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Chapter 1
INTRODUCTION

Purpose

The purpose of-this OP is to acquaint officers and
men with the projectile fuzes of restricted classifica-
tion now in general use, including their operation,
performance characteristics, projectiles with which
each is used, to explain the various forces encoun-
tered which affect fuze design, and to list basic fuze
design requirements. VT fuzes are not included in
this OP but are discussed in a confidential pamphlet,
OP 1480 (Preliminary).

Definition

A projectile fuze is an explosive loaded device
designed to detonate or ignite the explosive filler of
its projectile with a high order detonation (or igni-
tion) at the desired time or under the circumstances

desired. There are three general classes of fuzes,

depending on their location in the projectile, as
follows:

Nose Fuzes

Base Fuzes

Auxiliary Detonating Fuzes
These are further subdivided as to type in the fol-
lowing paragraphs.

Nose Fuzes

Point Detonating Fuzes. Point detonating fuzes
are designed to function on impact with the target.
The fuze functions by detonating or igniting the
burster charge of the projectile; or by igniting an
incorporated auxiliary booster which detonates the
burster charge.

Time Fuzes. Time fuzes are designed to burst the
projectile at some predetermined time after the pro-
jectile leaves the gun. These fuzes contain a gear
~ train and escapement mechanism which starts to run
immediately after the inertia force of setback has
ceased. After a predetermined and pre-set time in-
terval, a firing pin fires a primer cap. The source of
energy to drive the mechanism may be either coiled
springs or centrifugal force acting upon driving
weights.

Base Fuzes

Base Detonating Non-Delay Fuzes. Inertia
plunger type impact fuzes which contain no actual
delay element, but which do have a slight inherent
mechanical delay.

Auxiliary Detonating Fuzes are always used in
conjunction with nose fuzes for naval projectiles of
3-in. and larger caliber, with the exception of illu-
minating, WP, and certain chemical projectiles. They
are interposed between the nose fuze and the burst-
ing charge of the projectile and also act as a safety
feature which prevents the projectile filler from det-
onating in case the nose fuze is actuated accident-
ally or at any time before the auxiliary detonating
fuze is fully armed. In high capacity projectiles it is
standard practice to substitute a steel nose plug for
the nose fuze when greater penetration is desired,
thereby relying largely on base fuze action. This
takes advantage of the slight inherent mechanical
delay of the non-delay base fuze if this type is in-
stalled. The auxiliary detonating fuze shall not be
removed in this case. '

Ignition and Detonating Fuzes

There are two different types of fuzes depending
upon the method in which the burster charge is fired.

Ignition Fuzes. The operating mechanism of the
ignition type fuzes acts to fire a black-powder mag-
azine which may ignite the bursting charge of the
projectile directly or function through an auxiliary
detonating fuze, containing a detonating element.
Examples of this type of fuze are found in the
Fuzes Mks 18, 22, 25, etc.

Detonating Fuzes. A detonating fuze contains
a high explosive detonating charge directly within
its own body. Explosion of the projectile burster
charge results directly from detonating fuze action.
Examples of these fuzes are found in Fuzes Mks
19, 21, 28, etc.
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Forces Used in Fuze Design

When a projectile is fired from a gun, several
forces are brought into play which must be consid-
ered in fuze design, These are:

(a) Setback. The brief inertia force resulting
from the acceleration of the projectile in the bore
of the gun which tends to move all fuze parts
toward the base.

(b) Angular Setback. For parts such as setting
rings of time fuzes, the angular setback or inertia
force created by the angular acceleration of the pro-
jectile in the bore is of primary importance. The
weight of such parts must be determined so that the
ratio of angular acceleration and setback will pre-
vent slippage of the parts; otherwise, slippage might
result in changing the time setting of the fuze.

(¢) Centrifugal Force. The continuous force cre-
ated by the rotation of the projectile which tends
to move parts radially from the longitudinal axis of
the projectile. This rotation is not constant but is a
maximum just outside the bore and gradually de-
creases as the projectile travels along its trajectory.
However, even at extreme ranges the rate of rota-
tion is relatively high in comparison with the linear
velocity of the projectile.

(d) Creep. The continuous inertia force resulting
from the deceleration of the projectile caused by air
resistance, which tends to move fuze parts not di-
rectly exposed to air resistance toward the nose of
the projectile. This force is not constant but is a
function of the velocity of the projectile and the
density of the air reaching a maximum value just
outside the bore and decreasing gradually as the
projectile travels along its trajectory. '

(e) Impact. The sudden inertia force which
tends to make all movable parts in a base fuze move
forward when the projectile strikes an object, or the
shocking force from impact causing backward move-
ment of a movable striker or striker extension in a
nose or point detonating fuze.

(f) Friction. Fuze parts which are designed to
have other than radial movement, i. e., axial move-
ment (plunger) and rotation about the longitudinal
axis (rotors), are subject to high frictional forces
which act to restrain motion. The high frictional
forces are in part the result of centrifugal forces

acting on the parts, created by eccentricities of the
axis of spin with the axis of the projectile or by
virtue of their position relative to the axis of the
projectile. Frictional forces acting on fuze parts
also result when the force of setback commences.

(g) Forces Resulting from Yaw and Nutation
of the Projectiles. These {orces resulting from the
unsteady flight of the projectile act only during the
first part of the trajectory and are practically negli-
gible thereafter. The unsteady flight gives rise to
gyroscopic forces and also results in increasing creep
over and above that which would be measured with
steady flight. For most design purposes these forces
are usually neglected—the measured creep force in-
cludes that added by the unsteady flight.

(h) Forces Due to Run-up in Worn Gun. In a
worn gun, bore enlargement at the origin will pre-
vent the projectile being seated when fired, thereby
causing a certain amount of “run-up” before the
projectile engages the rifling of the bore. Propellent
gases cause the projectile to hit the lands of the
rifling with considerable force, subjecting fuze parts
to severe shock and strain. In the case of some nose
fuzes, the force has been great enough to break the
ogive from the fuze body and spill the detonator,
with subsequent firing. A broken ogive may also
cause firing of certain base fuzes through excessive
deceleration at the muzzle, This factor in fuze de-
sign is under present study and experimentation.

(i) Pressure of Propellent Charge Gases.
While a projectile is traveling down the bore of a
gun, its base, and hence the exposed part of a base
fuze, is acted upon by hot gases at very high pres-
sure. This pressure may be utilized to actuate parts
of the fuze in various manners. Actually, this force
is not employed in any U. S. Naval fuzes but is
used in some British base fuze designs, notably for
a selective delay or non-delay feature.

In addition to these natural forces the fuze de-
signer makes use of springs, clock mechanisms
(either spring driven or actuated by centrifugal
force), and the burning of powder trains. The latter
device was formerly used in all anti-aircraft time
fuzes, but these are now obsolete. (Except for U..S.
Army fuzes.) :

In order to give an idea of the mdgnitude of some
of these forces which a fuze designer must consider,
the following table is offered:
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Maximum
Muzzle Max. Bore Maximum Spin at Retardation
Velocity Pressure in Setback Muzzle in Flight*
Caliber /s New Guns Force** r.p.s. (Creep Force)
20-mm 2725 24 long tons/in? 96,566 g 1154
1.1” 2700 18 “ 41,771 g 982
40-mm’ 2890 19.5 ¢ ) 43,215¢ 734 ce
3"/50 2700 17 “ 20,627 g 338 114¢
4”/50 2900 17 - 14,505 g 272 71g
57/25 AAC 2175 17 “ 13,881 ¢ 209 60g
57/38 AAC 2600 18 2 14,344 g 208 72¢
57/51 HC 3150 17 « 14950 ¢ 216 ...
6"”/47 AP 2500 185 “ 9012¢ 200 35¢
8”/55 HC 2800 18 “ 7,796 g 168 35 ¢
12”7/50 HC 2620 17.5 “ 4,717 g 105 20¢g
147/45 AP 2600 18 “ 4,137 g 89 18¢g
14” /50 HC 2830 18 « 4,867 ¢ 9% 24¢
16”/45 HC 2525 18 - 4,268 g 75 17¢
16”/50 HC 2690 18 “ 4,268 g 81 17¢
16”/50 AP 2500 18 “ 3,003 g 75 11g

* The maximum retardation in flight occurs at the
first instant the projectile is piercing still air; that is,
at the instant the blast of propellent gases striking
the base of the projectile has died down to zero value.
This represents a distance from the muzzle varying
appreciably with the caliber of the gun and probably
runs from about 134 ft. for 20-mm up to perhaps
30 ft. for 16-in. Before the projectile reaches this
point, the fuze is fully armed.

*% The unit “g” refers to gravity. That is, if a cer-
tain fuze part in a 20-mm projectile weighs one gram
it is acted upon in the bore of the gun by a maximum
acceleration force of 96,566 grams when the round
is fired.

Explosives Used in Fuzes

Explosive materials used in fuzes must meet sev-
eral basic requirements as follows:

(a) They must not be so sensitive that they are
automatically initiated by the shock of firing or of
“impact. An exception to this is the 20-mm Fuze Mk
26 Mod 1, which contains a detonator designed to
function by shock, or crushing action on impact.

(b) They must be compatible with other explo-
sives, metals, or materials with which they are in
contact. That is, such contact after long storage
must not result in the chemical formation of super-
sensitive compounds or cause the original explo-
sives to become desensitized. The explosives must
resist deterioration due to age, moisture, and ammo-
niacal fumes.

(c¢) The explosive train in most fuzes consists of
a primer cap, a detonator, and a booster in that
sequence. The primer cap is acted upon first by
a firing pin and hence, in itself, is the very heart
of the fuze. This primer cap either sets off a deto-
nator directly in the case of non-delay base fuzes,
or a delay element in the case of delay base fuzes,
which in turn sets off the detonator. To transmit the
explosive shock wave from the detonator to the
booster, since they are mounted in separate fuze
parts, so called “lead-ins” and “lead-outs,” consist-
ing of explosive loaded channels are provided.

There is a type of detonator which does not need
a primer cap to set it off but which is initiated
directly by a stab-type firing pin which pierces the
end of the detonator itself. This is commonly known
as a primer detonator. This type is used in the Point
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Detonating Fuzes Mks 27, 29, 30, 34, and the Auxil-
iary Detonating Fuzes Mks 43, 54 and 55. In the
stab-type detonator a sensitive lead azide mixture is
loaded into the end which the firing pin pierces. This

mixture consists of lead azide, potassium chlorate,,

antimony sulfide, and carborundum crystals. When-
ever such a pressed mixture is pierced by a sharp

instrument, local heating or friction conditions are
created in the tiny crystals which result in initiation
of a flash and shock wave.

Typical explosive materials used (or formerly
used) in the explosive train of the various compo-
nents mentioned above are as follows:

Primer Cap Mixtures

Mercury fulminate, potassium chlorate, and
antimony sulfide

Lead azide, potassium chlorate, antimony sul-
fide and carborundum

Lead sulfocyanate, TNT, antimony sulfide and
potassium chlorate

Delay Elements
Black powder

Detonators

Lead azide, tetryl*, mercury fulminate®*

Lead-outs and Lead-ins

Tetryl

Boosters

Tetryl

Fuzes Used in
Base detonating fuzes. Formerly used in auxil-

iary detonating fuzes

Nose and point detonating fuzes, and auxiliary
detonating fuzes

Mechanical time fuzes

Base detonating fuzes

Base detonating fuzes, point detonating, and
auxiliary detonating fuzes

Nose, point detonating, auxiliary detonating,
and base detonating fuzes .

Nose, point detonating, auxiliary detonating,
and base detonating fuzes.

* Tetryl is included in some detonators only to
increase the brisance and is never used alone in a
detonator. Detonators containing tetryl are known as
“compound detonators”.

8 RESTRICTED
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INTRODUCTION

The functioning of the explosive train depends
on transmitting the detonation from more sensitive
to the less sensitive explosives. With regard to the
sensitivity to impact of the substances listed above,
mercury fulminate [Hg(OCN),] is the most sensi-
tive. Pressed lead azide (PbNg) is about half as
sensitive as fulminate; pressed tetryl CgHo(NO2)3
(NCH3NOQO,) is about 14 as sensitive; and the filler
of most projectiles, explosive D [ammonium picrate
—(CgHo (ONH,)(NOy)3] is less than Y, as

sensitive,

Safety Features

Since the fuze is the element of every live-loaded
projectile which causes it to explode, the fuze must
contain adequate safety features or serious accidents
would occur during transportation of projectiles,
loading ammunition on board -ships, loading projec-
tiles into guns, or particularly while the projectile is
subjected to the sudden and violent forces of being
fired from the gun. One cardinal requirement of
Navy fuzes is that they be “detonator safe.” That
is, should the detonator be set off for any reason,
while the fuze is in the unarmed condition, the

booster of the fuze and hence the projectile filler -

must not be detonated. This is accomplished by hav-
ing the explosive train mechanically separated be-
tween the detonator and the booster. There are two
exceptions to this requirement: the Point Detona-
ing Fuze Mk 26 for 20-mm and the Base Detonating
Fuze M66A1 for 3-in. AP projectiles. In each of
these the detonator is permanently in line with the
booster. This condition was accepted in the case of
the Fuze Mk 26 because of the relatively small
amount of explosive filler in a 20-mm projectile
and hence the relatively small danger to personnel
in case of a premature, and because the detonator
contains straight azide and tetryl but not supersen-
sitive azide priming mixture. In view of the vast
quantities of this ammunition manufactured, the
necessary rate of production can be maintained with
this simple design; and also the cost is kept down.
The Fuze M66A1 is an Army fuze temporarily
accepted until a Navy-designed detonator-safe fuze
can be put into production. The Army fuze passes
all required safety tests, but, nonetheless, will ulti-
mately be replaced by a Navy fuze which will be
inherently safer.

In general, Navy fuzes have at least two inde-
pendent safety features to prevent prematures before

firing, while in the bore, or during flight. Thus, both
features must fail simultaneously in order to cause
a premature. Since the probability of either one fail-
ing is very small, the probability of both failing at
the same time is extremely remote: namely, the
product of the independent probabilities. In most
fuzes these safety features are in the form of “de-
tents” which require spinning the projectile at a
high rate to be withdrawn so that the fuze can fire
on impact or retardation. These detents are mechan-
ical stops held under spring pressure which hold or
block a plunger, rotor, or other movable part in a
safe position until they are withdrawn by the cen-
trifugal force of the projectile’s spin acting on the
mass of the detent itself. These detents are held in
the locking position by small compressed detent
springs which have to be overcome before the de-
tent can be withdrawn. Usually these are in pairs so
that, if a projectile is dropped on one side in an
attitude which could, and often does, withdraw one
detent momentarily, the detent opposite this one is
forced all the more firmly into the locking position
by the force of the same blow. Thus centrifugal
force of a high value, which could not normally be
attained by any other process than firing the pro-
jectile, is required to withdraw all detents simulta-
neously leaving the previously restrained rotor or
plunger free to move into the firing position. Such
detents are used not only to restrain rotors and
plungers but also to act as barriers between a firing
pin and a sensitive primer, as in the Mk 28 type
base fuze, until the projectile is fired.

Test of Safety Features

To make sure that the safety features described
above are effective, sample fuzes from production
lots are subjected to the following safety tests before
the lots are accepted:

1. Drop Test. Loaded fuzes in appropriate inert
loaded projectiles are dropped from a height of 40
feet onto armor plate, on the nose, on the side, and
base down. The fuzes are then examined for func-
tioning or derangement such that they are in a dan-
gerous condition. The 40 ft. height was arbitrarily
chosen to represent the greatest probable distance a
projectile might be dropped down a hatch or onto
an ammunition barge from a crane in actual serv-
ice. Dropping test fuzes onto armor plate makes the
test really more ‘severe and hence augments the
factor of safety. '
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2. Jolt Test. Sample loaded fuzes are mounted
in a fixture in a special machine and subjected to
1750 drops in each of various positions from a 4-in.
height onto a leather covered anvil. They are then
examined for functioning or to see if there is any
derangement making them dangerous.

3. Jumble Test. Sample loaded fuzes are placed
in a closed rectangular wooden molded or sheet-
rubber lined box mounted in a machine which re-
volves the box about one of its long diagonals at
30 rpm for a total of 3600 revolutions. The fuzes
are then examined as they are after the jolt test. The
jolt and jumble tests are an exaggerated simulation
of rough treatment during shipment and handling.

4. Bore Safety. Before a fuze design is placed
into production it must be demonstrated that it is
“bore safe.” That is, that in case the projectile hits
an object lodged in the bore, or any type of constric-
tion, the fuze will not be armed and hence will not
cause a bore detonation. Routine firing, without oc-
currerice of a bore detonation, is usually considered
sufficient proof of bore safety.

However, for experimental purposes a special
test may be conducted. This test is carried out by
deliberately placing a metal rod, or any other object
of sufficient mass to cause detonation if the fuze is
armed, at various positions in and just outside of
the bore. In general, fuzes do not become armed
until they are a few feet outside the muzzle. At this
point the projectile has ceased to accelerate due to
cessation of pressure from the propellent gases and
is about to start decelerating due to air resistance.
It can be visualized that at this point side-wall fric-
tion of detents and rotors is at a minimum because
there is no longer any setback force and they re-
spond to centrifugal force immediately. As was ex-
plained previously, there are two current exceptions
to this bore safety requirement—the Point Detonat-
ing Fuze Mk 26 for 20-mm and the Base Detonat-
ing Ifuze M66A1 for 3-in. AP projectiles.

Acceptance Tests of Production Lots
of Fuzes

In addition to the safety tests described above, the
following additional tests are conducted on sample
fuzes chosen at random from production lots before
the lots are accepted.

Functioning Test

In general, these tests are conducted by the firing
of loaded projectiles at various velocities and oblig-
uities against various targets. An exception to this
is the Mechanical Time Fuze; functioning tests being
conducted by varying the time settings. Obliquity is
defined herein as the angle between the normal to
the face of the plate and the axis of the projectile
at the point of impact.

(a) Base Detonating Fuzes. Fuzed projectiles
are fired against steel plate. Depending on the fuze
some impacts are against heavy plate, as in the case
of the Fuze Mk 21 for AP projectiles. Sensitivity
tests are also conducted against light plate. The re-
quirements are high order detonations at the proper
distance behind the plate depending on the delay
element in the particular fuze.

(b) Point and Nose Detonating Fuzes. Func-
tioning tests on various targets such as 3g-in. thick
binders board or cardboard, 4-in. Mild Steel, soft

pine, ground and water, are conducted.. Require--

ments are high order detonations on impact.

(e¢) Mechanical Time Fuzes. Functioning tests
at various time settings are conducted to ascertain
that the reliability and timing accuracy are within
specified limits.

(d) Aucxiliary Detonating Fuzes. The details of
the acceptance tests of each fuze are stated in the
individual fuze descriptions. These are tested in
conjunction with mechanical time or point detonat-
ing fuzes of established reliability. If the projectile
bursts high order, it is evident that the auxiliary
detonator was satisfactory.

Flight Tests

Sample fuzes are fired at long-range using proof
pressures in guns of all degrees of wear in an effort
to reveal any tendency to cause prematures.

Fuze Protection

The primary cause of fuze deterioration with re-
sultant duds is moisture. Moisture causes deteriora-
tion and desensitization of explosive components,
notably primer cap mixtures. In addition, moisture
adversely affects mechanical parts by corroding de-
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tents, springs, and other vulnerable parts so that the
fuze does not arm. Full use is made of various plat-
ing methods to reduce corrosion but this is not
enough. The deterioration of fuzes, particularly base
fuzes and auxiliary detonating fuzes, also becomes
accelerated as soon as they are assembled into loaded
projectiles in contact with the explosive filler.

Since mechanical time fuzes contain many delicate
moving parts and have several joints and openings
vulnerable to entrance of moisture repeated efforts
have been made to seal these fuzes externally. Flex-
ible plastic fuze covers cemented over the whole fuze
were tried, but were discarded as impractical. A mois-
ture-proofing  compound adopted from the British,
known as R.D. 1154 and resembling thin putty, was
applied by depots to the fuzes of assembled rounds.
This compound was intended to keep out moisture
and at the same time be fluid enough so that once a
fuze was set.but not fired it could be quickly and
easily molded with fingers back into an unbroken
coating. It was found that after a relatively short
storage period the oil base of this compound pene-
trated into the inner bearing surfaces of the fuzes
reducing the coefficient of friction causing the set-
ting ring of the 3-in. Time Fuze Mk 22 to slip in the
bore upon firing so that erratic timing resulted.
Often the slippage caused the fuze to be turned back
into the safe zone, giving the effect of producing
duds. When this became known, further use of this
R.D. 1154 compound on all fuzes was discontinued,
and arrangements made to rework all contaminated
fuzes.

Since both methods described above were unsuc-
cessful the Naval Ordnance Laboratory experi-
mented with many coating materials and finally
ascertained that a clear bakelite varnish (OS 1433)
applied to the outside surface at the joint between
upper and lower cap of the fuze forms a tough, im-
permeable coating which effectively protects the
fuze from ingress of moisture. Since this coating
would .also seal in any moisture in the air entrapped
in the fuze during assembly, which is undesirable, a
small desiccator unit containing silica gel is installed
in each fuze to absorb this moisture from the im-
prisoned air.

Mechanical time fuzes, which are treated with the
bakelite varnish, contain the desiccator unit, and
have special sealing gaskets between setting (slip
joint) surfaces and an improved base closing plug,
have been assigned new mark numbers as follows:

Mk 50—45 second Fuze for 5-in. (Mois-
ture-proofed Mk 18)

Mk 51—30 second Fuze for 3-in. and
4-in. (Moisture-proofed Mk 22)

In addition to these protective measures applied
to nose fuzes themselves, metal waterproof protect-
ing caps are screwed over the nose of the projectile
using a heavy grease on the threads to keep out
moisture. These afford mechanical protection to the
nose fuzes up until the time the caps must be re-
moved prior to firing of the ammunition,

The base fuzes are also susceptible to deteriora-
tion due to moisture. Accordingly, a method of ap-
plying the same bakelite varnish to the outside sur-
face of base fuzes by the loading plants was worked
out. Again it was necessary to insert a small desic-
cator unit inside the fuze to keep the entrapped air
dry. This unit is fitted into the forward end of the
auxiliary plunger in fuzes of the Mk 28 type, which
includes all currently produced base detonating
fuzes.

In addition to the protective measures against
moisture described above, all fuzes are packed by
the fuze loading plants in hermetically sealed tin
cans containing small cloth or gauze bags of silica
gel to keep the air dry around the fuzes.

Basic Requirements of a Base
Detonating Delay Fuze for
Major Caliber AP Projectile

The following basic requirements have been estab-
lished as the optimum for the design of future base
detonating delay fuzes for major caliber AP pro-
jectiles:

(a) The fuze shall be bore safe and safe in flight
when fired at proof pressure in all projectiles with
which it is intended to be used.

(b) The fuze should be designed to be as sensi-
tive as possible, consistent with safety. In the heavi-
est projectile in service (16-in.—2700 1Ibs. at this
time), a l-in. structural steel plate at 1500 foot-
second striking velocity on a normal impact should
be the lightest acceptable plate to initiate fuze ac-
tion. Fuze action should also be initiated on water
or ground impact under any probable condition.

(¢) The fuze should, without suffering deforma-
tion or breakage which would prevent its function-
ing as designed, withstand impacts at any velocity
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up to that obtained at proof pressure in the gun 'nd
obliquity combination prescribed for the acceptance
of the projectiles with which it is intended to be
used in service.

(d) The fuze should effectively detonate the pro-

jectile at a point between 30 and 70 feet beyond the

first plate which might be expected to initiate fuze
action.

(e) The fuze should be designed so that it is
positively moisture-proof ; and, if practicable, so that
it can, without serious mutilation, be broken down
for examination and replacement (if necessary) of
explosive components. This latter requirement is de-
sirable, but should not be considered essential at the
expense of other requirements.

(f) The explosive components used and the meth-
ods of loading should be such that long storage of
the fuze, either alone or assembled in loaded pro-
jectiles, shall not result in deterioration or the form-
ation of more sensitive chemical compounds.

Assembly of Fuzes into Projectiles

Base Fuzes. These are screwed either directly into
threads in the base (or base plugs) of the smaller
projectiles (3-in. AP, 4-in. HC, 5-in. AA Common,
6-in. AP and Common, 8-in. all types) or into a
fuze adapter which is itself screwed into the base
plug of larger projectiles (12-in., 14-in., and 16-in,,
all types). A luting compound is spread on the
threads of the fuze before insertion. This acts pri-
marily as a gas check. After the base fuze is screwed
home, a lead and copper gas check ring is placed
around the base of the fuze and pressed firmly into
position. This ring prevents the high pressure hot
propellent gases in the bore of the gun from pene-
trating into the projectile through the fuze threads
and setting off the explosive filler. Since the installa-
tion of this gas check ring requires special caré and
removal would expose the projectile’s explosive
charge, it is not feasible to remove or install base
fuzes aboard ship, nor should any occasion normally,
arise to make it necessary. ' '

Nose Fuzes. These are installed wrench tight in
the adapter in the nose of the projectile which also
holds the auxiliary detonating fuze. Luting com-

pound is used on these threads also, except in HC.

projectiles where interchangeability of fuzes and
plugs is necessary.

Auxiliary Detonating Fuzes. These are screwed
into the bottom end of the adapter referred to above,
using luting compound on the threads before the
adapter is screwed into the projectile. Thus, this
fuze cannot be removed without first removing the
adapter. When a steel nose plug is used in place of
a nose fuze the auxiliary detonator shall not be
removed.

Fuze Performance at Ricochet Angles

Recent bombardment operations at short ranges,
wherein ricochets frequently occurred without fuze
action, made it advisable to conduct tests at the
Naval Proving Ground to determine, if possible,
minimum angles of fall on ground and water which
consistently result in fuze action. These tests indi-
cated the following angles of fall to be about the
minimum :

Water Ground

Fuze Type Impact Impact

Base Detonating
(Mk 19, 20, 21, 28, 39, 48) 5° 2°

Point Detonating
(Mk 29 and 30) 120 8°

These angles are not reliable enough due to the
variable condition of the water’s surface or the
ground, to be relied upon for tactical purposes in
planning a bombardment.

Safety Precautions

Base Fuzes and Auxiliary Detonating Fuzes.
No specific precautions are necessary since the fuzes
are always received installed in projectiles for ship-
board use. However, removal of these fuzes or dis-
assembly of them by ship’s force is not authorized.

Nose Fuzes. Mechanical time fuzes and point
detonating fuzes in their exposed position are not
immune from derangement if the projectiles are
handled or loaded roughly so as to strike the fuzes
on hard surfaces. However, dangerous conditions
are not probable as a result of such treatment—
rather, duds may be created. Exception to this is for
Illuminating, W or WP, projectiles where no auxil-
iary detonator is assembled. Since high capacity am-
munition is issued with steel nose plugs in place,
which can be interchanged with point detonating
fuzes or mechanical time fuzes issued separately, it
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became necessary to promulgate explicit instructions
as required by Article 972(18), U. S. Navy Regu-
lations, which prohibits removal of fuzes from pro-
jectiles on board ship without such instructions from
the Bureau of Ordnance. Accordingly, NavOrd OCL
A16-44, dated 8 March 1944, was issued, which au-
thorizes interchanging of nose fuzes in regular pro-
jectile handling spaces. This letter also contains a
general prudential rule, which is dictated by common
sense and the understanding that ammunition is, by
its very nature, potentially destructive. It is repeated
here for general guidance:

In any operation involving fuzing, unfuzing,
assembly, disassembly, cleaning, painting, etc.,
of all types of munitions, the work shall be ac-
complished in the most suitable location, taking
into account safe removal from other explosives
and possible damage to vital installations, and
shall involve exposing the smallest number of
rounds practicable. Only those persons actually
essential for the work shall be in the vicinity.
The ideal situation would be that where work
would be performed on only one round at a
time, in a location on deck, remote from all
magazines, from ready stowage, from other
supplies or ammunition or explosives, and from
vital installations.

With the advent of the 1200 f/s charge for use in
the 5”/38 caliber gun it became necessary to promul-
gate explicit information concerning proper fuzes
for use in 5”/38 AAC and WP Projectiles to be
fired at 1200 f/s initial velocity. NavOrd OCL A8-
45 dated 1 February 1945 was therefore issued
which authorizes replacement aboard ship of the
Mechanical Time Fuzes Mk 18 and Mods and
Mk 50 and Mods in 5”/38 AAC and WP projectiles
by the Mechanical Time Fuze Mk 61 Mod 0 which
is designed to operate reliably at 1200 f/s initial
velocity. Authority is also granted for the replace-
ment of the IFuzes Mk 18 and Mods and Mk 50 and
Mods in 5”/38 AAC projectiles by the Point Deto-
nating Fuze Mk 29 Mods 2 or 3 when ground im-
pacts are desired. Authority for replacing the
Mechanical Time Fuze in WP projectiles by the
Point Detonating Mod 3 only was also granted ; how-
ever, the subject of refuzing 5//38 WP projectiles
is covered more thoroughly in NavOrd OCL A8-45,
dated 1 February 1945. This circular letter covers
special safety precautions to be taken when han-
dling unfuzed WP projectiles aboard ship consid-
ered necessary due to the fact that the black powder
expelling charge in the WP projectiles is exposed
to the atmosphere when the nose fuze is removed.
No Auxiliary Detonating Fuze is used in WP
projectiles.
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Figure 1.—Point Detonating Fuze Mk 12 Mods 2 and 3—Sectional View

14 RESTRICTED




Chapter 2
POINT DETONATING FUZE MARK 12 MODS 2 AND 3

General Data
Designation and Type

Point Detonating Fuze Mk 12 Mods 2 and 3

Projectile Used In
1.1-in. AA

Overall Dimensions and Weight

Length ..ol 2125 in.

Body threads ........... 875 in.-20NS-3RH

Weight ..o 0.188 1bs.
Material

NOSE v aluminum

Base ... . brass
Applicable OS ..................... ... 1001

General Arrangement Drawing No.
(Mod 2)—181781

Explosives Used

Fulminate of mercury* in detonator, tetryl in
booster of both Mods '

* A relatively few lots of Fuzes Mk 12 Mod 3
were loaded with lead azide detonators by one
loading plant.

Description

This fuze is a sensitive fuze designed to burst the
projectile with high order detonation on impact with
materials offering appreciable resistance to penetra-
tion such as the wings or fuselage of aircraft, etc.
The principal parts of the fuze are the nose and
base secured together by a jacket which is crimped
over at both ends. A thin disc is interposed between
the nose and base. The nose contains the assembly
of the firing pin detents and firing pin. The forward
part of the firing pin protrudes from the nose

through a thin washer, and 1s “eared” by a special
tool to prevent its moving back against the detonator
until impact. This was found necessary to prevent
occasional prematures in the bore or close outside.
The base contains the assembly of the rotor, rotor
detent, detonator and booster.

Operation

The fuze becomes armed by centrifugal force set
up by rotation of the projectile. The firing pin de-
tents are thrown outward clear of the firing pin and
the rotor detent is thrown outward clear of the rotor.
The rotor thus released rotates about the rotor pivot
until stopped by the rotor stop. The rotation of the
rotor brings the detonator in the rotor in line wih
the firing pin and booster lead. When the projecting
head of the firing pin comes in contact with any
object having an appreciable resistance to impact the
firing pin “ears” are sheared and the pin stabs the
detonator, exploding it, which in turn detonates the
booster and the burster charge of the projectile.

Arming Spin

The firing pin detents arm at from 5000 to 7000
rpm. The rotor detent and hence the rotor arms at
from 10,000 to 12,000 rpm in static tests. The muz-
zle spin of the projectile is about 58,920 rpm.

Figure 2.—Point Detonating Fuze Mk 12
Mods 2 and 3—Exterior View Full Size
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Safety Features

Safety detent mechanism and rotor arm only by
centrifugal force. Until fired from a gun, the detona-
tor remains out of line with the firing pin. The ac-
celeration and friction forces acting on the fuze
while it is still in the barrel are such that the rotor
does not actually snap into the armed position until
just after it leaves the muzzle and the forward ac-
celeration drops radically even though the projec-
tile’s spin while still in the barrel is far above that
required to arm the fuze in a static fixture. This
phenomenon thus acts as a bore safe feature.

Sensitivity Limits

These fuzes fired at service velocity will detonate
consistently on %;¢-in. beaverboard or 0.032-in. dural
but usually fail on 0.025-in. dural.

Acceptance Functioning Tests

Ten fuzes from each lot are tested by firing at
service velocity against either (a) 0.045-in. thick
dural plate or (b) 3} 6-in. thick binder’s board or
cardboard, Under test (a) a minimum of 90% per-

formance is required ; under test (b) a minimum of
80% performance is required. Each fuze must cause
a high order detonation of the projectile within four
inches after contact with the plate or board. Failure
of fuzes tested to meet percentages specified causes
rejection of the lot.

Markings on Fuze
D.F. Mk 12-2 (or 3) ; Lot—
Manufacturer’s initials ; Inspector’s initials;
Year and month of manufacture; Anchor stamp.

Remarks

The Fuze Mk 12 and Mods is no longer in pro-
duction, having been superseded by the Point De-
tonating Fuze Mk 34 and Mods. The Fuze Mk 12
Mod 2 and Mod 3 differ only in the manufacturers
of the inert parts. The Naval Gun Factory and the
Pollack Manufacturing Company made parts for
the Mod 2 and the Bohn Aluminum and Brass Cor-
poration for the Mod 3. Fuzes of Mod 0 were never
manufactured or issued. Fuzes of Mod 1 were manu-
factured by the Naval Gun Factory and were issued
to vessels, but comparatively few were fired.

I CLOSING PLUG
' S OBTURATING CUP

-

SEALING DISC
FIRING PIN

[~ FIRING PIN DETENTS

PRIMER

ROTOR BLOCK

ROTOR DETENTS
—LEAD COUNTERWEIGHTS
DETONATOR ASSEMBLY — |

A,

LEAD-IN

BOOSTER CAP M :

BOOSTER e e

<

PAVAVEVLV,

ASSEMBLED POSITION

ARMED POSITION

Figure 3.—Auxiliary Detonating Fuze Mk 17 Mod 0-7—Sectional View
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Chapter 3
AUXILIARY DETONATING FUZE MARK 17 MODS 0-7

General Data

Designation and Type
Auxiliary Detonating Fuze Mk 17 Mods 0-7

Projectiles Formerly Used In

AA AA Common HC
3"/23 cal. 57/25 cal. 4’ /50 cal.
3”/50 cal. 57/38 cal. 5”/51 cal.

6”/53 cal.

6”/47 cal. (Sp.)

Overall Dimensions and Weight

Length . ..., 2.50 in.
Body threads ............ 134 in.-20NS-2LH
Weight ..o, 0.78 1b.
Material
Body ... Steel
Closing plug .........cooiiiiiiian. Steel
Booster cap ... .ol Steel
Rotor block ................. Aluminum alloy
Rotor ...... .o, Aluminum alloy
Firing pin holder ..................... Brass
Base for rotor ......... ... ..l Brass
Applicable OS ............. e 2104

General Arrangement Drawing No.. ... 225390
Explosives Used

Primer cap —Fulminate of mercury cap
mixture

Detonator —Fulminate of mercury and
tetryl

Booster —Tetryl

Booster lead-in —Tetryl

Description

The fuze is composed of a one-piece body with a
booster cap and plug closing the respective ends. The
body assembly houses the booster firing pin assem-
bly, the rotor block assembly and the base for rotor.
In the middle of the closing plug is an obturating

cup with a sealing disc between the plug and the
firing pin housing. The fuze is designed:

(1) To detonate the projectile explosive charge
and thereby burst the projectile with high order det-
onation instantaneously after the initiating explo-
sive charge in the nose fuze is fired.

(2) To insure safety in transportation and stow-
age and to prevent detonation of the projectile in the
gun should the initiating nose fuze function prema-
turely.

(3) Not to function or detonate when assembled
in a projectile and then dropped nose, side or base
down from a height of 40 feet onto armor plate.

Operation

The fuze is assembled in the unarmed position
and remains in this condition during transportation
and stowage and until the projectile in which it is
assembled is fired from a gun. When the projectile
is fired from a gun, centrifugal force moves the
firing pin detents and rotor detents outward over-
coming the holding forces and thereby releasing the
firing pin and rotor.

Figure 4.—Auxiliary Detonating Fuze Mk 17
Mod 0-7—Exterior View Full Size
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The rotor which contains two lead counterweights,

when the added friction due to setback has ceased.
the primer and défonafor, 1S ASSEMOEd It (€ 1o e

(T CTE GEERTOET ATz 7 e s i e o

block with the axis of tfie detonator at an ang€ or
55 degrees from the long axis of the fuze. The rotor
is held in this unarmed position by two rotor de-
tents, the tapered ends of which engage in holes in
the sides of the rotor. In this position the detonator
element is safe and if the detonator were to be ex-
ploded it would not detonate the booster. The rotor
detents, on being moved outward by centrifugal
force, withdraw from the holes in the rotor, permit-
ting the counterweights to rotate the rotor into a
position of equilibrium in which the primer and det-
onator are in line with the firing pin and booster
lead-in, respectively. This movement of the rotor
does not actually take place until just outside the
muzzle where setback ceases and the high side wall
friction forces restraining the rotor disappear.

The rotor is now fully armed, the firing pin is re-
leased and the fuze functions as follows: The gas
pressure and/or shock wave from the action of the
nose fuze forces the obturating cup down and shears
the sealing disc adjacent to the firing pin. The firing
pin is in turn forced against the primer cap and
anvil which functions the detonator, the booster
lead-in and booster.

Arming Spin

Both the firing pin detents and the rotor detents
arm between 3000 and 4500 rpm in static spin tests.

Safety Features

The rotor assembly and firing pir are held in the
unarmed position by their respective safety detents.
The fuze is armed only by centrifugal force. One set
of detents holds the firing pin and one set holds the
rotor unit in the unarmed position. In addition, cen-
trifugal force is mnecessary to cause the counter-
weights to carry the rotor to its armed position

I€ WOl 11dt Qécammace de doaseer Ciarge,

Acceptance Tests

Sample fuzes from preliminary and each produc-
tion lot are subjected to standard safety tests and to
the following functioning tests:

Flight Test. Two fuzes are assembled in service
loaded projectiles with dummy time fuzes and fired
from a gun. The fuzes must not function to explode
the bursting charge during flight.

Functioning Test. Five fuzes are assembled in
standard service loaded projectiles each with a time
fuze of proven high quality, and fired from a gun
at various fuze settings, two of which correspond to
the maximum range of the gun to insure bursts be-
fore impact. All fuzes must function to explode the
bursting charge of the projectile with a HO detona-
tion upon functioning of the time fuze.

Markings on Fuze
On the closing plug the following data are stamped :

AUX.
DET. FUZE
MK XVI1 — MOD —--

Lot No.— (Followed by Initial of Loading Plant)
Manufacturer’s Symbol; Anchor Sign; Year and
Month of Loading; Inspector’s Initials.

Remarks

The fuzes Mk 17 are no longer in production,
having been superseded by fuzes Mk 46 and Mk 54
described in this OP. The Mod numbers 0-7 of the
fuze Mk 17 denoted the different manufacturers of
inert parts and not any difference in design. The
Fuze Mk 17 Mod 8 was redesignated Auxiliary Det-
onating Fuze Mk 46.
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Chapter 4

MECHANICAL TIME FUZE MARK 18 MODS 2, 3, AND 4

General Data

Designation and Type
Mechanical Time Fuze Mk 18 Mods 2, 3 and 4

Projectiles Used In

Illum. AA Common HC
4” /50 57/25 57/51
57/25 57/38 6”/47 S.P.
57/38 6"/53
57/51
6”/47
6"/53
Overall Dimensions and Weight
Length ...t 4.313 in.
Body threads ............ 1.70in.-14NS-1RH
Weight .......... 2.33 Ib. with zinc upper cap
2.50 Ib. with brass upper cap
Material
Body ....... ... e Brass
Lowercap ...t Brass
Uppercap «..oovvvvinennn.. .Zinc or brass*
*All production since May 1943 has utilized
zine.
Applicable OS ....... e 2114 Revision B

. 267597

General Arrangement Drawing No.

Explosives Used

Primer cap contains either F.A. 70 primer
mixture consisting of potassium chlorate, anti-
mony sulfide, TNT and lead sulfocyanate or the
F.A. 70 primer mixture modified to contain 8%
ground glass. Magazine charge consists of not
less than 40 grains of black powder in a mois-
tureproof plastic container.

Description v

The 45-second Mechanical Time Fuze, Mk. 18
type, is designed to initiate detonation of high explo-
sive projectiles or to initiate functioning of an illu-
minating, W, or chemical projectile after a prede-

termined lapse of time. When employed for high ex-
plosive initiation, these time fuzes are used in con-
junction with auxiliary detonating fuzes which are
functioned by the pressure (not flame) produced by
the burning of the black powder base charge of the
mechanical time fuze.

In its assembled form the fuze consists of four
main sub-assemblies: the movement assembly, the
body, the lower cap and the upper cap. The move-
ment assembly is attached to the inside of the body
by three holding screws and contains the firing pin
and the mechanism which eventually releases it. The
brass body contains the magazine charge (not less
than 40 grains of black powder in a plastic con-
tainer which is practically impervious to moisture),
the primer cap, a black powder relay pellet (to aug-
ment flame from primer) and the bottom closing
screw. The lower cap is inscribed with a scale grad-
uated in seconds for setting the fuze and is attached
to the body by a joint characterized by a tensioning
feature wherein the tensional resistance to rotative
relative movement between lower cap and body is
adjusted by four screws during assembly, at the fuze
manufacturing plant. The lower cap and body are
each provided with a lug for engagement in the slot
of a fuze setter or hand setting wrench. The upper
cap screws into the lower cap and completes the nose
contour of the assembled fuze.

Operation

The timing movement of the fuze is a clockwork
mechanism which utilizes centrifugal force acting
on two weights for the primary driving force. To
assist the weights in overcoming the initial inertia
of the moving parts, there are as well two springs
called “kick-off” springs. These are sufficiently
strong to run the fuze timing movement for approx-
imately 15 seconds by themselves.

The fuze is assembled in the unarmed condition
and remains in this condition during transportation
and storage. Setback force releases the mechanism
so that it can be driven by centrifugal force aided
by the “kick-off” springs; its rate being governed by
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Figure 5.—Mechanical Time Fuze Mk 18 Mods 2, 3 and 4—Ex#erior View Full Size

an escapement. It is.fired by a spring actuated firing
pin which is released at the correct instant by a
centrifugal controlled mechanism (the firing arm
assembly). The timing element, termed the “timing
disc,” which receives the selective setting is con-
nected to the main drive pinion shaft by a friction
clutch which permits the timing disc to turn relative
to the main drive pinion shaft during the setting
operation. The entire gear train, including the main
drive pinion shaft, is locked until released by another
centrifugally controlled mechanism, the safety lever
assembly. In order to turn the timing disc relative
to the main drive pinion shaft, a setting pin is pro-
vided. This setting pin is fixed at one end to the top
inside shoulder of the lower (rotative) cap in such
a position as to be parallel to the longitudinal axis
of the fuze. The free end of the setting pin engages
the forked lug of the timing disc. Disengagement of
the setting pin from the forked lug of the timing disc
is effected under the force of setback by two small
weights of the hammer spring assembly which de-

presé the forked lug. As soon as the force of set-
back decreases from its maximum value the spring
holder of the weights begins to return them to a for-
ward position clear of the timing disc. The forked
lug remains bent down. Thus, the timing disc is un-
locked by the forces of setback.

Setback also moves the setback pin towards the
base of the fuze, thus permitting subsequent rota-
tion of the firing arm which will occur later at the
preset time. The gear train, including the escape-
ment mechanism, is also unlocked simultaneously, by
another element (the safety lever and weight assem-
bly) in the fuze. Almost at the same instant centrifu-
gal force augmented by backlash and the two small
“kick-off” springs, acts to start and sustain the move-
ment of the timing disc in its measurement of the
time interval for which the fuze has been preset.
The speed of the timing disc and therefore the accu-
racy with which the predetermined interval of time
will be measured depend essentially upon the accu-
racy of the escapement mechanism which governs
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Figure 6.—Mechanical Time Fuze Mk 18—Schematic

the speed of the fuze movement. The escapement
mechanism is adjusted statically and the completed
movment assembly regulated dynamically prior to
attaching the movement assembly to the inside of the
fuze body. When the slot in the timing disc comes
opposite the lug on the firing arm assembly, centrifu-
gal force of the operating weight on the firing arm
assembly moves it outward, thus turning the lug
into the slot and revolving the shaft. (Note that the
setback pin, which is kept in position by a holding
spring, is driven down by the force of setback so
that the stop pin on the firing arm shaft is free to
move past it as soon as the projectile has been fired
from the gun.) The revolving firing arm shaft clears
the firing pin safety plate which moves outward,
allowing the firing pin spring to drive the firing pin
downward onto the primer,

The fuze functions at the end of the predeter-
mined interval of time for which the fuze has been
set, as indicated above. Functioning of the explosive
train is initiated by the release 6f the spring actu-
ated percussion type firing pin which impinges on a
non-fulminate type of percussion primer. In turn

flame from the primer impinges on the magazine
charge which consists of 40 or more grains of black
powder in a plastic container, located in the maga-
zine or base of the fuze body. A small hollow black
powder relay pellet is included in the primer screw
assembly located in the fuze body, for purposes of
augmenting the flame which ignites the black powder
magazine charge.

Safety Features

(2) A setback pin prevents rotation of the firing
arm’ and hence tripping of the spring-loaded firing
pin through a connecting linkage until the setback
pin is moved rearward by setback force.

(b) A spring-loaded safety lever prevents oscil-
lation of the clockwork escapement until it rotates
out of engagement by centrifugal force.

(c) When the fuze is set on “safe” or anything
less than the prescribed minimum setting, the firing
slot in the timing disc is covered by a safety disc so
that if the timing disc were rotated into firing posi-
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Figure 7.—Mechanical Time Fuze Mk 18—Exploded View

tion it could not release the firing arm and trip the Acceptance Functioning Tests
firing pin.

(d) The timing disc is prevented from rotating Sample fuzes from each production lot are fired

by the setting pin, which passes between two prongs at settings of 3, 10, 15, 20, 25, 30, and 40 seconds at
of a raised forked lug near the edge of the timing various gun elevations. The actual mean time of
disc itself. This lug is bent down out of the way of flight and the dispersion obtained shall not differ
the setting pin by the hammer in the upper cap when from the setting by more than 0.08 seconds, plus
setback occurs. 0.005 times the setting.
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Markings on Fuze

Mech. Time Fuze—Mk 18 Mod 2 (3 or 4)
(Initials of Manufacturer and of Navy Inspector)
and Lot No.——

Remarks

(a) Fuzes Mk 18 Mods 2, 3 and 4 are essentially
the same and represent three different manufacturers
(Eclipse Machine Division of Bendix Aviation
Corp., Frankford Arsenal, and Thos. A. Edison,
Inc., respectively).

(b) Time Setting Characteristics. The Fuzes
Mk 18 Mods 2, 3 and 4 function as follows for
various settings:

Setting Action
Safety zone to and in- Dud caused by built-in fea-
cluding ture (safety disc).
0.0 seconds

*(0.0 to 0.3 seconds ‘May be a dud or may func-
tion somewhere between
0.6 and 0.8 seconds.

*0.3 to 0.6 seconds Will function somewhere
between 0.6 and 0.8 sec-
onds.

0.6 to 45.0 seconds Will function at time set

(within allowable calibra-
tion error).
*NOTE: These settings are not recommended be-
cause the resultant actions are variable due to manu-
facturing tolerances..
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Figure 7.—Mechanical Time Fuze Mk 18—Exploded View

tion it could not release the firing arm and trip the
firing pin.

(d) The timing disc is prevented from rotating
by the setting pin, which passes between two prongs
of a raised forked lug near the edge of the timing
disc itself. This lug is bent down out of the way of
the setting pin by the hammer in the upper cap when
:‘-:‘I}'r.'l(‘l( occurs.

Acceptance Functioning Tests

Sample fuzes from each production lot are fired
at settings of 3, 10, 15, 20, 25, 30, and 40 seconds at
various gun elevations, The actual mean time of
flight and the dispersion obtained shall not differ
from the setting by more than 0.08 seconds plus
0.005 times the setting.
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MECHANICAL TIME FUZE MK 18 MODS 2, 3, AND 4

Markings on Fuze Setting
. Safety zone to and in-
Mech. Time Fuze—Mk 18 Mod 2 (3 or 4)

g cluding

(Initials of Manufacturer and of Navy Inspector) 0.0 seconds
and Lot No. ) *(0.0 to 0.3 seconds
Remarks

*0.3 to 0.6 d

(a) Fuzes Mk 18 Mods 2, 3 and 4 are essentially VD seconas
the same and represent three different manufacturers
(Eclipse Machine Division of Bendix Aviation 0.6 to 45.0 seconds

Corp., Frankford Arsenal, and Thos. A. Edison,
Inc., respectively).

Action
Dud caused by built-in fea-
ture (safety disc).

'May be a dud or may func-

tion somewhere between
0.6 and 0.8 seconds.

Will function somewhere
between 0.6 and 0.8 sec-
onds.

Will function at time set
(within allowable calibra-
tion error).

(b) Time Setting Characteristics. The Fuzes  *NOTE: These settings are not recommended be-
Mk 18 Mods 2, 3 and 4 function as follows for  cause the resultant actions are variable due to manu-

various settings: facturing tolerances.

RESTRICTED
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PROJECTILE FUZES OP 1212
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Figure 8.—Base Detonating Fuze Mk 19—Sectional View
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Chapter 5
BASE DETONATING FUZE MARK 19

General Data
Designation and Type
" Base Detonating Fuze Mk 19 Mod —

. Projectiles Used In
67/47 cal. Common Mk 28
6”/53 cal. Common Mk 27

Overall Dimensions and Weight

Length ....ovveviiiiiiiiiiia, 6.67 in.
Body thread length ................. 1.72 in.
Body threads ........... 1%4 in—12NS-3LH
Weight ...t 1.87 1b. == 0.05 1b.
Material
Body ............. Chrome molybdenum steel
Detonator plunger .. Chrome molybdenum steel
Nosecap ..ovvveniiniinnnn Aluminum alloy
’ Applicable OS .................. e 896

General Arrangement Drawing No. ... 206213
Explosives Used '

1 Sensitive primer cap—fulminate of mercury
cap mixture (includes potassium chlorate, an-
timony sulphide)

1 Delay primer cap—{ulminate of mercury cap

mixture (includes potassium chlorate, anti-

mony sulphide)

Delay element (0.0l second)—Black powder

Detonator—Iead azide '

Detonator plunger load—Tetryl

Plunger lead-outs—Tetryl

Booster lead-ins—Tetryl

Boosters—Tetryl

[N N SR e

Description

The fuze is composed of two major parts, namely,
the fuze body and the nose cap. The fuze body con-
tains the plunger retaining plug, the auxiliary
plunger assembly, the detonator plunger assembly,
detents, anti-creep spring assembly and two sidewall Figure 9.—Base Detonating Fuze Mk 19

. boosters protected by a booster cover. Exterior View Full Size
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PROJECTILE FUZES

OP 1212

TIR ORRR T, woiehh A srrenmed ande e foxwasd
end of the fuze body, houses the sensitive firing pin
and detents. A locking pin is provided to lock the
nose cap in position after final assembly at the load-
ing plant.

The base of the fuze body is fitted to receive a
tracer Mk 5 type.

Operation

The fuze is assembled in the unarmed position.
All components of the fuze remain in this position
during transportation, storage, and until after the
fuzed projectile is fired from the gun. After the
projectile leaves the muzzle of the gun, the detonator
plunger detents and the sensitive firing pin detents
are forced outward by centrifugal force against their
spring pressure and friction. This does not occur in
the bore of the gun because the sidewall friction
forces due to acceleration are greater than the cen-
trifugal forces. Also, the sensitive firing pin is
slightly movable and at setback binds against the
sensitive firing pin detents holding them in the safe
position. Close outside the muzzle where the accel-
eration ceases, the sidewall friction drops off sharply
and the radially movable parts (detents) snap out-
ward due to the continuous centrifugal force.

The detonator plunger is now unlocked but is re-
tained in the safe (rearward) position during flight
by the resistance of the anti-creep spring which acts
against the flanged end of the inner anti-creep spring
cup attached to the detonator plunger. Since the
sensitive firing pin detents have been thrown out
of the way, the sensitive firing pin is free to be
impinged upon by the sensitive primer held in the
detonator plunger, immediately upon impact of the
projectile. At this time the detonator plunger, aided
by the momentum of the auxiliary plunger on its ball
bearings, continues forward impinging the sensitive
primer cap onto the sensitive firing pin. The gas
pressure from the explosion of the sensitive primer
cap drives the round pointed delay element firing
pin against the delay primer cap while at the same
time these gases pass through the port holes on the
side of the primer container:and build up a high
pressure within the inner cup for the anti-creep
spring, expanding that part of cup which is adjacent
to the drilled holes in the nose cap. The bulging of
the inner cup for the anti-creep spring locks the
detonator plunger in the forward firing position. In

this Gring, gosition e lead-out boles n the glangss
are in alignment with the booster lead-in holes.

The firing ot the detonator plunger delay primer
cap in turn ignites the black powder delay element -

(0.01 second) which then functions the detonator,
2 plunger lead-outs, 2 booster lead-ins, 2 boosters
and the projectile bursting charge.

Arming Spin
3000 to 4500 rpm.

Safety Features

The safety detent mechanisms are armed only by
centrifugal force of a relatively high magnitude.
Two sets of detents, one to prevent the sensitive
primer from impinging on the sensitive firing pin,
and the other set for holding the detonator plunger
in the safe rearward position, insure that all four
detents will not become accidentally withdrawn at
the same time. Furthermore, the fuze is “detonator
safe”. That is, when the fuze is in the safe position
(plunger rearward), and the detonator is set off by
any cause, the force of the detonator is dissipated
and the booster will not be detonated.

Sensitivity Limits

The Fuze Mk 19 in 6-in. Common projectiles will
function at all probable striking velocities and ob-
liquities against 14-in. mild steel plate. It will func-
tion on ground and water impacts down to angles of
fall of about 2° and 5°, respectively.

Acceptance Test Data

Samples from each production lot of fuzes are
subjected to prescribed safety tests and also to the
ballistic acceptance tests in 6-in. Common projec-
tiles, see table on page 27. Acceptance of each lot is
based on at least 80% performance. Each projectile
should burst with high order detonation within 20
feet behind the plate.

Markings on Fuze

Around the exposed base of the fuze body the
following data are stamped on each fuze: TDF Mk
19—Mod - —; letters to indicate manufacturer of
the fuze body; letters to indicate manufacturer of
other inert parts; Inspector’s initials; Lot No.;
year and month of loading; letters to indicate load-
ing plant. The “TDF” stands for “Tracer Detonat-
ing Fuze.”
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BASE DETONATING FUZE MK 19

Striking

Rounds Plate Obliquity Velocity

2 47 mild steel 0° 1000 £ /s

2 “ 450 1200 £/s

2 “ 0° 2000 /s

2 4” Class B 35° 1800 /s
Remarks (b) The Fuze Mk 19 has been made and loaded

(a) The fuze Mk 19 is the original fuze of the
currently used base fuze series and is very similar
to Fuzes Mks 20, 21, 28, 39 and 48. It contains a
black powder delay element which functions the
detonator after 0.01 second duration. It also has the
slight inherent mechanical delay peculiar to all in-
ertia plunger type base fuzes. This delay is on the
order of 0.003 seconds.

by the Naval Torpedo Station, Newport. The Fuze
Mk 19 Mod 1 is the moistureproofed design similar
to that described in detail for the Fuze Mk 28 Mod
15. Fuzes Mk 19 Mod 1 have never been manu-
factured, however to meet limited requirements, a
number of Fuzes Mk 19 type of older manufacture
are being reconditioned, and moistureproofed at the
Naval Torpedo Station, Newport, R. 1.
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PROJECTILE FUZES OP 1212
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Figure 10.—Base Detonating Fuze Mk 20—Sectional View
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Chapter 6
BASE DETONATING FUZE MARK 20

General Data

Designation and Type
Base Detonating Fuze Mk 20 Mod —,

Projectiles Used In

Common

47 /50 cal. (Temporary assembly; Fuzes Mk 36
type are now used)

57/38 cal.

5/51 cal.

5" /54 cal *

*See Fuzes Mk 19,

Overall Dimensions and Weight

Length ...t 6.67 in.
Body thread length ................ 1.258 in.
Body threads .......... 1% in—12NF-3LH
Weight ....... .. . ... 1.87 Ibs. == 0.05 1b.
' Material
Body ............... Pearlitic manganese steel
Detonator plunger .. ..Pearlitic manganese steel
Nosecap ....covvvinnnn... Aluminum alloy
Applicable OS.......................... 897

General Arrangement Drawing No..... 423057

Explosives Used

1 Sensitive primer cap—fulminate of mercury
cap mixture (includes potassium chlorate, an-
timony sulphide)

1 Delay primer cap—fulminate of mercury cap
mixture (includes potassium chlorate, anti-
mony sulphide)

1 Delay element (0.01 second)—Black powder

1 Detonator—I.ead azide

1 Detonator plunger load—Tetryl

2 Plunger lead-outs—Tetryl

2 Booster lead-ins—Tetry!

2 Boosters—Tetryl

Description o
The fuze is composed of two major parts; namely, Figure 11.—Base Detonating Fuze Mk 20
' the fuze body and the nose cap. The fuze body con- Exterior View Full Size
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tains the plunger retaining plug, the auxiliary
plunger assembly, the detonator plunger assembly,
detents, anti-creep spring assembly and two side-
wall boosters protected by a booster cover.

The nose cap, which is screwed onto the forward
end of the fuze body houses the sensitive firing pin
and detents. A locking pin is provided to lock the
nose cap in position after final assembly at the load-
ing plant. The fuze is moistureproofed by the ap-
plication of a lacquer plus a final coat of Bakelite
varnish.

The base of the fuze body is fitted to receive a
Tracer Mk 5 Type.

Operation

The fuze is assembled in the unarmed position. All
components of the fuze remain in this position dur-
g transportation, storage, and until aiter the fuzed
projectile is fired from the gun. After the projectile
leaves the muzzle of the gun, the detonator plunger
detents and the sensitive firing pin detents are forced
outward by centrifugal force against their spring
pressure and friction. This does not occur in the
bore of the gun because the sidewall friction forces
due to acceleration are greater than the centrifugal
forces. Also, the sensitive firing pin is slightly mov-
able and at setback binds against the sensitive firing
pin detents holding them in the safe position. Close
outside the muzzle where the acceleration ceases,
the sidewall friction drops off sharply and the radi-
ally movable parts (detents) snap outward due to
the continuous centrifugal force. The detonator
plunger is now unlocked but is retained in the safe
(rearward) position during flight by the resistance
of the anti-creep spring which acts against the
flanged end of the inner anti-creep spring cap at-
tached to the detonator plunger. Since the sensitive
firing pin detents have been thrown out of the way
the sensitive firing pin is free to be impinged upon by
the sensitive primer cap held in the detonator plunger,
immediately upon impact of the projectile. At this
time the detonator plunger, aided by the momentum of
the auxiliary plunger on its ball bearings, continues
forward impinging the sensitive primer cap onto the
sensitive firing pin. The gas pressure from the explo-
sion of the sensitive primer cap drives the round
pointed delay element firing pin against the delay
primer cap while at the same time these gases pass
thru the port holes on the side of the primer con-

tainer, and build up a high pressure within the inner
cup for the anti-creep spring expanding that part of
the cap which is adjacent to the drilled holes in the
nose cap. The bulging of the inner cup for the anti-
creep spring locks the detonator plunger in the for-
ward firing position. In this firing position the lead-
out holes in the plunger are in alignment with the
booster lead-in holes. The firing of the detonator
plunger delay primer cap in turn ignites the black
powder delay element (0.01 second) which then
functions the detonator, 2 plunger lead-outs, 2
booster lead-ins, 2 boosters, and the projectile
bursting charge.

Arming Spin

The fuze becomes armed shortly after leaving the
muzzle. Detents are required to arm in static spin
tests between 3000-4500 rpm.

Safety Features

The safety detent mechanisms are armed only by
centrifugal force of a relatively high magnitude.
Two sets of detents, one to prevent the sensitive
primer from impinging on the sensitive firing pin,
and the other set for holding the detonator plunger
in the safe rearward position, insure that all four
detents will not become accidentally withdrawn at
the same time. Furthermore, the fuze is “detonator
safe”. That is, when the fuze is in the safe position
(plunger rearward), and the detonator is set off
by any cause, the force of the detonator is dissipated
and the boosters will not be detonated.

Sensitivity Limits
The Fuze Mk 20 in 5-in. Common projectiles will
function at all probable striking velocities and

obliquities up to 80° against 24-in. m.s. plate. It will
function reliably on ground and water impacts down

. to angles of fall of 2° and 5°, respectively.

Acceptance Test Data

Samples from each production lot are subjected
to prescribed safety tests and also to the following
ballistic acceptance tests in 5-in. Common projec-
tiles:
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BASE DETONATING FUZE MK 20

Striking

Rounds Lots Plate Obliquity Velocity
2 All 24" mild steel 0° 1000 1 /s

2 “ “ 45° 1200 /s

2 e “ 0° 2000 f/s

4 Every 5th 125” CL.B 20° 1250 £ /s

Acceptance of each lot is based on at least 80%
performance. Each projectile should burst with high
order detonation within 20 feet behind the plate.

Markings on Fuze

Around the exposed base of the fuze body the
following data are stamped on each fuze:

Mk 20 Mod —; Lot No. —; Loading Plant’s
Initials; Year and Month of Loading; Inspector’s
Initials; Anchor Sign; Inert Parts Manufacturer’s
initials.

Remarks

(a) The Fuze Mk 20 is very similar to Fuzes
Mk 19, 21, 28, 39 and 48. Tt contains a black powder

RESTRICTED

delay element which functions the detonator after
0.01 second duration. It also has the slight inherent
mechanical delay peculiar to all inertia plunger type
base fuzes. This delay is on the order of 0.003
seconds.

(b) The Fuze Mk 20 type has been made and
loaded by two activities; complete fuzes at Naval
Torpedo Station, Newport; and inert parts at Naval
Ordnance Plant, Milledgeville, Ga., while loading
of the latter parts is being conducted at Naval
Ordnance Plant, Macon, Ga. The Fuzes Mk 20 Mod
1 and Mod 2 are the moistureproofed designs shown
on Naval Torpedo Station, Newport, R. I., and
Bureau of Ordnance drawings, respectively. The

moistureproof design is described in detail under
Fuzes Mk 28 Mod 15.
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Figure 12.—Base Detfonating Fuze Mk 21—Sectional View
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Chapter 7
BASE DETONATING FUZE MARK 21

General Data

Designation and Type
3ase Detonating Fuze Mk 21 Mod —
Projectiles Used In

AP o 6”7, 87, 127, 147, 16"
Overall Dimensions and Weight

Length ........ ... ... ... ... ... 6.75 in.

Body thread length ................ 1.258 in.

Body threads ............ 174 in—12NF-3LH

Weight .................... 1.88 # 0.051b.
Material

Body ............. Chrome molybdenum steel

Detonator plunger. .. Chrome molybdenum steel

Nosecap ....vvvivvinnin.. Aluminum alloy
Applicable OS .................. 2506 Rev. C

General Arrangement Drawing No.. ... 225563

Explosives Used
1 Sensitive primer cap—Fulminate of mercury
cap mixture (includes potassium chlorate, an-
’ timony sulphide)

1 Delay primer cap—Fulminate of mercury cap
mixture (includes potassium chlorate and
antimony sulphide)

Delay element (0.033 second)—DBlack powder
Detonator—ILead azide

Detonator plunger load—Tetryl

Plunger lead-outs—Tetryl

Booster lead-ins—Tetryl

Boosters—Tetryl

NN N = =

Description

The fuze is composed of two ma’or parts, namely,
the fuze body and the nose cap. The fuze body con-
tains the plunger retaining plug, the auxiliary
plunger assembly, the detonator plunger assembly,
detents, anti-creep spring assembly and two side-
wall boosters protected by a booster cover.

The nose cap which is screwed onto the forward
end of the fuze body houses the sensitive firing pin
and detents. A locking pin is provided to lock the
nose cap in position after final assembly at the load-
ing plant. The fuze is moistureproofed by the ap-
plication of a lacquer plus a final coat of Bakelite Figure 13.—Base Detonating Fuze Mk 21
varnish. Exferior Yiew Full Size
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The base of the fuze body is fitted to receive a
Tracer Mk 5 Type.

Operation

The fuze is assembled in the unarmed position.
All components of the fuze remain in this position
during transportation, storage, and until after the
fused projectile is fired from the gun. After the
projectile leaves the muzzle of the gun, the detonator
plunger detents and the sensitive firing pin detents
are forced outward by centrifugal force against their
spring pressure and friction. This does not occur
in the bore of the gun because the sidewall friction
forces due to acceleration are greater than the centrif-
ugal forces. Also, the sensitive firing pin is slightly
movable and at setback binds against the sensitive
firing pin detents holding them in the safe position.
Close outside the muzzle where the acceleration
ceases, the sidewall friction drops off sharply and
the radially movable parts (detents) snap outward
due to the continuous centrifugal force. The detona-
tor plunger is now unlocked but is retained in the
safe (rearward) position during flight by the re-
sistance of the anti-creep spring which acts against
the flanged end of the inner anti-creep spring cup
attached to the detonator plunger. Since the sensitive
firing pin detents have been thrown out of the way
the sensitive firing pin is free to be impinged upon
by the sensitive primer held in the detonator plunger
immediately upon impact. At this time the detonator
plunger, aided by the momentum of the auxiliary
plunger on its ball bearings, continues forward im-
pinging the sensitive primer cap onto the sensitive
firing pin. The gas pressure from the explosion of
the sensitive primer cap drives the round pointed
delay element firing pin against the delay primer
cap while at the same time these gases pass through
the port holes on the side of the primer container
and build up a high pressure within the inner cup
for anti-creep spring expanding that part of the cap
which is adjacent to the drilled holes in the nose cap.
The bulging of the inner cup for the anti-creep
spring locks the detonator plunger in the forward
firing position. In this firing position the lead-out
holes in the plunger are in alignment with the
booster lead-in holes. The firing of the detonator
plunger delay primer cap in turn ignites the black
powder delay element (0.033 second) which then
functions the detonator, 2 plunger lead-outs, 2
booster lead-ins, 2 boosters, and the projectile burst-
ing charge.
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The Fuze Mk 21 type contains a mechanical fea-
ture not present in any of the other base fuzes of
this type. The detonator plunger has four shallow
holes drilled into its sides at an angle inclined to the
axis of the plunger. A small steel ball is placed i
each hole. After forward motion of the plunge
on impact, centrifugal force causes the balls to f
out of their recesses into the forward or large
diameter portion of the body cavity. This locks th
plunger in the forward position providing a lock i
addition to that produced by the expansion of th
inner anti-creep spring cup by explosion of the sen
sitive primer cap. Since the Fuze Mk 21 type con
tains a relatively long delay of 0.033 second thi
additional plunger locking device is valuable to kee
the detonator plunger lead-outs correctly aligne
with the booster lead-ins during the delay peri
while the projectile may be experiencing violen
shocks, changes in position and direction durin
penetration of a ship’s structure.

Arming Spin

The fuze becomes armed shortly after leaving th
muzzle. Detents are required to arm in static spi
tests between 1200 and 1400 rpm.

Safety Features

The safety detent mechanisms are armed only b
centrifugal force of a relatively high magnitude. Tw
sets of detents, one to prevent the sensitive prime
from impinging on the sensitive firing pin, and th
other set for holding the detonator plunger in th
safe rearward position, insure that all four detent
will not become accidentally withdrawn at the sam
time. Ifurthermore, the fuze is “detonator safe”
That is, when the fuze is in the safe positio
(plunger rearward), and the detonator is set off b
any cause, the force of the detonator is dissipated
and the boosters Wwill not be detonated.

Sensitivity Limits

The Fuze Mk 21 in 6-in. AP projectiles will func
tion at all probable striking velocities and obliquiti
against 34-in. m.s. plate. At the other end of {
projectile scale, in the 2700-1b. 16-in. AP proje
tile, the Fuze Mk 21 functions at 1000 f/s striki
velocity on ¥-in. STS at 60° obliquity and «
1-in.-1%-in. STS at 30° obliquity. When firin
through several successive thin plates several fe
apart, individually too light to initiate fuze actio
there is no cumulative effect and no fuze action i
probable.



BASE DETONATING FUZE MK 21

4‘ Acceptance Test Data out of five production lots are tested, as follows,
Since about 80% of all Fuzes Mk 21 now being  in 6-in. AP projectiles and those lots earmarked for
made are assembled into 6-in. AP projectiles, four  such assembly only.

Test Number Plate Obliquity Striking Velocity

A 5 334”-5” Cl. Aor B 30-45 Adequate to give about 1500 f/s
remaining velocity

B 5 “ . Same but 1000 {/s R.V.
C 5 “ “ Same but 500 f/s R.V.
D 5 347-54" “ 2300-2100 £/s
E 5 “ “ 1000-1200 £/s
F 3 Flight test for prematures are conducted using three rounds out of every 20th lot.
Projectiles are fired down river using proof or near proof charges in a 6”/47 gun.
Guns of various degrees of wear are used, including frequent tests in guns in the
last third of their normal life. ‘
Lots are tested as follows: ing within 30" to 70" behind the plate, assuming the
Lot numbers ending in: remaining velocity had been 1000 f/s in each case.
1. 2 or 3—Test A A premature on any test shall be cause for rejection
4’ 5 or 6—Test B . of the lot. .

’ Lots of Fuzes Mk 21 which are not designated
7, 820r g_T.lsSt CD E (Al dTF solely for 6-in. assembly are used in 8&-in. to 16-in.
10, 20, 30—Test D or K (Alternate) and It AP projectiles and are given the following ballistic

@ Acceptance is based on 80% high order function-  tests for acceptance:
Test  No. AP Projectile Plate Obliquity Striking Velocity

A 3 8” Mk 21, 335 1b. 334”7-6”ClLAor B 300-45° Enough to give about

1500 f/s R.V.
A-1 3 8” Mk 21, 335 Ib. 334”7-6" CLAorB 30°-45° About 1000 /s R.V.
A-2 3 8” Mk 21, 335 1b. 3347-6"Cl.Aor B 30°-45° About 500 f/s R.V.
B 3 8" Mk 21, 335 1b. 27-4"ClL. B 45°-60° 1150to 1250 £/s R.V.

C 3 8” Mk 21, 335 1b. 5%8” STS 60°-70° About 1500 f/s R.V.
C-1 3 8” Mk 21, 335 1b. 54” STS 60°-70° 1000 f/s R.V.

D 3 12” Mk 18,1140 Ib. 77127 Cl.Aor B 300-40° 1500 f/s
D-1 3 12”7 Mk 18, 1140 1b. 77-12" Cl. Aor B 30°-40° 1000 £/s
D-2 3 12” Mk 18, 1140 1b. 77-12”7 Cl.Aor B 30°0-40° 500 1/s

E 3 14” Mk 16 or 20, 1500 Ib, 127177 ClL A 30°-40° 1500 £/s
E-1 3 14” Mk 16 or 20, 1500 Ib. 127-177 CL. A 30°-40° 1000 £/s
E-2 3 14” Mk 16 or 20, 1500 Ib. 127-17" Cl. A 30°-40° 500 £/s

F 3 14” Mk 16 or 20, 1500 Ib. 347-114" STS 30°-70° 1500 £/s
F-1 3 14” Mk 16 or 20, 1500 Ib. 3477114 STS 300-70° 1000 £/s
G 3 16” Mk 5, 2240 1b. 127-177 Cl. A 30°-40° 1500 f/s
G-1 3 16” Mk 5, 2240 1b. 127-17” Cl. A 30°-40° 1000 £/s
G-2 3 16" Mk 5, 2240 1b. 127-17" Cl. A 30°-40° 500 1/s
H 3 16” Mk 8, 2700 1b. 127177 ClL A 30°-40° 1500 £/s
H-1 3 16” Mk 8, 2700 1b. 127177 CLL A 30°-40° 1000 1/s
H-2 3 16” Mk 8, 2700 1b. 127-17" CLL A 30°-40° 500 £/s
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AP Projectile

Test  No. Plate Obliquity Striking Velocity
1 3 16" Mk 8, 2700 Ib. 17-124" STS 300 1500 /s
[-1 3 16” Mk 8, 2700 1b. 17-114” STS 30° 1000 £/s
J 3 14” or 16” AP (any Mark) 34" STS 30° 1500 £/
57" STS 60° 1000 £ /s
127-177 CLL A 30°-40° 500 f /s

Spaced & to 12" Apart

K 3 87 to 16”7 AP (any Mark) Tlight test: Fired down river at proof or near proof

charges in guns of various degrees of wear, includ-
ing frequent tests in guns in the last third of their
normal life.

Acceptance on the lot is based 6625% high order
functioning on all plate tests, within 30-ft. to 70-ft.
behind the first plate heavy enough to initiate fuze
action, assuming residual velocity had been 1000 f/s
in each case.

Markings on Fuze

Around the exposed base of the fuze body the
following data are stamped on each fuze: Mk 21
Mod —; Lot —; Loading Plant’s Initials; Year and
Month of Loading; Inspector’s Initials; Anchor
Sign; Inert Parts Manufacturer’s Initials.

Remarks .
The Fuze Mk 21 is very similar to Fuzes Mk 19,

20, 28, 39 and 48. It contains a black powder delay
element, which functions the detonator after 0.033
second duration. It also has the slight inherent
mechanical delay peculiar to all inertia plunger type
base fuzes. This delay is on the order of 0.003
second. All Fuzes Mk 21 (no Mod) were made and
loaded at the Naval Torpedo Station, Newport. The
Ffuze Mk 21 Mod 1 is the moistureproofed design
as described in detail for the Fuze Mk 28 Mod 15.
All loading is done at Newport using inert parts
made by both the Naval Gun Factory and Newport.
At present Naval Ordnance Plant, Milledgeville, Ga.,
is tooling to produce these fuzes, while Naval
Ordnance Plant, Macon, Ga., will load them.
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Chapter 8
MECHANICAL TIME FUZE MARK 22 MODS 4, 5, AND &

General Data

Designation and Type
Mechanical Time Fuze Mk 22 Mods 4, 5 and 6

Projectiles Used in

Ilum. AA HC
37/23 37/23 47 /50
37/50 37/50
Overall Dimensions and Weight
Length ... ... il 4.55 in.
Body threads .......... 1.70in.—14NS-1RH
Weight .......... ... .... 1.38 == 0.035 1b.
Material
Body ..... ... ... .. il Aluminum
Lowercap ...... ... ... . .. Brass
Upper cap . ...vvvvininin .. Aluminum
Applicable OS .. ........ ... ... ...... 3004
General Arrangement Drawing No.
(Mod5)......... 439797
(Mod4)......... 439795

Explosives Used

Primer cap contains either F.A. 70 primer
mixture consisting of potassium chlorate, anti-
mony sulfide, TNT and lead sulfocyanate or the
F.A. 70 primer mixture modified to contain 8%
ground glass. Magazine charge consists of not
less than 40 grains of black powder in a mois-
tureproof plastic container.

Description

The 30-second Mechanical Time Fuze Mk 22 type
is designed to initiate detonation of a high explosive
projectile or to initiate functioning of an illuminat-
ing, W, or chemical projectile after a predetermined
lapse of time. When employed for high explosive
initiation, these time fuzes are used in conjunction
with auxiliary detonating fuzes which are func-
tioned by the pressure (not flame) produced by the
burning of the black powder base charge of the me-

chanical time fuze. In its assembled form the
fuze consists of four main sub-assemblies; the
movement assembly, the body, the lower cap and
the upper cap. The movement assembly is attached to
the inside of the body by three holding screws and
contains the firing pin and the mechanism which
eventually releases it. The aluminum body contains
the magazine charge (not less than 40 grains of
black powder in a plastic container which is practi-
cally impervious to moisture), the primer cap, a
black powder relay pellet (to augment flame from
primer) and the bottom closing screw. The body
is inscribed with a scale graduated in seconds for
setting the fuze.

Figure 14.—Mechanical Time Fuze Mk 22
Mods 4, 5 and é—Exterior View Full Size
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The lower cap is attached to the body by a joint
characterized by a tensioning feature wherein the
tensional resistance to rotative relative movement
between lower cap and body is adjusted by four
screws during assembly, at the fuze manufacturing
plant. The upper cap screws into the lower cap and
completes the nose contour of the assembled fuze.
The body and lower cap each have a slot cut into
them parallel to the fuze axis into which the lugs
of the fuze setter fit in order to set the fuze. This
differs from the Fuze Mk 18 type which has pro-
jecting lugs on the body and lower cap for the same
purpose.

Operation

The operating part of the fuze is a clockwork
mechanism which utilizes centrifugal force acting
on two weights for the primary driving force. This
fuze does not employ the “kick-off” springs de-
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Figure 15.—Mechanical Time Fuze Mk 22—Schematic
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MECHANICAL TIME FUZE MK 22 MCDS 4, 5, AND 6
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FIRING PIN

ESCAPEMENT LEVER

FIRING PIN SAFETY PLATE
Figure 16.—Mechanical Time Fuze Mk 22 Mods 4, 5 and 6—Exploded View

lower (rotative) cap in such a position as to be
parallel to the longitudinal axis of the fuze. The free
end of the setting pin engages the forked lug of the
timing disc. Disengagement of the setting pin from
the forked lug of the timing disc is effected under
the force of setback by two small weights of the
hammer spring assembly which depress the forked
lug. As soon as the force of set-back decreases from

its maximum value the spring holder of the weights
begins to return them to a forward position clear of
the timing disc. The forked lug remains bent down.
Thus, the timing disc is unlocked by the forces of
set-back.

Set-back also moves the set-back pin towards the
base of the fuze, thus permitting subsequent rotation
of the firing arm which will occur later at the preset
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time. The gear train, including the escapement
mechanism, is also unlocked simultaneously, by
another element (the safety lever and weight as-
sembly) in the fuze. Almost at the same instant
centrifugal force augmented by backlash acts to start
and sustain the movement of the timing disc in its
measurement of the time interval for which the fuze
has been preset. The speed of the timing disc and
therefore the accuracy with which the predeter-
mined interval of time will be measured depend es-
sentially upon the accuracy of the escapement mecha-
nism which governs the speed of the fuze movement.
The escapement mechanism is adjusted statically and
the completed movement assembly regulated dy-
namically prior to attaching the movement assembly
to the inside of the fuze body. When the sfot in
the timing disc comes opposite the lug on the firing
arm assembly, centrifugal force of the operating
weight on the firing arm assembly moves it outward
thus turing the lug into the slot and revolving the
shaft. (Note that the set-back pin, which is kept in
position by a holding spring, is driven down by the
force of set-back so that the stop pin on the firing
arm shaft is free to move past it as soon as the pro-
jectile has been fired from the gun.) The revolving
firing arm shaft clears the firing pin safety plate
which moves cutward allowing the firing pin spring
to drive the firing pin downward onto the primer.

The fuze functions at the end of the prede-
termined interval of time for which the fuze has
been set, as indicated above. Functioning of the ex-
plosive train is initiated by the release of the spring
actuated percussion type firing pin which impinges
on a non-fulminate type of percussion primer. In
turn flame from the primer impinges on the maga-
zine charge which consists of 40 or more grains of
black powder in a plastic container, located in the
magazine or base of the fuze body. A small hollow
black powder relay pellet is included in the primer
screw assembly located in the fuze body, for pur-
poses of augmenting the flame which ignites the
black powder magazine charge.

Safety Features

(a) A set-back pin prevents rotation of the firing
arm and hence tripping of the spring-loaded firing
pin through a connecting linkage until the set-back
pin is moved rcarward by set-back force.

(b) A spring-loaded safety lever prevents oscilla-
tion of the clockwork escapement until the safety

lever has been rotated out of engagement by centrif-
ugal force.

(¢) When the fuze is set on “safe” or anything
less than the prescribed minimum setting, the firing
slot in the timing disc is covered by a safety disc so
that if the timing disc were rotated into firing posi-
tion it could not release the firing arm and trip the
firing pin.

(d) The timing disc is prevented from rotating
by the setting pin, which passes between two prongs
of a raised forked lug near the edge of the timing
disc itself. This lug is bent down out of the way
of the setting pin by the hammer in the upper cap
when set-back occurs.

Acceptance Functioning Test

Sample fuzes from each production lot are fired
at settings of 3, 10, 15, 20 and 25 seconds at various
gun elevations. The actual mean time of flight and
the dispersion obtained shall not differ from the set-
ting by more than 0.08 second plus 0.005 times the
setting.

Markings on Fuze

Mech. Time Fuze Mk 22 Mod 4 (5 or 6).
(Initials of Manufacturer and of Navy Inspector)
and Lot No. —

Remarks

(a) Fuzes Mk 22 Mods 4, 5 and 6 are essentially
the same and represent three different manufac-
turers (Eclipse Machine Division of Bendix Avia-
tion Corp., Elgin National Watch Co. and Hamilton
Watch Co., respectively).

(b) Fuzes Mk 22 type are very similar to U. S.
Army fuzes M43 A3 type. Some of the fuzes M43
A3 have been obtained from the Army and as-
sembled in Navy ammunition without change of fuze
markings. '

(¢) Time Setting Characteristics :-—The Fuze Mk
22 Mods 4, 5 and 6 function as follows for various
settings :
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MECHANICAL TIME FUZE MK 22 MODS 4, 5, AND 6

_J‘ Setting © Action
Safety zone to and Dud caused by built-in fea-
including ture (safety disc)
0.3 seconds
*0.3 to 0.6 seconds May be a dud or may func-

tion somewhere between
0.6 and 0.8 seconds

0.6 to 30.0 seconds Will function at time set *NOTE: These settings are not recommended be-
(within allowable calibra- cause the resultant actions are variable due to manu-
tion error) facturing tolerances.
[
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Figure 17.—Base Detonating Fuze Mk 23—Sectional View
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Chapter 9
BASE DETONATING FUZE MARK 23

General Data

Designation and Type
Base Detonating Fuze Mk 23

Projectiles Used In

8”/55 Common 260 Ib.
87/55 AP 260 Ib, and 335 1b.
12”7/50 AP
14”7/45-50 AP 1400 1b. and 1500 Ib.
16”/45 AP 2100 1b., 2240 Ib. and 2700 1b.
Overall Dimensions and Weight
Length ..., 7.730 in.
Fuze stock, thread length ........... 1.258 in.
Fuze stock, threads ..... 1.50 in.—12NF-3LH
Weight ...t 21b.,7 oz.
Material
Stock and body......... Steel, cadmium plated
Applicable OS .. ....................... 2490

General Ai‘rangement Drawing No.... 236870

Explosives Used
1 Sensitive primer cap—Fulminate of mercury
mixture (includes potassium chlorate and an-
timony sulphide)
1 Delay primer cap—Fulminate of mercury
mixture (includes potassium chlorate and
antimony sulphide)

1 Delay element (0.02 second)—Black powder
1 Detonator—Lead azide
1 Detonator plunger load—Tetryl
2 Plunger lead-outs—Tetryl
2 Booster lead-ins—Tetryl
2 Boosters—Tetryl
Description

The fuze is composed of three major parts;
namely, the fuze stock, the fuze body, and the nose
cap. The fuze stock assembly is the after section of
the fuze containing the firing pin and detents and
the tracer cavity. The fuze body is threaded to the

forward section of the fuze stock and contains the
plunger, firing spring, sensitive and delay element
primers, delay pellet and detonator. The nose cap is
threaded to the forward end of the fuze body and
contains the ball retainer unit, its detents and anti-
creep spring.

Operation

The operation of the fuze is as follows: The fuze
is assembled in the unarmed position and remains
in this position during transportation, storage, and
until after the fuzed projectile is fired from the gun.
Shortly after the projectile leaves the muzzle of the
gun, the firing pin detents and ball retainer detents
are forced outward due to centrifugal force. The
firing pin creeps forward during flight and is locked
in the armed position by two steel balls which also
creep forward and drop into the space left by the
forward movement of the firing pin. Should the fir-
ing pin. fail to creep forward during flight, it is pro-
jected forward and locked on impact. The ball
retainer is lightly gripped by the ring of plunger
locking balls which tend to spread radially as long
as the firing spring exerts its force to pull the
plunger to the rear, therefore the ball retainer does
not creep forward during flight but tends to remain
in the assembled position until impact. To insure
further that the ball retainer will not creep forward,
an anti-creep spring is interposed between the ball
retainer and nose cap.

On impact, all parts tend to move forward with a
force determined by the nature of the impact. The
plunger compresses the firing spring and moves for-
ward until stopped by the shoulder of the fuze body.
At the same time, the ball retainer moves forward
until stopped by the nose cap and is locked in this
position by three ring segments engaging a shoulder
at the end of the body. The plunger locking balls are
released by this forward movement of the ball re-
tainer and are projected forward into the cavity
around the inside of the ball retainer. The detonator
plunger remains in the forward position until the
force of impact diminishes sufficiently to permit the
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firing spring to propel the plunger to the rear, allow-
ing the firing pin to stab and fire the sensitive
primer, thus initiating the explosive action. With
the plunger in the rear position, the plunger lead-out
holes and the booster lead-in holes are brought into
alignment and the fuze is completely armed. The
plunger is locked in the rear position by three ring
segments in a manner similar. to the locking of the
ball retainer. '

On very light impact, when the force acting on
the plunger is insufficient to compress the compara-
tively strong firing spring, the ball retainer acts as a
trigger release by slipping forward out of the grip
of the locking balls thus releasing the plunger. The
firing spring then forces the plunger to the rear,
allowing the firing pin to stab and fire the primer.
When the sensitive primer is fired, the gas from it
fires the percussion primer. The flash from the per-
cussion primer passes thru and around the baffle and
ignites the delay pellet which delays ignition of the
detonator for 0.02 second. This detonator fires the
plunger detonator and tetryl lead which in turn fires
the plunger lead-outs, the booster lead-ins and the
fuze boosters. Plunger alignment is maintained cir-
cumferentially by pins in the plunger stock, as
shown. These pins hold the plunger lead-out and
booster lead-in in axial alignment.

Arming Spin

Both the firing pin detents and ball retainer de-
tents arm at from 1200 rpm to 1400 rpm.

Safety Features

Safety detent mechanisms are armed by centrif-
ugal force only. One set of detents for the firing
pin and one set for the ball retainer unit. The fuze
is “detonator-safe” in the unarmed condition.

Sensitivity Limits

The Fuze Mk 23 in 8-in. AP projectiles will func-
‘tion at all probable striking velocities and obliquities
against J4-in. mild steel plate. At the other end of
the projectile scale in the 16-in. AP 2700-1b. projectile
at 1500 f/s striking velocity, it requires a 1-in. STS
plate at 20° obliquity to obtain consistent fuze action.
When firing through successive light plates, each too
thin to initiate fuze action individually, there is a
cumulative effect which will cause fuze action of the
TFFuze Mk 23 in contrast to the Fuze Mk 21. The

Figure 18.—Base Detonating Fuze Mk 23
Exterior View Full Size
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TFFuze Mk 23 is less sensitive at 65° obliquity than is
the Mk 21, but is more sensitive at 20°.

Acceptance Test Data

Samples from production lots are subjected to
routine saflely tests and to ballistic test as follows:
Tfuzes are tested by firing in projectiles of 8-in.,
12-in., 14-in. and 16-in. caliber against steel plates of
various thicknesses and at various angles of ob-

....... Crtiafant P A vy RN
uquu_y ..)d.leLd,LtULV f‘uu\,uuxuﬂg of the lot is demon-

strated by high order detonation of 6633% of the
projectiles at a distance of at least 30 feet but not
more than 70 fcet behind the plate.

Markings on Fuze

Around the exposed base of the fuze, the follow-
ing data appear: T.D. Mk 23; Lot —; Inspector’s
initials ; Name of manufacturer (N.G.F.); Year of
manufacture.

Remarks

The Fuze Mk 23 is no longer in production, hav-
ing been superseded by the Mk 21 type. This change
was incorporated primarily because of rare pre-
matures in flight which occurred with the Fuze Mk
23 in 8-in. AP projectiles. All Fuzes Mk 23 have
been replaced at depots by the IFuze Mk 21 type.

The Fuze Mk 23 was an improvement of the
earlier Fuze Mk 11 Mod 0 and Mod 8. This earlier
fuze contained a tapered slider device which em-
bedded itself more or less deeply into an annular
delay pellet of black powder, depending on the
amount of retardation the projectile received on im-
pact. In this ingenious way, the Fuze Mk 11 design
was intended to result in a variable delay depending
on the impact. Thus, for heavy impacts where the
remaining velocity is lower, a longer delay was ad-

visable to allow the projectile to reach approximately
the same distance behind the plate, simulating the
armor of a ship, before detonation. For light impacts
with higher remaining velocity, a shorter delay was
advisable to cause a detonation at approximately the
same distance behind the light initiating plate as
would be the case with the heavy plate. This was
theoretically achieved by the amount of penetration
into the delay element attained by the tapered slider
which caused more or less of the black powder of
the annular delay element to be burned prior to
initiating the detonator. Many I‘uzes Mk 11 type
were issued to service. However, after years of test-
ing, it became increasingly apparent that although
this design was theoretically desirable, its features
could not be realized consistently in production
fuzes. Erratic delays were obtained, especially on
oblique impacts, and a serious number of duds were
obtained. Accordingly, it was deemed advisable to
change the design to a fixed delay (.02 second) fuze
by removing the tapered slider arrangement and as-
signing a new Mark number.

The Fuzes Mk 23 and Mk 11 are novel in that
they are a “plate-safe” design. That is, so long as
the projectile is undergoing high retardation, the
fuze will not fire because the strong plunger firing
spring remains compressed by the inertia of the
plunger. However, upon emerging from the rear
face of a plate or obstruction, the retardation sud-
denly ceases and the firing spring drives the plunger
and assembled primer cap to the rear onto the
locked firing pin. When such a fuze (Mk 23 tvpe)
is fired into very thick plate or concrete which it
cannot penetrate, the projectile has to come to nearly
a complete rest before fuze action occurs. In con-
trast, a fixed delay fuze of the Mk 21 type will fire
after the fixed time interval starting at first impact,
whether the projectile is still retarding or not.
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Figure 19.—Mechanical Time Fuze Mk 25—Exploded View
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Chapter 10
MECHANICAL TIME FUZE MARK 25 MOD 1

General Data

Designation and Type

Mechanical Time Fuze Mk 25 Mod 1 (or sub-
sequent)

Projectiles Used In
Ilum.

5/54 cal.

6”/47 (Double Purpose)
HC

5/54 cal.

6”/47 (Double Purpose)

Overall Dimensions and Weight

Length ........ ... .. .. il 4.55 in.
Threaded length ................... 0.47 in.
Body threads .......... 1.70 in—14NS-1RH
Weight ................... 1.41 # 0.035 Ib.
Material
Body ..., Aluminum
Lowercap ..........cooiiiiiia, Brass
Upperecap «..oovveevvnennnenn.. Aluminum

Applicable OS and General Arrangement
Drawing No. (Not yet prepared). Use OS
2114, when pertinent.

Explosives Used

Primer cap contains either F.A. 70 primer
mixture consisting of potassium chlorate, anti-
mony sulfide, TNT and lead sulfocyanate or
the F.A. 70 primer mixture modified to contain
8% ground glass. Magazine charge consists of
not less than 40 grains of black powder in a
moistureproof plastic container.

Description

The Fuze Mk 25 Mod 1 is a combination of the
Mk 50 and the Mk 51. That is, it has the shape of
the 30-second Fuze Mk 51 but contains the 45-

Figure 20.—Mechanical Time Fuze Mk 25 Mod 1
Exterior View Full Size

second clockwork mechanism of the Mk 50. It is
necessary to use the longer slimmer shape of the
Fuze Mk 51 because of the longer more stream-
lined shape of the 5”/54 cal. and 6”/47 cal. (double
purpose) projectiles with which it is used. How-
ever, these being relatively long range guns, they
need the 45-second time element. Thus the descrip-
tion in this OP of the clockwork mechanism of the
Fuze Mk 18 and Mk 50 is equally applicable to this
fuze. Reference to the body, upper and lower caps
of the Fuzes Mk 22 and Mk 51 are equally applicable
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Figure 21.—Mechanical Time Fuze Mk 25—Schematic View

to this fuze. The Fuze Mk 25 Mod 1 is the moisture-
proofed design as described for the Fuze Mk 51.

Operation

The operation of the clockwork of this fuze is
exactly the same as that of the Mk 18 and Mk 50
_type. The body and lower cap, being of the Mk 22
type, do not have protruding lugs for setting the
fuze but have slots cut into them to engage the fuze
setter lugs.

Safety Features

(a) A setback pin prevents rotation of the fir-
ing arm and hence tripping of the spring-loaded fir-
ing pin through a connecting linkage until the set-
back pin is moved rearward by setback force.

(b) A spring-loaded safety lever prevents oscil-
lation of the clockwork escapement until the safety
lever has been rotated out of engagement by centrif-
ugal force.

(c) When the fuze is set on “safe” or anything
less than the prescribed minimum setting, the firing
slot in the timing disc is covered by a safety disc so
that if the timing disc were rotated into firing posi-
tion it could not release the firing arm and trip the
firing pin.

(d) The timing disc is prevented from rotating
by the setting pin which passes between two prongs
of a raised forked lug near the edge of the timing
disc itself. This lug is bent down out of the way
of the setting pin by the hammer in the upper cap
when setback occurs.

Acceptance Functioning Test

Sample fuzes from each production lot are fired
at settings of 3, 10, 15, 20, 30, and 40 seconds at
various gun elevations. The actual mean time of
flight and the dispersion shall not differ from the
setting by more than 0.08 seconds plus .005 times
the setting.
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Markings on Fuze

Mechanical Time Fuze Mk 25 Mod 1 (or sub-
sequent). (Initials of Manufacturer and of Navy
Inspector) Lot No. —.

Remarks

(a) Fuze Mk 25 Mod 1 is a moistureproofed de-
sign similar to that described for the Mk 51. There
were never any non-moistureproofed Fuzes Mk 25
Mod 0 issued to service. All Fuzes Mk 25 Mod 0
and 1 are made by the Eclipse Machine Division of
the Bendix Aviation Corp.

(b) Time Setting Characteristics: The Fuzes
Mk 25 Mod 1 function as follows for various
settings :

Setting Action

Safety zone to and in- Dud caused by built-in fea-

cluding ture (safety disc)
0.0 seconds
*0.0 to 0.3 seconds May be a dud or may func-
tion somewhere between
.0.6 and 0.8 sec.
*0.3 to 0.6 seconds Will function somewhere
between 0.6 and 0.8 sec.
0.6 to 45.0 seconds Will function at time set

(within allowable cali-
bration error)

*NOTE: These settings are not recommended be-
cause the resultant actions are variable, due to manu-
facturing tolerances.
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Figure 22.—Nose Detonating Fuze Mk 26—Sectional View
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Chapter 11

NOSE DETONATING FUZE MARK 26

General Data

Designation and Type
Nose Detonating Fuze Mk 26 Mod —

Projectiles Used In
20-mm AA, HEI and HET

Overall Dimensions and Weight

Tength ..., 1.015 in.
Body threads ......... 0.625 in.—36NS-2RH
Weight ...t Mod 0—244.67 grams

Mod 1—22.72 == 0.57 grams
Mod 2—28.67 grams

Material
Mod O ...viiii ittt All brass
Mod 1 ............ Zinc body with solid nose
and brass magazine
Mod 2 ..o All brass
Applicable OS .................. . ..., 2347

General Arrangement Drawing No.

294296 for Mod 0
329208 for Mods 1 and 2

Explosives Used
Lead azide and tetryl are used in the deto-
nator. The magazine inner cavity is loaded with
tetryl, resting on a felt disc.

Description

The Fuze Mk 26 Mod 0 consists of five parts as
follows :

1. Body

2. Closing disc (spun into the nose of the body)

3. Rear disc {(forms open channel to detonator)
. 4. Detonator (lead azide and tetryl)

5. Magazine

The Fuzes Mk 26 Mods 1 and 2 (differing only in
metal used) consist of four parts as'follows:

1. Body (solid-nose type)

‘2. Detonator (lead azide and tetryl)

3.-Magazine

4. Magazine charge (tetryl)

Operation

There are no moving parts in these fuzes. Thev
are always armed. The action of the Fuze Mk 26
(no Mod) on impact is primarily a shock and per-
haps—but secondarily—a compression action. Upon
impact, the nose of the fuze undergoes a shocking
force which causes a direct disturbing action on the
detonator, initiating its explosion. The crushing of
the nose and subsequent compression of the air
column with generation of heat may help to initiate
the explosion; however, this is a contributing fac-
tor and not the primary cause for fuze functioning.
The detonator in the Fuze Mk 26 Mod 0 fires
directly into the projectile charge, while in the Fuzes
Mk 26 Mods 1 and 2 the detonator or pellet fires
the additional (intermediate) magazine charge. In
the Fuzes Mk 26 Mods 1 and 2, the action on impact
is the force from shock acting upon the detonator.
The detonator is broken up by the shock and sprays
forward; the disturbance initiating its explosion

Arming Spin

None required—there are no moving parts.

Safety Features

The fuze has no safety features in its design as
such. However, it will withstand a 40-foot drop onto
armor plate without detonation in an assembled
round. ‘

Figure 23.—Nose Detonating Fuze Mk 26
Exterior View Full Size
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Sensitivity Limits

The Fuze Mk 26 Mod 1 will function consistently
on l4-in, mild steel plate at 0-degree obliquity and
1250 /s striking velocity, corresponding to about 950

yards range. As the obliquity changes and/or the
striking velocity decreases, the number of duds in-
creases. This can best be illustrated by quoting from
an NPG report of 23 Sept. 1943, wherein the sensi-
tivity was being measured.

Rounds Velocity Obliquity

10 1250 /s 0
5 1250 £ /s 40
5 1250 f/s 70
10 1100 /s 0
5 1100 /s 40
5 1100 £ /s 70
10 950 f/s 0
5 950 f/s 40
5 950 f/s 70
10 800 f/s 0
5 800 f/s 40
5 800 {/s 70
5 1250 £ /s 0
5 1250 f/s 40
5 1100 £/s 0
5 1100 £ /s 40
5 950 f/s 0
5 800 f/s 0
5 1250 /s 0
5 1250 £ /s 0
5 1100 1/s 0
2 1100 f/s 0
2 950 £ /s 0
2 950 f/s 0
2 800 f/s - 0
4 800 f/s 0
2 800 f/s 0

Target % Functioning H.O.

14" m.s. : 100
4" m.s. &0
‘14" m.s. 60
4" m.s. 100
14" m.s. 100
%" m.s. 40
14" m.s. 100
4" m.s. 60
%" m.s. 0
14” m.s. 90
14" m.s. 20
14" m.s. 0
0.063” m.s. 100
0.063” m.s. 20
- 0.063” m.s. 80
0.063” m.s. 0
0.063” m.s. 80
0.063” m.s. 0
0.102” dural 20
0.125” dural 60
0.125” dural 40
0.137” dural 100
0.125” dural 50
0.137” dural 100
0.125” dural 0
0.137” dural 50
0.156"” dural 100

Extracts from another NPG report of 27
February, 1943, are quoted which pertain to sensi-
tivity at higher velocities.

“The Fuze Mk 26 Mod 1 will function on the
first 14-in. aluminum plate at 1350 f/s after pene-
trating, without fuze action occurring, dural plating
from 0.013 in. to 0.103 in. thickness. This is con-
sidered a very promising performance, since this
range of dural should include the greater proportion
of aircraft outer plating to be encountered, and
further, it indicates that the higher striking veloci-

ties, which may result from shorter ranges, will not
cause the fuze to detonate on the medium thickness
of outer plating.

“The Tuze Mk 26 Mod 1 at 1250 {/s will pene-
trate the successive plates and detonate on the first
14-in. aluminum plate encountered. This location of
fuze action, that’is on the first wall of the gasoline
tank, is believed to be the optimum performance,
since conflagration is considered most probable, us-
ing HEI loaded projectiles, with fuze action occur-
ring on the entrance well.”
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Acceptance Test Data

Functioning Test—Fuzes assembled in live-
loaded 20-mm AA projectiles are fired against 14-in.
mild plate at 0-degree obliquity and 1250 f/s strik-

ing velocity. Failure of the fuze to detonate high
order on the plate constitutes a failure. Results of
firing test are evaluated in terms of the following
table:

No. of Reject lot if this No.
failures found or fewer tested
0 X
1 X
2 X
3 10
4 20
5 40

Indeterminate: Accept lot if this No.
keep testing or more tested:
0- 9 10
1-19 20
2-29 30
11-35 ‘ 36
21-39 40

Procedure in use of this table is as follows: The
test is started, and the number of failures and
number tested are recorded. If there are no failures
in the first 10, the test is stopped and the lot ac-
cepted. Similarly, if one failure in first 20, or two
in first 30, the lot is accepted. However, if there
are three failures in the first 10, or four failures in
the first 20, etc., the lot is rejected. When number
tested for number of failures falls in the indetermi-
nate zone, the test is continued until the lot is rejected
or accepted.

For every tenth lot, fuzes are assembled in live-
loaded 20-mm AA projectiles and fired against a
0.012-in. plate placed 2 ft. in front of a I4-in. mild
steel plate at 0-degree obliquity and 1250 f/s strik-
ing velocity. Functioning on the 0.012-in. or failure
to function on the 4-in. mild steel plate shall con-

stitute a failure. Results of this test are evaluated in
terms of the above table. If a lot is rejected on this
test, every subsequent lot is subjected to this double
plate test until 20 consecutive lots have been ac-
cepted.

Markings on Fuzes

Mk 26-1 (or 2); Manufacturer’s Initials; Lot
Number (word “lot” is omitted) ; Loading Plant
Initials or Symbols; Month and Year of Loading.

Remarks

The Fuze Mk 26 Mod 1 is by far the most com-

mon type now in service. In September, 1944, this
was the only design under manufacture.

RESTRICTED : 53




PROJECTILE FUZES OP 1212
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Figure 24.—Point Detonating Fuze Mk 27—Sectional View
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Chapter 12
POINT DETONATING FUZE MARK 27 -

General Data

Designation and Type
Point Detonating Fuze Mk 27 Mod —

Projectiles Used In

40-mm AA
Overall Dimensions and Weight
Length ...... ... i, 2.445 in.
Body threads .......... 1.18-in.—14NS-2RH
Weight .................. 104 + 2.6 grams
Material
Body ................... Aluminum die cast
Magazine ...........ciin... Steel or brass
Rotor block .................... Aluminum
Rotor ....... ..ot Aluminum
Firing pin holder .......... ... Die cast zinc
Applicable OS ........................ 2958

General Arrangement Drawing No. .. 300423

Explosives Used

Lead azide primer mix and lead azide used in
detonator; tetryl in booster

Description

The fuze is composed of four major parts;
namely, the fuze body, the magazine, the firing
pin holder, and the rotor block assemblies. The
forward section of the fuze body contains the plastic
firing pin extension or hammer, the stab-type firing
pin, detents and spring contained in the firing pin
holder assembly, and the rotor block with rotor, de-
tents, springs, and rotor cover. The magazine is
screwed into the after end of the body. The fuze is
designed:

(1) To detonate the projectile explosive charge
and thereby burst the projectile with high-order
detonation instantaneously upon impact with ma-
terial of appreciable resistance.

(2) To insure safety and to prevent detonation
of the projectile when fired in a gun or in normal
flight until detonated by impact.

(3) Not to function or detonate when assembled
in a projectile and dropped nose-, side-, or base-
down from a height of 40 feet onto armor plate.

Operation

The fuze is assembled in an unarmed condition
and remains so during transportation and storage.
When fired from a gun, centrifugal force moves the
detents of both firing pin and rotor outward against
their spring pressures and friction, releasing the
rotor and firing pin. The rotor, complete with lead
counterweights and detonator, is assembled in the
rotor block with the axis of the detonator at an angle
of about 55 degrees from the long axis of the fuze.
The line of center of the lead counterweights, being
perpendicular to the axis of the detonator, is at an
angle of about 35 degrees from the long axis of the
fuze. The rotor is held in the unarmed position by
the two rotor detents, the tapered ends of which
engage in the holes in the sides of the rotor. In this
position, the detonating element is safe, and if the
detonator were to be exploded in this position, it
would not detonate the booster.

Figure 25.—Point Detonating Fuze Mk 27
Exterior View Full Size
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The rotor detents on being moved outward by
centrifugal force withdraw from the holes in the
rotor, permitting the counterweights to rotate the
rotor until the detonator is in line with the booster
lead-in and firing pin, respectively. In this position,
the rotor is dynamically balanced with respect to the
axis of the fuze. Centrifugal force holds the two
lead filled holes at a maximum radius from the axis
of rotation of the fuze. The rotor is now fully
armed. Since the firing pin detents are now released,
arming is complete.

Upon impact with any object offering material
resistance to penetration, such as wings or the
fuselage of airplanes, etc., the nose of the fuze re-
ceives a sharp blow causing the plastic hammer to
propel the firing pin. The firing pin stabs and fires
the detonator, threby initiating the explosive train
of the booster lead-in, booster, and projectile ex-
plosive filler which bursts the projectile.

Arming Spin

The firing pin detents arm at from 7000 to 14,000
rpm for Mod 0 and 7000 to 20,000 for the Mod 1.
The rotor detents and hence the rotor arms at from
10,000 to 14,000 rpm in static tests.

Safety Features

The rotor assembly and firing pin are each held
in the unarmed position by means of safety detents
which arm only by centrifugal force. In addition,
centrifugal force is required to cause the counter-
weights to carry the rotor to its armed position. If
the detonator should fire in the unarmed position,
it would not detonate the booster charge. In the Mod
1, an added safety feature is provided by the dif-
ferently shaped detents holding the firing pin. In-
stead of being cylindrical pieces of metal, these de-
tents are tapered from each end toward the center
and roughly resemble hourglasses. They are known
as “hourglass” detents. On setback the shoulder on
the firing pin. moves back against the detents and,
because of their shape, they will be held in place
until the firing pin moves forward again under the
influence of creep. This modification makes the Fuze
Mk 27 Mod 1 more consistently bore-safe by pre-
venting release of the firing pin in the bore of the

gun.
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Sensitivity Limits

This fuze will function on the following materials
and at the following obliquities:

(a) Will function on sand or soft earth at angles
up to and including 87 degrees. (b) Functions on
heavy plate (8-in. Class B) at 30, 60, and 70 de-
grees obliquity. At 70 and 80 degrees the fuze will
not function. (c¢) No fuze actions were obtained
on newsprint at any velocity or obliquity. (d) Func-
tions on 0.029-in. chipboard at service velocity and
0 degrees obliquity. At 45 degrees and service
velocity it will function on 0.058-in. chipboard. (e)
Fuze action will occur against water occasionally
when fired at 40 degrees (60-degree angle of fall)
and 60 degrees elevation (70-degree angle of fall).
(f) the fuze has 90% functioning at velocities above
2000 f/s. on 0.016-in. duraluminum.

Acceptance Test Data

Sensitivity and Funectioning Tests—Functioning |
tests are conducted by firing fuzes assembled in
loaded projectiles against 0.138-in. thick chipboard
at a distance of 100 to 400 feet from the gun and
at service velocity and O degrees obliquity. Accept-
ance is based on the criterion that there must be no
more than 1% failure in test fuzes from a certain
lot. Acceptable functionings are high order detona-
tions.

Fifty fuzes from each lot are fired as specified
in the above paragraph. The lot is considered satis-
factory if the sample of 50 has no more than two
failures. If there are three or more failures out of
the fifty, the lot is rejected. If ten consecutive lots
pass this test and if there are no more than five
failures in the total 500 fuzes tested, only ten fuzes
from each subsequent lot are tested.

On reduced sampling, the lot is considered satis-
factory if there is no more than one failure in the
sample of ten fuzes. The lot is rejected if there are
three or more failures. If two failures occur in a
sample of ten, a second sample of 40 fuzes f;:o;h
that lot is tested. The lot is satisfactory if there are
no more than a total of two failures in test and
retest. ‘

On reduced sampling, if a lot fails to pass the test
outlined above, or if a group of 10 consecutive lots
have more than three failures in the total of 100
fuzes tested, subsequent tests are in accordance with
the procedure using samples of 50 fuzes from a lot
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The occurrence of a premature attributable to a
fuze shall cause rejection of the lot.

Markings on Fuze

Mark 27 (Mod No.); Lot —; Loading Plant,
Initials or Symbol; Month and Year of Loading.

Remarks

The Fuze Mk 27 Mod 1 utilizes firing pin detents
of a shape known as “hourglass” detents. This type
of detent is more bore safe than the earlier cylindri-

cal type for reasons outlined under SAFETY

FEATURES for this Mark fuze.
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Figure 26.—Base Detonating Fuze Mk 28—Sectional View
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Chapter 13
BASE DETONATING FUZE MARK 28

General Data

Designation and Type
Base Detonating Fuze Mk 28 Mod —.

Projectiles Used In

AA COMMON HC
5”/25 cal. 4 /50 cal.
5”/38 cal. (Temporary assembly ;
5"/54 cal. Fuze Mk 31 type
(Same as HC now used)
Projectile) 57/51 cal.
6" /47 cal.
COMMON 6”/53 cal.
6”/50 8”/55 cal. (Temporary ;
6" /47 Mk 39 then used;
(For 6”/47 Mk 48 now used)
bag guns)
% 7///45
Overall Dimensions and Weight
Length ....... ..o, 6.68 in.
Body thread length ................ 1.09 in.
Body threads ......... 124-in.—12NF-3L.H.
Weight .................... 1.86 + 0.051b.
Material
Body ............. Pearlitic manganese steel
Detonator plunger .. Pearlitic manganese steel
Nosecap .................. Aluminum alloy
Applicable OS ........................ 2484

General Arrangement Drawing No. .. 330167

Explosives Used
1 Sensitive primer cap—Fulminate of mercury
cap mixture (includes potassium chlorate and
antimony sulphide)

1 Relay primer cap—Fulminate of mercury cap
mixture (includes potassium chlorate and
antimony sulphide)

Detonator—Lead azide
Detonator plunger load—Tetryl
Plunger lead-outs—Tetryl

Booster lead-ins—Tetryl Figure 27.—Base Detfonating Fuze Mk 28
Boosters—Tetryl Exterior View Full Size:
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Description

The fuze is composed of two major parts,
namely, the fuze body and the nose cap. The fuze
body contains the plunger retaining plug, the auxili-
ary plunger assembly, the detonator plunger as-
sembly, detents, anti-creep spring assembly and two
sidewall boosters protected by a booster cover. The
nose cap, which is screwed onto the forward end of
the fuze body, houses the sensitive firing pin and de-
tents. A locking pin is provided to lock the nose cap
in position after final assembly at the loading plant.
The fuze is moistureproofed by the application of
a lacquer plus a final coat of Bakelite varnish.

The base of the fuze body is fitted to receive a
tracer of Mk 9 type.

Operation

The fuze is assembled in the unarmed position.
All components of the fuze remain in this position

during transportation, storage, and until after the

fuzed projectile is fired from the gun. After the pro-
jectile leaves the muzzle of the gun, the detonator
plunger detents and the sensitive firing pin detents
are forced outward by centrifugal force against their
spring pressure and friction. This does not occur in
the bore of the gun, because the side wall friction
forces due to acceleration are greater than the centrif-
ugal forces. Also, the sensitive firing pin is slightly
movable and at set-back binds against the sensitive
firing pin detents holding them in the safe position.
Close outside the muzzle where the acceleration
ceases, the side wall friction drops off sharply and
the radially movable parts (detents) snap outward

due to the continuous centrifugal force. The detona-

tor plunger is now unlocked but is retained in the
safe (rearward) position during flight by the re-
sistance of the anti-creep spring which acts against
the flanged end of the inner anti-creep spring cup
attached to the detonator plunger. Since the sensitive
firing pin detents have been thrown out of the way
the sensitive firing pin is free to be impinged upon
by the sensitive primer held in the detonator plunger
immediately upon impact. At this time the detonator
plunger, aided by the momentum of the auxiliary
plunger on its ball bearings, continues forward, im-
pinging the sensitive primer cap onto the sensitive
firing pin.

The gas pressure from the explosion of the sensi-
tive primer cap drives the round pointed delay ele-
ment firing pin against the delay primer cap while at
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the same time these gases pass through the port holes
on the side of the primer container and build up a
high pressure within the inner cup for anti-creep
spring, expanding that part of the cup which is ad-
jacent to the drilled holes in the nose cap. The bulg-
ing of the inner cup for the anti-creep spring locks
the detonator plunger in the forward firing position.
In this firing position the lead-out holes in the
plunger are in alignment with the booster lead-in
holes. The firing of the detonator plunger delay
primer cap in turn functions the detonator, two
plunger lead-outs, two booster lead-ins, two boosters,
and projectile bursting charge.

In this fuze there appears to be no obvious need
for the delay primer cap and efforts are being made
to eliminate it. It is present in this fuze because the
TFuze Mk 28 is an adaptation of the Base Detonating
Delay Fuze Mk 20 wherein the delay primer cap
serves the specific purpose of igniting the delay ele-
ment, and maintaining a satisfactory pressure within
the plunger during the delay burn-through time.

Arming Spin

Fuze is armed shortly after leaving the muzzle,
Detents are required to arm in static spin’ tests be-
tween 3000 and 4500 rpm.

Safety Features

The safety detent mechanisms are armed only by
centrifugal force of a relatively high magnitude.
Two sets of detents, one to prevent the sensitive
primer from impinging on the sensitive firing pin,
and the other set for holding the detonator plunger
in the safe rearward position, insure that all four
detents will not become accidentally withdrawn at
the same time. Furthermore, the fuze is “detonator
safe.” That is, when the fuze is in the safe positio
(plunger rearward), and the detonator is set off by,
any cause, the force of the detonator is dissipate
and the boosters will not be detonated.

Sensitivity Limits

The Fuze Mk 28 and Mods will function at
probable velocities and obliquities up to 80° agai
14-in. m.s. plate in 5-in. projectiles. It will functio
reliably on ground and water impacts down to angl
of fall about 2° and 5°, respectively.
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subjected to the prescribed safety tests and also

i Q | Acceptance Test Data

Samples from each production lot of fuzes are to the following ballistic acceptance tests:

Angle of
Caliber Lots Rounds Plate Obliquity  Striking Velocity
57/38 All but every 5th 5 4" Mild steel 0° 2000 f/s or serv. vel.
57/38 Allbut every 5th 5 4”7 Mild steel 45° 1000 £/s or 1200 £/s
57/25 All but every 5th 5 14 Mild steel 0° 2500 /s
5”/25 All but every 5th 5 147 Mild steel 45° 1400 /s

Acceptance of each lot is based on at least 80%
performance of fuzes causing projectiles to burst
high order in the plate or not more than fifteen feet
back of the plate.

Markings on Fuze

Around the exposed base of the fuze body, the
following data are stamped on each fuze: Mk 28
Mod — Lot —; Loading Plant’s Initials; Year and
Month of Loading; Inspector’s Initials; Anchor
Sign; Inert Part Manufacturer’s Initials.

Remarks

(a) The Fuze Mk 28 is very similar to FFuze Mks
19, 20, 21, 39, and 48. It has no black powder delay
element as do all the others except the Mk 39. It
has a slight inherent mechanical delay peculiar to all

plunger-type base fuzes. This delay is on the order
of 0.003 second.

(b) The different modifications of the Fuze Mk
28 earlier than Mod 15 represented primarily dif-
ferent commercial manufacturers of inert parts.

This practice has been discontinued, and the same
Mod number 15 applies to all commercial manu-
facturers, since adequate identification is taken care
of by the fuze marking described above. The Fuze
Mk 28 Mod 16 is the moistureproofed design which
is loaded by the Naval Torpedo Station, Newport.
At present very few (eight lots) of Fuzes Mk 28
Mod 16 have been produced and none have been
varnish coated. Since some dimensions and tolerance
are slightly different from those of Fuzes Mk 28
Mod 15, another Mod No. (16) was assigned.

(¢) Fuze Mk 28 Mod 15 and later modifications
are moistureproofed for preservation purposes.
Moistureproofing is augmented by insertion of a
small silica gel desiccating unit in the forward end
of the auxiliary plunger to remove moisture from

‘the air entrapped in the fuze at assembly. The fuze

is coated externally at assembly at all possible points
of moisture entry with a lacquer followed by an ap-
plication of the same Bakelite varnish used on
Mechanical Time Fuzes Mk 50 and 51. These films
act effectively as a mechanical barrier to the passage
of moisture.
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Figure 28.—Point Detonating Fuze Mk 29—Sectional View
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Chapter 14
POINT DETONATING FUZE MARK 29

General Data

Designation and Type
Point Detonating Fuze Mk 29 Mod —

Projectiles Used In
HC AA Common WP
5”/51 cal. (Used as HC)  *5”/38 cal.
6”/47 (S.P.) 57/25 cal.
6”/53 5”/38 cal.
8”/55
127/50
14 /45
14”/50
16”/45
16”/50
* Uses Mod 3 only.

Overall Dimensions and Weight

Overalllength ..................... 4.14 in.
Thread ............... 1.70-in.—14NS-1RH
Weight .................... 1.45 + 0.04 1b.
Material
Body ... Steel
Nose piece ....oviivianiiiinnnennn. Brass
Ogive ............. ... Plastic (cloth base)
Flash tube ....... ... ... . 0. ... Steel
Relay detonator holder ....... P Plastic
Applicable OS ........................ 3303

3013 & 4541 (Plastic ogive)

General Arrangement Drawing No.

422325 (Mod 3)
328557 (Mods 1 & 2)

Explosives Used
Nose Detonator—Azide primer cap mixture
and lead azide (compound detonator)
Relay Detonator—Lead azide

Description

The fuze consists of five principal parts:

(1) The steel body which contains the relay
detonator, a plastic holder for the relay detonator,

the interrupter unit, and a base closing plug or
screw. .

(2) The brass nose or detonator assembly
which contains the striker assembly and the upper
detonator. '

(3) The plastic ogive—In the Mods 1, 2 and 3,
this ogive consists of a roll of creped cloth impreg-
nated with a special resin under high pressure and
temperature conditions into the desired shape. The
Mod 4 is similar but uses uncreped cloth. The
original Mod 0 ogive was an asbestos fiber bonded
plastic, a brittle type which chipped and shattered
on impacts. The cloth types, on impacts due to rough

Figure 29.—Point Detonating Fuze Mk 29
Exterior View Full Size
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handling, do not result in separate small fragments
which could easily cause breech jams, as was the
case with Fuze Mk 29 Mod 0.

(4) A steel flash tube which is fitted in the
center of the ogive and screws into the nose and
base, holding them together.

(5) The interrupter unit—This unit consists of
a solid cylindrical piece of metal (interrupter), a
setting screw and integral forked sleeve, a plate or
metal block fitted between the shoulders of the
forked portion, and an interrupter spring bearing
against the plate and base of the fork. In the OFF
position, the interrupter is arranged so that it is
bearing against only one shoulder of the forked
sleeve. This is possible since the adapter hole for
the interrupter has been drilled off-center with re-
spect to the center of axis of the forked sleeve and
setting screw. In the SQ—ON position the forked
sleeve is rotated 90 degrees, the interrupter bears
against neither shoulder, but instead, the metal plate
between the shoulders. The plate bears against the
interrupter spring and is free to move into the sleeve

after the projectile has left the muzzle, and centrif- .

ugal force acts upon interrupter and plate.

The ogive has a drilled hole in the side giving
access to the setting screw in the interrupter unit.
The ogive is marked SQ—ON in a vertical direc-
tion and OFF—OFT in the other direction. SQ
means “superquick” which is U. S. Army nomencla-
ture. The letters SQ are on opposite sides of the
hole from the word ON. When the setting screw
slot is in this direction, the fuze will function “super-
. quick” on impact. When set at right angles to the
SQ—ON direction and pointing toward the words
OFF—OFF, the fuze will not normally function.

Operation

The fuze is assembled in the unarmed position
with the setting screw set on OFF or with the slot
at right angles to the long axis of the fuze. In this
condition, the spring-loaded interrupter bears against
one shoulder and is locked in position, blocking
the flash tube between the detonator in the nose and
the relay detonator in the base. Under these circum-
stances, if the forward detonator fires, the relay
detonator normally will not. Provided the screw is
se on ON or SQ before loading in a gun, the inter-
rupter can be acted upon by centrifugal force
against the action of its spring and moves up into the

forked sleeve, unblocking the flash tube. This action
takes place after the projectile has left the muzzle
of the gun. Since the firing pin is held in position
only by a support cup, the fuze is fully armed as
soon as the flash tube is clear. On impact, the firing
pin support collapses and the firing pin is driven
into the detonator. The flash from the upper detona-
tor passes down the flash tube and initiates the relay
detonator, which in turn causes the auxiliary detonat-
ing fuze to function and explode the projectile
burster charge; or, as in the case of WP projectiles,
functioning of the relay detonator ignites the black
powder charge in the projectile. The Mod 3 is the
only Mod authorized for use in the WP projectile.

Arming Spin

The interrupter arms the fuze at 1500 to 2000
rpm in static spin tests.

Safety Features

There is only one primary safety feature: the
interrupter described above. An aluminum disc over
the plastic relay detonator holder in the Mod 3 gives
added protection to the relay detonator in case the
nose detonator is accidentally fired while the inter-
rupter is in the OFF position.

Sensitivity Limits

The fuze will detonate on J4-in. wood, on water
or ground impacts at nonricochet angles and even
on cork fragmgnts from cartridge cases in case
of direct hits. In the case of ground impacts, func-
tioning is limited to an angle of fall of eight degrees;
and for water impacts, the angle of fall is limited
to 12 degrees. Care should be taken not to fire into
any part of the firing ship’s structure with this fuze,
including antennae wires, halyards, etc.

Acceptance Tests

Sample fuzes, chosen at random from each pro-
duction lot, are subjected to routine safety tests and
to the following ballistic tests:

Ballistic Tests—Fuzes are assembled in high
capacity projectiles loaded with explosive “D” and
containing auxiliary detonating fuzes. Base holes in
all test projectiles are plugged and gas checked.
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Caliber Obliquity Velocity
57/25 0 2175
57/25 0 1200
57/38 0 2600
57/38 0 1400
57/51 0 3150
57/51 0 1600

*5 /25 to 16”/50 at proof or near proof

Rounds Material Range
2 1” wood 400’
2 1" wood 400
2 1”7 wood 4100
2 1” wood 400
2 17 wood 400’
2 1” wood 400
8 Water Various

* This firing can be included in ranging programs
or acceptance tests of other items, but larger calibers
are to be used as much as practicable. Gun elevations
must exceed eight degrees, and at least two fuzes
from each lot shall be fired at proof or near proof,
preferably in a 5-in. gun.

TFor every twentieth lot, there are substituted for
water impacts the following soft ground impacts:

2 rounds in 5”/25
2 rounds in 5”/38
4 rounds in 6” /47 to 16”/50

Angles of fall and striking velocities are chosen
so as to duplicate as nearly as possible short- and
long-range bombardment by the same type guns in
service. Qut of every lot tested, two duds and no
prematures are tolerated. For every twentieth lot,
I4-in. mild steel is substituted for 1-in. wood.

Markings on Fuze

The plastic ogive is stamped with the following
data: P.D.F. Mk 29 Mod —; Manufacturer’s
Initials; Lot —; Loading Plant Initials; Month and
Year of Loading; Anchor Sign; Inspector’s Initials.
The following markings are found also on the plastic
ogive : ON—SQ and OFF—OFTF in the Mod 3, and
SQ—ON and OFF in the Mods 1 and 2. These
markings are at right angles to each other and are

spaced around the hole for the setting screw. ON—
SQ, run vertically, and the other markings run hori-
zontally.

Remarks

This fuze is an adaptation of the Army point
detonating Fuze M48 without the delay element in-
ertia plunger present in the latter. This Army fuze
has a metal ogive, which had to be replaced because
a different shaped fuze was necessary for Naval pro-
jectiles. This fuze is very similar to the Fuze Mk 30
and Mods, except for its external shape.

It should be noted that the P.D.F. Mk 29 Mod 3
only is authorized for use in WP projectiles. Be-
cause of the absence of an auxiliary detonating fuze
in this projectile the safest possible point detonating
fuze should be used. The Mod 3 is relatively much
safer than the Mod 2 because it embodies a 0.010-in.
thick aluminum disc between the relay detonator and
the lower end of the flash tube. If, in handling or
stowage, the nose of the fuze is accidentally struck
hard enough to set off the upper detonator, its gas
pressure, which occasionally leaks past the unarmed
interrupter, would have to puncture the aluminum
disc before it could set off the relay detonator.
Detonation of the lower detonator under these con-
ditions can be expected to occur less than one per-
cent (19%) of the time with Fuze Mk 29 Mod 3.
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Figure 30.—Point Detonating Fuze Mk 30—Sectional View
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Chapter 15
POINT DETONATING FUZE MARK 30

General Data

Designation and Type
Point Detonating Fuze Mk 30 Mod —

Projectiles Used In

AA (Used as HC) HC
37/23 cal. 4" /50 cal.
3”/50 cal. 5 /54 cal.

6”/47 cal. (DP)

Overall Dimensions and Weight

Length ..., 4.57 in.
Body threads .......... 1.70-in.—14NS-1RH
Weight ...t 1.38 = 0.031b.
Material
Base .........ccooiii [ Steel
Nose piece ...oviiviiiiniiii.. Brass
Ogive .. ...t Plastic (cloth base)
Flash tube .......... ... oo, Steel
Relay detonator holder .............. Plastic
Applicable OS ........................ 3303

3014 (Plastic ogive)

General Arrangement Drawing No.

328822 (Mod 0, 1 and 2)
422326 (Mod 3)

Explosives Used

Nose detonator—Azide primer cap mixture
and lead azide (compound detonator)
Relay detonator—Lead azide

Description

The Fuze Mk 30 is essentially the same as the
Fuze Mk 29. The body and nose units are the same
—the only difference being in a longer flash tube
and a longer, smaller-diameter, ogive for the Mk 30.
Both ogives have a cloth base of fabric impregnated
with thermosetting phenolic resin; however, in the
Mk 29 type ogive, the resin treated fabric under-

goes a creping process, such as to increase the
number of ends and picks per inch by at least 15%
of the original construction of the untreated fabric.
The Mk 30 ogive cloth base undergoes no creping
process.

Operation

The fuze is assembled in the unarmed position
with setting screw set on OFF, or with the slot at
a right angle to the long axis of the fuze. In this

Figure 31.—Point Detonating Fuze Mk 30
Exterior View Full Size
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position, blocking the flash tube between the detona-
tor in the nose and the relay in the base. Under these
circumstances, if the forward detonator fires, the
relay detonator normally will not. Provided the
screw is set on ON or SQ before loading in a gun,

the interrupter can be acted upon by centrifugal
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force against the action of its spring and unblock
the flash tube. This action takes place after the pro-
jectile has left the muzzle of the gun. Since the fir-
ing pin is held in position only by a support cup,
the fuze is fully armed as soon as the flash tube is
clear. On impact, the firing pin support collapses
and the firing pin is drlven into the detonator. The
flash from the upper detonator passes down the flash
tube and initiates the relay detonator, which in turn
causes the auxiliary detonating fuze to function and
explode the projectile burster charge. An auxiliary
detonating fuze is always used in conjunction with
this fuze.

Arming Spin

The interrupter arms the fuze at 1500 to 2000

rpm in static spin tests.

Sa ‘G%‘y‘ reatures

There is only one primary safety feature: the
interrupter described above. An aluminum disc over
the plastic relay detonator holder gives added pro-
tection to the relay detonator in case the nose detona-
tor is accidentally fired while the interrupter is in

the OFF position.

Sensitivity Limits

The fuze will detonate on Y4-in. wood, on water
or ground impacts at non-richochet angles, and even
on cork fragments from cartridge cases in case of
direct hits. In the case of ground impacts, function-
ing is limited to an angle of fall of eight degrees;
and for water impacts, the angle of fall is limited
to 12 degrees. Care should be taken not to fire into
any part of the firing ship’s structure with this fuze,
including antennae wires, halyards, etc.

Acceptance Test Data

Sample fuzes chosen at random from each pro-
duction lot are subjected to routine safety tests and
hallistic tests as follows:

Caliber Rounds Velocity
37/50 2 2700 £/s
3”/50 2 1400
4”/50 2 2900
4”/50 2 1400

*3" /50 to
6”/47 DP 8 Service

Obliquity

Material Range
1” wood 0 400’
1” wood 0 400’
17 wood 0 400’
1” wood 0 400/
Water impact Various

* Any caliber normally assembled with Fuzes Mk
30 is used. 5”/54 caliber and 6”/47 DP should be
used whenever practicable. Gun elevation must ex-
ceed eight degrees, and at least two fuzes from each
lot are fired at proof or near proof, preferably in
a 3”/50 caliber gun.

For every twentieth lot eight ground impacts are
substituted for the water impacts, and fired in 6”/47
DP projectiles. If these are not available, 5”/54 or
4” /50 projectiles are used. Angles of fall and strik-
ing velocities should duplicate short and long range
bombardment by the same type of gun in service.
In every twentieth lot I4-in. mild steel is substituted
for the wood target.

Acceptance Requirements—No prematures are

allowable. Two duds out of all fuzes fired from each
lot are allowed, and in addition to the two duds not
more than one failure to give instantaneous action is
allowed. Instantaneous action is defined as the de-
struction of the wood or steel target with fragments
of the projectile in the side towards the gun or in
case of water or ground impacts, the apparent burst
of the projectile on contact with the ground or water
without intermediate richochet.

Ballistic tests should be frequently conducted in
guns in the last third of their normal life.

Markings on Fuze

The following markings are found on the plastic
ogive: ON—SQ and OFF—OFF in the Mod 3, and
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SQ—ON and —OFF in the Mods 1 and 2. These
markings are at right angles to each other and are
spaced around the hole for the setting screw. ON—
SQ, run vertically, and the other markings run hori-
zontally. On the opposite side of the ogive are
stenciled the following data: P.D.F. Mk 30 Mod —;
Manufacturer’s Initials; Lot —; Initial of Loading

Plant; Date of Loading; Anchor Sign; Inspector’s
Initials.

Remarks

This fuze is an adaptation of the Army Fuze M 48
with the delay element omitted. It is very similar to
the Fuze Mk 29 and Mods, except for its external
shape.

RESTRICTED 69




PROJECTILE FUZES OP 1212
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Figure 32.—Base Detonating Fuze Mk 31—Sectional View
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Chapter 16
BASE DETONATING FUZE MARK 31

General Data

Designation and Type
Base Detonating Fuze Mk 31 Mod —

Projectiles Used In
4”/50 cal. HC Mk 15, and certain rockets

Overall Dimensions and Weight

Length ....ooovviiiiiiiiiiiiie. 4.67 in.
Body thread length ................. 1.09 in.
Body threads .......... 115-in—12NF-3LH
Weight ...t 1.58 =+ 0.041b.
Material
Body ............. Pearlitic manganese steel
Detonator plunger .. Pearlitic manganese steel
NOSECap vovivvnennennenns Aluminum alloy
Applicable 0S ... ... .. PRI 3429

General Arrangement Drawing No. .. 423486

Explosives Used

1 Sensitive primer cap—Fulminate of mercury
cap mixture (includes potassium chlorate and
antimony sulphide)

1 Relay primer cap—Fulminate of mercury cap

mixture (includes potassium chlorate and

antimony sulphide)

Detonator—I.ead azide

Detonator plunger load—Tetryl

Plunger lead-outs—Tetryl

Booster lead-ins—Tetryl

NN N

Booster—Tetryl

Description

The Fuzes Mk 31 and Mk 36 are practically
identical to Fuzes Mk 28 and Mk 20, respectively,
except that they are shorter in that the tracer cavity

is omitted. This is necessary because of the small
filler space in the 4-in. projectiles compared to 5-in.
and larger. If a tracer is used at all, it must be an
external one (Mk 4). Each fuze is composed of
three major parts; namely, the base flanged plug,
the fuze body, and the nose cap. The fuze body con-
tains the auxiliary plunger assembly, the detonator
plunger assembly, detents, anti-creep spring assem-
bly and two sidewall boosters protected by a booster
cover. The nose cap, which is screwed onto the for-

Figure 33.—Base Detonating Fuze Mk 31
Exterior View Full Size
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ward end of the fuze body, houses the sensitive fir-
ing pin and detents. A locking pin is provided to lock
the nose cap in position after final assembly at the
loading plant. The fuze is moistureproofed by the
application of a lacquer plus a final coat of Bake-
lite varnish. The base flanged plug of the fuze body
is threaded to receive an external Tracer Mk 4.

Operation

The fuze is assembled in the unarmed position.
All components of the fuze remain in this position
during transportation, storage, and until after the
fuzed projectile is fired from the gun. After the
projectile leaves the muzzle of the gun, the detonator
plunger detents and the sensitive firing pin detents
are forced outward by centrifugal force against
their spring pressure and friction. This does not
occur in the bore of the gun, because the side-wall
friction forces due to acceleration are greater than
the centrifugal forces. Also, the sensitive firing pin
is slightly movable and at setback binds against
the sensitive firing pin detents, holding them in the
safe position. Close outside the muzzle where the
acceleration ceases, the side-wall friction drops off
sharply and the radially moveable parts (detents)
snap outward due to the continuous centrifugal
force. The detonator plunger is now unlocked but
is retained in the safe (rearward) position during
flight by the resistance of the anti-creep spring which
acts against the flanged end of the inner anti-creep
spring cup attached to the detonator plunger. Since
the sensitive firing pin detents have been thrown
out of the way, the sensitive firing pin is free to be
impinged upon by the sensitive primer cap held in
the detonator plunger immediately upon impact of
the projectile. At this time the detonator plunger,
aided by the momentum of the auxiliary plunger on
its ball bearings, continues forward, impinging the
sensitive primer cap onto the sensitive firing pin.
The gas pressure from the explosion of the sensitive
primer cap drives the round-pointed plunger firing
pin against the relay primer cap, while at the same
time these gases pass through the port holes on the
side of the primer container and build up a high
pressure within the inner cup for anti-creep spring,
expanding that part of the cup which is adjacent to
the drilled holes in the nose cap. The bulging of the
inner cup for the anti-creep spring locks the detona-
tor plunger in the forward firing position. In this
firing position the lead-out holes in the plunger are

n alignment with the booster lead-in holes. The fir-
ing of the detonator plunger relay primer cap in turn
functions the detonator, two plunger lead-outs, two
booster lead-ins, two boosters, and the projectile
bursting charge.

In this fuze there appears to be no obvious need
for the relay primer cap at all, and efforts are being
made to eliminate it. Tt is present in the fuze be-
cause the Fuze Mk 28 is an adaptation of the Base
Detonating Fuze Mk 20, wherein the delay primer
cap serves the specific purpose of igniting the delay
element and maintaining a satisfactory pressure

within the plunger during the delay burn-through
time.

Arming Spin

The fuze arms in static spin tests between 3000
and 4500 rpm.

Safety Features

The safety detent mechanisms are armed only by
centrifugal force at a relatively high magnitude. Two
sets of detents, one to prevent the sensitive primer
from impinging on the sensitive firing pin, and the
other set for holding the detonator plunger in the
safe rearward position, insure that all four detents
will not become accidentally withdrawn at the same
time. Furthermore, the fuze is “detonator safe.”
That is, when the fuze is in the safe position
(plunger rearward), and the detonator is set off by
any cause, the force of the detonator is dissipated
and the booster will not be detonated.

Sensitivity Limits

Fuzes Mk 31 will function at all probable velocities
and obliquities against 34-in. mild steel plate in the

- 4”/50 caliber HC projectiles. They will function

reliably on ground and water impacts down to angles

- of fall of about 2° and 5°, respectively.

Acceptance Test

Four completely live-loaded fuzes from each lot
are assembled in 4-in. projectiles and fired and sub-
jected to the following ballistic acceptance tests:
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Rounds Velocity
2 2200 £/s
2 1000 {/s
1 (from 1st and each 2200 £/s

5th lot thereafter)

Obliquity Plate
45° 34" m.s.
0° 34" m.s.

Water impact at non-ricochet angles

Detonation of tested samples must take place at
not more than 4 ft. behind the plate when the pro-
jectile is fired at 2200 f/s velocity and not more
than 2 ft. at 1000 f/s velocity. For the plate impact
test, an overall performance of 75% high-order
functioning is required for acceptance of each lot.
For the water impact test, satisfactory performance,
when combined with the plate impact test, shall be
809 high-order functioning. A premature function-
ing of any fuze shall cause rejection of the lot.

Marking on Fuze

Around the exposed base of the fuze the follow-
ing marking appears: Mark 31 Mod —; Lot —;
Loading Plant Initials or Symbol; Month and Year
of Loading; Inspector’s Initials; Anchor Stamp and
Manufacturer’s Initials or Symbol.

kemarks :
Fuzes Mk 31 and Mk 36 differ from each other

in that the latter contains an 0.01 second delay ele-
ment, while the former contains none. The Fuze
Mk 31 also has a weaker anti-creep spring acting
on the detonator plunger than does the Fuze Mk 36.
The fuzes also differ in the material used in their
respective detonator plungers. The Fuze Mk 31 uses
pearlite manganese steel for the detonator plunger,
and the Fuze Mk 36 uses chrome-molybdenum steel.
They both have the slight inherent mechanical delay
peculiar to all inertia plunger-type base fuzes on the
order of about 0.003 second.

“The Fuze Mk 31 Mod 0 is the moistureproofed
design as described for Fuzes Mk 28 Mod 15.
Fuzes of the Mk 31 type are manufactured and
loaded at the Naval Torpedo Station, Newport,
R. 1.; also iinert parts are being manufacturered at
N. O. P., Milledgeville, Ga., and at commercial
manufacturers for loading at N. O. P., Macon, Ga.
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Figure 34.—Point Detonating Fuze Mk 34—Sectional View
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Chapter 17
POINT DETONATING FUZE MARK 34

General Data

Designation and Type
Point Detonating Fuze Mk 34 Mod —

Projectiles Used In
1.1-in. AA

Overall Dimensions and Weight

Length .......oooiiiiiiiiiiint, 2.072 in.
Body threads ......... 0.875-in.—20NS-1RH
Weight ..........oooviiians, 82 += 2 gm.
Material
Body ..... e Die-cast zinc alloy
Magazine .........0 .. 0iiiiiiii Brass
Rotor housing ........... Die-cast aluminum
Rotor ....oooviiiiiii it Brass
Applicable OS ........................ 2870

General Arrangement Drawing No. .. 375643

Explosives Used

Lead azide primer mix, lead azide and tetryl
in detonator

Tetryl in booster lead-in, and in booster maga-
zine.

Description

The -fuze consists essentially of a zinc alloy die-
cast body, plastic hammer, firing pin with detents,
rotor block, rotor, and magazine. The plastic hammer
is located in the forward end of the nose. The after
end of the hammer is supported in a hole in the stab-
type firing pin, which is held safe by two detents
with a spring similar to that used for Fuzes Mk 27.
The rotor and rotor block firing pin holder com-
bined, is a die casting located in the center of the
body, and held in place by the magazine which
screws into the after end of the fuze body.

Operation

The fuze is assembled in the unarmed position and
remains so during transportation and storage. On
firing the fuzed projectile from the gun, both centrif-
ugal force and the force of setback act to free the
firing pin and to permit rotor alignment of the
detonator with firing pin and lead-in. The rotor with
the detonator is assembled in the rotor block with
the axis of the detonator at an angle of about 65
degrees from the axis of the fuze. The rotor is held
in the unarmed position by means of slider block
which is pinned to it by means of a copper shear
wire. In this position the detonating element is safe;
and if the detonator were to be exploded in this posi-
tion, it would not detonate the booster. The force
of setback drives the slider block down in the slot,
shearing the copper shear wire, which leaves the
rotor free to revolve to its armed position when set-
back ceases close outside the muzzle. Since the cen-
trifugal force of the rotating projectile has released
the firing pin detents, arming is now complete. Upon
impact, the nose of the fuze receives a sharp blow
which causes the plastic hammer to propel the firing
pin. The firing pin stabs and fires the detonator,
thereby initiating the explosive train of the booster
lead-in, the booster, and the explosive filler of the
projectile.

Figure 35.—Point Detonating Fuze Mk 34
Exterior View Full Size
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Arming Spin

Firing pin detents arm from 16,000 to 26,000 rpm
in static tests.

Safety Features

The safety detents of the firing pin are armed
only by centrifugal force of relatively high magni-
tude. The rotor cannot turn into alignment by cen-
trifugal force until after the shear pin binding the
setback block to the rotor is sheared. This requires
a high degree of acceleration such as is obtained by
firing at velocities between 2000 f/s or -higher.

In the Mod 1 an added safety feature is provided
by the modified detents holding the firing pin. Be-
cause of a rough resemblance, this type is known
as “hour-glass” detents. Instead of being solid
cyclindrical metal pieces, each detent is tapered in-
ward from each end toward the center. Added bore
safety is provided in the design; for when setback
‘'sets in and the firing pin moves back against the de-
tents, they will be held in place because of their
shape until the firing pin moves forward again under
the influence of creep. However, the manufacture
and loading of Fuzes Mk 34 type was discontinued
prior to the production or issue of any Fuzes Mk
34 Mod 1.

Sensitivity Limits

This fuze should function consistently when fired
against %-in. binder’s board or cardboard at O-de-
gree obliquity at service velocity, or other material
offering comparable resistance.

Acceptance Tests

Sample fuzes chosen at random from each pro-
duction lot are subjected to routine safety tests and
the following ballistic tests:

Sensitivity and Functioning Tests—Twenty
fuzes from each lot are tested by firing against
846-in. thick binder’s board or cardboard. The tests
shall be conducted at service velocity with the target
150 feet from the gun and at O-degree obliquity. A
minimum of 90% performance is required. Each
fuze shall cause detonation within two feet after
striking the target.

Markings on Fuze

P.D.F. Mk 34, Mod —; Lot —; Manufacturer’s
Initials; Inspector’s Initials; Year of Manufacture.

Remarks

This is the only projectile fuze in U. S. Navy
use at present which employs the sliding setback
block and shear wire feature to secure the rotor in
the unarmed position prior to firing. This fuze
superseded the older Mk 12 type design. The Fuze
Mk 34 Mod 1 employs firing pin detents of a shape
known as “hour-glass” detents. This type is more
bore-safe than the earlier cylindrical type; however,
the manufacture and loading of Fuzes Mk 34 type
was discontinued prior to the production or issue
of any Fuzes Mk 34 Mod 1. In view of the tre-
mendous quantities on hand of Fuzes Mk 34 Mod 0,
also Fuzes Mk 12 and Mods of the ‘“‘eared” type, it
is doubtful if new production will be required for
several years.
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Chapter 18
AUXILIARY DETONATING FUZE MARK 35

General Data

NOTE: The Fuzes Mk 35 and Mk 46 differ only in
the strength of the detent springs. Those of Fuzes
Mk 35 are weakened to make this fuze suitable for
use in major-caliber low-spin HC projectiles.
Designation and Type
Auxiliary Detonating Fuze Mk 35 Mod 0

Projectiles Used In
HC 87, 127, 14”, and 16”

Overall Dimensions and Weight

Length .....coovviiiiii it 2.50 in.
Body threads .......... 134-in.—20NS-2I.H
Weight ........coovvvinnn. 0.76 + 0.02 Ib.
Material
Body ... Steel
Closing plug ...........ut. Steel or brass
Booster cap ....... ... i Steel
Rotorblock ................ Aluminum alloy
Rotor ...t Aluminum alloy
Firing pin holder .................... Brass
Base for rotor ........ .. il Brass

Applicable OS Use O.S. 2104 (where pertinent)

General Arrangement Drawing No.
329950, Rev. E

Explosives Used

Primer cap—Fulminate of mercury cap mixture
Detonator—IFulminate of mercury and tetryl
Booster lead-in—Tetryl

Booster—Tetryl

Description

The fuze is composed of a one-piece body with a
booster cap and plug closing the respective ends. The
body assembly houses the firing pin assembly, the
rotor block assembly and the base for the rotor. In
the middle of the closing plug is an obturating cup,
and there is a sealing disc between the plug and the
firing pin housing. The fuze is designed:

14

(1) To detonate the projectile explosive charge
and thereby burst the projectile with high-order
detonation instantaneously after the initiating ex-
plosive charge in the nose fuze is fired.

(2) To insure safety in transportation and stow-
age and to prevent detonation of the projectile in the
gun should the initiating nose fuze function pre-
maturely.

(3) Not to function or detonate when assembled
in a projectile and then dropped nose-, side-, or
base-down from a height of 40 feet onto armor plate.

Operation

The fuze is assembled in the unarmed position and

" remains in this condition during transportation and

stowage and until the projectile in which it is as-
sembled is fired from a gun. When the projectile is
fired from a gun centrifugal force moves the firing
pin detents and rotor detents outward, overcoming
the holding forces and thereby releasing the firing
pin and rotor. A

Figure 36.—Auxiliary Defonaﬁng Fuze Mk 35
Exterior View Full Size
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Figure 37.—Auxiliary Detonating Fuze Mk 35—Sectional View

The rotor, which contains four lead counter-
weights, the primer, and the detonator, is provided
with two stop pins and is assembled in the rotor
block with the axis of the detonator at an angle of
55 degrees from the long axis of the fuze. The line
of the stop pins, being perpendicular to the axis of
the detonator, is at an angle of about 35 degrees
from the long axis of the fuze. The rotor is held in
this (unarmed) position by the two rotor defents,
the tapered ends of which engage in holes in the
sides of the rotor. In this position the detonator ele-
ment is safe and, if the detonator were to be ex-
ploded, it would not detonate the booster. The rotor
detents, on being moved outward by centrifugal
force, withdraw from the holés in the rotor, per-
mitting the counterweights to rotate the rotor until
the detonator and primer are in line with the booster
lead-in and the firing pin, respectively. In this posi-
tion the rotor is not in dynamic equilibrium but,

due to the positions of the two smaller lead counter-
weights and the two empty holes, is tending to rotate
further. Further rotation of the rotor is prevented
by the stop pins which press against the edges of
the two holes, one placed in each side of the rotor
housing. The purpose of this arrangement is to
maintain a positive torque on the rotor, acting to
hold it in the armed position throughout all motion
of the projectile in flight. Fuzes of Mk 35 type have
the further advantage over the Mk 17 type of
auxiliary detonating fuze in that they have an in-
creased amount of arming energy, thus insuring that
arming will take place even though the fuze is not
exactly concentric with the axis of the projectile.
The rotor is now fully armed, the firing pin is re-
leased and the fuze functions as follows: The gas
pressure and/or shock wave from action of the nose
fuze forces the obturating cup down and shears the
sealing disc adjacent to the firing pin. The firing pin
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is in turn forced against the primer cap and anvil,
which activates the detonator, the booster lead-in,
and the booster.

Arming Spin
The detents arm between 1600 and 1900 rpm in
static spin tests.

Safety Features

The rotor assembly and firing pin are held in the
unarmed position by their respective safety detents.
The fuze is armed only by centrifugal force. One set
of detents holds the firing pin and one set holds the
rotor unit in the unarmed position. In addition, cen-
trifugal force is necessary to cause the counter-
weights to carry the rotor to its armed position when
the added friction due to setback has ceased.

If the detonator should fire in the unarmed posi-
tion it would not detonate the booster charge.

Ballistic Acceptance Tests

Sample fuzes are chosen at random from the pre-
liminary and from each production lot and subjected
to routine safety tests and ballistic tests as follows:

Flight Test: Two fuzes are assembled in service-
loaded projectiles with dummy time fuzes and fired
from a gun. The fuzes must not function to explode
the bursting charge during flight.

Functioning Test: Five fuzes from every fifth
lot are assembled in 12-in., 14-in., or 16-in. pro-
jectiles loaded in any manner which will give positive
evidence of fuze functioning, with time or impact
fuzes of proven high quality, and fired from a gun
at target velocity or greater. If a time fuze is used,
various fuze settings shall be employed. High-order
functioning of the burster charge upon nose fuze

action is the criterion of satisfactory auxiliary deto-
nating fuze action. Acceptance is based on 100%
high-order functioning.

In order to conserve major-caliber projectiles, five
fuzes from all other lots are tested in 57/51 caliber
projectiles, each assembled with a nose fuze of
proven high quality at a muzzle velocity of about
1050 1/s, which closely simulates the setback and
spin conditions of the 16-in. gun. Acceptance of the
lot is based on 100% high-order detonation of the
projectiles. No prematures attributable to this auxil-
iary detonating fuze are allowable,

Markings on the Fuze

On the closing plug, the following data are
stamped :

AUX.
DET. FUZE
MK 35
LOT NO. —

followed by Initial of Loading Plant; Manufac-
turer’s Symbol; Anchor Sign; Year and Month of
Loading; Inspector’s Initials.

Remarks

The design of the Fuze Mk 35 was adopted to
replace Fuzes Mk 17 Mod 8 (Mk 46) type be-
cause it arms more reliably when mounted off-
center, simulating conditions in an unsymmetrical
projectile or one which is not spinning exactly about
its own axis in flight. The stop pins on the rotor also
assure that the detonator will be exactly lined up
with the firing pin and the booster lead-in, which is
not strictly true in the original Mk 17 design be-
cause the position of equilibrium is also that of zero
torque. It was also necessary to reduce the arming
speed to permit arming in major-caliber projectiles.
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BASE DETONATING FUZE MARK 36

General Data (Mk 4)'. Each fuze is composed of three major

Desienati dT parts; namely, the base flanged plug, the fuse body,
_ esignation an' ype and the nose cap. The fuze body contains the auxil-
Base Detonating Fuze Mk 36 Mod — iary plunger assembly, the detonator plunger assem-
Projectiles Used In b}y, detents, anfi-creep spring assembly, and two
. _ sidewall boosters protected by a booster cover. The
4"7/50 cal. Special Common Mk 16 nose cap, which is screwed onto the forward end of
Overall Dimensions and Weight the fuze body, 'hOUSf.:S j[he sen'sitive firing pin and
) detents. A locking pin is provided to lock the nose
Tength .....cooiviii i, 4.67 in. cap in position after final assembly at the loading
Body thread length ................ 1.090 in.
Body threads .......... 124-in—12NF-3LH
Weight .................... 1.58 == 0.04 1b.
Material
Body ............. Pearlitic manganese steel
Detonator plunger. ..Chrome-molybdenum steel
Nosecap .....oovvenvini Aluminum alloy
Applicable OS ........................ 3429

General Arrangement Drawing No. .. 423485
Explosives Used

1 Sensitive primer cap—JX ulminate of mercury
cap mixture (includes potassium chlorate and
antimony sulphide)

Delay primer cap—Ifulminate of mercury cap

mixture (includes potassium chlorate and
antimony sulphide) ‘ '

—

1 Delay element (0.01 second)—Black powder
1 Detonator—Lead azide
1 Detonator plunger load—Tetryl
2 Plunger lead-outs—Tetryl
2 Booster lead-ins-—Tetryl
2 Boosters—Tetryl
Description

The Fuzes Mk 31 and Mk 36 are practically
identical to Fuzes Mk 28 and Mk 20, except that
they are shorter in that the tracer cavity is omitted.
This is necessary because of the small filler space in
the 4-in. projectiles compared to 5-in. and larger.
If a tracer is used at all, it must be an external one

Figure 38.—Base Detonating Fuze Mk 36
Exterior View Full Size
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Figure 39.—Base Detonating Fuze Mk 36— Sectional View

plant. The fuze is moistureproofed by the applica-
tion of a lacquer plus a final coat of Bakelite varnish.
The base flanged plug of the fuze body is threaded to
receive an external tracer Mk 4.

Operation

The fuze is assembled in the unarmed position.
All components of the fuze remain in this position
during transportation, in storage, and until after the
fuzed projectile is fired irom the gun. After the
projectile leaves the muzzle of the gun, the detonator
plunger detents and the sensitive firing pin-detents
are forced outward by centrifugal force against their

spring pressure and friction. This does not occur

in the bore of the gun, because the side-wall friction

forces due to acceleration are greater than the centrif-
ugal forces. Also, the sensitive firing pin is slightly
moveable and at setback binds against the sensitive
firing pin detents, holding them in a safe position.
Close outside the muzzle, where the acceleration
ceases, the side-wall friction drops off sharply and
the radially moveable parts (detents) snap outward
under pressure of the continuous centrifugal force.
The detonator plunger is now unlocked but is re-
tained in the sale (rearward) position during flight
by the resistance of the anti-creep spring, which acts
against the flanged end of the inner anti-creep spring
cap attached to the detonator plunger. Since the
sensitive firing pin detents have been thrown out
of the way, the sensitive firing pin is free to be
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impinged wpon by the sensitive primer cap held in
the detonator plunger, immediately upon impact of
the projectile. At this time the detonator plunger,
aided by the momentum of the auxiliary plunger on
its ball bearing, continues forward, impinging the
sensitive primer cap onto the sensitive firing pin.
The gas pressure from the explosion of the sensi-
tive primer cap drives the round-pointed delay-ele-
ment firing pin against the delay primer cap, while
at the same time these gases pass through the port
holes on the side of the primer container and build
up a high pressure within the inner cup for anti-
creep spring, expanding the part of the cup which
is adjacent to the drilled holes in the nose cap. The
bulging of the inner cup for the anti-creep spring
locks the detonator plunger in the forward firing
position. In this firing position the lead-out holes in
the plunger are in alignment with the booster lead-in
holes. The firing of the detonator plunger delay
primer cap in turn ignites the black-powder delay
element (0.01 second) which then functions, the
detonator, two plunger lead-outs, two booster lead-
ins, two boosters, and the projectile bursting charge.

Arming Spin

The fuze arms in static spin tests between 3000
and 4500 rpm.

Safety Features

The safety detent mechanisms are armed only by
centrifugal force of a relatively high magnitude.
Two sets of detents, one to prevent the sensitive
primer from impinging on the sensitive firing pin,
and the other set for holding the detonator plunger
in the safe rearward position, insure that all four
detents will not become accidentally withdrawn at
the same time. Furthermore, the fuze is “detonator
safe.” That is, when the fuze is in the safe position
(plunger rearward), and the detonator is set off by
any cause, the force of the detonator is dissipated
and the boosters will not be detonated.

Sensitivity Limits

Fuzes Mk 36 will function at all probable velocities
and obliquities against 34-in. mild steel plate in the
corresponding 4”/50 caliber special Common pro-
jectiles. They will function reliably on ground and
water impacts down to angles of fall of about 2°
and 59, respectively.

Acceptance Test Data

Four samples from each production lot of fuzes
are assembled in 4-in. projectiles and subjected to
the prescribed safety tests and also the following
ballistic acceplance tests:

Rounds Velocity Obliquity Plate
2 2200 1/s 45° 34" m.s.
2 1000 f/s 0° 34”7 m.s.

1 (From 1st and 2200 f/s Water impact at non-
each 5th lot ricochet angles
thereafter)

Detonation of tested samples must take place a
distance behind the plate corresponding to a fixed
delay of 0.1 second. For the plate impact test, an
over-all performance of 75% high-order function-
ing is required for acceptance of each lot. For the
water impact test, satisfactory performance, when
combined with the plate impact test, shall be 80%
high-order functioning. A premature functioning of
any fuze shall cause rejection of the lot.

Markings on Fuze

Around the exposed base of the fuze the follow-
ing marking appears: Mk 36, Mod —; Lot —;
Loading Plant Initials or Symbol; Month and Year
of Loading; Inspector’s Initials; Anchor Stamp;
Manufacturer’s Initials.

Remarks

Fuzes Mk 31 and Mk 36 differ from each other
in that the latler contains a 0.01-second delay ele-
ment, while the former contains none. The Fuze
Mk 31 also has a slightly weaker anti-creep spring
acting on the detonator plunger than does the Fuze
Mk 36. The Fuzes also differ in the material used
in their respective detonator plungers. The Fuze
Mk 31 uses Pearlite manganese steel for the detona-
tor plunger, and the Fuze Mk 36 uses chrome-
molybdenum steel. They both have the slight im-
herent mechanical delay peculiar to all inertia
plunger-type base fuzes on the order of about 0.003
second. ’ '

The Fuze Mk 36 Mod 0 is the moistureproofed
design as described for Fuze Mk 28 Mod 15.

Fuzes of the Mk 36 type are manufactured and

~ loaded at the Naval Torpedo Station, Newport, and

soon will be manufactured at the Naval Ordnance
Plant, Milledgeville, Ga., for loading by Naval
Ordnance Plant, Macon, Ga.
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BASE DETONATING FUZE MARK 39

General Data

NOTE: The Fuzes Mk 39 and Mk 48 differ from
each other only in that the Mk 48 contains an 0.01-
second delay element, while the Fuze Mk 39 does
not. .

Designation and Type
Base Detonating Fuze Mk 39 Mod —

Projectiles Used In
8”, 127, 14”, and 16” HC

Overall Dimensions and Weight

Length ... ... . it 6.75 in.
Body thread length ................. 1.09 in.
Body threads ......... . 1%4-in—12NF-3LH
Weight ............. ... ... 1.88 =+ 0.09 Ib.
Material
’ ' Body ............. Pearlitic manganese steel
Detonator plunger .. Pearlitic manganese steel
Nosecap ...........coovnn. Aluminum alloy
Applicable 0OS

(Not yet prepared.) Use 2484, where pertinent.
General Arrangement Drawing No..... 226148

Explosives Used

1 Sensitive primer cap—Fulminate of mercury
cap mixture (includes potassium chlorate and
antimony sulphide)

1 Relay primer cap—Fulminate of mercury cap
mixture (includes potassium chlorate and
antimony sulphide)

1 Detonator—Lead azide .

1 Detonator plunger load—Tetryl

2 Plunger lead-outs—Tetryl

2 Booster lead-ins—Tetryl

2 Boosters—Tetryl

Description
The fuze is composed of two major parts, namely, .
the fuze body and the nose cap. The fuze body con- Figure 40.—Base Detonating Fuze Mk 39
‘ tains the plunger retaining plug, the auxiliary Exterior View Full Size
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Figure 41.—Base Detonating Fuze Mk 39—Sectional View

plunger assembly, the detonator plunger assembly, These fuzes were never moistureproofed. The base
detents, anti-creep spring assembly, the two side- of the fuze body is fitted to receive a tracer.

wall boosters protected by a booster cover. The nose z
cap, which is screwed onto the forward end of the Operation

fuze body, houses the sensitive firing pin and de- The fuze is assembled in the unarmed position.
tents. A locking pin is provided to lock the nose cap All components of the fuze remain in this position
in position after final assembly at the loading plant. during transportation, in storage, and until after
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the fuzed projectile is fired from the gun. After the
projectile leaves the muzzle of the gun, the detona-
tor-plunger detents and the sensitive firing-pin de-
tents are forced outward by centrifugal force against
their spring pressure and {riction. This does not
occur in the bore of the gun, because the side-wall
friction forces due to acceleration are greater than
the centrifugal forces. Also, the sensitive firing pin
is slightly moveable and at setback binds against the
sensitive firing-pin detents, holding them in the safe
position. Close outside the muzzle where the accelera-
tion ceases, the side-wall friction drops off sharply
and the radially moveable parts (detents) snap out-
ward under pressure of the continuous centrifugal
force. The detonator plunger is now unlocked but
is retained in the safe (rearward) position during
flight by the resistance of the anti-creep spring which
acts against the flanged end of the inner anti-creep
spring cup attached to the detonator plunger. Since
the sensitive firing-pin detents have been thrown out
of the way, the sensitive firing pin is free to be
impinged upon by the sensitive primer cap held in
the detonator plunger immediately upon impact. At
this time the detonator plunger, aided by the mo-
mentum of the auxiliary plunger on its ball bear-
ings, continues forward, impinging the sensitive
primer cap onto the sensitive firing pin. The gas
pressure from the explosion of the sensitive primer
cap drives the round-pointed plunger firing pin
against the relay primer cap, while, at the same time,
these gases pass through the port holes on the side
of the primer container and build up a high pres-
sure within the inner cup for the anti-creep spring,
expanding that part of the cup which is adjacent to
the drilled holes in the nose cap. The bulging of the
inner cup for the anti-creep spring locks the detona-
tor plunger in the forward firing position. In this
firing position the lead-out holes in the plunger are
in alignment with the booster lead-in holes. The fir-
ing of the detonator-plunger relay primer cap in
turn actuates the detonator, two plunger lead-outs,
two booster lead-ins, two boosters, and the projectile
bursting charge.

In this there appears to be no obvious need for
the relay primer at all and efforts are being made
to eliminate it. It is present in this fuze because the
Fuze Mk 39 is actually a modified Fuze Mk 28,
which 1s an adaptation of the Base Detonating Delay
Fuze Mk 20, wherein the relay primer serves the
specific purpose of igniting the delay element and

maintaining a satisfactory pressure within the
plunger during the delay burn-through time,

Arming Spin

The fuze becomes armed shortly after leaving the
muzzle. Detents are required to arm in static spin
tests between 1200 and 1400 rpm.

Safety Features

-

The safety detent mechanisms are armed only by
centrifugal force of a relatively high magnitude.
Two sets of detents, one to prevent the sensitive
primer from impinging on the sensitive firing pin,
and the other set for holding the detonator plunger
in the safe rearward position, insure that all four
detents will not become accidentally withdrawn at
the same time. Furthermore, the fuze is “detonator
safe.” That is, when the fuze is in the safe position
(plunger rearward), and the detonator is set off by
any cause, the force of the detonator is dissipated
and the boosters will not be detonated.

Sensitivity Limits

In all calibers from 8-in. to 16-in. in HC pro-
jectiles at 20 to 30 degrees obliquity and 1500 /s
striking velocity, the fuze will usually function on
STS plate with a thickness of e/d equal to 0.07 or
greater. “‘e” is the slant thickness of the plate (thick-
ness divided by cosine of the obliquity) and “d” is
the projectile diameter in inches. The sensitivity limit
in 8in. HC projectiles regardless of obliquity or
striking velocily is 54-in. STS plate. At 60 to 65
degrees obliquity, the fuze appears to be at least as
sensitive as it is at lower obliquities. Data are in-
sufficient to determine whether or not the sensitivity
limit is affected appreciably by the striking velocity.

Acceptance Test Data

. Sample fuzes chosen at random from each pro-
duction lot are subjected to routine safety tests and
to various ballistic tests in 8-in. to 16-in. HC pro-

- jectiles. Specifically, five rounds from each lot of

lots 3, 4, 5, 6, and 7 are assembled in 8-in. HC pro-
jectiles, and fired on 34-in. plate at a velocity of
2000 f/s and at 30 degrees obliquity. Acceptance of
lot is based on high-order functioning of three out
of the five tested under the above conditions; or
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under similar conditions at the discretion of NPG.
One fuze from the first two lots is assembled in
14-in. HC projectiles and fired against 1-in. plate
at 30 degrees obliquity.

Markings on the Fuze

Around the exposed base of the fuze body, the
following data are stamped on each fuze: Mk 39—,
Mod —; Lot —; Loading Plant’s Initials; Year

and Month of Loading; Inspector’s Initials ; Anchor
Sign; Inert Parts Manufacturer’s Initials.

Remarks

The I'uze Mk 39 is no longer in production, hav-
ing been superseded by the Base Detonating Delay
Fuze Mk 48. All fuzes Mk 39 were manufactured
and loaded by Naval Torpedo Station, Newport, and
none was waterproofed.

Figure 42.—Mechanical Time Fuze Mk 42—Exterior View Full Size
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MECHANICAL TIME FUZE MARK 42

General Data

Designation and Type
Mechanical Time Fuze Mk 42

Projectiles Used In
12”7, 14”, and 16” HC

Overall Dimensions and Weight
Length ......c.coooiiatt, 4.313 in. max.
Body threads .......... 1.70-in—14NS-1RH
Weight ... o i 2.51 Ib.
Material
Uppercap ..o Brass
Lowercap ........... ... .o il Brass
Body oo Brass
Applicable OS .......... 2114, where pertinent

General Arrangement Drawing No.

439905 (Mod 0)
Explosives Used

Primer cap contains either F.A. 70 primer mix-
ture consisting of potassium chlorate, antimony
sulphide, TNT and lead sulfocyanate or the
F.A. 70 primer mixture modified to contain 8%
ground glass. Magazine charge consists of not
less than 40 grains of black powder in a mois-
tureproof plastic container.

Description

The 45-second Mechanical Time Fuze, Mk 42, is
designed to initiate detonation of high-explosive
major-caliber projectiles after a predetermined lapse
of time. These time fuzes are used in conjunction
with auxiliary detonating fuzes which are actuated
by the pressure (not flame) produced by the burning
of the black-powder base charge of the mechanical
time fuze. In its assembled form the fuze consists
of four main sub-assemblies: the movement assem-

bly, the body, the lower cap, and the upper cap. The
movement assembly is attached to the inside of the
body by three holding screws and contains the firing
pin and the mechanism which eventually releases it.
The brass body contains the magazine charge (not
less than 40 grains of black powder in a plastic con-
tainer which is practically impervious to moisture),
the primer cap, a black-powder relay pellet (to aug-
ment flame from primer), and the bottom closing
screw. The lower cap is inscribed with a scale gradu-
ated in seconds for setting the fuze and is attached
to the body by a joint characterized by a tensioning
feature wherein the tensional resistance to rotative
relative movement between lower cap and body is
adjusted by four screws during assembly, at the
fuze manufacturing plant. The lower cap and body
are each provided with a lug for engagement in the
slot of a fuze setter or hand-setting wrench. The
upper cap screws into the lower cap and contains
a cylindrical weight suspended by a coiled spring
anchored at the inner portion of the ogive’s tip. This
weight assists in flattening the hammer spring when
the force of setback acts upon the fuze.

Operation

The mechanical clock movement of the fuze con-
sists of an escapement driven by a spiral spring act-
ing through a gear train. The fuze is assembled
with the spring fully wound, but the mechanism is
maintained in the unarmed condition during trans-
portation and storage and until actually fired from
a gun, by means of the safety features to be dis-
cussed. Centrifugal force releases the escapement
so that it can be driven by the spring. The fuze
primer is fired by a spring-driven firing pin which
is released at the correct instant by a mechanism
operated principally by centrifugal force but assisted
by a coil spring. The timing element, termed the
timing disc, which receives the selective sefting, is
connected to the main drive shaft, or center arbor,
by a friction clutch which permits the timing disc
to turn relative to the main drive shaft during the
setting operation.
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Figure 43.—Mechanical Time Fuze Mk 42—Cut-away
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The setting operation consists of displacing the
slot in the timing disc the proper distance circum-

. ferentially from the firing arm. When the fuze is

set on SAFE, entrance of the firing arm into this
slot is prevented by the location of the safety disc
over the slot opening. At all operational settings of
the fuze, however, the timing-disc slot has been
swung around clear of the safety disc. In order to
turn the timing disc relative to the firing arm, and
to the main drive shaft, a setting pin is provided.
This setting pin is fixed at one end to the top inside
shoulder of the lower (rotative) cap in such a posi-
tion as to be parallel to the longitudinal axis of the
fuze. The free end of the setting pin engages the
forked lug of the timing disc. Upon firing from a
gun, disengagement of the setting pin from the
forked lug is effected under force of setback by two
small weights of the hammer spring assembly, which
depress the forked lug. Since the setback force is
relatively low in the large-caliber projectiles for
which the fuze is designed, the flat hammer spring
is aided by a cylindrical weight, which is suspended
in the upper cap by a coil spring and which drops
down on setback, to strike the flat hammer spring
assisting blows. As soon as the force of setback de-
creases from its maximum value, the hammer spring
and the coil spring begin to return their respective
weights to their normal forward positions. The tim-
ing disc is thus clear of the weights which depressed
the forked lug, but the lug remains bent down.
While the timing disc is being unlocked by forces
of setback, the entire gear train, including the escape-
ment mechanism and the main drive shaft, is un-
locked almost simultaneously by two centrifugally
controlled mechanisms. The first is the safety lever
plate assembly which itself is held by a centrifugally
operated detent. (The latter in turn is secured by a
flat spring when the fuze is at rest.) The safety-
lever plate detent swings out to free the safety-lever
plate, which then also swings clear of the escape-
ment lever, permitting the lever to begin its oscilla-
tions. Meanwhile, the second unlocking operation oc-
curs at the other end of the gear train. The driving
spring is allowed to start unwinding by centrifugal
withdrawal of a center arbor detent, which is thrown
out against the coil detent spring normally holding
the detent in place. The unwinding of the spiral
spring provides the driving force which sustains
the movement of the timing disc in its measurement
of time for which the fuze has been set. The speed
of the timing disc, and therefore the accuracy with

which the predetermined interval of time will be
measured, depends upon the accuracy of the escape-
ment mechanism which governs the speed of the
fuze movement. The escapement mechanism is care-
fully adjusted and regulated prior to installation of
the movement assembly in the fuze body.

The fuze functions at the end of the predeter-
mined interval of time for which the fuze has been
set. The firing train is set off when the timing disc
has rotated to a point where the firing arm may enter
the timing-disc slot. Centrifugal force acting on the
operating weight of the firing arm moves the weight
outward (with assistance of the spring on the firing-
arm shaft), turning the lug into the timing-disc slot
by rotation of the firing-arm shaft. A slot in the
firing-arm shaft is swung around as the shaft turns,
clearing a weighted pawl. The latter pawl or safety
plate differs from that for Fuze Mk 18 type in
having a weight assembled thereto. This pawl, the
firing-pin safety assembly, moves outward from its
normal position under the shoulder of the firing pin,
partly due to centrifugal force and partly due to a
camming action by the firing pin, allowing the latter
to be driven downward by the firing-pin spring.
Another safety feature, the firing-pin safety block,
which is also in position under the shoulder of the
firing pin when the fuze is at rest, will have already
been swung out of the way (against its retaining
spring) by centrifugal force, upon the firing of “the
projectile.

The firing pin, driven downward by its spring,
strikes the fuze primer. Flash from the primer and
a hollow black-powder relay pellet, which is included
in the primer assembly, impinges on the magazine
charge, which consists of forty or more grains of

"black powder in a plastic container located in the

base of the fuze body. The pressure built up by the
burning magazine charge is then transmitted through
the bottom closing-disc assembly to the auxiliary de-
tonating fuze. The Fuze Mk 42 is a moistureproofed
fuze with the same sealing features of Fuze Mk 50.

Acceptance Test Data

Time Firing or Functioning Tests — Twenty
sample fuzes from each lot are fired as follows:

(a) Ten fuzes from lots 1, 2, 3, 4, 6, 7, §,
9, 11, etc., are fired in 8-in. HC projectiles.

(b) Five fuzes from lots 5, 25, 45, etc., are
fired in 12-in. HC projectiles.
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(¢) Five fuzes from lots 10, 15, 20,—30, 35,
40, etc., are fired in 14-in. HC projectiles.

(d) Five fuzes from lots 5, 10, 15, 20, 25, 30,
etc., are fired in 16-in. HC projeciiles.

(e) In case HC projectiles are not available
for the above tests, ten fuzes from each lot are
fired in 5”/51 caliber guns with about 1100 f/s
muzzle velocity. This will give setback and initial
spin values slightly above those obtained in 16-in.
guns with reduced charges. Ten additional fuzes
from each lot are fired in 6”/53 or 6”/47 caliber
guns at reduced charges. If HC projectiles are
available for the tests above, the ten extra fuzes
are fired in either 5”/51, 6”/53 or 6”/47 guns,
at discretion of NPG.

Time settings to be used on the above sample fuzes
are 5, 10, 20, 30, and 40 seconds. One fuze from each
test sample is set at each of the above settings, with
the exception of test samples (a) and (e) wherein
two fuzes at each setting are used. Alternate lots for
tests (a), (b), (c), and (d) are fired with service
and reduced charges. The deviation of bursting time
from setting time shall be less than 0.12 =+ 0.0075
T seconds, where T is the set value. Acceptance for

the lot is based on 80% satisfactory performance of
all fuzes tested from the lot.

Safety Firing Test—Three fuzes from each lot
are set on “safe” and fired in any 6-in. gun in the
last third of its life at reduced charges. Whenever
practicable, this should be done in 8-in. to 16-in.
projectiles fired at service or near proof velocity.
Functioning of any fuze is cause for rejection of
the lot.

Markings on Fuze

Stamped on the side of the base are the follow-
ing markings: Mech. Time Fuze Mk 42, Mod —;
Manufacturer’s Initials; Inspector’s Initials, Lot
Number..

Remarks

Large-caliber projectiles upon firing do not pos-
sess sufficient centrifugal force and setback to in-
sure reliable functioning of the Time Fuze Mk 18
when used; thus it was considered necessary to de-
velop the spring driven Fuze Mk 42.

The Fuze Mk 42, moistureproofed, includes the
same sealing features used in moistureproofing of
Fuzes Mk 50.
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AUXILIARY DETONATING FUZE MARK 43

General Data
Designation and Type
Auxiliary Detonating Fuze Mk 43

Projectiles Used In
HC AA Common or HC

5”/54 cal. 6"”/47 Dual Purpose
Overall Dimensions and Weight
Tength ...t 3.18 in.
Body threads ......... 1.375-in.—20NS-2LH
Weight ... 0.92 Ib.
Material
Body ... Steel
Closing plug ..........o.ooit Steel or brass
Booster extension .................... Steel
Booster €ap ...t Steel
Rotor block ................ Aluminum alloy
Rotor ......coviv et Aluminum alloy
Firing pinholder .................... Brass
Base for rotor ........... ... ... Brass
Applicable OS ........................ 3421

General Arrangement Drawing No.. ... 394538

Explosives Used
Detonator—Lead azide priming mixture, lead
azide, tetryl
Lead-out of rotor—Tetryl
Lead-in—Tetryl
Booster—Tetryl

Description

The Fuze Mk 43 is identical to the Fuze Mk 54
except that instead of one booster pellet, two booster
pellets in tandem are used and the booster cavity is
lengthened by the use of a threaded extender. This
makes the fuze correspondingly longer, so that it
protrudes deeper into the projectile cavity. A booster
cap and closing plug close the two ends of the fuze.
The fuze body assembly houses the standard Fuze
Mk 54 sealing cup assembly which includes the firing
pin assembly, the rotor block assembly, and the base
for the rotor.

The fuze is designed:

(1) To detonate the projectile explosive charge
and thereby burst the projectile with high-order
detonation instantaneously after the initiating ex-

‘plosive charge in the nose fuze is fired.

(2) To insure safety in transportation and stow-
age and to prevent detonation of the projectile in the
gun should the initiating nose fuze function pre-.
maturely.

(3) Not to function or detonate when assembled
in a projectile and then dropped nose-, side- or base-
down from a height of 40 feet onto armor plate,

Operation

The fuze is assembled in the unarmed position and
remains in this condition during transportation and
stowage and until the projectile in which it is as-
sembled is fired from a gun. When the projectile is
fired from a gun, centrifugal force moves the firing

Figure 44.—Auxiliary Detonating Fuze Mk 43
Mod T1—Exterior View Full Size
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Figure 45.—Auxiliary Detonating Fuze Mk 43 Mod 1—Sectional View
pin detents and rotor detents outward, overcoming  of which engage in holes in the sides of the rotor.
the holding forces and thereby releasing the firing
pin and rotor.

In this position the detonator element is safe, and,
if the detonator were to be exploded, it would not
The rotor, which contains four lead counter- detonate the booster. The rotor detents, on being
weights, and the detonator, is provided with two

stop pins and is assembled in the rotor block with the

moved outward by centrifugal force, withdraw from
the holes in the rotor, permitting the counterweights

axis of the detonator at an angle of 55 degrees from
the long axis of the fuze. The line of the stop pins,
being perpendicular to the axis of the detonator, is
at an angle of about 35 degrees from the long axis
of the fuze. The rotor is held in this (unarmed)
position by the two rotor detents, the tapered ends

to rotate the rotor until the detonator is in line with
the booster lead-in and the firing pin, respectively.
In this position the rotor is not in dynamic equi-
librium but on account of the positions of the two
small lead counterweights and the two empty holes,
is tending to rotate further. Further rotation of the
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rotor is prevented by the stop pins which press
against the edges of the two holes, one placed in each
side of the rotor housing. The purpose of this ar-
rangement is to maintain a positive torque on the
rotor, acting 10hold 1’1 the armed position through-
out all motion of the projectile in flight. Fuzes of the
Mk 43 type have the further advantage over the
Mk 17 type of auxiliary detonating fuze in that they
have an increased amount of arming energy, thas
insuring that arming will take place even though the
fuze is not exactly concentric with the axis of the
projectile.

The rotor is now fully armed; the firing pin is re-
leased; and the fuze functions as follows: The gas
pressure and/or shock wave from the action of the
nose fuze forces the obturating cup down, shearing
the firing pin sealing disc adjacent to the firing pin.
The sharp-pointed firing pin is in turn thrust into
the lead azide primer cap mixture of the detonator
initiating it and, in turn, the booster lead-in and the
booster.

Arming Spin
Both the firing pin detents and the rotor detents
arm between 3000 and 4500 rpm in static spin tests.

Safety Features

The rotor assembly and firing pin are held in the
unarmed position by their respective safety detents.
The fuze is armed only by centrifugal force. One set
of detents holds the firing pin and one set holds the
rotor unit in the unarmed position. In addition, cen-
trifugal force is necessary to cause the counter-
weights to carry the rotor to its armed position when
the added friction due to setback has ceased. If the
detonator should fire in the unarmed position it
would not detonate the booster charge.

Acceptance Test Data

Bore Safety Test—Two completely live-loaded
fuzes from the first lot, fortieth lot, and every
fortieth lot thereafter are installed with “prearmed”
point detonating fuzes in 5-in. projectiles. These pro-
jectiles are fired at near proof velocity against a
wooden screen placed not more than two feet from
the muzzle of the gun. If either one of the fuzes
detonates on impact, the lot is rejected. In the event
a lot is rejected, every subsequent lot shall be sub-
jected: to this test until 20 consecutive lots have
passed. '

Static Safety Test—Two completely live-loaded
fuzes from the first lot, fortieth lot, and every
fortieth lot thereafter are assembled with a suitable
mechanical time fuze. With the rotor of the auxiliary

Qcdtonating Yuze 1n the unarmed position, “he e
fuze is fired for a safety test of the auxiliary fuze.
1f one or both of the auxiliary fuzes detonate, the
lot is rejected. In the event a lot is rejected, every
subsequent lot is subjected to this test, until 20 con-
sccutive lots have passed.

Functioning Tests—Ten completely live-loaded
fuzes from each lgt (with the exception of the fif-
teenth lot and each fifth lot thereafter) are installed
in 5-in. projectiles assembled with mechanical time
fuzes, point detonating fuzes, or powder train fuzes
of good quality. The auxiliary detonating fuze is
assembled on the center of the axis of rotation of the
projectile. Two of the projectiles are fired at proof
or near proof pressure amd the remainder fired at
service pressure. Satisfactory performance for this
test shall be 100% high-order functioning.

Ten completely live-loaded fuzes from each of the
first ten lots and from every fifth lot thereafter (i.e.,
15, 20, 25, etc.) are assembled with mechanical time
fuzes, point detonating fuzes, or powder train fuzes
of good quality. The auxiliary detonating fuze is

_ located by means of an adapter 0.04-in. off the axis

of rotation of the projectile. Two of the projectiles
are fired at proof or near proof pressure and the
rest at service pressure. Satisfactory performance
for this test shall be 80% high-order functioning.
In the event that the eccentric adapters are not avail-
able for this test, the ten fuzes are fired on center
as specified in the above paragraph.

Markings on Fuze

The closing plug is stamped with the following
data:
AUX.
DET. FUZE
MK 43 MOD —

Manufacturer’s Symbol; Lot —; Symbol of Load-
ing Plant; Month and Year of Loading; Anchor

" Sign; Inspector’s Initials.

Remarks

This design of an auxiliary detonating fuze
using a longer and larger booster was made neces-
sary by the long streamlined shape of the 57/54
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caliber projectile. To insure consistent high-order  the Mod 1 only in that an elongated body is used
detonation, it is advisable to have the fuze booster  instead of the Mk 54 type body with an extension.
imbedded to the projectile filler as deeply as practica- The Mod 1 will be the design produced, and N. O. P.
ble. Milledgeville will be the only manufacturer. All

The design of the Fuze Mk 43 Mod 0 differs from bodies and extensions are to be made of steel.
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Figure 46.—Auxiliary Detonating Fuze Mk 44—Sectional View
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Chapter 23
AUXILIARY DETONATING FUZE MARK 44
General Data Description

. ) This fuze is of the twin rotor type, of which the
Designation and Type . main parts are: booster magazine, fuze body,
Auxiliary Detonating Fuze Mk 44 rotor housing, rotors, detents, and cover disc.
The design differs from other auxiliary fuzes such
Projectiles Used In as the Mk 46 and Mk 54 in having no firing pin or
primer mixture loading. It has two rotors each hav-
AA Common AA HC ing its axis of rotation parallel to the axis of rota-
57/25 cal. 37/50 cal. Mk 31 5"/54 cal. tion of the fuze rather than perpendicular to it. This
5/38 cal. 6" /47 cal. fuze requires a shock wave such as is produced by
dual purpose a detonator or blasting cap to initiate it rather than
just gas pressure as is the case with auxiliary deto-

U. S. Army Howitzers British nating fuzes of Mk 46 and Mk 54 types.

AA 75-mm AA .
90-mm 105-mm  4.5-in. Operation
120-mm 155—r.nm 5‘25.—1n. The fuze is assembled in the unarmed condition
: 8-in. 4.0—}11. and remains so during transportation and storage.
\,, ' 240-mm 4.7-in. (short)

Overall Dimensions and Weight

The two rotors are held by their respective detents
with their explosive leads out of line with each other
and with the booster. Upon firing in a gun, centri-
fugal force throws the detents outward, freeing the

Length .o 1.819 in.
Body threads ........ 1.5610-in—20NS-2L.H  rotors. The latter, however, are prevented from
WeIght « v ovveeeeeeeenannn 214 + 5 gm,  turning by friction until setback force has been ex-
: pended, after which they are rotated into the armed
. position by centrifugal force acting on the lead
Material . weights assembled in each rotor so that their ex-
Body -ovviiin Brass .
Rotor housing . ......... ModO ....... Brass

Mod 1—Die cast zinc

Rotors ........cooooiiiiiiiint Aluminum
Magazine ...........ooiiiiiiiaaannn . Steel
Coverplate ........oiiieiii e Steel
Applicable OS ......... JR 2985

General Arrangement Drawing No.... 388904

Explosives Used

Detonator—Lead azide and tetryl (compound
type)

Lead-ins—Tetryl

Booster—Tetryl

Figure 47.—Auxiliary Detonating Fuze Mk 44
Exterior View Full Size
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plosive charges are in line with each other, with
the booster lead-in, and with the central hole of the
cover disc. Fuzes of the Mk 44 type have the ad-
vantage of being unusually tolerant of eccentric spin.
Arming will take place even though the fuze 1s not
exactly concentric with the axis of the projectile.

- The fuze functions when the detonating nose fuze
fires, transmitting its detonation through the cover
disc to the lead azide and tetryl of the upper rotor
detonator. This in turn detonates the lead-in charge
in the lower rotor, the booster lead-in, the tetryl
booster charge, and finally the burster charge of the
projectile.

Arming Spin

The rotors arm at 3000-4500 rpm in static spin
tests. The arming spin test at 3000 rpm is conducted
on-center; while the spin test for arming at 4500
rpm is conducted in an off-center check at an ec-
centricity of 0.125 in.

Safety Features

Safety is provided by the fact that the two rotors
must be in line before the booster charge can be
fired. When the loaded fuze is assembled with
detonator and rotor lead-in locked out of line with
each other and with the booster lead-in, even though
one or both rotor explosive charges were to be ex-
ploded, the booster charge would not be detonated.
Tests have also shown fuze safety even if one or
the other rotor is completely armed; provided one
rotor remains in the same position.

Ballistic Acceptance Tests

Static Safety Test—Two fuzes from every forti-
eth lot shall be assembled with a suitable adapter
with a time fuze and given a safety test by firing
the time fuze, the rotors of the auxiliary detonating
fuze being in the unarmed position. Neither the
detonator rotor lead-in, lead-in, nor booster shall
function under these conditions. If either fuze fails
this test, the preceding four lots shall be subjected
to this test also. ‘

Functioning Test—Ten fuzes {rom every lot are
tested, assembled in standard service loaded pro-
jectiles with ignition fuzes capable of firing the
auxiliary detonator and of such known performance

that failure of the projectile to burst before impact
may be considered a failure of the auxiliary detonat-
ing fuzes being tested. Ordinarily all auxiliary deto-
nating fuzes will be located on the axis of rotation of
the projectile and must function as high-order
detonations when initiated by the time fuzes. Two
rounds are fired at near proof pressure. At least
90% performance is required.

At the discretion of BuOrd, ten fuzes from any
lot are assembled, by means of a proper adapter,
14-in. off the axis of rotation of the projectile and
tested as before, two rounds being fired at near
proof pressure. At least 80% performance is re-
quired. Failure of this test is sufficient cause for
consideration by BuOrd of the acceptability of other
lots on which the off-center test was not required.
In the event of any lot failing an off-center or an
on-center test, twenty additional fuzes from that lot
are fired in the same manner and acceptance based
on the same percentages as before, for all thirty,
1.e., 90% for the on-center and 80% for the off-
center tests.

Markings on Fuze

The following data appear on the booster cap:
Auxiliary Detonating Fuze Mk 44, Mod —; Manu-
facturer’s Symbols; Lot —; Initials of Loading
Plant; Month and Year of Loading; Anchor Stamp;
Inspector’s Initials. '

Remarks

This fuze is currently used, and only with nose
fuzes not covered in this OP. The Fuze Mk 44 Mod
0 has a machined brass rotor block with pressed-
fit steel stop pins. Fuzes Mk 44 Mod 1, of early
lots have a zinc die-cast rotor holder with pressed-
fit rotor stop pins. The later lots of Fuzes Mk 44
Mod 1 have a zinc die-cast rotor block with integral
case stop pins. '

In the Fuze Mk 44 Mod 2 a 0.136-in. diameter
hole has been drilled through the center of the top
cover and a 0.002-in. thick copper disc crimped over
the top cover to seal it. This fuze is used in spin-
stabilized rockets in conjunction with the Army
Nose IFuze M51A2 Type. This modification was
necessary because the Army Nose Fuze MS51A2,
when set on delav, is unable to puncture the top
cover of the Mod 1 design.
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Chapter 24
AUXILIARY DETONATING FUZE MARK 46

General Data

NOTE: The Mk 46 and Mk 35 differ on

strength of the detent springs. Those of the Mk 35

are weakened to make the latter fuze suitable for
major-caliber low-spin projectiles.

Designation and Type
Auxiliary Detonating Fuze Mk 46, Mods 0 & 1

Projectiles Used In

AA AA Common HC
37/23 cal. 57/25 cal. 47/50 cal.
3”/50 cal. 5" /38 cal. 5”/51 cal.

6 /53 cal.

6" /47 cal.(Sp)

Overall Dimensions and Weight

Length ...ttt 2.50 in.
Body threads ........... 134-in.—20NS-2LH
Weight ... 0.77 1b.
Material
Body .....covviii i Steel
Closing plug ................. Steel or brass
Boostercap ........iiiiiiiiiiiiin, Steel
Rotorblock ................ Aluminum alloy
Rotor ..................... Aluminum alloy
Firing pin holder ...... e Brass
Base forrotor ......... ... .. ... Brass

Applicable OS .Use OS 2104 (where pertinent)

General Arrangement Drawing No.
329950, Rev. E.

Explosives Used

Primer cap—Fulminate of mercury cap mixture
Detonator—Fulminate of mercury and tetryl
Booster lead-in—Tetryl

Booster—Tetryl

Description

The fuze is composed of a one-piece body with a
booster cap and plug closing the respective ends. The
body assembly houses the firing pin assembly, the
rotor block assembly, and the base for the rotor.
The fuze is designed:

(1) To detonate the projectile explosive charge

and therebv burst the projectile with high-order

JOLC N R 8 Lot ) 2y puist ol LULLLAL Wil gt UI Ul

detonation instantaneously after the initiating ex-
plosive charge in the nose fuze is fired.

(2) To insure safety in transportation and stow-
age and to prevent detonation of the projectile in the
gun should the initiating nose fuze function pre-
maturely.

(3) Not to function or detonate when assembled
in a projectile and then dropped nose-, side-, or base-
down from a height of 40 feet onto armor plate.

Operation

The fuze is assembled in the unarmed position and
remains in this condition during transportation and
stowage and until the projectile in which it is as-

Figure 48.—Auxiliary Detonating Fuze Mk 46
Exterior View Full Size
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Figure 49.—Auxiliary Detonating Fuze Mk 46—Sectional View

sembled is fired from a gun. When the projectile is
fired from a gun, centrifugal force moves the firing
pin detents and rotor detents outward, overcoming
the holding forces and thereby releasing the firing
pin and rotor.

The rotor, which contains four lead counter-
weights, the primer, and the detonator, is provided
with two stop pins and is assembled in the rotor
block with the axis of the detonator at an angle of
55 degrees from the long axis of the fuze. The line
of the stop pins, being perpendicular to the axis of
the detonator, is at an angle of about 35 degrees
from the long axis of the fuze. The rotor is held in
this (unarmed position) by the two rotor detents,
the tapered ends of which engage in holes in the
sides of the rotor. In this position the detonator ele-
ment is safe and if the detonator were to be exploded
it would not detonate the booster. The rotor detents,
on being moved outward by centrifugal force, with-

draw from the holes in the rotor, permitting the
counferweights to rotate the rotor until the detonator
and primer are in line with the booster lead-in and
the firing pin, respectively. In this position the rotor
is not in dynamic equilibrium but, due to the posi-
tions of the two smaller lead counterweights and the
two empty holes, is tending to rotate further. Further
rotation of the rotor is prevented by the stop pins
which press against the edges of the two holes, one
placed in each side of the rotor housing. The purpose
of this arrangement is to maintain a positive torque
on the rotor, acting to hold it in the armed position
throughout all motion of the projectile in flight.
Fuzes of Mk 46 type have the further advantage
over the Mk 17 type of auxiliary detonating fuze in
that they have an increased amount of arming
energy, thus insuring that arming will take place
even though the fuze is not exactly concentric with
the axis of the projectile.
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The rotor is now fully armed; the firing pin is
released and the fuze functions as follows: The gas
pressure and/or shock wave from the action of the
nose fuze forces the obturating cup down, shearing
the firing pin sealing disc adjacent to the firing pin.
The firing pin is, in turn, forced against the primer
cap and anvil, which actuates the detonator, the
booster lead-in, and the booster.

Arming Spin

Both the firing pin detents and rotor detents arm
between 3000 and 4500 rpm in static spin tests.

Safety Features

The rotor assembly and firing pin are held in the
unarmed position by their respective safety detents.
The fuze is armed only by centrifugal force. One
set of detents holds the firing pin and one set holds
the rotor unit in the unarmed position. In addition,
centrifugal force is necessary to cause the counter-
weights to carry the rotor to its armed position when
the added friction due to setback has ceased. If
the detonator should fire in the unarmed position, it
would not detonate the booster charge.

Ballistic Acceptance Tests

Sample fuzes are chosen at random from the pre-
liminary and from each production lot and subjected
to routine safety tests and ballistic tests as follows:

Flight Test: Two fuzes are assembled in service-
loaded projectiles with dummy time fuzes and fired
from a gun. The fuzes must not function to explode
the bursting charge during flight.

Functioning Test: Five fuzes from each lot are
assembled in 5-in. projectiles, each with a nose fuze
of proven high quality and fired. Acceptance of the

lot is based on 1009% high-order detonations of all
projectiles tested. No prematures attributable to this
fuze are allowed.

From each lot an additional five fuzes are as-
cembled in measured (concentric within 0.010-in.)
57/38 caliber projectiles, “D” loaded to a density of
1.42, with special eccentric adapters with an ec-
centricity of 0.040-in. Time Fuzes Mk 18 Type of
proven high quality are used with the auxiliary
-detonating fuzes. Acceptance is based on 80% high-
order detonations of all projectiles tested. No pre-
matures attributable to this auxiliary. fuze are allow-
able. In the event of failures, ten fuzes from each
lot are retested in each of the two tests outlined
above.

Markings on Fuze
On closing plug, the following data are stamped:

AUX.
"DET. FUZE
MK 46

LOT NO. —; followed by Initial of Loading
Plant; Manufacturer’s Symbol; Anchor Sign; Year
and Month of Loading; and Inspector’s Initials.

Remarks

The design of the Fuze Mk 46 (originally Mk 17
Mod 8-11 inclusive) was adopted to replace the Mk
17 primarily because it arms more reliably when
mounted off-center, simulating conditions in an un-
symmetrical projectile or one which is not spinning
exactly about its own axis in flight. The stop pins
on the rotor also assure that the detonator will be
exactly lined up with the firing pin and the booster
lead-in, which is not strictly true in the Mk 17 de-
sign because the position of equilibrium is also that
of zero torque.
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Figure 50.—Base Detonating Fuze Mk 48—Sectional View
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BASE DETONATING FUZE MARK 48

General Data

NOTE: The Fuzes Mk 39 and Mk 48 differ from
each other only in that the Mk 48 contains an 0.01-
second deldy element. The Mk 39 does not.

Designation and Type
Base Detonating Fuze Mk 48 Mod —

Projectiles Used In
87,127, 14”, and 16” HC

Overall Dimensions and Weight

Length ..., 6.75 in.
Body thread length ................. 1.09 in.
Body threads ........... 1%4-in—12NF-3LH
Weight ..., 1.88 =+ 0.09 Ib.
Material
Body .............. Pearlitic manganese steel
Detonator plunger ... Pearlitic manganese steel
Nosecap vovvvvviennnnn.n. Aluminum alloy

Applicable OS
(Not yet prepared) Use 897 and 2506, where
pertinent

General Arrangement Drawing No.

Mk 48 Mod O ..o oo . 206248
Mk 48 Mod 1 .o 422712

Explosives Used
1 Sensitive primer cap—Fulminate of mercury
cap mixture (includes potassium chlorate and
antimony sulphide)
1 Delay primer cap—Fulminate of mercury cap
mixture (includes potassium chlorate and anti-
mony sulphide) ,
1 'Delay element (0.01 second)—Black powder
1 Detonator—Lead azide
1 Detonator plunger load—Tetryl

- 2 Plunger lead-outs—Tetryl
2 Booster lead-ins—Tetryl
2 Boosters—Tetryl

Description

The Fuze is composed of two major parts, namely,
the fuze body and the nose cap. The fuze body con-
tains the plunger retaining plug, the auxiliary
plunger assembly, the detonator plunger assembly,
detents, anti-creep spring assembly, and two side-
wall boosters protected by a booster cover.

The nose cap, which is screwed onto the for-
ward end of the fuze body, houses the sensitive firing
pin and detents. A locking pin is provided to lock the
nose cap in position after final assembly at the load-
ing plant. The fuze is moistureproofed by the ap-
plication of a lacquer plus a final coat of Bakelite
varnish. The base of the fuze is fitted to receive a
tracer.

Opéraiio.n

The fuze is assembled in the unarmed position. All
components of the fuze remain in this position dur-
ing transportation, in storage, and until after the
fuzed projectile is fired from the gun. After the
projectile leaves the muzzle of the gun, the detonator
plunger detents and the sensitive firing-pin detents
are forced outward by centrifugal force against their
spring pressure and friction. This does not occur in
the bore of the gun, because the side-wall friction
forces due to acceleration are greater than the centrif-
ugal forces. Also, the sensitive firing pin is slightly
movable and at setback binds against the sensitive
firing pin detents, holding them in the safe position.
Close outside the muzzle, where the acceleration
ceases, the side-wall friction drops off sharply and
radially movable parts (detents) snap outward
under pressure of the continuous centrifugal force.
The detonator plunger is now unlocked but is re-
tained in the safe (rearward) position during flight
by the resistance of the anti-creep spring which acts
against the flanged end of the inner anti-creep spring
cup attached to the detonator plunger. Since the
sensitive firing pin detents have been thrown out of
the way, the sensitive firing pin is free to be im-
pinged upon by the sensitive primer cap held in the
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detonator plunger, immediately upon impact of the
projectile. At this time the detonator plunger, aided
by the momentum of the auxiliary plunger on its
ball bearings, continues forward, impinging the sen-
sitive primer cap onto the sensitive firing pin. The
gas pressure from the explosion of the sensitive
primer cap drives the round-pointed plunger firing
pin against the delay primer cap, while at the same
time these gases pass through the port holes on the
side of the primer container and build up a high
pressure within the inner cup for the anti-creep
spring, expanding that part of the cup which is ad-
jacent to the drilled holes in the nose cap. The bulg-
ing of the inner cup for the anti-creep spring locks
the detonator plunger in the forward firing position.
In this firing position the lead-out holes in the
plunger are in alignment with the booster lead-in
holes. The firing of the detonator plunger delay
primer cap in turn ignites the black powder delay
element (0.01 second), which then actuates the deto-
nator, two plunger lead-outs, two booster lead-ins,
two boosters, and the projectile bursting charge.

Arming Spin

The fuze becomes armed shortly after leaving the
muzzle. Detents are required to arm in static spin
tests between 1200 and 1400 rpm.

Safety Features

The safety detent mechanisms are armed only by
centrifugal force of a relatively high magnitude. Two
sets of detents, one to prevent the sensitive primer
from impinging on the sensitive firing pin, and the
other set for holding the detonator plunger in tthe
safe rearward position, insure that all four detents
will not become accidentally withdrawn at the same
time. Furthermore, the fuze is ‘“‘detonator safe.”
That is, when the fuze is in the safe position
(plunger rearward), and the detonator is set off by
any cause, the force of the detonator is dissipated
and the booster will not be detonated.

Sensitivity Limits

In all calibers from 8-in. to 16-in. at 20 to 30 de-
grees obliquity and 1500 {/s striking velocity the
fuze will usually function on STS plate with a thick-
ness of e/d equal to 0.07 or greater. “e” is the slant
thickness of the plate (thickness divided by cosine

of the obliquity) and “d” is the projectile diameter in

inches. At 60 to 65 degrees obliquity, the fuze ap-
pears to be at least as sensitive as it is at lower
obliquities. Data are insufficient to determine whether
or not the sensitivity limit is affected appreciably by
the striking velocity.

Figure 51.—Base Detonating Fuze Mk 48
Exterior View Full Size
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Acceptance Test Data

Sample fuzes chosen at random from each pro-
duction lot are subjected to the following routine
safety tests and to various ballistic tests in 8-in.
to 16-in. HC projectiles: '

Ballistic Tests—Firing tests are conducted in
8-in. or larger caliber HC projectiles with steel nose
plugs and without auxiliary detonating fuzes assem-
bled in the projectiles. Acceptance is based on NPG’s
recommendations

No. of
Lot Caliber rounds Target
1,23, 8” 3 15”t0214” STS at pene-
6,7,8, trative striking veloci-
11, 12, ties from minimum
13, etc. range table SV to

service velocity, and
obliquities up to 40

degrees.
4,9, 14, 12" to 14”7 3 Same as above excepting
etc. plates vary from 17 up
to slightly less than
proj. limit.

5, 10, 16” 3  Same as for 12”7 & 14”
15, etc. » except plates shall start
1,6,11, 8 to16” 114”7
16, etc. Ground impact at non-

ricochet angles

Flight test is conducted at near proof, or proof
velocity in 8-in. to 16-in. projectiles at the maximum
practical range. Three fuzes are chosen from lots 2,
22, 42, etc. Special testing is not desirable; flight
testing being carried out along with other routine
tests.

Because of the scarcity of 8-in. to 16-in. pro-
jectiles, NPG is authorized to test Fuzes Mk 48
in 5”/51 caliber guns with a one-in.-35 twist, and
using a M.V. up to 1100 {/s. Firing tests are con-

ducted in 5”/51 projectiles assembled with steel
nose plugs and without auxiliary detonating fuzes,
as follows:

Test  No. Type of impact

A 5 4" to 3%” mild steel at 0° obliquity

B 5 14" to 34" mild steel at 45° obliquity

C 10 Sand, earth or rubble at non-
ricochet angles

Reinforced concrete (any thick-
ness) 0° to 45° obliquity

D 5

. Conducted as follows:

All lots: Test A, B, and C
Every 5th lot: Test D

Acceptance is based on 80% high-order detona-
tions within 25 ft. behind plates and high-order
functioning anywhere on other- impacts. Testing
with 5”/51 caliber projectiles is used only as a tem-
porary expedient, and only when 8-in. to 16-in. HC
projectiles are not available.

Markings on Fuze

Around the exposed base of the fuze body the
following data are stamped on each fuze: Mk 48
Mod —; Lot —; Loading Plant’s Initials; Year and
Month of Loading; Inspector’s Imitials; Anchor
Sign; Inert Parts Manufacturer’s Initials.

Remarks
The Fuze Mk 48 superseded the non-delay Fuze

Mk 39 when tests indicated that a slight delay gave

better overall destructive effect with major caliber
HC projectiles than with the non-delay fuze. The
Fuzes Mk 48 Mod 0 Mod 1 are the moistureproofed
designs as described for the Fuze Mk 28 Mod 15.
All fuzes of the Mk 48 type are loaded at Naval
Torpedo Station, Newport, using inert parts manu-
factured there and at various commercial sources.
Arrangements are underway to have these fuzes
manufactured at N. O. P. Milledgeville, Ga., for
loading at N. O. P. Macon, Ga.
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MECHANICAL TIME FUZE MARK 50

General Data

Designation and Type

Mechanical Time Fuze Mk 50 Mods 0, 1, 2,
and 3

Projectiles Used In

IMum.  AA Common HC

4”/50 57/25  57/51

5 /25 57/38  6"”/47 (Single purpose)

57/38 6”/53

57/51 8”/55

6" /47

6”/53
Overall Dimensions and Weight

Length ...t 4.313 in.

Body threads .......... 1.70-in.—14NS-1RH

Weight ...t 2.28 =+ 0.06 Ib.
Material

Body ..ooovvvnii Brass

Lowercap .....coveviniiiiiin i, Brass

Uppercap «ovovviiiiiiii i Zinc
Applicable OS...................... .. 3645

General Arrangement Drawing No.
(Not yet prepared)

Explosives Used

Primer cap contains either F.A. 70 primer mix-
ture consisting of potassium chlorate, antimony
sulphide, TNT and lead sulfocyanate, or the
F.A. 70 primer mixture modified to contain
8% ground glass. Magazine charge consists of
not less than 40 grains of black powder in a
moistureproof plastic container. This is the
same as for the Fuze Mk 18.

Description

The description of the Fuze Mk 18 in this OP
is equally applicable to the Fuze Mk 50. The Mk 50
differs from the Mk 18 only in that it is a moisture-
proof design intended to give longer life and greater

104

RESTRICTED

reliability than the Mk 18. The moistureproofing is
accomplished as follows:

(a) The Fuze Mk 50 contains an internal desic-
cator unit of silicia gel in the base cavity of the
fuze body. This silica gel absorbs and retains all
moisture in the air entrapped in the fuze at as-
sembly, thus preventing rusting of steel parts or
deterioration of explosive components.

(b) Special gaskets are inserted between the

- upper cap and the lower cap, and also between

the lower cap and the body, to hinder the entrance
of moisture.

Figure 52.—Mechanical Time Fuze Mk 50
Exterior View Full Size




MECHANICAL TIME FUZE MK 50

HAMMERS——F9¢
SETTING PIN &
SETTING LUG—%

TIMING DISC—
SAFETY DISC

ELBOW into FIRING NOTCH
WEIGHT

FIRING
ARM

SPRING

SETBACK PIN

S?

g

FIRING PIN

FIRING ARM SHAFT

CENTRIFUGAL WEIGHTS

MAIN SPINDLE

A
gt

SAFETY LEVER
PLATE

a

P
Ml T

i

ESCAPEMENT LEVER

FIRING PIN SAFETY PLATE

Figure 53.—Mechanical Time Fuze Mk 50—Sectional View

(c) The gasketed joint between the upper and
lower caps is coated externally with Bakelite
varnish. This film of varnish is practically im-
pervious to moisture, hence serves as a mechanical
barrier to its passage.

(d) The primer screw assembly is moisture-
proofed by inserting a vinylite disc under the

black-powder relay pellet and by coating both ends
of the primer screw assembly with Bakelite
varnish.

(e) Thread luting compound is applied to the
joint between the body and the bottom closing
screw, serving to exclude moisture and keep the
joint mechanically tight.
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(f) The brass disc at the center of the bottom
closing screw is crimped in under a washer, then
coated with Bakelite varnish.

(g) All tension screw heads, or other screw
heads, visible on the outside of the fuze body are
coated with a glyptal lacquer to prevent the pas-
sage of moisture.

(h) The hole for locating and preventing any

shift of the tensioning wire is no longer drilled -

completely through the fuze lower cap, but is
drilled blind from the inside of the lower cap.

Operation

The operation of this fuze is exactly the same as
that of the Mechanical Time Fuze Mk 18 Type.

Safety Features

(a) A setback pin prevents rotation of the firing
arm and hence tripping of the spring-loaded firing
pin through a connecting linkage until the setback
pin is moved rearward by setback force.

(b) A spring-loaded safety lever prevents oscilla~
tion of the clockwork escapement until it rotates out
of engagement by centrifugal force.

(¢) When the fuze is set on SAFE or anything
less than the prescribed minimum setting, the firing
slot in the timing disc is covered by a safety disc,
so that if the timing disc were rotated into firing
position it could not release the firing arm and trip
the firing pin.

(d) The timing disc is prevented from rotating
by the setting pin, which passes between two prongs
of a raised forked lug near the edge of the timing
disc itself. This lug is bent down out of the way of
the setting pin by the hammer in the upper cap when
setback occurs.
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Acceptance Functioning Test

Sample fuzes from each production lot are fired at
settings of 3, 10, 15, 30, and 40 seconds at various
gun elevations. The actual mean time of flight and
the dispersion obtained shall not differ from the
setting by more than 0.08 second plus 0.005 times
the setting.

Markings on the Fuze

Mech. Time Fuze Mk 50 Mod 0 (1, 2, or 3);
Initials of Manufacturer and of Navy Inspector;
Lot No. —.

Remarks

(a) Fuzes Mk 50 Mod 0, 1, 2, and 3 are essen-
tially the same and represent four different manu-
facturers (Elgin National Watch Co., Thos. A.
Edison, Inc., Eclipse Machine Division of Bendix
Aviation Corp., and Frankford Arsenal, respec-
tively).

(b) Time Setting Characteristics: The Fuzes
Mk 50 Mod 0, 1, 2, and 3 function as follows for
various settings:

Setting Action

Safety zone to and in-Dud caused by built-in fea-
cluding 0.0 second ture (safety disc)
*0.0 to 0.3 second May be a dud or may func-
tion somewhere between
0.6 and 0.8 second

0.3 to 0.6 second Will function scmewherz
between 0.6 and 0.8 sec-
ond

0.6 to 45.0 second  Will function at time set
(within allowable calibra-

tion error)

*NOTE: These settings are not recommended be-
cause the resultant actions are variable due to manu-
facturing tolerances.
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MECHANICAL TIME FUZE MARK 51
General Data (h) The hole for locating and preventing any
. shift of the tensioning wire is no longer drilled

) ) completely through the fuze lower cap, but is
Mechanical Time Fuze Mk 51 Mod — drilled blind from the inside of the lower cap.

Designation and Type

Remarks The Fuze Mk 51 Type also incorporates a modi-

The Fuze Mk 51 is identical to the Fuze Mk 22  fication not present in Fuzes Mk 22. The tension-
in construction and operation, except that it has I8 W€ between the lower cap and body is a plain

been waterproofed in the same manner as the Fuze ended wire surface doing away with the hooked
Mk 50 as follows : ended wire of other types. Because of this modifica-

tion, the fuze has had an extra stop screw hole
(a) The Fuze Mk 51 contains an internal desic- drilled in the lower cap.
cator unit of silica gel in the base cavity of the
fuze body. This silica gel absorbs and retains all
moisture in the air entrapped in the fuze at as-
sembly, thus preventing rusting of steel parts or
deterioration of explosive components.

(b) Special gaskets are inserted between the
‘ upper cap and the lower cap, and also between the
lower cap and the body, to hinder the entrance of

moisture.

(c¢) The gasketed joint between the upper and
lower caps is coated externally with Bakelite
varnish. This firm of varnish is practically im-
pervious to moisture, hence serves as a mechani-
cal barrier to its passage.

(d) The primer screw assembly is moisture-
proofed by inserting a vinylite disc under the
black-powder relay pellet and by coating both
ends of the primer screw assembly with Bakelite
varnish.

(e) Thread luting compound is applied to the
joint between the body and the bottom closing
screw, serving to exclude moisture and keep the
joint mechanically tight.

{f) The brass disc at the center of the bottom
closing screw is crimped in under a washer, then
coated with Bakelite varnish:

(g) Al tension screw heads, or other screw
heads, visible on the outside of the fuze body are
coated with a glyptal lacquer to prevent the pas- Figure 54.—Mechanical Time Fuze Mk 51
‘ sage of moisture. _ Exterior View Full Size
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Figure 55.—Mechanical Time Fuze Mk 51—Sectional View

Safety Features

(a) A setback pin prevents rotation of the firing
arm and hence tripping of the spring-loaded firing
pin through a connecting linkage until the setback
pin is moved rearward by setback force.

(b) A spring-loaded safety lever prevents oscil-
lation of the clockwork escapement until the safety

lever has been rotated out of engagement by centrif-
ugal force.

(¢) When the fuze is set on ‘“safe” or anything
less than the prescribed minimum setting, the firing
slot in the timing disc is covered by a safety disc, so
that if the timing disc were rotated into firing posi-
tion it could not release the firing arm and trip the
firing pin.
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(d) The timing disc is prevented from rotating
by the setting pin, which passes between two prongs
of a raised forked lug near the edge of the timing
disc itself. This lug is bent down out of the way of
the setting pin by the hammer in the upper cap when
setback occurs.

Acceptance Functioning Test

Sample fuzes from each production lot are fired
at settings of 3, 10, 15, 20, and 25 seconds at various
gun elevations. The actual mean time of flight and
the dispersion obtained shall not differ from the
setting by more than 0.08 second plus 0.005 times
the sefting.

Markings on Fuze
Mech. Time Fuze Mk 51, Mod —; Manu-
facturer’s Initials; Inspector’s Initials; Lot No. —.

Time Setfing Characteristics

The Fuzes Mk 51 and Mods function as follows
for various settings: '

Setting Action
Safety zone to and in-
cluding
0.3 second

*0.3 to 0.6 second

Dud caused by built-in fea-
ture (safety disc)

May be a dud or may func-
tion somewhere between
0.6 and 0.8 second

Will function at time set
(within allowable calibra-
tion error)

0.6 to 30.0 seconds

*NOTE: These settings are not recommended be-
cause the resultant actions are variable on account
of manufacturing tolerances.
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Figure 56.—Auxiliary Detonating Fuze Mk 52—Sectional View
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Chapter 28
AUXILIARY DETONATING FUZE MARK 52

General Data has weaker detent springs. Lower arming speed
makes it suitable for use in large-caliber projectiles.
Designation and Type

Auxiliary Detonating Fuze Mk 52 Mod 0 _ '
Projectiles Used In

87, 127, 147, 16” HC
Applicable OS ... Use OS 2985 where pertinent

General Arrangement Drawing No.... 438570

Arming Spin

The rotor detents and rotors arm between 1600
and 1900 rpm.

The Fuze Mk 52 is identical to the Fuze Mk 44 Figure 57.—Auxiliary Detonating Fuze Mk 52
Mod 1 in construction and operation, except that it Exterior View Full Size
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Chapter 29
AUXILIARY DETONATING FUZE MARK 54

General Data

NOTE: The fuzes Mk 54 and Mk 55 differ only in
the strength of the detent springs. Those of the Fuze
Mk 55 are weakened to make the latter fuze suitable
for use in major-caliber low-spin projectiles.

Designation and Type
Auxiliary Detonating Fuze Mk 54 Mod —

Projectiles Used In

AA AA Common HC
*3% /23 val. 57 /25 cal. *4' /50 cal.
*3"/50 cal. 57/38 cal. 5”/51 cal.
6”/53 cal.
6" /47 cal.

* Use Mk 54 Mod O only (with steel body)

Overall Dimensions and Weight

Length ...... ... .. ... . ... 2.50 in.
Body thread ........... 134-in—20NS-2LH
Weight Mod O ..................... 0.76 1b.
Modl ... ... ol 0.491 1b.
Material
Body Mod 0 .......... ..., Steel
Body Mod 1 .................... Aluminum
Closing plug ................. Steel or brass
Booster cap ...l Steel
- Rotorblock ................ Aluminum alloy
Rotor ..................... Aluminum alloy
Firing pinholder .................... Brass
Base forrotor ....................... Brass
Applicable OS.. ... ................... 3421

General Arrangement Drawing No. ... 438127

Explosives Used ‘
Detonator—Lead azide primer cap mixture,
lead azide, tetryl
Lead-out of rotor—Tetryl
Lead-in—Tetryl
Booster—Tetryl
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Description

The fuze is composed of a one-piece body with a
booster cap and a plug closing the respective ends.
The fuze body assembly houses the sealing cup as-
sembly, which includes the firing pin assembly, the
rotor block assembly, and the base for the rotor. The
fuze is designed:

(1) To detonate the projectile explosive charge
and thereby burst the projectile with high-order
detonation instantaneously after the initiating ex-
plosive charge in the nose fuze is fired.

(2) To insure safety in transportation and stow-
age and to prevent detonation of the projectile in the
gun should the initiating nose fuze function pre-
maturely.

(3) Not to function or detonate when assembled
in a projectile and then dropped nose-, side-, or
base-down from a height of 40 feet onto armor
plate.

Figure 59.—Auxiliary Detonating Fuze Mk 54
Exterior View Full Size
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Operation

The fuze is assembled in the unarmed position and
remains in this condition during transportation and
stowage and until the projectile in which it 1s as-
sembled is fired from a gun. When the projectile
is fired from a gun, centrifugal force moves the fir-
ing pin detents and rotor detents outward, over-
coming the holding forces and thereby releasing the
firing pin and rotor.

which contains four lead counter-

The rotor,
weights and the detonator, is provided with two stop
pins and is assembled in the rotor block with the
axis of the detonator at an angle of 55 degrees from
the long axis of the fuze. The line of the stop pins,

being perpendicular to the axis of the detonator, is at
an anecle of about 35 degrees from the long axis of

ail dIlgiC Ul dDUUL OO UTEITLS 220U N0 VS a8t

the fuze. The rotor is held in this (unarmed) posi-
tion by the two rotor detents, the tapered ends of
which engage in holes in the sides of the rotor. In
this position the detonator element is safe, and if
the detonator were to be exploded it would not deto-
nate the booster. The rotor detents, on being moved
outward by centrifugal force, withdraw from the
holes in the rotor, permitting the counterweights
to rotate the rotor until the detonator is in line with
the booster lead-in and firing pin, respectively. In
this position the rotor is not in dynamic equilibrium
but, due to the positions of the two small lead
counterweights and the two empty holes, is tending
to rotate further. Further rotation of the rotor is
prevented by the stop pins which press against the
edges of the two holes, one placed in each side of
the rotor housing. The purpose of this arrangement
is to maintain a positive torque on the rotor, acting
to hold it in the armed position throughout all mo-
tion of the projectile in flight. Fuzes of the Mk 54
type have the further advantage over the Mk 17
type of auxiliary detonating fuze in that they have
an increased amount of arming energy, thus insur-
ing that arming will take place even though the fuze
is not exactly concentric with the axis of the pro-
jectile.

The rotor is now fully armed; the firing pin is re-
leased and the fuze functions as follows: The gas
pressure and/or shock wave from the action of the
nose fuze forces the obturating cup down, shearing
the firing-pin sealing disc adjacent to the firing pin.
The sharp-pointed firing pin is in turn thrust into
the lead azide primer cap mixture of the detonator,

initiating it and, in turn, the booster lead-in and
the booster.

Arming Spin

Both the firing pin detents and the rotor detents
arm between 3000 and 4500 rpm in static spin tests.

Safety Features

The rotor assembly and the firing pin are held in
the unarmed position by their respective safety de-
tents. The fuze is armed only by centrifugal force.
One set of detents holds the firing pin and one set
holds the rotor unit in the unarmed position. In ad-
dition, centrifugal force is necessary to cause the
counterweights to carry the rotor to its armed posi-
tion when the added friction due to setback has
ceased. If the detonator should fire in the unarmed
position, it would not detonate the booster charge.

Acceptance Tests

Sample fuzes chosen at random from the pre-
liminary lot and from each production lot are sub-
jected to routine safety tests and the following
ballistic tests:

- Bore Safety Test—Two completely live-loaded
fuzes from the first lot, fortieth lot, and every forti-
eth lot thereafter are installed with “prearmed” point
detonating fuzes in 5-in. projectiles. These projec-
tiles are fired at near proof velocity against a wooden
screen placed not more than two feet from the muz-
zle of the gun. If either one of the fuzes detonates
on impact, the lot is rejected. In the event a lot is
rejected, every subsequent lot is subjected to this
test until twenty consecutive lots have passed.

Static Safety Test—Two completely live-loaded
fuzes from the first lot, fortieth lot, and every forti-
eth lot thereafter are assembled with a suitable
mechanical time fuze. With the rotor of the aux-
iliary detonating fuze in the unarmed position, the
time fuze is fired for a safety test of the auxiliary
fuze. If one or both of the auxiliary fuzes detonate,
the lot is rejected. In the event a lot is rejected,
every. subsequent lot is subjected to this test until
twenty consecutive lots have passed.

Functioning Tests—Ten completely live-loaded
fuzes from each lot (with the exception of the fif-
teenth iot and each fifth lot thereafter) are installed
in 5-in. projectiles assembled with mechanical time
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fuzes of good quality. The auxiliary detonating fuze
is assembled on the center of the axis of rotation of
the projectile. Two of the projectiles are fired at
proof or near proof pressure, and the remainder are
fired at service pressure. Satisfactory performance
for this test is 100% high-order functioning.

Ten completely live-loaded fuzes from each of the
first ten lots and from every fifth lot thereafter (i.e.,
15, 20, 25, etc.) are assembled with mechanical time
fuzes, point detonating fuzes, or powder train fuzes
of good qualily. The auxiliary detonating fuze is
located by means of an adapter 0.04-in. off the axis
of rotation of the projectile. Two of the projectiles
are fired at proof or near proof pressure and the rest
at service pressure. Satisfactory performance for
this test is 80% high-order functioning. In the event
that the eccentric adapters are not available for this
test, the ten fuzes are fired on center as specified in
the paragraph above.

Markings on the Fuze

The closing plug is stamped with the following
data:
AUX.
DET. FUZE
MK 54 MOD —

Manufacturer’s Symbol; Lot —; Symbol of Load-
ing Plant; Month and- Year of Loading; Anchor
Sign; Inspector’s Initials.

Remarks

The Fuzes Mk 54 and Mk 55 were developed to
replace the Auxiliary Detonating Fuzes Mk 46 and
Mk 35 because of serious deterioration of the fulmi-
nate primer caps in the latter, which resulted in ex-
cessive duds. By developing the new non-fulminate
sealed detonator of the stab type, a much longer life
fuze is expected to result.

The Fuzes Mod 0 and Mod 1 differ only in the
material of the body; steel for the Mod O and
aluminum for the Mod 1. It should be noted that the
Fuze Mk 54 Mod O only is authorized for use in
37723, 3”/50 and 4”/50 caliber projectiles. Because
the Mod 1 weighs 0.27 1b. less than the Mod O, it
is very difficult to bring the loaded and fuzed weight
of these projectiles up to the desired point where
the Mod 1 is used.

The manufacture of Fuzes Mk 54 Mod 1 with
aluminum bodies has been discontinued. Experience
with Fuzes Mk 54 Type has shown that these fuzes
are more tolerant of eccentric spin than Fuzes Mk
46 Type, as shown by static spin tests and by firing
in eccentric adapters.
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Figure 60.—Auxiliary Detonating Fuze Mk 55—Sectional View
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Chapter 30
AUXILIARY DETONATING FUZE MARK 55

General Data

NOTE: The Fuzes Mk 54 and Mk 55 differ only in
the strength of the detent springs. Those of the
Fuzes Mk 55 are weakened to make this fuze suit-
able for major-caliber low-spin projectiles.

Designation and Type
Auxiliary Detonating Fuze Mk 55 Mod —

Projectiles Used In

HC
8/’, 12’/, 14!/’ 16’/

Overall Dimensions and Weight

Length .......... e 2.50 in.
Body thread ........... 134-in—20NS-2LH
Weight ModO ...........nntt. 0.76 1b.

Mod1 .o 0.491 1b.

Material

Body Mod O ...t Steel
Body Mod 1 .................... Aluminum
Closing plug .. ... ... Steel
Booster cap ..o, Steel
Rotor block ................ Aluminum alloy
Rotor ....... ..., Aluminum alloy
Firing-pin holder .................... Brass
Base forrotor .................. ..... Brass

Applicable OS
General Arrangement Drawing No.... 438127

Explosives Used

Detonator—ILead azide, primer cap mixture,
lead azide, tetryl

Rotor lead-out—Tetryl

Lead-in—Tetryl

Booster—Tetryl

Description

The fuze is composed of a one-piece body with a
booster cap and plug closing the respective ends.
The fuze body assembly houses the sealing cup as-
sembly, which includes the firing pin assembly, the
rotor block assembly, and the base for the motor.
The fuze is designed:

(1) To detonate the projectile explosive charge
and thereby burst the projectile with high-order
detonation instantaneously after the initiating ex-
plosive charge in the nose fuze is fired.

(2) To insure safety in transportation and stow-
age and to prevent detonation of the projectile in the
gun should the initiating nose fuze function pre-
maturely. :

(3) Not to function or detonate when assembled
in a projectile and then dropped nose-, side-, or base-
down from a height of 40 feet onto armor plate.

Figure 61.—Auxiliary Detonating Fuze Mk 55
Exterior View Full Size
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Operation

The fuze is assembled in the unarmed position and
remains in this condition during transportation and
stowage and until the projectile in which it is as-
sembled is fired from a gun. When the projectile
is fired from a gun, centrifugal force moves the fir-
ing pin detents and rotor detents outward, over-
coming the holding forces and thereby releasing the
firing pin and rotor.

The rotor, which contains four lead counter-
weights and the detonator, is provided with two
stop pins and is assembled in the rotor block with the
axis of the detonator at an angle of 55 degrees from
the long axis of the fuze. The line of the stop pins,
being perpendicular to the axis of the detonator, is
at an angle of about 35 degrees from the long axis
of the fuze. The rotor is held in this (unarmed) posi-
tion by the two rotor detents, the tapered ends of

which engage in holes in the sides of the rotor. In -

this position the detonator element is safe, and if
the detonator were to be exploded it would not
detonate the booster. The rotor detents, on being
moved outward by centrifugal force, withdraw from
the holes in the rotor, permitting the counterweights
lo rotate the rotor until the detonator is in line with
the booster lead-in and firing pin, respectively. In
this position the rotor is not in dynamic equilibrium
but, due to the positions of the two small lead coun-
terweights and the two empty holes, is tending to
rotate further. Further rotation of the rotor is pre-
vented by the stop pins which press against the edges
of the two holes, one placed in each side of the rotor
housing. The purpose of this arrangement is to main-
tain a positive torque on the rotor, acting to hold it
in the armed position throughout all motion of the
projectile in flight. Fuzes of the Mk 55 type have
further advantage over the Mk 17 type of auxiliary
detonating fuze in that they have an increased
amount of arming energy, thus insuring that arming
will take place even though the fuze is not exactly
concentric with the axis of the projectile.

The rotor is now fully armed; the firing pin is
released and the fuze functions as follows: The gas
pressure and/or shock wave from the action of the
nose fuze forces the obturating cup down, shearing
the firing-pin sealing disc adjacent to the firing pin.
The sharp-pointed firing pin is in turn thrust into
the lead azide primer cap mixture of the detonator,
Imitating it and, in turn, the booster lead-in and the
booster.

Arming Spin

The detents arm between 1600 and 1900 rpm in
static spin tests.

Safety Features

The rotor assembly and the firing pin are held in
the unarmed position by their respective safety de-
tents. The fuze is armed only by centrifugal force.
One set of detents holds the firing pin and one set
holds the rotor unit in the unarmed position. In
addition, centrifugal force is necessary to cause the
counterweights tc carry the rotor to its armed posi-
tion when the added friction due to setback has
ceased. If the detonator should fire in the unarmed
position, it would not detonate the booster charge.

Acceptance Tests

Sample fuzes chosen at random from the pre-
liminary lot and from each production lot are sub-
jected to routine safety tests and the following bal-
listic tests:

Bore Safety Test—Two completely live-loaded
fuzes from the first lot, fortieth lot, and every forti-
eth lot thereafter are installed with “prearmed” point
detonating fuzes in 5-in. projectiles. These projec-
tiles are fired at near proof velocity against a wooden
screen placed not more than two feet frém the muz-
zle of the gun. If either one of the fuzes detonates
on impact, the lot is rejected. In the event a lot is
rejected, every subsequent lot shall be subjected to
this test until twenty consecutive lots have passed.

~ Static Safety Test—Two completely live-loaded
fuzes from the first lot, fortieth lot, and every forti-
eth lot thereafter are assembled with a suitable
mechanical time fuze. With the rotor of the auxiliary
detonating fuze in thé unarmed position, the time
fuze is fired for a safety test of the auxiliary fuze."
If one or both of the auxiliary fuzes detonate, the
lot 1s rejected. In the event a lot is rejected, every
subsequent lot is subjected to this test, until twenty
consecutive lots have passed.

Functioning Tests—Five completely live-loaded
fuzes from each lot are installed in 8”7, 12”7, 14”, or
16” projectiles with mechanical time fuzes, point
detonating fuzes, or powder train fuzes of good
quality. The auxiliary detonating fuzes are assem-
bled on the center of the axis of rotation of the pro-
jectile. Satisfactory performance of this test shall
be 100% high-order functioning.
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Ten completely live-loaded fuzes from each of the
first ten lots and from every fifth lot thereafter (i.e.,
15, 20, 25, etc.) are assembled with mechanical time
fuzes, point detonating fuzes, or powder train fuzes
of good quality. The auxiliary detonating fuze is
located by means of an adapter 0.04-in. off the axis
of rotation of the projectile. Two of the projectiles
are fired at proof or near proof pressure and the
rest at service pressure. Satisfactory performance of
this test is 80% high-order functioning. In the event
that the eccentric adapters are not available for this
test, the ten fuzes are fired on center as specified in
the paragraph above.

Markings on the Fuze
The closing plug is stamped with the following
data:
AUX.
DET. FUZE
MK 55 MOD —

Manufacturer’s Symbol; Lot —; Symbol of Load-
ing Plant; Month and Year of Loading; Anchor
Sign; Inspector’s Initials.

Remarks

The Fuzes Mk 54 and Mk 55 were developed to
replace the Auxiliary Detonating Fuzes Mk 46 and
Mk 35, respectively, because of serious deterioration
of the fulminate primer caps in the latter, which re-
sulted in excessive duds. By developing the new non-
fulminate sealed detonator of the stab type, a much
longer life fuze is expected to be the result.

The Fuzes Mod 0 and Mod 1 differ only in the
material of the body; steel for the Mod 0 and alumi-
num for the Mod 1. The manufacture of Fuzes Mk
55 Mod 1 with aluminum bodies has been discon-
tinued. Experience with Fuzes Mk 55 has indicated
that these fuzes have a greater tolerance for eccentric
spin than Fuzes Mk 35.
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Chapter 31
MECHANICAL TIME FUZE MARK 61 MOD 0

General Data

Designation and Type
Mechanical Time Fuze Mk 61 Mod O

Projectiles Used In

57/38 AA Common and WP Projectiles at re-
duced velocity of 1200 f/s

Overall Dimensions and Weight

Length .........coiviiiievn... 4.313"in.

Body threads .......... 1.70-in.—14NS-1RH

Weight ................. .. 2.28 =+ 0.06 Ib.
Material

Body ....... ... Brass

Lower cap «vvvviiinniiniinennncnnns Brass

Uppercap -.ovvvieiiniiiii i Zine
Applicable OS .. ... .. Use 2114 when pertinent

General Arrangement Drawing No. ... 440479

Explosives Used

Primer cap contains either F.A, 70 Primer mix-
ture consisting of potassium chlorate, antimony
sulphide, TNT and lead sulfocyanate, or the
F.A. 70 primer mixture modified to contain 8%
ground glass; magazine charge consists of not
less than 40 grains of black powder in a mois-
ture proof plastic container. This is the same
as for the Fuze Mk 50.

Description

The 45-second Mechanical Time Fuze, Mk 61
Type is designed to initiate detonation of high-
explosive projectiles or to initiate functioning of a
WP projectile at a predetermined lapse of time and
in guns using a reduced velocity of 1200 f/s initial
velocity. When employed for high-explosive initi-
ation, these time fuzes are used in conjunction with

auxiliary detonating fuzes which are actuated by the
pressure (not flame) produced by the burning of
the black-powder base charge of the mechanical time
fuze.

In its assembled form, the fuze consists of four
main sub-assemblies: the movement assembly, the
body, the lower cap, and the upper cap. The move-
ment assembly is attached to the inside of the body

Figure 63.—Mechanical Time Fuze Mk 61 Mod 0
Exterior View Full Size
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by three holding screws and contains the firing pin
and the mechanism which eventually releases it. The
brass body contains a magazine charge (not less than
forty grains of black powder in a plastic container
which is practically impervious to moisture), the
primer cap, and a black-powder relay pellet (to aug-
ment flame from primer) in the bottom closing
screw. The lower cap is inscribed with a scale gradu-
ated in seconds for setting the fuze and is attached
to the body by a joint connected by a tensioning
feature wherein the tensional resistance to rotative
relative movement between the lower cap and body is
effected by four screws during assembly, at the fuse
manufacturing plant. The lower cap and body are
each provided with a lug for engagement in a slot
of a fuze-setter or hand-setting wrench. The upper
cap screws into the lower cap and completes the nose
contour of the assembled fuze.

Operation

The mechanical clock movement of the fuze con-
sists of an escapement driven by centrifugal force
acting on two weights. To assist the weights in over-
coming the initial inertia of the moving parts, there
are as well two springs called “kick-off” springs.
These springs are similar to the Fuze Mk 18 Type
springs, but are much stronger and have more coils,
and are sufficiently strong to run the fuze timing
movement for approximately 45 seconds by them-
selves. The mechanism of the fuze is maintained in
the unarmed condition during transportation and
storage and until actually fired from a gun, by means
of the safety features to be discussed. Setback force
releases the mechanism so that it can be driven by
centrifugal force aided by the “kick-off” springs;
its rate being governed by an escapement. The fuze
primer is fired by a spring-driven firing pin which
is released at the correct instant by a centrifugal con-
trol mechanism (the firing arm assembly). The tim-
ing element, termed the timing disc, which receives
the selective setting, is connected to the main drive
shaft, or center arbor, by a friction clutch which
permits the timing disc to turn relative to the main
drive shaft during the setting operation.

The setting operation consists of displacing the
slot in the timing disc the proper distance circum-
ferentially from the firing arm. When the fuze is
set on SAFE, entrance of the firing arm into this
slot is prevented by the location of the safety disc
over the slot opening. At all operational settings of

the fuze, however, the timing disc slot has been
swung around clear of the safety disc. In order to
turn the timing disc relative to the firing arm, and
to the main drive shaft, a setting pin is provided.
This setting pin is fixed at one end to the top inside
shoulder of the lower (rotative) cap in such a posi-
tion as to be parallel to the longitudinal axis of the
fuze. The free end of the setting pin engages the
forked lug of the timing disc. Upon firing from a
gun, disengagement of the setting pin from the
forked lug is effected under force of setback by two
small weights of the hammer spring assembly, which
depress the forked lug. Since the setback force is
relatively low in projectiles utilizing reduced charges,
the flat hammer spring has been weakened, in com-
parison with the Fuze Mk 18 Type hammer spring.
As soon as the force of setback decreases from its
maximum value, the spring holder of the weights
begins to return them to a forward position clear of
the timing disc. The forked lug remains bent down;
thus, the timing disc is unlocked by the force of set-
back. ,

While the timing disc is being unlocked, the en-
tire gear train, including the escapement mechanism
and the main drive shaft, is unlocked almost simul-
taneously by two centrifugally controlled mecha-
nisms. The first is a safety-lever plate assembly
which itself. is held by a centrifugally operated de-
tent. (The latter in turn is secured by a flat spring
when the fuze is at rest.) The safety-lever plate
detent swings out to free the safety lever plate,
which then also swings clear of the escapement lever,
permitting the lever to begin its oscillations. Mean-
while, the second unlocking operation occurs at the
other end of the gear train. Centrifugal force, aug-
mented by backlash of the “kick-off” springs, acts
to start and sustain the movement of the timing disc
in its measurement of the time interval for which
the fuze has been set. The speed of the timing disc
and, therefore, the accuracy with which the pre-
determined interval of time will be measured, de-
pends upon the accuracy of the escapement mecha-
nism which governs the speed of the fuze movement.

- The escapement mechanism is carefully adjusted

and regulated prior to installation of the movement
assembly in the fuze body.

The fuze functions at the end of the predeter-
mined interval of time for which the fuze has been
set. The firing train is set off when the timing disc
has rotated to a point where the firing arm may
enter the timing-disc slot. Centrifugal force acting
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on the operating weight of the firing arm moves
the weight outward (with assistance of the spring
on the firing-arm shaft), turning the lug into the
A slot in the firing arm shaft is swung around as
the shaft turns, clearing a weighted pawl. The latter
pawl or safety plate differs from that for Fuze Mk
18 Type in having a weight assembled thereto. This
pawl, the firing pin safety assembly, moves outward
from its normal position under the shoulder of the
firing pin, partly due to centrifugal force and partly
due to a camming action by the firing pin, allowing
the latter to be driven downward by the firing pin
spring. Another safety feature, the firing pin safety
block, which is also in position under the shoulder
of the firing pin when the fuze is at rest, will have
already been swung out of the way (against its re-
faining spring) by centrifugal force, upon the firing
of the projectile.

The firing pin, driven downward by its spring,
strikes the fuze primer. Flash from the primer and
a hollow black-powder relay pellet which is in-
cluded in the primer assembly, initiates the maga-
zine charge, which consists of forty or more grains
of black powder in a Bakelite container, located in
the base of the fuze body. A small, hollow black-
powder relay pellet is included in the primer screw
assembly located in the fuze body, for purposes of
augmenting the flame which ignites the black-powder
magazine charge. The Fuze Mk 61 is a moisture-
proof design incorporating the same sealing features
as the Fuze Mk 50 Type.

Safety Features

(a) A spring-loaded safety lever prevents oscilla-
tion of the clockwork escapement until it rotates out
of engagement by centrifugal force. In addition,
safety is provided in the Fuze Mk 61 type by a cen-
trifugally operated detent or plate, holding the safety

lever plate which locks the escapement. The detent -

or plate is held by a flat spring.

(b) When the fuze is set on SAFE or anything
less than the prescribed minimum setting, the firing
slot in the timing disc is covered by a safety disc, so
that if the timing disc were rotated into firing posi-
tion it could not release the firing arm and trip the
firing pin.

(c) The timing disc is prevented from rotating
by the setting pin, which passes between two prongs

“of a raised forked lug near the edge of the timing
disc itself. This Iug is bent out of the way of the
setting pin by the hammer in the upper cap when

sethack occurs.

(d) For additional safety a centrifugal safety
block was added under the shoulder of the firing pin.
A weight was also added to the firing-pin safety
plate to make more certain its moving from under
the firing pin shoulder to release the firing pin.

----- = 1289 = =9f9

Acceptance Functioning Tests

Sample fuzes from the following productin lots
are assembled in 57/38 cal. projectile and fired in
guns using charges giving an initial velocity of 1200

f/s. The following procedure is carried out.
(1) Lots 1, 6, 11, etc.: 10°fuzes each fired at the

following settings: 3, 10, and 30 seconds.

(2) Lots 2, 7, 12, etc.: 10 fuzes each fired at the
following settings: 20, 35, and 45 seconds.

(3) Lots 3, 8, 13, etc.: 10 fuzes each fired at the
following settings: 15 and 40 seconds; six fuzes
fired on SAFE; from fuzes for hard-surface safety
drop test. :

(4) Lots 4, 9, 14, etc.: 10 fuzes each fired at the
{ollowing settings: 3, 20, and 30 seconds.

(5) Lots 5, 10, 15, etc.: 10 fuzes each fired at the
{ollowing settings: 10, 25, and 40 seconds.

Definite acceptance test limits for Fuze Mk 61
have not been set, as a sufficient number of samples
have not been tested ballistically. At the present time,
acceptance is based on a reasonably satisfactory per-
formance when compared to current production of

Fuzes Mk 50.

Markings of Fuze

Mech. Time Fuze, Mk 61 Mod 0; Initials of
Manufacturer and of Navy Inspector; Lot No. —.

‘Remarks

(1) The Fuze Mk 61 is very similar to the Fuzes
Mk 18 Type in appearance and clockwork movement.
The clockwork movement of the fuze utilizes two
weighted arc gears acted on by centrifugal force for
the primary driving force. However, these gears or
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weights have been made heavier by modification of
the plate and spacer thickness of the weighted por-
tion, Increasing the driving weights also necessitated
a modification of the fuze body to provide clearance.
Another modification over the Mk 18 design was
strengthening of the “kick-off”” springs and increas-
ing the number of coils. Because of decrease in the
setback force resulting from use of 1200 {/s charges,
the hammer spring was weakened.

(2) The Fuze Mk 61 also incorporates many fea-
tures of the Fuze Mk 42 design. The setback safety
pin was eliminated as in the Mk 42 type, and a
spring was added to cause rotation of the firing-arm.
A weight was added to the safety pawl to make more
certain its moving from under the firing-pin shoulder
to release the firing pin. In addition, a centrifugal
safety block was added under the shoulder of the
firing pin. The safety-lever plate which locks the
escapement was modified by adding a centrifugally
operated detent or plate and having it retain or bear
against the former (safety-lever plate). The added
detent or plate is held by a flat spring.

(3) These fuzes are being manufactured in lots
of 2000 units plus test samples, and are being made
at Thomas A. Edison, Inc.

(4) Time Setting Characteristics: The Fuze
Mk 61 Mod O functions as follows for various set-
tings:

Action

Dud caused by built-in fea-
ture (safety disc)

May be a dud or may func-
tion somewhere between
0.8 and 1.0 second

Will function somewhere
between 0.8 and 1.0 sec-
ond

Setting
Safety zone including
0.0 second
*0.3 to 0.3 second

0.3 to 0.8 second

0.8 to 45.0 seconds Will function at time set
(within allowable calibra-

tion error)

*NOTE: These settings are not recommended be-
cause the resultant actions are variable on account of
manufacturing tolerances.
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MECHANICAL TIME FUZE MARK 62 MOD 0

General Data

Designation and Type
Mechanical Time Fuze Mk 62 Mod O

Projectiles Used In
127, 14”, and 16” HC (replaces Fuze Mk 42)

Overall Dimensions and Weight

Tength ... 4.313 in.

Body threads .......... 1.70-in.—14NS-1RH

Weight ............ ... 2.28 =+ 0.06 1b.
Material

Body ..o Brass

Lower cap ...covvvenvinninennnnenn. Brass

UpPPer €ap «. o vvviieiii e Zinc
Applicable OS .. ..... Use 2114 when pertinent

General Arrangement Drawing No. ... 561996

Description ‘and Operation

The description and operation of the Fuze Mk 61
in this OP is equally applicable to the Fuze Mk 62.
On account of improper functioning of the hammer
on setback, in the Fuze Mk 42 Type, the Fuze Mk
62 was produced to replace the Mk 42 in major-
caliber HC projectiles. This fuze uses the same ex-
plosives as in the Fuze Mk 50 Type. Safety features
as outlined for the Fuze Mk 61 apply to this fuze.

Remarks

The Fuze Mk 62 Type differs from the Mk 61
in the following ways:

(1) To prevent arming on accidental dropping of
the fuze, a safety post has been placed under the
hammer spring in the Fuze Mk 62.

(2) The “kick-off” springs on the centrifugal
weight differ from the Mk 61 design in being

weaker. This design provides torque over a longer
period of time, and is necessitated by the lower spin
rate of major-caliber projectiles.

(3) The escapement lever has been modified by
the addition of small weights to enable a more
efficient slowing down of the gear system.

(4) In addition to having the weakened hammer
spring of the Fuze Mk 61 design, the lugs in the
timing disc have been weakened. This enables weaker
force of setback to act upon the hammer spring and
forked lug assembly of the fuze.

- Acceptance Test

Sample fuzes are assembled in major-caliber pro-
jectiles and undergo the following tests. Because of
the scarcity of major-caliber projectiles, however,
the NPG is authorized to conduct functioning tests
in 5”/51 caliber guns at 1100 /s velocity whenever
necessary. All major-caliber projectiles may be parti-
ally loaded, provided service weight and balance are
maintained. The following tests are carried out:

Two fuzes from each lot are assembled into major-
caliber projectiles and fired set on “safe.” The fuze
must not function during the flight of the projectile.
When practicable, this test shall be conducted in
worn guns using excess propellent charges.

Twenty fuzes from each lot are to be assembled
into major-caliber projectiles and fired for time func-
lioning. At least ten fuzes from each group of ten
lots produced shall be fired in a 16-in. gun using HC
charges. The NPG is authorized to select the time
settings used for each test. It is anticipated that the
Fuze Mk 62 will function within the firing limits
specified in OS 2114. Only one dud will be allowed
in the time functioning tests of a lot. “Wild rounds”
and “prematures” as defined in OS 2114 will not be
acceptable,

Markings on the Fuze

Mech. Time Fuze Mk 62 Mod 0; Initials of
Manufacturer and of Navy Inspectors; Lot No. —.
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Figure 64.—Base Detonating Fuze M66A1—Sectional View
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Chapter 33
BASE DETONATING FUZE M66A1

General Data

Designation and Type
Base Detonating Fuze M66A1

Projectile Used In

3” AP Mk 29
Overall Dimensions and Weight
Length ...t 3.458 in.
Thread length ........ ...t 0.70 in.
Body threads ........... 1.65-in—10NS-1LH
Weight ..o 1.01b.
Material
Detonator holder ........ ..ot Steel
Body ............. Chrome molybdenum steel
Firing pin ... Brass
Safety washer .......... ... ot Steel
Booster holder .. ... Chrome molybdenum steel
Primer holder ............ ...t Brass
Delay charge holder .................. Brass

General Arrangement Drawing No.

73-2-178 (Army Ordnance) '

Explosives Used
Primer (No. 26)—F.A. 70 mixture
Delay element—DBlack powder
Detonator (M17)—Lead azide and tetryl
Booster—Tetryl (five grams)

Description

The Fuze M66A1 contains no moving parts until
impact occurs. That is, it is always armed in the
technical sense. It consists essentially of a firing pin
permanently in line with the primer and restrained
from moving forward against the primer only by
a steel safety washer which must be ruptured on
impact to actuate the fuze. It contains a delay ele-
ment of 0.016-second duration. The base of the fuze
body contains an integral tracer which burns with a
red flame.

Operation

No changes take place in the fuze on firing or
during flight, since the only movable part is the
brass firing pin and it is restrained by a steel safety
washer. On relatively heavy impact, the retardation
of the projectile causes the heavy firing pin to rup-
ture the steel safety washer by its inertia and to
continue forward until it impinges upon the primer.
This in turn ignites the delay element which, after
about 0.016 second, initiates the detonator, the fuze
booster, and finally the projectile filler.

Arming Spin

None required. There are no centrifugal arming
features.

Figure 65.——Base Detonating Fuze M66A1
Exterior View Full Size
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Safety Features

The only safety feature in the Fuze M66A1 is the
steel safety washer which restrains the movable
firing pin, This washer is of such strength that an
assembled 3-in. AP round can be dropped in any at-
titude onto armor plate from a height of 40 feet with-

out actuating or deranging the fuze.

Sensitivity Limits

The Fuze M66A1 in the 3-in. AP Projectile Mk
29 Mod 2 will function reliably on %5-in. STS plate
at 20° obliquity and about 1400 i/s striking velocity.
It will not function reliably on 34-in. mild steel plate.
It will not function reliably on water or soft ground
impacts.

Ballistic Acceptance Tests

Samples from each production lot are subjected
to routine safety tests and to the following ballistic
tests : Ten rounds from each lot are fired against 3-in.
Class A or B plate at various velocities. Acceptance is
based on 70% performance.

Markings on the Fuze

Around the flange of the body the following data
are stamped : Lot No. —; Month and Year of Load-
ing; FUZE, B.D,, M66Al

Remarks :

The Fuze M66A1 is an Army fuze used primarily
in anti-tank ammunition. It has been temporarily
adopted for naval use pending the completion of the
design, manufacture, and availability of a safer, more
sensitive Navy fuze.

DISTRIBUTION

Requests for additional copies of OP 1212 should be submitted on NAVORD
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