Drive Around the World is a non-profit producer of worldwide adventures for charitable causes. We are supported by civic and
foundation grants along with a courageous group of sponsors and individual donors. In a nutshell, we do cool things with cars for
causes.
My name is Nick Baggarly. I am co-founder of Drive Around the World.

Section 1:
Section 2:
Section 3:

Section 4:

Organization and Expeditions Background
THE ZERO SOUTH EXPEDITION
Polar Traverse Vehicle (PTV) Technical Deck
a: Drive System
b: Battery System
c: Power Distribution
d: Generator System
e: Fuel System
f: Thermal System
Snowstream (Airstream)
February 2014 Rev14

In the mid 1990’s, I was working as a software antivirus engineer for Norton and McAfee. Software was pretty chaotic in those days
and, at the end of a long day, I could not wind down with books or television, so I took up a hobby working on old Land Rovers. I had
10 of them. I enjoyed buying them, bringing them home and bringing them back to life. My friends said it was a sickness…

I called it therapy. I enjoyed turning vehicles like this…

…into this. These are 1962 and 1970 Land Rovers—they’re known as Dormobiles and they are really cool. The roof pops up to reveal
bunks for sleeping and all the seats fold flat so you can sleep up to four people. Take your pick, downstairs or up! Over the years we
incorporated dozens of purpose-built modifications in to these trucks for long-distance travel. I still think it’s amazing that these
vehicles rolled off the assembly line 50 years ago, and not only are they still on the road—they’re still doing amazing things! Any
explorer will tell you that your ship is your “umbilical” to civilization. It must be sturdy and you must know it inside and out, and
that’s why our first programs used Land Rovers. You can field strip this vehicle in the middle of the Sahara with a crescent wrench and
a screwdriver.

Each vehicle held 78 gallons of fuel and had a range of 1200 miles.

In the summer of ’99 I assembled a team of six who wanted to see the world. (Thank you dot com boom!) Three months later we had
vehicles lashed down inside a shipping container bound for Beijing. We shipped by sea, 5800 miles from San Francisco to Beijing. It
took 14 days for to sail across the pacific. We got a call when they arrived, and then our team flew to China, got in and we drove west
for 78 days.

We called the expedition LATITUDE. We had six people—two vehicles—drove through 16 countries—every day driving west,
following the sun.
The route took us from east to west, through China, over the Tibetan plateau followed by a 13,000 foot descent into Nepal. Then we
crossed India, Pakistan, Iran, Turkey, Greece and Europe—and eventually made it to England for a visit to the Land Rover factory that
made our vehicles. Eventually we shipped from Southampton to New York and drove back to San Francisco. It was a mile-eating
marathon, and the challenge with this journey was really just to see if we could do it. LATITUDE occurred before we became an dogood dot org, however its completion provided the spark for an organization that produces ongoing, relevant adventures. We also
launched a pilot education program where we interacted with schools via satellite.

Here are a few pictures from LATITUDE. This is day seventeen of the Expedition.
Land Rover Dormobiles cross the Himalayas in Tibet at an elevation of 17,000 feet. In the distance is Mt. Shishapangma (8012
meters), the largest mountain in the world. The thin air at this elevation meant that our carbureted, 80-horse-power Land Rovers
only had 58 horsepower.
Photographer: Jeffrey Okubo, October 31, 1999

Driving in Inner Mongolia.
Our alternator went out and we were stranded for a day. Fortunately 12 volts is 12 volts no matter what country you’re in so we were
able to use local spares. I used to get scared when we were somewhere remote and things would break. Now I just look at our cofounder, Todd Borgie and say, “Looks like we’re about to have some fun!”
Photographer: Jeffrey Okubo

This photo was snapped a few seconds later. Dust storms can whip up instantly reducing visibility to zero.
Photographer: Jeffrey Okubo

Eventually

we returned home from the expedition and that’s when I learned my sister Jackie had been diagnosed with Parkinsons
disease. Age 31 and mother of four, she was told she had Young-Onset Parkinsons. Our co-founder, Todd Borgie, who was also with
me on the LATITUDE Expedition, learned that his father had Parkinsons on roughly the same day. We both thought this was strange.
One fateful day, a year or so later, Todd Borgie and I were together when one of our friends, who was absolutely sick and tired of
hearing our stories about driving around the world, made a joke: She said, “why don’t you drive around the world for Parkinson’s?”
Todd and I looked at each and in a single moment I saw our next expedition. It’s hard to describe but it was like a lightning bolt hit
me. And since we’d already gone around the world LATITUDE we decided…

Let’s go LONGITUDE!
Now this was much harder. I decided to double everything we’ had done previously. This time we used four vehicles, nine people and we drove through 30 countries. It took 16 months. The route
loosely followed the pacific rim, although we traveled inland through Asia because it was more interesting. We drove the entire length of the Pan American Highway and dozens of other famous roads
like the Burma road and Stillwell road. In India we drover over the highest motorable road in the world—the KhardungLa Pass at 18,640’ (according to Guinness). Pakistan’s Karakoram Highway which
follows the Indus River all the way up near the China border. In China we drove through the Takla Makan desert. It’s name means “those who enter do not come out.” Alexander and Genghis Khan
wouldn’t go there, but thanks to technology and good maps we went straight across it. In Russia we drove the infamous Road of Bones from Yakutsk to Magadon—and we did it in winter, crossing the
Alden and Lena Rivers when they were frozen—temperatures were down to minus 58F. We were also the first westbound vehicle crossing of Myanmar in 50 years. Many said driving across Burma
was impossible—I usually describe this section as my ‘Moby Dick’ since it required so much planning.
I had a film crew along and we produced a 13-episode tv series for National Geographic Adventure Channel. The show, “ODYSSEY: Driving Around the World” ultimately aired on five other channels
world wide for two years (2007-9). As for the drive and our philanthropic mission for Parkinsons—we raised $150,000 for The Parkinson’s Institute of Sunnyvale and got ink and on the news in most
of the major cities along our route. As a global, grassroots awareness campaign for Parkinsons, it was quite successful.

Here are a few pictures from LONGITUDE. This is the Atacama Desert in northern Chile—the driest desert in the world. The world’s
main source of Lithium for new batteries is found here. More on that later…

On a beach in Peru. Like the old Land Rovers that started it all, I put rooftop tents on top of all the LONGITUDE vehicles. The best
memories are always the days we camped.

Australia! Here we drove the Gunbarrel highway—a 500-mile stretch of single track that bisects the Gibson Desert. We didn’t see
another soul for three days. You see kangaroos and dingos on a daily basis, but I was surprised to see wild camels!

Driving across the frozen Alden River just west of Yakutka Russia. It was -58 F outside (that’s without wind-chill).

This was our team at the bottom of Tierra del Fuego (el fin del mundo—the end of the world). We actually drove off road for 100 kms
east-southeast to reach the southernmost point of South America. One of our sponsors had just approved a cash infusion so we took
this picture to thank them.

The team in the middle of Australia (seriously this was the middle of the country).

Projects find us. Email

When planning, I treat each objective like a separate program or business. For example, the television show, the drive-a-thon for Parkinsons, the awareness program for Parkinsons, the education program and the logistics of
driving from A to B every day—are all separate pursuits. In software, I learned how to break down complex problems into their parts, so I just applied the same thinking to our missions and it worked.
To get LONGITUDE done I glued the phone to my ear for three months and asked 100 companies for support. Sixty agreed. The team was composed entirely of volunteers—they even paid to go—so 100% of proceeds could go to
the Parkinson’s Institute in Sunnyvale. For fundraising we selected a drive-a-thon model inspired by a proven Henry Ford strategy, get a little money from a lot of people and you’ll have a lot of money.”
For 16-months we dealt with the logistics of driving while coordinating five non-profit programs—all managed from the road which was pretty tough when you consider that every day everything around you changes. These
projects are usually more than you bargain for. Once I had to work an entire day punching away on my laptop as a passenger on windy mountain roads, and I overcame an intense bout of carsickness. I still consider it a major
breakthrough in mind over feelings.
We had some great advisors who helped us do it properly, and on all fronts it was successful. The drive raised $150,000 for the Parkinson’s Institute in Sunnyvale and established us as non-profit producers of ‘relevant
adventures.’
Land Rover supplied eight vehicles--four went on the drive and four took part in domestic promotions. One of these vehicles went to schools exclusively as part of our distance-learning program.

I always tell our teams, “it makes sense to drive around the world with a purpose unless people know you’re doing it.” So we went
out of our way to do interesting things or meet interesting people. The highlight of the journey was meeting the Dalai Lama. I was
unable to get an appointment, but figured if we go to his home in Dharmsala, India, and explain that we drove here from California,
he might meet us. He did, and he even signed the bonnet of one of the vehicles. After the expedition we donated this vehicle to Land
Rover’s heritage museum as a thank you for their support. Another vehicle was raffled with proceeds going to the Parkinson’s
Institute. To boost the value, I arranged for it to be signed by Michael J. Fox, Gov. Schwarzenegger, James Cameron and Jay Leno!

Quick side story: Mike Fox’s signature got wiped off by an earnest car-wash attendee who though it was graffiti! Our friends and
families were horrified, but coming off this journey, we just thought it was funny. When you plan well, most things work out--and the
few things that don’t, you just gotta laugh it off.

This was a high point for me was meeting James Cameron. He’s a master at taking new technology into extreme environments for a
story. For ZERO SOUTH, James has provided technical advice. He’s such a gear-head—he sent us lengthy emails on how we should
convert the vehicles. We actually went with one of his suggestions when we selected the hybrid traction motor architecture.

Another fine petrolhead is Jay Leno. Jay supported the LONGITUDE Expedition and he’s a supporter of ZERO SOUTH as well. Vehicle
components such as the electric motor adapters and battery box were fabricated in his amazing garage by his main mechanic,
Bernard Juchli. Bernard is on the ZERO SOUTH team.

Arnold welcomed us back to California after LONGITUDE. For ZERO SOUTH, he made a special guest appearance in the first chapter
of the ZERO SOUTH story, “HUMMER to HYBRID in 30 DAYS.”

We had a film crew along for the entire duration of the LONGITUDE Expedition and shot footage a 13-episode TV series that aired on six channels.
Several of our sponsors found significant value in the story.
Links to Mobil 1 Commercials
http://www.drivearoundtheworld.com/news/Mobil1DATW-EatingDust.mpg
http://www.drivearoundtheworld.com/news/Mobil1DATW-Brrrrrr.mpg
www.drivearoundtheworld.com/news/Mobil1_DATW_CUT_18CR3_FW.wmv
The LONGITUDE Expedition was the subject for a $15 Million ad platform for Mobil 1 that included TV commercials which ran for two years, worldwide. I was asked to be in
them which was a pretty nice ego boost. They called it,”the greatest real-world endurance test of Mobil 1 in the history of the company.”
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Our principals are,
be respectful
be knowledgeable
be curious.
The first one is something my Mom always told me. (Practically every day!) That last one is my favorite.

Our Mission
To inspire a sense of adventure and the
tradition of exploration.
To encourage people to learn about our
world and understand the humanitarian
and environmental challenges we face.

All of our projects use cars because--the President of NASCAR said it best-- “people might not know how to throw a football or hit a golf ball, but everyone can drive!” We use
cars that people can imagine themselves getting in and driving because they make our events accessible. People see what we’re doing and say, “I could do that” which is
important to guarantee an audience.
But the word, ‘drive’ in Drive Around the World is actually more about personal drive and ambition to do whatever it is you love to do.
We have a track record of creating and completing extraordinary programs and they have been successful, in part, because we follow two rules: ”You make your plan you work
your plan” (something my Dad always says) and “Go only when you are ready.”
Other things you might hear us say:
We either manage risk or we go around it” and “Prior Preparation and Planning Prevents Piss Poor Performance.”
Website: www.drivearoundtheworld.org

Our Model

CAUSE

CARS

PLACE

PEOPLE

These four things change with every event we do. One requirement for anything we do is that it be extraordinary—something people
want to know about like a Guinness attempt or a challenge of some sort. It also has to involve a place that people want to learn
about (i.e., Antarctica and the South Pole). Each program we undertake is for a different cause too--and the place we go changes as
well. So do the cars we drive. The vehicles are custom built to the event. We obsessively build them to do everything and anything
they need to achieve during the adventure. We build our vehicles to make it! Finally, our teams are recruited from communities that
are somehow connected to the cause. Like a musical band, or the recipe for beer, these four ingredients are variables that reinforce
each other and make for a compelling and dramatic adventure that people want to watch, follow and learn about.

This is our old headquarters and vehicle workshop at Sony Pictures Studios in Culver City, California. We were fortunate to have a
few studio executives who are also fans of our current project. They placed us in the geographic center of the lot beneath a giant
water tower that straddles our building! How we ended up here defies coincidence. Remind me to tell you the story some day.
This building is located directly beneath the Sony (formerly MGM) water tower. Months back I climbed the tower with a harness and
found out it is empty.

We are located directly beneath the Sony (formerly MGM) water tower. Months back I climbed the tower with a harness and found
out it is empty.

Fitting: The studio calls our building, “the power plant.” Back in the 1940’s power came into the studio from the local utility as A/C
(Alternating Current) and this building housed a massive Westinghouse generator that would convert the power to D/C. It
was then fed to the various stages who required D/C power for the cameras and lights (they couldn’t use A/C because they
would cause unwanted flickering and effects with their equipment). It seems appropriate an electric-vehicle conversion
would take place in here.
NOTE: A busy movie studio is not conducive to extensive vehicle testing, and by February 2014 we had outgrown this space, so we
decided to move the production to a large hangar at Long Beach Airport.

This is the “before.” This is a 1996 Hummer H1. Ed Begley Jr. did the honors of performing the innagural, pre-converson drive-in shots
as a special guest in “HUMMER TO HYBRID IN 30 DAYS.” That large gold thing is an ambulance hard top from a military
HMMWV that we bought off eBay for $1600. This vehicle became, Polar Traverse Vehicle #2. AKA, BUDDY-1. It’s orange now.

Stewart Brand, editor of the Whole Earth Catalog, once said, “take the latest technology and use it to introduce and propel your ideas. Use it to do something extraordinary!” He
went on to say, “eventually people will start using the new technology for themselves and they will naturally continue on with your ideas.”
ZERO SOUTH is an extraordinary technology demonstration. It includes an education program and two media properties—a 3D feature-length documentary and a television
show that documents the entire project starting with the obsessively-documented conversion of one of the Polar Traverse Vehicles.
Film Director, Roger Corwin, once said, “it is better to go ahead with your ideas—just use whatever you have access to—and get it done rather than wait for your ship to come
in. You will learn a lot in the process and people will have a much easier time connecting with your vision.”
After I heard this advice I decided to build a prototype ZERO SOUTH Polar Traverse Vehicle. We took a stock 1998 Hummer H1 and added a HMMWV ambulance hard top which
we purchased on eBay for $1500—then we added custom paint, bolted on some tracks and filled it with a tank of biofuel. It wasn’t the vehicle that would drive to the South Pole
(not by a long shot) but it looked like it! This allowed me to attract most of the support I needed to get the project started.
We also turned the inside into a theater which played a video describing my vision for the project. Eventually, after placing this in front of enough people, our vehicle budget was
funded by K&N Engineering of Riverside, CA with support from AM General (the vehicle’s manufacturer) and about 30 other Official Technology Suppliers. Through years of
steady and determined development we have managed to enlist support from some of the finest people and companies.

SECTION 1:
ZERO SOUTH EXPEDITION

What follows are the nuts and bolts of the next expedition to the South Pole—the logistics—including how we’re going to get to
Antarctica, get to the Pole and return safely. I make it a point to review these aspects with any partner no matter who or what their
connection is to the project. By showing folks how we have planned for ZERO SOUTH, it helps them believe, and one Drive Around
the World principal is that we do not involve any partners unless they believe in both the mission and that it will be successful. It is
important that everyone sees a solid plan for success that is rooted in reality. Sometimes, sharing the logistics sends some good
feedback or suggestions our way too.
ZERO SOUTH is a 3D feature film and multi-episode televised series special. On the production side, we have a treatment, sizzle
videos, schedule and a budget for our content properties. These are not covered in this presentation.

TraffIc

This is Union glacier. There is a two-mile-long ice runway (airport code: SCGC) located here at the base of Mount Vincent—an active
volcano. This is our start point in Antarctica. There is a camp here called Union Camp that is maintained by Antarctic Logistics and
Expeditions.

UNION GLACIER CAMP
Geographical location:
79 46'S 82 52'W
Distance to South Pole:
600 miles (1024 km)
Elevation:
2, 297ft (700m) above sea level

TraffIc

Any explorer will tell you, getting to Antarctica is not easy.
Years ago I spoke with one of the owners of Antarctic Logistics and Expeditions, Mike McDowell. Mike’s company operates a base in Antarctica’s southern Ellsworth Mountains called, UNION CAMP.
He provides transit services to the continent and logistical support for dozens of climbers and “to-Pole” expeditions each year.
In 2003, Mike’s company, Antarctic Logistics & Expeditions acquired Adventure Network International (ANI), which was the first company to offer flights to Antarctica’s interior. They have been
operating for 18 seasons.
At UNION CAMP, the setting is spectacular. The accommodation are spacious and comfortable. The meals are fresh and delicious. The service and support is unparalleled. Majestic peaks rise in all
directions offering plenty of opportunities for scenic excursions, technical climbs and ski tours. At camp there is little wind, providing a comfortable environment to relax and take it all in.
UNION CAMP is 1,883 miles (3030km) from the southern tip of Chile and a stone’s throw from Mount Vinson, the highest peak in Antarctica. The South Pole is just over 600 miles (1000km) away.
Their geographic location is 79°46'S 82°52'W. And our elevation 2, 297ft (700m) above sea level.
Union Glacier Camp is only accessible by air. The Union Glacier runway is near the edge of the continent but set into the interior. This is intentional because is is generally much colder, and thus
unlikely to experience melting and other problems. The ice here is tens of degrees colder than found toward the edges of the ice continent.
An expedition like ZERO SOUTH is wise to contract the services of ALE, and they are is our first choice for on-content support. A backup option is The Antarctic Company (TAC; www.antarcticcompany.com), founded in 2004, provides support for non-governmental organizations (NGOs), private expeditions and adventure travelers to the interior of Antarctica (mostly East Antarctica). TAC
flies Ilyushin IL76 aircraft six hours from Cape Town to a 2780m ice runway at Novo Airbase, located 15km southwest of Russia’s Novolazarevskaya station in Queen Maud Land, East Antarctica. The
company’s operational season begins at the end of October and finishes around the end of February, with an interruption of intercontinental flights from the second half of December until the end of
January due to melting of ice on the Novo Airbase runway.
LINKS:
http://www.antarctic-logistics.com/index.html
http://www.adventure-network.com/
http://www.adventure-network.com/union-glacier-camp

The producers may require two additional people accompany the team to Union Camp to help see the expedition off.

This is how our team and vehicles will reach Union Camp. The NATO name for this Russian aircraft is, “CANDID.” It carries 60 people. We have confirmed the cargo area will hold
our entire footprint: vehicles, people and kit, however our fuel and batteries will have to ship on a separate flight dedicated for class-9 cargo. When flying commercial, we’ve all
heard the restrictions on how many laptop batteries we can have in our carry ons, so our show can have some fun with the notion of how do you fly two 500 lbs battery packs?
The journey begins with a 4 ¼ hour flight from Chile to Antarctica aboard a Ilyushin IL-76TD (Ilyushin). This is a robust, four engine Russian jet that is well-suited to off-strip
landings and lands on wheels on an ice runway at Union Glacier. It cruises at a flight level of 31,000-35,000 ft (9450-10670m). Max Ceiling is 50,850 ft Max Speed is 530 mph,
and return fuel is carried on all flights.

The Ilyushin 76 was conceived as a long-range, heavy transport aircraft. Because of the vast size of the Soviet Union, it had to operate in conditions varying from the harsh cold
of Siberia to the hot deserts of the Middle East.
960 total aircraft were built up through 2008 with production still underway.
What’s important to us:
Max Payload 114,640 lb (52,000 kg) (More than 50 tons)
It is a commercial freighter created for ramp-delivered cargo, and especially for outsized or heavy items unable to be otherwise carried.
Cargo Payload 17.5 tons (15,875kg)
Dimensions (cargo compartment)
Length (including the ramp) 19.6 m
Width 3.66 m
Height 3.25 m
ALE usually flies each flight full (17 ½ tons of cargo)
The size sheet for our aircraft 3.66 metres = 12.007874 feet (12 feet 3⁄32 inch)

3.25 metres = 10.6627297 feet (10 feet 7 & 61⁄64 inches)
Fuel tanks for a typical Ilyushin 76 hold 28,926 gallons of fuel. At $4 per gallon, this baby costs $115,704 to fill up!
Full payload range is 2268 miles. (NOTE: The flight from Punta Arenas to Union Glacier Camp is 1900 miles)
The Il-76TD 'Candid-A' is similar to the Il-76T but equipped with uprated engines for improved takeoff performance at higher altitude and temperature locations
LINKS:
http://www.aerospaceweb.org/aircraft/transport-m/il76/
http://www.ilyushin.org/eng/products/cargo/76td.html
http://www.4x4offroads.com/south-pole-expedition-getting-there.html
VIDEOS:
Ilyushin IL 76 Exterior shot. Stationary: http://www.youtube.com/watch?v=ZvC_-2oytds
Interior shot: http://www.youtube.com/watch?v=qxTBfZRCw7M&feature=related
Landing: http://www.youtube.com/watch?v=lHDggWDNYdc&feature=related

PTV1 (the blue vehicle) will tow a 1962 Airstream trailer that has been retrofitted with insulation for extreme weather and bunks that sleep six. And, since it's all white in
Antarctica, we figured it was important that the interior lights can be set for any one of 12.5 million colors. (There’s even a disco mode.)
We contracted the designer of the sleds for the US Antarctic Program to build this 4,200lb steel sled. It was build to the dimensions of the Airstream and has some articulation
capability to conform with uneven terrain.
Our plan is to ship the Airstream and sled will be shipped together. In this case we would remove the tow bar and ship it below the sled.
A set of industrial dollies were produced for the sled so we can easily tow it on road surfaces. The dollies increase the height by 1ft 1in. They will have to be removed prior to
loading. Below each ski we will flush bolt 3/8in thick UHMW material the full length of each ski. This material will be shipped on the deck of the sled (between the wheels) and
fastened to the underside of the skis when we reach Union Camp.
Dimensions of the Airstream (trailer only) are:
Length: 23ft Width: 7ft 9in Height (on tires): 8ft 7in Weight: 3,170lbs

The width of the sled is 10ft 9in.

Being hybrids, our vehicles essentially convert fuel to electricity which keeps the batteries charged and supplies power to the electric drive motors. To stay true to our title, it is
important we avoid using fossil fuels in the vehicles—so the fuel for the expedition is a bio-jet fuel (also known as SPK which stands for Synthetic Paraffin Kerosene).
We are a single fuel source expedition. 24 drums of fuel will accompany us to Union Glacier. These are 55-gallon drums. The drums are brand new—purchased from Honeywell
UOP and filled in December, 2013. We have this fuel in our possession now.
Total expedition fuel: 24 drums * 55 gallons = 1320 gallons
This fuel was manufactured to be a Jet A fuel replacement so, assuming a weight of 6.84lbs per gallon, we will have 9029lbs of fuel.
The drums weigh approximately 40lbs each so, 40lbs * 24 drums = 960lbs for a combined fuel weight of 9989lbs
We believe we are carrying enough fuel for the expedition. The distance from Union Camp to Pole is 600 miles. So…
600miles * 2 (because it’s a round trip journey) / 3 miles per gallon (a conservative figure) = 400 gallons of fuel allocated to each vehicle for the roundtrip.
There are 2 vehicles so that’s 800 gallons allocated for vehicle consumption with 520 gallons excess. The vehicle’s cabin and coolant heaters burn this fuel as well, however these
amounts are not substantial.
,
Ale’s cargo flight, tentatively scheduled for November 12 2014, will take PTV1, the Airstream, 24 drums of fuel and both battery packs (disconnected).
Once the plane lands on the blue ice runway at Union Glacier all items will be offloaded and staged in proximity to Union Camp.
The expedition team (10) and PTV2 will fly on November 21, 2014. Once at Union Camp, a fuel “bladdersled” will be assembled and all fuel will be transferred into ATL bladders.

Prior to shipping from Long Beach, all fuel will be palletized, four drums to a pallet.

The fuel was supplied by Honeywell UOP who produced it under a DARPA challenge to create fuels for aircraft
from bio feed stocks. Our fuel was made from a feedstock of inedible waste greases. It is chemically similar to JET
A so we can expect a small efficiency loss. We have to use a jet fuel because we are going into low temperatures
just like a plane must do. Honeywell has supplied MSDS sheets and an analysis which reports the freeze point for
this fuel is minus 54 C (-65.2 F). Each PTV has an electric-probe fuel heater located in the fuel filter stream as well
as an Arctic Fox heated fuel pickup tube. Neither of these items should be necessary, however they may be used
if we must take a different fuel, or for future expeditions to even colder places.

This fuel sled belongs to the British Antarctic Survey. Once we land on the continent, all fuel will be transferred
from drums into two large, 750-gallon, collapsible fuel bladders like this. PTV2 will tow a sled that holds two of
these bladders.

The "sled" is a very long sheet of High Molecular Weight (HMW) Polyethylene. Our sled measures 8ft wide by 50ft long by 1/2in thick. Bladders are lashed to
the sled using straps fastened to tie-down slots cut into the HMW material every 36in. A cargo net “sock” keeps the bladder in place when the prime mover
(towing vehicle) first advances to prevent the bladder from dislodging from the sled.
A section of 8ft wide, ½” thick HMW material weights 20lbs per linear foot. Our sled will be 50ft long for an estimated HMW material weight of 1000lbs.
The British Antarctic Survey uses 7.5ft wide by 15ft long bladders. Our expedition will use two bladders, each measuring 7.5ft wide by 10ft long. The capacity
of our bladders is 750 gallons each.
We are required to place our bladders into a slightly larger bladder to providing bunding for secondary containment. Procurement for this is in process.

The fuel bladdersled uses steel tow plates bolted at the front on both sides of the HMW material to “sandwich”
it. Two smaller tow plates are bolted at the rear of the sled. These are used if there is a need to “walk” the sled
down a steep slope, using a trailing vehicle, so the sled does not fishtail. The combined weight of the tow plates is
300lbs. Our tow plates were designed identically to those used by the British Antarctic Survey from drawings that
they supplied.

A CGI version of our expedition footprint. I imagine the roof racks will be pretty packed during the
real thing. There’s room beneath the airstream (above the sled rails) for items. The fuel bladdersled
sled is 10 feet longer than required in case we need to place gear or an immobilized vehicle on the
back of it.

Someone asked, “what will you do if one of the vehicles breaks?” This is a 54,000 pound Case tractor. It was pulled 20 miles along the Ross Ice
Shelf by placing a set of recovery skis made of Ultra High Molecular Weight Polyethylene (UHMW) beneath the tracks. This material is similar to
those thin toboggan sheets we used to buy at the drug store and slide down snow banks when we were kids. We are required to bring two sets
of recovery skis in the event we have an “immobilized vehicle situation,” although now is probably a good moment to remind you that our motto
is, “don’t go unless you know you can make it,” so the need to “extract” the vehicles is not a likely scenario. The expedition must be safe and we
must plan for contingencies like this.

When planning an expedition it’s important to have plans for everything you can think of that could go wrong. Then you ask your
entire team and lots of people who have done it before to do the same thing. Once you’ve done that, you’ve probably covered 90
plus percent of your bases. The thing that goes wrong is usually the thing nobody thought of. When that happens you move and
shake, improvise and keep a good attitude.
Being an environmental project, we must pack out everything we bring in. The only thing we intend to leave behind are tracks in the
snow.

SOLAR ICE CORE VIDEO:
https://www.dropbox.com/s/73mqkwg1obbec3j/Ice_Core_montage.wmv

ZERO SOUTH
Light Field Science Experiments During November/December 2014 Traverse From Union Glacier To South Pole
Three light field-science experiments will be conducted in association with Dr. Lora Koenig, Cryospheric Scientist at NASA's Goddard
Space Flight Center and Dr. Thomas Wagner, NASA Program Scientist for the cryosphere. This partnership may or may not be
formalized at the discretions of the scientists involved. If available, Dr. Koenig and Dr. Wagner will be interviewed at some point
before or after the traverse. The experiments will establish the base line for an understanding of snow and ice accumulation along a
semi-frequently traveled route that extends from Union Glacier Camp (located at the base of Mr. Vincent near the Hercules Inlet of
the Weddell Sea) to the South Pole. GPS coordinates of this route have been provided by Antarctic Logistics and Expeditions (ALE)
and are used seasonally by ALE and individuals operating under their permit. It is expected ALE and their contracted organizations
will have opportunities to repeat these experiments if desired. Use of ALE-provided geo data is subject to conditions set forth by ALE
and may change without notice.
The broad extent of a traverse across a variety of polar terrains can allow the determination of the environmental conditions and
mechanisms that affect accumulation and distribution of snow and ice in polar regions in relation to wind, ice conditions, and
probable sources of material.. This expedition will provide an opportunity to determine these variations along a semi-well traveled
route for the first time and on a seasonal basis.
1. Stable Isotope Composition in Antarctica
This experiment consists of (1) Sampling and Data Collection, and (2) Sample Processing and Analysis.
Samples will be collected along the route and returned
The benefits of the experiment are: Provides the first opportunity to collect samples along this route to understand past
atmospheres and also determine concentrations and types of microorganisms in polar ice over significant distances and multiple
geographic scales to benchmark conditions across a variety of polar terrains and wind and ice conditions.
This experiment consists of excavating a 50cm deep snow pit and collecting a snow sample. Upon return to the US, the samples will
be analyzed for stable isotopes of hydrogen and oxygen. The snow samples will be kept frozen en route, and delivered frozen to
Kimberly Casey at the South Pole Station. These data will be used to establish the mean annual isotopic composition of the snow
along the traverse route, an important tracer for atmospheric circulation models. Ideally, a snow sample will be taken twice a day:
once in the morning (or evening) and once in the middle of the day. Sample collection time is < 10 minutes. METHODS: Approx 3m
from traverse vehicles, dig out a small snow pit (50x50x50 cm) with shovel to expose vertical 50 cm depth face of snow pit to be
sampled. Label Whirl-pack water-proof sample bag with sample number, date and GPS position. Record sample number, date, and
GPS position and elevation in field notebook. Use stainless steel snow sampler in the tall orientation (i.e. long side up and down,
short side horizontal) to collect snow from vertical pit wall. Empty snow from sampler into whirlpack bag. Repeat down the pit wall,

adding snow from successive depths into the same bag. This will pretty much fill the bag by the time 50 cm depth is reached. Close
whirlpak bag. Re-fill hole.
ITEMS TO BE PROVIDED: sample bags, training, instructions for sample storage while in transit and delivery and point of contact,
permits if needed.
2. Shallow Ice Core Experiment
This experiment will help tell scientists determine how snow/firn is densifiying over time and to understand spatial variation in
density.
This experiment will require the convoy to stop for two to four hours and use three people to recover shallow cores from 3-5 meters
in depth using a portable, ~40 lb solar-powered ice drill. Cores will then be sliced in the field and measured, weighed and recorded in
a log with GPS location. This could also be done at the end of short traverse day.
METHODS: Follow the detailed protocol sheet to be provided by Dr. Koenig. Briefly drill a core, measured the core diameter (in cm)
at 3 locations and record, measure the core length (in cm) and the weight (in kg). Discard the core. All materials including the drill,
table, scales and rules will be provided by Dr. Koenig. .
ITEMS TO BE PROVIDED: Felix solar drill, scale (or description of scale required),snow saw, core tray, how-to video and/or
instructions, permits if needed. A portable table can be provided if necessary.
3. Distribute snow accumulation poles
This experiment consists of placing poles in the ground and measuring the distance from the top of thepole to the snow surface and
recording measurements in a log along with GPS location.
This experiment will take place during the traverse to Pole only and not on the return traverse.
This experiment will establish a base line for periodic measurements taken by other "to Pole" teams.
The benefits of the experiment are that as additional traverse teams travel this route they can measure the pole establishing a time
series of accumulation.
METHODS:
Approximately 12 poles will be distributed along the route.
Poles will be made of ___bamboo____ material and shall be driven __ 1 m__ below the surface using the drill to excavate a hole that
will be back filled
Measurements will be taken using foldable ruler and recorded in cm]_.
The poles will not be measured on the return journey.ITEMS TO BE PROVIDED: ~12 poles, training and protocol sheets.
We will not be sampling for Microbes from the samples we take.
Nick,
Attached find our track changes corrections to your science document. I have also plotted up your route along with existing
measurements in a few weeks I will can get you candidate locations for drill sites. Having been on traverse I understand that travel

will vary from day to day so the candidate sites are flexible, as with all of the other measurements. The main requirement is that a
GPS location is taken when the measurement is. As for the September meeting I cannot commit to that right now but if I do not
make it in person we can do all of this over skpye including demonstrations.
Lora
Lora Koenig
Cryospheric Sciences Laboratory, Code 615.0
NASA Goddard Space Flight Center
Greenbelt, MD 20771
Phone: 301-614-5507

NOTE: ADD ALL OF THIS TO ‘PRETEND WE’RE LEAVING DAY’ (TEAM TRAINING FILM SHOOT). PEPPER WITH SOME OF THE MORE
INTERESTING ACTIVITIES FOUND IN GOOGLEDOCS\PRODUCTION\STORY\STORY IDEAS
Isaac Newton said, “we stand on the shoulders of giants” and we’re big on that too. This is a map containing a set of 90 GPS
waypoints compiled by a previous vehicle-to-Pole expedition (the Moon/Regan TransAntarctic Expedition). But, since the ice is
moving around down there, it is periodically updated by ALE.
For lack of a better comparison, our route reads kind a ‘Lord of the Rings’ tale. Just AS Bilbo did in his travels from the Shire to
Mount Doom and all places in between, like Mirkwood and the marshes, our route too has its share of, “seemingly-insurmountable”
challenges. We must navigate these challenges one by one. Once one is overcome, our story can build up to the next one.
Union Glacier Camp

Union Glacier Camp is situated at the base of Mount Vincent—an active volcano and the highest peak in Antarctica. The setting is
spectacular. The camp is well laid out, accommodation are spacious and comfortable and the meals are fresh and delicious. The
service and support is unparalleled. Majestic peaks rise in all directions offering plenty of opportunities for scenic excursions. At
camp there is little wind, providing a comfortable environment to relax and take it all in.
While here we are 1,883 miles (3030km) from the southern tip of Chile and a stone’s throw from Mount Vinson Massive. The South
Pole is just over 600 miles (1000km) away. Our geographic location is 79°46'S 82°52'W. Our elevation 2, 297ft (700m) above sea
level.
It’s a bit like the Star Wars habitat of Tatooine. There are fascinating individuals here including climbers and extreme trekers from all
over the planet. Union Camp is only accessible by air. It is located in the Hercules Inlet of the Weddell Sea and 700 miles from ice
free sea. The same sea that froze and locked Shackleton’s ship. Hercules Inlet is floating ice that goes up and down with the
tide….measured in millimeters. The ice is about 600 meters thick and the surface is about 200 m above sea level. The ice cliffs over
the sea are 400 miles away. The 2-mile-long blue ice runway here is near the edge of the continent but set into the interior. This is
intentional because it is generally much colder here than on the coast, and thus the runway is less likely to experience melting and
other problems. The ice here is tens of degrees colder than found toward the edges of the ice continent. By situating it here, ALE was
is able to control flight schedules and reduce delays due to a slushy or snow-covered runway. We are here for two days getting
everything ready before camp pull out.
ALE has provided us with a GPS route containing 92 waypoints, and their policy is that vehicles stay within 5 meters of the route.
Snow surface is variable and depends on the season. Basically the route will be inputted into the GPS and you will navigate from one
waypoint to another.
On Day 1, we’re in the mountains. Elevation 2000 ft and great scenery. For comedy, we will place a sign at the edge of camp that
says, “NO SERVICES NEXT 636 MILES (1024 KMS).” We will film the vehicles passing this sign. Our traverse speed will be between 5
and 15 MPH. Although speeds of 30-40 MPH are possible we will drive slowly because we want to make it. (When you go fast, you
can break things.) Ironically, camp pull out requires us to head North--not what you’d expect. We’ll have some fun with this too
(Woz calls over the radio, “you sure you guys know where you’re going?”). The route bends down and around the ____ glacier to
1500 ft. There’s a path through and around the mountains with views of the Corona (sp?) cause (glacier). We will see Mt. Vincent to
the West, then we make a wide arch to the East, and by end of day we will be past Pattriott Hills. The steepest part is between Union
Glacier and Patriot Hills in the first 100 km.
Patriott Hills
Patriott Hills is Stunning, and Moon-Reagan says we absolutely must plan to film here. At one point there are gorgeous views in all
directions. Looking NW you see Vincent Massiv, and looking straight ahead and to the right, the Rollie ice shelf—and to the left, the
Independent Mountains and all of its glaciers. There is a fuel depot, a runway and an abandoned Chilean station. Once we go inland,
our challenge is low temps and howling winds, past 82°S. It’s a slow rise from here to the Thiels Mountains. Thiels is 350 nm from
Union Glacier and another 300 from Pole. There’s a turn in the route at 85°:05 S called Thiels Corner and a fuel depot here. This is
also one of the places where we might see “diamond dust”--an ice-in-the-air phenomenon that’s somewhat magical. From this point

it’s a gradual, 300-mile climb from 2,297 to the South Pole at 9,301 feet. It will be white and devoid of color the rest of the way, but
that’s not to say it won’t be spectacular.
The Cora Escarpment
The steepest bit, and the only real grade of significance, is just after Thiels toward the Cora Escarpment—a place known for
crevasses. This is where we’re climbing up onto the polar plateau. Many of the crevasses are pretty obvious, however we are told to
stay away from here and from Thiels.
We are towing all of our own fuel but, if we had to buy it, it’s available in only three places. Fuel is cheapest at Union Glacier at
$4,600 per 200 l drum. $6,700 a drum at Thiels and $7,000 a drum at Pole. The advantage in buying it at these places is, it would
allow us to travel faster and it saves fuel to travel as light as possible.
Sastrugi Fields
There are many different sorts of snow, and the route conditions can be different from year to year—or even month to month.
There are hard ice surfaces, soft snow surfaces, and deep soft snow surfaces especially on the last leg going into Pole. Much of it will
be like driving on a rough plowed field which gives a lot of shake and rattle inside the vehicle. But the next, and possibly most
ominous “seemingly insurmountable challenge” is the sastrugi field. It’s unlike any surface you’ve ever seen or driven on. Similar to
sand dunes in a desert, these are waves of frozen snow and ice, but snow has different shear strength properties than sand so these
babies can get up to six feet high. Their size and frequency varies on the winter winds and changes from season to season. One large
field is often reported for the 60 miles between 87°S and 88°S. They’re big, often with shear drops on one side, so our our speed will
cut down to 4 MPH. Fortunately, you can usually drive around them, but navigating 60-miles of these babies will be like finding a
route through a topiary maze. We’ll launch one of two small drones here for a bird’s eye view if we need to find a route.
The Snow Swamp
ALE has permitted fuel caches close to the Thiel mountains (Thiels Corner 85°:05 S) and at the Pole there is about 300 nm between
each
If air evacuation is required for our team a twin-otter aircraft would typically be dispatched and within 10 hours ALE could pick up
everybody in one flight but not a huge amount of baggage.
According to andrew Moon, in 2010 it was cold. Temps were typically -30C. In 2005, they were typically -15C. Inside the vehicle,
solar radiation through the windshield and roof tends to keep interiors comfortable and sometimes hot even. The position of the
sun has somewhat of a greenhouse effect. Inside you’ll wear thermals, a fleece or tshirt even--no outer jacket.
“Everyone has a way of dealing with doing nothing” –Andrew Moon
Camping times will be quick. The body doesn’t fathom the need for sleep in the same way due to the 24 hours of sun. The sun is at
about 45-degress throughout the day which is quite good for filming.
The terrain can vary dramatically from soft to firm. Reports of hard terrain are good.
Winds on the plateau can gust to 90 MPH.
There are crevasses along the Cora Escarpment
It will take between five and six days to reach pole assuming good weather. We have allocated ten days.

In a storm, don’t park Airstream sideways.
Our convoy will follow each other in row, single file. PTV1 pulling the Airstream, followed by an interval of ____ yards and then PTV2
pulling the fuel sled and snowmobile. The only time they might drive two up is if the vehicles are lashed together to extract a stuck
sled.
We communicate with ALE ?#? times per day via Iridium. We notify the South Pole 24 hours before our arrival.
Moon Reagan had numerous vehicle problems. Welds broke. Dirty fuel was a big issue. The fuel drum liners peeled and clogged
things. Also water gets inside fuel drums or hoses and freezes into ice. A lot of effort went into ensuring fuel was not contaminated.
Moon used Iridium for sat phone, VHF radios between vehicles, they flew down on LAN Airlines.
Andrew said to be very careful going down any slopes.
Leadership
Moon did not lead by democracy. He spent a lot of time setting expectations. During their expedition, the leader decided when to
stop, when to go, when to eat, sleep, morning roll time., etc. Everyone had defined and printed roles. Everyone read and understood
everyone’s roles. Members of his team were required to sign a contract acknowledging that the leader has full authority including
making role changes mid expedition. “You’re off the ice” are words you do not want to hear. If you do, you’ll only hear them once.
Moon’s Equipment
8 shovels
Ice anchors
Paddle pool (fueling)
Roll up absorbant mats
Moon-Reagan took all their spares with them. They did not leave much at Union

EXTREMES
Grade 4%

Highest elevation 9,500 feet
Max speed 30 MPH (avg speed will be 5-15 MPH)

Temps -44F at the extreme (- teens F is typical)

These next slides are the result of a great deal of research. We have confirmed that a route exists, it is safe, the crevasses are
minimal, the steepest grade is 4%, the highest elevation is just under 9,500 feet (the South Pole is at 9300 feet) and the coldest
temperature we are likely to experience is minus 44 Fahrenheit.
Our max speed (45MPH) is limited by the Mattracks but we designed the vehicle for traverse speed efficiency of 5 to 15MPH. Since
we are towing sleds we expect to travel 2mph to 15mph.
We will go in November/December—the warmest months.

Environmental Conditions For December
•
•
•
•

Typical Average -18 deg F
Ambient as low as -44 deg F
High 7 deg F
Plan for vehicle
– Provide conditioned air and/or water to components using
Espar heaters

• Storage transport includes shipping by ship and Russian
Ilyushin II-76TD cargo jet from Punta Arenas, Chile to
the new blue ice runway (SCGC) at Union Glacier Camp
located at the base of the Ellsworth Mountains near
Hercules Inlet of the Weddell Sea.
• Altitude ranging from sea level to 9,300 ft (670 mb) at
pole (adjusted for barometric pressure)

Our vehicles and the ESPAR Hydronic and Airtronic heaters use an internal combustion processes. They will be tested in the White Mountains of
California in July 2014 at an elevation of 11,000 ft. The heaters were tested at 9,500 ft earlier in 2014. This confirmed the installation of altitude
compensators was done correctly.
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We went back through thirty years of temperature data. The coldest it will get in December is minus 44F. Typically it will be minus
teens F and it may even get above zero! It is likely there will be storms on the plateau which we may need to wait out.

Moon-Regan Transantarctic Expedition
Link: http://www.transantarcticexpedition.com/
Completed: December 10, 2010
Two Ford Econoline 6-wheel Vans (diesel)
Distance: 3600 miles
Took 20 days, 12 hours and 30 minutes to go from Union Glacier, to the Geographic South
Pole and across the continent to the Ross Ice Shelf and back to Union Glacier.
Antarctica Arrival Nov 26, 2010. Pole Arrival: Dec 3, 2010

It is smart to look at what others have done. One recent drive-to-pole was the Moon/Regan TransAntarctic Expedition led by Andrew Moon and
Andrew Regan. This expedition was successful, and it too was supported by ALE who supports many types of expeditions. The leader of this
group was Andrew Moon. He is one of the ZERO SOUTH advisors.
The Moon-Regan vans weighed 4800 kg (10,500 lbs) each empty, but with tools, spares and fuel they were close to 6500 kg (14,300 lbs) with
each tire supporting over a ton.

Thompson Reuters Eikon South Pole Expedition
Link: http://thomsonreuterseikon.com/south-pole-expedition/

Toyota diesel pickup
December 2011
Took 1 day, 15 hours 54 minutes

This expedition was also successful. These guys broke the Guinness record for fastest drive to Pole and ALE supported them too. In
fact, ALE has supported five successful vehicle 'drive-to-pole' expeditions in the past five years. These vehicles were built by the
same guys who built the ones Top Gear took to the North Pole. They're cool but this is old vehicle tech.

TraffIc

The successful arrival of the first plug-in-hybrid to drive to the South Pole will illuminate what humans can do without the use of fossil fuels.
One of the benefits of going in November is the sun is setting nearly continuously, 24-hours a day—and one of the final scenes that I envision for ZERO SOUTH has to do with
plugging in the vehicles at the South Pole and walking off into the sunset. Believe it or not, the change in behavior, to plug in a vehicle instead of going to the gas station, is one
of the main consumer acceptance factors that is slowing the adoption of electric vehicles. Range anxiety is another and ZERO SOUTH nails both of them. In exchange for giving a
talk to the scientists at South Pole, I am requesting the National Science Foundation run an extension cord out to the ceremonial South Pole so the final shot of our production
will have the team plugging the vehicle in at the Pole and walking away into the sunset. The audience takeaway: “Even at the South Pole you can find somewhere to plug in a
vehicle.” We have quite a few champions at NSF who are aware of our program, and I hope to horse trade our team giving an inspiring talk to the scientists at Pole in exchange
for this support.
History has shown that people respond to dramatic examples, and audiences seem to like the idea of taking new technology into extreme environments. As a project, ZERO
SOUTH entertains, demonstrates, informs and inspires.
100 years after Amundsen’s arrival--with his skis and dogs and coats made of caribu fur, the ZERO SOUTH expedition will reach the South Pole with technology for the next 100
years.
We are taking things around us and giving them a new job to do. We are making something better and using it to accomplish something extraordinary.
If a Hummer can drive from the edge of Antarctica to the South Pole, though an extreme and hostile environment with no services from start to finish, consumers will get
excited about what this technology can do for them.
The project is timed with the 2014 release of electric vehicles from numerous auto makers.

Why Antarctica and why go?

Extremes
Exploration History
Wildlife
Scientific Cooperation
Climate
Polar extremes
Glaciology and Cryosphere Science
Government and politics

But why Antarctica? …and why drive?
th

Well, people are certainly interested in our mysterious 7 continent, and there’s no shortage of fascinating facts and unusual stories or never-before-seen images when it comes to
Antarctica. All of this peaks our curiosity and imagination.
…and from a personal and organizational viewpoint it makes sense. We went around the world LATITUDE and LONGITUDE—now let’s go where the lines meet—to the South Pole.
Many aspects of this place align with our mission. The scientific community has a charter to freely share scientific research in Antarctica and this place also serves as a new a
model for humanity as no country has a defined sense of ownership. It’ i a true example of a United Nations/Star Trek Federation organization and DATW wants to participate in
this model.
According to the UN Charter, there are 4 Agreements for countries who have interest in Antarctica:
1) Passport free zone
2) Nuclear Free Zone
3) No country has mineral, land or resources claims below the 60th parallel
4) Scientific research is to be freely shared
…but what’s the cause and what vehicle would we drive? Every Drive Around the World project highlights a cause…and we can’t drive regular fossil fuel vehicles to the South
Pole. That just would not be right.

Well, during LONGITUDE a theme that kept coming up with me is how many cars there are on the road and all the pollution they
generate.

All of the driving around the world left me with a strange perspective.

Don’t get me wrong, I love cars. But after driving through hundreds of cities, and experiencing more than my fair share of traffic, I came home to a pretty serious bout of culture
shock. A few weeks after I got home from LONGITUDE, I was crawling along on the 10 freeway, and I looked outside my window at the people around me and wondered what
they were thinking. Try it some time. Look at the car to your left; he’s thinking, “I’m going to be late.” Look to your right; she’s hitting her steering wheel, “This is the worst
traffic!” A truck driver tunes his radio, he’s eating a sandwich, she’s putting on makeup.
Well, after two drives around the world, I’m thinking something very different; right now, at this very moment (yes, while you’re reading this), in thousands of cities throughout
the world there’s this same traffic. There are millions of little fires burning.... right now.
Think about it. Pretty unsustainable isn’t it?

We simply cannot manage all the tailpipes. We need zero and low emission solutions and we need them now. My last project was
successful in making a small dent in Parkinsons, and I sure learned a lot from it, so figure Inspiring people to adopt new vehicle tech
is something Drive Around the World can do to make a difference.

ZERO SOUTH will not reduce the number of cars on the road. Our aim is to help usher an age of zero and low emission vehicles.
Throughout history, technology demonstrations have proven to be an effective way of inspiring people and this helps to encourage
wide-spread understanding and new ways of thinking.

If you drove around the world twice, and saw all those cars and traffic like I have, you too might come back with a different perspective.
Sometimes a life changing experience helps you see how big the problems really are, but I think they’re gifts of knowledge and understanding so we can start trying different things to solve the
problems.
Some people think we need to get rid of all the cars, but people love their cars so encouraging this is an uphill battle.
But trying to manage all the tailpipes is a losing and unenforceable battle too. Smog programs are pretty silly if you ask me.
To usher an age of zero and low emission vehicles, we have to do what we in the electric-vehicle community have learned to influence consumers. The EV community finally figured it out. We used to
have endless, ineffective debates on the benefits of electrics and hybrids. We would argue reasons to displace oil, wells to wheels, and all these topics.
Now we just put people in an electric vehicle and let them drive it. Give them an experience. They return from the drive and they're either sold or at least they know this is the future. They'll adopt
eventually.
Apple says “Think Different.” I say “Select Different.” Those who are able to persuade others to make new choices are the true world changers.
Beyond having a four year old, this is something I can do to make an impact. ZERO SOUTH is all about showing people what we can do without oil.

This is the 405 on an unusually light day. Such an enigma, I just had to throw it in. 

The progression seems natural: LATITUDE was to see if we could do it. LONGITUDE was for our families. ZERO SOUTH is for the
planet. Sometimes I think that sounds arrogant, but hey, I like this place! Why not dedicate ten years to making our conditions better.

Vehicle Visits work

How do you get more mileage out of a Hummer? An opportunity to become involved in ZERO SOUTH is a chance to be a part of an innovative program.
Something different that combines science, technology, engineering, environment, and adventure—all within a modern-day polar expedition.
Now days it's all about recycle, renew, repurpose and reuse--how can we take ordinary things around us and get more out of them? How can we make them
better?
How can we,
Recycle,
Re‐use,
Re‐purpose,
and Re‐think?

We challenge ourselves to look around at all of the things we have and think differently. Try it. Take something and ask yourself, how can I get more out of this? We decided to
take a Hummer...and turn it into many things. Andy Warhol would have called this vehicle “a charged image.” A symbol that people find difficult to ignore—a large imposing SUV
which some people dislike and others love. People are ‘polarized’ about this vehicle so we decided to use it as a platform to showcase new technology, new ideas and a vision
for a better world.
We turned this Hummer, and another one just like it, into a series-hybrid vehicle. It out performs its stock counterpart in nearly every way—and it uses ZERO fossil fuels. It runs
on an aviation biofuel.
We designed it to traverse the most extreme, remote and hostile environment on earth: Antarctica
And once it returns from the South Pole it is no longer a vehicle, it is an artifact…with a story to tell.
…so we will take it to schools. Lots of schools. So we can invite kids to climb in, hear its story and imagine what's possible if we think differently.
We are repurposing a vehicle built for military defense, and using it for environmental defense.
We are promoting light-footprint human activity with a vehicle you might not expect to see but, oddly, is the right choice for the task.

This was the very first vehicle in Antarctica. The first person to take a vehicle to Antarctica was Sir Earnest Shackleton. This is a
Scottish Arrol-Johnston Motor Car and it rolled onto the ice a century ago on February 8 th, 1908.
100 years later the first hybrid vehicles will reach the South Pole, and their arrival will send a wave of inspiration to the next
generation with this message: New vehicle technology is here and it is our future.

The next two slides will tell you about the amazing team we have on this project and then we’re going to take you deep deep into
vehicle-techno land.
I usually talk about the team and then wrap it up here unless I am speaking with a technical audience who wants to geek out on the
vehicles. They’re pretty cool.

Vehicle Integration Team
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On Feb 5th 2009, 12 people met at Jay Leno’s garage to kickoff the ZERO SOUTH Vehicle Integration Team.
In the six months that followed we had two goals. Design a Polar Traverse Vehicle that meets the requirements for an expedition to the South Pole and enlist the Official Technology Suppliers and project sponsors.
The people you see here are incredibly talented and each one of them is a volunteer. They didn’t sign up because they want to get me to the South Pole. Each member volunteers time each week because they believe in the
educational goals of our project. These are type-A achievers—these guys thrive on a good challenge and this project has not disappointed them.
Bernard Juchli maintains a collection of 105 cars and 97 motorcycles for Jay Leno’s Big Dog Garage.
Jim Nagashima worked at General Motors for 12 years and managed projects like the Chevy Volt and the original EV-1 electric car. Jim has three pages of patents on how to integrate electric motors into vehicles.
Mike Sabbarrese has been working on Hummer vehicles at dealerships for 12 years. He is Arnold Schwarzenegger’s main Hummer mechanic. When he’s not working on vehicles he’s driving them in the various Baja off-road
events.
Erik Hatch works for GM. Prior to that he worked for UQM (our electric motor supplier) for 12 years. You take one look at this guy and you know he’s spooky smart.
Michael Kadie builds electric vehicles that break world records.
Brock Winberg lived in Alaska for years so he knows what it’s like to be cold. He’s big into electric cart racing and builds his own vehicles.
Logan Brabham is a biofuels enthusiast. Logan is the youngest member of our team. Drive Around the World was asked to award winners of the Los Angeles Science Fair and Logan’s exhibit on biofuel efficiencies was so
impressive we invited him to join the team.
Dan Chutes and Randy Harris are two engineers from K&N Engineering who are as competent as they are funny. These guys build the monster manufacturing machines at K&N Engineering (Riverside) that make their filters.
They’re two of the funniest guys I’ve ever worked with.
Tom Gage is the President of A/C Propulsion. His company has supplied the primary electric drive technology for the GM EV-1, the T-ZERO, the Ebox, Tesla’s roadster and the Mini Cooper EV. He is our project advisor.
Jerry Benson is a retired EV engineer from GM. Of all of us Jerry has his feet planted most firmly on the ground. He’s a realist’s realist—never afraid to tell it how it is and hasn’t learned the art of sugar coating—and that’s just
the way we like him.
Pat Young is a general auto mechanic. Pat has rebuilt more than 1000 engines for the Palmdale Water District. Pat knows the most about what we’re building. He has the entire vehicle in his head. He’s a real mechanic’s
mechanic. “Give me the part, keep your manual and tell me where you want it.”
Buzz Aldrin, Steve Wozniak and Dennis Quaid are on the expedition team and they will also be put to work on the vehicles. Woz helped us wire up the battery packs on PTV #2, and Dennis took part in final assembly of PTV2. He
drove the vehicle for the first time and named it, BUDDY-1 after his late father who was an electrician.

The vehicle team has come together every Tuesday evening for five years. The dedication of these volunteers will be among the most
impressive lessons coming out of this project. When I look at the vehicle I don’t see a truck, I see 260 Tuesdays and this wonderful
team. My work with this team is hands down the most fascinating professional experience I've ever had. These are some of the
greatest guys a person could hope to work with.

SECTION 3a:
Polar Traverse Vehicle (PTV)
DRIVE SYSTEM

Key Electrical Specifications
•
•
•
•

Target Operating Voltage 300-400 Vdc
Peak discharge power 300 kW
Continuous generating power 90 kW
Average operating power 90 kW (drive
motors)

Mechanical Interfaces
•
•
•
•

Liquid cooling/heating
DC Interface
Mounting provisions
Vibration and Shock
– Unknown (ship and air transport, off road vehicle
usage)
– Vehicle test drives to this point demonstrate rather
high frequency vibration content due to track system
compared to vehicle operating on tires (feels like
washboard road or Belgian blocks)
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Mechanical Integration Approach
(Drive Motors)

• The front differential will be relocated to the rear of the
vehicle and a drive motor will be connected on the back side
of it using a Lovejoy gear coupling.
• The rear differential will be relocated to the front of the
vehicle and centered between the frame rails and a drive
motor will be connected to the front side using a Lovejoy gear
coupling.
• The same half-shaft part will be used in all four corners of the
vehicle due to centering the front differential.
• Halfshafts and all driveline components will be upgraded to
those used by the 12,000 GVW HMMWV.
• The differentials used will have the military 3.08:1 ratio. A
4.11:1 or 4.77: ratio will be considered following testing if
lower range is needed
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Legitimate Technology Demonstration

Selecting the right electric motor for this vehicle took considerable research and calculation. The most appropriate motor to move a vehicle of this mass and deliver performance
that surpasses the vehicles’ original equipment is UQM’s PowerPhase 150. Each ZERO SOUTH vehicle incorporates three of these motors. Two are connected to the vehicle’s
differentials and operate in torque-control mode. One is connected to an internal combustion engine and operates in voltage-control mode.
Mounting and coupling motors to differential pinions and the engine’s flywheel is the most critical engineering challenge of the project. For this we went to DRS-TEM in
Huntsville, Alabama—a company that has done it before.
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CTC DESIGN
Video

The ZERO SOUTH vehicles are based upon a well-founded (PEI) design. In the late 1990’s several military contractors were funded by DARPA to develop hybrid electric
HMMWVs. The military wanted a vehicle with low heat and stealth signatures.
Our team researched these designs and approached DRS-TEM—the company, we believe, that had the best design. DRS has maintained an active HE-HMMWV program for the
past 16 years. They did the math, they performed extensive traction calculations to design this vehicle. They underwent considerable effort to select and procure all
components. They built and tested the vehicle (they even performed cold weather tests at Aberdeen) AND they delivered a small production run to the U.S. Marine Corps.
The ZERO SOUTH vehicles are standing on the shoulders of many years of solid design.
HE-HMMWV VIDEO- two minutes
The ZERO SOUTH vehicles will feature enhanced performance since they are designed for traverse speed efficiency and incorporate improvements that include Superpolymer
lithium-ion batteries. Compared to lead acid, lithium-ion cells are 75% lighter, deliver 25% more power and last twice the life (about ten years).
The DRS vehicle achieved 20.9 miles per gallon at a speed of 60 mph
Compare that to 7.1 miles per gallon for a standard HMMWV. It could go 30+ miles on all-electric power. Keep in mind this vehicle used lead acid batteries and late ‘90’s electric
motor technology.

Slide 86

Application determine technology
Floatation

4 vehicles

For conversion to alternative fuel you need a vehicle that can be customized. The Hummer is like an erector set. It’s boxy and square and lends itself to conversion nicely.
Conversion is a question of volumes—that is, the volume of the components you remove versus the components you are packaging (install).
We chose this vehicle because it fit the requirements for our various applications; the polar environment (long wheelbase and wide track), the EV conversion (it’s an erector set),
and its cargo space and utility satisfy our science and education program requirements.
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Available Space in Vehicle
Under Jump Seats
84” long X 10” wide X 6“ tall

Another Layer

Top of wheel
wells 35” long X
15” Wide X 8”
tall

Second Layer

Rear “Foot
Wells” 30” long
X 24” wide X
14-15” tall

Lowered Skid plates
60” long X 20” wide X 4 “ tall

Between frame rails
64 “ long X 26” wide
12-13” Tall (16” locally)

Mot

Gen

Engine

Lowered Skid Plates
60” long X 20” wide X 4 “ tall

Second Layer

Another Layer

Top of wheel
wells 35” long X
15” Wide X 8”
tall

Rear “Foot
Wells” 30” long
X 24” wide X
14-15” tall

Under Jump Seats
84” long X 10” wide X 6“ tall

Front of
Vehicle

First we had to map out all of the possible spaces in the vehicle for packaging of components.

Mot
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Our vehicles do not have transmissions or transfer boxes. This was the CTC/DRS design. It eliminates these components and by coupling electric motors directly to the vehicle’s
differentials. The remaining downstream driveline has been replaced with new heavy-duty parts used by 12,000-lb HMMVE models. The differentials have been supplied by AM
General and use a military gear ratio of 3.08:1. There is a further (stock) reduction of 1.92: 1 in each geared hub. Finally, the motor rpm ranges are controlled to prevent
downstream driveline components from damage.
The ZERO SOUTH vehicles differ slightly from this image. One very clever engineer on the team suggested centering the front differential and swapping the front and rear
differentials. This way the pinions would face outboard allowing us to mount the electric traction motors outboard. This is further described in the next slides.
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Power-train Architecture
Veh.
Cont.

PIM

Motor

Motor

Engine

PIM

Gen

Battery

PIM

Series Hybrid. The generator consists of a 150kw permanent magnet generator
driven by a 160 kW marine diesel engine using bio-diesel. The generator controller
is programmable for output voltage and current. Front and rear axles are driven by
separate 150kw electric motors connected to each differential. The high voltage
battery pack provides up to 300kw peak power for transient conditions (5-10 sec).
There is no requirement for pure electric range, however the vehicle can be
driven for short distances on batteries only. There is no regenerative braking.
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Our team decided to deviate from the DRS design by placing the front differential in the rear, and the rear differential in front. By exchanging the differentials in this way we are
able to mount the drive motors outboard. The allowed us to push the engine/generator forward so it is right up against the front grossmember (not shown). This gave us more
room between the frame rails for batteries which is good because more batteries means more all-electric range.
The battery box (not shown) sits between the frame rails and is just over 5 feet long by 26 inches wide and about 17 inches tall.
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Here’s a picture showing how we’re mounting and coupling a traction motor to the differential pinion.
The H1 has portal axles and features two gear reductions as part of the axle assembly. A 3.08:1 reduction inside the differential and another 1.92:1 reduction at each wheel
within the geared hub. DRS changed their differentials to a ratio of 4.11's however we’ve opted for a 3.08:1 ratio for availability of parts and because it offers a good middle-of
the road ratio for on and off-road performance. We are using all new differentials and our entire downstream driveline is either new or rebuilt with heavy-duty, HMMWV parts.
By centering the front differential we were able to use the same axle shaft in all four corners which helps us minimize spare parts to carry.
We may go with a 4.11 :1 differential ratio or possibly 4.77:1 for even lower range. This will be decided during testing.
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It would be an understatement to say connection between the electric traction motors and the differentials is a critical point. We received generous engineering support from
DRS-Tem in Huntsville who engineered and tested this connection during their electric HMMWV program. Since the ZERO SOUTH vehicles feature more powerful drive motors
the coupling designs were updated by Dan Chutes of K&N Engineering who worked extensively with LoveJoy Couplings. The gear couplers were provided by LoveJoy. Bernard
Juchli took Dan’s designs and big blocks of aluminum and made several sets of drive motor adapters on Jay Leno’s CNC machine. The machine’s robot cutting arm sure puts on a
good show!
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Thes are the vehicle’s front crossmembers. The differential hangs between the blue pieces from tabs which we re-welded to the center the front differential.
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Here are the completed drive motor adapters. The metal angle strips are what connect the assembly to the vehicle’s frame (front and rear crossmembers).
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One side of the adapter bolts to the pinion flange.
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The completed installation of the front electric drive motor.
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Here’s the rear traction drive motor.
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This “test” controller comes with each electric motor. We decided to use its proven circuits and broke out its functions into a “vehicle control box” which interfaces with a dualpot accelerator pedal.
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The vehicle control box was built by Jim Nagashima.
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Drive System Target Hardware
• 2 complete vehicle systems
– Two traction Drive systems (per vehicle)
• Shaft interface for u-joint
• Power Phase 150

– One Generator system (per vehicle)
• Power Phase 150

–
–
–
–

Vehicle Controller
Recommendations for cooling system (radiator, pump, etc.)
Recommendations for soft start system
CAN or other software interface capability for diagnostic and data
acquisition
– Recommendations for user interface components (pedal, gear select,
etc.)
– Recommendations for generator shaft coupling

• Service Spares (1 vehicle worth)
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SECTION 3b:
Polar Traverse Vehicle (PTV)
BATTERY SYSTEM
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Battery Pack Architecture
• Dual battery pack desired for redundancy
– Allow connection of two battery packs to the
vehicle DC bus or operation of system off of one
pack.

• Single battery pack option
• Vehicle also capable of charge-sustaining
operation (can operate without batteries)
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Battery Pack Overview
PTV Battery Box:
• Consists of two 388- VDC nominal / 12 kWh battery Packs for redundancy
– Each battery Pack can be connected in parallel for more power or
operated separately.
– Each battery pack consists of four, 90-volt battery modules
– Each battery module has 24 lithium cells per module (max charge
of 4.04 volts per cell, min voltage is 3.21 volts per cell)
• Contactor placed in middle of each pack to limit high voltage in a fault.
Fuse placed in Power Distribution Unit.
• Module to module wiring is 2AWG
• HV output uses Mil-spec bayonet style circular connector (4 pin radsok 1/0
AWG) for sealing
• Separate Amphenol connector for BMS CAN, contactor signal wires and
blower fans
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Electrovaya shipped the batteries to us in 55-gallon drums. We thought it was pretty ironic to ship batteries in oil drums.
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ELECTROVAYA confidential

Each module contains 12 lithium-ion cells. These batteries use a film that enables battery manufacturers to significantly increase power, capacity, mechanical strength and safety
margins of today’s lithium ion batteries. Unlike some laptop and EV batteries this type of Lion battery will not explode when overheated.
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ELECTROVAYA confidential

The PTV battery box consists of two 337 VDC nominal / 12 kWh battery Packs for redundancy. Each pack uses eight modules. The design shows two rows of eight. We decided a
spare pack was important because we don’t want to find ourselves working with high voltage in the middle of Antarctica so we’ll have the flexibility of running off of pack 1, pack
2 or we can combine them for 24 kWh operation. The vehicle has a range of 30 miles on tires.
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The battery box is lined with 20mm Aerogel blanket material. The blanket was covered with foil and clear coated to minimize dust from stir fans.
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Attach the Support Bracket
• We see the Heater Support
Bracket attached to the
Chassis.
• The bracket is screwed to
the chassis with #10 x 1”
sheet metal screws or bolts.
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Modified Battery Heater
• This is a modified Arctic Fox
BH-3104 Battery Heater.
• The standard heater is 27” x
14”
• The Modified heater is 27” x
17.5” to accommodate the 12
cell battery width.
• The 13 plastic blocks insulate
the plate from the support
bracket. The top plate should
not touch the chassis wall.
• This mounts onto the Heater
Support Bracket with bolts and
nuts.

Bottom view of
battery heater
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Attach Heater Plate
•

•

•
•

Shown is the chassis with the
modified Heater attached. The
heater coil faces down.
The two cooling tubes come out
the side for connection to the
thermal system. The tubes are
much longer, but cut to length. A
right angle compression fitting is
attached. The fitting has NPT
threads on the other end.
The heater plate is then fastened
to the support bracket.
Next step is to add Batteries.
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12 Cell Eight Pack
• Shown is an 8 Pack of “12
Cell” Battery modules.
• The blue rectangles are
foam gaskets or weather
stripping that are attached
to each battery.
• There is a 0.4” gap between
modules and no gap sideside.
• The gaskets form a batterybattery seal and prevent
cooling air from escaping.
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Add Eight 12 Cell Batteries
• The eight 12 Cell battery
modules are placed on the
heater plate.
• We may need to add D rings
to the top of the modules to
lower them into the chassis.
• Use some thermal paste to
insure good contact with
the heater plate.
• The 12 cell modules take up
all the space on the heater
plate.
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Battery Pack Possible Configurations
The configuration
described here uses
Electrovya 13 cell Lithiumion modules

+

Two Parallel Strings

Recommended
cooling circuit

Recommend cooling
on all sides as shown
and on bottom

Slide is old. We now have two 8-module packs (not 7)

+
-
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Mechanical Interfaces
• Battery Pack Available Volume
– See following chart for available volumes

•
•
•
•
•
•

Pack Mass - TBD
Liquid or air cooling/heating
DC Interface
Mounting provisions
Thermal Insulation
Vibration and Shock
– Unknown (ship and air transport, off road vehicle usage)
– Vehicle test drives to this point demonstrate rather high frequency
vibration content due to track system compared to vehicle operating
on tires (feels like washboard road or Belgian blocks)

• No defined serviceability, however field service capability may be
desired due to nature of expedition
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Battery Management and Protection
•
•
•
•
•
•
•
•
•

Cell-level balancing
Temperature monitoring
Voltage monitoring
Fusing recommendations
Soft Start interfaces or function
Disconnect interfaces or function
Interface software (CAN, serial, etc.)
“State of Charge” indication/output
Data Acquisition capability
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Battery System Target Hardware
• 2 complete vehicle systems
– Batteries
– Thermal management system
– Battery pack management system
– Charger (desired)
– Battery box

• Service Spares (1 vehicle worth)
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Old Battery Pack Concept with
Eight ElectroVaya 11 Cell
Modules
Anderson 120A
Electrovaya
Battery Modules
(8)

El channel with
J-Bolts for hold
down

Connector

Fluid
connections
Contactor and Fuse
4” Whisper Fan
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Old Heater Plate and Frame Concept

Separator bars
welded onto heater
plate

Arctic Fox Battery
Heater BH3104
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Modified Battery Heater
• This is a modified Arctic Fox
BH-3104 Battery Heater.
• The standard heater is 27” x
14”
• The Modified heater is 27” x
17.5” to accommodate the 12
cell battery width.
• The 13 plastic blocks insulate
the plate from the support
bracket. The top plate should
not touch the chassis wall.
• This mounts onto the Heater
Support Bracket with bolts and
nuts.

Bottom view of
battery heater
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Attach Heater Plate
•

•

•
•

Shown is the chassis with the
modified Heater attached. The
heater coil faces down.
The two cooling tubes come out
the side for connection to the
thermal system. The tubes are
much longer, but cut to length. A
right angle compression fitting is
attached. The fitting has NPT
threads on the other end.
The heater plate is then fastened
to the support bracket.
Next step is to add Batteries.
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12 Cell Eight Pack
• Shown is an 8 Pack of “12
Cell” Battery modules.
• The blue rectangles are
foam gaskets or weather
stripping that are attached
to each battery.
• There is a 0.4” gap between
modules and no gap sideside.
• The gaskets form a batterybattery seal and prevent
cooling air from escaping.
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Add Eight 12 Cell Batteries
• The eight 12 Cell battery
modules are placed on the
heater plate.
• We may need to add D rings
to the top of the modules to
lower them into the chassis.
• Use some thermal paste to
insure good contact with
the heater plate.
• The 12 cell modules take up
all the space on the heater
plate.
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Complete 12 Cell Battery Pack
• The Fuse, contactor and
PWB are mounted to the
side of the chassis. We
chose to mount them on
the side with the coolant
tubes.
• This completes the 12 Cell
Battery Pack Assembly
• Next we will see how the 11
Cell battery pack fits in the
chassis
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11 Cell Battery Pack
• Shown is the 8 pack 11 Cell
Battery Modules.
• These modules have no air
spaces between the individual
cells so we need to circulate
air around the modules, not
through them.
• There is a 0.5” gap between
module faces and 1.25” gap
side-side. This allows the 4awg
wires to exit from any side.
• The modules are spaced apart
so that cooling air can pass
through the spaces.
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Current Sensor
Note: Ask Michael Kadie or Electrovaya for part.
He said the BMS has an interface for a current
sensor. We need to buy that sensor. Usage 4 per
vehicle.

•
•
•
•
•
•

Description:
Manufacturer
Mfr Part Number
Qty per Vehicle: 4
Source:
Est. Unit Cost
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Plug-In Charging Function
• A Current Ways plug-in charger has been
implemented
• Charger connected to main high-voltage bus
• Supports communication interfaces (CAN and
Serial)
• Charger configured to use staged charging
levels.
• Charger communication to BMS (use of charge
algorithms) was deferred
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SECTION 3c:
Polar Traverse Vehicle (PTV)
POWER DISTRIBUTION
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ZERO SOUTH
Polar Traverse Vehicle
Electrical Power Distribution
Jim Nagashima
August 16, 2009
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This is a critical point of connection. We received generous engineering support from DRS-Tem in Huntsville who engineered and tested this connection during their electric
HMMWV program. Since the ZERO SOUTH vehicles feature more powerful drive motors the coupling designs were updated by K&N Engineering and LoveJoy Couplings. The gear
couplers were provided by LoveJoy. The aluminum drive motor adapters were CNC fabricated at Jay Leno’s Garage by Bernard Juchli.
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Wiring Diagram
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Wiring Inverter to Motor
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UQM 150 Wiring
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DD45-500L Inverter-Controller

Note: There is no provision for
termination of shield braid
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Inverter Connections
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Motor
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Motor Inverter EMI
2.5 EMI/EMC Installation Precautions
Some precautions can be taken to reduce the level of electromagnetic emissions and
compatibility issues from the drive system, when installed into a vehicle. They include, but are
not limited to, the following suggestions:
1. Keep the motor controller and the drive motor as close as possible to one another in the
installation. This reduces the power connector length, thus reducing the length of the
radiating antenna.
2. Keep all of the high power motor leads as close together as possible in the routing from
the controller to the motor. This will reduce the open loop area of the radiating element.
3. When routing the high power conductors, take care to run them side-by-side. This will
reduce the loop area and length, and thus reduce emissions.
4. Adding tined copper braded shielding around the motor leads can help, however this task
is difficult due to the fact that the controller and motor connections are not designed to
accept the shielding.
5. Above all, remember that the high power DC and motor phase leads, to and from the
controller, are moving several hundred amperes. Routing of any of these wires next to
other control or signal wires will provide a coupling path for the emissions from these
drives. Great care should be taken to insure that proper grounding and shielding
techniques are used when building a prototype vehicle.
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Grounding
3.6 Grounding Requirements
The cases of the inverter and motor must be
wired together with 6AWG copper wire and
may or
may not be tied to chassis. THE BUS POSITIVE
OR NEGATIVE MUST NOT BE TIED TO THE
CHASSIS, THE CASES OF THE INVERTER, OR
MOTOR. The User Interface Reference
Ground must be isolated from the DC bus.
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UQM EMI Filter

This is the recommended DC bus EMI Filter. We need to
decide if an EMI filter is needed.
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Battery Pack Wiring
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Battery Pack Specs.
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Battery Module

Wire and Lug to screw terminals on top of module.
Wires can exit module via slots on top side walls
10 AWG is rated for 40A. Need to check with Mfr.

Electrovaya Confidential
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Module – Module Wiring

4AWG wiring selected
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Power Distribution
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Power Distribution
• Connects high voltage bus to generator,
motors, battery pack.
• Functions
– Power distribution
– Inverter soft start
– Inverter contactors
– Battery current sense to CAN
– High voltage sense to CAN
– Voltage isolation detection to CAN

Slide 226

High Voltage Interlock
•A High voltage interlock is needed at all access ports
including, HV connectors, enclosure covers, access
ports.
•This is a separate series connected small signal circuit
that opens when a connector or cover is removed. It
energizes the bus discharge circuit and opens the
contactor.
• It applies to the AC motor leads if there is a connector.
It does not have to be in the cable, just in the
connector.
•Do we need this for the PTV ? NO

Slide 227

Bus Discharge Circuit
• If the input DC connection is accessible then an Bus
Discharge circuit is needed capable of discharging
stored energy in the capacitors from 450 Vdc to 60 Vdc
within 3-5 sec.
• This can be done by a single active discharge circuit
with discharge switch, resistor and connector interlock
circuit.
• If the HV parts are difficult to access then a simple
passive bleed resistor may be adequate. (example,
many cover screws to access circuits). Must discharge
to 60V in 5 minutes.
• Do we need this for the PTV ? NO
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High Voltage Isolation Detection
•

Why Isolation Detection?

•

Designing the voltage systems to be isolated improves fault tolerance

•

Isolation Detection is used to detect when one of those faults has occurred

•

Isolation is defined by SAE J1766

•

Implementation

•

Basic Isolation detection requires voltage measurement of HV+ and HV- to
chassis. If there is a difference in voltage then there is a isolation fault. A signal is
sent to the vehicle controller.
Advanced Isolation Resistance Measurement is the next level to determine the
value of fault resistance. It requires another circuit with switched resistors.
Generally needed only for fuel cell vehicles.

–
–

•

•

An isolated system requires 2 faults before incident can occur
An isolation fault is not an indication of an unsafe situation. The system is still safe to
operate due to other layers of protection (processes, covers, HVIL locks)

Do we need this for the PTV ? YES
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Summary
•
•
•
•
•
•

Reviewed inverter-motor wiring
Reviewed battery pack wiring
Introduced Junction Box module
Introduced DC-DC converter
Discussed cross-connection
Reviewed high voltage safety
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Next Steps
•
•
•
•
•
•
•

Review with Integration Team
Finalize schematic and wiring diagram
Order parts and tools (crimpers, etc)
Fab Junction Box
Locate assemblies on chassis
Harness/cable layout drawing
Install on chassis
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Zero South High Voltage
Power Distribution Options
Jim Nagashima
3/31/2010

Slide 232

Background
• The Zero South HV architecture is complex and requires a
Power Distribution Box with many expensive components.
• This report is an attempt to simplify the power architecture
without compromising functions or safety.
• By moving functions and combining parts there are
opportunities to reduce part count and simplify the overall
power architecture.
• Three options are proposed. Each has pros and cons. The
options should be examined by the Zero South Team.
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Present High Voltage Distribution
Contactor

Fuse

Inverter

Gener
ator

Inverter

Motor

Inverter

Motor

Battery Pack
Current
Sensor
Contactor

Contactor &
Soft Start

Fuse

Contactor &
Soft Start

Fuse

Contactor &
Soft Start

Fuse

Fuse

Battery Pack

Dual Battery Pack

Current
Sensor

Power Distribution

•3 Soft Start circuits with Contactors for each Inverter
•2 Current Sensors for each Battery Pack
•2 Contactors in each Battery Pack
•5 400A Fuses
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Present Configuration
•
•
•
•
•

Each Inverter has Soft Start, Contactor, and Fuse
Each Battery Pack has Contactor and Fuse
Each Battery Pack has Current Sensor
Total of 5 Contactors, 3 Soft Starts, 2 Current Sensors, 5 Fuses
Most Flexibility. Very Complex.
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Option 1 High Voltage Distribution
Contactor

Fuse

Inverter

Gener
ator

Inverter

Motor

Inverter

Motor

Battery Pack
Fuse

Current
Sensor
Contactor

Fuse
Fuse

Battery Pack

Contactor &
Soft Start
Fuse

Dual Battery Pack

Power Distribution

•1 Soft Start circuit with Contactor for all three Inverters
•1 Current Sensors for both Battery Packs
•2 Contactors in each Battery Pack
•5 400A Fuses
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Option 1
• Connected all Inverters together on a common bus inside
power distribution box. Each inverter fused individually for
faults.
• Connected both Battery Packs on a common bus inside power
distribution box.
• Each Battery Pack retains Contactor and Fuse for faults
• Single Soft Start and Current Sensor on Battery side of bus.
This will limit inrush current for all three inverters at turn-on.
• Reduces number of components and simplifies Power
Distribution Box.
• 3 Contactors, 1 Soft Start, 1 Current Sensor, 5 Fuses
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Option 2 High Voltage Distribution
Contactor &
Soft Start

Fuse

Inverter

Gener
ator

Inverter

Motor

Inverter

Motor

Battery Pack
Fuse

Contactor &
Soft Start

Fuse

Current
Sensor
Fuse

Battery Pack
Fuse

Dual Battery Pack

Power Distribution

•2 Soft Start circuits with Contactor for both Battery Packs
•1 Current Sensors for both Battery Packs
•5 400A Fuses
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Option 2
• Connected all Inverters together on a common bus. Each inverter
fused individually for faults.
• Removed Soft Start and Current Sensor from Power Distribution
Box.
• Moved Soft Start function into each Battery Pack Contactor circuit.
When either battery pack is connected to common bus it will soft
start to limit in-rush. Opening either Contactor effectively removes
pack from operation.
• Connected Battery Packs on a common bus with current sensor on
common bus. Sensor now measures total Pack current.
• Single set of Battery Pack leads to Power Distribution Box.
• Reduces number of components and simplifies Power Distribution
Box to 3 Fuses.
• 2 Contactors, 2 Soft Start, 1 Current Sensor, 5 Fuses
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Option 3 High Voltage Distribution
Contactor &
Soft Start

Fuse
Fuse

Inverter

Gener
ator

Fuse

Inverter

Motor

Fuse

Inverter

Motor

Battery Pack

Contactor &
Soft Start

Fuse

Current
Sensor

Battery Pack

Dual Battery Pack

•2 Soft Start circuits with Contactor for both Battery Packs
•1 Current Sensors for both Battery Packs
•5 400A Fuses
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Option 3
• Same as Option 2 but:
• Move inverter Fuses to each inverter location
with appropriate covers.
• No need for Power Distribution Box
• Battery Pack and Inverter can now be wired
directly together.
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Summary
• Both options should be discussed by the Zero South
Team.
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ZERO SOUTH
Switch Panel
2-20-2012
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Switch Panel
Loads
Switch Panel
Low Voltage Power Distribution
Function
Switched 12V Circuits
1 Battery BMS
2 12V Chargers
3 Power Steering Pump
4 Track Steering Assist
5 Front Cabin Lights
6 Rear Cabin Lights
7 Exterior Lights
8 Spare

Switched 24V Circuits
1 Coolant Pump 1
2 Coolant Pump 2
3 Coolant Pump 3
4 Coolant Pump 4
5 Coolant Pump 5
6 Coolant Pump 6
7 Radiator Fan B
8 Spare
9 Radiator Fan A
10 Fuel Heater
11 Winshield Heater (2)
12 Inverter

Label

Mode Currents
Pre Heat Run
EV Cold EV Hot

Breaker Pk.

Battery BMS
12V Chargers
EV Pwr. Steer Pump
Track Steer Assist
F. Cabin Lights
R. Cab Lights
Ext. Lights
Spare

15
15
15
15
15
15
15
15

5
1
1
10
10
10
1
10
48

2
0.1
0.1
2
2
0
0
0
6.2

2
0.1
0.1
2
2
0
0
0
6.2

2
0.1
0.1
2
2
0
0
0
6.2

2
0.1
0.1
0
2
0
0
0
4.2

Front. Cool. Pump
Rear Cool. Pump
Gen. Cool. Pump
Batt. Cool Pump
Fuel Cool. Pump
Main Cool. Pump
EV Rad. Fan
Spare
Engine Rad. Fan
Fuel Heater
Windshield Heater
AC Inverter

15
15
15
15
15
15
15
15
15
15
15
15

10
10
10
10
10
10
5
10
1
1
1
1
79

4
4
4
4
4
9
0
0
0.1
0.1
0.1
0.1
29.4

4
4
4
4
4
9
0
0
0.1
0.1
0.1
0.1
29.4

4
4
4
4
0
9
5
0
0
0
0.1
0.1
30.2

4
4
4
4
0
9
5
0
0
0
0
0.1
30.1

Switches AC Relay Fuse Block
Switches DC Relay Fuse Block

Switches DC Relay Fuse Block

Switches DC Relay Fuse Block
Switches DC Relay Fuse Block
Switches DC Relay Fuse Block
Switches DC Relay Fuse Block

Unswitched 12V Loads
1 Vehicle Controller 12V
2 Computer 12V
3 Radio A 12V
4 Radio B 12V
5 Horn 12V
6 Power Mirrors/ Dash Fans 12V
7 Cig. Lighter 12V
8 Cig. Lighter 12V

Veh. Control
Computer
Radio A
Radio B
Horn
Power Mirrors
Aux. 1
Aux. 2

15
15
15
15
15
15
15
15

5
5
5
5
5
5
5
5
40

5
5
0
0
0
5
0
0
15

5
5
0
0
0
5
0
0
15

5
5
0
0
0
5
0
0
15

5
5
0
0
0
0
0
0
10

Unswitched 24V Loads
1 Espar Airtronic Heater 24V
2 Espar Airtronic Heater 24V
3 Espar Hydronic Heater 24V
4 Espar Hydronic Heater 24V
5 Steyr Engine Controls 24V
6 Pre-Charge 24V
7 Winshield Wipers 24V
8 Seat Heater (2) 24V

Air Heater A
Air Heater B
Water Heater A
Water Heater B
Engine
Pre-Charge
Wipers
Seat Heaters

20
20
20
20
15
15
15
20

12
12
12
12
10
5
5
15
83

2
0
2
0
10
1
0
0
15

2
0
2
0
10
1
5
8
28

2
0
2
0
0
1
0
8
13

0
0
0
0
0
1
0
0
1

Relay/Fuse Blocks
1 12V Chargers

12V Chargers

15

10

0

0

0

0

Switched HV DC Relay Fuse Block

2 Headlights, Parking, Turn 12V Headlights
3 Power Steering Pump 12V
EV Pwr. Steer Pump
4 Exterior Lights 12V
Ext. Lights

50
50
50

40
50
40
130

0
4
0
4

20
4
0
24

0
4
0
4

0
4
0
4

Fuse Block Only
Switched Relay Fuse Block
Switched Relay Fuse Block

5 Radiator Fan A 24V
6 Fuel Heater 24V
7 Winshield Heater (2) 24V
8 110V Inverter 24V
9 Trailer 24V

50
30
50
50
50

40
20
40
50
40
190

40
15
30
5
0
90

40
15
30
5
30
120

0
0
15
5
0
20

0
0
0
5
0
5

Switched Relay Fuse Block
Switched Relay Fuse Block
Switched Relay Fuse Block
Switched Relay Fuse Block
Fuse Block Only

Engine Rad. Fan
Fuel Heater
Windshield Heater
110V Inverter
Trailer
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LOW VOLTAGE
WIRING
HARNESS

Hydronic B
24V

G. Cool.
Pump
24V

Fuel.Co
ol.
Pump
24V

Spare

Generator

EV Fan 24V

Eng. Fan 24(R)

Steyr
Engine

Radio A
12V
Radio B
12V
Aux (2)
12V
Ext
Lights
12V(R)

P.S. Pump
12V(R)

PDU

Inverter

F. Cab
Lights
12V
Spare

Spare

Seat
Heaters
24V
Wiper s
24V

3 PAIR/ 16awg (15’)

Headligh
t 12V(R)

ECU 24V

Airtronic
B
24V

12V
Battery

Vehicle
Controller
12V

12V
Battery

Battery Box

HOUSE
#1

4 WIRE/ 4awg
BMS 12V
Compute
r 12V

HV
Charger
Spare

8 WIRE.
SIGNAL

12V
Battery

12V
Battery

Relay
Fuse
Block (R)

Charger

Rear Cab
Lights
12V
Inverter
24V(R)

12V
12V

Charger

3 PAIR/ 12awg (10’)
2 PAIR/ 12awg (13’)

Fuel
Heater
24V(R)

5 PAIR/ 16awg

Horn 12V

Track Assist
12V

Airtronic
A
24V

Spare

PreCharg
e 24V

Wind.He
ater
24V(R)

CRANK
#2

3 WIRE/
4awg
Eng. Display
24V

R. Motor

Bat.
Cool.
Pump
24V

Fans/Mir
rors 12V

6 PAIR/ 16awg

R. Cool.
Pump
24V

4 PAIR/ 16awg

9 PAIR/ 1 x12awg, 8 x 16awg
(10’)

Inverter

Switch Panel

Hydronic A
24V

4 PAIR/ 12awg

Main
Cool
Pump
24V

F. Motor

F. Cool.
Pump
24V

2-2012

3 PAIR/
12awg

Trailer 24V
(R)

Inverter
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+

-

12V Battery

Signal from
Panel

2

24V

Shu
nt

12V Chargers
HV
Headlights
12V
PS Pump
12V
Ext. Lights
12V
Rad. Fan
24V
Fuel Heater 24V
WS Heater 24V

12V
1

-

Crank Battery #2

1
COM

NEG BUS

+

12V Battery

Inverter
24V
Trailer 24V

Relay Fuse
Block
HVRela
y

Rel
ay
Rel
ay
Rel
ay
Rel
ay
Rel
ay
Rel
ay

Fu
se
Fu
se
Fu
se
Fu
se
Fu
se
Fu
se
Fu
se
Fu
se

HV DC
from
PDU

COM
NEG BUS
2

+

-

12V Battery

+

-

12V Battery

House Battery #1
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Panel Front and
Labels

Switch Panel 360C0010669
Zero South HYBRID ELECTRIC
VEHICLE
Curre Breake
nt
r

Module
COLUMN
HEADING

Label
12 VOLT DC

COLUMN
HEADING

A1

None

C1-1

A2

12 VOLT DC

C1-2

A3-1

VEHICLE CONTROLS

15A

PUSH

C1-3

A3-2

COMPUTER

15A

PUSH

C1-4

A3-3

15A

PUSH

C2-1

A3-4

VHF RADIO
COMM ELECTRONICS

15A

PUSH

C2-2

24 VOLT DC
FRONT COOLANT
PUMP
REAR COOLANT
PUMP
GEN. COOLANT
PUMP
BATTERY COOLANT
PUMP
FUEL COOLANT
PUMP
MAIN COOLANT
PUMP

A3-5

HORN

15A

PUSH

C2-3

EV RADIATOR FAN

20A

A3-6

CABIN FANS

15A

PUSH

C2-4

20A

A3-7

ACCESSORY

15A

PUSH

C3-1

SPARE
ENGINE RADIATOR
FAN

A3-8

ACCESSORY

15A

PUSH

C3-2

B1-1
B1-2

12 VOLT DC
BATTERY MANAGE.
SYSTEM

15A
15A

B1-4

12V CHARGERS
EV PWR STEERING
PUMP
TRACK STEERING
ASSIST

B2-1

COCKPIT LIGHTS

15A

B2-2

MAIN CABIN LIGHTS

15A

B2-3

EXTERIOR LIGHTS

15A

B1-3

15A
15A

ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R

20A
20A
20A
20A
20A

20A

C3-4

FUEL TANK HEATER 20A
WIND SHIELD
HEATER
20A
INVERTER DC
POWER
20A

COLUMN
HEADING

24 VOLT DC

D1

NONE

D2

24 VOLT DC
CABIN AIR HEATER
A
CABIN AIR HEATER
B
HYDRONIC HEATER
A

C3-3
COLUMN
HEADING

20A

D3-1
D3-2
D3-3

ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R
ROCKE
R

20A

PUSH

20A

PUSH

20A

PUSH
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Panel Back and
Labels
FRONT
COOLANT
PUMP
REAR
COOLANT
PUMP
GEN.
COOLANT
PUMP

STEYR
ENGINE
CONTROLS

PRE CHARGE
PANEL

WIPERS
SEAT
HEATERS

CABIN AIR
HEATER B
HYDRONIC
HEATER A
HYDRONIC
HEATER B

12V CHARGERS

EV PWR STEER

BATTERY
COOLANT
PUMP

TRACK ASSIST

FUEL
COOLANT
PUMP

COCKPIT LIGHTS

MAIN
COOLANT
PUMP

MAIN CAB LIGHTS

EV
RADIATOR
FAN

EXTERIOR LIGHTS

SPARE
CABIN AIR
HEATER A

BMS

SPARE

ENGINE
RADIATOR
FAN

SPARE

FUEL TANK
HEATER

SPARE

WIND
SHIELD
HEATER

SPARE

ACCESSORY

VHF RADIO

INVERTER
DC POWER

SPARE

ACCESSORY

COMM ELECTRONICS

HORN

VEHICLE
CONTROLS

CABIN FANS
COMPUTER
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Dashboa
rd

Panel Wiring

Pass.
Front

Driver
Front
FRONT
COOLANT
PUMP

BMS

REAR
COOLANT
PUMP

12V CHARGERS

GEN.
COOLANT
PUMP

Crank
Battery

STEYR
ENGINE
CONTROLS

PRE CHARGE
PANEL

WIPERS

Right
Rear
Footwell

SEAT
HEATERS

EV PWR STEER

BATTERY
COOLANT
PUMP

TRACK ASSIST

FUEL
COOLANT
PUMP

COCKPIT LIGHTS

MAIN
COOLANT
PUMP

MAIN CAB LIGHTS

EV
RADIATOR
FAN

EXTERIOR LIGHTS

SPARE

SPARE
CABIN AIR
HEATER A
CABIN AIR
HEATER B
HYDRONIC
HEATER A
HYDRONIC
HEATER B

ENGINE
RADIATOR
FAN

SPARE

FUEL TANK
HEATER

SPARE

WIND
SHIELD
HEATER

SPARE

ACCESSORY

VHF RADIO

INVERTER
DC POWER

SPARE

ACCESSORY

COMM ELECTRONICS

shunt

BATTERY
NEG

House
Battery

HORN

VEHICLE
CONTROLS

CABIN FANS
COMPUTER

RELAY
BLOCK NEG
BATTERY
NEG

Left.
Rear
Footwell
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SECTION 3d:
Polar Traverse Vehicle (PTV)
GENERATOR SYSTEM
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Mechanical Integration Approach
(Engine/Generator)
• The generator is planned to be directly mounted to
the engine flywheel housing
• A Lovejoy flexible coupling will be used between the
engine and generator to provide torque transmission
and soften the torque pulses
• The engine planned for the project is a Steyr 6cylinder turbocharged diesel (model M160068-Z )
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The Steyr 6-cylinder turbo‐diesel engine is the main power generation driver of the moving
ZERO SOUTH vehicle. This engine, normally found in Austrian vehicles, is known for reliability. Its purpose
is to act as the mechanical powerplant that drives a 150 kW UQM motor attached to it.
One of our team’s engineering requirements is to operate all components well below their limits.
This engine was selected because its 200 HP (160 kW) is a good match with our UQM generator.
Our operating RMP is expected to be 1600-2300 RPM which will produce an effortless 90 kilowatts at the generator.
The A/C motor acts like the alternator in a typical fuel driven vehicle, converting mechanical energy into electrical output.
When the vehicle is started, the engine is turned on and runs at the optimal point in its torque curve.
Steyr has specified this point on the torque curve. The engine is not mechanically connected to the
drive‐train of the vehicle. It is only used to charge the batteries or power the motor, depending on
demand, through the generator while the vehicle is in operation. The generator is capable of providing
charge sustaining operation even when the batteries are completely discharged.
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This is a picture of the Genset.
The A/C motor acts like the alternator in a typical fuel-driven vehicle, converting mechanical energy into electrical output.
When the vehicle is started, the engine is turned on and runs at an optimal point in its torque curve.
Our vehicle is a series hybrid which means the engine is not mechanically connected to the drive train of the vehicle. It is only used as a generator—to charge the batteries or
power the traction motors, depending on demand, through the generator while the vehicle is in operation. The generator is capable of providing charge sustaining operation
which means the vehicle can operate even if the batteries are completely discharged.
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Another critical coupling. Generator and engine mounting and coupling are also based on the DRS design. Fabrication is being performed by K&N Engineering of Riverside, CA.
You don’t want to have to change a generator motor in the field but if one did fail we’d replace it with one of the drive motors since they’re interchangeable. There is a great
deal of redundancy built into the ZERO SOUTH vehicles.
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Another critical coupling. Generator and engine mounting and coupling are also based on the DRS design. Fabrication is being performed by K&N Engineering of Riverside, CA.
You don’t want to have to change a generator motor in the field but if one did fail we’d replace it with one of the drive motors since they’re interchangeable. There is a great
deal of redundancy built into the ZERO SOUTH vehicles.
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Another critical coupling. Generator and engine mounting and coupling are also based on the DRS design. Fabrication is being performed by K&N Engineering of Riverside, CA.
You don’t want to have to change a generator motor in the field but if one did fail we’d replace it with one of the drive motors since they’re interchangeable. There is a great
deal of redundancy built into the ZERO SOUTH vehicles.
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Another critical coupling. Generator and engine mounting and coupling are also based on the DRS design. Fabrication is being performed by K&N Engineering of Riverside, CA.
You don’t want to have to change a generator motor in the field but if one did fail we’d replace it with one of the drive motors since they’re interchangeable. There is a great
deal of redundancy built into the ZERO SOUTH vehicles.
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The Steyr 6-cylinder turbo‐diesel engine is the main power generation driver of the moving
ZERO SOUTH vehicle. This engine, normally found in Austrian vehicles, is known for reliability. Its purpose
is to act as the mechanical powerplant that drives a 150 kW UQM motor attached to it.
One of our team’s engineering requirements is to operate all components well below their limits.
This engine was selected because its 200 HP (160 kW) is a good match with our UQM generator.
Our operating RMP is expected to be 1600-2300 RPM which will produce an effortless 90 kilowatts at the generator.
The A/C motor acts like the alternator in a typical fuel driven vehicle, converting mechanical energy into electrical output.
When the vehicle is started, the engine is turned on and runs at the optimal point in its torque curve.
Steyr has specified this point on the torque curve. The engine is not mechanically connected to the
drive‐train of the vehicle. It is only used to charge the batteries or power the motor, depending on
demand, through the generator while the vehicle is in operation. The generator is capable of providing
charge sustaining operation even when the batteries are completely discharged.
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The Steyr 6-cylinder turbo‐diesel engine is the main power generation driver of the moving
ZERO SOUTH vehicle. This engine, normally found in Austrian vehicles, is known for reliability. Its purpose
is to act as the mechanical powerplant that drives a 150 kW UQM motor attached to it.
One of our team’s engineering requirements is to operate all components well below their limits.
This engine was selected because its 200 HP (160 kW) is a good match with our UQM generator.
Our operating RMP is expected to be 1600-2300 RPM which will produce an effortless 90 kilowatts at the generator.
The A/C motor acts like the alternator in a typical fuel driven vehicle, converting mechanical energy into electrical output.
When the vehicle is started, the engine is turned on and runs at the optimal point in its torque curve.
Steyr has specified this point on the torque curve. The engine is not mechanically connected to the
drive‐train of the vehicle. It is only used to charge the batteries or power the motor, depending on
demand, through the generator while the vehicle is in operation. The generator is capable of providing
charge sustaining operation even when the batteries are completely discharged.
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Another critical coupling. Generator and engine mounting and coupling are also based on the DRS design. Fabrication is being performed by K&N Engineering of Riverside, CA.
You don’t want to have to change a generator motor in the field but if one did fail we’d replace it with one of the drive motors since they’re interchangeable. There is a great
deal of redundancy built into the ZERO SOUTH vehicles.
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SECTION 3e:
Polar Traverse Vehicle (PTV)
FUEL SYSTEM
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ZERO SOUTH
Engine Fuel System
Nick Baggarly
April 7, 2010
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Goals for Fuel System











Twin 30 gal saddle tanks—one per wheel well
Based upon existing Tom Cepek design
1 fuel filler fills both tanks
Arctic Fox “HotFox” fuel pickup in main draw tank
Arctic Fox fuel warmer between tanks and engine
Accommodate draw tubes for 4 Espar heaters (air and hydronic)
Aerotec tank bladders offer additional containment and minimize
likelihood of fuel spill
Bladder material suitable JP8, Diesel#1/2, bio fuel
Hose suitability for Biofuel with minimal line complexity
Provide easy servicing of hose connections
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AEROTEC Saddle Tanks

Describe all holes in tank
How they mount to the vehicle
How it is filled
Body cutouts necessary for filler
How tank fill vent line is connected
How tank is vented
How they are connected together with 1” ID hose between tanks. Weld in 1” female threaded bung.
Provide drawings
Any coating or underside insulation
How we will prevent track overrotation from damaging them
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Describe all holes in tank
How they mount to the vehicle
How it is filled
Body cutouts necessary for filler
How tank fill vent line is connected
How tank is vented
How they are connected together with 1” ID hose between tanks. Weld in 1” female threaded bung.
Provide drawings
Any coating or underside insulation
How we will prevent track overrotation from damaging them
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Describe all holes in tank
How they mount to the vehicle
How it is filled
Body cutouts necessary for filler
How tank fill vent line is connected
How tank is vented
How they are connected together with 1” ID hose between tanks. Weld in 1” female threaded bung.
Provide drawings
Any coating or underside insulation
How we will prevent track overrotation from damaging them
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Describe all holes in tank
How they mount to the vehicle
How it is filled
Body cutouts necessary for filler
How tank fill vent line is connected
How tank is vented
How they are connected together with 1” ID hose between tanks. Weld in 1” female threaded bung.
Provide drawings
Any coating or underside insulation
How we will prevent track overrotation from damaging them
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Describe all holes in tank
How they mount to the vehicle
How it is filled
Body cutouts necessary for filler
How tank fill vent line is connected
How tank is vented
How they are connected together with 1” ID hose between tanks. Weld in 1” female threaded bung.
Provide drawings
Any coating or underside insulation
How we will prevent track overrotation from damaging them
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Arctic Fox HOTFOX Fuel Pickup
Model # ______
has one draw tube for fuel
has 4 draw tubes for Espar Hydronic
If used at top of tank a 1.5” an indentation is required
Alternately can be inserted horizontally in the bottom of the tank
Offered in draw tube lengths from 8" to 29"
Uses standard SAE fuel flange.
1“ hole in tank 5 perimter bolts.
fuel warmer is 1 ½” in diameter.
seals to tank with rubber/cork gasket
#10/ 32tpi machine screw.
1" off the bottom
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Arctic Fox In-Line Fuel Warmer
Model # ______
Used where?
Alternately can be inserted horizontally in the bottom of the tank
Offered in draw tube lengths from 8" to 29"
Uses standard SAE fuel flange.
1“ hole in tank 5 perimter bolts.
fuel warmer is 1 ½” in diameter.
seals to tank with rubber/cork gasket
#10/ 32tpi machine screw.
1" off the bottom

Fuel pickup in each tank to a T then through in-line fuel warmer (measures temp) then to the engine.
at 80degrees F, the inline warmer at shuts off coolant flow
Show updated (Pat’s) thermal diagram for the fuel tanks. The loop should go through fuel warmer to tank 1 Hotfox then tank 2 hotfox then back.
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Additional Espar Airtronic Draw Tubes
Two additional draw tubes required for Airtronic heaters
Model # ______
Must be ##ID has
SIZE hole in tank: 1/4"npt female at top of tank
Fastens to tank with:
Inserted into top of tank or horizontally in the bottom of tank?
Draw tube length:
Seals to tank with ___ gasket, ___screws
__" off the bottom
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SECTION 3f:
Polar Traverse Vehicle (PTV)
THERMAL SYSTEM
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ZERO SOUTH
PTV Thermal System
Pat Young
Feb 3, 2010
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First Thermal System Concept by Gerry Benson, April 2009

This is Jerry’s schematic for the thermal system. Jerry is old school. He uses graph paper and pencils. We call it JerryCad.
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Second Thermal System Concept by Erik Hatch, June 2009

Several of the Official Technology Suppliers are supporting us for the thermal system alone, such as AM General who makes the HMMWV. They’re interested in HE-HMMWVs
that can be easily reconfigured to operate in extreme hot or cold conditions.
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Second Thermal System Concept by Erik Hatch, June 2009
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People always ask, “how do you plan to keep your people and your vehicles from freezing?”
Two ESPAR, forced-air heaters (as well as the vehicle’s stock heater), will keep occupants from freezing but the tricky part is keeping the vehicle systems from freezing.

Slide 285

The heater runs on JP-8 (jet fuel) and will start even at incredibly low temperatures. It will be turned on whenever the vehicle is powered off (For example, in the evening after a
long day of driving). The heater sips fuel at a rate of one gallon every eight hours and uses an internal water pump to flow glycol (or antifreeze, like you have in your car)
wherever it is needed to keep components from freezing.
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Third Thermal System Concept by Pat Young, January 2010

Main heat & cooling concept
Heated reservoir
steyr

radiator

espar m10

espar m10
Espar check
Valve 20mm
254 00 072

radiator

Cooled reservoir

pump

Radiators to be determined.
Espar M10 hydronic heaters
Reservoirs custom fabed aluminium
Two gallon capacity w/pressure caps.
Main coolant pump arctic fox ?
All fittings37degree AN aero quip type.
All hose SAE 100R5 hyd, type single
wire. Or possibly silicone in some
locations.
All hoses to be bundled and insulated
Using arctic fox insultube.
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Secondary distribution concept
battery compartment
Heated reservoir

Battery box with heat plate
And bpt 2800 bypass
Thermostat 78-95 deg F.
Cooled reservoir

pump
Coolant manifold
Arctic fox st5809

Parker fluid control
solenoid valve

Espar flotec
6000 pump
Mag drive
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Secondary distribution concept
fuel tank / arctic fox heated pickup

Heated reservoir

pump
Coolant manifold
Arctic fox st5809

Espar flotec
6000 pump
Mag drive

Fuel tank with arctic fox
heated pickup
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Secondary distribution concept
motor controllers
Heated reservoir

Motor control

Motor control
Cooled reservoir
Motor control

pump
Coolant manifold
Arctic fox st5809

Parker fluid control
solenoid valve

Espar flotec
6000 pump
Mag drive
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Secondary distribution concept
UQM generator
Heated reservoir

Cooled reservoir

pump
Coolant manifold
Arctic fox st5809

Parker fluid control
solenoid valve

Espar flotec
6000 pump
Mag drive

UQM generator
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Secondary distribution concept
UQM drive motors
Heated reservoir

pump

Cooled reservoir
Cooled
reservoir

pump
Coolant manifold
Arctic fox st5809

Parker fluid control
solenoid valve

Espar flotec
6000 pump
Mag drive

UQM drive motors
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Secondary distribution concept
motor controller / UQM generator /
traction motor in series loop
Heated reservoir

Cooled reservoir

Motor controller

pump
Coolant manifold
Arctic fox st5809

Parker fluid control
solenoid valve

Espar flotec
6000 pump
Mag drive

UQM generator
/ traction motor
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Coefficient of rolling resistance

.2 - .3

The vehicles are fitted with individual wheel tracks. Each track is 36 inches (3 feet) long by 16 inches wide and places more than 500 square inches of rubber (floatation) on the
road. And, at less than four pounds per square inch, our low ground pressure will minimize our environmental impact. Combined, all four tracks yield about 2300 square inches
of floatation.
The trade-off—these tracks have a lot of resistance. The coefficient of rolling resistance in soft snow is between .2 and .3 which means if you’re vehicle weighs 10,000 lbs you
must treat it like a 13,000 lb vehicle when calculating how much power is required to get it moving.
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LUBES AND FLUIDS
COMPONENT

SUPPLIER

LUBRICANT/FLUID

Engine

STEYR

Synthetic SAE 10w-40

Differentials/hubs

AM GENERAL

Synthetic 75W-90

Hydraulics:
Power steering
Track steering
Brake boost

SAGINAW
MATTRACKS
AM GENERAL

Brakes

BAER

Thermal System:
Hydronic heaters (2)
Radiator
Electric motors (3)
Inverters (3)
Batteries
(14)

Synthetic ATF

DOT 5 (silicone)

ESPAR
AM GENERAL

Propylene Glycol 60/40 mix
(good to -45C)

UQM
UQM
ELECTROVAYA

-Many people don’t realize just how many fluids a hybrid vehicle has.
-These are the fluid opportunities within our project.
-This is the engine manufacturer’s oil recommended. We may run a thinner weight that offers better performance below minus 40.
-We have to manage all of this within operating temps to keep components from freezing.
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SECTION 4:
SNOWSTREAM TRAILER
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This is a 1962 22-foot Airstream trailer. It has been insulated with aerogel for extreme weather and will be retrofitted with skis and towed behind PTV #1.

Slide 298

Vehicle Visits work
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Vehicle Visits work

Bunks for six
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The frame was reinforced with additional braces
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The floor was replaced
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The stock fiberglass insulation was removed.
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Templates were made so we could create custom insulation panels that fit all the strange shapes in the trailer walls.
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For each template we cut out four layers of aerogel giving us 1” of insulation in the walls.
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The layers were put together and wrapped in mylar emergency “blanket”
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83 panels were produced.
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Panels were fastened throughout the entire interior. It looked like a spacecraft when we were done.
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Vehicle Visits work

As of March 1, 2013, the Airstream is 85% complete. We need to raise $15,000 to finish it.

