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Overview

Timeline

Start— OCt 2010 (Project Start)
Finish — Sept. 2011
50% Complete

Budget

Total project funding

— DOE share - 125k

— Contractor share - None
Funding Received in 2010

— DOE share — 320k
Funding for FY11

— DOE share -125k

Barriers

» Lack of codes and standards
for communication between
PHEV and Grid

» Communication technology
options are unproven for
automotive application

Partners

¢ Society of Automobile Engineers
® Echelon, MAXIM
¢ Hymotion
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Objectives

MYPP Relevance:

Address codes and standards needed to enable wide-spread adoption of
electric-drive transportation technologies.

» Develop testing and validation procedures for VGC standards and
technologies based on SAE Documents J2847 and J2931

Build “VGC Virtual Testbed” to test validation procedures for VGC

Develop prototype communication modules to establish performance
requirements for vehicle and charging station OEM adoption
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Technical Approach

Objective: Support SAE Hybrid Committee with standard
development and requirements definition for vehicle to grid
communication

» Possible communication pathways for vehicle to charging station
communication:
1. Power line communication over the mains (no special communication cables)
2. Power line communication over the pilot line (using the J1772 connector pilot wire)
3. CAN bus communication using additional pins

» Possible communication pathways for vehicle/charging station to utility:
1. Wireless, HAN
2. Power line communication over mains to the AMI meter
3. Cellular communication to the utility back haul network
(Several architectural variations are possible with the vehicle and charging station capabilities)

m  Select communication pathways and architectures to support SAE standard development with the

committee input and EPRI requirements documents e
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Technical Approach

Objective: Develop test plan and performance requirements for testing and validation
of VGC standards and technologies based on SAE Documents J2847 and J2931

» Select Power Line Communication (PLC) technologies for testing
J2847/1 messages from vehicle to electric vehicle supply
equment (EVSE)

Selected Echelon and MAXIM G3 lite low-frequency, narrow band PLCs

» Fabricate test bed and develop test plan
= ldentified charging station and battery module for lab test bench
= Develop test procedures for association and authentication

= Perform integrated laboratory testing of PLC technologies with bench set up
using battery, charger, and EVSE.

= Perform co-existence and attenuation tests for data transmission and error rates
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Technical Approach - Test Bench Schematic

Objective: Develop “VGC Virtual Testbed” and collaborate with industry partners to
develop a prototype for testing and validation of VGC in laboratory.

Battery J1772 Cordset
Battery Charger PLC Transceiver

HMI (Emulated
PC)

PLC Transceiver
J1772 Connector

Premises Meter (AMI)

est Scenario: Send message from vehicle and receive at utility interface /

* ANL integration of EVSE to Premises Meter is a separate effort and not included in the FY11 activities
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Functional Test Architecture

Communications Testing EVSE GFC Controller
PEV GFC Controller Control Computer
Control Pilot/
Proximity D etection —ly
- PLC
Communications -
7 N\
V 4 S
-
J1772
Plug EVSE l

Control Pilot/ PLC
Communications
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Functional Test Plan

PLC System Configuration

w0 DD PR

Default settings used for filtering and signal magnitude
L1 to N (L2) connection.
MAXIM testing primarily used NORMAL mode

Messages were short to allow comparable testing between the MAXIM and
Echelon units

Testing Performed

© 0o N O ko DdPRE

System operation verified on 120VAC line

208 VAC - data and error rate test w/o charger

208 VAC - data and error rate test at 100% charge rate

208 VAC - data and error rate test at 75% charge rate

208 VAC - data and error rate test at 50% charge rate

208 VAC - data and error rate test at constantly variable charge rate

208 VAC - data and error rate test w/o charger and extra 45’ AC cable length
208 VAC - data and error rate test w/o charger and FSK noise injection

208 VAC - data and error rate test w/o charger with both MAXIM and Echelon on

the same 17’ 208 VAC cable %/
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Functional Test Results (preliminary)

MAXIM — MAX 2991

1.

o 0k wbN

33.6 million messages / 2.9 million while charging

Data rate increases to ~100Kbps with long messages

Error rate — <1 x 10 in NORMAL mode and no interference
ROBO mode is required in the presence of interfering signals.
Interfering signal measured Data Rate unchanged in ROBO mode.
Interfering signal Error Rate in ROBO mode < 1 x 106

Echelon PL3170

»pw N PR

Notes

5.2 million messages / 322,000 while charging
Data rate ~1.9Kbps

Error rate — ~20 x 10 — errors were typically no response to transmitted message
Performance not affected by interfering signals

Data rates reported do not include vendor incorporated overhead (CRC, protocol, etc.)
necessary to support communications. The data rate values reflect only number of bits sent
and received.

Data rate measurement calculated by dividing the number of bits sent by the elapsed time

between transmission and reception. A correction was made to the measured elapsed time
to remove measurement equipment delays. %/

Pacific Northwest
NATIONAL LABORATORY



FY’10 Accomplishments
(DOE/OE funded FY’10 activity, leveraged for this project)

» Human Machine Interface (HMI) development completed and
integrated with the communication modules

» J2847 messages reviewed and mapped to SEP 2.0 for supporting
price-based, time-based and optimized charging

» |EC and SAE use cases reviewed and comments submitted for
harmonization

» Grid-friendly charging implemented in a field prototype with Toyota
Prius and Coloumb Level 2 charging station
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FY'11l — Progress

» Qutreach:

m Co-authored a technical paper with SAE committee members on
communication standards development and test plan. This was
presented by Rich Scholer at the SAE Congress in April 2011

m Presented three technical seminars at UCLA, Smart Grid Road Show
and NYSERDA conferences and workshops related to electric vehicle
communication and grid-friendly charging

» Technology development
m Laboratory test bed development completed.
m Two PLC module prototypes developed and tested.

m Human-Machine-Interface integrated and tested with the PLC modules.
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On-going Activities for FY'11

» May — Sept. 2010
e Review and contribute to J2931 document development

o Develop power line communication module prototypes for control
pilot communication (three modules will be developed based on
SAE needs and EPRI requirements documents)

o Implement SEP 2.0 application layer in the prototypes to test the
latency, data rate and error rates
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Collaborators

» SAE — Leading North American Standards development organization
developing the electrical connection and communication standards
for vehicle-grid communication (J1772, J2836, J2847, J2931)

» NIST — US National Standards coordination activity developing the
Smart Grid Roadmap and framework for standards and protocols

» EPRI - Research and development organization representing the
electric utility industry and involved in use case development and

communication testing coordination with Ford for SAE and NIST.
» Industry partners:

= Echelon — Power line communication technology
manufacturer

= MAXIM - Power line communication technology manufacturer
= Hymotion — Electric vehicle battery and charger
manufacturer

o
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Assumptions and Outcomes

» Assumptions

» EVSE and vehicle manufacturers will be engaged in project and
provide equipment for integrated testing

» SEP 2.0 will be finalized for implementation

» Qutcome

» Contribute to SAE and NIST activities to accelerate the
development and harmonization of VGC codes and standards

» Capability development for validation and testing of
communication modules

» PNNL functional testing will assist SAE make the final choice of
PLC technology selection

o
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Project Summary

» Codes and Standards for vehicle-grid communication are not fully developed
and no standard communication protocols are available yet.

» The communication technology needs to be implemented in laboratory
setting and tested in demonstration vehicles before performance
requirements can be provided to automobile manufacturers.

» This PNNL project addresses critical issues in communications standards
development by:

m Developing a test bench for integrated testing of communication modules
m Developing communication module prototypes for implementing J2847/1
m Testing and validating J2847/1 communication messages in a PLC prototype

o
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Questions ?

Contact:

» Krishnan Gowri at (425) 273-0190
Krishnan.gowri@pnl.gov
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Backup slides
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Functional Test Schematic

L1 * 4 *
=S ! o — PLC
MAINS PLC| LEVEL2EVSE CHARGER LEVEL 2 PEV
—]
PLC [ = PLC
[

CHARGER —

. EVSE - N

! ! COMM TEST CONTROLLER |

| _ . PLC Serial _ ._._PLCSerial , _|

Comms Comms

18

Pacific Northwest
NATIONAL LABORATORY




<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



