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» Provide a broad overview of system topics related to energy storége
curriculum to prepare students for the engineering workforce including:

— battery management systems - hydraulic hybrids

— electric and hybrid vehicle configurations - vehicle modeling (Autonomie)

— fuel cells - hardware/software/component in loop
— power electronics - combustion

— controls - alternative fuels

« Develop relationships between GATE students, faculty, industry,
researchers, and employers to enable US fleet fuel efficiency goals via
a trained engineering workforce in advanced vehicle technology
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* Any student in GATE curriculum is considered a GATE Student
« Synergy with DOE AVTC Team (EcoCAR 3)
 GATE graduates advance energy storage targets

» Provide dedicated “focus vehicle” platforms for GATE student
research

« Component in the Loop Benches for each lab where beneficial



PENNTE

GRADUATE AUTOMOTIVE TECHNOLOGY EDUCATION

Composites
Manufacturing
Center (CMTC)

Battery Energy
Storage

Technology

BEST) Center

Center for
Dielectric
Studies (CDS) (

Hybrid and
Hydrogen Vehcile |
Research
Laboratory

Battery Application
Technology Power Electronics |
Testing & Energy | | Laboratory (PEL) f{
Research Lab

| Advance Vehcile Technology
Team (EcoCAR 2)

Board oversight of four curriculum tracks through
individual centers BEST, CDS, CMTC, and HHVRL
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Penn State GATE Faculty Organization 2015

Dr. Joel Anstrom GATE Program Administration

Director ‘ ‘ I
Robin Talon Timothy Cleary Debra Weaver
Administration Laboratories Staff Assistant

Core Energy Storage Course Faculty

Dr. Christopher Rahn
Battery Systems
Engineering

Dr. Charles Bakis Dr. Michael Lanagan
Composite Flywheels Dielectrics

Energy Storage and Advanced Vehicle Systems Courses/Curriculum Faculty

Gary Neal Dr. Joel Anstrom, Dr. Sean Brennan,
Hybrid Electric Vehicle Lab Timothy Cleary
EcoCAR 2 Hardware in the Loop Laboratory

Dr. Jeffery Mayer | | Dr. Hosam Fathy || Dr. C. Y. Wang Dr. Beshah Ayalew
Power Battery Electrochemical CU-ICAR
Electronics Management Engines Hydraulic Hybrids
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Penn State GATE Curriculum 2015

Group | Prerequisites - Nine Credits Required

Select from
Department Math
Requirement (3)

Select Numerical
Methods Course

@)

Select Advanced
Track Course

©)

Group Il GATE Track, Coordinator and Required Course - Three Credits

Battery Track
C. Rahn -BEST

Capacitor Track

Flywheel Track

System Track

M. Lanagan-CDS C. Bakis - CMTC J. Anstrom - HHVRL

ME 597C
Battery Sys Eng
C. Rahn

ME/E Sc 551
Energy Storage
Faculty Team

ME/E Sc 551
Energy Storage
Faculty Team

ME/E Sc 551
Energy Storage
Faculty Team

Take two of...

Group lll Elective Courses - Six Credits

Take...

Take...

Take...

ME597B
Op Cnt Engy Sys
H. Fathy

ESci 597A/MatSc 597D
MicroWave Proc.
of Materials

EMech 471
Engr. Composite
Materials

ME 597F
HIL for Auto
Development

Or

And either...

And either...

And

ME597A
Elec Chem Eng
C. Wang

ME 442W&443W
Adv. Veh. Design

1&ll

ME 442W&443W
Adv. Veh. Design
1&l1

Or

Or

Or

MES597D
Matls Energy Stor
& Conv

ME 597F
HIL for Auto
Development

ME 597F
HIL for Auto
Development

ME 442W&443W
Adv. Veh. Design
&l

V1 4/14
jra2@psu.edu
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GRADUATE AUTOMOTIVE TECHNOLOGY EDUCATION

Battery
Systems :
Engineering

2010
atr fatrfatr for

ar far far faor jatr jor fatrfor

Schedule Battery Track Courses
A

Inititate newB attery Track

T1: He.vB:aﬂeiy Track
/20— 173
TZ Publicize
U2 — 12171
T3: Implerment HIL& Hetvwork

B — 25

HIL & Hetmrkc)nim

T4: Continue Recruitment of Felows
31— &30
T5 CmtlnueResaarch Assistant support
&1— &30
Té&: ContlmePubllcOutrmm
m— 31
TT: Deiver Capacitor, Flyall'leel,. and newB attery tracks

&1— 30

Final Repor&'30
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¢ Accomplishments/Progress
CLIE Required Courses

« ME/E Sc 551 - High Power In-Vehicle Energy Storage
— Fundamental science of energy storage team taught by six GATE faculty
— Batteries: Lithium, NiMh, PbA electrochemistry, labs
— Capacitors: single and double layer, labs
— Flywheels: composite rotor design and motors
— Introduction to energy storage and road load models
— HEV platform and test facility demos
— Online course version piloted 2013
« ME 442W/443W HEV Laboratory
— Develop DOE AVTC Competition Vehicles
« 1999-2004 FutureTruck — Lithium Tech cells
« 2005-08 Challenge X — Lithium Tech cells
« 2008-11 EcoCAR — A123 modules and BMS Y =
e 2012-14 EcoCAR 2 — A123 modules and BMS EcoCAR 2 Competition
« 2014-15 EcoCAR3 — Architecture proposed accepted e
— Funded faculty support for HIL of ECOCAR 3
— Senior capstone for ME, EE, Chemical Engineering
— GATE faculty, fellows and RA’s bring energy storage expertise
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— Control strategy optimization
— On track fuel economy lab

wmasdi e

A Li-ion battery
_ & b _ O, and BMS

Engine HIL and HEV topology labs Battery HIL exercise

Chassis dyno testing

2 g 7_";57 i’

» Li-ion and Capacitor modeling & lab

* Pl Innovo donated licenses and ECU control hardware implemented in 2014
 ANL donated PSAT/Autonomie licenses

« Scheduled fall semester to support ECOCAR 3 HIL deliverables
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PENNSTATE
Tiw

Previous GATE Fellows

Kamiar Salehi — Battery Track, low temperature abuse effects on Li-ion life
Maximillian Ripepi — Flywheel Track, hybrid fiber rotor material properties
Jacob Ross, Ph. D. — Flywheel Track, genetic algorithm rotor optimization
Julie Sawlsville — Battery Track, battery performance under extreme conditions
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Power Sources, accepted for publication, 2014.

T. Tanim, C. Rahn, and C.-Y. Wang, “State of charge estimation of a lithium ion cell based on a temperature dependent, electrolyte enhanced,
single particle model,” Energy, Vol. 80, pp. 731 — 739, 2014.

G. Zhang, L. Cao, S. Ge, C.-Y. Wang, C. Shaffer, and C. Rahn, “In Situ Measurement of Radial Temperature Distributions in Cylindrical Li-ion
Cells,” Journal of The Electrochemical Society, Vol. 161, No. 10, pp. A1499-A1507, 2014.

D. Docimo, M. Ghanaatpishe, M. Rothenberger, C. Rahn, and H. Fathy, “The Lithium-lon Battery Modeling Challenge: A Dynamic Systems and
Control Perspective,” ASME Magazine, Focus on Dynamic Systems and Control, July 2014.

G. Prasad and C. Rahn, “Reduced Order Impedance Models of Lithium lon Batteries,” ASME Journal of Dynamic Systems, Measurement, and
Control, Vol. 136, No. 4, 041012 (8 pgs.), 2014.

Berbano, Seth S., et al. "Chalcogenide-based lithium solid electrolytes processed by the Powder-in-a-tube method." Materials Letters 141
(2015): 70-72.

D. Choi, C. Randall and M. Lanagan. "Combined Electronic and Thermal Breakdown Models for Polyethylene and Polymer Laminates."
Materials Letters 141: 14-19, 2015.

G. Sethi, E. Furman, B. Koch and M. Lanagan, “Influence of Impedance Contrast on Field Distribution and Tree Growth in Laminate Dielectrics,”
Modelling Simul. Mater. Sci. Eng. 22: (18 pages), 2014.
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Light Duty / Heavy Duty

e 2015 EcoCAR team leader from Methacton HS team
e« 2016 planning for Philadelphia Navy Yard event 1°°°:
*  http://www.larson.psu.edu/21st%20CAC o 0 11 1 18 4 15t 17

= =\ Time of Day (24-hour)
iy

* Local/ Local and Highway g 6000 |
+ Passenger accommodation: 1-2, 3-5, 6+ §5°°°*
- EV, HEV, PHEV, bio-diesel, CNG, ethanol, gasoline | ¢

2115 Cenfury Pluggable vehicles can participate in
Autemelve Challenpe simulated Vehicle to Grid (V2G)
connection during peak and off peak

April 10-13 2004
Penn University
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* Pilnnovo OpenECU controllers and software

« 218t Century Automotive Challenge Event collaborators
— Eastern Electric Vehicle Club collaboration
— Three Rivers Electric Auto Association
— Penn State Sustainability Institute
— FTA Bus Test Center
— Penn State Office of Physical Plant
— Central Pennsylvania Institute of Technology
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« Clemson University GATE Program

» Pennsylvania College of Technology Advanced Automotive Technology
Program

« Central Pennsylvania Institute for Science and Technology Automotive
Program
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— Continue recruitment of GATE partners
— Annual vehicle competitions outreach to public

« Expand online courses towards offering distance education GATE certificate
with progress made during 2013-14

 Continue focus vehicle use for GATE student thesis work:

— EV1 based fuel cell vehicle with Li-ion

— Two-mode Berkeley PHEV with new Li-ion pack

— Range extending series PHEV with Li-lon pack and active yaw control
— Neighborhood EV with LiFePO, pack
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— Students learn from a large team of interdisciplinary faculty

« Technical Accomplishments

— Penn State GATE Program funding has been highly leveraged to support many students with
other funding sources

— Good progress in energy storage centered curriculum development with system background
— Strong record of publication

« Collaborations
— Good progress in obtaining projects and collaborations with industry
— Broad array of academic collaborations

 Future work

— Develop online and distance education versions of energy storage curriculum to reach a
larger body of students in industry and research careers

— Continual improvement of course content as technologies evolve
— Expand HIL capability to all GATE labs for scaled testing where beneficial
— Recruit additional partners and sponsors for GATE related education and research



PENNSTAT
| _Zhv

GRADUATE AUTOMOTIVE TECHNOLOGY EDUCATION

jra2@psu.edu
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Update Project Management Plan

2013
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2014
al] oz oz ] a4

2015
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Phase | Development
B —— 131
T 1: Prj Mgnt
Bl —— 31

T 1.1: Est Mgnt Committee

Si1 4 B

T1.2: Appl rev
B —— 7131
T 1_.'_'-:i Issue Cert

Bl —— 31
T 1.4: Qriy Reports

B —— 131
T 1.5: (:30mm,. Web

B —— 7131
T 1.6: Rev Budget

Bl —— 31
T 1.7: Rev Pubs IP

B —— 131

T 2: Batt Track development

Bl —— 51
T 3: HIL bench dev

B E— I T3

T 4: Re{:r:lli'l Fellows ¥r 1
B — 31
T b: Res A;sst support ¥r 1
Bl —— 51
T & PuI:E Qutreach ¥r 1

B —— 7 {51
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Schedule Battery Track C‘ou rses

Pha_se n Implementati_on
D —————————————n |11 S 6130

Inititate neww Battery Track

T1: New Battgry Track
G20 — 113
T2: Publicize
D — 1 215

T3: Implement HIL& Network

HIL & Network Online

T4: Continue Recruitment of Fellows

T6&: Continue Public Qut

T7: Deliver Cai:laci‘lor,. Flywheel, and new Battery trai-c:ks

aM 6430

Final Report [ 630
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U pdate Project Management Plan

1) 81

Phase| Development
B — 7131
T1: Prj Mgnt
O — 7131
T 1.1: Est Mgnt Committee
apan
T1.Z Appl rev
U — 7131
T 1.3 IssueCert
8 —— 7131

gLt CryRepons  Extend HIL to other labs where beneficial

T1% Comm Web * Leverage as GATE course laboratory
2 I 1 exercises
e 7  Piloting Pi Innovo ECU as HIL target

81— 7131
TA7: Rev Pubs P * Future plans to network HIL labs
B — 7131

T2 Batt Trackdevelopment
O — 751

T 3 HIL bench dev
O — A

T 4 Recruit FellowsYr1
&M — 7131

T& Res Asst support Yr 1
&M — 7131

T6: Pub Outreach Yr 1
M —7i21
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