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HAB INTRO

A High Altitude Balloon (HAB) is used to carry a payload into the upper stratosphere of space,
from 60,000 to 120,000ft. HABs are quickly breaking into the amateur arena with a plethora of
information available on the internet and widely available parts available for consumers.

Continue reading to discover best practices, and piggyback off all our extensive research!

WHY WE DID THIS

The allure of sending something into space has always fascinated us. Even better, if we could
capture a photo of the curvature of the earth, that would be the ultimate photograph. So when
we found out about the Global Balloon Challenge, we immediately signed up. The challenge
runs yearly in early spring, and helps aspiring hobbyist reach the edge of space. The community
is made up of everyone from MIT engineers to backyard hackers. We were surprised how
relatively easy it was to launch a weather balloon, but as with any major project, there are
complexities and scheduling risks.



WHO WE ARE

> W

”

Curious, hard working, and determined; together we are the Cope Brothers. Jeremy is a
computer engineer by trade and owns his own technology company, Emma Technologies.
Jason is a mechanical engineer and currently works in the medical devices field. Together, we
enjoy designing, building, and pushing the bounds of adventure.



NECESSARY COMPONENTS

In order to launch a weather balloon, there are six essential items:

Balloon
Parachute
Radar Reflector
Payload

Flight Line
Helium

As you start to research each of these items, you will soon find out that there are plenty of
different options out there. Where should you purchase these items? What size should you get?
There are many questions you may have going into this. Luckily for you, we have done
extensive research and will provide you with the necessary guidelines to have a successful
launch.

BALLOON

Weather balloons are referenced by their weight (in grams specifically). The heavier the balloon,
the greater the potential to reach higher altitudes. For example, a 600g balloon may only be
able to reach 80,000 ft., while a 1200g balloon could reach over 100,000 ft. Furthermore, it is
important to keep in mind that the weight and potential height of a balloon may vary depending
on the manufacturer. High Altitude Science claims their 1200g balloon can reach
110,000-120,000 ft., while Kaymont Balloon specifies their 1200g balloon can reach
105,000-115,000 ft.

When deciding where to purchase your balloon, it is highly recommended not to buy one off of
eBay. Those balloons may be cheaper, but that is because they are made of lower quality
material and are very likely to pop prematurely. We ended up going with a 1000g balloon from
Kaymont for $70. They are a very reputable manufacturer for weather balloons. The quality of
their balloons is great and at a lower cost than most competitors.

Make sure you wear latex gloves at all times when handling the balloon. If the oil from the skin
or any other contaminant comes in contact with the balloon, you risk the balloon popping
prematurely.



PARACHUTE
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The important specification to keep in mind when buying the parachute is the descent rate. The
lighter your payload and the larger the parachute, the slower the payload will fall to the ground.
However, the slower the descent rate the further it will travel and descend too fast and you risk
damaging the payload and any equipment inside.

Most manufacturers help you decide what parachute will best fit your needs by specifying what
the descent rate will be depending on the weight and size of your parachute. Rocketman is a
reputable brand that is not too expensive. Here is an example of their specs:

WEIGHT FT/SEC. MPH. WEIGHT FT/SEC. MPH.
3FT. 1.7lb 15.95 10.87 2.1lb. 17.9 12.2
AFT. 3.0lb 15.95 10.87 3.71b. 17.83 12:15
5FT. 4.7lb 15.63 10.6 5.7lb. 17.67 12.04
GFT. 6.51b 15.65 10.67 8lb. 17.67 12.04
7FT. 9lb. 1Rwe 10.76 11lb. 17.37 11.84
8FT. 121b 15.95 11.74 15lb. 17.83 12,15

We ended up choosing a 3 ft. parachute from Rocketman. With a payload of about 3.3 Ibs., that
put us at a descent rate of approximately 22 ft./s. | would not advise a descent rate over 25 ft./s.
Although our payload survived without any damage, our equipment became dislodged from our
fasteners. Any faster than 25 and there would most likely be damage.



RADAR REFLECTOR

The odds of an aircraft flying into your weather balloon is highly unlikely; however, the FAA
requires any airborne object to have some sort of radar notifier. This will allow any nearby
aircrafts to see your balloon and avoid any collisions. A radar reflector is the cheapest and
easiest way to accomplish that. You can buy one online for about $35, or make one yourself in
under 30 minutes.

We came across a great Instructable online that shows you step by step how to make one. It's
durable and highly effective:

http://www.instructables.com/id/Lightweight-Radar-Reflector/

There are a few notes worth mentioning from the Instructable. Once all of the pieces are
assembled together, the Instructables say that glue is not needed to hold the pieces together.
However, depending on how tight the pieces formed you may want to consider taping the
seams. This will help maintain the necessary 90-degree edges for optimal radar reflection. Also,
there are no instructions on how to tie the radar reflector to your flight line. We will cover that in
the Flight Line section of this article.

PAYLOAD

Let your imagination run wild with the payload. Searching online you will find many different
designs of payloads. One is not necessarily better than the other. The main function of the
payload is to hold any instruments or items you wish to carry. The most common design is a
styrofoam box. Styrofoam is lightweight, durable, and will help insulate all instruments from the
cold. Egg-shaped containers and even tripod structures are also common. We ended up going
with a 12"x12”x9.5” styrofoam box. You can purchase one for about $20 on Amazon.

The other benefit of styrofoam is that it is very easy to cut and carve to help encase any
instruments such as cameras. However, before making any cuts in the styrofoam, it is
recommended to practice the cut on a scrap piece of styrofoam. This is especially important for
any cameras you plan to mount. Depending on the zoom and angle of the camera, a cone
shaped hole might be necessary to prevent the box from being visible in the camera's pictures.

How do you fasten cameras, batteries, and other components to the payload box? Hot glue, zip
ties, and duct tape are great means to fasten your instruments. We were skeptical at first using
duct tape because it is not rated to withstand the cold temperature that your weather balloon will
reach. However, the duct tape held up incredibly well; so well that when we tried to remove the
tape after we retrieved the payload it ripped off some styrofoam with it.


http://www.instructables.com/id/Lightweight-Radar-Reflector/

One of the most common issues all weather balloonists experience is spinning. As the balloon
rises the payload will tend to spin. This can be very troubling if you are trying to take pictures or
videos. There are many different ideas and designs you can find online, but after much research
we found kite flaps to be the most cost effective and lightweight solution. These flaps will help
stabilize any rotation or wind.

To construct the stabilizer, first purchase a kite online (no more than $20). Next, cut the kite
material into triangles. Using the carbon fiber rods that came with the kite, cut those down and
hot glue them to the triangles you cut. Once you constructed the stabilizing flaps, you can attach
it to the top of your payload box using hot glue and zip ties.

FLIGHT LINE

The flight line is one of the most critical components to the entire weather balloon structure. If
the line breaks or a knot fails, game over! You may end up losing your payload box or not
reaching the height you were expecting. Therefore, it is recommended to practice tying knots
and having at least two different lines tied between each component. That way if a knot fails or
the line breaks you have a backup.

What should you use for a flight line? Kite string! It's lightweight, durable, and there is plenty out
there to chose from. Furthermore, most manufacturers have specifications on kite strings, which
means you can find out what the breaking strength of the line is. We ended up going with a 50Ib
breaking strength in order to meet FAA guidelines and not have to commit to the provisions of



subpart B (refer to FAA section for more details). The kite string shown above is made by
EmmakKites and can be bought on Amazon for about $13.

Looking around on the internet, there is very little information or instructions on how to attach
everything together: payload box, radar reflector, parachute, and balloon. Fishing snaps
(depicted above) are a perfect way to attach one component to the other. Rather than tying
everything together and having to carry the entire weather balloon system at once, fishing snaps
allow you to pre-tie all components and attach everything together within minutes of the launch.
Furthermore, the swivel ball helps to eliminate any twisting and spinning the payload box may
encounter.

As mentioned earlier, knots are very important and must be secured as best as possible. There
are many different types of knots you can tie, but after much research we recommend only two
different knots: the buntline hitch and the backup knot. The buntline hitch is very secure and
reliable. Once tied, any pulling or jerking only tightens it further rather than loosening. The
backup knot just adds additional security. Every knot we tied had both the buntline hitch and the
backup knot. The buntline hitch was the primary knot and the backup knot was used as a safety
precaution to help prevent the primary knot from coming undone. The pictures below are step
by step instructions on how to tie each knot.



BUNTLINE HITCH BACKUP KNOT

1. Primary Knot

2. Primary Knot

3. Primary Knot Backup Knet

We recommend about a total of 40 feet between the payload box and the balloon. This is how
we broke it down:

PARACHUTE

RADAR
REFLECTOR

PAYLOAD

The flight line secures every component (payload box, radar reflector, parachute, balloon) in a
different way:

Payload Box



Since the payload experiences some high forces (such as the lift caused from the balloon and
the impact when the balloon pops) strengthening the styrofoam is important to avoid the flight
line ripping through it. The best way to accomplish this is rubber or plastic tubing and hot glue.
Just punch a hole through the styrofoam with a nail, run hot glue around the diameter of the
tube, and then push it through the hole you just punched in the styrofoam.

There are different ways to secure the payload with the flight line, but we felt the most effective
way was running four separate lines from the bottom of the box, through the top, and tying them
together to a fishing snap about 2 feet above the top of the box. To secure the flight line to the
bottom of the box, we hot glued cardboard, and then tied each of the four lines to a plastic
washer. The cardboard acts as a support system to prevent the plastic washers from ripping
through the styrofoam (similar to the purpose of the tubes).







