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METALLIC BIPOLAR PLATE DEVELOPMENT:
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SCALE-UP TO COMMERCIALIZATION
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Agenda

1. Precision Resource Profile

2. MBP Manufacturing Process

3. R&D Activities:

= Government Projects - NGen

= University/Research Partner Development —=——— il

4. Future Capabilities
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Critical Component Solutions

Fineblanked Finished Multi-Component Precision Metal Additive
Components Components Assemblies Machining Manufacturing
Combining fineblanking, Powder Bed Fusion for
machining, grinding, and lightweight, high-strength
more metal components

TECHNOLOGY & CAPABILITIES o AN
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Markets We Serve

Electronics
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Heavy Duty

Military &
Defense
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. Over 100 ﬁnblaﬁfiﬂg presses 100% Tooling In-House
- (40-1600¢) (75+ years)

Global Capabilities

1200 Employees




Global Capabilities

CONNECTICUT DIVISION, . PR TECH CENTER - . PR CANADA - .
CORPORATE OFFICE CAMBRIDGE, CANADA CAMBRIDGE, CANADA

PR MEXICO, SALTILLO . PR CHINA, HANGZHOU ’ PR SLOVENIA, LOGATEC .
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Sub-Process Development of Bipolar Plate Manufacturing
High Level: From Coil to Finished Bipolar Plate

e

Forming Press

Multi-Stage Die

Leak Testing PVD Coating Sealing

(Vacuum or Helium) (If Required)

Multi-Stage, Micro Cleaning

Forming (If Required) Laser Welding

Raw Material
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Micro Forming & Cutting In Cathode & Anode Laser Welded PVD C 4BPP Sealed +
Pre-Coated or Un-Coated 316L, Ti (0.05-0.1mm) Half Plates BPP Assembly oate Leak Tested BPP
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Sub-Process Development of Bipolar Plate Manufacturing
Metal Forming/Embossing Strategy and Validation

Tool Design & Micro-Milling

Raw Material Input Forming Press ,
) Manufacturing Machining &
—_— Grinding
Different Base Materials:
+ thickness
(0.05-0.1Tmm)

e 304L, 316L stainless

* Titanium Grade _1& 2 Press Parameters: Forming Simulation Tooling Element Forming Stage(s)
* Aerospace Aluminum Tonnage, Speed etc. & Validation Design per Stage Hard, Micro-Milling

Customer & Internal Plate Design: Improving Quality & Manufacturability
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N@&en Project Overview & Partners
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High-Precision Machining &
Automaton

NGEN 14034: PROJECT OVERVIEW precisio{}nesource



Ex-situ Testing

Design for Manufacturability

State-of-the-art Benchmarking & Next
Generation Development: Performance,
Efficiency & Durability

* MBPP product function & system requirements

Corrosion Test Setup

* Novel Material & Coating Development
* [ndustrialization/Commercialization support

Product Development: Sub to Full-Scale
* Process development: Link through suppliers
* “Industrial-scale plate” scale-up

In-Situ Testing up to 50cm?

University/Institute: R&D

Dedicated Laboratory and Team focused on
addressing industrial challenges:

Material & Coating Analysis & Characterization
CFD (ANSYS) simulation from sub & full-scale
In-situ testing: BalticFC and Greenlight G60

Literature Review, Experiments, Testing, Validation,
Iterative & Rapid Development

MBBP design advancement to improve cell
performance, efficiency & durability while
decreasing weight and manufacturing cost

NGEN PROTOTYPE DEVELOPMENT confidential information Precision




Machining

Metal forming

Custom
Solutions

STRATEGIC ALIGNMENT Precision {} —




