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What’s New in the Batteries Digest Website for July 2003
Batteries

Ultralife Batteries energizes its image as a U.S.- based  lithium battery supplier for military contracts
Miscellaneous

A perspective of the history of rare earths from 2002 Below the periodic table are two extra rows of elements that
apparently could not be squeezed into the Russian chemist Dmitri Mendeleev’s elegant summary of the material world.

What’s New in the Batteries Digest Website for June 2003
Batteries

 Energizer Co. Inc. and Eveready Co.  Inc.   ask US International Trade Commission (ITC) to investigate the patent right
infringement of the mercury-free Alkaline batteries made in China, Hong Kong, Japan, Singapore and Indonesia.

Moltech Power Systems is now a tangled web of other companies after filing for bankruptcy, under Chapter 11,  two
years ago.

Toyota wins the most fuel-efficient sedan award in the production division of the Tour de Sol.  The Toyota Prius’   fuel
efficiency was 52.5 mils per gallon, more than two and a half times better than the current fleet average in the United
States.

Eveready Industries Ltd. of India expands globally with new markets where
carbon-zinc batteries are desired.

Fuel Cell
World Fuel Cell Market to Increase Tenfold Through 2007
The world commercial market for fuel cell products and services is projected
to increase tenfold through 2007 to $2.4 billion

Photovoltaics
Photovoltaics (PV)  An Energetic Market Working Toward  Sunnier Days

*
Japan converts more sunlight As the business and technology of photovolta-
ics have unfolded in the past few years, the leadership shown by Japan has
continued to dominate or match both the installed base and technological
improvements which make solar energy more familiar and competitive in the
world market.

*
Solar StocksTracking the status of financial markets in reference to the
development of Photovoltaics (PV) in the U.S. is not clear cut issue.

Miscellaneous
High Tech Materials Specialty Metals Mid-month Newsletter reported in
May that indium was the rising star. It approached $150/kg. Japan was the
main world consumer utilizing 35%.

Ask George
Q: What has happened with the ASTM (American Society of Testing
Materials) Alkaline Test Method Task Group?

A: The task group ASTM D.09.18.02 met recently at the ASTM  committee
week in Kansas City on March 19

th
.

Ask Isidor
Q: What are important considerations in discharge methods?
The purpose of a battery is to store energy and release it at the appropriate
time in a controlled manner.

Toby
Nine Lives

To receive a free copy of this Newsletter each month by E Mail, send a
request including your full name, title, organization, title, E Mail address and
phone number. This information will always be held in confidence and no
junk E Mail will be sent from this record..



July 2003                    Batteries Digest Newsletter                                                                       Page 88-3

We need you to advertise on the

Batteries Digest Web Site www.BatteriesDigest.com

Only four Topic selector locations are left. Act now!

Cover Story

Lithium-ion and PV head for Mars
by Donald Georgi

Launch

June is the month at which the travel distance to Mars is the
shortest, allowing visitors to minimize launch fuel costs,
maximize payloads and minimize transit time. Taking advantage
of that feature, three separate missions, two U.S. and one
European, are in the process of visiting Mars to determine
the geology, specifically to verify the presence or past
presence of water on the fourth planet from the sun.  Since
October of 2001, the Mars Oddesy has been orbiting this

planet about twice the size of Earth’s moon. In May 2002, its
gamma ray spectrometer  sensed hydrogen less than 3 feet below
the Martian surface.  The projected thinking is that the planet is
in the form of ice which could have supported life in the past or in
future Earth missions.

Each interplanetary launch is a historical event, but these three
missions usher in a new era  in battery chemistries, for all are
relying on Lithium-ion chemistry for power to complement that
produced by photovoltaic panels. Although the European Space
Agency has already placed Lithium-ion in satellites and the U.S.

Air Force has powered its Micro-satellite, XSS-
10 with Lithium-ion polymer batteries, these new
Mars missions are pioneering steps in the
progress of higher energy densities, cycle
performance, environmental performance and
calendar life for energy storage in space.

Rover

 The cover photo (From the U.S. Air Force
Archives) on the left, shows the successful
launch of the Rover A mission, named ‘Spirit,’
aboard a Delta  II vehicle from Cape Canaveral
Air Force Station on June 10, 2003. Batteries are
included. As of June 29th, the launch of Rover B,
named ‘Opportunity,’ has been delayed due to
problems of insulation materials. The launch
window of Opportunity is from June 25 through
July 15th. Despite variations in launch times for
both vehicles, arrivals are scheduled for January
4th and January 25th, 2004.

The top right cover photo, is from the NASA Jet
Propulsion  Laboratory archives,  and shows the
Rover which will travel from the Lander to various
sites to carry out geological experiments. This
photo may give the impression of a giant vehicle,
but in reality, Rover is  5.2 feet long and weighs
384 pounds on earth. Since the Martian gravity
is only 38% that of Earth’s, the Rover weighs
only 146 pounds on Mars. Carrying the thinking

The launch configuration of one of the two Mars exploration spacecraft shows
the main Delta II vehicle with liquid and solid booster rockets which propel
the package up to 73.9 miles altitude.  After  the solid booster rockets separate,
the second stage fires to achieve orbit. Stage 2, shuts down then  reignites to
begin the cruise to Mars. In Stage 3, another engine ignites for about 87
seconds, getting the package up to speed before being separating with springs
at 34 to 39 minutes after lift-off.    Six planned maneuvers will tune the
spacecraft’s path to the planet which is about 50% farther from the sun than
is Earth. (Graphic is from NASA’s Mars Exploration Rover Launches Press
Kit.)+
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The cruise stage configuration has a pie shaped housing which includes radio antenna, controls, thrusters, photovoltaic
panels for power, plus the Lander and Rover encased in a heat shield and back shell. During the Cruise and Approach
stages, communications between the spacecraft and earth will provide necessary course corrections and housekeepng.
Power for this operation is supplied by photovoltaic (PV) panels during the Cruise stage since during this stage the craft
is generally pointed toward the earth for line of sight communications also eliminating the need for directional solar
arrays. Near Earth, the panels generate more than 600 Watts, and as they approach Mars, the power drops off to  about 300
Watts.  NASA information is not clear as to whether the cruise stage has battery power, but since there is no day/night for
the Cruise Stage, continuous PV power may suffice. During the early part of the mission, the trajectory of the CruiseStage
is not directly away  from Earth, so radio communications are accomplished with a low gain antenna at lower transmision
speeds. Later in the trajectory, the angle grows smaller,. but solar energy density drops, too.  A new delta differential one-
way range measurement tracking system uses pairs of antennas on two different continents of the Deep Space Network to
compare Lander/Rover radio signals to a known celestial reference point such as a quasar.  The location uncertainty is
anticipated to be reduced by many miles with the new triangulation technique. (Graphic is from NASA’s Mars Exporation
Rover Launches Press Kit.)+

a bit farther, Rover batteries are made up of two 28 Volt, 10Ah
Lithium-ion batteries with energy density which we can assume
for a moment to be  in the ballpark of 150Wh/kg. That is the

earthly spec, but due to the smaller gravity on Mars, the energy
density would rise to a huge 395 Wh/kg. (This interesting but
useless comparison uses force -weight, not mass, as the mass



July 2003                    Batteries Digest Newsletter                                                                       Page 88-5

Fifteen minutes before atmospheric entry, Cruise Stage power will initiate separation of  the protective aeroshell encasing
the Lander and Rover. In the thin Martian atmosphere, which is 95% carbon dioxide, 3% nitrogen and 2% argon, at surface
pressures below 0.15 psi, aerodynamic drag will slow the aeroshell as heat shield temperatures rise to 2637 0 F. The
sequence illustrated here uses the same airbag system which performed so successfully in the 1997 Pathfinder Lander and
Sojourner Rover. New to this Lander is a downward looking camera correcting horizontal speed and  side to side swinging
while hanging from the parachuute.Rover A will arrive at the Gusev Crater and Rover B will land at the Maridai Planum
which is about halfway around the planet from Gusev. (Graphic is from NASA’s Mars Exporation Rover Launches Press
Kit.)+

energy density would be the same on both planets.)

The last successful landing on Mars was in 1997 when the
tremedously successful Pathfinder Lander and Sojourner Rover
provided earthlings with astounding pictures of the surface of
Mars from close-ups to panoramic horizons. As covered in the
August 1997 issue of BD, the batteries of the Lander were
rechargeable Silver-zinc chemistry built by BST Systems Inc.
Silver-zinc has limited recharge capabilities of about 40 cycles.
The Rover used 300 Wh of Lithium-thyonol chloride batteries
which are not rechargeable. At the time of the design, had
rechargables been used, the chemistry would have been Nickel-
cadmium, which would have required charging during the cruise
stage and necessitated a hard wire connection from Lander to
Rover; thus Nickel-cadmium was not chosen. Despite the lack
of rechargeability,  Lithium thyonol chloride batteries did provide
the Lander and Rover with operational time  exceeding the 30
day requirements by operating from July 6th to September 27th.

Now with better information on the weather and sunlight
conditions on Mars, the new look in batteries for interplanetary
systems is Lithium-ion because of its high gravimetric energy
density, limited self discharge and high cycle life. In the
application for the Mars expeditions, the limiting case may no
longer be shelf and cycle life but rather the ability of the
photovoltaics (PV) to provide power. On the Martian surface,
continuous 80 mile per hour blowing dust deposits on the PV
surfaces to absorb light energy before energizing the PV
junctions.

The Lander uses an 8 cell, 25 Ahr Lithium-ion battery which
has undergone testing to confirm the ability to maintain charge
during a 272 day cruise condition. Other testing showed the
follow-on ability of the Lander battery to provide the entry,
descent and landing  power.

At 70 minutes before entering the Martian atmosphere, the
cruise stage housing separates so the Lander Lithium-ion
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batteries are the primary
source of power for the
final sequences of entry
and landing. Piecing
together bits of
information, it appears  to
BD that this Lander
consists of 5 eight cell
Lithium-ion batteries each
delivering 25 Ah at a
nominal 28 Volts. It would
seem that, the use of
Lithium-ion, without
cycling would be a waste
of one of its major
capabilities, so topping-
off after a seven month
cruise seems appropriate.
All these factors leads
BD to believe that the
Lander batteries were
connected to the cruise
stage PV which would
allow greater peak power
for radio transmissions
and subsequent recharge
availability just before
Martian entry. Neither the
battery manufacturer nor
NASA could give us
insight into this.

 A minute before impact,
the Lander will transmit
conditions to the Mars
Oddesy Spacecraft,
circling above in an orbit since July of 2001. (The Oddesy  generates
power from solar panels and charges Nickel-hydrogen batteries built
by EaglePicher, Inc which supply Oddesy when circling behind
Mars in the eclipse of the sun.)  Oddesy then relays this information
to Earth. Once on the surface of Mars, Lander’s battery supplies
power to deploy its solar panels and allows separation of the Rover.

Whatever the actual connectivity, the Lander batteries are on their
own from the time the heat shields point forward to the Martian
atmosphere. During the rest of this sequence, the Lander batteries
must provide power for: navigation, sequential operations of
separating the cruise stage hardware, deploying the parachute,
deploying the heat shield, lowering the Lander on a 66 foot long
tether, inflating the airbags, firing the retro rockets, cutting the tether
and bouncing in the airbags on the surface. Batteries in both the
Lander and Rover have withstood 50 g. impact testing to survive
this bounce. Lander’s batteries must still be called on to power the
motors to retract the airbags, a process intended to take an hour,
then open the four petal shaped sides of the Lander, exposing Rover
to the Martian atmosphere and a sky which will provide sunlight for
Rover’s power needs..

With the petals open, the Rover is now open to the Martian
atmosphere and takes center stage. The Lander has
completed its mission; this is unlike the 1997 Pathfinder
Lander which had to relay communications from its Rover
to Earth. Now, Rover is a self contained system first
deploying its solar panels to begin powering its setup tasks
which will require several sols or Martian days, each of which
lasts 24 hours, 39 minutes and 35 seconds. Of that time, only
about 6 hours provide enough brightness for PV output.

With surface temperatures ranging from - 199 0F to +80 0F
and averaging -64 0F, the Lithium-ion batteries need some
thermal protection. During charge, the battery temperature
must stay above +32 0F, and above -4 0F when discharging.
Heat from the electronic components, electrical heaters, and
eight radioisotope heaters keeps the batteries at or above
minimum temperatures. The radioisotope heaters, consisting
of plutonium dioxide and housed within ruggedized
containers are not anticipated to create earthly radiation
hazards in the event of a launch failure. Other radioactive

Rover has its own power system consisting of PV for day operations and charging of 2-28 Volt,  10
Ah Lithium-ion batteries for later day and night operations. The power system is intended to
function for three months in its primary mission. The solar panels consist of 14 square feet of
three-layer (gallium indium phosphorus, gallium arsenide and germanium) photovoltaic cells. At
the beginning of the mission, the array can produce 900 Wh per day but as the season progresses
and dust builds on the PV surface, output is anticipated to drop to 600 Wh per sol.   (Graphic is from
NASA Mars Exporation Rover Launches Press Kit.)+
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sources used for instrument calibrations have relatively low
melting temperatures and are anticipated to be widely dispersed
in low concentrations if the launch fails. Despite such
possibilities, radiological monitoring teams stand ready to
evaluate, identify and safeguard any radiologic events.

This program which cost approximately $800 million dollars will
ask each Rover to investigate Mars for 90 days or more. The
combination of PV and Lithium-ion batteries will be responsible
for providing power to  the following:

The Panoramic Camera and two high-resolution stereo
cameras

The Mini-Thermal Emission Spectrometer for mineral
deposit composition

The Microscope imager for extreme close-ups of rocks

The Mossbauer Spectrometer to determine the
composition of iron-bearing minerals

The Alpha particle X-Ray Spectrometer to determine
the content of the rocks

The rock abrasion tool to break rocks

The magnet arrays to collect airborne dust

Beagle 2

 On June 10th the first
successful launch in the Martian
convoy was the Mars Express
developed by the European
Space Agency. It’s mission is to
orbit Mars for two years carrying
out a number of scientific
experiments, relaying
communications to Earth  to
linking its lander to Earth .
Hitching a ride on the Mars
Express, successfully launched
by a Russian Soyuz-Fregat
vehicle, is the British lander,
Beagle 2, which is to separate
from the Mars Express and land
on the surface of Mars on
December 26th which is Boxer
Day in the U.K. Beagle 2’s
purpose is to advance the
knowledge about any past
presence of life.

Both the Express and Beagle 2 have pioneering interplanetary
Lithium-ion batteries for stored power. The Mars Express has a
combination of 11.42 square meters of photovoltaic panels which

are sized to receive lower  intensity sunlight than do Earth
satellites because of the greater distance from the Sun to Mars.
During the Cruise and Approach stage, the PV panels will be
deployed to provide power to the Express and top off the
batteries. A drive mechanism maneuvers the PV panels to
maximize sunlight capture. With an orbital mission requirement
of 500 Watts, the panels are capable of producing 650 Watts
when in orbit around Mars. These panels will also charge the
Lithium-ion battery consisting of three 22.5 Ah packs, because
in each orbit, the Express will require battery power when
eclipsed by Mars over 1,400 times in its two year life.

The cover photo in the  lower right corner is an artist’s concept
of what the 66 pound Beagle 2 will look like in place, after
plummeting though the atmosphere, deploying a parachute
and bouncing like a ball on airbags just as the Rovers will do.
This cover  photo is courtesy of the Beagle 2 project at
www.beagle2.com. All rights reserved Beagle 2.

Once on the surface, the four photovoltaic panels will unfold to
capture sunlight for powering the experiments. They are gallium
arsenide with a germanium substrate and are covered with an
80 micron high performance cover glass. With daily additions
of solar energy, the PV surface will hopefully remain sufficiently
dust free to allow completion of its 180 day intended mission.

To provide broader working times and to allow activity at night,
the Beagle has a 42-cell Lithium-ion battery, which if delivered
successfully, will be the first Lithium-ion on the planet’s surface.
These batteries, as well as the Mars Express, batteries are

produced by AEA
Technologies. Because AEA
Technologies has been
utilizing and supplying to
orbital applications Lithium-
ion batteries fabricated from a
frozen 1995 design of a Sony
hard carbon 18650 cell design,
BD assumes that the Beagle’s
battery uses this cell. The
batteries are kept warm with a
blanket made of gold-plated
aluminium-tin materials.

The PV and battery power will
be used for three cameras with
a controllable pop-up mirror
and a robotic arm to gather
rock samples, strip away the
outer layers and analyze the
underlying materials. Two of
the cameras are stereoscopic,
and the third can be attached
to a microscope to examine

samples. Probably an interplanetary first is the inclusion of a
‘mole’ named ‘Pluto’ which  can crawl up to 17 feet across the
surface, then burrow to a depth of one meter. The mole captures

The above map is a complete annulus presentaion of Mars
at the equatorial region. Rover A is targeted to land at the
Gusev crater while Rover B should land at Merdani
Planum. Gusev is a location where water was suspected to
have cut through the crater’s rim. Meridani is in some of
the smoothest terrain on the planet and has strange
mineral composition. Whatever the outcomes of the
searches, the sites will forever be known as places where
the first interplanetary Lithium-ion batteries powered the
search for Martian water. (Graphic is from NASA Mars
Exporation Rover Launches Press Kit.)+
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samples and returns them to the mother craft for analysis. Pluto
includes a grinder supplied by a Hong Kong dentist to scrape
away rock surface plaque.

Beagle 2 is both technologically amazing and adds another
dimension, creative financing.  The British government could
only come up with $8 million to support the $40 million project,
so Colin Pillinger, a planetary scientist at the Open University,
pursued funding and obtained labor from universities, industry
and research institutions. A list of supporting organizations
can be found at http:/beagle2.open.ac.uk/people/people3c.htm
Although the total cost is not known, Beagle 2 is on its way.
Advertising on the Beagle and its  devices such as the parachute
could add a new dimension to the trendy look of space hardware.
The Brits do not want to have it look like a Formula 1 car though.
(What’s wrong with that? Isn’t everything from image,
performance, sound and appearance cool in Formula 1? BD)

Nozomi and Nickel-metal hydride

Mars hospitality cannot be limited to only welcoming the
Lithium-ion powered visitors because a fourth visitor with
another power source is also on its way. Launched on July 4th,
1998 was the Japanese Mars orbiter, Nozomi (in Japanese, Hope).
It is planned to arrive in early 2004 to study the Martian upper
atmosphere with emphasis on its interaction with the solar wind.

Originally, Nozomi was to arrive on Mars on October 11th, 1999,
but in swinging by Earth it did not attain the acceleration planned
and subsequent engine burns left it short of fuel. At this point
Nozomi’s goal was modified. The Nozomi was to remain in earth
orbit for an additional four years to wait for a lower energy trip

to Mars. During this time, powerful solar flares damaged the
onboard communications and power systems. Hydrazine fuel
froze, but later it thawed and put the craft on the correct trajectory
to hopefully land on Mars in 2004.

Nozomi, which weighs only 541 kg, has 14 amazing onboard
scientific instruments to measure the Martian weak magnetic
field, analyze the composition of the upper atmosphere, sense
temperature and plasma waves, take pictures of the Martian
weather and count dust particles to determine if there is a dust
ring in one of its two moons, Phobos.

With all the problems and disasters that have plagued Nozomi,
it is a tribute to the power system for continuing to supply the
spacecraft. Collecting solar power has been accomplished with
two 3 segmented segment panels of silicon PV which supply
the craft and charge its Nickel-metal hydride batteries, making
this the first of that chemistry to head for Mars.

If Nozomi makes it to Mars’ orbit, the $848 million spacecraft
will be operational for one Martian year which is equivalent to
approximately two Earth years. If all goes well, an additional
three to five years may be added to the mission.

So, as we settle into the calm of cruise stages for our four
Martian visitors, heads will begin to perk as the year closes,
and we all look anxiously forward to successful landings and
experiments.

BD


