~ A

AD-783 943
CARTRIDGE LLEAK TEST PROCEDURES AT
THE NAVAL ORDNANCE STATION,
INDIAN HEAD, MARYLAND

lLouie Loizou

Naval Ordnance Station
Indian Head, Maryland

5 August 1974

DISTRIBUTED BY:

NI

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




e

- e C e an o pee wmeRde e v%@"xywwm

UNCLASSIFIED
LETUMITY CLASSIFICAT 3N OF THIS RAGE /When Dete Entered)
_REPORT DOCUMENTATION PAGE BEF O C Ot Erine FORM

1 RESTAT NUMBER 2 GOVY ACCESSION NOJ 3 RECIPIENT'S CATALOSG N IMBER
Indian Head Special Publication 74-111 A 835 753

8 \T_E .end Suturtes S. TYPE OF REPORT 8 PERIGD COVERET
CARTRIDGE LEAK TEST PROCEDURES .
AT THE NAVAL ORDNANCE STATION,
INDIAN }'EAD. MAPYLAND 8 PERFORMING ORG. REPORT NUMBER

T OA_THOM:e * [ ] Co“’.A-CT CR CRNANT NUMBER/S)
Louie Loizou

3 PERFORWING DRGANIZATION NAMI AND ACORESS 0 PRCSNAM ELEMENT PROJECT TASK

‘ AREA 8 SORK UNIT NUKBERS
Naval Ordnance Station { AIR Task A532-5322/105-6/4-
Indian Head, Maryland ‘ (SX)%)'OOO-IS, Work Unit A53255.
3 ] ("
F‘ T wTRELLiNG OFFICE NAME ANT ADORESS 17 MEPORT DATE

5 August 1974

13. NUMBER OF PAGES

22

T4 MON TORING AGENCY NAME 8 ADDRESS 1! ditlerent lrom Controlling Oftice;  ; 18 SECURITY CLASS (of thie report)

Unclassified

18e. CECLASSIFICATION. DCwuGRADING
SCHEDULE

]

CISYRIBUT O STATEMENT ¢l this Repart)

Apyroved for Public Release: Distribution Unlimited.

1y

GO TRIBUTIIN STATEMENT 7of the sbetrart entered in Bleck 20, 1l diiferant frem Repert)

SubP  EMENTARY NOTHS

XE v WOROS 7Continue on teverse alde Il necessery and Identily »  dlock nusiber)

o ety
LTI TOHIIN M
INPOAPRLT o QFRVICT

(3 R CR YL TP Pl
T D Tt SN

20 ABSIRACY 7Continue on reveree eside |1 necessary and Identily by bli '+ number)
The CAD Division Test Branch at the Naval Ordnance Station, Indian {ead. Maryland,
conducts cartridge leak tests m accordince watht MIL-S1TD-331 (Test 118y ad VL D ool
to detenmine if any gas leak exists in the seal of a gven cartrdge, This report summarizes the
theory and basic operation of the leak test equipment and details the procedures used at
Indian Head.
FOMM ,
DD | an 7 1473  eoition of 1 Nov es s omsoLETE UNCLASSIFIED

S/N 010291446401

SEZURITY CLASSIPICATION OF THIS PAGE (Whoen Lats Enteiec)




= = p—T

]

IHSP 74-111

FOREWORD

A leak test procedure for determining gas lcaks in cartridges of cartridge actuated
duvices has -been developed by the CAD Division Test Branch of the Naval Ordnznce
Station. Indizn Head, Maryland. This procedure is documented here. Thizs work was funded
under AIR Task AS32-5322/163-G+4-00G0000-18, Work Unit AS32353-54/01.
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ABSTRACT

The CAD Division Test Branch at the Naval Ordnance Station, Indian Head. Maryland.
conducts cartridge leak tests in accordance with MIL-STD-331 (Test 118) and MIL-D-21625
to determine if any gas leak exists in the seal of a given cartridge. This report summarizes

the theory and basic operation of the lcak “est equipment and details the procedures used at
Indian Head.

vi
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INTRODUCTION

Cartsidges for cartridge actuated devices must be leak tested to determine 1f
unacceptable leaks exist in the cartridge seals. This testing is conducted in accordance with
MIL-STD-331 (Test 118) and MIL-D-21625.) MIL-D-21625 (paragraph 3.8.2) states that
“The cartridge shall pass a Jdry leak test. Cartridges which exhibit a Jeak rate in excess of
10°* cclscg‘ o1 air at 1 pressare differential of 1 ¢ 0.1 atmosphere shall be considered
defective.”””

i I'he CAD Dwvision Test Branch (Code 5013) at the Naval Orduance Station. Indian
Head. conducts these cartridge leak tests. This report summarizes the theory and basic
operation of the equipment and details the procedures used by the Test Branch.

-

l‘.lll STD A3 Fuze and Fuze Components, Fnviconmental and Performance Fests for. ML D 21628, Desen and
Fyaluation of Cartridges for Curtridge Acmated Deveees

3 . . ] .
“A posaibility exists that a cartndge with excessive sealant mav give false readings on leak detector.
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TEST EQUIPMENT AND THEORY OF OFERATION
Leak T:st Equipment

The leak tester used by the CAD Division Test Branch is the Model MS-17UFT Ultra
Fast Leak Test Station manufactured by Veeco Instruments. Inc.! The MS-17UFT Leak
Test Station (Figure 1) is a sensitive and accurate helium mass spectrometer which indicates
the tlow of helium. In the center of the leak tester is a mass spectrometer tube (Cee-tube)
tuned to deteet the presence of helium and to produce an clectrical signal proportional to
the amount of helium present. An clectrometer converts the amount of helium detected to a
meter reading of ¢ * atm/sec of air A leak indicator box connected to the tester indicates
tie amount of cartridge leakage.

Low losy LN teap

High conductance
low volume:
Leak ir.dicator box ‘— < ‘q/ mamfotd

2 Test chamber
. Vent valve
Dual-sector mass onled beliows
spectrometer  be ' oump valve
Sealed bellows
test valve
!
>elf contained r-* Pirant gauge
removable sohd Discharge gauge
state electronics w—d
Accumulate® Large volume
valve roughing hine
Low-powered, air
cooled, sohd state Mechanical
electronics forepump
Air ceoled
diffuston pump Mechamcal
Opucally denge
roughing pum
forehne battle and L ” I ghing pump
ejector stage

— 7

i}

FIGURE |. MODEL MS-17UFT ULTRA FAST LEAK TEST STATION

‘Vt‘t'ul Instruments, Inc Termnal Dove, Planview, N.Y. 11803

Lo
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The cartridge test cvcle is divided into three stages: (1) pressurization of the cartridge
with helium, (2) setting the leak point indicator on the kak tester. and (3) the actual
cartridge leak test. If a cartridge leaks at an unacceptable rate during the pressurization, an
amount of helium will be present in the cartridge. The amount of helium present in the
cartridge which escapes under vacuum during the test and is picked up by the mass
spectrometer will be higher than the leak point indicator and will activate a “leaker™ light
on the test set,

Theory of Operaticn

Fressurization:

Before testing with the MS-17UFT leak tester. a cartridge is placed in a canister which
is pressurized with helium at 2 atmospheres for 1 hour. This pressurizing time is called the
bombing time. It the cartridge seal has a leak. the helium gas will penetrate the sesl until the
pressure ip the cartridge equalizes the helium pressure. Depending on the free volume of the
cartridge, the bombing time, and the leak rate of the cartridge. the pressire in the cartridge
may or may not reach the pressure ol the helium gas, Each type of cartridge has a different
free volume in the propellant chamber: therefore. the percentage of air to heifum in the
chamber will vary with each type of cartridge even though the cartridges may have the same
leak rate. The cartridge free volume is considered in the leak point indicator sctting on the
tester. The leak indicator has a zero adjust control knob which adjusts the setting on the
leak inchcator scale. The larger the “negative exponential” satting, the more sensitive is the
setiing on the leak indicator scale. A more sensitive reading means that the leak detector can
detect a smaller concentration of helium in the Cee-tube., The amount of helium in the
Cee-tube appears 15 a visual signal on the leak indicator.

The cartridges are pressurized by the helium gas Tor 1 hour, This pressurizaticn
(bombing) time is one of the variables that determines the leak point setting of the
mstrument.

After pressurizing the cartnidges for an hour, the canister 1s vented by opening the
manual valve on the underside of the canister, and the outside surface of the items are
flushed with nitrogen. The cartridges are held for 1 hour after removal from the flushed
canister before they are placed in the test chamber of the MS-17UFT leak detector. This
time s called the waiting time and | hour is used for most cartridges. The waiting time is
another variable that determines leak point settings.
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Leak Point Setting:

The MS-17UFT leak tester has a feak indicator which indicates the amount of helium
icaking from the cartridge. Since the leak indicator converts the reading from helium to ce *
atm/sec of air, vach cartridge must have its own leak reject point setting. The fine leak reject
point setting is determined by three variables. These are the free volume of the cartridge. the
helium pressurizing thombing) time of the cartridge in the canister, and the waiting time.
The helium pressure is at 1 atmosphere gauge.

To calculate the free volume, the volume of the empty wase propellant chamber and
the volunie of the propellant must ‘be calculated. The propeliant volume caleulated is the
volume of the propellant loaded in the case propellant chamber. The free volume is the
difference between the cartridge case propellant chamber volume and the volume of the
loaded propellunt and hardware inside propeliant chamber.

Having a constant pressurizing time (1 hour). a constant pressure, and a constant feak
rate. two given cartridges will absorb the same amount of helium. A cartridge with 4 small
free volume will have a larger percentage of helium than a cartridge with & larger free volume
if both cartridges are subject -to the same conditions. Therefore, a cartridge with a large free
volume needs a more sensitive leak reiect point setting than a cartridge containing a smailer
free volume and having the same leak rate,

To caleulate a leak reject point setting for a given cartridge that is equivalent to 1 X
10°% ce  atm/sec arr, the jollowing equation is used.

—~1s (M'A)" -1 (M’.J\\"‘
R =-l:—P-l‘ ] ~¢ Vi, AN cw“ T)
r P“

1 where

R,,, = indicated air leak rate to use on leak indicator (c¢ * atm/scc air)
L = standard air leak rate at | atmosphere (cc/see)
' P, = helium pressure used (atm)

P, = atmosphere pressure (1 atm)

7 = helium pressurizing time (sec)

M/A = molecular weight of air (28.967 Ib/mole)

V= free volume of cartridge (ce)

M = molecular weight of tracer gas (helium) (4.003 16/mole)

0 = waiting time petween helium pressurizing time and leak testing (sec)
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The values of the parumeters used by the Test Branch are given below:

L =1 X10° ¢+ atm/sec airat | atm
l’l = 2am

P, I atm

T T 30600 se

g = 3000 sec

The equation 1s well su.ted to programming on a computer in parametric form. Results
tor R have been tabulated and are presented in Tables 1, 11, and HI using the following
values for tree volume as shown on the tables:

(1) Values for § ranged trom | min to 1 hr. L, V.and P, remained constant.
(2) Values for 7 raaged from 30 min to 24 hr: L. V, and P, remained constant.

The denvation of the equaticn is based on molecular flow both in-and ¢ * of the device,
which v the best approximation tor small leaks. A systematic deviation s presented in
Appendin A, General conclusions which are based on the final mathematical expression are
given below:

(1) The higher the helium pressure, the fess the test sensitivity.
{2y The longer the helium pressurizing time, the less the test sensitivity.

(3) The smafler the internal volume, the less the test sensitivity.

Cartridge Leak Test:

The MS-17UFT Leak Test Station is used to detect leaks in cartridges that leak at a
rate of greater than S0 c¢fsec of air. The leak reject point setting for each cartridge is
cqual to 107 ¢e/sec of air as the rate has been converted from ce/sec of helium to ce/sec of
G by an electrometer inside the tester.

The cartridge to be leak tested js placed in the test chamber of the calibrated leak
tester. The caleulated feak rei t point is set on the tester by adjusting the Jeak indicator. If
the amount of helium escaping from the cartridges is greater than the acceptable amount as
set on the indjcator, the leak indicator light will go on. The helium escaping from the
cartriage under vacuum is read by the spectrometer tube (Figure 2).

N
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ITGURE 2,

MASS SPECTROMETER TUBE (CEE-TUBE)

The operation of the MS-17UFT spectrometer tube is divided into three functional
parts: fon production, ion separation, and ion collection. Since neutral atoms and miolecules
ol a gas cannot be separated by a magnetic mass spectrometer, they must first be converted
to positively charged ions. This conversion is accomplished by the ion source of the tester.
Inside the ion source there is a tungsten filament which is heated by passing an electric
current through it. The hot filament emits a regulated beam of electrons which collide with
the atoms and molecules of the gas in the spectrometer tube. The electrons of the gas in the
mass spectrometer are removed from the atoms and molecules of the gas as the electrons
collide with the source of electrons from the tungsten filament. These collisions produce
positive ions which encounter the eclectrostatic ficlds established within the source.

9
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Since the gas entering the spectmnmicter tube contains atoms and molecules of different
Linds, the ion beam will contain a variety of ions from the atmosphere and will contain
helinm i a feak 1s found in the caraidge. A magnetic analyzer separates the helium ions
from the comamnder of the jon beam and passes these ions on to a detector. Two magne!s
aeting as repeliers are outtside the vacuum system and set up magnetic ficlds perpendicular to
the ion beam. The magnetic fields cause the paths of the ions to be bent with the amount of
bending dependent on the mass of the given ion. In the first magnet. the arrangement is such
thut only helium has the right mass to pass through the magnetic sector and through the
opeimg in the baftle on the other side. Most of the other ions will be deflected too much or
toe hittle and will be intercepted by the baffle between the two magnets. However. some
nonhelium 1ons may get past the batfle because of scattering wathin the tube. To eliminate
these, a second magnetic field similar to the first accepts helium ions from the nonhelium
iops. By means of this arrangement of magnets and baffles. helium will be seiectively
transmitied to the detector. The hefium ions, having travelled the length of the tube. must
agn trave! through bafiles and a slit to reach a ground poiential. This ground potential is
called 3 target and gives up an electron in order to stabilize the positive charge of the helium
ion. The flow of these electrons vonstitutes a current which is detected and amplified by an
electrometer tube located directly within the spectrometer tube. The resultant amplified
signal. which is proportional to the amount of helium in the spectrometer tube, appears as a
visual indhcation on the leak indicator meter.

10
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TEST PROCEDURES
Pressucization of Cartridges

The helium: pressurizing station consists of a control panel. hetium and nitrogen supply.
auges, and camsters. The control panel has pump switches which turn on the nitrogen and
helium regulators which supply nitrogen o, helium to the canisters. A supply of nitrogen
and kehum i contained in nitrogen and belium regulators. The regulators are connected o
the compound gauges by a metal wibe. The compound gauges give the pressure readings of
the canisters which are clamped to the gauges.

(17 Turn on nitrogen and helium regulators.

{21 Remove each canister from gauge and vent cach canister by the manual valves on
the underside of the canister.

t2) Check cach cartnidge for wWentification.
(4) Place the cartridge i the canister.
t5) Place helium/nitrogen sw. ch m nitrogen pump position.

{0) Depressurize canister until gauge reads minus 30, Minus 30 on gauge means zero
atmosphiere pressure {vacuum conditions),

(73 Turn off the nitrogen switch when gauge reads zero atmosphere,
(8) Turn on the helium switch on the control panel.

(9) Pressurize the canister to plus 15 on the gauges. £lus 15 is a pressure reading of 2
atmospheres.

(10) Tarn off the helium switch and make sure the helium/nitrogen switch is turned
ofi.

(11) Leave the cartridge in the canister for 1 hour at this pressure.
(12) Vent canister.
(13) Remove the test items (cartindges).

(14) The cartridge must remain in normal atmospheres for 1 hour after removal
from canister,
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T est Equipment Calibration

(1 Plag i possar o tble of G MS-17UFT Leak Test Station.

i) Connect tedk indaentor 20 a black box on the back of the leak mndicator. The black
bov 1 vonavdted o an amphfier n the test unit,. The amplifier is at the end ot the
spectrometer tuhe

(31 Conpeci compressed air suppls

41 Tumr on reughung pump crant breaker.

(3) Furn on fore pump wnctat breaker

(6} Atter the tore pump sten, gargling 8 minutes). turn on diffusion pump circuit
bicaher.

173 Adtera 20 mmute wast, turn on electronies cireuit breaker.

ts5) Add Lagund nitrogen to g cold trap in the MS-17UFT tester. The liquid nitrogen is
pourcd i by use of a funnel and an msulated decanter.

(9) Turn on the Fiaent On swateh and the No Emission lamp on the leak indicator
box wiil g o,

110y Clowe the test chamber trap door and hold it shut while pressing the roughing
valve switch, Hold the roughing switch for at least 20 seconds and then release switch.

{11y Press test valve switch,
1123 Press Auto Mode switch: test chamber door will spring open.

An SC-4 senmativity calibrator 1s used to determine the sensitivity of the MS-17UFT
tester. The SC4 calibrator 1s backfilled with helium around an evacuated tube inside the
probe. The SC-4 calibrator has a set leak vate and is connected to the test chamber. 1If the
feak indicator has a reading matching the 'cak rate of the SC-4 calibrator, then the leak
tester is working correctly.

(133 Belore using the SC4 calitrator. turn on the manual switch and place SC-4
calibrator on the test cup ot the test chamber. Open roughing valve switch and hold trap
door for 20 seconds. Check leak indicator reading to see if it matches the set leak rate of the
SC-4 calibrator.

I the leak indicator reading does not match the set leak rate, the leak tester must be
tuned to increase the sensitivity o} the leak tester,

A |
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5 Tar L Luent off apa set the ‘ez ingicator r2ading 10 zero by adusting the zz210
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V1% Preaes id

¢ veni switch 10 vent the test cup of the-test chamber and then release.

1370 Place the SC4 altbrator o the test cup and press ihe roughing vaive switch tor
20 seconds and release the switch.

(151 Activate test valve switch. If while in this position. high presiure caused by leake
is introduced 1o the leak detector, the filament will be turned off and the no emission hight
will light. To correct this situation, press the roughing valve swi’ch for 20 seconds and then
release. Turn on the flament and if it remains on, proceed with the leak tester tuning.

(19) Adjust the emission control until the emission is 3MA. .

(20) Set both ion focus and ion center controls halfway between their zero and
maximum positions.

{21) Tum the repelles control three-fourths turn in counterclockwise direction.

(22} Slowly move peak tune control counterclockwise until leak indicator scale has
the same reading as the leak rate indicated on the SC+4 calibrator.

(23) Remove SC-4 calibrator from the test cup.

(24) Close the test valve by switching to auto mode and then back to manual.

r

Cartridge Test

{1} After the Jeak tester has been checked for sensitivity, depress the fine leak reject
button atop the leak indicator. ard adjust the reject point to the desired reject point value
with the fine leak reject adjust control (located on rear panel of leak indicator box).

{2) Place cartridan in the test chamber hax of the leak detector.

(3) Set leak reject point. Tumn the scale adjuster knob to desired value; depress fine
leak reject point setting; set the reject point to the desired value with the fine leak reject
adjust control (located on rear panel of leak indicator box).

If the cartridge has a leak greater than the fine leak reject point setting on the leak
indicator. the fine leak or gross leak button will light up. If the cartridge leak is greater than
the reject point scale setting, then the cartridge has failed the test. If the leak is less than the
reject point setting, the cartridge has passed the test. .
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Appendix A
MATHEMATICAL DEVELOPMENT

Leak testing consists of three stages. The initial stage involves the appiication of a
tracer gas theliun at high pressure. to the external surfaces of the cartridge. If a Jeak exists,
tracer gas flows into the cartridge and the partial pressure increases. The mathematical
model is given below.

Pure molecuiar flow 1s assumed as 1t is necessary to detect. leaks down to 107 cc/fsec of
air. while Jeaks as high as 1077 ce/sec of ar may still show molecular flow characteristics.
The basic equation for molecular flow is

v ng b3
VdP/dt = (T/M)* - (4p) (1)

vhere

V = jree volume of test specimen (cartridge) (cc)

P = partial pressure of helium in the cartridge (atm)

t = time (sec)

T = temperature ('R)

M = molecular weight of tracer gas (Ib/mole)

Ap = pressure differential of tracer gas across the leak (atm).

During the helium pressuring phase. the external tracer gas pressure, P, is held
constant for a selected time period. Equation (1) can be rewritten

. e 1
dijde=C -« 1;VCT/M)® < (P, = P) 2
where
¢ = proportionality constant
P, = external tracer gas absolute pressure (atm).

Incorporating the absolute temperature into the constant
K=C-iTy"

-dP_ _ -K

S = = (3)
O V(MY

e tated et |

e e o e

PPV

PV
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Integrating between imits

) 7
L v
I, - Py ' = -k—u-,’- 4)
ln V(M) - .
Po-P ks ) !
ln—:—;——' = (3)
F ViM) - ,
-Kr
(6)

‘s
Po=pb f1-eteD

where

helium pressurizing time
partial pressure of the tracer gas in the cartridge at end of 7.

Ut

1
‘I
seeond stage consists f releasing external gas pressure during which some tracer

The
gas I8 lost from the cartndge.
A K p (7
i V(M )'z
The negative sign indicates that tricer gas is being lost from the cartridge.
Integrating between limits
P, a
2 -K
InP = ! (8)
P, VMY
K#
9

Ty 2
p, = PI e VO

Wy U
waiting time between gas pressurizing phase and Ieak testing (sec)

partial pressure of tracer gas in the cartridge at end of waiting time (atm).

+
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Substituting equation (6) inio equation (9) yiélds:

~Kr i ~-Ka
P, =P Voot oviw® 10

The last stage involves the Jeak fest which by definition is carried out at a tracer gas
partial pressure P,. The leak rate is:

R=-V{dP/dtrat P= P2

/
K KP

=-v[E_)p -2 (1)
V(M)x hd (M)/:

where

R

leak rate reading on leak indicator (cc * atm/sec air).
Substituting for P, in equation-(10):

r

-Kr ~Kg
-t
R=.l_'.ll\_ IJ _eVen [ ] ven” (12)
(M)

At this point it is convenient to define a standard leak size, L. as the flow rate of air
through the leak under conditions of one atmosphere air pressure on one side and a vacuum

on the other.
L=-V('(—lg)l’=l’ =_v__-__k&’__
dt 0 V(M[A)%

L= KP, (13)
(MIAY?
where
L = airleak rate at standard conditions (ce * atn [sec air)

M/A = molecular weight ol air (28.967 Ib/mole)

P, = atmosphere pressure (1 atm)
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From equation (13)

-~
i

|

Substituting this value into equation (12)

o ()’ {_‘_{(i‘:)
. Lb, (M/A) | YA VP '™ (14)

= 0
A —r————— P »
hehum — p ¢ lL

n M
This i the operational equation for the leak detector when it is calibrated for a reading of
tracer gas flow. It one calibrates the leak measuring device for air, the appropriate operating
equation to be used is

[ Lr ( M/AVE Lo [MA\*
Le AN VP M
R, =t )= ' © ¢ 0

ar >
* Py

(15)




