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1. PURPOSE:

The purpose of this AIR i1s to guide users in the proper .setectiagn of _
quick-disgonnect couplings for their specific application in flyid systems.

2. SCOPE:

2.1 The factors involved in the selection of a quick-disconnect arg grouped into
the following classifications for the purposerof discussion:

(3) Fungtional considerations.

‘ (b) HWeight considerations.

(¢) Envjronmental performance factors.
(d) End[fitting types.

(e) Addjtional considerations.

2.2 A quick-filisconnect _ctoupling as used in this AIR is one that can be rapidly
and repetitively €onnected and disconnected without excessive filluid loss.

2.3 The relative/importance of the design factors depends upon the |fluid medium
of the parttecular system in which quick-disconnect is to be usgd. The
effect of “the fluid media on each factor is discussed in this fqeport where
applicable.

3. RELATED DQCUMENTS:

A 1ist of related specifications and standards is attached as Appendix A of
this document. The latest revision should be used.

SAE Technicai Board Rules provide that: “This reportis published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
‘ arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at whichtime it may be reaffirmed, revised, or cancelied. SAE invites your
written comments and suggestions.

Copyright 1989  Society of Automotive Engineers, Inc.
Ali rights reserved.

Printed in USA.
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4. INTRODUCTION:
Aerospace quick-disconnect coupling applications include three

5.
5.1
5.1

5.1

5.1

.

classifications of usage which dictate the relative importance of most design

factors.
equipment

The classifications of quick-disconnect usage are:
, air vehicles, and space vehicles.

ground support
The level of required

performance required generally increases in the same order of application.

This report includes requirements and considerations for quick-disconnect
Not all of them will apply to a part
Their relative importance will vary with

specification and design.

coupling
classific
be examin

Weight an
required.
payload ¢

This alsg
coupling
couping h

requirement.

ed by the user and manufacturer to obtain the optimum

d envelope'd1mens1ons are often the reason a specializ
Designers are well aware of the economics of :dead we
apacity in aerospace vehicles. _

applies to ground support equipment whefya hose must
half attached to the aerospace vehicle% “In the latter
alf must be as light as possible while performing to i

requirements.

The relat
Table 1.

fonship between design factors.and fluid media is char
The table indicates which subsequent paragraphs shoul

for a pariticular application. The final specification and desi

on the ldvel of performance required as dictated by the end use

FUNCTIONAL CONSIDERATIONS:

General:

Design factors vary-according to the specialized functional
of the application.

.2 This dectiontexcludes discussion of environmental performanc
requirled for product qualification. See section 7.

.3 Topica

icular
usage
on must then
esign.

d design is
ght versus

Es specified

ted in
1 be reviewed
gn will depend

ronsiderations

b which is

ns due to

specific functional considerations, including reliability and human

engine

ering.
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TABLE 1 - Factors to be Considered in Quick Disconnect Specification
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5.2 Connection and Disconnection Types:
5.2.1 Push-P Push-Pull types are as follows:
Class "A" - Those which require axial motion to connect and disconnect.
Class "B" - Those which require axial motion to connect plus rotational
motion to lock, and axial motion to disconnect.
Class "C" - Those which require axial motion to connect, plus rotation to
lock and unlock, and axial motion to disconnect.
5.2.2 Threaded: Threaded types are as follows:
Class ["A" - Those which employ a fast lead (multiple) 'thread| to enable
connection and disconnection with a minimum numbpr of turns.
Class |"B" - Those- which employ a standard (straight lead) thread to enable
connection and disconnection with<@ minimum numbpr of turns.
5.2.3 Rack and Panel:
5.2.3.1 The |rack and panel design contains one or more couplings of which
sepdrate halves are installed on alrack and panel. The logking
mecHanism 1s independent of the.¢oupling.
5.2.4 Remotdly Actuated:
5.2.4.1 Remqtely actuated designs-are capable of connection and digconnection by
othdr means than direct manual actuation, but also may incflude manual
actyation provisions.
5.2.4.2 Typilcal classes. of remotely actuated couplings are as follpws:
(a) | Cartridge (SQUIB)
(b) | Lanyard
(c) —Etettric
(d) Hydraulic
(e) Pneumatic
(f) .Combination of any of the above types
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5.2.5 S$Special:

One type of coupling in this category is that which permits

separate throttling or shutoff of the fluid without disengaging the
ng. This coupling requires axial motion to engage plus rotation to

coupli

lock, and a separate motion to open and close the poppets, and to close

the poppets, and rotation to unlock and axial motion to disengage.

used 1

n combination.

5.3 n ria:

5.3.1 Adequate hand(s) clearance must be provided for those coupling types which
require manual connection and disconnection.

5.3.2 Maximum allowable forces or torques, or both, required for connection and
disconnection should be specified. (These are dependent on line and
system pressure at connection.)

5.3.3 Separdtion and connection forces must be considered in the rpck and panel
type. )

5.3.4 Limitg and types of power sources should be specified.

5.4 Pressurd Drop:

" 5.4.1 Low priessure drop is equated to increaséd diameter or Tength or both,
and, therefore, greater envelope. Valving design is a functfion of
pressyre drop.

5.5 Impulise/Surge Life:

5.5.1 Impulde 1ife is generally required for hydraulic service couplings. KWhere
Impulde 1s not a design factor, peak system pressures or flop surges
should be considered.

5.5.2 Impulge 1ife varies with system temperature-pressure profilef, pressure
rise rfate and number of cycles.

5.6 Connect [Indication:

5.6.1 Visuall: - Tape, paint, anodize two-tone (for example, strip of a secondary
color, oupling.

5.6.2 Mechanical: Extendable pins or balls.

5.6.2.1 The connection indicator(s) should be of such a nature that any false

indication of complete connection will be precluded.

5.6.3 Electri witch

5.6.4 Combination: Electrical, visual, and mechanical type indicators may be
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5.7 Polarizing: Prevention of Cross Connection:

5.

7.1 Polarizing may be required where many 1ines of the same size attach in
close proximity.

5.7.2 Polarizing may be required to prevent mixing of hypergolic fuels and their

oxidizers.

5.7.3 Polarizing may be required to prevent errors in line connection during

component replacement.

5.8 Pressure Caps: Pre g caps are 3 equired for ground service
connections on high pressure systems. They include secondary oyerall seals
for reliapiiity, which is often necessary for reliability assurance
aerospace| applications.

5.9 D apsl, D Plugs: Dust caps and dust plugs protect couplipg halves
from contamination when disconnected. They may use the same coypler
mechanisn as the coupling, or friction fit resilient material where
allowablel. Pressure caps, where used, may serve)as dust caps.

5.]0 110 Oompa D

5.10.1 Fluid media, temperature, and system pressure governs the chpice of

sealing materials, lubricants, and the choice of plastic or metallic
parts,| or both.

5.10.2 The sellection of metallic components, sealing materials, and| lubricants

.11 Head Pressure (During Connect and Disconnect):

.11.1 Head pressure is-a direct influence on both valve and couplef design.

is gonerned by fluid media~and cleaning requirements under ambient and
systen temperature and pressure conditions.

See 5.[14.

.11.2 The nded for balanced valving is dependent on head pressure,| 1ine size,

couplir design freedom, and allowable connection force/torqur.

.12 Fluid Loss at Disconnect: Minimum fluid loss 1s desirable with all liquid

media. Fluid loss is more critical inside the vehicle, particularly with
volatile liquids.

.13 Alr Inclusion During Connection: Minimum air inclusion during connection

is desired, especially on hydraulic systems.

.14 Relief Valving:

.14.1 Relief valving is used to relieve pressure due to fluid expansion in a

closed system when the coupling halves are disconnected. A specialized
type is actuated by the mating half and allows pressure decay in a closed
system, with resulting small fluid loss, to permit connection.
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5.14.2 Pressure release valves may be designed into a coupling to aliow
connection against a head pressure up to operating pressure. They are
only usable in closed systems since fluid loss occurs during actuation.
They are actuated by the mating half.

5.14.3 When pressure balanced valve couplings are used, pressure relief valves
are not necessary to actuate release valves.

5.14.4 Thermal relief valves are designed to allow a small amount of system
fluid to escape to prevent excessive pressure build up in a closed system
when the fluid is subject to expansion.

5.14.5 High[flow relief valves may be provided to prevent equipment damage in a
hydraulic system which is closed due to coupling disconnect

5.14.6 High |pressure relief valves may also be high flow relfef vajves. High
flow [relief valves generally require larger valvingOthan dof thermal or
presqure relief valves.

5.15 Leakagd Connected/Disconnected: The specification of allowabje leakage is

usually classified as zero. Zero leakage isia misnomer. Leakage is
quantiflative and should be specified as the-maximum allowablie|for a

specific set of conditions.

Mi

ignment During Connection: Specify required misalignment provisions

to compgensate for dimensional tolerances such as those entailpd in

connection of rack and panel assemblies.

Side Lgad Performance:

This|requirement is dependent on the hose installation in af given
appl{cation. The presence of side loading affects coupler gesign which
in tdrn controls the allowable change in seal compression dte to side
load{ng. The condition must be specified when present in new
applications since it 1imits coupler design freedom.

Excessive side loads should be avoided. The presence and magnitude of
side [10ads, because they affect coupling design, should be [specified when
they lare unavoidable.

Seals:

Seal configuration should permit repeated connection and disconnection at
maximum allowable misalignment without seal damage.

Seals should be adequately contained to preclude washout under high flow
or surge conditions.

Seals should be located so that they are not subject to ready damage with
the coupling disconnected.
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6. WEIGHT CONSIDERATIONS:
6.1 General:
6.1.1 This section 1s a discussion of design features that influence weight.

The effect 1s often indirect because it relates to other factors which
must also be present or absent in a set of design requirements.

.2 A primary consideration in the design of aircraft and space vehicles is

the useful payload capability. Structure, accessories, powerplants, and
hardware are all designed to perform their function with the minimum
weight. The weight savings on each component is reflected in increased
payloaf: q isconnect design_add weight to
the prpduct. Each factor which influences weight should be-analyzed
indivigually for an application to determine its value with respect to
weightl. Design factors which influence weight directly-or indirectly are
noted In the first column of Fig. 1. A more complete discussion of each
factor|may be found in the subsequent sections on Functional
Cons:d rations, section 5, and Environmental Pefformance Factors,
sectiop 7.

"Coupler Pesign:

.1 Threadpd couplers are generally lighter than push-pull and qqick turn

couplers.

.2 Rack apd panel integration may save weight on the total packdge.

.3 Remote|actuation, where neceSsary, will add weight due to the additional

mechanfsm. On ground service equipment (GSE) applications, the mechanism
may be|incorporated into the ground half at no penalty to thg airborne
vehicle. '

.4 Self-sealing couplings are generally heavier than non-self-sgaling types.

Pressure|Drop: . (A coupling with excellent pressure drop performance will
generally be_larger and heavier than a compact design, which hds more
pressure|drop-resulting from envelope restrictions.

[{fe: Hydraulic coupTings with a high Tmpulse Tife requirement will
require heavier cross-sections than an optimum design without this
requirement.

Pressure: The operating pressure range of a coupling directly affects the
choice of material and wall thickness.

: A mechanical or electrical method of indicating
complete connection will add weight directly. Color coding in various forms
would not affect weight.

The addition of a device to prevent cross-connection
may add weight as well as increase the envelope to accommodate the device.
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6.8 Pressure Caps: Pressure caps which are attached to their respective
coupling half and are carried on a vehicle will add weight.

6.9 Dust Caps. Dust Plugs (see 6.8):
6.10 Fluid Compatibility: Fluid compatibility is a direct factor which

influences the choice of basic metals and sealing materials. Fluid
compatibility must include lubricant compatibility.

6.11 H P re: Connection and disconnection against a head pressure will
affect the design requirements of valving. At higher pressures, the valves

may ha undue force or
torquel. It should be specified whether one half or both halyes are
pressurized during connection and disconnection.

6.12 Relief| Valving: The addition of a relief valve may cause a plight increase

in weijght. It should be noted that a close tolerance on reljef pressure or
high fllow can result in a larger package and a more complex (lesign.

6.13 Functipnal Life: The number of connection cycles required of a coupling is
an indiirect weight factor because it affects the sophisticatjon of the
design[. Material choice with respect to wear is also involved.

6.14 Temperpture Range: The fluid and ambient temperature range girectly
affect|s the choice of material and wall thickness.

6.15 Vibratlion, Shock, Acceleration-and Impact: Resistance to thg above
envirocmental conditions directly affects the choice of materials and wall
thickness.

6.16 Corroslion: Resistance 'to corrosive environments may dictate| the use of

speciall materials or(protective coatings, or both, where it would not
otherjise be required.
7. ENVI TA ACTORS:

7.1 Generall:
7.1.1 The flactors—discussed—in—thissectionaredependentonapptication and

form the content of environmental testing for each new design. The
primary purpose of this section is to review the established classes of
performance and the range of values found in aerospace applications.

7.1.2 Specifications should reveal the range of values for both operating fluid
media and external ambient of temperature and pressure.
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7.2 Pressure/Vacuum:
7.2.1 Hydraulic pressure classes of MIL-C-25427A are as follows:

Class 600 - 600 psig operating
Class 3000 - 3000 psig operating

7.2.2 In practice, the pressure and vacuum requirements may vary from a near
perfect vacuum to 10 000 psig in the disconnected mode. In the connected
mode, the external pressure may range to 6000 psi. If external pressure
exceeds internal pressure in the disconnected mode, differential pressure
forces must be considered.

-65 to 160°F
-65 to 275°F

Type III -65 to 450°F

7.3.2 The current state-of-the-art deals with temperatures from nedr absolute
zero to over 2000°F. The 1imit mange of non-metallic seals as up to '
° Metallic seals are needed above 450°F, except in very special
7.4 The above requirementy are directly
related o the Ievels experienced by the vehicle application. jstandard test
levels are specified in-MIL-E-5272 and MIL-STD-810 and should bHe selected on
7.5 The primary effect of radiation on couplings is

on non- m:tallicAsealsL Ir;adiation causes degradation, but spgcific levels
can be met with certain materials.

7.6 Humidity: Most coupling materials with the exception of the seals are not
affected by humidity. Under certain conditions of humidity and temperature,
the function may be affected due to frost formation. This is applicable to
cryogenic systems.

7.7 Fungus Resistance: Most coupling materials are not affected by fungus and
will not support their growth. The use of fungus supporting materials is
discouraged.
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7.8 Corrosion: Consideration should be given to the environmental conditions to
be expected in service. Particular attention should be given to conditions
which could cause the following:
(3) General corrosive attack
(b) Stress corrosion
(c) Intergranular corrosion
(d> Embrittlement
(e) G4Tvanic corrosifon -
(f) Other types of corrosive action

8. END FITTING TYPES:

8.1 The following is a 1ist of various end configurations which are used for the
installation of coupiing halves:
8.1.1 Standard:
(a) |[Flared per MS33656 and MS33657
(b) |Precision flared per MS24385-and MS24386
(c) |Flareless per MS33514 and MS33515
(d) |Flanged per MS24335
(e) |[Boss per MS33649
(f) |Dynamic bedm per MIL-F-85421

8.1.2 Specjal: Céuplings can accommodate special end configurati

use

thould-be avoided in the interest of standardization.

actiyity-may specify desired fitting.
9. ADDITIONAL CONSIDERATIONS:

9.1 In

ons but their
Procuring

11ati

9.1.1 Factors to be considered in the installation of a coupling are:

(a
(b)
(e
(d)

(e)

Accessibility to determine that the coupling is properly engaged.

Clearance from adjacent objects for operation.

Elbows, tees, and various fittings to reduce side load.

The need for provisions to prevent hose kinking.

Possibility of incorrect connection (for example, pressure to return).
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9.2 Interchangeability:

9.2.1 There is no interchangeability between different manufacturers' coupling
halves, except where a military detail design exists for that specific
coupling half.

9.2.2 Interchangeability is achieved between different manufacturers' complete
coupling assemblies only where their respective assemblies are designed to
meet the same performance requirements.

9.3 Cleaning: Cleaning considerations are as follows:

(a)

(b

(c)
9.4

9.5

(b)

(c)

9.6 Cost:

Cleanliness levels are directly related to system requireﬂents. In

add{tion, the user should specify the particular cleanling
ired.

rials.

ider wear and fluid contamination afteér acceptance tes

Maintainability and reliabili
tions are as follows:

should be taken that no misconnection can occur which
valyes to remain closed-even though the coupling appears #{
connected.

Spe¢ial tools should be avoided except where accessibility
requirements dictate their usage.

Replacement-of any internal parts of the coupling should g
the [supplder's instructions.

ss level

user should specify what lubricants are compatible with fluids and

ting.

The part(s) should be individually and permanently

ty

would permit
o be

and force

onform with

Cost-considerations are as follows:

Quick disconnect couplings should be selected with full consideration for
simplicity of design, reliability, and considerations for the effects of

high

levels of cleanliness.

PREPARED BY SUBCOMMITTEE G-3A,
AEROSPACE COUPLINGS
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APPENDIX A

SPECIFICATIONS AND STANDARDS RELATING TO QUICK-DISCONNECT COUPLINGS

Procurement Specification Related Standard

SAE ARP1709 Coupling
Assembly, Hydraulic,

Self-Sealing,

Disconnect

Quick-

Application Pressure

SAE ARP4157,4Loupiing

Assemblies,
Self-Sealing
Disconnect

MIL-C-62005 (
Automotive A{
Lines:

None

MIL-C-19179 (
Assembly Quic
Fuel

ydraulic,
Qui ck-

loup1ing
r Brake

Quick Disconnect

oupling
k Disconnect

MS35746 Coupling Automotive
Air Brake Lines

MS21957 Couplings Quick
Disconnect Air Connection,
Bulkhead Fitting .End 1/2
Tube Size

MS26549 Nipple Quick Dis-
connect 2-1/2 inch Pressure
Fuel. Servicing, Flange Type

MS26550 Coupling Quick
Disconnect 2-1/2 inch
Pressure Fuel Servicing
Nozzle to Hose

MS26552 Nipple, Quick
Disconnect 2-1/2 inch
Pressure Fuel Servicing
Open Flow, Wrenching Type

MIL-C-25162 Coupling

Reception F1i

ght Pressure

Refueling, Type MA-2

MIL-A-25676 Adapter,
Pressure Lubricating, Oil
Servicing Aircraft

MS24355 Coupling Reception
Type MA-2, Flight Pressure
Refueling Assembly of

MS24476 Adapter Pressure
Lubricating 011 Servicing
Aircraft

MS24480 Cap, Lubrication
Fitting, Protective,
Pressure Servicing Adapter

Hydraulics Med. High

Hydraulics 5000 and
8000 psi

Air Low

Air Low

Fuel Low

Fuel Low

Fuel Low

Fuel Low

01l Low
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Procurement Specification

MIL-N-25677 Nozzle,
Pressure Lubricating, Oil
Servicing, Locking

MIL-C-27487 Coupling
Halves, Quick Disconnect,
Cam-Locking Type

APPENDIX A (Continued)

Related Standard

MS24475 Nozzle, Pressure
Lubricating Oi1 Servicing,
Locking )

MS27019 Coupling Assembly,

Quick Disconnect, Cam-
Locking Type

Application
011l

Fuel

MS27020 Coupling Half,
Quick Disconnect, Cam-
Locking Type, Male Internal
Pipe Thread, Type I

MS27021 Coupling Half Quick
Disconnect, Cam-Locking
Type, Male, Hose Shank;
Type II

MS27022 Coupling Half, Quick
Disconnect Cam-Locking

Type, Male,-External Pipe
Thread, Type III

MS27023 Coupling Half, Quick
Disconnect Cam-Locking

Type, Male, Flanged,

Type 1V

MS27024 Coupling Half, Quick
Disconnect Cam-Locking Type,
Female, Internal Pipe Thread,
Type V

MS27028 Counling Half Ouick
LA LR A K4 vvurl "I, T T § A SR

Fuel

Fuel

Fuel

Fuel

Fuel

Fuel

Disconnect, Cam-Locking
Type, Female, Hose Shank,
Type VI

MS27026 Coupling Half, Quick
Disconnect Cam-Locking Type,
Female, External Pipe Thread,
Type VII

MS27027 Coupling Half, Quick
Disconnect Cam-Locking Type,
Female, Flanged, Type VIII

Fuel

Fuel

Pressure

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low
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