Argonne Facilitation of PHEV Standard
QU Tosting Procedure (SAE J1711)

NATIONAL
LABORATORY
... for a brighter future .
SAE/nternational
e g
SAEinternational RECOMMENDED  [iZ, [,
PRACTICE - v _
T e (e s
SAEnternational Egg_ﬁgﬂéuben ’” Fropond
Michael Duoba
Danny Bocci
Ted Bohn
UChl;agOP Richard Carlson
rgonne, .
= Forrest Jehlik
Henning Lohse-Busch Project ID: vss_05_duoba

S

Argonne National Laboratory

This presentation does not contain any proprietary, confidential, or otherwise restricted information




J1711 Project Overview

Timeline Barriers
PHEVs unique operation

W Started in mid 2006 _ Compatibility with legacy testing
® FY2009, work will continue with requirements

J1634
B 80% complete

B Test equipment not always capable
for long PHEYV tests

B Different types of PHEVs all must be
on equal playing field
B Definitions must be sound

Budget
m $300k
B  Many other ANL tasks support this P_artners
effort ®  ANL chair of J1711

B Members include: Chrysler, GM, Ford,
CARB, EPA, Toyota, Honda, Environment
Canada, INL, NREL and others

Collaborate with JARI-organized ISO

work group




J1711 Objectives

m Chair/ Organize J1711 Task Force
B Develop procedures

— Addressing all the significant challenges
® Validate using APRF dyno lab

B Ensure that all stakeholders have consensus
— JARI-ISO, CARB, EPA

® |In FY09, write document for ballot
® In FYQ9, support EPA MPG Labeling developement
— ANL and INL working together on Test vs On-Road PHEV results




Milestones for FY08 an FY09
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EPA, DOT Will Reference SAE Standard

CARB an

J1711 Procedures Made Similar

ISO and J1711 Collaborate

Califarnia Environmental Pratecticn Agency

@B Air Resources Board

PHEV Test Procedures

The Zero Emission Vehicle (ZEV) regulation was first adopted in 1590 @ part of the Low Emission Vehicke
Program. Although it has been modifed several tmes over the years, as shown In the timeine on page
four, it il remains an important program for Califoria's air qualty and has spumed many new
technologies that are being dnven on Califomia’s roads.

Wihile itics malntain that the ZEV fequiation is a fallure, in reaiity Many SUCCESSES iave come ot of the
regulation. For instance, over 750,000 Califomians are driving partial zero and advanced technolo
partial zers emission veNicles (FZEV and AT FZEV). These vehicles have near-2efo tailpipe emissions
zero evaparative emissions and an exlended emissions warranly of 15 years or 150,000 mites. In fact,
tney are B0% cleaner han he average 2002 MGE] year car.

In:a00man to the variety of FZEVS and AT PZEVS avallable, Jas-£/ectric iybna venicles are aiso a
success. With mare than 100,000 hybrids on California's roads, ey give consumers a way (o reduce
Emissions and fuel consumptian. Al \ESE “EAr- ZEMa" EMISSION VENICIes provide cribical polution
teductions in he near lerm, with the increases in California’s populalion and in the number of miles we
fravel £acn day, we MUSE CONTNE 10 PUTSUS PUPE ZeM EMISSKN transpartation tecnologles.

The Board's mofivation has always been to have zero emission technologies on he reads on a mass scale
a5 s00n a5 passible. Whether using fuel cells, balfery electric vehices, ar olher lechnologies, our
commitment to 28ro EMISSIONS Nas Never wavered. OU strateqy. nowever, has approprately considered
Ine slale of lechnology, marke! factors, economic impac, and our mission

Below are Frequently Asked Questions and Answers aboul the ZEV Reguiation

Which types of vehicles are included in the Zero Emission Vehicle (ZEV)

Program?
Cateqory  Venicle Acronym Technalogy
“Gold" =V Battery, hydrogen fuel cell

“Silver Plus™  Enhanced AT PZEY AT PZEV using a ZEV fuel such as eleclricity of fydrogen

Examples include plug-in hybrids or hyarogen internal
combustion engine vehicles
“Sitver” AT PZEV Hybria, compressed natural gas, methansl fuel cell

‘Bronze” PZEV Extremely clean conventional vehicle with extended wamanty

and reduced evaporative emissians

* Wew category per 2008 Board Amendments

[California Alr Resources Board RO, Box 2815 Sacramento, CA 95812 (916) 322:2960 _ wwwarb.cagov |
6/6/2008

Much effort has gone into
keeping CARB and ISO
compatible with J1711
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Recommendad Practics for Measuring the Exhaust Emisslons
and Fual Economy of Hybrid-Electric Vehicles
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Summary of Approach / Progress




Summary of “Electrified Vehicles”

Civic HEV
VUE HEV

Escape HEV
Prius HEV

Hymotion Prius

Toyota Demo PHEV

Chevy Volt

RAV-4 EV
EV1

Vehicle Type | Electric | Electric Grid Electric
Power | Storage | Connected Driving
Mild HEV Low Low No No
Full HEV Med Low No Very
limited
Conversion Med Med Yes Limited
PHEV
AER- Capable | Med+ Med Yes UDDS
PHEV cycle
“E-REV” High High Yes Full
PH EV Performance
BEV High High Yes Full
Performance

AER = All Electric Range




Plug-In HEV Definitions

Initially, all PHEVs were EV
capable. EV, then hybrid

operation.
Note: E-REV is a PHEYV, despite what
GM says

Blended PHEVs — not “full
performance” electric. Engine
operation needed during test
cycles. However, significant fuel
use displaced.

“Charge- “Charge-
Depleting” Sustaining”
(start of day)
&)
o
/2]
EV >ie Sustain Mode ——
Mode
X
miles EV .
range I = Engine-on
“Charge- “Charge-
Depleting” Sustaining”
(start of day) P 9 g
&)
o
n
Depleting ple Sustain >
Mode Mode
X
miles CD

range




PHEV Operation Diversity Poses Challenges For Testing

soC

soC

sOC

sSOC

= Engine-on
|¢————— Blended »le Sustain >
Mode Mode

L (b)

|« Blended ————————»|  Sustain

Mode Mode

\ ©

le— EV »ie Sustain Mode ———
Mode

|<_ EV _p|.q_ Blended _>}<_ Sustain —»

Mode Mode Mode

> m Blended depletion may vary

B If EV & Sustain Mode abrupt,

® Or, EV / Blended / Sustaining




Testing Depleting Operation With “FCT”

Full Charge Test (FCT) - Start fully charged, repeat cycle until car
behaves like a charge-sustaining hybrid

(]

(Full Charge) - ~ - _ until charge-sustaining —» §
N a
S o ~b\
Full Charge Test o — | .
(FCT)
Cycle 1 Cycle 2 Cycle 3 Cycle 4

Charge-
Sustaining Test

Easy? What'’s the problem?

1. Limitations of test cell hardware / software:

2. Vehicle initial conditions conflict with conventional vehicle procedures
3. Compatibility with existing test procedures, conditions, and calculations




Test Sequence For Urban and Highway Cycle Tests

1 2 3 4
Prep Soak S S S Soak
Full
F &
9 36h 36h
Ul uluU Ul ululu
5 Test 6 7

Prep ° 12h Full
U|lU|JHI|H v HIH[HI|H

B Four (4) days of testing for PHEV UDDS and Highway
B Non plug-in hybrids, day and a half




EPA Label Includes Three More Cycles to Test!!!

Cold CO Test
-7°C Urban

35°C SCO03 Air Conditioner Test

with solar simulation lights

US06 | .-
Run like HWY, only | **1]
second cycle counts | [




Major Consensus Items of J1711

B Do not combine fuel and electricity into a composite MPG Result
— Report both MPG and AC Wh/mi (from plug) separately

B Baseline charging assumption: 1 charge per day
— Missed charge = Opportunity charging

B Retain “Utility Factor” method of combining depleting with
sustaining

B Emissions certification may not be the same procedure as fuel
economy determination

B Typical Cold / Hot Weighting for UDDS not possible in Charge-

Depleting test




What is NOT in Scope of J1711

B Emissions certification > worst case emissions

— Depleting or the Sustaining test results

— OEMSs demonstrate worst case

— J1711 include emissions calculation similar to fuel (like
CO2)

B Label Fuel Economy - EPA

— However, the committee is now spending time on this
subject

— Contract with Emmeskay Inc. to help provide “Individual”
Utility Factors for MPG label calculations




Examples of ANL Tools Used
Develop J1711 Concepts

OEMSs do not share data, ANL had to address
the problems using its wide array of systems
tools




Using Simulation to Define End of Charge-
Depleting Range
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B Major issue with SAE and JARI ISO workgroup — how to define end of
charge-depleting?

B Found that both definitions are useful, depending upon use and level of
data




ANL PHEYV Platforms Critical in Procedure

Development & Validation

“MATT” Platform as PHEV
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Tool Development

Studies

Control Design
Math-based Control , Hardware
Validation implermentation
aln l '
- Control Logic APQF
v improvement <+———  Barriers?

'
R W omarean

uel Economy,
Emissions,
Thermal

Math-based Fuel
Econony Studies

-- “Charge-
sustaining switch”

-- Solve “Cold HWY”
Problem

Full control allows
testing various
PHEV operation
-- Blended

-- E-REV




New Ideas for Treating Charging Data

B Needed a way to relate DC energy measured on vehicle to AC kWh from
charger

B ANL’s analysis of actual PHEV charge data of Li-lon batteries led to an
ANL proposal to deal with difficult problem

50 300 5
Weekend Charge Event following the UDDS Charge Depletion 2 Weekend Charge Event following the UDDS Charge Depletion 2%

L + 1%

40 -~ ﬁ\—*—— 240 10 4----1 —AC Energy [KWhrs] |- —+ 80%

——AC Current [Amps] gl | —BattEnergy[kWhrs] | 1 som
—Batt Current [amps] Charaing Effic " o

- ——Batt Amp Hours [Ahrs] — Charging Efficiency [%] .

L Bt Enerae [kWre] | A -+ 180 B T T T T T T 88%

H —Batt Eneryy [Kihrs] - —

¥: 7 —— AC Voltage [volts] 2 j:'ﬂ e D = g T
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Many PHEVs Tested to Aid in J1 7 1 1 Development

B Prius Conversions

1. Hymotion (18t gen) Prius (highly instrumented)
HybridsPlus Prius (highly instrumented)
Hymotion (2"9 gen) Prius (AVTA)
EnergyCS Prius ver.1 and ver.2 (AVTA)

5. Hymotion (3" gen) Prius (owned by A123)
B Escape Conversions

6. Electrovya Escape (AVTA / NYSERDA)

7. Hymotion Escape (AVTA / NYSERDA)
m OEM

8. Renault Kangoo

9. OEM PHEV Mule (NDA-protected)

10. BEV Tested for range/eff, short-cut

A

OEM, NDA
PRotected

OEM, NDA
PRotected




Analytical Tools Developed to Evaluate Equations and
Results

Hymotion v2 (in High-Mileage Prius) -

o SkWWhr Li-lan battery wf DC-DC converter

Arg() TestWilb]: 3410 -
HATIONAL u\m BaTORY Dyno Target A: 20.9000

Dyno Target B: 0.1391

Dyno Target C: 0.0164

PHEV “One-Pager”

an] e [l Speed [mph]
P —— | Enging On
- SOC [%)
M Calculates all relevant test outputs i e
50 —
o [l . . 1 .
from APRF test data 20 Wi Whtsiandt Bessacet | [’Wf M"WHU
. . . . 12 L ” i1 1) B ” L1 2T ” il H 1 {
. Y 500 1000 1500 2000 2S00 3000 3500 4000 4500 5000 5500 G000 GSOD 700D 7500 737
Real data shows limitations in e & S 5 o
SOC (stdslend)| 100, 4070 70,2842 A2.28. 14 14.6.7 00,92, 7 707
. delta Ahr (fiml)]___ 560 (0 75) 547 (073 549 (0.74] 155 (0.21) 18.1{0.61) 0.07 (0.01)
equatlons methOdS DCWh (1hmi) 1217 (163) 1196 [160) 1202 (161) 754 (394 3910 {131) 44 .54
) ACWhr (1hmi)| 1517 (203 1198 (161 155 (160 36 (450} 4247 (142) 742 (1.90]
gal (mpg)|___ 0.05(158) 0.04(170) T.04 {170) 0.12 (54.5) 025(115) 014547
L(1H00km)| 018 (152) 017 [1.38) 017 (1.38] 044 (365 0.95 (198 052 (4.30)
B Several problems found, ANL i
) A x Veye (1imi) 1287 [172) 1257 (168) 1262 (169) 356 (47 B 4163 (135) 6.1 (2.15)
Ahr x Veys | Fuel ] nal 041 0.10 052 0.00
recommended Changes ocy 7349 7353 7348 7313 A 7305
100 Range Ahe = 2325 ACWh = 5330.04
90 AER_='qn_.nn i 533
& Rede = 29.9 mi
60 Rcda_gsl =254 rn! 4000
50 Reda_ins = 29.5 mi 2000
40 Reda_insmod = 27.9 mi
30 1 - EAER = 15.8 mi 2000
b fI r ‘[ ['.r'.H h I !”’J ERF_est=623% 1000
10 [ | R ERF_ins =53.7 %
rnn 1000 1500 2000 o145 ERF_insmad = 56.6 % S iEiforiannm A
CSCold LS Hot ACS 43157 CS Same Trip CS
S0C (st.delend) 7.0.7 7.0,7 7.0.7 iR T.0.7
detta A {1imi) 021003) 015 (0.03) 040 (0.02) 020{001) 078 (0.02)
DCWh (1imi) 73300 -18(-24) 40(-27) 20(-13) T5(-25)
ACWh (1) 218 (5.60) 747 (107] 797 (5.34) 395(2.65) 1 57 (5 25)
gal (mpg) 015 (507) 013 (55.0) 028 (52.2) 014 (107) 055 (545)
L (1100km) 056 (4 B4) 051 (421) 106 (4.42) 053 (230 207 (4.32)
Bhe x Veys (1) 483 (647) 437 (5.85) 92.0(6.16) 457 179 (6.01)
Ahr x Vsys | Fuel| om om om nm nm
ocy 221 3 2295 MIA e A
“DEC Urility Factor
= UF@Rcda= 052 i
B Frectons UF@Rcde = 0.52
. o Lumped MPG lumped =77.1
TN MPG fractional = 78.3 o
LI100km lumped =305 &
e LA O0km fractional = 2.97 g
ACWhimi lumped = 79.2
g ACWhr/mi fractional = 85.7
250 500 75010001250 1724 .95 6040 .20 20 4D 60 80 102
Whirirni Currant

MO 11772008
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Defining Fuel Economy of a
PHEV ....?7




Most Converter Companies Claim “100+ MPG”
Pointless Number Unless Conditions are Described

==p> |mportance of standard




On-Road Results Illlustrate Importance of Daily
Driving Distance

INL and ANL studying Test vs On-Road (addresses last year’s
reviewer’s remark)

Hymotion Prius — Accelerated Testing

Cycle | Urban | Highway | Charge | Reps | Total | Electricity Gasoline
(mi} | (10 mi)| {10 mi) (hr}| (N)| (mi) KWh| Gals| MPG
10 1 0 4 60| 600 13633 | 481 | 1272
20 1 1 8| 3| 600 12202 | S537| 1159
40 4 0 12 15 600 B410| 605 1011
Increasing 40 1 2 12 15| &00 B7.22| 578 1069 Decreasing
Distance 40 D 4 12 15| 600 T79.82 |  B.54 731
. MPG
60 1 4 12| 10 600 5533 | 898 68,9
80 2 6 12 8| 640 4399 | 1136 38,3
100 2 8 12 6| 600 J598| B4 73.2
00 1 18 12 3| 600 15.0| 11.02 54.8
Total 2540 3100 1404 | 167 5,440 | Weighted Average 79.5

From: http://avt.inl.gov/pdf/phev/HymotionPriusAccelTestingResultsReport.pdf




Utility Factor (UF) Defined to Weight
Depleting with Sustaining

B UF: Weighting of Depleting operaiton
® US DOT National Highway Transportation Survey, 2001
m 84,000 vehicles

50% depleting, 50% sustaining

< Depleting miles l
67% depleting, 33% sustalnlng g0
UF(4 30+40+40+40+40
(40) = 30+40+50+60+80 80% depleting, 20% sustalnlng Bl = sustaining
< 100% depleting, 0% sustaining B = depleting
Total miles 100% depleting, 0% sustaining }0
_____ t p—_ - -
30
Z mln(a’k , D) Depleting range
_ d;eR distance driven = 40mi
UF proposed (D ) - on sample day
2.4 I
dk cR B
Vehicle: 1 2




SAE J2841 Standard Finished, Balloted

B SAE J2841 was written to reference the Ultility Factor calculations for
2001 National Household Travel Survey Data

B CARB now references document
B Balloted and now available from SAE

]
| SURFACE SAE J2841 PropDft 2008
VEHICLE
oA : " Issued 04-24-2008
“lﬂfefnaffona/ RECOMMENDED Revised Proposed Draft
(LastDate)
pRACTICE Cancelled Date (Cangell 1]
Superseding  Jxu Date
(Sup )
Definition of the Utility Factor for Plug-In Hybrid Electric Vehicles Using US DOT National Household
Travel Survey Data
1. SCOPE

This SAE Information Report establishes a “Utility Factor” (UF) curve and its method of generating this curve. The UF is
used when combining test results from battery charge-depleting and charge-sustaining modes of a Plug-in Hybrid Electric
\ehicle (PHEV). This document will define the UF curve(s) using 2001 United State Department of Transportation
‘Mational Household Travel Survey” data. The input is daily vehicle miles traveled and the UF curve output is a
percentage fraction that is applied to the charge-depleting mode results.

1.1 Purpose

In use, the total fuel and energy consumption rates of a Plug-In Hybrid Electric Vehicle (PHEV) vary depending upon daily
drmng dlstances For PHEYs, the Llnder\ymg assumptmn using the UF is that operation starts fully charged and begins
o hattar: charcedanlating mode Evantially the vabicle muet chanog to 2 charmeesstaining moda Tha yahiclas mila

Liility Factor Fraction

1.00

090 T
uaof
070
usof
usn:
u‘wf
030 |

020 |

0.00

UF

1} 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Charge-Depleting Range {mi)

ANL: mined the NHTS database, wrote the code to generate factors, wrote doc
GM: generated curve fits based upon ANL UF outputs
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Summary: Argonne / DOE PHEV Tools Make Possible
Procedure Development

B Vehicle Systems tools support procedure development and validation
B ANL Expertise in HEV/PHEYV testing unparalleled
B Significant challenges in development have been met
— collaboration (international, CARB, EPA, OEMSs)
— DOE access to real vehicles for testing
M Effort cross-cuts all aspects of DOE vehicle systems activities
B Success would not have been possible without DOE maintaining leadership in
vehicle systems

Y

OEM PHEVYs

F 2

Vehicle Technologies Program

Advanced Vehicle Testing Activity |18 [ IR T

SAE/nternational /‘eﬁurmﬁf

RRRRRRR
EEEEEEE
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Future: Use of ANL’s Experience in Testing

SAE LDV Standards Committee Requested ANL to help chair
J1634 — Electric Vehicle Test Procedure

B Currently evaluating “short-cut” procedures for 100+mi range
B OEMSs not providing data, but are supplying cars
— ANL to keep DOE informed, but release sanitized data
B Procedures validated by June/July 2009
m Keep J1711 and J1634 harmonized

Many Unnamed OEMs P

and start-ups l»‘

ﬁ-__/u
ﬂi“

With Ballard drive




Thank You

We would like to gratefully acknowledge the sponsorship of Pat Davis, Program Manager and Lee
Slezak, Manager, Advanced Vehicle Systems Simulation & Evaluation Team, Office of Vehicle
Technologies Program, U.S, Department of Energy.

Vehicle Technologies Program
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PHEV FCT Procedure for FTP

Concept also valid for Cold FTP test

- Day Before Test rop Test facility limitations
requires backup options.
? % 12h
&t
Ul uUujlu 36h

10min

c = £ = = =
£ £ £ £ S S
S S S S S S
= - - - - -

Best interpretation of
FCT, but may not be

possible for many test
facilities U U
Full—>
If above option is not 10 9 0
possible, run this test 30 min 30 min 30 min
Ul U U | U Ul U U | U

U — Urban Dynamometer Drive Cycle (UDDS)




PHEYV Highway FCT Procedure

Concept also valid for US06 and SC03

Remember the
— Conventional HWY Test ——

- Day Before Test —
key stays on
Prep
, i,
- &
é\ to re test
H|lH]|H 36h e
Full - —1
Objective: run as many tests in a row TO
as possible H H H H 30 r?ﬂn H H H H
Sequence in least disruptive manner Full = — |
\
0
To. ]
H H 30 min H H H H

H — Highway Cycle




UF-Weighted MPG Calculations for E-REV PHEV

200 , ,
190 - Charge-sustaining
180 dLoemneen Label MPG
170 Jeeeeee | — 55 MIPG
160 4o |[——50MPG

] 45 MPG
180 pomrrmsmmnmniol 40 MPG
140 4o | ——35 MPG

P |—30MPG
130 | e T

L |—25MPG

@ 120 g —20 MPG

o ' v

= 110

=]

LH

£ 100

5

u

3

0 10 20 30 40 50 60 70 80 90
AER [mi]




