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1.

. TERMINOLOGY|:

SCOPE:

This Recommended Practice is intended to outline the design, installation, testing, and field
maintenance criteria for a high temperature metal pneumatic duct system, for use as a guide in the
aircraft industry. These recommendations are to be considered as currently applicable and
necessarily subject to revision from time to time, as a result of the rapid development of the industry.

REFERENCES:

WADC Technica] Report 56-187, dated September 1956, "Investigafion of Aircraft Djucting
Components at High Subsonic Speeds”

Air Force Aero Fropulsion Laboratory Technical Report 71-86, dated November 1971, “Ignition of
Aircraft Fluids by Hot Surfaces Under Dynamic Conditions”

BELLOWS: A cdnvoluted unit consisting of one or more convolutions used to obtain flexibility.

BELLOWS, BRAIDED: A convoluted unit surrounded by.a'woven wire sleeve attached to the ends
which restricts tHe movements of the unit.

BELLOWS, FRHEE: A convoluted unit which dogsynot incorporate any device or part|ffor the purpose of
restricting movement.

BELLOWS, RESJTRAINED: A convoluted-unit incorporating a means of restraint, other than braid, to
prevent axial mogvement.

BLEED AIR: Air extracted from the compressor of a gas turbine engine or propulsioh unit.

BLEED PORT: An outlet insthe gas turbine compressor casing through which air is e¢xtracted or bled
from the comprefsor.

BRACKET: A support or structural part which attaches and holds a duct to the vehidle structure.

BRACKET, ADJUSTABLE: A bracket that allows some freedom in the location of the duct, which it
supports, during installation. After the duct is located satisfactorily, the bracket is tightened and the
duct is held fixed.

BRACKET, ANCHOR: A main duct support at a point on the duct system that remains fixed in respect
to duct system expansions, contractions or deflections.

BRACKET, GUIDE: A support designed to provide for movement of a duct in a predetermined direction
while supporting it in all other directions.

BRACKET, SLIDING: A bracket which allows a duct to slide in a controlled direction while supporting it
in all other directions.
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3. (Continued):

BRACKET, SWING: A linkage which supports a duct and allows movement along the arc of the swing-
ing bracket.

BRAID: Woven wire sleeving used to limit movements of a bellows.

BULKHEAD SEAL: A fitting allowing the passage of a duct through a wall or bulkhead to prevent the
leakage through the bulkhead around the outer periphery of the duct.

BY-PASS: A duct that conveys air around a system or system components.

CAP, PRESSURE: A part which can be used to cover tightly the end of a duet to sustain the internal
pressure.

CAP, PROTECTJVE: A part used to cover an end or opening in a duct for the purpose of excluding for-
eign matter.

CLAMP: A normglly circular device which adjusts the circumferential length of the band. it is used to
bind two members together by the exertion of radial pressure.

COMPRESSION SYSTEM: A duct system wherein the fluid column loads due to intgrnal pressure are
reacted by the syipport structure.

COUPLING: A fitting or clamping device that’'serves to join the mating ends of adjagent ducts or other
components.

DEFLECTION: A displacement of(a)duct or joint due to operating conditions.

DUCT: An encloged passageway made of sheet metal or other suitable material for {he conveyance of
fluids.

DUCT ASSEMBLY:Detail parts fitted and joined together to form an integral part.

EXPANSION, THERMAL: Duct growth due o an increase in temperature.

FLEX-SECTION: These devices when incorporated in a duct system permit relative motion in one or
more planes. The term “flex-section” may include bellows, flexible sections and flexible joints which
are devices possessing flexibility resulting from the method of construction or the utilization of flexible
materials.

HALF-SHELL: Die-formed duct halves.

HEAT RING: A ring or flange used between the duct and support to reduce the transfer of heat from
the ducts to the supporting structure.
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3. (Continued):

HOSE: Tubing, either flexible by construction or made of flexible material, which is attached to the
ends of adjacent ducts, tubes or fittings. The term generally implies flexible tubing with a length to
diameter ratio (L/D) of three (3) or greater.

INSTALLATION: A completed set of duct assemblies and duct supports incorporated in a vehicle.

INSULATION: A material (applied around the duct) which is used to reduce heat exchange.

JOINT: A device
or other compon

JOINT, BALL: A

JOINT, COMPE]
maintains the du

JOINT, EXPANSION: Any of many types of joints which cap permit axial movement

therefore permit

JOINT, FLEXIBU
ducts and permit

JOINT, RESTRA
load being trans

JOINT, ROTARY
JOINT, SLIP: Aj

LINE MOUNTIN
attachment to a

or complete assembly which unites or establishes continuity béetwe
ents.

oint which permits relative angular movement and rotation of two a
NSATING: A pressure (thrust) compensated assembly allowing axia
ct walls in tension.

the duct system to expand or contract.

s relative motion of the ducts incone or more planes.

INED: A flex-section assembly in which an angular deflection can o(
mitted by an external or internal device.

: A joint which pefmits relative rotation of two adjacent ducts.
pint having sleeve assemblies, one sliding inside the other, to allow|

5: Refers to a component mounted on and supported by the duct, i
Support or bracket.

en adjacent ducts

djacent ducts.

| motion which

ithout failure and

E: A non-rigid joint, convoluted tubing, hose or ball joint assembly which joins two

ccur with a tension

axial motion.

nstead of direct

LINEAR OFFSE

: Distance between the duct centerlines of two joining ducts.

LINER: A cylindrical part within a flex-section assembly.

LIVE LENGTH: The convoluted length of a flex-section assembily.

LOAD: The resultant force exerted upon restraining brackets (and structure) due to internal fluid static
and dynamic pressures, thermal expansion or contraction, structural deflection, and component

weight.

LOAD, LIMIT: The maximum combined load due to all internal and external pressure and forces that a

duct or duct syst

em can encounter at any time in service.
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3. (Continued):

LOAD, PNEUMATIC: The force determined by the product of the internal differential pressure and the

duct cross-sectional area.

LOAD, PRE-: The force imposed on a duct or duct system prior to, or during, installation.

LOAD ULTIMATE: The maximum load on a duct or duct system can sustain without failure.

MISALIGNMEN
angular or both.

OMEGA BEND:

- Error in alignment befween the axes of two joining parts; the erro

A bend whose shape resembles the Greek letter omega andis usec

contraction or eXpansion in a duct system.

PRESSURE: A force distributed over a unit area.

PRESSURE, AT|

PRESSURE, BU
rupture.

PRESSURE, DH
PRESSURE, DI
reference pressy
due to pressure

PRESSURE EN

PRESSURE, MA
ble operating co

PRESSURE, PR

MOSPHERIC: The force per unit area caused by the weight of the

RST: Maximum internal pressure above\ambient which duct must

SIGN: The selected normal operating pressure.

FFERENTIAL: The difference between the internal pressure at a po
re (ambient) or, in a flowing system, the difference in pressure betw
drop.

VELOPE: The range of pressures to which a part is subjected in no

XIMUM OPERATING: The maximum pressure a duct will experien
nditions:

OOF: The maximum test pressure a duct or duct installation must g

F may be linear,

| to accommodate

btmosphere.

vithstand without

ntin a duct and a

ben the two points

rmal operation.

ce under all possi-

ustain without per-

manent deforma

ion.

RUPTURE: A break in a duct or duct assembly.

SYSTEM: A combination of ducts, duct supports, duct joints and fluid control devices which will regu-
late and convey fluids from a source to a point or points of use.

TEMPERATURE, AUTOGENOUS IGNITION: That temperature at or above which a self-sustaining
combustion of a critical volume of fluid will take place without the presence of an external source of

ignition, such as

a spark or flame.

TEMPERATURE, DESIGN: The selected normal operating temperature.
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3. (Continued):

TEMPERATURE, DIFFERENTIAL: The difference between the internal temperature in a duct and a
reference temperature, or in a flowing system, the difference in temperature between two points due to
temperature drop.

TEMPERATURE, ENVELOPE: The range of temperatures to which a part is subjected in normal oper-

ation.

TEMPERATUR
all possible oper,

TENSION SYST]
sure are not tran
reacted by axial

4. INSTALLATION

4.1 Introduction:

Employment o
several requirg
assembly. The
4.1.1 Structural De
deflect suffic
must be cony
deflections.

length. Torsi
Bending defl
installation.

4.1.2 Thermal Exp
can be of co

, MAXTMUM OPERATING: The maximum temperature a duct will g
ating conditions.

EM: A duct system wherein the fluid column or longitudinakferces d
smitted to the supporting structure. The fluid column loads of such
tension in the duct walls.

CRITERIA AND LIMITATIONS:

f high temperature pneumatic ducts intmodern aircraft entails the cg
ments which may be encountered, during operation, maintenance,
requirements are as follows:

flections: The aircraft structire on which the duct installation is mo
ently to require a flexible-duct installation. Axial, torsional, and ben
bidered. Installationsiwhich traverse a wing are usually exposed to
n magnitude, the(axial deflections may be as high as 0.06 inches g
onal deflectionssmay require 3 degree to 5 degree rotation about th
pctions (anguilar) may be in the range of 3 degrees to 7 degrees for
Paragraph4.2 indicates some methods of compensation for structu

ansiofny Duct materials under high temperature exhibit a growth or
nsiderable magnitude. If some means is not provided to compensa

xperience under

Lie to internal pres-
a duct system are

nsideration of
and installation

unted will usually
ding deflections
the largest

er foot of duct

e duct centerline.
a typical wing

ral deflection.

expansion, which
te for this

expansion, an axial compressive force tending to cause Tailure of the ducts or supports will be
developed. Duct connections to the engine should consider engine growth radially and axially due
to dimensional increases caused by high temperatures. The motion envelope of the engine for
normal operation and under airplane design limit load factors relative to its fuselage or nacelle
structure should be established and considered. The difference in length due to contraction of the
airframe at low temperature and expansion of the duct at high temperature usually results in the
largest relative duct motion. Paragraph 4.2 indicates some methods for compensating for thermal

expansion.
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4.1.3 Thermal Shock: Design of the duct system should take into account the effect of thermal shock.
The minimum temperature, maximum temperature, and rate of temperature rise for thermal shock
should be determined by analysis based on the expected areas of aircraft operation. Usually, the
extreme condition occurs with ground operation following cold soak at the minimum design
temperature.

41.4

41.5

Space Allocation: Space allocation is another limitation in the duct installation. High priority should
be given to the duct routing for the following reasons:

A

B.

Additional D
consider in t

A

Operatio

Installatid
cleanest
compens

Safety - 4
from com
temperat
by routin
compartn

Duct mot
when sul

The duct
cause co
through

N - A straight duct provides a minimum pressure drop.

ation, and ease of maintenance and inspection.
Adequate space allocation can mean proper isolation of the high ter
Lire ducts be located above and/or isolated,from ducts transporting
) the ducts as far away from each otheras possible or providing se
hents. A shutoff valve should be located as close as possible to ea
extraction air source to provide duct or system isolation.

;tCt Load Considerations: There are several additional duct loads th

n Assembly - Sufficient space should be provided to make possible
nstallation assembly to provide structural deflection and thermal eX

the easiest and
pansion

hperature duct

bustibles and components sensitive to high temperature. It is reconpmended that high

e duct installation design:

nted equipment items, such as valves, can create large torsional Ig
jected to vibratiofh and should be mounted on or supported by stru

systems should be capable of accommodating the external pressu
lapsing. -For example, provisions must be made for pressure testin
vhich such ducts are routed.

In a com

pression system a slight misalignment of free bellows can impose |z

combustible fluids
barate
ch engine

e designer should
ads in local areas
cture.

res which could

g a fuselage

rge side loads on

the duct supports. Instability of the duct system can be caused by such a m

should be avoided.

salignment and

Installation of free bellows in a compression system requires consideration of the buckling
strength of the duct based on the compressive loads caused by the larger internal area of the

bellows.

The duct system should be designed to withstand loads imposed by externally induced
vibrations.

The duct system should be designed to withstand handling and shipping loads.
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4.1.6 Typical Duct Material: For typical corrosion, resistant alloys available for use in high temperature

4.1.6.1

4.1.6.1.1

4.1.6.2

4.1.7 Fluid Flow Cpnsiderations: Considerations of,thermodynamic fluid flow should b
system design:

41.71

41.7.2

41.7.3

pneumatic duct systems, refer to Section 5 for detail information.

The duct material and gauge selected shall be capable of satisfying the followi

ng design criteria:

Component Malfunction: The maximum combination of operating temperature and pressure
levels selected should be determined from the values resulting when any single system

component malfunctions.

A. Withqut Yielding - The combination stress resulting from any combinatior
opergting temperature, deflection, and maximum operating pressure-timg
proof|pressure factor. A reduced allowable yield strength should‘be cons
respgct to the life cycle expectancy.

B. Withqut Rupture - The combined stress resulting from any combination ¢
opergting temperature, ultimate deflection, and maximum operating pres
selected burst pressure factor (deformation permitted).

Materials used in duct manufacture should be corrdsion resistant to various ai
as hydraulic oil) with which the duct may come in‘contact.

A recommended design duct Machaumber should be selected at 0.25 or less
the effects jof air velocity on the ‘required distribution, noise and duct system pi
WADC Tedhnical report 56-187, dated September 1956, “INVESTIGATION OH
DUCTING COMPONENTS.AT HIGH SUBSONIC SPEEDS,” provides compor
informatior] at entrance™™ach numbers from M - 0.2 to 1.0.

Resonancg created-by high velocity airflows should be considered in the duct
resistance jn the‘duct should be given prime consideration to prevent turbulen
produce regénance resulting in fatigue failure. A bellows is one component wi

n of maximum
bs the selected
sidered with

f maximum
sure times the

craft fluids (such

e given in the duct

in order to reduce
essure losses.

F AIRCRAFT

ent design

design. Minimum
ce which could
nich is susceptible

to severe turbulence under high velocity airflow and should be of multi-ply construction to

withstand the resonance of a liner (or equivalent device) to reduce turbulence.
recommended for airflows 0.2 M and above.

Liners are

Assure that supersonic flow is not created in the ducting downstream from duct system

components, such as a flow-limiting venturi.
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4.1.8 Environment: Environment of the duct installation should be given consideration in relation to the

4.1.81

4.1.8.2

surface temperature of the duct.

When a pressurized high temperature duct is routed through or adjacent to compartments where
combustible fluids are present, consideration should be given to the design of the pneumatic
ducts and seals to keep surface temperatures below the autogenous ignition temperature (AIT)
of the fluids. Figures 1 and 2 show the AIT of various aircraft fluids obtained in a Setchkin type
test apparatus (constant-temperature method). These values represent compartment conditions

10 OF 103

of superso
A ventilate
The duct in
values. As
the AIT, ing
Propulsion
by Hot Suri
various air
of air flow s

The therms
aircraft, es
actuators,

temperatur

The heat Ig
carrying ail
being main

Reduction
safety prob
the use of
utilizing hig
Another mé

i compartment will dilute any combustible mixture present and mini

can be seen from Figures 1 and 2, an increase in the compartmen
reasing the fire or explosive hazard if combustibles are:present. Ai
Laboratory Technical Report 71-86, dated November 4971, “Ignitio

craft fluids under conditions in which they impinge upon a hot surfaq

becially items such as electrical wiringrand actuators, hydraulic acc
hnd structural components which ceuld suffer degradation of streng
e.

ss from the duct can present'a problem for the system’s proper ope
for heating purposes, or-it can represent a heat load for a compart
tained at the lower temperature.

lem as mentioned above. One method to reduce the effect of surfg
h radiatiomshield for critical components. This can consist of a buil
h refleetivity, low emissivity material placed between the duct and t
pthad 1o reduce the effect of surface temperature is the use of insul

duct. Ther

c(are several factors to be considered in the use of duct insulation.

ic aircraft where the ambient temperature approaches the duct surface temperature.

izes fire hazard.

stallation and aircraft operation will determine possible deviation frgm these test

pressure lowers
r Force Aero
h of Aircraft Fluids

faces Under Dynamic Conditions,” provides data on,the ignition chgracteristics of

e in the presence

imilar to that possible for bleed air ducting in ‘an engine compartment.

| limitations of adjacent components could become a functional safety hazard of the

imulators and
th with high

ration if the duct is
ment which is

bf surface temperature of the duct system is necessary when its roditing presents a

ce temperature is
-up assembly

he component.
ation around the
The insulation

material must be protected from wicking of combustible fluids, crushing or tearing during

fabrication, installation, maintenance, and handling, and must have low conductivity properties
which will not deteriorate under high temperature. The insulation or bonding material used must
not form corrosive substances at any temperature to which it may be subjected. If the insulation
material is protected by a cover impervious to fluids, it should be vented to provide and maintain
the insulation at ambient pressure. The insulation material should be capable of withstanding the
effects of vibration. Some airframe companies, for conservative reasons, design to maintain
surface temperatures at least 50 °F lower than shown on Figures 1 and 2.
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TEMPERATURE - F

900

800 _

T00

F-50

HYD. FLUID

10 20 30 40 50 60

70
PRESSURE ALTITUDE - 1000 FT.
GLYCOL /WATER
700
600 i i
10 20 30 %0 50 60 70
PRESSUREALTITUDE - 1000 FT.
600 MIL-L-7808
LUBE OIL
500
400
'10 20 30 L0 50 (o) 10

PRESSURE ALTITUDE - 1C00 FT.

FIGURE 1 - Autogenous Ignition Temperature Versus Altitude
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TEMPERATURE - F

600

500

600

500

600

500

JP-l & JP-6

Fuels

(o]

10 20 30 4o 50 A0 70
PRESSURE ALTITUDE - 1000 FT.

CRONITE. 8200
Byd-Fluid
0 10 30 30 50 0 70
PRESSURE ALTITUDE - 1000 FT.
HEYDEN NEWPORT
TP-65U4 Lube 1011
o} 10 20 30 4o 50 60 T0

PRESSURE ALTITUDE - 1000 FT.

FIGURE 2 - Autogenous Ignition Temperature Versus Altitude
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4.1.8.3 High temperature must be considered in the design of support methods for the ducts since heat
will be transferred to the supports through conduction and radiation. The support material and
any fasteners or other components of the support should be compatible with the existing
temperature level. Consideration should be given to possible heat transfer through the support
to the structure. Insulation should be provided between the support and structure if the
temperature can exceed structural limits.

41.84

aircraft, co
exchanger
provisions
pressure o
performang
leakage of
structure a
provisions
sensing elg
designed t
element is

4.1.9 Maintenance
consideratio
for field insp

4.1.9.1 Durability ¢

Thin wall d

during mar

wall duct o

from crush

4.1.9.2 Accessibilif

important i

high temperature air from ducting and components could cause da
nd adjacent components, or if the leakage could résult in fire and e
fo detect bleed air leakage should be incorporated. When a contin

ment type of leak detector is incorporated along the ducting syster:E
b indicate a bleed air leak within five seconds when a one-inch leng
subjected to a hot-air blast that is 100 *F.above the nominal detecitt

I

Lct and insulation cover materials are quite susceptible to damage

r reinforcement ef’'the insulation cover may be justified to provide ad

N the initial design of the duct system.

the bleed air system to as low a level as possible without@dversel
e of the systems which use bleed air. When the bleed<air'ducting i

Requirements: Design of a low cost maintenance duct system inv
of durability and accessibility_and replaceability of ducts, joints, co
ction.

f the ducts and supports-should be given consideration in the initial
ufacture, shipping, inspection, installation, and field maintenance.
ng and indenting.

y and replaceability of ducts, joint couplings, and seals are requirer

In order to reduce the hazards associated with routing high temperature bleed air throughout the
hsideration should be given to incorporating means such as a precd
near the engine bleed ports to reduce the bleed air temperature 1o

should be incorporated near the bleed ports of each engine to\redu

oler heat

h safe level. Also,
ce the operating
y affecting

5 routed so that
mage to vehicle

plosion hazards,
ous length

, it should be

h of the detector
br setting.

blves
Liplings, and seals

design stage.
from handling
Use of a heavier
ditional protection

nents that are

A. Ducts, where possibility of replacement exists, should not be an integral part of the aircraft
structure and should be installed so a minimum of disassembly is required for removal or
inspection.

Joint couplings that are frequently removed on the aircraft should be readily accessible, and

should incorporate a quick disconnect feature with the capability of reuse without leakage. If
the joint requires a seal, it should be easily removed and replaced; or it should be designed
such that replacement of the seal is not required.
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4.1.9.3 Field inspection of the duct system should be possible to insure component integrity. A leakage
check will provide information as to existing danger points in the system, and a visual check of

4.1.10 Installation
be given attgntion. Leakage problems are aggravated if.misalignment problems
successfully.

4.1.10.1 Installation|assembly of ducts must consider certain types of misalignment, su

4.1.10.2

the system

would point out potential danger spots.

A. Leakage and functional checks of the system should be made. Methods for leak and
functional testing of the duct system should be considered early in the design, so that
necessary fittings may be incorporated.

B. Visuali
covers
duct a
close t
malfun
additio

points do n
point cent
occurring i
1 2 degree
accomplish
(angular); &
offset, and

Leakage of
the case of
or low temg

spection of the duct system can show up such danger points as:

or insulation where exposed insulation may wick and present afire
embly where a weak portion of the assembly has exceededits'yie|
failure; deformed supports or ducts indicating an unpredicted load
tion; and partially failed couplings or bellows which would‘Constitutg
to actual failures to the duct walls or duct supports:

lerances: Installation tolerances for both duct misalignment and jo

t meet or overlap each other), offsét (end point center lines offset)
r lines meeting at an angle). Some approximate magnitudes of the
normal installations are: axial+ 0.25 inch; offset + 0.125 inch; ang
5. Compensation for any.ene of these misalignments (not all at the §
ed by appropriate use of bellows (axial, offset, and angular); flexil
all joint (angular); ball joint arrangement or combination of ball and
angular); slip joints)(axial) and adjustable duct supports (axial, offsg

high tempefature air from the duct system can be a serious safety
duct surface temperature in 4.1.8.1, if it is in the vicinity of combust
erature-imited components. Unless the duct system has a separats
ely-the duct will be routed in the vicinity of these critical items. Dug

it is quite li
sealed co

orn protective
hazard; a bulging
d strength and is
ng and possible
a flight hazard, in

nt leakage should
are not solved

ch as axial (end
and angular (end
se misalignments
| angular

tame time) can be
le coupling

slip joints (axial,
it and angular).

broblem, similar to
ble fluids, vapors,
e tunnel of its own,
't leakage into a

partment may constitute a structural problem. A means for checkir

g the system for

leakage before operation is very important. Assure that all compartments through which bleed
air ducting passes are adequately protected against overpressurization in the event of a duct

rupture.
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4.1.11 Reliability: Reliability of pneumatic duct systems is essential to aircraft airworthiness and reliable
aircraft operation in service. During the inception of the design, the control specification,
fabrication of components, and the duct system installation, reliability can be improved by adhering
to the following:

A

B.

. Avoid un

. Guard sg

Use standard, well-developed parts.

Select vendors whose reliability of performance is proven.

Provide €

Careful ¢

asy maintenance accessibility.

pnsideration of problem areas (pressures, temperatures, déflection

Require adequate testing for qualification.

Select fa
Provide ¢
Inspect ¢
Report m
Assure ¢
Package

Maintain

steners of sufficient size to hold the component‘in place.
design that is free of points of high stress,concentration.
arefully after fabrication.

alfunctions to proper channels,

prrective action is initiated.

properly to protect during shipment and storage.

and calibrate testequipment.

necessarily‘rough handling of parts.

fety-fasteners or other holding devices against loosening.

Provide sufficient clearances for adjustment and/or travel.

Use prop

er tools and fixtures to aid in assembly and installation.

insulation, etc.).

Keep ducts and other components completely free of dirt and contamination during storage,

handling

and installation.

Require adequate production proof tests.

Initiate a training program in the maintenance and installation of the duct system for shop and
field personnel.
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4.1.11.1 A development test program is essential for testing the installation in its actual environment so
that critical weaknesses in the system can be found out and corrected. Tests should be
performed on several samples in order to get a statistical spread of information. A satisfactory
test program should include:

A. Test on individual components at critical temperatures.

Proof pressure

Burst
Fatigu

B. Tests oh complete mock-up system, or representative critical sections.

Cyclin
Extern
Proof

Flow r

Leakage
Ultimatg structural tests on critical areas

Vibrati

C. Tests on systems in completed airplane.

Proof

account for temperature effect and equivalent material stress level.

See sectio

4.2 Types of Duct

A duct system
arrangement.
for duct move

roacoLirn

TOOUTC

(pressure, temperature, movement, and thermal shock)
I induced loading

essure

sonance

n testing - suitable duct subsystems

essure*

n 5 for details of duct qualification testing.
Systems;

may<be'the tension, compression, or a combination tension-compré
Thectension system generally weighs the least, but it requires more

pssure level to

pssion type
space allocation

at Tl PO ran—avietara—in Achitian $a BraHeaat aad-th
ICTIL. TS LUINMPYTCOoOSIUINT Sy SlTTTL 1T AUUTtUTT TU TS PTTeulTiate ara it

rmal loads, must

make provision for considerable side load. This, coupled with the inherent instability of free bellows,
requires the system and the aircraft structure to be more sturdy. The compression-type system
requires a more precise analysis because of the magnitude of types and combinations of loads
which may be encountered.
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4.2.1

422

423

Tension: A tension system (Figure 3) is one wherein the fluid column or longitudinal forces due to
internal pressure are not transmitted to the airplane structure, but are reacted by axial tension in
the duct walls. Support of the duct must withstand the airplane inertia weight factors applied to the
weight of the duct and be adequate to deflect the duct axially, in torsion, and in bending under the
effects of airplane structural deflections and duct thermal expansion at airplane design loads.
Some ways of compensating for structural deflections and thermal expansion are:

A. Duct guide supports (such as rollers, sliding, or hanger type).

B. Joint arrgngements (such as ball, pressure-compensating, and restrained pgllows) placed in
strategic [locations.

C. The use of the elasticity of the duct itself, either through the useofbends associated with its
natural rquting or the addition of omega or loop bends in the system.

D. Flexible attachments to the duct. (An example is a bulkhead seal where a sliding fit or low
spring rate bellows could be used on the outside of the duct.)

E. Flexible jpints (such as a ball or flex-sections) can.be used to compensate fqr bending
movement.

It is important that space allocation be considered for movement of this type of gystem.
Compression: A compression system-(Figure 3) is one wherein the fluid columr] forces due to
internal pressure and thermal expansien are reacted by the support structure. §ome ways of
sustaining the compressive forces;.and compensating for structural deflection and resultant
thermal expgnsion are:

A. Fixed dug¢t supports which can withstand end and side loads.

B. Joints (sych aslex-sections and slip type) which provide for duct growth in the axial direction.

C. Flexible jpints (such as ball or flex-sections) can be used to compensate for duct bending
movement.

Column strength of the duct must be adequate to withstand the applied compressive loads with the
allowable misalignment.

Tension-Compression: A tension-compression type system may be used in lieu of either a tension
or compression system. It would consist of placing one part of the duct system in tension and the
other part in compression as described above. The fixed point of the duct section in tension will
occur where it joins the duct section which is in compression. Here again space allocation for duct
movement is an important requirement.
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5. DUCT SYSTEM AND DUCT COMPONENT DESIGN:

5.1 Design Criteria:
Design requirements are presented for ducts, duct couplings, duct supports, thermal insulation, and
compensation devices for thermal expansion, airframe deflection and installation tolerances.
5.1.1 Ducts: The following recommendations pertain to ducts suitable for handling pressurized high
temperature ir.
5.1.1.1 Materials: |Design information on these materials is presented in Figures4 thrpugh 9 for the
temperature levels shown:
TABLE 1
Maximum Continuous
Operating
Material Temperature (°F) Comments
321/347 1600 Easily welded and formed. Lowest strength.
Good corrosion resistance. Non-hegt
treatable. Good sub-zero properties.
Maximum temperature limitation imposed by
oxidation resistance. Type 347 has|slightly
higher strength at elevated temperatures.
AM 350 800 Easily weldable but work hardens rgpidly.
Heat treatable to higher strength thgn above
materials, but transformation growth causes
severe distortion. Good corrosion
resistance. Maximum temperature limited by
excess precipitation which may cause
embrittiement.
PH15-7 Mo 800 Higher strength than 17-7 and AM 350. Good

formability and weldability. Good corrosion
resistance. Heat treatable but subject to

growth distortion. Low elongation.
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TABLE 1 (Continued)

Maximum Continuous
Operating
Material Temperature (°F) Comments
A-286 1300 Weldability just fair. Good high
temperature strength in the range of

700 - 1300 °F. Good corrosion resistance.
Heat treatable. Over-ages above 1300 °F.

Inconel 718 1300 May be welded, but must be heat’tr¢ated.
Formable mainly for use at 900to 1800 °F,
where it is stronger than Inconel X-7150.
Specify Cond A (annealed) unless Cond B
(coldworked) is required for higher gtrength.

Inconel X{750 1500 Comparable t0:A-286 except better strength
in the range*0f1200 - 1500 °F. Goaod
oxidationresistance to 1800 °F.

Rene'41 1500 Higher strengths than Inconel X-75Q with
ferming and welding somewhat morg difficult
than A-286 or Inconel X-750. Vacuym melted
to retain hardening agents and thergfore

very expensive. Good oxidation resfistance
to 1800 °F.

5.1.1.1 (Continued):

CAUTION:] Rubbing or chafing during installation of stainless steel ducts can|result in corrosion

pits-on the duct OD. It is recommended that a high temperature ¢oating be applied
ta the QD of stainless ducting (’%71/’%47, 21-6-9_PH 15-7 Mo, _PH:7 Mo)_ A

satisfactory coating would be Sermetel W (MIL-C-81751) or equivalent.



https://saenorm.com/api/?name=bf00ee6235547f7ef5cc03901263e861

SAE INTERNATIONAL

ARPG99™E

21 OF 103

TABLE 2

Materia

Maximum Continuous
Operating
Temperature (°F)

Comments

AMS 4900

600

Commercially pure titanium, annealed,

AMS 4901

4Al-3Mo-1

5Al-2.55n

6Al-4V

\Y

600

750

800

750

wetdablte; ot heattreatabte;except
formed parts or fusion welded assef|
stress relief must be specified,-Prin
applications requiring strength up to
and oxidation resistance up to 600 °
be electroplated.

Stronger, but less formable than AM

Use whereghigh strength and oxidat
resistance are required. Heat treatg
be resistance welded but not fusion
electroplated. Difficult to form witho
cracking.

Annealed. For fusion or resistance
where strength exceeding that of

commercially pure titanium is neede
heat treatable except that for formeq
fusion welded assemblies, stress re
be specified. Not to be electroplated
to form without cracking.

Primarily for applications requiring w

that for
nblies,
arily for
400 °F
F. Not to

S 4900.

on
ble. May
velded or
ut

welding

d. Not
parts or
ief must
. Difficult

eldability,

ductility and good notch foughness.
material has attractive fatigue prope

The
rties in

both the annealed and aged condition. Heat
treatable. Not to be electroplated. Difficult to

form without cracking.
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TABLE 2 (Continued)

Material

Maximum Continuous

Operating
Temperature (°F)

Comments

8Al-1Mo-1V

800

Use where best combination of elevated
temperature, strength, stiffness, and
toughness is required. Weldable. Not heat

treatable. Stress relief after forming

or

PH14-8Mp

21-6-9

Inconel 625

800

1000

1600

welding must be specified. INot 1o b
electroplated. Difficult to form wittio
cracking.

a)

-

ut

The material has strength properties at both

room and elevated témperature. The

outstanding advantages of this alloylare high

strength coupled‘with high fracture

toughness. dhe resistance of PH14+-8Mo to

stress corresion is superior to that o
PH15-7Mo.

The material combines high yield st

f

ength

with good corrosion resistance. Room
temperature yield strength of 21-6-9 is about
twice that of 321/347. It is readily fgrmable

and can be welded by conventional
methods. Corrosion resistance infe
321/347.

Good oxidation resistance to 1800 °
high temperature strength in the ran

welding
fior to

F. Good
ge of

700 - 1300 °F. It is weldable and has normal

formability characteristics.
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MATERIALS

FERSILE YIELD STRENGTH
Q@) 321 & 347

NOTE: At temperatures above point O on the curves,
the stress for 1% creep in 1000 hours is
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TENSILE YIELD STRENGTH - 1000 PSI
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STRENGTH - WEIGHT RATIO
VS. TEMPERATURE (D 321 & 347

(2) a-286
BT 130,000 PSI

% JOF ot
4Reme—kt—
990 =/ Br 170,000 5T
850 ]
5) AM(350
800 ® BT)185,000 }SI
(&) Pm5-7 Mo
~ ~ | 7504 HT 225,000 BSI
ﬁ % L 9 e Inconel 718 |Cond. A
8 q Too (8) Inconel 718 Cond. B
s g 650
E g | 600
A S
550
8
500, - it
] l'_so_ 10
E ,6‘ ; (11
400 9 e
2 3504 5, il o
g 300 r“ 8
1 f
§ T 5
A ©,
200 [ I, s
150
1004 % 1k
> =
0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
TEMPERATURE - F

FIGURE 8


https://saenorm.com/api/?name=bf00ee6235547f7ef5cc03901263e861

28 OF 103

ARPG99™E

SAE INTERNATIONAL

STRENGTH - WEIGHT RATIO

MATERIALS

VS TEMPERATURE

AMS 4900

AMS 4901

o

LAL-3Mo-1V

mRAL-Q‘%SN

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

1
m T 3 3 T T T
! T i EERes R R R R R I A :
it st jsgasss 1 H A Sis :
4 i i - N :
Sses sagssseass oy ot s
T
b H s P (i Sassgss:
e R At = e
8 T |88 4+ 8% & S8k &4
422 53 SEBBETBeEs IapbaRcaRs Sent: it i
Vo) b o3 H : seElsgRssssss ios T Jin 22223
iR Fd N ) Eegass:
S Sass s nateanssns ot Bes 8} e 1 i2ase
i23333388s 818 SEsascpessses i } s thisd s
1 -
T pssEssas osepeepacss saessensss ses e = :
e 1 les sasessunal sussssnsns b8’ jos t 13 T T 198 Seaspsesss
K T + L 1 1T + o4+ PRESS 8¢ : “ : “
1 T 19 88 T T T
asst i sed: ¥ " 8222 3825 1 i} S3g8eet:
H ! S £ : ; i : BEEsE i sissatisinnticnt
5255 oS ety : e
ae o 13 1 t a: f T e s
13 T H 1 b I o M\ 1
HHHhE w 88 oe T jasgses tf - o it
; £Y\0 Yiri
H H 8 1 getas spsans: 3 wesa see)
et 28 i Hoponh s H 8288 T jabesgses
H3 » sanst s 33T » "
“ 1 +H v .- 1SBES
SR i : E gegse sEisd
H £ 1+ 4
FH et
H 3 sSeas SREE" 2 1 i I R S esss!
Sassassset so22oes I 7 d235:
1 1 ¥
eesas: 1 : H
e ¥ +44 v & 4 44t -
s5iss 588 o3 : H
22 T
H5H = T T
iggsess : ss 5 ;
pos joSs 86 HH
o ost s o= +H e +
AT T T H T
v 4 I 04 r H
1 d2en satal Bhnus sau: HHy
: HH
8. 1 T 5 asee asgeiaas
3 : s snss cess snasssce: H t T
i ! 5
3 B 1 bu
H +
T
+ T pe a8
Y T T 4 H P H t
T
8 gas T H HH
H s 438
HH 1 e ¥
HHH . 42
HH T 1 B HHITH H
H ot H s :
o s S S SR B ehas 11 B8 88!
& ! T
H A b H
b - e w H
T 20880 Sund T 8 18 1 I 11
H f ] T :
T THEL g eseu: a8 Sus}
Ht 855 spsnssse gase.
A e it i3 3
Hi ; t 8 H :
: Fri ; g
} H t :
s38agmde - Z :
t h 1 8 : :
y o 4 T
) T HT
™ £3328 s8aee H 1= B N t : iR
B/ pgi s Mttt . HEn i

950

900 {5 °

700116 +
35011—

T50 4

& § 2 8 2 8 8

)
o

§

MHmm ooo.n“ HIONAHMLS dTAIX = OILVY IHOIIM-HIONIMNIS

100

TEMPERATURE - F

FIGURE 9


https://saenorm.com/api/?name=bf00ee6235547f7ef5cc03901263e861

SAE INTERNATIONAL

ARPG99™E

29 OF 103

5.1.1.1 (Continued):

NOTE: CAUTION! Use of unstabilized CRES for duct applications 800 °F and above will result
in carbide precipitation and intergranular corrosion.

5.1.1.2 Fabrication Requirements: Ducts should be fabricated from tubing or sheet stock. MIL
specifications or commercial specifications may be used for material and for welding techniques.
These should be modified as required by detail specifications or detail drawings of the duct

assembly.

51.1.21 Applicable Specifications: The following specifications may be used as mathriaI references:

AMS 4900

AMS 4901

AMS 4912

AMS 4910

AMS 4911A

AMS 4916

AMS 5510

AMS 5512

AMS 5526

AMS 5528

AMS 5548

Titanium Sheet Commercially Pure

Titanium Sheet Commercially Pure

Titanium Sheet, 4Al-3Mo-1V

Titanium Sheet, 5Al-2.5 Sn

Titanium Sheet, annealed, 6Al-4V

Titanium Sheet, 8Al-1Mo-1V

Steel Sheet and Strip.€orrosion and Heat Resistant (Type 32
Steel Sheet and.Strip, Corrosion and Heat Resistant (Type 34
Steel Sheet’and Strip, Corrosion and Heat Resistant (Type 19
Steel'Sheet and Strip, Corrosion Resistant (17-7 PH)

Steel Sheet and Strip, Corrosion and Moderate Heat Resistar

7)

-9DL)

t (AM 350)

AMS 5595

AMS 5599

AMS 5603

AMS 5520

AMS 5525

AMS 5542

Steel Sheet and Strip, Corrosion and Heat Resistant (21-6-9)
Nickel-Base Sheet and Strip, Corrosion and Heat Resistant (I

Steel Sheet and Strip, Corrosion and Heat Resistant (PH14-8

nco 625)

MO)

Steel Sheet and Strip, Corrosion and Moderate Heat Resistant (PH15-7Mo)

Steel Sheet and Strip, Corrosion and Heat Resistant (A-286)

Alloy Sheet and Strip, Corrosion and Heat Resistant (Inconel

X-750)
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5.1.1.21 (Continued):

AMS 5545 Sheet, Strip and Plate, Corrosion and Heat Resistant (Rene'41)

AMS 5596 Alloy Sheet and Strip, Corrosion and Heat Resistant (Inconel

718)

MIL-STD-810 Environmental Test Methods for Aerospace and Ground Equipment

MIL-W-6858 Welding: Aluminum, Magnesium, Non-Hardening Steels or Alloys, and

MIL-W-8¢
MIL-W-2]

5.1.1.3 Strength R
rupture a b

A. Burstp
temper
normal

B. Burstp
temper
event g

The duct sy
pressure e

A. Proofp
temper
normal

Titanium, Spot, Seam and Sfifch
511 Welding, Fusion of Steels and Corrosion and Heat Resjsting
1664 Welding, Spot, Inert Gas Shielded Arc

bquirements: The duct system should be structurally adequate to r
urst pressure equal to the greater of the following:

ressure 2.5 times the gage pressure, with the component at the ass
hture for the most adverse pressure and‘temperature condition thatf
operation.

ressure 1.5 times the gage pressure, with the component at the ass
hture for the most adverse pressure and temperature condition that
f failure of an upstream pressure or temperature control device.

stem should be structurally adequate to resist without permanent d
nual to the greater of the following:

ressure 1.5-fimes the gage pressure, with the component at the ass
hture for the most adverse pressure and temperature condition that
operation.

B. Proof p

Alloys, Process for

psist without

ociated
occurs during

ociated
occurs in the

eformation a proof

sociated
occurs during

réssure 1.1 times the gage pressure, with the component at the ass

tociated

temperature for the most adverse pressure and temperature condition that occurs in the
event of failure of an upstream pressure or temperature control device.

The most adverse condition is that combination of pressure and temperature which results in the
highest ratio of stress to yield strength of the duct material. Where combined loads occur, detalil
design of the duct should be adequate to absorb loads from column action, structural or bracket
deflection, and side loading from brackets in addition to the internal pressure loads. A reduced
allowable yield strength should be considered with respect to life cycle expectancy.
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5.1.1.3.1

5.1.1.3.2

5.1.1.3.3

5.1.1.34

Formed Parts: Stress level must be reduced to allow for thinning of material during forming.
The degree of material thinning is dependent on the ratio of duct diameter to wall thickness,
forming techniques, radius of bend and degrees of bend. Consult available design and

manufacturing manuals before establishing the wall thickness.

Branch Duct Joints: Special attention should be given to the design and fabrication of duct
joints such as tees and wyes. Flat areas, inherent in the design of tees and wyes should be
kept to an absolute minimum. The areas that are normally flat should be “crowned” as much as
possible.] Reinforcement of the croich area of wye sections is considered gdod practice.

Welding fechnique used in the joining of duct sections must be of the highes

Duct Reipforcements: Consideration should be given to the use of deublers
bracket gttachment points. When used, doublers or other reinfotrcéments sh

continuolisly welded all around to the basic duct. If large temperature differg

encountgred, consideration should be given to venting the@&ntrapped area.
stiffening|devices may be utilized to prevent collapse from external pressure

should b
for brack

Handling
handling,

considered for boss attachment. Circumferential stiffening device
bt attachment point.

Minimum wall thickness may be dictated by damage occurring du
In this respect, the following minindum wall thicknesses are recom

TABLE 3
Duct Diametef;:inches Minimum Wall Thickness, Inch
Under 1.00 0.010
1:00 t0 2.00 0.012
Over 2.00 to 3.50 0.016
Over 3.50 t0 5.00 0.020
Over 5.00 t0 6.00 0.025

quality.

at boss and

ould be

ntials are
Circumferential
Duct wall pullout
5 may be utilized

ring fabrication or
mended:

Qver 600 As Reauired by Desian
Vel - AS-~egquired by lesigh
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5.1.1.4 Standard Sizes: The duct should be designed and fabricated to the diameters recommended

below:

TABLE 4

Outside Diameter, Inches Size Increments, Inch

OO

5.1.1.5 Allowable |

5.1.2

5.1.21

connector

Compensatig
temperature
joints or, whe
may also be

Free Belloy
convoluted
steel and n
number of
bellows (cq
Figure 10b
cause the |
applied log
convolution
has been fi
twice the fl

OZldr O 7 [~
U.TO WU L. 70

U.ZO
3.00 to 6.00 0.50
Over 6.00 1.00

leakage: There shall be no leakage in the basic duct. Allowance s
eakage and seal type compensator device leakage.

n Devices for Thermal Expansion: The deflection of a duct system
operation is normally absorbed by axial:and/or angular deflection o
re configuration permits, by deflectionof the ducting itself. Slip join{
used to accommodate duct deflection.

vs: A free bellows absorbs duct movement by the compression or ¢

nay be of a single or multiZply wall construction. A free bellows is ct
working convolutions:as shown in Figure 10a. The stroke or deflec
nstant convolute size and wall thickness) under load is similar to a

. The word “Load” includes any force or combination of forces app
pellows to compress or extend, and can therefore refer to a pressur
d in eitherdirection. The stroke is also directly proportional to the 1
s and.dnversely proportional to some power of the wall thickness. |
bund‘that two-plies, with a total thickness equal to a single ply, will g

eXibility of the single ply. Multi-ply bellows can therefore be used fo

hall be made for

during high
[ bellows-type flex
s and rotary joints

bxtension of its

portion. Bellows used in.aircraft duct systems are normally fabricated from stainless

bmposed of a

lion of a given
helical spring (see
lied axially to

e or mechanically
umber of

N actual practice it
rovide at least

r high pressures

without ex

e5sive toss i flexibitity " CAUTIONmptosionof inmer pties of am

Iti-ply bellows

used in high temperature applications is possible unless voids between plies are free of moisture
or are properly vented. Two bellows used in series between anchor brackets should have the
same spring rate. Free bellows have a tendency to squirm under compression loads and duct
supports must be adequate to restrain sidewise motions.
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51.21.1

51.21.2

Factors Affecting Endurance or Service Life: The cycle life of a free bellows is primarily
influenced by the stress induced. The magnitude of the stress depends on the length of the
stroke and the operating pressure. The closer these factors approach the maximum allowed,
the shorter the cycle life. Severe or abnormal operating conditions, such as overtravel or shock
loads, can also adversely affect the life characteristics of a free bellows.

Normal Design Practice: The following criteria should be observed for best results in the
application of free bellows:

A

Complyression stroke: 10 to 15% of bellows length, although up to 40% has been

succgssfully attained; however, fatigue life will be greatly reduced:

Extersion stroke: 10% of the bellows length, although up t0:40% has beg
attained; however, fatigue life will be greatly reduced.

Angular deflection: + 5 degrees, although + 15 degréees has been succe
howeyer, fatigue life will be greatly reduced.

Axial offset (if required): —02DLE (Max), although -2ng has been success
where L = length of bellows and D = nominal duct diameter.

Torsignal deflection: Preferably none:

Ratio|of bellows length to inside.diameter: Generally, 1/2 to 1-1/2; howev
be made.

Convplution height: 7.t0)13% of inside diameter. Increases in bellows le
convolution height gver the values recommended above can create instg
resulfant tendeney-to squirm under applied load. The use of a liner, such
Figure 11, willprovide additional shear resistance and at the same time r.
high yelocity:flow. The liner should be designed to prevent damaging the

en successfully

ssfully attained;

fully attained;

or, exceptions can

ngth and

bility and a

as shown by
bduce vibration by
e bellows during
npression, also

al protection and

instal|ation‘et operation. Optionally, the use of a bellows under hoop cor
showntin Figure 11, affords the same advantages as the liner plus extern

elimination of instability. In the design of multi-ply bellows, the elimination of moisture or air

entrapped between the plies is mandatory.

Although a permissible axial offset is indicated in (D), any offset should be avoided if possible.
Axial offset induces an additional stress in the convolution which can cause premature failure.
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5.1.2.1.3 Statement of Design Requirements: Due to the highly specialized nature of free bellows
design and fabrication, it is necessary that the design requirements and operating conditions
be carefully outlined. The following information should normally be specified.

A

B.

. Qualification test requirements (to include method of duct support).

Specific function of the unit.

Location in the system (e.g. in a straight run, adjacent to a bend, equipment, etc.).

Mininfum inside diameter.
Maximum outside diameter.

Type jof ends and total overall length of the unit. If alignmentéfthe end fiftings is critical, an
angular tolerance should be specified.

Presgure (working, proof and burst), temperature (maximum, minimum and ambient), and
the most critical combination of temperature and pressure.

Maximum rate of pressure and temperature change.
Axial|deflection (compression and extension).

Angular deflection.

Axial |offset.

Vibration requirements((frequency, amplitude).
Maximum flow conditions and allowable pressure drop.

Minimum life-eycles.

Production test requirements.
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5.1.2.2 Restrained Bellows: A restrained bellows is similar to the free bellows except that it contains a
means of limiting its axial movement. The restraint feature allows the unit to act as a tension
carrying member. Thermal expansion is absorbed by locating these units in such a manner that
angular deflection will occur as the duct moves. The most common types, as shown in
Figure 12, are the gimbal, tie rod and braided.

5.1.2.2.1 Gimbal Type: These units are made with internal or external gimbal supports as shown in
Figure 12 and will permit angular deflection in any plane. For applications where deflection is
required [n one plane only, it is possible o save weight by eliminafing one ségt of gimbal
supports| Gimbal joints are utilized to absorb duct expansion in a mannérsimilar to that
illustrated in Figure 13. The primary advantage of this type unit is its ability fo provide angular
deflection with a small actuating force.

5.1.2.2.2 Tie Rod Type: Tie rod bellows are utilized to absorb duct expansion in the same manner as the
gimbal type. These units can be made with external or internal rods to restrict axial motion. A
typical tig rod bellows employing external restraint is shown in Figure 12 and|14. A variation of
a tie-rod flex-section is one commonly referred to as/‘ball-strut,” or “ball and socket” tie-rod. In
this apprpach, the tension load between the internaj tie rods is taken by a load-carrying ball
usually of proprietary design. This approach can'be used for higher pressurg and
temperatpres, or where the angulation is beyond that which can be accommpdated by the
more corjventional U-pin of tie-rod design.

5.1.2.2.3 Ball Typg: The ball joint shown in Figure 15 provides angular deflection in apy plane in the
same mgnner as the gimbal type, “An’advantage of this type is the external ball-socket
minimizep leakage in the event of-bellows failure. The higher bending moment of the ball joint
is sometimes offset by the usé of a bearing system in the ball socket.

5.1.2.2.4 Hinge Type (Single Plane)! The hinge joint provides angular motion in a single plane only and
thus absorbs loading,inithe axis normal to the plane of motion. Use of hingg joints therefore
improves the stability of the duct system under dynamic conditions and permits reduction in
duct supports.

5.1.2.2.5 Braided Béllows: The use of an external braid on a bellows has been a longtaccepted method
of providing restraint. However, high bending moment at pressure and limited motion and cycle
life restrict the use of braided bellows to primarily that of accommodating installation
misalignment and/or low pressure applications.
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TYPICAL DUCT EXPANSION WITH GIMBAL JOINTS

FIGURE 13 - Typical Duct Expansion With Gimbal Joints
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5.1.2.2.6 Normal Design Practice: The following criteria should be observed for best
application of restrained bellows:

results in the

A. Angular deflection: * 5 degrees, although + 15 degrees has been successfully attained;

however, fatigue life will be greatly reduced.

B. Axial offset: None.

C. Lengfh of bellows: As required to limit compression and extension to 1704 of the

convoluted length during angular deflection.

D. Torsipnal deflection: Preferably none.

5.1.2.2.7 Statement of Design Requirements: Applicable information from’5.1.2.1.3 should be specified
as needdd for restrained bellows. In addition, it may be neCessary to call ouf a limit on the

actuating force required to obtain the amount of angular deflection desired.

5.1.2.3 Compensating Joint (Figure 16): This type of bellows:allows for duct expansign in the same

manner as|a free bellows. The unit can be made inlonger lengths than a free
installing internal slide supports at linear intervals*equal to the duct diameter.
of an interrnjal chamber, as shown in Figure 13;the tendency of the bellows to

bellows by
By pressurization
blongate under

pneumatic load is eliminated and the unit functions as a tension carrying member in the duct
system. By over-compensation the springrate effect of the fully compressed Unit can be
cancelled; however, fixed supports within the system must be designed to withstand the spring
rate force which occurs when the duct pressure decays on system shut-down.| The pressure
compensated assembly permitstabout the same degree of angular deflection as other bellows

types, but axial offset is prohibited because of the rigid shell construction. The

primary use of the

compensating joint is to retain a tension type system in areas where limited space exists and

where considerable duét-expansion must be absorbed. An example would be
a wing leading edge=—\Figure 17 shows a compensating joint incorporated in a

a long duct run in
duct elbow.

Bellows ar¢ used<{orseals in high temperature, high pressure applications (10Q0 °F at 450 psig).
Sliding seals aretused to replace the bellows for lower pressure and temperatyre applications up

to 60 psig ati450 °F. This configuration reduces the maximum outside diamet

r of the

component appreciably for the same amount of stroke. However, a leakage rate of .010 scfm

(max) per inch of duct diameter is inherent in the sliding seal.
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FIGURE 16.- Pressure Compensating Bellows
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5.1.2.3.1 Normal Design Practice: The following design criteria should be observed for bellows type

compens

ating joints:

A. Compression stroke: 10 to 15% of the total bellows live length, although up to 40% has

been

successfully achieved; however, fatigue life will be greatly reduced.

B. Extension stroke: 10% of the total bellows live length, although up to 40% has been
successfully achieved.

C. Angu
D. Axial
E. Torsiq

F. Ratio
same

5.1.2.3.2 Statemer
as needs
necessalr

A. Sprin

B. Amot

unit in any position from neutral to fully compressed under pressurized ¢

C. Moun

5124 Compensa'ring Joint, Seal Type: This device shown in Figure 18 is similar to t

compensa
almost unli

ar deflection: Preferably none.
offset: None.
bnal deflection: Preferably none.

of individual bellows length to duct outside diameter: Unsupported
as free bellows.

t of Design Requirements: Applicable information from 5.1.2.1.3 sk
d for compensating joints. The following additional requirements a

y:
O rate at design compressionistroke.

nt of pneumatic compensation. Usually expressed as the axial forg

ting details (in case of support bracket).

ingjoint except it utilizes seals rather than bellows for sealing purpg
mited axial stroke capability with minimum actuating force. Seals, (

length limitation

nould be specified
e usually

e required to hold
bnditions.

he bellows type
ses. This permits
sually of

proprietary design, are non-meftallic, thereby Timiting use of this device o applications below
700 °F. The design accommodates unlimited torsional deflection. Normally, over-compensation

is not requi

red as there is no spring rate to overcome in this design.
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AREA "A" = DUCT OR LINE SIZE
AREA "B" = BALANCE CHAMBER
AREA "C" = VENT CHAMBER

FIGURE 18 - Seal Type Pressure Compensator
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5.1.2.4.1 Normal Design Practice: The following design criteria should be observed for seal type
compensating joints:

Axial stroke - Limited only by available envelope.
Angular deflection: None.

Axial offset: None.

Torsional deflection: Unlimited.

Cow>

5.1.2.4.2 Statemert of Design Requirements: Applicable information from 5.7.2.7.3 should be specified
as needdd for compensating joints. The following additional requirementsyare usually
necessarly:

A. Amoynt of pneumatic compensation. Usually expressed as the‘axial forge required to hold
unit im any position from neutral to fully compressed under pressurized cpnditions.

B. Mournting details (in case of support bracket).

5.1.2.5 Duct Expansion Bends: Various simple and special bends can be used to absorb thermal growth
in a duct system. Some of the common type bends.employed for this service are shown in
Figure 19. [The following information shows the.comparative expansion values of several type
bends:

A. A simple “U” bend has twice the expansion value of a quarter bend.
B. An expansion “U” bend has twice the expansion value of a simple “U” bendl.
C. An omega has two and g half times the expansion value of a simple “U” bend.

A tension type system-is:generally preserved by the use of bends because of the pneumatic
force (fluid column action) exerted at the duct bend. Disadvantages of this method of allowing for
thermal expansion-are the amount of space required and the increase in fluid pressure losses.
Bends made with.too small a radius will have very little expansion value, inasmuch as buckling of
the walls wilkoccur. Refer to 5.1.1.3 for strength requirements applicable to ducts used in
expansion bends.

5.1.2.6 Slip Joint: The slip joint shown in Figure 20 absorbs duct expansion by means of linear motion
similar to that of a telescoping joint. It should only be used in a compression system.

Relatively large axial motion is possible within a fairly small envelope and with a low actuating
force. Because of pneumatic loading, this unit must be supported and used in the same manner
as a free bellows. It is limited to pressure and temperature applications up to 60 psig at 450 °F.
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FIGURE 19 - Common Type Bends
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5.1.2.7 Rotary Joint: A single rotary joint will not absorb thermal expansion in a duct system; however,
the use of two or more rotary joints as shown in Figure 21 will allow for thermal expansion in a
duct system, provided certain design and installation practices are observed. Figure 22 shows

51.3

5.1.3.1

5.1.3.2

two rotary j

oints interconnected by a “U”-shaped duct.

A. The axial center lines of the rotary joints must be at right angles (normal) to the run of duct to
permit true rotation without inducing bending or non-uniform loading of the rotation surfaces.

When (
permit

the rotg
therma
run. Th
rotary j
therma

Compensatidg
Effects, and
described th¢
due to temps
during install
approximate
subparagrap
deflection an

Airframe Tq¢
solely to al]
a small am
For higher
avoid torsigq

Installation

expansion in the duct runs will cause displacement or movement
is movement will resolve into rotary motion of each rotary joint and
bint and connecting “U” duct through an arc sufficient te’accommod
expansion.

n Devices for Airframe Deflections, Growth.and Contraction From ]

ermal expansion units to absorb deflections of the airframe, growth
rature effects, and to compensate forwvarious forms of duct misalign
ation. When such a practice is followed, a conservative approach i
y 30% of the design motion for installation tolerances. The followin
hs apply to the specific use of various devices to compensate for ai
d installation tolerances,

rsional Deflection: _The ball joint, rotary joint and possibly the slip |
bunt of torsionaldeflection in the pressure and temperature range fo
temperatures:requiring bellows type joints, a gimbal type joint is reg

n load onthe bellows.

Tolerances: The braided bellows provides a simple means of com

angular an

nly two rotary joints are used, the duct running adjacent to each rofary joint must
some movement in a plane parallel to the rotation surfaces of each'[rotary joint since
ry joints are at a fixed distance apart by virtue of the “U” intefeohnegcting ducts, and

ially of each duct
ovement of each
ate the amount of

[emperature

nstallation Tolerances: In general, the nogmal practice is to utilize the previously

and contraction
ment which occur
5 to allow

g two

rframe torsional

bint, can be used

sorb torsional deflection of the duct. Nonmetallic type joints are capable of absorbing

r which designed.
ommended to

pbensating for

J (effset misalignment during installation of the duct system. By the

addition of an

adjustable end piece, the braided unit can also be ulilized to compensate for axial tolerances.
Adjustable duct supports may be used to obtain proper angular and offset alignment. Finally,
some types of duct couplings will tolerate a small amount of angular misalignment. It should be
noted that there is no substitute for accurate tooling in duct fabrication and installation.
Adherence to good tooling practices will minimize the necessity of adjustment during installation.
Additional recommendations on tooling are presented in 5.1.6.1.4.
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ROTARY JOINT INSTALLATION TYPICAL

FIGURE 21 - Rotary Joint Installation Typical
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RCTARY JOINT ASSEMBLY
FOR ENDURANCE TEST

FIGURE 22 - Rotary Joint Assembly for Endurance Test
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5.1.4 Duct Coupling Requirements: A coupling is considered to be an assembly of all parts required to
join two pieces of duct together, as shown in Figures 23 and 24. The parts required may include
flanges, clamps, bolts, nuts, washers, gaskets, seals and other parts peculiar to a supplier’s
design. The duct coupling requirements stated herein are to be considered as minimum
acceptable requirements.

5.1.41

5.14.2

5143

Structural Loads: A duct coupling, as a component of a duct system, must have sufficient
strength to preserve the duct system’s integrity and continuity without experiencing permanent

deformatio

A. Highte
conside

h when subjecied fo loads or combinafion of loads caused by the g

mperature - Maximum flange to clamp transient differential tempera
red in the coupling design, especially for large diameter and’high t4

B. Low temperature.

C. Pressu

D. Pressu
loading

E. Bendin
bendin
51.4.2
system

F. Torsion

re (normal, proof and burst) - same as for the basic duct.

re cycling - The duct coupling shall be capable of withstanding repe

llowing conditions:

ture should be
emperature.

ated pressure

with the internal air temperature equalte the normal operating air femperature.

j Moment - The coupling should be‘designed to withstand repeateg
j loads without any damage and-without exceeding the allowable le

Couplings are generally weaker in bending than the basic duct for
5 and maximum bending.load plus pressure load must be known.

- The coupling should be designed to withstand repeated torsional

any damage and without(exceeding the leakage specified in 5.1.4.2.

G. Vibratig
specifig

Allowable |

applications of
hkage specified in
ightweight aircraft

loading without

n - The coupling should remain structurally intact and not exceed the allowable
leakage when exposed to the vibration conditions specified in MIL-STD-81

ation neted on the applicable drawing.

leakage: For bleed air system couplings, the maximum allowable |

0 or equivalent

bakage per

coupling should not exceed 0.0T CFM of standard air per inch of duct diameter. Ram air system
couplings often allow 5-10 times more leakage.

Safety Features: Safety features are design details or innovations which are incorporated in a
duct coupling to provide a degree of safety not usually associated with the basic coupling. The
safety design may be a structural safety device or a visual safety device. Several examples are
described on the following page.
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5.1.4.3.1

Structural Safety Device: These measures are effective only if the safety device is in parallel

with the weakest element of the coupling in hoop tension (usually the tee bo

5.1.4.3.1.1 Add an additional coupling strap over the tee bolt. The strap is retained in
position by means of a cotter pin, and thereby maintains joint integrity in the event the tee bolt

5.1.4.3.1.2

fails.

It).

proper loading

Add a rachet tang which will engage a slot in the coupling band and maintain joint integrity in

the event of tee bolt failure.

5.1.4.3.1.3 Add a secondary bail or link which will engage a slot in the couplinglbahd and maintain joint

5.1.4.3.2 Visual Device: The added coupling strap of 5.1.4.3.1.1 will act ‘as a visual dg

5144

5.14.5

5.14.6

integrity in the event of the bolt failure.

strap willlnot conform to the “safetied” contour if the tee boltfails.

Disconneci Features: The incorporation of a disconnectfeature in a coupling
the normallmethod of connecting and disconnecting should be determined on
ction. The incorporation of “quick” discennect features in a coupli

equipment|may justify the use of the “quick” disconnect coupler. Special discq
generally add some weight to the coupling.

Bvice since the

design other than
the basis of

ng should be

its use over the
ment requiring
bllation of the
nnect features

Installation|and Handling Requirements: The following requirements pertaining to the installation

and handling of duct couplings should be given careful consideration:

A. Dimengional inspection before and after attachment. This may include cof
duct outside diameter with the inside diameter of the flange, angular relatio
the dugt axis, and flatness of the flange face. It should be noted that angula
induce pending loads in the coupled joint.

npatibility of the
n of flange face to
" misalignment will

B. Handling precautions to prevent damage.

C. Installation techniques.

Duct Coupling Methods: This section presents a series of common duct coupling methods.

Specific information regarding the intended use, the leakage allowed, the temp

erature range, the

pressure range, and the bending load or deflection requirements should be furnished to the

coupling manufacturer.
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5.1.4.6.1 “V” Band Joints:

VA )

Materialg: Corrosion resistant steel.
Tools to Install: Wrench, torque type if torque device not provided.

Duct Sizgs: 1 inch through 6 inches diameter in 0.50-inch diameter increments. Some sizes
available|in 0.25-inch diameter increments.

Maximunph Operating Pressure: 405-psig or greater at room temperature withh no bending load
for sizes [1 inch through 3 inches.diameter. For sizes 3 inches through 6 inches, the maximum
operating pressure decreases as diameter increases. Also reduce operating pressures by

165334 to allow for maximumyapplied bending moment M inches-pounds.
T

Maximunn Operating“~Temperature: The use of special materials permits operating
temperatpres to<1200 °F.

Remarks

A. Available with fail-safe feature.
B. V-Band coupling indexes flanges on skirt of flange.

C. For pressures, temperatures and diameters in excess of the above, contact the supplier for
changes in material and thicknesses.

D. Available in titanium at reduced temperature and pressure conditions. Contact supplier for
detail information.
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5.1.4.6.1 (Continued):

Type “B"

Materials: Corrosion resistant steel.

Tools to Ipstall: Wrench, torque type if torque devicée not provided.

L ]

/A
—7 I\ =

FIGURE 26

Duct Sizgs: 1 inch through 8 inches diameter in 0.50-inch diameter increments. Some sizes

available|in 0.25-inch diameter increments:

Maximunp Operating Pressure: 300 psig or greater for sizes 1 inch through .25 inches

diameter| For sizes 3.50 inches through 8 inches diameter, maximum pressyure decreases as

diameter|increases. Also reduce operating pressures by 165%‘ to allow for maximum applied
T

bending moment M inchesspounds.

Maximunp Operating-Femperature: The use of special materials permits operating

temperatlres to 1200 °F.
Remarks
A.

B.

Available with Tail-safe feature.
Coupling indexes flanges on O.D. of flange.
Available in heavy duty series for higher bending loads.

For pressures and temperatures in excess of the above, i.e., 300 psi and/or 1200 °F,
contact the supplier for changes in material and thicknesses.

Available in titanium at reduced temperature and pressure conditions. Contact supplier for
detail information.


https://saenorm.com/api/?name=bf00ee6235547f7ef5cc03901263e861

SAE INTERNATIONAL ARPG99™E 57 OF 103

5.1.4.6.1 (Continued):

Type “0”

==\

FIGURE 27
Materialg; Corrosion resistant steel, metallic gasket.
Tools to Install: Torque wrench.

Duct Sizgs: 1 inch through 5 inches diameter in 0.50-inch diameter increments. Some sizes
availablefin 0.25-inch diameter increments.

Maximunp Operating Pressure:. 500 psig or greater at room temperature with no bending load
for sizes [1 inch through 3.50)inches diameter. For sizes 4 inches through 5 |nches, maximum
operating pressure decreases as diameter increases. Also reduce operating pressures by

1%1% to gllow for maximum applied bending moment M inches-pounds.
T

Maximunp Operating Temperature: The maximum operating air temperature|for all sizes is
1200 °F.

Remarks:

A. Available in medium duty series to 12 inch diameter for high bending loads with operating
pressures 66% greater than shown. Various types of gaskets available depending on
temperature.

B. For pressures and temperatures and diameters in excess of the above, contact the supplier
for changes in material thickness.

C. Individual duct removal restricted.
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5.1.4.6.1 (Continued):

Type “D”

TNE_

FIGURE 28

Materialg; Corrosion resistant steel, metallic gasket.
Tools to Install: Torque wrench.

Duct Sizgs: 1 inch through 12 inches diameter in 0.50-inch diameter incremeénts from 1 inch to
6 inches pnd 1-inch diameter increments-from 6 inches to 12 inches. Some [sizes available in
0.25-inch diameter increments.

Maximunp Operating Pressure: 300 psig or greater for sizes 1 inch through 3.50 inches
diameter| For sizes 4 inches. through 12 inches, the maximum operating pressure decreases
as diameter increases. Alsoreduce operating pressures by 1613?{' to allow forlmaximum applied
bending moment M inches-pounds. nD

Maximunp Operating Temperature: The maximum operating temperature forj all sizes is
1000 °F.

Remarks

A. Various type gaskets available depending on temperature.

B. For pressures and temperatures in excess of the above, i.e., 300 psig and/or 1000 °F,
contact the supplier for changes in material and thicknesses.

C. Individual duct removal restricted.
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5.1.4.6.1 (Continued):

Type “Special’

Materialg: Corrosion resistant steel.

Tools to Install: Torque wrench.

Duct Sizgs: As required.

Maximunp Operating Pressure: Consult manufacturer.
Maximun Operating Temperature.) Consult manufacturer.
Remarks|
A

B.

\
3

==

NN

|

NN

FIGURE 29

Typical machined+langes.

Presgures and temperatures dependent on gasket used. Generally reqy
to generate sufficient gasket load for sizes over 2 inch.

ires heavy clamp

Infinite Tumber of special shapes avaitablie to customer specificatiorn.

Individual duct removal restricted.
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5.1.4.6.2 Bolted Joints:
Type “All’ “B”, and “D”'
TYPES "A", "B", AND "D".
{ . ~

TYPE "A

G
NESSSSSS | BT AR

! TYPE "B"

FIGURE 80

Materials: Corrosion resistant steel.

Tools to |

Duct Size

hstall: Torque wrenches.

3.50 inch}, 4.00 inch, 4.50 inch\5.00 inch.

Type “B"

Type “D”
diameter

increments.

joints are available in 2 inch and 3 inch sizes.

-
S

s: Type “A” joints are available in the following sizes: 1.75 inch, 2.

joints are available in same sizes as type “A” plus sizes to 12 inch ¢

TYPE "D"

b0 inch, 2.75 inch,

liameter in 1-inch

Maximuny Operating Pressure: 205 psig for all sizes of types "A” and “B". S
pressures applicable to type “D”. Also reduce operating pressures by 16[1)\?4 to allow for
maximum applied bending moment M inches-pounds. T

ee page 57 for

Maximum Operating Temperature: 750 °F for all sizes of types “A” and “B”. See page 57 for
the temperature applicable to type “D”.

Remarks: Maximum operating temperature is 750 °F when steel gaskets are used with types
“A!l and “Bll.
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5.1.4.6.2 (Continued):

“Forged Type” and “Wrought Type”

/AN
B

\/

FIGURE 31
Materialg: Inconel and A-286.
Tools to Install: Torque wrench.

Duct Siz¢s: 1 inch to 6 inches diameter in 0.50-inch diameter increments. Some sizes
available|in 0.25-inch diameter increments.

Maximunp Operating Pressure: 460°psig for all sizes. Also reduce operating|pressure by 1613?{'
to allow fpr maximum appliedtending moment M inches-pounds. nD

Maximunp Operating Temperature: 1125 °F for all sizes.
Remarks

A. Coupling.incorporates a fail-safe feature.

B. Available in Tow profile at reduced temperature and pressure conditions. Contact supplier
for detail information.

C. Individual duct removal restricted.
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5.1.4.6.2 (Continued):

Type “C”

O I8 B\ =

IR =lie

SECTION A-A

FIGURE 32
Materials;:
A. Corrgsion resistant steel ferrules and flanges.

B. Gaskpet materials dependent on maximum operating temperatures.

Tools to Install: Ferrules are mechanically attached (no welding) to tubes by|special hand or
power topls supplied by manufacturer. Torque wrenches.

Duct Sizgs: 1 inch through 7 inch diameter. 1 inch through 4 inches in 0.501inch diameter
increments, 4 inches through 7 inches in 1-inch diameter increments.

Maximunn Operating ‘Pressure: Consult manufacturer.

Maximunr Operating Temperature: 1000 °F for all sizes.

Remarks:
A. Number of bolt holes increases as nominal diameter increases.

B. A similar flange without ferrules is available for welding to the duct.
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5.1.4.6.3 Threaded Joints:

Type “A”.

AR

\
\
HATLLLLELR LR R DR GANN

/.

[T 77777

Materials

Gasket materials dependent on operating temperatures.

Tools to |
from mar

Duct Size
available

Maximunn Operating Pressure: -300 psig or greater for sizes 1 inch through 5

For sizes
increaseg
moment

Maximunp Operating Temperature: 1000 °F for all joint sizes with metallic g4

Remarks

FIGURE 33
. Ring nut, threaded flange and flange ring made from corrosion re|
hstall: May be installed with a standard’strap wrench. Special wren
ufacturer.

s: 1 inch through 7 inches diameter, in 0.50-inch diameter increms
in 0.25-inch diameter increments.

6 inches through 7sinches, the maximum operating pressure decre

5. Also reduce operating pressures by 161%' to allow for maximum
. D

M inches-pounds. T

sistant steel.

ches are available

nts. Some sizes

inches diameter.
ases as diameter
applied bending

sket.

A. Optio

nal methods available for locking ring nut in place.

B. Recommended only for small sizes (up to 2 inches) due to high torque required to seat

metal

lic gaskets.
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5.1.4.6.3 (Continued):

Type “B”.

§
S\S\S\S\S‘S\i\ <

FIGURE 34
Materialg: Nut, coupling and ring, corrosion resistant steel - heat\treated.
Tools to Ipstall: Standard type wrenches.

Duct Sizgs: 0.25 inch through 2 inches diameter. From 0.25 inch to 1.50 ing¢hes, sizes are in
0.25-inch diameter increments.

Maximunp Operating Pressure: 300 psig or. gfeater for all joint sizes.
Maximunp Operating Temperature: 700:%F for all sizes.

Remarks| Designed for installationfon MS 33584 tube flare, except for very thin wall tubing
which myst be double flared.
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5.1.4.6.3 (Continued):

Type “A”.

SPLIT RETAINER

NUT
GASKET
GLAND ,
1 WASHER
é ; }e——  BODY

FIGURE 35

Materialg: Corrosion resistant steel, elastomer gasket.
Tools to Install: Standard wrenches.

Duct Sizgs: 0.75 inch through 4 inches diameter in 0.50-inch diameter increments. Some
sizes avdilable in 0.25-inch diameter increments.

Maximunp Operating Pressure: 125 psig or greater for all joint sizes.
Maximunp Operating Temperature:” 500 °F for all joint sizes.

Remarks| Allowable angular deflection £+4°. Capable of absorbing some rotary and axial
motion. Tube bead strength may limit performance in tension systems.
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5.1.4.6.3 (Continued):

Type “B”.
CLAMP ASSEMBLY
(HINGED HALVES)
SEAL ASSHMBLY
/_ (CONTINUQUS RING)
Y\:— — ] — — — — — —_—

FIGURE 36

Materialg: Corrosion resistant steel or-aluminum clamp assembly, elastomer seal with
cadmium| plated copper case or aluminum.

Tools to Install: Screwdriver:

Duct Sizgs: 1 inch through 4.25 inches diameter in 0.25-inch diameter increments, except a
3.625 size replaces the*3.750 size.

Maximunn Operating Pressure: 125 psig for all joint sizes.

Maximuny ©perating Temperature: 480 °F for all joint sizes.

Remarks: Allowable angular deflection £+4°. Capable of absorbing some rotary and axial
motion.
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5.1.4.6.3 (Continued):

Type “C”.

Clamp
Seal ‘\ ;

Fitting m— N __ﬁ} i /—Retainer
N7 =iy,
N NN ANSSERENEY

FIGURE 37

S~
i
i
LN

Materials: Aluminum alloy and/or corrosion resistant steel clamp assembly, $waged or welded
end fittings, seal ring and fluoro elastomer seals.

Tools to Install: Hand installation no tools required.

Duct Sizgs: 0.50 inch through 4.00 inch diameter in 0.25-inch diameter increments to 2.00 inch
size; 0.5(-inch diameter increments from 2.00 inch through 4.00 inch size.

Maximun Operating Pressure: 125 psig for all joint sizes.
Maximunn Operating Temperature: 400 °F for all joint sizes.

Remarks| Allowable angular deflection +4°. Capable of absorbing some rotary and axial
motion.
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5.1.4.6.3 (Continued):

Type “D”.

CLAMP ASSEMBLY (HINGED HALVES)

SEAL (ELASTOMER)
CONTINUOUS RING

FIGURE 38

Materials: Aluminum clamp assembly, corrosion resistant steel bands, elastpmer seal in

aluminunp case.

Tools to Install: Torque wrench.

Duct Sizgs: 1 inch through 4.50 inches diameter in 0.50-inch diameter increments. Some

sizes avdilable in 0.25 inch diameter increments.
Maximunn Operating Pressure: 160" psig for all joint sizes.

Maximunn Operating Temperature: 400 °F for all joint sizes.

Remarks| Allowable angular deflection +4°. Capable of absorbing some rotary and axial

motion.
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5.1.5 Duct System Design Loads:

5.1.5.1

5.1.5.2

5.1.5.3

5.1.54

5.1.5.5

5.1.5.6

5.1.5.7

Design Operating Conditions: All ducts must be designed to withstand proof and burst pressure

conditions

as outlined in 5.1.1.3.

Bending Loads: In-flight bending loads may be caused by airframe deflection, thermal
expansion and/or pneumatic loads which may be imposed on ducts by junctions, bends and
pressure pulsations.

Column Lo
reactions o
duct sectio
a pin-ende
short to pre

Thermal B>
thermal ex
coefficients
making prq
structure a
with the stn

f flex-sections or slip joints, or by the longitudinal reaction ofsuppo

vent unstable column failures.
pansion: Design of a duct system must includé<a consideration of

and by differences in operating temperatures of physically attache

the maximyim operating temperature possible for the cold day condition. How

should incl
more serio

Pneumatic
closing val

Installation
canresulti
ductand b

Duct Ovalif

Is expansion differentials:

Loads: These loadstinclude dynamic pulse loads resulting from ra
es and pneumatic thrust loads at duct terminal points and bends.

Loads: Manufacturing and installation tolerances of duct assembili
n initial misalignments. Loads created by misalignment should be a
acket design.

N in compression being acted upon by these forces will exhibit all the
 Euler column. Consequently, the distance between supports must be sufficiently

visions for thermal expansion, it is assumed that the system compg
e installed at 70 °F. Normally, the greatest expansion differential ocurs on a cold day
ucture cooled to the design minimum low temperature and then the

de a study to determine whether any other operating condition mig

ads (Compression Systems): Column loads may be imposed on thle ducts by end

ting brackets. A
characteristics of

differences of

bansion between system components caused\by differences in therfmal expansion

d components. In
nents and the

duct is heated to

bver, the design
ht possibly cause

pidly opening and

bs and supports
ccounted for in the

yi~One of the most important and difficult factors to define by design limits is the

allowable out-of-roundness or ovality of a duct segment. Pressure and temperature cannot be
established as the sole criteria for establishing duct wall thickness; they do, however, establish a
minimum allowable gauge. Final acceptance of any straight, curved, or branched section will
necessarily be based on fatigue tests of out-of-round sections. On this basis it may be found that
wall thickness may differ for drawn and fusion welded ducts and for initial degrees of ovality and

induced ov

ality due to airframe deflection.
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5.1.5.8 Maximum Stresses in Ducts: To determine the maximum principal stresses consider the
combined stresses of shear, axial fiber tension and/or compression and hoop tension due to
internal pressure by applying the method of Mohr’s Circle. Each principal stress (tension,
compression and shear) so obtained multiplied by a factor of 1.5 must be below its corresponding
yield strength x 1.5 or below its ultimate strength for the material considered, whichever is lower.

5.1.5.9

Vibration and Sonic Fatigue Loads: While almost any part may be susceptible to fatigue failure,

duct assembilies in particular should be especially investigated since they are exposed to several

types of vil
duct systen
occurrencs
induced by
structural n

5.1.6 Duct System

5.1.6.1 Compressi

5.1.6.1.1 Types of

from ther

to duct nfisalignment, the spring rate force of‘compressed flex-sections, and

pressure
of the du

Location
supports
vibration,
supportin

5.1.6.1.2

5.1.6.1.2.1 Expang
loading
with 1/2

If intern

n may be induced to vibrate so that he may intelligently design.@ga
and effects. Resonant conditions should particularly be avaided.
internal air flow excitation, external air flow excitation, and:transmig
nembers and supports.

Supports:
pbn Systems:

Support Brackets: Fixed (anchor) brackets should be used to abso
mal expansion or internal pressure. Anchor brackets must also abs

drop loads. Movable (guide) brackets should be used for intermedi
Ct.

of Supports: Straight duets should have a minimum of two support
should be used to provide rigidity in critical clearance areas, to min
and to prevent elastic buckling or column failure. The distance bet
g structure should be kept as small as possible.

and minimize “squirm.” They should be placed as close to the dev
duct{diameter or 3 inches as a maximum distance. Only one supq
nédiate anchors are used on the duct to provide for temperature gre

ration Toading. The designer should be aware of the mechanism by which a duct or

nst their
Vibration may be
sion through

rb loads resulting
brb side loads due
the duct section

hte or end support

5. Additional
mize duct
ween the duct and

ion Devices: Supports should be provided on each side of device fo insure axial

ice as practical
ort may be fixed.
pwth of individual

duct se

5.1.6.1.2.2

ctions, both supports at the expansion device may be movable.

Change in Direction: Anchor brackets should be provided at all points at which the duct

routing direction is changed and at which point a thrust load must be absorbed. If the
direction of change is greater than 30 degrees, use of fixed supports adjacent to the tangency
points of the bend will minimize eccentric loading on the brackets.

5.1.6.1.2.3

Other Supports: Tees and similar duct fittings should be rigidly supported in order to

eliminate lateral motion which would result from duct expansion. Where duct ends are
capped or closed off by a valve, the duct should be anchored or provisions made for duct

growth.
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5.1.6.1.3 Support Strength Requirements: Anchor brackets should be strong enough to resist a total
load equal to the vector sum of all loads which occur in each duct leading to the anchor point.
The loads will result from a combination of internal duct pressure times the effective area, the
load required to compress the bellows, installation preload, and the thrust resulting from
change in direction of the moving fluid. (The last load is small and can usually be neglected.)
Intermediate anchor brackets should be designed for the same loads as end anchor brackets in
order to handle a failure which may subject the intermediate brackets to full pneumatic load.
Guide brackets should be strong enough to resist any combination of loads resulting from

structura

including
5.1.6.1.3.1 Design
or norn
In com
operati
operati
allowat

5.1.6.1.4 Method @

Sufficient

Duct sup
5.1.6.2 Tension Sy
5.1.6.2.1 Types of
Intermed
Anchor b
absorb tg
motion rq
5.1.6.2.2 Support
the load
strong ern

deflection or misalignment, and from any side duct Toading which 1
that resulting from a duct rupture.

Values for Internal Pressure Loads: In computing bracketdeads at
al to the duct axis, a pressure twice the maximum operating pressu

puting bracket loads along the duct axis, a pressure.equal to one-hg
ng pressure should be used. Anchor bracket deflection under appli
ng loads should be kept to a minimum in order t6dinsure adequate rig

le deflection of 0.0625 inch is recommended:

adjustment should be provided in the brackets to allow for installat

bort brackets should not be used to-force the duct into position.
stems:

Support Brackets: Ancher brackets should be provided for major d

ate supports should be used to stabilize the duct as required, or to li

rackets should also)be located at items of equipment which are not
nsion loads. Intermediate guide brackets should be designed to ad

sulting fromgrowth of the duct system between anchor points.

btrength-Requirements: Anchor and guide brackets should be stron
pqual o the vector sum of all loads occurring in each duct. All supp

ough to resist any combination of loads resulting from duct growth,

hay occur,

the anchor point
e should be used.
lf the maximum
cation of normal
idity. A maximum

f Accurately Locating Supports: Tooling'should be used to locate dll duct supports.

on tolerances.

uct sections.
mit duct vibration.
designed to
commodate any

g enough to resist
orts should be
structural

deflection, and bending of restrained bellows. Consideration should also be given to side loads
resulting from duct rupture.

5.1.6.2.2.1

Design Values: For guide bracket loads, the product of the duct weight supported by the

bracket times the airplane load factor should be used. use a stress factor of 1.5 for loads
resulting from duct growth or deflection. For anchor bracket loads, refer to previous
recommendations in 5.1.6.1.3.1 in areas where brackets may be inadvertently used as
“hand-holds” or steps, the minimum design load should be 200 pounds in all directions.

5.1.6.2.3 Method of Accurately Locating Supports: Tooling should be used to locate all duct supports.
Sufficient adjustment should be provided in the brackets to allow for installation tolerances.
Duct support brackets should not be used to force the duct into position.
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5.1.7 Thermal Insulation: High temperature duct systems may be insulated to prevent overheating of
adjacent equipment and structure and to reduce the heat loss from the duct walls and through
support brackets. Insulation may also be used to minimize or eliminate autogenous ignition
hazards. Insulation materials should have low wicking characteristics or be suitably protected. All
adhesives should be checked for their high temperature stability and possible effects on the duct

system.

5.1.7.1 Ducts: Duct insulation should consist of an insulating medium enclosed in a moisture and/or
vapor impervious cover as required. The use of metallic foil covering on the inner surface of

insulation 4
corrosion

5.1.7.1.1 Materials

reventive film.

. Normally the cost of insulating materials increases with temperat

lankets next fo mefallic ducts should be avoided where fretfing actign may destroy the

ire requirements.
rious coverings
mits are given for

Material $election should be made with this in mind. A comparison-of the va
and insulating materials is shown in the following tables. The temperature li
insulating materials without binders.
A. Metallic Foil Coverings
TABLE 5
Temp. Limit  Material Advantages Disadvantages
400 °F Aluminum Lightweight, low Poor durability and
cost formability
1600 °F Stainless - Formability Weight, medium cost
Steel Durability
1800 °F lnconel Formability Weight and high cost
Strength

Corrosion resistant
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5.1.7.1.1 (Continued):

B. Coated Fabric Coverings

TABLE 6
Primary
Temp. Limit Fabric Coating Advantage Disadvantage
175 °F Glass, cotton Vinyl Low cost, fuel and Low temperature
——orsynthetic plastic oitresistance; firrit
good abrasion
resistance
275 °F Glass Neoprene Weather and oll Low temperature
rubber resistance, good limit
abrasion resistance
275 °F Glass Nitrile Good fueland oll Poor weagther
rubber resistanee, good resistance
abrasion resistance
500 °F Glass Phenolic - High temperature and Poor abrasion and
resin or good weather resis- fuel resistance
silicone tant

rubber
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5.1.7.1.1 (Continued):
C. Insulating Materials
TABLE 7
Density
Temp. Limit Material b/ft Advantages Disadvantages
700 °F Air .076 Light weight  Only fair insulafing
quality, needs more
support forcover
700 °F Steel wool 6-30 Med. weight High cost
110Q °F Glass fibers 3-9 Light weight * High cost
1200 °F Asbestos* 15-25 Medccost Weight
1600 °F Mineral wool 8 -12 Low cost Weight
1600 °F Glass fibers  3-1/2°& 6 Light weight High cost
leached
2000 °F Quartz 3-9 Light weight High cost
microfibers
*CAUTION -Asbestos is a health hazardous material; approved safety
guidelines should be followed.
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51.71.2

51713

5.1.7.2

5.1.7.3

Removable Types: Removable insulation generally consists of two types, namely, preformed
and wrap around. The preformed type is usually made up of two half shells, while the wrap on
type consists of a flat piece which is formed around the duct at the time of installation. Of the
two types, the wrap-around insulation is more economical but it is usually limited to straight
sections. The preformed insulation lends itself well to irregular sections and joints. Fabric
covered insulation is made using one of the insulation materials listed above, and covered on
one or both sides with a fabric. The other fabric covering should be a durable moisture and/or
vapor impervious material. The edges should be adequately sealed. Insulation must have a
vent, locdted on the Tower surface of the duct as installed, fo allow for equaliZation of pressure.
Foil covefed insulation is fabricated using one of the inorganic fibers, either’preformed or flat,
covered both sides with a metallic foil. The foil may be texturized to afford better forming and
handling |characteristics. The edges should be hermetically sealed by welding, crimping or
taping. Tlhis type duct insulation must also have a vent to allow for-equalizafion of pressure.
Insulation blankets are attached to ducts by snap fasteners, straps, and lacing, sewing or
taping.

Integral Type: Integral insulation may be fabricated by attaching the insulating batt directly to
the duct by wrapping with a cover material and progessing the cover to form|a unitized
construction. Covers of metallic foil welded to the.duct at each end, and suitably supported by
the insulation, can be used throughout the temperature range indicated in thjs document.
Fiberglags cloth impregnated with high temperature resins can be wrapped Tround duct
insulation) and cured to form a satisfactory\cover for lower temperatures. A pressure-equalizing
vent must be provided in the same manner as for the removable type.

Equipment{and Components: Insulation for items such as valves, couplings apd flex-sections is

fabricated bising the same matetrials and techniques as for ducts. The irregular shapes

encountergd in these compohents require more complicated patterns and tooling. Insulation
may be attached using the'normal duct insulation attachment techniques. Insuilation for flex-
sections myst incorporate the required flexibility.

Support Bracketsi—tnsulation may be incorporated to minimize the amount of heat loss through
support brackets./It is desirable that such insulation be placed as close as possible to the heat
source in grder'to limit the bracket temperature.
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5.1.7.3.1 Insulating Materials: Several of the insulating materials which can be used to reduce heat loss
through duct supports are as follows:

TABLE 8
Temp. Limit Material Condition General Applications
400 F—Hrtempthermo—Rigidsheet—tnsutatiormat structuyal
setting resin attachment
impregnated glass
cloth

500 °F Silicone-impregnated Rigid sheet Insulation at structuyal

glass cloth attachment
1000 °F Compressed Rigid sheet<*>' Insulation shield (vary
mineral board little structural
strength)
1100 °F Glass fibers Batting Wrap-around insulation

between duct and support

1200 °F Asbestos* Rigid sheet  Insulation shield (vgry
little structural
strength)

1200 °F Asbestos* Heavy fabric Wrap-around insulation

between duct and spupport

1600 >F Glass fibers Batting Wrap-around insularion
pport

2000 °F Quartz fibers Batting Wrap-around insulation
between duct and support

*Asbestos is a health hazardous material; approved safety guidelines should be
followed.
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5.2 Qualification Requirements:

Qualification requirements are presented for duct components and for the complete pneumatic duct
system.

5.2.1 Qualification of Components: The following test requirements are for ducts, couplings, flex-
sections, joints and insulation. The maximum allowable tolerance on the test conditions should be

as follows:

A. Temperafjure: 15 °F up to 250 °F
110 °F up to 500 °F
+15 °F above 500 °F

B. Pressure +3% of absolute value

C. Flow: +5%

D. Vibration|amplitude: 5%
E. Vibration|frequency: +2%
5.2.1.1 Duct Qualification Tests: Qualification testsymay be conducted by the duct fabricator, the
airframe manufacturer, or by a commercial laboratory deemed suitable by the pirframe
manufactufer. Upon satisfactory qualification, the vendor shall submit a reprogucible certified
copy of thejtest results. Qualification’tests shall be conducted on one (1) prodlction sample and
consist of the following tests in_the order listed:

A. Leakade Test

B. Proof Hressure fest

C. Endurance-Test
D. Vibration Test
E. Burst Pressure Test
5.2.1.1.1 Test Conditions:
5.2.1.1.1.1 Ambient Temperature and Pressure: Unless otherwise specified on the applicable drawing,

the equipment shall be tested at an ambient temperature of 70 °F and an ambient pressure of
approximately 29.9 inches of mercury.
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52.1.1.2 Tests:
5.2.1.1.2.1 Leakage Test: Leakage test shall be conducted at room temperature and proof pressure as
indicated in 5.2.1.1.2.2. No leakage of the basic duct shall be permitted.

5.2.1.1.2.2 Proof Pressure Test: The duct shall be proof pressure tested at the most critical combination
of pressure and temperature as determined by the requirements of 5.1.1.3. Ducts with
operating pressure below 2 psig shall be proof pressure tested to at least 3 psig. No part of

5.21.1.2.2.1

the dudt shall fail, take any permanent sef, or be damaged in any manner

test.

Opti

al Proof Pressure Test: Duct may be proof pressure tested’at roo

providled the proof test pressure is increased to compensatefof-the stres
aterial at the higher operating temperature. This new-pressure is fo be equivalent to

duct
the p

oof test pressure at the selected operating temperature and can bg

multiplying the pressure by a conversion factor. This*factor is the ratio of

stren
the e
temp

pth of the duct material at room temperature to'the tensile yield stre
evated temperature. Buckling considerations may preclude the usé
prature equivalent proof pressure test.

5.2.1.1.2.3 Endurance Test: The duct shall be subjected to a pressure cycling test at

521124

temper
highest
at room
in allow
cycled

hture values equal to or exceeding those values that, in combinatio
ratio of stress to yield strength in the material. Alternately, the test
temperature provided the:te'st pressure is increased to compensat
able stress which would-eccur at the operating temperature level.
between the specified\test pressure and a pressure level within 109

minimu(Lm pressure for a tinimum of 5000 cycles at a minimum rate of one

10 sec
the nun

nds. The maximum number of pressure cycles should be determin
nber of functional cycles expected during the life of the part. Some

hs a result of this

n temperature
5 reduction for the

obtained by

the tensile yield
ngth of the duct at
e of a room

bressure and

n, will result in the
may be conducted
b for the reduction
The duct shall be
o of the specified
cycle in

ed on the basis of
manufacturers

have suibjected pneumatic components to as many as 600,000 cycles. Before and after the

endura
of the
test.

nce testthe assembly shall be subjected to proof pressure test of 5
uctshall fail, take any permanent set or be damaged in any manne

2.1.1.2.2. No part
as a result of this

Vibration Test: The duct (only those incorporating welded brackets used for support) shall be
vibration tested in accordance with MIL-STD-810, or equivalent specification noted on the
applicable drawing. A random vibration test should be considered for jet aircraft equipment.

For long ducts or ducts incorporating flex joints, the vibration induced by jet engine noise and
by aerodynamic effects in the aircraft is applied to the full length of the duct. To apply this
level of vibration at duct end points or attach points only may lead to unrealistic bending
resonances and test failures. In this case, additional vibration test input clamps and brackets

should

be used such as at each end of flex sections.
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52.1.1.2.41

521.1.24.2

5.2.1.1.2.5 Burst

Random Vibration Tests: Random vibration tests cited throughout this section for ducts
and duct components are generally recommended for diagnostic purposes rather than
qualification. The reason for this is the difficult problem of simulating in-service dynamic
mounting of the ducts together with fabrication of test fixtures that simulate aircraft installed
damping and stiffness. However, if a valid, overall, random vibration environment can be
simulated, then random vibration tests should be conducted during qualification.

Vibration Pressurization: Ducts and duct components that are not always pressurized need

not bg pressurized for the complete vibration test period. As a generalrl
recommmended that one half of the test time be conducted pressurized ar
unprgssurized.

ressure Test: The duct shall be burst pressure tested at the most ¢
of pressure and temperature as determined by the requirements of 5.1.1.3
temperpture air may be used for this test provided an alternate equivalent
this reduced temperature condition is used. The duct shall not rupture dur
Deformation resulting from this test shall be permitted~and the part need n
after the test.

5.2.1.2 Qualificatign Tests of Compensation and Deflection Devices:

5.2.1.2.1

5.2.1.2.11

Restraing¢d Bellows Qualification Tests:_ Qualification tests shall be conducte
more samples as required and consist.of the following tests:

5.2.1.21.1.1

IepMmMoUoOwy

Leakage Test

Flow Resonance Test
Proof| Pressure Test
Presgure Drop Test
Endufance Test
Vibration Test
Deflection Force Test
Burst|Pressure Test

ile, it is
d the other half

ritical combination
Room

burst pressure for
ng this test.

bt be functional

d on one (1) or

Test Conditions:

Ambient Temperature and Pressure: Same as 5.2.1.1.1.

521.21.2 Tests:

5.2.1.2.1.2.1

Leakage Test: Same as 5.2.1.1.2.1.
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52.1.21.2.2

52.1.21.23

52.1.21.24

52.1.21.25

5.21.2.1.2.6

52.1.21.2.7

52.1.2.1.2.8

Flow Resonance Test: This test shall be conducted on one sample assembled into a test
duct. The assembly shall be subject to the range of flows at the pressure and temperature
specified on the applicable drawing to determine the flow rate at which the most severe
resonance condition occurs. Subject the assembly for 50 hours to the flow at which the
most severe resonance occurred. If no resonance condition is encountered over the flow
range specified, discontinue the test.

Proof Pressure Test: Same as 5.2.1.1.2.2.

Presgure Drop Test: The pressure drop test shall be conducted on gne“sample. The total
or stgtic pressure drop shall not exceed 20% of the velocity head at the design duct Mach
numbier.

Endufance Test: The endurance test shall be conducted.on-one sample|of the bellows
while|at the operating temperature and pressure specified on the applicable drawing.
Cycli¢ally deflect one end of the assembly through the angular motion. Number of cycles
and gycle rate specified on the applicable drawing. It is suggested that g cycle should
consigt of plus 5 degrees to minus 5 degrees from normal and back to nprmal, and that a
minirTum of 10,000 cycles should be appliedbetween the frequency of 20 to 40 cycles per
minufe. In the same manner, cycle the unitfor an equal number of cycles in a plane

90 dggrees from that in which the previous cycling was conducted. Before and after the
endurance test, the assembly shall be,subjected to proof pressure test of 5.2.1.1.2.2 and
the de¢flection force test of 5.2.1.2.1.2.7. The initial deflection plane used|for the cycle tests
should be the plane requiring the:maximum deflection force. Record the moments required
to deflect the bellows for both'tests. There shall be no leakage or evider|ce of permanent
deformation or galling of werking surfaces as a result of this test.

Vibration Test: The bellows shall be vibration tested in two planes in acdordance with
MIL-$TD-810 or.equivalent specification as noted on applicable drawings. Airflow should
be used duringthe resonance survey to determine if it contributes to the vibration. If airflow
does |produce=excitation, the remainder of this test should be conducted gt the critical
velocjty conditions. A random vibration test should be considered for jet aircraft equipment.

Deflection Force Test: The deflection force test shall be conducted on one sample of the
bellows to determine the moment required to deflect the unit through a specified angle.
The maximum moment allowable for each diameter shall not exceed the value specified on
the applicable drawing.

Burst Pressure Test: Same as 5.2.1.1.2.5.
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5.2.1.2.2 Free Bellows Qualification Tests: Qualification tests shall be conducted on one (1) or more
samples as required and consist of the following tests:

Proof

Leakage Test
Flow Resonance Test

Pressure Test

Endurance Test
Vibration Test

Mmoo w>

Burst

5.21.2.21 Test Ca

521.221.1 Ambi
5.2.1.2.2.2 Tests:
bucklin

5.2.1.2.2.21
52.1.2.2.2.2 Flow
flow t

5.2.1.2.2.2.3 Proof

5.21.2.2.24 Endu
while
recorn
and €

assembly shall besmounted with the longitudinal axis of one end offset pa

to thg
the b
cycle
positi

Leakage Test: Same as 5.2.1.1.2.1.

Pressure Test
nditions:
ent Temperature and Pressure: Same as 5.2.1.1.1.1.

Puring the following tests the bellows shall be restrained at both en
j and movement along the longitudinal axis.

Resonance Test: Same as 5.2.1.2.1.2:2. If the unitincorporates a
est should also be conducted unless’the unit is marked for flow in o

Pressure Test: Same as 5.2.1.1.2.2.
rance Test: The endurance test shall be conducted on one sample

hmended that the(assembly be flexed a minimum of 20,000 cycles
xtension strokes-based upon the applicable specification requireme

other endy" This offset shall be equal to that recommended in 5.1.2
ellows dength and “D” is the nominal duct diameter, as shown in Fig
is defined as a change in duct length from the compressed positior
pfAirand return to the compressed position. The cycling frequency s

ds to prevent

liner, a reverse
ne direction only.

of the bellows

at the operating temperature and pressure specified on the applicable drawing. Itis

bf compression
ents. The

rallel with respect
1.2, where “L” is
re 39. A flexing
to the extended
hall be between

20 and 40 cycles per minute. Before and after the endurance test the assembly shall be

subje
52.1.2.2.25

5.2.1.2.2.2.6 Burst

cted to proof pressure test of 5.2.1.1.2.2.

Vibration Test: Same as 5.2.1.2.1.2.6.

Pressure Test: Same as 5.2.1.1.2.5.
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FIGURE 39 - Endurance Test Set-Up for Free Bellows
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