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“The objective is to contribute to technologies with the
potential to reduce the dependence of vehicles on oil
and/or improve vehicle fuel efficiency”

Flgure ES-1. The QTR has framed six strategies to address national energy challenges.
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« Joint conferences, workshops and symposia organized
« Journal and conference papers published
« |P disclosures filed; US, China, and international patents issued

- Number, frequency, duration of personnel exchanged/collocated
among organizations

« Students graduated and students hired by CERC-CVC members and
affiliates

« Post-doctoral fellows trained
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Joint conferences, workshops and symposia organized
* 3 CERC-CVC-wide meetings, 6 EVI workshops o

e 51 Technical meetings (mostly by individual TA) o

Journal and conference papers published

* 152 papers published or accepted, 22 are joint gy

IP disclosures filed; US, China, and international patents
issued

12 in China, 20 in US (11 from Chinese side) o
Number, frequency, duration of personnel
exchanged/collocated among organizations

e ~ 80 short-term visits, 21 long-term (> 30 days) visits planned or
executed i)
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1. Advanced
Batteries and 4. Lightweight
Energy Structures
Conversion
2. Advanced 5. Vehicle-
Biofuels, Clean Grid
Combustion and Integration
APU
6. Energy
Systems
3. Vehicle Analysis,
Electrification Technology

Roadmaps and
Policies
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¢ US side:
— One project termination at UM (Departure of PI)

— Four projects added in Jan 2012 (supported by industrial
membership fee, research topics selected by industrial advisory
board with significant industrial involvement)

— Three more new projects planned ~Jan 2013 (to be supported
by industrial membership fee, research topics selected by
industrial advisory board)

2 China side:
— Addition of one project at THU (Thousand-talent candidate;
Prof. He Xin at THU focus on clean combustion)
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1. Advanced
batteries and
Energy
Conversion

3. Vehicle
Electrification

4. Lightweight
Structures

5. Vehicle-
Grid
Integration

6. Energy
Systems Analysis
Technology
Roadmaps and
Policies

10
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Introduction to the
CERC-CVC Battery Thrust

Xinping Qiu! and Don Siegel?
Battery & Energy Conversion Thrust Co-Leaders

1Chemistry Department, Tsinghua University
’Mechanical Engineering Department, University of
Michigan

CERC Steering Committee, January 10, 2013
Washington, DC
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—i ENERGY RESEARCH CENTER TA1 Goals
TN\ :

] o
* Degradation: Combine modeling and advanced 7 N3

characterization to understand degradation
mechanisms in Li-ion batteries.

y Cathode
-
L +
d I R a
. 7
/
|

* Modeling, Controls, and Implementation: To
extend battery life, develop battery management
systems with on-board balancing technologies.
Review protocols for battery testing & safety.
Explore pathways for reuse & recycling of batteries.

* New Chemistries: Advance Li-air and Li-sulfur
chemistries towards commercial viability by
revealing limiting phenomena and developing
materials/architectures that overcome these iiilii}

obstacles. i I I
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Degradation

Babu (OSU)
Bhushan (OSU)
Conlisk (OSU)

Cao & Canova (OSU)
Daniel (ORNL)
Leung (Sandia)

Amine (ANL)

Modeling &

Controls
Bernstein & Stein (UM)

TA1l Projects and Personnel

Protocols, Recycling

Bloom, Gaines, Sullivan (ANL)

New Chemistries
Siegel (UM)
Van der Ven (UM)
Shao-Horn (MIT)
Ceder (MIT)

Degradation
Qiu (THU)

Modeling &

Controls
Lu (THU)

Protocols, Recycling
Hua (THU)

New Chemistries
Wu (BIT)
Kang (THU)
Qui (THU)
He (THU)
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- « Accumulation of Mn on Li
anode can be detected
Cathode dbwm lyte anode .
after formation, and

continues to increase
Cataly515 .
processes upon cycling.

L8 « Mn on the anode exhibits

1.6 - . .

% v +2 oxidation state, NOT
~12] e Mn(0), which is the main
10 T EOL reason for increase in
S '

g 087 | VB0 internal resistance.
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%@ Test protocols used:

— USABC EV DST

— China QC/T 743 and 846 protocols
%2 Similarities in the protocols

Usable DOD (energy) window, temperature,
capacity measurements at RPT and EOT at
80% performance degradation

%2 Differences in the protocols

Constant-current cycling vs. dynamic, power-
based cycling

Power density measurement at 50% DOD (10-
s pulse) vs. peak power estimation at 80%
DOD (30-s pulse)

RPT frequency: 24 cycles (6 days) vs. 50 cycles
(10.5 days)

RPT duration: 18 h vs. 35 h

f'M"‘I“J It

- Wl”‘?fﬂfiiﬁm"”-ﬂ

Early results indicate
that the USABC test
protocol stresses the
cells more than the
Chinese test protocol

15
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A multi-scale approach to study degradation of morphology, electrical properties and
chemical structure in Li-ion battery materials

Increase in o .
Leads to . ! Li Migration
Porosity

Unageci Aged & T T T T T
Surface height .

Agglomeration

. ) 3,20
Li concentration (atoms/cm’) (107)
w
[
|

Porosity

[o]uonoeyy aseyd ajeydsoyd uoi|

Li concentration (atoms/' cma) 4l 020)

0 2pm 0 2um 0

Depth (um)

© Agglomeration of particles | | © Porosity increase causes
observed with high loss of active material More Li builds up on the
resolution AFM imagining and subsequent loss of anode surface with aging

e i i . while total Li drops in

% Dropin ?Igctrlcal capacity. P
conductivity cathode. 6
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Phenomena

Objective: to reveal key factors that limit battery performance

Energy Environ. Sci. 5, 8927 (2012)

Voltage gap
4.5
o <«— Charge
< 407
T T T é 357
30k - - - — - Initial open-circuit potential _ | g
' > 30}
= 100 mA/g
< 28~ With O, transport limits, 7] '-% 251
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2 o4 S—— = : 1 ‘ 5 : 4, 2999
g 0 ,000 ,000 (2011)
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: | ' ' o \ —O— Discharge
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" . E :
Simulated discharge curves > Energy
illustrating the effects of O, transport g 1000 Environ. Sci. 4,
. . . Q 2952 (2011)
or electrical passivation. o
J. Electrochem. Soc. 158, A343 (2011) % 5 10 15 20 25 30

Cycle number Nano Lett. 12, 4333 (2012)
Nature Mat. 11, 19 (2012) 18
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XANES Spectroscopy First-Principles Modeling
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% (NH,)55,04

Bm S :V N LY » Polymerization creates
Thermal Treatment — 4 a shell which prevents
MWCNT S/MWCNT /ANi-S /i\/IWC.NT the Sulfur shuttle
e mechanism.
W,

» Benefits: columbic
| efficiency doubled
] (~90%), discharge

@) | —— PAN-S-MWONT :' g {b) —e—200m Alg 5 . . .
= e & om0, e | Y, capacity maintained
F < ] g (1334.4 mAh g™,
> = & .
5 gt ol improved rate
g g 3 performance (634.1

o3 500 1‘0'00 1500 2000 2500 E 0 P | - mAh/g at 1C)
Specific Capacities (mAh/g-sulfur) w - 1 W8 a8 40 54 Bk I W
J. Phys. Chem. C, 2011, 115 (49),24411 ™™
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1" o () = Ol'l\l
Argonne oo [ :

AKX RIDGE NATIONAL LABORATOR!

NATIONAL LABORATORY

Llecrane vorts
UNIVERSITY OF MICHIGAN

hAMAEAL Chinese KA EEMXEE US
Participants Participants

LIBEHKRE (Thy) Al
M_lr)ggao Ouyang ,Hewu Wang, Jiuyu Du Gre eoéa' Mlng-
Xiliang Zhang W] E RSS2 AN
Zanji Wang ichael Wan
Xunmin Ou 3. RIS E R LI
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Guiping Zhu 4R EEE
Hong Huo Dawn Man
2. L TR ZERMRKF(BHU) 5.FF 4 B T8 (MIT)
Lingjun Song lohn Heywood
3 RdbHKE Sl
Yongping Yang '
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¢ Develop CV energy efficiency and carbon
Argomeo targets and evaluate life cycle
performance of CV powertrain

oy @ |dentify optimal fuel mix strategies &

Sandia

@) . constraints

2 Develop recommendations for fuel
economy and GHG standards and labels
for PEVs

UNIVERSITY OF MICHIGAN

I'I"”“"‘"‘“ @ Develop tech-roadmap & policy
A recommendations for accelerating clean
Argonne T vehicle deployment

I I Technology

22
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Electrified vehicle emissions and labeling analysis was
conducted with input from policy analysts at the EPA’s
National Vehicle & Fuel Emissions Laboratory
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PHEV-40 Hood Case Study

Methodology
Material Production and Mfg. GHG Emissions Vehicle Use-Phase GHG Emissions
(, _ s \ Results
; . - P I: _ : - _ -T-|-0-o-d“= Full fuel cycle GHG emissions from both gasoline
1 .. .
mass i and electricity consumption
Aluminum High Strength Conventional Steel | A A A 4\
7.67 k Steel 17.60 k I L- P
( 9 11.27 k ( 9 1 Electricity fuel EPA eGRID P
k (11. 9) ) H combustion | Electricity fuel combustion [§ | !
c A A A A | GHG emissions GHG emissions E i !
5 = : Y P
sa | {  Steelproduction | e S P S
52 i ._____G_|‘l§_eq1_l§§lt_)ﬂ§____, sromamE Vehicle energy use 1 !
< é’i i RO”lng and : (gaso!ine and : :
2 oi I stamping GHG ! electric) | :
E i I emissions . : i
G i — / GREET \ Vehicle energy use on EPA urban P
. Steel production GHG and highway driving cycles I i
U.S. Aluminum emissions, aluminum o
Sourcing Study rolling and stamping __Gasoline full fuel-cycle GHG emissions 4o
Primary Al production GHG GHG emissions, gasoline | !
SS=Ions full fuel-cycle GHG Electricity fuel feedstock GHG emissions
emissions, electricity fuel
feedstock GHG

emissions /
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PHEV-40 Aluminum, High Strength Steel, and Conventional Steel Hood
Mass Allocated Lifetime GHG Emissions by Material Type, Production Area,
and Electricity Allocation Protocol

Most GHG-intensive charge region —

U.S. awerage electricity —

,,,,,,, Least GHG-intensive charge region —

Pacific Northwest Midwest Mid-Atlantic Southeast
Aluminum Aluminum Aluminum Aluminum Aluminum
(PCA-NERC) (PCA-NERC) (PCA-NERC) (PCA-NERC) (NERC)

US. AW, ;5 Avg. US. Awg.
HSS Conv. Steel.

Primary aluminum production GHG emissions vary significantly

based on production location and electricity allocation protocol .
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Daily Range Distribution
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Load curves overlaid by EV orderly
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0.6%

mU.S.

-wemerne | ANAlysis and sharing of new energy vehicle data,
submitted to DOE and MOST monthly.
http://www.transportation.anl.gov
http://www.car.tsinghua.edu.cn
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Establish framework and key .
technologies to implement

Traffic Control Center Electric Power Control Center

vehicle-grid systems: = -- & Srmart
— Use of Intelligent Transportation K, 1 (g‘a_;ging
— uldin
Systems technology to optimize T  — Systerﬁ
vehicle charging and energy use. i _ (SCGS)
— Development of adaptive battery
management systems, on and off
EV-RES

the grid

— Assess the impact of large-scale
deployment of PEVs on the grid and | &% &% &= &
develop technology and policy e
recommendations to accelerate EV | .. ==
deployment in the U.S. and China | i

Coordination

mWith TOU
®Without TOU

Charging load

3 model based

— Develop control strategies and on
. : s e s sz ¢ sz | transportation

protocols for vehicle-grid | “°°°° om0 F information

interactions 29
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U.S. Side

perrHI DENSO E ‘TN
HONDA ,é/ |« ,' TE

China Side

@ O

@M=D @ LisgeNn POlevIO JJ=

Duac @ ©

CAERI
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Chris'tia.n Fa.u _ Honda Clay Maranville Ford

Toshiaki Shimizu Honda Tony Phillips Ford Ken Labertaux Toyota
Wu Bi Honda Ming Kuang Ford iR Deiphi
Andy Drews Ford :

John Viera

John Absmeier Delphi

Bruce Moor Delphi Mike Safoutin EPA Heri Rakouth Delphi
Bradley Brodie Denso Clay Maranville Ford Mike Tamor Ford
Masaki Uchiyama Denso Tony Phillips Ford Tim Wallington Ford
Masafumi Kurata Denso Ming Kuang Ford Sandy Winkler Ford
Mike Safoutin EPA John Viera Ford Heiko Maas Ford

Mark Mehall Ford

Heri Rakouth
Joe Weishaag

Javed Mapkar Eaton

‘ Alaa Elmoursi Eaton Tomoya Tohnai Denso
Rob Cardno P Patrick Powell Denso
Mike Safoutin EPA Ken Labertaux Toyota

Jeff Al EPA
eff Alson 34
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2 UM is working with government agencies and CERC
industrial members to explore the possibility of creating
a joint battery lab with a 5-year budget of ~7.7M

2 Eaton, in collaboration with CERC researchers, plan to
install data collection systems on chargers for the
EVTown project (Mercy Davison, Normal, IL). The data
will improve plug-in vehicle usage and charging models
in CERC projects.
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2 TAG6 created a wiki-style repository of datasets, including
GPS travel data and grid data from China, accessible by
CERC researchers, including industrial members

2 On the Chinese side, significant collaboration with
industrial partners on battery research
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Toolbo ; i -
- Environmental Modeling
‘What links here

‘This section includes any kind of model or interactive data set which can be utilized to quantify environmental

Recent changes
i impacts or energy use in systems les of te model this section are: lfe-cycle

Media Meneger 4 inventory databases, emissions data for electric power plants, and vehicle emissions simulators
Site index KRR

Permanent ink % The sub-pages for this section can be accessed here

Gite this page

" Figure source: ANL

& greet disgramipg " 2] adhorizstion for —doc  * L a8258341 invoicepd!  *|| M) Rami Odish Chi-l.docx # show all downioads. X 36
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2 Goals and success metrics
@ Center projects and collaborative activities
2 Highlights of research results

@ Industry engagement

@ Expected outcomes by end-of-fifth year
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¢ High quality research
— ~100 journal papers, ~200 conference papers, 60 doctoral
students, ~50 IPs

@ Tight US-China collaboration
— ~ 40 Joint publications, ~10 Joint IPs
¢ Tight academic-Industrial partnerships

— Battery user-facility, CV model, analysis and design tools library,
battery testing standard, GHG and FE, LCA tools for next EPA
label and standards, continued collaboration beyond CERC

@ Technology transfer
— Commercialization of several CERC-CVC inventions
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3" CERC-CVC annual meeting scheduled for
Chongging in August 2013
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Initial framework of the six thrust areas of CERC-CVC defined.
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2091, 10. 97

20 China and US high level clean vehicle programs, followed by detailed research

project reports

Joint Work Plan of 2012 discussed and formed.
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®

Project report, poster display

@

Plan for 2013

o

Focused discussion for industrial member participation

@

Student exchange plan for 2013 43
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2 September 2009 in Beijing, China
@ September 2010 in Chicago, USA

2 March 2011 in Beijing, China
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TAl

TA2 TA3

TA4

2012 TA Meetings

TAS TA6

2012 O O O O
January February March Aprll
MoTuWeThFr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 1 2 3 4 5 1 2 3 4 30 1
6 78 ()7 8 9101112 (56 78 91011 (2)3 4 5 6 7 8
9 10@12 13 14 15 13 14 15 16 17 18 19 12 13 14 15 16 17 18 9 10 11 12 13 14 15
16 17 18 19 20 21 22 20 21 23 @25 26 19 20 22 23 24 25 16 17 (18 19 @ 21 22
23 24 25 26 27 28 29 27 28 26@ 29 @ 31 23 24@ 26 @ 28 29
May June July August
MoTuWeThFr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
4 5 6 1 2 3 30 31 1 1 2 3 4 5
@8910111213 4 5 6 7.8 9 10 3 4 5 6 7 8 @789101112
14 15(16) 17 18 19 20 12 13 14 15 16 17 9 10 11 12 13 14 15 13 14@16 17 18 19
21 22 24 25 26 27 % 22 23 24 16 17 19 20 21 22 20 21 22 23 24 25 26
28 29 31 25 26 28 29 30 23 24 25 26 27 28 29
September October November December
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 2 1 2 3045 6 7 1 2 3 4
34 5 6 7 8 9 8 9 11 12 13 14 @678@1011
10 11 12 13 14 15 16 15 16 18 19 20 21 @@15 16 17 18
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24 25 gl'g 27 28 29 30 29 30 31 26 27 28 29 30 24 25 26 27 28 29 30
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2 Examples showing TA3 presentations in 2012 v

Computationally -Efficient Steady -State

2012-03-21 Solvers for Synchronous Machines. peatounsun
Electrical Variable Traction Transmission Longya Xu and
2 2012-04-18 (EVTT) System Based on DMP Machine. Jin Wang OsU

3 2012-04-18 Model-based State Estimation for Xiao He THU
Networked Systems

Research on a Battery Test Profile Based on Xuning Fend

4 2012-04-1 . :
012-04-18 Road Test Data from Hybrid Fuel Cell Buses Yang Minggao

THU

5 2012-05-16  Electric Drive Hazard Analysis >imona Onori, g,
Giorgio Rizzoni

Development of a Novel Multi-mode Zhu Futang, Yin

° 2012-06-20 Transmission for a HEV using a Single EM Chengliang

SITU
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¢ TA3, 2012 (cont.) v
. : Zhangxiao Wu
5 2012-06-20 Design Methodplogy for Smgle Planetary ER. UM
Gear Power Split Hybrid Vehicles :
Jing Sun
8 2012-09-19 Modeling, Control, and Simulations for A Hongliang Yuan TJU
Power-split Hybrid Electric Vehicle Jun Wang
9 2012-10-17 Full-automatic Code Generation Platform Geng Peng, Li THU
in VCU Development Jianqiu
10 2012-11-21 Torque Coordination Control During Mode  Li Chen, SITU
Transition for a Series Parallel Hybrid Chengliang Yin

Electric Vehicle

11 2012-11-21 Study on Motor/Vehicle Suspension for Tong Wei, HOU  THU
Better NVH Performance of Electric Vehicle Zhichao
Driven by In-wheel Motors
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1. Zhu Lei; Cheung C. S.; Zhang W. G.; Huang Zhen; Effect of charge dilution on gaseous and particulate emissions fr'
a diesel engine fueled with biodiesel and biodiesel blended with methanol and ethanol. APPLIED THERMAL
ENGINEERING, 2011, 31(14-15):2271-2278.

2. Zhu Lei; Zhang Wugao; Huang Zhen. Influence of biodiesel-methanol blends on the emissions in the low-
temperature combustion of a direct-injection diesel engine using high levels of exhaust gas recirculation.
PROCEEDINGS OF THE INSTITUTION OF MECHANICAL ENGINEERS PART D-JOURNAL OF AUTOMOBILE ENGINEERING.
2011, 225 (D8), 1044-1054.

3. Haoyue Zhu, Stanislav V. Bohac, Kohei Nakashima, Luke M. Hagen, Zhen Huang, Dennis N. Assanis.
Effect of biodiesel and ethanol on load limits of high efficiency premixed low
temperature combustion in a diesel engine. Fuel (2012), http://dx.doi.org/10.1016/j.fuel.2012.10.073.

4. Dong Han, Andrew M. Ickes, Stanislav V. Bohac, Zhen Huang, Dennis N. Assanis. HC and CO emissions of premixed
low-temperature combustion fueled by blends of diesel and gasoline. Fuel, 2012, 99: 13-19.

5. Ying Huang, Fuyuan Yang, Minggao Ouyang, Lin Chen, Xueqing Yang. Optimal Feedback Control with in-Cylinder
Pressure Sensor under Engine Start Conditions, SAE2011-01-1422. EI: 20112714118883

6. Wu X., Yang F,, Lu L., Ouyang M. Dynamic control for low cost auxiliary power unit of electric bus. 2011 International
Conference on Electronic and Mechanical Engineering and Information Technology, EMEIT 2011. EI:20114014403139.

7. Li Wang, Xiangming He, Jianjun Li, Min Chen, Jian Gao, Changyin Jiang, Charge/Discharge Characteristics of
Sulfurized Polyacrylonitrile Composite with Different Sulfur Content in Carbonate Based Electrolyte for Lithium
Batteries, Electrochimica Acta, In Press, Available online, 7 April 2012.

8. Li Wang, Ning Li, Xiangming He, Chunrong Wan, Changyin Jiang, Macromolecule plasticized interpenetrating
structure solid state polymer electrolyte for lithium ion batteries, Electrochimica Acta, Volume 68, 30 April 2012,
Pages 214-2109.

9. Li Wang, Wenting Sun, Jiangjun Li, Jian Gao, Xiangming He*,Changyin Jiang, Synthesis of Electrochemically Active
LiMnPO4 via MnPO4-H20 with Different Morphology Prepared By Facile Precipitation, Int. J. Electrochem. Sci., 7, 49
2012, 3591-3600.
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10. Li Wang, Liwu Zhang, Jianjun Li, Jian Gao, Changyin Jiang, Xiangming He™*, First-Principles Study of Doping in .
LiMnPO4, Int. J. Electrochem. Sci., 7 (2012) 3362-3370.

11. Kegiang Ding, Li Wang, Jianjun Li, Haitao Jia, Xiangming He, Influence of Carbon Sources on the Preparation of
Li5Fe0.8C00.204 and its Electrochemical Performance, Int. J. Electrochem. Sci., 7 (2012) 1611-1619.

12. Li Wang, Jishi Zhao, Xiangming He, Jianguo Ren, Haipeng Zhao, Jian Gao, Jianjun Li, Chunrong Wan, Changyin Jiang,
Investigation of Modified Nature Graphite Anodes by Electrochemical Impedance Spectroscopy, Int. J. Electrochem.

Sci., 7(2012)554-560.

13. Li Wang, Jishi Zhao, Xiangming He, Jian Gao, Jianjun Li, Chunrong Wan, Changyin Jiang, Electrochemical Impedance
Spectroscopy (EIS) Study of LiNi1/3Co1/3Mn1/302 for Li-ion Batteries, Int. J. Electrochem. Sci., 7(2012) 345-353.

14. Ming Wang, Jianjun Li, Xiangming He, Han Wu, Chunrong Wan, The effect of local current density on electrode
design for lithium-ion batteries, Journal of Power Sources, Volume 207, 1 June 2012, Pages 127-133.

15. Huang ZL, Gao J, He XM, Li JJ, Jiang CY. Well-ordered spherical LiNixCo(1-2x)Mnx02 cathode materials synthesized
from cobolt concentration-gradient precursors. Journal of Power Sources, 2012;202:284.

16. Yang G, Jiang CY, He XM, Ying JR, Cai FP. Preparation of V-LiFePO4 cathode material for Li-ion batteries. lonics 2012;
18:59.

17. Yang G, Jiang CY, He XM, Ying JR, Gao J, Wan CR. Synthesis of Size-controllable LiFePO4/C Cathode Material by
Controlled Crystallization. Journal of New Materials for Electrochemical Systems 2012; 15:75.

18. Ye YH, Shi YX, Cai NS, Lee J, He XM. Electro-thermal modeling and experimental validation for lithium ion battery.
Journal of Power Sources 2012; 199:227.

19. Zhao HP, Zhang G, Jiang CY, He XM. An electrochemical and structural investigation of porous composite anode
materials for LIB. lonics 2012; 18:11.

20. Wang L, Sun WT, He XM, Li JJ, Jiang CY. Synthesis of Nano-LiMnPO(4) from MnPO(4)center dot H(2)O Prepared by

Mechanochemistry. International Journal of Electrochemical Science 2011; 6:2022. o
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21. Wang L, Zhao JS, He XM, Wan CR. Kinetic investigation of sulfurized polyacrylonitrile cathode material by .
electrochemical impedance spectroscopy. Electrochimica Acta, 2011; 56:5252.

22. Huang JJ, Wang XF, Liu JF, Sun XM, Wang L, He XM. Flexible Free-Standing VO(2)(B) Nanobelt Films as Additive-Free
Cathode for Lithium-lon Batteries. International Journal of Electrochemical Science 2011; 6:1709.

2 23.Yang G, Jiang CY, Cai FP, Ying JR, Gao J, Wan CR. Research Progresses of Micro/Nano-Structured LiFePO(4) Cathode
Material for Lithium-ion Batteries. Rare Metal Materials and Engineering 2011; 40:457.

“@

@

@

24. Zhang WJ, He XM, Pu WH, Li JJ, Wan CR. Effect of slurry preparation and dispersion on electrochemical
performances of LiFePO4 composite electrode. lonics 2011; 17:473.

25. Chen ZH, Ren Y, Qin Y, Wu HM, Ma SQ, Ren JG, He XM, Sun YK, Amine K. Solid state synthesis of LiFePO(4) studied
by in situ high energy X-ray diffraction. Journal of Materials Chemistry 2011; 21, pp.5604-5609.

26. DuanNing, Zhou Changbo, Chen Bing, XinBaoping et.al. Bioleaching of Mn from manganese residues by the mixed
culture of Acidithiobacillus and mechanism. Journal of Chemical Technology And Biotechnology.2011,v.86, 832-837.
27. Wu Feng, WangMeng, Su Yuefeng et.al. A novel method for synthesis of layered LiNi1/3Mn1/3Co1/302 as
cathode material for lithium-ion battery. Journal of Power Sources. 2010, v.195: 2362-2367

28. Wu Feng,WangMeng,Su Yuefeng et.al. A novel layered material of LiNi0.32Mn0.33C00.33AI10.0102 for advanced
lithium-ion batteries. Journal of Power Sources.2010, v.195; 2900-2904.

29. Wu Feng, Chen Rejie, Xiang lin,, et.al. Physicochemical properties of new binary protic ionic liquids based on 2-
Imidazolidone and trifluoroacetic acid. Journal of The Electrochemical Society. 2011, v.11; G227-G230.
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30. Wu Feng, Tan Guogiang, Chen Renlie et.al. Novel Solid-State Li/LiFePO4 Battery Configuration with a Ternary
Nanocomposite Electrolyte for Practical Applications. Advanced Materials.2011,v.23: 5081-5085.

@

31. XinBaoping, Chen Bing et.al. Extraction of manganese from electrolytic manganese residue by bioleaching.
Bioresource Technology. 2011, v.102: 1683-1687.
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32. XinBaoping, Chen Gang, ZhengWenchai et.al. Bioaccumulation of Cu-complex reactive dye by growing pellets of.
Penicilliumoxalicum and its mechanism. Water Research.2010, v.44: 3565-3572.

33. Wu Feng, Xiang Jin,ChenRenjie et.al. The Structure-Activity Relationship and Physicochemical Properties of
Acetamide-Based Bronsted Acid lonic Liquids. J. Phys. Chem. C.2010, v.114: 20007-20015.

34. Wu Feng, Chen Junzheng, Chen Renjie et.al. Sulfur/Polythiophene with a Core/Shell Structure: Synthesis and
Electrochemical Properties of the Cathode for Rechargeable Lithium Batteries. J. Phys. Chem. C.2011,v.115: 6057-6063.
35. Xiang Jin, Chen Renjie, Wu Feng et.al. Physicochemical properties of new amide-based protic ionic liquids and their
use as materials for anhydrous proton conductors. Electrochimica Acta. 2011, v.56:7503-7509.

36. Wu Feng, Zhang Minyu, Mu Daobin et.al. The effect of B and Fe substitution on the structure of AB3-type Co-free
hydrogen storage alloy. The Chinese Journal of Nonferrous Metals.2010, v.20:1885-1891.

37. Wu Feng, Zhang Minyu, Mu Daobin et.al. Characteristics Before and After Heat Treatment of Co-free AB3-type Fe
Substituted Hydrogen Storage Alloys Used for NI-MH Batteries. Advanced Materials Research. 2010, v.129-131:1049-
1054.

38. Wang Jing, Mu Daobin, Wu Feng, et.al. Effect of Content of Mg on the Electrochemical Performance of Lal-
xMgxNi2.8Co00.7 (x=0.1, 0.3, 0.5) Hydrogen Storage Alloy. Advanced Materials Research Vols.2010, v.113-114:2129-
2133.

39. DuanNing, Zhou Changbo, Chen Bing, XinBaoping et.al. Bioleaching of Mn from manganese residues by the mixed
culture of Acidithiobacillus and mechanism. Journal of Chemical Technology And Biotechnology.2011,v.86:832-837.

40. Wu Feng, WangMeng, SuYuefeng et.al. A novel method for synthesis of layered LiNi1/3Mn1/3Co01/302 as cathode
material for lithium-ion battery. Journal of Power Sources.2010,v.195: 2362-2367

41. Wu Feng, WangMeng, Su Yuefeng et.al. A novel layered material of LiNi0.32Mn0.33C00.33A10.0102 for advanced
lithium-ion batteries. Journal of Power Sources.2010, v.195: 2900-2904.
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42. Wu Feng, Chen Rejie, Xiang Jin,, et.al. Physicochemical properties of new binary protic ionic liquids based on 2—.
Imidazolidone and trifluoroacetic acid. Journal of The Electrochemical Society. 2011, v.11: G227-G230.

43. Wu Feng, Tan Guogiang, Chen Renlie et.al. Novel Solid-State Li/LiFePO4 Battery Configuration with a Ternary
Nanocomposite Electrolyte for Practical Applications. Advanced Materials. 2011, v.23: 5081-5085.

44. XinBaoping, Chen Bing et.al. Extraction of manganese from electrolytic manganese residue by bioleaching.
Bioresource Technology. 2011, v.102: 1683-1687.

45. XinBaoping, Chen Gang, ZhengWenchai et.al. Bioaccumulation of Cu-complex reactive dye by growing pellets of
Penicilliumoxalicum and its mechanism. Water Research.2010, v.44: 3565-3572.

46. Wu Feng, Xiang Jin, ChenRenjie et.al. The Structure-Activity Relationship and Physicochemical Properties of
Acetamide-Based Bronsted Acid lonic Liquids. J. Phys. Chem. C.2010, v.114: 20007-20015.

47. Wu Feng, Chen Junzheng, Chen Renjie et.al. Sulfur/Polythiophene with a Core/Shell Structure: Synthesis and
Electrochemical Properties of the Cathode for Rechargeable Lithium Batteries. J. Phys. Chem. C.2011, v.115: 6057-6063.

48. Xiang Jin, Chen Renjie, Wu Feng et.al. Physicochemical properties of new amide-based protic ionic liquids and their
use as materials for anhydrous proton conductors. Electrochimica Acta.2011, v.56:7503-7509.

49. Wu Feng, Zhang Minyu, Mu Daobin et.al. The effect of B and Fe substitution on the structure of AB3-type Co-free
hydrogen storage alloy. The Chinese Journal of Nonferrous Metals.2010, v.20:1885-1891.

50. Wu Feng, Zhang Minyu, Mu Daobin et.al. Characteristics Before and After Heat Treatment of Co-free AB3-type Fe
Substituted Hydrogen Storage Alloys Used for NI-MH Batteries. Advanced Materials Research .2010,v.129-131:1049-
1054.

51. Wang Jing, Mu Daobin, Wu Feng, et.al. Effect of Content of Mg on the Electrochemical Performance of Lal-
xMgxNi2.8C00.7 (x=0.1, 0.3, 0.5) Hydrogen Storage Alloy. Advanced Materials Research Vols.2010,v.113-114:2129-
2133.
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52. Li Li, Ge Jing, Wu Feng et.al. Recovery of cobalt and lithium from spent lithium ion batteries using organic citric .
as leachant. Journal of Hazardous Materials.2010, v. 176 : 288-293.

53. Fang Kai Zheng, Chen Shi, Mu Dao Bin et.al. Thermal behavior of nickel-metal hydride battery during charging at a
wide range of ambient temperatures. Journal of Thermal Analysis and Calorimetry. 2011, v.105:383-388.

54. Huang Qing, GaoXin et.al. Bioavailabiliy of Phenanthrene to Earthworms in Four Typical Soils of China. Advanced
Materials Research.2011, v.(183-185): 537-541.

55. Yu Yajuan, Baoliying et.al. Environmental Quality Variation in Lake Dianchi Watershed. Procedia Engineering, 2010,
v.2: 76-81.

56. Ye Longhao, Yu Yajuan et.al. Management Information System (MIS) for Planning and Implementation Assessment
(P1A) in Lake Dianchi. LSMS/ICSEE 2010. 2010, LNCS 6328: 120-128.

57. Li Li, Chen Renjie, Sun Feng et.al. Preparation of LiCoO2 films from spent lithium-ion batteries by a combined
recycling process Hydrometallurgy. 2011, v.108:220-225.2

58. Li Li, Ge Jing, Chen Renjie et.al. Environmental friendly leaching reagent for cobalt and lithium recovery from spent
lithium-ion batteries. Waste Management. 2011, v.30:2615-2621.

59. Li Li, Chen Renjie, Jing Ge et.al. Improved performance of TiO2 electrodes coated with NiO by magnetron sputtering
for dye-sensitized solar cells. Applied Surface Science. 2010, v.256:4533-4537.

60. Wu Feng, Chen Junzheng, Li Li et.al. Improvement of rate and cycle performance by rapid polyaniline coating of a
MWCNT/Sulfur cathode. J. Phys. Chem. C.2011, v.115:24411-24417.

61. He Xiao, Wang Zidong, Ji Y. D., Zhou Donghua. Active fault tolerant control for a class of networked systems with
partial actuator failures. SAFEPROCESS 2012.

62. He Xiao, Wang Zidong, Ji Yindong and Donghua Zhou. State estimation for networked systems with randomly
occurring quantizations. International Journal of Systems Science .
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63. Wang Xiaofeng, He Xiao and Wang Zidong. State estimation for a class of nonlinear systems under muIti-packag.
transmission. WCICA 2012.

64. Tong Wei, Hou Zhichao. Vertical vibration analysis and parameter optimization on electric vehicle with suspended
in-wheel motor drive. The 2012 International Conference on Advanced Vehicle Technologies and Integration, July 16-
19, 2012.

65. Tong Wei, Hou Zhichao. Applicability of inerter to suspend in-wheel motor. Fisita2012.

66. Hao Liu, Xinbo Chen, Xinjian Wang. The state-of-the-art key technologies of the distributed drive electric vehicle.
ISFA2012-7149.

67. Liang Qiao, Xinjian Wang, Xinbo Chen, Hao Liu. Optimal Torque Allocation Strategy to Improve Fuel Economy of
Distributed Drive Electric Vehicle. VTI2012.

68. Liangfei Xu, Minggao Ouyang, Jiangiu Li, Fuyuan Yang, Languang Lu, Jianfeng Hua. Optimal sizing of plug-in fuel cell
electric vehicles using models of vehicle performance and system cost. Applied energy,
http://dx.doi.org/10.1016/j.apenergy.2012.10.010.

69. Liangfei Xu, Fuyuan Yang, Jianqiu Li, Minggao Ouyang, Jianfeng Hua. Real time optimal energy management
strategy targeting at minimizing daily operation cost for a plug-in fuel cell city bus. Int Hydrogen Energy,
2012,37(20):15380-92.

70. Liangfei Xu, Minggao Ouyang, Jiangiu LI, Fuyuan YANG. Dynamic Programming Algorithm for minimizing operating
cost of a PEM fuel cell vehicle. ISIE 2012.

71. Liangfei Xu, Fuyuan YANG, Mingyin HU, Jianqgiu LI, Minggao OUYANG. Comparison of energy management strategies
for a range extended electric city bus. RERHFKZFFE, 2012.

72. Liangfei Xu, Jiangiu LI, Minggao OUYANG, Yiming HAO. Coordinated Control of an Automatic Mechanical
Transmission for an Electrified City Bus. VPPC 2012.
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73. Liangfei Xu, Minggao OUYANG, Jiangiu LI, Fuyuan YANG, Languang LU. Optimal battery discharging strategy for a.
range extended fuel cell city bus. FISTA 2012.

74. Wu Zhiwei, Zhang Jianlong, Yin Chengliang and Zhao Zheng. Design of a soft switching bidirectional DC-DC power
converter for ultracapacitor-battery interfaces. International Journal Of Automotive Technology, 2011, 13(2), 325-336.

75. Geng PENG, Lijiangiu, Ouyang Minggao, et al. Embedded C Code Generation Platform for Electric Vehicle Controller.
2012 International Symposium on Electronical Engineering and Information Processing.

76. Li Qi, Fan Tao, Wen Xuhui, Zhuang Xingming, Wang Yongxing, A New Saturation Model of Interior Permanent
Magnet Machine for Electric Vehicle Application, 2012 IEEE Vehicle Power and Propulsion Conference.

77. Wei Sun, Tao Fan, Xuhui Wen, Numerical Simulation of Temperature Rise of a Direct-Driven Axial Flux Permanent
Magnet Wheel Motor with Experimental Verification, 2012 International Conference on Mechatronic Systems and
Materials Application.

78. Futang Zhu, Li Chen, Chengliang Yin, Design and analysis of a novel multi-mode transmission for a HEV using a
single electric machine, Vehicular Technology, IEEE Transactions on, 2012 (accepted)

79. Li Chen, Gang Xi, Jing Sun, Torque Coordination Control During Mode Transition for a Series—Parallel Hybrid Electric
Vehicle, Vehicular Technology, IEEE Transactions on, 2012, vol. 61, no.7, pp. 2936-2949

80. RfRE, [iffl, BRA R. RAZSRATERLHNESHREMNNIINEHE. RERE5THREFER
, 2012, 3(3): 265-275
81. Lei Jiang, Chris Mi, Xi Zhang, Siqi Li, Chengliang Yin. A Novel Soft-Switching Bidirectional DC-DC Converter with

Coupled Inductors. To appear, The Applied Power Electronics Conference and Exposition (APEC 2013), Accepted in
October 2012.

82. Xi Zhang, Chengliang Yin. Direct-Computation-Based Traction Motor Control for Dynamic Performance
Improvement in Electric Vehicles, FISITA 2012 World Automotive Congress, November 2012, Paper No. F2012-B02-033.
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83. Xi Zhang, Chengliang Yin, Powertrain sliding mode control in SHEV for improvement of fuel economy and ESS .
lifetime. Proceedings of the 1st Int. Conference on Smart Grids and Green IT Systems, April 2012, pp. 235-238.

@

D

84. Zhiwei Wu, Jianlong Zhang, Xi Zhang, Chengliang Yin. The Peak Current Control Strategy With Extended-state
Tracking Compensator For DC-DC In HESS. Journal of Shanghai Jiao Tong University, Accepted in September, 2012.

@

85. Xi Zhang, Lei Jiang, Chengliang Yin. Indirect Vector Based Hybrid Control Implemented with Digital Signal Processor
for Traction Motor in Pure Electric Vehicle. To appear, International Journal of Digital Content, Technology and its
Applications, Accepted in July 2012.

86. Wu Hong-jie, Yuan Shi-fei, "Thermal behavior and modeling of Lithium-ion cuboid battery," in FISITA 2012 World
Automotive Congress, Beijing, 2012.

)

“

87. Wu Hongjie, Yuan Shi-fei, Yin Chengliang "A lithium-ion battery fractional order state space model and its time
domain system identification," in FISITA 2012 World Automotive Congress, Beijing, 2012.

@

88. Yuan shifei, Wu Hongjie, Yin Chengliang, "A lithium-ion battery fractional order model and its parameter
identification method " presented at the 2012 International Conference on Advanced Vehicle Technologies and
Integration (VTI2012) 2012,Changchun.

89. Hong Huo, Michael Wang, Xiliang Zhang, Kebin He, Huiming Gong, Kejun Jiang, Yuefu Jin, Yaodong Shi, Xin Yu.
Projection of energy use and greenhouse gas emissions by motor vehicles in China: Policy options and impacts . Energy
Policy, Volume 43, April 2012, Pages 37-48.

90. Hong Huo, Michael Wang. Modeling future vehicle sales and stock in China . Energy Policy, Volume 43, April 2012,
Pages 17-29.

91. Hong Huo, Kebin He, Michael Wang, Zhiliang Yao. Vehicle technologies, fuel-economy policies, and fuel-
consumption rates of Chinese vehicles . Energy Policy, Volume 43, April 2012, Pages 30-36.

L)

“©

“©

©

92. Hong Huo, Qiang Zhang, Kebin He, Zhiliang Yao, Michael Wang. Vehicle-use intensity in China: Current status and

future trend. Energy Policy, Volume 43, April 2012, Pages 6-16. 57
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93. Michael Wang, Hong Huo, Salil Arora. Methods of dealing with co-products of biofuels in life-cycle analysis and .
consequent results within the U.S. context. Energy Policy, Volume 39, Issue 10, October 2011, Pages 5726-5736.

94. Huiming Gong, Michael Q. Wang, Hewu Wang. New energy vehicles in China: policies, demonstration, and
progress. Mitigation and Adaptation Strategies for Global Change. March 2012.

95. Zhigiang Han, Xiaoran Huang, Alan A. Luo, Anil K. Sachdev and Baicheng Liu. A quantitative model for describing
crystal nucleation in pressurized solidification during squeeze casting. Scripta Materialia.2012,Volume 66, Pages215-
218.

96. Li Li*,Lu jun, RenYang, ZhangXiao Xiao, Chen Ren Jie, Wu Feng, Amine Khalil. Ascorbic-acid-assisted recovery of
cobalt and lithium from spent Li-ion batteries. Journal Of Power Sources, Volume 218,2012,Pages21-27.

97. Wang Hewu, Vyas Anant, Michael (Quanlu) Wang, Ouyang Minggao. Market analysis of new energy vehicle
commercialization in USA. AUTOMOTIVE ENGINEERING. (in Chinese), accepted

98. Gongyao Gu, Shaoting Lin, Yong Xia, Qing Zhou, Chin-Hsu Lin. Experimental study on influence of section thickness
on mechanical behavior of die-cast AM60 magnesium alloy. Materials and Design,Volume 38, Feb.2012, Pages124-132.

99. Peng Bai,Daniel A. Cogswell and Martin Z. Bazant. Suppression of Phase Separation in LiFePO4 Nanoparticles During
Battery Discharge. NANO LETTERS, Volume11,2011,Pages4890-4896.

100. Li Li, Jennifer B. Dunn, Xiao Xiao Zhanga, Linda Gaines, Ren Jie Chen, Feng Wu*, Khalil Amine*. Recovery of Metals
from Spent Lithium-ion Batteries with Organic Acids as Leaching Reagents and Environmental Assessment. Journal of
Power Sources,2012.

101. Taolin Zhao, Shi Chen, Li Li*, Xiaofeng Zhang, Renjie Chen, llias Belharouak,Feng Wu, Khalil Amine**. Synthesis,
characterization, and electrochemistry of cathode material Li [Li0.2C00.13Ni0.13Mn0.54]02 using organic chelating
agents for lithium-ion batteries. Journal of Power Sources. Volume228,2012, Pages206-213.

102. Timothy J. Wallington, James E. Anderson, Donald J. Siegel, Michael A. Tamor, Sherry A. Mueller, Sandy L. Winkler,
and Ole J. Nielsen, "Sustainable Mobility, Future Fuels, and the Periodic Table," Journal of Chemical Education,
dx.doi.org/10.1021/ed3004269, 2012. 58
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@

103. Ramdon, S., Bhushan, B., “High Resolution Morphology and Electrical Characterization of Aged Li-ion Battery .
Cathode,” J Colloid Interface Sci., 380, 187-91, (2012).

104. M. D. Radin, F. Tian, and D. J. Siegel, Electronic Structure of Li202 (0001) Surfaces. J. Mater. Sci., DOI:
10.1007/s10853-012-6552-6 (2012). (Invited Article in Special Issue: First Principles Computations).

105. M. D. Radin, J. F. Rodriguez, F. Tian, and D. J. Siegel, Lithium Peroxide Surfaces Are Metallic, While Lithium Oxide
Surfaces Are Not, JOURNAL OF THE AMERICAN CHEMICAL SOCIETY, dx.doi.org/10.1021/ja208944x.

106. Gay, W. Liu, K. Yin, X. Su, H. Li, Y. Gao, X. F. Tang, and C. Uher, Enhanced Hole Concentration Through Ga Doping
and Excess of Mg and Thermoelectric Properties of P-type Mg2(1+z)(Si0.35Sn0.7)1-y Intermetallics, 32, 352-361 (2013).

107. Mohamad Akbar Ali, V. Tyler Dillstrom, Jason Y. W. Lai and Angela Violi, Ab Initio Investigation of the Thermal
Decomposition of n-Butylcyclohexane, 34th International Symposium on Combustion Warsaw, Poland, 29th July- 3rd
August 2012.

108. Pingen Chen and Junmin Wang, "Control-Oriented Modeling and Observer-based Estimation of Solid and Gas
Temperatures for a Diesel Engine Aftertreatment System," ASME Transactions Journal of Dynamic Systems,
Measurement and Control, Vol. 134, Issue 6, 061011 (12 pages), 2012

109. Junfeng Zhao and Junmin Wang, "Energy-based and Oxygen-based Biodiesel Blend Level Estimation Methods for
Diesel Engines," Proceedings of the 2012 American Control Conference (Invited Paper), pp. 4975 - 4980, 2012.

)
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110. Pingen Chen and Junmin Wang, "Control-Oriented Modeling of Thermal Behavior for a Diesel Oxidation Catalyst,"
Proceedings of the 2012 American Control Conference, pp. 4987 - 4992, 2012.

111. W. Liu, X. F. Tang, H. Li, K. Yin, J. Sharp, X. Zhou, and C. Uher, Enhanced Thermoelectric Properties of n-type
Mg2(Si0.4Sn0.6)1-ySby due to Nano-sized Sn-rich Precipitates and an Optimized Electron Concentration, Journal of
Materials Chemistry 22, 13653-13661 (2012).

112. Junfeng Zhao and Junmin Wang, "Effect of Exhaust Gas Recirculation on Biodiesel Blend Level Estimation in Diesel
Engines," ASME Transactions Journal of Dynamic Systems, Measurements, and Control, Vol. 135, Issue 1, 011011 (7
pages), 2013 59
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113. Junfeng Zhao and Junmin Wang, "On-Board Fuel Property Identification Method Based on Common Rail Press.
Signal," Proceedings of the 2012 ASME Dynamic Systems and Control Conference (Invited Paper), pp. 2238 - 2245,

2012.

114. W. Liu, X. Tan, K. Yin, H. Liu, X. F. Tang, J. Shi, Q. Zhang, and C. Uher, Convergence of Conduction Bands as a Means
of Enhancing Thermoelectric Performance of n-type Mg2Sil-xSnx Solid Solutions, Physical Review Letters 108, 166601-
1—166601-5 (2012).

115. W. Liu, X. F. Tang, H. Li, J. Sharp, X. Zhou, and C. Uher, Optimized Thermoelectric Properties of Sb-doped
Mg2(1+z)Si0.5-ySn0.5Sby Through the Adjustment of Mg Content, Chemistry of Materials 23, 5256-5263 (2011).

116. X.J. Tan, W. Liu, H.J. Liu, J. Shi, X. F. Tang, and C. Uher “Multiscale calculations of thermoelectric properties of n-
type Mg2Sil-xSnx solid solutions” Phys. Rev. B 85, 205212 (2012).

117. Pingen Chen and Junmin Wang, “Oxygen Concentration Dynamic Model through a Diesel Engine Aftertreatment
System,” Proceedings of the ASME Dynamic Systems and Control Conference (Invited Paper), pp. 867 - 874, 2011.

@

@

)

©

©

118. Pingen Chen and Junmin Wang, "Oxygen Concentration Dynamic Model through a Diesel Engine Aftertreatment
System," Proceedings of the ASME Dynamic Systems and Control Conference (Invited Paper), 2011.

@

119. J. Pries, H. Hofmann. "Harmonic balance FEA of synchronous machines using a traveling-wave airgap model,"
Conference Proceedings of the 2011 IEEE Vehicle Power and Propulsion Conference (VPPC), Chicago, lll., 6-9 Sept. 2011.

@

120. Onori, S., Rizzoni, G., Cordoba, A." A Prognostic Methodology for Interconnected Systems: Preliminary Results ".
8th IFAC International Symposium on Fault Detection, Supervision and Safety of Technical Processes, Mexico, Aug. 27-
28, 2012.

121. J. Pries, H. Hofmann. ”Steady-State Finite Element Analysis of Magnetic Devices using a Shooting-Newton/GMRES
Algorithm with Runge-Kutta Integration”, Conference Proceedings of the 2012 IEEE Energy Conversion Congress and
Exposition (ECCE), Raleigh, N.C., 15-20 Sept. 2012.

122. X. Zhang, C. Li, and H. Peng, “Prius+ and Volt-: Configuration Analysis of Power-Split Hybrid Vehicles with a Single
Planetary Gear,” IEEE Transactions on Vehicular Technologies, Vol. 61, Issue 8, Oct. 2012, pp.3544-3552. 60
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123. C. Li, X. Zhang and H. Peng, “Design of Power-Split Hybrid Vehicles with a Single Planetary Gear,” Proceedings o.
2012 ASME Dynamic Systems and Control Conference, Ft. Lauderdale, FL.

124. X. Zhang, C. Li, D. Kum, H. Peng and J. Sun, “Configuration Analysis for Power Split Hybrid Vehicles with Multiple
Operating Modes,” Proceedings of the 11th International Symposium on Advanced Vehicle Control, Seoul, Sep. 9-12,
2012.

125. Wang, H. and Yu, J., 2012, “The non-closed parts optimal fitting method based on curvature Hausdorff distance
using 3D non-contact measurement points,” Proc. IMechE Part D: J Auto. Eng., doi: 10.1177/0954407012451217.

126. Lou, M, Li, Y. B,, Lin, Z. Q., and Chen, G. L., 2011, “Effects of Direct Current on Formability of Self-Piercing Rivet
Joints of Dissimilar Sheet Metals,” Steel Research International, Special Edition, 679-684.

127. X. Xi, R. Sioshansi, and V. Marano, “A Simulation-Optimization Model for Location of a Public Electric Vehicle
Charging Infrastructure”, Transportation Research Part D: Transport and Environment.

128. R. Hermans, M. Almassalkhi and I.A. Hiskens, "Incentive-based Coordinated Charging Control of Plug-in Electric
Vehicles at the Distribution-Transformer Level", to appear Proceedings of the American Control Conference, Montreal,
Canada, June 2012.

129. |. Beil and I. Hiskens, "A Distributed Wireless Testbed for Plug-in Hybrid Electric Vehicle Control Algorithms," in
Proc. of the North American Power Symp., Champaign, Ill., 2012.

130. T. K. Lee, Z. Bareket, T. Gordon, and Z. Filipi, Characterizing one-day missions of PHEVs based on representative
synthetic driving cycles, SAE Technical Paper 2011-01-0885, Journal of Engines, 2011.

131. T.-K., and Z. S. Filipi, Approaches for the computational efficient assessment of the PHEV impact on the grid,
Global Conference on Power Control and Optimization (PCO) 2011, 2011.

132. T.—K. Lee, and Z. S. Filipi, Response surface modeling approach for the assessment of the PHEV impact on the
grid, IEEE Vehicle Power and Propulsion Conference (VPPC) 2011, Chicago, IL, USA, 2011.

133. T.—K. Lee, and Z. S. Filipi, "Representative real-world cycles in Midwestern US: Michigan driving cycles", IFP
International scientific conference on hybrid and electric vehicles RHEVE 2011, Rueil-Malmaison, France, 2011. 61
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134. T.—K. Lee, Adornato, B., and Z. Filipi, Synthesis of Real-World Driving Cycles and Their Use for Estimating PHEV.
Energy Consumption and Charging Opportunities: Case Study for Midwest/US, IEEE Trans. Vehicular Technology, vol
60, no. 9, pp. 4153-4163, 2011.

135. Yuan, J.-H.; Hou, Y.; Xu, M.* China’s 2020 carbon intensity target: consistency, implementations, and policy
implications. Renewable and Sustainable Energy Reviews 2012, 16 (1), 4970-4981.

136. Xu, M.; Li, R.; Crittenden, J. C.; Chen, Y.-S. CO2 emissions embodied in China's exports from 2002 to 2008: a
structural decomposition analysis. Energy Policy 2011, 39 (11), 7381-7388.

137. Kelly, Jarod C., Jason S. MacDonald and Gregory A. Keoleian. “Time-dependent plug-in hybrid electric vehicle
charging based on national driving patterns and demographics.” Applied Energy 94: 395-405.

138. MacPherson, N. D., Keoleian, G. A. and Kelly, J. C. (2012), Fuel Economy and Greenhouse Gas Emissions Labeling
for Plug-In Hybrid Vehicles from a Life Cycle Perspective. Journal of Industrial Ecology, 16: 761-773. doi:
10.1111/j.1530-9290.2012. 00526.x

139. Cai, H.; Xu, M.* Assessing clean vehicle systems under constraints of freshwater resource. 2012 IEEE International
Symposium on Sustainable Systems and Technology. May 16-18, 2012, Boston, MA.

140. Keoleian, G.A. and J.L. Sullivan, “Materials challenges and opportunities for enhancing the sustainability of
automobiles” Material Research Society Bulletin, (2012) 37(4): 365- 373.

141. Yi-Chun Lu, Yang Shao-Horn,"Probing the Reaction Kinetics of the Charge Reactions of Nonaqueous Li—02
Batteries,” J. Phys. Chem. Letter, 2013, 4, pp. 93-99.

142.S.P. Ong, Y. Mo, G. Ceder, Low Hole Polaron Migration Barrier in Lithium Peroxide, Physical Review B, 85 (8),
081105 (2012).

143.Y. Mo, S.P. Ong, G. Ceder, First-Principles Study of the Oxygen Evolution Reaction of Lithium Peroxide in the
Lithium-Air Battery, Physical Review B, 84, 205446 (2011).

144. S. Kundu and I.A. Hiskens, "Hysteresis-based charging control of plug-in electric vehicles", Proceedings of the IEEE
Conference on Decision and Control, Maui, HI, December 2012, pp. 5598-5604. 62
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145. Dakai Hu; Lei Zhu; Longya Xu , "Maximum Torque per Volt operation and stability improvement of PMSM in .
deep flux-weakening Region,” Energy Conversion Congress and Exposition (ECCE), 2012, Page(s): 1233 —1237.

146. Ramdon, S., Bhushan, B., “High Resolution Morphology and Electrical Characterization of Aged Li-ion Battery
Cathode,” J Colloid Interface Sci., 380, 187-91, (2012).

147.Michele D. Nielsen, Vidvuds Ozolins, and Joseph P. Heremans, Doping Studies of I-V-VI2 Compounds with
Intrinsically Minimal Thermal Conductivity, International Conference of Thermoelectricity, Denmark, July 2012

148. Nielsen, M.D., Ozolins, V, Heremans, J.P. "Thermal Conductivity and Soft Phonon Modes in I-V-VI2
Compounds", Material Research Society Conference, April 2012, San Francisco, CA

149. Jaworski, C.M., Myers, R.C., Johnston-Halperin, E., Heremans, J.P., Nature 487, 210-213 (12 July 2012)
doi:10.1038/naturel11221

150. Jaworski, C.M., et al., Valence Band Structure of Highly Efficient p-type Thermoelectric PbTe/PbS Alloys,
International Conference of Thermoelectricity Denmark, July2012

151. Jaworski, C.M., Nielsen, M.D., et al. “Valence-band structure of highly efficient p-type thermoelectric PbTe-
PbS alloys” accepted by Phys Rev B.

152. Jaworski, C.M., Myers, R.C., Heremans, J.P., "Spin-Seebeck Power Generation", Material Research Society
Conference, San Francisco, April 2012.

63



U.S.~CHINA CLEAN 67 Posters Presented in 2012

ENERGY RESEARCH CENTER

W b R Annual Conference

Clean Vehicles Consortium

el A - Qu @I0-CE- L. -

64



U.S.—CHINA CLEAN Invention Disclosure and Patents
ENERGY RESEARCH CENTER

% TE R IRAT R (China side)

Clean Vehicles Consortium

1. 20120059129, METHOD FOR MAKING SULFURIZED POLYACRYLONITRILE .

£ 2.20120059128, SULFURIZED POLYACRYLONITRILE AND LITHIUM-ION BATTERY CATHODE ACTIVE
MATERIAL USING THE SAME

3. 20120059085, METHOD FOR MAKING CONJUGATED POLYMER

4. 20120052390, ELECTRODE COMPOSITE MATERIAL OF LITHIUM ION BATTERY, METHOD FOR
MAKING THE SAME, AND LITHIUM ION BATTERY USING THE SAME

5.20120052389, ELECTRODE OF LITHIUM ION BATTERY, METHOD FOR MAKING THE SAME, AND
LITHIUM ION BATTERY USING THE SAME

6.20120052368 MODIFIED CURRENT COLLECTOR OF LITHIUM ION BATTERY, METHOD FOR MAKING
THE SAME, AND LITHIUM ION BATTERY USING THE SAME

7.20120028120, ELECTRODE COMPOSITE MATERIAL, METHOD FOR MAKING THE SAME, AND
LITHIUM ION BATTERY USING THE SAME

8.20120028118, ELECTRODE COMPOSITE MATERIAL, METHOD FOR MAKING THE SAME, AND
LITHIUM ION BATTERY USING THE SAME

9. 20120028114, ELECTRODE COMPOSITE MATERIAL, METHOD FOR MAKING THE SAME, AND
LITHIUM ION BATTERY USING THE SAME

10. 20110300446, LITHIUM BATTERY CATHODE COMPOSITE MATERIAL
11. 20110236299, METHOD FOR MAKING LITHIUM-ION BATTERY ELECTRODE MATERIAL

o
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12. VBl K B AR, RS, [RET, 7%, IR0 oA EEEXKELA RBHFEENR. PEL .
BRZFIE{55: 201110110013.0

13. 8 Bk B4R, B RS, T8, TR REIKEVERZNAEASERXSES. PEL
BZFERiES: 200910311673.8

14. Bk FL AR PR S &, — M & 2 EGREVGTIZSI A E R R %, hEILBREF HIES
201110094588.8

15. Bk R 7 4RIR; F P HBA = 2. H IS8 MALEGRR ZANOXBERUK FE ISR E R EE. hEE AL
FIEH{55:201110112638.0

16. EXIHBAG 48R, 2. — M BTHES I A B EMHBI DR AT R ZEF 75 E. P E XL A
L F {55 :201110130472.5

17. —METZEEMENELEESAE. PE, LBHZEH. 201210229109.3

18. —M RSN E &iEeeRs, E, LBALF], 201210066119.X

19. —Fok AR L. R E, &AL, 201210074743.4

20. —FhiERE RinFIEEN. P E, KBRS FILEA, 201210109402.6

21. REANEEERHL. S E, £ BA201210074921.3

22. —MERSEEEREEN, 15, SuiF, BIEKE;

23. EFDC-DC BRI E R A IR E KA, B155201210461604.7

—
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Disclosure
TA Project Inventor Number Title

o
Improved Performance in Rechargeable Metal-air

5597 Batt F Level T

On-board State of Health Monitoring of Lithium-ion
Batteries Using Incremental Capacity Analysis with
Sun/Peng 5519Support Vector Regression

Engine onboard fuel property identification method using
2013-098/common rail pressure signal

- New concept for a rechargeable metal air batter
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2 ~40 short-term visits in 2011
2 ~40 short-term visits in 2012
2 Long-term exchange started in 2011

2 Xiankun Huang PhD Candidate (THU) |Battery Chemistries 07/11-08/12

PhD Candidate (UM)  |Power-split hybrid vehicles 06/12-06/12

6 Lily Zhang Assistant Prof. (WUT)  [Thermalelectric materials 02/11-01/12

Pre-admission (THU)  |Powertrain control 01/13-02/13

10 Yugong Luo Associate Prof. (THU)  |Vehicle-Grid Integration 08/13-08/14

12 Ziyou Song PhD Candidate (THU)  |Auxiliary energy capacitor 12/13-12/14
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Ingrid Bonde 1month at

14 Akerlind Master student (MIT) |Chinese auto market and policy THU

n Associate Prof. (SJTU) |Modeling of Li-ion battery packs, visited OSU ggggi_
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5 | ENERGY RESEARCH CENTER 1 ifi i
e e Vehicle Electrification Goal
Clean Vehicles Consortium
¢ To develop new concepts, models, methodologies, and [V}
tools to construct, analyze, design and simulate key

components of electrified vehicles, and to study their
controls and integrations.
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Jianqiu Li 43
Minggao Ouyang

ZhichaoHou
JunWang iV
UM Liangfei Xu
OoSuU Geng Yang
oSU Chengliang Yin
Zaimin Zhong

05U XuhuiWen  [[OCHTE:

Oosu William CAI JIE

OHIO
SIATE

UNIVERSITY

Sandia
National _
Laboratories

Powertrain Control and Svstem Inteeration
Components Design Distributed Vehicle y g.
Technologies

and Optimization Control Networks
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@ Collaboration/Exchange
activities:
— Visits/seminars
— Student exchanges

2 Industrial collaborations

— Monthly WebEx meeting
participation

— Exchange/training of design tools

— Annual conference presentations:

* Presentations from Ford and Delphi
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Clean Vehicles Consortium

Research Objectives

e Develop innovative and optimized
electric machines and drives to achieve
electrified powertrain with significantly

higher power density and efficiency.

Technical Approach

e Development of computationally-
efficient finite element tools for the
steady-state analysis of electric
machines (UM)

e Development of EVTT dual-mechanical

Computationally-
efficient 2-D FEA
steady-state solver

Motor efficiency map

Simulation of EVTT machine
and drive.

system efficiency map

port electric machine concept for - N - i

electric vehicle and hybrid electric - SN NUS— - - f_‘f" ) i,

vehicle applications. (OSU) ;f z &" g - YL !
e Model the unique features in 3 sl el § ) o

amorphous alloy such as saturation, g mppe d S B € ranrl

non-sinusoidal excitation and high- | T ot S e} B Szt

frequency eddy current effect (CAS) s - *J&:‘: awpat....

. . B0 %ol 240 1700 i 1600 2400 20 o0 0

e Design optimal permanent magnet Koot Ml

machine using the above magnetics
models (CAS)

Permanent magnet motor with amorphous alloy

laminations has been built and tested.

74



U.S.—CHINA CLEAN TA#3 Project 2: Control and optimization of
ENERGY RESEARCH CENTER

£ WS B IR AT L distributed vehicle network

Clean Vehicles Consortium

Research Objectives

Lithium
Battery

Develop hardware solutions, design tools,
and control strategies to optimize distributed
vehicle network architecture and information
management system for electrified vehicles.

Technical Approach

» Develop advanced hardware/software i

platforms, in-vehicle network control Vehicle Controller

systems and inter-vehicle communication Initial development completed for :four-wheel independent driving control,
o vehicle control system evaluation, hub motor drive control, and battery
and monitoring systems.

management system development

Permanent magnet hub motor

» Develop optimal cooperative control among
multiple power sources for the driving and
braking processes

» Develop optimal power management for
power-train systems with global positioning
systems (GPS) and inertial navigator
systems (INS), targeting 10% fuel economy
improvements.

{networki controller ( plant
* FlexRay communication system dé&sigrn completed and prototype built
» Software architecture for automatic code generation from Matlab/Simulink
model completed
+ Initial design of a new generation vehicle controller unit based on MPC564H-)

» This project will be led by Chinese partners,
in collaboration with U.S. CERC members.



TA#3 Project 3: System integration

U.S.—CHINA CLEAN

Enercy ResearcH CEnTER - technologies for improved efficiency, safety,
o % WS IR R .-
Clean Vehicles ConcoriuE reliability and NVH performance

Research Objectives

Develop new concepts and tools for modeling,
design and analysis for control and diagnosis
of electric power-trains to enable rapid
integration and optimization.

Technical Approach

* Develop a systematic, top-down design and
analysis framework for conceptual design,
analysis, and evaluation.

» Development of a modular and hierarchical
model structure to facilitate configuration

A complete Hazard Analysis along with Failure Mode and Effects Analysis
(FMEA) and Failure Tree Analysis (FTA) for clean vehicles powertrains

Sun

.. . . Gear S MG1 S —MG1]
optimization and trade-off analysis. 3‘}'!“_6[
. Complned mode!—pasgd mvgstlgqtlon and Ccﬂ - c cHH—E]
experimental verification for intelligent I H{Engine] " 2o R HHAHTEH
. . . C cr - . O - a0
dlagnOS|S and prognOS|S HLII_'_I (a) The original Prius (b) The Prius++
* NVH and safety analysis for components Gert Final Drive & © s s

and subsystems.

« |dentify key vehicle operating modes

» Development of a state machine diagram

» Case study on the control and diagnosis of
vehicles

< hbd ¢ P
RHFHHEGHHE] *HH

(a) The original Volt (b) The Volt —

Thorough analysis of all possible configurations of power-split hybrid
powertrain that use a single planetary gear. Dynamic Programming to identify;
best execution



U.S.—CHINA CLEAN

ENERGY RESEARCH CENTER Deep Dive: Configuration
o 3 R E RIRAT A B .. ..
Clean Vehicles Consortium  OPtimization and component sizing

Methodology Development

* Needs: Multiple design decisions on component sizes and
subsystem selections
« State-of-the-art: DP (Dynamic Programming) used for hybrid
vehicle sizing, but it is computationally expensive and
subject to “curse of dimensionality”
« PEARS (Power-weighted Efficiency Analysis for Rapid
Sizing):
« Combines statistical information in optimization and
efficiency analysis
« Highlights sensitivities of overall cycle efficiencies to
size parameters
« Provides a much faster method for sizing: over 5000
times faster without compromising optimality!
« Deals with several design variables such as MG sizes,
Final drive and R:S
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ENERGY RESEARCH CENTER Deep Dive: Configuration

PR IRTE RRA R R . [N ..
Clean Vehicles Consortium  OPtimization and component sizing

Vehicle Parameters

Analyze Target Cycle
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Vehicle Acceleration (mfsz)

Calculate the Comprehensive Power-
weighted Efficiency According to Battery

Cycle Information Size and Cycle Distribution

o

Optimize in the Sizing Parameter Space

Optimized Sizing

Parameters
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TRREREFLTC  optimization and component sizing

Clean Vehicles Consortium

- ™\ The Prius parameter is used as the baseline.
| for each configuration study. After

| executing PEARS, best designs are identified
[(——am=e|l  3nd the corresponding fuel consumptions
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TA#4 LIGHTWEIGHT STRUCTURES
B CrA CLEAN e MULTI-MATERIAL LIGHTWEIGHT BODY

TR RRFEE N g BSYSTEM OPTIMIZATION

Clean Vehicles Consortium
Karim Hamza (UM); Kazuhiro Saitou (UM)
Research Objectives Achievements

* Develop a methodology for
economically integrating
components made of lightweight

materials in vehicle structure with

maximum weight reduction benefit

Design Modifications

Technical Approach

Baseline B-Pillar Composite B-Pillar

Steel Volume 409.4 cm®
CCM Volume 700.0 em?®

Weight 4.45% kg

* Applying lightweight materials in key
structural subsystems while
maintaining crash performance.

e Optimize under constraints imposed
by manufacturing and joining

Steel Volume 1035.8 cm?

Weight 8.08 kg

processes . . . ot : rees i m&';m‘g : (Automated)
* Benchmark with a public-domain T A T
o« e LS-Pre/Post
Finite Element model of 2010 Toyota - (Manual) Mo . inipae
. LS-DYNA ) ) CAD Softwiare Create New
YarIS Model Nanmendm Capableo;:a‘\-f‘l(zgl Compamnt :
* Initial focus: carbon fiber-reinforced . — s — M i
composite B-pillar ‘Module a9
(Automated) Mode 81




TA#4 LIGHTWEIGHT STRUCTURES
‘ Do CHINA CLEAN - JOINING MULTI-MATERIAL VEHICLE STRUCTURES

PRI VE IRAT L F 8 WITH HYBRID FRICTION STIR WELDING PROCESS

Clean Vehicles Consortium

Jun Ni (UM); LAI Xinmin (SJTU)
Research Objectives Achievements

Material behavior test on Electro-Plastic Effect

Development of a hybrid Friction Stir
Welding process to enhance joint
quality for dissimilar materials,
enlarge processing window and
increase tool life

1200

10007

800
Electrode

600~

400+ —No current

Technical Approach

specimen

Engineering stress/MPa

*22.2A/mm2 for 1s

. . 200 —29.7A/mm? for 1

* Investigate the effectiveness of B
b 0.05 0.1 015 02 025

Engineering strain

Electro-Plastic Effect on various types
of light weight materials

* Develop constitutive material model
for Electro-Plastic Effect

* Integrate Electro-Plastic Effect into
Friction Stir Welding process

* Develop Finite Element Model
considering the electrical energy
based on the material model
developed before

* Optimize process parameters

Hybrid Friction Stir Welding based on Electro-Plastic Effect

Insulated brackets Conductive
brackets

/springs

Fixture

\ Conductive | 4 1
wheel 1

- Changeable l baclking
PCBN tool pin strip plate

Overview of the CAD model Partially magnified view?

Insulated

Traversely Spindle
moving part




TA#4 LIGHTWEIGHT STRUCTURES
| Eritroy Reatsren Center  STRUCTURAL CONFORMAL INTERFERENCE JOINING
£k fRA K H O FOR MULTI-MATERIAL VEHICLE STRUCTURES

Clean Vehicles Consortium

Achievements

Introduced galvanically isolating polycarbonate layer
between dissimilar metals. Maintains insulating
properties without cutting. Layers can be as little as
0.005” thick and appear to give great mechanical
properties.

Aluminum tube Polycarbonate insulation Steel core

Use high-speed conformal
interference joining to assemble
dissimilar metals

* Develop the engineering science

both behind the manufacturing

process and the assembly
performance

Technical Approach

Use insulating layer between
dissimilar metals.

* Explore axial and torsional strength in
static loading and fatigue for round
geometries with insulation.

* Explore development of non-axis
symmetric shapes.

* Develop clear design methodology

Zero codctivity
Strength in varied joint designs demonstrated
Curved Profile

Rectangular Profile

Design of joints with torsional and axial strength
properties
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TA#4 LIGHTWEIGHT STRUCTURES
D> CHINA CLEAN  7ex  AERODYNAMIC STYLING DESIGN FOR ELECTRIC-

HEWETE RIEA L F VEHICLE
Clean Vehicles Consortium
YANG Zhigang (TJU), ZHU Hui (TJU), WANG Yigang (TJU), LI Qiliang(TJU)

Research Objectives Technical Approach
e CFD

* Drawing
* CAD

e Significant reductions in aerodynamic drag of EV
e Aesthetic design of EV
* A new style with low CD and fine appearance

Achievements

sual
o]

{”"‘ o Gt A R E-TIRET TR :;w_ 75005000
Numerical ’ ~ Numerical Analysis on BGOTiw el amal oo
Analysis on ® . Effect of Back/Front = :

Effect of Vehicle ~ Windshield and Hood |
Length on s angle on Automotive s s
Automotive - Aerodynamic Drag
Aerodynamic = -
Dra g P m— Fig. 6 middle section velocity vector contour 84

Fig. 8 Ccﬁtorslﬁnd §tre.anz.xliﬁ.es ﬁt"sbc”mc.)dels at v=0 vlané-‘



Ls _cr TA#4 LIGHTWEIGHT STRUCTURES
ENERGY RESEARCH CenTER ~ STUDY OF CRASH SAFETY OF SMALL LIGHTWEIGHT

HEFTE RIBEIR P EV

Clean Vehicles Consortium

ZHOU Qing (THU), XIA Yong (THU), TANG Liang (THU)
Research Objectives Achievements

Study of influence of structural
design parameters and applications
of lightweight materials for crash
safety of small lightweight EV

CAD Model of 1000 kg EV

Technical Approach

*Define parameters of a study vehicle
*Build parameterized finite element
model for crash analysis

*Crash simulations and analyses
*Material selection for small
lightweight EV body

*Deformation and failure modeling
methods for lightweight materials and
structures and design
countermeasures

*Preliminary study of crashworthiness
of EV battery

Electromotor

Controller Battery
Transmission

Influence of mass distribution of the battery and passengers on crash performance
Influence of using lightweight material on mass reduction and vehicle safety

The peak value is 40 g, a little
higher

AV i Al

om 0% 006 03 Of 012 0M 01 018
i (=)

The parameters that influence the crash pulse
— The height of the center of mass

— The thickness and structure of the front rail
— The thickness of the A pillar

— The thickness of the front wheel cover board 85
— The mass distribution of the battery

Load path of crash force
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U.S.—CHINA CLEAN

ENERGY REsEaARCH CENTER  MIANUFACTURING AND ASSEMBLY PROCESSES OF

FREEREALF S LIGHTWEIGHT CAR BODY

Clean Vehicles Consortium
LAI Xinmin (SJTU), Li Yongbin (SJTU), YU Zhongqi (SJTU)
Research Objectives Achievements

*Study of advanced forming and joining
processes of lightweight materials
*Assembly variation prediction and
control of car body

=Develop agent model of sheet forming process in
robust design
=Develop an application software “Robust Design of
Stamping Process”

R =Using the robust design software to solve
A= e e i engineering problem

Technical Approach

*Study on stamping of AHSS & UHSS

— Statistical analysis and prediction model of
HSS properties

— Robust optimization of forming process
*Electro-Plastic Self-Piercing Riveting

— Construction of EP-SPR Prototype system
— Study of EP-SPR mechanism

— Application of EP-SPR method to AHSS and
Magnesium

*Modeling and Prediction of Assembly
Variation for Lightweight Vehicle Bodies
— Multi-materials auto body assembly
variation prediction method

— Lightweight auto body assembly fixture
robust design under low cost manufacturing
mode

Enforced
polyester

Clamping phase Joint formation phase

Schematic diagram of EP-SPR system

Traditional SRP EP-SRP
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ENERGY RESEARCH CENTER

W E W TE Be R AT A P

Clean Vehicles Consortium

TA#4 LIGHTWEIGHT STRUCTURES
HIGH VACUUM DIE CASTING AND SQUEEZE

Research Objectives

*To develop high vacuum die casting and
squeeze casting technologies and develop
simulation technologies to support the
manufacturing of aluminum and/or
magnesium components for electric
vehicles

Technical Approach

*Develop a high vacuum die casting system,
where the pressure in the mold can achieve
less than 10 kPa within 1.5 s.

*Establish an experimental platform for
squeeze casting of aluminum and/or
magnesium alloys.

*Investigate the process-structure-property
of high vacuum die casting and squeeze
casting of aluminum and/or magnesium
alloys.

*Develop numerical simulation
technologies for high vacuum die casting

and squeeze casting.

Collaborators: LIU Baicheng (THU), XIONG Shoumei (THU), HAN Zhigiang (THU)

CASTING

Achievements

A Crash Box test
casting was designed
and developed under
vacuum die casting
condition

Solid model and real castings (AMQQB alloy) of the crash box

250 T T T T T 50

Cavity pressure1
~——— Cavity pressure2
—— Cavity pressure3
—— Cvaity pressure4
Valve Pressure
—— Cylinder Pressure

—

N
8
1
1 1
B S
1 1 1
8 & 8
Cylinder Pressure(MPa)

Cavity pressure1

Vacuum Pressure(kPa)
Cylinder Pressure(MPa)
Vacuum Pressure(kPa)
g
1

150 —— Cavity pressure2 <10 ERT
Cavity pressure3 30
Caity pressure4 204 410
Valve Pressure —15
—— Cylinder Pressure L 104 45
0 T T T T T T T T T 0
100 T T T T T T T T T 0 0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10 )
Time(s) Time(s)
Back pressure in the cavity under Vacuum pressure in the cavity under
convention die casting condition vacuum die casting condition

Development of
microstructure
model for heat
treatment of

squeeze casting

87

Development of
experiment
station




