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input (A/cm?), 4 is the fuel cell’s active area (cm’), F is
the Faraday’s constant, 96485 (C/equivalent) and the
constants 2 and 4 have units of (equivalent/mol H,) and
(equivalent/mol O,) respectively.

The test stand measurements stop at user’s request (E-
Stop), upon successful completion of the automated
polarization curves or if the hydrogen sensor detects the
presence of hydrogen in air. In all situations the controller
is programmed to turn off the solenoid valves (Fig. 6) and
set the mass flow rates of hydrogen and air to zero.

D. Design and Fabrication of High Temperature PEM
Fuel Cell Stack

This section describes the design and fabrication of a
250 W, 166 cm? active area PEM fuel cell stack. This
shorter stack is tested for gas leaks and optimum
operating parameters, and if necessary, the findings will
be used to redesign and fabricate a larger, 3 kW fuel cell
stack that will be used as motive power and auxiliary
power for a long range, unmanned, fully autonomous
forest rover.

The arrangements of the fuel cell components in the
stack is shown in Fig. 8. The stack consists of 4 active
cells and one inactive, cooling cell. The active cells
comprise of an ABM-165 phosphoric acid-doped aromatic
polyether membrane electrode assembly (7PS® MEA)
from Advent Technologies, capable of operating up to
200°C.

Figure 7. GUI controller for the fuel cell test stand.

The MEA is bounded on each side by an anode flow
field and a cathode flow field machined in-house on
graphite bipolar plates (see Fig. 4) using the workcell
described above. The manifolds machined on the graphite
plates are insulated for gas leaks by 0.0125 inch thick
perfluoroalkoxy (PFA) flat gaskets cut using steel rule
dies. The cooling cell consists of a coolant flow field
machined on one side of a graphite bipolar plate and
bounded by a 0.062 inch thick graphite flexible paper
sheet (GTB Grafoil) from GrafTech used as electrical
conductive interface and gas insulator. The other side of
the graphite bipolar plate has a cathode flow field
machined on it. On the other side of the Grafoil paper
there is a flat (no flow field) / anode flow field bipolar
plate. In this configuration, there is one cooling cell
followed by two active cells on each side. The last active
cells in the stack are in electrical contact with copper
current collector plates cut in-house using CNC water jet.
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Figure 8. Schematic, exploded view of the short fuel cell stack
arrangement.

Figure 9. 250 W, 166 cm? active area high temperature PEM fuel cell
stack on test stand.

To increase the surface electrical conductivity between
the copper current collector plates and graphite bipolar
plates there is a Grafoil paper placed in-between them.
The last components in the stack are the end-plates, one
on each side, cut from 0.5 inch thick aluminum using
CNC water jet and machined using a Haas Minimill 2
CNC milling machine. Between the end plates and the
copper current collector plates there is a 0.125 inch thick
silicone gasket used as electrical and gas insulator. The
fuel cell stack is clamped together using ten 3/8-24 UNF
tie rod — nut assemblies with 1 inch long, heavy duty die
springs that compensate for tie rod elongation at elevated
temperatures.

The stack assembly is shown in Fig. 9. The design of
this short stack will be tasted for anode-to-cathode and
overboard gas leaks and for sensitivity to operating
parameters such as hydrogen and air stoichiometric ratios
and operating temperature using the test stand described
above. The stack is cooled using forced air blown through
the coolant flow field and the stack temperature is
determined by monitoring the coolant and reactant gasses
temperature at exhaust. The experimental results will be
presented elsewhere.
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