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Overview
Timeline
Start Date: May 2022
End Date: April 2027
Completion: 20%
Budget

Total Project Funding
DOE: $33.0M.
Cost Share: $35.4M

FY 2023 DOE Funding: $9.7M

PACGAR

Barriers

Real World Deployment of Zero-Emission Vehicles and Infrastructure

ZEV Technology Development: Improved Freight-Efficiency,

Reduced Cost, and Extended Applications

Infrastructure Development: Improved Infrastructure Including High-

Power Charging, Micro-grid, and Integrated Charging Management
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Challenges

Zero Emissions Transport System

Infrastructure
Deployment
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Vehicle
Performance

Total Cost of
Ownership
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Relevance




Environmental Equity and Justice




Key Technologies PA“AR
~ SUPERTRUCK3

Vehicle Powertrain Infrastructure




Vehicle Deployment Generations PIIWIR
~ SUPERTRUCK3

Fleet Partner Deployment Closed Track

May 2022 — April 2023 May 2023 — April 2024 May 2024 — April 2025 May 2025 — April 2026 May 2026 — April 2027

Gen 1 (4 Trucks) Gen 2 & Gen2+ (10 Trucks) Gen 3 (2 Trucks)
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Improved Product Deployment
Select Technology Upfits
Gen 3 Concept Generation

Program BEV Baseline
Activities Definition, Concept Generation

Build Development Units
Evaluate Technology Maturity

Applications Genl + Vocational Heavy Duty

CO, Reduction Diesel to Current BEV Increased Applications Challenging Applications




Q3 | Q4

Spec’ing

Spec’ing Installation Micro-grid

Definition Development Proto Testing
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Development Build Test Integration
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Vehicle
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Build and Betrofit

Charging Diesign Proto Test Fast Charging

Level 2 ADAS Definition

Development Proto Testing

e-Axle
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Fleet Vehicle Deployment

[ Swift Transportation

e Jurupa Valley Terminal

Vehicle Deployment
2 — Peterbilt 579 EV

e 2 —Kenworth T680e

* Data Logging

KDriver Training




Infrastructure & Micro-Grid

SUPERTRUCK3

R KNIGHT (% 5 Schneider

&Electric

A TRANSPORTATION

Gc;pe Included: \

* 500 kWh Battery Energy Storage System (BESS)
* 500 kW Solar Charing Array

* 10 - 180kW DC Fast Chargers

* Q1 2023 Initial Deployment

* Q2 2024 Full Deployment

Status:

* Permits Granted

* Purchase Orders Submitted

+ 2 of 10 Chargers Installed

Fast Charging Scope Removed:

* Reduced Incentives from Utility Supplier
» Support Engineering Vehicles (Closed Track)




BEV Gen2/2+ Scope Definition
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Connectivity PA“AR
~ SUPERTRUCK3

Energy Optimized
Truck & Route

Powertrain
Options
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Gend3 BEV Targets

500 mi+

&
K/A Longhaul

v

Vv

c

B Regional

pL

o

o‘.-] e~ N =

| Local =y 4 | N S o | T Increase BEV
' We-g. s ey 2™ Applications

/ P




BEV Gen3 Scope Definition

K Longer Range
* Faster Charging
Electronics @5

« Improved Packaging, Weight Distribution, Payload ' — = erma
»
- Advanced BEV Specific L2 ADAS ) € AN PP e

« Enable Expanded EV Adoption Across Applications

« Stretch Goal: 40% Total Cost of Ownership Reduction i @
y




Battery Development

Vehicle ECU High Voltage

A !
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Low Voltage <—>° Functional Safety
Power 12V / 24V i
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Battery Pack Therml
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Diagnostics e‘—' « Vehicle Chassis

Mounting
Bracket

Interfaces at the System Boundary
System Boundary

Information Electrical Control Signal
Electrical Energy Low Voltage

Environment sunlight / air Electrical Energy High Voltage

/ chemicals / water / road
conditions / temperature

Charging

Mechanical Connection/Contact




E-Powertrain




Power Elecfronics

Integrated

Power
Electronics
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Response to Reviewers' Comments

First Year: No Reviewer Comments to Address



Partnerships/Collaborations
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PACCAR OEM Manufacturers

Infrastructure Energy Management & Microgrid Development

Fleet Partner and Featured Operator

Development of Commercial Vehicle High Energy Density Battery

Development of High Efficiency e-Axle’s

GHG, TCO, Environmental Equity and Justice Modeling / Analysis

Powertrain Recommender Tool / ADAS / V2X Simulation Tool Development

V2V Perception Technologies

High-Power Chargers Hardware Development




Remaining Challenges pAWIR

Vehicle Powertrain . Infrastructure




Proposed Future Research PAC&'IIR
~ SUPERTRUCK3

Vehicle Powertrain Infrastructure

Any proposed future work is subject to change based on funding levels.



Summary

PROGRAM ON TRACK TO MEET TARGETS:

» Genl BEV and Chargers Deployed

» Extensive Data-Logging Ongoing

» Gen2 and Gen3 BEV Scoped Definition
* Battery & e-Axle Development Ongoing

» Power Electronics & Aux. Development Ongoing

* BEV Specific Scope and Requirements in Place

* V2V and V2X Simulation Activities Ongoing




Technical Backup Slides




E-Powertrain

14Xe e-Powertrain

Axle configuration: 4x2, 6x2, 6x4
GAWR range per axle: 15 — 23k Ibs.

1 & 2-speed planetary & 2 & 3-speed twin-
countershaft transmissions

High voltage range: 450-900V, Evaluating 1000-1200V
Inverter Location: Chassis mounted

FUSA (1ISO-26262) / ASIL C: Yes

Cybersecurity (1ISO-21434/R155): Yes

PACGAR

V4.5 Enhancements

Voltage
» Future proofing voltage requirements @ 800V (750V Nominal)

Performance
» Higher continuous power capability
« Achieve rated power across a broader motor speed band

« Higher peak & continuous torques, while torque is available across
a broader motor speed band

» Improved drivability due to reduced power droop between gears

Efficiency
» Higher efficiency across a wider speed range

Vehicle integration
» Improved vehicle integration, manufacturability, and serviceably with
high voltage (DC & AC) quick connectors
Design & Supply Chain Control

* Increased engineering control over the motor & inverter, while
reducing supply chain complexity





