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NCAR SCIENTIFIC BALLOON FACILITY 

ANNUAL REPORT, 19 70

I. SUMMARY

In 1970 the Scientific Balloon Facility flew 71 flights in direct 
support of scientific research and 12 flights in support of develop
ment efforts in scientific ballooning. The flights served 38 scienti
fic groups from 28 institutions in 5 countries. They were launched at 
Palestine, Texas; Hobbs, New Mexico; Socorro, New Mexico; Lakehurst,
New Jersey; Minneapolis, Minnesota; Chico, California; and Parana, 
Argentina. The Facility also provided assistance on 5 flights conduct
ed for American scientists in Australia.

Of the flights flown by the NCAR crew 85% were successful compared 
to 84% in 1969 and 81% in 1968. Balloon failures continued to be the 
single most significant contributor to flight failure, but in view of 
the very large, delicate balloons flown, it is remarkable that 94%, of 
the operational balloons flown flew successfully. This seems even 
more remarkable when one considers that one, single-cell, polyethylene 
balloon flew successfully with a suspended load of 5,135 lbs. This 
balloon, a 20.6 x 10s ft3 balloon, left the ground with a gross lift of 
8,233 lbs. Three other flights were flown carrying suspended loads in 
excess of 4,370 lbs, and 4 balloons having volumes in excess of 20.0 x 
10s ft3 were flown successfully. Some of the most interesting opera
tional flights of the year were flown in Argentina. A small crew of 
NCAR people assisted by a few Argentine people conducted 6 flights 
from Parana, Argentina. Because of the high magnetic cutoff there, 
the scientists were able to obtain cleaner data than ever before.
They were also able to view objects not visible from the U.S.

In general the development flights were flown to check concepts 
such as in-flight deployment or cryogenic hydrogen inflation. Conse
quently, small or suspect balloons were often used, and the costs of 
the flights were low. These flights nearly always required the use of 
new techniques or equipment, and they were therefore usually quite 
demanding.

Although the Scientific Balloon Facility had one of its most suc
cessful years ever in 1970 and a survey of ballooning requirements has 
shown an undiminishing demand for scientific ballooning services, a 
change in priorities in NCAR and reorganization of the Facilities Lab
oratory has taken 2 laboratories at Boulder and the staging building 
at the NCAR Marshall site from the Facility during the year. The 
Facility also lost 8 people as a result of these changes. The changes 
came late enough in the year that they did not cause serious loss of 
services to the scientific community in 1970.

Basic UHF telemetry equipment was extensively tested and accepted
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as operationally suitable. Also implementation of a new generation of 
telemetry was carried one step further with the purchase of several 
high-bit-rate computer controllable ground station components. Im
provements were made on the sensitive, full range, atmospheric pres
sure sensing system which has been in limited use this last year.

Test flights during the year demonstrated that the basic structur
al concept of a superpressure polyethylene balloon, the e-balloon, is 
sound; but none of the balloons flown maintained superpressure long 
enough to make them practical. The detailed manufacturing techniques 
require improvement to achieve an adequately tight gas barrier. Oper
ational technique and equipment development for superpressure flights 
was carried on at a low level during the year; much more must be done 
to assure acceptable long duration flights.

Analytical studies and mathematical modelling of dynamic launch 
systems made significant progress during the year. It is now nearly 
certain that a sufficiently realistic model will be forthcoming that 
can be used for guidance in the solution of complex operational 
1 aunches.

A cryogenic hydrogen inflation system was subjected to extensive 
field tests at the Palestine Flight Station. The system worked well 
and personnel were trained in its use. It is now considered suitable 
for field use.

Other operational development included tests of a pneumatic tube 
for opening a parachute prior to flight termination and some tests of 
an in-flight deployment system. Both systems show promise. With the 
pre-opened parachute the accelerations experienced were markedly lower 
than those experienced with an unopened chute. The inflated tube did 
not appear to interfere in any way with the operation of the system 
during descent. The in-flight deployment system successfully lowered 
the payload in all tests, and the launch of the system is simpler than 
the erected launch of a comparable tandem balloon system. The gondola 
which carried both the main balloon and the payload must be modified, 
however, to accommodate the variety of experiments which are anticipated.
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II. DEVELOPMENT

FACILITIES

At the end of 1969 it was reported that the launch pad had been 
resealed and that the treatment had not been an unqualified success.
The emulsified asphalt had not cured as expected, and the entire pad 
was sticky. Early in 1970 a layer of fine gravel was placed on the 
pad, the emulsified asphalt cured and the problem of the sticky sur
face was eliminated.

A small lean-to addition and an extension of the loading ramp on 
the north end of the Operations Building at Palestine were completed, 
Fig. 1. The lean-to addition has provided additional electronics 
space which was sorely needed. The widening of the loading ramp has 
provided greater safety in taking scientific experiments in and out of 
the building.

MAJOR EQUIPMENT

The conversion of the large launch vehicle, Tiny Tim, to a four 
wheel unit was completed, Fig. 2. This modification reduced the load
ing on the engine end of the vehicle from 65,000 to 38,000 pounds per 
wheel, thus reducing the stress on the launch pad. The 0N-0FF electric 
steering was replaced with proportional (hydraulic) steering.

In June 1970 a 5-ton Model M-54 truck in excellent condition was 
obtained from surplus and converted into a medium duty launch vehicle.
A 6,000 pound rated capacity lift was installed on the truck. This 
conversion is unique in that the former front of the truck is now the 
rear. One must look at the picture, Fig. 3, to understand this con
version. The lift from which scientific payloads are suspended was 
installed on the tandem dual wheel end, now the front of the truck.
This gives a better balance and distribution of weight over the pre
vious launch vehicle.

BALLOON DESIGN AND DYNAMICS

The most active balloon design effort during the year was toward 
development of a superpressure polyethylene balloon. Such balloons 
hold promise for long duration flights to fulfill a prime scientific 
need. A series of test flights demonstrated that the basic structural 
concept was adequate, but that detailed manufacturing techniques re
quired improvement to achieve an adequately tight gas barrier. The 
test flights also permitted development of special operational techni
ques and electronics needed for this type of balloon flight. The lat
est test balloon manufactured with revised techniques to resolve 
previous small leakage problems failed during ascent, so a completely



Figure 1. A lean-to addition was added to the north end of 
the Operations Building and the loading ramp was enlarged.



Figure 2. The large launch vehicle, Tiny Tim, was con
verted to a four wheel unit. The ON-OFF electric steer 
ing was replaced with proportional (hydraulic) steering



Figure 3. The new medium duty launch vehicle.
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successful flight has not as yet been achieved.

The equations of motion of a balloon system during a dynamic 
launch are being explored. At year's end a two-dimensional, numerical 
model simulating a balloon dynamic launch under basic conditions is 
being debugged. It will next be expanded to incorporate wind and 
launch vehicle motion, and finally compared with actual balloon flights 
for empirical determination of proper aerodynamic coefficients. The 
completed model will be used for guidance in the solution of complex 
operational balloon launch situations.

Evaluation tests of a new pressure sensitive repair tape indicate 
the possibility that a second source of this currently sole-sourced 
product may soon exist. Investigation of basic biaxial properties of 
balloon films have continued. Also evaluations of potential new bal
loon films have indicated promise for the Union Carbide Perflex B-100 
film.

BALLOONING SYSTEMS AND TECHNIQUES

Significant progress was achieved during the year in four programs. 
Flight tests of the prototype in-flight deployment system exceeded ex
pectations in the performance of critical components and established 
confidence that the system can be scaled up for advantageous use with 
very large balloon systems. They also suggested other useful configur
ations for the system.

A prototype single cell balloon restraint device has been refined 
as a result of field tests. Further field testing is necessary to es
tablish operational reliability.

A cryogenic hydrogen inflation system was subjected to an exten
sive field test at the Palestine Balloon Flight Station in which oper
ations personnel were trained in safety aspects and procedures 
pertaining to cryogenic systems and hydrogen, and a remote area expedi
tionary use of this system was effectively simulated. The cryogenic 
inflation system is now considered suitable for expeditionary use.

Flight test of the inflatable tube for pre-opening a parachute 
before drop from a balloon demonstrated excellent loading characteris
tics considerably superior to conventional parachute arrangements and 
shows promise for application where high parachute opening shock loads 
must be alleviated.

Wind screen aerodynamic studies continued at a slow pace. A 10-ft 
high wind screen for outdoor testing in actual winds has been construct
ed and instrumented, and is ready for test.



ELECTRONIC SUPPORT SYSTEMS

Basic UHF telemetry equipment was extensively flight tested dur
ing the year and established as operationally suitable. The develop
ment and testing of UHF systems by NCAR places scientific ballooning 
in a position to comply with the required conversion to UHF telemetry 
frequencies by January 1973, although the equipment is expensive.

Implementation of a new generation telemetry system has commenced 
with the purchase of high-bit-rate computer controllable ground sta
tion components. Purchase of prototype equipment and system integra
tion will continue through the next year.

Investigation of the possibilities for a suitable radar transpon
der for balloon applications indicate that suitable devices may be 
commercially available in the near future.

Improvements were accomplished on the sensitive, full range, 
atmospheric pressure sensing system which provides more convenient 
calibration signals with lower power usage. Work is also underway on 
a circuit to convert the readout of the pressure sensing system to 
height in the U.S. Standard Atmosphere, 1962. This circuit will per
mit real time, linear altitude readout for operational control of the 
balloon. The miniature PCM data encoder for the existing telemetry 
system has been modified to obtain greater operational reliability.

Circuitry for measuring the resistance of microthermistors has 
been improved to permit more accurate digital transmission of data.

Evaluation of an alternate VHF radio command receiver has com
menced; results to date have not been favorable.

A study contract was completed by an outside contractor for use 
of the Omega Navigation System for balloon tracking. Circuitry design 
and commercial equipment evaluation is in process. A study by an out
side contractor for establishing design parameters for a standard 
flight package was completed, detailed design of the package is in 
process and will include some equipment modification and interface 
design.

Instrumentation services have been provided for flight tests of 
superpressure polyethylene balloons. Special telemetry packages based 
on GHOST system circuitry concepts have been developed and fabricated 
for these balloon tests.



III. OPERATIONS

FLIGHT SERVICES AT NCAR FIXED FACILITIES

Sixty-four flights were flown from the NCAR Scientific Balloon 
Flight Station at Palestine, Texas, eight were flown from Hobbs, New 
Mexico and one was attempted from Socorro, New Mexico, for a total of 
73 flights. In addition, considerable support involving personnel and 
equipment was provided for flights from Lakehurst, New Jersey; Minne
apolis, Minnesota; Chico, California; Argentina; and Australia. Of 
the 73 flights flown by the Palestine crew, 62 were in connection with 
a scientific experiment and 11 were test flights flown for the purpose 
of evaluating NCAR electronic equipment, balloons, new ideas or new 
techniques.

Slight improvement in overall operational reliability continued 
with the success rate increasing to 85% compared to 84% last year.
The nine failures are listed below:

Balloons again accounted for the most failures; however, none of 
these were catastrophic. One ruptured during the launch operation be
fore the payload was released and the other three were leakers. One 
of the leakers stayed above minimum required altitude for over three 
hours so that considerable scientific data were obtained.

One mechanical failure was due to the failure of two squibs at 
float altitude. These squibs had always worked perfectly at altitudes 
below 1 0 , 0 0 0 feet. Another mechanical failure resulted when a shaft 
broke on a reel which was lowering the payload away from the balloon.
In this case, since the package had been partially lowered, most scien
tific aims of the flight were satisfied. The other failure resulted 
when the connection between parachute top and termination fitting part
ed during the launch operation. The payload was not released from the 
launch vehicle so no damage resulted.

The electronic failure was caused by a loose piece of solder in 
the termination command receiver which grounded a component in the re
ceiver allowing the termination command to activate immediately after 
launch. There was a small amount of damage to the scientific package 
which was the only damage resulting from any of the failures.

The final failure, classified as operational, occurred on the test 
flight attempt from Socorro when an error in reading the gas computa
tion tables resulted in under inflation of the balloon.

Balloon
Electronics
Operational
Weather

- 5
-  2
- 3
-  2
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Scientific packages continued to increase in overall dimensions, 
weight and complexity. NCAR records achieved last year for the dynamic 
launch method were broken this year. A gross load of 8,233 pounds was 
successfully flown for the University of Chicago in September and a 
26.6 x 108 ftJ balloon was successfully flown for the Goddard Space 
Flight Center in October. These new records were achieved with no new 
equipment or significant changes in operational procedures.

Various comparisons with past years are shown in Figs. 4 through
6 .

There were no incidents reported with respect to ground or air 
safety connected with any flight. A damage claim for $2,794.27 result
ed when a package took out a power line on the Longhorn Army Ammunition 
Plant near Marshall, Texas. All other damages were minor and were 
handled by recovery crews to everyone's satisfaction.
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Figure 4. This chart shows how NCAR balloon flight support has been 
distributed among the following broad scientific disciplines. I-As- 
tronomy, II-Cosmic Ray Physics, III-Atmospheric Sciences, and IV-Bal
loon Research and Development.
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Figure 5. These graphs, taken from the NCAR balloon flight record, show 
trends that have occurred in ballooning characteristics. The trends in 
average payload, balloon volume and float altitude are expected to con
tinue. Unless something can be done to extend the recovery area, e.g., 
develop acceptable at-sea or in-flight recovery methods, the average 
float time is not 1 ikely to increase greatly.

The data for 1963 are based on 5 months of operations, but they are 
believed to be representative of state-of-the-art ballooning at that time.
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Y E A R 1963 1964 1965 1966 1967 1968 1969 1970

N U M B E R  OF F L I G H T S 27 83 97 81 98 74 74 81

FA IL U R E S 52% 24% 28% 30% 26% 19% 16% 15%

BALLOON 44% 14% 16% 6% 16% 8% 9 % 6%

ELE C TR O N IC S 4 % 7 % 3% 10% 2 % 7% 3 % 3%

O P E R A T IO N A L 4 % 3% 5% 9% 3% 1% 1% 4%

W EATH ER 0 % 1% 4 % 5% 5% 3 % 3 % 2%

Figure 6 . The number of flights attempted by the NCAR operations crew 
from all locations and the percentage frequency of failures are shown 
by years in both the graph and the table. The table also provides a 
breakdown of failures by types.
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IV. ADMINISTRATION

PERSONNEL

The staff of the Scientific Balloon Facility on 31 December 1970 
consisted of forty-five full-time employees and four part-time, casual 
assistants. A vacancy exists for a balloon technician at Palestine. 
The NCAR full-time staff is classified as follows:

Boulder Palestine Total

Administrat ion 2 2 4
Secretarial 1 2 3
Engineers 5 4 9
Meteorologists 0 3 3
Technicians 0 19 19
Maintenance 0 1 1
Guard s 0 4 4
Scientific Visitor 1 0 1

TOTAL 9 35 44

The contract personnel at Palestine on 31 December 1970 consisted 
of two aircraft pilots under subcontract with Modern Aero, Inc. of 
Dallas, Texas.

Four full-time, casual assistants were employed at Palestine dur
ing the summer vacation period to assist with ballooning operations.

Staff changes during the year were as follows:

1. On 1 March 1970 Neal Starr was hired as a Balloon Technician 
at Palestine.

2. On 1 April 1970 Boyce D. Worley was hired as a Meteorologist 
at Palestine.

3. On 15 April 1970 Neal Starr resigned as a Balloon Technician 
at Palestine.

4. On 20 April 19 70 Homer C. Woody was hired as a Balloon Tech
nician at Palestine.

5. On 18 May 1970 Willard M. Goff was hired as a Balloon Techni
cian at Palestine.

6 . On 1 June 1970 Rudolph F. Michel was hired as an Electronic 
Engineer at Palestine.

7. On 1 July 1970 Lloyd T. Lasiter was hired as a Security Guard
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8 . On 17 August 1970 Brian M. Bigelow was hired as an Electronics 
Technician at Palestine.

9. On 24 August 1970 Dr. Robert C. Haymes of Rice University re
ported to spend a year with the Scientific Balloon Facility 
as a Scientific Visitor.

10. Due to an incapacitating illness, Billy B. Blevins was placed 
on the Salary Continuation Plan on 19 September 1970.

11. On 1 October 1970 Jack M. Angevine, Mechanical Engineer;
Ronald L. Snyder, Electronic Engineer; Richard H. Cormack, 
Electronic Engineer; Timothy J. Hurley, Electronic Technician; 
and Stephen W. Kovacs, Mechanical Technician were transferred 
to the Research Systems Facility of NCAR.

12. On 9 December 1970 Robert S. Kubara, Ballooning Engineer, and 
John C. Warren, Ballooning Engineer, were transferred to the 
Field Observing Facility of NCAR.

13. On 9 December 1970 Mrs. Vicki L. Swift was assigned to the 
GARP Planning Group of NCAR.

at Palestine.

Funding during FY 19 70 was again well below optimum. However, the 
funding provided permitted us to honor all legitimate requests for 
flight support. Supplementary funding of $73,000.00 was provided by 
the Director of NCAR for the modification of Tiny Tim and for resurfac
ing the launch pad at Palestine. An additional $45,000.00 was provided 
by the Director of the Facilities Laboratory for the purchase of needed 
electronic equipment.

A breakdown of funds expended in FY 1970, in major categories, 
follows:

1. Administration $ 65,644

FUNDING

b.
a . Salaries, Benefits and Travel $ 61,509

Supplies, Services and Equipment 4,135

2. Research and Development 298,054

a. Salaries, Benefits and Travel
b. R & D Projects

173,604
124,450

3. Operations
a. NCAR Support

851,577

68,126
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4.

5.

1) Salaries, Benefits and Travel
2) Operational Expenditures

b. University Support

1) Salaries, Benefits and Travel
2) Operational Expenditures

Construction - Palestine 

NASA Contract Funds

35,825
32,301

783,451

411,986
371,465

7,670

521,913

a . R & D Projects 91 647
b. Flight Support 327 960
c . Project Nagel 1 593
d. Project Frost 9 177
e . Project CREPE 46 671
f . Absorption Spectrometer 31 516
g- Infrared Astronomy 11 037
h. NIMBUS B/IRLS 2 312

NRL Contract Funds 

a. Project Seeman 

USAF Contract Funds

28,375

28,375

7,000
Aa. Project Liege 7,000

TOTAL FUNDS EXPENDED $1,780,233

PANEL MEETINGS

Three meetings of the Advisory Panel on the Scientific Use of 
Balloons were held during the year. The first was held in Boulder on 
19 February 1970. Dr. Daniel F. Rex, Director of the Facilities Labor
atory, distributed copies of the Evaluation and Goals Committee Report 
to the UCAR Members on their review of the Facilities Laboratory com
pleted on 1 October 1969. The purpose of the study was to consider 
the following points: a) to determine the decision processes for re
source allocation, b) to ascertain procedures for insuring sound judg
ment on allocation issues; i.e. to inquire whether present policies are 
being followed and if they are being efficiently modified as a result 
of experience, c) to examine procedures for determining whether or not 
benefits justify costs and to provide feedback for continued improvement.

Dr. Rex, in relation to the above points, discussed the present 
status of the Scientific Balloon Facility with regard to financial sup
port received from the National Science Foundation; the need for deci-



17

sions to provide the best prospects for the Facility to achieve and 
maintain world leadership; the proper setting of the Facility, i.e. 
whether it should remain within the NCAR organizational structure, be 
separated from NCAR but administered by UCAR, or be attached to some 
other entity; the proper ratio of funding between Research & Develop
ment and Operations; the possibility of funding outside the National 
Science Foundation aegis; and the role of the Panel.

The Panel commented on the following points. The suggestion was 
made that the Balloon Facility should not be removed from the NCAR set
ting, though the possibility exists that the funding base might be en
larged if the setting is changed in some way. There has been a tendency 
for Operations to usurp a disproportionate share of the funding in re
lation to R & D; however, it was pointed out that if the ratio of fund
ing between R & D and Operations is shifted and the scope of Operations 
is diminished, then Operations will be able to support only run-of-the- 
mill experiments. This situation will not be conducive to improving 
Operations' capabilities. It was suggested that since the Balloon 
Facility charges an experimenter for his balloon and helium, an addi
tional charge might be assessed to experimenters when special costs 
are incurred by the Facility. This additional money could be added to 
the R & D budget.

With regard to the role of the Balloon Panel, the following points 
were made. More use could be made of the Panel in the decision making 
process. The size of the Panel should be increased to eight members.
It could be beneficial to have three one-day meetings of the Panel dur
ing a year. Users of the Balloon Flight Station could be invited to 
one of the meetings to increase communication and exchange of ideas. A 
Panel member's term of appointment could be increased from three years 
to four years, with two new members appointed each year. Panel members 
whose terms of appointment have expired could be re-appointed.

Mr. Alvin L. Morris reviewed the budget and personnel outlook and 
reported that a request for funding has been submitted to the National 
Science Foundation for FY'71 and is a separate line item in the NSF '71 
budget now before Congress. Funding for current programs are estimated 
with a built-in "cost of living" increase. The increase in estimated 
expenditures for electronics is mandatory because of the FCC change
over from VHF to UHF on 1 January 1973. The Facility considers the ad
dition of a larger launch pad and staging building for the Balloon 
Flight Station to be imperative to achieve the capability for launching 
the experiments of the future. He further reported that three of the 
guards at the Balloon Flight Station are now NCAR employees, and it is 
planned to add an additional guard to the staff. The aircraft pilots 
are the only people working for the Balloon Facility who are not NCAR 
employees. Three additional billets have recently been granted to the 
Facility, and offers of employment have been made to an electronics en
gineer, a meteorologist, and a balloon technician.

The Panel reviewed the Balloon Facility Annual Report for 1969 and
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congratulated management on it.

Mr. Alfred Shipley reviewed ballooning operations during 1969 and 
stated that 74 flights were flown, the same number as flown during 
1968. However, the average payload on the balloon increased to 1180 
lbs. The average balloon volume increased to almost 8.0 x 106 ft , 
with the 10.6 x 10s ft3 balloons being 100% successful; an 18.5 and a
20.0 x 10B ft3 were flown successfully. The average altitude achieved 
was down slightly from 1968 to approximately 113,000 ft. From 5 April 
to 6 June, a total of 34 flights were flown in 74 days, 32 scientific 
flights and 2 test flights. According to present estimates, the Facil
ity will be asked to fly between 85 and 90 flights during 1970. There 
was an increase in the telemetry and command requirements for flights 
during 1969, and 75 to 80% of all flights required interface between 
the scientific equipment and the Flight Station equipment. It was 
noted that 9 flights were made from Hobbs and Soccoro, New Mexico dur
ing the 38-day 1970 winter expedition. Three scientists who had re
quested flights were unable to join the expedition. Although no major 
problems developed during the stay at Hobbs, winds at night a short 
distance above the surface prevented flights on some occasions when 
conditions were otherwise satisfactory. The Facility is continuing to 
search for a more suitable site.

Mr. Alvin L. Morris presented a comparative study of various 
launch sites in the U.S. The same procedures used when Palestine was 
originally selected were followed; however, because of changed balloon
ing requirements, trajectory distributions were calculated for 120,000 
ft instead of 80,000 as in the 1962 study. Trajectories and operation
al weather were studied for launches from Chico, California; Boulder, 
Colorado; Minneapolis, Minnesota; Holloman AFB, New Mexico; Hope, 
Arkansas; and Palestine, Texas. In addition, air traffic patterns were 
also taken into consideration. The FAA now recognizes an NCAR right 
to fly balloons in the Palestine area under conditions and in ways 
which would not be recognized elsewhere without a considerable expendi
ture of effort and time. Consequently, it seems wise to retain the 
Palestine Station as the major fixed base, while using a site in south
ern New Mexico for launching special flights during winter and a site 
east of Palestine for special summer flights. The Panel urged the 
Facility to circularize scientists to determine the amount of interest 
in long summer flights and to explore available launch areas in the 
southeastern U.S.

The Panel reviewed and discussed various launch sites for optimum 
summer and winter operations. They felt the present concept of a pri
mary station at Palestine with an alternate winter location which per
mits use of Palestine as a downwind station is quite successful. As 
an extension of this concept, the Panel felt that the need for a tem
porary summer site permitting longer duration flights should be sur
veyed. If this survey reveals the existence of a need, the Panel urged 
NCAR to develop such a summer site.
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Mr. Alfred Shipley reviewed the feasibility of providing rapid 
helicopter recovery service to balloon users flying from Palestine who 
encounter unusual recovery problems. The Bell-47 helicopter is the 
only model readily available. It can carry a 1,000 lb load on a sling 
and is obtainable on a reservation or long-term lease basis, but is 
not usually available on short notice. The charge is from $100 to 
$135 per hour or $5,000 per month on an annual lease with 40 hours of 
flight time per month. Included in these charges are the services of 
a pilot/mechanic and a trailer for ground transport.

Dr. Oscar Cooper stated that a subcontract for the design of the 
Consolidated Support Instrumentation Package has been negotiated with 
Westinghouse Georesearch Laboratory of Boulder. It is expected that 
the design study will be completed in May or June 1970, the prototype 
package will be complete in from six to nine months, and the package 
will be in use by the summer of 1971.

Mr. Alvin L. Morris reported that informal approval has been re
ceived from the FCC to delay converting telemetry equipment to the UHF 
band to 1 January 1973. Formal approval of the request is expected 
momentarily. Approval was refused to defer the changeover to an inde
finite time.

Mr. Robert Kubara reviewed the growing interest among members of 
the scientific community for a balloon expedition to the southern hemi
sphere. Expressions of interest were evident at the completion of the 
Indian Expedition (IQSY-EQEX) in 1965 and culminated in a meeting of 
scientists at the National Academy of Science on 1 May 1969 when a 
Scientists' Advisory Committee was formed, with Dr. Donald W. Aitken 
as Chairman and Dr. Robert C. Haymes as Scientific Coordinator. The 
Committee established ground rules to govern the conduct of the expedi
tion: all experiments must have been flown at least once before flight 
from the southern hemisphere; each scientist will obtain financial sup
port for his own experiment; NCAR was requested to undertake the man
agement and logistics of the expedition and to prepare a proposal for 
this part of the expedition to submit to a funding agency. NCAR is 
not required to make judgments on the quality of the scientific experi
ments to be flown.

Dr. Aitken and Mr. Kubara conducted a survey trip during November
1969 to determine optimum launch sites and to assess political climates. 
It was determined that scientific and operational requirements could 
best be satisfied if the expedition is based in Australia. The Austral
ians have a ballooning capability, presently supported to some degree 
by the U.S. AEC, and they are eager to improve their ballooning capa
bilities. Their Departments of Supply and Education & Science have been 
very cooperative. The Scientific and Technical Cooperation Agreement 
Between the United States of America and Australia of 16 October 1968 
(the Hornig Agreement) specifically encourages cooperative scientific 
efforts between the two countries. From a purely scientific point of 
view, the launch sites located at Dubbo and Parkes are nearly ideally
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located for studying celestial bodies near the galactic center, and the 
site at Longreach has a relatively high magnetic cut-off value.

A Proposal for a Southern Hemisphere Balloon Expedition, to be 
held from January to mid-April 1971, was submitted to the National 
Science Foundation for support of the operational part of the program.

The Panel commended NCAR for its efforts toward furthering the 
prospects of the expedition.

Dr. Rex indicated that the recent study of the Facilities Labora
tory by the E & G Committee included examining and justifying the ac
tivities of the Scientific Balloon Facility, and re-evaluating the role 
of the Facility in terms of budgetary limitations and/or assisting the 
Facility to attain the position of a national facility. These consid
erations by the E & G Committee provide an opportunity for the Panel 
and the Director of the Facilities Laboratory to make proposals for 
the future to be communicated to the Director of NCAR. Dr. Rex stated 
he needed the Panel's response to the three following questions by 
June 1, 1970.

The first question asked by Dr. Rex dealt with what the Panel 
thinks will be the demand for ballooning support in the future and to 
what extent will the development of long duration balloon flights in
fluence scientific ballooning during the 1970s. The second was what 
does the Panel consider to be the long-range demands on R & D, and the 
third was how can the actual costs of a balloon flight be assessed to 
the user in terms of unique costs and legitimate depreciation of NCAR 
equipment.

The Panel concluded that the approach to be followed to acquire 
information to assess future directions for ballooning is to send a 
questionnaire to members of the scientific ballooning community, along 
with a covering letter stating the objectives of the questionnaire.
The questionnaire should provide opportunities for respondents to give 
realistic answers in terms of what they believe can be accomplished 
during the next decade with projected fiscal support, and what they 
consider to be the highest priority or most imaginative areas of re
search if funds are unlimited. Mr. Morris agreed to draft the letter 
and questionnaire to be sent to Panel members for their critical re
view and suggestions. The revised letter and questionnaire will then 
be sent out to a list of people suggested by Panel members and NCAR.
The responses will be evaluated at a special meeting of the Panel.

Mr. Morris reported to the Panel on Mr. Kurt Stehling's request 
for operational support for a manned balloon flight. The purpose of 
Mr. Stehling's flight is to attempt to set a new duration record for 
manned flights. The Panel felt that the proper and sole function of 
the Scientific Balloon Facility should be to support scientific 
ballooning.
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The second Panel meeting was held in Boulder, Colorado on 18 May- 
1970. Dr. Rex requested the Panel to assist with an evaluation of the 
responses to the Questionnaire and the conclusions drawn from them by 
the Facility, and to recommend goals to guide the Facility during the 
coming decade which he can transmit to the UCAR Council of Members at 
their meeting next fall.

Mr. Morris noted that of the 160 questionnaires mailed, 43 replies 
had been received. Several scientific groups served by the Facility 
failed to respond.

There was a consensus among the Panel members that the Facility's 
recommendations for future effort, based on the replies to the Question
naire, are generally valid. The Panel identified and unanimously en
dorsed the following fields of development.

1. That first priority be given to the development of long dura
tion balloon systems with initial emphasis on the development 
of zero pressure balloon flights up to 72 hours duration, and 
continuing and long-term emphasis on the development of super
pressure balloons capable of flights of several weeks 
duration.

2. That second priority be given to the procurement and launch
ing of balloons of volume as large as 2,831,700 cubic meters 
(100 x 106 ft3 ) with special emphasis on the use of in-flight 
deployment techniques.

3. The Panel recommended that the development of improved tele
command, telemetry and data handling systems for use by the 
scientific community continues to be of high priority and 
should be implemented and made operational with even greater 
emphasis than at present.

4. A second priority is all-weather operational systems which in
clude wind screens and in-flight deployment.

5. Balloon pointing systems continue to hold a low priority in 
terms of a concentrated development effort. However, NCAR 
should develop a capability for providing advice, collecting 
information on present systems, developing requirements, etc. 
NCAR will then eventually be able to provide pointing capa
bilities for a range of scientific experiments.

6. The Panel recommended that NCAR actively pursue the develop
ment of a high quality balloon facility in the southern hemi
sphere augmented with field expeditions to meet specific 
scientific requirements.

7. The Panel unanimously endorsed the proposal for a new launch 
pad and staging building to be located at the Scientific



22

Balloon Flight Station, Palestine, Texas. (These facilities 
to be adequate to fulfill all but the most demanding balloon
ing requirements of the next decade.)

The third meeting was held on 19 and 20 October 1970 at the Scien
tific Balloon Flight Station, Palestine, Texas. Dr. Rex reported on 
the reorganization of the Facilities Laboratory and the concept and 
establishment of the Research Systems Facility. It was noted that this 
change was the result of recommendations by UCAR and various Panel mem
bers, and it derived principally from the failure of the individual 
facilities to grow large enough to support adequate operational and 
developmental capabilities.

In concept, the Research Systems Facility's mission will be to 
undertake developmental projects proposed by groups within NCAR need
ing at least one budget cycle to bring to fruition. The staff of the 
new facility has been augmented by the transfer of engineers and tech
nicians from the Aviation, Field Observing and Scientific Balloon Facil
ities. Three engineers and two technicians and the laboratory spaces 
formerly serving the Balloon Facility at Boulder have been transferred 
to the new group. Those engineers remaining with the Balloon Facility 
will conduct "quick response" projects needing less than one budget 
cycle to complete.

Mr. Morris reviewed the Facility activity since the meeting of 19 
February 1970. The size of balloons flown and payload weight have in
creased significantly during the year. The liquid hydrogen inflation 
series was successfully completed. The in-flight deployment system was 
tested and determined to be potentially quite useful. A brief review 
was presented of the Balloon Facility's proposal to the National Science 
Foundation for the support of a southern hemisphere ballooning expedi
tion to Australia. The Foundation was not able to support the expedi
tion during FY'71 and it is very doubtful that support will be available 
during FY' 72. As a result of receiving urgent requests for flight ser
vices from three scientists for flights in the southern hemisphere, the 
Balloon Facility is flying a series of flights in Argentina with the 
cooperation of that country. Five members of the Balloon Facility are 
involved in the expedition and support for the launching and recovery 
processes will be provided by the members of the Argentine Space Agen
cy, who received flight training at the Scientific Balloon Flight Sta
tion last year. No flights have been launched to date and the series 
is expected to end on November 20th. Some equipment will remain in 
Argentina for use by their balloon group. To date, one test flight and 
two scientific flights have been successfully conducted for the Small 
Superconducting Magnet (SSCM) program of Dr. Luis W. Alvarez and Dr. 
Larry Smith of the Lawrence Radiation Laboratory of the University of 
California at Berkeley.

The Panel had requested a study be made of the quality assurance 
procedures used in the manufacture of scientific balloons. Assistance 
for this study was provided by Mr. James F. Axley, Mr. Harmon Jones
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and Mr. Jack Jones of the NASA Manned Spacecraft Center Quality Assur
ance Division. Mr. Axley and Mr. Jack M. Angevine had visited the 
three balloon manufacturers. Mr. Axley reported on his findings. Mr. 
Jack Jones emphasized that it is necessary to tailor the requirements 
stated in specifications to a specific program. A quality assurance 
program must fit the function of the item being purchased, as well as 
being tailored to the cost of the total scientific project.

Mr. Morris reported that a study has been made of low-pressure 
vehicles. The conclusion of the study is that no particular advantage 
would accrue from the use of a vehicle which has bearing pressures 
lower than the helium trucks and other vehicles used in balloon opera
tions unless those vehicles are replaced by low bearing pressure ve
hicles also. Such a complete change is not considered feasible, be
cause it would entail a lot of development at an unpredictable cost, 
and it would necessitate protecting the launch area from highway 
vehicles.

NCAR has received an official waiver from the FCC to use the VHF 
band until 1 January 1973. Some UHF equipment has been purchased and 
is being used for certain flights, however, funds are needed to pur
chase additional equipment before NCAR can use the new frequencies in 
routine operations.

Mr. Morris reported on the status of development of the Super
pressure Long Duration Balloon. Two flights of this particular bal
loon have been made. On the first flight, the balloon leveled off at 
at lower float altitude than had been expected which suggested that 
air may have been ingested near the lower end fitting. On the second 
flight, the balloon reached the design altitude, but after slowly los
ing superpressure, it descended slowly. Helium was leaking from the 
balloon at a rate equivalent to the loss that would be expected from 
a 3 to 4-inch diameter hole. Nevertheless, this flight demonstrated 
that a polyethylene balloon, designed as this one was, can withstand 
the superpressure. Greater care must be taken to assure that the gas 
barrier is not defective, however. It is easier and less expensive to 
do this for smaller balloons; consequently, NCAR is now having a half 
million cubic foot balloon built. It will be tested soon.

At the present time, the Balloon Facility charges the scientist or 
his sponsoring agency the costs of the balloon and helium used for each 
flight. The Facility also charges for any unusual hardware or electron
ics which may be expended during the flight and additional charges are 
made when flights are conducted away from the Scientific Balloon Flight 
Station to cover the extra costs of these flights. A study was con
ducted to consider possible user charges for additional items in order 
to increase funding sufficiently to maintain services and facilities.
The advantages and disadvantages of making extra charges were discuss
ed at some length, and the consensus of the Panel was that at this 
time it is wise to continue the present policy.

The Balloon Facility has attempted to establish a limited
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ballooning capability in Argentina by helping to train a launch crew, 
by mounting a small flight series there this fall and by giving the 
Argentines certain essential equipment. Further assistance to the 
Australian balloon facility at Mildura may also be possible. The Bal
loon Facility has enough experience and knowledge to be able to react 
quickly if the funding for a foreign expedition should become available.

Mr. Morris reported that a request for funds to construct a new, 
larger launch pad adequate for balloons up to 100 x 106 ft3 , a staging 
building and control tower, so situated as to serve both pads, has 
been submitted to the National Science Foundation. X ray scientists, 
in particular, are seeking higher float altitudes for their experi
ments, and this requires larger balloons. The present pad, which has 
recentlj been resurfaced, is adequate for launching a balloon of 
20 x 10 ft . The alternatives in the event funds are not provided for 
the new pad, staging building and control tower, are that scientists 
must be content to fly experiments on balloons which are 20.0 x 106 ft3 
or smaller, or wait long periods for the right weather conditions.

The Panel unanimously passed the following action: Strong demands 
by the scientific community for increased frequency of launches of bal
loons of volume greater than 20 million cubic feet, require a new 
launch pad, staging area and central control tower. Progress in sever
al fields of astronomy (X ray astronomy, gamma ray astronomy, and day
light visible astronomy) require balloons capable of carrying light 
and heavy payloads to extreme altitudes, if progress is to be continued 
in the near future. The Panel therefore recommends that NCAR emphasize 
the importance of this budgetary item to NSF and exert its best efforts 
to expedite this construction.

The Panel further suggests that any action on this budget item 
should strongly consider the NASA report, "Long Range Programs in Space 
Astronomy," which makes specific recommendations for balloon astronomy 
development.

Mr. Morris reported on the status of plans for a temporary summer 
launch site. A visit was made to the NASA George C. Marshall Space 
Flight Center at Huntsville to determine if it is possible to use their 
facilities for launching balloons during the summer. The climatology 
and trajectories are suitable, a launch area is available, but adequate 
staging space may prove to be a problem. The management at NASA Mar
shall is agreeable to cooperating with NCAR in this endeavor. However, 
the reduction in funding will prevent the Balloon Facility from estab
lishing a temporary summer or winter launch site during FY'71 and FY'72 
unless the users pay the extra costs. It was noted that during the 
last two winter expeditions to New Mexico, several scientists who had 
requested flight services did not participate in the expedition. In 
the future, all scientists and/or their sponsoring agency requesting 
flight services during an expedition will be required to help defray 
the costs of the expedition whether their experiment is flown or not.
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A reorganization of the Stratoscope program has been effected and 
Princeton University is in charge of the science, the NASA G. C. Mar
shall Space Flight Center is responsible for the engineering. The 
question placed before the Panel was whether NCAR should undertake the 
launching, tracking and recovery of the experiment. The launch may be 
conducted from MSFC or from the Scientific Balloon Flight Station.
NCAR proposes not to launch Stratoscope during either the spring or 
fall wind reversals unless the Stratoscope experiment specifically de
mands flights during those periods. The problems in supporting this 
program are the increased effort required because of the size and com
plexity of the program; the need to resolve the question of reduced 
flight opportunities for other scientists; the question of reimburse
ment for the additional costs involved in supporting the program, par
ticularly if the launch site is other than the Scientific Balloon 
Flight Station; and the necessity for a test flight before the scienti
fic flights are attempted. If these factors are favorably resolved, 
NCAR will move appropriate elements of the crew and equipment to Hunts
ville and launch planned, long duration summer flights and Stratoscope 
from MSFC during the late summer. It is planned that all flights from 
Huntsville should be completed by 1 September.

The Panel approved NCAR participation in the Stratoscope program.

Mr. Morris introduced the Five-Year Plan as a statement of Balloon 
Facility projections of budget, personnel, operations, and research and 
development requirements to meet anticipated demands set in a time 
frame. The Plan was written before the Facilities Laboratory reorgani
zation went into effect, and is, therefore, not entirely relevant under 
the present circumstances.

The Standard Instrumentation Support Package was discussed at some 
length and a typical package was shown to the Panel.

In preparation for the changeover to the UHF band in 19 73 and to 
upgrade the entire scientific ballooning instrumentation system, the 
Balloon Facility has reviewed requirements, done the basic system de
sign, surveyed available equipment, and purchased and tested some of 
the more basic elements of the system. Other components remain to be 
purchased.

In response to a question about how the long duration balloon 
flight program (up to 72 hours) is progressing, it was stated that to 
achieve long duration flights on zero pressure balloons one must use 
ballast in an optimum fashion. To try to understand how to make better 
use of ballast, the entire problem of the theory of zero pressure bal
loon flight has been reviewed. A mathematical model has been designed 
which is believed to be more realistic than any designed thus far, and 
it has been programmed for the CDC 6600. Flights of the model in the 
computer are being compared to actual flights. Carefully instrumented 
flights will eventually be necessary to understand fully the atmospher
ic factors affecting long flight. The maximum float duration within
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U.S. territorial limits is much less than 7 2 hours except under unusual 
circumstances; and at the request of NCAR, the National Science Founda
tion is exploring the possibility of Mexican overflights to improve 
duration. This subject will continue to be studied.

In relation to "Cost" in the list of priorities in the Five-Year 
Plan, the Panel recommended there be no readjustment of Priorities as 
stated, though the term could be changed to Cost Effectiveness or Cost 
Reduct ion.

The Panel decided to have three meetings each year, and the times 
of the meetings will be more closely geared to the NCAR budget presen
tation to the NSF and before the NSF makes its budget presentation to 
the Office of Management and Budget. The fall and mid-winter meetings 
will last one and a half days, and the spring meeting will be a one-day 
meeting, from noon to noon. Meeting times will be selected between 
October 1 and 15, March 1 and 15, and June 1 and 15. Meetings will be 
held at the NCAR Laboratory at Boulder unless there is sufficient rea
son to hold it elsewhere.

The Panel recommended that its size be increased by two members to 
be selected on the basis of a diversion of interests.

Membership in the Panel during 1970 was as follows:

C. J. Waddington, University of Minnesota - Chairman 
Robert E. Danielson, Princeton University 
Urner Liddel, Retired
Laurence E. Peterson, University of California, San Diego 
Robert M. MacQueen, National Center for Atmospheric Research 
James Riccio, Jet Propulsion Laboratory
Edward L. Chupp, University of New Hampshire (From 7/70)

Dr. Laurence E. Peterson was selected by the Panel to be its chair
man for the ensuing year.

SCIENTIFIC BALLOONING STANDARDS COMMITTEE

Two meetings of the Scientific Ballooning Standards Committee 
(SBSC) were held during the year. The first was held on 7 and 8 April 
1970 at the Manned Spacecraft Center, NASA, Houston, Texas. Those in 
attendance were:

Justin H. Smalley, NCAR, Boulder - Chairman 
Jean R. Nelson, Winzen Research, Inc.
James F. Dwyer, U.S. Air Force Cambridge Research Labs.
Jack Beemer, Raven Industries, Inc.
Mike Pavey, Raven Industries, Inc.
Bob Love, USAF, Det. 31, 6th Weather Wing 
Oscar L. Cooper, NCAR, Boulder
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Charles Cravaack, Raven Industries, Inc.
Gerald A. Rhoads, NCAR, Palestine 
Robert L. Ray, Winzen Research, Inc.
Gaylord Gilbertson, G. T. Schjeldahl Co.
Walter F. Martin, Winzen Research, Inc.
Thomas Pappas, Raven Industries, Inc.
Thomas J. Gross, AEC, Washington, D.C.
Michael 0. Evanick, ONR, Minneapolis
Eugene B. Lewis, USAF, Det. 31, 6th Weather Wing
Robert S. Kubara, NCAR, Boulder
James Adams, NASA, MSC
Robert Golden, NASA, MSC

The afternoon of 7 April 1970 was devoted to committee meetings 
followed by a general meeting of the SBSC on 8 April 1970.

After the previous meeting in October 1969 letters were sent to 
the National Science Foundation and the Interdepartmental Radio Advis
ory Committee expressing our concern about the difficulty of conversion 
of telemetry from the 225-260 MHz band to the 1435-1535 MHz or 2200- 
2290 MHz bands. Responses to these letters were discussed. It seems 
clear from the letters that the non-military organizations must change 
over. In the discussion disadvantages such as dollar costs of $400 to 
$8500 for an antenna and $800 to $4000 for an airborne transmitter were 
mentioned. It was pointed out that there would be an additional bat
tery weight because transmitter efficiency will be reduced to about 10% 
from the present 30% to 40%.

At present ONR has a three-year waiver to continue to use four 
frequencies in the lower band and NCAR has two frequencies. The fre
quencies assigned are:

NCAR 250.7 253.8

Raven 248.6 250.7

Raven and Winzen 253.8 256.2

Winzen 230.4 231.9

Univ. of Minnesota 226.7

It was evident that with so few frequencies some coordination agency is 
needed. NCAR has agreed to act as a clearinghouse so that inadvertent 
overlapping usage can be avoided.

The Electronics and Instrumentation Committee will compile a 
master list of terms and definitions, circulate it and send it to NCAR 
for publication.

Balloon Design nomenclature is essentially ready for publication.
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The committee reviewed all terms again.

Operations nomenclature will be circulated for a final review.

The Balloon Packaging Committee wishes to add to the specifica
tions now presented.

The Safety Committee stated that in the future they will be adding 
to the Standards in the areas of high pressure cylinders, cryogenics 
and hydrogen gas. A reference that the committee feels to be of great 
value is: General Safety Requirements, Dept, of the Army, EM385-1-1, 
March 1967 issue.

A general discussion took place concerning the item in the Safety 
Standards where it recommends that all usual FAA requirements be met 
even if loads are within the 6 lb and 12 lb limits. The committee 
pointed out that it is the intent of the Standards to recommend the 
safest procedures. It is obviously in the best interests of all of 
scientific ballooning to follow the Standards.

Rhoads reported on the favorable experience that NCAR is having 
with a modified aircraft transponder. Highly usable tracking is being 
accomplished with a transponder on 2% minutes out of 30 minutes. One 
of the big problems with present transponders is the requirement for a 
pressurized container. Both NCAR and Raven stated that they were in
vestigating transponders designed for use with balloons.

In response to a question, the committee indicated an interest in 
an Operations Manual. This is a possible area for future effort.

It was pointed out that each manufacturer has a different method 
for designating their balloon models. Dwyer discussed the model num
bers used by AFCRL. The scheme is purposely designed to ensure that 
the user must refer to the specification sheet for pertinent informa
tion. In light of the various model number schemes, it was recommended 
by the SBSC that all documents concerning a balloon carry the volume 
and weight as well as the model number.

It was decided not to attempt an elaborate numbering system for 
the Standards. The definitions will be issued as:

Glossary of Scientific Ballooning

Part I. Design and Operations

Part II. Electronics and Instrumentation

The second meeting was held on 29 and 30 September 1970 at the 
Minneapolis-St. Paul International Airport. Those in attendance were:

Justin H. Smalley, NCAR, Chairman



29

LaDell Swiden, Raven Industries, Inc.
Jack Beemer, Raven Industries, Inc.
Darrel Rupp, Raven Industries, Inc.
Mike Pavey, Raven Industries, Inc.
Ronald Niccum, G. T. Schjeldahl Co.
Gaylord Gilbertson, G. T. Schjeldahl Co.
Jean R. Nelson, Winzen Research, Inc.
Michael 0. Evanick, ONR, Minneapolis
Duwayne Thon, Winzen Research, Inc.
Oscar L. Cooper, NCAR, Boulder
Don R. Williams, Winzen Research, Inc.
Allen Tomnitz, Raven Industries, Inc.
Donald Sumner, Winzen Research, Inc.
Cdr. William Cross, ONR, Minneapolis
Capt. Manuel Love, USAF, Det. 31, San Angelo, Texas
James Dwyer, U.S. Air Force Cambridge Research Labs.

The meeting started at 0900 on the 29th with a general meeting. Com
mittees met in the afternoon and the general meeting was again convened 
on the morning of the 30th. The meeting was adjourned at noon.

It was moved to discontinue the use of the designation "ad hoc" 
from the name of the Committee. The motion was passed.

The first editions of a Glossary of Scientific Ballooning and 
Safety Standards of Scientific Ballooning were distributed to all.
NCAR will provide additional copies when requested. It was suggested 
that NCAR announce that these documents are available in their Facili- 
ties for Atmospheric Research publication,

Each organization was given a copy of the letter sent out by NCAR 
concerning the suggested clearinghouse for radio frequencies. This 
letter was in response to the request of the SBSC made at the April
1970 meeting.

Considerable time was spent discussing the future of the SBSC. It 
was apparent that there are enough projects for an industry-wide organ
ization of this type to occupy it full time. Some of the areas sug
gested were:

Pooling of knowledge concerning:

Free lift
Valving (ascent effect)
Ballast 
Duct sizes

Flight reliability:

Timers (how many)
Explosive devices 
Separation of payload
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Scientific balloon information:

Ballooning handbook 
Catalog of "standard" parts 
Basic procedures for small operators 
Bibliography (annotated)

Standardizat ion:

Formats for specifications 
Environmental specifications 
Performance specifications 
Flight data taken on each flight 
Material tests

It was decided that efforts would being immediately in three areas.
Committees were formed as follows:

1. A committee to write BASIC PROCEDURES FOR SMALL BALLOON 
FLIGHTS, consisting of Bill Cross, Gaylord Gilbertson, Mike 
Evanick and Don Sumner met and prepared a detailed outline 
for such a document. This committee will utilize as much 
presently written material as possible.

2. A committee on PERFORMANCE SPECIFICATIONS, whose members are 
Robert Love, Oscar Cooper, Darrel Rupp, Duwayne Thon, LaDell 
Swiden and Ron Niccum, reported on some tentative environmen
tal specifications. It was evident that more data are needed 
than were on hand concerning the shock and vibration, and the 
radiation environments.

The committee also presented their recommendation that a mal
function reporting system be instituted in an effort to steer 
others away from unsuitable equipment (or components) and away 
from unreliable practices. The reports would be collated and 
a quarterly summary issued. Furthermore, they recommended 
that short seminars be held at the SBSC meetings to discuss 
common malfunctions, unusual happenings, etc. There was gen
eral agreement that a system of reporting malfunctions could 
be valuable, although some reservations were expressed. NCAR 
was asked to be the central agency. A tentative starting date 
was set at 1 December. Further information will be forthcom
ing from NCAR.

3. A committee on STANDARD DATA, whose members are Jack Beemer, 
Jean Nelson and Justin Smalley reported that for the purposes 
of correlating flight performance with balloon parameters a 
certain minimum of data should be recorded for every flight. 
They are:

Launch Conditions - Air temperature and pressure,
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time, wind direction and magnitude, cloud conditions, 
humidity, acceleration and shock.

b. Flight Conditions - As a function of time--position, 
ballasting and valving, temperature, pressure.

The committee for BALLOON BOXES met to finalize their specifica
tions ,

NCAR has agreed to assemble a bibliography on scientific balloon
ing. Any contributions should be sent to Justin Smalley. It was noted 
that the usefulness of a bibliography is greatly improved if it is an
notated, even if only briefly.
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Continue to provide flight support

The Palestine crew will continue to fly during all seasons 
from Palestine. Heavier payloads can be expected, and larger 
balloons are likely to be required. Other services, e.g., 
telemetry and command, are expected to become more often re
quired and more difficult to provide because of increased com
plexity and more difficult interface problems.

The Palestine crew expects to participate in a flight 
series in Argentina again in 1971, to conduct one or two 
flights which will be terminated over Mexico, and to fly a 
Stratoscope II flight and a few other flights requiring summer 
durations more than 12 hours from Huntsville, Alabama during 
the summer.

Continue to seek funds to build a new 1aunch pad at Palestine 
to relieve the pressure on the old pad which is now being kept 
in use only through frequent major repairs.

Continue to improve ballooning systems and techniques to meet 
the demands of the scientific community safely and efficiently. 
In particular we plan to:

1. Receive from the NCAR Research Systems Facility (RSF) 
and test a standard flight package.

2. Work with RSF to assemble and test additional compon
ents of an improved telemetry system.

3. Procure and test heavy load polyethylene systems.

4. Continue tests of polyethylene superpressure balloons.

5. Conduct further tests of the in-flight deployment 
system.

V. PLANS FOR 1971
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: BALLOON OPERATIONS DEVELOPMENT 

Objective:

To apply modern engineering methods and technology to the 
problems of balloon operations. Many present operational tech
niques have evolved through intuitive engineering in the field, 
but a quantitative understanding of the operational requirements 
of scientific ballooning is leading to improvements in techniques 
and equipment and to the development of new ones, making it pos
sible to carry out scientific programs not hitherto feasible.

Balloon operations consist of preparing a balloon system for 
flight, inflating the balloon, ground checking all parts of the 
system, launching it, tracking and controlling it according to a 
prestated flight plan, recording telemetered data, returning the 
system to the surface safely, and recovering the system for eval
uation or reflight. Operations R & D goals are to understand all 
aspects of "operations" and seek to improve and extend every phase.

Specific objectives during 1970 were as follows:

1. Continue development of a selected configuration of 
an in-flight deployment system (a launch concept in 
which the uninflated portions of the balloon are pack
aged for launch and then deployed during flight).

2. Conduct outdoor model field tests of a balloon infla
tion wind screen configuration selected on the basis 
of wind tunnel studies.

3. Conduct full scale launch tests of the restraining 
device developed in 1969 for single cell balloons, 
which provides the launch features of the transfer 
tube in dual balloon systems.

4. Determine effectiveness of pre-opening a parachute 
before drop to alleviate opening shock.

5. Conduct operational suitability tests of the liquid 
hydrogen balloon inflation system which was developed 
in 1969.



Program Conduct:

In 1969 a study indicated that a practical method for deploy
ing a balloon train during flight could be developed. A contract 
was made with the G. T. Schjeldahl Company to develop a system. 
Development work continued through 1969 under this contract.

An energy absorber, see Fig. A-l, was developed which consists 
of a series of cylinders in which energy is converted from mechan
ical to thermal energy by friction of a nylon strap passing over 
the cylinders. A simple mechanical velocity feedback controls 
speed over a wide range of loading. The advantages of this type 
of energy absorber are that it is lightweight, has indefinite 
storage life in the ready-to-use condition, and wide load range, 
and by virtue of few moving parts should have a high reliability.

The integration of the energy absorber into a balloon system 
was accomplished and test flights were made in 1970. The tests 
were for the purposes of establishing launch procedures and ob
taining engineering data on such items as temperature of energy 
absorber, speed of deployment and motions of the main balloon as 
it was removed from the container. These were launched (see Fig.
A-2) with a modified (shortened) Stonehenge method. On one of 
these launches winds gusting to 16 kts caused no problems. The 
main balloon deployed at a maximum rate of 4 ft/sec, and it ap
pears that this might be increased to 6 ft/sec. Since deployment 
should be completed prior to transfer altitude, effort will be 
made to control the rate between a maximum of 6 ft/sec and a mini
mum of 2 ft/see.

The fundamental unit in this concept is the energy absorber. 
The performance of this unit in ground and airborne tests has ex
ceeded all expectations. Some primary requirements of the unit 
are that the nylon strap temperature does not reach a level which 
weakens the nylon, that the unit be lightweight and that it payout 
the two nylon straps at the same rate. The heat sink provided by 
the aluminum cylinders plus the heat transferred by the nylon 
strap provides adequate temperature control; the unit which weighs 
27 lbs for a design to lower 1,000 lbs 500 ft can be scaled up 
with improved weight-load effectiveness; and the difference in 
payout of the two nylon straps has been negligible. There are 
many methods of integrating this fundamental unit into the balloon 
system. The arrangement shown in Fig. A-3 is considered one which 
approaches optimum.

The configuration of the prototype tested, see Fig. A-2, 
consisted of a framework which contained the main balloon, the 
payload and the brake. With this configuration, the framework, 
main balloon container and brake are jettisoned immediately after

1. In-Flight Deployment
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Figure A-l. Energy Absorber

This unit is mounted beneath the payload. The canvas bag contains 
the nylon straps which support the load and are pulled through the se
ries of aluminum cylinders by the weight of the load. The cylinder ar
rangement both controls the speed of payout and absorbs the energy by 
friction of the nylon straps with the aluminum surfaces.
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Figure A-2. System at various stages of main balloon deployment.
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IN FLA TIO N

LAUNCH DEPLOYED SYSTEM

Figure A-3. Method of using a modified Stonehenge 
system to launch a balloon to be deployed in flight.
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deployment. This configuration imposes limitations on the size 
and shape of the payload, but these limitations may be removed.
One configuration which has no such limitation is shown in Fig. 3, 
but the gain in this case is realized at the expense of carrying 
the main balloon container throughout the flight.

2. Wind Screen Study

A wind tunnel study (subcontract to Colorado State University) 
has been completed in two phases, the first phase in early 1969 and 
the second phase in mid-1970. The results of these were generally 
favorable and a scaled up model (10 ft x 10 ft) has been construct
ed by a local company. Observations are being made with this 
scaled up model to determine validity of the wind tunnel data on 
a larger size model in actual winds.

3. Single Cell Balloon Restraint Device

The launching of payloads with the Stonehenge system has 
demonstrated that balloon launching under the restraint of a 
cable to the base of the helium bubble has advantages over the 
conventional dynamic launch under some circumstances. However, 
consideration of such an arrangement for single cell balloons has 
not been possible because of the lack of an attachment point for 
the cable at the base of the helium bubble. As reported in last 
year's report, an inflatable restraint collar device was developed, 
and a field test of a prototype was conducted at year's end.

The prototype restraint collar was tested at its design 
condition with a 3,000 lb lift launch bubble and a wind of about 
15 kts at 500 ft. A variety of maneuvers were performed to dupli
cate "worst case" conditions and a complete launch sequence was 
executed as illustrated in the photographs of Figs. A-4, A-5 and 
A-6. Extensive instrumentation was installed to enable engineer
ing diagnosis in case performance discrepancies were encountered. 
The restraint collar performance met all major design requirements 
except that some abrasion to the balloon film was noted. This 
damage was associated with balloon motion at the top edge of the 
collar and should be correctable by a change in balloon folding 
pattern. Several minor correctable discrepancies were noted. The 
operational procedures with the restraint collar type launch were 
found to be somewhat cumbersome as compared to a conventional 
dynamic launch. A minor balloon system instability, a vertical 
oscillation of the balloon train, was observed during the erection 
process when the lower portion of the balloon was just clear of 
the ground. This oscillation disappeared as higher train angles 
were attained.

Operational advantages noted were that reorientation of the 
balloon system prior to launch to conform to a change in wind 
direction is practicable, and that the balloon system can be
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Figure A-4. Full scale launch operation with a gross inflation of 3,000 lbs and 
winds gusting to 12 kt. The balloon bubble is inflated and the collar is fasten
ed by the restraint cable to the winch. (NCAR Palestine, Texas, Flight 518-PT.)



Figure A-5. Full scale launch operation (continued). The cable is 
paid out and the balloon has risen to an intermediate elevation.
The balloon could be released at this time by opening the collar.



Figure A-6. Full scale launch operation (continued). The system 
is nearly vertical and the collar has just been released. The col
lar can be seen in mid-air just to the left of the bubble base.
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retained under positive control throughout the erection process.

Preparations were made for additional restraint collar tests 
with balloons folded so that load tapes were evenly distributed 
around the balloon periphery in the area contained by the restraint 
collar. The objectives of the tests were to verify that this cor
rects the film abrasion problem, and to establish reliability for 
the restraint collar launch system. One attempted test resulted 
in inadvertent damage to the restraint collar and at year1s end 
continuation of the test series awaits repair of the collar.

4. Pre-Release Parachute Opening

An arrangement whereby a pressurized tube would hold a para
chute in a partially deployed condition prior to release from a 
balloon was devised in 1969. With the parachute open at release 
it would not be necessary for the parachute to reach a high speed 
necessary for dynamic forces to open it. During 1970, a test 
flight of such an arrangement was made. Data collected were from 
3 axis accelerometers, a camera sequenced once per 5 seconds dur
ing flight, a high speed movie of release and a load cell located 
between parachute and payload. Although the tube was pressurized 
to 4.8' psi during this flight it did not completely deploy the 
parachute as was expected from ground tests (probably due to fouled 
shroud lines). However, at release the tube did cause the para
chute to open very rapidly, in 2.6 seconds, as indicated in Fig. 
A-7. The transient forces on the payload resulting from parachute 
opening and velocity stabilization are lower than for conventional 
parachutes by at least a factor of four.

5. Cryoinf1 at ion System

During 1969 a liquid hydrogen inflation system designed to 
alleviate lifting gas logistic problems for field programs was 
developed and tested under laboratory conditions. During the 
summer of 1970 the system was field tested at the Scientific 
Balloon Flight Station, Palestine, Texas, under conditions sim
ulating those on a remote area expedition. A 13,000 gallon mo
bile tanker filled with liquid hydrogen was provided by the NASA 
and used for a series of crew training and data collection exer
cises followed by a six-week long simulated expedition. The data 
collection exercises included a test burning of a balloon filled 
with 14,000 cubic feet (1,000 lb lift) of hydrogen. It was found 
that almost all of the energy of the combustion was released with
in 5 seconds of ignition and proceeded upward away from personnel 
and equipment on the ground. Melted globules of polyethylene up 
to 10 grams mass fell to the ground in the area beneath and 30 
meters downwind (10 kt wind) of the balloon constituting a serious 
hazard to personnel without protective clothing. Radiant heat at 
ground level beneath the balloon produced a temperature of 86°C on 
a black surface. A protective covering of tight weave white cloth 
reduced the temperature to 52°C. Similar black cloth covering
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erometer from parachute deployed prior to release.
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reduced the temperature to 70°C. Beyond a radius of 30 meters 
from the balloon base, no effects hazardous to unprotected per
sonnel were observed. It was also found that a deflated poly
ethylene balloon contained small pockets of hydrogen which could 
be ignited to produce minor sudden combustions that would consti
tute a burn hazard for a person in direct contact with the com
bustion. It appeared that gloves and coveralls would afford 
adequate protection for personnel handling the deflated balloon.

The simulated expedition portion of the tests consisted of a 
series of actual and simulated balloon inflations and long dormant 
periods for the hydrogen tanker. System procedures were refined 
and possible future improvements were noted. The prototype sys
tem functioned well in the field environment and was considered 
suitable for expeditionary use. The excellent performance of the 
system indicated that use of liquid helium for routine operations 
may be practicable.

Results :

1. In-Flight Deployment

Tests made during 1970 clearly indicate that launches can be 
made in a smaller space and in higher than normal winds and that 
a balloon system can be reliably deployed after launch using this 
concept. The application of this capability becomes especially 
important with flights of very large balloons.

2. Wind Screen Study

The first field model (10 ft x 10 ft) of the wind screen was 
constructed and tests commenced during 1970.

3. Single Cell Balloon Restraint Device

Field tests have shown promise for advantageous application 
of the restraint collar in some balloon launch situations, but 
demonstrated reliability awaits further field tests.

4. Pre-Release Parachute Opening

The first test of this system indicates that opening of the 
parachute by this method can greatly reduce the shock loading on 
the parachute and payload.

5. Cryoinflation System

The prototype hydrogen cryoinflation system was field tested 
and found suitable for expeditionary use. It was also noted that 
a similar helium system could be practicable for routine U.S. 
operations.
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1. In-Flight Deployment

Using the prototype energy absorber, plans are to integrate 
this into a tandem balloon system in which the configuration of 
the payload is much less restricted and to make a complete flight. 
A parallel effort would be the development of a more capable brake 
(>6,00.0 lbs) and the use of this on a large balloon with a light 
payload. With the successful completion of these tests, the sys
tem would be operational.

2. Wind Screen Study

The wind tunnel and field data will be used for design of a 
full scale wind screen.

3. Single Cell Balloon Restraint Device

A series of three additional tests is planned (funds permit
ting) to establish reliability for the restraint collar system in 
launching single cell balloons.

4. Pre-Release Parachute Opening

A second flight of the same parachute and tube is planned for 
early 1971. On the previous flight, although the parachute was 
only partially opened, it opened very rapidly after release from 
the balloon. On the next flight the parachute will be rigged in 
the conventional manner, but will have the tube attached and pres
surized. This is expected to cause a sufficiently rapid opening 
to eliminate the need of deploying prior to release. Once the 
effectiveness of the concept has been established, future develop
ment to operational status will be in accordance with special pro
ject needs.

5. Cryoinflation System

None. The cryoinflation system is ready for operational use 
when needed.

Future Plans:
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Title: BALLOON DESIGN RESEARCH

Objectives;

To develop knowledge, methods, and materials leading to 
improved reliability and increased capability of balloon vehicles.

Specific objectives were:

1. To develop a practical polyethylene superpressure balloon,

2. To develop a mathematical model of balloon system motion 
during a dynamic launch, to permit analysis and optimiza
tion of such launches.

3. To test balloon reliability by experimental test flights.

4. To maintain statistical data on past balloon flights in a 
computerized file for use in statistical analysis as oc
casion demands.

5. To investigate balloon material factors that may affect 
balloon performance.

Program Conduct:

Balloon design research includes both analytical and experi
mental efforts. Analytical efforts rely heavily on numerical 
solutions utilizing the CDC 6600 computer. Experimental efforts 
are mostly concerned with obtaining real data from balloon flights.

1. Polyethylene Superpressure Balloons

Three superpressure e-balloons (4 x 10s ft3 ) were flown. The 
first flight was aborted due to an error not associated with the 
balloon. The second flight (an evening launch) lasted through the 
first night and part of the next day. This was not considered a 
success as the balloon did not pressurize or reach full altitude. 
All indications were that the balloon took in air. The way the 
bottom end fitting was assembled, it was possible that the gas 
barrier was ripped by the fairly high subpressure that exists dur
ing the early part of ascent. If a hole developed, this subpres
sure would cause a large amount of air to be ingested. It was 
noted during the launch for the second flight that the balloon was 
slow coming out of the launch arm because of its large mass com
pared to the gross inflation. This could cause an operational

NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970
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problem with a launch in a high wind. Thus, a small launch ballo
on was used for the third flight. To counteract this additional 
free lift an equal amount of ballast was carried. The launch bal
loon had an open appendix. As lift was lost, ballast was dropped. 
As a result a very satisfactory rate of rise of nearly 500 fpm was 
maintained. The third balloon went into float without any sign of 
overshoot. It retained pressure for about three hours and then 
slowly started down. The pressure loss corresponded to an effec
tive hole of 3%-4 inches diameter.

At the end of this series, it was clear that the e-balloon 
principle is sound, i.e. the balloon structure can withstand the 
stresses due to superpressure. Long durations can be achieved if 
gas loss can be held to a low enough value.

A fourth, smaller balloon was built (0.5 x 106 ft3) with 
particular attention paid to end fitting construction for zero 
leakage. All film had 1007o visual inspection under polarized 
light. Double seals were used for all gore seams. It was antici
pated that gas integrity would be significantly improved. Unfor
tunately, the balloon failed during ascent so the test objective 
was not demonstrated.

2. Launch Dynamics

The problem of programming the equations of motion of a dynam
ical balloon system during launch was approached in two phases.
The first phase recognized that the balloon launch bubble and its 
flight train is somewhat akin to a pendulum composed of multiple 
links. Thus, a pendulum problem was solved first. The pendulum 
motion was solved first with a single link. Here the problems of 
how to handle the drag effects due to air viscosity and due to an 
incident wind were investigated. Then the pendulum was increased 
in complexity to several links. At each stage the reactions or e- 
quivalently the tensions, velocities and accelerations in the 
train, have been determined. The second phase then was to look at 
the problem as a real balloon with considerably different mass and 
geometry distributions in different parts of the flight train.

One item that required some time was an investigation into the 
application of the drag force on a particular link. Drag always 
opposes the motion and in a nonlinear way. Drag computed from the 
average velocity of a link can be greatly in error if the link is 
mostly undergoing rotation and little translation; therefore, the 
integrated drag force must consider for each link whether the 
point of rotation lies on the link or not.

The launch problem has been programmed for and run on the 
CDC 6600. With multiple links we have run into the problems of 
stability of solution and efficiency of computer usage. We are 
using time increments of 1/100 second to achieve stability. One 
tenth second was found to be too large. Also release of the system
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in nearly a horizontal position tends to cause a shock to the 
system, and it may be necessary to introduce some bending friction 
at the joints between some of the links to ensure stability.

3. Balloon Reliability Test Flights

Flight testing to establish reliability of the Raven 11.1 x 
1CP ft3 balloon was completed during 1970. The Raven 11.1 x l(f ft3 
balloon incorporated an integral polyethylene cap for reinforcing 
the top area, and in some respects duplicated features of the 
Winzen 10.6 x id3 ft3 balloon which has a very successful history. 
There were many significant differences in details, however, such 
as manufacturing techniques and types of materials used. It was 
desirable to qualify this balloon for operational use, if possible, 
in order to have a second source of supply for balloons in case of 
some unforeseen discrepancy developing with the existing supply.

Four Raven 11.1 x 1CP ft3 balloons were flown during 1970 and 
all were successful. In addition a Raven 3 x 1CP ft3 balloon was 
successfully test flown to supplement existing flight history in 
smaller balloon sizes. It was concluded that the Raven product 
was sufficiently reliable to be purchased on a cost competitive 
basis.

4. Statistical Records of Balloon Performance

The computer file of balloon performance data has been kept 
up-to-date for NCAR flights and has been used occasionally for 
compilation of balloon flight information in connection with tech
nical or administrative questions, and for routine examination of 
balloon and equipment failure trends.

5. Balloon Materials Development

The balloon materials program has continued to be limited to 
matters of immediate need and to those matters sufficiently basic 
to be clearly of long range interest.

The following work has been accomplished during the year:

Evaluation tests were conducted on a new pressure sensitive 
balloon repair tape. The 3M tape currently used was developed by 
the Minnesota Mining and Manufacturing Co. under NCAR subcontract 
and has been very successful; however, it is also very expensive. 
The new product should be half the cost, and the laboratory eval
uation showed satisfactory properties. The tape now awaits bal
loon manufacturing and flight evaluations.

Testing has continued toward refinement of data for 
determination of basic biaxial properties of balloon materials. 
Biaxial properties as opposed to uniaxial are assuming increasing
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importance in balloon designers' considerations.

NCAR participated in preparation of new military specifications 
for polyethylene balloon film. These specifications are the ac
cepted standard for the ballooning industry.

Tests were conducted on seal strength of a candidate balloon 
film, Union Carbide Perflex B-100, which has many promising prop
erties for balloon application. Tests to date have shown that 
satisfactory seals can be made but that close controls are es
sential and further technique development may be necessary to 
insure reliability.

Results:

1. Polyethylene Superpressure Balloons

Three launches of 4 x 1CP ft3 balloons were made with increas
ing success. The balloon was pressurized for about three hours 
during the third flight. It is felt that the e-balloon concept 
has been demonstrated to be sound, but it is obvious that better 
gas tightness is necessary. A fourth flight failed during ascent.

2. Launch Dynamics

The problem has been programmed and run with multiple links.
We are still investigating a better way to ensure that the num
erical solution will be stable.

3. Balloon Reliability Tests

A second source of supply for balloons 11.1 x ICf3 ft3 and 
smaller was established.

4. Statistical Records of Balloon Performance

The computer file of balloon performance data continued to 
provide useful information for Balloon Facility programs.

5. Balloon Materials Development

A candidate pressure sensitive balloon repair and reinforce
ment tape passed laboratory evaluation.

Refinement of balloon film biaxial property data has continued.
Laboratory tests have demonstrated promising properties for a 

candidate balloon film, Union Carbide Perflex B-100.

Future Plans:

1. Polyethylene Superpressure Balloons
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It is planned to fly smaller e-balloons (0.5 x 106 ft3) in 
the future. Particular attention will be paid to gas tightness 
during construction. It is planned to incorporate the superpres
sure balloon work into a larger program to provide capability for 
long duration with reasonably large payloads. Such aspects as 
efficient ballast systems, reduced diurnal temperature variations, 
UV inhibitors and possibly other materials will be investigated as 
funds permit.

2. Launch Dynamics

We shall determine realistic drag coefficients by comparing 
the numerical solution with real balloon train launch profiles.
Such items as launch vehicle velocity profiles and dynamics of 
superlarge single cell systems will be investigated.

3. Balloon Reliability Test Flights

Flights to test reliability of balloons will be continued as 
required,

4. Statistical Records of Balloon Performance

Continue recording balloon flight data in a computer file 
for use as needed.

5. Balloon Materials Development

Barring unforeseen events, materials development will continue 
on a low priority basis, generally monitoring pertinent develop
ments by other organizations and diagnosing materials discrepan
cies which may affect our operations.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: INSTRUMENTATION SUPPORT SYSTEMS 

Ob jectives:

To design and develop electronic instrumentation systems 
and components; to evaluate standard equipment required for the 
conduct of scientific balloon flights; and to give assistance to 
Balloon R and D Programs having special electronic instrumentation 
support requirements.

Program Conduct:

Two additional evaluation flights for UHF telemetry equipment 
were accomplished in 1970. This equipment consists of an 8-foot 
parabolic antenna and control unit, two types of preamplifiers and 
a down-converter. An L-Band tuner was used with the DEI 711 te
lemetry receiver, and a four-watt transmitter was used on the bal
loon. Photographs of the equipment are shown in the 1969 Annual 
Report. A graph of the receiver input signal strength vs. range 
for flight 535-PT is shown in Fig. A-8. A paper covering the re
sults of four test flights in detail was presented at the 1970 
AFCRL Balloon Symposium.

The Balloon Facility has initiated a plan for a new generation 
telemetry system with the purchase of a set of EMR 2700 series 
time-multiplex computer controllable ground station hardware.
This high-bit-rate telemetry system will provide larger channel 
capability, more accuracy, greater digital data capability and 
will record data on computer-compatible tape. This taping feature 
will greatly improve the data reduction process for the scientist 
because the data can be reduced by a computing facility rather 
than by slower methods. In addition, the cost for a scientist to 
record data will be reduced when he becomes oriented to the new 
system.

Specifications have been written and steps are being taken to 
purchase a minicomputer-tape system with associated interface 
equipment for controlling the time-multiplex telemetry ground 
station. Specifications have also been written and quotes received 
for two balloon-borne encoders for the new system. One encoder is 
a more complex general purpose unit while the other is a smaller 
encoder for special flights.

Specifications were written and proposals were received for 
an ATC transponder for FAA tracking of scientific balloon flights. 
This transponder is to be especially designed for balloon use,
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being efficient and capable of operating at high altitudes without 
pressurization. The cost of the proposals received were greater 
than the budget would allow; therefore no action was taken. There 
are prospects now for transponders of solid state design, requiring 
no pressurization, which may satisfy the requirements with some 
compromise.

A modification of the full range pressure system using three 
Rosemount pressure transducers has been made. The low altitude 
gage is effective from launch to 70 millibars (mbs), the mid-range 
gage serves from 70 to 7 mbs, and a 0 to 7 mb gage is generally 
used for float altitudes. The modified system applies power to the 
most sensitive transducer only, for any ambient pressure. The 
telemetry band-edge calibration voltages can be injected at pre
determined intervals up to 22 minutes. A photograph of the new 
design is shown in Fig. A-9.

Development is underway on a circuit to convert a linear 
pressure analog voltage to a linear altitude analog voltage based 
on a Standard Atmosphere. This circuit will be used in conjunction 
with the full range Rosemount system at the ground station for al
titude presentation. The low altitude range will cover 0 to 60,000 
ft, the mid-range 60,000 to 110,000 ft and the high altitude unit 
for float altitudes of 110,000 to 160,000 ft.

The miniature PCM data encoder, built by Gulton Industries 
for the existing PCM system, has been modified with an outside 
contract. The modification consisted primarily of rewiring be
tween circuit boards with a larger, more flexible wire. Mechanical 
modifications were made to accommodate the new wire. A photograph 
of the modified unit is shown in Fig. A-10.

An earlier system of measuring balloon film temperature with 
thermistors has been refined by the addition of an eight-channel 
commutator. This system uses a res is tance-controlled-puls e gener
ator as the basic circuit. The period of the pulses is indicative 
of thermistor resistance, hence film temperature. The pulse sig
nals are telemetered to the ground station where they are recorded 
with time on a digital recorder. The commutator will sequentially 
select up to seven thermistors for presentation to the measuring 
system.

Two models of a miniature RCA VHF receiver have been purchased 
and are being evaluated for use as a command-control receiver.
This receiver is being considered as an alternate or substitution 
for the Motorola receiver now in use. Test results to date have 
been favorable for this receiver.

A study contract was completed by Westinghouse Georesearch of 
Boulder, Colo, for the use of the Omega Navigation System for bal
loon tracking. This system will use a VLF receiver (amplifier) on
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the balloon to intercept the Omega signals. The signals are 
transmitted to the Omega processor by way of the balloon telemetry 
system. The lane data will be recorded on computer-compatible 
tape or processed into geographical coordinates at the ground 
s tation.

A balloon-borne Omega amplifier is being developed at NCAR. 
Initial tests will be done with a ground system being used by the 
Global Atmospheric Measurements Program (GAMP). The result of 
these tests will be used as guidance in procuring processing 
equipment.

Another study contract was completed by Westinghouse 
Georesearch for a Standard Flight package. This package will con
tain the standard flight support instrumentation, such as telem
etry, command control, navigation and tracking, environmental 
transducers, timer and power supply for typical scientific balloon 
flights. Following the study, the design is being undertaken by 
NCAR. The design will not only provide for a standard package ar
rangement, but will include some equipment modification and inter
face design.

A considerable amount of instrumentation effort has been 
devoted to the superpressure e-balloon program. Low sampling rate 
telemetry circuits have been developed for use with a high-frequency 
transmitter for long range telemetry. The encoder is used to gen-, 
erate a Morse-code signal for transducer identification. The rep
etition period of the code letters generated is representative of 
the pressure, temperature, or strain gage data from the transducers. 
The instrumentation effort included participation in the launch of 
three e-balloons during 1970.

Three other projects required instrumentation assistance.
One was the Raven 11.1 x l(f ft3 balloon evaluation flights. A 
special package was designed to contain the flight equipment, some 
of which was flown for instrumentation evaluation. Another pro
ject was the 27 x 1C^ft3 tandem system where a special package was 
designed to be installed on the transfer fitting for the telemeter
ing of strain gage, temperature, and pressure data. A photo-panel 
was included for redundant presentation of some data. Field as
sistance was also provided by R and D personnel and equipment for 
the Argentine balloon series launched in the later half of 1970.

Results:

The most significant instrumentation accomplishment has been 
the move toward the implementation of high-bi.t-rate telemetry.
Time-multiplex equipment was carefully studied and the initial 
system was purchased. Specifications were written for the data 
encoders and for the mini-computer and computer-compatible taping 
equipment for the ground station.
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The standard flight package study was completed and initial 
design efforts begun. The e-balloon data encoding circuits were 
designed and field electronic services provided for e-balloon 
launches.

Instrumentation interface liaison with several scientific 
groups has been accomplished during the year. These groups in
clude Fraunhofer Institut, University of Liege and Observatorio 
Astronomico de Madrid.

Future Plans:

Efforts will be made to continue the implementation of the 
high-bit-rate PCM telemetry system with computer-compatible tape 
recording. Balloon tracking systems including Omega, and FAA 
transponders will be a major effort in future months. The stand
ard flight instrumentation support package will also warrant con- 
siderable effort in perfecting its design. There will be a con
tinued search for improved environmental transducers and instru
mentation equipment for scientific ballooning. An aircraft telem
etry receiving system will be installed to be used primarily for 
the reception of balloon altitude information.

Telemetry and other balloon support instrumentation for R and 
D flights is anticipated during the coming year. Special inter
face circuits for data retrieval and flight instrumentation will 
be designed, fabricated, and serviced as required. The major ef
fort in this area will be by the Palestine operations personnel 
under direction of the Boulder office.

There will be a continued liaison effort with research scien
tists concerning their instrumentation problems.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: OPERATION GALAXIA 70 
Objective:

The objective was to provide operational and logistics sup
port to three institutions, Rice University, University of New 
Hampshire, and the NASA Manned Spacecraft Center, for the conduct 
of six scientific balloon flights in northern Argentina. The re
quired support included the assembly and sea and air shipment of 
scientific and balloon operations equipment, provision of 1iving 
and working quarters, and the responsibility for launch, track 
and recovery of the required flights. It was also required that 
NCAR carry out the necessary negotiations and liaison with the 
appropriate Argentine government agencies and the United States 
State Department to permit operations in Argentina.

Program Conduct:
The preliminary groundwork of organizing the project began 

in mid-June of 1970. The necessary funding was secured, an op
erational site selected, scheduling completed, and initial con
tact made with the necessary United States and Argentine govern
ment agencies at this time. By the first week in August all the 
heavy equipment, balloons, and scientific gear that would survive 
sea transport had been assembled at the Scientific Balloon Flight 
Station at Palestine, Texas. On 15 August, the sea shipment of 
approximately 70 tons of equipment was moved to the port at 
Houston, Texas; it departed for Argentina on the 19th of August. 
The air shipment of approximately 25,000 lbs of scientific equip
ment was also assembled at Palestine and moved to Ellington AFB, 
Texas, from where it departed on 1 October on the C-l24 Globe- 
master aircraft that was provided by the Air National Guard.
Twelve operations and scientific personnel were also transported 
on the C-l24 aircraft.

By the 7th of October all the equipment and personnel had ar
rived safely at the General Urquiza Air Base at Parana’, Argentina 
and the operation set up in portions of two adjacent hangars. Af
ter two weeks delay, during which the experiments were made ready, 
wind soundings taken, and the tracking aircraft instrumented, the 
first flight was launched on the morning of October 22.

During the period from October 22 to November 28, a total of 
six flights were launched. One 4.85 x 10s ft3 balloon, one 5 x 
10s ft3 balloon, three 15 x 106 ft3 balloons and one 20 x 106 ft3 
balloon were flown successfully. Payloads ranged from 769 lbs to
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1,954 lbs. Float time at altitude for the successful scientific 
flights varied from 11 to 14.5 hours.

Results:
A scientific balloon program involving balloons and payloads 

of considerable magnitude was organized and executed in South 
America in less than a six-months period. Of the six flights, 
four produced valuable scientific data from a southern hemisphere 
location. A good foundation was established for a South American 
scientific balloon flight station with the presentation by NSF 
through NCAR of one launch truck, two truck tractors, and three 
trailers to the Argentine Space Commission.

Future Plans:
Enthusiasm within the scientific community for a similar 

program in 1971 is already evident. If a cooperative program can 
be worked out with the Argentine Space Commission and a "share the 
cost" plan can be developed among interested experimenters there 
is a possibility that an equal effort will be supported in 1971.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: MOTHER GHOST-CARRIER BALLOON SYSTEM FLIGHT TEST
Objective:

To arrange for and conduct the initial flight test of an ex
perimental superpressure balloon designed to carry a 200-pound 
payload to 30 millibars. Due to the nature of large superpressure 
balloons, it was proposed that preliminary tests be conducted un
der optimum conditions such as those afforded by a large hangar. 
The balloon could be inflated and observed there to determine its 
integrity before committing it to a flight performance test.

Program Conduct:
A survey of existing hangars narrowed the choice down to 

those at Lakehurst, N.J., under control of the U.S. Navy. Ap
proval for use of one of these hangars was obtained from the 
Navy Department. In addition, authorization to conduct balloon 
flight operations at Lakehurst, N.J. was negotiated through the 
FAA Regional Office in New York.

A Balloon Facility team consisting of both Boulder and Pales
tine operations personnel completed the first balloon test on 6 
and 7 July 1970. An aborted launch resulting from a balloon de
sign deficiency made it necessary to reschedule a second test in 
August 1970.

A redesigned balloon was prepared for a second test and suc
cessfully flown on 5 August 1970.

Results:
The main flight objective was achieved since the balloon 

ascended to altitude and floated for 30 hours. Flight instruments 
were recovered near Remington, Indiana on 6 August 1970. Measure
ments of balloon stress as a function of superpressure were not 
possible due to a failure in the ballast release system.

Future Plans:
Long duration tests of this balloon design are planned from 

the Christchurch, New Zealand, GHOST headquarters during December
1970. In addition, a test of the operation of the carrier bal
loon' s payload will be made from NCAR1s Scientific Balloon Flight 
Station at Palestine, Texas early in 1971.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: CREPE PHASE I NASA MANNED SPACECRAFT CENTER, HOUSTON, TEXAS
CREPE, for Cosmic Ray Emulsion Plastic Experiment, is a two- 

phase program calling for balloon flights from both northern and 
southern latitudes in the United States. The main objective of 
this program is to determine by two methods the velocities of 
heavy primary cosmic radiation. Phase I of the experiment is a 
thick detector designed for flights in the north where the total 
flux of primaries is greater. Phase II is a detector designed to 
be flown from southern latitudes where the earth's magnetic field 
filters out many of the low velocity particles. This report will 
describe briefly activities on Phase I of the CREPE program.

Objective:
To purchase suitable balloon vehicles necessary to satisfy 

the flight requirements and to conduct two to three balloon 
flights of the CREPE experiments provided by Dr. Zack Osborne of 
NASA, MSC and his collaborator, Dr. Peter Fowler of the Univer
sity of Bristol, Bristol, England.

The major flight requirements included the exposure of the 
detectors above a minimum height of 38 kilometers for durations of 
40 hours or more.

Program Conduct:
To satisfy the objectives listed above, the NCAR Scientific 

Balloon Facility made arrangements for the necessary balloons and 
selected Winzen Research, Inc. as a subcontractor to carry out 
the balloon operations including electronic support. The Winzen 
launch site was located at the South St. Paul Municipal Airport.

A survey of stratospheric wind history indicated that the 
turnaround period would probably occur during the first two weeks 
in September. Plans were to obtain trajectory forecasts from the 
Palestine Facility and surface weather forecasts from the local 
ESSA office.

Project personnel from the Manned Spacecraft Center, the 
University of Bristol and NCAR arrived at the Winzen plant dur
ing the last week in August 1970 to make the final preparations. 
Two large helium trailers were dispatched from the Jack Kelley 
Co. of Amarillo, Texas to provide the necessary helium. Three 
20 x 10s ft3 balloons were available for the planned flight sched
ule. The schedule agreed on was to 1aunch the MSC detectors first
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then fly two flights of the Bristol detectors.

Trajectory and surface weather forecasts for the evening of 
31 August 1970 were considered acceptable for a sunset launch. 
Inflation began at approximately 1830 CDT along with a final 
checkout of the flight electronics. At approximately one-third 
inflation the balloon was separated from the flight train during 
an attempt to arm the termination device. The inflation was a- 
borted as the balloon rose up through the launch spool until the 
lift equaled the balloon bubble weight. The partly inflated bal
loon was then deflated through the top mounted valves and repacked 
into its crate. No damage was sustained by the scientific gon
dola. As a consequence of this malfunction, it was decided to:
(1) perform a circuit analysis to locate the electronic difficul
ty and (2) send the balloon to the Winzen plant for examination 
and refurbishing.

The electronic problem was isolated to a miswired connector 
in the burst-switch system and corrected by rewiring the connect
or. In addition, other procedures were initiated to prevent fur
ther occurrences of this nature.

While awaiting the return of the refurbished balloon, a 
second 20 x 106 ft3 balloon system was prepared for flight. On 
Thursday afternoon, 3 September 1970, a decision to proceed to 
the launch site was. made although the surface winds were consider
ed marginal for the 1aunch. Launch preparations progressed to a 
complete checkout of electronics before cancelling because of 
high surface winds.

This same exercise was repeated on the following day and 
culminated in a successful 1aunch at 1915 CDT, 4 September 1970.

After a climbout to the east and a float altitude of 130,000 
ft, the MSG balloon system reversed its course and proceeded on a 
generally WNW heading at 30 knots. By Sunday morn ing and after 
30 hours at float, the balloon1s position was dangerously close 
to the Big Horn Mountains which would greatly complicate recovery 
problems. The tracking aircraft decided to terminate the flight 
and in preparation gave the command to release the ballast con
tainer. This command was confirmed by a visual sighting of the 
descending parachute. Impact was near Lame Deer, Wyoming.

Subsequent commands for terminate and valve were unsuccess
ful . Backup safety timers were programmed to terminate at approx
imately 1600 CDT that afternoon, but these also failed to execute. 
After continued attempts to cutdown, the tracking aircraft se
cured in darkness at Butte, Montana, as the balloon moved west
ward. Other procedures were tried up until 0430 CDT Monday morning 
with no success, although a confirmation was made that command 
signals were being received by the balloon system.
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Beginning Sunday evening, 6 September, the balloon system 
was tracked continuously by FAA a,nd ADC radar networks. Positions 
and altitude estimates were phoned into the Winzen plant where the 
progress was charted and maintained on a 24-hour basis. Maximum 
distance westward was estimated at 1000 nautical miles west of 
San Francisco, California. Total time elapsed from 1aunch was 
estimated at 345 hours.

While carefully following the wanderings of the derelict, 
plans to complete a flight for the University of Bristol were 
made. Because of the adversities afflicting the Winzen operations 
thus far, it was agreed that any subsequent flight would be made 
with NCAR flight electronics and tracking aircraft. As soon as 
this was settled an NCAR team and equipment was dispatched in a 
tracking aircraft, arriving at Minneapolis on the 11th of Septem
ber 1970. The following week was spent preparing the Bristol 
gondola and awaiting a flight opportunity.

Essentially this was the situation early Saturday morning,
19 September, when the news of the MSC gondola's impact near 
Pense, Saskatchewan was received. The NCAR aircraft with an MSC 
recovery team was dispatched to the impact site as soon as inter
national clearance could be arranged. As a result, the detectors 
were recovered quickly and were in a laboratory at Berkeley with
in 30 hours after impact.

Poor surface weather prevented further launches although an 
attempt was made to launch the Bristol gondola on the evening of 
25 September 1970. The following day, Dr. Fowler and the NCAR 
representative discussed the merits of waiting several more days 
for a flight opportunity. The surface weather was projected to 
be unacceptable for at least four or five days and the strato
spheric float winds had clearly shifted to west. These factors 
resulted in a decision not to attempt further flights from the 
northern U.S. during the autumn of 1970.

Results:
The scientific value of this one prolonged balloon-borne ex

posure of the MSC detectors has not been fully determined. How
ever, 90% of the total detector area flown survived the unsched
uled impact. A conservative estimate is that it will most certain
ly offer a significant contribution to available knowledge. The 
flight is the longest exposure accomplished in the search for 
heavy primary cosmic radiation and has been judged a qualified 
success.

In terms of the original intention to conduct two to three 
experiments and in light of the various problems encountered in 
the balloon operations, the ballooning aspects of Phase I of CREPE 
must be considered less than satisfactory. In retrospect, it is 
clear that the manufacturer's literature describing the explosive
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bolts was deceptive and that the bolts should have undergone 
qualification tests before being used at high altitudes.

Future Plans:
Phase II of the CREPE program is planned for the spring of

1971. If funding permits, additional flights on Phase I may also 
take place in the spring of 1971.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: SMALL SUPERCONDUCTING MAGNET (SSCM)
Objective:

To provide a test flight to qualify a parachute system, a 
redundant electronic system, and operational capabilities for 
future data flights of the Alvarez group of the University of 
California, Berkeley.

Program Conduct:

NCAR participation in the SSCM project changed from a con
sulting role to an operational role when the decision was made to 
use the NCAR Balloon Flight Station at Palestine. One test flight 
was required to qualify the NCAR parachute system and the elec
tronic system, with special redundancy requirements imposed by the 
experimenter, and to integrate the operational systems of the ex
perimenter and NCAR.

The test flight (536-P) was successfully conducted on 23 
March 1970, three weeks after initiation of NCAR operational par
ticipation in the project. Preparations included building three 
electronic packages containing redundant receiver-decoders and 
environmentally testing each unit separately and in systems, rig
ging and testing the parachute, and writing the operations plan.

Results:

A test flight and two data flights, 567-P and 580-P, were 
flown successfully, meeting all the scientific flight requirements.

Future Plans:
Special Projects support for SSCM terminated with flight 

567-P. Follow-on flights will be conducted through normal opera
tions channels but will utilize the procedures developed specifi
cally for SSCM.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: QUALITY CONTROL SURVEY
Objective:

To review the quality control programs of balloon manufactur
ers for effectiveness and relevance, specifically with respect to 
concern about consistency in specifications of vended items such 
as repair tapes.

Program Conduct:
NASA MSC Quality Assurance Division cooperated in the project 

by providing a Quality Assurance Representative to review the 
quality programs and to visit each balloon manufacturer with a 
Balloon Facility engineer.

Results:
There were no major discrepancies discovered in any of the 

quality programs although they differ widely among manufacturers. 
An economical solution to control of subtle changes in material 
or techniques of tape and raw materials was not discovered. A 
report of the survey was prepared by the NASA QA Representative 
and presented at the October Panel meeting. The MSC QA Division 
Chief offered his resources and cooperation in any further Quality 
Assurance activities of the Balloon Facility.

Future Plans:
The Balloon Facility will review the quality assurance pro

grams of each balloon manufacturer periodically. It will seek 
assistance from the MSC QA Division in organizing tests of certain 
types of balloon system components, e.g., explosive bolts, to as
sure that those components are sufficiently reliable to meet 
requirements.
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NCAR SCIENTIFIC BALLOON FACILITY
PROGRAM SUMMARY

1970

Title: SOUTHERN HEMISPHERE BALLOON FLIGHT SUPPORT
Objective:

To provide support to the scientific balloon experimenters 
who have stated requirements for balloon flights in equatorial 
regions and/or in the southern hemisphere.

Program Conduct:
In the 1969 Annual Report, it was reported that the Scien

tists' Advisory Committee had requested that the Scientific Bal
loon Facility of NCAR act as project manager for a balloon 
expedition in the southern hemisphere during 1971. A proposal 
was prepared and submitted to the National Science Foundation on 
3 February 1970 for special funding for the expedition.

Results:
On 7 December 1970 NCAR was informed by the National Science 

Foundation that a decision had been reached not to fund the expe
dition.

Future Plans:
NCAR will continue to do what it can to meet the needs of 

scientists who require flights in equatorial or southern hemi
sphere regions. No attempt to obtain funds for a major expedi
tion appears likely to be fruitful before FY 1974, but support 
for occasional flights in those regions can be provided.


