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Abstract

A universal docking system is being developed by the National Aeronautics and Space Administration (NASA)
to support future space exploration missions to low Earth orbit (LEO), to the moon, and to Mars. The candidate
docking seals for the system are a composite design consisting of elastomer seal bulbs molded into the front and rear
sides of a metal ring. The test specimens were sub-scale seals with two different elastomer cross-sections and a
12-in. outside diameter. The seal assemblies were mated in elastomer seal-on-metal plate and elastomer seal-on-
elastomer seal configurations. The seals were manufactured from S0383-70 silicone elastomer compound. Nominal
and off-nominal joint configurations were examined. Both the compression load required to mate the seals and the
leak rate observed were recorded while the assemblies were subjected to representative docking system operating
temperatures of —58, 73, and 122 °F (=50, 23, and 50 °C). Both the loads required to fully compress the seals and
their leak rates were directly proportional to the test temperature.

Nomenclature
AO atomic oxygen
CVCM collected volatile condensable materials
LEO low Earth orbit
LIDS Low Impact Docking System
MMOD micrometeoroid and orbital debris
NASA National Aeronautics and Space Administration
RTD resistance temperature detector
TML total mass loss
uv ultraviolet radiation

I. Introduction

NASA is developing a mechanism to connect space vehicles and structures called the Low Impact Docking System
(LIDS) (ref. 1). The system is designed to be the interface between pressurized manned and autonomous modules, and
to overcome the limitations of docking mechanisms currently in use for the human exploration of space.

The primary advantage of LIDS is the reduced risk associated with the docking operation. The system greatly
reduces the load imparted upon the mating structures during docking as compared with other docking mechanisms.
Current docking systems rely upon high impact loads and therefore are not being considered for NASA’s
exploration missions (ref. 2). The reduced load of LIDS minimizes the effect on the activities taking place within the
space vehicle or structure (e.g., experiments on the International Space Station) (ref. 3) and enhances the life of the
assembly by minimizing structural fatigue. The LIDS is also compact and designed to operate autonomously.

The current design of a LIDS interface employs two functionally different versions of LIDS. One of the two
LIDS will be an active docking system while the other will remain passive. The active half of a LIDS-to-LIDS
interface contains a main interface seal (see fig. 1). This seal is critical because it confines breathable air inside of
the mated vehicles during the mission. Any air lost past the seals must be replaced. The passive half of a LIDS-to-
LIDS interface provides a smooth flat surface against which the main interface seal docks. However, determining
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the feasibility of having a seal on both halves of a mating
interface is of interest. The ability to dock two identical
systems would increase the subsystem redundancy and
reduce risk for NASA Constellation missions.

When undocked, the LIDS main interface seal will be
exposed to the environment in space. Overcoming the
synergistic effects of exposure to atomic oxygen (AO),
ultraviolet and particle radiation, micrometeoroids, and
orbital debris is problematic as the current design of the
LIDS does not include any provisions for shielding the
main interface seal from the harsh environment when
undocked.  While in low-Earth orbit (LEO),
photodissociation of oxygen’s molecular bond occurs
between the two oxygen atoms. AO is created and is highly
reactive. The exposure of elastomers to AO can degrade Figure 1.—lllustration of the LIDS.
performance depending upon their resistivity to oxidizing
environments (ref. 4). Additionally, the exposure to ultraviolet radiation (UV) from the sun can be a strong
contributor to degradation (ref. 4). After excessive exposure to UV, elastomers embrittle and become unusable for
seal applications. Collisions by high velocity micrometeoroids and orbital debris (MMOD) are a threat to the seal as
well as for the successful operation of the docking system. The current design of LIDS allows for up to 0.025
Ibm/day (0.011 kg/day) of air loss through the 58.0 in. (1.47 m) main interface seal.

The LIDS operating environment includes a range of temperatures to which the system may be exposed while
performing NASA Constellation missions. The temperature range of the LIDS severely limits the types of elastomer
compounds that can be used to form the seal. Silicone rubber is the only class of elastomer that is commonly molded
into seals and has an operating temperature that encompasses expected LIDS exposure temperature (—148 to 212 °F
(-100 to 100 °C)).

As the LIDS and its main interface seal operate in a vacuum pressure environment, all materials must conform to
NASA-STD-(I)-6016 (ref. 5). This standard mandates that outgas byproducts be limited to less than 1.0 percent total
mass loss (TML) and less than 0.1 percent collected volatile condensable materials (CVCM) when exposed to heat
and vacuum pressures, as tested by ASTM E595-07 (ref. 6). This further limits the number of materials that can be
candidates for use in the LIDS seal.

The load required to compress the LIDS main interface seal is an important seal characteristic. Small variations
in the elastomer seal geometry have a pronounced effect upon the required load to compress the seal (ref. 7). This is
problematic since the manufacturing tolerances of elastomer seals can be relatively large (£0.005 in./0.01 cm). The
capability of the LIDS latch mechanism must be designed to exert enough force to fully compress the seal and to
hold the two LIDS together under worst-case loading conditions. However, over design of the latch mechanism adds
unnecessary weight to the docking system, space vehicle, and launch system. Therefore, tight manufacturing
tolerances must be maintained to ensure the highest seal performance while not causing a significant impact on other
docking subsystems. The current design of the LIDS latch mechanism allows for 70 1bf/in. (120 N/cm) or less to
compress the LIDS main interface seal.

The objectives of the work presented herein were (1) the evaluation of the force required to fully compress the
seals, and (2) the quantification of the leak rate. Both of these characteristics were measured at the upper and lower
limits of the operating temperature range as well as at ambient temperature. The test specimens used in this study
were sub-scale with an outside diameter of approximately 12 in. (32 cm). The specimens were tested in the as-
received condition without any surface treatments or preconditioning. The performance of each elastomer seal
design is presented.

Main Interface Seal

II. Description of the Experiments

A. Specimens

The specimens were Gask-O-Seals manufactured by the Composite Sealing Systems Division at Parker Hannifin
Corporation. The first design, referred to as 12”CBM, consisted of three elastomer seals molded into an aluminum
ring as shown in figures 2 and 3. The second design, named the 12”EDUS54, consisted of four elastomer
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Figure 2.—Photograph of a 12"CBM test specimen Figure 3.—lllustration of the cross-section of a 12"CBM
showing the front side with a single elastomer seal. test specimen having one front-side and two rear-side
elastomer seals in the aluminum ring.
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Figure 4.—Photograph of a 12"EDU54 test specimen Figure 5.—lllustration of the cross-section of a 12"EDU54
showing the front side with two elastomer seals. test specimen having two front-side and two rear-side

elastomer seals in the aluminum ring.

seals molded into a similar aluminum ring as shown in figures 4 and 5. For both designs, the elastomer seals were
made of silicone compound S0383-70, manufactured by Parker Hannifin Corporation. The outside diameter and
thickness of the 6061-T651 aluminum rings were 12.0 in. (30.5 cm) and 0.20 in. (0.51 cm), respectively.

The elastomer seals were vacuum molded into both the top and bottom surfaces of the aluminum ring to prevent
leakage through the interface. The cross-sections of the elastomer seals within the metal ring are proprietary designs
and will be described only in general terms. The cross-sections of the seals on the rear side of both designs were
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identical, but were different from those on the front side. The front side of the 12”CBM had one circumferential
elastomer seal, while the 12”EDUS54 had two similar cross-section elastomer seals. The cross-sections of the front-
side 12”CBM and 12”EDUS54 elastomer seals differed only in the width of the sealing surface. The sealing surfaces
on the front-side 12”EDU54 elastomer seals were 0.006 in. (0.015 cm) narrower than that of the single front-side
12”CBM elastomer seal.

The elastomer used to manufacture all of the seals presented in this study was silicone compound S0383-70. This
silicone elastomer compound has been shown to be durable when exposed to simulated LIDS operating
environments (ref. 4). The elastomer compound was tested per ASTM E595 (ref. 6) to verify that the amount of
volatiles contained within the test specimens was below the required limits of 1.0 and 0.1 percent for TML and
CVCM, respectively (ref. 8).

When assembled onto the test apparatus, the aluminum ring was fastened against the stainless steel test fixture
using eight equally spaced fasteners so that the rear seals were fully compressed. The crown heights of the front and
rear seals were nominally 0.040 in. (1.0 mm) and 0.023 in. (0.58 mm), respectively, above the surrounding
aluminum ring.

The elastomers were tested in their as-received, untreated condition. They were not exposed to any constituents
of space environments, including AO, UV, ionizing radiation, MMOD impacts, or vacuum pressure. After being
installed onto the test fixtures, the specimens were cleaned using isopropyl alcohol and air dried for 5 min prior to
testing.

B. Temperature control system

The temperature of the seal specimens was controlled during testing using an Instron 3119-407 environmental
control system. The test specimens were installed onto the compression test fixture or leak rate measurement system,
located inside of the environmental control chamber, while at room temperature. The desired test temperature was
programmed into the environmental control system, and the temperatures of the specimens were monitored using a
resistance temperature detector (RTD) mounted directly to the test fixture. The RTD had an accuracy of 0.18 °F
(0.10 °C). The test began once the desired temperature was achieved. During the tests, the temperature was
maintained within 0.9 °F (0.5 °C)

C. Compression test system

The force required to compress the front-side seals was determined using an Instron Model 5584
electromechanically actuated material test system. The test specimens were attached to the load frame using
stainless steel platens (fig. 6). Each platen was attached to
the load frame actuator rods using one coaxially located
threaded stud. The test specimens were coaxially aligned
with the centerline of the load frame and attached to the
platens using eight equally spaced fasteners.

The seal specimens were assembled in either of two
configurations: (a) elastomer seal against a flat plate, or (b)
elastomer seal against elastomer seal. When tested in
elastomer seal-on-elastomer seal configuration, the test
specimens were mated so that the crowns of the mating
seals landed directly on top of each other (i.e., the seals
were aligned coaxially with the load frame and each other).
This is shown in figures 7 and 8. When tested in elastomer
seal-on-metal plate configuration, the seal test specimens
were mounted on the lower platen and compressed against
the upper platen which had a surface finish of better than
16 pin. (0.4 um). This is shown in figures 3 and 5.

Load cell

Test specimens Platens

Figure 6.—Photograph of the compression test system
with installed platens and seal specimens.
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Figure 7.—lllustration of the cross-section of 12°CBM test Figure 8.—lllustration of the cross-section of 12"EDU54
specimens configured in an elastomer seal-on- test specimens configured in an elastomer seal-on-
elastomer seal assembly. elastomer seal assembly.

A precision gauge was used to set the distance between the mating surfaces prior to the start of the test. The
distance between the upper and lower assemblies was reduced until their contact surfaces were fully compressed
against one another. The speed at which the two assemblies approached one another was not constant, but was a
function of time as shown in figure 9. This loading profile simulated the rate at which two LIDS approach each other
during docking.

During the compression stroke, the force required to compress the seals was measured using an Instron 2525-171
load cell with an accuracy of +0.25 percent of the reading. The upper and lower assemblies were compressed
together until 6000 1bf (27000 N) compression force was recorded.

The force required to compress the seal assemblies was determined by searching the data set for the
displacement corresponding to the initial distance between the two contacting surfaces. This distance was set using
the precision gauge prior to the test and was defined as the starting point for the loading profile. For tests conducted
above or below room temperature, corrections were made to account for the thermal expansion of the test fixtures.

Previous studies (ref. 8) have shown that compression load results can be greatly affected by the number of
compression cycles an elastomer seal test specimen experiences. The elastomer softens with each compression cycle
and the force required to compress the seals decreases. The results presented herein are of test specimens that have
been compressed several times prior to compression testing.

D. Leak rate measurement system

The leak rate of each seal configuration was quantified 06
using a pressure decay system. The system measured any mass 05} .
loss across the seal specimen(s), including the amount of dry Cor;tprelfsmn
air that passed through any leakage paths (e.g., through 04k roke
microcracks and at the interface between the sealing
interfaces) and permeated through the specimens’ elastomer = 03}
compound. g
The system consisted of a gas reservoir, with a known § 02}
volume, that was immersed in a water bath to moderate any &
temperature fluctuation of the gas within the closed system o1k
(fig. 10). The temperature of the water was monitored by an
RTD with an accuracy of +£0.35 °F (0.20 °C). Dry air was 0.0 }
supplied to the gas reservoir at 14.7 psig (101 kPa). The
pressure in the gas reservoir was monitored using two pressure -0.1 . . .
transducers. The pressure transducers provided 0.05 percent -16 -8 0

full-scale accuracy over a range of 0 to 20 psig (0 to 140 kPa).
The gas reservoir was connected to the test section containing
the test specimen, as shown in figure 11.

Time, sec
Figure 9.—Compression test closure rate.
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configurations: (a) elastomer seal against a flat plate, or  Figure 11.—lllustration of the pressure decay system
(b) elastomer seal against elastomer seal. The surface test section configured in elastomer seal-on-metal
finish of the test apparatus was better than 16 pin. plate (top) and elastomer seal-on-elastomer seal
(0.4 um). The seals were coaxially aligned, mated, and  (Pottom) configurations.
compressed until their aluminum rings were fully
compressed against one another, thus producing an ideal
mating configuration. The test gas (i.e., dry air) was supplied to the interior of the mated seals at a pressure of
14.7 psig (101 kPa). Subsequent tests investigated leak rates of non-ideal mating configurations. In these
investigations, the aluminum rings of the mated seals were not fully compressed together. Instead, calibrated spacers
were placed between the aluminum rings so that a uniform, defined gap was obtained and the elastomer seals were
in contact, but not fully compressed.

The pressure decay system quantified the mass of gas within the system over time. To quantify the amount of
gas within the system, gas pressure and temperature were monitored. Assuming an ideal gas, mass was calculated
from the following equation:

m=-— (D

where m was the mass of the gas within the leakage quantification system, /" was the closed volume, p was absolute
gas pressure, and 7 was temperature. The system mass was calculated every 10 sec and a line was fit to the
collection of mass points. The slope of the best fit line provided the specimen leak rate. The duration of each test
was a minimum of 22 hr, but some tests were allowed to run as long as 3 days in order to reach steady state
conditions due to low permeation through the elastomer compound.

To ensure that the system of the supply lines from the gas reservoir to the test section was hermetic, the
system was checked with a helium leak detection system and was found to leak no greater than 2.5x10~° Ibm/day
(1.1x10°”° kg/day). Hence, any decrease in the mass of gas within the closed system was attributable to the test
specimen leakage.

The data from two time steps was used to compute the error of the measurement, using the following equation:

Rl __V [p_p2 )
A RM\T T

The subscripts denote two time steps (i.e., the beginning and end of the test). An uncertainty analysis was used to
produce the error bars shown in the results graphs. The uncertainty analysis of eq. (2) resulted in eq. (3),
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where u represents the uncertainty for the subscripted variable. Similar to eq. (2), the numeric subscripts denote two
time steps (i.e., the beginning and end of the test). Uncertainties for each variable within the equation, including
calibration error, were estimated and combined using the root-sum-square method. Leak rate uncertainty was
computed for each individual specimen trial. Due to the variation in the pressure measurements for each individual
trial (and less for temperature variability), the size of the leak rate error bars was different for each data point
plotted.

III. Experimental Results and Discussion

A. Compression tests

The load required to compress both the 12”CBM and 12”EDUS54 test specimens was determined at each of three
temperatures, —58, 73, and 122 °F (50, 23, and 50 °C). The force required to compress the seals was quantified
when the seals were mated in elastomer seal-on-elastomer seal and elastomer seal-on-metal plate configurations.
The compression level was continuously increased according to the displacement-time curve of figure 9. The force
reported in figure 12 was the load required to compress the seal(s) to the point of full metal-to-metal contact,
including compensation for temperature as described in section I1.C.

The loads required to compress the 12”CBM seal test specimens in elastomer seal-on-metal plate and elastomer
seal-on-elastomer seal were 82.9 Ibm/in. (145 N/cm) and 58.6 Ibm/in. (103 N/cm) at room temperature, respectively.
When the test temperature was increased to 122 °F (50 °C), the required force increased by 2.9 percent to 85.4
Ibm/in. (150 N/cm) for the elastomer seal-on-metal plate configuration and 59.6 lbm/in. (104 N/cm) for the
elastomer seal-on-elastomer seal configuration. When the test temperature was reduced to —58 °F (—50°C), the force
required to fully compress the seals also decreased. At —58 °F (-50 °C), the elastomer seal-on-metal plate and
elastomer seal-on-elastomer seal configurations required 77.8 lbm/in. (136 N/cm) and 51.8 lbm/in. (90.7 N/cm),
respectively, to compress the seals.

The 12”EDUS54 seal test specimens were also evaluated when assembled in elastomer seal-on-metal plate and
elastomer seal-on-elastomer seal configurations. At room
temperature, 62.9 lbm/in. (110 N/cm) and 35.9 lbm/in.
(62.9 N/cm), respectively, were required to fully compress
the seals. The force to compress the seals increased to 65.2
Ibm/in. (114 N/cm) and 37.5 Ibm/in. (65.6 N/cm) when the
test temperature was raised to 122 °F (50 °C), representing
a respective 3.8 and 4.1 percent increase over room
temperature measurements. When the seals were
refrigerated to —58 °F (-50 °C), the elastomer seal-on-metal
plate and elastomer seal-on-elastomer seal configurations
required 57.5 lbm/in. (101 N/cm) and 34.5 lbm/in. (60.4
N/cm), respectively.

In every instance, the load required to compress the seal
assemblies in an elastomer seal-on-elastomer seal
configuration was lower than that of an elastomer seal-on-
metal plate configuration. This reduction was as much as 43
percent for the 12”EDUS54 seal at room temperature. This
characteristic is attributable to the boundary condition of
the seals’ interface surface. When the seal interacts with a
metal plate, friction inhibits the elastomer from moving in
the radial direction. This behavior confines the elastomer N
causing an increase in seal reaction force. In the elastomer
seal-on-elastomer seal configurations, the interface surfaces
of both seals interact with a replicate seal. The interaction

EEN _580F (-500C)
=M 770F (250C) |
== {220F (500C)

80

60

40

20

Required compression load, Ibf/in. of elastomer

Seal configuration

Figure 12.—Compression test results for 12°CBM and
12"EDU54 seals at various temperatures.
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closely models that of a frictionless surface and allows radial motion of the elastomer during the compression, which
reduces the force required to compress the seal.

The variation in force required to fully compress the seals above or below room temperature was attributed to the
relative volume change of the seal and ring due to the differences in each material’s coefficient of thermal expansion
(see table 1). The coefficient of thermal expansion of the S0383-70 elastomer (197uin./in.-°F or 355um/m-°C) (ref.
7) is much greater than that of the aluminum ring (12.7pin./in.-°F or 22.9um/m-°C) (ref. 9). This difference further
confines the elastomer seal(s) at an increased test temperature and results in an elevated force necessary to fully
compress the seals.

TABLE 1.—COEFFICIENTS OF THERMAL EXPANSION

Material Coefficient of thermal expansion
(pin./in.-°F /um/m-°C)
Silicone S0383-70 197/355
Aluminum 6061-T651 12.7/22.9

B. Leak Rate Measurements

1. Temperature Effects on Leak Rates of Single and Mated Pairs of 12”CBM and 12”EDUS54 Seals

The leak rate of both the 12”CBM and 12”EDUS54 test specimens was determined at each of three temperatures:
—-58, 73, and 122 °F (=50, 23, and 50 °C). The leak rate was quantified when the seals were mated in elastomer seal-
on-elastomer seal and elastomer seal-on-metal plate configurations (see fig. 13). Additionally, the leak rates
corresponding to various misaligned configurations were examined, including cases where (a) the seals were not
completely compressed, and (b) elastomer seal-on-elastomer seal bulbs were not coaxial. Replicate tests were
conducted by removing the test specimens from the test fixtures and allowing the seals to recover for a minimum of
5 min before reassembly. When numeric values are presented in this section, the value represents the arithmetic
average of the trials in the described assembly configuration.

The values reported herein are presented in units of Ibm/in./day (kg/cm/day). The length represents the elastomer
seal centerline circumferential length of the innermost elastomer seal, so that the results can be scaled to predict leak
rates for seals of other sizes. When the maximum allowable leak rate value (2.5x10~° Ibm/day (1.1x10°° kg/day))
for the 58.0 in. (1.47 m) LIDS main interface seal is scaled to the 12.0 in. (30.5 cm) sub-scale seals used in this
study, the sub-scale maximum allowable leak rate value is 4.6x10* Ibm/day (2.1x10"* kg/day).

The leak rate of the 12”CBM test specimens was measured when the seal(s) was assembled in elastomer seal-on-
elastomer seal and elastomer seal-on-metal plate configurations. At room temperature, the leak rate of the elastomer
seal-on-elastomer seal configuration was slightly higher, 1.58x10° Ibm/in./day (2.82x10 kg/cm/day), than that for
the elastomer seal-on-metal plate configuration, 6.75x10”

Ibm/in./day (1.21x107 kg/cm/day). The test temperature C Y Y Y Y Y
influenced the leak rate of both assembly configurations. [O 12" CBM Single Bulb: Seal-on-Seal
Raising the test temperature from room temperature to 122 °F . =: :;' ggrsj'ggleb?"g’:Iif’as"o'l"mal:f ]
(50 °C) increased the leak rate by 47 percent to 2.33x10° F HRle ST eNT-oNs atei
Ibm/in./day (4.18x107" kg/cm/day) for the elastomer seal-on-
elastomer seal configuration. Lowering the test temperature
decreased the leak rate by 35 percent to 1.03x10 °lbm/in./day
(1.85x107 kg/cm/day) for this configuration.

The leak rate of the 12”EDU54 test specimens
was quantified only when configured in an elastomer
seal-on-metal plate configuration. At room temperature, the
leak rate was quantified as 2.33x107 Ibm/in./day
(4.16x10°® kg/cm/day). This value was 66 percent lower than
the 12”CBM seal in the same configuration. However, much

o

10¢ E

Leak rate, Ibm A jy/in./day

107

—+o & =1 O
>
L]

of the improved leak rate is attributable to the addition of the 108 4 4 | L 1
second front-side seal in the 12”EDU54 design. A 40 percent -58 0 32 77 122
increase in leak rate to 3.26x10” Ibm/in./day (5.84x10° Test temperature, o

kg/cm/day) was observed when the test temperature was

increased to 122 °F (50 °C). The leak rate was decreased by Figure 13.—Leak rate performance of 12"CBM and
12’EDU54 seals at various temperatures.
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52 percent to 1.13x107 Ibm/in./day (2.02x10°® kg/cm/day) 10
when the test temperature was lowered to —58°F (50 °C). 8

The correlation between test temperature and leak rate
is attributable to the change in density of the elastomer
compound. At an increased temperature, the volume of the
elastomer increases due to the coefficient of thermal
expansion. The permeation of gas through the elastomer
also increases. The opposite is observed when the
temperature of the elastomer is reduced.

6 3
gaBﬁQBQQBQ o

12" CBM Single Bulb: Seal-on-Seal
12" CBM Single Bulb: Seal-on-Plate
12" EDU54 Single Bulb: Seal-on-Seal
12" EDU54 Single Bulb: Seal-on-Plate
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2. Incomplete Compression Effects on Single and
Mated Pairs of 12”CBM and 12”EDUS54 Seals

At room temperature, the leak rate of a single seal and

pairs of mated 12”CBM and 12”EDU54 seals were M

, : 107
quantified when the mating metal seal surfaces were not 0 10 20 30 40 50 60 70
fully compressed (see fig. 14). The distance between the
metal surfaces was increased incrementally from fully
compressed (distance equals 0) until a dramatic increase in
leak rate was observed. When the distance between the
mating surfaces was increased to the point that the leak rate increased significantly, the seal lost its sealing
effectiveness and no further testing was conducted.

To compare seal designs, the outer seal of the 12”EDUS54 test specimen was bypassed so that both seals had only
one useful front-side seal.

When the seals were assembled in an elastomer seal-on-metal plate configuration, the 12”CBM seal showed a
marked increase in leak rate when the distance between the seal and the interfacing metal plate was 0.030 in. (0.076
cm). At this distance, the leak rate increased by 840 percent from 7.68x107 Ibm/in./day (1.37x107" kg/cm/day)
when fully compressed to 7.23x10°° Ibm/in./day (1.29x10°° kg/cm/day) as the compression on the elastomer seal
neared zero. The 12”EDU54 seal showed a similar trend, though the marked increase in leak rate occurred at a
greater displacement between the interfacing surfaces. At 0.045 in. (0.11 cm) standoff distance, the seals were not in
contact and could not be tested.

When the seals were configured in elastomer seal-on-elastomer seal assemblies, the seals were far more tolerant
of incomplete compression, as would be expected. The 12”CBM seals showed little increase in leak rate with
increasing distance between the mating surfaces until the seals were separated by approximately 0.060 in. (0.15 cm).
At that distance, the leak rate increased from 1.26x10°° Ibm/in./day (2.24x10” kg/cm/day) at full compression to
1.41x107° Ibm/in./day (2.51x10°® kg/cm/day). The 12”EDU54 seals exhibited a similar level of leak rate and a
similar trend as the 12”CBM, though the sealing effectiveness was maintained to a standoff distance of 0.075 in.
(0.19 cm). The seals lost their effectiveness only when separated by 0.080 in. (0.20 cm).

Results showed that very little seal engagement is required to form an adequate seal. This is further evidence that
the sealing capabilities of these designs are dominated by permeation through the material, rather than by leak paths
at the elastomer seal-to-metal plate or elastomer seal-to-elastomer seal interfaces.

The shape of the elastomer seal-on-elastomer seal and elastomer seal-on-metal plate curves in figure 12 is
different. The seal-on-plate curves show a steady increase in leak rate with increased distance between the mating
surfaces whereas the seal-on-seal curves show an approximately level leak rate with distance indicating more
tolerance to incomplete compression.

Leak rate, lbm 4 jy/in./day

>D>0eo

Distance between mating surfaces, 10-3 in.
Figure 14.—Leak rate performance of 12"CBM and
12’EDU54 seals during incomplete compression.

3. Acxial misalignment effects on mated pairs of 12”CBM and 12”EDUS4 seals

The leak rate of mated pairs of both 12”CBM and 12”EDUS54 seals were quantified at various levels of axial
misalignment (see fig. 15). The axes of the seal pairs were intentionally displaced in discrete levels upon assembly
until the sealing effectiveness was lost.
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Both of the seal designs, 12”CBM and 12”EDUS54, T T T T T T
exhibited similar performance at each of the discrete - O 12" CBM Single Bulb: Seal-on-Seal
increments of axial misalignment, including 0.000, 4 12" EDUS4 Single Bulb: Sea"““'seal_
0.060, 0.080, 0.100, 0.120, and 0.150 in. (0.00, 0.15, 8
0.20, 0.254, 0.305, and 0.381 cm). The seal leak rates
were approximately constant until assembled with an
axial offset of 0.150 in. (0.381 cm). At this level of axial
misalignment, the leak rates of the 12”CBM increased
from 1.26x10°° Ibm/in./day (2.24x10" kg/cm/day) when
ideally aligned to 1.72x10” Ibm/in./day (3.07x10°°
kg/cm/day). The 12”EDUS54 test specimen would not
seal with a 0.150 in. (0.381 cm) axial misalignment.
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IV. Conclusion 10¢ f

The compression load and leak rate characteristics of
two candidate sub-scale LIDS main interface seal
designs were evaluated and quantified. Two assembly
configurations, elastomer seal-on-elastomer seal and
elastomer seal-on-metal plate, were examined at three
test temperatures: —58, 73, and 122 °F (=50, 23, and
50 °C).

The loads required to compress the 12”CBM seal test specimens in elastomer seal-on-metal plate and elastomer
seal-on-elastomer seal were 82.9 lbm/in. (145 N/cm) and 58.6 1bm/in. (103 N/cm) at room temperature, respectively.
The corresponding values of compression force for the 12”EDU54 seal test specimens were 62.9 Ibm/in. (110 N/cm)
and 35.9 lbm/in. (62.9 N/cm), respectively. For both candidate seal designs at all test temperatures, the load required
to compress the seal assemblies in an elastomer seal-on-metal plate configuration was higher than that of an
elastomer seal-on-elastomer seal configuration. Increasing the temperature of both seal designs raised the load
required to compress the seals.

At all test temperatures, the 12”EDUS54 seal was fully compressed in both elastomer seal-on-elastomer seal and
elastomer seal-on-metal plate configurations with less than the LIDS main interface seal allocation of 70 1bf/in
(120 N/em). The 12”CBM seal exceeded the limit when assembled in elastomer seal-on-metal plate configurations
at all test temperatures, but met the goal when configured elastomer seal-on-elastomer seal.

The leak rate of the 12”CBM seal assembled in an elastomer seal-on-elastomer seal configuration was
slightly higher, 1.58x10° Ibm/in./day (2.82x10”" kg/cm/day), than that for the elastomer seal-on-metal plate
configuration, 6.75x107" Ibm/in./day (1.21x10”" kg/cm/day), at room temperature. The leak rate of the 12”EDU54
was 2.33x107 Ibm/in./day (4.16x10® kg/cm/day) at room temperature. For all seal designs and assembly
configurations, the leak rate was shown to rise with an increased test temperature.

The effect of incomplete seal compression on leak rate was examined. For both candidate seal designs, the
elastomer seal-on-metal plate configuration showed an elevated leak rate with increased distance between the
mating surfaces, whereas the elastomer seal-on-elastomer seal configuration showed a level leak rate with distance
indicating more tolerance to incomplete compression.

When each of the two seal designs were axially misaligned in elastomer seal-on-elastomer seal configurations,
the axial misalignment of the two mating seals had little effect until the misalignment reached a critical level of
0.150 in. (0.381cm).

When fully compressed, both the 12”CBM and the 12”EDU54 seals at all test temperatures met the scaled leak
rate goal allocated to the LIDS main interface seal (1.4x107 Ibm/in./day) in both elastomer seal-on-elastomer seal
and elastomer seal-on-metal plate configurations. Only when the distance between the mating surfaces was
increased to within 0.005 in. (0.1 mm) of the combined bulb height (elastomer seal-on-elastomer seal and elastomer
seal-on-metal plate configurations) or axially misaligned by 0.150 in. (3.8 mm) (elastomer seal-on-elastomer seal
configuration) did the seals not meet the leak rate goal.

60 80 100 120 150
Axial misalignment, 10-3 in.

Figure 15.—Leak rate performance of 12"CBM and
12’EDUS4 seals when axially misaligned.
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