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1. SCOPE

This document is a compendium of recommended practices for the design of tubing systems for the trans-
mission of liquid and gasses influid power systems for aerospace vehicles such as aircraft, missiles and
boosters, and is considered applicable to the design of future space vehicles and other applicationsusing air-
craft technology. Primary emphasisisgiven to recommended practices for line sizing, tube routing, sup-
ports and clamping, stress considerationsand permissible defects, and provisionsfor flexure through the
use of flexible hoses, coiledtubes, swivel joints, and expansion glands. Fluid power systems are differen-
tiated from the normal aircraft fuel and oil systems and the variousfluid systemsused for environmental
control and air conditioning systems; however, the practices cited herein will in many cases be applicable
to these other systems.

A section (3) regarding tubing materials and fitting types currently in use is included for reference, but
particular recommendations are purposely avoided since their selection is dependent upon the specific re-
quirements of each particular vehicle system and many other factors.
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2.1.

2.1.

2-1 ARP 994

APPLICABLE DOCUMENTS

Specifications, standards, and drawings which are included in this document are listed in this section. Other
references are listed in Section 16, Bibliography.

Specifications:

1 Federal Specifications:

F.A.R. 25 Federal Aviation Regulations, Volume III, Part 25, Airworthiness. Standards:
Transport Category Airplanes.

WW-T-787 Tubing; Aluminum Alloy (Al-52) (Aluminum—Magnesium-Chromium); Round, Seamless.

2 Military Specifications:

MIL-S-4043 Steel, Corrosion-Resistant (Extra Low Carbon Type 304)(Plate| Sheet, and Strip
MIL-B-5087 Bonding, Electrical, and Lightning Protection, for Aerospace $ystems

MIL-H-5440 Hydraulic Systems, Aircraft, Types I and II, Design, Installation, and Data
Requirements for o

MIL-F-5509 Fittings, Flared Tube, Fluid Connections

MIL-J-551

w

Joints, Hydraulic Swivel
MIL-P-5518 Pneumatic, Systems, Aircraft;\Design, Installation, and Data Requirements for
MIL-C-5541 Chemical Films and Chemical Film Materials for Aluminum Aljoys
MIL-H-5606 Hydraulic Fluid, Pétroleum Base, Aircraft, Missile and Ordnahce

MIL-T-6845 Tubing, Steel, E€orrosion Resistant (304), Aerospace Vehicle Hydraulic Systems,
1/8 Hard Condition

MIL-T-7041 Tube,~Aluminum Alloy, Seamless, Round, Drawn, 6061, Airciyaft Hydraulic
Quality

MIL-L-~78(8 Lubricating Oil, Aircraft Turbine Engine, Synthetic Base

MIL-T-8504——TFubing,—Steel;—€orrosion=Resistant(304);,Aerospace—Vehicte;-Hydraulic
Systems, Annealed, Seamless and Welded

MIL-T-8506 Tubing, Steel, Corrosion-Resistant (304), Annealed, Seamless, and Welded
MIL-A-8625 Anodic Coatings for Aluminum and Aluminum Alloys

MIL-C-8802 Sealing Compound, Temperature-Resistant, Integral Fuel Tapks, and Fuel
Cell Cavities, High-Adhesion

MIL-T-8808 Tubing, Steel, Corrosion-Resistant (18-8 Stabilized) Aircraft Hydraulic Quality

MIL-H-8891 Hydraulic Systems, Manned Flight Vehicles, Type III, Design, Installation, and
Data Requirements for

MIL-D-9898 Drawings, Tube Bend
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2.1.2 (Continued)

MIL-C-16173 Corrosion Preventive Compound, Solvent Cutback, Cold Application

MIL-F-18280 Fittings, Flareless Tube, Fluid Connection

MIL-C-25457 Coupling Assembly, Hydraulic, Self-Sealing, Quick Disconnect

MIL-H-38360 Hose Assembly, Tetrapluaroethylene, High Temperature, High Pressure,

Hydraulic and Pneumatic

2.1.3 NASA Specifications:

2.1.4

MSFC-SPEC-143 Fittings, Flared Tube, Pressure Connections

SAE Publications:

AMS 2430

AMS 4943

AMS 4944

AMS 5554

AMS 5561

ARP 573
ARP 584
ARP 600

ARP 602
ARP 604
ARP 610
ARP 611A
ARP 614
ARP 683
AS 685
AS 686
AIR 737
AS 756
AS 757
AS 758
AIR 1047
AS 1241

Shot Peening
Titgnium Alloy Hydraulic Tubing, Seamless 3.0Al-2.5V, Annealed

Tit4nium Alloy Tubing, Seamless, Hydraulic, 3.0Al1-2/5V, Cold Worked
$tress Relieved

Tuling, Seamless - 16.5Cr - 4.5 Ni - 2.9 Mo~%0. 1N (AM-350)

Ste¢l Tubing, Seamless or Welded Corrosion Resistant,

21Cr - 6Ni - 9Mn, Hydraulic

Silver and Copper Alloy Brazed Joints for Aircraft Power Plants
Coiled Tubing

Torpue Determination, Method of, for Tube or Hose End Fitting Connections, Flared,
Hlareless, or Miscellaneous Screw Thread Style
HOI Assemblies;. \Flexible Metal, Aeronautica.l, Medium Pressure
Hosk Assemblies, Aircraft and Missiles, High Temperature, High Presgure

Synthetid6r Natural Rubber Lined Pneumatic Hose Assemblies, Aircraft| (Cancelled)

Tetpaflioroethylene Hose Assembly Cleaning Methods

Hose Assemblies: Aircraft and Missiles, High Temperature (450 F), High Pressure (4000 psi)
Installation Procedures and Torques for Fluid Connections

Piloted Ring Seal Fluid Connection Bosses

Piloted Ring Seal Tube Connection Assembly

Aerospace Hydraulic and Pneumatic Specifications and Standards

Fitting End Assembly, Universal

Boss, Straight Thread Gasket Seal - Standard Dimensions for

Fittings, Installation in Straight Threaded Boss

A Guide for the Selection of Quick-Disconnect Couplings for Aerospace Fluid Systems

Fire Resistant Hydraulic Fluid for Aircraft
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2.1.5 Other Specifications:

ASTM B338

2.2 Standards:

Seamless and Welded Titanium Tube (Commercially Pure)

2.2.1 Federal Standards:

2.2.2

FED STD-595

Color (Requirements for Individual Color Chips)

Military Standards:

MIL-STD-1247

Marking, Functions and Hazard Designations, of Hose, Pipe,
Tube Lines for Aircraft, Missile, and Space Systems

MS9197
MS9198
MS9199
MS9225
MS16142(Ships)
MS21344

MS21900
MS21902
MS21904
MS21905
MS21906
MS21907
MS21908
MS21909
MS21910
MS21911
MS21912

Nut, Tube Coupling, CRES, AMS 5646, Silver Plate

Nut, Tube Coupling, CRES, AMS 5646

Nut, Tube Coupling, AL, AMS 4121

Ferrule, Brazing, Tube, Fitting, CRES AMS 5646

Boss, Gasket Seal, Straight Thread Tube FEifting, Standard Di

Fittings, Installation of Flared Tube, Straight Threaded Conng
Standard for

Adapter, Flareless Tube to AN Flared Tube
Union, Flareless Tube

Elbow, Flareless Tube, 90 Deg

Tee, Flareless Tube

Cross, Flareless Tube

Elbow, Flareless Tube and Universal, 45 Deg
Elbow, Bulkhead, Universal, 90 Deg, Flareless Tube
Tee, Bllkhead and Universal, Flareless Tube
Tee,<Flareless Tube, Internal Thread on Side
Tee, Flareless Tube, Internal Thread on Run
Tee, Flareless Tube, with Bulkhead on Run

and

mensions for

ectors, Design

MS21913
MS21914
MS21915
MS21916
MS21919
MS21921
MS21922
M$21923
MS21924
MS21925
MS21926

PIug, Flareless Tube

CAP

Bushing, Screw Thread Expander, Flareless Tube Connection
Reducer, External Thread, Flareless Tube

Clamp, Cushioned, Support, Loop-Type, Aircraft

Nut, Sleeve Coupling, Flareless

Sleeve, Coupling, Flareless

Adapter, Flareless Tube, Bulkhead and Universal to Flared Tube

Union, Flareless Tube, Bulkhead and Universal
Elbow, 90 Deg. Universal, Flareless Tube, High Profile
Elbow, 90 Deg. Universal, Flareless Tube, Low Profile
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2.2.2 (Continued)

MS21931
MS21932
MS21933
MS21934
MS21935
MS21936
MS21937
MS21938
MS21939
MS21940
MS21941
MS21942
MS21943
MS21944
MS21945
MS21946
MS21947
MS21948
MS21949
MS21950
MS21951
MS21952
MS21953
MS21954
MS21955
MS21956
MS21958
MS21959
MS21960
MS24333
MS24334
MS24335
MS24385

MS24386

MS33514

Fitting Installation - Cluster

Fitting End, Bolt Cluster Fitting, Single Port

Fitting End, Bolt Cluster Fitting, Single Port, through Flareless
Fitting End, Bolt Cluster Fitting, Double Port

Fitting End, Bolt Cluster Fitting, Double Port, through Flareless
Contour and Mounting End, Cluster Fitting Body, Semi-Finished
Nut, Cluster Fitting, Retainer

Bolt, Cluster Fitting, Single Port, Flareless

Bolt, Cluster Fitting, Single Port, through, Flareless

Bolt, Cluster Fitting, Double Port, Flareless

Bolt, Cluster Fitting, Double Port, through, Flareless
Body, Cluster Fitting, One Way, Flareless

Body, Cluster Fitting, Two Way, 90 Degree, Flareless
Body, Cluster Fitting, Two Way, 180 Degree, Flareless
Body, Cluster Fitting, Three Way, Flareless

Body, Cluster Fitting, One Way, Internal Boss

Fitting End, Bolt Cluster Fitting, Single Port, through Flare
Fitting'End, Bolt Cluster Fitting, Double Port, through Flare
Bolt, Cluster Fitting, Single Port, Flare

Bolt, Cluster Fitting, Single Port through, Flare

Bolt, Cluster Fitting; Double Port, Flare

Bolt, Cluster Fitting, Double Port, through-Flare

Body, Cluster Fitting, One Way, Flare

Body, Cluster Fitting, Two Way, 90 Degrees, Flare

Body, Cluster Fitting, Two Way, 180 Degrees, Flare

Body, Cluster Fitting, Three Way, Flare

Body, Cluster Fitting, Two Way, 180 Degrees, Internal Boss
Body, Cluster Fitting, Two Way, 90 Degrees, Internal Boss
Body, Cluster Fitting, Three Way, Internal Boss

Coupling Assembly, Flared Fitting to Internal Thread Boss
Coupling Assembly, Flareless Fitting to Internal Thread Boss
Flange, Bulkhead Mounting, Coupling

Fitting End, Standard Dimension for Flared Tube Connections and
Gasket Seal, Precision Type

Fitting End, Standard Dimensions for Bulkhead Flared Tube Con-
nections, and Gasket Seal, Precision Type

Fitting End, Standard Dimensions for Flareless Tube Connection
and Gasket Seal

=
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MS33515

MS33611
MS33649
MS33583
MS33584
MS33656

MS33657

2-5 ARP
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Fitting End, Standard Dimensions for Bulkhead Flareless Tube
Connections

Tube End Radii

Bosses, Fluid Connection - Internal Straight Thread
Tubing End - Double Flare, Standard Dimensions for
Tubing End - Standard Diménsions for Flared

Fitting End, Standard Dimension for Flared Tube Connections and
Gasket Seal

Fitting End, Standard Dimensions for Bulkhead Flared Tube

MS33790

2.2.3 Air Forcq - Navy Aeronautical Standards:

Connection

Bend Data, Minimum, Hydraulic, Pneumatic, Fuel andOjl Hpse

ANBS833
ANB837

2.2.4 National Aircraft Standards Committee Standards:

Elbow-Flared Tube and Bulkhead, Universal;~90°
Elbow-Flared Tube and Universal, 45°

NAS 1095

2.3 Drawings:

2.3.1 Air Forceg - Navy Aeronautical Design Drawings:

Flareless Fitting Connections, Fabrication and Assembly

AND10049
AND10050
AND10064
AND10106

2.4 DPublicationg:

2.4.1 U. S. Air|Force;

AFSCM 8(-%

Bosses - Fluid Connection, Internal Straight Threads
Bosses - Standard Dimensions for Gasket Seal Straight Thread
Fittings - Installation of Flared Tube Straight Threaded Conng¢ctors
Tubing -\Standard Sizes for Aluminum Alloy (5250) Round

Handbook of Instructions for Aircraft Designers

AFSC DH 2-1

Design Handbook Series 2.0 Aeronautical Systems, Airframe
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TUBING AND FITTINGS

This section is included for reference only. The types of systems wherein the various tube materials and
fitting types are used are noted. However, these discussions should not be construed as recommendations for
use but as a design guide only. A good point to bear in mind is that every fitting is a potential failure point in
the system. It is well worth considerable design effort to eliminate even one providing that a higher rlsk is

[

w
[+

W W w w
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W W w W

W www
DN DN

= b b e b e
. . 0 0 .

.1 Standard FlaredFittings

not introduced by incorporating more sharp-radius bends in the tubing.
CONTENTS

Tubing

.1 Stainless Steel Tubing

AISI 304 [Cold Worked 1/8 Hard Tubing per MIL-T-6845
AISI 3041 Cold Worked 1/8 Hard Tubing

AISI 304 Annealed Tubing per MIL-T-8504

AISI 304 [Tubing in Higher Hardness

AISI 321 [Cold Worked 1/8 Hard Tubing per MIL-T-8808
Alleghengy Ludlum AM 350 Precipitation Hardened Tubing
Armco 2] Cr-6Ni-9Mn Tubing

b b e e
e e+ e e e
N O U W DN

.2 Aluminum Tubing

2.1 6061-T6 [Solution Heat-Treated and Artificially Agedy)

Tubing per MIL-T-7081

.2.2 5052 Annpaled Tubing per Federal Specification”WW-T-787

.3 Titanium Tuping

Commerdgially Pure Titanium Tubing\peér ASTM B338
Annealed[3A1-2.5V Titanium Alloy. Tubing
Cold-Woxked 3A1-2.5V Titanium Alloy Tubing
Annealed [6A1-4V Titanium Aoy Tubing

W N

W

Tubing Wall| Gages

.4.1 Typical Tube Wall (Formulae

Standard Recopnectdble Fittings

AN/MS Flared Fitting

NASA Marshall Center Flared Fitting
Standard Ferrule Braze Flared Fitting
Universal Fittings - Cluster Installation

=
W N

.2 Standard Flareless Fitting

Non-Standard Reconnectable Fittings

.1 Non-Standard Flared Fittings

Close Tolerance Flared Fittings

1.1
.1.2 Titanium Flared Fittings
1.3

Voi-Shan Flared Conical Seal
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3.3.2 Non-Standard Flareless Fittings

(3]

3.3.2.1 Weatherhead Miniaturized (ER) Flareless Fittings

3.3.2.2 Boeing and Lockheed Swaged Flareless Sleeve and Lightweight
Fittings ‘

.2.3 McDonnell-Douglas Brazed-on Flareless Sleeve

.2.4 Aeroquip Globe seal Sleeve

3.3.3 Mil-Flo Miniflare Fitting
3.3.4 Parker Lo-Torque Fitting

3.3.5 Resistoflex Dynatube Fitting

3.3.6 Aeroquip Univefrsal Boss Fitting
3.3.7 Boeing Swivel Elbow Fitting

3.3.8 McDonnell Douglas Metal-Seal Tube-to-Component Fittings
3.3.9 Boeing Recessdd Boss Seal Fittings

3.3.10 Rosan Fluid Pprt Adapters

3.3.11 Wiggins Suctign Line Fitting

3.4 Permanent Joints

3.4.1 Brazed Joints

3.4.1.1 North Amerjcan Aviation Induction Brazed Joint
3.4.1.2 North Amerjcan Aviation Furnace Brazed Joint
3.4.1.3 Deutsch Pyrpbraze Joint

3.4.1.4 Aeroquip Spgce-craft Brazed Joint

3.4.1.5 Linair Prodfiction - Brazed Tube:Fittings
3.4.2 Welded Joints

3.4.2.1 Square Butt [Weld Joint

3.4.2.2 Flare-Bevel Butt Weld“Joint

3.4.2.3 Butt Weld w|th In§ért

3.4.2.4 Bellmouth Welded Joint

3.4.2.5 Double MeltlThtough Welded Joint

3.4.2.6 Weatherhead Swaged Sleeve Welded Joint

3.4.3 Swaged Joints

3.4.3.1 Boeing H Fitting
3.4.3.2 McDonnell-Douglas Permaswage Fitting
3.4.3.3 Raychem Cryofit Tube Fitting

3.5 Self-Sealing Disconnect Couplings

3.6 Housing Fluid Fitting Bosses

Bosses per AND10050
Bosses per MS33649
Bosses per SAE AS 757
Boeing Recessed Boss
SAE AS 685 Boss

COCJJ‘COWW
a oo
U W NN
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3.1 Tubing: Stainless steel and aluminum tubing are generally used for aircraft high and low pressure lines,
respectively; however, titanium tubing has been selected for recent aircraft. The primary alloys currently
in use are listed below, as well as other materials and alloys selected for the special applications indicated.
Major physical properties are noted in Table 3-1. See also Reference 16.1.

3.1.1 Stainless Steel Tubing: Stainless steel tubing is generally used for hydraulic and pneumatic system pres-
sure lines and for both high and low pressure lines routed on landing gear struts.

3.1.1.1 AISI Cold Worked 1/8-Hard Tubing per MIL-T-6845: This material is used on most of the current com-
mercial airplanes and-on military aircraft and missiles, except as noted below.

3.1.1.2 - AISI 304L Cold Worked 1/8-Hard Tubing: AISI 304L material, indicating low carbon content, is speci-
fied where greater uniformity of properties is desired. This material is controlled by specifications
MIL-S-4043 and MIL-T-8506.

3.1.1.3 AISI 304 Annealed Tubing per MIL-T-8504: This material was used on earlier commercial and military
aircraf, many of which are still in use. It was superseded by the higher strength 1/8-hard tubing.

3.1.1.4 AISI 30# Tubing in Higcher Hardness: Attempts have been made to.uéé this a loy in 1/4— and 1/2-hard
conditiop, but brittle cracking failures in flares and bends due td_its lower dicti lity have generally re-
sulted.

3.1.1.5 AISI 32] Cold Worked 1/8-Hard Tubing per MIL-T-8808%. This material is ysed in systems with per-
manent elded or brazed connections such as on the A=7A airplane. Becausg of its stabilized condition,
it retains its corrosion resistance after heating to fgsion temperature much Qetter than the AISI 304
alloys.

3.1.1.6 Allegheny Ludlum AM-350 Precipitation Hardehed Tubing: This is a higher [strength stainless steel
alloy with good strength at elevated temperatures up to 800 F. It is availablg in two conditions: °
Sub-zerp cooled and tempered (SCT) and'cold reduced and tempered (CRT). [The latter has slightly lowen]
strengthl but better ductility and is of(most importance. It is in use on several military airplanes. Its
early limitation was that it was a¢ailable only in seam-welded form and that Vvas somewhat susceptible to
stress cprrosion cracking along’'the weld seam. Good fatigue life has been obtained in tests with tubing
glass bepd peened along its_éntire outside diameter, however. It is now available in seamless form per
AMS 5534. Glass bead peening is done per AMS 2430.

3.1.1.7 Armco 21Cr-6Ni-9Mi Tubing: This is an austenitic stainless steel that combines good corrosion re-
sistance[with high-strength. It is not hardenable by heat treatment but can be| cold-worked and has the-
charactgristic of\relatively fast work hardening without the proportionate losg of ductility as the 304
type stainless.steels. It was selected for several second generation commerg¢ial jet transports on the
basis of [its favorable combination of ultimate and yield tensile strengths, ductility, corrosion resistance
and cost LIt is purchased to-individual eompany specifications—andtAMS 5561 has been prepared.

3.1.2 Aluminum Tubing: Aluminum tubing is generally used in hydraulic system return lines, pump suction and
case drain lines, and other low pressure lines, except that many companies prohibit its use in small sizes,
i.e., below 1/2-inch because of its susceptability to damage.

3.1.2.1 6061-T6 _(Solution Heat-Treated and Artificially Aged) Tubing per MIL-T-7081: This material is used
on most of the current commercial and military airplanes.

3.1.2.2 5052 Annealed Tubing per Federal Specification WW-T-787: This alloy, formerly designated 5250, was
used on earlier commercial and military aircraft, many of which are still in use. It was superseded by
the higher strength 6061-T6 tubing.
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3.1.3 Titanium Tubing: Because of its very high strength-to-weight ratio, alloyed titanium tubing has long been
considered for use in aircraft hydraulic systems but, until recently, tubing of acceptable quality has not
been available. The alloys currently being evaluated by various system manufacturers are listed below,
along with the commercially pure material already in use on production airplanes. ’

3.1.3.1 Commercially Pure Titanium Tubing per ASTM B338, Grade 2: This material has a higher strength-
to-weight ratio than 304 1/8-hard tubing, but it has been its lower modulus of elasticity (on the order
of 16,000,000 psi) that has led to its recent use in coiled tube assemblies, rather than stainless steel,
in order to obtain the nearly 2 to 1 reduction in stresses for a given degree of deflection.

3.1.3.2 Annealed 3A1-2.5V Alloy Tubing: This material has a strength-to-weight ratio slightly greater than the
21-6-9 stainless steel alloy and approaches AM-350 in this characteristic. AMS 4943 has been pub-
lished. 1t is being used in the F-14 hydraulic system.

3.1.3.3 Cold-Worked 3A1- : higher strength to this
material. kOne limitation is that, if tubes are joined by a heating operation sugh as welding or brazing,

the materipl is locally annealed and the lower strength properties must be(considered. AMS 4944 has
been publi
planes and|the American SST. See Reference 16.2 for a report of deyelopment

hed. It was used on some early C-5A aircraft and was selected)for the B-1 and F-15 air-
orkdone onthe SST.

3.1.3.4 Annealed §Al-4V Titanium Alloy Tubing: This material has the highest strength| of all titanium tubing
alloys curtently being seriously considered for aircraft use. Two major test programs to evaluate this
material were:

a. The Ajr Force Aero Propulsion Laboratory Contract AF33(615)-5407, Hydrgulic Plumbing for Ad-
vanced Aerospace Vehicles, conducted by the Los Angeles Division of Nortl American Rockwell
Corpofration. This program was initiated in July.1966.

The fihal report of the North American Rockwell program is available from|Defense Documentation
Center, Alexandria, Virginia. See Reference 16.3.

b. Evaludtion for use on the American-Supersonic Transport by The Boeing Company. See Reference
16.4 for final report available from The Department of Transportation.

In a progrgm to develop manufacturing methods for this tubing, the Wolverine Tlibe Division of Calumet
and Hecla {1) in a development program for the Metallurgical Processing Branch, Manufacturing Tech-
nology Division, Air Force\Materials Laboratory, Research and Technology Divlision, Air Force Sys-
tems Comrhand, Wright<Patterson Air Force Base, Ohio, has established that the ELI (Extra-Low-
Interstitial) grade of this material has better ductility than the regular grade. Jee Reference 16.5. The
Nuclear Mg¢tals Division of the Whittaker Corporation(z) has developed a rotary pall swaging method of
obtaining fine internal and external finishes on both seamless and seam-welded flubing. See References
16.6 and 16.7.

3.1.4 Tubing Wall Gages: The standard wall gages listed in MIL-F-18280 and MS33611 are recommended for
3000 psi hydraulic system pressure lines for Types I and II systems (-65 to +275 F). For low-pressure
lines, for high pressure lines used at other conditions, and for other materials than those noted therein,
wall gages should be selected on the basis of laboratory tests under applicable conditions per approved
methods such as specified in ARP 899. As a minimum, pressure impulse tests, flexure fatigue tests, and
burst tests of bent tube specimens are recommended. )

3.1.4.1 Typical Tube Wall Formulae: The simple thin wall formula shown below is useful for initial calculations:

S= Pd where S = hoop stress

2t
P= pressure
d = tube diameter
t = tube wall
(1) Wolverine Tube Division, Calumet and Hecla Corporation, 17200 Southfield Road, Allen Park,
Michigan 48101. : . :

(2)  Nuclear Metals Division, Whittaker Corporation, West Concord, Massachusetts 01781. >
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3.1.4.1 (Continued)
l"’

\

Using the criteria of MIL-H-5440, which requires that tubing burst pressure be at least 400% of the nomi-|
nal operating pressure, minimum allowable tube wall gages can be calculated as follows:

%n.in =_4Pkd where Ft = Specified minimum ultimate tensile
2F ty U strength of the material.

The following formulae, which are generally considered more precise, may also be used. However, it
should be recognized that the generally available strength values usually reflect longitudinal strength
only; and, in some materials, the transverse strength (which is important to hoop strength) and the
fatigue properties may be significantly different. Therefore, final selections should be verified by

adequate testing.

3.1.4.1.1 Formulalfor Thin-Wall Tubes:

P
t = burst x 0.D. ,
2IItu +1.4 Pburst
where
= 4 ti i
Pburst imes rated operating pressurée
Fy
K = 0.6+0.4 —Fl

tu

= gpecified minimum tensile yield strength of the materxial

)
g
l

specified minimum ultimate tensile strength of the material

r
[}

The fqregoing holds for all cases éxcept where Fty is less than 1/2 Ftu, then

t = P)roof x 0.D )
2KF, +1.4P
ty proof
whersg Pproof = 2 times rated operating pressure

3.1.4.1.2 Formula|for) Thick-Wall Tubes: Where the tube wall gage closely approaches por exceeds 0. 10 x the
ID, then the Lame formula for thick wall cylinders should be used, where:

2 2
s=p0D_+1ID where S = hoop stress
OD™ - 1D P= internal pressure

Fp P
Then t = 9D (1 -,/____t“ - burst)
2 \ Ft‘1 * Pourst

Standard Reconnectablz Fittings: Only those fittings which have become government or industry standards for
aircraft use are listed here. Other fittings which have been successfully used on one or more aircraft, but
which as yet have not achieved standardization, are listed in Section 3.3. Installation and torquing informa-

tioa is listed in ARP 600 and ARP 683.

3.2.1 Standard Flared Fittings: There are currently three flared fitting types standardized for aircraft use. In
two of these the flared end of the tubing is held in tight contact with the conical end of the mating fitting body.
In the third, a brazed-on ferrule rather than the flared tube end, is held in connection with the standard
flared fitting. Several non-standard flared fittings, as noted in Section 3.3.1, are also in use.
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AN/MS Flared Fitting: The three-piece 37 deg - flare-angle assembly, consisting of fitting body,
sleeve, and nut shown in Figure 3-1a, has been in standard use on military aircraft and missiles for
many years. Commonly known as the AN flared fitting, it was also used on most early commercial
aircraft and on some jet transport models. Dimensional tolerances and surface finish requirements
have been tightened in recent years and it is now controlled by specification MIL-F-5509. Drawings of
all AN/MS flared fittings shapes are listed in AIR 737. The male fitting end designs are controlled by
MS33656 Flared Tube Connection and Gasket Seal, and MS33657 Bulkhead Flared Tube Connection.
MS33649 Boss, Fluid Connection - Internal Straight Thread, is the design standard for the female port
connection. Two tubing end flare design standards are available, MS33583 Double Flare and

MS33584 Single Flare. The double flare is recommended for use with the softer (5052) aluminum type
tubing only, since high tensile strength tubing cannot be satisfactorily double flared. Assembly and
installation requirements are specified in MS21344 Installation of Flared Tube, Straight Threaded
Connectors. The torque values are for 5052 aluminum and annealed 304 CRES tubing and have not been
update i i o r, the fitting and seal in-
stallatjon requirements are applicable.

NASA Marshall Center Flared Fittings: This is a closer tolerance thxee-pigce 37 deg flare-angle
assembly of the same design configuration as the AN/MS flared fitting. It i$ used by NASA on their
space:[ooster rockets and is controlled by MSFC -SPEC-143, Fitbings, Flarpd Tube, Pressure Con-
nections. The prime intent of this specification is to produce("'Premium Quplity'" aluminum and cor-
rosion{resistant steel fittings by the use of Marshall Space Flight Center sppcifications for control.

Approved sources of supply for these parts may be obtained from George C.| Marshall Space Flight
Center| Huntsville, Alabama.

Standand Ferrule, Braze Flared Fitting: Thisfitting assembly consists of 4 ferrule, nut, and body
fitting 4s shown in Figure 3-1b. It is generally used on engine fluid lines interchangeable with the
standaxd flared fitting assembly. The ferrule is brazed on to the tube end, 4nd when connected to a
standard fitting body, the ferrule creatés'the seal against the cone end of thq fitting in the same manner
as the jlared tube end of the AN/MSflare assembly. However, no flaring of|the tube end is required.
The brgzing is performed in accordance with ARP 573.

The nut|{design is controlled by Drawings MS9197, MS9198 and MS9199. Thel ferrule control drawing is
MS9225; The nut and ferfule assembly can be attached to either fitting end §tandard connections
MS33656 or MS33657 and MS24385 or MS24386, and is used with steel tubing

Universgl Fittings <" Cluster Installation: The Universal Fittings part numbprs MS21932 through
MS2196p may be used in many combinations to permit the joining of a numbey of different size hy-
draulic [lines/at one or more common locations.

The standard sheet MS21931 show i i of the combinations that
may be used; however, the combinations are not necessarily limited to those shown as long as the basic
assembly procedure outlined in the standard is observed.

The fittings are fully qualified and have been used on a number of aircraft. However, since two Q"
rings are required in each body to create a seal between the bolt and the body the use of these type
fittings are limited to 3000 psi pressure and temperatures of -65 F to 160 F.

These fittings may be obtained from most of the aircraft fitting manufacturers, fabricated in either
aluminum alloys or stainless steel.
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3.3.1.1

3.2.2 Standard Flareless Fittings:

MS flareless fitting.

made from the fo

(a) Aluminum al

llowing materials:

loys:

sium dichromate solution giving all the parts a yellow color.

Carbon steel

(®)

alloys:

forging with
used at temp

a chromate cadmium finish.
eratures above 350 F, however.

The three-piece flareless fitting assembly, consisting of fitting body, sleeve,
and nut shown in Figure 3-2a, has been in standard use on most commercial jet transport airplanes and on
some military aircraft. It was originally known as the Ermeto fitting and is now commonly known as the

1t is controlled by specification MIL-F-18280 and the fitting ends by Standards
MS33514 for the regular end and MS33515 for the bulkhead end. Fittings are controlled by MS21900 through

MS21916, MS21923, and MS21924, the nut by MS21921, and the sleeve by MS21922. Fittings and nuts are

2024-T6 or -T851 bar stock, and 2014-T6 forgings anodized and sealed in a potas-

C-1137 or C1141 bar stock and forging, and AISI 4130 and 4140 bar stock and
It should be noted that cadmium plated fittings should not be

Stainless ste

(€)

pls: AISI 304, 316, and 347 bar stock and forgings given a passivatia

In addition,
6A1-4V alloy|

(d

In the flareless f
sealing diameter
which the cutting
lapse of the tubin
can be tolerated

A tube wall of suf
wall thicknesses

shown in Table 3
presetting machis
steel hand preset]

standard steel flqreless fittings can be used.to-a maximum of five times as presetting

than once per fitt
Non-standard fla

Non-Standard Recgd

ndividual companies such as Boeing have standardized flareléss fittiy
of titanium. They are controlled by individual company standard dr3

tting, sealing is obtained by the nut forcing the sleeve into tight cont§
of the fitting body. The sleeve is retained to the tubing by a presetti
edge of the sleeve is swaged onto the tube, cutting into the metal sur]
b wall under the ring cut may be evident. A slight rotation of the sle
ut it should not be possible to move it forward or backward on the tu
ficient thickness to withstand the gripping action of the sleeve is necg
recommended for various tube materials and using standard assembl
2. NAS-1095 specifies recommended fabrication and assembly techi
hes are generally used for production line presetting of flareless slee
Ling tools are available for benchpresetting; and, when such tools ar

ing is recommended.
reless fittings in current use, including special sleeves and nuts are

nnectable Fittings: Reconnectable fittings which have been successf

power systems on
industry, are incly

3.3.1 Non-Standard Fld

pne or mor€)model aircraft, but which have not been standardized by
ded herein.

red-Fittings:

Close Toleran

n treatment.

gs made of the
\wings.

ict with the inside
ng operation during
face. Slight col-
eve on the tubing

be over 1/64 inch.
tssary. The minimun]
y procedures are
piques. Automatic
ves. Hardened tool
e not available,
tools but no more

hoted in Section 3. 3.

illy used in fluid
the government or the

Ce Flared FittingsT At least one aiTframe company, General Dy

Division, uses flared fittings in the same basic configuration as the AN/MS design but with tighter con-
They deviate from the standard in the following major respects:

trol of certain

(a) Fitting co

General Dynamics finish: 32 microinches RHR (same as MS24385 & 6); MS finish:

(b)

General Dynamics finish in area of seal: 32 microinches RHR, remaining surfaces
100 microinches RHR (same as MS24385 & 6); MS33656: total surface 100 microinches RHR

©

tolerances and finishes.

ne and finish

100 microinches RHR max.

Hex sealing face side

Perpendicularity of hex sealing face to thread axis

General Dynamics: 0. 002 TIR; MS33656: 0. 005 TIR up to -10 size, 0.008 TIR

for -12 to

-48 sizes

ics Fort Worth

TN

o~
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AN/MS FLARED FITTING
FIGURE 3-1a =

A

STANDARD FER
BRAZED FLARED
FIGURE 3-

-
-

RULE,
FITTING
Ib

z
1

_

U |
u iR
/J\_J

VOI-SHAN FLARED CONICAL SEAL
FIGURE 3-1c
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MS FLARELESS FITTING
FIGURE 3-2a

Pl il L
OSSNSO NN

[ 27

>
\ |/

WEATHERHEAD MINIATURIZED

FLARELESS FITTING
FIGURE 3-2b

BOEING AND LOCKHEED SWAGED FLARELESS
SLEEVE WITH LIGHTWEIGHT UNION AND NUT
FIGURE 3-2c
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TABLE 3-2

Must be smooth,
Free from scores Bowed
and show no longitudinal Slightly

or circumferential crack MS 21922 Sleeve

T R N

’ e

e, A

Hand (L ~
Minimum Presetting -
I.D Tool —» [
ALUMINUM 6061-T6 CRES 1/8 -<1/% HARD CRES ANNEALED
MIL-7-7081 MIL-<T=6845 MIL-T-8504
Tube O|D. Min. I.D, MinI.D. Min. I.D,
Size After Working After Working After Working

Size Nom Wall PreBetting PSI Wall :Presetting PST Walll Presetting PSI
2 1/8 .020 .060 3000  .016 .070 3000 .020 .060 3000
3 3/16 .028. .095 3000 2018 .10 3000 ,020 115 3000
I 1/ .035 .150 3000 .020 .165 3000 028 .155 3000
5 5/16 .0lg .180 3000 .022 .225 3000 .028 .225 3000
6 3/8 .0l9 .2ko 3000 .025 .290 3000 .035 .270 3000
8 1/2 .065 .330 3000 .028 koo 3000 .0k49 .380 3000
10 5/8 .083 420 3000 .035 485 3000 .058 L5 3000
12 3/ .095 530 3000  .ok2 .610 3000 065 <590 3000
16 1 .065 830 1500 .065 840 1500 .083 .800 1500
20 13 .083.-/1,050 1500 .065 1.080 1500 .065| 1.080 1500
2k 13 095"  1.280 1500 .065 1,330 1500 .065| 1.330 1500
32 2 3156 1.650 1500 .065 1.830 1500 .095) 1.780 - 1500
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3.3.1.2

3.3.1.3

3.3.2 Nonstandard Fl3

Titanium Flared Fittings:

General Dynamics, Fort Worth has also for years used their close toler-
ance flared fittings in titanium alloy. They have been used on both the 350 F, 3000 psi hydraulic system
on the B-58 bomber and on the 275 F, 3000 psi hydraulic system on the F-111 all purpose fighter.

The

6A1-4V alloy, in the annealed condition treated with a fluoride phosphate coating after machining, is
used. Dry film lubricant on the B-nut threads is recommended in order to obtain multiple reconnect
capability without galling.

Voi-Shan(3) Flared Conical Seal: This seal is used with the three-piece 37 deg flare angle assembly as

shown in Figure 3-1c, installed between the inside diameter of the flared tube and the conical face of

either male fitting MS33656 or MS33657.
for use on the Atlas intercontinental ballistic missile high pressure helium systems.

It was developed by General Dynamics Astronautics Division

Frequently, in

laboratory test systems, when minor leakage occurs as-the result of scratches or small inclusions on
either the inside face of the flare or on the conical face of the male fitting, installation of this seal is
used to stop the leakage and prevent replacement of the fitting or tube assembly.

The design o
aluminum all

f this seal is controlled by a Voi-Shan drawing. They are made from
oy, and stainless steel.

ireless Fittings:

3.3.2.1

3.3.2.3

Weatherhead|

4) Miniaturized (ER) Flareless Fitting*: The miniaturized fitting is

configuration
reduced in s
trolled by a

miniaturized
sleeve or a |

Boeing and I

as the standard MS flareless fitting consisting of ‘the fitting body, sl
eries of Weatherhead drawings. Figure 3-2b shows the relative size
configurations. The fittings are made from-titanium. Either the M3

Veatherhead standard sleeve may be used with the miniaturized fitting

ockheed Swaged Flareless Sleeve and' Lightweight Fittings: The Con

Division of T
ment of the
swaged-on li
C-5A and the

The design c
used interch
this design a
trol. The de
tained in the
torquing.

he Boeing Company and The Geergia Division of Lockheed have coope
waged-on sleeve for use with'standard MS flareless fittings.
rhtweight union and nut are\shown in Figure 3-2c. They were intrody
Boeing 747 airplane hydraulic systems.

bncept and connectionhof the fittings are similar to the standard MS £

The fitting c

n-be used with all tubing materials currently in use on commercial

nickel alloy, copper,

Special platings finishes may be applied’if required.

of the same design
beve, and nut, but are

ze and weight while retaining the flareless method of sealing. The fitting designs are con-

of the standard and
21922 flareless steel
s.

imercial Airplane
rated in the develop-

This syaged-on sleeve and a

ced on the Lockheed

areless, and can be

ingeably, in field nepair, with the standard MS flareless. The prime benefits derived from
re: weight saving, reduced size, and a positive stop when joining, eliminating torque con-
sign of the<sleeve is such as to create a more positive engagement on the tubing than ob-
MS sleeve,) greatly reducing the tendency for rotation, loosening, or|failure due to over-

d military aircraft,

including the

Tooling for swaging the sleeve to the tub(-é)may be obtained from Harrison Manufacturing Company(s) and

high strength thin wall tubing.

Haskel Engineering and Supply Company

McDonnell-Douglas Brazed-on Flareless Sleeves: Douglas Aircraft Division of the McDonnell-Douglas

Corporation has implemented brazed piping systems into high production on both military and commer-

cial aircraft.

ponents in service, employ heavy-duty brazed sleeves with light-weight B-nuts.

(3)
)
®)
(6)

The Weatherhead Company, 300 East 131st Street, Cleveland, Ohio 44108.

Voi-Shan Division of VSI, 18249 Euclid Street, Fountain Valley, California.

(Fitting no

Harrison Manufacturing Company, 3020 Empire Avenue, Burbank, California 91504.

* This fitting is no longer available.

The remaining B-nut connections, necessary for removal of equipment and major com-

longer available.)

Haskel Engineering & Supply Company, 100 East Graham Place, Burbank, California 91502.

TN
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(Continued)

This design is similar to the standard MS flareless connection and couples to the MS33514 male fitting
end standard. See Figure 3-2d.

The brazed sleeve provides more cross-sectional, parent material at the sealing end of the sleeve.
The increased strength matches the ruggedness of a hose nipple. The tail of the sleeve is brazed to the
tube support and eliminates moisture entrapment under the sleeve. The reliability of this joint relative
to leakage, is greatly increased since the extra leakage path inherent to other flareless sleeves is
non-existent.

Aequuip(7) Globe Seal Sleeve: Aeroquip also has developed a brazed-on flareless sleeve which is
available in both 21-6-9 stainless steel and 6A1-4V titanium alloy. It is being used (in the 21-6-9 alloy
on the S3A airplane. See Figure 3-2e.

McDONNELL-DOUGLAS BRAZED-ON
SLEEVE FLARELESS FIT'TING
FIGURE 3-2d

AEROQUIP GLOBE SEAL
SLEEVE FLARELESS FITTING
FIGURE 3-2e

MiI-Flo(B) Miniflare Fitting: This fitting, shown in Figure 3-3a, is an aerospace refinement of the
Flodar Corporation(?) Self-Flare Fitting. The three-piece assembly consists of a fitting body with
pressed-in flaring insert, a sleeve similar to the flareless fitting sleeve except with four collet slots on
the skirt away from the sealing end, and nut. It is currently in use on the Sikorsky CH-53 and S-64 heli-
copters and the Hughes Tool Company 369A and LOH helicopters, in Zytel 42 Nylon on nylon tubing, and
was selected by Boeing for use on the X-20 (Dyna-Soar) manned re-entry space vehicle for the hydraulic
system on AM-350 tubing, for the cryogenic hydrogen and oxygen systems on 6061-T6 tubing, and the hy-
drogen peroxide system on AISI 316 tubing.

(M A

eroquip Corporation, Jackson, Michigari 49203

(8)  Mil-Flo, Incorporated, 1900 W. Dorothy Lane, Dayton, Ohio 45439

® F

lodar Corporation, 16919 St. Clair Avenue, Cleveland, Ohio
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3.3.3 (Continued)

The Miniflare fitting sleeve is retained to the tube by its crimping action at the base of a moderate flare in
the tube end. Sealing is accomplished in three stages in series, anyone of which will satisfactorily seal
high and low pressures. The first stage is at the tube flare to body insert (similarly to the flareless fitting)
and the third stage is at the outside edge of the flared tube end where it seats in the fitting body. The collet

slots provide a semi-flexible sleeve end which prevents an abrupt stress concentration at the point of last
support, thereby increasing the resistance of the tubing to fatigue failures resulting from structural de-

flections and/or

vibration.

Portable presetting machines are available from the manufacturer for swaging the sleeves to the tube as-

semblies.

nut together for emergency repair.

They can also be set in place and the tubing properly flared by coupling a standard fitting and

Although as yet
completed upon

3.3.4 Parker(w) Lo-T]

ot standardized, NAS standards were initiated several years ago ang
urther acceptance and use by the aerospace industry.

orque Fitting: This reconnectable tube assembly consists of three ¢

sleeve, and nut
on the RS-70 40
treated to condit

The adapter and
induction brazing
on to the maleth
conical face of tl

to a positive stop.

not required to j
accept the sealin

The design of th{

11
3. 3. Resistoflex( ) I

hown in Figure 3-3b. These fittings were developed by North Amer
0 psi hydraulic system. They were made from AM 355 stainless ste
jon SCT 900 and passivated, and were attached to AM<350 stainless

sleeve are attached to the tube ends by a silver>¢opper lithium brazs
r tool. When joining tube assemblies, the nut;\which is shouldered o

would presumably be

ieces: adapter,
can Aviation for use
el bar stock heat-

gteel tubing.

alloy, using a special
h the sleeve, threads

read of the adapter engaging the conical metal lip seal of the sleeve
be adapter creating the seal.

oin two tube assemblies. Special elbows, tees and cross type fitting
o lip of the sleeve-tube coupling,(are required when a reconnectable

pse fittings are controlled by \Parker drawings.

ynatube Fittings: The fitting assembly is made up of a shoulder (sle

threads onto a
space vehicles,
tems and is bein
early F-14, F-1

The shoulder (sl
joined, creating
shoulder (sleeve
Damage to the s

ale threaded shouldexr(connector) as shown in Figure 3-3c. It is in
rocket motor, @nd‘the General Electric J93 engine primarily in low
evaluated foriuse on high pressure aircraft applications and has be
, B-1, and’L~1011 airplanes.

eve) hias*a diaphragm sealing lip that bears against the connector fa
the.s€al. The sealing force of the diaphragm lip is increased at high

may be attached to the tube by three different processes: roll-swage,

ith the internal female

i
No specific torquing is required smce‘Exe fittings assemble
Some weight saving is attained with this type fitting since a union such as MS21902 is

bodies machined to
threaded joint is used.

eve) and nut which

ise on a number of
pressure fuel sys-

en selected for the

e when the two are
er pressures. The
brazing or welding.

aling surface is con-

trolled by the dlmensmnal design and the fact that the nut and sleeve shoulder against the connector fitting

when fully assembled, preventing further torquing of the nut.

Some weight saving is

attained in this de-

sign over the standard MS flare and flareless fitting. Special elbows, tees and cross type fitting bodies
machined to accept the sealing lip of the sleeve-tube coupling, are also available.

Fitting assemblies sizes -3 through -12 are designed to allow the nut to be loose on the shoulder and can be

slid back on the tube.

Fitting assemblies sizes -16 and larger have the nut locked to

the shoulder. These

designs apply to both the rigid tube assemblies as well as the flex hose fitting assemblies, and are con-

trolled by Resistoflex drawings.

Tooling for attachment of both the swaged and brazed type fittings is

available from the manufacturer or from the Aeroquip Corporation, which is a licensee of Resistoflex for

the manufacture

of the Dynatube fitting.

(10)  Parker Aircraft

(11

Co., 5827 West Century Blvd., Los Angeles, California

Resistoflex Corporation, Roseland, New Jersey 07068
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777 s \ \ %
PARKER LO-TORQUE FITTING )
FIGURE 3-3b
—— 1\_

RESISTOFLEX DYNATUBE FITTING
FIGURE 3-3c
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Aeroquip Universal Boss Fitting: This universal boss fitting is a compact, lightweight method of connect-
ing fluid lines to boss outlets per AND 10050. They may be manufactured from either forgings or using
tubing to which the threaded fittings are brazed, and can be used with either rigid tubing or flex hose.

The boss end of the fitting consists of a hex head male thread which is designed to receive the tubular end
of the elbow. The portion of this tubular end that protrudes beyond the bottom end of the threaded fitting
has circular grooves to which a collar is permanently attached; this creates a seal between the inside diam-
eter of the threaded end and the tube when the fitting is torqued-up in the boss. Prior to final torquing, the
elbow is rotated to the desired position for alignment with the fluid line assembly. A hex jam nut on top of
the male threaded hex is threaded onto the upper portion which locks the fitting to prevent rotation after
assembly. A standard "O" ring boss seal can be used under the hex.

As shown in Figure 3-3d, this fitting has a smaller drop dimension, and permits closer boss spacing since

it eliminates the swing clearance required for the AN833 and AN837 elbows.

both stainless s
ature of -65 F t

The design is cq
aircraft such asg
engines, Lockhe

They are manufactured in

eel and aluminum in sizes -8 through -24, for operating pressures t
b +450 F depending on boss seal design and material.

ntrolled by Aeroquip Corporation and is qualified for use on,both mil
Bell Aircraft Helicopters, UH 1B, ID and IE, General Dynamics F-
ed C-5A, and Boeing Aircraft 720B and others.

This design was developed for Boeing commercial jet

For the DC-10, ‘aluminum alloy fittings with MS33514 tube €
Titanium fittings are used with steel and

3.3.7 Boeing Swivel Ellbow Fitting:
and has replacefl nearly all the bulkhead elbows and banjo fittings\formerly used. As
it has a standargl flareless fitting fixed end(s) and a captive nut.'and a machined globe
swivel and which attaches directly to a straight union fitting¢nhstalled in a standard b
ardized in the fqllowing shapes and is controlled by Boeing standard drawings which
bon steel, stain
reducer; Tee reducer with swivel on run; Tee reducer with swivel on side; and cross

3.3.8 McDonnell-Douglas Metal-Seal Tube-to-Compénent Fittings: This fitting, as shown
sists of a union jor reducer with a standard flared end per MS33656 or a standard flaj
MS33514 on onel|end and a simple straight-threaded end on the other but with a metal
under the torquing hex.
aluminum alloy fposses except hydraulics.
all steel hydraulic lines except dxygen. All bosses are per MS33649. Dimensions g
trolled by Dougllas drawings and several manufacturers are approved.

On the SST progj
was subject to fretting failure during pressure impulse testing.

3.3.9 Boeing Recessefl ‘Boss Seal Fittings: The Boeing approach to reducing boss seal leal
boss seal fitting, as shown on Figure 3-3g, which was infroduced on the 747.
moisture out of the threads.
straight unions, reducers, and expanders, 45 deg elbows, and 90 deg elbows.
been approved.

3.3.10

ess steels, aluminum alloys, and 6Al-4V titanium: 90 deg elbow reducer; 45 deg elbow

ram, Boeéing found that this design, when used on titanium fittings with titanium housings,

b 3000 psi and temper-

itary and commercial
111, General Electric

transport airplanes
shown in Figure 3-3e,
seal fitting on the

bss. It has been stand-]
specify a choice of car-

reducers.

in Figure 3-3f, con-
reless end per

lip seal machined

nds are used on all
hluminum bosses and
r the fittings are con-

tage is the recessed

Rosan(lz)Fluid Port Adapters: These adapters are threaded into special bosses and installed by torqu-

ing to a range of predetermined values and then secured by means of a serrated lock ring pressed into
a serrated counterbore broached into the face of the housing boss as shown in Fig. 3-3h. Sealing is

metal-to-metal

They have been selected for the B-1, F-14, F-15, YF-17, P-600, and S-3A aircraft and the UTTAS
helicopter. Design and installation are controlled by AS 1299, AS 1300, and AS 1301.

backed up by a standard AS 568 Class I O-ring.

(12)

Rosan, Inc., 2901 West Coast Highway, Newport Beach, California 92663

The boss end has a groove
for a standard diametral-seal O-ring and backup ring, and a boss seal O-ring is used under the hex to keep
Dimensions are controlled by Boeing drawings which have been made for
Several manufacturers have

R
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3.3.11 Wiggins (13) Suction Line Fitting: This is an adaptation of a fuel system line connector to low pressure

hydraulic applications. The design shown in Figure 3-3i illustrates a Wiggins half connector connected

to a male adapter for connection to a standard boss. The connection consists of a machined ferrule
swaged to the tube, an O-ring and two metal washers on the ferrule, a spacer ring, and coupling nut which
is torqued hand tight to the adapter.

The Georgia Division of Lockheed has standardized this connector in several fitting body shapes for use
in the hydraulic pump suction lines on the C-5A.

3
1 1]
OE J ==
\AN833 _
(dOtted outline) —~ Retaining Wire
|~ Swivel Nut
L_ ' ! L ‘ Boss Seal
e O-Ring
N
AEROQUIP UNIVERSAL BOSS FITTING BOEING SWIVEL ELBOW FITTING
AND AN FITTING COMPARISON CONNECTED TO STANDARD UNION
FIGURE 3-3d IN MS33649 B(SS

FIGURE 3-3e

- E. B. Wiggins, Inc., 5000 Triggs Street, Los Angeles, California 90022
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NAS1410 Nut —[ |t

Integral Metal
Lip Seal

McDONNELL-DOUGLAS METAL SEAL
TUBE-TO-COMPONENT FITTING
FIGURE 3-3f

-

Boss Seal O-Ring i H
Backup Ring

O-Ring

BOEING 90° ADAPTER FITTING
INSTALLED IN RECESSED SEAL BOSS
FIGURE 3-3g

Lockring

J§ ==
4

' O-ring

ROSAN FLUID PORT ADAPTER
FIGURE 3-3h

WIGGINS SUCTION LINE FITTING
FIGURE 3-3i

™
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3.4 Permanent Joints: There is an increasing desire within the industry to reduce the number of leak points in

3-19 ARP 9

the airborne fluid power systems, especially in those aircraft with larger complex systems. An obvious
means to this end is to reduce the number of reconnectable fittings in the transmission lines by the use of
permanent joints in as many places as possible, i.e., except at removable components and structural pro-
duction breakpoints. Four major types have been seriously considered, i.e. brazed joints, welded joints,
swaged joints, and heat shrunk joints. Several forms of brazed joints have been developed and are in
service on experimental and production airplanes and space vehicles.

3.4.1 Brazed Joints:

3.4.1.1

3.4.1.2

3.4.1.3

North American Induction Brazed Joint: North American Aviation developed a brazed joint system for
the 450 F, 4000 psi, RS-70 aircraft hydraulic system utilizing both induction and furnace brazing. Thel
North American brazed joint consists of a union (sleeve) tapered at both ends and containing two silver
copper lithium braze alloy preformed rings as shown in Ficure 3-4a The AM-350 tube ends are

sized fo a close diametral tolerance to ensure a close fit in the sleeve and.positive capillary flow of the
braze(alloy. An electrical induction coil is assembled in a tool which-holdsg the union and tube ends in
proper alignment during the brazing operation. After inserting the two tube| ends an equidistance into
the unjon, argon gas is allowed to flow through the brazing tool and)betweer] the union and tube to purge
the braze area before heat is applied to create the braze joint. ~After brazipg, the joint has a structur-
al strgngth equal to or greater than the unbrazed area of the(tubing. The de¢sign is controlled by North
American drawings. The union is made from stainless stée) AM 355 bar sfock and passivated.

North American Furnace Brazed Joint: The furnace‘brazed joint was usefl in two types of joint as-
semblies: tube to manifold and tube to tube. The tube to manifold consistefl of either a straight or
bent tybe inserted in a female port boss in a fluid manifold or valve plate per Figure 3-4b using a
nickel [braze alloy preformed ring.

The tube to tube joint consists of a union and two preformed rings.

Use of the manifold or valve plate pétmits the attachment of hydraulic valves and components to a
single pr cluster of fixed hydraulic lines, and allows removal and replacement of the components
withouf disturbing the line assemblies and installation.

The hyfraulic lines were fabricated from annealed AM-350 stainless steel tubing. Proper heat-treat-
ment of the tubing and theyAM 355 manifold material is attained as a part of|the furnace braze opera-
tion. $ince the tubing\is in the annealed condition before brazing, smaller Hend radii may be used
when bending the tbing and the union may be installed much closer to the bdnd as the result of not
requiripg a specific’ length of straight tubing either side of the union for atta Ching the induction brazing
tool. Therefore; the tube to tube furnace brazed line assemblies generally require less installation
space thaniothér tube and fittings.

The unions and manifold were made from AM 355 bar stock passivated after machining. Other stain-
less steels may be used for the manifold; however, care should be taken to ensure they are fully com-
patible with the tubing when furnace brazed.

Deutsch Pyrobraze Joint:  The union (sleeve) used to form this permanent joint was similar to the
North American induction brazed union in that it was a sleeve with reduced wall thickness at each end
and containing two preformed braze alloy rings as shown in Figure 3-4c. The union was packaged in
an exothermic material with two small electrical wires protruding from the package.

To perform the braze, the tube ends were inserted equidistances into the package. The exothermic
material was ignited by connecting the two wires to a small 9 volt battery, the heat generated by the
exothermic reaction melting the eutectic type braze alloy. Prior to and during the brazing operation,

a flow of argon gas was passed through the tubes to purge the braze area to prevent the forming of
oxides.
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3.4.1.3

3.4.1.4

3.4.1.5

(Continued)

A number of these joints were used on the North American RS-70, 4000 psi, 450 F hydraulic system with
AM-350 stainless steel tubing. However, due to lack of additional interest and concern about an uncon-
trolled pyrotechnic reaction, further promotion of this fitting has been discontinued.

Aeroquip Space-Craft Brazed Joint: The Aeroquip induction brazed joint consists of a close tolerance
tubular union (sleeve) with two formed ring cavities, containing the preformed braze alloy rings, see
Figure 3-4d. After inserting the two tube ends into the union, the joint is brazed by attaching a portable
plier-type induction brazing tool to the joint and applying the heat by means of the induction coil in the
tool. Inert gas piped into the head of the tool provides an inert atmosphere around the joint during braz-
ing to prevent forming of oxides that could contaminate the braze.

This process can also be used to join the tubing to special tubular tee's and elbows. The ends of the

fittingsconta‘ 8 o ra 34z & aRe—a+e the—tube1s1nse gd-1o

Considerable
fitting. In-pl
air vehicle.
inherent in th

weight and space saving is attained with this joint compared to the~AN
hce brazing can be performed which permits the installation and repl:
The reliability of this joint relative to leakage, is greatly increased 3
b flared or flareless joints do not exist.

The joints maly be made using most any of the 300 series and 21-6<9 stainless stee|

tubing. They
vehicles.

All fabricatio

Linair (14) P

have been used on Gemini, LEM, Agena, Lunar\Orbiter, ATA, S3A,

h, assembly and installation tooling may be obtained from the Aeroq

Foduction - Brazed Tube Fittings: Thé Linair brazed fittings were

tached by usi
hand-held too|

Douglas for i{;iuction brazing to various types of stainless steel and titanium tubi

There are tw
unions, redud

as, the detachable fittings of the same type have a standard male thread or "B'" nuf

the attachmen

These fittings
inside the fitt
tube, incorpo
cavity is purg

a multiple cavity bench tool orfor in-place brazing inside a vehicl
can be used.

ers, elbows, tees anderosses that are permanently attached to the t

t and removal.of-a component or another line assembly. See Figure

are supptiéd pre-cleaned, with brazing material in the form of a rin

- brazing.

[ and MS type of
icement of lines in the
ince the leakage paths

Is as well as titanium
Concorde, and F-14

ip Corporation.

signed by McDonnell-
They may be at-
b a portable powered

b general types of fittings: permanent and detachable. The permanent fittings consist of

hibe assembly; where-
on one end to permit
3-4e.

o installed in a cavity

ing. The brazing tool, which is clamped around the area of the fitting to be brazed to the

ratesid metal plate induction coil and a tube chill block, both water-g

joint is deter

ed with a flow of inert gas prior and during the braze operation. An

nined by a visible fillet of allay on the tube at the end of the fitting. |

ooled. The heating
acceptable brazed

Multi-cavity, induction brazing tools were designed to braze 10 joints at a time. These include posi-
tionable tee and elbow assemblies. They can be racked and indexed to a working master part which

totally eliminates the need for individual holding fixtures in production.

Fittings are of CRES, 304-L material, and accommodate tube sizes from 3/16 O.D. through 1-1/4 0.D.
When high strength CRES 21-6-9 tubing is used to save weight, gold-nickel preformed brazing rings are
used as the brazing alloy. 3000 psi pressure lines range through the 1 in. O.D. size, and return lines
range through the 1-1/4 O.D. sizes.

Fitting types can be provided which directly replace detachable flared or flareless connections and meet
all the applicable requirements of MIL-F-18280C. The fittings are currently being used on the
A-4, DC-10, and the S-3A.

14)

Linair Engineering, 651 West Knox Street, Gardena, California 90247
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Braze Ring (2)
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AEROQUIP SPACECRAFT BRAZED JOINT

FIGURE 3-4d

Braze Ring (2)

Sl T 7 7 Bl

\ VATAYA AN

l

)

\ E\\— =

L A

LINAIR PRODUCTION-BRAZED TUBE FITTING

FIGURE 3-4e
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3.4.1.5 (Continued)

The design of these fittings is controlled by Linair Engineering drawings conforming to the McDonnell-
Douglas design specification drawings and are made from either carbon steel alloys or stainless steel
material. A variety of materials is available for the prepositioned braze ring.

3.4.2  Welded Joints: Machine welding by the tungsten inert gas (TIG) method is used to join basic aircraft
structure and similar techniques can be used for hydraulic tubing. The development of portable welding
tools, power supplies, instrumentation, and procedures for in-place welding of tubes in an airplane sys-
tem has proceeded to the point where acceptable butt welds can be repeatedly made with the standard
AISI 304, AM-350, and the 21-6-9 stainless steels and the titanium alloys of interest, i.e. 6Al1-4V and
3Al-2.5V. The joint designs considered most promising are shown in Figure 3-5 and are described
below.

3.4.2.1 Square Butt Weld Joint: The square butt weld (Figure 3-5a), wherein the tube ends are butted together
and weldled in one pass without filler material, is the simplest and lightést weld joint design and lends
itself begst to radiographic inspection. Since the tube interface is visible to the operator, initial align-
ment of [the welding tool is relatively easy. With proper end fitup; 100% weld penetration is more sure
than with sleeve-type joints since only one thickness of materialthust be pengtrated. Tests of well-
aligned putt welds have been eminently successful and have proven as strong as the tube itself in most
of the pressure impulse and flexure fatigue tests. Its primary disadvantage ils that very little end
gapping fcan be tolerated. Clamping devices will be necessary to hold tubes ip alignment to guarantee
good in-place welds. If an acceptable arrangement is'not developed, butt welding may be limited to
bench agsembly operations.

3.4.2.2 Flare-Bvel Butt Weld Joint: A flare-bevel butt Joint (Figure 3-5b), wherein one tube end is flared
to accep} the beveled end of the adjoining tuble, has been evaluated to determine its ability to withstand
angular misalignment but it too is subject.to imperfect joints unless carefully|aligned.

3.4.2.3 Butt Weld with Insert: The butt weldwith insert (Figure 3-5c), wherein the two tube ends are joined
with a sleeve insert, serves to alignithe tube ends and provide filler material|during the weld process
which is|made in one pass. It was selected for the Boeing SST prototype for Use with titanium tubing.

3.4.2.4 Bellmouth Welded Joint: <The Georgia Division of Lockheed has developed a Hellmouth welded joint
(Figure 3-5d), wherein éne’end of the tube is expanded sufficiently to accept the unexpanded end of the
mating tybe, which is being used with AM-350 tubing on the C-5A airplane.

3.4.2.5 Double Melt Through Welded Joint: The Georgia Division of Lockheed uses tis joint (Figure 3-5e),
with AM 1350 tubing on the C-5A in locations wherein it is impossible to insertla tube into a bellmouth
joint. This-joint is also used on the Spartan missile hydraulic system.

3.4.2.6 Weatherhead-Swaged-Steeve-WetdJotmt—This joint (kigure 3-51) utilizes separate swaged-on supporting]
sleeves at the end of each tube which are joined together by a single butt weld. The sleeves are pre-
swaged on the tubing, offering support for flexure as well as for burst pressure. This design is used
to join 21Cr-6Ni-9Mn stainless steel tubing on the Boeing 747 airplane.

3.4.2.7 'T" Ring Weld: This is essentially a butt weld utilizing a "T" ring as filler metal during the welding
process (Figure 3-5g), Lockheed-California Company uses this weld exclusively for 21-6-9 tubing on
the L-1011.

3.4.3 Swaged Joints: Two swaged type permanent joints developed for aircraft use are worthy of note.
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3.4.3.1

3.4.3.2

3.4.3.3

Boeing H Fitting:

slide, and back-off nut.

It is designed to be either permanent or reconnectable.

This fitting, as shown in Figure 3-6a, is composed of three basic parts: sleeve,

The sleeve is so de-

signed to receive a tube assembly at each end that is inserted equidistance into the sleeve against a stop,

the center portion of the outside diameter is threaded to accommodate the back-off nut.

A series of

sharp-edged circumferential grooves are machined inside of each end of the sleeve that bite into the
tubing, creating the attachment and seal between tube and sleeve, when the two slides with tapered bores

are forced over the sleeve ends.
forcing it off its tapered bore.

To disconnect the fittings, the back-off nut is turned against the slide,
This permits removal of the tube from the sleeve.

The fitting materials

can be 7075-T6 aluminum, 303-1/4 hard or AM 355 stainless steel, and used on tubing materials,
6061 T-6 aluminum, 304-1/8 hard or AM-350 stainless steel.

The assembly tools for assembling the joint can be powered by either pneumatic or hydraulic actuators.
Both the assembly tools and the fitting designs were developed by The Boeing Company. The Parker
Aircraft Company has been granted a license to market the H fitting.

Although no
inch size h4
pressure hy

In 1971, thd
slides and 4
-10 (1/4 thy
of both 304 -

McDonnell -

t yet installed on any production airplanes, approximately 40 H fitting
ve been flying on each of two United Airline's Boeing 720 airplanes w|
draulic system since approximately 1963.

fitting was redesigned as shown in Figure 3-6b, incorpordting a wre
nut which spans the coupling. This has met all of Boeing's requiren
ough 5/8 inch tube diameter) sizes and is approve@/ag a repair fitting
1/8 hard and 21-6-9 material.

Douglas Permaswage Fitting: The McDonnell/swaging method was de

permanent j}
joining met}
power sour
hydraulic h:
Verification
union O.D.

Two styles
is shown in
cavity is sh|
1/2 inch to
slotted attac

The swaged
CRES 21-6-
suction line

s of 3/8, 1/2 and 5/8
ithout failure in the high

nching hex on one of the
lents in the -4 through
for high pressure line

yeloped to provide a

oint which was unencumbered by the cleanliness and quality control ¢
lods (Figure 3-6¢). Swaging can permanently couple a wet or a dry li
e is universally available.

of joint integrity is by visually checking the tube insertion marks an
with a "GO'" - "NO-GO" (tuhing fork) tool.

bf run-unions are used; (1) dual swaged unions and (2) brazed to swag
Figure 3-6¢c. The,union lengths and swage tool are identical for eithg

1-1/2 inch depending on the tube size. This installation adjustment fq
thment brackets for line clamps, is provided to eliminate the piping f

run-unions accommodate line sizes for 1/4 O.D. through 1-1/2 O.D.
9 through the 1-1/4 O. D. size range. Dual-swaged alum-alloy union
5 (C-Adjacent lines may touch or gap 1/4 in. when dual swaged unions

bnstraints of the other
e in-place and the

The split-type hand swaging tool may be powered from (1) a
Ind pump or service cart, or (2) Shop air hose, through a self-contained hydraulic booster.

gaging the swaged

red unions. The former
r style but the brazing

brter than the swaged cavity. The adjacent tube may bottom in the fifting bore or gap from

ature, combined with
t and preload problems.

tubing. All unions are
5 are used on pump
hre employed.

Swaging tools and unions may be obtained from Deutsch Metal Components Division

signs are controlled by McDonnell design standard drawings.

Raychem

(16

)

The material is expanded and stored at liquid

19 " The fitting de-

Cryofit Tube Fitting: The Cryofit tube fitting (Figure 3-6d) concept is based on a heat
shrinkage Nickel-Titanium alloy.

nitrogen temperatures.

After the fitting is installed and permitted to warm up through the transformation temperature, it re-

covers or contracts the tubing with high recovery force.

The process is partially reversible to permit

the removal of fitting from the tubing. Additional information may be obtained from The Raychem
Corporation.

(15)
(16)

Deutsch Metal Components Division, 14800 S. Figueroa St., Los Angeles, California 90061
Raychem Corporation, 300 Constitution Drive, Menlo Park, California 94025

. \


https://saenorm.com/api/?name=717aa3df58028742a6d01a97c3ae2700

3-25

ARP

994

Before Welding

? | V4 VAV AVAR LN N

)

Z

\

SQUARE-BUTT WELDED JOINT

FIGURE 3-5a
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3.5 Self-Sealing Disconnect Coupling: The self-sealing disconnect coupling applications include three classifica-
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tions: ground support equipment, air vehicles and space vehicles. There are different types and they are
referred to as:

a.

The prime function of the self-sealing coupling is to join or disconnect two fluid (rigid or flex) lines without
the loss of fluid or the inclusion of air into the system. It also seals both diseonnected lines so that system
pressure may He applied.

MIL-C-25427, [Coupling Assembly, Hydraulic, Self-Sealing Quick Disc¢onnect, covers the detail requirements
for the standar couplings, for use in Type I and Type II hydraulie<systems. The defsign configurations are

controlled by M|S24333 Coupling Assembly, Flared Fitting to Internal Thread Boss, MS24334 Coupling Assem -
bly, Flareless Fitting to Internal Thread Boss and MS24335 Elange, Bulkhead Mountfng, Coupling. The coup-

lings may be made from any material that is compatible with the tubing material and|system requirement for
the specific application.

Manufacturers ¢f all qualified and approved standard(quick-disconnect couplings are [listed in QPL-25427, of
the latest date. | AIR 1047A is a good guide for the ‘selection of quick-disconnect couplings.

When using self rsealing couplings, great carelshould be taken to ensure they are posiftively joined and will not
inadvertently digconnect in service. This is-especially true in return lines since a b ocked return line can
cause a hydraulic block in an actuation system which cannot be overcome by a redundant actuator. This has
caused loss of afrcraft and should be avoided wherever possible. If self-sealing couplings must be used in
return lines, grgat care should be made, such as by the use of lockwire, to ensure tHat they will not uncouple

in

3.6 Housing Fluid Fitting Bosses:

Push-pull, which requires axial motion to connect and generally requires a rotational motion to lock
or unlock.

Threaded, have either a fast lead (multiple) thread for fast connection and disconnection with minimum
turns or, standard (straight) thread for connection and disconnection.

Rack and panel, consisting of one or more separate coupling halves installed on a rack or panel.

Remotely actuated, these are capable of connection and disconnection by other than direct manual
means but also may include manual actuation provisions

service.

3.6.1

c. Use of the O-ring gasket approved for the fluid used.

Bosses per AND 10050% Aircraft fluid power system components in both commerclial airplanes and
military aircfaft aid missiles have, for many years, used internal straight-thread bosses per AND10050,
and said boss|ié-still called out in many component specifications., It has heen ent rely satisfactory in com-
ponents where pressures have not exceeded 2000 psi. However, in higher pressure systems where surge

pressures approach or exceed 4000 psi, care must be taken in the installation of all O-ring gaskets and
fittings in order to prevent fluid leakage.

It has been found that if an extrusion gap of any magnitude exceeding 0. 002 develops between the underside
of the wrenching hex on the fitting and the mating surface face of the boss, that O-ring extrusion will take
place under pressure surges. Upon reduction of pressure, the extruded portion of the O-ring is trapped
and cut between the faces of the joint. Repetition of this action eventually causes O-ring failure.

Three procedures which help to minimize this problem are:

a. Use of a slip-on protective thimble over the fitting threads as shown in Figure 3-7, when
installing the gasket O-ring to protect it from being cut on the sharp edges.

b.  Use of a torque wrench to ensure the fittings are installed to the full recommended torques as listed
in Table 3-3. This will ensure that there will be no working of the fitting within the thread clearance.
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3.6.1

3.6.2

3.6.3

3.6.4

3.6.5

(Continued)

Another point of caution is to ensure the boss has sufficient strength to withstand deformation and failure
due to pressure and deflection loads. Aluminum alloy bosses are susceptible to bell-mouthing and crack-

ing under prolonged pressure impulsing, especially in the larger sizes.

Careful str

ess analysis and test-

ing under realistic pressure and temperature conditions is required to ensure a satisfactory design. One
method of strengthening a fitting boss in alightweight design is to leave a larger reinforcing ring of mate-

rial around the

opening in a raised boss as shown in Figure 3-8.

Bosses per MS33649: In anattempt to reduce the possibility of having a seal extrusion gapbetweenthe fitting

and housing, this standard was released (1966) with closer control of the squareness of the threads to the
spotface surface where the fitting seats on the housing. In addition, the new Standard specifies somewhat

deeper threads and tap drill holes (as shown in Table 3-4).

The purpose of this change was to prevent

fittings from bottoming at the bottom of the hole ratherthan at the face of the housing (under the hex). Cal-

culations show that, with adverse tolerances, a bulkhead fitting with an MS33657 end

AND10050 boss
responsible for

While the chang
previously desig
or break throug
AND10049 and A
detrimentally wi
only ensure that
its tooling to thg

Bosses per SAH

per the instructions given in AND10064, will bottom in the hole angd’t
many of the leaks encountered.

ned. The deeper threads and tap drill holes can result in’ inadequate
h into an adjacent fluid passage. Therefore, althoughjthe new Standa
bakened by the deeper holes. If it is found that.such is the case, car
the old standard is called out on the drawings\but to verify that the

new Standard.

AS 757: This Standard was released;(in 1963) to provide a boss whi

bility for interfe
with higher qual
spotface square
and pinching hay
seen fit to adopt
however, and ty
with an anti-O-3

Boeing Recesse

rence fit and pinching of the O-ring\in tightening. It is similar to M
ity threads (Class 3 rather than 2), better finish on the sealing surfa
hess with the threads, larger\épotface, and deeper threads. Howeve
e not been established as a‘service problem, neither the military no
this Standard and it has belen cancelled due to this lack of usage. It
ro companion Standards as well: AS 756 specifying end dimensions fg
Fing extrusion washer, and AS 758 for installation instructions.

i Boss: This design, for use with the diametral-sealed fitting shown

first developed
vehicle. It was
true dual-seal d
function if the o
sizes) use of thi

in 1961 for<ise in hydraulic components on the X-20A (Dyna-Soar) m3
later adopted by the Commercial Airplane Division for use on the 74
onfigurdation in that either the lower (diametral) O-ring or the upper

stdesign does introduce a weight penalty. However, for a large com

installed in an
his was considered

e has overcome the foregoing problem, it has also imposed a new on¢ for some components

wall thicknesses and/
rd supersedes

must be taken to not
hop has not converted

ND10050, care should be taken when making new parts to an existin}design that it is not

516142 (Ships) except
re, closer control of
r, since interference
r the industry have
remains available,
r universal fittings

in Figure 3-3g, was
inned re-entry space
7 airplane. This is a
asket) O-ring will

Lher-has been damaged or has failed. Due to the deeper hole required|(0.25t00.31in most

ercial airplane with

fully powered fl

ight controls with no manual reversion provisions, the reliability gain was deemed worth the

weight penalty. Airline experience has shown the design to be an improvement over the AND10050 boss.

Dimensions are

SAE AS 685 Boss:

controlled by a Boeing standard drawing.

propulsion system components.

See AS 686 for mating parts.

This is a bolted-flange piloted-seal boss prepared by SAE Committee E-21 for use on

ch eliminates the possi-
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TABLE 3-3
INSTALLATION TORQUE FOR BOSS FITTINGS

TUBING FITTING WRENCH TORQUE: IN-LB + 5%
0.D. SIZE FOR STEEL FOR ALUMINUM
INCH DASH NO. OR TITANIUM FITTINGS

1/4 -4 140 110
5/16 -5 190 : 140
3/8 -6 270 170
1/2 -8 500 280
5/8 -10 700 360
3/4 -12 900 450
1. =16 3266 750
1-1/4% -20 1600 900
1-1/% -24 2000 900
MS336L9 ANDY0050

N

WY
\

- w —P
[

!

A chafpge from AND10050 to MS33649 in old components could result in inadequate wall
thickness or breakthrough into the passage.

SNN
AR SAR

N

Ay //

- - CL Passage

TABLE 3-4
COMPARISON OF AND10050 and MS33649
FITTING BOSS DEPTHS

MS33649 AND10p50

Borin J min B min J min
-3 0.538 0.583 0.406 0.500
-4 0.568 0.656 0.438 0.594
-5 0.568 0.656 0.438 0.594
-6 0.598 0.709 0.469 0.594
-8 0.714 0.834 0.562 0.718
-10 0.802 0.930 0.625 0.781
-12 0.877 1.064 0.688 0.906
-16 0.877 1.064 0.688 0.938
=20 0.877 1..16 0.688 0.984



https://saenorm.com/api/?name=717aa3df58028742a6d01a97c3ae2700

ARP

994

3-32

\

#___‘____‘_,——f””/’///

USE OF PROTECTIVE THIMBLE TO PROTECT O-RING WHEN
INSTALLING OVER FITTING THREADS.

O

Flgure 3-7

—

R —

7

1

REINFORCED RA|SED BOSS

Figure 3-8



https://saenorm.com/api/?name=717aa3df58028742a6d01a97c3ae2700

4-1 ARP 994

LINE SIZING

The choice of system line sizes is usually based on trade studies which balance energy loss against cost and
weight. Large diameter tubing will conduct the fluid with lower pressure loss than smaller sizes, but will
weigh more, be harder to bend, flare, swage, weld, or braze and will cost more.

CONTENTS

Basic Requirements and Rules of Thumb

.1 Fluid Velocity Limitation

.2 Pressure Drop Balance

.3 Pressure furge Limits

Minimum Fyll-Performance Design Temperatures
.1 Minimum Qperating Temperatures for Sizing Lines for Military Aireraft
.1.1 Pump Sudtion Lines |
-1.2 Landing (tear Retraction Systems (Air Force)
-1.3 Flight Coptrol Systems (Air Force)
-1.4 Flap Actyation Systems (Air Force)

-2 Minimum (perating Temperatures for Sizing Lines for Commercial Transport Airplanes
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4.1 Basic Requirements and Rules of Thumb:

4.1.1 Fluid Velocity Limitation: A historical rule of thumb is to size the tubing for an average flow velocity of
15 feet per second. Table 4-1 indicates the average rate of flow for tube size between 1/4 in. and 1-1/2
in. OD, based on a maximum wall thickness of standard aluminum-alloy tube conforming to Standard
AND10106, for laminar flow. It is lifted directly from MIL-H-5440 where it has been included in the
original issue and all subsequent revisions through Revision D which included the following statement:

"3.5.7 Fluid velocity limitations. It is desired that tube sizes be such that the average velocity of oil in
pressure and return lines leading to the directional. control valves shall not be in excess of approximately
15 feet per second, except where system analysis shows that proper functioning can be achieved even
though the rate be higher. The velocity of flow in the suction lines shall be governed by the pressure re-
quirements for suction lines, as specified herein."

TABLE 4-1

Maximum Laminar Flow for Nominal Tube Sizes

MIL-H-5606B or Phosphate Ester at 100 F

Tube Dash No. Tube O.D. Flow - GPM

-4 1/4 1.2
-5 5/16 2.3
-6 3/8 3.5
-8 1/2 6.0
-10 5/8 10.5
-12 3/4 16.0
-16 1 29.0
-20 1-1/4 45.0
-24 1-1/2 70.0

However, it shquld be noted that in MIL-H-5440E such reference to the 15 fps velocity and the table have
both been deletdd in favor of the following:

""3.5.7 Fluid vlelocity limitatiens - Tubing size and maximum fluid velocity for each system shall be
determined congidering, butnot limited to, the following:

(a) Allowable gressure-drop at minimum required operating temperatures.
(b) Pressure shrges‘caused by high fluid velocity and fast response valves.
(c) Back pressureyin return lines, as it may affect brakes and pump case drain line§.

(d) Pump inlet pressure, a5 affected by tong suction Hines, and 7 high Tesponse rate vari-

able volume pump. Consideration should be given to both pressure surges and cavitation."

The following subparagraph from MIL-H-5440E is also pertinent to the line sizing analysis:

"3.5.7.1 Fluid flow effects - The systems shall be so designed that malfunctioning of any unit or
subsystem shall not occur because of reduced flow, such as created by single-pump operation of a multi-
pump system, or reduced engine speed of a single-pump system. The system shall also be so designed
that increased flow will not adversely affect the proper functioning of any unit or subsystems, such as
increased flow rate caused by accumulator operation, or units affected by air load operation. "

It is a matter of record that a number of high-flow systems in recent aircraft have been designed with
lines resulting in fluid velocities of 25 - 30 fps and even higher in order to avoid excessive weight penal-
ties.
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Pressure Drop Balance: A second rule of thumb that has been commonly used for initial sizing of hydraulic
system lines is to allow 1/3 of the available working pressure (1000 psi in a 3000 psi system) for tubing
pressure drop at the minimum full-performance design temperature, and size actuators (and valves) to
meet the maximum-rate force requirements with the remaining 2/3 pressure available.

In a complex system with a number of load combinations, many of which peak at different portions of the
flight regime and thus at different minimum fluid temperatures, the task of choosing line sizes is often
tedious and time consuming. Selecting tube diameters that will produce a desired pressure differential
available for given loads is relatively simple; but, selecting line sizes that produce the lightest system
(while still satisfying the pressure requirements at the loads) requires a high degree of experience. As
the number of lines in a system increases, the problem of minimizing the system weight becomes quite
formidable.

In order to simplify the work, computer programs have been devised and used to give a greater degree of
optimizatiop than is feasible to obtain by hand calculations. It is even possible.tp let the pressure differ-
ential acrogs the actuators be a variable in the solution and obtain a truly minimpm-weight system for

lines and a¢tuators. This approach can produce a worthwhile weight reduction iy a high-flow system with
long lines where an increase in allowable tubing pressure drop can provide more| weight saving than needs
to be added|for the slightly larger actuator sizes.

Pressure Sprge Limits: Pressure surges result from eitherthe rapid release off stored energy into a
line or actyating cylinder or from the abrupt closure of a valve from a high-flow|condition. In the latter
case, the magnitude of the pressure rise is adirect function of the original fluid velocity, i.e. for rigid pipes;

Pressure rise A P=V /B x‘g- psi

where V = original fluidvelocity in. /sec
B = fluid bulk'modulus psi
w = fluid’density lb/in. 3
. 2 )
g (=386 in./sec

For MIL=H-5606 fluid at 100F, with the following physical characteribtics:

= 270,000 psi with all entrained gas removed

B . -
|~ = 200,000 psiin a typical syste
w = 0.845 specific gravity = 0. 0305 1b/in. 3
AP = 4.0V psi pressure rise

For military aircraft, MIL-H-5440 specifies that ""peak pressure (ripple or surge)
resulting from any phase of the system operation shall not exceed 135 percent of the
main system, subsystem, or return system operating pressure when measured with
electronic equipment, or equivalent.' In a 3000 psi system, the surge peak should
not exceed 4050 psi.

Therefore, for flow velocities above 262 in./sec (22 ft/sec), valve closing times
must be limited to values greater than 2.£/C seconds where £ = length of pressure line
from pump to valve and C = the speed (of sound) at which the fluid pressure wave will
travel along the oil filled tube. '

C= /vT/BE | \
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4.1.3 (Continued)

T =

For MIL-H-5606 at 100 F and 3000 psi

200,000

0305/386 ~ 50, 000 in. /sec

.. [EE

For a 20 ft pressure line, valve closing time must be greater than 0. 0096 seconds.

For high flow velocity conditions, the required valve closure time, T, can be calculated from
the following equation:

AP

L p x Tr
a

where Ap
Ap
a

Tr|

For commerci
Volume III, Ty
not exceed 125

4.2 Minimum Full-J

the rise in pressure due to instantaneous valve closure

allowable pressure rise

time for a return trip of the pressure wave from the pump

R/c

h] transport airplanes, an even more stringent surge pressure limit
percent of the design operating pressure.

erformance Design Temperatures: As indicated previously, one of {

siderations in dg
The latter is oft|

a specified low §
can be consider
be met. Trade
up equipment an
applicable requi
craft are as foll

4.2.1 Minimum Opex

esigning tubing is in meeting theallowable pressure drop at minimum|
en specified directly in the airplane performance specification or ind

specified time in which a military aircraft' must be ready for takeoff following an aler

tmbient temperature. In the latter case, various means of warming
bd in determining the.fluid temperature at the flight condition where f
studies of all possible methods are required to arrive at the optimum
1 tube sizes which/result in the minimum (or acceptable) weight and ¢
rements specified for military aircraft systems, and typical practice|
bWS :

ating{Temperature for Sizing Lines for Military Aircraft:

Lines: The following requirements for suction lines are quoted dir

ansmittal 1, Amendment 25-23, Effective5-8-70, specifies that transient pressures will

s imposed. FAR 25,

the primary con-
operating temperature]
rectly in terms of a

t during cold soak at

p the system fluid

11 performance must
combination of warm-
ost penalties. The

s for commercial air-

4.2.1.1 Pump Suctio

pctly from

MIL-H-5440:

3.10.29.9.1

sea level.

the aircraft.

'"3.10.29.9 Suction line. -

Suction line flow. - The suction line from the reservoir to the power

be so designed as to provide adequate flow and pressure at the pump inlets, with the power pump or
pumps operating at the maximum fluid volume output required at the service ceiling of the aircraft, and
with the hydraulic fluid at the expected stabilized temperature, but this stabilized fluid temperature shall
be not warmer than -20 F, unless provisions are incorporated to control the fluid temperature.
regard may be given to selecting an altitude less than service ceiling for any system in which the pump
does not operate during "in flight'" conditions, but this altitude shall be not less than 10, 000 feet above
Test data and analysis shall be furnished for the approval of the procuring activity, showing
that satisfactory service life of the pump or pumps will be indicated under all operating conditions of
This information shall be included in the system design report (see 3.4.1.10).

pump or pumps shall

Due

-,
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3.10.29.9.2 Suction line, cold starting. - Unless otherwise specified by the procuring activity,

during cold starting on the ground at all ambient air temperatures down to -65 F, the above conditions
of suction-line pressure drop shall not apply until stabilized fluid operating temperatures have been

obtained.

3.10.29.9.3 Suction-line filters. - Filters shall not be installed in the suction line to power-driven

pumps, unless such a location for the filter is specifically approved by the procuring activity. If a
suction-line filter is contemplated, complete test data shall be submitted showing that the pressure
drop through the filter will not interfere with the operation of the hydraulic system, particularly at

high altitudes.

Suitable relief valves shall be provided in the filter.

Landing Gear Retraction Systems (Air Force): The following requirement js taken from the AFSC

Design| Handbook 2-1 Airframe, Design Note 4A6:

SUB-NOTE 1(1)

Landing Gear Performance Requirementsj

IF

AND

THEN

Al

VD

Heawm

Thg Landing
Gear System
is

The Temperature

1s

isD>

The maximum

1 allowable time

to extend and
lock the gear

The makimum

allowal
to retr
lock th

iSEZ>

le time
et and
e gear

AND

—

PO\Ler
Opejrated

Above -20°F (-29°C)

15 sec

10

The gear must

-650F(-54°C) to
~209F(-29°C)

30 sec
B>

10

be retracted
and locked be-
fore the air-
craft reaches
75% of the gear
placard speed
at the maximum
rate of acceler-
ation.

!
NOTES:

{
i [N If the lan
! be detert

. For zerol=
§ prior to rea
|
i
1

allowing warmup time.

4. For multiengine aircraft, the system must meet these requirements during an engine-out condition.

ding gear'is used as a speed reducing device, the time to extend and
nined by the desired performance.

The system must meet these requirements when stabilized at the temperature extremes without

lock the gear must

eted one second

It should be noted that this requirement is more severe than that previously specified in AFSCM 80-1
(HIAD) which allowed the time of operation (for both retraction and extension) between -65 and -20 F to
be up to "twice the fastest time obtained at normal temperatures (approximately +70 F)."
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4.2.1.3 Flight Control Systems (Air Force): AFSC DH2-1 specifies the following:

Ensure that, after the initial breakaway, the increase in force required to operate the control subsystem
at -65 F, does not exceed 150 percent of the force required at +70 F (+21 C). Design control subsystems
to meet the anticipated temperatures encountered during flight.

4.2.1.4 Flap Actuation Systems (Air Force): AFSC DH2-1 specifies that, between -65 and -20 F, the time of
operation must be not more than 50% greater than the normal speed selected with all components of the
flap actuating mechanism stabilized at the specified extreme temperature, and without assuming time for
warmup of the components.

4.2.2 Minimum Operating Temperatures for Sizing Lines for Commercial Transport Airplanes: The Federal
Aviation Regulations do not specify any low temperature requirements for hydraulic systems in transport

category airplanes. However, the following minimum operating temperature capabilities are typical for

large commercifl jet transport airplanes:

Ambient temperature range in flight: -110 to +130 F

Minimum cold sfart capability (ambient and fluid): -65 F
Minimum fluid tgmperature for rated pump suction flow: -20 F
Minimum fluid temperature for full system performance: +50 F
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5. ROUTING

5.1 Line Location:

5.1.1 Fluid-Carrying Lines: Well planned line location will reduce system complexity and weight, and minimize
damage and hydraulic fluid ieakage. The hydraulic line installation design objective should be to obtain a
service life equivalent to the airframe structure while retaining capability for ease of line replacement
and repair. A minimum number of reconnectable fittings for component servicing should be used. Minimize.
the use of bends and branches, and exploit the most direct routing consistent with other requirements.

Certain basic design criteria should be recognized in the interest of adequate strength, long service life,
safety, and reliability.

(a) Avoid straight tube runs between rigid end points.

(b) Provide flexible mountings to relieve strain.

(c) Use [semi-loops in steel and titanium lines to facilitate installation
alignment or relieve stresses.

(d) Do npt use straight or looped aluminum alloy tubing between end
points permitting relative motion.

(e) Proylide for installation adjustment with slotted attach bracket$.and
ovgrsized cutouts, where maximum use of slot and tolerance buildup
will not result in tube interference or chafing.

(f) Avoifl running lines within pressurized compartments 0r personnel stations:

or pear exhaust stacks, hot manifolds, or electrical) electronic and oxylgen
lings and insulating material.

(g) Use permanent joints wherever practical.

(h) Use ptainless steel or titanium alloy tubing for*all system pressure lines fand
for(system return lines in designated firezZones and for all sizes 3/8 in and
smaller regardless of location.

(i) Limif the use of aluminum alloy lines®o area outside of designated fire zqgnes,
to dystem return and pump suction lines, and to sizes 1/2 in. and largey.
If there is vital need to reduce.weight, 3/8 in. aluminum lines can be cdn-
sid¢red but only in areas not\nérmally accessible to damage by service ¢r
other personnel.

(i) Avoid long lines in open-areas unless recommended support spacing is
posfgible.

(k) Limif minimum tube.wall thickness to 0.020 in. in any material.

5.1.2 Drain & Vent Lines: (Extend drain lines below exterior surfaces of the aircraft o that exhausted hydraulic
fluid or its vppor will*not be blown back into the aircraft, or against stacks, hot manifolds or other igni-
tion sources{ or.célect in pools in structure. Do not permit discharge into wing(leading edges, inspection
doors, whee] wells, exhaust outlets, air intakes, or other ignition source. Seal firain line opening through
outer suﬁacim?mrﬁmﬁmg a scarf end to drain lines

so that the airstream will create negative pressure. In addition:

(a) Loss of fluid through a reservoir vent must not occur during flight or ground maneuvers.
(b) No valves of any description should be used in discharge lines downstream of relieving
devices.

(c) Consider routing vent lines to a collection tank for dumping during a ground turnaround
rather than during flight.

5.1.3 Mockups: A full-scale tubing installation mockup is a highly desirable engineering tool for establishing
optimum routing and locating bends, joints and supports. Provide accurate simulation of surrounding

structure and adjacent equipment in order to verify adequate tool clearances, tolerances, accessibility,
and alignment. See section 14 for more detail.
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5.1.4 Tube Jigging:

High-strength tubing of relatively thin wall tends to make tube jigging a requirement
rather than just good practice. Design for precise fit-up and alignment to preclude the need for manual
deflection into position. Permanent in-place joining, either by brazing or welding, requires fit-up ac-
curies at least as stringent as reconnectable fittings. While the utilization of templates and three-dimen-
sional tube jigs is not usual on preproduction vehicles, the use of the necessary tools and fixtures for

5.1.5 Temperature

accurate fabrication of tube assemblies for production aircraft is justified.

Considerations: Most military aircraft hydraulic systems are class

to operating t

Type I:
Type II:
Type OI:

emperature range.

-65 F to +160 F temperature range
-65 F to +275 F temperature range
-65 F to +450 F temperature range

All hydraulic
ground at -65
started on the
below -65 F,
ments and log

If bypass flow
directly back

Requirements
operate throu
-65 F. The
fluid. The pH
lists four type
ature for Typ

Routing lines
and other hea
ing maximum
be provided.

Table 5-1. 1L
higher tempe:

damage a punpp rather than circulate more widely and warm up'the system.

F but need not deliver maximum performance at that temperature)

but those started in flight may be required to do so depending on the
ation in the aircraft.

is necessary for cold starts, it is desirable to route)the flow to the

to the pump, to prevent a short fluid circuit in which the fluid may o

for commercial aircraft hydraulic systemis™are similar. They are
bhout an ambient temperature range from =110 F to +130 F and cold

maximum system design temperature for commercial aircraft is hmj;a

osphate ester based fluids in general'use are controlled by SAE Stan

es I and I is 225 F and for Types III and IV, 250 F.

L sources should be avieided wherever possible. If routing near local
rated system temperature is unavoidable, insulation, local cooling g
Upper temperature limits of commonly used hydraulic system matern
ong-term temperature limits are given; many of the materials listed
ratures for<shert time periods without serious degradation.

ified by type according

systems are required to cold start and opsrate after cold soak and\stabilization on the

Systems which are

ground and operated continuously during flight are not required-to sfart at temperatures
operational require-

reservoir rather than
rerheat locally and

ypically designed to

start on the ground at

ited by the hydraulic
rd AS 1241 which

es according to the amount of maejisture allowed. Maximum recommepded operating temper-

through areas where excessive heat may be added from electrical equipment, hot ducts,

heat sources exceed-
r other protection must
ials are given in

can be operated at

TABLE 5-1
Maxjimuitn~Long Term Operating Temperatures - Hydraulic System Mater ia‘ls
Temperature - °F
175 200 225 250 275 350 400 500
Nylon Alum Alloy AS 1241 Fluids AS 1241 Fluids Viton Teflon
70-Series Type I and II Type III, IV Cad Plate
Alum Alloy
20 Series
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For Military Aircraft: The pertinent paragraphs in MIL-H-5440F are quoted below:

""3.6.2 Fire hazards - The hydraulic system shall be integrated with other systems that
will eliminate or isolate the system(s) from fire hazards caused by proximity of combus-
tible gases, heat sources, bleed air ducts, or electrical equipment, etc. If feasible, all
hydraulic equipment shall be isolated from the engines and other hot areas by the use of
firewalls, shrouds, or equivalent means. Sources of hydraulic fluid leakage from remov-
able joints in lines and equipment located in the vicinity of material or condtions that will
permit spontaneous ignition of the hydraulic fluid shall be protected by devices that will
inhibit fluid ignition. A single failure in the hydraulic system or any other system such
as fuel, environmental control or electrical, shall not cause a hydraulic fire."

'8+ 6- 1t Pump suppty shutoff vatves = Pump supply (suction) shufoff Valves shall be pro-
ided if the fire protection requirements of the particular model ain¢Taft specify the need
br such equipment in other systems, such as fuel or lubricating eil systems, or both.
hese valves, when required, shall not be located on the engine ‘side of firewalls or flame-
ght diaphragms, but shall be located as close as practicable‘to thesemembers. How-
ver, the valves shall be so removed from the engine that the loss of the engine from the
ftaching structure will not impair the operation of theValve. These alves shall be
perable from the cockpit, to both the "closed' and Yopen' positions. "

O ® @ < 3 =h <

"B.11.28.6 Tubing in fire hazard areas - Within'powerplant compartments and at other

lgcations where fires are likely to occur, allHydraulic tubing shall be [corrosion resistant
steel, unless the tubing is separated from the engine or potential fire grea by a flame-
tight barrier. Where separable tube fittings are required, they shall he corrosion re-
s|stant or carbon steel. "

""8.11.28.9 Location of hydraulic tubing - Hydraulic lines shall not belinstalled in the
cpckpit or cabin and shall be'r¥emote from personnel stations. In addition, hydraulic
lines shall be located remdtely from exhaust stacks and manifolds; ele¢trical, radio,
oxygen and equipment linés; and insulating materials. In all cases, th¢ hydraulic lines
should be below the aforementioned, to prevent fire from line leakage.| Hydraulic lines
shall not be grouped\with lines carrying other flammable fluids in ordel to prevent in-
agivertent crossconnection of different systems. Hydraulic drain and Vent lines shall
exhaust in areas‘where the fluid will not be blown into the aircraft, collect in pools in
the structure, or be blown onto or near exhaust stacks, manifolds, or pther sources

of heat. Tubing shall be located so that damage will not occur due to bping stepped on,
used aschandholds, or by manipulation of tools during maintenance. Components and
lines shall be so located that easy accessibility for inspection, adjustmfent, and repair
is ible- i i port of other aircraft in-
stallations, such as wiring, other aircraft tubing, or similar installations. Attachment
of so-called marriage clamps for spacing of such installations is likewise prohibited. "

For Commercial Aircraft: The pertinent requirements specified in F.A.R. 25 are included in a

number of different paragraphs, the applicable portions of which are quoted below:

"125.1435 Hydraulic systems.
(c) Fire protection. Each hydraulic fluid must meet the applicable requirements of
25.863, 25.1183, 25.1185, and 25.1189."

The phosphate ester fluids currently in use (1972) are fire resistant but not nonflammable and therefore
the following requirements must be met:
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5.1.6.2

(Continued)

"25.

@)

(b)

()

""25.

@)

(b)

"25.

(@)

(b)

(c)

863 Flammable fluid fire protection.

In any area where flammable fluids or vapors might be liberated by the leakage of fluids sys-

tems, there must be means to prevent the ignition of those fluids or vapors, and means to
minimize the hazards in the event ignition does occur.

Compliance with paragraph (a) of this section must be shown by analysis or tests, and the
following factors must be considered:
(1) Possible sources and paths of fluid leakage, and means of detecting leakage.

(2) Flammability characteristics of fluids, including effects of any combustible or
bsorbing materials.

(3) Possible ignition sources, including electrical faults, overheating-of ¢quipment, and
alfunctioning of protective devices.

(4) eans available for controlling or extinguishing a fire, such @s stopping flow of
fluids, shutting down equipment, fireproof containment, or'use of extlnguishing
gents.

2

bility of airplane components that are critical to_safety of flight to withstand
fire and heat.

®)

If action by the flight crew is required to prevent or counteract a fluid fire|(e.g. equipment
shutdgwn or actuation of a fire extinguisher) quick acting means must be provided to alert
the cyew."

1183 | Lines, fittings, and components:

Exceplt as provided in paragraph (b) of this section, each line, fitting, and |other component
carrying flammable fluids in any area subject to engine fire conditions, anfl each fuel line,
fitting, and other flammable\fluid system component in a designated fire zgne, must meet the
followling requirement;

(1) Hach line, fitting, and component must be at least fire resistant.

(2) Hach flexible ‘hose assembly (hose and end fitting) must be approved.

Paragraph (@) of this section does not apply to -

(1) Ilines and fittings already approved as part of a type certificated engine under
Part 33 of this chapter; and

(2) Vent and drain lines, and their fittings, whose failure will not result in or
add to, a fire hazard."

1185 Flammable fluids.

Except for the integral oil sumps specified in 25.1013(a), no tank or reservoir that is a
part of a system containing flammable fluids or gases may be in a designated fire zone
unless the fluid contained, the design of the system, the materials used in the tank, the
shut-off means, and all connections, lines, and control provide a degree of safety equal
to that which would exist if the tank or reservoir were outside such a zone.

There must be at least one-half inch of clear airspace between each tank or reservoir and
each firewall or shroud isolating a designated fire zone.

Absorbent materials close to flammable fluid system components that might leak must
be covered or treated to prevent the abgsorption of hazardous guantities of fluids. "
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(Continued)

25.1189 Shutoff means.

(a) Each engine and each fire zone specified in 25. 1181 (2) (4) and (5) must have a means to
shut off or otherwise prevent hazardous quantities of fuel, oil, deicer, and other flam-
mable fluids, from flowing into, within, or through any designated fire zone, except that

(b)

(c)

(d

(€

()

®)

(b)

In addit

”25

(@)

The closing of any fuel shutoft valve . ot

shutoff means are not required for -

O

Lines forming an integral part of an engine; and

(2) Oil systems for turbine engine installations in which all external components

of the oil system, including the oil tanks, are fireproof.

the remaining engines.
Operation of any shutoff may not interfere with the later emergency|
equipment, such as the means for feathering the propeller

and protected so that any fire in a fire zone will not affect its opera

No hazardous quantity of flammable fluid may. drain into any designs
shutoff.

There must be means to guard againstinadvertent operation of the 3
closed.

Each tank-to-engine shutoff-valve must be located so that the operat|
not be affected by powerplant or engine mount structural failure.

Each shutoff valve aust have a means to relieve excessive pressurg
unless a means for)pressure relief is otherwise provided in the syst

on, the following pertinent requirements are specified:

L 855 Cargo and baggage compartments.

Each-cargo and baggage compartment (including tie-down equipment

el unavailable to

operation of other

Each flammable fluid shutoff means and control must/be fireproof of must be located
Lion,

ted fire zone after

hutoff means and

to make it possible for the crew to.féopen the shutoff means in flight after it has been

ion of the valve will

accumulation
em."

must be

| constructed of materials that at least meet the requirements set-forth in 25.853.

(b) No compartment may contain any controls, wiring, lines, equipment, or acces-
sories whose damage or failure would affect safe operation, unless those items

are protected so that -

1) They cannot be damaged by the movement of cargo‘in the compartment; and

(2) Their breakage or failure will not create a fire hazard. "
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5.1.7 Combat Dama,

(Continued)

125,865 Fire protection of flight controls, engine mounts, and other flight structure.

Essential flight controls, engine mounts, and other flight structures located in designated
fire zones or in adjacent areas which would be subjected to the effects of fire in the fire
zone must be constructed of fireproof material or shielded so that they are capable of with-

standing

the effects of fire."

125,1187 Drainage and ventilation of fire zones.

(a) There must be complete drainage of each part of each designated fire zone to minimize
the hazards resulting from failure or malfunctioning of any component containing flam-

mab
(1)
2)

(b) Eac
mab

(c) No v
vapg

le fluids., The drainage means must be -

Effective under conditions expected to prevail when drainage is-need

designated fire zone must be ventilated to prevent the accumulation
e vapors.

entilation opening may be where it would allow the entry of flammabl
rs, or flame from other zones.

ed; and

Arranged so that no discharged fluid will cause an additional fire hazard.

of flam-

e fluids,

(d) Each ventilation means must be arranged so_that no discharged vapors will cause an

addi

(e) Unle
air §
forc
the ¢

tional fire hazard.
ss the extinguishing agent capacity and rate of discharge are based o

ed ventilation to any fire zoneexcept the engine power section of the
ombustion heater ventilating air ducts."

e Considerations: . The pertinent paragraph in MIL-H-5440F is quot

5.1.8 Maintainability

"3.11.24.

a minimum of 18 inches, preferably in a plane perpendicular to
or protected to a degree specified by the procuring authority. "

Considerations: Assuming that tubing or joints may fail at any poir

5.1.8.1

5.1.8.2

leakage consti
should be mad

utes'failure, first line maintenance repairs should be possible at any

Fitting location: All reconnectable fittings should be located to be readily acces
disconnection, reconnection, and inspection, wearing gloves in cold weather.

Component Lines:

4 System protection from combat damage - Redundant systems shd

h maximum

low through a zone, there must be means to allow the crew to shut off sources of

hacelle and

ed below:

11 be separated
ground fire,

t in the system, and
point. Provisions
t components.

sible for service

Where two or more lines are attached to a hydraulic component and incorrect

connection of lines to the component is possible, the two lines should be sufficiently different to pre-
vent such an occurrence.

Drain lines: Drain or vent lines coming from the pump, reservoir, or other hydraulic components
should not be connected to any other line or any other fluid system in the aircraft in such manner as
to permit mixture of the fluids at any of the components being drained or vented.

AN
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5.1.8.5

5.1.8.6
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Mounting lightweight components: Lightweight components that do not have mounting provisions may be

supported by the tube installation provided that the component is rigidly installed and does not result in
destructive vibration or cause other adverse conditions in the tubing installation. Clamps or similar
devices may be used to support such units to structure, provided that nameplates, flow-direction arrows
or markings, or other data are not obscured and that the supporting member does not affect the opera-
tion of the unit.

Removal of entrapped air: Suitable means, such as bleeder valves, shall be provided for removal of
entrapped air where it interferes with the proper functioning of the hydraulic system. Disconnection of
lines or loosening of tubing nuts does not constitute "suitable means'. Equipment and system config-
uration shall, insofar as practicable, be designed to automatically scavenge free air to a reservoir or
other collection points where operation will not be affected and where release can be conveniently ac-
complished. Where air removal bleed valves are provided, they should be operable without discon-
nection or removal of lines or components. Such installation shall permit attachment of a flexible hose
so that flfiid bleed off may be directed into a container.

Ground tgst provisions: The following requirements are specified in MIL*H-$5440F for military air-
craft and|are applicable to most commercial aircraft:

"Eachfhydraulic system shall include a set of self-sealing couplings for attdchment of
ground test equipment. System ground test provisions shallybe so designed|that pres-
surization of any hydraulic system in the aircraft is not hecessary in order|to test
anothef hydraulic system. In particular, use of only one hydraulic test stapd shall

be necessary to test the system, without use of "Y' ¢onnections between thé test stand
and the aircraft or use of a second ground test stafid connected to another hydraulic
systen} in the aircraft."

MIL-H-5440 also specifies the following ground test connections for use with ekisitng ground carts:

"Ground test connections. A set of self-sealing couplings consisting of bulkhead halves,
and protective caps shall be provided at a convenient location in the aircraff easily acces-
sible from the ground, for attachment of ground test equipment. The ground connections
shall be compatible with those connections supplied on ground test units in yse by the pro-
curingactivity. Connectiong‘on ground test units are as follows:

Pressure connections on ground test units Suction connections on groynd test units

Aeroquip T150S1-80 coupling half (15051-8D) Aeroquip T15081-16D coupling half

Aeroquip E15/5-25-8Dnut Aeroquip E155-25-16D nut

Aeroquip 15589-8D dust plug Aeroquip 15589-16D dust plug
Aeroquip T150815k2D coupling half Aeroquip B140S1-20D coupling half

Aeroquip E156=25-12D nut Aeroquip E145-25-20D nut

Aeroquip 155589-12D dust plug Aeroquip 14559-20D dust plug

Aeroquip E155-25-16D nut (Air Force only) Aeroquip B140S1-24D coupling half (Air Force only)
Aeroquip T150S1-16D coupling half (Air Force only)  Aeroquip E145-25-24D nut (Air Force only)
Aeroquip 15559-16D dust plug (Air Force only) Aeroquip 14559-24D dust plug (Air Force only)

Aeroquip T150S1-12D coupling half
Aeroquip E155-25-12D nut
Aeroquip 15589-12D dust plug

Electric-motor-driven pumps used in emergency or auxiliary system shall not be used for ground
test purposes unless the motor is designed for continuous operation. "
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5.1.8.6

5.2 Cle
not

(Continued)
The following additional precautions should also be observed:

(a) The suction lines to the ground cart should be of adequate size for their length to prevent
excessive back pressure on the aircraft return lines.

(b) The pressure line ground test connection on the aircraft should lead directly to the system
pressure filter to prevent contamination of the aircraft system by the ground cart fluid.

arances: The clearances and spacings noted below are the absolute minimums recommended and should

be decreased.

5.2.1 Multiple Line Spacing: Minimum recommended clearances between tubes within the same system are de-

P

S
S

5.2.1.1

endent upon the spacing required to accomodate wrenches and other tools required for connecting mating

tubes. As much space as is practical should be allowed between tubes and they should not be spaced clo-

er than noted below (depending on the type of connecting fittings used). See 5.5.8)fdr recommended
pacing betweeh systems.

Tightening Wrench: The center-to-center line spacing shown in Fig. 5,2.1 is the apsolute minimum

5.2.1.2

5.2.1.3

5.2.1.4

5.2.1.5

which should e allowed but only where space is extremely limited and with the recognition that there is
insufficient space for effecting tube repairs without disconnecting.adjacent lines.

Minimum cenfler-to-center line spacing, shown in Fig. 5.2.2, provides wrench clearance when alter-
nate lines are|equipped with fittings in the same plane, or.adjacent lines are equipped with fittings in
different plangs.

Minimum cenfer-to-center line spacing, shown in'Fig. 5.2.3, provides wrench cleprance at bulkheads
or where adjapent lines are equipped with fittings~in the same plane.

Weld Tool: Minimum center-to-center line spacing for adjacent CRES lines is giv¢n in Fig. 5.2.4. 7
Welding tool dlearances are given in Fig.\5.2.5. Note that these spacings are basgd onthe Astro—A:c'c(1 )
TIG welding head and are greater than those required for the Navan (18) ang Ry-Te (19) heads.

Braze Tool: [Minimum line spa¢ings for clearance of the Aeroquip Space-Craft brgzing tool, with
brazed joints pn adjacent tubes.inh the same plane, are given in Fig. 5.2.6. Minimpm line spacing for
tubes with brazed joints in<different planes are given in Fig. 5.2.7.

Swage Tool: [Minimum\line spacings to structure and adjacent lines for the Deutsch swage tool for in-
stalling McDohnell<Douglas Permaswage fittings are given in Fig. 5.2.8. Minimumn line spacings with
adjacent tierefl lings are given in Fig. 5.2.9.

Cryofit Assembly Tool: Tool head clearance distance and the tool numbers for installing Cryofit unions,
tees, ells and crosses are given in Fig. 5.2.10. The clearance distance, C, is measured as the tangent
point to tangent point distance from the outer diameter of the tube upon which the fitting is installed to
the closest solid obstruction (e.g., the closest tube, fitting, or bulkhead). It should be noted from the
figure that sufficient open space must be provided on one '"side' of the fitting installation area to permit
access of the tool head. The envelope depicted extends along the tubes one fitting length in each direc-
tion from the tube ends to be joined.

a7 A

stro-Arc Inc., 11144 Penrose St., Sun Valley, California 91352.

(18) Navan Products Inc., 1320 East Imperial Highway, El Segundo, California 90245.
(19) Ry-Tek Inc., Santa Fe Springs, California.
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| MINIMUM LINE SPACING (NO FITTINGS)

TUBE OD| |3/16 | 1/4 |5/16 |3/8 ?1/2 5/81 3/ 1 [1-1/L |12 | 2
3/16 A3 | 47 | .50 53759 | i66 | .72 8L | Jo7  |.09 [1.34 |
1k 50 1453 iS50 .62 | 69 |.75 !.88 |1.00 |1.12 [1.38
5/16 569 [.66 | o72] .78 (w91 | 103 | .16 |t
3/8 62 |69 | 751 .81 Lok | 106 |1.19 [1.LL
1/2 75 | .81).88 1.00| 112 |1.25 |1.50
5/8 | .67 .9k 11.06] 119 | 1.31 | 1.6
3/l 11,001,312 125 [1.38 | 1.62
1 . 11.25/3.38 |1.50 !1.75
11/l ) ! 150 i1.62 |1.88
1-1/2 | 1.75 | 2,00
2 N N ' 2,25

MINIMUM LINE SPACING

NOT REQUIRING WRENCH CLEARANCE

FIGURE 5,2,1



https://saenorm.com/api/?name=717aa3df58028742a6d01a97c3ae2700

ARP

994

5-12

‘ ) MINIMUM LINE SPACING (STAGGERED FITTINGS)
i TUBE OD | 3/16 u 1/ ; 5/16|3/8 [1/2 |8/8|3/M4 | 1 |11 1/2 1-3/0 2

316 .85 | .85 .90 | .95 |1.1081.15]| 1,35 |1.60 | 1.80 | 2,05 | 2.L5 | 2.65
Y L] e90 .95 11,00 13010 |1.20] 1,40 | 1.65 | 1.85 | 2.b5 | 2.45 | 2.70
. 5/16 . +95 11400 71.15|1.,20| 1,145 | 1.65 | 1.85 | 2,10 | 2,50 | 2,70
Y | L 1.05 | 1.20 {1.25| 1.15 {1.70 | 1.90 | 2.5 | 2.55 | 2.75

12 ’ 1.25 11.30| 1,55 | 1,75 | 1,95 | 2.p0 | 2,60 | 2.80
~—5'/3 T ‘ 1.35i 1.60 | 1.80 | 2,00 | 2,25 | 2,65 | 2.85
7 : 1.65 | 1,90 | 2.10 | 2.B0 [ 2,70 | 2.95
! N ) 2,00 | 2,20 | 2.)5 | 2,85 | 3.05
, 1-1/4 % I - 1 ]2.357]2.55 | 3,00 | 3.20
Po1-1/2 | 2.70 | 3.10 | 3.30
RN 3.25 | 3.15
L2 | ‘ 3.55

WRENCH CLEARANCE FOR STAGGERED FITTINGS

FIGURE 5.2.2
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MINIMGM LIN: SPACING ‘ADJACHNT WIT:;Nu>)

-

TUBEOD

__3/16_

1/l

5/16

_'3ﬁw 4| 56 3/6] 172 s/8] 3/

1

/224 A 12t

l

+90 | 1,00 1.0 3,10 |1,20 |1.30 | 1,45 | 1.60

1 '
:9011.00 |1,00.12.10 |1.20 |1.30 | 1.4 | 1.60_

+90 11.00 (1+00 | 1,10 ;1,20 |1.30 | 1.LS ! 1 60

3/8

090 1.00 1.00. 1010 1020 1.30 1.’45 1 60

‘l.jHQL-

1/2

— el

5/8

‘_1;VL_;VQ
1.9 12,20 |
1.9912.20

1.90 | 2.20
100 |05 1,20 |1.15 |1.25 [1.35 | 1.50 1,50 |
1,051,185 »l.20 1.25 ] 1.35 |1.40 l 55 "l 70
025 1,35 (100 1,15 1,55 (1,60 ;'7; 190 |

1.9G | 2,20

1
1,99 12,20 |
2,00 12,30
2.20 2,15

1

1.10 ‘1.h5 1.50 | 1.55 [1.65 |1,70 1 1.85 | 2,00

B

RV
1-1/2

11,75 1. 8o 1.“5 1,90 {2,00 {2,05 12,20 2,35

D e

11,90 :2,00 |2. 05 2 05 J2 20 |2.25 A2.35 ‘2.55

WRENCH CLEARANCE FUit ADJACHWMT FITTINGS

12,30 | 2 éo
2.65 12,95

]

12,85 3. 10 !
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SEE FIGURE 5.2.5 FOR JELDING TOCL €LEARANC:S

s | NOTE A (ADJACENT CRE3 TUBING)

S |

L w sne Y] ae s s |

Y 119 122 les | 1.85 . 1.65 . 1,85 | 2.38
. 11,2270 1.25 | 1.88 1.88 | 1.88 2.1
| L5 1 a9h o1.9h 0 L9k |20 |

12 | L 2.00 |

/3

2,12 | 2,56

2,06 |

‘ |
i 3/L | -
! G} M S R R

L 2,12 | 2.63

4 e e

e m———— e -
M

NOT5S: (1) ASTRO-ARC MCD:iL K=375

(2) K-875

(3) K-1500
CLEZARANCE DIM:N3IONS WELDED STGEL LINsS

FIGURE 5.2.4
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CLEARANCE

/ ENVELOPE

— e e = s

MINIMUM FOR REMOVAL
OF MOOL WITH RIGHT

/// ANGLE MOTOR SHAFT

MINIMUM FCR REMOVAL

~——  OF {00L WITH STRAIGHT

S - MCT{R SHAFT
le—2D__
asmo- || © DIM:ANSIONS (1)
A\) mo ' - - P T — g e ————
ARC I B
wobEL | | A ¢ (2) D E ¢
NO. ! Min < Rec Min Rec Min Rec Min Rec | Min Rec Min Rec
k- 375 1{310"1.56 |3.12 |3.38 |8.38 | 9,00 1.00| 1.25/1,32 | J1.57| .78 | 1.03
k- 875 ;2._3“1“_j 2,69 16,88 | 7.25 |13.,12 14,00 | 1,75| 2.12|1.88 | 2,13 | .96 | 1.21
k= 1500 .,.;_2:.63"1.3:.1?_,»‘"’:.QQ 8,50 |1L.30|15.00 | 2.25| 2.,75]1.88 | 2,18 | .96 | 1,21 |

NOTES: (1) SPACE REQUIREMENT FOR TOOL INSTALIATION AN)) REMOVAL

(2) INCLUDES ALLOWANCZ FOR MOTOR SHAFT Bil

HADIUS

MINIMUM AND RECOMMENDED WELDING TOOL CLEARANCES

FIGURE

Se2.5
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MINIMUM LINE SPACING (ADJACENT FITTiNGS)

TUBE B -
CD 3/16 | A | 5/16 3/8 1/2 5/8 3/L 1
3/16 .91 9L .98 1402 1,10 | 1,16 MI_].:‘Q; | _1_.._3_8w__:_
1/l Ok 97 1.01 1.05 1.13 | 1.19 1.26 1.1

C5/16 | .9b | 201 | 1050 109 | 17 | 123 | Lo | 1.5
38 | 1ol | 107 | 3331 | 135 | 123 | 1,29 | 1.6 | 1.51

1 | 129 | 1.k U128 | 132 | 139 | 148 | 183 | 167
5/8 1.4? 1.L6 1.50 1.54 1.51 1.67 1.5 1.89

3/h 1.5¢ 1.60 1.6l 1.68 | 1,76 | 1.82 | 1.p9 | 2.0k

1 | 9], b 200 | 205 | 2.09 | 2.6 | 2.2 | 2,50 | 2.k |

—————de

-

LINE SPACING

ADJACENT AEROQUIP SPACECRAFT FITTINGS

FIGURE 5.2.6
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1UBs
oD

FINZMUM LIN= SPACING (S‘IAGC:;RED FITTING

S)

H |

;_3'/1»6 ] “Bh ) .87
1/L o 57

5/16
3/8
1/2

/8

‘ «50 |
o T+

1/l 516 <38

903

97

R
1.19 | 1.23
101 | 1.5
1,56 | 1.50

Sy -

_~,~__,
i
[ ]
-~
A

| 1.96 | 2.00

LINZ S5PACING

STAGGER=<D A-RCQUIP SPACECRAFT FITTINGS

FIGURE 5.2.7
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.30 GAP

TUBE OD 'IUEL TOCL gL“’iZAR. ‘ UNCESTRUCTE

3/16 thrul| 3/8 1-11/16 ’ 7/8 111/, :

1/2 thru 3/L 2-1/l; 1-3/16 ! 1-5/8

1 thru 1-1/2 3-1/2 1-13/16 2

SINGIL TIER CLEALANC: DIMiNSIONS
PEEMASHAGE FITIINGS

FIGURE 6.2,8

e
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Eol

POWER SWAGE TCOL

HOESESHCE TYPE DIE HEAD

°

TUBL OD Cc D
3/16 thru 3/8 1 1-3/L
1/2 thru 3/} 1-1/L 2-3/8
1 thru 1-1/2 2 3-5/8

TIERED CLEARANCE DIM:NSIONS

PERMASWAGE FITTINGS

FIGURE 5.2,9
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D (IUBE DIA)
[
c (p14)
TUBE CLEARANCE TOOL NUMBERS
DIAMETER DIAMETER X
TEE, ELL, AND
D c UNION ? CROSS
3/16 «28
1/ .30
3/8 .32
1/2 .3l T3PO0902 = SIZE T3P00802 = SIZE
5/8 o36
3/l 2110
1 .50

CLEARANCE DATA AND TOOL NUMBL.RS

CRYOFIT CONNECTORS

FIGURE 5.2,10

.....
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A=
[——eeee A ——— B
fe—— B  ——tet—— B ——d
N l F q (|
! ! !
‘ foed .
| ! ! |
R c
I |/. R \_:
| '
| !
I | D
l
| i
I — //J’ o~
TOOL TOOL UNCBSTRUGT=D TOOL
TUBE OD CLEARANCE LENGTH ASSY SPACE
A B C D
1/l thru 1/2 2-9/32 1-3/4 3-1/L 3=3/L
5/8 thru 1 3-1/2 1-7/8 3-3/L 3-5/8
1-1/h thru 1-1/2| 3-31/32 2-1/8 L L

SINGLE TIER CLEARANCE

SWAGED FLARELESS FITTINGS

FIGURE 5.2.11
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TOOL TOOL CLEAR. MAXIMUM
TUBE QD
A B c
1/l thru 1/2 2-9/32 1-1/L 5-1/2
5/8 thru 1 3-1/2 1-7/8 6-1/L
1-1/} thru 1-1/2 3-31/32 2-1/8 6-1/1;

DOUBLE TIER CLEARANCE

SWAGED FLARELESS FITTINGS

FIGURE 5.2.12
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5.2.1.6 In-place Swaging Tool for Swaged Flareless Sleeve (20): Minimum line spacing to structure and adjacent
lines for the Boeing and Lockheed swaged flareless sleeve is given in Fig. 5.2.11. Minimum line spac-
ing with adjacent tiered lines is given in Fig. 5.2.12. In each case, inplace repair with MS couplings
requires a tube deflection in the amount of dimension A.

5.2.2 Adjacent Structure: Take into consideration: vibration, wear, structural deflection, manufacturing toler-
ances, and tube movement due to temperature changes or pressure surges. In some locations, clearances
will be dictated by maintenance and service requirements; in other locations, by assessment of deflections
or other motions in service. To the maximum extent feasible, it should be demonstrable that every tube
can be replaced or repaired without disturbing adjacent lines, structure, or components.

5.2.2.1 Supported Locations: Where tubing is clamped to structure or other rigid member, allow a minimum
clearance of 0.25 in. in the vicinity of clamps, and 0.13 in. at the clamping point. Where relative
motion may exist between adjoining members, allow 2 minimum clearance of 0.25 in. in excess of the
expectedl movement.

5.2.2.2 Unsuppdrted Locations: Clearance must be sufficient to prevent contact'durjng deflection or movement
in servipe against any projection, nut, bolt, bracket, or structural édge. Provide 0.25 in. clearance in
excess ¢f the expected movement. Minimize strain between supports and pogition clamps to prevent
distortign of clamp pads. Clear adjacent structure and equipment between lihe clamps by 0.5 inch.
Where J tube passes through a grommet, it must not deflecf.the grommet sufficiently to contact struc-
ture or {o cut the grommet.

5.2.3 Other Linef and Cables: Clear all control cables and linkages by a minimum of 1.0 inch. A minimum of
0.5 in. clegrance is acceptable adjacent to cable pulleys and 2.0 in. clearance ifs preferable at cable mid-
span. Allow 2.0 in. minimum between parallel oxygen lines and hydraulic lines| and locate all fittings and
joints at legst two inches away from a point of cxossing. Provide a minimum of|two inches between hy -
draulic and|electrical lines and route fluid lines below electrical systems lines.| Clamp crossing hydraulic
tubes to mgintain a minimum clearance of 025 inch.

5.3 Bends:

5.3.1 Bend Radiiy Provide as large a bend radius as space and clamp location will allow. Preferred and mini-
mum bend gadii for commonly used hydraulic tubing materials are given in MS33611; Table I for conven-
tional and cpld drawn stainléss steel and aluminum alloy; Table 2 for cold worked 21-6-9 CRES; Table 3
for AM-350| CRT; and Table 4 for cold worked and stress relieved 3. 0A] ~ 2.5V titanium alloy.

5.3.2 Bend Locatlon: Minimum allowable spacing for a bend from a fitting or permanent joint depends on the
clearance rpquirediby the assembly tools and are given below:

Figurp$73.1 Reconnectable Fittings

Figure 5.3.2 Welded Joints

Figure 5.3.3 Aeroquip Spacecraft Brazed Joints
Figure 5.3.4 Linair Production - Brazed Joints
Figure 5.3.4 McDonnell Douglas Permaswage Joints
Figure 5.3.5 Raychem Cryofit Joints

(20) Haskel Engineering & Supply Co., 100 East Graham Place, Burbank, California 91502.
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py - A D
"‘ I | B f -
I =H
i b B
F
*1, ,06 MIN I
DIM:ENSIONS (1)
TUBE f (2) A
oD B c D E F
Min (|~ Rec Min Mn
1/l .75 295 | 1.30 .18 62 | 1,00 1,50 1.25
5/16 L9l 95 | 1.35 .51 66 | 1,00 1.50 1,25
3/8 1.12 95 | 1.L0 o5l W71 | 1,00 1.50 1.25
1/2 1.50 1,05 | 1,LS 260 83 | 1,00 1,64 1,50
5/8 1,88 1.05 | 1.50 «68 96 | 1.30 1,66 1.75
3/L 2.25 1.05 | 1.60 .79 1,06 | 1.50 1,66 2,00
1 3,00 1.55 | 2.30 .85 1.25 | 3.00 2.68 2.50
1-1/L 3.75 1.55 | 2.30 «90 1.39 | 3.80 2.68 3,00
NOTES: (1) TYPICAL FOR SWAGED DYNATUBE FITTINGS

(2) BEND RADII THREE TIMES TUBE SIZE

MININUM BEND SPACING
RECONNECTABLE FITTINGS

FIGUEE 5.3.1
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l« C AR ]
.25 MIN _y (T : / R
.-, 1 0 ~TT_ \ - 1
- a- | |
I T3 AR
A F
|, S \
. B
13 MIN ! ' B ! \\\\ R
it —{]
1 D MIN CLEAR., l_<_ 2A_ |
4
D
Vo NN """l L_ I 3
E _,.L B.
l-‘;‘ALE snouﬁlm_
END
TUBE R DIMENSIONS
oD (1) A B c D E F
Min Rec Min
lﬂJ 075 lohh 2000 103’4 1031 0’-!8 1056 1000
5/16 SL | 3k 2,00 1.3L 1.34 51 || 1.59 1,00
3/8 1,12 1.LL 2,00 1.38 1.38 5L || 1.62 1.00
1/2 1,50 | 1.Lh 2,00 1.38 1.43 .60 | 1.68 1.00
5/8 1,88 | 1.Lk 2,00 1,38 1,50 67 111,76 1,30
3/k 2,25 | 1.LL 2,00 1.39 1,56 o712 | 1.79 1.50
1 3.00 | 1.k 2,00 1Lk 1.69 8L | 1,85 3.00
1-1/4 | 3475 | 1.uk 2,00 1.k 1.81 87 | 1,91 3.80

NOTE: BEND RADII EQUAL TO 3 TIMES TUBE SIZE

MINIMUM BEND SPACING

WELDED FITTINGS

FIGURE 5.3.2
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el A i
\ -
_i
A
TUBE OD A
1/} thru 3/} oTh
1 1.L5
(1)
1-1/l thru 1-1/2 1.84

NOTE: (1) LOW PRESSURE ONLY

MINIMUM BEND SPACING

AEROQUIP SPACECRAFT FITTING

FIGURE 5.3.3



https://saenorm.com/api/?name=717aa3df58028742a6d01a97c3ae2700

«25 MIN _ |

5-27

ARP

994

- ]

_J J —-{ A A *
j‘i— 7R LI ]

) — ' 5
TgﬁE R o : - B c D F H
3/16 1 1 1-1/2 2 b | .61 _—1_90 15
1/L 1 1 1-1/2 L2 .83 68 || 1,00 | .78 |
5/16 1-1/) 1 1-1/2 L2 0 | .88 || 1.00 | .87 |
3/8 1-1/2 1 1-1/2 A2 | 1,00 | ,69 || 1.00 099
1/2 2 1-1/8 1-1/2 A6 | 1,27 75 || .00 | 1,19
5/8 p<1/2 | 1-1/8 1-1/2 052 1.38 .87 || 1.30 1.38
3/l 3 | 1-1/8 | 132 | .5k | 1.53 99 | 150 | 1o
1 3 1-1/2 2 61 | 1.7 1 1,000 3,00 1.69
-1/ | 334 | 112 | 2 61 | 1.7% , 1.00] 3.00 | 1.93

MINIMUM BEND SPACING

LINAIR PRODUCTION BRAZE AND PERMASWAGE

FIGURE 5,3.L
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%>
TUBE A
oD B c D L
Min Rec
1/h oSh | 1.95 1.33 .19 .39 97
3/8 L7 | 2,47 1.60 .21 JLUb 1.24
1/2 b | 2,71 1.81 .22 55 1.36
5/8 088 | 3.30 2,22 .23 .63 1.65
3/L 1.02 | 3.8L 2,52 2k .72 1.92
1 1.34 | 5.10 3.34 .25 .89 2.55

MINIMUM BEND SPACING

CRYOFIT 3P02101 - SIZE FITTINGS

FIGURE 5.3.5
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5.4.1 Reconnectable Fittings: Locate all reconnectable fittings for easy installation and service access in ac-

cordance with the following guidelines:

a) Minimize use of reconnectable fittings to only those locations where planned discon-

b)

c)

d)
e)

f)

5.4.2 Permanent Joints: Use permanent joints, welded, brazedior swaged, in all possible locations where

nection for servicing is required.

Position fittings to permit removal of components without unclamping tubing or re-
moving sections of line.

Use longest possible lines between fitting locations to reduce weight and leakage
points. ;

Suppojrt tube-to~tube unions, elbows and tees within 6.0 in. on one side or [the other.
Do not use universal fittings in bosses.

Provifle adequate clearances to assure no contact with mechanisms controll cables
or structure during operational excursions.

planned digconnection for servicing is not required. Even'so, reduce the number of permanent joints to a
minimum.

5.5 Damage Prgtection: Hydraulic systems must be-protected from damage which may occur due to conditions

arising insifle the aircraft, such as stresses imposed in service, on-board hazands, and corrosion. They
must also bg protected from external hazards.such as obstacles and debris during takeoff and landing and
gunfire.

5.5.1 Stresses ih Service: Hydraulic system tube fractures and joint failures are alinost always caused by

bending fatigue. Failures due to pressure impulse seldom occur and failures in hoop tension almost never.
There are|two principal modes of ‘bending failure (Refer to Section 9 for furthern discussion on stress con-
siderationg):

In order to prevent bending failures, the following guidelines are suggested:

(1) Lpw Frequency-> large amplitude flexure caused by movement of supp¢rting
ructure oceurring most often at rigid connection points such as bulkheads or
components.

0

(2) Hjgh-Frequency - low amplitude vibration causing a portion of a tube rfin to fail
i ‘fatigue due to localized induced high bending stresses occurring mogt often
attube SUppoTtsS OT Near unSupported midspan joints.

(a) Design tube installation to requirements similar to those imposed on the
attaching structure.

(b) Subject tube routing to a stress analysis based on anticipated fatigue life,
accounting for differential motion of end points, vibration, thermal expan-
sion, and sliding through supports.

(c) Permit relative motion between ends of steel tube runs only if the combined
calculated stress resulting from Bourdon effect, torsion, tension and com-
pression is less than 10% of the tube ultimate stress.

(d) Do not permit relative motion between ends of aluminum alloy tube runs.
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5.

5.2

.5.4

.5.5

5.5.1 (Continued)

(e) Use steel or titanium tubing in all sizes below 0.5 in. O.D. regardless
of system pressure requirements.

On-board Hazards:

Route hydraulic lines with due consideration for on-board hazards

created by identified

heat zones, powerplant compartments and other hostile fluid carrying or electrical systems. Avoid loca-
tions where tubing becomes a convenient hand grip or step subject to damage during installation or servic-

ing,

Protect against spillage of battery acid.

Protect line lagging from fluid soak damage. .

Use steel or titanium tubing and fittings regardless of pressure requirements
in powerplant compartments, through fuel tanks or in other designated fire

protectigi areas.

Route hyd

mable fluids.

Corrosion: Prot
weapon bays.
nacelles.
that deterioration

Protective Coatin|

External Hazards}|

raulic lines as far away as possible from all lines conducting flam-

due to galvanic action or material-fluid incompatibility cannot occur
ES.

occur due to whes

burst and other c¢mponent failure.
| exposed lines on landing gear struts and in wheel wells from possible tire blowout and

plate. Protect al
separated tread.

System Separation: Where more than one system is installed to provide improved safe

Take advantage of protection offered by primary st

hydraulic lines of]
or by use of prote¢

When dual lines a
possible from ead
military aircraft,

each system with respec¢t to the other by routing on opposite sides of
ctive shrouding.

h other, so that events causing total loss of one system will not affec
system separation requires special consideration.

ect aluminum alloy lines against corrosion in exposed areas such as wheel wells and
Uls;r corrosion resistant tubing on shock struts, main andnose landing gear trunnions, and
Care must be used in selecting dissimilar mating metals and dry-film lubri¢ants in fittings so

See section 12,

Route hydraulic lines with the design objective of minimizing damdge which might
l-thrown debris and tire tread, and inymilitary aircraft, due to gunfire, engine rotor

ructure and armor

ty, separate the

structural elements

re provided for/emergency operation, separate the normal and emergency lines as far as

t the other. In
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This section applies to flexible lines and fittings used to convey liquids or gasses from one point to another
under conditions wherein the points of attachment may be in relative motion and subject to vibration.

6.1 Hose

6.1.1 Synthetic Rubber

6.1.2 Teflon

6.1.3 Flexible Metal

CONTENTS

6.1.4 Installation
6.1.4.1 Slack or Bend
6.1.4.2 Shielding
6.1.4.3 Flex Allowance
6.1.4.4 Twisting
6.1.4.5 Bend Radij
6.1.4.6 Arrangempnt
6.1.4.7 Clearance
6.1.4.8 Restraint
6.1.4.9 Support

6.2 Flexible Tubing

6.2.1 Installation

6.3 Tight Spiral Co

A

hfiguration
hfiguration

led Tubing

6.4 Swivel Joints

6.4.1 Installation

6.5 Bellows
6.5.1 Installation

6.6 Extension Units

6.6.1 Installation
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6.1 Hose: Hose configurations employing various liners and construction details conforming to industrial and
Government specifications may be selected for compatible applications.

6.1.1 Synthetic Rubber: Synthetic rubber hose intended for use with airborne equipment is marked for ready
identification to prevent issue and installation of over-age or improper type hose on aircraft or aircraft
accessories. Material compatibility with fluid and ambient operating conditions must be considered. Refer]
to ARP 610 for aircraft hose applicable to pneumatic systems.

6.1.2 Teflon: Teflon hose conforming to ARP 604 and MIL-H-38360 is applicable to aerospace fluid power sys-
tems employing 3, 000 psi pressure at temperatures to 400 F. ARP 614 is applicable to 4,000 psi, 400 F
usage.

6.1.3 Flexible Metal: Medium pressure, high temperature flexible metal hoses conforming to ARP 602 may be

employed in fluid power applications where very high temperatures or fluid compatibility problems are

encountered.

bse is commonly used where flexure is required, but rigid tubing.is pLeferred and should be
ing loop, etc., (see 6.2), whenever it is suitable for the application.| When hose is used,
alled in conformance with the following considerations (6.(1.4.1 throygh 6.1.4.9), and as
k. 6-1. While straight fittings are preferable, 45 deg or/90 deg elbows may allow a superior

Installation: H
utilized as a tul
it should be inst
described in Fig
installation.
4.1 that will cause a

Slack or Benf:

mechanical 1
adequate sla
tolerances.

Shielding: H

oad on the hose. Hoses will change length from +2 to -4% when pres
k or bend in accordance with A to compensate for change in length arg

pses exposed to extreme heat sources such as hot piping or manifold

High pressure hose assemblies should not be'\installed in a manneE

urized. Provide
d expected length

must be protected by

means of a fireproof boot or a metal baffle asishown by B.

br vibration, suffi-
the installation so that

Flex Allowan
cient slack s
the point of f]

ce: When hose assemblies are subjected to considerable flexing (C)
hould be left between rigidfittings and caution should be exercised in
lexure does not occur at the end fitting.

f the line or loosening
pitudinal lines will
br both ends will re-

Twisting: Hdses should be installed without twisting (D) to avoid possible rupture ¢
of the attaching nuts. Marking the casing exterior or sleeve with one or more lon|
assist inspegtion for installation and operational twist. Swivel connectors at one ¢
lieve twist sfiresses.

Bend Radii:
of the hose.

Avoid-sharp bends (E). The bend radius should be five or more times the outside diameter
Military Standard MS33790 may be used for guidance in establishing r.ppropriate bend radii.

Arrangement: Use applicable elbows and fittings (F) to make neat installations facilitating inspection
and maintenance while providing larger bends without excessive slack. Fitting type and size should be
such as to prevent cross connection of similar size lines.

Clearance: Hose shall clear all other lines, equipment, and adjacent structure under every operating
condition to prevent structural damage, abrasion, or excessive wear due to vibration and flexural mo-
tion or aerodynamic buffeting where appropriate.

Restraint: When hose is used at pressures in excess of 500 psi, greater protection is required against
the effect of vibration and shock waves. The ideal method is to contain the hose by means of a struc-
tural system separated from the hose and in no way interfering with normal flexibility of the hose.

Support: Hose shall be supported in a manner that will not introduce deflection of rigid lines due to any
possible relative motion that may occur. Hose between two rigid connections may be restrained as
necessary, but it shall not be rigidly supported bytight, rigid clamps about its exterior (OD). I hose
between rigid connections must move longitudinally, any restraining devices used should be of atype such
as a sliding nylonblock clamp which will not cause wear on the casing.
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PREFERRED

UNACCEPTABLE

NO TORS

TWISTED

I

® %

/

FIGURE 6-1. HOSE INSTALLATION CRITERIA
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Flexible Tubing: Basic tubing configurations conforming to Styles A and B of ARP 584 should be used for
guidance in the design of tubing applications requiring large relative motion of contiguous connections in
fluid power lines. CRES (21-6-9) tubing may be utilized in lieu of CRES (18-8) tubing within the tolerance
limits described by ARP 584. Careful design consideration must be given to the basic mechanical and
physical properties of the tubing and also the effects of manufacturing (i. e. work hardening, ovality, wall
thinning) which can affect the fatigue life. See References 16.11 and 16.12.

For convenience, configuration Styles A and B are reproduced from ARP 584 in Fig. 6-2 and 6-3 respec-

tively. (Note that for other materials and flexible line configurations, other dimensional limits can be used.)

6.2.1 Installation: A space layout and geometry study will indicate which configuration style can be used most
advantageously. The design should accommodate installation and replacement of the flexible tubing without
overstressing it. Structural stops may be incorporated to limit the potential travel of the flexural member
within prescribed limits under all conditions of service and maintenance.

6.2,

1.1 Style A Configuration: Since the helical configuration has better fatigue life\when deflected in the wind-
up direction, the design should favor this type of action when possible; however, [the recommended de-
flection (+ 13 deg max) may be appropriately divided about the free position.

The centerljne of the helix should be located parallel with, and as clese as possible to, the major axis
to minimizqg the effects of misalignment, and its travel during,actuation should npt vary from the limits
shown in Seftion A-A of Fig. 6-4.
The actuatof's misalignment, a , should not exceed 1.5 deg, and torsional rotatjon, 6 , about its central
axis should|be limited to 1 deg by mechanical means when the actuator is mountgd on self-aligning
bearings.
A symmetrical arrangement of left and right hand helices about the actuator's centerline results in the
advantage of balanced rotational forces during actuation.
.1.2 Style B Configuration: The total defléction (13 deg ) of the torsion tube may be displaced in either

direction, Hut no combination of deflections should exceed 13 degrees.
The axis of[the torsion tube shall coincide with the actuator's pivot centerline within the limits shown
in Fig. 6-5
Misalignmept of the acfuator, o, is limited to + 3 deg when combined with offset("b' max, an axial
rotation, 8 of + 1deg and the principal deflection § established as follows:
System Type Temperature Range @ Max. Deflection, Deg

Type [ =65 ta +16Q0 F 13.0

Type II -65to +275 F 12.3

Type III -65 to +450 F 11.3
A larger angle of misalignment can be tolerated if the clamp at the structure can flex in the plane of the
tubing, thereby reducing bending of the tube.
Reduction of the axial rotation of the actuator can be obtained by use of symmetrically arranged coiled
tubing and appropriate mechanical restraint.

.1.3 Fittings: During tubing flexure, loads are imposed on the fittings to which the ends of the tubing are

attached. Consequently, the fittings to be installed adjacent to the structure should be supported; par-
ticularly with respect to bending loads. In addition, the installation tolerances noted in Fig. 6-3 and
6-4 necessitate the provision of a universal adjustment for at least one, and preferably both, fitting
support brackets.
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6.2.1.3 Continued:

Before flexible tubing is installed, the associated actuating mechanism must be placed in the position
required to assemble the parts with the tube in a free unstressed condition. The least accessible fit-
ting should be firmly tightened, then the adjustments should be made at the support brackets to align the
uncoupled fitting with its point of attachment. At this time, the mismatch at the uncoupled fitting should
be determined. The offset measured perpendicular to the tube should not exceed 0. 062 in. in any direc-
tion. The axial gap or interference should not exceed 0.032 in. and the misalignment of tube and fitting
centerlines should not exceed 1. 5 degrees.

6.3 Tight Spiral Coiled Tubing: Tight spiral pre-shaped tube assemblies have also been used. They project the

6.4

use of flexible tubes to additional applications which might otherwise require a hose or an extension unit.

Typical applications in a wheel brake line mstallatmn are shown in F1g 6 6 Pre-shaping the assembly so
that it is unstressed i dmum stresses in the
extreme positions.

Such assemblies have been used in AISI 304 stainless steel, both annealed-ard 1/8fhard, and in 21-6-9 alloy,
in sizes up tqd 1/2-inch diameter. With the latter, some springback must be accouynted for in fabrication
which is acedmplished in two phases:

a) Initially, the tube is shaped in a continuous series of tight spirals formed along a helical path
about a straight centerline axis. The bending radius is approximately one pipe| diameter and
the diamejrical envelope is nearly the same as an equivalent size hose. In thig condition, the
spiral tubp assembly appears functionally similar t¢ hose assembly drawings.

b) The straight sections of the assembly are then shaped with a template as with & rigid tube.

The concept

Engineering

can also be

i 4[)>aten'ced by the McDonnell Douglas Corporation and assemblies may be obtained from Linair
In addition to single-tube‘assemblies, dual tube assemblies, such as shown in Fig. 6-8,
ade and may be useful for-actuator supply lines.

Swivel Jointst Swivel joints are generally used where large angular motions occur, and special considera-

tion should bg
and their incy

A swivel join{
joint and elim

bearings may)|

Flared and fl

given to their limifations, such as increased weight and size and the
ease in torque during their service life,

should be designed to be hydraulically balanced whenever possible tq
be required.

ireless tube fittings are generally employed, but other types of avails

applied with

guccess.

Permanent attachments are not recommended,

For reference see MIL-J-5513.

6.4.1 Installation:

6.5

throughout the actuation.

need for elastomer seals

minimize friction in the

inate end loading. If it is not possible to hydraulically balance the jdint, rolling element

ible connectors may be

Swivel joints should be installed with particular attention to alignment and freedom of action

Wracking and stressing of fittings will contribute to ea

rly failure of the unit,

and undue flexing will cause loss of fluid at the seals. The swivel joint should be rigidly mounted to avoid

unfavorable

Bellows:

effects of vibration.

Various types of formed and welded bellows are available for application in fluid systems. In

most cases, restraint of the bellows is recommended for all, except very low pressure systems.

Bellows for high pressure systems are usually contained in a cylindrical type of container which maintains
alignment and limits the amount of axial travel to safe parameters. The bellows should incorporate a high
degree of hydraulic balance. Generally, the design requirements of bellows for fluid power systems are so
specific that most units are custom designed.
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6.5

6.5.1

6.6

6.6.1

(Continued)

Weight and cost are important factors in the selection of bellows to accommodate line movement. Relia-
bility is considered to be good; therefore, many applications have been incorporated in space vehicles.

Installation: Bellows are usually installed by permanent means, such as brazing or welding. Alignment

is very vital to the performance of the unit, and care should be taken to ensure against lateral motion by
means of structural support of the line beyond each end of the bellows.

These provisions must not inter-
fere with the axial movement of the line.

Extension Units: Extension units are intended as a replacement for flexible hose in applications where a
hose installation is impracticable or would result in excessive weight. Extension units combined with

swivels can simulate any motion and stroke desired. Extension units should be hydraulically balanced to
eliminate end loadj i i joi i iri omer seals. See

Fig. 6-9 for an ill

stration of a hydraulic extension unit.

Installation: Experience on the A-7 aircraft shows several areas that require speci:

Extension units Ihould work through most of the stroke occasionally to lubricate the g
rod. Swivel unifs

units are used in

11 consideration.

ackings and piston
should be used on both ends where misalignment could’be appreciable. When extension
high vibration areas, they should work through most of their stroke(all the time. Shock
mounting may bd required to prevent vibration feedback into the hydraulic system.
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. C TUBE
c 2 LEGS-TO BE |
™ PARALLEL
WETHIN 0.5°
WALL
TUBE THIGKNESS R P . A B q . D
oD NDM +0.047 PITCH * 0.032 + 0.032 + 0.032 +0.032
0.250 .p28 1.000 0.375 3.000 6.000 0.9([)6 2.000
0.313 .035 T.T25 0.438 3.000 6.000 1.032 2.250
0.375 .042 1.375 0.500 3.250 6.000 1.125 2.750
0.500 058 1.750 0.625 4.000 7.000 1.375 3.500
0.625 .078 2.250 0.750 5.000 9.500 1.656 4.500
0.750 .083 2.625 0.875 6.000 12.000 1.938 5.250
1.000 1120 3.500 1.125 7.000 14.000 1.406 7.000
FIGURE 6-2. STYLE A “HELICAL CONFIGURATION"
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TUBE R L E
oD NN RAD +0.032 +0.032
0.250 028 1.000 11.125 4.000
0.313 035 1126 14.000 5.000
0.375 042 1.375 16.750 6.000
0.500 058 1.750 22.250 8.000
0.625 078 2.250 27.875 10.000
0.750 .083 2.625 33.375 12.000
1.000 120 3.500 44.500 16.000

FIGURE 6-3. STYLE B “TORSION TUBE"
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FIGURE 6-4. INSTALLATION OF STYLE A
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FIGURE 6-7. SPIRAL TUBE PRESHAPED TO PROVIDE
NONSTRESSED ; CONDITION IN NOMINAL
POSITION

[ VAL FFREFMARAR AR

FIGURE 6-8. DUAL SPIRAL TUBE
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7. SUPPORT, CLAMPING, AND BONDING

CONTENTS

7.1 General Considerations

7.2 Types of Supports and Applications

7.2.1 Blocks
7.2.2 Clamps
7.2.3 Elastomeric Vibration-Isolating Tube Mountings

7.2.4 Other

7.3 Support Spading

7.3.1 General
7.3.2  Straight Tube Runs

7.3.3 Tube Ben(s

7.3.4  Tube Fittings

7.3.5 Line-Mounted Components
7.3.6  Tubes Pagsing Through Holes

7.4 Bonding

7.1 General Congiderations: The basic functions of tube supports are as follows:

a) To maintain static ¢learance between the tubes and equipment, wire bundles, [structure, or other tubes.

b) To prevgnt motion and vibration which may result in tube abrasion from adjadent equipment, operating
mechanisms;. Structure, other tubes, or the tube support itself.

c) To prevent damage to the tube resulting from support structure deflection.

These functions must be accomplished while allowing some axial tube motion relative to the clamping device
to accommodate thermal expansion of the tubes.

In general, it is desirable to provide as much clearance as practicable between tubes and surrounding
equipment or structure. It is recommended that a minimum clearance of 1/8 in. be maintained between
tubing and structure or other rigid members from which the tubing is supported. A minimum clearance of
1/4 in. should be maintained between tubing and other adjacent structure or units. In areas where relative
motion between the tubing and adjoining components exists, a minimum clearance of 1/4 in. should be main-
tained under the most adverse conditions anticipated. Clearance between tubes and wire bundles should be
at least 1/2 inch. These recommendations are in agreement with the requirements specified in
MIL-H-5440, MIL-H-8891, and MIL-P-5518.
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7.2 Types of Supports and Applications:

7.2.1 Blocks: Support blocks may be used to clamp several tubes which are parallel and in close proximity at

the clamping point. The support block configuration is a function of the specific application, however,
the general design features are as shown in Fig. 7-1. Blocks require accurately formed tube assemblies
installed with little or no preload if adequate service life is to be attained.

5

3

g

:
’_}

et ettt 11
L~~~ O\ !
o (A 11
AN A AN AYAWWAH o
7 SRR
S —————————— myi D)

FIGURE 7-1. SUPPORT BLOCK CONFIGURATION

In some designg utilizing rigid block material, the reinforcing channels have been dgleted. Another
variation is the|addition of a thin aluminum bonding strap to make Contact with the tubes. However, this
method of bonding is no longer acceptable from the standpoint of MIL-B-5087. Several block materials
are available. [These include cork-neoprene, silicate rubber,. neoprene, buna "N", ethylene propylene
rubber, nylon, [and laminated phenolic. Selection of block material is a function of the environment and
fluids to which the block is subjected.
When using lamjinated phenolic block material it is important that the design be such|as to provide essen-
tially equal ctl]nmping pressures for all tubes. This'can be accomplished in most cages by judicious
placement of atfach screws. When using relatively rigid block materials best results are obtained if the
attach screws dre separated by no more than'two tubes. Figure 7-2 illustrates two possible screw place-
ment approachds: ]

= £
—=0-0—0—

[ R TSR R AT pror et TR A AR
(@) POOR PRACTICE (b) GOOD PRACTICE

FIGURE 7-2. SUPPORT BLOCK ATTACH SCREW PLACEMENT

If the screws are located as in Fig. 7-2(a), progressive tightening beyond a certain point tends to lessen
the clamping pressure on the center tube. The clamping pressure is more evenly distributed by locating
the screws as in Fig., 7-2(b). Adequate, but not excessive, clamping pressure is ensured by use of
screws requiring installation by screwdriver rather than a wrench. In designs making use of laminated
phenolic block material without the reinforcing channel the orientation of the laminations is an important
consideration.

For maximum strength, the plane of the laminations should be normal to the tube centerline except when
flat-head screws are used to attach the block to structure. In this case, the laminations of the counter-
sunk (top) portion of the block must be situated normal to the centerlines of the screws to prevent lamina-

tion separation when the screws are tightened.

N
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(Continued)

A variation of the block support which has been used successfully in high temperature applications is a
spring-loaded design. The spring-loading feature enables relatively close control of clamping pressure on
the tubes so that, with a controlled friction coating (such as teflon) on the block, large thermal expansions
can be accommodated without subjecting the tubes to adverse loading.

Clamps: Several types of tube clamps are available as standard items. The clamp design which is per-
haps most frequently used is shown in Fig. 7-3:

CUSHION

7T\

CLAMP

&)

FIGURE 7-3. TUBE CLAMP

This type of clamp is formed from aluminum, steel or stainless steel strap. Apailable cushion materials
include teflon, teflon impregnated asbestos, silicone impregnated fiberglass, ndoprene, silicate rubber,
EPR, vinyl and others. The particular clamp and cushion materials are selected on the basis of projected
environmental conditions of the application and usex preference. Reference 6-2 specifies use of clamps
conforming| to the dimensional requirements of MS21919 similar to the design shown in Fig. 7-3.

In some mqderate temperature applications‘hylon clamps (without cushions) simjlar in shape to that of
Fig. 7-3 age used. A single clamp may he used to support an individual tube ox clusters of three or four
small tubeg by use of suitable "X'" opr"¥'' spacers or separators.

Another tyge of single-tube clamp'that is sometimes used is the saddle support, [which, by means of
two-point aftachment, provides a more rigid attachment to structure than do the previously mentioned
clamps. The saddle support dlso has its counterpart for high temperature appli¢ations. One version that
has been used enables thermal expansion along the centerline of the tube by means of spring-loading to
control clamping pressure. A second version provides this same benefit but is nounted on a slide track to
enable lateryal positioning of the clamp. Many special clamp configurations in addition to those included in
manufacturer's catalogs have been used. The manufacturers should be contacte concerning special ap-
plications of thig~rfature.

Elastomeric Vibration-Isolating Tube Mountings: A series of fluorosilicone tube mountings have been
designed for tubing and piping sizes ranging from 3/8 in. to 5 inches. A design objective was to provide
ease of installation in that the smaller size mounts are spread to slip over the tube, clamped to the tube
with a commercially available heat-stabilized, self-locking nylon strap and bolted to the supporting struc-
ture as shown in Figure 7-4(a). The larger sizes are two-piece designs which are again clamped to the
tube by the nylon strap method and bolted to the supporting structure as shown in Figure 7-4(b).
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7.2.3 (Continued)
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sand and dust, f

The stiffnesses
the lateral and 1

tory disturbance
reducing the str

Besides the aboy
mount is bolted
elastomer in the
ing little added {§

7.2.4 Other: Tube su
where tube runs

the mounting-pipe combination.

N
Nz
\l:\ \ o Y
FIGURE 7-4a FIGURE 7-4b

advantages in these mountings.
ent environments prevalent in the areas of the application. Among t}
5e mounts will withstand are: gasoline, JP-4,“JP--5, Chevron M2-V
ingus, and temperature exposures from =65.F to +300 F.

bf these elastomeric mounts have beer,designed to provide motion ac
bngitudinal directions as well as any\cocking motions imposed during
The elastomeric.mounts isolate the fluid lines from
s and protect them from shock-loading.
bss and strain levels imposed.

re advantages, these fube mounts are fail-safe in that the metal band

system also reduces sound transmission.
pace around.the lines.

Finally, the mounts have

pport may also be provided by bulkhead fittings, grommets or throug
pass/through bulkheads or panels.

Lo the support struCture is integrally bonded around the top of the mount.

J

The materials have been chosen to yithstand the fuels,

e environmental ele-
, MIL-1-7808 oil,

tommodation in both
the installed life of
high frequency vibra-

This extends the life of the mounted fluid lines by

through which the
The presence of
a low profile requir-

h bulkhead supports

7.3 Support Spacing:

vibration environments.

This may be done by p

7.3.1 General: The tube supports are normally attached directly to structure or to structure-mounted brackets.
Standard brackets for attaching clamps are available.

A complete understanding of the characteristics of the structure to which the supports are attached is re-
quired to ensure that the structure does not contribute detrimental loading to the tube. Aspects of the de-
sign which must be taken into consideration include the vibration characteristics of the structure and dif-
ferences in flexibility of structural members to which adjacent supports are attached for a given tube run.
Various methods have been used successfully to improve fatigue life of tube installations subjected to high
In addition to reducing support spacing distances as discussed in 7. 3.2, it has

proved desirable to provide good bending support for clamps.
engagement of the clamp from bolt centerline to tube centerline as shown in Fig. 7-5. Rigid loop clamps,
however, provide reliable support only in two directions and therefore should be avoided in highly mobile
structural areas. When simple tubular spacer standoffs are used, loop clamps provide reliable support

only in one direction.

roviding full support
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FIGURE 7-5. FULL SUPPORT ENGAGEMENT

7.3.1 (Continued)

Supports st be placed to accommodate some tube misalignment. If jig lo¢atirlg of components is not
feasible, a|greater misalignment must be tolerated. In this regard, it is(benefikial to establish limits on
the lateral fforce which can be applied at the end of the misaligned tube £o'bring it into proper mating posi-
tion. These force limits will be a function of tube strength characteristics and the distance from the last
support to the misaligned fitting. Where possible, tube supports(should be placed such that they are
readily acdessible for ingpection and maintenance.

Loop clamps will twist around their single mounting screw'when the secured tubg is forced to move in highly|
mobile areps of the airframe. This twisting results ina locking action that cauges the clamp band to bite
through the cushion and into the tube. Therefore, cldmps secured to mobile strictures should be mounted
so as to prgvent the twist-lock action, or an alternate type such as a saddle clamp or support block should
be used.

7.3.2 Straight Tube Runs: Recommended maximum distances between supports for straight tube runs are shown
in Table 711. These are the same as specified in References 7-2 and 7-3. Parficular applications may

require clgser spacing than shown by-these documents. Tube runs subjected to severe loading or vibration
environments must be analyzed to detérmine proper support spacing.

TABLE 7-1 - HYDRAULIC LINES SUPPORT SPACINGS

Maximum Length Between Bupport
Centers (measured along tiibe)

Nomtinal Tube OD Aluminum Alloy Steel
(inches) (inches) (Inches)
1/8 9.5 11.5
3716 12,0 4.0
1/4 13.5 16.0
5/16 15.0 18.0
3/8 16.5 20.0
1/2 19.0 23.0
5/8 22.0 25.5
3/4 24.0 27.5
1 26.5 30.0
1-1/4 28.5 31.5
1-1/2 29.5 32.5

7.3.3 Tube Bends: Supports should be placed as close to bends as practicable to minimize overhang; however,
the support must not infringe upon the bend.

7.3.4 Tube Fittings: Tube support spacing should be reduced by approximately 20% when the span between sup-
ports includes fittings such as unions and tees.
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7.3.5

7.3.6

7.4

Line-Mounted Components: Standard lightweight components, such as check valves, and nonstandard
components of similar weight and usage, may be supported by the tubing, provided a tube clamp is used as
close as practicable on each side of the component.

Tubes Passing Through Holes: In some cases, it may be necessary to use bulkhead fittings when a tube

run passes through a bulkhead; however, tube fatigue has been a problem in such installations. Use of bulki

head fittings should be restricted only to those applications in which it is necessary to maintain a sealed
compartment. Where practicable, it is advantageous to design the tube to pass through a hole in the bulk-

head, using a clamp attached to the bulkhead for support between the tube and the hole. With this approach,

adequate clearance is provided in the installed condition by virtue of the size of the hole necessary to allow

the fitting to pass through. The use of grommets should be avoided because of their susceptibility to break-

down and subsequent tube damage on the edge of the hole.

Bonding: Electrical bondmg of tubmg to the alrcra.ft structure is requlred to prevent an excessive accumu-
lation of static cha : : : : P 087 this bonding must
be accomplished by use of certam hardware for apphcatlons in wh1ch thls M111tary Spec1f1cat10n is invoked.

A recent amendmgnt to MIL-B-5087 requires a maximum spacing of 18 inches hetween ponding attachments

for all tube runs. |A more realistic approach which seems to have general ac¢eptance gmong airframe manu-

facturers is based|on maintaining a resistance to the nearest structure at each point inja tube run to a value
less than some mgximum limit. This enables the intent of the Military. Specification to|be met without the
necessity to over-flesign for the sake of an arbitrary standard.
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DIMENSIONAL ACCURACY

CONTENTS

Forming

8.1.1 Tube Bends

8.1.1.1 Angular Mismatch

8.1.1.2 Flattening

8.1.1.3 Marks and Kinks

8.1.2 Tube Ends
8.1.2.1 Angular Mismatch
8.1.2.2 Lengthwide Mismatch
8.1.2.3 Radial Mismatch

8.1.3 Overall Tube Length

8.2

8.2.1 Flared

8.2.2 Flareless

8.1

Finishing of ¢nds

Forming: Apcuracy of forming-tubing is very important since it affects the integyity of the entire fluid
power systern]. Preloaded or(deformed tubing can result in early failure with subs quent loss of fluid and
system. Tapp controlled bénding machines ensure better repeatability than manua[ly controlled machines,
especially for materialsSuch as 21-6-9 stainless steel and titanium where conside
accounted for|

able springback must be

8.1.1 Tube Bends] Before starting any forming be sure that the bending equipment is in good condition. Radius

blocks, mandtels, indexing guides, etc., should be checked for smoothness and alignment.

8.1.1.1 Angular Mismatch: Good angular control facilitates interchangeability of piping, retains proper clear-

ances to adjacent parts, and permits installation without excessive preload. In general, bends should
follow the tooling or jig template within +1/16 in. in offset and location and within + 2 deg in angular
mismatch. Of course, there are always occasions where closer or looser tolerance may be advisable,
however, these are the exceptions rather than the rule and should be treated as such. For tubes bent in
more than one plane, a tool jig will ensure better accuracy than a master tube.

8.1.1.2 Flattening: When a tube is bent around a radius block, the tube fibers on the outside of the forming

radius are stretched while the tube fibers on the inside are compressed. The resultant forces tend to
make the tube cross section lose its round shape and assume an oval shape; called flattening, this condi-
tion is very detrimental to the fatigue life of the tube. High internal pressures tend to make the oval
shape return to the circular shape. Hence, pressure pulsations or fluctations induce cyclic stresses that
result in early fatigue failures in flattened tubing. The reduction in fatigue life is a function of the degree
of flattening.
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8.1.1.2 Continued:
Tube ovality for bends in commercial aircraft hydraulic steel and commercially pure titanium tubing
should not exceed 5% where the % flatness = 1 Min O.D. | Tube ovality for bends in aircraft
Max O.D.
titanium alloy tubing should not exceed 3%. Tube ovality for bends in military aircraft hydraulic
tubing shall be per MS33611 where the percent flatness = Max 0.D. Min O.D. x 100, The MS33611
Nominal O.D.
method adds the nominal O.D. as a factor, which makes it somewhat less precise.
Example: Nominal 0. 3750 tube
Original dia. 0.378
Max O.D. in bend 0. 387
Min O.D. in bend 0. 369
C 7o tlatn = 10 n‘mq—465”
bmmercial % tlatness = 0- 0.387 _ 70
MsS33611 G flatness = 200 =0:369 1450 - 4,80%
0.375
8.1.1.3 Marks and Kipks: Wrinkles or washboard appearance on tubes shouldmot exceed 1% of the tube nominal

diameter for orking pressures 500 psi or greater, and 2% for working pressures [less than 500 psi
(See Fig. 8-1).

NOTE. Wrinkle depth used here is the distance from a line across the tops of thg ridges to the
bottpm of the valley between.

Mandrel marks adjacent to the tube bend tangent lines, should not exceed 2% of the tube O.D. for sizes
up to 1/2 in. pr 0. 010 in. for larger sizes and should'not be rough and have an abript change in direc-
tion (See Fig} 8-1).

MANDREL ——
MARKS

BEN R TANGENT

LINES _E____

 —

\

=
\LD’EPTH_ oF
WRINKLES

FIGURE 8-1 WRINKLES AND MANDREL MARKS
Nicks and scratches should not exceed:
5% of wall thickness for working pressure above 500 psi.

10% of wall thickness for working pressure below 500 psi.
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8.1.2 Tube Ends: Tube assemblies may be readily checked for correct dimensional accuracy by performing

8.1.2.1 Angular Mismatch: The free tube end must be parallel with the fitting within 2 degrees. See

8.1.2

8.1.2

8.1.3 Overall T

8.2

8.2.1

8.2.2

.2 Lengthvd“—Mismateh—’Pbe-&ee-mb&end—mmfbe-m—hm—wfm—ﬁmﬁmmhin 1/32 in. per 10 inches

.3 Radial Mismatch: The free tube end must match the fitting cone lengthwise [within 1/32 in. per 10

8-3 | ARP 994

the following inspection:

Place tubing in the proper installation position and loosely connect tubing fittings and clamps by hand.
With clamps loose, it must be possible to run tube coupling nuts down by hand until the tube bottom on
the fitting, without forcing the tubing into alignment. If the tube nuts cannot be run down by hand, check
for alignment as follows:

Tighten the coupling nut at one end of the tube assembly lightly torquing with a wrench, and completely
disconnect and shove back the nut on the other (free) end.

Figure 8-2, Detail 1. ‘

of tube length (radial match). See Figure 8-2, Detail 2.

inche;I tube length. See Figure 8-2, Details 3 and 4.

e Length: Since many sections of tubing are assembléd end to end t§ make up single tubing
runs, the jccumulated length tolerances can be appreciable./Ih-order to minimize this effect, the over-
all length qf each tube should be held to + 1/32 inch.

Finishing of[Ends: Various types of tubing end connections are utilized throughqut the aerospace industry.

The two typgs most commonly used are flared and flareless. Although these two|connections have been
standard for many years, each user has his own speeial techniques in fabrication| and application. The
following tw¢ paragraphs will deal with the acceptability of the finished product and not the interim pro-
cesses.

Flared: IHinished flares should meet the ‘dimensional requirements of MS33584|for single flares and
MS33583 fqr double flares. Flares ghould be concentric with the O.D. of the tube within 0.005 in. total
indicator rpading and shall be square with the tube centerline within 1/2 deg. The radius of the flare
tangent poipt must be free from.nicks, scratches or similar imperfections. The fabricated ends must
not be craji(ed, creased, grooved or be heavily scored or marked by clamping dies or collets. Flares
should retain 82% of the qrigihal tubing wall thickness.

Flareless:| The sleeve Sealing surface should be smooth and free from nicks, gcoring and spiral or
longitudinal tool marks. Bare plated areas or accumulated plating transfer from the swage die are not
acceptable| Sleéves should be concentric and show no cracks or local die distogtion. Rotation of the
sleeve on the-tube is acceptable, but there should be no perceptible longitudinal movement or rocking
under nornjal-hand loading

For those users who never want the tube end to bottom in the fitting during installation, the 'tube end
projection beyond sleeve' should be 1/16 in. min to 3/32 in. max for all sizes.

For the users who want the tube end to bottom in the fitting during installation, the ''tube end projection
beyond sleeve" should be as noted in Table 8-1.
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ARP 994 8-4

{lismatches shown apply to Tlareless Connections as well as Flared

—_——

NS

-

o)
Measure mismatch B I/
with the free A 7
tube end clear of ;——#
‘\ 2€ Max the fitting. Lol  Max. Allowable:
\ - 1/32 Inch per

10 inches of tube
length from last

AN
B 'f‘\(-1 Support.
|

: If necessary, push ,_.,:__!
near the fixed end \'—‘-—':tw
of the tube assem
bly so that the

\ free end is clear,

Max. Allowable: S F T P
1/32 inch. } R e

OLTAIL 4

DETAIL

w

ISHGTIRISE MISANTCH

LENARTHAISE IS1ATCH if tuwe assertcly is too lony, either:

(1) rawove tie fitting and rmeasure the change
in position of tlie free end; or (2) vush near
thie fixed tuhke end, and measure tine distance to
just unseat tie free end,

FIGURE 8-2. INSTALLATION MISMATCH
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994

8-5 ARP
TABLE 8-1
TUBING TUBE END
0.D. x WALL PROJECTION
BEYOND SIEEVE
3/15 x 018 .130-.153
3/16 x .020 .130-.160
]/4 018 1390- _1an
i/4 k.62 .130-.160 &
1/4 k .023 .130-.160
5/16 k .02G .140-.1860
5/16  .025 .142-.130
5/16 ¥ .049 .140-.180 F SEALING
3/8 % .020 .140-.182 AREAS
3/8 ¥ .023 .140-.180
3/8 1 .035 .143-.380
3/8 x|.055 .140-.180
172 & .028 .170-.210 BE FNLD
12 4 .035 .170-.210 RUECTION
172 4 .045 .170-.210 1
172§ .0e3 .170-.210
5/8 A .028 .199-.249 L] .
5/8 o .035 .190¢.240
5/3 A .042 L358%.240
3/4 o .020 ~210-.240
3/4 J.oaz .210-.240 FITTING
3/4 « ,035 .210-.240
3/4 «oas ~210=1246
3/4 x .053 .210-.240
1 x.035 .260-.230



https://saenorm.com/api/?name=717aa3df58028742a6d01a97c3ae2700

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



