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CERAMIC TECHNOLOGY PROJECT DATABASE: 
MARCH 1990 SUMMARY REPORT* 

B. L. P. Keyes 

ABSTRACT 

This report is the fifth in a series of semiannual data summary reports on 

information being stored in the Ceramic Technology Project (CTP) database. The overall 

system status as of March 31 , 1990, is summarized, and the latest additions of ceramic 

mechanical properties data are given for zirconia, silicon carbide, and silicon nitride 

ceramic mechanical properties data, including some properties on brazed specimens. 

1. INTRODUCTlON 

Unlike the previous reports,l-4 which concentrated on one class of ceramics per 

report, this summary contains new test results on several classes of ceramic materials, 

including zirconias, silicon carbides, and silicon nitrides. Primary sources for information 

in this report are the semiannual and bimonthly CTP progress reports, ORNL/TM-6513, 

ORNU561 2, a data disk from M. K. Ferber of Oak Ridge National Laboratory (ORNL), and 

a package of test results from N. L. Hecht of the University of Dayton Research Institute. 

The addition of several new files during this period has further enhanced the 

usefulness of the overall system. Brazed-specimen bend [modulus of rupture (MOR) 

four-point], fracture toughness, and shear strength tests, which require more 

*Research sponsored by the U.S. Department of Energy, Assistant Secretary for 
Conservation and Renewable Energy, Office of Transportation Technologies, as part of 
the Ceramic Technology Project of the Materials Development Program, under contract 
DE-ACO5-840R21400 with Martin Marietta Energy Systems, Inc. 
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characterization than tests an non-joined speciniens, are now inclidded in the database. 

A hardaess measurement file arid an extended comments file far individual test results 

were also appended to the system. 

A hard-copy guide to usifig the database has also been completed thrzlugh the first 

draft. This guiil:'e will serve as instructions on using the dataabase until the csmputerized 

interface is completed in 4 994. 

The database presently contains about 5,495 test reskilis on over 320 different 

batches of ceramic materials Approximately 46"10 of these are on zirconia-based 

c~ranaics, 9% are sn s i l ic~n carbides, 21% are on silicon nitrides, 57Y0 are an whisker- 

reinforced silicon nitrides, 16.3% are on alumina-based ceramics (including whisker- 

rehforzed alumii-ias arid mullites), and 2% are on other ceramics. Table 1 provides a 

more detailed overview of the data preseeatZy stored in the system. 

Several new files, incEuding three which store brazed-specimen test &?a, were 

added to the database during this su.r(rnaiiy period. Although the testing procedures far 

unjoit-sad and joinsd specimesas may be the same, additional infsrmatiari is needed to 

characterize the joint; aped all the materials used to create it. Often, dissimilar niaterials are 

brazed togetber, as in the case of the MS-PSZ and nodular, cast-iron joints made at 

QRNL arid Batttelle Co l~~rnb~ is  Laboratories. To characterize such a joint wsuld require 

twa material fieids and two batch code fields, along with the information on the filler 

material, the brazing method used, heat treatments, etc. The database now contains files 

on MOR four-poinf bend strength tests, shear strength tests, and frac'ilire toughness tests 

pasformed on brazed speeai 



TABLE 1. CTP DATABASE SUMMARY AS OF MARCH 31,1990 

Material _._.__ Bra& Specimens Creep Cyclic Density Dynamic Elasticity Fracture Hardness Interrupted Material 
Class MOR 4 Shear Str. Toughness Fatigue Fatigue Toughness Fatigue Characteristics 

Alumina 1 15 9 24 20 19 
Alumina + reinforcing fibers 7 39 91 
Alumina + Zirconia 
Muliite 2 2 
Mullite + reinforcing fibers 11 16 48 
Silicon Catbide 10 13 15 24 27 7 
Silicon Nitride 3 27 19 28 16 24 85 112 29 
Silicon Nitride + reinforcing fibers 15 2 16 31 44 
Zirconia 123 58 2 51 158 92 54 239 37 
Zirconia + reinforcing fibers 5 
Other 3 27 

Total records 123 61 2 28 100 205 38 1 84 272 166 239 282 

Material MOR MOR Oxidation Poisson's Shear Tensile Thermal Thermal Thermal Thermal Thermal X-Ray 
Diffraction Class 3PtBend 4PtBend Rate Ratio Modulus Conductivity Contraction Diffusivity Expansion Shock 

Alumina 371 28 3 1 2 
Alumina + reinforcing fibers 144 11 34 18 4 6 
Alumina + Zirconia 7 21 
Mullite 1 4 
Mullite + reinforcing fibers 9 22 
Silicon Carbide 235 23 17 
Silicon Nitride 10 573 1 73 9 44 49 
Silicon Nitride + reinforcing fibers 106 16 86 9 14 
Zirconia 1554 50 72 
Zirconia -+ reinforcing fibers 2 36 
Other 59 

1 
3 

2 
17 

23 

10 
17 

Total records 20 3077 4 19 17 284 55 23 45 107 8 I38 

Grand total test result records on file: 5497 



Another new file contains the results of various hardness tests. Averaged h~~d t l e s s  

values are found in the material characteristics file, but the new file provides the user with 

a better idea OB the actual measkrements. 

Comments on same ob the test resuits exceed the short fieid space allotted in the 

test results records For example, sccasiona?ly, a specimen breaks in the grips QF the 

electricai p ~ w e r  is interrupted during the test, thus causing abnormal resuits, QC some 

other out-of-the-ordinary occurrence takes place that affects the outcome of the results. 

S U C h  detail§ 816 im$3Ofl%Pt and n@@d be tab:? into cOnSkk?rZitiQn befC9E ElnaiyZiflQ' t he  

data. 'These additional comments are stored in DATATXT, an extended csmments file 

whose records contain details pertaining ta one test, rather than to a whole set of tests 

from a single reference. Only those tests containin a Ya' or "I" in the SEETEXT field in 

the test results record will have entries in this frie. 

Although the database is physically located in a microccmputer, direct access to 

users is very limited to protect the integrity of the database. Changes, additions, and 

deletions are made by one person to avoid jsapardizin the entire system through misuse 

or abuse by those not farsriiiar with the files. User access is limited Bo dawriloaded files ~n 

floppy disks in the user's choice of formats. The database itself is a collection of related 

files created in dBASE aid structure, which caarg be linked by a set of parameters. Holdrev~r~ 

no forma! computerized interface currently exists to provide auiarnatier linking of these 

files, although plans for one are in progress. '1-0 aid the u ~ e i  with downioade 

hard-copy version of a database guide has been prepared so the user will have adequate 

information on file contents, general terminology, and interfile linkage until a 

computerized interface becomes available. The guide includes file maps, field definitions 

and characteristics, linkage maps, and a recent database contents we iew and will be 

sent to each person r&questing data. 

4 



3. DATA SUMMARY 

This report covers eight different batches of four zirconia ceramics, two batches of 

two silicon carbides, and nine batches of six silicon nitrides. This report also contains the 

first data to be stored in the database on the mechanical properties of brazed ceramics. 

M. L. Santella of ORNL initially succeeded in brazing a partially stabilized zirconia to 

nodular cast iron by coating the zirconia with titanium and the cast iron with copper. Work 

at Battelle Columbus Laboratories on this same topic yielded a brazing procedure where 

no copper coating was needed to produce a stable, strong joint. Additional data from 

Battelle has been requested but has not yet been received. 

Much of the bend strength data on zirconias in this report were produced by a study 

of diesel engine environmental effects on the strength of partially stabilized zirconias. In 

that study, Nilcra MS-PSZ and TS-PSZ specimens were: (1) exposed to one of the two 

diesel engine combustion chamber environments for 100 h, (2) aged for 100 h at 

temperatures ranging from 700 to 8OO0C, or (3) remained in the as-fabricated condition 

prior to testing to failure. All specimens were broken in a faur-point bend fixture in air at 

room temperature. Strength comparisons and Weibull plots accompany the data tables 

for this study, found in Appendix B, 

Tracking down background information for a specific batch of a material is a time- 

consuming, often frustrating, experience that is often necessary to confirm the validity of 

the data. Keeping assigned batch numbers with the material as it goes through testing 

frequently appears to be a neglected task. Some of the data in this report include the 

original batch codes assigned to the materials by the fabricators. When no batch identifier 

is mentioned, a code is assigned by database personnel based upon the source (report 

code) and the company, laboratory, or individual who reported the data. It is possible for 

material with a known batch code to be the same as a material with a locally assigned (by 

database personnel) batch code if, for example, data for the material were reported 

5 



without the original fabricator’s code. Unless the unkimwrr-bateh-csd8 data are exad 

duplicates sf kssswss-batch-code data, the unkncmn-batch-code data are assigrsed a 

unique identifier lo distinguish them from other batches 04  the same material. 

All Weibuli analyses shewn in this repart were performed using t h e  rank 

regression method, in which a least-squa:ss fit to the ata is used to estimate the 

modulus. §pecifically, the data were sorted and the X-Y coordinates, In (M 

and lnlln [l/(l-F)] , were calculated using Microsof? EXCELm (version 2.0) 

Macintosh computer. The ata were “;hen transferred to Cricket Graph.1M (version 1 .3.1), 

where they were platted with the best-Sit line, using Cricket Graph’s built-in, curve-fitting 

routines. 

tables for this report are organized according to type of data: Appendix A 

contains available backgr~und infarmatian on the ceramics presented in this report; 

A ~ ~ ~ n ~ i ~  B contains the experimental text data arranged in sections by property type. 

Same of the test data listed in Appendix 8 may not be represented by materials in 

Appendix A but will be included in a later report (if and when such inforrriatian becomes 

availabler). It is the policy for this database to stare the avaMAe information for future use, 

whether or not a complete sat of information is available on a material. However, 

complete sets are preferred and sought as time permits. 

Direct access to the master database is very limited to protect the inde 

master files. Past ~~~~~~~~~~ has shown that major disasters often occlur when too many 

people have direct access to unprotected files ab the microcomputer level. Since most 

users wauld prefer to have the data in a familiar format, to subset, analyze, and rearrange 

to suit t k i r  neees, this method satisfies both situatkms; the master files are protected, and 

the user gets the data in a readily co~suma$1~ form. While direct access is faster, the 
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process of downloading across phone lines can be time consuming and hazardous to the 

of the data being transmitted. This database was designed as a repository, not a 

full-function analytical tool. 

Access to the data is attained by calling the database administrator and requesting 

all files or just those pertaining to certain materials or test types. The CTP database is a 

microcomputer-based system of files organized in the dBASE IV structure. Access to the 

data can be provided by calling the database personnel during working hours (7 a.m. to 

3:20 pm., Eastern time) at 61 5-574-51 13, The information requested by the user (in the 

user-designated format, including software and disk type) will then be downloaded from 

the master files, reformatted (if necessary), and sent out to the user as soon as possible. 

No plans are being considered for direct access from outside systems at this time. Direct 

transfer is also available by special arrangement but may be time consuming due to the 

sizes and numbers of files. No guarantee is given for the validity of data transmitted 

directly because of possible phone line problems. Until a computerized interface 

becomes available, the CTP Database User's Guide will also be sent to all first-time users 

when the document becomes available. 

Several file formats, other than dBASE IV, are available for files downloaded for 

users. These formats have been categorized as either Apple Macintosh-compatible files 

(on 3.5-in. floppy disks) or IBM PC-compatible files (on 3.5-in. floppy disks up to 1.44 ME3 

or 5.25-in. floppy disks from 360 KB to 1.44 MB). When requesting information from the 

database, users should indicate disk size and density as well as file type. 

Macintosh file types available are Microsoft EXCEL; SYL; and plain, printable 

ASCII. IBM file types are Lotus 1-2-3, Microsoft EXCEL, DIF, SDF, SYLK, plain ASCII, 

delimited ASCII, and dBASE ill+. Other formats may be available by special arrangement 

with database personnel. 

With computer diseases becoming so rampant, users should be aware that 

precautions are taken to ensure that the disks they receive from the database are disease 
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free. Only new disks are used for transmittals to avoid spreading any computer diseases 

that might be hiding. No recycled, reformatted disks are sent to users. Both the master 

system (IBM PC/A%) and the Macintosh llcx are checked regularly for such illnesses, and 

none have  been found so far. Use of both computers is limited to one person who 

screens incoming software carefuily to avoid contamination of either system. No 

information is downloaded from public bulletin boards 20 either system. Both systems 

have virus detection software installed, and %I1 sfforls are made to ensure both systems 

stay disease free. If users have problems with disks received from the database, t h e y  

sh~ub !  inform database personnel irns-iiediate!y SB that steps can be taken to correct the 

prob lems. 

5, FUTURE PLANS 

The sixth database summay report is scheduled Oar compls'lian in September 199 

and will feature the Batest additions of data to the database. Plans are? currently being 

made to write a computerized user interface using the dBASE BV programming language. 

The interface will link the database's many files Sogether, providing better access to 

information in the system. This interface will be available to all u m - s  09: the database who 

req:nest it. 

T'he author thanks M. L. Santella, C, W. Brinkman, M. K. Ferber, and N. b. Heeht for 

contributing data, 3ob Swindeman and Mike Jenkins for reviewing this document, and 

Kathy Spence for editing and Ma Uptan for preparing the final draft for publication. 
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SECTION 1. MTERIAL CHARACTERISTICS INFORMATION 
MATERIAL BATCH MATERIAL FABRICATOR PRIMARY ADDITIVES SXRCE 

CXOE CLASS MATRIX 
CVD-Sic' CVDIUDRIISA9 SIC CVD Inc. Sic 0 FIN UTM- 1 0 7'05, p .309 
HEXOLOY SA' UDRI-SA9 ALPHASIC SOH10 Engineered Materials alpha Sic B, AI ORNL/TM-10705,~285+ 

BM11I87, p.70 HD(Oc0YSA SOHIOIUDRII1 ALPHA SIC SOH10 Engineered Materials alpha Sic B, AI 

CERALLOY 1473 
EC-152 
NT-154 
NT-154 
SN-252 
SN-4 
GTE W6 
GTE PY6' 

CERADYNUUDRM SIN, ISOPR Ceradyne 
NGKIUDRIIl SIN, SlNT NGK Spark Plug 
NORTON/UDRI/2 SIN, SINT&HP NortonlTRW 
NORTONKlRNUl SIN, SINT&HP NortonlTRW 
KYOCEWUDRlI2 SIN, ISOPR Kyocera 
HOWMETIUDRIII SIN, ISOPR Howmet 
GTEUUDRlIl SIN, HP GTE Laboratories 
UDRI-SA9 SIN, HP GTE Laboratories 

TS-PSZ' NILCRAIUDRIIl FK)PSZ Nilcra Ceramics 
MSPSZ' NILCRAIUDRIII ZROPSZ Nilcra Ceramics 
2-201' KY01985IMTL iaOpsZ Kyocera 

Si3N4 
Si3N4 
Si3N4 
Si3N4 
Si3N4 
Si3N4 
beta Si3N4 
beta Si3N4 

Y203,A1203 
BMlOt88, p.91 
BM10I88, p.90 
BM12I88, p.19 

Yb203,Y203,A1203 BM11I87, p.21 
10% Y203, A1203 BM10I88, p.80 
6WoY203 BM11187, p.70 
6WO/oY203 ORNLTTM-10705,P285+ 

z a 2  W / O o M g o  

zro2 3w%Mgo 
zro2 Y203 

ORNUTM-10308 $256 
ORNUTM- 10308 $256 
ORNUTM-l0308,P2? 7 

MATERIAL BATCH E rn  lvcE MX4 HARDNESS HARDNESS THERMAL PolsSoNs KIC 
CCOE g/cmA3 GPa Mpe TEST VALUE E X P A W N  RATIO MPadm 

COEFFICIENT 
A 
w 

1 .E-OG/"C 
CVD-SIC" CVOIUDRIISAQ 470.0 554.0 VICKERS 2600 kg/mm2 0.230 2.600 
HWOLOY SA' UDRI-SA9 3.17 300.0 325.0 VICKERS 2740 kg/mm2 4.500 4.000 
HMoLLlYSA SOHIOIUDRII2 3.17 427.0 331.0 VICKERS 2539 kglmm2 5.400 2.000 

CERALLOY 147-3 
EC-152 
NT-154 
NT- 154 
SN-252 
SN-4 
GTE py6 
GTE PY6' 

CERADYNOUDRIIP 
NGWUOR112 
NORTONNDRII2 3.23 310.5 
NORTON/ORNUl 
KYOCEWUDRII2 
HOWMETlUDRII2 3.23 204.0 
GTEUUDRlI2 3.24 293.0 641.0 VICKERS 1458kglmm2 3.400 
UDRI-SA9 3.24 267.0 800.0 3.500 

TS-PSZ' NILCRAIUDRIIl 5.78 VICKERS 1025 kg/mm2 9.500 
MS-PSZ' NILCRAIUDRIIl 5.69 VICKERS 1099 kglmm2 10.300 
2-201' KY019851MTL 5.85 201 .o 745.0 KNoop.3kg 10.5 kg/mm2 

3.000 
4.250 

6.000 
7.600 
8.800 

These data included, although from a different batch, for guidance purposes only. 
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1 
MATERIAL BATCH CODE F€F€Fmx PROCESS SPECIMEN EM" DENSITY 

0 alcmA3 
SILICON CARBIDFS 
HEXOLOY SA SOHIO/UDRI/2 UDRIPKGNOV89 IMMERSION MEMOD 16 21 3.1600 
HD(0LOY SA SOHIO/UDR1/2 UDRIPKGNOV89 IMMERSION METWD 17 21 3,1500 
HEXOLOY SA SO#IO/UDRIM UDRIPKGNOV89 IMMERSION METHOD 18 21 3.1400 
HEXOLOY SA SOHIO/UDR1/2 UDRIPKGNOV89 IMMERSION METHOD 19 21 3.1600 
Hw0LOY SA SOHlO/UDR1/2 UDRIPKGNOV89 IMMERSION METHOD 20 21 3.1500 

ON NITWDFS 
GTE PY6 GTEUUDRlI2 UDRIPKGNOV89 IMMERSION METHOD 6 21 3.2600 
GTE PY6 GTE UU D R 112 UDRIPKGNOV89 IMMERSW MEWID 7 21 3.2700 
GTE PY6 GTEUUDRI/2 UDRIPKGNOV89 IMvlERSDN METHOD 8 21 3.2700 
GTE PY6 GTEUUD R1/2 UDRPKGNOV89 IMMERSION METHOD 9 21 3.2700 
GTE PY6 GTEUUDR1/2 UDRIPKGNOV89 IMMERSION MEMOD 1 0  21 3.2700 

NT-154 NORTON/UDR1/2 UDRIPKGNOV89 IMMERSION MEFHOD 96 21 3.2300 
NT- 154 NORTON/UDRI/2 UDRIPKGNOV89 IMMERSION MRHOD 97 21 3.2300 
NT-154 NORTON/UDRI/2 UDRIPKGNOV89 IMMERSION METHOD 98 21 3.2300 
NT- 154 NORTON/UDR1/2 UDRIPKGNOV89 IMMERSION METHOD 99 21 3.2300 
NT-154 NORTON/UDR1/2 UDRIPKGNOV89 IMMERSKX MRHOD 100 21 3.2400 

SN-4 HOWMET/UDR1/2 UDRIPKGNOV89 IMRs#>N MRHOD 8 21 3.2300 
SN-4 HOWMET/UDRlf UDRIPKGNOV89 IMMERSION METHOD 17 21 3.2300 
SN-4 HOWMET/UDR1/2 UDRIPKGNOV89 IMMERSION METHOD 20  21 3.2300 
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TION 4. HARDNFSS FASURFMFNTS. CONTINUFD 
MATERIAL BATCH CODE FGEENcE HARDNESS SPECIMEN LOAD INDENT UNITS HARDNESS 

m g m  VALUE OXE TEST 

GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 

NT-154 
NT- 154 
NT-154 
NT-154 
NT-154 
NT-154 
NT-154 

GTEUUDRV2 
GTEUUDR 1/2 
GTEUUDR 1/2 
GTEUUDR 112 
GTEUUDR1/2 
G TE UUD R 112 
GTEUUDRIM 
GTEUUDRV2 
GTEUUDRI/2 
GTEUUDR 1/2 
GTEUUDRV2 
GTEUUDRV2 
GTEL/UD R 1/2 
GTEUUDRV2 
GTEUUD R 112 
GTEUUDR 1/2 
GTEUU D R 112 
GTEUlJDRII2 
GTEUUDRV2 
GTEUUDRV2 
GTEUUDRV2 
GTEUUDRI/2 
GTEUUDR 1/2 
GTEUUDRVZ 
GTEUUDRII2 
GT E UUD R 112 

NORTON/UDRI/2 
NORTON/UDRI/Z 
NORTON/UDRIR 
NORTON/UDR1/2 
NORTON/UDRI/2 
NORTON/UDR1/2 

UDRIPKGNOV89 
UDRIPKGNOV89 
UD RIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UD RIPKG NOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UD R IPKGNOV89 
UD R IPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBS 
UDRlPKGNOV89 
UDRIPKGNOV89 
UD R I PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 

UDRIPKGNOV89 
UD RI PKGNOV89 
UDRIPKGNOV89 
UDRIPKGWV89 
UDRIPKGNOV89 
UDRIPKGNOV89 

NO RTO N/U DR 1/2 UD RIPKGNOV89 

VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VlCKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 

VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 

62 
62 
63 
63 
6 3  
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
64 
64 
64 
64 
64 
66 
66 
66 
66 
66 

31  
31  
31 
31 
31  
32  
3 2  

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 

500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 

18.9 kg/mm 
18.8 kglmm 
18.5 kg/mm 
19.0 kg/rnm 
18.8 kg/mm 
18.8 kg/mm 
18.8 kg/mm 
18.8 kg/rnm 
18.8 kg/mrn 
18.8 kg/mm 
18.8 kg/mm 
18.8 kg/mm 
18.8 kg/mm 
18.8 kg/mm 
19.0 kg/mm 
1 9.9 kg/m m 
18.5 kglmm 
20.5 kg/mm 
19.3 kg/mm 
19.6 kg/mm 
18.9 kglmm 
18.6 kg/mm 
18.9 kg/mm 
19.5 kg/mm 
19.6 kg/mrn 
19.3 kg/mm 

23.9 kg/mm 
23.7 kg/mm 
24.0 kg/mm 
24.0 kg/mm 
24.8 kg/mm 
23.5 kg/mm 
24.0 kg/mm 

1557.0 
1574.0 
1625.0 
1541.0 
1574.0 
1574.0 
1574.0 
1574.0 
1574.0 
1574.0 
1574.0 
1574.0 
1574.0 
1574.0 
1541.0 
1405.0 
1625.0 
1324.0 
1494.0 
1448.0 
1557.0 
1608.0 
1557.0 
1463.0 
1448.0 
1494.0 

1623.0 
1651.0 
161 0.0 
161 0.0 
1508.0 
1679.0 
161 0.0 
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MATERIAL CMEN LOAD INDENT UNITS HARDNESS 

SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 

SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 

KYOCERAIUDRIR UDRIPKGNO~~ 
KYOCERNUDRIM UDRIPKGNOV89 
KY OCE RA/UDR1/2 UDRIPKGNOV89 
KY OCE RAIUDRIR UDRIPKGNOV89 
KYOCERARIDRII2 UDRIPKGNOV89 
KYOCE RNU DR 1/2 UDRIPKGNOV89 
KYOCERAIUDRI/2 UDRlPKGNOV89 
KY OCE RAIUDRIR UDRIPKGNOV89 
KYOCERA/UDR!/2 UDRIPKGNOVBS 

HOWMETNDR 1/2 
HOWMET/UDR1/2 
HOWMET/UDR1/2 
~ W M € T ~ D ~ l / 2  
HOWMETIUDR 1/2 
HOWMET/UDRI/2 
HQWMETIUDRIR 
HOWMETAJDRII2 
HOWMETIUDRIR 
HOWMET/UDRI/2 
HOWMET/UDRI/2 
WOWMETlUDRiR 
HOWMETIUDRM2 
HO WMETRID R 112 
HOWMET/UDRI/:! 
HOWMETIUDRIR 
HO WMETfUDR 1/2 
HOWMETIUDRV2 
HOWMETIUDRIR 
HOWMET/UDRiR 
H O W M E ~ ~ ~ R l / 2  
HOW M€T/U DR l/2 
HOWMETIUDRV2 
HOWMET/UDR 1!2 

UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
blDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGN6V89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UBR I PKG NOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRPKGNOV89 
UDRIPKGNOV8S 

VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
ViCKERS 

VICKERS 
VlCKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VtCKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VEKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VICKERS 
VlCKERS 

19 
19 
19 
1 9  
20 
20 
20 
20 
20 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 

200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 

18.5 kg/mm 
19.5 kg/mm 
18.5 kglmm 
19.0 kgimrn 
19.0 kg/rnm 
19.0 kg/mm 
19.0 kg/mm 
17.5 kg/mm 
18.6 kg/mm 

14.5 kg/mm 
15.2 kg/mm 
14.2 kg/mm 
16.5 kg/mm 
14.0 kg/mrn 
15.1 kg/mm 
14.9 kg/rnm 
16.1 kgImm 
15.3 kg/mm 
5.8 kg/rnm 
5.5 kglrnrn 
4.4 kg/mm 
5.3 kg/mm 
5.9 kg/mm 
5.0 kg/rnm 
5.7 kg/mm 
6.5 kg/mrn 
5 .0  kgimm 
5.7 kg/mm 
5.0 kg/mm 
5.1 kg/mrn 
4.8 kg/mm 
5.8 kg/mm 
5.0 kg/mm 

1625.0 
1463.0 
1625.0 
1541.0 
1541.0 
1541 .O 
1541 .O 
1817.0 
1608.0 

1764.0 
1605.0 
1839.0 
1362.0 
1892.0 
1627.0 
1671.0 
1431 .O 
1584.0 
486.0 
544.0 
789.0 
584.0 
467.0 
648.0 
505.0 
362.0 
648.0 
505.9 
648.0 
627.0 
693.0 
486.0 
648.0 





APPENDIX B. TEST RESULTS 





OR N L- DWG 90-9344 

Room Temperature Densities for 
Four Silicon-Based Ceramics 

HEXQLOY SA GTE PY6 NT-154 SN-4 

Figure 1.1 Average density at room temperature comparison 
among three silicon nitrides and one silicon carbide, all 
tested at UDRI. 

3000 

2000 
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0 

500 g 

300 g 

Average Hardnesses of 
Several Silicon-based 

Ceramics 

500 g 300 g 

HEXOLOY SA GTE PY6 NT-154 SN-252 

Figure 1.2 Average hardnesses for three silicon nitrides and 
one siiicon carbide tested at UDRI. Vickers test was used with 
the loads indicated in grams over the bars. 
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UDRIPKGNOV89 MOR4PTB A Bend tests were made using 2 lnstron Universal Testing Machines (Model 1123) 
B 
C 
0 
E 
F 
G 
H 

following MIL-STD-l942(MR). High temperature measurements were conducted in 2 
ATS #3320 high-temperature furnaces. Test specimens were 3mmx4mmx50mm with the 
tensile surface ground and polished to 16 microinch finish (MIL-STD-l94Z(MR), 
size 6). Long edges were rounded and polished to minimize edge failures. The 4- 
point bend tests had outer spans of 40mm, inner spans of 20mm. Bend fixtures for 
room temperature tests were made from steel. For higher temps, the fixtures were 
made of Sic. Data submitted by Norman Hecht, UDRI, November, 1989, 

UDRIPKGNOV89 FRACTUFF A fracture toughness was measured using both controlled flaw and microindent methods. An 
B 
C Hecht, UDRI, November, 1989. 

indent load of 2000 grams was used in both methods. Data submitted by Norman 

UDRIPKGNOV89 H A M S  A Hardness measured by Vicker's microindent hardness tester. Fracture origins were 
B 
C 

determined by optical microscopy and SEM (JEOLISM-80 with EG&G Ortec System 5000 
Microanalysis System). Data submitted by Norman Hecht, UDRI, November, 1989. 

N 
UDRIPKGNOV89 MT A The elastic modulus was measured by a Grindo-Sonic (Model MR35T) Transient 

B IrnpulselElastic Modulus Apparatus. Data from Norman Hecht, UDRI, November, 1989. 

UDRIPKGNOV89 TENSILE A Tensile strength measurements were made using an lnstron Eleetro-Mechanical Test 
5 System (Model 1361) equipped with lnstron "sure-grip" universal coupling and 
C water-cooled holders for high-temp tensile testing. An lnstron high-temperature 
D short furnace was used for high temperature measurements. Data submitted by 
E Norman L. Hecht, The University of Dayton Research Institute in November, 1989. 

UDRIPKGNOV89 TliERtEXP A Thermal expansion was measured from 25"-1400"C using a Theta Industries Dilatronic II- 
8 Model 6024. Data submittd by Norman Hecht, UDRI, November, 1989. 



3
 

3
 
9
 
I
 

Q
 
a
 

a
 

O
I
 

26 



RFSULTS 
MATERIAL BATCH EFEENCE TEST SPECIMEN TESTTYPE W LOAD KIC CRACK X-HEAD sPEciMEN ... ~ ~ ~ 

CmE CCCE ENVIAON. NLMBER "C N MPadrn SPEED GK;hAIFty 

urn mm/sec 
SILICON CARWFS 
HEXOUIYSA SOHIO/UDR1/2 UDRIPKGNOV89 AIR 21 (XNIRXEDFLAW 2 1 97.90 1.500 57.900 0.0200 4.0030x2.9394mm 
HMM_oYSA SOHIO/UDRI/2 UDRIPKGNOV89 AIR 22 (XNKXLEDFLAW 21 93.40 1.400 63.300 0,0200 3.9853x2.9972mrn 
H M W Y S A  SOHIOIUDR112 UDRIPKGNOVBS AIR 23 cohm#xtEDFIAW 2 1 97.00 1.400 53.000 0.0200 3.9980x2.9616rnm 
HMOLOYSA SOHIOIUDRlI2 UDRIPKGNOV89 AIR 24 CONTFDUDFLAW 21 93.90 1.500 64.900 0.0200 3.9929x2.9921mm 
HEXOLOYSA SOHIOIUDRIIL UDRIPKGNOV89 AIR 2 5  CONTROtLEDFLAW 2 1 95.20 1.400 59.900 0.0200 3.9903x2.9896mm 
H M W Y S A  SOHlOlUDR112 UDRIPKGNOV89 AIR 26 COMAOLLED FLAW 2 1 96.10 1.500 63.600 0.0200 4.0030x2.9896rnm 
HMOLOYSA SOHIO/UDR1/2 UDRIPKGNOV89 AIR 27 COMROLLEDFLAW 2 1 103.20 1.500 53.500 0.0200 3.9954x2.9769mm 
HMOLOYSA SOHIO/UDR1/2 UDRIPKGNOVBS AIR 28 CONTROLLEDFLAW 2 1 95.60 1.400 55.600 0.0200 4.0005x2.9642mrn 
HMOCOYSA SOHIOIUDRIR UDRIPKGNOV89 AIR 29 COMROUED FLAW 2 1 95.60 1.400 59.300 0.0200 3.9980x2.9870rnm 
HMOLOYSA SOHIO/UDRf/2 UDRIPKGNOV89 AIR 30 CONIRCXLEDFLAW 2 1 105.40 1.600 62.300 0.0200 4.0056x2.9845mr-n 
HEXOLOYSA SOHlOlUDRll2 UDRIPKGNOVBS AIR 151 CONTFDLLEDFLAW 1400 200.60 3.300 68.800 0.0200 4.0005x2.9439mm 
HEXOLOYSA SOHIOIUDRII2 UDRIPKGNOV89 AIR 152 COMROUEDFLAW 1400 215.70 3.100 52.500 0.0200 4.0056x2.9820mm 
HEXOLOYSA SOHIOIUDRV2 UDRIPKGNOV89 AIR 154 WIWKMEDFLAW 1400 159.70 2.600 67.500 0.0200 4.0030x2.9870mm 
HEXOLOYSA SOHIOIUDRII2 UDRIPKGNOVB AIR 155 CONTF#XLEDFLAw 1400 204.60 3.500 76.300 0.0200 3.9954x2.9693mm 
HMOLOYSA SOHIO/UDR1/2 UDRfPKGNOV89 AIR 156 COMROUEDFLAW 1400 177.90 3.000 75.000 0.0200 3.9954x2.9743mm 
HMOLOYs9 SOHIO/UDR1/2 UDRIPKGNOV89 AIR 157 CONIF#XLEDFLAW 1400 166.40 2.900 78.100 0.0200 4.0005x2.9921mm 
tlMOLwSA SOHIOIUDRII2 UDRIPKGNOV89 AIR 158 CXNFOUEDFLAW 1400 185.00 3.000 68.800 0.0200 4.0056x2.9693mrn 
HMOLOYSA SOHIOIUDRII2 UDRIPKGNOV89 AIR 159 COMROUEDFLAW 1400 169.90 2.800 69.400 0.0200 4.0030x2.9667mrn 
EXOLOYSA SOHIO/UDRH2 UDRIPKGNOV89 AIR 160 COMF#WDFLAW 1400 215.30 3,600 72.500 0.0200 3.9853x2.9769mm 

R) 
-4 N NITRIDES 

G E  W 6  GTEUUDR112 UDRIPKGNOV89 AIR 6 1 COMROUEDFLAW 2 1 250.90 3.600 52.500 0.0200 3.9954x2.9566rnm 
GTE PY6 GTEUUDRlI2 UDRIPKGNOV89 AIR 62  COMAOLLEDFLAW 21 209.50 2.900 46.300 0.0200 3.9980x2.9489mm 
G E  W 6  GTEWUDRll2 UDRIPKGNOV89 AIR 63 COMROUEDFLAW 21 254.00 3.700 51.300 0.0200 3.9853x2.9388mrn 
G E  PY6 GTEUUDRIIP UDRIPKGNOVBS AIR 64  COMROLLEDFLAW 2 1 240.20 3.300 48.800 0.0200 3.9963x2.9616rnm 
GTE PY6 GTEUUDRI/2 UDRIPKGNOV89 AIR 65 COMROIEDFLAW 21 235.70 3.100 42.500 0.0200 4.9903x2.9591rnm 
G E  W 6  GTEWUDRII2 UDRIPKWV89 AIR 66  col\mKxLEDFLAW 21 250.00 3.400 43.800 0.0200 4.0005x2.9312mm 
G E  PY6 GTEWUDRII2 UDRIPKGNOV89 AIR 6 7  COMROLLED FLAW 2 I 248.20 3.200 43.800 0.0200 4.0030x2.9693mm 
GTE PY6 GTEUUDRI/2 UDRIPKGNOV89 AIR 6 8  COMROUED FLAW 21 253.50 3.200 38.800 0.0200 4.0030x2.9439mr-n 
GTE W6 GTEUUDRVZ UDRIPKGNOVBS AIR 6 9 CONTRCUEDFLAW 21 258.00 2.900 32.500 0.0200 4.0056x2.9489rnrn 
GTE PY6 GTEUUDR112 UDRIPKGNOVBS AIR 70 COMROUEDFLAW 2 t 259.80 3.100 35.000 0.0200 3.9980x2.9464rnm 

NT-154 
NT- 1 54 
NT-154 
NT-154 
NT-154 
NT-154 
NT-154 
NT-154 

NORTOhYUDR112 
NORTON/UDR1/2 
NORTONlUD R 1/2 
NORTONIUDRII2 
NORTON/UDRI/2 
NORTONIUDR112 
NORTOUIUDR1/2 
NORTONIUDR112 

UDRl PKGNOVBS 
UDRIPKGNOVBS 
UDRIPKGNOVBS 
UDRPKGNOV89 
UDRl PKGNOV89 
UDRl PKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 

AIR 3 1  
AIR 32  
AIR 3 3  
AIR 34  
AIR 35 
AIR 36  
AIR 37  
AIR 38 

COMROLLED FLAW 
COMROLLED FUW 
COWROLLED FLAW 
COKTF(OU-ED FLAW 
COMROUED FLAW 
COMROLLED FLAW 
CXNTROLLED FLAW 
CONTROLLED FLAW 

21 201.50 
21 217.50 
21 227.30 
21 208.60 
2 1  223.70 
21 216.20 
21 229.50 
21 224.50 

2.700 
3.200 
3.100 
3.200 
3. I00 
3.200 
3.400 
3.100 

45.000 
51.300 
45.300 
56.300 
48.800 
52.500 
53.800 
46.308 

0.0200 
9.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

3.9827x2.9388rnm 
3.9954x2.921 Omm 
3.9903x2.9439mm 
3.9853x2.9413mrn 
3.9903x2.9489mm 
3.9878x2.9464rnm 
4.0005x2.9515mm 
3.9980x2.9489mrn 
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2-201 
2-201 
2-20 1 
E-201 
2-20 1 
2-20 1 
2-20 1 
2-201 
2-204 
z-209 
z-201 
2-201 
2-20 1 
2-20 I 
2-20 ‘8 
Z-201 
2-29? 
%-209 
2-20 1 
z-20 I 
2-20 t 
2-20! 
2-28 3 
t - 2 0  1 

K’fOCEW1985 
KYOCEWl985 
KYOCEFW1985 
KYBGEW1985 
KYOGEW1985 
KYUC;EWI 985 
MYOCEW1985 
KYOCEFl.411985 
KYQCERA11985 
KYOG EWll9B5 
KYOGERAII 985 
KYBCERAI’I 985 
KYOCEW198O 
K Y ~ E ~ / ~ ~ 8 ~  
KYOCEW1985 
KYOCER.4’1985 
KYOCErn1985 
K Y ~ C E ~ ~ 9 8 5  
KYOCEW1985 
KYOCEWl985 
~ Y ~ ~ E ~ / l Q 8 5  
KYOCEW1965 
~ ~ E ~ l 9 8 ~  
KYOCEW’l985 

~~NUFERBER-289 
O f l N ~ ~ E ~ B E f f - 2 8 9  
O ~ ~ U ~ ~ R ~ E R - 2 8 9  
QRNUFERBER-289 
ORNUFERBER-289 
QRNUFERBER-289 
ORNUFERBER-289 
ORNUFERBER-209 
QRNUF ERBER-289 
~ R ~ ~ ~ E ~ ~ E R - 2 ~ 9  
ORMtrFERBER-289 
O R ~ U F E R B E ~ - 2 8 ~  
QRNVFERBER-289 
O R ~ V F E R ~ ~ ~ - 2 ~ ~  
QRNUFERBER-289 
Q R N ~ F E ~ ~ E ~ - 2 8 9  
~ R ~ U ~ ~ R ~ ~ ~ - ~ 8 9  
O ~ N U F E R ~ ~ ~ - 2 8 9  
ORNUFERBER-289 
ORNU FERBER-289 
ORNVFERBER289 
ORNUFERBER-289 
ORNVFEff BER-289 
ORNUFERBER-289 

13 
14 
15 
19  
20  
21  
22 
23 
25 
26 
27 
28 
29 
30 
31 
32 
33  
34 
35 
36 
3 7  
38  
39 
40 

2.7915 2.5502 
2.7915 2.5451 
2.7889 2.5451 
2.7889 2.5527 
2.7915 2.5527 
2.7864 2.5451 
2.7915 2.5527 
2.7915 2.5476 
2.7915 2.5527 
2.7915 2.5425 
2.7915 2.5425 
2.7915 2.5425 
2.7915 2.5425 
2.7915 2.54 
2.7864 2.5425 
2.7889 2.5451 
2.7999 2.5451 
2.7915 2.5425 
2.7864 2.5425 
2.7889 2.5451 
2.7915 2.5425 
2.7915 2.5425 
2.7889 2.5476 
2,7915 2.5476 

4 
5 
6 
I 
2 
3 
6 
5 
4 
1 
2 
3 
4 
5 
6 
4 
5 
6 
1 
2 
3 
4 
5 
6 

800 
800 
800 
800 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

to00 
1000 
1000 

aoo 

0.5 0 
0,5 0 
0.5 0 
24 0 
24 0 
24 0 

160 0 
168 0 
168 0 
336 8 
336 0 
336 0 

24 181.656 
24 181.656 
24 181.656 

168 181.656 
168 101.656 
168 181.656 
214 181.656 
214 181,656 
214 181.656 
144 0 

I 4 4  0 
144 a 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

172.062 
171.71 8 
171.749 
172.249 
172.876 
172.062 
171.749 
172.249 
772.062 

0 
0 
0 

222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 
222.4 

282.89 
292.66 
289.12 
305.13 
286.45 
286.45 
284.67 

256.2 
258.87 
319.37 
326.48 
339.38 
323.81 
284.67 

316.7 
296.02 
350.95 
277.1 1 
308.69 
343.83 
326.04 
208.17 
267.77 
279.78 

296.9 
308.4 
304.9 
319.9 

300 
302.4 
298.1 
269.4 
271.1 
337,2 
344.7 
358.3 
341.9 
301.1 

335 
314.3 
368.8 
292.5 
326.5 
362.6 
344.2 
219.8 
281.8 
294.2 
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Figure 2.1. Strength vs. temperature plot for Kyocera 2-261 
(1  98%), a yittria-partially stabilized zircospia. 
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Figure 2.2. Strength vs. hold time for Kyocera Z-2r51 (1985) 
with no load and with 60% load. 
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CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
GVD SIC 

2 
MATERIAL BATCH FERRaxx TEST SPECMEN TEMP DAD WIDTH THICK BBD X-HEAD COMAEMS 

020E COCE E P I V W .  NuhlBw “c N mm mrn STRENGTH SPEED 
/sec 

21 645.0 3.9954 3.0175 532.0 0.042330 

CVD SIC 
!? CVDSIC 

CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
GVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CYD SIC 

CVDAJDRIR 
CVDIUDR112 
CVDIU D R1/2 
CVD/UDR112 
CVDIUDRlI2 
CVDlU D RlI2 
C VDIUOR 112 
CVDIUDRIIP 
CVDIUDR112 
CVDlU DRII2 
CVDIUDR112 
CVDIUDRIIP 
C VDIU DR112 
CVD/UDRI/2 
CVDIUDRll2 
CVDIUDRII2 
CVDIUDRII2 
CVD/UDRI/2 
CVDIUDR112 
CVDIUDRII2 
CVDIUDR112 
CVDIUDR112 
CVDNDR 112 
CVDIUDRl/Z 
CVDIUDRII2 
CVDIUDRIIP 
CVDIUDR112 
CVDIUDRlI2 
CVDIUDR112 
CVD/U D R112 
CVDIUDRII2 
CVDIUDRlI2 
CVDIUDR112 
CVD/UDR1/2 
CVDIUDR112 
CVDIUDR112 
CVDIUDR112 
CVD/UDR1/2 
CVDIUDR112 

UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOW 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRtPKGNOV89 
UDRIPKGNOVBB 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOW 
UDRIPKGNOVEIS 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRiPKGNOVBS 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIF’KGNOV89 
UORIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

1 
2 
4 
5 
6 
7 
9 
1 0  
6 2  
6 3  
6 4  
6 5  
66  
67  
68  
69 
70  
51 
53 
54 
55 
56 
57 
58  
59 
6 0  
21 
22 
23 
24  
25 
26  
27 
28 
29 
3 0  
41 
42 
43 

21 
21 
21 
21 
21 
21 
21 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 

395.9 
51 1.5 
702.8 
502.6 
627.2 
484.8 
520.4 
814.0 
885.2 
467.0 
538.2 
960.8 

I 1  12.0 
814.0 
765.1 
716.1 
693.9 
218.0 

2086.1 
653.9 
91 6.3 
751.7 
636.1 
498.2 
484.8 
578.2 
493.7 
627.2 
609.4 
520.4 
569.3 
649.4 
551.6 
569.3 
645.0 
636.1 
707.2 
653.9 

3.9903 
3.9929 
4.0005 
3.9700 
3.9954 
3.9726 
4.0005 
4.0234 
4.031 0 
3.9726 
3.9599 
4.0284 
4.0259 
4.0234 
4.0208 
4.0259 
3.9878 
3.9878 
3.9700 
3.9980 
3.9827 
3.9751 
3.9827 
3.9700 
3.9421 
3.9878 
3.9624 
3.9700 
3.9878 
3.9802 
3.9929 
3.9751 
3.9700 
3.9776 
3.9675 
3.9675 
3.9700 
3.9903 

2.9972 
2.9769 
2.9566 
2.9794 
3.0099 
2.9794 
2.9870 
2.9845 
2.9820 
2.9870 
2.9820 
2.9896 
2.9870 
2.9870 
2.9870 
2.9870 
2.9134 
2.9642 
2.951 5 
2.941 3 
3.0023 
2.9362 
3.0048 
2.9464 
2.9439 
2.9743 
2.951 5 
2.9972 
2.9794 
2.9769 
2.9718 
2.9870 
2.9743 
2.971 8 
2.9794 
2.9540 
2.9769 
2.961 6 

331 .O 
434.0 
535.0 
428.0 
520.0 
41 2.0 
437.0 
681 .O 
741 .O 
395.0 
459.0 
eo1 .o 
929.0 
680.0 
640.0 
598.0 
61 5.0 
187.0 
652.0 
567.0 
766.0 
658.0 
531 .O 
434.0 
426.0 
492.0 
429.0 
528.0 
516.0 
443.0 
484.0 
549.0 
471 .O 
486.0 
549.0 
551 .O 
603.0 
560.0 

0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.04233 0 
0.042330 
0.042330 
0.042330 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.000423 
0.000423 
0.000423 

j 





SECTION 5. MOR &POINT BEND TEST RESULT%, contlnued 
MATERIAL BATCH REFERMCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COWAENTS 

C O M  CODE ENVIRQN. No. "C N m m  mm STRENGTH SPEED 
MPa mmir 

CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 
CVD SIC 

CVDNDRIR 
CVDNORIR 
CVDNDRIR 
CVDAJDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDAJDRIR 
CVDNDRIR 
CVDNDRlR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRIR 
CVDNDRLR 
CVDAJDRIR 
CVDNORIR 
CVDNDRIR 

UDRlPKWV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UD RI PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRleKGNOV89 
U DRI PKGNOV89 
UDRlPKGNOV89 
UD RIFKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRtPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UD RIPKGNOV89 
UDRlPKGNOV89 
UDRlPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UD RI PKGNOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

30 
41 
42 
43 
44 
45 
46 
47 
48 
48 
50' 

11 
12 
13 
14 
15 
17 
18 
19 
20 
31 
32 
33 

34 
35 
36 
37 
38 
39 
40 

1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 

645.0 
636.1 
707.2 
653.9 
756.2 
218.0 
778.4 
582.7 
782.9 
516.0 
387.0 
467.0 
440.4 
604.9 
596.0 
676.1 
751.7 
640.5 
693.9 
569.3 
658.3 
564.9 
729.5 
774.0 
707.2 
747.3 
489.3 
765.1 
707.2 
716.1 

3.9675 
3.9675 
3.9700 
3.9903 
3.9878 
3.9903 
3.9827 
3.9954 
3.9878 
3.9751 
3.9649 
3,9624 
4 .m 
3.9827 
3.9903 
3.9649 
3.9929 
3.9878 
3.9726 
3.9700 
3.9675 
3.9700 
3.9878 
3.9624 
3.9954 
3.9776 
3.9776 
3.9751 
3.9802 
3.9548 

2.8794 5490 
2.9540 551.0 
2.9769 603.0 
2.9616 560.0 
2.9337 661.0 
2.9235 192.0 
2.9921 655.0 
2.9108 516.0 
2.9845 661.0 
2.9921 435.0 
2.9566 335.0 
2.9489 407.0 
2.9845 365.0 
2.9743 515.0 
3,0201 491.0 
2.9718 576.0 
2.9464 651.0 
3.0023 535.0 
2.9921 585.0 
3.0124 474.0 
2.9769 562.0 
2.9794 481.0 
2.9768 619.0 
3.0201 643.0 
2.9743 600.0 
2.9769 636.0 
2.9870 414.0 
2.9972 643.0 
2.9667 606.0 
2.9566 622.0 

0.042330 
0.000423 
0.000423 
0.000423 
0.000423 
O.OOO423 
0 000423 
0.000423 
O.wo423 
0.000423 
0.000423 SPECIMEN DELAMINATED 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.000423 
0.000423 
0.090423 
0.000423 
0.000423 
O.OOO423 
0.000423 
0.000423 
0.000423 
0.000423 

HWOCOY SA SOHIONDRM UDRfPKGNOV89 AIR 41 21 980.4 4.0005 2.8949 402.0 0.042330 
HEXOLOY SA SOHIONDRV2 UDRIPKGNOV89 AIR 42 21 587.1 3.9954 2.9820 496.0 0.042330 
HWOLOY SA SOHIONDRM UDRIPKGNOV89 AIR 43 21 418.1 3.9903 3.0074 348.0 0.042330 
HWOLOY SA SOHIONDRV2 UDRlPKGNOV89 AIR 44 21 475.9 3.9878 3.0074 396.0 0.042330 
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SECTION 5. MOR &POINT BEND TEST RESULTS, continued 
COMMENYS MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WDTH THICK BEND X-HEAD 

CObE COOE ENVIRON. No. "C N mm mm STREHQTH SPEED 
w6 mmls 

HEXOLOY SA SOHIONDRlli! UDRIPKGNOV89 
HEXOLOY SA SOHIONDRIR UDRIPKGNOV89 
HEXOLOY SA SOHIONDRIR UDRlPKGNOV89 
HEXOLOY SA SOHIONDRW UDRIPKGNOV89 
HEXOLOY SA SOHONDRV;! UDRIPKGNOV89 
HEXCLOY SA SOHIONDRIR UDRIPKGNOVM 
HEXOLOY SA SOHIOIUDRIR UDRlPKGNOV89 
HEXOLOY SA SOHIONDRlI2 UDRIPKGNOV89 
HEXOLOY SA SOHIONDRM UDRIPKGNOV89 
HEXOLOY SA SOHIORIDRII;! UORIPKGNOV89 
HWOLOY SA SOHIONDRIE UDRIPKGNOV89 
HWOLOY SA SOHIONDRIR UDRlPKGNOV89 
HWOLOY SA SOHIONDRbZ UDRlF'KGNOV89 
HWOLOY SA SOHIONDRIR UDRlPKGNOV89 
HEXOLOY SA SOHIONDRM UDRIPKGNOV89 
HEXOLOY SA SOHIONDRM UDRIPKGNOV89 
HWOLOY SA SOHIONDRII;! UDRIPKGNOV89 
HWOLOY SA SOHlONDRV2 UDRIPKGNOV89 
HWOLOY SA SOHIO/UDR1/2 UDRIPKGNOV89 
HWOLOY SA SOHIOIUDRW2 UDRlPKGNOV89 
HWOLOY SA SOHIONDR112 UDRIPKGNOVBS 
HEXOLOY SA SOHIOIUDRIR UDRIPKGNOV89 
HWOLOY SA SOHIONDRIR UDRIPKGNOV89 
HWOLOY SA SOHIONDRlI2 UDRIPKGNOV89 
HWOLOY SA SOHIONDRIR UDRIPKGNOV89 
HWOLOY SA SOHIONDRIR UDRIPKGNOV89 
HWOLOY SA SOHIONDRV2 UDRIPKGNOV89 
HEXOLOY SA SOHlORlDRM UORIPKGNOV89 
HWOLOY SA SOHIONDRM UDRIPKGNOV89 
HEXOLOY SA SOHIONDRWZ UDRlPKGNOV89 
HEXOLOY SA SOHtONDRW UDRIFKGNOV89 
H€XOLOY SA SOHIONDRII;! UDRIPKGNOVBB 
HWOLOY SA SOHtONDRU2 UDRIPKGNOV89 
HEXOLOY SA SOHIONDRIQ UDRIPKGNOVBS 
HEXOLOY SA SOHIONDRII2 UDRIPKGNOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

87 
88 

89 
90 
91 
92 
51 
52 
53 
54 

55 
56 

57 
58 
59 
60 
113 
114 
115 
116 
117 
118 
119 
1 M  
121 
122 
72 
73 
74 
75 
76 
79 
78 
79 
80 

lo00 
lo00 
lo00 
1000 
lo00 
lo00 
1200 
1200 
1200 
12Nl 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1203 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1 200 
1200 
1200 

569.3 
520.4 
444.8 
444.8 
502.6 
51 1.5 
467.0 
649.4 
404.8 
551.6 
533.8 
529.3 
520.4 
51 1.5 
529.3 
533.8 

529.3 
542.7 
578.2 
329.2 
467 .O 

418.1 
440.4 
498.2 
471.5 
516.0 
493.7 
427.0 
582.7 
556.0 
462.6 
458.1 
596.0 
551.6 
538.2 

4.0056 
4.0081 
4.0056 
4.0038 
4.0030 
4.0030 
3.9954 
4.0056 
4.0005 
3.9903 
4.0030 
4.0030 
4.0030 
4.0005 
4.0056 
4.0056 
3.9954 
4.0132 
4.0081 
4.0056 
3.9903 
4.0056 
4.0056 
4.0056 
3.9980 
3.9929 
4.0030 
3.9929 
3.9980 
3.8929 
4.0030 
4.0030 
4.0030 
3.9878 
3.9878 

2.9820 
2.9870 
2.9997 
2.9845 
3.0175 
2.9845 
3.0048 
2.9896 
3.0074 
2.9972 
2.9997 
3.0089 
2.9997 
3.0048 
3.0124 
3 .M)99 

2.9870 
3.0099 
2.9794 
2.9947 
3.0099 
2.9769 
2.9972 
2.9972 
2.9972 
2.9972 
2.9947 
3.0048 
2.9997 
2.9997 
2.9997 
3.0201 
2.9870 
2.9921 
3.0099 

480.0 
437.0 
370.0 
374.0 
414.0 
430.0 
388.0 
544.0 
336.0 
462.0 
445.0 
438.0 
433.0 
425.0 
437.0 
441 .o 
445.0 
448.0 
488.0 
275.0 
388.0 

353.0 
367.0 
415.0 
394.0 
432.0 
41 3.0 
355.0 
486.0 
464.0 
385.0 
376.0 
501 .o 
464.0 
447.0 

0.000423 
0,000423 
0.000423 
0.000423 
0.000423 
0.000423 
0,042330 
0.042330 
0.042330 
0.042330 

0.042330 
0.042330 
0.042330 
0.042330 
0,042330 
0.042330 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0 000423 
0.000423 
0.000423 
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SECTION 5. MOR &POINT BEND TEST RESULTS, continued 
MAERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS 

CODE CODE ENVIRON. No. “C N mm mm STRENQTH SPEED 
MPa mm/r 

HEXOLOY SA SOHIONDRII2 UDRIPKGNOV89 
HWOLOY SA SOHlONDRl/2 UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRIQ UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRIE UDRIPKGNOVE9 
HWOLOY SA SOHIONDRM UDRfPKGNOV89 
HEXOLOY SA SOHIONDRW2 UDRlPKGNOVE9 
HEXOLOY SA SOHIO/UDR1/2 UDRIPKGNOVPQ 
HWOLOY SA SOHIOIUDRII2 UDRlPKGNOV89 
HEXOLOY SA SOHlONDRlR UDRIPKGNOVEQ 
HEXOLOY SA SOHlO/UDR1/2 UDRlPKGNOV89 
HEXOLOY SA SOHIONDRV2 UDRIPKGNOV89 
HEXOLOY SA SOHIONDRM UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRII2 UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRV2 UDRIPKGNOVEW 
HEXOLOY SA SOHIONDRV;! UDRIPKGNOVBQ 
HEXOLOY SA SOHlONDRV2 UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRM UDRIPKGNOVEQ 
HMOCOY SA SOHIONDRM UDRIPKGNOV89 
HEXOLOY SA SOHIONDRIQ UDRIPKGNOV89 
HWOLOY SA S O H I W D R M  UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRIE UDRlPKGNOV89 
HEXOLOY SA SOHIONDRlI2 UDRlPKGNOVEQ 
HWOLOY SA SOHIONDR1/2 UDRlPKGNOV89 
HEXCLOY SA SOHtONDRIl2 UDRIPKGNOV89 
HEXOLOY SA SOHIONDRIL2 UDRIPKGNOVIQ 
HEXOLOY SA SOHIONDRII2 UDRIPKGNOVEQ 
HEXOLOY SA SOHIONDRIR UDRIPKGNOV89 
HEXOLOY SA SOHIONDRM UDRIPKGNOVBQ 
HEXOLOY SA SOHlONDRW2 UDRlPKGNOV89 
HEXOLOY SA SOHIONDRV;! UDRIPKGNOVBS 
HEXOLOY SA SOHIONDRII2 UDRlPKGNOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AtR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

82 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
93 
94 
95 
96 
97 
98 
99 
100 
101 
la2 
61 
82 

64 
65 
66 
67 
68 
69 
70 
71 

1200 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1.ooo 
1400 
1400 
1400 
1400 
la00 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 

613.8 
458.1 
609.4 
4682 
573.8 
587.1 
458.1 
538.2 

5804.6 

564.9 
489.3 
m . 2  
502.6 
422.6 
484.8 
556.0 

431.5 
520.4 
51 1.5 
489.3 
498.2 
382.5 
467.0 
493.7 
467.0 
498.2 
516.0 
498.2 
458.1 
400.3 
471.5 

3.9980 
3.9929 
4.0056 
3.9980 
4.0030 
4.0132 
3.9827 
3.9980 
4.0005 
3.9827 
4.0030 
4.0056 
3.9980 
4.0005 
4.0056 
3.9929 
4.0030 
4.0081 
3.9980 
4.0107 
4.0030 
3.9954 
3.9929 

3.9954 
3.9954 
4.0056 
4.0030 
3.9802 

3.9751 
4.0005 
3.9954 

2.9769 
3.0074 
3.0074 
3.01 75 
3.0124 
2.9997 
3.01 50 
2.8997 
2.9997 
3.0074 
2.9972 
3.0090 
2.9997 
3.0124 
3.01$0 
3.0023 
2.9896 
2.9896 
2.9921 
3.0201 
3.0201 
2.9769 
2.9997 
3.0023 
2.9947 
2.9845 
2.9820 
2.9972 
3.0023 
2.9997 
2.9921 

520.0 

381 .o 
505.0 

41 1 .O 

474.0 
491 .O 

300.0 
449.0 
389.0 
471 .O 

408.0 
478.0 
419.0 
349.0 
399.0 
463.0 
362.0 
436.0 
429.0 
401 .o 
410.0 
324.0 
390.0 
411.0 
391 .o 
41 9.0 
435.0 
418.0 
384.0 
334.0 
395.0 

0.000423 
0.042330 

0.042330 

0.042338 
0.042330 
0.042330 

0.042330 

0.042330 
0.042330 

0.042330 
0.042330 

0.004233 
0004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.000423 
0.000423 
0.000423 
0.000423 
O.ooo423 
0.000423 
O.ooW23 
0.000423 
0.000423 
O.ooo423 





SECTION 5. MOR &POINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X4EAD COMMENTS 

CODE C O M  ENVIRON. No. "c N mm mm STRENGTH SPEED 

EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 

0 EC-152 
(D 

EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 
EC-152 

NGWUDRV;! 
NGWUDRM 
NGWUDRIR 
NGWUDRE 
NGWUDRM 
NGWUDRIPL 
NGWUDRV;! 
NGWUDRii2 
NGWDRM 
NGWUDRV;! 
NGWDRV;! 
NGWUDRVZ 
NGWUDRV;! 
NGWUDRM 
NGWUDRM 
NGWUDRIPL 
NGWUDRVZ 
NGWUDRIR 
NGKNDRIR 
NGWUDRVZ 
NGWUORM 
NGWDRV;! 
NGWDRIR 
NGKNDRV;! 
NGWDRV;! 
NGWUDRlPL 
NGWDRIR 
NGWUDRV;! 
NGKNDRIQ 
NGKNDRM 
NGWUDRV;! 
NGWUDRU2 
NGWUDRM 

UDRIPKGNOVBQ 
UDRlPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOVBQ 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRiPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOVI 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBS 
UDRIPKGNOV89 
U DRI PKGNOV89 
UDRl PKGNOV89 
U D RI PKGNOV89 
UDRIPKGNOVBQ 
UDRIPKGNOV89 
UD RI PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVI 
UDRIPKGNOVBQ 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBQ 
UDRlPKGNOV89 
U D RIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVW 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

6 
7 
8 
9 
10 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

36 

1000 
1000 
1000 
1000 
1000 
lo00 
1000 
lo00 
1000 
loo0 
loo0 
loo0 
1000 
1OOO 
loo0 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
12w 

1169.8 
1018.6 
11 87.6 
1120.9 
898.5 
987.5 
91 1.8 
987.5 

1023.0 
943.0 
947.4 
929.6 

1054.2 
733.9 
898.5 

1014.1 
1005.3 
1031 .Q 

1008.7 
947.4 

1089.8 
1031 .Q 

1014.1 
943.0 
978.6 
827.3 
693.9 
800.6 

716.1 
733.9 
725.0 
765.1 
716.1 

4.0200 
4.0200 
4.0200 
4.0100 
4.01 00 
4.01 00 
4.0200 
4.0200 
4.0300 
4.0200 
4.0300 
4.0100 
4.01 00 
4.01 00 
4.0200 
4.01 00 
4.01 00 
4.01 00 
4.0200 
4.01 00 
4.0200 
4.0200 
4.0100 
4.01 00 
4.01 00 
4.01 00 
4.oooo 
4.0100 
4.0100 
4.0100 
4.01 00 
4.01 00 
4.01 00 

3.0200 
3.0100 
3.0300 
3.0300 
3.0200 
3.01 00 
3.0200 
3.0400 
3.0300 
3.0400 
3.0200 
3.0400 
3.0300 
3.0200 
3.0200 
3.0300 
3.0200 
3.0200 
3.0200 
3.0300 
3.0200 
3.0200 
3.0200 
3.01 00 
3.0100 
3.01 00 
3.0100 
3.0200 
3.0100 
3.0300 
3.0500 
3.0300 
3.0300 

958.0 0.04 
836.0 0.04 
970.0 0.04 
911.0 0.04 
738.0 0.04 
813.0 0.0004233 
747.0 0.0004233 
798.0 0.0004233 
81.0 0.0004233 
762.0 0.0004233 
774.0 0.0004233 
751.0 0.0004233 
861.0 0.0009233 
603.0 o.oO04233 
737.0 0.0004233 
828.0 0.04 
826.0 0.04 
847.0 0.04 
825.0 0.04 
771.0 0.04 
894.0 0.04 
845.0 0.04 
833.0 0.04 
778.0 0.04 
807.0 0.04 
680.0 0.0004233 
572.0 0.0004233 
655.0 0 . W 2 3 3  
589.0 0.0004233 
600.0 0.0004233 
584.0 0.0004233 
626.0 0.0009233 
586.0 0.0004233 
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SECTION 5. MOR &POINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS 

coo€ CODE ENVRON. No. "c N rnm mm STRENGTH SPEED 

GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 

P GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY 6 
GTE PY6 
GTE PY6 

GTE W DRlR 
GTELNDRIR 
GTELNDRIR 
GTELNDRIR 
GTE W DRlR 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GTEWDAtR 
GTEWDRIR 
GTELNDR1R 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GEWDRlL? 
GTEMIDRIR 
GT'EVUDRIR 
GTE UU DRlR 
GTEWDRIR 
GTEUUDRIR 
GTEWDRIR 
GTEMIDRIR 
GTEWDRIR 
GEWDRIR 
GTEWDRIR 
GTELNDRIR 
GTEWDRIi2 
GTEWDRIR 
GTELNDRIR 

UDRIPKGNOV89 
UDRIPKGNOVBS 
UDRIPKGNOVI 
UDRlPKGNOV89 
UDRIPKGNOV89 
UD RI PKGNOV89 
UDRIPKGNOVB 
UDRIPKGNOVBS 
UDRlPKGNOV89 
UDRIPKGNOVBB 
UDRIPKGNOVW 
UDRIPKGNOV89 
UDRI PKGNOVI 
UDRlPKGNOV89 
UORlPKGNOV89 
UDRIPKGNOV89 
UDRIPKCINOVa9 
UDRlPKGNOV69 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRl PKGNOVBS 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOVB 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRl PKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOVBS 
UDRIPKGNOVBB 
UDRIPKGNOVBS 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AI R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
1 08 
109 
110 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

81 
82 
83 
84 

85 

86 

87 

lo00 
loo0 
lo00 
lo00 
lo00 
loo0 
lo00 
lo00 
lo00 
lo00 
lo00 
loo0 
lo00 
loo0 
lo00 
lo00 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1 200 

916.3 
831.8 
796.2 
876.3 
818.4 
925.2 
800.6 
831.8 
782.9 
800.6 
849.6 
836.2 
818.4 
858.5 
849.6 
827.3 
831 .8 
840.7 
751.7 
845.1 
840.7 
849.6 
791.7 
840.7 
751.7 
689.4 
791.7 
774.0 
725.0 
733.9 
689.4 
707.2 
738.4 

3.9954 
3.9954 
3.9929 
3.9929 
3.9954 
4.0030 
3.9878 
3.9954 
3.9Q54 
4.0005 
3.9903 
3.9929 
3.9878 
3.9980 
3.9929 
3.9980 
3.9929 
3.ggw) 
3.9853 
3.9929 
4.0005 
4.0107 
3.9980 
4.0081 
4.003 
4.0107 
3.9853 
3.9903 
3.9678 
3.9878 
3.9903 
3.9903 
3.9878 

2.9972 
2.9997 
2.9997 
2.9972 
3.0124 
2.9997 
2.9870 
2.9896 
2.9972 
2.9921 
2.9997 
2.9947 
2.9921 

. 3.0074 
2.9972 
3.0124 
2.9972 
3.0023 
2.9972 
3.0124 
3.0048 
3.0099 
3.01 24 
3.0201 
3.0150 
3.0175 
2.8821 
3.0074 
3.0048 
3.0074 
2.9972 
3.0074 
2.9921 

766.0 
694.0 
665.0 
733.0 
677.0 
771 .o 
675.0 
699 .O 
654 .O 
671 .O 
710.0 
701 .O 
688.0 
712.0 
711.0 
684.0 
696.0 
700.0 
630.0 
700.0 
698.0 
702.0 
655.0 
690.0 
619.0 
566.0 
666.0 
643.0 
604.0 
61 1 .O 

577.0 

588.0 
620.0 

0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.004233 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0,000423 
0.000423 
0.000423 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.004233 
0.004233 
0,004233 
0.004233 
0.004233 
0,004233 
0.004233 



GTE PY6 
GTE BY6 
GTE BY6 
GTE PYG 
GTE PV6 
GTE PY6 
GTE PYB 
GTE PY6 
GYE PY5 
GTE BY6 
GYE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PV6 
GTE PV6 
GTE PY6 
GTE PYB 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTTE PY6 
GTE PY6 
GTE PYE 
GTE PY6 
GTE PY6 

GTEW DRIR 
GTEVUDRiR 
GYE W DRiR 
GTEUUDRlR 
GTEUUDRIR 
GTEVUDRIR 
GTEVllDRlR 
GTEWDRIR 
GTEW DRIR 
GTEUU DRIR 
GTELnUDRlR 
GTEWDRIR 
GTE FRl 0 R IR 
GTEWDRiR 
GTELNDRIR 
GTEUIIDRIR 
GTEWDRIR 
GTEUUDRIR 
GTEL'U BRIE 
GTEWDAIR 
GTEWDRIR 
GTEUtBDRfL? 
GTE WU DRIR 
GTEUUDRsR 
GTEUUDRlR 
GTEWDRIR 
GTEUU DRlR 

GTEWDRIR 
GTTEVU D R IR 

GTEWDRIR 
GTEWDRIR 
GTELIUDRIR 
GTEWDRIR 

UDRl PKGNOV89 
UD Rl PKGMOVBB 
UDRIPKGNOVBO 
UDRIPKGMOYB9 
UD RI PKGNOV89 
UDRlPKGNOVB9 
UDRl PKGMOV89 
UDRIPKGNOV89 
UDRlP KGMOVBQ 
UDRIPKGiUOV89 
UDRIPKGNOV83 
UDRIPKGNOV89 
UDRIPKGNQVBS 
UD RI PKWOV89 
UDRIPKGNOVBB 
UDRI PKGNOVBEi 
U D RI PKGNOV69 
UDRIPKGMOVBO 
UDRIPKGNOV89 
UDRI P ~ w O v a 9  
CIDRIPKGNOV89 
UDRIPKGNOV89 
UBRl F'KGMOV89 
UDRIPKGNOV89 
U D R I PKGNOV89 
UD RI PKGNOVIB 
uDiwKGNova9 
uDwKGNovas 
WDRI PKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRl P KGNOV89 
UDRiPKGNOVE9 

AI R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
A R  
AIR 
AIR 
AIR 
AIR 
AiR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

88 

89 
90 
51 
52 
53 
M 
55 

56 

57 
58 
59 
HI 
14 
42 
13 

14 

15 
16 
47 
l a  
19 
20 
31 
32 
33 
34 
35 
36 
37 
3 

39 
40 

1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
t 200 
1400 
1400 
1400 
s 400 
1400 
1400 
14W 
1400 
1400 
'1 900 
1400 
Y 400 
1400 
4 400 
1400 
4 400 
1400 
1400 
1400 
'i 400 

707.2 
800.6 
765.1 
676.1 
707.2 
751.7 
667.2 
698.3 
582.7 
711.7 
674.7 
741.7 
756.2 
503.4 
6m.4 
532.7 
538.2 
645.0 
573.8 
596.0 
645.0 
680.5 
533.8 
342.5 
462.6 
458.1 
355.8 
4B.2 
404.8 
404.8 
467.0 
458.1 
475.9 

4.0056 
3.9%78 
3.9929 
4.0081 
4.0030 
4.01 32 
4.0081 
4.ooaj 

4.0030 
3.9954 
3.99980 
4.8856 
4.ooo5 
3 . s m  
3.99w 
3.9954 
3.99980 
4.W.m 
3.99m 
4.0056 
3.9980 
4.0089 
3.9954 
4.01 32 
4.0208 
4.0005 
4.0030 
3.9903 
3.9980 
3.9954 
4.0081 
3.9980 
4.0081 

3.0074 
3.01 50 
3.0158 
3.0124 
2.9997 
2.9972 
3.0074 
3.0124 
3.0353 
3.0023 
3.0023 
3.0251 
3.0074 
3.0251 
3.0302 
3.0277 
3.0251 
3.04% 
3.01 50 

3.01)99 
3.mm 
3.0328 
3.0048 
3.0251 
3.0048 
3.0201 
3.01 50 

2.%321 
3.ms 
3.01 50 

3.mw 
2.9997 
3.0099 

586.0 0.004233 
663.0 0.004233 
632.0 0.004233 
558.0 0.000423 
589.0 0.0001923 
626.0 0.000423 
552.0 0.000423 
576.0 0.000423 
474.@ 0.000423 
593.0 0.000423 
559.0 0.000423 
5a2.0 0.000423 
627.6 0.000423 
500.0 0.042330 
488.0 0.042330 
477.0 0.042330 
441 .O 0.042330 
524 .0 0.042330 
474.0 0.042330 
493.0 0.042330 
531 .O 0.042331) 
554.0 0.042333 
444.0 0.042330 
280.0 0.004233 
382.0 0.004233 
377.0 0.004233 
293.6 0.004233 
344.0 0.004233 
335.0 0.004233 
334.0 0.004233 
386.0 0.084233 
382.0 0.004233 
393.0 0.064233 



SECTION 5. MOR CPOINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE TEST SPEC. 

CODE COM ENVIRON. No. 

GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 
GTE PY6 

NT-154 
NT-154 
NT-154 

P NT- 1 54 
NT-154 e3 

NT-154 
NT-154 
NT-154 
NT-154 
NT- 1 54 
NT-154 
NT-154 
NT- 1 54 
NT- 1 54 
NT- 1 54 
NT-154 
NT- 1 54 
NT-154 
NT- 1 54 
NT-154 
NT- 1 54 
NT- 1 54 

GTEVUDRl/2 
GTEWDRR 
GTEWDRIR 
GTEWDRIR 
GTEWDRIR 
GTE WDRlR 
GTEVUDRIR 
GTEWDRIR 
GTE W DRlR 
GTELNDRIR 

NORTONIUDRIR 
NORTONNDRIR 
NORTONIUDRIR 
NORTONNDRIR 
NORTC)N/UDRI/2 
NORTONNDRIR 
NORTONlUDRlR 
NORTONNDRIR 
NORTONIUDRIR 
NORTONIUDRIR 
NORTONIUDRIR 
NOPJON/UDRIR 
NORTONlUD R IR 

NORTONIUDRIL? 
NORTONNDRIR 
NOPJONIUDRIR 
NORTONNDRIR 
NORTONIUDRIR 
NORTONIUDRIR 
NORTON/UDRI/2 
NORTONIUDRIR 
NORTOPJlUDRIR 

UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRtPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 

UDRIPKGNOVS 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBB 
UDRIPKONOV89 
UDRIPKGNOV89 
UDRIPKONOV89 
UDRIPKGNOV89 
UDRIPKGNOVQ 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBS 
UDRIPKGNOV89 
UDRIPKGNOVfB 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVS 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
91 
92 
93 
94 
95 
61 
62 
63 
64 

65 
66 
67 

TEMP LOAD WIDTH 
OC N rnm 

1400 324.7 
1400 407.0 
1400 396.3 
1400 399.9 
1400 329.2 
1400 3558 
1400 386.1 
1400 397.7 
1400 335.4 
1400 383.9 

21 898.5 
21 1160.9 
21 1147.6 
21 1009.7 
21 1120.9 
21 1201.0 
21 1o00.8 
21 1103.1 
21 1103.1 
21 1005.3 
21 943.0 
21 907.4 
21 831.8 
21 827.3 
21 865.2 

lo00 1000.8 
loo0 876.3 
lo00 938.5 
loa0 911.8 
lo00 898.5 
lo00 965.2 
lo00 636.1 

3.9980 
3.9980 
4.0081 
3.9954 
4.0005 
4.0030 
4,0030 
4.0030 
4.0411 
3.9980 

3.8878 
3.9853 
3.9853 
3.9853 
3.9853 
3.9878 
3.9878 
3.9853 
3.9853 
3.9878 
4.0005 
3.9980 
4.0005 
4.0035 
4.0081 
3.9980 
4.0005 
4.0030 
4.0005 
4.0030 
4.0081 
4.0030 

THCK BEND X-HEAD COMMEMS 
rnm STRENGTH SPEED 

MPE mrnlr 
3.0023 270.0 0.000423 
3.0023 339.0 0.000423 
3.0175 326.0 0.000423 
3.0074 332.0 0.000423 
2.9972 275.0 O.OOO423 
3.0048 295.0 0.000423 
3.0099 319.0 0.000423 
3.0048 330.0 0.000423 
3.0074 275.0 0.000423 
2.9896 322.0 0.000423 

2.9870 
2.9845 
2.9870 
2.9870 
2.9870 
2.9921 
2.9870 
2.9845 
2.9870 
2.9921 
2.9921 
2.9947 
2.9896 
2.9896 
2.9947 
2.9870 
2.9896 
2.9921 
2.9896 
3.0023 
2.9947 
2.9997 

758.0 
981 .O 
966 .o 
852.0 
946.0 
1009.0 
844.0 
932.0 
931 .O 
845.0 
790.0 
759.0 
698.0 
694.0 
806.0 

842.0 
735.0 
786.0 
765.0 
747.0 
806.0 
530.0 

0.042330 
0.042330 
0.042330 
0,042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.000423 
0.000423 
0.000423 
0.000423 
0.000423 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 
0.042330 



MATERIAL REFERENCE TEST SPEC. TEMP LOAD WIDTH mtCK BEND X-HEAD 
CODE CODE NVIRON. NO. sc N rnm 

NT- 154 
MI- I 54 
NI- 1 54 
[u'r- I 54 
NT- 7 54 
NT- 1 54 
NT- 1 54 
NI- 154 
N-r- I54 
WT- $54 
NT-154 
NT-154 
NT-454 
NT-154 * NT-7 54 
NT- 3 54 .b 

NT-Y 54 
NT- 154 
NT-I 54 
NT-154 
NT- 1 54 
N i -  154 
N-r- 9 34 
NT-154 
NT-I54 
NT- 154 
NT-154 
NT-154 
NT-f54 
NT-154 
NT- 1 54 
NT-I54 
NT-454 

NORTWIU D RIR 

MORTONIUDRIR 
NOKrONlUDRli2 
NORTONIVDRl&! 
NORTONlU D RIR 
NORTOMIUDRER 
NORTONlUDRlR 
NOFTBNIUDRIR 
NOATONlUDRlR 
NOrnONI11 DRiR 
MORTBNIUDRIR 
NORTONIUQRIR 
NOFrrONIUDRIR 
NORTOMIUDHIR 
NOFKONIUDRIR 
NOMONIUDRiR 
NORBONtUBRiR 
NORTONIUDRIR 
NOFITONIUDRIR 
MOFITONIUDRIR 
NORTONIUDRIR 
NOFrTONIUDRIR 
NORTONIUDRIR 
NOBTONIUDAIR 
NOFtTONIUDRlR 
NOWTBMIUDRIR 
NQRTONIUDRIR 
NORTONPUDRIR 
NO WTOMlil D R It2 
NOBTONIUBRIR 
NOrnrnIUDRIR 
NOKTONIUQRIR 
NOaTONlUDRlR 

UDRl PKGNOVBS 
UDRlPKGMOV89 
UDRIPKGNOVBY 
UDRIPKGNOV%9 
UQRIPKGNOY89 
U DR I PKGMOV69 
UDRl PKGNOV89 
U D R 1 PKGNOVBY 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKCNQV89 
UDRIPKGMQV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRl PKGNOVBS 
UDWIPKGNOV89 
UDRlPKWOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKCNOVBO 
UDRBPKGNOV89 
UDRl PKGNOVBB 
UDRIPKGNOV89 
UDRl PKGNOVIQ 
UDRIPKGNOV89 
UDRIPfGNOV8B 
UDRIPKGNOV89 
U D R I BKGNOV89 
UDRIPKGNOVN 
UDRIPKONOVBQ 
UDRIPKGNOVBY 
UDR1PKGNOVaS 

AIR 
AIR 
At R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
Ai3 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AlFl 
AIR 
AIR 
AIR 

56, 

89 
70 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

81 
92 

83 

54 
85 
$6 
87 

88 

89 
Iw 
74 
72 
73 
74 
7s 
76 
77 

78 
79 
80 

1000 
1000 
1 000 
1000 
1 om 
1000 
1 000 
1 0 0  
1 000 
t 000 
1000 
1OOo 
1000 
1200 
i 200 
4 200 
1200 
1200 
1200 
4 200 
1200 
1200 
1200 
1200 
1200 
1205 
1200 
12m 
1280 
? 200 
3 200 
1200 
4 21K) 

876.3 
809.5 
938.5 
943.4 
969.7 
858.5 
907.4 
978.6 
947.4 
960.8 
956.3 
974.1 
889.6 
856.5 
858.5 
898.5 
867.4 
793.7 
782.9 
747.3 
8514.5 
716.1 
822.9 
720.5 
756.2 
765.1 
720.6 
347.3 
725.0 
6S .0  
689.4 
822.9 
814.0 

4.0005 
4.0005 
4.0030 
3.9878 
3.9853 
3.9853 
3.9929 
3.9878 
3.9829 
4.0030 
3.9827 
3.9827 
4.0005 
4.0096 
4.0005 
4.81 07 
4.0030 
4 .030 
4.0005 
4.0157 
3.9980 
4.0005 
4.0005 
4.0035 
4.0005 
4.0005 
4.0056 
4.ooai 
4.008'3 
4.00 
4.6081 
4.0030 
4.w30 

mrn STRENGTH SPEED 
MPe mmls 

2.9921 734.5 0.042330 
2.9921 678.0 0.042330 
2.9947 784.0 0.042330 
2.9896 798.0 5.000423 
2.9845 020.5 0.000423 
2.9875 724.0 0.000423 
2.9947 760.0 0.000423 
2.9921 822.0 0.000423 
2.9045 801.0 0.000423 
2.9896 8W.O 0.000423 
2.9845 809.0 0.000423 
2.9947 818.0 0.000423 
2.9997 741.0 0.000423 
2.9947 717.0 0.042330 
2.992t 719.0 0.0423KI 
2.9947 744.0 0.042330 
2.9921 726.0 0.042330 
2.9997 659.0 0.042330 
2.9972 654.0 0.842330 
2.9921 624.0 0.042330 
2.9870 722.5 0.042330 
2.9870 6Q2.0 0.042330 
2.9896 690.0 0.042330 
2.9820 607.5 0.000423 
2.9875 636.0 0.000423 
2.9972 639.0 0.000423 
2.9947 602.0 0.000423 
2.9997 622.0 0.fJ00423 
2.9947 605.0 0.000423 
2.9993 570.0 0.000423 
2.9947 575.0 0.000423 
2.9972 687.0 0.000423 
2.9947 680.0 0.008423 



SECTION 5. MOR &POINT BEND TEST RESULTS, contlnued 
MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH m K  BEND X-HEAD COMMENTS 

CODE CODE ENVRION. Mo. "c N mm mm STRENGTH SPEED 

NT-154 
NT-154 
NT-154 
NT- 1 54 
NT-154 
NT-154 
NT-154 
NT-154 
NT-154 
NT-154 
NT- 1 54 
Nf-154 
NT-154 
NT-154 
NT- 1 54 

R NT-154 
M-154 
NT-154 
NT-154 
NT-154 

SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
34-252 

NORTONIUDRVL 
NO RTONN DRlI;! 
NORTONIUDRIR 
NORTONNDRII2 
NORTONlUDRlR 
NORTONNDRIR 
NORTON/UDRI/2 
NORTON/UDRIR 
NORTONNDRIR 
NORTONNDRIR 
NORTON/UDR1/2 
NOFiTON/UDRI/Z 
NORTONIUDRII;! 
NORTONlUDRlR 
NORTONIUDRIR 
NORTONNDRIR 
NORTONlUDRlR 
NORTONIUDRIR 
NORTONIUDRIR 
NORTONNDRlI2 

KYOCERANDRVL 
KYOCERANDRM 
KYOCERANDRV;! 
KYOCERANDRV;! 
KYOCERANDRR 
KYOCEWDRVL 
KYOCEWDRVL 
KYOCERANDRM 
KYOCERANDRM 
KYOCERANDRVL 
KYOCERANDRM 
KYOCEMDRV2 

MPI mmlr 
UDRIPKGNOVBQ AIR 11 1400 698.3 3.9929 2.8872 584.0 0.042330 
UDRIPKGNOV89 AIR 12 1400 756.2 3.9980 2.9997 631.0 0.042330 
UDRIPKGNOVBQ AIR 13 1400 796.2 3.- 3.0074 661.0 0.042330 
UDRIPKGNOV89 AIR 14 1400 685.0 3.9954 3.0175 565.0 0.042330 
UDRIPKGNOVBQ AIR 15 1400 769.5 4.0030 3.0074 638.0 0.042330 
UDRIPKGNOV89 AIR 16 1400 707.2 3.9980 3.0175 583.0 0.042330 
UDRIPKGNOVBB AIR 17 1400 738.4 3.9929 3.0099 612.0 0.042330 
UDRIPKGNOV89 AIR 18 1400 716.1 4.0005 3.0023 596.0 0.042330 
UDRIPKGNOVSQ AIR 19 1400 716.1 3.9853 2.9896 6Q3.0 0.042330 
UDRIPKGNOV89 AIR 20 1400 756.2 3.9929 3.0023 630.0 0.042330 
UDRIPKGNOVI AIR 21 1400 422.6 3.9903 2.9898 355.0 O.ooo423 
UDRIPKGNOV89 AIR 22 1400 418.1 3.9929 2.9947 350.0 O.OOO423. 
UDRIPKGNOVB9 AIR 23 1400 502.6 4.0005 3.0124 415.0 O.OOO423 
UDRIPKGNOVB9 AIR 24 1400 502.6 3.9954 2.9997 419.0 O.OOO423 
UDRIPKGNOVB AIR 25 1400 484.8 3.9954 3.0048 403.0 0.000423 
UDRIPKGNOV89 AIR 26 1400 538.2 3.9954 2.9972 450.0 0.000423 

UDRIPKGNOVB9 AIR 27 1400 507.1 3.9829 2.9947 425.0 O.OOO423 
UDRIPKGNOV89 AIR 28 1400 333.6 4.0030 3.0074 276.0 0.000923 
UDRlPKGNOV89 AIR 29 1400 324.7 4.0005 2.9997 271.0 0.000423 
UDRIPKGNOV89 AIR 30 1400 329.2 4.0005 3.0023 274.0 0.000423 

UDRlPKGNOV89 
UDRIPKGNOVSQ 
UDRIPKGNOV89 
UDRIPKGNOV69 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBQ 
UDRIPKGNOVBS 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVIQ 
UDRIPKONOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 
2 

lo00 
loOD 
loo0 
loo0 
lo00 
loo0 
lo00 
lo00 
loo0 
lo00 
loo0 
lo00 

667.2 
622.7 
609.4 
608.4 
622.7 
667.2 
693.9 
671.7 
573.8 
618.3 
587.1 
551.6 

4 . m  
4.0100 
4 . m  
4.01 00 
3.9800 
4.oooo 
3 . m  
4.01 00 
4 . m  
4.0100 
4 . m  
4.01 00 

3.oooo 
3.0100 
3.0200 
3.01 00 
3.01 00 
3.0100 
3.0100 
3.01 00 
3 .oooo 
3.0200 
3.01 00 
3.0100 

555.0 

514.0 
501 .o 
504.0 

515.0 
553.0 

576.0 
555.0 
479.0 
508.0 

486.0 
455.0 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.0004233 
O.OOO4233 
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SECTION 5. MOR &POINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE TEST SPEC. TEMP LOAD WIDTH THICK BEN0 X-HEAD CokMEMS 

CODE CODE ENVIROH. No. Dc N mm mm STRENGTH SPEED 
MPa mmlS 

SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 
SN-252 

.EL 
-4 SN-4 

SN-4 
sN-4 
SN-4 
SN-4 
SN-4 
SN-4 
sN-4 
SN4 
SN-4 
sN-4 
SN-4 
SN-4 
SN-4 
sN-4 
SN-4 
SN-4 
sN-4 

KYOCERANDRM 
KYOCERANDRM 
KYOCERANDRV2 
KYOCEFWUDRK? 
KYOCERANDRM 
KYOCERA/UDRV2 
KYOCERANDRM 
KYOCERANDRV;! 
KYOCERANDRM 
KYOCERANDRV2 
KYOCERANDRLQ 
KYOCERANDRV;! 
KYOCERUJDRV;! 
KYOCERANDRV;! 

HOWM EWDRIR 
HOWM ET/UDRIR 
HOWMETfUDRIR 
HOWMET/UDRM 
HOWMET/UDRIR 
HOWMETNDRIR 
H O W  ETlUDRU2 
HOWETIUDRIR 
HOWM ETIUDRIR 
H O W  ETNDRIL? 
HOWMETIUDRIR 
HOWMETNDRIR 
HOWMETfUDRIR 
HOWM ETNDRII;! 
HOWMET/UDRIL? 
HOWMETNDRIR 
HOWMETIUDRIR 
HOWMETIUDRIR 

UDRIPKGNOV89 
UD RI PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBB 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVI 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBB 
UDRIPKGNOV89 
UDRIPKGNOVBB 
UDRlPKGNOV89 

UDRIPKGNOV89 
UDR(PKGN0VBB 
UDRIPKGNOVBS 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRlPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UORIPKGNOVSS 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVSS 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AI R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

27 
28 
28 
30 
0 
0 
33 
34 
35 
36 
37 
38 
39 
40 

6 
7 
e 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
64 
65 
66 

1400 
1400 
1400 
1400 
1 400 
1400 
1400 
1 400 
1400 
1400 
t400 
1 400 
1400 
1 400 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

578.2 
556.0 
591.6 
542.7 
520.4 
649.4 
613.8 
587.1 
640.5 
578.2 
591.6 
582.7 
618.3 
627.2 

2077.2 
2010.5 
2072.8 

2224.0 
2090.6 
2299.6 
2224.0 
1716.9 
1748.1 
1668.0 
1779.2 
2023.8 
2001.6 
2164.0 
2246.2 
2055.0 
2072.8 

2179.5 

4.oooo 
4.0200 
4.0100 
4.0100 
3.9900 
4.0100 
4.0100 
3.8800 
4.0200 
4 . m  
4.oooo 
4.0200 
4 . m  
3.9800 

6.1595 
6.1595 
6.1620 
6.1620 
6.1620 
6.1595 
6.1671 
6.1620 
6.1620 
6.1595 
6.1620 
6.1646 
6.1620 
6.1620 
6.1595 
6.1585 
6.1620 
6.1620 

3 .m 
3.0200 
3.0100 
3.01 00 
2.9900 
2.9900 
3.01 00 
3.0300 
3.0200 
3 . m  
3.oooo 
3.0100 
3.0200 
3.0160 

3.0734 
3.0759 
3.0912 
3.0765 
3.0759 
3.0785 
3.0759 
3.0785 
3.0759 
3.0836 
3.0785 
3.0937 
3.0785 
3.0785 
3.0759 
3.0861 
3.0937 
3.0861 

481.0 0.04 
456.0 0.04 
489.0 0.04 
449.0 0.04 
438.0 0.0004233 
543.0 0.0004233 
508.0 0.0004233 
482.0 0.0004233 
525.0 o.Ooo4233 
482.0 0.0004233 
492.0 0.0004233 
401.0 0.0004233 
507.0 O.ooo4233 

5 M . O  0.0004233 

1020.0 0.042330 
966.0 0.042330 
1006.0 0,042330 
1088.0 0.042330 
1025.0 0.042330 
1126.0 0.042330 
1089.0 0.042330 
840.0 0.042330 
857.0 0.042330 
814.0 0.042330 
871 .O 0.042330 
9W.0 0.042330 
979.0 0.042330 
1069.0 0.042330 
1 101 .O 0.042330 
1001.0 0.042330 
1004.0 0.042330 
1061 .O 0.042330 



SN-4 
§N-4 
SN-4 
SN-4 
SN-4 
SN-4 
SM-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
51\14 
SN4 
SN4 

P 
Ix, SN-4 

SN-4 
SN4 
SN-4 
SM4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN-4 
SN4 
SN-4 
SN-4 

HOWM ETICIDRIR 
HOWETIUDRIR 
HOWMFTIUQRIR 
HOWMETIUDRIR 
HOWM€TlUDRIR 
liOWMET1UDRl.P 
XOwNl ETIUDRIR 
HOWMETIUDRIR 
HOWMET/UDRIM 
HOWMETIUDRIR 
HOWM ETIUDRIR 
HOWM EIIUDRIR 
HOWMETIUDRIR 
XOWM ETI'UDRIR 
H O W  ETiU D R 112 
H O W  ET/u D RIR 
HOWMETIUDRIR 
HOWM ETIUDRIR 
HOWM =IUD RIR 
HOWMETILID AIR 
HOWMETIUDRIR 
HOWMFrIUDRIR 
HOWM ET/UDRIR 
HOWM ET/tiDRIR 
HOWM ETIUDRIR 
HQWM ETIUDRIR 
HOWhRETIUDRIR 
HOWMESIUDRlR 
HOWWIETItiDRIR 
HOWM ETIUDRIR 
HOWNIETIUDRIt2 
HOWMETIUDRIR 
HOWM ETiUDRIR 

UDRiPKGNOVBB 
UDRIPKGNOYBS 
UDRIPKGNOV89 
UDRI PKGNOVBS 
UDRIDKGNOV89 
UDRIPKGNOV39 
UDRIPKGNOV89 
UDRiPKGNOV89 
UDRl PKGNOVBO 
VDRl PKGNOV89 
UDRIPKGNOY89 
UDFllPKGNOV89 
U 3  RI PKGNOV89 
UDRl PKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
tiDRIPKGNOV89 
UDRIPKGNOVBB 
UDRI PKGNOVB9 
UDRiPKGNOV89 
UDRIPKGNOWQ 
UQRlPKGNOV59 
UDRl PKGNQY89 
UDRIPKGNOV89 
UDRIPKGMOVB9 
UDRIPKGNOWD 
UDRIPKGNOVBB 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UD RI PKGMOVBB 
UDRIPKGNOV89 
UDRlPKGNOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
A1 R 
AI R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AiR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

68 
69 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 

55 
56 

57 
58 

3.1 
35 

36 
37 
38 

59 
Ea 
61 
62 
53 
23 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
23 
20 
20 

1000 
'I 000 
1000 
1000 
1000 
4 000 
1000 
1000 
1000 
7 ow) 
1200 

11 96.5 
21 35.0 
1450.1 
1192.1 
1503.4 
1063.1 
1289.9 
1370.0 
1494.5 
1165.4 
3192.4 
11 56.5 
1378.9 
1298.8 
1232.1 
1 152.0 
4352.2 
1276.6 
1098.7 
1214.3 
9383.3 
1276.6 
1574.6 
1404.1 
f4K3.4 
7401 .1 
4847.5 
1165.4 
396.4 

4 112.0 
934.4 

1103.1 
902.9 

6.1620 
6.1595 
4.1072 
4.0945 
4.1 072 
4.1021 
4.1021 
4.1097 
4.6894 
4.1046 
4.0894 
4.1 097 
4.104 
4.1072 
4.9996 
4.4046 
4.1072 
4.1046 
4.0665 
4.1072 
4.0970 
4.1046 
6.1646 
6.1646 
6.1671 
6.4 646 
6.1646 
6.1871 
6.1620 
6.1646 
6. I620 
6.1648 
6.1646 

3.0836 
3.0561 
3.5937 
3.0937 
3.0992 
3.0972 
3.0861 
3.0%12 
3.8886 
3.0912 
3.0862 
3.0909 

3.0886 
3.w.w 
3.W% 
3.0886 
3.8972 
3.8886 
3.08864 
3.0636 
3.0%% 
3.0810 
3.0937 
3.0861 
3.1013 
3.0963 
3.0886 
3.0963 

3.0886 
3.0912 
3.1064 
3.08% 

584.G 0.042330 
1540.0 0.042339 
1054.0 0.042330 
569.0 0.042330 
1095.0 0.042330 
775.0 0.042330 
944.0 0.042330 
997.0 0.042330 
1095.0 0.042330 
849.0 0.042330 
875.0 0.042330 
853.0 0.042330 
1006.0 0.042330 
947.0 0.042330 
933.9 8.042330 
841 .0 9.042330 
935.0 0.042330 
92.0 0.042330 
61 1 .0 0.042330 
689.0 0.042330 
1095.0 0.04233 
936.0 0.042330 
763.0 0.042330 
682.0 0.042330 
705.0 0.042330 
678.0 0.042330 
395.0 0.04232-U 
563.0 0.000423 
484.0 0.800423 
539.0 0.000423 
449.0 0.000423 
536.0 0.000423 

3.0861 440.0 0.042330 



SECTION 5. MOR &POINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE TEST SPEC, TEMP LOAD WIDTH THICK BEND X-HEAD COMMENTS 

COOE CODE ENVIRON. No. "C M mm mrn STRENOrn SPEED 

SN4 
SN-4 
sN-4 
SN4 
SN-4 
sN-4 

SN-4 
SN-4 
SN4 
SN-4 
sN-4 
sN-4 

HOWMETIUDRIPL 
H O W  ETIU DRIL? 
HDWMETIUDRIR 
HOWMET/UDRIPL 
HOWMETPJDRIR 
HOWMETIUDRIR 
HOWM!ZVUDRlR 
HOWMET/UDRI/Z 
HQWMETIUDRIR 
HOWMETIUDRIR 
HOWMfftUDRlR 
HOWMET/UDRlL? 

UDRIPKGNOVBS 
UDRIPKGNOVBB 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVBS 
UDRIPKGNOVBQ 
UDRIPKGNOVBS 
UDRIPKGNOVS 
UDRIPKGNOVB9 
UDRIPKGNOV89 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
21 * 
22' 

1200 
1200 
1200 
1200 
1 200 
1200 
1200 
1200 
1200 
1200 
1400 
1400 

867.4 
800.6 
862.9 
680.5 
894.1 
591.6 
622.7 
618.3 
636.1 
640.5 
395.9 
391.4 

6.172 
6.1646 
6.1646 
6.1646 
6.1646 
6.1570 
6.1646 
6.1595 
6,1620 
6.1595 
6.1722 
6.1722 

3.0886 
3.0937 
3.0963 
3.0886 
3.0937 
2.8575 
3.0963 
3.0912 
3.0937 
3.0734 
3.0988 
3.0988 

421 .O 
388.0 
417.0 
331 .O 

433.0 
336.0 
301 .O 
330.0 
308.0 
315.0 
191 .o 
189.0 

0.042330 
0.042330 
0.042330 
0,042330 
0.042330 
0.000423 
o.oaw3 
0.800423 
0.000423 
0.000423 
0.042330 SEE DATATXT 
0.042330 SEE DATATXT 





SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THlCK BEND COMMENTS 

CODE CODE 

SNW-1000 
SNW-1000 

SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 

SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 
SNW-1000 

SNW-1000 

01 
d 

~ ~~ 

GTUl74-MA-1607 
GTEA 74-MA-1607 

GTV17dMA- 1607 
GTU174-MA-1607 
GTWl74-MA- 1607 
GTUl74-MA-1607 
GTVl74-MA-1607 
GTEtl74-MA-1607 
GTUl74-MA-1607 
GTWl74-MA- 1607 
GTVl74-MA-I607 
GTVl74-MA-1607 

GTUI 74-MA-1607 
GTEtl74-MA-1607 
GTU174-MA-1607 
GTUl74-MA-I607 

GTW174-MA-1607 
GTUl74-MA-1607 
GTUl74-MA-1607 
GTEtl74-MA- 1607 
GTU174-MA-1607 
GTV174-MA-1607 

GTU174-MA-1607 
GTVl74-MA-1607 
GTUl74-MA-1607 
GTL'174-MA-1607 

GTV174-MA-1607 

ORNL-CRB1289 
ORNL-CRB1289 

ORNL-CAB1269 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 

ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRBI 289 
ORNL-CRB1288 
ORN L-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRBl289 

ORNL-CRB1289 
OR N L-CRB1289 
ORNL-CRBl289 
ORNL-CRBl289 

ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 
ORNL-CRB1289 

TREATMENT 

AS FABRICATED 
AS FABRICATED 

AS FABRICATED 
AS FABRICATED 
AS FABRICATED 

AS FABRICATED 
AS FABRICATED 
AS FABRICATED 
AS FABRICATED 

AS FABRICATED 
AS FABRICATED 
AS FABRICATED 
1000HID-2E2" 
1 DOOH/D-2E2'* 
1000H/D-2/E2" 
1000HID-2lE2" 
1000HtP2JE2" 
1000HID-2/E2" 
1000HID-2E2" 

1000HfD-2/E2" 
1000H/D-2/E2" 
1000H/D-2/E2'* 
1000HID-2E2" 
1000HIP2E2" 
1000HID-2E2" 
1000HtD-2/E2"' 

1000HID-2lE2" 

ENVIRON. NO. "C mm 

AIR 
AIR 

AIR 
AIR 
AIR 

AIR 
AIR 
AIR 
AIR 
AIR 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

AIR 
AIR 
AIR 

AIR 
AIR 
AIR 

AIR 

59 
60 

62 
63 
64 

65 

66 
67 
68 
69 
70 
71 
1 
2 
3 
4 
5 
6 

7 

8 

9 
10 
11 
12 

13 
14 
15 

25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 

25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 
25 4.50 

mm STRENGTH 
MPa 

3.50 411.2 
3.50 547.1 

3.50 462.0 
3.50 489.7 
3.50 546.9 
3.50 567.3 
3.50 535.1 
3.50 555.7 
330 491.9 
3.50 563.5 
3.50 443.6 
3.50 495.6 
3.50 533.9 "SEE TESTBKGD FOR DETAILS 
3.50 515.4 "SEE TESTBKGD FOR DETAILS 
3.50 508.5 "SEE TESTBKGD FOR DETAILS 
3.50 566.3 "SEE TESTBKGD FOR DETAILS 
3.50 517.7 '"SEE TESTBKGD FOR DETAILS 
3.50 527.8 "SEE TESTBKGD FOR DETAILS 
3.50 535.4 ""SEE TESTBKGD FOR DETAILS 
3.50 577.7 "'SEE TESTBKGD FOR DETAILS 
3.50 561.1 "'SEE TESTBKGD FOR QETAILS 
3.50 542.0 "SEE TESTBKGD FOR DETAILS 
3.50 557.3 **SEE TESTBKGD FOR DETAILS 

3.50 576.6 ""SEE TESTBKGD FOR DETAILS 
3.50 531.1 "SEE TESTBKGD FOR DETAILS 
3.50 528.7 "*SEE TESTBKGD FOR DETAILS 
3.50 529.8 "'SEE TESTBKGD FOR DETAILS 



a EFE R ENC E TEST SPEC. TEMP WIDTH THICK BEND COMMENTS 
"C rnm rnm STRENGTH 

MPi3 

SNW-4000 
SNW-1000 
SNW-1OW) 

S N W - t r n  
SMW-1000 
SNW-1000 
SNW-1000 
SFIIW-IC03 
SNW-lOW) 

SNW-1006 
S N W - 1 m  
SNW-1DQO 
SNW-1000 
SNW-Bm 
SNW-1600 
SNW-1000 
SNW- 4 00 

GTE/174-MA-I 607 
GTW174-MA-1607 

GTVI 74-MA-3607 
GTY174-MA-4607 
GTW 1 74-MA- 1607 

GTYl74-MA-7 603 
GYUI 74-MA-1 607 
GTEI174-MA-1607 
GTUl 74-MA-1607 
GTEPl74-MA-1607 
GTYl74-MA-1607 
GTWl74MA- 1607 

GiB174-MA-1607 
GTY174-MA-1607 
GTUl74-MA-1607 
GTU174-MA-1607 

GTE/174-MA-Y 607 

ORNL-CRBI 289 
ORNL-CRB1289 

ORNL-CRB1289 

ORNL-CRBl289 
DRNL-CRB1289 

ORNL-CR51289 
ORNL-CRB1289 

ORNL-CRBI 289 
OR NL-CR B1289 

ORNL-CRB1289 

ORN E-c R B1289 
ORNL-CAB1289 

ORNL-CRB1 289 
ORNL-CR51289 
OR N L-C R 8 1 289 
OR NL-CRB1289 

ORNL-CRBi 289 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

16 
17 

10 

19 
20 
23 

22 
23 

24 
25 
33 

32 
31 
34 

35 

71 

72 

25 
25 

25 
25 

25 
25 

25 
25 

25 

25 
25 

25 

25 
25 

25 
25 

25 

4.50 
4.50 

4.50 

4.50 

4 . 9  
4.50 

4.50 
4.50 

4.50 

4.50 
4.50 

4.50 
4.50 
4.50 

4.50 
4.50 

4.50 

3.50 
3.m 

3.50 
3.50 
3.50 

3.50 
3.50 

3.50 

3.50 

3.50 

3.50 

3.50 
3.50 

3.51) 

3.50 
3.50 

3.50 

533.2 
515.6 

520.2 

487.5 
408.2 

518.7 
505.4 
321.2 

505.6 

546.7 
449.0 
420.6 
512.6 
572.1 
474.7 

545.8 

"SEE TESTSKGD FOR DETAILS 
"SEE JESTBKGD FOR DETAILS 

"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 

"SEE TESTBKGD FOR DETAIG 
"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 

"SEE TESTBKGD FOR DETAILS 

"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 

"SEE TESTBKGD FOR DETAiFS 
"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAW 
"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 



SECTION 5. MOR 4-POINT BEND TEST RESULTS, continued 
MAERfAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-HEAD COMMENTS 

CODE CODE TREATMENT ENVIRON. No. "C mm mm STENGYH SPEED 

MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MSPSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 

NILCRAIORNL-CAB ORNL-5612 
NILCRNORNL-CRB ORNL-5612 
NILCRADRNL-CRB ORNL-5612 
NILCRAIORNL-CRB ORNL-5612 
NILCfWORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 
NILCRNORNL-CAB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 
NILCRAGflNL-CRB ORNL-6513 
NILCRAMRNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILFRAMRNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
N ILCMRNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCR#ORNL-CRB QRNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILFRNORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 
NILCAAORNL-CRB ORNL-6513 
NILCRAXSRNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 

100WD2+BiE2+' 
100HID2+BIE2*' 
100H/D2+BIE2" 
100HK32+B/E2** 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 

Ai R 
AI R 
AIR 
AIR 
AIR 
AI A 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AI R 
AIR 
AIR 
A\ R 
Ai R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

113 
111 
112 
114 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

61 1.6 
632.1 
61 9.6 
620.7 
679.4 
703.5 
668.8 
674.7 
692.9 
695.6 
726.9 
706.9 
697.7 
a 2 . 4  
611.1 
708.9 
733.7 
684.4 
698.3 
880.4 
603.5 
681.6 
698.7 
680.5 
674.6 
642.7 
695.5 
708.4 
691.4 
725.8 
685.2 

"SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 
*SEE TESTBKGD FOR DETAILS 
"SEE TESTBKGD FOR DETAILS 

0.00847 
0.00847 
0 DO847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 

0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00547 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 

0.00847 
0.00847 
0.00847 
0.00847 
0.00847 



MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
M8-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PS;! 

yn 
P 

NILCRNORNL-CRB ORNL--65?3 
N 1 FCRNORNL-CR 8 0 RNL-6513 
N&LCRNORNL-CRB ORNC-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-65J3 
NILCRAKJRNL-CAB OANL-6513 
NILCRbKFiNL-CRB ORNL-6573 
NILCRNQRNL-CWB GRNL-6513 
NILGRWORNL-CRB ORNL-6543 
NILCRNORNL-CRB ORNL-654 3 
NILCRNURNL-CRB OWNL-6513 
NILCWQV'ORNL-CRS ORNL-6513 
NlLCRbVORNL-CRB ORNL-6515 
NOLCRNORML-CRB ORML-BS13 
NILCFINORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
MILCRAIORNL-CRB ORNF-6513 
N1 LC RQJORNL-CR 5 8 RNL-6513 
MILCRA/ORNL-CRB OANL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-654 3 
NILCRA/ORNL-GRB ORML-6543 
MILCRNORNL-CRB ORNL-6513 
N 1 LC RNURN L-CR B 0 RN L-6513 
NILCRNORNL-CRB URNL-5513 
NILCWORNL-CRB ORNL-6513 
NILCRoJORNL-CRB OWL-6543 
MILCRNORNC-CRB ORNL-6513 
NILCANORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-65'13 

AS FABRiCATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FA3RICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABAlCATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
EXPOSEWS 0Ot 
WPOSED/lOOI- 
EXWSED1100I- 
EXPOSED/100I- 
EXPOSED/100!- 
EXPOSED11 OOt 
EXPoSEW100b 
EXNSEDl1 0Ok 
EXPOSED/i00+ 
EXPOSEW1 OOI- 
EXPOSEW1 OOt- 
E#F'OSED/400~ 
EXPOSED11 OOk 
EXPOSEB/100I- 
EXPOSELYS00k 
EXPOSEW1 OOk 
EXPQSEWIOOb 
EXPOSED/100I- 
EXPOSED/? O O i  

AIR 
AIR 
AIR 
AI R 
AIR 
AIR 
AIR 
AIR 
A1 R 
Ai fl 
AIR 
AIR 
AIR 
Al R 
AIR 
AIR 
AIR 
A! R 
AIR 
AIR 
AIR 
Ai R 
AIR 
AI A 
AIR 
AI W 
AIR 
AIR 
A1 R 
AIR 
AI R 
Ai A 

28 
2sl 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
51 
52 
53 
54 
55 
56 
57 
58 
41 

42 
43 
44 
59 
60 
45 
46 
47 
4.8 
49 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
2s 
25 
25 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.56 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.519 
3.50 
3.50 
3.58 
3.50 
3.50 
3.50 
3.50 

636.5 0.00847 
694.2 0.00Be7 
690.5 0.00847 
662.3 o.00847 
685.2 0.00847 
718.8 0.00847 
702.1 0.00847 
€66.4 0.00847 
6 ~ i . a  0.00847 
653.5 0.00847 
632.8 0.00847 
666.8 0.00847 
685.6 0.00847 
603.2 0.00847 
561.8 0.00847 
548.1 0.00847 
622.1 0.00847 
644.4 0.00897 
536.7 0.00847 
673.8 0.00847 
610.9 6.00847 
659.8 0.00847 
642.0 0.00847 
610.4 0.OOB4J 

567.8 0.00847 
674.5 0.00847 
639.9 0.00847 
635.4 0.00847 
583.4 0.00849 

659.3 O.OOi347 
681.1 0.00847 

3.50 637.9 0.00847 

"SEE TEXT FOR DETAiLS 
*SEE TEXT FOR DETAILS 
*SEE TEXT FUR DETAILS 
"SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
*SEE TE)CT FOR DETAILS 
*SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
"SEE TE%T FOR DETAILS 
*SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAtLS 



, 

SECTlON 5. MOR &POINT BENQ T E S  RESULTS, continued 
MATERIAL BATCH REFERENCE HEAT E S T  SPEC. TEMP WIDTH WICK BEND Xs1EAD COMMENTS 

CODE CODE TREATMENT ENVIRON. No. 'C mm mm STRENOM SPEED 

MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-BSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
Ms-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MS-PSf 
MS-PSZ 
MS-PSZ 
MS-PSZ 
MSPSZ 
MS-PSZ 
MS-PSZ 
MS-PSt 

NILCRAIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NlLCR#ORML-CRE ORNL-6513 
NIICRAIORNL-CWB OWNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB OWL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-65f 3 
NILCWRNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIORNL-CR5 ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRA/ORNL-CRE ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAtORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 
NILCRNORNL-CAB ORNL-6513 
NILCRmRNL-CRE ORNL-6513 
NILCRAIBRNL-CRB ORNL-6513 
NILCR#ORNL-CRB ORNL-6513 
N I LC RAIORNL-C R 5 ORN L-65 1 3 
NILCRNORNL-CRB ORNL-6513 
NILCRAlORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRNORNL-CAE ORNL-6513 

EXPOSED/lOo!- 
AGWl OOH@7Oa 
AGV1 00H@700 
AGE/1M)H@760 
AG W l  OOH@?Oa 
AGVlOOH@7W 
AGWlOOH@70C 
AG WloOH@7OO 
AGU1oOH@)?OO 
AGVlOOH@t700 
A G ~ 1 0 0 ~ 7 0 0  
AGUlOOH@700 
AG W1 OOH@7W 
AGWlOOIi@700 
AG W l  OOH@?Oa 

AGE/100H@700 
AGU10OH@700 
AGWlOOH@700 
AG W100H@7W 
AGE/IOOH@7W 
AGU1 OOH@t75U 
AGUIOOH@750 
AGE/lOOH@750 
AGE/lOOH@750 
AG W100H@750 
AGE/lOOH@750 
AGU100H@750 
AGE/lOOH@750 
AGWlOOH@750 
AGE1 oOH@750 
AGEtlOOH@750 
AGW100H@750 

AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
Ai R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

50 
61 
62 
63 
64 
65 
66 
67 
68 
68 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 

90 
91 
92 

MPs mm/8 

25 4.50 3.50 650.0 0.00847 "SEETEXTFORDETAILS 
25 4.50 3.50 689.0 0.00847 
25 4.50 3.50 671.7 0.00847 
25 4.50 3.50 669.8 0.00847 
25 4.50 3.50 664.8 0.00847 
25 4.50 3.50 659.2 0.00847 

25 4.50 3.50 658.8 0.00847 
25 4.50 3.50 657.6 0.00847 
25 4.50 3.50 658.3 0.00847 
25 4.50 3.50 655.9 0.00847 
25 4.50 3.50 655.3 0.00847 
25 4.50 3.50 653.4 0.00847 
25 4.50 3.50 647.7 0.00847 
25 4.50 3.50 644.6 0.00847 
25 4.50 3.50 641.6 0.00847 
25 4.50 3.50 639.6 0.00847 
25 4.50 3.50 638.8 0.00847 
25 4.50 3.50 836.2 0.00847 
25 4.50 3.50 627.9 0.00847 
25 4.50 3.50 536.2 0.00847 
25 4.50 3.50 527.4 0.00047 
25 4.50 3.50 676.0 0.00847 
25 4.50 3.50 672.0 0.00847 
25 4.50 3.50 607.5 0.00647 
25 4.50 3.50 663.0 0.00847 
25 4.50 3.50 646.8 0.00847 
25 4.50 3.50 644.0 0.00847 
25 4.50 3.50 641.2 0.00847 
25 4.50 3.50 641.0 0.00847 
25 450 3.50 639.4 0.00847 
25 4.50 3.50 635.5 0.00847 
25 4.50 3.50 630.9 0.00847 



5
 



SECTION 5. MOR 4-POtNT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THICK BEND X-tfEAD COMMENTS 

CODE COQE TREATMENT ENVIRON. No, "C 

TSPSZ 
TS-PSZ 
TSPSZ 
T S P a  
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TS-PSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ ' TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TS-PSZ 
TSPSL 
TSPSZ 
TSPSZ 
TSPSf 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 

NILCRA/85218 ORNL-5612 
NILCW85-218 ORNL-5612 
NILCRAB5218 ORNL-5512 
NiLCWV85-218 QRNL-5612 
NILCRIV85-216 ORNL-5612 
NlLCW85-218 ORNL-5612 
NlLCW85-218 ORNL-5612 
NlLCFW85-216 ORNL-5612 
NILCW85-216 ORNL-5612 
NlLCRA#5-218 ORNL-5612 
NlLCRM65-218 ORNL-5612 
N l L C W 2 1 8  ORNL-5612 
NlLCW85-216 ORNL-5612 
NILCRA/65-218 ORNL-5612 
NlLCRA185-218 ORNL-5612 
NlLCW85-218 ORNL-5612 
NILCRmRNL-CRB ORNL-5612 
NILCWVORNL-CRB ORNL-5612 
NILCRmRNL-CRB ORNL-5612 
NILCMRNL-CRB ORNL-5612 
NILCRAK)RNL-CRB ORNL-5612 
NILCRAIDRNL-CRB ORNL-6513 
NILCRPIORNL-CRB ORNL-6513 
NILCRAlORNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRPIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIDRNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCMRNL-CRB ORNL-6513 
NILCRAORNL-CRB ORNL-6513 

AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
1 OOWM+Bi€Y' 
100WD2+B/E2" 
1 OoWD2+B/E2" 
1 OOWD2+B/EP' 
1 00W02+BIE2*' 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRtCATE 
AS FABRICATE 
AS FABRICATE 

AIR 
AIR 
AIR 
AIR 
AIR 
AI R 
AIR 
Ai R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AI R 
AI R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AI R 

225 25 
226 25 
227 25 
228 25 
229 25 
230 25 
23 1 25 
232 25 
233 25 
234 25 
235 25 
236 25 
237 25 
238 25 
239 25 
240 25 
70 25 
145 25 
142 25 
143 25 
148 25 
72 25 
73 25 
74 25 
75 25 
76 25 
77 25 
78 25 
79 25 
80 25 
82 25 
83 25 

rnm mm STRENGTH SPEED 
MP€4 mm/e 

4.50 3.50 651.5 
4.50 3.50 67t.4 
4.50 3.50 639.7 
4.50 3.50 636.7 
4.50 3.50 648.7 
4.50 3.50 626.8 

4.50 3.50 656.5 
4.50 3.50 664.9 
4.50 3.50 m . 2  
4.50 3.50 6338.4 
4.50 3.50 609.0 
4.50 3.50 603.7 
4.50 3.50 670.8 
4.50 3.50 574.4 
4.50 3.50 630.6 
4.50 3.50 624.7 
4.50 3.50 550.0 -SEE TESTBKGD FOR DETAILS 
4.50 3.50 546.5 "SEE TESTBKGO FOR DETAILS 
4.50 3.50 499.2 T E E  TESBKGD FOR DETAILS 
4.x) 3.50 427.7 "SEE TESTBKGD FOR DETAILS 
4.50 3.50 525.9 *SEE TESTBKGD FOR DETAILS 
4.50 3.50 596.6 0.00847 
4.50 3.50 604.5 0.00847 
4.50 3.50 613.7 0.00847 
4.50 3.50 590.5 0.00847 
4.50 3.50 595.3 0.00847 
4.50 3.50 612.5 5.00847 
4.50 3.50 559.4 0.00847 
4.50 3.50 593.8 0.00847 
4.50 3.50 609.2 0.0084? 
4.50 3.50 556.8 0.00847 

4.50 3.50 588.2 0.00847 





SECTION 5. MOR +POINT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP W @ M  WICK BEND X-HEAD COMMENTS 

CODE C 6 M  TREATMENT ENVIRON. No. 'e: mm mm STRENGTH SPEED 

TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSi! 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 2 TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TS-Pst 
TSPSZ 
TSPSZ 
T S  PSZ 
TSPSZ 

NILCRA'ORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCRMORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCMRNL-CRB ORNL-6513 
NILCWRNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRA'ORNL-CRB ORNL-6513 
NILCMRNL-CRE ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAPORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCIWORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRA'ORNL-CRB ORNL-6513 
NILCRAfORNL-CRB ORNL-6513 
NILCRNORNL-CAB ORNL-6513 
NILCRA'ORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NlLCRAlORNL-CRB ORNL-6513 
NILCWRNL-CRB ORNL-6513 
NILCRAfORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAlORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 

AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
AS FABRICATE 
EXPOSEDIlDOI- 
EXPOSED/l OOk 
EXPOSEDIl00I- 
EXPOSED/lOOI- 
U(POSED/100I- 
EXPOSED/lDOI- 
EXPOSED1100l- 
EXPOSED/100I- 
WPOSED/lOOt- 
EXFOSED/lOOt- 
EXPOSED/l 001- 
EXPOSEDHOOI- 
EXPOSED1100I- 
EXPOSED/lOQF 
AGV100t@70(1 
AGUl 00H@700 
AGWl OOH@7Oa 
AGWl 00t+@700 
AGUl 00H@700 
AGE/lOOH@700 
AGWl 00H@700 
AGWlOoH@7~ 

AIR 
AJ R 
AI R 
AIR 
AIR 
AIR 
AIR 
AI R 
AIR 
AIR 
AI R 
AIR 
AIR 
AIR 
AI R 
AIR 
AIR 
AI R 
AIR 
AI R 
AIR 
AI R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AI R 
AI R 
AIR 
Ai R 

120 
121 
122 
124 
125 
126 
127 
123 
129 
130 
71 
65 
133 
66 
81 
85 

123 
144 
63 
58 
89 
150 
151 
152 
11 
12 
13 
14 
15 
46 
47 
48 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
450 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4 , s  
4.50 
4.50 
4.50 

3.50 
3.50 
3,50 
3.50 
3.50 
3.50 
3.50 
3.50 
350 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.58 
3.50 
3.50 
350 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

599.5 
578.7 
590,l 
577.8 
593,2 
605.8 
000.9 
587.4 
490.2 
586.4 
204.0 
223.0 
285.0 
307.0 
309.0 
334.0 
453.0 
453.0 
474.0 
475.0 
501 .o 
51 5.0 
546.0 
540.0 
541.9 
532.1 
551.9 
536.3 
525.2 
555.2 
553.0 
553.1 

0 00847 
0.00847 
0.80&447 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00347 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.08847 
0.00847 
0.00847 
0.00847 
0.00847 
0.00847 
0.08847 

"SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
*SEE TEXT FOR DETAILS 
"'SEE TEXT FOR DETAILS 
T E E  TEXT FOR DETAILS 
"'SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
"SEE TEXT FOR DETAILS 
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SECTION 5. MOR 4-POiNT BEND TEST RESULTS, continued 
MATERIAL BATCH REFERENCE HEAT TEST SPEC. TEMP WIDTH THCK BEND XSIEAO COMMENTS 

CODE CODE TREATMENT ENVIRON. No. "C mm mm STRENGM SPEED 

TS-PSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TSPSZ 
TS-PSZ 
TS-PSZ 
TS-PSZ 
TS-PSZ 

2 Ts-PSZ 
TSPSZ 
TSPSZ 
TS-PSZ 
TS-PSZ 
TSPSZ 
TSPSZ 
TS-PSZ 

NILCRAXIRNL-CRB ORNL-6513 
NILCRMORNL-CRB ORNL-6513 
NILCRNORML-CRB ORNL-6513 
NILCRAIORNL-CRB OfiNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIOWL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCRA/ORNL-CRB ORNL-6513 
NILCWRML-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCRAlORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-6513 
NILCWRNL-CRB ORNL-0513 
NILCAAlORNL-CRB ORNL-6513 
NILCWRNL-CRB ORNL-6513 
NILCRNORNL-CRB ORNL-6513 
NILCRAIORNL-CRB ORNL-6513 
NILCMRNL-CRB ORNL-6513 
NILCRA/ORNL-CRB ORNL-6513 
NILCFWORNL-CRB ORNL-6513 
NILCWORNL-CRB ORNL-65t 3 

AIR 
AIR 
At R 
AIR 
AIR 
AIR 
AIR 
Ai R 
AIR 
AIR 
AIR 
AI R 
AI R 
AIR 
AIR 
AI R 
A1 R 
AIR 
AIR 
Al R 
AIR 
AIR 
AIR 

18 
19 
20 
6 
7 
8 
9 
10 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

427.7 0.00847 
501.6 0.00847 
520.2 0.00847 
543.4 0.00847 
528.7 0.00847 
505.8 0.00847 
514.7 0.00847 
517.0 0.00847 
533.4 0.00847 
512.4 0.00847 
540.9 0.00047 
525.9 0.00847 
520.0 0.00847 
522.5 0.00847 
529.5 0.00847 
537.8 0.00847 
520.1 0.00847 
536.7 0.00847 
536.0 0.00847 
538.7 0.00847 
529.7 0.00047 
526.3 0.00847 
544.1 0.00847 
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Figure 2.4. A comparison of the bend strengths of the UDRl silicon nitrides 
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Figure 2.7. Weibull plot of CVD-SIC tests run at 
1200°C at 2 crosshead speeds. 
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Figure 2.8. Weibull plot of CVD-SIC tests run at 1400°C 
using 2 crosshead speeds. 
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Figure 2.1 1. Weibull plot of Hexoloy SA MOR 4-point bend 
tests run at 1200°C at 3 crosshead speeds. 
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Figure 2.12. Weibull plot of Hexaloy SA MOR 4-point bend 
tests run at 1400°C at 3 crosshead speeds. 
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Figure 2.13. Weibull plot of Cerallsy 147-3 MOR 4-point bend 
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Figure 2.14. Weibull plot sf Ceralby 147-3 MOR 4-point bend 
tests run at 1Oe)QoC at 2 crosshead speeds. 
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Figure 2.15. Weibull plot of Ceralloy 147-3 MOR 4-point 
bend tests run at 1200OC at 2 crosshead speeds. 
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Figure 2.16. Weibull plot of Ceralloy 147-3 MOR 4-point 
bend tests run at 1400°C at 2 crosshead speeds. 
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Figure 2.19. Weibull plot of EC-152 MOR 4-point bend 
tests run at 1400°C at 0.0423 millimeters per second. 
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Figure 2.34. Weibull plat cornpaai 2 batches of Nilcra TS-PSZ 
with 1 batch of Nilcra MS-PSZ in ~~-~~~~~~~~~~ condition at 25°C. 
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Figure 2.35. Weibull plot comparing MS-PSZ and TS-PSZ 
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Figure 2.36. Weibull plot comparing TS-PSZ to MS-PSZ after 
aging 100 hours at 700°C. Test temperature was 25°C. 
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Figure 2.37. Weibull plot comparing MS-PSZ to TS-PSZ 
after aging 100 hours at 750°C. Test temperature was 25°C. 
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MATERIAL BATCH REF€- TEST SPECMEN TEST TEST M=xMLIs 
axE CGCE ENVlKN NLM33 TYPE TEW ELASTICITY 

HEXOLOY SA 
HEXOLOY SA 
Hu(0LoY SA 
HD(ol0Y SA 
HEXOLQY SA 
HEXOLOY SA 
HEXOLOY SA 
HEXOLOY SA 
HEXOLOY SA 
HD(0LOY SA 
HEXOLOY SA 
Hu(0LOY SA 
Hu(OL0Y SA 
HEXOLOY SA 
HEXOLOY SA 

SOHIO/UD R 112 
SOH IQ/UD R1/2 
SOHIO/UDRI/2 
SOH IO/UD R 112 
SOHIO/UDRI/2 
SOHIO/UDRI/2 
SOHlQ/UDR1/2 
SOH 10/UD R 1/2 
SOH IO/UD R 1/2 
SOHIO/UDR1/2 
SOH IO/UDR1/2 
SOHIO/UDR1/2 
SOHIO/UDR t/2 
SOHIO/UD Ri/2 
SOHIO/UD R1/2 

UDRIPKGNOV89 
IIDRIPKGNQV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRtPI(GNOV89 
UDR I PKG WV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDR IPKG NOW9 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKGNOV89 

AIR 
A1R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

16 
17 

19 
20 
20 
19 
18 
17 
16 
16 
17 
18 
19 
20 

i a  

SONIC 
SONIC 
SONE 
SONIC 
SONIC 
SQNK 
SONIC 
SONIC 
SONE 
SONIC 
SONIC 
SONIC 
SONIC 
SONE 
SONIC 

20 
20 
20 
20 
20 

1000 
1000 
1000 
1000 
1000 
1400 
1400 
1400 
1400 
1400 

420.60 
41 1.63 
41 1.63 
417.84 
436.45 
417.84 
399.22 
397.84 
396.46 
395.08 
393.02 
385.43 
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~ 

GTE UUDR 1/2 UDRIPKGNQV89 
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GTEUUDRIIZ UDRIPKGNOV89 
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GTEUUDR1/2 UDRIPKGNOV89 

NORTON/UDRI/Z UDRIPKGNOV89 
NORTON/UDRI/;! UDRIPKGNOV89 
NORTON/UDR1/2 UDRIPKGNOV89 
NORTON/UDRI/Z UDRIPKGNOV89 
NORTONIUDRIM UDRIPKGNOV89 
NORTON/UDRI/Z UDRIPKGNOV89 
NORTONIWDRII2 UDRIPKGNOV89 
NORTON/UDR1/2 UDRIPKGNOV89 
NORTON/UDR1/2 UDRIPKGNOV89 
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AIR 6 
AIR ? 
AIR 8 
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WNK: 20 
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SONIC 20 
SONIC 20 
SONIC 1000 
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SONIC 1000 
SONIC 1000 
SONIC 1000 
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301.31 
301.31 
304.07 
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31 0.28 
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296.49 
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Figure 2.39. A comparison of moduli of elasticity for two 
silicon nitrides and one silicon carbide. 
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SECTION 7. TFNSILE TEST RESULTS. CONTINUED 
MATERIAL BATCH PEEFEMX TEST SPEClMEN K M P  TENSIE SPEUMEN LOAD COMMENTS 

CaDE CCOE ENVIRON. W "C STRWGTHDlAMmR N 

UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVSQ 
UDRIPKGNOV89 
UDRIPKGNOVBS 
U DRI PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
U DRIPKG NOW9 
U DRI PKGNOV89 
UDRIPKGNOVBS 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRlPKGNOV89 
UDRIPKENOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 

AIR 
Ai R 
AIR 
AIR 
AIR 
AI R 
AIR 
AI 8 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
Al R 
AIR 
AIR 
AIR 
AIR 

6 4  
107 
111 
113 
100 
116 
103 
93 
102 
104 
89  
9 2  
t o 5  
I 1 8  
119 
109 
6 6  
6 7  
68 
69 
70 
71 
7 3  
74 
75 
77  
78  
79 
80 
8 2  
8 3  
84  
85 
8 6  

1000 
1200 
1200 
1200 
1200 
1200 
1200 
I 2 0 0  
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 

271 .O 
182.0 
208.0 
214.0 
267.0 
268 .O 
268.0 
269.0 
274.0 
278.0 
279.0 
289.0 
292.0 
295.0 
301 .O 
314.0 
258.0 
222.0 
237.0 
233.0 
182.0 
258.0 
270.0 
270.0 
286.0 
281 .O 
237.0 
229.0 
251 .O 
223.0 
233.0 
288.0 
269.0 
264.0 

6.35 
6.34 
6.31 
6.35 
6.33 
6.34 
6.37 
6.34 
6.33 
6.33 
6.34 
6.35 
6.35 
6.34 
6.37 
6.34 
8.35 
6.36 
6.35 
6.33 
6.36 
6.36 
6.34 
6.35 
6.35 
6.35 
6.34 
6.34 
6.35 
6.34 
6.37 
6.35 
6.34 
6.35 

5737.9 
6494.1 
6761.0 
8406.7 
8451.2 
8540.2 
8495.7 
8629.1 
8762.6 
8807.0 
9162.9 
925 1.8 
9340.8 
9607.7 
991 9.0 
8184.3 
7027.8 
7517.1 
7339.2 
5782.4 
8184.3 
8540.2 
8540.2 
9073.9 
8896.0 
7472.6 
7250.2 
796 1.9 
7027.8 
7428.2 
9118.4 
8495.7 
8362.2 

MPa m 
HExaOYSA SOHIOIUDRIIS 8584.6 

SOHIOIUDRII2 
SOHIO/UDRI/2 
SOHlOIUDRll2 
SOHIO/UDR1/2 
SOHIO/UDRI/2 
SOHIOIUDRIIP 
SOHIO/UDR1/2 
SOHIO/UDRI!2 
SOHIO/UDR1/2 
SOHIOIUDRlI2 
SOHIOIUDRtI2 
SOHIO/UDRI/2 
SOHlOlUDRll2 
SOHIOIUDRIIP 
SOHIOIUDRII2 
SOHIOIUDR112 
SOHIOIUDRII2 
SOHIO/UDR112 
SOHlO/UDR1/2 
SOHlOlUD R1/2 
SOHIO/UDR1/2 
SOHtOIUDRII2 
SOHIOIUDRlI2 
SOHIOIUDRII2 
SOHIOIUDRII2 
SOHIOIUDA112 
SOHI O/ U D FI 1/2 
SOHIO/UDRI/2 
SOHIOIUDR112 
SOHIOIUDRll2 
SOHIO/UDR1/2 
SOHIO/UDR1/2 
SOHiOIUDRII2 
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MAT E R I A L BATCH FEFEENE TEST SpEClMENTEMp TENSILE SPECIMEN LQ9D 
CUE a3cE ENVIRON. bLM3ER “c SlRENGWDIAMEER N 

m mm 
NT-154 
NT- I54  
NT- 154 
NT-154 
NT-154 
NT- 1 54 
NT-154 
NT- 1 54 
NT- 154 
NT-154 
NT-154 
NT-154 
NT- 154 
NT- 1 54 
NT- 154 
NT- 154 
NT- 1 54 
NT-154 
NT- 154 

@ NT-154 

NT-I 54 
NT- 154 
NT- 1 54 
NT- 154 
NT-154 
NT- 1 54 
NT-154 
NT-154 
NT- 154 

NT-154 

~RTONIUDRll2 
NORTONIUDRIIZ 
NORTONNDRlI2 
NORTONIUDAIL? 
NORTONNDRIIS 
NORTONIUDRII2 
NORTON/UDR1/2 
NORTONIUDRlIP 
NORTONNDRlI2 
NORTONIUDRII2 
NORTONIUDRII2 
NORTONNDRlI2 
NORTONIUDRlf 
NORTONIUDRIR 
NORTONIUORII2 
NORTON/U DRN2 
NORTONiU D R112 
NORTON/UDRI/2 
NORTOWDR112 
NORTONRIDRII2 
NORTONIUDRII2 
NORTONIUDRIIP 
NORTONIUDRIR 
NORTONIUDR112 
NORTONIUDRIR 
NORTONIU DRV2 
NORTONlUDRllP 
NORTONIUORlI2 
NORTONNDRIIZ 
NORTON/U D RlI2 

UDRl PKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOVf39 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDFWKGNOV89 
UDRIPKGWV89 
UDRl PKG NOW9 
UDRIPKGNOV89 
UDRIPKGNOW9 
UDRl PKGNOVBS 
UDRIPKGNOVf39 
UDRl PKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UORl PKGNOV89 
UDRl PKGNOV89 
UDRIPKGNOV89 
UDRPKGWV89 
UDRIPKGNOV89 
UDRIPKGNOV89 
UDRIPKGW89 
UDRIPKGNOVBS 

Ai R 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 
AIR 

60  
8 
92 
53 
6 
4 
5 
18 
90 
69 
17 
83 
15 
66 
73 
55 
47 
46 
41 
44 
38 
50  
10 
19 
14 
45 
40 
51 
52 
49 

1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 

342.0 
438.0 
444.0 
485.0 
496.0 
508.0 
512.0 
523.0 
533.0 
537.0 
542.0 
581 ,O 
610.0 
623.0 
624.0 
225.0 
264.0 
287.0 
236.0 
339.0 
345.0 
349.0 
353.0 
357.0 
365.0 
366.0 
377.0 
388.0 
399.0 
406 .O 

6.56 11564.8 
6.35 13877.8 
6.35 14055.7 
6.35 15345.6 

6.35 16101.8 
6.34 16190.7 
6.35 16546.6 
6.35 16902.4 
6.33 16902.4 
6.35 17169.3 
6.35 18414.7 
6.35 19304.3 
6.35 19749.1 
6.36 19793.6 
6.35 7116.8 
6.35 8362.2 
6.36 9118.4 
6.35 10319.4 
6.34 10719.7 
6.35 t0942.1 
6.35 11075.5 
6.34 11164.5 
6.35 11297.9 
6.35 11564.8 
6.34 11564.8 
6.36 11965.1 
6.36 12321.0 
6.35 12632.3 
6.36 12899.2 

6.35 15701.4 

7lRCONIAS 
MSPSZ NILCRNORNUl SAllORNL306 AIR 26 25 468.0 
Ms-Psz NILCRNORNUl SA1 10RNL306 AIR 28 400 341.0 
MSPSZ NILCRAIORNUI SA1 10RNL306 AIR 29 400 440.0 
MSPSZ NILCRNORNUI SA1 10RNL306 AIR 30 800 265.0 
MSPSZ NILCRA/ORNUl SAllORNL306 AIR 31 800 258.0 
MSPSZ NILCRNORNUI SA1 10RNL306 AIR 38 800 190.0 
MS-PSZ NILCRA/ORNUI SA1 iORNL306 AIR 32  1000 222.0 
MSPSZ NILCRAlORNU1 SA1 10RNL306 AIR 33 1000 194.0 
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Figure 2.42. A comparison of thermal expansion coefficients 
between a silicon carbide and a silicon nitride. 
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2 FAG-PSZ (Corning Zycron k.) billers (Dshzped) were joined togalhw by hotpressing the 
lhAG-PSZ+CT8(Ga0-Ti02-Sj02)+MG-PSZ sandwich in a creep tes!iy unit at 1420C and 
13.79MPa. Bend bars, 2.Mx5.08~63.5mm. wwe machined from [he 5O.Brilm diameter x 
38. lmm long cylinder and tested in a 4-pOht ( i x t ~ r e  with outer span of 31.75mm 
and 19.05rnm inner span. A thermal expansion mismatch between the materials 
caused a poor quality joint. 
'These specimens were joined in I h a  same manner as montioned before 
except that 3DMX Zr02 was added to the 698 layer lo ovorcofflo thermal expansion 
problems which caused extensive cracking. Like before, 2 D-shaped Mg-PSZ billets 
were pressed together with the CTS-ZrO layer in between. Specimens were CUI so 
lhal the joint was in the middle. Work was perfocmed by R.A.Schmidl, A.T.Hopper, J. 
Ahmad and R.A.Rasenticld at Battelle Golumbus habordoriss. 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

THICK 
mm 

5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 
5.08 

2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 

.... 
..__.._ll.l._.. .. - .......... 

A 50.8am square x 19.05mne thick piece of nodular cast icon (ground with 2.Fo-gril 
SIG paper) was brazed 10 a 50.8mm diame?er x 19.05mm thick disk of MG-PSZ 
(Corning Zycron L) which had k e n  coated with .Sum thick layer of Ti a? NASA- 
Lewis using RF-sputter. The cas! iron was NOT coated with copper! Each specimen 
was ultrasonnically cleaned wlacelone, then alcohol. The iron was p!amd on top 
the MG-PSZ to provide a load during brazing. Details of the braze: Ismperarure 
increasod 30C!minuto to 65OC, then 7C/minute lo 72OC. Poww W B  then shut off 
and the joint allow& to cool to room iemperature. All wovk was perfornied in a W B C U U ~  

at about l .E-05 torr. 

TEMP S W M W  FEND WIDTH THICK 
"C 8 T R W W  mrn ni m 

M6Sa 
25 MCB-4 164.0 5.08 2.54 
25 MCB-5 76.0 5.08 2.54 
25 MCB-6 161.0 5.08 2.54 

~ 

.......... _I___ - 
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SECTION 9. MOR 4-POINT BEND STRENGTH TEST RESULTS FOR BRAZED SPECIMENS, CONTINUED 

BASE WTERlAL = MG-PSZ 

REFERENCE CQDE = SA1 1 BCL209 
OTHER MATERIAL = MGPSZ 
BATCH CODE FOR OTHER MATERIAL =CORNING ZYCRON L 

FILLER MATERIAL = CaGTi02SiO2 

JOINT PROCESS = HP/1420C/13.79MPa 
NO ADDITIONAL HWT TREATMENT AFTER BRAZE 
TESTS WERE PERKXIMED IN AIR 

BATCH CODE FOR W E  MATERIAL = CORNING ZYCRON L JOINT METHOD = HOT PRESSED 

2 MG-PSZ (Corning Zycron L) billets were joined together by hotpressing the 
MG-PSZ+CTS(CaGTi02-SiCX)+MG-PSZ sandwich in a creep testing unit at 1420C and 
13.79MPa. Bend bars, 2.54~5.08~63.5mm, were machined from the 50.8mm diameter x 
38.1mm long cylinder and tested in a 4-point fixture with outer span of 31.75mm 
and 19.05mm inner span. A thermal expansion mismatch between the materials 
caused a poor quality joint. Work was performed by R.A.Schmidt, A.T.Hopper, J. 
Ahmad and R.A Rosenfield at Battelle Columbus Laboratories. 

TEMP SPECIMEN LOA0 BEN) WIDTH THICK OOMhAENTs 
"C 1vlMBER N STRENGTH rnm mm 

MPa 
25 ZZB-3 135.7 81.9 5.08 2 5 4  CTSBONOEDW 
25 228-4 105.0 63.7 5.08 2.54 CTS-BONDED 2102 
25 ZZB-5 11 7.9 71.5 5.08 2.54 CTS-BONDED ZrO2 
2 5  ZZB-6 130.8 79.5 5.08 2.54 CTSBONDED ZrO2 

BASE MATERIAL MG-PSUFI FILLER MATERIAL = LltM 604 
BASE MATERIAL BATCH COO€ = CORNING-ZYCRONL JOINT METHOD = ACTIVE SUBSTRATE 
REFERENCE CODE = SA1 15CL212 
OTHER MATEHIAL = CAST IRON/CU 
OTHER MATERIAL BATCH CODE = 60% PEARLITE 

JOINT PROCESS = HP/750CIlOrnin./vac. 
NO ADDITIONAL HEAT TREATMENT AFTER BRAZE 
TESTS WERE PERFORMED IN AIR 

Specimens (2.5~5.08~63 5mm) were cut from MG-PSZ with Ti coating (plasma ion 
etched for 1 minute. then RF-sputtered 15 minutes at 6.670-12MPa. 1.4um Chick), 
joined by active substrate brazing (Lucas-Milhaupt No. 604, Ag-30Cu-10%) to 
nodular cast iron (60% pear1ite)that had been vapor-deposit plated with copper. 
Both materials had been ground to 0.3um finish. The bend strength was calculated 
using the monolithic materials equation. Work performed at Battelle Columbus 
Laboratories by A.T.Hopper, JAhmad and A. RosenfieM. 

TEMP SPECIMEN LaAD EEMl WIDTH THICK 
"C fWivEf3 N STRENGP rnm mm 

Mpa 
25 MCB-1 151.0 88.9 5.08 2.54 
25  MCB-2 138.0 81.4 5.08 2.54 
25 MCB-3 138.0 80.9 5.08 2.54 

95 



See SW100WNL174 for main dotails. These specimms ware Nilsore MS-FSZ brazed ta 
nodular cast iron, grade 8003, using active substrate promss(AS), where the 
zirconia plate was vapor coatsd with commercially pura titanium and the iron 
was plated with copper b improve wetting. Brazing was done in a vac,uum with 
Handy & Harmon Braze 604 (BWAg-18). Load rata was 22 7 kglsoc. Outer span was 

1.-1-111 

25 
25  
2 5  
25  
25 
25 

200 
20 0 
200 
200 
200 
200 
200 
200 
400 
400 
400 
480 
400 
400 
400 
400 
-406 
575 
575 
575 
575 
575 
575 
575 

435.0 
309.0 
354 .o 
345.0 
307.0 
399.0 
353.Q 
283.0 
315.Q 
280.0 
106.0 
142.0 
332 0 
309.0 
182.0 
180.0 
168.Q 
212.0 
173.0 
166.0 
197.0 
189.Q 
137.0 
118.0 
100.0 
128.0 
109.0 
109.0 
108.0 
49.0 

2 50 
2.58 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.56 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

2.00 
2.00 
2.0Q 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2 00 
2.00 
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SECTION 9. MOR 4-POINT BEND STRENGTH TEST RESULTS FOR BRAZED SPECIMENS, COMINUED 

BASE MATERIAL = MS-PSZ'TI COATING 
BASE MATERIAL BATCH CODE = NILSEN/ORNUJl 
REFERENCE CODE = SAlOBRNL175 

FILLER MATERIAL = BR604 
JOINT METHOD = ACTIVE SUBSTRATE 
JOINT PROCESS = BRAZED IN VAC@735C 

OTHER MATERIAL = CAST IRWWPPER COATING 
OTHER MATERIAL BATCH CODE = CUMMIWGR.8003 

NO ADDITIONAL H U T  TREATMENT AFTER BWVE 
TESTS WERE PERFQRMED IN AIR 

See SA100RNL174 for main details. These specimens were Nilsen MS-PSZ brazed to 
nodular cast iron, grade 8003, using active substrate process(AS), where the 
zirconia plate was vapor coated with commercially pure titanium and !he iron 
was plated with copper to improve wetting. Brazing was done in a vacuum with 
Handy & Harmon Braze 604 (BVAg-18). Load rate was 22.7 kg/sec. Outer span was 
19.05mm, inner span was 6.35mm. Work performed at ORNL by Mike Santella. 

TEMP SPECIMEN BEN) WIDTH THICK 
"C N S l R E N G l H  mm mm 

Mpa 
25 MCB-351A 25.0 2.50 2.00 
25 
25 

200 
200 
200 
200 
400 
400 
400 
400 
400 
400 
575 
575 
575 
575 
575 
575 
575 

M C B-367A 
MCB-369A 
MCB-300F 
MCB-349A 
MCB-350B 
MCB-367B 
MCB300G 
MCB-349B 
MCB-350C 
MCB-367C 
MCB-369 B 
MCB-369C 
MCB-30OH 
MCB-349C 
MCB-3500 
MCB-367D 
MCB-367E 
MCB-369C 
MCB-369D 

36.0 
102.0 
363.0 

58.0 
237.0 
326.0 
364.0 

249.0 
358 .O 
111.0 
53.0 
39.0 
28.0 

101.0 
70.0 
28.0 
27.0 
16.0 

80.0 

2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
2.50 2.00 
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Individual plates (25xl4x3mm) were joined alone the 25x31nini edge, surface ground 
on bath fsms, polished io 1 micrometer diamond finish on the tensile face, then 
cut into MOR bars 28x2.5x2mrn with the brazed joint in the middle of each bar. 
Outer span 19.05mrn, innor span 6 35mm. Work done by Mike Santella at ORML. 

grade 8003 (from Cummins Engine Go.), using active substrate process(AS), where 
the zirconia plate was vapor coatad with commercially pure titanium and the iron 
was platad with copper to improve wotting. Brazing was done in a vacuiim with 
Handy a ~asmon Eiraae 604 (Bv~g-as). haad rate was 22 7 kgsec Outer span was 
19,05mrn, inner span was 6.35mrn. Work performed at OANL by Mike Santslla. 

These specimens were Nilsen MS-PSZ brazed to nodular cast iron 

25 
25 
25 
25  
25 
25 
25 
25 
25 

200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
4QO 
400 
400 
400 
400 
400 
575 
575 
575 
575 
575 
575 
575 
575 
575 

MCB-299A 
MC B -2998 
MCB-299C 
MCB-346A 
MCR-347A 
MC5-348A 
MCB-36 1 A 
MCB-362A 
MCB-363A 
MCB-299D 
MCB-34SB 
MCB 347 
MCB 347G 
MGB-3480 
MCB-3628 
MCEL363B 
MCB 299E 
MCB-34BC; 
MCB 31170 
MCB-348C 
MC8-361 B 
MCB-362C 
MCB-362D 
MCB-363C 
MCB-3638 
MCB-2991: 
MCB-3460 
MCB-347E 
MCB-348D 
MCB-348E 
MGB-36213 
MCB-362E 
MCB-3630 
MCB-363E 

571.0 2.50 
532.0 2.50 
493.0 2.50 
327.0 2.50 
269.0 2.50 
314.0 2.50 
332.0 2.50 
432.0 2.50 
312.0 2.50 
459.0 2.50 
444.0 2.50 
323.0 2.50 
293.0 2.50 
383.0 2.50 
239.0 2.50 
342.0 2.50 
356.0 2.50 
370.8 2.50 
228.0 2.50 
325.0 2.50 
242.0 2.50 
319.0 2.50 
299.0 2.50 
199.0 2.50 
296.0 2.50 

149.0 2.50 
124.0 2.50 
127.0 2.50 
94.0 2.50 

125.0 2.50 
71.0 2.50 

109.0 2.50 
48.0 2.50 

61.0 2.50 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.08 
2.00 
2.00 

2.00 
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Figure 2.43. A comparison of strengths of three different 
PSZ-to-cast iron brazed joints. 
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Temperature, "C 
.Braze 1 = MS-PSUTi + BR604 + MS-PSUTi 
Braze 2 = MS-PSUTi + BR604 + Titanium 
Braze 3 = MS-PSUTi + BR604 + Cast Iron 

Figure 2.44. MOR 4-point bend strength test results for 
three brazed Ti-coated MS-PSZ joints. 
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SECTION 10. SHFAR STRENGTH OF BRAZED SPEC3 

BASE MATERIAL = MS-PSZ 
RASE MATERlAL BATCH CODE A NILSEN/ORNh/Jl 
REFERENCE CODE = SA4 OORNLI 71 

ATERIAL = INZUSIL-I 5ABA 
JOINT METHOD = ACTIVE FILLER METAL 
JOINT PROCESS = BRAZED IN VAC@770@ 

OTHER MATERIAL = CAST IRQWCOFPER COATING NO PoSr BM HEATTREATMEW 
OTHER MATERIAL BATCH CODE z CUMMlNSGR.8083 TESTS WERE PERFORMED IN AIR 

A padibar 'type specimen was used, with the pad 127x11 2.7x5.1 mm and the bar 1 2 . 7 ~  
5.1X3.4mm.Th8 pad is OTHER MATERIAI.., the bar is SASE MATERIAL. 
The AFM (active filler metal) method used Incusil-15 ABA, 
compossd of hg-23.5Cu-14.Sln-I .3Ti ( "A). Tasting was done in a pad/bar tester 
on a 44.5kN Instran tensile machnine equipgad with a clam-shell furnace and a 
quartz line for elevated temperature testing, 
National Laboratory by Mike Santella. 

Work was performed at Oak Ridge 

M C ~ - 6 0  
MCB-61 
MCB-62 
MC5-63 
MCB-79 
MCB-96 

TEMP 
"C 

25  
25 
2 5  
25 

400 
400 

SHWW 
STREJ?IGW 

MPa 
127.0 
165.0 
77.0 
11.0 

140.0 
28.0 

UNPOLISHD Zr02, LINGOAT Fa 

POLISHI) ZrO2, UNCOAT Fe 
POLlSHD Zr02,Cu-COAT Fe 

U N Pk) Ll SH D ZSO2,CU -C OAT F 8 

UNPBLISHD Z~O~,@U-COAT Fe 
UNPQLISHQ ZKQ,Cu-COAT Fa 

BASE MATERIAL = MS-PSZ 
BASE MATERIAL BATCH CODE = NlLSEN/QRNL/Jl 
REFERENCE CODE = SAlOORNLl72 
OTHER MATERIAL =TITANIUM 
OTHER MATERIAL BATGW CODE = ASTW8265 GRI 

FILLER MATERIAL = INCUSIL-15AB 

TEST§ WEWE PERF 

A padlbar type specimen was used, with the pad 12.7x12.7x5.4mrn and the bar 12.7~ 
5.6 x3.4mm.The pad is OTHER MATERIAL, the bar is BASE MATERIAL. 
The AFM (active filler metal) method used Incusil-15 ARA, 
composed of Ag-23.5Cu-14.51n-1.3Ti (wt?!!). Testing was done in a padlbar tester 
on a 44.5kN lnstron tensile machnine equipped with a clam-shell furnace end a 
quartz line for elevated temperature testing. 
National Laboratory by Mike Santella. 

Work was performed at Oak Ridge 

EN TEMP FOST-BRAZE S H M  COMMEWS 
COCE "C HEAT STRENGTH 

TRFATMEN-T _MPa 

400 4OOCI1 OOh 67.0 UNPOLISHB ZrO2 
25  400C150Oh 39.0 UNPQLISHD 2302 

MCW-188 25 400C/500h 1 1 1 .O UNPOLISHD zIro2 
MCB-108 25 ASBRATED 289.0 UNPOLISHD BO2 
MCB-io9 123.0 UNPOLISHD 202 



SECTION 10. SHEAR STRENGTH OF BRAZED SPECIMENS, CONTINUED 

SASE MATERIAL = MS-PSU TITANIUM COATING 
BASE MATERIAL BATCH CODE = NILSENlORNVJl 
REFERENCE C W E  = SAlOORNLl70 

FILLER MATERIAL = BR 604 
JOINT METHOD =ACTIVE SUBSTRATE 
JOINT PROCESS = BRAZED IN VAC@735C 

OTHER MATERIAL = CAST IRONJCOPPER COATING TESTS WERE PERFORMED IN AIR 
OTHER MATERIAL BATCH CODE = CUMMINSJGR.8003 

A padlbar type specimen was used, with the pad 12.7x12.7x5.1mm and the bar 1 2 . 7 ~  
5.1~3.4mm.The pad is OTHER MATERIAL, the bar is BASE MATERIAL. The joint 
was produced by active substrate: the zirconia specimens were vapor coated 
with pure titanium to .6 micrometers thick. Specimens were not preheated before 
coating. The nodular cast iron specimens were cleaned, then electroplated with 
pure copper to improve wetting and bonding capabilities. All brazing was done in 
a vacuum. Handy & Harmon Braze 604 (BVAg-18) composed of Ag-30Cu-lOSn (wt%) was 
the filler material. 

SPECIMEN TEMP POST-BRAZE SHEAR COMMENTS 
COOE "C HEAT STRENGTH 

MPa 

MCB-65 25 ASBRAZED 194.0 
MCB-66 25 ASBRAZED 191.0 
MCB-70 400 ASBRAZED 85.0 
MCS-71 400 ASBRAZED 96.0 
MCB-73 400 400Cl1 O O h  30.0 

BASE MATERIAL = MS-PSZ/ TITANIUM COATING 
BASE MATERIAL BATCH CODE = NILSENIORNUJl 
REFERENCE CODE = SA1 00RNL170 
OTHER MATERIAL =TITANIUM 
OTHER MATERlAL BATCH CODE = ASTM/B265 GR1 

FlLLER MATERiAL = BR 604 
JOINT METHOD = ACTIVE SUBSTRATE 
JOINT PROCESS = BRAZED IN VAC@735C 
TESTS WERE PERFORMED IN AIR 

A padlbar type specimen was used, with the pad 12.7x12.7x5.1mm and the bar 12 .7~  
5.1x3.4mm.The pad is OTHER MATERIAL, the bar is BASE MATERIAL. The joint 
was produced by active substrate: the zirconia specimens were vapor coated 
with pure titanium to .6 micrometers thick. Specimens were not preheated before 
coating. All brazing was done in a vacuum. Handy & Harmon Braze 604 
(BVAg-18), composed of Ag-30Cu-1 OSn (wt%), was the filler material. 

SPECIMEN TEMP POST-BRAZE SHEAR COMMENTS 
C r E  "C HEAT STRENGTH 

TRFATMENT MPa 

MCB-97 25 ASBRAZED 262.0 
MCB-98 400 ASBRAZED 133.0 
MCB-171 25 400C1500h 291 .o 
MCB-172 25 400Cl500h 259.0 
MCB-100 400 400Cl1 OOh 123.0 
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Figure 2.45. Shear strengths of four MS-PSZ-titanium joints 
mads with different processes and heat treatments. 
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Figure 2.46. Shear strerigths of three MS-PSZ-to-Cast Iron 
joints, all in the as-brazed condition. 
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