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Test Suggests Cause of 
Accidental Squib Firings

Failures of balloon flights because of premature squib 
firings—the recent separation of a fully-inflated Project 
Stargazer balloon from its payload just at the time of 
launch being a prime example—have brought about a 
re-examination of methods of protecting squibs against 
accidental firing by electrostatic discharge.

The problem is especially troublesome in the case of 
Mylar-scrim balloons, the material most useful in very 
heavy-load flights. This material generates exceedingly 
high electrostatic fields under conditions of low hu
midity. Ground measurements made on a recent Mylar- 
scrim balloon launch at Holloman Air Force Base, N. M. 
showed fields in excess of 1,000 volts per meter near 
the balloon.

Even in the presence of such fields, however, it is 
difficult to see how a 10-ohm squib with twisted pair 
leads (see illustration) can develop a differential volt
age across the leads such as to force the necessary 350- 
milliamp current through the squib thermal element. 
It can be concluded, therefore, that electrostatic 
charges do not activate these squibs in the normal 
manner. The squibs, whose most frequent use is to 
separate balloon from payload and allow the payload 
to descend by parachute without becoming entangled 
with the collapsing balloon bag, must have been pre
maturely exploded in some other way.

W hen a squib is fired by signal, an electric current 
is fed through a high-resistance wire embedded in an 
explosive charge. The resistance, of course, generates 
heat to ignite the explosive. It is possible, however, 
that in some of the accidental firings, the thermal ele
ment is bypassed; the discharge occurs through the 
powder charge itself, from the casing to one or both of

TYPICAL SQUIB IN CROSS SECTION
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the heating element terminals. Since the 
headers that support the heating element 
are mounted in an insulating bushing, and 
the leads are also insulated from the brass 
squib casing, the discharge path through 
the explosive seems the only alternative.
TEST BYPASSES HEAT ELEMENT

To test this theory, Robert Frykman, of 
the National Scientific Balloon Flight 
Facility at NCAR, connected a Dupont 
squib—typical of those used on balloons— 
to a high voltage power supply. Its leads 
were twisted together, one high voltage 
lead going to the twisted wires and the 
other to the brass squib case. Starting at 
zero voltage, Frykman slowly increased the 
voltage; at 5,000 volts the squib exploded.

The circuit for the test is shown in the 
diagram below. The maximum current 
passing through the squib was 100 milli- 
amperes and the time constant for the dis
charge was 250 microseconds. Total energy 
available was 60 x 10"3 watt-seeonds. This 
energy, although insufficient to fire the 
squib through the thermal element, was 
obviously enough to fire the squib by a 
direct arc from the case to the heating 
element.
ADD IT IO N AL PROTECTION SUGGESTED

Squibs used on balloons are normally 
protected from radio frequency signals and 
from unintended electrical signals by the 
use of radio frequency filters and by short 
circuiting the leads through a normally 
closed relay. But neither method will pro
tect a squib from the type of static arc

r

(

The squib used in the test is shown here, 
after it had. exploded. The fine-wire heat
ing element remained intact. 
from case to heating element found in the 
NCAR tests.

Two methods of preventing such static 
arcing suggest themselves; either of them / 
can be accomplished by modifying off-the- 
shelf squibs. One squib lead might be 
connected to the outer casing, which would 
ground the heating element. Alternatively, 
a ground lead might be run from the squib 
cannon body down to the squib firing con
trol instrument.

T E ST  C IRCU ITRY



THE FLIGHT RECORD

Date Location Sponsor Investigator

Balloon
specifications

Flight (polyethylene Float Flight Payload
operation unless specified; altitude duration weight 

conducted by vol. in cu. ft.) (feet) (hours) (pounds) Experiment

7 May New Brighton, AEC R. Olson 
Minn.

General 1 mil 100,000
Mills 1.7 million

496 Air sampling flight

11 May New Brighton, NASA W. Green 
Minn.

General 2 mil 87,000 5% 821 Microbiological
Mills 960,000 sampling flight

16 May New Brighton, AFCRL P. Drevinsky General 1.5 mil
Minn. (AFCRL) Mills 2 million

97,250 1183 Micro-particle 
sampling flight

15 and Fort Churchill, ONR F. McDonald 
24 June Manitoba, NASA D. Guss 

Canada T. Cline
( Goddard Space 
Flight Center)

Raven .75 mil 132,500 14 515 Counters and
9 million emulsions

19 June Fort Churchill, ONR B. Stiller 
Manitoba, NRL (NRL) 
Canada

Raven .50 mil 
6 million

140,000 10 222 Nuclear 
emulsions

26 June Sioux Falls, U. of F. Bartman Raven
S. D. Michi- (U. of Michigan)

gan

.75 mil 114,000
2.65 million

13 700 Data comparison
equipment

Special
Features

5 flights

27 June Fort Churchill, U. of R. Vogt Raven .75 mil 121,000 14 365 Counters
Manitoba, Chicago (U. of Chicago) 3 million
Canada



UPCOMING FLIGHTS Balloon
specifications
(polyethylene 

unless specified;
Date Location Sponsor Investigator vol. in cu. ft.)

Aug. Palestine, Tex. AEC G. Frye 
( Case Inst.)

.75 mil 
9 million

Aug. Palestine, Tex. NSF S. Korff 
(NYU)

.75 mil 
1.5 million

Aug. Palestine, Tex. NASA G. Graham 
(NASA)

.75 mil 
3 million

Aug. Palestine, Tex. NSF M. Kaplon
(U. of Rochester)

.75 mil 
6 million

Aug. Palestine, Tex. ONR G. Newkirk 
( High Altitude 

Observatory)

1.5 mil 
2.94 million

Aug. Palestine, Tex. E. Pybus 
( Aberdeen 
Proving Ground)

.75 mil 
450,000

Aug. Palestine, Tex. AEC S. Cravitt 
( Del Electronics)

.75 mil 
9 million

Aug. Fort Churchill, NASA 
Manitoba,
Canada

K. McCracken 
( Graduate 
Research Center 
of the S.W .)

.75 mil
1 million

Aug. Fort Churchill, U. of 
Manitoba Minn.

J. Winckler 
(U. of Minn.)

.75 mil 
1.5 million

Aug. Sioux Falls, 
S. D.

NOTS A. Krueger 
(NOTS)

.50 mil 
3.5 million

Aug.-
Sept.

Flin Flon, 
Manitoba

ONR K. Anderson 
( U. of Cal.)

.75 mil 
800,000

Aug.-
Sept.

Palestine, Tex. NASA A. Barrett 
(M IT)

.75 mil 
1 million

Aug.-
Oct.

Palestine, Tex. NSF Z. Sekera 
(UCLA)

1.5 mil 
250,000

Aug.-Oct.Palestine, Tex. ONR G. Newkirk
(HAO)

1 mil 
3 million

Aug.-
Nov.

New Brighton, AFCRL 
^Minn.

P. Dervinsky 
(AFCRL)

1.5 mil 
2 pillion



Float
altitude

(feet)

Flight
duration
(hours)

Payload
weight
(pounds) Experiment Special Features

135,000 8 150 Crab nebula 2 flights

120,000 8 80 Neutron study 2 flights

120,000 8 300 Stabilization
experiment

120,000 12 200 Gamma radiation 
experiment

100,000 8-10 1,500 Test flight for 
Coronascope II

Piggyback packages 
accepted. Contact Jol 
Sparkman, NCAR

100,000 3 75 Infra-red hygro
meter test

2 flights

135,000 8 200 Sampling device

110,000 12 150 Unknown

120,000 14 250 Unknown 2 flights

140,000 3 100 Ozone
distribution

110,000 35 150 Electron precipita
tion in auroral zone

110,000 8 100 Radiometer 2 flights

70,000 4 300 Atmospheric
scattering

3 flights

100,000 10 1,500 Solar corona 
studies

4 flights

97,000 4 1,180 Micro-particle
sampling
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UPCOMING FLIGHTS (Continued)

Aug.- New Brighton, NASA W. Green 2 mil
Nov, Minn. 960,000

Sept. New Brighton, ONR K. Anderson .5 mil
Minn. (U. of Calif.) 1 million

Sept. Palestine, Tex. NASA C. Hemenway .75 mil
( Dudley Obs.) 250,000

87,000

120,000

100,000

Nov. Palestine, Tex. NSF
ONR
NASA

M. Schwarzschild 
(Princeton U.)

Dec. Palestine, Tex. NASA T. Parnell 
(U. of N.C.)

Launch balloon: 80,000 
0.5 mil, 300,000;

Main balloon:
0.35 mil,

5.25 million.
Schjeldahl GT-12,
Dacron scrim and 

Mylar laminate

.75 mil 
3 million

123,000



5% 821

4 90

8 20

12 11,000

36 60

Microbiological
sampling

Electron precipita
tion

Micro-meteorite
collector

Infra-red
observations

Cosmic ray studies

First of series; 11-lb. 
top-mounted payload.
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O NR Reefing Method 
Reduces 'Sailing1 Effect

Potential use of high-altitude tethered 
balloons for atmospheric sampling and 
other experiments has required research 
into ways to prevent balloon “sailing,” with 
its adverse effects on the control and in
tegrity of the system. The information in 
the following article was prepared by Ben 

2 Cagle, aeronautical engineer, Office of 
.a Naval Research, in charge of an ONR pro

gram to develop high-altitude tethered 
balloon systems.

When ascending to float altitude, a high- 
altitude balloon undulates and wind-fills 
like an unfurled spinnaker sail, the lifting 
gas in the crown of the balloon controlling 
only a small portion of the total envelope.

For a balloon floating on a tether at 
50,000 feet or more, the stresses when it 
rises directly over the launch site are for
midable. Let it “sail” a considerable hori
zontal distance and the problems increase 
several fold.

By adopting the device of a simple 
reefing sleeve to clutch together the unfilled 
portion of the balloon, however, experi
menters of the Office of Naval Research 
have appreciably reduced the sailing effect.
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REEFING METHOD DESCRIBED

The method developed by the ONR 
group is to re-fold in accordion pleats the 
section of the balloon between load ring 
and fill tubes, keeping the load tapes on 
the outside of the folded column. A mod
erately loose polyethylene sleeve is then 
slipped over the gathered folds, to reef, or 
clutch them. Ordinary fill tubes have 
proved to be satisfactory for the purpose. 
Extreme care in folding is unnecessary; the 
ONR group folded and clutched a 75-foot 
diameter balloon in less than an hour.

When filled with a normal complement 
of gas, the crown of a clutched balloon at 
ground level has an approximately spherical 
shape. As the crown expands during ascent,
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the sleeve rolls and slips down the gathered 
portion of the balloon, allowing the filled 
portion of the balloon to expand.
TESTS PROVE SUCCESSFUL

ONR has tested the clutch device in 
several ways. Balloons up to 75 feet in 
diameter were inflated with lifting gas to 
the normal lift point and then expanded 
with air in order to observe the action of 
the clutch. Tethered balloons of 18- and 
23-foot diameters were flown to determine 
aerodynamic characteristics and initial 
clutch action in flight.

In all cases, the clutch slipped and rolled 
smoothly, keeping the expanded portion of 
the balloon approximately spherical. In 
tethered tests at a few thousand feet alti
tude, measured tension on the tether was 
less for the clutched balloons than for un
clutched balloons under the same wind 
conditions.
SIMULATED TETHERED FLIGHTS

A full-fledged comparison of the per
formance of pairs of identical 18-foot bal
loons (one clutched and the other not 
clutched) was then made at the Pacific 
Missile Range at Point Mugu, California. 
Since the long tethering lines had not yet 
been manufactured, the balloons were free- 
flown to about 50,000 feet, with lines and 
weights simulating the effect of the lines.

Range radars tracked the pairs, and bore- 
sight cameras were used to observe the 
balloons until they burst. The unclutched 
balloons undulated and “sailed” in the usual 
fashion; the clutched balloons undulated 
only slightly. Clutch action was similar to 
that in the previous tests, the clutch drop
ping onto the load line when the balloon 
had expanded to approximately two-thirds 
design shape. There were no harmful ef
fects from the action.

The clutched balloons showed a 10 per 
cent faster rise rate than the unclutched 
balloons, and the effects of aerodynamic 
drag in winds aloft appeared to have been 
reduced by the clutching.

Developmental work is continuing, with 
the objective of floating tethered balloons 
during the summer months at altitudes of 
up to 75,000 feet.

GOAL: LONG-TERM STABILITY

Design Criteria for 
Year-Long Balloon 

Flight Outlined

The potential of the superpressure bal
loon for long-duration flights to obtain 
global measurements of the atmospheric 
circulation has been widely discussed for 
almost a decade. But actual achievement 
of such extended flights has come only 
recently. The design of the balloons has 
been influenced mainly by the materials 
available and by current levels of elec
tronic know-how, and too little by meteor
ological objectives.

This article discusses the design require
ments for a superpressure balloon based on 
what may be considered a sound meteoro
logical need: measurements at “100 milli
bars” by a payload weighing 800 grams at 
a constant density-altitude varying by not 
more than 60 meters on a flight to last one 
year. The 60-meter density-altitude limit 
meets the stability requirements of a global 
horizontal sounding (GHOST) system. 
Such meteorologically useful superpressure 
balloons are now well within reach of the 
current state of the art.

The “100-millibar” level has been chosen 
for analysis because NCAR plans extensive 
tests at this level during the coming year as 
an input to the analysis and design of the 
proposed GHOST system. Similar analyses 
can be made for other suggested pressure 
levels: 30, 250, 500, and 700 millibars.

CONSTANT DENSITY FLIGHT

A “perfect” superpressure balloon, in 
which there is no change in volume or mass, 
floats at a constant density-altitude. An 
equally valid streamline “map” can be made 
on a constant density surface as on a con
stant pressure or altitude surface.

A “100-millibar” balloon will fly at a 
density of 0.161 kg/m3 (average sea level
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density is 1.1 kg/m3). Temperatures and 
pressures will vary over the globe: from 
—45°C. and 108 mb in an arctic air mass 
to—75°C. and 92 mb in a tropical air mass, 
with pressures seldom varying by more 
than one or two millibars over a two- or 
three-hour period. Altitude will vary from 
15.6 to 16.5 kilometers (approximately
51,000 to 54,000 feet).

To make a valid analysis on a constant 
density basis, and to compute pressure 
from telemetered temperature data, how
ever, it is important to set narrow limits of 
density-altitude within which the balloon 
will fly. For this analysis, the density varia
tion limit has been set at 1.0 per cent, 
which would introduce an error of 1.0 mb in 
the computation of pressure—considerably 
less than the error in most aneroid devices 
—and which is equivalent to ±  60 meters 
in density-altitude.
FACTORS AFFECTING DENSITY-ALTITUDE

Only two factors can vary the float den- 
sity-altitude of a superpressure balloon: 
change in balloon volume and loss of mass. 
Even a strong vertical current of 0.1 meters 
per second, for example, will change float 
altitude by less than 3 meters.

Mass loss is caused by diffusion of the 
helium lifting gas through the plastic 
balloon film throughout the life of the bal
loon. At some point, enough gas is lost for 
nocturnal cooling to cause the balloon to 
lose all overpressure and to descend to the 
ground. Until then, mass loss causes the 
balloon to rise to a lighter density than the 
initial density. For a balloon with 10% 
excess helium, the loss in mass can be com
puted as
Loss in mass Mass of helium
--------------------------- — ; 0.10 x' --------------------- ---------------------------
System mass Mass of displaced air

4
0.10 x

28.9
=  .014, or 1.4%.

This 1.435 mass loss will cause the balloon 
to float at a density 1.4% lighter than initial 
density.

The film used in superpressure balloons 
has a high modulus of elasticity, so as to

prevent expansion that would cause the 
balloon to ascend, and at some limit, burst.

However, it is possible to eliminate long
term variation in floating density-altitude 
by designing a balloon with just enough 
elasticity to produce a long-term reduction 
in volume that exactly balances the mass 
loss due to gas leakage.
DESIGN FOR LONG-TERM STABILITY

The 1.4% long-term change in the density- 
altitude, mentioned above, can be elimi
nated with a 1.4% decrease in balloon vol
ume. The change in length of a gore sec
tion, A 1, will be 1/3 of 1.4% (.0047). The 
stress, cr, on the balloon film due to over
pressure, Ap, may be expressed using the 
formula for sphere tension,

'  =  Ii r -  (1)
where t is the thickness of the balloon film. 
For convenient use with mixed units, this 
expression may be converted as follows:

87r ( feet) A p (millibars)
" <psi) = ------------ r ^ i S ) ----------- -(la )
The modulus of elasticity, E, is defined

as
stress

A 1/1 strain 
Substituting (2) in (1 ), and using Al/1 
as .0047,

rAp/t =  5.4 x 10"5E. (3)
Since Ap is 10% of the pressure, the total 
pressure change due to loss of helium will 
be 10 mb. The design equation to eliminate 
long-term variation in density-altitude is 
thus

r/t =  5.4 x 10 6E. (4)

DIURNAL STABILITY

Diurnal temperature variation will pro
duce variation in the amount of over
pressure on the balloon film, since the over
pressure, Ap, is produced by the fractional 
excess of helium gas, F, and the difference 
between the temperature of the gas and 
that of the outside air. The equation is

Ap AT
— F  -)- — - • 5)

p T
At “100 millibars,” a superpressure bal

loon will be up to 10°C. warmer than the
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ambient temperature at night and may ac
quire an additional 15°C. of superheat 
during the day. This corresponds to a 
superheat variation of as much as 12%, 
which, for a balloon with a 10% helium 
excess, results in a maximum of 22% over
pressure on the balloon film.

The computation for change in volume 
due to a variation in amount of superheat 
is the same as that for volume change re
sulting from gas loss. If we assume the 
same ratio of radius to thickness as in (4), 
5.4 x 10'6E, then the maximum diurnal 
variation in density for 12% superheat will 
be 1.2 times the volume change computed 
for 10% excess helium, or 1.7%. This is the 
total excursion in density, and corresponds 
to a density-altitude change of 100 meters, 
or a maximum deviation of 50 meters from 
a mean value.
BALLOON SPECIFICATIONS

The final variable to be considered in the 
superpressure balloon design is that of the 
balloon material. The balloon will float at 
a density-altitude at which lift is balanced 
by balloon mass plus payload. At the “100- 
millibar” density of 0.161 kg/m3, the lift of 
a helium-filled balloon is 0.139 kg/m3 (8.6 
x 10-3 lb/ft3).

Assuming an 800-gram payload (1.76 
pounds), the equation for equilibrium in 
practical engineering units is (4 /3 ttv3) x 
(8.6 x 10‘3) =  4-77T2 x p* x t +  1-76, (6)

where p* is the average density of bi
laminated film, including tapes and fittings. (  
Substituting (4) in (6 ), we obtain 

2 ,34 x 106
r3 (3 .6 xlO-2- — -- -----x p*) =  1.76. (7)

E
For small balloons, p* is 0.0090 lb/ft2 per 
mil for Mylar and 0.0070 lb/ft2 per mil for 
biaxially oriented polypropylene. At the 
cold temperatures of float altitude, E is the 
same for both materials: 8.0 x 105 psi. The 
design solution for the two materials can 
be computed by using these values in 
equation (7 ). Resulting specifications are 
given in the table below.

These are conservatively designed bal
loons which will maintain long-term sta
bility at a constant density-altitude, carrying 
an 800-gram payload. Eliminating or mini
mizing seals and tapes will permit use of a ( 
smaller balloon with the same character
istics.

A reading of the table indicates that poly
propylene is the better material due to its 
lower density. However, polypropylene 
balloons have not yet been adequately 
tested, and the diffusion of helium through 
the film is much higher than for Mylar, 
through which diffusion is literally negligi- ( 
ble. It appears only necessary to test a 
Mylar balloon carefully for leaks and pin
holes, and to repair any that are found, to 
ensure flight duration in excess of one year.

Design Specifications, " 100-Millibar" Balloon

Balloon E p* Radius Diameter t Mass
film (psi) (lb/ft/'mb) (ft) (meters) (mils) (lb) (kg)

Polypropylene 8.0 x 105 .0070 5.0 3.04 1.15 2.54 1.15
Mylar 8.0 x 105 .0090 6.0 3.66 1.40 5.70 2.60


