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CERAMICS TECHNOLOGY PROJECT DATABASE:
SEPTEMBER 1991 SUMMARY REPORT*

ABSTRACT

,= The pistonring-cylinderliner area of the internalcombustionengine must withstandvery-high-

temperaturegradients,highly-corrosiveenvironments,and constant friction.Improvingthe efficiencyin

the engine requires ring and cylinder liner materials that can survive this abusive environment and

lubricantsthat resistdecompositionat elevatedtemperatures. Wear andfrictiontests havebeen doneon

many materialcombinationsinenvironmentssimilarto actualuseto findthe rightmaterialsforthe situation.

This report covers tribologyinformationproduced from 1986 through July 1991 by Battelle

ColumbusLaboratories,CaterpillarInc., andCumminsEngineCompany,Inc. forthe Ceramic Technology

Project (CTP). Ali data in this reportwere taken from the project's semiannualand bimonthlyprogress

reportsandcoverbasematerialst, coatings,and lubricants. The data, includingtest rigdescriptionsand

materialcharacterizations,are stored in the CTP database and are availableto ali projectparticipantson

request. The objectiveof this report is to make availablethe test resultsfrom these studies,but not to

draw conclusionsfromthese data.

1. INTRODUCTION

," Advancedenginesoperateat highertemperaturesthan normaldieselengines, so more refractory

materials are needed for the components. Increasingthe temperature also causes problemswith the

,, functionand conditionof the lubricantsby breakingthem down into corrosivebyproductsand reducing

lubricityonthe contact surfaces. The new pistonringandcylinderlinermaterialsmustbe ableto withstand

10,000 h of operation under high-temperature, corrosive, and abrasive conditionsto be considered

usableon a commercialscale. Whilemetalsare commonlyused in enginestoday,they lackthe heat and

corrosionresistanceof ceramicsand somecermets.

This report covers tribology informationproduced from 1986 through July 1991 by Battelle

ColumbusLaboratories,Caterpillar Inc., and CumminsEngineCompany, Inc.for the CeramicTechnology

Project (CTP) on numerous materials, includingcoatings and base materials, for use in the severe

conditionsof the cylinder.Mostof the informationwas extractedfrom semiannualandbimonthlyprogress

reportsgeneratedbythe CTP.

*Research sponsored by the U.S. Departmentof Energy, AssistantSecretary for Conservation
,, and Renewable Energy, Office of Transportation Technologies, as part of the Ceramic Technology

Projectof the MaterialsDevelopmentProgram,undercontractDE-AC05-84OR21400 withMartinMarietta
EnergySystems,Inc.

,, tFor thisreport, "base material"refersto a material used by itself;it does not act as a coating on
another material but may serve as a substrate. Base materials may be composed of ceramics,
intermetallics,or metals,usedalone or incombination.



Tribology data storage presented several problems not encountered in working with most of the

other test data. The number of possible materials involved, the types of materials (coatings, base

materials, ion implants), and the importance of lubricants required the addition of several new fields. "

Parameters omitted in the original file structure for wear data were added when the importance of those

items was realized. New files were added to contain information associated with the new parameters. .,

2. DATABASE STATUS

The CTP database presently contains 6,309 results on 27 different types of tests, 338 material

characterizations, 13 lubricant characterizations, 101 coating characterizations, and 1,953 other

associated records. A more detailed description may be found in Table 1.

Progress made since the last report includes the addition of tribology test results, a coatings

characterization file, a lubricant identification file, a material name cross-reference file, a new study-search

field, and a data classification field. The new coating and lubricant files were necessary to describe more

accurately the materials used in the tribology tests. The field additions were enhancements designed to

help the user locate data faster.

Ceramics lack a standard, industry-accepted identification system available for other materials,

such as the Unified Numbering System (UNS) for metals. A given ceramic may be known by several

different names (Z-191 is also called PSZ, ZrO2, and zirconia), each correct but ali different as far as a

computerquery is concerned. The MATNAMES file was created to simplifychoosinga materialname for "

use in a database query. This file contains a list of material names used in the database, cross indexed to

composition,manufacturer's,and genericdesignations,ali indicatingthe same material. Thisfile couldbe .,

usefulfor locatingaliasesfor each material. When a standardsystemis acceptedbythe ceramicindustry,

the new nomenclaturewill be incorporatedintothe database.

The WBS-STUDY field,to be includedin everyfile record,was added to facilitatelocatingali the

data froma particularstudy. Databasepersonnelusuallycollectdata fromone testingfacility'sworkonone

subjectcoveringa particulartime span. Recallingtheinformationfromthat one studyisnecessaryto verify

andtabulatethedata.

Data classification identifies information in a property data record according to its level of

evaluation. Most of the data stored inthe CTP databaseare semi-rawtest data, havingbeen converted

from instrumentreadingsto stresses, strains, etc. Some data are reported only as averages. Nominal

values may be includedfor a general material comparison. The DATA-CLASS field has four possible

values: "TEST" for semi-rawtestdata; "AVG" foraverageddatafromseveraltestsrun underthe same set
P

ofconditions; "NOM "for nominal,ortypical,values; and"GOAL"fortargetvalues. If morethan one test

for a givenset ofconditionsexistsin a source, "TEST" is the defaultvalue.Otherwise,"AVG" is assumed.

Only the tribology data presently include values in the two fields mentioned above. Database

personnelplan to extendthe additionsto the othercontentsas time allows.



3. TRIBOLOGY DATA BACKGROUND

" Informationfor this reportwas produced by three tribologystudiesfunded by the CTP. Ali three

studiesfocused on developingmaterialsfor pistonringand cylinderliner componentsfor lowheat-loss

•= dieselengines. The periodused for thisreportbegan in 1986 and ended in July1991. Some of the work

iscontinuingand willappear infuturedatabasesummaryreports.

K. F. Dufrane ardd P. A. Gaydos from Battelle Columbus Laboratories were the principal

investigatorsfor WBS 2.2.2-Studies of Dynamic Contact of Ceramics and Alloys for Advanced Heat

Engines. The main objectiveof thisstudywasto developanunderstandingof the tribologicalproblemsof

ceramicinterfacesinadvancedheat enginesbased on testdata. Target parameterswere determinedby

runningchrome-plated ringspecimens againstcast-iron cylinderspecimens in a diesel environmentat

100°C for 10,000 hours. Commerciallyavailable SAE 30 oilwas used as the lubricant. Battelle'stest rig

simulatedthe ring-cylinderinterfaceby using less expensiveflat specimens for both ring and cylinder

components.One cylinder specimenwas fixed, while the other was mobilefor load control. Two ring

specimens were mounted with pivot pins at specimen centers to provide self-alignment. The ring

specimensreciprocatedalong 108 mm of the cylinderspecimensat 500 to 1500 rpm, averagingspeeds

of 1.8 to 5.4 m/s. Heated exhaust from a 4500-W diesel engine was passed through a chamber

surroundingthe test specimens.1 Figure 1 showsa schematicdiagramof this configuration.Materials

tested includea varietyof plasma-sprayedcoatingsas well as non-coatingceramics. Data fromthisstudy

,- are tabulatedin Appendix B, Section2a. Since thiswork iscontinuing,any data generated inthe future

will be storedand reportedas theybecome available.

,, C.D. Weiss, F. A. Kelley, and M. H. Haselkorn2were the investigator'sfor WBS 1.3.1-Wear-

Resistant Coatings, the CTP part of Caterpillar'sworkon developingmaterialsfo: in-cylindercomponents.

This study involvedmore coatings than the Battellestudyand includedceramics, cermets, metals, and

enamels. Coating processes includedplasma spraying,chemical and physicalvapor deposition, low-

temperature arc-vapor deposition, and dipping (with and without added particles) on i_otand cold

substrates. Initialcandidatematerialswere screenedat Caterpillarusinga Falex Model6 testing machine.

Figure2 showsa schematicdiagramof the configuration.Disksof mildsteel, toolsteel, andcast ironwere

coated,then tested againstpinsof 440C steel, zirconia,andalumina. Materialsthat performedbestwere

further tested on a Hohman Double-RubShoe Model 6 tester (Fig. 3). This configurationsimulatedthe

ring-cylindercontactinterfaceby usinga rotatingdiskto abrade two fixedshoes. Bothshoesandthe disk

were coatedwith differentcombinationsof materials.Ali Hohmantests were runat 350°C usinga Lubrizol

experimentalsyntheticoil. Average speedwas 3.43 m/s witha loadof 9.08 kg force.2The data sources

° did not list numericvalues for alithe wear coefficientsbut providedapproximatelevels of wear instead

(low, medium,and high). Informationin the database for thisstudy is stored the way it appeared in the

,, originaldata source. AliCaterpillartest resultsare giveninAppendixB, Sect. 2b.



Cummins Engine Company, like Caterpillar, has been making, designing, and developing engine

components for many years. M. G. S. Naylor3 was the principal investigatorfor WBS 1.3.1-Development of

Wear-Resistant Coatings for Diesel Engine Components. The main objective of this study was to develop "

coatings for in-cylinder components that would have wear coefficients of 5 x 10-12 to 5 x 10-11

mm3/mrn/N; have friction coefficients of 0.1 or better when lubricated and 0.2 or better unlubricated at .,

room temperature and at 350°C; have good thermal shock resistance, high adherence, and substrate

compatibility up to 650°C; and exhibit good uniformity and reproducibility. 3 Ali coatings were tested on a

Cameron-Plint wear tester at 20 Hz with a 5-mm stroke length. The cylinder specimen was a flat,

7.5-mm-wide sample, while the ring had a cylindrical radius of 50 mm. Figure 4 shows the testing

configuration with the specimens in the lubricant bath tub. CE/SF 15W40 mineral oil-based lubricant was

used in both fresh (CE/SF15W40F) and engine-tested (CE/SF15W40U) specimens, added at the rate of

one drop even/10 s for 6 h, if the test lasted that long. Unlubricated tests were run for only 30 to 60 rain.

Materials for this study included metal, cermet, and ceramic coatings slurry- or plasma-sprayed onto

stainless steel, mild steel, tool steel, or cast-iron substrates. Several ion-nitrided specimens were also

tested. Results from this study are listed in Appendix B, Sect. 2c.

Comparing test results from the different studies was hindered due to a difference in wear factor

calculation methods. Battelle Columbus Laboratories and Caterpillar used the same method, but only a

few of the Caterpillar tests were reported with numeric wear values.2 Their wear factors were calculated by:

V
km

Ld

where k = wear factor,mm3/Nm,(quantityof removedmaterialper unitdistanceandforce) ,,

V = wearvolume,turn3,(quantityof materialremoved)

L = appliedload, N, and

d = slidingdistance,m. (1)

BattelleColumbusLaboratory alsousedthe Archard equationto calculatewear in dimensionlessunitsfor

a few tests:

Vm kLd,mllBllBMBB=

3H

where V = wearvolume,mm3,

k = wearfactor,

L = load, kgf,

d = slidingdistance,mm, and

H = hardness,kgf/mm2. (2) -



The Cumminsstudyused an Arrheniusfunctionto determinethe wear coefficient.3

W.Wo.xo(-
qlb

where W = wearcoefficient,mm3/mm/N,(quantityof removedmaterialper unitdistanceperunit

force)
Wo = constant,

Q = activationenergy,

R = gasconstant,and

T = absolutetemperature.

Since the unitsfor this equationwere not consistentwith those used by the other studies,a conversion

factorwas appliedto correctthe problem. The reader shouldrememberthe differencesin the machines

used to test the materials and the differences in wear factor calculationswhen comparingthe data.

Informationpresentedin the appendicesof thisreport is separated by studyto avoidconfusingthe wear
factorcalculations.

4. TRIBOLOGY DATA STORAGE

Data used inthis report are storedon a 20-MB BernoullicartridgeusingdBASE IV_(version 1.1)

.. on a Northgate 486125microcomputer. The database consistsof 35 interrelatedfiles linkedby sets of

codes and includestest results,materialcharacterizationsand backgroundinformation,testingequipment

details, and other test/specimendata. Figure 5 showsthe relationshipsamong the files used to store

tribologydata.

Tribologytestsoften use morethan one materialper test. Therefore,the numberof materialfields

has been increased and each one coded to indicate which material was used in a specific position.

Material fields ending with a "1" refer to the moving specimen; those ending with a "2" refer to the

stationaryspecimen. Each position(movingor stationary)refersto a coating andbatchcode, a substrate

and batchcode, and a wear coefficient,if available. Basematerialsappear inthe substratefieldswhether

they are coatedor not. Only coating materialsappear inthe coatingfieldsto avoidproblemswhen a link is

made to the associatedcharacterizationinformation.Coatingbackgrounddata are storedin a differentfile

thanbase material backgrounddata. Moreinformationon the materialsusedin a testmay befoundinthe

" COATINGS and MATLCHARmaterialcharacterizationfiles.

Since the manufacturer's batch codes for the materials used in these studies were unknown,

- database personnelimprovisedbatchcodesas" Materialsupplieror labdoingthe coating/coatingmethod

if material is a coating/testingor reporting facility. These homemadecodes will be replacedwith actual

manufacturer'scodeswhen possible.



The WEARDATAfile containsali the test results. Eachtest record containsresultsand conditions

for one test, one step in a rnultiparttest, or on a groupof tests rununder the same conditions. The value

in DATA-CLASSindicateswhetherthe resultsarefor one test (TEST), an average of several tests (AVG), .,

or a nominalvalue (NOM). The dofaultsfor DATA-CLASS are TEST if more that one resultis listedfor a

givenset of conditionsand AVG otherwise.

Other fields provide linksto other files containing additionalinformationabout the test or the

materials. An affirmativevalue inthe SEETEXT field indicatesthat additionalcommentson the resultsare

available in the DATATXT file (for expandedtest notes). Lubricantinformationmay be foundin the file

LUBRICNTS usingLUBRICANTasthe key. TEST-RIG linksthetest resultsdata withdetailsaboutthe test

apparatus in the TESTBKGD file. Expanded referencesmay be found in the file named CERSOURC.

Chemistries,if available, may be found in the CHEMSTRY file usingthe material or coating name and

relatedbatchcode as a key. Additionalmaterialor coatingnotesare locatedinTEXTUF, keyedbymatedal

or coating name and batchcode. The WBS-STUDY andCLASS-IN fieldsare quick-searchcriteriafields

normallyused bydatabase personnelfor extractinginformationfor reportsbut can be used by any userto

retrieveali theinformationon one studyina file. REF-CODE linksthetest data withthe informationsourco

inthe CERSOURC file. Specificfield listingsfor eachfileare showninTables 2 though9.

Lubricantsperform an important functionin wear testing. By coating the contact surfaces,the

lubricantcan have a considerableeffect on thewear lifeof a material. Notes aboutlubricantbreakdown,

by-product effects on material surfaces, and other importantdetails should be included with other

informationabout the lubricant. The LUBRICANTS file containsbase stockinformation,suppliername,

uppertemperature limitfor normaloperation, and comments on other characteristicsof importancefor

each lubricantused in thetribologystudies.

Data tablesfor _,hisreportare organizedaccordingto type of data: Append!xA containsavailable "

background informationon the materialspresentedin thisreport; AppendixB containsthe experimental

text data arranged in sections by property type. Some test data listed in Appendix B may not be

represented by materials in Appendix A but will be included in a later report when such information

becomes available. The policyfor thisdatabaseis to storethe availableinformationfor futureuse,whether

or not a complete set of informationis availableon a material.Completesets are preferredand soughtas

time permits.

The dBASE IV program does not allow storage of superscriptsor subscripts,so the numbers

used in chemistriesmustbe carefullycoded. As a rule, the numberor numbersimmediatelyfollowinga

chemical abbreviation are subscripts. Numbers indicating multiple molecules are enclosed in

parentheses. Alumina,AI203, wouldbe coded as AI203; mullite,2AI203+3SIO2, would be coded as

(2)AI203+(3)SIO2. Superscripts,although rarely used in this database, are enclosed in backslashes: ,.

Nel2 would be Ne\12\.



5. SYSTEM ACCESS
ta

Direct access to the master database is very limitedto protectthe integrityof the master files.

, Experience has shownthat major disasters often occur when too many people have direct access to

unprotectedfiles at the microcomputerlevel. Sincemostuserswouldpreferto havethe data in a familiar

format, to subset,analyze, and rearrangeto suit their needs, this method satisfiesboth situations;the

masterfilesare protected,andthe usergetsthe data ina readilyconsumableform. Whiledirect accessis

faster, the processof downloadingacross phone lines can be time consumingand hazardousto the

integrityof the data being transmitted. This database was designedas a repository,not a full-function

analyticaltool.

Accessto the data is attainedby callingthe databaseadministratorand requestingalifilesor just

those pertainingto certain materialsor test types. The informationrequested by the user (in the user-

designatedformat, includingsoftware and disk type) will then be downloaded from the master files,

reformatted,if necessary,and sent to the user when possible. No plans are beingconsideredfor direct

accessfrom outsidesystemsat thistime. Directtransfer is availableby specialarrangementbut may be

time consumingdue to the sizes and numbersof files. No guarantee is given for the validity of data

transmitteddirectly because of possiblephone line problems. Until a computerizedinterlace becomes

available,the CTP Data Base User's Guidewillbesentto ali first-timeusers.

,. Several file formats,other than dBASE IV, are available for files downloadedfor users. These

formatshave been categorizedas eitherApple Macintosh-compatiblefiles (on 3.5-in. floppydisks),or IBM

PC-compatiblefiles (on 3.5-in. floppydisksup to 1.44 MB or 5.25-in.floppydisksfrom 360 KB to 1.2 MB).

AvailableMacintoshfiletypesincludeMicrosoftEXCEL;SYLK;FOXBASE;andplain, printableASCII. IBM

file typesare Lotus1-2-3, MicrosoftEXCEL, DIF, SDF, SYLK,plainASCII, delimitedASCII, anddBASE IV.

Other formatsmay be availableby specialarrangement. When requestinginformationfromthe database,

usersshouldindicatedisksize,diskdensity,and file type.

Withcomputerdiseasesbecomingso rampant,usersshouldbe aware that precautionsare taken

to ensure that the disksthey receive from the database are diseasefree. Only new disks are used for

transmittalsto avoid spreading any computerdiseases that might be hiding. No recycled, reformatted

disks are sent to users. Boththe mastersystem, a NorthgateElegance486125, and the MacintoshIlcx

are checkedregularlyfor such illnesses; none have been foundsofar. Use of both computersis limited

to one person who carefully screens incomingsoftware to avoid contaminationof either system. No

information is downloaded from public bulletin boards to either system. Both computers have virus

- detectionsoftware installed, and ali efforts are made to ensure both systems stay disease free. If users

have problemswithdisks receivedfrom the database, they shouldinformdatabasepersonnelimmediately

o sothat stepscan be taken to correctthe problems.



6. FUTURE PLANS

Many changes and additionsto the database have been made overthe past two years. Some of ..

the changes were made onlyto a selectedset of data because of time constraints. Database personnel

planto docatch-upworkfor the databaseduring FY 1992.

Plansare beingmade to write a computerizeduser interfaceusingthe dBASE IV programming

language and to have the initial version completed some time in 1992. The interface will link the

numerousdatabasefilestogether,providingbetteraccessto informationinthe system. This interfacewill

be availableto ali usersof thedatabasewhorequestit.

The next hardcopyupdate is scheduledfor September1992.

7. OTHER CTP DATABASE SUMMARY REPORTS

M. K. Booker, Ceramics Technology for Advanced Heat Engines Project Data Base: A Summary Report,

ORNIJM-462, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Laboratory.

B. L. P. Booker, Ceramics Technology for Advanced Heat Engines Project Data Base: September 1988

Summary Report, ORNL/M-755, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Laboratory,

March 1989.

B. L. P. Keyes, Ceramics Technology for Advanced Heat Engines Project Data Base: March 1989

Summary Report, ORNL/M-1098, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Laboratory,

Apri_ 1990.

B. L. P. Keyes, Ceramics Technology for Advanced Heat Engines Project Database: September 1989

Summary Report, ORNL/M-1286, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Laboratory,

October 1990.

B. L. P. Keyes, Ceramics Technology Project Data Base: March 1990 Summary Report, Martin Marietta

Energy Systems, Inc., Oak Ridge Natl. Laboratory, in publication.

B. L. P. Keyes, Ceramics Technology Project Data Base: September 1990 Summary Report,

Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Laboratory, in publication.
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TABLE 2

WEARDATA File Record Format
Wear Test Results

Field Name Descd0tion

WBS_STUDY Code made up of the CTP WBS number and responsiblefacility

TEST_lD If present, a code denotingthis test from ali others

SPEC_ID Specimen identification code

REF_CODE Source of this information

COATING_I Coating material for mobile specimen

BATCHID_C1 Batch code for COATING_I

SUBSTRAT_I Substrate material for mobile specimen

BATCHID_S1 Batch code for SUBSTRAT_I

COATING_.2 Coating material for stationaryspecimen

BATCHID_C2 Batch code for COATING_2

SUBSTRAT_2 Substrate material for stationaryspecimen

BATCHID_.S2 Batch code for SUBSTRATE_2

LUBRICANT Substanceusedto oil the contactsurfacesin a test

TEST_RIG Designationof the type of testapparatusused

DATA_CLASS Type of data:TEST, AVG, NOM, TRGT

TEM P_C Test temperatureincentigrade

ENVIRONMNT Atmospheresurrounding the specimensduringtesting "

LOAD_N Force placedon onesurfacenormalto theothersurface

COF_RANGE Range of the coefficientsof frictionfor the entiretest

WEARUNITS Unitsfor WEARCOEF_I and WEARCOEF_2

WEARCOEF_I Calculatedwear coefficientfor the mobilespecimen

WEARCOEF_2 Calculatedwear coefficientfor the stationeryspecimen

DURATN_MIN Durationof the totaltest inminutes,includingbreak-inperiod

SPEED Speed of the mobilespecimen,units shownwithvalue

SEETEXT A logicalfieldindicatingexistenceof more commentsin DATATXTfile

COMMENTS A field for briefnotes

12



TABLE 3

t=

COATINGS File Record Format

. Coating Characterization Information

Field Name DescdDti0n

COATING Nameof the coatingas usedin thedatabase

BATCH_lD Batchcodefor thisspecificcoating

MAT_CLASS Typeof coating:CERAMIC,CERMET,or METAL

MATRIX Chemicalcompositionof thebasicmaterial

APPLY_TYPE Methodusedto applythe coatingto the substrate

OTHERNAME Othernamesusedfor thiscoating

THICKNESS Averagethicknessfor thiscoatingappliedthisway

WBS__STUDY Codemadeup of the CTPWBSnumberand responsiblefacility
REF_CODE Sourceof this information

TEXTUF A logicalfield indicatingthat moreinformationisavailablein the

TEXTUFfile, if the valueispositive
COMMENTS Briefnoteson thismaterial

TABLE 4

LUBRICNT File Record Format

Lubricant Background Information

Field Name Descdotion

LUBRICANT Namegivento lubricantasusedinth_ database

FABRICATOR The companyproducingthe lubricant

BASE Thebasicsubstancefor this lubricant,suchas mineraloil, polyalpha-olefin

MAX_TEMP__C Maximumoperatingtemperature,incentigrade,for this lubricant

TEXTUF A logicalfieldindicatingthatmoreinformationisavailablein the

TEXTUFfile, ifthevalueispositive

WBS_STUDY Codemadeup of the CTPWBSnumberand responsiblefacility

REF_CODE Sourceof this information

" COMMENTS Briefnotesonthislubricant

13



TABLE 5

MATLCHAR File Record Format

Material Characteristics Information

Field Npme De_riotion .....

MATERIAL Nameofmaterialasusedinthedatabase

MAT_CLASS Classificationofmaterialbasedonitspdrnarymatrix:PSZ,SIN, SlC,ALO

BATCH_lD Batchcodefor.'-.,;isspecificmatedal

CLASS_IN Classcodeusedbydatabasepersonnelforextractingdataforreports

WBS_STUDY CodemadeupoftheCTPWB.5numberandresponsiblefacility

FABRICATOR Companyproducingthematerial

FAB_NAME Producingcompany'snameforthematerial
VINTAGE Datematerialwasmade

MATRIX Primarycompoundorchemicalsina material
ADDITIVES Enhancersaddedtc theprimarymatrix

DENSIFY Processusedto increasedensityofthematerial,ifceramic

DENSTY_GCC Densityofthematerial,ingrams/cubiccentimeter

THDENS_PCT Theoreticaldensity,expressedas a percentage "

MOE_MPA Young'smodulusat roomtemperature,ingigapascals

MOR_MPA Rupturestrengthatroomtemperature,inmegapascals

TYPE_HARD Typeof hardnesstestus,'=KIforHARDNESSvalue

HARDNESS ValueforhardnessusingtypeoftestindicatedinTYPE__HARD

THERM_EXP Coefficientofthermalexpansion,inlxl O-Sl°C

COEF_FRICT Coefficientoffriction
POISSONS Poisson'sratioforthisn_t.edal

TYPE_KIC Typeof toughnesstestusedto produceKIC_MPAMvalue(KI¢)

KIC_MPAM Fracturetoughness(KlC), inMPa/m

REF_CODE Sourceof thisinformation

14



TABLE 6

CHEMSTRY File Record Format

Chemical Compositions
'lD

Figld Name Descri_otion ,,,

MATERIAL Nameofmaterialasusedinthedatabase

BATCH_lD Batchcodeforthisspecificmaterial

CLASS_IN Classcodeusedbydtabasepersonnelforextractingdataforreports

REF_CODE Sourceofthisinformation

WBS_STUDY CodemadeupoftheCTPWBSnumberandresponsiblefacility

ANALYSIS Typoofanalysisperformed

CONDITION Processingstatematerialwasinattimeofanalysis
UNITS UnitsusedforthequantitiesintheCHEM_INFOfield

CHEM_INFO Chemistryinformationaselement:quantity,eg.AI:20.0,Si:10.3,C:3.9.

TEXTUF A logicalfieldthat,ifpositive,indicatesmoreinformationis
availableinthetextfileTEXTUFforthismaterialandbatchcode.

COMMENTS Briefnotesonthechemistryofthismaterial
Am

TABLE 7

TESTBKGD File Record Format

Test Background Information

Field Name Description

TEST_RIG Nameordesignationgiventotestingapparatusas usedinthedatabase

TEST_TYPE Nameof thetestdatafilecontainingthedatathatwasrunonthistestrig;

forexample,WEARDATA.

REF_CODE Informationsource

SEQ Sequencenumberforonelineof textina singletestrigdescription

TEST_BKGD Thefieldthatcontainstheactualtextinformation.Eachtestrigdescriptionmay

" haveoneoras man_recordsas neededtodescribecompletelythetest

procedures,equipment,orothernoteworthydetails.
w,
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TABLE 8

DATATXT File Record Format "

Extended Comments for Specific Test Results

I=jeld Name De_riotion

MATERIAL Name of the materialtested

BATCH_lD Batchcodeor lotnumberforthe material

CLASS_IN Classcodeused bydatabasepersonnelforextractingdata for reports

WBS_STUDY Code made upof the CTP WBS numberandresponsiblefacility

TEST_TYPE Name of the testdata file containingthe data thatwas runon thistest rig;

for example,WEARDATA.

SPEC_ID Identificationcode forthe samplereferredto inthe followingTEXT field

SEQ Sequence numberforone lineof text for a singleset of notes

TEXT The field that containsthe actualtext information. Each set of notesper

individualtest may haveas manyof these recordsas needed to storetl_e

information. "

TABLE 9

MATNAMES File Record Format

Thesaurus of Material Names

Field Name Description

MATERIAL Name of the materialtested

MAT_TYPE Generaltype of material(eg.ceramic,cermet,braze, metal,etc.)

NAME_CHEM Name of materialbasedon itschemistry(eg.Cr203-5%SiO2-3%TiO2 for M136)

NAME_COMM Name of materialas assignedbythemanufacturer(eg. ARTUFFfor AI203+SiCw)

NAME_OTHER Names that maybe assignedto thismaterialotherthan thosealreadylisted. ,p
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SECTION 3A. INDIVIDUAL TEST NOTES

BATTELLE COLUMBUS LABORATORY TEST NOTES
41

TEST TEXT
NUMBER

• R4 Good wear resistance,but cylinderspecimens'surfacesshowedcrackinginthe

contactareas, although these areas were highlypolished.

R8 A proprietarysurfacepreparation,CERATEK, was appliedby PCK Technologyon the
siliconnitridecylinder specimens.This processproducesan Au/Co/Ni alloycoat
bondedto the Si3N4 surface. Mating ring speimensof cobalt-bonded tungstencar-
bide were used withthe specialSi3N4 cylinders.Specimen break-inwas performed
at roomtemperatureand 100C.

R11 After 1 hourbreak-inat roomtemperature(20C),dng wear coef.(rwc)was 5.e-06,
1.E-06 after 1 hour at 100C, 3.E-06 after4 hoursat 260C, 7.E-06 after4 more

hoursat 260C. Frictioncoefficientrnage = 0.06 to 0.16. The LB625 removed old

depositsintest chamber formedby SDL-1, but had higherwear rates ingeneral,
possiblydueto lackof ZDP, an anti-wearadditive found in SDL-1.

R15 Thermo-elasticinstabilityoccurredthroughouttest as visiblehot spots.
Cylingerspecimenswere badlycracked fromthermal shockassociated withTEl.

Cr platingwas wornthroughafter60 minutesof runningat 10N/mm.

R16 High wear rate was caused bythermo-elasticinstability,whichshowed up as hot
spots and streakson cylinderspecimens.

R17 Ring specimenswore 0.05mm in 3 minutesof operation.Surfacesof ringsand
cylinderspecimenswere extensivelycracked.The edges of ringspecimenswere
chippedaway instair-stepcracksfollowingoriginalsurfacecracks.

R23 Ring and cylinderspecimenscame fromtestson LB625(see test-ids=R32,R26,
R30, and R11), thus startedlifewitha 12-hour"break-in'.The LB-650X left

more depositswith it decomposed,althoughit was more thermallystable.

R29 High porosityin the ringcoatingscouldbe the cause of highwear rates.

R31 High porosityin the ringcoatings couldbe the cause of highwear rates.

R33 The OS-124 burnedoffvery cleanlyduringthe test, butdid not seem to have

• enough usableviscosity leftat test temperaturesto adequatelylubricatethe
ring/cylinderinterface.

- R34 Test had to be shutdown after30 minutesdue to highfrictionand higherthan
normal fluidconsumptionneeded to run quietly.Highervolitilityof OS-124 was

most likelythe reasonfor need for higherlubricationflowrate.
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SECTION 3A. INDIVIDUAL TEST NOTES, continued

BATTELLE COLUMBUS LABORATORY TEST NOTES
TEST TEXT

NUMBER

R39 This test is a re-testof R29 and R31, usingnew specimenswithbettercoat-

ings. Qualityof thecoat does make a difference.

R41 No reliablefrictioncoefficientcouldbe measureddue to short duration,but

very loudsquealingduringtesting suggestshighreadings.

R42 No reliablefrictioncoefficientscouldbe measureddue to shortduration,but

very loudsqueallingduringtest suggestshighreadings.

R43 A coatingof M501 transferredto the SiCcylinderand the slidingwas actually
occurringon self-mated M501.

R45 Ring material is M130(alurnina-titania)with a molybdenumbase coat. Test was
stoppedwhen oneof the cylinderspecimensfractured(dueto warpage oi:its ped-

R47 Ring specimenwaswor;_throughthe .1OmrethickCr coatingto base metal after 1
hour of uperation. Entire test chamber was coatedwith a tenaciousblack iayer
of lubricantdecompositionproducts.The cylinderspecimenswere grooved, and

heavilycoated withtenacioyslayerof wear debrisand lub.decomp, products.

R48 Thermo-elasticinstabilitywas observed.O.05mmof the Cr coating was wornoff,
andthe Z-191 hadthermalcracks.

R53 High ringwear ratewas caused bythermo-elasticinstability,showingup as hot
spotsand streakson cylinderspecimens.

R54 Highwear rate dueto thermo-elasticinstability,showing up as hot spots and
streakson the cylinderspecimens.

R55 Opek'atingspeedsvaried from 500 to 1500 RPM. Ring load varied from 12 to 18N/mm
and coefficientof frictiondecreased from0.07 to 0.04. Originalwear was due

to "seatingof specimens'.Hydrodynamiclubricationaided decrease in coefficnt
of friction.Some surface smearing andfine abrasionoccurred,but nothermal
crackswere seen. Ringwear after4 hourswas O.025mm.Abrasionscratchesin
some locationssuggesteffectof grain or!entationon resistanceto scratclhing.

R56 Thermo-elasticinstabilitywas observed.

R57 Thermo-elasticinstabilitywas observed on the MG-PSZ before the ring specimens
fracture(:;No hidrodynamic lubricationoccurred.
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SECTION3A. INDIVIDUALTEST NOTES,continued
. .ATrELUSCOLUMeUSLeOnATOnVTESTNOTES

TEar ' TEar
NUMBER

. R58 Nothermo-elasticinstabilitywasobserved.Ringshadslightwearandwere
highlypolishedaswellasthermal-crackfree.Thermalpropertiesofthecyl-
inderappearto bemoreimportantthanfortherings.

R59 Nothermalshockwasobserved.Edgesofthe ringswerechippedbutnotfractured

R67 Newringand cylinderspecimenswereusedforthisexaminationof LB-650X.

R62E R62EwasrunusingthesamespecimenastheotherR62tests,buta different
lubricant,LB650X,wasusedforthispartofthetest.

R62F R62Fwasrunusingthe samespecimenastheotherR62tests,andthesame
lubricant,LB650X,usedinthe R62Etest.

R69 Micrographshowedthatroughsurfacestransferredmaterialandtransversecracks
perpendiculartoslidingdirectionwerepresent.Thecracksaretypicalof dry
slidingwithsoft,lubriciouscoatings.

. R71 Testactuallyranfor lessthan10 minutesbeforeringspecimenholderbrokeoff
theslidingarm. Ringspecimensshattered,soring wearcoefficientcouldn'tbe measured.

- R72 Cylinderwearcoefficientwas3.2e-03.Ringcoatingworethroughduringtest.

R73 Cylinderwearcoefficientwas1.2E-02with15 micrometersofcoatingwear.Ring
specimenholdersbrokeoffafterabout10 minutes.A combinationofhightemps,
fatigueand highfrictionalforcesareprobablecausesof rig failure.

R88 Wearwasso highduringbreak-inperiodthatthecoatingwascompleteleyremoved
so thetestwasdiscontinued°

R90 Moreoilthanusualwasneededtokeepspecimenslubricated.Also,ringsloads
hadto be reducedduringthetestrun.

92LA SeetextforR92RA.

92RA Inthissetof testsa normalSi3N4specimenwasmountedinthe rightringspecimen
holder(R92Rntests)anda 2ONe-ionimplantedSi3N4specimenwasplaced

- inthe left(R92Lntests).Bothweretestedsimultaneouslyusingthe3-phase
testdescribedinTESTBKGDunderBCD-RC3.
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OmniElectro Motive, ;nc., McGill University
12 Seely Hill Road Department of Mining and "
Newfield, NY 14867 Metallurgical Engineering

3450 University Street
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283. J. P. Gallagher Coors Technical Ceramics
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Labs, Inc. Urbana, IL 61801

NagakuteAtcht 480-11
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Spraying SystemsCompany Materials Science and
North Avenueat SchmaleRoad Technology
Wheaton, IL 60189-7900 Atlanta, GA30332

404. SaundersB. Kramer 4;3. Jat Lala
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446. Lydta Luckevich
438. HansA. Lindner Ortech Internattona]

Cremer Forschungsinstitut 2395 SpeakmanDrive
GmbH&Co.KG Htsstssauga Ontario LBK1B3

Oeslauer Strasse 35 CANADA AIR HAIL •
D-8633 Rodenta] 8866
GERMANY AIR HAIL
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447. JamesW. MacBeth 456. Lars Malmrup
CarborundumCompany United Turbine AB

" Structural CeramicsDivision Box13027
P.O. Box 1054 MalmoS-200 44
Niagara Falls, NY 14302 SWEDEN AIR MAIL

448. H. MacLaren 457. John Mangels
General Electric Company Ceradyne, Inc.
ThomsonLaboratory, Materials 3169 Redhill Avenue

Engineering 36807 Costa Mesa, CA92626
1000 Western Avenue
Lynn, HA 01910 458. Russell V. Mann

Matec Applied Sciences, Inc.
449. GeorgeMaczura 75 South Street

AluminumCompanyof America Hopkinton, HA 01748
Industrial ChemicalsDivision
670 OneAllegheny Square 459. Wtlliam R. Manning
Pittsburgh, PA 15212 ChampionAviation Products

Division
450. David Maginnis Old Norris Road

Tinker AFB P.O. Box686
OC-ALC/LIIRE Liberty, SC 29657
Tinker AFBOK73145-5989

460. KenMarnoch
451. Frank Maginnis Amercom,Inc.

AspenResearch, Inc. 8928 Fullbright Avenue
- 220 Industrial Boulevard Chatsworth, CA91311

Moore, OK73160
461. Robert A. Marra

. 452. Tai-il Mah AluminumCompanyof America
Universal Energy Systems, Inc. Alcoa Technical Center
Ceramics and Composites AdvancedCeramics Center - E

Research Alcoa Center, PA 15069
4401Dayton-Xenia Road
Dayton, OH45432 462. ChaunceyL. Martin

3MCompany
453. KennethM. Maillar 3MCenter, Building 60-1N-01

Barbour Stockwell Company St. Paul, MN55144
83 Linskey Way
Cambridge,HA 02142 463. Steven C. Martin

AdvancedRefractory
454. Lorenzo Majno Technologies, Inc.

Instron Corporation 699 Hertel Avenue
100 Royall Street Buffalo, NY 14207
Canton, HA 02021

464. Kelly J. Mather
" 455. S. G. Malghan Williams International

NationalInstituteof Standards Corporation
and Technology 2280 West Maple Road

• 1-270 & Clopper Road P.O. Box200
Gaithersburg, MD20899 Walled Lake, MI 48088
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465. James P. Mathers 474. ChuckMcFadden
3M Company Coors Ceramics Company
3H Center 600 9th Street ,
Building 201-3N-06 Golden, CO80401
St. Paul, HN55144

475. Henry McFadden
466. Marshall Mayer Magnetic Bearings, Inc.

Instron Corporation Engineering Library
3815 Presidential Parkway, 609 RockRoad

Sutte 100 Radford, VA 24141
Atlanta, GA30340

476. ThomasD. McGee
467. RonMayvtlle Iowa State University

Arthur D. Ltttle, Inc. Hatertals Sctence and
15-163 Acorn Park Engineering Department
Cambridge, HA02140 110 Engineering Annex

Ames, IA 50011
468. F. N. Hazadarany

General Electric Company 477. Carol McGill
ResearchLaboratory Corntng Inc.
Building K-l, RoomMB-159 Sulltvan Park, FR-02-08
P.O. Box8 Corntng, NY 14831
Schenectady,NY 12301

478. l'. C. McLaren
469. JamesW. HcCauley CameronForged Products

Alfred University Company
NYS Collegeof Ceramics P.O.Box 1212
Binns-MerrlllHall Houston,TX 77251-1212
Alfred,NY 14802

479. JamesMcLaughlin
470. Carolyn McCormick Sundstrand Power Systems

Allied-Signal Aerospace 4400 Rufftn Road
Company P.O. Box85757

Garrett Auxiliary Power San Diego, CA 92186-5757
Division

Bldg. 1303-206 480. Arthur F. McLean
P.O. Box5227, MS:9317-2 6225 North CaminoAlmente
Phoenix, AZ 85010 Tucson, AZ 85718

471. Louis R. McCreight 481. Matt HcHontgle
2763 San RamonDrive U.S. Department of Energy
RanchoPalos Verdes, CA90274 ImprovedEnergy Productivity

Division
472. Colin F. McDonald Forrestal Building,

McDonaldThermal Engineering CE-231
1730 Castellana Road Washington, DC 20585
La Jolla, CA92037

482. Dennis McMurtry
473. B. J. McEntire EG&GIdaho, Inc.

Norton Company,TRWCeramics Idaho National Engineering .
GoddardRoad Laboratory
Northboro, HA01532-1545 P.O. Box 1625

Idaho Falls, ID 83415
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483. D. B. Meadowcroft 491. Arthur G. Metcalfe
National PowerTechnology Arthur G. Metcalfe and

• and Environmental Centre Associates, Inc.
Kelvin Avenue 2108 East 24th Street
Leatherhead Surrey Nattonal etty, CA 91950

. KT227SE
ENGLAND AIRMAIL 492. R. Metselaar

EindhovenUniversity
484. 3o Meglen Centre for Technical Ceramics

11004 Birdfoot Court P.O. Box 513
Reston, VA22091 Eindhoven5600 MB

THENETHERLANDS ATRHAIL
485. Pankaj K. Mehrotra

Kennametal, Inc. 493. NancyS. Meyers
P.O. Box 639 U.S. Departmentof Energy
Greensbur9, PA 15601 Transportation Technologies

CE-30, Forrestal Building
486. JosephJ. Meindl 6B-094

Reynolds International, Inc. Washington, DC 205856603 West Broad Street
P.O. Box27002 494. David J. Michael
Richmond,VA23261-7003 Harbison-Walker Refractories

Company
487. Michael D. Meiser P.O. Box 98037

Allied-Signal AerospaceCompany Pittsburgh, PA 15227
Garrett Ceramic Components

. Division 495. KenMtchaels
19800 South Van NessAvenue Chrysler Motors Corporation
Torrance, CA90509 Ceramics Development

Metallurgical Processes
" 488. GeorgeMessenger P.O. Box 1118, CIMS:418-17-09

National ResearchCouncil of Detroit, MI 48288Canada
Engine Laboratory 496. Bernd Michel
Building M-7 Institute of Mechanics
Ottawa Ontario K]A OR6 Fracture and Micromechantcs
CANADA AIR HAIL Department

P.O. Box 408
489. D. Messier D-9010 Chemnttz

U.S. ArmyMaterialsTechnology GERMANY AIR MAIL
Laboratory

SLCMT-EMC 497. DavidE. Miles
405 ArsenalStreet Commissionof the European
Watertown,MA 02172-0001 Communities

rue de la Loi,200
490. Gary L. Messing B-1049 Brussels

" PennsylvaniaStateUniversity BELGIUM AIR MAIL
CeramicScienceand Engineering
Department 498. JohnY. Milewski

- 119 SteidleBuilding Superkinetics,Inc.
UniversityPark,PA 16802 P.O.Box 8029

Santa Fe, NM87504
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499. Carl E. Mtller 508. ThomasMorel
AC Rochester Rtcardo North America
1300 North Oort Highway, 645 Blackhaxk Ortve .

NS:32-31 Westmont, IL 60559
Engtneeriag Building B
Fltnt, MI 48556 509. Geoffrey P. Morrts .

3MCompany
500. Mtke Mtller 3N Trafftc Control Materials

McGrawuHt11Aviation Week Dtvtston
PerformanceMaterials Bldg. 209oBW-10,3N Center
1156 15LhStreet, N.W. St. Paul, MN55144-1000
Washington, DC20005

510. Jay A. Morrison
501. Charles W. Miller, Or. Rolls-Royce, Inc.

Centorr Furnaces/Vacuum Engineering and Information
Industries Center, Overlook 1

542 Amherst Street 2849 Paces Ferry Road,
Nashua,NH 03063 Sutte 450

Atlanta, GA30339-3769
50:). R. Mininni

EnichemAmerica 511. Joel P. Hoskowttz
2000 Cornwall Road Ceradyne, Inc.
MonmouthJuncti on, NJ 08852 3169 Redht11Avenue

Costa Mesa, CA92626
503. Michele V. Mitchell

Allied-Signal Aerospace 512. Brij Moud9tl
Company University of Flortda .

GarrettCeramicComponents MaterialScienceand
Division Engineering

19800 South Van NessAvenue Galnesvllle,FL 32611
Torrance, CA 90501-1149

513. Christoph J. Mueller
504. HowardHizuhara Sprechsaal Publishing

GTE- WESGO Group
477 Harbor Boulevard P.O. Box 2962, Mauer 2
Belmont, CA94002 D-8630 Coburg

GERMANY AIR MAIL
505. Helen MoelIer

Babcock& Wilcox 514. ThomasW. Mullan
P.O. Box 11165 Vapor Technologies Inc.
Lynchburg, VA 24506-1165 345 Route 17 South

Upper Saddle River, NJ 07458
506. Francois R. Mollard

Metalworking Technology, Inc. 515. M. K. Murthy
1450 Scalp Avenue MKMConsultants International
Johnstown, PA15904 10 AvocaAvenue, Unit 1906

Toronto Ontario M4T2B7
507. Phil Mooney CANADA AIR HAIL

Panametrics
NDEDivision 516. SolomonMusikant .
221 Crescent Street TransConTechnologies, Inc.
Waltham,MA 02254 MaterialsScience & Engineering

1508 WaynesboroRoad
Paoli, PA 19301
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517. David L. Hustoe 526. H. Nickel
CustomTechnical Ceramics FurschungszentrumJUelich (KFA)

" 8041 West 1-70 Service Road, P.O. Box 1913
Unit 6 J_ellch 1-5170 BRDNRW

Arvada, CO80002 GEPJ4ANY AIR HAIL

518. Curtis V. Nakatsht 527. Dale E. Ntesz
U.S. Departmentof Energy Rutgers University
MorgantownEnergy Technology Center for Ceramic Research

Center P.O. Box 909
Collins Ferry Road Piscataway, NJ 08855-0909
P.O. Box880
Morgantown,WV26507-0880 528. David M. Nissley

United Technologies Corporation
519. Yoshio Nakamura Pratt & Whitney Aircraft

Faicera Research Institute 400 Main Street, HS:163-10
2-5-8 Hiyakunin-cho Shinjuku-Ko East Hartford, CT 06108
Tokyo
JAPAN AIR HAIL 529. Richard D. Nixdorf

ReMaxCoTechnologies, Inc.
520. K. S. Nar_simhan 11317 Snyder Road

HoeganaesCorporation Knoxville, TN 37932River Road
Riverton, NJ 08077 530. Bernard North

Kennametal, Inc.
521. SamuelNatansohn P.O. Box639

" GTELaboratories, Inc. Greensburg, PA 15601
40 Sylvan Road
Waltham, HA02254 531. Bruce E. Novtch

- Ceramics Process Systems
522. Robert Naum Corporation

Applied Resources, Inc. 155 Fortune Boulevard
P.O. Box241 Milford, MA01757
Pittsford, NY 14534

532. Daniel Oblas
523. MalcolmNaylor GTELaboratories, Inc.

CumminsEngine Company,Inc. 40 Sylvan Road
P.O. Box 3005, Hail Code50183 Waltham, HA 02254
Columbus,IN 47202-3005

533. DonOhanehi
524. JeffreyNell Magnetic Bearings, Inc.

GTELaboratories, Inc. 1908 Sussex Road
40 Sylvan Road Blacksburg, VA 24060
Waltham, MA02254

534. Robert Orenstein
. 525. Fred A. Nichols General Electric Company

ArgonneNational Laboratory 55-112, River Road
9700 South CassAvenue Schenectady, NY 12345
MCT- Building 212

" Argonne, IL 60439
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535. Norb Osborn 544. E. Beth Pardue
AerodyneDallas Technologyfor Energy .
151 Regal Row, Corporation

Suits 120 OneEnergy Center
Dallas, TX 75247 P.O. Box 22996

Knoxville, TN 37933-0996
536. A. M. Paddick

BP InternationalLimited 545. SoonC. Park
BP ResearchCentre,Main 3MCompany
Library 3M Center

ChertseyRoad Building 142-4N-02
Sunbury-on-Thames P.O. Box 2963
Middlesex TW167LN St. Paul, MN55144
UNITEDKINGDOM AIR HAIL

546. Hartmut Paschke
537. Russell J. Page Schott Glaswerke

Kanthal-Artcor Christoph-Dorner-Strasse29
3001 RedhilI Avenue,I1-109 D-8300Landshut
CostaMesa,CA 92705 GERMANY AIR HAIL

538. RichardPalicka 547. MarinaR. Pascucci
Cercom,Inc. GTE Laboratories,Inc.
1960 WatsonWay 40 Sylvan Road
Vista, CA92083 Waltham, MA02254

539. MukteshPal iwal 548. JamesW. Patten
GTEProducts Corporation CumminsEngine
HawesStreet Company,Inc.
Towanda,PA 18848 Materials Engineering

P.O. Box 3005, Mail -
540. JosephE. Palko Code50183

General Electric Company Columbus,IN 47202-3005
55-113, River Road
Schenectady, NY 12345 549. Robert A. Penty

EastmanKodakCompany
541. Hayne Palmour, III KAD/D73- 35612

North Carolina State 901 Elmgrove Road
University Rochester, NY 14653

Materials Science and
Engineering Dept. 550. Robert W. Pepper

Raleigh, NC 27605-7905 Textron Specialty Materials
2 Industrial Avenue

542. Joseph N. Panzarino Lowell, HA 01851
Norton Company
AdvancedCeramics 551. Peter Perdue
GoddardRoad Detroit Diesel Corporation
Northboro, MA01532-1545 ResearchAdvancedDevelopment

Group
543. Pellegrino Papa 13400 West Outer Drive,

Coming Inc. SpeedCodeA-07
MP-WX-02-1 Detroit, MI 48239-4001
Corning, NY 14831
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552. Bruce Peters 561. Harry L. Potma
DowChemical Company Royal Netherlands Embassy

• Building 52 Science and Technology
Midland, MI 48667 4200 Linnean Avenue, N.W.

Washington, DC 20008
- 553. John J. Petrovic

Los AlamosNational Laboratory 562. Bob R. Powell
Group MST-4, MS:6771 General Motors Research
Los Alamos, NM87545 Laboratories

Metallurgy Department
554. Frederick S. Pettit 30500 MoundRoad

University of Pittsburgh Box 9055
Pittsburgh, PA 15261 Warren, MI 48090-9055

555. BenA. Phillips 563. StephenC. Pred
Phillips Engineering Company ICD Group, Inc.
721 Pleasant Street 1100 Valley BrookAvenue
St. Joseph, MI 49085 Lyndhurst, NJ 07071

556. Richard C. Phoenix 564. Karl M. Prewo
Ohmtek, Inc. United Technologies Research
2160 Liberty Drive Center
Niagara Falls, NY 14302 411 Silver Lane

MS:24
557. Bruce a. Pletka East Hartford, CT 06]08

Michigan Technological
" University 565. Peter E. Price

Metallurgical and Materials Industrial Materials
Engineering Department Technology, Inc.

Houghton,MI 49931 P.O. Box9565
Andover, HA01810

558. John P. Pollinger
Garrett Ceramic Components 566. JosephM. Proud
19800 Van NessAvenue GTELaboratories, Inc.
Torrance, CA90501 Materials Science Laboratory

40 Sylvan Road
559. P. Popper Waltham, HA 02254

High TechnologyCeramics
International Journal 567. Vtmal K. Pujart

22 PembrokeDrive Norton Company
Westlands Newcastle-under-Lyme AdvancedCeramics

Staffs ST5 2JN GoddardRoad
ENGLAND AIR MAIL Northboro, HA 01532-1545

560. F. Porz 568. GeorgeQuinn
Universitat Karlsruhe National Institute of
Institut fur Keramik Im Standards and Technology

Maschinendau Ceramics Division, Bldg. 223
Postfach 6980 Gatthersburg, HD20899

" D-7500 Karlsruhe
GERMANY AIR MAIL
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569. RamasV. Ramay_ 578. K. T. Rhee
Ceracon, Inc, Rutgers University
1101 North 14arket Boulevard, Mechanical Engineering "

Suite 9 P.O. Box909
Sacramento, CA95834 Piscataway, NJ 08854

570. Charles F. Rapp 579. James Rhodes
OwensCorntng Fiberglass AdvancedCompositeMaterials
2790 ColumbusRoad Corporation
Granville, OH43023-1200 1525 South BuncombeRoad

Greer, SC29651
571. Dennis W. Readey

Colorado School of Mines 580. Roy W. Rice
Departmentof 14etallurgy W.R. Grace and Company

and 14aterials Engineering 7379 Route 32
Golden, CO80401 Columbta, HD 21044

572. Wilfred J. Rebello 581. David W. Richerson
PAREnterprises, Inc. 2093 East DelmontDrive
12601 Clifton Hunt Lane Salt Lake City, UT 84117
Clifton, VA22024

582. TomasRichter
573. Harold Rechter O.H. France Refractories

Chicago Fire Brick Company 1944 Clarence Road
R&D SnowShoe, PA16874
7531 South AshlandAvenue
Chicago, IL 60620 583. Mtchel Rtgavd -

Ecole Polyt_chntque
574. Robert R. Reeber CampusUniversite De 14ontrea1

U.S. ArmyResearchOffice P.O. Box6079, Station A -
P.O. Box 12211 Montreal, P.Q QuebecH3C3A7
ResearchTriangle Park, NC27709 CANADA AIR MAIL

575. K. L. Reifsnider 584. R. E. Rtman
Virginia Polytechnic Institute Rutgers University

and State University CeramicsEngineering
Department of Engineerin9 Department

Science and Mechanics P.O. Box 909
Blacksburg, VA24061 Piscataway, NJ 08855-0909

576. Paul E. Rempes 585. Barry Rtngstrom
14cDonne11Douglass14issle Superior Graphtte Company

SystemsCompany P.O. Box2373
P.O. Box516, Smyrna, GA30081

Mai1 Code:1066086
St. Louis, 14063166-0516 586. OohnE. Rttter

University of Massachusetts
577. Gopal S. Revankar Mechanical Engineering

,JohnDeere Company Department
Metals Research Amherst, MA010033300 River Drive
14oline, IL 61265
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. 587. Frank L. Roberge 596. Robert Ruh
Allied-Signal Aerospace Wright Laboratory

Company WL/HLLH
Garrett Auxiliary Power Wright-Patterson AFB, OH45433

" Division
P.O. Box 5227 597. Robert J. Russell
Phoenix, AZ 85010 17 Highgate Road

Framtngham, HA 01701
588. W. Eric Roberts

Advanced Ceramic 598. L. William Sahley
Technology, Inc. Supermatertals Company

990 "F" Enterprise Street 24400 Htghland Road
Orange, CA 92667 Richmond Heights, OH44143

589. Hartha Rohr 599. Jon Salem
U.S. Department of Energy NASALewis Research Center
DOEOak Ridge Field Office 21000 Brookpark Center
Building 4500N Cleveland, OH44135
P.O. Box 2008, HS-6269
Oak Ridge, TN 37831-6269 600. W. A. Sanders

NASALewis Research Center
590. Y. G. Roman 21600 Brookpark Road,

TNOTPD Keramick HS:49-3
P.O. Box 595 Cleveland, OH44135
Einhoven 5600 AN

" HOLLAND AIR HAIL 601. J. Sankar
North Carolina A&T State

591. Hark D. Roos University
CarborundumCompany Department of Hechanical
P.O. Box 156 Engineering
Niagara Falls, NY 14302 Greensboro, NC 27411

592. Hichael Rossetti 602. Yasushi Sato
Arthur D. Little, Inc. NGKSpark Plugs (U.S.A.), Inc.
15 Acorn Park 1200 Business Center Drive,
Cambridge, HA 01240 Suite 300

Ht. Prospect, IL 60056
593. Barry R. Rossing

Lanxide Corporation 603. Haxine L. Savttz
1300 Harrows Road Allied-Signal Aerospace
Newark, DE 19714-6077 Company

Garrett Ceramic Components
594. Steven L. Rotz Division

Lubrizol Corporation 19800 South Van Ness Avenue
- 29400 Lakeland Boulevard Torrance, CA 90501

Wickliffe, OH 44092
604. Ashok Saxena

. 595. Bruce Rubinger Georgia Institute of
Global Competitiveness, Inc. Technology
One Devonshire Place, Haterials Engineering

Suite 1011 Atlanta, GA30332-0245
Boston, HA 02109
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605. David W. Scanlon 613. Robert B. Schulz
Instron Corporation U.S. Department of Energy .
100 Royall Street Office of TransportationMatertal s
Canton, MA02021 CE-34, Forrestal Building .

606. Charles A. Schacht Washington, DC 20585
Schacht Consulting Services
12 Holland Road 614. Murray A. Schwartz
Pittsburgh, PA 15235 Materials TechnologyConsulting, Inc.

607. JamesSchienle 30 Orchard Way, North
Allied-Signal Aerospace Potomac,MD20854

Company
GarrettAuxiliaryPower 615. PeterSchwarzkopf
Division SRI International

2739 East WashingtonStreet 333 RavenswoodAvenue
P.O. Box5227, MS:1302-2P Menlo Park, CA 94025
Phoenix, AZ 85010

616. ThomasC. Schweizer
608. John C. Schneider Princeton Economic

San Juan Technologies Research, Inc.
P.O. Box49326 12300 Twinbrook Pkwy.,
Colorado Springs, CO80949-9326 Suite 650

Rockville,MD 20852

609. Gary Schnittgrund
Rocketdyne,BA05 617. WilliamT. Schwessinger .
6633CanogaAvenue Multi-ArcScientific
CanogaPark,CA 91303 Coatings

1064 Chicago Road
610. Mark Schomp Troy, MI 48083-4297

Lonza,Inc.
CorporateHeadquarters 618. W. D. Scott
17-17 Route 208 University of Washington
Fair Lann, NJ 07410 Materials Science Department

Mail Stop:FBlO
611. Joop Schoonman Seattle, WA98195

Delft University of Technology
Laboratory for Inorganic 619. NancyScovtlle
Chemistry ThermoElectronTechnologies

P.O.Box 5045 74 West Street
2600 GADelft P.O. Box 9046
THENETHERLANDS AIR MAIL Waltham, MA02254-9046

612. John Schuldies 620. Brian Seegmiller
Industrial Ceramic Coors Ceramics Company
Technology,Inc. 600 9th Street

37 EnterpriseDrive Golden,CO 80401
Ann Arbor,MI 48103
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621. T. B. Selover 630. Robert S. Shane
AICRE/DIPPR 238 HemlockRoad
3575 Traver Road Wynnewood,PA 19096
Shaker Heights, OH44122

631. Daniel Shanefteld
" 622. J. H. Selverian Rutgers University

GTELaboratories, Inc. Ceramics Engineering
40 Sylvan Road Department
Waltham, RA 02254 P.O. Box909

Ptscataway, NJ 08855-0909
623. Charles E. Semler

Semler Materials Services 632. Ravt Shankar
4160 MumfordCourt Chromalloy
Columbus,OH43220 Researchand Technology

Division
624. ThomasService Blatsdell Road

Service Engineering Laboratory Orangeburg, NY 10962
324 Wells Street
Greenfield, RA 01301 633. Terence Sheehan

Alpex Wheel Company
625. Kish Seth 727 Berkley Street

Ethyl Corporation NewMilford, NJ 07646
R&DLaboratories
P.O. Box341 634. Dtnesh K. Shetty
Baton Rouge, LA 70821 University of Utah

304 EMRO,Dept. of Materials
• 626. Karleen Seybold Science and Engineering

Allied-Signal Aerospace Salt Lake City, UT 84112
Company

" Garrett Auxiliary Power 635. MasahtdeShimtzu
Division Ceramic Society of Japan

P.O. Box 5227 2-2-503 Taktyama 6-chome
Phoenix, AZ 85010 Htgashtkurume-Shi Tokyo203

JAPAN AIRMAIL
627. William J. Shack

ArgonneNational Laboratory 636. John Shtpinskt
9700 South CassAvenue Toyota Technical Center
Building 212 U.S.A., Inc.
Argonne, IL 60439 Technical ResearchDepartment

2000 TownCenter, Suite 500
628. PeterT. B. Shaffer Southfield,MI 48075

TechnicalCeramics
Laboratories,Inc. 637. ThomasShreves

4045Nine/McFarlandDrive AmericanCeramicSociety,Inc.
Alpharetta,GA 30201 Library

757 BrooksedgePlaza Drive
629. Richard K. Shaltens Westerville, OH43081-2821

NASALevis ResearchCenter
. 21000 Brookpark Road, 638. Jack D. Stbold

MS:301-2 Coors Ceramics Company
Cleveland, OH44135 Contracts for Corporate

Technology
4545 McIntyre Street
Golden, CO80403
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639. George H. Siegel 647. Jay R. Smith
Point North Associates, Inc. Allied-Signal Aerospace
P.O. Box 907 Company
Madison, NJ 07940 Garrett Auxiliary Power

Division
640. Richard Silberglltt 2739 East Washington Street

Technology Assessment and P.O. Box 5227
Transfer, Inc. NS:93-173/1303-207

133 Defense Highway, #212 Phoenix, AZ 85010
Annapolis, HD 21401

648. Edward A. Snajdr
641. Nary Silverberg Premier Refractories

Norton Company and Chemicals, Inc.
Advanced Ceramics Library P.O. Box 392
Goddard Road Findlay, OH 44815
Northboro, HA 01532-1545

649. Rafa] A. Sobotowski
642. Gurpreet Singh British Petroleum Company

Department of the Navy Technical Center, Broadway
Internal Combustion & Gas 3092 Broadway Avenue

Turbine Engine Division Cleveland, OH 44115
Code 56X31
Washington, DC 20362-5101 650. A. G. Solomah

SAC International Ltd.
643. Haurice J. Sinnott 1445 Bonht11 Road, # 13

University of Michigan Misstssauga Ontario L5T 1V3 .
Chemical and Netallurgica] CANADA AIR HAIL

Engineering
5106 IST Building 651. S. Somiya
Ann Arbor, HI 48109-2099 Nisht Tokyo University

3-7-19 Seijo, Setagaya
644. John Skildum Tokyo 157

3M Company JAPAN AIR HAIL
3M Center
Building 224-25-25 652. Boyd W. Sorenson
St. Paul, HN 55144 DuPont Lanxide Composites

1300 Narrows Road
645. David P. Smith P.O. Box 6077

Hoskins, Rees & Smith Neward, DE 19707
1910 Cochran Road
Hanor Oak II, Suite 658 653. Charles A. Sorrell
Pittsburgh, PA 15220 U.S. Department of Energy

Advanced Industrial
646. Richard H. Smoak Concepts Division

Smoak& Associates CE-232, Forresta]
3554 Hollyslope Road Building "
Altadena, CA 9100]-3923 Washington, DC 20585
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654. C. Spencer 663. Paul D. Stone
EATechnology DowChemical USA
Capenhurst Chester 1776 "Eye" Street, N.W.,

CHI 6ES Suite 575
. UNITEDKINGDOM AIR HAIL Washington, DC 20006

655. Allen Spizzo 664. Roger S. Storm
Hercules, Inc. CarborundumCompany
Hercules Plaza Technology Division
Wilmington, DE 19894 P.O. Box337

Niagara Falls, HY 14302-0337
656. Richard M. Sprtggs

Alfred University , 665. Peter A. Stranges
Center for AdvancedCeramic 4 Chtttenden Lane

Technology , OwingsMills, HD21117
A1fred, NY14802

666. F. W. Stringer
657. Charles Spuckler Aero & Industrial

NASALewis ResearchCenter Technology Ltd.
21000 Brookpark Road P.O. Box 46, WoodTop
HS: 5-11 Burnley Lancashire BB114BX
Cleveland, OH44135-3191 UNITEDKINGDOM AIR HAIL

658. M. Srinivasan 667. ThomasN. Strom
Material Solutions NASALewis ResearchCenter
P.O. Box 663 21000 Brookpark Road

• Grand Island, NY 14702-0663 MS:86-6
Cleveland, OH 44135

659. GordonL. Starr

" CumminsEngineCompany,Inc. 668. M. F. Stroosnijder
Design& Technology Institutefor Advanced
P.O. Box 3005 Materials
Mail Code50182 JointResearchCentre
Columbus,IN 47202-3005 21020Ispra(VA)

660. Jim Stevenson ITALY AIR HAIL

Windrock, Incorporated 669. Karsten Styhr
154 Fai rbanks P1aza 30604 GanadoDrive
Oak Ridge, TN 37830 RanchoPalos Verdes, CA 90274

661. TomStillwagon 670. T. S. Sudarshan
Allied-Signal Aerospace Materials Modification, Inc.

Company 2929-P1 Eskridge Center
Garrett Ceramic Components Fairfax VA22031
Division

19800SouthVan Ness Avenue 671. M. J. Sundaresan
Torrance,CA 90501 Universityof Miami

MechanicalEngineering
. 662. HaroldL. Stocker Department

GeneralMotorsCorporation P.O.Box 248294
AllisonGasTurbineDivision CoralGables FL 33]24
P.O.Box 420
;ndianapolis,IN 46206
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672. Patrick L. Sutton 680. Fred Teeter
U.S. Department of Energy 5 Tralee Terrace
AdvancedPropulsion Division East Amherst, NY 14051
CE-322, Forrestal Building
Washington, DC 20585 681. MontkaO. Ten Eyck

CarborundumCompany
673. Willard H, Sutton TechnologyDivision

United Technologies P,O. Box 832
Corporation Niagara Falls, NY 14302

ResearchCenter, MS:24
Silver Lane 682. David F. Thompson
East Hartford, CT 06108 Corning Glass Works

SP-DV-02-1
674. RonSviben Corning, NY 14831

100 Indel Avenue
Rancocas,NJ 08073 683. Merle L. Thorpe
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