
NCAR-TN/EDD-63

A Carrier Balloon
for Tropical Soundings

R. W. FRYKMAN
V. E. LALLY

June 1971

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH
Boulder, Colorado



\



iii

FOREWORD

The GARP requirement for wind data in the tropical troposphere has

been the most difficult observation to achieve with existing techniques.

The limited lifetime of GHOST balloons below 12 km in the tropics does

not permit an economic global coverage. The temperature data obtained

from the satellite infrared sounder cannot be used to infer the wind

field at low latitudes.

In May 1969, a new concept for obtaining tropical winds evolved

from a brainstorming session at Christchurch, New Zealand, with Neil

Carlson, Ernest Lichfield, and the authors participating. The plan was

to fly at 24 km large superpressure balloons (Mother GHOST) that would

drop radiosondes upon command. The Omega navigation signals would be

relayed from dropsonde to mother balloon to geostationary satellite to

ground to permit the measurement of winds from 20 km to sea surface.

The concept was described by Lichfield at the Paris meeting of the WMO

Committee on Meteorological Observations (CIMO) in September 1969, and

published in the BuZletin of the American MeteorologicaZ Society in

November 1969 (Ref. 1). In January 1970 the concept was discussed at a

special meeting of Working Group VI of COSPAR. At the Brussels Planning

Conference on GARP (Ref. 2) in March 1970, the Joint Organizing Commit-

tee recommended that the feasibility of the Mother GHOST concept be

thoroughly investigated as a matter of urgency.

During the following ten months a test of system feasibility was

designed and executed. The results of this test to date are reported in

this document. Since results have more than met original expectations,

this report also includes a plan for a complete system test by 1974.

We are indebted to a number of individuals who have contributed to

the successful demonstration: to the staff of Beukers Laboratories who

designed and fabricated h ipn nn the equipment, and to the personnel of the

Scientific Ballooning Test Facility at Palestine, Texas, who conducted

all flight operations, with a special debt to Earl Smith for his expert

aid in electronics checkout; John Warren made arrangements and assisted
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on all flight tests. We are particularly grateful for the contributions

of Ernest Lichfield (NCAR) and of Martin Poppe and Leon Masoian (Beukers

Laboratories), who assisted in the design for a complete system test

(described in Section V).

Robert W. Frykman

Vincent E. Lally
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I. SUMMARY

During July 1970 to January 1971, a series of tests was conducted

to demonstrate the feasibility of obtaining wind data in the tropical

troposphere and lower stratosphere by location of a sonde dropped from

a carrier balloon. The sonde location is determined by translating sig-

nals from the Omega very low frequency transmitting stations through

the carrier balloon to a geostationary satellite and to the ground for

computation of wind, temperature, pressure, and humidity data.

The tests are not completed, but those that are finished show suf-

ficient promise that a report is appropriate on current results and

plans for a complete system test. Results to date are:

1. Superpressure balloons launched in the tropics and floating at an

altitude of 24 km can remain in the tropical circulation for an

average of more than 60 days.

2. A superpressure carrier balloon can carry a 100-kg payload at

24 km.

3. A simple dropsonde can be parachuted stably from 24 km to sea

level at a controlled rate with a sample time of approximately

4 min/100 mb.

4. An Omega dropsonde can measure the wind field from 20 km to sur-

face with wind determination accurate to 2.5 m/sec for a 1-min

average and 1.0 m/sec for a 4-min average.

5. Accuracy of wind determination is independent of the distance from

the base station or the number of transmission links. The trans-

mission links may be fixed or moving at constant velocity.

Not yet tested are:

1. The capability of a large superpressure balloon to fly for two to

three months at 24 km (flight in progress).
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2. A test of the complete system through the satellite link. (This

test is considered unnecessary by the NASA engineers who conducted

tests of Omega transmissions through the ATS-3 satellite as part of

the OPLE test program in 1967.)

A system design which can be tested in 1974 is described. This

system would use the geostationary synchronous meteorological satellite

(SMS) as the data link. It can be implemented in conjunction with the

GARP Data Acquisition Test. If sufficient systems are deployed during

the Atlantic Tropical Experiment the system can provide up to 1,000 ver-

tical soundings of wind, pressure, temperature, and humidity data over

the region assigned for the experiment.

A modified version of the system can be used from ships and tempo-

rary land stations to provide complete soundings from the surface to

maximum balloon altitudes, using the SMS satellite as the data link.

No on-site processing of data would be required; soundings could be

made without the use of trained operators.

Costs are estimated for a system test with data telemetry through

the SMS satellite.
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II. THE CONCEPT

The concept as described below applies to a system demonstration

which can be accomplished in 1974 in conjunction with the command and

data telemetry system of the SMS satellite. The test can provide a

unique capability for obtaining wind, pressure, temperature, and humid-

ity data over the area of the planned Tropical Atlantic Experiment.

Because of the limited region of the globe accessible to a single syn-

chronous satellite, the soundings can be scheduled for only 30% of the

time during which the mother balloon circles the globe. As a result,

the number of dropsondes carried on the balloon must be limited. This

will be balanced to some degree by the need for more closely spaced

soundings over the Atlantic. We have arbitrarily picked 64 as the

appropriate number for the 1974 system demonstration. Only a single

telemetry channel will be required for the number of balloons planned--

permitting a maximum of 30 soundings per day. (The concept for a flight

program during the First GARP Global Experiment calls for flight of 100

or more balloons, each equipped with a minimum of 100 dropsondes. The

major addition for this program is the requirement for a compatible com-

mand and telemetry channel on three or four synchronous satellites with

a data processing unit associated with the ground system for each sat-

ellite. Four or five dedicated channels will be required for each sat-

ellite telemetry link, rather than the one channel called for in the

1974 test.)

Large superpressure balloons will be launched from one or more

tropical sites. The balloon will float initially at an altitude of

23.4 km. During its two- to three-month useful life it will ascend

gradually to 24.5 km as dropsondes are dispensed. The balloon will be

equipped with a dispenser containing 64 dropsondes, each weighing less

than 400 g. The balloon is expected to remain in the zonal flow of the

tropics with minor latitudinal oscillations. The balloon may slowly

drift north or south, but should remain in the ropics for at least two

months. Zonal velocity will vary from 20 to 30 m/secfrom the east,
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except for a few months during the two- to three-year period of the

quasi-biennial oscillation when the winds may become westerly.

Upon command from a geostationary satellite (night or day) a drop-

sonde will be released. This sonde will descend at an initial velocity

of 25 m/sec decreasing to 5 m/sec as it nears the earth's surface. The

dropsonde contains a 13.6-kHz receiver; pressure, temperature, and hu-

midity transducers; and a modulator and VHF transmitter. The 13.6-kHz

signals received from the worldwide Omega navigation transmitters will

be sent from dropsonde to carrier balloon together with the telemetry

signals. These signals will be transmitted from the carrier balloon to

a wide-band receiver on the SMS geostationary satellite and then re-

transmitted to the ground. The sounding will take 40 min for each sonde.

Phase. comparison of the signals from three Omega stations provides

incremental position readings from which wind velocity is derived. Al-

though the signals from the sequentially transmitting Omega stations,

pass through three links with delays of unknown amount on each path,

delays are equal for all signals and cancel out. Since the switching

sequence takes 10 sec for the eight Omega stations and since smoothing

and narrow-band reception is required to minimize noise due to sferics

and ionospheric irregularities, small-scale wind fluctuations will not

be measured. Time of passage through a 100-mb atmospheric layer will

be 3-5 min, and the mean wind for the layer should be measured within

1 m/sec.

Since the Omega signals will be used to obtain dropsonde motion,

but not absolute position, a separate means must be used to determine

the position of the carrier balloon. This technique need only locate

the balloon to a 100-km accuracy for the assignment of the winds to a

location. Twice-a-day positioning using the random doppler system

planned for Nimbus F and Tiros N could provide sufficiently accurate

location. A second possibility is the absolute location of the carrier

balloon using a modification of the OPLE system now under development

at the Goddard Space Flight Center. This technique would allow the use

of the same phase processing and transmission link for both carrier

balloon location and dropsonde wind determination.
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The combined weight of balloon, dropsondes, and dispenser will be

150-160 kg. Therefore, the weight of the carrier balloon command con-

trol and re-transmission system will not be a major factor. It can be

designed to operate 24 hr/day with great thermal stability, a large sur-

plus power capability, and adequate system safety controls.
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III. DEMONSTRATION TESTS OF ELECTRONICS SYSTEM

Two flights were made from Palestine, Texas, in January 1971 to

test the electronics system. The first test consisted of a balloon

flight at 23 km with a carrier balloon equipped with two dropsondes.

At 240 km southeast of Palestine the carrier balloon reached altitude

and a drop was commanded. Omega data were transmitted from the drop-

sonde to the carrier balloon to the Palestine ground station. Appen-

dix A describes the electronics system used for this test. Ten minutes

after the first dropsonde hit the ground, a second drop was commanded

and the second dropsonde tracked.

Since there was no way to provide an absolute measure of the accu-

racy of wind determination from the two drop tests, a second test was

conducted. In this test the Omega receiver from a dropsonde was re-

moved and used directly in the telemetry system of the carrier balloon.

Tracking was initiated as soon as the carrier balloon was released at

Palestine. The balloon was tracked for 4 hr while it climbed to alti-

tude and floated. A comparison was made of winds derived from Omega

and the winds computed from the tracking data of an M33 radar. Good

radar data were available for the first 60 min of flight. A second

technique was used, which is described below, to determine the accuracy

of wind determination as the balloon drifted at float altitude.

ACCURACY OF WIND DETERMINATION

Figure 1 is a plot of the 1-min average winds determined by the

M33 radar for the first 60 min of flight compared to the wind data de-

rived from the Omega signals. Table 1 is a presentation of the radar

and Omega winds.

The radar data are 1-min averages with averaging time on the half

minute. The Omega data are derived by averaging all Omega signals over

a I-min period. The winds derived from these averages are centered on

the I-min intervals. Standard deviations were computed by determining

a radar wind which is the mean of the winds 30 sec preceding, and
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Table 1

OMEGA vs RADAR WIND DATA
21 January 1971 Flight

West Wind South Wind West Wind South Wind
(m/sec) (m/sec) (m/sec) (m/sec)

Time Alt Radar Omega Radar Omega Time Alt Radar Omega Radar Omega
(min) (km) (min) (km)

0 30
0.3 3.7 5.9 8.8 28.9 -3.1

1 31 30.2 -2.9
0.5 4.6 6.0 9.1 30.9 1.1

2 3.3 6.8 32 29.5 2.5
0.8 5.9 8.1 9.4 31.3 1.7

3 4.0 9.0 33 32.7 3.1
1.1 5.6 8.3 9.7 31.2 0.3

4 7.7 7.1 34 28.5 0.8
1.4 6.9 9.3 10.0 30.3 2.1

5 4.5 8.1 35 30.5 4.1
1.7 8.5 9.4 10.3 30.1 2.1

6 8.4 8.8 36 29.8 3.2
2.0 7.8 7.5 10.7 30.0 3.5

7 10.1 10.1 37 26.5 0.8
2.2 9.3 3.8 11.0 30.0 3.7

8 . 6.7 6.3 38 28.0 1.0
2.5 10.6 2.1 11.3 30.2 4.6

9 10.8 -1.2 39 32.1 *9.4
2.8 11.3 1.7 11.6 30.1 1.5

10 12.8 3.7 40 *18.7 *0.8
3.0 15.9 4.3 11.9 30.0 0.5

11 i14.9 2.8 41 *38.5 *7.0
3.3 16.3 3.8 12.2 30.6 -4.0

12 16.9 1.9 42 29.2 -5.6
3.6 16.7 1.5 12.6 30.1 -1.7

13 17.0 3.7 43 31.8 -3.0
3.9 17.6 1.0 12.9 32.4 3.9

14 15.9 -2.3 44 34.5 4.4
4.2 18.9 -1.4 13.2 43.8 4.8

15 19.3 0.8 45 39.0 8.0
4.4 19.8 0.2 13.6 39.1 2.6

16 17.1 -2.6 46 38.8 6.5
4.7 .19.6 -1.9 13.9 38.1 2.5

17 20.0 -1.1 47 38.0 7.3
5.0 23.1 -2.1 14.2 36.3 4.6

18 23.7 -3.7 48 38.0 0.3
5.3 26.2 -1.9 14.5 38.3 1.5

19 25.1 0.8 49 35.9 -0.4
5.6 27-.4 -2.0 14.8 35.1 1.2

20 27.2 -3.7 50 35.1 0.6
5.9 23.4 -3.3 15.1 33.2 3.4

21 21.9 -5.9 51 30.0 4.2
6.1 24.0 -0.2 15.4 32.5 7.1

22 23.7 -0.3 52 31.3 14.6
6.4 22.3 0.6 15.8 32.1 8.7

23 21.2 0.5 53 33.9 6.5
6.7 24.1 1.2 16.1 35.7 6.6

24 26.4 0.8 54 33.3 5.5
7.0 25.9 0.3 16.4 30.0 6.4

25 27.1 2.8 55 29.6 3.7
7.3 27.8 0.5 16.6 29.5 1.0

26 26.0 3.7 56 29.8 8.0
7.6 27.4 -2.8 17.0 25.6 10.4

27 27.0 -4.7 57 28.) 9.1
7.9 27.9 -4.0 17.4 31.3 -0.1

28 27.7 -9.0 58 30.3 0.6
8.2 27.8 -6.4 17.7 27.7 -2.0

29 26.7 -1.3 59 25.9 -5.8
8.5 29.5 -3.5 18.0 20.7 -5.7

30 27.5 -4.6 60 19.9 0.3

*
Temporary electronic failure.
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30 sec following, the Omega wind. Since the balloon moved approximately

in a radial direction from the radar set, and since radar range measure-

ments are consistently more accurate than radar angles, an analysis was

made comparing the wind speed only as derived from radar.with Omega

winds for the first 55 min of flight. Minutes 38-40 were not included

in the analysis since an electronic problem of unknown origin interfered

with Omega data during this 3-min interval.

The standard deviation of the 1-min averages was 1.58 m/sec. If we

assign a 0.5-m/sec error to the radar data then the standard speed error

for the Omega was 1.50 m/sec.

A second analysis was made of the west wind error and the south

wind error in the Omega data. The west wind difference between Omega

and radar was 1.56 m/sec. This is very close to wind speed difference

since the wind was primarily from the west. If we again assign a

0.5 m/sec west wind error to the radar we compute a 1.48 m/sec standard

deviation for the west wind error in Omega-derived winds. The south

wind error for the Omega data was larger than the west wind error but

this was because the south wind derives primarily from the phase changes

between the Trinidad and Forrestport (New York) stations. The channel

spacing for Trinidad-Forrestport is about 31 km at the Palestine loca-

tion; the Hawaii-Forrestport channel spacing from which the west wind

is derived is only 13 km at Palestine. As a result, the Omega south

wind errors are magnified. The standard deviation of the difference

between radar and Omega winds early in the flight was 2.03 m/sec. Late

in the flight this standard error increased to 3.03 m/sec. If we assign

a 2-mil error in azimuth to the radar set, the radar south wind error

is 0.6 m/sec early in the flight and increases to 2.4 m/sec later in

the flight as the range increases. If we use these values for radar

error we obtain an overall south wind standard deviation for Omega of

1.90 m/sec.

The combined west wind error of 1.5 m/sec and south wind error of

1.90 m/sec provide a standard vector error of 2.4 m/sec for the l-min

averages of Omega winds.
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Table 2 shows a tabulation of the Omega-derived winds for the 91st to

the 180th minutes of flight. During this period the balloon was moving

at an almost constant velocity. The tabulation of 10-min average winds

shows a west wind of 20.0 m/sec. The south wind decreases during the

flight. If we assume that the south wind is 9.5 m/sec for the first

10-min interval and decreases by 0.4 m/sec for each successive 10-min

interval to a final value of 6.3 m/sec, we can use these values to de-

termine wind errors for averaging periods from 10 min down to 1 min.

The standard deviation of the 10-min averaged west wind from the

20.0 m/sec overall average is 0.1 m/sec. The standard deviation of the

south wind from the assumed averages 0.7 m/sec. Although the true wind

cannot be directly determined, our assumption for the 10-min averages

provides estimated winds which are probably more accurate than "true"

winds derived from a precise radar. The vector difference for the 4-min

averaged winds from the assumed winds is 1.01 m/sec. Since the standard

vector difference for the 10-min average winds from the assumed winds

is 0.7 m/sec, we can compute the standard vector error in the 4-min

averaged Omega winds as 0.73 m/sec. The standard difference in the vec-

tor wind for 2-min averages is 2.02 m/sec, which yields an error in the

2-min Omega average of 1.9 m/sec. The standard error for 1-min averages

is 2.8 m/sec.

Table 2

OMEGA WINDS MEASURED ON A CONSTANT-LEVEL BALLOON
21 January 1971 Flight

Assumed Wind Measured Wind
Time (m/sec) (m/sec)

Interval
(min) West Wind South Wind West Wind South Wind

91-100 20.0 9.5 20.09 9.38

101-110 20.0 9.1 20.02 9.65

111-120 20.0 8.7 19.88 9.31

121-130 20.0 8.3 20.03 7.87

131-140 20.0 7.9 19.86 8.21

141-150 20.0 7.5 20.05 7.08

151-160 20.0 7.1 20.05 5.32

161-170 20.0 6.7 20.16 6.69

171-180 20.0 6.3 19.93 6.36
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The computed Omega errors are of the same magnitude whether radar

winds are used as a standard or wind errors are computed by assuming

the balloon moves with a constant velocity at altitude. The improvement

in Omega winds for a 2-min average over a 1-min average (2.8 m/sec to

1.9 m/sec) is as expected. The improvement in the 4-min average

(<1.0 m/sec) implies that the Omega noise occurs primarily at periods

of 2 min or less. These data were taken under conditions of minimum

sferics.

Tests were conducted on 16 April 1971 at Palestine, under the

severest sferics conditions. Winds computed for 4-min periods were not

affected by sferics. Winds computed for 2-min periods were actually im-

proved over tests in quiet conditions. The 1-min average wind error in-

creased to 4 m/sec with severe sferics. A tentative conclusion from

these data is that for the present receiving system severe sferics

causes large short-period errors (1 min or less), but has little effect

on longer term averages. We may summarize the data acquired to date as

follows:

1. Under favorable sferics conditions and using simple but effective

computer smoothing techniques we can derive Omega winds from a bal-

loon or a dropsonde to an accuracy of 2-3 m/sec for a 1-min aver-

age. This improves to 1 m/sec for a 4-min average.

2. Although the data samples in flight are limited, the correlation

is close between errors for a moving object and psuedo-wind errors

derived by computing the apparent motion of a fixed station. For

several weeks at Boulder and at Palestine we accumulated extensive

data which confirm our capability to determine winds to 1 m/sec

for a 4-min average.

3. Under severe sferics conditions and with existing receivers it is

not feasible to obtain 1-min winds. Winds averaged for 2 min or

longer are not affected by sferics when OMEGA signal strength is

adequate.
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DROP TESTS

Since the two dropsonde tests were made at a location and time

which did not permit direct comparison of radiosonde winds with drop-

sonde winds, we cannot make an error analysis. On the basis of the

quality of the signals received, we can only assume that the dropsonde

winds were as accurate as the winds derived on tests where errors could

be evaluated.

As soon as the first dropsonde was released from the mother balloon

Omega data were acquired. About 1 min after release the Omega data be-

came extremely noisy for 100 sec. We attribute this signal loss to the

fact that the dropsonde was immediately below the carrier balloon and

the antenna pattern of both the balloon receiver and the dropsonde

transmitter have a null in the vertical. When the dropsonde moved away

from directly below the balloon, the signals came in clearly and signal-

to-noise ratio was much superior to: signals received directly on the

ground. The drop took exactly 40 min from its altitude of 23 km.

Ten minutes after the first dropsonde hit the ground, a second

sonde was released. On this dropsonde the temperature element broke off

at release and the antenna was apparently caught in the parachute lines.

This unsymmetrical alignment of the antenna prevented any loss of data

during the first few minutes. However, the signal level was inferior

to that of the first flight because of the tangled antenna. Twenty min-

utes after release from the balloon the Hawaii Omega station went off

the air so that we were not able to make comparison of the two drops

all the way to the ground.

A comparison is made of the first dropsonde flight vs the radio-

sonde which was flown 5 hr earlier at Lake Charles, Louisiana. Because

of the 160-km difference in position and the time difference, the winds

cannot be directly compared. Figure 2 is a comparison of the winds de-

rived from the first drop test and from Lake Charles. The wind speeds

are quite comparable but there is a 10-15" difference in the wind direc-

tions from 8 to 20 km, attributable to a veering of the wind in the

period between the flights.
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Table 3 compares the winds derived from the two drop tests for the

region from 16 to 10 km. Because of the signal drop-out for 100 sec

on the first flight, the winds above 16 km are not comparable. Below

10 km, the data from the second flight were lost because of the shut-

down of the Hawaiian station. A running 2-min average is used in the

computation and identical fall velocities are assumed. A comparison of

the data shows a 3.1 m/sec standard difference in the vector wind as-

signed to these altitude levels. If the true wind were identical for

these two soundings separated by 1 hr and 60 km, the standard vector

error assignable to each sonde would be 2.2 m/sec.

Table 3

COMPARISON OF WINDS OBTAINED FROM TWO DROPSONDES
LAUNCHED ON 19 JANUARY 1971

(2-min Averages)

Altitude West Wind North Wind
(km) (m/sec) (m/sec)

1050 CST 1140 CST 1050 CST 1140 CST
Drop Drop Drop Drop

16 26.8 31.0 27.7 21.2

15 27.2 29.2 30.2 28.2

14 26.1 27.0 35.0 33.0

13 26.0 33.0 38.0 34.6

12 33.0 33.7 38.4 35.2

11 30.8 36.0 42.5 42.8

10 31.0 25.8 40.5 41.0

Standard deviation in vector difference = 3.1 m/sec

Maximum vector error (assuming an identical wind field
for the two drops) for each sonde = 2.2 m/sec
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IV. BALLOON TESTS

Figure 3 is a photograph of the carrier balloon being moved out of

the Lakehurst (New Jersey) hangar for the first test flight in July 1970.

The balloon is 22 m in diameter, is constructed of 50-pm bilaminated

polyester film, and weighs 115 kg. The small balloon in the background

is a tow balloon used to carry Freon ballast during ascent to prevent

the balloon from ascending at too high a speed. By the time the balloon

reaches altitude the tow balloon has lost all of its lifting gas and the

balloon moves into altitude with zero free lift. During the course of

the first day the Freon ballast evaporates and the balloon becomes fully

overpressured. This technique has been successfully used on 44 flights

from Ascension Island. If no precautions are taken to diminish the free

lift during ascent the balloon will reach altitude with vertical veloc-

ity of at least 15 m/sec with consequent damage to the balloon film.

A design defect in the attachments of the first test flight from

Lakehurst caused damage to the balloon at launch and the flight was

aborted. In August 1970, a second flight was made from Lakehurst using

a similar balloon with improved attachments. The balloon ascended to

altitude gently and flew for 30 hr with no evidence of leakage. The

flight was terminated upon command. This second flight from Lakehurst

demonstrated the capability of a superpressure balloon to carry a 100 kg

payload at 24 km.

In November 1970, a flight test was made from Christchurch, New

Zealand, using the same balloon design as in the Lakehurst flights. The

balloon was inflated in a launch arm and no difficulties were evident

in this procedure. Inflation was accomplished in light winds and the

launch was smooth. Radar track was lost at 12,000 m in a region of

80-m/sec winds. Since the flight was launched 4 hr before sunrise, no

telemetry was possible until the balloon was out of line of sight of

Christchurch. A cloudburst and flooding prevented the tracking station

personnel from reaching the station outside of Melbourne. By the time

the operators in Australia reached the tracking station 12 hr later,
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the balloon was down. We do not know the time or cause of failure. Our

best estimate is that the bottom cap on the balloon was pinched off by

the load lines.

On 1 April 1971 a second flight was made from Christchurch with

load line modifications to overcome the apparent problem. The launch

was successful and the balloon is performing well (as of 12 May 1971).

Fig. 3 Carrier balloon at the Lakehurst hangar.
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V. DESIGN FOR SYSTEM TEST

This design outline provides a system description for use with the

SMS satellite in the 1974 era. When additional synchronous satellites

are available with a compatible command and data transmission system,

the system efficiency will increase. We hope that in 1976-78 three

to four synchronous satellites will have available channels for re-

transmission of the Omega data from dropsondes. The only system change

required at that time will be an increase in the number of dropsondes

carried by each mother balloon, since dropsondes may be used on a global

basis rather than over a more limited area within the view of a single

satellite.

The system consists of a number of carrier balloons, each with a

load of 64 dropsondes. The release of a dropsonde is commanded by the

SMS satellite. Omega signals are relayed through the balloon to the SMS

satellite and to the ground. A separate and individual signal processor

and computer are required at the ground station.

The description below is tentative; problem areas requiring devel-

opment or decisions are highlighted.

THE DROPSONDE

The dropsonde will weigh between 350 and 400 g and probably be in

the form of a cylinder 50 cm in length and 7 cm in diameter. The drop-

sonde will be lowered to the ground from 24 km in a period of 40 min by

a "cross" parachute weighing less than 30 g. The cross parachute con-

sists of two rectangular sections of dimension 25 x 87.5 cm. This

chute has been adequately tested for stable aerodynamic characteristics

(Ref. 3). A slightly larger version of this chute was used for the Pal-

estine drops.

Data obtained from the Palestine drops showed a decrease in the

temperature of the electronics from 0°C at release to -5°C when the

sonde had descended to an altitude of 10 km. Below this altitude the

temperature increased with descent and finally reached 90C at impact.
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This sonde weighed 1,100 g and dissipated 2-3 W of thermal power. The

new sonde will be considerably lighter, will transmit much less power,

and will have much less thermal inertia. However, 20 g of water (with

sufficient antifreeze to lower the freezing temperature below -10C) can

substitute adequately for the greater thermal mass and the greater ther-

mally dissipated heat. For this water to be effective it is essential

that the dropsonde be maintained night and day at a temperature higher

than -100C. The means to accomplish this are discussed below in the

description for the dispenser. The power supply temperature at time of

drop will be within limits of -10 to +10°C. During the first 15 min of

drop to an altitude of 10 km the battery temperature will drop by not

more than 10°. The temperature will hold at this value until the sonde

reaches an altitude of 5 km, 25 min after release. During the last

15 min of the flight the temperature will rise to avalue not exceeding

25°C. This temperate temperature profile for the power supply permits

us to use an inexpensive battery. The only requirements on the battery

are that it maintain its charge for a period up to two months at an aver-

age temperature of 0°C, and that it have a reasonable mass efficiency.

We are considering at this time a primary alkaline battery.

The transmitter used on the Palestine dropsonde tests operated at

403 MHz. It was a crystal controlled device transmitting more than 1 W.

Since the link to the SMS satellite will be at 402 MHz, it is not pos-

sible to use this frequency for the new system design. A VHF frequency

will be more satisfactory for this purpose, permitting the use of a

higher efficiency, lower cost transmitter without the requirement for

crystal control. The carrier balloon receiver will be equipped with a

frequency scanning receiver to lock on the dropsonde transmitter fre-

quency. Our analyses indicate the maximum displacement of the dropsonde

from the carrier balloon will not exceed 100 km. A power output of

100 mW will be sufficient to provide an acceptable signal level for the

entire sounding.

The Omega receiver used on the Palestine dropsondes operated ac-

ceptably on all test flights. In most instances the Omega signals re-

ceived were sharper and cleaner than signals received directly at the
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ground stations. There appear to be no major improvements required for

the dropsonde receiver.

Pressure sensors used in the Palestine tests were conventional

radiosonde baroswitches calibrated for increasing pressure. The results

showed these to be totally unsatisfactory either as pressure sensors or

as commutators. On the other hand, quite acceptable altitude data were

obtained by computation of the fall velocity of the dropsonde as a func-

tion of air density. For the new design we plan to use an electronic

commutator to switch between temperature and reference data. The rate

at which switching is effected provides the humidity data. The require-

ment is not severe for pressure accuracy during fall since the hydro-

static equation is used to compute the pressure-height relationship. A

5-mb accuracy is acceptable during the fall. However, it is essential

that we have one reference level for which we know the height of a

pressure surface within 20 m, or the pressure at a known height with

i-mb accuracy. The only altitude which can be precisely known during

the drop is the sea level at moment of impact. If we know the pressure

at impact or at a height of 100-200 m above the surface, we can use the

hydrostatic equation to compute all other pressure-height relationships.

The present plan is to use a pressure switch that will close at a pres-

sure of 300 mb. At precisely 1,000 mb a second pressure switch will

close. Since we will know the drop characteristics of the system at

three points (initial release, 300 and 1,000 mb) we can compute the fall

velocity for all levels. We can extrapolate the sonde velocity from the

1,000-mb level to sea level and determine accurately the altitude of

the 1,000-mb surface. In the deep tropics the sea level pressure will

always exceed 1,000 mb. The technique described here will provide ac-

ceptable pressure measurements at two levels using two low cost pressure

switches, thus avoiding the need to use an accurate pressure transducer

of low mass and low cost.

The ML419 temperature element was used on the Palestine tests since

the dropsonde was adequately ventilated. This element provides accept-

able temperature measurements. It does, however, suffer from some

faults. It is large and easily broken, and as it passes through cloud
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layers it can pick up moisture which will cause it to act as a "wet-bulb"

thermometer that gives too low a reading. We plan to use a 10-mil alu-

minized bead thermistor as the temperature sensor. This element will

have negligible radiation errors and will dry off quickly when it drops

through a cloud deck. Its fast response will eliminate problems at high

altitudes where the dropsonde is descending at a rapid rate. The ele-

ments used will be individually calibrated at the time of manufacture

to avoid any need for a temperature lock-in. The humidity element that

we plan to use is the carbon element presently used on military drop-

sondes. This element has a good storage life and a faster response time

than the lithium chloride element. The humidity element will be switched

into the dropsonde circuit at altitudes below the 300-mb level.

Temperature measurements will vary over extremes from -90 to +300C.

To minimize the telemetry bandwidth for transmitting the temperature

reading, the temperature reading will be divided into three ranges. At

the 300-mb level the output will be switched by a factor of four and

will again be switched by a factor of two or four at the 1,000-mb level.

This will provide a substantial bandwidth compression and provide a

means of detecting the time of pressure switch.

THE DROPSONDE DISPENSER

The dropsonde dispenser for this design is a simple insulated box

with 64 tubes. The box will be less than 1 m in each dimension and

will be heated during the daytime hours through the use of a black coat-

ing and a plastic greenhouse. The daytime temperature of the case will

be between 40 and 50°C. Nighttime temperature will drop to -40°C. The

dispenser will contain 5-10 kg of water to maintain the temperature

close to 0°C night and day. The technique described here was success-

fully tested several years ago (Ref. 4). Upon command a cover over the

bottom of the dispenser will be opened, and the dropsonde to be re-

leased will be selected by the electronic equivalent of a stepping

switch, which will pass current through a heating element contained

within the string that holds the dropsonde in place. Experiments con-

ducted recently at NCAR have demonstrated that the burned string release
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permits cutdown with maximum reliability and minimum energy. Present

estimates are that the dispenser will weigh between 20 and 25 kg, depend-

ing on the amount of water used to maintain the temperature near 0°C.

CARRIER BALLOON DATA TRANSLATION

The major design decision to be made for the Mother GHOST system

concerns the complexity of the data translation on the carrier balloon.

Two options are presently under study. The first option is to digitize

the Omega data onboard the carrier balloon and transmit the data in the

standard format for the SMS satellite at 70 bits/sec. The second option

is to convert the 13.6-kHz Omega signals to a lower frequency (such as

1,000 cycles) and transmit these signals in analog form through the syn-

chronous satellite to a ground processor at Wallops Island, Virginia.

It would appear that the second option is much simpler, having the

one disadvantage that the data are transmitted through the SMS in a dif-

ferent format than standard. However, the frequency conversion must be

performed precisely and the carrier balloon must contain an extremely

stable oscillator. The Beukers Laboratories has provided a tentative

design for a digitizing system which may not be more difficult to imple-

ment. It does use a much larger number of digital elements and an on-

board computer, but these elements are simple and reliable. A detailed

analysis must be conducted, including field tests, before a final deci-

sion is made. In either option the system contains a digital filter

that samples at a high rate and rejects samples contaminated by a

sferics transient.

If the Omega data are digitized on the carrier balloon, a second

SMS channel must be used for transmission of the meteorological data.

However, for the proposed field test program only one dropsonde would

be released at a time within the range of the SMS satellite so that the

maximum dedicated channel requirement would be two out of the 100 avail-

able channels.
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COMMAND SAFETY SYSTEMS

The carrier balloon will be equipped with a receiver equivalent to

the standard data collection platforms to be used with the SMS satellite.

Only two command instructions need be relayed to the carrier balloon: a

command to release a dropsonde, and a command to terminate the flight.

The format for these commands will be in accordance with the standard

command structure for the SMS data platforms.

Since the carrier balloon is designed to operate only in the deep

tropics the flight should be aborted if it moves out of the tropical

area. The primary cutdown system would be command from the synchronous

satellite. However, there is the possibility that the platform itself

will become inoperable and will not respond to command. In addition,

command can only be effected over the one-third of the globe within view

of the SMS satellite. A second safety cutdown system is required. Our

present plan is to use the magnetic cutdown system successfully demon-

strated from Darwin, Australia. If the balloon moves north of 200 lat-

itude, a magnetometer measuring the vertical component of the earth's

field will detect the increase in the magnetic field and will terminate

the flight. If the balloon moves into midlatitudes in the southern

hemisphere the flight will not be terminated except by command from the

SMS satellite. A third safety system will cut down the balloon system

at any time that the balloon drops below a level of 22 km (50 mb). The

method of cutdown in all three cases will be the cutting of the lines

connecting the balloon to the payload. The payload will drop on a para-

chute; the balloon will ascend rapidly for 2-3 km and then disintegrate.

This method of balloon destruction and payload release was successfully

demonstrated on the second Lakehurst flight in July 1970.
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VI. UPSONDES AND DOWNSONDES

The technique described for obtaining winds from a dropsonde

released from a mother balloon can be used as an efficient means for

obtaining wind data from a ship at sea. Consider a shipboard sounding

system consisting of an Omegasonde carried by a balloon and a receiver

and translator onboard ship. The Omegasonde would be similar to the

Viz-sonde now being tested by NOAA with the following exceptions: the

transmitter would operate at VHF rather than UHF to prevent interference

with the transmission to the satellite; both the power transmitted and

the upsonde weight would be substantially reduced. This would permit

acceptable maximum balloon altitude with small balloons which are more

easily handled aboard ship. A receiver and translator located onboard

ship would convert the VHF transmission to 402 kHz for transmission to

the SMS satellite.

This configuration would have the following advantages over the

conventional Omegasonde technique: (1) the shipboard equipment would

be greatly simplified since there is no requirement for any onboard pro-

cessing of data; (2) the flight could be conducted by shipboard person-

nel with no requirement for a trained operator--the only functions to

be performed would be inflation of the balloon and release of the sonde

at the same time that the onboard receiver and transmitter are turned

on; and (3) the radiosonde data would be quickly available for analysis

at one central point--the ground receiving station at Wallops Island.

A vertical antenna would suffice for reception of the sonde transmis-

sions and a simple Yaggi antenna could be used on a mast for transmis-

sion to the SMS satellite. No steerable antenna would be required. The

upsonde would be slightly more expensive than an ordinary radiosonde but

no ordinary radiosonde can be used aboard ship for obtaining wind data

unless elaborate radars or tracking systems are used.

The upsonde sounding could be intermixed with Mother GHOST drop-

sondes and could share the same ground facility at Wallops Island.

Dropsondes could be released upon command and upsondes would be re-

leased on a scheduled basis without interference.
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Appendix A

THE PALESTINE TEST SYSTEM
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Fig. 4 System schematic.
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THE PALESTINE TEST SYSTEM

Figure 4 is a schematic of the system used for tests from Palestine.

The flight system consisted of a zero-pressure balloon, a standard com-

mand telemetry package, and a Mother GHOST electronics assembly (contain-

ing a 403-MHz receiver, a translator to accept meteorological data

signals and Omega signals, and two dropsondes). The dropsondes were

dropped upon command from the Palestine base. As soon as the dropsonde

was released from the carrier balloon its transmitter was energized.

Pressure, air temperature, and package temperature data were transmitted

together with the Omega signal. These signals were received by the

carrier balloon and re-transmitted on the standard 252-MHz balloon

telemetry transmitter. The system did not include a synchronous satel-

lite link, but the 252-MHz telemetry link provided a realistic substi-

tute. The transmission through two moving links provides a phase shift

error at the reciever. However, the motion of the dropsonde away from

the carrier balloon and the motion of the carrier balloon away from the

Palestine receiving station introduce the same phase shift for all three

of the received Omega channels (Trinidad, Hawaii, Forrestport).

At the ground station the Omega data were detected and digitized.

An HP 9100 computer with associated printer was used to compute wind

data. The method of processing consisted of the following:

1. The digitized phase differences between Trinidad and Forrestport

and between Hawaii and Forrestport were sampled every 2 sec.

2. The average of 25 samples for each channel was computed each minute.

3. This average was subtracted from the averages for the previous min-

ute and the differences in the averages were added to the stored

lane number reading for each channel.

4. The latitude and longitude were computed for the new lane numbers.

5. The west wind and north wind were computed for I-min averages from

the difference in the I-min computed positions.
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Figure 5 is an illustration of the printout of data from the

HP 9100B computer for the first dropsonde test. Figure 6 is a printout

of a section of the flight of 21 January when the balloon was at float

altitude, moving at a constant west-east speed and a slowly decreasing

south-north speed.

The Palestine tests were made under excellent atmospheric condi-

tions (minimum sferics). However, the flight of 21 January was made

when the sun terminator was passing through Hawaii. Omega signals were

generally of fair to poor quality with marked improvement in transmis-

sions from balloon or dropsonde as compared with the direct pick-up at

Palestine.

Additional tests have been made at Palestine during conditions of

severe sferics. Using the existing system we expect some deterioration

in accuracy of wind determination with sferics. A more sophisticated

computer program will be able to eliminate sferics spikes from the wind

computation. This is not possible with our current averaging technique.

A further improvement will be realized with a fast sampling system which

permits the rejection of samples occuring simultaneously with a sferics

burst.
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Fig. 5 On-line computer printout, first dropsonde, 19 January 1971.



30

Fig. 6 On-line computer printout, winds at float altitude,
flight of 21 January 1971.
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Appendix B

DEVELOPMENT AND FLIGHT COSTS
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DEVELOPMENT AND FLIGHT COSTS

DEVELOPMENT SPECIFICATIONS

Balloon VehicZe

Balloon Vehicle Specification

A 19-m diameter balloon, 50-pm bilaminated polyester
film, mass of 88 kg, capable of carrying a 68-kg
payload to an altitude of 23.4 km. The balloon must
remain at altitude for two to three months.

Required Development for Balloon Vehicle

Design and flight test of a satisfactory load attachment
system which minimizes stress on the balloon during
inflation, launch, and flight.

Design of a pressure valve to prevent overstressing as
the payload is reduced (near completion).

Test of ultraviolet-resistant coatings to increase the
expected tropical life beyond the present 70- to

90-day capability at 24 km.

Test of alternative launch techniques to minimize balloon
damage on the ground.

Development Costs

A two-year program, including ten balloon flights from
Palestine and Christchurch. Estimated cost--$90,000.

Dropsonde

Dropsonde Specification

Mass--350 g

Transmitted power--100 mW (VHF)

Parachute--crossed chute, 25 x 87.5 cm

Battery supply--primary cell, 1 W-hr capacity

Release mechanism--"burned-string"

Temperature sensor--10-mil aluminized bead thermistor

Humidity sensor--open
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Pressure sensor--calibrated pressure switches acting
at 300 and 1,000 mb

Omega sensor--1,000-Hz bandwidth receiver centered
at 13.6 kHz

Thermal ballast--20-g tube of antifreeze mixture

Developments Required

VHF transmitter

Pressure switch

Optimum modulation technique

Packaging

Development Costs

Since most development is planned in-house, out-of-pocket
expenses for development and flight test will not
exceed $100,000 in a two-year program.

Carrier BaZZoon Command, ControZ, and Re-transmission System

Specification

Dispenser holding 64 dropsondes at +10°C, including
stepping-release mechanism.

Command receiver compatible with SMS, capable of ordering
sonde release and flight termination.

Location system for balloon (TWERLE).

Magnetic cutdown for northern hemisphere incursion.

Data translator to pick up VHF dropsonde data, compress
or digitize and translate to SMS.

Development Required

Efficient dispenser

Data translator

Development Costs

The data translator is the major cost element. If data
are digitized, development costs are estimated at
$250,000. If simple band compression is used,
costs will be about $50,000 less.
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Ground Data Processing

Specification

Provide command instructions for dropsonde release.

Format Omega and meteorological data at Wallops Island.

Transmit digitized data over dataphone lines to NCAR
computer.

Development Required

The basic hardware has been developed by Beukers Labora-
tories. This must be modified to be compatible with
the method of data translation through SMS.

Development of a software program will not be difficult,
but will be time-consuming (two or three years).

Development Costs

If data are digitized on the carrier, the ground system
will be greatly simplified. Costs are estimated at
$150,000 for a pre-digitized system and at $200,000
for input of unprocessed Omega data.

Sunmary of Development Costs

Balloon $ 90,000

Dropsonde 100,000

Carrier balloon system 200,000

Ground data processing 200,000

Total $590,000

Development time: two years.
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FLIGHT COSTS

Assumptions

One launch site

20 balloon flights of 80-days duration

64 dropsondes- per flight

One ground system at Wallops Island

SMS satellite command and telemetry channel used

Flights in 1974

Fixed Costs

Launch site and launch hardware
(for a low-wind site such as Nairobi) $60,000

Ground system (available from development program)

Data link, Wallops to Boulder (6 months) 20,000

Total $80,000

Expendable Costs Per Flight

Balloon vehicle $ 3,500

Carrier balloon electronics 12,000

Dropsondes, 64 @ $125 8,000

Helium 500

Total $24,000

Total Cost for a 20-BaZZoon Progroam

20 flights @ $24,000 $ 480,000

Fixed costs 80,000

Development costs 590,000

Total $1,150,000

Program time: three years.
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