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TROPICAL WIND, ENERGY CONVERSION, AND REFERENCE LEVEL EXPERIMENT

(TWERLE)

STATUS REPORT 

For period ending 31 August 1975

The months of July and August 1975 were spent launching TWERLE balloon 
systems from the three tropical sites of Ascension Island, American Samoa 
and Accra, Ghana.

The Ghana site was closed on 15 August due to the continued unfavorable 
wind direction that carried 14 balloons into the northern hemisphere cutdown 
area.

A design problem in the magnetic cutdown caused a number of balloons 
to cut down over the Indian Ocean in mid-July. A memo to the TWERLE Team 
outlining this problem and its subsequent correction is attached.

Following are weekly summaries of launches for July and August:

As of Day 188:

Station Total Down

Chch 12 2

Accra 6 3

Asc 6 1

Samoa 6 1

Remarks

One down is 20 sec rep rate, other 
last heard day 178 at 345 x 13IE

First 3 cutdown, last known position, 
19N x 33IE moving north - second 3 
now in So. Hemi - two heard by Asc 
on day 185

Fit 0501 not recvd by Nimbus -6 

Tx failed - suspect encoder xtal

As of Day 194:

Station Total

Chch 12

Accra 14

Asc 15

Samoa 17

Down

2

8

3

3

Remarks

1431 alive but weak, 307 not heard from

612, 030 not yet heard from.
1400, 1436, 1706 disappeared 
over Africa and Indian Ocean

S15, 17 never heard from
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As of Day 201:

Station Total Down Remarks

Chch 12 3 377 last heard day 197 - may
be in polar nite

Accra 26 14 1112, 1214, 0515, 0030, 0346,
0552 presumed down

Asc 29 9 0546, 1016, 1602, 1504, 0426,
1051 presumed down (3 of above
probably cutdowns)

Samoa 27 7 0761, 1351, 1502, 1534

As of Day 208:

Chch 12 3 None down since last report

Accra 29 17 0654, 1731 cutdown - down since
last report

Asc 40 13 1176, 0570, 1673, 1327 - down since

last report

Samoa 35 8 1137, 1723 - down since last report

As of Day 215:

Chch 12 4 I.D. 653 (20 sec transmission
rate now dead)

Accra 29 20 3 S.H. cutdowns - 12 N.H. cutdowns

Asc 46 24 12 S.H. cutdowns

Samoa 40 17 6 S.H. cutdowns
1 N.H. cutdown

As of Day 222:

Site No. Flown So. Hemi CD No. Hemi CD Not heard Natural Total Down

Sam 52 8 2 9 6 25

Gha 38 4 13 5 6 28

Asc 58 12 0 7' 6 25

Chch 12 0 0 1 2 3

As of Day 229:

Sam 63 8 3 8 8 27

Gha 50 4 14 5 6 32

Asc 68 13 4 7 8 32

Chch 12 0 0 1 5 6



Site Flown Cutdown SH CD-NH Not heard Natural Down Total Down

Chch 12 0 0 1 5 6
Accra 50 4 20 4 11 39
Asc 80 14 10 8 12 44
Samoa 74 8 6 7 11 32

As of Day 243:

Chch 12 0 0 1 7 8
Accra 50 4 23 4 11 42
Asc 92 14 16 8 14 52
Samoa 87 8 8 7 16 39

Attached is the TWERLE Technical Progress Report for the period of 1 June 
thru 1 August from the University of Wisconsin.



8 August 1975

FROM : E.W. Lichfield and V.E. Lally

SUBJECT: Magnetic Cutdown with Strong Negative Fields

MEMO TO: TWERLE Team

Chronology

Mid-July Paul Julian noted that three Ghana balloons had disappeared
in the Indian Ocean in a cloud-free region. The failures were along a 
line where the vertical field becomes more negative.

28 July The number of confirmed Indian Ocean losses was now up to 
nine. An investigation of magnetic cutdown performance with strong 
negative fields uncovered the possibility of a false cutdown. Only 
four samples were available for analysis at Boulder. The launch sites 
were closed. Ellis returned from Samoa and Rader from Ascension with
a total of 72 magnetometers.

29 July Several fixes were investigated on the available four 
magnetometers. At a meeting with Julian it was decided to fly from 
Samoa and Ascension without cutdowns and to keep Ghana closed since 
there was a minimum chance of a deep northern hemisphere penetration 
from the first two sites, but a very good chance from Ghana.

30 July A best fix was determined and tested under conditions 
of low temperature and low voltage. The problem was verified on a 
larger sample of cutdowns which had been returned from Samoa. Ghana 
was authorized to fly with selected cutdowns which did not cut in neg
ative fields during test.

31 July The fix to eliminate cutdown in strong negative fields 
was verified on 30 units. Ascension was instructed to fly only with 
modified units. (A capability and parts were available on Ascension 
to modify.) Samoa was closed until modified units and repair parts 
were received.

1 August Additional units were received from Ascension. The
efficacy of the modification was verified on a total of 74 units.
Ghana was instructed to fly only with modified units. Parts were shipped 
to Ghana.

5 August Modified units were received at Ascension and Samoa.

The Problem

A plot of the location where balloons were last heard showed a pattern 
of balloons down in the Indian Ocean (see Figure 1). This location corres- - 
ponds with increasing negative magnetic field. Tests performed on a few 
cutdowns showed some of them could activate in strong southern hemisphere 
fields. A detailed look at the magnetometers showed that there was a design 
problem.
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The output from the magnetic cutdown sensor is a sine wave at approxi
mately 25,000 Hertz. This sine wave output is phase-compared with a reference 
square wave. When the sine wave is in phase with the square wave the sensor 
is north of the magnetic cutdown point. If it is out of phase it is south 
of the cutdown point. At the precise cutdown point the amplitude of the sine 
wave is zero. The amplitude increases in phase as the sensor moves north 
and increases out of phase as the sensor moves south. The problem occurs when 
the sensor starts sensing strong south fields. The sine wave starts dis
torting and shifting in phase and, in some cases, it effectively shifts phase 
more than 90 , the result being that there is a small in-phase component 
that activates the phase comparator and causes cutdown (see Fig. 2).

Test on returned samples

Sixty-five samples were tested for cutdown in negative fields. The 
results were:

Cutdown Number Cumulative Equivalent
Percent Latitude (Worst Case)

- .26 to - .35 1 1 5° - 12°S

- .36 to - .45 0 1 13° - 23°S

- .46 to - .55 6 10 24° - 35°S

- .56 to - .65 12 28 36° - 50°S

-• . 66 to - .75 14 50 50° - Pole

- .76 to - .85 14 72

- .86 to “ 1 .00 5 80

No negative 
cutdown 13 100

Assuming that the cutdowns operated in-flight as in the test, our loss 
for balloons flying across the Indian Ocean north of 23 S should have been 
two or three balloons rather than 12 to 15.

The magnetic cutdowns did not exhibit any tendency to become more sen
sitive at colder temperatures (tested to -50 C). However, in a sample of 
eight units, three units showed appreciably more sensitive performance at 
low voltage. We can only surmise that false cutdowns occurred shortly after 
dawn or before sunset when sufficient power was available to latch the cut- 
down switch but voltage was below proper levels. (The modification was tested 
under cold temperature and low voltage conditions without failures.)

Based on the above we estimate that 50% of the systems, flown prior 
to 28 July are sensitive to cutdown when the negative field is greater than
0.5 gauss.

Modification

The modification consists of inserting a circuit that produces a bias
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or inbalance in the phase comparator circuit. This biases the cutdown to 
the "no cut" state unless a large in-phase sine wave is present. The dis
torted phase shifted sine wave produced by the strong negative "southern 
hemisphere" field does not have sufficient in-phase component to overcome 
the network bias. The modification has been tested at low voltage and low 
temperature, and in no test case did cutdown occur with a strong negative 
field (up to -2.0 gauss). With this offset, R18 (Fig. 3) must be reselected 
to cause cutdown at +0.250 gauss. The circuit modifications are included 
in Figure 5.

Summary

o By 5 August, the number of losses attributable to cutdown in negative 
fields had increased to 2 1 .

o In the period between detection of the problem (28 July) and arrival 
of modified units at the sites, Ghana was closed down for three days, 
Ascension for three days, and Samoa for seven days.

o Five systems were flown without cutdown from Samoa and three from 
Ascension.

o We expect an additional 10 to 20 units to cutdown in the southern hemis
phere as their trajectories take them to higher magnetic latitudes.

Attachments

Engineering Design Report #1 
Test Procedures for Cutdown



MAP SHOWING LOCATIONS WHERE BALLOONS WERE LAST HEARD AND THE VERTICAL COMPONENT OF THE EARTH'S MAGNETIC FIELD

F ig u re  1.



1 In-phase wave form - north of cutdown point - cutdown will activate

2 Out of phase wave form - south of cutdown point - cutdown not activated

3 Distorted phase shifted wave form - well south of cutdown point 
in high - vertical magnetic field - cutdown may activate on some 
units

F ig u re  2.
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ELECTRICAL SCHEMATIC OF MAGNETIC CUTDOWN SHOWING MODIFICATIONS TO PREVENT REVERSE FIELD ACTIVATION

F i g u r e  3.
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Set the Danameter on 20 volts DC. Switch the test unit selector switch 

to plus 12 volts then minus 12 volts. There should be plus and minus 14 

volts coming into the test unit from an external power supply. When switched 
>

to "cutdown" or "Ref. Sensor" the voltage will be regulated to plus and minus 

12 volts by a shunt-type regulator built into the magnetic cutdown test set.

Slide the reference sensor into the test tube and plug it into the 

appropriate socket. Switch the select switch to "cutdown". Using the m a g 

netic field knob, adjust the magnetic field to zero (read 0 on the Danameter).

'» Switch the select switch to "Ref. Sensor" and adjust "Ref. Sensor zero adj" 

until the Danameter displays zero. After this operation has been performed 

the "Ref. Sensor zero adj" should not be tampered with, and the test unit 

must not be moved. If one of these things should occur the process must 

be repeated. An error of 0.01 gausses is equivalent to a 60 mile error in 

the cutdown point. '■

' T E S T  SET CALIBRATION '



CUTDOWN TEST PROCEDURE

Switch the unit off. Disconnect the reference sensor and connect the 

magnetic cutdown under test to its special connector. The lands on the P.A.L. 

side should mate with the connector. Insert the cutdown into the test tube 

and switch to position "cutdown". The cutdown power and op. amp LED should 

be on. Adjust the magnetic field so there is a zero magnetic field surrounding 

the magnetic cutdown. Slowly increase the A.C. field surrounding the magnetic 

cutdown by turning the variable transformer clockwise until it reaches its 

stop. Decrease the A.C. field slowly to zero. Repeat the process. The 

magnetic cutdown under test has now been degaussed.

Increase the magnetic field until the op. amp. LED is at approximately 

20% intensity. If the op. amp LED can maintain constant brightness for

10 seconds without adjusting the magnetic field, the number displayed on the 

Danameter divided by 10 is the vertical magnetic field in gausses needed to 

activate the magnetic cutdown.

If the cutdown point is greater than 0.25 gausses or less than 0.20 

gausses the cutdown under test must be rejected. If an excessive amount 

of cutdowns are being rejected for this reason their cutdown point can be 

changed by changing the value of Rl8. A 350-ohm increase in the value of 

R18 will decrease the cutdown point by approximately 0.01 gausses.

A  magnetic field greater than the cutdown point will cause the counter 

LED to start flashing. Starting at the point the counter light begins flashing, 

20 to 60 seconds should elapse before the cutdown light is activated. Under 

normal light conditions, at this time 24 volts at 75 mA would be applied 

across the cutdown resistor.

TEST COMPLETED



CUTDOWN CHECK-OUT 

Sample

Serial Number

2.50 + .25 

Cutdown point 
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T W E R L E  

Technical Progress Report

1 June to 1 August 1975

1. W. Massman and C. Sanna were at NCAR from 8 July through 19 July and 

•26 July, respectively, to establish the remote terminal data link 

between UW and NCAR. The time was utilized converting UW programs for 

use with the NCAR computer, writing new programs, and gaining famili

arity with the NCAR computing center so as to facilitate remote operation. 

About half of the software development was completed during this time.

For access to the computer, the UW TWERL Experiment was placed in the 

Joint University-NCAR category with Paul Julian. Six hours of 7600 

computer time were allotted for UW use. The UW team was also given a 

project number site code and a password to allow access through the 

remote terminal.

The remote terminal has been set up in the basement of the University 

Extension Building on the Madison campus (432 Lake Street). This site 

was chosen because it provided the most cost effective solution and 

offered implementation in the shortest time. Communication is via 

a Bell 201A dial-up Modem, 2000 Baud, synchronous DFS (internal 

timing), to a Data 100 terminal (Model 74) which includes a Data 100 

CRT operator station (feature 4719) and adapter (feature 4170) and 

uses an emulator deck (200 UT, feature 4505, configured for the NCAR 

CDC 7600 system; 026 character code, external BCD).

The remote terminal was successfully tested on 27 July and, pending the 

completion of the remainder of the analysis software, is fully operational.



N. Levanon arrived at NCAR on 23 June to assist in the verification of 

the initial sensor data following the first group of TWERLE balloon 

launches. He arrived in Madison, Wisconsin on 15 July to consult with 

V.E. Suomi on the analysis objectives of the TWERL"experiment and to
j;

aid in the analysis of the data gathering and averaging scheme used in 

the balloon Add-On Memory (AOM).

The work on the AOM is progressing well. The final printed circuit boards 

for the flight units are on order. All parts, except the long lead items 

have been received. Checkout procedures, both for manufacturing and 

for pre-launch are being written. Test fixtures are about 50% complete.

A  system integration test is planned in early August to check out the 

prototype AOM system against the NCAR ground station.

An outline of the UW-TWERLE data reduction program is enclosed as 

Appendix A. Items Al, A2 and A3 are written but not debugged. Item A4 

is in the process of being written.



Appendix A 

PROGRAM DRATS 

(Data Reduction of TWERLE System)

Bata Input The input data tape consists of a series of 12-hour periods 

with the data arranged according to sequential platform ID numbers. The 

data must be rearranged into chunks covering a 24 hour period and be 

sorted according to increasing time. This allows the data to be easily 

broken into the strips of earth seen by the satellite on each successive 

orbit.

Initial Computations and Output For each 24 hour period, the data will 

be listed and the following table printed.

a. Platform ID

b .  Day number

c. Time of day (GMT in seconds)

d.e Latitude and longitude

f„g North-south velocity and east-west velocity (meters per second)

h. Wind direction

i. Altimeter reading (meters)

j . Temperature (degrees Kelvin) 

k. Pressure

1. Function phi (p + pgz)
J■

m. Density (p ~ p/RT)
k

n. Potential temperature [T(1000/p) ]

Computation of the local term is then done for data from a specific area 

of longitude and latitude (defined by what the satellite sees on each 

orbit). The data for this specific area is interpolated onto a grid 

(so there will be a value for each grid point). The local term is 

computed by subtracting today's grid from yesterday's grid (for the same 

area of latitude and longitude) and dividing by the time difference

(4*i “ <f>2> - f

An optional contour plot of this local term can be produced.

The partial derivative is computed on a platform by platform basis. For 

each platform, the previous day's data is found (if it exists), (<j>̂ - 

is computed for each platform,and the result is attached to a specific 

point in longitude and latitude by interpolating the midpoint between



yesterday's position and today's position. A new grid is computed by 

interpolating this data onto grid points. Finally the local term is 

subtracted from this new grid, resulting in the work term. The contour 

plot of this data will be produced.


