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ABSTRACT 

A cheoretical study of currently used polyethylene film balloon types 

was made to evaluate their possible use for Project Strato-Lab. The study 

showed that the use of any of the general class of polyethylene cylinder 

balloons for gross loads exceeding 2^000 lb is not completely satisfactory 

due to the presence of high film stresses in upper areas of the cell. The 

use of Mylar as a balloon barrier film extends the load capabilities of 

cylinder-type balloon,.,, but its use in this application is dependent on the 

development of refined fabrication techniques. A tape-reinforced balloon, 

investigated in the course of this study as a possible heavy load vehicle, 

is discussed. 

The scientific value of the Strato-Lab System hinged on the provision 

of an environment which did not impede the normal functions of the gondola 

occupants. Accordingly, a pressurized gondola was chosen to provide an 

artificial atmosphere. A desiccant system utilizing LiCl and LiOH was de- 

veloped to provide a partial pressure of carbon dioxide not exceeding 6 mm 

of Hg and a relative humidity not exceeding 50 per cent at a temperature of 

50°?. An oxygen supply and gondola pressure maintenance system was designed, 

to maintain a minimum pressure of 38O ram of Hg and a minimum oxygen partial 

pressure of 110 mm of Hg. The operating char'^teristics of this atmospheric 

maintenance system were evaluated by a series of five chamber tests. 

The gondola was equipped with instrumentation to indicate and/or record 

such flight data as altitude, gondola pressure^ oxygen and carbon dioxide 

partial pressure and the vertical speed of the balloon. Included also was 

a specially designed multi-channel communications link capable of receiving 

on 6.7OO5, 6.425, 122.8 and 121.5 megacyclefi and of voice transmispions on 

1.724, 1.742, 122.8 and 121 5 megacycles- 

11 
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To detune the cha^terlstlo vertloa! dyn^ics of the Strato-I.h 

m** in the atretoephere, two ^o-controUed heUcon fl^ts were coh- 

4uoted.    ^ta ohtalned fr- these flights do not agree with the theoretical 

prediction of the variance of descent speed with the fractional heaviness of 

the system. 

A cargo type parachute, utilized as an alternate .ode of descent, was 

„leaaed at an altit^e of 36,5<« ft loaded with an equivalent go^ola »ass. 

TKe resultant deceleration of this «ss was recorded graphically and indicated, 

B8 did data fr« other experiments at different altitudes, that the peak 

A*A 7 c a-a and that this force was apparently in- deceleration never exceeded 3.5 g s ana Lnat u 

dependent of altitude. 

^e emanating effort of this develc^nt was a personnel flight to a 

»*«. altitude of 76,000 ft.   *e flight was prematurely te^inated hy a 

malfunctioning balloon valve. 

111 

/ 

\ 



TABLE OF CONTENTS 

INTRODUCTION 

STRATO-LAB SYSTM CONCEPT 

STRATO-LAB SYSTSl COMPONENTS 

Balloon 

The 128TT Balloon 

New Pilloon Designs 

A Method of Reinforcement 

Mylar Balloons 

Selection and Modification of the 128TT Balloon 

Balloon Construction ana Subsequent Inflation Tests 

Balloon Gas Valve 

Parachute 

Gondola 

Atmospheric Requirements 

Aeroembolism 

Summary 

Description of the Atmospheric Maintenance System 

Pressure 

Oxygen Supply 

Measurement and Recording of Oxygen Level 

Carbon Dioxide Removal System 

Measurement and Recording of Carbon Dioxide Level 

Water Vapor Removal System 

Test of the Atmospheric Maintenance System 

Preliminary Chamber Tett 

IV 

Page 

1 

2 

k 

k 

k 

16 

21 

29 

32 

3^ 

37 

^7 

53 

53 

61 

61 

63 

63 

65 

72 

76 

78 

81 

83 

87 



TABLE OF CONTENTS (CONT.) 
Page 

Sea Level Test 88 

Final Chamber Tests 93 

Gondola Electrical Systems 110 

Power Sources 110 

Control Panels 112 

Climate Controls Ilk 

Balloon Valve System 115 

j Ballast Valve System 118 

Data Panel 120 

Camera and Flash Tube 120 

Thermistor System 121 

Flight Termination System 121 

Communications Systems 125 

Intercom System 125 

VHF Unit 126 

LF-HF Unit 129 
■ 

Recommendations for Future Electrical and Communications  131 
I Systems 

v 

FLIGHT SIMULATION 1^2 

Radio Control Flights 1^2 

/             Parachute Test Flight 1^8 

"Programmer" Flights lk8 

FIRST STRATO-LAB PERSONNEL FLIGHT 153 

Strato-Bowl, Rapid City, South Dakota                   153 

Pre-flight Preparations 155 



' 

TABLE OF CONTENTS (CONT.) 
Page 

Launching of the Strato-Lah Flight 155 

Strato-Lab Flight Data 159 

REFERENCES 1^5 

ACKNOWLEDGEMENTS 1^ 

APPENDIX 

vl 



LIST OF ILLUSTRATIONS 
Figure Page 

1 Launching of Project Stratolab Personnel Flight, II/8/56   5 

2 Natural Shape Balloon Profile 8 

3 Calculated Stress Distribution for 128TT Balloon for Two       10 
Gross Loads 

k Ifeximum Film Stress for 128Tr While in a Vertical       12 
Position at Sea Level as a Function of Gross Lift 

5 Film Stress as a Function of Relative Pressure at       13 
Balloon's Base 

6 Platform Bubble Gore Length 15 

7 Relative Stress in Polyethylene Cylinder Balloons       1? 

8 Pictorial Indicating the Tendency of Tapes to Separate    19 
from Balloon Wall at Low Relative Volumes 

9 Calculated Film Stress in Two Natural Shaped Polyethylene  20 
Balloons Without Excess Material or Reinforcing Members 

10 Plot of a Derived Curve Compated to a Parabola & Catenary  26 

1: 

11 Method for Utilization of Reinforcing Technique in       2? 
Upper Section of Balloon 

12 Fraction of Ultimate Strength Obtainable from a Plastic   33 
Sheet Which Has a Section of Width, W, Shortened by a 
Factor 

13 Modified Top Fitting Installed in 128TT Balloon Prior to  35 
Hest Inflation 

lh Orientation of Modified Top Fitting During the Low Stages  36 
of Balloon Inflation 

15 128TT Balloon Inflated to Relative Volume of Approximately 38 
0.3 

16 128Tr Balloon Just Prior to Burst 39 

' 

17    Fail Safe Helium Valve 1+1 

20 

* 

18 Model EV-13 Electric Valve ^ 

19 Model Orifice Used to Determine Discharge Coefficients -+3 

Lift Gross Curve for 128TT Balloon with EV-13 Valve-              1*6 
Balloon Wt. 555 lbs. 

vll 

1 



^ 1 

60 

& 

66 

30 

31 

LIST OF ILLUSTRATIONS (CONT.) 
Figure ^ 

21 Lift Gross Curve for 128TT Balloon With EV-13 Valve-     ^9 
Balloon Wt. 555 Lbs. 

22 Descent Rate in Thousands of Feet per Minute 51 

23 Approximate Free Fall Characteristics of Strato-Lah      52 
Gondola 

2k Required Oxygen Partial Pressure in Alevolar Air         55 

25 Oxygen Required Expressed as a Percent of the Inspired Air 57 

26 Heat Loss by Radiation and Convection for Average Man 59 

27 Evaporative Heat Loss for Average Man 

28 Pictorial Drawing of Controller Valve 

29 Controller and Toggle Valves 

Pictorial Diagram of Pressurization-Oxygen System       6? 

Boiling of Oxygen from Open Mouthed Dewar 69 

32    Complete Oxygen Pressurization Supply with Controlling    71 
and Monitoring Equipment 

| 33    Pictorial of Recording Oximeter 

3^    Automatic Monitoring and Recording Oxymeter 

35 Trays Containing LiOH (Left) and Sponges Carrying       77 
LiCl (Right) 

36 Pictorial of Desiccant Container 79 

37 Absorption of CO2 by LiOH 

38 Themco C02 Analyzer Calibrations for Three Ambient 
Pressures 

39 Mass of HpO Absorbed per Unit Mass of Absorbent Per 
Unit Time at 50^ Relative Humidity and 70-7^ 

hO Comparison of Two Similar HgO Removing Systems 

lH LiCl Absorption of ^0 75^ Relative Humidity l80C 

k2 Chamber Flight Test, Inyokern, California, 29 June 1956   89 

U3 Chamber Flight Test, Inyokern. California, 29 June 1956   90 

vill 

7^ 

75 

80 

82 

8^ 

85 

86 

1 



LIST OF ILLUSTRATIONS (CONT.) 
*tS£. 

22 

23 

Figure 
21 "  Lift Gross Curve for 128TT Balloon With EV-13 Valve-     ^9 

Balloon Wt. 555 Lbs. 

Descent Rate in Thousands of Feet per Minute 51 

Approximate Free Fall Characteristics of Strato-Lab      52 

Gondola 

2k Required Oxygen Partial Pressure in Alevolar Air        55 

25 Oxygen Required Expressed as a Percent of the Inspired Air 57 

26 Heat Loss by Radiation and Convection for Average Man     59 

27 Evaporative Heat Loss for Average Man 

28 Pictorial Drawing of Controller Valve 

60 

66 29 Controller and Toggle Valves 

30 Pictorial Diagram of Pressurization-Oxygen System       6? 

31 Boiling of Oxygen from Open Mouthed Dewar 69 

32 Complete Oxygen Pressurization Supply with Controlling    71 
and Monitoring Equipment 

fk 
33 Pictorial of Recording Oxlmeter 

75 31*    Automatic Monitoring and Recording Oxymeter " 

35 Trays Containing LiOH (Left) and Sponges Carrying       77 
LiCl (Right) 

36 Pictorial of Desiccant Container 79 

80 

82 

81* 

37 Absorption of C02 by LIOH 

38 Thermco CO2 Analyzer Calibrations for Three Ambient 
Pressures 

39 Ifess of H2O Absorbed per Unit Mass of Absorbent Per 
f Unit Time at 50^ Relative Humidity and 70-7^ 

1*0 Comparison of Two Similar H2O Removing Systems 85 

lH LiCl Absorption of ^0 75^ Relative Humidity l80C        86 

li2 Chamber Flight Test. Inyokern, California, 29 June 1956   89 

1+3 Chamber Flight Test, Inyokern, California, 29 June 1956   90 

viil 



u 
•>* 

* 

Figure 

kk 

hi 

kG 

1+7 

US 

k9 

50 

51 

52 

53 

5^ 

55 

56 

57 

58 

59 

60 

61 

6? 

LIST OP niABTEATIONS (COHT.) 

0] 

65 

66 

67 

Sea Level Test 11 Oct. 1956 

Sea Level Test 11 Oct. 1956 

^v „v^ Test I, 8 October 1956 Hydrostatic Chamber Test i, ^ 

static ^er Tes^- I, 8 October 1956 

Hydrostatic Ctamber Test II - l6 Oct. 1956 

Hydrostatic Ctamber Test II  • l6 Oct. 1956 

Hydrosuttc Chamber Test   • l6 Oct. 1956 

Hydrostatic O^er Test III - * Oct. 1956 

Hydrostatic Chamber Test III ■ 26 Oct. 1956 

pilot and Observer Control Panels 

Cooling and Virmng Tans 

Oas Valve Circuit 

Data Panel 

Equipment Mounted Over Observer Panel 

eternal Thermistor Wiring Diagram 
T^acanre TiKht Electrical 

Thermistor Wand and Mounting - Pressure Tig* 

Fitting in Top of Gondola observer's 
Intercom and Communications Amplifier ^Un 

Panel) +.    c Anmlifier Mounted Beneath Panel - rrÄ^r^ru^eceive 
„^ K, ^ Cahle for VHP Unit - Schematic D 

Kxternal & Internal VI» of Lf-HP Transceiver 

Hatte,, Pac. a^ Cable for ^c Receiver, - Sche^tic B 

Composite Wiring Diagram 

Rigid Support System 

Page 

91 

92 

96 

97 

102 

103 

1* 

107 

108 

111 

113 

116 

117 

119 

122 

123 

124 

127 

128 

130 

132 

133 

134 

136 

ix 



Figure 

kk 

k5 

k6 

1 
i 

hi 

■ k8 

h9 

1 50 

■ 51 

52 

i 53 

• 5^ 

55 

56 

/ 
57 

58 

59 

- 
60 

i 

6l 

62 

' 

63 

■ 

6^ 

65 

66 

67 

LIST OF ILIABTBATIONS (CONT.) 
•SfiS. 

Sea Level Test 11 Oct. 1956 9 

Sea Level Test 11 Oct., 1956 

Hydrostatic Chamber Test I, 8 October 1956 96 

Hydrostatic Chamber Test I, 8 October 1956 97 

Hydrostatic Chamber Test II - l6 Oct. 1956 102 

Hydrostatic Chamber Test II - l6 Oct. 1956 103 

Hydrostatic Chamber Test -  l6 Oct. 1956 10lf 

Hydrostatic Chamber Test III - 26 Oct. 1956 107 

Hydrostatic Chamber Test III - 26 Oct. 1956 108 

Main Power Supply in Mounted Position Under Observer Seat 111 

Pilot and Observer Control Panels 3 

116 

117 

119 

122 

Cooling and Warming Fans 

Gas Valve Circuit 

Data Panel 

Equipment Mounted Over Observer Panel 

IP? 
External Thermistor Wiring Diagram J 

Thermistor Wand and Mounting - Pressure Tight Electrical  12^ 

Fitting in Top of Gondola 
Intercom and Communications Amplifier (Under Observer's   127 

Panel) 
Intercommunications Amplifier Mounted Beneath Panel -     12Ö 
VHF Skycrafters Transmitting-Receive 

Battery Pack and Cable for VHF Unit - Schematic D       130 

External & Internal View of Lf-HF Transceiver 132 

Battery Pack and Cable for bMc Receivers - Schematic B    133 

134 
Composite Wiring Diagram 

„ . 136 Rigid Support System 

I 
i 

tx 



LIST OF ILLUSTRATIONS (CONT.) 
Figure Page 

68 Gondola Suspension Network 137 

69 Perfect Shock Absorber Thickness Vs the Maximum 1^0 
Permissible Deceleration (in g units) 

70 Radio Control Test Flight I 1^3 

71 Experimental and Theoretical Comparison of Descent Rate  1^5 

72 Radio Control Test Flight II 1^7 

73 Parachute Test Flight 1^9 

7^ Automatic Flight Programmer 150 

75 Strato-Bowl, Rapid City, S. D. l^ 

76 Surface Chart for 1230Z - November 8, 1956 157 

77 Strato-Lab Personnel Flight I l6l 

78 The Strato-Bowl As Seen From the Eastern Edge 169 

79 Lt. Cdr. M. L. Lewis and M« D. Ross with Strato-Lab Gondola - 170 

80 The Vertically Inflated 128TT Prior to Launching the 171 
Strato-Lab System 

8l    The Strato-Lab Gondola at Its Landing Site 172 

! 



Table 

I 

II 

III 

IV 

• 

VI 

VII 

VIII 

LIST OF TABLES 
Page 

Weight Conparlson of Taped and Tailored Tapeless Balloons  28 
for Two Hypothetical Designs 

Comparison of the Mechanical Properties of Polyethylene   29 
and Mylar at 150C 

Physiological Reaction to Various Partial Pressures      58 
of Carbon Dioxide 

Human Output and Consunqption of Oxygen, Carbon Dioxide    62 
and Water Vapor 

Remarks on Hydrostatic Chamber Test I Conducted        98 
8 October 1^56 

Remarks on Hydrostatic Chamber Test II Conducted        105 
l6 October 1956 

Mass of Carbon Dioxide and Water Vapor Absorbed by      109 
Desiccants During Chamber Tests 

Weight Summary for Strato-Lab Personnel Flight, 8       156 
November 1956 

xl 



INTRODUCTION 

The purpose of this report is to record the technical progress on the 

Strato-Lab program within the General Mills1 group. 

General Mills, Inc. was initially contracted to "conduct research on 

the design, development, construction and flight testing of single and/or 

clusters of constant level balloons capable of carrying personnel or simu- 

lated loads of 1500 pounds or more into the stratosphere for extended periods." 

This research was to include the launching and descent of balloons, incorp- 

orating hangar and field tests with personnel or simulated loads. This work 

commenced on 15 April 1955» 

During April, 1956, General Mills, Inc. began work to 'automate' the 

atmospheric maintenance system within the gondola. The project scope was 

further enlarged in July, 1956, when work concerning all phases of gondola 

function and design was initiated. 

This work culminated in a personnel flight launched 8 November 1956 

from the Strato-Bowl, Rapid City, South Dakota. This flight, piloted by 

Mr. M. D. Ross and Lt. Cdr. M. L. Lewis, attained a maximum altitude of 

76,000 feet. 

The work that took place during each phase of the Strato-Lab program 

overlaps to the extent that a chronological record of program progress would 

not be entirely satisfactory. Consequently this report is composed of 

separate discussions of the individual problem areas. 

- 1 



STRATO-LAB SYSTEM CONCEPT

The objective of the Strato-Lab Program was to provide a safe and con­

venient vehicle to carry scientists into the upper atmosphere. Because of 

the altitude and stability requirements of many of the e:qperiments plaimed, 

a balloon was selected as the supporting devJ.ce.

BeLlloons had been used on many occasions before for this type of scien­

tific ascent. The first such ascents by scientific personnel were made shortly 

after construction of the first hot air balloons by the Montgolfiers in 1781. 

These flights were, of course, limited to lower altitvides.

Use of rubberized fabrics greatly extended balloon utility, and many 

manned flights were made with systems using the new fabrics. In 1933 the 

Esqilorer II, using rubberized cotton cloth eis the balloon fabric, ascended to 

an altitude of approximately 72,000 feet. No manned stratospheric balloon 

flights were made after the Eaqplorer II flight up to the time of the Strato- 

Lab fll£^t.

In the early post-war years the Office of Naval Research initiated a 

program of plastic film balloon development. Its continued sponsorship, as 

well as that of the Air Force, of this activity brought about rapid changes 

in the whole concept of ballooning. Modern balloon technology has since 

extended altitude, payload and duration capabilities considerably beyond points 

long considered virtual limits. As a direct result of these newly extended 

capabilities the modern plastic balloon has found wide application in msuiy 

phases of atmospheric physics. As new techniques of design, control and 

utilization are developed, many new applications are continually being found.

The Office of Naval Research, feeling that reliability and understanding 

of the plastic film balloon had been sxafficiently advanced, planned an ex-

- 2 -
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tended series of personnel flights veil into the stratosphere. It was first 

Planned to develop an intermediate altitude system to float at approximately 

80,000 feet. This altitude was selected because it was well into the strato- 

sphere and was within the reach of currently used balloon vehicles. 

A project with similar objectives had been initated in June, 1946 by the 

Office of Naval Research witt Dr. Jean Piccard serving as principal scientist.1 

Plastic balloon technology had not advanced sufficiently at that time, how- 

ever, to permit carrying out project plans. Work was tenninated in April, 

19^7. Much was accomplished in the course of this program, however. One 

major accomplishment was the design and construction of an aluminum sphere to 

serve as the gondola. When work on this project was halted, the gondola 

shell was stored at Lakehurst, New Jersey. Following initiation of work on 

Project Strato-Lab, this gondola was selected as the vehicle for the first 

series of flights. 

3 - 
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STRATO-LAB SYSTEM COMPONENTS 

The Strato-Lab system consists of three basic components: (l) balloon; 

(2) parachute; and (3) gondola. Each of these components will be described 

in detail in succeeding sections of this report. The entire flight train 

may be seen in Figure 1, a photograph of the launching, 8 November 1956. 

Balloon 

Selection of a balloon for a 6iven task depends on several factors. Two 

of these factors are:  (l) desired altitude and (2) payload. Since Strato- 

Lab requirements called for an altitude of no less than 75,000 ft on the 

initial feasibility flight , and since payload weight was estimated to be 

approximately 1,800 lb, a minimum balloon size of approximately 700,000 to 

800,000 cubic feet was necessary. 

Although balloons of this volume and payload capacity were being fabri- 

cated and were in routine use at that time, it was felt initially that other 

balloon designs should be investigated in order to provide greater safety 

factors. A study was begun to survey this problem and to develofp a suitable 

design for a heavy load vehicle. A new balloon design was not utilized, 

however. Choice of a balloon vehicle was made based primarily on its past 

flight record. This balloon was the 128TT balloon. It is discussed in some 

detail in succeeding paragraphs. 

The 128TT Balloon - The 128TT balloon had been used on many flights up 

to the time of Strato-Lab and had proved to be on a comparative basis a fairly 

reliable balloon. The numeral "128" in its name is the diameter of the 

balloon in feet, and the "TT" signifies "tailored tapeless", siinply a des- 

cription of balloon style  The tailored tapeless balloon is a modification 

of the cylinder type balloon, in which part of the excess material in the 

. k  - 
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upper and lower sections of the balloon Is removed and the central section 

is actually "tailored" to the fully inflated shape.® This particular con­

struction is shown graphically in the gore pattern found In Table I in the 

Appendix. Information on duct size and location, inflation tube, balloon 

wel^t, dimensions, etc., is found in TableII in the Appendix.

The most lagHsrtcmt balloon i>arameters are, of course, the stresses 

placed on the film dxiring the various phases of flight, l.e., inflation, 

laiinch, ascent, float euid descent. Probably the simplest of these stresses 

to describe are those existing during the period when the system is floating 

at lbs ceiling altitude.

The shape of the balloon described by the shape factor, £ , is deter­

mined by the following relation;

1/3 ..

z =
It

(gA)

where:

L = load on the balloon 

w ■ balloon material wei£^t/unit area 

G = total weight of the entire system 

V = volume of the be^-a-oon

It is recognized, of coxurse, that V = f( Z ) euid that a series of 

approximations mxist be made to arrive at the true value of Z . It must 

also be noted that this Z will be for a perfectly tailored balloon, which 

is not precisely the case here. The true value may be approximated if ’V" 

is altered such that it corresponds to the total balloon wei^t divided by 

the tailored surface area. This will give a somewhat leirger factor for "w" 

than the actual material weight.

- 6 -



__.. ■——— I   II 

The profile of the balloon shape for the particular case where: 

L » 1800 lb 

v -   0^0139 

G s 2^00 lb 

V * 757,000 cu ft 

2 = O0O98 

is given in Figure 2. In Figure 2 it may be seen that the force being trans- 

mitted to the base of the balloon will be given by 

F = L sec 0/2 

or the force/unit length of material in the base of the balloon will be given 

hy 

f a I sec  0/2 (2) 

where Jfc is the circumferential length of material used in the lower apex. 

Assuming for a moment that the balloon material is weightless, it can be 

stated that the total load going into the upper apex will be the same as that 

going into the lower« Since the balloon is not weightless, however, the load 

going into the upper apex will be greater by a factor involving the balloon 

weight. This can be described by the relation: 

where 

L sec  0/2 ♦ p (G-L) (3) 

2 77R 

L T payload weight 

p = dimensionless fraction describing Uie fraction of balloon 

weight below a point designated by the radius, R 

p = radius of material at a given point 

G ; grop? weight of entire system 

0   ~   cone angle at base of balloon 

. 
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It is recognized that this relatton Is oniy an afflroxlmtloa of the true 

case. Plottl^ this relation for the coBpletely mied baUoon, we have the 

curve sho«. In Floors 3. It can be seen tro* Figure 3 that this baUoon ,1th 

the intended gross load ( . 2,2oo lb) would not go beyond the proportional 

llMlt of the material (see Kble III). It Is Is^ortont to note, however, that 

this applies only to the ease where the balloon Is floating at Its celling 

altitude and Is coapletely Inflated. Thus far only the completely Inflated 

case has been considered. Let us now Investigate the case of Mnl«. vaume. 

I.e., the inflated balloon at sea level, since under this condition the total 

amount of material utilized In constraining *e lifting gas Is at a minimum, 

the stress over certain areas of the balloon Is at a maximum. 

«hen the balloon is filled with the proper amount of lifting gas. Its 

occupied volume Is sl^Iflcantly less than when it Is at Its ceiling altltMe. 

In this particular case, the gas expands to roughly twenty-five times Its 

original volume while expanding to Its lowest pressure,  since the relative 

vol»e of the lifting gas Is very smll at sea level, It can be seen that 

certain areas of the balloon could be stressed to a greater degroe than In 

the fully inflated case. With regard to the balloon at a relative volume of 

less than one. It has been postulated that only a faction of the total 

material sustains this load, and. moreover, that the action of material Is 

determiined by the size of the bubble of gas within the balloon. Ihere are 

many obvious arguments against the exactness of such a hypothesis, although 

it certainly can be used to express a lower limit of the amount of loaded 

material in the balloon wall. It might also be noted that calculations based 

on this hjnpothesle with regard to balloon failures during static Inflations 

have been quite reliable.^ 
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It appears that the worst condition, from a stress standpoint, occurs

when the balloon is at its lowest stage of relative Inflation, or, in other

words, Jxist as it leaves the ground with something over 2,000 lb of gross

lifto It is not inferred that this is generally tru^ but In this particular

case the stress appears to be a maximum In specific areas of the balloon.

Not only is the gross lift concentrated in a small volume, but the lift is

accentuated slightly by the specified amount of free lifto In Figure 5 I't

can be seen that the stress factor (which is proportional to - jj- - is

at a maximum when the pressure at the lower apex of the balloon is at its

largest negative value. Theoretically, the pressure head at the balloon base

for gross lifts rangrrg from 2,000 to 2,800 lb varies within about 5 per cent

of -0.8 of the gore length. Assuming that the hypothesis is approximately

correct, it can be seen that this is, indeed, the worst case. It should be

borne in mind, however, that the temperatures encountered at sea level differ

appreciably from those encountered by a completely inflated balloon in the

stratosphere. Polyethylene does, of course, exhibit marked differences in

elasticity at these two temperatures and one might expect seme greater degree

of plastic defomation and redistribution of the load while the balloon is
4

at the higher temperatures in the troposphere.

Tne con5)utation of the film stresses while the balloon is in this par­

ticular orientation gives the result indicated In Figure U. This result was 

obtained by assuming that Tl) the gss bubble approximates a sphsre and (2) 

the gecanetrlc circumference of the sphere is equivalent to the amount of gas 

sustaining the gross lift. Mathematically, this may be expressed as:

r > I W. Ui ?/3

- 11 •
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where: ~ lift of the Inflation gas In Ih/cu ft at the altitude
of launch site

G * gross lift of gas within the balloon

f * load In Ib/ft of balloon material surrounding the bubble 
of gas

Another case in which the stresses should be defined is that related to 

the launch of a balloon with a platform system. One Immediate problem In 

8\2Ch a consideration Is the configuration of the balloon within the constrain­

ing device. Since the constraint is a variable, in that the bsOloon can be 

located in any position in the platform, there must be an optimum location 

where stresses within the bubble are minimized.

Referring to Equation 3, and noting that G and L are constant, it can

be seen that the quantity, can be minimized to reduce, f, to its

minimum value. Plotting this quantity as a function of the negative pressure

head gives a result as shown in Figure 5. Figure 5 shows a minimum value
2

occurring at a pressure head of -0 3. Ibis means that a balloon is \ander a 

minimum meridional stress for a given Inflation when the pressure at the balloon 

base is equivalent to -O.3 of the total head. For a platform launched system 

the balloon should be oriented such that tnls condition is satisfied. It 

shoiad be recognized, however, that tnis is true for an idealized case. Hb 

consideration has been given to such things as wind, etc. A plot showing 

the correct location of the balloon oriented in the platform to satisfy these 

conditions is shown in Figure 6.

It can be seen from the above tla t this particular balloon is not a 

completely satisfactory vehicle Moreover, it can be shown that even this 

general class of current polyethylene cylinder balloons, whatever its rami­

fication, l,e,, tailored tapelees, is not wholly satisfactory regardless of

14
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the thickness of material used to provide strength. This can he demonstrated 

hy considering Equation h and rewriting it as 

G « 
kv _2£ 

3/2 

>2ß 
m (5) 

Since f was defined as the load in pounds per linear foot of material, 

we can express this in terms of film stress, o- , and thickness, t. Doing this, 

we have: 

/    .3/2 

(6) 

where: 

a   = film stress in lb/in2 

t =• film thickness in inches 

Using a value for ß  equivalent to the lift of one cubic foot of He at 

k 
an altitude of 1,000 ft,   we obtain 

3/2 
G   =   1260 (  at) (7) 

which has been expressed in Figure 7 for 1, 1.5 and 2 mil polyethylene material. 

Although the stresses, as detemined by these methods, do not necessarily 

exceed the capabilities of polyethylene, they are sufficient to justify close 

consideration of other designs possibly more suitable for this particular 

application. General Mills began a study, therefore, of other designs which 

might provide a greater margin of safety for the maximum gross load. 

New Balloon Designs - One of the most attractive designs for heavy load 

vehicles has always been one version or another of a taped balloon. The 

taped balloon is essentially a tailored natural shaped balloon that sustains 

its payload by means of reinforcing filament tapes that run longitudinally 

• 16 - 
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along the balloon. This type of balloon has a greatly diminished gross weight 

because no excess material Is needed to support the load. It Is euLso time 

that the strength of the baiLloon Is congmuratlvely higher because cf the use 

of higher strength-to-weight materials In the reinforcing tapes.

The ultimate strength of a taped balloon requires consideration beyond 

slogply that of noting the ultimate strength of the tapes. Tapes have a ten­

dency to pull away from the gas barrier material when the volume of the balloon 

Is less than Its ultimate capacity. This tendency Is demonstrated graphl- 

ceiUy In Figure 6. It Is difficult to calculate these separation forces, 

due to the conplexlty of the balloon configuration. Observation of such a 

balloon at a low stage of Inflation will, however, make the existence of such 

forces obvious. For this reason, we believe the design of a high capacity 

vehicle Involves more than slnply the addition of a number of tapes or the 

use of a stronger tape.

It Is 80.SO pertinent to note that In most cases only a portion of the 

balloon needs to be reinforced. Usually the portion of the balloon adjacent 

to Its maximum diameter contains enough gas barrier material so that no re­

inforcement Is required. This can be demonstrated by considering the examples 

of a 10^ cubic foot balloon euad a 3 x 10^ cubic foot balloon constructed of 

2 mil euad 1.^ mil polyethylene respectively. Consider only the perfectly 

tailored shapes In which there Is no excess of material In either upper or 

lower parts of the cells. The stress pattern as given by Equation 3 gives 

the result shown In Figure 9> Note that at the upper and lower apexes the 

stresses approach Infinity eis the total amount of material approaches zero.

It can be seen that culdltlonal strengthening Is usually necesseuy only In 

the upper euad lower-most areas of the balloon. The areaa to which this re-

- 18 -
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inforcement must extend along the balloon are determined wholly by the stress 

levels it is desirable not to exceed. Ihe corresponding stress for each 

material is indicated along the abscissa. 

It was suggested above that one solution to this problem would be simply 

to reinforce these areas alone in order to bring the material stresses below 

their critical values. If such a method were feasible, it can be seen that 

the disadvantage of continuously reinforced systems might be avoided. 

Methods of accomplishing this include: 

(a) Constructing the top and bottom of the balloon with thicker material 

to reduce material stresses in those areas 

(b) Laminating a stronger material, e.g., tyLar, to the polyethylene 

in the highly stressed area 

(c) Providing some system, e.g., tapes or other strengthening members, 

in these areas which do not extend into the intermediate areas and result in 

some finite separation force. 

Method (a) is not currently feasible within the scope of current plastic 

technology. Method (b) is possible but the process of laminating polyethylene 

to Hjrlar is not sufficiently advanced to prevent delamination under slight 

straining. Method (c) does, however, hold some possibilities which were ex- 

plored to a limited degree and which will be described below. 

A Method of Reinforcement - Although it may be entirely possible to re- 

inforce the upper and lower balloon areas by a system of tapes terminated in 

"finger patches", it was felt that a more desirable solution was possible. 

In order to distribute the load in the tapes uniformly into the film, 

it was felt that some type of suspension system of filament tapes could be 

I     ..... ___„._ 
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purpose• It can be understqod, however, that a catenary would not be the 

theoretical shape, since one of its initial boundary conditions specifies the 

load per unit length along the curve as a constant. In this case, we must 

solve the case in which the load per unit length along the projected hori- 

zontal axis is a constant. This is, in effect, the solution of the figure 

described by a non-uniform string. 

Considering the equilibrium case of a string attached between two points, 

where m-i, nu and nu are beads of equivalent mass attached along that string, 

and where T12 is the tension between m^ and n^, we have: 

The sum of the vertical forces acting on nig is identically zero for the 

equilibrium condition. Therefore, the horizontal and vertical components 

are also zero and are written as: 

Vertical: -mg -T23 sin Öj +T12 sin Ög 
s 0 (8) 

Horizontal: T12 cos 6 2 -T23 COB 6 ^   ■ 0 (9) 

> 
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The horizontal component about n^ can also he written as: 

T01 cos 6 2 -T12 cos Ö 2 - 0 (10) 

From (9) and (10) we can write: 

T01 cos Ö i = T^ cos 6 2 = . • • s T(n)(n + l)co8 Ö n + 1 « TH 

or that: 

L01 Tg sec 6 

T12 - TH sec 6 3 

T/ \/ x i \ s TTI 
8ec ^ « + 1 (n)(n+l)  H     n+1 

We can now rewrite Equation 9 and its associated equation as: 

-mg + TH sec Ö 2 sin ö 2 -TH sec Ö 3 sin Ö 3 =0 

-mg + TH sec Ö 3 sin Ö 3 -TH sec Ö ^ sin Ö ^ r 0 

-mg fTHsec ö n sin Ö n -TH sec Ö n n sin ö n n « 0 

which can again be rewritten as: 

-mg *TH + Tw tan Ö  -O- tan Ö  -0 2 ^H 

-mg +THtanön-THtan 6^^   -0 > 

- 23 - 
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Now if we let   ön + j^ represent the lowest poi.it: 

Therefore: 

or; 

%ti = 0 

-mg + TH tan Ö n   s o 

tan   6 mg/T, H 

tan  0n _ 1   = 2ing/TH 

tan 6. nmg/Tjj 

^ 

Now let us impose the condition that the horizontal spacing "between 

the beads is everywhere the same, or that x. z x- a x 

Therefore we have: 

tan 0  « a/x 

tan B 2   z   ^a/x^ 

tan ö  a na/x 
n     ' i 

■ 

5 

-* - 

./ 



W!=3- 

Therefore> the coordinates of the points are; 

P1 (0^) 

?2 (^ a) 

P3 (2^, 3a) 

^ (3*1, 6a) 

• 

^[(n-Dxi,   iZ^l*   a] (11) 

A plot of these coordinates is presented in.Figure 10« Note that it is 

somewhat similar to a parabola or a catenary. 

A suspension system such as that shown in Figure 11, where either or 

both upper and lower sections are reinforced in this manner, might be used. 

The advantage of taped balloons, whether reinforced in this manner or 

not, is apparent from Table I, Design specifications for a one million cubic 

foot balloon and a three million cubic foot balloon are stated. The second 

column gives the shape factor compatible with the present estimated gondola 

weight. The fifth column gives the required gore length. The sixth column 

represents the tailored weight, or, in other words, the weight of mterial 

used in constructing the final shape where no provision has been made for 

extra material. If a cylindrical top and bottom section are utilized, their 

approximate additional weight is given in the seventh and eighth columns 

of Table I. 

It is evident from these data that it is desirable to investigate taped 

balloon systems. Although cylinder-type balloons have proved to be reliable 

vehicles, their limitations must be recognized, particularly with regard to 

- 25 - 

./ 



• 

y=a[cosh(4)-l], 0=4.75 

xt = 4fy, f=l.66  

PLOT OF DERIVED CURVE COMPARED 

TO A PARABOLA AND CATENARY 

FIGURE 10 

.7 

• 





I'SV u a 
:* T> o

h -H
H "b « c o 
S 1-1 0)
O -H M

•tH
+> o
■H

^ °

5
iH

5
u>
ir\
H

Sh o
1-1 4 o .a? s -»i

sl«
PI
<

iH

&

5
5:^
iH

s-a
f-H *H 
•H 0)

5
)S
lA

5

VO
CVJ

I
0)
e4

1-1
03

%
4h

ro
m

~43
Vt

^4
0>

QQ
0>

s
<Mo

o
ITS

o
r—1

irv
r-l

0)
N
iH
03

3
o

■P

3
u

'“o
rH

X
ro

28 -



the use of polyethylene as a gas harrier for gross loads greater than 2,000 lb. 

Other materials, e.g., Mylar, which are inherently stronger than polyethylene 

have been considered. The use of Mylar as a balloon film is briefly dis- 

cxissed below.

Mylar Balloons - Use of Mylar greatly enhances the extension of cylinder 

balloons with respect to maximum permissible gross load. The obvious draw­

back to the use of Mylar is, of coxurse. Its con5)aratively high modulus of 

elasticity and low tear resistance. A comparison Is shown in Table II which 

demonstrates the differences of the two materials at room temperature.

Material

Polyethylene

Mylar

TABLE II

CCMPARISON OF THE MECHANICAL PROPERTIES OF 
POLYETHYLENE AND MYLAR AT 15°C

Ultimate

Tensile Strength

28,000 psi

350,000 psi

Elastic Modulus

28,000 psi 

350,000 psi

Average

^ Elongation to 
Ultimate

50056

60fL

These data are representative of those taken at a tenperature of 15°C. 

As may be seen above. Mylar is relatively non-extensible in ccaparison 

to polyethylene. Due to this high modiolus of elasticity. Mylar balloon 

construction would seem tc> be somewhat critical. Meridional dimensional 

errors in a Mylar cell would be serious, since a non uniform loading could 

cause hi^ local stresses and eventual failure at a small fraction of the 

total strength.

An idealized situation is considered below to note the relation between 

meridional dimensional errors and the fraction of the ultimate tensile 

strength that might be reached.



—I  

First, consider a rectangular sheet of material of dimensions x, y, t. 

This sheet shall he stressed along a vertical axis. The load will then be: 

L -    x t a 

where: 

load in lb 

x » width of sheet in inches 

t ~ thickness of sneet in inches 

a   z   stress in psi 

Also, we have: 

where 

Ay   '   strain In inches 

y   :    height of sheet In Inches 

e    -    elast.ic modulus 

•   ^0 - 

. 
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Therefore: 

y 
ext '(12) 

Now, if we consider a similar sheet imperfectly located in the loading 

mechanism, we can determine the relative loading efficiency. In other words, 

consider a section of width, w, which is located in error along a vertical 

axis by a factor, Ai. 

i  I A/ 

Ay 

The point of failure will then presumably occur within the region, w, 

width. It will be assumed that, if part of the sheet fails, the whole sheet 

will fail without an increase in load. The question is then what fraction 

of the ultimate strength will the sheet attain. 

The load on the error section will be: 

iv - w~h.i ewt (13) 

- il 



\ 
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The remaining part of the sheet will sustain a load of: 

h : ^± e(x.w)t w 

where L, is significant only when positive. 

The total load is then given hy: 

L
T 

s Lw+LR W 

and the fraction of ultimate strength attained by any combination of para- 

meters is given by: 

f =-^ (16) 
jj 

Plotting this result for various values of w/x and Ai/ A y gives the 

hyperbolics shown in Figure 12. 

It should be noted that Ay is the ultimate strain of a specified length 

of plastic sheet. 

This is an obviously simplified case since any such erroneous orienta- 

tion will, of course, occur more generally in each end of the sheet. It is 

interesting to note that this simplified case might be generalized by con- 

sidering the fact that wAJ. represents an area in error. 

The important consideration is basically that since the ultimate strain 

of a' Mylar sample is significantly less than a similar polyethylene sample, 

the Mylar sample must be oriented proportionately more precisely in order t: 

utilize an equivalent degree of the ultimate strength. Basically, then, 

this is a construction difficulty and^s been borne out to some degree by 

Mylar balloon experience. 

Selection and Modification of the 128TT - This balloon was finally 

■ 32 
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selected by the advisory panel of the Office of Naval Research as the cell 

to be used on the initial feasibility flight on the basis of its past record 

with similar grosj loads. Although other designs may have held some promise 

from the standpoint of film stress, it was decided that a new balloon design 

and flight testing were beyond the scope of this project. 

Since this balloon was not ordinarily fitted with a controlling valve, 

a new top fitting was designed such that a valve opening equivalent to an 

orifice of approximately one foot in diameter could be accommodated.* In 

order to evaluate this upper fitting visually, a unit was installed in a test 

balloon (see Figure 13) and inspected for any obvious defects.  The large 

orifice within the fitting was sealed with a plate and loaded so as to simu- 

late the weight of the valve. The asymmetric orientation of this fitting 

while the balloon was at a low stage of inflation (during a launching con- 

dition) was anticipated as is shown in Figure Ik*    No adverse effects were 

apparent in the inspection of the fitting proper. 

Apart from the installation of the top fitting, only one other modifica- 

tion of the balloon was necessary, i.e^, the installation of electric cables 

to control and power the valve. These cables were encased .in a polyethylene 

envelope heat sealed to the balloon wall. 

Balloon Construction and Subsequent Inflation Tests ■ Four 128TT balloons 

were constructed and modified in the manner described. The material in each 

unit was tested thoroughly in accordance with existing standards and every 

effort was made to inspect the entire balloon surface for any abnormalities. 

One balloon was used in a series of inflation tests conducted in an LTA 

*See Figure I-A, Appendix. 
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hangar at Weymouth, New Jersey,? The balloon vfas first inflated to approxi- 

mately full volume by means of a carbureting system (see Figure 15)» The 

carburetor mixed helium and air in proper proportion to permit simulation 

of the balloon shape at its equivalent ceiling altitude. The balloon was 

inspected visually for any defects such as loosened tapes, duct orientation, 

etc., and deflated by means of the valve in the upper apex. 

This same balloon was then inflated to destruction with pure helium. 

Figure l6 shows the configuration immediately prior to burst. Prior to de- 

struction inflation, we bad calculated from Equation 3 that a gross inflation 

of 5,000 lb appeared to be a reasonable burst value« We had also calculated 

that a gross inflation of 6,000 lb appeared to be a real outside limit. The 

burst actually occurred at 5,220 lb gross inflation. Refer to Figure 7 for 

a comparison of these data with the various film stress values. 

Balloon Gas Valve - Before work on the design of a valve was begun, 

calculations were made to determine the approximate size of such a unit» 

The criterion for the size requirement was that for adequate control it should 

be possible to release about 200 lb of lift in 30 minutes. Using nominal 

coefficients of discharge, it was determined that such a valve mignt be 

equivalent to an orifice approximately one foot in diameter. 

One initial requirement was a "fail-safe" valve, i.e., a valve which 

would close in the event of a power or mechanical failure. This requirement 

virtually specified some type of mechanically loaded valve, whether achieved 

by a gravity, spring or clutch-type system. The GMI initial design was 

mechanically simple, the main moving part being a crank which moved a spring- 

loaded cover along a vertical axi^. The coupling of the drive motor to the 

crank was made with an electric clutch which, in the event of power failure, 

- 37 - 
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would permit the spring-loaded cover to return to its closed position« 

A complete duplicate of this system was included in the actual construction, 

i.e., two motors and two clutches were coupled to the crank mechanism. 

Figure 17 shows a complete unit. 

A greatly simplified valve was designed which did not include any "fail- 

safe" or back-up devices. This valve, although having a slightly greater 

discharge capacity, weighed only 5 lb, whereas the old style weighed approxi- 

mately 15 lb. Its simplicity (see Figure l8), in addition to its light 

weight and reliability, caused it to be selected for special personnel flights 

prior to the Strato-Lab flight. It was later selected as the valving mechan- 

ism for the Strato-Lab ascent. Since the orifice geometry of this unit was 

similar to that of the previous valve, a similar discharge coefficient was 

assigned to it. 

The discharge coefficient for this type of geometry was determined by 

a model valve whose orifice diameter was 0.75 inch (see Figure 19)• 

It can be shown that the loss of lift through an orifice is given by 

the relation: 

60 

where; 

L - gj- UCA / 2g hf (17) 

L ~ loss of lift of He (lb/min) 

U = lift of He at the specific altitude (lb/ft3) 

C = coefficient of discharge (dimensionless) 

A = area of orifice (in. ) 

g T. gravitational constant 

h- - head of fluid (ft) 

ho 



I

I
vP

' V

5a
I
I

t
*
i

t

_I ~ 
iij UJ
X ?



M.r. 'f *

I -5?f ■
..

•'.'3«-?:r. 
. .; - ,'<,

€ . . ■■'V-
'' ■^ ". :• • '.

- ' ■ ' T- .

/
■ . •- ' ■

I:'

i.

r

, I

UJ

o
cr
^ 2 
u
uj ^
to <£ 
T li- 
>
UJ

UJ
Q
Os



:fig£s^c:

tg 
“o -
°t =

q: li. 
ui < 
o X

go
LU
Q
O



■ä: ..:■.:■■,-,:'ii Mtm. •■■ ■•■;",", 

/ 

Since, in this case, the densities of the two fluids, air and helium, 

are coniparahle, we must alter the value of hf by considering the differential 

above and belov the orifice 

Helium 

^He a 
and 

h 

We have that: 

P3 - ^ 

Vl        *2 He 

v» 

Therefore, the pressure differential across the orifice is; 

Ap = P1-Pif-P2- 4V
P3 + ^a 

since pp i p, we can rewrite   Ap as: 

ÄP   =    i(^a-^He) 

But, since   ^p also equals h^./5He) we have: 

hf 
He 

or: 

L  =  OT ^  / 2^ (' 
Pa - ^He 

PHe 

(18) 

(19) 

The coefficient of discharge in this equation was determined by insert- 

ing the small model orifice in the upper portion of a vertical plastic tube 

approximately 3 feet in diameter. This tube was filled with helium and the 

lift loss measured as a function of time. In conjunction with this, the 

effective head of fluid was noted by observing the negative pressure region 

- Uli • 
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on the plastic tube. 

Three different models were used. The first of these was a plain hole 

and was used for canparison purposes as veil as a test of the method of 

measurement. The second type of orifice consisted of the 0.75 inch hole with 

a thin disk of slightly larger diameter located 0.2 inch beneath the hole. 

Th2 third type was of a similar in geometry to the second, except that a cone 

was used in place of the disk. The cone base was located 0.2 inch below 

the hole, the apex being in the plane of the hole. These orifice types were 

selected, since a moving member as large as was Indicated by the initial 

calculations virtually eliminates any trap door type valve. 

The results were as follows: 

Type C 

1. Hole, 0.75 inch diameter 0.54 

2. Hole, 0.75 inch diameter O.55 

3. Hole, with disk O.37 

k.   Hole, with disk                  0.40 

5. Hole, with cone O.33 

6. Hole, with cone O.ki 

Using a value for C = O.37, we can then describe the valve's discharge 

characteristics as shown in Figure 20. 
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Parachute 

Recognizing that a balloon failure is always possible, a parachute was 

selected as the first alternate method of descent. Fortunately, a cargo type 

parachute with a öf-ft canopy had been utilized many times with comparable 

loads at similar altitudes. Because this particular parachute had functioned 

so well on these flights, it was selected as a part of the Strato-Lab system. 

High altitude balloon experience with parachutes has indicated some 

practices which should be avoided. It has been found, for exaaiple, that 

parachutes used to drop loads from high levels are very successful if they 

are not packed in the usual manner but are extended along the flight train. 

Apparently, the low air density will rot fully extend the parachute in its 

proper orientation for opening until the velocity of the whole system is 

sufficient to cause the parachute to "squid". Using em extended chute 

significantly decreases the length of time required for the system to reach 

a velocity at which p^r is large enough to open the parachute. It has 

also been found that parachutes which carry a portion of their total load on 

the top are prone to failure. Both of these pitfalls were avoided in this 

system. 

In order to determine the opening shock characteristics of this para- 

chute, several tests were conducted in which the maximum force on the gondola 

during the parachute opening was measured. Brinnell accelerometers were 

placed in the form of links in the shroud lines of the parachute and measured 

the maximum force occurring along the axis of that particular shroud. The 

result of the drops, which occurred at altitudes of 2,000 feet, 38,000 feet 

and 7^,000 feet, was that in each case the deceleration of the simulated 

gondola mass was equivalent to slightly over 3 g's. 

7 
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The drop from an altitude of 38,000 feet also utilized a Ryan Flight 

6 7 
Recorder to record the time-force relationship graphically. '' Excellent 

results were obtained from this flight. The actual trace, greatly enlarged, 

is shown in Figure 21 with a scale overlay to indicate the force or "g" 

Ordinate. Note that: 

(1) Approximately 4.7 seconds were required before the maximum accelera- 

tion (3*22 g) was encountered. 

(2) ühe duration of this force (that corresponding to one greater than 

1 g) is about \X seconds. 

(3) By calculation, the gondola fell approximately 232 feet before the 

parachute began to load over 1 g and the maximum downward speed was approxi- 

mately 116 ft/sec. 

Looking at the fine structuve of the curve indicates that: 

(1) The initial variations in acceleration during the "free fall" 

period may be due to individual parachute risers elongating to sustain the 

parachute drag and applying short duration forces to the gondola. 

(2) The somewhat regular wave form after the opening shock may be the 

force-time expression of the oscillatory "breathing" of the chute. Ihis 

oscillatory pattern continued for most of the descent but in a decreased 

magnitude. 

(3) Wie general tendency for the forces to be greater than 1 g follow- 

ing the opening shock would be expected, since the terminal velocity dimin- 

ishes due to the increasing density of the air. 

The Brinnel accelerometers (on four of the eight risers) indicated 

maximum forces of 530, 680, 810 and 710 lb. This results in a maximum de- 

celeration equivalent to 3*2 g which is in good agreement with the maximum 

- 48 • 
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Flighx, Recorder indications.

For a load of 1,600 lb, the descent rate as a function of altitude is 

expressed in Figure 22. This curve has been calculated using a coefficient 

of drag of I.32 which is a standard value for flat type parachutes.

This curve is the graphical presentation of the equation:

where:

D = 1/2 Cjj yo S

D = drag (lb)

Cj) - coefficient of drag 

P = density of atmosphere
ft'*

S = protected surface of parachute (ft^)

U = descent speed (ft/sec)

In contrast to these desce- rates as shown in Figure 22, it is of
0

value to determine the terminal velocity of the gondola falling freely. 

Figure 23 shows this relationship and the necessity for well defined emer­

gency procedirres in the event of parachute failure.

(20)
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Gondola

Atmospheric Reqxilreaients - The pvirpose of the closed gondola Is to main­

tain em atmosphere at a pressiare suitable for carrying out normal human func­

tions. The con^osltion of this atmosphere Is also important. Certain maxl- 

mm and minimum values of oxygen, carbon dioxide and water vapor must be 

maintained at all times. W^th regard to these physiological requirements, 

various inquiries were made in order to set down these values. The results 

of these inquiries are summarized in the following paragraphs.

The air inspired by a person at sea level includes a partial pressure 

of oxygen of 158 mm of Hg and a partial pressxire of carbon dioxide of about 

0,3 mm of Hg. The ejqjired gas contains a partial'pressure of oxygen of U6 

mm of Hg, 28 mm of Hg of carbon dioxide and 47 mm of Hg of water vapor. This 

exchange is accomplished by means of the mechanical mixing and the diffusion 

of the inspired air with that within the liongs, the so-called alveolar air.

The approximate composition of the alveolar air is, II6 mm of Hg of oxygen,

28 mm of Hg of carbon dioxide and 47 mm of Hg of water vapor. The puipose, 

then, of any oxygen system is to maintain these levels in suitable zones such 

that normal physiological processes may continue.^

The requirements of a given oxygen system are determined not only by the 

maintenance of a set of partial pressures but also by the very nature of the 

system itself. This can be most easily exemplified if two distinct examples 

are considered, e.g., the so-called "open" and "closed" systems.

The "open" system is one in which all expired air is removed. An effec­

tive analogy would be that of a person wearing a mask and subjected to cunbient 

pressure. Since a resting man inspires roughly 500 cubic centimeters per 

breath, and since he will take 10 to l4 breaths per minute, his total con-
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sun^tlon will be about 6 liters per minute. This inspired gas must^ of 

course, be enriched with oxygen depending on the ambient pressui/e. The 

enrichment can only be carried so far, however, since there is an altitude 

limit which hvimans cannot safely exceed without artifical pressurization.

A "closed" system does not discard ej^ired air, but simply removes 

carbon dioxide and excess moisture to permit re-use of the residual oxygen. 

From data presented earlier in this report it can be calculated that the 

actual consuB5)tion of oxygen by a resting man is about 30O cubic centimeters 

per minute. Therefore, in a system of this type it is only necessary to 

supply that oxygen required for metabolic consumption.

The two examples given above demonstrate the major difference between 

the two systems. The advantages and capabilities of one compared to another 

must not be evaluated on this basis alone, however. Such other factors as 

anticipated altitude, flight duration, necessary humidity control, etc. must 

also be considered.

Regardless of the system selected, the proper levels of the various 

gases must be maintained in the inspired air. Consider first the required 

densities of oxygen. Figure 24 shows the per cent saturation of hemoglobin 

as a function of the partial pressure of oxygen in the alveolar air. Since 

the partial pressure of carbon dioxide and water vapor within the lungs is 

40 mm of Hg and 47 mm of Hg, respectively, the minimum necessary partial 

pressure of oxygen can be determined.^ In Figure 24 it may be noted that 

the minimran partial pressure of oxygen required in the lung corresponds to 

about 55 mm of Hg. This means that the total pressure must never be lower

* Values obtained from Dr. Vail, Aero Medical Research Section, WADC, 
Dayron, Ohio
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PERCENT SATURATION OF HEMOGLOBIN-

100

PARTIAL PRESSURE ^ OXYGEN ]N ALVEOLAR AIR
^ OF HG

THIS CURVE HAS BEEN REPRODUCED FROM "PHYSIOLOGICAL 
BASIS OF MEDICAL PRACTICE" BY BEST-TAYLOR.

THE NOTES AT CRITICAL PARTIAL PRESSURES WERE OBTAINED 
FROM REFERENCE

o NO LONGER CAPABLE OF DOING TASKS
MINIMUM PARTIAL PRESSURE NECESSARY FOR NORMAL 
SUBJECT ACTIVITY

PERSONNEL FUNCTION PROPERLY

REQUIRED OXYGEISr PARTIAL PRESSURE IN ALVEOLAR AIR

FIGURE 24



than 40 mm +47 mm + 55 mm ■ l42 mm of Hg. This value corresponds to an 

altit\ade of ajqproxlmately 40,000 ft and is the limit to which humans should 

he ejqposed without artifical pressurization. Note that it is necessary to 

provide a svQ^ly of pure oxygen in order to provide sufficient quantities 

of oxygen to the body at this maximvan altitude. A plot of the percencage 

of oxygen required in the inspired air as a function of eJ.titude is shown in 

Figure 25•

^Ihe nmiximum pemlssible amount of carbon dioxide in an atmosphere ex­

tends over a range of values, some of which are presented in Table Ill- 

Certain investigators contend that the importemt consideration with regard 

to carbon dioxide concentration is the per cent of the ambient atmosphere 

and not the partial pressure. Others believe that the partis^ pressure is 

the determining factor, as is the case with oxygen.

Some question may exist regarding the maximum permissible partial pres­

sure of oxygen. There are really two separate considerations here: (l) the

physiological toxicity of high partial pressures of oxygen, and (2) the more 

rapid combustion of any flammable items in an atmosphere of increased oxygen 

density. One soiirce Indicates that 76O mm of Hg of oxygen can definitely be 

toxic when used over long periods of time.* The same sovurce stated that a 

partial pressure of 500 mm of Hg can be tolerated for periods of time extend­

ing to 8 or 12 ho\irs while a partial pressvtre of 3OO mm of Hg could be toler­

ated for periods in the order of 24 hours. A Naval authority felt that an vqjper 

limit of 300 mm of Hg of oxygen was reasonable when considering both the 

toxicity and the added fire hazard.**

* Dr. Nello Pace, Department of Physiology, University of California, Berkeley, 
California

** Dr. Norman Barr, Director of Aviation Medicine and Research, USN Medical 
Center, Bethesda, Maryland.
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TABLE II.T1 

PHYSIOLOGICAL REACTION TO VARIOUS PARTIAL PRESSURES 
OF CARBON DIOXIDE 

Dr. Norman Barr, Director of 
Aviation Medicine and Research, 
USN Medical Center, Bethesda, 
Maryland, 

Should not exceed 0.6 per cent of gondola 
atmosphere but could go up to 3 per cent 
for very short periods or at end of 
flight.* 

Dr. Nello Pace, Department of 
Physiology, University of 
California, Berkeley, California 

10 mm of Hg of carbon dioxide will stimu- 
late respiration. ^0 mm of Hg has been 
tolerated by men in submarines for periods 
up to 35 hours in emergencies. 55 nm of 
Hg can be tolerated for a few hours with- 
out causing 'unique' physical effects. 
76 mm of Hg is dangerous. 

Dto FO Helmholtz, Medical and 
Sciences Building, Mayo Clinic, 
Rochester, Minnesota 

Up to approximately 5 nm of Hg of carbon 
dioxide causes no undue reaction. 7-10 
mm of Hg will cause the subject to no- 
ticeably over ventilate« 20-30 mm of Hg 
will cause the subject to become definitely 
apprehensive. 

Explorer II Report 0,'; per cent is maximum permissible level. 
5 per cent will become dangerous in 30 
to 60 minute?c 10 per cent is rapidly 
fatal.** 

ra 

"Air Polution" by McCabe 

"Physics and Medicine of Upper 
Atmosphere", Cha.ptet XI, by 
H. Specnt. 

5 per cent causes very labored breathing. 
12 15 per cent is dangerous.** 

Le^el snould not accumulate to over 2 per 
cent of atmospnere.** 

- 

* With tne selected gondola absolute pressure of approximately $1 mm of Hg 
tbese valuee correspond to 1 93 mm of Hg and 11 6 mm of Hg of carbon 

dioxide. 

*■* Tnese per cent value- are presumed to be u^ed at a full atmosphere of 
760 mm of Hg rather than of the gondola atmopphere. 
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Fundamental in the consideration of the "closed" systejn are the human 

output and consumption rates of carbon dioxide, oxygen and water vapor. A 

survey of the Information is presented in Table IV. 

I Aeroembolism - Aeroembolism, more commonly referred to as "bends", 

results when the rate of change of pressure on a human subject is higher than 

the bodily elimination of gases absorbed by the blood stream and certain tis- 

sues. The result is that nitrogen bubbles may form and cause disturbing 

effects in the subject. This is particularly true of the fatty tissues, 

which have a high affinity for nitrogen. A rapid change of pressure will 

cause nitrogen bubbles to form in these tissues and press against sensory 

nerws causing pain. This pain is usually centered at large body Joints or 

may be evidenced by itching of the skin or sensations of heat or cold. 

Pre-breathing of pure oxygen and slow decompression will help prevent 

bends. Once encountered, the bends may be alleviated by descent to a lower 

altitude. A more complete description of these effects may be found in any 

physiology textbook. 

Sunmarjr - Certain of the basic information necessary to specify present 

requirements for a given system is now at hand. Since the maximum altitude 

will be significantly above 40,000 ft, it will be necessary here to pres- 

surize the observers. Pressurization can be accomplished in either one of two 

ways, i.e., by use of a pressure suit or by use of a sealed chamber. 

An original Strato-Lab concept expressed the desire for an environment 

which would in no way impede an experiment or scientific observations by an 

observer. Since full pressure suit technology had not been advanced to a 

point compatible with Strato-Lab requirements, a closed gondola system was 

selected. This gondola is a 7 ft- 2 inch sphere constructed of 3SO aluminum 
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approximately 1/8 inch thick. It has teen equipped with an atmospheric 

naintenEmce system designed to satisfy the above conditions for a period up 

to 12 hours.

Description of the Atmospheric Malntensuice System

Pressure - In order to maintain the correct absolute pressure within 

the gondola a control valve was xised which is ordinarily utilized in a current 

type of pressure suit. This valve uses oxygen gas from a liquid converter to 

maintain pressure at the proper level. It can be seen that controlling the 

internal pressiire in this manner requires the knowledge of the "natural leak" 

of the gondola such that the oxygen partial pressure is well defined at all 

times. This particular aspect will be discussed later.

A pictorial diagram of the controller valve is shown in Figure 28.

The oxygen converter is connected to the valve in the lower portion of the 

diagram. The oxygen, in a gaseous state, flows throioj^ the metering orifice 

into the control section and out the overboard vent beneath the absolute 

pressure control. As the absolute pressure decreases (gondola ascending), 

the absolute pressxire control will eaqpand and seal off the small overboard 

vent. This will cause a pressure increase in the control section, which will 

close the valve between the gondola and the large overboard vent. This in­

crease in pressure is also large enough to cause the absolute pressure control 

to open slightly. The absolute pressure control, therefore, seeks an equili­

brium position which will allow the metered gas to continue going overboard, 

but will cause a finite pressure drop in passing through the control section.

The gondola is "sealed" in this manner at an altitude determined by the absolute 

pressure control If the pressure within the gondola begins to decrease due 

to a leak, the diaphragm in the demand section is pushed down by the pressiire

- 63
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in the control section and the tilt valve spills gas into the demand section, 

building up pressure within the gondola. This valve is shown in Figure 29. 

Figure 29 also shows the manually operated toggle valves which connect the 

controller valve to the system. These three units are used to isolate the 

controller valve in the event of its failure or if it is desired to control 

the gondola's equivalent altitude at any desired value. In the gondola, the 

valves were located directly under the oxygen converter. Figure 30 is a 

schematic of the pressiuization^oxygen system. 

Oxygen Supply - The oxygen supply is in the liquid state in order 

to reduce the over-all equivalent weight. For a 5 liter liquid oxygen con- 

verter, we have available approximately ^150 liters of oxygen STP. Such a 

system weighs approximately 36 lb with all of its associated equipment. 

Therefore, we have roughly 115 liters of oxygen STP per pound of weight. An 

ordinary oxygen cylinder weighs about 135 lb and contains 5,720 liters of 

oxygen STP. The cylinder then provides k2.k liters of oxygen STP per pound 

of weight, about 37 per cent of the 5 liter liquid system. It is recognized 

that the weight penalty of a gaseous system Increases as the requirements 

are increased. The only reason in making this comparison is to demonstrate 

the relative massiveness of small liquid oxygen systems. Since the weight 

of the dry 5 liter system is slightly more than twice the weight of the oxygen 

it contains, it seemed worthwhile to Investigate to some extent an unpressu- 

rized, lightweight type converter. 

The simplest, lightest form of an unpressurized oxygen converter 

is probably a Dewar flask, which exposes the surface of the liquid to the 

ambient atmosphere. The liquid will bo:l off slowly at a rate approxi- 

mately proportional to the area of this surface and at a rate independent 
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PICTORIAL DIAGRAM OF PRESSURIZATION-OXYGEN SYSTEM
FIGURE-3a



of the amhient prepsiire. Data have been collected from such a system which 

support these two statements (see Figure 3l)* The most significant fact 

demonstrated by this curve is that heat exchange is accomplished primarily 

through radiation, and that,therefore, the boiling rate is almost independent 

of ambient pressure.

One other interesting point demonstrated by this curve is the initial 

period during the test conducted at an eunbient pressure of 375 millibars.

Note that the initial rate here is significantly faster than its later rate. 

This is due to the necessary lowering of the boiling point of oxygen d\iring 

the reduction of ambient pressure. The Eunount boiled off in lowering the 

temperature of the liquid may be calcvilated approximately as follows:

Heat lost byHeat to be removed to 
lower temperature of 
liquid

boiling liquid

or;

where:

m^K (To-T) = m^L

iDq = total mass of liquid (gm)

K = specific heat

Tq = boiling point at atmospheric pressure (°K)

T = boiling point at reduced pressure (°K) 

mj^ = mass of liquid lost in boiling 

L = heat of vaporization (cal/gn)

The percentage loss in the process of pressure reduction is approxi-

mately:

“l

L

K(To-T) (1)
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The boiling point of oxygen as a function of pressure may be found 

in any handbook.

The control of such a converter can be achieved in any one of a 

ntonber of simple ways. One of these is to provide a variable conducting 

starface to insert into the liquid. Another would be to provide an electrically 

controlled heater which boils oxygen off at the desired rate. Such a system 

could have a net dry wei^t of no more than 20 per cent of the liquid wei^t. 

The whole \mit could be very siagple, compact, li^t, and could be utilized 

on a vehicle with the hi^ stability of a balloon.

Since the pressure controller utilized by the gondola required a 

source of finite pressure relative to ambient, a commercially available 5 

liter converter was utilized. This converter and associated equipment was 

built into a conpact unit conplete in itself. Appropriate manifolds were 

provided such that any nmber of conceivable systems could be supplied by 

this unit.

The conplete converter system is shown in Figure 32. The control 

at the upper rig^t is the variable orifice which discharges oxygen at the 

desired rate. The gaxige at lower right indicates the amoxmt of liquid remain­

ing in. the converter. The control located at the panel top center is a toggle- 

type valve which opens a comparatively fast discharge orifice. This orifice 

stops the decrease of the oxygen partial pressure at any desired level during 

the gondo.la ascent. The orifice is a No. 50 hole and has a calibrated dis­

charge rate of about 20 liters per minute at the converter operating pressure 

of 70 psi. The gauge in the lower portion of the panel indicates the operat­

ing pressure of the converter. The control in the lower left is the "build 

up and vent" valve which opens or seals the converter from the ambient
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atmosphere during the filling and operating periods. This unit weighs 3^.7 

lb',  another similar unit weighed 35.7 lb» 

Fiüssurized and unpressurized "no flow" tests were mjue on each of 

these converter systems. Results showed that (l) when pressurized (but with 

both orifices closed), the loss of liquid was 7.02 lb/day for each of the 

converters, and (2) when unpressurized, the loss was 1.8 and 2.5 lb/day. 

This is a measure of the heat exchange occurring in each case and is within 

the limitations prescribed by the manufacturer. 

Each of the contents gauges were calibrated for dial reading as a 

function of head of fluid. The gauges were found to be fairly accurate 

(±0.1 liter) over their entire range at room temperature. Readings did, 

however, vary significantly when the converters were discharged rapidly or 

the equilibrium pressure above the liquid was in some way disturbed. Accuracy 

was restored when the equilibrium conditions were again attained. 

Some question may exist as to the output capacity of this type con- 

verter under low temperature and low ambient air density conditions. It was 

calculated that, even if the unit were in a vacuum, the purely radiative 

heat exchange between tte boiling ceil and the surroundings (assumed to be 

at -400C) could supply about 100 watts of power to the coil. This would be 

more than ample for the requirements of the system. 

Measurement and Recording of Oxygen Level - The oxygen partial 

pressure within the gondola was determined by two Beckman oxygen analyzers. 

The Beckman unit operates on the paramagnetic property of oxygen. A dumbbell 

shaped glass container of lower magnetic susceptibility than oxygen is sus- 

pended between the two poles of a permanent magnet whose field is non uniform. 

An increase of oxygen density around *.ai^ dumbbell will cau^e it to rotate 



/ 

into an area of lover flux density, thus moving a mirror attached to its sus- 

pension. The instrument is read in the same way as laboratory-type galvano- 

meters . 

Tvro of these devices were used, one operated manually by an observer 

and the other operated automatically. The automatic unit was designed by 

General Millsc The heart of this unit Is a Beckman analyzer^ but certain 

modifications were necessary to enable it to take its own air sample and 

record the corresponding partial pressure. An illuminated dial gives con- 

tinuous indication of the partial pressure at all times. A pictorial of this 

unit is shown in Figure 33 and a photograph of the unit in Figure 3^. Note 

in the pictorial that the light beam is divided by the glass plate, the re- 

flected beam moving vertically to a camera which continuously advances film 

and records the oxygen level. 

At one time in the gondola development, it was thought desirable to 

"automate" the partial pressure of oxygen within the gondola. This was the 

actual purpose of this automatic oxlmeter, and it was constructed for that 

operation. Instead of using an illuminated dial to indicate the present 

partial pressure of oxygen, four photocells located along this dial were stimu- 

lated by the reflected light beam as it passed certain specified points. 

The output of each photocell was amplified by a one-stage amplifier fed into 

a relay network. This network actuated a servo system which drove an oxygen 

valve to certain pre-set discharge rates. Since the "natural leak" and human 

oxygen consumption were well enough defined, however, it was not necessary 

to automate this control. The servo link in the gondola was removed, but 

the oximeter remained to record the oxygen partial pressure continuously. 
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Carlaon Dioxide Removal System - Carton dioxide may be removed from 

an enclosed area, e.g., a cabin, in a number of ways: (l) a liquefied gas 

(e.g., the liquid oxygen svq>ply) may be used to condense the carbon dioxide;

(2) the carbon dioxide may be absorbed by using scrubbers or packed towers; 

or, (3) remo\’al of carbon dioxide may be accoB5)llshed by use of solid absor­

bents*

The second system seemed generally undesirable for airborne vise.

The first system was not evaluated but seems to have pome real possibilities 

forhig^ altitude balloon flights and deserves careful consideration, not only 

for carbon dioxide removal, but for water vapor removal. A solid absorbent 

system had been selected for this purpose before General Mills began work on 

this program, and time (iid not permit a re-evaluation of this selection.

Lithium hydroxide was selected because it has the best theoretical capacity 

for carbon dioxide of emy absorbent now available, l.e., I.08 Ib/lb of carbon 

dioxide. Its capacity is virtually independent of the partial pressure of 

carbon dioxide and it is the only absorbent which retains its full activity 

at temperatures as low as 35°F. Since it will react both physically and 

chemically with water, the chemical was kept separate from the moisture removal 

system.

Llthivmi hydroxide (LiOH) is a fine powder and will dust. The dust 

is very Irritating to mucous membranes and can be avoided by using filters.

In this case, the powder was placed in open bottom trays and enclosed by 

layers of cloth and a large mesh screen. A stiff layer of screen was laid 

in the tray, svqiported by the edge, then a layer of cloth, about 0.25 inch 

of lithivan hydroxide, a layer of cloth and the heavy screen on top. A conqjlete 

tray is shown in Figure 35. Four such trays, each containing approximately
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650 grams of lithium hydroxide were used to keep the carbon dioxide level 

within the required limits. The dimensions of the tray are 1 inch x 15.5 
I 

inches x 10.5 inches. The four trays containing lithium hydroxide along with 

trays containing the water vapor desiccant were located in a 0.25 inch ply- 

wood box. A centrifugal fan mounted on top of this container circulated the 

gondola air over the staggered trays with a volume flow of approximately 

20 cubic feet per minute. A pictorial of this unit is shown in Figure 36. 

Since the absolute pressure within the gondola had not yet been selected, 

we chose to determine the approximate relative efficiency of lithium hydroxide 

at a reduced pressure in relation to that at sea level. This effect is shown 

in Figure 37. The curve labeled lithium hydroxide pellets was made to com- 

pare the relative efficiency of both pellet and powder forms. 

Measurement and Recording of Carbon Dioxide Level ■ A survey of 

advertising literature on carbon dioxide analyzers was made with initial 

emphasis on infrared detection of carbon dioxide. Commercially available systems 

for Infrared detection of carbon dioxide were ruled out because of excessive 

weight and large power requirements. Since the development of a unit speci- 

fically for this job was beyond the scope of this project, an alternative 

was sought. 

Thermco Company, Michigan City, Indiana proposed to build a carbon 

dioxide analyzer operating on the principle of the measurement of differential 

heat conduction through two gas samples. Since such a unit already existed 

and the main problem was the design of more sensitive associated circuitry, 

this Job was undertaken by Thermco Company. 

Thio instrument is a Wheatstone bridge using thermistors for two 

1 
of the arms. A voltage applied to the bridge raises the temperature of the 
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arms. The air to be sampled diffuses throu^^ desiccant tubes to the two 

thermistors. The reference thermistor desiccant tube contains both water 

desiccemt and carbon dioxide desiccant. The sar^ling thermistor desiccant 

tube contains only a water vapor desiccant. The two thermistors are there­

fore ejqposed to different gas mixtures which will conduct heat away from them 

at different rates. The result is an unbalanced bridge due to changes in 

resistance. The resultant xinbalance is measured by a mllllammeter which is 

calibrated in vinlts of carbon dioxide partial pres^iire. This meter reading 

is photographed by the recording camera and is visible to both gondola obser­

vers. The calibration is shown in Figure 38 and the entire assembly can be 

seen in the lower left section of the instrument panel in Figure 57*

Vliater Vapor Removal Sys tei^- The moisture removal system had also 

been selected prior to our beginning work on this gondola. This, too, in­

volved the use of an absorbent, LlCl (lithium chloride). Here again, many 

possible methods of removing excess moistiire exist. One of the most attrac­

tive of these methods involves some type of condensing system. Such a system 

could seemingly operate qxxite efficiently for hi^ altitude balloon flights 

because of the low eunbient air teii5)erature. Iftifortunately, we were not able 

to evaluate this type system con5>letely with relation to the desiccant system. 

Any futiore design work should, however, consider this possibility carefully.

The absorption of water takes place throu^ the hydration of LiCl 

to LICI.H2O. Usually the LiCl is located in a bed over which the air to be 

dried is passed. In this case, the LiCl v-as dissolved in water to form a 

saturated solution. This solution was then soaked into O-Cel-0 sponges which 

were dried in vacuum ovens. It was found that about 8 to 10 grams of LiCl 

per gram of sponge would absorb more water per unit time. This is a broad
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maximum, however. 

It was also found that for this particular system there was un optimum 

sponge size. Various sizes were tried, and the experimental results are shown 

in Figure 39- Sponges l/2 inch on an edge were used for this purpose. The 

resulting increase in efficiency by selection of these optimum parameters is 

further demonstrated in Figure kO,    In a test run of the system, optimum sponges 

were in the even numbered trays and assorted sponges used previously were in 

odd numbered trays. The net amount of water absorbed by the two sets for a 

given weight of LiCl differs by a factor varying from a minimum of 3 to an 

over-all average of J.    It is interesting to note that provision of a physical 

carrier for Lid in this manner will allow it to absorb approximately 0.6 lb 

of water per pound of desiccant (including carrier), which is excellent when 

11 
compared to other absorbents at exit humidities of approximately 30 per cent. 

It was necessary to determine the relative efficiency of this desic- 

cant at other ambient pressures as before. The relative efficiency was deter- 

mined at an ambient pressure of 237 millibars, and the results are shown in 

Figure ^1. 

As with lithium hydroxide powder, the sponges carrying lithium 

chloride were placed in trays located within a 1^ inch x 21 inch x 17 inch 

plywood container (see Figures 35 and 36). A centrifugal blower delivered 

approximately 20 cubic feet per minute through this system continuously 

throughout the test flight period. 

Test of the Atmospheric Maintenance System - In order to verify the 

operating characteristics of this system, it was necessary to subject the 

gondola to a series of chamber studies The following paragraphs will de- 

scribe four chamber experiments and the corresponding data will be presented. 
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The first tvo chamber tests were of a preliminary nature and designed 

to establish a base line of operation of the atmosphere maintenance equip- 

ment« 

The two final chamber tests were almost identical in all respects and 

were generally representative of the expected results in the actual Strato- 

Lab flight. 

Preliminary Chamber Test - The gondola, in an incompleted state, 

was taken to NOTS (Naval Ordnance Test Station) at Inyokern, China Lake, 

California, for a preliminary series of tests. Te; t objectives included: 

(1) Evaluation of the general atmosphere regeneration philosophy 

and capabilities under both decreased pressure and temperature conditions. 

(2) Determination of further requirements necessary to successful 

gondola operation. 

(3) Observation of any effects, from a medical standpoint, which 

might be important in the over-all flight consideration-* 

Preparations involved in readying the gondola. Insofar as possible, 

for such a series of tests pointed out many obvious defects and system in- 

congruities. These were noted and the gondola was placed in an altitude 

chamber at Mickelson Laboratory, NOTS, Inyokern, California. 

It bad been planned originally to use Navy-type full pressure suits 

as an emergency pressure sustaining device. It was found, however, that this 

would be virtually impossible, since the physical discomfort imposed by the 

unlnflated suits would not allow them to be worn for periods of up to ten hours. 

* A report on medical considerations of such a flight may be found In the 
Appendix written by Dr. Nello Pace, Department of Physiology, University 
of California.. 
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The gondola had been pressurized in earlier tests, and it was felt to be 

quite safe to proceed with a personnel test. Mr. M. D. Ross and Lt. Cdr. 

M. L. Lewis, the two pilots, made this test on ^ June 1956. 

Data collected in this personnel test are presented in Figures ^2 

and 1+3» Since these tests were the principal tests at China Lake, these data 

alone are presented here. This series of tests at Inyokern indicated that 

the system philosophy was generally sound with regard to the air regenera- 

tion and oxygen supply equipments There were, of course, areas in which it 

was felt that improvement should definitely be made. Various simplifications 

in the system also seemed desirable and these were noted* 

It was decided to attempt to increase the effective capacity of the 

two desiccants through further development work. 

There were certain parameters pertinent to the oxygen partial pres- 

sure that were not known for this series of tests. These dealt primarily with 

the gondola s "natural leak" and the controller valve s oxygen consumption. 

This particular information was later determined and is discussed elsewhere 

in this report. 

The gondola was returned to Minneapolis for modification and final 

completion. TMs work progressed quite rapidly, and a series of conclusive 

tests followed this completion. 

Sea Level Test • After completion of several experiments on the 

effectiveness of each of the desiccants as a lanctlon of absolute pressure, 

a sea level test, designed to indicate the over-all usability of the revised 

system was conducted  This test took place on 11 October 1956 and lasted 

slightly over six hours. Data collected during this period are presented 

in Figures <*'*  and US. Note that (l ) the  carbon dioxide level was held to a 

88 
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moderately low value throughout this period, never exceeding approximately 

9 millibars or 6.7 mm Hg; and (2) the relative humidity climbed to a value 

of approximately 70 per cent, although this rise was prompted by a marked 

rise in the internal air temperature. The increased air temperature caused 

an increase of moisture output by the two subjects (see Figures 26 and 27). 

This moisture removed by the desiccant resulted in a significant increase in 

the exit temperature of the air from the desiccant chamber, which in turn 

contributed to a higher internal gondola temperature. It was determined, 

however, that under reduced temperature conditions a low equilibrium level 

would be reached and this conclusion was borne out by subsequent tests. 

During this sea level test the oxygen partial pressure was allowed 

to rise above that normally occurring at that absolute pressure. Since the 

gondola was essentially sealed from the outside, the oxygen converter was 

turned off to note the decreasing density of oxygen and from this to compute 

the average metabolic consumption of the two observers. Since the converter 

was turned off from 1300 CST (see graph) to 1530 CST and since the oxygen 

partial pressure decreased from an average value of 172 mm to 157 mm of Hg, 

the metabolic consumption by the two observers was calculated to be in the 

order of 550 cubic centimeters per minute, or an average of 275 cubic centi- 

meters per minute for each person. Tnis is in excellent agreement with pre- 

viously obtained values {see Table 17). 

Final Chamber Test?  Noting that General Mills, Inc. had been 

conducting pressure test,s of hydrostatic equipment to pressures of 300 psi, 

the possibility of utilizing this chamber for evacuation purposes was in- 

vestigated. The pi?e and  strength of Lhiö cnamber were entirely compatible 

with Strcto Lab requirements and arrangements were made for use of this 

CM 
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chamber. 

It can be shown that the pressure vithin the chamber expressed as 

a function of time is: 

P  ■ n e ■^c   -^o 

-Kt/V 

where: 

c 

Po 

K 

V 

absolute pressure of chamber 

initial pressure of chamber 

pumping speed of vacuum pumps 

volume of chamber 

t  = pumping time. 

From this relation the pumping speed, K, can be determined by using 

a value of Pc/p0' This fraction is related to a rate of rise value and 

thereby one can simulate the balloon ascent. Tvro valves permitted variation 

of ascent and descent rates as well as maintenance of any specified altitude 

equivalent. 

After several unmanned test runs had been performed to familiarize 

personnel with relative pumping speeds, the controller valve operation, etc., 

a manned run was made 8 October 1956. The purpose of this test was to evaluate 

desiccant and oxygen systems with a simulated flight of six to eight hours 

with an internal gondola altitude of approximately 35,000 ft. In order to 

evaluate the moisture removal system more precisely, one ton of crushed ice 

was placed in the bottom of the chamber before the gondola was lowered inside. 

The purpose of this was to keep the moisture output of the two subjects at 

moderate levels by keeping the temperature at a reduced level (see Figures 

26 and 27). 
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Various parameters were recorded as a ftmctloo of tlae and the 

entire pint of these data can he fonnd In Fl^es k6 and 47.   A log of the 

reaarks of the gondola occupants during the test my be found In 

Table V. 

The two gondou occupants vere Mr. H. E. Froehllch and Mr. K. M. 

Ung, hoth of General Mills, Inc. Mr. Froehllch had ^de several balloon 

ascents, the «Jorlty of which had not been to altitudes rearing an o^gen 

syste«. He had e^erlenced one ctaber test prior to this at the Mayo Clinic 

Hochester, Minnesota. Mr. Ung had mde one balloon ascent prior to this 

experiment. He had also participated in the same chaMber test with Mr. 

Froehllch at Mayo Clinic, Rochester, Minnesota. 

Approximately two weeks before this experiment, both of these men 

had made a balloon ascent to an altitude of 41,000 feet in an open gondola. 

Prior to this test, both subjects breathed pure oxygen for a period 

of approximately 80 minutes to avoid aeroembolism. Both subjects had pre-       \ 

viously experienced the bends and were acquainted with tte necessary pre-        J 

cautionary measures. 

The results of this test shoved: 
■ 

(1) Oxygen partial pressure did not decrease belov a value of 150      | 

mm Hg, 

(2) Carbon dioxide partial pressure was slightly greater than 1 nnn      { 

of Hg at II33 GST. K 

(3) Absolute pressures within the gondola were never lower than } 

187 mm of Hg. 

From this information, at may be difficult to see., from a physio-        ' 

logical standpoint, why one of the subjects experienced the particular set 

9^ 
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TABLE V

REMARKS ON HIDROSTATIC CHAMBER TEST I CONDUCTED 8 OCTOBER 1956

Time

Gondola

Altitude

lOlU Ground 2 liters/minute orifices started on each converter.

1016 Ground Vacuum pumps on.

1045 16,000 ft Both converters turned to 4 liters/minute.

1055 23,000 ft Moved portable Beckmeui oxygen emalyzer arovind gondola 
Apparently no striatlon of gas.

1113 28,500 ft Decompression valve closed.

1116 28,000 ft H. E. Proehlich noticed that his face felt warm.

iu8 29,000 ft Decompression valve opened.

1125 32,000 ft Cool fan turned on. Converter orifices turned off. 
Decooqpresslon valve closed.

1128 33,000 ft H. E. Froehlich again noticed warm sensation aroimd 
face 8Uid neck.

1133 33,000 ft K. M. Lang felt faint, slightly dizzy. He noted in­

crease in heart beat rate; face was warm, sensitive. 
He started 20 liters/min. orifice and directed -into 
his breathing area and felt better immediately.

1155 12,500 ft H. E. Froehlich noticed slight pain in knee.

1158 11,000 ft K. M. Lang turned off 20 llters/mln. leak.
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of reactions noted in the remarks on Chamber Test I. Some authorities pointed 

out that this may have been a reaction to a carbon dioxide level actually 

greater tlian that recorded. By calcvilation, however, it can be shown that 

even if all carbon dioxide produced by the two observers had remained in 

the gondola in a free state the level would have been about 2.9 per cent of 

the interior atmosphere, which corresponds to a partial pressure of about 

3.3 mm of Eg. Also, there was no reason to doubt the efficiency of the 

desiccant because of its adequate performance in the sea level test (see 

Figure 44) and because the desiccant's efficiency actually Increased slij^tly 

with reduced pressures (see Figure 37).

One argument against the calculation of a carbon dioxide pressure 

of ^.3 mm of Hg is the possibility of lncoiiq>lete mixing of the gases. It is 

conceivable, then, that a number of breaths may be taken in an area, the 

carbon dioxide concentration of which might be relatively hl^. This seems 

logprobable, however, since the movement of air within the gondola due to 

obseirver movements, breathing, etc., would acccnpllsh some mixing.

It is conceivable that these particular reactions may have been the 

result of an Induced nervous state in the individual. Ordinarily when person­

nel encounter such altitudes, either in chambers or in aircraft, they are 

equipped with oxygen masks and associated apparatus. In this case, however, 

each of the observers was free to note such effects as the differences in sound 

propagation when talking and the "lightness" of each breath due to the low 

density of the surrounding atmosphere. If ordinary oxygen equipment had 

been utilized, such effects might have been more difficult to observe and the 

observers mi^t then not have been overly aware of their environment. This 

is, of course, speculation.
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One function of the Strato-Lab system is to provide an atmosphere 

in which one observer can carry out functions without the acclimation to 

special environmental conditions. Because of this consideration, it was 

felt necessary to lower the equivalent altitude of the gondola significantly. 

The choice of this new altitude was based on two factors: (l) the provision 

of a comfortable altitude for observers, and (2) the choice of an altitude 

such that no undue fire hazard could exist in the event that the gondola 

atmosphere would be pure oxygen. By purely qualitative tests, it had been 

determined that the oxygen partial pressure should not exceed approximately 

300 mm of Hg. Because of this and because the controller valves were con- 

veniently adjusted to maintain an altitude equivalent of 17^500 ft, this 

level was chosen. 

A second chamber test was conducted on 16 October 1956. This ex- 

periment utilized a significantly lower altitude within the gondola. This 

altitude was equivalent to approximately 17,000 ft initially and about 

ll<-,000 ft thereafter for a period of over five hours. Again, the primary 

purpose of this test was to demonstrate the effectiveness of the desiccant 

system as well as to verify certain oxygen partial pressure predictions. 

Again, approximately 2,000 lb of cubed ice was packed around the 

gondola base such that the moisture output of the two observers would be 

within reasonable limits. 

The two observers were Mr. H- E. Froehlich and Mr. Thomas Olson, 

both of General Mills, Inc. Mr. Froehlich's personal experience in such 

matters has already been outlined. It was Mr. Olson's first chamber ex- 

perience, and he had made no balloon flights prior to this time. 

The duration of the test exceeded six hours and was terminated only 

.\ 
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because no unusual data were being recorded. These data are presented in 

Figures k&, k9 and 50. 

Some points worthy of mention are that: 

(1) Even though the controller valve was not used for gondola In- 

ternal altitude control, satisfactory control was easily obtained through 

use of the adjustable leak valve. 

(2) For the entire six hour period, no more than two liquid liters 

of oxygen, or kO per cent of the capacity of one convercer was used. 

(3) The practicality of a pure oxygen converter system was nicely 

borne out by the oxygen partial pressure relationship expressed as a function 

of time. 

(k)   The relative humidity rapidly reached and maintained an equili- 

brium value of ho per cent for the duration of the test. 

(5) The carbon dioxide level was very low throughout the entire test, 

never exceeding a partial pressure of 3»3 millibars of Hg. 

(6) The rise in oxygen partial pressure was expected but exceeded 

calculated values; this excess partial pressure, however, never exceeded the 

upper limit (300 mm Hg) and was attributed primarily to the unused converter 

building up in pressure and venting directly into the gondola. 

Both observers were quite comfortable throughout the test period and 

experienced no unusual or unexplainable reactions. 

The  third and final chamber test took place 26 October 1956. This 

test was designed primarily to indoctrinate the pilots, Mr. M. D. Ross and 

Lt. Cdr. M. L. Lewis, in the use of the atmospheric maintenance equipment 

in the gondola. This final test was conducted in essentially the same manner 

as the preceding test with the exception that the controller valve was used to 
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TABLE VI 

REMARKS ON HYDROSTATIC CHAMBER TEST II CONDUCTED l6 OCTOBER 1956 

il 
Gondola 

Time Altitude 

0958 Ground 

0958.5 Ground 

1013.5 6,000 ft 

1027.5 16,800 ft 

1053 15,500 ft 

1216 13,800 ft 

1223 1^,000 ft 

1318 14,000 ft 

133^ 13,800 

1^33 14,000 ft 

U36.5 14,000 ft 

1H0 14,000 ft 

150^ 13,800 ft 

1532 15,500 ft 

15^9 15,000-ft 

Chamber sealed and oxygen orifice on at 4 liters/minute 

Vacuum pumps on. 

20 liters/min leak turned on. 

Decompression valve closed, 20 liters/mln leak turned off 

Orifice turned down from 5 liters/min to 2 liters/min 

Manual altitude control valve opened, l/2 turn. 

Manual valve closed to l/4 turn open. 

Converter orifice turned off. Manual valve closed. 

Manual valve opened l/4 turn. 

Heat fan turned on. 

Heat fan turned off, cool fan turned on. 

Cool fan turned off. 

Manual valve turned from l/4 to l/2 turn open. 

Manual valve turned from 1/2 to l/4 turn open. 

Decompression valve opened. 
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control internal altitude of the gondola.

This final test also verified calcxilations of the e:q>ression of 

oxygen partial pressure as a function of time. At the time simulating the 

launching of the system, the 2 liters/min orifice was opened. When the gon­

dola reached an internal altitude of 10,000 ft, the hi^ discharge orifice 

(20 liters/min) was opened and was not closed until the internal altitude 

came to its equilibrium value. The purpose of this high discharge orifice 

was, as has been pointed out previously, to halt the decrease of oxygen par­

tial pressure at the 10,000 ft altitude equivalent (about 110 mm Hg). This 

is demonstrated by the corresponding curve in Figures 51 and 52.

Here again, note that the relative h\anidity and carbon dioxide 

partial pressure were held to very low values throu^out the entire test. 

Also, note that one oxygen converter alone easily sipplled the test require­

ments .

This chamber test concliided the series of tests conducted on the 

atmospheric maintenance system. The effect of the desiccant on the internal 

atmosphere has been presented in each of the appropriate data presentations. 

The amount of desiccant used and the net amounts of carbon dioxide and water 

vapor absorbed during each test are listed in the following table.

It should be noted that the carbon dioxide desiccant, LiOH, took 

up an undetermined amoxmt of water while it was also removing carbon dioxide. 

The RQ (respiratory quotient) has an average value of O.85, which means that 

the voliame output of carbon dioxide of an individiaal will be about O.85 times 

the volume of oxygen consumed metabolically. Therefore, since the resting 

body consumes approximately 160 graims of oxygen in a six-hour period, the 

carbon dioxide output should be about 195 grams in the course of this same
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Interval of time. This value conopares fairly well with the results of the 

last three tests given in Table VII below. The first test (inyokem), how­

ever, yields a value significantly higher than this and is probably reason­

able when one considers that a major portion of the LlOH for this test was 

not located in the low humidity region of the desiccant box. It was e^qposed 

directly to the ambient air within the gondola. Since the carbon dioxide 

level during the Inyokern test also rose to a high value, this test shows 

the necessity of locating the carbon dioxide desiccant in an area void of hlg^ 

water vapor concentration.

h
/

TABLE VII

MASS Off' CARBON DIOXIDE AND WATER VAPOR ABSORBED BI 
DESICCAIfTS DURING CHAMBER TESTS

Test

Lia LiOH

HgO

Absorbed

m_

CO2

Absorbed

(Ol
Total Enclosed 

Time

Inyokena 1397 4327 804 538* 6 hours

Chamber Test I — — — — —

Sea Level Test 2210 2830 1020 160 6 hours

Chamber Test II 3600 2600 1590 191 6 hr 20 min

Chamber Test III 2045 2320 530 265 6 hours

I

* Include some HgO.

- 109
■



'   ■      '      ■ < ...B... 

«>**    .•.     '     i 

¥ 
l; 

Gondola Electrical Systems 

Povrer Sources - Most of the electrical apparatus operated on 6 

volts. The main 6-volt supply consisted of a pack of eighty mk2 R-2T Mal- 

lory mercury cells. Sixteen groups of cells were connected In parallel, 

each group consisting of five cells In series. Total weight of the assemb- 

lage, Including the base plate and mounting conponents, was 35 lb. At the 

manufacturer's rating of 1^,000 mllllanrpere hours per cell, total capacity 

of the battery supply was 22k ampere-hours. The battery supply Is shown In 

Its rigidly-mounted position underneath the observer's seat In Figure 53. 

A pair of parallel, ^O-ampere circuit breakers was connected In series with 

the main 6-volt lead to allow either circuit breaker to be used Individually, 

In case one or the other should develop faulty contacts or holding tendencies. 

The circuit breakers were located under a floor panel. 

An auxiliary 6-volt supply, consisting of thirty-five RMte R-2T 

mercury cells, was mounted under the pilot's control panel. By means of a 

switch on the pilot's control panel, it was possible to operate the more 

vital electrical apparatus from the auxiliary supply. 

The helium valve required a 24-volt supply. Because of the length 

of the leads in the valve circuit, it was considered best to avoid the use of 

high current. There was a main, as well as an auxiliary, 24-volt battery 

supply for the helium valve. The main supply consisted of two parallel groups 

of twenty RM12 R-2T cells in series. The auxiliary supply consisted of a 

single group of 20 cells in series. The current requirement of the valve 

motor was 150 milllaaiperes. In the case of the more vital electrical appara- 

tus, it was considered essential to use parallel cells, at least In the 

main supply, particularly where a number of cells were to be used in series 

P 
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to obtain the required voltage, since in this case there is an increased 

probability of a faulty cell, any one of which would render the entire series 

chain useless. Therefore, a parallel chain was used. Either the main or 

the auxiliary 2^-volt supply for the helium valve could be selected by means 

of a switch on the pilot's control panel. The auxiliary 6-volt supply and 

both 24-volt supplies were packaged and mounced together under the pilot's 

control panel. 

The radio and intercom systems operated from individual battery 

packs. 

Control F&nels - With a few exceptions, the electrical devices 

were controlled from one or both of the two control panels. One panel was 

located on the ri^it side of the pilot's position and the other was located 

on the right side of the observer's position. The panels, which were made 

of 0.125-inch 24ST aluminum and were hinged on one edge to allow access to 

the wiring and components, are shown in Figure 54. 

The pilot's panel contained the following items: 

1. Switch for oximeter, carbon dioxide analyzer and dome light 

2. Switch for jettisoning ballast 

3. Switch for ballast flow 

k. Switch for energizing cut-down squibs 

5. Switch for voice radio transmission 

6. Switch for opening helium valve 

7. Switch for main or auxiliary 6-volt supply 

8. Switch for main or auxiliary 24-volt supply 

9« Indicator for ballast expended 

10. Microphone and receiver jacks 
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11. Pilot lights and fuses 

12. Altimeter 

13. Clock. 

The ohserver's panel contained the follovlng items: 

1. Switch for desiccant fan 

2. Switch for wanning fan 

3« Switch for cooling fan 

4. Switch for data recording camera 

5. Switch for thennistor wand and zero motors 

6. Switch for energizing cut-down squibs 

7. Switch for voice radio tranwniesion 

8. Switch for HP-VHP receiver »election 

9« Altimeter for gondola internal altitude 

10. Microphone and receiver jacks 

11. Pilot lights and fuses. 

Wires leading to and from the panels were connected to terminal 

strips on the panels. Inteipanel wiring was cabled underneath the gondola 

deck. 

Climate Controls - The component parts of the climate control system 

were the cooling fan, the wanning fan and the desiccant fan. 
P 
i- The extemal surface of the upper hemisphere of the gondola, which 

I        was painted white, was regarded as a "cold" reservoir. Cooling was accomp- 

lished by energizing a fan mounted above the instrument panel at a "latitude" 

of approximately IfCP. The axial fan directed a stream of air upward across 

the cold inner surface of the upper hemisphere. The fan was controlled by 

a center-off switch on the observer's panel and could be energized manually 
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by throwing the switch in the "manual" direction. By throwing the switch 

in the "auto" position, a thermostatic switch was included in the circuit 

and the cooling fan was automatically energized when the tempeidture reached 

a pre-set level. The thermostat unit consisted of a hi-metal spiral and a 

mercury switch mounted beneath the observer's seat. 

The external surface of the lower hemisphere of the gondola was 

painted black to create a "heat" reservoir. Heating was accomplished by 

energizing a fan in the center of the circular deck. The centrifugal fan 

directed a radial flow outward along the warm inner surface of the lower 

hemisphere. The air rose through a ring of 1-l/k inch holes in the outer 

edge of the deck. The control switch was located on the observer's panel 

and the manual.-auto system was identical with that of the cooling system. 

The warming thermostat was similarly mounted beneath the observer's seat. 

Each temperature fan drew 4,6 amperes. The cooling and warming fens are 

shown in Figure 55» 

The desiccant fan was a centrifugal blower which constantly di- 

rected a stream of air through the air regeneration box. The fan was located 

on top of the box and directed air downward. Kie fan switch was located 

on the observer's panel. A blue pilot light on the data panel was energized 

by the fan voltage. The current requirement was 3.9 amperes. It was pos- 

sible to operate this unit from the auxiliary power supply. 

Balloon Valve System - Helium was expelled from the top of the 

balloon by a mechanical valve which was operated by a 24 volt motor. The 

dimensions and capacity of the valve are discussed elsewhere. The electric 

circuit for the valve system is Phown In Figure 56. The valve was energized 

by throwing the spring return switch 00 the pilots panel. This applied 
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2k volts of polarity to the proper opening wires and the valve conmenced to 

open. The spring return switch was held "on" in order for the valve to 

reach the end of its travel. At this time the opening limit switch on the 

valve mechanism was tripped and the opening circuit was interrupted. The 

valve remained open until the control switch on the pilot's panel was re- 

leased; this applied reversing polarity to the closing circuit and the valve 

closed. When the closed position was reached, the closing limit svitch in- 

terrupted the circuit. If during the opening cycle the control switch were 

released, the valve closed again. The otherwise unused contact on the closing 

limit switch was connected in series with a relay coil on the pilot's panel. 

When the valve opened, the relay coil was de-energized and the indicator panel 

light was energized from the back-contact of the relay. Thus, the valve in- 

dicator light wai on when the valve was in any position but closed. The valve 

is shown in Figure l8. 

Ballast Valve System - The two ballast containers were mounted 

approximately at the equator of the gondola at diametrically opposite points. 

The ballast material was 110-grade iron shot. The ballast valves were of 

the usual magnetic type and were "plugged" by the field from a circular perm- 

anent magnet. Ballast was made to flow by energizing the 500-ohm bucking 

coil with 12 volts. It was necessary to mount a pair of type 12k parallel 

batteries beneath the pilot's control panel for an additional 6 volts, since 

this size valve is not reliable on 6 volts alone. Thus, the ballast valve 

operated on a 12-volt supply. Operation of the spring- return ballast switch 

on the pllot:s panel caused ballast to flow from both hoppers,. The falling 

ballast impacted small discs which were coupled to micro-switches. The micro- 

switches energized flow Indicator lights on the pilot?s panel. Each hopper 

had an Indicator light associated with it. In addition, a constant «peed 
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motor was connected across the indicator ll^t of one of the ballast hoppers. 

The geared output of the motor shaft drove a calibrated disc which Indicated 

the total ballast remaining. The flow rate from each valve was 15 Ib/min.

It was possible to jettison the ballast by throwing a switch on the pilot's 

panel. This switch, which was equipped with a safety cover, energized ex­

plosive squibs Ijcated inside blow-out patches at the bottom of each hopper.

The wiring of the ballast circuit is included in Figure 66. The ballast 

system could be operated from the auxiliary power supply.

Data Panel - An Instrument data panel was mounted on the inner wall 

of the gondola above the pilot's control panel. This panel allowed centralized 

viewing of the various fli^t instruments by the pilot and observer and by 

the recording camera on the opposite side of the gondola. The data panel 

shown in Flg\are 57 contained the following instnaments;

1. Low altitude altimeter (external)

2. Hi^ altitude altimeter (external)

3. Rate of rise indicator

U. Clock

5. Ohmmeters for the external thermistors

6. Thermometer

7. Voltmeter for a 6-volt supply

8. Indicator li^t for vent fan

9. Internal gondola altimeter

10. Carbon dioxide analyzer

11. Hygrometer

Camera and Flashtube - A 35-mm recording camera was moimted on the 

bottom of the air regeneration box above the observer s control panel. The 

camera was motor-driven to wind, one frame per minute, at which time the shutter

J
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contacts triggered a flashtube. The camera motor was energized by a switch 

on the observer's panel. The camera and flashtube are visible in Figure 58”

Thermistor System - A pair of thermistors, one black and one white, 

were used to obtain external ten5)erature data. Each thermistor was connected 

to an ohmmeter on the data panel. The thermistor circuit is shown in Figure 

59* In order to minimize radiation effects, the thermistors were mounted on 

the end of a wand propelled in a circular path by a small electric motor.

This put the thermistor in an artificially-convectlve atmosphere equivalent 

to 18.5 ft/sec. A motor-driven switch located behind the data i>anel short- 

circuited both thermistors periodically, allowing the meters to be zeroed.

The switch for energizing both motors was located in the observer’s control 

panel. The wand mounting is shown in Figure 60.

Flight Termination System • The circuitry for the main terminating 

system is shown in Figure 66 The termination switches on both instrument 

panels were wired in series, making it necessary for both switches to be 

thrown in order to energize the cut-down squibs. Ihe energizing wires from 

the control panels were connected to a pressure-tight electrical fitting in 

the tc^ of the gondola. This fitting, a 10-pin cannon-type connector, the 

internal side of which is shown in Figure 60, served as the feed-throu^ for 

the four helium-valve wires. The valve and termination wires shared a common 

cable along the parachute. At the base of the balloon tne squib wires were 

separated and a four-wire cable continued to the top of the balloon to the 

helium valve.

Tne electrical outlet and the connecting cable were vital circuit 

elements. Any damage to them could result in the inability to descend by 

means of the parachute cr by the helium valve. For this reason, an auxiliary
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termination circuit was added. An additional set of squibs was included in 

the nylon attachment at the balloon and an additional pair of wires was 

attached along the parachute opposite the main cable. This pair of wires 

was connected to an otherwise unused electrical feed-through in a different 

area of the gondola top, the intent being to ctevise an independent descent 

system having a high probability of escaping damage by any occurrence that 

might harm the main cable or fitting. The auxiliary leads were not wired to 

the control panels; one lead WJS terminated at a ground lug near the fitting, 

and a length of coiled wire being attached to the remaining lead. To ignite 

the auxiliary squibs, it was only necessary to draw the free end of the 

coiled wire to any "hot" terminal after slipping off the insulated sleeving 

from its end. 

Communications Systems - A small vacuum tube amplifier was used for both 

intercom and radio communication amplification. There were two separate 

pieces of radio apparatus, one a VHF transmitter-receiver, and the other a 

combination LF HF unit. An additional telemetering transmitter was installed 

by an agency of the Navy; its details are not a subject of this report. 

Intercom System - A microphone and a pair of earphones were integral 

parts of the head pieces worn by the pbservers. It was found necessary to 

change the microphones from a type giving a very low output voltage to a 

type having a more suitable output. Subsequently, a pair of magnetic hearing- 

aid microphones were substituted which produced medium output and very good 

voice quality. The microphones were operated in parallel and were connected 

to the 300~ohm section of the input transformer, The headphones, connected 

in parallel, were each of 10-chmB impedance, making a 5 otim load on the out- 

put transformer  The slight additional audio load of the two transmitters 

brought the total load reasonably close to the 3.5 ohm rated output of the 
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transformer secondary.

Inasmuch as the intercom system was continually energized, the 

operators could converse freely through the system without pressing buttons 

or switches. The output of the desired type of coemunication was super- 

Imposed on the intercom system, enabling operators to hear themselves being 

called at suiy time. In order to broadcast, it was only necessary to push 

the spring-return transmit switch on either panel. This applied voice s»d- 

ulation to the LP carrier and switched "on" the VHF voice trsuismitter. The 

receiver channel was cut out by this action but left the intercom undisturbed, 

as can be seen from the circuit diagram of the interccai amplifier, Figure 6l. 

The amplifier consisted of a triode connected 1L4 voltage aapllfier followed 

by a IS^ power-amplifier with transformer coupling. The amplifier was mounted 

under the observer s control panel ss shown in Figure 62. The batteries were 

mounted \mderneath the observer's panel along with the radio batteries.

VHF Unit - A commercial, llghtwei^t VHF transmitter receiver, 

manufactured by Skycrafters, Inc. was mounted on top of the air regeneration 

box. This unit was capable of delivering one watt of rf output and is shown in 

Figure 62. A switch on the front panel selected either 122.8 me or 121.5 me 

as the operating frequency. This unit, operating on 122.0 me, served as the 

principal means of radio communication. The receisrer output was wired to 

the receiver selector-?witoh on U.e observer s panel, permitting either this 

or the HF receiver to be heard. The output of the intercom anplifier was 

connected through a relay to the microphone input of the VHF transmitter.

The transmitter carrier was energl?ed by operating tne "push to transmit" 

switch on eltner panel. This operation also cut out the receiver.

A ground plane vertical antenna suspended downward was used for 

the VHP' system. The antenna lead from the xinit was c nnected t, the elec
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trical fitting located at the eqtiator of the gondola, near the air regenera­

tion box. Externally, the lead connected to a coaxial fitting mounted on 

a bracket. Hie lead to the HF receiving antenna was brought out to an 

additional coaxial fitting in the same manner. The HF receiving antenna 

was a two-turn loop wound on a horizontal disc of 2 inch Styrof-jcun, 11 

Inches in diameter. The suspended coaxial cable r ytu r’-e ground-plane 

VHF emtenna passed throu^ the center of the HF loop antenna. From this 

point upward, both coaxial feeders were In physical contact.

LF-HF Unit - A low-frequency beacon transmitter was considered 

essential for generating a homing signal for monitoring by tracking aircraft 

and ground vehicles. Also, since the weight of such equipment was almost 

entirely in the power sxqpply and not in the transmitter itself, it was ad­

visable to be able to switch to an alternate beacon on a slightly different 

frequency in case of breakdown or radio interference. The two LF transmitters 

in this unit operated on 1J24 KC and 17^2 KC. In addition,, since so little 

energy was required for screen grid modulation, a screen modulator was added 

to each LF trarsmitter, thus allowing ail of the voice transmissions to 

appear on the tracking carrier as well as on VHF The desired transmitter 

was selected by moving a center off switch to the left ox right. This switch 

was located on the front panel of the unit.

A sinple HF receiver was devised using subminlature conponents.

The power requirements were low enough that a 1.5-lb battery pack would 

operate the unit for 20 hours* Two such receivers were included in the same 

container to serve as dual beacon transmitters. One operated on the 6425 KC 

and the other operated on 6700 5 KC, Selection was made by moving a center- 

off switch either to the left or to the right. The antenna for these re-

- j

* See Figure 63.
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ceivers is described in a preceding section. 

In the dual unit, all transfer of antenna input, output and power 

was acconrpiished automatically by the single selector-swltche . The entire 

unit, shown in Figure 64 with its power supply, weighed only slightly more 

than a conventional tracking beacon. The power output of the LF transmitters 

was 1.5 vatts into a conventional half-wave end-fed antenna,, consisting of 

a quarter-wave, 72-ohm twin lead, followed by a quarter-wave wire» The out- 

put was fed through an electrical fitting in the bottom of the gondola. The 

battery packs for the radio and intercom apparatus were mounted on the frame» 

work beneath the observer's control panel (see Figure 65), 

Recommendations for Future Electrical and. Communications Systems - The _______ —_ 
■ & 

use of a 12-volt or 24-volt basic electrical system might be more practical 

than the 6-volt «yfitem presently utilized.    This would allow the helium valve 

to operate from the main supply instead of from a special supply, and the 

ballast valves could operate   directly from the main supply instead of requir- 

ing a booster battery.    Also, a selection of aircraft motors would be avail- 

able for blowers, etc.    These are of lighter weight and higher quality than 

the o-volt apparatus used presently. 

The ballast hoppers should be redesigned to eliminate residual ballast 

that fails to flow,    Tney should also be designed to fit closer to the gon- 

dola and to hold mucn more ballast.    The ballast control and indicator system 

was satisfactory. * 

Use of low power transmitters was made necessary bv weight limltaMon«. 

The one watt power level appeared faniy effective for communicating with 

ground stations at substantial ranges, presided the r^inge v^ within the 

electrical horizon.    This communication arrangement nac beer  tried in con- 

IV* 
\ 

- 



EXTERNAL VIEW OF LF-HF TRANSCEIVER

I
i.

*■'

km

INTERNAL VIEW OF LF-HF TRANSCEIVER 
FIGURE 64



,.   ... 

I 
2467 

2-720 

5 PIN CANNON 

* 5 • 

* 4 • 

3 *■ 

♦ 2 - 

* i  *• 

AUMUARY TERMINAL 
STRIP  ON 

OBSERVED PANEL 

■* 7 •—467^V 

^ 6 ^-+|.5V 

■*   I 1 
BATTERY PACK AND CABLE FOR INTERCOM AND COMMUNICATIONS AMPLIFIER 

SCHEMATIC   A 

- 

413 

413 

413 

413 

4(3 

413 

2-RMia rjb 

8  PIN CONNECTOR 
ON 6mc RECEIVER 
 •  8     00 

BATTERY PACK AND CABLE FOR 6mc RECEIVERS 

SCHEMATIC   B 

FIGURE 65 

—.7     +30 

-•6     4 30 

-• 5      430 

4      430 

-• 3      +30 

-• 2      +1.3 

A 



PILOTS PANEL 

TO TO 
.—VALVES-. .SOUBS. 

TllIlT 
ID PIN PRESSURE FITTING 
ON TOP OF GONDOLA D   B    A   C   F 

VALVE LITE 

TERR ADO 
PLATf 
Rf I AV 1 J-4I3E M 

t I T 
TERMINAL 

STRIP 

-.     J     ^J 

10*7 
BELOW 

VALVE 
OPEN 

CLOSED 

EN/    I 

T   ♦        f rlHlHll-.      i 

TO  AUXILIARY 
POWER SWITCH 

«AIM 

iCß 
BATTERY PACK UNDER 

j PILOTS PANEL       j 

39-RM42 SERIES PARALLEL 
IAUX 6 VOLT) 

20-RMI2 M SERIES 
IAUX  24 VOLT) 

40-RMI2 IN SERIES PARALLEL 

(MAIN 24 VOLT) 

XMITT 

MIKE 

RCVR 

L '—•17 

« XMITT 

XMITT 

&m 

BALLAST ^^P 
Cn TERM 

BA^^AST^ 

OXYMjOOi.-XV . 

tXJMaiTE1 ♦ 

AUX     r*7 
POWER   ^ ^ 

SWITCH 

XMITT 

MIKE 

RCVR 

TERM 

■As- 

~*16 VENT FAN 

-•15  DOME LITE 

— \<  MIKE 

• 13 TO LITE  ON 
PHOTO PANEL 

-•12  RCRV 

• II   GNO 

-.9 
OR »2 

MR «I 
—B BALLAST 

-•7 VOLTMETER 

•6 

—5 TERMINATION 

-.4 ♦? VOLTS TO 
' BALLAST INOI 

-•3 BALLAST JET 

-.2 OXTM, C02 

INDICATOR 

-• I 

OBSERVERS  PANEL cn 

.'EJI0 4N0, 
WAND 

MOTORS 

1 
CAMERA S^ 
AUTO 

COOL FAÄ4V 

AUTO       f 

MANUAL 

VENT 

FAN 

1©- 

T@- 
@J 

20 

Ul9 XMITT 

I—• ie XMITT 

•'«m^STAT 

TntRMOSTAT 
• 14 AT 

-.13 MINE 

-• 12 RCVR 

-» II GNO 

. to JBM VOLTAGE FROM K,^ 
«5 ON PILOTS RANCL W 

i- a 
TERM SOUBS 

~'3&£IOR 
-• 6 CAMEf.A MOTOR 

- 9 COOL FAN 

-• 4 WARM FAN 

PILOTS nUCL 

2 VENT   FAN c: 
PRIMARY   6 VOLT   POWER 

4 80  RM«;   CELLS IN 

SERIES  PARALLEL 

COMPOSITE    WIRING   DIAGRAM 
FIGURE      66 

i 



nection with three different aircraft, and in only one case was the halloon- 

horne equipment satisfactory for voice transmitting to the tracking aircraft, 

and this on VHF only. In spite of the shorter ranges to the tracking air­

craft, wing static and electrical noise creat a noise level in the average 

aircraft which makes reception of low-power signals difficvilt or in5)ossible.

A 5 or 10-watt transmitter shoiild he included in the gondola if possible. 

Also, the aircraft gear should be critically maintained; this includes min­

imizing and carefully aligning RF and IP sections of radio receivers vised.

Gondola Suspension - Several methods of suspending the gondola were con­

sidered. Among these, two were most feasible. The first involved a series 

of long alvnninvan tubes extending through the gondola, top and bottom, as 

shown in Figure 67. In effect, these six tubes would form a cylinder capable 

of withstanding tensile shock loads applied to the top as well as landing 

loads applied to the bottom. Inasmuch as possible, toe wei^t of interior 

conponents would be borne by these tubes, leaving the spherical shell free 

to serve only as a pressore-maintaining device, for which it is more than 

adequate. Six rods were convenient from an interior arrangement standpoint. 

Two rods would straddle each port and each occupant seat. In these positions 

the rods would give the balloonists handy guide rails for use in moving 

about internally, leaving the gondola, or for support during landing or any 

emergency situation. S’lCb an arrangement would result in a safe gondola 

which could wlths tand very high abnormal loads and would be servioable for 

many flights. Tnls method, however, was not used because the additional 

weight of 56 lb was undesirable from a balloon load-carrying standpoint.

The second method of suspending the gondola ^ tne method used on the 

first fa-igbt) is shown in Figure 68. This method, in effect, suspends the 

spherical pressure shell in a network of nylon weboing. A series of eignt,
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double, vertical straps of 6,000 lb strength each, or 96,000 lb total, strp- 

ports the gondola. The nylon network is held in p:..ace principally by 

eie^t padeyes welded to the skin near the top of the gondola. The eight pad- 

eyes are located equidistant along the circvanference of a 3“ft diameter 

circle in the upper hemisphere of the gondola.

The arrangement was designed to allow pre-stressing of the harness with 

jfespect to the gondola. Applied loads tending to shift the harness would be 

absorbed principeLlly in static friction between the shell and the nylon web­

bing, with the residul force taken up by a tangential load on the padeye.

The straps of the harness also passed between a bottom aluminum ring and the 

shell, as well as between the lugs used to hold the ring in place. This 

feature insured that each of the eight, double, nylon webbings would occvgjy 

only a definite given area. A top circiamferential band was made a part of 

the harness to keep the nylon webbings oriented when supported by an opened 

parachute. Two horizontal bands were used to keep the bands evenly 

spaced.

The harness assembly was tested to an equivalent of k g's by supporting 

the gondola on one-half of the straps and loading the gondola to one-half 

of the e:qpected maximum load of 6,400 lb.

Landing Shock Absorber - Since, under conditions of a parachute descent, 

the descent velocity could reach 1,700 ft/min, it was necessary to provide 

some type of impact absorbing device to cushion this deceleration.

Various means have been devised to minimize this deceleration. It can 

be seen readily that, even If some perfect absorber were used., Its thickness 

would be related by the equation;

s = xi
2a

(?)
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S • distance over which the shock absorber is effective 

v « descent velocity 

a s the maximum desired deceleration 

Assuming a descent race of approximately 1,700 ft/min, the curve shown 

in Figure 69 indicates the necessary tnicknees of some perfect absorber for 

a specified deceleration. In reality, any shock absorber must have a thick- 

ness greater than this, I.e.,, the point of operation will generally lie some 

point above from this curve. 

It was highly important to land the gondola witn maximum safety provided 

for the occupants and with minimum damage to the gondola (to permit its re- 

use on future flights). Two requirements were paramount. 

1. To provide a low center of gravity to prevent tipping and subsequent 

rolling on impact, with possible injury to the pilots 

2. To provide shock absorber pad of sufficient thickness to decelerate 

the gondola within reasonable limits. 

Unfortunately, the simultaneous solutions of these two requirements were 

in conflict, and a compromise was necessary. General Mills chose to com- 

promise in favo^ of (1) above, with the expectation that a balloon landing 

would be made, and that, therefore, 11 was more important to prevent tipping 

and rolling upon impact than It was to prevent damage to the bottom of the 

sphere as would be the case if a. parachute landing were necessary. 

In accordance with the above, a base was designed to keep the center 

of gravity as low as possible and to provide the greatest possible padding 

thickness. An annular Styrofoam ba?e wa? selected. Thie ell owed I- inche* 

of crushable material around the bottom of the gondola, but Kept the gondola 
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well within 5 inches of the ground at the bottom center. Since the gondola 

would probably strike the ground at an angle, the annular base was a good 

choice. The annular base consisted of two concentric circles, one of 2-inch 

thick Styrofoam and the other (inner) of one-inch thick Styrofoam. The two 

circles were then croee-braced by Styrofoam sections. The entire assembly 

was housed in thin aluminum sheet to prevent scattering of the Styrofoam 

sections upon impact. The annulus was fastened to the shell by bands of 

metal which passed around a ring attached to the gondola. The base was 

designed to begin yielding with an evenly applied 5-7 g load» At 20-5 g 

loading, the base would be 75 per cent crushed. The entire base assembly 

weighed 30 lb. As a further deterrent to rolling after impact., the two 

ballast hoppers were mounted at the gondola equator. The hoppers weighed 

approximately 5 lb each and therefore did not appreciably raise the center 

of gravity, but would be effective in stopping a roll on a moderate slope. 

A detailed analysis of the stresses imposed on the gondola shell by this 

shock absorbing system is contained in the Appendix. 
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FLIGHT SIMULATION 

Radio Control Flights

One Iniportant consideration In any controlled balloon fli^t is the 

eu&oimt of ballast necessary to check a specified descent rate and subse­

quently permit a safe landing. Since the proposed feasibility flight called 

for certain approximate rates of ascent and descent during various portions 

of the flight, it was desirable to attenqpt to siimilate the ballast problem 

coBgjletely. By noting the acceleration of the balloon as it entered the 

troposphere, it could be determined, from eoqperimentation, what ballast re­

quirements would be necessary to slow that descent. Such a fli^t simula­

tion would also provide the two observers with the required valving times 

needed to initiate some specified descent rate.

Two radio'controlled flints were conducted in which useful information 

was obtained. The first (Fli^t 1^77) took place 31 August 1955 • The time- 

altitude curve of this fli^t is seen in Figure 70.

The basic objectives of this flight were:

1. To control the ascent rate at approximately 400 ft/min to ceiling

2. To float for two hours

3. To establish a 200 ft/min descent in the stratosphere

4. To note the resulting tropospheric descent rate and check by ballasting

5. If possible, to obtain more data by driving system back to ceiling 

and repeating.

The results of the e:q>eriment were:

1. The ascent rate was radio controlled to an average rate of approxi­

mately 360 ft/min

2. The system was allowed to float at its theoretical ceiling for a 

period of two hours and 10 minutes

1
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3. The descent was initiated by S'.O minutes of valving, which produced 

a descent rate of 110 ft/min; the system was accelerated to a de- 

scent rate of 155 ft/min by valving again for 2.8 minutes. 

Since it was desired to establish the 200 ft/min descent rate more 

previously,valving was begun agauy. Unfortunately, just after the valve opened, 

the controlling airplane's electrical system failed to operate correctly and 

it was not possible to close the valve. 

Important data was obtained, however, from this flight regarding required 

valving periods to produce a given rate. The time required for the system to 

reach an equilibrium downward speed was also determined. Inasmuch as the 

balloon ruptured during the ensuing rapid descent,, information was also ob- 

tained concerning the parachute's opening shock(2.8 g) at this altitude. 

Using the above data, a crude calculation of the dependence of the 

descent speed on the fractional heaviness can be made» 

If we assume that: 

f • Kv11 

where: 

f ~   fractional amount that system is "heavy" 

K 8 some constant for this system at this altitude 

v '   descent rate (ft/min) 

then n is approximately 5/2 when using the data from this flight. The con- 

stant, K, is, of course, dependent in some way en the  gross load,, the ambient 

density of the atmosphere and the lapse rate. For tills particular case, 

however, each of these factors remain essentially constant and thus have 

been lumped together in a constant. Aese two points have been plotted in 

Figure 71, as have two other points trom Flight 159^. Note that they fail 

fairly closely on the vV- curve. The da&hed curve represents tde theoretical 
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thermodynamic drag predicted by the University of Minnesota.^ The dashed 

curve is plotted on the basis of a gross load of 2,300 lb and a zero lapse 

rate. In order for this curve to correspond to the points collected from 

these two flights, a lapse rate of -3.5° would be necessary according to 

the theoretical relation. The actual lapse rate was significantly less than 

this and is shown in Figure 7O. Needless to say, the aerodynamic drag of 

this particular system is negligible in the above consideration at these 

descent rates. It appears that it would be possible to conduct a series of 

flights with the purpose of determining empirically the thermodynamic drag 

relations by sei>aration of variables.

The second radio-controlled flight (Flight 159^) was conducted 30 

November 1955 and was an attempt to supplement the information alreeuiy 

obtained from Fli^t 1477. The time altitude curve is shewn in Figure 72.

As mentioned previously, the stratospheric descent rates have been plotted 

in Figure 71. This flight provided additional data concerning the increase 

of descent rate as this system passed from the stratosphere into the tropo­

sphere. The stratospheric descent rate averaged 172 ft/min, and the tropo­

spheric rate averaged 456 ft/mln from 35,000 ft to 30,000 ftj an increase 

by a factor of approximately 2.65. At an altitude of 30,000 ft, 72 lb of 

ballast was discharged by radio control. This caused a decrease in the 

average descent rate of 269 ft/min from an altitude of 30,000 ft to 16,500 

ft. At this time approximately l40 lb of ballast was dropped, which halted 

the descent and caused the system to begin ascending at a rate of 535 ft/min. 

As it developed, this rate of ascent decreased gradually and the system 

came to equilibrium at the base of the stratosphere., significantly below its 

theoretical ceiling as shown by the time “altitude curve. From this infor-
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nation, the ballast requirements for the Strato-Lab feasibility 

flight were established approximately. Flight 159^ was a night flight, and 

this flight condition apparently introduced no significant change in data 

recorded from Flight 1^77. 

Parachute Test Flight - This flight has already been discussed to some 

extent under Strato-Lab System Components - Parachute above and in GMI Report 

1^71. The time-altitude curve is presented in Figure 73. 

"Programmer" Flights - It was felt by the steering committee that the 

first feasibility flight should be programmed by an automatic controlling 

device. This device should control the ascent rate to within some .specified 

rate of rise by controlling the helium valve and ballast mechanism. It should 

allow the balloon to rise to its theoretical ceiling and appropriately 

ballast the balloon, by use of a "follow-up" type device, for any pre-set 

period of time in order to maintain thiö ceiling. At the conclusion of this 

time interval, it should then initiate a pre-determined descent rate and bring 

the entire system back to earth. 

This instrument, referred to as the "programmer/' was constructed for 

a test flight. It operated on a time base which specified a particular alti- 

tude zone within which the balloon must operate. If the balloon system was 

not within this zone, the gas or ballast valve would be actuated, whichever 

was appropriate. 

This was achieved by plating the entire surface of a dielectric circular 

disc with a conducting material except for a path of finite width curving 

from the outside edge to the center (see Figure 74). This disc was then 

given a slow constant angular velocity by means of a cnroncmetrn, DC motor. 

A contact arm moved over the face of the disc and along one of its radi: 
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by Beans of another chronometrlc motor when the motor circuit was actuated 

by a bellows system. It can be seen, for exanq>le, that If the balloon system 

ascended too rapidly or too slowly, the contact arm would move out of the 

non-conductlve path on the disc and onto either one or the other conductive 

areas, bch of these areas acted as a series link in either the valve or 

the ballast circuit. When the bellows system stopped expanding (cellln^T 

altitude), the rotation of the disc was stopped and a "follow-up" switch 

maintained the system at that particular altitude. Reaching the celling 

altitude also started a timer which specified the time Interval the balloon 

system would maintain its celling altitude. At the conclusion of this in­

terval, the disc began to rotate again, but in the reverse direction. The 

contact arm would then move over into the "valve" area, which would open the 

valve and initiate the descent. The average descent rate would then be 

approximately the same as the ascent rate.

Various refinements of such a design are probably desirable. For ex­

ample, it may be desirable to have a different ascent and descent rate. This 

and other rtusiflcations of the basic design are possible. However, a fairly 

slspie "program" was chosen since additional coeplexlties would have greatly 

extended design and construction time.

Hie "prograsmier" had an altitude interval approximstely equivalent to 

5000 feet. This interval is, of course, represented by the width of the 

dielectric path.

Two attempts were made to fly this instrument on experimental balloon 

f ights to test Its operation. Unfortunately, both of these attempted flights 

were unsuccessful. Neither of these failures, however was due to tne 

"programmer" but, rather to local weather conditions.
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The first attempted flight took place on 21 August 1956. The general 

weather conditions were satisfactory throughout the preparation and Inflation 

of the balloon. During the iaunchlng period, however, the local winds be- 

came somewhat excessive and buffeted the instrument gondola rather severely. 

This buffeting disturbed the adjustment of the ballast valve. Other tnan 

this unnoticed maladjustment, the launching was difficult but successful. 

Because of a low level temperature inversion, the balloon ascended to an 

approximate  level of 2000 ft and floated for a period of 100 minutee. At 

this time the "safety switch" terminated the flight. Obviously, the "pro- 

grammer" would have demanded ballast in order to pass the balloon through 

this inversion. On Inspection of the recovered equipment, it was found that 

the progranner and associated equipment, was still functioning properly and 

vas still demanding ballast flow. Unfortunately, the disturbed ballast 

valve adjustment would not permit the baUast to flow from the hopper. 

A second attempt to test this instrument took place 11 October 1936. 

After Inflation and other preparations, it was found that the system would 

not ascend eve.i though the prescribed amount of helium had been used tc in- 

flate the balloon. The launching procedure was halted and the balloon allowed 

to valve the remaining heiiuns  The inflation tube was found to have torn 

a sizeable hole around Its attachment area on the balloon wail  Thie balloon 

vas replaced by the manufacturer; however, no further flights of this in 

struaent have since been attempted. 



KIKST STRATO-LAB PERSONNEL FLIGHT 

Strato-Bovl, Rapid City, South Dakota - Early in this program it estab- 

lished that vertical Inflation and launching would "be most suitable for this 

project. Although several feasible launching schemes were proposed, it became 

obvious that none provided the neat and clear -cut method of vertical launching. 

Desirable as this method of launching is, it can also, even under 

"normal" circumstances, be extremely difficult, A wind of 5 to 7 knots will 

cause the extra material in the ballon to "sail" and, in general, endanger 

the entire launching. If, however, the proper synoptic condition prevails 

and proper precaution is observed, a vertical inflation and launchir« can 

easily be carried forward. 

Such an Ideal synoptic condition is somewhat unusual  The cordjtion 

generaly exists when a high pressure cell is centered directly over the 

launching site at dawn or dusk. Since it is important to time the launching 

to coincide with this condition, it is desirable to extend this Interval 

of calm winds by seaking some type of shelter. The Strato Bowl, a natural 

depression near Rapid City, South Dakota, and scene of the launcning of the 

Explorer and Explorer II balloon flights, provides such a shelter. 

Some of the physical characteristics of the geological formation are 

indicated in Figure 75- The various radials indicate the distance out to 

prominences, the heights of which are shown adjacent to the indicated point?. 

See Figurt 1 also 

A number of experimental launchlngs of snja.ll balloons from the Strato- 

Bowl were made prior to its final selection as the launch site. A li-ft  dla 

'eter balloon was also inflated vertically and launched after observing 

effects of the existing wind on the balloon at variou.s levels within the bowl 

These tests indicated that the probability of obtaining proper launch- 

ing conditions with the bowl was approximately three times greater 
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than in an exposed a’*ea. It vas also felt that the howl would provide added 

protection against most unpredictable wind conditions during the inflation 

period as well as providing a favorable trajectory.

Pre-Flight Preparations - Following the arrival of the balloon, 

parachute, gondola and auxiliary launching equipment, certain pre-flight prep­

arations and tests were made. Communications equipment, flight control com­

ponents, converter system, etc., were checked to insure good operating 

condition . The gondola was pressurized and checked for leaks. The natural 

leakage of the gondola was determined to be not in excess of 100 cubic centi­

meters per minute while press'irized at approximately 7.3 psi in excess of 

the ambient pressure for a period of approximately eight hours.

Telemetering equipment to transmit cardiac activity was also in­

stalled and checked by Navy personnel.

The shock absorbing base was installed and the gondola, cooqjlete 

with personnel and all equipment, was found to weigh I637 lb. An approximate 

weight breakdown is shown in Table VIII.

Launching of the Strato Lab Flight The synoptic conditions for 

early morning 8 November 1956are shown in Figure 76. The balloon was in­

flated in the usual manner and the parachute and gondola attached to the 

lower apex.

The balloon was allowed to rise on the restraining line until the 

gondola lifted from the three-wheel cart. It was foxond that the system 

had a measured net lift of approximately 80 lb instead of the desired 3OO lb. 

It had also been noted previously that the het lift at the bottcsn of the 

balloon was approximately 1,975 lb. This value decreased to approximately 

1,920 lb during a 25 minute period and remained at this value until the

i
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TABIZ VIII

WEIGHT SUMMARi FOR STPATO-IAB PERSONNEL FLIGHT 
8 NOVB4BER I956

/
BALIDON

PARACHUTE

GONBOIA

595 lbs

135

1,637

Approximate Weight of Some of the Gondola Components:

lbsAero-Medical Equipment 10

Air Regeneration System 26

Antennae 5

Barograph 4

Ballast, Iron Shot 345

Binoculars 4

Cameras 15
Llecas 5 Ihe
Movie 5

Recording 5

Carbon Dioxide Anaiyzer 20

Clothing 15

Control Panels 30

Desiccants 20

Fans 10

Firevel 3

Flashlights 2

Gondola Shell 230

Harness, Suspension 17
Hatches 44

Instrument Panel 25
Knives 1

Lunch 7

Oxygen Analyzer 2

Oxygen Converter 38

Parachutes (2) 25
Personnel 280

Foss 15c lbs
Lswls 130

Power Sources 81

Main 6 Volt 36

A'JX . 6 Volt 13

Main 24 Volt 4

Aux, 24 Volt 2

Communications 24 
Intercom 2

Pressure Suite '.2) 38

Seat Pact!5 (2) 20

Shock Abgorber 30

Tools 5

Transceiver ■ii

VHF and HF Urat 10

1

CPOSS WF.-GHT - ;?.36 7 lbs
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parachute and gondola were attached. Since the balloon weight was approxi­

mately 595 lb, this indicated that the gross lift was approximately 2,515 lb. 

The gross weight of the system was about 2427 lb, which indicated a free 

lift of 88 lb, a figure agreeing well with the measured value.

Although dynamometer readings have never been regarded as an 

accurate source of information when applied for this purpose, their readings 

would be e35>ected to be more reliable under very low wind conditions. The 

wind was virtmlly calm and the two dynamometer readings of free lift were 

in good agreement.

To facilitate a safe launching, approximately 60 lb of extraneous 

gondola equipment were removed, which reduced the gross load to 2,36? lb and 

increased the free lift to approximately 140 lb. The Strato-Lab syston was 

then launched without difficulty and rose almost vertically from the bow'.

A number of conceivable explanations exist for the inadeqmtely 

measured free lift of the system. Certain of these include:

1. Escape of helium from the balloon through a hole or holes, 

or throu^ the valve.

2. Malfunction of one or more valves on the helium trailer bottles

3. An error in metering the heliimi from the high pressure tanks

4. An error or omission in the gross weight calculation.

It is, of course, possible that the prescribed eimount of lift was 

within the balloon and that the dynamometer readings were influenced by 

some other effect or combination of effects. The gas teraperattire figure can 

be questioned and could be responsible for some part of the discrepancy.

In order to account for the ten per cent discrepancy entirely, however, the 

balloon gas would necessarily have been about 45° colder than the surroimding 

air.
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Escape of helium through a hole (or holes) or through the valve 

does not seem likely, since the dynamometer was observed to give a constant 

reading for a long period of time.  Also, the balloon has since been in- 

spected thoroughly and n unexplainable openings have been found. The valve 

itself remained closed throughout the flight and, by inspection both prior 

to and following the flight, would have allowed the escape of only a negli- 

gible amount of helium. 

The possibility of malfunction of a trailer valve seems remote 

since each of the helium bottles was checked at the launching site and no 

faulty valves were found. 

Possibility of errors mentioned in (3) and (k) above have been 

thoroughly checked. The system's gross weight calculations appear to be 

correct. Similarly, the lift computations are correct for each bottle of 

gas as specified by its recorded temperature and pressure. It is conceivable, 

however, that the temperature or, more likely, the bottle pressures were in- 

correctly obtained or misread. This error has occurred previously in other 

balloon flights. 

The error, or combination of errors, resulting in deficit free 

lift cannot be attributed positively to any specific cause. Any specific 

conclusions are pure speculation. 

Strato-Lab Flight Data - Followlrß the launching, there were a number of 

duties carried out by observers in readying the gondola for the ascent. 

The long (270 ft) g-megacycle antenna was thrown overboard and allowed 

to unroll from its spherical configuration. Communications were established 

immediately on both channels and were completely satisfactory. 

The gondola hatches were sealed carefully after noting that the "0" 
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ring facings were clean and free from any wire, lines, clothing, etc. When 

the internal gondola altitude was equivalent to 10,000 ft, the high-discharge 

orifice (20 liters/min) was started and allowed to continue until the in- 

ternal altitude was equivalent to approximately 17,000 ft. At this altitude 

the controller valve automatically sealed the gondola from the external 

atmosphere. At this time, the internal atmosphere was essentially established 

and no further attention was required of the observers. Throughout this 

period of "establishing the atmosphere," data was regularly transmitted by 

the observers at 5 minute intervals in order that such data could be compared 

with calculations of previous chamber tests. By plotting this data over 

copies of the chamber tests, it could be readily seen that all was going as 

planned. As determined previously, the key to the detection of an undesirable 

gondola leak was in the rate of increase of the oxygen partial pressure, since 

the converter system was used to maintain the proper gondola pressure. By 

noting the slope of the oxygen partial pressure, the relative leak could b» 

determined and appropriate steps taken. In this case, the oxygen partial 

pressure duplicated almost exactly the calculations obtained from earlier 

chamber tests and previous theoretical analysis. 

The balloon continued to rise uneventfully but with a decreasing rate 

of ascent as it entered the stratosphere. The balloon did not stop ascending 

at its theoretical ceiling of 73>GOO ft, but continued to rise to an altitude 

of approximately 76,000 ft. At this time the balloon lost part of its lift- 

ing gas through improper functioning of a valving device, and the entire 

system began to descend at a rate of approximately 3,800 ft/min (see Figure 77). 

This descent rate was reduced by the increasing aerodynamic drag of the 

lower altitudes, as well as through reduction of the gross load of the system. 
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The observers dropped all ballast and, when the system was at a sufficiently 

low altitude, opened the gondola hatches and Jettisoned some of the internal 

equipment. 

A relatively soft landing was made with no visual damage to the gondola. 

A composite of recordings and notes of the observer's remarks through- 

out the flight is presented in the Appendix. 

A further analysis of the faulty operation of the balloon valving device 

is included in GMI Report 1651. 

A 
■ 
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SUMttlRY

A theoretical study of currentl.- used polyethylene cylinder balloons indi­

cated that they were not satisfactory in all regeurds for Strato-Lab program 

purposes. As a possible alternative to the cylinder balloon, a hypothetical 

tape reinforced vehicle was investigated and a comparison made with various 

cylinder balloon types. The decision was made, however, that a new balloon 

design was beyond the scope of this project, and, accordingly, the 126|TT balloon 

was chosen, on the basis of its past flight record,for use on the feasibility 

flight.

Two ejqwrlmental balloon flights were conducted to determine empirically 

the Strato-Lab system's response to gas and bcd.last discharge. In particular, 

it was necessary to determine the valving time required to establish a speci­

fied descent rate in the stratosphere. This was determined, as was the quanti­

ty of bedlMt required to stop the corresponding tropospheric descent rate, 

niese data were employed to specify suitable system ballast capabilities ets 

well as to provide a general flight prognosis of the personnel ascent and 

descent.

A large cargo-type parachute was incorporated in the Strato-Lab system as 

an alternate descent method. To test the compatibility of this parachute with 

the Strato-Lab system, it was released with a simulated load from a balloon at 

an altitiuie of approximately 38,000 feet. The opening shock characteristics 

of this parachute were recorded by a I^an Flight Recorder. Information from 

this experiment, plus that from similar experiments conducted at different 

altitudes. Indicated that the main parachute opening force never exceeded 

3.5 g's and was apparently independent of altitude.

Ihe gondola, a 7 ft-2 in. aluminum sphere, was equipped to maintain an
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internal atmosphere at a pressure equivalent to an altitude of approximately 

17^000 ft. Hie proper cosipositlon of this atmosphere was maintained hy a 

chemical desiccant system which removed excess carbon dioxide and water vapor.

A liquid oxygen converter controlled the Internal gondola pressure and provided 

oxygen to the observers. Five altitude chamber tests were conducted in order 

to examine the operating characteristics of this system.

The gondola was also equipped with instrumentation to control the vertices, 

motion of the balloon system, and with a multi-cheumel communications system.

The main component of the communications system was a transceiver utilized both 

as a tracking beacon and as a voice communications link.

It was first thought that a type of automatic pilot should be incorporated 

in the Strato-Lab system and linked directly to the gas and valve discharge 

controls. This device would "program" the entire flight, making manual control, 

Exclusive of landing, un-necessary. A "programmer" was constructed to perform 

this function. Two attempts to flight-test the "programmer" were unsuccessful, 

however, due to local synoptic conditions, and plans for its incorporation 

were temporarily abeuadoned.

The first Strato-Lab feasibility flight was launched from the Strato-Bowl, 

Rapid City, South Dakota, 8 November 1956. The launching and ascent of the 

system were satisfactory, the system ascending to a maximum altitude of 76,000 

ft. At this eatitude the flight plan was interrupted by malfunction of the 

balloon's valving mechanism and the balloon began a premature descent. A satis­

factory landing of the Strato-Lab system was made and the gondola shell suffered 

no damage.

Figures 78, 79, 80 and 8l are views taken at the time of the first 

Strato-Lab feasibility flight.
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TABLE I 

GORE PATTERN FOR 128TT BALLOON 

Gore Width 
In Inches 

50.0 ) Lower 
) Cylindrical 

50.0 ) Section 

81.2 

95A 

10lf.5 

103. If 

92.6 

7^.3 

6^.0 ) Upper 
) Cylindrical 

64.0 ) Section 

Distance from Lower Apex 
Along Balloon Wall in Feet, 

0.0 

29.0 

kk.Q 

58.7 

73.0 

89.3 

102.6 

117.7 

132.6 

1^3.3 

176.5 
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TABLE II

PHYSICAL CHARACTERISTICS OP 120TT BALLOON

Shape Factor

Gore Length

Approximate Volume

Inflate Hei^t

Number of Gores

Approximate Svirface Area

Location of Inflation Tube

Length of Inflation Tube

Duct Location (Attached Style)

Elliptical Area

Approximate Balloon Weight 
(2 mil polyethylene)

0.25

176.5 feet 

803,000 cubic feet 

106 feet 

46

43,200 square feet 

25 feet from upper apex 

180 feet

30 feet from iflpper apex 

20 square feet

550 pounds exclusive of special 
fittings
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MODIFIED TOP FITTING USED IN I28TT BALLOON
FIGURE I-A

\

I



■ L 

PACE'S MEMO: PHYSIOLOGICAL FINDINGS DURING 
STRATOLAB TEST AT THE U. S. NAVAL ORrNANCE 
TEST STATION, INYOKERN, CALIFORNIA, 27-29 
JUNE 1956 

/ 

^ 
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PHYSIOLOGICAL FINDINGS DURING STRATOLAB TEST AT THE 

U. S. NAVAL ORMANCE TEST STATION, INYQKERN, CALIFORNIA, 27-29 JUNE 1956 

Nello Pace, Uhiversity of California, Berkeley 

2 January 1957 

Physiological tests, representing base line data for the first Banned 

Stratolah flight into the upper atmosphere, were performed on the two 

halloonists, LCER M. L. Lewis and Mr. M. D. Ross, in the course of carrying 

out a simulated flight of the Stratolab gondola in the low pressure chamber 

at the U. S. Naval Ordnance Test Station, Inyokern, California in June of 

1956. The physiological tests were directed at establishing the metabolic 

profile of the two aeronauts, through chemical analysis of blood and urine 

specimens, with particular respect to estimation of the degree of physio- 

logical stress that might develop as a result of the ascent. 

The blood and urine constituents examined were those reflecting 

primarily the activity of the adrenal cortex gland, which plays an 

important role in enabling individuals to adapt to environmental Stressors. 

Both adrenocortical hormoue levels and the levels of metabolites reflecting 

secondary hormone effects were measured. Thus in the urine the excretion 

rate of the following electrolytes was determined: sodium, potassium, 

chloride and phosphate. The excretion rate o? the nitrogenous urinary 

constituents, ammonia, urea, uric acid and creatinine was determined. 

Urinary glucose excretion rate was measured. The excretion rate of the 

17-ketosteroids was obtained, together with the excretion rate of the 

glycotroplc hormones, the 17-hydroxycortlcoid8. In the blood the level 
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of sodium, chloride, glucose, urea and 17-hydroxycorticoids was €^so 

determined.

The procedures and analytical technics einployed were essentially those 

described by Pace et al.^ Ohe analyses were carried out in the Department 

of Physiology, University of California, Berkeley by the following indi­

viduals: Dr. P. S. Timiras, J. A. Guldenzopf, C. Hwang, W. H. Haertle and

E. Fhva. The sanqples were frozen shortly after being collected at Inyokem 

and were kept frozen until analysis was performed in Berkeley, \islng thymol 

in addition as a preservative.

The two aeronauts were white males 'n good health with age, hei^t euid 

weight as shown in Table I.

TABLE I

Age, height and weight of the subjects.

Name Symbol Age 
(yrs.)

Height 
(ins.)

Wei^t 
(lbs.)

M. L. Lewis LEW 43 67 130

M. D. Ross ROS 37 69 1^3

^PhysiologicalStudies on Infemtrymen in Combat by N. Pace, F. L. Schaffer, 
F. Elmadjian, D. Minard, S. W. Davis, J. H. Kilbuck, E. L. Vfelker, M. E. 
Johnston, A. Zilinsky, R. W. Gerard, P. H. Forsham and J. G. Taylor. 
University of California Publ. Physiol., 1-47, 1956.
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The test group arrived, at Inyokern on 26 June 1957 when outside shade 

temperatures were running as high at IIO^F. Even though the Michelson 

Lahoratory where the tests were conducted was air conditioned, exposure to 

the high temperatures was unavoidable, particularly outside of working hours. 

On 27 July quantitative urine collections were begun at 0910 from LEW and ROS 

and a 12 hour day collection was made. This was followed by an overnight 13 

hour collection, and then by successive k hour and 5 hour collections during 

the day on 28 June. During t'ie last named 5 hour period the aeronauts were 

dressed in full pressure Navy flying suits awaiting the simulated flight, 

which eventually was aborted. The final urine collection period was the 6.5 

hours in the afternoon of 29 June when the canned test flight of the gondola 

was made in the pressure chamber. The men were unsuited and in a cool, 

comfortable ambient temperature environment during this entire period. A 

summary of the urine collection periods and data obtained at Inyokern follows: 

TABLE II 

Urine collection data during Inyokern test period, 27-29 June 1956. 

Sample Start End Elapsed Total Output Spec. 
No. Date Time Time Time 

(hrs.) 
Vol. 
(ml) 

Rate 
(ml/hr) 

Grav. PH 

LEW-1 27 June 56 0910 2115 12.1 615 51 1.025 5.5 
ROS-1 27 June 56 0910 2120 12.2 hlk 36 1.027 5.5 
LEW~2 27'-28 June 2115 1015 13.0 600 i+6 1.025 5.0 
ROS-2 27-28 June 2120 1015 12.9 398 31 1.022 5.2 
LEW-3 28 June 56 1015 1^35 M 230 5^ 1.019 5.7 
ROS-3 28 June 56 1015 ikko k.k 191 ^ 1.027 6.5 
LEW-4 28 June 56 1^35 19^0 5.1 232 1+6 1.025 5.0 
ROS-4 28 June 56 1440 1935 M 100 20 1.032 5.2 
LEW-5 29 June 56 UlO 201+0 6.5 329 51 1.020 6.0 
ROS 5 29 June 56 11+10 20i+5 6.6 1+81 73 1.014 6.8 
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A fasting, 20 ml venous blood sample was obtained in a heparinized 

syringe at 0800 before breakfast from LEW and ROS on 28 June and the plasma 

was separated immediately by centrifugation. After the addition of a crystal 

of thymol the plasma was frozen until the chemical analyses were performed 

in Berkeley. The plasma levels of the constituents measured are given in 

Table III. 

TABLE III 

Plasma levels of various constituents in fasting blood from LEW and ROS 
taken at 0800 on 28 June 1956. 

Chloride Sodium Urea Glucose    17-OH 

Sub- 
,lect 

(*of 
nor- 

(meq/l)  mal) 

(*of 
nor- 

(meq/l)  mal) 

(*of 
nor- 

(m N*)  mal) 

(* of     (* of 
nor-      nor- 

''mg i)   mal) (m« i)   mal) 

LEW no  105 1U5 ick 18.9  1^ 68   82  21  162 

ROS 118   112 Ikl        105 18.9  1^ 76   92  19  1^6 

The simulated flight with the two aeronauts in the gondola was made on 

the afternoon of 29 June 1956. The men voided at 1^10 and the altitude run 

in the chamber was started at 1^50. By 1510 a pressure altitude of 10,000 

feet was reached with the gondola open. The gondola was sealed at 1515 and 

put on automtic control. Pumping of the main chamber was resumed at 1517. 

By 15^0 the internal gondola pressure altitude had leveled off at 14,300 feet 

and the chamber pressure altitude had reached 20,000 feet. The gondola pressure 

altitude was maintained at approximately lk,000 feet for the remainder of the 

test while oxygen was continuously bled into the gondola atmosphere to maintain 

a partial pressure of oxygen of 200 to 270 mn Eg. CO2 was simultaneously 

removed to maintain a PCO2 of 10 to 12 mm Hg throughout. At UkO the external 
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chamber pressure altitude reached 62,000 feet, where it was maintained for one 

hour. The descent was started at l845, and at 2022 when the chamber and gondola 

pressure altitudes were equal at 13,800 feet the gondola was opened. Sea level 

pressure was reached at 2035j and urine samples were collected immediately 

and designed LEW-5 and ROS-5. ttible IV gives the simulated fligfht data.

TABLE IV

Simulated flight of Stratolab gondola to 62,000 feet in Inyokem Chamber 
on 29 June 195^, manned by LEW and ROS.

1450

1510

1540

l6l0

1620

1710

1740

1800

1820

1830

l840

1900

1920

1940

1950

2005

2015

2022

2035

Chamber Gondola Gondola Gondola Gondola Gondola 
Pressure Pressure Air Relative Atmosphere Atmosphere

Alt. Temp. Humidity PO2 pCOg

(feet) . (%) (nm Hg) (mm Hg)
Alt.

Time (fee-^

2,450

10,000

20,000

30.000

33.000

50.000

62.000 
62,000 
62,000 
62,000

62.000
53.000
44.500 
35.^250
29.500
23.500
19.000 
13,800
2,450

2,450
10,000
14,300
14,500
14,500
14,250
14,110
14,000
13,900
13,870
13,770
13,740
13,760
13,880
13,980
14,060
14,120
13,800
2,450

66 (mid) 
66 "
66 ”
66
66 "
66 " 
57(deck) 
57 
56 
56 
56 
56

40
44
45 
45 
45
44
44
44
44
44
44
44

no
i4o

195
210
220
225
235
245
250
255
260
265
270
275

Remarks

9.5 
10.0
10.5
10.5 
10.9 
11.0 
11.1
11.5 
12.0 
12.0 
12.0 
12.0

Started ascent. 
Gondola sealed

Leveled off

Started down

Gondola opened 
On the ground

The results of the chemical analyses on all of the urine samples are given 

in Table V.. In order to siniplify con5>arison, the results have been plotted as 

bar diagrams using the per cent value of the mean for the normal pop\ilation of

A-11
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each urinary constituent. Figure 1 shows the mean metabolic profile for the 

two subjects (LEW-1 and ROS-l) during the first day at Inyokern, 2? June 1956, 

and during the simulated flight to 62,000 feet in the chamber on 29 June 1956 

(LEW-5 and R0S-5). The individual values are also designated on the diagrams. 

LEW showed a somewhat elevated excretion rate of IT-hydroxycorticoids during 

the chamber run; however, the remainder of his pattern was quite normal, as 

was that of ROS. It is of interest to note that the metabolic profile of 

both men during the "control" period on 27 June shows evidence of dehydration 

and some salt deficiency, probably as a consequence of the summer desert heat 

at Inyokern. Otherwise the control pattern was not unusual except for low 

IT^ketosteroid excretion rates in both subjects. This low excretion rate 

persisted throughout the period of observation, but its physiological sig- 

nificance is not clear. 

Figure 2 shows the mean metabolic profile for the subjects during the two 

periods on 28 June 1956 when the chamber runs were aborted (LEW-3 and R0S-3, 

LEW4 and ROS 4). It is of further interest that some indication of stress 

may be seen in the metabolic profiles for the two periods examined during 28 

June. The 17-hydroxycorticoid and glucose excretion rates for both subjects 

were slightly elevated. During this time the two subjects also showed evidence 

of dehydration and salt depletion as on 2? June. They had had relatively little 

sleep the night before, together with having the responsibility for numerous 

deci-ions concerning the proposed flight plan. During 28 June additional 

serious questions arose concerning the structural strength of the gondola, 

and then the actual dressing in the full pressure suits Involved no little 

heat stress. Altogether, the pattern? seen in Figure 2 in all probability 
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represent the effects of both an anticipatory stress and a physical stress frcB 

several sources, all at a relatively moderate physiological level.

The time sequence may be seen conveniently for each lurinary constituent 

in Figure 3 and the resiolts may be summarized as follows: Both subjects

shewed evidence of heat stress during the first two days at Inyokem before 

the chamber rvin. There was also evidence of an anticipatory response on the 

second day,, but the metabolic profiles were essentially normal during the 

simulated flight to 6^,000 feet on 29 June.
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SHOCK ABSORBER LOADING ANALYSIS 

An analysis of the stresses imposed on the gondola shell by this shock 

absorbing system was performed by Mr. F. Bollag of General Mills, Inc. 

The landing load is transmitted to the shell by the lower structure 

along a circular line load. A sketch of this is shown above and indicates 

the circular line loading concentric to the vertical axis of the gondola. 

The point of critical stress is at the point of load application, B. 

The basic method of the analysis is an approximate method but gives good 

accuracy for thin shells(1'2). The problem consists of dividing the sphere 

into regions of continuity and matching the boundary conditions at the points 

where the regions intersect. This produces a different set of constants for 

each region. The problem is divided into two regions, the first region between 

points B and C and the second region between A and B. The boundary between 

these regions is at the point of load application. 

Upon solution of the equations as stated in the reference, shear per 

linear inch is: 

Q - 2XD f Cii e^ C0B ^ + C2i e^sin^ + C31 e-^ cos H - C^ e'^ sin^> I 
a2 L 

where 1 » A, B, C. 

(1) Tlmoshenko, S., "Theory of Plates and Shells", Ist Ed. (19^0), p. 467 

(2) Malkln, I., "Stress Analysis of a Hemispherical Pressure Vessel Head Under 
Concentric Line Loads", J. Franklin Inst,., 251, 2, pp. 2^7-261, Feb. 1951. 
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The rotation Is: 

V » ^ e^ Cos X^ + C2i e^ sin )4 + C31 e"^ cos ^ ♦ C^i e^ siüX^ 

The moment per linear Inch Is: 

M^- — [en e*^ (cos^ - slnX^) ♦ C2i e^(slnX^ + cos^) - C^ 

(sin W * cos W) - Clu e"^ (sin W - cos M))] 

.-^ 

and the deflection Is: 

8 » . |_ fcii e^ (sin Kfi ♦ cos X^) ♦ C21 e^1 (sin ^ - cos H) * C31 e*^ 

(sin W  - cos ^) - Cki e"^ (sin X* + cos-^) + Ü^B XJ 

where, 

\ = 3(1-^ (|)2] 
iA 

and, 

Eh3 
12(1^) 
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,_„ .,>m*m'***''*ff' 

where: 

D « flexural rigidity 

a ■ radius of sphere 

h « thickness of sphere 

v s Polsson's ratio 

Cli; Coi, C04, Cu » unknown constants ("I" refers to the first or 
3 second area) 

E « modulus of elasticity 

V ■ external applied load. 

These equations present eight unknown constants which must be satisfied 

by the boundary conditions. At^« 0, or at point C, the shear Q, and the 

rotation, V, are zero. Therefore, C3A and tyA nay be set equal to zero. At 

point B the boundary conditions are matched and four equations are obtained. 
\ 

The conditions indicate that the shear across B must be equal to the applied 

load: 

% " % " 2m tan» 

where 4 > 0 at point B. 

The rotation across B must be equal to zero, or; 

v - v -0 

The moment across B must be equal to zero, or: 

M0 - M^' " 0* 

A-29 



The last two boundary conditions are obtained by assuming no bending 

at A or where ^ - JL . Prom this assuinption the boundary conditions are 
2 

that the moment is zero and the deflection is equal to: 

2 
8 - gg2 (1 + v) 

where 7» weight of material per square inch of shell multiplied by the 

g loading. 

Substituting the values, 

a » 1*3.5 inches 

h ■ .125 inches 

V» .3 

E - 10.5 x 106 lh/in2 

7 = .125 lb/in2 

K « 23.98 

D « I88O 

into the equations and allowing a 10 g loading, the solutions for the eight 

constants are: 

Clc » -.605 x lO"
12 

C2c » .764 x 10 "^ 

030 »0 

Cl*-0 

GIB 
s 0 

Cgß -0 

CJB « -2.84 

C^B " 3-57 

Using these values in the equations, it is found that the moment and de- 

flections are insignificant. 
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