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INVESTIGATION OF IREMATURES EXFERIENCED IN
MAJOR CALIBER ROJECTILES
I. INTRODOCTION

During the period of June 195C to Juns 1952, seventeen

high order mremature burs:s occurred in thes firing af 8%/55
and 16"/50 caliber guns in Faval service. Six of the 23,770
rounds of 8° HZ fired in this period prematuwred (0.025%).

» Ten of the 3,447 rounds of 16" HC fired resulted in prematures
& {0.289%), As seen in the consolidation of premstures reported
;%‘%e 1), there is a correlation bestwean the presence of a

= prematures within limited distances from the gun. On 2 Hovenmter

Bese Detonating Puze and the occurrencesof high order

4 "19551i a 16" AP projectile with a Mk 21 Mod 2 Bass Fuze and a

stee

nose cap prematured on the USS Hew Jsrsey. The Mk 21

] Mod 2 Base Fuze and the M: 48 are identical except that the
] Mk 21 Mod 2 Base Fuze has longer delay (.033 miliisecond),
. ball locks that prevent rsbounding of the detonator plunger

2,

- LN R

L

-

T
sk o g
Ay
¥

1 £ i on armor penetration, and longer length of threads on the fuze

On 5 September 1952, a 5%/38 caliber A4 common with a

o Mechanical Time Fuze Mk 50 Mod 3. a Base Puze Mk 286 Mod 1
‘ - with a2 Mk 9 Tracer, and an Auxiliary Detonmating Fuze Mk
prematured on the ﬁS«.

| Until this time the investigation of premetures had been con-

i centrated on the ¥k 48 Basez Fuze, and the Bureau of Crdnance
requested that further explorations of the prematices ineclude

; : the ¥k 28 Base Fuze. Baslcally, the Mk 28 and Mk 48 are alike

i - and function similarliy. The % 23 has stirier detent and anti-

creep springs and does not hawve the ,.010 millisecond delay

present in the Mk 48. The term Mk 48 Bese Puze as used in this

report applies to the Mods C. 1, and 2 which are identical

insofar as the pertinent dimensi

S Diamondhsad (AE-19) at a close range.

ons and design features are

; concerned. Ror similar reasons the Mk 28 Mods 1 through 17 are
| . referred to simply as the Mk 28 RBase Puze.

&, OFERATION & MX 43 BASE FUZE

The ¥k 48 Brse Detonsting Fuze (Figure 1) conaists of a

fuze body z2nd nose cap. The body contains a detonator plunger
assembly, ar auxiliary plunger, 3 retaining plug, anti=creep
spring assembly, detents, and side w21l hoosters. The nose
cap houses the sensitive Tiring pin 2and detents. Srminz cccurs
when the centrifuzal forces on the detents excsed the side
frictional forces dus to setback, As the round leaves the
muzzle. the setback force ceases and the centrlifugal force on

: the detents snaps the detents ocutward. The detonator plunger
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is then unlccked but resitrzinsd rearward bty the anti-cresp
spring. On impact the dotonztor plunger, aided by the momerntim
of the auxiliary plunger on its ball bearling, strikes the sen-
sitive firirg pin., The sensitive primsr detonates, driving tae
delay element primer {iring pin into the delay element primer,
and also expands part of the inner ceup of the anti-2resp spring
assembly into the holes drilled in the nose cz2p. This tulginz
of the inner cup locks the detonator in the forward firing
position, The delay element primsr ignitas the 010 second
black powder delsy, which then actuates the detonator, lead
outs, boosters and bursting charge.

B. RELIMIRARY STUDIES

3. In 19%7, HOL reported sufficient setback energy in the
firing pin of the ¥k 5% and ¥k 59 Auxiliary Detonating Puzes
to fire the detonateor if the fuses ware assembled iIn an armed
position (reference (a)). Howeveir, this does not explain ths
prematures since the fuzz would function during setback and
result in bors pmrematures. The nose fuz: arming srystems are
not fully suspected as the cause since six of the premature
rounds had steel nose plugs, and one of these, the 16"/50

4P Projectile, had no auxiliary detcrating fuze.

Y. A& study of the circumsiances surrounding the pramatures
{refererce (b) through (£}) indicates that the & 48 Bass Fuze
action was the most reascnble initiator of ths prematures
reported. The frequency of prematures, the Ifact that all
projectiles housed Mk 48 Base Fuzes, and the consistency in
gun~to=burst distances eliminate probable causes of prematures
that could occur in iscliated cases, With thids reasoninz the
investigation was immediately concentrated on the Mk 45 Base
Fuze to determine 2311 fuctors in malassembly or melfuvnctioning
that could result in z premature extsrior to the gun re.

3. Assuming that the Mc k8 Base Fuze could Initizie th re-
matures (an assumption that must be proved) the high orcer
detonation of all prematures couldbe cbtained only with normal
firing of the detonator plunger with the lead-ins in line with
the booster charges. %Cooking off™ 2 component of the cxplosive
train with the detonator plunger ocut of line would be sxpected
to result in sore low-order detonations or duds. In normal fuze
functioning the ssnsitive primer is fr=4d by tr~ forward move-

Ll
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ment of the detonator plunger upon impact. This wovement also
aligns the lead~ins in the detonator plunger wilth the boosters.

6, The problem resolved itself into finding some actiocn that
would result in forward movement of the detomator plunger with-
out impact, Creep forces, elastic wvibrations due to shock in
firing, and forces from the entry of propsllant gas into the
fuze are the predominant forces affecting plunger movement and
will be covered in this report. The Naval Provirng Ground
Dahlgren Vircinia reports that ten ¥k 20 Fuzes fired in 4"/50
Mk 9 Mod 22 projectiles without anti-creep sorings did rot pre-
mature but fired on plate satisfactorily (reference (i)).

7. After mumsrous prematures in the fleet an investigation of
z{aajar caliber ammnition was conducted which revealsd the follow-
inz:

a, USN Magazine, Port Chicago, California (reference (1)) -
one projectile of fi%ty' examined had no tracer sealing washsr.

b, RAFD, Seil Besch, California (reference {d)) =

579 16"/50 HC Projectiles from U.S.S. Iowa, (1} 2k tracers -
nc luting on threads, (2) 3% rounds-broken tracer sealing

- washer, i3) 97 rounds - no tracer sealing washsrs. 270 16"/AP
Projectiles frem U.S.S. Iowa, (1) All threads - luting of very
tain consistency, (2) 2 rounds - broken tracer sealing washers,
3) 2 rounds - no tracer sealing washers.
HAD, Crane, Indians further reports excessive leakage past the
tracer sealing washer and retaining plugs in approximstely 10%
of the 8" HC projJectiles returned for inspection from the U.S.S.
DesMoines (refersnces (c) and (dj}. Four of the prematures on
the U.S5.S. Missouri were definitely 16"/50 projectiles rewcrked
at the Raval Amsunition Depot in CGahu (refersnce (£7). The
other prematures on the U,S.5. Missouril were from undeterzined
lots tut could have been reworked ammunition from Oshu., Examinae
tion of 16"/50 projectiles assambled in Oahu revealed that a con=-
siderable rumber of tracer se2aling washers wers malassembled or
missing in the ¥k 4& fuzes.

8. The foregoling mentioned defects shows that a relativelw
hizr proportion of base fuzes in large caliber ammnition fired
dquring 1950 to 1952 were susceptible to propellant gas lezakage,
It is logical to expect a relationship between these defects
and the prematures since leakage occurs in the base fuzes, which

3
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already have been shown to be the most plausible iniiiators of
the prematures.

IT, LABRAT(RY EXPL{ORATIONS - INVESTIGATIONS OF FREMATTRES

A, BASIC IRESSURE TESTS

9., To determine the conditions that must exist in the Mk 48
Base Fuze for gas leaksce to occur, fuzes were mounted in a
test fixture in which the base of {the fuze was exposed to
controlled tank »ressures of 10 to 1500 psi. Ieakage was noted
by expansicn of a thin elastic membrane fitted over the nose

of the fuze, By varylng fuze components affecting the seuling
gualities of the fuze the fcllowling results were obtailned:

ao
Do

Co
d.

Bo

Malassembled or missing lead washers invariably caused
leakers.,

Rate of gas flow through the fuze increased as pressures
on the fuze hases were lncreassd.

Ieakage was greater when tracers were left unseated.
leakage was greotest when tracers and retalners were
unseated.,

Absence of lutting increased gas leakage.

A program to study the effects of these conditions on fuze
action was then conducted in a dynamic pressurs pulse generator
(Thundermug) in which bore pressures were simulated.

B, DESCRIPTION CF DYNAMIC HRESSURE PULSE GENERAT(R (THUNDERMUG)

10, The Dynamic Fressure Pulse Generator (Thundermug., Figure 2,

= PR

is a laboratory apraratus which sublects componente to bs tested
to pressure-time characteristics sinilar to pressure pulses
created in firing a gun. It consists of a c¢cylindrical firing
chamber closed at one end with a gasketed adapter in which a
fuze may be mounted, and at the other by a heavy diarhragm. A
black powder charge 1s fired in the chamber slectricelly,
through leads in the cylinder wall, The pulse rise rate is
controlled by the grain size of the black powder, the peak
pressure Jjointly by the size of the ¢k _uge and the tialckness

f the diaphragm which rurtures, and the pressure decay rate
by the size of the aperbure thrcugh which gases are expelled

1
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& when the diaphragm ruptures, A typical pressure~time pulse |
used in the Mk tests is shown graphically in Figure 3-1,

T
A kT ol
~

C, STATIC FUNCTIONING TESTS

11. Twelve Mk 48 FTuzes were subjected to 8"/55 bcre pressures
in the Thundermug to study the effects of shock and gas leakage
tending to initiate prematures (Table 2)., The conditions that
affect propellant gas entry into the fuze, which were determined
in the baslc pressure tests, were varied ln these static shots,
The fuzes were assembled wi%h stesl plugs in the detent holes

to allow normal movement of the detonator plunger when acted upon
by arny force, Scotch tape or aluminum foil was placed over the
sensltive primer cap in each test, Fuze functioning was then
determired by examining thc tape for a perforation made by the
plunger moving forward and striking the sensitive firing pin.

12. The %ests conclusively show the following to exist:

a, The M« 48 Base Fuze can fire by propellant gas leake
- age into the fuze.
4 " b, The fuze will not fire solely by elastic vibrations
due to shock in firing.

In test Nos. 6, 7,,3nd 11 (Table 2) carbon deposits were found

on the tracer cavity plug threads even though the fuzes did not

premature. Gas leakage occurred pasta normal lead washer

seated properly in Test No, 11l. This shows that gas leakage

does not necessarily result in a premature and also that the

sealing qualities of the lead wesher alone are not satisfactory.

A comparison of shots Nos, 11 and 12 indicates that the difference

in friction, weights, and relative positions ot fuze components :
due to tolerances also affecst the malfunctioning of any one ‘
leaker. In test No. 3 the portion of the lead sealing washer

exposaed to a 3u5 dlameter wrench hole in the base of the fuze

melted and formed an enlarged hole (Figure 4), The erosion effect

of the hkigh temperature gasss leaking into the fuze is clearly

dsfined, The wrench hole in the fuze body 1s outlined by

carbon residue on the tracer cavity plug. Wwith extreme

! tolerances the conical tins of the wrench holes are %021 from

the face on the fuze body on which the ¥025 lead sealing washer

is ssated. The %025 thick washer must be compressed YOO+ to

Y021 to avoid direct exposure to gases.

Jr
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D. MEASUREMENTS OF IEAKAGE FRESSURES

Pressure measurements in the auxiliary plunger chamber and

in the tracer cavity were desired 1in order to analyze thes action

of the detonator plunger caused by gas leakage,

This was

required for two purposes:

(1) to explain why the prematurses

v

-t

25

in the fleet occurred at distances of 50 .to 250 feet exterior to

the gun bore, and (2) Tc fully evaluate the problem in order to
provide the ﬁest solution,

BE. DESCRIPI'ION OF INSTRUMENTATION F(R FRESSURE MEASUREMENTS

1%, The Thundermug is instrumentsd {6 record the pressure puise
characteristics of its chamber pressures on a sweep synchronized
35 mm. £ilm strip of approximately 160 milliseconds recording
time in a six trace recording oscillograph, For comparison, it
was desired to have the pressure characteristics of leakage into
the fuze recorded on one trace of the film strip synchrunized

to the recorded bore pressures.

15, A tourmaline crystal was selected as the pressure sensitive
device. This was mounted on a brass cap by attaching the crystal
leads to a Kovar gssal fixed in the cap. A rnipple was screwed
into the side of the fuze body and extended into the auxiliary
plunger chamber of the fuze, The cap was then screwed down
tightly on the end of the nipple exposed outside the fuze body.
The crystal had a sensitivity of 4.8l gucoulombs per p.s.l. and
a capacity of géyyfaradso o4

16, A Keithley Phantom Rupeater was used as an impedance
matching device between the crystal and the CRC (Figure 5).

The time constant of the input circult was increased by shunting
the repeater with a °Ooz/qfarad capacitor,

17, Uslng the relationship Q = CE, the resulting sensitivity of
the input circuit was calculated to bs ,968 millivolts psr poS.i.
or approximately 1 miilivolt per p.s.1. An audio cscillator was
used to calibrate the leakage trace in the CRO in each test, A

1000 c¢ps timing trace was provided by standard Thundarmug
instrumentation,

6
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F. CONCLUSIONS FROM FRESSIRE MEASUREMENTS &

18, Tesis Wos, 13 through 18, Tabie 3, substantiate the data
of the twelve functloning tes%s by showing that a pressure
gxists in the auxiliary plunger chamber whenever the fuzs
functions prematurely. This peak mressure may be as low as
15 t0 20 p.S.1, and stlllresult in a malfunction, In this
serles of shots the 025 lead sealing washer was folded in
half and assembied in tile fuze to simulate a damaged lead
washer, Although this exposed bore gases to the inside face
of the seating flange on the iracer cavity plug, nc leakage
was indlcated past the retaining plug in test llo, 13. Since
no luting was used in assembly this shows that the tracer
plug and retaining plug threads were respcensible for the gas
seal in this test and, therefore, may be expected to provide
some sealing in a Mk ﬁ8 Base Fuze,

19. In test No. 15, the fuze fired with a 10 p.s.l. pressure

peak in the auxiliary plunger chamber. The pressure-time
characteristics of the leakage pulse are shown graphically in
Figure 3~2, The firing time noted in the graph was measured by
starting a Potter time when the flring circuit was closed and
stopping 1t by shorting the timer on plunger impact with the
sensitive firing pin. The fuze fired in this test before the
Thundermug pulse (plotted in Flgure 3<1 for comparison) had
reduced to zero, In action firing the detents would prevent
plunger movement until the projectile left the bore, thereby
causing a continued leakage intn the fuzs similiar to the dotted
line P in Flgure 3=2, Thiswourlid result 1n a peak pressure of
approximately 20 p.S.i. £&s seen in the graph, the pressure build-
up is linear to point M and then flattens and diminishes. Because
relatively high Thundermug pressures still exist, one can assume
that the decreasing rate of build=up is due to an increasing
volume as the plungsr moves and that the plunger begins
accelerating at point M or 79 milliiseconds after closing the
firing circuit, Since the sensitive primer fired 92 milliseconds
after starting the test and there is a 10 mlllisecond explosive
delay in the Mk 48 Fuze, this shot represants a premature
oceurring 24 milliseconds after the projectile leaves the bore

or at a distance of 52,8 fest if an 8"/55 reduced charge was

used, Actually, the peak pressures in the tracer cavity plug
voids are higher than those in the auxiliary plunger chambers

arid gases will continue to flow into the plunger region for a
short period after the projectile lsaves the bore. This could ;
cause prematures to occur at distanees greater than 52.8 feet.
Tests Nos., 19«26 were conducted to determine the pressures

that any gas seal would have to withstand if the

r
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g tracer cavlty plug threads lsaked, In these tests the fuze

1 bodies were cut off at tha auxiliary dlunger chamber and the
Piezoelec»c10 grystal was mounted in an adapte; i this chamber.,
9125 holes were crLileé in the center of the retalning plugs to

allow free gas fiov to the crystal. Fressures recorded were
: thus pressures in uhe tracar cavity vold. As seen in Teble 3,
: the peak pressures of 50 and. 100 psl in the traCu? cavity

voids were higher than those in the auxulla > plunger chiambers
of similar leakers. In test No, 21 a ¥oho hole was deilled

, through the side wall of the Mk § tracer. The pressure
recorded in this instance was 1500 psi and rising when the

‘ crystal was destroyed by blast. This was considered to excszed

= the most extreme case of lesakage into any fuze, Thus, any
device used to prevent gas.leakage must be effective when

subjected to pressure of 50 to 100 psi and remain effective uvp
to approximately 1500 psi,

ITT “WO"-RING GAS SEATL TO FREVENT FREMATURES

| A, DESCRIPTION OF THE "OM-RING MODIFICATION
' : TN PREVENTING GAS LEAKAGE

8 21, ‘The method of sealing devised to prevent propnsllant gas

&eakﬁﬁe into the fuze incorporabes a synthetice rubber "0"~ﬁin‘
33-b~1560-300 HavCed 087D 600) (AN 6227-15) nlaced around the

bvaceﬁ cavity plug at the noss end, Details of this ass ;@mbly .
are shown in Bulrd drawing Nos. 1286001 and 1246002, Figurves 6
and 7, resvecciveNy, Tha tracer chvlty lugy, Ibawing No.
1246002, Tiguic 7, 148 besa modificd from the existing tracer

i ; plug. not only by the presonce of the shoulder for the "O"»rfng,

’ but also in the dlren31on11g of the 1onguh of the plug which .

assuras saating of the plur on tha plunger retainer under all

CondLiicnaa

B DVALUATION GF TIE TOH«IING SEAL

22, Tha alfectlivenass of the "OMering modification was <irst
tested by subjecting the seal to tank pressures of 200 pai,
The teracer p A was s>“,vi on the retoining plug ﬂnq thon backed
off ia U012 increniris. The seal was soffective at the mesting
position aud Ie,afned 20 uB to and including a Y037 gap between
. the tvo pleces, With a Y050 gap a momertsary leak occurred and

then seal.2d effaectively. At {062 there was a coutinuous small
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ieak, Although no DC=4 lubricant was used in these tests, it
was deemed necessary to pesitively seat the tracer nlug on the
retaining plug and avold eny possibility of gas pressure forcing
the "0"=ping into ¢ gap and so preventing it from sealing.,

23, The "Q"ering seal, assembled in accordance with Bulrd
Drawing No. 1246001 Figure 6, was then test fired in the -
Dynamic Frassure Puise Gonerator. Test Shot No. 23 shown in
Table 3, subjected the "O"«ring seal to the extreme leakage
limit alscussed previously in which bore gases passed directly
to the "O"~ring through a Y040 hole in the side wall of the
tracer body, No carbon deposits weore visible in the fuze past
the "Q'"=ring., Tests Nos, 25 and 26 substantiate the effectivee
ness of the "Ci=ring., Ieakage did not occur past the "('<ring
in Test No. 25, Shot No. 26 was similar to No., 23 except the
auxiliary plunger chamber pressure vias recorded., A leakage of
3 psi was noted; however, the slope of pessure bulld-up vwas
approximately three times less than that shown of a premature
in Flgure 3=-2., Examination of the fuze disclosed a slight bulge
in the body at the "O"-ring seal. The 3 psi leak was attributed
to a decrease in coumpression of the “"O'«ring caused by the bulge.
This test shows that ths "0O'=ring alone can prevent gas leakage
gpdto pressures. that actually can cause deformation of the fuze
ody.

24, In further evaluating the "O'-ring seal, three groups of
"0%erings were treated by exposure to extreme service conditions
simulated In the laboratory and then test fired in fuzes suit-
ably modified to induce prematures. The three groups consisted
of (1) naruwal "O".rings, {2} "Olerings immersed in thread luting
(35% raw linseed oil and £S% rosin by weight), ard (3) "O'~rings
immersed in purple lacquer. All groups were tﬁen temperaturs
¢ycled for a minimum of one week at +150°C for 12 hours and then
at «20°C for 12 hours. There was no apparent physical change

in the "O"~ring resulting from this treatment.

25, In the first evaluation tests of the "O'ering (Table Xk,
Tests 27«26) new "O'erings and two from each condition treated
group were assembled in fuzes suitably modified to induce pre-
matures and fired In the Thundermug., The fuzes were assemhied
with steel plugs in the detent holes and loaded with token
primers containing 35 mg of lead azide and plaster. No fuze
fired even though some fuzes were modifled by dcubly
exaggerating the conditions used to produce consistent prematures
in previous Thundermug tests,

I\O
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, 26, To further evaluate the effectiveness of the "O"-ring seal,
i o similar test shots, shown in Table 5, Nos, 37~42, were conducted
, and the pressures in the auxiliary riunger chamber were recorded.
. Two fuzes without "0'"~rings were fired to again verify conditions
] for prematures. Both fuzes fired ard presswwe recordings -howed
! a 70 and 100 psi pressure rise in the plunger chamber, In testing
' two new "QO'erings with the same fuze arrangementy no functioning
occurred and presswure recordings showed no gas leakage, Two
service conditioned "OV-rings were then fired in fuzesmodified
to exposs the "O'-rings to direct bore pressures. The fuzes
did not fire. In Test No. 41 a 10 psi pressure psak was noteds
however, the slope of pressurs bulld-up was three time less
than the slope of pressure build-up of a premature. This test
was a repetition of Test No. 26, in which the fuze body bulged
dus to direct entry of bore pressures. ALgaln, the ilimlting
, pressure for an effective "O'ering seal seems to be that at
I - which the beody will bulge. A comparison of the high presswre
' effects in a fuze with the "C'-ring modiflecation t¢ one without
it is shown in Figure 8, where the tracer bodies used in Test
| , ‘Shots Nos, 21, 23, 2b, 41 and 42 are pictured. The bodies had
‘ S ‘Y040 holes drilled in’their side walls through which bore gases
' were admitted directly into the fuze., In Test No., 21 no #O'=ring
74 was used and excessive gas erosion ceccurred at the ¥C4Q hole due
- to high gas leakage into the fuze. In Tests No, 23, 26, 4l and
42 the "O"rings inserted in the fuzes prevented erosion by
stopping the gas flow into the fuze. Ths "O"=prings in these
tests were relatively unchangad by the effects of the high temp=-
eratures and high pressures of the gases. '

1 i IV. FIELD FIRING TESTS = INVESTIGATION OF PREMATURES
A. INTRODUCTION
27, The first group of field tests, Table 6, fired at the

Naval Proving Gromnd, Dehlgren, Virginia, in an effort to
duplicate the prematares reporéed ir the flact were 8 inch

Mk 25 projectiles carrying smoke puff charges and Mk k8 base
o fuzes modified to induce gas leakage. . Six test shots were

fired through a target plate placad about 500 feet from ths
gun muzzle, The tests, however, were inconclusive, FPhysical
observation by psrsonnel and fiim strips of the tgsts failed o
distingulsh the smoke puffs expected from fuze action due to a

. premature or plate action. It was possible for.the smoke puffs
to occur near and be macked by the muizzle flash.

Tz.' '*‘2.!

. 28. To assure a gositive indication of prematures in subsequent
£ileld tests, the 8 inch Mk 25 projectiles were token loaded with
approximateiy 1.5 pounds of explosive "DV, g

10
CONF IDENT IA

T

£ )
§

LA
.

PRI TR .

g b LB &

3




N D — TP I -

rog .-

CONFIDENTIAL
NAVRD Report 2830

29, At this time the Bureau of Ordnance requested that this
investigation include the Mk 28 Base Fuze used in 5" projectiles.
In accordance wlth this request and in order to supplement amd
expedite the findings desired in the 8 inch field tests, a five
inch field firing program was conducted using Mk %6 common
prejectiles fully loaded and fuzed with Mk 26 Base fFuzes. The
33 millisecond delays used in the Mk 21 fuze were placed in-
the explosive trains of all teshts fuzes to doubly insure bore~ -
clear action. Test shots in both the 5 inch and 8 inch firing
programs were conducted by starting with a normal fuze and '
then gradually modifying each fuze in subsequent shots until
premature conditions prevailed.

B. MK 28 BAST FUZE
Qb=

30. In the first series of 5 inch firing %tests, Table 7 Shot
Nos. 1-~12, the Mk 28 fuzes were assembled with doubled over lead
tracer sealing washers simulating washers damaged in asssmbly of
tracer plugs in fuzes., The plunger retaining plugs and the
solid tracer cavity plugs were assembled in the fuzes with 2%
and 30 ft, 1lbs. of torque respectively. Their threads wera
wlthin normal producticn tolerances, and the retaining plugs
were elther slcited or drilied as shown in Figure 1. The

rounds vere fired without plate action at service and reduced
velocities., The cork plug in the cariridge case was replaced
with a pyralin dise in all shots after Test No. 6 in ordsr %o
aveld carbon deposits affecting the various induced gas leakages.
There vere no prematures in this group of shots,.

alo In the next group of Mk 28 field tests, Nos, 13-19, Table
the fuzes were further modified by combing the tracer plug
tﬁreads and the retainer plug threads to ninimum allowable
tolerances and vy assembling the pleces with 5 ft. lbs, of
torque. Three consecutive prematures occurred in Rounds Nos,
13, 1% and 15 at approximately 100 feet from the muzzle. The
plunger retainer plugs in these fuzes had a YOO hole drilled
through their centers.

32, Two fuzes with Y098 holes in the retainer rplugs and two
fuzes with $125 holes with fuze characteristics thz same as
noted above were then fired with the Y('ering modlfication,
Figures 6 and 7, in further substantiation of the cffsctivensss
of the seal., NoO prematures occurred in these rounds,

33s An additional series of 5 inch tests, Group III, Table 9
Nos. 20=31 were conducted in which gas lsakage past %he retainer
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plug threads was more closely simulated. The Y040 hole was
drilled off center admitting gases in to ths sides of the .
auxiliary plunger. In tests Nos, 22, 23 and 24t a %030 X ¥035
slot was milled longitudinally through the retalner plug threads,
Further shots were fired wlth the outside diameter of the retainer
plug, threads reduced Y010 to Y020 less than the minimum allowable
tolerance. The tracer piug threads were combed to minimum
tolerances and the plugs were assemdbled with 2 to 20 ft. 1ibe, of
torque. Fuze functioning was checkad on target plate in tests
Nos., 25 and 26 and found to be satisfactory. No prematures
occurred in this group.

3%, Two fuzes similar to the latter group were fired and
recovered, Table 10, Nos, 32 and 33, Examination of the fuzes
showed that a substantial gas leakaze was present in the~s fuzes
into the detonator plunger void. and can, therefore, be assumed

to have ocecurred in the similar tests in Group III Table 9.
Tnis shows the gas leakage into the Mk 28 fuze does not necessarily
result in a prematurs. :

C. MK L§ BASE FUZE

35, The Mr 48 Base Fuze fleld firing program using sight inch
ik 29 HC projectiles token loaded with Ixplosive '"D", Tablas

11, 12, and 13 cerraspond to the M: 28 program. The tests

were conducted usin: fuzes inm which gas leakage was increasingly
induﬁeg in succaessive shots until ¢onditions forprematures were
reached,

36, A premature occurred 215 feet from the muzzle in test No.
15. Sequence photo;raphs of the dotonation acticn are shown

in FPigure 9, A norilal eight inch %est shot is pictured in
Figure 10 for comparison. The fuze charscteristics of this
round were simllar Lo the Mk 28 fuzes that prematured in the

9 incl. tests., The retainer plug has a %040 hole drilled through
its center, the traocer plug was asseumbled with § ft, lbs, of
torque, an& its threads were combed tn ths mirimum allowable
tolerances.

37. Four test shots, Nos, 20ﬂ 2, 22 and 23, wera then fired
for further evaluation o “he "O%-rins ssai. Two fuzes had
040 holes in the retainsr pluzs and two had Y098 holes, The
gei:eral fuze characteristics were the seme as the prematurs
round, No prematures occurred in these shotse.

38. The two low order detonations and the two duds listed In
Group III, Table 12, are atiributed %o low target impacts and
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possibie grazing action on a portion of the sand butts behind
the target, This could have caused the detonator plunger to
rebound out of alignment before the .033 millisecond delay
detonated the remainder of the explosive train.

39. In the last group of test shots, Group IV, Table 13, the
gas leakage past the retainer plug wes more closely controlled,
The tests included shots with off center holes drilled in the
retainers, longitudinal gclots milled in {he retainsr threads,
and ball check values placed in the tracer and retainer plugs
to regulate the time and quantity factors involved in a gas
induced premature., However, no prematures were obtained in
these tests. :

D. SUMMARY QF FIELD FIRING DATA

L0, Although many of the test shots in the field did not
premature when gas lsakage was induced there was sufficient
resultant data o cerrslate and substantiate the tests made
in the Dynamic Pressure Fulsc Generator. The difficulty
experienced in obtaining prematures in the fieclu was expected
ané can be attributed to the comple:tlty existing ia the
selection and control of the variables affecting gas flow into

-the fuze, the most pronounced of which are as follows:

a. The rate of gas flow into the tracer cavity, the
pressure attailned, and the exact volume of void between the
tracer plug and the body of the fuze.

b. The rate of gas flow Into the auxiliary plunger chamber
ané the final pressure attained,

c. The rate of gas flow past the anti-creep .ssembly into
the space at%t the forward end of the plunger, the scaling
qualities of the nose cap, and ths final prousure attained
which can be in equiljbrium with the pressure at the rear and
so prevent movsment of the plunger.

de Variations In clearance between the plun?cr and the
fuze body due to telerances.,

e. Differences in frictional forces impedins movement of
the plunger and variations in compression loadsof the

“anti-cresep springs.

f. The rate of gas flow regrwsrd out of the fuze after
the projectile leaves the gun bore.

13
CONFIDENTIAL

v
"
LN
’
f'r,'
.
-
48

f ) 5 |

s g
3

o




CONFIDENTIAL
NAVCRD Report 23830

41, These variables indicate that a low probability exists
for any particular leaker to result in a premature. Therefore,
for any number of prematures caused by propellant gas leakage
a far greater number of fuzes must be leakers., This is sub-
stantiated by analyses, referred to in Freliminary Studles
that were performed by NAD, Crane, Indiana of 8" HC ammunifien
from lots in which prematures occurred., BExcessive gas leakage
occurred in 10% of the rounds when subjected to 5,000 psi of
hydrostatic pressures. This gives a very conservative measure
of the percentage of leakers to be expected when fired at bore
pressures: In comparisons the premature rate of 8" HC pro-
jectiles during the period June 1950 to June 1992 was 0,025%.

V. INVESTIGATION OF FREMATIRES CAUSED BY SIDE ENTRY OF CASES
A. LAB®RATORY PRESSURE TESTS

42, The .ssealing quality of the booster cover and nose caps of
the Mk 28 and Mk Buse Fuzes is poor when subjected to gases
under pressure. Ammonia gases released from Ixplosive "D" and
propellant gases can enter the sides of the fuze from the fuze
cavity., The- cavity pressures dus to the evolution of ammonia
gases reaches a siteady state of less than one atmospheres The
maximum volume of void in the fuze cavity of a projectile (457
cubic inches) closely approximates the total volume of void
inside the Mk 28 and Mk 48 Fuzes (,1¥1 cubic inches). If the.
entire volume of gases passed from the cavity void into the
fuze, a peak rregcsure of 20 psi would not e exceeded, A
study made at this lLaboratory of propellant gas leakage past
the copper-lead fiuze gas checks into the fuze cavity indicates
that the maximum pressures attained Jn the fuze cavity are less
than 300 psi, In order to include these two pressures and a
marginal facter, the test pressures used in this phase of the
investigation wers fixed at 0 to 1200 psi.

k3, Tests were conducted in which conditions favorable to base
fuze functioning by the side entry of gases were gradually
exaggerated,. In all of the tests the fuze was mounted nose

down In a2 wressure chambar. Detents in the fuze wre removed to
permit firing. Cellulose tape was placad over the sensitive
primer hole in the primer cover., Firling of the fuze would have
been indlcated by a perioration Of the tape by the firing pin.
Since movement of the plunger by gas pressure requires a pressure
differential bstween the ends &f the detonator plunzer, and the
differential could occur con either entry or release of gases in
the fuze, both cases were coversd in this investligation. Gas
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pressure was provided in a reservoir counected to a nitrogen
tank through a pressure regulating valve. The pressure was
admitted around the fuze by a quick acting solenoid value. This
pressure was retained in the test chamber to allow steady state
conditions to occur where pressure in the fuze equalled the
chamber pressure. The releass pulse was then accomplished by
venting the test chamber through another quick relzase value.

Iy, The tests were conducted at pressures varying between 10
andd1200 psi. At each pressure level the following fuzes were
used:

a., A norial fuze,

. be A fuze with a Y125 hole drilied through the booster
cover and aligned with a plunger detent holeo

¢s A fuze with a %125 hole drilled through the nose cap
lock pin hole, thereby exposing the outer housing of the antie
creep assembly to chamber pressures,

d. A fuze with a %125 hole 4drilled in the
detent hole covers

es A fuze with a "250 hole drilled in the sensitive primer
detent hole ccver.

ensitive primer=

In addition, all fuzes were tested at the various pressure
lovels witL the anti~creep assemblies removed and mounted in
the g? gsuie reservolr horizontally. No fuze functioned in any
of the tests.

VI. CONCLUSIONS

45, The Laboratory iinds thats

a, Prematures similar in naturs to thossraported with

major caliber ammunition since 1950 can bve caused by propsllant

gas leakage past the tracer cavity plugs.and inte the Mk 28 and

M: 48 Base Fuzes on firing.
b, FPrematures of this typs should not occuwr if suffficiant

sealing is provided,

¢, The shock of firing alone is not sufficient to fire
the fuze,

d. Side entry of gases from the fuze cavity into the
nose end of the fuze will not result in a premature,

15
cow .[D!’}N'“‘ 1AL

e - .} - . AL -
% gy - 4 0 » Sk Lad B S » ¥

s 3

e




et S

CONFIDENTIAL
NAVORD Report 2830

= 4. The Laboratory reccmmends that the "O'ering gas seal,
Figures 6 and 7, BuOrd Dwg. Nos., 1246001 and 12L6002 respective~
ly, be utilized as the best way to effectively eliminate gas

%sakage in the present designs of the Mk 28 and Mk 48 Base
rzes.
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