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Brief ADBS System Overview

/nous pressurized
interface permitting autonomous
docking/berthing between space vehicles
and structures

Reduce impact loads between two mating
space craft.

Become new Agency standard for
docking/berthing sy

What are the Sealir

* Androgynous configuration requires)seal=
on-seal mating at the interface between
systems

Seals must survive exposure to)space
environment
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Criteria for evaluating candidate seals

* Environmental and operating temperature compatibility
—Environment: -100 to 100°C
— Operation: -50/t0 50°C

» Compatibility to vacutim: environment (low: oute
—Total mass loss (TML): <1%
—Collected volatile condensablematerials (EVEM): <1 0:11%
» Material stability when exposcd topAOIMICAORyECHNA@)EENEIFEVAGICE
radiation (UV))
» Compression force requitcd to)prod et CHuRICREAl
—Less than 100/1bf / linear inch
o [eak rate
—Less than 0.044 Ibmi/ day;
* Resistance to mechanicall damagey/ Al Ao Cal R iR ENEEe
— Debris

—Micrometeor
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Types of Candidate Seals

Two types of seals are being considered:

Elastomeric Seals Metallic Seals

Ability to form adequate seal

Long term resistivity to space environments
AO/ UV Ecellent
Micrometeroids TBD

Compression load required o TBD

Ability to perform under gapping/ TBD
misalignment

Space application experience 30 days le INone known

Adhesion Sutie expecied None expected
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Environmental Exposures

* As the Agency standard for docking systems, the ADBS is expected to operate
—In low Earth orbit (LEO)
—On Moon
—On Mars

Low Earth Orbit Mars

* Atomic Oxygen iy Jitravilelet radiation

e Ultraviolet radiation o NEaivacuuim

* Vacuum / cletoids JWlicrorneieraldls

* Micrometeroids * DSt o Dt/ Deprs
Micilgeriue (295 1o 129°C) D Temperatire (27 to -

¢ To determine the effects off AOand UNE Clastomeciasamiy ComaiN:
— As-received
— After AO exposure
— After AO + UV exposure
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Historical Data

Fluorocarbon: 16% Compression
Fluorocarbon: 11% Compression
Fluorocarbon: 5% Compression
Silicone: 14% Compression
Silicone: 9% Compression
Silicone: 7% Compression

* Material evaluation completed for
the Common Berthing Mechanism
(CBM) / Internati Space Stat
(ISS)

4poqare

* Fluorocarbon elastomers;are
unacceptable for use in
environments where Atomice
Oxygen (AO) and Ultrayiolct
radiation (UV)) ane present:

Leak rate
(atm cc / sec He)

* | eakage from silicone elastomer:
seals increased lineartly when
exposed for up to 181 hours oif AO) 60

and UV. Equivalent hours

*J.R. Christensen, et al. “Atomic Oxygen effects on seal leakage,”
20t Space Simulation Conference, (1998): 195-206.

80 100 120 140 160 180

* [_eakage increased! up to)320)
Silicone seals exposed toy 13l

equivalent hours.
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Candidate Elastomers

Three candidate elastomers are under consideration:
 Parker Hannifin S383-70

* Parker Hannifin S899-50)

» Esterline Kirkhill-T'A° XELA-SA-401

rline Kirkhill-TA XELA-SA-401.

All three are silicone rubber. The PH S383-70 has a durometer of 70; the PH S899-50 has a
durometer of 50; the EK is the softest material having a durometer of 38.
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Compression Set Testing

* Determines the ability of elastomeric
compounds to retain elastic properties
after prolonged compression.

» Testing per ASTMI Standards D395
(Test Method B) and D144

* Tests to be completed
— As-received v/
— After exposure to AO
— After exposure to AO + UV

oto of the Compression Set Fixture
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Compression Set Results

* O-ring specimens have been tested per ASTM
Standards D395 (Test Method B) and D1414.
—Parker-Hannifin silicone S0383-70
— Parker-Hannifin silicone S0899-50
— Esterline Kirkhill silicone XELLA-SA-401

* The specimen were tested in the ascieceived
condition and have not been exposed toratomic
oxygen nor ultra-violet radiations

e Test conditions

Compression Set (%)

—25% Compression

—70 hours at room temperature

—Surfaces were unlubricated

S0383-70 S0899-50 XELA-SA-401

—Compression set results (median) Elastomer Compound
* S0383-70: Cy=9.7%

anoac ¥ _ ssion set test results of o-ring specimen (AS
* S0899-50: Cp=7.8% ze 309) manufactured from Parker-Hannifin
e XELA-SA-401: Cp=13.9% 70, Parker-Hannifin S0899-50, and Esterline
Kirkhill XELA-SA-401 compounds.
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Adhesion Testing

* Quantify adhesion between two elastomeric
samples before and after exposure to Atomic
Oxygen and Ultraviolet ra

» Measures compression and adhesion ferces as a
function of displacement atia given  compressiont/
decompression rate
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Sample Adhesion Test Results

Maximum Adhesion Stress (psi)

v Decreasing Rate
A Increasing Rate

0 N

0.02

0.04 0.06 0.08

Compression / Decompression Rate (in/s)
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Maximum Adhesion Stress (psi)
e
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A Trial #1
v Trial #2
Exp Rise to Maximum

2 4 6 8 10 12 14 16 18 20 22 24
Contact duration (hours)
Adhesion test results showing

effects of contact period
on adhesion for XELA-SA-401.




Small Scale Flow Testing

* Quantify seal performance
—Of 2-309 size o-rings
—Leakage

— Before and after exposute to AO and UV

» Configuration

— Seal against flat metal plate

* Pressure boundary conditions
— Internal pressure

— External vacuum

* Temperature conditions

—Room temperature

Photo of the Small-scale Flow Fixture
with sample o-ring installed.
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Full Scale Flow Testing

* Quantify seal performance
—Leakage
— Compressive load required
— Separation force required
» Under representative conditions
—Full-scale (¢54°) seal-on-seal
configuration
— Pressure boundany conditions
e Internal pressure
* External vacuum

—Temperature conditions

* Minimum temperature: -50C ll-scale Flow Fixture.
* Maximum temperature: S0C
* Temperature gradients

— Seal-to-seal alignment

* Up to 0.050 inch axial misalignment

* Angular misalignment (gapg
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Numerical Modelir

* Preliminary model of contact pressure generated as the seal interacts with its replicate

* Model includes
—Properties obtained using adhesion test fixture
—Friction
—Misalignment of seals

* Many alternate configurations can be modeled as processing is fast (<60s) for 2-D cases
—Seal geometry
— Axial misalignments

* Model is linear elastic, not hyperelastic

—Does not support true incompressibility

— Difficult to converge

—Hyperelasticity most closely models rubber material
* Close to ideally elastic
e Strongly ts volume changes
* Very compliant in shear
* Shear response is strongly temperature dependent

ing to switch to hyperelastic model after obtainingneedeam
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Common Berthing Mechanism: Numerical Simulation

* Configuration: AL ST
TIME=.02

Parker-Hannifin CONSERES (AVS)

X =, 001218

Gask-O-Seal e

ANEEd 0.1

e Aligned

e Linear elastic
model
—E =230 psi
—-v =0.4999
—us=0.8

I I
71.168 105,752 142.337
80. 96 124,545 160.129
Ao ConkactPT s,
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Common Berthing Mechanism: Numerical Simulation

* Configuration: Parker-
Hannifin Gask-O-Seal

» Misaligned 0.025' inch

e Linear elastic model
—E =230 psi
—-v =0.4999
—us =0.8
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Common Berthing Mechanism: Numerical Simulation

* Configuration: Parker-
Hannifin Gask-O-Seal

» Misaligned 0.050)inch

e Linear elastic model
—E =230 psi
—-v =0.4999
—us =0.8
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Summary

* Elastomeric seals are being considered for application to the Advanced Docking /
Berthing System.

g evaluated.

* Currently, three candidate elastomers) are being
* To meet the unique requitements o the  AIDIBSISEVeral iestixturesihave bech
built to determine eachr elastomers
—Environmental and operating tempetatune compatibility:
— Material stability when exposed torAtomic@OxysentandiBitiaviclctradiation:
— Adhesion force required to)separate
—Compression set

— ] eak rate

LUV RN anilericchyyiin itigge from the metallic seal development to
determine the final seal design
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Future Work

» Complete compression set, adhesion, and small-scale flow tests
—Baseline
— After Atomic Oxygen (AO) exposure
— After AO + Ultraviolet radiation (UV/) exposure

* Down-select between competing conceptsyand matcialsibascd onrequirementsy

e Perform full-scale flow: tests toraSsEsss

—Full scale seal-on-seal lcakage

—Temperature effects

—Effects of axial offset
— Effects of seal-to-seal gapping (angulammisalisnimen)

* Perform numerical simulations toplicdiciSCANCHETEE
—Seal geometries

—Misalignments
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