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~av 	1.1 3co~e - This ARP eetsbii~hee uniform requirements for perma- 
:« 	nently attached tube connectiona for uee in aerospace fluid eysteme. q~ s=. ~ C N 
O A O C 
~ y y Y 
`~"" 	 1. 2 Pur oae - The purpose of this documer~t ia to recommend the y _ q G 
E ~.=°,r 

o n; ~ 	design, inetallation, and teet requirements for tubing connectore attached 
Ya o Y 	to tubing by methode (brazing, welding, swagir~g, ~tc. ) which are usually 
~ E; m 	coneidered to be permanent. Secauee of rapid and coatinual changea in 
n°d`- 	the art~ this ARP only represents the best information availa.blt at the a : ;; o 
`~"` 	 time of iasue. This document is inteaded to be ueed as a guide~ and v~°E~ 
> q o D 	 ahould be eupplemented with a statement of the specific aystexn require- `OCU~-° 

n ~~ „ 	 mente. 
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1, 3 	Claasification - Connectors sha.11 meet the tool envelope and 
m~m E 
C V L Y clearance requirements specified herein, or other stsndard$ ipproved by 
a L~= 
u A C m 

the procuring activity. 	Connectors and connectioas shall meet, and qualif 
~~ a~ 

d 
to, one or more combinations of the following temperatures and pressure 

N ~+ 	 ~L,. o d ~, ° conditions: 
nE~a 
ddc `yt~ u 

~°~'~ ~ a m„ 1. 3. 1 	Fluid System Temp erature Ranges (Type~ - r<<<o  
V y' ~ 6 « 	O 

, 

` n V <~ A;, Firat letter designates lbwest syatem temperature capability. 
°'° YqNC Second letter designa.tes higheat system temperature~ capability. 
m a~~ c 9 ~ « d ~ ; q Y 

~ 	,~ 
nv  E.. A 	-460F 	 A 	160F 
N ~ ~ ~ Y C ~. ` B 	 - 320F 	 B 	275F 
~» 	~ ` ~' ~ " 
B~~">_ 

C 	-240F 	 C 	450F 
mq °~  D 	-65F 	 D 	650~' 
"°'° ~ _:~° E 	1500F 
=r`a 
u~~~ 0 F 	200QF 
I C C A 
v~.SAE 

EXAMPLE: Type AD is a-460 F to +650 F eonnector 

Copyripht 1967 by Society of Automotive Enpinsen, ~ne. 	
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1.3.2 	Fluid System Operating Preseure Rangee (Class) 

First number designates loweat eystem pressure capability. 
Second number designates hi hest eystem pressure capability. 

	

1 	0 psig 	 1 	300 psig 

	

Z 	2 in. Hg abs. 	2 	1500 psig 

	

3 	1 x 10- 8  mm Hg aba 3 	3000 psig 

	

4 	4000 psig 

	

5 	6000 psig 

	

6 	10000 psig 

EXAMPLE: Class l5 is a 0 peig to 6000 psig connector. 

2~ 	APPLICA~I,.E DOCUMENTS 

2.1 The following is a liat of apecifications pertaining to this ARP 
document. The~e are included for reference only einc~ this ARP ie 
not limited to theae specificationg. 

2. 1. 1 Specifications : 

F ede ral 

	

O-F-499 	Flux, Brazing, (Silver Alloy, Low-Melting Point) 
QQ-S-7b3 	Steel Bara, Sha.pes and Forginga, Corrosion- 

Re sisting. 

Military 

MIL-E-5272 Environmental testing, Aeronautical & Associated 
Equipment general specification for 

MIL-S-5002 5urface Treatments & Metallic Coating for Metal 
Surfaces of Weapons Systems. 

MIL-H-5606 Hydraulic F],uid, Petroleum Base, Aircr~.ft, Missile 
& Ordnance. 

MIL-T-b845 Tubing, 5tee1, Corrosion Resistand (304) Aerospace 
Vehicle Hydraulic System, 1/8 - Hard Condition, 

MIL-B-7883 Brazing of Steels, Copper, Copper Alloys, Nickel 
Alloys, Aluminum and Aluminum Alloye. 

MIL-T-8808 Tubing Steel, Corrosion-Resistand (18 - 8 Stablized) 
Aircraft Hydraulic Quality. 

MIL-T-9047 Titanium & Titanium-Alloy, Bars, Forgings & Forging 
Sto ck. 
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RECOMMENDED TOOL ENVELOPE 
TUBE-TO-TUBE CONNECTION 
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RECOMMENDED TOOL ENVELOPE 
TUBE-TO-FITTING CONNECTION 
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SAE 

AMS 4928 	Titanium Alloy Bars and Forginga 
AMS 5554 	Steel Tubing, Seamleae, Corrosion-Resisting (AM-350) 
AMS 5668 	Alloy~ Corroeion and Heat ResistanL Bars b~ Forgings 

(Inconel-X) 	 . 
AMS 5743 	Steel Bars, Forgings, Mech. Tubing, Corrosion- 

Resisting (AM-355) 
ARP 603 	Impulse Test Equipment for Testing Hydraulfc 

Syatem Componente. 

Standards: 

Federal ._.,_._ 

No. 151 	Metale, Teet Methods 

Military 

MIL-3TD-205 Sampling Tablee and Procedurea for Inspection 
by Attributee. 

2.1.2 	Other Pubiications - The following non-governmental documenta 
form s part of thie epecificatioa ta the extent apecified herein. 

ARP 598 ~'rocedure for the Determination of Particulate Contamination 
of Hydraulfc Fluida by the Particle Count Method. 

(Application for copies should be addressed to the SAE Office) 

Americaa Welding Society $razing Manual -(Library of 
Congress catalog card number 63-11?12) 

R EQ UIREM ~NT S 

3.1 	Qualified Products - The connectore and attachment processes 
furniehed under thia document shall have been teated and have passed the 
qualification teste specified herein~ or as otherwise specified by the 
purcha.ser. 

3. 2 	Mate rials 

3. 2. 1 	Connectore - Connectors shall be manufactured from materials 
suitable for and compatible with the epecified system tubing, fluid temperat~_ire; 
and pressure. 	 ~ 
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3. 2. 2 	Filler Material - Filler material. where ueed, ahall be compatible 
with the performance requirementa aet forth for connectore and tubing and 
with system fluid apecified by the purchaser. (aee b. 2.3) 

3.2. 3 	Flux - Where fluxes are ernployed, the deaign of the connactor 
shall be such as to minimize the amount of flux which entera into the tube 
connection. The supplier sha.11 be prepared to dennonatrate that the use of 
flux doea not contribute significantly to the promotion of corrosiou and does 
not raise the level of contamination beyond that epecified by the procuring 
activity. (see 3. 7). The flux shall be compatible wfth the system fluid as 
in 3. 2. 2. 

3. 3 	Design and Dimension - Connectora and fittings shall be eo 
designed that tooling and processing to accomplieh their installation will 
require a minimum amount of space '~ . 

3. 3. 1 Tooling - Joint alignment and joint process tooling required to 
accompliah the joining of connectors and fittings ahall be coatained within 
a minimum amount of space *. 

3. 3. 2 	Installation - Tool envelopes '~ required to in~tall connectora or 
fittings on tubing in vehicle or ayatem; and to effect repair of the syatem~ 
or repla.cement of the fittinga within the system shall be kept to s minimum. 

3. 3. 3 	Weight - Connector weight shall be held to a minimum. Actual 
nominal weights shall be shown on the manufacturer~s drawinge. 

3. 3. 4 	Drill Offset - On connectora where the fluid passage ia drilled 
from each end, the offaet between the drilled holea at the meeting point of 
the drilla shall not exceed . 005 inch, or more than 1% of the nomina.l tube 
diameter, whichever ia the greater. Angular misalignment betwean drilled 
holee shall not exceed one degree. 

3. 3. 5 	Reduction in Cross-Section - It shall be posaible to pasa through 
the fluid passage a ball whose minimum diameter is listed in Table I for each 
dash size and correaponding wall thickness. unleaa otherwise specified by 
the purchaeer. 

3.3. 6 	Heat Generation - Connections fabricated by thermal process 
ahall be deaigned to permit in~tallation in vehicle systems without heat 
damage to adjacent etructure. 

* For reference only, dimensional envelope ranges of presently available toola 
are ehown in Figures 1 and 2(Brazing) and Figurea 3 and 4(Welding Tool). 
These values aha,ll be kept emall as possible, consistent with proper operation 
and performance. 
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3. 3. 7 	Contaminant Coatrol - The connectors and attachmettt proceee 
ahall be deeigned 8o ae to minimize generation and/or eatrapmeat of 
contaminant e . 

3. 3. 8 	Tube End Preparation - Connectors shall be designed eo se to 
require a minimum of tube end preparation, uaing standard aircraR quslity 
tubing stock. A slight increaae or reduction of tube end diameter by meehani- 
cal procesa ie permiasfble~ provided tubing strength and intagrity are not 
impaired, and the requiremcnts of 3. 3. 4 and 3. 3. 5 are met. 

3. 3.9 Wetted Area (Brazed Connections) - Brazed connectione ehall 
meet the joint quality requirements of N1IL-B-7883 unleae epecifieally de- 
signed otherwise. Examination criteria ahall be per 4. 6. 11 and/or 4. 6. 12. 

3. 3. 10 	Weld Integrity - Welde ahall be eseentially amooth and regular 
in appearance and be devoid of cracka~ inadequate penetratfon~ incomplete 
fueion, surface pite, oxide folde, and with poroaity and inclusions not in 
exceas of apecification when examined per 4. 6. ll. 

3. 3. 11 	Material Certification - Records of chemieal compoeition analysie 
and mechanical property teete showfng conformance to applicable epecifi- 
cations ehall be made available to the procuring activity inapector for each 
lot of connectors. (See 6. 2.1) 

3. 4 Surface Treatment - Unless otherwiae epecified, eurface treat- 
ment of connectors shall be in accordance with specification MIL-S-5002. 
After attachment, the connections shall retain their corrosion resiatance 
when subjected to the teste in 4. 6. 10. 

3. 5 	Identification of Product - All connectora ehall be identified 
in accordance with the following instructiona, Marking ehall be impreased~ 
embos sed, electroetched, or plated without damage to the connector. All 
marking ahall remain legible after the conn~ctor is permanently joined to 
the tubing. 

3. 5.1 	Symbol and Trademark - Unless otherwise epecified, all 
connectors e 	arked with the manufacturer t a name or tradamark. 

3. 5. Z 	Material and Claeeification Identification - Connectors ahall be 
marked with appropriate material identification, and with the type code 
lettere and preaeure claas numerale per 1. 3. 

3.5.3 	Part Number- Unless otherwi~e apecified, connectors shall 
be markad with the manufacturer~e basic part number. 

3. 6 	Performance - The connectors, when permanently attached to 
the appropriate tubing and tested in accordance with the applicable procedures 
described in paragraph 4. , shallbe capable of the following performance. 

~ 

• 

•~ 
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3. 6.1 	Proof Preamure - Connectione shall be derigned to withstand a 
proof preaeure of twice the syatem praesure foz five minutes without leakage 
or permaneat deformation. (See 1. 3. 2 and 6. 2.4~ 

3. 6. 2 	Hurst Preseure - Connections shall be deaigned to withstand a 
burst pressure of four timee the •yatem operating pressure for five minutea 
without leakage or other failure. 

3. 6. 3 	Impulae - Connectione ahall be capable of withstanding 200, 000 
hydrodynamic impulse cycles without leakage or other failure, when teeted in 
accordaace with 4.6. 4.1. Failure of one test eample shall conclude the testing. 

3. 6. 4 	Vibration • Connectioaa ehall be capable of ineeting the vibration 
enviroamentm required by the purchaser, without leakage or other failure. 

3. 6. 5 	Flexural Strength - Connectiona ahall be cnpable of sustaining 
10~ 000, 000 cycles of flexure in each of two (2) planea 90 degrees apart without 
leakaga or failure of the connection, when tested in accordance with 4. 6. ?. 

3. 6.6 	Extreme Temperature Preasure Cyclfng - Connections shall be 
capable of withstandfng, without leakage or other failure, 50, 000 pressure 
cyclea st both of the appropriate mfnimum and maximum temperatures 
specified for the part, when tested in accordance with 4. 6. 4. 2. 

3. 6. 7 	Thermal Shock - The connections shall be capable of withstanding, 
without leakage or other failure, three (3) complete temperature cycles when 
tested in accordance with 4. 6. 5. 
3. 6. 8 	Helium Leakage - The coanections shall be capable of ineeting, 
under high vacuum ambient conditions, the leakage requirement~ defined 
in 6.2.4. 1 when tested in accordance with 4. 6.9. 

3. 6. 9 Stresa-Corroaion - Whea teated as epecified in 4. 6. 10 connections 
ehall ahow no viaible pitting, cracking or other evidence of corrosion. 9light 
etaining or dfscoloration ehall not be coneidered as corrasion. 

3.6.10 	Additional Performance Requirementa - All connectione shall 
meet the qualification (preprodu •ction) tests required per this ARP ae well as 
further requiremente that may be deemed neceeeary to encompasa the indivi - 
dual deeign, as eet forth in the contrvl specifications for individual deaign. 
(9ee 4. 4) 

3. 7 	Cleanlinees - Cleanlineas of the connector ie esaential to ensure 
proper performance. Care ehall be uaed in the manufacture, ha.ndling, 
aasembly~ teeting, and packaging of the unit to eneure cleanlinesa. The 
system a8 asaembled eha.11 have a cleanlinesa level in compliance with that 
apecified by the purchaeer and ae defined in Table II. 
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14. 

3. 7.1 	Cleaning - Compoaente ahall be manufACtured free of all burrs~ 
sLivers~ aad particles thst caa be entrapped withia the couaector and dislodged 
duriag ussge. Psst• shall be furaiehed in a clean coadition as defined by the 
clesnliaese lavels specified !n Table II and/or se specified by the purchaser. 

TABLE Il Cleaaliaeos Level Requiremente .._._...__..~.___. ._.,.__ 

Level 	Maximum Psrticle Population 	Maximum Non-Volatile Reeidue 
Siee (rnicsons) 	 (mg. per 100 ml of teot fluid) 

(Numbez per 100 ml of test fluid) 

1 	above 100 0 1 
85-100 1 1 
60 - 85 6 1 

2 	above 175 0 1 
150 - 175 1 1 
10 0- 15 0 7 1 

3 	above 250 0 (No requirements) 
200 - 250 1 (No requiremente~ 
160 - 200 5 (No requiremente) 

4 	175 - T00 (Particles 6 2 
and fibere) 

above 700 (Particles 0 2 
only) 

700 - 1500 (Fibers only) 1 2 
above 1500 (Fibers only) 0 2 

3. ?.2 	Area Cleanliness - Aseembly~ acceptance testing, flushing 
sealing, and packaging shall be done in an area eufficiently clean to ensure 
that the capability of the connector ehall not be impaired. 

QUALITY AS9URANCE PROVI3IONS 

4.1 	Pur oee - The purpose of teating the connection is to qualify 
it for the particular deeign requirementa. Approval of straight connections 
will not automatically qualify all other atandard configuratione of a given 
aize. Teeta on other configuratione such as elbowa and tees shall be con- 
ducted unleas otherwiae epecified by the purchaser. 

4.2 	Classification of Tests - The inapection and testing of connector 
and connections shall be classified ae followa: 

(a' Preproduction tests (See 4. 3) 
(b) Individual acceptance testa (See 4.4) 
(c) Production evaluation testa (Periodic Control) (See 4. 5) 

4. 2.1 	SamPling - Sampling for all tests shall be established by the 
purchaser and may be guided by MIL-Std-105. 

• 

• 

~ 
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4. 3 	Preproductfon Tsets - Preproduction tests shall consist of the .r_.. 
following: 

(aj Destructive preaeut~e tests (8ee 4.6.8j 
(b) Preaeure cyc~ing te~t (Pre~eure eadurance) (Sae 4.6.4) 
(c) Thermal ehock tast (3ee 4. 6.5~ 
(d~ Yibratioa test (3ee 4.6. 6) 
(e) Flexural streagth test (See 4. 6. ~) 
(f) Helium leak test (3ee 4. 6.9) 	, 
(~) Strev~-corrosioa tsst (9ee 4. 6.10) 

4.4 	Acceptance Teste • Each individual lot of connectors aad 
connectiona ahall be subjected to the following tests. as applicablet 

(a) Examiaation of product (See 4. 6.1~ 
(b) Chemical compoaiLion (See 3. 3.10) 
(c) Mechsnical propertiee (See 3. 3.10) 
(d) Connection cut test (See 4. 6.12) 
(e) Proof pressure Lest (See 4. b. 3) 
(f) Deetructive preasure teat (See 4. b. 8) 
(g) $trause teet (brazed jointe only) (See 4.6.13) 
(h) Radiographic inspection (See 4.6.11) 

4.5 	Productioa Lvalu~.tion Tests - Periodfc Contrvl tests aad 
rejection aad retest ~hsll be establi~hed by tha purchaeer. 

4.6 	Test Methods 

4. 6.1 	Lxa.minatioa of ~'roduct - Each lot of coaaectar~ sl~ll be 
exsmined on a sample bssis to detesmine conformaace to tkis ~pocifi- 
cation snd the applicable drawing. 

4.6.2 	General Testiag Criteria ~.._._ 

4.6. 2.1 PrepArstion of Test 9pecimens - Specimens shsll be prepared 
ia sccordance with msaufacturers recommended procedures and procesee~. 
The purchsser may require cestiticatioa snd/or surv~illaace of the joiaiag 
process. 	 ~ 

4. 6. 2. 2 FScamination of Te~t Specimeae • Conaector joiats ahall be 
examined to determihe conformance to thfs documeat and the applicable 
joining process with respect to wor~Cmanship aad tube conditfoa ad,iscent 
to junction. 

4. 6. 2. 3 Test Fluida - Test mediz uoed eha ►11 be suitsble for sad eompst- 
ible with the fluid syetem temperature aad pressure range a~ apecified by 
the purchaeer. 
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4. 6. 2. 4 Temperature - Unless otherwise specified, all tests shall be 
performed at room temperature (77 {- 18 degrees F). 

4. 6. 3 	Proof Pressure - Fittings and connections shall be pressure 
tested at a value of two (2) times the system pressure for a period of five 
(5) minutes without permanent deformation, leakage or other failure. 
Rate of pressure rise shall be 20,000 + 5,000 psi per minute. Test media, 
temperature, and pressure shall be as specified by the purcha.ser. 

4. 6.4 Pressure Cycling Test - Six (6) test connectors shall be joined 
to tubing of the type designated for the material under test, and subjected 
to the following: 

4. 6. 4. 1 Impulse Test - The six (6) test samples shall first be proof 
pressure tested for five (5) minutes (See 4. 6, 3). All impulse testing shall 
be conducted at the rate of 70 +~~ cycles per minute. Each im~~ulse cycle 
shall consist of a pressure rise from zero pounds per square inch (psi) to 
surge pressure and drop to zero preasure. The peak surge pressure shall 
be that required to induce a stress in the tube equal to the endurance li ►nit 
(for 10, 000, 000 flexure cycles) for the tube material. Hydraulic fluid shall 
be used as the test medium with a pressure rate of rise of 400, 000 - 500, 000 
psi/sec. as indicated by an oscillograph or other electronic measuring device. 
Impulse testing shall be conducted at a temperature specified by the purchaser 
and under conditions in accordance with ARP 603 unless otherwise specified. 
The test fittings shall complete the required impulse cycles per 3. 6. 3 after 
which they shall again be proof pressure tested per 4. 6, 3. There shall be no 
leakage, deformation or other failure. 

4.6.4.2 Pressure Cycling Test -(Gaseous System) - Six (6) assemblies 
shall be extreme temperature pressure cycle tested, using the approved 
medium (aee 4. 6. 2. 3). All pressure cycle tests shall be conducted at a rate 
of 15 + 5, -0 cycles per minute. ~ach pressure cycle shall consist of a rise 
i'.rom 0 psi to 1. 25 times working pressure, and a drop to zero pressure. 
Before and after extreme temperature pressure cycling, the connectivns shall 
be tested at system pressure for five (5) minutes without leakage (see 4.6. 3). 
The connections then be subjected to the destructive pressure tests per 4. 6. 8. 

4.6.4. 2. 1 Low Temperature - Connections shall be exposed to the lowest 
temperature specified for that type connection at 2 to 10 psig static pressure, 
until temperature stabilization is achieved, and then subjected to 50, 000 
pressure cycles (4.6.4.2). 

• 

• 

4. 6. 4. 2. 2 High Temperature - Cannections shall be exposed to the highest 
temperature specified for that type connection at 2 to 10 psig static pressure, 
until temperature stabilization is achieved, and then subjected to 50, 000 
pressure cycles (4.6.4.2). ~ 
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