A CONVERSATION WITH...

2,000 batteries
under the sea

WHOI engineer Daniel Gomez-lbaiez

Daniel Gomez-Ibafiez has been an engineer at WHOI for four
years. Much of that time, he has spent developing large bat-
teries for underwater vehicles, including Nereus.

Why are batteries so important for Nereus?

Unlike other remotely operated vehicles, we don’t have an um-
bilical to the surface ship, so batteries are our main power supply for
propulsion, lights, operating the manipulator arm, etc.

Did you have to come up with a new design for batteries for Nereus?

I leveraged a lot of development that happened in previous vehi-
cles. So the first thing I did was, I went around to everyone I could
find that had worked with battery-powered underwater vehicles and
asked, “What problems did you have? What worked well? What
didn’t work? What would you do differently next time?” I mean, 1
was standing on the shoulders of some giants, and that got me most
of the way toward a functioning battery. What remained was just
tailoring that to Nereus.

What is unique or different about the batteries for Nereus?

This is one of the larger battery packages we've ever putin a
deep-sea vehicle. The power output we needed to operate Nereus is
higher, so we had to deal with higher currents and voltages than we
previously used.

Geoffrey Ekblaw, lead welder in the WHOI mechanical shop, works on part of Nereus’ frame.
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We use small packs of rechargeable lithium-ion batteries simi-
lar to those that go into iPods, or cell phones and laptop comput-
ers. But in this case, we used about 2,000 battery cells, whereas your
computer might have only four.

This may sound like a silly question, but instead of 2,000 little batter-
ies, why not use one giant battery?

That’s not out of the question. Large cells are often used in
military vehicles or satellites. But one advantage of using a small,
mass-produced cell is that there’s been a huge investment in the re-
peatability and quality control of the manufacturing process. A very
large cell doesn’t have that track record of consistency, because it
may be the first, second, or even hundreth cell that has ever been
made, and it’s hard to be sure that it’s a good design. So we used a
lot of small cells made in a large volume and plugged them into one
big power cord to end up with a very much larger battery. It’s the
size of the battery that brings unique challenges.

Such as?

I think the biggest problem with large batteries is striking a bal-
ance between safety and reliability. There’s a lot of energy stored in
the batteries, so if they do for some reason heat up and catch on fire,
a lot of energy is released. It would make a very big fire and prob-
ably destroy the vehicle and could endanger the safety of everyone
on the ship. It’s not good to have a fire when you're in the middle of
the ocean.

A lot of effort also went into making the battery able to be
shipped safely and economically. There are rules on what you can
ship and how you can ship it, and we've designed the battery in such
a way that it can be shipped with minimal effort, minimal delay,
and minimal expense—so
that you can ship it without
any special treatment and on
a regular passenger plane.

And that means we built
in a lot of protection fea-
tures, so that faults are de-
tected and the batteries can
turn off safely in the event
of either damage, or short-
circuiting, or a heat source
that might present a fire
hazard. So, for example, we
put in temperature sensors
that turn off the battery if it
gets too hot. There are sev-
eral layers of protection built
in, so that the batteries don’t
pose a danger either in op-
eration or in transit, and in
particular, we went through
several rounds of testing
that confirmed that the bat-
teries could be used and

shipped safely.

Tom Kleindinst, WHOI



How did you test them? turers that were supposed to have made it, and they said, “That’s
We had a long list of possible failure modes of the batteries, and ~ not ours. We didn’t make it. It’s a counterfeit.” We had to redo

we tested each of the protection mechanisms we put in to prevent those battery packs and essentially build them all over again with

those failures. It doesn’t do any good to build something in if you the actual transistor.

don’t know that it’s going to work. So, for example, I used a heat

gun to put some heat into the battery pack and just observed its re- ~ How much time did that cost you?

sponse—which, by the way, is that it will stop, whether the battery It took probably two weeks to get to the bottom of the problem

is discharging or charging. and then another three months to do everything over again.

—Amy E. Nevala and Lonny Lippsett

Were there any hitches during
the process?

A few problems and unique
issues come up when you in-
crease the voltage beyond what
you'd see in a laptop computer.
So, fuses blow. Things burn up.
Bad things happen. We just had
to work through the problems
and find the configurations that
would be safe and work reliably.

Any major problems?

Yeah, we definitely had a
few of those, a few moments
of panic along the way. Maybe
the most memorable was, we
worked through all the prob-
lems getting our battery pack
assembled with the appropriate
protection, and we had our pro-
totype that we were all happy
with. We had 30 of them that
were passing all our tests. So we
had our assembler assemble the
full complement of batteries for
the vehicle.

We started testing them, and
we found they were overheating.
There was a problem in there.
We didn’t know what it was. So
we started tearing battery packs
apart and measuring tempera-
tures and voltages all over the
place, and we traced it down to
a single transistor that is sup-
posed to be able to switch the
current on and off. But it had
an unexpectedly high resistance.

It turned out that a “pirate”

organization produced these %
parts, put some other manufac- g
turer’s name on them, and sold s =
them as legitimate parts. Once \ o) &
we had located this defective WHOI engineer Daniel Gomez-Ibaiiez developed the batteries to power Nereus, one of the larger battery

part, we sent it to the manufac-  packages ever put in a deep-sea vehicle.
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