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PURPOSE AND SCOPE 

This Aerospace Recommended Practice is intended to outline the design, 
installation, testing and field maintenance criteria for a Low Pressure High 
Temperature Pneumatic Ducting System (300 P8I and 1000 F inaximum) for use as 
a guide in the aircraft industry. These recommendations are to be considered 
as being currently applicable and necessarily subject to revision from ti.me to 
time due to the rapid development of the industry. 

TASI,E OF CONTENTS 

"This recommended practice is intended as a guide toward 
standard practice and its use as a basis for legal regulation 
is not recommended." 

co.y►~.he 1963 w~a.a e~ ~~e~~oen,. s~.~~..... ~~. 	 ~rlet~d In Y. f. A. 
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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 restrict 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, Ad~ustable - 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. 

~acket, Sliding - A bracket which allows a duct to slide in a controlled 
direction while supporting it in all other directions. 

Bracket, Swing - A linkage which supports a duct and allows movement along the 
arc of the swinging bracket. 

Braid - Woven wire sleeving used to limit the movements of a bellows. 

Bulkhead Seal - A fitting allowing the passage of a duct through a wall or 
bulkhead which prevents the leakage through the bulkhead around the outer 
periphery of the duct. 

By-Pass - A duct that conveys air around a system or system component. 

Cap, Pressure - A part which can be used to cover tightly the end of a duct and 
sustain the internal pressure. 
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Cap, Protective - A part used to cover an end or opening in a duct for the purpose 
of excluding foreign matter. 

Clamp - A normally circular device which adjusts the circumfer~ntial length of the 
ba.nd. 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 fitti.ng 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 m~y include bellows, 
flexible sections and flexible ~oints which are devices possessing 
flexibility resulting from the method of construction or the utilization of 
flexible m~terials. 

Half Shell - Die formed duct halve~. 

Heat Ring - A ring or flange used between the duct and support to reduce the 
transfer of heat from the ducting to the supporting structure. 

Hose - Tubing, either flexible by construction or made of flexible material, which 
is attached to the ends of adjacent ducts, tubes or fittings. 

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 ad~acent ducts or other components. 

Joint, Ball - A~oint which permits relative angular movement and rotation of two 
ad~acent ducts. 

Joint, Compensating - A pressure-compensated assembly allowing axi~l motion which 
maintains the duct walls in tension. 

~ 

~ 

~ 
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Joint, Expansion - Any of many types of ~oints 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 ~oint 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 tY:e duct centerlines of two joining ducts. 

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

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

Load - The resultant force exerted upon restraining brackets (and structure) due 
to internal pressure, thermal expansion or contraction, structural deflec- 
tion, and component weight. 

Load Limit - The maximum combined load due to all internal and external pressures 
and forces that a duct or duct system can encounter at any time in 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 - The maximum load a duct or duct system can sustain without failure. 

Misalignment - Error in alignment between the axis of two 3oining 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. 	 ~, 
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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. 

Fressure, Maximum Operating - The maximum pressure a duct will experience under 
all possible operating conditions. 

Pressure, Proof - The maximum test pressure a duct or duct installation must 
sustain without permanent deformation. 

Rupture - A break in a duct or duct assembly. 

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

Temperature, Design - The selected normal operating temperature. 

Temperature, Differential - The difference between the internal temperature in a 
duct and a reference temperature, or in a flowing system, the difference in 
tempreature between two points due to temperatu~e drop. 

Temperature, Envelope - The range of temperatures to which a part is sub~ected in 
normal operation. 

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

Tension System - A ducting 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. 

~ 

~ 

~ 
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Part I Installation Criteria and Limitations 

Index 

~ 

1. 	Installation Criteria and Limdtations 
1.1 	Introduction 
1.1.1 	5tru~ctural Deflection 
1.1.2 	Thermal EScpansion 
1.1.3 	Thermal Shock 

1.1.l~ 	Space Allocation 
1.1.5 	Additional Duct Load Considerations 

l.l.b 	Tyrpical Ducting Material 

1.1.6.1 Material Design Criteria 

1.1.7 	Fluid Flo~a Considerations 
1.7..7.1 Maximvm Mach Nwnber 
1.1.7.2 High Velocity Resonance 

1.1.8 	Environment 

1.1.8.1 Outside Surface Temperature 

1.1.8.2 Reduction of Surface Temperature 

1.1.8.3 Effect of H3gh Temperature on Dwct Supporte 

1.3..9 	Maintenance Require~nts 
1.1.9a  Durability of Ducting and Supporta 
1.I.9•2 Accessibility and fteplaceability of Ducting ard Components 

1.1.9.3 Field Inspection 

1.Z.10 	Installation Tolerances 

l.l.].0.1 Misalignment 

1.1.10.2 Leakage 

1.1.11 Reliability 

1.Z.11.1~ Development Test Programs 
1.2 ~rpes of Dvct Systems 
1.2.Z Tension 

1.2.2 Compression 

1.2.3 Tension-Compression 
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l. INSTALLATION CRITERIA AND LIMIT~TIONS: 

1.1 Introduction: ~ployment of lor►  pressure (300 PSI)~ high temperatura (1000 F) 
pnetanatic ducting in modern aircraft entails the consideration of several 
requirements Ahich may be encountered during operation, maintenance, and 
installation a~sembly. These requiremerits are as folloxa: 

1.1.1 3tructeu~al Deflections: The aircraPt structure on ~rhich the ducting installa- 
tion is mounted will usually deflect sufficiently to require~a flexible 
ducting inatallation. Axial~ torsional, and bending deflections must be 
considered. Installations ~ ►hich traverse a~►ing are usually a~cposed to the 
largest deflections. In magni.tude~ the aacial deflections may be as high 
aa 0.06 inches per foot of duct length. Torsional deflections may requ3.re  
3 deg to 5 deg rotation about the duct centerline. Bending dePl.ectiona 
(angular) may be in the range of 3 deg to 7 deg for a typical ~ing installa- 
tion. Paragraph 1.2 indicates sor~e methods of compensation for stru~etural 
deflection. 

]..1.2 Thermal ~cpansion: Ducting material under high temperatvre exhibits a 
growth or exp~nsion~ which can be o.f cor~iderable magnitu+de. If some raeana 
is not pa~ovided to cor~pensate for this expansion~ an axial compressive 
force te~ling to cause failtu~e of the ducting or supports will ba developed• 

Duct connections to the engine should consider engine gro~rth radially and 
axially due to dimeneional iucreases caused by high temperaturee. The 
~otion envelope of the engine for nornial operation and ur yder 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 1.2 indicates some methods for compensating for thermal eocpansion. 

1.1.3 Thermal Shock: Design of the duct sqstem shovld take into account the 
et'fect of thermal ahock. The maximum temperature rise and rate of temperature 
rise should be determined from expected areas oY operation. Uaually~ the 
extreme condition occurs with ground operation from a cold soak (-b5 F). A 
test program should be established for test phases coordinated xith the 
eactreme operating conditions• 

l.l.l~ Space Allocation: Space allocation is another limitation in the dwct 
installation. High pMority should be given to the dwct routing for the 
folloro►ing reasons: 

a. Operation - A straight duct pa~ovides a minimum pressure drop. 

b. Installatfon Assembly - Sufficient space should be provided to make 
possible the easieat and cleanest installation assembly to provide 
struct~aral deflec+.ion and thermal expansion compensation~ and ease of 
maintenance and inapection. 

i 

i 

~ 
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c. Safety - Adequate space allocation can mean proper isolation of the 

high temperature duct from combvstib].es ar~d componente sensitive to 
high temperature. It is recommended that high temperature ducts be 
located above and/or isolated from dwets transporting combustible 
fluids bq routing the duats as far axay from each other as possible. 
or providing separate compartments. 

1.1.5 ~dditiona]. Duct Load Conaideratio~: There are several additional duct 
loads the designer should consider in the duct installation design. 

a. Du~ct mounted equip~ment items~ such as valves~ can create large torsional 
load~ in local areas when sub~ected to vibration and should be mounted 
to or supported by structwre. 

b. The dwcting systems ahould be capable of accommodating the eaternal 
pressures which could causa collapsing. For example, provisions muat 
be made for pressure testing a fuselage through whieh such ducting is 
routed. 

c. In a compression $ystem a slight misalignnent oP free bellows can 
impose large side loads on the duct supp~rts. Inatability of the ducting 
system can be cavsed by such a misaligrnnent and should be av~ided. 

d. Installation of free bellows in a compression system requires 
consideration of the bwckling strength of the ducting based o~~ the 
compre~sive loads caused by the larger internal area oY the bellows. 

e. The duct system should be designed to withstancl loade imposed by 
externally induced vibrations. 

1.1.6 ~rpiaal Ducting Material: Some typical corroaion resistant alloys available 
for use in low pressure (300 PSI) arul high temperature (1000 F) pneumatic 
duct systems are ~rpe 321~ 31~7~ 19-9DL, AM350~ 1?-7~s 15-7~[0, A-286~ 
Inconel %~ Rene ltl. Refer to Section 2 for more detail information on 
fabrication and design of these materials. 

~..1.6.1 The ducting matarial aad gauge selected shall be capable of satisfping the 
following dasign criteria: 

a. Yfithout Yielding - The combination atress resulting from a~ combina- 
tion of ma~cimum operating temperature, deflection~ and maximum operating 
pressure times the selected proof pressure factor. A reduced 
allowable yield atrength should be considered with respect to the 
life cycle eapectancy. 

b. l~ithout ftuptnre - The combined stress resulting from a~r combination 
of ma~ximwn operating temperat~e~ ultimate deflection, and maximvm 
operating pressure times the selected burst pressure factor 
(deformation permitted). 
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c. Component Malfunction - The maximwn combination of operating tempera- 

ture and pressure levels selected should be determined from the values 
resulting when ar~r single syatem component malfunetions. 

1.1.7 Fluid Flow Considerations: Considerations of thermodynamic fluid flow 
should be given in the dwcting system design: 

1.1.7.1 A recommended design dwct Mach nwnber should be selected at 0.2~ or less 
in order to reduce the effects of air velocity on the required diatribution, 
rwise, and duct system pressure losses. NADC Techntcal Report 56-187, dated 
September 1956, "INYESTIGATION OF AIRCRAFT DUCTII~ CO~PONENTS AT HIGH 
SUBSONIC SPEEDS~~~ provi.des component design information at entrance ~ach 
nwabers from ~•• 0.2 to 1.0. 

1.1.7.2 Resonance created by high velocity airflows should be considered in the 
ducting design. Minimum resistance in the ducting should be given prime 
importance to prevent turbulences ~hich could produce.resonances result- 
ing in fatigue failure. A bellows is one component which is susceptible 
to a senere turbulence under high velocity sirflow and should have a 
multi-ply construction to withstand the resonance or a liner (or 
equivalent device) to reduce turbulence. 

1.1.8 Emrironment: ~virorunent of the duct installatioa should be given considera- 
tion in relation to the surface temperat~e of the duct. 

1.1.8.1 The outside surface temperature of the duct can become a fire hazard if 
its routing should bring it into proxirrity W3.th combustibZe fluids or 
vapors from fuel~ engine, or hydraulic oils when the duct surface tempera- 
ture is above the autogenous ignition point of these mediums. Zocation of 
a line~ containing a combustible flui,d~ above or ad~acent to a high 
temperature duct presents a fire hazard. 

The thermal limitations of ad3acent components could become a functional 
safety hazard of the aircraft~ expecially items such as electrical wiring 
and actuators~ hydraulic accumulators and actvators~ and structural 
components uhich could auffer degradation of strength Rith high temperature. 

The heat loss from the duct can present a problem for the system'e proper 
operatian if the du~ct is carrying air for heating purposes, or it can 
represent a heat load for a compartment which is being maintained at a 
loxer temperature. 

1.1.8.2 Reduction of surface ter~pe~ature of the ducting system is necessary when 
its routing preaents a safety problem as mentionAd above. One method to 
reduce the effect of surface ter~perature 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 betwsen the 
duct and the component. A~other method to reduce the effect of aurface 
temperature is the use of insulation around the duct. There are seneral 
factors to be considered in the use of dwct insulation. The insulation 
material must be protected from wicking of combustible fluids~ cru,shing or 
tearing during Yabrication~ installation~ maintenance~ and handling~ ar~d 
must have lanr condwctivity propertios xhich will not deteriorate under 

/ 

~ 

~ 
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high ter~perature. If the insulation material is protected by a cover 
impervious to fluids it should be vented to provide and maintain the 
insulation at ambie~ pressure. 

1.1.8.j High temperature must be considered in the design of support methoda for 
the ducting aince heat will be transferred to the supporta through 
conduction and radiation. The support material and ar~ fasteners or 
other components ~f the support should be compatible uith the existing 
temperature level. Consideration ahould be ginen to possible heat 
transfer through the support to the structure. Insulation ahould be 
provided betWeen the support and structure if the temperature oan axceed 
at,ruatural limits. 

1.1.9 Maintenance Requirements: Design of a law cost maintenance dwct systsm 
involve8 consideration of durability and acceesibility and replaceability 
of ducts, ~oints~ aouplinga~ and seals for field inspection. 

1.1.9.1 D~ability of the ducting and supports should be given consideration in 
the initial design stage. Thin wall dwcting and insulation cover 
materials are quite au~ceptible to dar~age from handling during manufacture~ 
ahipping~ inspection~ installation~ ar~d field maintenance. IIse of a 
heavier wall ducting or reinforcement of the insulation cover may be 
~ustified to provide additional protection from crushing a~ indenting. 

~ 	1.1.902 Accessibility and replaceability of ducting, ~oint couplings, ar~d seals 
are requiremer~s that are important in the initial design of the dvct 
system. 

a. Ducting~ where possibility of replaceraent 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 couplinga that are frequsntly removed on the aircraft should 
be readily accessible,. and should incorporate a quick dieconnect 
feature with the capability of reuse without leakage. If the ~oint 
requires a seal~ it should be easily removed and replaced; or it 
should be designed such that replacement of the seal is rbot required. 

1.1.9.3 Field inspection of the dwct system should be possible to insure 
component integrity. A leakage check xill provide information as to 
e~ieting danger pointa in the system, and a visual check of the spstem 
xould point out potential danger spots. 

a. Leakage checke of the system shovld be made. Yethods for leak teating 
of the duct system should be considered ear3.y in the design, so that 
necessary fittings may be incorporated. 

b. Visual inspection of the duct system can sho~w up auch danger points 
as: Torn protective covers for insulation where eacposed insulation 

~ 	 may wick and present a fire hazard~ a bulging duct assembly where a 
~eak portion of the assembly haa exceeded-ita yield atrength and ia 

~ 	 close to failure, deformed supports or duct indicating an unprediated 
loading and possible malfunetion~ and partiallg failed couplings or 
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bellows which would constitute a flight hazard; in addition to actual 
failures to the duct xalls or duct supports. 

1.1.10 Installation Tolerances: Installation tolerances for both dwcting 
misalignment and ~oint leakage should be given attention. Leakage problems 
are aggravated if misali~nment problems are not solved swccessfully. 

]..1.10.1 Installation assembly of ducting must consider certain types of 
misalignment; such as axial (e~ points do rmt 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 miaalign- 
ments occurring in normal installations are: 4xia1 a 0.25 inch; 
oYfset + 0.125 irbch; and Angular ♦ 2 degreeg . Compensation for ar~y one 
of these ffisaligrnnenta (n~ot all at the same time) can be accompliahed b~r 
appropriate use of: bellows (a~cial, 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 (axia].) and ad~ustable duct supports (axial~ offset and 
angular ) . 

1.1.10.2 Leakage of high temperat~se air from the ducting system can be a~erious 
safety problem~ similar to the case of duct aurface temperatnre in 
section 1.1.8.1~ iY it is in the vicinity of combustible fluids~ vapors~ 
or low temperature limited componenta. Unless the ducting system has a 
eeparate tunnel of its own~ it is quite likely~the dwcting xill be 
routed in the vicinity of these critical items. Duct leakage into a 
sealed compartment may constitute a structuraJ. problem. A means for 
checking the system for leakage before operation is very important. 

1.1.11 Reliabilitp: Reliability of pneumatic duct systema is essential to aircraft 
air~orthineas and reliable aircraft operation in service. D~ing the 
inception of the design~ the control specification~ fabrication oY componentae 
and the duct system installation~ reliability can be improved by adhering 
to the following: 	 . 

a. Use standard, well-developed parts. 

b. Select vendors whose reliability of perform~nce is proven. 

c. Provide easg maintenance accessibility. 

d. Careful consideration of problem areas (pressures~ temperaturea~ 
deflection~ insulation, etc.). 

e. Require adequate testing for qualification. 

f. Select fasteners of sufficient size to hold the component in place. 

g. Provide a de8ign that is free of points of high stress concentration. 

h. Inspect carefullp after fabrication. 

i. Report malfun~ctions or discrepancies to proper channels. 

~ 

~ 

, 
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~. Assure corrective action ia initiated. 

k. Package properly to protect during shipment and storage. 

1. A~aintain and calibrate test equipment. 

ra. Avoid unnecessarily rough handling of parta. 

n. Safety fasteners or other holding devices against loosening. 

o. Provide suPficient clearances for ad~ustment and/or travel. 

p. Use p~oper tools and fixtures to aid in assembly and installation. 

q. Keep ducts and other components eompletely free of dirt and contami- 
nation during storage~ han~d].ing and installation. 

r. Require adequate production proof tests. 

s. Initiate a training program in the maintenance and installation of 
the ducting system for shop and field personnel. 

1.1.11.1 A development test progrt~m is essential for testing the installation in 
its actual envirorunent so that critical weaknesses in the system can be 
found out and corrected. Tests should be performed on several sar~ples 
in order to get a statistical spread of inPormation. A satisfactory 
test program should include: 

a. Tests on individual components at critical temperat~es. 

ProoP pressure 

Burst p~essnre 

Fatigue 

b. Tests on complete mock-np system. 

Cpcling (pressure, temperature, movement, and thermal shock) 

F~cternal induced loading 

Proof pressure 

Flow reson~ance 

Leakage 

Ultimate structural tests on critical areas 

~ 
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c. Testa on systems in completed airplane. 

~Proof pressure 

Leakage 

(~Room temperature proof preasure tests may be conducted at a higher 
pressure level to account for ter~perature effect and equivalent 
material stress level.) 

See Section 2 for details of duct Qualification testing. 

1.2 1~pes of Dt~cet Systems: A duct syste~ maq be the tension~ compression, or a 
combination tension-compression type arrangement. The tension system generally 
Reighs the least~ but it requires more space allocation for duct movement. The 
compression system, in addition to the pneinnatic 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 require g  a more 
precise analysis because of the magnitude of types and combinations of loads 
which may be encountered. 

1.2.1 Tension: A tension System (Figure 1) is one xherein the fluid column or 
longitudinal forces due to internal . pressure are nnt transmitted to the 
airulane struct~me~ but are reacted by axial tension in the duct walls. 
Support of the ducting must withstand the airplane inertia weight factors 
applied to the Reight of the ducting and be adequate to deflect the ducting 
axially~ in torsion, and in bending under the eYfects of airplane structural 
defleations and ducting thermal aapansion 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 (auch as ball, preasure-compensating~ and restrained 
bello~ra) placed in strategic locations. 

c..  The use of the elasticity oP the duct itself~ either through the use of 
bends as~ociated ~ith its natural routing or the addition of omega or 
loog bends in the system. 

d. Flexible attachments to the dweting. (An e~cample is a bulkhead seal. 
rrhere a sliding fit or low apring rate belloWS could be used on the 
outaida of the duct.) 

e. ~'lexible ~oints (such as a ball or flex-sections) can be used to 
compensate for bending movement. 

It is important that space allocation be considerad for movement of thia 
type of system. 

/ 

~ 
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1.2.2 Comp~~ession: A aompression system (Fig~e 1) is one wherein the fluid 
column Porces due to internal pressvre and thermal expansion are reacted 
by the support structure. 8ome ~rays of sustaining the compreasive forces~ 
and compensating for strwatural deflection and thermal expansion are: 

a. F`ixed duct supporte which can ~ithstand resultant end and side loads. 

b. Jointa (awch as fleac-sections and alip type) which provide for duct 
grorrth in the a~cial di.rection. 

a. Flexible ~oints (such as ball or flex-sectior~) can be used to compensate 
for duct bending movement. 

Column strength of the ducting must be adeqnate to withstand the applied 
compressive loads xith the allowable misalignment. 

1.2.3 Tension-Com~mession: A tension-compression type system may be used in lieu 
o either a tension or compression system. It would consist of placing one 
part of the dwct system in tenaion and the other part in compression as 
described above. The f3xed point of the duct section in tension will occur 
where it ~oins the duct aection which is in compression. Here again space 
allocation for duct movement ia an important requirement. 

~ 

. 

, 
{ 
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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 perta.in to ducting suitable for 
handling air at pressures up to 300 psig and temperatures up to 1000 F. 

2.1.1.1 Recommended Materials: The following materials have been used extensively 
in duct systems. Design information on these materials is presented in 
Figures 1 through 13 for temperatures up to 1000 F. 

Maximum 
Continuous 

Material Operating Temp. 	 Comments 

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

19-9DL 	1600 	Higher strength than 321/3Lt7, but more expensive and 
requires more costly process controls. Easily welded 
and formed~ but cold works rapidly. Non-heat treatable. 
Normally used in annealed condition in ducting. Deteri- 
oration of corrosion resistance if exposed to caxbide 
precipitation temperatures. 

~ 350 	800 	Easily weldable but work hardens rapidly. Heat treat- 
able 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. 

17-7PH 	700 	Easily formed and welded. Heat treatable to high 
strength comparable to AM 350, but transformation growth 
causes distortion. Rusts superficially. Qver 700 deg 
excess precipitation causes embrittlement. Low elonga- 
tion. 

15-7 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~ 

A-286 	1300 	Weldability just fair. Good high temperature strength 
in the range of 700 - 1300 deg. Good corrosion re- 
sistance. Heat treatable. Over-ages above ~300 deg. 
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Maximnm 
Continuous 

Material Operating Temp. 	 Comments 

Inconel % 	1500 	Comparable to A-2$6 except better strength in the 
range of 1200 - 1500 deg. Good oxidation resist- 
ance to 18Q0 deg. 

Rene 1~1 	15Q0 	Aigher strengths than Inconel X~rith forning and 
xeld3ng somewhat more difficult than A-2$6 or 
Inconel %. Vacuwn melted to retain hardening 
agents and therefore very expensive. Good oxida- 
tion resistance to 1800 deg. 

2.1.1.2 Fabrication Requirements: Ducts should be fabricated from tubing or sheet 
stock. BdII, specifications ar commercial specifications may be used for 
material and for welding techniques. Theae shoUl.d be modified as required 
by detail specifications or detail drawings of the dwct assembly. 

2.1.1.2.1 Applicable Specification8: The following specifications may be used as 
material referer~es: 

AMS 5510 Steel Sheet and Strip~ Corrosion and Heat Resistant 
( ~ 321) 

AAIIS 55].2 Steel Sheet and Strip~ Corrc>sion and Heat Resistant 
(1~rpe 31~7 ) 

AMS 5526 Steel Sheet and Strip~ Corrosion and Heat Regiatant 
(19-9DL ) 

~S 55~t8 Steel Sheet and Strip, Corrosion and Moderate Heat kesistant 
(~ 350) 

ABSS 5528 Steel Sheet and Strip~ Corrosion Resistant (17-7 PH) 

~S 552o Stee2 Sheet and Strip~ Corrosion and Moderate Heat 
Resistant (15-7 MO) 

~s 5525 Steel Sheet and Strip, Corrosion and Heat Resistant 
(A-286) 

~~ 551~2 Alloy Sheet and Strip~ Corros ion and Heat Resistant 
(Inconel X) 

MIL-E-5272 Environment Testing, Aeronautical and Associat~d Equipment, 
General Specification for 

NIII, W-6858 Welding: 	Aluminum, Magnesi~, Non-Hardening Steels or 
Alloys, and Titanium; S~ot, Seam and Stitch. 

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

~ 
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2.1.1.3 Strength Requirements: The duct should be structurally adequate to 
resist without rupture, internal pressures of at least 2 .5 times the 
critical combination of operating pressure and temperature. The duct 
should be structurally adequate to resist without permanent deformation, 
int~rnal pressures of at least 1.5 times the critical combination of 
operating pressure and temperature. The most critical operating 
condition is that combination of operating pressure and temperature which 
results in the lowest yield strength of the duct material. The critical 
combination of operating pressure and temperature levels selected should 
be determined from the values resulting when any single system component 
malfunctions. Where combined loads occur, detail design of the ducting 
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. 

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 manu- 
facturing manuals before establishing the ~all thicknesso 

2.1.1.3,2 Branch Duct Joints: S~ecial attention should be given to the design 
and fabrication of duct ~oints such as tees and wyes. Flat areas9 
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 consid- 
ered good practicea Welding technique used in the ~oining o~ duct 
sections must be of the highest qualitya 

2.1.1.3•3 Handling: Minimum w~ll thicknes~ may be dictated by damage occurring 
during fabrication or handling. In this respect, the following minimum 
wall thicknesses are recommendede 

Duct Diameter, Inehes 	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 3.5o to 5.00 
	

0.020 
Over 5.00 to 6.00 
	

0.025 
Over 6.00 
	

As required by design 

2.1.1.1~ Standard Sizes: The duct should be designed and fabricated to the 
iameters recommended below: 

~ 

Outside Diameter, Inches 

0.75 to 2075 
3.0o to 6.00 
Over 6.00 

Size Increments, Inch 

0.25 
0.50 
1.00 
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2.1.1.5 Allowable Leaka,ge: There shall be no leakage in the basic duct. 

2.1.2 Compensation Devices for Thermal Expansion: The expansion of a ducting 
system during high temperature operation is normally absorbed by the 
compression or bending of bellows or special duct bends such as the "U" 
and Omega.. Slip joints, ball ~oints and rotary joints may also be used 
for this purpose. 

2.1.2.1 Free Bellows: A free bellows absorbs duct movement by the compr~ssion or 
extension of its convoluted portion. Belloxs used in aircraft ducting 
systems are normally fabricated from stainless steel and may be of a single 
or multi-ply wall construction. A free bellows is composed of a number 
of working convolutions as sho~rn in Figure 1~ (a). The stroke or deflection 
of a given bellows (constant convolute size and wall thickness) under load 
is similar to a helical spring (see Figure 1!~ (b)). The word "load" 
includes any force or combination of forces applied axially to cause the 
bellows to compress or extend, and ca~n therefore refer to a pressure or 
mechanic~lly applied load in either direction. The stroke is also directly 
proportional to the number of convolutions ~nd inversely proportional to 
some poWer of the wall thickness. In actual practice it has been found 
that t~o-plies, with a tot~l thickness equal to a single ply, will provide 
at least twice the flexibility of the single ply. Multi-ply bellows can 
tY:erefore b~ used for high pressures without excessive loss in flexibility. 
Two bellows used in series between anchor brackets should have th~ same 
spring rate. 

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

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

a. Compression stroke: 10 to 15~ of the belloKS length 

b. Extension stroke: 5~ of the bellows length 

c. Angular deflection: +5° (max) 

d. Axial offset (if required): .02L 2  (Max); Where L= length of bellows 
D= nominal duct diameter. 	D 

e. Tor~ional deflection: none allowed 

f. R~tio of bellows length to duct outside diameter: 1 to 1 

g. Convolution height: 8 to 13~ of the duct in~ide diameter 

r 

i 

~ 
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Although a permissible axial offset of •~—~- is indicated, such practice 
should be avoided if possible. Axial offset induces an additional stress 
in the convolution which can cause premature failure. Increases in 
bellows length and convolution height over the values recommended above 
will create instability and ~ resultant tendency to squirm under applied 
load. The use of a liner, such as shown by Figure 15, xill provide 
additional shear resistance and at the same tiYae reduce vibration caused 
by high velocity flow. In the design of multi-ply bello~s, consideration 
should be given to the elimination of moisture or air entrapped betxeen 
the plies. 

2.1.2.1.3 Statement of Design Requirements: Due to the highly specialized nature 
of free b~llows design and fabrication, it is necessary that the design 
reauirements 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, ad~acent to a 
bend, equipment, etc.) 

c. Type of material 

d. Minimum inside diameter 

e. Maximum outside diameter 

f. Type of ends and total overall length of the unit. If alignment of 
the end fittings is critical, an angular tolerance should be specif 

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

h. Maximum rate of pressure and temperature change 

i. Axial deflection (compression and e~rtension) 

3. Angular deflection 

k. Axial offset 

l. Vibration requirements (frequency, amplitude) 

m. Maximum floW velocity and allowable pressure drop 

n. Minimum life cycles 

o. If n liner is required, speci.f~r the minimum allowable inside diameter, 
~ 	 minimum clearance between liner and convolutions, liner length, type 

of liner free end, the direction of normal air flow, and the possi- 
bility of reverse flox. 

. 

~ 
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p. Qualification teat requirements (to include method of duct support) 

q. Production test requirements 

r. Optional requirements may include the spring rate, numb~r and height 
of convolutions, nvmber of plies and wall thickness. 

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 s tension carrying member. 
Thermal expansion is absorbed by locating these unita in such a manner 
that angular deflection will occur as the ducting moves. The most common 
types, as shown in Figure 16, are the Gimbal, Tie Rod and Braided. 

2.1.2.2.I Gimbal Type: These units are made with internal or external gimbal 
supports as shown in Figure 16, 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 ~oints are utilized to absorb duct e~ansion in a 
manner similar to that illustrated in Figure 17. The primary advantage 
of this type unit is its ability to provide angular deflection with a 
small actuating force. 

2.1.2.2.2 Tie Rod Type: Tie rod bellows are utilized to absorb duct expansion in 
the same manner as the gimbal type. These units can be made with 
external or internal rods to restrict axial motion. A typical tie rod 
bellows employing internal restraint is shown in Figure 16. 

2.1.2.2.3 ~aided Bellows: The use of an external braid on a bellows has been a 
ong-accepted method of providing restraint. The primary advantages 
are minimum pressure drop and the small space envelope required. On 
the other hand, the braid restricts the angular deflection which results 
in a greater bending moment. The braided bellows can provide an 
economical means of absorbing duct expansion in stallation~ where the 
higher reaction loads can be accommodated without undue penalty. The 
design of these units should be such as to minimise rubbing contact 
betWeen the braid and the end convolutions. 

2.1.2.2.l~ Normal Design Practice: The following criteria should be observed for 
best result~ in the application of restrained bellows: 

a. Angular deflection: ±5~ 

b. Axia~ off et (if required): depends upon type of restraint employed 
.02L (Max). 
D 

c. Torsional deflection: none allowed 

d. Length of Bellows: as required to limit compression and extension 
to 10~ of the convoluted length during angular deflection. 

/ 

~ 

~ 
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2.1.2.2.5 Statement of Design Requirements: Applicabl~ information from Para. 
2.1.2.1.3 5hould be specified as needed for restrained bellows. In 
addition, it may be necessary to call out a limit on the actuating 
force required to obtain the amount of angular deflection desired. 

2.1.2.3 Compensating Joint: This type of bellows allows for duct expansion in the 
same manner a~ ~ free bellows. The unit can be made in longer lengths than 
a free beZlows by installing internal slide supports at linear intervals 
~qual to the duct diameter. By pressurization of an iriternal chamber~ as 
shown in Figure 18, 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 axi al offset is prohibited because of the rigid shell 
construction. The primary use of the compensating ~oint is to retain a 
tension type system in areas where lirnited space exists and where considera- 
ble duct expansion must be absorbed. An examgle would be a long duct run 
in a wing leading edge. 

2.1.2.3.1 Normal Design Practice: The following design criteria sY:ould be o~served 
for compensating ~ointss 

a. Compression stroke: 10 to 15~ of the total bellows length 

b. Extension stroke: 5~ of the total bellow length 

c. Angular deflection: ±5~ 

d. Axi.al offset: none 

e. Torsional deflection: non~ 

f. Ratio of individual bello~a~ length to dwct outside diameter: unsup- 
ported length limitation same .as  free bellows. 

2.1.2.3.2 Statement of Design Requirement$: Applicable information from Para. 
.1.2.1.3 should be specified as need~d for compensating joints. The 

following additional requirements are usually necessary: 

a. Spring rate at design compression atroke 

b. Amount of pneumatic compensation. Usually expressed as the axial 
force required to hold unit in ariy position from neutral to #"~illy 
compressed under pre~surized conditions 

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

~ 
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2.1.2.l~ Duct F~Cparygion Benda: Various simple and special bends can be used to 
absorb thermal growth in a duct system. Some of the comnon type benda 
employed for this service are shoxn in Figure 19. The follrnring information 
shows the comparative expansion values of several type bends: 

a. A simple "Un ber~d has twice the expansion value of a quarter bend 

b. An axpansion "U" bend has t~rice the axpansion value of a simp2e "II"~ 
bend 

c. An Omega has 2.50 times the expanaion value of a simple "U" bend 

A tension type system ia generally preserved by the ~e of bends because of 
the pneumatic force (fluid column action) exerted at the duct bend. Dis- 
advantages 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 rad3us xill have very little expana3on value~ inasmuch ae 
buckling of the Ralls Rill occur. Refer to Para. 2.1.1.3 for strength 
requirements applicable to dwcts used in expansion bends. 

2,1.2.5 Slip Joint: This unit absorbs duct expansion by means of linear motion 
similar to that of a telescoping ~oint. Relatively large axial motion is 
possible within a fairly small envelope and with a low actuating force. 

	

Sealing and aligrnnent are eritical in order to maintain leakage at an 	 ~ 
acceptable level. Because of pnewnattc loading and the aeal concentricity 
required~ this unit must be supported and used in the same manner as a free 
bello~rs. The slip ~oint has not been used extensively at the pressures 
8T1d f,Ampe2'atures dealt taith in this document because o£ sealing and 
alignment problems. 

2.1•2.6 Ball Joint: Ball joints can be made to absorb duct thermal expansion in 
the ~ame manner as a restrained bellows. Angular deflections as 
great as 10 to 15 degrees are possible. Since rio axial motion can occur~ 
thia unit irill function as a tension carrying number in the duating system. 
The ball 3oint is heavier and larger than a comparative restrained 
bellows, and therefore its use has been li~ited to special applications 

, ~here torsion~al, deYlections or large angular deflections mnst be absorbed. 
Some of the problems inherent to ball ~oint design are leakage~ wear and 
high actuating forces. 

2.1.2..6.1 Combirr~tion Ball and Sli p  Joints: A ball and slip ~oint combination 
unit may be used to absorb duct expansion in certain applications ~here 
torsional motion must be also handled. 

2•1•2•7 Rotar.y  Joint: A single rotary ~oint will riot absorb thermal expansion in a 
dwct system; however, the use of two or more rotary ~oints as shown in 
Figure 20 will a11o~ for thermal expansion in a duct system, provided certain 
design and installation practices are observed.. Figure 22 shows two rotary 
3oints interconnected by a"U'~ shaped d~t. 
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a. The axial center lines of the rotary ~~ints must be at right angles 
(normal) to the run of ducting to permit true rotation without inducing 
bending or non-uniform loading of the rotation surfaces. 

b. When~only two rotary ~oints are used, the duct runs ad~acent to each 
rotary ~oint must permit some movor..ent in a plane parallel to the 
rotation surfaces of each rotary joint since the rotary ~oints are at 
a fixed distance apart by virtue of the "U" intercoruiecting ducts, and 
ther.nal expansion in the duct runs will cause displacement or movement 
axially of each duct run. This movement will resolve into rotary 
motion of each rotary ~oint and movement of each rotary ~oint and 
connecting "U" duct through an are sufficient to accommodate the amount 
of thermal expansion. 

2.1.3 Compensation Devices for Airframe Deflection, Grnxth and Contraction from 
Temperature Effects, and Installation Tolerances: In general~ the normal 
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 forme of duct misalignment Rhich 
occur during installation. Ylhen swch a practice is followed~ a conservative 
approach is to a11oW approxi~ately 30x of the design motion for installation 
tolei~ances. The following two subparagraphs apply to the specific use of 
various devices to compensate for airframe torsional deflection and 
installation tolerances. 

2.1.3.1 Airframe Torsional Deflection: The ball 3oint, rotary ~oint and possibly 
the slip ~oint, can be used solely to absorb torsional deflection of dwcting. 
Nonmetallic type 3oints are capable of absorbing a small amount of torsional 
deflection in the pressure and temperature range for which designed. 

2.1.3.2 Installation Tolerances: T 
of compensating for angular 
the ducting system. By the 
unit can also be utilized to 
duct supports may be used to 
Finally, some types of duct 
misalignment. It should be 
tooling in duet fabrication 
practicea will minimize the 
Additional recommendations o 

he braided bellows provides a simple means 
and offset misalignment during installation of 
addition_of an ad~ustable end-piece~ the braided 
compensate for axial tolerances. Ad~ustable 
obtain proper angular and offset aligrm ►ent. 
couplings will tolerate a small amount of angular 
noted that there is no substitute for accurate 
and installation. Adherence to good tooling 
necessity of ad~ustment during installation. 
n tooling are presented in Para. 2.1.5.2.1t. 

~ 

2.1.lt Duot Coupling Requirements: A coupling is considered to be an assembly of 
all parts required to 3oin two pieces of ducting together, such as shovm in 
Figures 23 and 2l~. The parts required may incl.ude flanges, clamps~ bolts~ 
nuts~ washers~ gaskets, seals and other parts peculiar to a supplier~s design. 
The duct coupling requirements stated herein are to be considered as minimum 
acceptable requirements. 

2.l.1t.1 Structural Loads: A duct coupling, as a component of a duct system must 
have sufficient strength to preserve the duct system integrity and 
continuity without e~cperiencing permanent deformation ~ ►hen sub~ected to 
loads or combination of loads caused by the follawing conditionss 
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a. High temperature (up to 1000 F) 

b. Lo~ temperature (-65 F) 

c. Pressure (normal~ proof and b~st) - same as for the basie duct 

d. Pr~essure Cycling - The duct coupling shall be capable of withstanding 
repeated preasure loading with the internal air temperature equal to 
the normal operating air temperature. 

e. Berxiing Moment - The allowable bendin~ moment is a function of the d~ct 
diameter and Rall thickneas. 1'he coupling should be designed to 
withstand repeated applications of bending loada without ar~y damage 
and without exceeding the allowable leakage apecified in Para. 2.1.~.2. 

P. Torsion - The coupling should be designed to w~ithstand repeated 
torsiona7. loading without arry da~nage and without excseding the leakage 
specified in Para. 2.1.l~.2. 

g. Vibration - The coupling stiould remain strwcturally intact ar~d not 
exceed the allo~vabls leakage when exposed to the vibration conditiona 
specified in MII,-E..5272 or the applicable drawing. 

2.1.1~.2 Allowable Leaka~e: The maximum allo~rable leakage per co upling should not 
exceed 0.01 CFM of Standard Air per inch of duct dfameter. 

2.1.l~.3 Safety Features: Safety features are deaign details or izznovations which 
are incorporated in a duct coupling to provide a degree of safety not 
usually associated with the basic coupling. The safety design may be a 
struct~al safety device or a visual safety device. Several examples are 
described below: 

2.1.1~.3.1 Structural Safety Device~ 

2.1.l~.3.1.1 Add an additional coupling strap over the Tee bolt. The strap ia 
retained in proper loading position by means of a cotter pin, and 
thereby maintains 3oint integrity in the event the Tee bolt fails. 

2.1.~1.3.1.2 Add a rachet tang which will engage a slot in the coupling band ar~d 
maintain ~oint integrity in the event of Tee bolt failure. 

2.1.lt.3.2 Visval Device~ 

2.1.1~.3.2.1 Install a cotter pin through the Tee bolt which incorporates a hole 
at a location corresponding to the correct nut torque valve. Visually 
inapect to aee that the cotter pin is installed. 

/ 

i 

2.1.1~.3.2.2 With the added coupling strap of Para. 2.1.lt.3.1.1, if the cotter pin 
is not installed the added strap v~rill act as a visual device~ sinca the 
strap ~1.11 not conform to the "safetied" contour. • 
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2.1.l~.1~ Disconnect Features: The incorporation of a disconnect feature in a 
coupling design other than the r~nrmal method of connecting and disconnecting 
should be determined on the basis of coupling funetion. The incorporation 
of "quick" disconnect features in a coupling should be ~ustified by its use 
in the duct system~ where definite advantages are gained by its use over 
the normal coupling. An example might be the duct connection to a piece of 
equipment requiring frequent removal from the system. The time thua saved 
in removal and reinstallation of the equipment may ~ustify the use of the 
"quick" disconnect coupler. Special disconnect features generally add 
some weight to the coupling. 

2.1.lt.5 Installation and Handling Reguirements: The following requirements pertain— 
ing to the installation and harx~ ing of duct couplings should be given 
careful consideration: 

a. Dim.ensional inspection before and after attachment. Z'his may inclwde 
compatibility of the dwct outside diameter with the inside diameter of 
the flange, angular relation of flange face to the dwet axis and 
flatnesa of the flange face. 

b. Handling precautions to prevent damage 

c. Installation tschniques 

2.1.lt.b Duct Couplir~ Methods: This section presents a series of conanon dwet 
coupling methods. Speci£ic information regarding the intended use, the 
leakage allowed~ the temperature range, the pressure range, and the bending 
load or deflection requirements should be furnished to the coupling 
manufacturer. 

~ 

~ 
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2.1.lt.6.1 "V" Band Couplings: 

Type "A'~ 

Materials: Corrosion Hesistant Steel 

Tools to Install: Torque Wrench 

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

~Saximvm OueratinQ Pressure: 300 psig or greater for sizes 1 inch 
through 3 inches diameter. For sizes 3 inches through 6 inches~ the 
maximiva operating pressure decreases as diameter increases. . 
~aximwn Operating Temperature: 
is 800 F for all couplings. 

Remarks: 

The maximum operating air temperature 

a. Available ~rith fail—saPe feature. 

b. V—band coupling ir~dexes flanges on skirt of flange. 

• 
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Materials: Corrosion Resistant Steel 

Tools to Install: Torque Wrench 

Dwct Sizes: 1 inch through 6 inches diameter in 0.50 inch diameter 
increments. Some sizes available in 0.25 inch diameter incremarrts• 

Maximum Oneratin~ Pressure: 300 psig or greater for sizes 1 inch 
through 3•25 inches diameter. For sizes 3.50 inches through 6 inches 
diar.ieter, maximum pressure decreases as diameter increases. 

Maucimum Operating Temperat~e: The naximum operating air temperature 
for all coupling sizes is 1000 F. 

Remarks= 	 -- __ 
a. Available with fail-safe feature. 

b. Coupling indeaes flanges on O.D, of flange. 

c. Available in heavy duty series for higher bending loads. 

. 
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~ate_ ria18: Corrosion Resistant Steel~ ~4etallic Gasket 

Tools to Install: Torque Wrench 

Duct Sizes: 1 inch through 5 inches diameter in 0.50 inch incrementa. 
Some sizes available in 0.25 inch inerements. 

Maxi.mwn_O~erating Preasure: 300 psig or greater for sizes 1 inch 
through 3. inches diameter. For sizea !t inches through 5 inches~ 
maximwn operating pressure decreases as diameter increases. 

Ddaximum Operating Temperature: The maximum operating air te~perature 
for all coupling sizes is 1000 F. 

Rsmarka: Available in heavy duty seriea Por higher bending loads 
~rith operating pressures greater than shown. Variaus types of 
gaskets available depending on temperature. 

~ 

• 
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~pe "~n 

Materfals~ Corrosion resistant steel~ metallic gasket 

Tools to Install: Torque ~rrench 

Duct Sizes_~ 1 inah through 12 inches diameter in 0.50 inch increments 
from 1 inch to 6 inches and 1 inch increments from 6 inchea to 12 
inches. Some sizes available in 0.25 inch increments. 

Bdaximwn Operati Pressnre~ 300 psig or greater for sizes 1 inch 
through 3. 0 inchea diameter. For sizes 4 inches through 12 inches~ 
the maximum onerating pressure decr~ases as diameter increases. 

Maximum Operatin~ Temnerature: The maximum operating temperature 
for all coupling sizea is 1000 F. 

Remarka: Varioue type gaskets available depending on temperature. 

. 
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Materials: Corrosion resistant steel~ metallic gasket. 

Tools to Install: Torque ~rrench. 

T,uct Sizes: 1 ineh and 2.50 inches diameter only tRO sizes established. 

~Saximum Operating Pressure: 300 psig or greater for both sizes. 

?~aximum 0 erati Tem rature~ 1000 F inaximum for 1 inch size and 
7 0 F for 2. inch size. 

Remarks: None. 

Type "Special'r 	

~ 

Material: Corrosion resistant steel 

Tools to Install: Torque vrrench 

Duct Sizes: As required 

Maximum Operating Pressure: As required 

Maximum Operating Temperature: As required 

Remarks: 

a. Typical machined flanges. 

b. Pressures and te~ ►perati~res dependent on gasket used. 

c. Infinite nuaber of special shapes available to customer ~pecification. 	• 
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2.1.~t.6a2 Bolted Couplings: 

TypeB "A" Snd 'B" 

Tyrpe "A" 
	

~ype "B" 

Materials: Corrosion resistant steel 

Tools to Install: Standard rrrenches 

Duct Sizes: ~rpe "A" couplings are available in the following sizes: 
l.? "~ 2.50"~ 2.75"s 3•50°~ l ► .00" lt.~0"~ 5.00". 

~ype "B" couplings are available in 2" and 3" si$es only. 

l~aximum Operating Pressure: 205 paig for all sizes both types of 
couplings. 

~faximutn Operating Temperature~ 750 F for all aizes both types of 
couplings. 

Remarka: Maximum operating temperature is 750 F when steel gaskets 
are used. 

. 

• 
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Ty~ nCrr 

/ 

Materials: 

a. Corrosion resistant steel ferrules and flanges. 

b. Gasket materials dependent on maximum operating tsmperatures. 

Tools to Install: Ferrules are mechanically attached (no welding) to 
tubes by special hand or power tools supplied by manufactia~er. 

Duct Sizes: 1 inch through 7 inch diameter. 1 inch through !t inches in 
0. inch incrementa~ l~" through 7" in 1.00" increments. 

~Maximwn Operatir~ Pressure= 300 psig or greater for all coupling sizes. 

~iaximum Operating Temperat~es: 1000 F for all sizea. 

Remarks: 

a. Nwmber of bolt holes increases as nominal diameter increases. 

b~ A similar coupling without ferrules is available for Welding to 
the duct. 

~ 

• 
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2.1.1~.603 Threaded Couplinga: 

~ nA" 

Materials: Ring nut~ threaded flange and flange ring made from 
corrosion resistant steel. 

Gasket materials dependent on operating temperatures. 

Tools to Install: May be installed with a standard atrap wrench. 
Special r►renches are available from manufacturer. 

Duct Sizea: 1 inch through 7 inches diameter~ in 0.50 inch increments. 
Some sizes available in 0.25 inch diameter increments. 

Maximum 0 erati Pressure: 300 psig or greater for aizea 1 inch 
through inches diameter. For sizea 6 inches through 7 inches~ the 
maximum operating pressure decreases as diameter increases. 

l~aximum Operating Temperature: 1000 F for all coupling sizes with 
metallic gasket. 

Remarks: Optional methods available for locking ring nut in place. 
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~ 

Materials: Nut~ coupling and ring, corrosion resistant steel — 
heat treated. 

Tools to Install: Standard type wren~ches. 

Duct Sizes: 0.25 inch through lt inches diameter. From 0.25 inch to 
1. 0 inches sizes are in 0.25 ineh increments. From 1.50 inches to 
3 inches si2es are in 0.50 inch increments. A 3.50 inch size has not 
been established. 

Maximum Operating Pressure: 300 psig or greater for all coupling size~. 

~aximum Operating Temperatura: 700~ for all sizes. 

Remarks: Designed for installation on AI~ID-10061 Tube Flare, except for 
very thin v~all tubing Rhich must be double flared. 

~e  nCn 

Materials: Nut and body corrosion resistant steel~ heat treated. 

Tools to Install~ Standard type ~rrenches. 

Duct Sizes: 2 and 3 and 1~ inch diameters. 

Maximum Operating Prassure: 300 psig or greater for all coupling sizes. 

Maximum Operatir~ Temperature: 700 F for all coupling sizes. 

Remarks~ Necessary to double flare thin ~all tubing to obtain good 
seal . 

. 

~ 
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2.1.1~.6.I~ Flexible Couplings: 

~e  npn 

v..~ 	 a..i ~ ~ ne+.. ~ ..,... 

. 

Washer 

Materials: Corrosion resistant steel~ elastomer ga~ket• 

Tools to Install: Standard wrenches. 

Duct Sizes: 0.75 ineh through 6 inches diameter in 0.50 inch increments. 
omS~ e sizes available 3n 0.25 inch diameter increments. 

*daximum Operatin~Pressure: 300 psig or greater for all coupling 
sizes. 

Maxim~ Operating Temperature~ 500 F for all coupling sizes. 

Remarks: Allowable angular deflection + 1t°. Capable of absorbing 
some rotary and axial motion. 
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Seal AssembJ,y 
(Continuoua Ring) 

Clamp Assembly 
(Hinged Halves) 

Materials: Corrosion resistant steel or al~inum clamp assembly~ 
elastomer seal with cadmium plated copper case or aluminum. 

Tools to Install: Scre~rrdriver. 

Duct Sizes= 1 inch through 1~.25 inches diameter in 0.25 inch diameter 
incrementa~ except a 3.625 size replaces the 3•750 size. 

Maximtun Operating Pressure: 125 psig for all coupling sizes. 

Maximum Operating Temperature: 1t80 F for all coupling sizes. 

Remarks: Allowable angular deflection f 1~°. Capable of absorbing 
some rotary and axial motion. 

. 

. 
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Ciamp Assembly 
(Hinged Halves) 

Band 

Gasket 

Materials: Aluminum clamp~ corrosion resistant steel bands, elastomer 

Tools to Install: Torque wrench. 

Duct Sizes: 0.75 inch through !~ inch diar+.eter in 0.25 inch diameter 
increments to 2 inch size. 0.50 inch increments from 2 inch through 
!~ inch size. 

Maximum Operati~~Pressure: 125 psig for all coupling sizes. 

b;a~cimwn Operating Temperature: ~00 F for all coupling sizes. 

Remarks: Allowable angular deflection ~ l~°. Capable of absorbing som~e 
rotary and axial motion. 

~'P~ nDn 

Clamp Assembly (Hinged Ha1ve~) 

Seal (Elastomer) 
Band 	 Contiriuous Ring 

rdateriale: Aluminum clamp assembly~ corrosion resistant ateel bands~ 
ela~tomer seal in aluminum case. 

Tools to Install: Torque xrench. 

Duct Sizes: 1 inch through 1~.50 inches diameter in 0.50 inch increments. 
om~e sizes available in 0.25 inch diameter increments. 

b:aximum Operating Preasure: 160 psig for all coupling sizes. 

~aximum Operating  Temperature: It00 F for all coupling size8. 

• I 	 Remarks: Allowable angular deflection a 1~°. Capable of absorbing 
some rotary and axial motion. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p6

99
b

https://saenorm.com/api/?name=cf6a985e63703b9ff766716ca5190ce2


	

~ 6 9 9 B ~~~~ 2-15-60 	LODP PRESSUftE HIGH T~+IPERATURE PNEUMATIC 

	

Revis~d 12-15-63 	DUCTING SYST~34S (30p  PSI AND 1000 F MAXIMU~I) 

- !t2 - 

2.1.5 Duct Syatem Design Loade: 

2.1.5.1 Design Operatinr~ Conditions~ All ducts must be designed to withstand Proof 
and Burst Pressure conditions as outlined in Para. 2.1.1.3. 

2•1•5•2 Bendin~Loads: Ir~flight bending loads may be caused by airframe deflec- 
tion, thermal expansion and/or pneumatic loads which may be imposed on 
dwcts by ~unctions~ benda and pressure pulsations. 

2.1.5.3 Column Loads (Compression S ystems~, : Column loads may be imposed on the 
ducts by end reactions of flex-sections or slip ~oints~ or by the longi- 
tudinal reaction of supporting brackets. A duct section in compression 
being acted upon by these forces rill exhibit all the characteristics of 
a pin-ended Euler column. Consequently~ the distance betwreen supports 
must be sufficiently short to prevent unstable column failure. 

2.1.5.1~ Thermal F.ycpansion: Design of a duct system must include a consideration 
of differences of thermal expansion between system components caused by 
differences in ther~al expansion coefficients and by differences in 
operating temperatures of physicallq attached components. In making 
proviaions for thermal expansion it is assumed that the system components 
and the strueture are installed at 70 F. Normally, the greatest expansion 
differential occurs on a uinter clay with the structure cooled to -65 F and 
the ducting being heated to the maximum operating temperature possible 
for the winter day condition. However, the design should inclwde a survey 
to determine whether ariy operating condition might possibly cause more 
serious expansion differentials. 

2.1.5•5 Pneumatic Loads: These loads include dyn~amic pulse loads resulting from 
rapidly opening and closing valves and pneumatic thrust loads at duct 
terminal points a~d bends. 

2.1.5.6 Installation Loads: bAanufacturing and installation tolerances of duct 
assemblies and supports can result in initial misaligmnents. Loads created 
by misalig~ent should be accounted for in the duct and bracket design. 

2.1•5.7 Dttict Ovality: One of the most important and difficult factor~ to define 
by design limits is the allawable out-of-roundness or ovality of a duct 
segmem. Pressure a~ temperature cannnt be established as the sole 
ariteria Por establiehing dt~et wall thiclmess; they do ho~ever, establiah 
a adnimum allawabla gavge. Final acceptance of any straight~ curved, or 
branahed section 1ri].1 necessarily be based on fatigue tests of out-of=round 
sactions. Qn thia basis it may be fovnd that wall thicic~eae may differ 
for drawn anci fneion welded ducts and for iattial degreee of ovality and 
induced ovality dv~e to airframe deflection. 

2.1.5.8 Maxim~an Stresses in Ducts: To deterroine the maximum principal stresses 
consider the combined streases of shear~ au~ial Piber tension and/or 
compressioa and hoop tension due to internal pressure by applying the 
method of Mohr~s Circle. Each principal atress (tension~ compression and 
shear) so obtained multiplied by a factor of 1.5 must be belo~ its 
corresponding Yield Strength x 1.5 or below its Ultimate Strength for the~ 
material considered, whichever ia lower. 

. 

i 
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2.1.5.9 4ibration Loada: 1Rhile almost ariy part may be susceptible to fatigtia 

failure, duct assemblies in particular should b~,especially irroestigated 
since they are exposed to several types of vibration loading. The designer 
should be aware oP 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 ahould particularly be avoided. 
Vibration may be induced by internal air flow excitation~ external air 
flow excitation, arnd transmission through structural members and supporta. 

2.1.6 D~t System Supports: 

2.1.6.1 Comp~ession Systems: 

2.1.6.1.1 Types of Sup,port Brackets: Fixed (anchor) brackets should be ueed to 
absorb loada resulting from thermal expansion or intern,al presaure. 
Anchor brackets must also absorb side loada due to duct misalignment~ the 
apring rate force of compressed flex—sections~ and the duct section 
pressure drop loads. Movabla (guide) bracketa should be ueed for inter— 
mediate or end support of the ducting. 

2.1.6.1.2 Location of Supports~ Straight ducts should hane a minimum of two 
supports. Additional supports should be used to provide rigidity in 
critical clearance areas~ to minimize duct vibration~ and to prevent 
elastic buckling or column failure. The distance bet~een the dwct and 
aupporting struct~e should be kept as small as possible. 

2.1.6.1.2.1 dcpansion Devices: Supports should be provided on each side of device 
to insure axial loading and minimize "aquirm". They should be placed 
as close to the device as practical with 1/2 duct diameter or 3" as a 
maximum distance. Only one support may be fixed. If intermediate 
anchors are used on the duct to prnvide for temperature growth of 
individual duat sections~ both supports at the expansion device may 
be movable. 

2.1,6.1.2.2 Change in Direction: Anchor bracketa should be prnvided at all pointa 
at xhich the dwct routing direction is changed and at which point a 
thrust load must be absorbed. If the direction of change is greater 
than 30 degrees~ use of fixed supports ad~acent to the tangency points 
of the bend will minimize eccentric loading on the brackets. 

2.1.6.1.2.3 Other Supports: Tees and similar dwct fittings should be rigidly 
supported in order to eliminate lateral motion ahich would reavlt from 
duct expansion. where duct ends are capped or closed off by a valve~ 
the duct should be anchored or provisions made for duct grawth. 

2.1.6.1.3 Support Strength Requirement~: Anchor brackets should be strong enough 
to resist a total load equal to the vector stmm of all loads which occ~ 
in each duct leading to the anchor point. The loads will result from a 
combination of internal duct pressure times the effective area~ the load 
required to compress the bellows, installation preload~ and the thrust 
resulting from change in direction of the moving fluid. (The last load 
ia small and can usually be neglected. Intermediate anchor brackata 
should be designed for the same loads as end anchor brackete in order to 
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handle a failure ~hich may subject the intermtsdiate brackets to full 
pneumatic load. Guide brackets should be strong enough to resist an4r 
combination of loads resulting from structural deflection or misalign- 
ment~ and from any side duct loading xhich may occur~ inaluding that 
resulting from a duct rupture. 

2.1.6.1.3.1 Desi n Values for Internal Pressure Loads: In compnting bracket loads 
at the anchor point or nnrmal to the duct axis~ a pressure tr ►ice the 
maxim~un 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 braaket deflection under application 
of normal operating loads should be kept to a minimum in order to 
insure adequate rigidity. A maximwn allowable deflection oP 0.0625 
inch ia recommended. 

2.1.6.1.~ Method oY Accurately Locating Supports: Tooling should be used to locate 
all ducting supports. Sufficient ad~ustment should be provided in the 
brackets to allow for installation tolerances. Duct support brackets 
should not be used to force the ducting into position. 

2.1.6.2 Tension Systems: 

2.1.5.2.1 T~pes of Support Bracket~: Anchor brackets should be provided for ma~or 
duct sections. Intermediate support~ 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. Inter►nediate guide brackets should be designed to 
accommodate ariy motion resulting from growth ~f the ducting system between 
anchor points. 

2.1.6.2.2 Support Strength Reqi,Ltrements: Anchor and guide bracke~s should be 
strong enough to resist the load equal to the vector swn of all loads 
occuring in each duct. All supports should be strong enough to resist 
any aombination of loads resulting from duct growth~ structural deflection, 
and bending of restrained bello~s. Consideration should also be 
given to side loads resulting from duct rupture. 

2.1.6.2.2.1 Design Values: For guide bracket loads, the product of the duct weight 
supported by the bracket times the airplane load factor should be used. 
Use a stress factor of 1.5 for loads resulting from dwct growth or 
defleation. For anchor bracket loads, refer to previous recommenda- 
tions in Para. 2.1.6.1.3.1. In areas where brackets may be inadvert- 
ently used as "hand-holds" or steps, the minimum design load should be 
200 powads in all directions. 

2.1.6.2.3 Method of Accurately Locating Supports: Tooling should be used to locate 
all ducting supports. Sufficient adjustment should be provided in the 
brackets to allow for installation tolerances. Duct support brackets 
should not be used to f orce the ducting into position. 

/ 

~ 
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2.1.7 Thermal Insulation: High temperature dwct systems may be insulated to 

prevent overheating of ad~acent 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 eli~ninate autogenous ignition hazards. Insvlation 
materials should have low wicking characteristica or be suitably protected. 

2.1.7.1 Ducts: Duct insutation should consist of an insulating medium enclosed 
in a moisture andfor vapor impervious cover as required. 

2.1.7.1.1 Materials: 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 ~ithout binders. 

A. 	~Qetallic Foil Coverings: 

T~P. LI~IT MATERIAL ADVI~NTAGES DISADVANTAGES 

lt00 F Aluminum Light ~eight, Low Poor durabiltty and 
Cost formability 

1600 F Stainless Steel 	Formability Weight, mediwn cost 
Durability 

1800 F 	Inconel 	 Forroability 	 Weight and high cost 
Strength 
Corrosion Resistant 

B. Coated Fabric Coverin~s: 
PRIMARY 

T~IIP. LIUtIT 	FABRIC 	COATING 	ADVANTAGES 	 DISADVANTAQE 

175 F 	Glass, cotton Vir~yl Plastic Low cost, fuel and LoW temperature 
or synthetic oil resistance, limit 

good abrasion 
resistance. 

275 F Glass Neoprene ~eather and oil Low temperature 
ftubber resistance~ good limit 

abrasion resist,ance 

275 F Glass Nitrile Good fuel and oil Poor weather 
Rubber resistance~ good resistance 

abrasion resistance 

500 F Glass Silicon~ High temperature Poor abrasion and 
Rubber and good weather fuel resistance. 

resistance. 

. 
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C. Insulating Materials: 

DE1~IT'~ 
TEMP. LIMIT MATERIAL 	LB/FT•s 	ADVANTAGES 	DISADVANTAGES 

	

700 F 	Steel Wool 	6- 30 	Med. Weight 	High Cost 

	

1100 F 	Glass Fibers 	3- 9 	Light Weight 	High Cost 

	

1200 F 	Aabestos 	15 - 25 	Med. Cost 	VPeight 

	

1600 F 	~ineral TNool 	8- 12 	I,ow Cost 	 VPeight 

	

2000 F 	Quartz B~icro- 
fibers 	3- 9 	Light Weight 	High Coat 

2.1.7.1.2 Removable T~rpe: 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 dwct at the time of installation. Of the 
two types~ the v►rap around insulation is more economical but it is 
uswally limited to straight sections. The preformed insulation lends 
itself Rell to irregular sections and ~oints. Fabric covered insulation 
is made using one of the insulation materials listed above~ and covered 
on one or both sides with a fabric. The outer fabric covering should 
be a durable moisture and/or vapor imperv3ous material. The edges 
should be adequately sealed. Insulation must have a vent~ located on 
the lower su~face 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 
metallic foil. The foil may be texturized to afford better fortning and 
handling characteristics. The edges should be hermetically sealed by 
welding, erimping or taping. This type duct insulation must also have 
a vent to allow for equalization of pressure. Insulation blanketa are 
attached to ducts by snap fasteners, straps~ and lacing, sewing or taping 

2.1.7.1.3 Integral T~~qe: Integral insulation may.be  fabricated by attaching the 
insulating batt directly to the duct by rrrapping with a cover material 
and processing the cover to form a unitized construction. Covers of 
metallic foil xelded to the duct at each end, and suitably supported by 
the insulation~ can be used throughout the temperature range indicated 
in this document. Fiberglass cloth impregnated With high temperature 
resins can be wrapped around duct insulation and cured to form a 
satisfactory cover for lower temperatures. A pressure-equalizing vent 
must be provided in the same manner as for the removable type. 

. 

~ 
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2.1.7.2 Equipment and Components: Insulation for items such as valves, couplings 
and flex-sections is fabricated using the same materials and techniques as 
for ducts. The irregular shapes encountered in these components require 
more complicated patterns and tooling. Insulation may be attached using 
the normal duct insulation attachment techniques. Insulation for flex- 
~ections must incorporate the required flexibility. 

2.1.7.3 Support Brackets: Insulation may be incorporated to minimize the amount 
of heat loss through support brackets. It is desirable ~that such insulation 
be placed as close as possible to the heat source in order to limit the 
bracket temperature. 

2.1.7.3.1 Insulating Materials: Several of the insulating materials which can 
be used to reduce heat loss through duct supports are as follaws:: 

TFMP. LIMIT MATERIAL CONDITIpN GENERAL APPLICATIONS 

l~00 F Hi temp thermo set- Rigid Sheet Insulation at structural 
ting re in impre - 
nated g~ass clot~ attachment. 

500 F Silicone impregnated Rigid Sheet Insulation at structural 
glass cloth attachment. 

1000 F Compressed Mineral Rigid Sheet Insulation shield (very 
Board little structural strength) 

1100 F Qlass Flber g  Batting 1Nrap-around insulation 
between du~ct and support 

1200 F Asbestos Rigid Sheet Insulation shield (very 
little strwctural strength) 

1200 F Asbestos Heavy Fabric ~Prap-around insulation 
between duct and support 

2000 F Quartz Fibers Batting Wrap-around insulation 
betxeen duct and support 

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

2.2.1 Qualification of Components: The following test requirements are for ducts~ 
couplings~ flex-sections~ ~oints and insulation. The maximum allowable 
tolerance on the test conditions should be as followa: 

a. Temperature: ± 5 F up to 250 F 
+ 10 F up to 500 F 
~ 15 F above 500 F 

b. Pressure: + 3~ of absolute valwe 

c. Flows 	♦ 5% 	 ~ 	. 
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d. Vibration Amplitude: ~ s~ 

e. Vibration Frequsncy: +~ 2~ 

2.2.1.1 Dv~ct Qnalification Tests: Qualification tests may be conducted by the 
duct Fabrfcator~ the airframe manufacturer~ or by a convnercial laboratory 
deemed auitable by the airframe manufacturer. Upon satisfactory qualifi- 
cation the vendor shall submit a reproducible certified copy of the test 
results. Qualification tests shall be conducted on one (1) production 
sample and consiat of the following tests in the order listed: 

a. Leakage test 

b. Pro~f pressure test 

c. Endurance test 

d. Vibration test 

e. Burst pressure test 

Burst ~essure 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 Ambient Temperature and Pressu~e: Unless otherwise specified on the 
applicable dravring, the equipment shall be tested at an ambient 
temperature of 70 F arid an ambient pressure of approximately 29•9 
inches of inercury. 

2.2.1.1.2 Tests: 

2.2.1.1.2.1 Leakage Test: Leakage tests shall be conducted at room temperature 
and proof pressure as indicated in Para. 2.2.1.1.2.2. No leakage of 
the basic duct shall be permitted. 

2.2.1.1.2.2 Proof Pressure Test: The duct shall be proof preasure tested at 1.5 
times the pressure at the most critical combinatiom of pressure and 
temperature occuring in the duct with a simgle component malfunction. 
Ducts x3.th operating presaure belox 2 psig shall be proof pressure 
tested to at least 3 psig. No part of the duct ~hall fail, take any 
permanent set, or be damag~d in ar~y manner as a result of the above 
test. 

/ 

. 
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2.2.1.1.2.2.1 Optional Proof Pressur~ T~st: 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 ia 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 tesaperature. 

2.2.1.1.2.j Endurance Test: The duct shall be sub~ected to a pressure cycling test 
at operating temperature and pressure as specified on the applicable 
drawing. Alternately, the test may be conducted at room temperature 
provided the test pressure is increased to compensate for the reduction 
in allowable stres~ which would occur at the operating temperature 
level. The duct shall be cycled between the specified test pressure 
and a pressure level xithin 10~ of the specified minimum pre~sure for a 
minimum of 5000 cycles at a minimum rate of one cycle in 10 seconds. 
The maximum number of pressure cycles should be determined on the 
bas3s of the number of functional cycles expected during the life of 
the part. No part of the duct shall fail, take any permanent set or 
be damaged in any manner as a result of this test. 

2.2.1.1.2.1~ Vibration Test: The duct (only those incorporating welded brackets 
used for support) shall be vibration tested in accordance with 
MIL-E-5272, Procedure I, or an equivalent specification noted on the 
applicable drawing. 	 , 

2.2.1.1.2.5 Burst Pressure Test: The duct shall be burst pressure tested at 2.5 
times the pressure at the most critical combination of pressure and 
temperature occurring in the duct with a single component malfunction. 
Room temperature air may be used for this test provided an alternate 
equivalent burst pressure for this reduced temperature condition is 
used. The duct shall not repture during this test. Deformation 
resulting from this.  test shall be permitted and the part need not be 
functional after test. 

2.2.1.2 Qualification Tests of Compensation and Deflection Devices: 

2.2.1.2.1 Restrained 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. FloK Resonance Test 

c. Proof Pressure Test 

~ 
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d. Pressure Drop Test 

e. Endurance Test 

f. Vibration Test 

g. Deflection Force Test 

h. 	Burat Preasure Test 

2.2.1.2.1.1 	Test Conditions: 

2.2.1.2.1.1.I 	Ambient Temperature and Pressure: 	Same as Para. 2.2.1.1.1.1, 

2.2.1.2.1.2 	Tests: 

2.2.1.2.1.2.1 	Leakage Test: 	Same as Para. 2.2,1.1.2.1~ 

2•2•1•2.1.2.2 	Flow Resonance Test: 	This test shall be conducted on one sample 
asaembled into a test duct. 	The assembly shall be sub3ect to the 
range of f1oRS at the pressure and temperature specified on the 
applicable drawing to determine the flow rate at which the most 
severe resonance condition occurs. 	Sub~ect the assembly to the flow 
at which the moat severe resonance occurred for 50 hovrs. 	If no 
resonance condition is encountered over the flow range specified~ , discontinue the test. 

2.2.1.2.1.2.3 	Proof Pressure Test: 	Same as Para. 2.2.1.1.2.2. 

2.2.1.2.1.2.~ 	Pressure Drop Test: 	The pressure dro p test shall be conducted on one 
9amp18. 	The total or static pressure drop shall not exceed 20~ of the 
velocity head at the design duct Mach number. 	 ~ 

2.2.1.2.1.2.5 	End~ance Test: 	The endurance test shall be conducted on one sample o 	the belloxs xhile at the operating temperature and pressure 
specified on the applicable drawing. 	Cyclically deflect one end of 
the asse*~bly through the angular motion, number of cycles and cycle 
rate specified on the applicable drawing. 	It is suggested that a 
cycle should consist of plta9 5 degrees to minus 5~degrees from normal 
and back to normal~ and that 10,000 cycles should be applied between 
the frequency of 20 to 1t0 cycles per minute. 	In the eame manner, 
cycle the unit for an equal number of cyclee in a plane 90 degrees 
from that in which the previ.ous cycling was conducted. 	Before and 
after the endurance test the assembly shall be sub~ected to proof 
pressure test of Para. 2.2.1.2.1.2.3 and the deflections force test 
of Para. 2.2.1.2.1.2.7. 	The initial deflection plane used for the 
cyclic testa should be the plane requiring the maxim~ detlection 
force. 	Record the moments required to deflect the bello~rs for 
both tests. 	There shall be rbo leakage or evidenee of permanent 
deformation or galling of working surfaces as a result of this test. ~ 
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2.2.1.2.1.2.6 Vibration Test: The bello~s shall be vibration teated in two 
planes in accordance ni.th ~IIr-E-527?~,_ Procedure I~ or an equivalent 
specification as noted'on applicable dra~sings. Airflow should be 
used during the resonance survey to determine if it contributes to the 
vibration. If airflow does produce excitation~ the remainder of thia 
test should be conducted at the critical velocity condition. 

2.2.1.2.1.2.7 Deflection Force Test: The deflection force test shall be condwcted 
on one sam~le of the belloWS to determine the moment required to 
deflect the unit 5 `,degrees in arry direction. 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 Para. 2.2.1.1.2.5. 

2.2.1.2.2 F'ree Bellows Qualification Tests: ~,lualification teata shall be 
conducted on one (1) or more samples as required and consist of the 
follow3.ng tests: 

a. ~eakage Test 

b. F1oW Reso~nce Test 

c. Proof Press~e Test 

d. Endurance Test 

e. Vibration Test 

f. Bur~t Pressure Test 

2.2.1.2.2.1 Test Conditions: 

2.2.1.2.2.1.1 Ambient Temperat~e and Pressure: Same as Para. 2.2.1.1.1.1. 

2.2.1.2.2.2 Tests~ During the following tests the belloWS shall be restrained 
at both ends to prevent buckling and movement along the longitwd3ual 

2.2.1.2.2.2.1 Leakage Test: Same asPara. 2.2.1.1.2.1. 

2.2.1.2.2.?.2 Flow Resonance Test: Same as Para. 2.2.1.2.1.2.2. If the unit 
incorporates a liner, a reverse flow test should also be conducted 
unless the unit is marked for flow in one direction only. 

2.2.1.2.2.2.3 Proof Preasure Test: Same as Para. 2.2.1.1.2.2. 

2.2.1.2.2.2.1~ Endurance Test: The endurance test shall be conducted on one sample 
o~ he e ws while at the operating temperature and pressure 
specified on the applicable draxin~. It is recommended that the 
assembly be fleaed for 20~000 cycles at a stroke of 15~ compression 
and 10~ extension based on the normal active length (L) of the 
bellows. The assembly shall be mounted with the longitudinal aais of 
one end offset parallel with respect to the other end. This offset 
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shall be equal to .02L 2/b; Where L,is the.bellows length and 
D ia the nominal duat diameter~ as shown in Figure 21. A flexing 
cycle is defined as a change in duct length from the comp~essed 
position tro the exter~ded position and return to the compressed 
position. The cycling frequency shall be between 20 and 1~0 cycles 
per minute. 

2•2.1.2.2.2.5 Vibration Test: Same as Para. 2.2.1.2.1•2.6. 

2.2.1.2.2.2.6 Burst Pressure Test: Same as Para. 2.2.1.1.2.5. 

2.2.1.2.3 Comvensatin~ Joiut: 

Qualification Tests: Qualification tests shall be conducted on one (1) 
or more sa*nples and consist of the following tests: 

a. Leakage 

b. Proof Pressure 

c. Vibration 

d. Flexure and End~ance 

e. Compensation Valve 

f. Burst Pressure 

Biast pressure teat may be conducted on a aeparate sample in order to 
eacpedite the test program. 

2.2.1.2.3.1 Test Conditions: 

2.2.1.2.3.1.1 Ambient Temperatures and Pressurea: Same as Para. 2.2.1.1.1.1. 

2.2.1.2.3.2 Tests: 

2•2.1.2.3.2.1 Leakage Test: Sam~ as Para. 2.2.1.1.2.1. 

2.2.1.2.3.2.2 Proof Pressure TeSt: Same as Para. 2.2.1.1.2.2. 

2•2•1•2•3•2.3 Vibration Test: The unit shall be supported unpreasurized by its 
mounting bracket and/or its coupling flanges and ahall be vibration 
tested in accordance w3.th MIL-E-5272~ Procedure I or equivalent 
specification as.noted on applicable drawings, 

2•2.1.2.3.2.l~ Flexure and Endurance Test: The unit shall be compressed a~cially 
from its normal unstressed, unpressurized position to its full design 
compreased position while sub~ecting it to the internal operating 
pressvre and temperature specified on the applicable drawing. One 
flexure cycle shall consist of compressing the unit axially from the 
normal position to the full design compressed position and return 
to the normal position. At the specified operating conditions the 

~ 

~ 

. 
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unit shall be sub~ected to a total number of cycles and at a cycle 
frequency specified on the applicable drawing. It ia recommended 
that 15~000 cycles be used with a cgcle rate of 20 to 1~0 cycles per 
minute. One-third of the cycles shall be run with the compensator 
in ita norroal position; one-third of the cycles shall be run under a 
deflective bending moment as specified by the applicable drav ►ing; the 
remaining third of the cycles shall be run under a deflective bex~ing 
~ment 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 Para. 2.2.1.2.3•2•2~ 
the leakage requirements of Para. 2.2.1.2.3.2.1 and the dimensional 
requirements. 

2.2.1.2.3.2.5 Compensation Value Test: ~Pith the unit at operating pressure and at 
normal installed length the amount of over or under compensation 
(axial load) shall be recorded. 

?..2.1.2.3.2.b Burst Pressure Test: Same as Para. 2.2.1.1.2.5. 

2.2.1.2.1t bcpansion Bends (Omsga, U, etc.) Qualification Tests: The following 
qualification tests, except the Burst Pressure Test, shall be conducted 
on the complete ducting system. Burst Pressure Tests shall be conducted 
on only the expansion bends. 

a. Endurance 

b. Leakage 

c. Proof Pressure 

d. Burst Pressure 

2.2.1.2.1t•l Test Conditions: 

2.2.1.2.l~.1.1 Ambient Temperature and Pressure: Same as Para. 2.2.1.1.1.1. 

2.2.1.2.1~.2 Tests: 

2.2.1.2.l~.2.1 Endurance Test: Pressure and temperature cycling tests shall be 
conducted on a complete ducting system utilizing production ducting~ 
expansion bends, and components~ supported in such a manner as to 
simulate actual aircraft installation and structure rigidity. Sub3ect 
the entire system to a minimum of 5000 pressure and ter~perature 
cycles~ or to the naximum number of cycles equivalent to the expected 
service life of the system. The test is to be conducted with air at 
the operating temperature and pressure specified on the applicable 
drawing. One cycle shall consist of the following: 

a. Open all system valves and introduce hot air to the system unti.~ 
all components have reached the stabilized operating temperature 
specif ied. 

b. Close all system valves and pressurize to the operating pressure 
specified. 
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c. Open all system valves and allow system to decay to ambient 
temperature and to between zero and 10~ of the maximUm pressure. 

2.2.1.2.1~.2.2 Proof Pressure Test: The entire duct system shall be proof pressure 
tested par Para. 2.2.1.1.2.2 following the test of Para. 2.2.1.2.l~.2.1 

2.2.1.2.lt.2.3 Leakage Test: The leakage test shall be conducted on the entire 
ducting system per Para. 2.2.1.1.2.1 except leakage as specified on 
the applicable drawing shall be permitted. 

2.2.1.2.?~.2.I~ Burst Pressure Test: The burst pressure test per Para. 2.2.1.1.2.5 
shall be conducted on the individual expansion bends and duct sections 

2.2.1.2.5 tional bc nsion Bends (Ome a U etc.) Qualification Test: Qualifica— 
tion tests shall be conducted on one 1 sample of each configuration and 
consist of the follawing 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 TemUeratures and Pressures: Same as Para. 2.2.1.1.1.1. 

?..2.1.2.5.2 Tests: 

2•2.1.2.5.2.1 Enduranee Test: Sub~ect the test sample to a minimum of 5000 pressure 
and temperature cycles~ or to the maximum number of cyc].es equivalent 
to the expected service life of the part. The bend shall be installed 
in a test setup simulating aircraft installation 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 sxpansion caused by the system in which thia unit 
is used. One cycle shall consist of the following: 

a. Sub~ect the unit to air at the operating temperat~e and pressure 
until it has reached a stabilized temperature. 

b. Apply mechanical load. 

c. Dump pressure and remove the mechanical load. 

2.2.1.2.5.2.2 Leakage Test: Same as Para. 2.2.1.1.2.1. 

2•2•1.2.5.2.3 Proof Pressure Test: Same as Para. 2.2.1.1.2.2. 	 ~ 

2.2•1.2.5.2.1~ Burat Pressure Test: Same as Para. 2.2.1.1.2.5. 
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2.2.1.2.6 Ball Joints: Qualification Tests on units similar in material gage and 
construction shall be conducted on one (1) sample of the largest and 
smallest diameter, and consist of the following tests: 

~ 

~ 

• 

a. Leakage 

b. Proof Pressure 

c. Vibration 

d. Deflection Moment 

e. Enduranee 

f. Burst Pressure 

2.2.1.2.6.1 Test Condition: 

2.2.1.2.6.1.1 Ambient Temperatures and Pressures: Same as Para. 2.2.1.1.1.1. 

2.2.1.2.6.2 Tests: 

2.2.1.2.6.2.1 Leakage Test: Leakage shall be determined at the specified operating 
temperature and proof pressure. The value specified on the applicable 
drawing shall not be excseded. 

2.2.1.2.6.2.2 Proof Pressure Test: Same as Para. 2.2.1.1.2.2. 

2.2.1.2.6.2.3 Vibration Test: The unit shall be vibration tested in tvro planes in 
accordance with MIL-E-5272~ Procedure I~ or equivalent specification 
as noted on applicable drawing. 

2.2.1.2.6.2.1~ Deflection Moment Test: The deflection moment teet shall be conducted 
with the unit pressurized to the operating pre~sure and temperature to 
determine the moment required to deflect it in any direction to the 
angle specified on the applicable drawing. The maximum moment allow- 
able for each diameter shall not eaceed the value specified on the 
applicable dra~ring. 

2.2.1.2.6.2.5 Endurance Test: The endurance test shall be condwcted with the unit 
at the operating temperature and preasure specified on the applicable 
drawing. Angularly dePlect one end of the assembly through the 
angular motion~ number of cycles~ and cycle rate specified by the 
applicable draRi.ng in the plane of one of the struta (when used). It 
is auggested that a cycle should consist of a pins and minus 5 degree 
deflection from normal and back to ~rmal~ and that 10~000 cycles 
should be applied bet~reen the frequency of 20 to !t0 cycles per minute. 
In the same manner cycle the unit for an eqnal amount of cycles in a 
plane 90 degrees from that in which the previous cycling waa con- 
ducted. Before and after the endurance test the assembly shall be 
sub~ected to proof preasure test of Para. 2.2.1.2.6.2.2 and the 
deflection test of Para. 2.2.1.2.6.2.lt. Record the moments required 
to deflect the bellawa assembly for both tests. There shall be no 
evidence . of permanent deformation or galling of ~ ►orking surfaces as a 
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result of this test. Leakage shall not exceed the valu~e spacified 
oa the applicable drawing. 

2.2.1.2.6.2.6 Burst Pressure Test: Same as Para. 2.2.1.1.2.5. 

2.2.1.2.7 Slip Joint Qualification Tests: Qualification tests on units similar in 
material gage and construction shall be conducted on one (1) sample of 
the largest and smallest diameter, and consist of the following tests: 

a. Leakage 

b. Proof Pressure 

c. Endurance 

d. Vibration 

e. Burst Pressure 

2.2.1.2.7.1 Test Conditions: 

2.2.1.2.7.1.1 Ambient Temperatures and Pressures: Same as Para. 2.2.1.1.1.1. 

2.2.1.2.7.2 Testa: 

2.2.1.2.7.2.1 Leaka~e Test: Same as Para. 2.2.1.2.6.2.1. 

2.2.1.2.7.2.2 Proof Pressure Test: Same as Para. 2.2.1.1.2.2. 

2.2.1.2.7.2.3 Endurance Test: The endurance test shall be conducted with air 
cycled at the specified operating temperature and pressure for the 
number of cycles arhd cycle rate specified by the applicable drawing. 
It is auggested that 10~000 cycles be applied at a rate betareen 20 
to 1~0 cycles per minute. One cycle ahall consist of stabilizing the 
unit at the operating temperature~ pressurizing to operating 
pressure and dumping pressure. I~nediately follo~ring endurance te~t 
sub~ect the unit to the leakage test of Para. 2.2.1.2.6.2.1. 

2.2.1.2.7.2•!~ Vibration Test: Same as Para. 2.2.1.2.6.2.3. 

2.2.1.2.7.2.5 Burst Pressure Test: Same aa Para. 2.2.1.1.2.5. 

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 folloxing: 

a. Examination of prodwct 

b. Leakage Test 

c. F1aw Resonance Test 

d. Proof Pressure Test 

e. Pressvre Drop Test 

~ 

~ 

• 
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f. End~ance Test (Service Life) 

g. Vibration Test 

h. Burst Pressure Test 

i. Sand - Dust 

~ . Torque 

k. Fire Test 

2.2.1.2.8.1 Test Condition: 

2.2.1.2•8.1.1 Ambient Temperature and Press~e: Same as Para. 2.2.1.1.1.1. 

2.2 a .2.8.1.2 Tests: 

2.2.1.2.8.1.3 E~amination of Product: Each test sample shal.l be carefully examined 
to determine conformarnce with the specifications and the suppliers 
detail drawings for dimensions~ tolerances, w eight, workmanship~ 
design, marking, cleanliness, and any visible defecta. 

2.2.1.2.8.1.1t Leakage Tests: Same as Para. 2.2.1.2.6.2.1. 

2.2.1.2.8.1.5 Flon~r Resonance Tests: At least one test saTple shall be sub~ected to 
flow tests to determine resonance conditions. The test sample shall 
be sub3ected to the complete range of flows and temperatures as shown 
on the applicable drawings or specification. If a resonant condition 
is found~ the test sample shall be sub~ected to a 50 hour test using 
the flow rate and temperature producing the most severe resonance. 
The test sample shall show no structural deterioration at the end of 
the 50 hour test period and suceessfully pass the Leakage requirements 
stated in Para. 2.2.1.2.8.1.Lt. 

2.2.1.2.8.1.6 Proof Pressure Test: Each test sample shall be subjected to at least 
an air pressure of 1.5 times the normal operating pressure and an air 
temperature equal to the maxim~m temperature specified on the 
applicable drawings or apecification. 

If desired and mutually agreed to, the proof pressure test may be 
conducted using air at 70 F providing the test pressure is increased 
to compensate for the allowable stress reduction in test sample 
material at the maximwn operating temperature. The test sample shall 
~rithstand the proof pressure co nditions without failure of any part or 
without exhibiting permanent set or experiencing any damage which 
would preclude operation at r~ormal operating conditions. 

2.2.1.2.8.1.7 Burst Pressure Test~ At least one representative production test 
sample shall be sub~ected to a burst test pressure of at least 2.5 
times the rnaximum bleed pressure while at the maximum temperat~me 
specified on the applicable drawings or specification. The test 
sample shall not rupture~ hovrever~ deformation and non-operation after 
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the above burst test shall not be reasona for failure to pass this 
test. 

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 3oint would cause additional pressure 
drop greater than an equivalent length of ducting and of the same I.Do 
as the system ducting incorporating the rotary ~oint. 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 3oints and the inter- 
connecting "U" duct~ as shoWn in Figure 22. The degree of rotary 
motion for each rotary ~oint should be at least 15'° or equivalent to 
the rotation required to satisfy the thermal expansion of the dwcting 
under consideration. 

Prior to the start of the endurance teat, the test sample shall be 
sub~ected to the following tests: 

~ 

a. Leakage 

b. Proof Pressure 

c. Torque 

The endurance.test shall consist of inducing ro tary motion in each of 
the two 3oints as required above for 20~000 cycZes. The test sample 
shall be sub~ected to the noz~r~al operating temperatures and pressures 
as required by detail drawings. The amount of Torque required to 
produce rotary motion shall be recorded continu pusly or at least 
every 100 cycles. 

Criteria of failure may be one or more of the following: 

a. Fxcessive part wear 

b. Leakage above maximum allawable 

c. Excessive Torque 

d. Permanent deformation 

2.2.1.2.8.1.10 Vibration Test~ The test sample shall be vibration tested in accord- 
ance with MIL-E-5272~ Procedure I, or to.special conditiflns noted on 
detail drawinga. The Bibration Test and Flaw Test may be combined if 
mutually agreed upono 

, 

• 
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2.2.1.2,8.1.11 Sand and Dust: The Test sanple shall be tested for Sand and Dust in 
accordance with MIL-E-5272~ ProcedUre I~ except that at the conclusion 
of the test the sample shall be sub3ected to the normal operating 
pressure and te~perature and shall be rot,ated through 10 cycles. The 
torqus required for rotation shall be noted. If the Torque is in ex- 
cess of the ~naximum allowed by the Specification, the unit shall be 
con~idered as failing to meet the operational require~ents after sand 
and dust testing. 

If mutually agreed upon, the internal surfaces of the test sample 
rnay be isolated and only the external surfaces sub3ected to the above 
sand and dust test. 

2.2.1.2.8.1.12 Tor ue: The torque characteristics of the test sample shall be 
determined by testing at the nor►nal. operating temperature and pres- 
sures. The allowable torque shall be stated in the detail specifica- 
tion or on the applicable drawings. The allowable Torque should be 
compatible with the ad3oining duct wall crippling stresses under 
conditions of axial movement induced by Thermal expansion or 
contraction. 

2.2.1.2.8.1.13 Fire Test: A test sample shall be sub~ected to a fire test if 
required by installation requirements. 

2.2.1.3 Duct Cou li 	ualification Tests: G~ualification 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 . B~st Pressure 

Optional Tests 

a. Repeated Assembly 

b. Initial ~isaligrnnent 

c. Temperature Shock 

d. Torsional Moment 

2.2.1.3.1 Test Conditions: 

2,2.1.3.1.1 ~ient Temperature and Presaure: Same as 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p6

99
b

https://saenorm.com/api/?name=cf6a985e63703b9ff766716ca5190ce2


~6 9 9 B ~~'u°d 2-15-60 	 LOVP PRESSURE HIGH T~PERATURE PNEUMATIC 
a•vts•d 12_15-63 	DUCTING SYSTII~dS (300 PSI AAID 1000 F BdA%IMUb~) 

—60— 	 . 

2.2.1.3.2 Tests: 

2.2.1.3.2.1 Proof Pressure Test: Same as Para. 2.2.1.1.2.2. 

2.2.1.3.2.2 I,eaka e Test: The coupling should be asse~nbled on a test vessel 
Figure 2 or similar) and pressurized to the level at which leakage is 
to be determined. A.fter the temperature of the air in the test vessel 
is stabilized the pressure decay shall be recorded each minute fur 5 
minutes. The leakage in SCFM shall be calculated and compared with the 
allov►able apecified in Para. 2.1.l~.2. 

2.2.1.3.2e3 Endurance Test (Bendi Moment): The endurance test shall be conducted 
on one 1 sample of the duct coupling while at the temperature and 
pressura specified on the applicable dravring. For this test the coup- 
ling shall be mounted as shown in Fi~ure 23. The free end of the 
assembly shall have a bending moment of the magnitu~de specified on the 
applicable drawing applied alternately in opposite directions for a 
total number of cycles ar~ at a cycle rate as specified by the dravrir~g. 
It ia suggested a total of 20~000 cycles be applied at a cycle rate 
between 10 and 1~0 cycles per minute. One cycle shall consist of apply- 
ing the Ioad in one direction~ then in the opposite direction and back 
to normal. There ~all be no permanent deformation of the coupling or 
leakage in excess of the permissible amount speaified on the applicable 
dra~►ing as a result ot 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. 

2.2.1.3.2.1t Repeated Load Test: The du~et coupling shall be assembled for this test 
as ahown in Figure 21y and sub~ected to a cycling test at the pressure 
and temperature specified on the applicable drawing. The maximum 
preasure ahall be applied and relieved to between zero and 10~ of the 
maximum pressure for a minimum of 20~000 cycles at a cycle rate between 
10 and I~0 cycles per ffi.nute. There shall be no permanent deforriation o~ 
the coupling or leakage in excess of the amount specified on the 
applicable drawing. 

2•2•1•3.2.5 Vibration Test: The duct coupling shall be assembled as shown in 
Figure 2 and be sub~ected to a vibration test in accordance with 
MIL-E-5272, Pr'ocedure I~ or equtvalent specification as noted on the 
applicable drawing. During this test the assembly shall be pressurized 
to the value specified on applicable drawing. 

There shall be n~o permanent deformation of the coupling or leakage in 
excess of the amount specified on the applicable drawin~. 

2.2.1.3.2.6 Burst Pressure Test: Same as Para. 2.2.1.1.2.5. 

2.2.1.3.2.7 Repeated Aesembly Test: The coupling should be connected to and dis- 
conneeted from the pressure test vessel, (Figure 23 or similar) fifteen 
successive times. The ~oint should be actually taken apart ao that the 
mating parts are disturbed, rather than merely, loosened. After the 3rd, 	~ 
6th, 9th, and 12th assembly the coupling should be sub~ect to the 
pressure for ~►hich initial coupling leakage was determined (Para. 
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2.2.1.3•2.2~ After the lsth assembly~ the test pressure should be held 
for 15 minutes and the leakage determined. In no case should the leakage 
exceed that specified on the drawing. 

2.2.1.3.2.8 Initial ~isali rnnent Test: The two halves of the pressure test vessel 
Figure 2t or similar should be installed in a~ig vrith a spacer .031 
inches diameter inserted radially bet~rreen the flanges on one side so as 
to separate them at this point, with the flanges in contact at the point 
diametrically opposite the spacer. The spacer should then be removed 
and the 3ig locked so as to maintain the condition of misalignment thus 
provided. With this arrangement the misalignment of the flanges will 
range from approximately 0.l~~ for the 5 inch size to 1° for the 2 inch 
size. The test coupling should be installed on the pressure vessel 
flanges and sub~ected to the pressure for which initial leakage was 
determined (Para. 2.2.1.3.2.2). The leakage should be determined, and 
should n,ot exceed the amount specified on the applicable drawing. 

2.2.1.3•2•9 Temperature Shock: The pressure test vessel with the test coupling 
installed should be soaked at.-65 F until stabilized. Air at the maximum 
operating tempera~ure expected during engine starting should then be 
allawed to flow through the test vessel until the coupling temperature 
reaches 65~ of stabilized temperature of the air. The rate of tempera- 
ture rise should be in accordance with the anticipated operating condi- 
tion. The discharge airflaw 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 shonld then be 
depressurized and the cycle repeated lt times. Leakage should not 
excesd that specified on the applicable drawing. 

2.2.1.3•2.10 Torsional Mnment Tests: The co upling should be mounted on a test 
f3xture similar to Figure 23~ but arranged so that a torsional load 
may be applied to one end of test vessel. The test vessel should be 
pressurized to the val ue at which the coupling leakage was initially 
determined (Parao 2.2.1.3•2.2) and the leakage checked. A torqu~e 
should then be applied to the fixture and the point at xhich coupling 
rotation occurs (break-,away torque) should be deterrained. Following 
this test~ leakage should be rechecked. Leakage should not exceed that 
specified on the applicable drawingo 

2.2.1.1t Insulation ~ualification Testa: 

2.2.1.It.1 ualification Tests of Fabric Covered Insulation: Qualification tests 
shall be conducted on one 1 or more samples as required arxl consist of 
the following tests: 

a. Thermal Conductivity Test 

b. Low Temperature Test 

c. Solvent kesistance Test 

d. Simulated Service Test 

e. Flammability Test 
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2.2.1.1~.1.101 Ambient Temperatures: Ambient temperatures ~hall be 70 F~ 15 unless 
otherwise specified on the applicable draWin~. 

2.2.1.l~.1.2 Tests: 

2.2.1.lt.1.2.1 Thermal ConductSvit~ Test: Ttie thermal conductivity test shall be 
conducted on a apecimen of the basic insulating material by the 
Guarded Hot Plate Method described by test C 177-~2 in the 1952 
Edition of ASTM Standards. 

2.2.1.1~.1.2.2 Law Temperat~e Test: The specimen shall consist of a one foot long 
cylindrical section. The specimen shall be sub~ected to a tempera- 
ture of -51~ C(-65 F) for a total of 2L~ hours after stabilization. 
At the conclusion of this test the specimen shall be examined. 
Deterioration due to the lovr tenperatnre exposure shall not be 
acceptable. 

2.2.1.1t.1.2.3 Solvent Resistance Test: The specimens shall consist of three (3) 
one foot long cylindrical sections with both ends sealed. Fach 
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 per cent increase in weight of the cover and the 
insulation independently. The insulation weight increase shall be 
zero per cent. The fluids to be used for this test are MIL-F-5621~ 
(JPl~) fuel, MIL-L-7808 lubricating oil, MIL-0-56p6 hydraulic fluid 
and Sl~ydrol if applicable. The test shall be performed by allowing 
each of the above fluids to flow over its own speCimen for a period 
of ten (10) minutes at the rate of 1.5 liter per hour. The fluid 
temperature shall be maintained at 250 F while each specimen is at 
room temperature. 

After the completion of the above tests each specimen shall be wiped 
clean of any excess fluid before reweighing. Re~reighing shall be done 
vribhin 15 minutes after the completion of the test. 

2.2.1e1~.1.2.1~ Simulated Service Test: The specimen shall consist of a one foot long 
insulated duct eection. The duct shall be heated internally to the 
maxim~n operating temperature apecified on the applicable drawing for 
a duration of 50 hours. The ambient temperature shall be maintained 
at a level representatine of service conditions. At the completion 
of this test the insulation shall shrn►  ~ evidence of deterioration. 

2.2.1.1~.1.2.5 Flammabilit.y Tes~: The specimen shall be sub~ected to a flammability 
test in accordance with method 2022 of Federal Specification L-P-l~06 
and shall meet the flammability requirements specified on the 
applicable drawing. 

~ 

~ 
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2.2.1.1t.2 Qualification Tests on Metal Covered Insulation: Qualification tests 
shall be condueted on one 1 or more samples as required and consist of 
the follo~ring tests: 

a. Thermal Conductivity Test 

b. Simulated Service Test 

c. Leakage Test 

2.2.1.1~.2.1 Test Conditions~ 

2.2.1.1t.2.1.1 Ambient Temperatures: Same as Para. 2.2.1.l~.1.1.1. 

2.2.1.1~.2.2 Tests: 

2.2.1.1t.2.2.1 Thermal Conductivity Test: Same as Para. 2.2.1.1~.1.2.1. 

2.2.1.1~.2.2.2 Simulated Service Test: Same as Para. 2.2.1.lt.1.2.11t. 

2.2.1.1t.2.2.3 Leakage Test: Seal vents in the cover and pressurize to 2 psig. No 
leakage shall occur. 

2.2.2 S,ystem Qualification: The following test requiraments apply to the complete 
ducting system mock-up. 

2.2.2.1 Test Set-up: ~'he duct syster;~ qualification must use a test setup that is 
representative of the system to be installed in the aircraft. All ducting~ 
ducting supports~ and purchased equipment shall be production articles. 
Insofar as possible the skeletm test structure should approximate the air- 
frame struct~e with respect to strength and stiffness. The test setup 
should include the identical system instrumentation and system controla as 
planned for the airplane. These elements should be oriented as to distance, 
elevation~ etc., as in the airplane. The test setup should include instru- 
mentation to indicate system operation and to aid in checking original 
system calculations. The system should include instrumenta~ion in pur- 
chased mechanical equipment to indicate operation under all conditions of 
duct system operation. The test setup should incl ude purchased equipment 
which has been successful in passing production functional tests. Faulty 
purchased equipment can delay and result in erroneous duct system test data. 
The test setup should provide a s uitable strwcture which will permit the 
accurate installation of the ducting system and associated equipment. The 
location of duct supports should be identical to the aircraft. The duct 
supports should be the same supports as designed and manufactured for 
aircraft use. 

2.2.2.2 Test Requirements~ 

2.2.2.2.1 Pressures and Temperat~es~ To avoid personnel in~ury in event of a 
fai 	he system test setup should be reviewed by responsible safety 
engineers and their approval secured. A schedule of pressure and tempera- 
tures 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. 

. 
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The source of temperature and pressure may be insufficient to aecurately 
follow the system changes. The desired degree of response to system 
changes should be determined during the formulationaf the test program 
and suitable test facilities secured. The duct system integrity should 
be demonstrated by sub~ecting the total system (purchased equipment and 
duct) to a proof pressure of at least 1.5 times the normal working 
pressure. This test ahould be conducted using air at operating tempera- 
ture. This test should be performed early in the test program to 
eliminate a~ 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 Rith various air flow rates must be coordinated. The system 
should be sub~ected to the fta].1 range of air flow8 expected on the 
airplane system and also at the rates of change of air flow expected on 
the airplane system. The effect of changes in air flow rates and system 
modulation on ducts~ duct supports arui equipment should be observed. 

2.2.2.2.3 Pressure and Temperature C_yclin~~ The system shall be subjected to a 
pressure or temperature cycling test for a total number of cycles 
equivalent to the expected service life of the system. The choice as to 
whether to conduct these tests at consta,nt pressure with varying tempera- 
ture or at constant temperature with varying pressure depends primarily 
upon the type of thermal expansion provisions utilized. It should ba 
noted that a temperature cycling test requires considerable more time to 
conduct than pressure cycling at constant temperature. Temperature 
cycling tests have previously been recommended for expansion bends as 
described in Pars. 2.2.1.2.~.2.1. 

2.2.2.2.1~ Thermal Shock: The system shall be tested for the effect of therrnal 
shock. 'rhe test shall consist of ter~r~erature cycling the complete ducting 
system based on the maximum ther*nal shock operation of the system. A 
te*nperature cyele shall consist of raising the temperature of the ducting 
syatem from a stabilized temperature to a specified higher temperature 
and held there until the ternperature is stabilized, then cooled to the 
original temperature. The rate of temperature rise should be based on the 
corresponding airflow expected at this condition~ and the number of cycles 
should be based on expected operation. A check of the system should be 
made at the completion of the test for malfunctions. 

2.2.2.2.Z Simulation of Airplane Vibration: The simulation of airplane vibration 
as induced in a duct aystem and components is desirable~ however~ the 
simutated eibration, (frequency and amplitude) should ba realistic and 
based on the best available vibration data and experience of comparable 
systems. 

The simulation of airplane vibration on large ducting systems may be 
expensive and unrealistic due to differences in test setup support struc- 
ture and actual airplane structure. The inclusion of equipment in the 
duct system ~rill require induc~d vibration characteristics in order that 
the total system be compatible. 

. 

. 

• 
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2.2.2.2.6 Simulation of Airframe Deflection: Airframe deflection data may be siaru- 
lated on the system test. Airframe deflections at limit load 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 shou7.d be conducted 
with the duct system at normal 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 manufac- 
turer desires to use the ground test setup. 

Three time spans may be considered, Minimum, Normal~ and Maximum. The 
Minimum time span would be the least amount of test time required to sub~ 
3ect the system to one cycle of the system performance requirements and 
proof pressure test. The Norroa,l time span would be the simulated airplane 
cycle of operation for a number of operating hours after conducting the 
syatem performance requirements and proof pressure test. The number of 
simulated airplane operating hours can be correlated to the overhaul. 
period or warrantee period of the ma3or 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 ducts~ supports~ etc. 
The valwe of such a test is questionable, since the life span of a duct 
is quite long compared to the mechanical equipment operating life span~ 
and since fatigue test results show a wide scatter. 

The duct system qualification endurance test time should be based on the 
service span desired plus a margin of service. The service sgan may be 
considered system operating time in hours or cycles of operation. Test 
time to prove the duct system may be shortened by recognizing the factors 
which affect ducting life and concentrating a greater portion of test 
time on these factors. These factors~ in general~ are associated with 
transitions in air flow~ pressure and temperature. 

2.2.2.2.8 Leaka~e~ The du~et system allov~able leakage must be computed from the 
known leakages of all components and ~oints in the total system. Leakage 
may be classified as to internal, external and control. Internal leakage 
is a factor in system operation and is generally asaociated xith the 
leakage past valve port closures of purchased components. The internal 
leakage of such components should be determined from inspection tests. 
bcternal leakage is associated with air lost from the system through dwet 
~oints, seals.at duct connections to components~ clearances around shafts 
and wear of shafts and seals. 

Control leakage is associated with dwct system components which use 
pnewaatic control elements and require sir "bleed-off" for proper control 
element operation. 

The air used or lost for operation of control elements may be insignifi- 
. 	 cant~ however~ when a total system leakage is being considered the acc~ 

mulated control element bleed-off air should be accounted for in determin- 
ing the total allowable system leakage. 

~ 

/ 
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2.3 1'roduction Inspection Requi.rements: Inspection test requirements are presented 

for production components and for the installed system. 

2.3.1 Duct Components or Assemblie~ of Components: Each unit shall be inspected 
for quality of materials, worlananship and conformance to the detail require- 
ments set forth in this document. In addition~ the following tests shall be 
performed: 

a. Leakage Test per Para. 2.2.1.1.2.1. 

b. Proof Pressure Test per Para. 2.?_.1.1.2.2. 

c. Ar~y routine manufact~ing tests which are required to ensure 
uniformity of the product and conformance ~rith the approved 
design and detail requirements of this document. 

2.3.2 Insulation: Each unit shall be inspected for quality of materials~ worlanan- 
ahip and conformance to the detail requirements set forth in this docwnent. 

2.3•3 Installed S.ystem: The installed duct system sho utd be inspected for the 
following: 

a. Completeness of system, including components, and control 

	

elements. 	 ~ 

b. Duct connections - inspect for proper torqus~ installation of 
gasketa, safety devices, insulation. 

c. Ducting - inspect for damage due to handling~ installation or 
improper cleaxance. 

d. Dweting - inspect for acceptable alignment. Inspect support 
structure and ducting. Check movable type brackets for ~oper 
location in relation to system expansion. 

eo Lealc~ge - inspect the total system for leakage. Use ground 
air source at a pressure level considerable less than normal 
operating to aid in discovering points of excessive leakage. 
After repair of leakage points~ the system ehould be pressur- 
ized sloWly up to the proof pressure level with air at the 
rmrmal operating temperature if possible. 

f. System Operation - After dwct system integrity and leakage has 
been checked~ a system operational test should be condwcted. 

~ 
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LC7GP PRESSIJRE HIGH TIIVIPERATURE PNEUMATIC 	luued 2-1~-60 ~ 6 9 9~ B DUCTING SYST~IS (300 PSI AND 1000 F~IXI~iJI~4) 	Revised 12_i5_(3 

— 69 — 

MINIMUM DUCT WALL THICKNESS 
PROOF PRESSURE &.TEMPERATURE 

TYPE 321 & 3Lt7 STEEL 
NOTES: 

l. CURVES ARE FOR INTERNAL PROOF PRESSURE LQADS ONLY. 
2. EXTERNAI. I.QADS MUST BE ACCOUNTED FOR INDEPENDENTLY. 
3. CREEP STRESS HAS NO?' BEEN CONSIDERED. 
!~. EQUATION USED: SH=PD (HOOP STRESS) 

2t 
P a PROOF PRESSURE (PSI) 
D a DUCT DIAMETER (IN.) 
t = S~'ALL THICKNESS (I1J. ) 

DUCT WA?~I~ THICKNESS - INCHES 

EX.AMPI,E 
GIVEN: 
P=1t00 PSI 
ne5 ~r.DTa,. 
T~900°F 
THEN: • 	 t=0.058 IN .WAT,L(MIN . ) 

- 	 FIQURE 3 

~ 

~ 
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LOVP PRESSURE HIGH TEMPERATURE PNEUMATIC 	Is.ued 2-15-60 ~.~, I(~ ~ p 
DUCTING SYSTF~S (300 PSI ANID 1000 F MA~IMU~) 	Re~is~d 12-15-63 	~ ~ 

- 71 - 

MTNIMUM DUCT WALL THICKNESS 
PROOF PRESSURE & TEMPERATURE 

TYPE 19-9 DL(AMS 5539) COND.B S~FT• 
r~o~s: 
1. CURVES ARE FOR INTERNAl PROOF PRESSURE I,OADS ONLY. 
2. EKTERNAI~ LOADS MUST BE ACCOUN'TED FOR INDEPENDENTLY. 
3. CREEP STRESS HAS NOT BEEN CONSIDERED. 
1~. E~UATION USED SH~PD (HOOP STRESS) 

2t 	 P = PROOF PR.ESSURE (PSI) 
D = DUCT DIAMETER (INCHES) 
t = WALL THICRNESS (INCHES) 

DUCT WALL THICKNESS - INCHES 

~ w 0 

~ 

~ 

~a ~ H 
~ 
W 
a ~ 
~ 

~c~xxE 5 
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~ 6 99 ~ ~~~~ 2-15-
6o 	 LO(IP PRESSUHE HIGH TIIuIPENATtTRE PNEUMATIC 

Revlsed 12 -15-63 	DUCTII~ SYSTmIS (300 PSI AND 1000 F BIIA~CIMUM) 

-72- 

DZIIv'IMiJM DUCT WALL THICKNESS 
PROOF PRESSURE & TEMP~RATURE 

TYPE A-286 STEEL 
NOTES: 

1. CURVES ARE FOR 1NTERTIAL PROOF PRESSURE LOADS ONLY 
2. ~XTERNAI~ I,OADS MUST BE ACCOUAITED FOR INDEPENDENTLY. 
3. CREEP STRESS DATA HAVE NOT BEEN CONSIDERED. 
!~. EQUATION USED: SH aPD (HGOP STRESS) 

	

2t 	 P ~ PRGOF PRESSURE (PSI) 
D = DUCT DIAMETER (INCH) 
t = WALL THICKNESS (INCH) 

~ 

H EXAMPI,E 

~ GIVFN: 
~ P=4~0 PSI 

~ I~ IN . DIA. 

~ T~900°F 
THEN : A 

~, t=o.o16 1N.wA~(Mn~r. ) 

- PSI 

~ 

FIGtJR.E 6 
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LOW PRESSURE HIGH TIlI~PERATURE PNEUMATIC 	lssued 2-15-60 
DUCTING SYSTF~NLS (300 PSI AND 1000 F MA%Il+FU14t) 	Revisedl2-15-63 ~ 699 B. 

—73— 

MINIMUM DUCT ~iALL THICKNESS 
PRQQF YRESSURE & TEMPERATURE 

TYPE INCQNEL X S `~'FT, 

NOTES: 
1. CURVES ARE FOR INTERNAL PROOF PRESSURE LOADS ONLY. 
2. EXTERNAL LOADS MUST BE ACCOUNZTD FOR INDEPET~DETITLY. 
3, CREEP STRESS IlATA HAVE NOT BEEN CONSIDERED. 
Lt. EQUATIOI~T  USED: SH=PD (HOOP STRESS) 

2t 	 P = PROOF PRESSURE (PSI ) 
D = DUCT DIAP'1ETER (INCHES) 
t = WALL THICKNESS (INCHES) 

DUCT h'AZL THICKI~IESS - INCHFS 

• 

~ ~,XAMPLE 
GIVEN: ~ 
P=~00 PSI ~ 

~ D=5 IN.DIA. 
~? T=900°F 
a ~~ ; 
A t=0.016 IN.WALL(MIN.) 
H U 
(~ 	 ~__~ ~ 

PRESSURE — PSI 

FIGURE 7 
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~ 699 B ~uued 2-15-60 LOW PRESSURE HIGH TF~'ERATURE PNEUIIBATIC 
Revised 12-15-63 DUCTING SYSTEMS (300 PSI AND 1000 F AdAXIMi~~) 

— 7!~ — 

MINIMUM DUCT WALL THICKNESS 
PROOF PRESSURE & TENIPERATURE 

T'YPE 350 STEEL 
NOTES: 

1. CURUES ARE FOR INTERNAL PROOF PRESSURE LOADS ONLY. 
2. EXTERNAL LOADS MUST BE ACCOUNTED FOR I?~DEPENDENTLY. 
3. CREEP STRESS DATA HAVE NOT BE~1 CONSIDENED. 
!~. EQUATI(7N USED: SH=PD (HOOP STRESS) 

2t 	 P ~ PROQF PRES~URE (PSI) 
D = DUCT DIA~n~TER (INCHES) 
t = WALL THICKNESS (INCHES) 

DUCT UALL THICKNESS -- INCHES ,  ~ 	 ., 	r _ •I~.  .z 	, 	.1~ 	h ,~ 	~ ., 	+ 	 r 
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~ 	 - 75 - 

MINIMUT7 DUCT Y~ALL TFiICKNESS 
PROOF PRESStiRE & TEP4PFRATURE 

TYPE RENE l~l STEEL 

N CTES e 
lo ~URVES ARE FOR INTERIdAL PRCGF PRESSLTRE LGADS ONLYo 

20 '~'XTERTIAL LOADS ~UST BE ACCOUNTED FOR INDF?EPIDFP1TLYo 

3 o CR~EP STRESS HAS NOT BEEN CONSIDFR~:Do 

4o EQUATICN ~IJSEDe SH=PD (HOOP STRESS) 
2t P = PROOF PRESSURE (PSI} 

D = DUCT DIAP4ETER (INCHES) 
t = 4iALL THICKNESS (IPICHES) 

DUCT 4~'ALI: THIChi1FSS — II~TCH~.S 

~ 

....;r . 
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„~:r 	~ 	

. ~ 	 r 	t '- 	, 	 z 	 ~~'-#. ., ,_.` 	.r~;',, ~ 	~` ' 	~i, 	7:~,',' 

H ;t~ 	 , '-'u 	~r. `{ f i:~~ 
	~ 	. 	r 	~ 	EXAI~qPLE 

	

.~~- 	 -.. 	 ~ 	~~' ~~ "`~ 	~ 	' 	GIVEAJo 
a p;, ~ 2 	~~' 	, 	 ~ 	~, '+- 	h 	 P=~00 PSI 
~ ~ r ~ ~ ~, 'I~ 	 `' 	~ 	~' 	~ _ 	~#; .~~ 	r. ~~ 	~~~~~~ 	D= 5 171oDIAo 

	

~ 	s$r ~r $t :r 	-t, # 	r 	i r; ~ 	a #i 	I ,̀  £ 	
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