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Preface

Writing a book about a subject that is so dear to me has been the greatest pleasure.
All the hard work and nudging from my editor to get finished have been worth it.
Back in 1996, I had an idea that I had never seen before. Well, I had seen it, but not
the size and style of the creation I had in mind. I wanted to build a fully electric
motorcycle, and not just any motorcycle, but a full-sized motorcycle along the lines
of a cruiser or large touring bike. I wanted to build a bike that had power, speed,
and performance. After all, I love a good challenge, and if a motorcycle of this size
had not been built before, I wanted to do it.

At the time, I came across an enormous motorcycle out on the market called the
Boss Hoss. The Boss Hoss was designed in 1990 by Monte Warne, a commercial
aircraft pilot. This cruiser-style motorbike was a beast, with a Chevrolet 8.2-liter V8
502-hp engine as standard power. By all means, this was not a green or fuel-efficient
machine, but it was an engineering delight and a wonder to look at. This monster
weighed in at over 1,300 Ib (590 kg)! After seeing this bike, I came to the conclusion
that if someone could design a motorcycle with a mammoth V8 Chevy engine, why
couldn’t I design a motorcycle to house a frame full of batteries? I came to the
conclusion that I could design and build an electric bike way under 1,300 Ib. From
this thought came an idea and a design.

I spent a huge amount of time performing research, looking at all the electric
vehicles on the market as well as resources, books, and anything I could find that
had information. Unfortunately, there were very few good resources on electric
vehicles, and a lot of the material was outdated. Even worse was trying to find any
information on two-wheeled electric vehicles, motorcycles, or scooters. One of the

XV
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Preface

best resources I came across was the book Build Your Own Electric Vehicle by Bob
Brant, published in 1994. The second edition was published in 2009 and contains
up-to-date information from authors Seth Leitmen and Bob Brant. Finding this
book back in 1996 made this whole venture come together. The book contained
many resources and a lot of basic information that was easy to follow and understand
by the average person.

My reasons for writing the present book were many. One was to put all the
resources and information in one place. I spent hours on hours trying to find
information, components, parts, resources, and so much more. I thought how easy
and nice it would be if I could find everything I needed in just one place. Another
reason was that not everyone has the resources, capital, or time to build an electric
car. It is a great project, but too much for some people. This book is a way for an
average person to get his or her feet wet without falling in and drowning. I thought
how great it would be if there were a book geared to a smaller electric vehicle
project that more people could enjoy, build, and finish. The idea was that the
reader’s project did not have to be a full-out motorcycle, but perhaps a scooter, a
smaller dirt bike, or just an average-sized motorcycle. Writing this book was a way
to share my experience—the joys and the challenges I faced throughout building an
electric motorcycle.

Carl Vogel
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CHAPTER

Why You Need to
Get an Electric
Motorcycle Today!

Should anyone buy, convert, or build an electric motorcycle today? They can go as
fast as 168 miles per hour! They are clean, efficient, and cost-effective. Plus, they
haul! Electric motorcycles are virtually maintenance-free: They never require oil
changes, new spark plugs, or any other regular repairs.

You see, electric vehicles (EVs) were designed to do whatever was needed in
the past and can be designed and refined to do whatever is needed in the future.
What do you need an EV to be: big, small, powerful, fast, ultraefficient? Design to
meet that need. Bill Dube did it with his electric motorcycle; why can’t you?

Also, think about some of the facts and statistics from the U.S. Department of
Energy (DOE) and various notable sources: The DOE states that more than half the
oil we use every day is imported. This level of dependence on imports (55 percent)
is the highest in our history. The DOE even goes on to say that this dependence on
foreign oil will increase as we use up domestic resources. Also, as a national security
issue, we all should be concerned that the vast majority of the world’s oil reserves
are concentrated in the Middle East (65-75 percent) and controlled by the members
of the OPEC oil cartel (www.fueleconomy.gov/feg/oildep.shtml).

Further, the DOE goes on to state that 133 million Americans live in areas that
failed at least one National Ambient Air Quality Standard. Transportation
motorcycles produce 25-75 percent of key chemicals that pollute the air, causing
smog and health problems. All new motorcycles must meet federal emissions
standards.

As motorcycles get older, however, the amount of pollution they produce
increases. Here are some reasons why:

1. Although they are only at a relatively embryonic stage in terms of market
penetration, electric motorcycles represent the most environmentally viable
option because there are no emissions (www.greenconsumerguide.com/
governmentll. php? CLASSIFICATION=114&PARENT=110). The energy

1
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Chapter One

generated to power an EV and to move a motorcycle is 97 percent cleaner
in terms of noxious pollutants.

2. Another advantage of electric motors is their ability to provide power at
almost any engine speed. Whereas only about 20 percent of the chemical
energy in gasoline gets converted into useful work at the wheels of an
internal combustion motorcycle, 75 percent or more of the energy from a
battery reaches the wheels of an EV.

3. One of the big arguments made by automobile companies against EVs is
that they are powered by power plants, which are powered primarily by
coal. Less than 2 percent of U.S. electricity is generated from oil, so using
electricity as a transportation fuel would greatly reduce dependence on
imported petroleum (www.alt-e.blogspot.com/2005/01/alternative-fuel-
cars-plug-in-hybrids.html).

4. Even assuming that the electricity to power an EV is not produced from
rooftop solar or natural gas (let’s assume it comes 100 percent from coal), it
is still much cleaner than gasoline produced from petroleum (www.
drivingthefuture.com/97pct.html).

5. In addition, power plants are stationary sources that can be modified over
time to become cleaner.'

The major concerns facing the electric motorcycle industry are range, top speed,
and cost. Ultimately, the batteries will determine the cost and performance.

Gas car conversions have been built for years using performance-based engines
and motors and currently approved frames. Why not motorcycles?

Figure 1-1 shows an example of one of many electric motorcycles, the Electric
Motorsport electric GPR. The Killacycle using a blast of 1,800 amps of current can
propel you a 168 mph in a little over 7 seconds (www.killacycle.com). That’s fast!
You can convert an electric motorcycle to go over 100 miles on a charge.

Ficure 1-1 Electric Motorsport electric GPR. (www.electricmotorsport.com).
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With lithium-ion battery technology, you can get an EV to go hundreds of miles,
and the cost is still less than that of some brand-new motorcycles on the market.
My point is that you can get an electric motorcycle today. You also can take any
motorcycle you want and convert it to an electric motorcycle. You also can encourage
the fix-it person down the street to help with the conversion so that more mechanics
across the country are building electric motorcycles.

Convert That Motorcycle!

Converting a motorcycle to electric is also the easiest type of conversion. You don’t
need a transmission, and you don’t need to deal with air conditioning, power
brakes, power steering, etc. In addition, you can scale up the performance and
range as you gain confidence in the technology and how to use it.

Electric motorcycles and scooters are rising in popularity because of higher
gasoline prices. In addition, battery technology is gradually improving, making
this form of transportation more practical (www.technologyreview.com/
NanoTech /17837 /?a=f). Moreover, the maintenance costs are negligible compared
with the additional oil changes, tune-ups, and all the other maintenance costs of an
internal combustion engine motorcycle.

Many Asian countries, especially Taiwan, suffer from heavy air pollution
(Figure 1-2). Around 20 percent is contributed by motorcycles and scooters, whose
emissions are worse than cars and SUVs. Unfortunately, the internal combustion

Ficure 1-2 South Asia motorcycle traffic. (www.newlaunches.com/archives/motorcycles_
running_on_compressed_air.php, www.newlaunches.com/entry_images/0808/16/
taipei_traffic-thumb-450x298.jpg.)


www.technologyreview.com/NanoTech/17837/?a=f
www.technologyreview.com/NanoTech/17837/?a=f
www.newlaunches.com/archives/motorcycles_running_on_compressed_air.php
www.newlaunches.com/archives/motorcycles_running_on_compressed_air.php
www.newlaunches.com/entry_images/0808/16/taipei_traffic-thumb-450x298.jpg
www.newlaunches.com/entry_images/0808/16/taipei_traffic-thumb-450x298.jpg

4

Chapter One

engine motorcycle’s legacy of destruction does not just stop with itself. The internal
combustion engine is a variant of the generic combustion process. To light a match,
you use oxygen (O,) from the air to burn a carbon-based fuel (i.e., wood or cardboard
matchstick), generate carbon dioxide (CO,), emit toxic waste gases (i.e., you can see
the smoke and perhaps smell the sulfur), and leave a solid waste (i.e., burnt
matchstick). The volume of air around you is far greater than that consumed by the
match; air currents soon dissipate the smoke and smell, and you toss the burnt
matchstick.

Today’s internal combustion engine is more evolved than ever. However, we
still have a carbon-based combustion process that creates heat and pollution.
Everything about the internal combustion engine is toxic, and it is still one of the
least efficient mechanical devices on the planet. Unlike lighting a single match, the
use of hundreds of millions (soon to be billions) of internal combustion engine
motorcycles threatens to destroy all life on our earth.

While an internal combustion engine has hundreds of moving parts, an electric
motor has only one. This is one of the main reasons why electric motorcycles are so
efficient. All you need is an electric motor, batteries, and a controller. A simple
diagram of an electric motorcycle looks like a simple diagram of a portable electric
shaver: a battery, a motor, and a controller or switch that adjusts the flow of
electricity to the motor to control its speed. That’s it. Nothing comes out of your
electric shaver, and nothing comes out of your electric motorcycle. Electric
motorcycles are simple (and therefore highly reliable), have lifetimes measured in
millions of miles, need no periodic maintenance (i.e., filters, etc.), and cost
significantly less per mile to operate. They are highly flexible as well, using electrical
energy readily available anywhere as input fuel.

In addition to all these benefits, if you buy, build, or convert your electric
motorcycle from an internal combustion engine motorcycle chassis, as suggested in
this book, you perform a double service for the environment: You remove one
polluting motorcycle from the road and add one nonpolluting electric motorcycle
to service.?

What Is an Electric Motorcycle?

An electric motorcycle consists of a battery that provides energy, an electric motor
that drives the wheels, and a controller that regulates the energy flow to the motor.
Figure 1-3 shows all there is to it—but don’t be fooled by its simplicity. Figure 1-4
shows the basic wiring system. Scientists, engineers, and inventors down through
the ages have always said, “In simplicity there is elegance.” Let’s find out why the
electric motorcycle concept is elegant.
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Ficure 1-3 Electric motorcycle basic wiring system. (Courtesy of Curtis Instruments, www.
curtisinst.com/index.cfm?fuseaction=cProducts.dspProductCategory&catiD=10.)

Ficure 1-4 Simple block diagram of an electric motorcycle.

Electric Motors

Electric motors can be found in many sizes and places. Universal in application,
they can be as big as a house or smaller than your fingernail, and they can be
powered by any source of electricity. Each of us encounters dozens, if not hundreds,
of electric motors daily without even thinking about them: alarm clocks, televisions,
grinders, shavers, toothbrushes, cell phones, fans, heaters, and air conditioners.

What is the secret of the electric motor’s widespread use? Reliability. This is
because of its simplicity. Regardless of type, all electric motors have only two basic
components: a rotor (the moving part) and a stator (the stationary part). That's
right—an electric motor has only one moving part. If you design, manufacture, and
use an electric motor correctly, it is virtually impervious to failure and indestructible
in use.?
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Batteries

No matter where you go, you cannot get away from batteries. They’re in your MP3
player, portable radio, telephone, cell phone, laptop computer, portable power tool,
appliance, game, flashlight, camera, and many more devices. Batteries come in two
distinct flavors: rechargeable and non-rechargeable. Like motors, they come in all
sorts of sizes, shapes, weights, and capacities. Unlike motors, they have no moving
parts. The non-rechargeable batteries you simply dispose of when they are out of
juice; rechargeable batteries you connect to a charger or source of electric power to
build them up to capacity.

There are different types of batteries. There are rechargeable lead-acid, nickel-
metal hydride, and lithium-ion batteries, for example, which can be used in your
car to manage the recharging process invisibly via an under-the-hood generator or
alternator that recharges the battery while you're driving.

Another great thing about the promise of electric cars and motorcycles is
lithium-ion battery technology: It is moving so fast into the marketplace and
dropping in price. Over the next few years, we can expect further drops in price,
making EV conversions more affordable. Soon enough, the standard will be lithium-
ion batteries in any conversion kit.

Controllers

Controllers have become much more intelligent. The same technology that reduced
computers from room-sized to desk-sized allows you to exercise precise control
over an electric motor. Regardless of the voltage source, current needs, or motor
type, today’s controllers—built with reliable solid-state electric components—can
be designed to meet virtually any need and can easily be made compact to fit
conveniently inside a motorcycle.

Why are electric motorcycles elegant? When you join an electric motor, battery,
and controller together, you get an electric motorcycle that is both reliable and
convenient.*

Electric Motorcycles Are Fun to Drive

Imagine turning on a motorcycle and hearing nothing! The only way you
can tell that the motorcycle is on is by looking at the battery/fuel gauge. This is
only the first surprise that many people get when they get on an electric
motorcycle.

After I built my first electric motorcycle using the book Build Your Own Electric
Vehicle by Bob Brant, when I went to events and held ride-and-drives, I realized
that people loved the ride. Electric motorcycles are first and foremost practical—
but they are also fun to own and drive. Owners say that they become downright
addictive. When tooling around on a breezy electric motorcycle, you get all the
pleasure of a great motorcycle ride—without the noise!
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Electric Motorcycles Save Money

All this emotional stuff is nice, but let’s talk out-of-pocket dollars. Ask any electric
motorcycle conversion owner, and they’ll tell you the bike transports them where
they want to go, is very reliable, and saves them money. Let’s examine the operating,
purchase, and lifetime ownership costs separately and summarize the potential
savings.

Operating Costs

Electric motorcycles only consume electricity. Since they are smaller than electric
cars, they have fewer batteries. This means that when you charge the motorcycle, it
costs less than a few pennies per mile. The gas equivalent vehicle is normally more
than double the cost.

Purchase Costs

Commercially manufactured electric motorcycles are not expensive. Some cost
between $8,000 and $15,000. But this book advocates the conversion alternative—
you convert an internal combustion engine motorcycle to an electric motorcycle.
You remove the internal combustion engine and all the systems that go with it and
add an electric motor, controller, and batteries.

This book promotes building one yourself. As a second motorcycle choice, logic
(and Parkinson’s law—the demand on a resource tends to expand to match the
supply of that resource) dictates that the money spent for this decision will expand
to fill the budget available—regardless of whether an internal combustion engine
motorcycle or electric motorcycle is chosen. So second motorcycle purchase costs
for an internal combustion motorcycle or an electric motorcycle are a wash—they
are identical.

Safety First

Electric motorcycles are safer for you and everyone around you. EVs are a boon for
safety-minded individuals. Electric motorcycles are called zero emission vehicles
(ZEVs) because they emit nothing, whether they are moving or not. In fact, when
stopped, electric motorcycle motors are not running and use no energy at all. This
is in direct contrast to internal combustion engine motorcycles, which not only
consume fuel but also do their best polluting when stopped and idling in traffic.

Electric motorcycles are obviously the ideal solution for minimizing pollution
and energy waste on congested stop-and-go commuting highways all over the
world, but this section is about saving yourself: As an electric motorcycle owner,
you are not going to be choking on your own exhaust fumes. Electric motorcycles
are easily and infinitely adaptable. Want more acceleration? Put in a bigger electric
motor. Want greater range? Choose a better power-to-weight design. Want more
speed? Pay attention to your design’s aerodynamics, weight, and power.
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When you buy, convert, or build an electric motorcycle today, all these choices
and more are yours to make because there are no standards and few restrictions.
The primary restrictions regard safety (you want to be covered in this area anyway)
and are taken care of by using an existing internal combustion engine motorcycle
chassis that already has been safety qualified. Other safety standards to be used
when buying, mounting, using, and servicing your electric motorcycle conversion
components are discussed later in this book.

On another safety issue, though, while electric motorcycles do not emit noise
pollution or any other pollution for that matter, there has been concern about their
being unsafe for seeing-impaired pedestrians because the engines don’t make
noise. However, electric motorcycle ownership is visible proof of your commitment
to help clean up the environment.

Electric Motorcycle Myths: Dispelling the Rumors

There have been four widely circulated myths or rumors about electric motorcycles
that are not true. Because the reality in each case is the 180-degree opposite of the
myth, you should know about them.

Myth 1: Electric Motorcycles Can’t Go Fast Enough

Electric motorcycles are anything but slow. Many electric motorcycles on the market
today have a top speed of 60 mph or more. The Electra Cruiser easily tops 80 mph.
The beauty of building your own electric motorcycle is you determine how fast that
you want your vehicle to go.

Myth 2: Electric Motorcycles Have Limited Range

Nothing could be further from the truth, but unfortunately this myth has been
widely accepted. The reality is that electric motorcycles can go as far as most people
need. While lithium-ion batteries will expand your range dramatically, and there
are some people who are traveling across the country on electric motorcycles, the
technology is not yet ready for a massive road trip.

But what is their range? The federal government reports that the average daily
commuter distance for all modes of motor travel (i.e., autos, trucks, and buses) is 10
miles, and this figure hasn’t changed appreciably in 20 years of data gathering. An
earlier study showed that 98 percent of all trips are under 50 miles per day; most
people do all their driving locally and take only a few long trips. One-hundred-mile
and longer trips are only 17 percent of total miles driven. As stated in Build Your Own
Electric Vehicle, 2nd edition, General Motors” own surveys in the early 1990s (taken
from a sampling of drivers in Boston, Los Angeles, and Houston) indicated that

* Most people don’t drive very far.
* More than 40 percent of all trips were under 5 miles.
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® Only 8 percent of all trips were more than 25 miles.
e Nearly 85 percent of the drivers drove less than 75 miles per day.

Virtually any of today’s 120-V electric motorcycle conversions will go 75 miles
using readily available off-the-shelf components—if you keep the weight under
1,000 pounds. This means that an electric motorcycle can meet more than 85 percent
of the average person’s needs. If you're commuting to work—a place that
presumably has an electric outlet available—you can nearly double your range by
recharging during your working hours. In addition, if range is really important,
you can optimize your electric motorcycle for it. It's that simple.

Myth 3: Electric Motorcycles Are Not Convenient

The myth that electric motorcycles are not effective as a real form of transportation
or that they are not convenient is a really silly rumor. A popular question is,
“Suppose that you're driving and you're not near your home to charge up or you
run out of electricity. What do you do?” Well, my favorite answer is, “I would do
the same thing I'd do if I ran out of gas—call AAA or a tow truck.” The reality is
that electric motorcycles are extremely convenient. Recharging is as convenient as
your nearest electric outlet, especially for conversion motorcycles using 110-V
charging outlets. Here are some other reasons:

* You can get electricity anywhere you can get gas—there are no gas stations
without electricity.

* You can get electricity from many other places—there are few homes and
virtually no businesses in the United States without electricity. All these are
potential sources for you to recharge your electric motorcycle.

* As far as being stuck in the middle of nowhere goes, other than taking
extended trips in western U.S. deserts (and even those are filling up
rapidly), there are only a few places where you can drive 75 miles without
seeing an electric outlet in the contiguous United States. Europe and Japan
have no such places.

¢ Plug-in-anywhere recharging capability is an overwhelming electric
motorcycle advantage. No question that it's an advantage when your
electric motorcycle is parked in your own garage, carport, or driveway. If
you live in an apartment and can work out a charging arrangement, it’s an
even better idea. Moreover, a very simple device can be rigged to signal you
if anyone ever tries to steal your motorcycle.

e How much more convenient could electric motorcycles be? There are very
few places you can drive in the civilized world where you can’t recharge in
a pinch, and your only other concern is to add water to the battery once in a
while. Electricity exists virtually everywhere; you just have to figure out
how to tap into it. While there are no electric outlets specifically designated

9
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for recharging electric motorcycles conveniently located everywhere today,
and although it’s unquestionably easier and faster to recharge your electric
motorcycle from a 110- or 220-V kiosk, the widely available 110-V electric
supply does the job quite nicely if your electric motorcycle has an onboard
charger, extension cord, and plug(s) available. When more infrastructure
exists in the future, it will be even more convenient to recharge your batteries.
In the future, you will be able to recharge quicker from multiple voltage and
current options, have “quick charge” capability by dumping one battery
stack into another, and maybe even have uniform battery packs that you
swap and strap on at a local “battery station” in no more time than it takes
to get a fill-up at a gas station today. Just as it’s used in your home today,
electricity is clean, quiet, safe, and stays at the outlet until you need it.

Myth 4: Electric Motorcycles Are Expensive

While this is perhaps true of electric motorcycles that are manufactured in low
volume today—and partially true of professionally done conversion units—it’s
not true of the do-it-yourself electric motorcycle conversions this book advocates.
The reality, as I mentioned earlier in this chapter, is that electric motorcycles cost
the same to buy (you're not going to spend any more for one than you would
have budgeted anyway for your second internal combustion engine motorcycle),
the same to maintain, and far less per mile to operate. In the long term, future
volume production and technology improvements will only make the cost
benefits favor electric motorcycles even more.

Disadvantages

Well, there had to be a downside. If any one of the factors mentioned here is
important to you, you might be better served by taking an alternate course of action.
For extended trips, as already mentioned, the electric motorcycle is not your best
choice at this time. This is not because you can’t do it. Alternate methods are just
more convenient.

As mentioned, this book advocates the use of a convert-it-yourself electric
motorcycle as a second motorcycle. When you need to take longer trips, use your
first gasoline-powered motorcycle or rent one or take an airplane, train, or bus.

Time to Purchase/Build

Regardless of your decision to buy, build, or convert an electric motorcycle, it is
going to take you time to do it, but less time than a car. There is a growing network
of new and used electric motorcycle dealers and conversion shops. Also it’s great
that the supply of the highest-grade controllers and motors is such that they do not
take a long time to receive (check out Chapter 14 for sources).
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Repairs

Handy electric motorcycle repair shops don’t exist yet either. Although the build-
it-yourself experience will enable you to rapidly diagnose any problems, and
replacement parts could take only days to receive. You could just stockpile spare
parts yourself. However, take time to carefully think through this or other repair
alternatives before you make your electric motorcycle decision.

My Passion

The electric motorcycle was a project that became a passion for me. At the time,
there were very few bikes with size and power. My goal was to build a machine
that created a presence, was not wimpy, and kicked butt. It all started with an idea
and lots of determination on a road few have traveled. Even in the presence of
professors who said that you cannot make a bike that powerful and a consultant
from a past EV company who tried to deter me from making such a powerful
motorcycle (thinking I should reduce it to a scooter), I pressed on.

In 1996, the first beginnings of the then-named “Electric Hog,” now named the
“Electra Cruiser,” grew from a crazy idea sketched on paper with a stick-figure
rider (Figure 1-5) to a full-out motorcycle. With the help of the original book Build
Your Own Electric Vehicle and a lot of work, the bike slowly came together.

Ficure 1-5 First drawing of the “Electric Hog.”
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I had made the decision back then to build my own frame to house almost 600
pounds of batteries. This shear weight caused many professionals in the engineering
and EV fields to shudder and say, “No way. You can’t do that.” I thought differently.
After all, someone put a big-block Chevy in a bike. Why couldn’t I do the same with
batteries? Six months later, in 1997, the design work, drawings (Figure 1-6),
calculations, and most of the parts were bought. Now it was time to put it together.

Because of work and other life commitments, the project was delayed until
2000, which was no big deal. All the parts, the drawings, and everything were all
laid out. I just had to find the time to bring it all together. In 2000, I jumped back
into the electric motorcycle project, and within 6 months, in May of 2001, the first
prototype was completed. The original archived video is still available on my Web
site www.vogelbilt.com/home.html.

The bike was amazing—and more than what I ever thought it would be. I
remember clearly the day it was finished. I was extremely nervous, and a few of the
naysayers from the Farmingdale State College were watching, not believing that
this beast of a bike would work. With the crack of the throttle, the motorcycle
cruised off effortlessly to the disbelief of many. I cannot express in words the
feelings I had that day with all my time and effort coming together and working so
flawlessly. I will never forget just the experience of cruising quietly and smoothly;
it was out of this world. Oh, and even better, seeing the faces of the disbelievers
was priceless.

Coolfuel Roadtrip

After 2001, the first Electra Cruiser did well. It made its rounds at shows and EV
events for two years, had a small Web site, and was just a fun experience. The
motorcycle competed and was displayed in such shows as the Tour De Sol (Figure
1-7) and many other EV events.

Ficure 1-6 Three-dimensional (3D) drawing of the first prototype produced in AutoCAD.
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Fieure 1-7 2002 Tour De Sol display Annapolis, Maryland.

In early 2003, I received an e-mail from a man named Shaun Murphy from
Australia. Shaun was putting together a TV series in the United States and wanted
to use my motorcycle. Shaun’s concept was to use all clean, nonpolluting vehicles
that were powered by only renewable resources. He wanted to travel the United
States on not one drop of gasoline, a 16,000-mile journey. This was exciting news
for me. Not only had I built an electric motorcycle, but now it was going to be
traveling the United States and would be on national TV, Discovery Science, and
worldwide TV. I will always remember the phone call at work in 2003. Shaun, a
great friend of mine now, may not know this, but that phone call changed my life.
It propelled me forward into renewable energy and much more. I agreed that day
with Shaun to produce another motorcycle just for the TV series. In three to four
months, I built a second Electra Cruiser prototype for Shaun’s TV series, the Coolfuel
Roadtrip (Figure 1-8).

Ficure 1-8 Coolfuel crew.
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For this second design, I made a bike that was lighter and had a few more
features, including regenerative braking to recapture energy when stopping. What
I also did for Shaun was add a sidecar for Sparky, his companion. In addition,
though, the sidecar had a little something extra: a diesel generator. The sidecar
actually was a range extender and a portable power unit producing 4.5 kW for
charging. The beauty of the sidecar was that it ran on vegetable oil and biodiesel.

Not more than a week after completion, the second Electra Cruiser passed its
running tests and was on the road from New York to Wisconsin for its 9-month trek
across the United States. The motorcycle was delivered, and the crew was excited
to have the Electra Cruiser as part of the program (Figure 1-9).

The Electra Cruiser went on to be filmed for 9 months on the road through all
types of environments. This was a true test of an electric motorcycle. The bike got a
beating and just kept going, a true testament to the abilities of the electric motorcycle
in the real world. The Cruiser went through extreme temperatures, was poured on,
and was dropped. You name it, the bike took it and kept going (Figures 1-10 through
1-13). I could not have asked for or paid for a better real-world test than what that
bike went through. It was great, and I was like a proud parent of my child. The
Cruiser was a true testament to the abilities of an electric motorcycle and an

Fieure 1-9 Electra Cruiser during filming in Chicago. (Courtesy of Shaun Murphy and Gus
Roxburgh, Balance Vector Productions, www.balancevector.com.)
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inspiration to many people. Many thanks go out to the Coolfuel team; they have
become great friends.

Ficure 1-10 Cruiser during filming in New Orleans, getting dumped on by rain but still going.
(Courtesy of Shaun Murphy and Gus Roxburgh, Balance Vector Productions, www.
balancevector.com.)

Fieure 1-11  Cruiser during filming in California. (Courtesy of Shaun Murphy and Gus Roxburgh,
Balance Vector Productions, www.balancevector.com.)
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Fiure 1-12 Cruiser in Wisconsin with sidecar.

Ficure 1-13 Cruiser in Chicago with the Blues Brothers theme. (Courtesy of Shaun Murphy and
Gus Roxburgh, Balance Vector Productions, www.balancevector.com.)
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CHAPTER

Electric Motorcycles
Save the Environment
and Energy

Besides the fact that the consumer marketplace has been consistently interested
in electric motorcycles, there is at present a new interest in electric motorcycles.
This is amazing because it can only mean amazing things for transportation in
urban areas and developing countries. Specifically, it means zero tailpipe
emissions and greater air quality. And with this comes a significant reduction in
overall energy use.

Why Do Electric Motorcycles Save the Environment?

Here are some of the basic reasons why we need more electric motorcycles on the
road:

1. Building your own electric motorcycle takes less time and costs less than a
large undertaking such as building an electric car or a truck.

2. Electric motorcycles are fun to own or ride and are good for everyone (all
races, men and women, children and adults are interested in and excited
about electric motorcycles; see Figure 2-1).

3. Electric motorcycle conversions solve many problems and address many
transportation concerns immediately.

4. Electric motorcycles have immediate advantages using the existing electric
infrastructure taking little time to implement electric vehicles in place of
fossil fuel vehicles.

5. Electric motorcycles mitigate some of the issues we face today in terms of
pollution and global warming.

6. The electric motorcycle plays an important role in the world today,
particularly in third world countries to reduce emissions. Making a choice to
use non-polluting vehicles will have a positive impact on the environment.

17
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Figure 2-1 How about 50-plus mph motorcycle? (http://visforvoltage.org/forum/motorcycles-
and-large-scooters/1744.)

Environmental Benefits

Overall, from 1990 to 2007, total emissions of CO, increased by 1,022.8 Tg CO,
equivalents (20.2 percent), whereas CH, (methane) and N,O (nitrous oxide)
emissions decreased by 38.2 percent. During the same period, aggregate weighted
emissions of hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and SF, (Sulfur
hexafluoride) rose by 59.0 percent. Despite being emitted in smaller quantities
relative to the other principal greenhouse gases, emissions of HFCs, PFCs, and SF,
are significant because many of them have extremely high GWPs (Global Warming
Potentials) and, in the cases of PFCs and SF,, long atmospheric lifetimes."

Conversely, U.S. greenhouse gas emissions were partly offset by carbon
sequestration in managed forests, trees in urban areas, agricultural soils, and land-
filled yard trimmings, and were estimated to be 15.1 percent of total emissions in
2007.2

Also, as Rob Means of Electric Bikes.com says:

The environmental benefits include reduced pollution (CO,, NO, and tire
and brake-lining fragments) and reduced resource consumption (less material,
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fuel, and infrastructure). A reduction in CO, emissions is most important
because scientific opinion is close to unanimous that global warming is
already happening. The average motorcycle emits one pound of CO, for every
motorcycle mile driven.?

While electric motorcycles are considered zero-emission vehicles (ZEVs), their
widespread uptake will eventually cause an increase in electrical generation needs.
Many power stations, particularly coal-fired and nuclear power stations, have to
operate at a certain level at all times, no matter whether there is demand for the
electricity or not. In Ireland (population 4 million), the ESB (Electricity Supply
Board), an energy corporation in the Republic of Ireland, has stated that it could
recharge 10,000 electric motorcycles each night without producing any extra power.
This would probably translate to almost a million electric motorcycles in the United
States. Therefore, if the power were coming from coal/gas-fired power plants, the
electric motorcycle would use power that would otherwise have been wasted and
still would have created CO, in those countries where this power was being wasted.
Generating electricity and providing liquid fuels for motorcycles are different areas
of the energy economy with different inefficiencies and environmental effects.

According to the Electric Vehicle Association of Canada (a nonprofit organization
promoting electric vehicles that also sells electric motorcycles*), emissions of CO,
and other greenhouse gases are minimal for electric motorcycles powered from
sustainable forms of power (e.g., solar, wind, and geothermal) and for internal
combustion engine motorcycles that are run on renewable fuels such as biodiesel.

If the aim of looking at electric motorcycles as an alternative to conventional
motorcycles is to reduce CO, emissions, then this has to mean using the most
carbon-efficient motorcycle and fuel you can buy. An electric motorcycle can be
recharged from conventional grid electricity and still not have a significant carbon
footprint compared with hybrid and diesel motorcycles.

Save the Environment and Save Some Money Too!

Because electric motorcycles use less energy than gasoline-powered motorcycles,
their effect on the environment is much less. Because electric motorcycles are more
efficient than petroleum-powered motorcycles, they also cost less to run.

While electric vehicles of all types will be the transportation mode of choice for
years to come, electric motorcycle conversions are the next generation of electric
motorcycles that the consumer marketplace can accept at this time. Since there are
so many motorcycles on the road that only need to be electrified, conversions make
sense and can spur our economy with jobs.

Electric motorcycle operating costs can be directly compared with the equivalent
operating costs of a gasoline-powered motorcycle. To calculate the cost of the
electrical equivalent of a liter or a gallon of gasoline, multiply the utility cost per
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kilowatt-hour by 8.9. Because internal combustion engines are only about 20 percent
efficient, then at most 20 percent of the total energy in a liter of gasoline is ever put
to use.

Amotorcycle powered by an internal combustion engine at 20 percent efficiency,
getting 8 L/100 km (30 mpg), will require (8.9 X 8) X 0.20 = 14.2 kWh/100 km. At
a cost of $1/L, 8 L/100 km is $8/100 km. A battery-powered version of that same
motorcycle with a charge/discharge efficiency of 81 percent, charged at a cost of
$0.10/kWh, would cost (14.2/0.81) X $0.10 = $1.75/100 km or would be paying the
equivalent of $0.22 /L ($0.84/gallon). The Tesla car uses about 13 kWh/100 km; the
electric motorcycle uses about 11kWh/100 km.’

Energy Efficiency

An electric motorcycle’s efficiency is affected by its charging and discharging
efficiencies. A typical charging cycle is about 85 percent efficient, and the discharge
cycle converting electricity into mechanical power is about 95 percent efficient,
resulting in 81 percent of each kilowatt-hour being put to use.®

The electricity-generating system in the United States loses 9.5 percent of the
power transmitted between power stations and homes, and the power stations are
33 percent efficient in turning the caloric value of fuel at the power station into
electric power. Overall, this results in an efficiency of 0.81 X 0.3 = 24.2 percent from
fuel into the power station to power into the motor of the grid-charged electric
motorcycle, which is still better than the average 20 percent efficiency of gasoline-
powered motorcycles (while ignoring the energy used to pump, refine, and
transport the gasoline to the gas station).

Electricity Generation: How Is It Made?

Figure 2-2 shows the U.S. energy usage by year from 1996 to 2007. To drive an
electric generator or a device that converts mechanical or chemical energy to
electricity, an electric utility power station uses either

e A turbine

® An engine

A water wheel

Or another similar machine

Steam turbines, internal combustion engines, gas combustion turbines, water
turbines, and wind turbines are the most common methods to generate electricity
(Figure 2-3). Most power plants are about 35 percent efficient. This means that for
every 100 units of energy that go into a plant, only 35 units are converted to usable
electrical energy.
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Ficure 2-3 Turbine generator. (www.eia.doe.gov/kids/energyfacts/sources/electricity.html.)
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Steam Turbines Are the Leader

Most of the electricity in the United States is produced by steam turbines. A
turbine converts the kinetic energy of a moving fluid (liquid or gas) to mechanical
energy. Steam turbines have blades on a shaft through which steam is forced,
thus rotating the shaft, which is connected to a generator. In a fossil-fuel-fired
steam turbine, the fuel is burned in a furnace to heat water in a boiler to produce
steam.

The predominant fuels used are coal, petroleum (oil), and natural gas. They are
burned in large furnaces to heat water that makes steam, which, in turn, pushes on
the blades of the turbine.

Did you know that most electricity generated in the United State comes from
burning coal? In 2006, nearly half the country’s 4.1 trillion kilowatt-hours of
electricity used coal as its source of energy.

Natural Gas

Natural gas, in addition to being burned to heat water for steam, also can be burned
to produce hot combustion gases that pass directly through a turbine, spinning the
blades to generate electricity. Gas turbines are used commonly when electricity
usage is in high demand. According to the U.S. Department of Energy (DOE), in
2006, 20 percent of the nation’s electricity was fueled by natural gas.

Petroleum

Petroleum also can be used to make steam to turn a turbine. Residual fuel oil, a
product refined from crude oil, is often the petroleum product used in electric
plants that use petroleum to make steam. Petroleum was used to generate about 2
percent of all electricity generated in U.S. power plants in 2006.

Nuclear Power

Nuclear power generation is a method in which steam is produced by heating
water through a process called nuclear fission. In a nuclear power plant, a reactor
contains a core of nuclear fuel, primarily enriched uranium. When atoms of the
uranium fuel are hit by neutrons, they split (fission), releasing heat and more
neutrons. Under controlled conditions, these other neutrons can strike more
uranium atoms, splitting more atoms, and so on. At some point, continuous fission
takes place, called a chain reaction, releasing heat. The heat is used to turn water into
steam, which, in turn, spins a turbine that generates electricity. Nuclear power was
used to generate 19 percent of all the country’s electricity in 2006.

Hydropower

Hydropower, the source of almost 7 percent of U.S. electricity generation in 2006, is
a process in which flowing water is used to spin a turbine connected to a generator.
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There are two basic types of hydroelectric systems that produce electricity. In the
first system, flowing water accumulates in reservoirs created by dams. The water
falls through a pipe called a penstock and applies pressure against the turbine blades
to drive the generator to produce electricity. In the second system, called run-of-
river, the force of the river current (rather than falling water) applies pressure to the
turbine blades to produce electricity.

Geothermal Power

Geothermal power comes from heat energy buried beneath the surface of the earth.
In some areas of the country, enough heat rises close to the surface of the earth to
heat underground water into steam, which can be tapped for use at steam turbine
plants. This energy source generated less than 1 percent of the electricity in the
country in 2006.

Solar Power

Solar power is derived from the energy of the sun. However, the sun’s energy is
not available full time, and it is widely scattered. The processes used to produce
electricity using the sun’s energy historically have been more expensive than
using conventional fossil fuels. Photovoltaic conversion generates electric power
directly from the light of the sun in a photovoltaic (solar) cell. Solar-thermal
electric generators use the radiant energy from the sun to produce steam to drive
turbines. In 2006, less than 1 percent of the nation’s electricity was based on solar
power.

Wind Power

Wind power is derived from the conversion of the energy contained in wind into
electricity. Wind power, producing less than 1 percent of the nation’s electricity in
2006, is a rapidly growing source of electricity. A wind turbine is similar to a typical
windmill.

Biomass

Biomass includes wood, municipal solid waste (garbage), and agricultural waste
such as corn cobs and wheat straw. These are some of the biologic energy sources
used for producing electricity. These sources replace fossil fuels in a boiler. The
combustion of wood and waste creates steam that is typically used in conventional
steam electric plants. Biomass accounts for about 1 percent of the electricity
generated in the United States.”

Efficiencies of Power Plants

Overall average efficiency from U.S. power plants (33 percent efficient) to point of
use (transmission loss is 9.5 percent) is 29.87 percent.® Accepting 80 percent
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efficiency for an electric motorcycle gives a figure of only 23.9 percent overall
efficiency when the motorcycle is recharged from fossil-fuel-fired electricity. This is
still higher than the efficiency of an internal combustion engine running at variable
load. The efficiency of a gasoline engine is about 16 percent, and for a diesel engine,
efficiency is about 20 percent.

An electric motor does not suffer from such a rapid decrease in efficiency when
running at variable load, and this accounts for the increased efficiency of hybrid
motorcycles. Using fossil-fuel-based grid electricity entirely negates the motorcycle
efficiency advantages of electric motorcycles. The major potential benefit of electric
motorcycles is to allow diverse renewable electricity sources to fuel them.

U.S. Transportation Depends on Qil

Although small amounts of natural gas and electricity are used, the U.S.
transportation sector is almost entirely dependent on oil. A brief look at a few charts
will demonstrate the facts. It doesn’t take a brain surgeon to think that this situation
is both a strategic and an economic problem for us all. Figure 2-4 shows how
transportation drives U.S. oil consumption and pollution, and Figure 2-5 illustrates
that oil is not going to be here forever.

40
Petroleum
30
Hy%roelectrlc Natural
ower
as e 4
20 i
1 .~ . ll“"
C?? < : _+*" Nuclear
2 \ - Electric
10 ; Y, Power
Wood et ‘ ’ « -
~ —— oo =
== - — ;";".—“ ______ “‘
0 [ | T | : | l
1850 1875 1900 1925 1950 1975 2000

Ficure 2-4 How transportation drives U.S. oil consumption and pollution. (Courtesy of Build Your
Own Electric Vehicle.)
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Ficure 2-5 Oil is not going to last forever. (www.en.wikipedia.org/wiki/File:Hubbert_peak_oil_plot.
svg.)

Emission Facts

Gas-powered cars are the primary source of air pollution in the United States. In
addition to their effect on our health, exhaust gases and particles from cars do
extensive damage to crops, vegetation, and wildlife. In particular, motor vehicles
are a significant source of water pollution. Oil, antifreeze, and small tire particles
accumulate on roads and highways; during the rainy season, they are washed into
our streams and waterways, causing damage to aquatic life. One of the leading
sources of metallic pollution in bays is copper from automobile brake pads. An
average automobile annually produces

¢ 3.42 pounds of hydrocarbons
e 25.28 pounds of carbon monoxide
® 1.77 pounds of nitrogen oxides

Finally, noise pollution from automotive traffic additionally stresses our lives.

Calculating emissions is an inherently tricky business. There are so many
variables that there are no exact numbers in this game. The numbers here were
calculated by David Swain, an engineer at the U.S. Environmental Protection
Agency’s Ann Arbor Mobile Emissions Laboratory. An alternative emission factor,
listed as the “EPA Mobile 4.1 Model,” cites carbon monoxide levels emitted by the
average car as 65.3 g/mi. Using this number, the CO savings after 500 miles with
an electric motorcycle would be approximately 70 pounds! Figure 2-6 shows a
model of balanced future energy usage made possible by working from the desired
future goal back to today.
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Ficure 2-6 Model of balanced future energy usage made possible by working from the desired
future goal back to today. (Courtesy of Build Your Own Electric Vehicle.)

Further Economic and Competitive Matters

Your investment in an electric motorcycle can pay dividends beyond U.S. borders.
Your purchase supports the growth of an industry that could make a big difference
in developing countries. For example, as its economy prospers, China is in the
unique position to skip the polluting gas moped and scooter phase altogether and
leapfrog directly from human-powered bikes to clean electric motorcycles. The
pollution savings are staggering, far beyond what the United States could achieve
alone.

Short trips account for most of the motorcycles on the road and most of our air
pollution. Therefore, for the health of the planet, leave your gas-powered motorcycle
at home, and ride your electric motorcycle.’

Economic Benefits

The economic benefits of electric motorcycles are better, in terms of quick payback,
than insulating your home.'® Substituting electric motorcycle trips for gas-powered
motorcycle trips saves on purchase price, insurance, and registration fees. Beyond
the purchase price, motorcycles cost about $0.10/mi in fuel and parts. Some families
will use an electric motorcycle to augment their gas-powered motorcycle use,
whereas others will find tremendous savings by living with one less motorcycle.
For some folks, there’s no comparison because they don’t have a license to drive
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and don’t need a license for an electric bike."! Check with local laws in your area:
this varies with size and speed of the electric vehicle.

To most of us, automobiles represent a cheap, fast way to get where we’re going.
Many automobile expenses, however, are hidden and do not express the true costs
of a fossil fuel vehicle. When included, they make the true cost of driving much
higher than we realize. Those are direct costs. Indirectly, through many types of
taxes, you also pay for the land, roads, freeways, bridges, and tunnels. Through
government, you also pay to provide cleaning, landscaping, irrigation, signs,
signals, reflectors, and police and emergency services. According to the American
Automobile Association, a new car costs $6,720 a year to operate. Electric bicycles,
for errands and short commutes, offer an alternative to the high costs of driving.
Obviously, maintenance and fueling costs are minimal. Thus every mile you ride
an electric bike instead of driving saves you money. Fuel, for example, costs about
0.20 cents/mile. You also may be able to save on bridge tolls, parking lot fees, and
tickets. Here are the numbers:

* The charger plugs into a standard 110-V ac electrical socket and charges in
3 hours or less. Charger output is 6 A.

e Charging for 3 hours produces 18 Ah, more than enough to fully charge a
17-Ah battery, and costs about 5 cents.

® The charger uses 1.3 A at 120 V ac, or 156 W.

¢ Three hours of charging uses 468 Wh, or 0.468 kWh.

* At a cost of 11 cents/kWh, that’s about 5 cents per charge or 0.3 cents/
mile.

Some people, however, can realize much larger savings. For example, a
household with several cars might work out a way to live with one less car. That
would free up insurance, registration, and smog-check costs. Another family might
find that their car qualifies for a reduced insurance rate because it is used less or in
a certain way.

In addition to the personal benefits you'll receive, society at large also realizes
economic benefits. Increased electric motorcycle use means cleaner air, which reduces
theincidence of respiratory diseases and their associated health care costs. Widespread
use also could reduce pressure for more roads and road maintenance.'?

Summary

In summary,

¢ Forty percent of our energy comes from petroleum.
¢ Twenty-three percent comes from coal.
¢ Twenty-three percent comes from natural gas.

27
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* Theremaining 14 percent comes from nuclear, hydroelectric, and renewable-
resource power.

To simplify, Bob Brant once stated, “Our entire economy is obviously dependent
on oil.” Furthermore, the United States consumes 20.8 million barrels of petroleum
aday, as well as 9 million barrels of gas. Automobiles are the single largest consumer
of oil, consuming 40 percent, and they are also the source of 20 percent of the
nation’s greenhouse gas emissions."

Electric motorcycle ownership is the best first step you can take to help save the
planet. Electric motorcycles are used regularly in China, as seen in Figure 2-7, and
can have a real difference in abating pollution and greenhouse gases.

As Seth Leitman and Bob Brant stated, however, there is still more you can do.
Do your homework. Write your senator or congressperson. Voice your opinion. Get
involved with the issues. But don’t settle for an answer that says we’ll study it and
get back to you. Settle only for action: Who is going to do what by when and why.
Ileave you with a restatement of the problem, a possible framework for a solution,
and some additional food for thought.

Ficure 2-7 Electric motorcycles in China. Why not everywhere?
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EPA Testing Procedures for Electric Motorcycles

To underscore the fuel efficiencies, let’s look no further than the EPA.™

Example 1

According to an EPA rule change, an electric motorcycle is tested in accordance
with EPA procedures and is found to have an Urban Dynamometer Driving
Schedule energy consumption value of 265 Wh/mi and a Highway Fuel Economy
Driving Schedule energy consumption value of 220 Wh/mi. The motorcycle is not
equipped with any petroleum-powered accessories. The combined electrical energy
consumption value is determined by averaging the Urban Dynamometer Driving
Schedule energy consumption value and the Highway Fuel Economy Driving
Schedule energy consumption value using weighting factors of 55 percent urban
and 45 percent highway. Thus

Combined electrical energy consumption value =
(0.55 X urban) + (0.45 X highway) = (0.55 X 265) + (0.45 X 220) = 244.75 Wh/mi

Since the motorcycle does not have any petroleum-powered accessories, the
value of the petroleum equivalency factor is 82,049 Wh/gal, and the petroleum-
equivalent fuel economy is

82,049 Wh/gal X 244.75 Wh/mi = 335.24 mi/gal

Example 2
If the motorcycle from Example 1 is equipped with an optional diesel-fired heater
in an extreme case: For the purposes of this example, it is assumed that the electrical
efficiency of the motorcycle is unaffected.

Since the motorcycle has a petroleum-powered accessory, the value of the
petroleum equivalency factor is 73,844 Wh/gal, and the petroleum-equivalent fuel
economy is

73,844 Wh/gal X 244.75 Wh/mi = 301.71 mi/gal

Enough said!

29
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CHAPTER

History of the
Electric Motorcycle

The history of the electric motorcycle is not as energizing as what is happening
today (sorry for the pun, but I thought I had to go there). The earliest references to
electric motorcycles in the patent history occur in the late 1860s. One Web site I saw
had some cool historical pictures that show just how far we’ve come in this world
in terms of looks, yet the technology is pretty much the same. (http://www.
totalmotorcycle.com/future. htm#1800s)

Steam First!

Before the electric motorcycle came the steam motorcycle.

Copeland Steam Motorcycle

In 1884, Arizona engineer Lucius Day Copeland combined a high-wheeled bicycle
driven by levers with a small steam engine. The result was a steam-powered
motorcycle. The steam engine developed about % horsepower and had the boiler
and gasoline heater built around the steering column. A flat leather belt drove the
large rear wheel. The machine could go about 15 mph and carried enough fuel and
water for an hour of operation. The bicycle Copeland started with appears to be
like the one patented by Lorenz (see Figures 3-1 and 3-2).

Copeland didn’t get any financial backing for the steam bicycle, so he built it
tricycle form, which is shown in his 1887 patent (Figure 3-3).

Writer Allan Girdler tells about Sylvester Roper, born in 1823 in New Hampshire.
During the Civil War, Roper worked at the Springfield Armory, where his interest
turned to steam power. In 1869, Roper built a steam-powered motorcycle (Figure
3-4).
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Fieure 3-1 Lucius D. Copeland’s steam bicycle, 1884. (http://patentpending.blogs.com/photos/
uncategorized/early_tricycle_1.jpg.)
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Ficure 3-2 Another view of Lucius D. Copeland and his steam bicycle. (http://patentpending.
blogs.com/photos/uncategorized/early_tricycle_1.jpg.)
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Ficure 3-3 Inventor’s drawings from Copeland’s 1887 tricycle patent. (http://patentpending.
blogs.com/photos/uncategorized/early_tricycle_1.jpg.)

Ficure 3-4 Roper’s original 1869 motorcycle. (Courtesy of the Smithsonian Institution.) (http://
www.motorcyclemuseum.org/classics/bike.asp?id=3 and http://home.ama-cycle.org/
membersonly/ museum/images/b3/classic_600.jpg.)
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Roper’s machine was remarkable by any standard. It looked a lot like the new
bicycles of the day, but with a small vertical steam boiler under the seat, which also
served as a small water tank. The boiler supplied steam to move two small pistons
that powered a crank drive on the back wheel. The machine was very neat and
compact, but there is more: Roper controlled the steam throttle by twisting the
bike’s straight handlebar. Twist-grip control was reinvented in 1902 by the early
pilot Glen Curtiss. It was reinvented yet again around 1908 at the Indian Motorcycle
Company.

Roper went on to build more motorcycles and several steam-powered
automobiles. He probably built his first automobile during the Civil War. He was
far ahead of his time with all his inventions. The Stanleys, who built Stanley
Steamers, said that they’d learned from Roper.

Roper reached the age of 73 in 1896. That June, he showed up at a bicycle track
near Harvard with a modified steam motorcycle. They clocked him at a remarkable
40 mph. Then the machine wobbled, and Roper fell off. He was dead when they
found him. The autopsy showed he’d died, not from the fall, but from a heart
attack.'

I'am grateful to Keith Hollingsworth, from the University of Hawaii Mechanical
Engineering Department, for calling my attention to Roper’s motorcycle. For more
on Daimler’s motorcycle, see and listen to Episode 921 at the Web site (www.uh.
edu/engines/epi921.htm).

Two illustrations from the 1897 Encyclopaedia Britannica show early motor-
powered vehicles (Figures 3-5 and 3-6). The tricycle style four-wheeler on the left in
Figure 3-5 was built by Richard Trevithick, inventor of the first successful railroad,
in 1802. On the right in Figure 3-5 is an 1885 motor-powered tricycle.

o i
#o—Trrepthich's Smam Currage of 1800 ddde view and plan.

Foc. 2.~Rutler's Moter Tricycla of 1883,

Ficure 3-5 lllustration of Richard Trevithick’s steam-powered four-wheeler from the 1897
Encyclopaedia Britannica. (http://books.google.com/books?id=ET7ExPBvMwC&pg=P
A6&Ipg=PA6&dq=trouve+electric+tricycle&source=bl&ots=LL59NIrmL&sig=2PKF_bcl_
js4rjzoYRWnKtcaOMg&hl=en&sa=X&oi=book_result&resnum=1&ct=result#PPA4,M1.)
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Ficure 3-6 lllustration of an early steam-powered tricycle from 1897 Patent Pending Blog.
(http://patentpending.blogs.com/patent_pending_blog/motorcycle_technology.)

In 1881, French inventor Gustave Trouvé demonstrated a working three-
wheeled automobile, and France and Great Britain were the first nations to support
the widespread development of electric vehicles in November at the International
Exhibition of Electricity in Paris.?

Early 1900s

By 1911, electric motorcycles were available, according to an early Popular Mechanics’
article, and by the 1920s, Ransomes, a current maker of forklifts, explored the use
of an electric-powered motorcycle. This and other developments helped to pave
the way for the company to use electric mining cars and lorries.’

In addition, the Automatic Electric Transmission Company of Buffalo, New
York, built a vehicle called the Automatic Electric in 1921. This was a small two-
seater with top speed of 18 mph and a range of 60 miles per charge. It had a 65-in
wheelbase and weighed 900 Ib. It sold for $1,200. In 1927, the company was bought
by the Walker Electric Company.*
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The Early 1940s

In 1941, fuel rationing in occupied Europe encouraged the Austrian company Socovel
to create a small electric motorcycle. Approximately 400 were manufactured.®

1970s-1990s

In 1973, Mike Corbin set the first electric motorcycle land speed record of 101 mph.
By 1974, Corbin-Gentry, Inc., began the sale of street-legal electric motorcycles.

Professor Charles E. MacArthur made the first electric vehicle ascent on Mt.
Washington, in New Hampshire, using a Corbin electric motorcycle. The event
evolved into an annual rally called the Mt. Washington Alternative Vehicle
Regatta.

Late 1990s

In the late 1990s, Scott Cronk and EMB created the EMB Lectra VR24 electric
motorbike. This machine pioneered the use of variable-reluctance motors (hence
the VR) and was marketed as street legal.®

Vogelbilt Corporation’s Electra Cruiser Was in Coolfuel Roadtrip

In 2001, Vogelbilt Corporation produced the first prototype of the Electra Cruiser
(Figure 3-7). Table 3-1 lists the Vogelbilt specifications. The Electra Cruiser will be
appearing in the Coolfuel Roadtrip TV series (Figure 3-8). The show’s focus will be a
search for sustainable, natural, organic, renewable, eco-innovations across the
United States.

Ficure 3-7 The first Electra Cruiser.
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Ficure 3-8 The Electra Cruiser coming out for the show.

TaLe 3-1 The Electra Cruiser Prototype 1 Specifications

Performance
Top speed over 80 MPH
Acceleration 0-60 MPH in 6-8 seconds
Batteries
10 Trojan 12 V Deep Cycle TMH 27
Motor Controller
Zapi 120 V dc at 500 amps with regenerative braking
Transmission
5 speed Baker Right Side Drive with hydraulic clutch
Belt Drives LTD. Primary 3" belt drive
Reverse achieved by switching direction of dc Motor
Electric Motor
Advanced dc series wound 120 V dc 78HP
dc-to-dc Converter
Vicor 120 V dc input 12 V dc output @ 200W
Suspension
Rear swing arm—dual coil over shocks
Front—Harley style wide glide front end
Cooling System
Custom made centrifuge pump located on tail shaft of dc motor
Used for cooling of optional high amperage motor controllers
Future use for managing battery temperature

Frame

Custom designed frame built to contain the 10 batteries within
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The goal of the Eco-Trekker Tour and the TV series is to provide ecological
knowledge through entertainment. We're happy to be a part of it.

Latest News

The prototype Electra Cruiser was delivered to Wisconsin for the Coolfuel Roadtrip
TV series, hosted by one of my great friends, Shaun Murphy. Shaun loves the new
bike and is riding across the country with it. Sparky the dog is also having a blast.

We've posted a few pictures from out west on www.vogelbilt.com/video/.

The national daytime TV show Living It Up! With Ali & Jack invited Shaun to be
a guest on the show while he was in New York with the Electra Cruiser in November
of 2003. The show was a hit, and Sparky had a ball in the audience.

In addition, I was interviewed by writer Paul Garson, representing a number of
different publications that wanted to do a story on the bike. The Electra Cruiser will
be mentioned in V-Twin magazine, Walneck’s Classic Cycle Trader, the Robb Report,
and several other publications.

Lastly, during the recent blackout in New York, the bike and the biodiesel
generator in the sidecar were used to power my house, running on pure B100
(essentially vegetable oil).

The Idea

The Electra Cruiser (formerly the “Electric Hog”) was an idea that became reality
through many years of hard work and determination. It was my belief that a one-
of-a-kind vehicle could be built using simple and innovative designs. The result is
a unique, rugged, retro-looking design that is well balanced, comfortable, and fun
to ride. And most of all, it is a zero-emissions vehicle (ZEV) using only batteries as its
source of power.

The Prototype

On May 15, 2001, the finished prototype rolled out under its own power. This was
a marvelous sight, 3 years of work and engineering finally coming together. The
project was a remarkable challenge because there was nothing to compare the
vehicle with except for its gasoline counterparts (Figures 3-9 through 3-11).


www.vogelbilt.com/video/
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Ficure 3-9 Electra Cruiser during filming of Cow Power in Wisconsin.

Ficure 3-10 Electra Cruiser on display during the New York leg of trip.



40 Chapter Three

Fieure 3-11 Electra Cruiser in California during final filming of the USA journey for camera
adjustments.

Future Plans

* Implementation of advanced battery technology for improved range,
performance, and charging

¢ Reduction in weight, replacing steel components with aluminum and other
lightweight alloys

* Regenerative braking coupled with improved motor controller technology

¢ Future designs to include sidecar with low-emission turbine generator
(biodiesel) or fuel-cell technology

The KillaCycle—Bill Dube Breaks NEDRA Records

The KillaCycle changed the entire game in 2000. This time record for Bill Dube’s
KillaCycle says it all:

ET: 9.450 seconds

Event: Woodburn Drags 2000

Track: Woodburn, Oregon

Driverfowner: Bill Dube/Scotty Pollacheck
Hometown: Denver, Colorado

Sponsor: Boulder Technologies
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Class[voltage division: MT /A
Specs: 312 V, Boulder Technologies 624 thin-film, lead-acid cells, Zilla 1400-A
controller, twin Advanced DC 6.7-in motors modified for racing

The KillaCycle made a record run of 152 mph (245 km/h) at 9.4-s quarter-mile
(400-m) time at Woodburn Drags in 2000, in Woodland, Oregon.

E-mail from Bill Dube
Monday, June 7, 1999

I brought the KillaCycle to Bandimere last Saturday for its shakedown tests
and even with the controller set at 120 hp (less than half of what the machine
can produce), I managed to set a new world record for an electric motorcycle
in the 1/4 mile.

The bike ran 13.995 right out off the trailer. I backed that up with a 14.050
run to seal the NEDRA record. This beats Don Crabtree’s record (set on May
22) by more than 2 seconds. The bike gave me zero trouble, so I will check all
the connections, snug up the nuts and bolts, tighten the chain, and turn up the
controller for the next race.

I plan to race again on Friday, June 25 at Bandimere Speedway. This next
time the controller will be set for 250 hp.”

Figures 3-12 through 3-15 show Bill Dube and the A123 Li-ion cell-powered
KillaCycle setting a new quarter-mile (400-m) record of 7.824 seconds and 168 mph
(270 km/h) in Phoenix, Arizona, at All Harley Drag Racing Association (AHDRA)
2007.

Ficure 3-12 KillaCycle performing burnout formally called pass to increase traction. (http://www.
killacycle.com/2007/11/11/7824-168-mph-at-pomona-ahdra-nov-10th.)
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Ficure 3-13 KillaCycle owner Bill Dube speaking with Scotty Pollacheck, rider. (http://www.
killacycle.com/2007/11/11/7824-168 mph-at-pomona-ahdra-nov-10th.)

i

Ficure 3-14 KillaCycle owner Bill Dube during interview. (http://www.killacycle.
com/2007/11/11/7824-168-mph-at-pomona-ahdra-nov-10th.)
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Fieure 3-15 KillaCycle pit stop and interview with Bill Dube. (http://www.killacycle.
com/2007/11/11/7824-168-mph-at-pomona-ahdra-nov-10th.)

New World Record at Bandimere—7.89 Seconds (Also 174 mph!)

The KillaCycle made drag racing history again at Bandimere Speedway on October
23, 2008—7.89 seconds at 168 mph is a new official National Electric Drag Racing
Association (NEDRA) record and makes KillaCycle the world’s quickest electric
vehicle of any kind in the quarter mile!®

Lightning struck twice on the mountain as the KillaCycle set a new mark for
top speed in an earlier run that afternoon—7.955 seconds at 174.05 mph. The M&H
Racemaster tire really gripped the awesome track prep provided by Larry Crispe
and the crew at Bandimere Speedway. The current was 1850 A per motor, which
nobody had done before, and, well, the rest is history!

Jim Husted at Hi-Torque Electric brought electric motors that took more
revolutions per minute, current, and voltage “from any other [battery] pack the
group ever thought possible.” The A123 Systems nanophosphate batteries are an
amazing technological leap for the electric transportation industry as a whole. We'll
get into that discussion in Chapter 7.°

Ducati Project

Just a few blocks away from the headquarters of Tesla Motors in San Carlos,
California, is a nondescript industrial building on American Street. Parked in front
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is a large blue and gold trailer, the kind you see in the pit areas of many racing
venues. Down a hallway, past a pair of cluttered offices, is a warren of shops
dedicated to building the fastest racing motorcycles on the circuit. One room is a
veritable museum of national and international champions, custom-built cycles
that garnered fame for their drivers and the little family-run businesses that built
them.

Back in one of the shops stands a Ducati motorcycle, stripped to its frame. It too
has lofty aspirations. Come this June, it hopes to be the first electric motorcycle to
win the Time Trials Extreme Grand Prix (TTXGP) on the Isle of Man in the Irish Sea.
A demanding 38-mile course that rises from sea level to 400 m and twists and turns
its way along the coast, this race has long tested the skill and mettle of the best gas-
bike racers in the world.

If the highly modified Ducati wins or even places well in the competition, it will
be the catalyst that owner Richard Hatfield and his investors are looking for to
launch his new venture, a trio of high-performance electric two-wheelers. The first
will be a supercycle clone of the skeleton bike shown standing on the frame in San
Carlos. The second will be a bit tamer, a more consumer-tailored version that’s a
step down from the superbike, and the third will be an electric scooter that Hatfield
dubs the “45-45-45.” “It'll do 45 mph for 45 miles and cost $4,500,” he explained as
he led Russell Frost, a fellow journalist, and me on a tour of the racing cycle
center.

“I got the proverbial late-night call,” Richard Hatfield explained with a smile.
That motor and the A123 lithium nanophosphate batteries will power the supercycle
and make that ghost of the Ducati a serious competitor in the zero-carbon race
around Man.

As you might expect, Bill Dube, the owner of the record-busting KillaCycle, is
an active participant in the Ducati project, as is A123 Systems, whose batteries
power the KillaCycle. Where Dube’s machine is about acceleration, Hatfield’s is
about endurance. Both are also very much about speed. You won't trek out to
Sturges for the annual Harley convention on them, but the average, off-the-shelf
Milwaukee thrashing machines that will give Hatfield’s supercycle any serious
competition will be few and far between. That’s the plan, at least.

As Hatfield’s machine gradually morphs from Ducati to Manx with the skilled
guidance of A&A Racing’s Ray Abrams and Bill Dube, his little Chinese scooter
demonstrates the potential of a supercycle heart and lung transplant, although it
should be noted that both the batteries, the 250-A hub motor, and the custom-
designed controller all are made in China. Hatfield and his Mandarin-speaking
fiancée have spent months scouring the country vetting manufacturers.

When I asked Hatfield how powerful the motor was, I thought he said 250 W,
which would make it a sluggard performance-wise. A sluggard it is not. With the
ability to handle up to 250 A of power, the blue prototype is a big-time performer,
even with two big adults astride. Scuff marks on the plastic fairings bear witness to
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the fact that the mild-mannered-looking machine has caught more than one person
unaware. Hatfield cautions everyone to wear a helmet and keep your wrist low on
the throttle.

I got to take the first run on the scooter up the street between rows of blue-collar
businesses—repair shops, car customizers, glass fitters. The acceleration is
everything a sane person could want and more. The speedometer goes to 60 km/h.
You can easily peg it well beyond that. Hatfield claims that it'll do 50 mph, and I
believe him—and it doesn’t take all that long to get there, either.

Steadily, a crowd started to form, drawn by the speedy but strangely quiet and
smokeless machine. In short order, a professional motorcycle racer took his turn
and returned with the now-famous EV-grin. He was amazed. If this is a foretaste of
what the Manx machine can do, he wants to be on the list for the commercial
version. Another onlooker was prepared to buy five of them right then and there
after riding it.

Okay, it does great on the flat, but what about San Francisco’s notorious hills?
Hatfield reports that it'll handle them easily. After two adults rode the machine
around the block, I reached down to check the temperature of the motor and
controller. They were barely warm.

Hatfield hopes to begin production some time this summer. Assuming that we
begin to see a return to $3/gal gasoline and people again start looking for more
efficient, less costly ways to commute, his 12-cents-a-day scooter will make a
tantalizing choice, especially with this kind of performance.'

Vectrix Corporation

Vectrix Corporation was formed in 1996 to develop and commercialize ZEV
platform technologies focused on two-wheel applications. The single focus of
Vectrix has been to provide clean, efficient, reliable, and affordable urban
transportation. Vectrix’s two-wheeled ZEVs are currently being marketed to
consumers and government fleets. Vectrix has headquarters in Middletown, Rhode
Island; engineering and test facilities in New Bedford, Massachusetts; sales offices
in London and Rome; and production facilities in Wroclaw, Poland."

The Vectrix VX-1

The 2009 VX-1 is a redesigned version of the Vectrix Personal Electric Vehicle (PEV).
It is a powerful all-electric, all-highway-capable PEV that goes 62 mph, has a range
of 35-55 miles, and does it all for about a penny a mile. Motorcyclist Magazine said:

“It's smooth, it's quiet, it’s clean and it’s all-electric. It’s also fully alternative,”
said Mike Boyle, Vectrix CEO. “In many ways this has been the perfect
storm—the transformation of the two-wheel industry, the rise in gas prices,
the economic pressures, and the increased awareness in the environment.”
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In response to rising gas prices, the two-wheel industry is up 65 percent
(Motorcycle Industry Council) this year and is the fastest growing segment of
the transportation industry. The all-electric Vectrix is extremely economical,
operating at just pennies per mile and the equivalent of 357 miles per gallon,
compared with 14 mpg for a leading SUV and 46 mpg for a leading hybrid car.
Leading gas-powered motorcycles and scooters range from 52 to 87 mpg.

An increased focus on environmental issues also has consumers looking
to lower their carbon footprint. Tests conducted by the Southwest Research
Institute in San Antonio, Texas, on behalf of Vectrix Corporation reveal that
two-wheel electric vehicles are three times cleaner than gas-powered
motorcycles and scooters and 10 times cleaner than gas-powered cars:

* Based on 15,000 miles a year, an average car emits 3.17 tons of CO,
a year, a motorcycle emits an average of 0.9 tons, and a Vectrix just
0.33 ton.

¢ By replacing one car 70 percent of the time with a Vectrix, a household
can reduce CO, emission by 5 tons a year.

¢ Engineered to provide an eco-friendly, powerful alternative for
commuting and recreational needs, Vectrix:

— Reaches a top speed of 62 mph and offers acceleration from 0-50
mph in 6.8 seconds.

- Has an average range of 30-55 miles on a single charge.

— Offers minimal maintenance, simple operation, and low noise.

— Weighs 515 pounds, has a 60-inch wheelbase and 30-inch seat
height, seats two comfortably, and is highway legal.

Compared to traditional gasoline scooters that can produce up to 10 times
the pollution of an average automobile, Vectrix is totally emissions free. It is
virtually silent and highly efficient—a patented regenerative braking system
redirects energy back into the Vectrix battery pack, which helps to extend its
range by up to 12 percent.

Vectrix is more cost effective than gas or hybrid vehicles, since electricity
is now one-tenth the cost of gasoline. The Vectrix nickel metal hydride (NiMH)
battery pack has an estimated life of up to 10 years based on 5,000 miles per
year. An onboard charger plugs in to any standard 110/220-V electrical outlet
to charge the battery pack in just 2-3 hours.

Sophisticated design efficiencies of the smart, sleek Vectrix include a high-
efficiency gearbox and drive train, aluminum construction for weight
reduction, and aerodynamic styling to reduce drag. A low center of gravity,
stiff frame, and even weight distribution provide superior handling.

For consumers with urban commutes, Vectrix is both convenient and cost
effective. The driver can stop and go with one hand by simply twisting the
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throttle back for acceleration and twisting it forward to slow down smoothly
and safely. Fast acceleration and handling make it easy and safe to zip in and
out of traffic.

Summary

We have seen some great electric motorcycles over the years. Chapter 4 will show
you more bikes for the taking if you do not want to convert to an electric vehicle
from an existing chassis.
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CHAPTER

Current Electric
Motorcycles
on the Market

Electric Motorcycles: Cool and Green

This chapter will describe some of the coolest electric motorcycles on the market
today. Descriptions will include diagrams and pictures showing the different
classes and styles. Electric vehicles (EVs) are fun to own and ride, and this chapter
also will describe how everyone (all races, men and women, children and adults) is
interested in and excited about EVs.

There’s nothing wrong with cool, and I have to admit that few vehicles are
cooler than motorcycles (at least in theory, although not all of us would ride one).
You're basically sitting on an engine with wheels. It can’t get much simpler than
that. Motorcycles are not always practical, but the people who love their bikes
really love them.

This chapter also will include a discussion of the advantages and disadvantages
of EVs and address current trends in the EV industry. In addition, I will provide a
brief description of the Electra Cruiser I built and its road to fame on television and
the Discovery Channel. The Electra Cruiser’s trip across the United States proved
that EVs are viable and dependable.

But cool is not enough. The vast majority of motorcycles are still running on
fossil fuels, and that’s a problem. As battery technology improves, we're starting to
see more electric motorcycles.! Some are available commercially; many are do-it-
yourself (DIY) custom jobs. Here we look at some of the coolest ones.

Eva Hakansson’s Electrocat Electric Motorcycle

Figure 4-1 shows Eva Hdkansson astride her Electrocat motorcycle. I'm starting
with her because she is a true pioneer in the world of electric motorcycles (she
describes herself as a “hardcore EV geek with a green heart and passion for power
and speed”).
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Ficure 4-1 Eva Hakansson and her Electrocat electric motorcycle. (www.evahakansson.se.)

Eva built the Electrocat with her father, Sven Hakansson, and it is probably the
first street-legal electric motorcycle in Sweden. It is based on a Cagiva Freccia C12R,
model year 1990, but the insides are pure electric goodness.

Figure 4-2 shows the Electrocat’s Thunder Sky litthum-iron-phosphate cells
and the original Briggs & Stratton Etek motor. The blue box is the Alltrax AXE7245
controller. Charging takes half an hour on a powerful garage charger (longer with
the smaller onboard charger—about 7 hours), and the range is 80 km (50 miles) per
charge at 70 km/h (44 mph).2

KillaCycle and KillaCycle LSR Electric Motorcycles

I'm not finished with Eva Hakansson yet. She’s part of the team that created the
KillaCycle, an insanely powerful electric dragbike that set a new world record on
October 23, 2008—"7.89 seconds at 168 mph is a new official National Electric Drag
Racing Association (NEDRA) record and makes the KillaCycle the world’s quickest

Ficure 4-2 Electrocat batteries and electric motor. (evahakansson.se.)
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Ficure 4-3 Eva Hakansson with the KillaCycle. (www.evahakansson.se.)

electric vehicle of any kind in the quarter mile!” (Figure 4-3). Congrats to Scotty
Pollacheck for having the guts to do that run.

How fast does the KillaCycle accelerate from 0-60 mph? Less than a second (0.97
second to be exact). The batteries are 1210 lithium-iron-nanophosphate cells from
A123 Systems. We are building a brand new motorcycle optimized for high speed—
the KillaCycle LSR. (However, the original KillaCycle dragbike will continue
pushing the envelope on the dragstrip.) The warm-up target for KillaCycle LSR is
to reach 200 mph (322 km/h) in the beginning of the 2009 season. The next target,
later in the season, will be to reach 300 mph (482 km/h) and, hopefully, take the
overall electric record of 314 mph (505 km/h) toward the end of the year. The
ultimate goal is to break the overall motorcycle record of 354 mph (570 km/h).?

An EV conversion solves so many problems and transportation concerns
immediately. It just needs to happen.

Zero Motorcycles

Zero Motorcycles recently revealed its new high-performance electric street
motorcycle, the Zero S. This highly anticipated launch marked Zero Motorcycles’
official entry into the street-legal category. The company’s new flagship motorcycle
uses Zero’s proprietary Z-Force power pack and aircraft-grade alloy frame to make
the Zero S the quickest production electric motorcycle in its class. Zero Motorcycles
has already booked substantial pre-orders for the Zero S without sharing details or
images and now anticipates a soaring demand. The Zero S will begin shipping to
customers soon (Figure 4-4).
Said Neal Saiki, inventor and founder of Zero Motorcycles:

Our goal from the beginning was to engineer a high-performance electric
urban street motorcycle that would change the face of the industry. The Zero
S is a revolutionary motorcycle that is designed to tackle any city street, hill,
or obstacle. . . . The innovation behind the Zero S is what separates it from the
competition. The Zero S is a high-performance motorcycle that also happens
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Ficure 4-4 Zero S motorcycle. (www.zeromotorcycles.com.)

to be fully electric and green. The fact that it’s electric means not having to get
gas and reduced maintenance.

Developed to aggressively take on urban environments and encourage the
occasional detour, the Zero S integrates revolutionary technology with innovative
motorcycle design. Instant acceleration and a lightweight design combine to form
an industry-leading power-to-weight ratio that increases the motorcycle’s range
and handling abilities. At only 225 lb, the Zero S has a range of up to 60 miles and
a top speed of 60 mph. With 31 peak horsepower and 62.5 ft - Ib of torque, the Zero
S is designed for optimal performance off the line, in sharp turns, and while
navigating obstacles.

In addition to its performance and maneuverability, the Zero S uses a completely
nontoxic lithium-ion array, and most of the motorcycle is fully recyclable. The
landfill-approved power pack recharges in less than 4 hours while plugged into a
standard 110- or 220-V outlet. Eco-friendly with zero emissions, the Zero S is also
economy-friendly, with an operating cost of less than 1 cent per mile or kilometer.

At $9,950, the Zero S is priced competitively and also qualifies for the recently
approved 10 percent federal plug-in vehicle tax credit, a sales tax deduction, and
other state-based incentives. This effectively reduces the final cost of purchase by a
minimum of almost a $1,000. The Zero S was developed to comply with all street
and highway motorcycle standards and can be licensed for the road in most
countries. It is available for purchase through Zero Motorcycles” Web site at www.
zeromotorcycles.com.

The Zero X electric motorcycle gets 40 miles per charge from its proprietary
patent-pending lithium-ion array and charges in 2 hours. The third generation of
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the Zero Xis priced at $7,750, with an introductory price of $7,450 through December
31,2008

Zero Motorcycles is the next step in motorcycle evolution and represents the
ultimate electric motorcycle technology. Unencumbered by conventional thinking
about how to design, manufacture, and sell high-performance electric motorcycles,
Zero Motorcycles is on a mission to turn heads and revolutionize the industry by
combining the best aspects of a traditional motorcycle with today’s most advanced
technology. The result is an electric motorcycle line that’s insanely fast and
environmentally friendly.

Zero Motorcycles first entered the motorcycle category with the launch of the
2008 Zero X electric dirtbike. Exceeding all expectations, the Zero X sold out in late
2008 and blazed the path for the long-awaited launch of the Zero S Supermoto
motorcycle (Figure4-5). You can find out more about the Zero S Supermoto motorcycle
and Zero Motorcycles in general at the Web site www.zeromotorcycles.com.

Ficure 4-5 Look at that motorcycle go! (Courtesy of Zero Motorcycles, www.zeromotorcycles.com.)

Brammo Motorsports

Brammo Motorsports (www.brammo.com) based in Oregon, released an electric
motorcycle called the Enertia Bike for sale in the United States in early 2008. It has
a top speed of 50 mph and a range of 45 miles, and it can fully recharge via a
standard plug in 3 hours. It weighs just 275 lb and uses a direct chain drive for
power. You can see a video of the bike in action at the Enertia Web site. The power
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is stored in six Valence Technology lithium-phosphate batteries that are mounted
above and below the frame. The motorcycle is driven by a “pancake type” high-
output direct-current (dc) motor.

Brammon initially offered a limited-edition carbon model for $14,995, and it
could be ordered online for a delivery in the first quarter of 2009. You also could
reserve a standard model at $11,995, which was available by the end of 2008.°

With a low moment of inertia and an agressive rake angle, this motorcycle
handles like a dream and has an affinity for changing direction. Couple this with
the smooth, efficient power delivery from the electric drivetrain, and you've got a
recipe for excitement. With 100 percent of its torque available from 0 rpm, the
Enertia is certainly no slouch off the line. At its quickest setting, the Enertia will
sprint from 0-30 mph in 3.8 seconds.

Beyond the obvious goal of empowering customers to enjoy guilt-free
transportation, Brammo wants to empower customers to set their own performance
limits on the Enertia (Figure 4-6). If you're a beginner or would like to achieve
maximum range on every ride, perhaps you should start at a lower power setting
than someone with either a very short commute or an ambitious right wrist. The
company’s Momentum software will enable you to download information about
your driving habits and customize your bike to the performance setting that fits
you and your environment best.

Ficure 4-6 Side view of the Enertia motorcycle. (enertiabike.com.)
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At its quickest setting, the 13-kW, 18-hp electric dc motor will propel the Enertia
from 0-30 mph in 3.8 seconds. The cost is about $14,999 if you want the first batch
of bikes or $11,995 if you can wait until later. Around 100,000 people have already
expressed interest via Brammo’s Web site. Figure 4-7 presents a rendering of the
insides. Figure 4-8 shows the bike. It looks surprisingly clean compared to what
we're used to seeing with gas motorcycles.

Custom Instrumant Cluster

displays Speed, Battery Charge,
and vehicle status

Recharge Plug-in Outiet Lithium-lon “Saphrion™
Full re-charga ~ 3 hrs, & Cell /72 Volt,/40 Ah

Battery Pack
Battary Monitoring "START" Button
System
Appropriate Road Equipment
for Legal Streat Use.

Carbon Fiber Composite
Monocogque Chassis
[17lbs.)

OC Permanent Magnet Motar

Ficure 4-7 Specifications of the Enertia bike. (enertiabike.com.)

Ficure 4-8 The Enertia motorcycle. (enertiabike.com.)
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Voltzilla: DIY Electric Motorcycle by Russ Gries

Some people just can’t wait for a commercially made electric motorcycle, so they
take matters in their own hands. Russ Gries is a DIY kind of guy, and when he was
given a free electric forklift, he decided to turn it into an electric motorcycle.

He used the carcass of a 1976 Honda CB550 that he got for $50 as a frame, and
then he removed the gas engine to install an electric motor and batteries. After
about 120 hours and a net cost of $15.61 (that’s right, he got money for recycling the
rest of the forklift), the result is Voltzilla. It's a bit different from most electric
conversions in good part because of its forklift ancestry:

e It runs on 24 V; most others are 48 V and up.

® The transmission was retained because Gries wanted the flexibility of
variable gearing for the hills where he lives (most other converted bikes are
direct drive from the motor to the rear sprocket).

e It has a reverse, just like the forklift.

* The four batteries are from golf carts. They are used 6-V, 220-A models.
Most other conversions use smaller batteries with less capacity.

e [ts current top speed is around 35 mph (56 km/h), but after a drive-pulley
swap, Gries should be able to get 60-65 mph (100 km/h)

Electric Motorcycle Conversions: Easier Than You Think

An electric motorcycle conversion is easier than an electric car conversion because
you don’t have to worry about the transmission and clutch, power steering, vacuum
pumps, heaters, air conditioners, and the weight and size of everything that gets
moved around.® An El Ninja-type conversion is even easier than most motorcycle
conversions because the battery and motor mounting are so straightforward and
provide configuration flexibility. After a thorough description of technology,
performance, and maintenance, this book will describe the design tradeoffs in
converting a gas motorcycle to an electric motorcycle. It then will walk you through
the building process, using step-by-step build descriptions, CAD drawings, CAD
mockups, and photographs of the conversion process.

KTM “Race Ready” Enduro Electric Motorcycle

Now, if we turn our gaze to the future, Austrian motorcycle maker KTM has
announced that within two years it will make a 100 percent electric enduro “race
ready” motorcycle. According to Hell for Leather magazine:

The Austrian company is releasing very few details of the Zero Emissions
Motorcycle, but has revealed that it develops 29.5 ft - 1b of torque and carries
lithium-ion batteries capable of lasting 40 minutes under “race conditions”
and that it can be fully recharged in just 1 hour. . . . KTM’s battery pack and



Current Electric Motorcycles on the Market

electric motor together weigh 17 kg (for a total machine weight of 90 kg, or
198 Ib—that’s 7 kg lighter than a KTM 125 EXC), but some of this weight will
be offset by the elimination of the clutch, exhaust pipes and canisters, fuel
tank, and other necessities of internal combustion. The company expects that
the Zero Emissions Motorcycle will carry a small price premium over a KTM
Enduro of similar performance.

Honda and Yamaha to Make Electric Motorcycles in 2010-2011

All eyes are currently on hybrids (such as Honda’s upcoming all-new Insight) and
electric cars, but electric motorcycles also deserve some attention (if only because
they are less noisy). We've featured a few DIY models, like the Voltzilla and the
electric Kawasaki, but so far, few big players have made them, which has allowed
newcomers like Vectrix to get a toehold. But that’s about to change.

On the horizon, though with fewer details, Yamaha and Honda have both
announced that they will be making electric motorcycles in 2010-2011. “Both firms
hope to bring to market electric motorcycles that perform on a par with bikes with
50-cc engine displacements. The vehicles will be powered by high-performance
lithium-ion batteries.””

EVT America

2009 Z-30 versus the 2007 Z-20b
EVT America’s 2009 Z-30 (Figure 4-9) is almost identical to the 2007 Z-20b in body
style, which I find to be far more suitable than the very attractive but less functional

Ficure 4-9 The EVT Z-30 electric scooter. (evtamerica.com.)

S7
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2007 Z-20a. However, technically, thereare significant differencesand improvements.
Here is a list of what is new and better:

¢ The Z-30 has a 3,000-W three-phase 60-V brushless hub motor built on a 10-
in rim and sports 10 X 3.5 in six-ply Deparment of Transportation (DOT)
tires.

* The new motor is capable of reaching speeds of approximately 45 mph (72
km/h) but with superior torque and climbing ability. It has been kicked up
from 2,500 to 3,000 W.

* To make it easier and less expensive to replace plastic parts, the 2009 Z-30
(as well as the R-30) is available in only two colors: metallic red or metallic
blue.

* The body and frame of the Z-30 are sturdier and better fit with 99 percent
stainless steel nuts, bolts, washers, and screws.

¢ The floorboard will have a thick rug included as a fashion accessory.

¢ Therange of the bike remains roughly the same, but it is reduced indistinctly
if the motorcycle is used at full speed at all times because of the more
powerful motor. Nonetheless, it still should exceed a 30-mile range at
normal cruising speeds when used with fully charged good working
batteries.*

* The new controller is a Kelly controller specifically and expressly designed
and modified for the Z-30. It also has a built-in overheat preventer that
reduces the amperage under extreme conditions. Note: The Kelly controller
for the R-30 or Z-30 retails for $350 plus shipping and handling and can be
purchased directly from EVT America separately.

* The Z-30 will no longer have an alarm or a kickstand on-and-off relay that
proved to be unreliable in the first production and became a common
problem because of shipping. The top priority is most definitely reliability.
The kill switch will remain as a safety feature. The alarm is replaced with a
stainless steel disc brake lock included with purchase.

* A windshield assembly kit and a trunk assembly kit are offered as options
and are priced separately. The trunk comes in only one color: black.

* The 2009 Z-30 has superior heavy-duty rear air shock absorbers that provide
a smoother ride.

* The front and rear coated disc brakes are of much better quality and fit; they
are also Department of Transportation (DOT)-compliant.

* Range will vary depending on the weight of the rider(s), terrain, wind resistance, and road conditions.
For example, a run on a relatively flat road with few stops and a 160-1b rider will get much better
range than a run on a hilly road with multiple stops and a 280-1b rider. Range is in direct proportion
to energy consumption. The slower you drive, the farther you will go. Stop and go with full acceleration
after each stop may cut the range by as much as 50 percent. Just as cars have better mileage on the
highway and less in city driving, the same happens with an EV. It’s all about energy consumption.
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The new models have graduated to an advanced dc-to-dc converter (60-12
V) with an inline fuse for added safety and the ability to handle higher peak
current.

The new extra tough harness is made to European standards, shielded for
ultrasound frequencies, simplified for functionality, and better color-coded
to ensure continuity and easier maintenance.

The dash now contains a speedometer/odometer with both mph and km/h
with European standards of accuracy and a fiberoptics glowing needle.
The Z-30 comes with the much-awaited SmartSpark battery equalizer
(made in the United State) for 60 V with LED lights, which maintains the
batteries precisely balanced during both charging and discharging, thereby
increasing the life of the batteries significantly. It is also able to monitor the
condition of each battery and detect if one is not functioning properly. Note:
The SmartSpark equalizer for a 60-V vehicle retails for $219 plus shipping
and handling, and it can be purchased separately from EVT America.

The rest of the Z-30 will be much the same in appearance, although it now
has more clearance under the frame and battery box owing to the new
shocks. The Z-30 still has the 5 X 12-V, 35-Ah sealed lead-acid battery pack
as well as DOT lights throughout.

The company is equipping all the 2009 models with an improved Soneil
International, Ltd., of Canada automatic 60-V charger. Note: The Soneil
charger (60V/5A LAB Charger Model No. 6010SR) for any R or Z models
retails for $248 plus shipping and handling and can be purchased separately
from EVT America.

The Z Range and Speed have been tested with a 160-1b (73-kg) driver. Ideal
conditions met; flat paved road; 2.0 mph (3.2 kp/h) frontal wind; 78°F
(25.5°C) temperature; new fully charged batteries. Multiple test results
average plus or minus tolerance of 10%.

Climbing capacity has been tested with a 160-lb (73-kg) driver. The Z30
has excellent climbing ability but at a cost of much higher energy
consumption.

2009 R-30 versus the 2007 R-20

Not wanting to change in any way or alter the classic retro style of the R models,
the company’s 2009 R-30 looks almost identical to the 2007 R-20 (Figure 4-10).
However, technically, there are significant differences and improvements. Here is a
list of what is new and better:

¢ The R-30 has a 3,000-W three-phase 60-V brushless hub motor built on a 10-

in rim and sports 10 X 3.5 in six-ply DOT tires.
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Ficure 4-10 The EVT America R20. (evtamerica.com.)

¢ The new motor is capable of reaching a maximum speed of approximately
45 mph (72 km/h) but with superior torque and climbing ability. It has been
kicked up from 2,500 to 3,000 W.

* To make it easier and less expensive to replace plastic parts, the 2009 R-30
(as well as the Z-30) is only available in two colors: metallic red or metallic
blue.

® The body and frame of the R-30 are sturdier and better fit with 99 percent
stainless steel nuts, bolts, washers, and screws.

* The floorboard is an aluminum-plated cover over the area where the feet
go, and a thick floor rug is included.

* Therange of the bike remains roughly the same but will be reduced indistinctly
if the motorcycle is used at full speed at all times because of the more powerful
motor. Nonetheless, it still should exceed a 30-mile range at normal cruising
speeds when used with fully charged good working batteries.*

* The new controller is a Kelly controller specifically and expressly designed
and modified for the R-30, and it has a built-in overheat preventer that
reduces the amperage under extreme conditions. Note: The Kelly controller
for the R-30 or Z-30 retails for $350 plus shipping and handling and can be
purchased separately directly from EVT America.

* Range will vary depending on the weight of the rider(s), terrain, wind resistance, and road conditions.
For example, a run on a relatively flat road with few stops and a 180-Ib rider will get much better
range than a run on a hilly road with multiple stops and a 280-1b rider. Range is in direct proportion
to energy consumption. The slower you drive, the further you will go. Stop and go with full
acceleration after each stop may cut the range by as much as 50 percent. Just as cars have better
mileage on the highway and less in city driving, the same happens with an EV. It’s all about energy
consumption.
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e The R-30 will no longer have an alarm or a kickstand on-and-off relay that
proved to be unreliable in the first production and became a common
problem because of shipping. The top priority is reliability. The kill switch
will remain as a safety feature. The alarm is replaced with a stainless steel
disc brake lock included with the purchase.

* Awindshield assembly kit ($75) and a trunk assembly kit ($125) are optional
and must be ordered separately. The trunk comes in only one color: black.

e The 2009 R-30 model has superior heavy-duty rear air shock absorbers and
significantly stronger front shock absorbers that provide a smoother ride.

* The front and rear coated disc brakes are of much better quality and fit; they
are also DOT-compliant.

* The bike has graduated to an advanced dc-to-dc converter (60-12 V) with an
inline fuse for added safety and the ability to handle higher peak current.

¢ The new extra tough harness is made to European standards, shielded for
ultrasound frequencies, simplified for functionality, and better color-coded
to ensure continuity and easier maintenance.

* The dash now contains a speedometer/odometer with both mph and km/h
with European standards of accuracy and a fiberoptics glowing needle.

e The R-30 comes with the much-awaited SmartSpark battery equalizer
(made in the United States) for 60 V with LED lights, which maintains the
batteries precisely balanced during both charging and discharging, thereby
significantly increasing the life of the batteries. It is also able to monitor the
condition of each battery and detect if one is not functioning properly.

® The rest of the R-30 is much the same in appearance, although it now has
more clearance under the frame and battery box owing to the new shocks.
The R-30 still has the 5 X 12-V, 35-Ah sealed lead-acid battery pack as well
as DOT lights throughout.

¢ The company is equipping all the 2009 models with an improved Soneil
International, Ltd., of Canada automatic 60-V charger.

Summary

There are many types of electric motorcycles on the market today. However,
conversion is the best alternative because it costs less than either buying ready-
made or building from scratch, takes only a little more time than buying ready-
made, and is technically within everyone’s reach (certainly with the help of a local
mechanic and absolutely with the help of an EV conversion shop).

Conversion is also easiest from the labor standpoint. You buy the existing
internal combustion vehicle chassis you like (certain chassis types are easier and
better to convert than others), install an electric motor, and save a bundle. It’s really
quite simple. Chapter 10 covers the steps in detail.
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To do a smart motorcycle conversion, the first step is to buy a clean, straight,
used internal combustion vehicle chassis. A used model is also to your advantage
(as you'll read in Chapter 6) because its already-broken-in parts are smooth, and
the friction losses are minimized. A vehicle from a salvage yard or a vehicle with a
bad engine may not be the best choice because you do not know if the transmission,
brakes, or other components and systems are satisfactory. Once you select the
vehicle, then you add well-priced electrical parts or a whole kit from a vendor you
trust and do as much of the simple labor as possible, farming out the tough jobs
(machining, bracket making, etc.).

Whether you do the work yourself and just subcontract a few jobs or elect to
have someone handle the entire conversion for you, you can convert to an EV for a
very attractive price compared with buying a new motorcycle.?



CHAPTER

Geometry: A Basic
Lesson on Rake, Trail,
and Suspension

For your conversion and motorcycle build, you might want to alter or design
extreme effects into your motorcycle. Maybe you want to have a really cool front
fork, raked out chopper, or other radical design (see Figure 5-1). This is great, but
be aware of the positive and negative affects of rake, trail, and fork angle. This is
another subject most people do not touch on or talk about, and frankly, there is
insufficient information on this when you research the topic. In this chapter I will
explain more about rake, trail, and fork angle so that you have a better understanding
of how they affect the handing and safety of your motorcycle. This is just a general
overview, and more geometry and calculations are needed if you really want to get
specific. This is just enough to give you a basic knowledge.

I discovered a great book containing all this information in one place if you
really need to dig into the design and specifics. In Chapter 14, listed under “Books,”
you will find more information on the book entitled, Motorcycle Handling and Chassis
Design. Also, I want to send a thank-you to Chris Longhurst (www.carbibles.com)
for his great photos and input into this chapter.

There are many aspects of a motorcycle’s shape that affect its behavior. The one
that is most easily identifiable is the geometry of the fork. The relationship between
the frame and front wheel is governed by a number of factors that I will cover in the
following pages. Because the front wheel is the steering wheel of a motorcycle, the
handling of the bike is radically affected by its design. The three main terms I will
discuss are rake, trail, and fork angle. I will provide a little information on the rear
swingarm too.

Rake

Rake all starts off at the headstock of the frame. The headstock is the point where the
front fork joins the frame, with bearings at the top and bottom, and through which
passes the fork’s steering head. The angle of this tube to the vertical, when the bike
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Fieure 5-1 The all too well-known 1969 movie Easyrider gave rise to raked-out bikes and custom
rides. (http://image.guardian.co.uk/sys-images/Arts/Arts_/Pictures/2007/07/27/
easyrider460.jpg.)

is fully trimmed, is referred to as the rake (Figure 5-2). In all but specific custom
applications, the angle of this tube, the steering head, is the same angle as the pivot
point of the fork. Normal angles range from 28-35 degrees depending on the type
of bike and application, but this is not set in stone.

The rake is not the angle of the fork. In most cases, the two angles happen to be
the same, but don’t assume that they are. Fork angle can change a few degrees in
the negative or positive direction depending on design and needs.

Small differences in rake angle of half a degree or so can be explained by any
change in the height of the back end off the ground compared with the front. If the
back end is lower and the front end higher, the whole bike’s natural horizontal line
slopes up at the front, thereby making the natural vertical line lean backwards,
affecting the rake. This also applies to any change in the height of the front end of

Ficure 5-2 Picture of bike front headstock angle in relation to ground. (Courtesy of Chris
Longhurst, www.carbibles.com/suspension_bible_bikes.html.)
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the motorcycle. This could occur easily with a change in loaded weight, change in
tire diameter, or change in spring loading in the suspension. Any change can have
a slight effect, which is okay; radical changes can have a dramatic effect (Figures 5-3
and 5-4).

Ficure 5-4 Rolling frame with reference lines drawn showing trail.

Some aftermarket frames or other custom applications have a larger than
normal headstock and provide the ability to change the angle of the steering head.
This is accomplished by a set of eccentric bearing housings offset a few degrees,
resulting in the ability to change the angle of the fork in relation to the rake. This is
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Fieure 5-5 Offset bearing for neck.

a simple and easy solution if you have the need to change the rake (Figure 5-5).
Angle changes become more important as you look more closely at the relationship
of rake and trail.

A few other simple factors or changes can alter your rake and trail. These are as
easy as changing rear suspension height, tire diameter, and length of the front fork.
All these changes may have a positive or a negative effect on the handling of your
motorcycle. You will need to determine what is right for you.

The rake of the frame is a contributing factor that determines steering
performance and handling. It correlates directly with the speed of the response of
the steering. A steep angle, meaning less angle, equals quick-responding steering;
a laid-back rake, meaning more angle, equals slow steering. An angle that is too
steep at low speed is light; the machine will handle with unbelievable ease at low
speeds but will be completely out of balance at high speeds. It will easily develop
a fatal high-speed wobble. A rake with a lot of angle will cause the bike to handle
sluggishly at high speeds. It will seem almost too steady. You will have trouble
balancing the bike at lower speeds or on winding roads. It will feel generally
sluggish and clumsy. All this has a direct relation to trail, which I will explain
next.

This is the second part of the equation in relation to rake. Trail is determined by the
distance at ground level between a vertical line intersecting the wheel spindle
perpendicular to the ground and a line that passes through the headstock hitting
the ground at some distance away from the vertical line through the spindle (Figure
5-6).

The trail should be between 4 and 6.5 inches so that the bike handles easily at
both high and low speeds. The length of trail affects the ease with which the bike
steers. The longer the distance of trail, the more stable the bike is, but the heavier
the steering will be, and the harder the bike will be to steer. The shorter the distance,
the lighter and more twitchy is the steering. Cruisers generally have a longer trail;
sports bikes usually have a shorter trail. The best solution is a compromise between
the two, shooting for an average length in trail with predictable handling.

If you are still having trouble understanding trail, we can use the typical castor
used on a shopping cart as an example (Figure 5-7). We all know that when the cart
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Offset

Fork length

Rake Neck

Diameter

Trail (raked triple trees) ——
Trail ————

Fieure 5-6 Example of the effect of a change in rake angle on trail. (www.carbibles.com/
suspension_bible_bikes.html.)

Lots of Trail, Zero Rake

Ficure 5-7 The castor on a shopping cart in relation to trail and rake.
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is pushed forward, the castor wants to go straight. The distance between the pivot
point and the spindle, where the wheel rotates, is essentially the trail. Imagine
pushing this cart being pushed and trying to physically change the direction of the
castor as you are moving. You cannot do it, or it is very hard to change the direction.
Try it. If you lengthen the distance even more, the resistance to turning increases.
We can apply this same example to trail. A bike with a lot of trail will be hard to
turn and corner but goes straight nicely.

Fork Angle

The angle of the fork is not necessarily the rake angle. Be aware of this. Some
manufacturers and certain aftermarket forks offer an extra rake angle worked right
into them. This is accomplished with the triple trees or the headstock bearings. This
could be to your advantage as a simple way to modify and change the rake angle
and trail if want without changing the rake of the actual frame (Figure 5-8).

Fork Length

Another way to change the angle of rake without modifying the frame is to change
the fork length. Forks come in various lengths and are offered by many aftermarket
manufactures. You will find thousands of aftermarket parts offered for Harley-
Davidson-style motorcycles. By lengthening the front end, you change the geometry
and raise the height a little. This will have a direct effect on your rake angle and
trail. In most cases, it will increase your trail length (Figures 5-9 through 5-11).

Triple Trees

Ficure 5-8 Raked triple-tree example. (Courtesy of Custom Chrome, www.customchrome.com.)
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Ficure 5-9 Picture of a raked fork and triple tree
customchrome.com.)

Ficure 5-10 Picture of a raked triple tree. (Courtesy of Custom Chrome, www.customchrome.
com.)

Fieure 5-11 Effect of fork length on rake and trail: 3D image of the Electra Cruiser.

Fork Dive

Since we are learning about fork length and angle and their relation to rake and
trail, it is only fitting to touch on fork dive, also known as brake dive. When you apply
the brakes of a moving motorcycle, the weight transfers to the front wheel, thus
compressing the suspension. When stopping, a motorcycle equipped with telescopic
forks adds weight to the front wheel, transmitted through the fork. This transfer of
weight to the front wheel compresses the fork, changing its length. This shortening
of the fork causes the front end of the bike to move lower, and this is called fork dive
or brake dive.

Fork dive can be disconcerting to the rider, who may feel like he or she is about
to be thrown over the front of the motorcycle. If the bike dives so far as to bottom


www.customchrome.com
www.customchrome.com
www.customchrome.com
www.customchrome.com

70

Chapter Five

out the front fork, it also can cause handling and braking problems. One of the
purposes of the suspension is to help maintain contact between the tire and the
road. If the suspension has bottomed out, it is no longer moving as it should and is
no longer helping to maintain contact. This is an important concern in your
conversion to an electric vehicle (EV). Batteries and electrical components added to
the bike may change the total weight of the motorcycle, either making it lighter or
heavier than the stock vehicle. Also, take into consideration as you compress the
front fork that you change the length, thus changing the rake and trail. Under
severe stopping forces, if your bike is not set up properly, you can dramatically
change the rake and trail. If this happens, your front end can become squirrelly and
difficult to control. If you look at Figure 5-11 and imagine the reverse effect of
compressing the fork, rake and trail will decrease.
Brake dive with telescopic forks can be reduced in the following ways:

¢ Increasing the spring rate of the fork springs
¢ Increasing the compression damping of the forks

See following sections on travel and spring rate.

Travel

The total travel of a suspension system is the distance the suspension travels
between total compression and total extension. The travel distance on off-road and
dual-purpose bikes tends to be very high; the rear suspension travel on cruisers
tends to be relatively little. This value is usually listed in the motorcycle’s manual
or is available online.

Adjusting the suspension based on the travel is the easiest place to start in
modifying the suspension for load and rider. Ideally, the suspension should sag
under the weight of the rider by 30 percent of the total travel.

Start by measuring the distance between two points along the suspension’s
travel with the bike upright but without the rider’s weight on the bike. For example,
measure the distance from the front axle to where the fork enters the bottom of the
triple tree. On the rear, measure from the rear axle to a point on the frame directly
above it.

Next, the rider should put as much of his or her weight on the bike and any
other load the bike normally will carry while holding it upright. Measure between
the same two points, and find the difference of the two measurements. This should
be approximately 30 percent of the total travel of the suspension.

Increase the preload to reduce the sag; decrease the preload to increase the sag.
On rear suspension, most coil-over shocks have an adjustment with a ramp that,
when rotated, will increase or decrease preload. For the front fork, in most cases,
you need to take the suspension apart and increase or decrease tension via shims or
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Ficure 5-12 Typical Harley-style front fork assembly with spring. (Courtesy of Custom Chrome,
www.customechrome.com.)

spacers on the spring (Figure 5-12). In the worst case, you even may have to replace
the springs with ones with a different spring rate (see “Spring Rate” below).

Here’s an interesting story from when I was building the second Electra Cruiser
concerning a lesson I learned regarding the preload and springs on the front fork.
During the initial build, the bike was assembled, and the rear suspension and fork
looked great. The bike sat high on the suspension, as expected, because the batteries
were not loaded in the frame. All seemed normal. The day came to load the full
battery pack, all 560 lb, in the frame and test the loaded suspension. The frame,
now fully loaded with batteries, was slowly lowered to the ground to support its
own weight, all 560 1b of lead and 150 Ib of transmission and electric motor. To my
surprise, the front fork bottomed out solid! The bike was not even fully loaded or
even moving, and it bottomed out. I soon found out that the wrong fork was sent
to me. I replaced it with a new one with heavy-duty springs and modified the
spacers on the springs to create more preload. With heavy-duty springs and more
preload, the front fork supported the added weight perfectly.

Spring Rate

A spring’s rate is a measure of how much force is require to compress the spring
a given distance. The higher the rate, the more force it takes to compress the
spring a given distance, and the less it compresses under a given force. If the sag
of a motorcycle’s suspension for a given rider and weight cannot be set properly
using preload adjustments, typically the spring must be replaced with one with a
different rate. In the case of the rear suspension, the entire coil-over shock
assembly may need replacement. If the sag is too great, a higher-rate spring must
be used, and vice versa. Even when the sag is set correctly, sometimes the springs
have to be replaced. This depends on the weight of the rider. If the rider is too
light for the design of the springs, the ride will be harsh, even when sag is correct.
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Ficure 5-13 A bike with a raked fork.

If the rider is too heavy, the ride may be mushy, brake dive may be excessive, and
so on.

In most telescopic forks, the springs can be replaced in a straightforward
manner. The coil-over springs on the rear shocks can be another matter. Not only
can they be of a unique design, but the shock itself may be incompatible with a
different-rate spring if it lacks sufficient damping adjustment.

Progressive-rate springs are springs whose rates change as the spring is
compressed. As the spring is compressed, the rate increases. Springs can be
progressive either by having the coils at one end of the spring wound differently
than at the other end or by actually being two separate springs with different rates
held together by a spacer. For most modern sports bikes, progressive-rate springs
are not recommended unless fitted at the factory.

Progressive-rate springs are intended to give the best of both worlds: a smooth
ride, yet response handling over rough surfaces. For maximum suspension
performance, however, straight-rate springs are usually recommended.

Rear Suspension

The rear suspension of your motorcycle plays an important role in many aspects of
your EV’s performance. It is another part of the equation that you can modify to
improve the ride and change the geometry of your motorcycle conversion. You will
find that a few slight changes can improve the ride and handling greatly. Of course,
on the other hand, some drastic changes also can prove dangerous. I will not get
into great detail on it here, but only to touch base with some basic knowledge.
Figure 5-14 shows the early prototype Electra Cruiser with the suspension loaded
with the weight of the batteries, verifying rake, trail, suspension loading, and ride
height.

Rear Suspension Styles

For your conversion, you have a few choices of the rear suspension style. Your
selection depends greatly on the type of drive train you chose for your build or
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Ficure 5-14 Prototype of Electra Cruiser loaded with 560 Ib (254 kg) of batteries.

conversion. The most popular and classic style is the twin-shock regular swingarm
(Figure 5-15). This design is very popular and has been used since the early days of
motorcycles. The next is a monoshock, which is an older style used on a similar
regular modified swingarm. This style is a little more compact than the twin-shock
swingarm (Figure 5-16). Both styles primarily use a standard chain- or belt-drive
system. Figures 5-17 and 5-18 show a hybrid version of rear suspension I designed,
patented, and built for the first-generation Electra Cruiser. It combined the
swingarm version and the monoshock version. This design created a swingarm
with more rigidity than a standard twin-shock swingarm. Figure 5-19 shows the
monolever suspension system, which houses the driveshaft and ultimately the rear
drive all in one unit. This type of system eliminates the need for a chain- or drive-
belt for the transmission.

Figure 5-15 Twin-shock regular swingarm rear suspension. (www.carbibles.com/suspension_
bible_bikes.html.)
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Fieure 5-16 Monoshock H-style swingarm rear suspension. (www.carbibles.com/suspension_
bible_bikes.html.)

Fieure 5-17 3D drawing of the Hybrid swingarm design: First-generation Electra Cruiser.

Ficure 5-18 Hybrid swingarm design: First-generation Electra Cruiser.
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Ficure 5-19 Monolever rear suspension system. (www.carbibles.com/suspension_bible_bikes.
html.)

Twin-Shock Regular H Swingarm

This is the classic motorcycle suspension system used on most early-style bikes (see
Figure 5-15). It uses an H-shaped swingarm pivoted at the front to the frame. On
either side there are basic coil-over shock absorbers that provide the suspension.
This is about as basic as you can get on a motorbike and has been around for as long
as the motorbike itself. This style of suspension became less popular nearing the
1980s because of weight considerations and the availability of newer, stronger
materials. Under extreme riding conditions, bending and flexibility became an
issue.

Monoshock Regular H Swingarm

The monoshock system appeared in 1977 for niche markets and racers (see Figure
5-16). This design in one form or the other has been around since the 1930s, but it
was only in the early 1980s that monoshocks started to appear on production bikes.
The premise was that manufacturers could save some weight by redesigning the
rear suspension and removing one of the coil-over units. In addition, the design
added more strength to the swingarm.

Hybrid Twin-Shock H Swingarm

This Vogelbilt design is a hybrid of the twin-shock H swingarm (see Figures 5-17
and 5-18). This variation proved to work very well, providing improved strength
and rigidity to the rear suspension. The design allowed us to use wasted space
under the seat for the twin-shock design and added strength to the swingarm. For
this particular bike, a 750-A controller at 120 V dc powered the electric motor. With
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this type of amperage, the motor was generating an enormous amount of torque at
startup. Couple this with a 12:1 final gear ratio in first gear, and this bike was belting
out over 2,000 foot-pounds of torque to the rear wheel. The rear swingarm had to
be strong because the transmission and motor would have ripped it apart and bent
a normal suspension system. In testimony to this power, the bike broke two sets of
heavy-duty steel Harley-Davidson-style chains.

Monolever Suspension

The monolever suspension system was introduced in 1980 by BMW on its R80GS
big dirt bike (see Figure 5-19). This style of rear suspension houses a shaft drive
within the monolever geared to the rear wheel, eliminating the need for chains and
belts. A single shock/strut unit is mounted to one side of the bike rather than in the
center, as with other monoshock suspensions. The tension or loading of the shock
is normally adjustable if needed. This design is very simple and rugged. Best of all,
changing the rear wheel is a snap. This drive train will allow you to couple the
electric motor to a driveshaft, eliminating the need for a chain or drive belt.

With your conversion, be aware that any changes in the rear suspension can
change the geometry of the bike. Pay careful attention to the sprung and unsprung
heights. Changes in the rear suspension height will change the rake angle and the
trial length. A few measures or changes can easily rectify a situation. On most
motorcycles, an adjustment can be made to the preload on the springs to change
tension and height (Figure 5-20). With this adjustment, you can add or remove

Ficure 5-20 Shock/spring preload. (Courtesy of Custom Chrome, www.customchrome.com.)
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tension on the springs to compensate for load and adjust the ride height. If this is
not an option, aftermarket springs are available for different loads or have adjusters
on them. From aftermarket suppliers, you can find adjustable shocks, lowering
kits, and heavy-duty springs. If a change in the loading of the rear suspension does
not fix the problem, you can increase or decrease the diameter of the tire to alter the
angle of the rake. By doing so, you can raise or lower the rear of the bike, thus
changing the rake angle and trail.

Conclusion

In the process of your custom build or changes from a stock vehicle, pay particular
attention to any changes in the geometry and ride height. You can use these changes
to your advantage by combining fork rake and length, ride height, and tire size to
your advantage. These are just the basics so that you have a good understanding of
bike geometry. To explain everything would take a complete book on the subject.
Simple changes may have little effect, but any radical changes can have drastic or
dangerous effects. During your build, try to keep the weight of your components
as low as possible to control the center of gravity.
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CHAPTER

Frame and Design

Back when the idea to build an electric motorcycle first came to me,  had to do a lot
of work and research in terms of concept and design. The first bike I built was more
like art. It was a beast, but it was my work and my design—it was so many things.
The book Build Your Own Electric Vehicle was my bible for resources, calculations,
and many other aspects of the bike. The book pointed me in the right direction to
find the answers I needed. Chapter 5 in Build Your Own Electric Vehicle was about
chassis and design and contained a lot of information, calculations, and formulas
that are very close to what is contained herein. In the interest of not messing with
something that worked well, it was my decision, with the help of Seth Leitman,
author of Build Your Own Electric Vehicle, to follow a similar format. This chapter is
written with an electric motorcycle in mind and is geared for smaller electric
vehicles (EVs). Most of the calculations are the same; some just need to be scaled
back to account for a lighter vehicle and two fewer wheels.

Choosing a Frame and Planning Your Design

The frame is the foundation of your EV conversion. While you might decide to
build your own chassis from scratch, there are fundamental principles that can
help you with any EV conversion or purchase—things that never come up when
you are dealing with an internal combustion engine vehicle—such as the influence
of weight, aerodynamic drag, rolling resistance, and drivetrains. This chapter will
step you through the process of optimizing, designing, and buying or building
your own EV. You will become familiar with some of the tradeoffs involved in
optimizing your EV conversion. Then you will design your EV conversion knowing
that the components you have selected will accomplish what you want them to do.
When you have figured out what is important to you and have verified that your
design will do what you want, you will look at the process of buying a frame, an
existing motorcycle, or maybe a rolling frame.
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Knowledge of all these steps will help you immediately and assist you as you
read other chapters in this book on crucial components. I will try to guide you
through every pitfall that I encountered. After reading Chapter 5, you should have
a good knowledge of the frame geometry and what to do and not to do. The
principles in this book are universal, and you can apply them whether buying,
building, or converting. Choose the best frame or complete bike for your EV
conversion. Stick with something that is simple yet easy to work with as the
foundation for your EV.

I have found it better to try to work with what is available and off the shelf rather
than to try to make everything from scratch. In some cases, it takes a little thinking
and ingenuity, but you will figure it out. The biggest selection and most available
parts are for Harley-Davidson motorcycles. However, you literally can pick up a
book from five different aftermarket companies such as Custom Chrome, and in
each book you will find over 1,000 pages of parts and accessories to choose from.
Your build will take on a life of its own, and there are many choices you can make.

You are likely to be converting a vehicle, but that could be almost like building
from scratch. There is not much to a motorcycle once you take out the engine. Even
after you select the frame or bike conversion, there is so much you can do that you
are not limited. The secret is to plan ahead and be clear (or just have a very good
idea) about what you want to accomplish before you make your selection.

Keep in mind, though, that at any point during you calculations or design,
something can happen to change things, so be prepared. Unlike converting a car or
truck, a motorcycle or smaller vehicle has less room for error or just less room. One
simple design error can hit you like a domino effect. Keep in mind the added weight
you may have to carry when choosing your frame and suspension. From Chapter 5
you should have a good idea of your suspension options and how to beef your
suspension up if necessary.

You can forget about aerodynamics unless you are building a sleek “crotch
rocket.” In addition, your frame must be big enough and strong enough to carry
you and the additional weight, along with the motor, drivetrain/controller, and
batteries. Moreover, if you want to drive your bike on the highway, federal and
state laws require it be roadworthy and adhere to certain safety standards.

The first step is to know your options. Your EV should be as light as possible;
streamlined, with its body providing minimum drag, and optimized for minimum
rolling resistance from its tires and brakes and minimum drivetrain losses. The
motor-drivetrain-battery combination must work in conjunction with the space
available and the size of the vehicle you select. It also must be capable of
accomplishing the task most important to you: high speed, long range, or
something midway between the two. Therefore, step two is to design for the
capability that you want. Your EV’s weight, motor and battery placement, rolling
resistance, handling, gearing, and safety features also must meet your needs. You
now have a plan.
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Step three is to execute your plan—to buy the frame or bike that meets your
needs. At its heart, this is a process that is no different from any other vehicle
purchase you've ever made, except that the best solution for your needs might be a
vehicle that the owner can’t wait to get rid of. The tables are completely turned
from a normal buying situation. Used is usually the least expensive, but with a
motorcycle, you can just start with a frame and work your way from there. Figure
6-1 gives you the quick basic picture (see page 82). The rest of this chapter covers
the details.

Selecting a Frame Dos and Don’ts

During your building phase, whether you are building your motorcycle or other
vehicle from scratch or converting an existing vehicle, there are certain guidelines
established by your state department of motor vehicles (DMV) that you must
follow. In saying this, | am assuming that your vehicle will be a highway-use vehicle
with two or three wheels. The equipment guidelines I have listed are the
requirements set forth by the State of New York DMV (nysdmv.com). From my
knowledge, New York has some of the strictest requirements in comparison with
other states. To find out more information and the exact requirements of your state,
locate your state DMV Web site or call for more information. You will need to access
the division of safety services.

Given that the New York guidelines probably are the strictest, I would go with
these guidelines as you start. Do not assume that these are all the requirements or
that I am 100 percent correct; requirements may change. Make sure that you follow
up with your state DMV. Again, I strongly stress this point: Follow the guidelines,
if not for the sake of following the law, then for your own safety! What would be
truly uncool would be if, after you complete an exceptionally built vehicle, you fail
the requirements and the inspection. This could mean anything from a simple fix to
an expensive design change that you could have avoided from the start.

Whether you decide to build from scratch or from an existing motorcycle, I will
supply you with some priceless adviceand knowledge. First off, | highly recommend
converting an existing vehicle. If this is going to be an on-road vehicle you are
converting, make 100 percent sure that you have all the papers, title, and vehicle
identification number (VIN) for this vehicle. I cannot stress this enough. I don’t care
if it was free or your buddy got you a great deal, it is not worth it without the
proper paperwork. Don’t do it! Unless you are willing to waste months of time
tracking down paperwork, keeping records, holding receipts and serial numbers
on all parts, scheduling daylong treks to the DMV field investigation unit, and
paying hundreds of dollars in fees, don’t do it.

Additionally, with all that stated, you will need to have the vehicle weighed on
a certified scale with an official receipt. You will need to verify and supply the state
department of transportation (DOT) with numbers from your tires, windshield (if
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Ficure 6-1 Vehicle design flowchart. This basic conversion flowchart holds true for both two and four wheels. (From Build Your Own Electric Vehicle, Fig. 5-1,
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you have one), all lights and turn signals, and other equipment. I think you get the
picture. Unfortunately, this was my experience, I built a motorcycle from scratch
with no VIN or anything. It took me well over 3-5 months to get my VIN, and I
kept on top of it and pushed the DMV hard to get it done. This is not counting all
the time I spent on paperwork and much more. To say the least, it was a learning
experience that I do not want to experience again. My experience is yours to gain
from.

Optimize Your EV

Optimizing is always step number one. Even if you go out to buy your EV ready-
made, you still should know a little bit about the vehicle so that you can decide if
you're getting the best model for you. In all other cases, you'll be doing the
optimizing—either by the choices you make up fr