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FOREWORD

This report summarizes research conducted from May 1966 to
February 1967 under Phase II of the AFRPL in-house Project

Number 305802ERB, '"Tube Connector Development.' The research was
performed by the Subsystems Branch of the Liquid Rocket Division, Air
Force Rocket Propulsion Laboratory, Edwards, California.

Capt George N. Graves and Lt Albert B, Spencer, Jr., werc the
Project Engineers and Mr. D. L. Lank was the Engineering Technician.

This technical report has been reviewed and is approved.

JERRY N, MASON, Capt, USAF
Chief, Subsystems Branch .
Liquid Rocket Division
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ABSTRACT

Current practices in the selection of separable connectors for rocket
system plumbing applications require that an analytical investigation of
many connector candidates be accomplished, followed by the selection and
the conduct of extensive verification testing. This method is both expen-
sive and time consuming. The Air Force Rocket Propulsion Laboratory
has sponsored an investigation to demonstrate an analytical leakage-
prediction correlation technique for comparison with actual test results
received in the evaluation of the standard AN flared tube connector. Suc-
cess of this approach would allow the use of this prediction correlation
technique on other connector concepts. A secondary objective was to
evaluate the performance of the AN flared tube connector. The approach
consisted of deriving an analytical leakage-prediction technique using a’
flow conductance parameter in conjunction with the Meyer hardness index

(Referencel) and comparing these data with the test results received from

the evaluation of the flared tube connector. The program did not achieve
satisfactory prediction correlation between predicted and test results,
However, comparison of predicted results with the test results did show
the predicted leakage performance values to be extremely congservative.
The evaluation of the flared connectors did demonstrate a 10~° atm ct/sec
helium leakage capability of the flared connectors when tested under
specific operating conditions.

iii/iv

L]

/




Section

I

11

I

v

A

VI

TABLE O} CONTENTS

INTRODUCTION. © v vt vttt e ettt e et e e et
FLARED]UBESEALCONNECTORCONCEPT ........
EXPERﬁwENTAL/Mﬂ)ANALAUTCALINVESTKUYHONS..
TEST RESULTS. « v v v v i e e ee e [
DISCUSSION OF RESULTS. . . ... ...

CONCLUSIONS AND RECOMMEXNDATIONS. . .. ... ....

CREFERENCES . + v v s e oo e, [

Page




LIST OF ILLUSTRATIONS

Figure Page
l- AN Flared Connector . . .. v v v v v v v v v o e e e e 3
2 Sealing Mode Geometry. . ... .. ... 0. Cee e 4
3 Axial Load Versus Torque Test Setup .. .. .. e e e K
+4 Experimental Arrangemen:t for Determining .
Nut Deflection . . . . .. .. v v i v v v i v e v B ]
5 Modified Stress Ratio for Sealing Surfaces Having
30 50 p-in. PTV Roughness .. ............ vee.. 20

—

vi




ILIST OF TABLES

1ab)e _Ijage
I Torque ve;'sus Axial load . . .. ..o oo o oo 8
I Axial Sealing Loads ... ... e e e e e e e e e 9
m Calculated Sealing Forces oo oo oo v i v i v o v v e oo .10
v Effective Secal Diameters. . ... .. e .. ........... . 11
Y Pressure En?] Load Summary. . . . . . v o v vt v v v i e 13
VI . Axial Load Equivalents of Bending Moments .. .. .. .. .. 15
.VII Total Equivalent End Load. . ... ... e S 16
VIII Apparent Seal Interface Areas . .. ................ 18
1X “Calculated Values for Modified Stress Ratio . . .. .. ;. R 19
X Conductance Parameters for AN Flared Fitting. . . .. ... 2]
X1 Apparent Contact Length c;f Leak Path .. ............ 22
X111 Apparent Circumferential Contact Interface Length . .. .. ' 23.:
X1 Ca]‘cuilated Leakage Rates .. e ST I SRR | 24
X‘I’:\’ Stress-Reversal Bending Tests Summary............ 26
Xv Vibration Test Summary .. ... . e e e e e e e 27
XVI Pressurc Impulse Test Summary. AN Connecctor. . ... .. | 28

vii/viii




represents a duplication of effort without advancing the state of the art.

conncctor concepl ' s

SECTION 1

INTRODUCTION

do/no go accepténcc tests have been used exclusively by many
organizatibns to d({“tcrmin(- iy'hat doxincctors to li?-“:e in acrospace systems.
This"method is expensive and time consuming. In many instances, it

As part of the Air Force Recket Propulsion Laboratory'é ‘Tube Con--
nector Development Program, Contract AF04(61 1)-9578 was initiated \\dtb
Battelle Memorial Institute (BMI) to formulate a procedure for _
predicting the perforrhancc of separable tube connectors. - It was aﬁtiéi‘y
pated that the results of this study would provide the basisbfor morele‘fﬁ-

cient and rcasonable procedures for selecting '"shelf items' for aerospace

systems and would permit rapid screening of many connector designs.

The AFRPL Tube Connector \De'vz'el'opment Program was established
with the general objective of providing an independent evaluation of the
fitting conccpts developed under contracted programs and of evaluatmg
field service problems and skill levels required for connector fabrication

and installation. The specific objectives of this phase of the program

-
N}

were:
1. To develop an in-house connector evaluation capability

2. To ’evaluate‘thc flared connector for comparison with th_,e AFRI{’L

3. To gencrate data on flared connector pcrformance for comparlson

-with the values pred:cted by the B’V[I analy51s techmquc

[+
.
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SECTION I

FLARED TUBE SFAL CONNECTOR CONCEPT

The flared tube, scal-type connector is probably the most common

" thraaded conpector for fluid line connections. This connector utilizes the
tubing flarc to accomplish both the connector-to-connector seal and the
’glxbt-'—t<i‘-cop“m‘-ctor -écal. This design has numerous variations, most of
which employ the same basic geometry but differ in the manufacturing and-

. :
quality control requirements.,

The AN flared connector can ‘be procured to government or industry
specifications. AN flared connectors consist of a sleeve, a connecting
nut, and a union :('I;"iguro 1). This connector is manufactured in accord-
ance with military specification MIL-F-5509B, titled, "Fitting, Flared
‘Tube, Fluid Conncection. ' In making a tube connection with this type of

connector, the following scquence of operations is generally followed: .-

I. The nut and the sleeve are placed on the tubing. .

v

The tubing is flared by a hand tool or by a flaring machine. *

3. The.connection is sccured by placing the flared tubing in contact
with the nose of the union, sliding the sleeve and nut agaiﬁst the flared e
tubing end, énd'thri:a.tding the nut into place on the union. The sleeve is
forced against the back of the tube flarc by-the unit as it is threaded onto
the union. As the nut is tightexied, tﬁc sleeve compresses the back of the
tube flarc against the nose of the union,’ fhué forming the sealing inter-
face. Actual scahng is accomphshed by deformation of the flared tube

surface against the’ mntmg surfacc of the union.

rory
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Figure 1. AN Flared Connector -

Three distinct gegmet_rical sealing modes are recognized in the

connector. These have been categorized z;s Types I, If, and III and are

shown in Figure 2.

In Type I, the mating between the flared cone and the nose of the AN
union creates a sealing surface of 0. 010 to O. 020 inch wide at the inner

edge of the AN union. In Type II, the scaling contact surface ranges

from 0. 020 to 0. 030 inch. The s‘ea'ling action iin Type Il is caused by coni-

tact of the flared cone with the top edge of the AN union. The Type ITI -

seal contact suvrface is 0. 070 to 0. 125 inch in width in the middle of the

AN union.
| I
V "

A'major advantage of the AN flared connector is its simplicity; how-
ever, several disadvantages have given rise to fnbdi{ications and even

completely new connector design concep&s. Some o/f"t\he notable disad-

vantages include: : . - Ny

1. The torque relaxation with time characteristics -

Py

—-

2./ The inability to obtain sufficient sealing stresses in 1/2-inch and

larger connector sizes

/

T
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3. Inadcquate qual‘it‘y"co'fit/rol requirements

P 4. The tendency of tubing to crack when subjected to flaring

operations

Attemp{s. to eliminate the disadvantages just noted have resulted in
an AN connector modification that contains a separate seai. This seal is
a truncated cone and fits over the end of the 37-degree 1,1‘rllxion nose. The
seal is made of a soft material, generally copper ot leminum, offering
lower required seating stresses. While }Sresenti‘ng:’_ﬁ%{{on to the
required seating stress problem, the separa;e‘séal has the disadvantage
of adding another part to the connector, which could be omitted if proper
care is not'taken during assembly. Additionally, it does not eliminate
the disadvantages p}eviouslyidenfﬁied in steps I, 3 or.4 of the previous

paragraph.

Iy
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SECTION III

ENPERIMENTAL AND ANALYTICAL INVESTIGATIONS

Exact axial loads resulting from the assembly torques are difficult
to determine thcorcticall;‘b‘ccause the friction factors are generally
-unknown and can vary depending on the lubricant and the connector geo-

- metric ch:mgcs.. Consequently, the minimum and maximum initial axial
loads were determined experimentally. This was accomplishéd with the

test configuration shown in Figure 3.

The tubes were welded to adapter plates which were bolted to the
tensile machinc platform. When the parts were lubricated properly and
the recommended torques were applied to the connector, the minimum and

maximum axial loads were read directly on the tensile machine.

-

Table I shows the rclationships of torques to maximum axial loads -

“in the flared connector. t
e 1

Table II shows the axial loads transferred to the AN union and flare
" for the minimum and maximum torques required of each connector size. |

The seal contact loads calculated for the three different scal geometries

T
D

are depicted in Table IIL. B .

L

The seal of a-flared connector is a series-type seal. The entire

axial loa;d,a}')/{)’iicd by applying torque to the nut is transferred through

':/the"'c"c')/nnector as seal contact stress, so the compressive load contribut‘es
" ‘entirely to the seating of the scal.
. The axial loads obtained on the initial assembly wete used for
.analysis purposes although additional assemblies were evaluated to
 determine repeatability of torque values. Frequently, the friction factor
- will decrease as the connector is répeatedly assembled, and as a result,
/ A

(’ \
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TABLE I. TORQUE VERSUS AXIAL LOAD

Tube Size (inches) Torque (in. /1b) Axial Load (pounds)

3/8 150 1230
270% 2200
300 2380
375 3100
450 ' . 3900

1/2 250 2075
\450* 3300
500 3650
625 5230

3/4 375 3000
650: 5700 ‘
7005 6200
875 7700
1050 8650

*# Recommended minimum torque
%% Recommended maximum torque "

the nut will be overstressed if compensation for this friction effect is not

considered in applying the assembly torque.

The deflection rates of the compression members in the connector -
were not determined experimentally, -Howeéver the calculated values for
the 3/8-, 1/2- and 3/4-inch connectors were 0.104 x 10'6, 0.174 x 10'6
and 0.134 x 1070 in. /1b, respectively.

These compressive deflection rates correspond well with the value of

0.222 % 10'6 in. /1b, experimenta.lly determined for the Wiggins DL flared

connector by BMI.

AR S e N e e 310
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The tensile deflection rates were determined experimentally.  The
deflection rate of the nut was dctermined using the arrangement shown in
Figure 4. The deformations and deflections occurring in the test fixture
and in the z;‘dapt'er flange were subtracted from the total measured deflec- /
tion rate. The bending deflection rates of the flanged tubes must be added
to the deflection rate of the nut to determine the deflection riate of the
tensile members. The average values for increasing load conditions : -
were 0.653 x 10:»b in. /1b for the 3/8-inch conncector, 0.572 x 10-6 in. /1b

for the 1/2-inch connector, and 0. 470 x 107% in. /1b for the 3/4-inch con-

nector. Large hysteresis loops were found during the loading and unload -

ing of the smaller-size connectors,

The structural loads which a connector must withstand consist of the . R

!

pressure end load and the tube bending moment. Pressurc end load is

Fite s ot S e e 2 e

based on the maximum secal diameter and the operating and proof pres-
sures. The bending moment is based on tubing diameter, wall thickness,

and material properties.

Table IV gives the mean scal diameters that were used in calculating

the pressure end loads for AN flared connectors. L

- TABLE IV. EFFECTIVE SEAL DIAMETERS

Tube Size (inches)’ AN Scal Diameters (inches) h
Type L Type II# Type LI
3/8 0.318 0. 476 0.397
- 1/2 ' " 0.426 0.654" 0.540
3/4 < 0.664 0. 934 0.799

\.\_* AN secal geometry type
o 11
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The pressure end load acfin'g on the struc_turé is equal to:

¢

tue

where

E = .prcssuz'-e end load, p'bu_nd_s

E
G
P

effective seal diameter, inches

. -~ ' ~..
internal pressure, psi

Resulting pressure end loads are presented in Table V.

i

2o

B}

TABLE V.’ PRESSURE END LOAD SUMMARY (POUNDS) -

v

Type It A4 Typemr Type 1Ll

Conhector . ~ - - 1. .
Size  °| Working | Proof _|-Werking=| Prodf | Working | Proof
(inches) |[Pressure]Pressure|Pressure|Pressure Pressurg|Pressure

3/8 320 | 478 | 714 1070 497 | 745
/2 .| s72 856 | 1350 | 2030 908 1380

3/4 1380 | . 2080 | - 2750 © 4150 2020 "3050-

#AN seal geome"cry type
A bending mcment, M, producmg bending loads may ‘be present
because of tubing misalignment,. thermal expansion, or contraction' of the

tubing-system,. vibrations, dlsplacements of anchors, or acceleratlon

forces. Bending moments 1mposed on a connector ina tubmg system can-

.not be dctermmed in advance, smce these moments depend upon the

specfﬁc tubing system, its operatmg cc vlition, and the location of the

connector in the system ‘The maximun:- bendmg moment that can be

N

e '. S 13




applied to a conncctor through the attached tubing is gi.ven by the

cquation:
M = §Z

where

N

linviting stress of tube material, psi ' ‘

»

Z = scction modulus of tube cross section, 1in.

For thin-walled tubing, the section miodulus can be closely approximated .

by:
"L th : '
7 = 535 :
‘ t
where . —
. PD __PD_, coa " | SN
t = f"sh 200, 000 > 0. 005 inch . _ ‘ i
‘ = . ' ’ | : I3 -0 . . : ;
. : . ‘ - i
‘and . . . -
t* = ‘tube wall thickness, inches ; \
P =" internal pressure, psi . - P ~
D/ = '_t;‘nbeAdiametor_, inches -
Sh = design sh:oar stress, ‘takeh‘as two-thirds of the yield
) ‘strength at 70°F N ' & ' ' ' \\
- o ' a8 S
: ‘ . . ; ' /3
The required bendirig moment and the equivalent axial load for each '
size of AN flared connector is shown in Table VI. ‘
< ,
4
-, :
: . . .




TABLE VI. AXIAL LOAD EQUIVALENTS
OF BENDING MOMENTS

-

AN Connector Required Bending ' Equivalent Axial

Size Moment ' Load
(inches) (in. -1b) : : (pounds)
3/8 | 50 7778
1/2 L 1257 v 1340
34 0 425 S 2920

e _
An axial loa ,/equiﬁélenf to the bending moment, can be stated in

3 " ! N . . ‘
.terms of equivalént internal pressure. The maximum bending stress is

given as:
- - _ _M_.- . - ——— ‘ ————
Ss =72 - .
;
 where , . ; B T
SB = maximum: bending stress, psi ,
M = design bending load, in.-1b [
R ! [} .
Z = section modulus, in. 3 ) ¢

1

The tensile stress, exists at only one point on the tﬁxbe circumference;
it is assumed that the connector may be designed as ifc/SB existed
uniformly all afound' the tube circumference. The bending load can be

. . - L
~. expressed as an equivalent internal pressure, PB~g1v,en by:
. .. 1’

v

b - 4SBt
B D

PR

The,_.equiv-_alent axial load, FB- (Table VI), is expressed as:




,//
and the total ‘equivalent structural end load is:
FT = FE + FB
which is shown in T‘ab.le VII, » - ' L%
TABLE VII. TOTAL EQUIVALENT END LOAD .
. | Connector Size (ivnches)v o
‘Connector Type 3/8 S 1/2 - 3/4
| .-=Working Pressure™™..|  1098. | 1912 - | = 4300
| Proof Pressure 1256 2196 L | 5000
Type 11 e '
Working Pressure | - 1492 2690 5670 - |7
Proof Pressure 1848 - | / 3370 7070
S / ) s
! ; \
Type 111 N ] | o
Working. Pressure . | -l 27;‘5«./_...\ ; A\im\\—p‘\t}‘%o'
N N T " \’\'\ .
Proof Pressure . 1523 \ 2720 5&70 T
. ; , ‘ “ .
. ‘ N \‘
An approximation of leakage was calculated. This is very useful in
determining if a connector has the desjred sealing potéﬁt.i‘al.
. - / : .
- The greatest di'ffic'ulty in deterr/mining seaiing criteria is t}‘i"e-,genera- : N
tion of quantitative relationships émong performance parameters that
can be used in the prediction of/ eakage. Leak paths are formed by the
interconnection of void spaces’/in an interface. The void spaces are - i
“formed by fabrication' marks, damage and/or contaminants; The size ' A
and number of leakage paths will depend primarily upon the control '

1




: _ ) , y
established during the fabrication process where widely divergent

surface characteristics can be generated. .

The relationship between load and leakage is im'p}ortant because -

they provide correlation among the parameters of interface sealing width,
sealing stress, load and ledkage. This aspect is most important when .

analyzing a connector such as the AN flared fitting which depends- solely

upon axial load for sealing.

L

. . 7 i N . 3
stress ratio were used as two correlation factors. When two surfaces

To calculate leakage, the'conductance‘%parameter and the modified

this condition provides resistance to the flaw of a fluid.

are placed together with some amount of force to form a sealing interface,

% to leakage can be represented by a conductance parameter factor (h) and

is related to the leakage flowrate (Q) and r?a&gre difference (AP) at the

interface by Q = hAP. The conductance p‘arametér.\glescribéd ‘above

is given as:

\ . i
!

‘ ' . 2
- h
12 (ro rl) poQo | 12,76 GPO)\O (h™)
12) \ . (PZ - Pl)

2
n(r0-+1jl) (P2 - P

e

. conductance parameter

inlet and outlet fluid pressures f

molecular mean free path of the gas,'! at standard

temperature and préessure conditionsls
Qiscosity of thé gas ' ]
dimen&ions of circular interface f
standara pressu‘re ' - (

leakage, atm cc/sec

17
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In determining leakage, a second correlation is the modified stress
ratio (MSR). The MSR relates to the apparent contact area, contact load

and material hardness and.is calculated as follows:

MSR = modified stress ratio

where
P = applied load, pounds
n' = Meyer index
‘AA = interface area, in. ‘
oM = Meyer hardness, psi ,
The Meyer }{a'rdnes-s was determined from sample m"easurements made /
on several specimens and the average value was 257,000/gsi. The Meyer. - /
index was found to be 2. 35. ‘ A / : : -
. ) _ - . ‘_[v
\‘\:\\\\ ) ./" o N . lA , . N ’ ’
Seal interface areas were found. The results of these calculations e
are illustrated in Table VIII. - The modified stress ratio was'.ca;]culatecd /'
and is shown in*Table IX for ¢ach seal geometry and associated tube size. i
L - ~ TABLE VIII. APPARENT SEAL INTERFACE AREAS \ /
: _ _ > \ i
R 4 Seal Geometry (in. ") . |
e ; v I }
Tube Size (inches) Type 1 Type 1I Type .IIL c'
) 3/8 0020 0.023 © 0.044 ' i
’ 1/2 -0.027 0.039 0.061 .
5/4— ©0.042 0.069 0.088
18




_TABLE IX. CALCULATED VALUES FOR
"~ JMODIFIED STRESS RATIO

v | ol

Modified Stress Ratio
Sealing Geometry | (x 10-2)
f 1 ,.'/7 . ) .
Tube Size (inch/es),,./T‘é'rque (in. -1b) | Type 1l ’I_‘\ype 11 | Type III
3/8° , 270 6. 04 /4.17 2.47
300 6.70 | /4.79 | 2.76
/2 ‘ 450 5.79 2.97 2.36°
500 | 6.51 3.64 2.68
3/4 650 2.50 1.35 | 1.48
700 3.10 1.89 -1.88
N ,/‘/ ) .

Figure 5 illustrates the correlation between the modified stress ratio
and the conductancé parameters as a function of the surface roughness. A
The surface finish was reasured for several specimens. Surface roughnesé
ranged from 10 to 50 mi'cro inches peak-to-valley (PTV) in' ail specimens. '
’ The greatest number of samples had a.surface roughness range of 30 to

50 micro-inches *l percent. Table X shows the conductance parameter for

Jrem——

N\
-

The contact 1ength must be calculated on the basis of a contact stress

the appropriate seal geometr;es and tube sizes,

equal to the Meyer hardness and the axial and radial loads. The total
interface length is defined as the sum of the axial -and radial interface

lengths because each produces a resistance to flow:

F F
L= _A y B -
g o Pl
Dy M D "M
19
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MODIFIED STRESS RATIO

A

Figur’é\s.

*

Modified Stress Ratio for Sealing Surfaces

ghness

PTV Rou

Having 30 to 50 p-in.

-

3
v
o
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~where

q

TABLE X.

O U m o
s ‘

= axial load, pounds

= radial _load =0

= mean diamegei‘ of axial interface\
= diameter of radial interface

= Meyer hardness = 257,000 psi

CONDUCTANCE PARAMETERS FOR
AN FLARED FITTING :

(Sealing Surfaces of 30 to 50 p-in. PTV Roughness)

L

Sealing Geometry

Conductance Parameter, h3 (in. ")

3

Tube Size Torque -
(inches) (in. -1b) Type I Type II N Type 1iI |
3/8 270 9.0 x 10"1.8 3.4 x 10'15 8% 10'16
300 5.0 x 10718 15.0 x 1071 5x10716
1/2 450 |12.0x10°18 | 6.ox 10715 | 2.0x 10716
500+ | 5.5x1071% | 45x107!% | 11x 10°16
3/4 650  [50.0x 10718 |17.o‘x 715 | 5.0 10716 -
200 100.0x 1078 | 10.0% 10725 | 3.0% 10716
i
21
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|

/ .
Table X1 glljmws th'c"\\.wmtact length for the various torque loads applied

to\lhe scal 7Kometrics. \‘
K

/

TABIZE XI. APPARENT CONTACT LENGTH OF LEAK PATH

N
/" ‘/T ' " . ' P
! Sc/{iling Geometry. “I"""Leak Path Length (inches) :
: / ST . J
| f . .l}
\ Tube %ize (inches) Torque (in. - 1lb) Typ:é""l Type 11 Type III
i { ‘ ~
\ 3/8 270 0.0055 0.0028 0.0039
. : \\
300 0.0062 0.0033 0.\9045
.- ¢ : , ‘\\
' -1/2 . 450 0.0055 0.0025 0.0037
- ot 2500 .0.0065 | 0.0032 | 0.0045
( :
}
. vy .
'3/4 1 650 0.0019 0.0014 | - 0.0024
i\ 700 0.0006 | 0.0020 | 0.0032
‘ \
The apparent circumfarential contact interface length is found by:
\ ' § ~ |
b A -
;v 2% W =n DM .
Q X
\ : i ‘ fxl- v .
where ; ,",DM = mean cg’iameter of seal contact area
Contact intetx_rface length f@;;ii.’\‘the appropriate tube sizes is.shown in
\Table XII. .. . ~ AW
., ) .‘ K - \ \
B S
’.‘ ‘.\ .
\
\
¢ '\. :
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TABLE XII.

i

INTERFACE LENGTH

' APPARENT CIRCUMFERENTIAL CONTACT

B Sealing Geometries (inches‘)"
Tube Size (inches) ~ Type 1 "l'.ypc 11 'I\\‘ype m
- 3/8 1.0 1.495 1;\25
1/2 B '1: 34 2.05 1. 695
3/4 2,09 2.93 251

-

By knowing the'above data, the leakage could be pred1cted-£1:om

™~ w®?-or - |
Q= f— - ——h !
244 P, I

where Q‘, = le‘akage”;ate, atm cc/sec :
P, P1 = inlet and exit fluid pr’essu‘_res, psi :
b = viscosity of fluid (0.411 x 10”8 Ib dec/ft) -
= width of leak path, inches / .
1 = length of leak path in the flow dire:,:c.tibn, inches -
h3 = conductanceﬂpa.rafnieter . ' B J/‘/\\i(

The calculated predicted léakagc values are shown in Table X.IIi._ - \ o
Q | |




3

TABLE XlII. CALCULATED LEAKAGE RATES

} -
Sealing Geometry Leakage Rate (atm cc/sec)
- Tube Size | Torque '
(inches) (in. - 1b) 7 Type 1 Type II‘) Type 111
‘. . »/ -4 ) -1 - -3
3/8 270 .76 x 10 01,96 x 10 6.25 x'10
. 300 | 05x10°% | 7.35 %107 | 4.50x 1073
S i -‘ -4 -1 -3
| 1/2’“4 - 450 .16 x 10 5.30 x 10 9.91 x 10
' 500 23x107% | 31x10t | 447x1073
- : 2 : . -2
3/4 650 .79%107%0| 3.85x10 | 5.65x 10
700 J77x107% | 1.59x 10 2.54'x 1072
. '
fv" / ‘
i . i
) L /
\
v : ; ‘
/ | |
/ v 4
\
[ .
. {
§ \ /
lll N / 1
i 24 '
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SECTION, IV e
TEST RESULTS o T
P ,The following gives the test results from the evaluation conducted on
the flared connector. under stress-reversal bending, v1brat1on pre\ssure
1mpulse and procof pressure test conditions. The detailed procedures and
apparatus used are described in the: Append1x . N
Stress- reversal bendmg tests were conducted on the flared connectors.
- Half of the connectors were assembled at low- -torque and the remaining at
high-torque cond1t10ns. The cormectors were tested tor 300, 000 cycles,
and the test stress level was based upon a total combined equivalent stress
of 29,000 psi. Results from the s“tress-reversal bendmg tests are

recorded in Table XIV. oY . S . oo

Vibrational and stress-reversal bendmg are- very sxmrlar in that they '
both create the same stress distribution around the tube. The principal ‘

difference is the rate of cychng 25 Hz for stress reversal bending as

c e

.compared to 150 Hz for vibration." Addltlonally, the. stress-reversal s
bending test has the tube mounted”as a cantllever beam wh11e/the v1brat10n
test has the tube mounted as a simply supported, bearn, “The vibration test

" was conducted in accordance w1th AFRPL- TM 66 8; results are reported | —

) in Table XV. " :/"“ . .

%

i '
Pressure 1mpulse testmg has two obJectwes Tbe"first is.to consider
\ / ‘the water hammer. effect upon the seahng surfaces. 'Ih1s ’may cause the
\ 7 separat1on of these surfaces, thereby forming a leak path The second
obJect;we is to evaluate the structure's fatigue limits through cychcal
/ dynarmc structural tests. Since pressure 1rnputs11g is not génerally con-
| * sidered in the design function, ‘a minimum value' of 175, dOO psi/sec rise
and a maximum value of 600 000 p51/sec have been chosen as tbe test

standards 1n accordance with Soc1ety of Automotive Engmeers Spec1f1cat1on

°.  ARP 603. . e L
P o ™25 ' :
| SN J
!
AU !
\ / - . f —
N | N

—— . ©
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. thus allowmg sudden fluid 1mpulse differentials to be formed in the test
The test consisted of 20,000 cycles.

. rate varied‘fro‘m 200,—.._(\)00 psi/sec (at initial valve dpening) to 400, 000 psi/sec

_$tructural defects exist in the connector before starting structural load

“tests. Proof pressure, as defined for this series ofstests was 1.5 times

Connector Type and Tube Size tinches)

‘ : 3/8 38 3/ 3/8
Condition F6V19 FOV18 FOVIT F6V16

Stress Level (y.)svi) 5200 5200 5200 5200
Proof Pressure (psi) 4900 4975 1900 - -
Leakage (atm cc/sec) _ -8 vs
Pressmfre at Proof § l.3fx_](.) 3.1 x 10 15.0 x40 ~-- 3.0x 10

_ Maximum Diiring Test 2.2x 10" 1B x 10 3.7 1078 9.5x 107>
At Finish 1.4 x 10 7.9 x 10 1.1 x 108 9.3x 107>
g Level 2.5 Z.'S 2.5 2.5

Pressure impulses were induced by rapidly opening or closiixig valves,

item:.,

(at valve fully opened).

cycle.

T e e

.

°

the. workmg pressure.
were that the connectors should not exceed 1 x 107

measured by a hehum mass spectrometer..

1
. v

o

27

The average pressure rise

This pressure rise variation occuirred on each
The proof pressure test is an inspection test to €nsure that no gross

The leakage ob_]ectwes during this series-of testmg

atm cc/sec as

<

' The test results for ‘pressure impulse and proof pressure are
recorded in Tablé XVI. ‘ ' ‘ ’

-




TABLE XVI. PRESSURE IMPULSE TEST SUMMARY, AN CONNECTOR

-
S " Peak: _ Leak Rate— |~~~ .
- Tordque Pressuie, at Proof Max Leak Leak Radte at
Fitting* (in. <1b) (psi) Pressure | During Test ‘Test End
F6V5 " 375 5500 4. 0 x10°% | 2.8x107% | 2.4 5;,;’:10"4
F6V6. 375 5500 | L.7x107° | 8.5x 108 7.5x 1078
| Fé&vV7 :375 : :s;sdo 5.6 % 1_0'4 1.4 x 1073 1 "4;&'1'0“3
F6ve | . 375 4900 | 2.0x 10°% | 3,35 10°¢ 5// 1x10°7 :
. JF6vy /.40,0' 4875 1.3x 1073 e L.
Févas | 300 5000 Lix107% | 1.6x 107 /6.5:{10’3
F6V26 300 4 5000 | a0x 1077 | 23xi0md | 2.3x 1072
| "F6V27 270 1| s000 | 4.3x 108" 9.7 % 107 8.3x10°°
"Fevas |° 270 - 5000 2.6 x10°8 | 2.4x 1078 1.5x.10""7
- Favy 575 . 5000 3ax107* [ 6sx107 | 45y 107t )
. F8V3l 625 5500 e o il :
| F8V32 565 5500 3.1x 107! s .-
 F8v33 | ses 5500 5.0 x 107} o —e f
F8V34 565 5500 2.0x 107} o N 3
F8V35 625 5500 1.7x 107! o --
F&V36 500. 5300 ] 2.3x1072 P _— :
\ T FevaT | 625 . 5100 3.7x 1072 e .-
Favig |  ses 5780 3.7x 1072 - - ;
| F8V39 | 625 . 4900 3.%@‘7 2.5x107° 2.5.x 1078
\‘ ‘ /7 | F8V40 625 5700 1.8x fb\z e --
ST pavag 625 5200 1.7 x 107! ok -t E
"F6V » 3/8-inch fittings
. F8V = 1/2-inch fittings - -
‘”**Test not performed E .
28 |,
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the .:/8 and 1/2 inch flared connectors are given. in Table XIV. The

SECTION V.

_.__.__..‘.__.‘__ L.

DISCUSSION OF RESULTS - -~

\
t

_ Results received from the stress-reversal bendmg tests conducted on

/ .
connectors were shown to perform ‘remarkably well under the . .

_ stress-reversal bending condition. No significant degradation in leakage

‘was detected throughout the tests. Comparison of the leakage rates

showed that the test items oerformed significantly better than was pre- - :

dicted. Testing of the 3/8- and 1/2-inch connectors, however, did not

/.
. confirm a noted deter1orat1on in leakage performance because the

1arger size flared connectors were used.

v o

Six 3/8-inch and three-172- 1nch flared tube connectors were tested

. under stress-reversal bending. Two 3/8- inch connector assemblies

prematurely failed due to excessive stress loading that was erroneously

applied. .Examination of these assemblies showed that/circumferential

/

L
_cracking had eccurred at the junction of the tubing. The exact applied

stress levels were unknown; however, by failing at 10,000 and 12, 000 cycles,

. it was estimated that a total combined equ1va1ent stress level of 35,000 -

fo 40, 000 ps1 was apphed . . ‘ ‘ N

£y

e,

B

: the.results tabuhlated in Table XV. Each connector was subjected to | A - \\
300,000 cycles at a c’ychcal rate of 140 and 150 Hz. The vibration fre;\b \ A

quency was near a resonant condition of the test system which made it \ g \\'

mia

'Four 3/8-inch 'éonnectors were, tested under ,vibration'conditions with

~ difficult to maintain a spec1f1c frequency. As shown in the Vibration Test N\ N

Sumrnary (Table XV), the connectors exhibited significantly lower leakages :\\‘2‘

than predicted, prior to, during and -after. co';npletion‘ of the vibration . . \\

- . L. 2 /

A CYCling'_ . - . L ’ - : . ‘

~._ 7 3

Twenty-one spec1mens were prepared%ressure 1mpulse tests, as ' \
"_shown in Table uXVI. Nine test spec1mens of 3/8 inch d1ametew£e i ,,_’,'_A._,,,-~-»—-~. o

i

2 . | R / -

\




“however.

" subjected to 20, 000 pressure impulse cycles. One of the 3/8-inch test

specimens was found to leak excessively during proof pressure tests.

Twelve, 1/2-inch connecuons were prepared and tested. Only two of the

' connections werc. suff1c1ent]y leakproof/at proof pressure.

1

,Many of the connectors showed a considerable loss in performance

during the conduct of the tests. These performance losses were..assumed
to be caused by a nugroﬁttmg problem caused by the 1nput loadmg of the

seal surfaces. Microscopic examination did not conflrm this assumptlon
. s ’

‘ , : s

The 3/8-inch ¢onnector\s p"crfor'meditwo or—threeﬁnderﬁs-of*magnitude—;.—'—«

better than the pred1ct1on cst1mated for stress-reversal bending and /

vibration|tests. In the pressure impulse tests, the flaged connector's

performance was not as h1gh;‘however,' the prediction \kas within the error
range of the te'st. method. The ihitial sealing performance of the pressure
impulse specimens was generally two or three orders of. magn1tude)1gher

than thé @nalytical prediction. However, the: perforrhance ~“degraded cTurmg

-..testing and fell to within the pred1cted ranges

The suspected primary reason for not accurately correlating the -

analytical le ékﬁg e.predictions. with the testuresults.was.the. slight deviation

- e 30 S :

in usage of the Meyer hardness parameter Whereas the Meyer hardness

v parameter relates an applied load to the pro_]ected area.of an 1mpre':s1on

generated on a surface, the use of this. parameter was apphed to a flared

connector design cons1st1ng of a truncated cone sealing intexface. cher ‘

" factors that could have caused the dlspar:tty in data could"have been the

three types of seah’hg interfaces encountered (F1gure 2) and the machmmg '

variations 1nvplved with the manufacture-of the connector. assemblies.

et e vt
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s e SECTION VI'

‘
.

Y. - CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations have been’ made based

on the performance prediction and experimental evaluation.

1. Flared connector pe’i'forman_ce cannot be accurately predicted by '

the method used. - Correlation between the predicted and test results

* has shown the predicted values -‘to be extremely conservative,

2. Using careful leak-detection inspection methods and under speci'ﬁc
operating conditions, the flared connector will perform in the

10-6 atm cc/sec leakage rahge‘without, excess nut torque.. e

v A

3. ltis conéluded that the smaller-sized flared connectors show a

tendency to seal better than the large sizes.
Rt s

4, Itis reéommended that another prediction correlation method be

_-.investigat'ed to arrive at satisfactory'r.e‘sults..'

e e
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1'.

e Jp«Heose Fittings EQaluation Projectrwassinitiated in Septemhor 19

as an anceral part cf the Air Force Kocket Propulslon Laboratory's Tube
This prOJeCt will provide, adequate test

Cenvectar Pc\elcpmcnt Pregram.,

N
LY

b

v
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facitities and a bd(kgrouﬂd in test technlques to evaluate tube connector
state of the art, The testipg experlencd gained will then be used to evaluate
the prricrmance ¢f adyanced mechanical tube connectors developed by Battelle
‘MemorJal Testitlte or \O“t[a(Lb AF04\611) 8176 and AF04(611) 9578, 'Development
‘cf Famiii.s of NLLna1Ara‘ XArLlﬂgS " % an evaluaticn ofi the equipment and con-
cepts for WClde t.be connectors developed by North Amerlkan Aviation, los :
Angeles Division (NAA/LAD) on Contracts AF04(611) 8177 and AF04(611) 9892 -
"Explcratory Development of Families of Welded Fittings for Rocket Fluid Systems.f
Thxs rcport details the prozress made to date in tesg system design and the

occraticnal status of the test. facilities. - -4 .

0

TN TR
—~ = G

\

i PROCKESS: \

B e < O
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2. PROJE(

roject cbjectives,

Considerable progress has been made toward reaching
An industry s:rvey was corducted to provide guidance in fplanning tests,
establishing test requirements, procedures and instrumegtation techniques.
kased on the results of the survey, six test systems haye been defined. These
test systems are barst pressure, pressure impulse, vibyation, sEress reversal

bending, temperature shcck ‘and fleld simulation,.

N
r— e
Y

Tre b.rst pressure and pressure 1mp11se/system have been used to teat
pla1q t.be sections from 3/8 to I in éﬁ71n dfameter. ,The compcneit parts of .
temperat ire shock and vibraticn systems have been teéted. The detailed
design drawings arc being\completed for the stress reversal system. The

design criteria are presently being. formulared for’%he field simulation test,
- / bt .
/ /

\ - .
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A tubipg connector industry sarvey was initiated to provide general )
backgre.und. informaticn, test system requ1rements, .procedures and technanesé

"Approximateiy 30 firms, gevernment agencies and professional activities wer
‘A list of the organizatioms and individuals within the organiza*-

contacted,

tions contacted is included as Appendix I.
The first type, connector design requirements,

tvpes of information.
applicable ¢t

req.irements and instrumentation techniques,

2.3, Test Reqlivements,
©  Pressure'rangts

3 .
A}

' Teémperature range’

1

Size, range

racket pr»pul~1on, are [isted below. .

The industry survey prov1ded two

as .

The other category, test . )

will be dlqcusseu'1n paragraph L
. . N s

/ | L

0 - 1,000 psi- ' - .

0 - 4,000 psi . - i e

0 - 10 000 psi B T '

wen '

L3

425 to 600°F , s
-425 to 200°F . - S )

1/8 - 16 inches . o . :

38
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V- . Flexure life 300, 000 cycles, bending moments of M = ZSPbut —
\ - i not more than M = 60 (D +3)
. \ e ’ where y B
N : . v e R S
K ' b . M = moment applied to fitting
L, \ » o o . Z = section modulus of tube
RN : C Lo \ ~with fitting [/
’ . s -5 - lower of (1) 2/3 yield
. : Py
v . strength

(2) 4/5 stress to.
erupture:\2 yr,).w”..m:

) . ‘. _(3) 1/2 200,000
. - C cycle fatigue
S . R . _ . © .strength '
. ' : S o D= eutside:tube diameter 51 o >
o~ { .. \ : B
\ Téﬁration ' 25 to0°2,000 cpm at "'“ievels to produce stresses
o " . equal to 2/3 yleld . R
g ~ Compai:ibility \Rocket propellants (N2 s CIF, LFZ) T
. — : ; v 4 o )
Leadkage - , - i0-7 atm cc/sec of Helium : . :
“\ 'Tempgrfture shock Between desigfed temperature extremes ad
. : ' : ’ ‘!
. . . Repcatled assembly 25, times ‘ vt !

! . : R
2:2 Test Requirements: ‘ '
\
u«wdwmm@mf“"“"%mwwh~A The™ requxrements ﬁiat 2d on each test system are. the most important
A step in planning the e 'aluation of, the performance of a tuting connector,
The follewing paragraphs will des:rlbe the requirements for the six test SR
. systems, Leakage measitrements and proof pressire tests are of such importange
'thrmughout the tests tha*\they will be discussed first. '

y Ve
A '.. s s e e 5 YT AR St P 7
Tt LA Y TSP T

7 2.2.1 Leakage W at,rements- _ . . . N - °

. , u-.

. o Leakags méy_ be measdred in several different manners depending
on the rate and leakiog media. The ‘measurement of lquId leakage is very ' )
difficiult Lf the leakage rate is less than one cubic centimeter (cc) per minute,

e  Nuclear, ultrasenmic ard cHemical techniques are Being developed but are handi-
- capped by high cost or' low sénsitivity, -Therefore, most leakage measurements
‘ are made with a gas as the workjrg fluid. . N

l

Water dh:ﬂLaCement is a techn1que that has been used 54ccess-

filly. YThe leaking gas is captured in a container under water. The systém>

i+ generally made so that thelcaptured gas may be maintained at 'a constant \\ o
pressure.| The volume'#f water displaced equals the volume leakagé of the gas. -

oo 39 - .
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This system wiilomeasars loaks” from high rates down to about 1073 atmospheric

" cubic centimeters per seoond (arm ce/scc), Careful work and clever technique _
v will allew mdasuring, leaks ¢f 107" atm cc/sec; however, the high probability

of error inherent in the-displacemént technique and the considerable time .
requircd for measarement limits Lhis terhnique s usefulness for low leakage

.ratg m;’lnnmut ) - ‘

t .

<

: o) ’ The leakage measdrement limits of the water diqplacement
mech ioare 3 to 6 orders cf magnitude greater than that Eﬁpected of the AFRPL
{iOPWL(IrY.‘ ¥or ‘these Jeakage measurements a helium mass spectrometer leak
detecter will be used, This rechnique uses helium as a pressurizing gas and
a vacudum,chamber te ‘sirround: the fitting and collect all leaking helium gas.
tonventional mass’ spectrometer tcchniques are used to sense the helium. The
[ l¥akage?ratc can be calihrated with thg help of a “known lgak. This technique
“will mea-ure leaks in the range of 10 atm ~cf/sec to 1077 atm Tc/sec. A
variaticn f this technlque wses 2 small variable orifice in a prote which
_cpens the vasiwm to the atmesphers, This pfbbe will locate leaks” by draw1ng
pressarized helium into the mass speltrometer.: The probe technique is got a
q.antLLatlve te\hnLqJG. Careful cperation 'will l?cAte leaks ‘in the 10 = atm
cc/sée Tange. e . : v

L™~ s 3 . \

T ‘ueakagp rates will be the prime method of determining fallure'

cf comnectars, welded onnectors and braze fittings. Leakage.should not exceed

10_ atm’ cc/sgc. The maximum acceptable leakage for flared fittings will be
{0~ atm ccfsec, If leakagn degrades to- this level any test will be ctcpped
and the flared fitting nut retﬂrqued

\ -

N . .2.2.2 Proof Test: : ' _ ot

r'he ‘pregof pressire test is an integral part of all the other
res!s exceot the burst, pressure test, Proof pressure is defined as 1.5 times

the ngkxng pressure, . This test 4s @n inspection type ‘test to insure that no .
© gress defef™s exist inthe connector seal or,mechanical structure. Leakage

a,nng thi- test, fer theBrelded and brazed joints and the AFRPL comnéctor,

;14 be le~~ rhan {0 atm Cefsec as measured bv a helium mass spectrometer’
leak detectier, Orher t- blﬁg connectors will have blgher allowable leakage
val.ex bassd ¢a tneLr G‘\Lgﬂcj capability., °

- L

2.2.3 E;rst Press:rh:.

-,

L, 1he b irst pressure test is ‘2 structural test based on the
alrimate strength ef .the strictural members of the connector. Burst préssure”
‘is defined as tws . timts working pressure without catastrophic faflure, The
birst pressure should yield structural members of the connector”and cause
1arge leaks. -These leaks are - not measured because they have no relation to
'dé«igpcq;pcrfvrman/e; A byrit pressure test not only identifies weak con-

neCtey aer;:LJral mnmbera,<it also demonstrates the actual factor of safety

. of ‘the. " conaestar.” N . . : .

s - - ° - R o,

"2.2.4% §!reas Rcrer;al Bending:

Tt is highly ‘likely that “in rocket propulsion applicaticns

bl bing lxnes ccntalnxng conﬂcctbrs will be subjocte&'to dynamfc loading. _".

- R e -
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o_'_. . . '_ \./ . N : N
Lﬁc~e loads may be caused by vehicle deflection, installation forces, accelera-
rnnn, etc.‘ “he dynami: aspect of these forces generally, occurs durlng rocket
engine operaticn, Thus, the total duration,is generally less than five minutes,
Fer dyramic lcading, C%Ly low total cycle 11fe is required’ and high stress /

tevels - may be maintained. . . ., a
S Tre te:t system incorporates a standard stress reversal bending .
maching design, The?l \onnrrtor .is mounted near the fixed end and a small vacuum
.(hamber is byilt arcurd the fitting to collect leakage which is measured with
- the lzak detecter. A belluws as»embly is used for‘the vacuum chamber so that it
“will nct, affect the stFess transmi tted to the connector. The stress will be
measured by a pair of strain gauges mounted 180" degrees apart on the non-
. retating shaft in the plane of maximum stress (see diagram)., The bending moment
. applied to the fitting will be calculated from this and checked by placing strain
gauges ¢n plain tube test sections which will be used for checkout of ths system.
- Frequeasy of flexing widl be 25 cycles per second. Half. the mechanical tube
connectors will be azsembled at maximum torque and the remaining half assembled
with' minim:m torgac, The connuctor will be tested -for 300,000 cycles or until
maximim leakage (as defined in paragraph 2.2.1) is exceeded The test stress . -
level will be based on the crlterla listed in paragraph 2.1. .

-—-~D/2/VE' PI/LLEY -
/ . SELF-ALIGNING .

STRAIN  BEARING [ -VACUU# CHAMBER

AGE . .
!N . q q ’_ / [“ '
- T1 P O > ‘ ~Ml
. e ] Y27 " .___.T; ) E- fe- > SLEAK DETECTOR '
— S ET3 '\\._.Lu.___ I =< ac00pst He
A ) ' - ’ ’ ) \f\\ ¥ ™ \.‘ . .
. ) 1 ) - \ ) .‘,'
v . - R B N P
(AR S & o
2.2.5 .ibratisa:
o d : - .
. ° g Vitratica is cne v{ the most common /structural loada an& has : .
~ the pgtrntlal of relaving stress which may lcosen the nut and unload the seal,

The vibraticn testwill lcad the tube’ near the’connector to 2/3 yield stress
: frefevence paragraph 2.1) of the “tube material (20,000 psi -for AISI 347), ° . °
: The tubs ...raxning ‘the connector will be mounted as-an indeterminant beam.
The stress will f measured with a pair of ‘strain gauges located on the .tube
near the coonectgr in the plare of mawimum axial stress. vibration tests will
~ be ¢onduyctad at’ the lowest resooant frequency of the test fixture and fitting -
assembly. The system will be designed for resonance under 500 cps. Duration
of the test will be '300,000 ‘¢ycles or antil maximum allowable leakage {as
defined in paragraph 2, 1~ is exceeded. }
E 41
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sreated transient gradients of 600 to

.»_
M
e 1,

.

r

/o

\ / .
fro— \

s,
’ VvIBRATION »
2 UNIT: t . ‘.

. It should be noted that vibration and stress reversal bending

are very similar in that both c¢reate the same stress distribution arcund the
t .~¢, Tre principal differences are. the rate of cycling, 25 cps for stress
re.crsal bending as kompared to 250 cps or higher for vibration. The stress
r-versal bending test has the tube mcunted on a cantilever beam while the .
vibraticn test has the tabe mcunted as on indeterminate beam '

r . , i .

1
i

2.2.6 Temperature Shbck:

Between temperature of exhaust products and cryogenic propel-
large temperature gradients may be caused”in fubing line connectors.
The gradients can have two deleterious effecrs. High temperatures on the
tensisninrg member (nut) cause relaxation of thé sealing load. Thermall -
‘gtadlent~ in the negn*lwe direction raize the stress level in the nut with
the possibility of causing yielding or ‘failure. If the nut yields, the
sealing load will be reduaced upon return to assembly temperature. The

~sysrem thac:is designed- (see skerch below) is similtar to systems which have
-320 .F in less .than five minutes.

lant =,

e

te

- To LEAK, DETECTOR
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'TCMPCEATUIZE SHOCK SYS'IEM , *
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- . The connector will be pressurized at p§9of pressure for five

, wingtes. If leakage does not exceed the allowable (10 ° atm cc/sec for AFRPL) .
the pressire will be reduced to working pressure and the connector subjected ) £
‘to six thermal shecks, . ' . : ) ‘ . %
. __Sequeree—of Thermal Shocks g : ' ]

_ - ’ ' Cycle Number _ - 5
e 1 2 .3 4 5 6 -

Tritial temperat-ire ©Koam ﬁemp.j- RT RT .RT RT RT - RT

s e 0 480

Tntirmediate temﬁeratureA s =320 -320 -320 (1) (1) 1)
. Transiticn time 5-8 5-8 5-8 5-12 5-12 5-12

final temperature (Rcom Temp.) =~ RT RT RT RI. = RT  RT

Transition time 5.8 58 5-8 5-12 512
fl) 600 fcr AFﬁPL and other advanced connectors, 300 fer flared.

Failtre will be leakagés greater than those déscribed in

paragraph 2.3.1. _ /

\ 2.2.7 Pressure Impulse: [ s B ‘ Y

\ . . .

_ A pressure impulse tes[ was planned t& perform two functions., -
The water hammer effect on sealing surfaces may separate the surfaces forming - .
a leak path., . Also, the press:itre impulse test is a cyclic dynawmic structural
test. As the pressure impulse is not generally considered in design, a minimum
vaize ¢f 175,000 osi/fsec rise and a maximum value of 600,000 psi/sec has been:
chosem as ‘a test standard in accordance with the Society of Automotive Engineers
AFP 603, Pressure imp:lses are geuerally caused by rapidly opening or closing
valves., These vaiwes typically have system use cycle lives of 10,000 to 20,000

" actuations. The test this consizts cf 20,000 cycles! v ' v,

—
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T ) ‘The sysfem Cpir ates wlth GN for continuous ;esting due to
th& biqh flew rawia (abow:t 20,000 scf y) and the high cost of Re,

Tor leak testing the ON,) is :-,t off w h a hand valve and helium is cycled
thresgn the svstem,  This is accompllshed after every 1,750 cycles. The
accam.latsr is used because of the' small supply lines to the test area. \
An electranic switching device is used to synchronize the actuation of the -
valves, At the start of a cycle beth the 3-way and 2-way sqlenoid valves
are ir th.. nzemally c:csed pesitinn.,  The 3-way valve is actuated and there
is adizbati. crarging cf the test section volume. After the test section
has been (harged for half a zeicnd the test section is vented through the -
hand valve, which acts as an adjistable orifice, by returning the 3-way
vaive Ltz tne nermally closed position, 'After another .15 second, the
_solencid valve is actuated, which completely ventsithe system. After the
svstém ;< vented the sclensid valve is closed and the cycle repeated,
Duirat'icn of a-cvele is appxcx1mately 1.1 qeconds.

***** e Co The test section 1s mcunted as closely cdupled to the 3-yay . .

Y 2.way sclencid valves as possible to lower the volume which will be L
pressurized, Two strain gatge type pressure transducers are mounted one on .

~eavh end of the test sectinn, 1Ihe oscillegraph trace of a 4,850 psi pres-
\\su{e impulse is shewn as figure 1. The average pressure raise rate is <
.200,000 psi/se: and when the valve poppet fs fully open achieves a maximum -

rate. ¢f 400,000 pai;sec. Note the slight decline of mafigum'éressure due

to valve lcakage. . . . T R

e .. ——————

]

2.2, 8 ‘Leld Simulation:

El

' : The field >1unlg*i~A test ia_on\ of the most important
- -tesns _bealse the installaticn ih real svstems may introduce more per-
"fermance degradaticn than- thedesign parameter test discussed inmtthe .
previc:s paragraphs., The design sgiteriaare. presently being defined :

Tne arr=~ of idves stigation will 1nc1u

* <
v

kepeated assembly limits . :
Misaligrmeat {axial, aagular) ' ;
- . o " Assembly in confined areas )

’ : ljframiatior limits . .
o i K gékrator te;hniqu: . . .
. ‘ . ‘The tesz fax!axe criteria are also being défined; however,

- g<1pralxv £xCESSTve )edkage as aefined in paragraph 2; 2 1 will be the

- determining factor.* -

C 3. —INSPELTION PRC-:;E:B:,RES:' .

-~ . . N i ”

‘ 3,1"wadhclng sa*LsfarrLry/fLares for MS flare& “ubing donnectors was
. feund to be'a difffecit task., W=ile there are a series of Military Speci-
- fications and Standards covering the subject, the’fact remains that in )
~-—~géneral flares used will not meet these requirements. Farthermore,vthere ‘ -
is CL"al»rrﬁb]F day-*c -day difference in flare quality as a result of -
‘ glarimg ma:zhines adjustwent, operators, tubing materials, Eechﬁiques,_etq.’

o
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In order to be able to describe the test items in & manner suitable for
analysis of the test data, an inspection procedure was developed The

areas ‘that are inspected are listed below, . -
| ftem j - : | Precision . Units -
A, Tibe 0.D. .7 Nearest .001 .. Inch : 3
B, Tube Wall Thickness Nearest .001 Inch | )
C, . Fiare (D, . . Nearest. .001 . Inch ‘ d
B, Inside Flare.Apgge L - e . | Angular Deg'ree's"~
- R, Outside.Flare Angle‘_ .1° ) . Angular Deéreesi
¥. Plare Surface Pinish - .2 Microinches Peak to Valiey _
3. Radius ‘\ - -.001 . - .. TInch’ N |
4, Flare Surfaee’Hardnessv | 'é Units j Brineil Hardne;sv ‘
" ' Npmbers
I, Flare Squareness - _ .1°‘_ P Angdlér Degreee
g Cdecen;r;cdt}j(flere/tube) . | .0001 . . Inch - A
@he flare 8urfeeevfinish is measured in two directions and ar twe locations v
on the flare (sée sketch)., The flare surface hardness is measured at three st
_ locatioms. c- . | .

surrabe FINISH SURFJACE HARDNESS S \f' o
AF; ;T\ \ ‘\f . sz' ;k ' S L
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.argie, A Rockwrll & perfiéial hardness test is used to measure the sur-

" end of Aprii 1966 and checked out forzall 51zes by mid-May 1966 . b

‘“ais fistire has been meunted on the vibrator and the fixture checked

"Pressure lizes hacs been instalied intol the area, cliamps fabricated and ) ‘ . g

‘Lemerat T :Hn " -y:tem for 3/8 lneh tubing has been completed nd the -~

—
. “The tube outside diameter, wall thickness and fﬁare out-
side diameter are measured while the tube is mounted in-a precision mill
d? v“'ng head as there is considerable variation in the above parameters
ari:nd the circumterence cf a tube, The flare angles are also measured
1=ing the dividing head tc hold the flare and a sine bar to measure the -

fare-hardness ©f tre fldre. Flare surface fini%h is mcasured with a micro-

" meteric s.rface.finis* ‘meter. .Similar inspection techniques on AFRPL
.. ¢onnectors are beirg pripared. to insure test connectors meet the require-

ments of pzovw~(d Military Standard> MS 27 830 through MS 27868.

°
H

4. FAGIILTY STAIUS: - §

The faciliti=s used for 'the test described in the previous section . ;
arc in varicus stages cof design, fabricaticn, checkout and use. The : -
stat.is of each test. system is discussed below. . . "

4.l Earst Prescure: ¥ ;
. . i, . <
Tw. burst pressure svstems have been used. » A hydrostat has been i |
wsed for burst pressures under 15,000 psi. —For .burst pressures above . .-

15,000 psi a helium intensifier is used. Because of the inherent danger
involved with the release of large amounts of energy at rupture, these

tests ar< conducted behind a concrete wall and vault door in the high " g

vacuum laboratory (Zuilding 8620). The plain tube burst tests have been . ' i

cempteted witk this faciiity, | . : ;

L.2 Stress Reversal Pénding: ’ : -

' ‘ i . ' ‘

A stre<< reversal bending <y<tem~has been designed and det311 . Co

part drawings are being complzted. Faﬁrication will be completed by the e

4.3 ibraticne . . , S | : :
Vihratica tests will be run op the MB G~25 electronic vibraton; T
located in the cencriftize avea of Building 8620. A fixture has been
fabrncated to a design by Nrrth American Aviation, Los Angeles Division,

fer resonant prints,  Ihesc were identified as 280, 310, 700 and 1550 cps.

fle< iines prosured, ‘Te<*1ng will be LPltlated upon receipt of strain
ga‘ge~ (estimaied as 29 Apr11 1966). { e . -

Q

4,0 Temgerar:re Shock:

v

mpcnent parts checkeds T:osting of flared comnectors-will begin 31 March
1966 T test systems for all sizes will be completed by - eaxly May 1966.

- . -

o - o . _ _ -




oo ‘ \
4,5 Pressure Impulse:

The p;essa;e-impulse test system has been fabricated and used
ta test plain tube sections between 3/8 and 1 inch 0.D, Testing with
3/8 inch flar.d connectcrs has beea initiated,

. L
.6 Field Siwclation:

The field simulation test system 15 in the design phase, It is .
imat=1 that the system will be checked out with flared comnectors by .

€l
s .- k]
mid-May 1966, .
I T .
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K  APPENDIX 1
INDUSTRY SURVEY CONTRACTORS v a
| government: \ e ‘Mr. W. D. Padian: .+ °
oo " ‘ North American Aviation, Inmc.

"Los Argeles Division s T

International Ai rport
Los Angeles, Callfornia

Mr. A Pardo»e

Space and System Informatlon Div131on

North Ameérican Av1at10n, Inc.’
Downey, Callfornla )

Mr. M, H. Rlnstock
Atomics International
8900 De Soto Avernue

‘Canoga Park, Califqrniq

s

Mr B GOOblCh

Battelle Memorial Instltute .
505 King Avenue

Columbus, Ohio 43201 =~ . |

Mf; Hans Van der Velden
The Boeirg Compary

_Air Plane.Division

Rentor, Waskingtor

e

Mr. E. P, Aguilera

_ Convair, Dept., 528-30

Lindberg Field D
San piego; California |

Mr. F. Rathkbun

General Electric Company
Bldg. 37-669 -
Schenectady, Newiiafk

‘Mr. S.,Coodman

. . Groton, Connecticut’
R ] . . ", n

Electric Boat Divisjono .
General Dypamics

. Mr. R. H; Laurell
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