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Figures 6 (a) and 6 (b) - Show the primer head body
(1) threaded into the brase case (11).

Change last sentence to read - The shell is painted
blue to identify the low explosive filler.

Change paragraph title to read - Blank ammunition.

Change first sentence to read - The M38 has super-
seded the Mk. IV fuze.

Figure 5. Change TETYRL to TETRYL

Change paragraph title to read - Types of ammunition.

Second line, change superceded to superseded.
Fifth line, change M38A1E2 to M58.

Change paragraph title to read - Base detonating
fuze, M58.

Change second sentence to read - The modifications
necessary to adapt this fuze for use on the M63
shell consisted of increasing the size of the
booater and the diameter of the fuze body.

Second line, change chaptr to chapter.
Line 11, change onces to once.

Change subparagraph to read - The shell, Mk. IX, has
been superseded by the shell, Mi2. Stocks of shell,
Mk. IX, will be issued until the supply is exhausted.

Change last sentence to read - A detailed descrip-
tion of this fuze will be found in the chapter
pertaining to fuzes.

Change last sentence to read - Furtaer details are
in the chapter pertaining to fuzes. N

Change third sentence to read - They are the same
type of projectile as the shell, H.E., Mk. I,
described in paragraph 37c.

Change last sentence to read - They are the same
tyre as the shell, H.E., Model 1915, descrided in

paragraph 37b.
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Section I. General

II. Development of Projectiles
IIT. Development of Propellants
IV. Propellant Containers

V. Primers

VI. Development of Fuzes
VI1I. Adapters and Boosters

EECTION 1
GENERAT,

1, Round of artillery smmunition. - a. Generally, a "round of
emmunition” conslets of the projectile with all the componerts nec-
gsaary to propel it from the plece and function it at the deslred point.
In general, these components are the primer, the propslling charge, the
container (cartridge case or bags) for the propelling charge, the fuze,
booster, and the proJectlils with its filler.

b. B8ince the firing of the first sheot from & canncn, much
time and effort have been expended in the improvement of theae com-
ponente with the reault that, at present, the artillery of all moderm
armiea is equipped with projectiles, fillers, and fuzes of eclentific
design, and powders with which to propel them with the proper velocltiy
for required ranges.

2. Tactics and ammunitlon. - a. Artillery was firat used mainly
against fortificatione for the purpose of breaching the walls for the
passage oif foot troops in the attack. Bepause the hand weanpons of the
defending forces were crude and of short range, the cannon of the at-
tacking force could be emplaced at close range. There was, therefore,
no need for long-range fire and artillery was put inte pesltion 1n
front of ths foot troope. With the develogment of shoulder weapons of
increassd range and asccuracy, 1t became necessary for artillsry to geek
roeitions &t greater dlstances from the oppeoslng forces and in the rear
of friendly troops, in order te avold neutralization by enemy small-
arma fire and poselble capture in the evenl of a repulee.

b. These conditions called for greater range and power,
which, in turn, necesaltated Improved projectliles and propellent pow-
ders. The assigmment of speclal misslone to artillery brought about
the development of apscial ammunltion with which to accomplish these
misslons.

c. TFollowing ie a discuseion of the development of the- aeveral
componentd of artillery ammunition to meet the varying needs of the ser-
vice.
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SECTION II

DEVELOPMERT OF PROJECTILES

3. Early projectiles. The first projectiles fired from cannon
were iron darts wrapped with leather, of a size to fit the bore. These
continued in use even up to the sixteenth century, when they were re-
Placed by spherical shot. One example was roughly rounded stone balls
chosen because of their cheapness. Forged iron, bronze and lead balls
were tried but expense prevented their general adoption. Further, as
the heavy metal shot necessitated the use of a correspondingly large
propelling charge too great a demand was made on the strength of the
feeble pieces of the period. This frequently caused rupture of the can-
non. Stone shot being about one third the weight of those of iron, the
powder charge was reduced in proportion, thus effecting an additional
econamy. Both iron and stone shot occasionally were covered with lead,
both to preserve the interior of the bore (by reducing the friction)
and to afford a closer fit between the shot and the bore, thereby bet-
tering the obturation (preventing the escape of the powder gases a-
round the projectile) and thus increasing the muzzle velocity and range.
Hollow projectiles filled with explosives or cambustibles, and varia-
tions of canister, while not in general use, had made their appearance
prior to this time.
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FIGURE 1. - Air currents caused by different
shaped proJjectiles.

4. Sshape (Fig. 1). - a. From the beginning the demand for greater
and greater ranges has influenced the shape of the proJjectile. Towards
the end of the sixteenth century.cannon shot was made of cast iron and
was sphericeal in form. The spherical projectile was inefficient ballis-
tically, that is, erratic in flight. Because of the crude methods of
manufacture, a tight fit could not be obtained between the proJjectile
and the bore of the cannon. Its rough surface increased the air re-
sistance and, by virtue of its shape, it presented a maximm surface to
air resistance for its weight; nevertheless, the spherical form con-
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cause the partial vacuum formed behind the projectile during flight
greatly retards it and causes unsteadiness in flight. TFor this reason

modern projectiles are of the boat-tailed type.

Adeprer-—

—PBase cover

ﬁr_xan LRoteting Bourrelel Og ive
{Laper band
or
bBoablaill
FIGURE 2. - A modern projectile.

5. Exterior of modern projectiles (Fig. 2). Modern projectiles
combine weight and form in the most practical way to secure a maximum
of stability and a minimum of air resistance in flight. The cylindri-
cal body usually is from one to two calibers long, and extends from
the bourrelet (Par. 7) to the rotating band. The cylindrical surface
in rear of the rotating band is coned slightly to form the boat-taill,
with an inclination of from six to eight degrees to the axis of the
projectile. The ogive describes an arc whose center lies on a line
perpendicualr to the axis of the projectile, with a radius usually ex-
pressed in terms of caliber. This radius formerly was two callbers
for all proJjectiles, but experiments have proved that a marked re-
duction in air resistance, resulting in greater range, can be obtained
by increasing the radius of the ogive to as much as ten or eleven cali-
bers. Figure 2 shows the exterior of a modern artillery proJjectile.

6. Rotation. - a. "Rifling" consists of a number of spiral
"grooves™ in the surface of the bore of the gun. The spaces between
the grooves are the "lands". The purpose of rifling is to rotate the
projectile about its axis, in order to give it stability in flight.
If the projectile did not rotate in flight, it would fly end over end,
or "tumble"; its flight would be irregular and inaccurate, and the
range would be reduced.

b. Early types of projectiles. The introduction of "rifling'
brought about the use of elongated projectiles of increased weight.
For projectiles used in rifled cannon, some device was necessary to
cause the projectile to take the rifling. Several devices that were
developed are shown in Figure 3.

(1) The studs on the projectile shown in Figure 3a were
fitted into the grooves of the rifling as the projectile was inserted
at the muzzle. In the Butler projectile, the part marked (x) was of
brass and, on firing, was expanded outward into the rifling by the
pressure of the powder gases. A
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(2) In the Hotchkiss proJectile the parts (x) and (y) are
of iron and are held apart by the ring of lead (z). The gas pressure
acting on the part (y) forces the lead outward into the rifling.

(3) The bore of the Whitworth gun was & twilsted primm of
hexagonical croas section. The projectile was fashionsd to fit the bore,
its sides being provided with surfaces of a similar prism.

(C) HOTCHKISS (D) WHITWORTH

| I— J

FIGURE 3. - Means of obtaining rotation, early projectiles.

c. Banding of modern projectilest(Figs. b and 5). (1) With
the introductlon of breech-loading cannon, the problem of glving rota-
tion to the projectile was simplified. As previously explained, the
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raised portions between grooves were known as lands, and the caliber was
.the dilameter betwsen opposite lands. The bourrelet (Par. 7) of the pro-
Jectile had the approximate diameter of the lands; at the rear of the
projectile was a smooth band of soft metal which had the diameter of the
grooves. The projJectile was inserted into the smooth-surfaced chamber
in rear of the rifled (grooved) portion of the bore. It then was rammed
forward; the grooves partially engaged the soft metal of the rotating
band sufficiently to hold the proJjectile in place while the tube was
elevated. On the explosion of the propelling charge, the projectile
moves forward and the lands cut their way through the rotating band,
causing it to conform in sections to the rifling, thus giving to the pro-
Jectlile a rotary motion about its long axis.
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CROSS SECTION ¢/ ROTATING BAND (240 -MM.)
FIGURE 4. - Rotating band in gun chamber - projectile not seated. je
e
(2) Since the band of a modern projectile completely fills wi
the grooves, it prevents the escape of gas past the projectile, centers le.
the projectile in the bore, and determines a fixed position of the pro-- of
Jectile when rammed into the piece. The front surface of the band 1is Je:
machined to seat itself readily in the coned seat (forcing cone) at the co
origin of rifling. : the
(3) During firing, a emall smount of the copper of the
rotating band is forced back and behind the band, and along the surface si
of the projectile in the rear of the band. The pressure of the released pr
gas at the muzzle of the plece and the centrifugal force of rotation the
combine to throw out this exceas metal in a radical direction, so that Th

it becomes a fringe around the rear part of the band. When this fringe
is excessive and irregular, it builds up air resistance, lessens the
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FIGURE 5. - Assembly of rotating band.

stability in flight, and causes decreased range and decreased accuracy.
l This fringing 1s obviated to a great extent by cuttlng grooves around
gnd in the rear of the band.

(4) The metal of the rotating band must be soft enough to
flow readily to fill the rifling grooves, and to prevent sxcesslve wear
of the lands. It muzt be hard enough to prevent 1t from stripping under
the resletance met in rotating the projectile’ and avold foullng the
bore. Both copper and gilding metal seem to be favored as the best
materiels for rotating bands.

(5) Certain projectiles for the 155-mm. gun, M1918 (GPF),
have two rotating bands, but generally there is only one rotating band
on the projJectile for all guns end howltzers.

7. Bourrelet (Fig. 2). The forward bearing gurface of the pro-
Jectile 1ls the Tourrelet", the purpose of which is %o keep the pro-
jectile centered 1n the bors. It is about one sixth of a caliber in

Lig@ width, and is machined and polished to an accurate dimension alightly

e lese than the dlameter between the lands of the rifling. A clearance

4 3 of .005 of an inch is prescribed for the bourrelet of the T5-mm. pro-

3 jectile. The bourrelet must fit closely to prevent wobbling but, of

the course, must not be tight enough to cause great friction or wear on
the lands.

8. Base cover (Fig. 6). Every projectile contalning high explo-
g3 sive (except 3(-mm.) is Fitted with a base cover, which 18 .designed to
a ad prevent the gas of the propelling charge from coming in contact with

the explosive charge of the shell through possible defectis in the base.
at Three types of base covers are 1n uss, B8 follows; -
I

a. The old tyﬂe, common to all calibers, consisting of &

~T-
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slightly dished brass plate covering a lead disc, the brass plate being
crimped to the base of the projectile.

t LEAD CALKING

Before After
Asgsembly Assembly

FIGURE 6. - Base cover:assembly

b. The new type for amall and medium calibers, having a disc
of sheet brass or steel sweated to the base of the projectile with
solder, or a steel disc welded to the base of the projectile.

c. The nsw type for the larger calibers, consisting of a cop-
per cup covering a lead disc, the copper cup being held in a dove-
talled groove in the base of the projectile by means of a strip of lead
calking wire, which is hammered down to fill the groove completely and
to bend the flange of the copper oup.

9. Projectile fillers. Classification. The modern projectiles
fired by fleld artillery are classified according to the nature of the
projectile, as shrapnel and shell. Following is a discussion of the

development of the various types of projectiles, together with the pur-
pose and action of each type.

8. Solid shot. The earliest projectiles were spheres of
s0l1id metal and depended for their effect upon their weight and veloc-
ity, no attempt being made to produce effect by explosion at the tar-
get.

b. Case shot (Fig..7). (1) The first departure from the
solld type of projectile came with the advent of case shot. Case shot
can be traced back to the early part of the fifteenth century; it re-
tained its original form throughout the entire period of its use. It

was intended for use at close quarters when a volley of small shot
was required.




Case Shot or Canister

FIGURE 7. - Case shot and grape.

(2) Case shot consisted of a cylindrical container of tin
with a cast or sheet-iron bottom and top plate. The container was filled
with small round shot and the volds were packed with sawdust to prevent
undue dislodgement of the balls dus to the shock of discharge. The
shock of discharge disrupted the case, and the balls were scattered
shortly after leaving the muzzle of the cannon. Case shot was very
effective agalnst troops at short ranges owing to the wide pattern made

by the spreading shot, but when the range exceeded five or six hundred
yards there was practiéally no effect.

c. Grape (Fig. 7). A variation of case shot, known as grape,
consisted generally of three tiers of cast-iren balls Beparat.ad by iron
rlates and held in place by an iron bolt which pmssed through the cen-

ter of the plates. The effect of grapeshot was similar to that pro-
duced by case shot.

d. Explosive shell. (1) Explosive shell do not appear to
have been in general use before the middle of the sixteenth century.
About that time hollow balls of cast iron were fired from mortars.

The balls were almost completely filled with gunpowder; the remaining
gpace with a slow-burning compositlion. The slow-burning composition

was ignited by the flash of discharge and burned until the flame reached
the bursting charge. As there was no way of regulating accuretely the
time of burning, esome of the projectiles burst during flight, but many
of them did not explode untll a considerable time after they had struck
the ground. With the development of more sccurate fuzea, these pro-
Jectlles became formidable missles againct fortifications, and were used
with some effect against personnel in the open.

(2) Modern shell, made of forged steel, are filled with
high expleosive, and upon reaching a predetermined time or upon impact
explode with terrific energy, breaking up the shell wells intc several
hundred fragments. Depending upon the fuze employed, they are designed
to burst either above the ground--for effect against personnel; or to
penetrate a short distance before explosion--for the purpose of destruc-.
tion. ©Several high ex‘ploﬂ*va fillers, such as TNT, amatol, and explo-
slve D, are used.
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e. Shrapnel. (1) The shraprel projectile was developed dur-
ing the latter part of the eighteenth century as = result of the lack
of an effectlive projectile for upe agalnst troops in the open beyond the
range of case shot.

ORIGINAL S
R e e DIAFHRAGM SMELL

FIGURE 8. - Early shrapnel proJjectiles.

(2) The original shrapnel (Fig. &) was a spherical common
shell filled with lead.musket balls mixed with the bursting charge.
With the advent of rifled guns, the form of the shrapnel projectils hes
changed but 1te character heas remained. Modern shrapnel cases are made
of forged stesl. The lead balls are conteined in a metrix of amoke-
producing compound and are asparated from the base chergs by a steel
diaphragm. They ere provided with & time fuze designed to ceuse the
projectile to burst during flight; or a combination time and percussion
fuze desligned to cause the projectile to buret sither during flight or
on impact. Shrapnel ls desligned to carry the balls to a polnt over the
heads of troops and, by the functloning of the fuze and base charge, to
scatter the balle with increased velocity over a conmlderable area.

f. Chemical shell. Chemicel shell are a development of the
World Wer, resulting from the desire to transfer quantities of chemicals
into enemy territory. Chemical projectiles sre filled with chemilcal
compounds designed to produce casualtles, or with smoke-producing compo-
sitions for use in sereening certaln areas from wiew. No effect ls pro-
duced by fragmentation, since the bursting cherge is Just sufficient to
erack the projectile end scatter the chesmical filler. In firing chem-
icel ghell 1t is Important that the shell burst before entering the
ground, in order that the chemlcal be spread instead of being concen-
trated in and near the ghell crater.

g. Incendiary shell. 5Since the esrliest deys of cannon,
numerous means have been devised to project incendlary materlala a-
gainst enemy works. Perhaps the first effective incendiatry projectile
fired from cannon waes lmown as red-hot shot, developed sbout 1580. It
consisted, in general, cf a cast-lrcon shell filled with molten cast iron
and immediately fired. On impact the shell broks, freeing the astill
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melten iron and producing the desired effect. At rresent there 1s no

rrojectile designed primarily to give incendiary effect, but certain pro-
the ; Jectlles now in use have this characteristic. Low-bursting shrapnel has
; some incendlary effect, as has white phosphorus (WP) smoke shell., Should
any loading of incendlary material into projectiles be made in the future,
it 18 likely that the material used would be Thermit (TH), 2 mirxture of
iron oxide and aluminum. It is in the form of a dark gray gSranuler mess,
When ignited 1t burns with great rapldity and the evolution of sixtreme
heat, the iron oxide being reduced to boiling molten iron.

SECTION III
DEVELOFMENT OF PROFELLANTS

10. Early propellants. The sarliest propelling powder was black
powder, of about the same composition as we kmow 1t tedeay. In the six-
teenth century it was used in the form of a fine powder or dust, but,
owing to the difficulty of loeding this finedust into the muzzle of
small arms, a granular form was developed sbout 1600, and continued in
use for more than 200 yeara.

11. Smokeless powder. Smokeless powder came into use about 18g0,
and gquickly replaced black powder as the universasl Iropellant for ar-
tillery. The first smckeless powder used in the United States service
wes nitroglycerine powder, which remained in-use for small nrms until
1906. The smokeless powder now used consista gggsentially of a gela-
tinized nitrocellulose in the form of short maltiperforatsd grains.
The United States and other countries have developed powders in the
form of long tubes or flat ribbons and cords which usually contain a
certaln percentage of nitroglycerine. Because of their hotier gasesn
of combustion, nitroglycerine powders produce more erosion in the bore
of the plece then is experienced with nitrocellulose powders. For
this reason the latter are generally used in our service.

ion

12. Rate of burning and grenulation (Fig. 9). - a. Rapld develop-
ment of gas pressure within the gun should be of such & Progreesive na-
ture that the force exsrted does not attain its maximum at the time of
ignition (as would be the case if a high explosive in its ususl form
were used as a propellant), but rather attains it by a reletively
gradual rise. Control of this pressure lies in the composlition of the
powder; form or shape of individual powder graine; and size or dimen-
slon of any particular form of grain. Granulation determines the ares
of the burning surface of the grain, which in turn controls the rate
of combustion and through that, the pressurs.

b. The best form of granulation from a ballistic polint of
view is; first, that which with the smallest weight of charge will im-.
It part to the projectile the prescribed muzzle veloclty within the per-
“eammn ; mitted 1lmit of maximum -pressure; second, that which will ceuse mini-
1 mum erosion to the bore; and third, that which shows maximum regular-

P
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STANDARD GRAIN

N

STRIP CORD SINGLE '
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FIGURE 9. - Grains of powder

ity in ballistics. The grains burn uniformly from the surface and
the rate of burning varies directly with the pressure; the greater
the burning surface, the higher the pressure; all other things being
equal. The shape of the grain i1s a direct factor in determining the
total amount of burning surface of a given weight of powder.

13. FNH and NH ders for cannon. - a. Development. At the
outbreak of the World War in 1914, the United States Army and Navy em-
Ployed the same type of straight nitrocellulose powder that has been
described above. After the experiences in the war, certain weaknesses
in the standard propellent powder were recognized.

(1) Hygroscopicity. The standard nitrocellulose type
of powder if exposed to the atmosphere is subject to change. The
volatile solvent, ether-alcohol, used in the manufacture is not com-
Pletely removed, the powder retaining from 3 to 7.5%, depending upon
the size of the grain. In a warm atmosphere this residual solvent
rartially excapes and the rate of burning of the powder is increased.
On the other hand, if the powder is exposed to a humid atmosphere, it
absorbs moisture and the rate of burning is decreased. Thus, ballistic
propertiss of the powder are appreciably affected by changes in atmos-
pheric conditions to which the powder may be exposed.

—— g

(2) Flash. Another objection to the pyropowder was the
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foet that when fired it produced a large, brilliant flash 2t the muzzle
of the gun. This proved to be a serious objection during the World War
owing to the great amount of night firing conducted, since the flash
alded the enemy 1n locating poeitlons of the guns. The ne=d was recog-
nized for a nonvolatile, nonhygroscopic, and flashless powder which
would stlll retain the property of belng substantially esmokeless. Such
& powder has been developed since the World War.

b. FNH and NH powder. (1) The FNE type of powder has been
obtained by adding to the nitrocellulose inert or partially inert
materials for the purpose of cooling the products of combustion and
reducing the hygroscopicity of the powder. Such a powder may be flash-
less in certaln weapons but not flashless in others. When flashlesaness
le not attalned, the powder ia deslgnated as NH elnce flashleasness ia
dependent not only upon the compoaition of the rowder, but upon relstlon-
ship between quantity of powder used as a charge, the lengzh of the bore
of the gun, and the welght of the projectile, etc. While it might appear
poseible to obtain flashlessness in any weapon by merely increasing the
emount of the flash-reducing agent in the vowdsr composition, such & pro-
cedure may be Impracticable either because of increased smoke or reduc-
tlon in potential of the powder. While the present type of FNH powder
has less strength than the standard pyrocelluloss powder, 1t has suffi-
clent strength to permit its use in all weapons without cbinga in
balllistic regulrements.

(2) The manufacturs of the FNH powder can bs carrisd out
in the seme squipment and plant used for manufacture of the stendard
pyrocellulose powder. However, detalls of the processes for the two
types of powder differ in many respacts.

SECTION IV
FROFELLANT CONTAINERS

14, Classification. According to the method of aggerbly for
tranaportation and for loading into the piece, smmunition is classified
as "fixed", "semifixed" , or "separate-loading” (unfixed). These classes
of ammunitiun are shown in Figure 10,

a. Flxed emmunition comprises a cartridge case {which con-
taine the propellant) whose base contains the primer, (Section V) and
whose forward opening is crimped to the projectile so that the entire
round 18 integral and all components are loaded into the gun in the
sgame operation.

b. Semi-fixed ammunition differs from fixed ammunition in
that, while the proJ)ectile and cartridge cases are issuesd assembled
and are lcaded into the gun as a unit, the cartridge case s not perma-
nently attached to the-projectile, but may be removed from it at the
firing point for the purpose of varying the amount of the propelling
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bags, and, after the breechblock has been closed, to insert the primer.

The base charge of the cartridge bage or the tying straps of the charge
contaln the igniter pad.

15. Cartridge cases. - a. Use. Where fixed or semi-fixed ammu-
nition 1s used, a drawn brass cartridge case ia supplied. This case has
a profile mnd aize to conform to the powder chamber of the cannon for

which the cese 1s intended. The head of the case 18 relatively thick

and le provlided with & flange for the purpose of mechanical extracting
and for seating the round in the gun.

b. Function. In the center of the head is the primer seat,
a circuler hole into which the Trimer is seatsd by pressing to make a
gas-tight joint. The wall or body of the case is relativsly thin and
of an outslde dismeter throughout ita length just slightly less than the
diameter of the powder chamber of the camnon. The primary function of
the certridge case is to hold the propelling charge, the primsr and pro-
Jectile, permitting the round to be loaded into the gun in one opera-
tlon. TIte secondary function is to block the pressure of the gas gener-
ated by the burning propellent charge. When the gun 1s fired, the case
expands and the thin walls of the case fit themselves tightly egainst
the surface of the loading chamber, thereby preventing ths sscape of
the gas to the rear. This function of preventing the escape of pro-
pelling gas is kmown as "obturation". The action of the side walls and
bese of the metal cartridge case provides the means of accomplishing
this function. The metal of the cartridge case, however, is springy
encugh so thet, when the gas pressure ia rale&sed the ca“tridga case
will contract, and can be extracted from the ﬁiece without difficulty.

16. Cartridge bags for separste-loading ammunition. - a. Car-
tridge bags are used with separate-loading ammunition. They form a
suitable and convenient means of contalning the propelling charge. Two
clapees of cloth are used 1n the manufacture of cartridge bags: '"Car-
tridge bag cloth" and "cartridge igniter cloth".

b. Certridge bag cloth is made of pure silk, wool, or mo-
hair, but raw silk has been found to be the most pr&ctiCanle material.
Thia cloth is used in the manufacture of all components of the bag, ex-
cept those components containing the black igniting powder. It is
necessary that the cartridge bag cloth have sufficient strength to
withatand service conditions of handling; at the same tima it must be
consumed entirsly durlng combustion of the propelling cherge, as
emoldering parte of it might cause the ignition of the next charge
before the breech is closed, probably resulting in injury to members of
the gun squad.

c. Cartridge-igniter cloth is made of pure silk, with proper-
tles pimilar to those of certridge beg cloth, but 1s more closely woven
to prevent the black ignition powder from esifting through. All igniter
contalners used with cartridge bege are manufactured from cartridge-ig-
niter cloth. In order to avold any possibility of error and to indicate

clearly that they contain black powder, all lgniter pade are now dyed
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i |

red. In the older types that ere not dyed red, the pads are stenclled,
in black, with the word "igniter".

SECTION ¥

FRIMERS

17. = a. General. Primers for propelling charges are used to ig-
nite the wrorall‘ng charge of mmokeless powder. The primer isg loaded
with a charge of black powder whlch, in ammunition for smasll calibers,
is sufficlent to ignite the propalling charge. In the larger celibers
additicnel ignltion powder la reaulred. With fixed and eemi-fixed am-
munition, the primer 1a forced into the base of the certridge cese be-
fors loading the propelling charge. With bag-loasded (separate loading)
chargea the primer 1a inserted in the firing mechanism in the bresch of
the cannon. Frimers for separate loading emmunition are of the obtur-
ating tyrpe in that the body of the primer is thin so thet when the
primer charge sxplodes the primer will be expanded and pressed tightly
agalnst the surface of the primer cavity, thus preventing the escape of
Tropelling charge gases to the rear. The genseral classification of
Primers ie based on the method of firing gr initiating the ignition,
as follows: Percueslon} Friction; Elsctric; Combination percuassion-
electric; Igniting. The detailed description and functioning of these
types are glven Iin the section pertalning to primsras, but figure 11 and
the following deeecrilptlons wlll indicate the general characteriatice of
the wvarioue types.

b. The percussion primer 1s Tired by means of a blow from
the firlng pin in the breech mechanimm. Cartridge casea are in gen-
eral fitted with this type. Fercusslon primere are made 1in several
Blzes for particular calibers of smmunltion, the size referring more
egpeclally to the welight of the black nuwdﬂr charge; for example, o
L9-grain primer contains an igniting cherge of 49 grains of black pow-
der. The primsr known as a seluting primer 18 a percussion primer of
gpeclal size.

£. The friction primer, used only in aseaccast cannon, ls
fired by the heat generated by pulling the serrated plug attached to
the wire through the friction composition.

4. The electric primer is likewlse used only 1n ssacoast
cannon. The primer compoeitlion 1s lgnlted by & wire heated by an
elactric current. In outward appearance the frictlion and slectric !
primers are similar except that the wire of the elsctriec primer is
coverad wilth black insuletinzg material.

&. The combination percussicn-elsctric primer may be fired t
elther Electricﬂlly or by the blow of a firing pln.

f. The igniting primer is used with subcaliber ammunition.

-16- |
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It has no inltiating primer cap but 1s providsd instead with & hole in a
dummy percussion cap which allows the igniting flams from the service

primer to fire the black powder charge in the igniting primer.
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SECTION VI
Siaks DEVELOPMENT OF FUZES

18. Early fuzes. - a. A fuze is merely a device to function the
rrojectile at the time or place deaired. Proper functioning of projec-
tileeg depends upon asccurate and efficient fuzes. t may be said that
fuzes, from the start, have had more influence on the effectiveness of
artlllery than any other one item. ZEarly explosive shell and shrapnel,
more often than not, were wholly ineffective because of uncertain fuzes.
Early fuzes not only were inaccurate-and uncertain of action, but also
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were dangerous to use. Many accidents resulted from prematures caused
by defective fuzes. Even with the most modern fuzes in use today a cer-

tain percentage of duds may be expected, and safety devices are not in-
fallible.

b. The first fuzes used were short iron or copper tubes filled
with slow-burning composition and screwed into the fuze hole of the shell.
The slow-burning composition was ignited by the flash of discharge and,
when consumed, transmitted the flame to the bursting charge of the shell.
There was, at first, no means of regulating the time of burning. Later,
about the end of the seventeenth century, the fuze case was made of wood,
so that by boring a hole through the outer casing into the composition,
the fuze could be made to burn approximately for a given time before ex-
Ploding the shell; or the fuze could be cut to the correct length for the
same purpose.

c. Early attempts to produce percussion fuzes were unsuccess-
ful, but the discovery of fulminate of mercury in 1799 finally afforded
the means of attaining this obJject. Some 50 years elapsed however, be-
for a satisfactory fuze was made. This was the Pettman fuze, in which
a roughened ball covered with a detonating composition was released by
the discharge of the piece. When the shell struck any obJect, the ball
was thrown against the interior walls of the fuze, thereby exploding the
composition and, consequently, the bursting charge of the shell.

19. World War types (Fig. 12). - a. Much ingenuity and labor have
been expended in the effort to produce safe and accurate fuzes for all
purposes. World War types of fuzes were satisfactory, in general, for
their purpose of detonating or exploding the bursting charge at the time
and under the circumstances desired; however, safety devices were not
sufficiently refined to insure complete safety against premature action
in transportation and loading, and during travel through the bore of the
plece.

- b. Another serious disadvantage of World War types of deto-
nating fuzes was the fact that they could not be set at will for super-
quick, quick, or delay action. This necessitated carrying a supply of
all three types in the fileld.

c. The double-banked type of combination time and percussion
fuze used with shrapnel during the World War was satisfactory, however,
there has been some improvement in the later types.

20. Post World War types. Most of the disadvantages enumerated
above have been overcome in the recently developed fuzes. These are
explained in detall in the section pertaining to fuzes.

-18-
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SECTION VII
ADAPTERS AND BOOSTERS

21. - a. General. Some types of projectiles have a bushing
screwed into the nose, known as the "adapter", to afford a recess tapped
to receive the fuze. Attached to the adapter is the "booster casing”,
which contains the "booster". Since the small detonator contained in
the fuze is not powerful enough to insure complete detonation of the
shell filler, it is neceassary to have a slightly larger quantity of high
explosive, more sensitive than the shell filler, to augment the deto-
nating wave and transmit it throughout the filler. This intermediary
explosive is the booster. (See figure 13) The inclination in the very
latest types is to use a booster that is assembled directly to the pro-

BER OF
LOADED ADAPTER A BQOSTER

1. Booster charge (tetryl). 8. Shell

2. Booster casing. 6. Adapter.

3. Fuse socket, 7. Adapter plug.
4, Felt washers.

FIGURE 13. - Adapter and booster, Mk. III.

Jectile, without the use of an adapter, the fuze, being screwed into the
booster. Adapter boosters, boosters, or booster elements are used in
all high explosive and chemical shell for all guns and howitzers. How-
ever, the term "booster" when applied to chemical shell is converted to
"burster”, as the function of this component in the chemical shell is
to break up the skell and disperse the chemical filler. The burster
charge is therefore greater than in the high explosive shell booster.
The following methods are used to seal the chemical filler in chemical
shell: provide the projectile and the adapter-booster or adapter with
pipe threads; force the burster into the adapter to .form a gas tight
seal (in some of the older type projectiles that have been modified);
or force the burster into the nose of the projectile itself (used in
the later types of 105 and 155-mm. chemical projectiles).
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CHAPTER IT

FRIMERS

Section I. General
HfEd ; II. Percussion Primers
1 3 IIT. Friction Primers
; ] IV. Electric Frimers
V. Combination Electric and Percussion Primers

nigh (e VI. Igniting Primers

ory

ro- i SECTION T
GENERAL

1. General discussion. From the ammunition viewpoint, the word

_ "primer" covers a large number of items of different uses and charac-
! teristicas. All of these items have one thing in common: that is, they
are used to initlate some action. The primers used to initiste the ac-
tion of the propelling charge in artillery weapons are commonly referred
to a8 "cannon primers”. The cannon primers are composed of & metal

- body, & small pellet of a very sensitive composition to actuslly initi-
i ate the actlon, and a charge of black powder to amplify thils actlon.
The size of the primer, type, snd model nmumber of primer is usually
included in the ncmenclature. An exsmple is the primer; percussion, 21-
graln, Mk. ITA. Primers for assembly in fixed, semi-fixed, znd blank
ammunition are essentially manufacturing components and are not lssued
to the field, but those used with separate loading ammunitlon are issued
separately, and loaded as & separate component at the time of firing the
gun. Ses OFSB 3-2.

o the

3. 3

H. 4~ SECTION II

d to -

4 ‘ PERCUSSION FRIMERS

;_ 1 2. Primer, percussion, 20-grain, Mk. TTAl. - a. Description.

enl This primer ia obsolete. It was used in ammunition for the 37-mm. gun,
A M M1916 until replaced by the M25. One of the reasons for discontinuing
+ the use of this primer was the fact that obturation was sometimes de-
1) 3 stroyed by plercing the percussion element with the firing pin. Recent
¥ redesign of primers for fixed, semi-fixed, and blank ammunition was to

prevent this malfunction. In the new deslgn, a firing plug of soft
metal eliminates direct contact of the firing pin with the primer cup
a8 18 the case in this model. See figure 1.

b. Actlon. Same as paragraph 5b.

3., Primer, percussion, 20-grain, M23. - a. General. The M23
primer is modified to the M2?Al. The change being in the massmbly of
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the firing plug (4) which was necessary becduse of frequent blow-backs.
See figure 2(a). The older model may be still found in 37-mm. shell that
were assembled before the modification.

L, - Primer, percussion, 20-grain, M23Al. General. This primer is
the standard for assembly in 37-mm. ammunition of all types, and in sa-
luting ammunition for the 3" fileld gun. The 1llustration shows the fir-
ing plug (4) that is designed to receive the blow of the firing pin. The
Plug, being made of soft metal, does not penstrate the primer cup (5).
Another function of the plug is to transmit the force of the blow to the
primer cup over the apex of the anvil even if the primer is not in direct
line with the firing pin. The old model, M23, must depend upon a firm
seat of the plug against the shoulders of the sleeve (3) to prevent es-
cape of gas. The M23Al has eliminated the sleeve, primer cup (8), and
reduced the length of the other sleeve. This causes the escaping gas to
act against and expand the sleeve (3) at the forward end to more effec-
tively seal the entire assembly. See figure 2 (b).

5. Primer, percussion, 2l-grain, Mk. IIA. - a. Description. This
is the primer used in all field guns using separate loading ammunition.

The smell charge of black powder contained in thie primer 1is strong e-
nough es the propelling charges have an igniting pad attached which
serves to completely ignite the propellant. The functioning of all per-
cussion primers is essentially the same. . This one 1s explained in detall
below, but the explanation may be applied to all, consideration being
given to the small differences in design and a.asembly. See figure 3.

INIMIAY @ A | OADER

R

YEAR OF LOADING )
FIGURE 3. - 21-grain percussion primer, Mk. II-A.

1. Percussion cup. S, Bhellac.

2, Percussion composition. 6. Case,

3. Anvil 7. Black powder,
4. Wax.

b. Action. When the firing pin strikes the percussion cup (1),
it indents the cup and crushes the percussion composition (2) against the
anvil (5), causing this composition to explode. The flame from the ex-
plosion of the percussion composition passes through a hole and ignites
the powder charge (7) which, in turn, ignites the igniter of the propel-
ling charge. The percussion composition (2) is sensitive and care must
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c. Merking. Identificetion marks are stamped on the primer
heed 28 shown in the drawing.

4. Shipment. These primera are shipped packed In waterproof
tin packing cans, 50 primers to esach can, 48 of these cans (2400 primers)
to a box. ©Gee BNL R-3. They are aflected by moisture, and care should
be taken that they are kept dry after the can has been opened. See para-
graph 5, OFSE 3-3.

6. Primer, percussion, 49-grain, Mk. I. - a. Description. Meny
glzes and models of primers may be found assembled with T75-mm. smmunition,
but this is the oldest, or first used. FPrimers containing 75, 100, or
150 grains of black powder are used Instead at the present time. The size
depending on the size of the propelling charge and the type of powder from
which the propelling charge 1s made. The recent redeaign of primers pro-
vides a uniform aize of head zo that a standard size primer heole could be
used in &ll cartridge cases regardless of the primer used. See figure L.

IMITIALS OF LOADER

LOT MNUMBER OF LCADER

] :

YEAR OF LOADING 6 7 g

FIGURE L. - U9-grain percussion primer, Mk. I.

1. Flrlog plug. G, Bhellne,

2. Cup. 6. Ibacdy,

3 Componitlon pellet, T.oAnvil

4, End closing wod, 8. Block powder,

b. Action. Same as paragraph 5b execept for tha.firing plug.

£. Merking. Identification marks are stamped on the primer
head as. ahown in the drawing.

7. ZFrimer, percusslon, TS5-grain, M22Al. - a. Description. These
Irimers are assembled 1n H.E. shell uelng reduced and normal propelling
charges, and Mk. IT chemical shell only, for the 75-mm. field guns.

They were originally made—of sufficient length to accomodate cver 200
grains of black powdsr, put it was found that better performance could
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be obtained in some rounds with a primer of the same length but with

_ reduced charge. The reduced charge is held in the end of the primer
tube adjacent to the primer head by means of a cardboard cup. The emp-
ty portion of the tube is lined on the inside with a paper liner. The
paper liner serves a dual purpose; first, to prevent the grains of pro-
pellent powder from entering the upper end of the primer tube; it also
gserves to support the black powder charge retaining cup. This primer,
similar to all the other late models for fixed and semi-fixed ammunition,
except the M23Al, employs the same head assembly to which is screwed a
brass tubing body, closed at the outer end by a threaded brass plug.
See figure 5.

b. Action. The firing pin of the gun strikes the firing plug
with sufficient force to drive it forward and deform the primer cup.
The percussion elemsnt charge is crushed against the anvil and explodes.
The flame from this explosion passes forward and ignites the black pow-
der charge. As the forward end of the body is fitted with a closing
plug, the flame from the black powder charge flashes through the vents.
Distribution of the flame in this manner results in uniform ignition of
the propelling charge.

c. Marking. The initials of loader, lot number, year of load-
ing, and model number are stamped on the head.

8. Primer, percussion, 100-grain, Ml. - a. Description. -This
primer was adopted to supersede the 110-grain percussion primer for use
in 3" AA ammunition, and the L9-grain percussion primer, Mk. I, for 75-
mm. ammunition. The head is similar to that of the 20-grain, M23, in
construction. This was modified to the M1Al by changing the head
assembly. The difference between the M1 and the M1Bl is in the design
of the brass tube. The first is a drawn brass case that is open at one
end, the other end slotted to receive a screwdriver. The latter is of
brass tubing and closed on one end by a plug which is rolled crimped in
place after being screwed in, and slotted to receive a screwdriver.
Some manufacturers are prepared to make one type of tube, while others
are prepared for the other. The method of manufacture of the tube does
not affect the functioning of the primer. The M1Bl with the modified
head becomes the MIB1Al. Cartridge cases for service ammunition for the
2.95", 75-mm., 105-mm. how., 3" AA guns, and blank ammnition for the
3" 15-Pdr., and 105-mm. how., will take either primer. Larger primers
are now used in service ammunition for the anti-aircraft guns, and the
3" 15.Pdr. See figure 6(a).

b. Action. Same as paragraph Tb.

¢. Marking. Same as paragraph Tc.

9. Primer, percussion, 100-grain MlAl. See paragraph 8, and figure

6(v).

10s Primer, percussion, 100-grain MIBl. See paragraph 8, and fig-
ure 6(c)-
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Figure 6 (a)
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100-GRAIN PERCUSSION PRIMER
1. Body, primer head 7. Paper dise
£. Plug B. Anvil
3. Sleeve . 9. Flash hole
4. Sleeve, primer eup 10. Black powder (100-gralins)
5. Primer cup 11. Case, bress
6. Primer composition 12. Paper liner
Figure 6 (h)
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Figure § (¢)
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1. Body, primer head 8. Anvil :
2. Plug 9. Flash hole ! ‘;.
3. Bleeve 10. Black powder (100-grains) ¥
4. Sleeve, primer cup 11. Case, brass ; %
5. Primer cup 12. Paper liner g
€. Primer composition 13. Plug, closing b
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6%1) Primer, percussion, 100-grain, M1BlAl. See paragraph 8, fig-
ure d).

12. Primer, percussion, 110-grain. - a. Description. This primer
is no longer standard for manufacture but will be found in service as-
gembled in some 3" AA cartridge cases. It has never been assembled in
ammnition for the 105-mm. AA gun. Being of gmaller diamster than the
100-grain M1 primer, it will not fit cartridge cases drilled for the lat-
ter. The 110-grain primer is shown in the illustration with names of its
principal parts. The body (8) is made from cartridge brass and contains |
a charge (4) of compressed black powder. The flash holes or vents (7)

are drilled through the body and the powder charge after the latter has _ }
been pressed in. This results in considerable loss of powder, approxi- 7
mately 99 grains remaining in the finished primer. The charge is pro- T

tected from moisture by a tin-foil wrapper (6) which covers the vents.
The end closing wad (5) 1s crimped in place and shellacked. See figure
7.

ﬁmTIALs OF LOADER

1

X%5 _V-___ s B o o m———
YEAR OF P Lo 520ttt 220 05
LLOADING 5
FIGURE 7. - Primer, percussion, 110-grailn.
Primer cup. 5. Closing wad.

. Percussion charge.
. Anvil,
. Charge (compressed black powder).

6. Tin-foil wrapper.
7. Vents.
8. Body.

ey =

b. Action. As the 110-grain percussion primer is not fitted
with a firing plug, the primer cup (1) is indented by a direct blow from
the firing pin of the gun. The percussion element charge (2) 1s crushed
against the anvil (3) and explodes. The flame from this explosion passes
forward and ignites the black powder charge (4) which in turn flashes
through the vents (7) and the forward end of the primer, igniting the
propelling charge in the cartridge case. The percussion element charge
jg sensitive and care must be exsrcised to protect it from shock at all
times. A blow on the primer from a sharp object, gimulating that of a
firing pin, could explode a round of this ammunition with fatal conse-
quences.

13. Primer, percussion, 150-grain, M3l. - a. Description. Recent-

ly adopted super-charges of propellent powder for use with some rounds
of high explosive shell in 75-mm. field guns require a primer of higher

-30-
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2 black powder capacity than the M22Al, or the MIBlAl. The M31 primer is
5 similar to the M22A1, with the exception that the tube must be without
= vents to such a distance from the head as to accommodate 150 grains of

3 rowder.

}:'

. b. Action. Same ag baragraph Tb.
; L. Marking. Same as parsgraph Tc.

14, Primer, percussion, 200-grain, M2BAl. General. Ths ap-
1] pearance and functioning of this primer 1s identical with the 100-grain
g MIB1Al, except for the length of the tube which contains more powder.
+ It 1s standard for assembly in ammunition for the 3" 15-Par., 3" AA, 90-
5 mm. AA and 105-mm. AA guns, to supersede the 330-grain M21.

15. Primer, percussion, 550-grain, M21. General. Thie rrim-
er superseded the 100-grein, M1, and ite modifications for use in
all Anti-Adrcraft ammunition, but hae since given way to the 300-grain
M2BAl. The size and appearance is similar to the M2BAl, but the head
assembly 18 of the old type.

s SECTION IIT
FRICTION PRIMERS

16. Primsr, friction, Mi91k, - a. Description. The fristion
primer ie designed to be fired ¥ pulling a serrated plug through a
friction composition. The friction primer 1s interchangeable with the
electric primer, and is used for emergency use in case the electrical
equipment fails., Another uase for this primer 18 for drill purposss

with dummy ammunition, They are listed, stored and lssued under SNL
P-6. See figure 8.

"BB o
bl

FIGURE 8. - Frictlon primer, M191l,

L. Ty, 12, Black-powder peilvin

2 Wire, 13, Eoods back powder.
E & Dutton 16, Gan check.
P 1, Clealng cup. 10, Frictian composition.
=
=3
?
3
P b. Action. The assembled primer 1is Inserted In the breech-

@ Dblock of the gun and is held in place by the slide. The firing leaf
i engeges the button (3), which 1s threaded and riveted to the wire (2).
When the lanyard, which 1s attached to the firing leaf, is pulled, the

v -21-




wire (2) draws the gas check” (16), which is fitted with serrations or
saw teeth, through the friction composition (19), causing it to explods.
The flame from the explosion of this friction composition ignites the
black powder charge in the primer, consisting of the black powder pel-
lets (12) and the loose black powder (13)., The mouth of the primer is
closed by a thin brass cup (10), to seal the primer against the entrance
of molsture. The primer is a close fit in its seat in the spindle of
the breechblock and the walls of the primer body (1) are made thin so
that they are expanded by the gas pressure against the primer seat, thus
obturating the gas at this point. After the gas check (16) is pulled
through the friction composition (19), it seats itself in the cone shaped
recess in the primer body, thus preventing the escape of the powder gases
through the primer. A pull of from 35 to 75 pounds 1s required to fire
this primer. The lanyard should be pulled from a position as near the
rear of the gun as possible. A strong, steady pull from one man, with as
short a lanyard as practicable, should be used. Where a long lanyard is
used, the slack causes the force to be applied slowly, increasing the
chances for a misfire. If a primer can not be fired by one man, it
should be rejected and another used. Two men pulling on a lanyard may
injure the firing mechanism. When a primer is pulled and fails to fire, |
it should be removed from the gun and the wire should immediately be
bent around the primer through an angle of about 180° to prevent its be-
ing used again. Instructions to the above effect are printed on the
labels of the packing cans in which the primers are packed and they must
be followed if the best results are desired. When the primer fails to
fire 1t will be seen that the gas check (16), being then seated in its
recess in the rear of the cavity in the primer body, the wire (2) will Te
free to move forward to its original position without moving the gas
check (16) with it; there is some danger of firing the primer by reverse
movement of the wire.

Cc. Marking. No distinguishing marks are machined on this
primer body, as is the case with the electric primer. The base of the
head 1s stamped as follows:

(1) Initials or symbol of loading plant.
(2) Lot number of the loaded primer.

(3) Year of loading.

d. Shipment. These primers are shipped packed in waterproof |

metal packing cans, containing 20 primers to the can, which in turn are

packed in wooden packing boxes, 25 cans (500 primers) to the box. Prim- =

ers are affected by moisture, and care should be taken that they are
kept dry after the can has been opened.
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SECTION IV

ELECTRIC PRIMERS

17. Primer, electric. - 8. Description. Heavy artillery WeRpOons
Installed in Harbor Defense emplacements are eguipped with an electrical
syetem which permite the use of elsctric rimers. Until the recent das-
velopment of the primer, electric, M30, the one described in thig para-
graph was the only one 1lssued. They are listed, stored, and issued un-
der SNL P-6. See figure 9.

b. Action. One end of the contact wirs (11) is coldered to
the contact plug (4}, which is insulated from the body (1) by the plug
insulator (5) and insulator (6), and attached to the wire (2), which
1s also insulated from the body by the paper insulation (15). Electri-
cal contact 1s formed through the button (3) with the extermal circuit
by means of clipe attached to the firing mechanism of the gun, The
back of the button is insulated by an insulated peper washer (26)
shellacked to the button. The opposite end of the contact wire (11)
is poldered to the contact slsave (8), which is in electrical contact
with the body (1). An electric current of sufficient Intensity to heat
the platimm contact wire (11) ignites the guncotton (14) ard through
this the primer charge, consisting of loose black powder (13) and black
powder pellets (12). A maximum current of 1.1 amperes ia reguired to
fire this primer. The mouth of the primer is closed by a thin brass
cup (10) to seal the primer against the entrance of moisture. The
primer 1s a close fit in its seat in the spindle of the breechblock
and the walls of the primer body (1) are made thin so that they are se-
panded by the gas pressue against the primer seat, thus obturating the

ges ot this point, and there is no e@acape for the gases through the
Primer itself.

&. Marking. A shallow groove is mechined around the outailds
of the head of the primer body, which 18 a distinguishing feature of
the electric primer. The base of the head ig also stemped as follows:

(1) Initials or symbol of loading plant.
(2) Lot mumber of losded primer.

(3) Year of loading.

. Shipment. These primers are shipped pecked in water-
rroof metal packing cans, containing 20 primers to the can, which in

turn are packed in wooden pecking boxes, 25 cans (500 primers) to the
box,

18. Primer, electric, M30. - A. General. The electric primer
is one designed to be fired by an electric current roperly applied.
Many instances have occured in which the primer discussed in the re-
vlous paragraph failed to fire. Examination of such primers haa shown
that the failure was due in most instances to the breaking o the deli-
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cate bridge, or contact wire. Due to the method of regembly, this
bridgs wire could essily be broken durlng the assembly of the primer,
and undoubtedly breaksge cccurred in some cases durlng subsequent trans-

G B g & & 5 i I5 ﬁ|

FIGURE 9. - Electric primsr.

1. Tody. 11, Clealng eum.

T Wi, 11, Coptact wire,

3, Botton 1 Blagepowder peilet
4, Contect plug. 11 Looes black powder.
5. Tlag Insitlator, 14, Duseatfos,

. Inaaieicr, I5, Paper lnaulation.

8, Copntact wlecra 28, Paper waaber,

portation. The M30 employs & unit bridge wire pggembly which can be
apsembled completely, prior to insertion in the primer body, and 4iffi-
culty dus to breaskdge during assembly should be eliminated, at least to
s very large extent, by this provision. In the older primer which
functioned satisfactorily, subsequent difficulty was often encountersd
in removing the primer from the breechblock. This difficulty is be-
lieved to have been partly attributable to two ceuses: First, the prim-
er body expanded and wedged iteelf into the spindle plug, this expanaion
belng due to the pressure of the propelling charge gases against the
conical contact plug inside the primer. Second, the deposit of slag be-
tween the primer body and spindle plug occurring when obturation was
faulty. It is believed thet the new electric primer eliminates the
first mentioned cause for the difficulty by changing the conical contact
plug to & ecylindrical type contact plug. Investigations of the second
cause for the difficulty indicate that the spindle plug in the breech-
blocks may have verlations which contribute to faulty obturation. An
electric primsr testing set lmown as the Primer Tester, Ml, hes besn
designed end, after thorough tests by the using service, has been issued
to all extablishments using electric primers. This primer tester, by
means of a Wheatstone bridge circuit, will detect short circuits, open
circuite, or high reslstance in the primer prior to the attempted use of
the primer is firing & round of ammunition. This primer tester, re-
placing meke-shift methods scmetimes used by the using service dus to
the lack of specially designed equipment, should result in a very great
reduction in the number of miafires in experiments.

b. Marking. Seme as 16c.

c. Shipment. Same as 164.
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SECTION V¥
COMBINATION ELECTRIC AND PERCUSSION FRIMERS

19, Primer, combination electric and percussion, Mk. XV Mod. 1.
8. Description. There are Navy guns of 7" and 14" caliber on rallway
mounts, and of 16" caliber in Harbor Defense emplacements which regquire
the combination primer. This rrimer is also of Navy design. This prim-
er is listed, stored, and issued under SNL P-6. See figure 10.

FIGURE 10. - Combin

L Ty

tion percusalon-electric primer, Mk, XV Ml.

21 l'rimee enp,

22 lenitlon vup.
% Imenilnilng waslisrs 21 Melnflle sl
Il Cantasi wire, 24, Pluager.

1. L black powder. 28, Guncotton

B Tasilninre

b. Action. When fired by percussion actlon, the striker, or
firing pin in the breech mechanism of the gun, drives the plunger (2L)
Into the primer cap (21), thue exploding it. The flame from this ex-

plosion passes into the ignition cup (22) and ignites the locse black
powder (13), in the metallic seal (23). The charge in this rrimer 1g
aprroximately 30 grains of loose black powder. The end of ths metallic
seal (23) is slotted, to permit the discharge of the hot.gases and
flame through the vent in the breechblock and againat the igniter of
the propelling charge. When fired electrically, electric contact is
made on the plunger (24). When the circult is closed, the resistance
heats the platinum contact wire (11), firing the wisp of guncotton (25)
vhich is wrapped around the contact wire (11) and ignites the loose
black powder charge (13). The Plunger and plunger cup are insulated
from the primer body (1) by the insulators (6) and (9).

2

£. Shipment. These primers are shipped packed in water-

L. proof metal packing cans, containing 24 primers to the can, walch in
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turn are packed in wooden packing boxes, ﬁE cans (1008 primers) to the
box. These primere are affected by molsture, and care should be taken
that they are kept dry after the can has been opened.

SECTTION VI
IGNITING FRIMERS

20. - a. General. Igniting primers are used in the cartridge cmses
of the subcrliber ammunitlion for use with the subcaliber guns of Tixed

and railway artillery not provided with percussion firing mechaniems. In

exterior form and dimensions, an igniting primer 1g simllar to a service
primer. Its interior construction differs from the latter 1n that it
contzins no percussion, friction, or slectrlc elements, and possesses &
gas checking device. A friction, or electric primer must alwayse be em-
ployed in conjunction with the igniting primer. This service primer 1s
inperted in the same manmer as when used for service firing. The flame
from the service primer lgnites the igniting primer, the flame from the
latter igniting the subcaliber propelling charge. Igniting primers are
made in two slzes, 20-grain, M25A1, and 100-grain, M2LA2,

b. Identification. Generally, no distinguishing marks are
machined on the primer bodies. The M25A1 primer is etandard for as-
sembly in 1.457" subcaliber smmunition for some weapons. As some
1.457" smmunition has a percussion primer, a red stripe +" wide is
painted ecross the base of the cartridgs cmse to denote an lgniting

primer. The head of the primer body is usually stemped as follows:

(1) Initials or asymbol of lomding plant.
(2) Lot number of loaded primer.

(3) Yeer of loading
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CHAPTER ITT
FUZES t

Saction I. General
II. Detonating Fuzes, Base and Point
ITT. Powder Train Time Fuzes
IV. Combination Fuzes
V. Machanical Tims Fuzes

SECTION I
GENEEAT,

. 1. References. Proper nomenclature of fuzes is published in the
following Ordnance Standerd Nomenclature Lists: S.N.L. P-6 Fuzes,
Primers, Blank Ammunition, and Miscellanecus Items For Harbor Defense,

Heayy Field, and Railway Artillery. 8.N.L. R-3 Service Fuzes end Primsrs
for Pack, Light, and Medium Fleld Artillary.

2. Development. - a. A fuze 18 a mechanism or device oy which the
explosion of a projectile is governed so as to cause the explosion at a
certain time or only under certain conditiona. Fuzes as originally used
in spherical projectiles were "time" or "concussion" fuzes. The oldest
form of time fuze was a plece of "fuse" or "slow match". This was fol-
lowed by a wooden fuze forced into the opening in the shot, containing
8 compressed black powder charge, which was ignited by the blast of the
gun and when burned down to the end epit through an opening into the
burster charge and exploded the projectile. The wooden fuze was cut off
or plerced along its length to fix the time of burning. In later develop-

mente, metal cases were substituted but the principles involved were the
Bame .

b. In a concussion fuze, an inflammable composition was ignited
on discharge of the gun and, on impact, by some contrivance, the flame wus
admitted to the burster charge. The contrivances used were glass tubes,
zinc tubes which when heated by the burning powder inside would break off
on impact, or plaster of paris tubss. Due to the fact that a spherical
projectile would strike on any point of its surface, percussion fuzes did
not operate satisfactorily, though tried in many forma. _In one type
three distinct double-ended plungers were used with their axis perpan-
dicular to each other. The plunger, whose axis was in line on Impact,
was arranged to strike a fulminate composition. The plungers were held
in place during flight by copper shear wires. On the introduction of
rifled guns and elongated projectiles a great deal of the trouble with
rercusalon fuzes was eliminated. As the rrojectile then struck point
firat the use of & plunger striking a cap, on impact, was made possible.
The use of the rotatlon of the projectile to function additional safety
features marked the further advencement in the design of fuzes. With the
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modern use of high explosives a further change waas required in providing
a detonating element and producling a delay feature.

3. Typea. - a. Fuzeas ars grouped according to the aseembled posi-
tion in the proJjectlle and action of functioning. The following types
ars now in use:

Assembled In Asssmbled in
"Point Base
Time Combination Impact Impact
Powder Time & Impact BSuperquick, supersenaitive, Non-delay
Mz2chenicral comblnation supergulck-short Short delay
delay, or delay only (limited
use).

b. "Superquick" fuzes are designed to burst the shell promptly
on impact and befores 1t has penetrated. Very little crater effect will

be ontained from this type. It 1e used where the target to be dﬂmﬂlishedL

is above the ground, such as wire and personnsl.

¢. 'Supersensitive" fuzes are designed to buret the shell
promptly on impact ageinst a light target, such as an alrplanse wing.

d. "Delay” fuzes are designed to burst the shell snortly after
impact. Thﬂy are used where 1t ia desired to obtaln penetration and al-
g0 agalnst personnel. When used against persomnel the round 1s fired so
that a ricochet action 1is obtained.

a. "T{me" fuzes are designed to burst the projectile at some
predetermined time after the projectile leaves the cannon. They are
used against personnel, alrcraft and in barrages.

f. "Combinstion" fuzes combine two or more of the features
suck as "time and superguick”.

L., PFuze design in general. - a. During the World War the ap-
plication of science and englneering to the art of warfare reached such
proportions that the system employed in fuzinz our prolectiles proved

antirely inadequate to meet the requirements lmposed on ammunition compc- :

nenta. The history of fuze development shows a more or less regular
progress, but much progress seems to have been made at the time the
problems and new sltuation demanded improvements in functioning of the
fuze, The development of fuzes has, since the World War, resolved 1t-
gel? into a problem requiring extensive study in order that our Ordnance
program be complete.

b. Ammunition ie of no value unless the projectlile can be mads
to function at the tims and place desired; hence a fuze must functlon
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4i3ing vith extreme exactness. A fuze is but a amall part of a cocmplete round
= of ammunition yet it requires a high degree of technical skill in its

‘ } perfection and offers much difficulty in design. |
posai- i . o !
= £. Fuzes can be standardized only to the point where their eof-

= ' ' ficlency is not impaired. The more action a fuze 1s requirsd to perform,
the greater its cost and delay in production. Since the actual 1life of &
fuze in service im but a few seconds, a multi-purpose fuze would be re-
quired to perform more than required for an individual shot and would
represent wasted effort. The standardization of fuze design must meet the
requirements of supply, use and manufacture.

5. Technical requirements in fuze design. - a. The technical re-
quirements which must be met in the design of a fuze are governed by the
requirements of the using service. The caliber of the cannon in which a
fuze is to be used may vary over a wlde range with corresponding varia-
lay B tlons in muzzie velocity and pressure. The forces availsble for the de-
! Bign of a fuze are:

(1) Pressure of the propellent gases.

: tl : |
nﬁgll.}f 3 (2) Forces due to mcceleration of the proJjectile (setback i
1ighed 1 fﬂrﬂa] ’
|
| 23 (3) Centrifugal force, due to rotation of the proJjectile. ;
i : (4) Creep force, due to retamrdation of ths projectile 1in
y ; flight. :
after (5) Impact force, due to the projectile striking the tar-
wid Bal- Eﬂt-
rad ao

3 These forces vary with the cannon in which the fuze 18 toc be used i
i and if the fuze 1s to be used in emmunition of several different cali- :
some bers for the purpose of functioning under varied tactical reguiremsnts
| it 1s evident that the new develomment becomes quite involved.

| b. The various stages in the development of & new Tuze design,
o=tz £ from the time the requirements are speciried until final approval for
¢ manufacture and issue are as follows. The firet step 1s to Irepare a

¢ drawing board study and thereby determine the size limitations in the

= B voerious shell for which the fuze will be used. To attain mass produc-
“euch MM tion the design must be based on the practical interchangeable manu-

‘ad ‘A factureof the componentas. Tt i1s highly desirable to develop a design,
1 compo-4  the components of which can be manufactured on punch Tress or automatie
Lar @® ocrev mechines. The safety features of the fuze and the manrer of

3 R loading and asgembling the explosive train are very importent considera-
+ the J tions in a new design. The second atep 1s to prepare detail drawinge of
d 1t- § the fuze which apparently meet the requirements. Thess working drawings

inance ;§E must conform with the requirementa of sound mesnufacturing methods where-

by interchangeability of paris can be procured under mass Production.
B This step involves a study of tolerances and manufacturing methods. The
> made R third step 1e the placing of an experimental order in the shcp where the
: B desired quantity, which is usually emall, is manufactured and such
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changes in design recommended as may be found desirable from the manu-
facturing standpoint. The fourth step consists of design tests and ser-
vice tests. The design tests are conducted at the experimental arsenal
and the proving ground. The service tests are conducted by the using
gervice. The fifth and final stage in the development of a design 1s

its standardization by the Secretary of War.

6. Safety. All types of fuzes now in use are arranged with safety
devices which tend to prevent functioning until after the fuze has been
subjected to the forces in the cammon for which 1t was designed. In

addition, the later types of fuzes have been designed to be detonator
(bore) safe. A bore safe fuze is one in which all detonating elements
are separated, by some form of interrupter, from the booster charge
until the proJjectile has cleared the muzzle of the gun. This prevents
premature action of the shell charge in the bore of the gun, due to
malfunotioning of the more sensitive elements of the fuze.

SECTION II

DETONATING FUZES, BASE ARD POINT

7. Base detonating fuze, M38 (Fig. 1). - a. General. This is a
non-delay fuze with no means provided for partial or full bore safety

(the detonating elements are not separated from the booster). This fuze |

was designed, primarily, to replace the old Mark IV base detonating
fuze. When fired, using a propelling charge which resulted in chamber
pressures greater than 18,500 pounds per square inch, the Mk. IV fuze
frequently prematured. The weight of the M38 fuze is approximately
0.125 pounds

b. Function. (1) Action upon firing. The plunger through 1it:
inertia or setback forces the resistance ring over the shoulder on the
firing pin down to the groove at the lower end of the firing pin. The
dimensions of the resistance ring and the groove in the plunger are such
that it causes locking of the plunger to the firing pin. The spring pre-

vents forward movement of the integral assembly of the plunger and firing}

pin while in flight.

(2) Action at target. Upon lmpact the projectile is re-

tarded and the integral assembly of the plunger and the firing pin moves ;

forward functioning the detonator assembly which causes detonation of
the tetryl booster pellet. This in turn functions the bursting charge
in the proJectile.

(3) Safety. The resistance ring in conjunction with the
plunger prevents the firing pin from functioning the detonator assembly
until after it has been fired from the weapon.
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FIGURE 1. - Base detonating fuze, M38.
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8. Base detonating fuze, M38A1. - a.  Ceneral. This fuze is a
modification of the base detonating fuze, M38. The detonator of the
M38A1 contains & priming compoeition and lead azlde, as compared with
mercury fulminate used in the M38. A mechanical means of holding the
detonator cup in the detonator plug is also a feature of the M38AL.

b. Function. The function of this fuze is exactly the same
as explained for the M38 in paragraph 7a.

4. Fuze, base detonating, M58. - a. General. This fuze is a
modification of the base detonating fuze, M38A1. Prior to standerdiza-
tion, 1t was known as fuze, base detonating, M38A1E2. The internal
mechaniam 18 identical to the M38A1, thersfore, its operation is the
seme. The difference in these fuzes, M38A1 and M58 1s in the diameter
of the fuze body. The explosive cavity of the M63 H.E. shell, in which
the M58 fuze is used, is larger in dismeter than the explosive cavity of
the Mc. II H.E. shell in which the M38A1 fuze is used. Therefore, the
body of the M58 is correspondingly greater in diameter than the M38A1.

b. Functiona. This fuze functions the same as the M38 fuze
explained in paragraph Ta.

10. Base detonating fuze, Mk. V. - a. General. This fuze is
used in high-explosive shell, where non-delay action is desired. This
ie a boresafe fuze, and loaded projectiles will be issued with the fuze
agsembled in place. Flgure 2 shows this fuze and gives ths names of the
principal parts. Two types of thess fuzes are in service, the medium
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and mejor caliber types, the only difference being in the slze of the
heed. TFor lh-inch high explosive shell the medium caliber type is used.
Some armor-pierecing projectilss may have major caliber base detonating
fuzes, Mk. V temporarily assigned to them.

b. Function. (1) Action upon firing (Fig. 2). When the pro-
Jectile 18 fired, no action tmkes place in the fuze whils the projectile
ig in the gun. After the projectile haa left the muzzle of the gun the
percussion plunger (1) ia armed by centrifugal force, in that the firing
pin (2) is thus unlocked and revolved to the armed position.

(2) Action st target. On impact the percussion plunger 1
driven forward, overcoming the resistance of the restraining spring (3).
The firing pin (2) strikes and explodea the percussion primer (4), which
causes sxplosion of the detonator (5) consisting of sbout 12 grains of
fulminate composition. This in turn detonates the booster charge (6),
consisting of approximately 116 gralna of TNT and tetryl. This in turn
detonates the exploaive charge in the projectils.

—Lal
m—

i

INTERRUPTER

2 . _ 6

FIGURE 2. - Base detonating fuze, Mk. V (medium caliber).
1, Pareussion plunger. 4. Vercuaslon primer.
2, Firing pin. G. Detonntor,
3. Hestralning epriog- . Booster charge.

(3) Sefety. The boresafe device consists of an "inter-
rupter", which preventa any action of the primer (4) or detonator (5)
from being transmitted to the booster charge (6) until the Projectile
has left the muzzle of the gun. The percussion plunger (1) arms &t a-
bout 2,000 revolutions per minute. This fuze weighs approximately
3.27 pounds.

¢. Marking. The exterior of this fuze is painted with
black acid proof paint to prevent corrosion of the steel parts of the
fuze and to prevent chemical action between the steel of the fuze and
the explosive charge in the proJjectile. The head is stamped for iden-
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tification as follows:
(1) BASE DETONATING FUZE.
(2) MARK V.
(3) NONDELAY.
(L) G for gun, H for howitzer, or M for mortar.

(5) MEDIUM for fuzes with small heads or MAJOR for fuzes
with large heads.

(6) SEMPIE TYPE.

(7) The name of the manufacturer, lot number, and date of
manufacture.

11. Base detonating fuze, Mk. X. - a. General. This is the
atandard fuze for armor-piercing projectiles, weight approximately 8 pounds,
and will replace the major caliber base detonating fuzes, M1906, or Mk. V,
i now assigned to armor-plercing projectiles, pending receipt of this fuze.
{; This 18 a boresafe fuze and future issues of loaded armor-tviercing pro-

i Jectiles will have the fuze aassembled in place. BSee figure 3.

b. Function. (1) Action upon firing (Fig. 3). When the pro-

il Jectile 18 fired, no actlion takes place in the fuze while the projectile

; is in the gun. After the projectile has left the muzzle of the gun, the

fuze 1s armed through the sction of centrifugsl force. The firing pin

% in the plunger is normally held in the unarmed poeition by two pins and

=~ springs, which, under the action of centrifugal force, move outward, a-

k. way from the axis of the fuze and unlock the firing pin, which, also dus

to cenirifugal force, rotates to the armed position. The rotor, contaln-

+ 1ng the detonator, ia also held in the unarmed or safe position by two

: pins and springs, which release the rotor, due to centrifugal force, in
a manner s8imilar to the way the plunger is armed. Centrifugal force alaso
rotates the rotor into the armed poeition. In the armed positlion of the
rotor the rotor lock pin aligne with a hole provided in the fuze body
end, due to centrifugal force, moves partly into thie hole, thus locking
the rotor in the armed position. The rotor lock pin lock 1a provided as
en sdditionsl lock and moves into its poeition elther due to air retarda-
tion or "creep" in the projectile or else on impact.

(2) Action at target. On impact the plunger overcomes the
resistance of the restraining spring and the firing pin is driven into
the primer, thus exploding it. Thils ignitea the delay pellet, which burns
& predetermined time and then explodes the detonator containing approxi-
» mately 9 greins of fulminate of mercury, which detonates the booster
charge, consisting of about 470 grains of tetryl, and in turn the explﬂ—
give charge in the projectile

Hhp | e

(3) SafétI. The boresafe festure in this fuze is con-
tained in the rotor,  which carries the detonator out of alignment with

-hj_
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the delay pellet and booster until the projectile has left the muzzle of he
the gun, thereby preventing action of the booster and projectile charge p:
due to premature action of the primer or detonator. The plunger and tc
rotor of this fuze arm at 1,300 revolutions per minute, thus making the ty
fuze suitable for use in gun, howitzer, or mortar proJectilee. a3

81

c. Marking. The steel parts of this fuze are zinc plated as a Pl
rust preventive. That part of the fuze which may come in contact with
the explosive charge of the proJjectile is painted with black acid proof

paint to prevent chemical action between the metal of the fuze and the at
explosive in the projectile. The base of the fuze body is stamped for cc
identification as follows: n:
c
1 BASE DETONATING FUZE, MK. X (name and mark number of
fuze).
de
(2) Initials or symbol of manufacturer of the metal part:. mc
ov
(3) Amount of delay (in seconds). or
wi
(k) Lot number of loaded fuze. . th
(5) Initials or symbol of loading plant.
(6) Month and year of loading. g:
d. Packing. These fuzes are normally shipped assembled in fu
the loaded projectiles. When shipments of these fuzes are made to re- me
place obsolete types of fuzes, they may be shipped in individual, her- anA
metically sealed, metal or fiber containers, packed 20 to a wooden _Pi‘
packing box. ~ a8
1
12. Point detonating fuze, M56 (Fig. 4). - a. General. This fuzsf. P!
is a superquick point detonating fuze, designed for use on the high ex- f fo
plosive shell, M51$‘,' for 37-mm. guns. This fuze is commonly referred ic 1t
as euporsonsitive since it will detonate on impact against a doubls
thickness of a.irpla.ne fabric. This fuze differs from other point deto-
nating fuzes in that it does not make use of a separate booster. The
booster 18 made a part of the fuze, the booster explosive being con-
tained in the lower body. Another feature of this fuze is the contin-
uous train of explosive material from the primer to the dbooster, kmown ig
as the lead. hay
b. Safety features. The firing pin is held away from the up-
per detonator by the shoulder of the firing pin resting in groovesa cut {#=% her
the two half blocks, which are held together by a flat spring wound a- Ite

round them. The slider, or interrupter, is held in the unarmed "n::aiticw N cer

it passes through the bore of the gun.

e oar
c. Function. (1) Action upon firing. Upon firing, all of f: act

the safety features remain in the unarmed position, due to linear accel-§
eration, until after the projectile leaves the muzzle of the wearpocmn. i ex]

Upon leaving the muzzle of the gun, centrifugal force separates the two EEEE:.

L



half blocks. This separation of the two half blocks forces the firing
26 pin forward, due to the angle cut in the inner edge of the groove in the
and | top of these blocks. The shoulder of the firing pin then moves back be-
ng the tween the half blocks, causing the point of the firing pin to come in
e direct contact with the upper detonator assembly, which is the armed po-
sltlon. Centrifugal force also lines up the allder charge with the ex-

mrla of ]

ited as a e Plosive train by compressing the coil apring.
with o |
proaf i 1 (2) Action et target. Upon lmpect the nose of the hesd !
ad the JNEe 8osembly is crushed, driving the point of the firing pin into the priming
ad for N composition of the upper detonator assembly, functioning the upper deto-

nator assembly and in turn the intermediate detonating charge, lead
charge, slider charge, booster lead charge, and booster charge.

mber of |
15. Point detonating fuze, M46 (Fig. 5). - a. General. The point-

& detonating fuze, MLE (PDF MLE), is an instantaneous fuze manufactured by
al parts. & wodifying the Mark ITI fuze, (World War type). Originally designed to

§ overcome the disadvantages of the Mark ITI when used with reduced charge

f¢ or in the low zones of howitzers, the MUS has very satisfactory results

e with all callbere of guns and howitzers. Thias fuze 18 not boresafe since

s the lower detonator 1s not positively separated from the booster.

b. Description. The conversion from Mark ITI to MLE consists
& - of cutting off the forward end of the Mark III body and installing a new
& head assembly. The lower detonator housings are rebuilt and more power-

B b f? ful detonators are installed at the time of conversion. The percussion
- $ omechanism in the head of the fuze 1s 1dentical to that found in the MLE
1 uar- ; and M54 fuzes. A cavity in the forward end-contains an aluminum firing
Jits _ ff pin, shaped llke & largsheaded tack, and a gilding metal cup which acts

g a8 a support for the firing pin. In & socket below the peint of the

i firing pln 1s the upper detonator. A washer holds the firing pin in
1 45 fuze { prlace, and a thin foll disc closes the open end of the cavity to excluds
b_gh ex- v foreign matter. The head of this fuze is painted white to distinguish i
5 1t from the similarly contoured M4T fuze. {

erred to
4 Usﬁiz e c. Safety featurea. The safety features of this fuze are:
d » = "
‘. The j (1) The centrifugal interrupter.
tonon- : '

ntin- = (2) The strength of the firing-pin support (cup), which
', Imown SR 1 designed to resist the shock of discharge and the bumpe and Jars of

@ bandling and transport. i

s tha up~' : 4. Action. The fuze 1ls ready to function when 1t is screwed
yyes cut inj home in the fuze socket of the projectile and seated with a fuze wrench. i
« md a- [ Its action is that, during flight, the interrupter is acted upon by |
i osltion centrifugal force as linesr acceleration ceases and 1s thrown outward
ration ae % ogainst the resistance of ite spring, thus clearing the centrel channel.

No other parts are acted upon until impact. On impact, earth, water, or
sand enters the cavity in the head and drives the firing pin inward. This

, all of : B actlon crushes the supporting cup and permits the polnt of the firing pin
ear accel- e to strike the upper detonator. Flame and fragmenta from the resulting

e " M. ‘BB oxplosion pass down the central channel to the lower detonator, which in
g . two S
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FIGURE 4. - Point-detonating fusza, M56,
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turn explodes the booster and shell filler. Should the projectile strike
s rock or other hard subastance, the entire front portion of the head is
erughed, permitting the same functioning as described above.

Point detoneting fuze, MLT (Fig. 5). - a. General. The point
detoneting fuze, M4T (PDF MLT), is a .05-second-delay fuze manufactured
by modifying the Mark IIT fuze. This fuze 1s designed to serve as a com-
panion fuze to the Mi6, the ballistic characteristics of the two fuzes be
ing eimiler. (See the preceding paragrapn).

li
s Y

b. Description. Externally this fuze is identical with the
TDF MLif except for the marking. The stampings in the body of the fuze
naturally differ with types and lots. In addition, the head of the M4T

fuze is black.

for the MLT fuze,

The mechanisma of the two fuzes are alike except that,
s delay element is inserted in the central chamnel at

the rear of the body.

c. BSafety features.

[ The safety features are identical with
those of the PDF ML6.

d. Action. During flight the interrupter ia actuated. On im-
pact the percussion mechanism in the head operates in the same manner as
the Mié fuze. Fleme and fragments from the explosion of the upper deto-
nator pass down the central channel and set off the delay primer. The
primer in turn sets off a delay pellet, which is conatructed to burn for
the desired length of time (.05-sec.). The flame of the delay pellet ls
ponverted into a detonatlon by the relay pellet, the flame and fragments
of this detonation passing to and setting off the lower detonator.

15. Point detonating fuze, Mi8 (Fig. 6). - a. General. This is &
selective superquick-delay point detonating fuze; that is, 1t may be set
at will to give supergquick functioning on impact or to function with .05-
second delay after impact. It is of the new type with standard welght of

1.41 pounds, standard streamlined contour, and standard location of the
center of gravity. DBoresafety is obtained in conjunctlion with the M20
booster.
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b. Description. (1) Major pggﬁs. The fuze consists of a
head which carries the superquick element; a body which carries the de-
lay element, setting device, and threads for assembling the fuze to the
booster; a flash tube which forms a channel for the superquick detonation
and holds the head in its proper position; an aluminum ogive which con-
tinues the contour of the projectile ogive; and & delay plunger assembly.

(2) Setting. As issued by the Ordnance Department this
fuze is set for superquick action. It 1s readily set for either super-
quick or delay action by a setting sleeve, which for superquick action
permits the interrupter to move to its armed position, or; which for de-
lay action, retains the interrupter in its unarmed position during flight
The setting sleeve is a cylindrical piece of aluminum with a slotted head
and a central hole slightly larger than the diameter of the spring. The
cylindrical plece contains a wide slot into which is fitted the spring
and cup. Both the superquick and delay elements function on impact, but
with a superquick setting the faster action operates before the delay

action, whereas, with a delay gsetting the superquick action is stopped a’

the interrupter. When superquick action is desired, the setting sleeve
is turned so that the screwdriver slot is in line with S.Q. stamped on
the ogive (slot parallel with axis of fuze). When the slot is in this
position, the setting sleeve ig turned so that only the spring ocup is
in contact with the interrupter, thus permitting centrifugal force to
move the interrupter and spring cup outward against the action of the

interuupter spring. For delay action the screwdriver slot in the setting

gleeve is turned so as to be in line with the word DELAY stamped on the
ogive (slot transverse to axis of fuze). In this position one of the
legs at either side of the slotted portion of the setting sleeve over-
laps the eccentrically located interrupter. The interrupter 1s thus re-
tained in its unarmed or safe position during flight. A tension spring
is placed between a shoulder of the setting sleeve and its retainer to
prevent a change in the setting during firing or flight.

(3) Superquick element. Three major parts within the
head comprise the superquick percussion mechanism of the fuze. A
cavity in the forward end contains a firing pin, shaped like a large-
headed tack, and a gilding-metal cup which acts as a support for the
firing pin. In a cavity below the point of the firing pin is the deto-
nator assembly. A washer holds the firing pin in place and a tin foil .,
closing disc seals the open end of the cavity to exclude foreign matter

&
(4) Delay element. The delay element is contained in thz §

rear of the fuze body. A plunger support and plunger restraining sprin
prevent the plunger body, which carries the delay element, from con-
tacting the plunger head, vhich carries the delay firing pin, during .
transportation and firing. Two centrifugal pins and springs are placed
in the body, below the plunger support, in order to 1imit the possible
movement of the plunger body until after the projectile has cleared the
muzzle of the weapon. The delay explosive train consists of a primer
vhich is actuated by the delay firing pin, a delay pellet which is ad-
justed so as to durn for .05-second, and a relay pellet which transforms
the combustion of the delay pellet into a detonation.
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c. Safety features. (1) Firing-pin support. The firing-pin
support is so deslgned that it will not collapse under the force of aset-
back but will collapse under the force of impact and supports the firing
Pln at a safe distance from the detonator assembly.

(2) Interrupter. The interrupter, while in the unarmed
posltion closes the passage leading to the booster, preventing superquick
action in the event the superquick detonator functions prematurely.

(3) Centrifugsl pins and plunger support. The centrifugal
pina In conjunction with the plunger support prevent the delay firing Pin
fron contacting the delay primer until after the projectiles has cleared
the muzzle of the weapon.

(4) Plunger restraining spring. The plunger restraining
gpring prevents the delay firing pin from contacting the delay primer
as a result of creep force during flight.

4. Supergulck action (Fig. 7). When set for superguick action,
the interrupter ia permltted to move outward as scon a8 it may overcome
the friction due to acceleration, (the component of the setback force re-
sulting from the inclined axis) and the force of the interrupter spring.
This occurs after the proJjectile has emerged from the muzzle. On impact,
earth, water, or sand ruptures the cloasing disc ond forces the firing pin
to the bottom of the cavity in the head. This action crushes the support-
ing cup and permite the point of the firing pin to penctrate the supsr-
quick detonator. The explosive charge of this detonator inltiates a deto-
nating wave whico is free to pass directly through the open flash hole of
the fuze to the detonator of the booaster, the latter being in the armed
position. t should be remembered that the delay firlng pin also functions
the delay element, but since the fuze is set for superquick action the
detonator of the booster functions prior to the completion of burning of
the delay pellet.

g. Delay action (Fig. 7). This setting restrains the inter-
rupter against outward movement in flight, and, consequently, prevents
the explosive wave of the superquick detonator from passing down the
flash channel. On setback, the plunger support contacts the shoulders
of the centrifugal pins, thus preventing the plunger head from contacting
the plunger body. Centrifugal force moves the two centrifugal pins to
their outermost position, compressing the springs behind them, as soon as
linear acceleration has been overcome. The delay element arms when the
projectlle emerges aboul three feet from the muzzle. During flight the
plunger head and plunger body are held apart by meana of the restraining
spring which surrounds the plunger support. On impact or retardation the
plunger body is forced by inertias to move forward in the cavity of the
fuze body, thus carrying the primer into contact with the delay firing
Pin and initiating the exploeion of the delay assembly.

16. Point detonating fuze, M51, - &a. General. This fuze is almoat
ldentical to the MUB, (see.par. 1L), the difference being in the delay

=51 -




firing mechanism. The delay plunger assembly of the M48 will not stay in <
the armed position satisfactorily when fired from weapons which impart (-:
low rotational velocity to the projectile. For instance, the Mi8 will
arm and remain armed during flight when fired from the 75-mm. gun due to
high rotational velocity imparted to the projectile by the rifling in the
bore, whereas, vwhen fired from the 155-mm. howitzer the fuze will not re-
main armec due to low rotational velocity imparted to the proJjectile.
This resulted in a modification of the MU8 to include a mechanical device
to hold the delay plunger armed during flight of the projectile when
fired from these larger calibered weapons. The fuze so modified was
designated M51. An explanation of this mechanical addition follows:

b. Function. The delay element 1s contained in the rear of
the fuze body. A plunger support and plunger restraining spring prevent
the plunger body, which carries the delay element, from contacting the
plunger head, which carries the delay firing pin, during transportation
and firing. Two centrifugal pins and springs are placed in the body,
below the plunger support, in order to limit the possible movement of
the plunger body until after the projectile has cleared the muzzle of
the weapon. When centrifugal force overcomes linear acceleration the i
tvo centrifugal pins, move outward (in exactly the same manner as in the ] G
M48) leaving the way clear for the plunger body, that carries the delay
element, to move forward on impact and strike the firing pin. In the
larger caliber weapons, due to the low rotational velocity, the two @
centrifugal pins would tend to move back in their original position,
leaving the delay plunger unarmed. The addition of a pivoted fork, i G

weighted on one end to actuate on centrifugal force, to lock these

centrifugal pins in the armed position, was placed in the Mi8 type fuze
and redesignated M51. This fuze works in conjunction with the M21 i b L
booster to odbtain boresafety. See the section pertaining to boosters '

for a detailed description on this booster. = @\
17. Point detonating fuze, M57. - a. General. This fuze is a _

superquick point detonating fuze, with no delay element, designed @

primarily for use on chemical shell. This fuze is similar to the Mi8,

(see paragraph 1k of this chapter) except that it contains no delay

element or setting sleeve on the centrifugal interrupter. In firing (—:

chemical shell it is important that the shell burst before entering
the ground, in order that the chemical be spread instead of concen-
trating in and near the shell crater. Due to the fact that the delay '
assembly of the Mi8 fuze was not needed when firing chemical shell,

it was decided to effect an economy by redesigning the Mi8 fuze leaving
out this assembly. This fuze, as changed, is designated M57 and works
in conjunction with the M22 booster.

b. Function (Pig. 8). As linear acceleration ceases, (this
is after the round has cleared the muzzle of the weapon) centrifugal
force acts upon the interrupter causing it to move outward, clearing
the central flash chamnel. On impact, earth, water, or sand ruptures
the closing disc and forces the firing pin to the bottom of the cavity
in the head. This action crushes the supporting cup and permits the
point of the firing pin to penetrate the superquick detonator. The ex-
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plosive charge of this detonator initiates™a detonating wave which 1a . co

free to pasa directly t rough the open flash hole of the fuze to the ri
booater. TFor details of this booster see the section pertaining to e o8t
booatera. . gl
a-. Th

18. Fuze, time and superquick, Ms4, (Fig. 9). - &. General. This +  bu

ig a combination superquick end 25-second powder-train time fuze, which ! tu
ig used in conjunctien with the M20 booster to affect the functionling of ra
a ghell after a predetermined lapae of time or upon impact. It 18 of the On
new tyope, having a standard weight, contour, and center of gravity so th th
its trajectory is the same a8 that of a similar round fuzed with M4B | re

point detonating fuze. Boresafety 1s obtained in conjunction with the ¥
booster.
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FICURE §. - Fuze, time and guperquick, M5h.

b. Description. (1) MajJor parts. The fuze consists of a
closing-cap assembly, 7hich carries the superquick element and a con-
cussion plunger for initiating the burning of the time train, and &
body, which carries two brass time-train rings, an interrupter, and a
black-powder magazine charge. The rear portion of the body 1s threaded
for sagsembly to the mating threads of +he booster.

(2) Superquick element. The superquick element is iden-
tical to that of the point Ietonating fuze, MiB, described in paragaph
1L,

(3) Time element. The time element consists of an upper
time train ring which 1B Tocked to the body of the fuze, & movable
graduated time train ring, a pellet and body charge which connects the
graduatad—ring train to the magazine charge, and +the initiating device

-5k



a j conslsting of a concusaion plunger, primer striker, and a primer. The

S rings are held under campresslon by a cupped tension washer which is in-
stalled between the closing cap and the upper ring. Felt washers are

f Eglued to the upper surfaces of the graduated time-train ring and body.

I These washers serve to confine the flame and gases produced by the com-

is f bustlon of the time rings, and alsoc to permit the graduated ring to be
wch : turned with uniform resistance and without matilating the onion-skin
1g of t  poper washers which are shellacked to the lower surfaces of the rings,
* the | On the lower face of each ring, a horseshoe-shaped slot is milled, and
i that e this slot is filled with compressed black powder. A graduated ring
B pellet connects one end of the train on the graduated ring to the upper
‘o MO NEE time-train ring. An upper-ring pellet connects one end of ths upper

ring to the initiating primsr. On the exterior surface of each ring,
there is a hole or vent which is closed by a thin foil disc. The
i graduated time-train ring is graduated from 0 to 25 seconds, the
s draduntions from 1 to 25 being in divisions of 0.2 seconds. Directly
S cbove the primer there is an anvil-shaped striker. A concussion plunger
] is held in place above the striker by a cotter pin and two shsar pins.
: The cotter pin extends through the plunger and closing-cap assembly and
has a pull ring at its loop. The megazine charge is assembled intoc the
bass of the bedy.

£. Safety features. (1) Firing pin support. The firing
Pin support maintains the firing pin at a safe distance from the deto-
nator. It is identical to that of the point-detonating fuze, MALS.

, (2) The interrupter. The interrupter, while in the
1 unarmed position, closes the passage leading to the booster, preventing
] superquick action of the fuze in the event that the supergqulick deto-
nator functions prematurely.

(3) Cotter pin. The cotter pin supportes the plunger
during transportation, thereby Preventing accldental shearing of the
ghear pins and firing of the concussion Primer. It must be rasmoved
prior to firing.

. - (k) Fuze set at safe. When the fuze is set at safe,

of a the metal between the ends of the time train in the upper ring covers
¢ n- % Lhe graduated-ring pellet, and the metal between the ends of the

s graduated-ring powder train covers the body pellet. Under these con-
nd a { ditions one or both time rings can burn completely without igniting
r aded S the base charge in the fuze. :

] (5) Yent closing disca. The vent cloeing discs pre-
i 1den- JE vent premature ignition of powder trains by chamber gases. Tae
= aph f pressure created by the combuation gases, upon ignition of tha pow-

der trains, ruptures these discs, thereby providing vents (termed
"exterior vents") for the gases generated as the burning of the time

n ipper traine progreass. These disca also serve to seal the powder trains

1 agalnet molsture.

te the §

dr ‘co (6) Safety~disc. The safety disc is located at the 1g-
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nition end of the graduated-ring time train., When the fuze 1is set at
less than 0.4 seconds, the safety disc covers the body pellet and pre-
vents its ignition by the gredoated ring.

d. BSetting. There is no selective setting provided for super-g-
guick action, but when deslred it is obteinsd by firing with the time =
train s=t at safe (S on graduated ring opposite index line on body) or [.
with a time of burning which 1a surely in excess of the time of flight.
The menufacturer seta the time at safe, so that, if fired without any
change of setting, a superguick lmpact burst resulta. Time settings fron
0.4 seconda (for close-in defense) to 25 seconds are obtalned by rotatim
the graduated time-train ring so that the desired reading In seconda or
fractiona of geconds colncides with the fixed setting line on the body.
A shoulder is milled in the graduated time-train ring betwsen the ends of
the scale, and another shoulder is milled in the body for turning the .
graduated ring in the fuze setter. £

e. BSuperquick action. The nonsetting interrupter used with
thig fuze moves to 1ts outward or armed position as soon as linear ac-
celeration is overcome by centrifugal force. Provided the fuze is set
on safe or with a time of burning in excess of the time of flight, the
fuze will function on impact in exactly the same manner as the polnt
detonating fuze, M57. (See figure 8.)

f. Time action (Figure 10). When the gun 1s fired, the set- i
back force causes the concussion plunger to shear ita sheer pins and ;
bend the primer striker against the primer. The primer, upon firing, £
ignites the upper-ring pellet which, in turn, ignites the powder of the [
upper time-train ring. The compressed powder in the upper time-train s
ring burns at a relatively uniform rate, and the burning progresses to
the point where the flame contacte and ignites the graduated-ring pellet.f
The position of the graduated-ring pellet is controlled by setting the
graduated time-train ring, which 1a accomplished before firing. The
pellet of the graduated time-train ring transmits the flame to the pow-
der train of this ring. This powder train burns in & manner simllar to
that of the upper ring and communicates the flame to the body pellet.
The body pellet ignites the body charge, which in turn firea the magazinf -

: Mk
charge. As viewsd from the forwaerd end of the fuze, the upper ring burng’ =
in a counterclockwise direction and the graduated ring in a clockwlse 7 s
direction, so that increesing the setting of the gradusted ring causes CH %y e
approximately proportionate incresse in the burning time of both rings. h; th

fi
1¢. Fuze, time and superguick, M55. This fuze ia identical in r

every respect to the M54, explained in paragraph 17 and figures 9§ & 10. |7
When the M5L fuze is fitted to the M2l booster, for use in the modified f.
Mark series of projectiles for the 155-mm. gun and howitzer and the M- Es
series of proJectiles of 155-mm. to 240-mm. inclusive, it ia designated E&
MES.
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iy magazine 20. TFuzes, antialrcraft, 2l-second, Mk. IIT, Mk. ITTALl, and
% s ; Mc. ITTA2. - a. Description. (1) Genersl. These are commonly known
kwisaunm a8 powder train time fuzes and have been used almost excluaively with
causes entlaireraft ammunition during and since the World War. The metal
Eh rin.gﬂ-fm. parts are made of brass and bronze and resemble in cutward appearance
. the 21-second combination fuze, MIQOTM, used for shrapnel in T5-mm.
LAS dn field guns. They differ from this fuze, however, in that they contain
E_E} % 10 no percussion element and will therefore not function on impact.
odifie;i These fuzes are protected against moisture by a waterproof cover which
is removed and thrown away when the fuze is set for time. See figure
- the M- 11 gur
spignated ’

(2) Fuze, antimircraft, 2l-second, Mk. ITT. Figure 11
showa a view of this fuze with the waterproof fuze cover (15) in place
and the fuze set for zero time of burning. It alsoc shows = secticnal
view of the fuze set at zero with the names of its principal parte. The
heavy magazine charge (10) of black powder in this fuze (95 graina) pro-
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FIGURE 11. - Fuze, antiaircraft, 2l-second, Mk. III.
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hibits its use in conjunction with the booster, M20. (See (U4) below.)
It 18 suitable for use wlth 3-inch entlalrcraft shrapnel. Although it i
was supsrseded for manufacturs by the fuze, Mk. IITAl, exieting stocks of i’
the Mk. ITI fuze will be igeued until the supply ie exhausted. The fuze p=t
acticn is ocutlined in b. below.

(3) Puze, antiaircraft, 2l-second, Mk. TITAl. This is a
redesign of the antiaircraft fuze, Mk. III. The principal modification
conelsts of strengthening the nose end of the fuze so that accldentel
atriking of the end of the fuze agalnst the breech of the gun will not :
function the fuze. The fuze, Mk. ITITAl, is similar in all other respeclig
to the Mk. III and superseded the latter for manufacture. The fuze, -
Mk, IITAl, is standard for use in all 3-inch antiaireraft shrapnel am-
munition.

(4) Puze, antiaircraft, 2l-second, Mk. IITA2. This is an
antianircraft time fuze, Mk. ITTIAl, with the black powder magazine charge
reduced in weight from 95 to 15 greins. This weight of charge 1s suffl-
clent to actumte the Mk. X and the M20 boosters. The Mk. ITIAZ2 fuze 1s

1imited standard for use with all 3-inch antlaircraft high explosive
shell.

b. Action. (1) Zero setting. These fuzes can be set and re-@
get for any time from 0 to 21.2 seconds, the maximum setting; each
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._" gradustion on the lower time train ring representing approximately lf 5
- #scond of burning time. When the setting 18 at zero, as shown in figure

11, the action 1s as follows: When the gun is {ired, the
plunger (2) will slip through the resistance ring (3) due to inertia or
setback action in the projectile. The concusslon primer (4) which is
held in the concussion plunger, is thus fired by striking the firing pin
(5). The flame from this primer passes through & hole in the fuze body
and ignites the powder pellet (12) which is in the upper time train ring
(6). The flame from this pellet (12) is transmitted to the lgnition
pellet (13) which is located in the lower or graduated time train ring
(8). The flame from this pellet (13) ignites the ignition pellet (14)

in the fuze body which in turn Ignites the magazine charge (10). The
lemp from the magazine charge detonates the booster detonator in the
ohell or, in the case of shrapnel, flashes through the certral tube and
ignites the base charge. In the =zbove action 1t is readily seen that
vhen the fuze 1a set at zerc the action is merely & transmisaion of flame
from the concussion primer (4) to the magazine charge (10) by means of
rowder pellets. The powder train rings (7), which are responsible for
the time feature, do not enter into this action. Attention is called

to the fact that the time fuze when set at zero will cause the projJectils
to burst within 75 feet of the muzzle of the gun.

concuseion

(2) Time setting. When a time setting is desired, 15
seconds, for instance, the action is scmewhat different. The lower or
gradunted time train ring (8) is turned counterclockwise until the 15
i in line with the lines on the body and the upper time train ring.
The action of the concussion plunger (2) is the same, and the flame
reaches the powder pellet (12) as previounly described. This powder
pellet (12) ignites the powder train (7). The powder train (7) is

. machined in the upper and lower time train rings in the akape of a

horseshoe; that 1s, there 1s a solid section of metal at the beginning
and end of the powder train. The ignition pellet (13) in the lower

or graduated time train ring (8) has been moved in setting the fuze,

and 1t 1s necessary that the powder train (7) of the upper time train
ring burn until this pellet is reached by the flame. Then with the
ignition of the pellet (13), the powder train (7) in the lower or
graduated time train will begin to burn. When the flame reaches ig-
nition pellet (14) in the body (9), the action is as previously described
for zero setting. The gasses from the burning of the powdsr train (7)
escape to the atmosphere by msans of the vents (11) in the cloalng cap

(1}.

(3) Safe

ring (8) 15 set so that
body and the upper time

is setting, the solid

setting. When the lower or graduated time train
the mark "S" 15 in line with the lines on the
train ring, the fuze is said to be "safe". At
metal section of the upper time train ring 1s
completely covering the ignition pellet (13) in the lower or graduated
time train ring and the selid metal sectlon of the lower time train

ring is completely covering ignition pellet (1L) in the fuze bhody which
leads to the magazine charge. BSet at safs the upper time train may

burn out entirely in case of accidental firing of the concussion primer
vithout the flame being able to reach_.the lower time train or the maga-
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zine charge (10) and thersefore the fuze would not function. These fuzes
are always set "safe" for issue and if not used after making a setting
they should be reaet "safe" again before handling.

¢. Care. Every precautlon should be taken to keep molsture
away from these fuzea. They are protected by waterproof covers and the
powder trains (7) are covered with waxed paper, but short exposure in
damp places will allow molsture to enter. A plece of felt cloth i3 on
the undsraide of each powder train (7) which prevents the flame of the
burning powder from creeplng faster then it should. If these pleces of
felt become wet, the powder will sbsorb ascme of the molsture which will
greatly alter the time of burning. The waterproof fuze cover should
not be removed before the ammunition is regulred for firing.

d. Test of condition. (1) Corrosion. Each fuze should be

examinced for indication of extreme exterior corrosion. If the fuze show .

any aprreciable stalna around the time ring the entire round will be
clessed as "unserviceable"

(2) Frictlonal reaistance of graduated time train ring.
When the round is to be used with weapons esqulpped with continuous type
of fuze setters, the fuze should be tested to determlne the torque
(twisting effort) necessary to turn the gradusted time train. No fuze
will be used when the. torgue required to turn the gradusted tlme train
ring is more than 60 inch-pounds.

A A R

FICURE 12. - Graduated time-train ring friction tester.
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(a) Method of test. Place the ring spanner 1l-
lustrated in figure 12 over the graduated time trasin ring =o that it
engages the rotating lug. Exercise the time train ring several times by
hand. Apply preseure to the ring spanner through the apring balance scale
and cbserve the reading on the scale reguired to move the gradusted time
train ring. With a stem 5 inches long, from the C/L of the ring spanner,
each pound recorded on the scale equals 5 inch-pounds of eetting torgue.

A reading on the scale of 12 pounds will therefore correspond to a setting
torque of 60 inch-pounds. After testing, the fuzes should be reset to

"8" (safe). This testing ring spanner should be improvised locally and
avallable spring balance scales used. To obtain the desired reading, the
scale must be attached to the stem of the spanner exactly 5 inchea from

the C/L of its ring, and the force of the acale exerted at a right angle
to the stem of the spamner.

(3) The rounds to be used in fuze metters other than the
continucus type need only be tested to see that the gradusted time train

ringa are not sticking to such extent as to prevent the setting of the
fuze,

(4) The sorting of fuzes and the tensioning tests should
be done undsr the supervision of qualified ordnance perzonnel.

&. Marking. These fuzes may be identified by the following
stamping which appears on the bevel edge of the body:

(1) Mark number of fuze (Mk. III, Mk. IITAl, or Mk. IIIAZ).
(2} Fuze lot number.
(3) Initials or symbol of manufacturer.

(4) Month and year of loading.

SECTION IV
COMBINATICON FUZES

" 21. 2l-second combination fure, MISOTM. - &. General description.
(1) The 2l-second combination fuze is used with shrapnel. It can be
set and reset at any time from 0, for canister effect, to 21.2 seconds--
the longest time that the fuze will burn after leaving the muzzle of the
gun. It is made of brass and bronze and weighs 1.25 pounds.

(2) The fuze is always assembled to the shrapnel for ship-
ment. It is protected by a waterproof cover which is remcved and thrown
away when the fuze is set for time of flight.

(3) This fuze does not have a detonating element, as it is
designed to ignite the base charge of dblack powder in the shrapnel. If
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the time element of the fuze feils te funetion, or the setting ls too
long, the percussion element will cause the shrapnel to function upon
impact, the term "combination" thue being derived from this double ac-
tion feature. Figure 13 shows & view of the fure with the waterproof
cover (19) in place and the fuze set at safe. It also shows a sectional
view of the fuze set at 0 with the names of the principal parts.

b. Canister action. (1) When the setting is at O for can-
ister effect, the actlion 1a am follows: When the gun ls fired, the
concussion plunger (2) will slip through the reslstance ring (3), due to
inertls or the setback esctlon in the projectlile. The concusslon primer
(%), which 1s held in the concussion plunger, is thus fired by the fir-
ing pir (5). The flame from this primer (4) passes through a hole in
the body and ignitee the powder pellet (15), which is in the upper time-
train ring (6). The flame from this pellet (16} 1ia transmitted to the
ignition pellet (17), which is located in the lower or graduated time-
train ring (8). The flame from this pellet ignites the lgnition pellet [
(18) of the body (11). The magazine charge (13) 18 exploded and the

flame of same pesses through the centrasl tube of the shrapnel to the krls
base charge. S Ter
e fir
pac
- pri
Sid
-« che
= kee
= PIrc
o shc
. fel
L the
1; cl
e,
__J."_; Er
)
1, Clasing eap, 11. Body. bt
2. Concusslon plubger, 12, Fercumslon firlog plo, T
3, Resistance ring, 13. Magazine charge (bleck powder). - 1
4, Concusalon primer, 14, Percusalon plunger, nd oy
fi., Concussion firlng pin, 15, Vents. 3
¢. Upper time-traln ring. 18, Powder pellet,
T. Powder train, 17, Powder pellet.
8. Lower or gradoated timetralo ring, 1B, Powder pellet.
8. Percusslon primer. 10, Waterproof cover,
10, Channel,

FIGURE 13. - Adapter and booster, Mk. III.

(2) In the above action it is readily seen that when the
fuze ia set at 0, the action is merely a transmission of flame from the
concussion primer (4) to the magazine charge (13) by means of powder
pelleta, The powder train (7), which is responsible for the time feature

does rot enter into this action.

¢. Time action. When the fuze 18 set for time, say 15 second: i
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the action is somewhat different. The lower or graduated time-train

- ring (8) 1is moved counterclockwise until the 15 is in line wlth the lines

on the body and the upper time-train ring. The action of the concussion
plunger (2) is the same, and the flame reaches the powder pellet (16) as
previously described. This powder pellet (16) ignites the rowder train
(7). The powder train (7) is machined in both the upper and lowar time-
train rings in the shape of a horseshoe; that ia, there is a solid sec-
tion of metal at the beginning and end of the powder train. The ig-
nition pellet (17) of the lower or graduated time-train ring (8) has been
moved in setting the fuze, and it is necessary that the powder train (7)
of the upper time-train ring burn until this pellet is reached by the
flame. Then, with the ignition of the pellet (17), the powder tralmn (7)
of the lower or graduated time-train ring will begin to burn. When the
flame reaches ignition pellet (18) in the body (11) the ection is as pre-
viously described. The gases from the powder train (7) escape to the
atmoaphere by means of the vents (15) in the closing cap (1).

d. Percussion action. The combination feature of this fuze
s that it will function on impact. In the percussion plunger (14), the
percussion firing pin (12) 1a armed by centrifugal force; that ia, the
firing pin 18 unlocked and revolves to the armed position sc that on im-
pact it will function the percussion primer (9). The flame from this
primer passes through the channel (10) in the body to the megazine
charge (13), thus firing the shrapnel.

e. General notes. (1) Every precauticn should bte taken to
keep moleture away from this fuze. The fuze is protected by a water-
proof cover and the powder trains (7) ere covered with waxed paper, but
ghort exposure 1in demp places will allow molature to enter. A piece of
folt cloth is on the underside of each powder train (7), which prevents
the fleme from creeping faster than it should., If thesse pleces of felt
cloth get wet, the powder will absorb some of the molsture, which will
greatly alter the time of burning.

(2) When the lower or graduated time-trein ring (8) is sst
go that the mark "S" is in line with the marks on the body and the upper
time-train ring, it is sald to be "safe". At this setting, the solid
metal section of the upper time-train ring is completely covering the
lgnition pellet (17) in the lower or gradusted time-train ring and the
polid metal sectlon of the lower or graduated tlme-traln ring is com-
pletely covering ignition pellet (18) in the body which connects with
the magazine charge (13). It would be possible for both powder trains
{T} to burn completely, but no flame would reach the ignition pellet
(18) end, therefore, the shrapnel would not explode, except by per-
cussion action. When firing shrapnel for percussion action, the Tuze
should be set at "8". These fuzes are always issued set "eafe" and
{f not used after making a setting, they should be reset to "safe"
egain, before handling.

f. Marking. This type of fuze may be identified by the
following stamping which appears on the bevel edge of the body:
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i {1) 1907M (model or mark number of fuze).

(2) Lot number.
(%) Initials or symbol of manufactursr.
(k) Month and year of leoading. '_;ET
Practidally this same stamping also appears on the waterproof cover. ff
22. L5-second combination fuze, MIGOTM. - a. General dascriptiun+:£§
(1) The 4YS-second combination fuze 1s used with shrapnel. It can be seif§s
and reset at any time from 0, for canister effect, to 45.2 seconds--the &

longeet time that the fuze will burn after firing. It is made of brass JB&:
and bronze and welghs 2 pounds. - -

(2) Shrapnel may be found with this fuze assembled for
| shipment. It is protected from moisture by a waterprcoof cover which ls B -
removed snd thrown away when the fuze is set for time of flight. Befor: B
gatting the fuze, it is necessary to remove the safety wire at the top of g

B the fuze. This safety wire 18 incorporated for safety in traneportetlon,
due to the low arming resistance of the concusaion plunger. _ﬁf
. (3) This fuze does not have a detonating element, as it lrfsy.
o

\ designed to lgnite the base charge of black powder in the shrapnel. If
the time element of the fuze falls to function, or the setting 1s too
long, the percussion element will cause the shrapnel to function upon ir-J§

k. va
E pact, the term "combination" thus being derived from this double action E#E.  of
1 feature. Figure 14 shows a view of the fuze with the waterproof cover . me

: (19) in place and the fuze set at safe. It aleo shows a sectional viev E -

E of the fuze set at 0, with the names of the principal parts. .#;
. T
b. Canister action. (1) When the setting is at O for canis- =+
I ter effsct, the action is as followa: '%3' W
s o
When the weapon is fired, the concussion plunger (2) will slip - o,
through the resistance ring (3), due to inertia or the setback action in & 1¢
l the projectile. The concuseion primer (4), which is held in the con- - L
cussion plunger, is thus exploded by the firing pin (5). The flame from B 1,
! this primer (L) passes through a hole in the body and ignites the powder BE&~ pc
' pellet (16), which is in the upper time train ring (6). The flame from @Y  ({
thie pellet (16) 1s transmitted to the ignition pellet (17), which is .
located in the lower or graduated time train ring (8). The flame from Bios ]
: this pellet ignites the ignition pellet (18) of the body (11). The mage B 4
' zine charge (13) 1s exploded and the flame of same passes through the £:~ be
central tube of the shrapnel to the bases charge. B
< e P

(2) In the ebove ection, it is readily seen that when the FSe
fuze iz set at 0, the action is merely a transmlssion of flame f{rom the

concussion primer (4) to the magezine charge (13) by means of powder pel-JEE 4
lets. The powder train (7), which is responsible for the time featurs, BB
does not enter into this actlon. ; "

Bl




« COVET.

_Etin .
. be set

g=--tha
* brass

| for
.ch 18
Bafore

e top of
*tation,

ag 1t 1s
I E i
1 *no

i

n im-

wetion
wover
11 view

r panis-

Lip

stion in
0n-
ne Trom

n powder
3 from
h 1=

s from

The maga-
the

hen the

om the
wder pal-
~ature,

s e

AT,

vy I T

T Lo A Pl

R T i s

R e 1

¢. Caution. Care should be taken In firing shrapnel with the
fuze set at 0, when using zone 1 propelling charge, since the forward

FIGURE 1k. - 45-zecond combination fuze, M1DOTM.
1. &alety wire. 11, Tl

2. Concussion plobger, 12 I'ercussion fiving plo,

3. Meslsinuer ring, 13, Mapazine eharge {black e,
4, Concgesion primer. 4. I'ereussion plunger,

O, Coneus=ien liring pin, 1% Venls,

%, Upper cises lenkn ring, . Poweler pellct,

T Powaler tenlm, 1T, I'owder pellef,

R Lowor or grodunted time traln rlog. 18, Towder pellet,

%, I'orcussion primer. 10, Waterprool cover,

Tin Choonel,

valocity of the shrapnel 1s not much greater than the rearward velocity
of the shrapnel case when the shrapnel explodes and the shrapnel casge
may be thrown back close to the battery.

d. Time nction. When the fuze is set for time, 15 seconds
for instance, the action is somewhat different. The lower or graduated
time train ring (8) is moved counterclockwise until the 15 ie in line
with the lipes on the body and the upper time train ring. The actlon
of the concussion plunger (2) is the same, and the flame reaches the
powdsr pellet (16), as previously described. This powder pellet (16)
ignites the powder train (7). The powder train (7) 1s machined in both
the upper and lower time train ringe in the shape of a Loraeshos; that
1s, there 1s & solid section of metal at the begirmning and end of the
powder train. The ignition pellet (17) of the lower time train ring
(8) has been moved in setting the fuze, and it is necessary that the
powder train (7) of the upper time train ring, burn until this pellet
is reached by the flame. Then, with the ignition of the pellet (1T,
the powder train (7) of the lower or graduated time train ring will
begin to burn. When the flame reaches ignition pellet (18) in the body
(11), the ection is as previously described. The gases from the powder
train (7) escape to the atmosphere by mesns of the vents (15).

e. Percussion action. The combination feature of this fuze
s that 1t will Punction on impact. In the percussion plunger (1L),
the percuseion firing-pin (12) is armed by centrifugal force; that 18,
the firing pin is unlocked and revolves to the srmed position, ao that
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“+hig primer passes through the channel (10) in the body to the magazine
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on impact 1t will function the percussion primer (9). The flame from
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charge (13), thus firing the shrapnel.
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f. General notes. (1) Every precaution should be taken to
keep molsture away from this fuze. The fuze im protected by a waterprool fuze
cover and the powder trains (7) are coversd with waxed paper, but short a pro
sxposure in demp places will allow molature to enter. A plece of Telt J use o

cloth is cn the underside of each powder train (7), which prevents the FE&  time
£1ame from creeping faeter than it should. 1T thess pleces of felt cloftfe. ples,

B LR
i :

get wet, the powder will absorb some of the moisture, which will greatly s drive
alter the time of burning. ~  which
6 the p

(2) When the lower or graduated time train ring (8) is seiff  that

so that the mark "8" 1s in line with the marka on the body and the upper eprin.
time train ring, 1t is said to be'safe". At this sstting the solid pinio:
metal section of the upper time train ring is completely coverlng the +the m
ignition 2ellet (17) in the lower or graduated time train ring and ths fuze
solid metal section of the lower or graduated time train ring is com-

pletely covering ignition pellet (18) in the body which connecta with

the magazing charge (13). It would be posalble for both powder tralns

(7) to burn completely, but no f1ame could reach the ignition pellet (1658

and thersfore the shrapnel would not explode, except by percussion actio pheri:
When firing shrapnel for percusslon action, the fuze should be set at "%

These Tuzss are always issued set "gafe", and if not used after making a

setting they should be reset to "gaafe" mgain and the safety wire raplace deter

hefore handling.

g. Marking. This type of fuze may be {dentified by the folluy

ing stemping which appears on the bevel esdge of the body:
(1) 1907M (model, or merk mumber of fuze).
(2) Lot number.
(3) Initials or symbol of menufacturer.
(L) Month and year of loading.

(5) Some fuzes are also stamped with the drawing end re-
vision numbers.

Practically this same stamplng algo appears on the waterproof covel

B
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SECTION Vv
MECHANICAL TIME FUZES

2%5. Mechenical time fuze, M43 (Figure 15). - a. OGC=neral. This
fuza ia dealgned to initiate the functloning of the explosive charge of
2 projectile &t a predetermined time after firing. It i3 gtanderd for
use on 3", 90-mm., and 105-mm. AA high explosive shell ammunition. The
tlme slsment of the fuze resembles a watch mechaniam in general princl-
pleg, differing from it in the following respects: Instzad of belng
driven by a main spring, it ies driven by a pair of weighted gear segments,
which are asectuated by the centrifugal force created by the rotation of
the projectile in flight; its secapement differs from that of a watch, In
that 1t beats at a very much higher frequency and makes use of a atraight
epring instead of the conventional spiral spring; also, the gears and
pinions are much more rugged than those in a wetch. The advantages of
the mechanical tims fuze as compared with the powder train type of tims
fuze are:

(1) Greater accuracy.

(2) Calibration and accuracy are not affected by atmos- |
pheric conditicna, dus to firing at various gun elevationa.

(3) Ability to withstand long time storage without !
deterioration or loss 1in accuracy.

(4) Possible production advantege in that it can be manu-
factured by facilities not experienced in fuze work. Also, the pro-
curement of materlels does not present difficulty, such =g that of fuze
rowder for the powder type of fuze.

D. Conetruction. The general construction of the fuze 18
ghown on Figure 15. The shape of the fuze 1s designed for good ballia-
tics, the contour being the sare as that of other polnt Zuzes of the
latest types. The base 1s marked in 1/5 second graduetions and may be
adjusted from lfﬁ to 30 seconds. Each full second gradustion ls numbered.
The lower cap and base are provided with slots for the purpose of locking
ths fuze in the fuze setter and preventing its withdrawal until the fuze
has recelved the proper setiting.

c. Safety. The fuze contains three maln safety devices which
are armed by the mction of firing the projectils from the gun; two of :
them are under the force of mei-back or linenr acceleration and one =arma !
under the amction of centrifugal force. These safety devices act re-
gpectively on the timing diec, the firing dovice and the escapement of
the movement. An inherent safety in the fuze is that no energy 1s a-
vailable for running the movement and releasing the firing device until
centrifugal force is created due to the rotatlion of the projectlle In
flight.

£,

d. Timing (Fig. 16). The timing of the fuze iz regulated by
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because the gear train and escepement are locked by the centrifugal safety
device. The friction washer which attaches the timing diso to the main
driving pinion permits slippage to occur during the setting of the fuze,
but the friction is sufficient for the main driving pinion to rotate the
timing disc after it has been released from the setting pin (2).

€. Function. When fired, the acceleration force or set-back
developed in the bore of the gun causes the hammers (3) on the cantileve:r
spring to strike the protruding lug (4) on the timing disc, flattening it
and releasing it from the setting pin (2). The cantilever spring re-
turns to its original position as soon as set-back ceases. Simultansous-
ly, the set-back pin that locks the firing device is released. This is
accomplished by the set-back pin moving rearward. The firing arm is then
free to rotate when the slot in the timing disc comes opposite the finger
on the firing arm, thus releasing the firing pin safety plate and allowim
the firing pin (75 to strike the primer (8) under the action of the sprin
(6). The firing arm and firing pin safety plate are both actuated by
centrifugal force. Centrifugal force created by the rotation of the proe-
Jectile in flight causes the safety lock to rotate and release the es-
capement. This safety lock is held in the locked position by a relative!;
soft flat spring. The movement is then free to run. The weighted gear
segments in mesh with the main driving pinion (5) then drive the movemer:i.
The main driving pinion is connected by a train of gears to the escapeme’i
vhich governs its rate of rotation and thus the rate of rotation of the |
timing disc. When the slot in the timing disc reaches the finger of the :
firing arm, the fuze functions as explained previously. The magazine :

T

charge of the fuze consists of black powder (9) ocontained in a silk bag. I{:_{

The explosion of this black powder charge functions the M20 boosater.

f. Additional data. Just prior to adopting the MU3Al fuze,

(see next Ba.ragraph), some of the Mi3 fuzes were assembled with a spiral

retaining wire fitted around the nose of the fuze. One end of the wire
was inserted into the lower cap and into the setback pellet. This wire
must be removed before inserting the round in the fuze setter.

2k, Fuze, mechanical time, Mi3Al. This fuze is identical, in
principal, with the Mi3. The Al" designation was the result of minor
modifications. A copper retaining ring was added to protect the timing j&

diso, figure 16, against bulging or bending. The outside appearance re- [

mained tha same at this time. Later, without changing the fuze number,
the groove just above the lower cap, (1), figure 15, was eliminated,
making the surface of the fuze smooth.
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FIGURE 16. - Junghans-type, weight-driven fuze.
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25. Fuze, mechenical time, M2. - a. Description. The action and
design of thie fure are very simllar tc the mechanical time fuze, MLE,
described in the preceeding paregraph. The principal difference in these
fuzes 1is that the fuze, M2, has a booster assembled to the lower portion
of the fuze body. It also has a larger thread slze than the fuze, ML3,
and 18 assembled to the 105-mm. shell, M38, without the use of an adapter.
A set Berew extends through the shell waell engaging the threaded portlon
of the fuze body, locking 1t in place. The bocater of +this fuze contains
a bore-safe featurs similar fo the booster, M20, prevlously described.
it g The fuze body 1s greduated for & time settlng of from 1 tec 30 seconds with

b lfﬁ-Eacnnd pubgraduation. A reglater line is scribed or the surface of
i the lower cap near one of the fuze setter slots. This line i pet at the

art

&

15-pecond graduation during shipment end storage. For s time setiing of
more or less then 15 s@econds the lower cap is turned in a clockwise di-

rs

t -+ rection as viewed from above.
B b. Use. The mechanical time Tuze, M2, has besn supsrseded Dy
= the mechanlcal time fuze, M43, and the booster, M20. The mechanlcal time
w fuze, M2 will be used with the 105-mm. Antiarcraft shell, M38, until the
& supply 1s exhausted.
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CHAPTER IV

ADAPTERS AND BOOSTERS

Section I. Genersl
IT. Adapter & Booagter Tor High Explosive Shell
III. Adapter & Booster for Chemical Shell
IV. Boosters for AA & Other High Explosive Shell
V. Bursters for Chemical Shell

SECTION T
GENERAT

1. In general, an adapter 1s a bushing that fita into the nose of
the shell and into which a fuze may be inserted. In general, a booster is
& casing containing a cherge of high explosive, whiich serves to boost the
energy liberated by the fuze so as to insure datqﬂ&tinn of the bursting
charge in the shell. These assembled components ere known as the adapter
and booster.

SECTTCN II
ADAPTER & BOOSTER FOR HICH EXPLOSIVE SHELL

2. Genersl. In this assembly the booster caglng extenda well into |-
the loaded shell. The detonation of the fuze is transmitted to the explo- E
give charge in the booster. The booater, in turn, detonates the explosivs
charge of the shell. A booster contains a comparatively amall smount of

explosive (usually tetryl), which explodes with a high order of detonationfs
These types of adapters and boosters are all sssembled into the shell for fi
shipment. In the case of the new style 75-mm., shells for the gun, how- [

itzer, pack howitzer and the 105-mm. howilzer which ore the smaller sizes,[B

the booster has the fuze assembled to 1t in the shell. In the larger A
sizes, whether new style or renovated old style shells, there is in place E
of the fuze a suitable plug to keep out all dirt and water. In the larger J§
sizes of shell this plug has & ring and 1s used as a lifting plug in i

transportation. The nose plug also serves to reduce the poseibilitiss of i;;

detonation when, in case of accident, other shella are detonating in the
viecinity.

3. Types. - a. Adapter and booster, Mk. IT-A. The adapter and
booster, Mk. II-A, is used in the following high explosive shell:

(1) Shell, H.E., Mk. II, for 6" guns.
(2) Shell, H.E,, Mk. I, for 8" guns.
(3) Shell, H.E., for 8" howitzers.
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(4)

Shell, H.E.,

Mg, IIT, for 240-mm. howitzera.

.~'..'.:j'f.4'-{}'-.'-;—-..-g7.-_r;§ =l

-

(5) Shell, H.E., Mk. IV, for 10" guns.
(6) sShell, H.E., Mk. X, for 12" guns.
(7) Shell, H.E., Mk. VI-A, and Mk. XI, for 12" mortars.

Figure 1 shows this adapter and booater and glves the nemes of the
principal partas, together with the stamplng ldentifications. A Tuze

= gocket protects the booster charge from molsture. As fuzes are never aa-
gembled in these shell, until Just prior to firing, an eyebolt lifting
plug 1s supplied which acts as a protection against the entrancs of for-
elgn substances, prevents inJury to the fuze threads in the adapter and
facilitates handling of the shell. This lifting plug is made of steel
gnd a ring or eye ia formed on one end, through which a hook or bar may
be passed in handling the shell. Some shell may be received in which a

s T  dle-cast white metal plug or a felt adapter plug 1s used, instezd of the
=3 syebolt 1ifting plug. The booster charge consists of approximately 4.4
g ounces of tetryl. Some boosters are loaded with half tetryl and half
. T.N.T., the tetryl being placed around the fuze socket.

F i I.'LI. =
o yatiaaieg o

to
[ 3=
E ’
vaﬁ FIGURE 1. - Adapter and booster, Mk. II-A.
} 1. Hooater charge {(apptox. 4 oz tetryl). 6. Inltluls or symbol of metnl parts
Fton. g 2, Booster caslng. manufacturer.
r . Fuze socket, 7. Lot oumber of leaded adapter abd
+ 4. Adepter plug. boaster.
W= H &, Initials or symbol of loader, & Mnrk bumber,
B Ej
e A . .
!; or 3 b. Adapter and booster, Mk. ITI. The adapter end booster,
Zanll M. III, 18 used in the following high explosive shell.
R '
fha ; (1) Shell, H.E., Mk. I, for 2.95" mountain guns.

(2) Shell, H.E., Mk. I, for 75-mm. guns.

Figure 2 shows thle adapter and booster and gives the names of
the principal partas, together with the stamping identificetions. A
fuze socket protescts the booster charge from moleature. As Tuzes are
never assembled in these shell, until the round is to be used, an adapter
plug is supplied which actg as a protection against the entrance of for-

oo a v skl bt It
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elgn substances and prevents injury to the threads of the edepter. Thie
adapter plug consistas of a plece of felt thoroughly olled and held inp
posltion between two metal plates by wire cleats. & ring is provided by

which the plug may be removed. The booster

cherge consists of approxi-

mately one ounce of tetryl. Some boosters are loadsd with half tetryl
and half T.N.T., the tetryl being placed around the fuze Bocket.

c. Adapter and booster, Mk. III-B.
ITT-B, 1s used in the TS5-mm. high exploazive

The adapter and booster, Mk.
shell, Mk. IV. It is identi-

cel with the Mk. ITI, except that the diameter of the flange of the a-
dapter is made smaller to fit the Mk. IV shell.

7

N

PITIAL & OF LOADER
mITIAL S OF WA,
-
T
s
[

o AR
LOT MAIBER OF
LOADED ADAPTLRA & BOOSTER

FIGURE 2. - Adapter and booster, Mk. III

I. Booater chargo (tetryl), 5. Bhell,

1. Booster caslog. 0. Adapter,

3. Fuze gocket, T. Adapter plog,
4. Felt washers,

d. Adapter and booster, Mk. III-A. The adapter and booater, M. f&

III-A, is used in the following high explosive shell:

(1) shell, H.E., Mk. III, for

155-mm. guns.

(2) Shell, H.E., Mk. T, and Mk. IV, for 155-mm. howitzers.

Figure 3 shows this adapter and booster, and gives the names of the

prineipal parts, together with the stamping

identificationa. A fuze

socket protects the booster charge from moilsture. As fuzes are never ag-

sembled in these shell, until Just prior to

firing a 1lifting plug 1s

suppllied, which acts as a protection against the entrance of foreign sub-
astances, prevents injury to the fuze seat threads in the edapter and
facilitates handling of the shell. The lifting plug is made of steel and

8 ring or eye is formed on one end, through

which a hook or bar may be

resgsed in hendling the shell. Some shell may be recelved in which a die-
ceat white metal plug or a felt adapter plug is used instead of the eye- BB
bolt lifting plug. The booster charge consists of approximately one ounc:|l

of tetryl. Some booasters are loaded with half tetryl and half T.N.T., ths

tetryl being placed around the fuze socket.

£. Adepter and booster, Mk. III-AM2. The adapter and booater,

Mk. III-AM2 s identical with the adapter and booster Mk. III-A, except

that the recess in the sdapter is larger.
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FIGURE 3. - Adapter and booster, Mk. III-A.

1, Adapter plug, 5. T'ell washer,

2, Adapter. B, Fuze socket,

3. Felt washer. 7. Dooster charge (tetryll.
4. Booster caslug.

ndapter will receive the MLE or MLT fuze. The interrupter of these fuzes
gits lower on the fuze body end would not seat properly in the Mk. III-A,
pdapter and booster.

SECTICH ITI
ADAPTER AND BOOSTER FOR CHEMICAL SHELL

L. General. The function of the booster in a chemical shell is to
break up the shell so that the contents may be released and scattered.
The booster charge 1s therefore greater than in the high explosive shell
booster. The adapter is provided with a pipe thread in order that the
projectile mey be made gas tight.

5. Typea. - &. Adepter and booeter, Mk. IV-B. The adapter and
booster, Mk. IV-B is used in the [5-mm. chemical shell, Mk. IL. Figurs
L ghows this adapter and booster, and gives the names of the principal
parts, together with the atamping 1dentifications. Its function 1is to
break up the shell so that the contents can escape. This component
differs from that which is used in the high explosive ghell in that the
adapter and booster are mede In one piece and the threads are tapered
(pipe threads) instead of being straight, this type of thrsad and the
one pisce constructlon being necessary to make a gas-tight assembly.

The joint made by the tapered threads 1s the only place whare the gas
can escape from the shell due to defective assembly. The: booster charge
coneists of approximately l% gunces of tetryl. ©Soms boogstars are loaded
with half tetryl and half T.N.T., the tetryl being placed around the
fuze socket. ;

b. Adapter_and booster, Mi. “VI-B. The adapter end booster,

M il
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LOADED ADAPTER &
BOOS

TEFR
FIGURE 4. - Adapter and booster, Mk. IV-B.
1. Dooster eharge (totryl). 2, Foze sacket.
o
M. VI-B ie used in the following chemical shell:
(1) Shell, Chemieal, Mk. VII, for 155-mm. guns.
(2) Shell, Chemical, Mk. II, for 155-mm. howitzers.
Figure 5 ghows this asdapter and booster, and glves the namea of the
principel parts, together with the stamping identifleations. Thls com-
ponent differs from that which ia used in the high explosive shell in Lo
that the adapter and booster are made in one plece and the threads, by
which it is sssembled to the shell, are tapered or pipe threeds, instead
of being straight, this type of thread and the on® plece constructlon be- be
ing neceasary to make a gas-tight assembly. The Joint made by the ta- oX
pered threads is the only place where the gas can escape from the shell cf
due to defective masembly. Due to the facts, first, that quite a large o
booster charge 1o reauired to break up the chemical shell; and second, g0
that the fuze alone would not dependshly getonmte~tHES larpe boostier ng
charge, an auxilliary booster was found necessary. The auxillary booater bl
1s exactly the same as the booster used in the Mk. III-A adapter and (2)
booster, the charge being approximately one ounce of tetryl. The chargs nat
of the main booster is approximately 9 ounces of T.N.T. iﬁt
e
SECTION IV i
ROOSTERS FOR ANTIATRCRAFT AND OTHER HIGH EXPLOSIVE SHELL
#. QCeneral. The design of modern projectilea and fuzes, for %
fal

both antiaircraft and field artillery guns, is such that no adapter
iz nececsary. The booster is so designed that it takes the place of the
adapter used in the older types of proJectiles. The booaters describad
tn this sectionprovide a factor of safety in the handling and shipping
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LOADER.

Z PIFE THREAD.

4 5

FIGUEE 5. - Mdapter and booster, M. VI-B.

5, Dooater charge {THT).

6. Auilllary er lslerlar booaier charge
LinteFk).

1. Exterior boosler caslng.
9. laterior Leomter caslng,
i, Fuiz sockel
i, Adepier plog

« :he
Tume- ;
. n loaded smmunitlion to which the fuze is apgembled.
v, by
.;“ltE&d 7. Types. - a. Antiaircraft booster, Mk. X. The antialrcraft
R - booster, Mk. X, will be found aopembled 1in the 3" antiaircraft high
y whi explosive shell, Mk. I and Mk, IX. Figure £ shows this booster in
ghell crosa sectlon, with the names of 1ts principal parts. Practically
" arge all metal parts of this tooster are mads of brass. The tnterrupter (1)
soad constitutes the boresafe device and thia is operated by the centrif-
ter ’ ugal force of rotation. When the fuze has burned 1ts predetermined
tF oater time, the fuze magazine charge will explode and function the detonator
e 4 (2) which contains sbout 12 grains of mercury fulminate. This deto-
charge nates the booster charge (3). The booster charge in turn serves to
detonate the exploeive charge of the ghell. The standard charge for
+he Mk. X booster conslsts of about 5,?'5 ounces of pressed tetryl.
b. Booster, M20 (Fig. 7). (1) The booster, M20, 18 a8~
gembled in the followlng shell:
(a) Shell, H.E., M48, for T5-mm. gune.
(b) Shell, H.E., Mi8, Mil, and Mb1lal, for T5-mm.
howitzers.
nf the ’ "
5d (¢). Shell, H.E., M42, for 3" 5.C. guns.
e, -0g of N L

(d) Shell, H.E., Mi2, for 3" AA guns.
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(e) Shell, H.E., M58, for 90-mm. AA guns. i

In
(f) Shell, H.E., M38A1 and T.P. M38A1, for 105-mm. AA. bo
gune. r Ly
' duw
(g) Shell, H.E., M1, for 105-mm. howitzers. - i
§ o
ro
%) - N 3 per
fu
el
bo
ai
de
bo
f
b
h 1
§ i
X
] -
o
- 2.373 MAax — - d
FIGURE 6. - Booster, Mk. X.
L. loterrupter, 2. Detonntor. 2. Dooster charge [(leteyl)
(2) General. The combination of this booeter and the ML8 or
M54 fuze is boresafe, since the rotor of the booster restrains ita deto-
nator out of line with the flash hole comnecting the detonator of the fuze E
and with the booster closing cup charge and pellet until the projectile has 2
cleared the muzzle of the wempon, The M20 booeter 1s used in conjunction B
with standard contour, point detonating, and time fuzes to effect function 7
ing of the later types of high explosive fixed and semifixed shell.
(3) Safety devices. The safety featurss of the M20 booster
coneist of a rotor, blocking the flash hole, held by the centrifugal pin
and this pin is locked by the centrifugal pin lock pin.
fo

() TFunctioning. On setback the centrifugal pin lock pin
moves reerward against the pressure of its spring, and it is then locked
in 1te rearward position by centrifugal force which causes the snd of
the pin to engage the projection on the centrifugal pin screw. When
centrifugal force 1s great enough to overcoms the frictional forceas re-
sulting from acceleration, the centrifugsl pin is thrown ocutward re-
leasing the rotor, which carrles the detonator. The rotor, upon being
released, moves by centrifugal force about 1ts pivot until it strikss the
rotor stop pin, this being the armed position. This action is completed
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when the projectile has cleared the muzzle by from thres to five fest.
In the armed position the booster detonator is in the center of the

m. Ad. booster end thus in line with the flash channel of the fuze. To insure
thet the rotor will remain armed it is locked in the armed position
during the remaindsr of its flight by the rotor lock pin which is thrown
outward by centrifugal force 1intoc the hole closed by the body plug.
During flight the rotor lock pin lock moves by creep force behind the
rotor lock pin (these locking fentures are not shown) and thereby re-
atrains the latter from possibly moving lnoward. The explosives of the
e fuio are then free to met off successively the rotor detonator, the
@ closing cup charge, the booster pellet, end the shell filler. When the
@ booster is aseembled to the MLB fuze, the booster detonator 1s functioned
! elther by the superqulck detonator assembly or by the relay charge of the
W deloy element. When the booster is mssembled to the MS5h fuze, the
S boooter detomator 1s functioned by the superguick detonator or by the
B fleme from the black powder of the magazine charge.
] Guxie ol ) )
. ture
E =
::' : b ) Carntrilugal :i-'.j/ Hatar givel pin i
<R |- . Cenirifugal pin ! !||
I - ek @i i = |
: Beatiur E.".I'llr"J——i] ﬂmﬂp; :‘hq_—-‘u il
E Section |
i i _D"‘"“"“'“:_l Boosier casing Agwar 1126 pin Ropayian al f
: . angd choige —\v“' :"Iiilf.l.:-_;lrlf |
: ; Roigr s |
.. b '-},Ill pivai
the MLE or Q& Sl i\ M
8 deto- : s ) fixiy
the fuze & e Frki i
Jectile hes B¢ luze
nJunction ¥ : ST =
Tunction JEE =iy Hmed
s { Operation.
‘booster ‘W FIGURE 7. - Booster, M20.
gal pin ]
_ : c. Booster, M21. (1) The booster, M21l, 13 mssembled in the
¢k pin ‘W% following shell: :
n locksd
nd of | & (a) Shell, H.E., Mk. IITAl, and M10l, for 155-mm. guns.
hen E 3
wes re- (b) Shell, H.E., Mk. IAl, and M102, for 155-mm. how-
| re- B itzers.
being - (S
1kes the B (¢) Shell, H.E., M103, for 8" guns.

ompleted S

—_——

15




(2) Genersl. The booster, M21, 1s identlical with the
booster, M20, except that the centrifugal pin lock pin has been removed
and & gpring placed behind the centrifugal pin. The resson for thie
modification was that, when fired in the lower zonss of these largsr
calibered weapons, the projectile did not have sufficlent setback actlion
to cause the lock pln to release the centrifugal pin.

. Booster, M22. This booster may be substituted for the M20
and M21, for use on high exploslve and chemical shell. It conforms in
contour toc the M20 and M2]1 boosters. The rotor hes been omitted. A deto-
nator of lead azlde and tetryl is carried in the body leading to the
booster charge. Due to the omission of the rotor, the booster 1s not
boreaafe.

4
£

SECTION ¥
BURSTERS FOE CHEMICAL SHELIS

8. General. - a. The old type adapter booster used in chemical
ghelles heve commonly besn celled burasters because thelr function was to
burst the shell bedy and release the chemicsl filler. At the present
time, however, there are 1in service meverasl exploslve charges which are
properly named "Bursters”. These new bursters are an improvement over i
the clder types of boosters in that they extend through the esntire
length of the shell and completely rupture the entire body, whereas in
the older types the nose of the shell wes freguently blown away leaving
the bDase intmct, thus forming a cup in which a large part of the chemical
filler might remain.

b. Description. The burster conslsts of two component parts:
first the burster casing; and second the explosive charge. The burster
caaing 1s a steel tube, closed at one end and having a shouldered sleeve
at the other end. The aleeve has a slight taper and when pressed into
the seat, which is machined in the nose of the shell, forms a gas-tight
gea]l preventing the sscape of the chemical flller. The exploslve charge
le of tetryl pellets which are contained in a thin aluminum or cardboard
tube. Thils explosive charge 18 ineerted into the bureter ceeing after
the casing is pressed into the nose of the shell. If the shell are to
be held in storege over & long perlod of time the burster charge wlll
not be inserted into the shell until Just prior to shipment.

9. Types. - a. Burster, ML. This burster is described in general
in paragraph ©b above. It 18 used in conjunctlion with the M57 fuze and

the M22 booster in the followlng shell:
(1) Shell, Chemical, Mk. IIAl, for 155-mm. howitzers.
(2) Shell, Chemical, Mk. VIIAl, for 155-mm. guns.

b. Burster, M5. This burster ie described in general in para-

graph Bt mbove. 1t is used In conjunction with the M57 fuze and the M22
booster in the following shella: 1) Shell, Chemieal, MH0, for 105-mm.

Howitzeras M1 end M2.
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