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OBJECTIVE

General: To characterize fuze joints currently in production by means of seal
quality and economics and to seek alternative sealants and application techniques which
will yield higher integrity seals with reduced manufacturing difficulties and costs.

Specific. To examine current fuze joint designs, to evaluate the integrity of seal
on selected fuzes by means of several leak-test methods, and to determine which of
these methods is most sensitive and best suited for production.
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INTRODUCTION

The Fuze Engineering Branch, Fuze Development and Enginceriig D~ivision. of
the Ammunition Development and Engineering Directorate ot'lPicatinnly Arsenal. %%as
directed to develop techniques and equipment for producing better seals tor 'Lui~eS under
high production rates. This development work was carried ou t as part of an MTFl pro-
gram, project number 5754204. The Fuze Engineering Division requested th,. assistance
of the Adhesives and Coatings Branch, Materials Engineering Division, Feitman Research
Laboratory, in accomplishing this task.

The portion of the program with which this report deals was initiated for the pur-
pose of assessing the utility of leak tests currently employed, to evaluate the integrity of
specific types of fuze seals and to compare the reliability of three selected leak tests on
the same fuzes to establish a reference base.

A summary outline, Table 1, of 24 fuze types was submitted to the Adhesives and
Coatings Branch. This outline listed the fuze type, seal area, sealant, if any, method of
leak testing employed, and some production-acceptance leak-test results. A review of
this outline revealed that: (I ) A program was needed to determine the basis for the ac-
ceptance or rejection of a joint based on the tests outlined because it raised the question
of the multiplicity of leak tests that have been established using either external or in-
ternal pressures, water i mmersion, vacuum, and varying times of immersion. (2) Leak-
test methods should be reduced to a few standard tests. (3) The choices of sealants
seemed to have been restricted unnecessarily in view of the fact that there are now
available a wide variety of polymeric types with sealant properties that are superior to
those currently in use (Ref 1,2).

Based on these observations, a program was drafted to answer some of the questions.
This report details the program and discusses the results obtained.

DISCUSSION

Purpose and Impact of Program

An important fuze requirement is long storage life, which can best be assured by
assembly of the fuze with leak-proof seals at the various joints, thereby assuring a fuze
free of the detrimental effects of moisture or other contaminants. This project is
directed toward meeting this requirement as well as meeting prescribed procurement
objectives brought about by automated fuze production rates.
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The capability to produce better fuze-joint seals under high prodUCtion rates is
essential to the attainment of significant procurement advances and cost reduction.
Procurement of quality items with improved shelf-life will be effected by this program.
Engineering Studies have shown that dud rates are directly proportional to storage tine.
and are attributed to deterioration of components dueI to improper seals which allow
penetration of moisture into the fuze (Ref 3). When subjected to moisture metal corn-
ponenits tend to oxidize causing (a) functional members to seizc, thus preventing propcr
movement, and (b) structural weakness and breakage of components. Likewise, when
subjected to moisture the explosive elements of a ffuze may be degraded chemically
resulting in smothering or non-functioning of the fuze. Thus, large savings would be
attainable by significantly reducing the necessity to rework fuze items because of leakage
resulting from long storage times. This would be possible if component integrity and
functioning reliability could be consistently sealed into the items.

US Army munitions designers at present cannot pay proper attention to the seal-
ing of various joints on munitions and other hardware due to lack of adequate sealant
data. They must design to meet immediate performance requirements without giving
necessary consideration as to how the item will retain its integrity upon subjection to
a variety of storage and service environments.

The leak-proof requirements of Army ordnance may vary depending on intended
use, It is, of course, most desirable to design all ordnance to be fully leak-proof: yet,
satisfying such a requirement would be unjustifiably costly and compromise other
desirable design features. However, in some instances, complete protection from hostile
environments is a must to retain serviceability. Here, leak protection must not be com-
promised.

Water gains entrance to the interior of a joint in a number of ways. The first, and
probably the most common, is water leakage under pressure through discontinuities, or
flaws, in a joint. These flaws can appear as a poorly adhered sealant to a joint interface
or a seam which allows water to pass between sealant and the joint surface intended
for it have bonded to. There could be leak paths left by poor or shoddy sealant appli-
cation techniques or by a highly porous sealant caused, very often, by void formation
after solvent evaporation.

A second type of leak is that resulting from diffusion of water vapor through tiny
flaws in the joint sealant which results in the joint actually "breathing". This occurs
when variations in temperature and pressure cause air to be inhaled into the joint
interior and then exhaled. If diurnal temperature variations are great enough, this
situation can result in internal condensation of moisture.
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A third type which occurs in the absence of the other two is permeation of water
vapor and other gases through the sealant itself. Polysulfide sealants, for example, have
been found to be much less permeable to water vapor than room temperature vulcaniz-
able (RTV) siiicones (Ref 4 to 6).

In all three types of leaks, flaws are present. They vary depending on whether the
flaws are macroscopic, microscopic or molecular in size. All, however, are amenable to
vary ingdegfees of control by proper design and careful sealant selection. Selection of

the correct sealant is dependent upon joint configuration and the service conditions
likely to be encountered.

Some Results of a Poorly Sealed Joint

The impact of the environmeijt on a poorly sealed joint manifests itself in a number
of ways. The ingress of moisture to internal joint surfaces of ordnance can cause such
reactions as sensitization or desensitization of explosives or propellants, failure of
electrical circuits or fuze mechanisms. Bacterial or fungus growth may result which can
rot fabrics and attack certain plastic materials.

Of course, other fluids, corrosive fumes, fuels, solvents and the like may also re-
quire exclusion from joint interiors, but water is generally the most damaging contami-
nant. Designers of Army ordnance must carefully consider how water can best be ex-

cluded from the items being designed.

Current Requirements

Table I outlines the types of seal employed on each of 24 different fuze types
currently in production as well as the verification tests used and leak-test results, itf any.
This same informatien is summarized in Table 2 according to the number Of fuze types
using each type of seal and the test used to verify seal integrity.

Careful consideration of Tables I and 2 led to selection of 10 representative fuze
designs to be incorporated into a comprehensive leak test and seal evaluation program
(Fig 1). These fuze selections are indicated in Table I by an asterisk and are shown in
Figures 2 to 10. Schematic depictions of the joint area are given in Figures 11I to 20.

It is interesting to note that in half of the fuze designs studied there was no test
requirement specified to assure a seal had been effected. Where leak tests were em-
ployed, there was such diversity of methods that direct comparisons between fuze seals
could not be made. For only three of the tested fuze types listed in Table I was a
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Military Standard Waterproofness Test. MIL-STD-331, 'rest 108 specified: whereas, for
the remainder different leak test methods were used. The various test criteria are pre-
sented in rable I and summarized in Table 3. Specific joint integrity verification test
results for various fuzes are presented in Appendixes A to F.

Analysis of Fuze Designs and Specified Leak Tests

The following discussion requires reference to Fable I. It is evident that in niany
instances a sealing operation is to be carried out without any test specilied to determine
the seal quality. In those instances where the seal is subjected to testing, the test is
often so ineffective as to provide almost no confidence in the ability of the joint to ex-
clude moisture. The subject fuzes are evaluated in order of listing as follows:

M539

This fuze employs a threaded joint with Thiokol's LP-2 polysulfide used in
the booster cavity seal. It is obvious that the exclusion of moisture from the booster
was intended, and yet there is no verification testing. It is not known whether or not
moisture has been excluded, nor under what conditions.

XM438

This fuze uses no sealant but a crimp over a flat, rubber ring. Again, no leak
test is used to verify the leak resistance of the joint.

WDU4A/A

The design of this fuze depends upon ultrasonic welding to seal lid to case.
The specified leak test merely requires the fuze to be submerged for two minutes and
"observe for escaping air bubbles". No depth of immersion is specified, hence the pres-
sure is unkown. Also the 2 minute duration does not seem adequate.

M423 and M427

Employs metal crimped over a square cut ring, slide fit over an O-ring, and
RTV734 sealant as seals. Leak tests range from measured pressure drops of 2-5 Pa
(.0003 to .00072 psi) at an applied 34.5 k Pa (5 psi) pressure. Unable to comment on
the adequacy of the test,



M91A2

Thiokol LP-2 polysulfide sealant is used to seal the thread in two places. No
verification testing specified on the joint.

M577

Plug-to-Body and Body-to-Ogive joints use RTV 732 to seal the threads.
Verification test specifies MI L-STD-33 1, Test 108. This test is probably one of the

better leakage tests from an effectiveness standpoint. However, from lot quantities of
690 and 480, reject rates of 20% were obtained.

M578

Thiokol's LP-2 polysulfide is used to seal threads in two locations. Testing
requires that the fuze show no evidence of moisture on interior surfaces after 4 hours
immersion in 15.24 cm (6 inches) of water. This test does not seem adequate in that
6 inches of water corresponds to only 1.48 kPa (0.215 psig). Also, if assembly is made
under warm humid conditions 4 hours immersion may cool the fuze sufficiently to
cause condensation of the moisture laden internal atmosphere depending on tempera-
ture of immersing water.

M440

Employs thread with O-ring on booster end and slide fit over O-ring on nose

end. Pressure drop of 4.97 Pa (.00072 psi) in 10 sec allowed at a pressure of 34.47 kPa
(5.0 psi). This requirement is considered to be an adequate test of joint integrit y.

M431

A crimp of body over booster cap and seal ring is used. MIL-STD 331, Test
108 is used to verify joint integrity.

M503A2

Uses Thiokol's LP-2 to seal booster to body threaded joint. No verification
testing is done on this joint although some kind of seal has obviously been intended. A
360* crimp over a closing disc is used to seal the nose to body joint in conjunction with
a phenol formaldehyde varnish. A 103.4 kPa (15 psi) pressure is to be maintained for
one minute allowing no more than .689 kPa (0.10 psi) pressure drop.
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M557, M572, M65A1, M84

These fuzes employ threaded joints with no sealant or O-ring and undergo no
verification testing for leak resistance. It is assumed that leak resistance is not a require-
ment in these items.

M524A6 and M525

RTV 734 or RTV 112 is used to seal threaded joints. No verification testing
is specified although a seal was apparently intended.

M509A1

This fuze utilizes a slide fit and stake of booster cover to shield and shield to
rotor housing. Since no sealant or leak test is called for, a good seal is apparently not
a requirement on this item.

M431

A 360' crimp of the fuze body over the booster cap using a seal ring is called
for. MIL-STD 331, Test 108 is required.

M551

On this fuze the fuze cover is crimped to housing over a closing disc seal. The
leakage test specifies that the fuze is immersed in 7.62 cm (3 inches) of water in a closed
glass container capable of being evacuated and a 39.47 kPa (5 psi) vacuum is applied for
15 seconds. A continuous stream of bubbles is considered to indicate a leak. This test
is good although pressure and duration could be increased to make test more reliable.
It is an internal pressure-bubble indication test,

M533

A 360" crimp around a molded polyethylene disc is employed to seal this fuze.
The same leak test and comments apply here as for the M55 1.

M412E 1

The booster is retained by a 360" crimped sealing disc. Since fuze is sealed
into the round, no leak test is required on the fuze.
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M219E1

A sealant bead is applied externally after crimping. Leakage test specifies
that the fuze is to be immersed in 7.62 to 20.32 cm (3 to 8 inches) of water in a closed.
glass vessel capable of being evacuated and held at a vacuum of 27.9 + 3.8 cm
(I I + 1.5 inches) of mercury for one minute. A visible stream of bubbles indicates a
leak. This is another internal pressure-bubble indication test and is quite discriminating.

M550

This fuze employs a 360" crimp over an 0-ring. The joint must withstand an
air pressure of 20.7 kPa (3 psi) for five seconds without leakage. The pressure and
duration of this test are not considered to be very discriminating of leakage.

DESCRIPTION OF LEAK TEST METHODS

All methods of leak detection involve the passage of water or of a "tracer" fluid
from one side of a presumed leak to the other, and the subsequent detection of the
fluid on the latter side. Leaks may be detected by the submersion of the sample to a
specified depth in water and observation of the escaping air bubbles. By pressurizing
the interior atmosphere of the sample, the effect of this test becomes more discernible.
Another waterproofness test involves the submersion of the test sample at a specified
pressure head and time phase with subsequent visual inspection of the test sample in-
terior for evidence of moisture. The approved military waterproofness test, MIL STD-
33 1, Test 108, utilizes this procedure.

MIL-STD-331, Test 108

This method entails immersing the subject test specimen in a tank of water to
which a fluorescein dye has been added. The tank is then pressurized to 103.42 kPa
( 15 psig) for a period of one hour after which the specimens are removed, opened, and
examined under ultraviolet light for evidence of dye penetration which would indicate
leakage.

Internal Pressurization-Bubble Indicator

The larger fuzes tested in this manner were first drilled and tapped to accommodate
insertion of a pipe plug. In this version the method is semi-destructive. The fuzes were
then immersed in water, pressurized to 103.4 kPa (15 psig) with air and the joint seams
observed 30 seconds for escaping air bubbles. On smaller fuzes, such as the M219,
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the fuze was immersed in a vessel of water and placed in a vacuum desiccator which was
evacuated to 760 mm (30 inches) of water. As before. joints were observed for escaping
air bubbles as evidence of leakage. This version of the test is non-destructive.

Helium Mass Spectrometer

Fuzes tested with this equipment were first evacuated for 2 hours and then back-
filled with helium for an additional 2 hours. The fuzes, presumably containing helium
if a leak path existed, were then placed in a vacuum chamber linked to the mass spectro-
meter and evacuated again. A sensing element in the mass spectrometer detects the
helium gas and converts it to an electrical signal proportional to the leak rate. Frequent
adjustments and standardization checks are required to keep this type inispection equip-
ment in reliable condition. The use of the mass spectrometer for large volume produc-
tion testing is therefore quite limited and is better suited for acceptance testing on
limited quantities.

Production Lot Test Examples

Prior to the investigation, the production lot reports of the specified leakage tests
for several fuze types were received for analysis. Each production lot report examined
indicated an acceptable level of seal as rated against the specific test requirement
shown on Table 3. A summary of the test specification and results of production lot
acceptance tests are shown on Table 1. This information is given in more detailed
form in Appendixes A through F.

The data indicate a wide deviation of level of inspection among the several types.
While all these fuze types passed their respective test requirements, there is no evidence
they would be acceptable under more stringent test criteria. The series of tests con-
ducted on the several fuze types evaluated in this program display these variations of
seal quality when tested by uniform test methods.

Comparison of Leak Tests Employed by this Program

Leak-test results (Tables 4 to 13) indicate that difficulties of interpretation are
encountered when the helium-leak mass spectrometer is used. The instrument is so
sensitive that leaks are indicated in all cases and the range of the rate of leakage indica-
ted is such that the mass spectrometer could not be used to quantify the leaks detected
by the other leak test methods. For example, in tests on the M423 (Table 7), the M440
(Table 11), and particularly the M503A2 (Table 10) leaks were detected both by the
internal pressurization test and MIL-STD-33 1, Test 108 that appeared to be large
enough to have caused "off-scale" readings on the mass spectrometer but did not.

9



In each instance leaks found to be minuscule when using the mass spectrometer turned
out to be severe by one or both of the other leak test criteria. In short, the mass spectro-
meter results were too sensitive and inconsistent for a meaningful comparison to be made
between the other methods or to quantify the other procedures.

The internal pressure-bubble indication test appears to be more discriminating than
MIIL-STD-33 1, Test 108 in that it detected leaks not found by MIL-STD-33 1, Test 108.
For example, in testing the machined aluminum M503A-2 fuze (Table 10, numbers 1-16)
two fuzes in thirteen were found with leaks that exceeded the meter limit of the mass
spectrometer. The other eleven had such extremely small leak rates measured by the
mass spectrometer that they should not have been detected on the other "'less sensitive"
tests. However, the internal pressure-bubble indication test revealed nine leakers in the
kie lot of thirteen and the MIL-STD-33 1, Test 108 uncovered four leaks in thirteen.

lIn a test on another set of M503A-2 fuzes using cast aluminum fuze bodies (Table
10. numbers 11-26). the helium mass spectrometer indicated leaks exceeding the meter
limit on ten of eleven fuzes. Similarly MIL-STD-33 1, Test 108 found leaks on ten of
eleven, fuzes. One fuze found to leak on the mass spectrometer was not found to leak
in MIIL-STD-33 1. Test 108. Another, M503A-2 fuze, found to have a very low leak rate,
'%howed up .as a slight trace leak in MIL-STD-33 1, Test 108. By contrast the same eleven
ruto% vre all found to leak when tested by the internal pressure-bubble indicator tech-

In order of suitability, therefore, the internal pressurization-bubble indication
ippear most %jiatable for our application, followed by MIL-STD-33 1, Test 108, and
listly. helium-leak mass spec trometry. The mass spectrometer was found to have other
drawbacks. The equipment used in this study was found to break down frequently and
require constant adjustment and calibration checks. This type of equipment is definitely
not recommended for production testing and should be used only to quantify leak rates
mn terms of cc/sec on small quantities.

MIIL-STD-33 1, Test 108 was found to be reasonably sensitive but has the drawback
of requiring disassembly of the item for visual examination. It is a destructive test, and
is therefore limited to testing small sample quantities and could not be used on a 100%
quality control test basis.

The internal pressure-bubble indication test has several features not available on the
mass spectrometer or MIL-STD-33 1, Test 108. First, on both the other tests it is very
difficult to determine where an item is leaking. If an item has two or more locations at
which it may leak it is vital to know the leak location so that steps may be taken to
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remedy the leak. The internal pressure-bubble indication test offers this as a built-in
feature. The internal pressure-bubble indication test allows for versatile tise of very
simple equipment and for testing 100% of the production items. For example, instead of
drilling and tapping the fuzes to receive pipe plugs as was done for this study, the same
effect could be achieved by placing the fuze in a vacuum jar under water and pulling a
vacuum. This procedure would work for test pressures up to about one atmosphere

103.4 0~a), a pressure more severe than any likely to be encountered in the nor-
mal life of a fuze; certainly more severe than any of the leak tests employed on tile 24
fuzes considered in this study. Also, the leak-test fluid employed in the internal pressure-
bubble indication test is ordinary air, a decided cost and convenience advantage over
the heliuim used in the mass spectrometer. Additionally, the pumping time required to
reachi the vapor pressure of water at room temperature and the 30 seconds observation
time offer considerable savings over the mass spectrometer. Air is also a better test
mnedium than the water used in MIL-STD-33 1, Test 108. Air is a lower viscosity fluid
whose molecules are not as tightly bonded as water and therefore is a more difficult
material to provide a seal against. The test items may be either immersed in water or a
tracer fluid such as aerosol OT, or any soapy solution may be applied to the area of
interest and observations made for sudsing as evidence of a leak.

An inertial material such as a heavy viscosity oil should be evaluated as a possible
sub)stitute for water where repair of leakers is to be made. This eliminates the problem
of water being sucked back into the fuze after the vacuum has been released which
would make repair pointless. The high viscosity oil is unlikely to be drawn into the
fuze due to the inability of the poor flowing oil to penetrate the joint flaw before the
pressure in the test vessel has returned to ambient atmospheric pressure.

A still cleaner and more sophisticated means of detecting a leak may be to "listen"
for it with special acoustical equipment. In this way the test medium (air) remains the
same, only the means of detection (sound vs bubble indication) changes.

Vacuum chambers which permit the testing and observation of multiple items can
be constructed to suit production needs. Those items found to leak can be recycled,
reworked and retested before going into service.

M423

In testing the M423 fuze (Table 7), one leak was found in 20 tested. The
internal pressure-bubble indication test found the same fuze to leak. MIL-STD-33 1,
Test 108 did not detect leaks on any of these fuzes.



M440

Tests on the M440 fuze (Table 11) revealed no gross leaks present. This was
confirmed by the internal pressure-bubble indication test. MIL-STD-33 1, Test 108 while
confirming the no leak status of the rear 0-ring seal did reveal some leakage around the
forward 0-ring seal on two of the 16 fuzes tested.

M 578

No gross leaks were found by any of the test methods (Table 8).

M219E-1

Leak tests on this fuze (Table 5) revealed that, of 30 fuzes tested, 13 had gross
leaks on the mass spectrometer. When tested by the internal pressure-bubble indication
method, 20 fuzes were found to leak - the same 13 found by the mass spectrometer
plus an additional seven others. MIL-STD-331, Test 108 detected 19 leaks - 10 of the
13 found by the mass spectrometer and 9 others. Two of these other 9 leaks were leaks
not detected by the internal pressure-bubble indication test.

M551

No gross leaks were found by any of the three test methods employed cn the
50 fuzes tested (Table 6).

XM431

Gross leaks were found in 8 (Table 12) out of 37 fuzes tested with the mass
spectrometer. No leaks were detected by the internal pressure-bubble indication method.
Eight leaks were found with the MlL-STD 33 1, Test 108 in the fore section of the fuze
and none aft after disassembly. This fuze was somewhat unique in that 0-rings and
crimps effectively seal various fuze sections from each other. For this reason the air
pressure applied to the center of the fuze never reached the fore section and consequently
did not uncover any of the eight leaks in the fore section.

M577

Twelve gross leaks were found by means of the mass spectrometer (Table 9)
but none were reported when tested by means of MIL-STD 331, Test 108 on 50 fuzes
tested. The internal pressure-bubble indication test was omitted on these fuzes because
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they contained live detonators, and energetic materials were not permitted in the area
where the test facilities were available. This is the only instance in which the helium-
leak mass spectrometer test unambiguously revealed leaks where none were detected
by MIL-STD 33 1, Test 108. This could be the result of a seal which is more sensitive
to leaks caused by pressure from an external rather than internal source, perhaps acting
like a ball-check valve.

M550

The mass spectrometer (Table 4) results indicated gross leaks (>lXlO4 cc/sec)
on 15 of these fuzes although there is reason to believe that these "leaks" may have been
the result of helium detection from places other than the fuze interior. The fuzes supplied
for this test came with a hole in the rear which was plugged with RTV-732 for test pur-
poses. It is suspected, based on the other leak test method results, that in back filling
these fuzes with helium, the helium may have been absorbed by the RTV sealant as well
as detained in the crevice of the joint seam. When the fuze was placed in the vacuum
chamber of the helium mass spectrometer the helium being detected could have been
the helium absorbed by the RTV sealant as well as that sequestered in the joint seam
crevice.

That this could be the case is supported by the fact that when the fuzes were
immersed in water for the internal pressure-bubble test and the vacuum was first applied,
small bubbles would appear, in many cases at the joint crevices and around the RTV
sealant, but would soon cease, indicating that the source of the bubbles was external to
the fuze and had been exhausted. In cases where there was a true leak (when the fuze
interior was the bubble source), the bubbles would continue to emanate from the source
of the leak.

When the same M5 50 fuzes were tested according to M IL STD 33 1, Test 108,
the only two fuzes found to leak by this method were those determined to have large
leaks as indicated with the internal pressure-bubble test. Those leaks reported as moder-
ate, slight or very slight on the internal pressure-bubble test were not detected by MIL
STD 33 1, Test 108.

LEVEL OF SEALANT (SEAL) EFFECTIVENESS

Based on the test results gathered in this program (Tables 4 through 13), it is evi-
dent that sonmc fuzes are more leak resistant than are others. Undoubtedly the M503A-2
is the worst fuze from the seal standpoint. The M503A-2 fuze body is made from a cast
aluminum alloy. The casting process leaves voids which, after machining the threads,
present continuous paths through which leaks occur. No matter how well the threaded
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joint is sealed with polysulfide, or any other sealant, the fuze body will leak. The same
is true of the nose crimp over the sealing disc followed by an application of varnish. Even
if no leaks occur at this point, the fuze still leaks. From a practical standpoint a tremen-
dous cost savings could be gained by not sealing any of the joints on the M503A-2 since
the fuze has this unremedied material defect which allows it to leak anyway.

The M219E-l fuze was also found to leak excessively with approximately 2 of 3
fuzes leaking as detected by the internal pressure-bubble indication technique. It is
evident that this fuze needs to be reviewed with regards to one or more of the following:
(1) sealant used; (2) workmanship; and (3) design.

By contrast, the M423, M440, M5 78, XM431 and M5 51 appear well sealed as
evidenced by the results of all three leak tests. Although 8 leaks were detected on the
fore section of the XM43 1, out of 3 7 tested none of the moisture was found aft. This
was the result of a compartmentalized situation designed into the fuze by using several
crimps over flat rubber rings which essentially divided the fuze into 3 sections. This was
the reason that the internal pressure-bubble indication test did not reveal the fore sec-
tion leak, i.e.,the pressure did not leak forward past the crimp from one section of the
fuze into another. When the same test was used with pressure differential applied by
vacuum over the entire fuze, the same 8 leaks were detected.

CONC LUS IONS

1. In most instances the internal pressure-bubble indication test proved to be very
discriminating in the detection of leaks in the fuze items tested. Next was the MIL STh
33 1, Test 108 Waterproofness Test and finally, the helium-leak mass spectrometer.

2. The internal pressure-bubble indication leak test method has the advantage of
being a nondestructive test capable of use on 100% of the production items and is
capable of pinpointing the location of the leak.

3. MIL STD 33 1, Test 108, while being a good leak test, is destructive in nature and
limited to verification testing or on a sample basis only.

4. The helium mass spectrometer has the capability of detecting !eaks of extremely
low level, and of providing a quantitative leak value. However, there are also a number
of short-comings in the helium detection system:

First and foremost the helium-leak mass spectrometer is not readily adaptable
to production-line use. It is designed as a research instrument and was found to have
far greater sensitivity than was desirable or required for this application. It is applicable

14



to only one object at a time. It is necessary to make and test the connection to each test
object and to differentiate between leaks in the connecting system and in the test object.
It is difficult to precisely pin-point leaks especially on small items. It requires a skilled
operator to maintain, calibrate, and interpret results.

5. Of fuzes tested the M503A2 is undoubtedly the worst from a leakage standpoint
due to an inherent porosity in the fuze resulting from the use of a cast aluminum for
the fuze body. The phenol-formaldehyde varnish-sealed crimp at the nose of the fuze
also leaks severely in many cases.

6. The M219EI is also a poorly sealed fuze as evidenced by the high percentage of
leakers found by all leak test methods.

7. Most, but not all, of the fuze joint designs make some provisions for the addition
of a sealing material to the joints but in instances where a sealant is employed the types
used seem to have been restricted unnecessarily to room temperature-vulcanizing sili-
cone rubbers, polysulfide rubbers and phenol-formaldehyde varnishes.

RECOMMENDATIONS

1. It is recommended that an internal pressure-bubble indication type test be em-
ployed to test all fuzes which require a positive seal. The sensitivity, ability to locate
the source of the leak, and nondestructive nature of this test permit its use on 100%
of the production items.

2. MIL STD 331, Test 108 is a good leak test method and has utility for testing on
a sample basis.

3. The helium-leak mass spectrometer, as most generally used, is not considered as
good a test as either the internal pressure-bubble indication test or MIL STD 331, Test
108 based on our test results and is therefore not recommended as a leak test for Army
munitions. The helium-mass spectrometer was chosen for evaluation because it has been
reported to be a sensitive test instrument against which other leak test methods could
be evaluated.

4. Evaluate alternative sealant candidates in standard joint configurations using
environments hostile to the maintenance of a good seal (e.g., temperature-humidity
cycling and low-temperature impact).

5. Automated application methods for production-line use should be developed and
their feasibility demonstrated using improved sealants.
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6. Automated inspection techniques should be developed for production-line testing
of sealed fuze joints utilizing the promising internal pressure-bubble indication test.
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Table 3

Current practice (24 fuze types)
Leakproof test criteria

Verification for leakproofneu Fuze types

1. Submerge fuze and observe for escaping air bubbles. M578, M551,
M533, M219EI
WDU4A/A

2. Apply pressure to fuze exterior. Pressure drop shall not exceed
specified limit.

a. Apply 5.0 + .25 psig. Pressure drop allowed: M423, M427
.00072 psi in 10 sec. M440

b. Leakage rate shall not exceed IxIO-Sstandard cubic XMI31 SAM-D
centimeters per second.

c. Crimped joint must withstand, without leakage, an air M550
pressure of 3 psi min for 5 sec.

d. Air pressure on nose crimped joint 15 psi for 1 minute M503A2
pressure drop allowed 0. 10 psi

3. MILSTD-331, Test 108 - Submerge fuze at 15 psi for 60 M577, M431
minutes. Shall be no evidence of leakage. Disassemble M572E2
fuze and examine under ultraviolet light. Fuze must be safe
and operate after test.

4. Submerge fuze minimum 6" for 4 hours. Shall show no evidence M578
of moisture on the interior surfaces after disassembly of fuzes.

5. None M539, XM438,
M91A2, M509AI
M557, M572
M524A6, M65A!
M84, M525
M412EI
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Table 4

Actual leak test results
M550

Helium mass spectrometer leak rate Internal pressure, MIL-STD 331
Fuze No. cc/sec 103.42 kPa (15 psig) Test 108

>1 x 10-4 (exceeds meter limit) No leak No leak

2 > 1 x 10-4 (exceeds meter limit) No leak No leak
3 > I x 10-4 (exceeds meter limit) No leak No leak

4 >1 x 10- 4 (exceeds meter limit) No leak No leak
5 ~ 1 x 10-4 (exceeds meter limit) No leak No leak
6 >1 x 10 (exceeds meter limit) No leak No leak

7 >1 x 10-4 (exceeds meter limit) No leak No leak
8 > I x 10-4 (exceeds meter limit) No leak No leak

9 > 1 x 10-4 (exceeds meter limit) No leak No leak

10 > I x 10-4 (exceeds meter limit) No leak No leak

I1 >1 x 10-4 (exceeds meter limit) No leak No leak

12 > 1 x 10-4 (exceeds meter limit) No leak No leak

13 >1 x 10-4 (exceeds meter limit) No leak No leak

14 > 1 x 1C" 4 (exceeds meter limit) No leak No leak

15 >1 x 10- (exceeds meter limit) No leak No leak

16 Test discontinued No leak No leak

17 Test discontinued No leak No leak

18 Test discontinued No leak No leak

19 Test discontinued No leak No leak

20 Test discontinued No leak No leak

21 Test discontinued No leak No leak

22 Notest No leak No leak

23 No test No leak No leak

24 No test No leak No leak

25 No test No leak No leak
26 No test No leak No leak

27 No test No leak No leak
28 No test No leak No leak

29 No test Slig leak No leak

30 No test Slight leak No leak

31 No test Very slight leak No leak
32 No test Slight leak No leak
33 No test Slight leak No leak

34 No test Slight leak No leak
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Table 4 (Continued)

Helium mass spectrometer leak rate Internal pressure MIL-STD-331
Fuze No. cc/sec 103.42 kPa (15 psig) Test 108

35 No test Very slight leak No leak
36 No test Sight leak No leak
37 No test Slight leak No leak
38 No test Slight leak No leak
39 No test Slight leak No leak
40 No test Slight leak No leak
41 No test Sight leak No leak
42 No test Slight leak No leak
43 No test Slight leak No leak
44 No test Large leak Leak
45 No test Large leak Leak
46 No test Moderate leak No leak
47 No test Moderate leak No leak
48 No test Moderate leak No leak
49 No test Moderate leak No leak
50 No test Moderate leak No leak
51 No test Moderate leak No leak

25



U 0000000
LL 0. Z4 U U U U U U U

-c" .z

oO z" z" ;2 :2 ;F :2 ;2 ZO z" 2 0217 O1

cm~

Lo

C24 0U000

~E

E ------- - - - - - - -C - - - - -

.2 OR - 0 - - - - - - 1

z A A A AA A A AA A A

22



aO O 2Z

CL

E

0

* 0.
3 z z

"6 c*6 8 6c06* 06 0640

I - ; -x x

A A
E
El
.2
.3

27



I
W u . 1 4 W-5 ) 4

It It W

22



j

i

i 4!

C1

.

I

to

.2

-x x.. . . .. .. . . . . . . ' . . . . I . ..

C2



coo

'10 It

C 30



00 0 00 0 0 0 000 0z z z z z z z z z z z

44 - 4 -4Id ) ) g -d.1 , W -d -

m

aOZ OZ

V.d

00 0 0 00 0 00 0 0

N

a~

X I-
3

T T0 0 I 0 00T0 0 00T0 0T

A

m $6 -c

31



U
C

C
I-£0

i

.1a
'a

U

N

V

- 0 0 0 0 0 0 0 0 0 0 0 0 0 ~00~ ~ ~ ~ 0U U U U U U ~ U U U U _

- 0 0 0 0 0[ ~

-U
C

C

U -
CO ~

Ij~ a
* U

I
C I- F. ~ F. r- F- F- r--. i g

~u 00000000000000000000000

~£

(~J 00 - e'i ~ cJ r4 -~ r- 0 r~ - 0' '0 t1 '~ 0' ~ ~0 '0 '0 - -~

I
2
2
.1
*1z

0' E~I '0

32



0
z

0 0 0

z

E-
Ci,c

co 00 00 r-- ~ -~.'

S - 33



a

Lo

5t :

E. . . . .E E.E E .S E E E E E E E

I

- 0

CL

ORA q O ' I A AAq A n

c~ti

1a

c) (11 ) ) C ) ) C ) In m) fl ) c) C) C 4 ) C

.34



00

.5a
iN

1 01

3 3 2

16 1

0 0 0 0 0E

-x - x _ - - E

3 35



rw ZO

.o 49 X 4"c W:
4- W - -

c"cI

336

.......



ie .9 id _u w ~ .4 -)d .4 0 0 0 0-)

-0 z~0Q U 0 0 0 U 0 0 0 0 0 (
LL Zooz

S
Un

X.

-V .4 -4 -4 4 .4 - 19 J, W ) d X4 1

0
U (U (U CU CU CU (U (U (U zU z

CV

cv)
x

id

2A A AA A
E

37



oo Zc 0o 0

Z e
IDm

0-

z zz z z z z z ~zz

N

.0

N

~- - -C - C- - C- C- - C- C- - C-

EA A A

T

.

38



rU

0 0 0

I
to

J-

00 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0

C

x x x x x x x x x x x x x x x x x × 9

39



0

ka

i

0-

V

C.)

12~

04



......

I-

A

00 0,4 m e 00 0 000 0 00 0-

4-'41



9-n,
C4 fn

14 . u- -N .8

* 0

-41

o .4@

-4 0

-44
r. 0 4

go 0 -4

41 .0

9 r.~ a ~ a Z

'.4( '442

-4 4 ~
00i

- ) U f
a Z, 04 C- a p43 C

a 4 IV ~ > >00 1
*: -'A .J

o-- -A 04g>

4j 0)1 Q. '..W

.4 V. 44c
Ob.z a a

be '45 2 S E.1.4v
Sl

4J '10) C4 '425



Fig 2 M423

Fig 3 M577
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Fig 4 M578

Fig 5 M440
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Fig 6 M431

771~

Fig 7 M503A2
Fuze on right is cast aluminum
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Fig 8 M551

Fi M219EI

46



Fig 10 M550

47



-Z
oo'

00

48

II

..

48



m
*6
0

0 < cmJ

OcoJ

I-ub cm

'-Iii

___:r ZD~

I L.

z

Li

Li

(0

49



I-

11OD
LiOJ
a0

)

I-< 0

w
U) u

u D)

00

50



,00

ww
~LIJ

Z N

0CLf

51



0
N'

<0

-J

(I)0 U)~
<'u

LfL
52>



c'J

aW

o< Z

00r

0
a -

z-

w

w )

aLL
oZ

wo

53



CMj

,jm
-- z

r-ot

) L

a- N

CL

o

m

(j ~LLI <
Z C

<z z LL

V-

WLo

54



Lii
Vi)

0::-
wd

L-

CX
Lli

0

(0
re)

o 00

0
'I)0

-IJ

<crz<

55



0)

0 C

_ _jH
LU <-
x -L
Ld

0 Ozz
H

<-FJ

ww

00'

0.0
LO)

NkN

o

o
> -J

DOZ

ow
<ID Wi

L0I-J F
u < J)

56



LI

0

z z
<N

rli

z

57



APPENDIX A

SEAL LEAKAGE TEST OF WDU-4A/A
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APPENDIX B

SEAL LEAKAGE TEST OF M423 M/P
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APPENDIX C

LEAK TEST OF M577, FUZE, MT, SQ
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APPENDIX D

SEAL LEAKAGE TEST OF M578 FUZE
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APPENDIX E

LEAK TEST OF WDU-4A/A FLECHETTE WARHEAD
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LEAK TEST OF WDU-4A/A FLECHETTE WARHEAD

Contract DAAA09-71-C-002
2

KDI Precision Products Inc

Lot No. Lot Size Test Date Sample Sizets

NRT 6-2 20,000 2-12-71 12 None
2-19-71 12 None

NRT 6-3 17,600 3-5-71 12 None
3-22-71 12 None

NRT 6-5 15,000 5-14-71 12 None
5-24-71 12 None

NRT 6-6 10,500 6-15-71 12 None
6-22-71 12 None

NRT 6-11 10,900 11-4-71 12 None

12-1-71 4 None
12-14-71 8 None

NRT 6-12 3,000 2-2-72 12 None
2-10-72 12 None

NRT 8-1 951 8-30-72 12 None

8-31-72 12 None

NRT 8-2 3,072 9-5-72 12 None
9-8-72 12 None

NRT 8-3 7,488 9-19-72 12 None
9-26-72 12 None

NRT 8-5 7,680 11-1-72 12 None
11-16-72 12 None

NRT 8-11 7,680 5-2-73 12 None
5-16-73 12 None

NRT 8-12 7,680 5-31-73 12 None
6-14-73 12 None

NRT 8-16 5,568 10-1-73 12 None
10-16-73 12 None

Total 117,119 31J None
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SEAL LEAKAGE T-:T Cc .123 M/P

Contract D"AA09-69-C-0196

KDI Precision Products, Inc.

Lot No. Lot Size Test Date Sar-le Size Rejects

KDI 13-10 20,812 2-28-69 96 0

KDI 13-11A 13,370 3-30-69 96 0

KDI 13-12 22,547 3-31-69 96 0

KDI 13-13 32,827 3-26-69 96 0

KDI 13-1L 15,790 3-28-69 96 0

KOI 13-15 26,796 h-11-69 96 0

KDI 13-16 18,585 4-16-69 96 0

KDI 13-17 : 20,810 4-23-69 96 .0

KDI l3-18 19,612 5-1-69 96 0

KDI 13-26 23,798 6-27-69 96 0

KDI 13-27 21,247 7-18-69 96 0

KDI 13-28 26,129 7-28-69 96 0

KDI 13-29 28,029 7-31-69 96 0

KDI 13-30 26,271 8-11-69 96 0

KDI 13-31 20,241 8-18-69 96 0

KDI 13-32 26,071 8-22-69 96 0

KDI 13-33 30,305 8-29-69 96 0

DI 13-34 20,899 9-9-69 96 0

KDI 13-35 34,959 9-16-69 96 0

[DI 13-3L 31,916 9-25-69 96 0

KDI 13-37 23,030 9-26-69 96 0
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Seal Leakage Test of H423 M/P - Contract DkAA09-69-C-0196 Cont.

Lot No. Lot Size Test Date Sample Size Reject

KDI 13-38 15,661 9-30-69 96 0

XDI 13-39 25,194 10-8-69 96 0

IDI 13-40 24,388 10-14-69 96 0

KDI 13-4I 35,226' 10-21-69 96 0

KDI 13-42 31,509 11-28-69 96 0

KDI 13-43 23,112 10-30-69 96 0

KDI 13-44 35,085 11-7-69 96 1

KDI 13-45 23,355 11-17-69 96 0

KDI 13-46 24,936 11-21-69 96 0

KDI 13-47 20,820 11-24-69 96 0

KDI 13-48 23,060 11-28-69 96 0

KDI 13-49 21,492 12-9-69 96 C,

KDI 13-50 25,083 12-16-69 96 0

KDI 13-51 33,475 12-19-69 96 0

KDI 13-52 20,412 12-30-69 96 0

KDI 13-53 16,689 12-30-69 96 0

Total 8,903,541 3,552 1
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SEAL LEAKAGE 'TES OF WL23 M/P

Contract DAAA09-69- -0175

Bulova Wtch Company

Lot No. Lot Size Test Date Sarmple Size Rejects

BwC-6-13 10,673 7-9-69 96 0

BWC-6-14 10,500 7-30-69 96 0

B c-6-15 16,028 8-8-69 96 0

BkrC-6-16 15,678 8-20-69 96 2

BWC-6-17 15,488 8-28-69 96 0

EWC-6-18 15,389 9-8-69 96 1

BW'C-6-19 15,556 9-16-69 96 0

BWC-6-20 15, 243 )-24-69 96 0

BJC-6-21 15,393 J0-1-69 96 0

BWC-6-22 15,406 10-6-69 96 0

BWC-6-23 15,443 10-15-69 96 0

Bwc-6-24 15,343 10-23-69 96 0

B16'-6-25 17,951 11-3-69 96 0

BWC-6-26 17,987 11-7-69 96 1

BWC-6-27 17,922 11-lh-9 96 0

BWC-6-28 27,783 11-21-69 96 0

BWC-6-29 19,022 12-2-6? 96 0

HW-6-30 19,370 12-15-,'9 96 0

BWC-6-31 19,4h5 12-17-69 96 1

BWC-6-32 1, 8148  12-22-69 96 0

Total 32h,)h68 1,920 5
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tt
Seal Leakage Test of M4&23 M/P -Contract flXAA9-69-C-0175 Cont.

Lot No. Lot Size Test Date Sample-Size Reject

BWO-l0-1 9,588 4-7-69 96 1

BWC-I0-2 10,331 4-16-69 96 0

HWC-10-3 11,430. 4-21-69 96 0

BWC-10-4 10,950 4-25-69 96 0

XIC-10-6 10,783 5-6-69 96 0

BWC-10-7 10,483 5-12-69 96 0

BWC-I0-9 10,680 5-21-69 96 0

BWC-10-10 9,624 5-21-69 96 0

BM-10-11 10,4 94 6-6-69 96 0

BWC-10-12 10,712 6-13-69 96 0

BMC-10-13 10,702 6-20-69 96 0

BWC-10-14 16,817 6-30-69 96 0

Total 132,594 1,152 1

Contract
Total •457,062 3,072 6
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SEAL LEKAGE TEST OF 1-123 '/P

Contract DA.AA09-70-C-02225

KDI Precision Products, Inc.

Lot No. Lot Size Test Date Sample Size Rejects

KDI 1h-12 30,092. 5-14-70 96 0

KDI 14-13 21,468 5-1-70 96 1

KDI 14-14 19,305 5-27-70 96 0

IDI 1h-16 14,31 8  6-20-70 96 0

Total 85,183 384 1

KDI 15-1 25,056 6-30-70 96 0

KD 15-2 18,575 6-16-70 96 0

KDI 15-3 18,541 6-24-70 96 0

KDI 15-4 22,221 6-27-70 96 1

KDI 15-5 20,577 6-30-70 96 0

Total 104,970 480 1

K'DI 16-1 24,732 8-13-70 96 0

KDI 16-2 25,842 8-22-70 96 1

KDI 16-3 26,559 8-27-70 96 1

KDI 16-4 21,211 8-29-70 96 0

KDI 16-5 29,20h 9-9-70 96 0

Total 127,548 80
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Seal Leakage Test of MU23 M/P - Contract DAA09-70-C-022
2 5

Lot No. Lot Size Test Date Samle Sizejects

KDI 17-1 24,646 9-16-70 96 - .0

KDI 17-2 25,830 9-23-70 96 0

KDI 17-3 22,423 9-26-70 96 0

Total 72,899 288 0

KDI 18-1 32,265 10-7-70 96 0

KDI 18-2 30,556 10-15-70 96 1

KDI 18-3A 13,056 10-22-70 96 0

KDI 18-4 29,430 10-30-70 96 0

Total 105,307 384 1

Contract
Total h95,907 2,016 5
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SEAL LEAKAGE TEST 07 M1423 NI/P

Contract DAAAO9-73-C-021S
KJD precision Products, Inc.

Lot No. Lot Size Test Date Sample Size Rjes

KDP 212-1 24,915 7-19-73 96 None

KDP 22-2 25,-941 8-30-73 96 None

KDP 22-3 40,013 9-28-73 96 None

KDP 22-4 26,574 10-18-73 96 None

KDP 22-S 35,009 10-30-73 96 None

KDP 22-6 25,839 11-14-73 96 None

KDP 22-7 25,959 11-26-73 .96 None

Total 204,250 672 None
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SEAL LEAKAGE TEST OF M423 M,/P

Contract D.kAA9-73-C-0072'
KDI Precision Products, Inc.

Lot No. Lot Size Test Date Sample Size Reiects

KDP 38-2 8,361 2-20-73 96 None

KDP 38-3 8,635 3-16-73 96 None

KDP 38-4 8,685 4-13-73 96 None

-KDP 38-5 30,252 5-16-73 96 None

KDP 38-6 9,297 6-5-73 96 None

KDP 38-7 24,510 6-28-73 96 None

KDP 38-8 7,SOO 7-11-73 96 None

KDP 38-9 9,385 8-13-73 96 None

KDP 38-10 9,213 9-10-73 96 None

KDP 38-11 8,812 10-S-73 96 None

KDP 18-12 8,605 11-6-73 96 None

Total 133,255 1056 None
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APPENDIX F

SEAL LEAK TEST OF M578
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SEAL LEAK TEST OF Y1578

Waterproofness of Loaded Fuze

Contractor: LSAAP

Lot No. Lot Size Test Date Sample Size Rejects

23-1 5,080 3-27-72 50 0

23-2 5,148 4-10-72 50 0

23-3 5,192 4-17-72 50 0

23-4 10,236 4-27-72 15 O

23-5 8,845 5-2-72 15 0

23-6 4,646 5-18-72 15 0

23-7 12,464 5-19-72 15 0

23-8 13,055 6-2-72 15 0

23-9 5,571 6-15-72 15 0

23-10 12,119 6-15-72 15 0

23-11 4,359 6-29-72 15 0

Total 86,715 6-29-72 170 0

24-1 4,475 12-8-72 50 0

24-2 5,094 12-14-72 50 1

24-3 9,688 12-29-72 50 0

24-h 9,625 1-17-73 15 0

2h-5 9,946 2-1-73 15 0

24-6 9,764 2-20-73 15 0
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Seal Leak Test of M578 - Contractor : r.A. zont.

Lot No. Lot Size Test Date Sample' Size Rejects

24-7 9,825 2-21-73 15 0

2h-8 11,108 3-21-73 15 0

24-9 2,880 3-29-73 15 0

Total 72,485 140 1

25-1 935 9-2h-73 50 0

25-2 3,218 10-10-73 50 0

25-3 4,4o 10-25-73 _0 o

Total 8,554 150 0

26-1 1,871 1-22-74 50 0

26-2 2,504 1-24-74 50 0

26-3 3,111 1-23-7h 5o 0

Total 7,486 150 0

Contract
Total 175,240 610 I
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