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Basic development of a small balloon-mounted telemetry with its operation system
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1. Introduction

In Japan, the high altitude balloon for scientific observation has been continuously launched by JAXA. The balloon has a
possibility to reach 50 km altitude without tight environmental condition for onboard equipments, operating with a cost lower
than sounding rockets, however, development of the large-scale scientific observation balloons by university laboratories is sti
difficult. Being coupled with recent improvement of semiconductor sensors, laboratory-basis balloon experiments using smal
weather balloons has been becoming easily in these years. Owing to an advantage of wide land fields in continental region
the launch of such small balloons has become to be carried out many times especially in foreign countries (e.g. Near Spac
Ventures, Inc., 2013). Although the balloon is very small as its diameter of 6 feet, excluding its extra buoyancy and the weight of
the balloon itself, it is expected that about 2 kg loading capacity is remained for payloads to send into an altitude up to about 3t
km. However, operation of such balloons in Japan is not in general because precise prediction of a landing area of the payload
difficult, thus high-risk situation for balloon releases is remained.

In this study, we aim to achieve practical engineering experiments of weather balloons in Japan to be used for scientific obse
vation within university laboratory level. Here we report an approach of developing many devices for a small tethered balloon
currently in progress.

2. Experiments with a small tethered balloon

We evaluated an accuracy of altitude measurement by using a laboratory developed altitude data logger system that consists
a GPS-module and a barometric altimeter as well as its loading capacity of a small rubber balloon. Diameter of the balloon wa:
about 1.4 m. Being fulfilled with about 1440 L helium, it produced buoyancy of about 15.7 N. Taking into account of total weight
including the mooring equipments, available payload mass becomes to be about 1100 g. Thus, buoyancy margin of the balloc
was 4.9 N. After the balloon release, we could not confirm a planned altitude up to 200 m because of balanced situation betwee
a tension of mooring lines and that by horizontal wind, thus the highest GPS altitude was 100.5 m and that of pressure altitud
was 103.4 m, respectively. We confirmed there was no significant difference between the two types of altitude measurements.

Currently, as an operation system on ground, we have designed and manufactured a camera-platform type antenna rotator t
automatically track the balloon direction based on the received GPS data.

We tried to improve accuracy of the prototype antenna rotator by applying an advantage of a 3D printer of FDM (Fused Depo-
sition Modeling) method with a 3DCAD design software.

3. Summary

In order to develop a future telemetry system onboard a small weather balloon, we have performed an onboard data logge
system. Now we are trying to develop controlling software for the automatic tracking antenna. In this presentation, system
configuration of the automatic tracking system will be introduced more in detail.

The telemetry system onboard the small balloon is currently under development. We have a plan to send the measured GF
coordinates, temperature, pressure, and humidity data detected by the onboard sensors to ground. A monitoring camera, a 3-a
accelerometer, geomagnetic azimuth measurement, and power monitoring will be added to the developed data logger syste
The acquired data will be stored in an SD card aboard as well as transmitted to the ground using a short-range wireless comm
nication standard, XBee. Using a vacuum chamber with a pressure injection system and a constant-temperature reservoir in
laboratory, environmental tests will be operated. In this presentation, introducing the data obtained through the development of
prototype balloon system, our recent results and problems will be discussed.
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