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Scientific Bcilloon Facility 

Thomas W. Bi I horn 
Notional Center for Atmospheric Research 

Boulder, Colorado 

Abstract 

F light h istory of NCAR-conducted flights are presented. Correl ation of bal
loon vehicle performance versus size, material gauge and manufacture , free lift , 
gross l oad, ground conditions, etc . , are presented. In addition, a thesis is 
presented which states that ascent fa ilures best correlate with l ow temperatures 
and amount of excess material at the base of the balloon bubbl e . 

Anal yzed in this paper is the performance of balloons procured by NCAR for 

scientific fl i ghts and which, to the best of ou r know l edge, were l a unched under 

"normal" conditions . The balloons procured for scientifi c fl i gh t programs are 

standard in des ign and material s . T h ey inc lude taped and tapel ess balloons, and 

fittings a n d appendages are of convention a l, industry-practice des ign. Experi

mental balloon s eval uated under NCAR ' s R & D program are n ot included in the 

analysis . For exampl e, the Raven SVT des ign balloons flown by NCAR are not in

cluded in t his fligh t analysis . Balloons constructed of other th a n unsupported 

pol yethyl ene are not included. 



60 

A "normal" l aunch condition is not precise and it i s , therefore, not unlikely 

that some undetected l aunch circumstances affected l ater performance. In general, 

"normal" includes launches with wind conditions of 10 knots or less, with launch 

within one half hour after completion of infla tion, and gross lift and payload weight 

within manufacturer's recommendations . E quipment used in balloon handling was 

routine in design and usage and ground temperatures were within +25°F and +105°F. 

T h e analysis is of balloon performance a l one . E l ectronic or other types of 

malfunctions are not included in the record. F lights include those conducted by 

NCAR or under NCAR management and include l aunches from Palestine, Texas; 

Page, Arizona; the Panama Canal Zone; India; and Minnesota. 

T h e fl ights were first class ified according to the type of polyethylene resin 

that th e balloon was made of. Figure 1 s hows the flight performance by balloon 

volume for balloons constructed from Visqueen DFD 5500 film. The decrease in 

flight success with increasing balloon size is remarkabl y invariant. In the 1. 5 to 

3. 0 million cubic foot group, most of the balloons were either 2. 94 million cubic 

foot, taped balloons or 3. 0 million cubic foot, tapeless balloons - both of which 

were widely used. 

F igure 2 shows the same performance plot as F igu re 1, except that the film 

used was either Winzen "StratoFilm" or Vi squeen X124. In the first group, the 

success rate of 89 percent for 9 flights , compared to the old film record of 85 per

cent success for 54 flights, is not statistically significant. However, the second 
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Figure 1. NCAR DFD 5500 Resin Performance - To August 1965 
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Figure 2 . NCAR "StratoFilm"and X124 Resin - To August 1965 

and even the third s ize groups are of considerable interest. With a reasonabl e 

sample (36 ), flight success i s approximat e ly 80 percent, compared to the record 

of 60 percent for the older films. In addition, 16 of the flights of these two groups 

were flown in India where tropopaus e t emperatures were colder than those usually 

experienced within the continental United States. 

As a result of our first years ' experience with large balloons , we urged 

scientists to be conservative in their a ltitude requirements . As a result, at the 

time of this anal ys is , we have no expe rie nce with balloons l arge r than 5 . 25 m illion 

cubic feet constructed of the n ew film s . R & D tests of l arge balloons have been 

made , but the designs were significantly different from standard. 

Figure 3 shows a comparison of flight s uccess and film gauge . So that a 

reasonabl e sample coul d be cons i dered , no division into old and new film was 

made. It i s inte r esting to note the consistency of performance regardless of 

gauge , except in the 0. 6 to 0. 8 m il range. 

An important consideration in reviewing these data is the rel ationship of 

gauge to balloon volume. Cons idering that l arger balloons are generally built of 

thinner gauge mat6rial, it i s not s urp r i s ing to see a decrease in flight performance 

with decreas ing gauge at the approximately 0. 75 m il level. It i s surprising indeed 

to see that 0. 55 m il film has nearly the same success as heavi e r gauges. It was 

noted in a study of quality control records that 0. 55 mil film i s more consistent in 

quality and has s lightly higher tensile s trength than heavier gauges . 



62 

100 -

Cf) 
75 

Cf) 

w 
u 
u 
:) 
Cf) 50 
t-
z 
w 
u 
0:: 
w 

25 a.. 

0 

IOOK 

SOK 

w 
0 
:) 

t- 60K 
t-
_j 
<( 

40K 

20K 

FLIGHTS OF· "STANDARD DESIGN" 
NORMAL LAUNCH CONDITIONS 

• 

16 
DESIGN LOAD, ETC . 

18 
FLIGHTS FLIGHTS 

r-- 92 ~ 

~ 

78 FLIGHTS 81 7 9 
o/o ~ % % 

69 
% 

0.5-0.55 MIL 0 .6-0.8MIL 1.0 MIL 1.5 MIL 

MATERIAL GAUGE 

Figure 3. NCAR Polyethylene Material Gauge 
Performance - To Augu st 1965 

• 

• 

• • • • • • • •• 
I •• • • • • • • 

2 9 
FLIGHTS 

• 
• 

58K 120K IM 
FT 3 FT 3 FT 3 

2M 
FT 3 

2.94M 3M 6M 
FT 3 FT3 FT 3 

7.IM 
FT 3 

8.~M 
FT 3 

BALLOON SIZE 

Figure 4. NCAR Ascent Failures - Altitude Versus 
Balloon Size - To Augus t 1965 

• • 
• 
• 

9M IOM 
FT 3 FT 3 



63 

Most of NCAR 's balloon failures occurred during ascent . Figure 4 shows a 

plot of fa ilure altitude versus balloon s iz e . Ninetypercent of all failur es after launch 

occurred within 33 ,000 and 58,000 feet altitude. No correl at ion is seen between 

balloon size and the altitude of fa ilure . Few balloons failed at high altitudes 

during ascent, and even fewer broke at float altitude . The principal failure zone 

is obviousl y the zone of minimum temperature. Though not shown h ere , our 

results have s hown no correlation of fa:i,lure with rate of ascent. 

In summary, our historical analysis points to a fa ilure mechanism that occurs 

when the balloon is only a few (3 to 7) percent inflated. A spec ific percentage of 

inflation seems less important than the occurrence of low temperatures. Heavy 

film gauges app ear to offer no improvement to flight success - even considering 

manufacturing and l aunch handleability. Indeed , the thinnest available gauge -

0. 55 mil - seems to be the best performer. The failure mechanism works more 

severely on l arger balloons, or el se the greater statistical chance of imperfections 

on larger balloons expl ains their degraded performance. However, since the 

altitude of fa ilure i s within a narrow zone, regardless of balloon size, it seems 

unlikely that s tatistical imperfections explain the reliability decrease. Analysis 

of the 0. 55 mil film quality control records and the quality control records of 

other gauges for a period of several years indicate an extreme performance 

sensitivity to mate rial quality. 


