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INSTRUCTIONS GOVERNING THE CARE, PRESERVATION, STOWAGE, INSPECTION
AND TEST OF AMMUNITION FOR THE NAVAL SERVICE

1. This revision which supersedes Ordnance Pamphlet No. 4, of September, 1923, is pub-
lished in accordance with article 74, Navy Regulations, 1920, and covers instructions governing
the care, preservation, stowage, inspection, and test of service explosives, and general informa-
tion about ammunition. No attempt has been made to go deeply into the general subject of
amimunition materials, as the subject is too broad for general consumption. Personnel seeking
more detailed information should utilize standard works on explosives, consulting the list com-
piled under the direction of the National Rescarch Couneil.

2. There are certain repetitions herein of matter contained in the Bureau of Ordnance
Manual, but in most cases this pamphlet covers the subjects in greater detail than is appropriate
for the Bureau Manual,

3. This publication should be given a free circulation under its restricted status to the end
that all concerned with ammunition may have adequate information pertaining thereto.

4. In this revision the chapters on Pyrotechnies, Interior Ballistics, Erosion, and Dispersion
have been omitted The first is thoroughly covered in Ordnance Pamphlet No. 725 of Angust
1937, and the remainder appear better suited to pamphlets on gun design or ballistics than to
an ammunition manual,

5. The revision of Ordnance Pamphlet No. 5 which will {follow this revision will constitute
Part I1 of the Naval Ammunition Manual, and will contain matter pertaining only to ammunition
depots, naval magazines, ete.

6. The inclusion in this pamphlet of matter pertaining to ordnance material which is obsolete
or obsolescent so {ar as the Ileet 1s concerned, is dictated by the necessity for providing adequate
imformation as to material issued in time of war to converted merchantmen, patrol eraft, auxil-
iaries, and the like,

7. Shipments of explosives by freight or express must be packed and marked in accordance
with the Interstate Commerce Commission Regulations for the Safe Transportation of Explo-
sives, copies of which are on file at the various navy yards and stations, including naval ammuni-
tion depots. When it becomes necessary for a vessel to ship ammunition by freight or express,
it is preferable to turn it in to an ammunition depot for proper packing, loading, and placarding,
if such turning in is practicable, otherwise to the supply officer of a navy yard or station. Ship-
ment of explosives by mail is positively FORBIDDEN.
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AMMUNITION
NAVAL AMMUNITION MANUAL

Part I—1943
Chapter I. GENERAL INSTRUCTIONS

1-1. The instructions contained in this Ordnance Pamphlet, promulgated  Jnstructions for
primarily for the service afloat, shall be followed at all naval ammunition depots,
naval magazines, naval torpedo stations, naval ordnance plants, naval mine
depots, and other naval stations on shore, insofar as they are applicable.
1-2. The methods of caring for and handling ordnance material as set  Instructions for ord-
forth in—
(@) United States Navy Regulations.
(b) Ordnance pamphlets.
(¢) Ordnance manuals,
shall be closely followed.
1-3. Detailed instructions relative to any particular class of ordnance will ~ Petailed inatructions.
be found in the following publications:
(a) Navy Regulations.
() Ordnance Pamphlets (OP’s), Ordnance Data (OD’s), and Ord-
nance Drawings.
(¢) Ordnance Manuals.
(d) Gunnery Instructions.
(e) Ship and Gun Drills.
(f) Landing Force Manual.
() Navy Department General Orders.
(h) Ordnance eircular letters.
(3) War Department circulars or technical regulations issued through
the Bureau of Ordnance.
When in doubt as to the meaning of any regulation or instruction concerning
ordnance, an interpretation should be requested from the Bureau of Ordnance.
1-4. Commanding officers shall have on file a complete and up-to-date 4 Fle of ordnance pub-
set of ordnance publications covering all ordnance material and ammuntion on
1

Gene Slover's US Navy Pages Table of Contents



www.tinyurl.com/slover

Handling of explo-
aives.

Use of signs.

Handling of ammu-
nition.

Damage to containers.

AMMUNITION

board the vessels under their command. Ordnance pamphlets may be obtained
from the Bureau of Ordnance upon request, ascertaining the pamphlet number
from the index published as Pamphlet No. 0.

1-5. The exercise of the utmost care and prudence in handling, inspecting,
testing, preparing, assembling, and transporting all kinds of ammunition and
ammunition details is enjoined upon all officers and other persons whose duties
require cognizance over or actual handling of explosives during any of the
above operations. Subordinates are liable to become careless and indifferent
when continually engaged in work with explosives and, as long as nothing
occurs, are inclined to drift gradually into a neglect of necessary precautions.
Nothing but constant vigilance on the part of officers and others in charge will
insure the constant observance by subordinates of the rules and regulations
which experience has taught to be necessary. Safety precautions, rules and
regulations for handling explosives should be made the subject for frequent
instruction, and the necessity for strict compliance therewith should be so
firmly fixed on new men that they will invariably and subconsciously do the
proper thing thereafter. Atftention should be especially invited to the fact
that in the earlier stages of the use of explosives the experience gained has been
at a costly price. No relaxation of any regulation should be tolerated, as this
tends to induce an idea that the rules are arbitrary.

1-6. The use of placards and signs containing admonitory notices, serving
as a constant reminder of the safety precautions, is sometimes condemned as
having the effect of creating a fear of explosives, especially in new men. The
use of signs is probably not so vitally required aboard ship as in shore plants,
but their obvious advantages should not be overlooked.

1-7. Handling of ammunition shall be reduced to the minimum in order
to prevent the occurrence of leaky containers, damaged tanks and cartridge
cases, loosened projectiles, torn powder bags, ete., and in order to reduce the
chaneces of accidents. The number of men allowed in the vieinity of explosives
should, as far as practicable, depending on the requirements of the operation,
be reduced to the minimum for properly performing the work in hand. It
frequently happens that unnecessarily large working parties are assembled for
handling live ammunition. Every effort and known precaution is taken to
make ammunition safe in handling under all conditions, but this should not
presuppose that an accident may not happen, and, therefore, unnecessarily
subjecting the personnel to the effects of such is unwarranted.

1-8. Of equal importance to be considered in the handling of ammunition
is the question of damage to containers. A study of smokeless powder shows
how exposing it to the air affects its stability in a very injurious manner.
Powder tanks are so constructed that they will remain airtight as long as the
gaskets hold; hence, if care is observed in handling not to dent the body so as
to open the seams, or to loosen the top or bottom rings or covers, and on
periodic inspections to note that the gaskets are holding up, one may be assured
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that the powder is properly protected from the atmosphere. In handling
powder tanks, dents are frequently caused by the use of cargo nets, by rolling
the tanks along decks and over obstructions, by allowing the bodies or rings
to strike projections when hoisting or lowering, or by dropping them. When
powder tanks are opened for inspection, the gaskets and general airtight con-
dition of the tank shall be observed. It is impossible to give a standard method
of handling tanks, but, in general, they shall be hoisted and lowered with care,
carried along decks by hand, or transported by truck.

1-9. A vessel turned in her service allowance of ammunition to a depot
for overhaul. While it was aboard the ship, the reports of surveillance tests
ashore gave 50 days and on board ship about 60 days, showing that apparently
the powder was entirely satisfactory for continued use afloat for a number of
years. During the overhaul, a number of leaky tanks were discovered and the
tests on powder taken from them gave less than 6 days surveillance test. The
real danger to the safety of this ship and crew is apparent, but may be more
fully realized when it is considered that the action of a deteriorating powder is
progressive—that is, the presence of nitrous oxide fumes react to cause more
molecules to break down. Carelessness on the part of the personnel resulted
in the unsatisfactory condition of these tanks. Many instances are on file in
the Bureau of Ordnance where sister ships have turned in their service allow-
ances for overhaul, one requiring practically no repairs and the other requiring
most extensive repairs and replacement of material. The investigation into
the poor condition of one ship’s outfit disclosed the fact that the powder tanks
had been transferred from ship to lighter by dumping them down a chute.
The only explanation for such utter disregard of existing instructions can be
found in the failure of the personnel to appreciate the significance of their
carclessness.

1-10. Aside from the danger of leaky powder tanks, there are other serious
conditions which arise. The silk powder bag cloth is attacked by the nitrous
oxide [umes. This would soon impair the serviceability of the charges for
loading. The rotting bag would burst, scattering powder grains with the
resulting danger and delay. Powder in leaky containers will not only give dif-
ferent ballistic results from those determined on proof, but will give erratic
results, to the serious inconvenicnce of fire control. The seriousness of per-
mitting ammunition to deteriorate so that it would not only be ineffective
but dangerous and erratic in battle should be obvious to every person who
participates in the teamwork which produces the correct answer in battle;
namely, “hits per gun per minute.” Smokeless powder in leaky containers shall
be landed for replacement at the earliest practicable moment after discovery,
unless a surveillance test shows it to be in normal condition, and the container
can be repaired.

1-11. The greatest care shall be exercised in handling loaded and fuzed
projectiles. A projectile which has been dropped from a height exceeding 5 feet
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shall be set aside and turned in to an ammunition depot. Such a projectile
shall be clearly marked to show its condition and shall be handled with the
greatest care. Upon receipt at a naval ammunition depot it shall be unfuzed
and the fuze serapped. Fuzes are designed and manufactured so that a fuzed
projectile may be dropped without causing the fuze to function, but additional
drops or the shock of firing may cause a fuze action. Rotating bands on
projectiles for separate or semifixed ammunition have nonfringing lips which are
easily damaged. Particular care is required to prevent such band damage.

1-12. Empty cartridge cases, tanks, boxes, and powder tanks shall be
handled and stowed with care and shall be turned in to a naval ammunition
depot at the earliest opportunity. To prevent deformation, cartridge cases
which are still hot from firing should not be laid on their sides or roughly
handled. Before restowing empty cartridge cases below they shall be freed
from inflammable gases. Since these gases are lighter than air the clearing can
best be accomplished by standing the empty cases on their bases in the open
air for 10 minutes. Washing cases aboard ship is neither necessary nor
desirable.

1-13. Navy smokeless powder is manufactured to contain ih the finished
grain a definite percentage of “residual volatiles,” which is as low as practical
considerations will permit. Under normal conditions of storage the volatiles
will not be reduced appreciably. Powder is packed at the factory, and charges
and cartridges are made up at the naval ammunitions depots, as far as practi-
cable, under normal atmospheric conditions to obtain a standard percentage
of surface moisture, The charges in cartridges are effectually sealed by the
cork mouth plug or by the projectile, and both cartridges and bag charges are
issued in airtight tanks. The weights of charge having been established
by the proof firing of the indexes under standard conditions of temperatures,
ete., it is most important, for ballistic reasons, that powders undergo no change
in service. To insure this freedom from change, personnel charged with the
care of powder shall see that the airtightness of the containers is maintained.
Powder exposed to the atmosphere will lose a portion of its residual volatiles,
and on board ship will gain or lose surface moisture. While these changes may
be counteractive, it is highly unlikely that they will exactly balance, and the
importance of keeping powder containers airtight should, therefore, be rated
as on a par with the upkeep of the director systems.

1-14. The proof of powder is conducted under normal conditions as to
volatiles and moisture, with the powder at a temperature of 90° F. Variations
in storage temperatures do not affect the regularity of the powder, nor does loss
of stability of itself affect ballistics unless it has gone so far as to preclude
retaining the powder aboard ship. i

1-15. When smokeless powder is removed from magazineggpt naval ammu-
nition depots or on board ship for any purpose, it shall not be exposed to the
direct rays of the sun or subjected to other abnormal conditions of temperature.
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This prohibition applies equally to powder in bulk, in tanks, cartridge cases,
ammunition boxes, or other containers. Whenever it may be necessary to
transport smokeless powder ammuaition in boats, or to take it on shore, as
for boat-gun or field-gun target practice, it must be effectively shaded from
the rays of the sun.

1-16. Whenever, in particular cases, the terms of the previous paragraph
have not been complied with, any ammunition which may have been exposed
shall be segregated, and shall, for purposes of tests, inspections, and reports, be
regarced as a separate index; and, if on board ship, it shall be landed at a naval
ammunition depot at the first opportunity, should there be reason to believe it
has deteriorated.

1-17. If at any time smokeless powder be exposed to a temperature higher
than 100° I",, a special report shall be made to the Burcau of Ordnanece immedi-
ately, explaining the circumstances in detail and stating the temperature and
the length of time the powder was so exposed.

1-18. Smokeless powder that has been wet from any cause whatever must
be regarded as dangerous for storage on board ship. Such powder must be
completely immersed in distilled water (in which condition it is entirely safe),
and must be turned in without delay to a naval ammunition depot. Each
container of immersed powder must be clearly marked to indicate its gross
weight and the condition of such powder. In handling powder charges which
have been wet, the smokeless powder shall be removed from the powder bags
or cartridge cases, the smokeless powder then being cleaned by washing in
water to remove any black powder residue, before finally packing in water,
The powder bags and ignition charges shall be thrown overboard. The condi-
tion to be avoided is shipping smokeless powder and black powder in a wet
condition in the same container.

1-19. Where safety devices are provided for any form of ammunition, they
shall always be used in order to preclude any possibility of accidental discharge.

1-20. Service ammunition is supplied to ships for use in bafttle only. Tt
is not to be used for drill at the guns, instruetion of the personnel that requires
opening of charges or projectiles, for testing hoists or conveyors, or for similar
purposes, except upon express authority from the Navy Department. It shall
be regarded as part of a vessel’s outfit, shall be kept distinet from the ammuni-
tion issued for gunnery exercises, and shall never be expended in gunnery exer-
cises without the authorization of the orders for gunnery exercises or special
instructions from the Bureau of Ordnance. Target practice ammunition may
be stowed in the same magazine with service ammunition, but steps shall be
taken to prevent the use of the latter in target practice.

1-21. The inspector of ordnance in charge of the ammunition depot
nearest the navy yard in which a ship is undergoing overhaul should be con-
sulted and requested to have the service allowance of ammunition inspected to
determine the requirements for overhaul and replacement, and to provide the
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data for a report on the condition to the Bureau of Ordnance, when requesting
authority to turn it in for temporary stowage.

ablodle ararbunl of 1-22. All service ammunition on board ship shall be overhauled periodi-
cally as follows:

(a) Powder Charges (other than black powder and small arms powder)
for cither bag guns or cartridge case guns:

(1) Five years after assembly or reassembly.—All powder charges and
all cartridges that have been on board ship for 5 years after assembly or
reassembly shall be turned in to a naval ammunition depot for examination,
test and overhaul during the ship’s next regular overhaul period at a navy
yard In no case, however, shall powder charges be permitted to remain
on board ship for more than 7 years after assembly or reassembly without
having been overhauled at a depot

(2) Three years after an overhaul.—All powder charges and all car-
tridges that have been on board ship for 3 years after the overhaul mentioned
in the preceding paragraph shall be turned in to a naval ammunition
depot at the ship’s next regular overhaul period for examination, test and
overhaul. Powder charges shall not remain on board ship for a longer
period than 4 years without overhaul, except in the case of new or reas-
sembled ammunition, as provided for in the preceding paragraph.

(3) Special overhaul.—Whenever authorized by the Bureau of Ord-
nance, powder charges shall be given special overhauls because of having
been subjected to unusaally high temperatures, rough handling, water or
moisture, storage in leaky tanks or cartridge cases, or other abnormal
conditions; and as may be considered desirable as a result of the “ Examina-
tions and Tests of powder on Board Ship” (see ch. 6). Ammunition on
destroyers, submarines and other vessels having similar storage conditions,
and on vessels having long service in tropical waters will probably require
Special Overhauls at more frequent intervals than the 5- and 3-year periods
specified in the foregoing instructions. Commanding officers of such
vessels should take the initiative in requesting examination and overhaul
during the regular navy yard overhaul periods of the vessels,

(b) Projectiles:

(1) Separate loading ammunition.—Projectiles afloat for guns using
bag charges or semifixed ammunition shall be kept in serviceable condition
on board ship as preseribed in article 1-30, chapter 1, page 19. Projectiles
loaded with black powder, mixed filler, explosive “D,"” granular TN'T, and
illuminating assemblies need not be turned in to an ammunition depot for
overhaul unless required as a result of the inspection mentioned below. Five
percent of projectiles loaded with cast TN'T, chemical warfare or incendiary
materials, or other special explosives or pyrotechnic materials, shall be
turned in at every ammunition overhaul for such examination by the depot
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as may be necessary to establish their serviceability and safety for contin-
ued stowage on board ship. The service allowance of projectiles shall be
inspected by the Inspector of Ordnance in Charge of the ammunition
depot, or his representative, in company with the Gunnery Officer of the
ship prior to or during the period of the powder overhaul in order to
determine what overhaul is required; and if considered necessary, shall be
in to the depot without further reference to the Bureau.

(¢) Speeial ammunition, small arms, primers, unassembled fuzes, signalling
and pyrotechnic materials, trench and chemical warfare munitions,
ete.—T'hese materials shall be inspected by the Inspector of Ordnance
in Charge or his representative and the Gunnery Officer at the time
of the projectile inspection; and, if necessary, shall be turned in to
the depot for such examination, test, grading, marking, overhaul,
and replacement or completion of allowances as may be deemed
desirable, having due regard for the nature of the materials and
existing instructions for stowage, handling, testing, surveillance,
preservation, replacement, and safety.

(d) Responsibility and authority.—

(1) The responsibility for the care, surveillance, testing, inspection,
and overhaul of ammunition, explosives, and pyrotechnic materials,
afloat, rests with the Commanding Officers of the ships who shall arrange
for and request authority from the Bureau of Ordnance for the overhaul
of ammunition at a depot during a regular navy yard overhaul of the ship.
Advantage should be taken of the first opportunity for periodic ammu-
nition overhaul, so that through unexpected changes of schedules or duties
a ship will not be forced to retain ammunition on board for periods longer
than the maximum given above. In no case, however, shall any bag
charges or cartridges remain afloat in ships’ service allowances for a period
longer than 10 years (regardless of the number of inspeetions or partial
overhauls) without break-down, complete overhaul, and reassembly at an
ammunition depot. The dates of assembly or of reassembly as well as
the dates of any subsequent overhauls will be printed by the depot on
the “powder identification tags.”

(2) The Bureau shall be informed of any inability of a ship to comply
with the instructions for inspection, test and overhaul of ammunition and
explosives. :

(3) The regular forms for reporting powder, projectiles, small arms,
pyrotechnics, bombs, warheads, ete., should be submitted by ships even
though the materials are undergoing overhaul at a depot. Where neces-
sary, the forms should be forwarded through the depot for filling in of
test data.

(4) Ammunition depots shall submit to the Bureau a report (copy to
the ship concerned) of inspections, examinations, tests and overhauls of
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ammunition with complete details regarding the condition of containers
and explosives, the results of tests and the extent of overhaul found to be
necessary or desirable, with recommendations for filling shortages in or
replacing allowances.

1-23. It is expressly forbidden for any ship to make additions to powder
bags. All ammunition is issued to the service in such condition that no work,
except possibly tightening bag lacings, is required to be done on it preparatory
to firing. Tt is strictly forbidden to remove a fuze from a loaded projectile, as
this is a very dangerous undertaking and shall be done only at ammunition
depots under special regulation, unless ordered by the Bureau of Ordnance.
Under no circamstances shall any person, except when carrying out explicit
instructions from the Bureau of Ordnance, attempt to break down a fuze. Only
regularly prescribed fuze setters shall be used for setting time fuzes, and regular
tools for preparing saluting, signaling, and subcaliber charges, and in breaking
down and assembling charges for testing powder

1-24. Special ammunition, called target practice or training ammunition,
is put up and issued for gunnery exercises, or occasionally part of a ship’s allow-
ance of service ammunition is designated by the Bureau of Ordnance for that
purpose. Such ammunition, provided it is not live ammunition, may, when in
the discretion of the commanding officer it becomes necessary, be used for
instructional purposes, for testing hoists and conveyors, but not for drill at
the guns

1-25. The unexpended portion of such target practice ammunition as may
have been issued for a specific gunnery exercise or experimental firing shall be
turned in as soon as practicable, after such firing, to an ammunition depot,
preferably the one where it was prepared, unless additional firings are immedi-
ately authorized by the Navy Department

1-26. After opening containers and removing ammunition for firing, care
shall be taken to return unexpended ammunition to the proper containers and
not to obliterate the identification marks. The repacking of case ammunition
in tanks or boxes other than those designated to take it will result in damage to
the ammunition. A case is on record where a ship restowed some shrapnel in
boxes not designed for it in such a manner that the time percussion fuzes were
moved off safety, the watertigcht caps cut, and the ammunition rendered useless
and dangerous

1-27. The Bureau supplies to each ship an allowance of lock combination
drill primers. This allowance is furnished on an annual basis and provides an
adequate quantity for testing of firing circuits and for such training of primer-
men as cannot be obtained with fired primers. With the exception of these,
primers in excess of an allowance of 10 per gun per year shall not be expended
except in actual firing. Primers issued for drill are from the oldest lots of prim-
ers, Mark 15, mod. 1, on hand. The use of service primers for fire-control drills
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or other training is prohibited. Cases have oceurred where ships have used up
more than half of their service primers in preparation for target practice, thus
rendering a part of their service ammunition worthless until the supply is re-
plenished.

1-28.

1-29.

1-30. Projectiles comprising the service allowance of ammunition shall not
be altered or disassembled on board ship, in any of their parts, without explicit
instructions from the Navy Department. They shall be kept free from
rust, and the paint and lacquer shall be renewed when necessary. The old
paint shall be removed before painting in order that the dimensions may not
be increased by constant addition to it, and care shall be exercised that no
paint is placed on the bourrelet. Projectiles for separate loading ammunition
in 5-inch guns and above are issued with grommets protecting the rotating
bands. When projectiles are stowed horizontally grommets should be left in
place until projectiles are removed for sending up the hoists. In base stowages
grommets may be removed, but only if necessary to permit the designed stowage.
When removed, grommets shall be returned to an ammunition depot. Slings
fitted on 5-inch projectiles should be removed before sending up the hoists to
avoid possible jambs,

1-31. When ships turn in target ammunition, the following shall be
done:

(@) All paint not required by chapter XVIII of this pamphlet will be
removed before delivery of target projectiles to depots.

(h) All time fuze covers and safety wires and grommets removed for
firing will be collected and delivered to depots for salvaging.

(¢) Replace grommet if removed.

1-32. Illuminating projectiles assigned for target use are of the oldest
manufacture available in the ealiber concerned, thus retaining the most modern
and improved projectiles for service use.

1-33. Empty cartridge cases, cartridge boxes and tanks, powder tanks,
bomb erates, primer boxes and blocks, and all other containers and ammunition
details including covers, gaskets, projectile grommets, metal stops, wood dis-
tance pieces and projectile nose blocks, fuze covers, ete., shall be returned to an
ammunition depot (preferably the one from which issued) at the first convenient
opportunity, Empty ammunition containers or boxes shall be closed with the
same method and care as filled containers. Such materials shall be carefully
saved and protected from damage and shall be invoiced to the depot. Invoices
of materials turned in which are incomplete or damaged shall form separate
items with notation as to the condition and reasons therefor. Ammunition,
ammunition containers, and details which are missing or have been lost shall
be covered by “missing surveys’” as prescribed by the Navy Regulations.
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Chapter 1. SAFETY PRECAUTIONS

2-1. The safety precautions are contained in article 972 of the Navy Regu-
lations, 1920. They are revised from time to time as changed material condi-
tions render existing precautions unnecessary or inadequate, or dictate the
addition of further provisions.

2-2. It must be borne in mind in studying and carrying out the safety
precautions that in the main they are derived from costly experience, and
that the most serious casualties on record are attributable to neglect or viola-
tion of safety precautions then in effect. The attention of all concerned is
invited to that chapter of the Gunnery Instructions which covers the history
of safety precantions.

2-3. The safety precautions are explicit and allow no recourse except posi-
tive compliance. It is difficult to cover every possible emergency which may
arise and which, if improperly handled, may result seriously. An attempt
should be made in carrying out the safety precautions to grasp the ideas on
which they are based so that, under circumstances not known at the time of
their promulgation, the proper action may instinetively be taken.

2-4. As a matter of precaution, persons working with explosives shall
have no iron, steel, or articles of a ecombustible nature about their persons,
Matches or other flame producing articles are a source of great danger and
shall never be permitted around explosives. Smoking shall not be permitted
during firing or when magazines are open and powder exposed. Particular
attention shall be paid to avoiding the making of sparks [rom contact of steel
on steel, especially with black powder present. Black powder is the most
dangerous explosive used in the Navy, and the one most likely to cause accidents.

2-5. A red flag (International B) shall be hoisted and kept (lying when-
ever explosives are being handled. All lighters, boats, and vehicles earrving
explosives, except artillery pieces, shall carry a red flag (International B).

2-6. A careful distinetion must be made between safety devices and de-
vices for increasing the celerity of service of a gun. The most common error
is regarding a gas-ejector system as a safety device when it is merely a means
of decreasing the time required for compliance with that safety precaution
which requires that the bore be clear before powder is exposed at the breech of
the gun.

11
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Chapter III. DEFINITIONS AND HISTORY OF EXPLOSIVES

3-1. The term explosion is very broadly used to define a bursting with ,Fwlesion and explo-

great violence and loud noise, thus covering many occurrences resulting from
the action of other substances than those known as explosives. The most im-
portant effect of an explosion is a rise in the pressure in the surrounding medium.
Although an explosion results from the rupture of a eylinder filled with gas
under pressure, the gas is not considered an explosive substance as the action
produces a fall in pressure. An explosive substance, on the contrary, produces
a rise in pressure. Marshall defines an explosive as follows:

“A solid or liquid substance or mixture of substances which is liable
on the application of heat or a blow to a small portion of the mass, to be
converted in a very short interval of time into other and more stable sub-
stances largely or entirely gascous. A considerable amount of heat is also
invariably evolved, and consequently there is flame.”

It is characteristic of an explosive that when the explosion occurs it is
always accompanied by a chemical transformation. ““Explosives have also been
defined as substances whose atomic groups are in unstable equilibrium.” (“Ex-
plosives,” Brunswig, Munroe & Kibler.)

3-2. There are three important conditions to be fulfilled by an explosive Confitions for an
substance; first, to produce large quantities of gas; second, to liberate heat; and
third, to accomplish these two conditions in a very short space of time. If gases
are evolved slowly, they are dispersed without causing any noticeable increase
in pressure, such as happens when oil, for instance, is consumed in the ordinary
way. Yet petroleum has 30 times the latent power of fulminate of mercury.
A chemical reaction may liberate large quantities of heat such as is the case
with thermite, yet not evolve gaseous produets. Hence it cannot be classed as
an explosive substance. It is, therefore, essential that pressure result from the
sudden decomposition of an explosive substance. The volume of gas evolved
is so great compared with the original mass that a sudden pressure results,
expending the energy released in the surrounding medium, manifesting itself
in the disruptive phenomena accompanying an explosion.

3-3. The chemical transformation taking place in an explosive reaction  Explosive reaction.
is an oxidation process of a kind which liberates heat, i.e., an exothermic re-
action. If heat were not liberated, the absorption of energy due to the work
done by the explosive would cool the explosive and slow down the reaction
until it ceased, unless heat were supplied from without. Once the reaction is

13
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started the heat liberated tends to propagate the explosion. An explosive
substance may be considered as containing a certain amount of latent chemieal
energy, which is released on decomposition in an almost instantaneous oxidation
process. This means that the substance must contain sufficient oxygen to com-
bine with the other elements to form the gaseous products. Carbon and hydro-
gen are the elements with which the oxygen reunites to form water, carbon
dioxide and carbon monoxide, depending on the amount of oxygen present.
The oxygen is not combined with the carbon and hydrogen until the reaction
oceurs, but is present either as a separate compound, as in the saltpeter in black
powder, or combined in a single compound, as in a nitro explosive in which the
nitro radicals act as the oxygen carriers. This distinetion in the method of
supplying the oxygen divides explosive substances into two classes:

Explosive mixtures: consisting of distinet substances mechanically
mixed together, and

Explosive compounds: consisting of substances which are of definite
homogeneous chemical constitution, each molecule having the elements
necessary for combustion.

As a rule, few explosives have suflicient oxygen present to oxidize all the car-
bon to carbon dioxide, but when they do, a very high temperature results, as
may be seen from the following, 1If 12 grams of carbon unite with 16 grams of
oxygen to form 28 grams of carbon monoxide, 29 large calories of heat are
liberated. If 12 grams of carbon unite with 32 grams of oxygen, then 97 large
calories of heat are liberated. This influence of the products of combustion on
the power of explosive substances is shown by the difference between nitro-
glycerin, which has an excess of oxygen (more than is required to convert all
the carbon to carbon dioxide), and nitrocellulose, which has a deficiency of
oxygen such that only small quantities of carbon dioxide are formed.

3-4. It might be supposed that the quantity of heat given off by an explo-
sive is large, but this is not the case, as is shown by the following table giving
the relation of certain articles to each other with reference to the amount of
heat given off in combustion.

PETTOTBIIN L oo i g i S i e i e e i e B
0 N T oy 20
Wood______ e e e S S e e L T s RN S sTa T Sa Tt D
Nitroglyeerin____ . S
Fulminate-of mercury.- oo oo o nruin s s s dan e T 1

Explosives appear to contain more energy for the reason that they have the
property of releasing their energy in an extremely short space of time—thafi is,
the velocity of explosion or the rate at which the effects of the reaction are
transmitted from layer to layer is very great. Although the quantity of gas
and heat evolved affect greatly the power of an explosive, the rate at which
they are given off is of prime importance. This rate is measured by taking
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the time the explosive wave requires to travel a known distance in a tube in
which the explosive has been packed.

3-5. The sensitivity of an explosive is an important property. The sub-
stance must be “safe’ until the impulse is applied to start the reaction. If the
atomic groups are in such an unstable equilibrium that the reaction starts
spontaneously, or in response to a slight blow, the substance can have no prac-
ticable application. Explosives vary in the strength of the impulse required
to cause them to explode. Some are exploded by the slightest touch; others,
such as fulminate of mercury, require a moderate blow or a flame, and others
require a very violent blow and cannot be exploded in the open by a flame. It
was originally considered that the power of an explosive was measured by the
sensitivity and that the most powerful explosives were quite sensitive; but now,
im the light of modern investigation, it is found that insensitive explosives are
quite powerful and that the safest explosives are those which under ordinary
circumstances require a detonator to initiate the reaction. Of these, Explosive
“D” and TNT are examples.

3-6. Explosives cannot be classified definitely from their chemical consti-
tution, by the gas evolved or the heat liberated. Consequently, they are
classified by the speed of the chemical change. If the velocity of explosion can
be controlled after the reaction starts, the explosive is classed as a propellant,
1, e., [or use in ejecting a projectile from a gun.  One not in this class is termed
a “high explosive.” A propellant is somefimes termed a low explosive and is
one which burns relatively slowly and permits of initiating the action by flame.
When an explosive requires a powerful agent, such as fulminate of mercury, to
start the reaction, but which when onece started proceeds at a high rate, it is
considered a ‘““high explosive.” The latter have a powerful disruptive action.
The velocity of explosion for a smokeless powder is about a meter per second,
for black powder about a few hundred meters per second, and for high explo-
sives several thousand meters per second, depending on the conditions under
which the reaction occurs.

3-7. From the above 1t may be judged that the difference between a
propellant and a high explosive cannot be sharply drawn. In faet, until nitro-
explosives came under investigation, there was no need of such a distinetion,
as black powder was the only well-known explosive substance and was used
both for propellant and blasting purposes. It would be possible to use any
explosive for propellant purposes if the velocity of explosion could be controlled.
Investigations along this line caused the development of smokeless powder as
we know it today, for nitro-cotton, when attempts were made to use it as a
propellant charge, did considerable damage to the guns. However, when it
was found that when this high explosive was dissolved in ether and alcohol the
colloid resulting burned instead of detonated, a revolution in the propellant
explosives industry began. The number of chemical compounds which. can
be so treated as to permit control of the velocity of explosion is very small, and
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is still more limited by the fact that the substance in its final state must not
only be efficient ballistically, but must be safe in use, easy to handle, and
stable under varying conditions of storage, and also remain in a stable condi-
tion for protracted periods of time. When selecting an explosive, it is neces-
sary to consider the case and safety of manufacture and use, the cost, the
sensitivity, the power, the stability, and the temperature of explosion.

Sarly history. 3-8. Various attempts have been made through search of the works of
the fourteenth and fifteenth century writers to determine with some degree of
certainty the early history of gunpowder and its use in military operations.
Due to the inaccuracies of the manuseripts, to the fanciful style of many writers
of that day, and to the errors in translation and loose use of terms, not only
is it impossible to name the inventor, but it is also a matter of conjecture as to
which nation belongs the credit for its invention, If seems most probable
that gunpowder as used in the fourteenth century was the result of the gradual
development of the substance known as “Greek fire” and “wildfire” by the
addition of saltpeter when this substance was found to have the property of
deflagrating with burning bodies.

St N 3-9. In 660 A. D., in the defense of Constantinople, a mixture thought to
contain sulphur, pitch, resin, ete., was discharged from a tube or siphon some-
what after the manner of modern flame projectors. The tubes were mounted
in the bows of the Greek ships and destroyed the enemy by directing a burning
stream of liquid fire at them. The secret has not survived the ages, but a
similar substance appeared at a later date, about the time of the sixth erusade,
as “Wildfire.” In this, sulphur, naphtha, pitch, and saltpeter, in a semisolid
mass, was ignited and thrown by ballistae in land warfare.

1080 908 oK black 3-10. From the best authorities it appears probable that the Arabs about
1280 A. D. used mixtures similar to gunpowder by substituting charcoal for the

naphtha, and that about 1313 A. D. the gun for the use of black powder was
invented by a German monk named Schwarz. The use of gunpowder was not
extensive at first, as its employment was not in accord with the chivalrous sense
of the times, but when it finally was adopted its use spread rapidly, resulting in
improvements in manufacture and rapid development of powder-making
machinery. It was restricted in use in the carly stages, as it was prepared as a
v fine powder, and consequently was suitable only for use in small arms, but in
the sixteenth century the French began to grain it and classify it according to
size, so that it could be used in various sizes of guns. In the seventeenth
century its use was adapted to the blasting of rock for getting out minerals.

Sreopnsathinek 3-11. Until a few years ago gunpowder was the only propellant in use for
firearms. During the long period since its introduction it has changed but
little in its ingredients, though many changes have been made in methods of
manufacture and in its final form. By the introduction of rifled cannon and
the increase in pressures for large ordnance the necessity for controlling the
rate of combustion became apparent. General Rodman, United States Army,
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in 1860 inaugurated the method of pressing the powder into different size grains
and later of controlling the rate of burning by perforating the grain, thereby
improving the ballistic qualities. The next change was the introduction of
charcoal from rye straw which resulted in the brown or cocoa powder, so named
on account of its color. This improvement gave a denser grain, more suitable
for heavy guns as it burned more progressively. In 1882 guns had increased
to 16 inches in diameter in the British Navy.

3-12. During the nineteenth century a great development in explosives
resulted from the discovery that when certain organic substances were treated
with nitrie acid easily combustible substances were obtained. In 1838 Pelouze
discovered that an explosive could be made by treating cotton with nitric acid,
Previous to this, in 1832, Braconnet found that starch, wood, and similar sub-
stances treated with nitric acid made explosive compounds. These discoveries
were without practicable importance until Schoenbein in 1845 found that a
mixture of nitric and sulphurie acids produced a better quality of explosive
than nitric acid alone. Considerable interest was shown in this development by
several European countries, resulting in the erection of several factories. Due
to the fact that no one knew how to purify the nitrated cotton, and, as very
little attention was paid to the purity of the ingredients, the stability was very
low and many disastrous explosions occurred. In 1853 Von Lenk showed that
the trouble lay in the purification and suggested that, instead of merely washing
the nitrated cotton with water until neutral, an extended course of washings
was necessary, including boiling with dilute potash solution. In spite of
Von Lenk’s improvements explosions still occurred. Meanwhile, Abel con-
tinued experiments and in 1865 found that there was great virtue in a pulping
process, in that the treatment reduced the impurities and also permitted
pressing the pulped material into blocks. In 1868 it was found that when wet
it could be detonated by dry guncotton and that the dry guncotton could be
detonated by fulminate of mercury. This resulted in its adoption for military
purposes for explosive charges.

3-13. In 1846 Sobrero discovered nitroglycerin. This substance, due to
its dangerous nature and difficulty in causing it to explode, was not developed
until Nobel in 1859 found that it could be detonated by fulminate of mercury.
In 1867 he found that by allowing “keiselguhr” to absorb about three times its
weight of nitroglycerine a satisfactory and fairly safe explosive resulted. This
substance, known as dynamite, has become very popular and entirely replaced
black powder as a blasting agent. In 1875 Nobel invented blasting gelatine,
made by solidifying nitroglycerine by the addition of 8 percent of nitrocellulose.

3-14. As the new blasting powder replaced black powder in commercial
uses, 80 the continued investigation of nitro compounds produced a substitute
for it as a military bursting charge for projectiles. Pieric acid or trinitrophenol
was adopted by many countries for this purpose; by France in 1885, by Ger-
many in 1888, and about the same time the British Government adopted
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molten picric acid as Lyddite. In 1905 the United States Navy adopted
ammonium picrate, a more insensitive compound than picerie acid. In 1905
the German Government adopted trinitrotoluol. Since that time numerous
additional compounds have been investigated and adopted.

3-15. Inventions up to this time had developed suitable high explosives
but these were not suitable for use in guns due to the violence of the explogion.
Attention was directed to modifying the known explosives for use as propel-
lants and to the development of smckeless powders. Black powder was con-
sidered unsuitable for several reasons, namely:

First, it left a large amount of residue, thus fouling the bore.

Scecond, made large quantities of black smoke.

Third, was very hygroscopic.

Fourth, caused considerable erosion by the high temperatures of
combustion,

3-16. The first successful smokeless powder was made by Major Schultze,
of the Prussian artillery, about 1864. It was made of nitrated wood impreg-
nated with saltpeter. Later the substance was dissolved in ether and alcohol
and was known as collodion. This powder burned at a fairly slow rate and,
as it did not cause as much recoil as black powder and gave no smoke, it was
very popular for sporting powders. In 1882 the Explosives Company of
England patented the E. C. powders. These were made of nitrocellulose
mixed with nitrates of potassium and barium and partially gelatinized by dis-
solving in ether and aleohol. This powder also is used as a sporting powder,
for it is too quick for rifled guns.

3-17. Although Maynard in 1843 discovered that nitrated cotton was
soluble in ether and alecohol mixed together, but not in either alone, this fact
was used only for development of celluloid and collodion, the latter giving
impetus to developments of photography. In 1884 the French engineer Vielle
discovered that the fiber of the nitrocotton must be entircly destroyed in a

complete gelatinizing process. He mixed nitrocellulose with ether and aleohol. -

then rolled the mixture into sheets and cut the sheets into cubes. Whensdried,
a very satisfactory propellant powder resulted. This powder was called

“Poudre B” after General Boulanger, a noted French ballistician. In 1888

Nobel produced a new propellant which was adopted by the British the sam®
vear under the name of cordite. It is a mixture of nitroglycerine and nitro-
cellulose dissolved in acetone. The improvements which have been made in
smokeless powders since that time have been principally in the direction of
better purification and other measures for insuring: chemical stability.

3-18. In 1889 the German Government adopted a nitrodellulose powder
and in 1893 the Austrian Government adopted a powder similar to cordife.
In 1896 the United States adopted the nitrocellulose powder, but it was several
vears later before it had finally replaced the brown powder then in use.
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3-19. Every nation now uses as propellants substances obtained from
nitrocellulose, alone or mixed with nitroglycerin, as such substances permit of
controlling the rate of explosion, as, during combustion, the individual grains
burn from the surface inward in successive layers. By altering the shape of
the grain and changing the burning surface the time of the explosion can be
modified so that the same composition may be used in any size firearm merely
by a change in the finishing process.

3-20. The itroduction of smokeless powder removed the objectionable
features inherent in black powder. Research in smokeless powder has sought
a reduction in the flash—producing the so-called flashless powders where a
desirable red glow is accompanied by highly undesirable excess smoke—an
improvement in stability, life, and resistance to hygroscopicity—leading to the
nonhygroscopic powders—and a reduction of temperature to reduce erosion—
an effort which so far has been futile unless a marked reduction in powder
potential be accepted.
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Chapter IV. BLACK POWDER

4-1. Saltpeter (sodium nitrate), sulphur, and charcoal have been the in-
gredients of black powder from the time of its first use as an explosive. The
proportions have varied with the development of the manufacture, from a
clearer knowledge of the properties of the different mixtures, so that eventually
special proportions were used for making military, sporting, or blasting pow-
ders. The earliest mixtures had equal parts of saltpeter, sulphur, and charcoal.
Experience obtained by testing different proportions caused a constant change
until Berthelet found that 84 parts of saltpeter, 8 parts of sulphur, and 8 parts
of charcoal were the theoretically correct proportions. Theoretical results,
however, can not be obtained from the combustion of black powder, as it is
a mechanical mixture and not a chemical compound, and consequently the
combustion is affected by the degree of incorporation of the ingredients. It
has been found that an increase in sulphur improves the keeping qualities and
that as charcoal is never pure carbon its percentage must be increased. The
proportions now used by all nations are practically the same—75 parts of
saltpeter, 10 parts of sulphur, and 15 parts of charcoal—these proportions
being used for all powders and the rate of combustion for different uses being
regulated by the granulation.

4-2. Saltpeter is formed in nature by the decay of nitrogenous substances
in the presence of air, moisture, aud alkalies, more readily in warm climates,
as the higher temperatures facilitate the decay. The most fruitful source
was India, but European countries supplied considerable from stables, cattle
sheds, ete., where stable dung accumulated. Frequent sprinkling with urine
accelerated the decay.

4-3. The material when gathered is placed in containers and sprinkled
with water. The liquid flowing through the mass dissolves the saltpeter and
carries it off to evaporating containers, where it crystallizes out. The result
is a crude saltpeter, which is removed to refineries and treated in a similar
process more subject to control. With the discovery of the sodium nitrate
deposits in Chile another source was obtained. This salt is treated with
potash or potassium chloride in the concentrated mother liquid from a previous
operation, and sodium chloride or common salt erystallizes out at the high
temperature of the reaction. When cooled the saltpeter which has been
formed crystallizes out. Synthetic sodium nitrate is now obtainable com-

mercially at reasonable cost.
21
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4-4. Up to a few years ago sulphur was obtained from the Sicilian sulphur
mines, which produced a limestone ore with about 25 percent sulphur. The ore
is piled in heaps covered with moistened ashes and a fire started at the bottom.
The combustion of some of the sulphur after the fire has started provides the
necessary heat for melting the rest, and as the molten sulphur runs out the
bottom it is collected in troughs, where it forms sulphur cakes when cool.
Move recently it has been obtained to some extent from coal gas, but by far
the best and most abundant source is the sulphur fields of Louisiana. The
sulphur is found there in a very pure state at a depth of about 500 feet. Due
to the cheapness of the product obtained in Louisiana, Sicilian sulphur could
not compete with it, and the mines would have been abandoned except for
the action of the Italian Government in supporting the industry.

4-5. Sulphur has the effect of making black powder burn more readily, as
its ignition temperature is low. It also has the effect of flowing when under
pressure of manufacture, so that it cements the charcoal and saltpeter together.

4-6. Soft wood is usually burned to make charcoal for powder, as it is
easier to ignite than if made from hard wood. A variety of woods have been
used, such as the alder, dogwood, yew and willow. In the United States the
willow has generally been used, and it is to be noted that blackpowder factories
are now located where the willow trees grow in abundance. The wood is
carefully selected, cut in the spring, and the bark removed. Then it is seasoned
until the sap has ran out. The wood is split up, placed in iron eylinders and
heated uniformly in a furnace at a temperature of about 280° C. The volatiles
are allowed to escape through holes in the eylinder and into the furnace where
they burn. When the flame from the escaping gas becomes blue, the car-
bonization has proceeded far enough. The eylinder is removed, the contents
kept from contact with air, as oxygen would cause the heated carbon to burn,
and when cool the charcoal is removed, sorted, and ground. The charcoal
for brown powders was made from rye straw, only slightly carbonized, result-
ing in a soft material with a large percentage of hydrogen and oxygen. Rye
straw charcoal in the process of pressing had the effect of binding the other
ingredients together and thus made a denser grain, giving better ballistic results
in large guns, as the denser grain burned more slowly. Brown powders made
from rye straw have been entirely replaced by smokeless powder, so that its
manufacture has entirely ceased.

4-7. The most important considerations in manufacturing black powder are
to have the ingredients finely pulverized, intimately mixed together, and pressed
to a high density. Manufacturing methods have changed considerably since
the original process of pulverizing, mixing, and caking in one operation (which
was discontinued due to dangers involved). At the present time they still
differ a great deal in different countries. The saltpeter, sulphur, and charcoal
are first ground separately to a very fine state in a mill without danger, as sepa-
rately they are not explosive. This may be done either in separate operations
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or by mixing them together in varying proportions before grinding. The French
method is to grind 6 percent of the saltpeter with the charcoal and the rest with
the sulphur, and then mix the compounds. Usually some saltpeter is added to
the sulphur to prevent it ecaking during the pulverizing process. Any mill is
suitable for the pulverizing operation, but the one in most general use consists
of a steel eylinder in which bronze balls are placed with the materials, the balls,
as they fall with the rotation of the drum, reducing the material. After pul-
verizing, the ingredients are weighed out in the proper proportions and given a
preliminary mixing in a drum made of wood, leather lined, in which are placed
lignum-vitae balls, or in a copper cylinder through which as axle passes carrying
several rotating arms. The mixing is carried on by rotating the drum or
eylinder for 5 minutes.

4-8. At this stage in the manufacture, the black powder takes on its explo-
sive character, and all further operations must be carried out most carefully to
prevent friction or sparks igniting the material.

4-9. The incorporating is now usually done in incorporating mills, which
consist of two heavy stone wheels running on a stone bed. They both may be
made of iron, in which case the wheels are suspended from a cross head, so as
not to touch the bedplate. As the cross head is revolved by means of a vertical
shaft, the wheels travel round and crush and grind together the ingredients
without exerting on them force sufficient Lo cause an explosion, provided the
mill 1s properly operated. Scrapers are fitted to brush the charge under the
wheels. The charge is spread over the bed evenly and wet down with about
3 percent of its weight in distilled water. The grinding is carried on for about
2 hours for cannon powder, and up to 5 hours for rifle powder, water being added
periodically to keep it moistened. On completion of the incorporating process,
the powder on the bed is in the form of mill eake. This must be carefully
removed, and broken up by hand or by a break-down machine to reduce it
to the powdered form for pressing.

4-10. In the pressing or caking operations, several layers or cakes are
formed with copper, bronze, or chonite plates between layers of powder, the
latter being about ¥ inch thick. The built-up charge is then placed in a
hydraulic press and a pressure of about 400 pounds per square inch applied
and held for about 45 minutes. On removal the outer edges of the cakes
formed are cut off and added to the next press charge, and the remainder are
broken and passed through the granulating machine, which consists of three
or four pairs of gun-metal rollers. A number of automatic sieves are fitted
for sorting out the grains according to their size. After granulating, the
powder is given a glazing treatment; that is, each grain is given a smooth
finish, rough edges are rubbed off, and it gets a high polish. This operation
consists of rotating the grains in a wooden barrel for about four hours, the
time varying with the size of the grain. Large grains are frequently coated
with graphite. The rubbing together of the grains produces the glaze. Glaz-
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ing stops up the pores, thus making the powder less sensitive to moisture,
and also makes it less liable to deposit dust. The powder is then dried in
canvas ftrays in houses heated by low-pressure steam at a temperature of
40° F., and is then “dusted” by rotating it in a canvas-covered reel, and
finally it is blended.

4-11. The above description applies to rifle, cannon, and shell powder,
which is made up of irregularly formed grains. When black powder was
used as a propellant in heavy ordnance, the mill cake was cut into cakes, or
it was powdered and formed into individual grains of a regular size. The
sphero-hexagonal powder in use at present for certain torpedo impulse and
depth charge throwers is made in this way.

4-12. Black powder was originally used in the powdered forms, but
when so used is very dangerous to transport. Black powder dust should
always be avoided. A clean white handkerchief wrapped around the fingers
and passed through black powder should come out clean, otherwise too much
dust is present. Granulating the material makes it more inflammable, as
the flame can travel more readily through the interstices. Compressing
the powder into large grains, on the other hand, reduces the number of inter-
stices and slows the burning. Perforating these grains permits speeding
up the burning, for, as the compressed powder burns from layer to layer, the
surface is increased by the enlargement of the perforations.  General Rodman
made disks the diameter of the bore and about 1 to 2 inches thick, with per-
forations, and obtained great success in controlling the rate of explosion.

4-13. Black powder is packed in metal drums which have an interior
cloth bag lining.

4-14. The development of new chemical compounds has decreased the
range of use of black powder, but it is still important for certain purposes. Its
high inflammability makes it essential for ignition charges for smokeless powder
and for primers for guns ol all calibers. Its high stability at moderately high
temperatures and its uniformity, when protected from moisture, make it suit-
able for the time trains of powder train time fuzes. Although it is being used
(when mixed with equal parts of granular TNT) as a filler in minor caliber
common and shrapnel projectiles, it is gradually being superseded by high
explosive fillers in projectiles of new design. In the sphere-hexagonal granula-
tion it is nsed for torpedo impulses and Y-gun charges. For the former it has
been partially superseded by sodium-nitrate (SN) black powder (blasting) for
those tube mounts requiring an exceptionally high velocity to insure the tor-
pedo’s clearing the side.  Its most common use is in black charges for training,
saluting, and signaling. In these uses it presents the paradox of a most
hazardous explosive being loaded by the forces afloat. To preserve its qualities
it requires protection from moisture.
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4-15. The grades and uses of black powder in the United States Navy are:

BLACK POWDER

Type Designation Use

Meal____  ___________ 8 o R A O A ¢ | Fuze delay trains,

Fine grain____________ | . F. G.and F. F. F. G______| Primers.

Granular. . oo e Cannon_ - ________ Tgnition charges (when broken
down, for saluting charges,
ete.).

Granular (smaller)____ Shell _______________________ Projectile filler (for saluting
charges when authorized.)

Grained_ .____ ______| Bphere-hexagonal (SH)_______ Impulse charges.

&) - PR e Sodinm nitrate (SN)_________ Do.

Gene Slover's US Navy Pages Table of Contents



www.tinyurl.com/slover

Gene Slover's US Navy Pages

Table of Contents



www.tinyurl.com/slover

Chapter V. SMOKELESS POWDER

5-1. The raw materials used in the manufacture of Navy Standard smoke-
less powder are cellulose, nitrie and sulphuric acids, ether, ethyl alcohol, and
diphenylamine. Cellulose is a celloidal substance, the molecule of which is
thought to consist of the complex (CgH,Of)n, although the exact chemical
constitution and, in particular, the exact molecular structure, are not definitely
known. Cotton represents the purest type of cellulose produced in nature.
It contains about 90 percent of pure cellulose. Flax, ramie, hemp, and other
fibers also contain a high proportion of pure cellulose. Wood and cereal
straws are distinguished as containing smaller quantities of cellulose, and this
cellulose is also intimately associated with lignin. There is considerable evi-
dence to show that the pure cellulose isolated from these fibrous materials is
identical. However, it is probable that pure celluloses isolated from various
sources will always differ in some of their properties, due to the modification
of the molecular structure during extraction.

5-2. Raw cotton contains about 90 percent of pure cellulose, natural color-
ing matters, 8 percent of moisture, 0.2 to 0.4 percent of nitrogen, 0.5 percent
of wax, fat, and resin, and 1 percent of mineral matter. The actual amounts
of these substances are determined largely by the type of cotton, its origin of
growth, and the stage of its maturity. By ordinary methods of determination
the density of cotton is accepted as 1.50-1.53. The structure of the cotton
hairs is distinguished as containing an outer primary wall known as the cuticle;
a secondary thickening; and a central canal, or lumen. The secondary thicken-
ing is made up of a number of concentric layers of cellulose, similar to the growth
rings in trees. The cuticle may or may not be composed of the same cellulose,
but contains fatty matters. There are minute pits in the walls of the hair,
which extend from the outside surface to the lumen. Linters is the type of
cotton normally used by the Navy for the manufacture of nitrocellulose. It
is known that Germany used wood cellulose for powder during World War 1.
In World War II large amounts of wood cellulose are used by the United
States Army in the manufacture of smokeless powder.

5-3. Cotton to be used for manufacture of powder is given a very careful
purification treatment, as this has a direet bearing on the manufacturing
process and on the stability of the finished product. The raw cotton is first
cleaned to remove seeds and other visible impurities. It is then boiled under
steam pressure in a 3-percent solution of sodium hydroxide. It is then washed
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and bleached cold in open tubs or vats with a hypochlorite or chlorine gas.
It is then thoroughly washed to remove purifying reagents, dried and baled.

5-4. The finished cotton must be clean, contain not more than 7 percent
moisture; not more than 3.5 percent of material soluble in 7.14 percent sodium
hydroxide solution, not more than traces of lime, chlorides, sulphates, or hypo-
chlorites, not more than 0.4 percent of other extractive matter, not more than
0.5 percent ash content, be in such physical form that it will readily absorb
the mixed aeid used in nitration, and have a viscosity of from 12 to 40 poises
when in cuprammonium solution at 25° C.

5-5. When nitric acid is brought into contact with cellulose, a cellulose
nitrate is formed by the displacement of an OH radical in the cellulose mole-
cule by an NO; radical. The number of OH radicals so displaced depends
on the strength of the acid and the temperature and duration of the reaction.
Extensive investigation has been made concerning this reaction. The action
of numerous mixtures of nitric acid and other chemicals has been accurately
recorded. A mixture of nitric and sulphuric acids and water has been fourd
to be the best mixture for nitration of cellulose. All percentages of nitration
from 6 to 13.9 have been obtained in the laboratory. The theoretical maxi-
mum is 14,14 percent. The percentage of nitrogen in a nitrocellulose is the
principal factor in determining the amount of energy that will become available
when it explodes.

5-6. The nitrocellulose prepared for manufacture of powder is converted
into a dense colloid by treatment with a solvent, whereby the original fibrous
structure of the cellulose is destroyed. The properties of this colloid and the
solubility of the nitrocellulose are dependent upon the degree of nitration,
the solvent employed, and the temperature of solution. Below 9 percent
nitrogen the nitration is generally incomplete and the solubility in ether aleohol
is from zero to 10 percent; from 9 percent to 12 percent nitrogen the solubility
in ether alcohol normally increases gradually to 100 percent; and from 12 per-
cent to 12.70 percent the solubility may be 100 percent, from which point to
13.5 percent nitrogen the solubility in ether aleohol gradually decreases from
100 to 0 percent. The higher percent nitrogen product is soluble in acetone
and many other solvents. The standard nitrocellulose used by the Navy for
the manufacture of smokeless powder has 12.60 percent nitration and is 100
percent soluble in a mixture of two volumes of ether and one volume of alcohol
at 15.5° C.

5-7. The percentage of water in the mixed acid is the principal factor in
controlling solubility. Apparently, in order to get a produet perfectly soluble
in ether alcohol, it is necessary to have enough water not only to convert all
the sulphuric acid into HeSO,4 - HsO, but also all the nitrie acid into HNO, - H,0.
As a molecule of water is formed for every molecule of nitric acid used up,
the percent of nitration, and in turn solubility, is affected to some extent by
the proportion of acid to cotton. If the proportion of acid to cotton be very
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great, the ratio alters only slightly during nitration. This is the reason for the
use of an approximate ratio of 50 to 1, acids to cotton, as is done in practice.
The Navy nitrocellulose has a nitration of 12.60 percent plus or minus 0.1
percent. This value may be arrived at by blending nitrocelluloses which con-
tain from 12.45 pereent to 12.75 percent nitrogen and have at least 95 percent
solubility.

5-8. The raw materials used in the manufacture of sulphuric acid at the
Naval Powder Factory are sulphur and a platinum mass catalyzer, which
induces the reaction but is not consumed; the same mass being used continu-
ously without appreciable loss. The sulphur used shall be free from chlorides
and arsenie, and the total impurities shall not exceed 0.5 percent. Arsenic
compounds will “poison” the platinum mass and prevent catalytic action.
Contact platinum mass is commercial magnesium sulfate carrying approxi-
mately 0.2 percent finely divided metallic platinum.

5-9. Navy sulphuric acid is produced by burning sulphur in a sulphur
burner (fig. 1), which consists of a horizontal cylinder arranged to rotate about
one and one-half turns per minute. At one end is a hopper which feeds sulphur
through the cylinder by means of a worm feed. The other end of the cylinder
is connected to a stationary combustion chamber, from which the gas line
leads. As the sulphur burns in the presence of excess air, SO, is formed, with
some SOy For purification, this gas is drawn by a suction blower through
the combustion chamber, gas lines, coolers, serubbers, and filters. The gas

MAN. PT.IV-V-HT-{ /29,

FFieore 1.—Sulphur burner.
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is then forced through a coal-fired preheater which heats the gas to 400° C.,
and then through the converter, which contains the catalyst and wherein the
gas is converted to SO;.  This gas is then passed, after cooling, through shower
towers. Sulphurie acid is run through the towers in a continuous shower.
The SOy combines with the water in the sulphurie acid to form a stronger acid,
which is finally built up to a fuming acid of about 110 percent. The fuming
acid is withdrawn, mixed with 5- to 7-percent nitric acid to prevent freezing
and stored for use.

5-10. Nitrogen products are obtained as a byproduct from coke ovens,
They may also be obtained from the nitrogen in the air by one of several ways.
In the cyanamide process, lime and powdered coke are burned in an clectric
oven, and ecaleium carbide obtained. This is nitrified in iron vessels into which
is forced nitrogen made by distilling liquefied air, and eyanamide is formed
from which ammonia is obtained by treating it with steam. In another method,
the Haber process, nitrogen and hydrogen are combined directly under very
high pressures. The hydrogen is obtained by injecting steam into a furnace
containing red-hot coke, removing the CO formed and leaving the hydrogen.
The nitrogen is obtained by the distillation of liquefied air. In these methods,
ammonia is obtained and nitrie acid is made by oxidizing the ammonia, In the
arc process nitrogen monoxide (NO) is obtained directly from the atmosphere
By using very high temperatures which are obtained from an electric arc.
Decomposition is prevented by very rapid cooling; when the gas is finally
cooled it becomes nitrogen dioxide (NO;), and it is then converted into HNO,
by passing it through water in absorption towers. During World War I, ex-
traction of nitrogen from the air received a great impetus due to the fact that
nitrogenous substances had to be imported into this country.

5-11. The most modern type of nitric acid plant is one in which ammonia
is oxidized by platinum, a catalyst in the presence of air. The operation is
at a high temperature and 100 pounds pressure. Less pressure will serve
but is not so efficient.

The nitric gases resulting from the oxidation are cooled but maintained
at 100 pounds pressure while being absorbed in a tower to which water is fed.
The resulting acid is about 63 percent HNO; and can be readily strengthened
to 95 percent by the usual manufacturing practice by distillation with sul-
phuric acid.

Any kind of ammonia can be used but ordinarily anhydrous liquid am-
monia is the starting point. The apparatus used is of noncorrosive high-
chrome iron and stainless steel.

5-12. The first operation in the manufacture of nitrocellulose is the
purification treatment of the raw cotton. Due to the large demand for purified
cotton in the rayon, pyroxylin paint and enamel, and other similar industries,
the cotton purification process is more economically done by large concerns
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equipped for the process than if each plant of these related industries were to
purify its own raw cotton.

5-13. The purified cotton is received at powder factories in bales. These
bales are broken apart and the cotton is fed into a machine called the picking
machine (fig. 2), which fluffs the cotton. It is more easily nitrated in this form.
The picking machine consists of a frame arranged with a traveling table, on
which the cotton is spread by hand. The traveling table feeds the cotton
on to a small spiked eylinder, which in turn passes it to a large spider frame

Ficure 2.—Cotton picking machine.

covered with hooked points. This frame seizes the cotton, shreds it and then
passes it out through an opening in the back of the machine into the cotton
dryer. .
5-14. Cotton in air will absorb about 7 percent moisture. This must be
reduced to about 0.5 percent, as excess moisture in the cotton will affect the
nitration process. Formerly cotton was dried in bins in a house, the bins
being so arranged that a free circulation of heated air was permitted. The
present method is to use a continuous drying machine (fig. 3). The cotton
enters the dryer from the picker through a chute. A wire mesh belt carries
the cotton through a heated chamber. Steam coils supply the heat, and
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ventilating fans drive the heated air around the conveyor belt. The tempera-
ture should not exceed 110°C. The cotton is discharged at the end of the
dryer where it is placed in covered cans for transportation te the nitrating

house.

Fraure 3.—Cotton dryer.

5-15. Four different systems have been in use for the nitrating process:
the pot system; the displacement system; the centrifugal system; and the
Du Pont mechanical dipper system. The first was the original method used
and consisted in steeping the cotton in earthenware pots. In the displacement
system shallow pans are used. After nitration of the cotton, water is run
slowly into the pans over the mixture of acids and cotton, and the acids are
thereby displaced by the water. In the centrifugal system the cotton is
nitrated in centrifugal wringers, then wrung out in the same wringer in which
it was nitrated. The Du Pont system is most used in this country. The
following description applies to this system.

5-16. A diagrammatic sketch of the nitrating house, plate 1, shows three
floors. The top floor has four nitrators in each unit, with a mixed acid measur-
ing tank and suitable piping and valves for handling the acid and nitric oxide
fumes. The second floor has a centrifugal wringer directly below the outlets
of the four nitrating pots. The lower floor has a flume through which the
nitrated cotton is washed to the boiling tubs, and also a fume pipe for carrying
the nitric oxide fumes from the nitrators and wringer to an outside vent stack
where a considerable quantity of weak nitric acid is condensed and collected.
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Plate 1.—Diagrammatie arrangement of nitrating process.
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5-17. In operating the mechanical dipper system 32 pounds of cotton
are dumpml mto a nltlatmg pot (fig. 4) and 1,600 pounds of mixed acid at a

Figure 4,.—Cotton nitraters.

temperature of 30° C. are run in. The agitator, made up of stainless steel
paddles kups thc charge agitated to prevent local deterioration of the cotton

. and to mix cotton and acids
thoroughly. The charge re-
mains in  the nitrator 20
minutes, which is the time
found suitable for making
soluble nitrocellulose with the
particular mixture of acids
" used. A lopger time in the
nitrator is of no advan-
. tage.

5-18. At the end of this
time the charge is run into
- the centrifugal wringer (fig.
5). It removes a large per-
centage of the mixed acids,
which drain into a spent acid
- tank. The wringer is oper-
ated for 5 minutes and is
then stopped. At this point
: L MANE . the nitrocellulose is about 25
Freure 5—Centrifugal wringer. percent saturated with free

Gene Slover's US Navy Pages Table of Contents



www.tinyurl.com/slover

SMOKELESS POWDER

acids and is unstable in air, being liable to “fire,”” which is a spectacular reaction
giving ofl dense oxides of nitrogen fumes, accompanied by a total loss of the
charge of nitrocellulose. For this reason it is necessary to drown the product
in water, which also is a convenient medium for transportation of the nitro-
cellulose to other processing equipment. The bottom of the wringer is opened
and the nitrocellulose is rapidly forked down by a manual operation into the
receiver on the first floor (fig. 6) where it is drowned in water and washed into
the flume which carries it to boiling tubs. A suction rlower system removed
the nitric oxide fumes at all points where they are formed and discharges them
to the outside vent stack. Special materials, such as steel, stainless steel,
duriron or stoneware must
be used in all equipment in
the nitrating house.

5-19. The product is
now a cellulose nitrate,
usually called “pyrocellu-
lose,” or “pyro.” It con-
tains an excess of acids,
cellulose  sulphates, and
other impurities, which are
detrimental to the stability
of the final product. It is
impracticable to control the
nitration process commer-
cially so that the product
will be a cellulose of a defi-
nite degree of nitration ;
throughout the product. It Fraure 6,—Pyro discharge to boiling tubs.
is a mixture of nitrates of
different percentages of nitrogen. The variation, however, can be controlled
within limits, giving a product of the desired average nitration: 12.6 percent
for Navy standard pyrocellulose.

5-20. The flume from the nitrating house (fig. 7) conducts the pyro by
gravity to large wooden boiling tubs.  These tubs are fitted with false bottoms
to allow drainage of water while retaining pyro and with suitable steam heating
apparatus for boiling the pyro. A tub is charged with pyro, sufficient water
is run in to cover the material completely, and the temperature is raised to
80° C. The tub is then drained, refilled, and boiled for 40 hours with at least
4 changes of water to insure removal of a large percent of impurities in the
cotton fibers. It is important that the water used be of such purity that no
additional impurities are added to the pyro. On the conclusion of this treat-
ment, the pyro is water-borne in a flume to bins located over each pulper in
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FLUME FROM NITRATING HOUSE .

Frauvre 7.—DBoiling tubs,

the pulping and poaching house. These bins have false bottoms for drainage
of water from the pyro.

5-21. The treatment of the pyro up to this point has removed free acids
and impurities principally from the surface of the pyro fibers, As these fibers
are still in the same physical form as they were before nitration, the central
lumen has absorbed free acids which are not all removed by simple boiling.
Elimination of these free acids and other impurities in the center of each fiber is
necessary to insure stability of the powder. This important fact was discovered
by Abel as a result of his work in determining the causes of instability of gun
cotton as originally made. The fibers must be cut up into smaller particles,
which is called pulping. Two methods of pulping are commonly used: the
Jordan engine and the Miller Duplex beater. A Jordan engine consists of a
rotating shaft fitted with sharp knives, surrounded by a cone-shaped eylinder
carrying knives, The pyro is fed slowly into the small end, thrown out between
moving and fixed knives by centrifugal forces, and gradually worked out through
the large end. It is customary to work these engines in multiple, with varying
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degrees of fineness: the pyro is discharged from the last engine in the required
state of fineness for further purification.

5-22. The Miller Duplex beater (fig. 8), consists of a long tank as shown.
A revolving drum, fitted with longitudinal knives, Works bvt“ cen an uppm and

Fraure 8.—Duplex beater, pulping machine,

lower set of fixed knives, each of which cover 20 degrees of the arc of the drum.
The pyro is dumped into the beater llnm:gh the top. j\s the drum revolves,
the pyro,suspended in waler, ;
circulates, and the fibers are
cut as they pass between the
fixed knives and those on the
drum.  Hand adjustment of
clearances is provided. An
octagonal slotted screen is pro-
vided for withdrawal of water
when the water is changed.
The pyro will not pass through
this screen.  After sufficient
pulping the pyro is water-
borne tolarge wooden poacher
tubs (fig. 9) where it is given
treatment by boiling and
washing while being agitated
with large rotating paddles. : i
It is boiled for 6 hours, then Ficure 9.—Poaching tubs.

A\

Gene Slover's US Navy Pages Table of Contents



www.tinyurl.com/slover

38

AMMUNITION

2 hours, then four times for 1 hour. The water is changed for each boiling.
It is then washed with cold water 10 times. A sample is then removed and
given the required tests.

5-23. The specifications require a heat test at 65.5° C. in the presence of
potassium iodide starch paper for at least 35 minutes; a heat test at 135° C.
with normal methyl violet paper for at least 25 minutes; a test for percent
nitration and percent of insoluble pyrocellulose.

5-24. The pyro must not contain alkali, mercurie chloride, or other sub-
stances which might mask the heat tests in any way. If the pyro passes these
tests it is run through a Reynolds, or equivalent pyro screen (fig. 10). Pyro
which is retained by these screens is repulped and repoached. Pyro which
passes these screens is water-borne to the dehydrating house, where it is de-
livered to large wooden stock tubs.

-nT-12/29.

Fiaure 10.—Pyro screens.

5-25. Before being mixed with the ether-aleohol solvent to form a colloid
it is necessary to remove all water from the pyro. The first operation is
dewatering. Large rotary filters, or dewatering machines (fig. 11) extracts
part of the water. This is done by pumping the pyro and water mixture from
a particular stock tub to the shell partially surrounding the rotary filter.
Water is separated by a wet vacuum pump as the filter slowly rotates. The
pyro that remains on the filter is removed mechanically and returned to the
stock tub from which it came.
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5-26. This continuous operation gradually thickens the mixture of water
and pyro in a stock tub.  When the water content has been reduced consider-
ably by the dewaterer the pyro is pumped to and wrung out in a centrifugal
wringer (fig. 11) and delivered in large pyro cars to the dehydrating press room.
At this point the pyro has a moisture content of about 28 percent. The water
separated in the above operations is allowed to settle. The pyro carried over
with the water is recovered.

Figure 11.—Dewatering machine,

5-27. The final step in removing water is done in the dehydrating press
(fig. 12). This press is provided with an upper and lower hydraulic ram.
These two rams work in conjunction with the compression cylinder. A charge
of moist pyro is weighed and dumped into this eylinder. A pressure of about
200 pounds is then applied. This forces part of the water through a screen in
the lower ram. Aleohol is then drawn from a measuring tank by a steam
pump and forced through the pyro, by a pressure of about 600 pounds. The
alcohol gradually displaces the water. A hydraulic pressure of 3,500 pounds
is then applied to the rams. A finished block of pyro containing practically
no moisture and a definite percentage of aleohol is formed (fig. 12).

5-28. These blocks are transported in cans to the “block breaker” which
reduces the blocks to a coarse, fluffy mass which is weighed out in cans and

Gene Slover's US Navy Pages Table of Contents

39


www.tinyurl.com/slover

40

AMMUNITION

LOWER CYLINDER

CMAN BTAVV-R T A /e

Ficure 12.—Dehydrating press,
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transferred to mixing ma-
chines (fig. 13), similar to
dough mixers. A charge is
placed in the machine, the
cover is secured, and the
revolving arms are set in
motion. KEther containing
the powder stabilizer, di-
phenylamine, in solution, is
added from a measuring
tank. The amount of sta-
bilizer added depends on
the web of the powder,
Powders up to about 5-inch
contain 1 percent, and
larger caliber powders con-
tain one-half percent of the
weight of the finished
powder.

5-29. After the charge
is thoroughly mixed it is
dumped into cans and

SMOKELESS POWDER

REVOLVING ARMS

AT, IV-V-HT-1B/RY

Frovre 13.—Mixing machine,

transferred to the block press (fig. 14), where the mixture is subjected to 1,600
pounds pressure in a cylinder with a removable head. It is removed from the
blocking press as a plastic colloid in the form of eylindrical blocks, and trans-

ferred in cars to the die press house.

Figure 14.—Blocking press.

In order to insure a thoroughly mixed,
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MACARONI

PRESS

I'taure 15.—Maecaroni press,

Ficure 16.-

~(Graining press.

DIAMETER OF GREEN GRAIN

Finy

77 7077

————

7

PLATE PERFORATIONS — PIN PLATE

PINS

DIE BODY

PLUG

MAN. PT.N - V-LC-22/29

Fraure 17.—Powder die for multiperforated grains,
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uniform colloid, and to eliminate lumps and foreign matter, the blocks are
pressed through the macaroni press (fig. 15). This press has a screen head,
containing a large number of small holes. The powder is forced through this

Freure 18,— Grain cutter (cover in place).

screen, and forms long solid threads, which are collected in the eylinder of a
reblocking press similar to the blocking press. The powder is reblocked and
taken to the graining press (fig. 16). It is forced through the die, (fig. 17) in this

POWDER CORI
ORIFICE

SEAM. 1T, 1 - - AR

Fraure 19.—Grain cutier (cover removed).
BTT220° 44—
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press coming out as a long cord with the perforations made in it and is imme-
diately passed through the grain cutters (figs. 18-19). The grains in the form
shown in figure 20 are transported to the solvent recovery plant for removal
and recovery of excess solvents. After solvent recovery the grains are re-
moved to dry houses where the solvent content is reduced to the desired value.

5-30. Certain powders have other ingredients added to make them
moisture-repellant forming “NH" powders. Such materials include dibutyl-
phthalate and/or dinitrotoluene. Since these materials do not have the de-
composition power of “pyro’ a higher nitration, 13.17 percent N is required.
These additional materials are added in the mixer. Since the composition is
water-repellant, the excess solvent can be removed with water instead of air
as is the case for “pyro” powders. Water drying is a much more rapid process.

Fraure 20.—Sorting table.

5-31. Pyro and “NH” powders often produce “muzzle flash,” due to the
high temperature of the gases liberated. Ilash may be reduced or eliminated
by the presence of inert, difficultly volatile materials in the guns at the time of
firing. The chiel one used is potassium sulfate. This substance may either
be incorporated in the powder, inthe mixers, or added tothe charge in the
form of pellets. In either case there is a marked increase in smoke.

5-32. Smokeless powders containing nitroglyeerine in addition to nitro-
cellulose are use as propellants by many nations. The United States Navy
uses these only as the propelling charge for various types of rockets.
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Chapter VI. EXAMINATION AND TESTS OF POWDER
ABOARD SHIP

6-1. The details of manufacture of smokeless powder are discussed in
chapter 5. The powder is manufactured in lots for the purpose of test and
issue, the lots varying in weight [rom 25,000 to 500,000 pounds, depending on
the granulation. For lots over 125,000 pounds manufacture is in sections of
125,000 pounds each. After proof and acceptance a lot, or a blend of several
lots, is given an index number and assigned to one or more specific guns with
a definite weight of charge for each combination of gun, projectile and muzzle
velocity. Normally a powder is designed for but one caliber, but if it be suitable

6-2. Index numbers are assigned serially—number 1 having been the first
smokeless powder accepted, and, except for the class designation shown in the
letters preceding the number, they tell nothing about the powder beyond an
approximate indication of its age. The designating letters are—

SP—Smokeless powder, made without stabilizer or indicator, none
now in service.
SPR- Smokeless powder with rosaniline indicator. Reddish in color.
None now in service.
SPD- Smokeless powder stabilized by addition of diphenylamine.
All powders since SPD 883 have been stabilized.
SPDW-—Reworked powder, made from ground stabilized smokeless
powders. Generally manufactured for target practice use.
A few indexes are still used as service ammunition,
SPDB—A blend of stabilized smokeless powders. The blend may be
made to provide an index of ample size for a ship’s service
allowance, or to utilize small remnants for target practice
purposes. A blend of large and small web powders may be
made to produce an equivalent, intermediate web,

SPDN- - Nonhygroscopic powder; stabilized smokeless powder with the
further addition of certain nonvolatile materials to reduce
hygroscopicity and increase service life. Now in service only
in webs for 5-inch, .38 caliber and below,

Stabilized smokeless powder, water-dried. In this process the
long period in the dry house is replaced by a shorter time in
tanks of warm water followed by a short air drying. At the

45
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present time X powders are all of wartime manufacture and
are being reworked as opportunity offers and are to be replaced
with new powders.

SPDI- Flashless powders—made so by the addition of certain com-
pounds which reduce muzzle flash.

6-3. Smokeless powder, containing as it does the volatile substances,
ether, and alcohol, cannot be held to possess unlimited chemical stability
and the length of its life depends very largely on the conditions under which
it is stored. At temperatures approaching 100° F. the period during which
it will retain stability sufficient to warrant its retention in service is relatively
short, Although chemical tests give an indication as to the probable life of
powder, no satisfactory method has been devised of foretelling with ecertainty
its length of life. The only safeguard is, therefore, to discover loss of stability
by frequent tests, and such tests shall be made with increasing care and vigi-
lance as the powder becomes older.

6-4. Officers charged with the care of magazines and the examination and
tests of smokeless powder shall thoroughly familiarize themselves with the
practical methods of making such examination and tests, and they shall be
held responsible for the accuracy thereof and for the correctness of the official
reports thereon. In order that the tests may be of value and indicative of
the stability of powder it is essential that the methods in all details shall be
uniform, and those charged with this duty must follow strictly the preseribed
methods. The apparatus and methods to be used are described in detail later
on. Commanding officers may take advantage of visits to navy yards to send
officers whose duties require supervision over powder tests to the ammunition
depot in the vieinity for the purpose of obtaining special instruction in sur-
veillance test work and for checking methods and results.

6-5. The Bureau of Ordnance records all tests reported from the various
sources and keeps eareful records of the disposition and condition of each
index, in order that proper steps may be taken, without delay, to dispose of
any index which develops low stability. In the case of powder on the Asiatic
Station, including Guam, this duty has been delegated to the Inspector of
Ordnance in Charge of the Naval Ammunition Depot, Cavite, P. I. In order,
therefore, that the system may be carried out care is enjoined to submit correct
and complete routine reports of ammunition on hand, stability tests, ete.
More complete information regarding these reports is continued in chapter 23.

6-6. The following examination and tests shall be made of smokeless
powder on board ship:

(1) For all service powders except 20-mm., 40-mm., 1”/1-inch and 5"/25
calibers and powder for small guns assembled in erimped cartridges:

(@) Daily.—Visual examination of samples and test for local heating in
magazines. Examination of violet paper.

(b) Fortnightly.—Visual examination of each replacement sample.
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(¢) Monthly.- Visual examination of one or more charges of each index;
65.5° C. surveillance tests on samples from broken-down charges on all indexes
that give a test of less than 30 days.

(d) Bimonthly.—65.5° surveillance test from replacement samples on all
indexes giving 30 to 39 days’ test.

(e) Quarterly.—65.5° surveillance test from replacement samples on all
indexes giving 40 to 59 days’ test.

() Semiannually—65.5° surveillance test from broken down charges on
all indexes on board.

(2) For service powders assembled in erimped cartridges the same tests
and examinations are required, but ships not furnished with special tools for
breaking down and reassembling such cartridges shall request the assistance
of vessels in company having such facilities or shall send the necessary cartridges
to an ammunition depot for break-down, test, reassembly, and return., A
sufficient quantity of the replacement sample(s) shall accompany the car-
tridge(s). The ship or depot conducting the test shall be furnished with the
appropriate Smokeless Powder Test Card with all data except the time of
test. On completion of the test the cards shall be completed and forwarded
to the Bureau, a copy being returned to the ship concerned.

(3) The peculiar nature of the heavy machine gun cartridge assembly
makes a departure from the above instructions desirable. The visual exami-
nation of broken down charges and the surveillance tests are replaced by the
following procedure:

(a) In order to avoid possible damage to the details of the assembly,
if cartridges were broken down to comply with the above instructions, the Bureau
authorizes at other than ammunition depots the omission of the monthly
examination of charges, but not of preseribed visual examinations of the ex-
terior of cartridges for heavy machine-gun cartridges issued for either service
or target purposes, until such time as surveillance tests indicate a stability of
less than 60 days for the powder indexes involved.

(b) Instructions for surveillance tests are modified to the extent that in-
stead of breaking down a heavy machine-gun cartridge to obtain the powder,
the test sample shall be taken from powder of the corresponding index stowed
in a sealed bottle in the magazine with the ammunition requiring test. Where
no surveillance oven is available on board ship or at the activity requiring the
test, the sample shall be forwarded in the original bottle, without breaking the
seal, to the activity conducting the test. Depots shall supply with future
deliveries of service and target ammunition a sufficient number of 100-gram
powder samples in 8-ounce sealed magazine sample bottles to provide for
surveillance tests over a period of 4 years for service ammunition, and for
the balance of the gunnery year for which issued for target ammunition. A
dated strip of tenth normal violet paper shall be added to each sample and the
bottles shall be sealed by coating the seated glass stopper and the neck with
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molten paraffin. Each bottle shall be labeled ““Special surveillance test sample
forU.S.S. . _ __SPDN______________ , Prepared __________ .

{Date)
by Naval Ammunition Depot - _ | These are in addition
to the regular magazine samples. Provision for stowage of the special sur-
veillance samples is considered within the capacity of the ship’s force.

(¢) In lieu of the monthly examinations, it requested that upon each visit
of a ship carrying heavy machine-gun ammunition to the vieinity of a naval
ammunition depot, but not more often than once in 9 months, the commanding
Officer request the Inspector of Ordnance in Charge to select a total of 36 rounds
from each magazine in which 1”1-inch and 40-mm. ammunition is stowed. The
36 rounds shall be selected from at least 18 boxes but should be transported to
the depot in one box. The ship’s replacement samples of the indexes concerned
shall be turned in at the same time that the cartridges are turmed in for in-
spection. The cartridges in the box so selected shall be broken down, the powder
examined, and, if found in satisfactory condition, the cartridges shall be reassem-
bled using cases and primers from stock, and returned to the vessel. 20-mm.
ammunition shall be treated as preseribed for small arms, On the occasion of a
ship’s regular navy yard overhaul surveillance test samples from the powder in
the cartridges and a test sample from the replacement sample shall be selected
by and tests started at the depot during the inspection of broken-down car-
tridges in order that a comparison of test results of powder in cartridges and the
special samples in the ship may be made. Necessary hand erimpers and gages
will be furnished depots not already so supplied.

6-7. When ammunition containing smokeless powder is issued to a ship
by an ammunition depot, there shall be supplied with each issue “magazine
samples’” contained in a glass bottle with a tight glass stopper, one for each
index and magazine in which the index is to be stowed, and a “replacement
sample” in an airtight glass or metal container for use in bringing up to weight
a charge which has been drawn on for surveillance test; one of the latter for
each index issued. When ammunition is transferred, these samples shall ac-
company it. In ease ammunition is expended, the magazine sample bottles
and the replacement samples shall be returned to an ammunition depot. Am-
munition depots keep on hand for observation small amounts of each index
issued, these samples being known as “retained samples.”

6-8. The different magazine samples shall be stored in the racks provided,
in the same magazine with the indexes which they represent and shall not be
opened except for the purpose of changing the violet paper, as provided for
below. Magazine sample bottles shall not be used in surveillance ovens, nor
shall “nonsol” bottles, especially prescribed for making surveillance tests, be
used for magazine samples. Kach magazine sample, when received, will have a
strip of N/10 violet paper in it bearing a date showing when the test was started.
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6-9. The daily examination shall be made as part of the daily magazine
inspection, which shall be made of all magazines and ammunition spaces, and
shall consist of a visual examination of each magazine sample in a good light,
without removing the stopper, to note whether the powder retains its normal
appearance and any change in the color of the violet paper. The presence, at
any time, of reddish brown or orange colored fumes in the bottle will indicate
decomposition of the powder.

6-10. The result of the decomposition of nitrocellulose powder is the
emanation of oxides of nitrogen, which, il not immediately absorbed by the
stabilizers, will be given off in the form of gases. These gases are strongly acid
and will attack material like metal or powder-bag cloth. They also possess
oxidizing properties, and this fact is taken advantage of in the violet paper test,
as the coloring material of the paper, methyl violet, is decolorized by the oxides
of nitrogen. The strips of violet paper issued are of standard size and contain
a definite amount of the coloring material. The paper strips, when exposed to
the gases given off by the decomposition of a standard sample powder, are at-
tacked and will absorb a definite amount of oxides of nitrogen, and the coloring
material in the paper will be changed from violet to white. The time required
for this change in color is an indication of the relative rate of decomposition of
the powder. Ior this reason only one strip shall be exposed to a sample at one
time.

6-11. Two kinds of methyl violet paper are made for use in conducting
test of smokeless powder.  One, known as normal violet paper, has a deep tint
and is used only in the laboratory for making the “German test at 135° C.)”
required by the powder specifications. The other is known as one-tenth (N/10)
normal violet paper, and has a paler tint. The latter is issued to ships and am-
munition depots for testing smokeless powder at normal atmospheric tempera-
tures. The Naval Powder Factory, at which the paper is manufactured in the
laboratory, is the source of supply for replenishment of depot stocks. When
received, the paper shall be transferred to tight glass-stoppered bottles, if the
shipping bottles are not satisfactorily tight, and stored in a dark place. 1t is
not affected by ordinary handling, but should be kept clean and dry, and it
is used dry. It is not affected by aecids other than oxides of nitrogen, and is
only slightly affected by light, but it is better to subject all tests to as little
light as possible. Deteriorating paper will show up by a whitening around the
edges and when this occurs a fresh supply should be obtained. Ships should
draw N/10 normal violet paper from ammunition depots in quantities sufficient
for about 1 year’s use in order to avoid aceumulating stocks on board ship and
to insure fresh paper’s being available for fests. It is not considered desirable
to have supply officers keep violet test paper on hand, as technical supervision
is required to insure the use of a suitable quality.

6-12. The object of the violet paper test is to provide a continuous visual
indication of the condition of the powder index represented by the sample. It
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supplements the surveillance test. It cannot be regarded as a definite quantita-
tive test to the same extent as the surveillance test. All indexes aboard ships
shall be continuously subjected to violet paper tests by means of the magazine
samples, and ships not equipped with surveillance test ovens shall have three
samples, each representing a different charge of all powders on board con-
tinuously subjected to this test. The extra samples required shall be supplied
by the ammunition depot issuing the original outfit. If not on hand they shall
be made up by a depot conducting an inspection or overhaul. Doubtful
powder should be given special attention on violet paper tests.

6-13. To test powder from rounds, charges, or bulk powder, a sample
of 12 ounces of the powder for calibers larger than 8-inch shall be placed in a
16-ounce glass stoppered bottle, and a sample of 6 to 8 ounces for calibers 8-inch
or smaller in an 8-ounce glass stoppered bottle. IFruit jars or 8-ounce bottles
partly full will permit of carpying on a satisfactory test, as the quantity does
not change the test, but it is better to have a standard procedure. ONE strip
of DRY violet paper, marked in lead pencil with the date of starting the test,
is dropped into the bottle on the powder and the bottle is then closed tightly.
[t is preferable to stow the bottle in the warmest part of the magazine, but
as a rule special racks are provided. The bottle should be carefully protected
from bright sunlight. The change in color due to the oxides of nitrogen, if
any are present, causes a gradual fading to a faint violet, then a change to
blue, and finally total loss of color, leaving a white paper. The duration of
the test is the number of days required for the paper to become white, and the
bottle should not be opened during this time. In submitting reports of tests
always show the total number of days from date on paper that the strip has
been in the bottle, omitting the (-+) sign to show that the paper has not turned
white. The paper will not become white in two months at ordinary tempera-
tures. The same paper can remain in a sample bottle indefinitely, so long as
it does not turn white. Cases have occurred where this test has run continu-
ously for several years. If a noticeable change in color occurs in 2 months,
another sample bottle should be started.

6-14. As the decomposition of nitrocellulose powder depends to a very
large degree on the temperatures to which the powder is subjected, so the dura-
tion of the violet paper test is dependent on the temperatures existing during the
test. The violet paper test.of two months specified for serviceable powders above
is intended as a minimum under the average temperature conditions obtaining
aboard ship. :

6-15. The following table presents some useful comparisons between
results of violet paper tests and surveillance tests of the same powders.
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COMPARISON OF SURVEILLANCE AND VIOLET PAPER TESTS

Violet paper test
Surveil-

lance test | =
Powder samuies | Mo A00"F. | At'gac . ‘ At 70° F. | At 100° F. At 110° F. | At 150° F.
Eaee SRR et in days in days in days | in days in days in days

f-pounder_____ - 217 67 | 12 3 2
Do__ = 21 ‘ 400+ 2524 39 13 2
b-ineh, 51-ealiber _ _ 19 | 81 21 | 5 2 2
Do._____ _ __ 48 334 220 12 7 3

6-16. The total loss of color by violet paper should be checked by exami-
nation in good light and comparison with prepared standards as furnished by
the Naval Powder Factory.

6-17. Fortnightly, the powder in each replacement sample shall be visu-
ally examined for signs of decomposition or change in appearance. After
making this examination, particular pains shall be taken to see that the
replacement sample containers, the contents of which are to be exposed for as
short a time as possible, are restored to their former airtight condition. In
the event no replacement sample is furnished, one charge shall be used for this
purpose and be plainly marked as such. The lack of a replacement sample
shall be immediately brought to the attention of the depot issuing the ammuni-
tion, and, if none be furnished then, to the attention of the Bureau.

6-18. Monthly, the powder in one or more charges of each index shall be
visually examined for signs of decomposition or change in appearance and test
samples removed for 65.5° surveillance test on all indexes which gave a test of
less than 30 days on the last surveillance test. Different charges shall be
selected each time for this examination, and care shall be exercised to expose
the charge for as short a time as will permit a thorough examination and to
restore the tanks or cartridge cases to their former airticht condition.

6-19. When a charge of powder decomposes, nitrous fumes are given off.
These fumes have a pungent, characteristic odor which can be detected by smell
when the package is first opened. To make this of value it is necessary that
the nostrils be applied to the charge immediately after opening the case and
that the officer making the examination be familiar with the odor of such nitrous
acid or nitrous fumes. They must not be confused with the odor of ether or
aleohol, which is normal, or with acetic acid odors, which are sometimes present
in old ammunition. If decomposition has proceeded very far, the metal con-
tainer may show signs of attack by formation of a green or white rust on the
inside. Only in the very worst cases are there likely to be present orange
colored fumes of nitrous acid, and this would be accompanied by very strong
corrosion of the ease and an overpowering acid odor.
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6-20. The examination of powder for physical appearance should be made in
a good light and by comparison with the magazine bottled sample. So long as
the sample in the bottle maintains a reasonably good violet paper test, this
sample may be considered representative of the index. TIn examination of the
charges the idea is to note a change from its original condition by comparison
with the sample. Powder in service is of various colors, ranging from buff color
to amber and black. Stabilized powders may become black with only very
slight decomposition, so that any darkening of the grain is not a eriterion of its
stability, as such a grain may be dead black and still have present 90 percent of
the stabilizer.

6-21. When a grain of powder has considerably decomposed there is
always set free nitrous acid which attacks the alcohol present in the grain and
the tough qualities are in a measure lost. Fine hairline cracks develop on the
edge of the grain where there is the greatest loss of volatiles, Here the grain
becomes brittle and the structure may be erumbled and broken off much like
sugar, while the balance of the grain is still tough and hornlike. Finally the
whole of the grain may be involved in this brittle condition. Grains which
have developed even the first stages of such brittleness will show a very low
violet paper test and surveillance test, and such tests should be made to
confirm the first diagnosis.

6-22. Periodic surveillance tests shall be conducted on every index on
board in accordance with the table in paragraph 6-6(1).

Special surveillance tests shall be made at such times as the officer respon-
sible for the same considers necessary or proper, due to abnormal or unusual
conditions, such as undue heating of magazines, ete. Wherever an index indi-
cates loss of stability in the daily or fortnichtly examinations or in the violet
paper test, it shall be subjected to the surveillance test at once.

Target practice, training, or experimental firing ammunition afloat need not
be broken down for surveillance test within six months of its issue from a naval
ammunition depot, but thereafter ammunition of this type shall be tested the
same as service ammunition, using powder from the magazine samples for the
surveillance test. Small arms powder in rounds afloat need not be tested.

6-23. Any nitrocellulose powder will gradually decompose at high tem-
peratures. For stabilized powders, as the temperature increases above 90° F.,
the rate of decomposition rises rapidly. At ordinary atmospheric tempera-
tures, however, such as are found in the magazines aboard ship, the rate of
decomposition of serviceable powder is slow, and it is difficult to obtain quanti-
tative data regarding the stability of a given powder subjected only to normal
temperatures, owing to the time required for the completion of a test. The
violet paper test may be expected to show up a “bad” powder which is rapidly
decomposing, but it cannot be expected to give quantitative data regarding the
stability and rate of decomposition of powders which are still serviceable,

Gene Slover's US Navy Pages Table of Contents



www.tinyurl.com/slover

EXAMINATION AND TESTS OF POWDER ABOARD SHIPS

6-24. This quantitative data is absolutely necessary for all powders afloat
and ashore, not only for the protection of the ships, shore depots, and personnel
concerned in their handling and storage, but also for the guidance of the Bureau
of Ordnance in withdrawing powders from service when their stability begins
to show progressive deterioration.

6-25. To obtain the necessary quantitative data regarding the stability of
a given powder, advantage is taken of the fact that the rate of decomposition
of smokeless powder is much greater at elevated temperatures than at normal
atmospheric temperatures. The decomposition of the powder to be tested is
“forced” by subjecting it to a constant artificial temperature of 65.5° C. (150°
F.), and the time required by a standard sample of the powder to give off a
standard visible amount of nitrous oxides (products of decomposition) is noted.
This test is known as the surveillance test, and the result expressed in “days”
serves to give a definite measure of the stability of the powder. Successive
surveillance tests show the rate of decomposition of the powder and form the
basis of the data on which powders are condemmned and withdrawn from service.

6-26. In the surveillance test a fixed quantity of the powder to be tested
is inclosed in a special, tight, glass-stoppered, “non-sol” bottle and exposed to
o constant temperature of 65.5° C. in an electrically heated constant tempera-
ture surveillance oven supplied for the purpose to all battleships, carriers,
cruisers, tenders, and large gunboats. The sample under test is examined
once daily until red fumes appear; which marks the end of the test. The
record to be made is the number of days it has taken to develop these fumes.
The surveillance oven is described in chapter VII.

6-27. The results of the surveillance test shall be reported to the Bureau of
Ordnance on the Smokeless Powder Test Card (Ord. Form No. 67 and 67A).
At the end of 60 days the test shall be discontinued, unless for particular
reasons it is desirable to run it longer, and any index which does not give red
fumes within this period is to be reported as “60 days +.”

6-28. On board ship when a powder gives a surveillance test of or below
the limits given in the following table, a special report shall be made to the
Bureau of Ordnance immediately and three samples shall be immediately
forwarded to the nearest naval ammunition depot with a notation of the
circumstances. The naval ammunition depot receiving the samples shall
immediately make surveillance tests and shall report the results of each as
soon as completed.

Caliber: Days
16”/147/12%/50 e 1 |
2 SR T P e T S AR 19
6//58; T'/45_ . 18
6" /47; 6¥/50__ _ . . ST T, . DR, .- . L. S, 17
B A0 Mk Q.o e e s e o 17
57/25; 5" /38; 5"/51; 47/50; Mark T ___ 16
A o e e e T T S i S 15
All others. . _ s o e 5 i e B A e S I 15
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6-29. Smokeless powder indexes or parts thereof at naval ammunition
depots giving less than two-thirds the limits fixed in the above table, will be
segregated pending instruction from the Bureau of Ordnance regarding their
disposition.

6-30. Before making a surveillance test, the required number of 8-ounce,
salt-mouth, glass-stoppered surveillance sample bottles should be thoroughly
washed and dried.  Stoppers for these bottles are ground to fit individual
bottles and should be attached loosely to their respective bottles with twine.
The twine must not be used to tie the stopper down during a test. Sealing
wax shall not be used to seal bottles during a test. Surveillance sample bottles
shall not be used for violet paper tests. Surveillance sample bottles may
readily be identified by the ground or etched space about 2 inches by 1 inch
on the side of the bottle near the bottom. This space is to be used for pencil
markings showing the index number and date of commencing and ending the test.

6-31. Samples for additional surveillance tests may be selected at the
discretion of the gunnery officer, but the samples for the surveillance tests
required by paragraph 6-22 must be selected as provided therein. The powder
shall be exposed to the air as short a time as possible, Five whole grains shall
be used for large grained powders—12”/50 and above; 45 grams in whole
grains shall be used for all other powders. The data necessary to identify each
sample shall be entered in pencil in the etched area on the bottle, and the
stoppers fitted snugly. The bottles shall then be placed in the surveillance
oven, empty spaces being filled with empty stoppered bottles to insure a more
even distribution of heat. The room containing the oven should be maintained
at as even a temperature as practicable.  The test requires that the temperature
within the oven be maintained at 65.5° C. plus or minus 1° C. While the
thermostat may be expected to regulate the heat within these limits, the ship’s
organization should provide for a frequent check on the temperature of the
oven in order that neither too low a temperature vitiate the test nor too
high a one cause an explosion of one or more sample bottles. It must be borne
in mind that the basis of the test is the accelerated breaking down of the mole-
cules of nitrocelullose by the application of heat and that the greater the heat
applied the earlier the nitrous oxide fumes will appear. As it is impossible to
prediet just when the nitrous oxide fumes will appear, each bottle containing a
sample shall be examined daily. The examination will consist of comparing
the bottle with the fume tube against a white background to detect the appear-
ance of the characteristic red fumes. With each oven there is supplied a fume
tube prepared at the Naval Powder Factory and containing nitrous oxide fumes
generated according to the fixed standards.  The bottles must not be openecd
while the test is in progress, and the time out of the oven shall be as short as
possible.

6-32. When the red fumes appear in a bottle the test is completed, and
& record is made of the number of days which have elapsed since the test was
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started, this being the measure of the stability of the powder. Should there
be any doubt as to the presence of fumes at a daily examination, the appearance
should be carefully noted and a close examination made on the following day.
when the additional 24 hours’ exposure should have considerably inereased the
depth of color. The standard fume tube should always be used for comparison.
When unmistakable signs of red fumes have appeared, or when the test has
run for 60 days, the bottle shall be promptly removed from the oven and the
sample thrown overboard. After a test the bottles are thoroughly washed and
dried and another test started, or else they are reserved for future use. With
small caliber powders not in good condition, the fumes develop quite rapidly,
and the powder might explode if the test is carried too far. This is due to the
fact that the rate of decomposition is increased by the presence of the oxide
fumes, but no case of this sort has occurred with large caliber powders, where
the proper temperature has been maintained constantly.

6-33. To have results of any value, it is most essential that personnel
strictly comply with the instructions for carrying out the surveilance test. If
conditions are constant, the results obtained are practically duplicated on tests
at different times, unless some change has taken place in the powder sample.
An increase in moisture content, or decrease in solvent content of a powder, or
actual decomposition in the powder will all affect results by reducing the time
of test.

6-34. If no surveillance oven is furnished, or if for any reason the one on
board is not available for use, the prescribed tests should be made at an ammu-
nition depot or on board another vessel. The responsibility for carrying out
the prescribed tests rests with the commanding officer, and he is empowered
to arrange for having these tests conducted as ealled for above. Such arrange-
ments shall be made without reference to the Bureau of Ordnance, except,
when on detached duty, information regarding the most suitable place or ship
to which samples may be forwarded may readily be obtained from the Bureau.
Vessels of the Navy and ammunition depots will conduct tests for Coast Guard
vessels or stations in the same manner as for naval vessels. In case it becomes
necessary to ship a sample by transport or rail (shipments by mail are abso-
lutely forbidden) the instructions regarding such shipments contained in circu-
lars issued by the Interstate Commerce Commission should be consulted.
The test sample, suitably marked, shall be placed in a clean, airtight glass
bottle, sealed with paraffin or wax, and the stopper secured by a cloth
covering and twine seizing. A test sample shall consist of four ounces.
Samples shall be properly packed and boxed to minimize breakage during
transportation,

6-35. The following abstracts [rom the Interstate Commerce Commission
regulations for “The Safe Transportation of Explosives and Other Dangerous
Articles by Express’” are quoted as applicable to shipments of smokeless
powder samples:

Gene Slover's US Navy Pages Table of Contents

55

Care in carrying out
tests.

Procedure il no oven
is available.

Transportation regu-
lations for explosives.


www.tinyurl.com/slover

56

AMMUNITION

1. The only samples of explosives that ean lawfully be shipped by express are those
intended for examination in a laboratory.

2. Samples of explosives for laboratory examination when properly packed and not
exceeding a net weight of one-half pound for each sample, and not exceeding 20 such samples
at one time in a single vessel or vehicle.

3. Samples of explosives for laboratory examination must be placed in well secured metal
cans or glass bottles or in strong waterproof paper or cardboard packages containing not
more than one-half pound each, and the interior package must be placed in dry sawdust or
gimilar enshioning material at least 2 inches thick in a strong and tight wooden box, with ends
not less than 1 inch thick, and top, bottom, and sides not less than one-half inch thick when
a nailed box is used, or with ends, top, bottom, and sides not less than one-half inch thick
when of lockcornered construction. Whenever these samples of explosives for laboratory
examination are contained in a metal envelope or receptacle, this receptacle must be properly
cushioned with sawdust or similar eushioning material in a strong wooden box, and this
interior box must be placed in a wooden box, with at least 2 inches of cushioning material
separating the boxes,

4. Not more than 20 half-pound samples of explosives for laboratory examination may
be placed in one outside box or transported at one time. The net weight of the explosive
eontents must be plainly marked by the shipper on the outside of each box offered for trans-
portation.

5. Each outside package containing samples of explosives for laboratory examination
must have securely and conspicuously attached to it a square red certificate label measuring
4 inches on each side and bearing in black letters the following:

Red Label for Samples of Explosives
(Reduced Size)
EXPLOSIVES

Sample for Laboratory
Examination

Handle Carefully
Keep fire away

This is to cerlify that the above articles are properly described by name and are
packed and marked and are in a proper condition for transportation, aceording to the
regulations prescribed by the Interstate Commerce Commission.

(Shipper’s Name)

6. The following explosives may be accepted for transportation by express, when
offered in compliance with regulations contained in Bureau of Explosives Pamphlet No. 9:

(a) Small arms ammunition.

(b) Small arm primers or percussion ecaps.
(¢) Cannon primers.

(d) Percussion fuzes.

(¢) Time or combination fuzes,

(f) Traeer fuzes.

(g) Cordeau detonant,

(k) Safety squibs.

(1) TFireworks, except when forbidden.
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() Instantaneous fuze.

(k) Fuze lighters.

(I) Fuze igniters.

(m) Eleetrie squiba.

(n) Delay electric igniters.

(o) Smokeless powder for small arms.

6-36. Containers which have been opened for examination of contents
or for the removal of powders for test are to be restored to their former airtight
condition. Cartridge cases will have projectiles or mouth plugs replaced and
will be made airtight as follows: With fixed case ammunition the joint between
the end of the cartridge case and the rotating band of the projectile shall be cov-
ered with adhesive tape and given a coat of clear shellac; with separate case
ammunition closed with a cork mouth plug, the plug shall be shellacked on the
periphery below the shoulder; the interior of the mouth of the case shall be
shellacked for a depth of about 1 inch, and the plug shall be replaced. If there
be any doubt as to the serviceability of the plug a new plug from spares
provided should be used.

6-37. Powder shall not be destroyed unless it shows unmistakable signs
of advanced decomposition. In the event of such deterioration, every charge
of the index on board shall be examined, and only such charges as contain
the decomposing powder will be destroyed. Decomposition in the sense here
used is evidenced by—

(a) The grains being friable and easily crumbled;
(6) Unmistakable odor of nitrous fumes; and
(¢) Very low violet paper and surveillance tests.

Powder found in a soft or mushy condition will be thrown overboard
immediately. However, occasion requiring such action should arise only under
the most unusual cireumstances as constant observation and strict compliance
with these instructions for powder tests will show loss of stability long before a
powder becomes decomposed.  In ease it should be necessary to destroy or land
smokeless powder for loss of stability, samples of each index shall be preserved
and forwarded to the Naval Powder Factory, Indian Head, Md., for examina-
tion, and the Bureau of Ordnance notified at once of the shipment and the
reasons therefor.

6-38. The foregoing instructions pertain to the care, preservation, and
stability of smokeless powder. Quite apart from the safety of the ship and the
preservation of her ammunition, these precautions are necessary to avoid
variations in the ballistic performance of the powder. For a satisfactory per-
formance there must be no unknown variations from the condition of the powder
at the time of the proof which fixed the weight of charge assigned. Such varia-
tions may be—

(@) A slowing of the powder due to absorption of moisture which
decreases the muzzle velocity for a given weight of charge.
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(b) A quickening of the powder due to excessive heat which drives
off part of the residual volatiles and increases the muzzle velocity.,

(¢) An irregularity in velocity due to varying effects of both (a)
and (b) on individual charges.

Neither (a) nor (b) can occur unless one or more charge containers be not
airtight. The importance of keeping powder containers airtight must be
rated on a par with proper maintenance of the director system.

It should be noted that loss of stability, so long as it does not make the
powder actually unserviceable, will not of itself affect ballistics appreciably.

6-39. In case of shipwreck, flooding of magazines, or other casualty
whereby ammunition is wet or damaged, the damaged ammunition shall be
forwarded to an ammunition depot for salvage as soon as practicable. In
no case should such damaged ammunition be thrown overboard or abandoned
if it can be recovered, and every reasonable care should be taken in handling
to avoid damage to containers. If shipment is materially delayed for any
cause, smokeless powder which has been wet should be shipped completely
immersed in distilled water. The ammunition so treated shall always be
suitably marked to show its condition, and the complete history forwarded to
the Bureau so that intelligent action may be taken regarding the disposition.
The Government has suffered material loss in the past due to the failure of
officers to carry out these instructions.
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Chapter VII. SURVEILLANCE OVENS

7-1. The Washington Navy Yard is designated as the central source of
supply for all types of surveillance ovens, and all ovens to be furnished ships
and stations will be supplied from that yard. Spare parts for all types of
surveillance ovens will be kept in store at the Washington Navy Yard. The
source of supply for fume tubes and “non-sol” bottles for surveillance ovens
is as follows:

East coast, Naval Powder Factory.
West coast, N. A. D., Mare Island.

The Washington Navy Yard will make out ship’s allowance lists for all
surveillance ovens, including spare parts. Surveillance ovens will be assigned
serial numbers by the Washington Navy Yard, and a record of their disposi-
tion will be kept on file there. All surveys of surveillance ovens and all
requisitions for parts of ovens should, in every case, give full information as
to the make (or mark), number, voltage, ete., of the oven affected by the
survey or requisition. When a surveillance oven has been damaged so that
the estimated cost of repairs exceeds 50 percent of its invoice value, it shall
be transferred to the Navy Yard, Washington, D. C., and a new oven
requested.

7-2. The purpose of these ovens is to conduct surveillance tests of
smokeless powder described in chapter VI. These tests consist of the deter-
mination of the time which smokeless powder requires under the prescribed
standard conditions of test to produce visible red oxides of nitrogen. The
standard conditions and methods of conducting the test are fully described
in the previous chapter. The surveillance oven is designed to maintain a
constant temperature of 65.5° C. (£1° C.).

7-3. No surveillance ovens prior to the Mark 2, Mod. 2 are in service.
A description of surveillance ovens Mark 2, Mods. 2 and 3, is included in
this pamphlet, but these ovens are to be modified to Mark 2, Mod. 4 or
7 eventually.

7-4. Surveillance ovens Mark 2, Mods. 2 to 7 will be described as a
egroup and features peculiar to certain of the modifications will be pointed
out. The following plates pertain to this deseription:

Plate 2—Surveillance oven, Mark 2, Mod. 2—General arrangement
(Dr. 96855).
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Plate 3—Surveillance oven, Mark 2, Mod. 2 Wiring diagrams

(Dr, 96833).

Plate 4—Surveillance oven, Mark 2, Mod. 2, Relay —General

arrangement (Dr. 96828).

Plate 5—Surveillance oven, Mark 2, Mod. 2- Method of installing

Boyce Moto-meter (Sk. 11734).

Plate 6—Surveillance oven, Mark 2, Mod. 2—Heat unit details

(Dr. 96851).

Plate 7—Surveillance oven. Mark 2, Mod. 3- -General arrangement

(Dr. 133691).

Plate 8—Surveillance oven, Mark 2, Mod. 3- -Wiring diagram (Dr.

133692).

Plate 9—=Surveillance oven, Mark 2, Mods. 4 and 7-—General ar-

rangement (Dr. 133694).

Plate 10——Surveillance oven, Mark 2, Mods. 4 and 7—Wiring diagram

(Dr. 133695).

Plate 11-—Surveillance oven, Mark 2, Mod. 5—General arrangement

and wiring diagram (Dr. 133602),

Plate 12—Surveillance oven, Mark 2, Mod. 4- Relay—Front view

(N. G. I. Neg. 12841).

Plate 13- Surveillance oven, Mark 2, Mod. 5 Side elevation (N. G. I

Neg. 9694).

7-5. General—The equipment consists of the following prinecipal parts:
Heat insulated box and cover, copper oven, temperature controlling device,
heating element, relay, rheostats, bottles, fume tube, mercury centigrade
thermometer, and wiring.

7-6. Body.—The body of the oven is made up of three boxes assembled
one within the other. The outer box, made of seasoned hardwood, serves as
a protective enclosure for the other parts. The second box, made of sheet
steel, is supported in the wooden box and the space between the two is filled
with a heat insulating material such as mineral wool. The third box, made of
polished sheet copper, comprises the powder testing compartment. It is also
supported in a recess in the top of the wooden box and is separated from the
sheet steel box by an air space. The cover consists of a wooden frame with
two sheet steel plates, the space between the plates being filled with the
material used to insulate the body of the oven.

7-7. Heating element—The heating unit is located under the powder
testing compartment and rests in the bottom of the sheet steel box. The
heating element consists of four spiral coils of nichrome resistance wire sup-
ported in and completely encased by an asbestos-lined sheet steel pan. The
pan is made in two parts and is held together by a center bolt. The heating
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