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Overview

Timeline
2013 Peugeot 3008 Hybrid 4

Testing complete

Final reporting and data out-reach ongoing

2014 Ford Focus BEV

Final instrumentation in development
Initial as-received testing complete

Vehicle break-in study ongoing

* On-dyno break-in helpful for more
miles-per-day (especially in winter)

In-depth testing spring/summer

Budget
— FY 2013 $250k

e Peugeot 3008 HYbrid4
— Collaboration with IFP in France

— FY 2014 $300k

e Ford Focus BEV

DOE strategic goals/barriers addressed
— F: Constant advances in technology
— D: Lack of standardized test protocols

— E: Computational models, design and
simulation methodologies
(Data availability)

Partners
— DOE and other National Laboratories
— USCAR, OEMs, and Suppliers
— IFP for Peugeot vehicle testing



Relevance: Three Components of HEV Systems

“VTP is advancing the large-scale, cost-
competitive production of the next

In-depth vehicles selected with DOE, Lab, generation of electric-drive vehicles through
and OEM input to assess emerging vehicle three complementary component-and
and component technologies: system-level technology pathways:”
= Peugeot 3008 Hybrid4:
— DOE emphasis on HEV content Low-cost power
reduction while retaining efficiency electronics
e Rear-drive traction motor (eRDM) Reduce cost, Modeling/
e Front-drive diesel engine with ~8kW increase energy Simulation and

BAS system of energy Lal?oratory.and
o storage = Field Testing
e 6-speed SMG transmission _

— Evaluation of diesel hybridization
benefits and challenges

Laboratory and Field Testing Objectives

* Establish the state-of-the-art automotive technology baseline for powertrain systems
and components through data generation and analysis

* Provide independent evaluation of technology
* Generate data to support DOE target creation and hardware/model validation




= Unique hybrid architecture
— Rear-drive traction motor (eRDM)

— Front-drive diesel engine with ~8kW Vehicle architecture
BAS system
—  6-speed SMG transmission Test weight
= Diesel + hybrid is interesting and A
infrequently used...
= Provides 4 different user-selectable
operating modes
WL |
Battery

Fuel Economy

Performance

.
Approach/Strategy: Vehicle Selection

MY 2012 Peugeot 3008 Hybrid4

Electric rear motor + Diesel with BAS
system in front

1700 kg (3,750 Ibs)

Engine
2.0L HDi with particulate filter

(120 kW @ 3750 rpm,
300 Nm @ 1580 rpm)

Rear traction motor

Permanent magnet

27 kW max power

200 Nm max torque

Dog-clutch to disconnect @ 120 kph

Engine Alternator System (BAS)
8 kW, 52 Nm for start/stop and engine
charging

Sanyo - NiMH

~230 V nominal

1.3 kWhr Total capacity

~30 kW Peak power capability

3.8L/100km claimed...
99-108 gCO,/km

Reported 0-60 Time: 8.0 s



Approach/Strategy: Wide Range 6f Evaluation Cycles

Vehicle was tested across a wide range of US and EU regulatory cycles as
well as supplemental real-world and specialized evaluation cycles

Normal Ambient Temperature
Cold Start Hot Start
UDDS -C8 UDDS -HS |Hwy 2x US06 2x SC03 2x| |Passing 2x |WOT Steady State |Long S8 Access walk]
Normal Normal Normal Narmal Normal Normal Normal Naormal Normal Normal
ZEV ZEV
Sport Sport Sport Sport Sport Sport
4x4 4x4 4x4 4x4 4x4 4x4
NEDC -CS8 UL 2X Artemis 2Xx Hyzem rural 2x|A1 2X
Normal Normal Normal Normal Normal
ZEV ZEV ZEV
Sport Sport Sport a 1 :
Axd 4x4 4x4 1\ 4 ' ) e : Powertrain
rch Facility \ K Y 2-°) # - Research Facility |
NEDC -CS UDDS ' |
Hi SOC (Normal) Hi SOC (Marmal)
Lo SOC (Mormal) Lo SOC (Mormal)
WLTC WLTC
Mormal Mormal

Cold Ambient Temperature (normal Mode)

UDDS - cs UDDS - hs Hwy2x
NEDC - cs NEDC - hs
WLTC -cs WLTC - hs

Hot Ambient Temperature (normaimode)

UDDS -cs | [uDDS
Hwy 2x
SC03 2x




Approach/Strategy: Extensive Vehicle Instrumentation

A wide mix of direct instrumentation, off-line sensors, and CAN bus
information was used during testing

Vehicle CAN Bus Power Analyzer Other Signals
Accel. Pedal Position HV Battery Voltage Front axle torque
Vehicle Speed HV Battery Current Eng. Oil Temperature
Brake [on/off] HV Battery Power PreDPF Exhaust Temperature
Fuel Counter LV Battery Voltage Cabin Temperature
Gear LV Battery Current Cabin Vent Temperature
HV Battery Current LV Battery Power THC [mg/s]
HV Battery Voltage DC-DC Output Voltage CH4 [mg/s]
HV Battery SOC DC-DC Output Current NOx [mg/s]

HV Battery Temperature DC-DC Output Power COlow [mg/s]
Engine Speed Battery Fan Current COmid [mg/s]
Engine Torque Battery Fan Power CO2 [mg/s]

Alternator Trg. Target HFID [mgj.llg]
Eng. Coolant Temp NMHC [mg/s]
Rear Motor Speed Fuel [g/s]




Accomplishments: Normal Mode US Cycle Testing

Vehicle shows relatively high fuel economy with higher Highway versus UDDS results

Majority of vehicle testing was done using provided road-loads that appear somewhat optimistic

Some additional testing was done using Argonne estimated rolling and aerodynamic loss calculations

Testing leverages Argonne’s upgraded hot/cold capability to assess the impacts of temperature

Hot and cold operation dramatically impacts both fuel consumption and Net Battery Energy Change

Extended engine operation during cold conditions leads to large SOC swings

Fuel Economy at Provided and

Estimated Road-load

Fuel Consumption vs. Net Energy Charge
for normal/cold/hot ambient conditions
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Accomplishments: Basic Vehicle Operation

Despite unique configuration,
operation is fairly traditional:

Frequent electric launch and
e-assist from eRDM

Rear motor is used for EV driving
at moderate speeds/loads

6-speed transmission works to
optimize engine operation
BAS system is used often for
battery charging

e Actually results in large SOC
increases for certain cycles...

. Transmission Operation
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Accomplishments: Selected Component/Operation Details

Testing highlights include unique aspects of through-the-road hybrids and component
usage and capability information

Smoothing of Shifts During Accelerations
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Accomplishments: Evaluation of User Selectable Modes

Vehicle has 3 additional operating modes:
* ZEV - Mode fairly limited (on US cycles)
* Sport — More aggressive shift scheduling, continued

~l
o

B Auto m4x4 W Sport

(o))
o

)
Q.
E
engine stop @ idle, minimal EV driving E‘ 50
* 4x4 - Engine is always on and e4WD is provided o 20
o]
]
* Both 4x4 and sport show higher performance - 30
during aggressive accelerations o 20
* More electric assist for rear drive system 9
g
* Sport shifting does not have a huge impact é 10
* 4x4 and sport modes also show a dramatic 0
reduction in fuel economy UDDS - cs UDDS - hs Hwy
* Sport is actually worse due to engine
operation o . .
Highlighted UDDS Engine Operation
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Accomplishments: Regenerative Braking Study for FWD Vehicles

Previous in-depth vehicle testing data used for a report discussing regenerative braking

and vehicle operation during braking across several vehicles

Estimated Regen | Estimated Speed | Max. Estimated | Max Observed
Ramp-In Speed @ Max Regen |Regen Axle Force| Regen Battery
{(mph) Force (mph) (g) Power (kW)
MY 2010 Prius 4 8.5 -0.19 -24
MY 2011 Hyundai Sonata 3 12 -0.25 -27
MY 2012 Chevrolet Volt 2 6.5 -0.20 -63

=  Study leverages previous vehicle testing and
instrumentation (axle torque sensors)

= SAE paper: “Analysis of Input Power, Energy
Availability, and Efficiency during Deceleration for
X-EV Vehicles”

= Actual regenerative braking is frequently
misunderstood and minimal data is available

Braking Force (N)

* Regen. Braking Force

=) = c
0 10 20 30 40 50 60 70 80
Vehicle Speed (mph)



Collaborations and Coordination with Other Institutions
In-depth Benchmarking Informs Many Stakeholders

J1711 HEV & PHEV test procedures
J1634 EV test procedures

(AVTA (Advanced Vehicle\ QA

Testing activities) ln tern atﬁ' Ona/
e In-depth vehicle and
component evaluation

[ \ KDOE technology evaluation )
In-depth Benchmarking * DOE requests

e National Lab requests
s e
/ ‘:’ ‘:’ =- m Argonne

O Raar Naroma Lacaaom

Other Research Partners A
/ *|FP Energies nouvelles
=
(Autonomie \ . /
oSup;pgrt Olf TOde“_?f dat (USDRIVE, tech teams and OEMs A
and simutation wi atd eShared test plans, data and
7 N analysis .

o 12



Summary

In-depth testing of the selected 2012MY vehicles aids the DOE goal of petroleum
displacement/reduction through data dissemination and technology assessment

= Peugeot 3008 Hybrid4 offers several unique features:

— Rear-drive traction motor (eRDM)

— Front-drive diesel engine with ~8kW BAS system

— 6-speed SMG transmission

— Configuration shows some benefits and challenges versus single axle drive systems
= Diesel + hybrid is interesting, but overall operation is fairly traditional

— Interesting to contrast diesel versus gasoline hybrid operation

— 3008 does exhibit large SOC swings due to engine-based battery charging

— Although not shown, emissions for a diesel start-stop system are very challenging

* Testing generates data for model development and validation to facilitate
increased speed-to-market of advanced technology (1+ GB of test data)

In-depth benchmarking data and analysis are highly leveraged within and
outside the DOE (other national labs, OEMs, technical teams, enthusiasts)
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