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FOREWORD

The Fourth Annual Report of the Air Force Machinability Data Center
(AFMDC) covers work performed under Contract AF 33(615)-5262 from Febru- *.,

ary 1, 1968 through September 30, 1968. The manuscript was released by
the author in October 1968 for publication as an AFMDC report.

This contract with Metcut Research Associates Inc., Cincinnati, Ohio,
was initiated under Manufacturing Technology Division Project 9-700,
" Air Force Machinability Data Center''. It was an extension of Manu-
facturing Technology Division Project 8-239 as indicated in our First,

Second and Third Annual Reports. This contract was performed under the
technical direction of Mr. Max A. Guenther of the Advanced Fabrication
Techniques Branch (MATF), Manufacturing Technology Division, Air Force
Materials Laboratory, Wright-Patterson Air Force Base, Ohio.

This project was accomplished as a part of the Air Force Manufacturing
Methods Program. The primary objective of AFMDC is to be highly special-
ized in the collection, evaluation, storage, retrieval and dissemination
of significant data and information pertaining to all aspects of material
removal processes. Recipients of these data include aerospace industry,
Department of Defense (including all of the military services and their
contractors), and other Government agencies, technical institutions,
and nonmilitary industries in a position to assist the defense effort.

In the area of material removal activity, this Center serves as the com-
munications link for the entire technical community, both Government and
industry.

Your comments are solicited on the potential utilizationof the Air Force
Machinability Data Center as applied to your present or future produc-
tion programs.

This report has been reviewed and is approved.

Jack R. Marsh, Chief
Advanced Fabrication Techniques Branch
Manufacturing Technology Division
A F Materials Laboratory
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ABSTRACT

FOURTH ANNUAL REPORT OF THE

AIR FORCE MACHINABILITY DATA CENTER

John Maranchik, Jr.

This is the Fourth Annual Report of the Air Force Machinability Data
Center covering period February 1, 1968 through September 30, 1968 (Con-
tract AF 33(615)-5262). Two thousand eight hundred and forty (2,840)
documents were processed from which 13,833 cards were key punched. Cur-
rently, there are 15,941 evaluated documents and 116,083 punched cards in
AFMDC files. Nine hundred and eighty two (982) specific inquiries were
answered for 439 different companies, representing 596 individuals in
105 different SIC categories. The average of 123 inquiries per month is
an increase of 46% over the average of 84 per month processed in the pre-
vious year.

The average cost of inquiries equaled $58.58 per inquiry.

Two data products were completed and made available to the Center's
users.

The data acquisition plant visit program was continued and since late
1966, 46 Visitations have been made, primarily to aerospace firms.

Computer programs have been developed and made operational for storage
and retrieval of all the information files in use by the Center. In ad-
dition, a computer program has been made operational for investigating

relationships between machining variables. Determination of existing re-
lationships will be very valuable for evaluation of new data and filling
in gaps in accrued data.

At the request of DoD, a report was prepared estimating the cost savings
resulting from AFMDC's operation. For a 4-year period these savings were
estimated to be $37,800,000.00.

Plans for next year's effort call for augmenting current efforts and
services. This includes identification of potential users of the Center
and increased contact with them. This will be accomplished directly by
AFMDC and through cooperation with other centers and State Technical
Services Programs. This controlled effort will result in an increase in
AFMDC inquiries from the current 123 per month rate to about 160 per
month by October, 1969, consistent with the increasing capability of the
Center, AFMDC will participate in Special Merit Projects with the States
of Vermont and New York. The objectives are to establish access to in-
formation from Centers and transfering it to indstry.

Four data products will be prepared and made available to users. Work
will continue on the program for investigating relationships between
machining variables. A study will be made concerning the potential and
the required mechanisms by which users of the center may have a com-
puter data-link with AFMDC.
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PREFACE

I

This report covers a 8-month period of operation from
February 1, 1968 through September 30. 1968. It is pre-
sented primarily in the form of individual charts which are
self-expra.ator)v with regard to organization of the Center
and the results of its efforts, including costs. For each
individual chart, the Appendix provides some further com-
ments concerning various aspects of AFMDC during its third
year of operation.

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

''Final'Report on the Design of a System for
Collecting, Evaluating and Disseminating Machin-
ability Data for Aerospace Materials'', Tech-
nical Documentary Report Nr. ASD-TDR-63-572,
July 1963, AD-416743.

""First Annual Report of the Air Force Machin-
ability Data Center'', AFMDC 65-2, February
1966, AD-482278.

"Second Annual Report of the Air Force Machin-
ability Data Center'', AFMDC 66-4, February
1967, AD-813037.

"Third Annual Report of the Air Force Machin-
ability Data Center'', AFMDC 67-8, February
1968, AD-829879.

iv
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DESCRIPTION OF AFMDC

AIR FORCE MACHINAIILITY DATA CENTER, 3950 Rosslyn Drive, Cincinnati, Ohio 45209.
Operated for the Air Force Material: Laboratory, Manufacturinig Technology Division,
under Contract AF 33(615)-5262, by Metcut Research Associates Inc.

SCOPE
The Air Fares Machinability Data Center (AFIOC) collacts, evaluates, stores, and disseminates
material removal information including specific and detailed machining data for the benefit ef
Industry and government. Strong emphasis Is given to engineering evaluation far the purpose
of developing optimized material removal parameters, suob as speeds, feeds, dopthe ef out.
tool material and geometry, cutting fluids and ether significant variables. Data are being
processed for all types of materials and far all kinds of material removal eperatiene such ae
turning, milling, drilling, tapping, grinding, electrical discharge machining, electrochemical
machining. etc.

COLLECTION
AFMDC has a mechanized system In which punch cards are used to store and retrieve all types of
material removal information Including all signif icant numerical data. An IN 1130 computing
system is being used for storing and processing data from a master card and dish file and for
computer decoding. The focal concept for acquisition. Interrogation, or Presentation Of Infor-
mation is the specific material (with definite chemical. physi'cal. or mechanical preperties)
and the specific material removal operation being used. When necessary, card source cent rel
codes may be used to retrieve original documents which are In document storage at AfUoCt.

INFORMATION SERVICES
AFEIC places strong emphasis en previding specif ic and detailed answers to technical inquiries
in the field ef material removal. A User File, consis8tinga ofImportant users In the field of
material remeval. has been developed to reoleve Informatilen products Including machining date
pamphlets and tables en materials of current interest. atate-ef-the-art reports, technical
announcements, end ether appropriate Itom4. Services are available without charge to the
aerospace Industry, Department of Defense (including all of the military services end their
centractors). end ether gevernment agencies. technical institutions. and snm-military
Industries in a position te assist the defense effert.

TO REQUEST MACHINING INFORMATION . .. .. ..

telephone: 513-271-1510
TVE: 110-481-2840 o
Write: Air Force MsInolability late Center

Cincinnati. Ohio 45201

TO HELP US ANSWER YOUR INOVIIIT IF P1381i1.1 PLESt:
1. Identify the material being machined (specification or trodnemem); condition. (as cost.

hot rolled. cold drawn. .,umeeled. quenched end tampered. Oet.) sieowitructurs end
hardness.

2. Identify the material removal oeoration In 40e8t1on (turning. millimp. drilling. topng
surfece grindimg. electrical discharge machining (5W). ci ectrechomscel machining ()

3. Specify reasons for requiring date unless yeur needs are prepristary. this nblam £93
to broa44e0 the scope of Its teehnical advice.

4. Specify delivery requiremaent.
5. Indicate to whem the inquiry reely should be sent.
6. Transmit all detailse concerning precset preetices. Including feeds. epeedo, cutting tool

material end geometry. eutting filuds. sit.. In the event your Inquiry pertains Is
Improevment of an ousting maehining situation.

NOff: Association of the names of co~oniosu end .mdlivi#Aola with specific roquests is kePt
confidential. However. date developed remain the property of AFUC for dioaesinetion so
required for oaauerims similar inquirios and for deovoelping date predocls.

SEE APPENDIX. PARE A-I
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AFMDC OPERATIONAL AREAS

At AFiC, personnel shown in Figure 1, page 2, work in ten functional areas of
operation. These are indicated below along with the numbers used for tim coding
purposes:

S Administration Administration of technical and general
activities of AFtOC

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 Ilachining Sata Analysis Technical evaluatiln of machinability
data and information including Prelimi-
nary Screening

5 late Processing Operation of a mechanized system
including a computer

I Date Control Superimposition and use of controls
to guarantee p!oper operatioa of date
processing system

I Document Acquisition and Acquisition of all types of dota and
Document Storage information for processing. Storage

of documents including these nhich have
received Final Technical Evaluation end
those in process

I Data lisseminetion Dissemination including duplicition and
printing

S lilchiming ate Laboratory and shtp mark necessary for
Verification - resolving highly significant and centre-
Esperimenatal ichlmlng versial data situatlefs

I Secretarial and Clerical Dovelopmeat and eaecura of all preco-
dares relating to typing and filleg

M LiHM1S, P K A-2 3
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AF4IDC OPERATIONS CHART

SYSTEM INPUT SYSTEM ANALYSIS
(DOCUMENTS) C

OPERATIONS ARE CUNTROLLED AND 2.

DOCUMENTS ARE BROADLY DEFINED AS ANY MODIFIED AS REQuIREU .Y ACMDIC - - - - - _ -

MEDIUM CONT IG MACHINING SYSTEMS ANALYSIS.

INFORMAT ION. 3.

__ DOCUMENT CONTROL

-j PRIMARY DOCUMENT CONTROL FORMS ARE FILLED ImouI B

ACQUISITION OUT AND ATTACHED TO ALL DOCUMENTS. I NDI

SOURCESGc v
CURRENT PERIDYICALS EOU
DEFENSE DOCUMENTATION Eu

CENTER (DOC)t I TEeN
NATIONAL AERONAUTICS & 4 INP

SPACE ADMIN1STRATION

(NASA) PRELIM.NARY SCREENING (PS)
CLEARINGHOUSE FOR DOCUMENTS CONTAINING MACHINING INFORMATION

FEDERAL & SCIENTIFIC AND DATA ARE SELECTED. F Y REVIE ýi ' MULTi-

TECHNICAL INFORMATICN SUBJECT PERIODICALS, DOCUMENTS CONTAINING

ATOMIC ENERGY COMMISSION MACHINING INFORMATION ARE IDENIiFIED AND NgUIRI

(AEC) REPRODUCED. INDIVIDUAL ARTICLES ARE THEN MATION

DEFFNSE METALS INFORMA- ATTACHED TO SECONDARY DOCUMENT CONTROL THE FO
TION CENTER ( I C) FORMS I PROCES

MANUFACTURING PLANTS I SIC

TECHNICAL MEETINGS INBO I

BOOKS, CATALOGS, HOUs, SOUaC&ORGAS ________________________________________SESUE:
ORGANS 

SIDATE
IWOUI RIES 'ROCESSED AT 

DT

AF'MDC FINAL TECHNICAL EVALUATION (FTE)

DOCU ME NTS CO NTýAINING DETAILED DATA ARE

EVALUATED AND CODED FOR CARD STORAGE. INDUSTRY AND
GOVERNMENT
ASSISTANCE

DIRECT CONTACT IS ENGI
MADE BY THE MACHIN- 3 INQUI

ING DATA ANALYST OF INOU
AFPIC: WITH TECHNI- ENTERE
CALLY OUALIFIED MEN DOCUIME

DATA PROCESSING IN INDUSTRY AND

CARDS RESULTING FROM PROCESSING ARE PUNCHED AT THIS POINT. GOVERNMENT WHENEVER
INFORMATION AND DATA

PRFLIMINARY FINAL TECHNICAL ARE NOT AVAILABLE

jCREENLN," EVALUATION EQUIPMENT USED FROM DOCUMENT OR
(:AR D STOR AGE.

POTENTIAL SOURCE INDEX KEYPUNCH

OF INFORMATION NUMERICAL DATA VERIFIER

BIBLIOGRAPHY TCOL-CUTTING SORTER

FLUID IBM 1130 COMPUTER
UNITERM

APERTURE 3. GENERAL DISSEMINATION OF
DATA LINK IMACHINING INFORMATION
TICKLER

PUBLICATION IN PERIODICALS

TECHNICAL MEETINGS

COMMITTEE MEETINGSCONFERENCES

EXPOSITIONS

DAFMDC VISITORS
DOCUMENT STORAGE PLANT VISITS
ACTUAL DOCUMENTS MANUFACTURING TECHNOLOGY

PUNCH CARD DISK STORAGE ARE STORED. WHEN DIVISION (SPONSOR OF AFMDC)
STORAGE SPACE LIMITATIONS

ARE ENCOUNTERED,
MASTER CARD DISK FILES OF MICROFILM WILL BE

FILES ARE UNITERM, INDEX USED. NONsIGNIFI-

MAINTAINl,) AND INQUIRY CANT MACHINING

TO CREATE DATA ARE USED DOCUMENTS ARE NOT

AND UPDATE FOR SEARCHING STORED, HOWEVER,
COMPUTER FILES TO ANSWER THE DOCUMENT CON,

DISK FILES INQUIRIES. TROL FORMS FOR

THESE ARE RETAINED

IN DOCUMENT

STORAGE.

FIGURE 2



AFMDC OPERATIONS CHART-

SYSTEM ANALYSIS 1SYSTEM OUTPUT
I CONSISTS OF:
I I. ANtWERING SoPECjIFIjCNINQUIRIS

OPERATIONS ARE CONTROLLED AND 2PRODUCING COPEESIVE DATA PRODUCTS
MODOI#I t lREDaYA COC SPECIFIC AND TIMIILY INTEREST TO
SYSTEMS ANALYSIS. 1INDUSTRY AND GoVERNME.;T.

INFORMAT ION.

CUMET COTROL1 . SPECIFIC INQUIRIES

ANT CONTROL F O NAMS ARE FILLED INQUIRIES ORIGINATE FROM:

MED TO ALL DO0C UMETS I NDUSTRY
JGOVERN MENT

EDUCATION AL INSTITUTIONS

TECH NICAL SOCIETIES

0 INFORMATION CENTERS

NARY SCREENING (PS)0
AIRIG MACHINING INFORMATION

ELECTE r. BY RE VIEWING MULTI- :3 A'zIIIR OTO
ICALS,' D OCUM ENT S CONTAININGINURCOTL

ýRUATION ARE I DENTIFIED AND INQUOIRIES AELOGGED IN. ALLINECESSAR INEON-

NODIVISUAL AHTICLES ARE THEN MATIN IS ENTERE ON RI INU CONTROL FORM.

LONSARY DOCUMENT CONTROL T. TE FOL LOSNO. C ODED RE ASSUIGNYED FO0R CARD

PROCESS INO:

____ __ ISIC
SOURCE CONTROL (identlifies inquirer)
SE OU ENC E

ICALEVALATIN (FE) DATE REPLIES TRANSMITTED

A lYNG DETAILFD DAT A ARE INUTR N
COED IRCAR STOAE I NUTR Nj RC0 :E GOV ERNMENT

IASSI STAN CE MACHININGEDATA ANALYSIS
Di RECT ýN TA CT IS ENGINEERIN G PERSON NEL A E ASSIGNED0 TO0 EACH

MADE WYC TE MVCHIN- IQUIRY. REPLIE S AET TASMITE T H

ANO DATA ANALYST OF INGQUIRERIA AN THES INGUIIRY INFORMATION IS

AFMDC lITH TECHNI. ENTERED ITO T HE SYSTEM Al A PRIMARY

I CALLY C AL IF IED ME;N DO0CUMENT.
INVIINDUSTRY.AND

CHED AT THIS POINT. GOVER NMENT WHE NEVER

INFORMATION AND DATA

A RE No T A VA IL AR'LEI

EGUIPMENT USED FRO DO ,0CUMENT OR I2. DATA PRODUCTS
NEPNC ARD ST ORA GE. FIRST ANNUAL REPORT OF THE AIR FORCE MACH4INARILITY

________________ DATA CENTER, AFlMVC 65-2
SoERFR MACHIN:ING DATA FOR NUMERICAL CONTROL (7 INDIVIDUAL

SORTER E REPR NOD.' AFIICC 66-1.1 THR U AFNVC 66 -1.7
IBM 1130 COPUE COVEING TUNIG FCE MI LLING DRLLIG PERIPH-

ERAL END MILLING END MILL SLO0TTDING, TAPPING &

3. GENERAL DISSEMINATION OF REAMING RESPECTIVELY ).

IMNACHININO INFORMATION MACHINING DATA FOR NUMERICAL CONTROL AFIIEC 66-1

PlLtLCATI ON IN PERIODICALS !COMPOSITE OF AROVE MENTPIONED 7 REPFORTS). -
TECHNICA L MEETINGS GRIDIN RTIO FO ARSCE ALLOYS, AFMDC 66-

------ COMMI TE E MFEETINGS MAHINING DAT A FO.R BERYLL IUM METAL, AFMDC 663
CON ERENCESSECOND ANN UAL REPORT OF THE AIR FORFC4E

CxPON-ERE NCS MACHINARILITY DATA CENTER, AFNDC 66-

AF1MVC VISITORS
DOCUMENT STORAGE PLANT VSITS
ACTUAL DOCUMENTS MAN UFAVCTtURING TECHNOLOGY
ARE STORED. WHEN

SPACE LIMITATIONS DIVISION (SPONSOR OF AFNVC) USER PILE
L THE USER FILE CONSISTS OF:

ARE ENCOUNTE RED,' MAJOR MISSILE AND AEROSPACE MANUFACTURERS AND
M I CRO FILM W ILL RE

us D -N ONSGNITHEINIR SUBCONTRACTORS
USED. NOSGNF -EATENT6 OF DEFENSE (INCLUDING ALL OP THE

CNT MCHININ MIL ITARY SERVIC ES AND THEIR CONTRACTORS), AND

DTOCUENTSAR NOTEV OTH"ER GOVERNMENT AGENCIES

STORD HE oWEV ER N ONM NILITARY INDUSTRIES IN A POSITION TO ASSIST

TROL FORMS FOR HMDF EFT

THESEARE REANDAROSPACE IDSTRIES ASSOCIATION (AlA) MANUPAC-

IN DOCUMENT TUR ING CMMITTEE

STORAGUE, COLLEGESCAND UNIERSTE

TECHNMICAL SOC IETIES

TRADE PUWLICA TION S
A=1~ INQUIRERS

MATERIALS ADVISORY BOARD (MAO) COMMITTEES

TOTAL - 402-6 (1/31/68)

13 SEE APPENDIX, PAGE A-2
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DISTRIBUTION OF AFMDC USER FILE

The basic User Pile was developed as indicated in Appendix, Page A-4. Names are added
to the User Pile as a result of 1) inquirers, 2) visitors. 3) additional names sub-
mitted by current Users, 4) requests resulting from dissemination of data products,
and 5) technical articles published in periodicals and announcements pertaining to the
Center.

GENERAL CONCENTRATION OF USERS BY NUHERS

STATES ORGANIZATIONS TOTAL NO. OROANIHZATIONS STATES* INOIVIDUAL TOTAL INDIVIDUAL USERS

4 0 0 4 0 0
21 1-10 117 21 1-25 310
13 11-25 201 6 21-50 269
3 25-50 106 6 51-125 557
4 51-1OO 243 6 128-300 1.123
I OVER-100 850 4 OVER-300 1.787

AREA CONCENTRATION OF ORBAIZATIONS

West Coast (3 states) - 184 Companies
North Midwest (5 states) - 534 companies
Northeast (5 states) - 430 companies

These figures indicate that 75% of User companies lie in 25% of the
United States.

The total User Pile (4.026). can be broken down as follows:

Company Users (Individuals) 3.122
Companies 1.238

College Users (ndivlduals) 734
Colleges 185

SocietIes. Centers. etc. (Individuals) 170
Societies. Centers. etc. 103

*iuai€|losis Iu.DAengonS, te.
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DATA CODE FOENS FOR FINAL TECHNICAL EVALUATION
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FLOW CHART FOR FORTRAN PROGRAM TO ST012,

A

FUNCIONREAD CAR SPECIFYING

RUIEMEýNTS OR
SWITHES"INQUIRY FILE

SEARCH

PAUSE Pause gives operator
time to set data switches. 200

READ DATA CELL FRO

INQUIRY FILE

ON LOAD ORIGINAL DECK ON DISK
CHECKOF INQUIRY CARDS

DATA WITCHCREATING INQUIRY FILE

NO. 0ON DISK

4 OF Pause gvsoeao
PUE tiae to stdt wths

DAEA SWICH END STORE BEHIN NO9

NO.__ I RSN NQIYFL



T FOR FORTRAN PROGRAM TO STORE, ADD ON SEARCH INQUtIRY FILE

TA 
B

CARD SPECIFYING CHECK COMPARE MATERIAL
01J EMENTS FOR DATA SWITCH ON DESCRIPTION TO
IQIRY FILE NO. 4 THAT READ FROM

[EARCH OF INQUIRY FILE

2060

DATA CELL FROM _> N
INQUIRY FILENoDSRPIS20

014 DISK EUL -

ENID YES< CEK> dN COPR NTR

OF ISAAOWTH OTATRA

FILE? GI

NO

CHEC ON COMARE WAHINING
CATECSWITC OPERATION1 TO TH4AT YS AE N

NO. 2 ~~~READ FROM UIEM 0

INQUIRY FILE STOPL

OFF

ARERMET

YHES ON CMAEMTERIAL 200EN

DATA WITC G~ T THA

NOB REQADFRO

BNR FILEe STO
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COST STUDY ANALYSIS OF IBM 1130 COMPUTER

The following statistics are based on
1. Fifteen time studies performed on fifteen inquiries comparing IBM 1130 Computer Process-

ing versus IBM Series 50 Configuration Processing.
2. 500 calculations for production rates and machining costs.

Inquiry Processing

Average number of inquiries processed per month= 75
Percentage of Inquiries requiring searches= 57%
Inquiries per month for which searches are

performed are 57% x 75 43
Average cost for processing inquiries with the

IBM Series 50 Configuration= $70.09
Average cost for processing inquiries with the

IBM 1130 Computing System= $48.92
Average savings for processing an inquiry using

the IBM 1130 Computer= $21.17
Inquiry processing savings per month= 43 x $21.17= $910.31
Savings per month in sorting and handling of Index

files= 50 hrs. x $8.16 per hr.= $408.00
Savings per month in sorting and handling of Inquiry

files= 5 hrs. x 8.16 per hr.= $40.80
Total savings per month= $1,359.11
Additional cost per month for IBM 1130 Computer= $306.00
Savings per month= $1,053.11
Savings per year, 12 x $1,053.11= $12,637.32

Calculations For Production Rates and Machining Costs

In preparing a data product pertaining to Calculations for Production Rates and Machining Costs.
500 calculations were required:

Time pler calculation using desk calculator= 15 min.
Time per calculation using IBM 1130 Computer= 0.3 min.
Savings per calculation= 14.7 min.
Time Savings =500 x 14.7 x 7350 min.= 122.5 hrs.
Cost Savings= 1U2.5 x $8.16= $999.60

Summary of Cost Savings:

Inquiry Processing Savings. $12.637.32
Calculations Savings. $999.60
Savings for one year of operation. $13.636.92

SEE APPENDIX, PAGE A-1I 19
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ANALYSIS OF INQUIRIES BY STATE

October 1, 1964 - Septemoer 30, 1968

10 STATES LEADING IN INQUIRIES

"STATES CONPANIES INDIVIDUALS NO. OF INQUIRIES

CALIFORNIA 121 227 348
CONNECTICUT 40 62 104
ILLINOIS 84 112 176
INO IANA 50 82 !18

MASSACHUSETTS 49 73 126
NEICHIGAN 1 120 194
NE R IEsEY 15 93 172
NEW YORK 93 146 244
OHIo 240 448 876
PENNSYLVANIA 90 148 203

TOTAL 893 1511 2581

OTHER STATES SUMITTING INQUIRIES

ALAS4MA 8 8 II
AR0I:ZONA 9I 31
ARK ANSAS I I

COLORADO 8 Ia 31
DISTRICT OF COLUMBIA 9 I1 14
DELAWARE 2 17 26
FLORIDA 12 21 60
GtORGIA 4 10 14!IOWA 9 11 is

KANSAS 6 10 12
KENTUCKv 12 20 39
LOUISIANA 3 7 12

MAINE 6 7 10
MARYLAND 20 26 43
MINNESOTA to 14 17
MiSSISSiPPi 2 2 2
MISSOURI t0 30 71
NESRASKA I I
NEW HAMPSHIRE 6 6 7
NEw MuXICO 2 it 16
NORTH CAROLINA 5 4 14
OKLANOMA 3 12 27
ORISON 4 5 9
4NO0E ISLAND 7 7 10
SOIATN CAROLINA 2 2 4
TeNneSSee 9 20 49
TeAas 16 26 59
UTAH 5 6 10
VERMONT 5 6 10
VIRGINIA 16 20 33
WEST VIRGINIA 7 7 13
WASNInsION 7 25 36
WISCONSIN to 29 43

TOTAL 245 417 754

VITAL FOR ALL STATES 1133 1121 3315

plan Is 22' SEE AppINhlI. PAU £-12
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SUMMARY OF SPECIFIC INQUIRIES BY TYPE OF INQUIRY 10/1/34 2/1/86 2/1/87 2/1/86
to to to to

1/31/56 1/31/47 1/31/86 0/30/61
October 1, 1964 - September 30, 1968

NO. OF INSIIRIES

1. RECOMMENDATIONS FOR A SPECIFIC MACHINING SITUATION.
Typical Example: Requested recommendations for turning Maspaloy In the 13 118 180 144
solution treated and aged condition.

2. STARTING RECOMMENDATIONS FOR AN EXTENSIVE GROUP OF EACHININI SITUDTIONS.
Typical Example: Requested machinability data on A1-350, S-816. NS-25. 118 264 330 345
HS-31. Inconel X-150, Unitemp M-252 and Hastelloy R-235.

3. INFORMATION PERTAINING TO NEW MACHINING PROCESSES, EQUIPMENT AND TOOLS.
Typical Example: Requested 'nformation on the manufacturer of equipment 45 27 78 104
called "Liquid Lathe."

4. COORDINATION AND POTENTIAL USE OF AFINDC.
Typical Example: Requested detailed information on tervicdi. available 17 29 40 48
from AFUOC.

5. VISITS TO THE CENTER.
Typical Example: Visited to coordinate with AFUOC to determine services 80 16 56 8
available and to review System details.

5. *REQUESTS FOR SPECIFIC DOCUMENTS. REPORTS. BOOKS, PAPERS. ETC.
Typical Example: Requested a list of reports available for machining of 70' 71' 11e* 84'
titanium. Also wanted cost of each report.

7. GENERAL INFORMATION SUCH AS SAFETY PRACTICES. NAMES OF FIRMS NAVING CERTAIN
MACHINING CAPABILITIES, TOOL MATERIAL PROPERTIES. ETC.
Typical k:sampie: Requested the names of people to contact in the fields of 43 30 18 22
metal removal such as [ON. ECU. ECo. EDS, USN. CNN. IN. L.111. Abrasive
Machining and Net Machining.

I. REQUESTS FOR *11LIOIRAPNIES AND ABSTRACTS.
Typical Example.: Request for bibliographies with abstracts covering use of 12 4 11 13

ceramic teols and abrasives in machining various materials.

Typical Exml:SgetosfrIpratmanufacturing progrems for the 14 S 20 1
nesit five years In the field of material removal. Supply problem. approach

an S d app ro imfele 
f unds.

SECIAL INJUIRIES AND RUPORS FIR U.S. AIl FORCE. MANUFACTURINGI Tetw.4LOIS

7ypical Exml:Rqetdarpr mteprogress during the last five 12 4 2 1
years in machining of titantlim and hord to machine materials - state of
the art.

t1. EVALUATION. TRANSLATION AINI REVIEW OF 1EPOTS. @01IS. PAPERS.
Typical Example: Requested an evaluation of a report poh'.lshad in Eleetro. 14 12 3 4
Technology. October 1004. seestaring adaptive cont rel possibilitilee.

12. REUGEST FOR INFOSATIUM IN BERYLLIUM.
Typical Uexmple: Request for intfomation ton machinability data for 1I 15 14 Is
beryllium using ECU. EIN. end ether methods.

13. CIMPARISON OF INE PROCESS " MATERIAL W0111 ANOTHER.
Typical Ezeaple: Requested a comparison of the machinfing of lmeaen 9 15s1 14 1
with lacenel I Is both solution treated and solution treated sod &agd
condit ions. primarily Is turning bet asot drilling end milling if possible.

14. INFORATIIN PERTAIMING 11 011111NO 1.18 LG.
Typical hExmple: Requested cutting filud reeedt~sfer litsemum sod 15 22 Is 22
a side variety of high temperature alleys and stemnless steels$.

15. INFOUSAION 0 ONCIMAUILITY MSEMO.
Typical Isemple: Reques8ted msafhaisig lafermallen em the effect of wsrb 11 37 11 1e1
diameterl em tool life. mallsithoestial crlelatIos of the varises seohising
preceaosel and the means of poedieting the surface qualiy In milling.

1O. IMFOSATIIIN PERWAiMiNO 1 II STINATIUC WIT. 511115 TIME 8TAMINiLUS1 A111
PUOSCTION NAME IN MACNININS. 6 21 51
Typical hamapleo: Requested 4fermatlem imeludieg formulas that Gould be
$led to predict preduotlle rates snd cests.

56 316 1W6 "I2
*This total 4o"s moot amecooe P~qiwsr. for
p~blisAwd Wdate peodwit smuch as AFNC reports..

atE APPEooII. PAKl A-It 23 film5 Is



GENERAL ANALYSIS OF INQUIRIES

FEBRUARY 1. 1966 - SEPTEMBiR 30, 1968

NO. OF INQUIRIES
TYPE OF INQUIRY

2/1/66-1/31/67 2/1/67-1/31/68 2/I/68-9/30/68

ONE OPERATION ON ONE MATERIAL GROUP 90 160 11C

ONE OPERATION ON A VARIETY OF MATERIAL GROUPS 50 63 112

SEVERAL OPERATIONS ON ONE MATERIAL GROUP 215 242 195

SEVERAL OPERATIONS ON SEVERAL MATERIAL GROUPS 124 170 151

UNITERM LINKED WITH AN OPERATION AND/OR

GROUP 126 1I1 178

GENERAL MACHINING CONCEPTS (UNITERM) 131 256 236

TOTAL 136 1,002 962

ANALYSIS OF INQUIRIES BY MATERIAL GROUP

FEBRUARY 1, 1966 - SEPTENBER 30, 1968

NO. OF INQUIRIE _ _
MATERIAL GROUP

2/1/66-1/31/67 2/1/67-1/31/68 2/1/68-9/30/68

PLAIN CARBON & LOW ALLOY STEELS 177 262 293

ULTRA HIGH STRENGTH & TOOL STEELS 171 204 229

"CAST IRON 33 36 124

STAINLESS STEELS 173 278 234

NICKEL ALLOYS 29 19 119

MARAGING STEELS 66 77 146

HIGH TEMPERATURE ALLOYS 254 327 309

TITANIUM ALLOYS 234 222 249

REFRACTORY ALLOYS 130 155 184

BERYLLIUM ALLOYS 46 60 88

ZIRCONIUM ALLOYS 7 22 70

ALUMINUM, MAGNESIUM, ZINC,

LEAD & COPPER ALLOYS 80 86 149

PRECIOUS & RARE METALS 3 12 7

POWDER METALS 2 2 5

NONMETALLICS INCLUDING CERAMICS,

PLASTICS, GRAPHITE & COMPOSITES 57 131 120

TOTAL 1,482 1,893 2,325

FIGURE 20 24 SEE APPENDIX, PAGE A-13



ANALYSIS OF INQUIRIES BY TYPE OF MACHINING OPERATION

FEBRUARY 1, 1966 - September 30, 1960

NO. OF INQUIRIES
OPERATION 2/1/66-1/31/67 2/1/67-1/31/68 2/1/68-9/30/68

CONVENTIONAL CHIP REMOVAL

TURNING 367 499 403

BORING 48 52 83
MILLING (GENERAL) 10 30 129
FACE MILLING 290 375 346
END M!LL SLOTTING 285 371 278
PERIPHERAL END MILLING 145 178 156

SLAB MILLING 6 20 20
THREAD MILLING 7 23 16

ALL OTHER TYPES OF MILLING 15 20 24
DRILLING 332 464 379
GUN DRILLING 7 24 30
REAMING 203 311 263

TAPPING 254 357 250
GEAR CUTTING 3 18 8

BROACHING 28 77 50

ROUTING 4 17 9

BANDSAWING 10 64 41
HACKSAWING 15 21 18

TOTAL 2,029 2.921 2.503

CONVENTIONAL GRINDING

GENERAL GRINDING 27 33 50
SURFACE GRINDING 171 317 243
CYLINDRICAL GRINDING 89 193 89
INTERNAL GRINDING 15 38 23
CENTERLESS GRINDING 6 19 14
GEAR GRINDING 2 15 10
THREAD GRINDING 8 16 4
ABRASIVE MACHINING 4 17 3
ABRASIVE BELT GRINDING 7 17 3

ABRASIVE CUTOFF 12 21 4
HONING 1 15I

TOTAL 342 701 444

ALTERNATE MACHINING METHODS

ELECTRICAL DISCHARGE MACHINING 50 50 62

ELECTROCHEMICAL MACHINING 43 44 68

ELECTROCHEMICAL GRMINDING 11 27 30

CHEMICAL MACHINING 26 59 35

PHOTOCHEMICAL MACHINING 1 2 4
ULTRASONI!C MACH IN ING 4 15 !11•

ELECTRON BEAM MACHINING 5 10 13
LASER MACHINING 3 20 14
ION BEAM MACHINING 1 1 5

ABRASIVE JET MACHINING 0 3 3
ELECTRO-STREAM 0 4 5

TOTAL 144 235 250

MISCELLANEOUS
BURNISHING 1 8 6
CONTROLLED ENERGY MACHINING 0 1 5
SUB-ZERO MACHINING 3 7 6
HOT MACHINING 1 1 4

POLISHING 2 6 3

THREAD ROLLING 0 3 2
FLAME CUTTING 1 2 2

TOTAL 8 28 28

TOTAL 2.523 3.885 3,225

SEE APPENDIX, PAGE A-13 25 FIGURE 21
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AIR FORCE MACHINABILITY DATA CENTER

SUMMARY OF SPECIFIC INQUIRIES BY SIC* NUMBER

February 1, 1968 - September 30. 1968

NUMBER OF INQUIRIESSIC

MAJOR SIC By SIC By SIC
NROUP INDUSTRY INDUSTRY MAJOR GROUP % OF
No. NO. NO. NO. TOTAL

91 FEDERAL GOVERNMENT 56 5.7
9100 U.S. DEPARTMENT OF DEFENSE 6
9100 USAF - WRIGHT FIELD 13
9100 IJSAF - APO, NEW YORK. 1
9100 USAF - TINKER AIR FORCE BASE 12
9100 U.S. ARMY 8
9100 U.S. NAVY 9
9100 NATIONAL AERONAUTICS & SPACE ADMINISTRATION 4
9190 BSDA DEPARTMENT OF COMMERCE I

9190 SMALL BUSINESS ADMINISTRATION 6
9190 U.S. PUBLIC HEALTH SERVICE I

92 STATE GOVERNMENTS 28 2.9
9200 STATE OF ILLINOIS I

9200 STATE OF INDIANA 2
9200 STATE OF MICHIGAN 20
9200 STATE OF TENNESSEE 5

19 ORDNANCE AND ACCESSORIES 3 .3
1929 AMMUNITION EXCEPT FOR SMALL ARMS
1931 TANKS & TANK COMPONENTS 1
1951 SMALL ARMS 1

22 TEXTILE MILL PRODUCTS 1 .I
2262 FINISHERS OF BROAD WOVEN FABRICS OF MAN-

MADE AND SILK 
A

26 PAPER AND ALLIED PRODUCTS ! .I
2654 SANITARY FOOD CONTAINERS

27 PRINTING, PUBLISHING, AND ALLIED INDUSTRIES 13 1.3 1
2721 PERIODICALS: PUBLISHING, PUBLISHING, AND

PRINTING 13

28 CHEMICALS AND ALLIED PRODUCTS 15 1.5
2813 INDUSTRIAL GASES 2
2819 INDUSTRIAL INORGANIC CHEMICALS I

2821 PLASTICS MATERIALS, SYNTHETIC RESINS, III
NONVULCANIZABLE ELASTOMERS 2

2824 SYNTHETIC ORGANIC FIBERS, EXCEPT CELLULOSIC I

29 FETROLEUN REFINING AND RELATED INDUSTRIES 7 .7

2911 PETROLEUM REFINING 7

32 STONE. CLAY, GLASS, AND CONCRETE PRODUCTS 9 .9
322v PRESSED AND BLOWN GLASS AND GLASSWARk 3
3291 ABRASIVE PRODUCTS 6

* Standard Industrial Clausification Manual (SIC), Executive Office of the President, Bureau of the Budget, 1967.

SEE APPENDIX, PAGE A-14 27 FIGURE 23



NUMBER OF INQUIRIES
sic

IAJSR SIC BY SIC BY SIC
11114U1P INDUSTRY INDUSTRY MAJOR GROUP % OF

NO. NO. NO. NO. TOTAL

33 PRIMARY METAL INDUSTRIES 49 5.0

3312 BLAST FURNACE (UNCLUDING COKE OVENS),
STEELS WORKS, I ROLLING MILLS I

3313 LLECTROMETALLURGICAL PRODUCTS I

3321 GRAY IRON FOUNDRIES 2
3323 STEEL FOUNDRIES II
3332 PRIMARY SMELTING ANO REFINING OF LEAD 4

32434 PRIMARY PRODUCTION OF ALUMINUM 5
3339 PRIMARY SMELTING & REFINING OF NONFERROUS

METALS 13

3341 SECONDARY SMELTING I REFINING OF NONFERROUS

METALS 5
3351 ROLLING, DRAWING, AND EXTRUDING OF COPPER 1

3369 NONFERROUS CASTINGS 5

3391 IRON AND STEEL FORGINGS I

34 FABRICATED METAL PRODUCTS. EXCEPT
ORDNANCE. MACHINERY. AND TRANSPORTATION
EQUIPMENT 65 6.6

3411 METAL CANS 1
3423 HAND AND TOOLS, EXCEPT MACHINE TOOLS AND

HAND SAWS I

3429 HARDWARE 4
3443 FABRICATED PLATE WORK (BOILER SHOPS) 35

3444 SHEET METAL WORK 2
3451 SCREW MACHINE PRODUCTS 8
3452 BOLTS, NUTS, SCREWS, RIVETS AND WASHERS 2

3461 METAL STAMPINGS 1
3471 ELECTROPLATING, PLATING, POLISHING,

ANODIZING AND COLORING 2

3491 METAL SHIPPING BARRELS, DRUMS, KEGS, AND
PAILS3

3494 VALVES & PIPE FITTINGS. EXCEPT PLUMBERS'

BRASS GOODS 3
3496 COLLAPSIBLE TUbES I
3499 FABRICATED METAL PRODUCTS 2

35 MACHINERY. EXCEPT ELECTRICAL 210 21.4
3511 STEAM ENGINES; STEAM, GAS, AND HYDRAULIC

TURBINES; AND STEAM, GAS. AND HYDRAULIC
TURBiNE GENERATOR SET UNITS 13

3519 INTERNAL COMBUSTION ENGINES 5

3522 FARM MACHINERY AND EQUIPMENT 2

3533 OIL FIELD MACHINERY AND EQUIPMENT 2

3534 ELEVATORS AND MOVING STAIRWAYS 2

3536 HOISTS, INDUSTRIAL CRANES. AND MONORIAL SYSTEMS I
3541 MACHINE TOOLS. METAL CUTTING TYPES 56

3542 MACHINE TOOLS. METAL FORMING TYPES 3
3544 SPECIAL DIES AND TOOLS, DIE SETS , JIGS AND

FIXTURES 6
3545 MACHINE TOOL ACCESSORIES AND MEASURING DEVICES 27

3546 METALWORKING MACHINERY, EXCEPT MACHINE TOOLS;

AND POWER DRIVEN HAND TOOLS 3

3551 FOOD PRODUCTS MACHINERY a

3559 SPECIAL INDUSTRY MACHINERY 5

3561 PUMPS, AIR GAS COMPRESSORS, AND PUMPING

EQUIPMENT 9

3562 BALL AND ROLLER BEARINGS 3
3564 BLOWERS AND EXI#AUST VENTILATION FANS I

3566 MECHANICAL POWEP TRANSMISSION EQUIPMENT,
EXCEPT BALL AND ROLLER BEARINGS 2

3567 INDUSTRIAL PROCESS FURNACES AND OVENS 4
3569 GENERAL INDUSTRIAL MACHINERY AND EQUIPMENT 2

3572 TYPEWRITERS 2
3574 CALCULATING AND ACCOUNTING MACNINES. EXCEPT

ELECTRONIC COMPUTING EQUIPMENT 6

FlUiNK 23 (Celt.) 28
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NUMBER OF INQUIRIES

sic
MAJOR SIC BY SiC BY SIC
OROUP INDUSTRY INDUSTRY MAJOR GROUP S OF

NO. NO. NO. NO. TOTAL

35 MACHINERY, EXCEPT ELECTRICAL (cont.)
3579 OFFICE MACHINES 3
3582 COMMERCIAL LAUNDRY, DRY CLEANING,

AND PRESSING MACHINES I

3585 AIR CONDITIONING EUIPMENT AND

COMMERCIAL AND INDUSTRIAL REFRIGERATION
MACHINERY AND EQUIPMENT 3

3591 MISCELLANEOUS MACHINERY, EXCEPT

ELECTRICAL 39

36 ELECTRICAL MACHINERY, EQUIPMENT,
AND SUPPLIES 80 8.1

3611 ELECTRIC MEASURING INSTRUMENTS AND

TEST EQUIPMENT 8
3613 SWITCHGEAR AND SWITCHBOARD APPARATUS I

3621 MOTORS AND GENERATORS 2
3622 INDUSTRIAL CONTROLS 4

3624 CARBON AND GRAPHITE PRODUCTS I

3629 ELECTRICAL INDUSTRIAL APPARATUS 3
3641 ELECTRIC LAMPS I
3643 CURRENT - CARRYING WIRING DEVICES I

3651 RADIO AND TELEVISION RECEIVING SETS, EXCEPT
COMMUNICATION TYPES 2

3662 RADIO AND TELEVISION TRANSMITTING, SIGNALING,
AND DETECTION EQUIPMENT AND APPARATUS 43

3673 TRANSMITTING, INDUSTRIAL, AND SPECIAL
PURPOSE ELECTRON TUBES I

3679 ELECTRONIC COMPONENTS AND ACCESSORIES 9
3694 ELECTRICAL EQUIPMENT FOR INTERNAL

COMBUSTION ENGINES 4

37 TRANSPORTATION EQUIPMENT 333 33.9
3711 MOTOR VEHICLES 12
3712 PASSENGER CAR BODIES I

3714 MOTOR VEHICLE PARTS A.D ACCESSORIES 5
3721 AIRCRAFT AND MISSILES 197
3722 AIRCRAFT ENGINES I ENGINE PARTS

MISSILE ENGINES 70
3729 AIRCRAFT PARTS I AUXILIARY EQUIPMENT -

MISSILE PARTS 45
3731 SHIP BUILDING AND REPAIRING I

3732 BOAT BUILDING AND REPAIRING I
3741 LOCOMOTIVES AND PARTS I

38 PROFESSIONAL, SCIENTIFIC. AND
CONTROLLING INSTRUMENTS: PHOTOGRAPHIC AND
OPTICAL GOODS: MATCNES AND CLOCKS II I.I

3611 ENGINEERING, LABORATORY, AND SCIENTIFIC
AND RESK.ARCH INSTRUMENTS AND ASSOCIATED

ECUIPMENT 6

3622 AUTOMATIC TEMPERATURE CONTROLS I
3631 OPTICAL INSTRUMENTS AND LENSES I

3642 ORTHOPEDIC, PROSTHETIC. AND SURGICAL
APPLIANCES AND SUPPLIES 2

3661 PHOTOGRAPHIC EQUIPMENT AND SUPPLIES

50 WHOLESALE TEASE .2
5062 CONSTRUCTION AND MINING MACHINERY AND

EQUIPMENT

5091 METALS AND MINERALS

60 BANKING .1
6025 NATIONAL BANKS, MEMBER$ OF THE FEOERAL

RESERVE SYSTEM

29 FIGURE 23 (tent.)
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NUMBER OF INQUIRIES

SiC
MAJOR SIC BY SIC BY SIC
GROUP INDUSTRY INDUSTRY MAJOR GROUP % OF

NO. NO. NO. NO. TOTAL

73 MISCELLANEOUS BUSINESS SERVICES 34 3.5
7311 ADVERTISING AGENCIES I
7391 COMMERCIAL RESEARCH AND.DEVELOPMENT

LABORATORIES 29

7392 BUSINESS, MANAGEMENT, ADMINISTRATIVE
AND CONSULTING SERVICES 4

82 EDUCATIONAL SERVICES 42 4.3
8211 ELEMENTARY AND SECONDARY SCHOOLS 8
8221 COLLEGES, UNIVERSITIES, AND PROFESSIONAL

SCHOOLS 5

8231 LIBRARY AND INFORMATION CENTERS 29

86 NONPROFIT MEMBERSHIP ORGANIZATIONS .5

8611 BUSINESS ASSOCIATIONS
8621 PROFESSIONAL MEMBERSHIP ORGANIZATIONS 4

89 MISCELLANEOUS SERVICES 17 1.8
8911 ENGINEERING AND ARCHITECTURAL SERVICES 12

8921 NONPROFIT EDUCATIONAL AND SCIENTIFIC

RESEARCH AGENCIES 5

TOTALS 982 100.0%

FIn
SFI|UhE 23 (cont.) 30
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COMPANIES & AGENCIES SUBMITTING INQUIRIES TO AFMDC

October 1, 1904 - January 31, 1988

Astx CORPORATION, MAHWAH, N.J. ARO, INC., ARNOLD AIR FORCE STATION, TENN.

Abon, DoR. ROBERT H., MILLINGTON, N.J, ARROW GEAR COMPANY, DOWNERS GROVE, ILL.

ACF INDUSTRIES, INC., ALBUQUERQUE, N.M. ARROWSMITH TOOL & MFG. CORP., Los ANGELES, CALIF.

ACCURATE BUSHING COMPANY, GARwooo, N.J. ASTROSYSTEMS INTERNATIONAL INC., ROCKAWAY, N.J.
ACRALOC CORPORATION, OAK RIDGE, TENN. ATLANTIC RESEARCH CORPORATION, GAINSVILLE, VA.

ADAMAS CARBIDE CORP., KENILWORTH, N.J. ATLANTIC RICHFIELD COMPANY, PHILADELPHIA, PA.

ADKINS A HUMINIK, ALEXANDRIA, VA. ATLAS ALLOYS, CLEVELAND, OHIO

AEROJET-GENERAL CORPORATION, AZUSA, CALIF. AUTOMATION ACCESSORIES INC., CINCINNATI, OHIO

AEROJET-GENERAL CORPORATION, CLAREMONT, CALIF. AUTOMATION ACCESORIES INC., DAYTON, OHIO

AEROJET-GENERAL CORPO.IATION, DOWNEY, CALIF. AUTOMATION INDUSTRIES INC., ABILENE, TEX.AEROJET-GENERAL CORPOAION SACRAMENTO, CALIF. AUTOMOTIVE SERVICENTER INC., BALTIMORE, MD.
AEROJET-GENERAL CORPORATION, SACRAMENTO, CALIF. AVCO CORPORATION, STRATFORD, CONN.

AEROJET-GENERAL CORPORATION, DAYTON OHIO AVCO CORPORATION, RICHMOND, IN.

AERONCA INC., MIDDLETOWN. OHIO AVCO CORPORATION, WILMINGTON, MASS.

AEROPROJECTS INC., WEST CHESTER, PA. Avco CORPORATION, COLDWATER, OHIO

AEROQUIP CORPORATION, JACKSON, MICH. AVCO CORPORATION, NASHVILLE, TENN.

AEROQUIP CORPORATION, VAN WERT, OHIO AVEY MACHINE TOOL COMPANY, COVINGTON, Ky.

AEROSPACE CORPORATION, SAN BERNARDINO, CALIF. AVILDSEN TOOL & MACHINES INC., NEW YORK, N.Y.

AEROSPACE RESEARCH APPLICATIONS CENTER,

BLOOMINGTON, IND.
BACHAN MANUFACTURING CO., POMPANO BEACH, FLA.

AMERICAN INSTITUTE OF MINING METALLURGICAL BACKER TOOL & DIE, CINCINNATI, OHIO
PETROLEUM ENGINEERS, NEW YORK, N.Y.
PETROLEUM ENGINERTERS, NEWAS TOR, NY. BADGER, F. SIDNEY, WOODLAND HILLS, CALIF.

AIR FORCE READUAREENTVER, WASHIMTON, C. BADGETT & SMITH ASSOCIATES INC., CINCINNATI, OHIO

AIRDFORCENREPREBAKER OIL TOOLS INC., Los ANGELES, CALIF.

DENVER, COLO. BLWNLM-AITN UNAP
AIRESEARCH MANUFACTURING COMPANY, PHOENIX, ARIZ. BALDWIN-LIMA-HAMILTON, BURNHAM, PA.

AIRESEARCH MANUFACTURING COMPANY, LOS ANGELES, CALIF. BATTELLE MEMORIAL INSTITUTE, COLUMBUS, OHIO
ALLEGHENY-LUOLUM STEEL CORP., DUNKIRK, N.Y. BATTELLE MEMORIAL INSTITUTE, RICHLAND, WASH.
ALLEGHENY-LUOLUM STEEL CORP., PITTSBURGH, PA. BATTELLE MEMORIAL INSTITUTE, Los ANGELES, CALIF.

ALLEGHENYELUOLUCMAN N STEELCP. P UITTSRG, PA. BAUSCH & LOMB INCORPORATED, ROCHESTER, N.Y.

ALLIANCE TOOL COMPANY INC., ST. LOUIS, Mo.

ALLIED CHEMICAL CORP., MORRISTOWN, N.J. BDSA DEPARTMENT OF COMMERCE, WASHINGTON, D.C.

ALLIS-CHALMERS MANUFACTURING COMPANY, MILWAUKEE, WISC. BEECH AIRCRAFT Co., WICHITA, (AN.
SALLIS-CHALMERS MANUFACTURING COMPANY, NORWOOD, OHIO BELL HELICOPTER COMPANY, FT. WORTH, TEX.
ALLIS-CAILMEORSOMATIONUFACTURI AIRCOMPAN, N , OBELL & HOWELL RESEARCH CENTER, PASADENA, CALIF.

ALTAMLCORPORTIO, CHBELLOWS-VALVAIR CORPORATION, CINCINNATI, OHIO

SHELBYVILLE, IND.
BELOIT CORPORATION, BELOIT, WISC.

ALUMINUM COMPANY OF AMERICA, LAFAYETTE, IND. BELOIT EATERN COR OIO, WIN NP
ALUMINUM COMPANY OF AMERICA, PITTSURGH, PA. BELOIT EASTERN CORPORATION, DOWNINGTON, PA.

ALUMINUM SMELTERS RESEARCH INSTITUTE, CHICAGO, ILL. BENDIX CORPORATION (THE), SETHOIL, MICH.AMEICN ARLNE IN,,TUSAOKA.BENDIX CORPORATION (THE), SOUTHFIELD, MICH.
AMERICAN AIRLINES INC., TULSA, OKLA.

AMERICAN BOSCH ARMA CORPORATION, SPRINGFIELD, MASS. BENDIX CORPORATION (THE), KANSAS CITY, MO.

AMERICAN SNAKE SHOE COMPANY, ELYRIA, OHIO BENDIX CORPORATION (THE), TETERSORO, N.J.

AMERICAN CYANAMID COMPANY, SANFORD, ME. BENDIX CORPORATION (THE), SIDNEY, N.Y.

AMERICAN HELLER CORPORATION, DETROIT, MICH. BENDIX CORPORATION (THE), YORK, PA.

AMERICAN INSTITUTE OF AERONAUTICS, Los ANGELES, CALIF. BENDIX CORPORATION (THE), SOUTH BEND, IND.

AMERICAN LAUNDRY MACHINERY INDUSTRIES, CINCINNAti, OHIO BENEDICT-MILLER INC., LYNDHURST, N.J.

AMERICAN MACHINE I FOUNDRY Co., YORK, PA. BENNET TECHNICAL SERVICES INC., CINCINNATI, OHIO

AMERICAN MACHINIST, CLEVELAND, OHIO BENRUS WATCH COMPANY, WATERBURY, CONN.

AMERICAN SAW I MANUFACTURING COMPANY, EAST LONGMEADOW, BERCO MANUFACTURING COMPANY, WATERBURY, CONN.

MASS. BERYLLIUM CORPORATION OF AMERICA (THE),
AMERICAN SOCIETY FOR METALS, METALS PARK, OHIO READING, PA.

AMERICAN SOCIETY OF TOOL A MANUFACTURING ENCINEERS, READING PA,

DEARBORN, MICH. BERYLLIUM CORPORATION OF AMERICA (THE),

AMERICAN TOOL WORKS, CINCINNATI, OHIO HAZELTON, PA.

AMERICAN WELDING & MANUFACTURING CO., WARREN, OHIO BESLY-WELLES CORPORArION, SOUTH BELOIT, ILL.

AMES LABORATORY, AMES, IOWA BESLY-WELLES CORPORATION, CINCINNATI. OHIO

AMETEK INC., SELLERSVILLE, PA. BETHLIHEM STEEL CORPORATION, BETHLEHEM. PA.

AMMUNITION PROCUREMENT I SUPPLY AGENCY, JOLIET, ILL. BIGGER COMPANY, C. M., READING, OHIO

AMPCO METAL INC., MILWAUKEE, WISC. BLACK 6 DECKER MFG. Co., TOWSON, MO.
AMPHENOL CORPORATION, CHICAGO, ILL. BLISS COMPANY, E. W., SOUTH PORTLAND, ME.

ANDERSON BROTHERS MANUFACTURING CO., ROCKFORD, ILL. BOEING COMPANY (THE), WICHITA, KAN.

ANOREWS AIR FORCE BASE, WASHINGTON, D.C. BOEING COMPANY (THE), NEW ORLEANS, LA.
ANOCUT ENGINEERING COMPANY, ELK GROVE VILLAGE, ILL. BOEING COMPANY (THE) RENTON, WASH.

APEX CORPORATION, INDIANAPOLIS, IND. BOEING COMPANY (THE), SEATTLE, WASH.

API CORPORATION, MIAMI, FLA. BOEING COMPANY (THE), PHILADLLPHIA, PA.

ARGONNE NATIONAL LABORATORY, ARGONNE, ILL. BOEING COMPANY (THE), AUBURN, WASH.

ARIZONA, UNIVERSITY OF, TUCSON, ARIz.
ARsa*# INOUsTRiES INC,, WEsTOURY, N.Y. BOMAR COMPANY, CINCINNATI, OHIO

AMIGO STEEL CORPORATION, BALTIMORE, MO. BO0o ALLEN APPLIED RESEARCH INC., NEW YORK, N.Y.
ARMC@ STU|L CORPORATION, CINCINNATI, 0OIO BORG-WARNER CORPOIATION, FREMONT, OIO
ABmca STEEL CORPORATION, MIDDLETOWN, OHIO BORG-WARNER CORPORATION, CHICAGO, ILL.

ARMCO STEEL CORPORATION, TORRANCE. CALIF. BOSTROM CORORRATION, MILWAUEE, WISC.

ARMSTRONG SLUM WG, COMPANY, CINCINNATI, 0O410 BRAD FOOTE GEAR WORKS INC,, CICERO, ILL.
BRANDS MACHINING COMPANY, PORTLAND, PA.ARMY PROCUREMENT DISTRICT, CHICAGO, ILL. BRASS S BRIONZE |1451 TUTE, CHICAGO, ILL,

FIGURE 25 32 SEE APPENI1X. PARE A-14
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BRIDGEPORT, UNIVERSITY OF, BRIDGEPORT, CONN. CONTIHENTAL-EmSCO COMPANY, GARLAND, TEx.
BRIGGS & STRATTON CORPORATION, MILWAUKEE, WISC. CONTINENTAL MOTORS CORPORATION, MUSKEGON, MICH.
BRIGHAM YOUNG UNIVERSITY, PROVO, UTAH CONTINENTAL TOOL COMPANY, DETROIT, MICH.

BROOKS & PERKINS INC., DETROIT, MICH. CONTROLS COMPANY OF AMERICA, JACKSONVILLE, ARK.
BROWN & ROOT INC., HOUSTON, TEX. CONVER STEEL & WIRE CO. INC., NEW YORK, N.Y.
BROWN & SHARPE MANUFACTURING Co., DAYTON, OHIO COORS CO., INC., H. F., INGLEWOOD, CALIF. 4

BRUBAKER TOOL CORPORATION, MILLERSBURG, PA. COONZ PORCELAIN COMPANY, GOLDEN, COLO.

BRUNSWICK CORPORATION, MUSKEGON, MICH. CORHART RBFRACTORISS COMPANY, BUCHANNON, W. VA.
BRUSH BERYLLIUM COMPANY (THE), HAYWARD, CALIF. CORNELL AERONAUTICAL LABORATORY INC., BUFFALO, N.Y.
BRUSH BERYLLIUM COMPANY (THE), CLEVELAND, OHIO CORNING GLASS WORKS, CORNING, N.Y.
BRUSH BERYLLIUM COMPANY (THE), ELMORE, OHIO CORPLAN ASSOCIATES, CHICAGO, ILL.
BUCKEYE FOUNDRY COMPANY, CINCINNATI, OHIO CRAFTNEEDS INC., CINCINNATI, OHIO

BUDD COMPANY, NEWARK, DELA. CRANE Co., NEW CASTLE, PA.
BUERK TOOL & MACHINE CORPORATION, BUFFALO, N.Y. CRUCIBLE STEEL COMPANY OF AMERICA, CINCINNATI, OHIO
BUHR MACHINE TOOL COMPANY, DETROIT, MICH. CRUCIBLE STEEL COMPANY OF AMERICA, PITTSBURGH, PA.
BULLARD COMPANY,(THE), BRIDGEPORT, CONN. CUMMINS ENGINE COMPANY INC., COLUMBUS, IND.
BUNKER-RAMO CORPORATION, CLEVELAND, OHIO CURTISS-WRIGHT CORP., CALDWELL, N.J.
BURGESS-NORTON MANUFACTURING Co., GENEVA, ILL. CURTISS-WRIGHT CORP., WOOD-RIDGE, N.J.
BURGMASTER CORPORATION, CINCINNATI, OHIO CURTISS-WRIGHT CORP., BUFFALO, N.Y.
BURNDY CORPORATION, NORWALK, CONN. CUSTOM TOOLING Co., CINCINNATI, OHIO
BURSON MARSTELLER ASSOCIATES, NEW YORK, N.Y. CYCLOPS CORPORATION (UNIVERSAL CYCLOPS),

BRIDGEVILLE, PA.

CADILLAC GAGE COMPANY, ROSEVILLE, MICH.
CALIFORNIA STATE PRISON, SAN QUENTIN, CALIF. DALMO VICTOR COMPANY, BELMONT, CALIF.
CALIFORNIA GENERAL INC., CHULA VISTA, CALIF. DATA INFORMATION GATHERING SERVICE, PALO ALTO,
CAMCAR SCREW N MANUFACTURING Co., ROCKFORDC ILL. CALIF.

DAVEWOOD SUPPLY COMPANY, ROCKFORD, ILL.
CAMERON IRON WORKS, HOUSTON, TEN. DAYTON MALLEABLE IRON CO., DAYTON, OHIO
CARBORUNDUM COMPANY (THE), NIAGARA FALLS, N.Y. DAYTON RESEARCH INSTITUTE, UNIVERSITY OHI DAYTON,
CARLISLE CHEMICAL WORKS INC., READING, OHIO OHIO
CARNEGIE INSTITUTE OF TECHNOLOGY, PITTSBURGH, PA. OHIO

CARPENTER STEEL COMPANY (THE), READING, PA. DEERSE & COMPANY, M OLINE, ILL.
CARR TOOL COMPANY, NORWOOD, OHIO DEFENSE CERAMIC INFORMATION CENTER, COLUMBUS,

CARRIER AIR CONDITIONING Co., SYRACUSE, N.Y. DEL MACHINE WELDING WORKS INC., HOUSTON, Tex.
CATERPILLAR TRACTOR COMPANY, DECATUR, ILL. DEPUY MANUFACTURING COMPANY, WARSAW, IND.

CATERPILLAR TRACTOR COMPANY, PEORIA, ILL. DO'TROIT BROACH A MACHINE Co., ROCHESTER, MICH.
CAVITRON ULTRASONICS, INC., LONG ISLAND, N.Y. DEUTSCH COMPANY, Los ANGELES, CALIF.
COS ENGINEERING INC., SANTA CLARA, CALIF. DIAMOND ALKALI COMPANY, PAYNESVILLE, OHIO

CEEMCO, CINCINNATI, OHIO DIAMOND, TOOLS & ABRASIVES INC., JUPITER, FLA.
CELANESE FIBERS COMPANY, NARROWS, VA. DIAMONITE PRODUCTS MANUFACTURING Co., SHREVE, OHIO

CENTRAL MACHINE WORKS, INDIANAPOLIS, IND. D-K PRODUCTS (DIv. SYMINGTON WAYNE CORP.),
CENTRO CORPORATION, DAYTON, OHIO CHICAGO, ILL.
CENTRAL FABRICATORS INC., CINCINNATI, OHIO D-M-E CORPORATION. DETIOIT. .ICH.

CHAMBERLAIN MANUFACTURING CORPORATION, DO-ALL COMPANY, DES PLAINES, ILL.

WATERLOOV IOWA DOVER CORPORATION, LOUISVILLE, KY.
CHANDLER EVANS INC.,.W[ST HARTFORD, CONN. DOVER CORPORATION, CINCINNATI, OHiO
CHASE BRASS & COPPER CO., SOLON, OHIO DOW CHEMICAL COMPANY (THE), DENVER, COLO.
CHASE MANHATTAN BANK, NEW YORK, N.Y. Dow CHEMICAL COMPANY (Tm[), GOLDEN. COLO.
CHICAGO CUTTING DIE COMPANY, CHICAGO, ILL. DOW CHEMICAL COMPANY (THE), MIDLAND, MICH.
CHICAGO PROCUREMENT DETACHMENT, CHICAGO, ILL. DoW CHEMICAL COMPATN, DLANO, N.C.
CHRYSLER CORPORATION, NEW ORLEANS, LA. DE HMCLCROAIN ONONJ
CHRYSLER CORPORATION, DEARBORN.AMICHL. DREXEL INSTITUTE OF TECHNOLOGY, PHILADELPHIA, PA.CHRYSLER CORPORATION. DEARBORN. MICH. DUMOme COMPANY. RACNEm, Wisc.

CHUCKING MACHINE PRODUCTS INC., FRANKLIN PARK, ILL. DUMORR COMPANYCRACATEt WISE
CINCINNATI LATHE II TOOL COMPANY, CINCINNATI, OHIO DNA AUATRN oCNINTOIDuPONT DENEMOURS A CO. INC., E. I.. WILMINGTON, DEL
CINCINNATI MILLING MACHINE COMPANY (THE), DUPONT DENEMOUeS I CO. INC.. E. I., MARTINSVILLE. V

CINCINNATI, OHIO DYNA-TECH INC., DECATUR. ALA.

CINCINNATI MINE MACHINERY CO., CINCINNATI, OHIO

CINCINNATI SHAPER COMPANY, WHITEWATER. OHIO EASTERN KENTUCKY UNIVERSITY, RICHMOND, KY.
CINCINNATI SUB-ZERO PRODUCTS INC.. CINCINNATI, OHIO EASTMAN KODAK COMPANY, ROCHESTER, N.Y.
CINCINNATI, UNIVERSITY OF, CINCINNATI, OHIO EATON YALE I TOWN INC., SOUTH EUCLID. OHIO
CITRUS COLLEGE, AZUSA. CALIF. EATON YALE A TOWN INc., SAGINAW, MICH.
CLEARINGHOUSE FOR FEDERAL SCIENTIFIC A TECHNICAL ECIVRES INC., NORWOOD, OHIO

INFORMATION, SPRINGFIELD, VA. EDMUNOS MANUFACTURING CO., FARMINGTON, CONN.
CLEVELAND AUTOMATIC MACHINE TooL Co.. CINCINNATI, OHIO EIS AUTOMOTIVE CORPORATION (THE), MIDDLETOWN, CONN.
CLEVELANO PNEUMATIC TOOL CO., fTmH), CLEVELAND, OHIO EITEL.MCCULLOUGH INC., SAN CARLOS, CALIF.

CLEVELAND TWIST DRILL COMPANY. CLEVELAND, OHIO ELANO CORPORATION. XENIA, OHIO
CLEVITE CORPORATION. CLEVELAND, OHIO ELASTIC SToP-NuT CORP. OF AMERICA, U.ION, N.J.
CLIMCO PRODUCTS INC., CINCINNATI. OHIO ELECTRIC STORAGE SATTERY COMPtANY (THE),
COBALT INFORMATION CENTER, COLUMBUS, OHIO PHILADELPHIA, PA.

COLLINS RADIO COMPANY, CEDAR RAPIDS. IOWA ELECTRICAL MACHINING INC.. CINCINNATI, OHIO
COLLINS RADIO COMPANY. DALLAS. TE., ELECTRO-JET TOOL COMPANY, CINCINNATi, OHIO

COLT INDUSTSIES INC., BE[LOT, WIsc. ELECTRONIC SPECIALTY COMPANY, PORTLAND, ORE.
COMSTOCK A WESCOTT INC.. CAMORIDOE, MASS. ELLIOTT COMPANY, .IANNETT PA.
* CONCORO-RENN COMPANY. CINCINNATI, OHIO ELOR CORP. OF MICHIGAN, TROv, MICH.

CONTINENTAL AVIATION & ENGINEERING CORP., EMERSON ELECTRIC COmPANY, LOS ANGELES. CALIF.
DETROIT, MICE. EMERSON ELECTRIC COMPA4V, ST. LOUIS. MO.

CONTINENTAL AVIATION I ENGINEERING CORP., DeI, CINCINNATI. OHIO
TOLEDO, OHIO ENGINEERING SOCI[TIEs LIORARV, NCR YORK. N.Y.

CONTINENTAL COPPER A STEEL CO., GOAESIVRN, PA. ENTIISTLE MANUFACTLRIIG CO., PROVIDENCE. ft. I.

33 F14011 25 (goal.)



WEor looOUSvmogs Inc, FERNDALE, MItCH. GENERAL ELECTRO-MECH CoRP., BUFFALO, N.Y.
ERNST, HANS, CLEARWATER, FLA. GENERAL MOTORS CORPORATION DEFENSE RESEARCH LAB.,
LIAISE MANUFACTURING CO. INC., FT. LAUDERDALE, FLA. SANTA BARBARA, CALIF.
Esco CORPORATION, Los ANGELES, CAL.IF. GENERAL MOTORS CORPORATION, DELCO RENY DIVISION,
Esso RESEARCH II ENGINEERING Co., LINDEN, N.J. ANDERSON, IND.
EUCLID MACHINE CO., INC., INDIANAPOLIS, IND. GENERAL MOTORS CORPORATION GUIDE LAMP Division,
Ex.CELIL-O CORPORATION, LIMA. OHIO0 ANDERSON, IND.

GENERAL MOTORS CORPORATION, INDIANAPOL!.. INC.
FArNIa SEARING COMPANY (THE), NEW BRITAIN, CONN. GENERAL MOTORS CORPORATION, MUNICE, IND.
FAIRCHILD HILLER CORPORATION, ROCKVILLE, MO. GENERAL MOTORS INSTITUTE, FLINT, MICH.
FAIRCHILI. HOLLER CORPORATION, FARMINGDALE, 1.1., N.Y. GENERAL MOTORS CORPORATION, WARREN, MICH.
FAIRCHILD PRECISION METALS PRODUCTS, EL CAJOON. CALIF. GENERAL MOTORS CORPORATION1, HARRISON, N.J.
FANSTEEL METALLURGICAL CORP., NO. CHICAGO, ILL. GENERAL MOTORS CORPORATION, FRIGIOAIRE DIVISION,
FELLOWS GEAR SHAPER COMPANY (THE), SPRINGFIELD, VT. DAYTON, OHIO0
FERGUSON MACHINE COMPANY, TOLEDO, OHIO GENERIAL MOTORS CORPORATION, INLAND MANUFACTURING
FERRlIS STATE COLLEGE, BIG RAPIDS, MICH. DAYTON, OHIO
FERRmoTHERM Co., CLEVELAND, OHIO GOENERAL MOTORS CORPORATION, MILWAUKEE, WISC.
FiIERiTe CORPORATION, WINONA. WISC. GENERAL PRECISION AEROSPACE TECHNICAL INFORMATION
FIRESTONE TiRE G RUBBER Co. (THE), AKRFON, OHIO CENTER, LITTLE FALLS, N.J.
FiREWEL COMPANY INC. (THE), BUFFALO, N.Y. GENERAL PRECISION INCORPORATED, BINGHAMTON, N.Y.
FISCHER GOVERNOR8 COMPANY, MARSHALLTOWN, IOWA GENERAL PRECISION INCORPORATED, PLEASANTVILLE, N.Y.
FLOCK-REEDY CORPORATION, BENSENVILLE, IND. GENERAL TRANSDUCER COMPANY, SANTA CLARA, CALIF.
FMC CORPORATION, SAN JOSE, CALIF. GEOMETRIC Toot COMPANY, NEw HAVEN, CONN.
FORD MOTOR COMPANY. DIEARIORN, MICH. GEORGE'S SCREW PRODUCTS, FRANKLIN PARK, ILL..
FORD MOTOR COMPANY. METAL STAMPING, DEARBORN. MICH. GiSHOLT CORPORATION, MADISON, WISC.

f FoRDo MOTOR COMPANY, .LIVONIA, MICH. GLIDDEN COMPANY (THE), BALTIMORE, MOD.
FORD MOTOR CONPANY. FAIRFAX P

M
LANT. CINCINNATI, OHIO GODDARD SPACE FLOG..? Coo, F&, GREENBELT, MD.

FORD MOTOR COMPANY, SHARONVOLLE PLANT, CINCINNATI, GOLDMAN II COMPANY, HAP% )EAROORN, MICH.
0"IO GOODRICH r-)mPANY, P. F., AKRO '. OHIO

FeRAKFoRD ARlSENAL, PHILADELPHIA, PA. GooDytAI1 AEROSPAC& CORPPRAT ION, AKRON, OHIO
FRANKLIN BALMAR CORPORATION, BALTIMORE, MD. GOut as Pumps IN..,-.jtA FALLS, N.Y.

* FRANKLIN ELECTRIC CO.. INC.. BLUFFTON. IND. GRAH411M RF5EARcN LABORATORY, POTT;BURGH', PA.
FRANKLIN OIL CORPORATION, BEDFORD, OHIO GotAY.CIMPANY, G. A., CINCINNATI. OHIO
FULLER MERRIAM COMPANY, WEST HAVEN, COHN. GREAT LAKES RESEARCH CORIPORATION, ELIZABITHTON,

*FYR-FYTER COMPANY (THE),. NEWARK. N.J. TeNN.
G & 0 TOOL A DOE COMPANY, SeecHOROVE, IND. GREAT LAKES STEEL CORPORATION, DETROIT, MtCH.
GALM COMPANY, KENNETH J.. INDIANAPOLIS, IND. GRTENFIELo TAP II Dien, GREENF IELO, MASS.

GARDNER MACHINE COMPANY, SOUTH BELOIT, ILL. GREENLEAF CORPORATION, HAGERX.TOWN, PA.
GAR-KENYoN INSTRUMENTS INC., BRcEWSTER, N.Y. GRIFFIN WHEEL COMPANY, CHICAGO. ILL.
GE81EL INDUSTRIES, CINCINNATI, OHIO GRIKO CHEMICAL PRODUCTS INC., NEWARK, N.J.

* GENERAL DYNAMICS CORP., SAN Diego, CALIF. GRISWOLa.EsmkEMAN COMPANY (THE) ,'CLEVELAND, OHIO

GENERAL DYNAMICS CORP., GROTON. COHN. GRUMMAN AIRCRAff ENGINcEiERN CaRp.. BETHPAGE. LI. 1.
GEmNEAL DYNAMICS CORP.. NEW YORK, N.Y. N.Y.
GENERAL DYNIAMICS CORP., FT. WORTH, Tex. GULF COAST TEcHwkCAL INASTITUT9, GULFPORT, Miss.
GENERAL ELECTRIC COMPANY, PmoENis, ARlIz.

GENERAL ELECTRIC COMPANY, PLEASANITOWN,. CALIF. A C SUPPLY CORPORATION. 11OCHESTER,. N.Y.
GENERAL41 ELECTRIC COMPANY. SAN JOSE, CALIF. WALL PLANEI&ARY C*. OF PMiLADCLIOHIA, PHILADELPHIA,
GENERAL ELECTRIC COMPANY, DAYTONA BEACH, FLA.PA

GENERAL ELECTRIC COMPANY, BLOOMINGTON, ILL. HAMILTON S(ANDAND. WINDliSO LOCKS, COHNi.
GENERAL ELECTRIC COWMPANY FT, WAYNE,. IND. HAMILTON TOOL 4 MACHINE Co.. KNikLooRIm N.J.
GENERIAL ELECTRIC COMPANY. LOUISVILLE. KY. HA.NISCMFESER COMFANY, ESCANADA, MICH.
GENERAL ELECTRIC COMPANY, EVEREJY, MASS. O4ARRIS.INERTVPE CORPORATION. CLEVELAND. ý4H'IO
GENERIAL ELECTRIC COMPANY, LYNN. MASS. WARVARO BUSINESS SCHOOL. CAMBIDGlEf Mass.
GiENERA ELECTRIC COMPANY, DETROIT. MICM. HARVErY AL-hINum SALES INC., EAST OAAN31, N.J.
GENER1AL ELECTRIC COMPANY,. WARREN,11 MICH. HAsroNOs MANUFACTURIING CO., HASTINGS, MICN.
GENE9RAL ELECTRIC COMPANY, KAP-L. SCHENE9CTADY, N.Y. NaitR IIDUSRIBEs, CINCtINNATI. OHIO
GENER1AL ELECTRIC COMPANY, SCHENE9CTADY, N.Y. HCALV MACkiINE COMPANY, WORCESTER. MASS.
GENER1AL ELECTRIC COMPANY, SYRIACUSE, N.Y. HE1NDRIIRSEN. ERIK, DOVRNEY, CALIF.
GENER1AL ELECTRIC COMPANY, UT ICA, N.Y. HERcuLES INC.. ALLEGANY BIALLISTICS LAS.,
6G0NERAL ELECTRIC COMPANY, WATERFORO, N.Y. CuMgeRLANS, MARYLAND

GENERNAL ELECTRIC COWMPA: CLEVELAND. OHIO SSwCRPNi%.Hso.Kae

009VLELECTRIC COMPANY, D-LVTON. OHIO HILL. GEORGE MI.. OtIORD. OHIO
4kigLELECTRIC COMPANY,. EMg, Pa. HINKLE 11111011E111 INC., CLA11GIBURI,. W. VA.q
GgieLELECTRIC COPN.Ke fPRUSSIA, Pa. NIRS11CNM11AMI CORPORATION, ROSLVI N HE*CNTS, N.Y-

GEM91A ELECTRIC COMPANY, PMOLABELPHIA. PA. HosaAR? MhAUAtfUftiNG COMPANY, Too,, OHIO
GENERA&L ELECTRIC COMPANY,. VALLEY ORGE4 SPACE TECA1NOLOY4 "OFFMAN BAOTHERS AEWELRY CO., TUNISUTAWNteY, PA.

CENTER, PWILAPELPMIA. PA. 40119 INC., CRESSaiLt, N.J.
GENE1RAL ELECTRIC cowINY aly usLifteoTS VT. HOLLEY CARBURETOR COMPANYV WARRENIII MICN.
GENERAL, ELECTRIC COMANY, RTILANS,. VT. MOLLEY CARBURETOR COMPANY, CLARE, MICN.
GENEReAL [LECTRIC CoMPANY, UAYeSBORO, VA, HOLYOKE MACHINE COMPANY, MOLIV641E, Mass.
GENERAk hELECTIC COMPANY, SomileRSm, ir. U.. ONEYWE*LL INC., ST. PETERISBURG, FLA.
ftNERAL ELECTRI1C COMPANY SuNNYYviatE, CALIF.HNyELIN. E RGITN AN
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HONEYWELL INC., MINNEAPOLIS, MINN. KING FIFTH WHEEL COMPANY, MOUNTAINTOP, PA.

HOUGHTON COMPANY, E. F.. CINCINNATI, OHIO KiNSEY.COMPANY, E. A., CINCINNATI, OHuIO
HOUGHTON COMPANY, E. F., CLEVELAND, OHIO K.i INDUSTRIES, HARTFORD, CONN.

HOUSTON, UNIVERSITY OF. HOUSTON. TEax. KINE MANUFACTURING CO., WESTERVILILI, 00410

HuCKRO AIRCRAFIGSONTNY Koec INC.. HUNTINGTON PARK, CALIF.

HUHE IRRATCOMPANY. CULVER CITY. CALIF. KOCHNIN6G Co., HPM DIVISION, MT. GILEAD, OHIO0
HuGHEs AIRCRAFT COMPANY, EL SEGUNDO, CALIF. KOPPERS COMPANY INC., BALTIMORE, MO.
HuGHES AIRCRAFT COMPANY, Los ANGELES, CALIF. KIIEISLfER INDUSTRIAL CoRp., EAST PATTERSON, N.J.
HUGHES AIRCRAFT COMPANY, TUCSON, ARIZ. KRESS CORPORATION, CLEVELAND. OHIO
HUGHES TOOL COMPANY, CULVER CITY, CALIF. KRoN~aENIEG, DR. MAx, CINCINNATI, OHIO0

HUMBLE OIL b REFINING Co., HOUSTON, TEax. KUNTZ COMPANY, J. R., DAYTON, 001IO

HYDRAULIC RESEARCH & MANUFACTURING CO.,

BURBANK, CALIF. LADISH COMPANY, CUDAHY, WISC.

HYpoRoDYNE ENGINEERING COMPANY, SANTA ANA, CALIF. LANCASTER METAL PRODUCTS, LANCASTER, 0HIO

HySTER COMPANY, PORTLAND. ORE. LASALLE STEEL COMPANY, HAMMOND, 1ND.

HYSTER COMPANY, DANVILLf. ILL. LATROBE STFEL COMPANY, LATROOF, PA.

LAVALLIE A lDE INC.. CHICO-'IE, MASS.

IIT RESEARCH4 INSTITUTE, CHICAGO, ILL. LAVIN b SONS, INIC., R. CHICAGO, ILL.

ITT CANNON ELECTRIC INC., Los ANGELES, CALIF. LAWRENCE AVIATION INDUSTRIES, INC., NEW YORK,
ILLINOI1S INSTITUTE OF TECHNOLOGY, CHICAGO. ILL. N.Y.
ILLINOIS, STATE oF, SPRINGFIELD. ILL. LAWRENCE RADIATION LABORATORY, LIVERmoRE, CALIF.

ILLINOIS, UNIVERSITY OF, URBANA, ILL. LEAR S1161LER COMPANY, GRAND RAPIDS, MICH.

INDUSTRIAL NUCLEONICS CORP., COLUMBUS, OHIO0 LEBANON STEEL FOUNDRnY, LEBANON,1 PA.
INGERSOLL MILLING MACNINE CO. (THE), ROCKFORD. ILL. LEBLOND MACHINE TOOL COMPANY, R. K., CINCINNATI,
INGERSOLL RAND COMPANY, PHILIPSBURG, N.J. OHIO

INGERSOLL RAND COMPANY, PRINCETON, N.J. LEHIGH UNmIVESITY, BETHLEHEM, PA.IiINGERSOLL RAND COMPANY. PAINTED POST, N.Y. LELAND-GiFFORDo COMPANY, WORCESTER, MASS.
INSTITUTE OF GAS TECHNOLOGY, CHICAGO. ILL. 1cLEoNN ENGINEERING COMPANY, CHICAGO, ILL.

INTFrINATIONAL BUSINESS MACHINES CORP.. LEX INGTON. Ky. LESSELLS AND ASSOCIATIES, WALTHAM, MASS.

INTERNATIONAL BUSINESS MACHINES CORP., ROCKVILLE, MO. LINAIR1 ENGINEERING, DANIA. FLA.

INTERNATIONAL BUSINESS MACHINES CORP., ENDICOTT. N.Y. LinG-TteMCO.VOUcHT, INC., DALLAS, Tax.

INTERNATIONAL BUSINESS MACHINES CORP.. KINGSTON. N.Y. LiNiG-TEMaC.VouGHT (LTV AEROSPACE) WARNREN MICH.

INTERNATIONAL BUSINESS MACHINES CORP., OWEGO, N.Y. LoiNG-TENCO-VouGHsT (LTV ELECYROSYSTEMS),
INTERNATIONAL BUSINESS MACHINES CORP.. POUG~HKEEPSIE, N.Y. GREENVILLE, TEa.
INTERNATIONAL BUSINESS MACHINES CORP., YORKTOWN HEIGHTS, LINK BELT COMPANY, INDo~IANPOLIS, In..

N.Y. LINK BELT COMPANY, PHILADELPHIA. PA.

INTERNATIONAL BUSINESS MACHINES CORIP.,. DAYTON. OHIO LiousD DYNAMICS, CHIClAOc. ILL.

INTtIRNATIONAL GLASS COMPANY. NEW YORK. N.Y. LITTLE CO., INC., ARTHUR D.. CAMBRaIDGE, MASS
INTERNATIONAL HARVESTER COMPANY, CHICAGO, ILL. LLOYD PRODUCTS COMPANY, COINCINNATI, OHta*

INTERNATIONtAL LEAD ZINC RESEARCH ORGANIZATION INC.. LOCKHEEDo AIRCRAFT CORP )SATION6, SURBANKt CALF
NEWYOR, NY.LOCKHEED AIRCRAFT CORPORAT ION, PALO ALTO, CAIF.

I.NTERINATIONAL NICKEL CO., INC. (T40.I NEW YORKi, N.Y. LOCKH~EE AIRCRAFT CORPORATION, REDLANDS. CALIF.

INTERNATIONAL NICKEL CO.. INC. (ThEl, SL..YEAN. N.Y. LOCKHEED AIRCRAFT CORPORATION, SUNINYVALE, CALIF.

fINTERNATIONAL NICKEL Co., INCý !TNE), DAYTON. OHIO LOCKHEED0-GEORGI1A COMPANY MARiETIA. GA.

INTERNATIONAL NICKEL CO., .i.C. (THE). HUNTINGTON, W. VA. LovGE A SHIPLEY COMPANY (THE9), CINCINNATI, 000IO

IoNl PHYSICS CORPORATION. BURLINGTON. Mass. 1.ONGYEAR COMPANY. E. J.1. MINNE1APOLIS, MianN.

IoWA STATE UNIVERSITY OF SCIENCE 6 TECHNtOLOGY. LORD MANUFACTURING COMPANY, ERIC, PA.

AMEss IOWA LOUD CONIPANY, H. W.. PlioMNA, CALIF.

IOWA, UNIVEi~jlTY Of, iOSA CITY, i60A LUBRI1 PRODUCTS INC., NORYNITI ATTLEBORO, MASS.

IRON Ant. PNtLADELPNIA, PA, LuNKengmimERm COMPANY, CoNCINWATIl Dille)

jkalSSEm MANUFACTURING COMPANY. INAVNESIVIILE. 09,10 11151a INC., IRWIN, PA.

JANwiS CORPORATION. PORTLAND. CONN. MACNINE1 0ESIGN. CLCVELAN*, 0,110
janVIS CORPORATIO", GBEENWOloo. S.C. MACNINE6COAFT, INC., B1ALTIMORElf MO.

J94OEN MANUIPACTURING COMPANI,, INDtANAPOI.IS. IND. mAcIIINteRY 91IRM.NBNA". MICH.

JET PeOOUCTS CORPORAT ION. SAN DIEGOD, CALIF. 1"aCNiNINo 1EC~MNaOLOG CORPORATION. So. WINDosOR,

joNES A LAWSON. SPTIN'CONN'.VT
JONES 4 LAU6IILIN STEEL CORP., INOIANkAPOL IS. INS. MACatLN COMPANYm, JarKsols, MICN.

JORDON VALVE, CINCIIIIA11I ONIo MADISOft INOVIslasEs, PRoWioDENCE, 41.,

MAU19if ITT OOL 6 MACININ COMIPANY, St. LOUIS, Me.

101 COMPANY, CIN6ClINNATI. 0660 MAeftA MAiCMINE COMPANY, CINsCINNATI, OHIO

KaISE AgeRSPACE 6 ELE[CTRoNICS, SAN LEANDRO. CALIF. MA1111LILEAL FOUNDERS SOC lEVY, CLEVELAND. 0M10

KaNSAS STATE CO~LLEGE of PiffTsRumemPiTBUG, KAN. MANHwATTAl *AYBESTOs COMPiANY, Cosimal", KY.I

KARL Il SooNs. WILLIAM, MIDDLE VoILLAGE, k.Y. M"ANS0IELD P"OT6114 AV1G 1MANSFIE9LO, D0066
KEAmNEY Il Co., loot.. A.?., CHI1CAGO, ILL. MAiGMNtl CoalaANY., SACO. ME.

KER RYSIRCaREB. MiLeau-ilf. RISC. MALNRCBL.COMPANY,. PLAINVILLE, Colit.
KENETBlIC COMPANYV, SUNNYSVALE. CALkif, MaBu~aRoT CBDpoballeN (ToNal. VAaN Mvi,. CALIF.

KilNNAMilTAL INC., CINsCINNATI,. Owl*m 111111OIARDY CO11PORA:1#I iW5nji 9GOEN, WfAN

K90GMTAI.4 INC., UitiOUW. PA. MAbOUETTE 1111TA1L PRODUCTS Co., CLEYELANo, OM10

11N1AMEtAKL INC., LATROOS.1 PA. MARON*A~L SPACE IFLIGHT CENTE194 "ONISYILI.C. ALA.

KENNEDYo SPACE CaNTER, KENNEDYco SPACE CENaTERk Frt. MaboTIN COvivANYv DENVERa Coke.

PANT STATE hawassiv latIT, eNy, OVAIO MARTIN COMANYl&O. ORLANDOfa. FLA,

W9118iS M&OUFACIUNING0 Co., LONGO GOLAIS CIaY, N.Y. MAR1111IN1 COOVAINY, SALVINORI, MD.
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MARTIN COMPANY, WHEELING, ILL. NATIONAL CASH REGISTER COMPANY, DAYTON, OHIO

MAZSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIOGE, NATIONAL FORGE COMPANY, IRVINE, WARREN COUNTY, PA.

MASS. NATIONAL LEAD COMPANY OF OHIO, CINCINNATI, OHIO

MASSEY-FERGUSON INC., DETROIT, MICH. NATIONAL LEAD COMPANY OF OHIO, FERNALD, OHIO

MASTER CHEMICAL CORPORATION, PERRYSBURG, OHIO NATIONAL SCHEW MACHINE PRODUCTS ASSOCIATION,

MASTER MANUFACTURING CO. INC., HUTCHINSON. KAN. CLEVELAND, OHIO

MATERIALS DEVELOPMENT INC., PROSPECT, KY. NATIONAL WATER LIFT COMPANY. KALAMAZOO, MICH.

MATERIALS IN DESIGN ENGINEERING, NEW YORK, N.Y. NAVAL AIR ENGINEERING CENTER, PHILADELPHIA, PA.

MATERIALS TESTING LABORATORY, Los ANGELES, CALIF. NAVAL AIR REWORK FACILITIES, SAN DIEGO, CALIF.
MAYNARD & COMPANY, INC., H.B., PITTSBURGH, PA. NELCO CUTTER COMPANY, MANCHESTER, CONN.

MCCULLOCH CORPORATION, Los ANGELES, CALIF. NEUMAN & COMPANY, H., SKOKIE, ILL.

MCDONNELL DOUGLAS CORP., LONG BEACH, CALIF. NEVILL, C. R., INDIANAPOLIS, IND.

MCDONNELL DOUGLAS CORP., SANTA MONICA, CALIF. NEW BRITAIN MACHINE Co. (THE), NEW BRITAIN, CONN.

MCDONNELL DOUGLAS CORP., ST. LOUIS, Mo. NEW ENGLAND METALLURGICAL CORPORATION. S. BOSTON,

MCDONNELL DOUGLAS CORP., HUNTIN TON BEACH, CALIF. MASS.

McGRAw-EDISON COMPANY, PITTSBUR.H, PA. NEW ENGLAND RESEARCH APPLICATION CENTER, STOORRS,

MCGRAW-EDISON COMPANY, COLUMBUS, OMIO CONN.

MCGRAW-EDISON COMPANY, SO. MILWAUKEE, WISC. NEW YORK STATE UNIVERSITY OF BINGHAMTON,
MCGREGOR MANUFACTURING CORP., TROY, MICH. BINGHAMTON, N.Y.
MCKINNEY INC., HARRIS D., PHILADELPHIA, PA. NOBLE INC., NORMAN, CLEVELAND, OHIO

MCMELLON BROTHERS, INC., STRATFORD, CONN. NORDEN COMPANY, NORWALK, CONN.

MEAD CORPORATION, CINCINNATI, OHIO NORTit AMERICAN ROCKWELL CORP., ANAHEIM, CALIF.
MEASUREGRAPH COMPANY, ST. LOUIS, Mo. NORTIý AMERICAN ROCKWELL CORP., CANOGA PARK, CALIF.

MECHANICAL SUPPLIES COMPANY, CINCINNATI, OHIO NORTH AMERICAN ROCKWELL CORP., EL SEGUNDO, CALIF.

MELPAR INC., FALLS CHURCH, VA. NORTH AMERICAN ROCKWELL CORP., INGLEWOOD, CALIF.f MEMCOR INC., HUNTINGTON, IND. 74ORTH AMERICAN ROCKWELL CORP., Los ANGELES, CALIF.

MENASCO MANUFACTURING COMPANY, BURBANK, CALIF. NORTH AMERICAN ROCKWELL CORP., NEOSHO, MO.

MENASCO MANUFACTURING COMPANY, FT. WORTH, TEX. NORTH AMERICAN ROCKWELL CORP., COLUMBUS, OHIO

MERCER ALLOYS CORPORATION, GREENVILLE, PA. NORTH AMERICAN ROCKWELL CORP., TULSA, OKLA.
MERCER MACHINE COMPANY, INDIANAPOLIS, IND. NORTH CAROLINA STATE UNIVERSITY, RALEIGH, N.C.

METAL FINISHING SERVICE, CHICAGO, ILL. NORTH HARTFORD HIGH SCHOOL, PYLESVILLE, MD.

METAL LUBRICANTS COMPANY, CHICAGO, ILL. NORTHEASTERN UNIVERSITY, BOSTON, MASS.

METAL-MATION INC., SOUTH BEND, IND. NORTHROP NORAIR, HAWTHORNE, CALIF.

METALORE, EL SEGUNDO, CALIF. NORTHROP VENTURA, NEWBURY PARK, CALIF.

METAL POWDER INDUSTRIES FEDERATION, NEW YORK, N.Y. NORTON COMPANY, WORCESTER, MASS.

METALWORKING MAGAZINE, BOSTON, MASS. NRC EQUIPMENT CORPORATION, NEWTON, MASS.
METALWORKING NEWS, CINCINNATI, OHIO NUCLEAR METALS, INC., WEST CONCORD, MASS.

METCUT RESEARCH ASSOCIATES INC., CINCINNATI, OHIO NUMERICAL CONTROL & COMP11TER SERVICES, CLEVELAND

METEM CORPORATION, HANOVER, N.J. OHIO
MICHIGAN TECHNOLOGY UNIVERSITY, HOUGHTON, MICH. NU TEC ENGINEERING CORPORATION, WARREN, MICH.

MICHIGAN TOOL COMPANY, DETROIT, MICH. Nu-TOOL SAW SERVICE, INC., DETROIT, MICH.

MICHIGAN, UNIVERSITY OF, ANN ARBOR, MICH.

MIDDLE COUNTRY CENTRAL SCHOOL DISTRICT I, OK TOOL COMPANY, MILFORD, N.H.

CENTEREACH, N.Y. OAKES CORPORATION, E. T., LUNG ISLAND, N.Y.

MIDWEST RESEARCH INSTITUTE, KANSAS CITY, MO. OBERG MANUFACTURING COMPANY, INC., FREEPORT, PA.
MIDWESi TECHNICAL SERVICES, INC., CINCINNATI, OHIO OHIO STATE UNIVERSITY (THE), COLUMBUS, OHIO

MINIATURE PRECISION BEARINGS, INC., KEENE, N.H. OKLAHOMA STATE UNIVERSITY, STILLWATER, OKLA.

MINNESOTA MINING I MANUFACTURING CO.,.ST. PAUL, MINN. OLIN DIXSON CORPORATION, COFFEEVILLE, KAN.

MODERN MACHINE SHOP, CINCINNATI, OHIO OLIVER MACHINERY COMPANY, GRAND RAPIDS, MICH.

MOHAWK TOOLS, INC., MONTPELIER, OHIO ONTARIO CORPORATION, MUNCIE, IND.

MONSANTO RESEARCH CORPORATION, DAYTON, OHIO OREGON TECHNICAL INSTITUTE, KLAMATH FALLS, ORE.

MONSANTo RESEARCH CORPORATION, MIAMISBURG, OHIO OTIS ELEVATOR COMPANY, YONKERS, N.Y.

MONSANTO RESEARCH CORPORATION, HARTFORD, CONN. OWENS-ILLINOIS, INC., COLUMBUS, OHIO

MONTGOMERY Co., H. A\., DETROIT, MICH.

MOOG, INC., EAST AURORA, N.Y. PACIFIC SCIENTIFIC COMPANY, A.NAHEIM, CALIF.

MOREHEAD STATE UNIVERSITY, MOREHEAD, KY. PACKER CONSULTING ASSOCIATES, NXPERVILLE, ILL.

MOIFORM TOOL COMPANY, CINCINNATI, OHIO PANDA PRODUCTS, CINCINNATI, OHIO

MORGEN DESIGN, INC., CINCINNATI, OHIO PEABODY INDUSTRIES, PEABODY, MASS.
MORRIS & COMPANY, E. K., CINCINNATI, OHIO PECK, PAUL H., BROCKTON. MASS.
MORRIS MACHINE CO. IN(.. INDIANAPOLIS, IND. PENN NUCLEAR CORPORATION, PENN, PA.

MORSE TWIST DRILL & MACHINE CO., CHICAGO, ILL. PENNSYLVANIA STATE UNIVERSITY, UNIVERSITY PARK,

MORWEAR TOOLS INC., CINCINNATI, OHIO PA.

MOSLER LOCK COMPANY, MILFORD, OHIO PENTA TECHNICAL COLLEGE, PERRYSBURGOHIO

MOTOROLA IN,., SCOTTSDALE, ARIZ. PESCO PRODUCTS, BEDFORD, OHIO
MUSKEGON TOOL INDUSTRIES INC., MUSKEGON. MICH. PHELPS-DODGE-COPPER PRODUCTS CORP., ELIZABETH,

N.J.

NASA, SCIENTIFIC & TECHNOLOGY INFORMATION FACILITY, PHILADELPHIA NAVAL SHIPYARD, PHILADELPHIA, VA.

BETHESDA, MO. PHILCO CORPORATION, LAWNDALE, CALIF..

NASA, LANGELY RESEARCK CENTER, HAMPTON, VA. PHILCO CORPORATION, NEWPORT BEACH, CALIF.

NASA, LEWIS RESEARCH CENTER, CLEVELAND, OHIO PICATINNY ARSENAL, DOVER, N.J.
NATIONAL SERYLLIA CORPORATION, HASKELL. N.J. PIPE MACHINERY COMPANY, CLEVELAND, OHIO

NATIONAL BUREAU OF STANDARDS, BOULDER, COLO. PIITSBURGH PLATE GLASS Co., PITTSBURGH, PA,

FIGURE 25 (cont.) 36

t!



PLANET PRODUCTS CORPORATION, CINCINNATI, OHIO SOUTHERN ILLINOIS UNIVERSITY. CARBONDALE, ILL..
POINT PARK COLLEGE, PITTSBURGH, PA. SOUTHWEST RESEARCH INSTITUTE, SAN ANTONIO, TEX.
POLYMET CORPORATION. CINCINNATI, OHIO SPECIAL MACHINE COMPANY, ROCKFORO, ILL.
PRATT & WHITNEY AIRCRAFT, EAST HARTFORD, CONN. SPERRY RAND CORPORATION, CLEARWATER, FLA.
PRATT & WHITNEY AIRCRAFT, NORTH HAVEN, CONN. SPERRY RAND CORPORATION, DETROIT, MICH.
PRATT & WHITNEY AIRCRAFT, WEST PALM BEACH, FLA. SPER#Y RAND CORPORATION, JACKSON, Miss.
PRATT I WHITNEY CORPORATION, W. HARTFORD, CONN. SPERRY RAND CORPORATION, TROY, MICH.

PRATT A WHITNEY CORPORATION, CUDAHY, CALIF. SPERRY RAND CORPORATION, BRISTOL, TENN.
PRECISION CASTPARTS CORP., PORTLAND, ORE. SPERRY RAND CORPORATION, SALT LAKE CITY, UTAH
PRECISION MACHINE & TOOL, INC., VANCALIA, OHIO SPINDLETOP RESEARCH, LEXINGTON, KY.
PRECISION MECHANICS INC., CINCINNATI, OHIO SPRINGFIELD ARMORY, SPRINGFIELD, MASS

PRESTOLITE COMPANY (THE), DECATUR, ALA. ST. JOSEPH LEAD COMPANY, MONACA, PA.
PRISOCK ASSOCIATES, JOHN, CINCINNATI, OHIO STANDARD OIL COMPANY-OHIO (THE), CLEVELAND, OHIO
PROCTER & GAMBLE COMPANY, CINCINNATI, OHIO STANDARD PRESSED STEEL CO., JENKINTOWN, PA.
PRUYNE COMPANY, SAN DIEGO, CALIF. STARK INDUSTRIAL SUPPLY COMPANY, CANTON, OHIO
PURDUE UNIVERSITY, 'NEST LAFAYETTE, IND. STATHAM INSTRUMENTS, OXNARD CALIF.

STEEL MAGAZINE, CLEVELAND, OHIO
RGF CORPORATION, ELWOOD, IND. STERLING FAUCET COMPANY, MORGANTOWN, W. VA.
RADIO CORPORATION OF AMERICA, CAMDEN, N.J. STERLING GRINDING WHEEL Co., TIFFIN, OHIO
RADIO CORPORATION OF AMERICA, PRINCETON, N.J. STERLING INSTRUMENT, MINEOLA, N.Y.
RADIO CORPORATION OF AMERICA, LANCASTER, PA. STEVENS INSTITUTE OF TECHNOLOGY, HOBOKEN, N.J.
RADIO ENGINEERING LABORATORIES, LONG ISLAND, N.Y. STRASMANN MACHINERY CORPORATION, LONG BEACH, CALIF.
RAYTHEON COMPANY, WALTHAM, MASS. STUART OIL Co., LTD., D. A., CHICAGO, ILL.
RAYTHEON COMPANY, WAYLAND, MASS. STUDEBAKER CORPORATION, DUNBAR, W. VA.
RAYTHEON COMPANY, BRISTOL, TENN. STYRE/PAK, NEWTON, IOWA

REACTIVE METALS, INC., NILES, OHIO SUN OIL COMPANY, CINCINNATI, OHIO

REDSTONE ARSENAL, U.S. ARMY MISSILE COMMAND, SUN OIL COMPANY, MARCUS HOOK, PA.
REDSTONE ARSENAL, ALA. SUN SHIPBUILDING & DRY DOCK CO., CHESTER, PA.

REGENTS OF THE UNIVERSITY SYSTEM OF GEORGIA, SUNDSTRAND CORPORATION, SUNDSTRANo AVIATION,
ATLANTA, GA. ROCKFORD, ILL.

RELIANCE ELECTRIC COMPANY, ASHTABULA, OHIC SUNDSTRAND CORPORATION, SUNDSTRANO MACHINE TOOL CO.,

REMINGTON ARMS COMPANY, INC., BRIDGEPORT, CONN. BELVIDERE, ILL.
REPUBLIC STEEL CORPORATION, CLEVELAND, OHIO SYLVANIA ELECTRIC PRODUCTS, INC., SALEM, MASS.

RESOURCES DEVELOPMENT CORPOKATION, EAST LANSING, SYLVESTRE SCREW COMPANY, PROVIDENCE, R. 1.
MICH. SYSTEMS RESEARCH LABS., DAYTON, OHIO

REX CHAINBELT, INC., DOWNERS GR(,VE, ILL.
REYNOLDS METALS COMPANY, RICHMOND, VA.
RIDINGS, JAMES A., PITTSBURG, KAN. TRW INC., CLEVELAND, OHIO
ROCK ISLAND ARSENAL, ROCK ISLAND, ILL. TRW INC., DANVILLE, PA.

ROHR CORPORATION, CHULA VISTA, CALIF. TRW INC., LEBANON, TENN.
ROLLWAY BEARING COMPANY, SYRACUSE, N.Y. TAFT ENGINEERING CENTER, CINCINNATI, OHIO
ROMA CORPORATION, INDIANAPOLIS, IND. TAYLOR FORGE INC., CHICAGO, ILL.
ROOTS-CONNERSVILLE, BLOWER DIv., CONNERSVILLE, IND. TECHNICAL CONSULTANTS INC., HUNTINGTON, W. VA.
RUST-LICK INC., BOSTON, MASS. TECHNICAL EQUIPMENT SALES CO., CINCINNATI, OHIO
RYERSON & SON, INC., JOSEPH T., CHICAGO, ILL. TECHNICAL & TRADE TRAINING CENTER, WESTBURY, N.Y.

TECUMSEH PRODUCTS COMPANY, ANN ARBOR, MICH.
SKF INDUSTRIES, TIMONIUM, Mo. TELEDYNE INC, WAH CHANG, GLEN COVE, N.Y.
S&S MACHINERY COMPANY, BROCKLYN, N.Y. TELEDYNE !NC., ALLVAC METALS, MONROE, N.C.
SAE STEELS, INC., HUDSON, OHIO TELEDYNE INC., FIRTH STERLING, PITTSBURGH, PA.
SAN JOSE STATE COLLEGE, SAN JOSE, CALIF. TELEDYNE INC., VASCO, LATROBE, PA.
SANDERS ASSOCIATES, NASHUA, N.H. TELEDYNE INC,, AUTOMATED SPECIALTIES,
SANDIA CORPORATION, ALBUQUERQUE, N.M. CHARLOTTESVILLE, VA.
SATEC CORPORATION, GROVE CITY, PA. TELEFLEX INC., NORTH WALES, PA.
SAUNDERS & CO. INC., ALEXANDER, COLD SPRING, N.Y. TELETYPE CORPORATION, SKOKIE, ILL.
SCHELLENS TRUE CORPORATION, IVORYTON, CONN. TENNESSEE, UNIVERSITY OF, KNOXVILLE, TENN.

SEATTLE UNIVERSITY, SEATTLE, WASH. TEXACO INC., BEACON, N.Y.

SEIFREAT-ELSTAD MACHINERY CO., CINCINNATI, OHIO TEXACO INC., CINCINNATI, OHIO
SETCO INDUSTRIES INC., CINCINNATI, OHIO TEXAS INSTRUMENTS INC., DALLAS, TEX.
SEYBOLD COMPANY, CINCINNATI, OHIO TEXAS, UNIVERSITY OF, AUSTIN, TEX.
SHEAFFER PEN COMPANY, W. A., FT. MADISON, IOWA THERM INC., ITHACA, N.Y.
SHEFFER CORPORATION (THE), CINCINNATI, OHIO THIOKOL CHEMICAL CORP., DENVILLE, N.J.
SHEFFIELD CORPORATION (THE), DAYTON, OHIO THOMPSON COMPANY, JOHN I., WASHINGTON, D.C.
SHWAYDER CHEMICAL METALLURGY CORP., DETROIT, MICH. TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO
SIKORSKY AIRCRAFT, STRATFORD, CONN. TINKER AIR FORCE BASE, OKLAHOMA CITY, OKLA.
SILTRONICS INC., OAKMONT, PA. TIPP MACHINE & TOOL INC., TIPP CITY, OHIO

SINCLAIR REFINING COMPANY, CHICAGO, ILL. TIPPETT INCORPORATED, CHICOPEE FALLS, MASS.
SINCLAIR REFINING COMPANY, COLUMBUS, OHIO TITANIUM METALS CORPORATION OF AMERICA,
SMALL BUSINESS ADMINISTRATION, CHICAGO, ILL. NEW YORK, N.Y.
SNAP-ON-TOOLS COMPANY, KENOSHA, WISC. TITANIUM METALS CORPORATION OF AMERICA,
SONNET TOOL & MFG. Co., HAWTHORNE, CALIF. TORONTO, OHIO
SOUTH CHESTER CORPORATION, LESTFR, PA. TOOL SALES & SERVICE, CINCINNATI, OHIO
SOUTH SHORF TOOL & DEVELOPMENT INC., MENTOR, OHIO TOOL STEEL GEAR I PINION CO. (THE), CINCINNATI,
SOUTHERN AUTOMATICS INC., CINCINNATI, OHIO OHIO
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TOULON HIGH SCHOOL, TOULON, ILL. VINCO CORPORATION, DETROIT, MICH.

TOWNSEND COMPANY, SANTA ANA CALIF. VIRGINIA POLYTECHNIC INSTITUTE, BLACKSBURG, VA.

TRAUB STROHM CORPORATION, PLAINVIEW, N.Y. VITRO CORPORATION OF AMERICA, WEST ORANGE, N.J.

TRI INDUSTRIES INC., TERRE HAUTE, IND. VOGT MACHINE CO. INC., HENRY, LOUISVILLE, Ky.

TRI-D CORPORATION, PLAINVILLE, CONN. VR/WESSON COMPANY, CINCINNATI, OHIO

TRU-CUT MACHINE CORPOPATION, CINCINNATI, OHIO

TYCO LABORATORIES, WALTHAM. MASS. WALKER COMPANY, O.S., WORCESTER, MASS.

TYLER CORPORATION, BENSON, MINN. WALKER GRINDING COMPANY, SANTA BARBARA, CALIF.

WALMET CORPORATION (THE), PLEASANT RIDGE, MICH.

UTD CORPORATION, ATHOL, MASS. WALMET CORPORATION (THE). SUMMITT, N.J.

U.S. ARMY, PRODUCTION ENGINEERING DIVISION, WALTCO ENGINEERING COMPANY. GARDENA, CALIF.

FT. BELVOIR, VA. WARNER-SWASEY COMPANY (THE), CLEVELAND, OHIO

U.S. ARMY, EDGEWOOD ARSENAL, EDGEWOOD ARSENAL, MD. WARNER-SWASEY COMPANY (THE), LAHR DIVISION,

U.S. ARMY, PRODUCTION EQUIPMENT AGENCY, CLEVELAND, OHIO

ROCK ISLAND, ILL. WARREN PUMPS, INC., WARREN, MASS.

U.S. ARMY, WEAPONS COMMAND, ROCK ISLAND, ILL. WATERTOWN ARSENAL, WATERTOWN, MASS.

U.S. ATOMIC ENERGY COMMISSION, WASHINGTON, D.C. WATERVLIET ARSENAL, WATERVLIET, N.Y.

U.S. BAIRD CORPORATION, STRATFORD, CONN. WAYNE STATE UNIVERSITY, DETROIT, MICH.

U.S. DEFENSE SUPPLY AGENCY, CINCINNATI, OHIO WEATHER14EAD COMPANY (THE), DAYTON, OHIO

U.S. DEPARTMENT OF DEFENSE, N. ARLINGTON, VA. WEBCO MACHINE PRODUCTS, INC., CLEVELAND, OHIO

U.S. DEPARTMENT OF THE INTERIOR, ROLLA, MO. WEINMAN PUMP MANUFACTURING CO. (THE), COLUMBUS, OHIO

U.S. DEPARTMENT OF JUSTICE, WASHINGTON, D.C. WEST MILTON PRLCISION TOOL CO., VANDALIA, OHIO

U.S. MARINE CORPS., CHERRY POINT, N.C. WEST VIRGINIA, STATE OF, DEPARTMENT OF COMMERCE,

U.S. NAVAL AVIONICS FACILITY, DEPARTMENT OF NAVY, CHARLESTON, W. VA.

INDIANAPOLIS, IND. WESTERN ELECTRIC COMPANY, INC., OMAHA, NEB.

U.S. MISSILE CENTER, MUGU, CALIF. WESTERN ELECTRIC COMPANY, INC., GREENSBORO, N.C.

U.S. NAVAL ORDNANCE LAB., WHITE OAK, MD. WESTERN ELECTRIC COMPANY, INC., PRINCETON, N.J.

U.S. NAVAL ORDNANCE TEST STATION, CHINA LAKE, WESTERN ELECTRIC COMPANY, INC., NEW YORK, N.Y.

CALIF. WESTERN GEAR CORPORATION, EVERETT, WASH.

U.S. NAVAL POST GRADUATE SCHOOL, MONTEREY, CALIF. WESTERN RESERVE UNIVERSITY, CLEVELAND, OHIO

U.S. NAVAL UNDERWATER ORDNANCE STATION, NEWPORT, WESTINGHOUSE AIR BRAKE COMPANY, PEORIA, ILL.

R.I. WESTINGHOUSE ELECTRIC CORP., SUNNYVALE, CALIF

U.S. STEEL CORPORATION, MONROEVILLE, PA. WESTINGHOUSE ELECTRIC CORP., BUFFALO, N.Y.

UNION CARBIDE CORPORATION, INDIANAPOLIS, IND. WESTINGHOUSE ELECTRIC CORP., BLAIRSVILLE, PA.

UNION CARBIDE CORPORATION, KOKOMO, IND. WESTINGHOUSE ELECTRIC CORP., HOMEWOOD, PA.

UNION CARBIDE C)RPORATION, PADUCAH, KY. WESTINGHOUSE ELECTRIC CORP., PHILADELPHIA, PA.

UNION CARBIDE CuRPORATION, OAK RIDGE NATIONAL WESTINGHOUSE ELECTRIC CORP., PITTSBU-RGH, PA.

LAB, OAK RIDGE, TENN. WHEELABRATOR CORPORATION, MISHAWAKA, INC.

UNION CARBIDE CORPORATION, Y12 PLANT, OAK RIDbE, WHITE COUNTY MACHINE SHOP, MONTICELLO, INC.

TENN. WHITIN MACHINE WORKS, WHITINSVILLE, MASS.

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER, WHITTAKER CORPORATION, LA MESA, CALIF.

FARMINGTON, CONN. WHITTAKER CORPORATION, WEST CONCORD, MASS.

UNITED AIR LINES, SAN FRANCISCO, CALIF. WILLIAMS RESEARCH & ENGINEERING CO., WALLED LAKE,

UNITED STATES BORAX & CHEMICAL CORP., NEW YORK, N.Y. MICH.

UNITED STATES LIAISON OFFICE, APo. N.Y. WISCONSIN, UNIVERSITY, MADISON, WISC.

UNITED STATES TIME CORPORATION, WATERBURY, CONN. WISCONSIN STATE UNIVERSITY, PLATTEVILLE, WISC.

UNITED TECHNOLOGY CENTER, SUNNYVALE, CALIF. WITHROW COMPANY, ARTHUR C., LOS ANGELES, CALIF.

LNIVAC, ROSEVILLE, MINN. WOLVERINE BRASS WORKS, GRAND RAPIDS, MICH.

UNIVERSAL-CYCLOPS SPECIALTY STEEL, BRIDGEVILLE, PA. WORLD TOOL & ENGINEERING CO., MINNEAPOLIS, MINN.

UNIVERSAL TECHNOLOGY CORP., DAYTON,'OHIO WRIGHT-PATTERSON AIR FORCE BASE, MANUFACTURING

UNIVERSAL VALVE COMPANY, INC., ELIZABETH, N.J. TECHNOLOGY DIVISION, WRIGHT-PATTERSON AFB,

UTAH, UNIVERSITY OF, SALT LAKE CITY, UTAH OHIO

UTAH STATE UNIVERSITY, LOGAN, UTAH WRIGHT-PATTERSON AIR FORCE BASE FOREIGN DISCLOSURE
OFFICE, WRIGHT-PATTERSON AFB, OHIO

V.I. JEWELRY MANUFACTURING CORP., NEW YORK, N.Y. WRIGHT-PATTERSON AIR FORCE BASE FOREIGN TECHNOLOGY

VALERON CORPORATION (THE), Los ANGELES, CALIF. OFFICE, WRIGHT-PATTERSON AFB, OHIO

VALERON CORPORATION (THE), INDIANAPOLIS, IND. WYMAN-GORDON COMPANY, NORTH GRAFTON, MASS.

VALERON CORPORATION (THE), DAYTON. OHIO WYMAN-GORDON COMPANY, WORCESTER, MASS.

Vi..UE PROGRAM FOR INDUSTRY, SCHENECTADY, N.Y.

VAN STRAATEN CHEMICAL COMPANY, CHICAGO, ILL. XEROX CORPORATION, ROCHESTER, N.Y.

VARO INC., SANTA BARBARA, CALIF.

VEEDER-ROOT INC., ALTOONA, PA. ZENITH MANUFACTURING COMPANY, OAK PARK, MICH.

VERMONT AMERICAN CORPORATION, LOUISVILLF, KY. ZIMNEY CORPORATION, MONROVIA', CALIF.

VIKING FORGE & STEEL COMPANY, ALBANY, CAL.IF.

FIIURE 25 (cant.) 38

- ~~~/ ~ .
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ATI INDUSTRIES, ESCONDIDO, CALIF. EAM tNC., SKIPPAK, PA.
ACCURATE DIAMOND TOOL CORP., HACKENSACK, N.J. EAGLE TOOL & MACHINE COMPANY, SPRINGFIELD, OHIO
ADAPTOr GOODYEAR, ARIZ. ELECTRO-METHODS, INC., SOUTH WINDSOR, CONN.
ALCO PRODUCTS, INC., SCHENECTADY, N.Y. ELECTROFILM, INC., NORTH HOLLYWOOD, CALIF.
ALEXANDER & ASSOCIATES, CINCINNATI, OHIO EMBOSOGRAPH DISPLAY MPG., CO., CHICAGO, ILL.
AMACOIL TOOL DIVISION, CHICAGO, ILL. ENGIS EQUIPMENT Co., MORTON GROVE, ILL.
AMBERG & USLER, INC., EAST ORANGE, N.J.
AMERICAN BOSCH ARMA CORP., GARDEN CITY, N.Y. FMC CORPORATION, SANTA CLARA, CALIF.
AMERICAN BUSINESS DEVELOPMENT, LOS ANGELES, CALIF. FEDERAL MOGUL CORP., DETROIT, MICH.
AMERICAN CAN COMPANY, SAN FRANCISC O, CALIF. FIBEREX COMPANY, CLEVELAND, OHIO
AMERICAN CAN COMPANY, GENEVA, N.Y. FORTNER ENGINEERING & MFG. , INC., GLENDALE, CAL IF.
AMERICAN IRON AND STEEL INST., NEW YORK, N.Y. FRECON ENGINEERING, CINCINNATI, OHIO
AMERICAN OIL COMPANY, CHICAGO, ILL.
AMERICAN OIL COMPANY, WHITING, IND. GEARCRAFT, 1N3., HAZEL PARK, MICH.
AMERICAN TOOL COMPANY, KALAZAMOO, MICH. GENERAL DYNAMICS CORP., POMONA, CALIF.
AMTEL, INC., PEABODY, MASS. GENERAL ELECTRIC COMPANY, CHICAGO, ILL.
ANZON COMPANY, INC., EL MONTE, CALIF. GENERAL ELECTRIC COMPANY, W. BURLINGTON, IOWA
APPLIED OCEANICS, Los ANGELES, CALIF. GENERAL ELECTRIC COMPANY, OAK PARK, MICH.
ARIZONA STATE UNIVERSITY, TEMPE, ARIZ. GENERAL ELECTRIC COMPANY, MILWAUKEE, WISC.
ARNO ADHESIVE TAPE, INC., MICHIGAN CITY, IND. GENERAL MANUFACTURING CORP., LODI, N.J.
ASTRO MET ASSOCIATES, INC., CINCINNATI, OHIO GENERAL MOTORS CORPORATION, LANSING, MICH.
ASTRO TECH, INC., MINNEAPOLIS, MINN. GRAND VALLEY STATE COLLEGE, ALLENDALE, MICH.
ATLAS PORTABLE EOUIPMENT Co., OAK PARK, MICH. GRUMMAN AIRCRAFT ENGRG., GLENARN, MD.
AUTOMATION INDUSTRIES, INC., STERL ING, VA. GULF GENERAL ATOMIC INC., SAN DIEGO, CALIF.

AVCO CORPORATION, WESTBORO, MASS.
AVIATION WEEK & SPACE TECHNOLOGY, NEW YORK, N.Y. HARNISCHFEGER, MILWAUKEE, WISC.

HARRELL HOLMES MANKETING, CINCINNATI, OHIO

BALL BROS. RESEARCH CORP., BOULDER, COLO. HARRISON MANUFACTURING CO., TEMPE, ARIZ.
HAYES-ALBION CORPORATION, HILLSDALE, MICH.BARBER-COLMAN COMPANY, ROCKFORD, I LL. HAYES, MAX S. VOCATIONAL HIGH SCHOOL,

BARRY-WEHMILLER COMPANY, ST. Louis, Mo. CLEVELAND, OHIO

BATH IRON WORKS, BATH, ME.HELETPKADCPLOLO, ALF
BAY SWISS MFG. CO., INC., EL SEGUNDO, CALIF. HEILTTMANASSCIATES INC., COALUMBI, MAI.
BENDIX CORP., GREENFIELD, MASS. HTTAASOIEIN.CLUBMD
BOOZ ALLEN APPLIED RESEARCH, INC., INDEPENDENCE, OHIO HONEYWELL, INC., HOPKINS, MINN.
BORG-WARNER CORPORATION, DES PLAIN ES, ILL. HUYCK METALS COMPANY, MILFORD, CONN.

BRIDGEPORT BRASS COMPANY, INDIANAPOLIS, INb.ITGLILAVNUYCIF

CADILACGAG COPAN• COTA ESA CAIF.ILLINOIS TOOL WORKS, INC., ELGIN, ILL.
CADLLACRNGAGE COPNIVRIY, COSTA MESAR CALIF. INDUSTRIAL PRESS, INC., NEW YORK, N.Y.
CARLIFORNIA UNCIVERSTYO COFNY LIVERMRENNAIF. INDUSTRIAL TOOL & MACHINE Co., GEORGIAVILLE, R.I.

CARTONMACINETOO COPAN, CNCINAT, OIOINDUSTRIAL TECTONICS, INC., COMPTON, CALIF.
CNEMUT CRPOATIO, STTE OLLEE, P.|LTERNATIONAL HARVESTER COMPANY, SAN DIEGO, CALIF.

CHICAGO PNEUMATIC TOOL CO., UTICA, N.Y. ITEK CORPORATION, LEXINGTON, MASS.

CIIROMALLOY AMERICAN CORP., WEST NYACK, N.Y.
CINCINNATI MILLING MACHINE COMPANY (THE), JACKUP BOAT BUILDERS, INC., BRAITHWAITE, LA.

WILMINGTON, OHIO JANITROL AERO, COLUMBUS, OHIO
CLECO PNEUMATIC, CINCINNATI ,OHIO JOHNSON, BILL SUPPLY Co., PHOENIX, ARI!.
CLIMAX MOLYBDENUM CO., NEW YORK, N.Y. JOINT VOCATIONAL SCHOOL, SPRINGFIELD, OHIO
COMMERCIAL SCREW PRODUCTS, INC., CLEVELAND, OHIO JOMICO METAL FABRICATION, ST. LOUIS, MO.

CONAX CORPORATION, BUFFALO, NY.
CONTROL MECHANISMS INC., PHILADELPHIA, PA. KAMINGA MANUFACTURING CO., GRAND RAPIDS, MICH.
COPAT CORPORATION, BEECH GROVE, IND. KEMPER INSURANCE Co., NEW YORK, N.Y.
C ORDELL ASSOCIATES, LOS A,•GELES, C ALIF. KNOLLS ATOMIC POWER LAB., NISKAYUNA, N.Y.
COX MANUFACTURING CO., INC.,' SAN A NTONIO, TEX.

CYCLOPS CORPORATION, PITTSBURGH, P A. LDR TOOL COMPANY, PROVIDENCE, R. I.
CRANE COMPANY, CHICAGO, ILL. LA SALLE STEEL COMPANY, CHICAGO, ILL.

LITWIN COMPANY, CINCINNATI, OHIO
DEA PRODUCTS, TEMPE, ARIZ.
DANA CORPORATION, RICHMOND, IND. MACHINERY, WHEATON, ILL.
DANA CORPORATION, TOLEDO, OHIO MACHINERY SALES COMPANY, LOS ANGELES, CALIF.
DANVILLE METAL STAMPING, DANVILLE, ILL. MCCLELLAN AIR FORCE BASE, SACRAMENTO, CALIF.
DE LAVAL TURBINE, INC., TRENTON, N.J. MECHANICAL SPECIALTIES, INC., LOS ANGELES, CALIF.
DENVER, UNIVERSITY OF, DENVER, COLO. MEDICO INDUSTRIES, INC., WILKES BARRE, PA,

DETC OPNBANNING, CALIF. MICHIGAN ABRASIVE COMPANY, DETROIT, MICH.
DO ALL CLEVELAND COMPANY, CINCINNATI, OHIO MICHIGAN TECHNOLOGY UNIVERSITY, HOUGHTON, MICH.
DUPONT DENEMOURS & CO., E.I., POMPTON LAKE, N.J. MICHIGAN STATE UNIVERSITY, EAST LANSING, MICH.
DURIRON COMPANY, INC., DAYTON, OHIO MICHIGAN UNIVERSITY, CENTRAL, MT. PLEASANT, MICH.
DYNA-EMPIRE, INC., LONG ISLAND, NY. MICHIGAN UNIVERSITY, EASTERN, YPSILANTI, MICH.
DYNAMICS CORP. OF AMERICA, GARDEN CITY, N.Y. MICHIGAN UNIVERSITY, NORTHERN, MARQUETTE, MICH.

MIDDLETOWN HIGH SCHOOL, MIDDLETOWN, OHIO
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MILLER, L.C. COMPANY, MONTEREY PARK, CALIF. SMALL BUSINESS ADMIN., BALA CYNWYD, PA.

MILLERS FALLS COMPANY, CINCINNATI, OHIO SMALL BUSINESS ADMIN., SEATTLE, WASH.

MILWAUKEE GEAR COMPANY, MILWAUKEE, WISC. SMITH, C.W. ENGINEERING CO., I'NC.,IMADISON HEIGHTS, MICH.

MONITOR BOXART CORP., FARMINGDALE, L.I., N.Y. SOUTHERN RESEARCH INSTITUTE, BIRMINGHAM, ALA.

MONTGOMERY ELEVATOR COMPANY, MOLINE, ILL. SOUTHWORTH MACHINE COMPANY, PORTLAND, ME.

MOTION INDICATING DEVICES, INC., BUFFALO, N.Y. SOUTHWESTERN CITY SCHOOL, GROVE CITY, OHIO

SPERRY RAND CORPORATION, PHOENIX, ARIZ.

NASA, HUNTSVILLE, ALA. SPERRY RAND CORPORATION, GREAT NECK, N.Y.

NASA, MOFFETT FIELD, CALIF. SPERRY RAND CORPORATION, LONG ISLAND CITY, N.Y.

NAVAL RESEARCH OFFICE OF, WASHINGTON, D.C. STANDARD OIL CO., CHICAGO, ILL.

NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH, N.H. STANDARD OIL CO., - OHIO (THE), CINCINNATI, OHIO

NOLTE SCREW MACHINE, CINCINNATI, OHIO STATE OF MICHIGAN, EAST LANSING, MICH.

NORTHEAST CUTTER SERVICE CORP., FARMINGOALE, N.Y. SUNDSTRAND CORPORATION, SYRACUSE, N.Y.

NORTHMONT SCHOOL, CLAYTON, OHIO SYLVANIA ELECTRIC PRODUCTS, WALTHAM, MASS.

SYLVANIA HIGH SCHOOL, SWANTON, OHIO

OHIO COLLEGE OF APPLIED SCIENCE, CINCINNATI, OHIO

OHIO SCREW PRODUCTS, INC., ELYRIA, OHIO TECHNOLOGY REPORTS, CHESTERLAND, OHIO

ONSRUD MACHINE WORKS, NILES, ILL. TECHNICAL PROGRAMMING ASSOC., INC., SMYRA, GA.

OWENS-ILLINOIS, TOLEDO, OHIO TELEDYNE COMPANY, BROWN ENGRG. CO., HUNTSVILLE, ALA.

TELEDYNE COMPANY, C!NCINNATI, OHIO

P.E. DEVELOPMENT COMPANY, CINCINNATI, OHIO TIBBETTS INDUSTRIES, INC., CAMDEN, ME.

PAYER, E.L. COMPANY, WENONAH, N.J. TRITON COLLEGE, PHILADELPHIA, PA.

PERKIN-ELMER CORP., DANBURY, CON. TROYAN-KENNEDY COMPANY, CINCINNATI, OHIO

PIFER INDUSTRIES, INC., DURHAM, N.C. TRU-CUT INC., ATLANTA, GA.

PIONEER ASTRO INDUSTRIES, INC., HARWOOD HEIGHTS, ILL. TRW, INC., PORT CLINTON, OHIO

PIONEER BROACH COMPANY, LOS ANGELES, CALIF. TRW, INC., HARRISBURG, PA.

PLASTIC MOLDINGS CORP., CINCINNATI, OHIO TWIN CITY, ARSENAL, NEW BRIGHTON, MINN.

PUBLIC HEALTH SERVICE, BETHESDA, MO.

PUREX CORPORATION LTD., ANAHEIM, CALIF. U.S. AIR FORCE, APO, N.Y.
U.S. DEPT. OF COMMERCE, WASHINGTON, D.C.

QUAKER CHEMICAL CORPORATION, CONSHOHOCKEN, PA. U.S. NAVAL APPLIED SCIENCE LAB., BROOKLYN, N.Y.
U.S. NAVY, WASHINGTON, D.C.

RADIO CORPORATION OF AMERICA, INDIANAPOLIS, IND. UTD CORPORATION, DERBY LINE, VT.

REEDER & KLINE MACHINE CO., INC., CARMEL, IND. UNIMETCARBIDES, DIV OF UNITED GREENFIELD,
REX CHAINBELT, INC., MILWAUKEE, WISC. CHICAGO, ILL

RHODE ISLAND, UNIVERSITY OF, KINGSTON, R.I. UNION CARBIDE CORP., TARRYTOWN, N.Y.
ROYAL OAK TOOL COMPANY, ROYAL OAK, MICH. UNITED AIRCRAFT PRODUCTS, INC., FOREST, OHIO

RYAN AERONAUTICAL COMPANY, SAN DIEGO, CALIF. UNITED NUCLEAR CORP., NEW HAVEN, CONN.

RYERSON & SON, JOSEPH T., CINCINNATI, OHIO UNITED SHOE MFG., CORP., (THE), BEVERLY, MASS.

UNIVAC, SALT LAKE CITY, UTAH

SCM CORPORATION, ORANGEBURG, S. C.

S & R TOOL CORPORATION, DAYTON, OHIO

SAGINAW VALLEY COLLEGE, UNIV. CENTER, MICH. VARIAN ASSOCIATES, PALO ALTO, CALIF.

VITRO LABORATORIES, SILVER SPRINGS, MD.SANDERS NUCLEAR CORP., NASHUA, N.H.

'SAN FRANCISCO CITY COLLEGE, SAN FRANCISCO, CALIF.SCHUTTE AND KOERTING COMPANY, BUCKS'COUNTY, PA. WAUKESHA CUTTING TOOL, WAUKESHA, WISC.

WESTERN MICHIGAN UNIVERSITY, KALAMAZOO, MICH.

SENCO PRODUCTS, NEWTOWN, OHIO
WESTINGHOUSE ELECTRIC CORP., CHARLOTTE, N.C.

SHAPE COMPONENTS, INC., PATTERSON, N.J. WESTINGHOUSE ELECTRIC CORP., MADISON, PA.
SIGMA MACHINERY, ROSEMONT, ILL.
SIMONO SAW & STEEL, FITCHBURG, MASS. WINGHOR ELECTRIC COR, W ONN ,

SMALL BUSINESS ADMIN., DENVER, COLO. WINDSOR MANUFACTURING, WINDSOR, CONN.
SMALL BUSINESS ADMIN., MINNVEAPOLS N. WORLD AEROSPACE CORP., MINNEAPOLIS, MINN.

SMALL BUSINESS ADMIN., MINNEAPOLIS, MINN. WRIGHT-PATTERSON AIR FORCE BASE, FABRICATION

SMALL BUSINESS ADMIN., CLEVELAND, OHIO MODIFICATION SHOP, WRIGHT-PATTERSON AFB, OHIO
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SUMMARY OF SPECIFIC INQUIRIES BY COMPANIES MAKING 5 OR MORE REQUESTS

October 1, 1964 - September 30, 1968

ABEX CORPORATION 6 INTERNATIONAL NICKEL CO., INC.
AEROJET-GENERAL CORPORATION (6)* 27 (THE) (4)* 20
AERONCA INC. 6 JERDEN MANUFACTURING COMPANY 7
AEROSPACE RESEARCH APPLICATION CENTER 12 JONES & LAMSON 7
AIRESEARCH MANUFACTURING CO. (3)* 13 KENNAMETAL INC. (31* 10
ALLIS-CHALMERS MANUFACTURING COMPANY (2)* 19 KRONENBERG, DR. MAX 8

AL7AMIL CORP. 7 LADISH CO. 6
AMERICAN SOCIETY FOR METALS 10 LEBLOND MACHINE TOOL COMPANY, R.K. 14
AMERICAN SOCIETY OF TOOL & LING-TEMCO-VOUGHT, INC. (4)0 7

MANUFACTURING ENGINEERS 7 LOCKHEED AIRCRAFT CORPORATION (5)* 56
ARGONNE NATIONAL LABORATORY 7 LODGE & SHIPLEY COMPANY, (THE) 6
ARMCO STEEL CORPORATION (4)* 7 MACHINE DESIGN 5
AVCO CORPORATION (5)* 21 MARQUARDT CORP, (THE) (2)* 7
AMERICAN TOOL WORKS 7 MARQUAROT METAL PRODUCTS COMPANY 6

BARRY-WEHMILLER 8 MARTIN COMPANY (4)* 52
BATTELLE MEMORIAL INSTITUTE (3)' 30 MASSACHUSETTS INSTITUTE OF TECHNOLOGY 5
BENDIX CORPORATION (THE) (8)* 63 MASSEY-FERGUSON INC. 5
BOEING COMPANY (THE) (6)* 51 MENASCO MANUFACTURING COMPANY (2)* 7

i BMARCOPAN 6METALWORKING MAGAZINE 5
BOMAR COMPANY6
BOOZ ALLEN APPLIED RESEARCH INC. (2)* 6 METCUT RESEARCH ASSOCIATES INC. 45
BRUSH BERYLLIUM CO. (THE) (3)* 10 METEM CORPORATION 8
S BURNDY CORPORATION 5 MCDONNELL DOUGLAS CORP. (4)* 46

CALIFORNIA GENERAL INC. 5 MICHIGAN, UNIVERSITY OF 7

CARBORUNDUM COMPANY 11 MONSANTO RESEARCH CORPORATION (3)* 7

CATERPILLAR TRACTOR COMPANY (2)* 5 MOOG INC. 5
CHRYSLER CORPORATION (2)' 5 MOREHEAD STATE UNIVERSITY 5
CINCINNATI LATHE AND TOOL COMPANY 10 NATIONAL AERONAUTICS & SPACE

CINCINNATI MILLING MACHINE ADMINISTRATION (4)* 5

COMPANY (THE) (2)* 77 NATIONAL LEAD CO. OF OHIO 20
CINCINNATI SHAPER COMPANY 8 NEW ENGLAND RESEARCH APPLICATION CENTER 13
CINqINNATI, UNIVERSITY OF 8 NORTH AMERICAN ROCKWELL CORP. (8)* 79
CLEVELAND AUTOMATIC MACHINE NORTH CAROLINA STATE UNIVERSITY 5

TOOL COMPANY 5 NORTHROP NORAIR 5
CONTINENTAL AVIATION & ENGINEERING NORTON COMPANY 7

CORP. (2)* 10 OWENS-ILLINOIS (2)* 7
CORNELL AERONAUTICAL LABORATORY INC. 5 PENNSYLVANIA STATE UNIVERSITY 6
CORNING GLASS WORKS 9 PHILCO CORPORATION (2)* 5
CRUCIBLE STEEL COMPANY OF AMERICA (2)* 9 PLANET PRODUCTS CORP. 9
CUMMINS ENGINE COMPANY, INC. 5 PRATT & WHITNEY AIRCRAFT (3)* 12
CURTISS-WRIGHT CORP. (3)* 80 RADIO CORPORATION OF AMERICA (4)' 10
DELAVAL TURBINE INC. 5 REACTIVE METALS INC. 11
Do ALL COMPANY (2)' 5 REYNOLDS METAL COMPANY 6
DOw CHEMICAL COMPANY (3)* 12 ROCK ISLAND ARSENAL 19

DUPONT DENEMOURS & CO., E.I. (3)* 32 ROHR CORP. 9
DYNAMICS CORPORATION OF AMERICA 10 SANDIA CORP. 15
ELECTRICAL MACHINING INC. 5 SMALL BUSINESS ADMINISTRATION (6)* 9
ELECTRONICS SPECIALTY COMPANY 6 SOUTHERN ILLINOIS UNIVERSITY 10
ELLIOT COMPANY 8 SPERRY RAND CORP. (9)* 5
FEDERAL MONGUL CORPORATION 6 STANDARD OIL CO. (THE) (3)* 5
FORD MOTOR COMPANY (5)* 15 STEEL MAGAZINE I1
GENERAL DYNAMICS CORP. (5)* 56 SUNDSTRAND CORP., SUNDSTRAND AVIATION 20

SYLVANIA ELECTRIC PRODUCTS COMPANY 13GENERAL ELECTRIC CO. (31)* 228 TW N 5*4

GENERAL MOTORS CORP. (13)0 35 TRW, INC. (5)' 44
GENERAL PRECISION INC. (3)* 5 TELEDYNE INC. (5)* is t

GLIDDEN COMPANY (THE) 5 TENNESSEE, UNIVERSITY OF (2)* 6
GODERTHERM, INC. IS5GOODYEAR AEROSPACE CORPORATION 14 THIOKOL CHEMICAL CORP.

G.A. GRAY COMPANY 5 TINKER AIR FORCE BASE 23
GRUMMAN AIRCRAFT ENGINEERING CORP. (2)' 19 TOOL SALES & SERVICE 9
HAMILTON STANDARD 11
HOLLEY CARBURETOR COMPANY (2)' 13 U.S. NAVAL APPLIED SCIENCE LAB. 7HONEYWELL, INC. (4)* 1 UNION CARBIDE CORPORATION (5)* 52
HUGHES AIRCRAFT COMPANY (4)' 12 VALERON (3)1 7iT RESEARCH INSTITUTE 6 VERMONT AMERICAN CORP. 12ILLINOIsE UNIVERSITY OF 6 WAYNE STATE UNIVERSITY 21IIN OIERS ITY RAND OP (3WESTERN ELECTRIC CO., INC. (4)s 5INTERNATIONAL CORP. (3)'(8 1 WESTINGHOUSE ELECTRIC CORP. (10)0 36

WRIGHT-PATTERSON AIR FORCE BASE (4)* 58
WYMAN-GORDON COMPANY (2)1 I0
XEROX CORP. 6

() No. OF DIVISIONS

SEE APPENDIX, PAGE A-14 41 FIGURE 26
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DATA ACNJISITION PLANT VISIT PROGRAM

LIST OF COMPANIES TNROUGN SEPTEMBER 30, 1968

Aorejet-loenrei Corporation Lockheed Aircraft Corporation
Sacramento, California Sunnyvale, California

Aerospace Research Applications Center Les Angeles PleceCeltg
Bloohington. Indiana Woodland Hills. California1I

Aillestarch Manufacturing Company Martin Coupn
Phoenix, Arizona Orlando. Fler 1da

American Beech Area Corporation Menalco Manufacturing Company
larden City. Now York lurhank. California

American Weiding & Manufacturing Couponir Uclonneli Douglas Corporation
Warren, Ohio Seanta monica. California

Argonno National Laboratory McDonnell Douglas Corporation
Argonne. Illinois St. Louis. Missouri

Ave* Corporation North American Rockwell Corporation
*Nashville. Tennessee Anaheim. California

$each Aircraft Corporation North American Rockwell Corporation
Wichita, Kansas Depnty. California

loll Helicopter Company North American Rockwell Couporation (Z)*
Ft. Worth, Texas Canoga Park, California

leadis Corporation North American Rockwell Cerporation (3)0
Teterboro. Nov Jersey Los Angeles. California

Seeing Company (The) Northrop Nerair
Wichita, Kneses Hawthorne, California

Beeing Comps.y (The) M0) Northrop Ventura
Seett 10, Washington Newbury Park. California

@::oral Dynamica Corporation Pratt I Whitney Aircraft
Ia liege. California West Palm Deach, Florida

somerel Dynamics Corporation ICA
Ft. Worth, Toexs Cme.Hwire

somoral Electric Comany Sul oprto
Phomsix, Arlizon Alhuqveerlio. Hew monieo

Solar/liw. of latersetlenel Nervestor
liddlaep Lwis Ieai son liege. California

Tuscan Arleme T.~~~.~canopyvile

Seller Aeeepsee S leetrealo lhom abde Corperstiag
Te gmadr. Citess i Poh ug. ATeasomes
LiNobsAreom:;ut. Cme.a Wsetra Ali ort*i lostmy le
000e ct. Caifrnaehemab City. Okleahma

Kiserkoo Airerpef t 1Ca1reaalis feo(Crid o)0otoson Leasdre. Colfoueey sitRde. California

laobbeds.C28orgie tompOlaoa iy.Oys

Marietta, 1141rg111

C)o rsel them goo visit

44 Mi APP111u111. PAN A-11
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CODE SHEET FOR PROJECT TINE CARD

(USFD BY EMPLOYFES FOR RECORDING HOURS ON DAILY TIME CARDS)

21112T LAW 1000 DATA ACQUISITION - LITERATURE 1270

INDUSTRIAL CONITRIBUTORS OF MACHINING1N100I REPORTS AND CASE HISTORIC$ 1271
ENGINEERING SUPERVISION' 1110 DOMESTIC PERIODICAL LiTERATURE 1272

INUR TAET N mup APOA 11FoREIGN PERIODICAL LITERATURE 1273 f
oulm STAGEY AD IQUIY APROAL 111INDUSTRIAL TRADE LITERATURE 1274

MACHINING DATA ANALYSIS 1120 TECofNICAL INSTITUT IONS, PROFESSIONAL

DATASWERING INQUIRIES 1121 SOCICTIES, AND ASSOCIAT IONS 1275

DAAPROCESSING 1130 PUDLISNERS Of H'ANODOORS, MANUALS. BOOKS 1276
INFORMATION CENTERS 1277

1(EYPUNCH IN 1131 GOVERNMENT AGENociES 1270
VERIFICATION 1132 MACHINABIL ITY LABORATORIES 1279

SORTI NG 1133 DATA ACQUISITION - BY TECHNICAL PERSONNEL 1200
DiEC00 IN 1135 PLANT VISITS 1201
COMPUTE: PROCESSING 1136 TELEPH~ONE, TWX, TELEGRAM 11292

LEtTEo 1203DATA CONTROL 1140 TECHNICAL kt[T INGS (MACHINASILITY) 1294
FORMS AND DOCUSIENT HANDLING 1141 TEtCHNICAL AllvmtINs (INFORMATION SCIENCEI) 1265

DATA ACQUISITION' 1150 FOsEIGiN PLANT VISITS 1206
FOsEism TECHNICAL klETIGs 1287SPECIAL ACQUISITION roe INQUIRIES 1151 INDUSTRY SPECIAL 12*0

REPRODUCTION' 1160 DATA STORAGE 1290
XEROX lift

DITO 163DOCUMENT FILE 1291
DsAUITNO 1165 SUPPORT INFORMATION 190011S. ETC.) 1292

SYSTEMS ANALYSIS 1170 KKUML DISSEUIN1AIIN IF MUNINUILIIY
TECHNICAL REVIEW 1171 001* ANS CENTERIN lh11UATIU 130
Cosy EVALUATION 1172 PGIAI1 t aoIA icaut11

VISITS TO AFMDC - TECHNICAL' 110110 PUBLICATaION IN TecHmICAL LITERATUR 1 31
MANUFACTURING TfCHNOLOGY DIVISION list PRECSENTATION AT PLANTS 1312
OTHERAS 1102 AFADC EsMiSiie 1320

"NEWSPAPERS (IbICALWORRINS. ETC.) 6 IWIGARINES 1330
014NLUA91A 20Usa LIST MTCmaicaL. AmPenT) 1 340
1111MM3*1 133? 200USER LIST PsoeucTs 1350

ENGIktE[ING SUPERVISION 1210 An=~ PAM#NLCTS. AiniouNoCEgmEys. atc. 1360
Tc iCLPANN121SPECIAL REPORTS CSAEMTEA TEC.) 1370

PLHNIGDAAANN YIN S 1220ISIGAPIS16

Pa-1IAVSCREENING 1221 m " to10
Pacomo~syTECHNICAt EVALUATION 12
FNLT9CkICAL EVALUATION (p.1 boeuaemal OiL m l1

Conro No o siy Time Slip) 1223 QUART11RLY (MID) 1420

DA uTA ERO PCESSINGAIvI1171O
DAT CNTOL1230 SICRVIS. $o 00 EtC.4 1440

xemg V ,. P oUMCm MAgLING 1213 VAL6CRSOto

Om.. UDAASmts Et.1233 PLwaluefIN G 5505bum

SDSECOANLSIDTING 115&NI05recot
COPTERiIIA REVCIEW4 23 REPCCON 1161111 O 161T1111611SC~t

DATA ACONTR IVOL 1140A0 Diiso. o Ce

T&.loqm r. Mo .D eiumc &Ma.. s. re &e &1241 es. E s

ME ,. PIDU I &u Iee ON1211 tw
XERO listIZ PP*E A-tO 47 PiliflibI 331CIii
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CODE SHEET FOR PROJECT TIME CARD (continued)

YSTIES ANALYSIS - IENERAL 1600 PURCHASES

1130 COMPUTING SYSTEM (SYSTEMS ASPECTS) 1610 FOR PURCHASES PRECEDE CODE BYt 800
STATISTICAL PROGRAM FOR ANALYSIS OF Exasples:

CENTER EFFECTIVENESS (SPACE) 1620
1130 COMPUTING SYSTEM (TECHNICAL ASPECTS) 1630 800-0000 INR CAR GES SUHA GENEA SPLE800-0000 INDIRECT CHARGES SUCH AS GENERAL SUPPLIES

800-1272 PURCHASE OF DOMESTIC PERIODICAL LITERATURE

INDIRECT LABOR 0000

GENERAL REPAIR, CLEANING, PAINTING 0101
TRAINING 0102
SICKNESS OR EXCUSED AsSENCE 0103
VACATION 0104
ACQUISITION OF MAJOR FACILITIES AND

EQUIPMENT 0105
ACQUISITION OF MINOR EQUIPMENT AND SUPPLIES 0106
PROPOSALS AND SETTING UP PROGRAMS 0116

TECHNICAL MEETINGS AND PAPERS (NOT DIRECTLY

RELATED TO AFhOC) 0127
GENERAL AFDC CLERICAL AND OFFICE WORK 0128
GENERAL AFMDC ADMINISTRATION 0150

TYPING AND CLERICAL ON INQUIRIES 0151
TYPING AND CLERICAL ON ORIGINAL DATA ENTRIES 0152
HANDLING OF MAIL 0153
PERSONNEL (HIRING, ETC.) 0154
USER FILE (TYPING AND CLERICAL) 0155
VISITORS (TRANSPORTATION, SYSTEM

DEMONSTRATION, GENERAL AFMDC INFORMATION) 0156
DATA PROCESSING (TIME CARDS, ETC.) 0157
TYPING AND CLERICAL ON USER PRODUCTS 0158
MISCELLANEOUS AFAIDC NONCHARGEASLE SERVICES 0159
"LIURARY-SUPPORT INFORMATION 0160

FIGURE 31 (cant.) 48
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AFMDC DAILY TIME SLIP

EMPLOYEE'S OPERATIONAL
AREA (MACHINING DATA

ANALYSIS)

EMPLOYEE NUMBER

NMEUT RESEARH ASSOCiAp INC. /

ANSWERING ,
INQUIRIES PAILY TIME SLIP SPECIFIC COMPANY

••- M'AKING IHQUIRY

NAME I). . d/V P,

CLOCK No. 4 a 20 DATE
OPERATIONAL
AREA JOB No. OPERATI'p4- ELAPSED
(MACHINING *EA D
DATA ANALYSIS- . SEQUENTIAL
CODE 4) ,IU1I NUMBER OF

"SPECIFIC
INOUIRY

"$f -12 1. --

FINAL DO UM N / NUMBERT ECHNICAL- OCMN NME

EVALUATION ASSIGNED To DATA
__ _ ..... _PRODUCT (IN

PROCESS)

WORK IN __
ANOTH E R

OPERATIONAL
AREA (DATA
ACQUISITION-
CODE 7)

91.0
APPROVED TIMEKEEPER

SEE APPENDIX, PAGE A-16 49 FIGURE 32
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AFMDC OPERATING COSTS

FEBRUARY 1, 1968 - SEPTEMBER 30. 1988

INPUT COSTS

TECHNICAL EVALUATION $ 28,483.81
DATA PROCESSING 18,779.63
DOCUMENT ACQUISITION & REPRODUCTION 11467.96

56.731.40
EQUIPMENT, SUPPLIES & SERVICES 8,203.93

TOTAL 84.935.33

OUTPUT COSTS
INQUIRIES:

TECHNICAL EVALUATION 37,027.61
DATA PROCESSING & RETRIEVAL 9,658.71
DATA ACQUISITION & REPRODUCTION 4,847.14

51,333.46

DATA PRODUCTS:
DATA PRODUCTS COMPLETED & IN PROCESS (INCLUDING PRINTING COSTS) 18,352.07
REPRINTING OF USAF MACHINABILITY REPORTS 4,289.00

22,641.07
EQUIPMENT, SUPPLIES & SERVICES 5,297.00

27,938.07

TOTAL OUTPUT 79,271.53

GENERAL DISSEMINATION
GENERAL DISSEMINATION OF MACHINABILITY DATA & CENTER INFORMATION $ 2 917.41

EQUIPMENT. SUPPLIES & SERVICES 2e2.00

TOTAL 3,199.41

REPORTS
AFMDC SYSTEMS REPORTS 1,790.77
THIRD ANNUAL REPORT - PREPARATION & PRINTING 5,353.43
FOURTH ANNUAL REPORT - PREPARATION & PRINTING 2,614.05
AFMDC. MTD AND INFORMATION BRANCH MEETINGS AND SPECIAL MTD REPORTS 5,258.07

15.016.32
EQUIPMENT, SUPPLIES & SERVICES 3,424.00

TOTAL 18.440.32

SYSTEMS ANALYSIS, MODIFICATION & CONTROL
TECHNICAL EVALUATION $ 2.099.84
DATA PROCESSING - IBM 1130 COMPUTING SYSTEM:

TECHNICAL ASPECTS 820.54
SYSTEMS ASPECTS 7,840.83

OPERATIONS MANUAL & CODE BOOK REVISIONS & ADDITIONS 1,497.51
12,048.52

EQUIPMENT. SUPPLIES & SERVICES 1.260.09
TOTAL 13,308.61

TOTAL ACTUAL COSTS NOT INCLUDING FIXED FEE $ 170,155.20

SEE APPENDIX, PAGE A-16 51 FIGURE 34



AFIDC INPUT & OUTPUT SUMMARY

October 1, 1964 - September 30, 1968

SYSTEM INPUT
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

Total 23,612

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

Total 15,941

Total Cards Punched
Oct. 1. 1964 - Jan. 31, 1967 75,173
Feb. 1, 1967 - Jan. 31, 1968 27,077
Feb. 1, 1968 - Sept. 30, 1968 13.833

Total 116,083

SYSTEM OUTPUT
Specific Inauiries

Inquiries Received October 1, 1964 - January 31, 1966 595
Individual Companies Represented 314
U.S. Government Standard Industrial Classification (SIC) Represented 72
Inquiries Received February 1, 1966 - January 31, 1967 736
Individual Companies Represented 396
U.S. Government Standard Industrial Classification (SIC) Represented 90
Inquiries Received February 1, 1967 - January 31, 1968 1,002
Individual Companies Represented 485
Individuals Represented 690
U.S. Government Standard Industrial Classification (SIC) Represented 96
Inquiries Received February 1, 1968 - September 30, 1968 982
Individual Companies Represented 439
Individuals Represented 596
U.S. Government Standard Industrial Classification (SIC) Represented 105

Unit Costs
aa Prod.IuzctsL Copies (Preparation

Distributed & Printing)

SAFMDC 65-1, Machining Data for Titanium Alloys 5,683 $ 1.04
APMDC 66-1, Machining Data for Numerical Control 769 $ 6.34

S AIMDC 66-1.1, Machining Data for Numerical Control-Turning 1.171 $ 4.07
ARIDC 66-1.2, Machining Data for Numerical Control-Face Milling 1,107 $ 3.66
ANDC 66-1L3, Machining Data for Numerical Control-Drilling 1,093 $ 3.65
AlMDC 66-1.4, Machining Data for Numerical Control-Peripheral End Milling 1,082 $ 1.11
AFMDC 66-1.5, Machining Data for Numerical Control-End Mill Slotting 1.065 $ 1.58
APMOC 66-1.6, Machining Data for Numerical Control-Tapping 1.060 $ 1.24
ANDC 66-1.7, Machining Data for Numerical Control-Reaming 1,060 $ 0.85
APMDC 66-2, Grinding Ratio for Aerospace Alloys 672 $ 3.50
ARDC 66-3, Machining Data for Beryllium Metal 1.05• $ 5.98

Total 16,047

U nit Costs
Per Inquiry (595) - Oct. 1964 - Jan. 1966 $47.49
Per Inquiry (736) - Feb. 196 - Jan. 1967 45.02
Per Inquiry (1002) - Feb. 1967 - Jan. 1968 52.66
Per Inquiry %982) Feb. 1968 - Sept. 1968 58.58
Par Inquiry (3315) - Oct. 1964 - Sept. 1968 50.94

FISIUEE 35 52 SEE APPENOIX, PAN A-IS



FUTURE PLANNING

MAJOR GOALS

1. Increase utilization of AFMDC to meet the needs of industry personnel who have 4

the responsibility for producing hardware and solving machining problems.

2. Continue to identify and make personal contacts with personnel in all ech-
elons who can utilize machining information available from the Center. Em-
phasis will be given to contractors, subcontractors, and sub-subcontractors
producing components for advanced aerospace vehicles.

3. Set up seminars at AFMDC and in selected areas whereby key personnel involved
in manufacture of advanced aerospace vehicles will be invited to attend. One
of the prime subjects to be discussed at these seminars will be the machining
of titanium alloys which will be in heavy usage in these vehicles.

4. Continue the program of plant visitation to make industry aware of the data
stored by AFMDC and to obtain cooperation of input to AFMDC.

5. Continue coordination with the active State Technical Services Program in
California, Connecticut, Georgia, Illinois, Indiana, Iowa, Michigan, Ohio,
New York, Tennessee and West Virginia. Contact will be made with other states
which have set such programs into operation. Also, close cooperation will
continue with the National Referral Center and other centers.

6. Participation in the special merit project with the State of Vermont, along
with another DoD Information Center, namely, PLASTEC. The overall objectives
are: a) to establish access tc appropriate information analysis centers
through the University of Vermont Technical Information Center and b) to test
the information transfer relationship between individual companies (request-
ing information), information analysis centers, and the Technical Information
Center (acting as a coupler).

7. Participation in a Special Merit Project with the State of New York with ob-
jectives similar to those cited for the State of Vermont. AFMDC is the only
information center to be used in this study.

8. Establish closer coordination with the Foreign Technology Division for the

purpose of more extensive utilization of the foreign literature in their files
and wider dissemination of this information.

9. AFMDC will expand its services to vocational schools, whose programs include
machining, through the State Technical Services Program and by direct contact.

10. Provide users with a list of the materials, operations, and keywords used by
the Data Center to index documents.

11. Continuethe program by which inquirers who submit specific inquiries are
kept up-to-date on a periodic basis.

12. Prepare at least the following three data products:

a) Machine Tool Requirements, Average Unit Power and Surface Finish Data for
Aerospace Materials.

b) Tool Geometry Nomenclature and Recommendations.

c) Applications of New Tool Materials.

d) Supplement to Machining Data for Titanium Alloys.

$i9 APPENDIX, PAGE A-17 53
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Consideration will be given to the preparation of several other data products.

13. Continue the analyses of the considerable hard machining data in AFMDIC storage
with the assist of the computer. The main objective is to determine what re-
lationships and correlations may exist between the various types of machinin1
operations and work materials.

14. Continue to study the potential of a computer data-link by users of the Center.

15. AFMDC will develop detailed plans designed to provide income for the output
operation of the Center and increased use of the Center. The particular sub-
jects to be considered are data products and inquiries.

16. Continue to implement the program Statistical Program for Analysis of the
Center Effectiveness (SPACE) with emphasis on identifying key people involved
in machining of advanced aerospace components, analysis of inquiries and
imachining information requirements, analysii of the quality of the documents
in the system and their utilization in answering inquiries, and preparation
of data products.

:1*

.1
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ECONOMIC ENVIRONMENT FOR AFMDC OPERATIONS

(Annual Costs)

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

Total number of metal cutting machine tools in the metalworking
industries (June 10, 1963, American Machinist Inventory of
Metalworking Equipment) - 2, 137, 497

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, 137, 497 x $8.00 x 8 x 250 x 1 = $34, 199, 952, 000 or about

$34, 000, 000, 000

Based on the 1963 Inventory and actual 1964 and 1965 metal cutting
machine tool shipments, American Machinist estimates that 2, 500, 000
machine tools were in use at the end of 1965. Using this projection,
the $34, 000, 000, 000 would be revised to $40, 000, 000, 000.

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

Total Shipments Including Exports of Metal Cutting Type Metalworking
Machinery

$1L 0 4 0 , 766, 000 (1965)

Source: U.S. Department of Commerce

Machine Tool Accessories Industry

$971, 000. 000

(including small cutting tools for machine tools and metalworking
machinery in the amount of $598, 000. 000)

Source: 1965 Census of Manufacturers
Bureau of Census

L! Cuttinx Fluids

$35., 000,.000

Source: "Coolant Control... a plant study plan" by B. r. Wilson,
Automatic Machinin. June 1965.

55
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Siv

COSTSAVINGS RESULTING FROM AFMDC'S OPERATION

OCTOBER 1, 1964 - SEPTEMBER 30, 1963

COST SAVINGS RESULTING-FROM AFMDC'S
RESPONSE TO SPECIFIC INQUIRIES

Total Number of Specific Inquiries 3,315

Estimated Total Number of Machining Situations Included in the 3,315
Inquiries - 17,163

Estimated Savings per Machining Situation Response - $800.00

Estimated Total Savings Resulting from Specific Inquiries -

Machining Situations x 2.ML.OO - 213.730-000.00

COST SAVINGS RESULTING FROM AFMDC'S 11 DATA PRODUCTS

Total Number of Date Product Copies Distributed - 16,047

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

Estimated Total Number of Machining Situations - 19-0O7 Data Product
Copies xa5 - 8AL25

Estimated Savings per Machining Situation -

Estimated Total Savings Resulting from Date Products _ 80•32. Machining
Situations x 6300.00 - $24,070,000.00

Total Estilted Cost Savingls Isvlting free AFIK'S Oeration

377 flowoo31
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APPENDIX

Description of AFMDC (page 1)

This description of AFMDC is distributed by the Center in the form of
a pink flyer (3-1/2"' x 7-1/2" ) with the information relating to
Scope, Collection, and Information Services on one side of the card and
with instructions on how to request machining information from AF!¶DC on
the other side. The pink flyer is convenient in size which makes it
possible to include it in all types of mailings and to use it for hand-
outs at meetings and for Center visitors. Various plants have also used
AFMDC flyers to acquaint machining personnel with Center services.

By including detailed information on how to request machining informa-
tion, it is hoped that some loss in time can be avoided and that the
search strategy required will be simplified. Information shown on page
1 has also been furnished for the Air Force Materials Information Cen-
ters (AFMIC) booklet, February 1968

AFMDC Organization Chart (Figure 1, page 2)

This Organization Chart is sel:-explanatory, but certain comments may

be helpful toward gaining a fuller understanding of the basic plan. One
of the most important aspects of AFMDC's organization relates to use of
engineering personnel. These persons are professionally trained, expe-
rienced people who have the capability of judging the value of machin-
ing information for input purposes and to make technical analyses of
output used for answering specific inquiries as well as developing data
product,.

Systems Analysts are employed on a part-time basis, with emphasis being
placed in three areas: 1) Data Processing, 2) Document Processing, and
3) Data Acquisition. Consultants are used to a limited extent.

Up to the present time, almost complete emphasis on document acquisi-
tion has been given to domestic considerations. Since the foreign lit-
erature and foreign efforts relating to machinability are significant,
this area has been covered by using a consultant to report on foreign
trends as they may influence need for domestic cognizance.

Since AFMDC is operated by Metcut Research Associates Inc., full advan-
tage is taken of the capabilities of Meteut personnel not associated
with AFMDC on a full-time basis. This includes Dr. Michael Field, presi-
dent of Metcut, Mr. Norman Zlatin, vice-president of Metcut, Dr. John
F. Kahles, vice-president of Metcut, and Mr. John Christopher, who is a
project engineer in charge of experimental machining data being devel-
oped at Metcut.

A-1



Since metal removal is a very compilex technical discipline, it is ob-
vious that not all of the capability required can be centered in one or-
ganization, and therefore use has been made of part-time analysts loca-
ted at several companies.

Two important areas of AFMDC systems are documt•aci acquisition and data
processing. Document acquisition is responsible for acquiring input
from both domestic and foreign sources covering the entire broad scope
of machining information required to meet the output of the Center.
Data processing is a key function required for storage and retrieval of
the detailed evaluated and coded information extracted by Machining
Data Analysts. Mechanical processing of data was accomplished prior to
July 1, 1966, by Electrical Accounting Machine (EAM) equipment. Part of
this equipment now supports the IBM 1139 computer, which is the medium
for storage and retrieval of processed information.

From an information point of view, the Organization Chart also reflects
handling aspects of information which do not require full-time activity.
Trained competent secretarial personnel handle activities of the files
pertaining to inquiries and data products.

Part-time Systems Analysts are used to develop required computer pro-

grams and systems evaluation of current operations. Capability of full-
time engineering and data processing personnel has been developed to
supplement the effort now being expended by part-time Systems Analysts.

AFMDC Operational Areas (page 3)

Each of the functional areas of operation of AFMPC has been assigned a
code number from 1 through 9 and 0. These time codes are used in con-
nection with the codes shown in Figure 31, pages 47 and 48, Code Sheet
for Project Time Card. For example, a Machining Diuta Analyst in func-
tional area No. 4 who is answering inquiries will ude the code 4-1121.
If a Machining Data Analyst in area No. 4 is performing in another
operational area, such as assisting in technical aspects of document
acquisition by obtaining data from industrial plants (see Figure 31,
time code 1281), he will use the time code 7-1281. Since the project
time card also includes his employee number and the operational area in
which he functions, it is possible to determine the extent of time
spent by employees in their principal assigned area as compared with
time they spend in other functional areas of the Center (see actual
Daily Time Slip, Figure 32, pagc 49). More important, the stored punch-
ed card information from the project time card is valuable in providing
detailed analyses of the various cost aspects pertaining to the Cen-
ter's operation.

AFMDC Operations Chart (Figure 2, page 4)

Basically the Operations Chart divides functions into two principal
parts: 1) System Input, and 2) System Output. The other function shown
in the heading is System Analysis and is linked to input and output to

A-2



insure and measure the effectiveness of the two major functions. All
sources of information are referenced as Idocumentsl regardless of
whether they are journals, books, technical reports, data sheets, micro-
film, abstracts, etc.

System Input consists of the steps shown in Figure 2 which are designed
to accept any type of document from any source and process it so that
each document becomes an entity within the system. The steps are set so
that documents may be evaluated as to the nature of the information
cdntained in view of the computer programs and codes which were esta6-
lished and are modified by System Analysis. In the preliminary screen-
ing step judgments are made by engineering personnel as to whether
documents received at AFMDC have valuable machining information. The
selected documents are then sent on to engineering personnel for tech-
nical evaluation and the important information is extracted and record-
ed using established codes and formats.

Due to the large backlog of unprocessed documents on hand at the begin-
ning of operation of AFMDC, a decision was made to process documents
through the step called Preliminary Technical Evaluation. This evalua-
tion identified only seven parameters of a machining situation, if
available, 1) machining operation, 2) material hardness, 3) material
condition, 4) heat treatment, 5) material group, 6) material descrip-
tion, 7) tool material. At this step all documents were assigned uni-
terms where applicable to describe the text to the system. These uni-
terms, together with the source control number, are punched into card
formats. Examples of computer printouts of searches made on the Pre-
liminary Technical Evaluation and Uniterm Files are shown in Figures 8
and 9, pages 11 and 12. This mode of evaluation allowed for rapid access
to documents in AFMDC storage. As of April 1, 1967, the Preliminary
Technical Evaluation step was eliminated and all incoming documents
selected in Preliminary Screening are routed directly to Final Techni-
cal Evaluation. In this phase of the processing all of the significant
reported information for each machining situation is extracted, in-
cluding numerical data and tool geometry. The extracted information is
placed on the forms shown in Figure 5, page 8. These forms are given to
a keypunch operator who punches cards which will be stored on the com-
puter. A printout of this type of information is shown in Figure 10,
page 13.

System output consists of the three basic types of output: 1) specific
inquiries, 2) data products, and 3) general dissemination. Specific
inquiries may be submitted to AFMDC by anyone qualified as a User of
AFMDC. The request may be for specific data for a machining situation
or series of machining operations, state-of-the-art studies, etc. A
list of the types of fnquiries is shown in Figure 19, page 23.

Data products are published by AFMDC on timely subjects which are com-
prehensive studies and generally take the form of charts of data for
one or more alloys. The charts contain all the known data for machining
parameters, tool geometry, cutting fluid, tool material and other con-
siderations directly applicable to the machining situation. When data
products become available a notice is sent to every individual on the
User File. Through this notice the User is made aware of information
that may be applicable to his needs.
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General dissemination takes the form of plant visits for coordination
(see page 46), writing technical papers or preparing exhibits for pre-
sentation at meetings or presentation in the literature. AFMDC is always
open to visitors and technical personnel are available to discuss vari-
ous problems in detail and to show the User how AFMDC can assist his
operation.

AFMDC User File Map (Figure 3, page 5)

The User File map shows the number of organizations per state and the
total number of individual Users in those organizations per state. These
figures include Industrial Firms, Government Agencies, Universities,
Colleges, other Centers, Publishers and Societies. Four states have no
Users and 21 states have 10 or less organizations. As would be expected,
the heavy concentration of Users is in heavy industrial sections and
the West Coast aerospace industry.

Distribution of AFMDC User File (page 6)

The basic User File was developed by using the following sources:
World Space Directory. Volume 3. No. 1 - This directory con-
tains a large index of plants associated with the aerospace
industry. An important section lists the "Major Missile
and Space Manufacturers" . Request forms were sent to key
people in all of the company listings in this section, and
provision was made in the form allowing for listing addi-
tional personnel, personnel from other divisions, and major
subcontractors.

Manufacturiny Committee of the AeroApace Industries As-
anciatinn Waghinatnn fl.C_ - This is an important aero-
space group which has need for machining information in the
solution of their common industry problems.

The American Society for Engineering Education (including
members of the Engineering College Administrative Council,
Engineering College Research Council, Technical Institute
Council and Industrial Members) - Letters were sent to the
deans of all of the important colleges which have signifi-
cant interest in machining through departments such as:
Aeronautical Engineering; Ceramic Engineering; General Engi-
neering; Industrial Engineering; Mechanical Engineering
Metallurgical Engineering; Pre-Engineering; Engineering Ex-
tension Groups; Control, Computer and Information Science
Departments; Material and Engineering Sciences: and Techni-
cal Engineering Institutes and Engineering Research Groups
oriented in disciplines of materials and material removal.
Products of the Center have been helpful to college students,
some of whom are already engaged in time standards work,
manufacturing engineering, etc., in cooperative work pro-
grams and in summer jobs. Even more important is the fact
that the training of engineers and thus their future pro-
fessional performance will be influenced through AFMDC's
activities.
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Information Sources - Listings were compiled from "A Direc-
tory of Information Resources in the United States" , Na-
tional Referral Center for Science and Technology, Library
of Congress, January 1965. The prime function of the Referral
Center is to direct people to the proper information sources,
including Centers, in the United States. Their directory
contains a large listing of Centers, Technical Societies,
Government agencies, etc., which in turn disseminate infor-
mation to their yarious clientele. This directory was re-
viewed and selections for the User File were made.

1964 "ASM Index for the Review of Metal Literaturell - This
list includes societies and trade publications in the United
States, and from it selections were made of those concerned
with material removal.

Manufacturing Technology Division, Wright-Patterson AFB,
Ohio, Report Distribution Lists - It should be noted that
these distribution lists include other Departments of the
Air Force, the Departments of the Army, Navy, Defense, and
other Government agencies.

Inquirers -. People who request information from AFMDC are
termed 'inquirers'. New inquirers not already listed in the
User File are added to it. Since there have been 3,315 in-
quiries during the 4 years operation of AFMDC, it is quite
obvious that the file will grow considerably from this source
alone.

Materials Advisory Board (MAB) Committee on Manufacturing
R•quirements for-Aeroasace Materials and the Ad Hoc Commit-
tee on Aeroanace Manufacturin, Requirements - This group was
contacted because of its importance in manufacturing plan-
ning at a national level.

In order to keep the User File current, each individual on the User
File is periodically contacted to ascertain whether he wishes to con-
tinue to be listed and whether there are any changes in position and
address. The last such survey was accomplished in November 1967. Names
are added to the User File as a result of: 1) inquirers, 2) visitors,
3) additional names submitted by current users. 4) requests resulting
from dissemination of data products, and 5) technical articles published
in periodicals and announcements pertaining to the Center.

Page 6 indicates that there are a total of 4,026 individual users from
a total of 1,526 organizations.

Computer Input and Output Flow Chart (Figure 4, page 7)

The flow pattern describeJ in this diagram gives a picture of the goals
of AFMDC. All documents with detailed data are given to a Machining Data
Analyst so that this data may be extracted and placed in "Data Code
Forms"a, see Figure 5, page 8. This information is then punched on
cards from which the disk files are generated.
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The flow chart indicates Preliminary Technical Evaluation, a phase in
document processing. While this step has been eliminated for incoming
documents, it is shown because there is still a backlog in the files of
documents which were processed as far as Preliminary Technical Evalua-
tion prior to April 1, 1967.

Data Code Forms for Final Technical Evaluation (Figure 5, page 8)

Figure 5 is a photograph showing both the front and back of Data Code
Forms used as an intermediate step between the original document and
the punched cards ;used as input to disk storage. The formats are de-
signed to handle alphameric information required for some parameters
and de'ýimal numbers for others, as well as integers. These formats and a
book with codes enable the Machining Data Analyst to concisely identify
the 'mportant information regarding a specific machining situation. Re-
quired decimals are set in the numerical data fields, thereby further
simplifying recording of the data. These forms are then passed to the
keypunch operator, who punches the information contained in them into
Index, Tool-Cutting Fluid, and Numerical Data Cards.

These, plus the additional cards used by AFMDC are described as follows:

Card Description

0 Inquiry The Inquiry Card is punched with the inquiry information
desired and is used by matching key indices in exactly the
same columns as information which would have been precoded
into the System.

1 Index The Index Card establishes information available in the Sys-
tem by preassigned data index columns and respective codes
to be matched against inquiries. This card describes the
machining situation including the machining operation, ape-
cific material designation, hardness, condition, heat treat-
nent, and broad material group. In addition to the above
*minimum requirementsh', the Index Card also includes the
part configuration code, tool material, machine tool de-
scription, and the control codes. The control codes pro-
vide information on the data source, its classification and
index controls which allow for retrieval monitoring. The
primary method of access into the AFMDC information decks
is through the Index Card.

2 Tool- This card defines tool sine, shape, and geometry, as well
Cutting Fluid as the trade name and manufacturer. It also identifies the

trade same of the cutting fluid, the manufacturer, and the
concentration of the cutting fluid.

3 Numerical The Numerical Data Card contains actual values of machining
Date variables, such as feeds, speeds, depth of cut, hole size,

tool life. etc.
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Card Description

4 Uniterm This card alphabetically describes special technical sig-
(key word) nificance of a document not covered by '.ategories included

on the Index, Numerical Data, and To;:- t.,:ting Fluid Cards.

5 Data Link This card provides means for eliminating the recording of
data relevant to different topics or sources. Data are en-
coded and stored under one control code.

6 Aperture The Aperture Card is used to store and retrieve microfilms
of pertinent curves, drawings or any information best stored
in a graphic manner.

7 Bibliography The Bibliography Card set is designed to present the Source
Document in a formalized, uncoded manner.

8 Potential This card records into the System information on contracts
Source of awarded and other work initiated or in progress which are
Information considered potential information sources. In this manner,

the card helps direct an active data acquisition program.
It also serves as a card to store certain bibliographic in-
formation such as author and organization.

8 Visitor This card has the same format as the Potential Source of
Information Card and therefore serves not only to develop
a Visitor File but can and is used to identify visitors as
inquirers and/or potential sources of information.

:9 Tickler The Tickler Card is generated at the time machining infor-
mation is committed to the System primarily as a review de-
vice for updating, purging, etc., but also for checking on
conmittmentsfor potential sources of information. Dates for
tickler review of data committed to the System are based
upon the times related and shown in the Classification Code.

Flow Chart for Fortran Program to Store, Add or Search

Inquiry File (Figure 6, page 9)

The flow chart of the inquiry program is an example of the storage and
search techniques used by AFMDC on the IBM 1130 computer system. These
programs have two basic sections: 1) to create files into which data
may be stored, added to and deleted from, and 2) to set up a procedure
for searching the data files. Discussion of the inquiry program follows:

1) Create data file and store additional cards to file. Console Date
Switch No. 0 controls loading of a new deck of cards to create an
original file. This file is created in a file protected disk area
called "User Area''. At the end of each month, inquiries for that
month are coded and cards punched. The additional cards are then
loaded at the end of the file. Console Data Switch No. I is used to
control this function of the program. By this procedure, the Inquiry
File is only one month behind any inquiry ever submitted to AFNDC.
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2) Search Routine - Since the load and add functions of the program are
to be bypassed, Data Switch No. 0 and Data Switch No. 1 are turned
off. Control of the parameters to be matched in the search are then
selected through the use of Data Switches No. 2, No. 3, No. 4 and No.
5. All or any combination may be selected by the operator as specified
by the Machining Data Analyst. These Data Switches (D.S.) control
matches for: Specific Machining Operation (D.S. 2); Specific Material
Group (D.S. 3); Specific Material Description (D.S. 4); and Uniterm
(D.S. 5). Through the use of the Pqta Switches the computer nay be
used to narrow the selection of docrements if the initial search out-
put yields too many references. This concept is fundamental to all of
the search programs operated by AFMDC.

Inquiry File Search (Figure 7, page 10)iv; The Inquiry File which, as of September 30, 1968, contained data per-
taining to 3,315 inquiries is a very important AFMDC file. Search of
this file can prevent duplicate effort in answering identical inquiries
or provide assistance in answering those having similarity.

Figure 7 shows the use of Data Switches described in Figure 6, page 9,
as they were utilized to make broad and then selective searches on the
Inquiry File. The first search was made on the uniterm, CUT FLUID, by
having Data Switch No. 5 in the 'on' position. When the file was inter-
rogated the machine selected and printed all inquiries for which the
uniterm, CUT FLUID, was used. To be more selective on the second search,
material group 301 (NICKEL BASE HIGH TEMPERATURE ALLOYS) and material
description INCOX750 were added to the CUT FLUID uniterm on the search
card. In the third search, the machining operation requirement was
added so that now the search was concentrated on a specific operation,
on a specific material group, one specific material description and a
uniterm requirement. From this type of search, the computer finds a
precise match and prints that information. The number on the right is a
unique number to that inquiry so the information may be reached quite
rapidly.

Output of Preliminary Technical Evaluated Data (Figure 8. page 11)

Figure 8 shows a printout of a specific search on the Preliminary Index
File.

The Preliminary Index File contains six possible terms which can be
searched in any combination. Preliminary Technical Evaluation is de-
signed to identify, if available. 1) machining operation. 2) material
hardness, 3) material condition, 4) heat treatment, 5) material group.
6) material description, and 7) tool material. With the exception of
material condition, an engineer may set up a search strategy to inter-
rogate the file on any combination of the other six parameters. When a
match is found, the source control code will be printed and the document
pulled from the file. The Preliminary Index search shown in Figure 8 was
made on an operation, DRILLING (085) of NICKEL BASE HIGH TEMPERATURE
ALLOYS (material group 301).
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Output of Uniterm File Search (Figure 9, page 12)

The uniterm concept was designed so that technical text important to
material removal operations could be stored and retrieved. Each docu-
ment is assigned uniterms (keywords) which describe the nature of the
text. These uniterms are punched into cards which are stored on disks.

A second card is generated indicating the machining operations and
material groups associated with the given uniters. Thus, a selective
search can be made linking a particular uniters to a mpecific machining
operation and/or a material group.

A master list of the uniterms is contained in the code book so that
search strategies may be set up. A search can be made on a single term
or on two terms simultaneously. These terms may be in any position with-
in the card set. The search shown in Figure 9 is for the Uniters, TOOL
GEOMETRY (TOOL GEOM) for a given operation, DRILLING (085) of NICKEL
BASE HIGH TEMPERATURE ALLOYS (material group 301). On the right hand
side of the computer printout are the source control codes for the docu-
ments containing the desired information.

Output of Final Technical Evaluated Data (Figure 10, page 13)

Figure 10 is the computer printout of decoded information which has been
extracted from a document which received Final Technical Evaluation.
Note that the information extracted by the Machining Data Analyst and
coded on the forms in Figure 5, page 8, is now computer decoded and
printed out. The first line of data describes the inquiry to the file.
The second line is the AFMDC match of the inquiry search terms on the
stored Index card. The succeeding lines are the retrieved Tool Geometry,
Tool Material, Cutting Fluid, and Numerical Data associated with the
particular machining situation described in the Index card. The headings
are printed and the retrieved information in the data cell is printed in
the proper locstion. Coded integers are matched against another file on
the disk resulting in the alphaseric equa; being printed on the output
sheet. It is anticipated that this type of printout will be used to
answer some inquiries diroctly later this year.

Cost Per Piece in Face Miling and'End Mil'ing, (Figure 11, page 14)

Equations have been written and computer programs have been developed
and made operational for five major conventinnal chip removal opera.
tions. The particular operations are turning, milling, drilling, ream-
ing and tapping. The equations developed for calculating machining costs
in face milling and end milling are shown in Figsre II. Available rep-
resentative hard data were processed using these computer programs
in connection with a data product which has beon aevetoped on this sub.
ject.

A-g

I



Cost and Production Rate for Milling (Figure 12, page 15)

The use of data shown in Figure 10 leaves something to be desired for
the manufacturing engineer. The printout gives a series of values to'
choose from but does not clearly indicate the economics involved. Since
the major reason for having adequate data is to help minimize the cost,
the logical question is which set uf values will yield the minimum cost.
A basic equation has been developed which considers the economics of

each significant element of a machining operation and determines the
production cost and production rate. The output gives the cost and pro-
duction rate and the value of elements which make up the total cost.
These values give the engineer an opportunity to analyze the elements
so that he msay decide where the major contributors to the total cost
lie and then work on the critical areas.

Computer Printout for Investigating Relationships
between Machining Variables (Figure 13, page 16)

Experience has shown that there are some relationships in machining
variables between the various types of machining operations and work
materials, and they can be determined if careful analyses are made using
substantial and reliable data. Manual analyses of this type are diffi-
cult and cumbersome. Determination of existing relationships will be
very valuable for evaluation of new data and filling in gaps in accraed
data. AFMDC will investigate these relationships. The computer resolves
much of the difficulty and time required to make the sibject analyses.
The computer program has very recently been made operational, and a con-
siderable amount of reliable data is available in punched card form for
processing. One of the initial sets of data run through the computer is
shown in Figure 13, page 16. This is an extensive and worthwhile pro-
gram,

Computer Printout of a Select;ve Search on Surface
Integritysibliography File (Figure 14, page 17)

One of the subjects of highest interest to AFMDC inquirers as indicated
is Figure 22. Page 26. is Surface Integrity. Because of the large number
of documents in AFNIh4's storage on this broad subioct and the wide vari.
ety of parameters within this subject, a computer program was developed
and made operational to facilitate searching and "idting specific bib.
liographic references from a separate disk file. Tho documents are coded

* according to operatIo0, materia! descqription and scope of property top-
ics. Searches may be made on up to ten codes within tach parameter under
any combination of *amd* or -or- logic modes at either level. The
search shows is Figure 14. page 17. in for the opiration GRINDING (1).
of material group TITANIUM ALLOYS (F). and property topics SURFACB CON-
DITION (A) or SIRFACE FINISN (B) or REIIDUAL STIUS (C). A similar file
has teen sot up for another subject of high interest. Numerical Control.
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Computer Printout for Metal Removal Rates (Figure 15, page 18)

Considerable interest is being expressed through inquiries in metal re-

moval rates for a wide variety of work materials. While the formulas
used in calculating machining rates are not complex they are tedious and
time consuming when performed using a slide rule or desk caiculator.
With a computer and the high amount of reliable r-achining data at AFMDC
it is possible to make many valuable calculations in short order. These

data are very useful in planning and setting up machining operations. A

printout of machining data and calculations for turning, face milling
and drilling are shown in Figure 15, page 18.

Cost Study Analysis of IBM 1130 Computer (page 19)

As a result of a request made by the Office of the Director of Defense
Research and E.gineering, Department of Defense, a cost study was con-
ducted by AFMDC to determine the increase in effectiveness resulting
from the installation of the IBM 1130 computing system. Prior to in-
stallation of the IBM 1130 computer the data processing equipment uti-
lized was designated as an IBM Series 50 configuration. This consisted
of a keypunch, verifier, sorter, collator and an electrical accounting
machine,

A review was made of the various aspects of the AFMDC system and judg-
ments made pertaining to those aspects which were affected, time-wise,
by copversion from the IBM Series SO configuration to the IBM 1130 com-

puting system. It was judged the following aspects were affected: a) in-
quiry processing and b) calculations for production rates and machining
costs.

The statistics shown on page 19 indicate that a savings of over $13,000
for a one-year period was effected by installation of the IBM 1130 Com-
puter. These important cost savings are the result of time saved by
engineering and data processing personnel and are reinvested in the
AFNDC operation. This is reflected in the continual and substantial rise
in the ratio of output to input costs. thus providing more extensive
services for the expended funds.

Inquiry Processing Flow Chart (figure 16. pgo 20)

Typical Imquiry Input and Response (Fiaure 17. page 21)

Responses to inquiries are the moat important of the services provided
by AFMDC. Strong emphasis is placed on providing specific and detailed
answers to technical inquiries which are transmitted by letter, tele-
gram. telephone or by direct visitation to the Center. A high percent-

6g of the inquiries is made via telephone, some because of the urgency
of information requirements and other due to the necessity of discuss-
img technical details with the engineerimn personnel. When required. in.

quirers are contacted to clarify their specific seeds. As indicated in
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Figure 16, page 20, engineering personnel impose judgments on the in-
quiries and establish the search strategies. Data Processing personnel
perform the computer search functions and provide the printouts to the
engineers. The engineers again impose engineering judgment in the selec-
tion and preparation of the information to be transmitted to the in-
quirer.

An inquiry form and the AFMDC response are shown in Figure 17, page 21.
Note the codes within the blocks on the form which are keypunched and
then stored on the computer inquiry file.

Analysis of Inquiries by State (Figure 18, page 22)

The analysis of inquiries by state, Figure 18, page 22, provides some
interesting and informative statistics. AFMDC has received inquiries
from 42 states and the District of Columbia. Over the period Octob:
i, 1964, through September 30, 1968, there have been 3,315 inquiries
received and pi.ces8ed by AFMDC. These inquiries have originated from
1,138 diferent organizations and 1,928 individuals within thesu or-
ganizat:tns. It is interesting to note that 80% of the total inquiries
tnd 78% of the company and individual inquiries were from 10 highly in-

dustrial states, as would be expected. The specific inquiry statistics
for thebe 10 states are shown in Figure 18, page 22.

Summary of Specific Inquiries by Type of Inquiry (Figure 19, page 23)

The statistics shown in Figure 19 point out several important factors.
There has been a constant and substantial rate of growth in the number
of inquiries received and processed at AFMDC. The average was 37 per
month during the first 16-month period of the Centers operation. This
average increased to 61 per month for the ensuing year and rose to an
average of 84 per month the next 12-month period. During the last 8-
month period the average increased to 123 per month. This growth has
largely been the result of multiple inquiries from prior users, new con-
tacts from companies already on the inquiry file and contacts from com-
panies who have not previously submitted inquiries to AFMDC. Many of the
new contacts can be attributed to "word of mouth,' communication of
AFMDC inquiries with persons who are in the field of machining.

Another factor responsible for this growth has neen the AFMDC plant visi-
tation program and participation in technical conferences.

In addition to providing information on the varied services available at
AFMDC, Figure 19 indicates trends in the nature of inquiries from Octo-
ber 1964 to the present. In particular, it has been noted that inquiries

are becoming more specific and are concerned with more complex and dif-
ficult machining situations. The relative increase in inquiry types

1, 2, 3, 15 and 16 bears out thi, conclusion.
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The inquirer profile has also been relatively changing. A higher per-

centage of inquiries are being received at AFMDC from lower echelon per-

sonnel such as manufacturing or tool engineers, industrial engineers and
time standards personnel, process engineers, tool designers, shop super-
visors and foremen, planners, estimators, etc. This indicates that AFMDC

is achieving its objective of reaching and setting up a direct line of

communication with not only management, but also with an increasing

number of persons directly responsible for application of machining data

and information available from AFMDC.

General Analysis of Inquiries and Analysis of Inquiries by
Material Group (Figure 20, page 24)

The chdrt, General Analysis of Inquiries, provides perspective of the
relative complexity of irquiries, processed during the past 2-2/3 years.
Of the inquiries related to given machining operations and material
groups, over 75% were concerned with more than a single machining situa-
tion (one operation on one material group) for the past 2-2/3 years pe-
riod. Over one-third of the inquiries were of the uniterm (keyword)
type.

The Analysis of Inquiries by Material Group helps to provide AFMDC with
perspective of user needs, input requirements, and establishes priority
and extent of detailed technical evaluation of the input. An analysis of

the past 2-2/3 years' inquiries was made categorizing the materials in-
volved by 15 material groups. Figure 20, page 24, shows there has been
a high level of interest for machining data on high temperature alloys,
titanium alloys and refractory alloys. A high total of 1,336 requests
was made for plain carbon and low alloy steels and ultra-high strength
tool steels covering the 2-2/3 year period. Information for stainless
steels was in high demand as evidenced in the 685 rpquests. The 120
requests, during the last 8-month period, for machining information on
nonmetallics represented a significant increase over the 188 requests
processed the previous two years.

Analysis of Inquiries by Type of Machining Operation

(Figure 21, page 25)

Added perspective of user needs and in turn AFMDC input requirements is
obtained by analyses such as shown in Figure 21. For conventional chip
removal types of operations the statistics indicate that emphasis on
input and detailed evaluation should be on turning, face milling, end
milling, drilling, reaming, and tapping. The most significant relative
increase in interest by type of machining operation within the 2-2/3
years has been in broaching and in band sawing. For conventional grind-

" Iing, the highest interest is shown in surface and cylindrical grinding

operations. The 250 requests for information on the alternate machining
methods during the past 8-months represents a substantial increase over
the 379 for the previous two years. These statistics are indicative of
the increasing interests in these machining methods and alert AFMDC to
an important area of its users' needs.
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Analysis of Uniterm Type Inquiries (Figure 22, page 26)

A high percentage of the inquiries received at AFMDC are of the uniterm
(keyword) type. This machining information is of the technical text
type. The 17 subjects of highest interest for this type of machining
information are shown in Figure 22, page 26. Very high interest has been
expressed for information on surface integrity, numerical control, cut-
ting fluids, surface finish and distortion. Very significant increased
interest has developed during the 2-2/3 year period for information con-
cerning surface integrity and surface finish.

Summary of Specific Inquiries by SIC Number (Figure 23, pages 27-30)

An analysis of inquiries by type of industry utilizing the services of
AFMDC is shown in Figure 23. The chart presents the inquiries by SIC
Code, a number which references listings in the Standard Industrial
Classification Manual, Executive Office of the President, Bureau of the
Budget, 1967. While some SIC descriptions may appear completely com-
mercial, an analysis of specific inquiries will indicate a close re-
lationship to DoD requirements, as shown in Figure 24, page 31.

SIC Major Group No. 37, Transportation Equipment, is the predominant
group with respect to utilizing AFMDC services. This group encompasses
three significant industry users of AFMDC, namely: Aircraft and Mis-
siles; Aircraft Engines and Engine Parts and Missile Engines; and Air-
craft Parts and Auxiliary Equipment and Missile Parts. Other SIC Major
Groups who provided relatively high quantities of inquiries to AFMDC
during the past year are: 91 - Federal Government; 33 - Primary Metal
Industries; 34 - Fabricated Metal Products Except Ordnance, Machinery
and Transportation Equipment; 35 - Machinery, Except Electrical; 36 -

Electrical Machinery Equipment and Supplies; 73 - Miscellaneous Business
Services; 82 - Educational Services.

Government Agencies and Services Supported Directly and Indirectly
by AFMDC Inquiries (Figure 24, page 31)

The data shown in this chart are somewhat difficult to compile but by

careful analysis of particular inquiries and by an analysis of the prime

objectives of principal contractors at various plant locations it has

been possible to show that 935 of the 982 requests made to the Center

were stimulated by Air Force, AEC, U.S. Navy, NASA, and U.S. Army pro-

jects.

Companies and Agencies Submitting Inquiries to AFMDC
(Figure 2Li pages 32-4L _.

Summary of Specific Inogiries by Companies Making
Five of More Requests (Figure 26, page 41)

Figure 25 presents a total of 1,138 individual companies and divisions
which have been inquirers of AFMDC, an increase of 228 organizations
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during the last 8-month period. These are listed on pages 39 and 40 of
Figure 25. This is a comprehensive list. Figure 26 includes a summary of
the 129 organizations (including the divisions) making five or more re-
quests. This group has provided 2,149 of the 3,315 inquiries processed
by AFMDC to date. This list reflects high interest in AFMDC information
on the part of aerospace industry, as represented by companies such as
Aerojet-General Corporation, the Boeing Company, Curtiss-Wright Corpora-
tion, General Dynamics Corporation, General Electric Company, Grumman
Aircraft Engineering Corporation, Lockheed Aircraft Corporation, Martin
Company, McDonnell Douglas Corporation, TRW Inc., and in fact Wright-
Patter son Air Force Base itself.

Photograph of AFMDC Data Products (Figure 27, page 42)

Photograph of AFMDC Titanium Booklet (Figure 28, page 43)

Typical Formats for Data Presentations (Figure 29, page 44)

Planned data products have proven to be important output to AFMDC Users.
In addition to providing valuable and timely data, these products serve
as a direct line of communication with the Users of the Center. Excel-
lent response has been received for the 13 data products prepared and
issued to date. Some of these products are shown in the photo in Figure
27, and the formats are displayed in Figures 28 and 29. Careful thought
was given to the preparations of the products to present the machining
recommendations in complete but concise form in order to make easy and
effective use of them.

Description and Distribution of AFMDC Data Products (Figure 30, page 45)

There were two primary means used for publicizing the data products.
AFMDC prepared three separate data product announcements and sent them

to the User File which now consists of 4026 individual names. The policy

followed was to provide one free copy to Users who submitted a request
and then charge for additional copies. The set limit of making 1000 free
copies available proved to be practical inasmuch as all requests from
the User File were able to be filled. A second means used for reaching
persons who would have an interest in the data products was accomplished
by sending copies of these documents to about 60 editors of technical
periodicals. Each of these were encouraged to publish announcements of

H the products and print typical data sheets. This not only stimulated
interest in the data products, but also in the Center's services in
general. Numerous inquiries were submitted to the Center each time a
periodical published the information provided by AFMDC.

The fine response for data products is indicated in Figure 30, page
45. A total of 16,047 copies were distributed, most of which were to the

User File and some as direct response to inquiries. The 2833 copies sold
are further evidence of the high interest and use of the data products.
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Data Acquisition Plant Visit Program (page 46)
During the previous contract period 46 plants were visited for the pur-

pose of acquiring machining data from them on a regular basis. Emphasis
was placed on visiting aerospace firms. Visits to all plants were satis-
factory and there was general interest in this project. Nearly all the
plants have taken steps to make necessary arrangements for transmitting
data. Over 300 reports of high data yield have already been received
from these plants. Follow up is being made in the form of correspondence
and periodic visits.

During all visits detailed information was provided concerning AFMDC's
organization and how it functions. Effort was made to reach directly or
through responsible supervisory personnel the lower echelon manufactur-
ing and manufacturing engineering people who need data for immediate
application to machining of hardware. The effect of this approach was
noted in the significant increase in inquiries received from most of the
companies visited.

Code Sheet for Project Time Cards tFigure 31, pages 47 and 48)

AFMDC Daily Time Slip (Figure 32, page 49)

Computer Printout of AFMDC Project Time Cards

(Figure 33, page 50)

The code aheet provides the basic approach to AFMDC System Costing. Ap-
proximately 100 individual time codes are in current use. It has been
simple for individuals to maintain time records because relatively few
time codes are used by any one person during a given day and the use of
the same codes is repeated from day to day. Figure 32, page 49, shows a
Daily Time Slip which indicates the manner in which individuals record
their time.

The information from these time slips is punched into cards and the in-formation is stored in the IBM 1130 computer. Figure 33, page 50, is a

computer printout of AFMDC project time cards.

Figures 34 and 35, shown on pages 51 and 52, reflect the use made of
project time card data. These records are available for making even more
detailed analyses when required. For example, it would be possible to
analyze the cost for a particular project, such as a special report re-
quested by DoD.

.AFMD.C OPERATING COSTS (Figure 34. pame 51)
AFMUC INPUT AND OUTPUT SUMMARY (Figure 35, page 52)

Figure 34. page 51. shows the operating coats fpr the past eight months
broken down into five major groups: 1) Input, 2) Output. 3) General
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Dissemination, 4) Reports and 5) Systems Analysis, Modification and
Control. A summary of these costs follows:

SUMMARY OF AFMDC OPERATING COSTS

FEBRUARY 1, 1968 - SEPTEMBER 30, 1968

Major Group Cost % of Total Cost

Input 64,935.33 36.3

Output 79,271.53 44.3

General Dissemination 3,199.41 1.8

Reports 18,440.32 10.3

Systems Analysis,
Modification and Control 13,308.61 7.3

Total Opoerating Costs $179,155.20

It is significant to note that the output costs represent 44.3% of the
total operating costs. This is considered to be a relatively high figure
for an information analysis center.

The chart in Figure 35, page 52, presents various summaries of AFMDC
input and output. As of September 30, 1968, there were 15,941 evaluated
documents in AFMDC's storage. The important information from these docu-
ments has been extracted, coded, and punched into 116,083 cards, and

stored on the IBM 1130 Computer. Unit costs for preparation of 11 data
products and for processing of inquiries are cited in Figure 35, page
52.

Future Planning (pages 53 and 54)

One of the major goals for the next year is to continue the effort to
identify and make direct contacts with personnel in all echelons who can
utilize machining information available from the Center. The methods
used to accomplish this are outlined under Future Planning, pages 53
and 54. Emphasis will be given to contractors, subcontractors and sub-
sub-contractors producing components for advanced aerospace vehicles.

The approaches to be taken will undoubtedly stimulate inquiry activity
snd thereby continue the upward trend in inquiries being received by
AFMDC. It is expected that the level of inquiries will reach a monthly
average of about 160 per month by October 1969 (the average for the past
eight months is 123). The program of plant visitation will be continued
with increased emphasis on making the industrial user aware of the in-
formation at AFMDC which is available to him.

A considerable number of inquiries have been received from active State

Technical Services Prog-rams in California, Connecticut, Georgia, Illi-
nois, Indiana, Iowa, Michigan, Ohio, Tennessee and West Virginia. In

addition, AFMDC has directly participated in conferences and meetings
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conducted by the states of Illinois, Indiana and Michigan. Contacts will
be made with other states which have such programs in operation or are
in the process of setting up such programs. Fine coordination has been
effected with the National Referral Center as well as various informa-
tion centers. Communication with these centers will be maintained.

AFMDC was chosen to participate in a Special Merit Project with the
State of Vermont, along with another DoD Information Analysis Center,
namely, PLASTEC. Included also in this cooperative effort is the Vermont
Office of Technical Services, and the University of Vermont Technical
Information Center, Office of State Technical Services.

The purpose of this proposed program is to evaluate for one year, on an
experimental basis, the feasibility of referring Vermont industries and
business to selected Federal Information Analysis Centers for answers to
their technical questions.

The overall objectives are: 1) to establish access to appropriate infor-
mation analysis centers through the University of Vermont Technical In-
formation. Center and 2) to test the information transfer relationship
between individual companies (requesting information), information anal-
ysis centers, and the Technical Information Center (acting as a coupler).

The results of this pilot project will be of interest to states similar
to Vermont in size and technical problems. The results will also be of
interest to other information analysis centers who might have a potential
cooperative role in similar information services.

The office of State Technical Services, Washington, D.C. is setting up a
program in the State of New York, similar to the one in Vermont, and
AFMDC will be the only information center in that study.

The Foreign Technology Division (FTD), Wright-Patterson Air Force Base,
is interested in various information analysis centers make more exten-
sive use of their foreign literature holdings. Also they-feel that these
centers could materially assist in the dissemination of this informs-
tion to the centers' users. AFMDC plans to establish closer coordination
with FTD and assist them in their objectives.

There has been substantial growth in vocational schools, as well as vo-
cational courses offered by educational institutions. Many of these in-

clude training of students in machining who thereby become an important
segment of the machining community. AFMDC will expand its services to
these schools through the State Technical Services Programs and by di-
rect contact.

Efforts on data products will be directed toward preparation of the four
products listed under Future Planning since information seems to be lack-
ing or widely scattered on these subjects.

Additional data products will be prepared as good timely information is
accrued by AFMDC.
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Experience has shown that there are some relationships in machining va-
riables between the various types of machining operations and work ma-
terials, and they can be determined if careful analyses are made using
substantial and reliable data. Manual analyses of this type are diffi-
cult and cumbersome. Determination of existing relationships would be
very valuable for evaluation of new data and filling in gaps in accrued
data. AFMDC is investigating these relationships. The computer resolves
much of the difficulty and time required to make the subject analyses.

Preliminary discussions have been held with one aerospace firm concern-
ing an experimental program of a computer data-link between the company
and AFMDC. In this experimental program it is planned that mechanisms
would be developed that would allow a firm to have direct communication
with the Center's computer. This communication would make it possible
for the user to directly submit and obtain an immediate response. The
direct link with the user would facilitate machining information for-
mats which would be compatible between the Center and the major users. A
part of the planned program is to work out procedures whereby an organi-
zation could store its important machining data at AFMDC for its own
rapid retrieval and for utilization by AFMDC for serving industry.

Potential for AFMDC Services to Industry (Figure 36, page56)

The statistics shown in Figure 36 indicate that five major SIC Groups
provide a vast potential for utilization of AFMDC services and they have
been the primary grwps submitting inquiries to AFMDC. The left-hand
side of the chart, Figure 36, provides a statistical summary of metal-
working plants consisting of a partial SIC list taken from Dun & Brad-
street Metalworking Directory, 1967-68. The right-hand side of the chart
summarizes AFMDC inquiries for the same SIC classifications.

As would be expected, the largest number of inquiries have been received
from Major Group 37, Transportation Equipment. Four of the SIC Indus-
trial Classifications within this group are: 3721 - Aircraft and Mis-
siles; 3722 - Aircraft Engines and Parts; 3723 - Aircraft Propellers and
Propeller Parts; and 3729 - Aircraft Parts and Auxiliary Equipment. A
second significant source of inquiries is Major Group 35, Machinery Ex-
cept Electrical. Some of the important industries included in this group
are Machine Tools-Metal Cutting Types. Machine Tool Accessories and Mea-
suring Devices and Machine Shops - Jobbing and Repairing. The statistics
from Dun & Bradstreet's Metalworking Directory display a vast economic
environment for AFMDC operations. Metalworking is the prime activity for
five major groups alone, comprised of 9,431 companies (20 or sore em-
ployees), employing 6,900,557 individuals. There are 20.063 other com-
panies (20 or more employees), for which metalworking is a secondary
activity. Dun & Bradstreet reports that 21.364 of the 38.383 listings is
its Metalworking Directory perform machining operations. Although no
specific statistics can be quoted, there is no doubt that there is eves
a larger number of firms (employing less them 20 individuals), whose
major activity is machining. Considering that to date there has been a
total of 910 organizations which have submitted inquiries to AFMDC
speaks for itself regarding the potential increase in services that is
possible to the machining industry.
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COST SAVINGS RESULTING FROM AFUDC OPERATION (Figure 37, page 57)

The base used for estimating eost savings resulting from AFMDC's opera-
tion is a machining situation which is defined as a specific material
removal operation being used on a specific material with definite chemi-
cal, physical or mechanical properties. There are many specific parn-
meters that make a machining situation complex. The parameters include:
machining operation, work material and its metallurgical and physi-
cal characteristics such %s, microstructure, hardness, strength, moduluii
of the elasticity, etc., the part cotifiguration, dimensional and surface
finish tolerances, the machine tool being utilized, tool material, tool
geometry, cutting fluid, cutting speed, feed and tool l;fe.

rhis inherent complexity of a machining situation naturally reflects it-
self in a high cost required to develop the proper combination of para-
meters needed to effectively perform a given machining operation.

Several members of the AFMDC staff have had direct and extensive experi-
ence in the development and application of machining data, particularly
in aerospace plants. A major part of the experience has been in increas-
in# productivity of existing machining operations, establishing effec-
tive machining parameters for new production operations and solving pro-
blems being encountered on critical operations.

It has been the experience of the staff members of AFMDC that the selec-
"tion of the proper combination of machining parameters can result in[ major cost savings. The most common method practiced in arriving at a
workable set of conditions is that of "hit or miss". This is a costly
method and manifests itself in high expenditure of time, broken cutting
tools, costly scrapped sarts, and schedule delays. One alternative is
the systematic generation ot the required machinability data in a mach-
inability laboratory or on a production machine. This method is effec-
tive but also time consuming and costly. Ofttimes, production schedules
do not permit the required time.

The caicensus of these AFUDC staff members is that the dollar value o; aset of recommended parameters for one machining situation given in re-
sponse to an inquiry is very conservatively $800.00, and usually runs
into thousands of dollars. Thus, the $800.40 value assigned in the coat
analysis for a set of evaluated parameters applicable to a specific each-
ining situation is indeed ultra conservative. This is particularly true
in the case of a specific inquiry for which there is almost invariably
an immediate need for reliable data.

For the purposes of this report a value of 0300.00 was assigned for the
cost saving resulting from the application of one set of data utilixed
from an AFUKC data product. Each data product issued from the Center was
in response to an AFIDC data product announcement, or was sold. A rela-
tive few were used in response to an inquiry in those cases where the
data product was directly applicable. It is reasonable to assume that
each individual who received an AFMOC data product had a need for some
portion of the published data. Each of the data products contain hun-
dreds, and in some cases thousands, of recommendations for macbining
situations. In the coat analysis presented in this report it has been
assumed that only the one individ'al sho received the data product used
it. Further. it was assumed thai he applied only five machinist situa-

* tions from the product. Tbo-.. assumptions are most conservative.
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Very conservatively it has beeni estimated that a total of $37,800,000.00
cost savings to AFMDC users has resulted from the operation in four
years. These savings are attributed to the Center's response to specific
inquiries and its data products. Figure 37, page 57, presents the per-
tinent statistics used to make the aforementioned estimated costsavings.
Considering the total funds made available to AFNDC during this 4-year
period, for each dollar expended there was a return of $47.00 in ef-
fected cost savings. If the services provided by AFNDC were not avail-
able, the cost to the Government and industry would by far exceed the
$:37,800,000.00 figure. This conclusion was substantiated by examples
provided by industry of the valueof theCenters' services andcited inan
AFMDC report, ''Cost Savings Resulting From The Operation Of The Air
Force Machinability Data Center'', July 29, 1968.

Considerable value must also be placed on what timely and reliah!P mach-
ining information has on eliminating or minimizing production delays. It
is not possible to assess dollar values for such cases, but significant
emphasis should be placed on the impact of production delays. Another
value of reliable machining data that is extremely difficult to place in
terms of dollars is its importance on the quality and integrity of mach-
ined parts. The majority of companies involved in machining do not have
proper facilities or capability to develop good reliable machining data.
Those that generate this data do so at a very high cost, very often at
the expense of the Government.
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