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I, . INTRODUCTION.

The tube fitting evaluation program was initiated to achiceve several
v‘ o milestones in the area_of advanced permanent and separable fitting designs
that would be_compatible with the program basic requirements, The fitting

industry was contacted in an effort.to locate and investigate new designs or

RIS S AT T T AN T T v AT

concepts that are in current production along with associated assembly-and.
installation equipment, Many new designs were quickly eliminated because

L of the.basic requirements: .4, 000 psi operating pressure within the tempera—

EOR 5 S

ture range-of -65°F to +450°F while also being compatible ‘with 21-6-9 and

TR

Titanium 3Al-2.5V tubing alloys. The current. state-of-the-art provides C—
¥ fitting designs that predominantly -utilize swaging, we lding and the induction
braze method of assembly with tue tubing., There appears to be four basic.,

types of fitting/tubing assembly methods:

Brazing
Welding

P Swage

‘ Cryofit (shrink)

It was decided that the test program would attempt to encompass..

"all four assembly methods and fabricate test asseémblies into permancnt

el - -SPRCA e ~ GNpion

and scparable type fittings with two boss désigns compatible with the
separablé designs where possible. Thése fittings would be procured .
nover-the-counter', with assembly to be accomplished by the fitting- ’

manufacturet utilizing tubing speciméns. furnishéd by the testing agency. -
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A data review on fittings and related testing rovealed thiat testing to
currently available standards can produce a wide variation.in tost results
due to the various interpretations of the standards with respeet to m: thods,
procedures and equipment design/op¢ration. . One of the primary goals of
this program is to develop a standard overall test program including methods,
procedures and equipment as well as recommendced test sequences for
qualifying fitting/tubing assemblies. This wouid permit correlation of t-st
data/results from any qualified fitting manufacturer or airframe manufactur-r
The program consisted to testing the MS flareless (separable) fitting
and utilizing the results as baseline data from which all other fittings will
be evaluated. Five separable designs_and five permanent designs were
tested in three sized (-6, -10 and -16) with two types.of.tubing matrials
(21-6-9 and 3AL-2.5V). Each participating vendor will receive a copy of
the basic report, Volume I, which includes discussions of thr MS basclin:
tests as well as discussions on the test procedures and various tubing mate -
rials. In addition, each vendor will receiv: a.copy of the test rcsults.appli-

cable only to his own product and the MS baseline data test results.




. II. PROGRAM BACKGROUND AND REQUIREMENTS.

Design requirements of future aircraft plunibing systems necessitates
.. an increage in opcrating pressurces.as well as operating environment. The
MS flareless fitting and many . other fittings available on today's market will 1
/
P not mect the increased requirements Closely. associated with the problem. . {
of fittings is the tubing material and wall thickness as well as_flaws in th
tubing and fittings. Therefore, ASD devecloped a program to determine-

exactly what was available on today's.market and/or design boards that

|
t .

Ef ; would meet the demand of these futuristic requirements Thesec require-
S

: . ments are not unrealistic, as have been proven on the SST and B-1 aircraft
programs. -

The program was then set up to acquire the latest designs from the
fitting industry and.then.have them assemble their fittings with test tubing
furnished by the contractor. The tubing was procured by the contractor to
; ‘ L rigid specifications (including ultrasonic inspection) in_arder to aid the .fail-
ure analysis. .The tubing was then cut and shipped to the fitting manufacturer
for assembly with the designated fittings to form the test specimens . b

One of.the-basic requirements in acrospace system design is-mini-
minum weight and this requirements.is applicable to both the permanent
fittings, separable fittings and tubing. Normally the minimum. wall thick-

ness tubing will be used-to.achieve the. maximum in weight reduction -

o v e o i e Evm D

Thereforé, the tubing is susceptible to fatigue espécially if a flaw or stress
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riscr exists. The data review indicated that the predominance of failures
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occurred in the tubing and not in the fitting.,  Also, the greater percentage

of failurces occurred adjacent to (within two tube diamters) thefitting joit

Scveral reasonsg could be attributed to the proximity of these failures such

as:
- Change in scction properties at.the junction of tube and fitting
- The brazing, swaging or welding operation with. related high

N temperatures or.work hardening could affect the tubing

; !‘ material within a certain area of the joint

- The critical stress point often occurs at the junction of
n fitting/tubing

After reviewing the various test programs that have been conducted

along with a review of the system failures that have been documented,. it

is noteworthy that very few failures actually occur in the fitting itsc1f

{(permanent or separable) and the critical area is the interface or joint

between the fitting and tubing. This is the.area where the primary emphasis
is centered for future designs and it is also the area where the test proce- -

durcs and test equipment design will be¢ focused. Another c¢ritical area

is the tubing and the.associated flaws or defccts that reduce the fatigue
* ; life. . The results of the numeérous tubing tests should provide useful data.. §
with respect to.lubing surface conditioning, non-destructive inspection 'NDI)
and texture control. -
In order to encompass the complete test spectrum for tube-fitting
qualification requirements {fifteen (15) separaté tests were recommended

as follows:

~
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W - Repeated Assembly
- Proof and Burst
- Rotary Flexure (Room Temperature-and 400 psi)
- Rotary Flexure (Room Temperature and 4000 psi)
- Rotary Flesure (450°F.and 4000 psi)
- Impulse
%~ ..-Misalignment and Assembly Torque
- -~ Thermal Shock and Stress Corrosion .
- Tube-REstraint® and Axial Pull
- - Vibration
- Fire Resistance
W - Structural Load Relaxation

Proof pressure, burst pressure and gaseous leakage tests are used through-
out the test sequences at opportunc points to verify the integrity of the test
specimens following any designated test or operation. The separable type
fittings.necessarily receive more tests.than the permanent type fittings

due to.the more complicated joint and potential failures or leak paths

associated with the-interface. The test conditions for the new Class I

fittings/tubing would.include:

Opcrating Pressure . 4000 psi
Froof Pressure 8000 psi.
Burst. Pressure 16,000 psi
Max. Operating Temperature - 450°F
Min, Operating Temperature -65°F

Using the .appropriate references as a guide, the test methods.

procedurcs and cquipment were developed to generate the most meaningful

*Applicable to sepatablé.do.éiéns only. .
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testaand usceful data, Thege items are discudsoed in greater detail in sub-
sequoent svm‘ti(.)ns. SR

In addition to the new fitting designs, it was also agreed that no
reliable data existed on the MS. flarcless fittings and 304 1/8 11 CRES
tubing, the combination of which would furnish usable baseline data if
tested to appropriate specifications, Since.the MS flareless fittings have
gained considerable.experience to date in the aerospace field, lif_yvaS
decided to subject similar test specimens, assembled with MS unions,

to the same series of tests with the following Class II test conditions:

Operating-Pressure 3000-psi
Proof Pressure 6000 psi
Burst.Pressure 12000 psi
Max, Operating Temperature 275°F
Min, Operating Temperature . -65°F

The remaining requirements are discussed in detail throughout

the subsequent sections,

.
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' One. of the.program requirements was a review .af the related data
SR listed as follows:.
; - Military Specifications
t . MIL-F-18280 Fitting, Flareless Tube, Fluid.Connection
(I MIL-F=5509 Fittings,. Flared Tube, Fluid Connection.
P MIL=F-27417 Fittings, Rocket Engine, Fluid Connection
Military Standards
| MS 33649.Bosses, Fluid Connection - Internal Straight Thread .
._ ‘ MS 33566 Fitting, Installation of.Flarcless Tube - Straight Threaded
; Connector
AND 10064 Fitting, Installation of Flared Tube, Straight Threaded
: Connectors
MIL-STD-810 Enviranmental Test Methods
| |
i; NASA Specifications
o KSC-T-124 Fittings /Pressure Connections/Flared.Tube
' MSFC-SPEC-143.Fittings, Flared Tube/Premium Quality /Pressure
; Connections, Specifications. for ...
i
A Industry Specifications
ARP 899 Connectors and Connections, Fluid System - Permanent Type
ARP 1055 (Proposed) Fire Resistance and Fire Test Requirements-
for Fluid System Components
Technical Reports
AFAPL-TR=69~67 Titanium 6AL-4V Hydraulic Plumbing for Advanced
Aerospace Vehicles.
. AF RPL-TR-65-161 Exploratory Development Work.on Familics of
Welded Fittings for Rocket Fluid Systems
i RPL TDR 64-24 Applied Research and Development on Families of
IS Brazed and Welded Fittings for Rocket Propulsion Fluid
Systems
3 AFRPL TR 65-162.Dcvelopment of AFRPL Threaded Fittings for
') 2- Rocket Fluid Systéms




RTD TDR 63=1115 Development of Machanical Iittings - Phases |
and II

ASD TR 61-486.Metallic Boss Scal Evaluation.and Test.Program

RPL TDR 64-25.Acrospace Fluid Component Designers Handbook....
Vols 1 and 2

NA 60-648 Iivaluation of AM 350.CRIS Hydraulic Tubing.and LD
273-0001 Union .~ Brazed Tube for 4000 PSIG Hydraulic
Systems Applicable to XB-70 Airplane

WADC TR 59-267 Hydraulic and Pneumatic Fitting and Tubing Tuest .
Program

WADC TR 55-163 Testing of Metal Boss Seals .

In addition, the following documents. were reviewed:

NASA TR-324-D, "Test Report.-.-Lockheed Industrial Products -
Modificd AN Fittings" - May 27, 1966

NASA CR-952, '"Leakage Testing Handbook' - April 1968

NASA, "Procecdings of the Conference on-the Design of Leak-Tight
Fluid Connectors" - March 1964

NA-66-1141, "Hydraulic Plumbing for Advanced Aerospace Vehicles, "
October 12, 1966

WADC-TR-54-189, "Theoretical Investigation of Optimum Pressures
in Aircraft Hydraulic Systems' - January 1954

LTV-2-501000/8R-2479, "Development of Hydraulic System Field
Répair Kit Using Adhesive Bonded Permanent Joints, ' Proposal -
February 1968

ASN-JP-20-70-2,."Fluid Power Technologies - SAE-A-6 Committee
Index of Minutes"

AFML-TR=71+156, "Diffusion Welding of Wrought Beryllium, "
T. J. Bosworth, Boeing Company

BAC-S11AU (30.31) 12/14/70 Std. "Seal, Ross, Titanium
BAC-2071, "Groove Configuration - Titanium Boss Seal
ARP 994 (Proposed 27 August.1971) SAE A-6 Committée "Recommended

Practice for the Design of-Tubing Installations for Acrospace .
Fluid Power Systems'

l
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NASA - Tech. Brief 71-10266, "Criteria for Vibrdation Testing, "
August 197)

Meeting Minutes #/61.- SAL G-3 Comurnittee - July 1971
Mceting Minutes.#70 - SAE-A-( Committée - March 1971

Meceting Minutes - ""Hydraulic Titanium Tubing & Eitting Conference, "
AFSC/ASD/ENJPF - July 1971

Papers for SAE-A-6 Committee Meeting

"Fluidic Gas Power Sources,'" Dr, A, E, Schmidlin - Picatinny
Arsenal - October 1971

"Need for Particle.Size Standards.in Fluid Contamination Measure-
ments'" - L, D, Carver and M, C, Lambert (HIAC) - October
1971
"Long Life Dynamic Seals for. Hydraulic Flight Control Actuators and
Other High .Cycle Rate Components,' Hans G, Krause, Boeing
Company, October 1971
Review of the above listed documents was covercd under a separate .
phasc of the program, Several benefits were derived from the Data Review,
but the most significant was the large degree of difference that existed
with respect to the number and types of tests, methods, procedures and
equipment used by each facility in testing tube /fittings. These differences

created. significant changes in rcsults and renders correlation of data an

impossible task because there is no standard t> use as a basis,

9
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IV, TEST PROGRAM .

- The proposed test program was prepared and'_;subr.iittod..for.,ASD
approval following consideration of the various factors that are required,
guch as; -

* e - All Class I fittings to be procured must be compatible with:

, (a) Arrmco 21-6-9 CRES tubing (-6, -10.and -16)
. (b) Titanium 3Al-2,5V (-6, -10 and -16)

- All Class I fittings shall be tested to:
4,000 psi operating pressure

: -450°F max, temperature
" -65°F min, temperature

- Class II fittings (MS only) shall be tested to:

L . 3000 psi operating pressure
+275° max, temperature
-65°F min, temperature

: . - Class II fittings shall be tested with:
304-1/8H CRES tubing (-6, -10 and -16)
- All tubing to bé purchased to detailed specifications

- Minimum wall thickness for test tubing to be . 020"

- Each of three sizes of tubing to utilize one wall thickness per
material

- Each.vendor must be capable of providing fittings in three
sizes: -6, -10 and -16 for separable and/or permanent fittings

- Fach vendor must be able to assemble (or have as sembled)
the fittings with the. two types and three sizes.of tubing noted
above
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The test program was.to he structured.to include as many fitting
designg as cconomically possible of the permanent and separable -type with
cach design to reccive the appropriate_tests listed in Section. 2, In addition,
boss designs would be selected.and tested in accordan:e with the separable
fitting requirements, In order to simplify the total requirement a.summary

is presented in Table 1 wherein the permanent,. separable and boss fittings/

designs are each designated as to which tests they will receive,. Each per-
manent and separable fitting (including MS flareless) will be tested in sizes
-6, -10 and -16, The 304-1/8 H tubing with MS fittings will be tested at
the lower pressures and temperatures,

Baseline data shall be acquired on MS flareless separable fittings
per MIL-F-18280; these tests shall be conducted on sizes (-6, -10 and -16)
using Class II temperature/pressure conditions. However, detailed test
procedures will be developed for each test that can be applicable to all
types of fittings,

The test plan was structured to include, as a minimum, the following
tests and test requirements:

Repeated Assembly Test (for separable designs only) = This test

shall consist of assembly and disassembly a minimum of 8 times.,. Various
combinations of maximum torque, minimum torque, relative rotation of
mating parts, and interchange of mating parts shall be uséd, Seal

réplacement, if required, shall be in.accordance with the manufacturer's— .. ... oo

instructions. During thé course of the abové assémbly procedures for the
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?»; TABLE 1

TEST BROGRAM SUMMARY

Co

_Permanent Separablei®
A Test 21-6-9 Titanium 21-6-9 Titanium
*Repeated Assembly o o . X X
o
f b Proof/Burst Pressure X X X X
1 i
r ; Rotary Flexure I .. X X X X
EP ‘ - Rotary Flexure II X X X X
; b Rotary Flexure III X X X. X
: ' Impulse X X X X
s *Misalignmeat and (o] O X X
: o *Tube Restraint
!. o
i s Thermal Shocxk and X X X X
E Stress Corrousion
- #*Vibration O O] X X
E\ - Fire Resistance: X X X X
[ .l,. *Assembly Torque and Axial Pull O/X O/X e X X

X Creep o) @) X X

:::Applical‘o.le. to ‘sépérablé fittings Only'-r

*%*The separable tests also apply to bosses.

. t— . e am

h-- | ==
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assembly torque test, data shall he recorded on.the stresses noted in the
tubing, when the coupling nut is torqued to its proper value,. . Proof pres-
surc shall be applied at.the conclusion of each test and a minimum of two
other times spaced at.equal intervals throughout the test., A minimum of
two test articles shall be used for each size and tubing material tested,

Proof Pressure Test - Proof pressure testing is to be conducted at

appropriate times during the program. Test procedures shall be developed
with ARP 899 as a guide using the-highest operating temperature of the
fitting class under consideration and a test pressure of two times the

design operating pressure.

Burst Pressure Test - Burst testing will be conducted as.a.destruc-
tive pressure test using ARP 899 as a guide and utilizing the highest opcrating
temperature of the fitting class under consideration and a test pressure of
fou#' times the design operating pressure. This test shall be conducted
after the test specimen has béen exposed to the highest operating tempera-
ture of its class for a period of 10 hours.

Impulse Test - This test is.to be conducted faor 250, 000 .cycles using

a "square' pressure wave per MIL-F-18280C, Figure 2, as a guide. The
ambient temperature shall be cycled during the test a minimum of five

times between <65°E and the highest operating temperature of the class

‘under consideration; at least 75 percent.of the test time shall be at the

highest téemperature. The impulse rate shall be no greater than 70 cycleés

)
{
)
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per-minute, A minimum of four test.articles shall bhe used for cach gine
and tubing material tested,. |

Gascous Leakage Test - The contractor shall devise a suitable

gascous leakage test to be applied at appropriate times during the testing,
Tests shall be conducted at the highest operating temperature.of the class
of fittings under consideration and at both 100 psi and the design operating

pressure,

Rotary Flexure/Fatigue Tests - Stress/cycle (S=N) fatigue tests

shall be conducted by the contractor for fittings mated with tubing of sizes
(-6, -10 and -16). In addition, these tests shall also be conducted on the...
MS flareless fittings mated to MIL-T-6845 (Type 304, 1/8 hard) tubing..

An internal pressure equal to the design operating pressure shall be

applied to half the test specimens with the specified bendiag loads super-
imposed; tests on the other half of the compliment of fatigue speécimens.shall
be tested with pressure sufficient only to determinc leakage., All tests will
be performed using the rotary flexure technique. Two test temperatures
will be used, viz., room temperature and.the highest opecrating temperaturc
of the class of fitting under consideration. For each size, and at both
temperaturcs, S5-N diagrams will be constructed for tests performed with,

and tests performed without, internal pressure..

Thermal Shock Test - This test i8 to be conducted using ARP 899

as a-guide,
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Vibration Test (separable.daesgigns only) - A suitahle test shall he.

devised by the contractor to.dete rmine the susceptibility of.cach separable
design to loosening and failure when subjected.to a vibration environment,
MIL-STD-810 b shall be used as a guide for this test.

Fire Resistant Test - This test is to be.conducted in accordance

with procedures developed using as a guide ARP -1055.Clacs ''A' test at a

the highest operating temperature of the class of fittings under consideration..

Fluid flow raté in gallons per minute shall be equal numerically to the square
of the inner diameter oi tite tube when expressad in inches,

Axial Pull Test - The contractor shall devisc a test to determine

the ability of.each design to resist an axial ténsile load applied to the

attached tubing,

Misalignment Test.- The contractor shall devise a suitable test

to determine the ability of cach design to accommodate a condition whereby

the axes of the.tubeés are not collinéar,

Tube Restraint Test (senarable designs only) - The contractor shall

devise a suitable test.to .determine the ability of each-separable design to
accommodate a condition whereby-the tubes are restraired so that-the mating
surfaces of the fitting arc not.in contact when the assembly process is.
initiated, The assembly process, theréfore, must overcome this mis-

match in order to make a connection,
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Streéss Corrosion Test - This test isto be conductéd in accordance-

with procedurés developed.-using ARP.899 as a guide except that alternate

immersion cyeling shall be used in place of the standard salt spray test,
Alternate immersion consists of submerging the test article in a representa-
tive corrosive medium, then extracting the _specimen and.allowing it to dry

thoroughly. The cyc¢le is repeated continuously for the duration of the test,

Structural l.oad Relaxation Test (Creep) (separable designs only) -

The contractor shall devise a suitable test to.determine the ability of eiach
separable design to resist relaxation of the structural loads.in the joint
which may occur solely as a function of elapsed time and eélevated tempera-

ture,

Rotary Flexure Test - These tests are for the purpose of verifying

the endurance limit.téntatively established by the fatigue tests specified.
in Rotary I'lexure Fatigue Tests and shall be conducted_so as to.impart .
article. Aithough sufficient internal pressure shall be applied to detect
any leakage which might occur during the test, the pressure stresses shall
not contribute measurably to the loading of the joint, Tubing and fittings

for this test shall be of sizes (-6, =10 and -16),____

First, a test procedure was.developéd to fill ¢ach of thé above require-
.- ments, Thése procedures were submitted for ASD approval, It must be

émphasized that the réféerencés.noted in éach test were used with caution

I "as a guide'' and evéry item therein was quéstioned as to.''why is it doné this
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way ?'" or "is there a better way »' or "what.are we really looking for?"
For somi¢ tests, no references éxisted and SwRIprocedures for these were
developed to be applicable to tube /fitting dedign/tést criteria, Scveral
specifications were revised during the course of this program_and where
possible. information or data was contributed to aid in composing the
revision, .

Following complétion of the test procedures, the test sequence was
developed in an effort to determine a logical combination of some test .
specimens in order to achieve the maximum utilization of each test specimen,
Unfortunately, any severe test on a specirnen normally renders the specimen

unfit for other tests and therefore twelve (12) separate test sequences

resulted from the investigation, These test_procédures and sequences. .

arc covereéd in subsequent sections with greater detail,

Test equipment for each of the above listed requirements appears.
to be the area of greatest difficulty due to the variations in interpreting the.
test specifications .such as the ARP series, Every test apparatus or machine

that is fabricated is subject to the designers interpretation of the .réquire-

ments and specifications, In some specifications, more details arc pro-
vided than others., The.items that areé critical to the test must be-pré-

sented in detail with reasons for.the design and/or operation.. Completion..
of.all test equipment réveéaléd that only one machine would accomplis‘h two
tests: rotary fléxuré and rotary flexuré fatigueé. The tensile tést machine—. .

is used for the axial pull and tubc réstraint tésts, ... .

P o
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"‘ i f The MS fitting -bascéline data fittings we retested following-the checke
‘ ) out of the ¢quipment and solving-the numerous problems that always arisc !
L
| as new cquipment is put to work, This was accomplished_while.the Vendors
, i
| i were fabricating and assembling the [ittings with the tubing specimens, ;|
: 3
3 o In this.manner both the equipment and procedures are thoroughly tested g'
‘ N iz

prior'to embarking on the 21-6-9 and 3AL.-2, 5V test specimens,
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V. SURVEY OF INDUSTRY...

The.objective of the requirement to survey the tube fitting industry..
was to obtain answers to the following questions:

(a)—_Will the number and types of test specimens required be.
available within the timec constraints of the program?

(b) Does a specific method of attaching fittings to-the.tubing
exist for both initial.or production installation and depot/
field level repairs?

(c) Has.the equipment required for joining tubc fittings to tubiag
been developed - and is it.operational? In this regard, are.
the power requirements consistent. with the types.and quantity
of power commonly found in aircraft maintenance facilities?

(d) Do the tube joining procedurés incur any. condition abrorc. "1y
hazardous to personnel? ..

(e} Will the contractor be-permitted to.either assernb’e (under.
the vendor's direction).or to witness the assembhlv. (at the

vendor's plant) of the test specimens required in this program?

() Will the design withstand the required temperature and pres-
sure limits set forth in the test program?

(f) Is the separable design compatible with an existing boss-design?

(h) What are the prices for the -6, -10 and -16 unicu fittings.?

During these contacts, an exchange of infuormation often.revealed if
any new designs were ''or: .the-board", or if special cquipment .was.required
to assemble the fittings. In some cases the fitting manufacturcrs utilize
existing production facilities as subcontractors and utilize.avhatever cquip-.
ment that is available on the subcontrac! ....rket whil* others.let-the pur-

chaser assemble the fitting to the tubing any way he desires.. Many of the

manufacturers produce only specialized fittings (other than aerespace)
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such ag indusirial, automotive, hcavy cquipment, hoses, surgical equip-

ment, ete,, because they report the acrospace field is overcrowded and

quite often the airframe manufacturers develop and produce their.own—....

o “ designs and/or [fittings, Some companics.thdt.have predominantly pro-
duced aercspace fittings are swinging back to the industrial/automotive .

L]

market because of the lack of activity and thc above noted reasons..

‘e During the market survey it became cvident that the fitting industry

was not interested in the competitive test program wherein a winning design

would be selected and a MIL Standard developed and issued for the chosen

‘,‘; design. This program. required that the participating vendors submit their

' : trade secrets, patents, designs, copyrights, etc. Only two vendors were
interested in pursuing this program, leaving out some of the more promis--

- ing designs. The program objective was then changed to an all-encompassing
industry evaluation program wherein [(ittings would be purchased from the
sclected vendors/designs for assembly with contractor-furnished test tubing.

en This approach was reccived with interest by industry to the extent that more
vendors.wanted to participate than the program could cconomically accom-
modate., Therefore, a selection was .made based on the optimum number

" of different designs. Basically, four advanced types (or désigns) of tube/

fitting joints exist today: .

- - Weélded joint
- Swaged joint
- Shrink fit joint

{
2w .
- - Brazed joint i
i
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In addition, there is the MS flarcless. fitting joing from which seve ral

o joint designs .werce developed, All of tho-designs.sclected for the test pro-
‘l gram have a.metal-to=metal scal in the separable fitting joints, The final
Lo
:L bl sclection of participants regulted in the following:
r ; - 5 separable designs .
: L - 5 permanent designs i
; o - 2 boss designs
L - MS flareless fitting (separable) for baseline data
: i
L |
: f ;
A !
S o
.
. - : 1
. !
. 1
, b

o : : . ”
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VI, TEST PROCEDURES -

The development of procedures by which cach.test is to bhe conducted

i3 considered to be one of the key tasks within the program because it is

anticipated that herecafter, all futurc fittings will be qualificd to.this specific

serics of detailed tests using the exact procedure and cquipment, In this

manner, all future test-results will be correlatable, .cspecially if identical ...

test équipment and data format is used by_¢ach vendor along with the pre-

scribed test procedures, The following list of test procédures for Class I

and Class II fittings are. contained in this section:

(1)

(2)

Repeated Assembly Test (Separable Designs Only)

Proof Pressure Test

Burst Pressure Test ..

Combined Proof-Burst Pressure Test

Impulse Test

Assembly Torque 2and.Misalignment Test (Separable Fittings Only)

Axial Pull and Tube Restraint Test (Tube Restraint Test for
Separable Designs Only)

Structural Load. Relaxation Test (Separable Designs Only)
Gaseous Leakage Test

Class "A" Eire Resistance Test

Thérmal Shock

Stress Corrosion

Vibration (Separable Fittings Only)
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(14) _Rotary Flexure

(15)

Fatigue

Development of each of the above listed test proccedures is discussaed in

the following paragraphs,

(1)

- Repeated Assembly Test, The objective of this test is to ..

determine tie degree of deterioration in.a separable joint and
seal after.successivé disassembly and rcassembly operations,
Therefore, a pressureé check is performed after ¢ach of four
successive-assembly/disassembly operations using the fitting
manufacturers recommended range of torque values, Inter-
changing the mating parts also offers variations that are of -
concern., These operations arc répeated under controlled
laboratory conditions and will result in correlatable and
repeatable data while furnishing an indication of the fittings
capability, This is a rather simple test.and requires a
minimum of equipment with a close inspection/examination for
the deterioration., This test is applicable only to the separatlc

type of fitting, _

Proof Pressure Test, This verification test is to be used

"as-required" throughout the various test sequences to verify
the integrity of the fitting/tubing/joint at any particular point,

but more especially following a critical test, The actual test

for proof pressure is combined with the test for burst pressurc




:

LX)

.

as noted in Procedure No, 4, ‘The burst test equipment is

designed for-a maximum of 30,000 psi, Adequate protection .

must.be provided in design of the cquipment in the event of

a failure. The high temperature heating system must be

protected from oil spray to prevent fires, A COp fire—-

fighting system should be installed in the hurst pressure

chamber or insure that it is sealed tight enough so as not to
support combustion, .Proof pressure is defined as two times——..... ..
the operating pressure. Proof pressure can be applied to any
fitting /tubing assembly prior to normal use without concern

of permanent damage..

Burst Pressure Test, Burst pressure is defined as. four.

times the designated operating pressure. However, _each
assembly must withstand four times ope rating pressure
without failure but with considerable deformation. During this
test series, the destructive burst test will be nwsed wherein

the assembly is pressu:ized to four times operating pressure

and held for teén seconds prior to continuing the pressure
increase to failure of tube or fitting,. This particular proce- _
dure is also used to study the deterioration in an assembly

following a.seéries of other type tests, The actual burst test
to new specimens is noted in the combined proof and burst

test in Test Proccdure No. 4.

R e
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(4)

(5)
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Combingd Proof and Burst Test, The actual.tests for proof

and burst préssures werce combined sinceé they follow in logical
scquence,. Most all fitting asgemblies will pass the proof test
without any problems,. Thercfore, thé specimen is precon-
ditioned and then.taken to two times operating préssurce and
held for the récommended period of time before going to three
and four times operating pressure.for a 10-second.pause.
Finally, the specimen is pressurized until a burst failure
occurs. These test specimens must be néw specimens with-
out any prior-tests or damage, while Test Procedures 2 and

3 apply to verification pressures before, during or after the

test. .

Impulsc Test, The impulse test was first designed around

the requirements presented in MIL-F-18280, However, after
operating the test apparatus with instrumented assemblics and
the required rate of rise, we found that the specimens.were
not receiving the impulseé energy supposedly imposed by.the
initial pressvre with.a rise.rate of 180, 000 psi/second, .The...
pressure spike was too sharp, thereby containing negligible
energy. The test apparatus was modified to reduce the input
pressure rise time to insure that the assémbly reéceéived the
maximum pressure. and that the two-stép pressuré rcduction

to zero was clean and sharp., Latér it was found that the Boeing




Company. was also investigating this same theory as pre-

sented in SAL Paper 700789, Figure | presents the pres-
sure/time curve required per MIL=«F-18280,_and Figurc .2 -
presénts the. SwRI recommended-curve, The dotted linc .repre-
sents the type of pressure/time curve recommended. by Boeing
in the above noted SAE paper, The Institute is in full agree-
ment with the impulse pressure wave shape for testing as
recommended by Boeing. The impulse tests conducted by
SwRI during this program used the pressure/time wave shape
noted in Figure 2,

(6) Assembly Torque and Misalignment Test (Separable Fittings

Only), hese two tests werc combined because the test fixture—..
for the misalignment test could easily -be used for the assembly/
disassembly torque test, The purpose of the misalignment test
is to.determine how great an angular offset could be imposcd

on the separable fittings and still cffect an as sembly and
satisfactory seal. The question that requires consideration

is the length of the half.of tube¢ on the deflected half of the.

union. The shorter the tubing, the less the bending deflection
and therefore, the more accurate-the angle at the interfacc,

These data are primavrily for design data, but aré also

*Future Airplane Hydraulic Distribution Systems Dcsign, Developments
and.Tésting Criteria by R, W, Mutzke, W. G. Nelson and.J, H, Van
dér Velden— :
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usclul to the mechanic assembling the fitting, The assembly
torque measurement is to determine how much torque (tightening
and loosening) is imposed on the tubing by the contact surface

of the mating surfaces during the assembly and disassembly

of the separable fitting,

Axial Pull and Tube Restraint Tests (Tube Restraint Test

for Separable Fittings Only). The purpose of the axial pull
test is to determine the tensile load required to fail the tube,
fitting or interface to the point that a leak occurs in hoth per-
manent and separable fittings, The purpose ofthé tube -
restraint test is to determine the ability of the separable fitting
to effect a seal with a gap existing between the two fitting.
halves, The gap is increased from zcro to the point that-a seal
cannot be effected. This data will be useful-to. the aerospace
designer, the manufacturer and the mechanic installing and
assembling the_scparable fittings,

Structural lLooad Relaxation Test (Separable Fittings Only).

The.purpose of this test is to-measure the creep or structutral .
load relaxation in a separable fitting after the proper as sembly
torque has-been applied. The test is to be performed with a
tensile preload at.clevated temperature and internal proof

pressurc for 100 hours, The crcep is to be measured in

terms of stress reduction attributed to température and time..

29
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C ] T e e (9) Gascous lL.eakage Test, The purposce of the gascous ledkage
l te st is-to-utilize. a suitable.gas of fine molecular structure
ro that will penetrate openings casicer than a viscous oil and
- measurc the degree of leakage, This is.a controversial.tesd

since the recent proposed revision to ARP 899 proposcd

: .
t - climination of the gas¢ous lcakage test.utilizing a mass
‘l:» - spectrometer and simply accomplish.a bubble check by water
L{ , — immersion, The Institute docs not agree .with the_bubble checlk
{ - method because there is no method of calibration or varying
" degree of leakage detection, The gascous leakage test is to
" be.divided into two types of test: one to test a new fitting .j
assembly for gascous leakage; the sccond to verify the
S integrity of the [itting before and after a test in a maner
’: similar to the procf préssure test.
: !
[ - (10) Class "A" Fire Resistancc Test, The purposc of this test is j
- to measure the resistance of the fitting assembly to a 2,000°FE ,
flame for five minutes with a measured flow of oil flowing l l
through the test specimen at ope rating pressure-while the speci- 1
men is vibrated at 2,000 cpm utilizirg a +1/16-amplitude, This i

is a rather scvere test but parallels the conditions found in an
engine fire zone in the event of a fire, ARP 1055 is a state of
revision since much of the original data—centained therein is

obsolete when applied to acrospace designs of today,  The
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(11)

(13)

recomniended changes are included in the test procedure and
equipment sctup.

The rmal Shock Test.,  The purpose of this test is to detef-

mine the recaction of the fitting assembly to scvere tempera-
ture changes, both internally and externally with liquid and
air mediums. Test specimen assemblies are first.subjected
to the air shock from cold to hot chambers in a minimum of
time using the.temperaturc extrémes. The second part of the
test also uses the temperature extremes with a liquid medium
injected into the specimens. A proof pressure or gascous
leakage test will be used to verify the integrity of the-fitting
following the thermal shock tests,

Stress Corrosion Test. The purpose of this test is to deter-

mine the resistance of the-tubing, fitting and various interfaces,
to a corrosive environment, This test.will utilize the.cyclic
salt water immexrsion test with drying periods between each
immersion, Inspection of the assemblics may require com-
plete disassembly and possibly a cut<away to determine the
degrce of penetration of the corrosion into some of the mating-
surfaces,

Vibration Test (Scparable -Fittingys Only). The purposc of this

test is to determine the susceptibility of the separable fittings

to possible loosening.or.damage duc to the wvibration test, The

31
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test is Lobe.conducted in accordanae with MILL-STH-81013,

However, the NASA recconmmended Criteria for Vibration Testing.

(Brief 71-10266) may offer a future change.in this arca of testing,

ek

Detailed inspection of the [itting joints and intérfaces will reveal
anv (amagce following the vibration testing. i |

Rotary Flexure Test, The rotary beam mecthod of testing

will be used throughout this program for the rotary flexure

test and the fatigue test. Basically, the test procedure and e
equipment will follow the recommendations set forth in ARP
1185 (proposed), One of the more critical problems is that of
poorly aligned.test specimens wherein the tube axis for both
halves of the.assembly is not colinear. When such a-specimen
is installed in the rotary flexure fixture that has a perfectly |
true axis,. it is impossible to establish a zero once the rigid
tail-stock is clamped en the tube, This alignment problem
could be solved by loosening the orbital basc-on the tail

stock; but, the eccentricity would vary by the degree-of mis-

P 19

alignment, More caution should be exerciscd by the verndors

i b

in preparing specimens for the rotary flexure tests (and all
other tests)to insure more uniform results, The cccentric
stréess problem has been solved by "averaging'' the maximum

deviation, Two strain gages located 907 .apart were used on

P ——ml . ST PSR




the initial test specimen with accurate measurements taken of
the displacement.because the strain gage did not last too long
once-the 2,200 rpm cyclic load was imposed,. For the
elevated temperature tests, high temperature sirain gages
were required to sct the initial strain, The rotary flexure
data can be used as.the endurance limit data for the S-N
fatigué curve thereby obtaining more points to establish the
curve,

(15) Fatigue Test (See Rotary Flexure for General Information).

Following the rotary flexure tests, that normally will establish.

the endurance limit of.the S-N curve, additional specimens —

were tested at the higher stress levels in order to establish
other points.on the curve,
A copy of the laboratory test.procedure for each of the fiftcen tests
noted above is included in the following pages. A diagram of t. ¢ test apparatus

and/or cquipment list.is.inc¢luded with cach test procedure..

N
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TEST PROCEDURES AND EQUIPMENT
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TEST PROCEDURES AND EQUIPMENT

INTRODUC TION

The development of procedurés used to conduct each test is consid-

;. ered to be one of the key tasks. within the overall test prograrm. Although

efforts centered.primarily on developing this parti.;x“lla.r series éf fests,

Pl considerable time and research was expended to prepare a set of procedures
and assemble associated test equipment that could be standardized to pro-

‘ , vide for correlative data and test results from future qualification tests on

! newly developed. fittings,

One of the greatest probléems voiced by Industry was the variance

‘ * : in general requirements of the many documents currently in use for testing
of tube /fitting assemblies, Each manufacturer could choose the test para- ‘
meters and procedures that wére best suited for their product or would
test it to the best advantage. Consequently, test data available on fittings
today are virtually noncorrelative,

During the review of many reference documents listed for use with
- = a particular test, it was noted that the specifications and equipment currently
P used were obsolete and in some cases inadequate because of the higher pres-
suré and temperature requiréments on tube fittings néeded to meet the
stringent environmental conditions of modern aircraft, Only ARP 1185
(proposed) and ARP 1055 (being reviseéd) are considered the most direct
and detailed tube teésting specifications; but, these two must also be updated
to meet current industry requirements, Therefore throughout this program,

the documents notéd in the RFQ were '"used as a guide for reference only, "




a8

| e i
and the SwRI.Test Procedurces and Test Equipment were developed to pro-
duce-the optimum test results, with simple yet technically sound methods.

and economically constructed.or readily available test apparatus.

I S

o i The equipment used for each test was developed in close coordina- -

tion with the design of the Test Specimens, and development of the Test

Procedures and Test.-Sequences, because each is interdependent on the

P other., Industry was also canvassed to ascertain types of ¢urrent equip-

L ment used, and their applicability to the new 4, 000 psi/450°F fitting

A requirements,

o The. following list of Test Procedures (also referred to as Per-

formance Evaluation Tests) for Class I and Class II fittings are contained
in this section:

S (1). Repeated Assembly Test (separable design only)

ﬁ s (2) Proof Pressure Test

% " (3) Burst Pressure Test

: (4) Combined Proof-BRurst Pressure Test

: : (5) Impulse Test

* o (6) Assembly Torque and Misalignment Test (separable. fittings only)

; ‘ (7)  Axial_Pull and.Tube Restraint Test (tube restraint test for
separable designs only).

(8) Structural Load Relaxation Test (separable designs only)

(9) Gaseous Leakage Test

(10) Class "A" Fire Resistance Test

(11) Thermal Shock.Test .

(12). Stress Corrosion Test .

(13) Vibration Test i

(14) Rotary Flexure Test with S/N Data Development (flexure fatigue)

TSN

They are presented in a format which will provide a brief resumie of
test objectives and équipment requiréments; the test procedure.itself;
descriptive layouts of the test assembly whére necessary; and the form used

to record the test data,

\




ol 1, REPEATED ASSEMBLY TEST

The objective of this test is.to.dete rmine the degree of deterioration.

e in a separable joint and.scal {or sealing surfaces) after succ¢essive dis-.
. assembly_and reassembly operations, during which the relative positions ___
: IR of the mating parts are changed, ”

A helium leak test is conducted before the initial disassembly of the

test fitting and after-each group.of four successive assembly /disassembly ‘

operations, _The manufacturer's recommended range of torque values are
P used during the tests, Care must be exercised to insure that no lubrica-

tion exists on the threads or mating surfaces except that which is.an

inherent part of the fitting-assembly such as.a dry film lubricant.

l o The specimen holding fixture and test chamber illustrated in Figure |
are similar to those used in the proof/burst and impulse test facilities.

The leakage test is conducted in the manner outlined in the Helium Leak

: o Test Procedure presented later in this report:




Performance Eviluation Test No., 1
REPEATED ASSEMBLY

(Separable Designs Only)
(Reference: MIL-F-18280C)

TEST PARAMETERS

1, Test Temperature: RTA (room temperature ambient)

2. Assembly torque loads

2.1 Vendor recommended minimum.
2.2 Vendor recommended maximum N
3. Relative rotational position of mating parts (i.e., fitting compo-

nénts and tubing).
4, Relative left/right position of mating parts
5. Leakage of helium gas at 4, 00Q psi

6. Eight assembly/disassémbly operations

TEST APPARATUS

1. Specimén mouniing fixture (same as used for proof pressure and
burst pressure tests)

2, Torquée wrench (0-500 in, 1b)
3. Torque wrench calibration equipment

4, Gaseous .leakage test apparatus and calibration équipment

TEST PROCEDURES

1. Install.and. tightly secure assembled test specimén in specimen
mourting fixture, Mark relativé rotational and left/right positions
of fi‘ting components and tubing. Visually inspect fittings for any
imperfections and note thése on form,

2. Check vendors.original assémbly of.complete fitting using vendor's
recommecnded procedure and minimum torque value. Match mark..
relative position of-tubing and fitting components in assembled
configuration,
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REPEATIEED ASSEMBLY (Cont'd) -

Install specimen mounting fixturce on test.chamber manifold and -
conduct.gascous (helium) leak teést at room temperature as out-
lined in. Procedure 9, j

Remove mounting fixture-from test ¢hamber and secure to work
bench or other immovabie base,

Disassemble fitting and completely separate-appropriate removable
parts, Conduct a visual inspection of all contact. surfaces, primarily
the seal area and threaded portions of.the fittings, and record any
evidence of possible darnage.

Assemble complete fitting using the manufacturer's recommended
procedure and.minimum torque value,

Repeat Steps 5 and 6 three more.times, each time retaining the
relative left/right positions as established in Step 1, but changing
the rotational position of the assembled mating parts, This
completes four assembly/disassembly operations,

Install specimen mounting fixture.on test chamber manifold and
conduct gaseous (helium) leak test at room temperature as out-
lined in Procedure 9. 1

The above constitutes one cycle (four assembly/disassembly
and a leak check) at minimum torque. . Repeat Steps 4 through 8
for the second cycle using the manufacturer's maximum recom-
mended torque values in Step 6.

Record all pertinent data or remarks on Repéated Assembly Test
Data Sheet,
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» SOUTHWEST 'RESEARCH INSTITUTE SHEET NO.——— OF— SHEETS
| ' s - % " gom . . - ) ,,_ )‘ ;’V .)
DATA SHEET PROJECT i M 1202 !
. SUBJECT __TIEI SEQUENCE NO, 1 DATE
GAS LIALAGES, RISPIATD ABSEMILY. LURST 8Y
SPECIMEN CODE.NO... MIN. TORQUIZ:..
‘ TEST TEMD.. (¥2):. . MAX, TORQUI::
) : DITRA" IRINKSG g1
. , OPLRATING PRISS, (’si): SCV
t, ) s¢e
f : : GAS LEAKAGE TEST DATA: Leak Rate Calculation Basge: scale
' ' Pressure: . (2 minute.time interval) i
: {
v Temperaturer, Scale Reading Calculated Leak Rate :
‘ Before First Assembly Series:
: ; After.First.Assembly Scries:.
b After Sccond Asseinbly Series:
| ‘ ASSEMBLY/DISASSEMBLY SERIES
DISASSEMBLY TORQUL {iL/in ox b/ft)
S FIRST SERIES . Avg. _ |
Inspection Results:
‘~ SECOND SERIES Avg,
Inspection Results:
PROOY PLRESSURE THST RESULTS:
BURST PRESSURE TEST RESULTS: FAILLURE PRIZSSURE: sl
Type of Failure: fe-a
i 1 S § S 4 Y WP
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REPEATED ASSEMBLY T1EST
for
BOSS TY PF SEDPARARLE FILTING ASSEMELIES
(Referencoe: Test Procedure for nions)
TIST PARAMIZTIERS.
Same -
_TEST APPARATUS
Add Items 5 and. 6 as follows:
5. Adapter: Vendors boss reccss to 3/4" pipe (sce Fig. {a),
6. Extension adapter for manifold to place bogs in controlled ¢nviron-

ment of chamber (see Fig. la).

TEST PROCEDURLES

The assembly/disassembly procedurce is the same except it must
be noted in Jtem 5 that the assembly/disassembly joint is between the
tube/nut and.the boss, because once a boss is installed, there is usually

ne reason to remove it unless the component is bad and will be discarded..
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2, PROOJF PRESSURE TEST

This verification test is to be used 'as required' throughout the various

test sequénce to verify the integrity of the fitting asseinbly at any pa rticular
point, but more especially following a critical test, _Proof pressure is defined

as two times.the operating pressure, and can be applied to any fitting /tubing
assembly prior to normal use without concern of permanent damage.

The test can be conducted whercver the fitting can be pressurized to

the required amount, and subjected to the highest operaiing temperatuic

rating. Being closely related to the Burst Test Procedure 3, the tests.are

usually conducted in that test facility.
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Performance Evaluation Test No, 2
PROOF PRESSURLE .
(Reference: ARP 899)

TEST PARAMETLRS
1, Test Pressures

1.1 Class I assemblies: Betwcen 8,000 and 8, 050 psig.

1.2 . Class Il assemblics: Between 6,000 and 6, 050 psig
2, Test Temperatures

2. L Class I assemblies: 450°F 110°F -

2.2 Class Il assemblies: 275°F t10°F
3, . Preéssurization Rate: 20,000 tS', 000 psig/min.
4. Pressure Hold Time: Minimum. of 5 minutes
5. Test Medium: Mobil Jet Oil II or equivalent
TEST APPARATUS
1, Proof-pressure/burst chamber
2, Proof-pressure specimen mounting fixture
3. Hydraulic pressure pump (0-10, 000 psig; 5 gpm)
4,. Bourdon-type pressure gage (0-10, 000 psig)
5. Manifold pressure control.system
6. Chamber témperaturé control systém (automatic)__
7. Manifold. préssure and chamber temperature, .strip chart récorder systern
8. Calibration equipment (as required for pressuré and temperature

instrumeéntation)

TEST PROCEDURES

L, Install tube fitting specimens in spécimen mounting fixture

B
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PROOJI® PRINSSURIE (Cont'd)

2, _Install specimen mounting -fixturce in test chamber,
3. Isolate cach.specimen prior to-pressurization by installiag ico-

lation shields that are part of the chamber,
4, Iill specimens, pump resérvoir and all interconnecting fluid

lines.with the specified pressurizing {luid (Item A, 5).
5. Bleed air {rom entire pressurized assembly by venting the high-

est point of the system to atmosphere, :
6. Start temperature recording cquipment, :

i

7. Condition specimens {or a minimum of one-hour at the elevated :

temperature for the Class of fitting undergoing test, !
8. Start pressure recording equipment,
9. Pressurize specimens to twice-the operating pressure (for the SE— ;

Class of fitting undergoing test) using pressurization rate ot
20,00 %5,000.psig/min., Adjust manifold pressure and/or
chamber temparature to within specified tolerances.

10... Hold pressure for five minutes. Monitor pressure gage and
visually observe-snecimens during this pressure hold to detect
any fitting failures. If a {itting begins to leak, imme.liately.
close the manifold valve to the defective fitting and record per-
tinent data in test log..

11, Upon completion of the five minute hold, reduce manifold pres-
sure to Zzero and chambeér temperature to room temperature..

12. Remove specimens from chamber and conduct visual inspection
of fittings. For separable fittings, include a visual examination.
of the scals and séaling surfaces,

>

TEST RECORDS: Record all pertinent results on the Proof-Burst Test

Data Sheet.

. 3
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o .
T PROOI PRIZSSURY T1ST.

: . for -

- BOSS 'I'Y P10 SEPARABLITELVITING ASSEMBLILES
: (Reference:  Test Procedure for-Unions)

A, TEST PARAMETERS

Samie

B. TEST APPARATUS

Aad Itemis 9 and 10 as {follows:

9. Adapter: Vendors.boss recess to 3/4" pipe (see Fig. la).

10. Extension adapter for manifold to place the boss and boss adapter

- in the controlled environmental chamber (sce Fig. la).
C. TEST PROCEDURE

Add Item la to read as follows:

; ' : la. For boss assemblies, install as follows:

; T ---Install extension adapter in manifold.

f - Install vendors boss adapter in end of extension. S

:‘ - Install boss in recess (provided in the adapter) in accordance a

with vendors instructions and tools. :

- Connecct the separable fitting/tubing to the boss.. , |

% - D. TEST RECORDS :‘

Samc,
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3. BURST PRESSURIE TEST

Burst pressure is defined as four times the designated operating
pressurc, Hawever, each fitting asscmbly must withstand this pressure
without failure, althouph considerable deforrmation may occur., During this .
test series, the destructive burst test will be used wherein the assembly is
pressurized to four times operating pressure and held for ten seconds prior
to .continuing the pressure increase to failure of tube or fitting. The test
is used both as a specific test on a new fitting (combined Proof and Burst.

Pressure Test Procadure 4) and as a verification check following a designated

test to determine if any deterioration resulted {rom the test.
Since the burst test is a destructive test, the equipment is designed . .
for a maximum of 30, 000 psi pressure capability. Adequate protection is
provided to prevent technician cxposure to hot oil spray at'high pressures
when the specimen fails, and also to contain a possible fire. The burst

test facility is illustrated in a descriptive diagram, Figure 2.
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Performance Evaluation.Test No., 3 -

BURST PRESSURE.
(Referénce: ARP 899)

TEST PARAMETERS

1. Test Pressure

2. Test Temperature

i R

—

2.1 Class I assemblies: 450°F 0°F
2.2 Class II assemblies: 275°F 10°F

3. Pressurization Rate: 20,000 %5,000 psig/min
4. Pressure Hold Time: 10 scconds

5. Test Medium: Mobile Jet Oil II or equivalent

TEST APPARATUS

1, Burst-pressure chiamber ; —_—
2. Burst-pressure specimen mounting fixture

3. “ydraulic pressure pump (0-30, 000 psig; 5 gpm)

4, Bourdon-type pressure gage (0-30,000 psig)

5. Manifold préssure controi systern

6. Chamber_temperature control system (automatic)

7. Manifold pressuve and chamber temperature, strip chart recordér
system

8. Calibration equipment (as required for pressure and temperature
instrumentation)

TEST PROCEDURLES

| Install specimens in the specimen mounting fixtureé:

1.1 Class I assemblies: Between 16,000 and 16, 050 psig
1.2 Class Il assemblies: Between 12,000 and 12, 050 psig
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. BURST PRESSURE (Cont'd)

Y
;1
|

2. Install the specimen mounting fixture on the manifold of the test
chamber, -

: . 3. Isolate cach specimen prior tu pressurization by installing-isola-
- tion shields that are part of the chamber.

4, Fill specimens, pump reservoir and all interconnecting fluid lines
with the specificd pressurizing.fluid (Item A, 5),.

] . 5. DBleed air from entirce pressurized asscmbly by venting the highest
i point of the system to atmosphere,

|

i

6. Start temperature recording equipment.

7.. Condition specimens for a minimum of ten ()0) hours at the elevated
temperature for the Class of fitting undergoing test.

8. Start pressure recording equipment.and isolate specimen to be te sted.
(Burst pressure specimens to be burst one at a time. )

.- 9. Pressurize specimen using pressurization rate of 20,000 %5, 000 nsig/
min. Hold for ten (10) scconds at.two timeés dperating pressure, ihch
continuc-to three (3) times operating pressure and hold for ten (10)
seconds.

10. Continue to pressurize specimen to four (4) times the operating pres-
sure (for the Class of fitting undergoing test) using pressurization
rate of 20,000 %5,000 psig/min. Adjust manifold pressure and/or
chamber temperature to within specified tolerances.

11. Hold four times operating pressure for ten seconds. Monitor pres-
sure gage and visually observe specimens during this pressure hoid
to detect any fitting failvres. If a fitting begins to leak, immediately
clese the mianifold «alve to the defective fitting, and record pertinent
data in test log..

12. Upon completion of the ten second hold, continue pressure rise at
the.same.rate until burst occurs. Record burst pressurce. Répeat
Steps 8, 9 and 10 on remaining spécimens.

13. Remove specimens irom chamber and conduct.visual inspection of-
fittings, . For separable fittings, include a visual examination of
. the seals and seéaling . surfaces.

O

D. TEST RECORDS: Record all pertinent results on thé Proof-Burst Test ;

Data Sheot, . | ik
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; : DURSTPRESSORI TS :
l for y
_ DOSS LY RIS SKEPARAD LI PITLIING ASSEEMILLES '
- (Relerencer Tost Procedure for Unions)
-
3., A.. TIEST PARAMICTIIRS
[ (Y]
( Same
B. TEST APPARATUS
) Sanic,. but add Items 9 and 10 as follows:
L 9. Adapter: Vendors boss recess to 3/4! pipe (see Fig. la).
:
* ae 10. Extension .Adapter for manifold to place the boss and boss adapter
i in the controlled environmental chamber (sce Fig., la).
. C.. TEST PROCEDURE
“ ‘ Add Ttem: la to.read as follows:
} la. For boss assemblies, install as {ollows: ,
| |
| * - Install extension adapter in manifold. J‘
; -- Install vendors boss adapter in end of extension.
._ ..
t . - Install boss in.recess (provided in the-adapter) in accordance '
’; : with vendors instructions and tools.
an - Connect the separable fitting/tubing to the boss.
” D. TEST RECORDS
: Same ;
e i
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4. COMBINED PROOF AND DBURST “IIG.

The.actual tests for proof and burst pressures were combined since

they follow in logical scquence.__Most all fitting assemblies will pass the

proof test without any problems,. Therefore, the specimen is préconditioned |

and then prieSsurizcd to two times operating pressure and held for the recom-
mendcd. period of time belore going to three and four timés operating pres-
sure for-a 10 second pause, Finally the spec¢imen is pressurized until a .
burst failure occurs., These test specimens must be néw spccimens without

any prior tesis or damage.
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Performance Kvaluwdion Test No, 4
COMBINED DPROOEF-LURST PRIESSURKE
(Referencer AR 899)
TEST PARAMETIIRS
1, Test Pressure
1.1 Cluss I assciablics: From 8,050 to 16,050 psig
1.2 Class Il asscmbliesi. lrom 6,050 to 12, 050 psig
2, Test Tcmperaturce
2.1 Class I asscinblies: 450°F 110°r
2,2  Class 1l assemblics: 275°F t1l0oF
3, Pressurization Rate: 20,000 5,000 psig/min
4. Pressurc lold Time: 5 minutes
5. Test Medium: Mobile Jet Oil Il or equivalent
TEST APPARATUS
1. Burst-pressure chamber
2. Burst-pressure specimen holding fixture
3. Hydraulic pressurc pump (0-30, 000 psig)
4. ..Bourdon-typc pressurc gage (0-30, 000 psig)
5. Manifold pregsare control system
6. Chamber teniperature control systém (automatic)
7.. Manifold pressure and chambér temperature, strip chart-recorder
systém
8. Calibration cguipment (as required for pressure and température

insgtrumicentation)

TEST PROCEDURES

Install specimeéns in burst-pressure speciméh mounting fixture

N U e e mm e
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10.

11,

12,

13.

GO

COMPINED PROQOF = BURST PRESSURE (Cont'd)

Install specimen mounting-fisture on manifold in burst pressure.
chamiber,

Isolate cach specimen priar to préessurization by installing the iso-
lation shields that are part of the chamber.

Fill specimens. pump reservoir and all interconnecting fluid lines
with the specified pressurizing fluid (Item A, 5).

Bleed air irom cntire pressurized assembly by venting the highest
point of the system to atmosphere.

Start temperature recording equipinent.

Condition specimens for one hour at the elevated temperaturc for
the Class of fitiing undergoing test,

Starti pressure recording cquipment.

Pressurizc specimens to twice the operating pressure (for the Ctlass
of fitting undergoing test) using pressurization rate of 20,000 15, 600
psig/min. Adjust manifold pressure and/or chamber temperature to
within specitied tolerances.

Hold pressure for five minutes. Monitor pressurc gage and visuaily
observe specimens during this pressure hold to deteet any fitting
failures. If a fitting begins to leak, immediately close the maniicla
valve to the defective fitting, and record pertinent data in test lut..

Upon complction of the five minute Lkold, reducce manifold pressure
to zero, .and condition specimens at 450°F for a minimum of @.hours.
Pressure recording equipment will be turnced off during this condi-
tioning period. For Class Il specimens, condition at 275°F.

Reactivate pressure.recording cquipment, isolate specimen to be
tested using valves and pressurize specimen to two times the oper-
ating pressurc (for.the class of fitting undergoiny test) using pres-
surization rate of 20,000 *5,000 psi«_z/min and hold for ten minutes,

Continue pressurizing specimen using pressurization rate of 20,000
+5, 000 psig/min, Pressurize to three (3) times operating pressurce
and.hold for ten seconds. Continue.to pressurize specimen to four

(1) times operatine pressure and hold for ten <econds,
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COMBINED PROOF-BURST PRESSURY (Cont'd) !

i
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3
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S 14. Hold at four (4) times operating pressure {or ten seconds andaf.no
fajlure occurs, continue pressurizationat.rate specificd in (12)

unti! burst eccurs.

15, Isolate failed specimen using vitlves and perform test on remaining
i specimens onc at a time. . Inspect speciniens. in-place alter temper- ,
ature has been reduced to ambient.
16. Remove specimens from chamber.and conduct visual inspection and 1
failure analysis of {ittings. For scparable fittings, include a .visual a
examination of the seals and scaling surfaces.
S D. TESTRECORDS: Record all pertinent results on the Proof-Burst Test :
: - Data Sheet.
2
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COMBINTD PROOLE AND BURST TEST

{ov
- POSS TYPISEPARABLE FITTING ASSIEMBLIES
(Reference:  Test Procedure for Unions)
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o A, TIEST PARAMINTIERS

i ' Same

L  . B, TIESTAPPARATUS

Add Items 9 and 10 as follows:

9, Adapter: Vendors boss rccess to 3/4" pipe (see Fig. la),

Vi 10. Extension adapter for manifold to place the boss and boss adapter
in the controlled environmental chamber (see Fig. la).

C. TEST PROCEDURE

Same ?
Add Ttems la to recad as follows:

la For boss assemblies, install as {ollows:

- Install extension adapter in manifold.

e - Install boss in recess (provided in the adapter) in accordance
with vendors instructions and tools.

- Connect the separable fitting/tubing to the boss.

D. TEST RECORDS

Same
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5, CIMPULSK TEST

Initially thedmpulse test was.designed around the requirements

7]

l oL presented in Mil-¥-18280C, However, following preliminary test work and
analyzing the results, it was decided that some immprovement was.needed in
the test requirements to provide a morce scvere test to the fittings, This
change from the supgested test.methods outlined in the work statemient was
justified by the common desire to conduct a test program which would "weced

out' the poor designs,

S R A T O e A

The pressurc/time curve as recommended by, Mil-F-18280C, Figure 3,
3 o with an impulse pressure surge created by the rise rate of 175,000 psi/
second, subjected the test specimen to an initial peuk impulse containing
LT negligible energy. It was felt that because ot this rapid pressure-rise rate
and also the fast cyclic rate, the specimen hardly sensed the peak pressure
impulse at all, Therefore the test equipment was adjusted to reduce the ’ -
.. pressure rise time and provide a somewhat slower (60 cycle per minute)
cyclic rate to produce a pressure/time curve as shown in Figure 4 , It is
obvious that the test specimen will be exercised more strenuously with this , ] - :
. pressule impulse pattern since the pressure rise race has been reduced from
175,000 psi/s¢c to approximately.30, 000 psi/sec, This theory was later
found to coincide w.'* that prescnted in the SAE Paper 700789¢1) and ‘. : "

investigated by the Boeing Co,

(D puture Airplane Hydraulic Distribution Systems Design, Developments and. A J
Testing Criteria' by R, W, Mutske, W, G: Nelson and J, 1, Van dér Vélden




-8

N

cURE

RES

b3

PERCENTAGE OF RATED WORKING

14

58y

125

100

75

50

25

1

NN

£

AV
V ¥ /
1 1
m‘ /J/
e
v

Y

R e L T

RN

<

N

NNt

142 TO 157.PERCENT PEAK

T SIOPE OF THYS.CURVE CORRESPONDS TO
, THE-RATE OF PRESSUIS RISE SPECLrLLED IN Lo9.161

5 PERCENT OF CYCLE

\\

N

RS
o
i

;;;/;,77/‘ };’Aﬁbi//’z_i ':,;// ;7/} //7/ WORKING PRESSURE
;‘M

1( NN
N N

<=
s
N TS

3 NN
‘: .\
NN
e

7

ey

75 PST M#X
g £  HACK PRESSULE

st —-—wm—t— 15 PEHCENT OF CYCLE
- L MINUTE - 1 CYCLE T

/ I I iy
T Lol g ol ol gl gl g

.65

THE CURVE SHOWN ABOVE. IS THE APPROXTMATE PRESSURE-TIRE CYCLE
DETERVINED TO' BE OF PROFER SEVERITY FOR IMPULSE TESTING CF FLARELESS
FITTINGS., WHIIE IT IS MANTATORY ONLY THAT PRESSURY PEAK RISIS 10
143 TO 157 FEICENT CF 7THE LCRNING PAZSSURE AT 00 POINT PRICR 7O
LEVELI:3 OFF AT RATED PPESIURE, IT IS CONSIDERZD :HIZHLY IESIRALIE THAT
THE. PRESSURE-TIME CURVE Re COMFINED TO THE SHADED ARZA INDICATED,

ONE VERY DESTRABLE EEUZFIT TO BE SAINED Ii THIS MANGER IS THAT.RZSULTS

OF TESTS PERFORMED ON DIFFERENT TEST MACHINES WILL BE MORE. NEARLY
COMPARABLE,

FIGURE 3 DYNAMIC PRESSURE IMPULSES RECOMMENDED
IN MIl.-F=18280C
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ORPERATING

PRESSURE *)

- —{Bo00

4000

12000

PRESSURE

e e X N
23 % c% 40%

Cyclic Rate: 60-cycles per minute
Pressurization Rate: 192,000 psi per minute

FIGURE 4 PRESSURE VS TIME CURVE IMPULSE TEST
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For a possible measurement_of the degree of deterioration in the

impulse tested specimen, it_was decided that a Gaseous lL.eakage Test
(Procedure 9) before and after the impulse cycling would be a more
sensitive method than the Proof Pressure Tests called for in Mil-18280C,
This test with helium is easily performed in the test facility without having
to remove the specimen from their incunting fixture,

The test facility as schematically described in Figure: 5 consisted
of a compact arrangement of a high volume (10, 000 psi rated) pressure

purnp, accumulators, hydraulic to hydraulic intensifier, directional contrel o

valve, cyclic timer, pressure switch, and associated piping.. The pressure

pulse was initially adjusted and the reafter periodically checked during the
test by monitoring the photographic trace of an oscilloscope which inter- —

prcted the signals of the pressure transducer positioned in the test manifold,




Performance Ivaluation T'est No, 5

IMRULSI.
(Reference: MIL-F=-18280C)

TEST PARAMETERS

1.

Pressurc: Nominal operating pressurc.of the-Class of assermblies
underpoing test with periodic pressure impulses to Letween 1. 43
and 1, 57 times noniinal vperating pressure,

Temperature

2,1 Class I.assemblics: From -65°F + 10°F to 4450°F ; 25717,
For 75% of the total test time, chamber environment to be
higher temperature, 450°F,

2,2 Class.ll assemblies: From -65°F 1+ 10°F to i275°F i 25°F,
For 75% of the total test time, chamber environment to be
at higher temperature, 275°F,

Number of Impulse Cycles: 250,000

Impulse Cyclic Rate: 05 +5 cpm

Test Medium: Mobile Jet Oil Il or eguivalent e

TEST APPARATUS

Impulse chamber
Spvecimen mounting fixture

Ilydraulic pressure system (Input: 2,000 psig; 11 gpm,
Qutput: 6, 000 psig minimum)

Bourdon-type pressurc gage (0-10,000 psig)
Manifold pressure control system

QOscilloscopeé

Chambeér temperature control system




>
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0
IMPULSE (Cont'd)
8. Pressure and temperature strip chart recorder
9. Calibration cquipment (as required for pressurc and tempera-

ture instrumentation)

TEST PROCEDURES

1, Install specimen in impulse mounting fixture
2. Install specimen mounting fixturc in chamber
3. Purge specimens and applicable portions of manifold and

pressure system with nitrogen if nccessary

4, Attach helium source to the inlet fitting of specimen to be

tested. Do not pressurize -

5. _Condition specimens for a minimum of one-hour at the
elevated temperature for the class of fitting undergeing test

6. Install isolation tubes around each specimen . .

7. . Insert leak deteztor sniffer probe tr.rough isolation tube near
the fitting set. Record zero leak detector reading at zero—....

8. _Pressurize each specimen in turn with helium to 3,000 or 4, 000
psig depending on class of fitting and hold for two minutes.
Record leak detector reading.

9. Reduce-helium pressure to zerc; remove isolation tubes and
fill specimens, pump reservoir and all intérconnecting fluid
lines with the specified pressurizing fluid (Item A,5)

10, Bleed gas from entire pressurized assembly by venting the
highest point of the system to atmosphere

11. Start temperatureé recording equipment-and test chamber
heating system

12. Condition specimens for a minimum of one-hour at the
elevated tempeérature for thé.class of fitting undérgoing test

NPUURUY WS
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;, IMPUILSE (Gont'd).
|
o 13, DBegin impulge-cycling systém with pulse rate of 60 cycles/
minute., Monitor pressure ¢ycles on the.oscilloscope initially,
% O and at.regular intervals (after 9,000, 99, 000, 160, 000 and
T 240, 000 cycles). thereafter to insure for.proper high and low
! pressure parameters
14, Initiate program of termperature cycles in accordance with
l the following schedule: T
: :
) Accumulated Approximate
E Time Total Number
: Temperature Elevation® {hours) Cycles
: High 0-1 3, 600
P Cycle (high to iow to high) 1 -4 14, 400.
High 4 - 15 54, 000
Cycle (high to low to high) 15 - 18 64, 300
- .. High 18 - 29 104, 400
: Cycle (high to low to high) 29 - 32 115,200 ‘
o High 32 - 43 154, 800 i
- Cycle (high to low to high) 43 - 46 165, 600 ;
- High 46 - 57 205, 200 |
l Cycle (high +o Jow to high) 57 - 60 216, 000 f
High 60 - 09. 44 250, 009 '
‘ |
o
E S #High temperature is either 4509F or 275°F depending on the Class 3
, .. of asscinbly under test; low temperatnre is =659F 110°F for cither
|/ i Class,
.- 15, Loss of pressure in any one specimen will automatically stoup
‘ the impulse.machine, . When this.occurs, record the number

of cycles completed, total accumulxted time under test anc
apparert reason for.failure., . lsolate the failed specimeén andi

] reactivate machine.. (Note: Temperature cycles must be
adjusted to maintain a 3:1 ratio of time at high:low temperaturc)

16, Upon.completion of 250, 000 impulse cycles, shut off the impulse

machine and reduce témperature

valve on manifold, and blowing nitrogén throuvh top end of
cach spécimendrom awhich end caps were removed,

1 17. Drain all oil from tested spécimens by opening appropriate




!
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l‘ IMPUILSE (Cont'd)

1

| ! 12, . Replace end caps and conduct sccond gascous leakage test

‘ - according to-instructions 3 through 9

|

:

; = 19. Reduce chamber.temperature to room temperature and

) .. remove fittings, For separable fittings,.include a visual

T examination of the seals and sealing surfaces.
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SOUTHWIS

SUBJECT.

ST PF“IT/\PCH INSTITUTE
DATA & \) f‘:l T

TEST SEQUETCE NO, V]

INGPUTLS TS 'I'l‘IS'I‘.

TEST GROUP:
TEST TEMPLERATURE (°F):

GAS LEAKAGE RATIL
CALCULATION BASE:

scc/sec
scale

(2 minute time interval)

TEST RESUILTS

1

PEATUIMPULLS
OPFRATING PRESSURLE
PRESSURI
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SHEET NO. -l (OF. 2o SHEETS
PROJECT -t fl*'-_"f

DATE
BY

FOPRESSURE (prap)
(e i)

(poigl/ecc)

RISE RATL

b)cumon . cfore. &
(Eo ¢ No. LGAS LiICARA _er TIISTS Af ( " Jinpy 11%(
& Scale [Calcuiared Sc alte Caivualatee

Position Ng bhefore e After _j__Aater

|

Total Na.
Cycles

Failure

Dupulse Descrintion
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| SQUTHWEST RESEARCH INSTITUTE SHEET NO.— 2 OF £ SHEETS
; ] DATA SHEET . PROJECT —Lin il L3 1
) SUBJECT _PIS T SEQUEHCE NO, VI DATC
y INCDULSE TSI LOG 8Y . )
]
o
CYCIIC RATYL PICTURES
o RICORD (check when taken) Bepin 3000 99,000 160, 000 240,000
; . cycles
4 PROITICTIED TEMPERATURE CYCLES
: HicH U Low lincr ol pow g Tiow ik | Low [n1Gi T ow 1 G |
- DATI ] - ;
Sleut(,/ Re / ? 7 g
Time / / // / / / Y /
. Zatan B d |y < L z
. Accypulated |  poas 1oas |29 F 32 | w3 joa6 | 57 | 60 leo. 4
: —lours ) ' Kk
B velos 13600 14,.100054.0001¢4,3000 10440 ;115,200 1154800 16, (0 25,2 {210,010 270,00 |

ADJUSTED TEMPERATURE CYCILES

] i |
.. | ] i
- e - r— ]
o DATE , i P i :
-_ Start . $ i
: i Time / \ / !
‘ - ston / p / . .
o . Acculrnulatcd ] | ,
) fours |
x b E(). of !
o veles ! i o
- ACTUAL TEMDPERATURI CYCLES
, |
L) - - . —

DA'TI

Stai‘t/ J/
Time : /
A/{:_.{ (B3R} : 4 . 3 ’//

Ac—c.lw*.u] ated I

DU

- =
NG, Ol
Cycles
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IMPULSE TES'
for
3088 TYRE SERARAPLLL ITITTNG ASSEMDBLIES -
(References. Test Procedure for Unions)
TIST PARAMETERS
Samc
TIEST APPARATUS
Same but add Items 10 and 1 as follows:
10. Adapter: Vendors boss.recess.to 3/4' pipe (sce Fig. la),
11, Extensgion adapter for manifold to place the bess and boss.adapter
in the controlled environmental chamber (sce Fig. la),

TEST PROCEDURES

Add. Item la to read as follows:
la For boss assemblics, install as follows:
- Install cxtension adapter in manifold.
- Instali vendors boss adapter in end of cxtension.

- Install boss in rccess (provided in the adapter) in accordance
with vendors instructions and tools.

TEST RECORDS

Same, ..

P




G.. ASSEMBLY TORQUE AND MISALIGNMENT TEST

Since these two tests were somaewhat similar with respect to the
mounting fixture required for each test spec¢imen, they were combined into
one test procedure, The tests are conducted only on the scparable type
fittings due to the nature of the tests, The test data is primarily for design

purposes, but arc also useful to the mechanic assembling the fitting.

The purposc of the Assembly Torque Test is to determine the amount

of residual torque imposed on the tubing after the fitting has been assembled.

This residual torque results from the frictional forces creéated between the.
contact surfaces of the mating parts while being joined together, and also
retained after having been assembled,. Properly positioned strain gages
(see Procedure) and a mounting fixture that securely grips the test speci-
men, are the key to deriving worthwhile data from this test., Length of the
tubing betwéen the grip on one end and the fitting to be tested on the other,
also determines the amount of residual torque left in the finished tubing
assembly, since the '"'spring back' forces are dependent on both the length
and the torsional stiffness of the tube, This implies_that for the sake of
correlation,the specimeén lengths and the strain gage locations should be
the same on all.tests in a particular series, It can also be assumed that
additional testing on varying lengths of the same size and type of tubing
could result in data that might predict the residual torque values in random

untested lengths of tubing assemblies, Due to the economics.of this test

program, only one particular length.of spécimens will be tested in this scries,




The purpose of the misalignment test is to determine how great an.
angular offsct could be imposed on the separable fittingd and still c¢ffect an
assembly and satisfactory seal, Length of the tubing between the grips and.

R pivot axis of the fitting joint is of vital importance in obtaining recliable data,

since the shorter the tubing the less the bending deflection and therefore, the
| more accurate the angle at the fitting interface, Through preliminary test=
: ‘ ing the necessary lengths were determined for each size (shown in Fig. 6
g
% ) of the test procedure) and were found to be proportional with each tubing O, D,
|

A failure in this test was determined by three different conditions:

; . (1) Seal could not be established at maximum torque.

: (2 . Threads would no longer engage because of excessive angle of

. displacement,

: (3) Threads were being stripped during make-up. -
3

used to record the test results. .

79
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Performance Evaluation Test No, 6

ASSEMBLY TORQUE AND MISALIGNMENT TEST

(Separable Designs Only)

TEST PARAMETERS

L,

Torsional strain in tubing induced by assembled separable
fitting

Relative allowable displacement of specimen ends

Fitting leakage at 300 £10 psi (MS fittings) or 400 %10 psi
(all other fittings)

TEST APPARATUS

Specimen misalignment and assembly torque test fixture
Strain gages - 3 element 45° rectangular rosette

Strain indicator and recording instruments

Torque wrench

Pressurizing medium (300 and 400 %10 psi nitrogen)

TEST PROCEDURE

1.\

Mount two, 3 eiement 45° rectangular strain gage rosettes,
Micro-Measurement Type EA-06-062RB-120 or equivalent,

on specimen in manner as shown in Figure 6, Care must be
takén to insure that the two rosettes.are diametrically opposed.
and that the center gage grid axis parallels the speciren axis,
thereby correctly positioning the 45° elements,

Loosely install the assembled specimen in the test fixture and
make necessary connections to the strain indicator and recording
ecquipment, Oniy the four 45° elements will be connected in

the form of a full bridge as. shown in Figure 6, to measure
torsional strains on the tube.

L vt T AU
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ASSEMBLY TORQUE AND MISALIGNMENT (Cont'd)

" 3, Balance the bridge output to a zero reading on the strain
indicator., Fasten the appropriate part.of the test union.

first in the vise clamp which is subsequently fixed rigidly to

the test fixture, and then tighten the arc guide .- clamp.block

on the tube in such a manner that will maintain or return the
torque strains to a. balanced (zero) condition on the strain
indicator,

4, Loosen the union nut (E), noting and recording the breakaway
torque required to disassemble.the union.

Reassemble the fitting, tightening the nut (E) to the maximum
torque with a torque wrench, simultaneously recording the
applied running and residual strains during the tightening process.

6. Repeat Steps 4 and 5 two more times for a total of three com-..
plete assemblies and disassemblies of the union during which.
strain measurements were taken,

}J‘l

7. Following the completion of the assembly torque test, prepare
the specimen for the misalignment test by repositioning the union

coincides with the angular scale zero point, Clamp the hex
il R portion of the union or male connector portion of the fitting
assembly in the vise clamp, The short length tubing portion
of the test specimen is then fastened in the fixed clamp. The
opposite end of the specimen is fitted into the arc guide/clamp
block which has been positioned in the appropriate guide slot
designated for the particular sized tubing being tested, The
clamp is tightened to a point which will allow transverse move-
ment of the tube within the clamp, but restrict any lateral or
up/down motion,

8. Attech pressure hose o the male ¢connector on onc end of the
test specimen and pressurize with nitrogen to the réquired test
pressure and check for leaks around the union connections.
Reduce pressure to zero,

9. Loosen nut (E) completely and angularly displace moveable
end 2° with the aid of the arc guide/clamp block assembly. .
Re-engage fitting nut if possible and torque. to manufacturers
. recommended minimum torque. Pressurize to required test
pressure (300 psi-MS fittings and 400 psi all other fittings)
with nitrogen. Bubble check for leaks, If leak occurs, increase
torque to maximum allowable torque, and if leak persists,

on the fixture so thz* the mating surface pivot center (see Fig. 6.). ...

PN
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: ! ASSEMBLY TORQUE AND MISALIGNMENT (Cont'd)

proceed to next.step (10). If no leak occurs, proceed to .
Step 11. (Note: Before proceeding to either step 10 or 11,
bubble check fluid must be removed from fitting to avoid
lubricating the threads,)

" Lo 10.___If a seal cannot be-made with the separable-union, reduce

; ‘ the angular displacement to 2 1°-increment and repeat

- Step 6. If a seal cannot be made with the separable union
at 1° misalignment, return the tube to zero.misalignment
and repeat St2p 6. Record torque pressure, degrees mis-
alignment and leakage.

4

i

|

g

- o

l ‘ 11. If the fitting does not leak at 2°, then increase the angular

] displacement in 1° increments and repeat Step 6 until.a seal
] or connection cannot be made, Record torque, pressure and
degrees misalignment,

12. Turn off air supply and remove specimen from fixture. .
Inspect visually and record results.

D. TEST RECORDS

:

- Record all pertinent results on the test log, and calculate torsional
stresses using the formula:

| ¢ E
‘ (o} -
§ T I+
I
{ where
T = torsional stress
E ¢ = torsional strain (Rridge output )
E = modulus of elasticity

Poisson's Ratio

?_
-
]

Residual Torque TR will be calculated by using:

OT J
TR =

- r
L u where

3 .

- TR = Residual Torque, in.lbs
- J = Polar moment of inertia, in,
r = distance from neutral axis to outer fiber, in,

L
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SOUTHWEST RESEARCH INSTITUTE SHEET NO.ero— OF ———3dELTS
DATA SHEET PROJECT —23-3113-002
SUBJECT Test Sequence VII DATE -
Misaligmnent BY

Specimen Code No. i Maximum Torques

———— —————

Test Preéessure (psig):. Minimum Torque:..
Strain Gage-Locations:
(Distance from Edge of Fitting to Gage)

Test Temperature-(°F)¢

—————

ASSEMBLY TORQUE TEST RESULTS

_ CYCLE 1 ~ CYCLE 2 ~ CYCLE 3
Bridge Brecakaway DBridge- Breakaway Bridge Breakaway..
Output Torque Qutput Torque Qutput Torque
@ Start: _
Tightened:
Total 1

Reading: @ @ @ @ : @ @

Average Bridge Output Reading( 1l + 3+ 5) = @
3

Actual Torgue Strain p in/in (C?) = @

True Torsional Stress. (o = 16 f‘ = 18 3E) = @
. }). .
- -6-9 = 6 = 6
(E 21-6-9 =30 x 10 Eitanium | 17 x 109) |
REMARKS:
MISALIGNMENT TEST RESULTS
Attempts: Zero 15t 2nd. 3rd 4th 5th bth

Angular Displace-
ment (Degrees)

Scal Established: L
(Yes - No) ) |
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SUPPLEMENT NO, 1
to [

ASSEMBLY TORQUE AND MISALIGNMENT TEST PROCEDURES
for the-
TESTING OF BOSS TYPE SEPARABLE
FITTING ASSEMBLIES
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ASSEMBLY TORQUE AND MISALIGNMENT
for
BOSS TYPE SEPARABLE FITTING ASSEMBLIES
(Referencé: Test Procedure for Unions)

TEST PARAMETERS

Sameé
TEST APPARATUS
Same plus Item~ 6 and 7 as follows:
6.. Adapter: Vendors boss recess to 3/4" pipe (see Fig. 6a).

7. Extension adapter for manifold to place the boss and boss-adapter
in the controlled environmental chamber (see Fig._ 6a).

TEST PROCEDURE

1. Mount.two, 3 element 45° rectangular strain gage rosettes, Micro-
Measurement Type EA-06-062RB-120 or equivalent, on specimen
in manner as shown in Figure 6a. Care must be taken to insure
that the two rosettes are diametrically opposed and that the center
gage grid axis parallels the specimen axis, thereby correctly posi-
tioning the 45° elements.

2. Loosely install the assembled specimen in the test fixture and make
necessary connections to the strain indicator and recording equip-
ment. Only the four 45° elements will be connected in the form of
a full bridge as shown in Figure 6a, to measure torsional strains
on the tube.

3. Balance the bridge output to a.zero reading on the.strain indicator.
Fasten the appropriate part of the test fitting (the adapter) first in
the vige clamp which is subséquently fixed rigidly to the test fix-
ture, and then tighten the arc guide - clamp block on the tube in
such .a manner that will maintain.or return the torque strains to a
balanced (zeéro) condition on the strain indicator (see Figs. 6a),

4.  Loosén the union nut (E), noting and.rccording the breakaway tor-
que required to disassemble the fitting (seé¢ Figs. 06a),

5. Reassemblé the fitting, tighténing thé nut (E) to-the maximum tor-
que with a torque wrench, simultanéously récording the applied
running and résidual strains during the tightening procéss (sce
Figs. 6a),

87
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10,

11....

ASSEMBLY TORQUE AND MISALIGNMENT (Cont'd)

Repeat Steps 4 and 5 two more times {or a total of three complete
assemblies and disassemblies of the fitting during which strain
measurements were taken.

Following the-completion of the assembly torque-test, preparc the
specimen for the misalignment test by repositioning the fitting/
tubing assembly on the fixture so that the fitting.to boss mating
surface pivot center (see Fig. 6a) coincides with the angular scale
zero point. Clamp the hex portion of the adapter or male connec-
tor portion of the fitting assembly in the vise clamp. The exten-
sion/adapter portion of the test specimen is then fastened in the
fixed clamp. .The opposite end of the specimen is fitted into the
arc guide/c¢clamp block which has been posgitioned in the appropri-
ate guide slot designated for the particular sized tubing being
tested. The clamp is tightened to a point which will allow trans-
verse movement of the tube within the clamp, but restrict any
lateral or up/down motion.

Attach pressure hose to the male connector on oné end of the test
specimen.and pressurize with nitrogen to the required test pres-
sure and check for leaks around the union connections. Reduce
pressure to zero (see Fig. 6a).

Loosen nut (E) completely and angularly displace movable end 2°
with the aid of the arc guide/clamp block assembly. .Re-engage
fitting nut if possible and torque to manufacturers recommended

minimum torque. Pressurizc to required test pressure (300 psi- .

MS fittings and 400 psi all other fittings) with nitrogen.. Bubble
check for leaks. If leak occurs, increase tordque to maximum
allowable torque, and if leak persists,.proceed to next step (10).
If no leak occurs, proceed to Step 11. (Note: Before procceding
to either Step 10 or 11, bubble check fluid must be removed from
fitting to avoid lubricating the threads.)

If a seal cannot be made with the separable portion of the fitting,
reduce the angular displacement t¢ 2 1° increment and repeat
Step 6. If a seal cannot be made with the separable portion of
the fitting at 1° misalignment, reéturn the tube to zero misaligr.-
ment and repeat Step 6, Reécord torque pressure, degreés mis-
alignment and leakage.

df the fitting does not leak at 2° then increasée the angular dis-

placement in 1° increéments and repeat Stép 6 until a scal or con-
néction cannot be made. Record torque, pressure and degreces
misalignment.
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ASSEMBLY TORQUE AND MISALIGNMENT (Cont'd)

12. Turn off air supply and .remove specimen from {ixture. Inspect
visually and.record results.

TEST RECORDS

Same.
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T AXIAL PULL AND TUBE RESTRAINT TEST.

The purpose of the axial pull test i5 to determine the tensile load re-
quired to fail the tubing or fitting assembly, IFailure is defined asg the. point
where a gas leak is detected by a bubble check during the actual loading of
the test specimen which has been pressurized with shop air,

The tube restraint test is used to determine the ability of the separa-
ble fitting to effect a seal with a gap existing Between the two fitting halves . -
before assembly, The gap is increased from zero to the point that a seal
cannot be effected or 85% of the yield strength load of the specimen has been
attained or.exceeded by torqueing the two halves together., Care must be taken
to insure that the length of the specimen between the grips of the test machine
is the same for all specimens to allow for correlative test data.

The tests .are conducted in a Baldwin Test Machine capable of produc-
ing 200, 000 1lbs of tensile load, using other required equipment as illustrated
in Figure 8. Special grips were designed to grip the tubing uniformly as well
as positively, and close fitting rod inserts were positioned in the tubing to
prevent-collapse of the tubing walls at the higher-loads required for 21-6-9
and titanium. Deflection gages were positioned at appropriate points on the

specimen to determine the distance in the gap, and also any slippage that

A—

might influence the test data..




‘[‘
|

3 - | [
92
Performance Evaluation Test Na, 7.
AXIAL PULL AND TURE RESTRAINT |
(Tube Restraint for Separable Designs Only) l
TI3ST PARAMETIERS
1, Mecchanical uniaxial tensile load
2, Pregsurce: 100 %10 psig
3, Pressurizing fluid (shop air regulated to 100 110 psig)
4, Relative longitudinal controlled displacement to create fitting gap
5. Tubing /fitting stress limit
TEST APPARATUS
1. Specimen axial pull holding fixture
2. _ Universal test machine with strain pacer {Baldwin or equivalent)
3. Strain pacer !
4, Hydraulic hand pump 1
|
5. Pressure gage (0-100 psig) "
i
6. Torque_wrenches
TEST PROCEDURE (Separable I'ittings)
1, Calculate maximum load required to achieve 85% of tensile yield

stress in tubing.

2, Install test specimen in axial-pull test fixture with union tightly
assembled with nominal torque. Distance between grips should
be 13 inches.,

3. Loosen union and with the aid of a deflection indicator mounted i
acrogs the union joint open gap in joint , 015", one side only.




e LT R T

|

RS

AXIAL, PULL AND TUBE RESTRAINT (Cont'd)

4, Torque fitting to measured nominal torque, (Do.not exceed
the load euualling 85% of yield,) Record tension load reading
in tensile test. machine and readings of dial indicators positioned
at each énd of the test specimen to determine slippage within
the grips,

5, Pressurize fitting to 100 psi and leak check to determine if fitting
completed the seal, . T

6, If fiting satisfactorily completed the seal, increase gap . 005"
and repeat steps 3, 4 and. 5.

7. Continue increasing gap until tube stress reaches 85% yield or seal
cannot be effected, Record results. :

8, If a seal cannot be effected.in Step 5, then reduce gap to . 010"

and repeat steps.3, 4 and 5. If a sealis still impossible, .reduce

the gap to . 005", Each time record test results noted in steps
3, 4 and 5. 7

9. Assemble union to maximum torque value,
10, Pressurize specimen to 100 psi + 10 psig using shop air., .
11, Check critical areas for leakage.
12, Continue to increase load until either:
(a) Pressure reduction or bubble check indicates fitting leakage
or, .
(b) Specimen fracture occurs; record results,
13, Turn off air supply and reliéve specimen load. .

14, Remove specimen from test fixture and visually inspect.

15, Record all pertinent results on tést log.

FOR PERMANENT FITTINGS

16,___Compute tensile load required to achieve 85% of ténsile yield
in tubing.

17,. Install assémbly in.axial pull test fixture in tensilé test machine,

18, Repeat steps 10 through.15 above-
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DATA SHEET. PROJECT 2323113202,
- SUBJECT _TEST SEQUENCE NO, IX DATE - —
AXIAL PULL & TUBE RESTRAINT BY . .
SPECIMEN CODE NO, NOMINAL TORQUE:
TEST TEMP, (F?®) MAX. TORQUE: N
TEST AIR PRESS, (Psi) 85% TENSILE YIELD: __lbs. E
START. LOADED LOADED
1
JOINT _ TUBE. ACTUAL. TORQRUE "TENSILE . AIR ?
GAP- SLIPPAGE : GAP ] ?_FPLIED LOAD . LEAK
(DIAL "A'") (DIAL "B")(DIAL "C') ["'A" -(B+ C) ( "“Vlbs) (1bs) (Yes or No)

REMARKS:

AXIAL PULL TEST

Max. Torque Applied:

Mazx, Tensile Load at Failure:

Type of Failure:

Inspection Results:

-

ok |

¥

Grips -~
Union _'"“'*{T-i (J) a [

"o
-~
[

DIAL GAGI DIAG,

P

!

isc-q

|
g

e S WA et




A AUt £ aE M L PLA - EF L R i S A

|
4

b -——_—t

[T
2 B

» - 3

[ a B e

SUPFLEMENT NO, 1

to

AXIAL PULL AND TUBE.RESTRAINT TEST PROCEDURE
for the
TESTING OF "BOSS TYPE SEPARABLE
FITTING ASSEMBLIES
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AXIAL PULIL AND TUBE RESTRAINT TEST
for
BOSS TYPE SEPARABLE FITTING ASSEMBLIES
(Reference: Test Procedure for Unions)

TEST PARAMETERS

Same, ...

TEST APPARATUS

Same plus Items 6 and 7 as follows:i.
Adapter: Vendors boss recess to 3/4" pipe (see Fig. 8a).

Extension adapter. for manifold to place the boss and boss adapter
in the controlled environmental chamber (see. Fig. 8a). .

TEST PROCEDURE

1.

Calculate maximum load required to achieve 85% of tensile yield
stress in tubing.

Install test specimen.in axial-pull test fixture with boss.and con-
necting tubing tightly assembled with nominal torque. Distance
between grips should be 13 inches (see Fig. 8a).

Loosen fitting nut and with the. aid of.a deflection.indicator mounted
across.the union joint open gap in joint . 015", one -side only.

Torque fitting to measured nominal torque. .(Do not exceed the
load.equaling 85% of yield.) Record tension load reading in-tensile
test machine and readings of dial indicators positioned at each end
of the test specimen to determine slippage within the grips.

Pressurize fitting to 100 psi and leak check to detéermineg if fitting
completed the.seal. .

If fitting satisfactorily completed the seal, increase gap . 005" and
repeat Steps 3, 4 and 5. .. '

Continue incréasing gap until tube stress reaches 85% yield or seal
cannot be effectéed. Record results.

If a seal cannot be efféected in Step 5, thén reduce gap to. 010" and.

repeat Steps 3, 4 and 5. _If a seal is still impossible, reduce the
gap to . 005", Each time record test results noted in Steps 3, 4
and 5.
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l AXIAL PULL AND TUBFE RESTRAINT.TEST (Cont'd) f
}. 9, Assemble boss. to fitting using maximum torque value.
. 10. Pressurize specimen_to-100 psi 10 psig using shop air,

—

11, . Check ¢ritical areas for leakage.

v 12, Continue to.increasé load until either: .
e (a) Pressure reduction.or bubble check-indicates {itting leakage
i or,

(b). Specimen fractureée occurs; record.résults.,

13, Turn off air supply and relieve specimen load.

. 14. . Rermove specimen from test fixture.and visually inspect.
15, Remove . boss from adapter and.visually inspect.

Record all pertinent results on tesi ivg.

—
(a2
.
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8. STRUGCTURAL LOAD RELAXATION TEST (Separable Fitting Only)

The purpose.of this test is tu measure the structural load rclaxation
of.a.séparable fitting assembly subje cted to a tensile_stréss.load equal to the
stress level which would be applied to the tubing by proof pressure (2-times
operating pressure) and to a temperature condition equal to the maximum.
allowable for the_“pa,x;ticular type of tubing., The-relaxation is measured in.
terms of strain reduction monitored periodically during the test period of
100 hours, and subsequently converted into terms cf stress reduction.

One uniaxial high temperature strain gage is mounted to the specimen
to measure the tensile strain applied, and the specimen is positioned in a

separate, self-contained load frame capable.of rigidly gripping the tubing _

and simultaneously applying the prescribed tensile load. The entire assembly

is then placed into an environmental chamber designed to withstand proof
pressure level failures in the event of their occurrence.

In order to obtain definitive results from this test, it is of prime
importance to "'exercise' the strain gages mounted to each_specimen by
pressurizing and loading the specimen several times at elevated témperatures
prior to the actual start of the test period, This is doné to settle the strain
gage and insure the satisfactory curing of the special adhesive used in the

application .of the_gageé. An illustrative diagram of the test fixtureé is pre- -

sented in Figure 10 following the tést procedure.
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1" Performance Evaluation Test No, 8

i STRUCTURAIL: LOAD RELAXATION .
b (Separable Fittings Only)

. A. TEST PARAMETERS

- 1, Test Pressures . i

- 1.1 Class l.or.Il assemblies: 200 %5 psig .
i 1.2 Class I assemblies: to 8, 000 psig
1.3__Class II assemblies: to 6,000 psig ]

k.

; ‘

? . 2. Test Temperatures
;

2.1 Class.I assemblies: 450 +*25°F or,
2.2 . Class I assemblies: 275 +25°F

- T 3. Test Load: As required to produce.a tensile load on.the ..
L specimen equivalent to that which would be induced by
> ﬁ pressures twice the operating pressures,

4, Test Duration: 100 hours at elevated temperature

5. Test Medium: Mobiltherm 600 Oil or equivalent

B. TEST APPARATUS

1. Structural load relaxation (SLR) test chamber

e
]
-

E 2, SLR specimen load frame
'i 3. Hydraulic pressure pump (10, 000. psig: 5 gpm)
. 4, Bourdon-type pressure gage (0-10, 000 psig)
i, 5, Strain gage instrumentation .
6. Calibration equipment (for pressure, temperature, and

strain gage instrumentation)

*:
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STRUGCTURAL I.OAD RELAXATION (Cont'd)

TEST PROCEDURE

1, At location A" on.a SLR test specimen, sé¢e Figure 9,
mount a single element strain gage, Mi¢ro-Measurements .
Type WK-09-062AU-120 .or.equivalent, The gage .grid axis.
must parallel the specimeén axis,

2, Install the specimen in a SLR load frame, und¢ by applying a
tensile load to the.specimen of at least 75%.0of. the test load,
tighten the tube holding clamps to insure against slippage
during the test,

3. Position the load frame in the .SLR.test.chariber, connect
the specimen strain gage lead wires to the wtra n indicating
circuit, and the specimen itself to the pressurizing manifold.

4, Repeat steps 1-3 for. all specimens in.a pe rticular test run,

5, Increase the SLR test chamber temperature to 5% above the
amount required for the class of fitting undergoing test and
maintain this temperature for two hours,

6. Reduce the temperature.to the required test temperature and
conduct a proof pressure test in accordance with the Test
Procedure No, 2,

7. Upon successful completion of the Proof-Pressure Test apply
the tensile load required for the test to each spec¢imen, hold .
momentarily and then reduce the load to zero. Repeat.this step
for a total of three cycles, in order to settle thé strain gage-
installation and reduce thé hysteresis efféct normally associated -
with this. type of test. Reduce the témperatures and pressure to
ambient, allow to.stabilize, and then balance each strain gage
to a null reading on the indicator and record the zero setting.

8. Raise the temperature in the test chamber. to the required
amount for the actual test, and determine when.temperature
has stabilized by periodic recording of strain gage output
readings.

9, . After temperature and strain gages have stabilized, record
the strain readings of each gage and use this setting as the -
test zero.

i
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l STRUCTURAL 1.OAD RELAXATION. (Cont'd).

10, Pressurize the gpecimen to 200 psi, and load each specimel.
in turn to the predetermined.tensile gtrain required by the

. test, using the test zero recorded in.step. 9 as the starting

point, Record.the date and time, together with the strain.

readings of all gages. This will initiate the 100-hour test

" :
‘ period.

T 11, During the 100-hour test eriod, as a minimum, record
P
E voaa strain gage readings-at.08,15 and 1615 hours each day.. If

tion at these times a . specl
is detected, relieve the pre gsure.and load on the leaking
¢ pertinent data.

during a visual inspec imen leakage

specimen. and recor

12, Upon completion of the 100-hour test, record the strains of.
all gages, and then increase the pre’sSure-to twice operating
ne class of fitting undergoing the test.and
sure for 5 minutes. vigually inspect each
and record strain readings_ .

! N pressure for t
" hold at this pres
specimen for signs of leakage,
again. o
duce the pressure and.tensile

and record the strains. This
f step 9 will

13, After the 5 minute hold period.re

loads on each specimen to zero,
reading when compared with the initial te st zéro ©

indicate a permanent gset or a zero shift. :
%
e to ambient, record

cimens from.the load
t specimens, Trer. . .

14. Reduce the test chamber temperatur
. strains of all gages, and remove spe

After visual inspection of the tes
pertinent data on the test log.

frames,
cord all
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i SPECIMEN CODE NO. TEST POSITION ZOM APPLIED TORQUE: M
! - (Separable Fittings Only) a
. ) Test .H.mg.v.“ Aom.ﬁ Test Stress: } psi Qﬂm@.& me Aw,ogm.c
3 o Test Press. (Psi): Test Strain: pin/in (Req'd) pin/in Awnwcwc
] B : . B
w.ou TEST STRAIN READINGS i
— i
o : ! : . , , ’
- Strai Actual : . Strai Actual
: i Date Time : Temp. wmm.mmmw mmu.wws Date : Time Temp. wmw www .m:wwb_
g - First " Fourth %
Wb @ Q psi 4:45
3 MW w no load P. M.
~ 535
v _ st @ 0 psi i
Ww mmg;u. 1@0 1554 Fifth 8:15
_ Day P.M.
Test! @ 200 psi |~
3 Temp.. no load —— .
- as Test
Test 00 i
) .H_oonw%.. no lo Qma
- Z
- O .
oy = Test . @ 200 psi @ Proof
: p I £ START Temp. & Ho%m Press.
oz Hs
- < . _ -
w - Y S : L @ Temp.&
.u._h_l..—m M .mnﬂﬁ& 8:15 Tensile Wowm
y Day : ' .
“ul w M 4 My..%?mh. @ Temp,&
>l < P. M. no°1o4d
- A¢ g
—— 3 o] . 3:15 -
I gl 3| Third A M @ R Tempp-
“L x| S 4:45°
o5 Pay P. M.
=55
| 3 Al
— z F|2| REMARKS:
O
> 9%
b ] -
| > 3§
.. ) @
T
: . . E :

T . , .
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r SUPPLEMENT NO. 1
S

' to
STRUCTURAL LOAD RELAXATION TESTPRQOCEDURE

) ‘ for the-
| - TESTING OF THE BOSS TYPE SEPARABLE
B FITTING ASSEMBLIES
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STRUCTURAL LOAD RELAXATION TEST
for
BOSS TYPE SERPARABLE._FITTING ASSEMBLIES
(Reference: Teést Procedure for Unions)

TEST PARAMETERS

Same .

TEST APPARATUS

Same plus Items.7 and 8 as follows:

Adapter: Vendors boss recess to 3/4" pipe (see Fig. 9a).

Extension adapter for manifold to place the boss and boss adapter

in the controlled environmental chamber (see Fig. 9a).

TEST PROCEDURE

14,

Same except for Items 1, 2 and 14 to read as follows.

At location !'A' on the SLR test.specimen. shown in Figure 9a,
mount a single element strain gage, micro-measurements Type
WK-09-062AU-120 or equivalént. The grid axis must be paral-
lel to. the specimen axis. Assemble the extension adapter and.
the boss adapter. Install the boss. in the recess provided.by the
vendor in the boss adapter. . Assemble the tube to the boss and
install the end fittings.

Install the specimen in a SLR load frame in accordance with .

Figure. 10a, and by applying a.tensile load to the.specimen of at..

least 75% of the test load, tighten the tube holding clamps to-in-
sure .against.slippage during the-test.

Reduce the chamber temperaturé to ambient, record the strains
of all gages, and remove-thé specimens from the.load frames..
After.visual inspection of-the. total assembly, record.all perti-
nent data on the test log. Disassemble the test specimen(s) and
pay particular atténtion.to.the separable part of the fitting as well
as thé boss as it is removed from the adapter.

Y

!
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- 9. GASICOUS TLEAITAGE TINST
e
In this test program the gaseous leakage test is used primarily as a -
‘ > means to.detect any deterioration in the inteprity of a fitting Leing tested
" under some of the other test procedures, The very small molecular struc-
ne
ture of helium gas, the tracer gas used in this test, allows it to penectrate
i through openings which other agents such as water and oil cannot pcnetrate,
B Thercfore injection of pressurized helium into.a. test systém together:
3 ﬁln
f with a detcction device capable of sensing vory small amounts of escaping
[ o
*, .
: R helium provided a more scnsitive method to determine the extent of possible
r E damage suffered by a test specimen, This methoda also makes it possible to .
i' .
: determine a rate of lcakage, whercas a simple hubble check as used in some \
o 1
b i
. tests in this program, or the water-immersion type bubble check recom- ‘
i g' mcended by others does not,
A VEECQ brand, masc spectrometer type Model 90AB helium leak
3
. detector together with its associated "sniffer' . device, was used to.conduct
.% this type of test, A comparatively simple method.was devised wherein f‘

a small isolation tube was placcd_over the test specimén movnted in —
the test manifold of the test facility being used, and with the aid of the ''snitte v
device, rcadings were taken before and after helium gas. was injected into the
speécimen, In this manner the amount of héelium escaping from the tést

spccimen into.the.isolation tubc was measured over a defined périod-of time,

and.xwhen compared with a known leakage raté into the same isolation tube_during

caloration, a definitive measurcment of thé leahage rate through the test
Y

v b
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|

specimen could be established,  For the_purpose of this test program,

"'no leakage' is defined_as a leakage raté-of 1,0 x 10=3 sce/sec or less.
The normal test set-up is illustrated in Figure | following the
Repeated Assembly Test Procedure., The test data.is recorded ontheé

test data sheets of the primary test being conducted on the specimen.
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Performance Mvaluation Test No, 9

GASIEOUS 1.1AKAGI.
(References ARDP E99)

TEST PARAMIETERS

1. Pressurce

1.1 Class L asscmblics: 4, 00¢ + 25 psig.
1.2 ° Class II assemblics: 3,000 + 253 psig

2, Temperature
2.1 Class I assemblies: 4502F + 10°F .and room temp. .
2.2 Class Il assemblies: .275°F + 10°F and room temp.
3. Pyessure Hold Time: 2 minutes
4, Test Medium: Gaseous helium.

TEST APPARATUS

1.  Veeco Model MS90AB Lcak Detector or cquivalent calibration
equipment as required for above instruments

2, Gascous pressure source (0-+4, 100 psig)

3, __Bourdon-type-pressurc gage (0-5.000 psig), temperature
controller, temperature recorder

4., Spcecimen mounting fixture and isolation tube

5. Environmental.chamber

TEST’PROCI‘TDURES

1.. Install specimens in mounting fixture uscd-in primary test
2. Install isolation tub¢ ovér specimens

3. Purge specimens and applicable portions of manifold ind

pressure system with hitrogen
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GASLEOUS LITAKAGH (Cont'd)
Raise ¢chamber temperature to desirved level and hold. for....
20 minutes to allow for.thermal stabilization

Attach-hiclium source to the inlet fitting of specimen to be
tested, Do not preessurize .

Inscrt.lcak detector sniffer probe through isolation tube near
the fitting sct. Recornd zero leak detector reading at zero

Pressurize specimen with helium.to operating pressure. for
class of assembly being tested and hold for two minutes.

Record leak detector reading every 30 scconds

Reduce. helium pressure to zero and record leak detector

reading
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,‘ kg GASILOUS LIEAKAGE 'P1Es T
' . Py IUL‘-
‘, BOSS LYl SKPARADLIY FPIINIING ASSIEMBDLIES .
- (Reference:  Test Procedure for Unions)

A. TEST PARAME TILRS

AR Same,.
SRR B. TEST APPARATUS
‘ o Same plus Items 6 and 7 as follows:
’ o 6. Adapter:. Vendors boss rccess to 3/4" pipe (see Fig. la in Repeated
o Assembly Test Procedure)..
. 7. Extension adapter for manifold to place the boss and the boss

. adapter in the controlled .environmental chamber (sece Fig. la

in Proof Test Procedure).

C. TEST PROCEDURIE

Same.
i
H
. i




- Jom Ry TRy T 1 ,71-,,.1_.....,,..’,_-,.

. . . |

] "

10, CLASS "A" FIRE RESISTANCE TEST

, This.test.is intended to determince the {ire redistance of tube fitting
assemblies under simiulated conditicns that parallel those taking place_in a

severe aircraft power-plant fire. S

Test parameters as outlined in ARP 1055, currently in the.state of

revision, .were used in the performance of the test. Generally the equip-

ment design and calibration procedures also.déescribed therein were followed.
However, sorne modifications were necessary because of the nzw 4,000 psi

pressurized system requirement at elevated temperatures of 200-230°F.

This primarily-involved installation of heat exchangers in the closed loop

f pressure system to protect the seals in the high volume pump and other con-
trol equipment. The oil was heated to the required temperature just upstream
of the test specimen.

Another change from the ARP 1055 was the use.cf a methane (2, 000°F).
torch instead of the oil burner specified. This resulted in a much cleaner and
simpler test, in addition to the fact that the particular type of oil burner called

ﬁ 5 for is no.longer available. Safety precautions included remotely controlled

test actuators, a closed circuit TV monitoring system, and the installation

PR OSSN

of the test facilities in a fire/explosion proof.cell, The test loop-is shown

in the deéscriptive layout of Figure 11 following the Test Procedure Outline.
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1 Pe rformance Itvaluation Test No,. 10
i CI.ASS A FFIRIN RESISTANCI,
Ll (Reference: ARP 1055)

: . A, TEST PARAMETERS
i 1, Test Pressures . |
E ;\ h 1.1 Class I assemblies: Between 4,000 and 4,,025'psig.
| 1 1,2 Class Il assemblics: Between 3,000 and 3, 025 psig
E “ - 2. Test Temperatures .
2 |
E $ 2.1 Class I assemblies: 200-230°F (max, .internal fluid temp),
L

and exposure. to a flame temperature of 2,000 + 100°F
as measured 1/4-in, from specimen

\ . 3. Test Time:. 5-minute exposure to.flame
: & 4, Flame Envelope:. A minimum of one tube diametcr upstream .
' . and downstream of the test fitting. Envelope to be symmetrical
! about the horizontal and vertical tube-fitting center planes and
o completely engulf the test fitting

5. Specimen-Vibration: +1/16-in, displacement of the test fitting

@ 2,000 + 50 cpm

B. TEST APPARATUS

1y 1. Flame chamber, including air flow regulating fan, mecthane..
burner (Clements Manufacturing Company-Model M-2 or
equivalent), with 4, 500 BTU minimum heat output }

i

. 2, Pressurizing fluid: Mobil Jet Oil II or cquivalent |
: 3, 55 gallon oil supply i
i' 4, Specimen fire resistance holding fixture and CO2 extinguisher : %
. 5. Mechanical vibrator - ‘ !
z: 6. Hydraulic pressuré pump (5,000 psig: 1-1/2 gpm)
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| i
o CLASS A IPIRE RESISTANCI (CGont'd)
| 1, Input oil heater (1500 watts)
-
8, leat exchanger (10,000 BTUMN/ minutoe)
7 . Q, Mow meter_(0, 05 to 1,5 gpm).
' - 10, Bourdon-type pressure gage (0-5, 000 psig)
| .
}‘ L 11, Shielded thérmocouple probe (2,500°F capability)
E ‘ - 12, Temperature recorder and automatic shutoff system .
' f 13, Pressurc transducer and strip chart recorder
if ‘ |
‘ 14, Calibration equipment as required for above instruments
, C.. TEST PROCEDURES
: " 1. Install spécimen in fire resistance mounting fixturc !
: !
; 2, Activate pressurizing fluid heating system, start the pressure ;
' pump and circulate the oil through the specimen. . Visually ]
inspect the system for leakage and begin monitoring the tempera- j
ture at.the inlet and outlet positions to the specimens with a '
recorder i
; !
P 3. After the. fluid temperature attains the inlet.operating tempera- : ;
' ture of 200 to 230°F, gradually increase the pressure to the. :
. required operating pressure and adjust the pump controls to o ;
‘ assure the specified flow, * ..1
. 4, Start. spccimen vibrating mechanism and turn.on the mecthane .
1 burner,. (Adjustment of the flame temperature to 2,000°F ~ '
+ 100°F as measured at a point 1/4 in, from spccimen®*¥* must
I be accomplished prior to the actual test.)
‘ :
" 5, Maintain flame for either five.minutes or.until.leakage develops.
~ 7 Measure oil. outlet tempe rature for témperature rise cross fitting !
‘# X A
- ’

% In gallons per. minute; numetically equal to square of tubé 1. D. in inches,.
wxtBurne r calibration conductéd similar to that described in ARP 1055.
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' 1 CLASS A FIRE RESISTANCE (Cont'd)

g
e
B Ay ik chloed

| 6. Reduce pressure to zero and.shut off the pressure pump and
" vibrator*

7. Allow the specimen to cool; remove from holding fixture

: 8. Conduct visual inspection, For tests of separable. fittings,
include examination of seals and séaling surfaces

1)

B

*Test cell.is equipp'ed.«with a.CO, fire extinguishing system; if leakage
occurs, flame will.be extinguished and oil flow will cease.
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SOUTHWEST RESEARCH INSTITUTE SHEET .. NO.
DATA SHEIET. PRO JECT ~meds
SUBJECT _TES'T SEQUIINCIEE NO, XI DATE

FIRE RESISTANCE TIST &Y

_,____.__

o

2T 3
-2

SPIECIMEN CODE NOQ, : ASSEMBLY TORQUE: _
(Minimum)
i TEST FLUID TEMP, : FLUID FLOW RATI:.

PRESSURIZING FLUID:

OPERATING. PRESSURE: __

4 TEST RESULTS:
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SUPPLEMENT NO, 1

to

CLASS "A" FIRE RESISTANCE TEST PROCEDURE
for the
TESTING OF BOSS TYPE SEPARABLE
FITTING ASSEMBLIES
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A.

* B».
C.

i

;’ D.

CLASS "A" EIRI; RESISTANCE TEST S
for-—
BOSS TYPE SEPARABLE FITTING ASSEMBLIES
(Reference: Test Procedures for Unions)

TEST PARAMETERS |

Same

. TEST APPARATUS

Same plus Items 16 and 16 as follows:
15, Adapter: Vendors boss recess to 3/4' pipe (see Eig. 1la).

16. Extension.adapter to permit placement of boss and boss adapter
in the middle of the flame path as required by ARP 1055.

TEST PROCEDURE -

Same, but add Item la to read as follows:

la. Assemble.the extension adapter, boss adapter and tube/fitting
specimen for installation in the mounting fixture. Installation
is to be made with the extension and boss adapter downstream
as shown in Figure lla.

TEST RECORDS

124

Remove test specimen and examine for damage or deterioration. Record

results of tests on attachéd data sheet.

2 R

B A

PR~
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11, THIERMAL SHOCK T'ESTS

T » purposc of this tést is to.determine the reaction of the fitting
assembly to sévere-temperature changes, hoth internally and externally
with liquid and air mediums. The maximum and minimum temperature
ratings of the particular class of fittings are the basis for these tests and
are imposcd by utilizing separate hot and cold chambers alternately for the
air shock portion of 1he test, followed by alternately filling of the test assem-
bly with liquid at both temperdture extremes and slightly pressu:izing with
shop air. Each test series is followed by a proof pressure test to deter-
mine if any damage has occurred to the specimens as the result of the. shock
tests. Protective clothing, eye shields and gloves should be used as a pre-
caution against injury from exposure to the hot oil and dry ice/alcohol mix-

tures used to conduct the liquid shock tesis. . A schematic layout-of the liquid

shock test facility is presented in Figure 12 following the test procedure..
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- Performance fvaluation Test No,. 11 ,
" THERMAL SIOCK ”
(Roference: ARP-899) ,
| a A. TEST PARAMETERS
;‘ -
; . Ho
E .- 1. Test Temperatures: -65°F (*2.F) for 4 hours/cyele (Class I and II)
; N +450°F (Y109F) for 4 hours/cycle. (Class 1)
L +2750F (¥10°F) for 4 hours/cycle (Class-II)~
. 2. Threec Cycles: 4 hrs at -65°F and 4 hrs at +450°F or +275°F
B. TEST APPARATUS
| 1, High tempeératurc oven (+450°F)
: 2.. . Low teinperature chamber (-659F)
[ 3.. Timer .
: 4, Pressure. fill fitting with 0-50 psig gage
5. Shop air supply.
C. TEST PROCEDURES
x1, Install test article(s) in high temperature chamber after chamber
; . temperature has been stabilized at +450°F tlooF,
2. Sct timer for 4 hours and remove-tést article at the end of 4 hours.,
; 3, Within 5.minutes transfer test article(s) to. the cold chamber with
the temperature stabilized at -65°F 1is5°F,
i‘ 4, Set tinier for 4 hours and remove tést article(s) at that time.
- 5. Steps 1, 2, 3 aund 4 constitute one cycle. Repeat Steps 1, 2, 3 and .
i 4 to complete a total of 3 cyclés. i !
I 6. Permit tést specimen to stabilizé at room température and conduct ,
i, proof pressure tést, ?
e 7. Following the.air shock trcatment above, conduct the 16w tempera- t
L ture liquid shock tést on fittings starting with the fitting assembly i

at room temperature.. Cap onc end of.the spccimén assemhly and
attach the {ill fifting to the other cnd,

*Note:—For.Class II sbcciméns use hot_temperature of 2752F,
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THERMAL SIHOCK (Cont'd)

Stabilizne asfembly at room temperature. TFill tube with fluid at
-659F, Cap {ill chamber and pressurize with air to 10 psig. Check
for lecaks. Record results and remove fluid.

Immediately insert fluid with temperature stabilized at +450°F and
pressurize test specimen.with 10 psi shop air.  Check for leaks,
Record results and remove fluid, This congtitutes oné ¢ycle.

Imn.ediately repeat steps 8 and 9 until three complete cycles are
accomplished,.

Permit.test specimen to stabilize at room temperaturée and conduct
procf pressure.test,

Record results following ¢xamination for signs of cracks, distor-
tions, failures or gaps that may be indicative of an impending leak
or failure.

o T v o T
.
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' THIERMAL SITOCK 1S .
for
BOSS TYPL SEPARABLIL PITTING ASSEMBILINS
; ] (Reference:s Test Procedures for Unions)
‘: . A TIST PARAMIETINRS
?‘ Same (use both air shock and liquid shock),
Sy B. TEST APPAXATUS
E, o Same plus Items 6 aad 7 as {ollows:
P 6. Boss adapter: Vendors boss recess to 3/4" pipe (see Fig. 12a),
E 7. Extension adapter.to place hoss/boss adapter in middle of test
F A specimen (sec Fig. 12a).
AU C. TEST PROCEDURES
Same with addition of Item 7a as follows:. 1
\ 7a. Tube-end of specimen is to be at the {iller.end while the ¢xtension
o adapter is at the lower end (see Fig. 12a).. B .
i
|
1
|
i
B Bt
3
:
- : 1
.
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12, STRESS CORROSION TEST

This test method.is intended to determine the resistance. of the

fitting assembly_ to a corrosive environment,. The pressurized test speci--— -

men as dépicted in Figure 13, following the test procedure, is alternately )

i immersed into a pan of 6% heated salt water solution and then allowed to = __

-

_ dry in a warm atmosphere. The test is conducted for a period of 96 hours,
- During this test the_cantilevered specimen is also subjected.to a bending

stress level of 20,000 psi at a point on the. tubing 1/8" from the tubing/

union interface... This is accomplished with the aid of a strain gage
mounted at that point.
A reserve.salt water tank is required to permit replenishment of

the solution in the.bath as it evaporates while operating at the -elevated

Caatt= i
4

temperatures, A forced warm air system is incorporated in the environ-

mental chamber to speed up the drying process. After removal from the

- test fixture, the specimens are thoroughly cleaned with water and fine.
steel wool to remove the sediment of evaporated salt. This is followed
with a close inspéction of the tested assembly with a 10X magnifying
glass to detect any signs of corrosive.effects. |

For the sake of ease in reporting the extent of visible corrosion
on the test assemblies, the following criteria will be used:

Slight Corrosion = Barely visible evidence of ¢hange from

original form

Mild Corrosion = Few minor pits, scales, or discoloration
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Moderate Corrosion = Pitting, scaling, etc. 30-50% over
surface arca of fitting

Excessive Corrosion = Over 50% of surface area corroded,

135
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Performance Kvaluation Test No, 12

(References: ARP 899, FTS-151 Method 811, 1 and MIL-F- 18280C)

A, TEST PARAMETERS

l STRESS CORROSION

l, Test chamber temperature 140°F (+10°F)

2, Salt solution temperature: 190°F (+10°F)

3. Immersion cycle time: 5 minutes in salt solution
7 4, Drying time after removal from salt solution: 25 minutés
.. 5, Total time per cycle: 30 minutes
- 6. Total cycle time: 96 hours
7. Specimen internal hydraulic pressure: Class I (4,000 psi);

Class II (3, 000 psi)

8. Bendmg stress produced by fixture: 20, 000 psi @ strain gage

location .. i

i

|

B. TEST APPARATUS

P 1. Environmental chamber for 140°F temperature 3
5 2, Cycling apparatus for 5-minute immersion and 25-minute 1
| drying times per cycle “
I i

. 3. Salt solution: 6% NaCl @ 190°F

4, Elapsed time clock i

> i
Ut

Hydraulic pressure apparatus :i 11

| : 6. Holding fixture for specimens to induce bending stress S—

Prmdcma
3 B

7. Strain indicators

cnp ) v wge BT e e
i Rk

i

L




STRESS CORROSION (Cont'd)

TEST PROCEDURES

1,

10,

11,

12, .

13,

Mount a single element strain gage, Micro-Measurément Type
EA-06-062KED-120, on the-specimeén.as shown in Figure -13, ..
The.gage grid axis. must parallel the spe cimen axis, and the -
centerline of the gage should be 1/8" from the tube /union inter-
face '

 Install the fitting specimeén(s) in.the support fixture and balance

the strain gage(s) to a null (zero) position on the strain indicator

Apply a bending load to the specimen(s) which will produce the
stress level specified above, This.is.accomplished by position-
ing the bending load set screw (Fig..13) on the end cap of the
specimen and with it, deflecting the cantilevered specimen.to a
point which produces the predete rmined strain as indicated by
the strain gage and its monitoring system

Prepare 6% salt solution (NaCl)

Install test article(s) support fixture in chamber

Raise salt solution temperature to 190°F (+10°F) and stabilize
Attach hydraulic pressure source and apply specified pressurec
Raise chamber temperature to 140°F (+10°F) and stabilize

Turn on automatic cycling apparatus and check time on first cycle

Set timer for 96 hours with daily checks to be.made to insure .
continued cycling

After 96 hours of continuous cycling, shut off pressure, tempera-
ture and automatic cycling apparatus and allow specimen to cool.

Remove specimen, rinse clean.in tap.water, and polish with steel
wool., . With the aid of a 10 power glass, examine test article(s)

for corrosion penetration, cracks, pin holes or potential failures...
When necessary longitudinally cut through or peel.back fitting from
tuhing to determine extent of damage. Record results of the
ingpection

Perform burst tést on one spécimen and record results
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SOUTHWEST RESEARCH.INSTITUTE SHEET NO.-—2__OF_2_ SICE

DATA SHEET PROJECT 02-3113..002

suBJECT _Test Sequence No, VIII . DATE

Stress Corrosion Test
v s v o mron e . 8Y

INSPECTION RESULTS FOLLCOWING IMMERSION CYCLES

. Extent of
Specimen . Visible
Code No, - Corrosion* Other Inspection Remarks .

*Legend for "Extent of Visible Gorrosion”
Slight - Barely visible evidence
Mild = Feaw minor pits, seales or discolaration
Maoderate = Pitting, . scaling, cte,, N800 of warfoce wren of D00y

Exeessive - Over 507, carrosion

1
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STRESS CORROSION. TEST PROCEDURE
for the.
TESTING OF BOSS TYPE SEPARABLE
FITTING ASSEMBLIES
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STRI'SS CORROSION .TEST
for
BOSS TYPE SEPARABLE FITTING ASSEMBLIES

(Reference: Test Procedure for Unions)

TEST PARAMETERS

Same,

TEST APPARATUS

Same with addition of Items 8 and 9 as follows:
8. Boss adapter: Vendors boss recess to 3/4' pipe (see Fig. 13a).

9. Extension adapter.to fit into manifold thereby extending boss adap-
ter for required bending stress (see Fig. 13a).

TEST PROCEDURES

Same except reference is to Figure 13a and tube/boss interface
instead of tube/union interface.
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13, VIBRATION ‘1187

This test is intended to determine the various vibration_parameters
that can be withstood by the union fitting/tube assemblics, The test conditions
taken from MIL-STD-810B simulate to some degree the conditions that could
be attained in actual service experience, Due to the variations in design,.
asscmbly, installation and operation, no test can cover all the conditions a
system will experience; however, the scries of tests scheduled within this
test procedure exposcs the test specimens to a general cross-section of
vibration parameters that probably will be found in today's jet aircraft and
acrospace systems,

The method of mounting the test specimen has a significant effect
upon the test results and once again simulation of.actual installations must
be relied upon. The cantilever holding fixture perraitted development of
excessively high ""g'! forces due to the heavy mass of the unions and terminal
end fittings. Therefore, the holding fixture was changed to a simple beam type
with two point suspension and clamping. The cantilever type [ixture will
be used for testing of the boss fittings and the end cap will be of a minimum
weight to reduace the!'g' forces under these conditicns, The stiffness factor
of the larger diameter tubing /fittings will have a significant impact on the
test results, Therefore, inthe design of clamping/restraints, the ideal

unsupported span for a -16 tube may be detrimental spacing for a -6 tube.
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Performmance Evaluation Test Na, 1%

VIPRATION PrRsl.
(St‘:parabl(- Desipns Only)
MIL-517)=81013)

(References:

TEST PARAMETIER S

_Sweep time:

Resounance searchy 10-min

Resonance dwell: 30.-miin dwell time at cach resonanece

Sinusovidal cycling: 3 hours (less_dwell time) = 2. 5 hours

15 minutes (frequency 5-500-5) (Fig 51+ 1

curve '"z")
20 minutes (frequency §.2000-5) (Fig 514 1

curve ''z")

Ambicnt temperature

Internal pressurec: 400 psi for leak or failure determination

TEST APPARATUS

2.

4.

5.

Single end holding fixture for a boss type specimen

Simple beam type holding fixture for anion type specimens

Vibration table mount for fixture: 2 axis

Automatie vibration exciter system

Vibration pickups and accelerometers

TEST PRO CIRDURES

|

2.

Mount one cach test specimen on gimmple beam type- holding

fixture (supported each end).

Attach specimen holding fixture solidly to shaker table
mount with tahe in 2 horisontal position and fill with fluid.
Install vibration and acce leromieter pickups on test spe ciimen
and pressurize to 400- psi using nitrogen.

‘
!
i
I
1
i
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' VIBRATION TEST - (Cont'd)

h oat reduced level by, sveceping tharouph

4, Grart g eganant seatd
of the reconant froquoencics

: the spectiyum for determination
- of the test article.
[ ; .

"t 5. Rotate the fixture and toot specimen through two axis;
par.nllol. and normal to the lonpitndinal aeis of thiy tube {
fitting specimen Deterimine resonant freguency in each

axis,.

! !

' ; 6. Perform resonance dwell by exciting {lie-Lte st specihmen at
. cach of the most severe, previously Gered mined resonances
' frequencics, Resonance dwell must be perfoir
1 the-critical axis.
resonance dwell

ned for 0

~

: : minutes © If.more than one criti al =
‘ v frequency cxists, st be conducted for o
each.

men along the critical axis in accer-

test levels, {requency range, and
times noted in.Tables 514, 1-1 and Figure 514. 1 -1 from ’

MIL.-STD-810B. The frequency of applicd vibration shall i
cified range lugrithmicnlly in accor- '

| -1 using th

7. Vibrate the test speci
dance with applicable

“ be swept over the spe
dance with Figure 514,
Table 514, 1-1X.

e frequency band in

tion of the sinusocidal cycling/sweeps, the
moved, disasscmbled and inspected
other failures &s well as galling,
Record the results.

8. Following comple
test article is Lo be re
for- signs of cracks or
fretting ov_plastic deformation.

y be determined for a specimen,

9. 1f no resenance {recquency cat
led at 500 herga in Step 6.

the spccimen will then be cyc
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SUPPLEMENT NO, 1

to

VIBRATION TEST PROCFEFDURE e e

for the
TESTING OF BOSS TYPE SEPARADBLE
FITTING ASSEMBLIES
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| : l-__, VIDRALION TS {
‘ {for
" ] BOSS. TYPRPE SFRPARADBLI TITTING ASSEMILIIS
: (Reference: Test Procedure for-Unions)

3t

A, TRST PARAMITTIRS

]
‘ P Same. i

B.. TEST APPARA TUS

5
e Same., e i

C. TEST PROCEDURIL

Same except use single end holding fixture for the.boss assemblies.

$ -
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Lhe rotary. beam method of testing will be nsed throughout.this
test propram for the fiexure test and development of S/N characteristic
fatigue life curves, This is by far the most stringent ¢st conducted in
this program, and is considered by some to be the most useful in deter-
mining worthwhile data for theadesipner,  Therelore considerable effort
has been made to perlorm the tests in the most repetitive manner possible -
by the most simple, and cfficient mochine design;. by standard procedures
which are easily followed.

Generally the recommendations found in ARFP1185 (proposcd) were.
used as guidelines in performance of the test. The test facility is shown
schematically in Figure 15 and as can be seen, the specimen is clamped
in a manner which will permit flexure of the entire union joint assembly,
Since the original work statement stipulated that union-type fitlings would be
tested, a change from t:hc test set-up recommended in ARP11ES was necessary,

The actual test fitting envelope, with regdard to this test program, is
defined as the fitting itself and the portion of tubing on either side within one
diameter of the tube /fitting interface, In the case of a butt welded separable
fitting the tube /fitiing interface would be-at the weld on either side of the actual
joint portion.of the fitting, With respect to a permanent braze-type union,.
the interface would he the edges on either.end of the fitting,

The strain gage uscd.in determining the bending stréss applied to the
fitting envélope is located 1/8Y from the tube/union interface on the clamp

side of the fitting, The specimen is clamped at a point which is equal to

L ek -
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1-1/2 tube dimneter distanee from the tube/fitting interface, This was
determined ag being. the. optimum point to grip the tube rigidly with the
minimum of strain effect on the pape cavsed by the clamping forces,

The tubing . directly underneath the-edge of the clamp bushing was
spiral wrapped with a.2-mil thick TFE tape to redu¢e chaffing of the tube
which may precipitate prermaturce tube failures, The edpe of the Lushing
I.D, was also rounded to prevent a high stress riger.

During the initial equipment "shake-down' tests, two uniaxial sirain
gages wcre mounted at 90° apart on the trial test spececimens for determinaticn...
of ben.ding stress levels and alignment, _Since installatirn procedures allow
the test specimen assembly to seek its own alipnment and trué zero
by loosening of the swivel base tailstock and retightening while the
drive motor is running, only one strain gage was necded to determine
static strcss levels on all subsequent test runs. Dynamic stress level
correction factors required because of the inhercnt forces produced by

the machine were determined at cach position during trial tests with the

aid of an oscilloscope, and checked periodically during the test program.
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l Performince Fvaluation Test Mo, 14
l ROTARY FPLEXURI TREST
' (IFor-304-1/831, Armco-41-6-9 5.5, and 19-3A1-24, 6V Tubing)
1 ~~~~~~ (Reference MIL=1=182800C, ARP-1185%) ‘
- A, TEST PARAMETIIRS. ;
wk \
1, Test Pressure (psip): 4, 000 £25 (Typ=2 1)
3,000 4:25 (‘Tvpe 11)
.- 400 +10 {Type T and II, zero pressure)
2. Test Temperature (°F): -65°F £10: 4450°F il()° Room Tenip. ‘
‘ (Type 1) 1
-65°F £10; +275°F £10°; Room Temn. "
] ' (Type-11).
: 3, . Temperature/Pressure Combinations: Any combination of
! temperatures and pressures.noted for Type I or Type U
fittings may be used to develop rotary flexure/fatipue S-N
i curves,
.. 4, Number of rotations: 107 (two specimens minimum).
5. Rotation Rate: 3,000 150 rpm ;
6. Rotary Bending Stress: That which is.required to dcvelop an :
acceptable S-N curve with at least two points beyond 107, - ‘
7. Pressurizing Media: Clievron M2V hydraulic fluid or 3
equivalen for high temperature tests - water for room
.. temperature tests.
.. B. TEST APPARATUS
1. Environmental chamber
v 2. Rotary flexure test machine
3. ‘Hydraulic pressure pump, 6,000 psig output Pressure ... oo,
o 4, Ames dial gage,. 0,001-inch graduations |
- 5, Bousdon-iype preéssure gage, 0-06, 000 psig '
6. Oscilloscope : i
- 7. Temperature controller :
- R, Temperature recorder i
' 9. Calibration equipment as required for above instruments, i ‘
C. TEST PROCEDURES }‘
1. At location '"A" on.the rotary fléxure spécimeén(s) (sée Fig, 14) i;

affix a single element strain gepe (Micro-Measurement Tvoe
EA-06-062)XD~120 (-0 sntcimen) or EA-06-125AD<120 (-
and .16 cpecimen), The.gage grid axis must parallel the
specimen axis, Also spiral-wrap tie 2" long portion of the
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ROTARY FLIEXURE (Cant'd)

specimen which will be within the front part of the brasg
clamp bushing with 1/2" wide teflon tape normally used
for.scaling pipe threads, 'This is done to.prevent chaffing
of the tubing under the elamp bushing,

With the aid of a dial.gave, adjust the loading head colloet
(Fig.14).s0 that the wobble bearing housing is ncar zero
eccentricity (variation shewid nol exceed , 00 TIR-Total
Indicator Reading), at e¢ach test station on the flexure
machine,

Loosely cradle cach specimen in its respective brass elamp
bushiugs on the lower half of the specimen support, and
insert the load pin info the wobble bearing, Position the
specimen longitudinalily. so that the edpe of the union envelope
(1n some cases the butt weld.between iitting stub and tubing).
is 1.5 tubing diameter distance from the edge of the clamp
bushing, and has a space of 3/8" between the specimen end
cap and wobble bearing housing (Ficure 14). Crient the
specimen so that the strain page (Location A) is the upper-
most part of the specirnen, to facilitate subsequent application
of the bending load,

Connect all strain gages to the balancing and couditioning
circuits, balance and zero the individual strain gages,

Lower the upper half of the specimen support into position
and tighten all bolts to a shug tightness being careful not

to excced a clamping strain of 200 u.in/in on each specimen,
(Normally snag tightness produces slightly more/less than
100 v in/in.strain), Excessive stroin requires inspeciion.

of the clamp fixtures and.specimien to determine cause, swhich
must be eliminated.if possible-before reinstallation,

Louvsen the alignment bolt to-the erbital harse of the lower
half oi the specimen support, sllow the drive motor to 1un
brieily, and retighten the ailignment bolt while motor is
rutfning. This process should settle the entire assembly
(loading head, teet specimen, and specimen support), to
as near a perfect alignment as possible, Check that all
bolts are tightened securely,

Disrcpard strains due to forepoing instutlation procedure,.
and again balance strain gage output to a null (zere) position,
This will be thé test zero position,
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12,
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ROTARY FLEXURE (Cont'd)

Rotate the loadiag.head throurh one conplete revolution, .
noting and rvcording as the beariug fhovs'uyg revolves, any
departure of strain from.the test zero.obained.in Step 7.
Any. variation of + 5 M in, /in, requires. special analysis of
the cause and subsequent dispéensation.

Rotale the loading heod so iliat the axis of loading is vertical,
in line with the strain pase ol the snocinen. and the adjust-
ment screw A" is topside. Retract adjustiment screw "Dt and
advance serew "A' unlil ilie desired strain reading is obtained.
Retighten adjustment serew "B (Note: with the aid of a

dial gage, record the tinat dicplacemeant of the specimen by
positioning the dial shaft on the hex portion of the cop 2t the
pin end of the specimen during the loading process.)

Slowly rotate the loading head throush two or three revolutions
noting with each turn the maximum and minimum strain vaiaes.
These values should be relatively equal in magnitude (within

50 min/in.) and opposite in sign. I not, reduce the canuilevered
load, remove the specimen {ror the machine, and if no other
cause is found, replace old strain page with a new gage and
repeat steps 3 throunh 10, Necord tuese test strain values,
(Note: Dynamic strains are calculated on the test log using a
correction factor of 1.} which was determined by preliminary
tests conducted with the aid of an oscilloscope.)

Repeat Steps 3 through 10 for all stations in which a specimen
is to be tested,

Record timer setting for cach tesi position and check operation
of cach pressuré shut-in switch, Sccwre the test machine
moking certain all protective guiards ave in place, Inmroduce.
required pressures and check-for leans, Raise temperature to
level as required by test and allow to stabilize, .. (Note: During
increase in temperature, periodic venting of pressure must
take place to prevent overpressurization of_the test specimen,)

. e . . ,

*Refer-to sequence testing chart for required préssures and femperntures

A (it vl s ARREECE & ! : :
MS fittings wili v, o 2095°F tvommerature and 3, 000 psig pressure,  7Z.0ro pres-
suré tests will use 400 psig préssure, |
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14,

15,

16,

17,

R.OTA RY FILIXURE (Cont'd)

Start each test position and ohserve the operation visuad)ly until

it is apparent that the test speciinens at all conponsr i ore
performing as intended. During the subscquent test poviod,
pressuncs in each specimen should be mionitored and controlled
at the levels required by the particular test, This can be accoine-
plished by periodic manvil ventine of excess pressure buildups
due {o heating in the specimen caused by the flexure cycles.

Failure of any specimen will automatically step thnat tost
machine. If {ailure occurs, record the rumber of cycles com-
vleted and calculate the thme under test™to the point where
stopuage occurred,  (Noto: Machine speed = 3,000 rpm,)
Enter pertincent data in the test log with apparent reacon ror

failure.

The rccording of the final displacement on the head stock is
important because once-the machine starts running, reliability

of the strain gages reduces with the number. of cycles, Tuacre-
fore, any check for strcss must be correlated by displacement,

Upon completion of 107 rotary cycles, shut off the test ma chine
and reduce the chambper temperaturc, Remove specimens and
inspect the test fittings for damage, deformation er other delete-
rious effecte. Record all pertinent data in the test log and ploto-
graph specimens as rcquired,

In this program, the rotary flexure and rotavy flexure frtinue
data are to be generated for use in plotting the S-i¥ curve and
verifying the endurance-limuit, The first tests will be.conducten
at three stress levels to establish the general.S-N curve. Frum
the curve the endurance limit-will be determined, . The remaining
tests wili be used to-establish and/or verily the endurance linui,
All tests will utilize the rotary flexure test method cutlined

in the preéeceding steps.
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ROTARY FLEXURE/FATIGUE TEST PROCEDURE -

for the
TESTING OF BOSS TYPE SEPARABLL
FITTING ASSEMBLIES




|
160
I ROTARY [FLINURE TEST
| : for
3’ POSE Y 21 SEPARADBLE FPLIMTING ASSEMILLES
] (Reference: Test Procedure for Unions)
=. T oy -
: * A, TIST PARAMIVIIIRS
3; -
- . Same,
f - B, T128T APPARATUS
[ Same, with addition of Items 10 and 11 .as [ollows (see Fig, 15),
.{“ - 10. Boss adapter: Vendors boss rcecess to 3/4" pipe (sce Fig, 14a),
} o 11, Extension adapter for clamping in the tail stock and to provid«
[; - installation point.for boss adapter (sce Fig. l4a).
; C. TEST PROCEDURES’

1, At location "A' en the rotary [lexure.specimen(s) (sce Fig. 14a)
affix a single-clement strain gage (Micrc-Measurement Type LEA-
06-06212D-120 (-6 specimen) or EA-006-125AD-120 (-10 and -1v
spccimen), Thre gage grid axis must parallel the specimien axis,

2, With the aid of a dial gage,.adjust the loading head collet (Fig.
14a) so that the wobble bearing housing is near zero cccentricity
(variation should not exceed . 004 TIR-Total Indicator Reading),
at cach test station onthe flexnre machine,

3. Looscly cradle the extension adapter portion of the specimen
in the lower half of the spccimen support, and inscrt the load
pin.into the wobble bearing. Position of the speeimen longitu-
dinally for a space of 3/8" between the specimen end cap-and
wobble bearing housing (Fig. lte), . Crient the specimen so that
the strain gage (Location A) is the upperimost part of the speci-
men, to facilitate subsequent application of the bending load,

4, Connect all strain gages to the balancing .and conditioning circuits,
balance and zcro the individual strain gages.

5. Lower the upper half.of the specimen support into position in
the tail stock and tighten all bolts to a snug tightness,

6.. Loosen the alighment belt to the orbital basc of the lower half of
the specirnen support, allow the drive motor to run brictiv, and
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ROTALRY FLENURE TEST (Cont'd) .

retighten the aligmnent holt while muator ig ruaning,  This pro-
cess should settle the entire assembly (loading head, test HPCC L
men, and specihimen support), to as near a perfect alipnment i
possible,  Check that all bolts are tipghtencd sccurcely..

7. Disregard strains due to foregoing installation procedure, and
again balance strain gage output to a null (zero) position,__Thig
will Lo the test zero position,

Rotate the loading head through one complete revolution, noting
and. recording as the bearing housing revolves, any departure
of strain from the test zero obtained in Step-7. Any variation.
of 51 in. /in, rcquires special analysis of the causc and subse-

%
-

quent dispencation.

9. Rotate the loading head so that the axis of loading is vertical, in
line with the strain gage on the spccimen, and the adjustment.
screw "A' is topside. Rctract adjustnient screw "B'" and advance
screw "A' until the desired strain reading is obtained. Retighten
adjustment screw "B''. (Note: with the aid of a dial gage, record.
the final displacement of the specimen by positioning the dial shaft.
on the hex portion of the cap at the pin end of the specimen during
the loading process.) - C

10.  Slowly rotate.the loading head through two or thrce revolutions
noting with cach turn the maximum and minimum strain values.
These values should be relatively equal in magnitude (within 50
min/in.) and opposite in.sign. If not, rcduce the cantilevered
load, remove the specimen {from. the machine, and if no other
cause is found, recplace old strain gage with. a new gage and re-
peat Steps 3 through 10, Record these test strain values. (Notci.
Dynamnic strains are calculated on the test log using a correction
factor of 1.1 which was determined by preliminary tests conducted
with the aid.of an oscilloscope.)

11. Recpeat Steps 3 through 10 for all stations in which a specimen is
to be tested,

12. Record timer setting for cach test position and check operation of
cach pressure shut-in switch., Secure the test machine making
certain all protective guards arc in place. Introduce required
pressure® and check for leaks., Raise temperature to level as

“Refer Lo sequence testing chart for required pressures and temperaturces,
MS fittings will use 275%F temperature and 3, 000 psig pressurc, Zero pres-
surc tests will use 400 psig pressure.

1! N N e —:~~v—-~' o . —,] B i Remurstasution
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13.

14.

15,

l6.

17.

ROTARY FLEXURIL LIS (Cont'd)

required by test and allow to stabilize, (Note: During inclease
in temperature, periodic venling- of pressure must take place fo
prevent overpressurization of the test specimen,) . -

Start ecach test position and obscrve the operatiun visunlly until .
it is apparent that the test specimens and all components are _. an
performing as intended. During the subsequent test period, -
prescurces in each specimen should be monitored and controlled.

at the. levels required by the particular te st. .This canbc accom- 2
plished by periodic manual venting of excess pressure buildups E
due tc heating in the specimen caused by the flexure cycles.

Failure of any specimen will automatically stop that test machine.
1f failure occurs, record the number of cycles cempleted and cal-
culate the “ime under test to the point where stoppage occurred.
(Note: Machine speed = 3,000 rpm.) Enter pertinent data in the
test log with apparent reason for failure.

The recording of the final displacement on the head stock is im-

portant because once the machine starts running, reliability cof 3
the strain gages reduces with the number. of cycles. Thercfore,

any check for stress must be correlated by displacement. -

Upon completion of 107 rotary cycles, shut off the test machine
and reduce the chamber temperaturc. Remove specimens and
inspect the test fittings for damage, deformation or other delete-
rious effects. Record all pertinent data in the test log and photo-
graph specimens as required.

In this program, the rotary flexure and rotary flexure fatigue data
are to be generated for use in plotting the S-N curve znd verifying
the endurance limit. The first tests will he conducted at three
stress levels to establish the general S-N curve. From the curve
the endurance limit will be detcrmined. The remaining tests will 7
be used to establish and/or verify the endurance limit. All tests .
will utilize the rotary {lexure test method outlined in the preceding '
steps.
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[ VI, TEST SEQUINCIE AND QUANTITIES. ..

J : The fifteen test procedures could require a_large quantity of [ittings
unless consideration is given to the maxirmum utilization of cach test speci-
men for generation of usablé data, The Test Sequence Chart shown in

. Figure 3 will be referred to throughout the following discussion by noting the

% roman numeral group number, If is possible to reduce the number of speci-

mens still further or with the same number of specimens, gencrate more

]

data; especially in arrangement of the gasecous leakage, proof and/or burst

tests, since results from these tests indicate the degree of degradation
.. induced by the previous test{s)., However, past experience has proven *hat
the proof and burst test data is not necessarily the more important,

The more important, useful and critical tests are considered to he:
- Rotary Flexure ‘
- Fatigue (Rotary Flexure)!
- Impulse i
- - Vibration
- Proof/Burst

These are listed in order of criticality and for some reason the more

critical the tests, the more difficult they are to conduct,

Fomamre §

The test sequence was devcloped.by first placing cach of the required

o tests in groups with initial verification checks or proof pressure or gaseous
L

lecakage used wherever it was most advantageous, A negative approach was
3 |
i taken with reference to the test specimens received from the various par-

L]
v

ticipants, in that it was assumed that every fitting rece¢ived would-be bad

, S
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!
]. - TABLI 2
,T RECOMMENDED MINIMUM TEST.SPECIMENS REQUIRED.
- PER TYPE AND GROUP*
- Quantity. Quantity
:. B Permanent Separable
‘:z . Group I 0 2-
; i}
) Group II 2. 2
vF Group III 6 6
: Grouvp IV 6 . 6
i Group V. 6 6
Group VI 4 4
" Group VII 0 2
:‘ Group VIII 3 3
! . Group IX 3 3
E - Group X 0 2
) Group XI 1 1
- Group XII ) 0 2
" Total 31 39 ;
| ;
"e ;
:

*Rcfér..xo Test Sequerice Chart for Group Numbérs . -
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Group II:

Group III
Group IV
Group V

Group VI:

Group VII:

rather than proof pressure is recommended for verifi-
cation of leakage,. I the results.are positive and negative,
a third specimen.is rccommended,

This is the combined.test of proof and burst pressurce on
a new specimen, A minimum of two specimens is recom-
mended, . If the results are both positive and.ncgative, a
third specimen is recommended,

These three groups involve rotary flexure/fatigue testing

_of specimens at the varying combinations of pressure

and. temperature, Since the S-N curves involve a rather
broad scatter of data per point, a minimum of three
specimens per point is recommended. Therefore, a
minimum of nine specimens per group should be used to
establish a reasonable confidence level. Due to the high
cost of the large number of.specimens in this program,
only six specimens per group were used. A minimum
of two specimens for endurance limit runout to-107 is
desired,

This group involves the impulse testing which is also con-
sidered to be a fatigue type test, but with fewer variables,
A minimum of four specimens is recommended with the
optimum number selected as six,

This group involves assembly torque and misalignment
tests and 2 minimum of two specimens are recommended
with an optimum number of threce. These tests are
applicable to separable fittings only. A third specimen.—-
should be added if the results on two specimens turn

out to be positive and negative.

Group VII: This group involves thermal shock and stress-corrosion

Group IX:

tests, Due to the variables associated with these -tests,
a minimum.of three. specimens.is recommended. The
maximum or optimum number.is dependent on the degrec
of data scatter from the minimum numbe?, ..

This group involves the axial pull and tube restraint
tests wherein the tube restraint test is applicable to
scparable fittings only. Axial pull test is applicable to
both pefmanent and separable typc fittings. A minimum
of two spécimens is récommended for thése tests,
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Group X: ‘This group.involves the vibration testing of-separable
fittings only, A minimum aofltwo specimens is recomn-
mended, However, . if onc passes and one fails, a third.
specimen_ghould be utilized to establish the trend,

Group XI: This group.involves the firec.restraint-test and. a- minimum
of onc specimen should be used, Cnly undér extreme
circumstances should additional speciméns be required,

Group XII: This group involves the structural .load relaxation (creep)
test applicable to separable fittings only and a. minimum

of two specimens is required,. A third specimen is rccoms-

mended if the results arc positive and ncgative,

The test specimens should be accompanicd by sufficient design detail
to permit adequate analysis of any failures, Details of assembly methods,
procedures, and equipment should also accompany the test specimens since
these.factors have a bearing on the tests as well as failure analysis,

The.quantities discussed are applicable to one tube/fitting configura-
tion.and/or size only. The quantity for separable fittings and for permancnt
fittings of one size and one type of tubing are noted in Table 2. A change in
size requires a similar quantity, A change in tubing specifications requires
a similar quantity., For example:

(a) A permanent fitting (union) design wi.h plans to test onc sizc:
Requires 31 x (1) = 31 specimens (minirnum)

(b) If two types of tubing are to be qualified with the fittings:
31 x 2 = 62 specimens

(¢) - If four sizes of fittings with two types of tubing are sclected to
present a typical cross-scction of fittings to be producedr
62 x 4 =248 specimens

(d) If item (a) is a scparable fitt;sing (union) design with plans to
test one sizc:
Requires 39 x (1) = 39 specimens (minimum)
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. : (e} I item (b) is a separable fitting te be qualificd with two types
of tubing, the test specimens required are:

l 39 x 2 = 78.8pecimens (minimum)
(1) If item (e) is a scparable fitting and it is desired to test four
| '{{ sizes. with two types of tubing as repreésentative samples of
| - the total cross-scction of fittings to be produced:

78 x 4 = 312 specimens (minimurn)
me If both permanent and sceparable fittings arc to be qualified, then the

various quantitics would be additive:

‘I

“f a +d =70 specimens (minimum)

g b + e = 140 specimens (minimurmn)

{{ 'y c+ f =560 specimens (minimum)

]

[ -

: : As can be seen, the quantity of fittings increases significantly when.a.l

parameters involved are included to properly qualify a new design, ‘
' LX) ;
: . 1




VIII, TEST FEQUIPMENT

During the.review of many reference documents ligted for use withe
a particular test, it.was noted that the specifications (dircctly or.indirectly)
related to the required test equipment were cither obsolete, inadequate or
pertained primarily to tests for lower operdting pressurc type systems,
Therefore, throughout this program, the documents noted in the RFFQ were.
used as a guide for reference only and the SwRI Test Procedures and Test
Scquences along with the Test Equipment were developed in order to produce
more meaningful tests and test results using standard cquipment/procedurces
where possible, thereby resulting in more repeatable data,

The equipment noted for each test procedure was developed in closc
Procedures and Test Sequences, because each is interdependent on the
other, Industry was also canvassed as. to their ''current!' cquipment and its
applicability to the new 4, 000 psi fitting requirement, Onc of the greatest
problems voiced by industry was the many documents, containing many
general requirenients, currently in use for testing of tubing/fitting
assemblics. Many of these documents are overlapping and a test facility
need use only the one they feel fits their test or product to the best advantage,
ARP 1185 (proposed) and ARP 1055 (being revised) arc.the two most direct

and detailed tube testing specifications, but these too must have changes

made to mcet the up-to-date industry réquirements. The c¢quipment

i IS it s e S




designed by SwRI for this test program is presented in the form eof drawings
as an-attachment to the previously discussed Test Procedures,  The follow-
ing comments are made to.aid those who desire to fabricate their test equip-
ment,

The repeated assembly test requires a suitable holding fixture attached
to a solid basc because of the high torque valves required for the -12 and
larger fittings., A-large smooth jaw visc is satisfactory if properly anchored..
A calibrated torque wrench is.required for each range of torque loads.

Care must be exercised to insure that.no lubrication exists on the threads
or mating surfaces that will lead to an erroneous reading or a faulty scal,

The gaseous leakage test requires a "master leak-rate calibrator”

if a mass spectrometer type leak detector.is used, such as a Veeco 90A,

Tests have proven that the gaseous leakage test, using the Vceco leak e

detector, produce superior results when compared.to.a proof pressure
test with oil as the pressurizing media. For this reason, gsome of the
check" type operations before and/or after a test were changed to gascous
lcakage rather than use ol proof pressurc, The other important factor ...
in a gasecous leakage test is a small isolation chamber to surround the test
fitting assembly. This chamber must also be used in the calibration,

The entire gaseous leakage test depends on the operators ability to obtain
a repcatable calibration. Theé gascous leakage test is to be used as a

"test! (Gl.p)* on a new fitting or as a ve rification (Gl )% check before

“See Figure 3

ISPV




and after other tests to detect deterioration in the fitting/tubing assembly
as a result of the dpecific test, For the purpose of these tésts, '"'no

2
leakage" is defined das.a leakage rate of 1,0 x 10  sce/sec or leds,

I- The Proof Pressure Test is applied as both a specific test on a new
i fitting (sece combined proof and burst pressure test) oras a verification
check before and after a specific test to determine if any deterioration

resulted during the test, (See Gascous Lcakage Test)

The Burst Pressure Test is a destructive burst pressure test

applied as both a specific test on a new fitting (see_Combined Proof and
wr Burst Pressure Test) or as a verification final check following a designated

test to determine if any deterioration resulted from the test, In this

manner, the degree of damage from cach test can be assessed. Since the

.- burst test is a destructive terminal test, it must be programmed accordingly.

The same test chamber, if properly designed, can accommodate the gascous

leakage, proof and burst tests, Also, the chamber design and usec may
o be combined with the impulse test requirements as shown in the test
: procedures.

o The Impulse Test machine (Ref, MIL-F-18280C) has been subjected

to considerable discussion lately duc to the shape of the impulse curve versus
’ the input pressure rise time or rate. According to the requirements of

MII.-1"-18280C, thc pressurc rise rate should be 180,000 psi/scc which

B et

produces a ncar vertical line with a sharp drop-off. This is also discusscd

in the scction on Test Procedures., SwRIprefers the lower rise rate with a

3o
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longer dwell time at the peak-pressure followed by a contralled drop-off,

A pump, aceumulator, intensifier, four-way valve and cyclic timer can
casily producc.the slower pressurce rige rate to insure a longer duration
peak pulse and therefore rnore cnergy at peak pressurce into the test speci-
men, The pressure pulsc trace can be obtained by using a visicorder or an
oscilloscope photographic trace from the pressurc transducer output.

The Rotary Flexure Test apparatus fabricated in accordance with

the proposed ARP 1185 imposes some problems with test specimens becausc

the majority of specimens (permanent or separable) arc not perfectly straight, ... ..

Therefore, when the zero reference.bar is used to set the zcro axis.from
the headstock to.the tailstock, a perfectly true assembly should check out
with the same accuracy, If the orbital basc on the tailstock is adjusted to
zero strain on both strain gages (located 90° apart) with zero displacement
of the eccentric headstock, then a-large difference in stress exists when the
headstock eccentric is displaced for load, . Caution should.be exercised in
fabricating the test specimens to insure linearity in the tube axis. Another
problem area is the self-aligning bearing in the eccentric headstock.wherein
it is difficult to locate a heavy duty small size bearing that will do.the job
and last more than one run, Fittings such as unions should be tested with
the complete assembly intact and the bosscs should .be tested as bosses
with onc-half anchered solidly to the tailstock, The strain gages should be

located in the highest stressed arca, The environmental chamber should

be designed to encompass only the test fitting if possible and keep the




" remainder of the test apparatus in the room temperature environment,
) l Allarger self-aligning bearing can be used if size is of no importance,

The Assembly Torque and Misalignment Fixture utilized for scparable

fittings only, can be designed to sérve a dual purpose since in both tests,
one end of the specimen needs restraining and the pivot axis neéeds to be
at the fitting joint. The length of the test specimen on the longer side where

the misalignment is to be measured, determines the basic dimensions of

2

l the fixture,. .The misalignment offset scale should be marked in one-half
degree increments, This fixture must also be securely anchored to a solid

] base.because of the high torque values that must be applied to the assembly

] torque test, Proper strain gage installation and orientation as well as

& 1 instrumentation readout is the key to good.data on the torque test,

4 The Tube Restraint and Axial Pull fixture are identical,. therefore

I the tests can be accomplished in the same setup in the tensile test machine.

- The one predominant factor is the problem of gripping the tube without

-

slippage in order to recach tensile forces great enouch to fail the tube or the

+—

fitting., An internal expanding slecve helped solve the.problem on the 21-6-9

und Titanium because the tube wall had a tendency to collapsc at the higher

loads required for the 21-6-9 and Titanium, The tapered grips and.the

tube end to fit into the grips both are sandblasted to obtain a higher friction
coefficient, The tensile loads were applied with a 2000, 000-1b BLH tensile
test machine, The objectivé of this test is to prove thé tensile strength.. ..

and integrity of the tubing/fitting/joint.

T L] Goomd B wd




ThHe Thermal Shock Test utilizes the maximum and minimum teme.

peratures to induce thermal shock in the tést specimen, Both air shock

and liquid shock arc imposed by utilizing a hot and cold chamber alternately
for the air shock followed by alternately filling of the tube with liquid at both
temperature extremeés under a minimum pressure., No special apparatus

is required for these two shock tests, A separate oven and cold chamber are
used to obtain the maximum shock rather than use a combination unit, Alcohol
and dry ice are used for the low temperature liquid and hot oil is used for

the high temperature liquid. Extreme caution must be used in handling

both liquids and applying pressure to the test specimen,

The Immersion type Stress Corrosion Test apparatus is depicted in

the test proiedures, wherein the specimens are held.rigid with induced..
bending while the pan of salt water raises and lowers to permit alternately
dipping and drying at the prescribed temperatures. A rescrve salt water
tank is required to permit replenishment of tl2z solution as it evaporates
while operating at the elevated temperatures. Circulating fans were added..
to the chamber to speed up the drying process thereby necessitating a
ventilating stack., The fixture is designed to preload the specimens to

a predetermined stress, Strain gages can be installed to measure the
strain,

The design and operation of the Fire Resistant Test Apparatus

required many changes from ARP 1055 which is now undefgoing a revision

study.. A propane burnér was used with its standard nozzle and did not
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require a special nozzle, The problem in design of this test apparatus is

the various scals throughout the system that cannot opcrate at the elevated e

temperature with the 4, 000 psi pump presenting the largest problem,
Thercfore, a heat exchanger was added in the system just ahcad of the
pump with a heater installed just before the fluid reaches the test specimen
in order to obtain the fluid inlet temperature of 200-230°F, The heat rise

across the test specimen while in the 2, 000°F flame will permit the down-

stream temperature to.keep climbing during the five-minute. test period,

Safety precautions used during these tests include a closed circuit TV
monitor camera and a complete set of remote controls. The test setup
is contained in a fire-proof/explosion-proof test cell.

The Structural Load Relaxation Test is commonly referred to as a

icreep test" and is applicable only to separable fittings. The test apparatus

-

consists of an enviroamental chamber to be set ai 450° with an internal
fixture that is capable of holding the test specimen on one end and pre-
loadiung (tension) mechanism on the other ead., The initial strain is set
after the tuhes are conditioned in the chamber and the strain gages arc
monitored periodically to determine the amount of load relaxation caused
by temperature and/or load or fitting/jo.nt rzlaxation. The chamber and
fixture permit pressurization of the fittings to 100 psi in order to dctect
a specimen failure.

The Vibration Test is conducted in accordance with-MILL-STD-810D,

Section 514, using a standard vibration exciter, The method of mounting

178
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the test specimen on the .shake table is a point that differs from one facility
to another, There are two basic methods of mounting the specimen:

- Cantilever
-  Two-point suspension (cach ¢nd)

The major portion of industry conducts vibration tests on fittings using the
cantilever method, and this sameé method is used.in this series of tests on
bosses only. The Institute feels that the cantilever test method is mare
applicable to the boss or terminating type fittings and the two-point suspen-
sion method more representative of in-line type fittings in an aircraft, such
as unions, tees, elbows or crosses., If the shake table has a small capacity,
use of the cantilever method may réequire the fabrication of a balanced type
fixture that permits two specimens placed opposite each other, One specimen
could be a dummmy used for balance-orly. The pressurization system should
be designed as lightweight as possible to prevent ove rloading the shaker tahle
capacity, The unions in this program were te sted using the two-point-support

systerr. with rigid l.ard mounts throughout, The bosses were tested using

the- cantilever method on a single movnt,

o
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IX, TFEST SPFCIMEN DESIGN

The twelve groups listed inthe test sequence require a different
length or configuration of test specimen for cach group in.order to con-
sérve test tubing, The primary reason for the many different designs _
relates to the type of data to be retrieved in each test versus the minimum
length of tubing required for each test., Now that all of the equipment is
designed and the specimen tests completed, it is obvious that by judicious
design, two or three different sizes of test specimens could possibly suffice
for all tests by wasting some tubing, A review of the test sequence chart

provides some typical examples of the problenis related to test specimen
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design as discussed in the following paragraphs.

Any size fitting could be_used for the repeated assembly test, How-
ever, all littings that are to receive a gascous leakage test, proof pressure
test and/or burst pressu.c test must be of such dimensions_to_permit
installation in each of the required test chambers.,

The length of the rotary flexure/fatigue test specimens is proportion
to the spacing of the headstock.and tailstock as well as the degree o »ccen-
tricity available in the head stock, If the spacing can be varied, the speci-
men length could be varied with diameter. Figure 3 of proposed ARP 1185
notes three tynes of test specimen sctups for the rotary fl~xure machine

and it is suggested that the drawings of ARP 1185 he changed as noted in

Figure 3 to designate the difference between a test for "iu-line fittings o s
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' and "erminal or boss type fittings",  In this manner the entire fitting is
l contained in the test whereas the method of testing noted in ARP 1185 would
a {)(s applicable only:to symmetrical in-line [ittings bocause only one-half of
: ] the fitting-is in the test. Distinction must be made between testing the fit-
1 ting/tubing assembly or testing the interface, whether it be welded, brazed,
- swaged, or shrink type. If only the interface for permancnt joints is
- undergoing tests, then the drawings.shown in ARP 1185, Figure 3, arc
;: applicable.  However, the method of attachment at the fixed-end is_open.
- for questioning because if the MS fitting is used to hold the end, it is already
:
" known that the MS fitting is inferior to the advance fittings being tested,
.. Thercfore, since the MS fi‘ting is located at the highest stress point, it .

‘ . will fail first. SwRI prefers to use the more realistic method of testing a
permanent fitting by clamping the tupe to simulate ¢ clamp o clarnp block
at a rigid point, Figure 2 of ARP 1185 illustrates an acceptable installation

for testing huss-type fittings which requires a fixed-cnd separable fitting

attachment, . There are no drawings indicating how to sct up separable joints

for the rotary flexure test in ARP 1185,

A scparable fitting, unless. it is a hoss, is normally used at a junction
unless there is reason for a separable joint ih a span or long run for assembly,
production or maintenance reasons, Therefore, it would be more logical to
test a scparable fitting in its entirety by clamping the tube_and testing the

complete union with all interfaces and tubing each side, by supporting as

indicated by the SwRI design,  The length of the sbecimen can Le varied i

,




as rcequired to fit the equipment providing sufficient displacement is available

to obtain the required stress at the strain gage location,

The design of the test specimen for the Impulse Test parallels that
of the Proof Pressure Test, Burst Pressure Test or Gascous Leakage Test
because the same chamber and manifold design is used for all four tests,
Therefore, the test specimens would necessarily be the same length
and/or design.

The Assembly Torque and Misalignment Test could be the same
length as other selected specimens except that it was determined that the
Misalignment Test half ol the tube assembly should appreach the average
frame spacing in an aircraft and permit the tube a 3small degree of deflec~
tion rather than be completely rigid. -

The Stress Corrosion and Thérmal Shock test specimen design once
again is a functicn of the fixture design that holds and preloads the assembly.
Also, the larger the specimen, the larger the fixture and the larger the
imme.sible tank system. Therefore, an optimum size specimen design was
sclected, This test specimen can be of any sizc that could be compatible

with othet sizes in orderto develop a standard set of test specimens,

The Axial Pull and Tube Restraint Test specimen is loadced in tension-

for both tests, The tensile load is applied by the BILLH tensile load test
machine for both tests and the same set of end grips are used for both tests,

Once again the specimen leéngth is not critical and could be made to match

other sizes as long as it will fit the tensile test machine that is available,
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The length of the Vibration Test specimens. is.applicable to separable

l

|

l fittings only and was computed to furnish.the optimum vibration speetrum;
however, due to the range of frequencies involved, several lengths could

l—— be used, except the "g' loading becomes excessive in the lofiger specimens,

The lengths spécified herein furnished excellent data and if correlatable

results are desired these lengths should be used, Also, the type of holding

fixture and pressurization system for the shaker table setup will affect the

overall length of the specimen, The facility that accomplishes the vibration
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- test should be consulted before designing the test specimen,
The Fire Resistance Test specimen is designed to fit the fire test

apparatus which has certain requirements that necessitates a long specimen

. as can bé seen from the test procedure schematic drawings. It is not likely
* that the length of this test specimen would match any others,
- The Structural Load Relaxation Test specimen is applicable to

separable fittings only and is designed to rneet the fixturc dimensions,

s

The fixturc dimensions can be designed to any specimen size desired, but

the.number of test positions.would probably dictate the size of the environ-

—

mental charber,

Two critical items common to many of the test specimens afe the
method of clamping and holding or supporting the specimens for longitudinal
loads and the type of end.fittings to be utilized for the tests that require S
high.pressure.._For tensile tests, the tubing can-b¢é most efficientlty clamped

by using tapercd-jaw blocks with an expanding internal plug to kcep the tube
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walls from collansing, The rotary flexure, assembly toraue and misalign-
ments and vibration tests can utilize adapter bushings so that one clamp
block will suffice, The problem of end fittings becomes rather costly if

the same test fitting is used in the middle as a specimen and on the ends

of the test specimen, Also, these fittings usually nécd te be adaptable for

a pressure inlet or be used as a cap or plug, The most critical test is burst
pressure followed by impulse and rotary flexure, Several standard swage
type end fittings are available on the market and will usually suffice for
somé portions of the tests, For the critical tests noted above, special

fittings will have to be installed. In other words, the end fittings have to

be as good (or better) than the test fitting., Satisfactory results were obtained

by using the Swagelok end fittings on the 304 1/8 H tubc and using Harrison
HMS fittings throughout on the 21-6-9 and Titanium tubing for the higher
pressure specimens,

Table 3 presents the summary of test spacimen assembly sizes and
lengths for permanent fittings as uscd in this program. Tuable 3 alse
presents the summary of test specimen assembly sizes and lengths for
separable fittings as used in this program, Tabl¢ 4 presents the summary
oftest-specimen sizes.ana-lengths for boss type test specimens.as.used in

this program,
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l TABILI 3
l TYRICAL SIZES FOR.PERMANENT.AND SIKPARABLK
TYPE FITTING TEST SPECIMENS ;
l | B = -~ unjon ;
z - T ‘ !
l
L 1 Permanent No. Separable No,
t Dimensions (in.) Req'd. Dimeénsions (in.) Req'd,
E T Test Sequence A B Assy's, A B Assy's,
E' +
; -6 Size:
I, II, VI 14-3/4 7-3/8 8 — 14-3/4 7-3/8 6
, . III, IV, V 18-1/4 5-3./4 18 18-1/4 5-3/4 18
: VII 18-1/2 5-1/2 2 -
[ ; VIII 12-.1/4 4-1/2 w3 12-1/4 4-1/2 3
] -~ IX 23-1/4 11/5/8 2 ..23-1/4 11-5/8 2
: ) X 11 5-1/2 2 -
: XI 17-1/4 8-5/8 2 17-1/4 8-5/8 2
' »e X1I 14-1/4 7-1/8 2
N
i -10 Size:
5 ot I, II, VI 15 7-1/2 8 15 7-1/2 6
} III, IV, V. 18-3/4 7-1/2. 18 18-3/4 7-1/2 18
,’ VII 19-1/4 5-3/4 2 -
- VIII 12-1/2 4-1/2 3 12-1/2 4-1/2 3
- IX 24 12 2 24 12 2
: X 13 6-1/2 2 -
b X1 17-1/2 8-3/4 2 17-1/2 8-3/
- X1I 15 7-1/2 2 -
- -16 Size;
I, II. VI 15 7-1/2 8 15 7-1/2 6
I, v v 18-3/4 9-1/2 18 18-3/4 Q-1/2. ... .18 ..
VIL 19-3./4 5-3/4 2 -
VI 12-3/4. 4-1/2 3 12-3/4 4-1/2 3
IX 24-1/2 12-1/4 2 24-1/2 12-1/4 2
X 15 7-1/2 2 -
XI 18-1/2 9-1/4 2 18-1/2 9-1/4 2
XIL. 15-1/2 7-3/4 2 -
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TARLI 4 —

TYPICGAL SIZES FOR BOSS TYPE FITTING TEST SPECIMENS

boss
fitting

Test
Seguence

I, I, VI
II1, 1Iv, V
VII
VI

IX

X

X1

XII1

71, II, VI
I, 1Iv, V
VII
VIII
IX
X
XI
XII

I, II. VI
III, Iv, V
VII

VI

IX

X

X1

XI1I

N

——d

Type
Tubing

titanium
titanium
titanium.
titanium
titanium
titanium
titanium
titanium

titanium
titanium
titanium
titanium
titanium
titanium
titanium

titanium . .

titanium
titanium.
titanium
titanium
titanium
titanium
titanium
titanium

- Trmmmem T
~— tube

Tube Type Length
Size Fitting A
-6 boss 7
-6 boss 7-1/2
-6 boss 13-1/2
-6 boss 11-3/4
-6 boss. 11-3/8
-6 boss 4-1/2
-6 boss 8-1/2
-6 . .....boss 7
-10 boss 7-1/4
-10 boss 9-1/2
-10 boss 13-1/2
=10. boss 11-7/8
-10 boss 11-3/4
-10 boss 5
-10 boss 8-1/2
-10 boss 7-1/4
-16. boss 7-3/8-
-16 boss 12 -
16 boss 13-1/2
-16 boss 12-1/4
-16 boss 11-7/38
-16 boss 6-5/8
-16 boss 8-7/8
-16 boss 7-3/8

No,
Reg'd,

—
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X, TEST TUBING

The program is divided into the following scctions with respect to
the tubing.to he tested: .

- 304 1/8 hard CRES (uscd with MS [ittings only) (MIL- T~6845)

- Armeco 21-6-9 CRES (BMS-7-185 or DMS-1944D1) ..

- 3A1-2,5V Titaniunm (BMS-7-234 Rev, A)

The.required.wall thicknesses for the test specimens of three types
of tubing werc computed based on the available mechanical propertics-and
then the nearest standard wall thickness was sclected, The tubing. manu-
facturers will produce_the tubing wall thickness to any specification desired,
however SwRI preferred te use nominal standards as uscd in the past.

Table 5 presents the cornputed and selected wall thicknesses.

The 304 1/8 H CRES tubing (MIL-T-6845) is listed as a Class Il tubing
and.was uscd with MS flareless separable type fittings only as bascline data.
The assemblies.received the full sequence of tests for separable fittings.,
IiDI processing was not applicd to the 304 1/8 H Class II tubing becausc the
reliability factor is so high en this type of tubing after the many years of
production. The 304 1/8 H CRES tubing was ordered to the MII.-T-6845
spccifications,

The Armco 21-6-9 CRES tubing is listed as a Class I tubing and
was assembled/tested with both permanent and s¢parable type fittings of
various.designs as. well as bosses, The two types of fitting /tubing assemblies

received the full sequence of tests scheduled for cach category., The 21.6-9
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TABLE 5

TEST TUBING WALL THICKNESSES (NOMINAL)
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-6 -10
304 1/8 hard CRES . 024" . 041" . 065"
Armco 21-6-9 CRES. . 024 . 040 . 064 : |
3 Al-2.5V Titanium .027/.030 . 045/, 050 . 072/. 080
i
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tubing received two NDI's; one at the Bishop Tube Company and one at
SwRI to verify the abscnce of flaws or defects as required by the specification,
The 21-6-9 tubing was ordered to cither the Boeing or Douglas Specifications
BMS-7-185 or DMS-1944B,

The 3AL-2.5V titanium tubing was listed as a Class I tubing and was

assembled/tested with both permanent and separable fittings of various

"designs. The two types of fitiing/tubing assemblies reccived the full

sequence of tests scheduled for each category. The 3AL.-2.5V tubing
received the same two ultrasonic inspections..(NDI) that the 21-6-9 tub- -
ing received; one at Bishop Tube Company and one at SwRI. The tubing .
failures are inspected for .the presence of flaws that were not picked up
during the ultrasonic inspection. The 3AL-2, 5V Ti tubing was ordered to

the Boeing Specification BMS-7-234, Revision A,

Tubing NDI

The 21-6-9 and the 3AL-2, 5V tubing was inspected by the tubing

manufacturer using ultrasonic equipment setup to handle twenty-foct tubing

lengths, Recent developments by the transducer manufacturer has significantly

advanced the state-of-the-art and the only problem is the fabrication of the

processing facility as explained in the following paragraphs.
The-ultrasonic.inspe ction of the-tubing was performed using a

transducer is moved along a track parallel to the tube axis. The equip-

ment required to perform the inspection via me¢thod two consists of an
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i Automation Reflectoscope UM-721 with pulsé«réceiver unit 10 sdh, and
k I a fa.  'ransigate plug-in unit, used with a type J, FM 10 Mhz SIZ medium
I ¢

focus transducer,l/2" diameter, This setup prov’ides for a flaw resolution

of 0,005 in,

e e

A Bug-O-Track and Mark II drive unit is used to accurately move
the transducer the length of the tube while the tube is rotated by a separate

|
i i power gource, A Micro-Mini-Manipulator, manufactured by Automation, .

i Inc., is used to accurately position and move the immersion transducer,

in the required.axes, If a flaw of significant magnitude is deteéted (which

is pre-set according to.required standards), an alarm is.activated to alert........ .

i{ ; the operator and simultaneously turn off all tubing movernent as well as
transducer movement, The operator then marks thé suspect area for.

detailed mapping and/or flaw charactérization, Double and triple prone-

mounted automateéd systems are employed if time is a factor and defects
are.checked simultaneously, The flaws are characterized as longitudinal ‘ :
(parallel to tube axis), circumferential (90° to tube axis) and herringbone

§| (45° to tube axis). A test tube master flaw indicator is fabiicated with conse......
¥ trolled and known depth.of induced flaws. for_all three pattérns, This test

k tube is used to calibrate the systém for all three axes and is also uséd to —

; sét. the level for the system to trip the alarm,.

The SST titanium tubing received an ultrasonic inspection by Zirtex

[ RPN

and two.ultrasonic inspections by Boéing, Thé 21-6-9 tubing received

PN Y
P s

an ultrasonic inspection by Bishop Tube and was also ultrasonically

{
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inspected by SwRI, The titanium tubing from Bishop tube also received
ultrasonic inspection after-fabrication and when rece¢ived by SwRI,

The trigger level for flaw detection was set at . 002" depth with the
flaw surface dimensions maximum as , 020 x ., 060, A nominal amount of
tubing was rejected by SwRI using these limits and it .was impossible to
deterhine the percentages of rejection by Bishop Tube. The 3A1-2,5V Ti
purchased from Bishop Tube was specified to contain texture control.and
since the Boeing SST tubing was not ;cexture controlled a marked difference.
should appear in the data between the two types of finish according to tests .
conducted by Boeing, Separate identification was made for each type of
tubing in order to determine the significance of the. texture control finish,
In some test tubing specimens, superficial scratches were installed to
dete rmine.the level.of Q. C, inspection by each vendor's facility, Some

vendor's Q. C., caught the defects while others did not. ..

i e, PR
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XI, MS FITTING - BASELINE_ DATA

In the past, many individual tests_have been conducted on the MS R
flareless fitting with a minimum of documentation, The MS flareless
fitting_was acceptéd.as a standard for: a.number of years because flared
tube joints presented a critical problem with the flaring of the higher strength
material. The MS flareless fittings surpassed the. AN flared fitting in all
tests as it should at the 3000 psi operating pressures because the MS series
fitting is highly overdesigned as has been proven by Lockheed Aircraft at
Burbank. The-redesigned MS fittings by Lockheed reduced the weight of a
fitting assembly and the margins of safety are still adequate for a 300Q-psi _
system, These redesigned MS fittings were not used as a baseline reference-
in this program, however.,. Only the standard MS fittings were used and they : |

¢onsisted of:

MS.21921. Nut .
MS 21922 Sleeve .
MS.21902. Union

All MS fittings were.assembled with precise X-control using the.
Weatherhead tools for presetting the sleeves.. The test specimens were
made up in the same length as the test spe ciméns submitted by all vendors S
for the various tests.in order that the resulting baseline data be compatible ___
with the data from the same tésts on.each véndor's design. This has been
the problem in correlating data from the previous tésts because a minor i ,‘

change in the test proceduréor specimen design can produce a.significant.
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change in the results. Therefore, we have one of the primary rcasons for
development of a testing standard with detail specifications covéring the
spécimen design, equipment-design and operational or test.procedures..

The MS union is considéred as a separable fitting and the minimum
quantity of test specimens required is 39 for fhis program, The test proce-

dures for each test contain a. recommendéd minimum number of specimens

for qualification testing of fitting /tubing assemblies,
The MS assémblies were tested as Class II fittings using the follow-

ing parameters:

Tempeérature:. -65°F to +275°F-
Operating Pressure: 3,000 psi
Proof Pressure: 6,000 psi

Min. Burst Pressure: _12,000 psi

Each test procedure lists the applicable test parameters for Class.I
and Class II fittings. Due to the overdesigned configuration of the -MS fitting,
very few failures were anticipated with.the Class Il parameters and

appropriate tests, The MS separable fitting assemblies re ceived the follow-

ing series_of tests using the noted references as a guide:

Test , Reference
*1, Repeated Assembly MIL-F18280-C
2, Proof Préssure ~ ARP-899
3. Burst Pressure: ARP-899 . -
4, . Combined Proof and Burst Pressure ARP-899
5. Impulse - MIL-F18280-C__
%6,. Assembly Torque .and Misalignment SwRI
%7,  Axial Pull and *Tubé Restraint SwRI .
%8, Structural Load Relaxation SwRI

*Applicable to separable fittings only
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Test Reference

s 9.  Gascous.Leakage ARP-899 4

LA 10, Fire.Resistance ARP-1055

11, . Thermal Shock ARP-899 :

LT 12,  Stress Corrosion ARP-899; FTS-151 '
SR MIL-F18280-C
- %13,  _Vibration MIL-STD-810B

} 14, Rotary Flexure and Fatigue-— ~— MIL-F-18280-C

! t

2 Undeér '""References', if no standard existed for the particular.test to use

Pl as a guide, Southwest Research and ASD jointly agreed on the récommended

N procedure., .

EUETUENT T

Carbon steel MS sleeves and nuts. were used in the test specimen

assemblies, knowing that the stress.corrosion test would be rather severe
on this combination, .The test results on the MS fittings are-contained in

a separate volume of this series and are made public information,

| |

S eiss o .

L T The complete MS fitting test program and results.are assembled in
- S a separate report entitled: '"Baseline Data from Tests Conducted on Standard

MS Tube Fittings', and is available from the ASD/ENJPH project office,

B T L el b LN

w#Applicable to sepa'rable fittings only
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XII, SUMMARY

Duc to a curtailment of funds, the total program could nét be comem
pleted at this time, .Every éffort will be made to secure funds to complete
testing of the remaining test specimens or at least the more critical or
important tests. The foregoing sections present the general overall pro-
gram with the exception of the test data, Only the final report on the MS —

fitting baseline data contains the results of the.test data because this is

public information available to evéryone. The data generated from the

various types of fittings will not be disseminated to the public and only the e

vendors will receive copiés of the data pertaining to their own fittings.

Any one.desiring copies of the test data resulting from. this test program.
will be referred.to the particular vendor in question, If.thé vendor w?.nts
that particular data made available, then he has the. right to do so.. No one..
but ASD will have a copy of the total data package and this will be for their
own internal use,

As previously explained, there was no winner picked.as a result of
this test program, . The fittings were simply purchased and evaluated under
identical conditions so that a true comparison and.¢valuation could be made.
For-this reason, the MS fitting was tested to bé used as baseline-data since
the MS fitting is still.a reliable fitting (though héavy) for 3000 psi.systems,

the attached data.sheets will be revised by additional data puints.

e s .




o LT

PRV EEe

There is no analysis or critique of the tést results included in the
attached data summaries, It was agreed that each vendor could take the
data applicable to his fittings and.analyze it any way that best suite the use
for which it is intended, The tests that are considered as destructive will
have comments as to where and what.type of failure was generated, All
other specimen tests are accompanied by comments and data from which
an analyses/summary can be generated.

Any technical questions concerning this report and data. contained.

herein can be directed to the project monitor at ASD/ENJPH,_Mr. Ray

Hess (513/255-5229) or to the contract.project manager, Mr. C. R, Ursell.

at Southwest Research Institute in San Antonio, Texas (512/684-5111)., The
tést macl inery and éequipment used.in this program will remair intact at.
Southwest Research for usée by fitting manufacturers to obtain test data.
that can be used in direct correlation with the test results attached to this

report,
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XIII, REFERENCES

Military Specifications

MIL-F-18280 Fitting, Flareless Tube, Fluid Connection
MIL-F-5509 Fittings, Flared Tube, Fluid Connection.
MIL-F-27417 Fittings, Rocket Engine, Fluid Connection

Military Standards

MS 33649 Bosses, Fluid Connection - Internal Straight Thread

MS 33566 Fitting, Installation 6f Flareless Tube - Straight Threaded Connéctor
AND 10064 Fitting, Installation.of Flared Tube, Straight Threaded Connectors
MIL-STD-810 Environmental Test Methoc¢'s

NASA Specifications

KSC-F-124 Fittings/Pressure Connections/Flared Tube

MSFC-SPEC-143 Fittings, Flared Tube/Premium Quality/Préssure Connections,
Speécifications for et e s e

Industry Specifications

ARP 899 Connectors and .Conneéctions, Fluid System + Permanent Type
ARP 1055 (Proposed) Fire Resistance and Fire Test Requirements for Fluid
System Components

ARP 603 Impulse Test Equipment for Testing Hydraulic System Components

ARP 1185 (Proposed). Flexure Testing of Hydraulic Tubing, Joints and Fittings ...

Technical Reports

AFAPL-TR-69-67 Titanium 6AL-4V Hydraulic Plumbing for Advanced Aero-
space Vehicles.

AF'RPL-TR-65-161 Exploratory Devélopment.Work on Families. of Welded .
Fittings for Rocket Fluid Systems.

RPL. TDR 64-24 Applied Research and Dévelopment on Farilies of Brazed
and Welded Fittings for Rocket Propulsion Fluid Systems.

AERPL TR 65-162 Dévelopmént of AFRPL Threaded Fittings for Rocket
Fluid Systems

RTD TDR 63-1115 Developmeént of Mechanical Fittings - Phases I and 1I

ASD TR 61-483 Metallic Boss Seal Evaluation and Test Program

RPL TDR 64:25.A¢rospace -Fluid Component Designers Handbook Vols 1 & 2

NA 60-648 Evaluation of AM. 350 CRES Hydraulic. Tubing and L.D 273-0001-

Union - Brazed Tube for 4000 PSIG.Hydraulic Systems Applicable
to SB-70 Airplane.

et -
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WADC TR 59-267 Hydraulic and Pnecumatic Fitting and Tubing Test Program
WADC TR 55-163.Testing of Metal Boss Sealas-
NASA-Tech Brief 71-10266.- Aug, 1971 Triteria for Vibration Testing
NASA-CR-91356(N68-12955) The Study of Mechanical Shock.Spectra for-
Spacecraft Applications.
DOT-FA-S8+71=12 Titanium Tubing and Fittings,. The Boeing Co.
(Texture Control Tubing Tests)




