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ABSTRACTb

The purpose of the project was to inspect and test i00 domestically produced

" silicon nitride cam-roller followers built to the requirements of the DDC

Series 60 engine.

INTRODUCTION

For several years, DDC has been developing monolithic ceramic heat engine

co_.ponents. One of the components, developed for an application in our

state-of-the-art on-highway, heavy-duty diesel engine, the Series 60, is a

silicon nitride cam-roller follower (see Figure I). Prior to starting this

program, each valve train component in the Series 60 was considered for conver-

sion to a ceramic material. Many advantages and disadvantages (benefits and

risks) were considered. From this effort, one component was selected, the

cam-roller follower. Using a system design approach, a ceramic cam-roller

follower offered functional improvement at a reasonable cost.

Initially, two suppliers participated in ceramic cam-roller follower

development, one domestic and one foreign. During the development process the

domestic supplier elected to cease participation in the project. The main

reasons for this action were' inability to make prototypes to specification;

lack of funds to scale-up; and inability to define a production feasible, cost-

effective process.

Recently two domestic suppliers expressed interest in DDC's effort.

Furthermore, their materials appeared to meet DDC requirements. DDC has also

developed expertise in statistical process capabilities and functional tests of

silicon nitride rollers. In order to promote development of domestic ceramic

engine component suppliers, this contract was awarded to DDC to inspect and

test i00 domestically produced silicon nitride cam-roller followers for the

Series 60 4-cycle, 275-450 hp diesel engine.

I_esearch spoilsored by tlle U.S. Department of Energy, Ass istal_t Secretary for

Conser\,atioi_ a_d i_enewable EHergy, Office of Transportation Techi_ologies, as part

of the Ceramic Technology Project of the Advanced Materials I)evelopmc_I_tProgr_iill,

under contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc., Work
Breakdown Structure Subelement 3.3.1.8.

-1-
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The objectives of this project were to inspect and test i00 domestically

produced silicon nitri_le cam-roller followers built to the requirements of the

Detroit Diesel Corporation's Series 60 4-cycle, 275-450 hp diesel engine. The

i_Ispection and functional laboratory tests were ro.nsistent with those

previously performed on foreign produced cam-roller followers. Therefore,

results from these efforts could also be compared with previous data from

foreign produced ceramic rollers.

The tasks of the project are summarized in the following work statement.

Q_2 Work StatemeDth

Task i Definitio_n and Test of. Production FeasSbSe Cost-effectiye_
Procgss Flow Shee_

Identification of a high-volume, production feasible process flow sheet and

fabrication of 50 consecutively produced wide and 50 consecutively produced

narrow cam-roller followers. This task also includes dimensional and surface

finish inspection of each part, and a statistical "process capability"

calculation for each dimension.

Task 2 Functional L_bo_m!Ip_st___

Overspeed capability test and a I00,000 equivalent mile accelerated wear test.

Both tests were performed on a cylinder head rig. Results were compared to

foreign produced silicon nitride cam-roller followers tested under the same

conditions.

Task 3 Reporting

A detailed final report describing domestically produced silicon nitride

cam-roller follower activities.

v

-2-
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. 0,3 Concluslon_

i. Process capability of the foreign produced silicon nitride cam-roller

" followers is higher than domestically produced cam-roller followers. In

the case of foreign produced wide rollers, ali ten parameters reviewed

were acceptable or marginal, while only six were marginal or acceptable

for the domestically produced wide rollers. Nine parameters out of ten

were acceptable or marginal for the foreign produced narrow rollers.

However, only two parameters for domestically produced narrow rollers were

acceptable or marginal.

2. Both silicon nitride materials fabricated by the domestic sources of wide

rollers and narrow rollers meet DDC requirements for the minimum and B-I

flexural strength. Average flexural strength of both domestically

produced materials is higher than that of the foreign produced material.

Weibull modulus of the material, fabricated by the supplier of wide

rollers, is comparable to the foreign produced material. Weibull modulus

• of the material, fabricated by the supplier of the narrow rollers, is

lower than that of the foreign produced material.

3. Wide rollers performed satisfactorily on the overspeed capability test.

No failures were observed. However, two narrow rollers failed during the

overspeed capability test. No foreign produced rollers ever failed on
this test.

4. Two narrow rollers failed during the accelerated wear-out test. The

camshaft was worn extensively under both wide and narrow rollers.

Pin/roller clearance, which increases as either the roller lD or pin OD

wears, increased during the test for both wide and narrow -oilers.

Practically no change in pln/roller clearance was observed for the foreign

produced rollers, and no failures were observed.

5. Extensive wear of both wide and na_.ow rollers can be traced to

dimensional nonconformance, caused by machining problems. Improvements in

machining are necessary to decrease the wear rate.

-3-
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6. Failures of the narrow rollers, on both overspeed capability and

accelerated wear-out tests, also may be due to problems with material

and/or the fabrication process. Failure of one MOR test bar due to a flaw

and low sintered density of a failed roller support this conclusion.

7. Surface roughness of the OD and ID deserves additional attention. Surface

roughness was within spec for the wide and narrow rollers and decreased on

roller OD and lD during the wear-out test. Excessive initial surface

roughness will lead to a failure. 'l_erefore, determinatioi_ of a surface

roughness limit would be benefitial, for controlling machining costs.

-4-
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. TASK I DEFINITION AND TEST OF_2RODUCTIO_N FEASIBI._ ,COST-EFFECTIVE
PROCESS FLOW SHEET

!.I Fa.brication Pr.o.ce_ss

In order to evaluate both domestic suppliers it was decided to procure wide

(23.45 mm width) and narrow (12.15 mm width) cam- roller followers from

different suppliers. Wide rollers were fabricated by Supplier "A", and narrow

rollers were fabricated by Supplier "B".

I___L_I Supplier of Wide Rollers

Sintered SiAlON material was used to fabricate wide cam-roller followers. The

fabrication process flow chart is shown in Figure 2.

A total of thirty-six (36) rollers and process control data for fifty (50)

consecutively manufactured rollers were submitted to Detroit Diesel

Corporation.

Rollers were crowned by the supplier internally on experimental tooling, since

the outside machining source expected to do the crowning operation backed out

of the project at a late date. This contributed to some nonconformance in

ID-OD parallelism and OD roundness.

I.___!i._2Supplier of Narrow Roller_______s

Dry pressed, gas pressure sintered silicon nitride material was used for the

fabrication of narrow cam-roller followers. The fabrication process flow chart

is shown in Figure 3.

A total of seventy-nine (79) narrow silicon nitride ceramic cam-roller

followers were fabricated. During final, measurement of component properties,

. an accident occurred Rollers #01 through #49 were dropped from a measurement

bench and forty (40) of these rollers sustained chip damage. Detroit Diesel

Corporation approved acceptance of thirty-six (36) rollers and the data for ali

seventy-nine (79).

-5-
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Detroi.t Diesel Corporation used procedures outlined in [i] for the calculation

of percent, process capability. Th_ Process Cazability (PC) is equal to six

standard deviations, as calculated from componeILt measurements, i.e."

PC - 6s

. where s - R/d_and R R/n-

where F' is ths sa/npl.e range (maximum - minimum dimension in a sample)

n is the nt_mber cf rational subgroups ( we usually uses
I0 rational subgroups, with 5 samples in each)

d 2 is a Shewhard constant (d 2 ,_ 2.326 for the subgroup size of 5)

Therefore, percent process capability, PC%, can be expressed as'

6s * 100%
PC% ..................

spec. tolerance

Processes with PC% of less than 70% are considered acce_,table, between 70% and

100% - marginal, and a PC% of more than 100% is unacceptable.

This procedure was used to evaluate dimensional capability of foreign and

domestically produced rollers.

!_,2_,._ co__n, o_/_,t_.bm__.._.hiilis_ for Do__et_.and

Percent process capability was calculated for the following ten key char-

acteristics: OD size; ID size', width; OD finish; lD finish; OD roundness; lD

roundness; OD crown; ID-OD parallelism; and ID-OD runout. Results are shown in

Figure 4.

Both narrow and wide cam-roller followers, fabricated by one foreign supplier,

were tested at DDC. Results show' that, in general, i.t is more difficult to

meet dimensional requirements for the narrow [oilers than requirements for wide

rol le,rs.
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Both domestic suppliers fell sho'. of achieving the process capability of the

foreign supplier. For wide rollers, ali dimensions on the foreign produced

rollers were acceptable (percent process capability was within the internal DDC

requirement of 70% for ali ten characteristics). Domestically produced wide

rollers had only 5 acceptable characteristics, i marginal and 4 were unaccept-

able. For narrow rollers, only 4 characteristics on the foreign produced

rollers were acceptable, 5 were marginal and I was unacceptable. Domestically

produced narrow rollers had only 2 acceptable characteristics, and five

characteristics were unacceptable. Since a go/no-go _age was used for three

other parameters, we could not calculate percent process capability for them.

I__2_!__Flexura i $t__re___thh

According to DDC's cerami6 cam-roller follower material specification [2], the

minimum flexural strength of the roller must be 420 MPa, determined by a

four-point bend test at room temperature. Test bar specimens have the

following dimensions: 60mm long x 4mm wide x 3mm thick. The supplier is

" required to perform the flexural strength test on a fourteen (14) piece sample

for every new lot of material. The B-1 MOR strength must be at least 380 MPa,

calculated using two parameter Weibull statistics and least square linear

regression, on a minimum of fourt,_en median ranked MOR samples.

Wide rollers were fabricated from one powder lot and one sintering run.

Therefore, wide rollers represent one material lot, #A010202. Data for a total

of 25 test bars was submitted and statistically processed at DDC. Results are

shown in Figure 5. The material meets DDC specification for MOR strength.

Weibull modulus for 25 bars was 16.

Two different powder lots (90L-998 and 91A-004) were utilized for the fabrica-

tion of narrow rollers. Three different sintering runs (90L-998, 91A-OO4A,

91A-O04B) were performed. Therefore, narrow rollers represent three different

material lots. Data for a total of 42 test bars (14 for each material lot) was

submitted and statistically processed at DDC. Combined results for three lots

are presented in Figure 6. The Weibull moduli foj:.three lots were different :

7.5 for lot #91A-004B; 17 for lot #90L-998; and 32 for lot #91A-OO4A. The

Weibull modulus for ali 42 test bars was i0. The low Weibull modulus of lot
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#91A-O04B was due to test bar #13. Fractography was performed on this specimen

and the failure origin was found to be a near surface agglomerate/pore cluster.

Figure 7 shows the comparison of the flexural strength for three silicon

nitrides; (I) foreign produced; (2) wide roller domestic material; and, (3)

narrow roller domestic material. Data for 150 MOR te_t bars was statistically

processed for the foreign produced material.

The average strength of both domestic ceramic materials is higher than that of

foreign material. }towever, based on ali MOR bars tested, both foreign and

domestic, the lowest strength sample was a domestic material, fabricated by the

=upplie_ uf narrow rollers. The Weibull modulus of the domestic wide roller

material is comparabl_, to that of foreign produced silicon nitride, lt may

decrease, though, for production quantities of material. If it does not, the

domestic material could have a high Weibull modulus and a flexural strength

higher than required for this application . This could lead to a future cost

savings. The Weibull modulus of the narrow rollers material is much lower than

that of the foreign produced silicon nitride. Due to _',_=high average flexural

strength, narrow rollers material still met DDC requirements for minimum and

B-I strength, despite the low Weibull modulus.
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Changes in the pin/roller clearances, weights of the rollers, and camshaft wear

are quantified in Figure 22. Measurements showed that some rollers actually

gained weight. This was caused by carbon deposits from the oil on the lD of

the rollers.

None of the foreign produced rollers, wide or narrow, failed during the

overspeed capability or accelerated wear-out tests. During the program,

domestic ceramic rollers wore more than foreign rollers. Figures 23 and 24

compare the change in pin/roller clearance for wide and narrow domestic and

foreign rollers.

Post test evaluation was performed by the suppliers. Separate reports for

overspeed capability and accelerated wear-out tests were submitted by the

supplier of wide rollers. The supplier of narrow rollers submitted one report

that covered both tests.

!,2 Post 'rest Eva_ua_p_ of the W_de Rollr_K_

5o2.1 Overspeed Capab_l%ty Test

Two rollers, along with the eorresponding roller pins (sets #77 and 80), were

evaluated after the overspeed capability test. Of major concern was discolora-

tion and wear evident on the metal roller pins.

Visual review of roller/pin set #77 found very little indication of wear on the

roller OD. The roller lD had a visible dark band, indicating wear had occurred

near the center of the part (see Figure 25a). The pin had also sustained wear

in the center (see Figure 25b).

A Rank Taylor Hobson Form Talysurf was used to analyze the wear on the roller

lD. A surface trace was run from end to end on the lD. This trace i_ shown in

Figure 26. The surface profile indicates that the lD is slightly "bell

mouthed". Also, the character of the surface proflle in the center of the

roller reflects the wear that occurred during testing. Peak heights at the

center are somewhat reduced compared to the finish at either end.

-I0-
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. TASK2 ....FUNCTIONAL IA_BORATORY TESTS

2,1 Results of the Tests

An outline of the overspeed capability test is shown in Figure 8. lt consists

of nine (9) engine RPM levels, from 3300 to 4100 RPM. (Note: the Series 60

rated speed is 2100 RPM). Nine wide rollers were tested - six in the injector

rocker arms and three in the exhaust rocker arms. Ali wide rollers completed

the test. Nine narrow rollers were tested - six in the intake rocker arms and

three in the exhaust rocker arms. Two narrow rollers in exhaust rocker arm

positions failed during the test, both on the third RPM leve]. (see Figure 9).

Three narrow rollers, including two that failed, and two wide rollers were

returned to their suppliers for evaluation after tile overspeed test was com-

pleted.

An outline of the accelerated wear-out test is shown in Figure I0. lt consists

of seven (7) cycles, and corresponds to running the engine for i00,000 equiva-

. lent miles. Nine wide rollers were tested - six in the injector rocker arms

and three in the exhaust rocker arms. Ali wide rollers completed the test.

Nine narrow rollers were tested six in the intake rocker arms and three in

the exhaust rocker arms. Two narrow rollers in the exhaust rocker arm posi-

tions failed during the test. One failed during the first cycle (see Figure

Ii) and another during the seventh cycle (see Figure 12). Three narrow and two

wide rollers (including two failed narrow rollers) were returned to the

suppliers for the post test evaluation.

Wide rollers and pins that successfully completed accelerated wear-out test are

shown on Figures 13 and 14. Narrow rollers and pins that successfully

completed the accelerated wear-out test are shown in Figures 15 and 16. Cam

lobes on the Series 60 camshaft used in this test were extensively worn, see

Figure 17. The most wear occured on injector lobes (see Figure 18) under wide

ceramic rollers and exhaust lobes under narrow ceramic rollers (see Figure 20)°

Less wear occured on intake lobes (see Figure 19) under narrow ceramic rollers

and exhaust lobes under the wide ceramic rollers (see Figure 21).

-9-
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Figures 27 and 28 are higher resolution profiles of sections from the profile

shown in Figure 26. Figure 27 is a section taken near the edge of the roller,

and Figure 28 is a section taken in the wear area at the center of the part.

There is a subtle difference in the surface traces, the wear area shown in

Figure 28 has more truncated peaks and a predominance of valleys in the surface

profile. The data that accompanies each trace verifies perceived differences.

Note that the Ra value in Figure 27 (near the edge) is .204 um. In the wear

area (Figure 28) the Ra is .].71 um. The Rp and Rpm values, a measure of peak

height above the profile mean, reflect the reduced peak height in the wear

area.

Roller #77 was sectioned and submitted for Scanning Electron Microscope (SEM)

analysis. F_gure 29 represents photomicrographs from this analysis showing the

lD wear area at 50x, and 250x. A porous surface is evident. The apparent

elongation of the pores indicates some spalling and bridging between pores has

occuri'ed in the wear area. The horizontal lines seen on the first (Figure 29a)

are grinding marks.

The OD of roller #80 appeared to have sustained more wear during testing than

#77. The witness mark left from contact with the cam tracked unevenly around

the circumference of the roller. This condition is related to ID-OD

parallelism. The measured value of 0.02 mm is greater than the print

specification of .01 mm. This nonconformance is documented by the Initial

Sample Inspection Report that was submitted to DDC with this part. Figure 30a

is a 2x photograph of the wear mark. Figures 30b and 30c are photographs of

the wear on the roller lD and the roller pin.

The #80 roller lD was analyzed with the Form Talysurf instrument. Figure 31 is

a trace of the surface profile of the lD from end to end. Again, the profile

indicates some bell mouthing is present, with the center of the part raised in

relation to the ends. However, this condition appears to be less symmetrical

on roller #80 than it was on #77. The expanded profile sections and data

presented in Figures 32 and 33 indicate that wear occurred in the raised center

of the lD.

-II-
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Roller #80 suffered the most severe burnishing of the two wide rollers analyzed

by the supplier after completion of the overspeed capability test. Inspection

documents indicated that this part was not to print and shipped under deviation

for ID°OD parallelism. This condition was the result of the crowning operation

employed by the supplier. The ID-OD parallelism was in specification prior to

the crowning operation. As mentioned earlier, the supplier of the wide rollers

was forced to crown the rollers internally.

The profile traces indicate a small degree of bell mouthing on the roller IDs,

0.0001" to 0.0002" This was not detected during the initial inspection.

However, in the post test analysis, using precision bore gageJ, suggested a

slight degree of bell moutl.ing. This may have contributed to the burnishing of

the roller pins. This condition could be the result of precision honing

operations used during ID finishing.
L,

The visual low density band seen on the wide rollers appears to have caused no

wear problems in the overspeed capability test. No measurable wear was noted

on the crowns of the returned pieces.

Profile traces were run on the steel pins returned with the ceramic rollers.

Pins measure straight and round.

2_.2.2 Acceler@ted Wear-out Test
,

Two rollers and the corresponding pins #8 and #55, run on the accelerated

wear-out test, were subject of the post test evaluation by the supplier.

Visual review of roller/pin set #8 found very little indication of wear on the

roller OD. The roller ID had a visible dark band indicating wear had occurred

near the center of the part. Also, the pin had sustained wear visible in the

center of its OD.

The Rank Taylor Hobson Form Talysurf was used to analyze the wear on _he lD of

the roller'. A surface trace was run from end to end on the lD. The surface

profile indicates that the ID is .rlightly bell mouthed. Also, the surface

finish in the center reflects the wear that occurred in testing, peak heights
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. are somewhat reduced compared to the finish at either end of the roller. There

is a subtle difference in the surface traces near the edge of the roller and at

the center of the part. The wear area near the center of the part has more

truncated peaks and a predominance of valleys in the profile. The Ra value

near the edge of the roller is .Ii0 um, and in the wear area the Ra is .090 um.

Also, the Rpm values, a measure of peak height above the profile mean, reflect

a reduced peak height in the wear area.

A surface trace from the OD was also analyzed. As with the ID, a slight amount

of wear was present. Near the edge of the roller the roughness average was

.149 um Ra, and the peak height average above the mean was .413 um Rpm. Near

the center of the roller, these values were reduced to .119 um Ra and .345 um

Rp=, respectively.

Roller/pin set #55 was examined for wear using the Form Talysurf instrument.

The inside diameter of this roller showed no wear. Two surface roughness

traces were made on this part. One trace was made near the end of the lD, and

a second trace near the center. There was no difference in the appearance of

the traces or in the roughness data.

The outside diameter of roller #55 was examined for wear. Again two surface

roughness traces were made, one near the edge, and one near the center. Some

wear was detected. A reduction in the roughness average from .138 um, near the

end, to _086 um, near the center indicated wear. Also, a reduction in the

average peak height above the mean line, from .310 um to .186 um, tended to

confirm the wear near the center of the OD.

2.3 Post Test Evaluation of the Narrow Rollers

Three narrow rollers from each of functional tests were returned to the

supplier of narrow rollers for post test evaluation. These rollers were

evaluated visually, dimensionally, for surface rougl_ness (of roller OD and lD

and pin 0D), and with a profileometer to measure OD crown height and symmetry.

The two failed rollers from the overspeed capability test had one OD edge

spalled along the entire circumference. The spalling ran roughly 2.00 mm (12 mm

-13-



DETROIT DIESEL @CORPORATION

total width) across the OD, and 5 mm down the side of the roller (9 mm total

thickness). These rollers, #65 and #67 were taken off the overspeed capability

test after the third (of nine) RPM step. The two failed rollers from the

accelerated wear-out test had very different failure modes. Roller #69 had a

large single spall that ran from the OD to the lD of the roller, while roller

#77 had a chipped flake removed from the OD surface - 6.3 mm long x 4.2 mm

wide x 0.01 mm deep. Roller #77 failed during the first of seven cycles while

#69 failed during the seventh cycle.

The visual condition on the ID of the rollers varied from "unused" to extensive

dark discoloration. The extent of this discoloration on roller lD generally

indicated the extent of wear on the OD of the pins. However, the IDts of the

rollers did not show any spalling or flaking of corners or running surfaces.

Therefore, the lD condition was not a precondition for the failure of the OD.

There was no discernible difference in the OD and lD dimensions after testing,

compared to pretest dimensions. However, the surface roughness on the OD of

the rollers that passed each test was significantly lower than the surface

roughness of the failed rollers. Where there was discoloration on the roller

lD, the surface was smoother in three of the six samples, stayed the same in

two samples, and was made noticeably rougher in only one sample - #65. The lD

of sample #65 had small processing pits that were enlarged by wear during the

accelerated wear-out test. The pin wear was characterized by an increase in

surface roughness that ranged from 0.07 um to 0.27 tun.

The profile of the crown on the OD of the rollers (see Figures 34 and 35)

appears to be the most influential property that determines whether a roller

passed or failed a given test. Narrow rollers returned by DDC to the supplier,

that had passed a given test, had a crown of at least 50 microinches (0.0013

mm) (Figures 34a and 35a). Three rollers that had edge spalls had crowns of

less than 30 microinches (0.0008 mm) (Figures 34b, 34c and 35b). Narrow roller

#77 had a symmetrical crown of 40 microinches (0.0010 mm) (Figure 35c). Its

spall, that ran across the surface of the OD, was most likely caused by low

sintered density (3.125 g/cc vs typical 3.22 g/cc). Roller #60 from the

accelerated wear-out test showed hardly any visual wear on the OD and lD, and

it passed the test. lt also has the highest density of the
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six rollers returned for the post test evaluation, 3.226 g/cc (theoretical

density = 3.25 g/cc). Roller #60 has a pronounced peak to its OD profile, with

a 60 microinch (0.0015 mm) rise at the center of the roller.

After examining the various dimensions and characteristics of failed and passed

narrow cam-roller followers, there are three features that stand out as the

prime cause of OD chipping and spalling. The most important causes of spalled

edges was a crown of less than 40 microinches (0.0010 mm), at the low end of

the spec limit, and/or poor symmetry of the roller crown. Low density of the

sintered Si3N 4 roller can also lead to spalling of the load bearing surface of

the OD. Surface roughness must also be kept to as low a level as possible,

below 6.00 microinch (0.15 um), as indicated by these preliminary results.

A characteristic that did not correspond to spall type failure was

out-of-roundness. Those rollers that passed each type of DDC test had

out-of-roundness that exceeded that of three of the four failed rollers.
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POWDER BATCHING:

" -1 Silicon Nitride, Sinter Aids, Binders, D.I. Water

WET MIXING"

Process Checks; pH, Viscosity,Specific Gravity , '),!_

Process Checks; RPM-Atomizer,Chamber Temperature

i I Scalp Under/OversizeGranules

i- P c

" _ - ,,,EATMENT:

1 Process Checks; Weight Loss, Visual Inspection

1

!SINTERING:

Process Checks; Density, Shrinkage,Visual Inspection

,iFjLNALINSPE___ Process Checks; Dimensions,SurfaceRoughness

CTIDON"lr-- 1 ensity, Dye Penetration,Visual Inspection
I._.... ] Strength, Fracture Toughness,Hardness , Flexure

Shipping

Figure 3: Narrow Roller Process Flow (]hart
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Series 60 Ceramic Rollers - Wide

Total Kyocera 's Domestic
Feature Tolerance % Precess % Process

(mm) Capability Capability .

OD size 0.I0 50 (+) 56 (+)

ID size 0.01 70 (+) _51 (-) .

width 0.10 62 (+) 38 (+)

OD finish 0.2 63 (+) 43 (+)

YD finish 0.2 36 (+) 108 (*)

OD roundness 0.003 53 (+) 136 (-)

ID round_%ess 0.003 69 (+) 131 (-)

OD crown 0.015 46 (+) 32 (+)

ID,OD parallelism, 0.01 52 (+) 417 (-)

ID,OD runout 0.08 7 (+) 41 (+)

Acceptable (+) I0 5

Yotals I Marginal (*) 0 1

LUnacceptable (-) 0 4

Series 60 Ceramic Rollers - Narrow

I
i Total Kyocera's Domestic

Feature Tolerance % Process % Process

(mm) Capability Capability

OD size 0.i0 63 (+) 34 (+)

ID size 0.01 i14 (-) 145 (-)

width 0.10 77 (*) 34 (+)

OD finish 0.2 80 (*) 127 (-)

ID finish 0.2 31 (+) ??

OD roundness 0.003 79 (*) 394 (-)

ID roundness 0.003 83 (*) 727 (-)

OD crown 0.007 33 (+) ??

ID,OD parallelism 0.008 88 (*) ??

i ID,OD runout 0.08 12 (+) I 117 (-)

Acceptable (+) 4 2

Totals Marginal (*) 5 0

Unacceptable (-) 1 5

_ote'. _.., won't _e remeasured (a go and no-go gage was used)

Figure 4. Percent process capability comparison
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5 0 hrs @ 3300 rpm 004 lash

4 9 hrs @ 3400 rpm 004 lash

4 8 hrs @ 3500 rpm 004 lash

4 6 hfs @ 3600 rpm 004 lash

4 5 hrs @ 3700 rpm 004 lash

4 4 hrs @ 3800 rpm 004 lash

4 3 hrs @ 3900 rpm 004 lash

4 2 hrs @ 4000 rpm 004 lash

4 i hrs @ 4100 rpm 004 lash

Figure 8_ Overspeed Capability Test
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Fixture is run on the following cycle 7 times:

i minute at 600 cam-rpm, no oil pressure,

room temperature oil, idle injection load

5 minutes at 600 cam-rpm, 10 psi oil pressure,

room temperature oil, idle injection load

32 hours at 600 cam-rpm, 30 psi oil pressure,O

230 F temperature, full injection load

12-14 hours shutdown for oil drain and inspection

Figure i0. Accelerated wear-out test
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A lD Wear

B Pin Wear

Figure 25: Wide Roller #77 Wear
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Figure 26: lD Surface Trace on the Wide Roller #77
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Figure 27: ID Surface Finish Near Edge of the Wide Roller #77
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Figure 29: Photomicrographs of the Wide Roller ID Wear
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CarborundumCompany United Turbine AB

" Structural Ceramics Division Box 13027
P.O. Box 1054 Malmo S-200 44
Niagara Falls, NY ]4302 SWEDEN AIR HAIL

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

Engineering 36807 Costa Mesas-CA 92626
1000 Western Avenue
Lynn, HA 01910 458. Russell V. Mann

Mater Applied Sciences, Inc.
449. George Maczura 75 South Street

Aluminum Companyof America Hopkinton, HA 01748
Industrial Chemicals Division
670 One Allegheny Square 459. William R. Manning
Pittsburgh, PA 15212 Champion Aviation Products

Division
450. David Maginnis Old Norris Road

Tinker AFB P.O. Box 686
OC-ALC/LIIRE Liberty, SC 29657
Tinker AFB OK 73145-5989

460. Ken Marnoch
451. Frank Maginnis Amercom, Inc.

Aspen Research, Inc. 8928 FullbrightAvenue
220 IndustrialBoulevard Chatsworth,CA 91311
Moore, OK 73160

461. Robert A. Marra
. 452. Tai-il Mah Aluminum Company of America

Universal Energy Systems, Inc. Alcoa TechnicalCenter
Ceramicsand Composites Advanced Ceramics Center - E
Research Alcoa Center, PA 15069

4401Dayton-Xenia Road
Dayton, OH 45432 462. Chauncey L. Martin

3M Company
453. KennethM. Maillar 3M Center, Building 60-IN-01

BarbourStockwellCompany St. Paul, MN 55144
83 LinskeyWay
Cambridge,HA 02142 463. Steven C. Martin

Advanced Refractory
454. LorenzoMajno Technologies,Inc.

InstronCorporation 699 Hertel Avenue
100 Royall Street Buffalo, NY 14207
Canton,MA 02021

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

National Instituteof Standards Corporation
and Technology 2280 West Maple Road

. 1-270 & Clopper Road P.O. Box 200
Gaithersburg,MD 20899 Walled Lake, MI 48088



465. James P. Mathers 474. Chuck McFadden
3M Company Coors Ceramics Company
3M Center 600 9th Street
Building 201-3N-06 Golden, CO 80401
St. Paul, MN 55144

475. Henry McFadden

466. Marshall Mayer Magnetic Bearings, Inc.
InstronCorporation EngineeringLibrary
3815 PresidentialParkway, 609 Rock Road
Suite 100 Radford, V/_24141

Atlanta, GA 30340 476. Thomas D. McGee

467. Ron Mayville Iowa State University
Arthur D. Little, Inc. Materials Science and
15-163 Acorn Park EngineeringDepartment
Cambridge,MA 02140 110 EngineeringAnnex

Ames, IA 50011

468. F. N. Mazadarany
General ElectricCompany 477. Carol McGill
Research Laboratory Corning Inc.
Building K-I, Room MB-159 Sullivan Park, FR-02-08
P.O. Box 8 Corning, NY 14831
Schenectady,NY 12301

478. T. C. McLaren

469. James W. McCauley Cameron Forged Products
Alfred University Company ,
NYS College of Ceramics P.O. Box 1212
Binns-MerrillHall Houston, TX 77251-1212
Alfred, NY 14802

479. James McLaughlin

470. Carolyn McCormick Sundstrand Power Systems
Allied-SignalAerospace 4400 Ruffin Road
Company P.O. Box 85757

GarrettAuxiliary Power San Diego, CA 92186-5757
Division

Bldg. 1303-206 480. Arthur F. McLean
P.O. Box 5227, MSi9317-2 6225 North Camino Almonte
Phoenix,AZ 85010 Tucson, AZ 85718

471. Louis R. McCreight 481. Matt McMonigle
2763 San Ramon Drive U.S. Department of Energy
Rancho Palos Verdes,CA 90274 Improved Energy Productivity

Division

472. Colin F. McDonald ForrestalBuilding,
McDonald Thermal Engineering CE-231
1730 CastellanaRoad Washington,DC 20585
La Jolla, CA 92037

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

Norton Company,TRW Ceramics Idaho National Engineering .
Goddard Road Laboratory
Northboro,MA 01532-1545 P.O. Box 1625

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

" and Environmental Centre Associates, Inc.
' Kelvin Avenue 2108 East 24th Street

Leatherhead Surrey National City, CA 91950
- KT22 7SE

ENGLAND AIR MAIL 492. R. Metselaar
EindhovenUniversity

484. Jo Meglen Centre for Technical Ceramics
11004 BirdfootCourt P.O. Box _13
Reston,VA 22091 Eindhoven5600 MB

THE NETHERLANDS AIR MAIL
485. Pankaj K. Mehrotra

Kennametal,Inc. 493. Nancy S. Meyers
P.O. Box 639 U.S. Department of Energy
Greensburg,PA 15601 TransportationTechnologies

CE-30, ForrestalBuilding
486. Joseph J. Meindl 6B-094

Reynolds International,Inc. Washington,DC 20585
6603 West Broad Street
P.O. Box 27002 494. David J. Michael
Richmond,VA 23261-7003 Harbison-WalkerRefractories

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

Allied-SignalAerospaceCompany Pittsburgh,PA 15227
GarrettCeramic Components
Division 495. Ken Michaels

19800 South Van Ness Avenue ChryslerMotors Corporation
Torrance,CA 90509 CeramicsDevelopment

MetallurgicalProcesses
488. George Messenger P.O. Box 1118, CIMS:418-17-09

National ResearchCouncil of Detroit,MI 48288
Canada

Engine Laboratory 496. Bernd Michel
Building M-7 Instituteof Mechanics
Ottawa OntarioKIA OR6 Fracture and Micromechanics
CANADA AIR MAIL Department

P.O. Box 40_
489. D. Messier D-9010 Chemlitz

U.S. Army MaterialsTechnology GERMANY AIR MAIL
Laboratory

SLCMT-EMC 497. David E. Miles
405 Arsenal Street Commissionof the European
Watertown,MA 02172-0001 Communities

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

PennsylvaniaState University BELGIUM AIR MAIL
Ceramic Scienceand Engineering
Department 498. John V. Milewski

119 Steidle Building Superkinetics,Inc.
University Park, PA 16802 P.O. Box 8029

Santa Fe, NM 87504



499. Carl E. Miller 508. Thomas Morel
AC Rochester Ricardo North America
1300 North Dort Highway, 645 BlackhawkDrive ,
MS:32-31 Westmont, IL 60559

EngineeringBuilding B
Flint,MI 48556 509. Geoffrey P. Morris .

3M Company
500. Mike Miller 3M Traffic ControlMaterials

McGraw-HillAviation Week Division
Perf_'manceMaterials Bldg_ 209-BW-10,3M Center
1156 15th Street, N.W. St. Paul, MN 55144-1000
Washington,DC 20005

510. Jay A. Morrison
501. CharlesW. Miller, Jr. Rolls-Royce,Inc.

Centorr Furnaces/Vacuum Engineeringand Information
Industries Center, Overlook I

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

Atlanta, GA 30339-3769
502. R. Mininni

EnichemAmerica 511. Joel P. Moskowitz
2000 Cornwall Road Ceradyne, Inc.
Monmouth Junction,NJ 08852 3169 Redhill Avenue

Costa Mesa, CA 92626
503. Michele V. Mitchell

Allied-SignalAerospace 512. Brij Moudgil
Company University of Florida -

Garrett Ceramic Components Material Science and
Division Engineering

19800 South Van Ness Avenue Gainesville,FL 32611
Torrance,CA 90501-1149

513. ChristophJ. Mueller
504. Howard Mizuhara Sprechsaal Publishing

GTE - WESGO Group
477 Harbor Boulevard P.O. Box 2962, Mauer 2
Belmont,CA 94002 D-8630 Coburg

GERMANY AIR MAIL
505. Helen Moeller

Babcock& Wilcox 514. Thomas W. Mullan
P.O. Box 11165 Vapor TechnologiesInc.
Lynchburg,VA 24506-1165 345 Route 17 South

Upper Saddle River, NJ 07458
506. FrancoisR. Mollard

MetalworkingTechnology, Inc. 515. M. K. Murthy
1450 Scalp Avenue MKM Consultants International
Johnstown,PA 15904 10 Avoca Avenue, Unit 1906

TorontoOntario M4T 2B7
507. Phil Mooney CANADA AIR MAIL

Panametrics
NDE Division 516. SolomonMusikant

221 Crescent Street TransCon Technologies,Inc. "
Waltham,MA 02254 Materials Science & Engineering

1508 Waynesboro Road
Paoli, PA 19301
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517. David L. Mustoe 526. H. Nickel
Custom TechnicalCeramics FurschungszentrumJ_elich (KFA)

• 8041 West 1-70 Service Rood, P.O. Box 1913
Unit 6 J_elich 1-5170 BRD NRW

Arvada, CO 80002 GERMANY AIR MAIL
w

518. Curtis V. Nakaishi 527. Dale E. Niesz
U.S. Departmentof Energy Rutgers University
Morgantown Energy Technology Center for Ceramic Research

Center P.O. Box 90_
Collins Ferry Road Piscataway, NJ 08855-0909
P.O. Box 880
Morgantown, WV26507-0880 528. David M. Nissley

United Technologies Corporation
519. Yoshio Nakamura Pratt & Whitney Aircraft

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

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

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

Kennametal, Inc.
521. Samuel Natansohn P.O. Box 639

" GTE Laboratories,Inc. Greensburg,PA 15601
40 Sylvan Road
Waltham, MA 02254 531. Bruce E. Novich

. Ceramics Process Systems
522. Robert Naum Corporation

Applied Resources, Inc. 155 Fortune Boulevard
P.O. Box 241 Milford, MA 01757
Pittsford,NY 14534

532. Daniel Oblas
523. Malcolm Naylor GTE Laboratories,Inc.

Cummins Engine Company, Inc. 40 Sylvan Road
P.O. Box 3005, Mail Code 50183 Waltham, MA 02254
Columbus, IN 47202-3005

533. Don Ohanehi

524. Jeffrey Neil Magnetic Bearings, Inc.
GTE Laboratories,Inc. ]908 Sussex Road
40 Sylvan Road B]acksburg,VA 24060
Waltham,MA 02254

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

. Argonne National Laboratory 55-112, River Road
9700 South Cass Avenue Schenectady,NY 12345
MCT - Building 212

_ Argonne, IL 60439
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535. Norb Osborn 544. E. Beth Pardue
AerodyneDallas Technology for Energy
151 Regal Row, Corporation "
Suite 120 One Energy Center

Dallas, TX 75247 P.O. Box 22996
Knoxville, TN 37933-0996

536. A. M. Paddick
BP InternationalLimited 545. Soon C. Park
BP Research Centre,Main 3M Company
Library 3M Center.-

ChertseyRoad Building 142-4N-02
Sunbury-on-Thames P.O. Box 2963
MiddlesexTW16 7LN St. Paul, MN 55144
UNITED KINGDOM AIR MAIL

546. Hartmut Paschke

537. Russell J. Page Schott Glaswerke
Kanthal-Artcor Christoph-Dorner-Strasse 29
3001 RedhillAvenue, II-I09 D-8300 Landshut
Costa Mesa, CA 92705 GERMANY AIR MAIL

538. Richard Palicka 547. Marina R. Pascucci
Cercom, Inc. GTE Laboratories,Inc.
1960 Watson Way 40 Sylvan Road
Vista, CA 92083 Waltham, MA 02254

F39. Muktesh Paliwal 548. James W. Patten
GTE ProductsCorporation Cummins Engine "
Hawes Street Company, Inc.
Towanda, PA 18848 Materials Engineering

P.O. Box 3005, Mail
540. Joseph E. Palko Code 50183

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

EastmanKodak Company
541. Hayne Palmour, III KAD/D73 - 35612

North CarolinaState 901 ElmgroveRoad
University Rochester,NY 14653

MaterialsScienceand

EngineeringDept. 550. Robert W. Pepper
Raleigh,NC 27605-7905 Textron SpecialtyMaterials

2 IndustrialAvenue
542. Joseph N. Panzarino lowell,MA 01851

Norton Company
AdvancedCeramics 551. Peter Perdue
Goddard Road DetroitDiesel Corporation
Northboro,MA 01532-1545 Research Advanced Development -

Group
543. PellegrinoPapa 13400 West Outer Drive,

Corning Inc. Speed Code A-07
MP-WX-02-1 Detroit, MI 48239-4001
Corning, NY 14831
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552. Bruce Peters 561. Harry L. Potma
Dow ChemicalCompany Royal Netherlands Embassy

" Building52 Science and Technology
Midland, MI 48667 4200 Linnean Avenue, N.W.

Washington,DC 20008
553. John J. Petrovic

Los Alamos National Laboratory 562. Bob R. Powell
Group MST-4, MS:6771 GeneralMotors Research
Los Alamos, NM 87545 Laboratories

Metallurgy-Department
554. FrederickS. Pettit 30500 Mound Road

Universityof Pittsburgh Box 9055
Pittsburgh,PA 15261 Warren, MI 48090-9055

555. Ben A. Phillips 563. StephenC. Pred
PhillipsEngineeringCompany ICD Group, Inc.
721 PleasantStreet 1100 Valley Brook Avenue
St. Joseph, MI 49085 Lyndhurst,NJ 07071

556. Richard C. Phoenix 564. Karl M. Prewo
Ohmtek, Inc. United TechnologiesResearch
2160 LibertyDrive Center
Niagara Falls, NY 14302 411 Silver Lane

MS:24
557. Bruce J. Pletka East Hartford,CT 06108

MichiganTechnological
" University 565. Peter E. Price

Metallurgicaland Materials IndustrialMaterials
EngineeringDepartment Technology,Inc.

- Houghton,MI 49931 P.O. Box 9565
Andover, MA 01810

558. John P. Pollinger
GarrettCeramic Components 566_ Joseph M. Proud
19800 Van Ness Avenue GTE Laboratories,Inc.
Torrance,CA 90501 MaterialsScience Laboratory

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

High TechnologyCeramics
InternationalJournal 567. Vimal K. Pujari

22 PembrokeDrive Norton Company
Westlands Newcastle-under-Lyme Advanced Ceramics
Staffs ST5 2JN Goddard Road

ENGLAND AIR MAIL Northboro,MA 01532-1545

560. F. Porz 568. George Quinn
UniversitatKarlsruhe National Instituteof

Institutfur Keramik lm Standards and Technology
Maschinendau CeramicsDivision, Bldg. 223

Postfach6980 Gaithersburg,MD 20899
. D-7500 Karlsruhe

GERMANY AIR MAIL



569. RamasV. Raman 578. K. T. Rhee
Ceracon, Inc. Rutgers University
1101 North Market Boulevard, Mechanical Engineering

Suite 9 P.O. Box 909
Sacramento,CA 95834 Piscataway,NJ 08854

570. Charles F. Rapp 579. James Rhodes
Owens Corning Fiberglass Advanced CompositeMaterials
2790 ColumbusRoad Corporation
Granville,OH 43023-1200 1525 South Buncombe Road

Greer, SC 29651
571. Dennis W. Readey

ColoradoSchool of Mines 580. Roy W. Rice
Departmentof Metallurgy W.R. Grace and Company
and MaterialsEngineering 7379 Route 32

Golden,CO 80401 Columbia, MD 21044

572. WilfredJ. Rebello 581. David W. Richerson
PAR Enterprises,Inc. 2093 East De!mont Drive
12601 CliftonHunt Lane Salt Lake City, UT 84117
Clifton,VA 22024

582. Tomas Richter
573. Harold Rechter J.H. France Refractories

Chicago Fire Brick Company 1944 Clarence Road
R&D Snow Shoe, PA 16874
7531 South Ashland Avenue

Chicago, IL 60620 583. Michel Rigaud '
Ecole Polytechnique

574. Robert R. Reeber Campus UniversiteDe Montreal
U.S. Army Research Office P.O. Box 6079, Station A
P.O. Box 12211 Montreal, P.Q Quebec H3C 3A7
ResearchTriangle Park, NC 27709 CANADA AIR MAIL

575. K. L. Reifsnider 584. R. E. Riman
Virginia PolytechnicInstitute Rutgers University
and State University Ceramics Engineering

Departmentof Engineering Department
Science and Mechanics P.O. Box 909

Blacksburg,VA 24061 Piscataway,NJ 08.855-0909

576. Paul E. Rempes 585. Barry Ringstrom
McDonnellDouglass Missle Superior Graphite Company
Systems Company P.O. Box 2373

P.O. Box 516, Smyrna, GA 30081
Mail Code'I066086

St. Louis, MO 63166-0516 586. John E. Ritter
University of Massachusetts

577. Gopal S. Revankar Mechanical Engineering
John Deere Company Department
Metals Research Amherst, MA 01003
3300 River Drive
Moline, IL 61265
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587. Frank L. Roberge 596. Robert Ruh
. Allied-Signal Aerospace Wright Laboratory

Company WL/MLLM
GarrettAuxiliary Power Wright-PattersonAFB, OH 45433
Division

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

Framingham,MA 01701
588. W. Eric Roberts

Advanced Ceramic 598. L. William _ahley
Technology,Inc. SupermaterialsCompany

990 "F" EnterpriseStreet 24400 Highland Road
Orange, CA 92667 Richmond Heights,OH 44143

589. Martha Rohr 599. Jon Salem
U.S. Departmentof Energy NASA Lewis Research Center
DOE Oak Ridge Field Office 21000 Brookpark Center
Building 4SOON Cleveland,OH 44135
P.O. Box 2008, MS:6269
Oak Ridge,TN 37831-6269 600. W. A. Sa,ders

NASA Lewis Research Center
590. Y. G. Roman 21000 Brookpark Road,

TNO TPD Keramick MS:49-3
P.O. Box 595 Cleveland,OH 44135
Einhoven 5600 AN

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

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

592. Michael Rossetti 602. Yasushi Sato

Arthur D. Little, Inc. NGK Spark Plugs (U.S.A.),Inc.
15 Acorn Park 1200 Business Center Drive,
Cambridge,MA 01240 Suite 300

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

LanxideCorporation 603. Maxine L. Savitz
1300 Marrows Road Allied-SignalAerospace
Newark, DE 19714-6077 Company

Garrett Ceramic Components
594. Steven L. Rotz Division

LubrizolCorporation 19800 South Van Ness Avenue
29400 LakelandBoulevard Torrance, CA 90501
Wickliffe,OH 44092

604. Ashok Saxena
595. Bruce Rubinger Georgia Instituteof

Global Competitiveness,Inc. Technology
One Devonshire Place, Materials Engineering
Suite 1011 Atlanta, GA 30332-0245

Boston,MA 02109
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605. David W. Scanlon 613. Robert B. Schulz
InstronCorporation U.S. Departmentof Energy
100 Royall Street Office of Transportation •
Canton,MA 02021 Materials

CE-34, Forrestal Building
606. CharlesA. Schacht Washington,DC 20585 .

Schacht ConsultingServices
12 Holland Road 614. Murray A. Schwartz
Pittsburgh,PA 15235 MaterialsTechnology

Consulting, Inc.
607. James Schienle 30 Orchard Way, North

Allied-SignalAerospace Potomac,MD 20854
Company

GarrettAuxiliaryPower 615. Peter Schwarzkopf
Division SRI International

2739 East WashingtonStreet 333 RavenswoodAvenue
P.O. Box 5227, MS:I302-2P Menlo Park, CA 94025
Phoenix, AZ 85010

616. Thomas C. Schweizer
608. John C. Schneider PrincetonEconomic

San Juan Technologies Research, Inc.
P.O. Box 49326 12300 Twinbrook Pkwy.,
Colorado Springs, CO 80949-9326 Suite 650

Rockville,MD 20852
609. Gary Schnittgrund

Rocketdyne,BA05 617. WilliamT. Schwessinger
6633 Canoga Avenue Multi=ArcScientific •
Canoga Park, CA 91303 Coatings

1064 ChicagoRoad
610. Mark Schomp Troy, MI 48083-4297

Lonza, Inc.
CorporateHeadquarters 618. W. D. Scott
17-17 Route 208 Universityof Washington
Fair Lann, NJ 07410 MaterialsScience Department

Mail Stop:FBI0
611. Joop Schoonman Seattle, WA 98195

Delft Univer,ityOf Technology
Laboratoryfor Inorganic 619. Nancy Scoville
Chemistry Thermo Electron Technologies

P.O. Box 5045 74 West Street
2600 GA Delft P.O. Box 9046
THE NETHERLANDS AIR MAIL Waltham, MA 02254-9046

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

37 EnterpriseDrive Golden,CO 80401 .
Ann Arbor, MI 48102
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621. T. B. Selover 630. Robert S. Shane
AICRE/DIPPR 238 Hemlock Road
3575 Traver Road Wynnewood, PA 19096

> Shaker Heights, OH 44122
r ,/'

. , 631. Daniel Shanefield
J'622,J. H. Selverian Rutgers University
'.....GTE Laboratories,Inc. Ceramics Engineering

40 Sylvan Road Department
Waltham,MA 02254 P.O. Box 909

Piscatawa_,-Nj 08855-0909
623. CharlesE. Semler

Semler MaterialsServices 632. Ravi Shankar
4160 Mumford Court Chromalloy
Columbus,OH 43220 Research and Technology

Division
624. Thomas Service BlaisdellRoad

Service EngineeringLaboratory Orangeburg,NY 10962
324 Wells Street
Greenfield,MA 01301 633. Terence Sheehan

Alpex Wheel Company
625. Kish Seth 727 BerkleyStreet

Ethyl Corporation New Milford, NJ 07646
R&D Laboratories
P.O. Box 341 634. Dinesh K. Shetty
Baton Rouge, LA 70821 Universityof Utah

" 304 EMRO, Dept. of Materials
626. Karleen Seybold Scienceand Engineering

Allied-SignalAerospace Salt Lake City, UT 84112
Company

GarrettAuxiliary Power 635. Masahide Shimizu
Division Ceramic Society of Japan

P.O. Box 5227 2-2-503 Takiyama 6-chome
Phoenix,AZ 85010 Higashikurume-ShiTokyo 203

JAPAN AIR MAIL
627. WilliamJ. Shack

ArgonneNational Laboratory 636. John Shipinski
9700 South Cass Avenue Toyota TechnicalCenter
Building 212 U.S.A., Inc.
Argonne, IL 60439 TechnicalResearch Department

2000 Town Center, Suite 500
628. Peter T. E. Shaffer Southfield,MI 48075

Technicalt.eramics
Laboratories,Inc. 637. Thorr,as Shreves

4045 Nine/McFarlandDrive Amer'icanCeramic Society, Inc.
Alpharetta,GA 30201 Library

757 Brooksedge Plaza Drive
629. RichardK. Shaltens Westerville,OH 43081-2821

NASA Lewis Research Center
21000 BrookparkRoad, 638. Jack D..Sibold
MS'301-2 Coors Ceramics Company

Cleveland,OH 44135 Contracts for Corporate
Technology

4545 Mclntyre Street
Goiden, _u _u_u_
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639. George H. Siegel 647. Jay R. Smyth
Point North Associates, Inc. Allied-Signal Aerospace
P.O. Box 907 Company
Madison, NJ 07940 Garrett Auxiliary Power

Division

640. Richard Silberglitt 2739 East Washington Street .
TechnologyAssessmentand P.O. Box 5227
l'ransfer,Inc. MS:93-173/1303-207

133 DefenseHighway, #212 Phoenix,AZ 85010
Annapolis, MD 21401 --

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

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

649. Rafal A. Sobotowski

642. Gurpreet Singh British PetroleumC(_mpany
Departmentof the Navy Technical Center, Broadway
InternalCombustion& Gas 3092 Broadway Avenue
Turbine EngineDivision Cleveland, OH 44115

Code 56X31
Washington,DC 20362-5101 650. A. G. Solomah

SAC InternationalLtd.
643. Maurice J. Sinnott 1445 Bonhill Road, # 13

Universityof Michigan MississaugaOntario L5T IV3
Chemical and Metallurgical CANADA AIR MAIL -
Engineering

5106 IST Building 651. S. Somiya
Ann Arbor, MI 48109-2099 Nishi Tokyo University .

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

3M Company JAPAN AIR MAIL
3M Center
Building 224-2S-25 652. Boyd W. Sorenson
St. Paul, MN 55144 DuPont Lanxide Composites

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

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

Advanced Industrial
646. Richard H. Smoak Concepts Division

Smoak & Associates CE-232, Forrestal
3554 HollyslopeRoad Building
Altadena,CA 91001-3923 Washington,DC 20585
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654. C. Spencer 663. Paul D. Stone
EA Technology Dow Chemtcal USA
Capenhurst Chester 1776 "Eye" Street, N.W.,

CHI 6ES Suite 575
UNITED KINGDOM AIR HAIL Washington, DC 20006

655. Allen Spizzo 664. Roger S. Storm
Hercules, Inc. Carborundum Company
Hercules Plaza Technology Division
Wilmington, DE 19894 P.O. Box 337

Niagara Falls, NY 14302-0337
556. Richard N Spriggs

Alfred University 665. Peter A. Stranges
Center for Advanced Ceramic 4 Chittenden Lane

Technology Owings Hills, HD 21117
Alfred, NY 14802

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

NASALewis Research Center Technology Ltd.
21000 Brookpark Road P.O. Box 46, WoodTop
HS: 5-1] Burnley Lancashire BBll 4BX

: Cleveland, OH 44135-3191 UNITED KINGDOM AIRMAIL

658. M. Srinivasan 667. Thomas N. Strom
Material Solutions NASA Lewis ResearchCenter
P.O. Box 663 21000 BrookparkRoad

" Grand Island,NY 14702-0663 HS:86-6
Cleveland, OH 44135

659. Gordon L. Starr
Cummins Engine Company, Inc. 668. M. F. Stroosnijder
Design & Technology Institute for Advanced
P.O. Box 3005 Materials
Mail Code 50182 Joint Research Centre
Columbus, IN 47202-3005 21020 Ispra (VA)

ITALY AIR MAIL
660. Jim Stevenson

Windrock, Incorporated 669. Karsten Styhr
154 FairbanksPlaza 30604 Ganado Drive
Oak Ridge, TN 37830 Rancho Palos Verdes,CA 90274

661. Tom Stillwagon 670. T. S. Sudarshan
Allied-SignalAerospace Materials Modification,Inc.
Company 2929-PI Eskridge Center

Garrett CeramicComponents Fairfax, VA 22031
Division

19800 South Van Ness Avenue 671. M. J. Sundaresan
Torrance,CA 80501 University of Miami

Mechanical Engineering
662. Harold L. Stocker Department

• General Motors Corporation P.O. Box 248294
Allison Gas Turbine Division Coral Gables, FL 33124
P.O. Box 420
Indianapolis,IN 46206
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672. Patrick L. Sutton 680. Fred Teeter
U.S. Department of Energy 5 Tralee Terrace .
Advanced Propulsion Division East Amherst, NY 14051
CE-322, Forrestal Building
Washington, DC 20585 681. Monika O. Ten Eyck ,

CarborundumCompany
673. Willard H. Sutton Technology Division

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

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

SP-DV-02-1
674. Ron Sviben Coming, NY 14831

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

Hobart Tafa Technologies,Inc.
675. J. J. Swab 146 Pembroke Road

U.S. Army MaterialsTechnology Concord, NH 03301
Laboratory

Ceramics ResearchDivision 684. EberhardTiefenbacher
SLCMT-EMC Daimler-BenzAG Abt. FIS
405 Arsenal Street Mercedes-Strabe136
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