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The Development and Testing of Ceramic Components In Piston Engines
1. Abstract.

Within the past 10-15 years, ceramic hardware has been fabricated and tested in a number of piston
engine applications including valves, piston pins, roller followers, tappet shims, and other wear
components. It has been shown that, with proper design and installation, ceramics improve
performance, fuel economy, and wear and corrosion resistance. These results have been obtained
using rig and road tests on both stock and race engines. Selected summaries of these tests are
presented in this review paper.

il. introduction.

Over the past decade, considerable interest has been generated in the application of advanced
materials to both standard and high-performance piston engines. Technological development in
ceramic materials has enabled components to be fabricated and evaluated in a wide variety of rig-tests
or actual engines. Most of this effort has focused on valve-train hardware. Ceramic valves, roller
foliowers, tappets, wear pads, piston pins, and other hardware have significant potential for
improvement of engine performance and durability. Their light weight, high strength, and corrosion
and wear resistance are clear advantages.

For gasoline engines, the major benefit of these components is reduced mass. Light-weight
components allow for: (1) changes to be made in cam profiles for quicker vaive or injector events and
improved combustion, (2) higher operating speeds for greater power density, and (3) reduced spring
forces for better fuel economy. Typical mass reductions of between 20% and 70% are possible in
comparison with titanium and steel valves, respectively. Testing in standard production engines has
demonstrated =~ 20% improvement in maximum engine speed, ~ 14% reduction in engine friction, and
an increase in average fuel economy of up to 7%. Ceramic hardware has performed admirably,
surviving extended rig testing and road trials ranging between 50,000 miles and 300,000 miles.
Significant achievements have also been made in racing engines. Ceramic valves have been installed
in state-of-the-art Formula 1 race cars, and have endured track-trials under race conditions for in
excess of 250 kilometers at engine speeds up to 14,000 revolutions per minute (RPM). Valves have
also been tested in other racing circuits, from Formula 3 to NASCAR, also with considerable success.

For diesel and alternative fuel engines, the major advantages of ceramics are wear and corrosion
resistance. Corrosion and erosion become significant problems with more aggressive cam profiles, or
when using less refined fuels, waste fuels, natural gas, or coal. Reductions in vaive train wear of up
to 80% have been observed. Laboratory tests have shown that silicon-nitride ceramics are preferred
due to lower coefficients of friction. When using corrosive fuels, valves and related components have
endured extended tests (over 700 hours of continuous operation) in highly corrosive environments,
outlasting comparable metal parts by factors of 4 to 5 in life.

included in this paper is a summary of selected test results for ceramic hardware in various applications
ranging from standard gasoline and diesel engines, to high-performance race engines. Some of these
experiences are summaries of earlier published results, while others represent more recent, unpublished
findings. They are presented together in this paper to demonstrate both the breadth and depth of
ceramics experience.

Ill. Applications Experience.

Applications experiences are broken down into three categories: (1) standard gasoline engines, (2)
diesel engines, and {3) racing engines. .




8  Standard Gasoline Engines - For conventional vehicles, the substitution of silicon nitride (Si;N,) or
-SIAION (a form of Si;N,} valve-train components for metal hardware can resuilt in significant
reductions in inertial forces. The density of these ceramics is approximately 40% of the metal
hardware they replace, which improves valve-train stability, lowers frictional losses, and increases
performance and fuel economy.

Dynamics - To evaluate the dynamic benefits of ceramic hardware, a 2.5-liter push-rod engine was
iteratively outfitted with standard production metal and ceramic valves. Testing of these two sets
of hardware was then conducted on a dynamometer stand under identical conditions, except for
a 26% reduction in spring forces on the ceramic hardware. Valve motion was measured in real-
time using an Optron electro-optical comparator.[1] Shown in Figures 1 and 2, respectively, are
motion and acceleration traces for the metal and ceramic valves. The respective masses of these
two components were 112 grams and 51 grams. Note in Figure 1 that, for the metal valve,
considerable bounce occurs during valve closure. The metal valve hits the seat under a primary
impact load of ~5564 N. The inertia of impact, coupled with the elasticity of the material, results
in bounce and a secondary impact of < 1000 N, along with decaying additional smaller impacts.
With the ceramic hardware, initial seating impact loads of =1100 N were observed. in Figure 2,
no secondary bounce conditions are seen for the ceramic hardware. Elimination of bounce leads
to improved efficiency, reduced emissions, and lower wear.

Fuel Economy - To characterize the effect of light-weight hardware on fuel economy, a 1.6-liter
Quad-Four engine was tested as part of a cooperative program between TRW, Norton, and AC
Rochester.[2] A series of valve-train components was installed in several identical engines for
the purpose of measuring changes in friction and fuel economy as a function of valve-train mass
and spring force. Three hardware configurations were selected: (1) all metallic hardware with
mechanical tappets, {2) a mixture of steel and titanium components, and (3) a mixture of ceramic,
titanium, and steel components. These hardware configurations are presented in Table |I. Level
| valves were steel, but had a 1 mm smaller stem diameter than the production valves, with some
mass removed from the head area. The exhaust valves had material removed from the head area
as well. Level 1l intake valves were titanium, and had the same geometry as the Level | vaives.
The exhaust valves were

steel with 1 mm removed  Figyre 1 - Exhaust Valve Motion, Metal Valve At 5200 RPM
from the valve stem

diameter and head regions. )

Level Il valves were 4000 - . VALVE MOTION r o4
ceramic. After successive - .

installations of these ‘m 30004 L, "35'5
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made for each configuration. 0 YA Al | "é
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these tests are presented in Figure 2 - Exhaust Valve Motion, Ceramic Valve At 5200 RPM

Table Il. Significant
reductions in frictional 5000 VALVE MOTION 4
torque loss were measured - ~
for all test levels. The most | 0 3000 L5 5
pronounced changes were L’) C
observed at lower RPM o 20004 ) N
ranges, and for the lowest ; [ ) =
mass configuration. At an | § 1000 i ! 1 B,
engine speed of 1800 RPM, o Y P, s M e 2 6
motoring torque was 4‘; M :“-‘ ! } €
reduced by 4.5%, 8.3%, L -1000 1 ! e I 1 L LI5 0
and 14.0% for Levels | | 0 P [ p
through Il hardware, |7 2% . R R I
. . 3
respactively. As engine U -3000. i \ i 053-
speed increased, the percent | U / L o
of engine friction caused by T _4o00. L) A
the valve train decreased. o | 10 1 2 1 3 |
Fuel economy improvement 3 15 s 5
between Levels | and Il Time (milliseconds)
increased substantially.

Due to reduced mass and
lighter spring forces, an overall improvement of ~7% was observed. These test data show that

Table | - Quad-Four Light-Weight Valve Train Configurations

intake Position

Current Material &

Level | Material &

Level 1i Material &

Level lll Material &

Mass (g) Mass (g) Mass (g} Meass (g)
Valve Steel - 70.4 Steesl - 50.9 Titanium - 30.9 Ceramic - 23.7
Cap Steel - 16.4 Steel - 8.9 Steei - 8.9 Titanium - 4.8
Keys (2) Steel - 1.9 Steel - 1.5 Steel - 1.5 Steel - 1.5
Spring Steel - 55.7 Steel - 43.1 Steel - 37.3 Steel - 32.7
Tappet Hydraulic - 81.1 Mech. - 56.1 Mech. - 37.1 Mech. - 17.5

Exhaust Position

Current Material &

Level | Material &

Level Ii Material &

Level il Material &

Mass (g) Mass (g) Mass (g} Mass (g)
Valve Steel - 59.6 Steel - 56.3 Steel - 46.8 Ceramic - 21.5
Cap Steel - 16.4 Steel - 10.0 Steel - 8.9 Titanium - 4.9
Keys (2) Steel - 1.9 Stesl - 1.9 Stesl - 1.5 Steel - 1.5
Spring Steel - 55.7 Steel - 44.4 Steel - 445 Steel - 32.6
Tappet Hydraulic - 81.1 Mech. - 56.1 Mech. - 37.1 Mech. - 17.5
Overall Mass (g) Current Level | Level il Level I
Intake 188.4 131.8 90.8 8.8
Exhaust 178.3 139.1 109.1 _ 55.3
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important benefits can be obtained by reducing valve-train reciprocating mass. Similar results have
been demonstrated with other engine configurations. [3] improvements in almost all piston
engines can be expected. e

Wear - Valve face and seat wear has been an-on-going concern in standard spark-ignition engines
ever since the elimination of lead from gasoline. Induction-hardened steel seats are acceptable
solutions, but their wear can be variable. To characterize improvements in wear using ceramic
hardware, iterative engine tests were conducted using SiAION valves on TP15 seats (austenitic
stainless steel), steel valves on SIAION seats, or a combination of SIAION valves and seats. Seat
and valve recession rates were measured for these components.[4] Tests were conducted in
two separate engines, a 5.7 liter V-8 truck engine, and a 1.6 liter Quad-Four engine. Results are
shown in Figures 3 and 4. In Figure 3, the effects of valve face wear and seat wear were
measured for two seat materials (i.e., TP-15, and SiAION). The data provide three interesting
conclusions which correspond to the three sets of histograms in Figure 3: (1) When SiAION seats
are substituted for TP-15 seats, wear on the metal valve face actual increases slightly, (This is to
be expected, due to the fact that stainless steel valve is now impacting a harder, and more
abrasive material.); {2) However, seat wear rates are significantly reduced by the substitution of
SIAION for TP-15; and (3) The combined wear of the two components is substantially iower for
SIAION seats. In Figure 4, data from a 100 hour durability test of SIAION valves in the Quad-Four
engine are shown. For these tests, a comparison was made between stainless steel and SiAION
valves on TP-15 seats. Tests were run with induction hardened and non-hardened seats. Note
that for the standard metallic hardware, significant wear of valve stem and guide are observed.
In comparison, after 100 hours of operation, SIAION valves on metal seats showed little wear.
Seat recession, valve stem and guide wear were reduced between ~50% and =~97% for SIAION
valves, depending upon whether the seats were hardened or not. Even with non-hardened seats,
g the wear rate was improved over the base metals. These improvements are believed to be due to
a combination of effects. First, spring forces were reduced for the ceramic vaive. Consequently,
there was significantly lower impact stress. Frictiona!l forces between the seat and the valve were
thereby decreased. Second, under lower spring forces and with the lighter mass of the ceramic,
there is less bounce. This results in lower abrasive action between the two components. Third,
the SiAION material has better surface finish and intrinsically lower sliding friction. Fourth, the
Young’s modulus of SiAION is substantially higher than for the metal it replaced. Therefore, there
was less flexing of the valve within the stem and at the head regions. Reduced flexing also
translates to lower wear. Finally, due to the chemical inertness of the SiAION, lower combustion
deposits were observed. In fact, after extensive testing, soot was easily removed from the SiAION
valves with a dry cioth. The lack of deposits reduces frictional build-up between the seat, stem,
and guide, resuiting in reduced wear. For metal valves, an extensive chemical reaction and
bonding occurred between the surface of the valve and the combustion products. This reaction

Table Il - ACR Quad-Four Light-Weight Valve Train Resuits
.~ """~ "

% Reduction In % Reduction in Valve % Reduction in % increase in FTP
Reciprocating Mass Full Open Spring Engine Friction Fuel Economy
Force {2400 RPM)
Level | 28 20 3.20 1.9
Level H 45 50 6.53 3.8
Level Il 89 87 11.81 7.0

—'
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changes the chemical composition of the surface and increases its roughness, both of which lead
1o increased wear.

Subsequent laboratory rig tests were performed to compare the effects of material selection,
temperature and lubrication conditions on the wear performance of ceramic hardware. In the first
of these tests, ceramic-ceramic or ceramic-metal wear couples were examined at two
temperatures. These tests consisted of placing two test materials in contact with each other under
an applied load. One of the materials consisted of a rotating rod. The second material was a flat
pad. The conditions of these tests were as follows:

Load ........ ittt e 55 Kgs Normal Force
Speed ......... ... i Speed 150 RPM (6 meters/sec)
Duration .........ciiiitterneriennarnnesan 78 minutes
P ke o7 o 11T (- Air
Ter DOrature . ..o oo v e v v st et 700°F and 900°F
Lubrication . ... ...ttt ittt None

Comparative materials included SiAION, Si,N, (NC132H) and a standard stainless steel composition
typically used for valves {(VMS585). The results are shown in Figure 5. Two important features

Figure 5 - Ceramic-Ceramic and Ceramic-Metal Wear Pair Results
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are noted from these tests. First, use of ceramic-ceramic wear couples is ill advised, particularly
under these moderate temperature and unlubricated conditions. Therefore, utilization of ceramic
valves and ceramic seats may increase overall wear instead of reducing it, particularly for natural
gas engines. Second, when ceramics are coupled to metals, the overall wear conditions are
improved and preferable to metallic hardware only. The wear rates are approximately one order
of magnitude lower when utilizing a ceramic-metal wear pair. Consequently, in selected material
combinations for valve trains, a ceramic valve on a metal seat or a metal valve on a ceramic seat
appears ideal, whereas a ceramic valve and seat combination is ili-advised.

In a second laboratory wear test, a cam roller follower wear machine was designed and
constructed. The equipment was built to mimic actual engine conditions, and allowed the
alternative use of ceramic or metallic components for both the roller and wear pad. An actual
automotive valve spring was used to apply normal ioads to the roller and pad. Tests were
conducted under adequate and low lubrication conditions at RPM levels experienced in actual
engines. in the lubricated condition test, a silicon nitride (NC132H), a zirconia (YZ110), and D-2
tool steel were run under comparative conditions at loads higher than typically observed in
standard piston engines. The wear rates of these three materials were then compared. Resuits
are shown in Figure 6. The data demonstrate high initial wear rates for all three materials.
However, both of the ceramic materials performed better than the D-2 tool steel. Of the two
ceramics, the Si;N, composition was the best material. At extended test times, the wear rates for
the Si;N, and ZrO, materials are lower, with the Si,N, compaosition being less than half that of the
tool steel. The second wear test dupiicated these conditions, except with light mist-oil lubrication.
in this test, it was found that Si;N, materials were again preferable. Overall, they showed the
greatest resistance to galling, and had better wear and lower to equivalent friction coefficients than
metallic components. However, in the same test, the ZrO, material exhibited a greater tendency
to gall, or show surface pitting, than did the metal hardware.

Temperature Control - SIAION ceramics have higher thermal conductivities than the preferred
metallic valve seat material (TP-15). A higher thermal conductivity in the valve seat is
advantageous from the viewpoint that it reduces valve temperatures. and thereby decreases pre-
combustion, knock, and emissions within the engine. To assess whether significant changes in
valve temperature could be realized, ceramic seats were inserted in cylinder tests and compared
to metallic seats under identical conditions. The temperature profiles of the valves were
determined by testing the hardness of the material {i.e., hardness relaxation method), and aiso by
direct thermocouple placement. The results of this analysis are given in Figure 7. The curves
show the temperature distribution along the iength of the valve and across its head as a function
of the seat insert material. As expected, the ceramic seat inserts resuited in valve face, head, and
under-head temperatures approximately 100°F lower in most areas.

Vehicle Testing - To date, ceramic hardware has been instalied and road tested in a wide variety
of conventional test vehicles. included in these tests have been valves, roller followers, piston
pins, and other wear parts. Mileage on individual vehicles has ranged from a low of =~50,000
miles {1] to a high of over 85,000 miles. Extended fleet tests have been on-going for over five
years with cumulative vehicle experience of over 300,000 miles.[5] The limited data suggest
that these materials have the adequate durability and performance behavior for conventional
engines.

Diesel Engines - The benefits of ceramic hardware for diesel engines are basically identical to those
outiined above for gasoline engines. Improvements in fuel economy, performance, wear, corrasion,
and temperature control are expected. However, contrary to the extensive amount of testing that
has been conducted on conventional spark-ignition engines, relatively little testing has been
performed in diesel engines. This is due partly to the extensive cost of the tests. A major program

8




Figure 6 - Pad Wear Rates As A Function of Cam Operating Hours
Fuily Lubricated Sliding Conditions
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at Detroit Diesel Corporation has been a notable exception.[6] One other test has been
conducted to demonstrate the corrosion-resistance advantage of ceramic hardware. This test is
described below.

Corrosion - In cooperation with Dow Chemical Company, a Caterpillar 3304 six cylinder diesel
engine was tested as a method to safely dispose of methylene chloride. In the test, methylene
chloride was mixed with diesel fuel, then burned within the engine. However, the corrosive nature
of this compound was expected to limit the life of the valve train hardware. Consequently,
comparative tests were conducted using SiAION ceramic and inconel metal vaives. Both types of
valves were installed in the engine and run for up to 700 hours. The metallic hardware began
failing at =50 hours run-time due to severe corrosion on the seating area of the valve and in the
head region. The ceramic components showed no corrosive attack or wear during the entire test.
The metal valve showed severe necking in the under-head region and seat resulting from suilfidation
and oxidation attack. The ceramic remained pristine on seat, but had non-harmful soot deposits
on the under-head region.

Racing Engines - There is, perhaps, no other area where more testing of ceramic valve-train'
hardware has been conducted. However, because of the highly competitive nature of racing, very

9




Figure 7 - Exhaust Valve Temperature Profiles For Metal and Ceramic Seats
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little is known and essentially no published data are available. What is known, is that ceramic
hardware has been evaiuated in a number of race engines ranging from conventional and modified
stock cars (NASCAR) to high-performance Formula 1 vehicles. In fact, track trials and races have
been run with this hardware at RPM levels in excess of 14,000 RPM, and total elapsed distances
of over 250 kilometers. The light-weight nature of ceramic hardware makes it particularly
attractive for racing enthusiasts. Higher engine speeds and better combustion efficiencies are
realized when using ceramics. However, few quantitative data are known or available. Controlled
testing in rigs has not been the norm for the racing industry. To better understand the potential
benefits of ceramic valves in race engines, Norton and TRW evaluated the performance behavior
of ceramic valves in a stock NASCAR engine as part of this DOE supported program. The test
resuits are described below.

NASCAR 5.7 Liter Motorized Rig Test - Dynamic evaluation tests were run on three valve material
types to determine seating velocity, seating stress, and bounce. They were: (1) SiAION ceramic,
(2) titanium, and (3) conventional steel. A standard Chevrolet NASCAR 5.7-liter engine was
procured for the testing of these components. The engine head was separated from the block for
the dynamic studies. Full engine sets of the three valve material types were instalied in this
motorized test head. An Optron Camera was used to track the valve motion throughout the lift
events for each component type, while a Bentley Nevada proximity sensor recorded the near
seating motion of the metal valves. Because of the inability of the ceramic material to disrupt the
magnetic field, only the Optron Camera was used for the ceramic valve lift. In ali three cases a
cut-off limit of 0.25 mm bounce was the stop point for dynamic evaluation. For the dynamic
analysis runs, the data were acquired simultaneously at 10 second intervals. The individual

10




component masses are given in Table lil, while
the complete system masses are shown in
Table IV. In addition to motion dynamics, the

Table lif - Valve Component Masses (grams)
L. |

power consumption of these three vaive trains Material Intake Exhaust
was recorded, up to each of their respective

rated speeds, directly from the dynamometer. Stainless

Strain gages were mounted on the stainiess Steel 136 119
steel valve and the ceramic valve to verify .

stress magnitudes as a function of density, Titanium 83 70 "
velocity, and modulus. The titanium valve

stresses were back-calculated from the 1st Design '

dynamic loading and material properties. Ceramic 56 51
During the first ceramic valve power

consumption run, several intake valves failed 2nd Design 70 55 "
in the under-head radius. Consequently, a Ceramic

finite element analysis (FEA) was completed
on the design of these components. Excessive
stress was found in the failure region. The
valves were redesigned to reduce this stress
concentration. The redesigned ceramic valves had a slight weight increase. Valve motion and
power consumption tests were run a second time for these redesigned valves. The results
represent valve motion and stresses for the second design.

Motorized Test No. 1 - Only ceramic hardware was evaluated during the first motorized test. The
engine was run from 5400 RPM to 9000 RPM in 200 RPM increments that lasted approximately
5 minutes. During the test, five ceramic valves failed, including four intake and one exhaust.
Failures of all four intake valves occurred at speeds approaching 9000 RPM. With the exception
of one component, all of the intake failures occurred in the blended radius area between the stem
and head. One of the parts failed within the stem at approximately two-thirds of its length away
from the head. The exhaust valve failed by chipping on the seat area, (i.e., non-catastrophic).
Each of the valves was evaluated for microstructural imperfections which might have contributed
to failure. In general, it was found that the flaw origins within these components were small and
within predicted levels. Prior to engine testing, components were subjected to a 241 MPa bending
proof-test and a 345 ksi axial pull proof-test.
Fractography on the failed components
indicated that failure stresses were in excess
of these proof-test levels. Consequently, an

Table IV - Valve Train Mass (grams)
|

estimate was made of the stresses presentin [ .. . |

the head of the valves at the time of failure. Material Intake Exhaust
This was accomplished by combining the Stainless

results of a finite-element analysis of the head Steel 335 322
geometry and the resuits of runs using strain-

gauged steel valves. The FEA results are Titanium 282 273
presented in Figure 8. The data indicate that

average stresses in the components ranged ]

from 130 MPa to ~276 MPa. However, due 1st Design 255 254 "
to head flexing, bending stresses as high as Ceramic

=~572 MPa (83 ksi) could be observed. The 2nd Design

highest stresses were exactly where most of Ceramic 269 258 ‘
the failures were observed. Because of this

problem, it was decided to redesign the
valves. To reduce both average and maximum
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Figure 8 - Finite Element Analysis Of NASCAR 5.7 Liter Ceramic Valve
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principal stress levels, the redesigned valves had material added to the head portion of the vaive
by increasing the under-head angle and radius. A FEA was performed on the redesigned
components, showing a reduction in maximum stress of = 276 MPa, and average stresses of only
~ 100 MPa. This redesign added approximately 14 grams of weight to the intake vailve and 4
grams to the exhaust valve.

Motorized Test No. 2 - Following completion of the redesign, ceramic components were then re-

12



fabricated for the second motorized test. This second test was run successfully at speeds up to
-8000 RPM. Higher speeds were not investigated because of valve-train instability. At speeds
above 9000 RPM, seating velocities of ~4 meters/second were expected, which increased the risk
of hardware failure. Notwithstanding this limitation, the ceramic valves showed improved
performance over both the titanium and steel hardware. Figures 9 and 10 iliustrate the impact of
valve material and weight on seating velocity. The 19% system weight reduction of the ceramic
intake versus the stainless steel is obvious at high RPM ranges, where inertia becomes dominant.
Figures 11 and 12 show stem stresses of the three valve materials as a function of their respective
speed ranges. An interesting point to note is the overall higher stress amplitude of the ceramic
exhaust valve over the metal counterparts. This principally results from the material’s higher
elastic modulus. The exhaust position has a greater valve-to-guide clearance to compensate for
the thermal expansion of the components. Figures 13 and 14 show the valve-train frictional torque
and power consumption. Note the improvement of the ceramic valves at speeds above 7200 RPM.

In summary, valve dynamics were evaluated for three valve types to determine seating velocities,
stress, and bounce conditions. From this study, it was found that:

{1) The operating speed range of ceramic valves was approximately equal to that of titanium
valves. The inertial forces for these two materials were similar. However, motoring torque and
power consumption were lower by 3-5% at high engine speeds (above 6,000 rpm) for the
ceramic as compared to titanium. In all cases, these two materials were significantly better
than conventional steel components.

(2) The dynamic stress levels for the ceramic valves were substantially higher than either the
titanium or steel valves, primarily due to the ceramic’s higher elastic modulus. The higher
stresses resulted in failure of ceramic hardware during the first test. A redesign of the ceramic
valves enabled a second test to be completed successfully. However, this engine represents
substantial risk for use of ceramics due to transient thermal stresses and uncontrolled flexing
of the head. The engine could be optimized for ceramic valves, but engine speeds and
temperatures must be controlied carefully to ensure against breakage. Recommended changes
to the engine design are as follows:

- A reduction in spring loads to ~40% of those required for metal valves;
- Tighter guide clearances to minimize flexing of the ceramic;
- A reduction in guide lengths to minimize bending moment constraints on the ceramic.

{3) Overall, ceramic valves have significant potential benefit for NASCAR engines. They allow
higher operating speeds before valve-train instability is observed. In turn, this increases
horsepower and reduces fuel consumption. These advantages must be moderated against the
risk of ceramic failure if engine speeds become excessive, or if temperature gradients within
the head result in uncontrolied flexing.

V. Summary.

Considerable testing and evaluation of ceramic hardware has been conducted over the past 5-7 years.
Ceramic components have been installed in a number of engine types ranging from conventional to
advanced designs. For gasoline engines, the major benefit of ceramic valves is reduced mass. Light-
weight components allow for: (1) improved combustion performance, (2} higher operating speeds, and
{3) better fuel economy. By using ceramic valves, mass reductions between 20% and 70% have been
demonstrated. In comparison with standard production engines, ceramic valves have provided =~20%
improvement in maximum engine RPM, along with ~30% reduction in spring force. Increases of up
to 7% in fuel economy have also been demonstrated. Ceramic valve-train hardware has performed

13
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admirably, surviving extended rig and road trials ranging between 50,000 miles and 300,000 miles.
Ceramic valves have also been installed in state-of-the-art Formula 1 race cars, and have endured
track-trials under race conditions for in excess of 250 kilometers at engine speeds up to 14,000 RPM.
Ceramics also provide major advantages in wear and corrosion resistance. Corrosion and erosion of
exhaust valves are significant problems in diesel engines when using unrefined crude, natural gas, or
coal fuels. For heavy-duty gasoline and diesel engine tests using ceramic valves, reductions in valve-
train wear of up to 80% have been observed. Valves and related components have endured extended
tests (up to 750 hours) in highly corrosive environments, and have outlasted comparable metal parts
by factors of 4 to 5 in life. Ultimately, design of the ceramic hardware and redesigns to the engine
are required to take full advantage of the ceramics’ capabilities. Simple substitution often results in
failure. However, with appropriate designs, ceramic components can provide many system benefits.

20




V.
1.

References.
S. H. Updike and P. D. Nagle, "Ceramic Valve Train Components,” SAE Technical Paper No.
880441, (Warrendale, PA: SAE Press, 1988).

T. W. Kunz, "A Study of the Effects of Low-Mass Valve Train Components and Reduced Vaive
Spring Force on Engine Friction, Fuel Economy and Emissions,” Engineering Report - Valve Train
Applications, AC Rochester R&D Report, {(no date).

M. Arnold, J. Rob, F-W. Speckens, "Analysis and Optimization of Valve Train and Camshaft Drive
System In Combustion Engines,” MTZ M hnische Zeitschrift, 54, (1993), 3.

S. H. Updike, "A Comparison of Wear Mechanics With Ceramic and Metal Valves In Firing
Engines,” SAE Technical Paper Series No. 890177, {(Warrendale, PA: SAE Press, 1989).

. T. Sperling, General Motors Advanced Engineering Staff, Personal Communication.

Y. Kalish, "Engine Testing of Ceramic Cam-Roller Followers Final Report,” ORNL/Sub/90-SF885/1,
{Oak Ridge, TN: ORNL Report, 1992).







Central Research Library (2)
Document Reference Section
Laboratory Records Department (2)
Laboratory Records, ORNL RC

ORNL Patent Section

M&C Records Office (3)

. Allard, Jr.
Armstrong
Balltrip
Beatty
Becher

. Besmann

. Blau
Bloom

. Boling
Bradley
Brinkman
Bullington
Carlsmith
Carlson
Caton
Chang

. Conger
Cooper, Jr.
David
DeVan

Ding
Ferber
1kerson
Graves
Greene
Hayden, Jr.
Hoffman
Hubbard

INTERNAL DISTRIBUTION

M.
D.
F.
R.
M.
B.
H.
T.
K.
E.
W.
R.
D.
J.
T.
A.
M.
J.
C.
J

G.
M.
A.
S.
E.
D.
R.
M.
V.
T.
J.
B.
S.
J.
C.

ORNL/Sub/90-56151/1

Janney
Johnson (5)
Jones
Judkins
Karnitz
Keyes
Kimrey, Jr.
Kollie
Liu
Long, Jr.
Manly
McClung
McGuire
Merriman
Nolan
Pasto
Rawlins
Rich
Richmond
Robbins
Rogers, Jr.
Santella
Schaffhauser
cott
Soderstrom
Stinton

. Swindeman

Tate
Tennery

. Tiegs

Weir, Jr.

. West

Winslow

. Wyrick

Yust




EXTERNAL DISTRIBUTION

Pioneering Research Info. Ctr.

E.I. Dupont de Nemours & Co. Inc.

Experimental Station
P.0. Box 80302
Wilmington DE 19880-0302

Jeffrey Abboud

U.S. Advanced Ceramics AssocC.
1600 Wilson Blvd., Suite 1008
Arlington VA 22209

James H. Adair

University of Florida

Materials Science & Engineering
317 MAE Bldg.

Gainesville FL 32611-2066

Donald F. Adams
University of Wyoming

Mechanical Engineering Department

P.0. Box 3295
Laramie WY 82071

Jalees Ahmad

AdTech Systems Research Inc.
Solid Mechanics

1342 N. Fairfield Road
Dayton OH 45432-2698

Yoshio Akimune

NISSAN Motor Co., Ltd.
Materials Research Laboratory
1 Natsushima-Cho

Yokosuka 237

JAPAN

Mufit Akinc

Iowa State University
322 Spedding Hall
Ames IA 50011

IThan A. Aksay

Princeton University

A313 Engineering Quadrangle
Princeton NJ 08544-5263

Richard L. Allor

Ford Motor Company

Materials Systems Reliability
P.0. Box 2053, Room S-2031
Dearborn MI 48121-2053

24

Joseph E. Amaral

Instron Corporation
Corporate Engineering Office
100 Royale Street

Canton MA 02021

Edward M. Anderson

Aluminum Company of America

N. American Industrial Chemical
P.0. Box 300

Bauxite AR 72011

Norman C. Anderson
Ceradyne, Inc.
Ceramic-to-Metal Division
3169 Redhill Avenue

Costa Mesa CA 92626

Don Anson

BCL

Thermal Power Systems
505 King Avenue
Columbus OH 43201-2693

Thomas Arbanas

G.B.C. Materials Corporation
580 Monastery Drive

Latrobe PA 15650-2698

Frank Armatis

3M Company

Building 60-1N-01

St. Paul MN 55144-1000

Everett B. Arnold

Detroit Diesel Corporation
Mechanical Systems Technology
13400 Outer Drive West
Detroit MI 48239-4001

Bertil Aronsson

Sandvik AB

S-12680

Stockholm Lerkrogsvagen 19
SWEDEN

Dennis Assanis

University of I1linois

Dept. of Mechanical Engineering
1206 W. Green Street

Urbana IL 61801




V. S. Avva
North Carolina A&T State Univ.
Dept. of Mechanical Engineering
Greensboro NC 27411

Patrick Badgley

Sky Technologies, Inc.
2815 Franklin Drive
Columbus IN 47201

Sunggi Baik

Pohang Institute of Sci. & Tech.

P.0. Box 125
Pohang 790-600
KOREA

John M. Bailey
Consultant
Caterpillar, Inc.
P.0. Box 1875

Peoria IL 61656-1875

Bob Baker

Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa CA 92626

Frank Baker

Aluminum Company of America
Alcoa Technical Center
Alcoa Center PA 15069

Clifford P. Ballard
AlliedSignal Aerospace Company
Ceramics Program

P.0. Box 1021

Morristown NJ 07962-1021

B. P. Bandyopadhyay
ELID Team

Wako Campus

2-1 Hirosawa Wako-shi
Saitama 351-01

JAPAN

P. M. Barnard

Ruston Gas Turbines Limited
P.0. Box 1

Lincoln LN2 5DJ

ENGLAND

Harold N. Barr
Hittman Corporation
9190 Red Branch Road
Columbia MD 21045

Renald D. Bartoe

Vesuvius McDanel

510 Ninth Avenue

Box 560

Beaver Falls PA 15010-0560

David L. Baty
Babcock & Wilcox - LRC
P.0. Box 11165
Lynchburg VA 24506-1165

Donald F. Baxter, Jr.

ASM International

Advanced Materials & Processes
Materials Park OH 44073-0002

M. Brad Beardsley
Caterpiliar Inc.
Technical Center Bldg. E
P.0. Box 1875

Peoria IL 61656-1875

John C. Bell

Shell Research Limited
Thornton Research Centre
P.0. Box 1

Chester CH1 3SH

ENGLAND

M. Bentele

Xamag, Inc.

259 Melville Avenue
Fairfield CT 06430

Larry D. Bentsen
BFGoodrich Company
R&D Center

9921 Brecksville Road
Brecksville OH 44141

Louis Beregszazi

Defiance Precision Products
P.0. Drawer 428

Defiance OH 43512




Tom Bernecki
Northwestern University
1801 Maple Avenue
Evanston IL 60201-3135

Charles F. Bersch

Institute for Defense Analyses
1801 N. Beauregard Street
Alexandria VA 22311

Ram Bhatt

NASA Lewis Research Center
21000 Brookpark Road
Cleveland OH 44135

Deane I. Biehler

Caterpillar Inc.

Engineering Research Materials
P.0. Box 1875, Bldg. E

Peoria IL 61656-1875

John W. Bjerklie

Consolidated Natural Gas Service
Co. Inc.

Research Department

Pittsburgh PA 15222-3199

William D. Bjorndahl

TRW, Inc.

One Space Park, MS:R6-2188
Building 01, Room 2040
Redondo Beach CA 90278

Keith A. Blakely

Advanced Refractory Technologies,

Inc.
699 Hertel Avenue
Buffalo NY 14207

Edward G. Blanchard
Netzsch Inc.

119 Pickering Way
Exton PA 19341

Bruce Boardman

Deere and Company Technical Ctr.
3300 River Drive

Moline IL 61265

Hoechst Celanese Corporation
Short Hills NJ 07078

Russell Bockstedt

Hoechst Celanese Corporation
150 JFK Parkway

Short Hills NJ 07078

M. Boehmer

DLR German Aerospace Research
Estab.

Postfach 90 60 58

D-5000 Koln 90

GERMANY

Lawrence P. Boesch
EER Systems Corp.
1593 Spring Hill Road
Vienna VA 22182-2239

Donald H. Boone

Boone & Associates

2412 Cascade Drive

Walnut Creek CA 94598-4313

Tom Booth

AlliedSignal, Inc.

AiResearch Los Angeles Division
2525 West 190th Street

Torrance CA 90509-2960

Tibor Bornemisza
Sundstrand Power Systems
4400 Ruffin Road
San Diego CA 92186-5757

J.A.M. Boulet

University of Tennessee
Engineering Science and Mechanics
Knoxville TN 37996-2030

H. Kent Bowen

Massachusetts Institute of
Technology

77 Massachusetts Ave., Rm E40-434
Cambridge MA 02139

Leslie J. Bowen

Materials Systems
53 Hillcrest Road
Concord MA 01742




Steven C. Boyce

Air Force Office of Scientific
Research

AFOSR/NA Bldg. 410

Bolling AFB DC 20332-6448

Gary L. Boyd

Ceramic Engineering Consulting
328 Sneath Way

Alpine CA 91901

Steve Bradley

UOP Research Center

50 E. Algonquin Road

Des Plaines IL 60017-6187

Michael C. Brands

Cummins Engine Company, Inc.
P.0. Box 3005, Mail Code 50179
Columbus IN 47201

Raymond J. Bratton

Westinghouse Science & Technology
1310 Beulah Road

Pittsburgh PA 15235

John J. Brennan

United Technologies Corporation
Silver Lane, MS:24

East Hartford CT 06108

Terrence K. Brog

Golden Technologies Company
4545 McIntyre Street
Golden CO 80403

Gunnar Broman
317 Fairlane Drive
Spartanburg SC 29302

Al Brown

High-Tech Materials Alert
P.0. Box 882

Dayton NJ 08810

Jesse J. Brown

VPI & SU

Ctr. for Advanced Ceram Materials
Blacksburg VA 24061-0256

27

Sherman D. Brown

University of I1linois

Materials Science and Engineering
105 South Goodwin Avenue

Urbana IL 61801

S. L. Bruner

Ceramatec, Inc.

2425 South 900 West
Salt Lake City UT 84119

Walter Bryzik

U.S. Army Tank Automotive Command
R&D Center, Propulsion Systems
Warren MI 48397-5000

S. J. Burden
2572 Devonwood
Troy MI 48098

Curt V. Burkland
AMERCOM, Inc.

8928 Fullbright Avenue
Chatsworth CA 91311

Bill Bustamante
AMERCOM, Inc.

8928 Fullbright Avenue
Chatsworth CA 91311

Oral Buyukozturk

Massachusetts Institute of
Technology

77 Massachusetts Ave., Room 1-280
Cambridge MA 02139

David A. Caillet
Ethyl Corporation
451 Florida Street
Baton Rouge La 70801

Frederick J. Calnan
Heany Industries, Inc.
249 Briarwood Lane
Scottsville NY 14546

Roger Cannon

Rutgers University

P.0. Box 909 .
Piscataway NJ 08855-0909




Scott Cannon
P.0. Box 567254
Atlanta GA 30356

Harry W. Carpenter
1844 Fuerte Street
Fallbrook CA 92028

David Carruthers

Kyocera Industrial Ceramics
Company

P.0. Box 2279

Vancouver WA 98668-2279

Calvin H. Carter, Jr.
Cree Research, Inc.
2810 Meridian Parkway
Durham NC 27713

J. David Casey
35 Atlantis Street
West Roxbury MA (02132

Jere G. Castor

J. C. Enterprise
5078 N. 83rd Street
Scottsdale AZ 85250

James D. Cawley

Case Western Reserve University
Materials Science & Engineering
Cleveland OH 44106

Thomas C. Chadwick
Den-Mat Corporation
P.0. Box 1729

Santa Maria CA 93456

Ronald H. Chand

Chand Kare Technical Ceramics
2 Coppage Drive

Worcester MA 01603-1252

Robert E. Chaney

EG&G Idaho, Inc.

Idaho National Engineering Lab
P.0. Box 1625

Idaho Falls ID 83415-3525

28

Frank C. Chang

U.S. Army Materials Technology
AMTL -EMM

405 Arsenal Street

Watertown MA 02172

Nam S. Chang

Chrysler Corporation

12000 Chrysler Drive
Highland Park MI 48288-0001

William Chapman

Williams International Corp.
2280 W. Maple Road

Walled Lake MI 48390-0200

Ching-Fong Chen
LECO Corporation
3000 Lakeview Avenue
St. Joseph MI 49085

Frank Childs

EG&G Idaho, Inc.

Idaho National Engineering Lab
P.0. Box 1625

Idaho Falls ID 83415-3527

William J. Chmura
Torrington Company

59 Field Street
Torrington CT 06790-4942

Tsu-Wei Chou
University of Delaware
201 Spencer Laboratory
Newark DE 19716

R. J. Christopher
Ricardo Consulting Engineers
Bridge Works

Shoreham-By-Sea W. Sussex BN435FG

ENGLAND

Joel P. Clark
Massachusetts Institute of
Technology

Room 8-409

Cambridge MA 02139

e




Giorgio Clarotti
Commission of the European Comm
DGXII-C3, MO75, 1-53:

200 Rue de 1a Loi

B-1049 Brussels

BELGIUM

W. J. Clegg

ICI Advanced Materials
P.0. Box 11, The Heath
Runcorn Cheshire WA7 4QE
ENGLAND

Joseph Cleveland

GTE Products Corporation
Hawes Street

Towanda PA 18848-0504

William S. Coblenz

Adv. Research Projects Agency
3701 N. Fairfax Drive
Arlington VA 22203

Gloria M. Collins
ASTM

1916 Race Street
Philadelphia PA 19103

William C. Connors

Sundstrand Aviation Operations
Materials Science & Engineering
4747 Harrison Avenue

Rockford IL 61125-7002

John A. Coppola
Carborundum Company
Niagara Falls R& Center
P.0. Box 832

Niagara Falls NY 14302

Normand D. Corbin
Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

Douglas Corey

AlliedSignal, Inc.
2525 West 190th Street, MS:T52
Torrance CA 90504-6099

Keith P. Costello

Chand/Kare Technical Ceramics
2 Coppage Drive

Worcester MA 01603-1252

Ed L. Courtright

Pacific Northwest Laboratory
MS:K3-59

Richland WA 99352

Anna Cox

Mitchell Market Reports
P.0. Box 23

Monmouth Gwent NP5 4YG
UNITED KINGDOM

J. Wesley Cox

BIRL

1801 Maple Avenue
Evanston IL 60201-3135

Art Cozens

Instron Corporation
3414 Snowden Avenue
Long Beach CA 90808

Mark Crawford

New Technology Week
4604 Monterey Drive
Annandale VA 22003

Richard A. Cree

Markets & Products, Inc.
P.0. Box 14328

Columbus OH 43214-0328

Les Crittenden
Vesuvius McDanel

Box 560

Beaver Falls PA 15010

William J. Croft

U.S. Army Materials Technology
405 Arsenal Street

Watertown MA 02172

M. J. Cronin

Mechanical Technology, Inc.
968 Albany-Shaker Road .
Latham NY 12110 .




Gary M. Crosbie

Ford Motor Company
20000 Rotunda Drive
MD-2313, SRL Building
Dearborn MI 48121-2053

Floyd W. Crouse, Jr.

U.S. Department of Energy
Morgantown Energy Technology Ctr
P.0. Box 880

Morgantown WV 26505

John Cuccio

AlliedSignal Engines

P.0. Box 52180, MS:1302-2Q
Phoenix AZ 85072-2180

Raymond A. Cutier
Ceramatec, Inc.

2425 South 900 West
Salt Lake City UT 84119

Stephen C. Danforth
Rutgers University

P.0. Box 909

Piscataway NJ 08855-0909

Sankar Das Gupta

Electrofuel Manufacturing Co.
9 Hanna Avenue

Toronto Ontario MGK-1W8
CANADA

Frank Davis A
AlliedSignal Aerospace Company
7550 Lucerne Drive, #203
Middleburg Heights OH 44130

Robert F. Davis

North Carolina State University
Materials Engineering Department
P.0. Box 7907

Raleigh NC 27695

Thomas DeAngelis
Carborundum Company
Niagara Falls R& Center
P.0. Box 832

Niagara Falls NY 14302

30

Michael Deluca

RSA Research Group
1534 Claas Ave.
Holbrook NY 11741

Gerald L. DePoorter

Colorado School of Mines
Metallurgical & Materials Engr
Golden CO 80401

J. F. DeRidder

Omni Electro Motive, Inc.
12 Seely Hill Road
Newfield NY 14867

Nick C. Dellow

Materials Technology Publications
40 Sotheron Road

Watford Herts WD1 20QA

UNITED KINGDOM

L. R. Dharani

University of Missouri-Rolla
224 M.E.

Rolla MO 65401

Douglas A. Dickerson

Union Carbide Specialty Powders
1555 Main Street

Indianapolis IN 46224

John Dodsworth

Vesuvius Research & Development
Technical Ceramics Group

Box 560

Beaver Falls PA 15010

B. Dogan

Institut fur Werkstofforschung
GKSS-Forschungszentrum Geesthacht
Max-Planck-Strasse

D-2054 Geesthacht

GERMANY

Alan Dragoo

U.S. Department of Energy
ER-131, MS:F-240
Washington DC 20817




Jean-Marie Drapier
FN Moteurs S.A.
Material and Processing
B-4041 Milmort (Herstal)
BELGIUM

Kenneth C. Dreitlein
United_Technologies Research Ctr
Silver Lane

East Hartford CT 06108

Robin A.L. Drew

McGill University

3450 University Street
Montreal Quebec H3A 2A7
CANADA

Winston H. Duckworth
BCL

Cotumbus Division

505 King Avenue
Columbus OH 43201-2693

Bi11 Durako

Sundstrand Aviation Operations
P.0. Box 7002

Rockford IL 61125-7002

Ernest J. Duwell

3M Abrasive Systems Division
3M Center

St. Paul MN 55144-1000

Chuck J. Dziedzic

GTC Process Forming Systems
4545 McIntyre Street
Golden CO 80403

Robert J. Eagan

Sandia National Laboratories
Engineered Materials & Processes
P.0. Box 5800

Albuquerque NM 87185-5800

Jeffrey Eagleson

Lanxide Corporation

1001 Connecticut Avenue, N.W.
Washington DC 20036

Harry E. Eaton

United Technologies Corporation
Silver Lane

East Hartford CT 06108

Harvill C. Eaton

Louisiana State University
240 Thomas Boyd Hall

Baton Rouge LA 70803

Christopher A. Ebel
Carborundum Company
Technology Division

P.0. Box 832

Niagara Falls NY 14302-0832

J. J. Eberhardt

U.S. Department of Energy

Office of Transportation Matrl’s
CE-34, Forrestal Building
Washington DC 20585

Jim Edler

Eaton Corporation

26201 Northwestern Highway
P.0. Box 766

Southfield MI 48037

G. A. Eisman

Dow Chemical Company

Ceramics and Advanced Materials
52 Building '
Midland MI 48667

William A. El1lingson
Argonne National Laboratory
Energy Technology Division
9700 S. Cass Avenue
Argonne IL 60439

Anita Kaye M. E11is
Machined Ceramics

629 N. Graham Street
Bowling Green KY 42101

Glen B. Engle
Nuclear & Aerospace Materials
16716 Martincoit Road

Poway CA 92064




- Jeff Epstein

Ceramic Technologies, Inc.
12739 Ashford Knoll
Houston TX 77082

Kenneth A. Epstein
Dow Chemical Company
2030 Building
Midland MI 48674

Art Erdemir

Argonne National Laboratory
9700 S. Cass Avenue
Argonne IL 60439

E. M. Erwin

Lubrizol Corporation
1819 East 225th Street
Euclid OH 44117

John N. Eustis

U.S. Department of Energy
Industrial Energy Efficiency Div
CE-221, Forrestal Building
Washington DC 20585

W. L. Everitt

Kyocera International, Inc.
8611 Balboa Avenue

San Diego CA 92123

Gordon Q. Evison

332 S. Michigan Avenue
Suite 1730

Chicago IL 60604

John W. Fairbanks

U.S. Department of Energy
Office of Propulsion Systems
CE-322, Forrestal Building
Washington DC 20585

Tim Fawcett

Dow Chemical Company
Advanced Ceramics Laboratory
1776 Building

Midland MI 48674

32

Robert W. Fawley

Sundstrand Power Systems

Div. of Sundstrand Corporation
P.0. Box 85757

San Diego CA 92186-5757

John J. Fedorchak

GTE Products Corporation
Hawes Street

Towanda PA 18848-0504

Jeff T. Fenton

Vista Chemical Company
900 Threadneedle
Houston TX 77079

Larry Ferrell
Babcock & Wilcox
01d Forest Road
Lynchburg VA 24505

Raymond R. Fessler
BIRL

1801 Maple Avenue
Evanston IL 60201

Ross F. Firestone

Ross Firestone Company
188 Mary Street
Winnetka IL 60093-1520

Sharon L. Fletcher
Arthur D. Little, Inc.
15 Acorn Park

Cambridge MA 02140-2390

Thomas F. Foltz

Textron Specialty Materials
2 Industrial Avenue

Lowell MA 01851

Renee G. Ford

Materials and Processing Report
P.0. Box 72

Harrison NY 10528

John Formica
Supermaterials

2020 Lakeside Avenue
Cleveland OH 44114




Edwin Frame
Southwest Research Institute
P.0. Drawer 28510

San Antonio TX 78284

Armanet Francois

French Scientific Mission
4101 Reservoir Road, N.W.
Washington DC 20007-2176

R. G. Frank

Technology Assessment Group
10793 Bentley Pass Lane
Loveland OH 45140

David J. Franus
Forecast International
22 Commerce Road
Newtown CT 06470

Marc R. Freedman

NASA Lewis Research Center
21000 Brookpark Road, MS:49-3
Cleveland OH 44135

Douglas Freitag

Bayside Materials Technology
17 Rocky Glen Court
Brookeville MD 20833

Brian R.T. Frost

Argonne National Laboratory
9700 S. Cass Avenue, Bldg 900
Argonne IL 60439

Lawrence R. Frost
Instron Corporation
100 Royall Street
Canton MA 02021

Xiren Fu

Shanghai Institute of Ceramics
1295 Ding-xi Road

Shanghai 200050

CHINA

J. P. Gallagher

University of Dayton Research
Institute

300 College Park, JPC-250

Dayton OH 45469-0120

Garry Garvey

Golden Technologies Company Inc.
4545 McIntyre Street

Golden CO 80403

Richard Gates

NIST

Materials Bldg., A-256
Gaithersburg MD 20899

L. J. Gauckler
ETH-Zurich
Sonneggstrasse 5
CH-8092 Zurich 8092
SWITZERLAND

George E. Gazza

U.S. Army Materials Technology
Ceramics Research Division

405 Arsenal Street

Watertown MA 02172-0001

D. Gerster

CEA-DCOM

33 Rue De La Federation
Paris 75015

FRANCE

John Ghinazzi

Coors Technical Ceramics Company
1100 Commerce Park Drive

Oak Ridge TN 37830

Robert Giddings

General Electric Company
P.0. Box 8

Schenectady NY 12301

A. M. Glaeser

University of California
Lawrence Berkeley Laboratory
Hearst Mining Building
Berkeley CA 94720

Joseph W. Glatz

Naval Air Propulsion Center
Systems Engineering Division
510 Rocksville Road

Holland PA 18966




W. M. Goldberger

gggerior Graphite Company
2175 E. Broad Street
Columbus OH 43209

Allan E. Goldman

U.S. Graphite, Inc.
907 W. Outer Drive
Oak Ridge TN 37830

Stephen T. Gonczy
Allied Signal Research
P.0. Box 5016

Des Plaines IL 60017

Jeffrey M. Gonzales

GTE Products Corporation
Hawes Street

Towanda PA 18848-0504

Robert J. Gottschall

U.S. Department of Energy
ER-131, MS:G-236
Washington DC 20585

Earl Graham

Cleveland State University

Dept. of Chemical Engineering
Euclid Avenue at East 24th Street
Cleveland OH 44115

John W. Graham

Astro Met, Inc.

9974 Springfield Pike
Cincinnati OQH 45215

G. A. Graves

U. of Dayton Research Institute
300 College Park

Dayton OH 45469-0001

Robert E. Green, Jr.

Johns Hopkins University
Materials Science and Engineering
Baltimore MD 21218

Alex A. Greiner

Plint & Partners

Oaklands Park

Wokingham Berkshire RG11 2FD
UNITED KINGDOM

Lance Groseclose

General Motors Corporation
Allison Gas Turbine Division
P.0. Box 420, MS:W-5
Indianapolis IN 46206

Thomas J. Gross

U.S. Department of Energy
Transportation Technologies
CE-30, Forrestal Building
Washington DC 20585

Mark F. Gruninger

Union Carbide Corporation
Specialty Powder Business
1555 Main Street
Indianapolis IN 46224

Ernst Gugel

Cremer Forschungsinstitut
GmbH&Co.KG

Oeslauer Strasse 35
D-8633 Roedental 8633
GERMANY .

John P. Gyekenyesi

NASA Lewis Research Center
21000 Brookpark Road, MS:6-1
Cleveland OH 44135

Nabil S. Hakim

Detroit Diesel Corporation
13400 Outer Drive West
Detroit MI 48239

Philip J. Haley

General Motors Corporation
P.0. Box 420, MS:T12A
Indianapolis IN 46236

Judith Hall

Fiber Materials, Inc.
Biddeford Industrial Park
5 Morin Street

Biddeford ME 04005




Y. Hamano

Kyocera Industrial Ceramics Corp.
5713 E. Fourth Plain Blvd.
Vancouver WA 98661-6857

Y. Harada

IIT Research Institute
10 West 35th Street
Chicago IL 60616

R. A. Harmon
25 Schalren Drive
Latham NY 12110

Norman H. Harris

Hughes Aircraft Company
P.0. Box 800520

Saugus CA 91380-0520

Alan M. Hart

Dow Chemical Company
1776 Building
Midland MI 48674

Pat E. Hart

Battelle Pacific Northwest Labs
Ceramics and Polymers Development
P.0. Box 999

Richland WA 99352

Michael H. Haselkorn
Caterpiliar In.

Technical Center, Building E
P.0. Box 1875

Peoria IL 61656-1875

Debbie Haught

U.S. Department of Energy

Off. of Transportation Materials
EE-34, Forrestal Bldg.
Washington DC 20585

N. B. Havewala
Corning Inc.
SP-PR-11

Corning NY 14831

John Haygarth

Teledyne WAA Chang Albany
P.0. Box 460

Albany OR 97321

35

Norman L. Hecht

U. of Dayton Research Institute
300 College Park

Dayton OH 45469-0172

Peter W. Heitman

General Motors Corporation
P.0. Box 420, MS:W-5
Indianapolis IN 46206-0420

Robert W. Hendricks

VPI & SU

210 Holden Hall
Blacksburg VA 24061-0237

Thomas L. Henson

GTE Products Corporation

Chemical & Metallurgical Division
Hawes Street

Towanda PA 18848

Thomas P. Herbell

NASA Lewis Research Center
21000 Brookpark Road, MS:49-3
Cleveland OH 44135

Marlene Heroux

Rol1s-Royce, Inc.

2849 Paces Ferry Road, Suite 450
Atlanta GA 30339-3769

Robert L. Hershey

Science Management Corporation
1255 New Hampshire Ave., N.W.
Suite 1033

Washington DC 20036

Hendrik Heystek

Bureau of Mines

Tuscaloosa Research Center
P.0. Box L

University AL 35486

Robert V. Hillery

GE Aircraft Engines

One Neumann Way, M.D. H85
Cincinnati OH 45215




Arthur Hindman
Instron Corporation
100 Royall Street
Canton MA 02021

Hans Erich Hintermann
CSEM

Rue Breguet 2
Neuchatel 2000
SWITZERLAND

Shinichi Hirano

Mazda R&D of North America, Inc.
1203 Woodridge Avenue

Ann Arbor MI 48105

Tommy Hiraoka

NGK Locke, Inc.
1000 Town Center
Southfield MI 48075

Fu H. Ho

General Atomics

P.0. Box 85608 '
San Diego CA 92186-9784

John M. Hobday

U.S. Department of Energy
Morgantown Energy Technology Ctr
P.0. Box 880

Morgantown WV 26507

Clarence Hoenig

Lawrence Livermore National. Lab
P.0. Box 808, Mail Code L-369
Livermore CA 94550

Thomas Hollstein
Fraunhofer-Institut fur
Werkstoffmechanik
Wohlerstrasse 11

79108 Freiburg

GERMANY

Richard Holt

National Research Council Canada
Structures and Materials Lab
Ottawa Ontario K1A OR6

CANADA

Woodie Howe

Coors Technical Ceramics Company
1100 Commerce Park Drive

Oak Ridge TN 37830

Stephen M. Hsu
NIST
Gaithersburg MD 20899

Hann S. Huang

Argonne National Laboratory
9700 S. Cass Avenue

Argonne IL 60439-4815

Gene Huber

Precision Ferrites & Ceramics
5576 Corporate Drive

Cypress CA 90630

Harold A. Huckins

Princeton Advanced Technology
4 Bertram Place

Hilton Head SC 29928

Fred R. Huettic
Advanced Magnetics Inc.
45 Corey Lane

Mendham NJ 07945

Brian K. Humphrey

Lubrizol Petroleum Chemicals Co.
3000 Town Center, Suite 1340
Southfield MI 48075-1201

Robert M. Humrick
Dylon Ceramic Technologies
3100 Edgehill Road
Cleveland Heights OH 44118

Lorretta Inglehart

National Science Foundation
Division of Materials Research
1800 "G" Street, N.W., Room 408
Washington DC 20550

Michael S. Inoue

Kyocera International, Inc.
8611 Balboa Avenue

San Diego CA 92123-1580




Joseph C. Jackson

U.S. Advanced Ceramics Assoc.
1600 Wilson Blvd., Suite 1008
Arlington VA 22209

Osama Jadaan

U. of Wisconsin-Platteville
1 University Plaza
Platteville WI 53818

Said Jahanmir

NIST ,

Materials Bldg., Room A-237
Gaithersburg MD 20899

Curtis A. Johnson
General Electric Company
P.0. Box 8

Schenectady NY 12301

Sylvia Johnson

SRI International

333 Ravenswood Avenue
Menlo Park CA 94025

Thomas A. Johnson
Lanxide Corporation
P.0. Box 6077

Newark DE 19714-6077

W. S. Johnson

Indiana University

One City Centre, Suite 200
Bloomington IN 47405 .

Walter F. Jones

AFOSR/NA

110 Duncan Ave., Ste. Bl15
Washington DC 20332-0001

Jil1l E. Jonkouski

U.S. Department of Energy
9800 S. Cass Avenue
Argonne IL 60439-4899

L. A. Joo

Great Lakes Research Corporation
P.0. Box 1031

Elizabethton TN 37643

37

A. David Joseph

SPX Corporation
700 Terrace Point
Muskegon MI 49443

Adam Jostsons

Australian Nuclear Science &
Technology

New ITlawarra Road

Lucas Heightss New South Wales
AUSTRALIA

Matthew K. Juneau
Ethyl Corporation
451 Florida Street
Baton Rouge LA 70801

Tom Kalamasz
Norton/TRW Ceramics
7A-4 Raymond Avenue
Salem NH 03079

Lyle R. Kallenbach
Phillips Petroleum
Mail Drop:123AL
Bartlesville OK 74004

Nick Kamiya

Kyocera Industrial Ceramics Corp.
25 Northwest Point Blvd., #450
ETk Grove Village IL 60007

Roy Kamo

Adiabatics, Inc.

3385 Commerce Park Drive
Columbus IN 47201

Chih-Chun Kao

Industrial Technology Research
Institute

195 Chung-Hsing Road, Sec. 4

Chutung Hsinchu 31015 R.0.C.

TAIWAN

Keith R. Karasek

AlliedSignal Aerospace Company
50 E. Algonquin Road

Des Plaines IL 60017-5016




Martha R. Kass

U.S. Department of Energy
Oak Ridge Operations
Building 4500N, MS:6269
Oak Ridge TN 37831-6269

Robert E. Kassel
Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa CA 92626

Allan Katz

Wright Laboratory

Metals and Ceramics Division
Wright-Patterson AFB OH 45433

R. Nathan Katz

Worcester Polytechnic Institute
100 Institute Road

Worcester MA 01609

Tony Kaushal

Detroit Diesel Corporation
13400 Outer Drive, West
Detroit MI 48239-4001

Ted Kawaguchi

Tokai Carbon America, Inc.
375 Park Avenue, Suite 3802
New York NY 10152

Noritsugu Kawashima
TOSHIBA Corporation

4-1 Ukishima-Cho ,
Kawasaki-Ku Kawasaki 210
JAPAN

Lisa Kempfer

Penton Publishing

1100 Superior Avenue
Cleveland OH 44114-2543

Frederick L. Kennard, III
AC Rochester

1300 N. Dort Highway
Flint MI 48556

David 0. Kennedy

Lester B. Knight Cast Metals Inc.

549 W. Randolph Street
Chicago IL 60661

George Keros

Photon Physics

3175 Penobscot Building
Detroit MI 48226

Thomas Ketcham
Corning, Inc.
SP-DV-1-9
Corning NY 14831

Pramod K. Khandelwal

General Motors Corporation
Allison Gas Turbine Division
P.0. Box 420, MS:W05
Indianapolis IN 46206

Jim R. Kidwell
AlliedSignal Engines
P.0. Box 52180
Phoenix AZ 85072-2180

Shin Kim

The E-Land Group

19-8 ChangJeon-dong
Mapo-gu, Seoul 121-190
KOREA

W. C. King

Mack Truck, Z-41

1999 Pennsylvania Avneue
Hagerstown MD 21740

Carol Kirkpatrick
MSE, Inc.

P.0. Box 3767
Butte MT 59702

Tony Kirn

Caterpillar Inc.

Defense Products Department, JB7
Peoria IL 61629

James D. Kiser

NASA Lewis Research Center
21000 Brookpark Road, MS:49-3
Cleveland OH 44135

Max Klein
900 24th Street, N.W., Unit G
Washington DC 20037




Richard N. Kleiner
Golden Technologies Company
4545 McIntyre Street

Golden CO 80403

Stanley J. Klima

NASA Lewis Research Center
21000 Brookpark Road, MS:6-1
Cleveland OH 44135

Albert S. Kobayashi

University of Washington
Mechanical Engineering Department
Mail Stop:FUL0

Seattle WA 98195

Shigeki Kobayashi

Toyota Central Research Labs
Nagakute Aichi 480-11

JAPAN

Richard A. Kole
Z-Tech Corporation
8 Dow Road

Bow NH 03304

Joseph A. Kovach

Eaton Corporation

32500 Chardon Road
Willoughby Hills OH 44094

Kenneth A. Kovaly
Technical Insights Inc.
P.0. Box 1304 .
Fort Lee NJ 07024-9967

Ralph G. Kraft

Spraying Systems Company
North Avenue at Schmale Road
Wheaton IL 60189-7900

Arthur Kranish

Trends Publishing Inc.

1079 National Press Building
Washington DC 20045

A. S. Krieger
Radiation Science, Inc.
P.0. Box 293

Belmont MA 02178

Pieter Krijgsman

Ceramic Design International
Holding B.V.

P.0. Box 68

Hattem 8050-AB

THE NETHERLANDS

Waltraud M. Kriven
University of I11inois
105 S. Goodwin Avenue
Urbana IL 61801

Edward J. Kubel, Jr.

ASM International

Advanced Materials & Processes
Materials Park OH 44073

Dave Kupperman

Argonne National Laboratory
9700 S. Cass Avenue

Argonne IL 60439

Oh-Hun Kwon

North Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

W. J. Lackey

GTRI

Materials Science and Tech. Lab
Atlanta GA 30332

Jai Lala

Tenmat Ltd.

40 Somers Road

Rugby Warwickshire CV22 7DH
ENGLAND

Hari S. Lamba

General Motors Corporation
9301 West 55th Street
LaGrange IL 60525

Richard L. Landingham

Lawrence Livermore National Lab
P.0. Box 808, L-369

Livermore CA 94550




James Lankford

Southwest Research Institute
6220 Culebra Road

San Antonio TX 78228-0510

Stanley B. Lasday

Business News Publishing Co.
1910 Cochran Road, Suite 630
Pittsburgh PA 15220

S. K. Lau

Carborundum Company
Technology Division
P.0. Box 832, B-100
Niagara Falls NY 14302

J. Lawrence Lauderdale
Babcock & Wilcox

1850 "K" Street, Suite 950
Washington DC 20006

Jean F. LeCostaouec
Textron Specialty Materials
2 Industrial Avenue

Lowell MA 01851

Benson P. Lee

Technology Management, Inc.
4440 Warrensville Rd., Suite A
Cleveland OH 44128

Burtrand I. Lee
Clemson University
Olin Hall

Clemson SC 29634-0907

June-Gunn Lee

KIST

P.0. Box 131, Cheong-Ryang
Seoul 130-650

KOREA

Ran-Rong Lee

Ceramics Process Systems
Corporation

155 Fortune Boulevard
Mildford MA 01757

40

Stan Levine

NASA Lewis Research Center
21000 Brookpark Road, MS:49-3
Cleveland OH 44135

David Lewis, III

Naval Research Laboratory
Code 6370

Washington DC 20375-5343

Ai-Kang Li

Materials Research Labs., ITRI
195-5 Chung-Hsing Road, Sec. 4
Chutung Hsinchu 31015 R.0.C.
TAIWAN

Winston W. Liang

Hong Kong Industrial Technology
Centre

78 Tat Chee Avenue

4/F, HKPC Building -- Kowloon
HONG KONG

Robert Licht

Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

E. Lilley

Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

Chih-Kuang Lin

National Central University
Dept. of Mechanical Engineering
Chung-Li 32054

TAIWAN

Laura J. Lindberg

AlliedSignal Aerospace Company
Garrett Fluid Systems Division
P.0. Box 22200

Tempe AZ 85284-2200




Hans A. Lindner
Cremer Forschungsinstitut
GmbH&Co .KG

Oeslauer Strasse 35
D-8633 Rodental 8866
GERMANY

Ronald E. Loehman

Sandia National Laboratories
Chemistry & Ceramics Dept. 1840
P.0. Box 5800

Albuquerque NM 87185

Jeffrey C. Logas
Winona State University
115 Pasteur Hall
Winona MN 55987

Bill Long

Babcock & Wilcox
P.0. Box 11165
Lynchburg VA 24506

L. A. Lott

EG&G Idaho, Inc.

Idaho National Engineering Lab
P.0. Box 1625

Idaho Falls ID 83415-2209

Raouf 0. Loutfy
MER Corporation
7960 S. Kolb Road
Tucson AZ 85706

Gordon R. Love

Aluminum Company of America
Alcoa Technical Center
Alcoa Center PA 15960

Lydia Luckevich

Ortech International

2395 Speakman Drive
Mississauga Ontario L5K 1B3
CANADA

James W. MacBeth
Carborundum Company
Structural Ceramics Division
P.0. Box 1054

Niagara Falls NY 14302

George Maczura

Aluminum Company of America
3450 Park Lane Drive
Pittsburgh PA 15275-1119

David Maginnis

Tinker AFB

OC-ALC/LIIRE

Tinker AFB OK 73145-5989

Frank Maginnis

Aspen Research, Inc.

220 Industrial Boulevard
Moore OK 73160

Tai-il Mah

Universal Energy Systems, Inc.
4401 Dayton-Xenia Road

Dayton OH 45432

Kenneth M. Maillar
Barbour Stockwell Company
83 Linskey Way

Cambridge MA 02142

S. G. Malghan

NIST

1-270 & Clopper Road
Gaithersburg MD 20899

Lars Malmrup
United Turbine AB
Box 13027

Malmo S-200 44
SWEDEN

John Mangels
Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa CA 92626

Murli Manghnani
University of Hawaii
2525 Correa Road
Honolulu HI 96822

Russell V. Mann
Matec Applied Sciences, Inc.
75 South Street .
Hopkinton MA 01748




William R. Manning

Champion Aviation Products Div
P.0. Box 686

Liberty SC 29657

Ken Marnoch

Amercom, Inc.

8928 Fullbright Avenue
Chatsworth CA 91311

Robert A. Marra

Aluminum Company of America
Alcoa Technical Center
Alcoa Center PA 15069

Chauncey L. Martin

3M Company

3M Center, Building 60-1N-01
St. Paul MN 55144

Steve C. Martin

Advanced Refractory Technologies
699 Hertel Avenue

Buffalo NY 14207

Kelly J. Mather

William International Corporation
2280 W. Maple Road

Walled Lake MI 48088

James P. Mathers

3M Company

3M Center, Bldg. 201-3N-06
St. Paul MN 55144

Ron Mayville

Arthur D. Little, Inc.
15-163 Acorn Park
Cambridge MA 02140

F. N. Mazadarany

General Electric Company
Bldg. K-1, Room MB-159
P.0. Box 8

Schenectady NY 12301

James W. McCauley
Alfred University
Binns-Merrill Hall
Alfred NY 14802

Louis R. McCreight
2763 San Ramon Drive
Rancho Palos Verdes CA 90274

Colin F. McDonald

McDonald Thermal Engineering
1730 Castellana Road

La Jolla CA 92037

B. J. McEntire
Norton Company
10 Airport Park Road
East Granby CT 06026

Chuck McFadden
Coors Ceramics Company
600 9th Street
Golden CO 80401

Thomas D. McGee

Iowa State University
110 Engineering Annex
Ames IA 50011

Carol McGill

Corning Inc.

Sullivan Park, FR-02-08
Corning NY 14831

James MclLaughlin
Sundstrand Power Systems
4400 Ruffin Road

P.0. Box 85757

San Diego CA 92186-5757

Matt McMonigle

U.S. Department of Energy
Improved Energy Productivity
CE-231, Forrestal Building
Washington DC 20585

J. C. McVickers
AlliedSignal Engines

P.0. Box 52180, MS:9317-2
Phoenix AZ 85072-2180

D. B. Meadowcroft

"Jura,” The Ridgeway
Oxshott ‘
Leatherhead Surrey K122 OLG
UNITED KINGDOM




Joseph J. Meindl
Reynolds International, Inc.
6603 W. Broad Street

P.0. Box 27002

Richmond VA 23261-7003

Michael D. Meiser
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

George Messenger

National Research Council of
Canada

Building M-7

Ottawa Ontario K1A OR6
CANADA

D. Messier

U.S. Army Materials Technology
SLCMT-EMC

405 Arsenal Street

Watertown MA 02172-0001

Arthur G. Metcalfe
Arthur G. Metcalfe and
Associates, Inc.

2108 East 24th Street
National City CA 91950

R. Metselaar
Eindhoven University
P.0. Box 513
Endhoven 5600 MB
THE NETHERLANDS

David J. Michael
Harbison-Walker Refractories Co.
P.0. Box 98037

Pittsburgh PA 15227

Ken Michaels

Chrysler Motors Corporation
P.0. Box 1118, CIMS:418-17-09
Detroit MI 48288

Bernd Michel

Institute of Mechanics
P.0. Box 408

D-9010 Chemnitz
GERMANY

D. E. Miles

Commission of the European Comm.
rue de 1a Loi 200

B-1049 Brussels

BELGIUM

Carl E. Miller

AC Rochester

1300 N. Dort Highway, MS:32-31
Flint MI 48556

Charles W. Miller, Jr.

Centorr Furnaces/Vacuum
Industries

542 Amherst Street

Nashua NH 03063

R. Minimmi

Enichem America

2000 Cornwall Road
Monmouth Junction NJ 08852

Michele V. Mitchell
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

Howard Mizuhara
WESGO -

477 Harbor Boulevard
Belmont CA 94002

Helen Moeller

Babcock & Wilcox

P.0. Box 11165
Lynchburg VA 24506-1165

Francois R. Mollard
Concurrent Technologies Corp.
1450 Scalp Avenue
Johnstown PA 15904-3374




- Phil Mooney
Panametrics

221 Crescent Street
Waltham MA 02254

Geoffrey P. Morris

3M Company

3M Traffic Control Materials
Bldg. 209-BW-10, 3M Center
St. Paul MN 55144-1000

Jay A. Morrison

Rol1s-Royce, Inc.

2849 Paces Ferry Road, Suite 450
Atlanta GA 30339-3769

Joel P. Moskowitz
Ceradyne, Inc.

3169 Redhill Avenue
Costa Mesa CA 92626

Brij Moudgil

University of Florida

Material Science & Engineering
Gainesville FL 32611

Christoph J. Mueller
Sprechsaal Publishing Group
P.0. Box 2962, Mauer 2
D-8630 Coburg

GERMANY

Thomas W. Mullan

Vapor Technologies Inc.

345 Route 17 South

Upper Saddle River NJ 07458

Theresa A. Mursick-Meyer
Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

M. K. Murthy

MkM Consultants International
10 Avoca Avenue, Unit 1906
Toronto Onntario MAT 2B7
CANADA

44

David L. Mustoe

Custom Technical Ceramics

8041 West I-70 Service Rd. Unit 6
Arvada CO 80002

Curtis V. Nakaishi

U.S. Department of Energy
Morgantown Energy Technology Ctr.
P.0. Box 880

Morgantown WV 26507-0880

Yoshio Nakamura

Faicera Research Institute
3-11-12 Misono

Sagamihara, Tokyo

JAPAN

Stefan Nann

Roland Berger & Partner GmbH
Georg-Glock-Str. 3

40474 Dusseldorf

GERMANY

K. S. Narasimhan
Hoeganaes Corporation
River Road

Riverton NJ 08077

Robert Naum

Applied Resources, Inc.
P.0. Box 241

Pittsford NY 14534

Malcolm Naylor

Cummins Engine Company, Inc.
P.0. Box 3005, Maii Code 50183
CoTumbus IN 47202-3005

Fred A. Nichols

Argonne National Laboratory
9700 S. Cass Avenue
Argonne IL 60439

H. Nickel

Forschungszentrum Juelich (KFA)
Postfach 1913

D-52425 Juelich

GERMANY




Dale E. Niesz
Rutgers University

Center for Ceramic Research
P.0. Box 909

Piscataway NJ 08855-0909

Paul W. Niskanen
Lanxide Corporation
P.0. Box 6077
Newark DE 19714-6077

David M. Nissley

United Technologies Corporation
Pratt & Whitney Aircraft

400 Main Street, MS:163-10

East Hartford CT 06108

Bruce E. Novich

Ceramics Process Systems Corp.
155 Fortune Boulevard

Milford MA 01757

Daniel Oblas
50 Meadowbrook Drive
Bedford MA 01730

Don Chanehi

Magnetic Bearings, Inc.
1908 Sussex Road
Blacksburg VA 24060

Hitoshi Ohmori

ELID Team

Itabashi Branch

1-7 13 Kaga Itabashi
Tokyo 173

JAPAN

Robert Orenstein

General Electric Company
55-112, River Road
Schenectady NY 12345

Norb Osborn

Aerodyne Dallas

151 Regal Row, Suite 120
Dallas TX 75247

Richard Palicka
Cercom, Inc.

1960 Watson Way
Vista CA 92083

Muktesh Paliwal

GTE Products Corporation
Hawes Street

Towanda PA 18848

Joseph N. Panzarino
Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

Pellegrino Papa
Corning Inc.
MP-WX-02-1
Corning NY 14831

Terry Paquet

Boride Products Inc.
2879 Aero Park Drive
Traverse City MI 49684

E. Beth Pardue

MPC

8297 Williams Ferry Road
Lenior City TN 37771

Soon C. Park

3M Company
Building 142-4N-02
P.0. Box 2963

St. Paul MN 55144

Vijay M. Parthasarathy
Caterpillar/Solar Turbines
2200 Pacific Highway
P.0. Box 85376

San Diego CA 92186-5376

Harmut Paschke
Schott Glaswerke

Christoph-Dorner-Strasse 29

D-8300 Landshut
GERMANY




~ James W. Patten

Cummins Engine Company, Inc.
P.0. Box 3005, Mail Code 50183
Columbus IN 47202-3005

Robert A. Penty

Eastman Kodak Company
Kodak Park

Bldg., 326, 3rd Floor
Rochester NY 14652-5120

Robert W. Pepper

Textron Specialty Materials
2 Industrial Avenue

Lowell MA 01851

Peter Perdue

Detroit Diesel Corporation
13400 Outer Drive West,
Speed Code L-04

Detroit MI 48239-4001

John J. Petrovic

Los Alamos National Laboratory
Group MST-4, MS:G771

Los Alamos NM 87545

Frederick S. Pettit
Unjversity of Pittsburgh
Pittsburgh PA 15261

Ben A. Phillips

Phillips Engineering Company
721 Pleasant Street

St. Joseph MI 49085

Richard C. Phoenix
Ohmtek, Inc.

2160 Liberty Drive
Niagara Falls NY 14302

Bruce J. Pletka

Michigan Technological University
Metallurgical & Materials Engr.
Houghton MI 49931

John P. Pollinger
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

46

P. Popper
High Tech Ceramics International
Journal

22 Pembroke Drive - Westlands
Newcastle-under-Lyme

Staffs ST5 2JN

ENGLAND

F. Porz

Universitat Karlsruhe
Institut fur Keramik Im
Maschinendau

Postfach 6980

D-76128 Karlsruhe
GERMANY

Harry L. Potma

Royal Netherlands Embassy
Science and Technology
4200 Linnean Avenue, N.W.
Washington DC 20008

Bob R. Powell

North American Operations
Metallurgy Department
Box 9055

Warren MI 48090-9055

Stephen C. Pred

ICD Group, Inc.

1100 Valley Brook Avenue
Lyndhurst NJ 07071

Karl M. Prewo

United Technologies Research Ctr.
411 Silver Lane, MS:24

East Hartford CT 06108

Vimal K. Pujari

Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

George Quinn

NIST

Ceramics Division, Bldg. 223
Gaithersburg MD 20899




Ramas V. Raman
Ceracon, Inc.
1101 N. Market Boulevard, Suite 9
Sacramento CA 95834

Charles F. Rapp

Owens Corning Fiberglass
2790 Columbus Road
Granville OH 43023-1200

Dennis W. Readey

Colorado School of Mines
Metallurgy and Materials Engr.
Golden CO 80401

Wilfred J. Rebello

PAR Enterprises, Inc.
12601 Clifton Hunt Lane
Clifton VA 22024

Harold Rechter

Chicago Fire Brick Company
7531 S. Ashland Avenue
Chicago IL 60620

Robert R. Reeber

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park NC
27709-2211

K. L. Reifsnider

VPI & SU

Engineering Science and Mechanics
Blacksburg VA 24061

Paul E. Rempes

McDonnell Douglass Aircraft Co.
P.0. Box 516, Mail Code:0642263
St. Louis MO 63166-0516 .

Gopal S. Revankar
John Deere Company
3300 River Drive
Moline IL 61265

K. Y. Rhee

Rutgers University
P.0. Box 909
Piscataway NJ 08854

James Rhodes

Advanced Composite Materials Corp
1525 S. Buncombe Road

Greer SC 29651

Roy W. Rice

W. R. Grace and Company
7379 Route 32

Columbia MD 21044

David W. Richerson
2093 E. Delmont Drive
Salt Lake City UT 84117

Tomas Richter

J. H. France Refractories
1944 Clarence Road

Snow Shoe PA 16874

Michel Rigaud

Ecole Polytechnique

Campus Universite De Montreal
P.0. Box 6079, Station A
Montreal, P.Q. Quebec H3C 3A7
CANADA

John E. Ritter

University of Massachusetts
Mechanical Engineering Department
Amherst MA 01003

Frank L. Roberge
AlliedSignal Engines
P.0. Box 52180
Phoenix AZ 85072-2180

W. Eric Roberts

Advanced Ceramic Technology, Inc.
990 "F" Enterprise Street

Orange CA 92667

Y. G. Roman

TNO TPD Keramick
P.0. Box 595
Einhoven 5600 AN
HOLLAND

Michael Rossetti
Arthur D. Little, Inc.
15 Acorn Park

Cambridge MA 01240




- Barry Rossing
Lanxide Corporation
P.0. Box 6077

Newark DE 19714-6077

Steven L. Rotz

Lubrizol Corporation
29400 Lakeland Boulevard
Wickliffe OH 44092

Robert Ruh

Wright Laboratory

WL/MLLM

Wright-Patterson AFB OH 45433

Robert J. Russell
17 Highgate Road
Framingham MA 01701

Jon A. Salem

NASA Lewis Research Center
21000 Brookpark Road
Cleveland OH 44135

W. A. Sanders

NASA Lewis Research Center
21000 Brookpark Road, MS:49-3
Cleveland OH 44135

J. Sankar

North Carolina A&T State Univ.
Dept. of Mechanical Engineering
Greensboro NC 27406

Yasushi Sato

NGK Spark Plugs (U.S.A.), Inc.
1200 Business Center Drive, #300
Mt. Prospect IL 60056

Maxine L. Savitz
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

Ashok Saxena

GTRI

Materials Engineering
Atlanta GA 30332-0245

48

David W. Scanlon
Instron Corporation
100 Royall Street
Canton MA 02021

Charles A. Schacht

Schacht Consulting Services
12 Holland Road

Pittsburgh PA 15235

Robert E. Schafrik

National Materials Advisory Board
2101 Constitution Ave., N.W.
Washington DC 20418

James Schienle
AlliedSignal Engines

P.0. Box 52180, MS:1302-2P
Phoenix AZ 85072-2180

John C. Schneider

San Juan Technologies, Inc.
3210 Arena Road -

Colorado Springs CO 80921-1503

Gary Schnittgrund
Rocketdyne, BAO5
6633 Canoga Avenue
Canoga Park CA 91303

Mark Schomp

Lonza, Inc.

17-17 Route 208
Fair Lann NJ 07410

Joop Schoonman

Delft University of Technology
P.0. Box 5045

2600 GA Delft

THE NETHERLANDS

Robert B. Schulz

U.S. Department of Energy
Office of Transportation Matrls.
CE-34, Forrestal Building
Washington DC 20585

Murray A. Schwartz
Materials Technology Consulting
30 Orchard Way, North

Potomac MD 20854




Peter Schwarzkopf
SRI International
333 Ravenswood Avenue
Menlo Park CA 94025

William T. Schwessinger
Multi-Arc Scientific Coatings
1064 Chicago Road

Troy MI 48083-4297

W. D. Scott

University of Washington
Materials Science Department
Mail Stop:FB10

Seattle WA 98195

Nancy Scoville

Thermo Electron Technologies
P.0. Box 9046

Waltham MA 02254-9046

Thomas M. Sebestyen

U.S. Department of Energy
Advanced Propulsion Division
CE-322, Forrestal Building
Washington DC 20585

Brian Seegmiller

Coors Ceramics Company
600 9th Street

Golden CO 80401

T. B. Selover
AICRE/DIPPR

3575 Traver Road
Shaker Heights OH 44122

Charles E. Semler
Semler Materials Services
4160 Mumford Court
Columbus OH 43220

Thomas Service

Service Engineering Laboratory
324 Wells Street

Greenfield MA 01301

Kish Seth

Ethyl Corporation
P.0. Box 341

Baton Rouge LA 70821

William J. Shack

Argonne National Laboratory
9700 S. Cass Avenue, Bldg. 212
Argonne IL 60439 -

Peter T.B. Shaffer

Technical Ceramics Laboratories,
4045 Nine/McFarland Drive
Alpharetta GA 30201

Richard K. Shaltens

NASA Lewis Research Center
21000 Brookpark Road, MS:302-2
Cleveland OH 44135

Robert S. Shane
1904 NW 22nd Street
Stuart FL 34994-9270

Ravi Shankar

Chromalloy

Research and Technology Division
Blaisdell Road

Orangeburg NY 10962

Terence Sheehan
Alpex Wheel Company
727 Berkley Street
New Milford NJ 07646

Dinesh K. Shetty

University of Utah

Materials Science and Engineering
Salt Lake City UT 84112

Masahide Shimizu

New Ceramics Association
Shirasagi 2-13-1-208, Nakano-ku
Tokyo 165

JAPAN

Thomas Shreves

American Ceramic Society, Inc.
735 Ceramic Place

Westerville OH 43081-8720

Jack D. Sibold

Coors Ceramics Company
4545 McIntyre Street
Golden CO 80403




Johann Siebels
Volkswagen AG
Werkstofftechnologie
Postfach 3180
Wolfsburg 1

GERMANY

George H. Siegel

Point North Associates, Inc.

P.0. Box 907
Madison NJ 07940

Richard Silberglitt
FM Technologies, Inc.
10529-B Braddock Road
Fairfax VA 22032

Mary Silverberg

Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

Gurpreet Singh
Department of the Navy
Code 56X31

Washington DC 20362-5101

Maurice J. Sinnott
University of Michigan
5106 IST Building

Ann Arbor MI 48109-2099

John Skildum

3M Company

3M Center

Building 224-25-25
St. Paul MN 55144

Richard H. Smoak

Smoak & Associates
3554 Hollyslope Road
Altadena CA 91001-3923

Jay R. Smyth
AlliedSignal Engines

111 S. 34th Street, MS:503-412

Phoenix AZ 85034

Rafal A. Sobotowski
British Petroleum Company
Technical Center, Broadway
3092 Broadway Avenue
Cleveland OH 44115

S. Somiya

Nishi Tokyo University
3-7-19 Seijo, Setagaya
Tokyo 157

JAPAN

Boyd W. Sorenson

DuPont Lanxide Composites
1300 Marrows Road

Newark DE 19711

Charles A. Sorrell

U.S. Department of Energy
Advanced Industrial Concepts
CE-232, Forrestal Building
Washington DC 20585

C. Spencer

EA Technology

Capenhurst Chester CH1 6ES
UNITED KINGDOM

Allen Spizzo
Hercules Inc.
Hercules Plaza
Wilmington DE 19894

Richard M. Spriggs

Alfred University

Center for Advanced Ceramic
Technology

Alfred NY 14802

Charles Spuckler

NASA Lewis Research Center
21000 Brookpark Road, MS:5-11
Cleveland OH 44135-3191

M. Srinivasan

Material Solutions

P.0. Box 663

Grand Island NY 14702-0663




Gordon L. Starr
Cummins Engine Company, Inc.
P.0. Box 3005, Mail Code:50182
Columbus IN 47202-3005

Tom Stillwagon
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

H. M. Stoller

TPL Inc.

3754 Hawkins, N.E.
Albuquerque NM 87109

Paul D. Stone

Dow Chemical USA

1776 "Eye" Street, N.W., #575
Washington DC 20006

F. W. Stringer

Aero & Industrial Technology Ltd.

P.0. Box 46, Wood Top
Burnley Lancashire BB11 4BX
UNITED KINGDOM

Thomas N. Strom

NASA Lewis Research Center
21000 Brookpark Road, MS:86-6
Cleveland OH 44135

M. F. Stroosnijder

Institute for Advanced Materials
Joint Research Centre

21020 Ispra (VA)

ITALY

Karsten Styhr
30604 Ganado Drive
Rancho Palos Verdes CA 90274

T. S. Sudarshan

Materials Modification, Inc.
2929-P1 Eskridge Center
Fairfax VA 22031

M. J. Sundaresan
University of Miami
P.0. Box 248294

Coral Gables FL 33124

Patrick L. Sutton

U.S. Department of Energy
Office of Propulsion Systems
CE-322, Forrestal Building
Washington DC 20585

Willard H. Sutton

United Technologies Corporation
Silver Lane, MS:24

East Hartford CT 06108

J. J. Swab

U.S. Army Materials Technology
Ceramics Research Division,
SLCMT-EMC

405 Arsenal Street

Watertown MA 02172

Robert E. Swanson
Metalworking Technology, Inc.
1450 Scalp Avenue

Johnstown PA 15904

Steve Szaruga

Air Force Wright Aeronautical Lab

WL/MLBC

Wright-Patterson AFB OH
45433-6533

Yo Tajima

NGK Spark Plug Company
2808 Iwasaki

Komaki-shi Aichi-ken 485
JAPAN

Fred Teeter
5 Tralee Terrace
East Amherst NY 14051

Monika 0. Ten Eyck
Carborundum Microelectronics
P.0. Box 2467

Niagara Falls NY 14302-2467

David F. Thompson
Corning Glass Works
SP-Dv-02-1

Corning NY 14831




- Merle L. Thorpe

Hobart Tafa Technologies, Inc.
20 Ridge Road

Concord NH 03301-3010

T. Y. Tien

University of Michigan

Materials Science and Engineering
Dow Building

Ann Arbor MI 48103

D. M. Tracey

Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

L. J. Trostel, Jr.
Box 199
Princeton MA 01541

W. T. Tucker

General Electric Company
P.0. Box 8, Bldg. K1-4C35
Schenectady NY 12301

Masanori Ueki

Nippon Steel Corporation
1618 Ida

Nakahara-Ku Kawasaki 211
JAPAN

Filippo M. Ugolini

ATA Studio .
Via Degli Scipioni, 268A
ROMA, 00192

ITALY

Donald L. Vaccari

General Motors Corporation
Allison Gas Turbines

P.0. Box 420, Speed Code 549
Indianapolis IN 46206-0420

Carl F. Van Conant
Boride Products, Inc.
2879 Aero Park Drive
Traverse City MI 49684

52

Marcel H. Van De Voorde
Commission of the European Comm.
P.0. Box 2

1755 7G Petten

THE NETHERLANDS

0. Van Der Biest

Katholieke Universiteit Leuven
Dept. Metaalkunde en Toegepaste
de Croylaan 2

B-3030 Leuven

BELGIUM

Michael Vannier

Washington University, St. Louis
510 S. Kings Highway

St. Louis MO 63110

Stan Venkatesan

Southern Coke & Coal Corporation
P.0. Box 52383

Knoxville TN 37950

V. Venkateswaran
Carborundum Company
Niagara Falls R&D Center
P.0. Box 832

Niagara Falls NY 14302

Dennis Viechnicki

U.S. Army Materials Technology
405 Arsenal Street

Watertown MA 02172-0001

Ted Vojnovich

U.S. Department of Energy, ST-311
Office of Energy Research, 3F077P
Washington DC 20585

John B. Volt

E.I. Dupont de Nemours & Co. Inc.
P.0. Box 80262

Wilmington DE 19880

John B. Wachtman
Rutgers University
P.0. Box 909
Piscataway NJ 08855




Shigetaka Wada
Toyota Central Research Labs
Nagakute Aichi 480-11

JAPAN

Janet Wade

AlliedSignal Engines

P.0. Box 52180, MS:1303-2
Phoenix AZ 85072-2180

Richard L. Wagner

Ceramic Technologies, Inc.

537 Turtle Creek South Dr., #24D
Indianapolis IN 46227

J. Bruce Wagner, Jr.

Arizona State University
Center for Solid State Science
Tempe AZ 85287-1704

Daniel J. Wahlen
Kohler, Co.

444 Highland Drive
Kohler WI 53044

Ingrid Wahlgren

Royal Institute of Technology
Studsvik Library '

S-611 82 Nykoping

SWEDEN

Ron H. Walecki
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

Michael S. Walsh

Vapor Technologies Inc.
6300 Gunpark Drive
Boulder CO 80301

Chien-Min Wang

Industrial Technology Research
Institute

195 Chung-Hsing Road, Sec. 4

Chutung Hsinchu 31015 R.0.C.

TAIWAN

Robert M. Washburn
ASMT

11203 Colima Road
Whittier CA 90604

Gerald Q. Weaver

Carborundum Specialty Products
42 Linus Allain Avenue

Gardner MA 01440-2478

Kevin Webber

Toyota Technical Center, U.S.A.
1410 Woodridge, RR7

Ann Arbor MI 48105

Karen E. Weber

Detroit Diesel Corporation
13400 Outer Drive West
Detroit MI 48239-4001

James K. Weddell

Du Pont Lanxide Composites Inc.
P.0. Box 6100

Newark DE 19714-6100

R. W. Weeks

Argonne National Laboratory.
MCT-212

9700 S. Cass Avenue

Argonne IL 60439

Ludwig Weiler

ASEA Brown Boveri AG
Eppelheimer Str. 82
D-6900 Heidelberg
GERMANY

James Wessel

Dow Corning Corporation

1800 "M" Street, N.W., #325 South
Washington DC 20036

Robert D. West

Therm Advanced Ceramics
P.0. Box 220

Ithaca NY 14851




Thomas J. Whalen

Ford Motor Company

SRL Bldg., Mail Drop 2313
P.0. Box 2053

Dearborn MI 48121-2053

Ian A. White
Hoeganaes Corporation
River Road

Riverton NJ 08077

Sheldon M. Wiederhorn
NIST

Building 223, Room A329
Gaithersburg MD 20899

John F. Wight
Alfred University
McMahon Building
Alfred NY 14802

D. S. Wilkinson
McMaster University

1280 Main Street, West
Hamilton Ontario L8S 4L7
CANADA

James C. Williams

General Electric Company
Engineering Materials Technology
One Neumann Way, Mail Drop:H85
Cincinnati OH 45215-6301

Steve J. Williams

RCG Hagler Bailly, Inc.

1530 Wilson Boulevard, Suite 900
Arlington VA 22209-2406

Thomas A. Williams

National Renewable Energy Lab
1617 Cole Boulevard

Golden CO 80401

R. W. Willis

TRW, Inc.

4455 East 185th Street
Cleveland, OH 44110

Craig A. Willkens
Norton Company
SGNICC/NRDC

Goddard Road

Northboro MA 01532-1545

Roger R. Wills

TRW, Inc.

Valve Division

1455 East 185th Street
Cleveland OH 44110

David Gordon Wilson

Massachusetts Institute of
Technology

77 Massachusetts Ave., Room 3-455
Cambridge MA 02139

Matthew F. Winkler
Seaworthy Systems, Inc.
P.0. Box 965

Essex CT 06426

Gerhard Winter

Hermann C. Starck Berlin GmbH
P.0. Box 25 40

D-3380 Goslar 3380

GERMANY

William T. Wintucky

NASA Lewis Research Center
Terrestrial Propulsion Office
21000 Brookpark Road, MS:86-6
Cleveland OH 44135

Thomas J. Wissing

Eaton Corporation

Engineering and Research Center
P.0. Box 766

Southfield MI 48037

James C. Withers
MER Corporation
7960 S. Kolb Road
Building F
Tucson AZ 85706

Dale E. Wittmer

Southern I11inois University
Mechanical Engineering Department
Carbondale IL 62901

Warren W. Wolf

Owens Corning Fiberglass
2790 Columbus Road, Route 16
Granville OH 43023




Egon E. Wolff
Caterpillar Inc.
Technical Center
P.0. Box 1875

Peoria IL 61656-1875

George W. Wolter

Howmet Turbine Components Corp.

Technical Center
699 Benston Road
Whitehall MI 49461

James C. Wood

NASA Lewis Research Center
21000 Brookpark Road, MS:86-6
Cleveland OH 44135

Marrill Wood

LECO Corporation

P.0. Box 211688
Augusta GA 30917-1688

Wayne L. Worrell
University of Pennsylvania
3231 Walnut Street
Philadelphia PA 19104

John F. Wosinski
Corning Inc.
ME-2 E-5 H8
Corning NY 14830

Ian G. Wright -
BCL

505 King Avenue
Columbus OH 43201

Ruth Wroe

ERDC

Capenhurst Chester CH1 6ES
ENGLAND

Bernard J. Wrona

Advanced Composite Materials Corp

1525 S. Buncombe Road
Greer SC 29651

Car1 C. M. Wu

Naval Research Laboratory
Ceramic Branch, Code 6373
Washington DC 20375

55

John C. Wurst

U. of Dayton Research Institute
300 College Park

Dayton OH 45469-0101

Neil Wyant

ARCH Development Corp.

9700 S. Cass Avenue, Bldg. 202
Argonne IL 60439

Roy Yamamoto

Texaco Inc.

P.0. Box 509

Beacon NY 12508-0509

John Yamanis

AlliedSignal Aerospace Company
P.0. Box 1021

Morristown NJ 07962-1021

Harry C. Yeh
AlliedSignal, Inc.
Ceramic Components
P.0. Box 2960, MS:T21
Torrance CA 90509-2960

Hiroshi Yokoyama

Hitachi Research Lab

4026 Kuji-Cho

Hitachi-shi Ibaraki 319-12
JAPAN

Thomas M. Yonushonis

Cummins Engine Company, Inc.
P.0. Box 3005, Mail Code 50183
Columbus IN 47202-3005

Thomas J. Yost

Corning Inc.

Technical Products Div., 21-1-2
Corning NY 14831

Jong Yung

Sundstrand Aviation Operations
4747 Harrison Avenue

Rockford IL 61125

A. L. Zadoks

Caterpillar Inc. )
Technical Center, Building L
P.0. Box 1875

Peoria IL 61656-1875




- Avi Zangvil

University of I11inois
104 S. Goodwin Avenue
Urbana IL 61801

Charles H. Zenuk
Transtech

6662 E. Paseo San Andres
Tucson AZ 85710-2106

Carl Zweben

General Electric Company
P.0. Box 8555, VFSC/V4019
Philadelphia PA 19101

Department of Energy

Oak Ridge Operations Office

Assistant Manager for Energy
Research and Development

P.0. Box 2001

Oak Ridge, TN 37831-8600

56

Department of Energy (2)
Office of Scientific and
Technical

Information
Office of Information Services
P.0. Box 62
Oak Ridge, TN 37831

For distribution by microfiche
as shown in DOE/OSTI-4500,
Distribution Category UC-332 -
(Ceramics/Advanced Materials).




