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Proton Exchange Membrane Fuel Cell (PEMFC)

Structure and components
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Metallic bipolar plates (BPPs)

Performance related functionality
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Performance related functionalities of BPPs

» Distribution of gas flow to GDL and MEA

- Optimized and precisely formed flow field channel geometry
can increase homogeneity of medium distribution in Fuel
cell.

» Electrical conduction between cells

BPP functions as a pathway to transfer electrical current in
fuel cell system. Thereby, high electrical conductivity and
homogeneous contact between cells are required.

= Application of contact pressure on GDL and MEA
BPP material and structure should be stable enough to
transfer compression pressure of the stack on MEA, which

reduces contact resistance and increase performance.
[MEHTO3]
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Manufacturing processes of PEMFC components
Production of core components: BPP and MEA
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Market growth

Increasing demands of clean hydrogen in mobility sector

Projection of the clean hydrogen demand by 2025
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Scale-up of metallic BPP production in Industry

Production rate [milion/year]
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Forming tool wear in high volume production
Motivation & Objectives

In high volume production, tool wear in forming metallic BPPs matters

because it affects geometrical accuracy, which impacts PEMFC performance.

[FEIN23, CELL23]
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Tool wear simulation model
Wear type and Governing equation

BRI LIES Archard wear model

Adhesive

welding is stronger than the atomic bond inside sliding distance, and inversely proportional to the material
one of the solid bodies. hard
ardness.

, , , = Consideration of adhesive and abrasive wear
the result of scratching and micro-cutting of a L : :
2 Ny surface by hard protuberances on the counter ~> Prediction of wear in sheet metal forming

occurs in a contact when the junction between - ' '
the two contacting bodies due to solid phase = The wear volume is proportional to the normal load and

Abrasive

surface or by hard particles in the contact.

» Wear equation

the process of crack formation, crack growth .
and particle detachment of a surface caused by W = k- FN S W [mm?]: Wear volume

r"_‘"| cyclic stress variations in the contact. Also called H » k [-]: Wear coefficient

(]
()
©
Y
S
=]
wn

‘delamination’. » Fy [N]: Normal force

* s [mm]: Sliding distance
occurs when one or both of the two surfaces
Lo SCI— chemically reacts with constituents in the
lubricant or the environment.

= H [MPa]: Hardness of softer material

Tribochemic

\
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Tool wear simulation model
Flow chart
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FE Forming simulation
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Tool wear simulation model

Flow chart

Input
Parameters
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FE Forming simulation |«

= M: Total increment
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h: wear depth, k: wear coefficient, P: contact pressure,
s: sliding distance, H: Material hardness,
n: node, i: increment, j: cycle
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Tool wear simulation model
Flow chart

Input = M: Total increment
tart - N: Total cydl
Parameters : Total cycle

FE Forming simulation |«
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update based on
wear depth
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Discretized Archard wear model

with Extrapolation factor

BBk Pije Asi
J H

hY = R,

with AS = ||S | — |Sl_ ]||

h: wear depth, k: wear coefficient, P: contact pressure,
s: sliding distance, H: Material hardness,
n: node, i: increment, j: cycle
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Tool wear simulation model
Flow chart

I
Input = M: Total increment
Parameters / ol ol

FE Forming simulation |«
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The project "H2GO" is funded by the Federal
Ministry of Digital Affairs and Transport

Numerical modeling

< Gefordert durch (BMVD) within the framework of the
B P P a n d TeSt g eo m etry 4 | rdenniseion— National Innovation Program Hydrogen and

e vkt Fuel Cell Technology Phase 2 (NIP I1).
— PR - = Project duration: 5/2022 — 11/2024

T — G ibasaenmiess @ Funding code: 03B11027B (R2HP)
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Dalosing
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deformable body

Punch & Die: EN1.2379 (Elastic), HV1961 MPa
Sheet metal: EN1.4404 (Elastic-plastic)
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Arbitrary Lagrangian Eulerian (ALE) adaptive
mesh for 50 uym thickness under the surface

Public

deloading for 0.1 s

Fixed displacement and rotation on the die
X-symmetry on the both edges

Friction coefficient of 0.42
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Simulation result
FE forming simulation- Loading and Deloading (Extrapolation factor 1)

Wear behavior during the forming simulation

Die wear depth[mm]

i Igig::g; Deformation on die (10x scale)
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Simulation result
Contact pressure and sliding distance (Extrapolation factor 1)
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Simulation result

Wear depth and wear profile (Extrapolation factor 1)

Max. Accumulated wear depth
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Simulation result
Accumulated wear profile on forming punch and die (Extrapolation factor 2000)

Global wear on punch and die Accumulated wear depth Simulation cycle 17
(34,000 Forming cycle)
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Experimental Validation
Tool wear test bench

A total of 100,000 forming cycles were performed using the tool wear test bench.

\
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Experimental Validation
Test results analysis

Deviation distribution on punch
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Experimental Validation
Comparison of wear depth on punch: Experiment vs. Simulation

Page 21

Exponential saturation model

Average punch wear depth = 4.405-(1—e

0.00003214-Forming cycle)

10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000
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Forming cycle [-]

- == Regression model for average punch wear depth [pum]

® Average punch wear depth from simulation[um]
© Average punch wear depth from experiment [um]
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Experiment after 100,000 cycles

Simulation after 34,000 cycles
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Summary

Numerical Modelling of

Tool Wear in Forming of

Metallic Bipolar Plates
for PEM Fuel Cells

-
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A wear simulation model for the metallic BPP forming was developed combining FE simulation,

Archard model, and geometry update scheme. (Validated with 1.2 % error)

Due to concentrated contact pressure, sliding distance, wear was occurred on the radii of tools.

Average wear of 2.98 um on the punch and 1.04 pm on the die after 34,000 forming cycles

Average wear after 100,000 forming cycle was experimentally validated using exponential

saturation model based on simulation results.

Our capability: Customized wear analysis for various sheet metal forming processes including

simulation, experiment, and measurement.
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