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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 toall 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-
;Q{on programs.

e

This report has been reviewed and is approved.
»

Jack R. Marsh, Chief

Advanced Fabrication Techniques Branch
Manufacturing Technology Division

A F Materials Laboratory

i e o




ABSTRACT

FOURTH ANNUAL REPORT OF THE

AIRFORCE 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
AFNDC and through cooperation with other centers and State Technical
Services Programs. This controlled effort will result in an increase in
AFNDC 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 progras 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 cos-
puter data-link with AFMDC.

T e e T T
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PREFACE

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-expiaratory 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-
merts 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.
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DESCRIPTION OF AFMDC

AIR FORCE MACHINABILITY DATA CENTER, 2080 Rossiyn Drive, Cincinnati, Ohio 45208.
Operated for the Air Force Materials Laboratory, Manufacturing Technology Division,
under Contract AF 33(815)-5282, by Metcut Research Associates Inc.

SCOPE

The Air Force Machinability Data Center (AFMOC) collects, eveluates, stores, and disseminates
material removal information including specitic and detailied machining dats for the benefit of
Industry and government, Strong emphasis is given to engineering svaluation for the purposs
of developing optimized materiai removal parameters, such ss speeds, feeds, depths of cut,
tool material and geometry, cutting fluids and other significant variables. Dats are being
processed for ali types of materials and for all kinds of material removal opurstions such os
turning, milling, drilling, tepping, grinding, electrical discharge machining, eiectrechemics!)
mechining, eote.

COLLECTION

AFMOC has a mechanized system in which punch cards are used to stors and retrisve all types of
material removal information including all significant numerical data. An IBM 1130 cemputing
systom is being used for storing and processing dats from s master card and disk file and for
computer decoding. The focal concept for acquisition, interrogation, or presentation of infer-
mation is the specific matsrial (with detinite chemical, physical, or mechanics! propsrties)
and the specific material removal operation being used. When necessary, caird source contrel
codes may be used to retriove original documents which are in document storage at AFMDC.

INFORMATION SERYICES

AFNDC places strong smphasis on previding specific and detsiled snswers to technical inquiries
in the field of material removal. A User File, consisting of impertant users in the field ef
material removal, has been developed te receive intermation products including sashining dete
pamphliets and tables on materials of current interest, state-of-the-art raperts, technicsl
announcements, snd other sppropriats items. Services are available witheut charge te the
setospace industry, Department of Defense (including all of the military setvices sné their
contractors), and other government agencies, technical institutions, and nen-military
industries in o position te assist the defense effert,

TO REQUEST MACHINING INFORMATION . . . . . . .

Telsphene: 813-271-9810

TeK: 010-461-2040 or

Write: Air Force Machinabi!ity Dats Coenter
3080 Ressiyn Brive
Cincinnati, Ohio 48200

TO HELP US ANSEER YOUR INQUIRY, IF POSSIBLE PLEASE:

1. ldentify the material being machined (specification or tradenene); sondition, (a2 cast,
tot‘rollcd. cold drawn, enneeled, quenched end teapered, etc.); mistostrusture and
stdness.

2. ldentity the material remeval eperstion in question (turning, ailling, drilli teppi
ur/;n grinding, electrical discharge nechining (KDN), olnc‘elrocho:l’ul mh?‘"u.‘?ﬂff
ete.).

3. Specify ressens fer rogwiring dote waless your needs ate propristery. This snshles AFNOC
to drosden the seepe of ity teshnriss! sdvies.

4.  Specity delivery roquirements,
8. indicate te whea the inquity reply sheuld be seat.

6. Tronamit all deteiis soncorning proseat prastises, including fsede, spesds, sulting tes!l
astarial ond geemetry, sutting flvids, ste., in the event your iaquiry pertsing to
ispravenent of an stisting nashining situation,

0500800

MOTE: Associstion of the neaes of coapenies end individuals with specific requests is bept
confidential. However, date developed renain the property of APMDC for dissenination as
required for ensvering siniler inquirios ond for developing date products.

SET APPENDIX, PAGE A-)
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AFMDC CPERATIONAL AREAS

At AFMDC, personne! shown in Figure 1, page 2, work in ten functional areas of
These are indicated below along with the numbars used for time coding

operation,
purposes:

Administration

Enginsering Supsrvision

Systems Analysis

Machining Data Analysis

Dsta Processing

Data Control

Bocument Acquisition and
Document Storage

Datas Dissemination

Machining data
Yerification -
Experimental Wachining

Secratacial and Cletical

Administration of technical and genersi
activities of AFMDC

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

Design of the machinability dats system,
particularly processing

Technical svaluation of machinability
data and informstion including Prelimi-
nary Screening

Operation of a mechanized system
inciuding 3 coaputer

Superimposition and use of controls
to guarantee proper op2iatian of dats
processing systsa

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

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

Dissemination incivding duplication and
printing

Laboratery and shep work necessary fot
reselving highly significont and coatre-
versial data situatiens

Seveiopment and executiun of all prece-
dures relating to typing and tiling
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AFMOC OPERATIONS CHART

SYSTEM INPUT SYSTEM ANALYSIS
( DOCUMENTS) c
1.
OPERATIONS ARE CONTROLLED AND 2.
DOCUMENTS ARE BROADLY DEFINED AS ANY — — — = - -7 MOD!FIED AS REQUIREL oY AFMDC F—————
MEDIUM CONTAINING MACHINING SYSTEMS ANALYSES.
INFORMAT {ON. 3.
T
|
|
DOCUMENT CONTROL I
] PRIMARY DOCUMENY CONTROL FORMS ARE FILLED 1NQUIR
ACQUISITION M OUT AND ATTACHED TO ALL DOCUMENTS. | _ < m::m
F « SOURCES - ! - Govi
- CURRENT PERIONICALS | Eoud
2 DEFENSE DOCUMENTATION ; o
o CenTeER (DDC) Y INF
- NATIONAL AERONAUTICS & ! “
SPACE ADMINISTRATION l g
(NASA) PREL IM:NARY SCREENING (PS) bt
CLEARINGHOUSE FOR DOCUMENTS CONTAINING MACHINING INFORMATION |
] FEDERAL & SCIENTIFIC AND DATA ARE SELECTED. By REVIEWI'IGC MULTi- 3
TECHNICAL INFORMATICN SUBJECT PERIODICALS, DOCUMENTS CONTAINING | <
ATOMIC ENERGY COMMISSION MACHINING INFORMATION ARE I1DENTIFIED AND | INQUIRY
3 (AEC) REPRODUCED., INDIVIDUAL ARTICLES ARE THEN MATION
DEFFNSE METALS INFORMAS ATTACHED TO SECONDARY DOCUMENT CONTROL ‘ The Foud
T10N CENTER (LMIC) FORMS. [ —>=1 sroces
MANUFACTURING PLANTS SIC
TECHNICAL MEETINGS | INQui
Books, CATALOGS, HOUSF Y Sourc
ORGANS | SeQue
INQUIRIES FROCESSED AT | DaTE
AFMDC FINAL TECHNICAL EVALUATION (FTE)
DOCUMENTS CONTAINING DETAILED DATA ARE |
CVALUATED AND COCED FOR CARD STORAGE. | I:ge:;:hcﬂ:b
I ASSISTANCE
| DIRECT CONTACT IS ENGINE
\ MADE BY THE MACHIN- > INQUIR
i ING DATA ANALYST OF INQUIR
I AFMOC wiTH TECHNI- é:zc::
CALLY QUALIFIED MEN u
DATA PROCESSING | IN INDUSTRY AND
CARDS RESULTING FROM PROCESSING ARE PUNCHED AT TH1S POINT, GOVERNMENT WHENEVER \
INFORMATION AND DATA
PRFLIM’ NARY FiNat TECHNICAL ' ARE NOT AVAILABLE
SCREEN NG EVALUATION EQUIPMENT UsED | FROM DOCUMENT OR
. CARD STORAGE.
' POTENTIAL SOURCE INDE X KEYPUNCH |
: OF INFORMATION NUMER ICAL DATA VERIFIER |
: BIBLIOGRAPHY TeoL=-CUTTING SORTER
! FLuip 1BM 1130 COMPUTER |
. UNITERM |
prentuse l 3. GENERAL DISSENINATION OF
TicKLER MACHINING INFORMATION
j PUBLICATION (N PER10DICALS
| TECHNICAL MEETINGS
COMMITTEE MEETINGS
| CONFERENCES
A | EXPOSITIONS
AFMDC VISITORS
e e P [ v
MANUFACTURING TECHNOLOGY
PUNCH CARD DiSK STORAGE ARE STORED, WHMEN [ Division (SPONSOR OF AFMDC)
_ STORAGE SPACE LIMITATIONS
‘ ARE ENCOUNTERED, |
MASTER CARD DISK FILES OF MICROFILM WiLL BE
H FILES ARE UNITERM, INDEX USED. NONSIGNIFI~ |
; MAINTAINED AND INQUIRY CANT MACHINING |
: TO CREATE DATA ARE USED DOCUMENTS ARE NOT
; AND UPDATE FOR SEARCHING STORED, HOWEVER, l
; COMPUTER FILES TO ANSWER THE DOCUMENT CONe |
DISK FILES INQUIRTES, TROL FORMS FOR
‘ THESE ARE RETAINED |
a IN DOCUMENT
STORAGE. l
‘ l
: I
! 4 J I
; |
i
|
} .
|
i {
| /
! ‘ -
h i
P FIGURE 2 4
i i
! i
|
I .
| .
!
i
[ . :
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AFMOC OPERATIONS CHART

b— — —_- — — — ~

SYSTEM ANALYSIS

OPERATIONS ARE CONTROLLED AND

MODIFIED AS REQUIRED 8Y AFMDC - -

SYSYEMS ANALYSIS.

CONSISTS CF:

1. ANSWERING SPECIFIC

2. PRODUCING COMPREHENSIVE DATA PRODUCTS
0F SBECIFIC AND TIMLLY
INDUSTRY AND GOVERNMESY.

3. GENERAL DISSEMINATION OF MACHINING
INFORMAT ION.

SYSTEM OUTPUT

INQUIRIES,

INTERESY TO

A, oo

| 1. SPECIFIC INQUIRIES
CUMENT CONTROL |
ENY CONTROL FORMS ARE FILLED l INQUIRIES ORIGINATE FROM:
MED TO ALL DOCUMENTS. - INDUSTRY
| GOVERNMENT
; EDUCATIONAL INSTITUTIONS
A TECHNICAL SOCIETIES
Y i INFORMATION CENTERS
-
| § 3
NARY SCREENING (PS) ' b o
AINING MACHINING INFORMATION | - 3
ELECTEN. By REVIEWING MULTI= 3 P
1CALS, DOCUMENTS CONTAINING I < INQUIRY CONTROL
DRMATION ARE IDENTIFIED AND | {NQUIRIES ARE LOGGED 1IN, ALL NECESSARY INFOR=-
NDIVIDUAL AhTICLES ARE TKREN MATION 1S ENTERED ON AN INQUIRY CONTROL FORM,
LONDARY DOCUMENT CONTROL I ».| THE FOLLOWING CODES ARE ASSIGNED FOR CARD N
| PROCESSING:
StC
I INQUIRY TYPE . o . .
WY SOURCE CONTROL ({dentifies inquirer)
I SEQUENCE
I DaTe REPLIES TRANSMITTED
NICAL EVALUATION (FTE) | A
AINING DETAILFD DATA ARE
CODED FUR CARD STORAGE. | INDUSTRY AND
i :g;fg?:ﬁg; MACHINING DATA ANALYSIS
| DIRECT CONTACT IS ENGINEERING PERSONNEL ARE ASSIGNED TO EACH
MADE BY THE MACHIN- >— INQUIRY. REPLIES ARE TRANSMITTEC TO THE
| ING DATA ANALYST OF INQUIRER, AND THE INQUIRY INFORMATION 1S
AFMDC #1TH TECHNI- ENTERED INTO THE SYSTEM AS A PRIMARY
| CALLY CJALIFIED MEN DOCUMENT.
I IN INDUSTRY AND
CHED AT THIS POINT. GOVERNMENT WHENEVER 4
| INFORMATION AND DATA
ARE NOT AVAILABLE
EQuI PMENT_USED | FROM DOCUMENT OR 2. DATA PRODUCTS
| ARD STORAGE. FIRST ANNUAL REPORT OF THE AtR FORCE MACHINABILITY
KEYPUNCH DATA CeENTER, AFMDC 65-2
VER1FIER | MACHINING DATA FOR NUMERICAL CONTROL {7 INDIVIDUAL
SORTER | REPORT NOS. AFMOC 66-1.1 THRU AFMDC 66-1.7
18M 1130 CompuTER COVERING TURNING, FACE MILLING, DRILLING, PERIPH~
| - ERAL END MILLING, END MILL SLOTTING, TAPPING &
3, GENERAL DISSEMINATION OF REAMING RESPECTIVELY).
l MACHINING INFORMATION M:CHINING DATA FOR NUMERICAL CO:TROL AFM?C 661
PURLICATION IN PERIODICALS {COMPOSITE OF ABOVE MENTIONED 7 REPORTS).
I TECHNICAL MEETINGS GRINDING RATI0S FOR AEROSPACE ALLOYS, AFMDC 66-2
| . MACHINING DATA FOR BERYLLIUM METAL, AFMDC 663
CoMMI: TEE MEETINGS
I CON-ERENCES SECOND ANNUAL REPORT OF THE AIR FORCE
ABIL! ATA CENTER, AFMDC 66-4
Y ' ExXPOSITIONS MACHINABILITY DATA CE f ' ?
AFMDC VisiTORS
DOCUMENT STORAGE | PLANT ViIsSITS {
ACTUAL DOCUMENTS MANUFACTURING TECHNOLOGY
ARE STORED. WHEN | DIvViSION (SPONSOR OF AFMDC) USER FILE
::QCEN:;:;:::égNS ’ THE USER FILE CONSISTS OF:
MICROFILM WiILL ;: MAJOR MISSILE AND AEROSPACE MANUFACTURERS AND
USED. NONSIGNIF1 | THEIR SUBCONTRACTORS
CANT.MACNINING ° DEPARTMENT OF DEFENSE (INCLUDING ALL OF THE
DOCUMENTS ARE NOT l MILITARY SERVICES AND THEIR CONTRACTORS), AND
STORED, HOWEVER ' OTHER GOVERNMENT AGENCIES
. N NONMILITARY INDUSTRIES IN A POSITION TO ASSIST
::ELD:E:::N:°E°"' | THE DEFENSE EFFORT
THESE ARE RETAINED ' AEROSPACE INDUSTRIES ASSOCIATION (AlA) MANUFAC-
TURING COMMITTEE
é:022gguenr | COLLEGES AND UNIVERSITIES
o . INFORMAT 1 ON CENTERS
i TECHNI1CAL SOCIETIES
i TRADE PUBLICATIONS
! AFMDC INOUIRERS
MATER'ALS ADVISORY BoARD (MAB) CoMMITTEES
l TovaL - 4026 (1/31/68)
|
4 | SEE APPENDIX, PAGE A-2
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DISTRIBUTION OF AFMDC USER FILE

The basic User File was developed as indicated in Appendix, Page A-4. Names are added
to the User File 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 3) technical articles published in periodicals and announcements pertaining to the

Center.

GENERAL CONCENTRATION OF USERS BY NUMBERS

STATES ORGANIZATIONS TOTAL NO. ORGANIZATIONS STATES® INDIVIOUAL TOTAL INDIVIOUAL USERS
4 0 0 4 0 0
2 1-10 nm 2 1425 o
13 1129 201 [} 28-50 r{1]
3 28-50 108 [ 51128 537
4 51100 20 [} 126300 1,123
8 OVER-100 1] 4 OVER-300 1,187
AREA CONCENTRATION OF ORGANIZATIONS
West Coast (3 states) - 184 companies
North Midwest (5 states) - 534 companies
Northeast (5 states) - 430 companies
These figures indicate that 73% of User companies lie in 25% of the
United States.
The total User Pile (4,028), cun be broken down as follows:
Company Users (Individuals) 3,122
Companies 1,238
College Users (individuals) 134
(olleges 188
Societies, Cunters, etc. (Individuals) 170
Societies, Centers, etc. 103

*Includes Washingten, D.C,

SEE APPENDIX, PAGE A-4
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START

TYPE MESSAGE
*SET PROGRAM
FUNCTION
SWITCHES"

CHECK
DATA SWITCH
NO. O

Pause gives operator
time to set data switches.

FLOW CHART FOR FORTRAN PROGRAM TO STORE,

Y

READ CARD SPECIFYING
REQUIREMENTS FOR
INQUIRY FILE

SEARCH

55

LOAD ORIGINAL DECK
OF INQUIRY CARDS

ON DISK

CREATING INQUIRY FILE

AND STORE BEMIND
PRESENT INQUIRY FILE
ON DISK

LOAD ADD!TIONAL CARDS

TYPE MESSAGE
*SET SEARCH
F1ELD
SWITCHES"

(s
%

Pause gives operator
time to set date switches.

READ DATA CELL FROM
INQUIRY FILE
ON DISK

COMPARE MACHINING
OPERATION TO THAY
READ FROM

INQUIRY FILE

CHECK
DATA SWITCH
NO. 2

OFF

ARE
OPERATIONS
EQUAL?

COMPARE MATERIAL
GROUP TO THAY
READ FROM

INQUIRY FILE

ARL
MATERIAL
GROUPS
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ves

SEE APPENDIX, PAGE A-7




T FOR FORTRAN PROGRAM TO STORE, ADD OR SEARCH INQUIRY FILE
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SEARCH INQUIRY FILE
OFF
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COST STUDY ANALYSIS OF 1BM 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 months= 5
Percentage of Inquiries requiring searches-=
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 per calculation using desk calculator= 15 ain.

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 = 122.5 x $8.16= $999.60

Summary of Cost Savings:

Inquiry Processing Savings= $12,637.32
Calculations Savings= $999.60
Savings for one year of operations $13,636.92

SEE APPENDIX, PAGE A-11
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ANALYSIS OF INQUIRIES BY STATE

October 1, 1964 - Septemper 30, 19688

10 STATES LEADING IN INQUIRIES

N STATES COMPANIES INDIVIDUALS NO. OF INQUIRIES
CALIFORNIA 121 227 348
CONNECTICUTY 40 62 104
ILLiNOIS 84 112 176
INDVANA 50 82 18
MASSACHUSETTS 49 73 126
1 MICHIGAN 81 120 194
Nevw Jemsey a5 93 172
New YORK 93 146 244
Onio 240 448 876
PENNSYLVANIA 90 148 203
: TGTAL 893 1511 2561
f OTHER STATES SUBMITTING INQUIRIES
ALABAMA 8 8 1"
ARtZONA 9 15 k1
ARKANSAS 1 1 !
CoLoRADO 8 18 k)]
DISTRICTY OF CoLuMBIA 9 T 14
DeLAwARE 2 17 26
. FLORIDA 12 21 60
GLonGIA 4 10 14
| 1owa 9 A 15
KANSAS 6 10 12
KEnTUCKY 12 20 39
! Louvisiana 3 7 12
! ‘ Maineg 3 7 10
‘ MARYLAND 20 26 43
' MINNESOTA 1o 14 17
- Mississieel 2 2 2
§ Missount 10 30 1
i NEORASKA 1 1 \
: New Naupsuing [ 6 ?
i New Mexico 2 1 '8
: NORTH CAROL INA L] 4 14
i OKLAWOMA 3 12 27
i ongeon 4 S 4
i Ruode 1sLanD ? L4 10
t SouTH CAROL INA 2 2 4
Tenngssee 9 20 49
Texas 16 28 39
Uran S ] 10
VERuon? -] [} 10
viaginia 16 20 h2 ]
WesY Vinginia ? b 13
WasHInNGTON ? 28 38
Wiscomsin 19 29 43
] ; 107AL 243 am 1%
f
i
, TOTAL FOR ALL STATES 1138 1028 N
|
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SUMMARY OF SPECIFIC INQUIRIES BY TYPE OF INQUIRY 10/:/054
1/31/88

October 1, 19684 -~ September 30, 1968

RECOMMENOATIONS FOR A SPECIFIC MACHINING SITUATION.
Typical Example: Requested reccmmendations for turning Waspaloy in the N
solution treated and aged condition.

STARTING RECOMMENDATIONS FOR AN EXTENSIVE GROUP OF MACHINING SITUSTIONS.
Typical Example: Regquested machinsbility dats on AM-350, $-018, HS-25, 118
HS-31, inconel X-750, Unitemp M-252 and Maste!loy R-239.

INFORMATION PERTAINING TO NEW MACHINING PROCESSES, EQUIPMENT AND TOOLS.
Typical Example: Requested information on the manufscturer of equipment 45
called "Liquid Lathe."

COORDINATION AND POTENTIAL USE OF AFNODC.
rypical Example: Requested detaiied informstion on servicei available n
rom AFMDC.

VISITS T0 THE CENTER.
Typical Example: Visited to coordinate with AFMOC to deteimine services 60
svaiiable and to review System detsils,

8. *REQUESTS FOR SPECIFIC DOCUMENTS, REPORTS, BOOKS, PAPERS, ETC.

10.

1,

14,

Ll

Typical Example: Requested o 1ist of reports available for machining of 10*
titanium., Alsc wanted cost of each report.

GENERAL INFORMATION SUCH AS SAFETY PRACTICES, NAMES OF FIRNS MAVING CERTAIN
MACMINING CAPABILITIES, TOOL MATERIAL PROPERTIES, ETC.

Typical E-ample: Reguested the names of people teo contact in the fields of a0
motal removal such as EOM, ECM, ECG, EDG, uSHM, CHN, EDN, LDN, Abrasive

Nachining and Met Machining.

REQUESTS FOR DIDLIOGRAPHIES AND ABSTRACTS.
Typical Example: Roguest for bibliographiss with shstracts cevering use of 12
coramiz tools and sbrasives in machining varieus materials,

STATE-QF-TNE-ART INFORNATION AND REPORTS.

Typical Exemple: Suggestions for impertant manufacturing prograss for the 14
next five yoars in the field of material romevail. Supply preblenm, appresch

snd approximate funds,

SPECIAL INJUIRIES AND REPORTS FOR U.S. AIR FORCE, MANUGFACTURING TECWRULOQY
BIVISION.

Typical Example: Requasted a repart on the pregress during the last tive 12
years in machining ot titaniinm snd hard to machine materisls - state of

the art,

EVALUATION, TRANSLATION AND REVIEW OF REPOATS, BOOLS, PAPERS.
Typical Exanple: Roquested an ovalustion af o repert pub:ished in Eieetre 14
Technology, October 1084, coucerning adaptive contrel pessibilities,

REQUEST FOR INFORMATION ON BERYLLIUM,
Typical Exanple: Roguest to1 intormation on sachinability dote for 1]
beryitivm wsing ECH, EDM, ond other motheds.

COMPAR|SON OF ONE PROCESS OR MATERIAL WITH ANOTMER,

Typical Exanple: Rugquested 2 compatison of the sachining of incenel ¥ 13
with laconel X in both selution treated and selution treated and aged

condit ions, primatily in turning dut alse driliing sad nitling it possible,

INFORMATION PERTAINING TO CUlTiNg FLUIOS.
Typical Eseaple: Ronuested cotting fluid recommendativas for titenive and 13
s uwide variety of high tengerature alioys and staintess steets.

INFORMATION 0N BACHINABILITY RESEARCH,

Typicel Esanple: Roquestioed nsrhining infernation on the etffect of wotd 1]
diometer on teol lite, mathesatical correintions of the various sachining
Droceises and the seans of predictiag the surisce quality in ailling,

INFORMATION PERTAINING TO ESTINATING COST, SETTING TINE STANGARSS, MMD
PRODUCTION RATES 1N WACHINING,

Typical Luanple: Roquosted iaternstion inciuding foraulas that coulid b0
wsed to predict produstion rates and costs,

21/8 21/

to

173181
NO. OF INQUIRIES

to

1731788 8/30/88

2/1/88
to

*This totel does not include requests for
poblished data products such os AFNDC reperta.

18 144
284 30 kL1
2] 18 104
28 40 4
18 56 ]
ne 1e* 84
3 18 2
4 n (k)
] 20 1
4 2 1
12 8 4
1% " 18
13 ] 1
n | n
N n 1)}
¢ | e
n 12 B n?
Fiseat 0

SEE APPIMDIR, PASE A-12 23
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GENERAL ANALYSIS OF INQUIRIES

FEBRUARY 1. 1968 - SEPTEMBER 30, 1968

NO. OF INQUIRIES
TYPE OF INQUIRY
2/1/66-1/31/67 | 2/1/81-1/31/68 | 2/1/68-9/30/68
ONE OPERATION ON ONE MATERIAL GROUP 90 160 e
ONE OPERATION ON A VARIETY OF MATERIAL GROUPS 50 63 12
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
b GROUP 126 111 178
j GENERAL MACHINING CONCEPTS (UNITERM) 131 256 236
TOTAL 136 1,002 982
ANALYSIS OF INQUIRIES BY MATERIAL GROUP
FEBRUARY 1, 1966 - SEPTEMBER 30, 1968
; MATERIAL oW NO. OF INQUIRIES
: 2/1/66-1/31/61 | 2/1/61-1/31/68 | 2/1/68-8/30/68
; PLAIN CARBOM & LOW ALLOY STEELS 177 262 293
ULTRA HIGH STRENGTH & TOOL STEELS 7 204 229
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
[ BERYLL UM 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
NONMETALL ICS INCLUDING CERAMICS,
PLASTICS, GRAPHITE & COMPOS!TES 57 131 120
TOTAL 1,462 1,883 2,328
FIGURE 20 24

SEE APPENDIX, PAGE A-13
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ANALYSIS OF INQUIRIES BY TYPE OF MACHINING OPERATION

FEBRUARY 1, 1966 - September 30, 1968

OPERATION NO. OF INQUIRIES
2/1/66-1/31/81 2/1/61-1/31/68 | 2/1/68-9/30/68

CONVENT [ONAL CHIP REMOVAL
TURNING 367 499 403
BORING 48 52 83
MILL ING (GENERAL) 1o 30 129
FACE MILLING 290 3rs 346
END M!LL SLOTTING 285 n 278
PERIPHERAL END MILLING 145 178 156
SLAB MILLING 6 20 20
THREAD MILL ING 7 23 16
ALL OTHER TYPES OF MILLING 15 20 24
DRILL ING 332 464 379
GUN DRILLING 7 24 30
REAMING 203 31 263
TAPPING 254 357 250
GEAR CUTTING 3 18 8
BROACHING 28 77 50
ROUT ING 4 17 9
BANDSAW ING 10 64 41
HACKSAWING 15 21 18

TOTAL 2,029 2,921 2,503
CONVENT IONAL 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 15 1

TOTAL 342 701 444
ALTERNATE MACHINING METHODS :
ELECTRICAL DI1SCHARGE MACHINING 50 50 62 A
ELECTROCHEMICAL MACHINING 43 a4 68 g
ELECTROCHEMICAL GRINDING 1" 27 30 i
CHEMICAL MACHINING 26 59 as 3
PHOTOCHEM!ICAL MACHINING 1 2 4 ]
ULTRASONIC MACHINING 4 15 1" g
ELECTRON BEAM MACHINING 5 10 13 K
LASER MACHINING 3 20 14 '%
ION BEAM MACH INING 1 1 5 i
ABRASIVE JET MACHINING 0 3 3 i
ELECTRO-STREAM 0 4 ) Z

TOTAL 144 235 250
MISCELLANEQUS
BURN I SHING 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 ROLL ING 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, 1868
ic NUMBER OF INQUIRIES
|
MAJOR SiC BY SIC BY SiIC
GROUP INDUSTRY INOUSTRY MAJOR GROUP % OF
NO. NO. NOD. NO. TOTAL
91 FEDERAL GOVERNMENT 56 5,7
9100 U.S. DEPARTMENT OF DEFENSE 1
9100 USAF = WRIGHT FIELD 13
9100 1JSAF « APO, NeEw YORK. 1
9100 USAF = TINKER AiIR FORCE BASE 12
9100 U.S. ARMY 8
9100 U.S. Navy 9
9100 NATIONAL AERONAUTICS & SPACE ADMINISTRATION 4
9190 BSDA DEPARTMENT OF COMMERCE 1
9190 SMALL BUSINESS ADMINISTRATION 6
9190 U.S. PuBLIC HEALTH SERVICE 1
92 STATE GOVERNMENTS 28 2.9
9200 STATE OF ILLINOIS 1
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 1
1931 TaNks & TANK COMPONENTS 1
1951 SMALL ARMS 1
22 TEXTILE MILL PROOUCTS 1 o
2262 FINISHERS OF BROAD WOVEN FABRICS OF MAN-
MADE AND SiLK 1
26 PAPER AND ALLIED PRODUCTS 1 .
2654 SANITARY FOOD CONTAINERS 1
27 PRINTING, PUBLISHING, AND ALLIED INDUSTRIES 13 1.3
2721 PERIODICALS: PUBLISHING, PUBL ISHING, AND
PRINTING 13
28 CHEMICALS AND ALLIED PRODUCTS 15 1.8
2813 INDUSTRIAL GASES 2
2819 INDUSTRIAL INORGANIC CHEMICALS 1
2821 PLASTICS MATERIALS, SYNTHETIC RESINS, &
NONVULCANIZABLE ELASTOMERS 2
2824 SYNTHETIC ORGANIC FIBERS, EXCEPT CELLULOSIC 1
2833 MEDICINAL CHEMICALS AND BOTANICAL ProOODUCTS 9
29 FETROLEUM REFINING AND RELATED INDUSTRIES 7 7
2911 PETROLEUM REFINING 7
32 STONE, CLAY, GLASS, AND CONCRETE PRODUCTS 9 .9
322y PRESSED AND BLOWN GLASS AND GLASSWARE 3
3291 ABRASIVE PRODUCTS ]

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

SEE APPENDIX, PAGE A-14 27 FIGURE 2)
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114 8y SIC BY Si€
INDUSTRY INDUSTRY ¥AJOR GROUP % OF
NO. . NO. NO. TOTAL
33 PRIMARY WNETAL iINDUSTRIES 49 5.0
3312 BLAST FURNACE {(UNCLUDING COKE OVENS),
STEELS WORKS, & ROLLING MILLS 1
3313 ELECTROMETALLURGICAL PRODUCTS 1
s GRAY IRON FOUNDRIES 2
3323 STEEL FOUNDRIES 1"
3332 PRIMARY SMELTING AND REFINING OF LEAD 4
3334 PR IMARY PRODUCTION OF ALUMINUM 5
3339 PRIMARY SMELTING & REFINING OF NONFERROUS
METALS 13
3341 SECONDARY SMELTING & REFINING OF NONFERROUS
METALS 5
3351 ROLLING, DRAWING, AND EXTRUDING OF COPPER 1
3369 NONFERROUS CASTINGS 5
339 IRON AND STEEL FORGINGS 1
4 FASRICATED 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 '
3429 HARDWARE 4
3443 FABRICATED PLATE Work {BOILER SHors) 3%
3444 SHEET METAL WORK 2
3451 SCREW MACHINE ProODuUCTS 8
3452 BoLTs, NuTs, SCREwWS, RIVETS AND WASHERS 2
3461 METAL STAMPINGS 1
3N ELECTROPLATING, PLATING, POLISHING,
ANODIZING AND COLORING 2
3491 METAL SHIPPING BAmneLs, DrumMs, KEGS, AND
PaiLs 3
3494 VALVES & PiPE FITTINGS, EXCEPT PLUMBERS'
Brass Gooos 3
3496 CoLLAPSIBLE TuBES !
3499 FABRICATED MgTAL ProODUCTS 2
k1] MACHINERY, EXCEPT ELECTRICAL 210 21.4
st STEAM ENGINES; STeam, Gas, AND HyoRauLIC
TuRSINES; AND STCaMm, Gas, AND HypmAuLIC
TURDINE GENERATOR SET UNiITS 13
3s19 INTERNAL CoMBUSTION ENGINES L
3822 FARM MACHINERY AND EGUIPMENT 2
3533 O1L FIELD MACHINERY AND EQUIPMENT 2
383 ELEVATORS AND MOVING STAIAWAYS 2
3536 HOotsTS, INDUSTRIAL CRANES, AND MONORIAL SYSTEMS !
3841 MACHMINE TooLs, MevaL Cutring Tyres 56
3542 MAacHiINE TooLS, MeTaL FORMING Tvypres 3
IS4 SreciaL Dirs anp Tools, Die StTs , Ji16s anp
FisxTuRes 8
35438 MACHINE ToOoL ACCESSORIES AND MegasumrinGg DeEvices 27
3%48 METALWORKING MACHINERY, EXCEPTY Macuing TooLs;
AND POWER DRIVEN HAND TooLs 3
3581 FOOD PRODUCTS MACHINERY [
35859 SPCCIAL INDUSTRY MACHINERY [}
3561 Purrs, AIR GAS CoMPRESSORS, AND PuMPinG
EQUIPMENT 9
3862 BaLL AND ROLLER BrARINGS 3
3564 BLOWERS AND EXiAUSY VENTILATION FANS 1
A 11 MECHANICAL POWE? TRANSMISSION EQUIPNENY,
Excery BaLL and ROLLER Bramings 2
3587 INDUSTRIAL Proczss FURNACES AND OvEns 4
3569 GENERAL INDUSTRIAL MACHINERY AND EOQUIPMENT 2
3872 TYPLWRITERS 2
3574 CALCULATING AND ACCOUNTING MACHINES, Excert
ELecraonic CoOMPUYING EQUIPMENTY [
FIBURE 23 (cent.) 28
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NUMBER OF INQUIRIES : ‘
. 4
SiC '
MAJOR Sic BY SiIC BY SIC ‘ o
8 ROULP I NDUSTRY INDUSTRY MAJOR GROUP % OF i :
NO. NO. NO. ND. TOTAL )
35 MACHINERY, EXCEPT ELECTR!CAL (cont.) ‘ f
3579 OFFICE MACHINES 3
3582 COMMERC I AL LAUNDRY, DRY CLEANING,
AND PRESSING MACHINES 1
3585 AIR CONDITIONING EQUIPMENT AND
COMMERC!AL AND !INDUSTRIAL REFRIGERATION
MACHINERY AND EQUIPMENT 3
3591 MISCELLANEOUS MACHINERY, EXCEPT
ELECTRICAL 39
36 ELECTRICAL MACHINERY, EQUIPMENT,
AND SUPPLIES 80 8.1t
3611 ELECTRIC MEASURING INSTRUMENTS AND
TEST EQUIPMENT 8
J 3613 SWITCHGEAR AND SWITCHBOARD APPARATUS 1
i 3621 MOTORS AND GENERATORS 2
i 3622 INDUSTRIAL CONTROLS 4
i 3624 CARBON AND GRAPHITE PRODUCTS 1
: 3629 ELECTRICAL INDUSTRIAL APPARATUS 3
; 3641 ELECTRIC LAMPS 1
3 3643 CURRENT = CARRYING WIRING DEVICES 1
3651 RADI1O AND TELEVISION RECEIVING SETS, EXCEPY
COMMUNICATION TYPES 2
3662 RADIO AND TELEVISION TRANSMITTING, SIGNALING, i
AND DETECTION EQUIPMENT AND APPARATUS 43 i
3673 TRANSMITTING, INDUSTRIAL, AND SPEC!AL !
Purrose ELECTRON TuBES 1 :
i 3679 ELECTRONIC COMPONENTS AND ACCESSORIES 9 :
{ 3694 ELECTRICAL EQUIPMENT FOR INTERNAL :
; COMBUSTION ENGINES 4 !
f 37 TRANSPORTATION EQUIPMENT 333 33.9 g
% 3711 MOTOR VEMICLES 12 H
} 3712 PASSENGER CAR BODIES 1 H
i 3714 MOTOR VEMICLE PARTS AWD ACCESSORIES 5
g 72 AIRCRAFT AND MISSILES 197
' 3722 AIRCRAFT ENGINES & ENGINE PaARrTs -
i MISSILE ENGINES 70
: 3729 ALRCRAFY PARTS & AUXILIARY EQUIPMENT =
MISSILE PARTS 45
37y SHIP BUILDING AND REPAIRING t
3732 BOAT BUILDING AND REPAIRING 1
374 LOCOMOTIVES AND PARTS !
k1] PROFESSIONAL, SCIENTIFIC, AND
CONTROLLING INSTRUMENTS: PHOTOGRAPHIC AND
OPTICAL GOO0DS: WATCHES AND CLOCKS B 1.1
st ENGINEERING, LABORATORY, AND SCIENTIFIC
AND RESEARCH INSTRUMENTS AND ASSOCIATED .
EQUIPMENT [ ;
3822 AUTOMATIC TEMPERATURE CONTROLS |
38 OPTICAL INSTRUMENTS AND LENSES !
3842 ORTHOPEDIC, PROSTHETIC, AND SURGICAL
APPLIANCES AND SUPPLIES ] S
86! PHOTOGRAPHIC EQUIPMENTY AND SUPPLIES t :
50 WHOLESALE TRADE ? ¥ ]
5082 CONSTRUCTION AND MINING MACHINERY AND [
EJUIPMENTY 1 ;
8091 METALS AND MINERALS 1
; 60 BANKING ' X
6025 NATIONAL BANKS, MEMRERS OF THE FEDERAL
. RESERVE SYSTEM 1
:
29 FISURE 23 (ceat.) ‘
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NUMBER OF INQUIRIES

$iIC
WAIOR SiIC BY StC BY SIC
erour INDYSTRY INDUSTRY MAJGR GROUP % OF
NO. NO. NO. NO. TOTAL
73 MISCELLANEOUS BUSINESS SERVICES 34 3.5
7311 ADVERTISING AGENCIES 1
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 .5
8611 BUSINESS ASSOCIATIONS 1
8621 PROFESSIONAL MEMBERSHIP ORGANIZATIONS 4
89 NISCELLANEOUS SERVICES 17 1.8
8911 ENGINEERING AND ARCHITECTURAL SERVICES 12
8921 NONPROFIT EDUCATIONAL AND SCIENTIFIC
RESEARCH AGENCIES 5
TOTALS 982 100.0%
FIGURE 23 (cont,) 30
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COMPANIES & AGENCIES SUBMITTING INQUIRIES TO AFMDC

October 1, 1864 - January 31, 1866

ABEX CORPORATION, MAMWAM, N.J.

ABORN, DR. ROBERT H., MiLLINGTON, N.J.

ACF INDUSTRIES, INC., ALBUQUERQUE, N.M,

ACCURATE BusHiInG COMPANY, GAmrwooD, N.J.

ACRALOC CORPORATION, Oak RiDGE, TENN,

ADAMAS CARRIDE CORP., KENILWORTH, N.J,

ADKINS & HUuMINIK, ALEXANDRIA, VA,

AEROJET=GENERAL CORPORATION, AZUSA, CALIF.

AEROJETGENERAL CORPORATION, CLAREMONT, CALIF,

AEROJET-GENERAL CORPO#ATION, DOWNEY, CALIF,

AEROJET-GENERAL CORPORATION, SACRAMENTO, CALIF,

AEROJET=GENERAL CORPORATION, DAYTON, OHIO

AERONCA INC,, MIDDLETOWN, OHIO

AEROPROJECTS INC., WEST CHZSTER, PaA,

AEROQUIP CORPORATION, JACKSON, MICH.

AEROQUIP CORPORATION, VAN WERT, OHi0

AEROSPACE CORPORATION, SAN BERNARDINO, CALIF,

AEROSPACE RESEARCH APPLICATIONS CENTER,
BLOOMINGTON, IND.

AMERICAN INSTITUTE OF MINING METALLURGICAL &
PETROLEUM ENGINEERS, NEW YORK, N.Y,

AiR FORCE HEADQUARTER, WASHINGTON, D.C.

AIR FORCE REPRESENTATIVE, THE MARTIN Co.,
Denver, Coto.

AIRESEARCH MANUFACTURING COMPANY, PHOENIX, ARIZ.

AIRESEARCH MANUFACTURING COMPANY, LOS ANGELES, CALIF,

ALLEGHENY=LUDLUM STEEL CoRP., DUNKIRK, N.Y,

ALLEGHENY=LUOLUM STEEL CORP., PITTSBURGH, Pa.

ALLIANCE ToOL COMPANY INC., ST. Louls, Mo,

ALLIED CHEMICAL CORP., MORRISTOWN, N.J.

ALL 1 S~CHALMERS MANUFACTURING COMPANY, MILWAUKEE, WisC.

ALL1IS~CHALMERS MANUFACTURING COMPANY, NoRwWOOD, OHIO

ALTAMIL CORPORATION, CHAMBERS AIRCRAFT Div.,
SHELBYVILLE, IND,

ALUMINUM COMPANY OF AMERICA, LAFAYETTE, IND,

ALUMINUM COMPANY OF AMERICA, PITTSBURGH, PA,

ALUMINUM SMELTERS RESEARCH INSTITUTE, CHICAGO, lLL.

AMERICAN AIRLINES INC., TuLSA, OKxLA,

AMERICAN BOSCH ARMA CORPORATION, SPRINGFIELD, MASS,

AMERICAN BRAKE SHOE COMPANY, ELYRIA, OWiO

AMERICAN CYANAMID COMPANY, SANFORD, ME.

AMERICAN HELLER CORPORATION, DETROIT, MICH.

AMERICAN INSTITUTE OF AERONAUTICS, LOS ANGELES, CALIF,

AMERICAN LAUNDRY MACHINERY INDUSTRIES, CINCINNATI, OHIO

AMERICAN MACHINE & FounDRYy Co., YORK, Pa,

AMERICAN MACHINIST, CLEVELAND, ONIO

AMERICAN SAW & MANUFACTURING COMPANY, EAST LONGMEADOW,
Mass.

AMERICAN SOCIETY FOR METALS, METALS Park, OHioO

AMERICAN SOCILTY OF TooL & MANUFACTURING ENCINEERS,
DEARDORN, MICH,

AMERICAN TOOL WORKS, CINCINNATY, OMiO

AMERICAN WELDING & MANUFACTURING COo., WARREN, ONiO

AMES LABORATORY, AMES, lowa

AMETER INC,, SELLERSVILLE, Pa,

AMMUNLITION PROCUREMENT & SuppLY AGENCY, JOLIET, lLL.

AMPCO METAL INC., MILWAUKEE, WISC,

AMPHENOL CORPORATION, CHICAGO, ILL.

ANDEASON BROYHERS MANUFACTURING COo., ROCKFORD, ILL.

ANDREWS Air FORCE BASE, Waswinavon, D.C.

ANOCUTY ENGINEERING CoMPANY, ELK Grove ViLLAGE, 1LL.

Artx CORPORATION, INDIANAPOLIS, IND,

AP| ComrPORATiON, MiAMI, FLA,

ARGONNE NATIONAL LABORATORY, ARGONNE, fLL.

ARIZONA, UNIVERSITY OF, TuCSON, ARIZ,

ARKWiIN INOUSTRIES INC,, WESTauRY, N.Y,

ARMCO STEEL CORPORATION, BALYIMORE, MO.

Amico SteeL CORPORATION, CINCINNATI, ONIO

ARMCO STEEL CORPORATION, MIDOLETOWN, ONIO

ArMco StzeL CORPORATION, TORRANCE. CALIF,

ArMsTRONG BLuM Mrg, ComPANY, CINCINNATH, ONiO

AnMy PROCUREMENT DisYRICY, CHICAGO, fLL.

FIGURE 23 - 32

ARO, INC., ARNOLO AIR FORCE STATION, TENN,
ARROW GEAR COMPANY, DOwNERS GROVE, ILL.
ARROWSMITH TooL & MrG, CORP,, LOS ANGELES, CALIF.
ASTROSYSTEMS INTERNATIONAL iNC., ROCKAWAY, N.J.
ATLANTIC RESEARCH CORPORATION, GAINSVILLE, VA.
ATLANTIC RICHFIELD COMPANY, PHILADELPHIA, Pa,
ATLAS ALLOYS, CLEVELAND, OHIO

AUTOMATION ACCESSORIES INC., CINCINNATI, OHIO
AUTOMATION ACCESORIES INC., DAYTON, OHIO
AUTOMATION INDUSTRIES INC., ABILENE, TEX.
AUTOMOTIVE SERVICENTER INC., BALTIMORE, MD.
Avco CORPORATION, STRATFORD, CONN,

Avco CORPORATION, RiICHMOND, INO.

AvCO CORPORATION, WILMINGTON, MASS.

Avco CORPORATION, COLDWATER, OHIO

AvCco CORPORATION, NASHVILLE, TENN,

AVEY MACHINE TooL CoMPANY, COVINGTON, Ky,
AVILDSEN TooL & MACHINES INC., NEw YORKk, N.Y,

BACHAN MANUFACTURING CO,, PoMPANO BEACH, FLA.

BACKER TooL & Di€, CINCINNATI, OHIO

BADGER, F. SIDNEY, WOODLAND HiILLS, CALIF,

BADGETT & SMITH ASSOCIATES INC., CINCINNATI, OHIO

BAKER Oi1L TooLs INc., LOS ANGELES, CALIF.

BALDWIN-LIMA-HAMILTON, BURNHAM, PaA.

BATTELLE MEMORIAL INSTITUTE, CoLUMBUS, OHIO

BATTELLE MEMORIAL INSTITUTE, RICHLAND, WASH,

BATTELLE MEMORIAL INSTITUTE, LOS ANGELES, CaLIF,

BAUSCH & LOMB INCORPORATED, ROCHESTER, N.Y.

BDSA DEPARTMENT OF COMMERCE, WASHINGTON, D.C.

BEECH AIRCRAFT CO., WICHITA, KaN,

BELL HELICOPTER COMPANY, FT. WORTH, TEX.

BeLL & HoweLL RESEARCH CENTER, PASADENA, CaALIF,

BELLOWS=VALVAIR CORPORATION, CINCINNATI, OHiO

BELOIT CORPORATION, BELOIT, WiSC.

BELOIT EASTERN CORPORATION, DOWNINGTON, Pa,

Benotx CorPoRATION (THE), DETROIT, MICH,

BENDIX CORPORATION (THE)}, SOUTHFIELD, MICH,

BENDIX CORPORATION (THE), KANSAS CiTy, Mo.

BENDIX CORPORATION (THE), TETERBORO, N.J.

BeNDIx CoRPORATION (THE)}, StDNEY, N.Y.

BENDIX CORPORATION (TME), YORK, Pa.

BENDIX CorpoRATION (THE), SouTH Beno, IND.

BENEDICT-MILLER INC., LYNDHURST, N.J.

BENNEY TECHNICAL SERVICES INC., CINCINNATI, Onio

BENRUS WATCH CoMPANY, WATERBURY, CONN.

BERCO MANUFACTURING CoMPANY, WATERBURY, CONN,

BERYLLIUM CORPORATION OF AMERICA (THE),
READING, PaA,

BERYLLIUM CORPORATION OF AMERICA (THWE),
HAZELTON, PaA,

BESLY-WELLES CORPORATION, SouTW BELOITY, ILL.

BesLy-WeLLES CORPORATION, CINCINNATI, Oni0

BETHLENEM STEEL CORPORATION, BETHLENWEN, Pa,

Bicaer Company, C. M., READING, Onio

BLACK & DeckeEn MeG, Co., Towson, Mo,

BL1sS Company, E. W., Soutn PORTLAND, ME.

BoeInG Company (THE), WicHITA, KAN.

Boring Company (THE), NEW ORLEANS, LA,

BorinGg Coupany (THE), RENTON, WASH,

BorING Company (TWE), SEATTLE, WaSKH,

Boring Coupany (TnE), PHivapELPHIA, Pa,

Bori1ng Company (THE), AuBurNn, Wasw.

BouMAR CoMPANY, CINCINNATL, OniO

B0O2 ALLEM APPLIED RESEARCH INC., NEw York, N.Y.

BORG-WARNER CORPOFATION, FREMONT, OniIO

BORG-WARNEZR CORPORATION, CHICAGO, ILL,

BosTROM CORPORATION, MiLWAUKEE, WisC,

Brap Foove GELAR Wonxs Inc,, Cicemo, fii.

BRANDS MACHINING COMPANY, PORTLAND, Pa,

Brass & Baon2t iINsiiTUTE, CHICAGO, ILL.

SEE APPENDIX, PASE A-14
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BRIDGEPORT, UNIVERSITY OF, BRIDGEPORT, CONN.
BRIGGS & STRATTON CORPORATION, MILWAUKEE, WISC,
BRIGHAM YOUNG UNIVERSITY, PROVO, UTAH

BrRooks & PErRkINS INC., DETROIT, MICH,

BRowN & RooT INc., HousTon, TEx.

BROWN & SHARPE MANUFACTURING Co., DAYTON, OHio
BRUBAKER ToOL CORPORATION, MILLERSBURG, PA,
BRUNSWICK CORPORATION, MUSKEGON, MICH,

BRUSH BERYLLIUM COMPANY (THE), HAYWARD, CALIF.
BRUSH BERYLLIUM ComPaANY (THE), CLEVELAND, OHIO
BrRUSH BERYLLIUM CompPaNY (THE), ELMORE, OMIO
BUCKEYE FOUNDRY COMPANY, CINCINNATI, OHIO

Bubo Company, NEWARK, DELA.

Buerk TooL & MACHINE CORPORATION, BuFfraLo, N.Y.
BUHR MACHINE TooL COMPANY, DETROIT, MICH,
BuLLARD COMPANY,{THE), BRIDGEPORT, CONN.
BUNKER-RAMO CORPORATION, CLEVELAND, OHIO
BURGES5-NORTON MANUFACTURING CO., GENEVA, ILL,
BURGMASTER CORPORATION, CINCINNATI, OHIO
BURNDY CORPORATION, NORwALK, CONN,

BURSON MARSTELLER ASSOCIATES, NEW YOrk, N.Y.

CADILLAC GAGE COMPANY, ROSEVILLE, MICH.
CALIFORNIA STATE PRISON, SAN QUENTIN, CALIF,
CALIFORNIA GENERAL INC., CHULA VISTA, CALIF.
CAMCAR SCREW & MANUFACTURING COo,, ROCKFORD, fLL.
CAMERON |RON WORKS, HousTon, TEx.
CARBORUNOUM CoMPANY (THE), NIAGARA FALLS, N.Y.
CARLISLE CHEMICAL WORKS INC., READING, OMIO
CARNEGIE INSTITUTE OF TECHNOLOGY, PITTSBUAGH, Pa.
CARPENTER STEEL COMPANY (THE), READING, Pa,
Carr TooL CoMPANY, NORWOOD, OHIO
CARRIER AIR CONDITIONING CO., SYRACUSE, N.Y.
CATERPILLAR TRACTOR COMPANY, DECATUR, lLL.
CATERPILLAR TRACTOR ComPaNy, Peomia, lLL.
CAVITRON ULTRASONICS, INC., LONG ISLAND, N.Y.
CDS ENGINEERING INC., SANTA CLARA, CALIF,
Ceemco, CINCINNATE, OHIO
CeLANESE FIoERS COMPANY, NARROWS, Va.
CENTRAL MACHINE WORKS, INDIANAPOL!S, IND.
CENTRO CORPORATION, DAYTON, OHiO
CENTRAL FABRICATORS INC., CINCI!NNATI, ONMIO
CHAMBERLAIN MANUFACTURING CORPORATION,
WATERLOO, 1OwA
CHANDLER EVANS INC., WEST MHARTFORD, CONN.
CHASE Brass & CorrPer Co., SoLon, OnioO
CHASE MANHATYAN Banx, Neiw Yomk, N.Y.
CHicAGo CuTTiING DIE Company, CHICAGO, ILL.
CHICAGO PROCUREMENTY DETACHNMENT, CHICAGO, itL.
CHRYSLER CORPORATION, NEW ORLEANS, La.
CHRYSLER CORPORATION, DEARBORN, MICH.
CHUCKING MACHINE PRODUCTS INC., FRANKLIN Pamx, JLL.
CINCINNATE LATHE & TooL Company, CINCINNATI, OniO
CINCINNATI MILLING MACHINE ComPanY (THE),
CINCINNATI, ONniO
CINCINNAT) MINE MaCHINERY Co,, CINCINNATE, OnioO
CINCINNAT) SHAPER COMPANY, WHITEWATER, OnioO
CINCINNATL Sus-ZERO PRODUCTS INC., CINCINNATI, ONIO
CINCINNATI, UnitvERSITY OF, CINCINNATE, OMi0
Civrus COLLEGE, Azusa, CaLir,
CLEANINGHOUSE FOR FEDERAL SCIENTIZIC & TECHNICAL
INFORMATION, SPRINGFICLD, VA,
CLEVELAND AUTOMATIC MACHINE ToOL CO., CINCINNATI, OHID
CLEvELanD Patumatic Toor Co., (Twe), CLeveLane, Owio
CLEVELAND Twist DaiLL Company, CLEveLano, Onio
Cuevite Conpovation, CLEVELAND, Onio
CLiMCO Propucrs INC., CinCinnati, Onio
CodaLY INFORMATION CEnvER, CoLumpus, ONiO
CoLLinS RAD1O CoMPany, CEDAR RAPIDS, I0WA
CoLL inS RADIO ComPany, DarLias, Tex,
COLY INDUSTRIES InC., BELOIY, WisC,
CousToCH & WESCOTT INC., CAMBRIDGE, MASS,
ConcoRD-RENN CompPany, CinCINNATI, Onio
CONTINENTAL Aviation & EncINECRING CoORe.
DETROIT, MiCH,
CONTINENTAL AviaTion 8 EncintEning Cone,,
ToLtoo, Onio
ContinEntaL Corrrn & Svrét Co., Baatsvan, Pa,

33

CONTIHENTAL=-EMSCO COMPANY, GARLAND, TEX.

CONTINENTAL MOTORS CORPORATION, MUSKEGON, MICH.

CONTINENTAL TooL COMPANY, DETROIT, MICH.

CONTROLS COMPANY OF AMERICA, JACKSONVILLE, ARK.

CONVER STEEL & WIRE CO. INC,, NEw YoRK, N.Y.

Coors Co., INC., H, F., INGLEWOOD, CALIF.

Cook: PORCELAIN CoMPANY, GOLDEN, COLO. -

CORMART RZFRACTORISS COMPANY, BUCHANNON, W, VA,

CORNELL AERONAUTICAL LABORATORY INC., BurfFaLo, N.Y.

CORNING GLASS WORKS, CORNING, N.Y.

CORPLAN ASSOCIATES, CHICAGO, ILL.

CRAFTNEEDS INC., CINCINNATI, OHIO

CRANE CO., NEw CASTLE, Pa.

CRUCIBLE STEEL COMPANY OF AMERICA, CINCINNATI, Onio

CRUCIBLE STEEL COMPANY OF AMERICA, PITTSBURGH, Pa,

CuMmiNs ENGINE COMPANY INC., CorumBuS, IND.

CURTISS=WRIGHT CORP., CALDWELL, N.J.

CURTISS=-WRIGHT CORP., WoOD-RIDGE, N.J.

CURTISS<WRIGHT CORP., BuFFALO, N.Y.

CusTOoM TOOLING CO,, CINCINNATI, OKiIO

CvcrLors CorPORATION (UNIVERSAL CycLors),
BRIDGEVILLE, PA.

DALMO ViCTOR CoMpany, BeLMmONT, CALIF,

DATA INFORMATION GATHERING SERVICE, PALO ALTO,
CaLir,

Davewoop Surply COMPANY, ROCKFORD, IiLL.

DAYTON MALLEABLE {rON Co,, DavTon, Onio

DAYTON RESEARCH INSTITUTE, UNIVERSITY OF, DAYTON,
o0

DeeEne & Company, MoLiINg, lii.

D:v:usé Ceramic INFORMATION CENTER, COLuMBUS,
;H10

DEL MACHINE & WELDING WORKS INC., HOusTON, TEx.

DEPUY MANUFACTURING CoMPANY, WARSAW, IND,

DETROIT BROACH & MACHINE CO., ROCHESTER, MICN,

DeurscH CompANY, LOS ANGELES, CALIF,

D1AMOND ALKAL | CoMPANY, PAYNESVILLE, ONIO

Di1AMOND, ToOLS & ADRASIVES INC., JuPITER, FLA.

DiAMONITE PRODUCTS MANUFACTURING CO., SHREVE, Onio

D<K PropucTs (Div. SYMINGYON WavnE Conr.),
CHicaco, Lt

D<M-E CORPORATION, DETROIT, MICH,

Do-ALL Company, DEs PLAINES, [LL,

Dover CompromaTiON, LOUISVILLE, Ky,

Dover CorPORATION, CINCINNATI, ONiO

Dow CuemicaL Comeany (Twe), Denver, Coro.

Dow CHEMICAL Company (Twe), GorLbewn, CoLo.

Dow CHEMICAL Company,{Tne), MioLand, MicCwu,

Daew CHEMICAL CORPORATION, BoONTON, N.J.

Drexet INSTITUTE OF TEcuwoLOGy, PuiLADELPHIA, Pa,

Dumonre Company, RacCiNE, WiscC.

DUNCAN MANUFACTURING CO., CINCINNATE, Onio

ouPOoNY DENEmouns & Co, Imc., E. |., WiLnMinGTON, DEL

puPONT DENEMoOuRs & Co. INC., E. |., MARTINSVILLE, V

Dyna-Tecw Inc., DECATUR, ALA.

EASTERN KENTYCKY UNivERSiIYY, Ricumond, Ky,

EASTMAN KoDAK CoMPANY, RacwESTIR, N.Y.

EATON YaLE & Tows Inc., Sourm EuCLid, Owmio

EaTOon YarLt & Town InC., Sacinaw, MiCw,

Ectvres InC., NoawooD, Omio

EoMUNES MANUFACTURING CO., FARMINGTON, CONN.

EIS Autouorive CompomATion (Twe), MidpLEYORN, Comn,

ErreL-McCuLioucn Inc,, San Camcos, CaLir,

ELano CompoRaTiON, XENIA, OniO

ELASTIC STOP<NUT Comp. OF AmimiCa, Union, N.J,

ELECTRIC StoRacr Bavreay Couwrany (Twt),
PuiLapeLPria, Pa,

ELECTRICAL MACMINING INC., CINCINNATI, OMIO

ELECTROJETY TooL Courany, CInCinnat:, Outo

ELecTaonic SerrciaLty Coupany, PORYLAND, ORC.

ELLIOTY COMPANY, JEANNETTEL, Pa,

ELox Comp, oF Micwuigan, Trov, Micwu,

Engason EvLecTric Comprany, LOs AnceELEs, Cavir,

EvCnson ELEcTRIC CompAaxy, ST, Louis, Mo.

M, Cincinnari, Onto

EnGingEning SoCicTICs LioRany, NCw Yomu, N.Y.

EnTeisTLE ManuracTuRing Co,., Provibence, R, |,

FIGURE 25 (comt.)
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Erve InpusThies Inc, FERNDALL, MICH.,

ErnsT, HAnS, CLEARWATER, FLA.

Esanse Manuracturing Co. Inc., Fr. LAUDERDALE, FLA.
£8C0 CORPORATION, LOS ANGELES, CALIF.

Esso Rescamncw & Encinkcming Co., LINDEN, N.J.
EucLiDp Macnine Co., INC., INDEANAPOLIS, IND.
Ex«CtLL=0 ConPORATION, LiIMA, ONIO

Farnin Beanine Comrany (THE), NEw BriTAIN, COnN.

FAVRCHILD HILLER CORPORATION, ROCKVILLE, MD.

FAasrcHiLh HILLER CORPORATION, FARMINGDALE, L.1., N.Y,

FAIRCHILD Preciston MeTaLs Prooucts, EL CaJon, Cautr.

FansTECL METALLURGICAL Comp,, NO., CHICAGO, iLL.

FeELLOWS GEAR SHAPER Company {THE), SPRINGFIELD, VT.

Fenguson Macuintg Cowrany, ToLEDO, OMiO

Femris STave CoLLece, Bic Rarios, Michw,

Fearotremm Co,., CLEVELAND, OMIO

FisemiTe CORPORATION, WINONA, WiSC.

Finestone Tine & Ruesen Co. (Tue), Axmron, Onio

FingweL Company Inc. (TwE), Burraro, N.Y.

FiScnEr GOVEANOR COMPANY, MARSHALLTOWN, lOwAa

FLickeReeoY CORPORATION, BENSENVILLE, IND,

FMC CompomraTion, San Jose, CaLir.

Foao MoToR Company, Deamrsorn, MiCH,

Fomo MoTorR ComPany, METAL STAMPING, DEaraorn, Micw,

Fond MoTor Comprany, Livonia, MiCH.

Fomrd MotTorR ComPAny, FAIRFAX PLANT, CINCINNATI, OMiO

FORD MOTOR COMPANY, SHARONVILLE PLANT, CINCINNATE,
Onio

FRANKFORD ARSENAL, PHILADELPNIA, Pa,

FRANKL IN Baimar Conporation, BaLTIMORE, Mo,

FrankLin ELECTRIC CO., INC., BLurrron, InD.

Franxitn O1L Corronation, Beoromro, Owto

FutLZn MErriam Company, WesT Haven, Conw.

FymeFyren Company (Twe), Newame, N.J.

G & O Toow & Dit Courany, Beecwgrove, INO.

GaLm CoMpany, KENNETH J., InDIANAPOLIS, IND,

GamonEm Macuing Company, Soutn BErLoiv, itL.

GARSKENYON INSTAUMENTS INC., BagwsTIn, N.Y,

GeatL InousTRIES, CINCINNATY, OnIO

GEenenaL Dynamics Conr,, San Diteo, CavLtr,

GEenenar Dynamics Corr., Groton, Conn.

GenenaL Dynamics Conr,, New Yoax, N.Y.

GentraL Dynamics Conr,, F1, WonTn, Tex,

GenEraL ELEcYRiIC Company, Protnix, ARIZ,

Generar EvtcTmic Courany, PLEASANTOWN, CALIF,

Genenar, ELtcTric Cowrany, Sam Jost, Cavir,

Gengnay ELtcrmic Courany, Davrona Bracw, Fua.

Gemgnar ELECTrRIC Company, BLOOMINGTON, ltL.

Gengaay Erecrmic Comrany, Fr, Wawvng, Ind.

Gengrar EvLectnic Comrany, LovisviLLe, Xy,

Gemenay Erecrnic Comrany, Evergyy, Mass,

GenenaL ELzcrmic Courany, Lynn, Mass,

GengnaL Evecrric Company, DrTRoit, Micw,

Gengaay ELecrarc Comeany, Wanngn, MiCn,

Genenray ELtcrmic Courany, Kary, SCugmugcrady, N.Y.

Geneaal Evecrn:c Courany, ScHuEntcraoy, N.Y.

Gengaay Evtcraic Couwrany, Svmacust, N.Y,

Genenar ELgcTaic Cowrany, Utica, N.Y.

GeugraL Eugcraic Courany, Watearomrs, N.Y.

Gengnay Evtcrmic Comwrany, Cincinnari, Onio

Gengaay Erecraic Cowraw, CLEvELAND, Onio

GEnena, ELgcrmec Company, Divion, Owio

GenenaL Crecreic Cowrany, Enir, Pa,

GengoaL CrecTaic Courany, King oF Paussia, Pa,

GengnaL ELgcrnic Cowpany, PuiLadELrnia, Pa,

Gengear CLecraic Cowrany, VaLLly Foast Sract TecwndLody
Cenren, Prirargirnia, Pa,

GeugnaL CLgcrnic Cow any, BusLingron, Vv,

Gengaa, fLecraic Cowrany, RuTianp, VT,

GengnaL Cugcraic Cowrany, Wavnesooao, Va,

Genenay ELECTRIC Courany, SOMEASwWORTN, N.M.

Gengoar Eotctaic Conrany, Sunnvvarg, Cater,

FIGURE 25 (cont.)

GENERAL ELECTRO-MECKH Comrpr,, BurraLo, N.Y.

GENERAL MOTORS CORPORATION DEFENSE RESEARCH LAb.,
SANTA BARBARA, CALSF.

GENERAL MOTORS CORPORATION, DELCO REMY DIVISION,
ANDERSON, IND.

GENERAL MOTORS CORPORATION GuiDE LAMP Division,
ANDERSON, IND,

GENERAL MOTORS CORPORATION, INDIANAPOL'!s, INC.

GENERAL MOTORS CORPORATION, MUNICE, IND.

GENERAL MOTORS INSTITUTE, FLINT, MICH,

GENERAL MOTORS CORPORATION, WARREN, MICH,

GENERAL MOTORS COoRPORATION, HARRISON, N.J.

GENERAL MOTORS CORPORATION, FRIGIDAIRE Division,
DavTton, OMi0

GENERAL MOTORS CORPORATION, INLAND MANUFACTURING
Davton, Onio

GENERAL MOTORS CORPORATION, MiLWAUKEE, WISC.

GENERAL PRECISION AEROSPACE TECHNICAL INFORMATION
CenTer, LiTriEe FaLus, N.J.

GENERAL PRECISION INCORPORATED, BINGHAMTON, N.Y,

GENERAL PRECISION INCORPONATED, PLEASANTVILLE, N.Y.

GENERAL TRANSOUCER COMPANY, SANTA CLARA, CaLiF.

GeomeTRIC Toow Company, NeEw HAVEN, CONN.

GEORGE'S ScrEw PRODUCTS, FRANKLIN ParK, ILL.

GIsSHOLT CORPORATION, MADISON, WiISC.

GLIDDEN Company (TWE), BaLTIMORE, Mo,

GODOARD SPACE FLIGKT C#» £a, GREENDELT, MD.

GOLOMAN & COomMPANY, HAR: JEARRORN, MICH.

GOODRICH Zampany, B, F., Akro, Onio

GoeovE i ALROSPACE CORPARATION, AxRON, ONiO

Goui 0SS PuMes INe., SZuéca FALLS, N.Y.

GRANAM RESEARCH LapomratoRry, PiTrsaurGi, Pa.

Gaay Company, G, A, CINCINNATI, Onio

Gaear Lants Reseanch ComvoRmavion, EL1ZABETHTON,
Tenn,

GREAT LARES STEEL COmPORATION, DETROST, MICK.

GREENFIELD Tar & Die, GreenFiELDd, Mass.

GRLENLEAF CORPORATION, HAGERL.TOWN, Pa.

GRIFFIN WNEEL CoMpany, CHicago, lLi.

Gaixo CugmicaL Propucts imc., Ngwanx, N.J.

GriswoLDeESnL eman Company (Tuc) ,* CLEvELANd, ONtO

GAUNMAN AtRCRAST ENGINCERINS Cone,, BeTwrace, L.,
N.Y.

GuLr Coast TECuNICAL InsYiTUTE, GULFPORT, Miss.

H & C SurrLy CompozaTiON, ROCHESTER, N.Y.
HALL PLANETARY C2. OF PRILADTLPMIA, PriLADELPHIA,
Pa.
HaMiLYON ScanDARD, WiNOSOR LOCKS, CONN,
MamiLTon TooL & Macwint Co., KenitLwortm N, J,
Hanni1SCHFTGEN Company, Escanana, Micwu,
HanmiselInTEayyrr Conromarion, CLEvELAND, 3vHiO
Hanvary Business ScwooL, Camekinge, Mass,
HARVEY Avuminud SaLES Inc., East Omanag, N.J.
HaiYIngs MANUFACTURERG CO,, MASTINGS, MiICH,
Hargs intusthics, Cinciunar:, Onie
HeaLo Maching Company, Womctsten, Mass,
Henortastn, Entn, Downev, Cavir,
HERCULES InC., ALLESARY BaLLISYICS Las,,
CumeraLane, MasviLane
HEneEar Probucts Cowrany, Cuicage, L.
MHessTon ConroORmation, HESSTON, Kaw,
MiLy, Geoest M., Osrond, Onio
Minsrt BmoTngas Inc., CLanasoung, W, Va,
Hinscwmann Comromarion, RosLyn MC:amts, N.Y,
HosaRY Mawyractuting Courany, Taov, Omio
Horruan Baotugng Jeetray Co., TumasuYaenty, Pa.
Houg iInc,, Cagssutre, N.J,
HotLey Carpungion Courany, Wanagn, MicCu.
HoLLey Campuntron Courany, CiLang, Micwm,
HOLYOR({ Macuing CouPany, HoLvOoue, Mass,
HoncvetiLL Inc., ST, Petenssune, Fra.
HongvetLL InNC., Nge Barenteon, Minn,

J o Y TSI WP e




e

a4 ke b s sega

b FePocon N, AR

(k.o

e
3 mmEENy e

HONEYWELL INC., MINNEAPOLIS, MINN,

HouGHTON Company, E. F., CINCINNAT), OnWl0O

HOUGHTON Company, E. F,, CLevELAND, OnIO

HousToN, UNIVERSITY oF, HOusTOon, TEX.

HuCKkTROL INC., KINGSTON, N.Y.

HuGHES AIRCRAFT Company, CuLver City, CALIF.

MUGHES AIRCRAFT ComPany, EL SEGUNDO, CALIF.

MuGHES AIRCRAFT ComPaNy, LOS ANGELES, CALIF.

HUGHES AIACRAFT ComPany, Tucsown, AmiZ,

Huches TooL Company, CuLver City, CaLIF,

HumaLe O1L & ReFINING CO., HousTON, TEX.

HyoRAULIC RESEARCH & MANUFACTURING CO.,
Bumsanx, CaviF,

HYORODYNE ENGINEERING COMPANY, SANTA ANA, CALIF,

Hysrem Company, PorTLAND, One.,

Hrstgm Company, Danvitie, JtL.

1T Reseancw INsTITUTE, CHICAGO, DLL.
ITT Cannon EcecTmIC INC., LOS ANGELES, CaL!F.
ILLINOIS INSTITUTE OF TECHNOLOGY, (MICAGO, fii.
ILLINOIS, STATE OF, SPriINGFIELD, lLL,
TLLINOIS, UNIVERSITY OF , URsana, it
INDUSTAIAL NUCLEONICS Conre,, COLuMBUS, OnIO
INGERSOLL MILLING Macuineg Co. (Twe), Rocxromo, Iti,
INGERSOLL RAND Comeany, PuiLIPSOuURG, N.J,
IngEmsoLL Rano Comeany, PaincETON, N.J.
INGERSOLL RAND Company, Paintgo Post, N.Y.
INSTITUTE OF Gas TegcHNnoLOGY, CHICAGO, iLL.
INTramaTiONAL Busingss MacHings Conr,, LExIingTon, Ky,
INTERNATIONAL Busingss MacwiINgs Comr,, RockviLLE, Mo.
INTERNATIONAL BusINESS MACHINES Comr., Enpicory, N.Y.
INTERNATIONAL BUusINESS MACHINES Conrp,., KingsTON, N.Y,
INTEANATIONAL BUSINESS MacHIngS Conr,, Owtge, N.Y,
INTERNATIONAL BUSINESS MacwiINES Core,., Pouuwkeirsit, N.Y.
INTERNATIONAL BUSINESS MACHINES ComP,, YORkTOowN MEIGHTS,
NY.
INTERNATIONAL BusINEsS Macwines Comp., Davron, Omio
INTENNATIONAL GLASS COwmPany, NEw Yorn, N.Y.
INTERNATIONAL HARVESTER CoMPANY, CHICAGO, ILL.
INTEANATIONAL LEAD ZiNC RESEARCH ORGANIZATION INC.,
New Yomx, N.Y,
InteamarionaL NickeL Co., Inc. {TuE), NEw Yorx, N.Y.
IntEanaTIONAL NickeL Co., INC. (TwE), Suiremn, N.Y,
tnTEANATYIONAL Nicar Co., tnc. !Twe}, Davron, Owio
INTEANATtONAL NickEr €o., inc. (TMEl, MuntincTeN, W, Va,
lon Purvsics Conpomation, Bumi ington, MASS,
J1owa STATE UNIVERSITY OF SCiEncE & TEcHnoLOGY,
Awgs, towa
lowa, UxivEkatty of, iosa City, lowa
Inon Asg, PurcaotiPuis, Pa,

Janssen ManuracTuning Cowpany, WavynEsviiie, Onio
Janvis Coxramartion, PoarLans, Conn.

Jasvis Comronation, Geegnwood, S.C.

JAOIN ManuZACTURING COnPAnY, INDIANAPOL IS, inD,
Mt Paooucts Coavomatiosn, Sax Ditso, Cavsr.
Jonts & Lawsom, Serinsricio, VI,

JEngs & Lavewi in Stree Come,, InDisNAPOL IS, IND,
Jonpon Yarve, Cincinnatr, Ouie

%D Comtamv, Cincinnati, Onmio

Keisen Agnoseace & Corcraonics, Sam LEanoso, Cavti.
Kansas Srave Covntae of Pitrspuscn, Pivrssuncn, Kk,
Keny & Sons, Wiviiaw, MiooLe Vitrasg, NV,

Kgaunevy & Co., tmc., AT, Cmicage, fLn.

Mgamney B Tageute, Migsavite, Wisc,

Krwt o012 Courany, Summvvarl, Cay b,

KenwmawgtaL inC., Cimcinmart, Owio

Kexnane?as Inc., Biviown, Pa.

KEmnewgTar tuc., Lavaost, Pa,

Keungov Sract Cunvee, Kimntev Srace Cinten, Foa,
Keuv STave Uniyeagity, Xent, Omie

Kgans Manufactuding Co., Luag iscane City, NV,
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King FIFTH WHEEL COMPANY, MOUNTAINTOP, PaA.
KINSEv,CoMPany, E. A., CINCINNATL, OHIO

KLix InpusTmiEgs, Hantromp, CONN.

KL INE MANUFACTURING CO., WESTERVILLEL, OHIO

KosE Inc., HUNTINGTON ParK, CALIF,

Koenning Co., HPM Division, MT, GiLEap, OHIO
KorrEms Company INC., BALTIMORE, Mo,

Kre1sLEn inpusTmiaL Come,, EAsT Patrerson, N.J.
Kress CorPoRATION, CLEVELAND, ONiO

KRONENBERG, Dr. Max, CinCInnaTI, OWIO P .
Kuntz Company, J. R., Davron, Onio 5

Lapisuw Company, Cupany, Wisc.

LANCASTER METAL PropucCTS, LANCASTER, OniO 3

LASALLE STEEL COMPANY, HAMMOND, IND. -

Lavrose Strer Cowpany, LaTmosk, Pa, .3

LAvaLLEE & 1DE IwC., CHicomer, MAass.,

LAvinN & Sons, INc., R, Cuicago, Jii.

LAWRENCE AviaTion InDusTmIES, InNC., NEWw YORK,
N.Y.

LAwRENCE RADIATION LABORATORY, LivEamone, CatLir.

LEAR Si1EGLER Company, GranD RaPiDS, MICH,

Lesaxon Steee Founonay, Lesanon, Pa.

LeBLonD Mackine TooL Company, R, K., CINCinnNATI,
Oni0

Lenion UniversiTy, Berwnienes, Pa,

LeELanp=-Girrorp Comeany, WORCESTER, Mass.

Lennon EncGInEEning Company, Cuicago, JiLL.

LTSSELLS AND ASSOCIATES, WALTHAM, Mass.

Linain EnGinecninGg, Dania, Fra,

Ling=TEmcoeVoueut, INC., DaLtAs, TEx.

LingeTEmcCO-VousnT (LTV AtnosPaceE) Wanngn, MICKH.

LingeTEmco-Vousnt {LTV ELCCTROSYSTENS),
GagenviLee, Tox,

Ling BELY Comrany, InDianareoiLis, ino,

Link BELY Company, Puriaprieria, Pa,

Liouio Dynamics, Cuicaso, ILi.

Livree Co., Inc., Antnun D., Camoniper, Mass,

LLovp Prooucts Company, Cincinnari, Onio

Lockmern Aracnary Corpynavion, Bunpanx, CaLir,

Locumttn Aincrarr Comnvoravion, ParLo ALve, CarLir.

Locunezo Armcrart Conronavion, RroLanos, CavLir,

Lockmtro Ai1ncrary Comaronavion, Sumnvvarg, Capir,

Locuntto-Grornei1a Comrany Mamigvra, Ga,

Loost & SwirLty Company (Twug), Cincinnari, Unto

Lonsyean Comrany, E,. J., MinntaroLis, Minn, -

Losp Manuracruniug Comwrany, Enig, Pa. E -

Loud Conrany, M. W., Peusona, Cavir, 3

Lushx ProoucTs Inc., Noatm ATrireene, Mass. E

LunaEnng tugs Comrany, CinCinnari, Onio

MSAR Inc., lowin, Pa,

Macwing Desien, CLEveLAnD, Oute

Macwingecaary, Inc,, BaLvivong, Mo,

Machingy, Drovincuan, Micn,

Macwining TecunoLosy Convonavion, So. Winesos,
Conn,

Macniin Courany, Jackson, Micu,

Mapison Inpustarcs, Paevioenct, R.1.,

Marraive Yoo, & Macmint Coweanv, St. Loyis, Mo,

Megna Macuint Cowpany, CinCinnats, Omio

MavicaoLe Foundies Socittvy, CitviLang, Ouieo

Manuwattan Ravotstos Comwranv, Cotintn, Kv,

ManssitiLe Puote Unabaving, Mangricid, Onie

Masguont Couranv, Sace, Mg,

Many ineRocsngLL Courany, Prainviice, Conn,

Masgusset Cesronation (Tue), Van Muvs, Cair,

Madeusnpy Cowr32a2:i3a (Twei, Osogm, Uram

Manguetre MeraL Peooucts Co., CLtvivLane, Ouie

Massmary Seact Fuiem? COntee, MunTsvinig, Aca.

Mentin Comranv, Deuste, Cors.

MaR?in Cowtany, Oaianse, Fua,

MastVin Cowpanv, DaLviwoag, Mo,

FIGURE 23 (seatl.)
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1 MAZSACHUSETTS

MARTIN COMPANY, WHEELING, ILL.

INSTITUTE OF TECHNOLOGY, CAMBRIODGE,
MASS.

MASSEY<FERGYSON INC., DETROIT, MICH.

MASTER CTHEMICAL CORPORATION, PERRYSBURG, OH!O

NASTER MANUFACTURING CO. INC., HUTCHINSON, KaAN.

MATERIALS DEVELOPMENT INC., PROSPECT, Ky,

MATERIALS IN DESIGN ENGINEERING, NEw YOoRrk, N.Y.

MATERIALS TESTING LABORATORY, LOS ANGELES, CALIF.

MAYNARD & COMPANY, INC., H.B., PITTSBURGH, PA,

MCCULLOCH CORPORATION, LO5 ANGELES, CALIF,

McDoNNELL DouGLAas CorRP,, LONG BEACH, CaLIF.

MCDONNEL:. DOuGLAS CORP., SANTA MoONICA, CaALIF,

McDONNELL DouGLAS CORP., ST. Louis, Mo.

McDoNNeELL DouGLAS Corp., HUNTiIM» 'TON BEACH, CaLifF.

MCGRAwW-EDISON COMPANY, PITTSBURLH, Pa,

McGRAW-EDI1SON COMPANY, CotLumsus, O%10

MCGRAW=EDISON COMPANY, SO0. MiLWAUKEE, WisC.

MCGREGOR MANUFACTURING CORP., TROY, MiCH,

MCKINNEY INC., HARRIS D., PHILADELPHIA, Pa.

MCMELLON BROTHERS, INC., STRATFORD, CONN.

MEAD CORPORATION, CINCINNATI, QHiO

MEASUREGRAPH COMPANY, ST, Louls, Mo.

MECHANICAL SupPLIES COMPANY, CINCINNATI, OHIO

MeLPAR INC., FaLLs CHURCH, VA.

MemcoRr INC., HUNTINGTON, IND.

MENASCO MANUFACTURING COMPANY, BuRBANK, CALIF.

MENASCO MANUFACTURING COMPANY, FT. WORTH, Tex.

MERCER ALLOYS CORPORATION, GREENVILLE, Pa.

MERCER MACH INE CoMPANY, IND!ANAPOLIS, IND.

METAL FINISHING SERVICE, CHICAGO, fLL.

METAL LUBRICANTS COMPANY, CHICAGO, lLL.

METAL=MATION INC., SouTH Benp, IND.

MeTALORE, EL SeGunoo, CALIF.,

MeTAL POWDER INDUSTRIES FEDERATION, NEW YORx, N.Y.

METALWORKING MAGAZINE, BosToN, Mass,

METALWORKING NEwS, CINCINNATI, OHIO

METCUT RELSEARCH ASSOCIATES INC., CINCINNATI, OHIO

MeTEM CORPORATION, HANOVER, N.J.

MICHIGAN TECHNOLOGY UNIVERSITY, HOUGHTON, MICH.

MiCHIGAN TooL COMPANY, DETROIT, MICH,.

MICH1GAN, UNIVERSITY OF, ANN ARBOR, MICH.

MiobLE COuNTRY CENTRAL ScHooL DistriCcT 11,
CENTEREACH, N.Y.

MiDWEST RESEARCH INSTITUTE, KANSAS CiTy, Mo,

MioweSY TECHNICAL SERVICES, INC., CINCINNATL, OHl0O

MiNI1ATURE PRECISION BEARINGS, INC., KEENE, N.H.

MINNESOTA MINING & MANUFACTURING Co.,.ST. PAuUL, MINN.

MODERN MACHINE SHOP, CINCINNATI, Onio

MoHAwk TooLs, INC., MONTPELIER, OHIO

MONSANTO RESEARCH CORPORATION, DAYTON, OHlO

MONSANTY RESEARCH CORPORATION, MIAMISBURG, OHIO

MONSANTO RESEARCH CORPORATION, HARTFORD, CONN.

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

MooG, INC., EAST AuRORA, N.,Y.

MOREHEAD STATE UNIVERS!TY, MOREMEAD, Ky,

MORFORM TooL COMPANY, CINCINNATI, OHIO

MORGEN DESIGN, INC., CINCINNATI, OHIO

MoRrnris & Company, E. K., CiNCINNATI, QHIO

MORRIS MACHINE Co. INC., INDIANAPOLIS, IND.

MORSE TwisST DRILL & MACHINE Co,, CHICAGO, ILL,

MorRweAR TooLs INC,, CINCINNATI, OHlO

MOSLER Lock COMPANY, MILFORD, OHIO

MOTOROLA INC., SCOTTSDALE, ARIZ.

MuSKEGON TooL INDUSTRIES INC., MUSKEGON, MICH,

NASA, SCIENTIFIC & TECHNOLOGY INFORMATION FACILITY,
BETHESDA, Mo,

NASA, LANGELY RESEARCH CENTER, HAMPTON, VA,

NASA, LeEwis RESEARCH CENTER, CLEVELAND, OH1O

NATIONAL BERYLLIA CORPORATION, HASKELL. N.J.

NAT1ONAL Bumeau OF STANDARDS, BouLper, ColLo.

FIQURE 25 (cont.) 36

NATI1ONAL CASH REGISTER COMPANY, DavyTton, OntoO

NAT1ONAL FORGE COMPANY, IRVINE, WARREN COUNTY, Pa,

NATIONAL LEAD COMPANY OF OW10, CINCINNATI, OHiO

NATIONAL LEAD CoMPANY OF CH10, FERNALD, OHIO

NATIONAL SCKREW MACHINE PRODUCTYS ASSOCIATION,
CLEVELAND, OHliO

NATIONAL WATER LIFT COMPANY, KALAMAZ00, MICH.

NAvAL AIR ENGINEERING CENTER, PHILADELPHIA, Pa,

NAVAL A1R REWORK FACILITIES, SAN Di1EGO, CALIF,

NeLco CutTer COMPANY, MANCHESTER, CONN.

NeEuMAN & ComPANY, H,, SkoxiE, lLL.

Nevite, C. R., INDIANAPOLIS, IND,

New BRITAIN MacHINE Co. (THE), New BriTain, Conw.

NEw ENSLAND METALLURGICAL CORPORATION. S. BOSTON,
Mass,

New ENGLAND RESEARCH APPLICATION CENTER, STOORRS,
CONN.

NEW YORK STATE UNIVERSITY OF BINGHAMTON,
BinGHAMTON, N.Y.

NOBLE INC., NORMAN, CLEVELAND, OHIO

NoRDEN COmPANY, NorRwaLk, CONN.

NORTH AMERICAN ROCKWELL CORP., ANAHEIM, CALIF.

NORTH AMERICAN ROCKweLL CorP,, CANOGA PaARK, CALIF.

NORTH AMERICAN RockwerL Corp., EL SeGunNDO, CALIF.

NOoRTH AMERICAN ROCKweLL CoRP., INGLEwWOOD, CALIF,

NORTH AMERICAN RockweLL CoRP., LO5 ANGELES, CAvLiF.

NORTH AMERICAN RockweLiL CoRrp., NEOSHO, MO.

NORTH AMERICAN RockweLL Core., CorLumaus, OH10

NORTH AMERICAN ROCKWELL CORP., TuiLSA, OKLA.

NORTH CAROLINA STATE UNIVERSITY, RALEIGH, N.C.

NORTH HARTFORD HIGH ScHoOooOL, PYLESVILLE, Mbp.

NORTHEASTESN UNIVERSITY, BOSTON, Mass.,

NORTHROP NORAIR, HAwWTHORNE, CALIF,

NORTHROP VENTURA, NEWBURY PARK, CALIF.

NORTON COMPANY, WORCESTER, MASS.

NRC EQUIPMERT CORPORATION, NEWTON, MASS.

NuCLEAR MeETALS, INC., WEST CONCORD, MASS.

NumeRricAL CONTROL & ComPuTER SERVICES, CLEVELAND
OHi0

Nu TeC ENGINEERING CORPORATION, WARREN, MICH.

Nu-TooL SAw SERVICE, INC., DETROIT, MICH.

OK TooL ComPANY, MILFORD, N.H.

OAKES CoRPORATION, E. T., LunGg IsiLanp, N.Y.
OBERG MANUFACTURING COMPANY, INC., FREEPORT, Pa.
OH10 STATE UNIVeERSITY (THE), Corumsus, OHIO
OKLAHOMA STATE UNIVERSITY, STILLWATER, OXLA.
OLIN DixsoN CORPORATION, COFFEEVILLE, KAN.
OLIVER MACHINERY COoMPANY, GRAND RaP1DS, MiCH,
ONTARIO CORPORATION, MuNCIE, IND.

OREGON TECHNICAL INSTITUTE, KLAMATH FaLLs, ORE.
OTis ELEVATOR COMPANY, YONKERS, N.Y.
OwENS=ILLINOYS, INC., COLuUMBUS, OHIO

PACIFIC SCIENTIFIC COMPANY, ANAHE!IM, CALIF.
PACKER CONSULTING ASSOCIATES, NAPERVILLE, ILL.
PANDA PRODLCTS, CINCINNATI, OHIO
PeapopYy INDUSTRIES, PEABODY, MASS,
Peck, PauL H.,, BROCKTON, Mass,
PENN NucLeEAR CORPORATION, PENN, Pa,
PENNSYLVAN'A STATE UNIVERSITY, UNIVERSITY PARK,
PA.
PENTA TecHNicAL CoLLEGE, PERRYSBURG,OM IO .
Pesco ProbucTs, BeoForD, OHIO i
PHELPS-%ODGE-COPPER PropucTts CoRP,, ELIZABETH,

PHILADELPHIA NAVAL SHIPYARD, PHILADELPHIA, kA,
PHiLco CORPORATION, LAWNDALE, CALIF..

PHILco CORPORATION, NEWPORT Beacu, CaLIF,
PicaTINNY ARSENAL, Dover, N.J.

Pi1PE MACHINERY COMPANY, CLEVELAND, OH1O
P11TSBURGH PLATE GLAss Co., PITTSBURGH, PA.
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PLANET PRODUCTS CORPORATION, CINCINNATI, OH'O
POINT PARK COLLEGE, PITTSBURGH, Pa.

POLYMET CORPORATION, CINCINNATI, OHIO

PRATT & WHITNEY AIRCRAFT, EAST HARTFORD, CONN.
PRATT & WHITNEY AIRCRAFT, NORTH Haven, CONN.
PRATT & WHITNEY AIRCRAFT, WEST PaLm BEACH, FLA,
PRATT & WHITNEY CORPORATION, W. HARTFORD, CONN.
PRATT & WHITNEY CORPORATION, CuDAMY, CALIF,
PrReci1ston CASTPARTS CoRP., PoRTLAND, ORE.
PRECI1SION MACRINE & TooL, INC., VANCALIA, OHIO
PRECI1SION MECHANICS INC., CINCINNATI, OHIO
PRESTOLITE Company (Twe), DeEcATuR, ALA.
PRISOCK ASSOCIATES, JOHN, CINCINNATI, OHIO
PROCTER & GamaLe ComPany, CINCINNATI, OHIO
PRUYyNE CompaNy, San DtEGO, CaLrF.

PURDUE UNIVERSITY, 'WEST LAFAYETTE, IND.

RGF CorpoRATION, ELwOOD, IND.

RAG10 CORPORATION OF AMERICA, CaMDEN, N.J.

Rap10 CORPORATION OF AMERICA, PRINCETON, N.J.

RAD1O CORPORATION OF AMERICA, LANCASTER, Pa.

RAD1O ENGINEERING LABORATORIES, LONG [SLAND, N.Y,

RAYTHEON COMPANY, WALTHAM, Mass.

RAYTHEON COMPANY, 'WAYLAND, MASS.

RAYTHEON COMPANY, BRISTOL, TENN.

ReEACTiIVE MeEYALs, INC., NILES, OnrIO

REDSTONE ARSENAL, U.S. ARMY MiSSI1LE COMMAND,
REDSTONE ARSENAL, ALa,

REGENTS OF THE UNIVERS!ITY SYSTEM OF GEORGIA,
ATLANTA, Ga.

RELIANCE ELECTRIC COMPANY, ASHTABULA, OHIC

REMINGTON ARMS CnMmPANY, INC., BRIDGEPORT, CONN.

RepuaLic STEEL CORPORATION, CLEVELAND, OHIO

RESOURCES DEVELOPMENT CORPORATIUN, EAST LANSING,
MtCH.

REx CHAINBELT, INC., DOWNERS GROVE, ILL.

REvAOLDS METALS COMPANY, RICHMOND, VA.

RiDINGS, JAMES A., PITTSBURG, KAN.

Rock IsLaND ARSENAL, RoCk IsLanp, ILt.

Ronk CORPORATION, CHutA ViIsTa, CALIF.

RoLLwAYy BeARING CoMPANY, SYRAcuSE, N.Y.

RomA CORPORATION, INDIANAPOLIS, IND.

RoOTS-CONNERSVILLE, BLOWER DIv,, CONNERSVILLE, IND.

Rustelick INC., BOSTON, Mass,

Rvyerson & Son, INC., JOSEPH T,, CHICAGO, ILL.

SKF INDUSTRIES, TimMONIUM, MD,

S&S MACHINERY CoMPANY, BROCKLYN, N.Y.

SAE STeets, Inc., Huoson, OHlo

SAN JOSE STATE COLLEGE, SAN Jose, CALIF.

SANDERS AssoCIATES, NASHUA, N.H.

SANDIA CORPORATION, ALBUQUERQUE, N.M.

SATec CoRPORATION, GROVE CiTy, Pa,

SAunDERS & Co. INC., ALEXANDER, CoLD SPRING, N.Y.
SCHELLENS TRUE CORPORATION, |VORYTON, CONN,
SEATTLE UNIVERSITY, SEATTLE, WASH.
SEIFREAT=ELSTAD MACHINERY CO., CINCINNAT!, OHIO
SETCO INDUSTRIES INC., CINCINNATI, OHIO

SevsoLd ComPANY, CINCINNATI, OHIO

SHEAFFER PEN ComPaNYy, W, A., FT, MADISON, lowA
SHEFFER CORPORATION (THE), CINCINNATI, OHIO
SHEFFIELD CoRrPORATION (THE), DayTON, OHIO
SHWAYDER CHEMICAL METALLURGY CORP., DETROIT, MicCH.
SIKORSKY AIRCRAFT, STRATFORD, CONN.

SILTRONICS INC.,, OAKMONT, PA,

SINCLAIR REFINING CompANY, CHicaGo, liLL,

SINCLAIR REFINING ComPANY, CoLumBuS, OHIO

SMALL BUSINESS ADMINISTRATION, CHICAGO, [LL,
SNAP=ON=TOOLS COMPANY, KENOSHA, WIsC,

SONNET TooL & MFG, Co., HAWTHORNE, CALIF,

SOUTH CHESTER CORPORATION, LESTFR, Pa.

SOUTH SHORF TooL & DEVELOPMENT INC., MENTOR, OHIO
SOUTHERN AUTOMATICS INC., CINCINNATI, OHIO

o A R ORI e
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SOUTHERN [LLINOIS UNIVERSITY, CARBONDALE, ILL.

SOUTHWEST RESEARCH INSTITUTE, SAN AnTONIO, TEX.

SPECIAL MACHINE COMPANY, ROCXFORD, lLL.

SPERRY RAND CORPORATION, CLEARWATER, FLA.

SPERRY RAND CORPORATION, DETROIT, MICH,

SPERRY RAND CORPORATION, JACKSON, MiSs,

SPERRY RAND CORPORATION, TROY, MICH.

SPERRY RAND CORPORATION, BRISTOL, TENN.

SPERRY RAND CORPORATION, SALT LAKE CiTy, UTaH

SPINOLETOP RESEARCH, LEXINGTON, Ky,

SPRINGFIELD ARMORY, SPRINGFIELD, MASS

ST. JosePH LeAaD ComPaANY, MONACA, Pa,

STANDARD Ott CoMPANY-OH10 (THE), CLEVELAND, OHIO

STANDARD PRESSED STeeL Co., JENKINTOWN, PA.

STARK INDUSTRIAL SuppLY ComPANY, CANTON, OHIO

STATHAM INSTRUMENTS, OXNARD CALIF,

STEEL MAGAZINE, CLEVELAND, OHIO

STERLING FAUCET COMPANY, MORGANTOWN, W, Va.

STERLING GRINDING WHEEL Co., TIFFIN, OHIO

STERLING INSTRUMENT, MINEOLA, N.Y.

STEVENS INSTITUTE OF TECHNOLOGY, HOBOKEN, N.J.

STRASMANN MACHINERY CORPORATION, LONG BEACH, CALIF.

STuART Q1L Co., Lvo,, D. A., CHICAGO, lLL.

STuDERAKER CORPORATION, DUNBAR, W, Va.

STYRE/PaKk, NewTon, lowa

Sun O1L CoMPANY, CINCINNATI, OHIO

Sun Ot ComPANY, MARcus Hook, Pa.

SUN SHIPBUILDING & DRY Dock Co., CHESTER, PaA.

SUNDSTRAND CORPORATION, SUNDSTRAND AVIATION,
ROCKFORD, lLL.

SUNDSTRAND CORPORATION, SUNDSTRAND MACHINE TooL Co.,
BELVIDERE, ILL.

SYLVANIA ELECTRIC PRODUCTS, INC., SALEM, Mass.

SYLVESTRE SCREw Company, PROVIDENCE, R, .

SYSTEMS RESEARCH Lass,, DAYTON, OHio

TRW Inc., CLEVELAND, OHIO

TRW INC., DanviLLE, Pa.

TRW Inc., LEBANON, TENN.

TAFT ENGINEERING CENTER, CINCINNATI, OHlO

TAvLOR FORGE INC., CHICAGO, ILL.

TECHNICAL CONSULTANTS INC., HUNTINGTON, W. VA,

TeECHNICAL EQUIPMENT SALES Co., CINCINNATI, OHIO

TECHNICAL & TRADE TRAINING CENTER, WESTBURY, N.Y,

TECUMSEH PRoDUCTS COMPANY, ANN ARBOR, MICH.

TeLepYNE INC, WAH CHANG, GLEN Cove, N.Y.

TELEDYNE INC., ALLVAC METALS, MoNROE, N.C.

TELEDOYNE INC., FIRTH STERLING, PITTSBURGH, Pa,

TELEDYNE INC., VASCO, LATROBE, PA.

TELEDYNE INC., AUTOMATED SPECIALTIES,
CHARLOTTESVILLE, Va,

TELEFLEX INC., NORTH WALES, Fa,

TELETYPE CORPORATION, SKOKIE, ILL.

TENNESSEE, UNIVERSITY OF, KNOXVILLE, TENN,

Texaco Inc., Beacon, N.Y.

Texaco inc., CINCINNATI, OHIO

TEXAS INSTRUMENTS INC., DaLLAs, TEex.

TeExas, UNIVERSITY OF, AusTiN, Tex.

THERM INC., ITHACA, N.Y.

THiokoL CHEmiICAL CorRP,, DENVILLE, N.J.

THoMPSON COMPANY, JOHMN 1|,, WASHINGTON, D.C.

TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO

TiNkER AIR FORCE Base, OktaHOMA CiTY, OKLA.

TipP MACHINE & TooL INC., TiPP CiTY, OHIO

TIPPETT INCORPORATED, CHICOFEE FALLS, MaAss.

TITANIUM METALS CORPORATION OF AMERICA,
New York, N.Y,

TITANIUM METALS CORPORATION OF AMERICA,
TorRONTO, OHIO

TooL SALES & SERVICE, CINCINNATI, OHIO

ToolL SteeL GEAR & PinioN Co. {THR), CINCINNATI,
OHioO
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TouLon HigH ScHooL, TouLown, ILL.

TOWNSEND COMPANY, SANTA ANA, CALILF.,

Teaus STROHM CORPORATION, PLAINVIEW, N.Y.

TRI INDUSTRIES INC., TERRE HAUTE, iND,

TR1=D CorPORATION, PLAINVILLE, CoOnn,

TRU=Cut MACHINE CORPORATION, CINCINNATL, OHIO
TYCO LABORATORIES, WALTHAM, MaAsS,

TYLER CORPORATION, BENSON, MINN.

UTD CORPORATION, ATHOL, MASS,

U.S. ArRMY, PRODUCTI1ON ENGINEERING DIVISION,
FT. BELVOIR, VA,

U.S. ArMY, EDGEwW0OOD ARSENAL, EDGEwOOD ARSENAL, Mo,

U.S. ARMY, PRODUCTION EQUIPMENT AGENCY,

Rock IsLanD, ILL.

. ARMY, WEAPONS COMMAND, ROCK I|SLAND, ILL.

. AToMIC ENERGY CoMMISS10ON, WASHINGTON, D.C.

Bat1ro CORPORATION, STRATFORD, CONN.

DeEFENSE SuppPLY AGENCY, CINCINNAYI, OHiO

DEPARTMENT OF DEFENSE, N. ARLINGTON, VA,

DEPARTMENT OF THE INTERIOR, ROLLA, Mo.

DEPARTMENT OF JusTICE, WASHINGTON, D.C.

MARINE CORPS., CHERRY PoINT, N.C.

NAVAL AvioNics FACiLITYy, DEPARTMENT OF Navy,

INDIANAPOLIS, IND.

MissiLeE CENTER, MuGu, CALIF,

NAvAL ORDNANCE LAB., WHITE Oax, Mo.

NAVAL ORDNANCE TEST STATION, CHINA LAKE,

CALIF,

S. NavAL POST GRADUATE SCHOOL, MONTEREY, CALIF,

+S. NAVAL UNDERWATER ORDNANCE STATION, NEWPORT,

R.1.

U.S. STEEL CORPORATION, MONROEVILLE, PA.

UNI1ON CARBIDE CORPORATION, INDIANAPOL!S, IND.

UNION CARBIDE CORPORATION, KOKkOMO, IND.

UNI1ON CARBIDE C)HRPORATION, PADUCAH, Ky,

UNion CARBIDE CuRPORATION, OAK RIDGE NATIONAL
LAB, OAk RIDGE, TENN.

UN1ON CARBIDE CORPORATION, Y12 PiLaNT, OAK RIDGE,
TENN,

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER,
FARMINGTON, CONN,

UNITED AIR LINES, SAN FRANCISCO, CALIF,

UNITED STATES BORAX & CHEMICAL CoRrP., NEW YORK, N.Y.

UNITED STATES LiAlson OFFICE, APo, N.Y.

UNITED STATES TIME CORPORATiION, WATERBURY, CONN.

UNITED TECHNOLOGY CENTER, SUNNYVALE, CALIF.

UNIVAC, ROSEVILLE, MINN.

UNIVERSAL=CYCLOPS SPECIALTY STEEL, BRIDGEVILLE, PA,

UNIVERSAL TECHNOLOGY CORP., DAYTON,*OHIO

UNIVERSAL VALVE COMPANY, INC., EL12ABETH, N.J.

UTAH, UNIVERSITY OF, SALT LAKE CiTy, UTAH

UTAN STATE UNIVERSITY, LOGAN, UTAH

.
.
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Vol. JEWELRY MANUFACTURING CORP., NEW YORK, N.Y.
VALERON CORPORATION (THE), Los ANGELES, CALIF.
VALERON CORPORATION (THE), INDIANAPOL!S, IND.
VALERON CORPORATION (THE), DavyTON, OH1O

Vi-.UE PROGRAM FOR INDUSTRY, SCHENECTADY, N.Y.
VAN STRAATEN CHEMICAL ComPANY, CHICAGO, ILL.
VARO INC., SANTA BARBARA, CALIF.

VEEDER-ROOT INC., ALTOONA, PA,

VERMONT AMERICAN CORPORATION, LOulsvILLF, Ky.
VIKING FORGE & STEEL COMPANY, ALBANY, CALIF,
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VINCO CORPORATION, DETROIT, MICH.

VIRGINIA POLYTECHNIC INSTITUTE, BLACKSBURG, VA.
VITRO CORPORATION OF AMERICA, WEST ORANGE, N.J.
VOGT MACHINE CO, INC., HENRY, LOUtSVILLE, Ky,
VR/WESSON COMPANY, CINCINNATI, OHIO

WALKER CoMPANY, O.S., WORCESTER, MASS.

WALKER GRIRDING COMPANY, SANTA BARBARA, CALIF.

WALMET CORPORATION (THE), PLEASANT RIDGE, MICH.

WALMET CORPORATION (THE), SummiTT, N.J.

WALTCO ENGINEERING COMPANY, GARDENA, CALIF,

WARNER=SWASEY COMPANY (THE), CLEVELAND, OHIO

WARNER=-SWASEY CompANY (THE), LAHR Division,
CLEVELAND, OHiO

WARREN Pumps, INC., WARREN, MAss,

WATERTOWN ARSENAL, WATERTOWN, MASS.

WATERVLIET ARSENAL, WATERVLIET, N.Y,

WAYNE STATE UNIVERSITY, DETROIT, MICH.

WEATHERHEAD CompaNYy (THE), DAvTON, OHIO

WeBCO MACHINE ProDUCTS, INC., CLEVELAND, OHIO

We tNMAN PuMP MANUFACTURING Co. (THE), CoLumaus, OHIO

WEST MiILTON PRecision Toor Co., VanpaLtia, OHio

WEST VIRGINIA, STATE OF, DEPARTMENT OF COMMERCE,
CHARLESTON, W. VA,

WESTERN ELECTRIC COMPANY, INC.,, Omana, Ng8.

WESTERN ELECTRIC CompPaNY, INC., GREENSEORO, N.C.

WESTERN ELECTRIC COMPANY, INC., PRINCETON, N.J.

WESTERN ELECTRIC CompPaNy, INC., NEw YoRrRk, N.Y.

WESTERN GEAR CORPORATION, EVERETT, WASH,

WESTERN RESERVC UNIVERSITY, CLEVELAND, OHI0O

WESTINGHOUSE AIR BrRAKE ComPANY, PEORIA, ILL.

WESTINGHOUSE ELECTRIC CORP., SUNNYVALE, CALIF

WESTINGHOUSE ELECTRIC Corr., BuffFaLo, N.Y.

WESTINGHOUSE ELECTRIC CORP., BLA(RSVILLE, PA,

WESTINGHOUSE ELECTRIC CORP., HOMEWOOD, Pa.

WESTINGHOUSE ELECTRIC CORP,, PHILADELPHIA, Pa,

WESTINGHOUSE ELECTRIC CORP.,, PITTSBURGH, PA.

WHEELABRATOR CORPORATION, MISHAWAKA, [NC.

WHITE COUNTY MACHINE SHOP, MONTICELLO, INC.

WHITIN MACHINE WORKS, WHITINSVILLE, MASS,

WHITTAKER CORPORATION, LA MESA, CALIF.

WHITTAKER CORPORATION, WEST CONCORD, MASS.

WiLL1AMS RESEARCH & ENGINEERING CO., WALLED LAKE,
MiCH.

WISCONSIN, UNIVERSITY, MaDISON, WisC.

WISCONSIN STATE UNIVERS!TY, PLATTEVILLE, WISC,

WiITHROW COMPANY, ARTHUR C., Los ANGELES, CALIF.

WOLVERINE BRASS WORKS, GRAND RAPIDS, MICH.

WORLD TooL & ENGINEERING C0., MINNEAPOLIS, MINN,

WRIGHT-PATTERSON AIR FORCE BASE, MANUFACTURING
TECHNOLOGY DIVISION, WRIGHT=PATTERSON AFB,
OHi0

WRIGHT«-PATTERSON AIR FORCE BASE FOREIGN DISCLOSURE
OFFiICE, WRIGHT~PATTERSON AFB, OHIO

WRIGHT=PATTERSON AIR FORCE BASE FOREIGN TECHNOLOGY
OfFFICE, WRIGHT=PATTERSON AFB, OHIO

WYMAN=GORDON COMPANY, NORTH GRAFTON, MASS.

WYMAN-GORDON COMPANY, WORCESTER, MASS.

XeROX CORPORATION, ROCHESTER, N.Y.

ZENITH MANUFACTURING COMPANY, OAX PARK, MiCH.
Z1MNEY CORPORATION, MONROVIA', CALIF,

O




NEW COMPANIES & AGENCIES SUBMITTING INQUIRIES TO AFMDC

AT! INDUSTRIES, ESCONDIDO, CALIF.

ACCURATE DIAMOND TooL CorpP., HACKENSACK, N.J.
ADAPTO, GOODYEAR, AR!Z.

ALco PropucTs, INC., SCHENECTADY, N.Y,
ALEXANDER & ASSOCIATES, CINCINNATI, OHIO
AmacoiL TooL DivisioN, CHICAGO, ILL.

AMBERG & USLER, INC., EAST ORANGE, N.J.
AMERICAN BoscH ArRMA CORP., GARDEN CITY, N.Y.
AMERICAN BUuSINESS DEVELOPMENT, LOS ANGELES, CALIF.
AMERICAN CAN COMPANY, SaAN FRANCISCO, CaALIF,
AMERICAN CAN COMPANY, GENEVA, N.Y.

AMERICAN IRON AND STeet INST., NEW YOrRk, N.Y.
AMERICAN OtL CoMPANY, CHICAGO, ILL.

AMERICAN OtL COMPANY, WHITING, IND.

AMERI1CAN TooL COMPANY, KALAZAMOO, MicCH.
AMTEL, INC., PEABODY, Mass.

ANZON CoMPANY, INC., EL MONTE, CALIF.

APPLIED OCEANICS, LOS ANGELES, CALIF,

ARIZONA STATE UNIVERSITY, TEMPE, ARIZ,

ARNO ADHESIVE TAPE, INC., MICHIGAN CITY, IND.
ASTRO MET ASSOCIATES, INC., CINCINNATI, OHIO
AsTRO TECH, INC., MINNEAPOLIS, MINN.

ATLAs PORTABLE EQUIPMENT CO., OAK PaRrRK, MicCH.
AUTOMATION INDUSTRIES, INC., STERL ING, VA,
AvCco CORPORATION, WESTBORO, MASS.

AVIATION WEEK & SPACE TECHNOLOGY, NeEw York, N.Y.

BALL BROS. RESEARCH CORP., BOULDER, CoOLO.
BARBER-COLMAN COMPANY, ROCKFORD, | LL.

BARRY-WEHMILLER COMPANY, ST, Louts, Mo.

BATH IRON WoORKS, BATH, ME.

Bavy Swiss MFs. Co., INC., EL SEGUNDO, CALIF,

Benpix CORP,., GREENFIELD, MAss,

B0o0z ALLEN APPLIED RESEARCH, INC., INDEPENDENCE, OHIO
BORG-WARNER CORPORATION, DES PLAINES, lLL.

BRIDGEPORT BRASS COMPANY, INDIANAPOLIS, IND.

CADILLAC GAGE COMPANY, COSTA MeEsa, CALIF.

CALIFORNIA, UNIVERSITY OF, LIVERMORE, CALIF.

CARLTON MACHINE TooL COMPANY, CINCINNATI, ONMlO

CHEMCUT CORPORATION, STATE COLLEGE, PaA.

CHICcAGO PNFuMATIC TooL Co., UTica, N.Y.

CHROMALLOY AMERICAN CORP., WEST Nvack, N.Y.

CINCINNATI MILLING MACHINE COMPANY ({THE),
WiLMINGTON, OHIO

CLECO PNEUMATIC, CINCINNATI, OHIO

CLIMAX MoLYBDENUM Co., NEW YoRrRkK, N.Y.

COMMERCIAL SCREW PRODUCTS, INC., CLEVELAND, OHIO

CONAX CORPORATION, BurFfFaLO, N,Y.

CONTROL MECHANISMS INC., PHILADELP HIA, Pa.

COPAT CORPORATION, BEECH GROVE, I[ND.

CORDELL ASSOC!ATES, LOS AWGELES, CAL!F.

Cox MANUFACTURING CO,, INC., SAN ANTONIO, TEX.

CycLoPs CORPORATION, PITTSBURGH, P A,

CRANE ComPaNY, CHICAGO, [LL.

DEA ProoucTs, TEMPE, ARIZ.

DANA CORPORATION, RICHMOND, IND.

DANA CORPORATION, TOLEDO, OHIO

DANVILLE METAL STAMPING, DANVILLE, ILL.

DE LAvAL TURBINE, INC., TRENTON, N.J.
DENVER, UNIVERSITY OF, DENVER, COLO.

DEuUTSCH COMPANY, BANNING, CALIF,

DO ALt CLEVELAND COMPANY, CINCINNATI, OHIO
DuPoNT DENEMOURS & Co., E.!., POMPTON LAKE, N.J..
DURIRON COMPANY, INC., DavyTON, OHIO

DYNA<EMP IRE, INC., LONG ISLAND, N. Y.
DyNaMiICS CORP, OF AMERICA, GARDEN CiTy, N.Y,.
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EAM INC., SkipPpraK, Pa.

EAGLE TooL & MACHINE COMPANY, SPRINGFIELD, OHIO
ELECTRO-METHODS, INC., SOuTH WINDSOR, CONN.
ELECTROFILM, INC., NORTH HoLLYWOOD, CALIF,
EMBOSOGRAPH DIsPLAY MFG., CO., CHICAGO, ILL.
ENGIS EQUIPMENT Co., MORTON GROVE, fLL.

FMC CORPORATION, SANTA CLARA, CALIF.

FEDERAL MoGuL CoORP., DETROIT, MICH.

FtBerREx COMPANY, CLEVELAND, OHiO

FORTNER ENGINEERING & MFG., INC., GLENDALE, CALIF,
FRECON ENGINEERING, CINCINNATI, OHIO

GEARCRAFT, INZ., HAZEL PARK, MICH.

GENERAL DYNAMICS CORP., POMONA, CALIF.,
GENERAL ELECTRIC COMPANY, CHI!CAGO, ILL.
GENERAL ELECTR!IC COMPANY, W. BURLINGTON, lOwA
GENERAL ELECTRIC COMPANY, OAK PARK, MicCH.
GENERAL ELECTRIC COMPANY, MILWAUKEE, WISC.
GENERAL MANUFACTURING CorP., LoODI!, N.J.
GENERAL MOTORS CORPORATION, LANSING, MIiCH.
GRAND VALLEY STATE COLLEGE, ALLENDALE, MICH.
GRUMMAN AIRCRAFT ENGRG., GLENARN, MD.

GuLF GENERAL ATOMIC INC., SAN DiEGO, CALIF,

HARNISCHFEGER, MILWAUKEE, WISC.

HARRELL HOLMES MARKETING, CINCINNATI, OHIO

HARR1ISON MANUFACTURING CO., TEMPE, ARIZ.

HAYES~ALBION CORPORATION, HILLSDALE, MICH.

Haves, MAX S. VOCATIONAL HIGH ScHooL,
CLEVELAND, OHiOQ

HeEwLeTT«PACKARD Co., PALO ALTO, CaLtF,

HITTMAN ASSOCIATES, INC., COLUMBIA, Mp.

HONEYWELL, INC., HOPKINS, MinNN,

Huyck MeTALS COMPANY, MILFORD, CONN.

ITT«GILFILLAN, VAN Nuvs, CALIF.

ILLiNOots TooL Works, INC., ELGIN, [LL.

INDUSTRIAL PRESS, INC., NEW YORK, N.Y.

INDUSTRIAL TooL & MACHINE Co., GEORGIAVILLE, R.1,
INDUSTRIAL TECTONICS, INC., COMPTON, CALIF.,
INTERNATIONAL HARVESTER COMPANY, SAN DIEGO, CALIF.
ITEK CORPORATION, LEXINGTON, MASS,.

Jackupr BOAT BuiLDERS, INC., BRAITHWAITE, LA.
JANITROL AerO, CoLuMmBuUs, OHIO

JOHNSON, BitL SueerLy Co., PHOENIX, ARIZ,
JOINT VOCATIONAL $CHOOL, SPRINGFLELD, OHILO
JoMI1CO METAL FABRICATION, ST, Loutls, Mo.

KAMINGA MANUFACTURING CO., GRAND RAP!DS, MICH,
KEMPER [NSURANCE CO., NEW YORK, N.Y.
KNoLLS AToMiC Power LAaB., NISKAYUNA, N.Y.

LDR TooL ComPANY, PROVIDENCE, R.I.

LA SALLE STEEL COMPANY, CHICAGO, lLL. ,
LiTwiIN CoMPANY, CINCINNATI, OH!O

MACHINERY, WHEATON, ILL.

MACHINERY SALES COMPANY, LOS ANGELES, CALIF,
McCLELLAN AIR FORCE BASE, SACRAMENTO, CALIF,
MECHANICAL SPECIALTIES, INC., LOS ANGELES, CALIF.
MED1CO INDUSTRIES, INC., WILKES BARRE, PA.
MICHIGAN ABRASIVE COMPANY, DETROIT, MICH.,
MICHIGAN TECHNOLOGY UNIVERSITY, HOUGHTON, MICH.
MICHIGAN STATE UNIVERSITY, EAST LANSING, MICH,
MICHIGAN UNIVERSITY, CENTRAL, MT. PLEASANT, MICH,
MICHIGAN UNIVERSITY, EASTERN, YPSILANTI, MICH,
MICHIGAN UNIVERSITY, NORTHERN, MARQUETTE, MICH.
MIDDLETOWN HIGH ScHOOL, MIDDLETOWN, OHIO
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MILLER, L.C. COMPANY, MONTEREY PARK, CALIF.
MiLLERS FALLS COMPANY, CINCINNATE, OHIO
MILWAUKEE GEAR COMPANY, MILWAUKEE, WisC,
MONITOR BOXART CORP., FARMINGDALE, L.I., N.Y.
MONTGOMERY ELEVATOR COMPANY, MOLINE, ILL.
MOTION INDICATING DEVICES, INC., BuffFarto, N.Y.

NASA, HUNTSVILLE, ALA.

NASA, MOFFETT FIleELD, CALIF.

NAVAL RESEARCH OFFICE OF, WASHINGTON, D.C.

NEw HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH, N.H.
NOLTE SCREW MACHINE, CINCINNATI, OHIO

NORTHEAST CUTTER SERVICE CORP., FARMINGDALE, N.Y.
NORTHMONT ScHooL, CLAYTON, OHIO

OHi0 COLLEGE OF APPLIED SCIENCE, CINCINNATI, OHIO
OH10 SCREW PRopucTs, INC., ELYRIA, OHIO

ONSRUD MACHINE WORKS, NILES, ILt.
OweNs=-lLLiINOtS, TOLEDO, OHIO

P.E. DEVELOPMENT COMPANY, CINCINNAT I, OHIO
PAYER, E.L. COMPANY, WENONAH, N.J.

PERKIN-ELMER CORP., DANBURY, CONN.

Pi1FER INDUSTRIES, INC., DURHAM, N.C.

P1ONEER ASTRO INDUSTRIES, INC,, HARWOOD HEIGHTS,
PIONEER BROACH COMPANY, LOS ANGELES, CALIF.
PLASTIC MOLDINGS CORP., CINCINNATI, OHIO

PuBLIC HEALTH SERVICE, BETHESDA, MD.

PuRex CORPORATION LTD., ANAHEIM, CALIF,

It

QUAKER CHEMICAL CORPORATION, CONSHOHOCKEN, PaA,
RADIO CORPORATION OF AMERICA, INDIANAPOLIS, IND.
ReEeDER & KLINE MACHINE CO., INC., CARMEL, IND.
REX CHAINBELT, INC., MILWAUKEE, WISC.

RHODE ISLAND, UNIVERSITY OF, KINGSTON, R.I.
ROYAL OAK TooL COMPANY, ROYAL OAK, MICH.

RYAN AERONAUTICAL COMPANY, SAN DIEGO, CALIF,
RYERSON & SON, JOSEPH T., CINCINNATI, OHIO

SCM CORPORAT!ION, ORANGEBURG, S. C.

S & R TooL CORPORATION, DAYTON, OHliO

SAGINAW VALLEY COLLEGE, UNiv. CENTER, MICH.
SANDERS NUCLEAR CORP., NASHUA, N.H.

“SAN FRANCISCO CiTy COLLEGE, SAN FRANCISCO, CALIF,
SCHUTTE AND KOERTING COMPANY, BUCKS 'COUNTY, PA.
SENCO PropucTs, NEwTOwN, Oulo

SHAPE COMPONENTS, INC., PATTERSON, N.J.

SI1GMA MACHINERY, ROSEMONT, ILL.

SIMOND SAW & STEEL, FITCHBURG, MASS.

SMALL BUSINESS ADMIN., DENVER, CoLO.

SMALL BUSINESS ADMIN., MINNEAPOL IS, MINN.

SMALL BuSINESS ADMIN.,, CLEVELAND, OHIO

FIGURE 23 (cont.)

BALA CYNwYD, PA.
SEATTLE, WASH.
INC., 'MADISON HEIGHTS, MICH.

SMALL BUSINESS ADMIN.,
SMALL BUSINESS ADMIN.,
SMITH, C.W. ENGINEERING CO.,
SOUTHERN RESEARCH INSTITUTE, BIRMINGHAM, ALA.
SOUTHWORTH MACHINE COMPANY, PORTLAND, ME.
SOUTHWESTERN CITY ScuooL, GRove CiTy, OniO
SPERRY RAND CORPORATION, PHOENIX, ARIZ.
SPERRY RAND CORPORATION, GREAT NECK, N.Y.
SPERRY RAND CORPORAT!ON, LONG ISLAND CITY,
STANDARD OIL CO., CHICAGO, lLL.

STANDARD OIL CO., ~ OHiO (THE), CINCINNATI, OHIO
STATE OF MICHIGAN, EAST LANSING, MICH.
SUNDSTRAND CORPORATION, SYRACUSE, N.Y.

SYLVANIA ELECTRIC PRODUCTS, WALTHAM, MAsS.
SYLVANIA HIGH SCHOOL, SWANTON, OH10

N.Y.

CHESTERLAND, OHIO
INC., SMYRA, GA.

TECHNOLOGY REPORTS,
TECHNICAL PROGRAMMING ASSOC,,
TELEDYNE COMPANY, BROWN ENGRG. CO., HUNTSVILLE,
TELEDYNE COMPANY, C!NCINNATI, OHIO

TIBBETTS INDUSTRIES, INC., CAMDEN, ME.

TRITON COLLEGE, PHILADELPHIA, PA,
TROYAN=-KENNEDY COMPANY, CINCINNATI,
TRU=-CUT INC., ATLANTA, GA.

TRW, INC., PORT CLINTON, OHIO

TRW, INC., HARRISBURG, PaA,

TWIN CITY, ARSENAL, NEW BRIGHTON, MINN.

ALa .,

OH10

uU.S.
U.Ss.

AIR FORCE, APO, N.Y.

DEPT. OF COMMERCE, WASHINGTON, D.C.

U.S. NAVAL APPLIED SCIENCE LAB., BROOKLYN, N.Y.
U.S. Navy, WasHnineTon, D.C.

UTD CorRPORATION, DERBY LINE, VT.

UNIMET CARB!DES, DIV, OF UNITED GREENFIELD,
CHiCAGO, fLL.

UN1ON CARBIDE CORP., TARRYTOWN, N.Y.

UNITED AIRCRAFT PRODuUCTS, INC,, FOREST, OHIO

UNITED NUCLEAR CORP., NEW HAVEN, CONN.
UNITED SHOE MFG., CorP., (THE), BEVERLY, Mass,
UNIvAC, SALT LAKE CiTy, UTAH

VAN INDUSTRIES,
VARIAN ASSOCIATES,
VITRO LABORATORIES,

CINCINNATI, OHIO
PaLo ALTO, CALIF.
SILVER SPRINGS, MD.

WAUKESHA CUTTING TooL, WAUKESHA, WIiscC.

WESTERN MICHIGAN UNIVERSITY, KALAMAZOO, MICH.

WESTINGHOUSE ELECTRIC CORP., CHARLOTTE, N.C.

WESTINGHOUSE ELECTRIC CORP., MADISON, Pa.

WESTINGHOUSE ELECTRIC CORP., WEST MIFFLIN, PaA.

WINDSOR MANUFACTURING, WINDSOR, CONN.

WORLD AEROSPACE CORP., MINNEAPOLLIS, MINN,

WRIGHT-PATTERSON AIR FORCE BASE, FABRICATION
MODIFICATION SHOP, WRIGHT-PATTERSON AFB, OHIO

40




SUMMARY OF SPECIFIC INQUIRIES BY COMPANIES MAKING 5 OR MORE REQUESTS

ABEX CORPORATION

AERONCA INC.

ALTAMIL CoRreP,
AMERICAN SOCIETY FOR METALS
AMERICAN SOCIETY OF TooL &
MANUFACTURING ENGINEERS
ARGONNE NATIONAL LABORATORY
ARMCO STEEL CORPORATION (4)*
Avco CORPORATION (5)*
AMERICAN TOOL WORKS
BARRY-WEHMILLER

BENDIX CORPORAT!ON (THE) (8)*
BOEING COMPANY (THE) (6)*

[ BOMAR COMPANY

| Booz ALLEN APPLIED RESEARCH
i BRusH BERYLLIUM CO. (THE) (
i BURNDY CORPORATION
CALIFORNIA GENERAL [NC.
CARBORUNDUM COMPANY

IN
3)*

CHRYSLER CORPORATION (2)*

CINCINNATI MILLING MACHINE
CoMPANY (THE) (2)*

CINCINNAT! SHAPER COMPANY

CINGINNATI, UNIVERSITY OF

CLEVELAND AUTOMATIC MACHINE
TooL COMPANY

CorpP, (2)*
CORNELL AERONAUTICAL LABORATORY
CORNING GLASS WORKS

CRUCIBLE STEEL COMPANY OF AMERICA (2)*

CUMMINS ENGINE COMPANY, INC.
CURTISS-WRIGHT CORP., (3)*

: DeELAvAL TuRBINE INC,

i Do ALL COMPANY (2)*
Dow CHEMICAL COMPANY (3)*

| DuPONT DENEMOURS & Co., E.l. (3)*

DYNAMICS CORPORATION OF AMERICA

ELECTRICAL MACHINING INC,

ELECTRONICS SPECIALTY COMPANY

ELLIOT COMPANY

FEDERAL MONGUL CORPORATION

ForRp MOTOR COMPANY (5)*

GENERAL DYNAMICS CORP,

GENERAL ELECTRIC CO. E?
.

GENERAL MOTORS CORP,
GENERAL PRECISION INC
GLIDDEN COMPANY (THE)
GOODYEAR AEROSPACE CORPORATION
G.A. GRAY COMPANY

HAMILTON STANDARD

HOLLEY CARBURETOR COMPANY (2)*
HONEYWELL, INC. (4)*

HUGHES AIRCRAFT COMPANY (4)*
11T RESEARCH INSTITUTE
ILLINOIS, UNIVERSITY OF
INGERSOLL RAND CORP. (3)*

{ )* No. oF DIVISIONS

SEE APPENDIX, PAGE A-14

October 1, 1984

AEROJET«GENERAL CORPORATION (6)*

N

AEROSPACE RESEARCH APPLICATION CENTER
AIRESEARCH MANUFACTURING CO, (3)*
ALLIS-CHALMERS MANUFACTURING COMPANY (2)*

—_

~n
W=~ ONLWRPOID

BATTELLE MEMORIAL INSTITUTE (3)*

oW
—_Wo

C.

CATERPILLAR TRACTOR COMPANY (2)*

CINCINNATI LATHE AND TooL COMPANY

~

CONTINENTAL AVIATION & ENGINEERING

—_

o
POACIONMNNINONOOUO U Mmoo~ oM —=gNO®

— —

[
WO —
(SRS Re N R4

—_

GRUMMAN AIRCRAFT ENGINEERING CORP.

— . b n
D= DAV OW—ONLUN

INTERNATIONAL BUSINESS MACHINE CORP.

- September 30, 1968

INTERNATIONAL NICKEL Co., INC.
(THE) (4)*

JERDEN MANUFACTURING COMPANY

JONES & LAMSON

KENNAMETAL INncC. (3)*

KRONENBERG, DR. Max

LADIsH Co.

LEBLOND MACHINE Toot COMPANY, R.K.

LING-TEMCO-VOUGHT, INC. (4)*

LOCKHEED AIRCRAFT CORPORATION (5)*

LoDGE & SHIPLEY COMPANY, (THE)

MACHINE DESIGN

MARQUARDT CorP, (THE) (2)*

MARQUARDT METAL PRODUCTS COMPANY

MARTIN COMPANY (4)*

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

MASSEY-FERGUSON INC.

MENASCO MANUFACTURING COMPANY (2)*

METALWORKING MAGAZINE

METCUT RESEARCH ASSOCIATES INC.

METEM CORPORATION

McDONNELL DOuGLAS CoORrRP. {(4)*

MICHIGAN, UNIVERSITY OF

MONSANTO RESEARCH CORPORATION (3)*

MooG INC.

MOREHEAD STATE UNIVERSITY

NATIONAL AERONAUTICS & SPACE
ADMINISTRATION (4)*

NATIONAL LEAD Co. OF OHIO

NEW ENGLAND RESEARCH APPLICATION CENTER

NORTH AMERICAN ROCKWELL CoORP, (B8)*

NORTH CAROLINA STATE UNIVERSITY

NORTHROP NORAIR

NORTON COMPANY

OWENS-ILLINOIS (2)*

PENNSYLVANIA STATE UNIVERSITY

PHILCO CORPORATION (2)*

PLANET PRODUCTS CORP.

PRATT & WHITNEY AIRCRAFT (3)*

RADIO CORPORATION OF AMERICA (4)*

REACTIVE METALS INC.

REYNOLDS METAL COMPANY

ROCK ISLAND ARSENAL

ROHR CORP.

SANDIA CORP.

SMALL BUSINESS ADMINISTRATION (6)*

SOUTHERN |LLINOIS UNIVERSITY

SPERRY RAND Corp, (9)*

STANDARD OtL Co. (THe) (3)*

STEEL MAGAZINE

SUNDSTRAND CORP.,, SUNDSTRAND AVIATION

SYLVANIA ELECTRIC PRODUCTS COMPANY

TRW, INc. (5)*

TELEDYNE INC, (5)*

TENNESSEE, UNIVERSITY OF (2)*

THERM, INC,

THI0KOL CHEMICAL CoRP,

TINKER AIR FORCE BASE

TooL SALES & SERVICE

U.S. NAvAL APPLIED SCIENCE LAB,

UNION CARBIDE CORPORATION (5)*

VALERON (3)°*

VERMONT AMERICAN CORP.

WAYNE STATE UNIVERSITY

WESTERN ELECTRIC CO., INC, (4)°

WESTINGHOUSE ELECTRIC CORP. (10}

WRIGHT-PATTERSON AIR FORCE BASE (4)*

WYMAN=GORDON COMPANY (2)°

XErROX CORP,

FIGURE 28
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DATA ACQUISITION PLANT VISIT PROGRAM

LIST OF COMPANIES THROUGH SEPTEMBER 30, 1968

Asrojot-Gensral Corporation
Saccamento, Colifornia

Aorespace Research Applications Center
Diesmingten, Indisns

AiRssearch Manufacturing Cempany
Pheenix, Arizons

Americen Bosch Arms Corporstien
Sardon City, New York

Amoricon Welding & Manufacturing Company
Warren, Ohio

Argonne National Laderstory
Argonne, !linois

Avce Cerperatien
Naskvilte, Tennssses

Seech Aircraft Corperation
Wichits, Konsas

Bel) Helicepter Company
Ft. Worth, Texas

Bendiz Corporation
Teterbero, New Jorsey

Sseing Company (The)
Wichits, Ksnsas

loolnf Company (The) (2)*
Seattle, Washingten

Goneral Dynemics Cwuporation
San Bisge, Caliternia

Geners! Bynsmics Corporstion
Ft. Werth, Toxas

Geners!l Eloctric Company
Phoonix, Arizems

Siddings & Lowis Ine,
Fond Ou Loc, Viscensin

Srinding Whes) (nstitute
Pittshburgh, Ponnsyivania

Nughos Alrgratt Company
Tussen, Arizens

Nughes Aireraft Company
Culver City, Catiforale

Raiser Aorospass § Llostreniss
Saa Lenadre, Coaliforain

Ling-Tomgo-VYought, (ne.
Oatlias, Tezas

tonilood Alrgratt Corporation (2)°
wtbenk, Catiternln

Loskhosd-000rgis Campon
Barietts, loo’.l. Y

{ )® were thon one visit

g

Lockheed Aircraft Corporation
Sunnyvale, California

Los Angeles Pierce College
Woodland Kitls, California

Martin Compan
0¢lande, F!or‘da

Menasco Manufacturing Company
Surbank, Californis

NcDonnel | Douglas Corperation
Sants Monics, Californie

McDonneli Bouglas Corperation
St. Louis, Wisseur)

Nerth Amserican Rochwell Corporation
Anshein, Califernia

North American Rockwell Corporatien
Dewney, Califernia

North American Reckwell Cerperation (2)*
Canaga Park, Colifernis

North American Reckwell Corperation (3)*
Los Angeles, Califernia

Nerthrop Nersir
Nawtherne, Califernis

Nerthrep Yentura
Newhury Park, Coalifernia

Prott & Whitney Alreraft
West Palm Beach, Florids

ReCa
Caxdon, New Jorsey

S$aadis Corporation
Albuguerque, New Nexice

Solar/Biv. of Interastional Norvester
Son Diege, Califernisn

R

Sperry Rand Corporation
Sporry Flight Systems Divisien
Pheoniz, Arizens

Tinker Ale Fores Base
Skisheas City, Siighons

Uaion Cusbide Corpoaration
Gk Ridge, Tonnsssne

Restorn Cleattic Compony, (me.
Okishems City, Okishene .

» Rostinghouse Elestrie Corparation

Susayvele, Colifernie
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CODE SHEET FOR PROJECT TIME CARD

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

DIRECT LADOR

ENGINEERING SUPERVISION®

INGUIRY STRAGETY AND INQUIRY APPROVAL
MACHINING DATA ANALYSIS

ANSWERING INQUINIES
DATA PROCESSING

KEYPUNCHING

VERIFICATION

Sonting

Cooing

Decooine

ComPuTER PROCESSING
DATA CONTROL

Forus anD DocumeEnT MANDL ING

DATA ACQUISITION®

SPECIAL ACOUISITION FOR INQUIRIES
REPRODUCTION®

Xenox
Dirvo
Drawing
SYSTEMS ANALYSIS
Tecunicar Revigw
Cost EvaLuaTION
VISITS TO AFMDC - TECHNICAL®

MANUFACTURING TECHNOLOGY Division
OTncas

GRISINAL BATA ENTRY

ENGINYERING SUPERYISION

TecunicaL PLANNING
MACH INING DATA ANALYSIS

Fag.ivinary ScrEEInine

PagLtinany Teennicay, EvaLvarion

Fimae Yecmmicay Evarvation (put Docuasnt

Centrol No. on Daily Tiae Slip)

DATA PROCESSING

KErruncuing

vVeatricarion

Soarving

Cooing

Drcooing

Comrurea Paocessing
0ATA CONTROL

Foans ant Documgn? Hanol tng
REFRODUC T 1 ON

Xeaon

Dnaning of Dava Swgers, tre,
SYSTEMS ANALYSIS

Tecomicar Reviee

Cost CvarLvavion

Dava Acouisition Cvaruarion

*Put Inquirer ond Sequence ausbers in Operetion space on Tine Card
The Inquirer No. ond Sequence Neo. are those bloched out ot the top EI]:D___]

of IF-t as ahouwn here:

SEC APPEMDIX, PAGE A-N8

1000
1100

1110
[ARA
1120
11
1130

H3t
1132
1133
1134
1135
1136

1140
1141
1150
1181
1180

1161
1163
1168

1170

tHn
1172

1200

1210
12m
1220

1221
1222

1223
1230

123
1232
1233
1234
1238
12

1240
1248
1250
1258
1233
1260
126
1262
1263

DATA ACQUISITION = LITERATURE

INpUSTRIAL CONTRIDUTORS OF MACHINING
Reronts anp Case MisTORIES

DomesTic PERIODICAL LITERATURE

Foreten PemiopicaL LiTEnaTung

InpusTRIAL ThaDE LITERATURE

TECHNICAL INSTITUTIONS, PROFESSIONAL
SOCIETIES, AND ASSOCIAT IONS

PusLisnErs or Hanpsoons, MawuaLs, Booxs

InFORMAT ION CEnTERS

GOvERNMENT AGENCIES

MACHINABEILITY LABDORATORIES

DATA ACQUISITION — BY TECHNICAL PERSONNEL

PLANT VisiTS

Terernone, TWX, TeLEGRAN

Lerreas

TeCunica, MEETINGS (MACHINABILITY)
TecumicaL MICTINGS (InFORMATION SCHEINCE)
Foreign PLART VigiTs

Foncien TECHNICAL MEETINGS

InpusTay Segciav

DATA STORAGE

Document Fiit
Surront inroamavion (Booxs, €7C.)

CENERAL DISSEMINATION OF BACHINABILITY
SATA AND CENTER INFORNATION

PusLication tn TecunicaL Litenatung
PRESENTAYION AT TECHNICAL MIETYINGS
PRESEINTATION AT PLanTS

ARMDC Exntipirs

Ntwsrargas (MrrTaLwoRting, t7C.) & Magazings
Usem Lisy (Teewnica, Aspecers)

Usea Lesy PaooucTs

ANMDC PanenreYs, AnnOuncruwgnts, CY¢C.
SreciaL Rgroars (Svavrg-or-Tug-anv, gre.)
BisL106RAPNICS

AFURC SYSTEN REPORTE AMD WESTINGS

MonTwiy (MTD)

QuanreaLy (MYD)

Annyay (MTD)

Orgaations Manyay

Deraines Coot Bson

ARMDC MecYings

Manuractyning Ticunecoay Division ame
Invonuation Basncn MEgvings, REroars,
and Conrgatncys

Srtciay Rrroats ros Manuracruning TeCunoi o8y
Oivisien, OOD, tve,

SACHINING OATA VERIFICATION - CRPERINENTAL
(Previsionay « PREJENTLY INACTIVE)

Pranning
Tesring
Reroars

1270

12n
1272
1273
1274

1278
127¢
1277
1278
1279

1200

120!
1202
1203
1204
1208
1206
1207
1208

1290

129
1202

1300

1310
131
1312
1320
1330
1340
1350
1340
1370
1380

1400

1410
1420

1440
1430
1460
1470

1901
%08
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CODE SHEET FOR PROJECT TIME CARD (continued)

SYSTENS ANALYSIS - JENERAL

1130 CoMPUTING SYSTEM (SYSTEMS ASPECTS)

STATISTICAL PROGRAM FOR ANALYSIS OF
Center ErrecTivVENESS (SPACE)

1130 CouPuTING SYSTEM (TECHNICAL ASPECTS)

INDIRECT LABOR

GENERAL RePAIR, CLEANING, PAINTING

TRAINING

SI1CKNESS OR EXCUSED ABSENCE

VACATION

ACQUISITION OF MAJOR FACILITIES AND
EQUIPMENT

ACQUISITION OF MINOR EQUIPMENT AND SUPPLIES

PROPOSALS AND SETTING UP PROGRAMS

TECHNICAL MEETINGS AND PAPERS (NOT DIRECTLY
RELATED TO AFMDC)

GENERAL AFMDC CLERICAL AND OFFICE WoRK

GENERAL AFMDC ADMINISTRATION

TvPING AND CLERICAL ON INQUIRIES

TyPING AND CLERICAL ON ORIGINAL DATA ENTRIES

HANDLING OF MaiL

PERSONNEL (HIRING, ETC.)

USER FiLe (TyPinG AND CLERICAL)

VISITORS (TRANSPORTATION, SYSTEM
DEMONSTRATION, GENERAL AFMDC |NFORMATION)

DATA ProCESSING (TIME CARDS, ETC.)

TYPING AND CLERICAL ON USER PRODUCTS

MISCELLANEOUS AFMDC NONCHARGEABLE SERVICES

L1BRARY=SUPPORT INFORMATION

FIGURE 31 (cont.)

1800
1810

1620
1630

0101
0102
0103
0104

0105
0106
0116

0127
0128
0150
0151
0152
0153
0154
0155

0156
0157
0158
0159
0160

48

PURCHASE
FOR PURCHASES PRECEDE CODE BY! 800

Examples: N

800+1230 IBM CARDS FOR DATA PROCESSING, ETC,
800-0000 INDIRECT CHARGES SUCH AS GENERAL SUPPLIES
80021272 PURCHASE OF DOMESTIC SER!ODICAL LITERATURE
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AFMDC DAILY TIME SLIP

EMPLOYEE®'S OPERATIONAL
AREA (MACHINING DATA

ANSWERING \ /
CNOUIQES PAILY TIME SLIP
-\~ / _
S| NaME R A’ S x:!e.g P
“K. cLock No. 4~ 20 DATE 9 <1
orennom. [ NS %,N, 2 m
(MACHINING AN ) ELAPSED

DATA ANALYS1S=

ANAL{S!S)
' EMPLOYEE NUMBER
I\ .
METCUT RESEARCH Anocuv INC. /

SPECIFIC COMPANY
L, ”MAKING inQUIRY

SEQUENTIAL
NuMBER OF
= “=Seecific
INQUIRY

DOCUMENT NUMBER
S ASSIGNEO To DATA
ProoucT (IN
PROCESS)
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9-i1350 [ 9 - 1. O
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9- 1223 >~ 3.5
~ -
//_7'- 1281 L ! . 8
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TECHNICAL” / \\
EVALUATION
/
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WORK 1IN //
ANOTHER
OPERATIONALII
AREa (DATA
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Cooe 7)
APPROVED TIMEKEEPER
SEE APPEND!X, PAGE A-18 49
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AFMDC OPERATING COSTS
FEBRUARY 1, 1988 - SEPTEMBER 30, 1068

INPUT COSTS

TECHNICAL EVALUAT{ON $  26,483.81
DATA PROCESSING 18,778.83
DOCUMENT ACQUISITION & REPRODUCTION 11,467.08
56,731,40
EQUIPMENT, SUPPLIES & SERVICES 8,203,903
TOTAL 64,035,33
OUTPUT COSTS
INQUIRIES:
g TECHNICAL EVALUATION H 37,027.81
DATA PROCESSING & RETRIEVAL 9.658.71
BATA ACQUISITION & REPRODUCTION 4,647.14
51,333.48
1 DATA PRODUCTS:
DATA PRODUCTS COMPLETED & IN PROCESS (INCLUDING PRINTING COSTS) s 18,352.07
REPRINTING OF USAF MACHINABILITY REPORTS _4,280.00
22,641,07
EQUIPNENT, SUPPLIES & SERV)CES 5,297,00
27,838.07
TOTAL OUTPUT $ 78,271,53
GENERAL DISSEMINATION
GENERAL DISSEMINATION OF MACHINABILITY DATA & CENTER INFORMATION 3 2 917. 41
EQUIPMENT, SUPPLIES & SERVICES 202.00
TOTAL 3,109.41.
REPORTS
AFNDC SYSTEMS REPORTS $ 1,780.77
THIRD ANNUAL REPORT - PREPARATION & PRINTING 5,953.43
FOURTH ANNUAL REPORT - PREPARATION & PRINTING 2,614.0%
AFMDC, MTD AND INFORMATION BRANCH MEETINGS AND SPECIAL MTD REPORTS 5,258.07
15,018.32
EQUIPNENT, SUPPLIES & SERVICES 3,424,00
TOTAL 18,440,932
SYSTENS ANALYSIS, MODIFICATION & CONTROL

TECHNICAL EVALUATION s 2,000.04

| DATA PROCESSING - IBM 1130 COMPUTING SYSTEM:
! TECHNICAL ASPECTS 820,54
| SYSTEMS ASPECTS 7,840,83
OPERATIONS MANUAL & CODE BOOK REVISIONS & ADDITIONS 1,497,851
12,048,52
EQUIPMENT, SUPPLIES & SERVICES 1,280,090
TOTAL 13,308,819
1 TOTAL ACTUAL COSTS NOT INCLUDING FIXED FEE $  170,158.20

SEE APPENDIX, PAGE A-18 51 FIGURE 34




AFNDC _INPUT & QUTPUT SUMMARY
October 1, 1964 - September 30, 1968

SYSTEM INPUT

ocygent apd Card Totals

ocuments Entered into the System (including Specific Inquiries)
Oct. 1, 1964 - Jan. 31, 1967 17,576
Feb, 1, 1867 - Jan. 31, 1968 3,695
Feb, 1, 1968 - Sept. 30, 1968 2,341

23,612

D
D

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

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

SYSTEMOUTPUT

Specific Inguiries

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

Data Products Copies (Preparation
Distributed & Printing)

APMDC 65-1, Machining Data for Titanium Alloys 5,683
APMDC 66-1, Machining Data for Numeriml Control 769
APNDC 66-1.1, Machining Data for Numerical Control-Turning 1,171
APMDC 66-1.2, Machining Data for Kumerical Control-Face Milling 1,107
APNDC 66-1.3, Machining Data for Numerical Control-Drilling 1,083
AMDC 66-1.4, Machining Data for Numerical Control-Peripheral End Milling 1,082
ARMDC 66-1.5, Machining Data for Numerical Control-End Mill Slotting 1,085
APMDC 66-1.6, Machining Data for Numerical Control-Tapping 1,060
AMMDC 66-1.7, Machining Data for Numerical Control-Reaming 1,080
ARMDC 66-2, Grinding Ratio for Aerospace Alloys 672
APMDC 66-3, Machining Data for Beryllium Metal 1,08%

Total 18, 047
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Unit Costs
Per Inquiry (563) - Oct. 186€ - Jan. 1866
Per Inquiry (736) - Feb. 1966 - Jan. 1967
Per Inquiry (1002) - Peb. 1967 - Jan. 1988
Per Inquiry .882) Feb. 1968 - Sept. 1068
Per Inquiry (3315) - Oct. 1964 - Bept. 1068

FIGURE 38 SEE APPENDIX, PAGE A-18




FUTURE PLANNING

MAJOR GOALS

1.

2.

3.

4.

5.

10.

11,

lzl

Increase utilization of AFMDC to meet the needs of industry personnel who have
the responsibility for producing hardware and solving machining problems.

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

Set up seminars at APMDC 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 tlhese seminars will be the machining
of titanium alloys which will be in heavy usage in these vehicles.

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

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.

Participation in the special merit project with the State of Vermont, along
with another DoD Information Genter, 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).

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

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.

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

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

Continue the program by which inquirers who submit specific inquiries are
kept up-to-date on a periodic basis,

Prepare at least the following three data producta:

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

b) Tool Genmetry Nomenclature and Recommendations.
c) Applications of New Tool Materials.

d) Supplement to Machining Data for Titanium Alloys.

SEE APPENDIX, PAGE A-17 53




Consideration will be given to the preparation of several other data products.

13. Continue the analyses of the considerable hard machining data in APMDC 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 machining
operations and work materials.

14, Continue tov study the potential of a computer data-link by users of the Center,

15. APMDC 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
:machining information requirements, analysis of the quality of the documents
in the system and their utilization in answering inquiries, and preparation
of data products.

54.




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

$1, 040, 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

Cutting Fluids

$35, 000, 000

Source: ""Coolant Control...a plant study plan' by B. F. Wileon,
Automatic Machining, June 1968,

58
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COST SAVINGS RESULTING FROM AFPMDC'S QPERATION
OCTOBER 1, 1964 - SEPTEMBER 30, 1963

0ST SAVI Al
RESPONSE TO SPECIFIC INQUIRIES

Total Nusber 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 -_3$8¢0.00

Estimated Total Savings Resulting from Specific Inquiries - 17,163

Machining Situations x $800.00 - _$13,730.000.00

COST SAVINGS RESULTING FROM AFMDC'S 11 DATA PRODUCTS

Total Nuaber of Data Product Copies Distributed - 168,047

Estimated Number of Machining Situations Utilized per Data
Product Copy - 8

Estisated Total Number of Machining Situations - 16,047 Data Product
Copies x 8 - 80,235

Estinated Savings per Machining Situstion - $300.00

Estimated Total Savings Resulting from Dats Products - 80,335 Machining
Situations x $300.00 - $24.070,000.00

Total Estimsted Cost Savings Resulting from ARMOC'S Operation
37,800,000.00

SEL APPENOIE, PAOE A-20 57 it 3
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APPENDIX

Description_of AFMDPC (page 1)

This description of AFMDC is distributed by the Center in the form of
a pink rlyer (3-1/2#” x 7-1/2" ) with the information relating to
Scope, Collection, and Information Services on cne side of the card and
with instructions on how to request machining information from AFMDC 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, Febrvary 1968

AFMDC Organization Chart (Figure 1, page 2)

This Organization Chart is sel:-explanatorv, but certain comments may
be helpful toward gaining a full-:r 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 answer ing specific inquiries as well as developing data
products.

Systems Analysts are employed on a part-iime 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 Metcut 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

S U P

Ty

" ¥

[ S




Since metal removal is a very complex 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 documcut 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-
grans 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 AFMDC 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 Duata Analyst in func-
tional area No. 4 who is answering inquiries will use 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 cvime 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 detuermine 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, page 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 vperation.

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

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
contained in view of the computer programs and codes which were estab-
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 estab lished 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, 8) 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 inquiries 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.

A-3
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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.

" ¢ . C , ¢ the A Lod . )
sociation Washington D.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 impurtant colleges which have signifi-
cant interest in machining through departments such as:
Aeronautical Engineering; Ceramic Engineering: General Fngi-
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 AFNDC'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 various clientele. This directory was re-
viewed and selections for the User File were made.

1964 "ASM Index for the Review of Metal Literature" - 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

irements for Aerospace Materials and the Ad HoC Commit-

tee on Aerospace Manufacturing 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 tota)l of 1,528 organizations.

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

The flow pattern deascribed in this diagram gives a picture of the goals
of AFMDC. All documents with detailed data are gives to a Machining Dats
Analyst so that this data may be extracted and placed in " Data Code
Foraa " , 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 wvaluation, & 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 dzcimal numbers for others, as well as integers. These formats and a
book with codes enable the Machining Data Analyst to concisely identify
the important information regarding a specific machining situation. Re-
quired decimals are set in the numerical data fields, thereby further 1
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 AFNDC 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 Systen.

1 Index The Index Card establishes information available in the Sys-
tem by preassigned data index coluans and respective codes
to be matched against inquiries. This card describes the
machining situation including the machining operation, spe-
cific material designation, hardness, condition, heat treat-
ment, and broad material group. In addition to the above
®ainimum requirements™ , the Index Card also includes the
part configuration code, tool material, machine tool de- H
scription, and the control codes. The control codes pro-
vide information on the data source, its classification and ;
index controls vhich allow for retrieval monitoring. The
primary method of access into the AFNDC information ducks
is through the Index Card.

—

2 Tool- This card defines tool size, shape, and geosetry, as well
Cutting Fluid as the trade name and manufacturer. It also idontifiea the
trade name of the cutting fluid, the manufacturer, and the

concentration of the cutting fluid.

s o

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

i
i
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Card

4 Uniterm
(key word)

5 Data Link

6 Aperture

7 Bibliography

8 Potential

Source of
Information

8 Visitor

‘9 Tickler

Description

This card alphabetically describes special technical sig-
nificance of a document not covered by ~ategories included
on the Index, Numerical Data, and Tc¢~:-tuiting Fluid Cards.

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.

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

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

This card records into the System information on contracts
awarded and other work initiated or in progress which are
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.

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.

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
cormittmentsfor 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 systes. 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) Croate data file and store additional cards to file. Console Data
Switch No. 0 controls loading of a nev deck of cards to create an
original file. This file is croated in a file protected disk area
called ‘‘Uner Area’'’'. At the ond of each month, inquiries for that

. month are coded and cards punched. The additional cards are then

. loaded at the ond of the file. Console Data Switch No. | is used to

control this function of the progras. By this procedure, the laquiry

File ia only one munth behind any inquiry ever subaitted to AFNDC.

A-1
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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 Nata Switches the computer may be
used to narrov the selection of doctnents if the initial search out-
put yields too many references. This concept is fundamental to all of
the search programs operated by AFNDC.

Inquiry File Search (Figure 7, page 10)

The Inquiry File which, as of September 30, 1968, contained data per-
taining to 3,315 inquiries, is a very important AFNDC 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 TENPERATURE 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

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 cosbination. Preliminary Technical Evaluation ia de-
signed to identify, if available, 1) machining operation, 2) material
hardness, 3) material condition, 4) heat trestment, 5) material group,
8) material description, and 7) tool material. With the exception of
saterial condition, an engineer may set up s 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
sade on an operation, DRILLING (085) of NICKEL BASE HIGH TEMPERATURE

ALLOYS (material group 301).
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OQutput 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 uniterm. Thus, a selective
search can be made linking a particular uniterm to a specific 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
GEONETRY (TOOL GEOM) for a given operation, DRILLING (085) of NICKEL
BASE HIGH TEMPERATURE ALLOYS (wmaterial 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 AFNDC 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 1n the Index card. The headings
are printed and the retrieved information in the data cell is printed in
the proper location. Coded integers are matched against another file on
the disk resulting in the alphasesric equa: being printed on the output
sheet. It is anticipated that this type of printout will be used to
answer gome inquiries directly later this yenar.

Cost Per Pioce in Face Milling and End Nil'ing. (Figure 11, page 14)

Equations have been written and computer programs have been developed
and sade operational for five major conventinnal chip removal opera-
tions. The particular operations are turning, milling, drilling, roanm-
ing and tapping. The equations developed for calculating wachining custs
in face milling and ond milling are shown in Figure 11. Available rop-
resentative hard data wore procossed using these computer programs

in connection with a data product which has becn aeveioped on this sube
ject,
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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 ¢f values will yield the minisum 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 may 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
saterials, and they can be determined if careful analyses are made using
substantial and rel iable data. Manual analyses of this type are diffi-
cult and cumbersome. Determination of existing relationships will be
very valuable for evaluation of nevw data and filling in gaps in accrued
data. AFNDC will investigate these relationships. The computer resolves
auch of the difficulty and time required to make the subject analyses.
The cosputer program has very recently been made operational, and a con-
siderable amount of reliable data is available in punched card fors for
processing. One of the initial sets of data run through the computer is
shown in Figure 13, page 16. This is an oxtensive and worthwhile pro-
gras.

Computer Printout of a Selective Search on Surface
Integrity Bibliography File (Figure 14, page 17)

One of the subjects of higheat intorost to AFNDC inquirers as indicated
in Figure 22, page 26, i» Surface Integrity. Because of the large number
of documsonta in AFND{'s storage on this broad subisct and the wide vari-
ely of parsmeters within this subject, » cosputer progras vas developed
and sade operationil te facilitate searching and listing specific bib.
liographic referonces from a separate disk file. Thy docunents are coded
according to oporatron, sateria! description and scape of property top-
ics. Searches may bo made on up to ten coden within sach paruseter under
say cosbination of > and® or “orv |logic sodes at either level. The
sesrch shosa in Figure 14, page 17, is for the operation GRINDIXG (1),
of saterial group TITANIUN ALLOYS (F), and property topics SURFACE CON-
DITION (A) or SURFACE FINISH (B) or RESIDUAL STRESS (C). A similar file
has koon set 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 exp-essed 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 rachining 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 1BM 1130 Computer (page 19)

As a result of a request made by the 0ffice of the Director of Defense
Research and E.gineering, Department of Defense, a cos: study was con-
ducted by AFMDC to deteraine the increase in effectiveness resulting
from the installation of the IBM 1130 comsputing system. Prior to in-
stallation of the IBN 1130 computer the dats 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 vwhich wvere affected, tine-wise,
by conrversion from the IBM Series 50 configuration tc the IBM 1130 com-
puting systes. It was judged the following aspects were affected: a) in-

quiry processing and b) calculations for production retes 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 {130 Cos-
puter. These iaportant cost savings iare the result of time saved by
engineering and data processing personnel snd arve reinvested in the
AFNDC operation. This is reflected in the continusl and substantial rise
in the ratio of output to input costs, thus providing more oxtensive
services for the expended funds.

Inquiry Processing Flow Chart (Figure 16, page 20)
Typical Inguiry lnput and Response (Figure 17, page 21)

Responses to inquirios are the sost isportant of the services provided
by AFNDC. Strong eaphasis is placed on providiang specific and detailed
ansvers to tochnica) inquiries which are transaitied by letter, tele-
gran, telephone or by direct vizitation to the Center. A high percent-
age of the inquiries is mede via telephone, some because of the urgeacy
of information requiremsents and other due to the necessity of discuse-
ing technical details with the engineering personnel. When required, in-
quirers are contscted to clarify their specific needs. As indicated in
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Figure !8, 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 rile.

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

The anaiysis 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 Octokts:
i, 1964, through September 30, 1968, there have been 3,315 inquiries
received and piocessad by AFMDC. These inquiries have originated from
1,138 dii/ferent organizations and 1,928 individuals within thesc or-
ganizat:uns. It is interesting to note that 80% of the total inquiries
and 78% of the company and individual inquiries were from 10 highly in-
dustrial states, as would be expected. The specific inquiry statistics
for these 10 states are shown in Figure 18, page 22.

Summary of Specific Inquiries by Type of Inquiry (Figure 13, 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 been 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 this 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 chart, General Analvsis of Inquiries, provides perspective of the
relative complexity of irquiries, processed during the past 2-2/3 years.
0f 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 requests. 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-
ing, 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 sre 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 3 !
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.

3 SIC Major Group No. 37, Transportation Equipment, is the predominant
g 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 - i
) Electrical Machinery Equipment and Supplies; 73 - Miscellaneous Business
E 3 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 25, pages 32-49)

Five of More Requests (Figure 26, page 41)

s e

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 thenm.

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
the products and print typical data sheets. This not only stimulatsd
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.

.
© e p——— gy




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 wade 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 (Figure 31, pages 47 and 48)
AFNDC Daily Time Slip (Figure 32, page 49)
Computer Printout of AFMDC Project Time Cards
(Figure 33, page 50)

The code sheet 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 IBN 1130 computer. Figure 33, page 50, is a
compu ter printout of AFNDC 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 & special report re-
quested by DuD.

AFMDC OPERATING COSTS (Figure 34, page 51)
AFMDC _INPUT AND OUTPUT SUMMARY (Figure 35, page 52)

Tigure 34, page 51, shows the operating costs for the past eight months
broken down into five major groups: 1) Input, 2) Output. 3) General




Dissemination, 4) Reports and 5) Systems Analysis, Modification and
Control. A summary of these costs follows:

SUMMARY OF AFNDC 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 Operating 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 AFNDC
input and output. As of September 30, 1968, there were 15,941 evaluated
documents in AFNDC’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 imquiry activity
and thereby continue the upward trend in inquiries being received by
AFNDC. 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 hin.

A considerable number of inquiries have been received from active State
Technical Services Programs in California, Connecticut, Georgia, Illi-
nois, Indiana, lowa, 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 informa-
tion to the centera’ 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 Plannipg since information seems to be lack-
ing or widely scattered on these subjects.

Additional dats products will be prepared as good timely information is
accrued by AFMDC.




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. AFNDC 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 AFNDC. In this experimental program it is planned that mechanisas
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 AFNDC for its own
rapid retrieval and for utilization by AFNDC for serving industry.

Potential for AFMDC Services to Industry (Figure 36, page 56)

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 grovps 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 lurgest 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 Propelliers and
Propeller Parts; and 3729 - Aircraft Parts and Auxiliary Equipament. A
second significant source of inquiries is Kajor 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 cospanies (20 or more ea-
ployees), eaploying 6,900,557 individuals. There are 20,083 other cos-
panies (20 or more employees), for which metalworking is a secondary
activity. Dun & Bradstreet repor.s that 21,364 of the 18,383 listings in
its Metalworking Directory perfurm machining operations. Although ne
specific statistics can be quoted, there is no doubt that there is even
a larger nuaber of firsa (employing less than 20 individuals), vhone
major activity is machining. Considering that to date there has been a
total of 910 organizations which have submitted inquiries to AFNDC
speaks for itself regarding the potential increase in services that ia
possible to the machining industry.
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COST SAVINGS RESULTING FROM AFMDC OPERATION (Figure 37, page 57)

The base used for estimating cost savings resulting from AFNDC’s opera-
tion is a pachining 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 para-
meters that make a machining situation complex. The parameters include:
machining operation, work material and its metallurgical and physi-
cal characteristics such a8, microstructure, hardness, strength, modulus
of the elasticity, etc., the part configuration, dimensional and surface
finish tolerances, the machine tool being utilized, tool material, tool
geometry, cutting fluid, cutting speed, feed and tool life.

This 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 perfors a given machining operation.

Several members of the AFNDC 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-
ing 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
sajor cost savings. The most common method practiced in arriving at a
vorkable 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 varts, and schedule delays. One alternative is
the systematic generation ot the required machinability data 1n a mach-
irability laboratory or on a production machine. This moethod is effec-
tive but also time consuming and costly. Ofttimes, production schedules
do not permit the required time.

The concensus of these AFNDC staff members is that the dollar value ol a

set of recommendod 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 $800.00 value assigned in the cost

analysis for w aet of evaluated parameters applicable to u specific mach-
ining situation is indoed ultra conservative. Thia is particularly true
in the case of a specific inquiry for which thore is almost invariably
sn iamediate need for reliable data.

For the purposes of this report a value of $300.00 wan assigned for the
cost saving resulting from tho application of one set of data utilized
from an AFNDC dats product. Each data product issued from the Center was
in response to an AFNDC data product announcement, or was sold. A rela-
tive fev wore used in vresponse to an inquiry in those ceses where the
data product was directly applicable. It is reasonable to assume that
each individual who received an AFNDC dats product had a need for some
portion of the pubilished data. Each of the data products contain hun-
dreds, and in sose cases thousands, of recoamendations for aachining
situations. In tho cost snalysis presented in this report it has beeon
assused that only the one individial sho received the data product used
it. Further, it was assumed tha: he applied only five machining situa-
tions fros the product. The.y ansumptions are most conservative.
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Very conservatively it has been 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 cost savings.
Considering the total funds madc available to AFNDC during this 4-year
period, for each dollar expended therc was a return of $47.00 in ef-
fected cost savings. If the services provided by AFMDC were not avail-
able, the cost to the Government and industry would by far exceed the
$17,800,000.00 figure. This conclusion was substantiated by examples
provided by industry of the value of the Centers’ services andcited in an
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 relich!e 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 dc so at a very high cost, very often at
the expense of the Government.
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