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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 battery
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¢ 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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ePowertrain Control

«Components Design and Distributed Vehicle
and Optimization Control Networks
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% Collaboration/Exchange
activities:
— Visits/seminars
— Student exchanges

@ Industrial collaborations

— Monthly WebEx meeting
participation

— Exchange/training of design tools

— Annual conference presentations:

* Presentations from Ford and Delphi
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eResearch Objectives Initial Results

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

higher power density and efficiency.

eTechnical Approach

e Development of computationally-

efficient finite element tools for the Computationally-

steady-state analysis of electric efficient 2-D FEA steady- Simulation of EVTT machine and
machines (UM) state solver drive.
e Development of EVTT dual-mechanical Motor efficiency map system efficiency map
. . 4030 T R ) el * o8
port electric machine concept for = . = |
electric vehicle and hybrid electric S et ' i
vehicle applications. (OSU) R I S S 9 g”’* <L
;. 050 _ N & & A :é. 058 4 : : Segi gl o7
. . H ; "~ ¥
e Model the unique features in § o R 4 g el g
H T W0 N s o ‘ T e} : ' _ﬂ-\"“?--; - L6
amorphous alloy such as saturation, ~ - W, ¥ & va s ~ - IR Vet
non-sinusoidal excitation and high- | P —t onl i mamPeti) W
e ° : o7 ,‘
frequency eddy current effect (CAS) i ‘3‘,@ ----- - hﬁﬁ:“ o LA
Design optimal permanent magnet L L A
[ ]
g P P g Speed (rpm) Speed (rpm)

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

F £ S BRIRAT R L distributed vehicle network

Clean Vehicles Consortium

eResearch Objectives

Lithium
Battery

eDevelop hardware solutions, design tools, and
control strategies to optimize distributed vehicle
network architecture and information

management system for electrified vehicles.

eTechnical Approach

+ Develop advanced hardware/software
platforms, in-vehicle network control systems,
and inter-vehicle communication and
monitoring systems.

Vehicle Controller Permanent magnet hub motor

Initial development completed for :four-wheel independent driving control, vehicle
control system evaluation, hub motor drive control, and battery management
system development

- Develop optimal cooperative control among e
multiple power sources for the driving and
braking processes soitn] § comers

« Develop optimal power management for Floay/CAN network |
power-train systems with global positioning s | Jo | s"’:mm”:““
systems (GPS) and inertial navigator systems S—— M“L-‘_‘___ﬁm

(INS), targeting 10% fuel economy
improvements.

nawork§ |oontro||er|
» FlexRay communication system design 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 MPC5644 /5

« 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

EQ%?% Rfiﬁap\%c% gEI;jTER technologies for improved efficiency, safety,
R TE BRIRHT I P o ol
Cloan Vehiclos ConeaETam reliability and NVH performance

eResearch 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.

eTechnical Approach

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

[
L L cooling elecirical components
€5L4: Caolng Sysiem 4 Batiery cooling Sysiem

A complete Hazard Analysis along with Failure Mode and Effects Analysis (FMEA)

. . and Failure Tree Analysis (FTA) for clean vehicles powertrains
« Development of a modular and hierarchical

1 ) ) -
mo.deI- strycture to facilitate conflguratlon EHI—G'—I s —IviGT s —ua]
optimization and trade-off analysis. | e

. . . . Carrior

« Combined model-based investigation and c\| e c cHH—E ]
experimental verification for intelligent a_CI,LI]_'_CI, R RHFHHYGCHE ]
diagnosis and prognosis. F A M@ HE>{ ek ] (@ The original Privs (O The privs ™

g Prog e sl s

« NVH and safety analysis for components 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 76



s U.S.~CHINA CLEAN i . : . N
::E ENERGY RESEARCH CENTER Deep Dive: Configuration optimization
N

T E VR TE BRIRAT R P N
Clean Vehicles Consortium 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

e 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




I01$ HEMINA CLEAN " . y . .
ENERGYRESEARCH CENTER Deep Dive: Configuration optimization
£ W E Be IRAT A R d gl

Clean Vehicles Consortium an component SIZIng

e\ehicle Parameters

Analyze Target Cycle

Reference speed

200 400 600 800 1000 1200 14 Hthid MOde EV Moc,le Re.generative .
Time (5) Analysis Analysis Braking Analysis

Calculate the Comprehensive Power-
weighted Efficiency According to Battery
Size and Cycle Distribution

-
=
=
£
£
3
o
o
2]
o
©
z
o
>

o

Vehicle Acceleration (mfsz)
] N o - ~n

L L L L L i
200 400 600 800 1000 1200 1400

o

«Cycle Information

Optimize in the Sizing Parameter Space

*Optimized Sizing

Parameters
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U.S.—CHINA CLEAN
ENERGY RESEARCH CENTER

X R BRI R

Clean Vehicles Consortium

Deep Dive: Configuration optimization

and component sizing
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DP v.s. PEARS verification is performed along

3 design dimensions

Total fuel consunption (g)

The Prius parameter is used as the baseline.
for each configuration study. After

executing PEARS, best designs are identified
and the corresponding fuel consumptions

are calculated by DP.

Optimization Results in FUDS32

160

144.1

il

B After optimization

Conflguratlon

H Before optimization
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U.S.—CHINA CLEAN

ENERGY RESEARCH CENTER . . i
EES Bt it Research Highlights—TA4

Clean Vehicles Consortium

80



TA#4 LIGHTWEIGHT STRUCTURES
S CrA CLEAN r MULTI-MATERIAL LIGHTWEIGHT BODY

TR RERFLEE N g BSYSTEM OPTIMIZATION

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

Develop a methodology for
economically integrating
components made of lightweight
materials in vehicle structure with
maximum weight reduction benefit

Design Modifications

eTechnical 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.

Steel Volume 1035.8 cm?

Weight 8.08 kg

« Optimize under constraints imposed
by manufacturing and joining

processes I f i mmm: (Automated)
. . . Model @ o i -
« Benchmark with a public-domain LS-Pre/Post
. . Manual) g @ === @z @@ s em e -
Finite Element model of 2010 Toyota 9 CAD Software’ ¥~ °
) Model Nawuaieddm Capableofsavingl Companent 1
as “ ke Geometry
Ya ris . (ManuagL ______ :
 |Initial focus: carbon fiber-reinforced : “Stitching” -
composite B-pillar (Automated) Modk 81




TA#4 LIGHTWEIGHT STRUCTURES
D> CHINA CLEAN ez JOINING MULTI-MATERIAL VEHICLE STRUCTURES

*
ttttttt
* Kk

PR IEE IRAT L F 8 WITH HYBRID FRICTION STIR WELDING PROCESS

Clean Vehicles Consortium

Research Objectives

Welding process to enhance joint
quality for dissimilar materials,
enlarge processing window and
increase tool life

Technical Approach

« Investigate the effectiveness of 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

Jun Ni (UM); LAl Xinmin (SJTU)

Development of a hybrid Friction Stir | Material behavior test on Electro-Plastic Effect

Achievements

1200
10007
800r

6001 Electrode

Engineering stress/MPa

400+ —No current specimen
—22 28/mm? for 1s| P
200 —29.7A/mm? for 1s
b 0.05 0.1 015 02 025

Engineering strain

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 views?

Insulated

Traversely Spindle
moving part




TA#4 LIGHTWEIGHT STRUCTURES

*
tttttt

R o S e center. STRUCTURAL CONFORMAL INTERFERENCE JOINING

RV E IRAT A 0 FOR MULTI-MATERIAL VEHICLE STRUCTURES

Clean Vehicles Consortium
Nolan Windholtz (OSU), Geoff Taber (OSU), Andrew Sattler (OSU), Anthony Luscher (OSU), Glenn Daehn (O.

eResearch Objectives 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

nerformance
eTechnical Approach

Use insulating layer between
dissimilar metals.

Zero conductivity

Strength in varied joint designs demonstrated
Curved Profile

Rectangular Profile

Design of joints with torsional and axial strength
properties

« 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 83



TA#4 LIGHTWEIGHT STRUCTURES
o CHNA CLEAN ez AERODYNAMIC STYLING DESIGN FOR

X RIRA R A

Clean Vehicles Consortium ELECTRIC-VEHICLE

YANG Zhigang (TJU), ZHU Hui (TJU), WANG Yigang (TJU), LI Qiliang(TJU)
*Research Objectives Technical Approach

« Significant reductions in aerodynamic drag of EV « CFD
« Aesthetic design of EV « Drawing

« A new style with low CD and fine appearance « CAD
eAchievements

Grid independence and scheme research for simulating aerodynamic drag of notchback MIRA

model -
s
D
0.35 4%
{ 034
.
i 0.33
g
T 0.32
v o
I \
7 051
8 ’ \
7I. \I
B 930 RN
-+ i S
e 0.29 . T
K .
= SRR e S e R 3 2000000 3000000 4000000 5000000 6000000

cell number
Fig. 9 Drag coefficient curve of refined polyhedral mesh
around the model

Numerical Numerical Analysis on

7\;—? Effect of Back/Front

Analysis on e
Effect of Vehicle ~ Windshield and Hood ).
Length on __ angle on Automotive 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-‘



(il (S _CHiNA CLEAN TA#4 LIGHTWEIGHT STRUCTURES

ENERGY RESEARCH CENTER

h 3£ v o B YRR 5T B0y STUDY OF CRASH SAFETY OF SMALL LIGHTWEIGHT EV
Clean Vehicles Consortium

ZHOU Qing (THU), XIA Yong (THU), TANG Liang (THU)

eResearch 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

eTechnical Approach

*Define parameters of a study vehicle

«Electromotor
«Controller *Battery

*Build parameterized finite element
model for crash analysis

«Transmission

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

*Crash simulations and analyses

eMaterial selection for small
lightweight EV body

eDeformation and failure modeling
methods for lightweight materials and
structures and design
countermeasures

The peak value is 40 g, a little
higher

AV i Al

0.0z LI 008 Umﬂ‘ ol 012 014 0.18 (A1)

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

*Preliminary study of crashworthiness
of EV battery

Load path of crash force

— The mass distribution of the batterv



U.S.—CHINA CLEAN TA#4 LIGHTWEIGHT STRUCTURES

ENERGY RESEARCH CENTER MANUFACTURING AND ASSEMBLY PROCESSES OF
PRI RRALE N || HnVEIGHT CAR BODY
Clean Vehicles Consortium

LAI Xinmin (SJTU), Li Yongbin (SJTU), YU Zhongqi (SJTU)
eResearch Objectives Achievements

Study of advanced forming and joining
processes of lightweight materials

Develop agent model of sheet forming process in
robust design

Develop an application software “Robust Design of

Assembly variation prediction and control , e
Stamping Process

of car body

Using the robust design software to solve
o o o o " " engineering problem

i
— 4HNLZ RILE == &0 |
e

eTechnical 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

Enforced
polyester

Clamping phase Joint formation phase

] o Schematic diagram of EP-SPR system
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

Traditional SRP EP-SRP



TA#4 LIGHTWEIGHT STRUCTURES
U.S.—CHINA CLEAN

ENERGY ResearcH CEnTER  HIGH VACUUM DIE CASTING AND SQUEEZE CASTING

X R BRI R

Clean Vehicles Consortium

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

*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

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

T T T T T 50

eTechnical Approach

250

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

—

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

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

*Develop numerical simulation
technologies for high vacuum die casting

and squeeze casting.

Development of
experiment
station




