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OVERVIEW - NEW AGREEMENT

TIMELINE BARRIERS

Project Start; Oct. 01, 2011 Vehicle Availability

Project End; Sep. 30, 2016 Vehicle Reliability

Percent Complete; 15% Infrastructure Requirements
BUDGET PARTNERS

Total Project; $ 33,088,218 EZ Messenger

DOE Share; $ 26,400,000 Total Transit

Cost Share; S 6,688,218 Idaho National Laboratory

Current Auth; S 6,351,700 Argonne National Laboratory

Peloton Technology

National Renewable Energy Lab
SAE

University of Nebraska - Lincoln
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Valued Quality. Delivered.

OBJECTIVES

& Test and evaluate advanced vehicle technologies
infended to reduce the consumption of petroleum

€ Produce lifecycle cost data for vehicles that are
utilizing these advanced technologies

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

€ Provide benchmark data and performance trends for
advanced technology vehicles
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MILESTONES

€ Advanced Technology Vehicles on test (2013)

¢ BEV 12

¢ PHEV 18

¢ HEV 16

¢ ICE 8

4 3 vehicles completed testing & 28 vehicles started, rest
ongoing

€ Advanced Technology Vehicles to be tested in CY 2014
(difference is those to be started)

¢ BEV 16 (4)
¢ PHEV 22 (4)
¢ HEV 16 (0)

& ICE 20(12)



Approach

PROCEDURE/DOCUMENTATION N

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

€ Develop Interim Component Durability Test
Procedures



Approach

BASELINE TESTING

€ Baseline Vehicle Performance at outset of testing
€ Acceleration
€ Maximum speed
€ Braking
& Fully electric range (when applicable)

€ Vehicle coast-down testing to obtain drag coefficients
for chassis dynamometer testing

&€ End-of-Test Performance



Approach

Valued Quality. Delivered.

FLEET TESTING

¥ Production Vehicles

€ 60,000 t0195,000 Miles (depending upon
technology)

€4 On-Board Data Logger with Automatic Data Upload
€ Fuel and Maintenance Logs
€ Interim Component Durability Testing



Approach

ACCELERATED TESTING

Accumulation

Cycle Urban | Highway | Charge | Reps | Total | Reps | Miles
(mi) (10 mi) | (10 mi) (hr) (N) (mi) (%) (%)
10 1 0 4 60 600 37% 11%
20 1 1 8 30 600 19% 11%
40 4 0 12 15 600 9% 11%
40 2 2 12 15 600 9% 11%
40 0 4 12 15 600 9% 11%
60 2 4 12 10 600 6% 11%
80 2 6 12 8 640 5% 12%
100 2 8 12 6 600 4% 11%
200 2 18 12 3 600 2% 11%

Total 2,340 3,100 1,344 162 | 5,440

Average 43% 97% 8.3 18

Intertek

Valued Quality. Delivered.

& Alternative to Fleet Testing is a Fixed Route Mileage



Approach

TRACTION BATTERY TESTING

€ Hybrid Vehicles

€ C, capacity

€ Hybrid pulse power characterization
€ Plug-In Hybrid Vehicles

€ C; capacity

€ Hybrid pulse power characterization

€ Battery Electric Vehicles
€ C; capacity
@ Electric vehicle power characterization

Intertek

Valued Quality. Delivered.



Accomplishments

2013 BASELINE TESTS COMPLETED

— el e e e )
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Honda Civic Hybrid

Toyota Prius Plug-in

Ford C-Max Hybrid
Ford C-Max Energi

Ford Fusion Energi
VW lJetta Hybrid

U5 DERARTMENT OF

Energy Efficiency &

ENERGY Renewable Energy

VEHICLE TECHNOL!

2012 Honda Civic

Intertek
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Advanced Vehicle Testing — Baseline Testing Results
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VEHICLE TECHNOLOGIES PROGRAM

VEHICLE SPECIFICATI:

YVehide

VIN: 19X FESF53CEN00672

Class: Compact

Seatbelt Positions: 5

Type: Sedan

CARB* AT-PZEV

ERA City/Hvey/Combined®:
2713832 MPGe

Tires

Wanufacturer: Firestone
Wodel: Affinity
Size: PI9S/G5SRI6
Pressure FIR: 30730 psi
Spare Ingtalled: T135/30D15
991

Engine

Model: 16 Valve SOHCi-VTH

Output: &2 KW @ 6500 rpm

Torque: 144 Nm(@ 4300 rpm.

Configuration: Inline 4-Cylind,

Displacement: 1.3 L

Cotnpression Ratio: 12.7:1

Fuel Type: Compressed Natur:
Gas

Transmisson

Type: Electronically-Controlle
Antomatic

Gears: 5-Speed

Features: ECO Mode

NOTES

1. Veicle specificatias voere suppli Ay the marnafucturer, e aoured or derived fra 4 e
3. Theweht lawas cortified s an demred Teckmology Partial Tero Bmissiom Webicle by the
3. The fusl ecomomy is given inuwies of “4udles per gallon of gisoline ¢ quive lra™ (MDG)

4. The fusltank capacity is Zhven 3umts of “allows of Zasoline & quiva k™ (GOE)

PERFORMANCE STATISTICS'
TRACK TESTING' DYNAMOMETER TESTING'
¥ Curle Remlts’
Measured Time: 129 5 L I | U5 o + 0 Wi
Performunce God: £13.5 5 UDDE 793 MPGre | 244 MPGe | 454 MPGe
At e E;];:;-Rl'"l) 31.5 MPGe | 29.0 MPG 26.5 MPG
o e e f €
Atth Mile 74.0 ph HAWFET ania MPGe | 463 MFPoe
Azl Mile’: 104 Dmgh Ugh6 0T MPGe 787 MPOe
Performince Goal: 230 mph at one-mile 003 - 250 MPGe
mark
Braking from 60 mph’ Fuel Econumy at Stedy-State Sped, 0% Grade
Meigured Time: 35 5 T0mph | 301 MPGe | SO0mph | 47.1 MPGe |
Distiawee: 133 8 0 mph | 357 MPGe | G0mgh | 415 MPoe
D from 6012 okt 30mph | 543 MPCe | 70mgh | 380 MPGe
‘Mesuced Tine: 9.0 aUamph | 47.5 MPOe | &0 mph | 315 MPGe
Distume: 3,084 B ‘Duration of Passing Manever at Grade”
% Grade_|_3% 0 & Grade
35-55 mph Six T0z 97
Z%.65 mph ii: [Er XD
3570 mph KD ez HED
35-30 mph 10832 1583 1933
Mairnam Speed at 25% Grade from Stop: 355 mph

ES
Nund o ey mele. Pref e remlay iy e g Srem st e
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3. Vbl tach g oo b e v s achiroed b *tenad
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2013 FLEET TEST VEHICLES

2 Honda CR-Z HEV
Toyota Prius PHEVY - Miles Driven
2 Hyundai Sonata HEV R T 30,000

2 Chevrolet Volt PHEV (MY11) | 125000 :T‘LT.L.h::a.g:a::':;:l:ﬂ 52
2 Nissan Leaf BEV (MY11)

100,000 4 + 20,000
4 Honda Civic CNG
4 VW Jetta Turbo Diesel 75.000 1 i Yo
4 Chevrolet Volt PHEV (MY13) 50.000 4 1 10,000
4 Chevrolet Malibu ECO

25 W 4 4 5 1HH

4 Honda Civic HEV
4 Toyota Prius PHEV s
4 Nissan Leaf BEV (MY13)

2 Mitsubishi IMIEV BEV

4 Ford C-Max HEV

4 Ford C-Max Energi (PHEV)
4 VW Jetta HEV

Mar-13
Aprd 3
May-1 3
Jun-13
1 3
Aug-13
Eep.13
Jiet-1 3
Mow=13
D13

¢
¢
\ 4
¢
\ 4
¢
\ 4
¢
\ 4
¢
\ 4
¢
\ 4
¢
\ 4



Collaborations Intertek

NATIONAL LABORATORIES

€ Idaho National Laboratory
€ Procedure development
€ Data collection & analysis
€ Reporting

€ Argonne National Laboratory
€ Vehicle Test Procedure development
€ Chassis Dynamometer testing
& Level 2 AC EV Charging Interoperability tests

€ National Renewable Energy Laboratory
€ Semi-autonomous vehicle performance evaluation
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INDUSTRY PARTNERS

€ EZ Messenger
& Document delivery fleet
€ Mileage accumulation
€ Route design

& Total Transit
& Taxi service
€ Mileage accumulation




Collaborations Intertek

OTHER PARTNERS

€ Peloton Technologies

€ Semi-autonomous HD vehicle system

& Society of Automotive Engineers
€ L2 EVSE interoperability

€ University of Nebraska

€ Advanced Agricultural
equipment evaluation




Future Work

Valued Quality. Delivered.

CONTINUOUS IMPROVEMENT

€ Update test procedures

€ Develop new test procedures for new
technologies and new vehicle types

€ Develop test procedures for interim component
durability testing

€ Continue to automate test reporting
® Identify & expand test fleet operators

€ Expand scope to include Medium Duty vehicles



Future Work
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ONGOING TESTING

&€ Over 50 vehicle models scheduled for evaluation

€ A dozen fueling infrastructure evaluations

— TN

\




Intertek
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2013 SUMMARY

€ Award novation in Q4 to Intertek

& At year end, over 50 vehicles (15 models) in test
fleets employing 5 different technologies and
various strategies to reduce petroleum consumption

€ Implemented fleet management software
& Added fleet operators

& Auto-populated test reports with ANL & INL
& Test results posted to AVTA Website



Intertek
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TECHNICAL BACKUP SLIDES

vss029




U.5. DEFARTMENT OF Energy Efﬁl:iﬁﬁc’f &

EN ERGY Renewable Energy

2013 Chevrolet Volt

VEHICLE TECHNOLOGIES PROGRAM

Advanced Vehicle Testing — Baseline Testing Results

VEHICLE SPECIFICATIONS'

Vehicle

VIN: 1GIRAGE40DU103929

Class: Compact

Seatbelt Positions: 4

Type": Multi-Mode PHEV (EV,
Senies, and Power-split)

CARB’: BIN 4

EPA: 350 Wh'nu (Electricity only):
37 mpg (Hybnd mode, Combined)

Dimensions

Drag Coefficient: 0.29

Wheelbase: 105.7 1n

Track FR: 61.2 /6211

Length/Width: 177.1 in/70 4 in

Height: 56.6 m

Ground Clearance: 6.0 in

Weights

Design Curb Weight: 3.781 Ib

Delivered Curb Weight: 3.770 b

Distribution F/R (%): 61/39

GVWER.: 4.5391b

GAWR F/R: 2,512/2.027 Ib

Max. Payload: 758 Ib

Batterv

Manufacturer: LG Chem

Type: Lithium-ion

Cathode/Anode Material:
LiMn,OyHard Carbon

Number of Cells: 288

Cell Config.: 3 parallel. 96 series

Nomunal Cell Voltage: 3.7V

Nomunal System Voltage: 3552V

Rated Pack Capacity: 45 Ah

Rated Pack Energy: 16.5 kWh

Weight of Pack: 435 1b

Pack Location: Underneath vehicle
center

Cooling: Active — Ligquud cooled

Engine

Model: DOHC 14

Output: 63 KW @ 4800rpm

Configuration: Inline 4-Cylinder

Displacement: 1.4 L

Fuel Tank Capacity: 9.3 gal

Fuel Type: Premium gasoline

Type: 12-pole permanent
magnet AC synchronous

Max. Power/Torque: 111
kW/370 Nm

Max. Motor Speed: 9500 rpm

Cooling: Active — Liquid cooled

Generator

Type: 16-pole permanent
magnet AC synchronous

Max. Power/Torque: 55 kW/200
Nm

Max. Generator Speed: 6000

pm

Cooling: Active — Liquid cooled

Lires

Manufacturer: Goodyear

Model: Assurance

Size: P215/55R17

Pressure F/R: 35/35 pst

Spare Installed: N/A - Tire
sealant and mflator
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VEHICLE TECHNOLOGIES PROGEAM

CHARGE-DEPLETING PERFORMANCE STATISTICS

TRACK TESTING? DYNAMOMETER TESTING®

Accderation 0-60 mph® Duration of Passng Maneuver at Grade

Measured Time: 10.2 2 0% Grade 3% Grade %% Grade
Performance Goal: <13.5 5 35-55 mph 4.1¢ 4.6 s 538
Pedls Power from Battery: 111.9 kW ;gf}g mpﬁ s? 5 gg 8 142-315
. =70 rap 1s B3 s
Maximum Speed
- '_’lnfs ced . 55-30 mph ols 53 1485
At Mile: 3.6 mp Mammum Speed at 25% Grade from Stop: 46.6 mph

At1 Mile”: 1009 mph

Performance Goal: 90 rph at 1-srile mark Energy Consumption at Steady-State Speed, 0% Grade

. 10 mph 2195 Whitni 50 mph 2531 Whimi
Braking at 50% SOC from 60 Omph’ 20 mSh 1608 Whimi | 60 mSh 204 2 Whimi
Measured Time: 3.4 ¢ 0mph | 1800 Whirm | 70mph | 361.6 Whimi
Digtance: 125.1 & 40mph | 207.3 Whimi 30 mph 4114 Whimi
Peal: Power into Battery: 27.1 KW . Cycle Result p
Measured Time: 3.7 5 Wimn?
Dustance: 123 £ upDs 258 5 Whimi | 2703 Whimi, | 3374 Whim
Pedl Power into Battery: 46.6 LKW (Cold Start) 46.4 mpg
Decderation from 60-10 mphg UDDs 253,46 Whimi 2133 thml, 523.0 Whitm

. 932 mpg
Measured Time: 58.5 ¢ HWFET | 261.0 Whimi | 2345 Whimi, | 283.4 Whim
Digtance: 39152 & 173.9 mpg
Peals Power into Battery: 157 KW U206 64 8 Whimi - _
Total Energy into Battery: 53,3 Wh BC03 - 3338 Whinu

HOTES [also fom previois pagel:

1 Wehick spectimtionswoe etber applied ke manfaorer or derired from 2. eamtore Temenr.

2. The powerimin o this mebick has mokipk cefigmatiors, abichallons the mebick to opermte i mrione modes to madn e fel ecaomry mdbr perfomarce wder difemrt.
conditioe ard drimer dem ande.

3. The mehick e centfied as EIF4 Trrthe Califorrin A% Resomres Board (CARE). The 2013 (uemrokt Voltcanalsobe desigratedas s Admred Techuo bz Partin] Zero
Hn iesion Vebick iy CARE I the Loar Bn e iore Pachage is porchased.

4. Performarce rombers based on " HomaT " mebicle mode. Berfomaree nambers ae amerages fom motipke tede . Ferformm amce rombers for accelaatie and decelaation am
amemzes fron mukiplk tecteas fre battery & depkted fraw full to e rreticto darge- somirdgm ode poirt.

5. Webicle track tecting oooue adex the mebick o achiemed de baeab- i feageof betarean 40000 6 000 miks, adat fre delimered cxbareidt ploe 250 £ 10 b (e dodig drimer
apd et equipmet |, dismiboted mamarer sindbrtothe arigial oo ladivgof fre webick . Trucktestirgtod: phce bamean Taoery S wd famry 15, 2005 witha teginde
webicle odometer readivg of 4,064 miks. The ambisd temperatme mrge dfran 50*Fio 68 °F

6. The accekrabion i menredfrom the poit staddchthe Tebick beghe to mare . The peab porer from the et erymhe Res mhafron 2 skgknn

7. The madmm speedams reached befare the ane-mile mark.

8. Corolkd babdreordoy axface . Brabe testigzmmns performe d ahen the bateryrans at 5004 dure of dharge (5 0C jandako at 100545 0C . The peabrponer ivto the baterrmle
wns taberfTam a sihgk nmn

9. Constive dudrire orodey axface. Testnn din wemw ox off wderithe mebick reached 10 mply, as mebick arep gpeed are tpialbrbebmrthic fieskold  The peab poara feofhe
Tattary ke ardtom] erergy ito the batterrmine were bothtadenfrom a srede (b diferatinm

10. Irpomometer terting oo ors after the racktestive & complte. Tritamam eteT testinzbegmma Ifwck 11, 2015 waththe mehick odom eter reading 4, 752 mikes. A comprebereire
explmation ofthe dypam ometer fac ity o dm effodol sy catabe fournd ot hip s arttion avd Zom TG titkd “Chacsds Dovom onater Teatder Beferetce Donmert™. The
ARG mefficirnts derimedfrom rack coastdoan testing ardmarbed oo fhe dem on eter were & 262006 b, B0 25318 hingh, md ©:0 0145255 himph®. A]lekectrical
cxemptionrakes ae giren b A0 Phimi.

11. The prsrgmarerr Take ddicaes the amenrt of time required for fhe Tebics o trre o fom the frsttothe second speed, atthe pecified grade.

12, The Cywk Resule tabk presae fre fuel ecanomey acheme dbertbe mebick oadfire EFA dome cpcles ot thoee differet am bist temperabores (1) 72 “Fadhorebick clim afe-cam]
off, (2) 20 * Frarthomehicle climate-controlset to 72°F Soto, and (3) 95 *Frrtumebicke climate-candrol setto 72°F 2ato. The mehick & ako aihjected to 850 Win o sobr loadat
95+ Fto cimmlate divect ambige. The dome opckes debadk abot srbpies: ofberaice hdicated, Fiel oovamptiono: omred anbyrat 20 “F.

Thoi mebic 1 meets all PEEN Smerica Difkvimom e oo metts Teted at fhe sxd of thic dooumert . Vahes imred iadicate that fre Bafomarce Goalwas hit met.
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VEHICLE TECHNOLOGIES PROGRAM

CONSTANT-SPEED RANGE AND CHARGE TESTING IN CHARGE-DEPLETING MODE!

45-mph Test® 60-mph Test* 70-mph Test*
Average DC power out of battery (KW 10.0 17.8 267
{A) DC energy out of battery (KWhy: 11.0 10.2 10.0
Battery capacity discharge (Ah): 30.0 0.3 250
(B) Range at the set speed (mnd)™ 405 #.5 26.3
{C) Post-test charge AC energy from EVEE @@ 1213 e 125
240V to onboard charger (lWh:
(D Posttest charge DC energy into hattery 113 10.7 113
from onboard charger (KWh:
Post-test charge duration (HH: MWW 04:03 03:51 04:05
AC electricity consurmption rate (Whimd)® 248 343 475
D electricity consurmption rate (Whimd)™ 226 310 430
(AD) Battery Roundirip E fficiency® 08 B5% 38%
(¥C) On-Board Clarger E fiiciency™ 91% P1% 90%
(ACY  Overall Trip Efficiency™ 0% Ba%a 50%

MOTES:

1. Wehicle track testing at de Frered omb weight phis 332 £ 10 T (hchidig driver and te st equipment)) , distribute d in & mareer sivilar to the orgihal orb loading
of the wehicle. Wales obtaie dfroen drive qpcle data wifbundt acc essories .

2. Inmingthe 45-amph ravge test, the macdimm hattery terrperatme was 21 °C and the swerage aubiot temperatime wae 12 0. Incing the postte st charge  the
begivming and ending battery state of charge (500 wae 19 9% amd 83 5% respective b, the masmmimn battery tanpershme was 24 O and the arerage anbiet
termperatwe wras 13 0.

3. Inmingthe G0-rnph range test the masinonm battery tesvperatime was 17 0 arnd the swrerage ambiat tevperatime was § 0. Dnringthe post-te st charge, the
begiming and ending battery state of charge (5000 was 21 5% and 83 5% respective by the masimimh battery tamperanme was 21 ° 0 and the awerage arvbiert
LD eTgiIr e wras 16 °C.

4. Inmingthe 70-rrph range test, the mainnmm battery temp eratime weas 23 *C ard the swerage ambiont tevperatime was 4 *C. Dnring the post-te st charge, the
begirming and ending batbery state of charge (5000 was 18 3% and 83 5% respectine b, the masmmimn batery tamperahme wras 23 °Cand the awverage arrbiert
Tt ergtire was 17 *C.

5. Hadditionto the range meanmed forthe 45-mph, 60-mph, and 70amph tests | drives of spproxdmatele0.7,09 ,and 1.1 miles  Tespective by, frotn tect prep aTes
to point at which webicle test speed i achieted and maitaimed wrere e quired and thece distave es can be added to the distarce travele d darig e Tange te s (B)
to obta i the total ditane e traveled. These drive s re quired 0.29, 045, md 065K Whto conplete, and thie snergy canbe addedto the stwrgye conomhed drig
thie Tange te ot (A) to obtain the total ctpart froem the batteryr. Fange is consdered reached wher wehic le operstional mode transitiones from charge-deplktig to
charge-mistaining,

The AC electric ity connmrptionrate ic Caloulate d by dividing e AC erergy fromthe EVSE (C) by the total distance traelled (B).

The I 0 electric iy conamptior rate ic o aloalate d by divdding e D C energye foom the on-board dhanger o the bathery (I berthe total distavice trawe ed (B).
Battery Romdtrip Bffic fency is calonlate dter divdding fhe DO exwrgye oot of the battery (A) by the DO anergy from the or-oard charger ko the battery (D).
Om-BEoard Charger Bffic ency is caloalate d by diwidig e DC awrgye froenthe on-bosrd charger o the battery (D fhe AC energy fromthe EWEE (L),

EI Orrera 1 Wiehicle Effic eno is caloubted b dividing the IO exergye oxt of fhe battery (4 torthe 40 energy from the EWEE {C).
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YVEHICLE TECHNOLOGIES PROGRAM

CHARGE-SUSTAINING PERFORMANCE S TATISTICS!

TRACK TESTING?

DYNAMOMETER TESTING’

Acceleration 0-60 mph®

Duration of Passing Maneuve at Grade'

Measured Time: 9.6 = 0% Grade 3% Grade fi% Grade
Performance Goal: €155 35-55 mph 383 4383 -
Peals Fower from Battery: 108.2 kW 55-i5 mpi i5s 445 593
. 35-70 mp RS 11.23 13.6 5
Maxim Speed
— SRt 5530 mph 545 1153 66 s
At Mile 83.3 mph Mammum Speed at 25% Grade from Stop: 47.3 mph

A1 Mile: 100.9 mph
Performance Goal: =90 mph at 1 -mile mark

Braking from 600 mph’ 15 mph 39 % mpg fill mph 44 % mpg
Measured Time: 3.4 s 30 mph 63.5 mpg 75 mph 38.1 mpg
Distance: 120 & 43 mph 728 mpg
Peals Power into Battery: 83.3 KW Crvele Results?
Deceleration from 60-10 mghﬁ =Lenenm -
M d Time: 974 72oF 20 °F 95 °F + 850 Wim
FASUIEC Tme. 778 UDDS 407 mpg | 278 mpg 29.2 mpg
Distance: 2,715 & (Cold Start)
Peak Power: 37.2kW UDDS 46.5 mpg | 40.7 mpg 317 mpg
Total Energy into battery: 255.5 Wh HWFET 492 mpg | 49.2 mpg 41 5mpg
U306 353 mpg -- --
SC03 -- 24 0mpg

Fud Economy at Steady-State Speed, 0% Grade

HOTES:
1. Perfonmumce romebers base d on “Hommal™ sebuicle mods

2. Wehicle track testing ocours when the wehic ® has achdeved s “breal-milage™ of betameen 4 000 to 6 000 miles  arnd at the delivered omb wreight phis 332 £
10 Th (i nding drieer avd test e qoipenerd), disrinted e mavmer sinilsr to the ordginal omb badig of the wehdcle. Track testigz took place et en

Jaroaary 8 and Jaronary 15, 2013 vwith & begieis webicle odometer reading of 4 064 mik s, The awnbiet tanperatms rmged from 50 “Fio 68 °F,
3. The acceleration ¥ mesnme dfran the poit at which the webdcls Degine to mmee . The pe gl povrer oot the batterytrabie s tabien from 4 cingle nm.

4. The ma xivnmn spee dwas reached before the orw-rmile noat.

5, Covdrolled brakifigg o dry aoface, The test e notnm ot g et S0C wahae i charge-mstainivgmods . The peal ponarer o the battery trabie e taban o g
sihgle nm.

6. Coasting odrire on doy amface . Test D data wrere oot off wher the wehas e reached 10 mph, acvebick creep speeds are typicalbe be ko this freshod. The
tota ] evier gy o the battene wahie wras tabien frotm 4 szl nm.

7. Doynarmcaveterte sting oo oms after the tradi testiyg is commplets. Drognatrooneter testingbegar on Mlarch 11,2013 waith fhe wehicke odorweter reading 4 732
wiles. S comprehersive e xphnation of the dynanorneter fac it avd methodologye can e f oxd at hbp e franeportat ioncand goeD 30, tiled “Chassck
Ireriamonveter Testing Fefererce Docomrent™. The ABC coefficierts derive dfrom track ¢ oastdmam testing snd matched on fhe dyramorneter were 8 3001456
b, E: 0.37653 bavph, and C: 001566 Bingh®.

8. The passig rranemer wahe fudicstes the smonmd of tine Tequire d for the wehicle to transition oo the first to the s cotd geed, ot fe specfied grade.

O, The Cyvle Eesuks tabk preserds the fioel e corore achiewed b the webac le at three different terrperatire s (13 72 °F, (2020 “F,and (3395 °F. The wehicle is
alea subjectsd to 850 Win® of iradistion at 95 *Fto cirmlats direct amlight The Cyele drive schedules i Inde 1 hot start miless athenarise mdicated.
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This webuic e xaeets oll PHEV Semeric o Mndennn Fequiranerts lcted o the aad of fs doomment.
Vahies i red dicate fhat the Perf omrumce Goalvras not met.




VEHICLE TECHNOLOQGIES PROGRAM

CUMULATIVE FUEL ECONOMY DYNAMOMETER PERFORMANCE S TATISTICS!

UDDs HWFET
Cumnulative Cumulatlve Cumulative Cu.mul:aiilve
" Electricity Electricity
Miles | Fuel Economy R Miles | Fud Economy .
(mpg) Consumption Rate (mpg) Consumption Rate
{AC Whimi) {AC Whimi)
10 NN 268.2 10 sl 293.8
20 Niat 258.8 20 sl 280.8
40 Nia’ 254.1 40 sl 2711
60 3337.3° 2102 60 2153 211.4°
67.1 414 5 1872t |0 115.3 155.7
820 115.8° 153.0°

NOTES:

1.

Walne s for fue leconoere and e k dricity corsmnption Tate obtafred from drive gecle data withoot accessories andusing SAE J171 1 methodokegy, The vehick
ie driver on comsenttive drive cycles it fine ] ec ot and & ke dricity © dennnption Tates caknulbite dfor each gpecle. Where o ditance travell d i dring &
drive cyrle, the wahies havre be e Riterpolated.

. Mo fuelic used i charge- depleting rode.
. Inming the cose ontire TDDE cycles, the engine started, ie ., the wehic b traneitioned froem charge-depkting to charge-sustamigmnode o the 50 7-rmik mark

over 6.8 TD DS qrcles the fall TTDD S oy ke is 745 mik < long). The Peformarice Goal & to cornplete tan TDDE cyc ks or 14 20 miles i char ge-depleting
Truonde .

. The comsecatie TDD S tectivg exded at 67 2 miles, after @ coteciotive orcles.
. Inming fhe coseontine HWFET qpcles the avgine started, ie. e welick raneiioned from charge-depltig to dharge-mustainihg mode, it the 47 8amile

rark, ot 4 7 HWFET o ks (the foll HWFET cycle is 10 25 miles lowg). The Perf onmane e Goal isto complete taro HRFET cycles o 20 50 miks in
chiar e -dep leting o de .

. The comwecatie IIRFET testing exded at 320 miles  after 8 cobwective ok,

This wehicle meets all FHEV dtnerica Mintrimn Pequiranerts Hoted at the end of this doomrert.
Valaes ired idicate that the Performrarce Goalwras notmet.,
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Advanced Vehicle Tasting Activity 2 daho Nafonol Loboratory

\PHEV Battery Testing Results
2013 Ford CMaxEnergi - VIN 3813

Vehicle Details And Battery Specifications!

Vehicle Details
Bage Vehicle: 2013 Ford ChJaxEnergi VIN: IFADPSCUEDL543815
Fropulsion System: PHEY

Battery Specifications

M arafactiurer: Fanasonic Rated Pack EnergwiC apacity: 76 kWh /26 Ah
Trrpe: Lithium -1on Dlinhlax Cell ¥oltage: 3.004.20 ¥

Mumber of Cells: 84 Pack weight: 272 1b

Mominal CellfSystem ¥ oltage: 376108V Thermal Management: Active - Forced Air

1 Vahick detaile snd battery specifications were e ther applid by the renfachrer o derired from a lieratre Tevioar

Battery Laboratory Test Results Summary
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cD cs
Measured
Measured Average II_EIsahIe Esahle
Vehicle Average Energy nergy nergy
Test Odometer Date of Capacity Capacity Margin? Margin?
Number (Miles) Test (Ah) (kWh) {Wh) {Wh)
Baseline 4756 32014 254 9 4160 a0
ICD1
ICD 2
ICD 3
End-of Test

2 The LD and CF Usahle Brerge margine are defied a5 fhe diff erence betamesn fhe battery ueable sergywahies obtaie d from testivg and the
corespanding targets ac defitied in the Battery Test Marmal for Phaz-In Hytrid Electric Vehicke, S negatrie otz tale ddicates perfonmare e belmr
the tarzet, hiooareneer & does vt ved essarihy dicate o def i ercy o fhe perfonmarce of the battery a5 it wras designed o operate by the wehicle
HrATIIFACKUTEr .
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Advanced “fehizle Testing Activity

PHEY Battery Test Results Analysis

Battery test results include those frorn the Static Capacity Test and the Hybrid Pulse Power
Characterization (HPPCY Test, bazed on test procedures fom the United States A dvanced B attery
Congortiven Battery Test Manual For Plug-In Hybsid Electric Vehicles at the time of testing. These tests
were performed for the U3 Department of Energy Vehicle Technology Program’s Advanced Vehicle
Testing A ctivity which is conducted by the Idaho Mational Labomtory and Intertels Testing Services,
Morth America.

Static Capacity Test Resulis
The static capacity test measures the charge and energy capacities of the battery between rmaximum and
minimwn pack woltages when discharged at a constant current calcwlated to approximatea 10 kW

discharge rate 3 Pack woltage wersus capacity discharged duning the static capacity test is shownin figure

. Three iterations ofthe static capacity test are performed at eachinterval | and the average results from
each interval test are shown in the test results summary table on page 1.

360 —
340 — BOT

320 =
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Figure 1. Voltage wersus capacity discharged dusing the static capacity test.
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Hyhrid Pulse Power Charac terization Test Results

The HPPC test is performed to characterize the discharge and charge pulse power capability ofthe
battery at each 10-percent depth-of-discharge interval. Mumerical results derived from the HPPC test
results are surnmarized in the table on the first page, including comparison of the measured results to the
United States Advanced Battery Consortivmn goals for PHEWV batteries. The results from these testeare in
relation to the targets for a Medium PHEY Battery, having an equivalent electric range of 20 miles.

3 Discharge rate i determined by taking the average of the ma<imum and minimum voltage values for 3 particular pack and dividing
thatwalue into 10 kWY, per the PHEW manual. Far this wehicle, the walue i 10007 3029 W = 3307 AL
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Advanced Yehicle Testing Activity

Figures 2 and 3 illustrate the battery charge and discharge calculated pulse resistance, which indicate internal _I M
resistanice at each 10-percent depth of-discharge irderval. (D o
v
1170 — no1 _|-.
0165 3 w
— (160
s A ® L
-'E 0150 — / O
;.‘:; 0145 — <
144 = / -
: A y
N / >3
; — “ /
2 0.3 . / (D
S o130 - M“‘Hh ol U)
- - g
0125 ‘x\‘f,/
T T T T T T T T 1 I I
Capacity Discharged { Ahp Z
Figure 2. Ten-second charge pulse resistance wersus capacity discharged . 9
02l Q
020 — = BT . w
o O
01% }
.
3 017 = w +
E 016 = m
5, 015 - ______.---——__'\\\ / O -
‘E 014 - \ /, \<
R — _/"r'--a
S ——
0.1z — (J.I
o T T T T T T T T 1

Capacity Discharged { Ahp

Figure 3. Ten-second discharge pulse resistance wersus capacity discharged.
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Advanced “fehicle Tasting Activity

Figure 4 shows the battery™s 10-second charge and dizcharge pulse power capabilities ag a function of
energy discharged. The IMedivm PHEY battery target performance goals of 37 KW discharge power and
25KW charge power are shown asa dashed line. MNote that the axes are scaled such that the charge and
discharge pulse power goalsalign.

300 — 200
250 =
= L =
] 150 =
- o
5 200 - [N ES—— Z
H e 2
& e g
] . - =
= 150 = L e - _‘}
L —~—_ z
Bl _// e £
T — — =
ol ,/ g =
[a] ) ~— L«
- -
- -
0 5 -
0 T T T il
v = w
i 7 o
i -+ -]

Energy Discharged (k'Wh)

Figure 4. Discharge and charge power capability versus energy discharged.

AlSjjog XOW-D PIo4 €102

—I
0,
)
—
>
o
728
0,
)
C
v
o
Q
0
D
N
9.
<

SAZ14 11301 PM
Intertek INLIMIS 1431837
o5



Advanced Yfehicla Testing Activity

Figure 5 shows the charge-depleting (CD) and charge-sustaining (CS) usable energy curves asa function
of dizcharge power. The y-axizindicates the usable energy, as calcvlated vsing the methods from the
PHEV battety test matual, at the power lewvel indicated on the x-asi s The two dotted honzontal lines
show the USABC Mediuvm PHEW Battery available energy goals for C5 and CD modes of 0.3 KWh and
5.8 kWh, respectively. The dotted vertical line shows the Wedium FHEV Battery C3 power target of 37
kW, Available Energyis defined as the usable energy, on the y-asis, exactly where the curves cross the
dizcharge power goal. [fthe entire usable energy line falls to the right of the power goal, the uzable
energy at each discharge power level exceeds the discharge power target, and vice versa.

Usable Encrgy (kWh)

10
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170 -~

[hscharge Power (kW)

Figure 5. Usable energy versus power.
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