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Page 2: Revisit The Gore Pattern Spreadsheet: Part I1

This follow up on our discussion of the Gore Pattern
Spreadsheet proposes a new method for the design of
envelope cutting patterns. A 'curve fitting' routine has
been developed which can replace the table of values
used by many builders. This article discusses the
implications for the curve fit equation.

The discussion also addresses concerns about
construction accuracy and errors typically built into an
envelope.
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Dan Helmboldt provides details of his Tweetie Bird
special shape envelope. Ken Kennedy reports on a
recent envelope project and his basket/burner
modifications. Phil MacNutt provides a series of e-mail
with the BBJ editor regarding testing of new balloon
system. See how Phil checks out his parachute top fit.
Phil also reports on the process of getting his new
Airworthiness Certificate with some suggestions for
others facing the same challenge. See Dave Koenig's
new balloon, with an undercarriage appropriate for a
Texas pilot.
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This listing identifies articles and letters for each of the
previous issues of Balloon Builders Journal.

Springtime in Vermont

Brian Boland is again offering us his
hospitality for the fourth annual
Experimental Balloon and Airship
Association flying weekend in Post
Mills, VT., during May 16-18.

Only homebuilt aircraft are invited.

There are numerous motels and
guest houses in the region. Camping
is free on the airfield.

Brian plans on building a complete
envelope during the course of the
weekend.

Breakfast will be available each
morning, including real maple syrup.

This is one weekend which will bring
together people with a common
interest in and enthusiasm for
building. Don't miss it. I’ll be there
looking for many of my readers.

Contact Brian for more details. Call
him at 802-333-9254 or write to P.O.
Box 51, Post Mills, VT 05058.

Renewal time is here for many
readers. If your time has come, you
will find a form in this issue.

A Warning to Readers: This newsletter is dedicated to an open and free exchange of ideas. Neither editor nor

contributors make ar(liy claims or warranties as to the appropriate ap;l)l

Some ideas containe > N
liability for the use of ideas contained in this newsletter.
+ carrying balloon or other aircraft is strongly encouraged to

ication of these ideas to actual balloon construction.
here may be unproven and highly exxerimenta The reader must assume all responsibility and

ny individual contemplating the construction of a human
seek expert assistance. As with all aircraft the operations of

balloons involve risk. This risk may be significant involving the potential for serious injury or even death. In the United
States balloons are aircraft, subject to the rules and regulations of the Federal Aviation Administration. Readers are
reminded that the building and operation of aircraft generally require specific registrations and certifications. Federal rules

prohibit the commercial use of amateur-built aircraft,




Revisiting The Gore Pattern Spreadsheet: Part li

By Bob LeDoux, Editor
2895 Brandi Lane, Jefferson, OR 97352

This article proposes new options for envelope gore pattern design using a new curve fit
mathematical routine.

Concerns about Shape Errors

I ended the feature article in the last issue
of BBJ by arguing that we can become too
concerned about building to a ‘natural
shape’ design. Some builders are concerned
about building to some theoretically correct
envelope shape. My position is that these
concerns are often exaggerated.

Whether an envelope is a true natural shape
is not as important as some other
considerations for the amateur builder. The
reasons that shape is less important include:

* The stress on the fabric varies at different
points on an envelope. Because the fabric
stretches according to the level of stress, the
cut and/or sewn dimensions will vary from the
inflated dimensions of an envelope.

* The fabric used in construction impacts
the envelope shape. Nylon fabric, for
example, has much more ‘stretch’ than
polyester fabric. This difference in stretch
will result in a different inflated shape.

* The type of panel construction will affect
the envelope shape. Diagonal construction,
like that found in some Balloon Works
envelopes, will create a different flying shape
than vertically or even horizontally cut
panels.

» The envelope shape varies with the
payload. A lightly loaded (low temperature)
balloon will have a more elongated shape
than a heavily load balloon. This difference
is easily seen in the photos in Figure I on
page 3.

* Different builders have defined ‘natural
shape’ parameters in different ways. The
British Colt and Thunder balloons tended to
be elongated when compared to Aerostar
designs. The Smalley definition of natural
shape is different than the half-sphere-on-
top-of-a-cone designs used by Brian Boland,
and some other builders.

* Envelopes change their shapes during
maneuyers. During a rapid ascent or terminal
descent, an envelope takes on different shapes
than when in level flight. These shape
changes can be asymmetrical, suggesting an

uneven distribution of forces on the envelope
surface.

* Balloon manufacturers continue to
modify envelope shapes looking for better
efficiency, however efficiency might be
defined. Over the past few years, some
factory envelopes have tended to get fatter
and less elongated to provide higher load
carrying capacity. Some of these shape
changes are fairly obvious, such as the
changes Balloon Works made to their
envelopes a few years ago. Other changes are
more subtle as have occurred in Aerostar
planforms.

(The trend towards more oblate shaped
envelopes is consistent with the shape found
in the original Smalley shape with ¥=0. In
other words, The Gore Pattern Spreadsheet,
as printed in BBJ Issue 1, has a more oblate
shape like that to which some commercial
envelope designs are moving.)

* The freedom to use other than the
‘natural shape’ is widely seen in special
shape envelopes. As I noted in the last issue,
many of these designs would not exist if
following a natural shape were so critical to
design safety.

Looking at a New Envelope Layout

My intent is not to belabor the issue about
variation in natural shape. But establishing
the freedom to vary from a narrow definition
is important to the following discussion. This
is because I am proposing a different
definition that can be used to create balloon
envelopes.

As noted in the last issue, the natural shape
envelope was derived in an effort to reduce
the number of ruptures occurring in scientific
balloons. Efforts were made to optimize the
stress distribution upon the envelope surface,
consistent with good flying stability. The
best shapes were found to resemble the
familiar rounded shape with a fairly flat top.
In nature this shape is typified by a water
drop hanging from a faucet, just before it
breaks free.






envelope area, especially in the area where
builders typically place a mouth. There is
also more error in the area near the top of the
envelope, where hot air balloons typically
have a deflation or venting port.

From a practical viewpoint the higher error
on the extremes of the curve do not bother
me:

Builders typically develop the cable lengths
from the mouth to the basket as an analysis
which employs factors independent of the
calculated distance found in the Smalley
table.

In like manner, the deflation port is
typically calculated using its own set of
factors. Thus minor errors on the extreme of
the curve are of minimal importance.

The final equation is a fifth degree
polynomial:

number mentioned above. If I wanted to, I
could also use 1.00 foot intervals in the
sharply curved area around the equator.

Its much simpler to stretch out a 100 foot
tape measure and make a mark at every 1
foot or 2 foot intervals.

* Simpler gore pattern displays can be
developed. Instead of the table of values, a
single equation can be embedded into
computer code, even in BASIC, which
produces the desired table at time of printing.
This eliminates the requirement that readers
have access to a computer spreadsheet
program to run the gore pattern routine.

* Employing a continuous function allows
the use of more advanced mathematical
techniques. For example, by deriving an
equation for an ‘area of a surface of
revolution,” using the integral calculus, a
general equation can be created. This

lr = 3.19985° — 5.8945* +2.23265° — 0.30225° + 0.76835 + 0,0006] €4uation would allow the

Where r = the radius and s = the gore
length.

The Utility of The New Approach

Let’s look at some of the advantages that
come from employing a continuous function.

* We can eliminate the table of values. The
function will allow us to compute the radius
at any desired point on the envelope surface.
This allows computations without the need to
estimate values between two points in a table
of values.

Here is an example: On one of my recent
balloon projects I wanted to construct a 6
foot radius mouth. But at the 8% station my
computed radius was 5.57 feet. At the 10%
station the radius was 6.96 feet. I had to
interpolate between the two points to figure
out where the 6 foot radius occurred.

Here’s another example: In this same
envelope, the distance between each station
on the Smalley table was 1.3913639 feet.
That's a rather awkward number to convert to
feet and inches ('l foot 4 and 11/;¢4 inches").

Even after this conversion is made its still
awkward to use. The Smalley table requires a
builder to lay out 50 stations with each station
that awkward distance from the next.

With a continuous function it is now a
simple-matter to choose convenient or even
irregular station distances. For example, my
stations could have been computed at every
2.00 foot intervals, instead of that irrational

surface area for any
envelope size to be
computed. Similar tools may allow the
computation of center of gravity and perhaps
center of lift. In fact, once a continuous
equation is available, all types of advanced
analyses are possible.

Summary

This article began by arguing that an
envelope which is 'close' to the shape defined
by Justin Smalley can be just as safe as one
built to his natural shape parameters.

A close fitting polynomial equation was
defined which closely fits the Smalley natural
shape definition.

This continuous function opens the door
for powerful mathematical tools which can
improve and simplify the calculations made
by amateur builders.

Future Goals

As this article is a work in process, I have
yet to generate some of these tools. I invite
our more adept readers to take up the
challenge. If you are interested in pursuing
some of these challenges, contact me for
additional help.

I am particularly interested in developing
either an interpreted (perhaps BASIC) or
compiled micro computer program which
could be used by readers to generate their
own gore pattern layouts.



Comparing the Fit of Smalley Factors with a Polynominal Equation
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0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Station Along Gore Length
Gore Smalley Curve Fit Percent Gore Smalley  Curve Fit Percent
Station Factors Equation of Error Station Factors Equation of Error

1.00 0.0000 0.0051 0.50 0.3210 0.3199 -0.35%
0.98 0.0200 0.0205 2.60% 0.48 0.3159 0.3153 -0.19%
0.96 0.0400 0.0379 -5.53% 0.46 0.3095 0.3094 -0.02%
0.94 0.0600 0.0568 -5.71% 0.44 0.3018 0.3022 0.14%
0.92 0.0800 0.0767 -4.32% 0.42 0.2930 0.2938 0.29%
0.90 0.0999 0.0972 2.71% 0.40 0.2832 0.2843 0.41%
0.88 0.1197 0.1182 -1.33% 0.38 0.2725 0.2739 0.50%
0.86 0.1394 0.1391 -0.25% 0.36 0.2611 0.2625 0.55%
0.84 0.1589 0.1598 0.53% 0.34 0.2490 0.2504 0.56%
0.82 0.1781 0.1799 1.02% 0.32 0.2363 0.2376 0.54%
0.80 0.1967 0.1993 1.27% 0.30 0.2232 0.2242 0.46%
0.78 0.2148 0.2177 1.32% 0.28 0.2096 0.2103 0.35%
0.76 0.2321 0.2350 1.22% 0.26 0.1956 0.1960 0.20%
0.74 0.2484 0.2510 1.02% 0.24 0.1814 0.1814 0.03%
0.72 0.2636 0.2656 0.75% 0.22 0.1669 0.1666 -0.17%
0.70 0.2775 0.2788 0.45% 0.20 0.1522 0.1516 -0.37%
0.68 0.2899 0.2903 0.15% 0.18 0.1373 0.1365 -0.56%
0.66 0.3006 0.3003 -0.13% 0.16 0.1223 0.1214 -0.72%
0.64 0.3096 0.3085 -0.36% 0.14 0.1072 0.1063 -0.83%
0.62 0.3168 0.3151 -0.53% 0.12 0.0920 0.0912 -0.87%
0.60 0.3220 0.3200 -0.64% 0.10 0.0767 0.0761 -0.80%
0.58 0.3254 0.3232 -0.68% 0.08 0.0614 0.0610 -0.55%
0.56 0.3269 0.3247 -0.67% 0.06 0.0461 0.0460 -0.07%
0.54 0.3266 0.3247 -0.60% 0.04 0.0307 0.0310 0.86%
0.52 0.3246 0.3230 -0.49% 0.02 0.0154 0.0159 3.23%
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Editor’s note-The Rally basket Ken is using
was originally certified for a gross weight of
1,480 pounds. This is a sturdy system. I am
still using one of these baskets, built in 1979,
for one of my balloons. My wife just loves it.

I do keep an eye on the uprights. They are
aluminum and the load ring is steel. Mating
the two together tends to scratch the uprights.
My annual inspection takes a close look at
these scratches to ensure there is no sign of
cracks. While I have not heard of any cases
of cracks forming at this point I think this is
still a good inspection point.

The ‘flat top’ Rally basket with an HP-II
updated burner is a reliable and low cost
bottom end for builders.

According to Aerostar , this basket is
classified as ‘obsolete’ but parts will still be
provided for it.

Ken, I'm curious as to how you attached
the cable bottoms to the basket? Let us know
about the operating loads on that big 20 foot
diameter top.

Phil MacNutt’s Projects

Phil reports on the process of building his
new envelope to fly over a rebuilt Balloon
Works basket. This is a series of e-mail letters
to the BBJ editor.

January 6, 1997
Hi Bob,

I just finished designing a 43,000 for my
friend Dave [Koenig] in Houston. I used
Smalley numbers and all the design criteria
and specification for my AX-8 on it (scaled
down of course). I spent 5 days with him
over the holidays teaching him how to sew
and helping with the construction.

We made amazing progress: 17 half gores
(out of 32) and a complete parachute in 4
days. Thank God my sewing machine was
running smooth. He was very frustrated at
first trying to learn how to hand fold the
seam. A couple of times we were ready to
quit and order a seam folder. But I talked to
him yesterday, and he has done 9 more gores,
and now has no problem folding.

Folding the silicone fabric is tough for
experienced people, much less somebody
who has never folded anything. In retrospect,
I should have started him on bed sheets first.
He still has trouble "correcting” the lengths to
make the index marks line up. I don't know
about you, but with me, the bottom piece of
fabric always starts getting shorter, requiring
a pull to keep things lining up. I don't see

this problem much with non-silicone fabrics.
He should be finished by the end of January
with the sewing, and then I will make the
cables and help with the first inflation.

My AX-8 is coming along quite nicely. I
have done 4 inflations to date, and now I have
started work on the basket (a Barnes 4.0). 1
am replacing the floor, skids, scuff leather,
steel floor cable, corner panels, and tank
straps. The wicker on this basket is in very
good shape, so it is well worth the overhaul.

I am having lots of fun on this part of the
project. I got the details from Sid [Conn,
President of The Balloon Works] at AIBF
[Albuquerque International Balloon Festival]
on the floor specs and urethane. He specifies
"moisture cured urethane", which is very
difficult to find. I finally found a Sherwin
Williams dealer who could order if for me:
$70 a gallon!!

The plywood is Baltic birch 9 ply, 12mm
thick plywood, NOT marine grade (as some
people think). Use 3 coats minimum on the
floor.

I hope to get the [FAA] MIDO to come
down in about 3 weeks to do the inspection.
I do not anticipate any problems.

Phil MacNutt

January 6, 1997
Phil

Regarding sewing of silicone fabric. I find
pulling the finished seam out the back of the
sewing machine with one hand, and feeding
with the other makes it go quite well.

I agree that the sewing machine tends to
make one side of the fabric creep more than
the other, when sewing folded fell seams. I've
also noticed that the direction in which I roll
the fold makes a difference. When I fold my
seams clockwise I get more creep on the right
hand panel. Its.less of a problem when
folding counter clockwise. My sewing
machine has needle feed which should help
with this problem. But it remains a problem
even with uncoated or heavier urethane
coated fabric.

I used stripped reed in my little basket and I
sprayed regular exterior Varathane™ on it
with my airless sprayer. Application was easy
and it has held up well. I don't know why the
‘moisture cured’ finish is so important, unless
its a matter of health safety in a
manufacturing environment.

Good luck
Bob [BBJ Editor]









