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7. MATERIALS TECHNOLOGIES: PROPULSION MATERIALS

Advanced materials, including metals, polymers, composites, and intermetallic compounds, can play an important role in improving
the efficiency of transportation engines and vehicles. Weight reduction is one of the most effective ways to increase the fuel economy
of vehicles while reducing exhaust emissions. The development of propulsion materials and enabling technologies will help reduce
costs while improving the durability, efficiency, and performance of advanced internal combustion, diesel, hybrid, and fuel-cell-
powered vehicles. The advanced materials research conducted under the direction of the U.S. Department of Energy and the Vehicle
Technologies Program will help ensure the nation's transportation energy and environmental future by making affordable full-function
cars and trucks that use less oil and produce fewer harmful emissions.

In this merit review activity, each reviewer was asked to respond to a series of questions, involving multiple-choice responses,
expository responses where text comments were requested, and numeric score responses (on a scale of 1 to 4). In the pages that
follow, the reviewer responses to each question for each project will be summarized: the multiple choice and numeric score questions
will be presented in graph form for each project, and the expository text responses will be summarized in paragraph form for each
question. A table presenting the average numeric score for each question for each project is presented below.
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Plzocerac Mullayer Huay-Tay Ln (Oek
: Ridge National 7-3 2.33 3.00 3.00 2.67 2.79
Actuators for Heavy Duty Diesel
. . Laboratory)
Engine Fuel Injectors
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Injectors) Laboratory)
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Applications
Laboratory)
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P National Laboratory)
omponents
. . . Jules Routbort
Erosion of Radiator Materials by o6 National 717 367 333 367 3.00 342
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Laboratory)
. . . Michael Lance (Oak
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EGR Systems
Laboratory)
- . . Thomas Watkins (Oak
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Particulate Filters
Laboratory)
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Catalysts via First Principles (Oak Ridge National 7-22 3.67 3.33 2.67 3.33 S
Laboratory)
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Reliabili (Oak Ridge National 7-24 3.00 3.00 3.00 3.00 3.00
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Laboratory)
. David J. Singh (Oak
UL WIEH S5 U g Ridge National 7-26 333 333 333 333 333
Structure
Laboratory)
Proactive Strategies for Terry Hendricks (Pacific
Designing Thermoelectric Northwest National 7-28 3.00 3.33 3.00 3.33 3.21
Materials for Power Generation Laboratory)
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Govindarajan
Solder Jc_unts of Power Myralldha(an (Oak 7.30 3,50 3.00 3,50 350 3,05
Electronics Ridge National
Laboratory)
. - Beth Armstrong (Oak
gz‘ci’r’jfic?’"”a"b”"y of Power b6 National 732 267 3.00 2.00 267 275
Laboratory)
. Andrew Wereszczak
Environmental Effects on POWET  0ak Ridge National 7.34 333 333 267 300 321
Laboratory)
Govindarajan
Waterials for HCCI Engines Muralioharan (Oak 7.36 3.50 3.50 250 3.50 2,38
Ridge National
Laboratory)
Hydroaen Materials Stan Pitman (Pacific
U Northwest National 7-38 3.33 3.33 3.33 3.33 3.33
P Y Laboratory)
. . Michael Kass (Oak
ggj;;’j%’ﬁgﬁ‘ég’%es Ridge National 7-40 2,67 2,67 3.33 3.00 2.79
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Injection Systems National Laboratory) U I - Gl sl I
. . Phil Maziasz (Oak
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Sensor National Laboratory)
Jiangang Sun (Oak
’g’gEl ,?:(":i”‘;,”’g:z,‘"f;” ACERT  pidge National 748 350 3.00 3.50 350 3.25
9 P Laboratory)
. . George Fenske
curface Texturing for Friction s gonne National 7.50 333 367 3.00 333 346
Laboratory)
Friction Modeling for Lubricated ~ George Fenske
Engine and Drivetrain (Argonne National 7-52 3.50 2.50 3.00 3.00 2.88
Components Laboratory)
. . George Fenske
lslg% f ::‘ Chemical Conversion s 10 National 7.54 350 350 350 350 350
Laboratory)
Thomas Watkins (Oak
Catalyst Characterization Ridge National 7-56 3.00 3.50 3.50 3.50 3.38
Laboratory)
Ultra-High Resolution Electron )
- Larry Allard (Oak Ridge
Microscopy for Catalyst : 7-58 3.33 3.00 3888) 2.67 3.08
Charac te#g ation ¥ National Laboratory)
Low-Friction Hard Coatings Ali Erdemir (Argonne 760 350 400 350 350 375
National Laboratory)
Res:d_ual Strfess Measurements D/Iegp Singh (Argonne 7.62 333 333 233 3.00 317
in Thin Coatings National Laboratory)
Diamond Based TE Materials ~ D/°ter Gruen (Argonne 7.64 400 400 4,00 3.00 388
National Laboratory)
" . Hua-Tay Lin (Oak
ggﬁbggm’;“’fm e Ridge National 766 3.00 367 333 3.00 3.38
P Laboratory)
Life Cycle Modeling of Sujit Das (Oak Ridge
Propulsion Materials National Laboratory) 168 3.3 3.53 200 233 304
OVERALL AVERAGE 3.30 3.36 3.16 3.18 3.30

NOTE: Italics denote poster presentations.
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for Heavy Duty Diesel Engine Fuel Injectors: Huay-Tay Lin (et thahebotonaatomtoy T

(Oak Ridge National Laboratory)

REVIEWER SAMPLE SIzE 400 |

5.00 ke This Project  «lul-~Program Area Average

This project had a total of 3 reviewers.

QUESTION 1: DOES THIS PROJECT SUPPORT THE OVERALL DOE .

l o
OBJECTIVE OF PETROLEUM DISPLACEMENT? WHY OR WHY NOT?
A reviewer observed that the project was initiated in FY09 with an | 2%
annual budget of $300K, and project goals are consistent with the
program. The PI has done a good job in articulating them (in a sort | ;¢ |
of boilerplate list that could be applicable to any of the other
programs being supported). The second was unsure, saying the
presentation didn’t directly or indirectly indicate the project would Aporoach Toch Colaboraton _ Future Research Welghted Average
lead to any consumer application. The third reviewer noted that the Accomplistiments
intent is to increase energy efficiency of heavy duty vehicles. One
comment is that there should be clarity of the stage of research and
development these projects are (see OMB circular A-11). This is
basic research.

0.00 #

Yes
(100%)

QUESTION 2: WHAT IS YOUR ASSESSMENT OF THE APPROACH TO
PERFORMING THE WORK? TO WHAT DEGREE ARE TECHNICAL
BARRIERS ADDRESSED? IS THE PROJECT WELL-DESIGNED,

FEASIBLE, AND INTEGRATED WITH OTHER EFFORTS?

A reviewer noted that this project aims to attack the problem of
efficiency by development of a piezoelectric fuel injector for heavy-duty diesel engines. It was not clear how the link between the
injector and engine performance was made. The design was simply presented along with its technical aspects, but precisely what
needed to be designed to achieve performance enhancements was not evident. The PI should endeavor to make a stronger link
between injector parameters and engine performance metrics. The presentation suffered somewhat from inadequately setting the stage
for the approach (experiments done, conditions imposed, etc.) A reviewer said that there was some disconnect between the research
presented and the goal of increasing efficiency. Individual experiments and testing were not roadmapped into a cohesive story of how
these elements fit into the overall goal. The final reviewer expressed the belief that the project research schedule could potentially be
compressed, terming the milestone schedule very generous.

Sufficient
— (100%)

Relevant to DOE objectives Sufficiency of Resources

QUESTION 3: CHARACTERIZE YOUR UNDERSTANDING OF THE TECHNICAL ACCOMPLISHMENTS AND PROGRESS TOWARD OVERALL
PROJECT AND DOE GOALS.

Review comments were mixed for this aspect of the research. A reviewer observed that the PI seems to have done a lot of work to
outline performance (e.g., electric field effects). The methodology he has brought to bear on his experiments is impressive. The PI
needs to set the stage better for the various tasks, rather than jumping into a presentation of the technical results. (The reviewer pointed
out that on one of the PI’s often used figures, the x- axis had the symbol “m” that was not defined until questions were asked about it.)
It was often very difficult to follow the thread of discussions of the various figures that were presented. The reviewer rated the
research progress as “good” because the PI has done a lot of work, but would rate the clarity of presentation, relevance and rationale
as “poor.” The essential question of “why” an approach was taken was not answered.

Given this rating scheme it appears this program will reach the stated goals and objectives. However, the relevancy to improved fuel
efficiency and economy were not evident. The reviewer’s overall impression is a scientific project that is increasing the science
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knowledge base but is lacking direct industrial application. The reader definitely needed a broad background in this field to understand
any direct consumer relevancy. However, there is no indication of any follow-on research using alternative fuels. At best this appears
to support continuation of diesel engine technology. At worst, this appears to be a scientific investigation program resulting in a
technical report and nothing further. There is no indication of any producibility or reliability data or direct or in-direct (supporting)
manufacturing base.

Some questions were raised on the state of the ultimate design for fuel injector actuators for which Cummins is responsible. Individual
experiments and data did not lead to an understanding of the overall objective of this effort. This reviewer also had comments about
the presentation, noting that acronyms and abbreviations should be clear, and some of the charts were not clear.

QUESTION 4: WHAT IS YOUR ASSESSMENT OF THE LEVEL OF COLLABORATION AND COORDINATION WITH OTHER INSTITUTIONS?

One reviewer praised project collaboration with industrial partners — Cummins, Inc. and materials suppliers. A second, conversely, felt
there seemed to be little collaboration with industry, and noted that the PI is awaiting a final design from Cummins and that interaction
between the PI and the team should be more descriptive. A reviewer restated the list of partners (Cummins, Kinetic Ceramics, EPCOS,
and ORNL) and noted there appeared to be no other co-developers: the reviewer also observed there is an existing industrial base and
a readily-available consumer market.

QUESTION 5: HAS THE PROJECT EFFECTIVELY PLANNED ITS FUTURE WORK IN A LOGICAL MANNER BY INCORPORATING APPROPRIATE
DECISION POINTS, CONSIDERING BARRIERS TO THE REALIZATION OF THE PROPOSED TECHNOLOGY, AND, WHEN SENSIBLE, MITIGATING
RISK BY PROVIDING ALTERNATE DEVELOPMENT PATHWAYS?

One reviewer felt the proposed follow-on work was reasonable, but called for a stronger connection to be made between injection
pressure and fuel spray characteristics, noting that elements such as droplet size, velocity, and number density really are the crucial
parameters that will influence performance. This reviewer expressed the hope that the major industrial partner could work with the PI
to forge a stronger link between injector piezoactuation and engine performance. The second reviewer felt the post-presentation Q&A
more effectively explained the thrust of this project than the presentation itself. In particular, he questioned whether the project can be
concluded and results transitioned to mass production and, if they could, whether service personnel could, with current training and
instrumentation, service and maintain the mass-produced equipment (or is this too specialized for the current average diesel
mechanic). If the objective is to improve fuel economy, the potential drawback is a requirement for additional training with associated
advanced diagnostic equipment for the servicing mechanic. It is furthermore questionable whether this technology will be cost
effective for the purchasing truck company/driver and whether this project will make an overall impact on a trucking industry
potentially moving from petroleum based fuels to other fuels. To the final reviewer, the narrative fails to fully describe the proposed
work and its implementation. This reviewer suggested a roadmap be developed to show how the individual elements progress towards
the ultimate goal.

QUESTION 6: HOW SUFFICIENT ARE THE RESOURCES FOR THE PROJECT TO ACHIEVE THE STATED MILESTONES IN A TIMELY FASHION?
Two reviewers commented on this question. One felt the resources were adequate for the tasks performed. The other suggested
accelerating the project to curtail the final research year, increasing final project year funding to cover production of a final report and
terminate the project.
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Fatigue Enhancements by Shock Peening: Curt Lavender | taugeesnancomentsbysnockpoening

( PaCIfIC Northwe St Natlo na I L a bo ratory) Curt Lavender (Pacific Northwest National Laboratory) Propulsion Materials
5.00 ke This Project  «lul-~Program Area Average

REVIEWER SAMPLE SIZE

This project had a total of 3 reviewers. 400 -

QUESTION 1: DOES THIS PROJECT SUPPORT THE OVERALL DOE l l .

OBJECTIVE OF PETROLEUM DISPLACEMENT? WHY OR WHY NOT? 00

The first reviewer said this research may result in improved engine

efficiencies by increasing injection pressures and the overall | 200 4

durability of reciprocating parts. Another had positive comments on

the relevance, stating the work is directly related to turbo-charged T 00

engine technology in turbine body and component failure analysis ]

resulting in better producibility and component reliability.
0.00 +

The final reviewer observed that this project began in 2007 on the Approach Tech Collaboration  Future Research ~ Weighted Average

. . . . Accomplishments
problem of “shock peening” (i.e., water peening). The PI is

approaching the end of this project (2010) at a level of $300K per
year. The project is focused on increasing the operating stresses of
materials through enhancement of fatigue life. Three methods
examined are laser shock peening, water jet peening, and friction stir
processing. Only LJP results were presented. The goal has been to
demonstrate fatigue enhancements and to prototype a component
enhanced by surface modification for full scale evaluation (this latter
is an effort with Cummins).

Yes
(100%)

Sufficient
— (100%)

Relevant to DOE objectives Sufficiency of Resources

QUESTION 2: WHAT IS YOUR ASSESSMENT OF THE APPROACH TO
PERFORMING THE WORK? TO WHAT DEGREE ARE TECHNICAL BARRIERS ADDRESSED? IS THE PROJECT WELL-DESIGNED, FEASIBLE,
AND INTEGRATED WITH OTHER EFFORTS?

A reviewer stated that the approach investigated fatigue enhancements and technology deployment: the latter perhaps is still in a state
of development (e.g., adoption of LJP for materials processing in industry). A reviewer observed the team is pursuing multiple
avenues of investigation (laser shock peening and waterjet) along with friction stir: this enhances opportunities for success. The final
reviewer said that LSP or WSP both have potential for a new method of shock and reliability testing. These are potentially cheaper in
application with more consistent results, thus improving the overall safety of the material. This suggests the need for a comprehensive
test standard if this technology is accepted as the industry standard, and addresses the question of quality assurance during
manufacturing. For DOD, such a test may be required during quality assurance or acceptance testing. The team used commercially
available components for testing.

QUESTION 3: CHARACTERIZE YOUR UNDERSTANDING OF THE TECHNICAL ACCOMPLISHMENTS AND PROGRESS TOWARD OVERALL
PROJECT AND DOE GOALS.

A reviewer felt progress was shown in developing residual stresses with the waterjet and laser peening processes. Technology transfer
of the laser process is proceeding along with prototype development. Progress was shown in developing and enhancing the friction stir
process. Further comments highlighted that the briefing suggests industry applicability, and there is a readily-available manufacturing
base. There is potential for a follow-on project, but any follow-on project should be carefully evaluated for direct improvements to
industrial applications versus increasing the knowledge database.

The final reviewer said that this past year, the effort concerned LSP and WIJP tests. The PI did a nice job of presenting the physics of
the peening processes investigated. The peening process seems somewhat complicated, and it is quite interesting that an element of

.| 7-5



U.S. DEPARTMENT OF Energy EffiCienCY & ‘ ‘ ‘ ‘
ENERGY Renewable Energy 2010 Annual Merit Review, Vehicle Technologies Program

control exists. The residual stress enhancement with LSP is impressive. The WJP process was stated to produce longer fatigue life, but
results for WJP were not shown.

QUESTION 4: WHAT IS YOUR ASSESSMENT OF THE LEVEL OF COLLABORATION AND COORDINATION WITH OTHER INSTITUTIONS?
One reviewer deemed interaction among project collaborators to be effective and the collaborators as good. The others observed that

collaboration included several participating companies and the South Dakota School of Mines, and that collaboration includes
Cummins as well.

QUESTION 5: HAS THE PROJECT EFFECTIVELY PLANNED ITS FUTURE WORK IN A LOGICAL MANNER BY INCORPORATING APPROPRIATE
DECISION POINTS, CONSIDERING BARRIERS TO THE REALIZATION OF THE PROPOSED TECHNOLOGY, AND, WHEN SENSIBLE, MITIGATING
RISK BY PROVIDING ALTERNATE DEVELOPMENT PATHWAYS?

One reviewer expressed the view that the project appears to be completed. He found the results interesting and was hopeful that
industry would adopt these processing techniques. The second reviewer noted that the project will terminate in FY 2010 and a final
report is expected. The reviewer did not suggest any future work and, based on the presentation, believed the techniques would then
transition into industrial application(s). This reviewer suggested the team consider a test standard discussion with DOT, DOC, NTSB,
and non-government organizations like ASTM. According to the final reviewer, testing is proposed for real components enhanced by
the laser process, and rolling bearing tests with waterjet peened components are also to be conducted. Work will continue to further
development of the friction stir processing technology.

QUESTION 6: HOW SUFFICIENT ARE THE RESOURCES FOR THE PROJECT TO ACHIEVE THE STATED MILESTONES IN A TIMELY FASHION?
Of the two reviewers offering relevant comments on this question, one termed the cost-sharing arrangement excellent. The other

believed the resources to have been adequate for the work performed. The third merely noted the project’s probable termination in FY
2010.
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Fue/ InjeCtor HOIeS (Fabncatlon Of Mlcro'onﬂces for Fuel Fuel Injector Holes (Fabrication of Micro-Orifices for Fuel Injectors)

Injectors): George Fenske (Argonne National Laboratory) | oseferse sttt aonty T e
5.00 ki This Project «lud=Program Area Average

REVIEWER SAMPLE SIZE

This project had a total of 3 reviewers. 400 -

QUESTION 1: DOES THIS PROJECT SUPPORT THE OVERALL DOE ]

OBJECTIVE OF PETROLEUM DISPLACEMENT? WHY OR WHY NOT? 00

All three reviewers commenting agreed that this project is relevant to

DOE’s goal of reducing petroleum consumption and cited specific | 2.00 4

mechanisms by which improved fuel injector design would

contribute to meeting this goal. The first reviewer said the project is 100 |

to develop fuel injector manufacturing technology to reduce diesel

emissions by reducing in cylinder production of particulates: this

project also improves fuel efficiency. Another noted that the basic | 0.00 4

philosophy of this topic is fuel injector design to reduce engine-out Approach AccomLelig:ments olatoraton e feseareh Weinied Avereoe

PM. Reducing PM reduces regeneration frequency, which is
especially important for medium to light duty vehicles. These
vehicles will require an active PM regeneration, which is a high fuel
consuming cycle. By better control of emissions, the engine
manufacturers have more flexibility in calibrating their engine,
leading to improved fuel efficiency.

Yes
(100%)

QUESTION 2: WHAT IS YOUR ASSESSMENT OF THE APPROACH TO
PERFORMING THE WORK? TO WHAT DEGREE ARE TECHNICAL
BARRIERS ADDRESSED? IS THE PROJECT WELL-DESIGNED, Relovantto DOE objectves Suffciency ofResources

FEASIBLE, AND INTEGRATED WITH OTHER EFFORTS?

The three reviewers concurred in their positive evaluation of the project approach. The focus was sharply tailored to evaluating the
plating techniques uniformity and robustness. Uniformity is critical to meet required injector to injector variation metrics used by the
engine OEMs. Evaluating the plating robustness is also a critical aspect of meeting full operating life of this component. At the
beginning of the project, a great number of alternative technologies have been evaluated. This gives good confidence that the chosen
process is near optimum. There was good translation of the requirements in the final application to the upfront material testing. The
final reviewer noted several specific aspects of the work: use of an electroless nickel process that is mature and can be used in mass
productions; treat prototype component for technology transfer to industrial platers; spray visualization study by EPA; use of NDE
technique to assist evaluation; and incorporation of engine testing in plan.

Sufficient
— (100%)

QUESTION 3: CHARACTERIZE YOUR UNDERSTANDING OF THE TECHNICAL ACCOMPLISHMENTS AND PROGRESS TOWARD OVERALL
PROJECT AND DOE GOALS.

One reviewer called progress excellent and said it was highly likely the plating process would be amenable to mass production. The
second reviewer considered the objectives of this project to be excellent. It is well understood in the combustion community that fuel
vaporization is critical to meet low engine-out particulates: however, the barrier is lower engine-out emissions. The only weakness the
reviewer identified in this project is the absence of any emission data to validate that this particular approach is going to meet the
desired objective of lower PM. The reviewer did think the team was on the right track. The final reviewer listed a series of
accomplishments: addressed coating adhesion issue; transferred concept to industrial platers; demonstrated feasibility of 3-D X-Ray
imaging technique to examine the uniformity of coating; made excellent use of NDA tools; and evaluated application of high
frequency vibrator to simulate cavitation erosion.
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QUESTION 4: WHAT IS YOUR ASSESSMENT OF THE LEVEL OF COLLABORATION AND COORDINATION WITH OTHER INSTITUTIONS?

All three reviewers praised the collaboration evident in this project. One noted “great collaboration with many cross-functional
entities,” citing four project partners and their contributions (imaging technique with EPA, EDM supplier, Extrude Honing company,
Electoless Plating Company, and a fuel injector OEM). Another pointed out the collaborators’ “solid interest.” The third cited the
participation of the EPA as having improved the project and noted the beginning of cooperation with industry.

QUESTION 5: HAS THE PROJECT EFFECTIVELY PLANNED ITS FUTURE WORK IN A LOGICAL MANNER BY INCORPORATING APPROPRIATE
DECISION POINTS, CONSIDERING BARRIERS TO THE REALIZATION OF THE PROPOSED TECHNOLOGY, AND, WHEN SENSIBLE, MITIGATING
RISK BY PROVIDING ALTERNATE DEVELOPMENT PATHWAYS?

One reviewer said the planned future component testing “look[ed] good.” He suggested moving the scheduled engine testing forward,
expressing the view that injector design was far enough along to warrant engine and emissions testing. A second reviewer felt that
future plans were based on progress made to date and urged close attention to cavitation erosion test results, feeling they could lead to
increase manufacturer interest if positive, but could constitute “show stoppers” if results were poor. The third reviewer noted four

items of proposed future work: flow visualization study by EPA; prepare second generation multi-sized orifice nozzle for OEM;
conduct cavitation erosion study; and develop 3-D X-ray imaging.

QUESTION 6: HOW SUFFICIENT ARE THE RESOURCES FOR THE PROJECT TO ACHIEVE THE STATED MILESTONES IN A TIMELY FASHION?

A reviewer considered the project’s rate of expenditure and its results to be in balance. The other comment was that progress on
injector design looks good, and the only missing data is engine emission results.
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Tailored Materials for Advanced CIDI Engines: Glenn Tallorsd Matertals for Atvanced GIDI Engines
G ra nt ( Pa C I fIC NO rth we St N a tlo na I L a bo ra to ry) Glenn Grant (Pacific Northwest National Laboratory) Propulsion Materials

5.00 ki This Project «lud=Program Area Average
REVIEWER SAMPLE SIZE
This project had a total of 3 reviewers. 400 -

processing low cost materials to improve in-cylinder peak pressures. 100 |
This piston processing technique enables technology that allows the
engine to operate more efficiently. Other higher cost materials
accomplish the same goal, but by lowering the overall cost the | 0.00 +

technology is easier to implement in the marketplace. Allowing for Approach Acwm{ji‘;'.:mems
higher pressures when using aluminum pistons will lead to reduction
of fuel consumption, according to the second reviewer. The final
reviewer listed several aspects of the work that are relevant: improve
fuel efficiency; increase peak brake thermal efficiency and

durability; and reduce powertrain cost.

QUESTION 1: DOES THIS PROJECT SUPPORT THE OVERALL DOE

OBJECTIVE OF PETROLEUM DISPLACEMENT? WHY OR WHY NOT? 00
Reviewers generally agreed that this project supports DOE’s goal of
displacing petroleum. This project displaces petroleum by making | 2.00 4
the required fuel efficient technology at a lower cost. This is done by

1l

ion Future R h Weighted Average

Yes
(100%)

QUESTION 2: WHAT IS YOUR ASSESSMENT OF THE APPROACH TO
PERFORMING THE WORK? TO WHAT DEGREE ARE TECHNICAL
BARRIERS ADDRESSED? IS THE PROJECT WELL-DESIGNED,

FEASIBLE, AND INTEGRATED WITH OTHER EFFORTS?
A reviewer observed the project is focused on improving the strength of the materials in the piston bowl. Friction stirring is promising
for this application as well as for adding mixing materials for improved strength. The fundamental target is improved strength with a
lower cost material. However, this project is ending this year, and there is no engine validation in the plan. The key objective should
be demonstrating fuel efficiency. A solid approach is chosen, according to the second reviewer, who said that certain material
properties should have been under investigation somewhat earlier in the project to allow for corrective action (as an example thermal
conductivity of friction stirred nanotubes in the aluminum.) The final reviewer listed several activities: develop surface modification;
investigate FSP; and maintain primary focus on aluminum piston coupons.

Sufficient
— (100%)

Relevant to DOE objectives Sufficiency of Resources

QUESTION 3: CHARACTERIZE YOUR UNDERSTANDING OF THE TECHNICAL ACCOMPLISHMENTS AND PROGRESS TOWARD OVERALL

PROJECT AND DOE GOALS.

Two reviewers felt technical progress in this project was good to excellent. The first urged that the project report compare the
modified aluminum piston being investigated to the current steel piston for high cylinder pressures. He pointed out that a wider
operating window for the former would result in a reduction of overall fuel consumption. The second reviewer deemed that
theoretically, the initial goals seem to be met. This program shows good technical work to meet a desired goal. To this reviewer, the
program is missing the key objective of evaluating the technique in an engine: sufficient progress towards meeting this objective has
been produced, and it is time to evaluate this technique on an engine. The third reviewer cited three technical accomplishments of the

project: stirred in carbon nanotube and nanofiber to reduce CTE; studies of FSP mixing process; development of prototype piston
blank.
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QUESTION 4: WHAT IS YOUR ASSESSMENT OF THE LEVEL OF COLLABORATION AND COORDINATION WITH OTHER INSTITUTIONS?

A reviewer observed that collaboration with the partners in the project is good: an involvement of a piston manufacturer would
improve the consortium. The second comment was that the interaction with other partners looks very good. Since this project is
concluding soon, demonstrating the DOE objective should be the highest priority. Engine results that demonstrate the effectiveness of
the techniques should be highest priority at this time. The third reviewer said the team had worked closely with Missouri S&T, Cat,
and BYU, and is in the process of working with piston suppliers.

QUESTION 5: HAS THE PROJECT EFFECTIVELY PLANNED ITS FUTURE WORK IN A LOGICAL MANNER BY INCORPORATING APPROPRIATE
DECISION POINTS, CONSIDERING BARRIERS TO THE REALIZATION OF THE PROPOSED TECHNOLOGY, AND, WHEN SENSIBLE, MITIGATING
RISK BY PROVIDING ALTERNATE DEVELOPMENT PATHWAYS?

One reviewer termed the proposed work in line with the previous findings, and noted it is in its final stage. The second said future
work continues the theme of improving overall material strength using other mixing materials. The third reviewer cited three items of
future work (thermal and mechanical tests are planned; FSP trials for thermal property control, maybe using MMCs; and complete

trial in steel) and urged that consideration be given to constrained thermal fatigue tests of FSP samples and eventually producing
pistons with FSP bowl rims for rig and engine testing.

QUESTION 6: HOW SUFFICIENT ARE THE RESOURCES FOR THE PROJECT TO ACHIEVE THE STATED MILESTONES IN A TIMELY FASHION?
One reviewer deemed the project budget in balance with the mentioned activities. The other comments were that the material work is

generally meeting objectives, and a suggestion that the team consider doing constrained thermal fatigue test of FSP samples and then
component testing and engine testing.

.| 7-10
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NOx Sensor Development: Robert Glass (Lawrence MO Sensor Development
L Ive rmore Natlon al L aboratory) Robert Glass (Lawrence Livermore National Laboratory) Propulsion Materials
5.00 ki This Project «lud=Program Area Average
REVIEWER SAMPLE SIZE
This project had a total of 3 reviewers. 400 - I
QUESTION 1: DOES THIS PROJECT SUPPORT THE OVERALL DOE l
OBJECTIVE OF PETROLEUM DISPLACEMENT? WHY OR WHY NOT? 00
All reviewers agreed that this project supports DOE’s overall fuel
consumption reduction goal, directly and indirectly. Reliable, | 2.00 4
accurate, responsive and economical NOx sensors could greatly
facilitate the wider adoption of diesel engines in the light-duty T 00
vehicle sector by simplifying the task of bringing them into ]
compliance with the more stringent tier of emissions regulations.
The wider adoption of diesels would reduce LDV fuel consumption | 0.00 +
Approach Tech Collaboration Future R h Weighted Average

both directly, through per-vehicle fuel consumption reduction and Accomplishments
indirectly, through less severe fuel processing at the refinery.
Increasing the efficiency of engines can facilitate the reduction in
fuel consumption; NOx control is paramount in designing efficient
engines, according to the second reviewer. This project indirectly nswer
supports DOE petroleum displacement objectives by enabling low o
temperature combustion, PCCI, and other type of near-homogeneous
type combustion strategies that theoretically could improve the part
load efficient of advanced compression ignition engines.

Yes (67%)

No Answer
(33%)

Sufficient
(67%)

QUESTION 2: WHAT IS YOUR ASSESSMENT OF THE APPROACH TO Relevantto DOE objectives Sufficiency of Resources
PERFORMING THE WORK? TO WHAT DEGREE ARE TECHNICAL

BARRIERS ADDRESSED? IS THE PROJECT WELL-DESIGNED, FEASIBLE, AND INTEGRATED WITH OTHER EFFORTS?

Two reviewers commented favorably on the project approach. Using well-established and proven oxygen sensor technology as a point
of departure in the design of less expensive NOx sensors is a key advantage of the project approach. To the second reviewer, the
overall approach is logical and very good. The only suggestion is that the PI considers more cyclic testing to assess long term drift on
the LSM sensor; presentation material suggests that LSM sensor may not predict NOx accurately enough given the 100% error once
the NHj; concentration began to increase. The third reviewer praised the clear explanation of the approach and challenges given in the
presentation but felt the project duration to be excessive; over five years or more, he felt, focus may be lost and progress become
incremental.

QUESTION 3: CHARACTERIZE YOUR UNDERSTANDING OF THE TECHNICAL ACCOMPLISHMENTS AND PROGRESS TOWARD OVERALL
PROJECT AND DOE GOALS.

This project has made much progress in addressing certain sensing issues, including oxygen concentration and temperature
sensitivities; the group should be commended for their efforts. Nevertheless, this reviewer observed there is still much work in front of
the PI in producing an end product that precisely measures NOx while correcting for oxygen and NH; concentrations and temperature,
and can withstand the long term duty cycle of a light-duty engine warming up and cooling down. The second reviewer stated that the
evolution of the technology was described and the importance of various parameters was explained. However, more explanation
would have provided clarity on the following issues: What had happened over the past seven years? Did the research only concentrate
on the same material during this time period? What is being used in Europe?
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QUESTION 4: WHAT IS YOUR ASSESSMENT OF THE LEVEL OF COLLABORATION AND COORDINATION WITH OTHER INSTITUTIONS?

All three reviewers felt this project exhibited good to very good collaboration and coordination. One observed that working with a
major LD engine/vehicle producer is appropriate and commendable, and called the choice of Ford as the LDV builder partner
particularly apt, citing Ford’s patent on the sole currently available electrochemical NO, sensor. The second agreed, noting there was
very good collaboration between LLNL and Ford Motor Company; it is critical that the vehicle OEM will be assisting in testing these
sensors unde