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HERE IT IS ... SUNTOOLS’ BOX BEAM SOURCEBOOK! 
The Box Beam Sourcebook covers 

dozens of projects that we have built with 
box beam, with more than 100 photos of 
easy-to-construct furniture and electric 
vehicles. 

This Sourcebook is the only place to 
find out anything and everything about the 
box beam revolution in simplicity! This book 
covers projects using all three sizes of box 
beam, and describes in full detail how to ac¬ 
tually make your own box beam if you’re 
handy with tools, with step-by-step photos 
to guide you through the process. 

For those who don’t want to manufac¬ 
ture their own box beam parts, SUNTOOLS 
has assembled dozens of components that 
mate up to box beam tubing. These can be 
found in the parts section of the Sour¬ 
cebook. We have also listed other suppliers 
of components with addresses and 
telephone numbers. 

The Sourcebook also includes articles 
on how box beam can be used to create 
modular shelter systems, as well as furni¬ 
ture, machines, scaffolding, heavy duty 
tables, platforms, and even greenhouses. 
The Sol Train — the world’s first solar- 
charged electric train — is documented in 
detail. It, too, was built with box beam ! The 
Sourcebook shows you how anything re¬ 
quiring a structural framework can probably 
be configured more quickly and easily with 
box beam. 

This workbook is a culmination of many 
years of experimentation. At first, the object 
was simply to build a lightweight electric 
vehicle. After going back and attempting my 
old welding methods, I realized how much 
easier box beam is to build with. As you can 
see by the projects illustrated in this Sour¬ 
cebook, nothing short of a small explosion 
of vehicles has evolved. Nothing is built to 
automotive scale. Instead, hardware from 
many diverse industries has been incor¬ 
porated into this systems approach. 

So far, ten completely different vehicles 
have been framed up from box beam. None 
is over 550 lbs., and each took only about 
one month to design and construct, box 
beam allows your projects to take shape 

quickly and cleanly. Once a design has been 
prototyped, it can be used to gather data and 
for testing, or actually used as a finished 
project! box beam offers overwhelming ad¬ 
vantages, and not only for professional 
designers. It’s so easy, anyone can build with 
it! 

SUNTOOLS manufactures box beam in 
wood and aluminum. Wood is the preferred 
material for furniture because of its warmth 
and character. Douglas fir and tan oak are 
our woods of choice. Aluminum is a more 
rugged and precise material, making it ideal 
for machines and particularly for vehicle con¬ 
struction. We use only 6061 T6 alloy (widely 
used in aircraft construction) to achieve the 
maximum strength-to-weight ratios that are 
ideal in building light weight transportation 
systems. 

Here in the United States we use the 
English method of measuring in feet and in¬ 
ches. Because of this, the standards 
proposed by SUNTOOLS for box beam build¬ 
ing have been based on the most common 
materials sizes available in local hardware 
stores and lumber yards. 

We hope that the next time you start 
thinking about building something, you’ll pull 
out the Box Beam Sourcebook to see if it will 
work for your project! 

Copyright© 1994 by Suntools 
all rights reserved. 

No portion of this book may be reproduced- 
mechanically, electronically, or by any other 
means, including photocopying-without written 
permission of the publisher. 
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Waiver of Liability and Indemnification 
This catalogue attempts to be as 

complete as possible and flexible enough 
to apply to all projects, but all eventualities 
cannot be foreseen. It is the 
responsibility of the reader to be familiar 
with the safe operation of all tools and 
equipment used, and to use them in a 
safe manner. Suntools has no opportunity 
to supervise the manufacture, installation, 
or maintence of the components used, 
nor to supervise and inspect the design 
and manufacture of electric vehicles built 
using this catalogue. 

Therefore, the purchaser agrees, by 
placing an order and accepting delivery 
of this catalogue from Suntools, that all 
materials and procedures will be used 
solely at the purchaser’s risk. The 
purchaser will indemnify and hold 
Suntools free and harmless from all loss, 
liability, or damage resulting from the 
alleged failure or defect of any project or 
design built using this catalogue. 



De Stijl - "Form follows function" 
"Form follows function" as a breakthrough in order to be pro¬ 

philosophy for creating works of duced; rather, the inventor simply 
art can be traced to Holland and recognizes an idea that had been 
the first issue of De Stijl (The previously overlooked. Ken 
Style) magazine, published in Isaacs’ Superchair, invented in 
1917. Promoted by both artists 1974, is the product of one of 
and architects, this movement these radical, functional ideas: 
drew from the prior influence of comfortable to rest in, while 
Cubism, nurturing the cause of embracing the De Stijl concept of 
modern art and the dream of a simplicity, 
better future. 

According to art historian L. D. 
Jaffe, "De Stijl represents 
economical expediency and practi¬ 
cal sense, following the fundamen¬ 
tals of Euclidean geometry ... The 
straight line and the right angles 
are the signs of man’s struggle 
against nature, and of the eventual 
triumph of man’s labor over its 
capricious power." 

Piet Modrian was the most 
famous artist of this movement, 
which also influenced later 
developments in architecture, as 
well as the Bauhaus movement. 
Furniture maker Gerrit Rietveld 
created the revolutionary "Red 
Blue Chair" in 1918, boldly demon¬ 
strating this new art style. His in¬ 
tent was to reduce the chair to its 
absolute, no-nonsense, highly- 
producable essence. 

Chair design has been the ter¬ 
ritory of designers and architects 
for years. "All my life my legs have 
been banged up by the chairs I’ve 
designed," Frank Lloyd Wright 
once confessed. He was not 
alone. Marcel Breuer, Ludwig Mies Our Box Beam imitation of the Rietveld chair. 
van dor Rohe, Le Corbusior, Eero 
Saarrien, Charles Eames - all 
were all obsessed with the idea of 
building a decent chair. Mies once 
remarked that a skyscraper was 
almost easier to design than a 
good chair. 

Someone once said that the 
very best inventions are the ones 
that don’t require a technological 
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THE MATRIX PROCESS: A Short History 
by Ken Isaacs 

I invented and built the first "Living Structure" in the late 1940s. 

The "Living Structure" is a revolutionary new architectural concept. 

The idea of the "Living Structure" is based on a three-dimensional structural network (or 
matrix) of wooden sticks or metal struts which support tables, seating, storage and beds sys¬ 
tematically but flexibly integrated so the arrangement of the parts may be easily changed in 
dozens of ways to respond to changing needs, individual personality or location. 

To guarantee the structural integrity of the "Living Structure," I developed a cartesian 
joint called the XYZ Connection which is strong in wood, metal, or even regional materials 
like bamboo. 

I use only bolts in these connections to make disassembly quick for moving or recycling 
the struts. 

Flexibility and adaptability in the arrangement of components is achieved in the "Living 
Structure" by the use of a repetitive modular hole pattern which was first used in the 1920s 
for machine shop equipment. 

I designed the "Living Structure" to be produced with simple, uncomplicated tooling and 
fabrication techniques to conserve energy and resources and to make construction inexpen¬ 
sive and accessible for users looking for a new kind of affordable housing. 

As a result of international publication and my book, How to Build Your Own Living 
Structures (Crown Publishing, New York, NY) many of my "Living Structures" and 
"Microhouses" have been user-built all over the world, but until Phil and Richard Jergenson 
applied these ideas to some of their inventive solar vehicles, there were no parallel develop¬ 
ments in the major area of new transportation prototypes. 

Ken Isaacs, Professor, School of Architecture 
University of Illinois at Chicago 

In the early 70’s 
Ken designed the 
Superchair and 
wrote a how- to 
article for Popular 
Science on its 
construction. This 
project set the 
stage for his book, 
How to Build your 
own Living 
structures in 1974. 
PJ. 



This article was published more than 40 
years ago. 

JO NAPS IN CUBE'S BEDROOM. KEN WORKS IN STUDY. THE LIVING AREA IS AT RIGHT, STORAGE SPACE IS ABOVE IT 

HOME IN A CUBE 
Odd contraption gives a couple 

two living levels in a small room 

When Ken Isaacs, a penniless design student 
at Bradley University in Peoria, Ill., married 
Jo, who also had no money, they decided they 
either had to set up housekeeping in a tree or 
find a cheap alternative. Their solution was a 
cubical structure, like the one above, which 
enabled them to convert a one-room apartment 
into a kind of two-story house with living and 
dining quarters, bedroom, study, storage space. 

Ken and Jo lived in their cube happily for 
almost a year. The reaction of their friends, 
Ken recalls, "was usually one of curiosity and 
amazement. Only a few laughed.” 

Encouraged, Ken and Jo this year displayed 
an improved version of the cube at the annual 
exhibit of the Cranbrook Academy of Art. "Now 

Ken plans to mass-produce a version of the 
cube which he thinks can sell for under $300. 

MATERIALS for 8-foot cube consist of 2x2’s for 
frame, panels, fireplace, rube fits in ltxUi room. 

ASSEMBLING CUBE at Cranbrook Academy of Art, Ken and Jo used on! 
wrench, pliers, screw driver, had the structure set up in less than two hours 

IN BEDROOM Ken stands next to storage space. Bod is foam rubber mat 
tress on plywood panel. Ken’s collection of clippings decorates panel at left 

ENTERTAIN ING, Ken and Jo also u«o spare in room »here ruho i« housed. 
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INTRODUCING BOX BEAM 

At SUNTOOLS, we consider Ken Isaacs the “Grandfather” of this building system 
and feel that he was, and is, way ahead of his time. Virtually all of the projects 
shown in this publication are a direct result of the information provided in his book. 
Now we understand the term “knowledge is power”. 

I coined the term box beam in 1988 to help create a language for discussing this 
new framing system and I hope that Ken approves. We have attempted to provide 
all of the information necessary for you to get started building your own useful box 
beam designs. 

BOX BEAM SOURCEBOOK attempts to document the development of this box 
beam framing system and the projects our friends and customers have created 
with it through the years. It has been exactly 20 years since Ken published How 
to Build Your Own Living Structures and we hope now to add some new 
information and dimensions to the concept. 

Because we have built many vehicles with box beam, we know how difficult it is 
to find running gear such as wheel axles, bearings, etc. and so we are stocking 
components that mate up to box beam framing to facilitate the building of electric 
vehicles with box beam framing systems. We have also included our own custom 
adaptors which allow these component to mate up to box beam frames. We are 
making them available for the first time, for builders to create their own designs. 
The pages that follow show you how to make your own box beam. If you don’t have 
a shop, you can find a friend who does and work together, or you can order 
SUNTOOLStm box beam framing by the foot through this BOX BEAM SOURCE- 
BOOK. 

We at SUNTOOLS wish you much fun and great success creating your own 
unique living and work spaces. We would enjoy hearing from you about your own 
successes (and failures) with box beam. We are always open to new ideas and 
would like to continue expanding this new frontier with you. 
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DRILLING AND CUTTING BOX BEAM 

The steps required to manufacture your own box beam are pretty easy. First is of course 
locating a source of material. Try your local yellow pages to find a supplier near you. The 
material I’m using is 1-1/2” square aluminum tubing with a 1/8” wall thickness alloy 6061-T6. 
This is an extremely stiff material. You must be sure NOT to use 6063, a softer non-structural 
material which is the more commonly stocked tube. The tubing is marked down one side so 
be careful here. You will need a drill press for this operation. It should be equiped with at least 
a 1/2 hoursepower motor. 

3. I find it the easiest and most 
accurate to use masking tape to 
hold my tape measure in place. 
Notice that I moved the tape 
measure to 1-1/2” mark at the first 
hole. This makes counting your 
spacing easier. 

4. Now carefully place your marks 
every 1-1/2” down the length of one 
of the pieces. Notice how the num¬ 
bers must hit a multiple of 3” every 
other hole. This will tell you whether 
you’re counting and marking ac¬ 
curately. 

7. Drill the holes all the way through starting 
at one end and work your way down its 
length. Don’t let chips build up against any 
of your table or back stop pieces. This 
causes the holes not to be centered proper¬ 
ly. Now flip part on its side and drill the other 
half. Don’t let your drill clog up. 

DRILLING ALUMINUM BOX BEAM 
1. Carefully line up the ends of 3 or 4 pieces 
of aluminum tubing which have their ends 
cut off at a 90 degree angle. 

2. Mark your first hole 3/4” in from the 
end. I use the .5mm drafting pencil to 
make the lines nice and crisp (Use 
a soft lead - HB). 

5. Next, using the square, mark all 
your parts with one clear line. Be 
exact. There’s no room for sloppi¬ 
ness. Aluminum tubing is expensive. 

6. Next flip all the pieces on their 
side. This is where paying attention 
counts. You must make sure that 
both of your marks line up, on ALL 
the pieces, or else your holes will be 
off. If they’re off, wipe off your inac¬ 
curate lines (a tiny amount of WD-40 
and a rag work well here) and try 
again. Make sure to clean off 
residue fluid or your pencil lines will 
smear easily. 
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8. Notice the nifty way we built 
the back stop for the drill press. 
This may be any square 
material, as long as it’s straight. I 
built this one with TELSPAR. 
Notice the chip clearance area 
under the backstop. An oc¬ 
casional shot of WD-40 on the 
drill tip keeps it cutting smoothly. 
Replace the bit or resharpen 
it after around 100’ of tubing. As 
it gets dull, aluminum will melt to 
the cutting edge. 

9. You will notice a lot of curly 
aluminum chips inside the 
finished tube, this can be 



CUTTING ALUMINUM BOX BEAM 
Now we show you the various ways to cut your box beam to the proper lengths. It’s im¬ 

portant to know if you cut on or between the holes. Also, it’s critical to standardize the lengths 
of your materials to create compatible lengths to build with. Be careful not to create too many 
sizes. Have a clear idea of what you want to build before you start cutting. Start with simple 
lengths like 2 foot, 3 foot, 4 foot, 5 foot, 6 foot and 8 foot lengths. Always have plenty of 
spare sizes when you build to create more possibilities. 

If you have drilled your own 
tubing, or have purchased box 
beam from us, you will still have an 
occasional need to cut some to a 
shorter length. It is possible to do 
this even with a hand-held hack 
saw. Before cutting, I usually mark 
it on all four sides. This way if your 
blade begins to wander from your 
line, just flip the piece 90 degrees, 
and start a new cut. Don’t cut it 
crooked. You don’t need to have 
fancy power tools to work with box 
beam. Also, always be sure to keep 
your cuts at 90 degrees. 

If you do have power tools, such 
as a chop saw that can be outfitted 
with a fine tooth plywood saw blade 
(8 or 10 teeth per inch), you will get 
very good cuts. If you can find a 
blade designed to cut aluminum, 
that’s even better. WARNING- 
NEVER CUT ALUMINUM BOX 
BEAM WITH A REGULAR WOOD 
CUTTING BLADE ON A POWER 
TOOL.THE BLADE WILL 
PROBABLY GRAB THE WORK AND 
COULD SERIOUSLY INJURE YOU! 

You will also need some type of 
cutting fluid, like WD-40, or another 
type of penetrating fluid. Better yet, 
ask your local hardware store and get 
the correct fluid for aluminum. Before 
you turn on the saw, squirt a little bit 
on each side of the blade. This will 
make it cut super smooth and it won’t 
clog up the teeth of the blade. As your 
blade begins to gets dull, the teeth will 
begin to clog more easily, so keep 
them clean by brushing out the clog 
with a stiff bristle brush. Chop saws 
also are usually equipped with clamps 
to hold your work, so use them. 

CUTTING 1-1/2 INCH BOX BEAM 
All 1-1/2 inch Box Beam must be cut between 

the holes. This creates clean outside corners which 
can then be easily covered with a cap. This 
geometery creates an interesting counting system 
when working with box beam. Each hole represents 
1-1/2 inches, so when you count holes, multiply times 
1.5 and you will end up with the length of your piece. 
Example: 8 holes x 1.5 = a 12 inch long piece; 
16 holes = 24 inches long. 
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Wood Box Beam can easily be cut with a miter 
box as shown here. 

The other critical thing to 
remember is to ALWAYS cut box 
beam with two hole increments. 
This goes for all sizes. In other 
words, every piece of box beam 
should have an even number of 
holes in it, (2, 4, 6, 8, 10, 12, 14, 
16, 18, 20 etc). By doing this, 
you’ve just cut the number of 
pieces in the system in half, thus 
making it far easier to work with. 
Obviously, the other method of 
finding the length of a piece of box 
beam is with a tape measure. 

CUTTING 2 INCH TELSPAR 
TUBING 

Always cut TELSPAR on the 
hole, never between them. The 
most common lengths in inches 
are: 4, 6, 8, 12, 14, 16, 18, 24, 30, 
36, 42, 48, 60,72, 96, 120, etc... 
up to 24 foot lengths. An abrasive 
saw is what we use to cut this 
material with. In a pinch, you can 
cut TELSPAR with a sharp hand- 
powered hacksaw. If you do this, 
always use a cutting fluid. Do not 
use any cutting fluid if you’re using 
an abrasive saw. 

FACE PROTECTION 
Don’t ever think that acci¬ 

dents won't happen to you. I once 
had a sliver of steel penetrate into 
the lens of my eyeball, and I 
wound up in the hospital emergen¬ 
cy room where they strapped my 
head in a device and carefully ex¬ 
tracted the sliver. This was be¬ 
cause I was not wearing a 
faceshield! I was lucky it didn’t go 
deeper, or I could have lost my 
vision in that eye. That was not a 
fun day. Alway use safety glasses, 
at the very least. 
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MAKING YOUR OWN BOX BEAM 
By Richard Jergenson 

Wood selection is critical to the 
manufacture or production of the wood box 
beam. Choice is determined by what is lo¬ 
cally available, its cost and your personal 
preference. Our first choice is Fir or 
Douglas fir as it’s sometimes called. We’ve 
used pine and we’re experimenting with 
some of the local hardwood oaks. The fiber 
is denser, thus heavier. Its grain not only 
looks attractive but also finishes soft to the 
touch. With Fir we look for long, clear and 
straight grain, optimal for our use. The 
tighter the grain (distance between the rings 
while looking at the end) the stronger the 
wood. 

Get on good terms with the local lum¬ 
ber yard and they might let you make your 
own selection. The key to furniture quality 
box beam is selection. Be careful to restack 
the pile when you’re done. You’ll be back 
and will want the same privilege again. For 
economic reasons, we use green wood. It 
costs a fraction of what kiln dried does. 

Once it’s been resawn and drilled, the 
increased surface area hastens the drying 
process from the inside out.The longer 
you’re able to wait till finishing or sealing, 
the dryer and lighter weight the wood be¬ 
comes. 

It’s been our experience that selecting 
moist or freshly milled lumber is optimal. 
This lets you cure or dry the wood in a con¬ 
trolled setting, like your home or shop. 
Once the wood is drilled and routed you’H 
need to store it for a quick dry. See photo 
for our technique. 

If the wood has been stored at the lum¬ 
ber yard for any length of time, the ends may 
already be split, cracked or checked. Make 
your selection carefully as no two pieces are 
alike. We select 2"x 6" in 8 foot, 10 foot or 12 
foot lengths. As no Box Beam member is 
usually longer than eight feet in length, we’l 
cut the longer lengths down. Anything longer 
is not only unwieldy, but is structurally unsafe 
and may have a warp or bow. 

A few words on warped wood. During 
the process of resawing, you’ll notice that 
once the wood is cut it may begin to twist or 

bend as the grain relaxes. This is natural. 
Some wood will have a bow. These pieces 
are to be avoided if possible. If not, cut out 
the most curved section and salvage what 
you can. These smaller pieces are handy to 
have. Someday you’ll need small struts for a 
project. Use everything, waste nothing. 

The same goes for knots. There are 
many different kinds of knots and sometimes, 
when left intact, they can be quite beautiful. 
The general rule of thumb, however, is to cut 
them out for safety’s sake. Another thing to 
look for is sap or pitch pockets. Not only are 
these weak spots, they will ooze and drip for 
a long time to come. 

Now we make our width cuts. A 2"x 6" 
will produce three 2"x 2" beams. Actually, 
that’s a misnomer. The 2”x 2” is actually 1- 
1/2" by 1-1/2". A 2"x 4" is really 1-1/2" x 3- 
1/2". Resawing or ripping the wood is an 
operation that warrants your full and un¬ 
divided attention. Any time you operate 
power tools your attention should be fully 
focused on the task at hand. Safety first! Al¬ 
ways observe the manufacturer’s safety rec- 
comendations. 
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Once you’ve ripped the lumber, 
you’ll need to rout the edges. Rout¬ 
ing makes it easier to handle, and 
decreases the chance for getting 
splinters. For our purposes we’ve 
found that the 3\16 " routed radius 
bit puts a gentle, rounded curve or 
soft corner on the wood. Eye gog¬ 
gles or a face shield are a must 
when using power tools, especially 
saws, routers, and other various 
sharp high speed tools. 

It’s wise to become as familiar 
with your tools as possible. Your local 
bookstores, hardware store or library 
should have books on tool usage and 
shop safety. One good one is "HOW 
TO WORK WITH TOOLS AND 
WOOD" by Campbell and Mager. 

DRILLING 
Start off with a new drill bit. It’s 

good to have several on hand. 
They’re inexpensive, and worth it. A 
sharp bit will give you cleaner holes, 
which not only looks nicer but 
decreases the chance of splintering 
or bit breakthrough as well, as the bit 
travels out the opposite side of the 
beam. We use a 5\16" drill bit with a Richard Jergenson (RJ) routing corners of 
1\4" bolt. This allows ample leeway wooden members. 
when inserting bolts 
and minimizes use of 
a hammer. Forcing or 
driving the bolt 
through with a ham¬ 
mer can split the 
wood. This is the time 
to use a drift pin. In¬ 
sert and tap the drift 
pin into the nut side 
of the stick. If it’s in 
alignment, the bolt 
should slide right in. 

It’s common 
knowledge that wood 
should be dry before 
cutting, drilling or 
shaping, but it’s been 
our experience that 
we get cleaner holes 
(fewer drill bit break- 
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outs) when the wood is green. One 
down side of this is that the freshly cut 
wood chips or borings quickly swell and 
don’t evacuate the drilled hole as quickly 
as does dry wood. Another disad¬ 
vantage is that bits will dull sooner than 
when drilling dry wood. 

There’s really no way to calculate 
how many holes can be drilled with a 
fresh bit. If we can get one hundred feet 
on a bit, thats good.Always think in 
quantities or multiples when restocking 
bits and hardware. 

It’s important to let the bit do its job 
of cutting instead of punching through. 
Back the bit out once or twice per hole, 
it’ll drill easier. Drilling so many holes 
can be monotonous, so don’t count. It’s 
an attitude. Remember, there are four 
surfaces but we only need to drill two. 

Without a doubt the most used tool 
in my shop is a drill press. Drilling Box 
Beam with a power drill (hand held) 
proves to be very inaccurate. Accuracy 
is what makes the system work. 

Books have been written on and 
about tools. As an extension of our 
hands and minds, the right tool with the 
right idea can and has produced some 
rather extraordinary results! Always buy 
the best quality tools whenever possible. 
They’ll be with you for a long time. Some 
tools carry lifetime warranties. It pays to 
shop around, including mail order, 
second hand shops, garage sales and 
over the counter. There are few things 
as satisfying as putting together a well 
equipped tool crib or toolbox. Hunting 
and gathering tools as you need them. 
Get into it! 

Organizing your tools is very impor¬ 
tant. Time spent looking for that special 
veeblefeltzer that you know you have, 
but can’t find, is basically time wasted. 
There are some who will say that time is 
the name of the game. Being organized 
is saving time, and that’s being smart. 
Sometimes the difference between get¬ 
ting a job done or not is how quickly 
you’re able to mobilize for the project. 
Focus and make it happen, and not only 
will you feel better about yourself, you’ll 

feel a real sense of accomplishment as well - I 
built that! 

Optimal results are achieved for this writer 
on or near his Box Beam workstation or bench. 
That’s our first project. 

As you work, invest in your future. Always 
make more box beam than your project calls for. 
Having extra pieces around is like having money 
in the bank. 

HARDWARE 
Most washers, nuts and bolts are 

coated with a zinc and chromate seal which 
prevents oxidation and rust. This doesn’t mean 
they’re waterproof, though. Store your fasteners 
in a dry, easily accessible place. 

Bolts come in 1/2 inch lengths .While its 
convenient to have a variety of bolt lengths 
handy, the most frequently used is 3 1/2". 

There are occasions where we find it 
necessary to cut 1/4" off, usually when using 
acorn nuts. Here’s how. With the washer and 
hex nut tightened on the bolt, begin cutting. We 
cut on the first thread after the nut, using the nut 
as a blade guide. A light yet directed push/pull 
will cut through in seconds. Slow down when 
you see the cut ending, otherwise you may ac¬ 
cidentally cut into the wood. Now back the nut 
off and the end can be deburred with a metal file 
if need be. 
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SANDING 
Once the wood has had a 

chance to air dry, it’s time to sand. 
We use a 150 fine grit aluminum 
oxide abrasive, a tough, durable syn¬ 
thetic mineral. Looking closely at the 
sanding process we see that we’re 
basically scratching the wood using 
successively finer grits. Always sand 
parallel to the grain with straight and 
even strokes. When sanding the end 
grain, use finer grits. Always wear 
safety goggles and a dust mask 
when sanding. If you’re using power 
tools observe the safety instructions 
supplied by the tool manufacturer. 

A sanding block is indispens- 
ible. You can always buy one, but a 
scrap of 2"x 2"x 4" will do just fine. 
The sandpaper can be torn by folding with the 
grain side in and creasing. Then it can be torn 
in a straight line. A knife or utility blade, cutting 
on the back or paper side, works too. Spend a 
couple of minutes per side sanding. After seal¬ 
ing the wood you’ll be happy you did. 

Belt sanders, orbital or vibrator sanders 
are great time savers and occasionally can 
be easier on the wrists. Care must be taken, 
however, for these tools can seemingly melt 
away the wood due to uneven pressure or 
distracted attention. Again, refer to the prop¬ 
er instruction manual for operating tips. 

Once sanded, you’ll want to brush and 
wipe off the fine powdered sawdust. If you’ve 
got an air compressor you’re really in busi¬ 
ness. Put on the air nozzle attachment and 
blow the powder off. When possible, do the 
sanding and clean up outdoors. 

SEALING 
We use Watco Danish Oil Finish, a 

deep penetrating oil resin. Not only is it a 
sealer and primer, but it also stabilizes, 
protects and hardens the wood surface up to 
25% more (or so they say). It’s not cheap but 
the finish is well worth the price. Again, fol¬ 
low manufacturers directions. 

Drying the freshly oiled struts or sticks is 
easy. There’s nothing like drying them in the 
warm sun. The longer they sit in the warmth, 
the deeper the oil will penetrate into the wood 
fiber. Dry to the touch is the rule of thumb here. 

by Richard Jergenson 
In 1974 our own design group, Scenario 

Studios, had just moved into a warehouse 
space. We needed not only furniture, but 
shop benchwork as well. We tried Ken Isaac’s 
building system - and to be quite truthful, life 
hasn’t been the same since. 

My studio space needed furnishing, and I 
needed to get organized. All of us were dis¬ 
covering this 2"x 2" system together, and 
sharing in the learning process. Needing a 
bed, I built a variation loft/library/reading area. 
A local lumberyard carried pingpong table 
tops; 5’x8’ plywood. Adding a piece of foam, I 
had an inexpensive modular, reuseable 
bed/bookcase/reading/conversation area. 

My desk was next. I’d salvaged some 
drawing tables from a school that was being 
demolished. We were minutes ahead of the 
buldozers that were razing the school to rub¬ 
ble. The combination of storage shelves and 
a work table completely filled the bill. 

What to do with my clothes? Build a 
closet, of course. Many miles and moves 
later, I’m still using the same materials in yet 
different uses. As my needs change, I can 
build to adapt with wood box beam framing. 

It’s been almost 20 years since I was in¬ 
troduced to the nuts and bolts of the Ken 
Isaacs Framing System. We’ve built on that 
concept and now here we are with the SUN- 
TOOLS Box Beam Sourcebook -- our "spin." 

15 



How to use the SUNTOOLS™ box beam drill jig 

1) Always use materials with 
square ends. First, drill a hole 3/4” 
from one end. This is done by bolt¬ 
ing in the end stop on the drill jig. 
Next, place the jig on a piece of 
material and slide it against the end 
stop. Now you have located the 
first hole 3/4" in from the stop. This 
we will call the index hole. You may 
now proceed to drill the first hole. 
While you have the end stop on the 
jig, you may want to drill the index- 
ing hole on more pieces of 
material. 

2) With end stop removed, 
drop the index pin in the index 
hole. The jig is now locked in place 
and you can proceed to drill the 
next 8 holes. This is done by slid¬ 
ing the workpiece so that the hole 
to be drilled is directly under the 
drill bit. While keeping the machine 
on, slowly lower the bit into the 
hole. The tapered countersink will 
help guide the drill into the hole. 

When drilling wood, clear the 
chips away often by raising the drill 
repeatedly as you drill the hole. 
When drilling aluminum, use a cut¬ 
ting fluid to cool and lubricate the 
drill bit. A slow but steady pressure 
on the bit will give the best results. 
Remember to drill through the 
outer wall also. 

3) After drilling all eight holes, 
pull the index pin. Now, slide the jig 
down 12 inches, until the index pin 
now engages the last hole drilled. 
Repeat the drilling process until 
you finish one side. 
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4) Now you must repeat the 
process on the side of the work 
piece. Make sure that you start at 
the same end of the stick. The holes 
on both sides must be lined up to 
each other, so that they intersect in 
the middle. 

Material widths can vary slightly 
from batch to batch. If the drill jig fits 
your material too tightly, then loosen 
the side screws slightly. 

NOTE: When using the side 
screws, adjust the screws opposite 
each other equally in order to keep 
the jig centered on your work. 

MATERIALS 
This photo shows the 3 most 

common beam sizes we use: 

Douglas fir, 1-1/2" x 1-1/2" 

1-1/2" aluminum box beam 

2" square Telspar tubes, made 
by the UNISTRUT Corporation. 

BOX BEAM TRI-JOINT 
Three bolts press the three 

pieces of material together tightly. 
The multiple holes in the box beam 
allow each bolt to pierce each piece 
twice, from different sides. All of the 
flat-sided materials are then com¬ 
pressed around a single point, creat¬ 
ing even stresses on all three pieces 
at the connection. 

Structures utilizing this natural 
principle will be rewarded with 
squareness and strength wherever 
the tri-joint is installed. Additional 
strengthening can be acheived by 
bolting an exterior skin to the faces 
of the beams. 
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TUBE INTERCHANGEABILITY CHART 
This chart shows four sizes of box beam material. Notice how the hole pattern on 
all pieces share the same three inch spacing. Therefore, components and brackets 
meant for box beam applications should ideally use this bolt spacing on mounts. 

These two sizes share the 1" center The 1" and 2" both have the same 
distance. hole spacing. 

11/2" 3/4" 
13/32 hole 11/32 hole 

3/8 bolt 5/16 bolt 

-p» 2m 

11/32 hole 7/16 hole 
5/16 bolt 7/16 bolt 

TOOLS 
These are your basic hand 

tools for constructing projects with 
box beam. The nut driver shown at 
the top of the picture is a big help in 
speeding assembly. 
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COVERINGS 
By the time you get to the stage where you’re ready to install the exterior paneling on your 

project, you will have discovered how modular box beam is. It can save you material and money 
by reducing waste. Since most of our sheetstock comes in 4 x 8 foot sheets, that size becomes 
the standard. All your panels will be modules of that - for example, a 2 x 2 foot square panel. 
Other sizes may be, 2 x 4 foot, 2x8 foot, 1 x 4 foot, etc... 
PLYWOOD: The most accessible covering material is probably plywood. I always try to buy the 
better grades when I’m installing it on a box beam project. Plywood comes in many thicknesses. 
When it comes to vehicles, I almost always use plywood for the floorboard. It is quite ideal for 
supporting batteries. Even though box beam is structural, a plywood skin or bottom can add fur¬ 
ther stiffness and shearwall. 
SIGNBOARD: is a type of plywood but has a higher number of plys, and its surface is covered 
with a smooth, durable, paintable surface. This material comes in two thicknesses: 3/8" and 1/2". 
Signboard a lot of furniture applications. It also holds up well in the weather. 
MASONITE: or pressboard is another wood product that can be used to cover box beam. The 
tempered version is even stronger. 

ALUCOBOND: Probably the best panel material we have found so far for electric vehicles. We 
usually use the 1/8 " thickness stock. It is made of 3 layers with two exterior sheets of aluminum 
bonded to a hard rubber core. This composite material was designed to skin highrise skyscrapers 
with. It can be formed to create rounded corners. It can also be cut with simple woodworking 
tools. It’s easy to drill, and yet it stands up to a lot of punishment. The only two things that are un¬ 
desirable about Alucobond is its high price and the fact that it can’t be recycled. 
SHEET METAL: This widely avaliable material can be used as a covering. It is easily formed, and 
is available in steel and aluminum in many thicknesses. It is highly mass-producable. If you use 
steel, then be sure to use a galvanized variety to prevent rust. If you don’t, it must be painted. 
ALUMINUM: is already very stable and won’t require paint. It’s very light, and can possess many 
different structural properties depending on its alloy. It can be made to be soft and formable, or 
hard and brittle. One of my favorite deck materials is aluminum diamond plate. This comes in 
either 1/16", or 1/8" thicknesses. The surface has a raised texture which adds to it’s strength and 
also prevents loads from sliding around. 
ABS PLASTIC: is a thermal-forming material. It cuts easily with wood cutting tools and blades, and 
can be heat-vacuum formed to create compound curves. If one has time to make the molds, this 
material can dramatically improve or stylize a shape. The battery boxes on the Solar Bear were 
made of 1/8" white ABS Plastic, using a simple strip heater to make the bends. ABS is also imper¬ 
vious to battery acids. It is a very recycleable material, if facilities for recycling it exist where you live. 
PLEXIGLASS: or acrylic plastic, can also be used to create windows and viewports. This material 
is one of the most versatile and popular body materials around. It is avaliable in many forms, from 
cast resin, to corrugated roofing. The type that I prefer is called flat sheet stock. This comes in a 
translusent clear style or an opaque white. The thinner varieties can be bent into curved panels to 
soften up some of the corners of your vehicle. 
FABRIC: This material is something that I haven’t tried yet, but looks like fun. This would be the 
lightest material to skin an EV with, but offers the least protection. One possibility might be to 
have the vehicle unfold into a tent for camping (see Vanda description). 
FIBERGLASS: This thermo-setting plastic cannot be remanufactured at the end of its useful life, but 
it is probably the most adaptable material out there. Fiberglass is widely used in custom body work 
on cars. It can be molded into almost any shape, and is lightweight. It can be ’layed up’ into very 
streamlined shapes by hand, or ’blown’ into molds forming complete car bodies in production lines. 
It can also be purchased in flat sheets. We have successfully used this material to cover portable 
shelters. SUNTOOLS used a brand called "FILON" which has some U.V. stablization built into it. 
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CUTTING MODULAR PANELS 
TO FIT THE BOX BEAM SYSTEM 

Covering and panel materials all come in 4’ x 8’ sizes. Box Beam’s simple geometry 
allows them to be cut into standard sizeswith no scrap left over. 

Some sheeting materials, such as plywood, will dramatically stiffen large furniture 
structures. This can add a real "finished” look to projects while making them stronger as well. 

Since Box Beam frames are 
square and boxy, covering ma¬ 
terials are easy to cut and apply. 

When drilling your own holes 
in the covering material, measure 
in 3/4" from the edge when apply¬ 
ing it to 1-1/2" Box Beam. 

Mounting holes should be 
arranged in evenly spaced patterns 
when drilling. 

For maximum strength ... 
If you’re going to use plywood 

as your surface, be sure to cut your 
long, rectangular pieces with the 
grain running lengthwise. 
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TELSPAR® TUBING 
This material has been 

manufactured by the UNISTRUT 
Corp. for over 20 years. They sell it 
in a telescoping square steel tube 
system with six sizes. It comes in 
24 ft. lengths. All sizes share the 
same hole spacing, which is 1" on 
center. Of those six sizes, only the 
2" width has the correct geometry 
to bolt up into a box beam’s rigid 
three-axis connection. It also cuts 
into easy-to-remember modular 
lengths which mate with the 4x8 
foot module that all sheet stock is 
manufactured in. When you work 
with two inch TELSPAR, you 
immediately become aware of its 
strength and toughness. This 
material has the added feature of 
being galvanized. 

TELSPAR is a fantastic material 
for any shop or garage, from a small 
project size to industrial uses. With a 
selection of 2" TELSPAR tubes 
which have been precut to box beam 
modular lengths, you can create very 
solid benches, tables, and heavy 
duty storage systems. You will be 
amazed at what you can easily build 
in a few minutes. 

You might think you don’t have 
time to build that kind of stuff, 
because it’s easier to buy tables and 
such. Look at it this way. If you do 
serious work, then don’t you want 

something serious to work on? Good 
quality industrial furniture costs many hundreds if not 
thousands of dollars, and is usually heavy and bulky. 
We guarantee that nothing will be as versatile as 
TELSPAR tubing. Now, you can create the ultimate 
working environment by adding simple plywood for 
table tops, or other material cut to size. 

TELSPAR is so strong that it only takes eight 
pieces, plus of course, some nuts, bolts, and a top to 
build a sturdy table. A 2”x 36" length of TELSPAR as a 
column (table leg) will carry 13,300 lbs. of weight! The 
same piece of material placed horizontally will carry 
2,027 lbs. if loaded evenly. A rule that I generally apply 
to tables, benches, etc. is to put the legs on the outside 
corner of the framework. This also makes side paneling 

21 



a snap to install. Building things like 
this will help you realize the 
importance of cutting your Telspar in 
modular lengths, like those of box 
beam. You won’t need any cross 
braces to keep it stiff. This material will 
hold thousands of pounds. If you need 
it to hold several tons, it can do that 
too with a bit of bracing. 

As a scaffolding TELSPAR has 
uncanny abilities to adapt itself to the 
job. Because it comes in telescoping 
lengths, legs with foot pads can be 
extended to the ground for uneven 
terrain. We have built temporary 
structures on terrain with a slope of 
more than over 30 degrees! With foot 
pads and extension lengths you can 
create platforms quickly and at low 
cost. 

Another area that Suntools has 
explored is the modular portable 
house. Everyone needs a place to 
live. Using TELSPAR is the closest 
I’ve come to experiencing the modular 
home. By keeping spans under eight 
feet, the length of a standard length of 
plywood, one could actually create 
some very wild shapes. Note that the 
plywood is cut into modular sizes from 
a full sheet. 

The structure shown was 
originally built in 1977 inside the 
Suntools warehouse in Berkeley, 
California. Our idea at the time was to 
tool up for a move back to the land in 
Northern California. Some of the 
panels are made of Filon fiberglass on 
a 2"x 2" frame. The structure was 
dismantled, then hauled up to the 
parcel of land I bought. The dis¬ 
assembled building was then 
transported on an electric vehicle (a 
golf cart converted into a small pickup) 
over a handbuilt trail to the top of the 
mountain. I lived at that site for one 
year, then dismantled and moved to 
yet another location. I did live in it for 
around two years (off and on) but 
never perfected a weather seal 
between the joints. The idea still has 
lots of possibilities, though. 

Modular house by Phi! Jergenson 
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When I needed a 
three story scaffold¬ 
ing system to paint 
the house, I assem¬ 
bled the Telspar into 
one. Another applica¬ 
tion was my brother 
Richard’s TELSPAR 
truck rack. He built 
this in 1980. It’s still 
in daily use, and it is 
one of the best box 
beam applications 
yet. 

TELSPAR has tre¬ 
mendous possibilities 

Top photo is Kent'ssub-floor 
on his tent house. Upper right 
is Richard's truck rack. 
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in the area of machinery construction. One 
of Suntools’ most successful projects 
was an electric conveyer system with a 
bank of 220volt spot heaters. This 
was used for curing T-shirts after 
they were screen printed. 

We have also outfitted 
other shops with heavy duty 
shop tables holding thou¬ 
sands of pounds of ma¬ 
chinery for assembly line 
processes. When up¬ 
grades are installed, 
they can be quickly 
interfaced into 
the system. 

As far as 
using TEL- 
SPAR to build 
a vehicle, I 
believe that 
many of its possi¬ 
bilities are centered in 
the areas of light-duty 
agricultural equipment. This 
could include solar electric 
tractors, particularly in the area of 
specialized planting and harvesting 
equipment now being developed for organic 
farming. We at Suntools believe that two inch 
TELSPAR has awesome potential in the 
emerging marketplace. 

You can never have 
too much TELSPAR 
on hand\ pre-cut and 
ready to build! It’s 
like having money in 
the bank 

24 



TELSPAR HOUSE 
Back around 1974 or so, we heard about 

some parcels of land being sold outside of Willits 
in rural Northern California. We bought one as a 
family parcel. 

In 1978, oldest brother Kent, a former 
Seabee in the Navy, decided it was his time to 
make the move. He bought a military surplus 
mess tent measuring 12’ by 24’. Seeing the 
renaissance of projects being built by the 
inhabitants of Earth Lab 1 (a 25,000 square foot 
shop facility) prompted Kent to build a tent frame 
out of TELSPAR. 

The pieces were cut into random lengths to 
fit the tent’s dimensions. Kent installed a raised 
plywood floor and a loft. One of the 
nicer details he created was the 
welded ’feet’ which bolted onto the 
base of the TELSPAR. 

The tent frame was 
transported up to the land and 
there Kent lived with his wife 
Jennifer (he wanted her to 
experience military tent life) for 
over a year (worst winter in many 
years). They even had a child, 
Colby, while they lived in it. 

The TELSPAR framed tent 
gave them the time they needed to 
build their permanent home. Many 
projects later, we’re still using 
some of that same Telspar as 
outside scaffolding for a cabin 
under construction. 

UNISTRUT Corporation in no way 
can be held liable for injury or 
damage due to possible misuses of 
TELSPAR tubing due to ideas and 
applications shown in the 
Box Beam Sourcebook. UNISTRUT 
and TELSPAR are protected trade 
names. 



From Builder to Box Beamer 
The first ten years of my life were spent 

in Algona, Iowa. Our family of seven then 
moved to Aurora, Colorado in 1959. My 
father was in the construction business, and 
I think that influenced my childhood toward 
building things. I was fortunate to have 
parents who reinforced this with a new con¬ 
struction toy every year for Christmas. 
These included an Erector set, a Lionel 
train and many other building toys. 

As a teenager I got heavy into customiz¬ 
ing model cars with my younger brother 
Richard. Slot racers followed, then I built my 
own three-lane slot racing track. I graduated 
from high school in 1967, followed by four 
months of college. My first large construction 
project was a sound box, a 4’x 4’x 8’ container 
made from 3/4" plywood, carpeted inside with 
a 120-watt stereo and two massive speakers. 
I’ll never forget the look of amazement on my 
landlord’s face when he discovered me strug¬ 
gling with some 4’x 8’ sheets of plywood in the 
narrow stairwells of my first apartment. 

In 1968 I got a job (based on my high 
school art portfolio) building architectural models 
in a very progressive architectural firm in Den¬ 
ver, Charles Gathers & Assoc. This inside look 
at the design process opened my eyes to the 
professional world of design and engineering. 

The Whole Earth Catalog and Domebook 
had just come out, fueling my brain with alter¬ 
native lifestyle ideas. When the summer of 
1971 arrived, I turned in my notice and headed 
west in my 1954 MG TF. Next stop was the 
Mission district in San Francisco, where I 
moved into a warehouse project. In 1972 I 
moved to Los Angeles to work construction 
and pay off debts from my first business failure 
the previous year. I lived in a nine-foot trailer on 
the construction site in Fullerton. 

Knowing that I wasn’t really a city type, I 
decided to build my own tiny "take-apart" shel¬ 
ter in order to facilitate a move directly to the 
country in Northern California. I bought a slight¬ 
ly used Datsun pickup, enrolled in a night 
school welding class, and went about welding 
up a trailer and a truck rack. 

Next, I started on my first portable 
house. The structure was welded steel 
tubing with welded tabs, and the walls were 

by Phil Jergenson 
aluminum-skinned Polystyrene foam cores 
with wooden 2"x 2" frames around the 
irregularly-shaped parts. Ribbed fiberglass 
covered the roof. I made the move straight 
up to Mendocino County, and it was great 
until winter arrived. Then, my poor job of install¬ 
ing the fiberglass roof created a very drafty en¬ 
vironment. When the rain came straight down, 
everything seemed to stay dry, but when a big 
storm hit, the water was driven through every 
seam by the wind. I didn’t want to gum up the 
pieces with caulk or sealants, and besides, 
some of the gaps were just too big. At times al¬ 
most all of my possessions would become wet, 
and my homemade wood stove only kept me 
dry if I stayed right next to it. One storm lasted 
two weeks, and my books and drawings were 
destroyed by mold. My back-to-the-land move 
had been destroyed by my own bad design. 

I located a commune in Lake County 
called Harbin Hot Springs that offered a 
cabin in exchange for work. After six 
months, the money ran out and I moved to 
Berkeley, into an 18-bedroom Victorian that 
had been rebuilt by a group calling them¬ 
selves Village Design. At the same time, the 
Arab oil embargo was happening, and I 
began to realize how vulnerable the United 
States was in energy matters. 

My next move was to the basement of a 
leaning Victorian in Oakland. At the time I was 
making and selling a craft item called ProtoPipe 
on Telegraph Avenue. Needing more room, I 
expanded my machine shop into a 3,000 
square foot warehouse near Laney College in 
Oakland. This was home for two years. 

In 1974 I purchased a book by Ken Isaacs 
called How to Build Your Own Living Shelters, 
published by Harmony Books. This book, which 
discussed different re-useable building sys¬ 
tems, is still probably the best ever written on 
the subject. One of Ken’s structural systems for 
furniture building involved cutting 2"x 2" wooden 
members, with holes drilled 3" apart and stag¬ 
gered on each side to create a wooden "erector 
set" that could be used to construct modular 
stackable furniture cubes and living systems. A 
fellow designer and friend, Peter Ziegler, 
started using this system to build tables, cars 
and work stations. He also developed a sleep- 
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ing loft kit which he sold commercially under the 
name Matrix. 

Another machinist/designer on the scene, 
Tom Conlon, began drilling 2" square steel 
tubing. He used this remarkable new framing 
system to build several large pieces of manufac¬ 
turing equipment for carving windmill blades. We 
later discovered that the UNISTRUT Corporation 
manufactured a structural tubing called 
TELSPAR in telescoping lengths. Tom found that 
only the 2" size would work with the interlocking 
three-axis joint. TELSPAR proved to be an 
excellent indoor or outdoor framing system. It is 
used by state highway systems for stop signs 
and highway signs. They pound A larger sized 
tube into the ground, then "plug" the telescoping 
piece into that, so it’s easy to replace a sign that 
has been driven over or knocked down. 

Our loosely-knit design group, Scenario 
Studios, rented a 25,000 square foot warehouse 
in Berkeley. There were 12 of us - artists, desig¬ 
ners and builders -- living and working under one 
roof, and we all applied "the system" to our 
studios and offices. My brother Richard, also my 
partner in SUNTOOLS, outfitted his studio with 
furniture built using Isaacs’ system. We called our 
new home Earthlab I. We produced many excit¬ 
ing projects, including portable furniture, Zero-G 
(a dance studio), electrical generating windmills 
(Aeropower), electric vehicles, portable houses 
and other energy-related projects. 

Meanwhile, the ProtoPipe I had invented 
took off in sales, and our rented building even¬ 
tually became the staging ground for a new move 
back to the country. Learning from my previous 
experience, I designed my portable shelter to be 
extremely modular in construction, and pur¬ 
chased my first 300’ of TELSPAR. I realized that 
by cutting it to modular lengths based on a 4’x 8’ 
sheet of plywood, I could create thousands of 
construction possibilities. I adhered a thin sheet 
of aluminum to the plywood panels to protect 
them from the elements. Other panels were con¬ 
structed with smooth Filon, cut into 4’x 4’ and 4’x 
8’ sizes and bonded to lightweight wooden 
frames. I built a small crane to facilitate construc¬ 
tion and take-down of the 4’x 8’ panels when 
working several stories up. This crane attached 
to the vertical TELSPAR posts in the comers and 
swiveled 360 degrees. 

When six of us moved to the country in 
1979,1 loaded the pieces of the shelter into my 

1970 Datsun pickup and drove it to our 20-acre 
parcel in rural Mendocino County. It was an 
exciting period, finally having landed again in the 
woods. The shelter was transferred onto an elec¬ 
tric golf cart that we had rebuilt into a tiny pickup, 
and transported 1,300 feet up to a sunny building 
site (three panels at a time) over a four foot wide 
EV trail. My land partners at the time, Dave 
Leverett and Marie Wenban, built a similar struc¬ 
ture and experimented with insulated exterior 
panels. We used 3M Tedlar tape to seal the sur¬ 
faces at the seams, but when the wet season ar¬ 
rived we found that our taped seams weren’t 
perfect, and the roofs leaked. It was still drafty and 
cold, but much better than my first attempt. 

The most comfortable portable house I built 
used traditional 2"x 4" construction methods with 
one unusual detail: the shed roof was hinged and 
could be lowered into a horizontal position when 
moving to avoid overhead power lines. When 
raised, it gave the small 8’ x 16’ structure a 12-foot 
ceiling height with loft spaces at either end. This 
fully insulated and sheetrocked building only cost 
about $1,200 to build. It was the first structure I 
built that I didn’t dismantle to move, and the first 
one that didn’t leak. I lived in it for four years while 
I built my shop and house. Meanwhile, I continued 
cranking out box beam vehicles. The first had 
been built in 1977 by Dave and myself from 1" 
square tubing I salvaged from a previous portable 
house. My first aluminum box beam electric 
vehicle, the Scamp, was built several years later 
using a Honda 50 front end, and required only 
one welded part. I coined the name box beam in 
1987, and it seemed to fit the material nicely. 

In 1988 Peter Ziegler sent me a magazine 
about the Swiss Tour de Sol where solar and 
electric vehicles raced through the Alps. At the 
time, I was just starting a mountain bike shop 
called Suncycles in Willits. The next year, I 
joined with a group of friends to respond to 
Home Power Magazine’s call for a people’s 
energy fair. The first Solar Energy Expo and 
Rally took place in Willits in August, 1990; the 
fourth SEER was held in July, 1994 in Ukiah. 

It has now been 16 years since I built my 
first aluminum vehicle, and some of the same 
box beam pieces are still getting reused today 
to create new vehicles and projects. As of 
June, 1994, I had built at least ten working 
vehicles from box beam. 
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BUILDING A WORK BENCH WITH SUNTOOLS™ BOX BEAM 

1. The easiest way to build any structure is to first build a Tri-joint into it. This instantly gives 
the project shape. Insalling the upright posts on the outside corners seems to work the best. 
Do not tighten the bolts yet. When all are in, then gently tighten the nuts. 

2. From this point on you only have to add a single piece at a time. This single stick tech¬ 
nique becomes invaluable in saving time and your back, especially with larger structures. 
Here I add another post and a lower shelf support. 

3. Now the pieces go on very quickly. The two front legs on this bench are 36 inches in 
length. The rear ones are 48 inches. The width is 24 inches. 

4. With the final pieces of box beam in place, 
you may now go back and tighten the nuts. If 
special panels are to be inserted into the frame¬ 
work, do this before tightening. On a static 
(non-moving) project such as a bench we don’t 
use washers or lock washers. When doing this, 
use between five and ten pounds of pressure 
on the wrench. Students and beginners often 
overtighten the nuts, needlessly. 

Phil Jergenson is shown assembling 
SUNTOOLS™ box beam. My favorite 
assembly tools are an adjustible wrench and 
nut-driver to speed-build projects. 
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5. Now the paneling and tops are added. 
Our material of choice is 1/2" signboard, used 
by sign makers. It is a high quality plywood 
with a smooth surface. Plywood is your next 
choice. You may need to notch the corners of 
the panels to allow for the vertical posts. 

Presto! Now, you can go to work! 

Total assembly time 12 minutes! 



THE CORNER BENCH 
Once you understand how to build the 

simple bench, you can graduate to a more 
complex project. This bench has exactly twice 
the surface area on the bench top. 

Its outside dimensions are six feet wide by four feet deep, with two foot deep 
counters. The pegboard used is 1/4" thick. One-eighth inch thick Masonite can be 
used as well, but is not as rugged. 

This project used four 2’x 6’ and one 2’x 4’ piece as a backstop on the 
bench. The four rear legs are also four feet long. 
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SUNTOOLS™ 
box beam 

WORKSTATION 
& 

SLEEPING LOFT 
KIT 

Also pictured is a sleeping loft-desk combination, which incorporates the corner bench 
underneath a 4’x 7’ sleeping loft. This configuration is great for apartment dwellers, kids, or 
anyone trying to create more space in a small area. We borrowed some of Peter Zeigler’s 
paneling arrangements for this application, making them exactly 2’x 2’ square. 
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THE ADULT ERECTOR KIT 
By Peter Ziegler 

My discovery of box beam came from reading Ken Isaacs’ book "How to Build Your 
Own Living Structures" in 1974. This book was inspiring. It showed how to join materials in 
a hassle-free way with nuts and bolts. It offered a space-frame building system that allowed 
non-carpenters to conquer and define space in a thousand different ways. It was awesome! 

Isaacs referred 
to the building system 
as the matrix. This 
matrix of holes within 
the structural beams 
represented to many 
of us the index of all 
possibilities. The 
beams within the 
matrix could be easily 
changed by unbolting 
or bolting together a 
new configuration. 
There were no nails, 
no hammers and no 
smashed thumbs. 
Building was never 
so much fun! 

In 1976 I had 
access to a new drill 
press and began to 
make 2"x 2" lumber 
elements from hem¬ 
lock fir and bolted 
together 3’ and 4’ 
cubes, according to 
instructions from 
Isaacs’ book. In the 
following year I de¬ 
signed several new 
configurations utiliz¬ 
ing this building sys¬ 
tem, and after much 
searching for an ap¬ 
propriate name, re- 
gistered the 
trademark 
MATRIX®. 

By 1978 I be¬ 
gan to manufacture 
the MATRIX® 
Habitat & Loft Kit, 
and was selling it 
through a knock¬ 
down furniture store 
in San Francisco. It 
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cess and allowed apartment dwellers to raise 
their bed off the ground while having an office, 
book shelves and lounge area underneath. I 
remember many nights, lying in my personal 
loft and thinking how much this building system 
had helped me to get my act off the ground. 
This was the building system I had been look¬ 
ing for all of my life. 

In 1979 I was manufacturing about six kits a 
month and had developed a 3-D instruction 
manual. I was also including panels and panel art 
made from tempered Masonite. It was impressive 
how much shear strength could be added to the 
structure by attaching panels. I began to coin this 
type of loft structure: FURNITECTURE, a cross 
between furniture and architecture. 

These scale models 
elegantly 
demonstrate how 
designs can be 
quickly refined by 
working in miniature. 
Peter created these 
study models to 
facilitate the design 
process. He milled fir 
on a table saw to 
1/4" widths, then laid 
out the hole pattern 
and drilled the holes 
with a 1/16" bit. 
Small brass brads 
were used to hold the 
pieces together, and 
cardboard panels 
were cut into modular 
geometric shapes. 
This approach could 
also work well in 
designing toys. 

-- Phil Jergenson 
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By 1980 I had 
begun to use the build¬ 
ing system for wind and 
solar energy classes 
that I was teaching in 
Berkeley. Utilizing the 
steel version TELSPAR 
(described elsewhere 
in this book), the class 
fabricated Savonious 
and Helical Rotor 
windmills as well as 
horizontal axis wind tur¬ 
bines. The system be¬ 
came an excellent 
teaching tool for hands- 
on learning. Student 
design teams could 
build machines and 
change the design at 
will. We never needed 
to weld one piece in 
seven years of classes. 

It soon occured to 
a number of us -- 
teachers, students and 
users — that this was 
the finest appropriate 
technology kit that we 
had ever encountered. 
It became obvious that 
by machining all struc¬ 
tural elements, we 
could use and reuse a 
building element a 
thousand times. Gone 
were the days when a 
structure had to be 
destroyed because it 
was too much trouble 
to pull all the nails out 
Here was re-use and 
recycling at its best: a 
building system that 
could be passed on to 
future generations! 
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This drawing of the MATRIX Solar Furnace Kit by Peter shows a further refinement of the 
"unit trough" solar collector design, its dual axis tracker uses a gimba/ied frame to allow for full 
tracking capabilites. Polished stainless steel would be substituted mirrors. This unit would 
magnify approximately 20 suns - another fantastic design! - Phi! Jergenson 

Peter shows us how to 
build some really classy 
solar concentrators. 
Pictured below is a low 
cost unit that anyone 
can build. Its single sxis 
tracker concentrates 
approximately ten suns 
onto the cylindrical tar¬ 
get that fits into the lab 
damps. Mirror strips, 
like the ones used here 
are produced as a 
byproduct in glass 
shops Ask them to 
save them for you! - PJ 

35 



During this time there were many 
other applications from the 2"x 2" 
wood system, including chairs, craft 
stands, exhibit structures and 
parabolic tracking configurations. 

By 1980 I had begun to use the 
building system for wind and solar ener¬ 
gy classes that I was teaching in 
Berkeley. Utilizing the steel version 
TELSPAR (described elsewhere in this 
book), the class fabricated Savonious 
and Helical Rotor windmills as well as 

horizontal axis wind turbines. 
The system became an excellent teaching 

tool for hands-on learning. Student design 
teams could build machines and change the 
design at will. We never needed to weld one 
piece in seven years of classes. 

It soon occured to a number of us -- 
teachers, students and users -- that this was the 
finest appropriate technology kit that we had 
ever encountered. It became obvious that by 
machining all structural elements, we could use 
and reuse a building element a thousand times. 

guy wires. The dose-up shows an air compres¬ 
sor head attached to the top of the machine. The 
other shows the windmill set up to generate elec¬ 
tricity. The gearratio on the V-be/tdrive can 
easily be changed to match power head RPM 
with the blade RPM. This design is a class act! 

- Phi! Jergenson 
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Peter built two versions of the popular Savonius Rotor. Note that one unit is of TELSPAR and 
the other is constructed from 4"x 4” wood posts, in designing the wooden unit, Peter added 
dear fiion to create a beautiful and functional helix. We also notice that he used a guy wire 
support. The TELSPAR unit utilizes a more traditional Savonious design. Both units 
incorporated a simple crankshaft attached to a diaphragm-type water pump. Traditional 
Savonious Rotors were originally made of vertically split and offset 55 gallon drums, mounted 
on a supported vertical on a supported vertical shaft. They boast decent efficiency, simple 
design and can handle gusty winds from any direction without reorienting the tail vane. This 
lower-cost unit can be mounted at ground level. - PhiI Jergenson 
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Gone were the days when a structure had 
to be destroyed because it was too much 
trouble to pull all the nails out Here was 
re-use and recycling at its best: a building 
system that could be passed on to future 
generations! 

By the late 1980s we had scaled up the 
wooden building system from 2"x 2"s to 4Hx 
4Hs. The 4"x 4" system uses the same join¬ 
ing system as the original, along with struc¬ 
tural elements like box beams and plywood 
webbed trusses. The floor, wall and ceiling 
utilize stressed-skin panels that attach to the 
space frame. Space in between the walls 
functions as heating and cooling ducts and 
utility cores. What exists to date is a variety 
of architectural configurations for a one- or 
two-person micro-house, and plans for a 
variety of cabins. 

If you wish to learn more about any of 
the systems described, or would like to 
place an order, please contact us. 

My address in Hawaii is: 
Peter R. Ziegler 
Pacific Synergy Inc. 
P.O. Box 11230 
Honolulu, HI 96828 
Telephone/FAX (808) 261-2210 



ELECTRIC VEHICLE TEST BED (EVTB) 

This was the first drivEable box beam vehicle that I constructed in 1978 in Berkeley with the 
help of Dave Leverett. The one square inch tubing was obtained from store dumpsters and old 
projects. We drilled the holes one inch apart, then and cut it to standard lengths. One welded 
part mates up the front end to an early BMX fork. 

Lathe work was needed to adapt these mag wheels to accept a 5/8" axle, and a 1/2 HP 
motor was installed. Several frame and wheel variations were tried on this vehicle. 

This box beam frame could 
easily accept a pedal drive 
accessory system. 
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A little story. The very first Box Beam vehicle I built had a simple on, off switch. I had just 
driven all over Berkeley and its two batteries were very low. I was only two blocks from 
home, and no cars were in the streets as it was a Sunday, and I was in the industrial part of 
town. The batteries were so weak, my wheels wouldn’t even carry me. I got the bright idea 
of walking beside the vehicle, reaching over so I could steer the tiller. I thought that maybe, if 
I wasn’t on board, it might go around 5 miles per hour or so. 

Turning it on, the speed 
kept increasing. I started to 
just trot along beside it, think¬ 
ing we would get home that 
much faster. Suddenly I was 
running to keep up, and trying 
desperately to reach the on-off 
switch. No longer holding the 
steering tiller, I veered into the 
curb, headed straight for a 
large plate glass window. 

I dove on the vehicle as it 
hit the curb, tumbling over and 
over as both batteries came 
flying out onto the pavement. 
Everything ended up several 
feet from the windows. Amaz¬ 
ingly, nothing was seriously 
damaged, except that I had 
sprained my wrist and had 
suffered a few scrapes and 
bruises. 

Lesson: Use switches that 
return to the off position 
(called a momentary switch) 
and don t drive your vehicle Notice how narrow the frame is in this shot. Here it 
unless you re in it (called was a two-whee/ed scooter and a single 12-vo/t 
common sense). battery. 
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SCAMP 
This vehicle was the first of a series of experi¬ 

ments using 1-1/2” square aluminum tubing for the 
frame material. This was built in the summer of ’79 
with a mere 23 feet of box beam, a Honda 50 front 
end, and a 3-speed transmission. This little 3- 
wheeler has had the most use of any of my experi¬ 
mental vehicles. The electric motor was face 
mounted with a spider shaft coupler. Two 18 
diameter wide turf tread tires delivered the traction 
to get up and go! It is powered by a mere 1 HP, 24- 
volt DC motor. The motor is directly coupled to the 
tranny, creating a very clean drive train and a 
surprising anrioung of power. 

Back in 1982 or so I met with John Schaffer of 
Real Goods to show him a building I was renting 
when I decided to show off on the Scamp. I jumped 
on it and took off across the gravel parking lot in 3rd 
gear. I swung into a 180 degree turn, but started 
drifting because I was in loose gravel and going too 
fast. Unable to take my hands off the handlebars in 
the turn, I applied the front hand brake to the front 
wheels, but continued to accelerate despite the front 
wheel brake. 
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The Scamp’s front end buried 
itself into the frame of the truck and 
still continued to scream. Since I 
was sitting on the bare frame, I was 
left with a rather sore rear end and 
a bruised ego. 

As some of you might know, 
three-wheel ATVs have been taken 
off the market because of roll over 
problems. The stability of the 
Scamp was good, and certainly the 
120 lb. battery pack helped to keep 
its wheels on the ground. We have 
been asked many times if this 
machine is for sale as a kit, but we 
sadly must say no, because of the 
above mentioned law. 

The SCAMP is a perfect 
little trail bike. The batter- 
ies create a low center of 
gravity and the smooth turf- 
tread tires do not tear up 
the trails. 

This little vehicle uses only 
29 1/2 ft. of 1 1/2" alumi¬ 
num box beam framing 
weighing 22.2 lbs. 

It’s a blast to work with! Using Suntools 
box beam framing you can’t make a 
serious mistake when building something. 
If you do, just change it back, it’s that 
simple. _ 
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,ClanZd t0 George Buono and he rebui,t if> addin9 3 much-needed seat and a 
Cfoot°swtich Sdock mount,n9- He also raised the handlebars and installed a two-speed 
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WELDED BEAR 
This is the last welded vehicle that I 

built. Lots of sheet metal forming was 
required. Four T-105 six volt batteries 
supplied the power to a 1-1/4 HP per¬ 
manent magnet motor 

I found that placing the two bat¬ 
teries behind the rear axle caused the 
vehicle to handle poorly on steep 
grades. Because this Bear had a 
welded frame, I found that I was trapped 
into bad geomtery, and decided to stick 
with box beam in the future. 



8$ M SOLAR 
BEAR 
The electric tractor iP' % ^ P 
is a very useful tool 
to have around a 
solar powered home. There is 
always plenty of work to do 
especially while building a 
homestead. The Solar Bear came 
out of this need for something 
that could move material easily 
as well as being a portable 
source of power. 

If you look around at garden 
tractors on the market, you’ll 
notice that you sit over the rear 
tires and look down this big long 
hood, where the engine is lo¬ 
cated. I got rid of that nose and 
put the operator there. Then I 
added the cargo carrier dump 
bed behind the operator! 

The Solar Bear is more use¬ 
ful in gardening applications than 
its counterparts. It’s a bigger 
vehicle than ET, with the added 
feature of being able to carry a 
passenger, as well as an 
operator. And because you can 
ride in it, you can even rest while 
operating it! 

The Solar Bear has a four 
speed heavy-duty cast iron trans¬ 
axle with a compound low of 172 x 1 
gear ratio. This is where it gets its 
power. It’s not fast but it’s unstoppable if 
it gets traction! It requires four deep 
cycle batteries for power storage, and is 
capable of delivering more torque than 
the lighter truck, therefore is more 
desirable at a larger work sites (over a 
half an acre). The handling is easy to 
describe in one word: responsive. 

The Solar Bear’s short wheelbase 
and 3’ width allows it to be easily 
maneuverable in tight spaces. With its 
13’ outside turning diameter, it can 
move between trees and operate quietly 
and efficiently in small yards, gardens 
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and even in warehouses. The Solar 
Bear weighs approximately 450 
lbs., including most of its battery 
weight. Since tractors need weight 
for traction, the weight of the bat¬ 
teries becomes an advantage. 

I set up the Solar Bear to do 
work involving the moving of bulky 
items and loose material. Its 2HP 
electric DC motor — comparable to 
a 6 or 8 HP gas powered engine - 
has the torque to really move out. 
The electric motor’s 90 percent 
operating efficiency is partly due to 
the fact that it has only one moving 
part. Compare to a gasoline engine 
at only about 34 percent operating 
efficiency. 

Another device which seems 
to work very well is a two speed 
motor controller. This system con¬ 
trols the electric motor by creating 
a parallel circuit (for Low), and a 
series circuit (for High), from the 
batteries. The good points of this 
setup are low cost and a softer 
start (parallel circuit) on takeoff 
than a direct series circuit. It also 
allows simple regenerative braking, 
by using the electrical circuit to 



capture braking energy instead of 
burning brake pads to slow down. 
This type of controller is still quite 
jerky compared to an electronic 
variable speed controller. Any con¬ 
troller can be used, including the 
more sophisticated ’Mosfett’, or a 
transistorized controller. These, of 
course, are more expensive. 

Another adjustment system for 
selecting a proper gear ratio is a V- 
belt and pulley setup between the 
motor and the transmission. This 
allows owners to adjust their 
vehicle’s speed to suit their own 
terrain conditions: a low ratio for 
hilly terrain, or a high ratio for flat 
ground situations. The addition of 
electrical and gearbox speed con¬ 
trol systems assures maximum 
control over the vehicle. 

The Solar Bear’s solar top and 
tilting dump bed serve three pur¬ 
poses. They provide a way to dump 
the load easily, and make it possible 
to track the sun for the correct solar 
charging angle. This useful con¬ 
figuration also facilitates main¬ 
tenance of the drive train by making 
it more accessible. 

The solar panels 
provide enough charg¬ 
ing during the day to 
drive the vehicle for 
around one hour per 
day. For longer run¬ 
ning times, an addi¬ 
tional charging system 
is needed to augment 
the roof top panels. 

This tractor can 
also be used as a 
remote solar power 
station, and could re¬ 
place a gasoline gen¬ 
erator in some cases. 
If you don’t have a site 
that stays sunny all 
day, drive this power 
station into the sun¬ 
shine, then take it 
home later! 

My own home was constructed using solar 
panels to provide the power for my electrical tools. 
The Solar Bear did not exist when I built the house. It 
was this construction job that convinced me to under¬ 
take its design. Even the excavation was assisted by 
a tiny electric dozer. 
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This is a box beam frame from the SOLAR BEARTM. Notice the simple constructio 

Two 5' long box beam rails 
are laid down with proper 
length bolts sticking up at 
the correct spacing. 

Notice the way beams 
are stacked in differ¬ 
ent directions. 

6 - 1 ft. 
2 - 2 ft. 
4 - 3ft. 
2 - 5ft. 

Total: 32 ft. 

Using box beam, anyone can build frames very quickly and accurately. No 
more complex and costly welding jigs when building multiple frames. 

48 



X-Wing 
»»#■ 1 ,?P®nt.the summer of 1988 building and testing a vehicle that was nicknamed "The X- 
wmg This invention has probably been the most fun of all the SUNTOOLS ™box beam 
vehicles I ve built and driven. Actually, I never did finish it to a point of getting it licensed. 
It s not safe to drive this small electric vehicle on today’s city streets. Our roads are totally 
dominated by cars and trucks, those 2-plus ton dinosaurs that presently gridlock our transpor¬ 
tation systems all around the world. ^ 

In the X-Wing vehicle, the driver sits 
very low to the ground for stability. I probab¬ 
ly overdid the width or track of the rear 
wheels. They were 6 foot to the center of 
the tires. I knew of the reputation for three 
wheelers (single front wheel) to nose over 
in tight turns. To compensate I created a 6 
foot width (track). This, along with a battery 
placement right over and between the rear 
axle, gave the X-Wing an incredibly low 
center of gravity and fantastic cornering 
abilities. As you can also see in the photos, 
the entire chassis stood only about 20" 
high! By including the added upper solar 
panels and roll bar, the X-Wing was less 
than 45" from the ground. 

When you turned it, the response was 
lightning fast! On pavement, you could feel 
the side g-forces slam you into the side of 
the vehicle seat. It stuck to the road like 
glue, and when it did, was very controlled. 
When I turned sharply at high speeds (25 
mph) on a gravel surface, it would slide 
around corners predictably and with an 
amazing amount of control. 

The brakes were actually the last thing 
to be installed. Because of this, I quickly 
learned how to skid-stop by fish-tailing the 
rear end around, ending in a large cloud of 
dust. Dramatic, but slightly stupid. Actually, 
it was like reliving some of my lost 
childhood. In a month of driving that way, I 
never did hit anything, but had several acres 
of vacant parking lot to test drive in. 

After I installed the brakes and brought 
it out on the road, it was quite intimidating to 
drive in traffic. When I pulled up to a regular 
passenger car, the top of my head didn’t 
even came up to their doorhandles! This 
gives you a very vulnerable feeling, espe¬ 
cially when you pull up beside someone in 
the next lane that cannot see you at all! 

Including batteries the X-Wing weighed 
only 450 lbs. empty; yet another safety dis¬ 
advantage. Even the smallest subcompact 
outweighed it five fold! What if you were 
driving along next to someone and they 
decided to change lanes? Bad news! If the 
X-Wing were in an accident with any other 
type of vehicle, it would lose. 
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As a matter of fact, because of 
its super low profile, it would probab¬ 
ly get wedged underneath in a 
wreck. Later on, I decided to alter it 
into something taller (see Vanda). 

One experiment on the X-Wing 
that worked pretty well was the push 
rod steering system. Because this 
configuration had a long nose, I had 
to figure out how to reach my han¬ 
dlebars or tiller arm. Remember 
now, I’m leaning back with my feet 
stretched out in front of me. I real¬ 
ized that the tiller arm would probab¬ 
ly end up being too long when I 
turned, so I tried a pushrod setup to 
reach the front end. The levers are 
merely pushed and pulled simul¬ 
taneously. There is a rod end bear¬ 
ing at the front of each pushrod, so 
they can’t bind. They were contained 
in a bracket on the driver’s side of 
the vehicle. The controls were ac¬ 
tually very comfortable and natural 
feeling. Initially, it felt very squirrely 
at over 10 mph, so I installed an ad¬ 
justable dampener to keep it from 
being so sensitive. That did the trick. 
The photos show the rear suspen¬ 
sion. This is called a McPherson 
strut. It has a swing A-arm and 
shock absorber leading up to the 
SUNTOOLS ™ Box Beam frame. 

This vehicle was my first at¬ 
tempt at using two electric drive 
motors. Both motors were wired into 
a parallel circuit. Surprisingly, even 
when operating with only one motor I 
noticed that it always steered in a 
straight line. With two motors it had 
the power to really perform well. The 
two electric motors were a 1-1/4 HP 
and a 3/4 HP, each with a different 
rpm. I made up for the difference in 
the chain gearing. Optimally, I 
should have used two electric 
motors with the same rpm. 

The front end was equipped 
with a leading link type of suspen¬ 
sion on a single front wheel. It had 
around 4" of travel, which realty sof¬ 
tened the bumps. As you might 



guess, you hit more bumps driving a 
three-wheeler, because the wheels 
touch the road in different places (in a 
four wheeled vehicle, the rear wheels 
follow in the same tracks as the front 
ones). The shocks were necessary be¬ 
cause of the X-Wing’s speed. There can 
be many variations on this setup (see 
Suspensions). 

The power control for the X-Wing 
was a 100 amp double-throw double¬ 
pole solenoid switch, with the speed 
controlled by a separate two-position 
thumb switch. Both switches were 
momentary switches, meaning if I let go 
of them, everything would immediately 
shut off. This is exactly what you want to 
control the vehicle. The type of electric 
circuit I used was a parallel, series setup 
(see Power Controls). This simple type 
of switching had the added benefit of 
something called "regenerative braking". 
I installed a 200 amp electric meter 
which measured positive, negative, and 
zero (at the center) amps. I could watch 
and see when I was using power and 
when Pm producing it. This power con¬ 

trol system proved to be very effective, slowing 
the vehicle down quickly to about 12 mph. From 
there I used the brakes. 

I put disc brakes on the X-Wing. It was a 
hydraulic system, with double acting cylinders 
on each of the two rear wheels. ’Double acting’ 
means that both piston pads are squeezed on 
the brake disk at the same time. The alternative 
is to just have one pad actively squeezed, while 
the other one is passively pushed and may drag 

on the disk at 
times. This 
causes friction 
and inefficiency. 

The master 
cylinder was lo¬ 
cated right be¬ 
hind the steering 
setup, and was 
foot operated. 

The most 
remarkable 
thing about the 
X-Wing was the 
vehicle to bat¬ 
tery weight ratio: 
the vehicle itself 
weighing in at 
180 lbs. and the 
batteries at 250 
lbs.! 

I attribute that 
weight ratio to 
its box beam 
construction. 
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VANDA 
Having convinced myself that X-Wing needed a larger profile, I decided to alter the 

upper half of its setup. This time I used graph paper and scaled the existing 
undercarriage outline onto paper After just a few designs, I came up with the Vanda. This 
was to be a tiny but spacious little vehicle. After acquiring some Aluco Bond, Vanda’s 
progress went rapidly. It took only a couple of weeks to frame it and install the body. The 
biggest change was the driver position, which was moved forward about two feet. The 
other big change was that all the batteries would be installed as a single pack, between 
the axles. The futuristic shape of the Vanda is something that I am rather proud of. 
Precious experiments had shown how hard it was to get streamlined bodies, without 
spending a small fortune on molds. The conventional way of producing these shapes 
was with fiberglass. I spent about two weeks making the fiberglass front end for the X- 
Wing, and knew the difficulties well. The ease of working with Vanda’s flat surfaces 
worked out great! 

When it came time to install the glass, I 
took the body panels to the local glass shop. 
For about $150.00 they installed safety glass 
in a black rubber gasket. Remember, when 
designing windows with safety glass, always 
make your corners round, so the gasket 
material can conform with the glass shape. 
The lower panels were actually bent in a little 

bit to edge in the front end. A special rain 
channel was installed where the body joined 
the roof. Four 55 watt solar panels mounted 
on the roof could be adjusted to capture 
more sunshine, and the the lower solar 
panels, could could be folded up. As you can 
see in the photos, this provided a very sub¬ 
stantial amount of power for the 220 amp hr. 
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battery pack, using two panels 
for each battery. These panels 
were 55 watts peak, giving the 
Vanda a pretty fast recharge 
time. 

Its new van style body 
gave the Vanda a huge interior 
volume, plus the entire body 
could tilt forward to allow the 
driver to get in and out. The 
Vanda was almost six feet wide 
at the deck level, and about six 
feet long. The tapered area in 
the nose added two more feet 
of space to the interior. The sit¬ 
ting height inside the Vanda 
was about 30”, and the total in¬ 
terior volume was around 90 
cu. ft. Not bad for something 
under nine feet long. In fact, 
part of the design requirement 
was that this vehicle should be 
large enough to sleep two 
adults while traveling. 

The more I played with the 
design, the more possibilities 
became apparent. I toyed with 
a design to make it unfold into a large tent. 
Its chameleon nature had me coming up with 
all kinds of ideas. Since it had a large solar 
array on the roof, it could actually be lived in 
for small periods of time. A small refrigerator 

could fit under part of the floor with 
numerous storage compartments as well. 
Remember, in the sun, you would have over 
400 watts of solar energy being converted 
into electricity. As you know when you have 

a power capability, many types of conver¬ 
sions are possible. What if the vehicle 
could manufacture ice in its refrigerator 
while it sat idle? What if it ran power 
tools? The possibilities are endless. 

The Vanda is actually a complete 
driveable solar power plant on wheels. 
Its special attributes could really make 
it a useful product to people all over 
the planet. 

Three years ago, I left my down¬ 
town manufacturing location for a 
chance to live on a mountain top 12 
miles from town. Since it is like a roller 
coaster driving up and down, even this 
short distance, it’s too much for an 
electric vehicle with this small of a bat¬ 
tery pack. 

I resisted the urge to put more bat¬ 
teries in as this would also mean larger 
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shocks, larger motors and who 
knows what else. I also wasn’t 
pleased with the new steering 
setup, a piece of used, bent elec¬ 
trical conduit stuck into the hollow 
front forks. It ended up feeling 
kind of funky after the positive ex¬ 
perience with the pushrod setup in 
the X-Wing. 

I never did finish the inside of 
the Vanda very well, and later on 
needed the solar panels to run 
my home. The Vanda has since 
been dismantled for the Box 
Beam and the components used 
to create some new projects. Pic¬ 
tures have been taken just in 
case I ever want to reassemble it 
again. 

This was not my first Box 
Beam project on the mountain, for I 
spent ten years living there on 
weekends. While building a small 
home and shop, I had prototyped 
many small scale work vehicles. I 
call them "work amplifiers." When 
you live far from town, you need all 
the help you can get. If you can 
coax some work out of the sun¬ 
shine, then so much the better. My 
home is powered by a small-scale 
solar electric system, and is totally 
"off the grid." The entire house was 
constructed using a solar system to 
run the power tools. 

Even the excavation was done 
with a very small scale electric 
bulldozer. The cement mixer was 
powered by the same system. 

An AC to DC inverter was used when¬ 
ever I needed to use AC power tools. I didn’t 

have to go to such extremes by using solar 
power, but it is dependable, quiet, and very 
abundant. 

Box beam framing could allow you to 
integrate many of your lifestyle systems 
together into highly interchangeable 
modules and structural components. Like 
a large 
Erector set, box beam assemblies into 
custom shapes without expensive and 
dangerous welding. Because everything is 
bolted, it will allow you, the user, to quickly 
modify or change it into something new! 
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ELECTRIC TRACTOR™ (ET) 
The Yard truck is a compact work vehicle with many uses on the ranch or farm. With a 3’ 

x4’ cargo bed, you can carry large bulky items up to a 450 lb. load capacity. The tilting bed 
allows you to quickly dump your load. This makes it an ideal material mover! 

The five speed transmission 
allows you to choose the best 
speed for the job. Coupled to the 
transmission by way of a V-belt is 
a 12 volt DC electric traction 
motor. 

The power to the motor is 
furnished by two six volt onboard 
deep cycle batteries. This type of 
power system has many ad¬ 
vantages over a gasoline engine, 
including quiet operation, no 
fumes or air pollution, and far 
less maintenance. 

One amazing new capability 
that an electric vehicle has is the 
owner’s ability to create their own 
power to charge it with. Photovol¬ 
taic solar panels, water wheel 
generators, and windmills can be 
used as charge sources. Of 
course, a portable generator or 
household electricity can also be 
used, if avaliable. 

The Electric Tractor itself 
can become a silent electrical 
power system! It can provide 12 
volt DC or 120 volt AC with an 
optional AC-DC inverter. This 
power capability puts the Yard 
Truck in a class all its own! You 
can power construction tools, air 
compressors, work lights, or 
even a small cabin with this 
prime mover. This machine is ideal for 
working in remote locations away from the 
power grid! 

The vehicle’s unique drive train allows 
it to operate in either direction with its full 
five speeds. Of course, its SUNTOOLS™ 
box beam construction will also allow you to 
actually change it’s shape! Do you want it 
with a longer cargo bed? Just build it with 
longer lengths of box beam. Want a solar 
top? It can be constructed in a few hours 
with extra box beam. 

Even the Electric Tractor’s controls and 

steering can be installed in a multitude of 
ways. This will facilitate builders who have 
special design requirements. Normally the 
operator will walk behind the Electric Tractor 
and steer with the control arms. This is also 
much safer than riding equipment. 

The transaxle is built to deliver up to 
450 ft. lbs. of torque through a one inch solid 
steel axle. On the axles are mounted univer¬ 
sal four bolt spindles for bolting many types 
of wheels on it. This type of transmission is 
actually rated to use ground engaging 
equipment, such as a dirt blade. I haven’t 
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built one for it yet but that’s a must do. Also, 
the transmission has a built in differential for 
maneuvering in close quarters. This allows 
many types of tread patterns and sizes. The 
cargo bed is adjustible at different heights. 

The all aluminum construction saves 
over 100 lbs. in weight over steel, which adds 
to its overall carrying capacity. Since the 
operator also walks behind the machine in¬ 
stead of riding, that increases its payload 
maximum. A seat can actually be added for 
riding in flat ground situations, enabling the 
driver to steer with footpegs! 

When carrying loads up hills, the weight 
of the payload is right over the wheels for 
positive traction. The compact drive train al¬ 
lows the deck to be just 19 inches off the 
ground for a super low center of gravity. 

As you can see, the versitility and adap¬ 
tability of the Electric Tractor are unrivaled! 

SUNTOOLS™ 
brand box beam 
was used in this 

project 
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ELECTRIC GOAT 
As the photos show, this 

project is still evolving , but worth 
showing as another example of 
box beam on the move. 

This vehicle was inspired by 
one of my neighbors, Tim Hunt, 
who built two complete gasoline 
’tote goats’ to go deer hunting and 
fishing with. He was the neighbor¬ 
hood mechanic whose backyard 
was full of mechanical contraptions 
including a Piper Cub, a Crosley, 
Vespas and great quanities of 
metal. 

He always let me hang out and 
watch. This was in 1962 and I was 
around 14 or so and always full of 
questions about vehicles. He had a 
great sense of humor, attaching 
anecdotes and little stories to his 
answers. 

I recall that the process of 
building the actual frame was pain¬ 
fully slow because of all the bends 
in the tubing, and because it was 
gas-welded together using wire 
coat hangers (which I straightened 
out) as filler rod. 

I still remember the day that 
Tim finished the power train and 
tried it out by climbing about six 
concrete steps effortlessly. Be¬ 
cause of Mendocino County’s very 
steep and hilly terrain, this could be 
a very useful design. Now, 30 
years later, I’ve set out to try to 
build an Electric Goat. I’m not 
finished with it yet but the box 
beam frame is done and the major 
components are installed. 

A jackshaft has been installed 
to create a 12 to 1 gear ratio. Using 
different size V-belt pulleys, one 
can raise or lower this ratio. This 
results in a very low speed with 
high torque. As it’s set up, the Elec¬ 
tric Goat will go about 7 mph. The 
electric motor installed is a Scott 1 
HP. The tires are 22" in diameter, 
and are all-terrain knobby. 
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The Tote Goat is a single track 
vehicle. This means that the rear 
tire follows the front one. Its design 
is ideal for hilly terrain. The frame is 
easy to build, and it can be scaled 
up or down. Because the tires are 
so soft, I decided that a suspension 
system wasn’t needed. Other fea¬ 
tures that could be added include a 
2 wheel drive, a trailer, and an on 
board inverter for AC power. It 
could be easily chargee in the field 
from one or two solar panels. 

As the photos show, the Tote Goat still needs hand¬ 
lebars, a seat, batteries, brakes, fenders and finishes, 
but the hard part has already been constructed entire¬ 
ly with box beam framing. 

SOLAR DOZER 

This quarter ton midget crawler 
was a conversion job that I did in about 
1984. It is a walk- behind variety and 
had a two-way blade. This was 
upgraded to a six way with manual set¬ 
ting (no hydraulics). This little machine 
originally came equiped with an 8 HP 
gas engine, which was replaced with a 
2 HP 24 volt electric DC motor. Two 90 
lb. batteries provided the electricity for 
the machine. I built it with a forward and 
reverse switch, since that’s what you do 
with a crawler equiped with a blade, 
each time taking a little more off with 
each pass. After the batteries went 
dead I still continued to operate it with 
an extension cable from the Solar Bear. 
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SOL TRAIN 

Trains are one of the most promising applications for battery power because of the 
super-low rolling co-efficient of steel wheels on a steel rail. Union Pacific’s steam-powered 
’Big Boy’ engine weighed more than 620 tons and could pull a loaded train of cars five-and-a- 
half miles long over flat ground, efficiently transporting many thousands of tons of goods. 
Those steam-powered giants make today’s big rigs look like Tonka Toys! 

Trains are up to ten times more efficient than rubber tires on the road. The railroad’s 
other great asset is its maximum four percent grade on hills, which is the reason why electric 
engines in the Canadian Rockies can pull 5,000 tons of ore cars uphill. 

Ninety years ago, a 26-passenger battery-powered railcar ran 206 miles a day between 
Washington, D.C and Brandenburg, M.D. Since weight (in the form of batteries) is the bane of all 
electric vehicles, we think that a battery-powered train makes a lot of sense. Enter the Sol Train. 

The Sol Train represents another ap¬ 
propriate use for box beam tubing. The 
challenge was to transform a pre-1940 
speeder railroad work vehicle into some¬ 
thing futuristic and functional. This project 
was partly sponsored by the Mendocino 
County Railway Society, a non-profit or¬ 
ganization dedicated to preserving and 
promoting freight, excursion and mass tran¬ 
sit rail use. California Western Railroad, 
which owns and operates the famous 
Skunk Railroad between Willits and Fort 
Bragg (so called because you could smell 
the train coming before seeing it) donated 

the railcar for the project. Richard and I went 
about the task of modifying it. 

As we removed the old parts we were 
amazed at the funky details that had been 
built on top of each other. This is, of course, 
to be expected from any vehicle that has 
spent four or so decades in active service. 
The engine was very unique. Having no 
reverse gear, the operator would stop the 
one ’lunger’ engine, then crank by hand in 
the opposite rotation to go in the other direc¬ 
tion. By the time we were done removing 
unneeded material, we were down to the 
main frame, transmission and wheels. 

59 



All of the components taken 
off were donated to the Roots Of 
Motive Power, a local non-profit 
organization of volunteers who 
restore, maintain, exhibit and 
operate historic logging and re¬ 
lated equipment at the Men¬ 
docino County Museum in Willits. 
The old cast aluminum control 
panel was re-installed in its 
original location so that we could 
use the existing control handles. 

Because the Sol Train can 
go over 20 mph, we installed a 
sloping nose made of Aluco 
Bond (see coverings) to give it 
some degree of streamlining. 
Aluco Bond is something Richard 
found some ten years earlier in a 
dumpster. As the story goes, he 
camped at the site for four days 
while he carefully extracted the 
find from a 40 cubic yard con¬ 
struction dumpster. He then 
stacked all 700 pounds on the 
roof of his van and drove 1600 
miles back home, crinkling in the 
roof of his new van. 

Alucobond is one of the best 
covering materials on the market. 
This tri-layer material is made 
with rubber material sandwiched 
between two sheets of aluminum. 
We found out later that the stuff 
was worth around $8.00 per 
square foot. Richard says he 
never feels embarassed about 
climbing into a dumpster. When 
appropriate or necessary, get 
permission first. He adds, "the 
best ones are at construction 
sites, or where there’s remodel¬ 
ing going on." 

The roof of the Sol Train is 
covered with nine of my favorite 
solar panels, Solarex Lites, taken 
from my other projects and off 
the roof of my home. These 
modules are 30 watts each, for a 
total of 270 watts of charging 
capacity. This amounts to only 
about 1/3 of one horsepower. 



That’s not much, but if the 
vehicle is in the sun for five hours 
a day, it adds up to between five 
and ten miles of additional range 
per day while away from regular 
charging facilities. Because the 
solar rooftop weighs under 100 
lbs., it doesn’t really affect the 
range of the vehicle. Another 
plus was the shade it gave us 
from the sun, an important ac¬ 
cessory in beautiful Northern 
California! 

When The Sol Train was first 
unveiled at the 1991 Solar Energy 
Expo and Rally in Willits, it was a 
big hit. Because of my multi¬ 
faceted participation in the Expo, 
we barely finished it in time for that 
first demonstration. We installed a 
2 HP, 24 volt DC motor (borrowed 
from my electric dozer). This ac¬ 
tually ran it nicely at approximately 
15 mph. The two speed transmis¬ 
sion couldn’t be used because of 
our short 300 foot test track. 

For SEER ’92, we installed a 
20 HP motor, donated and installed 
by Howard Letovsky. We were 
given permission to drive it on the 
famous Skunk Railroad line from 
Ft. Bragg (elev. 80 ft.) to Willits 
(elev.1364 ft.) with the Summit 
Pass or tunnel #2 to navigate through. 
This is the top of the Redwood route at 
1740 ft elev. It was at milepost marker 
28.7 Soda Springs ( elev. 808 ft.) that 
we ran out of power. Had the batteries 
been properly cycled the recomended 
12 to 15 cycles, according to our specs, 
we should have made it. However we 
didn’t get the batteries installed until the 
eve of our test run. We’ll be back for 
more testing in the future. 

All of the train personnel who rode 

in the Sol Train couldn’t believe how quiet it was 
during the trip. Based on our calculations, this 
vehicle could travel 200 miles-plus with a 
properly sized battery pack. 

Currently the Sol Train is Sitting in a 
warehouse where it has been for the past 18 
months. We plan to run Sol Train again at 
’SEER ’94’ which will take place July 15-17 in 
Ukiah, CA. 

We also have plans for a new and better 
rail vehicle, but lack funding, so first we must 
finish this Sourcebook. 
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This vehicle was built in Wi 11 its in 1991 for a 
demonstration project at a school in Japan. It was then 
taken apart and rebuilt into its own packing containers. 
My clothes were used as packing between components 
All three packages then went on the airplane as luggage. 
It was reassembled into the original vehicle by children 
after it reached its destination overseas. Imagine the 
possibilities! 
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SOLAR POWERED UTILITY VEHICLE (SPUV) 
By George Buono 

The purpose of this invention is to 
make available a utility or flatbed pick¬ 
up truck with the usual two seats up 
front and a pullout double seat, as well 
as several compartments and hatches 
revealing batteries, motors and 
storage, all below the flatbed. This 
vehicle can run on a modest amount 
of power derived from photovoltaic 
solar panels. 

Through the diligent use of 
efficiency-producing features, this use¬ 
ful vehicle will travel miles of rough ter¬ 
rain carrying substantial loads, and 
can be useful at remote sites where 
only photovoltaics are the power 
source. 

With the limitation of using just 
solar panels for power, the conserva¬ 
tion of energy has to be brought to its 
highest potential. That is why I have 
tried to take advantage of every 
possible efficiency credit. 

Other advantages that make this 
vehicle worthwhile are emissions, 
silent running and eloquence in short 
stop-and-go situations. 
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The drive system is the most 
unique. The rear drive is two per¬ 
manent magnet motors (one on 
each wheel) with Mosfett controls 
and regenerative braking for high 
speed drive (with the addition of 
the controlled freewheel system, 
one motor drive for the rear will 
work). 

The front drive (incomplete) 
will have one motor and is the low 
speed drive. Both front and rear 
wheels will be free-wheeling at the 
hubs. This will reduce friction and 
the overall effect will be to con¬ 
serve energy. The controlled 
freewheel system will take the 
place of differential, both front and 
rear, and will have positive traction 
on all four wheels as well. Tran¬ 
smission of power is direct from the 
motors to the axle using rubber 
gear belts. Controlled freewheeling 
is the highlight of invention in this 
electric vehicle design. It is also the 
feature which can be incorporated 
into many vehicle designs. 



Batteries doubled the weight 
of the vehicle. 

Before batteries were 
installed, his vehicle weighed 

approximately 600 pounds. 

George Bueno 
P.O.B.652 
Willits, Ca. 95490 

George and his daughter built this teeter- 
totter from SUNTOOLS™ box beam 

Now you can quickly transform your 
ideas mto reality! This systematic 
approach can be mastered by anyone 
who can count. Even children can build 
with Suntoo/s box beam! 
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SOLAR ASSISTED 
MOUNTAIN BIKE 

Through experience, 
SUNTOOLS has concluded that the 
1/5 HP electric motor is the minimum 
size that can be used on any human¬ 
carrying vehicle. If using a motor 
smaller than this the vehicle had bet¬ 
ter be very small, or very slow. 

A bicycle will give you a pretty 
good idea of how much power an 
electric motor can provide, because of 
its low rolling resistance. This experi¬ 
ment involved a mountain bike out¬ 
fitted with a 15" spoke ring pulley with 
a V-belt drive. I found that about 1/4 
HP is needed to sustain you at about 
15 mph on flat ground. A much lower 
gear ratio is needed in steep terrain. 

We used some 1 inch 
aluminum SUNTOOLS ™ box beam 
to attach our components to the 
bike frame. The motor hinged on a 
mount to take up the slack in a V- 
belt drive. I bought some used nick¬ 
el cadmium batteries at an army 
surplus store and and charged 
them. They were only 22 amp hours 
and weighed about 25 lbs. each. 
Their dimensions were 2"x 4" wide, 
and 10” long, and I hung them 
under the top tube of the bicycle. 
After testing this setup, I replaced 
the 1/4 HP motor with a 1/2 HP 
motor. Because my location is so 
steep, I still had to pedal to make it 
up the hill (about 20% grade). This 
is why it is so important to know the 
terrain conditions where your 
vehicle will be operating. 

This vehicle was a prototype 
and therefore was pretty crude in 
some of the details. I have no plans 
to put a larger motor on this unit, 
for several reasons. The mounting 
position of the motor was at the 
back end of the bike, so when I hit 
a small bump, it would send a 
severe shock through the frame. A 
larger, heavier motor would only 
make this worse and would also 



quickly deplete the battery pack. The only 
solution is to use a mountain bike with a 
suspension system. When I built this elec¬ 
tric bike, few bike suspensions were avail¬ 
able, and at the time, those that could be 
purchased were very expensive. When 
these new bikes are readily available, I 
would like to see someone resume this in¬ 
teresting project! Send in a picture! 

Another problem with this system oc¬ 
curred when the solar panel charged the 
ni-cad batteries. They were wet cell bat¬ 
teries, and when wet cells are over¬ 
charged, they boil over. The battery acid 
would drip, corroding the aluminum bot¬ 
tom bracket and chainrings. I don’t recom¬ 
mend using that type of battery. If you do, 
or when using any other type of battery, 
use one of the new solar charge con¬ 
trollers that are now available (see Parts). 

I’ve since dismantled that first Solar 
Bicycle, but have started building a new 
frame completely out of box beam (see 
photo). Notice the location of the motor. I 
also found the ideal location for the bat¬ 
tery, just ahead of the bottom bracket 
(crank arm bearings). This time I’m install¬ 
ing a gel cell battery just ahead of the bot¬ 
tom bracket, and the axle will be longer to 
accommodate the battery’s width. I also 
mounted four 30-watt Solarex Lites. The 
SUNCYCLE now under construction will 
pull the Solar Trailer, which is also shown 
in these photos. Since the 1" box beam 
weighs only 1/4 lb. per ft., the 
frame weighs only 10 lbs. The total 
weight of the trailer is 40 or so lbs. 
- including the solar panels! The 
trailer is only 30” wide, and there is 
lots of storage space under the 
solar panels! This might be a great 
way to go bicycle camping, in style! 

The trailer pictured was ul¬ 
timately transformed into part of the 
roof of the Sol Train, but before I 
took it apart, I tried out another 
configuration of the solar panels 
and took a couple of photos for fu¬ 
ture reference, so that I’ll be able to 
build it again. 



MICHAEL HACKLEMAN ON ELECTRIC VEHICLES 
Richard and I are happy and proud to 

include the next several pages, taken from 
Michael Hackleman’s book, "How to Build 
Your Own Electric Vehicle," last published 
in 1977 by Earthmind Peace Press. Maybe 
you can find one in a used book store. 

We met Michael back in 1977 when he 
visited our prototyping facilitites, Earthlab I, 
in Berkeley. He gave me a copy of his book, 
and it has since taken me down an entirely 
new path, which is exploring the new world 
of electric vehicles. 

My partners in the Earthlab I project built 
electrical generating windmills, and we had a 
1,000 watt unit on the roof, cranking out 
power all of the time. Several of us became 
determined to tap into this power source for 
vehicle recharging. A number of my Box 

Beam vehicles came out of this research. 
The most used pages in my copy of 

Michael’s book are the Horsepower/Hill 
Climbing Charts which I have included here. 
Remember when using these to calculate in 
the additional power required on flat ground 
to achieve the same speed. 

Please note that this Sourcebook does 
not attempt to explain all of the math in¬ 
volved in building an electric vehicle. How¬ 
ever, these charts do help with some of the 
calculations. These charts were taken, with 
the permission of the author, from Michael 
Hackleman’s definitive book, "Design & 
Build Your Own Electric Vehicles." In it 
Michael covers the math involved in electric 
vehicle building in simple language for first 
time builders. 
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Finding the rpm of the EV’s wheels at roadspeeds of 5-50 mph is not too difficult; it involves figuring the 
circumference of the wheel (in feet) and dividing that into ft/sec conversions from mph. Then we multiply the 
revolutions per second times 60 seconds (for one minute) and we get revolutions per minute (RPM)... And, just 
to make it easier on you and me, I’ve provided you with another handy-dandy chart (above) which gives you tire 
diameter in inches and feet, the tire’s circumference, and the wheel’s RPM at 5-50 M(H in 5 mph intervals, with 
some ft/min conversions as well. When you actually get some wheels for your EV, make sure that you measure 
the tire diameter, and not the diameter of the rim, or your gear ratios will be off. With this chart, you should be able 
to compute the size of wheels you will need for the motor, gearbox, transaxle, and your desired vehicle speed. 
You can find any one of the others, knowing the rest of the information. 
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2.67 4.00 5.33 6.67 8.00 9.33 10.67 12.00 

2.80 4.20 5.60 7.00 8.40 9.80 11.20 12.60 

2.93 4.40 5.87 7.33 8.80 10.27 11.73 13.20 

3.20 4.80 6.40 8.00 9.60 11.20 12.80 14.40 

3.23 4.86 6.47 8.08 9.70 11.32 12.93 14.50 

3.47 5.20 6.93 8.67 10.40 12.13 13.87 15.60 

3.70 5.50 7.40 9.25 11.10 12.95 14.80 16.60 

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 

4.17 6.20 8.33 10.42 12.50 14.58 16.67 18.70 

4.63 6.90 9.27 11.58 13.90 16.22 18.53 20.80 

5.07 7.60 10.13 12.67 15.20 17.73 20.27 22.80 

5.53 8.30 11.07 13.83 16.60 19.37 22.13 24.90 

6.00 9.00 12.00 15.00 18.00 21.00 24.00 27.00 

6.43 9.60 12.87 16.08 19.30 22.5f 25.73 28.90 

6.90 10.30 13.80 17.25 20.70 24.15 27.60 31.00 

9.13 13.70 18.27 22.83 27.40 31.97 36.53 41.10 

11.27 16.90 22.53 28.17 33.80 39.43 45.07 50.70 

13.33 20.00 26.67 33.33 40.00 46.67 53.33 60.00 

NOTES: (1) HP values computed for a 1000 pound vehicle. (2) HP figures for hillclimbing ONL Y. ADD 
values to computations of HP for same vehicle/same speed on level ground. (3) % of grade = ’X’ feet of 
rise/100 level feet. 



Left to Right, BACK: 
Paul Imrie, Jay Snyder, 

Gabe Williams, Brett 
Drummon, Josh Eckert, 

Dan Candia, Gina Firenzi, 
Riley Park, Tara Firenzi, 

Kathy Butler, Stacie Keil, 
Mr. Carter Milhous 

MIDDLE: Declan Conroy, 
Tyson Tano, Beau A xton, 

Geoff Nelson, Ashley 
Kiersted, Vanessa 

Plummer, Kim Bernick, 
Christine Girot, Brooke 

Van Vliet, Sharon Schimdt 

FRONT: Glenn 
Hackleman, Karl 

Applegate, Kristin Burke, 
Andrea Barker 

IN CAR: Karl Hedstrom 

ELECTRIC VEHICLE PROJECT 
Problem 

Solving Class 
Begins Design 
of Electrathon 

Vehicle 

EDITOR'S NOTE: 
This project was un¬ 
dertaken at the San 
Lorenzo Valley Junior 
High School in Fel¬ 
ton, California, during 
the 1994 school year. 

A project group 
consisting of 30 gifted 
seventh and eighth 
grade girls and boys 
enrolled in a Problem 
Solving class will 
design and construct 
an Electrathon- 
qualified, street legal 
electric vehicle during 
this school year. 

The project is 
headed by GATE in¬ 
structor, Carter Mil¬ 
hous, and Michael 
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Hackleman, an experienced EV designer. 
"Eiectrathon racing is an emerging 

sport in California along the lines of the 
soapbox derby," Hackleman explains. 
"Using a small, lightweight, low-power 
electric vehicle, the Eiectrathon format 
rewards strategy and conservation rather 
than speed and power. The 1-hour race 
may be safely and simply run in a large 
parking lot." 

Already, auto shops in high schools 
and colleges throughout California are 
embracing this silent, zero-emission tech¬ 
nology. 

The class will build two vehicles. 
Their first is a "mule." This is a testbed 
frame that uses the new Jergen- 
son box beam square tubing. Everything 
is changeable, so it quickly and inexpen¬ 
sively subjects ideas to trial and error. 
The second vehicle will use the best 
ideas discovered in the mule. A Murphy 
Aerocoupe shell and canopy has been 
purchased to give it all-weather use. 

A student competition will select the 
final paintwork and graphics, and apply 
sponsor logos. The project will be docu¬ 
mented by students through a newsletter, 
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articles, videotaping (Hi8), and disk (digital camera). 
The Electrathon vehicle should be a rolling chassis by the first of the 1994 year, and 

operational by February. Thereafter, it will compete in various Electrathon events. It is also 
available for SLV community activities. As 
well, the vehicle will be demonstrated to 
district elementary, junior high, and high 
school classes and assemblies through¬ 
out the 1994 year. 

Questions about the Panther Electric 
Project? Call (405) 335-4452 or (408) 
336-5026. 

Sun tools now believes that box beam has 
overwhelming advantages, not only for 
professional designers, but for anyone 
who wants to build with it. 
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STREAMLINING COMPARISONS 
by Douglas Malewicki and Dr. Chester Kyle 

Streamlining human-powered vehicles improves performance at all power input levels. Here 
again, effective frontal area (CdA) is used as a direct measure to compare the streamlining ob¬ 
jects (Effective frontal area is merely the product of the aerodynamic drag coefficient Cd, a 
measure of the efficiency of a shape, and the projected frontal area of the object, A.) An upright 
rider on a roadster bicycle (CdA = 6.0 square feet) has about the same effective frontal area as 
the 1984 Corvette automobile (CdA = 6.5 square feet). This means that at identical speeds the 
aerodynamic drag forces and the power required to overcome aerodynamic drag resistance for 
the two vehicles are the same. Notice from the curve that the speed performance of a 25 pound 
human-powered vehicle, having the same shape and size as the record-holding VECTOR (CdA 
= 0.5 square feet) can be quite impressive. If vehicles can be created that reduce effective frontal 

area even more than 
STREAMLINING COMPARISONS the Vector, one can see 

readily that quite rea- 
i oo -;-j-- sonable horsepower le- 

vels could produce re- 
1 markable speeds. Con¬ 

go _i_: ceivably, human- 
; powered vehicles could 

^commute at speeds 
comparable to auto- 

80 1 streamlined j I " I mobiles. 
vector | This is my favorite 

11 “[“shape I graph of the Scientific 
70 -U--— -—---- American article. It 

1\ i: unifies shapes, sizes, 
\\ CIl'OCz CHO I horsepowers and hu- 

\ \ l ! man power capability f\H —r- (full ! 1984 corvette nicely into one package. 
U A | I 1 crouch) * | ~T~ Dr. Kyle, in jest, calls it 
\\\\i -ry^rT & I "the Unified Field 

50 tVW -^—v:> * I-..£- Theory” for bicycles. 

cffcdl do 
-DRAFTING-RACING- 

nr~ (FULL 
i t_ CROUCH) 

1984 CORVETTE 
i \ CROI 

D—kQ 
RECUMBENT 

■ 

TOURING 
(ARMS 

OS HP 

ROADSTER OUR/ 
H” HORSE- OF E? 

POWER - 
TO THP HEALTHY 

——raHH 
1 “ ■—    HP 12 SEC. 

MAXIMUM 
DURATION 
OF EFFORT 
,, TUV FIRST 

CLASS 
MANS ATHLETES 

SEC. 30 SEC. 

-.75 HP 30 SEC. 30 SEC. 

-.5 HP 90 SEC. 35 MIN. 
^4 HP 8 MIN. 3 HRS. 
T3 HP 50 MIN. - 
-.2 HP 2 HRS. - 

CDA • EFFECTIVE FRONTAL AREA (FT 2 ) 
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ELECTRATHON 

Phil Jergenson.SEER 
Rally Director1990,91 and 
92 congradulating Clark 
Beasley on another win. 

Electrathon America 

Clark Beasley 

1251 W.Sepulveda Blvd. 

Suite 142 

Torrance, Ca.90502 

ELECTRATHON Racing is one of the most 
exciting new motor sports today. As the name 
implies, electric-powered marathon, a word 
meaning endurance or a long-distance race. 
The sport was brought to thellnited States in 
1990 by then World Champion Clark Beasley 
from Australia. Competing vehicles attempt 
to outdistance each other during this one- 
hour-long race. 

Since some of the vehicles can cost as little as 
$500. In parts, it makes the ELECTRATHON 
an affordable auto sport for everyone. Even 
high schools have built vehicles and com¬ 
peted in these eventsThis sport is bound to 
grow. These sleek electric vehicles have one 
hour to see how many miles they can squeeze 
out of their 64 lb. battery pack. This would be 
the equivalent of less than 1 cup of gasoline I 

The key to building a 
winning car is engineer¬ 
ing an efficient drive 
train, maximum stream¬ 
lining, good battery 
management and driver 
skills. All vehicles have 
roll bars built in and 
travel at relatively safe 
speeds. Drivers wear 
safety helmets and use 
three point safety har¬ 
nesses making it one of 
the safest racing events 
today. 



SCALE MODELS 

Another simple technique to design a Box Beam project is to use a cut-out template as a scale model. This 
type of design process require very little time, energy, and space. The following template below is in a scale of 
one foot = two inches, or 1x6 scale. By photocoping this page, you may cut out the scaled Box Beam pieces, anc 
design your project by arranging the cut-outs in the framework of your idea. Copy this template several times 
for different variations of your project, and future projects as well. Also, extra copies are good to make different 
views of your project, from different angles. 

Remember that all BB is symetrically drilled to insure accuracy when building a project, as well as 
designing one. This template will allow you to accurately place BB to the scale of 1x6 of your project’s 
dimentions. 



o 

These two draw¬ 
ings were done with 
two different ap¬ 
proaches. The top one 
is a pen and rule draw¬ 
ing of the Solar Bear 
tractor chassis. I was 
attempting to draw it 
accurately enough to 
build from. Had my 
original been 20 or 24 
inches, I could have in- 
cluded all of the 
relevant details, but at 
the scale that I drew it 
(13"), not really. 

The lower draw¬ 
ing is an engineering 
study for a Box Beam 
MacPherson strut rear 
suspension. I get my 
kicks from mundane 
drawings which ideally 
reduce exotic custom 
parts down to simple 
brackets, components 
and box beam 
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This is how I built the 
front end on the Solar 
Bear. The head tube was 
1" water pipe, 6" long, 
which was welded to two 
pieces of 2"x 3/16" angle 
iron, also 6" long. This is 
where you choose your 
head tube angle. Drill 
mounting holes after weld¬ 
ing to insure accuracy. 

Z-'C 

lAiiTJt P»iO-. C 1 1 

Forks are 1" water 
pipe welded to two plates 
3/16" thick. You should drill 
the head tube bolt holes 
before welding. 

Here are the transmission adaptoi 
plates for mounting the tranny to the 



A simple angle iron or aluminum "V" 
can be constructed to mate many items 
up to box beam framing. 

Want to mount a bearing onto box 
beam? Simple adaptor plates can do 
that. Use a bearing with a flange. 

On several occa¬ 
sions, I’ve needed to build 
swing arms into frames. 
This can be done by in¬ 
serting a piece of tubing 
with 1-1/4" outside bear¬ 
ings or bushings then fitted 
over the ends. 
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What if you want to lock the 
shaft in a non-rotating fashion to 
your frame? Here is an easy way 
to do it using a block of metal, plas¬ 
tic or wood. First, drill the proper 
size hole for your shaft. Next, drill 
the mounting holes and then, using 
a band saw, table saw or carefully 
with a hand saw, make the relief 

If you have a drill press, get 
yourself a drill press vice as well. 

Over-tightening the bolt on a 
hollow, round tube will deform it, so 
be careful here. This will only work 
on light loads. Plugging the ends 
before drilling increases strength. 
Building a saddle will stabilize and 
spread the load. 

There are many brands of 
commercial pillow blocks with bear¬ 
ings on the market Some of them 
will fit the box beam hole spacing. 
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QUESTIONS & ANSWERS 

Q WHY DO I NEED A MODULAR BUILDING SYSTEM? 
A. Without systems, modern life would be impossible. The systems approach is the reason com¬ 
puters are doing more for us every day. They’re not smart, just organized. The computer is now a 
necessary tool in thousands of fields of endeavor. A simple ruler is a modular system of measure¬ 
ment. Our homes and buildings are made with construction materials which are modular. A brick, 
a sheet of plywood and even framing materials are modules which are assembled with a systems 
approach. Good architects always utilize these standards to save time, energy, materials and 
money. Virtually all of our manufacturing methods today dictate that our building materials be 
shaped into straight lengths. Our architecture is the most dramatic example of this straight and 
linear approach. Box beam is merely an improvement on an existing shape (square beam) with 
the added enhancement of standardized holes along its length. 

O. DID WE INVENT BOX BEAM? 
A. No. We were introduced to this concept in 1974, in a book by Ken Isaacs (see Page 5) in 
which he elegantly shows how to build work cubes with three axis joints at the corners. Holes 
were then drilled 3 inches apart down their lengths. We were amazed at the strength of these 
simple joints. Isaacs’ entire book still stands today as one of the best in creative housing 
solutions. Phil Jergenson improved on this work by doubling the number of holes, allowing 
these three axis joints anywhere along the lengths. He then incorporated this system into 
mechanical constructions such as portable houses and electric vehicles. 

Q DID WE PA TENT OR TRADEMARK BOX BEAM? 
A. No patents, the tri-joint is just too simple of a geometry to be considered. Likewise, box 
beam is a generic name, not a trademark. When something as basic as this comes along, 
the best thing to do is to promote its use, not obstruct it. Simple math and common sense will 
tell you that no one individual could or should control an idea with such potential. This ap¬ 
proach, we hope, will encourage a more open environment for participation. Also, because 
we have been using and selling it for more than 15 years, a patent is not possible. 

Q. WHY DRILL ALL THE HOLES IF ONLY SOME ARE NEEDED? 
A. Several reasons. First, since the manufacture of box beam is automated, it is far cheaper to 
drill all the holes, than to drill oddly placed ones. Second, without all the holes, you would not be 
able to construct anything else from the components. Thirdly, it would be impossible to stock all of 
the many different lengths and sizes of box beam with only limited hole patterns to work with. 
After all, people come in all sizes and shapes. It only seems natural that our furniture and vehicles 
could also change to fit us by fine tuning the hole pattern. A partly drilled piece simply has fewer 
futures (Exceptions to this rule are rare. See Ken Isaacs’ Super Chair). 

O. THIS SYSTEM LOOKS EXPENSIVE; IS IT? 
A. SUNTOOLS™ brand box beam is sold at $6 per linear foot. This system will still create 
frameworks far more cheaply than a machine or welding shop can build a welded counterpart. 
Also, it’s nice to know that with small quantity purchases, the price can come down by several 
dollars per foot. Other considerations are it’s low maintence finish, and it never needs paint. It’s 
lightweight, and stores in a small space. SUNTOOLS also makes inexpensive tooling for DIY 
types (do it yourself) to make their own box beam, buying their materials locally. This can add up 
to big savings if you do the work. 
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Q. CAN I BUILD THINGS THA T / DESIGN? 
A. Yes, and we encourage this kind of thinking. We believe that our user-friendly, systems 
approach can help you make your dreams come true! Box beam now makes it easy to build 
your ideas quickly and without a mess. You can either start with our packaged kit, and adapt 
it to what you want, or design it from scratch. Box beam’s modular construction gives you the 
user, fantastic abilities to change its shape. 

Q. WHAT ABOUT FURNITURE? 
A. If it s furniture you need, wooden box beam allows you to build your system to fit the 
space. The warmth and character of wood make it the popular choice for indoor areas. Its 
adaptability is unparalleled. With SUNTOOLS’ loft kits and storage systems, you can now 
use all the space in a room more efficiently, from floor to ceiling. If you use your space three- 
dimensionally, you can double or triple the function of a given area. Imagine chairs, tables, 
shelves and work stations designed by and for you! 

O. WHAT ABOUT BUILDING MACHINES, OR EVEN VEHICLES? 
A. If you re planning to build something like a machine or a vehicle, you can choose many 
types of interchangable components which mate up to box beam. Electric motors, pillow 
blocks, shafts, and gear boxes can all be installed to create any kind of device. Because of 
the 90 degree angles and parallel mounting rails, Box beam is a natural for machine con¬ 
struction. Aluminum’s high strength-to-weight ratio makes it the material of choice for an EV. 

O. WHAT MAKES BOX BEAM SO STRONG? 
A. We believe the tri-joint is the reason. The steel bolts carry much of the load. Box beam has flat 
sides, which press together solidly when the bolts are tightened. This spreads the loads more 
evenly down the length of the beam. Three-axis joints (three members) in a frame system create 
additional strength and rock solid 90 degree angles. Since box beam is a hollow tube, it has great 
torsional strength to resist twisting. Structural triangulation is rarely needed with box beam. 

O. WHA T KIND OF TOOLS DO / NEED TO BUILD WITH BOX BEAM? 
A. Simple handtools are all that’s needed. Just two 9/16” wrenches will fit the bolts and nuts 
used to assemble box beam. This can save a small fortune in equipment that doesn’t need to 
be purchased. Clean assembly and no waste are other good reasons to purchase box beam. 
When structural failures occur in aluminum, it is almost always at the welded connections, 
box beam has no welds to crack or break. The highest stresses are taken up by the steel 
bolts at the connections. These bolts press the flat sides of the tubing tightly together, so 
stresses can spread down their lengths. To build even heavier, stronger projects, 2"x 2H gal¬ 
vanized square steel tubing is available through UNISTRUT dealers. This tubing is perfect for 
scaffolding, small buildings, traliers, etc... Warning: Only the 2" square UNISTRUT has 
the correct geometry for construction. 

Q. WHY DON’T YOU USE CROSS BRACING FOR SQUARENESS? 
A. Cross bracing is never needed in constructions with beams under 2’ or 4’. The three axis 
joints create all the stiffness and structural triangulation you need. The totally flat sides of box 
beam allow structural skins, such as plywood or sheet metal, to be bolted on for added 
strength or shear when needed. Only on very large projects using TELSPAR with 8’ or larger 
spans is bracing even considered. 
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0. HOW EASY IS BOX BEAM TO WORK WITH? 
A. If you can count, you can build with box beam! The first thing that you notice is how quick¬ 
ly projects happen. This is because you don’t have to fight it. Projects are always square and 
you don’t need to ever feel trapped by a bad design as with welded projects. When structural 
failure occurs in a welded part, you can practically destroy the part while fixing it. With box 
beam, just take it apart and make your changes. If you need to make multiples of your 
projects, then you’re really in luck! After you’ve built your prototype, duplicate frames can be 
assembled in minutes. There’s no need for huge costly welded jigs or layout tables. Your 
projects can come to life while others get bogged down in tooling costsl 

Q. DO / NEED A SHOP TO BUILD WITH BOX BEAM? 
A. No, not if you want to assemble projects with pre-made box beam. We have done the dirty 
work for you. All you need is a standard crescent wrench or two. If you do take on manufac¬ 
turing your own box beam, then having basic shop skills is a prerequisite. Accuracy can be 
achieved with SUNTOOLS’ drilling jig. A drill press and a cut off saw is also needed. If you’re 
making wood box beam, then you’ll also need a tablesaw and a router. Sanding and finishes 
are also important when working with wood box beam. 

Dave Beard whipped this aluminum box beam into shape in around 12 
weeks of part-time work while he helped me out at Suncycles, a mountain 
bike shop I owned in 1987. Dave is a master mechanic and bicycle 
designer. This ultra-light 65 lb. frame is built out of 1" box beam, rack and 
pinion steering, adjustable rate suspension system and numerous other 
innovations. His main tool was a drill press, and amazingly, he used hand 
saws and files to shape the many custom parts. He followed this with an 
encore by writing a 19 page illustrated article on designing suspensions. 
I can't wait to work on another project with him. 
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Are YOU ready for the future? 
The survival of any species depends 

on its ability to adapt to new situations. 
Today, our lifestyles are changing rapidly, 
and technology is the primary reason for the 
ever-increasing pace. Some changes seem 
good, some bad. The difference may lie in 
how prepared you are to meet the 
challenges of change. Make developing 
your options part of your strategy for 
success and survival as we enter the 21st 
Century. 

One of the things that prevents 
many dreamers and designers from 
turning their ideas into reality is 
incompatible hardware. While it’s 
relatively easy to draw things, they are often 
harder to engineer and usually impossible 
to build. How many times have you had a 
great idea for something, or an immediate 
need, but didn’t attempt to build it because 
you didn’t have the tools, time, resources or 
techniques to construct it? 

Maybe you have been taught to leave 
the building of things to the ’pros’ because 
you think you don’t have the ’talent’ for it. 
The truth is that everyone can build if given the 
opportunity to learn, the basic building blocks, 
and a system for putting them all together. 
Skills are acquired through hands-on 
experience and experimentation. 

We are the first generation of people 
in the world with ready access to 
precision manufactured components 
and a universal building system for 
assembling them. As you will quickly learn 
by reading the Box Beam Sourcebook, 
building anything is merely a matter of 
learning to put other people’s parts together 
to create a new idea or product. 

We at SUNTOOLS think that box 
beam is the most versatile framing 
system in the world, it is: 

1. Simple 
2. Inexpensive 
3. Strong and rigid. 
4. Very user friendly. 
5. Capable of being manufactured 

using locally available materials. 
6. Designed to be modular to minimize 

the number of pieces. 
7. Incorporate nuts and bolts as the 

fastener in the system. 
8. Available in different sizes. 
9. Made of different materials 
10. Totally reuseable. 
11. Low tech. 
12. Reflect the integerity of the 

materials used. 
13. Upgradeable 

What is SUNTOOLS™ 
box beam? 

SUNTOOLS™ box beam is a modular 
building system using wood or aluminum 
tubing to design your living and work 
spaces. Many designs are possible, and 
tubing can be taken apart and reassembled 
into something else! Anyone can build any 
number of useful things using this system. 

For more information, contact: 

SUNTOOLS 
P.O. BOX 1029 
WILLITS, CA 95490 
(707) 459-2624 
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Please join us 
Box Beam Builder 

will start out as a 
triannual newsletter 
devoted to box beam 
projects. This 
publication will follow 
the evolving box beam 
technology with a 
series of articles writ¬ 
ten by members of our 
user group. 

We plan on having 
regular feature articles 
in each issue, to in¬ 
clude a New Products 
section, several fea¬ 
ture articles, advanced 
building tips, Builder’s 
Feedback, reporting on 
Expositions and 
relevant contests. 
There will also be a Classified section to help other builders who want to sell 
their custom parts or services. 

Each issue of Box Beam Builder will feature a subscriber’s box beam project. 
Maybe this person has constructed custom hardware that they’d like to sell, if 
so, they may publish their phone number so other builders can purchase plans 
or custom hardware directly from them. Remember, sometimes the simplest 
ideas are the best. 

One of our goals is to inspire other designers to join us in creating this new 
future. We invite you to build projects and create your own marketable products 
using the box beam system. We know that once you get your hands on it, you 
too will find new applications. We hope that someone talented in computer 
CAD creates a user friendly program for designing with box beam. 

Now imagine if you will, numerous cottage industries and factories, all creat¬ 
ing components and hardware, which all mate up to the box beam system, im¬ 
agine several hundred thousand (or more) people buying parts from them 
directly and incorporating them into their lifestyles. Obviously, the more hard¬ 
ware to build with, the greater the number of projects to choose from! 

Now consider that people can mix and match parts and build their own cus¬ 
tom projects for their own unique needs. 

Twenty years ago very few of us ever thought we would need or own 
computers, and now they’re indispensibie. Computers have made us more 
productive by organizing our information. Now it’s time to organize and 
reprogram our physical spaces so that we can evolve with more intelligent op¬ 
tions. 

if this sounds like something you would like to participate in, please join in 
our little design revolution and subscribe today. $20. 00 per year. Send check 
or money order only to....Suntoois, P.O. Box 1029, Wi/iits Ca. 95490 



WHAT WE OFFER AT SUNTOOLS 

SUNTOOLS . BOXBEAM 
DRILL .TIG 

If you have more time than money, this might be 

the way for you to become a "Beamer"! This 

super-accurate drill jig will keep your hole spacing 

perfect without painstaking measuring and mark¬ 

ing. Requires use of a drill press. This drilling 

system is perfect for those with woodworking 

tools and skills. Mild steel jig lasts up to 400 ft. of 

box beam drilling. (Includes indexing pin). Specify 

for aluminum 13/32" or 5/16" for drilling wood. 

Accurate to within .005". 

Part No. 1650 Mild steel $29.95 

BOX BEAM BUILDER 
offers box beam user-networking in this infor¬ 

mative, user-group newsletter. Want to know 

what's happening in the world of box beam - 

who's doing what? With BOX BEAM 

BUILDER, you can! Do you have your own 

idea for a box beam design? Send in your draw¬ 

ings, photos, or article. If someone invents a 

great application with their box beam, you can 

instantly duplicate it in your home or shop if 

you desire. 

By subscription only. 3 issues a year. 

Part No. 1654 $19.95 

THE BOX BEAM VIDEO 

This VHS Tape introduces you to the fascinat¬ 

ing world of box beam. Introduction by Phil 

Jergenson. 

You'll be taken step-by-step through the proc¬ 

ess of constructing an "Electric Goat™" and a 

course in building user-friendly work stations. 

35 min. 

Part No. 1651 $19.95 

BOX BEAM SOURCEBOOK 
This is the definitive work book on the subject 

of designing and constructing anything out of 

box beam. Over 100 pages of ideas and appli¬ 

cations including how to manufacture your 

own! Hands-on articles and step-by-step pho¬ 

tos guide you through simple projects. BOX 

BEAM SOURCEBOOK is loaded with photos 

of box beam projects including furniture, work 

stations and even half a dozen electric work ve¬ 

hicles! Want to find parts that mate up to box 

beam? You can find it all in this sourcebook. 

100 Pages. 

Part No. 1655 $19.95 

SUNTOOLS, BOX BEAM CUSTOM PARTS 
SUNTOOLS is a distributor for small vehicle components which mate up to box beam 

structural designs. The BOX BEAM SOURCEBOOK contains our selection of power 

transmission parts designed to fit small electric vehicles or work carts including box beam 

projects with moving parts. These components are used on our prototype vehicles 

featured in the BOX BEAM SOURCEBOOK. 

FREE Brochure available upon request. 
For those who don't have a home shop to make 
their box beam projects and still want to build with 

it, SUNTOOLS is offering our pre-drilled 

Aluminum and Douglas Fir tubing at $6.00 per ft. 

Quantity price break available (See schedule). 

Now you can start building! part No 



HEAD TUBE MOUNT 

Description: 

Here is another part which adapts bicycle components to box 

beam geometry. This one allows you to install a bicycle front 

end onto a box beam frame. We've mounted a bicycle head 

tube onto a flat plate at a 90 degree angle. Therefore, the angle 

of your frame determines the angle of your head tube. 

Part No. 1635 $39.95 

PROP OUT ■ AXLE HOLDER 

Description: 

This pair of plates allows a bicycle wheel axle to slide in or out 

for removal or tensioning the chain. 3/4" slot. It takes two to 
tango! 

Part No. 1636 Pair $24.95 

END CAPS 

Description: 

Clean up the look of your box beam projects with these plastic 

end caps. Caps fit on the ends of each piece of aluminum 

tubing. Dramatically improves the finish on your frame. 

Part No. 1637 Package of 10 ... $2.50 

Package of 25 ... $5.00 



BOTTOM BRACKET 

Anyone who has yearned to build their own pedal-powered 

vehicle will recognize the value of this nifty part. On a 

bicycle, it is called a bottom bracket, and it is the part that 

houses the bearing for the crankarms and pedals. Our bottom 

bracket shell has been mig welded to a mounting plate drilled 

to mate up to box beam geometry. 

This unit could be used for many applications including 

pedal-powered vehicles, boats, generators, tools, food grind¬ 

ing and processing equipment, and exercise or training equip¬ 
ment 

Part No. 1632 $29.95 

FREEWHEEL ADAPTOR 

Description: 

This gizmo is an adaptor which allows you to mount a bicycle 

freewheel anywhere along the shaft. Allows either a single - 

speed sprocket or an entire gear cluster, keyed. Specify 5/8" 
or 3/4" shaft size. 

Part No. 1633 $24.95 

BEARING PLATE 

Description: 

This bearing plate allows you to attach bearings to box beam 

at a 90 degree angle. This part would be perfect for mounting 

axles. Must use bearings with a snap ring or stop, and it is 

preferable to use a shaft with a threaded end to hold the 

bearing in place. Specify for 5/8" or 3/4 " shaft. 

Part No. 1634 Pair $16.50 
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SERIES 820 TRANSAXLE 
MODEL 820-001A 

5 Speed Forward & 1 Reverse 

MODEL 820-011A 
6 Speed Forward & 1 Reverse — 

© 

APPLICATIONS 
• RIDING MOWERS 
• LAWN TRACTORS 
• REAR ENGINE RIDING MOWERS 

TRANSAXLE FEATURES 

DIFFERENTIAL Automotive type bevel 

gears. 

TRANSAXLE HOUSING Die cast 

aluminum. 

(3) BEARINGS Ball bearings on axles, input 

shaft and needle bearings on all other 

shafts. 

© 

© 

© 

VEHICLE BRAKE 

CAUTION: BRAKE WILL REQUIRE 

PERIODIC MAINTENANCE AND 

ADJUSTMENTS TO ASSURE SAFE 

OPERATION OF EQUIPMENT. 

NEUTRAL START PROVISION For 

installation of sensing switch. 

All gears are cut steel and heat treated 

for durability. 

820 TRANSAXLE 
Model 820-001A and Model 820-011A 

AVAILABLE RATIOS 

Forward 92.94:1 62.9:1 47.6:1 43.3:1 36.3:1 30.60:1 
23.9:1 20.4:1 16.0:1 13.6:1 12.5:1 

Reverse 40.8:1 28.5:1 
Consult Factory 

Net Weight: 45 pounds approximately 
NOTE: Drawings covering installation dimensions 

available upon request. 

NOTE: Peerless 820 Series Transaxles are suited to 
units using ground engaging attachments. 

♦MANUFACTURED UNDER U S. PATENT NOS. 4.103.566 and 3.812.735 

STANDARD FEATURES OPTIONAL FEATURES TECHNICAL SPECIFICATIONS 

Transaxle Housing. Die 
cast aluminum 3/16" wall 

6 Speed (820-011 A) Torque, Output 
(Ft. Lbs.) 

450 

Neutral Start Provision 4 - Speed Axle Size (Inch) 1 

Needle bearings on input, 
counter and brakeshaft 

Brake Provision either side Maximum available 
Speeds Forward 6 

Ball bearings on Input and 
Axle shafts 

5/8" Dia. Input Shaft Max. Weight on Transaxle 600 

1" Axle Dia. Max. Input Speed (RPM) 2,000 

Vehicle Brake Max. Tire Dia. (Inch) 23 

Steel Input bevel gear set Tiller Yes 

4 Key/4 keyway brakeshaft 1 Snow Blade Yes 

Cut steel gear set, shifter 
and countershaft 

Snow Blower Yes 

Steel Differential gears Chains Yes 

Thrust bearing under input 
and bevel gear 

Dirt Blade Yes 

3/4" Dia. Input Shaft Plow -or- Harrow Yes 

Liquid Perimeter Gasket Wheel Weight Total (#) 100 

Weight Box to Offset 
Front Mount Implement (0) 

200 

Lubrication: Specially formulated 
transmission grease. 

4 Point Mounting: 2 on axle hous¬ 
ing and 2 on side of transaxle) 

Type of Drive: Pulley and belt. 

Brake: Can be used as parking 
brake. (NOTE: Brake effective only 
when power source is declutched 
from transaxle.) 

Type of Shift: Inline Pattern 
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cCHNICAL SPECIFICATIONS 

3/4" or 1" DIA. 

GEARS Sintered metal and steel cut 
automotive - type bevel gears; backed up 
by case hardened thrust washers. 

HOUSING Die cast aluminum with oil 
impregnated bearings. 

AXLES 3/4" and 1" diameter with keyslot 
or consult factory. 

BOLTS 4 high-carbon steel bolts with 
positive lock nuts; hold housing assembly 
together; provide mounting for sprocket. 

SPROCKET Shipped loose. Standard is 
40-or 45-48-54-60 tooth stamped steel 
sprocket for use with No. 40 and 41 chain. 

STANDARD FEATURES 

3/4" Dia. Axles 
(100-007A), (100-055A); 1" 
Dia. Axle (100-021) 

Powdered Iron Oil 
Impregnated Bushings 
(100-055A); 
Oil Impregnated Bronze 
Bushing (100-007A, 
100-021) 

Die Cast Aluminum 
Housings 

Sintered Metal Automotive 
Type Bevel Gears 
(100-055A, 100-007A) 

Steel Cut Automotive 
Type Bevel Gears 
(100-021) 

4 - High Carbon Steel 
Perimeter Bolts, 4 -Positive 
Lock Nuts 

Soft Axle can be 
machined (100-007A, 
100-021) 

Torque, Output 
(Ft. Lbs.) 

150 

Axle Size 3/4^ 

Maximum available 
Speeds Forward N/A 

Max. Weight on Transaxle 400 

Max. Input Speed (RPM) N/A 

Max. Tire Dia. (Inch) 
Std. (3/4" axle) 18 
H. Duty (1" axle) 20 

Tiller No 

Snow Blade Yes 

Snow Blower Yes 

Chains Yes 

Dirt Blade No 

Plow -or- Harrow No 

Wheel Weight Total (#) 70 

Weight Box to Offset 
Front Mount Implement (#) 

100 

Lubrication: Specially formulated 
transmission grease. 
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STEERING SHAFT & HUB ASSEMBLIES 

SHAFT AND HUB ASSEMBLY 

5/8" Shaft and Hub are splined for perfect align¬ 
ment. Hole in shaft for cotter pins and hole in bolts 
for cotter pins. Choice of length at 22 inches or 28 
inches. There are two collars and two heavy duty 
Pitman arms. 

Description: 

22" Shaft and Hub Kit 
28" Shaft and Hub Kit 

Part No. 

2006 
2007 

THROTTLE AND BRAKE CONTROLS 

THROTTLE ASSEMBLY KITS 

The 7/8H kits have the super soft "sweetcorn" 
grips and the 1" kits have the "continental" 
style grips. Both have the super-slick, slip¬ 
pery Wescon conduit that allows tight radius 
and ease of movement. The 54" cable is 7x7 
galvanized and the Wescon housing is 50". 

Description: Part No. 

Throttle Kit - 7/8" I. D. 2500 
Throttle Kit -1"I.D. 2501 
Throttle & Cable Assembly - 7/8" I.D. 2502 
Throttle & Cable Assembly - 1" I.D. 2503 
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SHOCK ABSORBERS 

HEAVY DUTY SHOCK ABSORBERS 

With variable pitch, biconical spring and 
lapped stem, these heavy duty shocks 
give you progressive hydraulic dampen¬ 
ing. They have a three way adjustment 
(adjustment tool included). 

Description Part No. 
Heavy duty shocks 1600 

#1602 

Max. Inches Load for total 
Description Compression Compression 

ECONOMY SHOCK ABSORBERS 

For lighter loads. 

Eye to Eye 
Inches Part No. 

Hydraulic 2.5 518 
Hydraulic 2.5 485 

12.0 1601 
12.0 1602 
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WHEELS 
8" ALL ALUMINUM WHEELS 

This is the lightest such wheel on the 
market giving you the economy of cost 
plus the bonus of its beauty. Because of its 
use, precision ball bearings are recom¬ 
mended. The 5" brake mounts to these 
wheels beautifully. 

Description Part No. 

FOR 1-3/8' OD BALL BEARINGS 
With 5/8" ID Precision Ball Bearings 1900A 
With 3/4" ID Standard Ball Bearings 1900B 

10" STEEL WHEEL 

This steel wheel has a split rim for easy tire 
mounting. It has a machined bearing seat 
and is brightly plated. These wheels will 
take either a 5/8" precision or 3/4" stan¬ 
dard bearing. 

Description Part No. 

Basic Wheel 1901 
Wheel w/riveted drum 1902 
Wheel w/riveted flanged drum 1903 
Wheel w/riveted #35 Sprockets and Drums 60 Tooth 1904 
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FRONT END COMPONENTS 

SPINDLES AND BRACKET SET 

SIDE 2 SIDE 1 

Jig-welded for consistency, these 
Description: 

Part No. 
Side One 

Part No. 
Side Two 

spindles come in three lengths, and 5/8" x 4 1/2" 2102 2103 
two axle diameters. 5/8" x 6" 2104 2105 

3/4" x 4 1/2" 2108 2109 
3/4" x 6" 2110 2111 

TIE ROD KITS 

These tie rods are made from steel with extra 

CLEVIS AND PEN 

Forged steel. Plated Shank with 1/4-28 thread. 
Pin with hole for cotter pin. Multi-use. 

Description: Part No. 
Clevis, Forged 2115 
Clevis Pin, Forged 2116 94 



WHEEL BEARINGS 
TYPES OF BEARINGS IN WHEEL 

1 -3/8" OD BALL BEARINGS - PRECISION OR STANDARD 
The Precision Bearing has a 5/8" bore. It is sealed and has 
a hardened raceway. This top quality bearing is OK for 
higher speeds. No lubing. 
The Standard Bearing has a bore of 3/4" or 5/8". These 
provide excellent economy and should be kept lubed. Use 
for slow rolling units. 

1-5/8" OD BALL BEARING - PRECISION ONLY 
This bearing has an ID of 3/4" and is an excellent alternative 
to more expensive tapered roller bearings. Same top quality 
as the 5/8" ID Precision Bearing above. 

LIVE AXLE 
A live axle wheel is one which is locked on an axle with a key 
that ties the keyway in the wheel bushing. The bearing for 
this wheel is located on the axle, captured in bearing 
hangers on the vehicle frame by contoured flanges. These 
bearings come in two sizes to fit a 1" axle and 1-1/4" axle. 

Description ID QD Part No. 

Precision, sealed, with snap ring 3/4" 1-5/8" 1911 
Precision, sealed, with snap ring 5/8" 1-3/8" 1912 
Standard 5/8" 1-3/8" 1916 
Standard 3/4" 1-3/8" 1917 

WHEEL HUB FOR LIVE AXLES 
This popular hub is a sturdy four bolt pattern for wheels 
with a 4" bolt circle. The generous hub is 2-1/2" long, 
stepped down internally froml" to 3/4" to fit the stepped 
axles. Welded bolts are 1/2-20 X 1-1/4". 

Description Part No. 
Wheel hub for 1" axles w/lug nuts 1931 

WHEEL HUB WITH ROLLER BEARINGS 
This hub has a length of 3-1/2", a four bolt pattern to 
fit wheels with a 4" bolt circle. Lug nuts are included 
and either the sealed or unsealed tapered bearings 
can be used with it. 

Description Part No. 
With 3/4" ID Unsealed TRB 1932 
With 3/4" ID Sealed TRB 1933 95 



BRAKES AND ACCESSORIES 
5" BRAKE 

* "A 
tf 

With a 5/8" bore and only 1 3/8" wide, 
this sturdy 5" internal expanding brake 
is ideal for small vehicles. The sturdy 
arm allows for 8 positions. It has two 
locations for the stop bolt, built-in 
spacer and bonded 7/8" lining. This 
brake is lightweight - only 15 ounces. 

? 
Description Part No. 

5" Brake - Complete 1800 



BRAKES AND ACCESSORIES 

WITH ANCHOR BACKING PLATE 

Features include long activating arm, 5/8" 
or 1" mounting hole, built-in anchor, two 
cable mounting "ears", and premium 
bonded lining. 

Description Part No. 

4 1 /2" Brake - Anchor Backing Plate 1810 
4 1 /2" Brake - Round Backing Plate 1811 

4 1/2" BRAKE 
WITH ROUND BACKING PLATE 

Features include round backing plate in 
steel or aluminum, 5/8" or 1" mounting 
hole, long actuating arm and premium 
bonded lining. 

4 1/2" BRAKE DRUMS MACHINED 

Provided in two styles, with one to mount a sprocket. 
These drums are machined for the concentricity needed 
to make even contact with the 41/2" Internal Expanding 
or the 41 /2" Band Brake. The 1 /4" 4-hole pattern and the 
5/16" 3-hole pattern are on a 3.75" bolt circle. The 1/4" 
6-hole pattern on the flange has a 5.25 bolt circle. 

Description PaUNfi, 

Drum without flange 1812 
Drum with flange 1813 

4 1/2' BAND BRAKE 

This is a simple, effective and very economical band 
brake. It works well with the 4 1/2" drum listed above. 

Description Part NO- 

Band Brake for 4 1 /2" Drum 1814 
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BRAKE LEVERS 

BRAKE LEVERS 

Rugged lever handle is stamped and 
shaped steel. Unlike cast handles, these 
will bend rather than fracture. The split 
mounting collar is strong yet narrow enough 
to allow close positioning to the curves 
and bends of handlebars. 

Description: Part No. 

Brake Lever-7/8" I.D. 2516 
Brake Lever- 1" I.D. 2517 

THROTTLE AND BRAKE CONTROLS 

Description; 
Cable Housing End 
Length Length Cylinder Part No. 

For Throttle 
For Brake 

54" 50" .225x.210 O.D. 2504 
64" 60" .500 x.370 O.D . 2505 
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OIL 
Understanding the problem 

When I was ban in 1948, the United Stales was the 
most productive country in the world. As a child, I seemed 
to read that we were "first" in the wald on nearly every 
count. We fed the world fa years and consumed more 
than any other nation, and we were very proud of it. This 
wealth was created largely through use of the 
tremendous power unleashed by fossil fuels. Realizing 
the importance of this resource, the federal government 
created subsidies to help the new industry grow. 

Today, oil is one of the most useful substances in 
the universe. This stuff probably is responsible for mae 
changes on the planet than anything else. It brought us 
out of a thousand year period of using animal and human 
laba to do heavy work. As a power source it’s unequaled. 
As a lubricant, all the world’s machines bathe in it. Petro¬ 
leum products have changed the way we do nearly ev¬ 
erything. From oil come plastics, which have totally 
changed all concepts of product design and mass pro¬ 
duction. Oil helps plant and harvest food, which is pack¬ 
aged in it (plastic) and delivered (gasoline) with it too!. 

The automobile brought us the suburbs. It wasn’t 
until cars showed up that we could live almost any 
distance from work. This practically happened overnight. 
Oil allowed the ditch digger to become the bulldozer 
operaia who could do the work of 50 ditch diggas. 
Because of this energy abundance, highways rolled 
across the landscape followed by millions of people 
driving their cars. Buildings and towns went up every¬ 
where. Fertile land, timber, and endless resources made 
it relatively easy (histaically speaking) to aeate wealth. 

As our population grew, so did our need for 
power. This power came from gasoline engines, 
which relied on oil for its energy. As our need quickly 
outstripped our reserves, we resorted to buying oil 
from other countries (even our self-proclaimed 
enemies), draining our pocket books of around $50 
billion every year for the last 20 or so years. 

This reliance on oil, along with the ’cold war,’ has 
broken our economy’s back. With our unlimited 
resources now finding limits, we must pause and 
carefully analyze our situation. Perhaps the time has 
come to take the subsidies away from the giant oil and 
utility companies. Continuing with our present cheap 
energy policy will only stymie our efforts to pull this 
country out of its financial nosedive. Cheap energy 
aeales cheap products and big, inefficient cars. 

Cities have been overrun by these metal monsters 
making noise, endangering human and animal life, and 
requiring vast amounts of land. Each car gobbles up 
tens of thousands of cubic feet of oxygen per day, and 
spews out carbon monoxide, plus other poisons for us to 
breathe. Cars used to work when there weren’t very 

many, but now everybody has one and it can’t continue 
this way. Respiratory diseases in metropolitan areas and 
ongoing, futile freeway construction are now costing 
Amaicans tens of millions of dollars. We are only just 
discovering the magnitude of ou environmental 
problems, with Carbon Dioxide build up and ozone 
depletion. Since Spaceship Earth did not come with an 
operating manual, we didn’t know this. Now that we do 
know, can we bring our oil habit under control in time? 

Aided by a form of government which promotes 
all forms of economic growth, and with lots of hard 
work, we can build our dream country with a "cheap 
energy" master plan. The dinosaurs survived on the 
planet for ova 50 million years. As a relatively new 
species, we can be considered a biological disasta. If 
we are to survive as a species, we must drastically cut 
the consumption of oil and otha polluting fuels that we 
burn. We must declare war on oil usage. We must tune 
into our country’s real talent, which is problem solving. 

Self taxation: an energy alternative? 
In our country, thae is something known as 

Yankee ingenuity. With our present system of 
subsidizing oil companies to keep it cheap, there’s no 
incentive to save energy. The technique for turning 
on this giant switch is simple: a tax on all fossil fuels. 
We must begin unplugging from our oil addiction. 

This tax could be inaemental, adding 25 cents 
pa year pa gallon fa automotive fuel. This gradual in- 
crease would spur on a quest fa altanative methods of 
energy production and usage. Of course, conservation 
of enagy must be a national goal. Everything we pro¬ 
duce would become mae efficient and exportable. 
People would move closer to their places of work. 
Every year that we delay will make it that much harda 
to catch up with countries who are paying closa to the 
real value of the world’s energy resources. 

Since it isn't likely that the government will be en¬ 
acting these kinds of changes soon, each of us can im¬ 
pose a form of this tax on ourselves. Each time you buy 
any form of fossil fuel, put aside a certain amount of "tax" 
on yourself as a consuma. This money can be saved fa 
the purpose of improving your own energy efficiency. 
Only you really know where you waste enagy, and only 
you know the best way to fix the problem. Installing high- 
efficiency light bulbs can be a low-cost start. Weather- 
stripping your home, a plugging up your enagy leaks, 
can have an immediate effect of reducing your utility bill. 

Financially successful countries like Japan (which 
imports all of its fossil fuel), Germany, and other indus¬ 
trial nations have approximately a $3 pa gallon fuel tax! 
This gives their citizens quite a bit of incentive to clean 
up their enagy act, and stimulates their industries to 
produce efficient products. Until Amaicans are willing 
to accept responsibility for their actions, our nation’s 
financial decline will continue. 
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(707) 459-2624 

Ordered by: 

N, 

i!! 
notice. Quantities of some products may be 
limited. No C.QJD, orders cm be proc essed. 

atelZi 

(For questions on order) 

Packing and Shipping Charges 
(for each delivery to each address) 

| Ship to: 
Name 
Address 

State/Zi 

(For questions on delivery) 

Amount of Order 

Destination 
under 

$25 
$25- 
$99 

$100- 

$299 
$300- 
$599 

$600- 
anno 

Over 

$1000 

Rocky Mountains Sc West 
(CA, WA, OR, ID, NV, NM 

AZ, CO, WY, MT, UD 
$5 $8 $11 $15 $22 4% 

East of the Rockies 

(The Rest of the 48 States) 
(Or U5. Mail to HI A AK) 

$7 $10 $17 $25 $32 5% 

TOTAL OF GOODS 
Sales Tax 7.25% 

(CA Deliveries Only) 
Shipping 
(See Box? 

Total Enclosed 
(U.S Dollars Only! 



ERECTOR SET 
Here’s a brief history on one of 

the more influential building toys 
ever invented: the Erector Set. 

The inventor, Alfred Carlton Gil¬ 
bert, was a medical doctor (non¬ 
practicing) who set a new World 
Record in pole vaulting at the 1908 
Olympic Trials in Philadelphia, then 
tied for the Gold Medal in London 
the following year. He changed the 
sport of pole vaulting by introducing 
a slot box placed in the ground to 
receive the vaulting pole, thus 
removing the traditional spike from 
the tip of the vaulter’s pole. 

A.C. got his start in business by 
making and selling magic kits at a 
time when performing magic tricks in 
the parlor at home was popular. He 
and a partner, John Petrie, started a 
mail order business, the Mysto 
Manufacturing Company. The busi¬ 
ness grew rapidly. They opened 
retail shops in New York City, 
Philadelphia and Chicago, and incor¬ 
porated in 1911. Then came the 
turning point. 

During his frequent business 
trips to New York, A.C. observed the 
electrification of the rail line on which 
he was a passenger. He was fas¬ 
cinated and amazed at the way the 
steel girders were erected and fit together. 
A.C. tried an experiment. He cut out various 
cardboard shapes and members, then used 
nuts and bolts to assemble them into 
shapes and objects. At the Mysto Manufac¬ 
turing Company Shop, a machinist dupli¬ 
cated the cardboard pieces in metal. 
However, when A.C. tried to duplicate the 
box-shaped girders in miniature form, the 
needed strength wasn’t there. Then came 
the flash of logic. If there were a small lip or 
channel along the edge of each piece, the 
individual pieces could be locked together, 
and four members could be interlocked with 
only two nuts and bolts to form a girder. 

A.C. spent the next two years expand¬ 
ing his girder construction concept, building 
larger manufacturing facilities, designing 
machinery, prototyping his product and writ¬ 

ing an instruction book. A name was chosen, 
and the Erector Set introduced at the 1913 
New York City Toy Fair was an immediate 
sales success. 

Mysto Manufacturing Company became 
A.C. Gilbert Company, and the rest, as they 
say is history. 

A.C. may also have been influenced by 
the steel girder construction toy ’Meccano,’ 
patented in 1901, and at that time made in 
England. Meccano today is a French owned 
company which makes and markets Erector 
Sets in the United States and throughout 
Europe. The Gilbert legacy was more than 
just the Erector Set. He gave us the world 
famous American Flyer Trains, Anchor 
Blocks, Microscope Sets, Tool Chest Sets, 
Puzzle Sets, Magic Sets, and last but certain 
ly not least the Chemistry Sets. 
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BOOK 

BUILD 'EM YOURSELF WITH ERECTOR 
The World s Greatest Construction Toy 
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GLOSSARY OF TERMS 
AMMETER - Instrument which measures the strength of an electric current in the form of 

amperes (amps). 
ASSIMILATION - The process of becoming part of something. 
ATV - All terrain vehicle designed to operate in rugged or wet terrain such as hills, swamps 

and creeks. 
BATTERY - The electrical storage component in an electrical system or vehicle (gel cell, lead 

acid, nickel cadmium). 
BEAMER - Box beam fanatic or user 
BEARING - Any part of a machine on which another part revolves. 
BICYCLE ADAPTER BRAKE - Hand-operated brake which has two arms that can be forced 

to rub on the rim of the wheel to slow the bicylce. 
BICYCLE HUB - Center of the wheel which revolves around the axle. 
BICYCLE SPROCKET - Chain driven gear. 
BOTTOM BRACKET - This is the bearing housing part of a bicycle that the foot-operated 

cranks attach into. 
BOX BEAM_- is a generic, non-trademarked name given to any square beam 

capable of creating an XYZ axis connection or a tri-joint. Sometimes referred to as a 
skeleton, sticks, struts, members, mainframe. 

BOX BEAM ADAPTORS This is a part with box beam hole patterns which adapts any 
components to fit box beam. Example: transmission adaptor plates. 

BOX BEAM COMPONENT - Any accessory part which mates directly to box beam. This can 
include bearing assembly, brackets and other components with compatible hole 
mounting geometry. 

BOX BEAM DESIGNER - Someone who crafts new products made of box beam. They in 
turn create plans, kits and components to sell to users. Anyone who manufactures 
their own box beam, either for their own use or for sale. Similar to a programmer in 
computer systems. 

BUSHING - A round lining for an opening, used to limit the size of same, to resist wear, or to 
serve as a guide. 

BYPRODUCT - Other additional product. 
CALIBRATE - To precisely and carefully adjust. 
CATALYST - Someone or something which acts to help move something. 
COMPREHENSIVE - Including all aspects. 
CONFIGURATION - Arrangement of parts. 
CONVERSION - The act of changing a pre-manufactured item into something else. Example: 

The Solar Dozer was converted from a gas engine over to an electric drive. 
DEMYSTIFY - To make something understandable. 
DIFFERENTIAL - Used in the rear axle of a vehicle to permit a difference in the speeds of 

the two wheels while turning corners. 
DIY - Do it yourself. 
DRIVE SHAFT - A shaft that transmits motion or power. 
EPOXY - Liquid which hardens when exposed to air, used in glues and coverings. 
FREEWHEEL - A device usually built into rear bicycle wheels which allows power to be 

inputted and coasting when the power is off. 
GALVANIZED - Coated with zinc for protection from rust and corrosion. 
GENERATOR - A machine for changing mechanized energy into electrical energy. 
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GLOSSARY OF TERMS (CONTINUED) 

INVERTER - An electrical black box which converts stored direct current (DC) electricity into 
alternating (AC) electricity or household current. 

JACKSHAFT - An intermediate shaft between motor output and (usually) a single wheel axle 
which allows extra low ratios (gear) with this extra step down. 

MAINFRAME - Structural skeleton upon which components are bolted or mated together. 
MATRIX - Peter Zeigler’s registered trademark for his building system which shares the 

same geometry and is compatible with box beam. 
MODULAR - Made in units which can be combined as needed. 
MOTOR CONTROLLER - A black box that regulates the motor’s speed electrically. 
PARABOLIC DISH - A solar energy device shaped like a dish or bowl, having the characteristics of 

a parabola and focusing sunlight on a single point or a very small area. 
PERFORATED - Having holes. 
PHOTOVOLTAIC CELL - Usually wafer thin objects between two and five inches across, 

usually made of silicon and thin wire that will generate electricity when placed in the 
sun. 

REGENERATIVE BRAKING - Energy captured when a vehicle is going down a hill. A motor 
is an electrical generator in reverse, therefore when going down a hill, energy can be 
transferred back into electricity and stored in the battery. 

RTA - Ready to assemble. 
SCRATCH BUILT - Most projects in this sourcebook are scratch built - built one piece at a 

time, using custom made parts. 
SEER - Solar Energy Expo and Rally, an annual event in Northern California where solar and 

renewable energy technologies are displayed and tested, including electric vehicle contests. 
SERVQNIOUS ROTOR - A wind machine with a vertical axis, usually made with split oil drums. 
SHEAR FORCE - A force tending to cause separation in a direction perpendicular to the material. 
SUNTQQLS™ BRAND BOX BEAM - available through SUNTOOLS in 1-1/2 inch aluminum 

tubing and Douglas fir. See Parts pages. 
TELSPAR® - A telescoping structural steel tubing manufactured by UNISTRUT corporation. 
TEST BED - A reuseable chassis used to test components on. 
TOLERANCE - The amount of variation in the dimensions of parts that is acceptable during 

their construction. 
TORQUE - The force that acts to produce rotation, usually measured in ft. lbs. A ft. lb. is 

amount of pressure in lbs. that it takes to turn a one foot long lever attached to a 
rotating shaft. 

TRANSMISSION - The gearbox of a vehicle, by which engine or motor power is transmitted 
to the wheels. 

TRI-JOINT - When three pieces of box beam meet in an X-Y-Z axis, they lock into strong 90 
degree angles. 

TROINT - Slang for tri-joint, a method for joining pieces of box beam together. 
V-BELT - A rubber belt used to transmit power from one component to another. 
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WHERE TO GET PARTS 
Baily Sales Corporation i -800-800-1810 

6431 Baum Drive, PO. Box 19805, Knoxville, IN 37939 
Bearings, tires, wheels, hydraulics, small mobile components 

C & H 1-800-325-9465P. O. 
Box 5356, Pasadena, CA 91117-9988 FAX 1 -818-796-4875 
Surplus motors, gearboxes, electronics, wire, meters 

Consolidated Plastics i -800-362-1000 
1864 Enterprise Pkwy, Twinsburg, Ohio 44087 
Industrial and Laboratory Plastics 

Constantine’s Wood Worker’s Catalog 1 -800-223-8087 

Edmund Scientific Company 1 -609-573-6250 
101 E. Gloucester Pike, Barrington, NJ 08007-1380 
Optical components, optical instruments, scientific instruments, educational aids 

Graingers i -800-323-0620 
5760 Commerce Blvd., Rohnert Park, CA 94928 FAX 1-707-584-8868 
Industrial and commercial equipment and supplies with after-sale replacement parts 

International Human Powered Vehicle Association (IHPVA) 
P.O. Box 51255, Indianapolis, IN 46251-0255 
Non-profit organization devoted to the study and application of human muscular potential 
to propel craft through the air, water and land. 

J.C. Whitney & Co. 1.312-431 -6102 
1917-19 Archer Ave., P.O. Box 8410, Chicago, IL 60680 FAX 1-312-431-5625 
Everything automotive, parts and accessories, American and foreign 

McMaster-Carr Supply Company 1 -213-692-5911 
P.O. Box 54960, Los Angeles, CA 90054-0960 FAX 1-213-695-2323 
The complete source for commercial and industrial equipment 

Real Goods Trading Corporation 1 -800-762-7325 
966 Mazzoni St., Ukiah, CA 95482-3471 FAX 1-707-468-0301 
Everything under the sun in alternative energy products, technical assistance provided. 

Thomas Register Catalogs 
The "yellow pages" of American manufacturing - truly, the source books. 

UNISTRUT 1 -800-521 -7730 
35660 Clinton Street, Wayne, Michigan 48184 FAX 1 -313-721 -4106 

RECOMMENDED READING 
Whole Earth Review, P.O, Box 38, Sausalito, CA 94966 1 -415-332-1716 

Home Power; P.O. Box 520, Ashland, OR 97520 1-916-475-3179 

Popular Mechanics, P.O. Box 7170, Red Oak, IA 51591 1 -212-582-8369 

Popular Science, P.O Box 5096, Harlan, IA 51593-2596 
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A PARTIAL BIBLIOGRAPHY 
A.C. Gilbert’s Heritage, Donald L. Heimburger, Heimburger House Publishing 

Company, 310 Lathrop Avenue, River Forest, IL 60305 

An Index of Possibilities, Energy and Power, "The Catalogue" (John 
Chesterman, Mike Marten, John May, Maggie Murphy-Ferris, Nadine 
Moggs Seton, Lee Torrey, Jon Trux, Joy Watt), Pantheon Books 

Appropriate Technology Sourcebook, Ken Darrow and Mike Saxenian, P.O. 
Box 4543, Stanford, CA 94305 

Critical Path, R. Buckminster Fuller, St. Martin’s Press, 175 Fifth Avenue, New 
York, NY 10010 

Design and Build Your Own Electric Vehicles, Michael Hackleman.P.O. Box 
63, Ben Lomond, CA 95005, Earthmind/Peace Press 

Design for the Real World, Victor Papanek, Pantheon Books 

Dynamics of Change, Don Fabon, Prentice-Hall, Inc., Englewood Cliffs, NJ 

EST (Earth Survival Techniques) - The Steersman Handbook, Lewis Clark 
Stevens,Capricorn Press, Santa Barbara, CA 

History of American Toys, Richard O’Brien, Artabras 

How to Build Your Own Living Structures, Ken Isaacs, Harmony Books, 419 
Park Avenue South, New York, NY 10016 

Nomadic Furniture I & II, James Hennessey and Victor Papanek, 
Pantheon Books 

Operating Manual For Spaceship Earth, R. Buckminster Fuller, Simon & 
Shuster, Rockefeller Center, 630 Fifth Avenue, New York, NY 10020 

Pedal Power, James C. McCullagh, Rodale Press, Emmaus, PA 

Radical Technology, Godfrey Boyle and Peter Harper, Wildwood House, 
London; Pantheon Books, New York 

Suncell Energy Economy & Photovoltaics, Christopher C. Swan, Sierra 
Club Books, 730 Polk St., San Francisco, CA 94109 

Universal Traveler, Don Koberg and Jim Bagnall, William Kaufman, Inc., 1 
First St., Los Altos, CA 94022 

Millennium Whole Earth Catalog, Howard Reingold, Editor in Chief; 
J. Baldwin, Senior Editor, Harper Books. P.O. Box 38, Sausalito, CA 
94966 
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101 BOX BEAM PROJECTS 
baby changing table baby cribs baby stroller 

beds, loft beds, traditional bench, display 
bench, gardening bench, shop bicycle rack 

bike generator frame boat frames bookcases 
cabinetry chainsaw milling rails (TELSPAR) chairs 
closets coat trees coffee table computer stations 
craft booths cubes delivery vehicles dolly cart 

drafting tables easels electric bikes 
electric ice cream truck electric mole work vehicle 
electric tote goat electric tractor electric trikes 

electric truck electric vehicle frames 
energy cycle frame entertainment center 

editing station firewood storage racks futon frames 
garden arbors garden carts gazebo go kart frames 

greenhouse potting table habitats hammock frame 
hobby bench kids’ furniture lawn swing 
layout tables life table frames lite tower 

loft bed/study loom frames lounge chair 
media carts model railroad benchwork 

movie sets, flats and props museum exhibit displays 
night table patio furniture pedestals 

photographer’s shooting table platforms 
portable darkroom prototyping models push carts 

room partitions scaffolding (TELPSAR) serving carts 
sewing table shop benchwork silk screen heater frame 

silk screen press bench skeletal track lighting solar 
cooker frames solar panel frames solar trailer frames 

space dividers specialty fabricating framework 
sports equipment storage stereo cabinet stilts 

storage racks storage systems store displays & fixtures 
stretcher frame tables telephone stand tool crib cart 

tool stands towers (TELSPAR) toyboxes 
trade show booths truck racks umbrella 

vendor carts wall screens wardrobe 
waterbed frames wine racks work table 
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The authors with 
most of the collection 
of Popular Mechanics 
and Popular Science. 

"We were given a case of them in 
1959 and the collection keeps 
growing. We have about 2000 
issues and we're still filling in 
the time gaps. 

This country's greatest strength 
lies in our 'Yankee ingenuity', 
and thfe collection represents 
that heritage. In reading them, 
one thing is certain - history has 
been shaped by technology. Box 
beam is a soft technology that 
allows you to create your own 
vision." 

"Where has box beam been all my life? 
I’m addicted! Box beam has made it 

possible for a group of 7th & 8th graders 
under my direction to change their 
design of an elect rath on vehicle 50 

times. Box beam is magic!" 
- Michael Hackieman, designer, builder, author 

"Box beam helps innovators meet 
Buckminster Fuller’s challenge: ’Good 
hardware is one of the few irrefutable 

proofs of dear thought. ’ The box 
beam system itself certainly rates as 

good hardware." 
- J. Baldwin, Senior Editor, Whole 

Earth Catalog & Whole Earth Review 


