App Note — Implementing the EU FC-DLC Protocol in Scribner Fuel Cell Test Systems

Application Note - Implementation of the European Fuel Cell
Dynamic Load Cycle (FC-DLC) in Scribner Fuel Cell Test Systems

Source: Tsotridis, G., Pilenga, A., Marco, G. D., and Malkow, T., "EU Harmonised Test
Protocols for PEMFC MEA Testing In Single Cell Configuration For Automotive
Applications; JRC Science for Policy Report” 2015; EUR 27632 EN, doi 10.2790/54653.

Introduction

Automotive PEMFC stacks are subjected to a range of operating conditions including
high load (high current density / low voltage during acceleration), low load (small or
near-zero current density / high voltage or OCV during idling or deceleration), rapid
changes in load, as well as periods of steady-state operation (e.g., when cruising).

Load cycling imposes a variable load on the fuel cell to simulate real-world driving
conditions in a controlled setting, with the objective of evaluating the durability of the
fuel cell to dynamic loading. This is often referred to as a “dynamic load cycle” or
“simulated drive cycle.” When a drive cycle such as the EU FC-DLC is repeatedly applied
to the cell for 500 hours, it corresponds to a vehicle utilization of ~ 80 min/day over one
year (annual mileage ~ 16,000 km).

In this Application Note, we describe how to implement the EU FC-DLC in a Scribner
fuel cell test setup. Scribner has developed worksheets and tools that make
implementation of the EU FC-DLC simple and easy.

Required Items

e 840/850/890 Fuel Cell Test System & FuelCell® software ver. 4.4e or later

e Single cell fuel cell — 5 or 25 cm2 or other size

e Excel® worksheet “EU FC Dynamic Load Cycle for Arb Ctrl.xlsx”. Contact
Scribner fuelcellsupport@scribner.com to obtain a copy of this worksheet.

e Ultra-high purity (99.990%) H-, Air and N

e High purity water (ASTM Grade 1, 18 Q-cm)

e Back pressure unit (optional)

Procedure
Implementation of the EU FC-DLC requires determining the performance (i.e., current
density) of the cell at 0.65 V. As described in the protocol:

The 100% current load value to be used in the FC-DLC is defined by the average
current density of the ascending and descending polarization curve
measurements to yield a cell voltage of 0.65V

Open the Excel file “EU FC Dynamic Load Cycle for Arb Ctrl.xlsx”.* Follow the
instructions to create an Arbitrary Control file (.fcc) that replicates the FC-DLC profile:

1 Contact Scribner fuelcellsupport@scribner.com to obtain a copy of the worksheet.
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1. Starting on the “Setup” tab, enter the Cell Area (cm2) in cell C4 and the Current
Density (A/cm2) at 0.65 V in cell C5. The worksheet will calculate the current
density and current at each point based on the % Current Load profile as defined
in the protocol (see Appendix below or the Source).
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File name: | Arb Ctrl - EU FC-DLC bxt
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Authors:  Cooper Tags: Add atag
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3. Change the extension of the saved text file to that of an Arbitrary Control file

(.fco).
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4. In FuelCell, insert an Arbitrary Control Experiment:

Select Experiment Type [4\) X
Experiment Type: Description:
Open Circuit Applies an arbitrary control sequence define in
Constant Current an external file.
Constant Voltage
Constant Power
Scan Current
Scan Voltage

Impedance: Sweep Frequency
PSTAT: Open Circuit
PSTAT: Constant Voltage
PSTAT: Sweep Voltage
PSTAT: Scanﬁold Volti ge
Arbitrary Control

Change Cell

Change Fuel

Change Pressure
Shutdown

Run External Utility

Step Marker

Repeat Loop

5. Inthe Experiment section of the Arbitrary Control Experiment, select the saved
Arbitrary Control file (.fcc) as the Control Setup File:

Setup Arbitrary Control Experiment % X
Data File: | &/ A append
Comments: ]

When using a Repeat Loop:

Save in: | Single File v Save every n'th cycle: |1

Experiment:
Control Setup Fie: |&
Averaging Time (Seconds): I:I
I Range:| Fixed: 50 A ~ |
Termination:
Cuse when Potential < (Volts):
Description:

[] AutoPrint Graphs Cancel Help
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48 Select Arbitrary Control File X
+ > ThisPC » 0S(C) > FuelCell » Setups » v o
Organize »  New folder

Autodesk A Name -
backup FuelCell 850 600 610 setups
Brother 7 Abr Ctrl - Start Up Examplefcc
CanoScan 7 anode humidifier drain 15s.fcc

™ Dell 2l anode humidifier drain 30s.fcc

B Diivers 7 anode humidifier drain 60s.fcc
. 1) anode humidifier il s fcc

) anode humidifier ill 15s.fcc

FlowCell

| Arb Ctrl - EU FC-DLC fec
FlowCell temp

| cathode humidifier drain 15s.fcc
FlowCell-ETS 7 cathode humidifier drain 30s.fcc
FlowCell-ETS 2 ;\ cathode humidifier drain 60s.fcc

FuelCell ] cathode humidifier fill 5s.fec
Arbitrary Control examples 7| cathode humidifier fill 15s.fcc 12/13/2017 12:12
Data

Setups

File name: | Arb Ctrl - EU FC-DLC fec v ‘ FuelCell Control File (*.fcc) L2

6. Use a Repeat Loop to execute the FC -DLC multiple times. You can select to have
all repeat cycles saved as a single file, or each repeat cycle saved as a separate
data file:

I8 FuelCell : - m] X
File Background Experiments Graphs Windows Help

Anode: 80
I Cathode: 75
[ Cell Temp: 80

Amps:0.000
mA/am:0.00
Power

Current (Amps): Setup i i Total Duration (t ) 0 Selected (h:m:s) 0:00:00 Replace Fies...

Watts:0.000
Repeat (Begin); x10 Edit... mW/am2:0.00
0 0 0 0 Arbitrary Control: C:\FuelCell\Setups\arb Ctrl - EU FC-DLC. fec EU FC-DLC demonstration. fed(Append) Potential (V)
= Repeat (End); x10 “= Stack:0,960

%
Potential (Volts): | i = Cell Avg:0.960
| Ref1:0.960

= Ref2:0
. R Comp. Potential (V)
Stack:0.960
Userl: Power: mW/cm?2 Cel Avg:0.960

Ref1:0.960

=3 (==
Pstat| | Press

=
Cell | Fu

- " = .
User2: iR mOhm: Cell Avg*cm? S0 T(s:t Opg  Records Control: (B
[comen: o] o tRerge:[A__]
< >
[Fetup Arbitrary Control Experiment X

Data File: [omer Mar 2021\EU FC-DLC demonstraton.f\:d| [ ] Append
Comments: |

When using a Repeat Loop:

—
Save in: | Si N Save every n'th cyde: |1

Experil
Control Setup File: |C:\FuelCel\Setups\Arb Ctrl - EU FC-DLC. fc =}

Averaging Time (Seconds): | 1

IRange: | Fixed: 50 A v |
Termination:
[Juse when Potential < (Volts): 0.3 |
Description:

[[] AutoPrint Graphs Cancel Help
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The figures below show the results of four (4) cycles of the EU FC-DLC for a 25cm?2 Gore
PRIMEA MEA at 80 °C at 200 kPaabs, 1.3x H> / 2.0x Air, 80 °C / 75 °C dew point (100%

/ 82% RH on Anode/Cathode respectively). The current density at 0.65 V was 1.3 A/cm?2
(1.e., the 100% current load).
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Appendix — EU FC-DLC from Source.

- EU Harmonised Teat Protocoks for PEMIC-MOA Testieg im Single Cell
Configuration for Automotive Applications
= Nt/
L —

APPENDIX F: FUEL CELL DYNAMIC LOAD CYCLE- FC-DLC

The proposed Fusl Cell Drynamic Load Cycle (FC-DLC) is defined by 35 Tast Points (TP) or
steps as describad in table F.1 and shown in figure F.1.The test duration of one completa
cycla is 1181 seconds.

Table F.1:

FC-DLC test points time/load

Time Dwell Load
SR e peg g
0 5 0.0
z 16 13 12.6
3 28 23 5.0
L} &1 56 .
3 o6 a7 &0
& 143 20 a7
7 163 26 203
] 168 22 &.0
] 210 13 12.6
10 223 23 ]
11 266 S 6.7
1z 201 47 8.0
13 238 20 a7
14 358 25 20.2
& fels v B0
16 405 13 125
17 418 a5 5.0
18 457 56 .
19 ABE a7 &0
20 533 20 a7
21 E63 76 203
2z 678 22 &.0
93 eoo 19 1286
24 [FE] 23 &0
25 646 S 6.7
% [:5] a7 ED
= 728 20 a7
28 748 25 2.2
23 773 ] 5.0
a0 841 58 53.3
3 800 82 17
az a1 B £3.3
E 1066 &0 a3a
34 1116 a4 100.0
a8 1160 21 0.0

56
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R
Comrwsision

- EU Harmoniscd Teak Frotocoks for FCMMOC- MCA Tesdieg im Single Cell
Canfiguration for Automotive Applications " ,’
%""-1‘

The graphical overview of the FC-DCL cycle profile is presaented in the figure F.1

The 100% current load value to be usad in the FC-DLC is defined by the average current
density of the ascending and descending polarization curve measurements to yield a cell
voltage of 0.65V
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Figure F.1:

Fuel Cells Dynamic Load Cycle profile
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