTON» PA,

REENE STATE COLLEGE XEENEs MM,
RELSEY MAYES SPRINGFIELDs ONe
KENNAMETALs INCe CINCINNATLs OWe
KENNAMETALY INCe LATROBEe wae
RINSEY COor o Ae CINCINNATLY DN
KIRKOF MANUFACTURING CORP,  GRAND IiDlDS- Mie
KRUECK s ROBERT T, DAYTON,
LA SALLE STEEL COe (THE)
LADISH COs  CUDAWYs wle
LASER SYSTEMS CORP» ANN ARBOR, Mle

LATROBE STREL CO¢ LATROBE: PAo

LE BLOND TOOL COo» Mo Ko CINCINNATI OMe

LEAR SIEGLEN CD, DETROITs MIs

LEES=CGRADHER  CLEVELAND» OM,

LEWMIGM UNIVERSITY OETHLEHEM, Pae

LIBRARY OF CONGRESS WASMINGTONs DCs

LIMITORQUE LYNCHBUSGs VA,

LINCOLN MANUFACTURING COe CHICAGOr ILo
LING=TEMCO=VOUGHY INCe WARREN, 1o

LING=TEMCO=VOUGHTs INCe DALLASe TX,

LITTON INOUSTRIES COLLEGE PARKs MDe

LOCKHEED AIRCRAFT CORPa  BURBANK) CAe

LOCKHMEED AIRCRAFT CORPy MARIETTAs GAs

LOCRMEED AIRCRAFT CORP,  PALO ALTOs CAs

LOCKHEED AJRCRAFY COWP. REDLANDS» CAs

LCDGE & SMIPLEY COs (THE) CINCINNATL OM

LOWELL TECHe INSTITUTE RESEARCH 'OVNDAYION LOWELLs MaA,
VACHINERY FRAMINMGNAMs MA,

MACHINERY WMEATOMs ILs

WACCMS COUNTY COMMUNITY COLLEGE WARRENs Mle

VALLEABLE FOUNDERS SOCIETY CLEVELANDs OHe

WALLORY METALLURGICAL COes PoRe INDIANAPOLISs IMs
MANLEY MANAGEWENT CORPe GREENWICHMs CTe

MAQANCHIK AND ASSOCIATESs JOWN CINCINNATYIS ONe
VARATHCN 0P LITTLETONs COW

MARBIN CHEMICAL COo WASMINGTOM, WV

VAIEMCNT COs  SACOe MEs

MARINE 1RON wOSKSe INCo TACOMA. WA

WAIKETING INTERNATIONAL INCe (RWINs PA.

YARQUARDT CORP4 {THE) VAN NUYSs CAe
M4RTIN COe  ORLANDDs FLo

VASSACHUSETTS INSTITUTE OF YECHMNOLOGY
MATERIALS RESEARCH LAB, GLENWOODs ILe
VAXIMET COMPy PHOENIXs Ale

¢ CRISKY YOOL CORPe  MEADVILLE. PAs

OAKLAND+ CAe

.
CHICAGDs Lo

CAMBRIDGE ¢ MA,

wC DANS. REFRACTORY PORCELAIN CQe BEAVER FALLSs PAs
wC DUNNT . DOUGLAS CORPe  LONG BEACHs CAe
v D0 kLl DOUGLAS CORP, ST LOUIS: MOy

“C DONML.L DOUGLASS CORPy  SAKYTA MONICAs CAe
MENASCO MANUFACTURING COs  BURBANK: CAo

VETAL [MPROVEWENT IKCe MACKENSACKS NJo
WETALWORKING ECONOMICS BOSTORs MAe

YETHODS AND EQUIPMENT CCo  DETROITs Mie

MICHIGAN TECHNILOGY UNIVERSITY MOUGHTONs Mis
WICRC=SHISSs INCe CMERRY MiLLe NJe

wiowWEST CENTERLESS GRINDING COe CINCINNATI S OMe
VINNESQTAs UNLVERSITY QF  M{NNEAPOL1ISy Wi
WOBERN MACHINE SHOP CINCINNATL, O

WCHARCH DIE 6 ENGINEERING COa DAYTON» OMe
MONSANTO RESEARCM CORPs  MIAMISBURGs OMe
MONTE=COPTER INC, SEATTLE: wA,

MCNTVALE CUSTOM TOOLS MONTVALEs NJo

%006 1NCe  2LOQUFIELDr VYo

‘006 INCe  EASY AURORAs MY

i5 & €00 Eo Ko CINCINNATEY OMe

"0'0' STATE OJL € GREASE COo JACKSONs MIo
MULLEN COos Eo Co CMICAGOS JLo

NATISNAL AERONALTICS & SPACE AOMINISTRATION CLEVELANDs Oke
SATIONAL AERONAUTICS b JPACE ADMINISTRATION MUNTSVILLEs ALe
YATICNAL CASM RIGISTER COo DAYTON® Om¢

NATIONAL LEAD CDs ALBARYs NYg

“ATIONAL LEAD (¢ FEANALDs OMs

HATIGNAL TO0L DIE & PRECISION MACMe ASSOCs WASHINGTON, DCo
rEw BRITAIN MACHINE COs (TME) NEW BRITAINs CTe
NEW BRITAJN MACHWINE COo TME) CLEVELANDs OMs
NICHOLS CO0s 7o Me WALTMAM, MA,

NORTM AMEPICAN AVIATIONs INCe LOS ANGELESe CAs
NORTH AMERICAN AVIATION INCs COLUMPUSe OMe
NOTH AWERICAN AVIATIOMs INCe TULBAs ORo

NOATH AMERICAN AVIATIONG INCe OETHANY, OKe

NOR*M CAROLINA SCI 6 TECH RESs CTRe RESe TRIANGLE PARK: NCe
AQRTH CARTLINA STATE UNIVERSITY LETGMe MCo
NORTON CCs  WORCESTERS Ma,

NUMERICAL CONTROL ASSOCIATES §YOSSETe NYe

OARLEY OIE AND MANUFACTURING COo CINCINNATLG OMs
CMIO STATE UNIVERSITY (THE) COLUMBUSS OMs

OLIN CCAP, EAST ALTONs ILe

OuTNS=CORNING FIBERGLAS GRANVILLEs OMe

PACIFIC SCIENTIFIC COo  ANARNEIM, CAg
PENN CENTRAL CO4 ALTOONAY PA
PENNSTLVANIA STATE UNIVERSITY (TME}
PEAMAS PACIFIC CORPe  LOS ANGELESs Che
PTAUOLAR C2o  ROCHESTERS WY,

PITTSBURGM PLATE GLASS COs BARBERTON, Ome
PITTSRURGHY UNTVERSITY OF  BITTSRURGH, PAs
PUC DESIGLING  CINCINNATLY Omg
PNEUMO PRECTSION PRODUCTSe INCe
PRATT & wniTNEY AIRCRAST EAST WARTPORD. CTe
PRATT & WHITNEY CORPs  CUDANY: CAs

PRECISION CASTPARTS CORP, PORTLANDs OR,
PRECTSICN FONGINGS INCo VALLEY PAR
PROCTER & GAMSLE COe CINCINNATIS OMe
PRCOUCT RLANNING (NCe  WELLESLEYS WA,
PRSOUCTICH SLOOWPIELD MILLSe Mia
PRCOUCTION FLUIDS INCo  CMAMBLEES GAs
PURDUE UNIVEASITY WEST LAFAYETTEs [N,
PUSE CARBON CO4s $NCe  STe MARYS: PA,
WADIC CORP, OF AMEAICA LANCASTERs PA,
RAYCHEW CORP, MENLO PAARSY CAe

SAYTHEON C2o  LOWELL S MAe

SEMINGTON ARMS COs0 TNCo  BRIDGEPORTs CTs
ROSELAND . NJe

RESISTOFLEN CORP,

REX CHAINBELT INCo DOWNERS cROVEY fis
REYACLOS wETALS CO» CORPUS CHRISTI) ¥
RHODE TSLAND UNIVERSITY OF KINGSTON» Ale
NICHARGION COo (7nE) WELROSE PARR) i,

UNIVERSETY PARK: Pag

KEENEs NNe
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RICHMOND MANUFACTURING COe  HOUBTONSs TX,
ROBERT A¢ KEYES ASSOCe GARDEN CITYe NY,
ROCHMESTER INSTITUTE OF TECHNOLOSY ROCHESTERs NYo
ROCKWELL MANUPACTURING COs REARMEYs NBo

ROCKRELL MA SYRACUSEs WY,
ROGERS COes F WA
AOMR CORP, (MULA VISTAW CAe

RYAN AER NAUTICAL COs
SAGINAW JAMESON CORP, SAGINAWe M]e
SANDIA CORP, ALBURQUERQUE) 4,
SCHMRADER AUTOMOTIVE PRODLCYS DICKSONG
SEALMASTER BEARING AURCRA» [iLe

SEALOL INCa PROVIDENCEe RI,
SHERWIN=WILLIAMS CHEMICALS CINCINWAT], Owe
SMORELINE COMMUNITY COLLEGE SEATTLE . WA,

SIGNODE CORPy FLORENCEs KY,

SIMMONOS PRECISION VERGENNES, VY.

SIMOND SAw & STEEL FITCMBURG, MA,

SINGER COs [THE] (~JCAGCs IL»

SINGER COs (THE) ELIZABETHy NJu

SINGERS GENERAL PRECISION LITTLE FALLSs NJo
SMALL BUSINESS ADMINISTRATION CLEVELAND, Oy
SMALL BUSINESS ADMINISTRATION WINNEAPOLISe YNo
SMALL BUSINESS ADMINISTRATION DEANVER, CO.

SMALL BUSINESS ADVINISTRATION DALA CYNWYDe FAe
SMALL BUSINESS ADMINISTRATION ODETROIT, Wle

SMALL BUSINESS ADMINISTRATION AEw YORK, WYo
SOCIETY OF AUTOMOTIVE ENGINEERS “Ew YORKs Y
SOCIETY OF MANUFACTURING ENGINEERS DEARBCRNs %I,
SOUTHCOs INCa  LESTER, PA.
SOUTMERN AUTOMATICS INCe
SQUTHERN RESEARCH
SPERAY RAND CORPo
SPERRY RAND CORP.
SPERRY RAND CORP4
SPRINGFIELD wORKS
S§Te PETERS COLLEGE JERSEY CITYy le

STACKPOLE CARBON COs  STa MARYSs PA,

STANDARD PRESSED STEEL COs JENKINTOwWNs PA.
STANFORD LINEAR ACCELERATOR COe STANFORD, CAs
STANFORD RESEARCM INSTITUTE MENLD PARK: CAs
STAR TOOL AND DIE wORKS DETYROITe Ml
STRIKLAND COss We Jo MARIETTAW GA»
STRUCTURAL DYNAMICS RESEARCH CORP
SUNNEN PRODUCTS COe  STe LOUISs MDa
SUPERIOR TUBE COe NORRISTOWNs PAs
SWISSCO INCe CINCINNATIY OHW,
SYLVESTRE SCREw MACHINE COo
SYSTEMSs SCIENCE AND SOFTWARE
TALLY CORPqy (THE) NEWPARKs CAs

TEC MAGNETICS SAMTA FE SPRINGS CAa

TECHNICAL EQUIPMENT SALES COs CINCINNATIs OMe

TECHNOMIC RESEARCH ASSOCe CHICAGOs Ii,

TELE-PRESS ASS0Ce NEw YORKs NYo

TELEDYNE COe¢ MONROE NC»

TEXTRON CO¢ 1A) BUFFALDs Y,

THERM INCo  TTHACAS NY,

THIOKOL CORP, ROCKAWAYs NJo

THUL MACMINE WORKSe INCs OLAINFIFLD NJo

TITANIUM METALS CORPs CF AMERJCA TORONTC CMe

T00L STEEL GEAR & PINION COo (THE} CINCINNATIe O
TORRINGTON €O (TWE) UNJONe SCo

TRANE COs 1TAEY LA CNOSMES wle

TRWs INCo CLEVELANDe OMe

TRwe INCo DANVILLE, Pay

TAwe INCo  NEw YORK) NY»

w166 KNDUSVQIESO INCo  MART ' IVILLES [Ny

U o8 o STEEL CORPa PITTSBURGNs Phe

Ve $o !Vll! CINCIANATL, OM,y

Ues Se STEEL CORPe GARLANDs Txe

UNION CARSIDE CORPe OAK NIDGEs The

UNTOR CARBIDE CORP, PARMA, OmMe

UNION CARBIDE CORPa PITTSBURGHe PAy

UNION CARBIDE CORP. TARRYTOWNs NYe

UNITED AIR LINES SAN FRANCISCOs CAe

UNITED AIRCRAFT CORPORATE SYSTEMS CE.TFR  xINDSOR LOCKSe
UNITED ATRCRAFT CORPORATE SYSTEMS CENTER EASY MARTFORDe
UNITED COMPUTING CORPo  REDONDD BEALMs CAe

UNITED NUCLEAR CORPy UNCASVILLES CTo

UTD CORPy  ATHOLG MAs
VALERON CORP, (THE)
VALERON CORP, (TWE)
VALERON CORP, (TME) OAK PARK,y Ni,

VALERON CORP, (THE) TROYs Wi,

VAPOR COAPe CMICAGUs ILe

VARLAN A SUCIATES SAN CARLOS: CA,

VASCO CINCINNATIe One

VBP PRODUCTS s INCe TULSAs OKg

VERMONT AMERICAN CORPs  LOUISVILLES XY,
VERMONT s UNIVERSITY OF BURLINGTONe VT,
VIRGINIA MILITARY [NSTITUTE LEXINGTON vAo
VA/WESSON (0o  WAUREGANS Lo

WALLACE=MURRAY CORP, CMICAGOs fLa
WATERBURY FARREL CHESMIREs (T4

WAUKESHA CUTTING TOOLS WAURESHAY Wila
WEATHERMEAD COy (TWE) DAYTON,
WELLES SUPPLY COes INC (THE)
WESTERN ELECTRIT COuv INCo
WESTERN ELECTRIC C INC

SAN DI£GO» CAo

Ne

MADEIRAs OHe
INSTITUTE BIRMINGRAM, ALe
LEBANONS One

PHOENTXs COu

TROYs M1,

SPRINGFIELDs One

CINCINNATE Y Ome

PROVIDENCE S Riw
LA JOLLAG CAs

DAYTONs OMe
EAST BREWSTERs Ma,

Orte

ELMIRA MEIGHMTSs NY,
KEARNEY e NJo
PRINCETONS NJ»

WESTINGHOUSE AIR BRAKE PITTSAURGH, PA,

wEST INGHOUSE ELECTRIC ANNAPOLTS+ ¥Do
WESTINGMOUSE ELECTAC BLAIRSVILLEs P,
WESTINGHOUSE ELECTRIC CHESWICK, ®a,
wESTINGMOUSE ELECTRIC CHARLOTTE NCo
WESTINGHOUSE ELECTAIC COLUMBIAY SCo
WESTINGHOUSE ELECTRIC CINCINNATY Omy
wESTTNGHOUSE ELECTRIC EAST PITTSBURGwe PAe
WESTINGMOUSE ELECTRIC ELMIRAY NY,
WESTINGROUSE ELECTRIC PHILADELPNTAY PA,
wESTINGMOUSE ELECTRIC 1TTSEURGH, ﬂ .
WEETINGNOUSE ELECTRIC SUMNYVALE. ¢
wESTINOmOUSL L 1C CONPy -lxnnr-vlvvtnson APS Ome

™
wHITTARER CORP, LOI ANGELESs Che
WHITTAKER CORP, SANTA MONICA) CAs
WINCHESTER wESTERN LA PORTE: iMe
WISCONSIN CENTRIFUGAL [NCe  WAURESWAY Wi,
wiSCONSING UNIVERSITY OF MADISONs wle
WORCEZATER POLYTECHNIC INSTITUTE WORCESTER: MAs
WRIGHT=PATTERSON AIA FORCE BASE DAYTOR: Ow,
AEAOX CORP,  wEBSTERY AY,
26RT CMECR INC,  THOMASTCNY (Y,

CTe
CTe
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AFMDC OPERATING COSTS
OCTOBER 1, 1969 - SEPTEMBER 30, 1970

INPUT COSTS

TECHNICAL EVALUATION

$ 58,972.02

DATA PROCESSING 37,399, 82
DOCUMENT ACQUISITION & REPRODUCTION 8,813.02
. 108,184, 86
EQUIPMENT, SUPPLIES & SERVICES 13,091.37
TOTAL 119,276.23
QUTPUT COSTS
INQUIRIES
TECHNICAL EVALUATION S 36,997.06
DATA PROCESSING & RETRIEVAL 5,262.32
OATA ACQUISITION & REPRODUCTION 3,219.03
GOVERNMENT AGENCIES 3,093.91 45,478.41
(NDT INCLUDING SBA & STSP)
ALL OTHER ORGANIZATIONS 42,384.50
SUBTOTAL §$45,478.41
DATA PUBLICATIONS
DATA PUBLICATIONS COMPLETED & IN PROCESS $ 25,867.88
EQUIPMENT, SUPPLIES & SERVICES 7,735.81
33,603.69
TOTAL 79,082.10
GENERAL DISSEMINATION
GENERAL DBISSEMINATION OF MACHINABILITY DATA & CENTER INFORMATION $ 22,352.16
EQUIPMENT, SUPPLIES & SERVICES 1,684.19
ToTAL 24,036.35
REPORTS
Y S TEM: PORTS
AFMDC, MSD AND INFORMATION BRANCH MEETINGS AND SPECIAL MSD REPORTS s 10,210.75
EQUIPMENT, SUPPLIES & SERVICES 5,355.56
TOTAL 15,566.31
SYSTEMS ANALYSIS, MODIFICATION & CONTROL
TECHNICAL EVALUATION S 4,304.48
DATA PROCESSING - 1BM 1130
TECHNICAL & SYSTEMS ASPECTS 37,144,498
OPERATIONS MANUAL & CODE BOOK REVISIONS & ADDITIONS 356.74
41,905.71
EQUIPMENT, SUPPLIES & SERYICES 1,886.19
TOTAL 43,691.90

TO'AL ACTUAL COSTS NOT INCLUDING FIXED FEE

$ 281,6852.89
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ESTIMATED COST SAVINGS RESULTING FROM AFMDC'S OPERATION

OCTOBER 1, 1964 - SEPTEMBER 30, 1970

COST SAVINGS RESULTING FROM AFMDC’S
RESPONSE TO SPECIFIC INQUIRIES

Total Number of Specific Inquiries 5,739

Estimated Total Number of Machining Situations Included in the
Inquiries - 28,537

5,739

Estimated Savings per Machining Situation Response - $800.00

Estimated Total Savings Resulting from Specific Inquiries - 28,537
Machining Situations x $800.00 - $22,829.600.00

COST SAVINGS RESULTING FROM AFMDC’S 14 DATA PUBLICATIONS

Total Number of Data Publication Copies Distributed - 18,669

Estimated Number of Machining Situations Utilized per Data Publications
Copy - 5

Estimated Total Number of Machining Situations - 18,669 Data Publication
Copies x 5 - 93,345

Estimated Savings per Machining Situation - $300.00

Estimated Total Savings Resulting from Data Publications - 93,345 Machining
Situations x $300.00 - 828,003,500

TOTAL ESTIMATED COST SAVINGS RESULTING FROM AFMDC'S OPERATION

$50,833, 100.00

21



ECONOMIC ENVIRONMENT FOR AFMDC OPERATIONS
(ANNUAL COSTS)

Labor and Overhead Costs for Operating Metal Cutting Machine Tools
in the United States

Total number of metal cutting machine tools in the metal-

working industries = 2,5300,000%
Average labor cost + overhead = $8.00 per hour
Average working day = 8 hours

Number of working days per year = 250

Average number of direct labor
personnel per machine = 1

Total cost of Labor + Overhead:
2,500,000 x $8.00 x 8 x 250 x 1 = $40,000,000,000

$40,000,000,000

« Based on American Machinist Tenth lnventory

Total Shipments Including Exports of Metal Cutting Type
Metalworking Machinery

$1,080,766,000 (1968)

Source: National Machine Tool Builders Association

Machine Tool Accessories Industry

Small cutting tools for machine tools and metalworking
machinery in the amount of $739,000,000, includes
$45,500,000 for tool holders,

Source: 1968 U.S. Department of Commerce
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AFMDC iNPUT & OUTPUT SUMMARY

SYSTEM INPUT
October 1, 1964 - September 30, 1970

Document and Card Totals
Documents Entered into the System (including Specific Inquiries)

Oct. 1, 1964 - Jan. 31, 1967 17,576
Feb. 1, 1967 - Jan. 31, 1968 3,695
Feb. 1, 1968 - Sept. 30, 1968 2,341
Oct. 1, 1968 - July 31, 1969 3,316
Aug. 1, 1969 - Sept. 30, 1970 5,638

Total 32,566

Evaluated Documents (including Specific Inquiries)

Oct. 1, 1964 - Jan., 31, 1967 9,367
Feb. 1, 1967 - Jan. 31, 1968 3,734
Feb. 1, 1968 - Sept. 30, 1968 2,840
Oct. 1, 1968 - July 31, 1969 3,780
Aug. 1, 1969 - Sept. 30, 1970 7,522

Total 27, 243

Total Cards Punched

Oc:. 1, 1964 - Jan. 31, 1967 75,173
Feb. 1, 1967 - Jan. 31, 1968 27,077
Feb. 1, 1968 - Sept. 30, 1968 13,833
Oct. 1, 1968 - July 31, 1969 33,868
Aug. 1, 1969 - Sept. 30, 1970 27,054

Total 177,005

SYSTEM OUTPUT

Copies
Data Publications Distributed
APMDC 65-1, Machining Data for Titanium Alloys 6,201
APMDC 66-1, Machining Data for Numerical Control 1,245
APMDC 66-2, Grinding Ratios for Aerospace Alloys 1,084
AFPMDC 66-3, Machining Data for Beryllium Metal 1,378
AFMDC 68-1, Determination & Analysis of Machining Cost &
Production Rates Using Computer Techniques 1,009
APMDC 68-2, 1968 Supplement to Machining Data for Numerical Control 789
APMDC 70-1, Machining of High Strength Steels with Emphasis on
Surface Integrity 385
Unit Costs
Average Cost Per Inquiry (1,038) - Oct. 1, 1969 - Sept. 30, 1970 $ 43.77
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AFMDC VISITS FOR ACQUISITION AND DISSEMINATION
— OF MACHINABILITY N

October 1, 1969 - September 30, 1870

CONFERENCE ON PROF|TABLE METALWORKING (Presentation on use of Machinability Data)
Smail Business Administratian, Denver, Calorade
October 14, 1969

SOUTHERN ARIZONA GOVERNMENT-INDUSTRY PROCUREMENT CONFERENCE (Participated)
Sponsored by Senators Paul ). Fannin & Barry M. Goldwaler,

Congressmen John J. Rhodes and Sam Steiger in cooperation with the Chamber vf Commerce of Arizona

Tucson/Phoenix, Arizona
October 29-31, 1869

SOCIETY OF MANUFACTURING ENGINEERS (Presentation an AFMDC)
Portland, Maine
January 8, 1970

SOCIETY OF MANUFACTURING ENGINEERS® SEMINAR ON ECONOMICS OF MATERIAL REMOVAL (Presented Paper)
Cincinnati, Ohio
February 23-25, 1970

SEMINAR SPONSORED BY THE CINCINNATI CHAPTER OF THE AMERICAN SOCIETY FOR METALS ENTITLED
"*MACHINING’' (Presentation on *‘Analysis of Cost and Production in Machining®*)
March 4, 1970

CONFERENCE ON NEW TECHNGLOGY (Participated)

Sponsored by NASA, SBA, North Carolina Science and Technology Research Center, North Carotina
Department of Conservation and Development and Industrial Extension Service, North Carolina
State University

March 25-28, 1970

INFORMATION INDUSTRY ASSOCIATION NATIONAL MEETING (Attended)
Washington, D. C.
March 23-24, 1870

AMERICAN ORDNANCE ASSOCIATION SPRING MEETING OF THE METALWORKING TOOLING, FLUIDS AND
LUBRICANTS SECTION (Attended)

Sponsored by American Ordnance Association

Dearborn, Michigan (Ford Motor Company)

May -7, 1970

CONFERENCE ON ULTRA-HARD TOOL MATERIALS (Attended)
Carnegie~Mellon University

Sponsored by National Science Foundation

May 28, 1970

SBA CONFERENCE, DELTA COLLEGE (Presentation on AFMOC)
Deita College, Bay City, Michigan
M2y 28, 1970

AIR FORCE MATERIALS SYMPOSIUM °70 (Participated)
Miami Beach, Florida
May 18-22, 1970

CONFERENCE ON C-141 LANDING GEAR SYSTEMS (Participated)
HWill Air Force Base, Ogden, Utah
July 14-18, 1970

NATIONAL MACHINE TOOL BUILDER*S EXPOSITION (Attended)

Chicago, tilinois
September 20, 1970
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NEW _COMPUTER SEARCH PROGRAMS

AFMDC’s data file is organized for quick retrieval of information on
any phase of the broad spectrum of machinability. Input documents are
coded by source (for identification and physical filing) and by subject
matter (for retrieval and use involving a specific machining situa-
tion). All documents are coded in accordance with the metallurgical
properties of the material, the material group and material descrip-
tion, as well as the applicable machining operations and tool data.
Desceriptive uniterms are used to define machining situations of a gen-
eral nature which do not lend themselves to numerical coding. Finally,
cach document is identified by date of entry into the computer files.

In the past, computer programs used for searching the files had certain
limitations that required in some instances many searches to be con-
ducted to obtain citation of the machining information being sought.
For example, if documents were required for several machining opera-
tions on one material group, individual searches had to be conducted
for cach specific machining operation required. Also it was sometimes
necessary to conduct many searches to find data for one machining op-
erat ion on a variety of material groups.

Throughout the summer of 1970, new computer programs were written and
tested. The control programs and data were then loaded on AFMDC’s three
primary data files, namely: the Index, Inquiry and Uniterm files.

The new computer programs permit broader searches to be conducted on
AFMDC's three primary files. Each of these files can be interrogated
separately utilizing the new computer search techniques to the degree
n~cessary for obtaining the required documents. Three new forms were
generated for better communication between the machining analyst re-
quiring the search and the computer processing department. These new
forms are shown on pages 26, 27, and 28. Each form is different and is
designed to match the structure of the individual file. Where applica-
ble, both descriptive uniterms and numerical data can be specified as
search parameters. The new programs also permit a range of numerical
coding for machining operations and/or material groups, or they will
also permit a combination of uniterms, up to a maximum of six, to be
utilized in the search strategy.

As may be noted in reviewing the three search forms, the data for in-
terrogating the files are punched directly from the forms which denote
the card columns for the data input.

Inquiry Files

The Data Center engincers initiate requests for searches of the com-
puter files. The type of search is determined by the nature of the in-
quiry or the subject being reviewed. The object of the search is to
provide document source numbers so that the documents can be physically
retrieved from the data files,

One of AFMDC’s important files contains all of the formerly answered
inquiries which are coded in the same format used for other documents.
This file is searched quite frequently and saves time if the same in-
quiry was recently answered:; then, it is not necessary to search the
Index File and re-evaluate many documents to find the pertinent ones
required for the new inquiry.
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“——T T
INDEX FILE #é 00859 10/29 /50
SEARCH REQUEST FORN NAME INQUIRY IDENTIFICATION DATE

L
)
on
(=]
)
[--]

17 - 20 * FOREIGN DOCUMENT SEARCH
SPECIFICATION CODES:

F = RETRIEVE FOREIGN
DOCUMENTS ONLY

D = RETRIEVE DOMESTIC
DOCUMENTS ONLY

]
—
~
[ )

(]
—
on
o

(o]
N (N
o
e T00L
| wrerin
HARDNESS
CODE
LLE 1 conpition v
1 1 =
A HEAT
Y TREATMENT
@
MATERIAL
~ GROUP
FOREIGN *
\\\\i
N

OPERATION | ' F

h = RETRIEVE ALL
Y4 DOCUMENTS
0|7 |2 /A " T 3! ** DOCUMENT NO. FIELD
FOR NUMERICAL PARAMETERS, PLACE
81 - 64 [65-66)57-68(69-70] 71 -74 |75-76[17-78] 79 LOW LIMIT OF RANGE IN FIRST ROW
4 AND KIGH LIMIT IN SECOND ROW.
H : / : : a / a
ws ol g . »< == w ac W
ow g.; =2 ‘é‘ e - =
28 |32 / =E == =15 / wE
MATERIAL DESCRIPTION (21 - 30)
/ 6|5 / T|Z|lelAalL|alv
7)o )
L
1-3 [4-5)6-8 [fa-10fi1-12]13-15 he] 17-20 * FOREIGN DOCUMENT SEARCH
C:/,r SPECIFICATION CODES:
= ol w z =] = . //// F = RETRIEVE FOREIGN
= |22 | 2y = =2 | =8 |3 DOCUNENTS ONLY
= O wd =13 W e O —4
wl - Ew = T -t &8 -
[ =| = 8 =| = e D = RETRIEVE DOMESTIC
DOCUNENTS ONLY
b = RETRIEVE ALL
~ 4 l////,A DOCUMENTS
,/’f:;: Alf’:

** DOCUMENT NO. FIELD

FOR NUNERICAL PARAMETERS, PLACE

61 - 64 89 -68'57-58 69-70 M- 15-76{171-18] 79 LOW LINIT QF RANGE IN FIRST ROW
/ AND HIGH LIMIT IN SECOND ROW.
2 L 2
u% u:‘ / H ~3 Ea e
W L =_3 w = 31
22 |32 52| EB= |E% £

MATERIAL DESCRIPTION (21 - 30)
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UNITERM FILE da 00874 10/30 /70
SEARCH REQUEST FORN NANE INQUIRY IDENTIFICATION DATE
/
OPERATION 9 o2 |0 |mu 4 ol2|a UNITERN I (1-30)
wrenaLoke  [/]3 |01 jmw []3]0]1 Tlolo|L| [L|1|F
EIFIFIE|C|T
r———* SOURCE CODE THRU
2 TlololL]| |G|E
—— / = / UNITERN 2 (31-60)
YEAR PUBL. THRU /
/i /) clwlalriTlelr
(> | NDEX No. THRU
XXXX XX XX XXXX MONTH YEAR MY TH YEAR
30C. NO. FIELD KEY
DATE ENTERED THRU
4 .
OPER‘TWH // THRU ? UNITERM 1 (] 30)
MATERIAL GRP ™ /]
" |souRce cooe THRU
/ /
SOURCE INDEX THRY
/ UNITERN 2 (31-60)
YEAR PUBL. '/ THRY 4
(| INDEX NO. THRU
XXXx XX XX XXXxXx MONTH YEAR MONTM YEAR
10C. NO. FIELD KEY
DATE ENTERED THRU
S —— S O
7 7 -
OPERATION L/ THRY / UNITERN | (1-30)
fareriae cee /] m |/
(—'——’ SOURCE CODE THRY
4
SOURCE INDEX THRU 7 T
YEAR PUSL. A THRU /
™ |1noex wo. e
06 "N0: FIELD KEY e o
DATE ENTERED ™RY
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FUTURE._PLANNING

AFMDC will continue to serve as a communication link for both Government and indus-
try by providing support to the defense effort. Continuing efforts include:

1. Answering technical inquiries.

2. Study of better acquisition techniques for new important input to AFMDC's data
bank.

3. Close liaison with organizations such as the Small Business Administration, the
State Technical Services Technology Utilization Programs and other information
centers,

MAJOR GOALS

1. Completion of work started on a new computerized User-Inquirer file. When com-
pleted it will eliminate two previously used card files and the metal plate Ad-
dressograph mailing system.

2. Implimentation of a new computerized SIC system that, when completed, will pro-
vide AFMDC with the following capabilities:

a) Provide a User File profile on individuals and their field of expertise.

b) Permit quick access to companies baving cepabilities either in certain ma-
chining operations and/or materials. This will be an important tool for both
selective dissemination or acquisition of data.

c¢) Provide an easier, more accurate and cheaper method of obtaining data on
AFMDC activities for evaluation of effectiveness and reporting.

3. Completion of final engineering effort on the Machining Data Handbook preparatory
to printing.

4. Preparation of an updated version of the AFMDC publication *‘Machining Data for
Titanium Alloys'’, AFMDC 65-1.

5. Preparation of an AFMDC data publication on Metal Removal Rates and Unit Horse-
power .,

6. Continuation of studies on a computerized data bank of machining recommendations

that can be used for future preparation of data publications, updating of data
and provide latest information for response to inquiries.,
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