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AESTEACT

Vork described in this report demonstrates that the use of

medium duty 300 psi fluid disconnects for orhital servicine

is hoth practical and technically feasihle. A prototype
disconnect was designed and tested, based on criteria for-

rulated from a survey of expected usage requirements for

orhital servicing concepts. Testina involved the compari-

son of three seal materials (EPR, Neoprene and Teflon), and ;
two test media (helium and Freon 21), and was conducted over

a temperature range of =150°F to +225°F. Results indicated

P OT R

low helium leakage (104 sccs) ana extremely low engagerent

forces (56 lbg). Special testing was also performeld on a

new seal design. Design concepts for a cryogenic disconnect
and a high pressure disconnect were investigated. Results
of an industry survey for usable orbital servicino discon-
nects and areas needing attention in future studies are

discussed.
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1.0

1.1

1.2

INTRODUCTION

The final report provides the history and status of the
Space Transportation System Disconnect Program performed
by Fairchild Stratos Division (FSD) under Contract Number
NAS-8-32806 to George C. Marshall Space Flight Center.

Objectives

The objective of this program was to develop and gualify
a fluid disconnect or family of disconnects capable of
servicing a wide range of orbiting payloads. Servicing,
in this context, implies mating of the Shuttle Orbiter
with a satellite, followed by modular replacement and/or
replenishment of satellite subsystems or experiments,
The types of fluids generally include propellants, pres-
surants and coolants, as typically used in subsystems for
attitude control, thermal conditioning, special experi-
ments, etc. The use of fluid disconnects as part of an
integrated orkital servicing concept provides the capa-
bility for replenishment, mixing, or exchange of on-board
fluids to extend satellite orbital lifetime, increase
payload, or vary experiments.

Program History

FSD received a contract in September 1976 from MSFC to
design, develop, fabricate and test a fluid disconnect
for Space Operation Systems. This original program was
divided into two phases.

Phase ] was to identify potential users and applications,
formulate specific design criteria, survey available
hardware and performance data, make hardware modifica-
tions if required and perform development testing on
selected designs. Lacking available hardware, a discon-
nect was to be designed to meet the specified reauire-
ments, fabricated, and subjected to development testing.

Phase 1l was to update specification reguirements formu-
lated in Phase 1 and then update design, fabricate and
per form qualification testing on two separate designs.

Funding for this program was §$103,000 and the initial
scheduled completion date was December 1978. 1In May
1977, it was determined that for lack of an available
off-the-shelf disconnect, FSD would design, fabricate
and test a new medium-duty disconnect (300 psig operating
pressure). Conceptual designs for a cryogenic disconnect
and a high pressure disconnect (3,000 psig operating
pressure), were added to the program. PSD was alsoc re-
quested to support the Martin Marietta Module Exchange
Mechanism (MEM) Demonstration.
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1.2 Prograr History (continued)

In April 1978, FSD met with MSI'C program personnel and ! :
redefined the effort. This change was a result o/ inter- i
est shown for a Freon 21 disconnect for use on the 25 ki \
Power Module. Consequently, the program was modifie? t¢
fully support a8 Freon 21 disconnect. The proorar sched-
ule was moved out to October 1979 but remained within the
original budqet constraints, Table 1 is a krief sumrary .
of the final Staterent of Lory (SCv).

1.3 Sumrary an® Conclusions

wWork performed by FSI' has demonstrated that the use of '
fluid disconnects for ornital gervicing is hoth practica)
and technically feasible. Contact with other corpanies
invelved in space activity has showr that much interest
does exist for hardware that expands the scope of orbital
servicing and that efforts in this field should continue.

FEP has designed and successfully tested a mediur duty
(300 psi) prototype disconnect following a thorouch.
scarch of industry and government sources which faileud
to locate ar existing off~the-shelf design suitable for
the orLital servicing concept. Testine indicated low
helium leakage (10=4 gccs), low enqgagement forces (80 1t)
and demonstrated the capability of fluid transfer Letweer |
sirulated spacecraft after installation on a Module lx-
change Mechanism (ME!!) designed and built by Martin
Marietta, Denver. 1In addition, a previously qualified
JPL disconnect was identified as being adaptarle for pose
d sible use with Freon 21 on the 25 KW Power Module and de-
sian concepts for & high pressure disconnect and a cryc~
oenic disconnect have been laid out.

Development testing of the NASA prototype disconnect har

confirmed the ability to achieve low helium leakace arn..

; low encaaement forces. Problems identified lie in seal
design and measurement of leakage rates when usino Freon
21. The program slippage was attributed to procrar

; chanaes and additional testing done to help resolve the

sca) problem. This program was completed within the

oriainal budget.
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Table 1. NASA Disconnect Statement of Work (April 1978)

e Determine Design Regquirements

e ldentification of Potential Users and

Applications
® Burvey of Available Hardware
e Design New Medium Duty (300 psi) Disconnect
e Fabricate Prototype Hardware
e Provide Prototype Hardware for Martin MEM

pDemonstration
® Develcpment Test Program
e Design Hold:

Layout of Redundant Seal Medium
Duty Disconnect

Layout of a Cryogenic Disconnect

Layout of a High Pressure (3000 psi)
Disconnect

e 25 KW Power Module - Preon 21 Disconnect
Establish Requirements
Test Hardware - NASA and JPL
Test

® Final Report
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Future work will be needed to refine the concepts and de-
signs developed under this contract. Major areas needing
attention include:

® Seal compatidbility and containment with Freon 21 and |
MMH,

® Seal redundancy for reliability.
[ ) Pressure balancing of more complex design to minimize
engagement loads.

) Internal swivel to simplify disconnect/vehicle
interface.

e Minimize leakage and spillage volume.

@ Scale up the existing 1/2" design tc 1" design for
the 25 KW Power Module.

PROBLEM DEFINITION AND REQUIREMENTS

Initial efforts of this program involved the definition
of the potential requirements necessary to provide the
best disconnect for use in a broad range of applications.
After discussion with MSFC and a review of expected
usages, a set of basic requirements was prepured (see
Table I1). Primary design goals were low leakage and
minimum engagement, retention and separation forces.

The initial intent was to provide a disconnect design
from existing industry hardware. PS8D hrd contacted
eleven potential suppliers requesting technical dats and
designs on their disconnect. 1In addition, FSD selected
WESRAC (Western Research Application Center) to assist
with a survey of availadble technology for disconnects.

WESRAC, a non-profit computer search firm operated by the
University of Southern California with the cooperation of|
NASA, can access all the major data files and can extract
abstracts of interest by means of a cross-coupling of key
words, modifiers, and exclusions. F8D, with the techni-
cal assistance of WESRAC, searched five mujor data files
(CLAIMS/GEM, NTIB, NASA, ISMEC, and COMPENDEX). These
files cover patents, general engineering, private indus-
try, and government souzces of technical data. A total
of 213 "hits” were recorded, based on the list of key
words, modifiers and exclusions. The corresponding ab-
stracts were ordered printed. PSD reviewed these abd-
stracts and placed orders for documents and patents of
interest.

!
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2.

3.

6.

7.
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Tadble 11. Basic Requirements - NASA Space Trans-

portation System Fluid@ Disconnects

Classification:

8ize:

Fluids:

Pressure:

Temperature:

Leak Rates:
(mated & unmated)

Spillage:

Separation Force:

Alignment:

10. Life/Endurance:

Class

Class

1: Low pressure, self-sealinc, auto-

matic open/close

2t High preseure, self-sealing, aute-

matic open/close

1/4 inch to 1 inch

Class

Class

Class
Class
Proof

Burst

Class

Class

Class

Class

To De minimized (interface enclosed volume).

Pressure effects on engage/disengage forces
and on separation force while connected must

1: Liquid Hydrogen

2: Inert gasses (He, Ny, etc.)

1: 100 psia (maximum operating)
2: 3000 psia (maximum operating)

Factor: 1.5X

Factor: 2.0X

1: =423°F to +150°F
23 =150°F to +250°F

1 room temperature: 1 x 16-4 sccs GHe
=42%°F: 0.1 sccs GHe

2 room temperature: 0.1 sccs GHe

be minimized.

Self-aligning within ¢ 5° conical and 1/16-

inch offset.

10 years and S00 cycles.

g2-117
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2.0 PROBLEM DEFINITION AND REQUIREMENTS (continued)
The need for specific design criteria was also considered
necessary. FSD contacted 8 potential satellite and pay-

l1oad contractors in an attempt to discuss anticipated
fluid requirements by fluid type, operating pressures,
mission life, leakage, etc.

Additional background information was obtained by review
of orbital servicing studies and other related documents,
and attendance at a UCLA short course on Space Shuttle
Payload Design and Operation.

The results of all these investigations turned up no
available hardware that was considered usable. Only one
disconnect supplier responded formally but the unit did
not appear to be applicable to the NASA disconnect pro-
gram. The WESRAC search did not turn up any designs
which were directly usable in the intended application,
and no specific desigr requirements were identified by
the satellite and payload contractors.

Consequently, during the program review held in November
1976, a decision was made to proceed with a new design
utilizing the best features of all concepts investigated
to meet a set of generalized fluid requirements. The
program structure and schedule were revised to reflect
this change in scope.

Appendix 1 contains a summary of the WESRAC input and
output, including abstracts, and a summary of the reports
reviewed.

Appendix Il contains copies of the letters requesting
support from the valve suppliers and payload contractors,
with the name and address of those contacted.
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3.0
3.1

3.2

NISCONNECT DFSIGN

Medium Duty Disconnect (NASA Prototype)

Following layout work and design study tradeoffs, a
1/2", 300 psia, disconnect design was presented to MSFC
at a preliminary design review held in April 1977. This
design features an external swivel with semi-balanced
sleeve/poppet which provides relatively low pressure in-
duced separation forces (approximately 1/3 standard un-
balanced design), only one close tolerance sealing dia-
meter, relatively rhort engagement and reasonabhly low
interface volume. Although designed for leakace of

1 x 10~4 sccs helium, MSFC specifically requested that
the leakage rates and spillage volume be improved. This
request was adopted as a design goal.

This disconnect design is shcwn in Figure 1 and in Photo-
graph 1. The design requirements are shown in Table I11,
Fabrication of two test disconnects was started in April
1977 and the first prototype disconnect was deliverecd for
test in July 1977. Simultaneous with farrication, a de-
tailed development test procedure was prepared and test
fixtures built.

The oriainal intent was to use a proprietary TR\ mater-
ial, AF=-E-411, for the vent, poppet and sleeve seals.
This material is excellent for MMI! and other corircn
spacecraft propellants. lowever, due to the excessive
cost for molded seals made of AF-E-41]1, ethylene propy-
lene rubber (FPR) material was chosen for prototype test-
ing. Neoprene and Teflon seals were also tested.

Medium Duty Disconnect (JPL)

disconnect was added to the program. This disconnect was

Discussion with MSFC in April 1978 indicated the neea for
a medium duty Freon 21 disconnect for use on the 25 Ku
Power Module, Because considerable modification would e
required with the NASA disconnect, another FSD desiqgned

flight qualified by the Jet Propulsion Laboratory (JPL

disconnect) and used in the Mariner Space Vehicle. The
desian of this disconnect with internal swivel offers
simplicity and a hard line installation which may make it
compatible with the current power module design concept.
Minor modification to the hardware and seals compatible
with Freon 21 is considered necessary.

The JPL design is shown in Figure 2 and in Photograph 2.
The design requirements are shown in Table I11l.
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3.3

Additional Disconnects

In light of the program desire to provide a family of
disconnects suitable for a full range of orbital servic-
ing applications, FSD performed conceptual layouts of
three additional disconnects. These include a 1l/4-inch
high pressure (3,000 psig operating pressure) gaseous
helium or nitrogen unit and a 1/2-inch cryogenic unit
based on the NASA prototype but using a bellows and low
temperature seal for fluid containment. Also included
was a modification of the NASA prototype designed to have,
redundant seals for improved reliability. See Figures
3, 4 and 5.

There is no intention at this time to pursue these units
due to time and budget constraints. However, it is felt
that the preliminary work done supports the concept of a
family of simple, reliable, multi-purpose disconnects
capable of supporting many varied space servicing
applications.
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Tahle 111. Desian Requirements, NASA Vs. JPL
Description NAGSA Disconnect JPL Disconnect
Application Flight Interface Flight Interface

Tube Size

Type of Disconnect

Attachment Method
Alignment:
Offset
Angulation

Operating Fluid

Operatina Pressure
Proof Pressure:

Mated

Unmated
Rurst Pressure:

Mated

Unmated
Operating Temp:
Leakage:

Mated

Unmated
Flow/Delta P:

MMPP @ 1.1 lbm/sec

Freon 21 @ 3000

lbrm/hr

Engagement Force
Spillage Volume
Life
Random Vibration

Weight

1/2=1Inch

Breakaway, External
Swivel

Flexhose
.06=1Inch
¢+ 5° Conical

NoH4 or MMH
Freon 21

0-300 psia

44( psiq
440 psig

1200 psia

1200 psig

=-S0°F tc +225°F

1 x 10~4 sccs GHe
1 x 107" sces Ghe
28 psiq

10 psid

82 lbg @ 300 psi
0.14 ml/cycle

500 cycles, 10 years
11.43 GRMS

2,3 1b max

1/2=1Inch

Rreakaway, Internal
Swivel

Hardline
«03=1Inch
+ 5°* Conical

Hydrazine, Monro-
propellant, Freon 21

0-456 psia

1650 psig
930 psig

3300 psig

1860 psig

+10°F to +1S50°F

1 x 103 sces GHe
5 scch Ghi,

6.0 psid

3.5 psid

260 1bge @ 300 psi
1.0 ml/cycle

200 cycles, 2 years
11.39 GRMS

1.5 1b max

N o g
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4.0 DEVELOPMENT TESTINCG

Testing of the first prototype NASA disconnect wacs
started in July 1977 in accordance with Cevelcprent Test
Procedure FF 76300-2 (see Appendix II1I). The original
test plan included the followina:

° Examination of Product
e Proof

e Leakaae

® Furctional

e Flow and Pressure Drop
® Interface Volume

o Life Cycle

® Vibration

] Burst

) Post Test Examination

This test plan was modified as initial testinc and pro-
gram changes dictated. Vibration and burst testina were
deleted in an effort to conserve funds and to ensure
availability of the disconnects for additional testinc,
if required. The deletion of these two tests did not
affect the overall test results of the units.

The test program was expanded to include Freon 21 testino
using different seal materials and to include a leakace
test of a new concept of seal that could be applicahle tc
future modifications of the NASA and/or JPL disconnects,

A test fixture was designed and fabricated to allow for
automatic or manual operation of the disconnects. This
fixture provided a fixed installation for the Space Half
NDisconnect (SHD) and a two-position installation for the
Mission Half Disconnect (MHD). The MID could be in=-
stalled so that the twe disconnects would be in nominal
alignment or with .06-inch offset and #5° anculation
misalignment. A 28 VNC motor and screw drive mechanisr
was used for engagement and disengagement. Two load
cells were installed in the SHD mounting bracket to pro-
vide engagement force data.

E-117 8/71
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4.0 DEVELOPMENT TESTING (continued)

A test stand was built to provide gaseous helium, a 28~
volt power supply, and control switches. An environ-
mental box was fabricated to permit testing at high and
: low temperatures. Figures 6 and 7, and Photographs 3, 4
and 5 depict the test setup.

f The initial phases of testing disclosed some minor pro-
blems of leakage, seal blowout, seal contact on engaging,
and seal rollover. These problems were solved by rede-
sign of the interface seal groove, SHD guide, MHD sleeve,
seal retainers, and a new SHD poppet spring.

Each test performed is described in detail in the follow-
1 ing paragraphs. A summary of the NASA disconnect test

results is compared with JPL disconnect test results in ;
Table IV. :

NOTE: The JPL disconnect was not tested
under this program due to the cost
of fabricating new seals compatible
with Freon 21. The design is, how-
ever, considered usable for a wide
variety of spacecraft servicing
missions. The data presented in
Table 1V is from prior qualification
tests.

i L

NPT SRt

et a et s

4.1 Examination of Product

Prior to initiation of development testing, the discon-
nects were examined and weighed. No non-conformities
with the applicable drawings were noted. The weight of
the SHD was 1.03 pounds and the weight of the MHD was
1.21 pounds.

4.2 Proof Pressure

The disconnects were installed in the test fixture in ;
. the unmated condition and each unit was separately pres- |
2 surized to 440 psig with GN; for a period of 5 minutes. |

i Visual inspection showed no permanent deformation.

e L aiCRemahies WA AL s L x el

The disconnects were then fully engaged and pressurized
to 440 psig with GN; for a period of 5 minutes. Visual
inspection showed no permanent deformation.
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!
; Table IV. Test Results
Description NASA Disconnect JFL Disconnect
= Test Status In Developirent Cualified |
i Proof No distortion or No distortion or
! failure failure
§ Leakace See Tahle V See Tahle VI
E Flow/ P See Figure 11 8.1 psid @ 1.1 1lb/sec
Spillace Volume 0.26 cc/cycle 0.68 cc/cycle
Fngagement Force 56 1lbg @ 300 psiq 375 1lbg @ 465 psig
Vihration N/2 11.4 GRMS
Pyrotechnic Shock N/A 8500 G' Peak
Misalign No sticking or bindinc 20 1lbg max - no
Nisencacement sticking or hinding
Contamination N/A No failures or damace
Life Cycle No problems durine 200 No problems during 200
cycles cycles @ +151°F and
200 cycles @ +92°F
Rurst N/A No failures & 1860
peig unmated and 33CC
psig mated
Veight 1.03 1b (SHD) 0.65 1b (Propulsion
‘ Module)
: 1.21 1b (MHD) 0.46 1b (Mission
- Module)
;4
o
1
o
-
é'
é
¥
!
i
!
% .
§ ?
| 1
]
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4.3 Leakage

Individual disconnect half leakage rates were determined
with the unit installed in the test fixture in the un-

mated condition. Special leakage collection test fix- ]
tures were used to isolate SHD poppet seal leakage, MHD !
sleeve seal leakage, and MHD interface seal leakage.

' Various leakage measuring devices were used depending on
the media and leakage rate and included a mass spectro-
meter, halogen leakage detector, water displacement, and
flowmeters.

Figure 8 shows a typical setup for mass spectrometer
leakage tests.

Mated leakage tests were conducted with the units in-
stalled in the test fixture and a rubber bladder in-
stalled over the mated disconnects to collect leakage.

In all cases, the test fixture was placed in an environ-
mental box which allowed testing to be performed at tem-
peratures between -50°F and +225°F. Following leakage
tests conducted at ambient temperature, tests were per-
formed at +125°F, +175°F, and +225°F. Low temperature
tests were performed at +50°F, +25°F, O°F, =25°F and
-50°F. Leak test pressures were 50, 150 and 300 psig at
high and low temperature, and 50 to 300 psig at 50 psig
intervals at ambient temperature.

| Using EPR seals, helium leakage results for the unmated
SHD, the unmated MHD, and the mated SHD/MHD ranged from
2.4 x 104 scce to 2.6 x 10-10 gecs over the entire
pressure and temperature range. See Table V for a com=-
plete summary of leakage test results. Table VI provides
leakage data for the JPL disconnect for compariscn
purposes.

Functional Testing

Functional testing was performed to determine any indica-
tion of jamming or binding of the disconnects during en-
gagement or disengagement and to determine the engage-
ment force required. This test was performed in both the
aligned and misaligned position with internal pressures
of 0 to 300 psig at ambient temperature.

There was no indication of binding or jamming during en-
gagement and disengagement under either the aligned or
misaligned condition. The maximum engagement force with

the MHD pressurized to 300 psig was 56 pounds. See
Figure 9.
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Tabie V. Leakage Characteristics -~ FARA Nisconnect
Leakace in Sccs of Heliunm (EPR Seals)
Unmated - Module Half Disconnect
Pressure
(psig) R.T. +50°F +25°F O°F =25°F -50°F
50 7.2x10-6  1.0x10=7 6x10-8 2,6x10°10 2,6x10-7 1.3x10°F
100 1.2x10-6  1.2x10-7 6x10-8 2.6x10~10 2,6x10-7 1,3x10-f
150 2.2x10°6  2.7x10=7 6x10-® 2,6x10-10 2,6x10-7 1.3x10°8
200 3.4x10-6 9.0x10=7 6x10~8 2.6x10-10 2.6x10-7 1.3x10°F
250 6.4x10-6 9.0x10-7 6x10-® 2.6x10-10 2,6x10=7 1.3x10-€
300 £.5x10-6 1.1x10°6 6x10-f 2.6x10-10 2,6x10-7 1.3x10°8
R.T. +125°F  _+175°F
50 3.3x10-6 9,.8x10°6 3,2x10-6
100 3.3x106 9.8x10-6 3,2x10-6
150 3.3x10-6 9,8x10"6¢ 3.2x1076
200 3.3x10-6 9,8x10-6 3,2x10-
250 3.3x10-6  9.8x10-6 3,2x10-¢
300 3.3x10°6  9,8x10-6 3,2x10-6

Pressure
(psic) R.T, +50°F +25°F O°F =-25°F -50°}
50 1.6x10-8  4x10-7 0 2.0x10~8 0 0
100 2.4x10-8  4x10=7  1.2x10~8 2,0x10~8 2.0x10-F v
150 4.4x10-8  4x10-7 8.0x10-8 4.0x10-8 4,0x10-8 2.0x1c-t
200 4.8x10°8  4x10-7 1.2x10~® 6.0x10-8 6.0x10-€ 4.0x10°F
250 8.0x10~8  4x10-7 1.2x10-8 6.0x10-8 g.0x10-8 4.0x10-F
300 1.1x10=7  4x10-7  1,6x10-8 §.0x10-8 8,0x10-f 8.0x10°F
2-117 8/71
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Table V. Leakage Characteristics - NASA Disconnect
Leakage in Sccs of Helium (continued)
Mated - Space Half Disconnect & Module Half Disconnect (continued)
Pressure
(psig) R.T. +122°F +175°F +225°F R.T.
50 1.27x10=7  1,7x10°7  4x10-7  6.4x10~7  4.2x10~7
100 1.27x20=7  1,7x10~7  4x10=7  6.4x10~7  4.2x10~7
150 1.27x10°7 1.7x10=7  4x10-7  6.4x10~7  4.2x10~7
200 1.27x10-7  1.7x10-7  4x10-7  6.4x10°7  4.2x10°7
250 1.27x10-7 1,7x10-7  4x10-7  6.4x10~7 4.2x10~7
300 1.27x1077  1.7x10-7  4x10-7  6.4x10~7  4.2x10~7
Unmated - Space Half Disconnect:
Pressure
(p.ig) R.T. "‘50’? +25.P O.F -25.F -SO.F
80 0 1.1x10-6  2,4x%10-7 4.6x10-6 - 1,3x10-6
100 2,3x10-7 - - - - 8.1x10-5
150 4.6x10~7 - 4.0x10-7 2.5x10-7 5.4x10-7 8.1x10-5
200 6.9x10~7 - - - - 8.1x10-3
250 1.6x10-6 - - - - 8.1x10"-3
300 2.5x10-6 - 1.0x10-5 2.0x10~7 1.9x10-6 8,1x10-3
R.T. +122°F +175°F +225°F R.T.
50 3 x10°7 5,1x30~7  1.3x10°6 6x10~6 3.4»10-6
100 - - - - -
150 2.6x10-4 - 1.5x10-6  5,.5x10-5 2.4x10-7
200 - - - - -
250 - - - - -
300 2.6x10-4 - 3.6x106  5,5x10-5 s5,2x10-7
LEAKAGE IN S8CCS OF FREON 21
Seal Material EPR Neoprene Teflon
Leak Pressure (psig) 50-300 $0-300 50-300
Leakage (sccs F=-21) 2x10-3 to 1x10-5 to 1x10-3 to
1x10-7 1x10=7 3x10-5
117 e/
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i Table VI. Leakage Characteristics (buring Qual) - JPL
i Disconnect - Leakage in Sccs of Helium
L
Mated Post Fost 200 Cycles Post Flow &
(Out-to-1n) Vibration Post Shock F:TgT‘FF___ﬁzg'F__ Contamination:
14.7 psia  3.6x10-6 - - - 7.6x10"7
i Mated gln-to-o\:tz
? % S psig 1.6x10°5  4.8x10"6  2,6x106 1.9x10~5  5,6x10-6
| 40 psig 1.9x10-5  4.1x10"6  1.1x10°5 1.1x10"5  2.2x10°6
% 465 psig 1.38x10~4  1,8x10-5  3x10-5  1.1x10~5  4.6x10°7
f S psig 2.5x10-4 1,7%10~4  1,7x10-5 2.9x10-4 1.7x10-4
40 psig 3.3x10"4 1.7x10~4  1,7x10"5 3.3x10°4  3.2x10-5
| 465 psig 3.3x10°5 3.3x10°5  4.6x10~4 1.6x10-5 3.2x10-5
‘ Mission Half
S psig 3.3x10°5 1.7x1074  1,1x10°6 3.3x10°5  1.7x10-%
40 psig 3.3x10-5 1.7x10-4  1,7x10-€ 3,3x10°5  3.2x10-5
465 psig 4.6x10-5 3.3x10-5  3.8x10-5 7.4x10-4  3,2x10°5

£-117 8/7)




Ww‘! " ~

1

Page No. 17

FAIRCHILD

1000 ROSECHANGS
ECRANS AVENUE
MANHATIAN OEACHM  CALI . 90260 ER 76300-5

4.5

4.6

Flow and Pressure Drop

The disconnects were installed in the test fixture in
the mated condition and placed in the flow test facility
as shown in Figure 10 and Photographs 6 and 7.

The water reservoir was pressurized to between 100 and
200 psig and flow through the mated disconnects was
gradually increased over the flow range of 1 to 20 GPN,
Pressure drop was measured across the disconnects and
correlated with the flowrate as measured by a turdine
flowmeter. The test was performed with the disconnects
mated in both the minimum and maximum separation posi-
tions. 1In addition, a third run was made with the dis-
connects removed and a 1/2-inch diameter straight tube
installed to obtain a system tare. The tare AP was sub-
tracted fro.» the disconnect AP to get the net AP induced
by the disconnects for water. This data was then cor-
rected to ;rovide equivalent data for MMH and Freon 21.
Figure 11 is a plot of AP vs flowrate for water, MMH and
Freon 21.

Interface Volume

The disconnects were installed in the test fixture in the
mated position and connected to a water supply as shown
in Figure 12. All air was bled from the disconnects and
the water supply pressurized to 300 psig. Using the
automatic cycling mode, the units were disengaged and en-
gaged 100 times. Water spilled from the interface and
SHD vent port was collected and measured.

After 100 cycles, a total of 25.7 cc was collected from
the interface, and 0.2 cc from the S8HD vent port. This
corresponds to a total of 0.26 cc/cycle.

Life Cycle

The disconnects were installed in the test fixture and
subjected to 100 automatic cycles at ambient temperature
with the MHD prcssurized to 300 psig and the SHD pressur-
ized to O psig. A second 100 automatic cycles were per-
formed with the MHD pressurized to 300 psig and the SHD
pressurized to 150 psig. Mated and unmated leakagce tests
were performed before and after each 100-cycle test.

During this phase of testing, two problems were noted:
(1) the MHD poppet seal started to move forward and cause
excessive interface leakage, and (2) excessive SHD vent
leakaje occurred during disengagement.

£2-117 /1
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4.7 Life Cycle (continued)

The MHD poppet seal retainer was modified to increase thq
squeete gn the seal and the SHD poppet spring preload was
increased.

The ambient life cycle test was repeated with no recur-
rence of leakage or excessive venting. All leakage test
roc:lt: were acceptable (much less than 1 x 104 sccs
helium),

Life cycle testing at high and low tempsratures was not
performed due to problems with the test fixture motor and
screw 4drive mechanism. Howeaver, leakage tests were per-
formed successfully at the high and low temperature
conditions.

4.8 Freon 21 Testing

Following the decision to investigate the possible use of|
the NASA disconnect in Freon 21 systems, a review of pos-
sible seal materials was performed. Technical data indi-
cated that the existing EPR seals were rated unsatisfac-
tory and Neoprene was rated fair for use with Freon 21.
Although both materials will exhibit swelling, EPR tends
to disintegrate much sooner under long-term storage.
Neoprene was therefore chosen as the most likely seal
material to perform over the full temperature range, but
Teflon was also chosen as a good candidate for the lower
temperatures. Testing with Freon 21 was performed on all
three seal materials.

The disconnects were placed in the test fixture and con-
nected to a Freon 21 supply as shown in Pigure 13 and
Photograph 8.

Preon 21 at ambient temperature was applied to the mated

disconnects over a pressure range of 50 to 300 psig ana

:llowud to sit over periods of time that varied from 2 to
2 hours.,

Leakage was measured by water displacement and/or a halo-
gen leak detector and leakage results for seals of Neo-
prene, EPR and Teflon are summarized in Table V.

Analysis of the test results for sach of the three seal
materials revealed the following:

8. O-rings of both Neoprene and EPR showed signs of
swelling but neither showed evidence of damage or
caused failure of proper disconnect operation.

et
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4.8 Freon 21 Testing (contined)

b. Molded Neoprene seals swelled excessively, resulting
in tearing of the seal and/or jamming of the poppets
during engagement or disengagement. All molded seals
(MHD poppet seal, MHD sleeve se2l, and BHD poppet
seal) gorc destroyed. Leakace rates ranged fronm 105
to 107/ sces, but are questionable due to swellino.
See Photographs 9 through 13,

¢. Molded EPR seals svwelled but did not tear or cavse
Jamming of the poppet. Test time in Freon 21 was
not long enough to determine degradation ¢f seal
physical characteristics and no dillngogratio was
noted. Leakage rates ranged from 10°° to 10/ sccs
He, but are questionable due to swelling., See Photo-
graph 14.

4. Teflon seals showed no evidence of swelling or de-
gradation. Leakage rates ranged from 10-3 to 10-5
sccs He.

Special Seal lLeakage Tes:

Molded seals of Neoprene may be used in Freon 21 systenms
if proper containment and volume for the expected swell-
ing is considered. 8ince it was impractical to modify
the NASA disconnect at this point in the development
program, an effort was made to identify and perform pre-
liminary testing on a new Frecn 21 seal design.

Several modifications to the disconnects were considered
after discussions with seal manufacturers and one promis-
ing design was chosen. Sample seals of a spring loaded,
Teflon jacketed, pressure loaded sesl (PLS) design were
purchased and a simple test fixture designed and built.

The test fixture was installed in the test setup as shown
in Pigure 14 and Photograph 15. The PLS was subjected to)
helium leakage tests over the pressure range of 50 to 300
psig and temperatures ranging from ~150°F to +225°F,

Results indicated acceptable leakage rates under all con-
ditions above -S0°F. Leakage rates below -50°F were in
the range of 10=¢ sccs of helium. See Tadble VII for a
complete summary of test results. This seal should be
considered a candidnte for future development.

Post Test lnspection

The 8HD, MHD and special seal test fixture were disassem-
bled and visually inspected following completion of the
development test program. No evidence of contamination,
distorion, or abnormal wear was noted. See Photographs
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5.0 MARTIN DEMONSTRATION

In February 1978, FSD installed the backup prototype
NASA disconnect on the Martin Marietta (Denver) Module
Exchange Mechamism (MEM) for demonstration to NASA head-
quarters personnel. Martin was performing studies on
satellite servicing using a module exchange system. At
the request of MSFC, FSD and Martin cooperated in adapt-
ing the NASA disconnect to the MEM to demonstrate the
feasibility of fluid exchange. The disconnects were
pressurized and instrumentation provided a visual indi-
cation of proper engagement when the MEM exchanged
modules between a simulated spacecraft and on-orbit ser-
vicer. See Figure 15 and Photographs 19 through 23.

This demonstration successfully verified the seli align-
ment capability and low engagement force necessary for
remote spacecraft servicing operations and that fluid
transfer between spacecraft is feasible.

FSD permanently installed the second NASA prototype dis-
connect on the Martin MEM following delivery of the me-
chanism to MSFC for future d.monstration and evaluation.

FUTURE USAGE

As part of the NASA disconnect program, FSD agreed to
assist MSFC in identification of potential users and
applications for the NASA disconnect. Twenty-one poten-
tial users were contacted by letter explaining the pro-
gram and soliciting help in defining potential uses and
requirements. Responses led to several meetings where
information was exchanged, although no specific environ-
mental or design requirements were identified. Companies
interested were Martin Marietta, Beach Boulder, Ball
Brothers, Lockheed Sunnyvale, TRW, McDonnell Douglas,
Vought, and the U.S. Navy.

NEwW TECHNOLOGY UTILIZATION
There were no reportable items as defined under the New

Technology Utiligzation Program dis.cvered during this
contract.
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Photograph 15.
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II.

111

WESRAC COMPUTER SEARCH

KEY WORDS (SINGULAR AND PLURAL FORMS USED)

Disconnect(s)

Quick Disconnect(s)
Coupling(s)

Fluid Coupling(s)
Fluid Hardware

Fluid Connector(s)
Mechanical Coupling(s)
Liquid Coupling(s)
Gaseous Coupling(s)
Coupling Devices

MODIFIERS

High Pressure
Moderate Pressure
Low Pressure

High Temperature
Low Temperature
Cryogenic
Hypergolic
Hazardous Fluid(s)
Liquid Hydrogen
3000 psi, psia, psig
100 psi, psia, psig
1/4 Inch

1/2 Inch

1 Inch

2 Inches

EXCLUSIONS

Electrical

E-117

8/71

-
LT WEREDINRY



m Page No. 1-2

FAIRCHILD
|TRATOS NS )

1800 ROSECRANS AVENUE

MANHATTAN BEACM.  CALIF, 90266 ER 76300-5 :

i

! i

WESRAC COMPUTER SEARCH :
CROSS COUPLING
INDEX/DATA BASFE KEY WORD HITS (INTERSECT HITS) !

ISMEC (Mechanical
Engineering) 120 3

CLAIMS/GEM 8 0
(patents since 1975)

NTIS {(U.S. Technical 96 3
Information Service) (83 w/exclusion)
NASA (Aerospace 497 10

since 1963)

ABSTRACTS ORDERED

1. All key word hits from ISMEC 120
2. None from CLAIMS/GEM 0
3. Key word hits with exclusion from NTIS 83
4. All intersect hits from NASA _10

213
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NASA DISCONNECT PROGRAM
RECAP OF HARDWARE SURVEY
COMPUTER SEARCH DOCUMENT REVIEW SUMMARY

Proceedings of the Conference on the Design of Leak-Tight
Fluid Connectors

The proceedings deal primarily with mechanically connected
fluid joints, such as flanged, bolted, and B-nut types. There
was one true disconnect described conceptually, a hermaphrodi-
tic type of self-latching unit. This design possesses some
interesting features, but is not designed for connection while
pressurized. Very high forces would be required to accomplish
pressurized connection.

USAAVLABS Technical Report 68-37, "Development and Test of an
Automatic Shutoff Closed Circuit Refueling System’

The fluid coupling discussed in this report is basically a
closed circuit ground refueling system for helicopters. While
both halves of this coupling incorporate the required self-
sealing feature, they are designed strictly for manual opera-
tion, atmospheric receiver tank pressure, and low (<50 psi)
f£fill pressures.

AFAPL Technical Report 68-19, "Variable Flexibility Tether
Syster"

This system was investigated to determine what advantage might
be taken of the innovative latching and interlock devices de-
signed for use with the tether. These devices were basically
unproven and relatively complex in our application where very
high reliability is desired.

NASA Technical Memorandum X-64849, "An Assessment of Separable
Fluid Connector System Parameters"

This report of an optimization study deals exclusively with
flanged and bolted fluid connections of various configurations
utilizing a variety of static sealing techniques.

NASA Case No. MFS 20395, “"Duct Coupling for Single-Handed
Operation”

As the title indicates, this patented design provides a simpli-
fied connection method for the manual coupling of duct sec-
tions. It is intended to be suitable for use by a suited as-
tronaut during EVA (Extra Vehicular Activity).

E-117 8/71
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6. Woods Hold Oceanographic Institution Report AD 697-294, "Hand
Tools and Mechanical Accessories for a Deep Submersible

Over 400 pages long, with more than 250 illustrations, this
report discusses and depicts a variety of mechanical coupling
devices used for remote and semi-remote retention and release
of equipment. While very few, if any, of the devices illus-
trated have direct application to our specific case, some of
the concepts may be useful further along.

7. NASA Technical Brief 67-10256 (Moderate Side Loading Quick
Disconnect)

The brief describes a ball lock and spring steel tongue
arrangement which disconnects with the application of a 15 lbg¢
gside load when line pressure is 100 psig. This concept is not
applicable to our case.

8. General Dynamics/Convair Final Report GD(C-BHV65-OO4, "Prelim-
inary Design of a Flox Disconnect for a Flox-Atlas Vehicle"

This double butterfly design includes large unbalanced bellows
pressure areas. The separation loads associated with the low
pressure, high flow rate disconnect must be carried by the
attach structures. This design is thus not appropriate for our
applications.
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