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FOREWORD

The Sixth Annual Report of the Air Force 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 Research 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.
IHorne (LAM) as project engineer.

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 Annual 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 69-6, 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 this report are tables and information reflecting AFMDC activity
in other areas related to data publications, Government activity, types
of inquiries, etc.

Mii



TABLE OF CONTENTS

Page

Introduction ..................... ................................. I

Photograph of Computer Processing Area ................... .................... 2

Description of AFMDC ........................... .............................. 3

AFMDC Organization Chart ....................... ........................... 4

AFMDC Operational Areas ........................ ............................ 5

AFMDC User File Map ............................ ............................. 6

Distribution of AFMDC User File ..................... ........................ 7

Summary of Specific Inquiries by Type of Inquiry .............. ............... 8

Analysis of Inquiries by State .......... ........................ .... 10

Analysis of Inquiries by Material Group ................. .................... 11

Analysis of Inquiries by Type of Machining Operation ................ ... 12

Summary of Inquiries Processed by AFMDC for STSP & SBA .......... ............ 13

Summary of Specific Inquiries by SIC Number ...... ................. ... 14

Companies and Agencies Submitting Inquiries to AFMDC ................ ... 16

Potential for AFMDC Services to Industry ....... ................... .... 18

Description of AFMDc' s Data Publications .................. ................... 19

AFMDC Operating Costs ............... ............................ .... 20

Estimated Cost Savings Resulting from AFMDC s Operation ............. ... 21

Economic Environment for APMDC's Operations ...... .................. .... 22

AFMDC Input and Output Summary .......... ........................ .... 23

AFMDC Visits for Acquisition and Dissemination of
Machinability Information ........... ....................... .... 24

New Computer Search Programs ............ ......................... .... 25

Search Request Form - Index File .......... ....................... .... 26

Search Request Form - Uniterm File ......... ...................... .... 27

Search Request Form - Inquiry File ......... ...................... .... 28

Future Planning ................. ............................... ..... 29

iv



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 Machioability Data Center began operation on October 1,
1964, on a contract operated by Metcut Research Associates Inc. for tl,e
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
Materials Laboratory.

This report is concerned primarily with activities and progress made
during this past contract year of operation. 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 new 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 (AFNDC) 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 to engineering 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 all kinds of material removal operations such as
turning, milling, drilling, tapping. grinding. electrical discharge machining, electrochemical
machining, etc.

COLLECTION
AFMOC 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 IBM 1130 computer installation. Information 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 utilizing a combination of search parameters to produce sourue data.
Information retrieval can be reuined to the extent necessary to satisfy the requirements of a
specific inquiry by controlling the input search parameters.

INFORMATION SERVICES PROVIDED BY AFMDC
The Air Force Machinability Dati; Center maintains an intensive effort to serve asa communication
link for both Government and industry by providing the following services related to the field
of material removal. Strong emphasis is placed on providing analyzed data iii answer to techni-
cal inquiries. Services are available to the aerospace industry, all DuO 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 available
without charge, however, AFMDC is conducting studies into a possible future means of collect-
ing output costs related to this service. AFMOC also maintains a selected mailing list (User
File) for the dissemination of new information or services available from the Center.

TO REQUEST MACHINING INFORMATION ............
Telephone: 513-271-9510
TWX: 810-461-2840 or
Write: Air Force Machinability Data Center

3980 Rosslyn Drive
Cincinnati, Ohio 45209

TO HELP US ANSWER YOUR INQUIRY. IF POSSIBLE PLEASE:
1. Identify the material being machined (specificution or tradename); condition, (as cost,

hr.t rolled, cold drawn, annealed, quenched and tempered, etc.); microstructure and hard-
ness.

2. Identify the material removal operation in question (turning, milling, drilling, tapping,
surface grinding, electrical discharge machining (EDM), electrochemical machining (EtIf),
0 tc . ).

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

4. Specify delivery requirements.

5. Indicate to whom the inquiry reply should be sent.

6. Transmit all details concerning present practices, including feeds, speeds, cutting tool
material and geometry, cutting fluids. etc., in the event your inquiry pertains to im-
provement of an existing machining situation.

NOTE: .tAsnciation iif the names of companies and individuals with specific requests is kept
c,.nfidential. Ilowucer, data deeloped remain the property if AF.I)C for dissemination as re-
qe ired for answering similar inquiries and foa developing data pubelications.
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AFMDC OPERATIONAL AREAS

At AFMDC, 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 Administration of technical and general
activities of AFMDC

2 Engineering Supervision Technical activities including all mech-
anized handling of data and processing
of inquiries

3 Systems Analysis Design of the machinability data system,
particularly processing

4 Machining Data Analysis Technical evaluation of machinability
data and information including Prelimi-
nary Screening

5 Data Processing Operation of a mechanized system
including a computer

6 Data Control Superimposition and use ol controls
to guarantee proper operation of data
processing system

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

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

8 Data Dissemination Dissemination including duplication and
printing

9 Macioning Data Laboratory and shop work necessary for
Verification - resolving highly significant and contro-
Experimental Machining versial data situations

0 Secretarial and Clerical Development and execution of all proce-
dures relating to typing and filing



aw, n -1 f
co i"

60' i.

C, OF lol

~~1/ ý 00 jI © -S - -!~OtIi~®z

io(~iI 0 w

c!~10CI wjr I 0
!4D '-*~ I gjI

14 ! ~ i WI. '

j® u !
uj - - - -

-W 0

ItI
0

- --- --- ---
*i. Qg~ X
Icj ~ I ~i

13e G~
K. i0i®Y...-. E)



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 ORGANIZATIONS TOTAL NO. ORGANIZATIONS STATES* INDIVIDUAL TOTAL INDIVIDUAL USERS

4 0 0 4 0 0
14 1-10 77 13 1-25 195
16 11-25 268 12 26-50 429
6 26-50 197 11 51-125 792
5 51-100 402 6 126-300 1.356
6 OVER-10 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

SIncluldes Washingtn, 1),C.
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ANALYSIS OF INQUIRIES BY STATE

October 1, 1969 - September 30, 1970

10 STATES LEADING INQUIRIES

STATES COMPANIES INDIVIDUALS NO. OF INQUIRIES

(:ALIFORNIA 43 84 103

CONNECTICUT 18 35 38
ILLINOIS 30 37 40

MICHIGAN 32 47 61

MISSOURI 6 14 27

NEW JERSEY 20 32 42

NEW YORK 37 55 64

OHIO 95 216 308
PENNSYLVANIA 37 54 65

TEXAS 10 20 31

TOTAL 328 594 779

OTHER STATES SUBMITTING INQUIRIES

ALABAMA 2 2 5

ARIZONA 7 11 23

COLORADO 4 4 6

DISTRICT Of COLUMBIA 5 5 7
DELAWARE 1 5 6

FLORIDA 4 4 6

GEORGIA 4 5 6
INDIANA 7 15 20

IOWA 6 6 6
K AN SAS I1
KENTUCKY 6 10 14

LOUISIANA 1 1 2
MAINE f I I
MARYLAND 5 5 5

MASSACHUSETTS 17 17 19
MINNESOTA 6 8 8

MIbSISSIPPI 1 1 2
NEBRASKA I 1 I

NEW HAMPSHIRE 2 2 2

NEW MEXICO 2 5 7

NORTH CAROLINA 6 6 7
OKLAHOMA 5 9 17
OREGON I 2 4

RHODE ISLAND 5 6 8

SOUTH CAROLINA 2 2 4

TFNNESSEE 6 6 15

VERMONT 7 9 19

VIRGINIA 6 7 9
WEST VIRGINIA 2 2 2

WASHINGTON 6 12 13
WISCONSIN 10 11 14

TOTAL 139 181 259

TOTAL FOR ALL STATES 467 775 1038

10



ANALYSIS OF INQUIRIES BY MATERIAL GROUP

October 1, 1969 - September 30, 1970

MATERIAL GROUP INQUIRIES

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

TITANIUM ALLOYS 108

REFRACTORY ALLOYS 58

BERYLLIUM ALLOYS 9

ZIRCONIUM ALLOYS 9

ALUMINIUM, MAGNESIUM, ZINC, LEAD,
COPPER & TIN ALLOYS 84

PRECIOUS & RARE METALS 11

POWDER METALS 11

FOAMY METALS 2

NONNETALLICS INCLUDING CERAMICS,
PLASTICS, GRAPHITE & COMPOSITES I1

11'"17PLE GROUP 105

UNITERM TYPE (NO GROUP) 401

TOTAL 1,495

11



ANALYSIS OF INQUIRIES BY TYPE OF MACHINING OPERATION

October 1, 1969 - September 30, 1970

OPERATION INQUIRIES

CONVENTIONAL CHIP REMOVAL
TURNING 129
BORI NG 30
MILLING (GENERAL) 32
FACE MILLING 1I

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
BROACHING 12
ROUTING 4
BANDSAWING 4

TOTAL 460

CONVENTIONAL 
GRINDING

GENERAL GRINDING 55
SURFACE GRINDING 28
CYLINDRICAL GRINDING 12
INTERNAL GRINDING 6

CENTERLESS GRINDING 8
ABRASIVE MACHINING 5
ABRASIVE BELT GRINDING 3
ABRASIVE CUTOFF 5
HONING 10

TOTAL 132

ALTERNATE MACHINING METHODS
ELECTRICAL DISCHARGE MACHINING 31
ELECTROCHEMICAL MACHININ(, 37
ELECTROCi'EMICAL GHINDING 6
CHEMICAL MACHINING 14
PHOTOCHEMICAL MACHINING 2
ULTRASONIC MACHINING II
LASER MACHINING 6
ABRASIVE JET MACHINING 2

SUB-ZERO MACHINING 8
HOT MACHINING 12
THREAD ROLLING 2

TOTAL 120

MISCELLANEOUS
BURNISHING 12
POLISHING I
UNITERM DESCRIPTIVE OPERATIONS 379
MULTIPLE OPERATIONS 336
MISCELLANEOUS CONVENTIONAL

OPERATIONS 44

TOTAL 772

TOTAL 14S4

12



SUMMARY OF INQUIRIES PROCESSED BY AFMDC FOR STSP* & SBA**

October 1, 1969 - September 30, 1970

NUMBER OF INQUIRIES FOR STSP*

STATE NO. OF INQUIRIES

ARIZONA 5

IOWA I

MICHIGAN 2

MINNESOTA I

NEW JERSEY I

NEW YORK I

OH10 1

VERMONT 11

VIRGINIA I
_TOTAL 24

NUMBER OF INQUIRIES FOR SBA**

STATE NO. OF INQUIRIES

CALIFORNIA I
COLORADO 2
ILLINOIS 2

MASSACHUSETTS I

MICHIGAN I
MINNESOTA I
NEW YORK 2

OHIO 2
PENNSYLVANIA 4

TOTAL 16

STSP* - STATE TECHNICAL SERVICES. PROGRAMS

SBAe - SMALL BUSINESS ADMINISTRATION TECHNOLOGY

UTILIZATION PROGRAMS

13



AIR FORCE MACHINABILITY DATA CENTER

SUMMARY OF SPECIFIC INQUIRIES BY SIC' NUMBER

OCTOBER 1. 1969 - SEPTEMBER 30, 1970

NUMBER OF INQUIRIES
SIC

MAJOR SIC BY SIC BY SIC • OF
GROUP INDUSTRY INDUSTRY MAJOR GROUP TOTAL

NO. NO. NO. NO.

91 FEDERAL GOVERNMENT 88 8.5

9100 DEFENSE RESEARCH LAB - SANTA BARBARA, CALIF. 1

9100 USAF - WRIGHT FIELD 28
9100 USAF - ANDREWS AIR FORCE BASE 2
9100 USAF - ROBINS AIR FORCE BASE 1

9100 USAF - KELLY AIR FORCE BASE 2
9100 U.S. ARMY 12
9100 ARNOLD AIR FORCE STATION, TN. 1
9100 NATIONAL AERONAUTICS & SPACE ADMINISTRATION 3
9191 STATE TECHNICAL SERVICE PROGRAMS 24
9192 SMALL BUSINESS ADMINISTRATION 14

19 ORDNANCE AND ACCESSORIES 5 .5

27 PRINTING, PUBLISHING. AND ALLIED INDUSTRIES 10 1.0

28 CHEMICALS AND ALLIED PRODUCTS 17 1.6

29 PETROLEUM REFINING AND RELATED INDUSTRIES 15 1.4

32 STONE. CLAY. GLASS, AND CONCRETE PRODUCTS Is 1.7

33 PRIMARY METAL INDUSTRIES 58 5.6

34 FABRICATED METAL PRODUCTS EXCEPT ORDNANCE, MACHINERY. 50 4.8
AND TRANSPORTATION EQUIPMENT

35 MACHINERY, EXCEPT ELECTRICAL 255 24.5

36 ELECTRICAL MACHINERY, EQUIPMENT AND SUPPLIES 64 6.2

14



SUMMARY OF SPECIFIC INQUIRIES BY SIC* NUMBER (cont.)

NUMBER OF INOUIRIES

SIC
MAJOR SIC BY SIC BY SIC
GROUP INDUSTRY INDUSTRY MAJOR GROUP '; OF

NO. NO. NO. NO. TOTAL

37 TRANSPORTATION EQUIPPIENT 311 29.9

3721 AIRCRAFT AND MISSILES 144
3722 AIRCRAFT ENGINES & ENGINES PARTS

MISSIIE ENGINES 88

3729 AIRCRAFT PARTS & AUXILIARY EQUIPMENT -

MISSILE PARTS 37

OTHERS 42

PROFESSIONAL. SCIENTIFIC. AND CONTROLLING
38 INSTRUMENTS: PHOTOGRAPHIC AND OPTICAL GOODS: 8 .8

WATCHES AND CLOCKS

39 JEWELRY, PRECIOUS METALS 1 .1

40 RAILROADS. LINE-HAUL OPERATinG 1 .1

50 WHOLESALE TRADE 6 .6

73 MISCELLANEOUS BUSINESS SERVICES 56 5.4

82 EDUCATIONAL SERVICES 46 4.4

8( NONPROFIT MEMBERSHIP ORGANIZATIONS 7 .7

89 MISCELLANEOUS SERVICES 23 2.2

TOTALS 1038 100.0/

"S.'tanrdard I ndustr Ia I (:lass ij Icat Isn Van ial (SIC). Execit ive Office of the Pres ident,
tiureai jf the Budget, 1967

This .J4C Nrumber gas Asigned Because of the Special Significance of the State Technical Service Program

15



COMPANIES AND AGENCIES SUBMITTING INOUIR4ES TO AFMDC * CONTINENTAL MACMINIS. INC. SAVAGE, NR.

I COPPIR RANGE CO. LEITAALE* PA.*
OCTOSEM 1, U96U - SEPTEMBER to. 1970 * COUNELL UNIVERSITY ITaICA. NY,

COULTER STEEL & FORGE CO. EMERYVILLE# CA.
INDICATES NIB IRQUIRERS CRIRISIOW O*. DR. . CLINTON. NJ.

* CRESCENT PRECISION PRODUCTS TULSA. O•.
* A.8* DICE CO. C.ICAGO. IL. * CTL-DIGIE CINCINNATI. GM.

A ABBOTT LABORATORIES CHICAGO, IL. CURM"INS ENGINE CO.. INC. COLUMBUS, IN,
ABEX COUP. COLUNSUS, ON. CURTISS-,RIGHT CORP. RUFFALO. NV.
USEx CORP. MAHWAHA NJ. CURTISSRB IGHT CORP. CALODELL. NJ.
ACOCA THONICS SEALS CORP. BURBANK. CA. C.ATISSMWUIGHT CORP. EAST PATERSON. RJ.
ACCURATE RUSHING CO. GARWOOD. NJ' CURTISSMRIGRT COUP. MOOS-RIDGE, NJ.
ACCURATE D14=NO TOOL CORP. RACKENSACK. NJ. CHCLOPS CORP. PITTSBURGH. -A.
AtME E6ECTUIC WELOER CO. LOS ANSELES. CA. * TUNA CORP. IVONYTON. CT.
ACRALOC CORP. OLE RIDGE. TN. * DLNAWP TOOL A ABRASIVE. INC* SEATTLE. MA*
AOAMTRC:ICS. INC. OC LEAN. VA. * DAYTON STEEL FOUNDRY CO. DAYTON. OR.
A UOJET GENERAL CORP. SLACARENTO, CA. DENVER UNIVERSITY DENVER. CO.
UEMOJET-GEiNEAL CORP. AZUSA. CA. O DESIGN AND OEVELOPMENT INC. INSEPENDENCE. GM.
AEMONCA MANUFACTURING CO. P;IDLETO M. DICO. COLD 4. NICROLAS RASRINSTON, DCe
AR F ORCE. DEPT. OF THE ANDREMS AFB DC. * DILLON MANUFACTURING CINCINNATI. G.
AI r OBCE, DEPT. OF THE KELLY UPAS TO. DO ALL CO. DES PLAINES. IL.
AIR FORCE, DEPT. Of THE ROBINS AFP. GA. DOVER COUP. CINCINNATI. G.
ALJO TOOL CO. STERLING. NJ. 0D. CHEMICAL CO. MIDLAND. MS.
A.LEEENHL-DLL CO. DUNKIRK. MY. DR. MA KROMRENSERG CINCINNATI, OG.
L ALLIED CMEWICAL COM. MORNISTOWN. NJ. DUNCAN MFPG CO. CINCINNATI. OGM

AL[LID SCREL PUODUCTS. INC. MIAMARASL. IN. N 1.1. PU PORT WESTERN SPRINGS. IL.
ALLIS-C7AL.MES MANUPACTUBIE. CO. RILAUSEE. Al. E.I. DU PORT WILMINGTON. SE.
AL.OH STEELS. INC. CINCINNATI* OGM. EAGLE PICRER INDUSTRIES INC. JOPLIN. MO.
ALUMINUM CO. OF AMERICA DAVENPORT. IA. EAGLE TOOL A MACHINE CO. PAINGFIELOO ON.
ALUMINUM CO. OF AMERICA PITTSBURGH, PA, * EASTERN CAROLINA STEEL CO. FLORENCE. SK.
AMERACE ESGA CORP. UNION. NJ. * ENERGY SERVICE COUP . MARIGH TOR. DO.

* UVERICAN COMPUTER SERVICE CINCINNATI, GM. ENGIS ED.IPRElT CO. MORTON GROVE. IL.
A'HEICNC ElEN .P DETROIT. M•. • ENVIROkMENT-ONE CORP. LATMAN. NY.
.AE[ICAN OPTICAL CO. SOUTHBRIDGGE. B. * ETTCO TOOL A MACHINE CO. YORKM PA.

AHERICAN STANDARD INC. PALLS CRJRCM. VA. EO-CELL-O CORP LIMA, OH.
AH.EICAN TOOL CO. KALAMAZOO, M. FPAIROANES-MORSE BELOIT. VI.
ANHRICAh TOOL WORKS CINCINNATI, OM. PALS CORP. ITMEI MILWAUKBEE MI,
AMERICAN TRADERS INC. ANA EIM. CA* FEDERAL MOUL COR. DETROIT, RI.
AMWRICA ELDINGS U MARUFACTURING CO. WARREN. M.. * FEDERAL MOGUL CONRP NORTH TONlARANSA, MY.
GUER CORP. HUSON. GM. PELLOS GEAR SHARER CO. ITNE) SPRINGFIELD. VT.
API MIAlMI, FL* FERIS STATE COLLEGE BID RAPIDS. MI.
SAZ�LLO MELDING CO. INC. ROYAL OAK. MI. MIRESTONE TINR S BUSSER CO. ITRE) AKRON, GM.
ARIZONA STATE UNIVERSITY TEMPE, A:. * FIRTH STERLING MC KEESPOUT. PA.
ARVY. DLPT OF THE NEW TOREK NTY * FLORIDA, UPIVERSITY OP GAINESVILLE, FL.
ARY, o DT OF THE PHILADELPHIA, PA FORD MOTOR CO. CINCINNATI. GM.
MA:V DIRT OF THE NOCE ISLAND, IL FOBO MOTOR CO. DEARBORN. Ni.
AR&M, DEPT OF THE TIXABKAMA, TG. FORD MOTOR CO. DETROIT. MI.
Au.H DEPT. OF THE SACSAUENTO, CA. FRANKLIN INSTITUTE RESEARCH LAB. PMILADELPHIA@ PA.
ARy. DEPT. OF THE ST. LOUIS, MO. C A H TIEC NDLOGY INC. SANTA MONICA, CA,
ARMy, DEPT. OS THE CHAMPAIGN, IL. G.A. GRAY CO. CINCINNATI, 0".
ARNOLD AIR FORCE STATION. TN. GARRETT CORP. LOS ANGELES. CA.
USC CORP. DINGS,* N0. GARRETT CORP. PROENIG. AZ.
ASHLAND C11 INC. ASHLAND. KY. MSARRETT cOnP. TORRANCE. CU.
A,1;2 MET ASSOCIATES INC, CINCINNATI, GM. GAMSON LAB INC. JACKSON# MS.
ATLANTIC RICHFIELD CO. HARVEY. IL. H OURVIN CORP. T"HE, CINCINNATI, Om.
AUTO SMECIALT [15MANUFACTURINO CO. MARTFORD, MI. GENERAL DYNAIICS CORP. MONT PORTT. TN.
AUTOMATION INGUSTRIE$. INC. AMILENE, TO. GENERAL DYNAMICS CORP, POMONA, CA,
LYCO CORM, CINCINNATI, GM, GENERAL DYNAMICS COMB, SAN DIEGO. CA.
RVCO C .oq T LOHELL, HA. GENERAL ELECTRIC EIOE. PA,
AVCO COM. 5TIRATFORD, CT, GENERAL ELECTRIC CO ALUUERGOUE. M.
AVEY MACHIN[ TOOL CO. COVINGTO, ST. GENERAL ELECTRIC CS, BUMLIN"TON. VT.
AVILASER TOOLS AND NACMINES. IUC, NE1 UG, NT, GENERIAL ELECTRIC CO. C€INCINNATI, GM.
RASCOCK S MILCOR LYNCYBURG, VA, GENERAL ELECTRIC CO. CLEVELANRD, rN.
RANCqOFT CO., INC. FYRAUT COLAUSAS, ON, GENERAL ELECTRIC CO. DETROIT, NI,
HATTELLE MEMORIAL INSTITUTE COLUVMRUS ON, GENERAL ELECTRIC C0, LOUISVILLE. BY.
HAJEM S-G, CO. SPRINGFIELD, 0M. GENERAL ELECTRIC CO. PHILADELPRIA, PA.
TELL .. LICOMTER CO. FORT MONTH, TG. GENERAL ELECTRIC CO, SAN JOSE, CA,
B OEe & CALL CD. SPRINGFIELD, MA, GENERAL ELECTRIC CO. SCHENECTADY, MY,
TEN[D:X CORP, DAVENPORT. IA. GENERAL ELECTRIC CO. STRACUSE, NT,
HENOIH COMM. DAYTON, ON. GENERAL ELECTRIC CO, WARNER. MI1
ENOG CORM, KANSAD CITY, MO, SENEGAL ELECTRIC CSO REST LYNN, MA."MENGEG COUP, 1OT1"IEL MI.0 GENERAL ELECTRIC CD. BILMINMTON, NC.
MERE ELECTR0NICS, INC. NEP CUMIERLAND, PA, GENERAL ELECTRIC CO. WORTHINGTON. Gm.
BERLIN SUPELY CO. PMILADELPHIAU PA, * GENERAL MOTORS CORP. BUFPALO, MY.
HOEING CO. fTHEI NEW ORLEANS, LAU GENERAL MOTORS COUP, FLINT, MI,
TOEING COS ITHE PYILADELPOIA, PA, GENERAL MOTORS COMP, : MGIANADOLIS. IN,
BoEING CO IT WE SEATTLE, inWA. NERAL MOTORS CORP. LA GRASGS, IL
S 'ADEN INDUSTRIES* INC. MROKEN ANSOW. OS* 0 GENERAL MOTORS0 COP, SAGINAB, MI*

V RADLEY NIVERSITY PEORIA, IL, GENERAL MOTORS C ORP SANOUSEKY ON,
MUIANSON INSTR1HENTS INC. COOKVILLE, TN. GENERAL MOTORS CORnP SANTA RANGARA. CA.
RUANSON INSTRNJMENTS INC, DANBURY, CTy GENERA. MOTORS CORP* WARNEN. MI.
GROWN ARARE BPS €* DAYTON, 0G.Q GEOHETRIC TOOL CO, NEW HAVEN, CT.
BMURAEER TOOL CORP. MILLERSfUMS. PA. GEORGE TWN TO S ANUFACTU•NG CO. GEORGETOWN, BY,
RNuSM BERYLLIUM CO. ITHE) CLEVELAD, GM, * GILPORD INSTRUMENT LABORATORIES 1KC ONERLIN, G.
ERHAnT 5RIOER COR,. SPPINGFIELS, VT. * GLEASON RORMS ROCRESTERM NY,
RULLARD CC. TE [ IRIOGEPORT. CT, * GLONE INDUSTRIES DAYTON, GM"PUNSER.AUHO CORP. HIGHLAND MEIGHTS, ON* M GALD 0NC NC CONNELAVILLE, B Me
BURGESS RNOTUERS, INC•. NOWOOOD, MA, GRACE COS. B *. U CLARKSVILLE, M0.
CADILLAC SAGE CO. COSTA MESA, CA. .GRINDING RHOEL INSTITUTE CLEVHELANID OGM
CALIFORNIA, UNIVERSITY OF LIVERMORE, CA, ERUMPAN AIRCRAFT RETUPAGE. NY,
CACMERN IRON HORKS HOUSTON, TM. GULF GENERAL ATOMIC INC. SAN DIEGO. CA,
CANFIELD MACHINE CO, AINGSTON, NTf R A U RMOASTRIES SAYTON, OG.
CARBONUMOUV CO. NIAGARA FALLSO, NIT. ARPER CO.. , M. -ARTON GROVE, IL.
CAR..ON MACINE TOIA L CO, CINCINNATI, G. * HENRY MALEE CD, €TRE RORF0LE. VA,
1CAMMT CZMM, MADISON .IGH.TS, Ml1 HEWLETT PACKARD PALO ALTO, CS.
C.AECSILLAR TRACTOR CO. PEORIA, IL, MITTPAN ASSOC. IM CONSLUMSIA, ND.
CAVITRON ULTRASUNICS |NIK Lo.e CITY, NT, HOEGANACS COMB, RIVERTOM, NJ,

COG *NINOE[ARING, NC* SANTA CL:RRA CA, HONEYWELL, INC. ERc RRIGMTON, NN,
CENTRAL MICHIGAN UNITY MT, PLEASANT, RI, M OUAILLE INDUSTRIES, INC. LOS ANGELES. CA.
CESSNA AIRCBAFT CO, WICHITA, ES. MOUGHTON CO,. E, P. CINCINNATI, DR.
CHAW`ERLAIN MANUFACTURING CONP, WATERLOO, IA, * MOUGBTOR CoS. Is P, PHILADELPHIA. PA,
C•.ULTHN Co. [DEN PRAIRIE, "RN MOWl RICMARDSON KALO CO. AITLAND, VT.
CMEM FRM P0MPANO BEACH, FL, MONRET COUP. WAMONA, CA.
CHEY POJECTS $ScOC, NEN VORA, NY. HUGHES AIRCRAFT ,O: CULVES CITY, CA.
CME10RRS'GRRELL COR, CEDAR RAPIDS, IA, MUGMEG AIN C.APT CS, TuCSON, AD.
CAWAGLER COUM, DAYTON. GM, ICI AMERICA INC. STAMIDOl, CT.
CHR'YSLER COMP, HARTFOD CT, lIT RENISEA INSTITUTE CHICAGO, IL.
CYRISLER CORP, STLSLING CEIGTS, RI, INDUSTRIAL TOOL S NACRING CO. SEORGIAVILLE.RI.
CINCINNAtI MILACREN CINCINNATI, OR. INGERSOLL HILLING MACRING CS. "NE|I MOCEPONSD IL.
CINCINNATI ILACRON WILMINTON, ••. INGERSOLL RAND CO* PRINCETON, NJ.
CINCINNATI, INC. .MITEWATEI OSM INGERSOLL RAND CO* MOCEPORD, IL.
CINCINNATI, UNIVERSITY Oa CINCINNATI, l.. INTERNATIONAL SAINEA M&ACMINES CRORB IERGO. NT.
CITIES SIRVICE OIL CS, TULSA, 0H INTERNATIONAL MUSINESS MACMIMES CORP. SAN Jost CAS
• CLHMMsO COLLEGE OHF TECANOLOGY, PO15GM, Be * INTERNATIONAL BUSINESS MACMINES CORP. SOLMGE R. CO
CLVFLANO AUTOMATIC HACUINE TOOL CV* CINCINNATI, 0.- * INTERNATIONAL NICEEL CO. INC 1TME1 OAK BNOOKM IL.
CLEVOLAND PNEUMATIC TIOOL CO, TIRt CLEVELANO, ONS INTERNATIONAL NICKEL CO. INC. ITRE| NEW YORKG NT."C•FELAND STATE UNIVERSITI CLEVELAND. OH, INTERNATIONAL NICKEL COS INC. ITRE. .MOTINITONG MY

CLIux M OLYTOERAM CO. N•E•YRE, NY, IONS STATE UNIVE*SITY OF SCIENCE A TEICNOLORv AMES. IA.
IMCO FREOUCYN INC, CINCINNA'I, GM, M IRON AGE SALA CYINRRI PA.

•CO.. INDUSTRIES HARTFORD, CT, ITT MARLOW MIDLAND PABS, NJ,
E;NNCTICU¶, UNIVERSITY OP ST.ORMS CT, J.TEC CEDAR RAPIDS, lA,
C.S•q3L:OIIDE AERO STRUCTURES C0UP, TORRANCE, CA, J OHNSON SO N.4 INC.S. C, . RACINE. R1,
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JOHNSON DAPPL' CY.M SILL PHOENIA. At. RICMMONO RANLFAC TURING CO. HOUSTON. TX.
JONE S A, LAWSON SPRINSPIMOL. Vn. * RvEST A . KEYES5 Assoc. GARDEN CITY. PIT
JOE' INC.4 OWATON. MRN. *11 POCHESTER I 1ISTITUTE OP TECRSOLOSFY ROCHEAWtO. MY.
..RAISE ALUMNUt CHE4ICAL. CORP. OAKLAND. CA. * OCEREL.L RANUPACTARING CO. 1KOARNOT U.. . SR.
ILNA"M CORP. KLOOWELS4.. Ct . *ROCENELL MANUFACTURING CE. SYRACUSE. NT1.
K AAKRR CORP. KINGSTON. PA. *ROSE.PS CO.. F. P. SEATTLE. WA.
S EESE STATE COLLFEG REE , KC1 ROA COR". CRULA VISA.CA* ESEY HAES PIRIL.O.R AN E ATCLC. SNOEO A
KEINNAWETAL. INC. CICNAS A AGINAW .JAMEONCR. SIAW RI
KENNANOTAL. INC. LATROBE* 0A SANDIA CORP. ALRUASLEROUE. %0.
%INSE' Co.. I. A. CINCINNATI, 0A. SCHRRADER AUTOMOTIVE PROOLCYS DICKSON. TN.
litRKOP MNAUAACTURING CORP. GRAND RAPIDS. Ri. *SEALNASITER BEARING AUROAA. IL.

"A KNUECK . ROBERT T. DAYTO' N. M. DEALOL INC. PAO;IOECE. NI.
LA SALLE STEEL CO. ITNEL CRICAGO. IL. SNERRIR-R ILLIAR S C-iERICA.G CINCINNATI. 0-.
LADISM CO. CUDAVY, W1. 0SHORELINE COARUN ITY COLLGE SEATTLE. WA.

" LASER SY3TERS COWTM. ASSP ARROR. Mt, SISSODE CORP. FLORENCE. KY.
LAYRONEGSTEEL CO:, LATRORE. PA. SSWRON"SG PRECISION VERGENNES. Vt.
LE BLOND TOOL CO. A. K. MCNCINATI, DA. SIRMOND SAW U STEEL FITCRBU~s. mA.

" LEAR SIEGLER CO. DETROIT. MI. * S1INGERR CO.: ITE CA" . L

LI.eSPRAD"E CLEVELAND. OR* * SIN GERO.ITACI RELIZABER.NJ
LEIR URIVERSIT RETHLEHER. -A. *SINGER GEEAL PRCSION LITTLE FULLS. NJ.

LRRYof CONGRESS RASRINOTON. DC. SMALL RUIESARNSRTON CLEVELAND. QA,
L1IRIORGUE LYNCHBRAG, VA. SMALL B5USI1NESS ADYINISTRATION MINNEAPOLIS. 4%.
LINCOLN RANLFACT.;RIAG CO. CRICAO.0 IL. SMLL RA 'SNKS AORINISTMRATICSN DENVER,. CO..

LIST'R OYOGA' INC. WARRN. I.SAL RUSINESS AOMINIGTRATIO DALACNA.R.

LINGTENCOY OA T INC DALL'AS. TA. SMALL BUSINESS ADYINISTRATTION TEWTROITe. A.
L ITON INDUSTRIED COLLEGE 0AE 'K D. SMALL NUIEGS ADINhSTRATO NE. he RS Y.

LOCKAEED0 AIRCRAFT CORP. RURRAe. .CDA. . SOCISETY OF AUT OMOTIVE ENGINEERS NII YORE.' %Y.
LOCKAEED AIRCRAFT CORP. MARIETTA. GA. SOC IETY OF MANUFACTURING6 ENGIEER OE Aq ROCN.
LOCE4EED AIRCRAFT CORP. PALo ALTO0. CA. * soVTC.IC LESTER.,A
LOCHEED AIRCRAFT CORP. REDLANDS, CA. SOTR AUTCO'AINC; N. PDIA N
LCSUF &M GIPE CO. ITRE CICINAI AA. S R REACR I NSTIT UTE BIRMINGYAM. AL.

LOMEILL TECH. I NS TITUTE RESEARCA FOUNDATION LOMELL. RA. A $PERRY RAND CORP. LEBANON. 0.
MACMINE(RY FRAMINGHAM, PA. SPERNY RAND CORP. P.OENIA. CO.'
MACRINERY WREATOR. IL. SPERRV RAND CORP. TROT. TI.

MACORG COUNT' COMMNUITY COLLEGE WARR1ENRI. R SPRINGF IELDCOMORES SPRINGFIELD. ON.
MALLjEABL FONESo SOCIET CLEELAN. B. I T. PETRS CLLEGE JERSEY CITY:..'
.ALLORT METALLURGICAL CO.. P.R. INDI.ANAPLIS. IN. STACEROLE CAMPNC. S.YRS A

YANEY RANAGEMENT CORP.- RENIA CT. STANDARD PRESSED STEEL CO. JENKINTOWN, PA.
GAUNI AN SOIATES. JOH.N CINCINSATIM BR. STAN4FORD LINEAR ACCELERATOR CO. STANFORD. CA.
-.ARUTCN COGS. LITYLETON, O STANFORD RESEARC" INSI TUTE EL AE A
RAMC CRERCA Co : WASAGIN OF. RH, STAN TOOL ADDIE WORKS DETROIT. RI.
MAVERCNT CO DACOL E STIEILAND CO.. A. J. MRAGiEtTA. OA.

.AINE IRON WORRx INC. TACOMA. VA. ASTRUCTURAL DYNAMICS PESEARCR. CORýP. CINCINNAYTI, 0".
* AYEETINO INTERNATIONAL INC. IRWIN. PA. U ANN PRDCSCIS.LUS O

-10ARGUBO CORP. ITRE VAN NUTS. CA., SUPERIOR TUBE CO.O NORRISTORNS PA.
NURTIN1 CO. ORLANDO. FL. *SAISSCO INC. CINCINNATI. OR.
MASSA'CGJGETTS INSTITUTE OF TECHNOLOGY CARBRIDGE, MA, SYLVESTRE SCREW RACHINE CO. PROVIDENCE. Ri.
M(aTERALS RESEAMR LAN. SLNOD IL *OSTERS. SCIENCE ARE SOFTWARE LA JOLLA. CA.

HARNE CR. PAONW AZ * ALLY CORP. ITNEI NERPARK. CA

-C CRO SKY TOOL COOP. WEADVILLE;.PA TECC AGNE[TICS SANTA FE SRNGS. C'NA. I "
MCDANf_ REPRACYORY PORCELAI C ;IRA.ER FALLS. PA. ECRNI0CAL E0UIPPENT S,1ALES CO. 11CICNA.ON

MC0.5 - OGA COM., LONG BEACMe CA. * TECYN.RC REVSEARCY ASOC. CYICAGO. IL..
MC '46, DOUGLAS CORP. ST.G LOU IS -O.0* TELE PRESS ASSO0C. NEW YORK, NY,

-C DOMNL.L DOUGLASS CORP. SANTA RONICA. CA. 'I TLEO CO. MONROE NCO.
MENASCO RARUFACTUNINS CO. RURRANK. CA. TE.MO CO 1A MUFFUyL. SY.

ETAL INPReOVE-ENT INC. VACKERSACK. NJ TUER INMC. ITHAC A, NY
RE ALROREING ECONORICS BOSTON. MA. TRI OKOLCCORM1e. ROCKA.AY. NJ.
METHODS AND EOUIPMEth CO. DETROIT. RIh. "I TOTUL RACRS AORK'. IN"C. RLAINFI1LD. N.4j

VTAOT TE. OLU UNVRST RGATON M.TANU RELS CORP. CI ARERICA TRNO
IC.CDSS, IC CRERSY MILL. N.TOL STEEL GEAR A PINION C.ITE CINCINNATI. ONM.

MOWE S - CEfNTERLE SA GRINDI NG CO. CINCINATIR RIAI.N ToRR I NGOR CO ITMEI UNI1ORM. SC.
MINNESOT A. UNIVERSITY OP eeSRNCAMOLSS. RIM 1 TRANS to. 11.1) LA CO055. I..
MODER P1 ACRINE DROP CINCINNATI. ON. TRw. INPC. CLEVELAND..OR
MCNA*C" DIE NIENN CO. DAYTON. BA.TA. I NjC. DANA.LtF. A

MNANT RESEARCA CORP. RIARISBURG, ORA T. C I NC RE YORK.NY
RoORTE-COHTER INC. SEATTLE. WA., TWIG INDUSTRIESM INC, RART;C..I1LLEM IN.
WO NY VALE CASTOR TOL MONTVALE. NJ. U .S . STEEL CORP. PAITTSRAMG.. PAM
MOO INC. -LOGTYSELO. VT. MI*S UKE CNIN TI O.
'0001INC. EAST AUROA Y U.: S: SUTEEL CORP.N GARLAND.1T..

DRaiS A COle. K . C INCNNATI. BA. ANION C.ARRIDE CORP. OAK RIDGE. TN.
o MOTO ST'AftE OL A, GREASE CO. JACKSON. RI. UNO CAN. D CORP P4ARTA OY.
M-LLE CO.. E. C. CHICAGO. IL. UNION CARRIDE COA PITTSRURM .PA.
NATIOýNAL AERONAUTICS A SPACE ADRINI4STRATIONI CLEVELAMD. 00,M ANION CARRIDE COORP. TARMYTORN. NT.
" ;ATIGNAL AERON.AUTICS6 A SPACE IABAINIISTRATIOR HIRM1TBILLE. AL. UNITED AIR LINhE1CS SM FRANCISCO. CA.
NATIENAL CASA t SI SIE CO. VDAYO. EM. UNITED AIRCAF COR PORAT STSTERS CE fF5 WINDSOR LOCKS. CT.
NATIONAL LEAD CYM ALRANY. NY.@ UNITED1 AIRCRAFT COR!PORATE ?ISEY CENTER EAST HARTFORID. CT
.AONAL LEAD C1. FERNALD. OP. M NYOCMU IN CORR. REDONDO REACM. CA.

,UTIGNAL TOOL DIE & PRECISI1ON NACA. ASSOC. WASHINGTON. DC. UNITED NUCLEAR CORP. UNCAGUILLEM CT.
,.ECA RITAIN1 MACIRE CO. ITREI SEW BRITAIN. CT. ATD CORP. ATN"OLMP.
Ne. BRITA IN MACPINHE CO. ITREI CLEVELANID. OR. PALERON CORP. ITREVI DAYTON. OR.

NIYOSCO. OA. I WLMAM, PA. V VALEON CORP 'IT.P EAST 1RESYE.314 MA.

NOPIG AREPAN AVIAIN IC LOS ANGELES@ CA.* VALEMON% CORP ITTE O.AOKPARE *I.
N.ORYM ARER:ICANh AVIATION. INC. COLARBAS. a.. A ALERON CORP.:IT:EI TO. ,:.
NOYTH AMERICAN RUTUTICH. eINC TLSA ON. *11 YAPD COOP. CR'CAGOM IL.
N0MTV AMERICAN AVIATION. INC. oETMAN. St. MA V.ARA ASUCIlATEs $AN CURLOS. cA.
NOR M C AROLINA DCI6 A?(C- RES. CIO. RED. TRIANGLE PARE. NC. YASCO CINCINNATI. ON.
NOMCR CAROLINA STT UNIVERSITY RALEISMM NC. * e VRIRODUCTS, IC*.1 TULSAM OK.

NYoRTO CO. RORCESTER. RA* VERRON A ;RCAN COP LOUOLF RYV

NUMERICALCONTRTL,,ASSOCIATED DYSOSSET. NY. VERNNM UNIo W VERSITY ODP RURLILNOTON. VT.
AKTYDEAND. MAUFCTUIN CS CINCINNATI. GR. VIRGNIA"ILIT ARY ISTITUTE LEXINZT0M VA.

OMID STATE UNIVERSITY "YeIl COLflUS.OM* YR'VKSGON CO. ANGR L
*OLIN4 C CR. ES ALTONM IL. A ALLACERURVRAT CORP. CHICAGO. IL.
Geer'M$-CRa N FItER'L3 GRANVFILLE. OR. Wal RATRURY FARREL CMTESNIRE. CT.
PACIFIC SCIENTIFC CO. ARA.AMEIM CA. WASSACTISTOS RUKSA .

FeRN CEN4TRAL CO. ALTOORAM PA. WAITNRERRAD CO. ITMEI DAYVTON., Op.
PE NNSY LVANIA SAT UNIGRDIT I011I UNIVERDITY PARK. PAA RELLED SUPPLY CO.C. INC ITE EL""RA PEIGY.TD. NT.
PERFGMACII COP LOS ANGELES. CA. WETR LCTIC. C S1.. INC. KEARNEY. N..
P'AVDLAR CO. ROCHESTERM hT PESTERS ELECTRI CO.. INC. PRINCETON. NJ.
PITYBURO.. PLATE GLASS CO. BRABERTON, OR. * M "TSousE aI RaO CO. IITTDRARS., PCA.W46, UIVESIT O Pi UN~WEATISSIYOABE ELECTIC CORP. ANRAPOLISM.

PITSURM UORIY OPl P. YSAS. PA. WellTINGMOUDE ELECTRIC COOP. SLAIRSUILLEM PA.

PRA RCISION 'MDDUCTD INC RES. R ESIGOUSE ELECTRIC CORP. CREDMICK. A.
PRATTAWI TE 4 ICNF ORGY.1 pAROR.C. ETI ZOSE ELECTRIC COR:. CHARLOTTE, NC.
PRATT A WRITNEY CG-COR. CAEAY.1 CA.. *R ".OSTINGHWOUSI ELECTI.C COMM COLARSIA. SC,

PRECGIU CASYPAST1S COP. ORTLANB 1n , ,ETN S ELECTI C COP CINCINNATI. BA
PRE C ISNIGS 0NG INC. VALLEYVPA~ NO. OSIINAY.O-UDE ELECTRIC CORP. EAST PITTSRURG.. PA.

'FORGICGS PSNRNMfl *" WESTIN4OROAI ELECTRIC CORP. ELMIRA. NT.

0RCC PLANIN INC. 011LLESLOYM MA.: NOSTGMOYSO ELECTRIC Con:: PTILADELPRIA. PA.
MRZDUCTION SLOOMPIBLOILLD.1 L I. 1ES1IN1RSUSE[ ELECTIC CORP. ? PITTDRARN.PA
PRODUCTION4 PLAIDS INC. CRARWLfIEM GA. IETNOD ELECTRC CORP. SUNMYV!LE1 CA.
PV~URDUE1 SNIPRITT WEST LAFET.IN WESTINSMOBBE Et LECTItC CORP .RSA.TPATRS AFI A

PUE ARON Co..* INC. ST. MARYS. PA. RIIFTASERCORP. LOB ANBELES. CA.
%DElý CORP. OF AMERICA LARICUOTES. PA. M I PAITAKER CORP, SANTA MONICA. CA..

MAYCREM ORP. MELO PANE.CA. M NNCRESTER WESTERN LA PRE N
I NAYTMEN CO.el LOWELL. OA. MWSCONSIN CENTRIFVASA INC . MAUKEBMA. WI.

PERINSON RMB CO. IN.WIO#4O l ISCONSIN. h ANITERSTY OF RABISON. MI.
NEISIIOTOLER CORP. ROIAIS J WORCESTER POLYTECHNIC INSIUE WRETR M

REMCRINEL IC. C~nEs VtN. IL. RN IGTPATTERSON AIR FORCE RUSE DAYTON, OH.
REYNOLDS 41TALS CO. CORPUS CR451 N REHNA C.ORP. .E1TER NFt. 4y

"MOOE 0SAD RIVERITY of, KIGTN[I EO CECS INC. TYDGaeABTON, CT.
MRICMARDSON CO. I'MEP RNELNODE PARR. IL.
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AFMDC OPERATING COSTS

OCTOBER I, 1969 - SEPTEMBER 30, 1970

INPUT COSTS

TECHNICAL EVALUATION $ 59.972.02
DATA PROCESSING 37.399.82
DOCUMENT ACQUISITION & REPRODUCTION 8.813.02

106.184.86
EQUIPMENT, SUPPLIES & SERVICES 13.091.37

TOTAL 119,276.23

OUTPUT COSTS
INQUIRIES

TECHNICAL EVALUATION S 36,997.06
DATA PROCESSING 9 RETRIEVAL 5.262.32
DATA ACQUISITION & REPRODUCTION 3.219.03

GOVERNMENT AGENCIES 3,093.91 45.478.41
(NOT INCLUDING SBA & STSP)
ALL OTHER ORGANIZATIONS 42,384.5

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 DISSEMINATION OF MACHINABILITY DATA & CENTER INFORMATION S 22.352.16

EQUIPMENT, SUPPLIES & SERVICES 1,684.19
TOTAL 24,036.35

REPORTS
AFMDC SYSTEMS REPORTS

AFMOC. MSO AND INFORMATION BRANCH MEETINGS AND SPECIAL MSO REPORTS S 10,210.75

EQUIPMENT, SUPPLIES & SERVICES 5.355.56

TOTAL 15,566.31

SYSTEMS ANALYSIS, MODIFICATION & CONTROL
TECHNICAL EVALUATION S 4,304.46
DATA PROCESSING - IBM 1130

TECHNICAL 9 SYSTEMS ASPECTS 37,144.49
OPERATIONS MANUAL S CODE BOOK REVISIONS & ADDITIONS 356.74

41,805.71
EQUIPMENT, SUPPLIES 9 SERVICES 1,886.19

TOTAL 43,691.90

TO'AL ACTUAL COSTS NOT INCLUDING FIXED FEE $ 281,852.89
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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]9

Estimated Total Number of Machining Situations Included in the 5,739
Inquiries - 28,537

Estimated Savings per Machining Situation Response - $800.00

Estimated Total Savings Resulting from Specific Inquiries - 98,537
Machining Situations x $800.00 - $22,829,600.00

COST SAVINGS RESULTING FROM AFMDC'S 14 DATA PUBLIC.\TIONS

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 - $28,003,500

TOTAL ESTIMATED COST SAVINGS RESULTING FROM AFMDC'S OPERATION

$50,833, 100.00
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ECONOMIC ENVIRONMENT FOR AFMDC OPERATIONS
(ANNUAL COSTS)

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

Total number of metal cutting machine tools in the metal-
working industries - 2,500,000*

Average labor cost o 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

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 Inventory

Total Shipments Including Exports of Metal Cutting Type
Metalworking Machinery

$13080,766,000 (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 I, 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 2ards Punched
Oct. 1. 1964 - Jan. 31, 1967 75,173
Fei). 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
AFMDC 65-1. Machining Data for Titanium Alloys 6.201
AFMDC 66-1. Machining Data for Numerical Control 1,245
AFMDC 66-2. Grinding Ratios for Aerospace Alloys 1,084
AIMDC 66-3, Machining Data for Beryllium Metal 1,378
AFMDC 68-1. Determination & Analysis of Machining Cost &

Production Rates Using Computer Techniques 1,009
AFMDC 68-2, 1968 Supplement to Machining Data for Numerical Control 789
AFMDC 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 MACHINABIL/TY INFORMATION

October 1, 1969 - September 30, 1970

CONFERENCE ON PROFITABLE METALWORKING (Presentation on use of Machinability Data)
Smail Business Administration, Denver. Colorado
October 14, 1969

SOUTHERN ARIZONA GOVERNMENT-INDUSTRY PROCUREMENT CONFERENCE (Participated)
Sponsored by Senators Paul J. Fannin & Barry M. Goldwater,
Congressmen John J. Rhodes and Sam Steiger in cooperation with the Chamber uf Commerce of Arizona
Tucson/Phoenix, Arizona
October 29-31. 1969

SOCIETY OF MANUFACTURING ENGINEERS (Presentation on AFMOC)
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 TECHNOLOGY (Participated)
Sponsored by NASA, SBA, North Carolina Science and Technology Research Center, North Carolina
Department of Conservation and Development and Industrial Extension Service, North Carolina
State University
March 25-28, 1970

INFORMATION INDUSTRY ASSOCIATION NATIONAL MEETING (Attended)
Washington, 0. C.
March 73-24, 1970

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 6-7, 1970

CONFERENCE ON ULTRA-HARD TOOL MATERIALS (Attended)
Carnegie-Mellon University
Sponsored by National Science Foundation
May 26, 1970

SBA CONFERENCE. DELTA COLLEGE (Presentation on AFMOC)
Delta College, Bay City, Michigan
May 26. 1970

AIR FORCE MATERIALS SYMPOSIUM '70 (Participated)

Miami Beach, Florida
May 18-22, 1970

CONFERENCE ON C-141 LANDING GEAR SYSTEMS (Participated)
Hill Air Force Base, Ogden. Utah
July 14-16, 1970

NATIONAL MACHINE TOOL BUILDER'S EXPOSITION (Attended)
Chicago, Illinois
September 20, 1970
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NEW (COMPUTER SEARCH PROGRAMS

AFMD(' s data fI i le is organ i zed for quick ret r ieval of'f i iformat ion on
any phase of the broad spec t rum of machi iib i I i ty. Input document s are
coded by source (for ident i fi cat ion and physical I iI i ng) annd by subject
matter (for retrieval and use involving a specific machining situa-
tion). All documents are coded in accordance with the metallurgical
propert ies of tiht, material, the material group and material descrip-
tion, as well as the appl icable machining operations and tool data.
Descript ive uniterms are used to define machining situations of a gen-
eral nature which do not lend themselves to numerical coding. Finally,
each 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, itf documents were required for several machining opera-
tions on one material group, individual searches had to be conducted
for each 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 engineers 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
retrievedi 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
requ i red for the new in(qui ry.
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INDEX FILE"• 0S 2,7

SEARCH REQUEST FORM NAME INQUIRY IDENTIFICATION DATE

1 3 4 -5 6 -8 9 - 10 11- 12 13 - 15 16 17 -20 *FOREIGN DOCUMENT SEARCHi• SPECIFICATION CODES:

ca- iýr - DOCUMENTS ONLY

:0 z RETRIEVE DOMESTIC
mC. 3 DOCUMENTS ONLY

0 7 0111 bI - R"3 ,I•=ETRIEVE ALL~oUET

0 7 Z D/,'•* OCUMENT NO. FIELD

FOR NUMERICAL PARAMETERS, PLACE

81 "64 65"-6667"-68 69"-70 71" 74 75- 6 77"-78 79°' _ HHG II NEODRW LOW LIMIT OF RANGE IN FIRST ROW

MATERIAL DESCRIPTION (21 -30)

70

1 3 4 5 6 8 9- 10 11"-12 13 -15 16 17 "20 *FOREIGN DOCUMENT SEARCH

•//• SPECIFICATION CODES:

a "i In DOCUMENTS ONLY

1L ca 0 - RETRIEVE DOMESTIC
cm caOOCUMENTS ONLY

Sb -RETRIEVE ALL

DOCUMENTS

S• * DOCUMENT NO. FIELD

FOR NUMERICAL PARAMETERS. PLACE

61 -64 65-66 67 -68 69 -70 71 -74 75-78 77- 78 79 LOW LIMIT OF RANGE 10 FIRST NO

• • "' • 00, 0 AND HIGH LIMIT IN SECOND NOW.

MAT ERIAL DESCRIPTION (21 3)
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UNITERM FILE I 00874 I 0/0/70

SEARCH REQUEST FORM NAME INQUIRY IDENTIFICATION DATE

OPERATION 2 0 THRU 0 2 8 UNITERM 1 (1-30)

MATERIAL GRP 
3 O THRU 3 01 TO0O0L L I ýF

SOURCE CODE THRU

SOURCE INDEX HUT00L 4E0m

UNITERM 2 (31-60)
"YEAR PUOL. THRUHATTE

INDEX NO. THRU ft-

3; xxx I xx xxxxMONTH 
YEAR OTH YA

)OC. NO. FIELD KEY
JDTEETEE I ITHR -U I I I I -I t H

11,UNITERM 2 (31-30) _ _

OPERATION N. - -ThRU

DATERIANTERED TNRU__{f {S• SOURCE CODE I THRU I I I I

YEAR Po. ,o-
XXI IX XX XXX MONTH YEAR MONTN YEAR

O"C. NO. FIELD KEY

OPERATION 000 THRU UNITERM 1 (1-30)

S• SOURCE CODE THRU I

___ __I 1/UNITEN 2 (31-60) _

I r.INDEX NO. I ITNIU I... I--I

D C. NO. FIELD KEY I A E NT RDI T A I I I I
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INQUIRY FILE oo863 o0 - 28 -70

SEARCH REQUEST FORM NAME INQUIRY IDENTIFICATION DATE

S-3 4- 5 6 -8 9 10 1 12 3 15 11 -IS lI 2C UNITERM 1 (31 - 60)

$.- - 7 11 TI IF IV
mc. -4 -jX, c-
= .- == ,=;.• . iC TCL" co / g• . o • ~ •

O8&-lI III 1 UNITERN 2 (3) -60)

0815 1

61- 64 65- 68 69-70 71 - 74 75 -76 77-78 19 79-

'4 C. MATERIAL DESCRIPTION (21 - 30)=UJ _=- -= = ,.
If 17 1- 1,,1U.III 1 .1

FOR NUMERICAL PARAMETERS. PLACE
LOW LIMIT OF RANGE IN FIRST ROW
AKE HIGH LIMIT IN SECOND ROW.

S3 4- 5 6 - 8 - 10 1 -12 13 - 15 16 17- 1819 120 UNITERM 1 (31 - 60)

"-J ., =

a1 64 5-70 71 74 7 -7"6 77 -78 7

a- -w

ca MR. a AERA DESCRIPTION (21 30)j

FOR NUMERICAL PARAMETERS, PLACE
LOW LIMIT OF RANGE IN FIRST ROW
AND NIGH LIMIT IN SECOND ROW.
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FUTURE PLANNING

AF`MDC 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 APMDC with the following capabilities:

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

b) Permit quick access to companies having capabilities 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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