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OVERVIEW
TIMELINE BARRIERS
Project Start: Oct. 01, 2011 Vehicle Availability
Project End: Sep. 30, 2018 Vehicle Reliability
Percent Complete: 35% Infrastructure Technology
Availability
BUDGET: 80/20 PARTNERS
Total Project: $ 33,088,218 EZ Messenger
DOE Share: $ 26,400,000 Total Transit
Cost Share: S 6,688,218 Idaho National Laboratory
FY14 Total: $ 4,209,032 Argonne National Laboratory
FY15 Funding: $ 6,334,001 National Renewable Energy Lab

SAE
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OBJECTIVES

& Test and evaluate advanced vehicle technologies intended to
advance vehicle efficiency and reduce the consumption of
petroleum

€ Provide vehicle operation data to the Idaho National
Laboratory database in order to disseminate the results of
vehicle and infrastructure testing & analysis

€ Produce lifecycle fuel economy and cost data for vehicles that
are utilizing these advanced technologies in fleets

€ Provide benchmark data and performance trends for
advanced technology vehicles and their interaction with their
fueling infrastructure



Relevance

Valued Quali

MILESTONES

¢ 88 advanced technology vehicles on fleet test through March 2015
2
2
2
2

¢

34 BEV across 9 different years, makes, and models
17 PHEV across 5 different years, makes, and models
20 HEV across 5 different years, makes, and models

17 ICE across 5 different years, makes, and models

5 vehicles have completed testing that were carried over from previous
Advanced Vehicle Testing Activity

Over 3.8 million miles recorded during fleet testing as of March 2015

Completion of SAE J2953 AC Level 2 Interoperability testing using round-
robin testing between the vehicles and the EVSE units

*

*

L IR 4

SAE coordinated the vehicle OEMs and EVSE manufacturers for
participation

12 vehicle OEMs provided 14 vehicles
11 EVSE manufacturers provided 13 units

Anonymous results provided to OEMs and EVSE manufacturers by SAE
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Approach

PROCEDURE/DOCUMENTATION e
DEVELOPMENT

€ Administrative procedures for control of test
conduct

€ Vehicle specifications defining key vehicle and
performance parameters

& Battery test procedures defining implementation of
standard test requirements

€ Procedures updated to refledct USABC manuals and
technical agreement with INL

€ Interim Component Durability test procedures
similar to baseline component testing



Approach
BASELINE TESTING

€ Baseline Vehicle Performance at outset of testing
conducted at a proving ground location

€ Acceleration

4 Maximum speed

€ Braking

€ Deceleration in drive

& Fully electric range (when applicable)

€ Vehicle coastdown testing to obtain drag coefficients
for fuel economy testing on a chassis dynamometer

& End-of-Test Perfformance consisting of relevant
testing for comparison to baseline
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FLEET TESTING

€4 Constraints on vehicle purchase availability overcome by utilizing Intertek
California location to acquire some vehicles

€ Production vehicles allocated to fleets for 3 years and 36,000 miles for
BE\I'/|§' |1 60,000 miles for PHEVs, and up to 195,000 miles for HEVs/ICE
vehicles

¢ Utilize on-board data logger with automatic data upload

€ Monitor vehicle CAN messages and energy storage system parameters

€ Monitoring 12V current to record loads on vehicles without high voltage
batteries

€ Update fuel, charging, and maintenance logs with fleet information

€ Interim Component Durability testing dependent on vehicle technology
€ Battery capacity and performance testing for BEV, PHEV, and HEV
€ Compression testing for CNG-fueled vehicles

€ Fast charging at various temperatures for BEV and potentially PHEV in future



Accomplishments

Intertek

2014-2015 BASELINE TESTS COMPLETED

€ 2012 Mitsubishi i-MIiEV

€ 2013 Nissan Leaf

€ 2013 Ford Focus EV

€ 2013 Ford Fusion Energi

€ 2014 Mazda Mazda3 with i-ELOOP
€ 2014 Chevrolet Cruze Turbo Diesel

2013 Ford Fusion Energi

Valued Quali
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Advanced Vehicle Testing — Baseline Vehicle Testing Results

'I‘
£7- 1

VEHICLE SPECIFICATIONS'

Vehicle Features Baitery Weights
VIN: SFASPOPUIDE3TITTE Mamifacturer: Panssonic Diezign Curb Waight:
Class: Midsize Car Type: Lithinm-ion (NMC) 303
Seatbelr Positions: 5 Cathode /Anode Material: LiMn, 0, Hard | Delivered Curb Waight:
Type'- Blended PHEV Carbon 39H b
CARE': TZEV Number of Cells: 84 Dismibution F/R (%49): 5149
EPA Fuel Ecomomy: 370 Whimi | Cell Confizuration: Series GVWE: 4910 Ib

(Charge-Depleting Mode, Nominal Csll Valtage: 3.7V GAWER F/R: 24352485 b

Combined); 38 mpg (Charge-
Sustaining Mode, Combined)
Ensine
Model: 16 Valve DOHC
Duratec with Intake Varishle
Cameshaft Timing (FVCT)
Displacemesnt: 2.0L
Cycle: Atkinson
Power: 105 KW @ 6,000 1pm
Torgue: 174 Nm @ 4,000 rpm
Configumation: fnline 4-Cylinder
Fuel Tank Capacity: 14 US gal
Fuel Type: Fegular Unleaded
Transmizsion
HF335 eCVT Hybrid Powersplit

Hominal System Voltage: 3108V

Rated Pack Capacity: 26 Ah

Rated Pack Energy. 7.6 kWh

Weizht of Pack: 272 b

Pack Location: In Trunk Area

Cooling: Active — Forced Cabin Air

Motor/Generator 1

Type: Permanent Magner AC Synchronous

Max. Power Torque: 85 KW/ 240 Km @
6,000 rpm

Cocling: Active - Liquid Coaled

Type: Permanent Magnet AC Synchronous
Cooling: Active - Liquid Coaled

Max. Payload: 850 b

Dimensions

Wheelbase: 1122 in

Track FR: 62.3 62 0in

LengthWidth- 191.8 in/
710

Height: 58.0in

Ground Clearance: 5.8in

Tires

Mamufacnmer: Michelin

Model: Ensrgy Saver

Sipe: P225/50R17

Pressure F/R: 35 psif35 psi

Spare Installed: Sealant and
Inflator

Intertek
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Accomplishments

2014-2015 FLEET TEST VEHICLES

€ Overall fuel
economy for
fleet vehicles
through
February
2015

€ Note that
Wh/mile for
PHEVs
includes
gasoline
miles
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YEAR MAKE MODEL FUELTYPE Overall MPG | Overall Wh/mile
2011 Chevy Volt ELECTRIC/GAS 40.10 82.38
2011 Nissan Leaf (3.3) ELECTRIC - 268.82
2013 Chevy Malibu ECO GAS 29.15 -
2012 Honda CivicCNG CNG 36.05 -
2013 Chevy Volt ELECTRIC/GAS 41.05 66.05
2013 VW TDI Jetta DIESEL 35.93 -
2013 Honda Civic Hybrid GAS 39.63 -
2013 Toyota Prius Plug-In ELECTRIC/GAS 49.53 12.38
2013 VW Jetta Hybrid GAS 36.60 -
2012 |Mitsubishi i-MiEV ELECTRIC 268.25
2013 Nissan Leaf (6.6) ELECTRIC - 281.18
2013 Ford C-Max Hybrid GAS 37.13 -
2013 Ford C-Max Energi ELECTRIC/GAS 38.70 21.22
2013 Ford Focus EV ELECTRIC - 340.61
2013 Ford Fusion Energi ELECTRIC/GAS 38.63 20.83
2014 Smart ED ELECTRIC - 288.78
2014 Chevy Cruze Diesel DIESEL 36.10 -
2014 Mazda Mazda3i-ELOOP GAS 32.48




Collaborations Intertek

NATIONAL LABORATORIES

4 DOE Idaho National Laboratory
€ Procedure development and refinement
€ Data collection & analysis
€ Reporting

€ DOE Argonne National Laboratory
€ Vehicle Test Procedure development and refinement
€ Fuel economy testing with a chassis dynamometer
€ Level 2 AC charging interoperability test development

€4 DOE National Renewable Energy Laboratory

€ Contacting medium and heavy duty fleets for future
hybrid conversions of ICE vehicles
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INDUSTRY PARTNERS

€ EZ Messenger

€ Document delivery fleet in multiple locations
throughout southwest U.S. for varied fleet information

€ EVSE for opportunity and overnight charging
€ Mileage accumulation

& Total Transit
& Taxi service
¢ Mileage accumulation
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OTHER PARTNERS

& Society of Automotive
Engineers

€ AC L2 EVSE interoperability
and procedure
development

€ Investigate DC L2 EVSE
interoperability and
procedure development




Challenges / Barriers
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REMAINING CHALLENGES

& Fueling infrastructure availability

¢ CHAdeMO and SAE Combo Connector plug availability for
fast charging locations

€ Quantity of fast charge units at fleets and public use
€ Quantity of AC Level 2 EVSE units at fleets

€ Future availability of advanced vehicle technology
infrastructure

€4 Hydrogen fueling stations for Fuel Cell vehicles



Future Work
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CONTINUOUS IMPROVEMENT

€ Publish updated test methods

€ Develop new test procedures for new
technologies and vehicle types, such as fuel cell
vehicles

& Continue to automate test reporting and improve
fidelity of fleet data

¢ Identify & expand test fleet operators

€ Expand scope to include medium duty and
heavy duty vehicles with cooperation of NREL
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ONGOING TESTING

€4 Over 50 vehicle models scheduled for evaluation throughout
the life of the project

€ Continue current vehicles in fleet test for minimum of 3 years
along with reaching mileage accumulation targets

€ Advanced technology vehicles planned through March
2016 include the 2016 Chevrolet Volt, PHEV sedans and SUVs,
BEVs and Fuel Cell vehicles depending on availability

€ Fuel Cell vehicles would operate in California where
Hydrogen refueling infrastructure is available
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2014 AMR Reviewers’ Comments and Responses

€ The reviewer observed that the plan for this project covered all of the relevant

technical aspects of performance of advanced vehicles in use. The reviewer would
have liked to see a bit more about the people aspects. The reviewer asked if the
drivers charged when needed, if the vehicles did the required functions well, and if
there were any operational problems.

€ Implementation of EVSE at fleet sites allows for increased opportunity charging.
Our largest fleet is currently rotating vehicles with their EVSE units. Additional units
are being installed to accommodate charging needs, along with a Storage-
Assisted Vehicle Recharging unit at the largest fleet location to study the impact on
the fleet and the avoidance of demand charges.

The reviewer wished there was more information about the standards for the tests (test
protocols), whether they were nationally accepted (or established by consensus-
standards organizations), why and how they were chosen, and what the baseline is
(how the baseline was established) rather than an emphasis on the numbers of
vehicles and types of vehicles tested and miles driven.

€ Test protocols for baseline track testing are based on SAE standards and are
reviewed with INL and NETL technical personnel for relevance to the type of
vehicle being tested. Each vehicle follows procedures that have been utilized
through the history of the Advanced Vehicle Testing Activity.
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2014 AMR Reviewers’ Comments and Responses

€ This reviewer stated that progress on this project had been very good. A total of

54 vehicles had been tested in the field and é vehicles had baseline testing
complete. There was no data presented in the presentation except for miles
driven by the Toyota Prius. It would have been good to present the baseline
testing and field testing that had been generated.

€ The baseline testing is specific to each vehicle type. An example baseline testing
report is included in the Technical Backup Slides. For fleet testing information, fuel
economy from each vehicle type has been added to the presentation.

According to this reviewer, the vehicle testing and analysis team was top-notch.
The reviewer would have liked to see a more varied set of users, beyond taxis
and messengers. The reviewer knew the team wanted high mileage, but normal
consumers, like commuters, would have been useful as well.

€4 Coordinating with individual commuters would not be conducive to collecting the
accurate fuel and charging data required for this project. Each fleet provides the

quality control necessary to have accurate fuel and charging information for the
project.
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2015 AMR SUMMARY

¢

® 6 6 & o6 o

As of March 2015, over 88 vehicles representing 24 models are placed in
test fleets employing 5 different technologies and various strategies to
reduce petroleum consumption

Over 3.8 million vehicle miles recorded during fleet testing

Completed SAE J2953 AC Level 2 Interoperability testing using round-
robin testing between vehicles and the EVSE units

Expanded current fleet partner locations to include colder climates than
Phoenix, Arizona

Implemented monitoring loads on 12V systems without high voltage
energy storage systems

Utilized Intertek office in California to acquire California-only vehicles that
were delaying vehicle timing

Continued to auto-populate test reports with ANL & INL
Test results posted to AVTA Website after review by INL
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Advanced Vahicle Togting Activily

2013 Ford Fusion Energi
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Advanced Vehicle Testing — Baseline Vehicle Testing Results
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VEHICLE SPECIFICATIONS'

Vehicle Features Batterv Weirhis

VI SFASPOFTTIDEITIT7746 Mamfacturer: Panasonic Design Curb Weaight:

Class: Midsize Car Type: Lithinm-jon () ERER|

Seatbelt Positions: 5 Cathode (Anode Material: Libn, 0, Hard | Delivered Curb Waight:

T}'pe!: Blendad PFHEV Carbon 3034

CARB™: TZEV Mumber of Cells; 84 Distribution F/R (%) 51/40

EPA Fuel Econonty: 370 Whmi | Call Confisuration: Saries GVWE: 4910 Ik
(Charge-Dhepleting Mode, Mominzl Cell Voltage: 3.7V GAWE FPR: 243524851k
Combined); 38 mpe (Charge- | Mominal System Voltage: 3108V Max. Pavload: 850 b
Sustaining Mode, Combined) | Fated Pack Capacity: 26 Ah Diimmen siomns

Engine Fuated Pack Energy: 7.6 KWh Wheslbase: 112.2 in

Model: 16 Valve DOHC Weizht of Pack: 272 Ib Track F/E:- 623 in'd2 0 in
Draratec with Intake Varisble | Pack Location: In Trunk Area LengthWidsh 191.8in/
Camshaft Timing (1WCT) Copling: Active — Forced Cabin Air T20in

Drisplacerment: 2.0 L

Cycle: Afkinson

Power: 105 EW @ §.000 rpm
Torgue: 174 Mm @ 4. 000 rpm
Confguration: Iline 4-Cylinder
Fuel Tank Capacity: 14 US gal
Fuel Type: Begular Unleaded
Tran:mission

HF35 eCVT Hybnd Powersplit

Motor/Cemerator 1

Type: Parmanent Magnet AC Synchronons

Max. Power Torque: 38 KW/ 240 Km @
6,000 rpm

Copling: Active — Liguid Coaled

Motor/'Geperator 2

Type: Permanent Magnet AC Synchronons

Cooling: Actve — Liguid Cooled

Height: 58.01in

Cronmnd Clearance: 5.8 in

Jires

Mamufacturer: Michelin

Dlpdel: Energy Saver

Size: BII5/50R1T

Prescure E'R: 35 peif35 psi

Spare Installed: Sealant smd
Inflator
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CHARGE-DEPLETING TRACK PERFORMANCE STATISTICS'

“EV NOW™ TEST RESULTS*

“EV LATER" TEST RESULTS*

Acceleration 0-60 mph'
Measured Time: 14.7 &

Parformamce Gaoal: <13.5 5
Peak Power from Bartery. $6.8 kW
Alagmun Spead
At 46 WMille: 655 mph
At 1 Mile': 943 mph

Parformamce Goal: =00 mph at 1-mile mark
Brakinz at $0% SOC from 60-0 mph*
Meazured Time: 3.8 5
Dristance: 124 ft
Peak Power into Battery: 233 kW
Brakins at 100%s SOC from 60-0 mph®
Measured Time: 4.2 5
Dristance: 125 ft
Peak Power into Battery: 194 kW
Measured Time: 7891 &
Dristance: 3,478 fi
Pesk Power into Battery: 14.7 kKW
Total Energzy imio Basery: 1083 Wh

Acceleration 0-60 mph'
Meassured Time: 8.7 5
Parformance Goal: <13 5 5
Peak Power from Battery: 51 2 kW
Alazimum Speed
Ar % Mile: 382 mph
At 1 Mile”: 103.0 mph
Parformamce Coal: =00 mph at 1-mile mark
Braking at #0%4 SOC from §0-0 mph"
Meassured Time: 395
Ddstamce: 125 fi
Pesk Power into Battery: 5.1 KW
Deceleration 60-10 mph*
Measured Time: 788 s
Dristance: 3,479 ft
Pezk Power into Batmery: 10.2 KW
Total Energzy into Battery: 837 Wh
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CUMULATIVE FUEL ECONOMY DYNAMOMETER PERFORMANCE STATISTICS!

HWFET

Cumulative
Electricity
Consnmption Eate
(AC Whimi)

Cumulative
Electricity
Consmmption Eate
(AC Whi'mi)

Cuomulative
Fuel Economy
(mpg)

Cuommlative
Fuel Economy
(mpg)

Miles
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CHARGE-SUSTAINING FERFORMANCE STATISTICS' CD B
TRACK TESTING' DYNAMOMETER TESTING I —
Acceleration 0-60 mph’ Crdle Results’ 5 W
Measured Time: 9.2 s T2°F 20 °F 0% °F + 830 Wim' T
Parformance Goal: <1355 TUDDS S50 Whimi, | -27.5 Whmi, -1 Whim, @ O
Pesk Power from Battery: 44.3 kW {Ciold Start) _-15.9 mps. 274 mpz 320 LpE =4
. —— 53 Whomm, | 9.0 Whmi 27 Whimi, AJ
Alazimum Spead - - -
a1 %4 Mile. 853 4.7 mpe 427 mpz 41.7 mpg (D Q
t % Mle- 853 'fPh HWEFET 147 Whimd, [ 0.5 Whimi, 20 Whim, W
Maxinmm Speed’: 103.1 mph 56.6 mpg 454 mpz 51 6 mpg C Il
Performance Goal: =00 mph at 1-mile ([ 065 Whns, | -1.0 Whmi, 139 Wh/Im, — C
mark 398 mpe 351 mpg 36,6 mpg ;— w
. ] 3 = —0
B = from 60-0 mph 5Co3 _;-;‘ilg.-‘h‘m.l._ O
Mesasured Time: 3.7 s 27 mPE —_ 5
Distance: 124 fi Fuel Economy at Steady-State 0% Crade U
Peak Power into Bamery: 265 KW 15 mph 83.5 mpe &0 mph 44,5 mp Q M
Deceleration 60-10 mph" 30 mph 708 mpz 75 mph 36.3 mp (O]
Measured Time: 73.7 5 45 mph 52.6 mpg (D CD
Distance: 3=:f5':' o i Dwuration of Passing Maneuver at Grade” -~
Peak Power into Battery. 10.0 KW 0% Grad 3% Grade 5% Grad ~d @
Totzl Energy inio Battery: 773 Wh 35-35 mph 18z I0s Z 6z p—
Si6omph | 36s 555 33s @) 0o
35-70 mph B6s B5s 1125 —h
55-80 mph 825 945 1385 @)
Maximmm Speed at 25% Grade from Stop: 46.1 mph \I wm
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