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PURPOSE AND SCOPE

Recommended Practice is intended, to outline the
gn, installation, testing, and field maintenance
eria for a high temperature metal pneumatic duct
em, for use as a guide in thevaircraft industry.

e recommendations are to he.considered as
ently applicable and necessarily subject to

sion from time to time, ds a result of the rapid

lopment of the industry.
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TERMINOLOGY

Bellows ~ A convoluted 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, Free ~ A convoluted unit which does not incorporate any device or

part for

the purpose of restricting movement,

Bellows, Restrained - A convoluted unit incorporating a means of restraint,

other th

Bleed Air -~
propulsiag

Bleed Port -~
is eXtrad

Bracket - A
vehicle

g
g

Bracket, Ad4u

nt
Rty

jir extracted from the compressor of a gas turbine’en

n unit.

An outlet in the gas turbine compressor casing throu
ted or bled from the compressor.

upport or structural part which attaches‘and holds a
tructure,

stable -« A bracket that allows some)freedom in the 1

duct, whi
satisfact

Bracket, Anch

¢h it supports, during installation., After the duct
orily, the bracket is tightenedCand the duct is held

or ~ A main duct support at a'point on the duct syst

remains f

Bracket, Guid

iXxed in respect to duct system expansions, contracti

e -~ A support designed, to provide for movement of a

Bracket, Slid

predeternined direction while slipporting it in all other dire

ing ~ A bracket which allows a duct to slide in a co

direction

Bracket, Swin

while supporting it in all other directions.

g -~ A linkage which supports a duct and allows movem

arc of tH
Braid ~ Woven

Bulkhead Seal

e swinging«bracket.
wire sleeving used to limit movements of a bellows,

- KX fitting allowing the passage of a duct through

bulkhead
of the du

tosprevent the leakage through the bulkhead around t
¢ty

jine or
gh which air
duct to the

bcation of the
is located
fixed,

om that
bns or defl ections.

fuct in a
ctions,

ntrolled
bnt along the

R wall or
he outer periphery

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 duct to

sustain the internal pressure,

Cap, Protective - A part used to cover an end or opening in a duct for the

Clamp
the band.
pressure.

purpose of excluding foreign matter,

- A normally circular device which adjusts the circumferential length of

It is used to bind two members together by the exe

Compression System - A duct system wherein the fluid column loads due to

internal

pressure are reacted by the support structure,

Coupling - A fitting or clamping device that serves to join the mating ends of
adjacent ducts or other components,

rtion of radial

A
- Distributed under license from the IHS Archive
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Deflection - A displacement of a duct or joint due to operating conditions.

Duct - An enclosed passageway made of sheet metal or other suitable material
for the conveyance of fluids.

Duct Assembly - Detail parts fitted and joined together to form an integral

part.

EXpansion,

Thermal - Duct growth due to 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 incl

ude bellows,

‘flexible sections and flexible joints which are devices possessing flexibility

resulting
materials.

Half Shell - D

Heat Ring - A

transfer of

Hose - Tubing,
which is a
denerally
three (3)

Installation -
incorporat

Insulation - A
exchange,

Joint - A devi
between ad

Joint, Ball -
two adjace

(YO The method Or constructlon oOor the utllizZzatlon oI

| e-formed duct halves.

ring or flange used between the duct and support to r
heat from the ducts to the supporting structure.

either flexible by construction or made)of flexible
rtached to the ends of adjacent ducts,/tubes or fitti
implies flexible tubing with a length:to diameter rat
br greater.

bd in a vehicle.

material (applied around the duct) which is used to

jacent ducts or othEer > components.

. joint which permits relative angular movement and r
nt ducts. )

A completed set of duct assembilies and duct supports

ce or complete assembly which unites or establishes ¢

flexible

educe the

material,
ngs. The term
io (L/D) of

reduce heat

ontinuity

otation of

Joint, Compensating - A pressure (thrust) compensated assembly allowing axial

motion which m

Joint, Expansi

hintains /the duct walls in tension.

bn - Any of many types of joints which can permit axi

without fa

Joint, Flexibl

. lure’ and therefore permit the duct system to expand

=)

= A non-rigid joint, convoluted tubing, hose or bal

al movement
or contract.

1 joint

assembly w

or more planes.

hich Joins two ducts and permits relative motion of the ducts in one

Joint, Restrained - A flex-section assembly in which an angular deflection can

occur with a tension load being transmitted by an external or internal device.

Joint, Rotary - A joint which permits relative rotation of two adjacent ducts.

Joint, Slip - A joint having sleevé assemblies, one sliding inside the other,
to allow axial motion.

Line Mounting - Refers to a component mounted on and supported by the duct,

instead of

direct attachment to a support or bracket,

Linear Offset - Distance between the duct centerlines of two Jjoining ducts.

Liner - A cylindrical part within a flex-section assembly.

Live Length - The convoluted length of a flex-section assembly.

IR
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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 system can encounter at any time

service.

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
failure,

Misalignment -
error may

~ The maximum load a duct or duct system can sustain

Error in alignment between the axes of two jodning
be linear, angular or both,

Omega Rend -~ A bend whose shape resembles the Greek letter omega a

to accommo
Pressure - A f

Pressure, Atmg

date contraction or expansion in a ducktsystem,
orce distributed over a unit area,

spheric -~ The force per unit area, caused by the weig

atmosphere

Pressure, BRurs

t - Magximum internal pressuresabove ambient which du

wvithstand

Pressure, Desi

without rupture,

n - The selected normal-operating pressure.

Pressure, Diff

erential -~ The difference between the internal press

point in 4§
differenced

Pressure Envel

duct and a reference pressure (ambient) or, in a £l
in pressure between the two points due to pressure

without
parts; the

nd is used

ht of the

ct must

lire at a

Arop.

ope - The range of pressures to which a part is subjpcted in

normal ope

Pressure, Maxilmum Opera®ting -~ The maximum pressure a duct will expprience under

ration.

all possible operating conditions,

Pressure, Progf <,TPhe maximum test pressure a duct or duct install
sustain without permanent deformation.

ation must

Rupture - A br

System - A combination of ducts, duct supports, duct joints and fluid control
devices which will regulate and convey fluids from a source to a point or

points of

Temperature, Autogenous Ignition - That temperature at or above which a self-

eak in a duct or duct assembly.

use,

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, Desidgn - The selected normal operating temperature.

bwing system, the

in

Temperature, Differential - The difference between the internal temperature in

a duct and a reference temperature, or in a flowing system, the difference in

temperatur

e between two points due to temperature drop,

Temperature, Envelope - The range of temperatures to which a part is subjected

in normal operation.

U
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Temperature, Maximum Operating - The maximum temperature a duct will experience
under all possible operating conditions.

Tension System - A duct system wherein the fluid column or longitudinal forces
due to internal pressure are not transmitted to the supporting structure. The
fluid column loads of such a duct system are reacted by axial tension in the
duct walls,

Distributed under license from the IHS Archive
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1. INSTALLATION CRITERIA AND LIMITATIONS: .

1.1 Introduction: Employment of high temperature pneumatic ducts in modern
aircraft entails the consideration of several requirements which may be
encountered during operation, maintenance, and installation assembly. The
requirements are as follows:

1.1,1 S8tructural Deflections: The aircraft structure on which the duct
installation is mounted will usually deflect sufficiently to require a
flexible duct installation. Axial, torsional, and bending deflections must
be considered. Installations which traverse a wing are usually exposed to
the largest deflections. 1In magnitude, the axial deflections may be as high
as 0.06 inches per foot of duct length, Torsional deflections may require 3
deg to 5 t terline Rending deflections
(angularf) may be in the range of 3 deg to 7 deg for a typical wing
installagion. Paragraph 1.2 indicates some methods of compensation for
structurpl deflection.

ibit a growth

e means is not
ve force
eloped., Duct
lly and axially
e motion

1.1.2 Thermal Expansion: bDuct materials under high temperature ex
or expangsion, which can be of considerable magnitude.” If so
provided| to compensate for this expansion, an axiall compress
tending ko cause failure of the ducts or supports will be de
connectipns to the englne should consider engine growth radi
due to dimensional increases caused by high. témperatures. T
envelope| of the engine for normal operation‘and under airplape design limit
Joad facfors relative to its fuselage or nacelle structure should be
established and considered. The differencde in length due to|contraction of
the airframe at low temperature and expansion of the duct at|high
temperatiire usually results in the largest relative duct motjon, Paragraph l

1.2 indikcates some methods for compensating for thermal expapsion.

1.1.3 Thermal Shock: Design of the duct system should take into agcount the
effect of thermal shock. The minimum temperature, maximum tﬁmperature, and
rate of ftemperature rise for\thermal shock should be determiped by analysis
based on| the expected areas-of aircraft operation. Usually,|the extreme
conditioh occurs with greund operation following cold soak at the minimum
design temperature,

1.1.4 Space Alllocation: .Spdce allocation is another limitation in|the duct
installaktion. High\priority should be given to the duct routing for the
following reasonst

A. Operation = A straight duct provides a minimum pressure drop.

B. Installlation Assembly - Sufficient _space should be provided to make
possi provide
structural deflection and thermal expansion compensation, and ease of
maintenance and inspection,

C. Safety - Adequate space allocation can mean proper isolation of the high
temperature duct from combustibles and components sentitive to high
temperature. It is recommended that high temperature ducts be located
above and/or isolated from ducts transporting combustible fluids by
routing the ducts as far away from each other as possible or providing
separate compartments. A shutoff valve should be located as close as
possible to each engine extraction air source to provide duct or system

isolation.
1.1.5 Additional Dpuct Load Considerations: There are several additional duct
loads the designer should consider in the duct installation design. .

A. Duct mounted equipment items, such as valves, can create large torsional

loads in local areas when subjected to vibration and should be mounted on
or supported by structure.

o s
y L — — Distributed under license from the IHS Archive
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(Cont'd.):

B.

FO

The duct systems should be capable of accommodating the external

press

ures which could cause collapsing.

For example, provisions must be

made for pressure testing a fuselage through which such ducts are routed.

In a compression system a slight misalignment of free bellows can impose

large

side loads on the duct supports,

Instability of the duct system

can be caused by such a misalignment and should be avoided.

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 d
exter

The d
loads

Typical

1ct system should be designed to withstand loads impg
hally induced vibrations.

ict system should be designed to withstand handling &

puct Material: For typical corrosion resistant alloy

us

e in h

detail i

.1

Fluid Flow Considerations:

The du
follow

comp

igh temperature pneumatic duct systems/{ trefer to Sect
hformation,

ct material and gauge selected shall)be capable of sd
ing design criteria:

pnent Malfunction: The maximum combination of operat

and
resu

A. Wi
CcoO
op
re
th

Wi
of
op
(d

B'

Materi
variou
come i

pressure levels selected should be determined from th
1ting when any single system component malfunctions.

thout Yielding - The combination stress resulting frd
mbination of maximum-@perating temperature, deflectig
cerating pressure times the selected proof pressure f4g
duced allowable yield strength should be considered ¥
e life cycle expectancy.
thout Rupturé ~ The combined stress resulting from arn
maximum operating temperature, ultimate deflection,
prating pressure times the selected burst pressure f4§
cformation permitted).

Bls 4sed in duct manufacture should be corrosion resi
5 _aibrcraft fluids (such as hydraulic oil) with which
h“Ccontact.

sed by

nd shipping

s available for
ion 2 for

tisfying the

ing temperature
e values

m any

n, and maximum
ctor, A

ith respect to

y combination
and maximum
ctor

stant to
the duct may

should be given in the duct system design:

Considerations of thermodynamic fluid flow

A recommended design duct Mach number should be selected at 0.25 or less
in order to reduce the effects of air velocity on the required

distri
report

bution, noise and duct system pressure losses.
56-187, dated September 1956,

WADC

Technical

"INVESTIGATION OF AIRCRAFT DUCTING

COMPONENTS AT HIGH SURSONIC SPEEDS," provides component design information

at ent

rance Mach numbers from M - 0.2 to 1.0.

Resonance created by high velocity airflows should be considered in the

duct d

esign.

Minimum resistance in the duct should be given prime

consideration to prevent turbulence which could produce resonance

result

ing in fatigue failure.

A bellows is one component which is

susceptible to severe turbulence under high velocity airflow and should be
of multi-ply construction to withstand the resonance of a liner (or

equiva

lent device) to reduce turbulence.

airflows 0.2 M and above.

Liners are recommended for

Distributed under license from the IHS Archive
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1,1.7.3

1.1.8

1.1.8.1

1.1.8.2

1.1.8.3

Assure that supersonic flow is not created in the ducting downstream from
duct system components, such as a flow-limiting venturi,
Environment: Environment of the duct installation should be given

consideration in relation to the 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 of supersonlc aircraft where the
ambient d e, A ventilated
compartment W111 dilute any combustible m1xture present @nd minimizes fire
hazarnd. The duct installation and aircraft operation~will determine
possilble deviation from these test values. As can beyseen from Figures 1
and 2, an increase in the compartment pressure lowers the|AIT, increasing

~yvivimy QG P -

the flire or explosive hazard if combustibles are present,| Air Force Aero
Propulsion Laboratory Technical Report 71-86, dated November 1971,
"Igniltion of Aircraft Fluids By Hot Surfaces dInder Dynami¢ Conditions,*
provildes data on the ignition characteristic¢s),'of various aircraft fluids
under conditions in which they impinge upot’ a hot surface|in the presence
of ailr flow similar to that possible for:bleed air ducting in an engine
compartment,

The Hhermal limitations of adjacentycomponents could beco
safelly hazard of the aircraft, espécially items such as e
and gctuators, hydraulic accumulators and actuators, and

compgnents which could suffer degradation of strength wit
tempdrature,

The hHeat loss from the duct,can present a problem for the
operation if the duct ig carrying air for heating purpose
repregsent a heat load for a compartment which is being ma
lower] temperature,

Redudtion of surf@ce temperature of the duct system is ne

routilng presents a safety problem as mentioned above., On
redude the effect of surface temperature is the use of a
for dritical~¢omponents, This can consist of a built-up

utilizing high reflectivity, low emissivity material plac
duct |and ¢the component. Another method to reduce the eff
tempgrature is the use of insulation around the duct., Th
factgqre)to be considered in the use of duct insulation,
mate a MU S pe DLrote C Ring © OmbU Iyle

ne a functional
lectrical wiring
structural

n high

system's proper
5, or it can
intained at the

Cessary when its

b method to
radiation shield
hssembly

bd between the
bct of surface
bre are several
'he insulation
hids, crushing or

tearing during fabr1cat1on, 1nsta11at10n, maintenance, and handling, and
must have low conductivity properties which will not deteriorate under

high temperature.

corrosive substances at any temperature to which it may be subjected.

The insulation or bonding material used must not form

If

the insulation material is protected by a cover impervious to fluids, it
should be vented tg provide and maintain the insulation at ambient

pressure, The insulation material should be capable of w
effects of vibration.

ithstanding the

Some airframe companies, for conservative reasons,

design to maintain surface temperatures at least 50°F lower than shown on

Figures 1 and 2.

High temperature must be considered in the design of support methods for

the ducts since heat will be transferred to the supports
conduction and radiation.

through

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 poss
transfer through the support to the structure.

ible heat

Insulation should be

- -~ Distributed under license from the IHS Archive



https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

SAE ARP*L99D A1 WM 8357340 UUE&‘iLD 9 1

TP ARP 699D

q 1.1.8.3 (Cont'd.):

provided between the support and structure if the temperature can exceed
structural limits. :

1.1.8.4 In order to reduce the hazards associated with routing high temperature
bleed air throughout the aircraft, consideration should be given to
incorporating means such as a precooler heat exchanger near the engine
bleed ports to reduce the bleed air temperature to a safe level. Also,
provisions should be incorporated near the bleed ports of each engine to
~reduce the operating pressure of the bleed air system to as low a level as
possible without adversely affecting performance of the systems which use
bleed air. When the bleed air ducting is routed so that leakage of high
tempefature air from ducting and components could cause damage to vehicle
structure and adjacent components, or if the leakage could result in fire
and explosion hazards, provisions to detect bleed air (Qeaklpge should be
incorporated. When a continuous length sensing element type of leak
detector is incorporated along the ducting system, 4t shoulld be designed
to inficate a bleed air leak within five seconds(when a one-inch length of
the detector element is subjected to a hot-air blast that [is 100°F above
the neominal detector setting.

1.1.9 Maintengnce Requirements: Design of a low cost maintenance |duct system
involveg consideration of durability and acgessibility and rleplaceability of
ducts, foints, couplings, and seals for field inspection.

1.1.9.1 Dpurabjlity of the ducts and supports<should be given consilderation in the
initipl design stage. Thin wall duct and insulation cover| materials are
quite| susceptible to damage from.handling during manufacture, shipping,
' inspefption, installation, and field maintenance. Use of g heavier wall
duct pr reinforcement of the sinsulation cover may be justilffied to provide
additjional protection from ¢rushing and indenting.

1.1.9.2 Accespibility and repladeability of ducts, joint couplings|, and seals are
requikrements that are important in the initial design of tlhe duct system.

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

B. bint coiplings that are frequently removed on the airlcraft should be

J
readily—accessible, and should incorporate a quick digconnect feature
wlith ¢he capability of reuse without leakage. If the |joint requires a
sealy~it should be easily removed and replaced; or it [should be
designed such that replacement of the seal is not requlired,

1.1.9.3 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 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 neéecessary fittings may be
incorporated.
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1.1.9.3

1.1.10

(
B

In

Cont'd,):

Visual inspection of the duct system can show up such
as: torn protective covers for insulation where expo
may wick and present a fire hazard; a bulging duct as
vweak portion of the assembly has exceeded its yield s
close to failure; deformed supports or ducts indicati
loading and possible malfunction; and partially faile
bellows which would constitute a flight hazard, in ad
failures to the duct walls or duct supports,

gtallation Tolerances: Installation tolerances for both

1,1.10.,1

1.1,10,2

mi

1.1.11 Reliak

ai
th
co

by
A,
B.
c.
D.

sallgnment and JOlnt leakage should be glven attentlon.

opriate use of: bellows (axial, offset,”and angular)
pling (angular); ball joint (angular)y ‘ball joint arry
comhpination of ball and slip joints (axial, offset, and
joints (axial) and adjustable duct supports (axial, offset and angular),

Lealfjage of high temperature air from the duct system can

danger points
sed insulation
sembly where a
trength and is

ng an unpredicted
d couplings or
dition to actual

duct
Leakage problems

scessfully.

nitudes of these

ial + 0.25 inch;

ion for any one
accomplished by
; flexible
angement or
angular); slip

be a serious

safety problem, similar to the, case of duct surface temperature in

1.148.1, if it is in the vicinity of combustible fluids,
temperature limited components. Unless the duct system
tunnel of its own, it is guite likely the duct will be r
vicinity of these critical items.
may [constitute a structural problem, A means for checki
lealage before operation is very important, Assure that
thrgugh which bleed ‘air ducting passes are adequately pr
ovepgpressurization~in the event of a duct rupture,

vapors, or low
has a separate
outed in the

buct leakage into a sealed compartment

ng the system for
all compartments
otected against

ility: Reliability of pneumatic duct systems is essential to
rerdft airvorthiness and reliable aircraft operation in Eervice. buring
e inception-6f the design, the control specification, fabrication of
mponents, ‘and the duct system installation, reliability |can be improved
adhering  to the following:
Usq¢ ‘standard, well-developed parts.
Select vendors whose reliability of performance is proven,

Provide easy maintenance accessibility.

Careful consideration of problem areas (pressures, temperatures,

deflection, insulation, etc.).

Require adequate testing for qualification.

Select fasteners of sufficient size to hold the compone
Provide a design that is free of points of high stress

Inspect carefully after fabrication,

nt in place.

concentration,
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1.1.11 (Cont'd.):

I. Report malfunctions to proper channels.

J. Assure corrective action is initiated.

K. Package properly to protect during shipment and storage.
L. Maintain and calibrate test equipment.

M. Avoid unnecessarily rough handling of parts.

N. Guard safety fasteners or other holding devices against loosening.

0. Prlovide sufficient clearances for adjustment and/or trgvel,

P. Usle proper tools and fixtures to aid in assembly and installation.

0
=

ep ducts and other components completely freé)of dirt and
ntamination during storage, handling and installation.

Q

R. Require adequate production proof tests,

itiate a training program in the maintenance and installation of the
ct system for shop and field personnel.

Q)

1.1.11.,1 A development test program is essential for testing the|installation in

itqd 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 temperatupes.

Proof pressure
Burst pressure
Fatigue

B. | Tests on_complete mock-up system, or representative|critical
sectiongs)

Cycling’ (pressure, temperature, movement, and thermgl shock)
Extlernal induced loading

Proof pressure

Flow resonance

Leakage

Ultimate structural tests on critical areas
Vibration testing - suitable duct subsystems

C. Tests on systems in completed airplane.

Proof pressure¥*
Leakage

*Room temperéture proof pressure tests may be conducted at a
higher pressure level to account for temperature effect and
equivalent material stress level.

See section 2 for details of duct qualification testing.

Types of Duct Systems: A duct system may be the tension, compression, or a

combination tension-compression type arrangement. The tension system
dgenerally weighs the least, but it requires more space allocation for duct
movement. The compression system, in addition to the pneumatic and thermal

loads,; must -make provision for considerable side load. This,
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1.2 (Cont'd.):

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
combhinations of loads which may be encountered.

1.2.1.

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 Jduct 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 desidn loads, Some ways
of compgnsating for structural deflections and thermal expanjsion are:

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

B. Joint arrangements (such as bhall, pressure-compensating,| and restrained
bellows) placed in strategic locations.,

C. The luse of the elasticity of the duct itselfy either thrpugh the use of
bends associated with its natural routing or the additioh of omega or
loopg bends in the systen,

D. Fledible attachments to the duct. (An‘example is a hulkhead seal where
a sliding fit or low spring rate bellows could be used oh the outside of
the [duct.)

E. Pledible joints (such as a ball\©or flex-sections) can be|used to
complensate for bending movement,

It is important that space allocation be considered for movefent of this
type of |system, :

sgion A compression system (Figure 3) is one wherein|the fluid
florces due to internal pressure and thermal expansion|are reacted by

the support structure..’ Some ways of sustaining the compressfive forces, and

compensating for structural deflection and resultant thermal| expansion are:

A. PFiged duct supports which can withstand end and side loafis,

B. Joints (such as flex-sections and slip type) which provifle for duct

duct bhending movement,

Ce Flexl sed to

compensate for

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,

DISTrII)U‘lEid under license from the IHS Archive
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2. DUCT SYSTEM AND DUCT COMPONENT DESIGN:

2.1 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.

2.1.1 Ducts: The following recommendations pertain to ducts suitable for handling
pressurized high temperature air,

2,1.1,1 Materials: Design information on these materials is presented in Figures
6 through 11 for the temperature levels shown:

Magimum Continuous
nperafina

Material pPemperature (OF) Comments

321/347 1600 Easily welded and formed. Iowest strength.
Good corrosion resistance. |[Non-heat
treatable, Good subr-zero properties,
Maximum temperature limitation imposed by
oxidation resistance, Type|347 has slightly
higher strengthfat elevated|temperatures,

AM 350 800 Easily weldable but work hardens rapidly.
Heat treatable to higher stpength than above
materials,” but transformation growth causes
severedistortion., Good corrosion
resistance, Maximum temperature limited by

exceéss precipitation which may cause
embrittlement, .
PH15~7 Mo 800 Higher strength than 17-7 and AM 350, Good

formability and weldability Good corrosion
resistance, Heat treatabhle|but subject to
growth distortion, Low elongation.

A=286 1300 Weldability Jjust 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 treated,
Formable mainly for use at 900 to 1300°F,
where it is stronger than Inconel X-750.
Specify Cond A (annealed) unless Cond B
teoldvorked)—dsregud higher strength,

Inconel X750 1500 Comparable to A-286 except better strength
in the range of 1200 - 1500°F., Good
oxidation resistance to 1800°F,

Rene'41l 1500 Higher strengths than Inconel X-750 with
forming and welding somewhat more difficult
than A-286 or Inconel X-750, Vacuum melted
to retain hardening agents and therefore
very expensive, Good oxidation resistance
to 1800°F,

- - Dlstrlbuied;iﬁder license from the IHS Archive
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2.1.1.1 (

CAUTION:

Material

AMS 4900

AMS 4901

4A1-3Mo-1V

521-2.58n

6Al1-4V

8Al-1Mo-1V

PH14-8Mo

Cont'd.):
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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 coating be applied to the OD of stainless ducting (321/347,
A satisfactory coating would be Sermetel W

21-6-9, PH 15-7 Mo, PH-7 Mo).
(MIL-C-81751) or equivalent,

Maximum Continuous
Operating
Temperature (OF)

600

Comments

Commercially pure titanium, annealed,

wald

600
750

800

758

for formed parts or fusion w
assemblies; stress relief-mu
specified., Primarily fo¥ ap
requiring strength up. €0 400
resistance up to 600@F. Not
electroplated.

Stronger, but Jess formable
Use where high strength and
resistance.are required, He
may be rgsistance welded but
welded \or electroplated. Dif
without” cracking.

Annealed. For fusion or res
where strength exceeding tha
commercially pure titanium i
Heat treatable except that f
or fusion welded assemblies,
must be specified. Not to b
electroplated. Difficult to
cracking.

Primarily for applications r
weldability, ductility and g
toughness., The material has
fatigue properties in both t
aged condition. Heat treata
electroplated. Difficult to
cracking.

y except that

e 1ded

St be -
plications

°PF and oxidation
to be

than AMS 4900,

pxidation

pt treatable.
not fusion
ficult to form

istance welding
t of

s needed., Not
br formed parts
stress relief
3
form without

equiring

pod notch
attractive

he annealed and
ble. Not to be
form without

800

800

Use where best combination o
temperature, strength,
toughness is required.
treatable. Stress relief af
welding must be specified,.
electroplated. Difficult to
cracking.

stiffness,
Weldable.

f elevated
and
Not heat
ter forming or

Not to be

form without

The material has strength properties at both

room and elevated temperature.

outstanding advantages of th
high strength coupled with h
toughness. The resistance o
stress corrosion .is superior
PH15-7Mo.

The

is alloy are
igh fracture
f PH14-8Mo to
to. that of
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2.1,1.1 (Cont'd.):

Magimum Continuous

Operating
Material Temperature (OF) Comments
21-6-9 1000 The material combines high yield strength
with good corrosion resistance. Room
temperature yield strength of 21-6-9 is
about twice that of 321/347. 1It is readily
formable and can be welded by conventional
welding methods. Corrosion resistance
inferior to 3217347,
Inconel 625 1600 Good oxidation resistan¢e® §o 1800°F. Good
high temperature strength in the range of
700 ~ 1300°F, It is'weldaljle and has normal
formability characteristicsg.
NOTE: CAUTION! Use of unstabilized CRES fofr duct appligations B800°F and
above will result in carbide precipitation and inyergranular
corrosion.

2.1.,1.2 FPabrlcation Requirements: DbDucts should-be fabricated frqm tubing or sheet
stock. MIL specifications or commercial specifications nmay be used for
material and for welding techniquesy. These should be modified as required
by detail specifications or detailldrawings of the duct gssembly.

2.1.1.2.1 Applicable Specifications: The following specificatiorns may be used as .
material references:

AME 4900 Titaniwm Sheet Commercially Pure

AME 4901 Titanium Sheet Commercially Pure

AMB 4912 Titanium Sheet, 4Al-3Mo-1V

AMB 4910 Titanium Sheet, 5A1-2,5 Sn

AMB 4911A Titanium Sheet, annealed, 6Al-4V

AME 4916 Titanium Sheet, 8Al-1Mo-1V

AMB 5510 Steel Sheet and Strip Corrosison and Hdat Resistant
{Type 321)

AMS 5512 Steel Sheet and Strip, Corrosion and Heat Resistant
(Type 347)

AMS 5526 Steel Sheet and Strip, Corrosion and Heat Resistant
(Type 19-9DL)

AMS 5528 Steel Sheet and Strip, Corrosion Resistant (17-7 PH)

AMS 5548 Steel Sheet and Strip, Corrosion and Moderate Heat
Resistant (AM 350)

AMS 5595 Steel Sheet and Strip, Corrosion and Heat Resistant
(21-6-9)

y jickel-Rase Sheet and Strip, Corrcsion and Heat
AMS 5599 %égkstant (Inco 625) !
AMS 5603 Steel Sheet and Strip, Corrosion and ‘Heat Resistant

(PH14-8MO)
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AMS 5520 Steel Sheet and Strip, Corrosion and Moderate Heat
Resistant (PH15-7Mo)

AMS 5525 Steel Sheet and Strip, Corrosion and Heat Resistant (A-286

AMS 5542 Alloy Sheet and Strip, Corrosion and Heat Resistant
(Inconel X-750)

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

AMS 5596 Alloy Sheet and Strip, Corrosion and Heaf Resistant
(Inconel 718)

MIL-STD-810  Environmental Test Methods for Aerdspace|and Ground
Equipment

MIL-W-6858 Welding: Aluminum, Magnesium,“-Non-Hardefing Steels or
Alloys, and Titanium, Spotys~Seam and Stitch

MIL-W-8611 Welding, Fusion of Steels and Corrosion and Heat Resisting
Alloys, Process for

MYL-w-27664 Welding, Spot, Inert Gas Shielded Arc

Strgngth Requirements: The duct>system should be structyirally adequate to

resifst without rupture a burst\pressure equal to the greater of the

following:

A. |Burst pressure 2.5 times the gage pressure, with the|component at the
associated temperature for the most adverse pressure|and temperature
condition that occurs during normal operation.

B. |[Burst pressure~l.5 times the gage pressure, with the|component at the
associated t€mperature for the most adverse pressure|and temperature
condition that occurs in the event of failure of an Upstream pressure
or temperature control device.

The |[duct system should be structurally adequate to resist without

pernanent \deformation a proof pressure equal to the greater of the

following: ’

A. . ; component at the
associated temperature for the most adverse pressure and temperature
condition that occurs during normal operation.

B. Proof pressure l.]1 times the gage pressure, with the component at the

associated 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

mate

rial.

Where combined loads occur, detail 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
A reduced allowable yield strength should be considered
with respect to life cycle expectancy,

pressure loads.
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2.1.1.3.1 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,

2,1.1.3.2 Branch buct 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 crotch area of wye sections is
considered good practice., Welding technigque used in the joining of duct
sections must be of the highest quality.

2,1.1.3.3 DhucH Reinforcements: Consideration should be given to ;the use of
doublers at boss and bracket attachment points., WhenCused, doublers or
othdr reinforcements should be continuously welded @ll around to the
basilc duct, If large temperature differentials are encolintered,
congideration should be given to venting the entrapped area.
Cirdqumferential stiffening devices may be utilized to prevent collapse
from external pressure, Duct wall pullout should be congidered for boss
attqchment., Circumferential stiffening deyicCes may be ufilized for
bradgket attachment point.

2,1,1.3.4 Handling: Minimum wall thickness may he dictated by dampge occuring
during fabrication or handling. 1In this respect, the folllowing minimum
wall thicknesses are recommended:

Duct Diameter, Inches Minimum Wall Thickness| Inch
Under 1,00 0.010 ’
1.00 to 2,00 0.012
Over 2.00 to 3.50 0.016
Over 3.50 to 5.00 0.020
Over 5.00 to 6.00 0.025
Over 6,00 As PRequired by Design

2.1.1.4 standdrd Sizes: The_duct should be designed and fabricatefl to the
diameHers recommended below:

Outside Diameter, Inches Size Increments, Inch
0.75 to 2,75 0.25
3.00 to 6.00 0.50
Oover 6.00 1.00

2.1.1,5 Allowable Leakage: There shall be no leakage in the basic duct.
Allowance shall be made for connector leakage and seal type compensator
device leakage.

2.1.2 Compensation Devices For Thermal Fxpansion: The deflection of a duct system
during high temperature operation is normally absorbed by axial and/or
angular deflection of bellows-type flex joints or, where configuration
permits, by deflection of the ducting itself, Slip Jjoints and rotary joints
may also be used to accommodate duct deflection.

2.1.2.1 PFree Bellows: A free bellows absorbs duct movement by the compression or
extension of its convoluted portion., BRellows used in aircraft duct
systems are normally fabricated from stainless steel and may be of a
gingle or multi~ply wall construction. A free bellows is composed of a
number of working convolutions as shown in Fiqure 12a., The stroke or
deflection of a given bellows (constant convolute size and wall thickness)

IS———
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{(Cont'd.):

under load is similar to a helical spring (see Figure 12b). The word
"Load" includes any force or combination of forces applied axially to
cause the bellows to compress or extend, and can therefore refer to a
pressure or mechanically applied load in either direction. The stroke is
also directly proportional to the number of convolutions and inversely
proportional to some power of the wall thickness. 1In actual practice it
has been found that two-plies, with a total thickness equal to a single
ply, will provide at least twice the flexibility of the single ply.
Multi-ply bellows can therefore be used for high pressures without
excessive loss in flexibility. CAUTION! 1Implosion of inner plies of a
multi-ply bellows used in high temperature applications is possible unless
i ; i - vented. Two
belllows used in series between anchor brackets should.hgve the same spring
ratp. Free bellows have a tendency to squirm under ceom
duck supports must be adequate to restrain sidewisé mot

hctors Affecting Endurance or Service Life:, (The cyc
pllows is primarily influenced by the stress induced The magnitude of
ne stress depends on the length of the sfroke and thdq operating

F e life of a free
b
t
pfessure. The closer these factors approach the maxigum allowed, the
s
a
c

horter the cycle life. Severe or abnéormal operating |conditions, such
5 overtravel or shock loads, can also. adversely affe¢t the life
haracteristics of a free bellows.

Nprmal Design Practice: The folklowing criteria should be observed for
bpst results in the application\of free bellows:
A

. Compression stroke: 10-to 15% of bellows length, |although up to 40%
has been successfully (@ttained; however, fatique life will be
greatly reduced.

Bl Extension stroke?® v'10% of the bellows length, altiough up to 40% has
been successfully attained; however, fatigque life|will be greatly
reduced.

Cl. Angular deflection: + 5 degrees, although + 15 ddgrees has been
successfully attained; however, fatique life will [be greatly reduced.

0212 L2512

D, Axial offset (if required): D (Max), although D has
beéen successfully attained; where L = length of bgllows and
D = nominal duct diameter.

E. Torsional deflection: Preferably none.

F. Ratio of bellows length to inside diameter: Generally, 1/2 to
1-1/2; however, exceptions can be made.

G. Convolution height: 7 to 13% of inside diameter. 1Increases in
bellows length and convolution height over the values recommended
above can create instability and a resultant tendency to squirm
under applied load. The use of a liner, such as shown by Figure 13,
will provide additional shear resistance and at the same time reduce
vibration by high velocity flow. The liner should be designed to
prevent damaging the bellows during installation or operation.
Optionally, the use of a bellows under hoop compression, also shown
in Figure 13, affords the same advantages as the liner plus external
protection and elimination of instability. 1In the design of
multi-ply bellows, the elimination of moisture or air entrapped
between the plies is mandatory.
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2.1.2.1.2 (Cont'd.,):

Although a permissible axial offset is indicated in (D), any offset
should be avoided if possible., Axial offset induces an additijional
stress in the convolution which can cause premature failure,

2.1.2,1.3 Statement of Design Requirements: Due to the highly specialized nature
of free bellows design and fahrication, it is necessary that the design
requirements and operating conditions be carefully outlined. The
following information should normally be specified.

A. Specific function of the unit,.

B. Location in the system (e.g. in a straight run, adjacent to a bend,
r§ﬁT§ment, etC. ).
C., Hinimun inside diameter.

D. HMaximum outside diameter.

E. fType of ends and total overall length of the unit. If alignment of
rhe end fittings is critical, an angular<tolerance should be

specified.
F. Pressure (working, proof and burst), temperature (majimum, minimum
and ambient), and the most critical.-combination of temperature and
bressure,

G, jaximum rate of pressure and kemperature change.

H. Axial deflection (compression and extension),.

I. Angular deflection.

Jd. Axial offset,

K. Vibration regquirements (frequency, amplitude),

L. Maximum flow(conditions and allowable pressure drop.
M. Hinimum Yife cycles,

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

0. Production test requirements,

2.1.2.2 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 14, are the gimbal, tie rod and braided.

2.1,2,2.1 gGimbal Type: These units are made with internal or external gimbal
supports as shown in Fiqure 14 and will permit angular deflection in any
plane, For applications where deflection is required in one plane only,
it is possible to save weight by eliminating one set of gimbal
supports. Gimbal joints are utilized to absorb duct expansion in a
manner similar to that illustrated in Figure 16, The primary advantage
of this type unit is its ability to provide angular deflection with a
small actuating force,

:&;{H?Jférﬂlhder license from the IHS Archive
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2.,1.2.2.4

2.1.2.2.5
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2.1.2.3
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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 tie rod
bellows employing external restraint is shown in Figure 14 and 15. A
variation of a tie-rod flex-section is one commonly referred to as
"ball-strut," or "ball and socket" tie-rod. 1In this approach, the
tension load between the internal tie rods is taken by a load-carrying
ball usually of proprietary design. This approach can be used for
higher pressure and temperatures, or where the angulation is beyond that
which can be accommodated by the more conventional U-pin of tie-rod
design,

Ball Type: The ball joint shown in Figure 5 provides angular deflection
T any—ptane Hr—the—same—menner—as—the \_.5.;.mbct.1 types An advantage of
this type is the external ball-socket minimizes leakage in the event of
ellows failure. The higher bending moment of the-balll joint is
ometimes offset by the use of a bearing system (in’ the ball socket.

s

inge Type (Single Plane): The hinge joint, pr¥ovides jangular motion in a
ingle plane only and thus absorbs loading An the axils normal to the
lane of motion. Use of hinge joints therefore improves the stability

f the duct system under dynamic conditdons and permifts reduction in

uct supports, :

raided Bellows: The use of an external braid on a bellows has been a
ong-~accepted method of providinggrestraint. However|, high bending
oment at pressure and limited motion and cycle life [restrict the use of
raided bellows to primarily that of accommodating inlstallation
isalignment and/or low pressure applications.

ormal Design Practice: . The following criteria shoulld be observed for
bhest results in the application of restrained bellows|:

A. Angqular deflectdon: + 5 degrees, although + 15 degrees has been
successfully attained; however, fatigque life will|l be greatly reduced

B. Axial offset: None.

¢. Length of. bellows: As required to limit compressfion and extension
to 10% 0of the convoluted length during angular de[flection.

I. Torsional deflection: Preferably none,

tatement of Design Requirements: Applicable information from 2.1.2.1.3

hould be specified as needed for restrained bellows.| In addition, it
m T 0 ca 0 a Iimit on € actuating force required to
obtain the amount of angular deflection desired.

Compensating Joint: This type of bellows allows for duct expansion in the

| |

same manner as a free bellows. The unit can be made in longer lengths
than a free bellows by installing internal slide supports at linear
intervals equal to the duct diameter. By pressurization of an internal
chamber, as shown in Figure 16, the tendency of the bellows to elongate
under pneumatic load is eliminated and the unit functions as a tension
carrying member in the duct system. By over-compensation the spring rate
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 permits about 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

exifgs and Yhere considerable dyct expansion must be absorbed. An example
would be a long duct run in a wing leading edge. Figure 4 shows g3
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(Cont'd.):

compensating joint incorporated in a duct elbow. Bellows are used for
seals in high temperature, high pressure applications (1000°F at 450
psig). Sliding seals are used to replace the bellows for lower pressure
and temperature applications up to 60 psig at 450°F, This configuration
reduces the maximum outside diameter 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.

*T 777 Distributed under license from the IHS Archive
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2.1.2.3.1 Normal Design Practice: The following design criteria should be
observed for bellows type compensating 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. Angular deflection: Preferably none.

D. Axial offset: None,

E.| Torsional deflection: Preferably none.

F.| Ratio of individual bellows length to duct outside [diameter:
Unsupported length limitation same as free bellows.

2.1.2.3.2 Statement of Design Requirements: Applicablé)dinformatijon from 2.1.2.1.3
should be specified as needed for compensatdng Jjoints. | The following
adgitional requirements are usually necessary:

A.| Spring rate at design compression ‘stroke.

B.| Amount of pneumatic compensatien’. Usually expressed as the axial
force required to hold unit in‘any position from neutral to fully
compressed under pressurized‘conditions.

‘ C.| Mounting details (in case’of support bracket).

2,1.2.4 Compe¢nsating Joint, Seal Type: This device shown in Figure 18 is similar
to the bellows type compensating joint except it utilizesl seals rather
than|bellows for sealing/purposes. This permits almost unlimited axial
stroke capability with minimum actuating force. Seals, usually of
proprietary design,Sare non-metallic, thereby limiting use of this device
to applications below 700°F. The design accommodates unllimited torsional
deflection. Normally, over-compensation is not required |as there is no
spripg rate towg@vercome in this design.

2.1.2.4.1 Normal Desidn Practice: The following design criteria [should be
observed—for seal type compensating joints:

A.| [AX1al stroke - Limited only by available envelope.
B.L _Angular deflection: None

C. Axial offset: None,

D, Torsional deflection: Unlimited.

2.1.2.4.2 Statement of Design Requirements: Applicable information from 2.1.2.1.3
should be specified as needed for compensating joints. The following
additional requirements are usually necessary:

A. Amount of pneumatic compensation. Usually expressed as the axial
force required to hold unit in any position from neutral to fully
compressed under pressurized conditions.

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

2.1.2.5 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 20. 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.
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(Cont'd.):

B. An expansion "U" bend has twice the expansion value of a simple "U"
bend.

g. An omega has two and a half times the expansion value of a simple "U"
end,

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 will occur. Refer to 2,1.1.3 for
strengyh requirements applicable to ducts used in expansion| bends,

slip Jgint: The slip joint shown in Figure 19 absorbs.duct| expansion by
means df linear motion similar to that of a telescoping’ joipt. It should
only bg used in a compression system,

Relatively large axial motion is possible within @ fairly small envelope
and wigh a low actuating force. Because of ppnéumatic loadihg, this unit
must bd supported and used in the same manner as a free belllows, It is
limited to pressure and temperature applications up to 60 psig at 450°F,

Rotary [Joint: A single rotary joint will“not absorb thermall expansion in
a duct |system; however, the use of two, 0r more rotary jointk as shown in
Figure |21 will allow for thermal expansion in a duct system|, provided

certain design and installation prac¢tices are observed. Figure 23 shows
two rotlary joints interconnected by’a "U"-shaped duct.

A, Thq axial center lines of the rotary joints must be at pight angles
{ngrmal) to the run of duct to permit true rotation without inducing
bending or non-uniform-loading of the rotation surfaces)

B. When only two rotary joints are used, the duct running adjacent to

h rotary joint must permit some movement in a plane parallel to the
ation surfaces of each rotary Jjoint since the rotary| joints are at
ixed distance’apart by virtue of the "U" interconnecking ducts, and
rmal expansion in the duct runs will cause displacement or movement
ilally of @ach duct run. This movement will resolve ihto rotary

ion of (each rotary joint and movement of each rotary| joint and
necting "U" duct through an arc sufficient to accommpdate the
unt_of thermal expansion,

Compensa traction From

Temperature Effects, and installation Tolerances: 1IN general, the normal

2.1.3.1

P "7 Distributed under hcenseif;airn the IHS Archive

practice is to utilize the previously described thermal expansion units to
absorb deflections of the airframe, growth and contraction due to
temperature effects, and to compensate for various forms of duct
misalignment which occur during installation. When such a practice is
followed, a conservative approach is to allow approximately 30% of the
design motion for installation tolerances. The following two subparagraphs
apply to the specific use of various devices to compensate for airframe
torsional deflection and installation tolerances,

Airframe Torsional Deflection: The ball joint, rotary joint and possibly
the slip joint, can be used solely to absorb torsional deflection of the
duct. HNonmetallic type joints are capable of absorbing a small amount of
torsional deflection in the pressure and temperature range for which
designed. For higher temperatures requiring bellows type joints, a gimbal
type joint is recommended to avoid torsion load on the bellows.
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allation Tolerances: The braided bellows provides a

comp
the

unit can also be utilized to compensate for axial tolerances.

and offset misalignment during i
addition of an adjustable end pi

ensating for angular
duct system, By the

simple means of
nstallation of
ece, the braided
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

angu
accu

It should be noted that there is n
A

lar misalignment.
rate tooling in duct fabrication and installation.

o substitute for
dherence to good

tooling practices will minimize the necessity of adjustment during

inst
2.1,

buct C

allation.
6.1.4,

Additional recommendations on tooling are

bupling Requirements: A coupllng 18 considered to b€

2.1.4.1

2.1.4.2

2.1.4.3

all pa
Figure
nuts,

design
as min

Stru

rts required to Jjoin two pieces of duct together, (sudg
5 24 and 25, The parts required may include flanges,
washers, gaskets, seals and other parts peculiarOto 3§
. The duct coupling requirements stated herein<are H
imum acceptable requirements.

ctural Loads: A duct coupling, as a component of a {

have
cont
load

A,

G‘

Allo

sufficient strength to preserve the duct system's in
inuity without experiencing permanent ‘deformation whe
5 or combination of loads caused by «the fqllowing corn

High temperature - Maximum flangedto clamp transient
Lemperature should be considered in the coupling desi
for large diameter -and high témperature.

[Low temperature.
Pressure (normal, proof-and burst) - same as for the

Pressure cycling - (The duct coupling shall be capablsg
repeated pressure ‘loading with the internal air tempe
the normal operating air temperature.

Bending Moment) -~ The coupling should be designed to |
hpplications.'of bending loads without any damage and
the allowable leakage specified in 2.1.4.2. Couplind
weaker (in‘bending than the basic duct for lightweight
and maximum bending load plus pressure load must be K

Torsion - The coupling should be designed to withstar
i : N :
specified in 2.,1.4.2.

presented in

an assembly of
h as shown in
clamps, bolts,
supplier's
0 be considered

uct system, must
tegrity and

n subjected to
ditions:

differential
gn, especially

basic duct.

of withstanding
rature equal to

ithstand repeated
without exceeding
S are generally

aircraft systems
nown,

d repeated
eding the leakage

Vibration - The coupling should remain structurally intact and not
exceed the allowable leakage when exposed to the vibration conditions

specified in MIL-STD-810 or equivalent specification
applicable drawing.

wable Leakage:

noted on the

For bleed air system couplings, the maximum allowable

leakage per coupling should not exceed 0.0l CFM of standard air per inch

of duct diameter,

leak

Safety Features:

age.,

Ram air system couplings often allow 5-10 times more

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.
structural safety device or a visual safety device.

described on the following page.
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2.1.4.3.1 Structural Safety Device:

These measures are effective

2.1.4.3.1.2

2.1.4.3.1.3

2.1.4.3.1.1 Add an additional coupling strap over the tee bolt,
retained in proper loading position by means of a cotter pin, and
thereby maintains joint integrity in the event the tee bolt fails,

2.1.4.3.2 Vis

ial Device: The added coupling strap of 2.1.4.3.511

vis
if

2.1.4.4 Disco

tal device since the strap will not conform to the "s
he tee bolt fails.,

nect Features: The incorporation of a disconnect fe

coupl
disco
incor
justi
gaine
conne
syste
equip
disco

2.1.4.5 Insta

ng design other than the normal method of (connecting
necting should be determined on the basis of couplin
oration of "quick" disconnect features. in a coupling
ied by its use in the duct system, whére definite ad
by its use over the normal coupling. An example mi
tion to a piece of equipment requiring frequent remd
« The time thus saved in removad and reinstallation
ent may justify the use of the‘quick" disconnect cq
nect features generally add .some weight to the coupl

lation and Handling Requirements: The following req

perta
given

A.

B.

- m S

C.

2.1.4.6 Duct ¢

ning to the installation-and handling of duct coupli
careful consideration:

mensional inspection hefore and after attachment., 1
mpatibility of the duct outside diameter with the in
e flange, angular relation of flange face to the dug
atness of thel flange face, It should be noted that
salignment will induce bending loads in the coupled
ndling precautions to prevent damage.

stallation techniques.

foupling Methods: This section presents a series of

coupl

ing’ methods, Specific information regarding the intg

only if the

safety device is in parallel with the weakest element of the coupling in
hoop tension (usually the tee bolt).

The strap is

Add a rachet tang which will engage a slot in the coupling band and
maintain joint integrity in the event of tee bolt failure,

Add a secondary bail or link which will engage a slot in the coupling
band and maintain joint integrity in the event of the bolt failure.

will act as a
afetied" contour

ature in a
and
g function.,
should be
vantages are
ght be the duct
val from the
of the
upler.
ing.

The

Special

uirements
ngs should be

his may include
side diameter of
t axis and
angular

joint,

common duct
nded use, the

leakage allowed, the temperature range, the pressure range, and the
bending load or deflection requirements should be furnished to the
coupling manufacturer.

3
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2.1.4.6,1 "V" Band Joints:

Type "A".

i

%/M\LLﬁ

Mgterials: Corrosion resistant steel,

Tgols to Install: Wrench, torque type ¥f torque device not provided.

Duct Sizes: 1 inch through 6 inches\diameter in 0,.50-1lnch diameter
increments. Some sizes available _in 0.25-inch diameter increments.

Maximum Operating Pressure: 405 psig or dreater at ro¢m temperature
with no bending load for size$’l inch through 3 inches|diameter. For
. silzes 3 inches through 6 inches, the maximum operating|pressure

dfdcreases as diameter increases., Also reduce operating pressures by
16M to allow for maximumlapplied bending moment M in.-lbs.

1rE3

Maximum Operating Temperature: The use of special materials permits
ofderating temperatures to 1200°F.

Remarks:
A, Available with fail-safe feature.

B. V-Band coupling indexes flanges on skirt of flange

C.| CEor pressures, temperatures and diameters in exces$ of the above,
——eontaet—the—sﬁpp&ier—fﬁr—thanges—in—materiai—anﬂ—tiicknesses.

D. Available in titanium at reduced temperature and pressure conditions)|
Contact supplier for detail information.
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2.1,4,6.1 (Cont'd):
Type "B*

Materials: Corfosion resistant steel.

Tools to Installl: Wrench, torque type if torque device not ‘provided.

buct Sizes: 1 finch through 8 inches diameter in 0,50-inch diameter |increments.
Some sizes avaiflable in 0.25-inch diameter increments,

3.25 inches diameter., For sizes 3,50 inches through 8 inches diameter, maximum
pressure decreajses as diameter increases. Alseo reduce operating pre¢ssures by
16M to allow for maximum applied bending moment M in.-lbs.

o’ l®

Maximum Operatihg Temperature: The use(of special materials permits operating
temperatures to| 1200°F,

Maximum Operatihg Pressure: 300 psig or greater £0r sizes 1 inch tErough

Remarks:
A. Available wjith fail~safe feature,
B. Coupling indexes flange& on 0.D, of flange,

C. Available ipn heavy duty series for higher bending loads.

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

E. Available ih“titanium at reduced temperature and pressure conditions, Contact
supplier for detail information.
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Cont'd):

Materials:

Tools to In

1 11 |

Corrosion resistant steel, metallic gasket.

stall: Torque wrench.

Duct Sizes:
Some sizes

Maximum Ope

1 inch through 5 inches diameter in 0.50-inch diame
available in 0.25-inch diameter increments.

rating Pressure: 500 psig or greatex at room tempera

bending loa
through 5 i
reduce oper

ches, maximum operating pressure _decreases as diamet

E for sizes 1 inch through 3.50 inches diameter. For
ting pressures by 16M to allow.£6r maximum applied b

nD3

M in.-lbs.

Maximum Operating Temperature: The maximum operating air temper

is 1200°F.

Remarks:

A, Available in medium dquty series to 12 inch diameter for high
operating pressures(66% greater than shown, Various types ¢
depending on temperature.

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

C. Individhalisduct removal restricted.

ter increments.

ture with no
sizes 4 inches
er increases.
ending moment

Also

ature for all sizes

bending loads with

f gaskets available

e above, contact
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2.1.4.6.1 (Cont'd.):
PYPE "D"

l ]

Materials: Corrdsion resistant steel, metallic gasket.

Tools to Installl Torque wrench,

puct Sizes: 1 imch through 12 inches diameter in 0.50-inch”diameter [increments
from 1 inch to GIinches and l-inch diameter increments &xom 6 inches |[to 12 inches.
Some sizes available in 0,25-inch diameter incrementss

Maximum Operating Pressure: 300 psig or greater for’sizes 1 inch thygough 3.50
inches diameter.| For sizes 4 inches through 12 inches, the maximum dgperating |
pressure decreases as diameter increases, Also. reduce operating pregsures by
16M to allow for |maximum applied bending moment M in. lbs.

D> .

Maximum Operating Temperature: The maximum operating temperature foy all sizes is
°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 thicknegses,

C. Individual dgct removal restricted.
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' 2.1.4.6.1 (Cont'd.):

TYPE "SPECIAL"

k\\\\

T
\.,/‘\

Material: Corfrosion resistant steel.

Tools to Install: Torgque wrench.

Duct Sizes: As required,

Maximum Operating Pressure: Consult manufacturersy

Maximum Operating Temperature: Consult manufacturer.

Remarks:

A. Typical machined flanges.

B. Pressures|and temperatures dependent on gasket used. Generallly requires heavy
clamp to ¢generate sufficient gdsket load for sizes over 2 inch|

C. Infinite humber of special ‘shapes available to customer speciflfication.

D. Individual duct removal( pestricted.
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2.1,4.6,2 Bolted Joints:

TYPES "a", "B", AND "D".

. .
F==//_ . 7 , N V. | NN

A
YOI Ty

s
ANSSve SIS
SN Y N < LAVt

Z
l
\\
y
N
7

Vi

rid

.l
DN

N
'

TYDPL “aA" Gu 2 upn
A TYPL: "B' TYPL "p"

Materials: Cornosion resistant steel,

Toolg to Installl: Torque wrenches.

puct Sizes: 'Type "A" joints are available in the following sizes; [.75", 2.50",
2.15%, 3.50", 4J00", 4.50", 5,00",

Type "B* joints |are available in 2" and 3" sizess

Type "D* joints |are available in same sizes as type "A" plus sizes tp 12 inch
diameter in l-irnch diameter increments. .

Maximum Operating Pressure: 205 psig for all sizes of types "A" and "B". See page
38 for pressured applicable to type "D, Also reduce operating pressures by
164 to allow foy maximum applied bending moment M in.-lbs.

nD3

Maximum Operating Temperatured )'750°F for all sizes of types "A" andl "B", See page
38 for the tempdrature applicable to type "D".

Remarks: Maximum operating temperature is 750°F when steel gaskets jare used with
types "A" and "B".

AR R SR S | ibuted under license from the IHS Archive —
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2.1.4.6.2 (Cont'd):

"FORGED TYPE"

AND "WROUGHT TYPE"

- 41 -

ARP 699D

i

Materials:
Tools: Torqus

Duct Siges:
sizes availab]

Maximum Operal

Inconel and A-286.

b wrench.,

ting Pressure:

pressure by 1

Maximum Operaf

3

Ling Temperature:

Remarks:
A, Coupling
B. Available

Individual

duct removalitrestricted.

]l inch to 6 inches diameter in 0.50-inch . diameter inc
le in 0.25-inch diameter increments.

460 psig for all sizes:
bM to allow for maximum applied bending moment M in.

i)

1125°F for «all sigzes.

I ncorporates a fail-safe feature.

in low profile at feduced temperature and pressure c¢
Contact supplier for detail- information.

Also reduce

rements. Some

pperating
1bs.

bnditions,

e
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2.1.4.6.2 (Cont'd,):

TYPE "C"

- 42 -

2

=

4!
)

T T

Materials:
A. Corrosion re
B. Gasket mater

Tools to Install

GASKET RING

secTioN A~A

sistant steel ferrules and flanges.
ials dependent on maximum operating températures.,

* Ferrules are mechanically attached{(no welding) tq

special hand or

Duct Sizes: 1 i
diameter increme

Magimum Operatin

bower tools supplied by manufacturer,. ' Torque wrench

nch through 7 inch diameter., 1 inch through 4 inche
nts, 4 inches through 7 inches . in l-inch diameter ing

Pressure: Consult manufactlrer,

Maximum Operating Temperatures:

1000°F for all sizes,

Remarks:
A. HNumber of bo

B.

lt holes increases as nominal diameter increases.

1

b tubes by
S,

in 0.50-inch
trements,

A similar flange without ferrules is available for welding to thg duct.

—- Distributed under license from the IHS Archive
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Tools to Ins

2.1.4.6.3 Threaded Joints:
Type "A"
(777 77777777777
Materials: Ring nut, threaded flange and flange ring made from @
steel. Gaskpt materials dependent on operating temperatures.

tall: May be installed with a standard-strap wrench.

are availabl

Duct Sizes:
Some sizes a

Maximum Oper

6 from manufacturer.

1 inch through 7 inches diameter,.in 0.50-inch diams
vailable in 0.25-inch diameter increments.

ating Pressure: 300 psig or greater for sizes 1 inch

diameter, F
decreases as
for maximum

Maximum Oper

br sizes 6 inches through 7 inches, the maximum oper3
diameter increases. Also treduce operating pressures
hpplied bending moment M dn. lbs,

bting Temperature:

Remarks:

A. Optional

B. Recommen
metallic

methods available for locking ring nut in place.

Hed only fok .small sizes (up to 2") due to high torqy
gasketsy

orrosion resistant

Special wrenches

ter increments.

through 5 inches

ting pressure

by 16M to allow

1rD3

1000°F for all joint sizés with metallic gasket,

e required to seat
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2,1.4.6.3 (Cont'd.): .
TYPE "B"

|t

Materials: Nut| coupling and ring, corrosion resistant steel & Heal treated.

Tools to Installl: Standard type wrenches,

Duct Sizes: 0.P5 inch through 2 inches diameter., From/0.25 inch tg¢ 1,50 inches,
sizes are in 0.pS~inch diameter increments.

Magimum Operating Pressure: 300 psig or greater for all joint sizesg.

Maximum Operatihg Temperature: 700°F for all sizes.,

Remarks: Desighed for installation on MS 33584 tube flare, except fior very thin

wall tubing whiph must be double flared.
2.1,4.6,4 FPFlexfible Joints:
Type| "A"

SPLIT BETAINER
nur

GASKET
GLAND
AAMAAN— .
‘/ [ BODY

4 .
e : =

Materials: Corrosion resistant steel, elastomer gasket.

Tools to Install: Standard wrenches,

Duct Sizes: 0.75 inch through 4 iﬁches diameter in 0.50~inch diameter increments,
Some sizes available in 0.25-inch diameter increments,

Maximum Operating Pressure: 125 psig or greater for all joint sizes.

Magimum 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,

o~
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CLAMP ASSEMBLY

(HINGED. HALVES)

TYPE "B"
SEAL ASSEMBLY
(CONTINUOUS RING)

ool

Materials: |[Corrosion resistant steel or aluminum clamp assenbly,/| elastomer seal
with cadmium plated copper case or aluminum.

Tools to Installs Screwdriver.

Duct Sizes: | 1 inch through 4.25 inches diameter in 0,25 inch digmeter increments,
except a 3.6[25 size replaces the 3.750 size,

Maximum Operfating Pressure: 125 psig for all joeint sizes.

Maximum Operlating Temperature: 480°F for alldjoint sizes.

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

TYPE "C"

Clamp

- —\
Fitting e - FRetainer

7 s

ST
b
.

ool B

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

Tools to Install: Hand installation no tools required.

bDuct Siges: 0.50 inch through 4,00 inch diameter in 0.25-inch diameter increments
to 2.00 inch size; 0.50-inch diameter increments from 2.00 inch through 4.00 inch
size.

Maximum Operating Pressure: 125 psig for all joint sizes.

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

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

pe
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ARP 699D
TYPE "D" .

CLAMP ASSEMDLY (HINCED HALVES)

SEAL (ELASTOMERI
CONTINUQUS RING

Materials: Aluanum clamp assembly, corrosion resistant steel bands} elastomer
seal in aluminum| case.

Tools to Installl:r Torgque wrench,

puct Sizes: 1 inch through 4,50 inches diameter in 0.50-inch diameter increments,
Some sizes availpble in 0.25 inch diameter increments,

Magimum OperatinE Pressure: 160 psig for all joint sizes,

Maximum Operating Temperature: 400°F for all jointUsizes.

Remarks: Allowaple angular deflection + 4°, cCapable of absorbing s¢me rotary and
axial motion,

hetacsnsesseiiasmm " —
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2,1.5  Dpuct System Design Loads:

2.1.5.1

2.1.5,2

2.1.5.3

2.1.5.4

2.1.5.5

2.1.5.6

2,1.5.7

2.1.5.8

2.1.5.9

Desigh Operating Conditions: All ducts must be designed to withstand
proof and burst pressure conditions as outlined in 2.1.1.3.

Bending Loads: 1In-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 Loads (Compression Systems): _Column loads may be imposed on the
ducts by end reactions of flex-sections or slip joints, or by the
longitudinal reaction of supporting brackets. A duct section in
compression being acted upon by these forces will exhibit all the

ChaiaCtETTStTCS_Uf_a_pTﬂ=EﬂﬂEﬂ_EﬁTET_UUTUmnT__CUﬁEEqUEHfly, the distance
betyeen supports must be sufficiently short to prevent (Uhstable column

failures.

Thefmal Expansion: Desidn of a duct system must include|a consideration
of differences of thermal expansion between system compohents caused by
differences in thermal expansion coefficients @nd by differences in
operating temperatures of physically attached ¢omponents| In making
proyisions for thermal expansion, it is asSumed that the| system components
and |the structure are installed at 70°F, </Normally, the pgreatest expansion
differential occurs on a cold day with the structure coolled to the design
minimum low temperature and then the dict is heated to the maximum
operating temperature possible for the cold day conditioh. However, the
design should include a study to determine whether any other operating
condition might possibly cause mote serious expansion differentials,

Pneymatic Loads: These loads-include dynamic pulse loadp resulting from
rapldly opening and closing,.¥alves and pneumatic thrust Jloads at duct
terminal points and bends.

Installation Loads: Manufacturing and installation tolefrances of duct
assgmblies and supports can result in initial misalignments. Loads

" cregted by misalignment should be accounted for in the dlict and bracket

design,

Ducyf Ovality: ‘One of the most important and difficult factors to define
by design limits is the allowable out-of-roundness or ovflity of a duct
segment. Pressure and temperature cannot be established|as the sole
crifferia for’ establishing duct wall thickness; they do, however, establish
a minimym>allowable gauge. Final acceptance of any strajght, curved, or
branchéd"section will necessarily be based on fatique tefts of
outqof>round sections. On this basis it may be found that wall thickness
may differ for drawn and rfusion welded ducts and for initial degrees of
ovality and induced ovality due to airframe deflection.

Maximum Stresses In Ducts: To determine the maximum principal stresses
consider the combined stresses of shear, axial fiber temsion 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 ¥ 1.5 or below its ultimate strength for the
material considered, whichever is lower,

Vibration and Sonic Fatigue Loads: While almost any part may be
susceptible to fatigue failure, duct assemblies in particular should be
especially investigated since they are exposed to several types of
vibration loading. The designer should be aware of the mechanism by which
a duct or duct system may be induced to vibrate so that he may
intelligently design against their occurrence and effects. Resonant
conditions should particularly be avoided. Vibration may be induced by
internal air flow excitation, external air flow excitation, and

transmission through structural members and supports.
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2.1.6 Duct System Supports:

2,1.6.1 Co

mpression Systems:

2.1.6.1.1

2.1.6.1.2

2.1.6.1l2l1

2.1.6.1.2,2

2.1.6‘1'2!3

2.1.6.1.3

Types of Support Brackets: FPFixed (anchor) brackets should be used to
absorb loads resulting from thermal expansion or internal pressure,
Anchor brackets must also absorb side loads due to duct misalignment,
the spring rate force of compressed flex-sections, and the duct section
pressure drop loads. Movable (guide) brackets should be used for
intermediate or end support of the duct,

Location of Supports: Straight ducts should have a minimum of two
supports. Additional supports should be used to provxde rigidity in

3 m to prevent
the duct and

ic buckllnghorvcolumnvfallure.- Thevdlstance between
suppgrting structure should be kept as small as possible,

BX¥pansion Devices: Supports should be provided on eachl side of device
to|insure axial loading and minimize "squirm." They shpuld be placed
as [close to the device as practical with 1/2 duct diameter or 3" as a
majgimum distance, Only one support may be _fixed. If inhtermediate
an¢hors are used on the duct to provide for'temperature|l growth of
in<ividua1 duct sections, both supports @t /the expansion device may be
movahle,

Chgnge In birection: Anchor brackeks should be provided at all points
at [which the duct routing directiofivis changed and at which point a
thyust load must be absorbed. If the direction of change is greater
thgn 30 degrees, use of fixed, supports adjacent to the ftangency points
of |the bend will minimize eccentric loading on the brackets.

Other Supports: Tees and, similar duct fittings should be rigidly
supported in order to eliminate lateral motion which would result from
dugt expansion. Where'duct ends are capped or closed off by a valve,
th] duct should be anchored or provisions made for duct| growth,

Ssuppqrt Strength Requirements: Anchor brackets should be|l strong enough

2.1’6'1.3.1

2.1.6.1.4

to résist a total~load equal to the vector sum of all loads which occur
in egqch duct leading to the anchor point. The loads will| result from a
combination ofSinternal 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 bevdesigned for the same loads as end anchor brackets in order to
handle a fallure whlch may subject the intermediate brackjets to full
pneunatic - 5 : : resist any
combination of 1oads resu1t1ng £rom structural deflect1on or
misalignment, and from any side duct loading which may occur, including
that resulting £from a duct rupture,

Design Values For Internal Pressure Loads: 1In computing bracket loads
at the anchor point or normal to the duct axis, a pressure twice the
magximum operating pressure should be used., In computing bracket loads
along the duct axis, a pressure equal to one-half the maximum
operating pressure should be used, Anchor bracket deflection under
application of normal operating loads should be kept to a minimum in
order to insure adequate rigidity, A maximum allowable deflection of
0.0625 inch is recommended.

Mecthod 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.,

o
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2.1,6.2 Tension Systems:

2.1.6.2.1 Types of Support Brackets: Anchor brackets should be provided for major
duct sections. Intermediate supports should be used to stabilize the
duct as required, or to limit duct vibration. Anchor brackets should
also be located at items of equipment which are not designed to absorb
tension loads. Intermediate guide brackets should be designed to
accommodate any motion resulting from growth of the duct system between
anchor points.

2,1.6.2,2 Support Strength Requirements: Anchor and guide brackets should be
strong enough to resist the load equal to the vector sum of all loads

1 o X 213 e 2.1 33 £ 1. b I~ N b a
CCC‘JLlng LIl ATl OOt TT, T SUPPUT o OITor U T S UTVITY enough to L’681St

gny combination of loads resulting from duct growth, \$tructural
deflection, and bending of restrained bellows. Censideration should
dlso be given to side loads resulting from duct @upture.

2,1,6.2,2.1 | Design Values: For guide bracket loads, thé)product of the duct
weight supported by the bracket times the~airplane Jload factor should
be used. Use a stress factor of 1.5 fot, loads resulting from duct
growth or deflection. For anchor bracket loads, refer to previous
recommendations in 2,1.6.1.3.1 in areas where brack¢ts may be
inadvertently used as "hand-holds"\er steps, the mipimum design load
should be 200 pounds in all directions.

2.1.6.2.3 Method of Accurately Locating Supports: Tooling should be used to

Jocate all duct supports. Suffiicient adjustment should be provided in
Hhe brackets to allow for installation tolerances. Dyict support
Jo

rackets should not be usedl\to force the duct into pogition.

2,1.7 Thermal Insulation: High temperature duct systems may be|insulated to
prevgnt 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 characteristjics or be suitably
protgqcted., All adhésives should be checked for their high temperature
stabillity and posSible effects on the duct system.

2.1.7.1 Dpugts: Duck),insulation should consist of an insulating|medium enclosed in
a noisture~and/or vapor impervious cover as required. The use of metallic
foill covering on the inner surface of insulation blankets next to metallic
dudqts should be avoided where fretting action may destrpy the corrosion
prgventive film.

2,1.7.1.1 aterials: Normally the cost of insulating materials increases with
temperature requirements. Material selection should be made with this
in mind. A comparison of the various coverings and insulating materials
is shown in the following tables. The temperature limits are given for
insulating materials without binders.

A, Metallic Foil Coverings

Temp, Limit Material Advantages Disadvantages
400°F Aluminum Light weight, low Poor durability and
cost formability
1600°F Stainless Formability Weight, medium cost
‘ Steel Durability
1800°F Inconel Formability Weight and high cost
Strength

Corrosion resistant
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Primary
Temp. Limit Fabric Coating Advantage Disadvantage
175°F Glass, cotton Vinyl Low cost, fuel and Low temperature
or synthetic plastic oil resistance, limit
good abrasion
resistance
275°F Glass Neoprene Weather and oil Low temperature
rubber resistance, good limit
abrasion resistance
275°r Glass Nitrile Good fuel and oil Pogol)| weather
rubber resistance, good resigtance
abrasion resistance
500°F Gllass Phenolic High temperature and Poor|abrasion and
resin or good weather resis- fuel|resistance
silicone tant
rubber
C. Insulating Materials
Density
Temp. Limit Material lb/ft3 Advantages Disadvantages
700°F Air 076 hight weight Only fair insulating
quality,|needs more
support for cover
700°p eal wool 6 ~--30 Med. weight High cost
1100°F Gllass fibers 3 -9 Light weight High cost
1200°F bestos* 15 - 25 Med, cost Weight
1600°F Mineral wool 8 - 12 Low cost Weight
1600°F ass fibers 3-1/2 &« 6 Light weight High cost
lleached
2000°F artz 3~9 Light weight High cost
aranfibaor

*CAUTION ~ Ashestos is a health hazardous material ; approved safety guidelines

| should be followed.
2.1,7.1.2 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. 1Insulation must have a vent, located on the lower
surface of the duct as installed, to allow for equalization of

pressure, Foil covered insulation is fabricated using one of the
inorganic fibers, either preformed or flat, covered both sides with a

-~ -=— Distributed under license from the IHS Archive
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(Cont'd.):

metallic foil.
handling characteristics.
welding, crimping or taping.
vent to allow for equalization of pressure.
attached to ducts by snap fasteners, straps,

and lacing,
taping.

2.1.7.1.3

Integral Type: Integral insulation may be fabricated by
insulating batt directly to

and processing the cover to form a unitized construction,
metallic foil welded to the
insulation,

the can be used
in i
ns can be wrapped around duct insulation and cured ;t
sfactory cover for lower temperatures. A pressurese
be provided in the same manner as for the removable
2.1.7 2 ent and Components: Insulation for items such as va
ex-sections is fabricated using the same materials a
cts. The irreqular shapes encountered in ‘these comp
omplicated patterns and tooling. 1Insulation may be

rmal duct insulation attachment techniques. Insulat
ns must incorporate the required flexibility.

for dy
more (
the ndg
sectid
2.1.7.3 Suppon
of hed
insulsg
limit

t Brackets: 1Insulation may be incorporated to minim
t loss through support brackets¢ "It is desirable th
tion be placed as close as possible to the heat sour
the bracket temperature.

2,1.7.3.1 1Insy

useqd

lating Materials: Several of the insulating materia
to reduce heat loss through duct supports are as fo

Temp. Limit Material General

Condition

The foil may be texturized to afford better forming and
The edges should be hermetically sealed by
This type duct insulation must also have a
Insulation blankets are

sewing or

attaching the

the duct by wrapping with a cover material

Covers of

duct at each end, and suitably supported by
throughout the temperature _range indicated

h temperature
b form a
qualizing vent
type.

lves, couplings
nd techniques as
bnents require
httached using
ion for flex-

ize the amount
bt such
te in order to

s which can be
llows:

Applications

400°F Insulat

attachm

Hi-temp’ thermo Rigid sheet
setting resin

impregnated glass

cloth

500

°F Insulat

attachm

Silicone-impreg-
nated glass
cloth

Rigid sheet

1c0Q® Compressed Rigid sheet Insulat

jon at structural
ent

ion at structural
bnt

lon shield (very

3 11 2 9 3 . A
JUE B PA—F - NN VAV oy e ] JLLULLILIT

structural

strenath)

1100°F Glass fibers Batting

between
1200°F

Asbestos* Rigid sheet

' Wrap-around insulation

duct and support

Insulation shield (very

little structural
strength)

1200°F Asbestos* Heavy fabric

between
1600°F Glass fibers
leached

Batting
between
2000°F Quartz fibers Batting
between
*Asbestos is . a health hazardous material;

approved
should be followed.

——

Wrap-around insulation

duct ‘and support

: Wrap-around insulation

duct and support

Wrap-~around insulation

duct and support

safety guidelines
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2.2 Qgualification Requirements: Qualification requirements are presented for duct
components and for the complete pneumatic duct systenm,

2.2.1 oQualification 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, Temperature: + 5°F up to 250°F D. Vibration amplitude: + 5%
+ 10°F up to 500°F
+ 15°F above 500°F E. Vibration frequency: i+ 2%

B. Pressure: + 3% of absolute value

C. FIGN. =+ 5%

2.2.1.1 Duct Qualification Tests: Qualification tests may be condudted by the
duct fabricator, the airframe manufacturer, or by a commercilal laboratory
deemed $uitable by the airframe manufacturer., Upon satisfadtory
qualifig¢ation, the vendor shall submit a reproducible certifiied copy of
the test results., Qualification tests shall be conducted on one (1)
production sample and consist of the following tests in the [order listed:

A. Leakage Test D.{/Vibration TesY
B. Pro¢f Pressure Test E: Burst Pressureg Test
C. Endyrance Test

Burst Pressure tests may be conducted on a separate sample in order to
expedite the test program. .

2.2.1,1.1 Test Conditions:

2.2.1.1.1.1 Ambjent Temperature and ,Pressure: Unless otherwise spedified on the
applicable drawing, the equipment shall be tested at an |ambient
temperature of 70°Fand an ambient pressure of approximately 29.9
inches of mercurye.

2.2.1.1.2 Tests

2.,2.1.1.2.1 Leakage Test: Leakage test shall be conducted at room tHemperature and

pro¢f pressure as indicated in 2.2.1.,1.2.2, No leakage [of the basic
duct shadl be permitted.

ested at the

C G ; i [ determined by
the requ1rements of 2 1.1. 3. Ducts Wlth operat1ng pressure below
2 psig shall be proof pressure tested to at least 3 psig., No part of
the duct shall fail, take any permanent set, or be damaged in any
manner as a result of this test,

2.2.1'1'2.2

2.2.1.1.2.2,1 Optional Proof Pressure Test: Duct may be proof pressure tested at
room temperature provided the proof test pressure is increased to
compensate for the stress reduction for the duct material at the
higher operating temperature. This new pressure is to be equivalent
to the proof test pressure at the selected operating temperature and
can be obtained by multiplying the pressure by a conversion factor,
This factor is the ratio of the tensile yield strength of the duct
material at room temperature to the tensile yield strength of the .
duct at the elevated temperature. Buckling considerations may
preclude the use of a room temperature equivalent proof pressure
test.,
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Endurance Test:

The duct shall be subjected to a pressure cycling

test at pressure and temperature values equal to or exceeding those
values that, in combination, will result in the highest ratio of

stress to yield strength in the material,

Alternately,

the test may

be conducted at room temperature provided the test pressure is
increased to compensate for the reduction in allowable stress which

would occur at the operating temperature level, The

duct shall be

cycled between the specified test pressure and a pressure level within
10% of the specified minimum pressure for a minimum of 5000 cycles at

a minimum rate of one cycle in 10 seconds.
pressure cycles should be determlned on the basis of

manufacturers have subjected pneumatic components_ to
600,000 cycles. Before and after the endurance test
shall be subjected to proof pressure test of 2.2.1.1}

The maximum number of

the number of
rt. Some
as many as

the assembly
2.2, No part of

4

the duct shall fail, take any permanent set or(be damaged in any

manner as a result of this test.

Vibration Test: The duct (only those incorporating

2.2.1.1.2.4.1

used for support) shall be vibration tested in accor
MIL-STD-810, or equivalent specification noted on th
drawing. A random vibration test sheould be consider
aircraft equipment.

For long ducts or ducts incorpotating flex joints, t
induced by jet engine noise and by aerodynamic effec
is applied to the full length'of the duct. To apply
vibration at duct end points or attach points only m
unrealistic bending resomances and test failures. I
additional vibration test input clamps and brackets
such as at each end of, flex sections.

Random Vibration Tests: Random vibration tests ci
this section for ducts and duct components are gen
for diagnosti¢c purposes rather than qualification.
this is theé difficult problem of simulating in-ser
mounting wf” the ducts together with fabrication of
that simulate aircraft installed damping and stiff
a valid, overall, random vibration environment can
then\random vibration tests should be conducted du
qualification.

2.2,1.1.2.4.2

2.2.1.1.2.5

2.2.1.2

Vibration Pressurization: Ducts and duct componen

welded brackets
dance with

b applicable

bd for Jjet

he vibration

s in the aircraft
this level of

ay lead to

h this case,
hould be used

ted throughout
eral 1y recommended

The reason for
yice dynamic
test fixtures
hess, However,
be simulated,
Fing

if

s that are not

— alwaysS Pressurized neeq not pe pressurized for the
vibration test period. As a general rule,
one half of the test time be conducted pressurized
half unpressurized.

Burst Pressure Test:

complete

it is recommended that

and the other

The duct shall be burst pressure tested at the

most critical combination of pressure and temperature as determined by

the requirements of 2.1.1.3.

Room temperature air may be used for

this test provided an alternate equivalent burst pressure for this

reduced temperature condition is used.
during this test.

The duct shall not rupture
Deformation resulting from this test shall be

permitted and the part need not be functional after the test.

Qualification Tests of Compensation and Deflection Devices:
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2.2.1.2.1 Restrained Bellows Qualification Tests: OQualification tests shall be
conducted on one (1) or more samples as required and consist of the
following tests:

A, Leakage Test E. Endurance Test

B, Flow Resonance Test F. Vibration Test

C. Proof Pressure Test G. Deflection Force Test
D, Pressure Drop Test H., Burst Pressure Test

2.2.1.2.1,1 Test Conditions:

2.2.1.2,1.1.1 A*bient Temperature and Pressure: Same as 2.2.1.1d1%

262'1!261'2 TeS:=§_:
2.2.1.2.1.2.1
2¢2.1.2,1.2.2

¢akage Test: Same as 2.2,1.1.2.1.

low Resonance Test: This test shall be _gonducted on [one sample
5sembled into a test duct, The assembly’/shall be subject to the
nge of flows at the pressure and temperature specified on the
plicable drawing to determine the, flow rate at whichH the most
vere resonance condition occurs. “Subject the assembhly for 50
urs to the flow at which the most severe resonance qgccurred . If
resonance condition is encountered over the flow rdnge specified,
Lscontinue the test.

S e irg |

2.2,1.2,1.2.3 Fo0f Pressure Test: Same as 2.2.1.1.2.2.

2.2.1.2.1.2.4

S

fessure Drop Test: The-pressure drop test shall be gqonducted on
e sample, The total\or static pressure drop shall not exceed 20%
the velocity head at the design duct Mach number,

2.2.1.,2.1.2.5 durance Test: <sThe endurance test shall be conducted on one sample
the bellows.while at the operating temperature and |pressure
ecified on the applicable drawing. Cyclically deflgct one end of
e assembly\through the angular motion. Number of cycles and cycle
te specified on the applicable drawing. It is sugggsted that a
cle should consist of plus 5 degrees to minus 5 degrees from
rmal <and back to normal, and that a minimum of 10,000 cycles
ould_be applied between the frequency of 20 to 40 cycles per
nute. In the same manner, cycle the unit for an equal number of
90 deqrees 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 2.2.,1.1.2.2 and the
deéflection force test of 2,2.1,2.1.2,7., 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 evidence
of permanent deformation or galling of working surfaces as a result
of this test.

QL3O Ol © O

2.2,1.2,1,2.6 Vibration Test: The bellows shall be vibration tested in two planes
in accordance with MIL-STD-810 or equivalent specification as noted
on applicable drawings. Airflow should be used during the resonance
survey to determine if it contributes to the vibration. If airflow
does produce excitation, the remainder of this test should be
conducted at the critical velocity conditions. A random vibration
test should be considered for jet aircraft equipment,
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2.2.1.2.1.2.7 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.

2.2.1.2,1.,2.8 Burst Pressure Test: Same as 2.2.1.1.2.5.

2.2.1.2.2 Free Bellows Qualification Tests: Qualification tests shall be
conducted on one (1) or more samples as required and consist of the
following tests:

A. Leakage Test

B. Flow Resonance Test
C. Proof Pressure Test
D. Endurance Test

E. Vibration Test

F. Burst Pressure) Test

2.2,1.2.2.,1 |Test Conditions:

2,2,1,2,2.,1.)] Ambient Temperature and Ppessure: Same as 2.2.1.1.1.1,

2,2.1.2,2,2 |Tests: During the following tests the bellows shalll be restrained at
both ends to prevent buckling and movement along thg longitudinal axisl

2.2.1.2.2.2.0 Leakage Test: Same as 2.2.1.1.2.1.

2.2.1.2.2.2.2 Flow Resonanceé\Test: Same as 2,2.1.2.1.2.2. 1If the unit
incorporatesya liner, a reverse flow test should glso be conducted
unless the pnit is marked for flow in one directidn only.

2.2.1.2.2.2.B Proof Bressure Test: Same as 2.2.1.1.2.2.

2.2.1.2.2.2.4 Endurance Test: The endurance test shall be condycted on one sample
of, the bellows while at the operating temperature |and pressure

sp€cified on the applicable drawing. It is recomnended that the
assembly be flexed a minimum of 20,000 cycles of gompression and
ication

requirements., The assembly shall be mounted with the longitudinal
axis of one end offset parallel with respect to the other end. This
offset shall be equal to that recommended in 2.,1.2.1.2, where "L" is
the bellows length and "D" is the nominal duct diameter, as shown in
Figure 22, A flexing cycle is defined as a change in duct length
from the compressed position to the extended position and return to
the compressed position. The cycling frequency shall be between 20
and 40 cycles per minute. Before and after the endurance test the
assembly shall be subjected to proof pressure test of 2.2.1.1.2.2.

2.2.,1.2.2.2.5 Vibration Test: Same as 2.2.1.2.1.2.6.

2.2.1.2.2.2.6 Burst Pressure Test: Same as 2.2.1.1.2.5.
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2.2.1.2.3 Compensating Joint:

Qualification Tests:

or more samples and consist of the following tests:

A. Leakage
B. Proof Pressure
C., Vibration

D. Flexure and Endurance

E+—Compensation
c+OH

Qualification tests shall be conducted on one (1)

F., Burst Pressure

BurslY Pressure test may be conducted on a separate Sample
expedite the test program,

2.2.1.2.3.1 Tedt Conditions:

2.2.1,2,3,.1,1

2.2.1.2,3.2 g_e;Jg:

2.2.1.2.3.2.1
2.2.1.2.3.2.2
2.2.1.2.3.2.3

2.2.1.2.3.2.4

2.2.1.2.3.2.,5

Sanme as 2.2.,1.1,

Ambient Temperatures and Pressures:

I{eakage Test: Same as 2.2,.1.1,.2(71,

Aroof Pressure Test: Same as>2.2.1.1.2.2,

Viibration Tegt: The unitshall be supported by its m
and/or its coupling flanges and shall be vibration te
ccordance with MIL-STD-810 or equivalent specificati
pplicable drawings, A random vibration test should

flor jet aircraft equipment,

Hlexure and Endurance Test: The unit shall be compre
flrom its normal-unstressed, unpressurized position to
asign compressed position while subjecting it to the

axially\from the normal position to the full design ¢

S
a
a

Y 70
w1th a cycle rate of 20 to 40 cycles per mlnute.

in order to

bunting bracket
sted in

bn as noted on
be considered

5sed axially
its full
internal
pplicable
ing the unit
bmpressed
becified
total number
bplicable

cycles be used

One-~third of the

cycles shall be run with the compensator in its normal position;
one-third of the cycles shall be run under a deflective bending
moment as specified by the applicable drawing; the remaining third

of the cycles shall be run under a deflective bending

moment as

specified by the drawing and in the opposite direction as the other

bending moment,

Upon completion of this test the unit shall meet

the proof pressure requirements of 2,2.1.1.2.2, the leakage
réquirements of 2,2.,1,1.2,1 and the dimensional requirements,

Spring Rate and Compensation Value Test:
unpressurized, measure the force to compress the unit

design %troke.

(A) With the unit

through its

(BR) with the unit at operating pressure and at

normal installed length, the amount of over or under compensation

(axial load) shall be recorded.

SRR R R A ; : '” - — -
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2.2,1.2.3.2,6 Burst Pressure Test: Same as 2.2,1.1.2.5.

2.2,1.2.4 Expansion Bends (Omega, U, etc) Qualification Tests: The following
qualification tests, except the burst pressure test, shall be conducted
on the complete duct system. BRurst pressure tests shall be conducted on
only the expansion bends.

A. Endurance C. Proof Pressure
‘B. Leakage D. Burst Pressure

2.2.1.2.4.1 Test Conditions:

2.2,1.2.4.1.1 Ambient Temperature and Pressure: Same as 2.2.1(M.1.1.

2.2.,1.2.4.2 |Tests:

2.2,1.2.4,2,]1 Endurance Test: Pressure and temperature ‘cycling fests shall be
conducted on a complete duct system utildiZing production duct
expansion bends, and components, suppdrted in such| a manner as to
simulate actual aircraft installation)and structure rigidity.
Subject the entire system to a minimum of 5000 prepgsure and
temperature cycles, or to the maximum number of cykles equivalent to
the expected service life of thel system. The test| is to be
conducted with air at the oper@ting temperature and pressure
specified on the applicable drawing. One cycle shpll consist of the
following: -

A. Open all system valves and introduce hot air tp the system until
all components have reached the stabilized opefrating temperature
specified.

B. Close all system valves and pressurize to the pperating pressure
specified,

C. Open alld)system valves and allow system to dechy to ambient
tempefature and to between zero and 10% of the| maximum pressure.

2.2.1.2.4.,2.2 Proof Pressure Test: The entire duct system shall| be proof pressure
tested'per 2.2.1.1.2.2 following the test of 2.2.1[.2.4.2.1.

2,2.1.2,4,2.3 Leéakage Test: The leakage test shall be conducted| on the entire
duct system per 2.2.1.1.2.1 except leakage as speclified on the
applicable drawing shall be permitted,

2.2,1.2.4.2.4 Burst Pressure Test: The burst pressure test per 2.2.1.1.2.5 shall
be conducted on the individual expansion bends and duct sections.

2.2.1.2.5 Optional Expansion Bends (Omega, U, etc.): Qualification tests shall be
conducted on one (1) sample of each configuration and consist of the
following tests:

A. Endurance

B. Leakage

C. Proof Pressure
D. Burst Pressure

2.2.1.2,5,1 Test Conditions:

2,2,1.2.5.1.,1 Ambient Temperatures and Pregssures: Same as 2.2.1.1.1.1.
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2!2.1.215(2 Tests:

2.2.1,2.5,2,1

Endurance Test: Subject the test sample to a minimum of 5000

pressure and temperature cycles, or to the maximum number of cycles
equivalent to the expected service life of the part. The bend shall
be installed in a test setup simulating aircraft installations as
specified on the applicable drawing. The test shall be conducted
with air at the operating temperature and pressure and with a
mechanically induced load as specified on the applicable drawing.
The mechanical load shall simulate the expansion caused by the
system in which this unit is used. One cycle shall consist of the
following:

2.2.1.2.5.2.2

ture and
rature,

A, Subject the unit to air at the operating tempera

pressure until it has reached a stabilized tempe
B. Apply mechanical load.
C. bump pressure and remove the mechanicalc load.

Leakage Test: Same as 2.2.1,1.2,1.

2.2.1.2.5.2.3

Proof Pressure Test: Same as 2.2.1.1.2.2,

2.2.1.,2,5.2.4

Burst Pressure Test: Same as 2.2.1.1.2.5.

2.2.1.,2,6 pBall
cons

smal

2.2.1.2.6.1 Tg

- Joints:

terial gage and
largest and

Qualification tests.on units similar in ma
truction shall be conducted_ on one (1) sample of the
lest diameter, and consisti\of the following tests:

A. Leakage D, Deflection Moment

B, Proof Pressure E. Endurance

C. Vibration F. Burst Pressure

st Conditions:

2.2.1.2.6.1.1

Ambient Témperatures and Pressures: Same as 2.2.1.141.1.

2.2!1‘2.6'2

Tﬁsts:
2.2,1.,2.6.2.1 [Leakade Test:

Leakage shall be determined at the sppcified

specified on

2:2.1.2.6.2.2

operating temperature and proof pressure, The value

Proof Pressure Test: Same as 2.2,1.1.2.2.

2¢2:1.2.6.2.3

Vibration Test: The unit shall be vibration tested in two planes in

2.2.1.2.6,2.4

accordance with MIL-STD-810, or equivalent specification as noted on
applicable drawing. A random vibration test should be considered
for jet aircraft equipment,

Deflection Moment Test: The deflection moment test shall be

conducted with the unit pressurized to the operating pressure and
temperature to determine the moment required to deflect it in any
direction to the angle specified on the applicable drawing. The
maximum moment allowable for each diameter shall not exceed the
value specified on the applicable drawing.,
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2.2.1.2.6.2.5 Endurance Test: The endurance test shall be conducted with the unit
at the operating temperature and pressure specified on the
applicable drawing. Angularly deflect one end of the assembly
through the angular motion, number of cycles, and cycle rate
specified by the applicable drawing in the plane of one of the
struts (when used). It is suggested that a cycle should consist of
double amplitude deflection, based upon the applicable
specification, from normal and back to normal, and that a minimum of
10,000 cycles should be applied between the frequency of 20 to 40
cycles per minute. In the same manner, cycle the unit for an equal
amount of cycles in a plane 90 deqrees from that in which the
previous cycling was conducted. Before and after the endurance
test, the assembly shall be subjected to proofr prdssure test and
deflection moment test. Record the moments requined to deflect the
bellows assembly for both tests. There shall(be no evidence of
permanent deformation or galling of working suUrfades as a result of
this test. Leakage shall not exceed the value spgcified on the
applicable drawing.

2.2.1.2.6.2.p Burst Pressure Test: Same as 2.2.1.142.5.

2.2.1.2.7 S8pip Joint Qualification Tests: Qualifdcation tests gn units similar in
mpterial gage and construction shall be conducted on dne (1) sample of
t

he largest and smallest diameter, and consist of the [following tests:

A. Leakage D. Vibration

B. Proof Pressuré€ E. PRurst Pressire

. C. Endurance

2.2.1.2.7.1 | Test Conditions:

2.2.1.2.7.1.1 Ambient Temperatures and Pressures: Same as 2.,2.1.1.1.1.
2.2.1,2.,7.2 | Tests:

2.2.1.2.7.2.l TLeakage Pest: Same as 2.2.1.2.6.2.1.

2.2.1.2.7.2.p Proof\Pressure Test: Same as 2.2.1.1.2.2.

2.2.1.2.7.2.B Enrdurance Test: The endurance test shall be conducted with air,
eycled at the specified operating temperature and |pressure for the
number of cycles and cycle rate specified by the gpplicable

drawing., It is suggested that a minimum of 10,000 cycles be applied
at a rate between 20 to 40 cycles per minute. One cycle shall
consist of stabilizing the unit at the operating temperature,
pressurizing to operating pressure, cycling the slip motion and
dumping pressure. The amount of slip motion used in the test should
satisfy the thermal expansion or motion of the duct under
consideration. Immediately following endurance test, subject the
unit to the leakage test of 2,2.1.2.6.2.1. Before and after the
endurance test, the assembly shall be subjected to the proof
pressure test of 2.2.,1.1.2.2.

2.2.1.2.7.2.4 Vibration Test: Same as 2.2.1.2.6.2.3.

2.2,1.2,7.2.5 Burst Pressure Test: Same as 2.2.1.1.2.5.
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2.2,1.2,8 Rotary Joint Qualification Tests: Qualification tests shall be
conducted on one or more samples as required and consist of the

following:

A. Examination of Product G, Vibration Test

B. Leakage Test H. Burst Pressure Test
C. Flow Resonance Test I, Sand - Dust

D. Proof Pressure Test J. Torque

E., Pressure Drop Test K. Fire Test

F. Andurance Test (Service Life)

2.2.1.2.8.1 Tedt Conditions:

2.2,1,2,8.1.1 MAmbient Temperature and Pressure: Same as 2.2.1.1.1.[.

2:2.1!2180102 _'.I.eStS:

2.2.1.2.8.,1.3 Hxamination of Product: Each test sample shall be carefully
xamined to determine conformance with the specificatfions and the
uppliers' detail drawings for dimensions, tolerances} weight,
orkmanship, design, marking, cleanliness, and any vigible defects.

2.2.1,2,8.,1.4 eakage Tests: Same as 2.2,1.2.6.2.1,

2,2,1.2,8.1.5 Ellow Resonance Tests: At least one test sample shall|be subjected .
o flow tests to determine’resonance conditions, The|test sample
hall be subjected to the complete range of f£lows and| temperatures

s shown on the applicable drawings or specification.| If a

rlesonance condition(is found, the test sample shall be subjected to
50-hour test using the flow rate and temperature propducing the

ost severe resonance, The test sample shall show no|structural
eterioration_at) the end of the 50-hour test period and successfully
ass the leakage requirements stated in 2.2,1.2.6.2,1}

2.2.1.2.8,1.6 roof Pressiire Test: PBach test sample shall be proof|pressure
:tsted per 2,2.1.1.2.2.

2,2,1.2.8.1.7 rst(Pregsure Test: At least one representative proguction test

sFmple shall be burst pressure tested per 2.2.1.1.2.5}

2:.2,1,2.8.1.8 Pressure Drop Test: A pressure drop test shall be conducted on one
test sample if it is determined by review of cross sectional
drawings that the design of the rotary joint would cause additional
pressure drop dgreater than an equivalent length of duct and of the
same I.D. as the system duct incorporating the rotary joint. The
pressure drop shall not exceed 20% of the velocity head at the
design duct system Mach number.

2.2.1.2,8,1.9 Endurance Test: An endurance test shall be conducted on one test
sample which should consist of the two rotary joints and the
interconnecting "U" duct, as shown in Figure 23, The degree of
rotary motion for each rotary joint should be at least 15° or
equivalent to the rotation required to satisfy the thermal expansion
of the duct under consideration. .
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2.2.1.2.8.1.9

q 2.2.1.2.8.1.10

2.2.1.2.8.1.11

2.2.1.,2.8.1.12

2.2.1.2.8.1.13
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(Cont'd.):

Prior to the start and at the conclusion of the endurance test, the
test sample shall be subjected to the following tests:

A. Leakage

B. Proof Pressure

C. Torgue
The endurance test shall consist of inducing rotary motion in each

o - ire 7 es. The test
sample shall be subjected to the normal operatingctlemperatures and
pressures as required by detail drawings. The Amount of torque
required to produce rotary motion shall be re€orded continuously or
at least every 100 cycles.
Criteria of failure may be one or more of-~the folldwing:

A. Excessive part wear

B. Leakage above maximum allowable

C. Excessive torque

'D. Permanent deformation

Vibration Test: The test sample shall be vibratidn tested in
accordance with MIL-STD-810, or to special conditilons noted on
detail drawings. The vibration and flow test may |be combined if
mutually agreed upon. A random vibration test shduld be considered
for jet aircraftequipment.

Sand And Dust:\ The test sample shall be tested for sand and dust
in accordance with MIL-STD-810, except that at thd conclusion of
the test the sample shall be subjected to the normal operating
pressuretand temperature and shall be rotated through 10 cycles.
The toxnque required for rotation shall be noted. |[If the torque is
in excess of the maximum allowed by the specificatfion, the unit
shall-be considered as failing to meet the operatilonal requirements
after sand and dust testing. i

I'f mutually agreed upon, the internal surfaces of |[the test sample
may be 1solated and only the exXternal surfaces subjected to the
above sand and dust test.

Torque: The torque characteristics of the test sample shall be
determined by testing at the normal operating temperature and
pressures. The allowable torque shall be stated in the detail
specification or on the applicable drawings. The allowable torque
should be compatible with the adjoining duct wall crippling
stresses under conditions of axial movement induced by thermal
expansion or contraction.

Fire Test: A test sample shall be subjected to a fire test if
required by .installation requirements.
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2.2,1.3 Dbuect Joint Qualification Tests: oQualification tests shall be conducted on
one (1) or more samples as required and consist of the following tests:

Required Tests

A, Proof Pressure
B. Leakage
C. Endurance (Bending Moment)

D. Repeated Load

E. | Vibration
F. | Burst Pressure

Optlional Tests

A. | Repeated Assembly
B, | Initial Misalignment
C. | Temperature Shock

D. | Torsional Moment

2.2,1,3.1 Test |Conditions: .

2.2.1,.3.1.1 Ambient Temperature and Pressure: Same as 2.2.1.1.1.1.

2.2.1.3.2 T'Tests

2.2.,1.3.2.1 Proof Pressure Test: ‘Same as 2.2.1.1.,2.2,

2.2.1.3.2.2 Leakage Test: Thel joint should be assembled on a test yessel (Figure
| 25 lor similar) and pressurized to the level at which leakage is to be
| detlermined, After the temperature of the air in the tept vessel is

! stabilized, the pressure decay, or the leakage rate, shall be

‘ recorded, _The leakage in SCFM shall be calculated and pompared with
thel allowable specified in 2.1.4.2.

2.2.1.3.2.3 Endurancé Test (Bending Moment): The endurance test shall be

condueted on one (1) sample of the duct Jjoint while at the temperature
andLpfesser—eﬁeeifieé—eﬁ—%he—app4éeab&e—é§awiﬂgf——ge£—this test the

joint shall be mounted as shown in Figure 24. The free end of the
assembly shall have a bending moment of the magnitude specified on the
applicable drawing applied alternately in opposite directions for a
total number of cycles and at a cycle rate as specified by the
drawing. It is suggested a minimum of 25,000 cycles be applied at a
cycle rate between 10 and 40 cycles per minute. One cycle shall
consist of applying the load in one direction, then in the opposite
direction and back to normal., There shall be no permanent deformation
of the joint or leakade in excess of the permissible amount specified
on the applicable drawing as a result of this test, Leakage
requirements shall be met with the allowable bending moment applied
and when relaxed to zero, Record the clamp torque at the end of each

5000 cycles, ‘

2.2.1.3.2.4 Pressure Cycle Test: The duct joint shall be assembled for this test
as shown in Figure 25 and subjected to a cycling test at the pressure
and temperature specified on the applicable drawing. The maximum
pressure shall be applied and relieved to between zero and 10% of the
maximum pressure for a minimum of 25,000 cycles at a cycle rate between.
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2.2.1.3.2.4

2.2.1.3.2.5

2.2.1.3.2.6
2.2.1.3.2.7

2.2.1.3.2.8

2,2.1.3.2.9

2.2.1.3.2.10

- 83 - ARP 699D

(Cont'd.):

10 and 40 cycles per minute. There shall be no permanent deformation
of the Jjoint or leakage in excess of the amount specified on the
applicable drawing.

Vibration Test: The duct joint shall be assembled as shown in Figure
25 and be subjected to a vibration test in accordance with
MIL-STD-810, or equivalent specification as noted in the applicable
drawing. During this test the assembly shall be pressurized to the
value specified on the applicable drawing. A random vibration test
should be considered for jet aircraft equipment.

here shall be no permanent deformation of the joint)pr leakage in
xcess of the amount specified on the applicable drawling.

urst Pressure Test: Same as 2.2.1.1.2.5.

Repeated Assembly Test: The joint should be\connectepd to and
isconnected from the pressure test vessel, (Figure 24 or similar)
ifteen successive times., The joint shéuld be actuallly taken apart so
that the mating parts are disturbed, rather than merelly loosened.

fter the 3rd, 6th, 9th, and 12th assembly the joint phould be
ubjected to the pressure for which\initial Jjoint leakage was
etermined (2.2.1.3.2.2). After the 15th assembly, the test pressure
hould be held for 15 minutes and  the leakage determihed., 1In no case
hould the leakage exceed that\specified on the drawipg.

nitial Misal ignment Test:-\The two hal ves of the prejgssure test vessel

Figure 25 or similar) should be installed in a jig wjith a spacer .031
n. diameter inserted radially between the flanges on| one side so as

o separate them at this point, with the flanges in cpntact at the
oint diametricallyiopposite the spacer. The spacer [ghould then be
emoved and the jig locked with a known restraining fprce so as to
aintain the condition of misal ignment thus provided.| With this
rrangement the \misalignment of the flanges will range from
pproximately 074 degree for the 5-inch size to 1 degfee for the

-inch size% . The test joint should be installed on the pressure

essel flanges and subjected to the pressure for which initial leakage
as determined (2.2.1.3.2.2). The leakage should be determined, and
hould not exceed the amount specified on the applicaple drawing.

emperature Shock: The pressure test vessel with the| test joint
nstalled shall be soaked until stabilized at the low| temperature
[ T om € analysis cited in I.I1.3. Air at the

maximum expected temperature, as determined from 1.1.3, shall then be
allowed to flow through the test vessel until the joint temperature
has stabilized. The rate of temperature rise should be in accordance
with the anticipated operating condition. The discharge airflow
should then be reduced so that the pressure in the test vessel builds
up to that specified on the applicable drawing. The leakage should
then be determined. The test vessel should then be depressurized and
the cycle repeated 4 times. Leakage should not exceed that specified
on the applicable drawing.

Torsional Moment Tests: The joint should be mounted on a test
fixture similar to Figure 24, but arranged so that a torsional load
may be applied to one end of test vessel. The test vessel should be
pressurized to the value at which the joint leakage was initially
Jetermined (2.2.1.3.2.2) and the leakage checked. A torgque should
then be applied to the fixture and the point at which joint rotation
occurs (break-away torque) should be determined. Following this
test, leakage should be rechecked. Leakage should not exceed that

"~ gpecified on the applicable drawing.
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2.2.1,4 Insulation Qualification Tests:

2.2,1,4,1 oqualification Tests of Fabric Covered Insulation: oQualification tests
shall be conducted on one (1) or more samples as required and consist of
the following tests:

A. Thermal Conductivity Test D. Simulated Service Test
B. Low Temperature Test E. Flammability Test
C. Solvent Resistance Test F. Corrosion Resistance Test

2.2.1.4,1.1 Test cConditions:

2.2.1.4,1.1.1 [Ambient Temperature: Ambient temperatures shall be-JO0°F + 15 unless
otherwise specified on the applicable drawing,

2.2,1.4,1.2 ests:

2,2,1,4,1.2,1 | Thermal Conductivity Test: The thermal, conductivity test shall be
conducted on a specimen of the basic insulating material by the
Guarded Hot Plate Method described by, test C 177-52|in the 1952
edition of ASTM Standards.

2.,2.,1.4,1.2,2 | Low Tenmperature Test: The test spécimen shall consfist of a one foot
long cylindrical section. The, specimen shall be subjected to the
design minimum low temperature-for a total of 24 holhrs after
stabilization, At the conclusion of this test, the|specimen shall
be examined, Deterioration“due to the low temperatlire exposure .
shall not be accepted,

2.2,1,4.1.2.3 | Solvent Resistance Test: The specimens shall consipt of three (3)
one foot long cylindrical sections with both ends spaled. Each
specimen shall be'\weighed to the nearest 0.1 gram before and after
the test, Weighing shall be done in such a manner as to permit
determination-of the percent increase in weight of phe cover and the
insulation independently. The insulation weight inprease shall be
essential ly\zero percent. The fluids to be used for this test are
MIL-F-5624\"(JP4) fuel, MIL-L~7808 lubricating oil, MIL-0-5606
hydraulde fluid and AS 1241 if applicable. The test shall be
performed by allowing each of the above fluids to fllow over its own
spedimen for a period of forty eight (48) hours at the rate of 1.5
liter per hour. The fluid temperature shall be maiptained at 250°F
while each specimen is at room temperature,

After completion of the above tests each specimen shall be wiped
clean of any excess fluid before reweighing. Reweighing shall be
done within 15 minutes after the completion of the test,

2,2,1,4,1,2,4 simulated Service Test: The specimen shall consist of a one foot
long insulated duct section. The duct shall be heated internally to
the magximum operating temperature specified on the applicable
drawing for a duration of 50 hours. The ambient temperature shall
be maintained at a level representative of service conditions. At
the completion of this test the insulation shall show no evidence of
deterioration.

2.2.,1.4.1.2.5 Flammability Test: The specimen shall be subjected to a
flammability test in accordance with Method 2022 of Federal
Specification L-P-406 and shall meet the flammability requirements
gspecified on the applicable drawing.

7 i — , —
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2.2.1.4.1.

2.2.1.4.2

2,2.1.4.2.
2.2.1.4.2.
2.2.1.4.2.
2.2.1.4.2,
2,2.1.4.,2,2.2 sSimulated Service Test: Same as 2.2;1.4.1.2.4;

2.2.1.4.2.

| ARP 699D

2,6 Corrosion Resistance Test: Ducting with integral insulation or
adhesive coatings shall be subjected to a corrosion resistance test
as defined by the airframe manufacturer's procurement specification.

Qual ification Tests on Metal Covered Insulation: Qualification tests
shall be conducted on one (1) or more samples as required and consist of
the following tests:

A. Thermal Conductivity Test

B. Simulated Service Test

C. Leakage Test

1 |Test Conditions:

1.1 Ambient Temperatures: Same as 2.2.1.4.1:101.

2 |Tests:

2.] Thermal Conductivity'Test: Same as<2.2.1.4.1.2.1,

2.3 Leakage Test: Seal vents in‘the cover and pressurfize to 2 psig. No
leakage shall occur.

2.2.2 ©Systen Qualification: The following test requirements applly to the complete

2.2.2.2
2.2.2.2.1

Test Setup: The duct systlem qual ification must use a telst setup that is
repgesentative of the system to be installed in the aircgraft. All ducts,
ducy§ supports, and purchased equipment shall be productipn articles.
Insgfar as possible.the skeleton test structure should approximate the
airfframe structure with respect to strength and stiffnesls. The test setup
should include the identical system instrumentation and [system controls as
planned for the.airplane. These elements should be oriepnted as to
disflance, elevation, etc., as in the airplane. The test| setup should

i passing
product1on funct1ona1 tests. Faulty purchased equipment can delay and
result in erroneous duct system test data. The test setup should provide
a suitable structure which will permit the accurate installation of the
duct system and associated equipment. The location of duct supports
should be identical to those on the aircraft. The duct supports should be
the same supports as designed and manufactured for aircraft use,

Test Requirements:

Pressures and Temperatures: To avoid personnel injury in event of a
failure, the system test setup should be reviewed by responsible safety
engineers and their approval secured. A schedule of pressure and
temperatures should be established which will operate the system at the
lowest possible energy level, to permit leakage inspection, minor
support adjustments and observation of equipment operation.

The source of temperature and pressure may be insufficient to accurately
follow the system changes. The desired degree of response to system
changes should be determined during the formulation of the test program
and Suitable test facilitieED|stf|butedunderhcer’]‘seframtk;THSArch;elct System integrity Should
-be-demonstrated by subjectirg the total system (purchased equipment and
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2.2.2.,2.1 (Cont'd,}:

duct) to a proof pressure of at least 1.5 times the normal working
pressure, This test should be conducted using air at operating
temperature. This test should be performed early in the test program to
eliminate any possibility of testing a system which does not have
sufficient safety margin,

2:.2.2.2.,2 Air Flow Rate: Air flow rates to be used during system testing should
be compatible with the airplane air source. The air temperature and
pressure associated with various air flow rates must be coordinated,
The system should be subjected to the full range or air flows expected
on the airplane system and also at the rates of change of air flow
Y q n air £flow
rateg and system modulation on ducts, duct supports and_gquipment should
be observed.

2.2.2.2.3 Pressure and Temperature Cycling: The system shalibe sybjected to a
pressure cycling test at pressure and temperaturelvalues |equal to or
exceeding those values that, in combination, will resulct |in the highest
rati¢ of stress to yield strength in the matérial. The flest shall be
conducted for a total number of cycles equivalent to the |[expected
service life of the system, 'The choice as{to whether to |conduct these
testg at constant pressure with varying -temperature or ayf constant
temperature with varying pressure depends primarily upon |the type of
thermal expansion provisions utilizedd It should be notgd that a
tempgrature cycling test requires considerably more time [to conduct than
presgure cycling at constant temperature. Temperature cycling tests
gage previously been recommended for expansion bends as described in ‘

[ ] . I2I4l2|]l

2.,2.2,2.4 mThermal shock: The system\shall be tested for the effeclf of thermal

shock, The test shall congist of temperature cycling thg complete duct
system based on the maximum thermal shock operation of tHe system., A
temp¢rature cycle shall consist of raising the temperatune of the duct
system from a stabilized temperature to a specified highgr temperature
and held there unti) the temperature is stabilized, then |cooled to the
origlnal temperature. The rate of temperature rise should be based on
the ¢orresponding airflow expected at this condition, and the number of
cycles shouldbe based on expected operation. A check off the system
should be made at the completion of the test for malfuncfions.

2.2.2.2.5 8imulatiofn of Airplane Vibration: For realistic random yYibration

critéria readlly adaptable to the f11ght vehicle, locatign within the
vehi ditio be encountiered, see

MIL-STD-810C,

2.2.2,2.6 Simulation of Airframe pDeflection: Airframe deflections which will
affect duct system loading should be simulated. Tests may be conducted
to simulate the amount, direction and frequency of deflection loading on
the duct system and supporting brackets, These tests should be
conducted with the duct system at the operating pressure and temperature
to insure that thermal expansion and internal duct air loads will be
correctly simulated.

2.2.2.2,7 Duration of Tests: The actual time span for a duct system test can vary
a great deal and depends upon the degree to which an airframe
manufacturer desires to use the ground test setup.

o
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2.2.2,2.7 (cont'd.):

Three time spans may be considered, minimum, normal, and maximum. The
minimum time span would be the least amount of test time required to
subject the system to one cycle of the system performance requirements
and proof pressure test. The normal time span would be the simulated
airplane cycle of operation for a number of operating hours after
conducting the system performance requirements and proof pressure test.
The number of simulated airplane operating hours can be correlated to
the overhaul period or warranty period of the major mechanical equipment

items of the duct system.

The maximum time span would

be a test

conducted on a duct system to determine the life expectancy of the

O orQ

EarherQn 3

2.2.,2,2.8

[l e B T~ B fu

)i

Cd

cts, supports, etc. The value of such a test is que
e life span of a duct is quite long compared to the
uipment operating life span, and since fatigque test
de scatter.

e duct system qualification endurance test “time shou
rvice span desired plus a margin of service. The se
nsidered system operating time in hours.Or cycles of
me to prove the duct system may be shortened by reco
ctors which affect duct life and concentrating a gre
st time on these factors. These factors, in general
th transitions in air flow, pressure and temperature

akage: The duct system allowable leakage must be co
own leakage of all componentsi*and joints in the tota
y be classified as to internal, external and control
akage is a factor in system operation and is general

ternal leakage of suchicomponents should be determin
sts. External leakage is associated with air lost £
rough duct joints,
ound shafts andwear of shafts and seals.

ntrol leakage\is associated with duct system compone

ppreumatic control elements and require air "bleed-off"

Cd

ntrol element operation.

TH
i

e air used or lost for operation of control elements
significant, however, when a total system leakage is

the accumulated control element bleed-off air should b
determining the total allowable system leakage.

e leakage past valve port’ closures of purchased comppnents.

seals at duct connections to comp

tionable, since
echanical
results show a

1d be based on the
rvice span may be

operation., Test

gnizing the

Ater portion of

, are associated

puted from the
system. Leakage
Internal

y associated with

The

d from inspection

rom the system

onents, clearances

nts which use
for proper

may be
being considered
e accounted for

2.3

Production Inspection Requirements:

Inspection test require

ments are

presented for production components and for the installed system.

2.3.1

Duct Components or Assemblies of Components:

Each unit sh

all be inspected

for quality of materials, workmanship and conformance to the detail

requirements set forth in this document.

shall

Insulation:

In addition, the
be performed:

A. Leakage test per 2.2.1.1.2.1.

B. Proof Pressure test per 2.2.1.1.2.2.
cC.
uniformity of the product and conformance with
design and detail requirements of this documen

following tests

Any routine manufacturing tests which are required to ensure

the approved
t.

Each unit shall be inspected for quality of materials,

workmanship and conformance to the detail requirements set forth in this
_document.
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Installed System: The installed duct system should be inspec

following:

A.

B.

2]

Completeness of system, including components, and
elements.

puct connec¢tions ~ Inspect for proper torque, ins
gaskets, safety devices, insulation,

Ducts - Inspect for damage due to handling, insta
improper clearance,

—

structure and duct, Check movable type brackets
Jocation in relation to system expansion.

Leakage - Inspect the total system for leakade.
source at a pressure level considerably less thar
operating to aid in discovering points of excessi
After repair of leakage points, the system should
slowly up to the proof pressure levell with air at
operating temperature if possibley

System Operation - After duct system integrity an
been checked, a system operational test should bg

i

ted for the
control
tallation of
llation or

t support
for proper

Use ground air
normal

ve leakage,
be pressurized
the normal

d leakage has
conducted.,

" Distributed under license from the IMS Archive



https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

7 SAE ARP*LE99D 81 BN 4357340 00289k 3 WA

’/6'9 " o VARP 699D

) MEAN COEFFICIENT OF
MEAN COEFFICIENT FROM TO F THERMAI, EXPANSION

(D) 321 & 347

AM 350

A-286 @

® HT 130,000 PSI P 105,000 PSIL
Inconel X-750 lfi’ngég?OOOO PSI

3 (>3 "
@ Rene' 41 @ Inconel 718 Cond. A & D
~ HT 170,000 PSI '
%
-
1)
CoPFTT
% k! E_EL e ﬂ@
l 11 x s Wit
T —r T
o Py H z bt ey 1 : £
B pl\LAZ ‘ :
&
_ ~ i .
E HHH 3”7\
E = T -~ !\,‘
© i £
! 8 ottt 444 it h
o : e e
% HEE e Sseee i
¢ ; EEECEEC I
'c_)' 7 aiua 7 CH qeasgsss :-:6 \_5/
% Y ,:Li R h 1 e
3 4 pee g
S T jastte §
(S e A -
6 / : 17 sEE
(6 Y
s ©
5 ] :
200 oo 600 800 1000 1200

TEMFERATURE - F

FIGURE 6

Distributed under license from the IHS Archive ———— S — pna

Ve TN



https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

" SAE ARPxL99D A1 B 8357340 00289L7 5 EE.

———

ARP 699D

- 70 -

MEAK COEFFICIENT OF
THERMAL EXPANSION

MATERTALS
@ a4 4900 & AMS k9oL
(2) 4AL-3 Mo-1v
(3) 5AL - 2.5 8N

COEFFICIENT IN 10~5 INCHES/ ¥/1NcH

6AL-4V
8AL-1Mo-1V

MEAN COEFFICIENT FROM TO ¥

200 koo 600 800 1000 1200
TEMPERATURE - F
FIGURE 7

D|str|butedin7dgrr\iciense from the IHS Archive



https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

SAE ARP*LA9D 41 WM 8357340 00289k48 7? W

- 71 -
ARP 699D
@ I
TENSILE YIFLD STRENGTH
KOTE: At temperatures above point O on the curves, @ 321 & 347

the stress for 1% creep in 1000 hours is

below the yield strength. @ A-286
N BT 130,000 PSI
200p=
G Inconel X-750
ool © BegmoTas:
@ Rene' L1
18 HT 170,000 PSI
.70 AN.350
6ol BT185,000 PSI
(8 @& wms-1
PE 7 BT 225,000 PSI
504 et . e Inconell 718 Cond. A
Ho ok : (8) Inconel 718 Cond. B
& 7
Dt
g 13004)
A Al
;L €)
B (@)
"' E 110 & (7
"é 100 3
& 9okE 5
5 | [2
M >
T
60 it
5o {
i
30l 1
20
10
200 400 600 8bo 1000 1200

FIGURE 8

Distributed under license from the IHS Archive

—
7.

"PROBLEM HARD COPY


https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

 SAE ARP*L99D &1 NN 8357340 00289L9 9 W

| ARP 609D B n -

TENSILE YIELD STRENGTH

MATERIALS

(1) AMS 4900 Comms. Pure
(2) AMS 490L Comm., Pure
(3) 4AL-340 -1V H.T.
(k) 5AL-2.5 SN

5) GAL-4V H.T.
(6) 8AL-1Mo-1V

1, :&..I
ko (5}“:\
e !
H N
13 f6 ?

; i .
. N : Y b33 1534 £33 t
t b3 1 S 33
3 Y e 131 ¢ H
51t ot & 154 ] Teoe -
of ' : i i L S
[ L &
I B

o B

wj\n'

TENSILE YIFLD STRENEGIE - 1000 PSI
S

30

20 4y

200 400 600 800 1000 1200
TEMPERATURE » F

FIGURE 9

DR AR R~ =~ Distributed under license from the IHS Archive

PROBLEM HARD COPY



https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

SAE ARPxbL99D 41 W 8357340 0028970 5 W

T ARP 699D

STRENGTH - WEIGHT RATIO

VS. TEMPERATURE (D 321 & 347
(@) a-286
BT 130,000 PSI
0 BT
: 4) Rene' 41
00 @ BT 170,000 PSI
850
AM 35
800 ® Er 185,000 PSI
/ -
©) PHL5-7 Mo
750 ® HP 224,000 PSI

_Zh 9, Incondl 718 Cond. A

700 Inconel 718 Cond. B

650

vy

YOO =
, O Zm, pa,

550

Nl

500+

MATERTAL DENSITY (LB/IN3)
g

STRENGTH-WEIGHT RATIO = YIELD STRENGTH (1000 PSI)

450 )
x00 -3 9 ' ‘?
350-% (Lo
300 < 8

250- i ] i ] B
200 i : 3
15 O“EH'n

100—?%1‘

50 :D

0

0 100 200 300 400 500 600 70O 800 900 1000 1100 1200
TEMPERATURE - F

FIGURE [Q

Distributed under license from the IHS Archive

/-/_



https://saenorm.com/api/?name=7aa1a75c65d8052fe96f873fb66d8203

