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This technical report was prepared by the Technical Support Center,
a subpanel of the Joint Oil Analysis Program Coordinating Group
(JcAP-O ~ ) in the Joint Logistics Commanders organization. Because
the Services ’ oil analysis programs are dynamic and changing, the
report represents the best data available to the Technical Support
Tent~~r at this time. It has been coordinated and approved at the
JC’AP-CC level. The purpose of the report is to exchange data on
all oil analysis programs, thereby promoting interser-iice awareness
of the DOD oil analysis program under the cognizance of the JLC.
By careful analysis of the da ta in the report, personnel with exper-
tise in oil analysis should be better able to determine technical
voids and areas of potential duplication or proliferation.
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This report has been reviewed and approved for release.
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NOTICE

T H I S  DOCUMENT HAS B E E N  R E P R O D U C E D

F R O M  T H E  BEST COP Y F U R N I S H E D  US BY

THE S P O N S O R I N G  A G E N cY .  A L T H O U G H  IT

IS R E C O G N I Z E D  THAT C E R T A I N  PORTI ONS

A R E  I L L E G I B L E , IT IS BEING R E L E A S E D

IN T H E  I N T E R E S T  OF M A K I N G  A V A I L A B L E

AS MUCH I N F O R M A T I O N  AS P O S S I B L E .
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Reference

A charter was issued on 23 Septenber 1975 establishing a Joint Oil
Analysis Program Coordinating Group (~ OAP-CG) for the Joint DAR~~!4/NMC/
AFLC/AFSC Comeanders • The fun ction of the Coordinating Group is the
monitoring and direction of the Joint Oil Analysis Program. A Tn-
Service Agreement for the Joint Oil Analysis Program was issued on
5 January 1976 . It directed that the JOAP-CG receive technical advi ce
from the JOAP Techni cal Support Center (TSC) . Among other responsibilities
the JOAP-TSC is to review and coordinate oil analysis research , deve 1.opnent ,
test and evaluation ( RD’r&E) projects , maintain surveillance of state -of-the—art
of oil analysis and provide for technical information exchange. These dut ies
were assigned to the JOAP -TSC by a charter dated 9 January 1976. To assist
the JOAP-TSC in the development of RDT &E information , a Charter for the JOAP
Research and Development Sub-Group was given on 10 Novether 1976 .

Scope

The R&D Sub-Group is composed of menters from DAR(X)M , NMC, APLC, ~.FSC, and
the TSC. The purpose of this Sub-Group is to identify current and anticipated
R&D efforts among the services having a di rect application to the JOAP (Work
Unit Suzanaries) and to list in bth1iogra~hic format pub lished reports in the
oil analysis area. -

• -

0

i—ci

L.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — • — —



- --~~- - - • - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~ - —V- ———

TABLE OP CONTENTS

___________ 

0~

Section I Page No.

User ’s Guide 1
Work Unit Snimnaries 2

Section II

Bibliography Index 20
Element 20
Subject 20
Author 24

Section III

Bibliography 38

-: . 4

- i

• 
.
•

11.

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

~ 

~~~~
—- -  .

~
.... ~~~ .i~ . ~~~~~~~~~~~~~~~~~~ ~4 • . 

._~~ ~~~~~~~~~~~~ ~~. • • ...



r’ ~~~~~~~~~~~~ 
. ..  -.-_ - -  

~~~~~~~~ ~~~
._ _. .. . —. -. ——— 

—. 
~~“ ‘~ ~~~ 

— , -. _‘

I SEcrIcel I

E~. H

I

L _ _ _ _ _ _ _



— - . . - - -~~~~ 
- -~~ 

-

USER’S GUIDE TO WORK UNIT SUMMARIES

1 _____ N 76—009 P53537 C 2
3 -) NAEC Code 92724 , Lakehurst , NJ

08733
NAVAIR (AIR-3 40E) , Washington , D.C. C 4
20361

5 -
~~~ WEAR Ca~P0NENT LABORATORY TEST Ps)-

_
_  

_6 ) P. 8. Senhoizi (201) 323—7463 ( 7

Bench testing of bearings to
identify oil debris parameters to be

8 — -~ monitored . Dete rmi ne feasibility of
monitoring these parameters to deter- i ~mine wear progression with time until
failure .

1. Index Number
2. Project Number
3. Performing Organization
4. Sponsoring Organization
5. Title
6. Principal Investigator

• • 7. Te lephone
8. Summary
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A 76—001 1T1611O2B35E A 76—004 1F262204AA52
Dept. of Surface Treatment and SKF Industries, Inc., King of
rribology, Metallurgical Institute Prussia , PA 19406
TNO, P.O. Box 541, Apelbooen , DARCOM BalliStic Research Labs ,
Netherlands Aberdeen Proving Ground , MD 21005
DARCOM Research and Standardization DEVELOPMENT OF ANALYTICAL METHODOL-
Group , Box 15, U.S . Forces FPO NY OGY AND MODEL TO SIMULATE GEARBOX
09510 MODELS
STUDY OF THE LUBRICAT ION MECHANISM T. Harris (215)426-6400
OF THIN FILM LUBRICATED CONCEN- Ext . 457
TRATED STEEL CONTACTS
A. Begelinger To produce an analytical model

capable of (1) predicting steady-
Study the mechanisms which state dynamic and thermal perform-

control elastohydrodynamic lubrica— - ance of a roller and triplex ball
tion of steels under conditions bearing/shaft/housing under lubri-
where sliding contact occurs. cated conditions and (2) following

lubricant cut—off.

A 76—002 2O161102B33G
Virginia Polytechnic Institute and A 76-005 1T1611O1A9 1A
State University, Blacksburg, VA AREADCOM BRL Propulsion Oivision ,
24061 Aberdeen Proving Ground , MD 21005
DARCOM Army Research Office , ARRADCOM Ballistic Research Labora-
Research Triangle Park , NC 27709 tories , Aberdeen PG , MD 21005
AN EXPERIMENTAL STUDY OF SURFACE APPLICATION OF OPTICAL INTER-
TEMPERATURES GENE RATED AT THE SOLID- FEROMETRY TO MEASURE BORE WEAR AND
SOLID INTERFACE 10887—E BUILD—UP PROFILE S
H. .1. Furey (703)555—6000 B. T. Haug (30 1)278—4248

To improve the basic understand- To invesigate and demonstrate
ing of friction generated surface the feasibility of using Michelson
temperatures. Research effort  is interferometry to measure gear wear
relevant to the problem of wear and and to acquire a wear profile
lubrication associated with gears throughout the length of the 105 ~~~~

and bearings which are used in most cannon with an accuracy of 0. 2 mic—
Army equipment. rometers.

A 76—003 lGO62105AlO7 A 76—006 1T1611O2B33G
Frank ford Arsenal MUCOM , Philadel- University of Michigan , Ann Arbor ,• phia , PA 19137 MI 48105
MUCOM Pitinan Dunn Labs , Frankford DARCOM Army Research Office , P .O .
Arsenal, PA 19137 Box 12211, Research Triangle Park ,
REACTIVITY OF ORGANIC COMPOUNDS NC 27709
WITH METAL SURFACES WEAR MODELS FOR SEVERE WEAR. OF
Dr. H. Gisser (215)535—290 0 POLYMERIC MATE RIALS 1l669—E

K. C. Ludezna (313)764—18 17
To study the interaction of

organic compounds with metal sur— Development of wear models for
faces and to relate the reaction polymers that apply to the trans-
products to friction and wear ition from mild to severe wear. Es-
phenomena.
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tablishment of conditions that pro— and temperature and their relation
duce severe wear in polymers. Ex— . to the wear life of solid film lub—
perimental verification of wear ricants. Determine the effect of
models to be developed, area of contact upon wear life.

A 76—007 1F262205AH88 A 76—010 lTl6ll02B457
SKF Industries, Inc., King of North Carolina State University.
Prussia, PA 19406 Raleigh, NC 27607
ARRADCCtI 9allistic Research Labora- DARCOM Army Research Office, Research
tories, Aberdeen PG, MD 21005 Triangle Park , NC 27709
ANALYTICAL MODEL TO SIMULATE DEVELOPMENT 0? MAThD4ATICAL MODELS
HELICOPTER TRANSMISSION TO DESCRIBE THE WEAR PROCESS IN
J. McCool (215)265-1900 VISCOELASTIC MATERIALS 12726-E

C. Zorowski (919)737—2117
To produce an analytical model

capable of predicting steady—state Develop models of wear n
dynamic and thermal performance of viscoelastic materials, analysis of
the transmission gears, bearings, models and comparison with experi-
shafts and casements concurrently mental results in literature.
under normal lubricated conditions -

and following loss of primary lubri-
cation. A 76—011 1T0621O5A107

Southwest Research Institute, San
- Antonio, TX 78228

A 76-008 
- 

1T1611O1A9LA DARCOM Coating and Chemical Lab,
P~RMCOM Research Directorate, Aberdeen Proving Ground, MD 21005
Watervliet Arsenal , NY 12189 RESEARCH IN APPLIED ENGINE LUBRI-
ARMCOM Benet Weapons Laboratory , CANTS TECHNOLOGY
Watervliet Arsenal, Wi 12189 S. .1. Lestz (512)684-2000
SURFACE CHARACTERIZATION Ext. 540
L. U. Meigel (518)266—5016

Investigate the fundamental
Application of appearance po- mechanisms of lubricant degradation,

tential spectroscopy (APS) to the deposit formation, engine wear and
solution of materials problems such piston ring/cylinder liner scuff ing
as erosion and wear, fatigue, which under high output conditions
limit gun tube l ife , through the separation of lubricant

effects, fuel effects, engine vari-
ables and operating conditions.

A 76—009 1C062105A1O7
Rock Island Arsenal, RAE Division,
Rock Island , IL 61201

~ECOM Research ~ Engineering Divi-
sion , Rock Island Arsenal, IL 61201
THE EFFECT OF LOAD, SURFACE SPEEI)

- 
- AND TEMP E RA TURE UPON THE WEAR LIFE

OF SOLID FILM LUBRICATION
G. P.  Murphy (309) 794—5571

).terminatiofl of the e f f e ct  of
such ~ac - ors as load , surface speed

3
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A? 76—001 WU 2303S302 Operational support effor t for
Battelle Memorial Institute, identification and resolving of field
Columbus, Ohio lubrication problems.
Air Force Aero—Propulsion Laboratory
through an Air Force Office of Sci-
entific Research. A? 76—005 AFAPL—3048—06—90
SOLIDIFICATION OF BOUNDARY LUBRICANT Air Force Aero-Propuls ion Lab
FILMS Air Force Aero—Propu] sion Lab ,
C. M. Allen (614)424-5008 Wright-Patterson APR , OH

SQUIRES METHOD OF LUBRICANT EVALUA-
Investigation ~f phase changes , TION

film solidification and “glassy” P. W. Centers -

behavior of turbine lubricants and
basestocks when subjected to loads To evaluate and apply Squires
and temperatures typical of those Laboratory method for the thermal
found in rolling contact bearings, and oxidative evaluation of synthe-

tic turbine lubricants and to corre-
late the laboratory assessment of
lubricant capabilities with recent

A? 76—002 WU 30480686 test stand engine data . Based upon
Monsanto Research, Dayton , OH that correlation, predict thermal
Air Force Aero-Propulsion Laboratory and oxidative performance of synthe-
Wright-Patterson AFB, OH tic lubricants in operating engines.
RECLAMATION OF SYNTHETIC TURBINE
ENGINE OIL MIXTURES
G. A Beane (88) 785—4347 A? 76—006 AFAPL—3048—06—89

Air Force Aero—Pr opulsion Lab
Contractual effort  of Monsanto Air Force Aero—Propulsion Lab,

to develop and evaluate reclamation Wright-Patterson AFB , OH
processes for synthetic turbine TURBINE LUBRICANT FOAMING AND
engine lubricants. AERATION

P. W. Centers

A? 76—003 3048 06318 Investigate and identify the
Air Force Aero-Propulsion Laboratory parameters affecting lubricant foam-
Wright-Patterson AFB, OH ing. Develop sattsfactory methods
Air Force for measuring lubricant foaming
LUBRICANT SPECIFICATION DEVELOPMENT characteristics and establish ade-
G. A. Beane (88) 785-4347 quate and realistic foaming limits

for Specfification Mil—L—7808. In—
Maintains specification control vestigate and establish required

of Mil—L—7808. Evaluates assessment dispersion characteristics of Anti—
requirements and investigates toxi— foam additives to ensure storage
coloqy of lubricants and additives, stability with respect to foaming.

Investigate foaming characteristics
of used lubricants and the effects

A? 76—004 AF304806 of lubricant filtration on lubri—
Air Force Aero—Propulsion Laboratory, cant anti-foaming properties.
Wright-Patterson AFB , OH
Air Force
OPERATION SUPPORT
K. L. Berkey (88) 785—4347
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A? 76—007 WU 2303S301. A? 76—010 A?OSR—2303—A2
Air Porce Aero-Propulsion Laboratory University of Utal, Salt LaJce City,
Wri ght-PatteEscn APR, OH Utah
Air Force Of floe of Scientific Air Force Office of Scientific
Research (grant) Research
WEAR PARTICLE IDENTIFICATION RATES OF RAPID CHEMICAL REATIO!~~,
P. W. Centers (88) 785—4667 E. M. Eyring

Chemical techniques are being To obtain a fundamental under-
developed for potential use in ident— standing of the heterogeneous reac-
ification of wear debris found on tion kinetics a~ solid-liquid
ferrograms . interfaces. Study of chemical

reactions taking place (and their
- rates) on metal surfaces so that

A? 76-008 - WU 30480687 better protective techniques can be
Southwest Research Institute, San employed, e.g. more durable film
Antonio , TX coatings or improved lubricants.
Air Force Aero—Prop~ lsion Laboratory
Wright-Patterson APR , OH -

MECHANISMS OF TURBINE ENGINE LUBRI A? 76-011 8174
CANT DEPOSITION The Garrett Corp. Aire Search
L. DeBrôhun (88) 785-4347 Manufacturing Co., 2525 W. 190th

St.., Torrance, CA 90509
Two selected basestock esters TURBINE ENGINE LUBRICATION AND

are to be degraded in a control led MOVING PART CHECK—OUT PROCEDURES
test rig environment. The mechan— Dr. J. Kukel (213)323-9500
isms of lubricant deposition will
be explored. _ Determination of improved

detection, measurement and check—
out techniques will improve mainten-

A? 76-009 23030201 ance ‘scheduling , prolong operational
Air Force Materials Laboratory usage time, avoid in—flight shut-
(AFML/MBT) Wright-Patterson AFB, ON downs or mission aborts and deter
Air Force Materials Laboratory the progression of consequential
(AFML/MB~r) Wr ight-Patterson AFB , OH damage.
LUBRICATION SYSTEMS ANALYSIS
Dr.. K. .3. Eisentraut (513)255-4860

Autovon 785—4860 A? 76—012 AFOSR—2303—A2
Sun Oil Company , Marcus Hook , PA

Research is being accomplish ed Air Force Office of Scientific
in support of the Air Force Oil Research
Analysis Program. New Oil calibra- INFRARED SPECTRA OF FLU ID F ILMS
tion standards are being synthesized UNDER CONDITIONS OF INCIPIENT
and evaluated . Improved analytical BEARING FAILURE
methods for t~ e analysis of wear- .3. L. Lauer
metals in oil are being developed,

~ew s’i7plernerltary and improved pri— This research is concerned with
na ry oil analysis instrume i~itation the determination of changes of
are being developed and evaluated composition and state in a thin fluid
f or applicat ion wi th in  the Air Force . layer separating two matching metal-

lic surfaces under conditions of
boundary lubrication. The determin-

5
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ations are to be made by means of a A? 76—015 AIOSR—2303—A2
highly sensitive infrared emission Ford Motor Company , Dearborn, MI
Fourier spectrophotometer through a Air Force Office of Scientific
suitable window in one of the sur- Research
faces . Representative, well T 4E—TEMPERATURE STUDIES 0? HIGH
characterized simple fluids, simu- TEMPERATURE DETERiORATION PHENOMENA
lating those now used for lubrica- IN LUBRICANT SYSTEMS . SYNTHETIC
tion or traction, are to be used. ESTER WBRICANTS
This work will lead to information L. R. Mahoney
on phase transitions, absorption!
desorption , and composition changes Studies will be conducted uti].-
in the fluid and on metal surfaces ising stirred flow reactor tech--
as a function of temperature , niques to determine (1) kinetics and
pressure and shear rates , mechanisms of synthetic ester degra-

dation and (2) the influence of
metals and corrosion products on

Al 76—013 A?APL—3066—].3—04 the reactions.
General Electric Company
Air Force Aero—Propulsion Laboratory
Wright-Patterson APR , OH A? 76—016 AFOSR—9536—Qj.
ADVANCED DIAGNOSTIC ENGINE MONITOR- Purdue University, Lafayette, IN
ING SYSTEM Air Force Office of Scientific
D. W. Leiby Research

FAST KINETIC METHODS APPLICATION TO
Design , fabrication, and study TRACE CHEMICAL ANALYSIS AND

of an advanced diagnostic engine DETECTION
monitoring system by flight test on D. W. Margerum
an operational aircraft. Conduct
state-of-the-art study and recosinend This research is concerned with
follow on diagnostic monitoring the development of chemical and
systems. instrumental analytical methods for

the detection of trace quantities
of materials leading to rapid

A? 76-014 AFWL—2l03-3W-18 analysis and detection of metal
Air Force Weapons Laboratory, particles in jet engine oils and
Kirtland AFB, NM pollutants in engine exhausts. To
Air Force Weapons Laboratory, achieve fast analysis, a unique rapid
Kirtland AFB, NM scanning spectrophotometer contain—
COMPARISON OF DIRECT DISPOSAL VS ing no movable mechanical parts is
RECYCLE TECHNIQUES FOR DISPOSING OF being developed .
AIR FORCE WASTE PETROLEUMS, OILS,
AND LUBRICANTS
M. Lieberinan Al 76—017 2421

Air Force Materials Laboratory
Studies problems relative to Wright-Patterson APR, OH

disposing waste lubricants axi4 waste Air Force Materials Laboratory MBT
fuels. Disposal recycle options are Wright—Patterson AFB, OH 45433
discussed . Procedure for effective LUBRICANTS AND LUBRICATION BEHAVIOR
disposal of petroleum oils and lub- JOINTS
ricants (POC5) are presented. B. McConnell

6
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Develop new and improved lubri- R~~EA~~H AND DEVELOPMENT ON WEAR-
cant materials, lubrication tech- METAL ANALYSIS IN SUPPORT OF THE

F niques, and life prediction tech- AIR FORCE OIL ANALYSIS PW)GRAM
niques for aircraft, space vehicles A? Contract No. F33615—76—C—5312 

- -

missiles and support equipment. Dr. W. H. Rhine (513)255—4612
Dr. C. S. Saba Autovon 785—4612

A? 76-018 AFAPL-3066-l3—04 R&D includes synthesis of new
General Electric Company oil calibration standards; stability
Cincinnati, OH studies of existing oil calibration
Air Force Aero-Propulsion Laboratory standards ; development of new
Wright-Patterson APR , OH analytical methods for the analysis
ADVANCED DIAGNOSTIC ENGINE MONITOR- of wearmetals; study of the effect
ING SYSTEM APPLICATION ASSESSMENT of wearnietal particle size on instru-
W. R. Peters ment analyzability ; study of new

concepts for oil analysis for
The objectives of this program advanced engine wear prediction

are to design, develop , and evalu- technology; atomic absorption and
ate advanced state—of-the-art in— atomic emission and plasma spec—
flight computative and sensing trometry research .
techniques incorporated in an
Advanced Diagnostic Engine Monitor-
ing System (ADEM SII).  A? 76—021 2307

University of Connecticut , Storrs ,
cr

A? 76-019 2303 Air Force Office of Scientific
Air Force Materials Laboratory Research
Wright-Patterson AFB , OH Boiling AFB , DC 20332
Air Force Materials Laboratory MBM, WEAR OF MATERIALS UNDER REPEATED
Wright-Patterson APR, OH 45433 NORMAL AND SLIDIt~ IMPACT
SURFACE PHENOMENA S. L. Rice
T. W. Haas

Investigation of basic effects
Application of surface analysis of critical parameters for normal

techniques to provide complete chein— and sliding impact wear to extend
ical and physical characterization scientific knowledge about friction
of solid surfaces, study ways in and wear behavior to better predict
which chemical contamination, sur— the effects of complex mechanical
face segregation, surface morphology, loading. -

and method of preparation affects
performance of adhesively bonded
structures. A? 76—022 23030202

Monsanto Research Corporation,
Station B , Box 8, Dayton , OH 4 5407

AZ 76—02 0 23030203 Air Force Materials Laboratory
University of Dayton Research (APP4L/MET) -

Inst i tute , 300 College Park Ave ., Wright—Patterson AFB, OH 45433
Dayton , OH 45469 TRACE CHEMICAL ANALYSIS METHODOLOGY
Air Force Materials Laboratory A? Contract No. F336l5—75—C— 1l30
(AFML/MBT) W. D. Ross (5 13)268—3411
Wright-Patterson AFB, OH 4S433

7
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Research is being accomplished turbine engine lubricant compati—
on the development of a rapid color- bility. Develop new and improved
imetric procedure for the analysis guidelines for assessing and defin-
of iron wearmetal in turbine engine ing the compatibility of current
oil to be performed by aircraft and advanced high temperature lub—
maintenance personnel at the side ricant with the use of the Oxida-
of the aircraft. Chromatographic tion and Corrosion Test Rig.
procedures have been developed to
follow changes which occur in
synthetic ester base turbine A? 76—025 30480626
engine lubricants with engine Air Force Aero-Propulsion Laboratory
operating time. Wright-Patterson AFB, OR

Air Force
TURBINE ENGINE LUBRICANT RESEARCH

A? 76—023 23030204 H. Smith (88) 785—4667
Southeastern Center for Electrici P. W. Centers -4668
Engineering Education , Inc., Auburn
University , Auburn , AL 36830 Establish basic parameters of
Air Force Materials Laboratory turbine engine lubricant degrada—
(AFML/MBT) tion from which new and improved
Wright—Patterson AIB, OH 45433 methods and guidelines for assessing
ADVANCED ENGINE TRENDIt33 TECHNOLOGY and defining the performance
AND SUPPLEMENTARY OIL ANALYSIS TECH- capability of current and advanced
NIQU E INVESTIGATIONS high temperature lubricants .
A? Contract No. F336l5-77-C-5003 Correlate the physical and chemical
Dr. K. Scheller (513)255—4611 characteristics of wear particles
Dr. J.A. Bierlein Autovon 785—4611 with the mechanisms of wear occur-

ring in turbine engine lubrication
New accurate engine wear trend- systems .

ing technology is being developed
with specific application to high
oil-comsuutption turbine engines with P.? 76—026 7343
small oil system volumes. Supple— Battelle Memorial Institute,
mentary oil analysis techniques Columbus, OH
based on light scattering , particle Air Force Materials Laboratory/MBT
counting, AC impedance diagnostics, Wright-Patterson AFB, OH 45433
etc . are being developed and evalu- REARING AND SLIP RING LUBRICANT
ated for application within the Air TEST EQUIPMENT
Force. R. D. Stockwell

To develop bearing and slip
• Al 76-024 A?APL-3048-06—9]. ring lubricant test equipment to

Air Force Aero-Propulsion Lab study long term behavior with
Wright-Patterson APR, OH respect to degradation , dewetting
Air Force Aero-Proplusion Lab and slip ring wear.
Wright—Patterson A?B, OH
COMPATIBILITY OF LUBRICANTS WITH 

—

RESPECT TO THERMAL AND OXIDAT IVE A? 76-027 7343
STABILITY Amsco Chemicals Corporation , R&D
H. A. Smith Department, Naperville, IL

Air Force Materials Laboratory/MET,
Establish basic parameters of Wright—Patterson AFB, OH

8

-. —-~ 
- -- - _ ___,_ _ — ~—.-- -“-- —. •.

~~~~~~~~~~~~~~~~~~~~~~~~ ~t _ _ _  
-

.. .*~~~~ d ~~~~~~~ -_~~~J_~ -~



—r -_w. -~~~~ - -~~ - —F 
- ~~~~- .-~~--~~~~- -

,‘~ 
•
~~~~ 

- -

GREASE LUBRICATED MINI?~TURE BEARI~~3S Air Force Office of Scientific
J. Thompson Research

ATOMIC SPECTROMETRIC AND GAS
Determin the performance CHROMATOGRAPHIC METhODS OF ANALYSIS

characteristics of new and advanced INCLu DING CE METALS
greases in miniature bearings under J. D. Winefordner
actual long term and accelerated
storage condi tions, and to develop Primary area of this project is
techniques for predicting the per- the study of new, novel and improved
formance characteristics of grease methods of atomic spectrometric
lubricated miniature bearings after analysis, including spark, flame
storage. and RF emission, absorption and

fluorescence (Atomic fluorescence
analysis).

A? 76—028 FJSRL—7903—03—86
USAFA Physics Dept., USA? Academy,
CO A? 76-031 AFOSR—9536—Ol
FJS RL University of Florida
ENGINE OIL ANALYSIS Gainesville, FL
B. Loving Air Force Office of Scientific

Research
The objective is to investi- GAS PHASE SPECTROMETRY METHODS -

gate the feasibility of employing TRACE ANALYSIS OF ELEMENTE
252 Cf as a neutron source for j . D. Winefordner
neutron activation of aircraft
engine oil samples in order to Methodological studies will be
determine the amount of metal directed toward simultaneous multi-
products present in the samples. element analysis of trace elements

by using multiplexing methods based
on the use of an electronic image
detector and other spectrometric

A? 76-029 AFOSR-2303-A1 techniques. Coherent Anti-Stokes
University of Florida, Gainesville, Raman Scattering (CASRS) technique
Florida will be applied to combustion
Air Force Office of Scientific diagnostics, as well as a study of
Research the composition of hydrocarbon
ANALYTICAL GAS PHASE SPECTROMETRY species produced in jet engine
AND COMBUSTION DIAGNOSTICS exhausts . Optical, electrical, and
J. D. Winefordner mass spectrometric methods will be

developed to measure in-situ temper-
Fundmental study of electric atures and concentrations of combus-

probes for measurement of positive tion products in flames , as well as
iron concentration and electron simulated jet engine plasmas.
temperatures in plasms . Systems
for examination plasmas and corn—
bustion products studied. Laser A? 76-032 AFFDL—1987—Ol—21
source for atomic fluorescence Air Force Fl ight Dynamics Lab
spectrome try examined . Wright-Patterson AFB, OH

Air Force Flight Dynamics Lab
Wright-Patterson AFB , OH

A? 76-030 AFOS R-9336—O 0 ESTABLISHMENT OF HYDRAULIC FLUID
Univers i ty  of Florida PARTICLE CONTAM INATION TECHNOLOGY
Gainesvi t le , FL

3
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FOR MILITARY AIRCRAFT
C. Wisdom

The cbjective of this program
is to establish technology and
criteria for determining the levels ,
effects and filtration methods of
hydraulic fluid particle contamina-
tion in servo—actuating subsystems
and thus provide means to improve
overall flight control sytem
reliability and safety military
aircraft.

A? 76—033 AFAPL—3066—l3— 02
Garrett Corporation
Air Force Aero-Propulsion Laboratory
Wright-Patterson AFB, OH
ADVANCED DIAGNOSTIC SENSOR APPLICA-
TIONS TECHNOLOGY FOR TURBINE ENGINES
H. Ziebarth

Investigate incorporation of
diagnostic technologies to make
aircraft readiness prediction , make

F timely repairs and extend service
life and spare engine inventory.

I
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N 76-001 GREASE ANALYSIS PROGRAM
Foxboro/Trens-Sonics, Inc., Burling- Dr. N . M. Dalal
ton, MA 01803
NAEC-GSED Code 92724 , Lakehurst , Ef fort to explore criteria re-
NJ 08733 lating characteristic grease—
WEAR PARTICLE ATLAS lubricated rolling bearing failure
Dr. E. R. Bowen (617)272-1000 progression to the quantity and

morphology of wear debris in grease
Development of a Wear Particle samples taken from the bearina .

Atlas to stn uirize the NAEC Oil
Analysis Program. Results will
correlate wear particles to respec— N 76-005
tive wearing surfaces. Franklin Institute Research Labora-

tories, Philadelphia, PA
NAEC-GSED Code 92724 , Lakehurst ,

N 76—002 F53537 NJ 08733
Franklin Institute Research Labs , OIL ANALYSIS METHODOLOGY DEVELOPMENT
Philadelphia , PA 19103 Dr. L. Leonard (215)448—1318
NAEC, Lakehurst, NJ 08733
WEAR COMPONENT STUDY Develop an effective oil
W. Collins (215)488—1106 analysis methodology to reflect

possthle inf luence of ultrafine
Correlation of wear mode para- filtration and oil analysis advances

meters with the operational para— on present oil analysis techniques.
meters of oil-wetted wear components.

N 76—006 F53537
N 76-003 National Bureau of Standards,
Villanova University. Villanova, Gaithersburg. MD 20760
PA 19085 Office of Naval Research 411,
NAEC-GSED Code 92724 . Lakehurst, Arlington , VA 22217
NJ 08733 NAVAL VEHICLE DESIGN AND CONSTRUC-
HYDRAUL IC SYSTEM CONTAM INANT TION : METALLUROICAL ANALYSIS OF
MONITOR WEAR PARTICLES AND WEARI NG SURFACES
J. J. Coyle M. L. Picklesimer (301)921—2951

A contamination monitor , parti- Characterize the wear particles
cle counter, and two hyqrcmeters and surface degradation produced by
were tested for their ability to wear in bearing and gear life tests
measure contaminants in hydraulic in which the effects of several
fluid. The results of the testinq variables on failure of the wearing
formed the basis for a procurement surfaces has been examined.
specification for an in—line contam-
ination monitor .

N 76—007 F41433
NAPTC Research and Technology Group

N 76—004 (PE4 ) ,  Trenton , NJ 08628
si~ Industries. Inc., Engineering NAVAIR Propulsion Technology Adutin-
and Research Center , King of Prussia istrator , Washington , D.C. 20361
PA TTJRBINE_ENO INE DIAGNOSTIC DEVELOP-
NAEC-GSE Code 92724 , Lakehurst , MEWI’
NJ 08733 P. Piscopo (PE42) (609)882—1414

Ext. 316
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Demonstrate feasibility of a equipment design.
diagnostic system whica is applicable
to current and future Navy aircraft .
Develop performance, lubrication N 76—011 RR02301
system, vibration and hot section Massachusetts Institute of Technol-
diagnostic techniques. ogy , Dept . of Mechanical Engineer-

ing , Cambridge , MA 02139
Office of Naval Research, Arlington .

N 76—008 F53537 VA 22217
NAEC (Code 92724) Lakehurst, NJ 08733 INTERNATIONAL CONFERENCE ON
NAVAIR (AIR-340E) , Washington, D.C. TRIBOLOGY
20361 N. P. Suh (617)253—2225
GREASE ANALYSIS
P. B. Senhoizi (201)323-7463 Provide a forum for the inter-

change o~ research results in the
The feasibility and effective- field of tribology to allow Navy

ness of Grease Analysis as a diagnos— managers, scientists , engineers and
tic technique to be determined, contractor personnel to better define
Sample preparation technique has been rc~~ .; rch and deve1o~~ent opportuni—
developed. Work proceding on sample ties aimed at eliminating friction
location and bench testing. and wear prob lems .

N 76— 0 09 F53537 ~ 76—0 12
NAEC Code 92724, Lakehurst, NJ Oklahoma State University, Dept. of
08733 Engineering , Stiilwater , OH 74074
NAVAIR (AIR-340E), Washington , D,C. NAEC-GSED Code 92724, Lakehurst, NJ
20361 ~8733
WEAR CO~P0NENT LABORATORY TEST PRO— :~TECTS OF OIL CONTAMINANTS ON WEAR

?. B. S~ :.~io1zi (201)323—7463 L. Tosstnann (405)624—7375

Bench testing of bearings to Effc-rt to determine the effects
identify oil c~-~b-is parameters to be ‘.1 oil -~-r~~rained cont~ nants , with
monitored . Detr~; nine feasibility of ~~~~~~ct  tc ~Lze distribution , con—
m’~~itcrinc t~ic- - -~ ~.sra~ eters tc deter— :€ ~~-t~~ ~~~ - r n  ~~~it 1~~ r nn the wear
m:~ e wear ~rc-~~~~~~ior . wit s  t ime Un t i l  rat - . ‘-f hail. beari:~gs.
f a i l u r e .

WR00703
N 76—010 PO6810~ <~-~~-~~ ‘ w-~-t  rch Inst2.tute, 8500
N - -  .7~i r  Ve~’.c le 2-~chnolc~v Dopt. . ~~~~~~ goad. San k~tor,2o , TX 76206

~
1
~~~ inster , ~ &~~~-~1 ~ ~ y~Y~ cr~s C~mina~:d , Washinq—
~~~~~~~~~~~~~~~~~ I 2 uhu~- - : . ~ J 07~~3 ~~~~

t~~r 2 2 ~.t U- - - 0 ~~~~ ~~~~~~ ~~ :- ~~
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N 76—014 WRS1O9W N 76-017
Southwest Research Institute, 8500 NAEC-GSED Code 92724 , Lakehurst,
Culebra Road, San Antonio , TX 78284 NJ 08733
NADC Air Vehicle Technology Dept. • EFFECTS OF HYDRAULIC FLUID CONTAM-
Warminster, PA 18974 IRANTS ON WEAR RATE
EVALUATION OF SPLINE SURFACE
M. Valtierra (512)684-5111 Effort to determine the effects

-of hydraulic fluid entrained con-
Evaluation of six spu me sur— taminants on hydraulic component

face treatments in conjunction with wear rate. Acidity and viscosity
Mil-G-21l64 or Mil—G—8l322 on new are also to be considered.
and used splines to determine which
treatment provides improved perfor-
mance with a lubricant. N 76-018

NAEC—GSED Code 92724 , Lakehurst,
NJ 08733

N 76-015 7Db GSE “ON CONDITION” OIL QIANGE
Foxboro/Trans-Sonics, Inc., Hurling- INTERVAL
ton , MA 01803
Office of Naval Research , 411, To determine the feasibility
Arlington, VA 22217 of utilizing oil analysis techniques
NAVAL VEHICLE DESIGN AND CONSTRUC- in the determination of “On Con-
TION : ADHESIVE AND FATIGUE WEAR dition ” ground support equipment oil
PARTICLE PRODUCTION RATES change intervals this optimizing oil
V. Westcott (617)272—1000 conservation.

Research to determine the rates
of production of adhesive and
fatigue generated wear particles in
lubricated systems as a function of
applied load , speed and material in
order to detect incipient failure in
Naval mechanical systems.

N 76—016 F53537
Trans—Sonices, Inc., P.O. Box 326 ,

- 
- ‘.exington , MA 02173

t- . (..ff ice of Naval Research 411,
Arlington, VA 22217
NAVAL VEHICLE DES IGN AND CCNSTPJJC-
TION: INVESTIGATION DISTRIBUTION OF
WEAR PARTICLES
V. Westhott (617)272—1000

To gain an understanding of how
the size, shape and size distrthu—
tion of wear particles are influ—
enced by the severity of the wear
process. Knowledge to be beneficial
in developing systems to detect in-
cipient fai lure in Naval mechanical
systems .
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N 77-00]. structure on the time dependent
Northvsa~~rn University, Dept. of viscçsity and density response of ;- -

Nschamtcal Engineering and Astro- liquids and other viscoelastic
nautical Sciences, Evanston, IL materials .
60201
Office of Naval Rssurch , Atlington.
VA 22217 N 77—004
FRICTIONAL WEAR MEQIANISME; Naval Aviation Integrated Logistic
MA~~INERY WEAR TEQINOLOGY Support Center , Patu.xent River,
Prof . Ralph A. Burton (312) 492—5284 ND 20670

Office of Naval Research, Arlington,
To investigate the effects of VA 22217

localized heat conductivity , tern- FER1~ GRAPHI C EVALUATION
p.ratures and pressures on wear C. thandler (301) 863-4721
mechanisms which take place between
solid materials in sliding contact . The objective of this project
The investigations include the is to evaluate the effectiveness of
effects of thin liquid surface fi lms the ferrograph in an operati onal
and surface features such as non- environment.
flatness, asperities, and patches of
contact .

N 77-005
E~ocon Research and Engineering

N 77-002 Company, P. 0. Box 51, Linden, NJ
Frarnan Distributors, Ltd. of Mon- 07036
mouth House , 87 The Parade , Wat ford Office of Naval Research , Arlington,
WD11LR , Hertfordshire , ENG VA 222 17M
Offi ce of Naval Research , Arlington, MATERIAL SUPPORT TECENOLOGY :
VA 22217 SELF GEMERATED ELEC~~~M3TIVE FO~~~
TRANSIEN T HIQ1 PRESSURE LIQUID IN SLI DING SYSTEME
RENOLOGY Dr. Irwin Goldb latt (20 1) 474-2288
Dr. A. Cameron 01—589-5111

The objecti ve is to determi ne
The cbjective of this work is the interrelationship between metal-

to dete rmi ne the influence of molec- lurgy , chemistry and envi ronment
ular structure on the time dependent that controls the rate of wear in
viscosity and density response of Navy mechanical equipments .
liquids and other viscoelastic
materials .

N 77-006
Michigan Technologi cal University,

N 77—00 3 Houghton , MI 49931
Imperial College of Science and Offi ce of Naval Research , Arlington,
Technology , Exh ibition Road , VA 222 17
London , ENG SW7 2AZ A SIVDY OF A MICE GRADIENT MACEETIC
Office of Naval Research , Arlington , WEAR PARTICLE SEPARATION AS APPLI ED
VA 22217 TO DIESEL ENGINES
MICE PRESS URE VISCOSITY MEASUREMENT Dr • J • H .  Johnson (906) 487-2576
Prof . A.  Cameron 01—589—5111

The objecti ve of this research
The th~ectj ve of this work is to is to investigate the effect of HCES
determi ne the influence of molecular on removing wear parti cles from
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operati ng diesel engines on A th oretical umderstanding is
engine wear . Also investigate the sought of the time-dependent changes
abili ty to study wear particle s in properties of liqui d. subjected
trapped by HC24S and predict engine to high pressures. Of Ooncern are
wear and component life • the nonlinear prcperty changes dur-

ing nonequilibrium conditioni.

N 77—007
Battelle , Columbus Laboratories, N 77 0l0
505 King Ave. ,  Columbus , OH 43201 Carengie—Mellon University , Dept. of
Office of Naval Research , Arlington , ?~~thanical Engineering, Sdienley
VA 22217 Park , Pittsburgh, PA 15213
THE MEQIANISM OF HEAT GENERATION IN Office of Naval Research, Arlington,
ELASTOHYD~ )DYNANI C CONTACTS VA 22217
Mr. 3. Kannel (614) 424-46 26 MATE RI AL SUPPORT TEQiNOLOGY : WEA R

REDUCTI ON IN SLIDING SYSTEME
The objective of this research Prof . Milton C. Shaw (412) 621-2600

is to dete rmine the magnitude of the Extension 204
temperature rise accompanying the
compression of lubricants in bearing The objecti ve of this research
and concentrated contacts • is to discover the mechanism by

which a complex metal chalcogenide
(arseni c thioantimonate) provides a

N 77—008 300—400% improvement in wear resist—
Oklahoma State University, Still— ance whe n compared to molybdenum
water , Ø~ 74074 disulfide . Molybdenum disulfi de is
Office of Naval Researc h , Arlington , the solid lubricant used in most
VA 22217 naval solid lubricants .
FLUID POWER COIW~ONENT SURVIVABILITY
Dr. G. E. Maroney (405) 624—7375

N 77—011
The objective is to conduct Massachusetts Ins ti tut e of Tech -

wear tests on rotary mechanisms and nology , Cambridge , Massachusetts,
different types of fluid power pumps 02139
to produce data to bette r understand Office of Naval Research , Arlington,
the fundamentals of wear in hydrau— VA 22217
lic systems. Also , investigate the APPLICATION OF THE EE LAMINATION
relative effects of anodization on THEORY OF WEAR
the fatigue life of various alloy Dr. Nan P. Sub (617) 253—2225
materials.

The objective of the research
is to examine wear prob lems associ-

N 77-009 ated with spline gears , aricraft
The Catholic University of America, door hinges , and HSS tools and its-
Washington , D. c. 20017 prove the l i fe  by application of the
Office of Naval Research , Arlington , De lamination Theory of- Wear.

VA 22217
MATERIAL SUPPORT TEQ4NOLOGY: HIGH
PRESSURE LIQUID P1~)PERTIES RELEVMT -‘

TO LUB RI CANTS ~ND EXPLOSIVES
Prof. C. J. Montrose (202 ) 635—5327
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N 77—012
Foxboro/Trans-Sonic, Inc., P • 0. Box
435 , Burlington, MA 01803
Off ice of Naval Research , Arlington ,
VA 22217
NONMEThLLIC WEAR PARTICLES IN
LUBRICANT AND HYDRAULIC FLUIDS
Mr. Vernon Westcott (617) 272—1000

The objective of this research
is to support the research of Dr.
Sub at MIT and MADC, in demonstra-
ting practical military applicatio n
of the delamination theory of wear.
An addi tional objective is to app ly
ferrography to analysis of organic
and other nonmagnetic substances,
and to determine the population of
nonmagneti c contaminant particles
in the fluid of hydraulic systems
under operating situation.

16



N 78—001 Prof. Alan 0. Lebeck (505) 277—4609
National Bureau of Standards , -

Department of Coamerce , Washington , To conduct theoretical , analyt-
D. C. , 20234 ical , and experimental research on
Office of Naval Research , Arlington , the elas tohydr odyn amic lubricati on
VA 22217 of mechanical face seals including
NAVY VEH ICLE DESIGN AND CONSTRUC- the effects of wear , asperity con-
TION: MEQiANICAL FAILU RE RESEARQI tact , the rmal and mechanical
CORRELATION elastic effects , face geometry ,
H. C. Burnett (301) 921—28 13 cavitation and leakage of particular

importance to Naval machinery ap—
The objective of this effort  plications .

is to reduce mechanical fai lure in
the Navy vessels through the cor-
relation of work aimed at the de— N 78—004 . 

-

tection, analysis , and control of Imperial College of Science and
mechanical fai lures . Technology , Dept . of Mechanical

Enginee ring, London SW7 , ENG
Offi ce of Naval Research , Arlington ,

N 78—002 VA 22217
Cambridge University, University INVESTIGATION INTO THE INFLUENCE OF
Engineering Depa rtment , Trumping- FILTRATION ON ~ DLLING FATIGUE AND
ton Street, Camb ridge CB2 IPZ ENG SCUFFING

Office of Naval Research, Arlington , Dr. P. B. MacPherson, London,
VA 22217 ENG 589—4187
NAVY VEHICLE DES IGN AND CONSTRUC-
TION: INVESTIGATION OF VISODELASTIC The objective of the research
P~~PE~~’IES OF VISCOUS LIQUIE$ IN is to provide f i rm practical gui-
UNiDIRECTIONAL SBEAR dance in setting design standards
Dr.  K. L.  Joh nson 0223 66466 and filtration requirements for

mechanical transmissions .
The objective of this research

is to obtain experimental data to
verify theory being developed by N 78-005

• another ONR Contractor conce rning The Catholic Unive risty of Ame rica,
the influence of molect.ilar structure Departmen t of Physics, Washington,
on the trans ient behavior of den- D. C. 20064
sity, viscosity, and shear ~)~~~~~~

_ Of fice of Naval Research , Arlington,
erties of naterials subjected to VA 22217

large impulses of normal or shear HIGH PRESSURE LIQUID VISCOSITf

stress. Dr. C. J. Montrose (202) 635—5327

The objective of this work is
N 78-~ O~ 

to determine h~~ various molecular
Thive rs~~ty of New Mexico , Dept . ~,f 

Structure affect those viscoelas ti c
Mechanical Engineering, Albuque rque , parameters that control the behavior
NM 87 131 of lubricants in elas tohydrodynamic
Of f ice of Naval Research, Arlington, contacts .

VA 222 17
E LAST~DHY D~ )DYNAMI C LUBRI CATION OF

~~~~iA~ IGAL FACE SEALS FOR P~ DP1JL-
SIGN SYSTE~~
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N 78-006 generated and permanent magnet
Massachusetts Institute of Tech- generated fie lds approxi mating
nology , School of Engineering , bearing configurations . Axially
Cambridge , MA 02139 opposing and attractive magne ti C
Office  of Naval Research, Arlington, forces will be studied.
VA 22217
BASIC WEAR MECHANIS~~
Dr. Nain P .  Suh (617) 253 222 5

:~~ c h .~~~ tive cf  the rc~search
£s  to ~~-....s-Jgate through a~ ~nte~ --

approach , th e  mechanism
c .  cr ~~~~~~ j ation and ;ro~-~~~.ti-~
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o 76001 W77—70273. o 16003 W77—70002
Levi s Research Center , Cleveland , Ames Research Center , Moffett Field ,
Ohio CA
N ASA NASA
MATERIALS FOR LUBRICATION AND WEAR FATIGUE, FRACTURE AND LIFE PREDICTION
IN MECHANICAL COMPONENTS D. R. Chapman (le ].5)965_5065

W. J. Anderson (2l6)’33— ~OO0
Emphasis is placed on determin-

The objectives are to obtain a ing the combined effect of mechani—
greater understanding of the struc— cal loads and environmental factors
ture of materials and to extend the on component integrity and dur abil—
technology of application methods to ity.
improved materials and designs for
present and anticipated extr~~e en-
vironment s of aerospace devices.

_____________ _________________ ______________ _________________0 76002 W7T—TO0~~ 0 76oO1~ WTT—701814
Lewis Research Center , Cleveland , - 

Lewis Research Center , Cleveland ,
Ohio Ohio
NASA NASA
DRIVE SYST~~ MECHANICAL C0M?C N~~’TTS ENGINE COMPONENT IMPROV~~ ENT
TECHNOLOGY PROGRAM
~~~. J. Anderson (2l6 ’, L 13—3000 J. A. Ziemianski ‘2l6)1~33_I~OOO

The objectives of’ this work is To develop components which
to advar.ce the  technology for bear— will reduce fuel corist~ pt ion and
ings, shaft seals , gear s, shafts , provide technology which can be
lucr icants , l.ibricaticn systens and used to minimize the performance 

- -

mechanical power transmissions to degradation of current and future
achieve increased effectiveness , engines.
life , reliability and efficien~y.
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Elements Additives

Ag — A.8, P.13, R.l3 General (G), Use (U) , Mechanism
Ba — C.25, C.33, D.l0, D.14, P.16, (14), Performance (P)

H.13, 11.14, K.18, M.ll, P.7,
R.1, S.53, T.27, Z.29 B.9, 8.38(G), B.39(M), 8.40(M),

Ca — C.25, C.33, D.l0, D.14, P.16, B.41(M), 8.43(P), D.35(U), P.36(U),
G.15, 11.13, 11.14, K.18, L.43, G.l4(U), K.9(U), K.68(P), 0.10(U),
M.ll, M.61, P.5, P.27, R.l, 0.16(P), P.9, R.3(U), R.7(U), R.18(P),
S.ll7, 2.29 R.58(U/P), S.l0(U/P,, S.23(U/P),

Cd — R.24 S.53, S.59, S.60, S.6l, S.129, T.l2,
Cl — F.41 T.21, T.27, v.14(u/P), W.l2, W.l5(G),
Cr — K.5 7.6(P), Z.ll, Z.24, 2.25, Z.28
Cu — A.8, B.l2, B.42, F.16, G.13,

11.34, L.2, M.70, P.11, P.13, Additives — Analysis
R.13, S.l16

Fe — A.32, B.34, 8.42, B.6l, C.ll, IR — Infrared Spectro metry
E.ll, F.7, F.8, F.23, G.8, G.13, TLC — Thin Layer Chromatography
G.25, G.27, K.5, K.l5, K.55,
L.2, 14.9, N.70, P.11, P.48, A.13, A.l7(TLC), 8.4, B.8(IR),
P.49, R.8, R.27, S.40, S.64, B.l8, C.l3(TLC), C.25, D.l5(TLC),
S.67, S.1l6, T.29 D.22, D. 26(TLC) ,  G.15, G.39, G.40,

Hg — K.38 11.14, 11.32, J.19, K.44, K.49(IR),
K — F.l6 K.64, K.65, K.72, K.74, K.77, K.84,
Mg — C.9, F.l6 L.10, L.35, L.36, L.37, L.38, L.39,
Mn — E.18, F.18, R.23 L.42, L.43, 14.2, M 20(TLC), M.60,
Mo — J.26 N.l, P.7 , P.l4(IR), P.27, P.53(11),
Na — F.l6, P.24 S.28, S.56, S.l10(IR), S.ll7, S.123,
Ni — A.9, D.36 , F.23, M.70, S.66, V.11, V.15(IR), Z.27, 2.30

S.128
P — 8.11, C.33, D.14, E.7, F.42, Analysis — Colorimetric , Metals

G.6 , J.19 , Z.13
Pb — 8.28 , B.70 , C.25 , F .l6 , F.4l , A.28 , 8.42 , B.46 , B.6l~ C.4 , C.ll ,

1.8 , 11.36, S.5 , S.l26 , V.1 K. 15 , K.35 , L 5 5 , L.25 , L.27 , L.28 ,
S — A.3 , 8.5, B .82 , D.2 1, D.32 , M.9 , N .3 , N. l5 , R .27 , T.11

F.42 , 11.13, J.l9 , K .42 , P.24 ,
S.31, T.24 Analysis — Fluids (General)

Sb — N. 16
Sn — S.20 A.l , A.7 , A.10 , A.l4 , A.l5 , A. 16 ,
Sr — F.16 A.l7 , A.33 , A.38 , B .7 , B.20 , B.30 ,
Ti — K.34 , 14.28, S.1 B.32 , 8.39 , B.4 1, B.54 , 8.65 , B.7 1,
V — D.21, F.23, M.30, M. 70, P.24 , 8.72 , C.l , C.5 , C.6 , C.l3 , C.17 ,

S.66 , Z.33 D. 15 , D.16 , D. 17 , D.18, D.20 , D.34 ,
Zn — A.19, C.25 , C.33, D.lO, D.14, D.38, E.5, E.13, F.12, F.l3, F..L5,

F. 16, F.41, F.42, G.l5, G.36, F.l9, F.29, F.34, F.35, F.37, G .2 ,
11.14, 11.35, 11.46, 1.8 , 1.9 , G.4 , G.7 , G.18 , G.19 , G.22 , G.23 ,
J.19, K.44, 14.2, M.20, P .5 , G.29 , G.4l , 11.2, 11.3, 11.6, 11.7,
P.18 , K. 18, P .27 , P.35, R.l, H.17, 11.18, 11.19, 11.26, 11.28, 11.29,
S.53, S.116, S.1l7, Z.l3 11.30, 11.31, 11.42, J.9, J.12, J.23,

K.25 , K.28 , K.31 , K.39, K.40, K.60,
K.62, K.63, K.65, L.6, L.7, L.l3,
L.55 , 14.4 , M.6 , 14.7 , 14.8, M.. 12 , 14. 13, ¼
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14.39, 14.52, 14.53, 14.54, 14.58, 14.60, Analysis — Wearmetal (General)
14.67, 14.7, 0.3, 0.4, P.3, P.4, P.9,
P.14, P.16, P.17, P.23, P.28, P.29, A.2, A.18, 8.19, 8.51, 8.58, B60,
P.30, P.46, P.47, P.52, Q.]. , R.9, 8.66, 8.68, 3.76, 3.79, 3.81, L 4 6 ,
11.28, R.39, S.12, S.19, S.24, S.27, 14.52, 14.56, 14.11, 0.11, 0.13, P.2,
S.29, S.60, S.70, S.71, S.80, S.90, P.6, P.12, P.19, P.20, P.31, P.37,
S.94, S.95, S.98, S.101, S.102, P.43, P.44, P.45, 11.33, R.34, S.1,
S.103, S.l04, S.108, S.110, S.111, S.47, S.48, T.30, V .3, V.4, Z.19
S.112, S.113, S.115, S.118, S.119,
S.130 , T.14 , T.15 , T.17 , T.32 , T.33, Assessment, Fluid
V.5 , V.6, V.7 , V.8, W.28, V.36,
V.38, V.41, 2.21 A.40, 8.77, 8.84, E.16, F.14, F.31,

G.4, 11.45, K.21, 14.12, S.57
Analysis —

Condition, Fluid
Metallic , Chemical — instrumental
and unclassified (Other than A.36 , 8.52 , B.53 , D.1l , D.3 1 , E.14 ,
colorimetric , spectrometric , radio E. 15 , P .2 , G .30, K. l , K. 10, L .3 ,
or x—ray ) L. 13 , 14.25 , 14. 26 , 14.5 , Q.2, S.50,

S.72, S.77, S.87, T.34, W.7
A.35, A.42, B.5, B.28, B.34, C.14,
C.17 , K.37 , K .45 , K.58 , K.59 , K.62 , Corrosion
K.63, L.15, L.26, L.40, M.10, 14.11,
M. 24 , M.26 , M.28 , 14.38, 14.55, 14.61, G.l , K.14 , K.68 , M. 31, 11.20
P.11, P.35, 11.8, R.36, S.31, S.40 ,
S.64 , S.67 , S.1.21, S.126 , V .2 , V.30 , Debris , Wear
Z. 14

A.3l, B .25, 8.31, C.21, F.32, F.33,
Analysis — Neutron Activation J.22 , K.4 1, K.50, M.46, M.S0, M.62,

0.2 , P.40, R.l1, 11.12, R.31, S.14 ,
8.87 , G.17, G.35, 11.38, K.l2, M.30, S.2l , S.32, S.33, S.35, S.36, S.46,
N. 1, 0.11, P.19 , P .29 , S.106 S.47 , S.48 , T.4 , W . 2 0 , V. 23

Ana1ysi~ — Radioactive Diagnosis, Machine

A .2 0 , B.5, 8.6, 8.85, D.39, F.18, A.40, 8.13, 8.29, 8.36 , B.44 , 8.49 ,
F.2 0 , F.25 , F.18, F.40 , G.9 , G.37 , 8.62 , G.2 , L.55 , M.3, M.42 , 14.43,
11.39, 1.11, .J . 3 , .1.13, K.20, K.43 , 14.44, 0.12 , P.26 , S.l5 , S.16 , S.l7 ,
L. l , L .24 , N. 1O , N. 1l , P .6 , P .3 1, S.18 , T.13 , V .3 , V.2 1, W.36
P .37 , P .39 , P .43 , S.42 , S.51, S.61,
T . 2 2 , T . 2 3 , U _ I , V .9 , V .5 , V .6 , V.14, Ferrograp~y
Z . 2 , Z .4 , Z .7 , Z.8 , Z. lO , Z.11, Z. 12

8.63 , B.64 , K.50 , 14.46, 14.47 , 0.2 ,
Analysis — Trace Metals (General) P.2, P .40 , R.ll, R. 12 , S.36 , S.37 ,

S.43 , V.3 , V .4 , V .20 , W.21 , w .22 ,
B.4 1 , 8.79 , 8.88 , C.8 , C.2 6, 0.1, V .23 , W.24 , V.2 5
D . 2 2 , D.2 9 , 0.37 , F. l , 11.38, 1.1, ¼

J .2 , .1.6, J.11, K.36 , K.43 , K.45 , Filters, Filtering
K . 7 3 , K . 7 8 , K.82 , L.15 , L.28 , L.44 ,
M..35 , 14. 56 , 0.8 , 0.16 , P .4 , P .36 , 8.66 , 0.30 , F.11, F.l2
P .38 , P .50 , R . 3 7 , S . 2 2 , S .52 , S.99 ,
v . 1 6 , W .~~9
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Fluids (Hydraulic), Fluid Systems, P.11, P.17, P.22, K.36, L.34, 14.1,
and Contamination (C) M.57, 14.6, P.2, S.41, S.81

A.5, A.6, A .33(C), B.31(c), B.56, Monitoring , !~gine Health
8.66(C), C.3(C), D.1(C), D.2(C),
D.20(C). p.11(c), F.l2(C), 0.18(C), CD — Chip Detector
G.29(C), 11.8(C), 0.18(C), 11.29(C),
.1.5(C), K.l7(C), K.23, K.50, K.61, A.24, A.37, B.36, 8.49, B.88, C.18,
14.19, 14.62(C), M.66(C), 14.9, N.14, C.21, K.32, L.22, L.34, L.46, 14.3,
0.9(C), P.10(C), P.41(C), P.42, 11.15, 14.24 M .73, P.2, P.26, R.25, S.72,
S.35(C), Z.24(C) S.127, T.5(CD), T.9(CD), T.10(CD),

V .3, V.4
Greases, Solid Lubes , Boundary Lubes

Perf ormance, Fluids
8.9 , 8.24 , C.15 , G. 1, 11.5, H.44 ,
K.33, L.24, M.36, P.15 , S.125 A.3 , 8.1, B.2 , 8.15, 8.21, B.45,

C.20, C.24, C.27, C.3, C.20, D.5,
Life — Engine, Machine , Bearing , Gear D.13, D.2S, C.27, D.30, P.4, P.5,

P.6, F.9, F.10, 1.11, F.26, F.27,
A.40 , B.44 , B .57 , 6.59 , D .4 , D .22 , F.28 , 0.11, 11.25, 0.38 , 1.10 , .1.10 ,
D.28 , E.1, F .25 , P .40 , F.41, F.44 , K .24 , K.26 , K.47 , K.83, L.47, L.48,
0.11, 0.44, 1.3, 1.6, 1.7, K.54, L.49, L.50, L.51, L.52, 14.29, 14.39,
L.22, 14.15, 14.36, 14.37, M.47, N.2 , 14.49, 14.59, 11.65, 0.17, 0.17, P.39,
N.10, 0.9, 0.11, P.26, 11.25, S.15, P.41, P.50, 11.3, 11.4, R.5, 11.6, 11.7,
S.16, S.17, 5.18, S.33, S.35, S.36, R.17, R.18, 11.38, S.9, S.22, S.39,
S.44, S.49, S.73, S.76, T.1, T.2, S.54, S.55, 5.68, 5.82, 5.96, S.109,
T.25, U.2, V.1 S.120, V.10, V.13, V.10, V.29, V.39,

Z.3
Lubrication and Lubricants

Prognosis , Machine
8.55 , C.36 , 0.8 , D.23 , D.24 , D.27 ,
E.6 , F .3 , F.10 , F.14 , F.2l , G.l0 , A.31, 8.25 , B.26 , B.27 , 8.36 , 8.49 ,
G.38 , 0 .22 , 11.23, 1.11, 1.12 , (.3, C.18 , E.2 , 0.23, 11.41, L.22 , 14.16,
(.4, (.8, (.10, K.11, (.22, (.34, 14.42, M.43, 14.44, P.26, S.15, S.16,
K.40, (.47, (.51, (.52, K.67, L.3, S.17, S.18, W.21, 2.22
L.6, L.26, L.27, L.54, 14.7, M.8,
14. 14, M. 36 , M. 38, M.41 , 14.49 , 14.65, Reclamation , Fluid
14.67 , N.4 , N . 12 , N .18, 0.1, 0.4 ,
P.4, P.8, P.14 , P.17 , P.41, R.22, A.6, A.10, A.36, B.22, 8.83, C.23, : ~R.26, R.28, 11.38, S.2 , S.23, S.24, F.14, 0.40, (.19, 14.4, 1423, S.4,
S.25, S.57, S.58, S.59 , S.62, S.69, S.8, S.12, 1.16, V.27, V.29
S.80, S.86, S.1l1, S.114, S.120,
S.l24 , T.3 ,  T.18, U.1, U.3, W.16, Specifications
Z. 1, Z.lO , Z.18 , Z.23

A.4 , C.21
Luminescence, Che iica l

Spectrometry, Atomic Absorption
K.25, (.53, (.64, K.65, (.66, (.69,
(.70 , S.123 A.8 , A.9 , A.26 , A.34 , B.10 , 8.16 ,

8.18, 8.23, 8.70, 8.74, 8.86, C.9,
Maintenance C. l0 , E.18 , F.16 , 0.4 , 1.2 , 1.9 ,

.1.1, .1.2, J.4, J.6, K.5, (.22, (.29,
A.18, A.27, C.16, D.9, E.l, E.2, 6.8,
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1.31, (.56, 1.74, L.45, 11.20, 14.27, 7.41, 7.42, C.8, G.16, 1.13, 11.14,
14.35, 14.64, 14.68, 11.69, P.25, P.27, 1.37, J.26, 1.42, L.29, L.30, L.31, ¼

R.13, 11.14, 11.23, R.24, R.37, S.1, L.32, Lii, 14.56, P.18, P.49, 11.29,
8.6, 8.7, S.20, S.74, T.8, V .12 8.28. 8.93, T.24, V.1, V .37

Spectrometry, Atomic Emission Spectn stxy, Infrared

SOAP , Plasma (P), Other Spectro— 8.7, 3.8, 3.56, G.2, G.28, H.7, 0.17,
metric Methods (0) 1.7, 1.46, 1.49, L.9, L.13, L.41,

14.74, 8.17, P.15, P.16, P.53, 8.15,
A .2, A.21, A .22, A .25, A.27, A.29, 8.97, 8.110, T.12, V.15, V.41, Z.25,
B.3, 8.13, 8.14, B.16, 8.17, B.26, Z.26
8.27, B.29, B.35, B.44, 8.47, 8.48,
B.49, 8.50, B.51, 8.59, B.69, 8.73, Testi~~ and/or Evaluation, Machine
8.75, 8.76, 8.78, 8.89, C.2, C.7,
C.12, C.16, C.19, C.28, C.29, C.30, 06, 1.10, 11.2
C.32, C.33, C.39, D.33 , E.4, 6.7,
6.9, E.l0, E.12, P.1, F.39, F.43, Veer, Wear Studiea, Tribology
0.4, G.5, 0.6, G.12, G.20, 0.21,
0.26, 0.31(P), G.33, G.34, 0.39, 8.80, 3.87, C.27, D.7, D.l9, D.35,
0.40, 11.1, 11.8, 0.9, 0.15, 0.16, 0.39, 1.3, 1.19, P.20, P.38, V.40,
11.21, 0.27, 1.4, 1.5, .1.1, .1.8, G.9, G.33, 0.37, 11.5, 11.10, 0.24,
.1.11, .1.13, .1.16, .1.21, .1.24, (.6, 0.36, 1.6, 1.7, 1.13, J.13, J.15,
(.13, (.14, (.29, (.30, K.31, K.32, J.25, 1.16. 120, 127, 1.52, 1.54,
(.72(0), (.73, (.75, (.76, K .77, 1.85, L.1, L.12, L.33, 14.5 14.57,
(.78, (.79, (.80, 1.81, K.82, K.84, 14.71, 14.73, 1.4, 8.18, 0.12, Q.3,
(.85, L .4 , L.5, L.8, L.ll , L.22, 1.2, 11.17, 11.20, 11.30, 11.32, R.35,
L.23, 1.34, L.40, L.45 , L.5 3, 14.16, S.2, S.26, S.32, 8.34, S.35, S.38, - J

M .20 11.22, 14.32(P), M.33 , M.34, 14.40, S.47, 8.48, S.76, S.88, S.100, T.19,
M .45 , M.51, M.53, 14.63, 14.70(0), T.22, T.25, T.31, V.9, V.11, V.14,
14.72, N .8, N .13, 0.7, 0.15, P.1, P.2, V .23, V .24, 2.2, Z.9, 2.12, Z.15,
P.12(P), P.20(0), P.21, P.22, P.23, 2.16, Z.32
P.32 , P.33, P.36, P.19, P.25, S.30,
S.45(P), S.65, S.78, S.79, S.84,
S.89, S.91, S.92, S.105, S.106, T.6,
1.7, 1.20(0), 1.27, T.28, T.30 , 11.4,
U.5, V.1, W.2, V.8, W.9, V.13, V.17
(0) , Z.20, Z.3 1(0)

Spectromet ry, Atomic Fluorescence

A.8 , A.9 , A.12 , J. 17 , .1.18, L.23 ,
M.5 1, P .13 , S.83 , S.128 , V. 31, V.32 ,
V .34 , V .35

Spectrometry, Electron/Resonance

D.2 1 , 11.19 , J .7 , S.56 , W.4

Spectrometry, Fluorescence and X—Ray

B.33 , 3 .37 , B.67 , 0.36 , D.37 , E.l1 ,
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Meeklenburg, 1.11. - M.36 Mostyn, R.A. — B.23 , E.7 , H. 15 ,
Medvedeva , T.V. - 14.37 0.16, 14.68, M.69,
Melpolder , F.W. - M.38 M.70
Menes , L . I .  - 1 4 7  Muller , K.Z.  — B.l9
Menon , A.G. - 14.39 Munemori , M. - 1.9
Menzies , A.C.  - M.40 Munteanu, I. - 14.70
Meriakri, V.V. - D.16 

- 
Murel , P.K. - 14.71

Merryfield , R. - R. 37 Murphy , C.M. - 0.83
Messina , N.y .  - M.4l Murray , D.L.  - 5.7
Metcalfe, D. - 0.11 Murray, S. - S.76
MFPG - M.42 , M.4 3, M.44 Musallain, H.A. - 14.72
Middledorf, A.J. — M.45 Musha , S. — 1.8 , 1.9
Middleton, J. - M .46 , M .47 Mutalibov , A .A. - M.73
Mie lnik , B. - M.48 , M.49 Muzychenko , V .P. - L.42
Mikhailovskii, Y.V. - P.30 Myannama, V.R. - E.5
Mikkeleit, M. - P.33, P.34 Myrick, F.D. - 14.74
Mikkelsen, L. - G.32
Miklin , N .M.  - 14.50 -N-
Milazzo, C. — 2.33
Miller , C.P . - G.12 Nagy , L.G. - 14.1
Miller , J. - B.69 Nakahara, T. - 14.2
Miller , 3.11. - P.21, P .22  Nakai , S. — 0.7 , 0. 8
Miller , R.L .  - M.Sl Nakamura, E. - K.73
Miller, R.S. - M.52 Nakayam, 14. - 14.3
Millima n , G .E .  - 1.38 Navy, Dept . of - N.4 , 14.5

t Mills , G.H. - S.36 Nazarova, K.G. — L.43
Mills, R.L. - M.53 Neermaxi, J.C. - 0.79
Milistead , C.L. M.54 Nemkov , P. - 14.6
Mim er, 0.7. - ~i.26, M.55, M.64 Nesh, F. — 14.7r Milowsky , L. - 3.19 Newcomb, J.C. - P.10
Miner , 3.11. - M.56 Newland, B.T.N. - 14.69
Miroshnikov , L.V. - M.57, M.58 Newlin , K . D .  - 14.8
Mitchell, D.C. — J.4 Newman , P .O .  — G.23
Mkh itarya n,  S.?. .  - M.59, M.60 Newman , F .M. — P.19, S.l02, S.103,
Moberg, M. L .  - M.61 S-.l04
M o f f i t t , J .V. - Q.2 Niemann - F.10

-U

~~~~ ~~~~~~ 
~~~~~~~~~~~~~~~~ 

- 
4% 

________



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — - 
~~~~~~~~~~~~~~~~~

Nikitin , G.A. - 14.9 -P-
Nikonova , A.S. - 2.2].
Ninomiya, K. - 1.22 Packer , L.L. - 0.8, M.56
Nisnevich , A . I .  - 14. 10 , 14.11 Pagliasso ti , J . P. - P.1
Noack , K. - N.12 Palamar , M.A. - P.2
Noar , 3. — H.32, 14.13 Pallady , P.H. - P.3
Noel , S.F .W.  — S.97 Palley , S.S. — S.70, Z.24
Noguchi , M. - W.7 Pakhomov , E.A. - P.4
Noonan , J.W. - N.14 Palovcikova , M. - P.5
Norose , S. — S.l4 Panfilov, V.A. — P.6
Norton , E.J . - T.33 Pandid , I.S. - P.7
Norwitz, 0. - N. 15, N.l6 Papok , 1.1. - P.8 , P.9
Nose , Y. - W.10 Parker , J.W. - P.10
Nosov, Y.A.  - R.lO Parks, T.D. - P.11
Novak , K. - K.62 Parr, N.L. - L.33  . -
Novikov , M.P.  - 1.11 Parsons , M.L.  — 14.32 , P. 12
Novikov, V.1. - G.33 Paseshnichenko, A .N.  - Z.12
Nowack, C.J. - D.25  Patel , K. - C.9 , P.13
Nowack , 2. — 14.17 Patrascoiu, P. - S.9
Nunn , R. - N .l8 Pattacini , S.E. - P.14, P.15

Paushkin , Y . M .  - P.7
-0- Pavlov , N.?.. - T.34

Pav lovskaya , N .T.  - V.13
Oberright. 6.?.. - 0.1 Pearson , B.D. - P.16
Odi—Owei, S. — 0.2 Pedroza, G.C. — 0.5
Oehme , F. — 0.3, 0.4 Pellicciotti, P.A. — P.2
Oelert, 0.0. - L.4l Perez, T .P .  — P.18
Oelschlaeger , M.P. - 0.5 Pen n, Y.I. — P.19, P.20
O’Hara, 3.P. — 0.6 Perkins, 14.0. — P.2 1 , P .22
Ohashi, T. - 14.7 Perrett, B.S. — P.23
Okada, T. - 0.7, 0.8 Persiani, C. - P.24
Okamoto, 3. - 0.9 Pers mark , U . - P .25
Okamoto, N. — 0.13 Peterson, C.A. - A .2 , P.].
Okamoto , T.T.  — 0.10 Peterson, M.B. — G. 1, P.2 6
Oldfild , V.0 . - M .57 Peterson , G.E.  - 8.10, 1.5, P .27
Oleneva, V.1. - T.34 Petit, R. — P.28
Olive, C. — G.17 Petrakis, L. - 0.21
Oliver , R. — 0.11 Petrosyants , A.?.. - P.29
O ’Neil l ,  W . R .  - G.5, G.6 Petrovskaya, A.Y. - P.30
Orcutt , F .K.  - 0.12 , 0.13 Petrozzi , E. - P.31
O’Rear, J.G. - 0.14 Petukh, Md.. - 9 .32
Orlova, 14.1. - Z.28 Pfeil, B. — 14.5
Oshima, 5. — 1.18 Pforr, G. — A . 4 2 ,  P .33 , P .34
Osipo v , V. 14. - T.32 Pickles, D. - P.35 ,  P.36 , 14. 9
O’Sull ivan , D . F .  - 0.15 Pigliacamp i , J. - L. 15
Oswald , G . E .  - L.16 Pinotti , P.L. - 9.37
Otero, C. — B.7, 8.8 Pinta, M. - P.38
Otinakhova, Z.I. - 1.75 Plankey, P.14. - J.l8
Otsubo , K. - 0.16 Pobareskin , 14. - P.39
Otte , 0 .M.  - 0.17 , 0.18 Pocock , G. - P.40
Ottolini , A.C. - S.28 Polyakova . A.?.. - Z.3 1
Ovist, E.B. - V.10 Pomatti, R.C. - 0.12
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Polneroy , R.G. - P.41 Robbins , W.K. - R.23, R.24
Ponj ee , A. L. - P .42 Roberts, F .L. - R.25
Pons, L. - 2.43 Romanenko, V.1. - R.26

- Pontious , R.L.  - 9.44 , P.45 Ross, W.D . — R.27
Popgoshev, 0. - V.4 Rossback, D.K. - C.18
Popov , Y.V. - T.32 Roth, 14. - R.28
Porter , R .S.  - P.46, P .47 Roush , M.S. — R.25
Porzsolt, 6. - S.130 Rowe, W.A . — 11.29
Prapulolenis, A. - 9.48, P.49 Rowson, D.M. — B.87
Prevot , A. - P .50 Roylance, B.J . - 0.2
Price, A .L .  - 0.2 Rozeanu , L. - R.30
Price, R.B .  — P.51 - Ruff, A .W. — R. 31, 11.32 , R.33, R .34 ,
Przybylski, A. — 9.52, 9.53 11.35
Puchkov, N.G. - R. 17 Ruffell , H.A.  - R.36

Ruigh , W.L. - W.35
-Q— Rumbarger , 3. — 0.10, 0.11, L.l2

Runnells, J.H. — R.37
Quility, C.J. - Q.l Russell, J.A. - L.l9, R.38
Quillian , 11.0. — Q.2, S.105 Russkikh, P. — R.39
Quinn, T.F.J. - Q.3 Rotter, A.?.. - B.4l

Ryabova , D.V. - R.l8, S.61
Rysavy, 0. - 1.63

Rabillon, R. - R.l —S-
Rabi nowicz , E. - R.2 Saba, C.J. - 8.75 , S.l
Rachev , I.V. - D.3 1 Sabbah , S. - 1.1
Ramayy a , K.S. - 11.3, R.4, R.5, R.6, Saikin , G.O. - 9.7

R.7 Sakai , T. — H . 2 2 , S .2
Rao , V.9.11. - 11.8 Sakata, S. - S.3
Rappeport , L.G. - 11.9 Salthov , V.8 .  - K. 37
Ra skin , Y.Y. - 11. 10 Sakurai , T. - 0.5
Ratcl i f f , D. - M.35 Salakhov , 1.14. - D.32
Rather,  J .B .  - H.37 Salama, C. — 3.2
Ravner, H. - 5.83 Salmon , D.G.  — T.33
Reda , A.?.. - 11.11, 11.12 Salomon, G. - C.36
Reece , D. — 0.8 Sam , F . — S.4
Reeves, K.D. - R.13 , R.l4 Samanta, R.M. - S.5
Reeves, R.D. - C .9 Sanders , J.B. - S.6
Reriard, R. - 11.15 Sandoz, D.P. - S.7
Rester, G.F. - 11.16 Sands , ‘F.?. - S.8
Rettig, H.P. - A.42 Sandulescu , T. — S.9
Reuter , A. - J. 13 Sanin, ?.I. — S.lO , Z.25
Reynolds — W . 2 7  - Sanz de Is Rosa, 3. — L.27, L.29
Reznikov , ~~~ - 11.17, 11.18 2apozhnikov , V .M. — S.ll
Ri-iine, W.E. — B. 75 Sarcent , L.B. — J.20, S.l2
Riceman , 3.9. - 11.19 Sarkis , A.B. — P.30, 0.6, S.13
Rich, S.R. - R . 2 -3 Sasada , ‘F. — S.1.4, S.88
Richards , L.G. - 1.24 3asui~i, V. - N.3
Rientsrna , L.M. - R.20 ‘;at , T. — 1.28
Rigney, D.A. - R.21 Sato, K. - H.5
Ritters-~,user,. E.P. - 11.22 Savchenko . -/.G. — L.53
Robbins , .D. - 0 .45  

~-we1 yev , G.S. — 1.85

33

-
.

- 
- - -

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - _ _ _ _ _ _ _ _ _



.-

Sawyer , W.G. — S.15, S.l6, S.17, Z.2, Z.5, Z.6, 2.7, Z.8, 2.10, 2.12
S.l8 Short , P .R. - S.40, S.64

Saxe, H. - S.l9 Short , R. - W.l3
Scarlett , B. — A .5, A.6 Short , R.A . - L.45, 5.65
Schallis, J.E. - S.20 Shott , .3.6. — S.66
Scheller, K. - S.21 Shurkus , A.?.. - G.2l
Schenk , L.W . — S.22 Sidorenko , V.1. - S.67
Schetelich , A.?. . — S.23 Siefert , W .W. — S.35 , S.37
Schilling, A. — S.24 , S.25 Siegfriedt , R .R.  — P.31
Schmitt , R.H. — P .42 Sigalov , V.M. — S.ll
Schnack , D.D. - S.l3 Sigges , P .R . - P.10
Schnurmann , R. - S.26 Sikharnikov, V.14. - 5.68
Schoenberg , V.A. — S.27 Silayev , 1.1. — S.86
Scholten , 3. — K.54 Silvestroni , P. — S.69
Schreiber , ‘F.?. — S.28 Simm , A .I .  — S.70
Schnibner, W.G. - R.27 , S.64 Simpson, W .K . - S.7l
Schrock , V.6. — S.29 Siryuk , A.G. — Z.26, Z.3l
Schroeder , W .W.  - S.30 Skala , G.F . - S.72
Schucker, G.D. - S.121 Skalko , L.A. - V.9
Schultze, G.R. - S.31 SIP Industries — S.73
Schwindeman , W. R. — P.24 Skinner , 3. - M.40
Scott , D. — S.32 , S.33, S.34 , S.35 , Slater , M. P . — B.16

S.36 , S.37 , W.24 Slavin , S. — S.74
Screenath, A.V. — S.38 Slavin, 14. — S.74 , S.99
Scribner , W.G. - S.39 , S.40 Sloan , H.J .  — S.75
Scruggs, W.E. — S.41 Smalley , A. - S.76
Sechnist , C.N. — S.42 Smertenko , M. I . — M .37
Sedykin , P .V. — 9.19, 9.20 Smit, J.G. — M.12
Seifert, W.W. — S.43 , W.25 Smith, H.?. .  — S.77
Seireg , A. - S.44 Smith, 0.11. - S.78
Seitz, W.R. — 5.45 smith , J.C. - S.79
Semechkin, L .Y .  - V.13 Smith , L. - S.80
Semenido , E.G.  - 0.19 Smith, P.8. — G.31
Senholzi, P.B. — 9.2 ,  S.46 , S.47 , Smith , 11. — S.81 , S.82 , S.83

S.148 Smith , W.D. - S.84
Serchuk , A. — S.49 Smiths Industries — S.85
Serdechnyy , V.14. - S.50 Snediker , D. - G.23
Shadikyan , V.5 .  - S.Sl Snell, 14.?.. - 14.28
Shaulov , Z . I .  — D .34 Sniegoski, P.J. - 0.14
Shelby , W.D.  - P . 2 4  Snitkovskiy, M.M.  — S.86
Shelkey , 11. - W.13 Snook, W.A. - S.87
Sherwood , R .M . - S.52 Snowden , J .E .  - C.16
Shestakov, N.M. - S.53 Soda, N. - S.88
Shilov , V .P .  - 1.85 Sokolov, A.I. - S.89 , S.90 , S.9l ,
Shimada , I. — S.54 S.92
Shimek , 3. — L.17 Solazzi , 14.3. — S.93
Shimcnayev, G.S. — S.55, S.56 Solecki , 14. - 0 .35
Shioi , K. - K.22 Sonn enburg, 3.0. - L.l8
Shirota , S. - P.44 Sorokina , N . ? . .  - S.94, S.95
Shneyerova , 11 . 14 . — Z . 7 , Z . 8 , Z . l l  Sorokina , S .B . - 14.24
Shor , G.T. — B.39, B.4 0, S.57 , S.59 , Soskind , Gd.. — M .71

S.6 0, S.6 1, S.62 , S.63 , Souther , U .  - S.96
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_ _ _  
_ _ _ _ _ _ _  

________ - - ___

Spauschus , 11.0. - H.34
Spear , L.F. - L.25, L.26 Tachibana, Y. — K.14
Spedding, H. - S.97 Taganov, 1.1. - 1.4
Spira , H. - S.98 Tairov , S. — 14.73
Sprague , S. - S.99 Takada , N. - 1.42
Sx-eeath , A.V . - S.l0O Takata, H. — T.1
Stachowicz , W . - 14.17 Taki , T. — T.2
Stafford,  C .M. - S.83 Talarico , P. — A .7
Stanuscu, 14. - T. 12 Tamai , V. - P.3
Star)anan, ~.S. - S.29 Tanaka , H. - 1.42
Stavinoha , L.L. - S.l01, S.102, Tashkinov, A.V. - P.4

S.103, S.104, Tauber, ‘F. - P.5
S.lOS, S.106 Taylor, E.L. — T.6 , P .7

Steele, E.L. - S.107 Taylor , 3.11. - T.8
Stefanescu, P. 14. - S.108 TEDECO - T.9 , T.lO
Stegmann, D. - 1.43 Tewksbury , 6.3. - 1.33, 1.34
Steinitz, E.W. - S.109 Tennyson , ‘F.?.. - T.11
Stekol’ shchikova , I .N .  - S.67 Teodorescu , V. - T.12
Steinberger, V. - S.llO Terslc ikh , I.P. — T.l3
Stenhouse , J. - A .5, A .6 Tessmann , R.K. - T.14
Stenhouse- l .A.  - P.23 Thomas , E.R. - P.15
Stephichev, A.?.. - S.111 Thomas, J.D.R. - L.l0
Stepina, V. - S.l12 Thompson, C.J. - T.l6
Stewart, C.R. - S.113 Thompson, E.J. - P.17
Stewart, R.S. — S.1l4 Thompson, P. — T.18
Stonehocker, V.T. - A.30 Thorp, J.M. - P. 19
Storozhev , V. 14. - S.115 Thorton , 6. - P .20
Strasheim , A. - S.30 Threlkeid, C.B. - L .22
Stringer , I.S. - S.26 Tibbetts, S.A. — L.44
Strigner, P.L. - M.65 Tischer , R. - T.2 1
Strivastava , R.R. - M.39 Tochil’nikov, D.G. - T .22 , P .23
Studeny , 3. - S.116, S.l17, S.118, Todorovic , 3. - 14.16

S.119 Toft, R.W. — 0.37, T.24
Stukin , A .D. - S.12O Tololova, A.P. - A . lO , A - i l
Sugawara, K.F. - S.121 Tonder , K. - P .25
Sukhsrnikov , V.14. - S.122 Toporova - S.53
Suleimanova , F.G. — S.123 , S.l24 Toregard , B. - 9.25
Suleymanova , F.G. - 1.64, 1.68, Toropchinov , A.N . - S.51

1.72 Tourret, R. — P .26
Suleymanova , L.G.  - 1.64 , 1.66 , 1.69 , To’ranma , K. - 1.14

1.70 , 1.71 Traktoven ko , l .A .  - R.3 , 11.4, 11.5, a
Sullivan , J.L. - Q.3 11.6, 11.7
Sunderma n , D .N .  - A.30 , 0.36, 9.39, Tr3winski, J. - T.27 , T.28

P.5.1 T:i~—u;ure, Co. - P..6
Suzuki , T. — S. ~2 5 Tr~~~-~er , P .  - ‘7.2?
Swanson , 0.14. - S.126 Tronco , A. - 14.17 , M. 18 , T.30
Swindlehurst, ?.W. - S.127 T’~~—egF1rdsk.iy, ~~~ — A.3
Sychra , V. — 5.128 T~ ..j , E — T 3 1
3yonolyi , L. — N.l rudorovs~~ y, A.?.. - T.32Sytz . W .E .  - S.129 , r ~iiIer , -~~. - 1.7

z~t i .~~- , T. — 8.130 Tuqolukov , V.P. — 5.1].
Szirmay, W. - p .36 Turt~in , A. -4 . - 1.51
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-W-Turner , L. - P.33 Washal, A. - N .h
Tuuri, 14.11. - M.6 Waggoner, C.?.. - W.l , W.2, 14.3
Twins , S.B. - L.24 Wagner , 3. — W .4
Tyler, J.C. - C.32 Wagner , K. - W.5, W.6
Tyminski~ , V .G. — Z.17 Waithman — 14.61
Tyulyaev, V.14. - T.34 Wakana, A. - W.7

Walker , H.H. — R.24
-U- Ward, ?..S. - A.5, A .6

Ward , J . M .  - W.8
Ueno , P. - U.2 Warren, S.R. - B.87
Uetz , H. - U.1 Washall, T.?.. — 14.38
Universal Oil Products - U.4 , U.S Washbrook, C.C. - P.35, P.36, W.9
Ury , 3. - P. 20 Watana be , H. - W .10
Urylev , G.G. - K.64 Waterhouse , R.B. - W.l l
U.S.  Army - U.3  Watson , R.W. - W .12

Watson, 3. - 14.13
-V- Weaver , J .J .  - 14.14

Webb , B.J . - P.33
Vajta, L. - V.]. Webber , 14.14. - 14.15
Val’dman, V .L.  - V . 2  Weber , J .L .  - G.26
Valori , R. - V .3, V.4 Weber, R. - W.l6
Van Niekerk , J.J. - S.30 Webe’- , J .H. - W.17
Van Nordstrand , R.A .  — 0.10 Wectall, H.H. — S.l2l
Van Rysselberge, 3. - V.5 Wedeven, V. — W.l8
Van Zeggeren , F. - 14.13 Weiss , 3. - S.40
Vanov , B .S. - S.70, 2.24 West, A.R. — P.20
Varallyaie , L. — S.130 West, P.W. - 14.19
Vasil’ eva , V.V.  — V. 16, V.17 West, T.S. - A.8 , A.9 , E. 18
Vasilyev , A . Z .  - Z.32 Westcott , V .C . — 8.63 , B. 64 , 14.46,
Vasiukevich , V.A.  — V.8 14.47 , 11.12 , S.35,
Vellar , 0.0. — A .32 S.37 , S.43 , 14.20 ,
Vennatesh, S. — S.38, S.100 w.2l, W.22, W.23,
Vergunov , V .S.  — V.9 14.24 , W .2 5 , W .26
Verley, G.M. - V.10 Westerheid, J.P. — C.l6
Versino , C. V. 11 Whisman , M.L. — T.16, W . 27
Veseley , V. — 1.46 White, M.T. - 0.10
Vetere , A. - G.l6 Whitehead , S.C. — W .28
Vickers , P.3. — W . 32  Whittenburg , 11.]... — G.41 

0Vigler , M . S .  — V.12 Wilczewski, 3.W. — H.37
Villfor th , P.3. — 9.3 Williams, 8.11. — 14.29
Vilyanskay,  G.D .  - 1.12 Williams , 1.11. — 0.39 , S.82
Vinogradov , G.V. - V.13 Williams, 11.11. - E.].8
Vipper, A .B .  — S.lO , V.14, V.15 Williams , R.K. — A.38
Vogh, J.W. - T. Willis , 3.8. - 8.86
iolk, !7 - 1.55 Wilson , 3.14. — 14.30
Von Lehmden, 0.3. — V.16 Winefordner, 3.0. — C.9 C.1O, 3.18, —

Vorob ’ev , G.G. — Z.28 M.5 1 , 9.13. R.13 ,
Vorob’ev , P.7. — 0.19 11.14, S.83, W.31,
Vselyubskiy, S.B. — B.4 1 W.32 , W .33 ,  W .34 ,
Vyazkova , E .A .  — L .42 ,  L.43 W.3 5

Wiquist , R.C. - L.24
Wi x Corporation - 14.36
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Wood, W.G. - W.37 Zuliani, G. — 2.33
Woods , H.P.  - W.38 Zuseva, B.S. - P.8, P.9
Woody , B.?.. - G.8
Wright, B.R. - S.l06
Wright, R.H. - 14.39, W.40
Wright , R.W. - M.47, W .41
Wulthorst, D.E. - F.34

-Y
-

Yakobson . L.G. - M .lO
Yekubovich . A.V . - M.l4
Yainashit. T. - M .28
Yamauchi . N. - 1.14
Yamauchi . P. - F.4l .  9.42
Yates K .P.  — 11.29
Yatsunami . K. - 0.loYevstianevev . V.V. - Z.9
Yokofe. P. - 1.6
Yonede. T. - P.3
Yoshihara , T. - 1.28
Yoshioka , P. - 0.9

— z—

Zak , B. — L.2
Zakharov , G.V. - S.55, S.56
Zalar, F.V. - Z.1
Zanedis - D.30
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