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1. SCOPE:

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

2. REFERENCES:

WADC Technical Report 56-187, dated September 1956, “Investigation of Aircraft Ducting
Components at High Subsonic Speeds”

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

3. 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 than braid, to
prevent axial movement.

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

BLEED PORT: An outlet in the gas turbine compressor casing through which air is extracted or bled
from the compressor.

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

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

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

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

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

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

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

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

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

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

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

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

COMPRESSION SYSTEM: A duct system wherein the fluid column loads due to 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.

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 include bellows, flexible sections and flexible joints which
are devices possessing flexibility resulting from the method of construction or the utilization of flexible
materials.

HALF-SHELL: Die-formed duct halves.

HEAT RING: A ring or flange used between the duct and support to reduce the transfer of heat from
the ducts to the supporting structure.
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3. (Continued):
HOSE: Tubing, either flexible by construction or made of flexible material, which is attached to the
ends of adjacent ducts, tubes or fittings. The term generally implies flexible tubing with a length to
diameter ratio (L/D) of three (3) or greater.
INSTALLATION: A completed set of duct assemblies and duct supports incorporated in a vehicle.
INSULATION: A material (applied around the duct) which is used to reduce heat exchange.

JOINT: A device or complete assembly which unites or establishes continuity between adjacent ducts
or other components.

JOINT, BALL: A joint which permits relative angular movement and rotation of two adjacent ducts.

JOINT, COMPENSATING: A pressure (thrust) compensated assembly allowing axial motion which
maintains the duct walls in tension.

JOINT, EXPANSION: Any of many types of joints which can permit axial movement without failure and
therefore permit the duct system to expand or contract.

JOINT, FLEXIBLE: A non-rigid joint, convoluted tubing, hose or ball joint assembly which joins two
ducts and permits relative motion of the ducts in one or more planes.

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 sleeve 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 joining ducts.

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

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

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

weight.

LOAD, LIMIT: The maximum combined load due to all internal and external pressure and forces that a
duct or duct system can encounter at any time in service.
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3. (Continued):

LOAD, PNEUMATIC: The force determined by the product of the internal differential pressure and the
duct cross-sectional area.

LOAD, PRE-: The force imposed on a duct or duct system prior to, or during, installation.
LOAD ULTIMATE: The maximum load on a duct or duct system can sustain without failure.

MISALIGNMENT: Error in alignment between the axes of two joining parts; the error may be linear,
angular or both.

OMEGA BEND: A bend whose shape resembles the Greek letter omega and is used to accommodate
contraction or expansion in a duct system.

PRESSURE: A force distributed over a unit area.
PRESSURE, ATMOSPHERIC: The force per unit area caused by the weight of the atmosphere.

PRESSURE, BURST: Maximum internal pressure above ambient which duct must withstand without
rupture.

PRESSURE, DESIGN: The selected normal operating pressure.

PRESSURE, DIFFERENTIAL: The difference between the internal pressure at a point in a duct and a
reference pressure (ambient) or, in a flowing system, the difference in pressure between the two points
due to pressure drop.

PRESSURE ENVELOPE: The range of pressures to which a part is subjected in normal operation.

PRESSURE, MAXIMUM OPERATING: The maximum pressure a duct will experience under all possi-
ble operating conditions.

PRESSURE, PROOF: The maximum test pressure a duct or duct installation must sustain without per-
manent deformation.

RUPTURE: A break in a duct or duct assembly.

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

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

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

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

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

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 pres-
sure 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.

4. INSTALLATION CRITERIA AND LIMITATIONS:
4.1 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:

4.1.1  Structural 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. In magnitude, the axial deflections may be as high as 0.06 inches per foot of duct
length. Torsional deflections may require 3 degree to 5 degree rotation about the duct centerline.
Bending deflections (angular) may be in the range of 3 degrees to 7 degrees for a typical wing
installation. Paragraph 4.2 indicates some methods of compensation for structural deflection.

4.1.2 Thermal Expansion: Duct materials under high temperature exhibit a growth or expansion, which
can be of considerable magnitude. If some means is not provided to compensate for this
expansion, an axial compressive force tending to cause failure of the ducts or supports will be
developed. Duct connections to the engine should consider engine growth radially and axially due
to dimensional increases caused by high temperatures. The motion envelope of the engine for
normal operation and under airplane design limit load factors relative to its fuselage or nacelle
structure should be established and considered. The difference in length due to contraction of the
airframe at low temperature and expansion of the duct at high temperature usually results in the
largest relative duct motion. Paragraph 4.2 indicates some methods for compensating for thermal
expansion.

Documents

Document Sharing Hub

Full document details: SAE ARP699E


http://www.avadocuments.com/doc/sae-arp699e
http://www.avadocuments.com/doc/sae-arp699e

SAE INTERNATIONAL ARPG99™E 8 OF 103

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

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

A

B.

Operation - A straight duct provides a minimum pressure drop.

Installation Assembly - Sufficient space should be provided to make possible the easiest and
cleanest installation assembly to provide structural deflection and thermal expansion
compensation, and ease of maintenance and inspection.

Safety - Adequate space allocation can mean proper isolation of the high temperature duct
from combustibles and components sensitive to high temperature. Itis 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.

4.1.5 Additional Duct 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.

The duct systems should be capable of accommodating the external pressures 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 duct system should be designed to withstand loads imposed by externally induced
vibrations.

The duct system should be designed to withstand handling and shipping loads.
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4.1.6 Typical Duct Material: For typical corrosion, resistant alloys available for use in high temperature
pneumatic duct systems, refer to Section 5 for detail information.

4.1.6.1 The duct material and gauge selected shall be capable of satisfying the following design criteria:

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

A. Without Yielding - The combination stress resulting from any combination of maximum
operating temperature, deflection, and maximum operating pressure times the selected
proof pressure factor. A reduced allowable yield strength should be considered with
respect to the life cycle expectancy.

B. Without Rupture - The combined stress resulting from any combination of maximum
operating temperature, ultimate deflection, and maximum operating pressure times the
selected burst pressure factor (deformation permitted).

4.1.6.2 Materials used in duct manufacture should be corrosion resistant to various aircraft fluids (such
as hydraulic oil) with which the duct may come in contact.

4.1.7 Fluid Flow Considerations: Considerations of thermodynamic fluid flow should be given in the duct
system design:

4.1.7.1 Arecommended design duct Mach number should be selected at 0.25 or less in order to reduce
the effects of air velocity on the required distribution, noise and duct system pressure losses.
WADC Technical report 56-187, dated September 1956, “INVESTIGATION OF AIRCRAFT
DUCTING COMPONENTS AT HIGH SUBSONIC SPEEDS,” provides component design
information at entrance Mach numbers from M - 0.2 to 1.0.

4.1.7.2 Resonance created by high velocity airflows should be considered in the duct design. Minimum
resistance in the duct should be given prime consideration to prevent turbulence which could
produce resonance resulting 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 equivalent device) to reduce turbulence. Liners are
recommended for airflows 0.2 M and above.

4.1.7.3 Assure that supersonic flow is not created in the ducting downstream from duct system
components, such as a flow-limiting venturi.
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4.1.8 Environment: Environment of the duct installation should be given consideration in relation to the
surface temperature of the duct.

4.1.8.1 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 supersonic aircraft where the ambient temperature approaches the duct surface temperature.
A ventilated compartment will dilute any combustible mixture present and minimizes fire hazard.
The duct installation and aircraft operation will determine possible deviation from these test
values. As can be seen from Figures 1 and 2, an increase in the compartment pressure lowers
the AIT, increasing the fire or explosive hazard if combustibles are present. Air Force Aero
Propulsion Laboratory Technical Report 71-86, dated November 1971, “Ignition of Aircraft Fluids
by Hot Surfaces Under Dynamic Conditions,” provides data on the ignition characteristics of
various aircraft fluids under conditions in which they impinge upon a hot surface in the presence
of air flow similar to that possible for bleed air ducting in an engine compartment.

The thermal limitations of adjacent components could become a functional safety hazard of the
aircraft, especially items such as electrical wiring and actuators, hydraulic accumulators and
actuators, and structural components which could suffer degradation of strength with high
temperature.

The heat loss from the duct can present a problem for the system’s proper operation if the duct is
carrying air for heating purposes, or it can represent a heat load for a compartment which is
being maintained at the lower temperature.

4.1.8.2 Reduction of surface temperature of the duct system is necessary when its routing presents a
safety problem as mentioned above. One method to reduce the effect of surface temperature is
the use of a radiation shield for critical components. This can consist of a built-up assembly
utilizing high reflectivity, low emissivity material placed between the duct and the component.
Another method to reduce the effect of surface temperature is the use of insulation around the
duct. There are several factors to be considered in the use of duct insulation. The insulation
material must be protected from wicking of combustible fluids, crushing or tearing during
fabrication, installation, maintenance, and handling, and must have low conductivity properties
which will not deteriorate under high temperature. The insulation or bonding material used must
not form corrosive substances at any temperature to which it may be subjected. If the insulation
material is protected by a cover impervious to fluids, it should be vented to provide and maintain
the insulation at ambient pressure. The insulation material should be capable of withstanding the
effects of vibration. Some airframe companies, for conservative reasons, design to maintain
surface temperatures at least 50 °F lower than shown on Figures 1 and 2.
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4.1.8.3 High temperature must be considered in the design of support methods for the ducts since heat
will be transferred to the supports through conduction and radiation. The support material and
any fasteners or other components of the support should be compatible with the existing
temperature level. Consideration should be given to possible heat transfer through the support
to the structure. Insulation should be provided between the support and structure if the
temperature can exceed structural limits.

4.1.8.4 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 temperature 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 leakage should be incorporated. When a continuous length
sensing element type of leak detector is incorporated along the ducting system, it should be
designed to indicate 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 nominal detector setting.

4.1.9 Maintenance Requirements: Design of a low cost maintenance duct system involves
consideration of durability and accessibility and replaceability of ducts, joints, couplings, and seals
for field inspection.

4.1.9.1 Durability of the ducts and supports should be given consideration in the initial design stage.
Thin wall duct and insulation cover materials are quite susceptible to damage from handling
during manufacture, shipping, inspection, installation, and field maintenance. Use of a heavier
wall duct or reinforcement of the insulation cover may be justified to provide additional protection
from crushing and indenting.

4.1.9.2 Accessibility and replaceability of ducts, joint couplings, and seals are requirements that are
important in the initial design of the duct system.

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

B. Joint couplings that are frequently removed on the aircraft should be readily accessible, and
should incorporate a quick disconnect feature with the capability of reuse without leakage. If
the joint requires a seal, it should be easily removed and replaced; or it should be designed
such that replacement of the seal is not required.
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4.1.9.3 Field inspection of the duct system should be possible to insure component integrity. A leakage
check will provide information as to existing danger points in the system, and a visual check of
the system would point out potential danger spots.

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

B. Visual inspection of the duct system can show up such danger points as: torn protective
covers for insulation where exposed insulation may wick and present a fire hazard; a bulging
duct assembly where a weak portion of the assembly has exceeded its yield strength and is
close to failure; deformed supports or ducts indicating an unpredicted loading and possible
malfunction; and partially failed couplings or bellows which would constitute a flight hazard, in
addition to actual failures to the duct walls or duct supports.

4.1.10 Installation Tolerances: Installation tolerances for both duct misalignment and joint leakage should
be given attention. Leakage problems are aggravated if misalignment problems are not solved
successfully.

4.1.10.1 Installation assembly of ducts must consider certain types of misalignment, such as axial (end
points do not meet or overlap each other), offset (end point center lines offset), and angular (end
point center lines meeting at an angle). Some approximate magnitudes of these misalignments
occurring in normal installations are: axial + 0.25 inch; offset + 0.125 inch; and angular
1 2 degrees. Compensation for any one of these misalignments (not all at the same time) can be
accomplished by appropriate use of: bellows (axial, offset, and angular); flexible coupling
(angular); ball joint (angular); ball joint arrangement or combination of ball and slip joints (axial,
offset, and angular); slip joints (axial) and adjustable duct supports (axial, offset and angular).

4.1.10.2 Leakage of high temperature air from the duct system can be a serious safety problem, similar to
the case of duct surface temperature in 4.1.8.1, if it is in the vicinity of combustible fluids, vapors,
or low temperature limited components. Unless the duct system has a separate tunnel of its own,
it is quite likely the duct will be routed in the vicinity of these critical items. Duct leakage into a
sealed compartment may constitute a structural problem. A means for checking the system for
leakage before operation is very important. Assure that all compartments through which bleed
air ducting passes are adequately protected against overpressurization in the event of a duct
rupture.
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4.1.11 Reliability: Reliability of pneumatic duct systems is essential to aircraft airworthiness and reliable
aircraft operation in service. During the inception of the design, the control specification,
fabrication of components, and the duct system installation, reliability can be improved by adhering
to the following:

A

B.

Use 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 component in place.
Provide a design that is free of points of high stress concentration.
Inspect carefully after fabrication.

Report malfunctions to proper channels.

Assure corrective action is initiated.

Package properly to protect during shipment and storage.

Maintain and calibrate test equipment.

. Avoid unnecessarily rough handling of parts.

. Guard safety fasteners or other holding devices against loosening.

Provide sufficient clearances for adjustment and/or travel.
Use proper tools and fixtures to aid in assembly and installation.

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

Require adequate production proof tests.

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

A. Test on individual components at critical temperatures.

Proof pressure
Burst pressure
Fatigue

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

Cycling (pressure, temperature, movement, and thermal shock)
External 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 temperature proof pressure tests may be conducted at a higher pressure level to
account for temperature effect and equivalent material stress level.

See section 5 for details of duct qualification testing.
4.2 Types of Duct Systems:

A duct system may be the tension, compression, or a combination tension-compression type
arrangement. The tension system generally 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, coupled with the inherent instability of free bellows,
requires the system and the aircraft structure to be more sturdy. The compression-type system
requires a more precise analysis because of the magnitude of types and combinations of loads
which may be encountered.
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4.21 Tension: A tension system (Figure 3) is one wherein the fluid column or longitudinal forces due to
internal pressure are not transmitted to the airplane structure, but are reacted by axial tension in
the duct walls. Support of the duct must withstand the airplane inertia weight factors applied to the
weight of the duct and be adequate to deflect the duct axially, in torsion, and in bending under the
effects of airplane structural deflections and duct thermal expansion at airplane design loads.
Some ways of compensating for structural deflections and thermal expansion are:

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

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

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

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

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

It is important that space allocation be considered for movement of this type of system.

4.2.2 Compression: A compression system (Figure 3) is one wherein the fluid column forces due to
internal pressure and thermal expansion are reacted by the support structure. Some ways of
sustaining the compressive forces, and compensating for structural deflection and resultant
thermal expansion are:

A. Fixed duct supports which can withstand end and side loads.
B. Joints (such as flex-sections and slip type) which provide for duct growth in the axial direction.

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

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

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

Design requirements are presented for ducts, duct couplings, duct supports, thermal insulation, and
compensation devices for thermal expansion, airframe deflection and installation tolerances.

5.1.1 Ducts: The following recommendations pertain to ducts suitable for handling pressurized high
temperature air.

5.1.1.1 Materials: Design information on these materials is presented in Figures 4 through 9 for the
temperature levels shown:

TABLE 1

Maximum Continuous
Operating
Material Temperature (°F) Comments

321/347 1600 Easily welded and formed. Lowest strength.
Good corrosion resistance. Non-heat
treatable. Good sub-zero properties.
Maximum temperature limitation imposed by
oxidation resistance. Type 347 has slightly
higher strength at elevated temperatures.

AM 350 800 Easily weldable but work hardens rapidly.
Heat treatable to higher strength than above
materials, but transformation growth causes
severe distortion. Good corrosion
resistance. Maximum temperature limited by
excess 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 treatable but subject to
growth distortion. Low elongation.
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TABLE 1 (Continued)

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

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

Inconel 718 1300 May be welded, but must be heat 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
(coldworked) is required for higher strength.

Inconel X-750 1500 Comparable to A-286 except better strength
in the range of 1200 - 1500 °F. Good
oxidation resistance to 1800 °F.

Rene'41 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.

5.1.1.1 (Continued):

CAUTION: Rubbing or chafing during installation of stainless steel ducts can result in corrosion
pits on the duct OD. It is recommended that a high temperature coating be applied
to the OD of stainless ducting (321/347, 21-6-9, PH 15-7 Mo, PH-7 Mo). A
satisfactory coating would be Sermetel W (MIL-C-81751) or equivalent.
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TABLE 2

Material

Maximum Continuous
Operating
Temperature (°F)

Comments

AMS 4900

AMS 4901

4Al-3Mo-1V

5Al-2.5Sn

6Al-4V

600

600

750

800

750

Commercially pure titanium, annealed,
weldable, not heat treatable, except that for
formed parts or fusion welded assemblies,
stress relief must be specified. Primarily for
applications requiring strength up to 400 °F
and oxidation resistance up to 600 °F. Not to
be electroplated.

Stronger, but less formable than AMS 4900.

Use where high strength and oxidation
resistance are required. Heat treatable. May
be resistance welded but not fusion welded or
electroplated. Difficult to form without
cracking.

Annealed. For fusion or resistance welding
where strength exceeding that of
commercially pure titanium is needed. Not
heat treatable except that for formed parts or
fusion welded assemblies, stress relief must
be specified. Not to be electroplated. Difficult
to form without cracking.

Primarily for applications requiring weldability,
ductility and good notch toughness. The
material has attractive fatigue properties in
both the annealed and aged condition. Heat
treatable. Not to be electroplated. Difficult to
form without cracking.
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TABLE 2 (Continued)

Material

Maximum Continuous

Operating
Temperature (°F)

Comments

8Al-1Mo-1V

PH14-8Mo

21-6-9

Inconel 625

800

800

1000

1600

Use where best combination of elevated
temperature, strength, stiffness, and
toughness is required. Weldable. Not heat
treatable. Stress relief after forming or
welding must be specified. Not to be
electroplated. Difficult to form without
cracking.

The material has strength properties at both
room and elevated temperature. The
outstanding advantages of this alloy are high
strength coupled with high fracture
toughness. The resistance of PH14-8Mo to
stress corrosion is superior to that of
PH15-7Mo.

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. It is readily formable
and can be welded by conventional welding
methods. Corrosion resistance inferior to
321/347.

Good oxidation resistance to 1800 °F. Good
high temperature strength in the range of
700 - 1300 °F. It is weldable and has normal
formability characteristics.
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Full document details: SAE ARP699E

TENSILE YIELD STRENGTH

MATERTALS

AMS 4300 Comm. Pure
AMS 4901 Comm. Pure
4AL-3Mo -1V H.T.
SAL-2.5 SN

6AL-4V H.T.
8AL-1Mo-1V

@)

LT V(E) S— — -
b T g I 3 ! BifjE:
SRINCHE = : L
; T 3 e b 1
b0 N : : L =
suasenate bat 83 "ass. } 1 b t
i 3381 82 ]-;5 “ Bt T ;—% i
ihitien s, it s
13 ot i i igd it T
ki IER He "
P R r
11 T
} IA 1 T
?/ T 85t Riasasigass i
I bat sdndesais
1104 - et =
i RS i
N ; : 3
. H
,
904iE :
:
80
6 i
704 2 i
5
D
60 455 3
;
L1
5043
30
20
7
1*2 )
10 > o HhH
200 400 600 800 1000 1200

TEMPERATURE - F

FIGURE 7

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-arp699e
http://www.avadocuments.com/doc/sae-arp699e

SAE INTERNATIONAL ARPG99™E 27 OF 103

STRENGTH - WEIGHT RATIO
VS. TEMPERATURE (D 321 & 347

(2) a-286
BT 130,000 PSI

2% OF S
4) Rene' 41
00 @ BT 170,000 PSI
850 ]
5) AM 350
800 ® BT 185,000 PSI
(&) P57 Mo
~ ~ 7150 HT 225,000 PSI
@ % ( 9 e Inconel 718 Cond. A
a D
8 q 700 (8) Inconel 718 Cond. B
sl g 650
E B 600
A S
550 ik
8
500, ;"
] l'_so_ 10
o A i '
g 400 \6 o 1
(6
g 350-’(_2 i 00
4 ki 8
: 300 B¢
B [ ,
g SHEHE (s
E 250 ‘!: Q
200 [ . =5 )
150
100 % N
> ©)
0

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

FIGURE 8

Documents

Document Sharing Hub

Full document details: SAE ARP699E


http://www.avadocuments.com/doc/sae-arp699e
http://www.avadocuments.com/doc/sae-arp699e

28 OF 103

ARPG99™E

SAE INTERNATIONAL

STRENGTH - WEIGHT RATIO

VS TEMPERATURE

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

T T Y . rrrre
T t s T T 555 sansssssss T T
ot Sal $eestane tH e st HH Y eeas: i
bt . H T ¥ A +
T Iugus sagss s essa su: T Ee ) T
o S8 gnses sogns HH H
I ] 328801 32 28 (L \ Sessgess
as: 1T g pages
+ sas : g8 s2b! fassss: w ,m\{.ﬂ
ALl \a i i R
— BT 58 e i 3 88 asse
b1 i o8 S5 SEssasass: : T ¥t m ¥
T ssesgesssssasagasesanssssssaazas 32s sonsssas: -
T et Badsagassains SdBassdsas o o8 T t 1 b8 o5 T
3 1 HiE 01...%1;%1 M o5 oot N\ﬂ je83asss 358 jggss t 2 o8 t s 5 43._ trdH]
t _{_‘x ] o o T i szas: T : + h it
T i iR e : § B
1 a 133388830 : oot : 1 " sessssEhes: j235a8s
. T T 3 T ¢ .
R R R HE T T 1383 o e Spa8e’ HHHTHE S8atse &
gau s 53809 68 ) pasas s 186 08 T Jesgsee 88 o at r
: T = ={\O ! =sf I 7
Batns & a8 3 HEH getas spsans: SHRH
FHHH HHES abess oot : 11 oot sy ot s8 s A
u o 106 SEue 1 5008 s 13T . 1
H 1 T t ae. "
T i 4 pisss 857 385 sassas:
T 38 554 58
3 J38issss o ssEasssasser, (2n8at ] 355 H 258
+ H Sasse
SE888 Besessogas sasessenaysaseesasss cob AT b { Hi
e assass:
i R A HHERETE 35t SIS o 8
T ARk 88 TDE SBED 0 0S4 hoe s H
T RS 1 T :
S3a% ue . A b 2o PSS o8 g e 34
t 1 748 4 Soumat s iee om " t
+ T : a3y 3 t T anss, sepgas:
[ 8 858: 7 ' Begs ase. t o
= o il + + e gs e H
H agn: o4 1 R T 1 T ass
H { -4 . Ly HHH
1 HHT 2Se8 sass H :
1 1 saas aa:
i8s }
t 84 1T 1 b
1 1 +
+ =hT pe T
1 t ! R i :
7 t
H :
isgns H T T H HH
HH 1 e ¥ S8 8
B o tt
HHH 5 H gasEese asts
iats I bad ot T &
gass joss sas PR o 28 88
8 : ¥
apess 2 i H
1 t e
I 20880 Sund T 8 158 1 I It
e ] 7 T
T jagag agt agsses: T 1
1 + + ++1 w l_ 1 FHHp e
THT ¥ by + -+
: e :
1 ) + t-
seEise! 2 H H : 1
y y 1 HiH Y i T 1
{ [ diessasatated T
AN AR LA 4 i i HHH
X ot it s Hitt ot et s 1 i

700 { 4
3501 l—

T50 4

& § 8 8§ % §
MHmm ooo,n“ HIONAHMLS dTAIX = OILVY IHOIIM-HIONIMNIS

g

R
o

TEMPERATURE - F

FIGURE 9

Documents

Document Sharing Hub

Full document details: SAE ARP699E


http://www.avadocuments.com/doc/sae-arp699e
http://www.avadocuments.com/doc/sae-arp699e

SAE INTERNATIONAL ARPG99™E 29 OF 103

5.1.1.1 (Continued):

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

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

Full document details: SAE ARP699E

assembly.
5.1.1.2.1 Applicable Specifications: The following specifications may be used as material references:
AMS 4900 Titanium Sheet Commercially Pure
AMS 4901 Titanium Sheet Commercially Pure
AMS 4912  Titanium Sheet, 4Al-3Mo-1V
AMS 4910 Titanium Sheet, 5Al-2.5 Sn
AMS 4911A Titanium Sheet, annealed, 6AI-4V
AMS 4916  Titanium Sheet, 8Al-1Mo-1V
AMS 5510 Steel Sheet and Strip Corrosion and Heat 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)
AMS 5599 Nickel-Base Sheet and Strip, Corrosion and Heat Resistant (Inco 625)
AMS 5603 Steel Sheet and Strip, Corrosion and Heat Resistant (PH14-8MO)
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)
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5.1.1.21 (Continued):
AMS 5545 Sheet, Strip and Plate, Corrosion and Heat Resistant (Rene'41)
AMS 5596 Alloy Sheet and Strip, Corrosion and Heat Resistant (Inconel 718)
MIL-STD-810 Environmental Test Methods for Aerospace and Ground Equipment

MIL-W-6858 Welding: Aluminum, Magnesium, Non-Hardening Steels or Alloys, and
Titanium, Spot, Seam and Stitch

MIL-W-8611 Welding, Fusion of Steels and Corrosion and Heat Resisting Alloys, Process for
MIL-W-27664 Welding, Spot, Inert Gas Shielded Arc

5.1.1.3 Strength Requirements: The duct system should be structurally adequate to resist 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 1.5 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 duct system should be structurally adequate to resist without permanent deformation a proof
pressure equal to the greater of the following:

A. Proof pressure 1.5 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. Proof pressure 1.1 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 material. Where combined loads occur, detalil
design of the duct should be adequate to absorb loads from column action, structural or bracket
deflection, and side loading from brackets in addition to the internal pressure loads. A reduced
allowable yield strength should be considered with respect to life cycle expectancy.
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5.1.1.3.1 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.

5.1.1.3.2 Branch Duct Joints: Special attention should be given to the design and fabrication of duct
joints such as tees and wyes. Flat areas, inherent in the design of tees and wyes should be
kept to an absolute minimum. The areas that are normally flat should be “crowned” as much as
possible. Reinforcement of the crotch area of wye sections is considered good practice.
Welding technique used in the joining of duct sections must be of the highest quality.

5.1.1.3.3 Duct Reinforcements: Consideration should be given to the use of doublers at boss and
bracket attachment points. When used, doublers or other reinforcements should be
continuously welded all around to the basic duct. If large temperature differentials are
encountered, consideration should be given to venting the entrapped area. Circumferential
stiffening devices may be utilized to prevent collapse from external pressure. Duct wall pullout
should be considered for boss attachment. Circumferential stiffening devices may be utilized
for bracket attachment point.

5.1.1.3.4 Handling: Minimum wall thickness may be dictated by damage occurring during fabrication or
handling. In this respect, the following minimum wall thicknesses are recommended:

TABLE 3
Duct Diameter, Inches Minimum Wall Thickness, Inch
Under 1.00 0.010
1.00 t0 2.00 0.012
Over 2.00 to 3.50 0.016
Over 3.50 t0 5.00 0.020
Over 5.00 t0 6.00 0.025
Over 6.00 As Required by Design
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