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Minimum Altitudes for Balloons

In This Issue )
The Congressional Conference Report, 105-
Page 2: A Basket of a Different Kind 313, made amendments to HR 2169. This

John Burk is a machinist by trade. His skill with | legislation provides the appropriation for the
metal shows in his balloon projects. Look at this | Department of Transportation, including the
14 pound basket, built for a 1983 world record FAA, fpr' fiscal year 1998. Senator Pete
flight. This basket uses a tank as part of the Domenici, from New Mexico, included the
basket structure. following to the report:

“Regulations on the operation of lighter than

Page 6: A Balloon Envelope Design Program air vehicles.-- The conferees recognize the

Bob Nungester has moved all the way back to increasing popularity of hot air ballooning as
the theory that was used by Justin Smalley for a spectator and aviation sport. Currently, hot
the layout of his Gore Pattern Layout Computer | air balloons, also known as lighter than air
Program. Bob has further refined the earlier (LTA) vehicles, are restricted by 14 CFR
work of Smalley. While the theory and 91.119, the federal aviation regulation on
mathematics are complex, the computer program | minimum safe altitude requirement which

is within the means of the computer literate normally applies to fixed wing aircraft.
builder. Understanding the vast differences between

Page 8: Letters to the Editor and Other Bits. LTA and fixed wing aircraft, the conferees

. o1 question the feasibility of requiring pilots of
Phil MacNutt suggests we set up a builder’s hot air balloons to comply with 14 CFR

seminar at the Experimental Meet, next year in 91.119. The FAA currently exempts
Vermont. helicopters from this provision, and usually
Joe Seawright offers a picture of his balloon, waives this regulation for hot air balloon
Baby Grand. rallies. The conferees encourage the FAA to

examine this safety concern for balloonists
and report back to the House and Senate

i Committees on Appropriations on the

Larry Lankenau shows us his new envelope. feasibility of exempting hot air balloons from
Your editor has a comment on the need for us to | this provision.”

work together.

Guy Gauthier offers technical assistance to
builders.

A Warning to Readers: This newsletter is dedicated to an open and free exchange of ideas. Neither editor nor
contributors make any claims or warranties as to the appropriate application of these ideas to actual balloon construction.
Some ideas contained here may be unproven and highly exgerimenta . The reader must assume all responsibility and
liability for the use of ideas contained in this newsletter. Any individual contemplating the construction of a human
carrying balloon or other aircraft is strongly encouraged to 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.
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The use of machining techniques may limit
the construction for some of our readers. But
some of this work could be farmed out to a
small shop. The finish work could be
performed by the builder with access to a
shop vise.

Construction: Fuel Tanks

The 14 gallon tank is not standard. John
built five of these tanks as part of the 1983
record attempt.

If you examine a standard Worthington 10
gallon aluminum tank, you will note that near
the bottom of the tank, the tank exterior
begins to roll under to form the tank bottom.
The bottom of one tank was cut off just
below where the roll begins. A second tank
was cut in half through the flat cross section
in the side of the tank. By setting the rolled
edge on top of the flat edge, an overlap joint
was created, perfect for welding.

John would not have constructed these
tanks except for the fact he knew a very
skilled aluminum welder. Aluminum welding
is a special art in itself. After welding, the
tanks were hydrostatically tested. They were

7 ounce nylon fabric exterior

Nut

1/8 x 3/8
aluminum bar

Nut 1/4" plywood

floor

1" x .049
aluminum
tube

10 x 24 machine
screw

Figure 2: Cross section of the basket floor. An aluminum
tube acts as the skid plate and floor support. Screws
mount the assembly together with the fabric basket side.

filled with water, pressurized to 500 psi and
checked for leaks and distortion.

John’s professional background permitted
him to build these tanks with good
expectation of success. But for the record, he
is the exception. We at BBJ do not
recommend builders construct their own
tanks. There are a number of legalities as
well as serious safety issues involved in such
attempts.

Construction: The Basket

The basket floor is constructed from a
quarter inch thick piece of plywood. John
was comfortable using this thickness because
of the short span; that is, the basket is small
and there is an aluminum support member
across the middle of the basket bottom. For
everyday use thin plywood might be
susceptible to puncture on a sharp rock. But
for a light basket designed for a world record
attempt, this was of minor concern.

The top horizontal rail and the bottom
basket rail are of identical size and shape.
The bottom horizontal tube is attached to the
plywood floor. See figure 2 for construction

details. Every two inches, a number 10

machine screw is run through this tube and

through the basket floor. The procedure

for mounting these screws is simple. A

piece of thread is passed through the screw

hole. A slip knot is placed over the
threaded end of the screw, and the thread is
used to pull the screw through the hole,

with the screw head inside the tubing. A

nut is tightened over the screw to secure it

in place. The plywood bottom was
countersunk to accept the nuts while
allowing the plywood to rest against the
tubing.

The rest of the lower construction is
intended to capture the fabric wall of the
basket. The basket wall is constructed of 7
ounce per square yard coated nylon. A
hem is sewn into the edge of the fabric and
a piece of rope clothesline is threaded
through the hem. The machine screws in
the basket bottom are run through the
fabric. The fabric is clamped in place
using a piece of aluminum bar stock which
is held in place by a nut over each bolt.

The basket top rail is also constructed
from a bent up aluminum tube, just like the
bottom rail. The fabric side is hemmed on
the top. The top rail is slipped through the
hem, capturing the tube in the fabric cover.
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A New Balloon Design Program

By Bob Nungester
19965 Price Ave., Cupertino CA 95014

This article describes a new piece of software which generates gore layout cutting patterns. This is a
further refinement on Smalley’s work from the 1960’s.

Introduction

Readers of the BBJ have been using the
design spreadsheet presented in issue #1 as
the primary tool to generate gore pattern
layouts for some time now. I have thought
about converting this to a Windows-based
program, but I never got motivated enough
since there was no real challenge in simply
copying the functionality of the spreadsheet.

However, a couple of issues ago it was
noted that the Smalley factors produce a
balloon with a larger mouth angle than that
measured on actual balloons. In addition,
I’ve been interested in the mathematics that
lead to the Smalley factors, but I never put
much effort into it since Justin Smalley had
already solved the problem back in the
1960’s.

Since the factors seem to deviate somewhat
from a “real” natural balloon shape, I got
more interested in the problem and came up
with another way to calculate the shape of a
balloon.

Reviewing Smalley’s Work

Smalley’s derivation used a set of
parametric differential equations to generate
the table of factors. This method requires
several simplifying assumptions that lead to
the differences from a real balloon’s shape.
The Smalley factors do not account for
mouth location, variation of temperature
(specific lift) in the envelope, or fabric
weight. Actually, Smalley did account for
fabric weight in his derivation, but this
resulted in the need to solve the differential
equations and generate a new table of factors
for each fabric weight. The normal table of
factors is the one for zero fabric weight.

A New Approach to the Problem

Another way to solve for the shape of a
balloon is by using finite element analysis
techniques. This method essentially divides
the envelope into a huge number of small
pieces and solves for the forces on each piece
to determine the shape of the balloon. This is
the method I’ve used to write a program in
Visual Basic that generates the shape and

associated gore pattern for any hot air
balloon.

You don’t need to know any mathematics
to use the program, but for anyone who’s
interested I've included a short discussion at
the end of this article that describes the
method used in the program.

Putting the Program to Work

Using the program just requires entering a
few input numbers and pushing the Calculate
button (see figure 1). The program works
for anything from 10-foot tissue paper
balloons to stratospheric balloons of 30
million cubic feet or larger.

The output is a set of summary data as
shown in figure 1 as well as a text file
containing values of S and 1/2 gore width for
the given station spacing, and a second text
file containing the detailed values of S, R, Z,
area, and volume for the balloon. The values
in this second file can be imported into a
spreadsheet program in order to plot R versus
Z and create a profile graph of the balloon.

If you use input values of zero for mouth
diameter and fabric weight the resulting
balloon will have the exact same shape as one
using the Smalley factors. When using the
output file, note that there is no seam
allowance included in the gore width
numbers. You will need to add this to the
listed numbers. Seam allowance may be
included in a future version of the program.

As you can see, the program allows you to
input the size of the mouth and the fabric
weight when performing the calculations. It
does not currently allow calculations with
variable temperature in the envelope since 1
haven’t found any studies that show the
detailed variation of temperature in a balloon.

Still Needed: Envelope Temperature Model

The diagram included in the last issue
[#25) of the BBJ gives an indication of this
variation, but it presents the dynamic situation
with a high temperature column in the center
while the burner is on. To incorporate
variable temperature in the program I’ll need
to know the steady-state value of average
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temperature versus height in the envelope. If
anyone has other information showing the
variation of temperature versus height in a
hot air balloon, please let me know and I'll
include this in the next version of the
program.

You can see from the example in Figure 1
that the effect of fabric weight and mouth
location only changes the mouth angle by
about three degrees from the 50.2 degree
angle obtained using the Smalley factors.
The only remaining factor that affects mouth
angle at design conditions is the variation of
temperature in the envelope. It will be
interesting to see what the mouth angle is
when temperature variation is included.

Output values for these inputs:

Balloon Volume = 99818. cubic feet
Balloon Surface Area = 10455 square feet
Mouth Angle = 47.84 degrees

Envelope Weight = 196.03 pounds
Maximum 1/2 Gore Width = 71.16 inches
Total Gore Length = 931.58 inches

Obtaining this Software

This program, as well as another program
used to set up clearances for 3-rope tethers, is
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available from the following web site:
http://www _jps.net/chuck1/empty_pockets.htm

Each program is a ZIP file that you put in
an empty subdirectory, unzip it using
PKUNZIP, and then run the SETUP.EXE
program to install it. Feel free to download
the program and give it a try. It's shareware,
so you're welcome to try it for free, but if you
plan to use it please send the $25 registration
fee and I'll send you the version with a few
more "bells and whistles", such as a Specific
Lift calculator which is a pop-up window that
calculates specific lift given altitude,
ambient/balloon temperatures and type of
lifting gas.

Once you register I’'ll send you free
updates of future versions if you have email
with file attachment capability (remember to
send your email address). If you don’t have
access to the Internet, I can mail you a disk
with both programs when you send in the
registration fee. My address is 19965 Price
Ave., Cupertino CA 95014,

Program Functioning

The parameters shown in Figure 1 are all
that is needed to run the program. The actual
calculations performed by the program are

S
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Figure 1. Input screen for the envelope design program
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quite complicated.

The program assumes a value for the
mouth angle and then begins calculating the
forces in the envelope and the shape of the
balloon. For each small step moving from
the mouth toward the crown it is necessary to
calculate several forces and directions. The
known values are the stress force and
direction on the bottom of the step (from the
top of the step below the current one), the
fabric weight, and the force due to internal
pressure.

Each of these varies with height and/or
distance from centerline in the envelope. The
unknown variables that must be calculated are
the size and direction of the stress at the top
of the step, and the small angle between the
current step and the previous step. These
values are solved using several force balance
equations, and then the force at the bottom of
the next step is set to the value of the force at
the top of the current step.
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The calculations proceed in this way until
the chain of steps finally intersects the
centerline of the balloon. At this point the
program checks to see if the last step hits the
centerline “flat” (top of balloon must be
flat).

If not, this indicates the mouth angle
assumed at the start was not correct so it is
adjusted and all the calculations are repeated.
The mouth angle is adjusted several times
(actually a binary search) until the top of the
balloon is flat. This typically takes about 10-
15 iterations of the calculations. This
represents a massive amount of computing
that would have required a mainframe
computer back when Smalley developed his
calculations.

With today’s PCs these calculations only
take about 3 or 4 seconds on a 33 MHz 486.
On a 200 MHz Pentium the results appear
almost instantly after starting the calculations.

Lefters to the Editor and Other Bits of Information

About Fabric and Soggy Ground
11/16/97
Hi Bob.

I just canceled a high altitude run (it is 6
am) and I am pretty depressed about it.
Almost perfect sky, but we have had rain now
for several days, and the fields are under
water.

Anyway, just wanted to drop a line and say
hi. I have had several conversations lately
with Mike, [Emich] Ron Cassidy, Paul
Stumpf, and one of Mike’s friends (I can’t
remember his name) about fabric. I also
have received some very nice samples from
Westmark, and the lady there (Debbie) is very
nice and seems to have no trouble selling me
fabric.

I’'m holding my breath to see if she gets
more 1.3. She has silicone coated 1.9!! Ever
heard of that before? looks like regular
Cameron fabric, but feels like SoarC___
youknowwhat :-).

Also, I have asked both Mike and Ron
about our idea about having a "grab a couple
of beers, get in a circle and talk about
building" session at Brian [Boland’s
Experimental Balloon Meet] next year. They
are very much in favor for something
organized. Lets talk some more about that.

I was trying to think of some way that we
could all look at building pictures, each
picture showing something unique to talk
about, like a slide show. Folks could send
me pictures in the mail; I could scan them in
as jpgs, but from there, I don’t know what to
do.

Also, I am busy out in the garage building
up a new 20 gallon bottom end for my
upcoming 23,000. I'd like to share some
ideas with you.

Give me a buzz or drop an email

Enough for now, I am still depressed about
canceling :-(

see ya
Phil MacNutt

11/16
Phil,

Sorry to hear about your weather. Here in
the wet side of Oregon we just got our first
sprinkles in a couple of weeks. E! Nino has
really messed things up. California is getting
soaked and we are dry. This is about as late
in the year as I can remember being able to
fly in this area. But I know it will soon come
to an end.
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products to builders. The stated purpose for
this position is to protect their suppliers from
product liability. This balloon company has
made a significant investment into a fabric
line specifically tailored to balloon products.
I can understand their concern about
protecting their supplier from perceived risk.

But I think protecting market share is also
part of this position. As builders, we create
an aircraft for $2500 which performs the
same functions as a factory produced aircraft
at ten times the cost. But since balloon
factories can’t produce their aircraft for
$2500, they have developed marketing
strategies consistent with their manufacturing
costs.

Part of that strategy is based on competing
for recreational dollars. Today’s family has
numerous choices on which to spend their
discretionary dollars. A family can buy a
new power boat, a new camping trailer, outfit
for winter skiing, or purchase a new balloon.

Each of these activities requires the same
significant financial commitment. Balloon
manufacturers are at a disadvantage. Much
more work is required to become a
balloonist. There must be the commitment to
get a license, to obtain extra help in the form
of crew, to get up before sunrise. All of
these mitigate against winning the
recreational dollar challenge.

Balloon Builders and Commercial
Operations

A few balloon builders are also
encouraging an anti-building attitude from
balloon factories. U.S. regulations create a
clear definition for the use of amateur built
aircraft. These aircraft are not intended for
nor approved for compensation or hire. Yet
we occasionally hear of an operator whose
stated purpose is to circumvent the letter, if
not the intent of the regulations.

We are aware of the commercial operator
who is flying passengers over a homebuilt
envelope, or the operator who has
“remanufactured” an old and tattered
envelope Occasionally we hear of the
operator who sells one day shares to riders, so
that the riders become “owners” of an
experimental aircraft, at the cost of a ride.

These attitudes can come back to haunt us.
Look what’s happened to the kit airplane
* market. This past spring, the FAA sent a
memorandum to all of its field offices which
targets the Lancair kit airplanes. FAA offices
have been advised to be very careful about
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issuing airworthiness certificates for these
projects. It seems that a contingent of
professional builders are offering to construct
these kits, thus placing them outside the
amateur built regulations.

Some of us have faced the spin-off of this
FAA policy. During my last inspection for a
new airworthiness certificate, the FAA
inspector wanted to see clear evidence that I
had built my balloon. I hate to think what
the FAA could do if they had reason to
believe experimental balloons were being
used for commercial activities.

Let’s Appreciate What the Manufacturers
Have Done For Us

At the Experimental Balloon Meet in
Vermont, last spring, I saw a small group of
builders level light hearted sarcasm at those
‘heavy factory built balloons.” (I admit the
comments were partly in jest.) But to a pilot
each of them was flying a homebuilt balloon
with a type certified burner, using a fuel
system, for which the technology was
borrowed from a type certified balloon, and
used a venting and deflation system which
was first marketed in a type certified balloon.

Stop and think where our technology
would be today, were it not for the type
certified sport balloon and the market that
has supported it over the past 35 years.

We Need Each Other

Let’s be cautious about our image, we
cannot afford these divisions among
balloonists. We are part of a common
community. Its to our betterment that both
the manufacturing and the homebuilding
interests prosper. Our purpose is not to
encourage homebuilding to the detriment of
the Aerostar’s and Balloon Work’s.

Builders, lets remember to support those
pilots and would-be pilots who have no
interest in building. The reality is that very
few people are ready or willing to trust their
lives to an aircraft they have built. For the
great majority of pilots, the type certified
balloon will remain the appropriate choice.

As balloon enthusiasts, regardless of
whether we are in it for the sport or
commercial endeavors, we are part of a very
small group. As we look around us we see
external pressures which will make our flying
activities more difficult in the future. We
need to work together as that common
community to promote and protect our
common interests.



