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VACUUM LEAKAGE TESTS OF A SIMULATED 

LIGHTWEIGHT SPACECRAFT AIR LOCK 

By Otto F. Trout, Jr. 
Langley Research Center 

SUMMARY 

A lightweight simulated spacecraft air-lock structure was tested under high vacuum 
to  evaluate structural sealing problems and to determine leakage rates. Three different 
types of hatch configurations and three different seal  configurations were tested for a 
temperature range of from -4OO F (-40° C)  to 200° F (93O C). Leakage rates of less 
than 1 X cc/sec or less than 10 cc/day of helium (standard temperature and pres
sure) were attained for each hatch except in one case where the hatch seal appeared to 
unseat as a result of structural deformations caused by temperature differentials in com
bination with the unsymmetrical hatch. 

INTRODUCTION 

The National Aeronautics and Space Administration is conducting advanced research 
on air-lock systems and associated structural seals applicable to future space vehicles. 
Extended manned orbital and interplanetary space flights require highly reliable light
weight sealing concepts for efficient long-term containment of a habitable atmosphere. 
Reliable air-lock systems through which the astronauts can egress to perform extra
vehicular operations are also necessary. Studies were started several years ago to  
develop the technology for sealing large-diameter lightweight spacecraft structures, the 
results of which a re  reported in references 1 to 4. Additional studies were undertaken 
to define air-lock geometry, pumping systems, and human factors constraints, the results 
of which a re  reported in references 5 to 9. 

Reference 4 indicates that acceptable leakage rates for atmospheric confinement are 
possible, but not proven, for large lightweight structures with commercially available 
elastomeric seals provided the following conditions are met: (a) the seal materials and 
flanges are free of defects, (b) a seating stress above the minimum acceptable value for 
vacuum use is maintained along the entire length of the seal during all dynamic and static 
structural loading and deformation conditions, (c) the seals are protected against ultra
violet, electromagnetic, and particulate radiation, and (d) the seals a r e  protected against 
both high and low temperatures. 



To verify further the structural  seal concepts and to apply them to  large structures 
for  which research data were not available, an investigation was conducted on the use  of 
large-diameter O-rings of butyl, neoprene, viton, and silicone elastomers. The results 
of this study a r e  reported in reference 10. Leakage rates  were in agreement with data 
from small-diameter seals  and approached that of the permeability of the basic elasto
meric polymer as reported in reference 4. 

Further development of the technology required that research be conducted on 
lightweight structures. Therefore, a program was undertaken to  design, construct, and 
test  a full-size lightweight air-lock system to  study leakage and associated operational 
problems. The air lock resulting from this effort is shown in the photograph in fig
ure  1. A modification of this air lock was proposed for the Air-Lock experiment for 
Saturn S-IVB/SA-209 (later called S-IVB Workshop). (See ref. 11.) 

The air lock was constructed to  facilitate the study of a wide variety of problems 
associated with an air lock mounted either on the exterior or interior of the spacecraft, 
or as a connecting air lock between two space vehicles. Three different geometric hatch 
configurations were studied on the air lock and each configuration had a characteristic 
seal ,  either an O-ring, a molded seal,  o r  an inflatable seal. The details of each hatch 
configuration and seal type a r e  discussed. 

Leakage tests were performed on each of the air-lock hatches with atmospheric 
pressure on one side and a vacuum of approximately t o r r  on the other side. Leak
age measurements were made by methods described in reference 10. Additional leakage 
measurements were made with the hatches at temperatures from -4OO F (-40' C) to  
200° F (93' C). Leakage measurements a r e  reported at standard conditions of tempera
ture  and pressure.  

The present paper describes structural details of the lightweight air lock, the leak
age tes ts  conducted thereon, and a compilation of the test  results. 

APPARATUS 

Simulated Spacecraft A i r  Lock 

Figure 1 shows the air lock mounted on the storage and shipping stand. This model 
consisted of two main cylindrical sections each having an internal diameter of 48 inches 
(1.22 meters) and a combined length of 81 inches (2.06 meters) when joined together. 
The air lock has a total mass of 377 pounds (171 kilograms) excluding the lighting and 
communication system and the storage and shipping stand. 

Three different concepts of ingress-egress hatches were built into the air-lock 
system. A circular configuration (hatch A, fig. 1) in a concentric hatch frame was 
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designed to provide for  symmetrical loading of both the hatch and hatch frame. Symmet
rical  loading is desirable from the standpoint of efficient lightweight structural design, 
ease of predicting structural  loads, and minimum deflections. 

An oblong configuration (hatch B) at the opposite end of the air lock was designed 
t o  provide unsymmetrical loading of the hatch and hatch frame. Since not all structures 
are amenable to  symmetrical design, hatch B was designed to  investigate some of the 
structural sealing problems associated with nonuniformly loaded structures. 

A circular hatch having a cylindrical contour (hatch C) was included, on the side of 
the air lock. This hatch was designed and built to  investigate the feasibility of and the 
sealing problems associated with a hatch which seals a contoured surface. 

Each of the hatches was provided with both a latching mechanism and a pressure 
equalization valve, both of which were operable from either the inside or the outside of 
the air lock. Pressure  gages s imilar  to  that shown in figure 2 were provided on both 
sides of each hatch to  indicate differential pressure across the hatch during air-lock 
operation. A lighting and communication system (fig. 1) was installed on the inside of 
the air lock but was not used in the present tests. The hatch frames at each end of the 
air lock could be unbolted from the cylindrical shell, turned 180°, and reattached with 
bolts and clamps so that the hatch could be pressure loaded in the opposite direction. 

All air-lock surfaces and mechanical parts which made contact with other surfaces 
were plated with electrodeposited molybdenum disilicide to  prevent cold welding in vac
uum conditions and for lubrication. 

The air-lock system was designed to  be operated at either an external or  an inter
nal differential pressure of 1 atmosphere, with a design safety factor of 1.5 on yield 
(1 atmosphere = 1X 105 N/m2). Further details on the structural design s t r e s s  analysis 
of the air-lock system and the associated components a r e  available in reference 12.  The 
air-lock system was designed for a minimum service life of 1000 cycles of pressuriza
tion and hatch actuation. Further information on operational and maintenance procedures 
for the air-lock system a r e  presented in reference 13. A summary of the masses of the 
various components of the air lock is presented in table I. 

Cylindrical Shell Details 

The outer cylindrical shell of the air lock consisted of two sections, one 60-inch 
(1.53-meter) length and the other 21-inch (0.53-meter) length. Each section had flanges 
so that it could be installed on the inside or the outside of the mounting flange of the vac
uum test chamber. The two cylindrical shell sections were constructed of 2014-T6 
aluminum plates which were milled to  a wall thickness of 0.062 inch (1.57 mm) and stiff
ened with integral str ingers,  rolled to  the cylindrical contour, and welded to  form the 
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cylinder. The frame for hatch C was integral with the cylinder. An additional skin thick
ness of 0.062 inch (1.57 mm) was provided around the hatch C frame for  reinforcement. 

Hatch A Details 

Figure 2 presents a photograph of hatch A and its retaining frame. Hatch A was 
32 inches (0.81 meter) in diameter. Both the hatch and frame were constructed of 
2014-T6 aluminum. A core cavity was "milled out" and filled with aluminum honeycomb 
bonded to  the outer sheets as illustrated in figure 3. The wall between the honeycomb 
core and the hatch exterior surfaces was 0.040 inch (1.01 mm) thick on both the hatch 
and hatch frame. The honeycomb was sealed between the walls of the structure to pre
vent outgassing of the epoxy into the air lock. 

The latching of hatch A was by a modified breech block mechanism consisting of 
cam rollers mounted on a rotating r im and actuated by a lever-type handle on each side 
of the hatch. Some of the pertinent details a r e  shown in figure 3. A safety mechanism 
was provided so that the hatch could not be opened unless the pressure-equalization valve 
was open. The latching mechanism could be actuated from either side of the door. 

Hatch A was sealed to  the hatch frame when in the closed position by a single cap
tured butyl O-ring seal  seated in a trapezoidal groove. The details of this seal  are shown 
in figure 3. This configuration was designed to provide a 15-percent linear deformation 
of the O-ring cross  section when the hatch was closed and latched. The hatch-actuation 
shaft which penetrated the hatch was also sealed with butyl O-rings. 

Details of the pressure-equalization valve a r e  shown in the diagram in figure 4. 
The valve could be actuated from either side of the hatch by turning the actuation handle. 
An acme screw thread clamped the seal plate against the hatch. Sealing between the valve 
and the hatch was provided by a molded seal  bonded to  the seal plate. A deflection plate 
was provided next t o  the valve handle to prevent air from directly striking the person 
opening the valve. The valve was designed to  provide equalization of the pressure between 
the interior and exterior of the air lock in a period of 10 seconds. 

Figure 5 presents a diagram of the details of the window in hatch A. The window 
consisted of two circular layers of tempered glass with a bonded silicone rubber safety 
interlayer. The window was sealed by a single butyl O-ring. 

Hatch B Details 

Figure 6 presents a photograph of hatch B. It was an oval configuration 30 inches 
(0.76 meter) wide by 36 inches (0.92 meter) high. Both the hatch and hatch frame were 
constructed of 2014-T6 aluminum with a milled out cavity bonded to  the aluminum honey
comb core and an aluminum sheet bonded over the honeycomb. The wall thickness between 
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the honeycomb core and the hatch exterior surfaces was 0.040 inch (1.01 mm), except 
that the exterior surface of one side of the hatch frame was 0.080 inch (2.02 mm) thick. 

The latching mechanism for hatch B consisted of two semicircular wedge-type 
expanding rings in the door actuated by a lever system connected to the latching handle 
control wheel in the center of the hatch as shown in figures 7 to 9. The rotary handle 
turns the spiral track plate on the reverse side and actuates the cam roller follower 
which, in turn, moves the push-pull actuation levers. (See fig. 8.) The push-pull actua
tion lever actuates the expander linkage which, in turn, causes the expander rings to 
extend uniformly around the periphery of the hatch. When the push-pull actuation lever 
is fully extended, the expander linkage is in an over-center position; thus, the two 
expander rings are locked in an extended position. When the expander rings are fully 
extended, they force the hatch against the hatch frame and deform the seal on its mating 
surface, as shown in figure 8. Figure 9 shows a cross section of the expander ring in 
the retracted position. 

The molded-type seal (fig. 9) was a commercial butyl elastomer bonded to both 
sides of a retainer plate. The retainer plate was fastened to the hatch with screws. 
When the hatch was fully closed, the elastomeric seal was deformed to a level even with 
the metal retainer plates. 

The details of the pressure equalization valve for hatch B were similar to those of 
hatch A, shown in figure 4, except that a larger airstream deflection plate was used on the 
outside of the door, as shown in figure 6. 

As a safety feature, the latching handle of hatch B could not be turned to  unlatch the 
hatch unless the pressure-equalization valve was opened. This feature was made possible 
by an indentation in the spiral  track plate into which the pressure-equalization valve 
deflection plate fits when the valve is closed, as shown in figure 6. Differential-pressure 
gages were provided on each side of hatch B identical to the ones used on hatch A. 

Hatch C Details 

Figure 10 presents a photograph of hatch C as mounted on the outside of the cylin
drical section of the air lock. It was a circular configuration 36 inches (0.92 meter) in 
diameter, and had a cylindrical contour to match the outside diameter of the air-lock 
cylinder. The hatch was constructed of 2014-T6 aluminum milled out to a cross-section 
thickness of 0.040 inch (1.01 mm) with an aluminum honeycomb core placed in the milled 
recess  and an 0.040-inch (1.01-mm) sheet of 2014-T6 aluminum bonded to the exterior 
surface as shown in figure 11. 

The hatch could be manually moved along a track which conformed to the outside 
contour of the air-lock cylinder in order to open and close it as illustrated in figure 1. 
In the closed position a tongue protruded toward the inside of the hatch periphery and 
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engaged the retainer lip on the lower side of the hatch. A similar  lip protruded outward 
from the hatch periphery t o  engage another lip, as illustrated on the lower and upper 
c ross  sections in figure 11. A latching mechanism retained the hatch in place during 
inflation of the seal. The entire pressure loading on the hatch is carried by this tongue 
and retained lip arrangement. 

The pressure-equalization valve was similar t o  the ones for hatches A and B, except 
that the valve incorporated a safety latching mechanism which retained the hatch in place 
when the valve was closed, as illustrated in figure 11. 

The butyl elastomeric inflatable seal was held in place by retainer clamps. The 
inner part of the seal was inflated with gaseous nitrogen to 30 psia (20.68 X 104 N/m2) 
to  expand it against the hatch. 

Test Chamber Installation 

Figures 1 2  and 13 show a typical installation of the flight-weight air lock in the 
vacuum seals test  chamber at the Langley Research Center. In the installation shown 
here,  the 60-inch (1.53-meter) length cylindrical section was mounted on the exterior of 
the test  chamber whereas the 21-inch (0.53-meter) length section was mounted on the 
interior. The cylindrical sections were attached to both the interior and exterior of the 
test  chamber by a ser ies  of clamps as shown in figure 1 2  so  that the cylindrical shells 
could be pressure loaded with either external o r  internal pressure.  The air-lock cylin
drical sections were each sealed to the mounting plate by a separate O-ring. For some 
of the tes ts  the larger  cylindrical section was mounted on the interior of the tes t  chamber 
and the shorter  section on the exterior, In addition, the frames of hatch A and hatch B 
were reversible on the cylindrical section; that is, they could be turned 180° and 
reattached to  the cylinder so that the hatches and frames could be pressure loaded in the 
opposite direction. 

A description of the vacuum seals  test  chamber and the associated performance 
characteristics is presented in reference 10. The chamber is 8 feet (2.44 meters) in 
diameter and 8 feet (2.44 meters) long and has a vacuum system capable of pumping the 
chamber to  1X 10-7 mm Hg under conditions of no leakage (1mm Hg = 1.333 x l o 2  N/m2). 

Figures 12 and 14 show the isolation blankets which were used to  flood specific 
enclosed areas  with helium to determine leakage of that a r e a  of the air lock at room tem
perature. This technique is a refinement of the system used in reference 10. Figure 14 
shows the isolation blanket used on hatches A and B (hatch B shown). It was attached to 
the hatch frame with a circumferential clamp. Figure 1 2  shows the isolation blanket 
installed on hatch C. An inlet and outlet were provided so that residual air could be evac
uated with a vacuum pump and helium injected into the enclosed area. 
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Figures 15 and 16 show the arrangement used to heat hatches A and B to tempera
tures  above 2000 F (93O C) during leakage tests.  Twelve critical points on the inside 
and the outside of the hatch and hatch frame were instrumented to measure temperatures 
during the tests. The output of the thermocouples was recorded on a s t r ip  chart recorder 
as shown in figure 16. 

?he heat lamps and hatch were enclosed in a reflective insulating cover, as shown 
in  figure 16. The cover also served as an isolation blanket for injection of helium into 
the confined area  for leakage measurements. 

Figure 17 shows the installation of the heat lamps and thermocouples on hatch C 
before installation of the insulating cover. Figure 18 shows hatch C enclosed for the 
heating tests. Temperatures on hatch C were controlled in the same manner as on 
hatches A and B. 

Figures 19 and 20 show the arrangement used during the low temperature tes ts  to  
cool hatch B to -4OO F (-40° C). (The same arrangement was used for hatch A.) Liquid 
nitrogen was evaporated in copper coils attached to  a cold plate located approximately 
4 inches (0.1 meter) from the surface of the hatch. (See illustration in fig. 19.) The 
insulating-reflective blanket shown in figure 20 was used to prevent heat from the sur
rounding air from entering the cooled area. The blanket also served to isolate the 
enclosed area over the hatch f rom the injection of helium for the leakage measurements. 
The same thermocouples as used on the heating tes ts  were used in the cold tests.  Tem
perature of the hatch was controlled by manually controlling the flow of liquid nitrogen 
into the cooling coils. 

Figures 21 and 22 show the arrangement used to cool hatch C. The cooling coils 
were placed approximately 0.5 inch (1.2 cm) from the hatch surface as illustrated in 
figure 21, and then enclosed in an insulating blanket as shown in figure 22. Temperature 
was controlled by adjusting the flow of liquid nitrogen through the cooling coils. Thermo
couples connected to a s t r ip  chart recorder were used to record temperature as a function 
of time. 

TESTS AND MEASUREMENTS 

Pr ior  to  acceptance of the air lock from the contractor, the air lock was tested and 
satisfied the leakage tes t  cr i ter ia  listed in table 11. In addition, a structural  integrity test  
was performed by pressurizing the air lock to  1.2 atmospheres differential internal pres
sure. Additionally, a test subjecting the exterior to an external differential pressure of 
1.2 atmospheres was made with the interior evacuated. 

After acceptance of the air lock from the contractor, a series of leakage measure
ments was made in greater detail with the air lock mounted in the vacuum seals test  
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chamber. (See fig. 12.) In this case the 60-inch (1.53-meter) cylindrical section was 
mounted on the exterior of the test section and the 21-inch (0.534-meter) section was 
mounted on the interior of the test chamber. For tests on hatch C with atmospheric 
pressure on the interior of the air lock and the exterior evacuated, the 60-inch 
(1.53-meter) cylindrical section was mounted on the interior of the test chamber and 
21-inch (0.534-meter) section on the exterior. During the tests the vacuum test chamber 
was pumped to a vacuum of approximately 1.0 X lom6to r r  (1to r r  = 1.33 X lo2  N/m2). 

Leakage was measured by methods presented in reference 10. Briefly, the method 
consists of enclosing the area to be measured in an isolation blanket as shown in fig
ures  12, 14, 16, and 18 and then flooding the enclosed area with helium. The rate of 
helium leakage to the inside of the test chamber is determined with a helium mass spec
trometer. This system is used to measure leakages as small as 1X cc/sec on 
large systems. Calibration against known leakage sources a re  repeatable to within 
k5 percent under stable outgassing conditions. A detailed discussion of the accuracy and 
sources of e r r o r  using the present system is presented in reference 10. Since permea
tion of helium through elastomeric seals required a finite time to reach equilibrium, each 
tes t  was continued for a period of from 2 to 3 hours. Except for the temperature tes ts  
reported in table II, all tes ts  were performed at room temperatures between 70° F 
(21° C) and 80° F (27O C). 

Leakage tests were performed at temperatures up to  200' F (93O C) on hatches A, 
B, and C and down to -400 F (-40° C) on hatches B and C by using the apparatus previ
ously described. The lower temperatures were dictated by the performance of the avail
able equipment. 

RESULTS AND DISCUSSION 

Table III lists a summary of pertinent leakage tes ts  performed on the air lock by 
using the helium measuring methods described in reference 10. The leakage of helium 
would be greater than that for higher molecular gases such as air. For the low leakage 
rates encountered in these tes ts ,  air leakage cannot be measured directly by the present 
system since a single leak cannot be isolated for purposes of measurement f rom the other 
leakage sources and outgassing products. 

Room Temperature Tests 

Figure 23 presents the leakage rate of the butyl O-ring seal  in hatch A with pres
sure  loading the hatch toward the closed position after 1and after 50 cycles of hatch 
actuation, The maximum leakage was relatively small ,  3.1 X loe6 cc/sec after 1 cycle 
and 1.0 X cc/sec after 50 cycles. This leakage was less  than 1cc/day for the entire 
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hatch and the hatch frame. In this case, about a 50-percent increase in leakage occurred 
after 50 cycles. 

Figure 24 presents the leakage rate of hatch A with pressure loading toward the 
open position after 1 cycle and after 50 cycles of hatch actuation. Maximum leakage after 
1 cycle was 6.2 X cc/sec and after 50 cycles 2.6 X cc/sec. The leakage rate 
was about 40 percent less after the 50 cycles, which is an effect opposite to that experi
enced in the previous test. Variations of this order were noted throughout this se r ies  of 
tests, and were completely random. They a r e  probably due to the seal  being seated on a 
slightly different surface position on each hatch closing. Separate leakage tes t s  were 
made on the window, pressure-equalization valve, and the actuation-shaft penetration. 
In each of these cases,  no leakage was detectable with the present system. 

Figure 25 presents the leakage of hatch B, which contained the molded type seal  
illustrated in figure 9, pressure loaded toward the closed position. Maximum measured 
leakage was 5.4 X lom6cc/sec after 1 cycle and 4.8 X lom6cc/sec after 50 cycles of hatch 
operation. The least leakage was noted after the 50 cycles. The leakage rate of the 
molded seal was approximately of the same order  of magnitude as that for the O-ring seal 
in hatch A. 

Figure 26 presents the leakage of hatch B pressure loaded toward the open position. 
Maximum measured leakage was 5.2 X cc/sec after 1 cycle of operation and 
1.4 x 10-5 cc/sec after 50 cycles of hatch operation. Leakage after 1 cycle of opera
tion was almost 10 t imes greater for this test  than when the hatch was loaded toward the 
closed position as shown in figure 25. After 50 cycles, the leakage also was several  
t imes that measured with the pressure loading toward the closed position. This effect 
can possibly be attributed to the unsymmetrical shape of the hatch B configuration. When 
loaded toward the open position, the hatch is being deflected away from the seal. Because 
the structure is not symmetrical, the hatch and hatch frame probably a re  not deflected 
uniformly at the sea l  seating surface. This condition is contrasted with that of hatch A 
where little difference was noted between leakage when the hatch was loaded toward the 
open and closed positions. 

Figure 27 presents the leakage rate as a function of time for  hatch B loaded toward 
the closed position. During this test  leakage measurements were made over a period of 
75 days, the hatch remaining closed during the entire time. The maximum measured 
leakage during this test was 2.8 X cc/sec. Variations were noted from time t o  time. 
A mean line throughout the data indicates a stable leakage rate  throughout the test. The 
cause of the variations from the mean line a r e  not known. At the time of this test  the 
same seal had been in use on the air lock for a period of over 2 years. No noticeable 
deterioration of the seal was detected during this time. 
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Figure 28 presents the leakage rate of hatch C, which contained the inflatable seal, 
the pressure forcing the hatch toward the closed position. Maximum measured leakage 
was 1.7 x 10-5 cc/sec after 1cycle and 1.5 X cc/sec after 50 cycles of hatch and 
seal opening. Leakage rates of the inflatable seal were generally greater than those for 
the O-ring seal on hatch A and for the molded seal on hatch B when forced toward the 
closed position. When the contoured surface on which this hatch had to seal is considered, 
this leakage rate is remarkably low. Initial leakage after 1 cycle was considerably lower 
than that after 50 cycles but the rates were nearly equal after 100 minutes. Cycling 
caused possible differences in the seating of the seal, and the associated leakage rates 
were probably due to the viscoelastic properties of the seal material. 

Figure 29 presents the leakage rate of hatch C with pressure forcing the hatch 
toward the open position. Maximum measured leakage was 2.1 X l om5cc/sec after 1 cycle 
and 5.9 x 10-5 cc/sec after 50 cycles of operations. Leakage was somewhat higher when 
the hatch was loaded toward the open position compared with the results reported for the 
hatch loaded toward the closed position in figure 28. Leakage rates for the inflatable 
seal, although slightly higher than those for  the other types of seals,  a r e  still less than 
1 cc/day. 

Higher Temperature Tests 

The heat tes ts  on the hatches were conducted by heating them to the desired tem
perature and then making leakage measurements. Cyclic tes ts  were not performed 
because of the difficulty of removing and reinstalling the insulating blanket. 

Figure 30. presents the leakage measured on hatch A with loading toward the closed 
position, at average seal interface temperatures of 150° F (660 C) and 201° F (93O C). 
The maximum measured leakage rate at 201' F (93O C) was 7.2 X cc/sec, which was 
almost 5 to 10 times greater than that for tests at room temperature. 

During the third higher temperature test on hatch A, the hatch failed structurally 
while being heated to 250' F (121' C). Leakage measurements had not been started at 
the time of failure; however, the interior of the air lock was under vacuum and the exte
rior at atmospheric pressure, Figure 31 shows the areas  in which the metal skin parted 
from the honeycomb core. At the time of failure the seal continued to retain the vacuum 
inside the air lock. Further testing of hatch A was terminated after this damage. A pos
sible cause of the failure may have been the pressure buildup from the bonded honeycomb 
sealed within the structure. The honeycomb was vented between cells but not vented to 
the outside of the structure. 

Figure 32 shows the leakage rate of hatch B with the hatch at an average tempera
ture of 1 4 2 O  F (60° C) and 193' F (89O C) and with the hatch pressure loaded toward the 
closed position. The maximum measured leakage was 1.7 X lom5cc/sec. The leakage 
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rate increased during the heating tests as observed during the heating tes ts  on hatch A 
although the increase was not as great as that for hatch A. 

Figure 33 shows the leakage rate of hatch C with the hatch at average temperatures 
of 1500 F (66O C) and 177O F (81O C) and for the hatch pressure loaded toward the closed 
position. The maximum measured leakage was 2.4 X cc/sec. Leakage for hatch C 
was almost an order of magnitude less  during these tests than for tests at room tempera
ture. This effect is exactly opposite to  that which occurred on the O-ring seal on hatch A 
and the molded seal on hatch B. The reason for this lower leakage rate is not apparent 
and should be investigated further. 

Lower Temperature Tests  

Cold-temperature leak-rate tes t s  were performed with the apparatus as previously 
described. Leakage measurements were started at the time cooling was started and con
tinued for a period of 3 hours. Cyclic tes ts  were not performed because of the difficulty 
of removing and reinstalling the insulating blanket. Since hatch A had failed structurally 
during heating tests,  no cooling tes t s  were conducted on this hatch. 

Figure 34 presents the results of leakage measurements on hatch B during the 
cooling tes ts  with the hatch pressure loaded toward the closed position. Figure 35 shows 
the average temperature of the structure on both sides of the seal as a function of time 
during the test .  The maximum measured leakage was 9.7 X cc/sec. Leakage rates 
increased rapidly when the temperature was lowered below Oo F (-18O C) but remained 
relatively constant between -10' F (-24' C) and -40' F (-40' C). The maximum mea
sured leakage rate was 1-2

1to 2-2 
1 orders  of magnitude higher than that previously measured 

for hatch B at room temperature. A subsequent test  at a higher cooling rate caused the 
seal to unseat, and excessive leakage to occur. It was noted from the pressure gages that 
a possible unseating of the seal  caused loss of vacuum in the system and made leakage 
measurements impossible with the present system. Increased leakage and seal unseating 
could have been caused by differential deflection of various parts of the unsymmetrical 
hatch and hatch frame during the cooling cycle. 

Figure 36 presents leakage rate as a function of t ime for hatch C with the hatch pres  
sure  loaded toward the closed position for the cooling tests. The maximum measured 
leakage was 3.9 X cc/sec. Figure 37 presents the average temperature on the struc
ture  on both sides of the seal  as a function of time for the tests.  During the cooling tes t s  
the maximum leakage rate was about twice that measured during the room-temperature 
tests.  Some fluctuation of leakage during the test was noted, probably because of the 
shifting of the  seal by contraction due to cooling. The good performance of this seal  
during cooling was not expected since butyl elastomer becomes hard at lower tempera
tures;  however, the low leakage of the inflatable seal during the cooling tes ts  may be due 
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to the ability to maintain a uniform seating stress on the seal  even during structural 
deflections. 

General Discussion 

Several additional problems which were associated with the operation of air lock 
during the tests a r e  described in this section. 

Although no mechanical problems were associated with the use of molybdenum 
disilicide as a lubricant in a vacuum system (the wear surfaces remained lubricated 
during the entire series of tests), one unexpected problem occurred with the use of this 
lubricant. In the vacuum condition of t o r r ,  molybdenum disilicide slowly migrated 
and deposited on all interior surfaces of the vacuum system. After a period of several 
weeks it shorted out the vacuum-measuring ionization gages and prevented use of the 
residual gas analyzer on the system. This slow migration of molybdenum disilicide may 
be desirable for continued lubrication of wearing parts but contamination of other parts 
is undesirable. 

An additional problem was encountered with the pressure-equalization valves (fig. 4) 
which could not be opened by hand after being sealed for several days with a pressure 
differential across the valves of 1atmosphere (1atmosphere = 1X lo5  N/m2). It was 
necessary in this case to insert a hammer handle or  other means to provide additional 
leverage to open them. This problem could possibly be alleviated by making the valve 
seat smaller or by designing a different type of valve mechanism. Equalization time to 
reduce the pressure from 1 atmosphere to vacuum with the present valves was approxi
mately 9 seconds. If this time were increased to approximately 1 minute, the valve seat 
would probably be small enough to be opened manually even after extended periods of 
time. 

Information derived from the tests on this air lock may be of value in the design of 
future manned space vehicles. A lightweight air-lock system has been constructed and 
successfully tested under vacuum conditions to investigate leakage problems. Leakage 
rates attained during the tes ts  were on the order of 10 cc or  less per day, which would be 
almost negligible for atmospheric confinement. An acceptable leakage rate for long-term 
space use has been achieved; however, a number of problems arose during the tests which 
require additional research or which require special design consideration when air-lock 
structures a re  being designed. These problems include the structural failure of the honey
comb hatch and frame when being heated above 2000 F ( 9 3 O  C), the unseating of the molded 
seal on hatch B due to uneven deflections, the migration of the molybdenum disilicide solid 
lubricant, and the excessive leverage required to open the pressure-equalization valves. 

Of the three hatch configurations tested, the circular hatch A in the concentric hatch 
frame was less affected by loading direction and temperature changes than the oval-type 
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configuration. It appears that the contoured hatch C with the inflatable seal was best able 
to compensate for structural deflections. Future hatch designs where unequal structural 
deflections occur should be given special design consideration to prevent unseating of the 
seal. This unseating could be prevented by additional structural reinforcement in the 
a rea  of the seal or  design of the seal to tolerate greater structural deflections before 
unseating . 

The mechanical actuation systems of the air lock operated reliably throughout this 
ser ies  of tests except for the problem of the sticking pressure-equalization valves men
tioned previously. Each hatch was operated in excess of 100 times and continued to seal 
reliably. 

Of the three types of seal configuration used, no seal failures due to deterioration 
were noted. After more than 2 years of use, the same seals continued to seal satisfactor
ily. Leakage rates did not vary greatly between one seal  type and another; however, the 
leakage rate was affected by direction of loading of the hatch, deflection of the structure 
on which the seal was seated, and temperature. In the tests described in this paper, the 
inflatable seal appeared to be least affected by structural deflections. 

CONCLUDING REMARKS 

A lightweight air-lock structure has been successfully constructed and vacuum 
tested to determine structural sealing problems and leakage rates  over a temperature 
range from -40° F (-40° C) to 200' F (93' C ) .  Three different types of hatch configura
tions were tested, each having a different type of seal. 

Leakage rates sufficiently low for manned space flight structures were attained 
during the tests. Leakage rates less  than cc/sec or  less  than 10 cc/day of helium 
were attained except in cases where the seal appeared to unseat in the case of the cooling 
tests. Leakage rates did not vary greatly between one seal type and another. Leakage 
rates tended to increase when the temperature was varied appreciably above or below 
room temperature. Loading of the hatches toward the open position tended to increase 
leakage rates. Opening and closing the hatches a large number of times did not appre
ciably affect the leakage rates. 

The circular hatch was least affected by structural loading whereas the contoured 
hatch with the inflatable seal was probably best able to tolerate structural deflection. 
Leakage rates of the oval hatch configuration varied more with direction of loading and 
temperature variations . 
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It is recommended that problems of structural integrity of the honeycomb structure, 
uneven structural deflection, and leakage rates at lower temperatures be investigated in 
greater detail in future research. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., June 8, 1970. 
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TABLE I.- AIR-LOCK MASS BREAKDOWN 

Mass  

Pr imary structure: 
lb kg 


Assembly, 21-inch (0.53-meter) long cylinder . . . . . . . . . . . . . . .  28 13 

Assembly, 60-inch (1.53-meter) long cylinder . . . . . . . . . . . . . . .  100 45 

Hatch C, body assembly . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 12 

Hatch A, assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 23 

Hatch A, f rame assembly . . . . . . . . . . . . . . . . . . . . . . . . . .  56 25 

Hatch B, assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 27 

Hatch B, frame assembly . . . . . . . . . . . . . . . . . . . . . . . . . .  56 25 


Total air-lock mass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  377 171 


Auxiliary components not part of primary flight-weight structure: 

Adaptability flanges (nonflight weight) . . . . . . . . . . . . . . . . . . . .  63 28 

Electronics and lighting system . . . . . . . . . . . . . . . . . . . . . . .  34 15 

Miscellaneous support bracketry . . . . . . . . . . . . . . . . . . . . . .  10 5 


T o t a l m a s s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107 48 
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TABLE 11.- LEAKAGE MEASUREMENTS DURING ACCEPTANCE TESTS 


Test setup 

21-inch (0.53 -meter) 
60-inch (1.53-meter) 
Hatch A, normal 
Hatch A, inverted 
Hatch B, normal 
Hatch B, inverted 
Hatch C, normal 
Hatch C, inverted 

. -

Maximum acceptable Measured leakage
leakage per  24 hours, per  24 hours, 

cc  cc 

cylinder 6.0 0.3 
cylinder 10 .5 

100 .2 
100 .5 
100 13.5 
100 5.5 
100 17.3 
100 .1 

17 

I 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

-- 

TABLE III.- SUMMARY OF AIR-LOCK LEAKAGE TESTS 
.- - -. . .-

Direction of Temperatureb Maximum 
Test Hatch pressure loading ~Tleakage rate, 

(a) -_ cc/sec__ 
. _. .-

A Closed Room 3.1 x 10-6 
(1 cycle) 

A Closed Room 1.0 x 10-5 
(50cycles) 

A Open Room 6.2 x 
(1 cycle) 

A Open Room 2.6 x 10-6 
(50cycles) 

B Closed Room 5.4 x 10-6 
(1 cycle) 

B Closed Room 4.8 x 
(50cycles) 

B Open Room 5.2 x 10-5 
(1 cycle) 

B Open Room 1.4 x 10-5 
(50cycles) 

B Closed Room 2.8 x 
(1 cycle) 

C Closed Room 1.7 x 10-5 
(1 cycle) 

C Closed Room 1.5 x 10-5 
(50cycles) 

C Open Room 2.1 x 10-5 
(1 cycle) 

C Open Room 5.6 x 10-5 
(50cycles) 

A Closed 150 65 6.4 x 10-5 
(1 cycle) 

A Closed 201 94 7.2 x 10-5 
(1 cycle) 

B Closed 140 60 1.2 x 10-5 
(1cycle) 

B Closed 193 89 1.7 x 10-5 
(1 cycle) 

C Closed 150 65 2.4 x 
(1 cycle) 

C Closed 177 80 1.0 x 10-6 
(1 cycle) 

B Closed -48 -44 9.7 x 10-4 
(1 cycle) 

B Closed -39 .39 9.3 x 10-4 
(1 cycle) 

C Closed -34 -37 3.9x 10-5 
(1 cycle) 

C Closed -44 -42 2.8 x 10-5 
(1 cycle) 

Wlosed, pressure loading forces hatch against seal; open, pressure loading 
forces hatch away from seal. 

bRoom temperature is 75' F to 80° F (24' C to 27O C). 

18 




._ 

Pressure-equalizationvalve 

and hatch closure
communication 


L-66-5811 


Figure 1.- Lightweight simulated spacecraft air lock. 




Figure 2.- Hatch A. 
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detail A 
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Sectional view through hatch and frame. 

Figure 3 . - Construction features of hatch A. 
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Figure 4.-Pressure-equalization valve for hatch A and hatch B. 
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Figure 5.- Window i n  hatch A .  
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Figure 6.- Hatch B. Figure 7.- Latching mechanism in hatch B. 
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jL Molded seal  

-Hatch frame 

Figure 8.- Cross-sectional diagram of hatch B. 
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-seal ntainer plate 

Molded seal 

L~.41uminum honeycomb \---See deta i l  

Figure 9.- Cross-sectional diagram of expander ring and molded seal. 



L-66-160 
Figure 10.- Hatch C. 
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r Bonded aluminum a b e t  Hatch-latching mechanism 

fluminun honeycomb 

a1 retainer ring 

-Retainer l i p  

.-Inflatable sea l  Valve seal  plate 

Air-lock cylindrical section 

Cross-sectional diagram of upper
side of hatch 
(see figure 10.)

Cross-sectional diagram of lower 
side of hatch 

(Bee figure 10. ) 

Figure 11.- Cross-sectional diagram of the latching mechanism, inflatable seal, and pressure-equalization valve 
for hatch C. 



L-66-159 
Figure 12.- The a i r  lock mounted i n  t h e  

s e a l s  t e s t  chamber. 

L-70-1658 
Figure 13.- The i n t e r i o r  of the a i r  lock mounted on the 

test  chamber. 
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Figure 14.-The helium i so la t ion  blanket i n s t a l l e d  on hatch B. 
(Same arrangement as used on hatch A.)  
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L-66-4117 

Figure 15.- Arrangement of 	heat lamps f o r  heating hatch B before i n s t a l l a t i o n  
of the  insu la t ing  cover. 
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L-67-1618 

Figure 18.- Arrangement f o r  heating hatch C.  
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Figure 19.- Arrangement of  t he  c o i l s  f o r  cooling hatch B before 
enclosing hatch i n  the  insulat ing cover. 
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Figure 20.- Arrangement for cooling hatch B. 
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Figure 22.- Arrangement for cooling hatch C. 
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Time, min 

Figure 23.- Leakage rate as a function of time f o r  hatch A with pressure loading 
toward t h e  closed posit ion.  

Test 3 

A f t e r  1 cycle 

I I 
120 150 180 

Time, min 

Figure 24.- Leakage r a t e  as a function of t i m e  f o r  hatch A with pressure loading 
toward the  open posi t ion.  
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Time, hours 

Figure 27.- Leakage rate as a function of time f o r  hatch B with pressure loading 
toward the closed posi t ion during the  75-day test. 

Figure 28.- Leakage r a t e  as a function of time f o r  hatch C with pressure loading 
toward the  closed posi t ion.  
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Figure 29.- Leakage r a t e  as a function of time f o r  hatch C with pressure loading 
toward the  open posi t ion.  
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Figure,30.- Leakage r a t e  as a function of time f o r  hatch A with pressure loading 
toward t h e  closed posi t ion during t h e  heating t e s t s .  
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Figure 33.- Leakage rate as a function of time f o r  hatch C with pressure loading 
toward t h e  closed posi t ion during the  heating tests. 
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Figure 35.- Average temperature as a function of time f o r  t h e  s t ruc tu re  surrounding the  
s e a l  on hatch B during the  cooling tests. 
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Figure 36.- Leakage rate as a function of t i m e  f o r  hatch C with pressure loading 
toward the  closed posi t ion during the  cooling tes ts .  
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Figure 37.- Average temperature as a function of t i m e  f o r  t h e  s t ruc ture  surrounding t h e  
seal on hatch C during t h e  cooling tests. 
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