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INSTRUCTIONS GOVERNING THE CARE, PRESERVATION, STOWAGE, INSPECTION 
AND TEST OF AMM-UNITION 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 
ammunition 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 N aLional Research CounciL 

2. There are certain repetitions herein of matter contained in the Bureau of Ordnance 
Manual, bu t in most cases this pamphlet covers the subjects in greater det.ail 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 ou Pyrotechnics, 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, etc. 

6. The inclusion in this pamphlet of matter pertaining to ordna.nee material which is obsolete 
or obsolescent so far as the .Fleet is eoncerned, is dictated by the necessity for providing adequate 
information as to material issued in time of war to converted merchantmen, patrol craft, 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 H.egulations 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. 

v 
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AMMUNITION 

NAVAL AMMUNITION MANUAL 

Part I-1943 

Chapter I. GENERAL INSTRUCTIONS 

1- 1. The iustmctious contained in this Ordnance Pamphlet, promulgated 
primarily for the service afloat, shall be followed at aJl naval ammunition depots, 
naval magazines, nnval torpedo stations, naval ordnance plants, naval miuc 
depots, and other naval stations on shore, insofar a.s they are applicable. 

1- 2. The methods of caring for and handling ordnance material as set 
forth in-

(a) United SLates Navy Regulations. 
(b) Ordnance pamphlets. 
(c) Ordnance manuals. 

shall be closely followed. 
1- 3. Detailed instructions relative lo any particular class of ordnance will 

be found in the following publications: 
(a) Navy Regulations. 
(b) Ordnance Pamphlets (OP's), Ordnance DaLa (OD's), and Ord-

nance Drawings. 
(c) Ordna.ncc Manuals. 
(d) Gunnery Instructions. 
(e) Ship and Gun Drills. 
(j) Landing Force Manual. 
(g) Navy Department General Orders. 
(h) Ordnance circular letters. 
(i) War D epartment circulars or t.cchnical regulations issued through 

the Bureau of Ordnance. 
When in doubt as to the meaning of any regulation or instruction concerning 
ordnance, an interpr etation should be. requested from the Bureau of Ordnance. 

1- 4. Commanding officers shall have on file a compl ete and up-to-date 
set of ordnance publications covering all ordnance material and ammuntion on 
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board the vessels under their command. Ordnance pamphlets may be obtained 
fmm 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, 
t esting, 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 th e 
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 d1ift 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. Attention 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 preven t the occurrence of leaky containers, damaged tanks and cartridge 
cases, loosened projectiles, torn powder bags, etc., and in order to reduce the 
chances of accidents. The number of m en allowed in the vicinity 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 ~hall 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 ovqrhaul, 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 
carelessness. 

1- 10. Aside from the danger of leaky powder tanks, there arc other serious 
conditions which arise. The silk powder bag cloth is attacked by the nitrous 
oxide fumes. This would soon impair th.e 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 inconvenience 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 practieable 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 f'hall be handled with the 
greatest care. Upon receipt at a naval ammunition depot it shall be unfuzed 
and the fuze scrapped. Fuzes are designed and manufactured so that a fuzed 
projectile may be dropped without causing the fuze to function, but additional 
dTops 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 requiTed 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 fiTing should not be laid on theiT 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 manufactmed to contain ill 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 smface moisture. The charges in caTtridges are effectually sealed by the 
cork mouth plug or by the projectile, and both cartridges and bag charges are 
issued in aiTtight tanks. The weights of charge having been established 
by the proof fuing of the indexes under standard conditions of temperatures, 
etc., 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 aiTtightness 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 IJ.?'Y 
be counteractive, it is highly unlikely that they will exactly balance, and the 
importance of keeping powder containers aiTtight 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 moistme, with the powder at a temperature of 90° F. Variations 
in storage temperatmes 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. 

1-15. When smokeless powder is removed from magazin t naval ammu-
nition depots or on board ship for any pmpose, it shall not expo~ed 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 tanl\:s, cartridge cases, 
ammunition boxes, · or other containers. Whenever it may be necessary to 
transport smokeless powder ammunition 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 
regarded 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° F., a special report shall be made to the Bureau of Ordnance immedi
ately, explaining the circumstances in detail and stating the temperatme 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 
ha.ve 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 arc 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 battle only. It 
is not to be used for drill at the guns, instruction of the personnel that requires 
opening of charges or projectiles, for testing hoists or conveyors, or for similar 
pmposes, except upon express authority from the Navy Department. It shall 
be regarded as part of a vessel's outfit, shall be kept distinct 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. T arget 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 ni.\ry 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 

5 

Procedure when ex~ 
posed to sun. 

E~posure to high tern .. 
perature&. 

Wet powder. 

Safety devices. 

Service anununition. 

Inspection o f seniee 
ammunition. 

www.tinyurl.com/slover


6 . AMMUNITION 

data for a report on the condition to the Bureau of Ordnance, when requesting 
authority to turn it in for temporary stowage. 

Periodic overhaul or 1- 22. All service ammunition on board ship shall be overhauled periodi-
service ammunition. 

cally as follows: 

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

(1) Five years ~fter 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 th e 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 unusually 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 
dming the regular navy yard overhaul peripds of th e 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 prescribed in article 1- 30, chapter 1, page 19. Projectiles 
loaded with black powder, mixed filler, explosive "D," granular TNT, and 
illuminating assemblies need not be turned in to an ammunitiondepotfor 
overhaul unless required as a. result of the inspection mentioned below. Five 
percent of proj ectiles loaded with cast TNT, 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. 
(c) Special ammunition, small arms, primers, unassembled fuzes, signalling 

and pyrotechnic materials, trench and chemical warfare munitions, 
etc.- These materials shall be inspected by the Inspector of Ordnance 
in Charge or his representative and the Gunnery Officer at the time 
of the projecLile inspection; and, if necessary, shall be turned in to 
the depot for such examination, test, grading, marking, overhaul, 
and replacement or completio~1 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 shou ld 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 inspections 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, etc., 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. It 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 circumstances shall a;ny 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 saluLing, 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 watertight 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 ti·aining 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 occurred where ships have used up 
more than half of their service primers in prcparaLion for target practice, thus 
rendering a part of their service ammunition worthless until the supply is re
plenished. 

1- 28. 
1- 29. 

9 

1-30. Projectiles comprising the service allowance of ammunition shall not Service projectiles. 

be altered or disassembled on board ship, in any of their parts, without expliciL 
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 tho bourrelet. Projectiles for separate loading ammunition 
in 5-inch glms and above are issued with grommets protecting the rotating 
bands. When projectiles are stowed horizontally grommets should be lefL 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 projeetilcs should be removed before sending up tho hoists to 
avoid possible jambs. 

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

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

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

(c) Replace grommet if removed. 
1- 32. Illuminating projectiles assigned for target usc are of the oldest 

manufacture available in tho caliber concerned, thus retaining the most modern 
and improved projectiles for service use. 

1-33. Empty cartridge cases, cartridge boxes and tanks, powder tanks, 
bomb crates, primer boxes and blocks, and all other containers and ammlmition 
details including covers, gaskets, projectile grommets, metal stops, wood dis
tance pieces and projectile nose blocks, fuze covers, etc., shall be returned to an 
ammunition depot (preferably the one from which issued) at the first convenient 
opportunity. Empty ammlmition containers or boxes shall be closed with the 
same method and care as filled conLainers. 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 conLainers, and details which are missing or have been lost shall 
be covered by "missing surveys" as proscribed by the NavY, Regulations. 

Return of empty con ... 
tainers and ammunition 
details. 
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Chapter II. SAFETY PRECAUTIONS 

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

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

2-3. The safeLy 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 circwnstances not known at the time of 
their promulgation, the proper action may instinctively be taken. 

2- 4. As a matter of precaution, persons working with explosives shall 
have no iron, steel, or articles of a combustible nature about their persons. 
Matches or other fhtme 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 arc open and powder exposed. Particular 
attention shall be paid to avoiding the making of sparks from contact of steel 
on steel, especially with black powder presenL. 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 flying when
ever explosives are being handled. All lighters, boats, and vehicles carrying 
explosives, except artillery pieces, shall carry a red flag (International B). 

2- 6. A careful disLinction 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. 

ll 
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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 
great violence and loud noise, thus covering many occurrences resulting from 
the action of other substances than those known as explosives. The most i.In
portant effect of an explosion is a rise in the pressure in the surrounding medium. 
Although an explosion results from the rupture of a cylinder filled with gas 
under pressw·e, 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 su bstanccs 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 gaseous. 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 arc in unstable equilibrium." ("Ex
plosives," Brunswig, Munroe & Kibler.) 

3- 2. There arc three important conditions to be fulfilled by an explosive 
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 products. 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, 
expend ing 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 
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 
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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 chemical 
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 
occms, 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 distinction in the method of 
supplying the oxygen divides explosive substances into two classes: 

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

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

As a rule, few explosives have sufficient 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 followin g. If 12 grams of carbon unite with 16 grams of 
oxygen to form 28 grams of carbon monoxide, 29 large calori es of heat are 
liberated. If 12 grams of carbon unite with 32 grams of oxygen, then 97 large 
calori es of heat a re liberated. This influence of th e 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 th e case, as is shown by the following table giving 
Lh c relation of certain articles to each other wi th reference to the amount of 
heat given off in combustion. 

Petroleum ______ _____________ _____________________ _____________ 30 
Coal _____ _________ _______ ____ ________ __ ______ ________________ _ 20 
VVood ___ ___ _________ _____________________ ____ ___ ___ ___ ____ ____ 8. 75 
Nitroglycerin ____ ______________ ____ ___________ ______ ____ __ __ ____ 4 
Fulminate of mercury_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 

. Explosives appear to con tain more energy for the reason that they have .the 
property of releasing their energy in an extremely short space of tim thtti is, 
the velocity of explosion or the rate at which the effects of the reactiqJjl~ ~re 
Lransmitted from layer to layer is very great. Although th e quantity o( -as 
and heat evolved affect greatly the power of an explosive, the rate at w'h: ch 
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 lmown 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 ilamc. lt 
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, 
in the light of modern invE'stigation, it is found that insensitive eXplosives arc 
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 arc 
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, 
i. e. , for usc in ejecting a projectile from a gun. One not in this class is termed 
a "high explosive." A propellant is sometimes 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 once 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 SE'rond, depending on the conditions mH1er 
which the reaction occms. 

3-7. From the above 1t may be judged that the difference betwem1 a 
propellant and a high explosive cannot be sharply drawn. In fact, until nitro
explosives came under investigation, there was no need of such a distinction, 
as black powder was the only well-lmown 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 niLro-cotton, when attempts were mad e to usc it as a 
prop'ellant charge, did eousiderable clamag.c to the guns·. However, when it 
was found that when this high explosive was dissolved in ether and alcohol the 
colloid resulting bumod 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 protra.cted 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. 

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 inaccuTacies of the manuscripts, to the fanciful style of many writers 
of that day, and to the enors 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. It 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 
a.ddition of saltpeter when this substance was found to have the property of 
deflagrating with burning bodies. 

3--9. In 660 A. D. , in the defense of Constantinople, a mixture thought to 
contain sulphur, pitch, resin, etc. , was discharged from a tube or siphon some
what after the manner of modern flame proj ectors. 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 crusade, 
as "Wildfire." In this, sulphur, naphtha, pitch, and sal tpeter, in a semisolid 
mass, was ignited and thrown by ballistae in land warfare. 

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 early stages, as it was prepared as a 
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. 

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 nitric acid easily combustible substances were obtained. In 1838 Pelouze 
discovered that an explosive could be made hy treating cotton with nitric acid. 
Previous to this, in 1832, Braconnct found that starch, wood, and similar sub
stances treated with nitric acid made explosive compounds. Those discoveries 
were without practicable importance until Schoenbein in J 845 found that a 
mixture of nitric and sulphuric 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 mercmy. 
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, so the continued investigation of nitro compounds produced a substitute 
for it as a military bursting charge for projectiles. Picric acid or trinitrophenol 
was adopted by many countries for this pmpose; 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 picric 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 explosion. 
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. 
Second, m ade large quantities of black smoke. 
Third, was very hygroscopi c. 
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 alcohol. 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 alcohol 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 entirely destroyed in a 
complete gelatinizing process. He mixed nitrocellulose with ether and alcohoL ~ 
then rolled the mixture into sheets and cut the sheets into cubes. Whe~x~ed. '" 
a very satisfactory propellant powder resulted. This powder was called 
"Pouch·e B" after General Boulanger, a noted French ballistician. In 1888:;; 
Nobel produced a new propellant which was adopted by the British the sa¢ { 
year under the name of cordite. It is a mixture of nitroglycerine and ~Itf.o
cellulose dissolved in acetone. The improvements which have been J,n.ade in 
smokeless powders since that time have been prin,cipally in the direction of 
better purification and other measures for insur~~ chem~cal stability. 

3-18. In 1889 the German Government ad?Jfted a mtroc!ellulose powder 
and in 1893 the Austrian Government adopteq ·:a ,powder similar to corditP. 
In 1896 the United States adopted the nitrocellulq~e powder, but it was several 
years later before it had finally replaced the brow:ii 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 
bum 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 introduction 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 fl.asbless powders where a 
desirable red glow is accompanied by highly undesirable excess smoke-an 
improvement in stability, life, and resistance to hygrosC'opicity-'-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- Composition. 

gredi.cnts of black powder from the time of its first use as an explosive. The 
propor~ions have varied wi.th the development of the manufacture, from a 
clearer knowledge of the properties of the different mixtures, so that eventually 
special proportions were used for m:aking 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 su lphur, 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 fOlmd 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 proportioll s 
being used for all powders and the rate of combustion for different uses bei11g 
regulated by the granulation. 

4-2. Saltpeter is formed in nature by the decay of nitrogenous substances Ssu'"''"'· 
in the presence of air, moisture, and 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, etc., where stable dung accumulated. Frequent sprinkling with urine 
accelerated the decay. 

4-3. The material when gathered is placed in containers and sprinkled Sources ... r """""'"'· 

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 w:ith 
potash or potassium chloride in the concentrated mother liquid from a previous 
operation, and sodium chloride or common salt crystallizes out at the high 
temperature of the reaction. When cooled the saltpeter which has been 
f_ormed crystallizes out. Synthetic sodium nitrate is now obtainable com-
mercially at reasonable cost. 

21 
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Sulphur. 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 

Sourceorsulphur. bottom it is collected in troughs, where it forms sulphur cakes when cool. 
More 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 obt.ained 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. 

E ITectofsulphur. 4- 5. Sulphur bas 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. 

C ha rcoal. 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 run out. The wood is split up, placed in iron cylinders and 

How prepared. heated uniformly in a furnace at a temperature of about 280° C. The volatiles 
are allowed to escape through holes in the cylinder and into the furnace where 
they burn. When the flame from the escaping gas becomes blue, the car
bonization has proceeded far enough . The cylinder 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 gro und. The charcoal 
for brown po,vders 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 bad the effect of binding the other 
ingredients together and thus made a denser grairi, 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 . 

'"'~·~':r~ractureofblack 4- 7. The most important considerations in manufacturing black powder are 
to have the ingredients finely pulverized , intimately mixed together, and pressed 
Lo a high density. Manufactming methods have changed considerably since 
the original pro.cess of pulverizing, mixing, and caking in one operation (which 
was discontinued due to dangers involved). At the present time they still 

Pulverizing. 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 caking during the pulverizing process. Any mill is 
Im itable for the pulverizing operation, but the one in most general use consists 
of a steel cylinder 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 Mixing. 

lignum-vitae balls, or in a copper cylinder through which as axle passes carrying 
several rotatir1g arms. The mixing is carried on by rotating the drum or 
cylinder for 5 minutes . 

4-8. At this stage in the manufacture, the black powder takes on its explo
sive character, and all furth er 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 Incorporation . 

consist of two heavy stone wheels running 011 a stone bed. They both may be 
made of iron, in which case the wheels are r.uspended 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 to cause an explosion, provided the 
mill is 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 pereent of its weight in distilled water. The grinding is carried on for about 
2 hours for cannon powder, and up to 5 hours for rifie powder, water being added 
periodically to keep it moistened. On completion of the incorporating proeess, 
the powder on the bed is in the form of mill cake. 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 Pressin~. 

formed with copper, bronze, or ebonite 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 arc 
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 Graining, 

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 Glazing. 

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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mg 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 trays 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. 

Compressed grains. 4- 11. The above description applies to rifle, cannon, and shell powder, 
which is made up of irregularly formed grains. When black powd er 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. Th e 
sphcro-hexagonal powder in use at present for certain torpedo impulse and 
depth charge throwers is made in this way. 

I'hys ical properties. 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 tlu·ough black powder should come out clean, otherwise too much 
lhrst is present. Granulating the material makes it more inflammable, as 
th e flame can travel more readily through the interstices. Compressing 
th e powder into large grains, on the other hand, reduces th e number of inter
stices and slows the burning. P erforating these grains permits speeding 
up th e burning, for, as the compressed powder burns from layer to layer, the 
surface is increased by the enlargement of thfl pcrforaLions. Gene1·al Rodman 
made disks the diameter of the bore and about 1 to 2 inches thick, with per
fora.tions, and obtained great success in controlling the rate of explosion. 

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

Uses. 4- 14. Th e development of new chemical compounds has decreased the 
range of use of black powd er, hut it is sti ll important for certain purposes. Its 
high inflammability makes it e~sential for ignition charges for smokeless powder 
fmd for primers for guns of 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 t ime fuzes. Although it is being used 
(when mixed with equal parts of granular TNT) as a filler in minor caliber 
common and shrapm~l projectiles , it is gradually being superseded by high 
explosive fill ers in proj ectil es of new design. In the sphere-hexagonal granula
tion it is used 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 

T ype Designation Use 

~eal ____ ______ __ _____ F. F. F. F. F. F. G __________ Fu7.e delay trains. 
Fine grain _____________ F. F. G. an d F. F. F. G ______ Primers. 
Granular ______ _____ __ Caunon ____ ______ _______ ___ Ignition charges (when broken 

down, for saluting charges, 
etc.). 

Granular (smaller) __ __ _ ShelL ___ __ _________________ Projectile filler (for saluting 
charges when authorized.) 

Grained _____ __________ S vherc-hexagon a! (SH ) _______ Impulse charges. 
Do ______ ______ ___ Sodium nitrate (SN) _________ Do. 
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Chapter V. SMOKELESS POWDER 

5-l. The raw materials used in the manufacture of Navy Standard smoke- eenur.-. 
less powder arc cellnlose, nitric and sulphuric acids, ether, ethyl alcohol, and 
diphenylamine. Cellulose is a celloidal substance, the molecule of which is 
thought to consist of the complex (C6H 100 6)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. Colton . 

I t 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 cclluloses isolated from various 
sources will always differ in some of their properties, due to the modification 
of the molecular structure during extracLion. 

5-2. Raw cotton contai.us about 90 percent of pure cellulose, natural color
ing matters, 8 percent of moisture, 0.2 Lo 0.4 percent of nitrogen, 0.5 percent 
oi wax, fat, and resin, and 1 percent of mineral matter. The actual amounts 
of these substances are determined largely by the type of coLton, 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 I. 
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 Purificalion orcouon. 

purification treaLmcnt, as this has a direct 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 impmities. 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 a.nd 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 acid 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 N03 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 fourtd 
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 detennining 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 solu tion. Below 9 percent 
nitrogen the nitration is generally incomplete and the solubility in ether alcohol 
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 alcohol 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 product perfectly soluble 
in ether alcohol, it is necessary to have enough water not only to convert all 
the sulphuric acid into H2S04 · H20, but also all the nitric acid into HN03 • H 20 . 
As a molecule of water is formed for every molecule of nitric acid used up, 
the percent of nitration, and in turn solubil ity, 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 slighLly 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 percenL plus or minus 0.1 
percent. This value may be arrived at by blending nitrocelluloscs which con
tain from 12.45 percent to 12.75 percent nitrogen and have at least 95 percent 
solu hili ty. · 

5- 8. The raw materials used in the manufacture of sulphuric acid at the 
Naval Powder Factory arc 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 arsenic, and the total impuriLios 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 rotaLc about 
one and one-half tw-ns per minute. At one end is a hopper which feeds sulphur 
Lhrough 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 tho sulphur burns in the presence of excess air, S02 is formed, with 
some S03• For purification, this gas is drawn by a suction blower through 
the combustion chamber, gus lines, coolers, scrubbers, and filters . The gas 

MAN. PT. I_Y· V• HT- J/2 9 , 

FIGURE I.- 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 80 3. This gas is then passed, after cooling, through shower 
towers. Sulphuric acid is run through the towers in a continuous shower. 
The 803 combines with the water in the sulphuric acid to form a stronger acid, 
which is finally built up to a fuming acid of about 110 perc.ent. The fuming 
acid is withdrawn, mixed with 5- to 7-percent nitric acid to prevent freezing 
and stored for use. 

acf'.l:anuructure or nitric 5-10. Nitrogen products are obtained as a byproduct from coke ovens. 
They may also be obtained ·from the nitrogen in the aiT by one of several ways. 
In the cyanamide process, lime and powdered coke are burned in an electric 
oven, and calcium carbide obtained. This is nitrified in iron vessels into which 
is forced nitrogen made by distilling liquefied air, and cyanamide 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 hydJ:ogen 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 nitric acid is made by oxidizing the ammonia. In the 
arc process nitrogen monoxide (NO) is obtained directly from the atmosphere 
]jy using very high temperatures which are obtained from an electric arc. 
D ecomposition is :.prevented by very rapid cooling; when th e gas is finally 
cooled it becomes nitrogen dioxide (N02) , and it is then converted into HN03 

by passing it through water in absorption towers. D uring 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. L ess 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 HN03 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 industri es, 
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 cylinder, which in turn passes it to a large spider frame 

FIGURE 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°0. The cotton is discharged at the end of the 
dryer where it is placed in covered cans for transportation to the nitrating 
house. 

FIGURE 3.-Cotton dryer. 

5-15. Four different systems have been in use for the nitrating process: 
the pot system; the displaceme~t 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 diagiammatic sketch of the nitrating house, plate 1, shows tlu·ee 
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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MAIN DRIVE SHAFT 

WATER------rt 

NITRATED COTTON FLUME-----.... 

TO BOILING TUBES--------_/ 

FLOOR LINE-----------' 

ACID 
TANK 

FLOOR LINE 

Plate I.-Diagrammatic arrangement of nitrating process. 
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5- 17. In operating the mechanical dipper system 32 pounds of cotton 
are dumped into a nitrating 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, keeps the 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 longer time in the 
:r:: 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 
:;...,;;~~~'1!'1-HJ:;Z/~~~"' the nitrocellulose is about 25 

F I G UR E 5.- Centrifugal wringer. percent saturated with free 
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acids and is unstable in air, being liable to "fire," which is a spectacular reaction 
giving off dense OJ\.'ides 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 nlower 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, 
dm·iron 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 
is a mixture of nitrates of 

.FIGURE 6.-Pyro discharge to boiling tubs. 

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 pyroccllulose. 

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 • 

PURIFIED PYRO 

FIGURE 7.-Boiling 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 fib ers. 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 importan t 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 cylinder 
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 furLhcr purification. 

5-22. The Miller Duplex beater (fig. 8), consists of a long tank as shown. 
A revolving drum, fitted with longitudinal knives, works between an upper and 

;-· -~ ·_ ·, ~- ~1-.. 7._.- ··---~ -~ ~ 
:C.- -.,-.,-
~CB;EEN 
Jr :z: 
r .. 

FIGURE 8.-Duplex beater , pulping machine. 

lower set of fixed knives, ea.ch of which cover 20 degrees of the arc of the drum. 
The pyro is dumped into the beater through the top. As the drum revolves, 
the pyro, suspended in water, 
circulates, and the fibers arc 
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 to large wooden poacher 
tubs (fig. 9) where it is given 
treatment by boiling and 
washing while being agitated 
with large rotating paddles. 
It is boiled for 6 hours, then FIGURE 9.- Poaching tubs. 
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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, mercuric 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. 

FIGURE 10.- Pyro screens. 

5- 25. Before being mixed with the ether-alcohol 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 wmng 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 wttLcr 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 cylinder. A pressure of about 
200 pounds is then applied. This forces part of the water through a screen in 
the lower ram. Alcohol is then drawn from a measuring tank by a steam 
pump and forced tlu-ough 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 alcohol is fom10d (fig. 12). 

5- 28. These blocks arc transported in cans to the "block_ breaker" which 
reduces the blocks to a coarse, fluffy mass which is weighed out in cans and 
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F IG URE 12.- D ehydratin g press. 
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transferred to rntxmg ma
chines (fig. 13), similar to 
dough mixers. A <'.harge is 
placed in the machine, the 
cover is secured, and the 
revolving arms are set in 
motion. Ether 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 p~rcent of the 
weight of the finished 
powder. 

5- 29. After the charge 

SMOKELESS POWDER. 

is thoroughly mixed it is FIGURE 13.-Mixing machine. 
dumped into cans and 
transferrod 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 cylindrical blocks, and trans
ferred in cars to the die press house. In order to insure a thoroughly mixed, 

F IGURE 14.- Blocking press. 
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FIGURE 15.-Macaroni press. 

DIAME:TER OF' GREEN GRAIN ----, 

PLATE PERF' ORATIONS 

PINS----' 

FIGURE 16.- Grai ning press. 

DIE BODY 

PLUG-----' 

MAH. I'T.N- V-I..C-P.2/Z9. 

FIGURE 17.-Powder die for mu ltipcrforatcd grains. 
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uniform colloid , and to eliminate hunps and foreign matter, the blocks arc 
pressed through the macaroni press (fig. 15). This press has a screen head, 
containing a large num bcr of small holes. The pow·dcr is forced tlu·ough this 

FwuRE 18.- Grain cutter (cover in place) . 

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

FIGURE 19.-Grain cutter (cover removecl ). 
577220 °--44--·-4 
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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. 

FlG URE 20.- Sorting table. 

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

5-32. Smokeless powders containing nitroglycerine in addition to nitro
cellulose are use as propellants by many nations. The United States Navy 
uses thf'se 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. Th e 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 from 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 
for other calibers it may be so assigned. 

6--2. Index numbers are assigned serially-number 1 having been the first 
smokeless powder accepted, and, except for Lhe 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--

SF- Smokeless powder, made without stabilizer or indicator, none 
now in service. 

SPR--Smokelcss powder with rosaniline indicator. Reddish in color. 
None now in service. 

SPD· - Smokeless powder stabilized by addition of diphenylamine. 
All powders since SP D 883 have been stabilized. 

SPDW- Rcworkcd 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. 

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

SPDF- 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 certainty 
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 powd er it is essential that the methods in all details shall be 
uniform, and those charged with this duty must follow strictly the prescribed 
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 vicinity 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 careful 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 
Orcl,nance in Charge of the Naval Ammunition D epot, Cavite, P. I. In order , 
therefore, that the system may be carried ont care is enjoined to submit correct 
and complete routine reports of ammunition on hand, stability tests, etc. 
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 "l-inch and 5" /25 
calibers and powder for small guns assembled in crimped cartridges : 

(a) Daily.-Visual examination of samples and test for local heating in 
magazines. Examination of viol et paper. 

(b) Fortnightly.-Visual examination of each replacement sample. 
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(c) Monthly-. - .Visual examination of one or more charges of each index; 
65.5° C. sm·vci ll ancc 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° smvciiiance test front replacement samples on all 
indexes giving 40 to 59 days ' test. 

(f) Semiannually.- 65.5° surveillance test from broken clown charges on 
all indexes on board. 

(2) For service powders assembled in crimped cartrid ges 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, Lest, reassembly, and retw·n. A 
sufficient quantity of the replacement samplc(s) shall accompany the car
tridge(s). The ship or depot conducting Lhe 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 retmncd 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 Lhc above instructions, the Bureau 
authorizes at other than ammunition depots Lhe omission of the monthly 
examination of charges, but not of prescribed visual examinations of the ex
terior of cartridges for heavy machine-gun carLridges issued for either service 
or target purposes, until such time as surveillance tests indicate a stabiliLy of 
less than 60 days for the powder indexes involved. 

(b) Instructions for surveillance tests are modified to the extent thaL in
stead of breaking down a heavy machine-gun cartridge to obLain 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 scaled 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 
for U.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. 

(c) In lieu of the monthly examinations, it requested that upon each visit 
of a ship carrying heavy machine-gun ammunition to the vicinity 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 tumed in at the same time that the cartridges are turned 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 prescribed 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. N ecessary hand crimpers 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 wiLh a tight glass stopper, one for each 
ind ex 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 case ammunition is e:xpendcd, 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. Each 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 boLtle will indicate 
decomposition of the powder. 

6-10. The result of the decomposition of nitrocellulose powder is the 
emanation of oxides of nitrogen, which, if 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 decolorizcd 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 e:>..-posed to 
the gases given oil' 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. For 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 aval Powder Factory, at which the paper is manufactured in the 
laboratory, is the source of supply for replenislunent of depot stocks. When 
received, the paper ~lutll be transferred to tight glass-stoppered bottles, if the 
shipping bottles arc not satisfactorily tight, and stored in a dark place. It is 
not affected by ordinary handling, but should be kept clean and dry, and it 
is used dry. It is not affected by acids 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 possihle. 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 ammuni Lion depots in quantities sufficient 
for about 1 year's usc in order to avoid accumulating stocks on board ship and 
to insure fresh paper's being available for tests. It is not considered desirable 
to have snpply 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 provicle 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 ~ 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 
sam ples, 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 no t on hand they shall 
be made up by a depo t conducting an inspection or overhaul. Doubtful 
powder should b e 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 
1 6-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. Fruit jars or 8-ounce bottles 
partly full will permit of carrying 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. 
It is preferable to stow the bottle in the wa1mest 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 b e 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 indefini tely, 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 e),.risting during the 
test. The violet paper test of two months specified for serviceable powders above 
is intended as a mini.J:num 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 

--
I 8urveil-

lance test 

Powder samples 
at 150° F. At 64° F. 

in days in days 

6 -pounder _____ __ __ 7 217 
Do ____ _____ __ 21 400 + 

5 -inch, 51-caliber ___ 19 81 
Do ____ _____ __ 48 334 

At 70° F. At Hl0° F. 
in days in days 

67 12 
252 + 39 

21 5 
220 12 

I 

At 110° F. At 150° F. 
in days in days 

3 
13 

2 
7 

2 
2 
2 
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. Fortnjghtly, 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 conLainers , 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 aLLent.ion of the Bureau. 

6- 18. Monthly, the powder in one or more charges of each index shall be 
visually examined for signs of decomposiLion 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. Difl'erent charges shall be 
selected each time for this examination, and care shall be exercised to expose 
the charge for as hort a time as will permit a thorough examination and to 
restore the tanks or carLridge cases to their former airtight condition. 

6-19. When a charge of powder decomposes, nitrous fumes are given ofl'. 
These fumes have il pungent, characteristic odor which can be detected by smell 
when the pu.ckage 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 
alcohol, 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 case 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. I n 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 criterion 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 crumbled 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, etc. Wherever an index indi
cates loss of stability in the daily or fortnightly examinations or in the violet 
paper test, it shall be subjected to the surveillance test at once. 

Target practice, training, or experin1ental 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
tlll·es, 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 th e 
stability and rate of decomposition of powders which are still serviceable. 
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6-24. This quantitative data is absolutely necessary for all powders afloat Necessity for test. 

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 Bmeau 
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 Results from test. 

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 temperatmes. 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 measme of the stability of the powder. Successive 
smveillance tests show the rate of decomposition of the powder and form the 
basis of the data on which powders are condemned and withdrawn from service. 

6-26. In the surveillance test a fixed quantity of the powder to be tested How made. 

is inclosed in a special, tight, glass-stoppered, "non-sol" bottle and exposed to 
a constant temperatme of (15.5° C. in an electrically heated constant tempera-
tm·e smveillance 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 smveillance oven is described in chapter VII . 

6-27. The results of the surveillance test shall be reported to the Bureau of Reportaofresults. 

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 Danger point. 

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 smveillance tests and shall report the results of each as 
soon as completed. 

Caliber: Days 

16"/14" /12°/50 ______ ---------- -- ______ _ --- - ________ --- --- --- -- - _ 23 
8"/55 __ ____________ ________ ___ _______ ------- ------ -- --- - -------- 19 
6"/53 ; 7"/45 ___ ------------ --- ------- -- -------------- - ---------- 18 
6"/47; 6"/50 __ - - --------- ---- ------ -------- --------- --- - --- --- 17 
5"/51; 4"/50; Mark g_ ____ -- ------------ ------------ --- ----- ----- 17 
5"/25 ; 5"/38 ; 5"/51; 4"/50; Mark 7 ____ __ __ ___ ____ --- --- - - - -- - --- --- - 16 
3"/50__ ____ _____ ___________ _______________ _____ ______ ___ _________ 15 
All others__________________________ _________ ___ ________ __ __ __ ____ 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 powdei·s. 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 temperatuTc 
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 
predict 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 
gflncrated according to the fixed standards. The bottles must not be opened 
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 
a record is made of the number of days which have elapsed since the test was 

www.tinyurl.com/slover


EXAMINA'l'ION AND TESTS OF POWDER ABOARD SHIPS 

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 increased 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 caiTied 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 called 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, scaled 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 from 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: 
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1. The only samples of explosives that can 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 
similar cushioning material at least 2 inches thick in a strong and tight wooden box, with end~ 
not les Lhan 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 s.imilar cushioning 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 
contents must be plainly marked by the shipper on t he outside of each box offered for trans
portation. 

5. Each outs ide 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 
(R educed Size) 
EXPLOSIVES 

Sample for Laboratory 
Examination 

Handle Carefully 
Keep fire away 

This is to certify that the above articles are properly described by name and are 
packed and marked and are in a proper condition for transportation, according to the 
regulati ons prescribed by the Interstate Commerce Commission. 

(Shipper's Name) 

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

(a) Small anus ammunition. 
(b) Small a rm primers or percussion caps. 
(c) Cannon primers. 
(d) Percussion fuzes. 
(e) Time or combination fuzes. 
(f) Tracer fuzes. 
(g) Cordeau detonant. 
(h) Safety squ ibs. 
(i) Fireworks, except when forbidden . 
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(j) Instantaneous fuze. 
(k) Fuze lighters. 
(Z) Fuze igniters. 

(m) Electric squibs. 
(n) Delay electric igniters. 
(o) Smokeless powder for small arms. 

~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; 
(b) Unmistakable odor of nitrous fumes; and 
(c) Very low violet paper and surveillance test&. 

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 circumstances as constant observation and strict compliance 
with these instructions for powder tests will show loss of stability long before a 
powder becomes decomposed. In case 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. 

~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) 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. 

(c) 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. 

u!~lvage or ammuni- 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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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 
1s 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, etc., of the oven affected by the 
survey or reqms1t10n. 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 servjce. 
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 
group and features peculiar to certain of the modifications will be pointed 
out. The following plates pertain to this description: 

Plate 2-8urveillance 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 ovon, 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- R elay- Front view 
(N. G. F. Neg. 12841). 

Plate 13- Surveillance oven, Mark 2, Mod. 5- Side elevation (N. G. F. 
N eg. 9694). 

7- 5. General.- The equipment consists of the following principal 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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SURVEILLANCE OVENS 

element pan used on surveillance ovens Mark 2, Mods. 4 and 7, has asbestos 
supports for the bulb of the indicating control thermometer. 

7- 8. Temperature controlling device.-The function of this device is to close 
an electrical circuit which operates the relay when the temperature in the 
powder testing compartment has reached G5.5° C. 

Surveillance ovens Mark 2, Mods. 2, 3, 5, 6, are equipped with a mercurial 
control thermometer for regulating the heat in the powder testing compart
ment. Fused in the capillary column of the thermometer are two wires, the 
highest of which is at 65.5° C. The thermometer is mounted on a semi
cylindrical hardwood holder located in the center of the powder testing com
partment. The wooden holder is provided with two terminals to receive the 
ends of the wires from the two points on the thermometer. Wires arc run 
from the binding posts on the holder through a ferrule in the side of the box 
and are connected to the relay. When the temperature in the powder testing 
compartment rises to 65.5° C., the mercury in the thermometer closes the 
battery circuit and causes the relay to functi n. 

For a description of the temperature controlling device on surveillance 
ovens Mark 2, :Mods. 4 and 7, sec paragraph 17. 

7- 9. Relay.- Surveillancc ovens Mark 2, Mods. 2, 3, 5, and 6 are equipped 
with a simple relay as shown on figure 21. This relay is mounted on the 

FIGURE 21.-Mark 2 oven showing relay. 

exterior of the oven on the side opposite to that on which the rheostats are 
located. The relay is mounted on a han.l wood base which contains two con
densers. One condenser is connected in tho thermometer circuit and the other 
in the circuit controlling the heating uniL. Tho condensers arc installed for 
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PLATE 12.- Sur veillance oven , Mark 2, Mod. 4. R elay, aud fron t view. 
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the purpose of protecting from injury the circuit-breaking contact in the 
mercurial thermometer and that on the armature of the relay. The relay is 
protected by a hard wood cover. The binding posts provided for connection to 
line, battery and control thermometer are exposed and are marked "LINE", 
"BA," and "TH." When the control thermometer circuit is open the relay 

F r GURE 22.- Mark 2 oven showing rheostat. 

armaL ure short circuits the low heat coils. vVhen the control thermometer 
circui t is closed, the relay armature is drawn away from its con tact and th e 
short circuit is removed , thus putting the low h eat coils in the circuit. 

For a description of the relay used on surveillance ovens, Mark 2, 1Vlods. 4 
and 7, see paragraph 17. 

7- 10. Battery.- Surveillance ovens, Mark 2, Mods. 2, 3, 5, and 6 have a 
dry-cell battery for operating the relay described in paragraph 9. The dry cells 
are supported in a sheet steel box located adjacent to the relay . A wooden 
cover protects battery, relay, and wiring. The cells are about 2.75 inches in 
diameter and 6 inches high. Each cell should give at least 1.5 volts and show 
about 30 amperes on short circuit. These cells deteriorate and must be 
inspected regularly. 

7- 11. Rheostats.-T wo rheostats are mounted on one side of the oven. 
They have a spiral form of resistance enclosed in a moisture and fireproof base. 
Each rheostat is provided with a contact regulating arm and 7 contact points 
for varying the resistance. One rheostat has a resistance of 35 ohms; tho other 
has a resistance of 400 ohms. In each case the low resistance rheostat controls 
tho high heat circuit (soc par. 16), and the high resistance rheostat controls th e 
low heat circuit. 
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7-12. Bottles.- Each oven is provided with 24 standard 8-ounce salt
mouth, glass-stoppered, nonsoluble bottles. The stoppers should be loosely 
attached to the bottles by strings or chains. In case of doubt as to the tightness 
of a stopper in a bottle, the stopper should be ground in by hand, using fine 

emery and a solution of cam
phor in turpentine. The bot
tles must be thoroughly 
washed and dried before 
using. Near the bottom of 
each bottle is an etched space 
for noting, in pencil, the 
designation of the powder 
and the date when put in the 
oven. 

7- 13. Fume tube .-This is 
a tube about 6.5 inches long 
by 0.625 inch in diameter, 
containing peroxide of nitro
gen gas and is used for com
parison with the powder 
under test. 

FIGURE 23.- l\iark 2 oven interior. 7-14. Mercury centigrade 
stem thermometer.-This ther

mometer is used to check the accuracy of the control thermometer. It is 
graduated in such a manner that the temperature inside the oven may be read 
without removing the thermometer. This thermometer stem is supported by a 
cork stopper in a hole in the oven cover. 

7- 15. Alarm and indicating device (Boyce Moto-Meter, or equal).-This 
instrument consists of a dial indicator which will show temperature ranging 
from 56° to 75° C. ILs pointer is provided with a contact arm which will close 
a low voltage circuit to ring an alarm bell when the pointer indicates a tem
perature of 68° C. 

A bulb about 10 inches long is placC'd in the bottom of the oven under the 
bottle holder and is connected to a small metal tubing about 15 inches long 
which passes out tlu-ough the side of the box to the indicator. 

On the back of the indicator are two terminals to which the wires in the 
alarm circuit are connected. The indicator is mounted on a bulkhead near 
the oven. 

If, for any reason, the temperature within the oven is increased above 
65.5° C., due to the relay failing to cut in the coils which were shorted for high 
heat, and if Lhe temperature reaches 68° C ., t.he instrument will close the alarm 
circuit, ringing an alarm bell. Immediate attention should be given to the oven 
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to ascertain the cause of the excessive rise in temperature. The alarm circuit 
consisting of a bell or buzzer and battery is conveniently located to suit the 
wishes of the parties installing the oven. These instruments are installed on 
surveillance ovens, Mark 2, Mods. 2, 3, 5, and 6. 

7- 16. Operation.- In operation the oven is heated to 65.5° C. with the 
heating coils so connected that they give "high heat." When this tempera
ture in the oven is reached, the temperature controlling device automatically 
closes the relay circuit. The relay operates and adds resistance to the heating 
coil circuit and produces "low heat." The heat then gradually decreases 
until the oven temperature falls below 65.5° C., when the temperature con
trolling device opens the relay circuit and releases the relay armature to its 
original position, thus short-circuiting the added resistance and producing 
" high heat" again. The functioning of the relay and the temperature controlling 
device is sligh tly different for surveillance ovens, Mark 2, Mods. 4 and 7-
see paragraph 17. 

Before proceeding with the test proper, always run the oven, contammg 
the 24 empty bottles, at least 24 hours at approximately the correct tempera
ture, 65 .5° C., to dry the oven and to obtain constant conditions. The watt
age can then be adjusted by means of the rheostats, so that the variation in 
temperature will not exceed one degree from normal. Although the ovens are 
designed to take care of fluctuation of room temperature, it is best to adjust 
the rheostats so that the low heat coil will supply almost enough heat to main
tain the required temperature. Otherwise the relay will be called upon to 
operate often and this should be avoided as much as possible. Sufficient time 
must elapse between each adjustment to insure a constant temperature through
out the oven. 

Full instructions and precautions regarding conducting the surveillance 
test of smokeless powder are given in th e previous chapter and these must be 
carefully observed. 

7- 17. Mark 2, Mod. 2.-For use on either 80- or 125-volt D. C. circuit. A 
transfer switch to change from one voltage to the other is mounted between 
the two rheostats. A 35-ohm resistance tube is connected in the low heat 
circuit. 

Mark 2, Mod. 3.- This oven is for use on a 125-volt D. C. circuit only . 
A 35-ohm resistance tube is connected in the low heat circuit. An aluminum 
alloy casting, or hea t distributor, holds the bottles in the oven. 

Mark 2, Mod. 4.- -This oven is for use on a 125-volt D. C. circuit only. 
A 35-ohm resistance tube is connected in the low heat circuit. An aluminum 
alloy heat distributor, holds the bottles in the oven. 

This oven is equipped with an indicating temperature controller which is 
to be located on a bulkhead near the oven. The controller is of the fluid ex
pansion type with a liquid-filled bulb connected to the instrument by a long 
flexible armored tube. In the body of the instrument is an electrical contact 
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mechanism for controlling the operation of the relay. The sensitive element or 
bulb is inserted through the side of the oven body and is held above the heating 
element by small asbestos supports. 

The relay has two sets of contacts. Referring to Dr. 133695, the operation 
is as follows: Assume that the temperature in the oven is between the high and 
low limits and that the relay contacts are open. All of the heating coils will be 
in the circuit and the oven temperature will fall until the temperature con trolled 
contact in the temperature controller touches the low limit contact "L". This 
causes the relay coil to be energized, closing the relay contacts. One set of relay 
contacts short circuits part of the h eating circuit, causing heat to be suppli ed 
to the oven at a greater rate. The other set of relay contacts connects the relay 
coil across the lin e independently of the temperature controller contacts, so 
that, as the temperature in the oven increases, the relay coil remains energized 
after the temperature controlled contact in the controller leaves the low heat 
contact. The oven temperature increases until the temperature con trolled 
contact in the controller touches the high limit contact" H". This short circu its 
the relay coil, causing the relay contacts to open, and thus completes the cycle 
of operations. The circuit through the relay coil is made at the temperature 
controller contacts, but is always broken by the relay contacts. A series re
sistor in the relay limits the current through the temperature controller to 
}6 ampere or less. 

The relay and the control thermometer are designed for operation on 125 
volts D. C., therefore no dry cells are used on this oven. 

Mark 2, Mod. 5.--This oven is intended for use on a 125-volt D. C. cir
cuit. It is also connected to a 30-volt battery for emergency usc in case of 
failure of the 125-volt supply. If the 125-volt supply fails, a solenoid switch 
turns on the 30-volt em-rent and reai-ranges connections to the heating coils 
to give approximately the same wattage as was obtained with 125 volts. ·when 
the 125-volt supply is on again, the solenoid switch disconnects the 30-volt 
battery and rrarrallges the heating coil connections to suit the higher voltage. 
The test of powder is not interrupted because of failure of the 125-volt ships 
circuit. This oven is provided with two 35-ohm resistance tubes and solenoid
operated switch. With Lhe exceptions mentioned above this oven has the same 
parts as the Mark 2, Mod. 3 oven. The solenoid switch, rheostats, and wiring 
are protected by a wooden cover. The rheostat knobs proj ect through the 
cover which is marked to show positions for which resistance is" in" or" out." 

This oven was made especially for the U. . S. Vestal, only one being made. 
Mark 2, Mod. 6.- This oven is the same as the :Mark 2, Mod. 3, except 

that it was made to operate on 220 volts D . C. One oven of this type was 
made for the Naval Station, Tutuila, American Samoa. 

Mark 2, Mod. 7.- -This oven is identical with the Mark 2, Mod. 4 in all 
respects, except that it has a relay designed for operation on 120 volLs, A. C., 
60 cycle. 
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Chapter VIli. HIGH EXPLOSIVES 

8-1. In chapter III it was pointed out that explosives cannot be definitely 
classified by their chemical composition, but that they are classified, by the 
speed of the chemical change, into propellants and high explosives. A high 
explosive for military use as a burster charge has two distinguishing features. 
It is, first, relatively insensitive to mechanical shock, friction, flame, etc., and, 
even when exploded by such means, docs not give full explosive effect; second, 
the whole charge decomposes almost instantaneously when subjected to the 
proper impulse. The list of substances which can be grouped under the Lcrm 
"high explosives" is a long one, but this list is materially reduced wl1en those not 
suited for military purposes are eliminated. 

8-2. The following conditions must be fulfilled by a military_high explo
Sive. I t mus t----

(a) Have the proper insensitivity to withstand
(!) Shock of gunfire; 
(2) Shock of impact ftgainst armor, if used for projectile 

filler; 
(3) Shock of handling. 

(b ) Have maximum power. 
(c) Have stabili ty to withstand adverse storage conditions due to 

heat, moisture, etc. 
(d) Be easy to handle, load, and manufacture. 
(e) Produce proper fragmentation. 
(j) Be cheap and available in sufficient quantity. 

All these conditions must be considered , and the substance most nearly fulfilling 
them all is the best high explosive. However, the uses to which the high 
explosive is to be put must be considered, for a projectile filler must fulfill all 
these conditions while a mine or depth charge filler, for instance, need not be so 
insensitive as to withstand armor impact. 

8- 3. T he ensitivity to shock is measured by the so-called impact test, 
wherein a given weight is dropped on measured quantities of the explosive 
under test, and the height of t.he drop causing an explosion is taken as a measure 
of the sensitivity. This test gives a relative mea ure and is of value only so 
long as the conditions are the same. The amount used, the degree of pulver
ization, the hardness of the face of the apparatus, the d0nsity, the. mixture 
with other substances, will all affect the test. Some explosive substances can 
be compressed so that they become practically inert, this condition being called 
"dead pressed." Sensitivity to friction is measured by subjecting samples to 
the friction due to sliding impact of a shock pendulum across the face of an 
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anvil upon which the sample rests. The arc of the swing of the pendulum 
gives the standard of measure. Sensitivity to heat is determined by measuring 
the flash point of the explosive. 

8- 4. It is very d ~fficult to get an absolute measure of the po,ver of an 
explosive. Although the temperature, pressure, ru1d volume of the products 
of combustion can be determin ed, the behavior of the products at the high 
temperatures and pressures makes it difficult to determin e an expression for 
power . Approximations have been mad e, but probably as good a method as 
any is the resul t obtained by using the Trauzllead block test. It is made by 
firing ehargcs of different explosives in a standard-sized hole in a lead block , 
and measuring the increased volume. The relative power of an explosive 
obtained by comparing the increased volume of the hole in the lead block , 
with that produced by other explosives. The effect of the time in which the 
explosive develops its maximum pressure is also considered in conn ection with 
the power. The " rate of detonation" is measured by timing th e passa.ge of 
the detonating wave between two points of a cord or column of the explosive. 
Th e violence of the blow, called the "brisance," is particularly considered in 
connection with detonators. 

8- 5. An explosive which ca tches fire easily and explodes wh en ignited is 
more dangerous for mili tary uses than one which igni tes with difficulty and 
burns quietly. A high explosive must also retain its stability under all condi
tions of storage, as it would be most difficult to determin e the stability condition 
of separate large case or compressed charges. In particular th e explosive must 
bold up against adverse hygroscopic conditions and remain efl·ective though 
wet, as in a leaky min e case or torpedo war head. In addition, th e facility 
with which a high explosive can be assembled into a charge is very important. 
On e which can be melted at mod erate temperatures and cast permits of loading 
in to irregularly shaped volumes very easily . The explosives used must permit 
of easy handling without danger to personnel by accident or toxic effect. 

8- 6. Mru1y explosives, otherwise very sui table, are unsatisfactory due to 
the small yield, scarcity of raw materials , and diffwul ties in manufacture. 

8- 7. From a consideration of the above-men tion ed factors, the following 
explosives substances have been or arc standard for military use: 

Guncotton.- Supcrseded by TNT. 
Trinitrotoluol.- TNT. 
Trinitroxylol.- TNX. , sometimes used in mixture with TNT. A small 

quantity was man ufactured during World War I; none is in service at the 
present time. 

Trinitrophenol.- Picric acid used as a projectile fill er , (not in United States 
Navy) ~nd in boosters or relays for fuzes. 

Ammonium picratP (Explosive " D") .- Used as projectile filler. 
Trinitrocresol.--Similar Lo picric acid, used , wh en mixed with pi cric acid, 

in Austria in W odd War I. 
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Trinitro-aniline .-N ot used on a large scale. 
Trinitrophenylmethylnitramine or tetryl.- Used for booster charges and 

burster charges for certain minor caliber projectiles and relays; costly to 
manufacture. 

Tetranitroaniline.- (TNA) Costly to manufacture; not entirely estab
lished; unstable with moisture. 

Hexanitrodiphenylamine.- "Hexa," used Dy Germany and Italy mixed with 
TNT, poisonous. 

Amatol.- TNT and ammonium nitrate. 
N1"trostarch.-Trojn.n powder used in band grenades. 
Trinitrobenzene.- Costly and difficult to manufacture; low yields; very 

little manufn.ctured. 
RDX.- Also known as "cyclonite" and "Hexogen." Always used in mix

tures with other materials due to its high sensitivity. 
RDX- Gomposition A.- Mixture of approximately 90 percent RDX with 

10 percent beeswax or other similar wax. 
RDX-Gomposition B.-Mixture of approximately 60 percent RDX and 

40 percent TNT plus a fraction of 1 percent of beeswax or other similar wax. 
RDX- Gomposition G.- Plastic mixture of approximately 90 percent RDX 

and 10 percent of an emulsifying oil. Also known as "P. E." 
Torpex.- Mixture of RDX, TNT, and · aluminum powder plus a fraction 

of one percent of beeswax or other similar wax. 
Barinol.-Mixture of T IT , barium nitrate and aluminum powder. 
Miniol.- Mixture of TNT, ammonium nitrate and aluminum powder. 
8- 8. The first modern high explosive to come into gen eral use was gun-

cotton. It is a cellulose nitrate of high nitration wiLh about 13 percent nitrogen 
content. It was manufactured in a manner similar to that given for soluble 
nitrocellulose under t.he discussion of smokeless powder, except as to strength 
and mixture of acids and tin1e for nitration. It is similar to ordinary cotton 
in appearance and, when pure, is white and has neither odor nor taste, and is 
free from either alkaline or acid reactions. After poaching, it is compressed 
into blocks containing about 25 percent moisture, and these are packed into 
war heads and mines. In England war heads were loaded by compressing the 
full charge into a former of the shape of the war head, and then loading in one 
operation. Due to its sensitivity wh en dry, its liability to deLeriorate, and its 
low power as compared with other high explosives, it has been superseded for 
the most part by TNT. In the United States Navy it has been replaced by 
TNT and Torpex for war heads and mines. 

8- 9. A glance at the list given above will show that most high explosives 
are derived from coal-tar products. When coal is subjected to destructive 
distillation, coke, gas, and coal tar are obtained. Coal tar is a heavy liquid of 
a complex mixture which, on further distillation, will yield the aromatic hydro
carbons (benzene, toluene, xylene, naphthalene, and anthracene) and the 
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aromatic alcohols (phenol and cresol). Precise distillation of selected petro
leums will also y ield toluene, xylen e, and benzene, although in small-amounts . 
Benzene and toluene may be produced in large amounts by the catalytic 
cracking of petroleum. From these substances, or from other substances 
obtained from them, explosives may be made by nitration. Many of these 
substances arc used in the dye industry, so that it is closely connected with 
the explosive industry. 

8- 10. Benzene, when nitrated once, becomes mononit robenzene. This 
compound is used for perfumery and flavoring. When nitrated again it 
becomes dinitrobenzene, and explosive, very difficult to detonate, and used only 
when mixed with other explosives. When nitrated again trinitrobenzene is 
formed, bu t iL is very difficult to manufacture and although it is an excellent 
explosive, being more powerful than TNT. , it is li ttle used. 

8- 11. Trinitrotoluol is formed by treating technically pure toluol with a 
mixture of ni tric and sulphuric acid, forming mononitrotoluol ; then treating 
this product with a similar mixed acid, forming dinitrotoluol , and finally by 
trcn.ting the dinitrotoluol with stronger mixed acid forming trinitrotoluol. 

In the first step , spent acid from a previous mononitration is run into the 
kettle until it is about one-third full. The toluol charge is then fed into the 
ni t rator and as soon as it is in the mixed nitrating acid is star ted. The flow of 
this acid is controlled with great care to avoid too high a temperatnre orfiring 
of the charge, and to reduce the time of nitration and obtain the maximum yield. 
Excess temperatme reduces the rate of nitration and the yield of mononitro
toluol. 

As soon as all the nitrating acid has been run in the nitration is complete. 
Agitation is stopped to allow separation to take place. The acid separates to 
the bottom and the mono nitrated oil floa ts on top. The spent acid is then 
run ofl' in to a service tank . After all spent acid is drawn off the mono is re
moved to other nitrators located in separate buildings for the second nitration. 

The firs t step in second nitration is to run in the nitrating acid. As so_on 
as this is in, the mixed acid change is started. This operation is not so critical 
with n'spect to temperature as the first nitration because the reaction is not so 
violent and the presence of the large volume of acid tends to make for less 
temperature rise. The mLxture is agitated constantly dming this nitration. 
As soon as all the mono-nitro has been run in, the nitration is complete, and 
agitation is stopped . Wh en the separation is complet e, the spent acid is run 
ofl' and is used in a mononitrating operation after being fortified . The dini
trololuol is drawn off to a separate building for the third nitration. 

The first step in the third nitration is dehydration, whi ch consists of remov
ing any water present by dissolving the diniLrotoluol in fuming sulfw:ic acid . 
The DNT is charged into the nitrator and this acic! adc! ed . The removal of 
all moisture in this manner gives a higher yield wi Lh less nitric acid than a 
direct nitration. After the dehydration is complete, the mixed acid is started , 
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the mixture is agitated, and the nitrator is heated with steam for about 2 hours . 
A test for completion of nitration is then made by determining the temperature 
<tt which a small sample of the nitrated oil will solidify. If the oil solidifies 
between 65° and 70° C., the nitration is complete. The product is allowed to 
separate and the spent acid is run off and is used in a dinitration after being 
fortified. 

The crude molten TNT is purified by first washing twice with fresh , hot 
water; second with fresh cold water, which washes and solidifies the TNT; 
third, washing the TNT crystals with scllitc solut ion (16 percent sodium sul
fite); fourth, washing with fresh cold water. The first water washes remove 
free acids. The selli tc solution has little effect on the desired symmetrical 
TNT ; but reacts with the isomins to form sulfonaLes that are removed in a 
water solution. The elimination of these isomers reduces the amount of exudate 
which might form in storage. 

It is often necessary to remove TNT from loaded ordnance items which 
have been in storage for considerable periods of time. The TNT is removed 
by melting from the container with steam. This material is then subjected to 
normal purification process, giving a product equivalent in all respects to 
newly manufactured TNT. 

The TNT from the purification process is practically a pure product with 
a minimum melting point of 80.2° C. The process is repeated if samples show 
a lower melting point. This method of purification is used to replace the more 
expensive recrystallization in which solvents such as alcohol, carbon tetra
chloride and acetone are used. 

The crystalline TNT from the purification process is melted and air bubbled 
through it to remove all traces of moisture. The molten TNT is solidified 
either in " flake" or "granular" form. 

The flake form is produced by running the molten TNT onto the surface 
of a cooled rotating drum from which a scraper removes it as flakes. The 
second form is produced in a granulator, a jacketed , agitated cooling kettle. 
The rate of cooling is controlled by the use of water and steam in the jacket. 
During solidification, agitation is continued, thus preventing the formation of 
large lumps of TNT. 

The melting point of TNT is dependent on the impurities present in the 
form of dinitrotoluol, isomers of trinitrotoluol and nitrobodies of aromatic 
hydrocarbons or aromatic alcohols. The presence of the first is due to incom
plete nitration in the third step; of the second , to side reactions which take place 
dming nitration; of the third, to the use of toluol of only technical purety in 
the first nitration. These latter impurities could be avoided by the usc of 
chemically pure toluol, but at a prohibitive cost. 

8- 12. TNT. is a white crystalline substance when pure, and varies in TNT. 

shade from a light yellow to a dirty brown when impurities are present . 
· When pure it molts at about 80.5° C. Its purity is shown by its melting point. 
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Two grades, grade A and grade B have been used in the Navy. Grade A has 
had melting points above 79.5° C. The increase in purity and melting point 
of lo ts of recent manufacture is due to improvements in process. Old lots have 
m elting points in the lower range . Latest lo ts have a mel ting point above 
80.2° C ., which is standard for all future lots of this grade . Grade B TNT 
having a minimum melting point of 75.5° C. is now used to a negligible extent 
by the Navy. 

8- 13. T T is neutral in reaction and, unlike picric acid, does not form 
sensitive compounds by combination with metals , even under unfavorable con
d itions of moistmc and temperature. Grade B TNT, however , will evolve 
considerable gas after prolonged contact with aluminum. It has high chemical 
stability, even when subj ected to temperatures as high as 150° F., for consider
able periods of time. I t can stand great variations in temperature withou t 
being affected. Although the specifi cations for TNT require r igid pmification 
and elimination of all acids, its stabili ty docs not appear to be affected by traces 
of acids. Caustic alkalies, on the other hand, are !mown to increase its sensi
tivi ty and should be carefully avoided. It has been found thn t TNT darkens 
on exposure to ligh t and the melting point is somewhat lowered. 

8- 14. TNT is relatively insensitive to shocks , fri ction, or pressure. When 
igni ted , un confined , it burns slowly with a dcHse black smoke and without 
explosion. It ignites at 300° C ., and at 180° C. there is a slow evolution of gas. 
Experiments made at the Naval Proving Ground indicate that in case of a seri
ous fire ncar or among TNT charges a violent explosion is probable. Incidents 
have been reported from abroad where TNT in storerooms has exploded during a 
fire; consequ ently this danger should always be kept in mind. TNT can be 
melted readily in kettles with steam or bot water jackets, or, due to its specific 
gravity, may be mel ted in a hot water bath where it drops to the bottom and 
may be drawn off in liquid form. In the melted form it has the appearance of 
m<'l tcd maple sugar, solidifying like maple sugar when cooled. When melted it 
can be cast solid in any shape desired. This property makes it a very conven
ient substance for explosive charges in mines, torpedoes, bombs, and depth 
charges, and it is now in general use in most countries for this pmpose. Grade 
B gives as powerful explosive effects as grade A and is considerably cheaper 
to make. 

8-15. The explosive force of cast TNT is about 10 percent greater than 
wet gun cotton for equal weight and somewhat greater than this for equal 
volume, as its density is gr eater. The density of wet guncotton is about 1.3. 
The density of cast TNT runs from 1.50 to 1.61 , and of loose crystalline TNT 
from 0.75 to 1 (hand-packed). 

8- 16. Cast charges of TNT are very difficult to detonate directly and a 
"booster" of granular crystalline TNT (grade A) is used to transmit the detona
tion of th e fulminate detonator to th e cast main charge. This is analogous 
to the use of boosters of dry guncotton to detonate main charges of wet gun-
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coLton. Unlike dry guncotton boosters, the crystalline TNT boosters may 
be stored aboard ship directly in the cast main charges. 

8-17. Contrary to certain of the published literature on the subject, 
experiments conducted at the Naval Proving Grotmd and at the Naval Torpedo 
Station show conclusively that the presence of moisture adds greatly Lo the diffi
culty of detonating TNT and probably decreases its explosive force. Five 
percent moisture, or even less, will cause a "booster" charge of hand-packed 
crystallized TNT to fail altogether when using a service detonator, although 
dry guncotton will detonate successfully under these conditions. It is of the 
greatest importance that TNT boosters be kept dry in service . 

8-18. Although extensively used as a projectile .filler for field artillery 
ammunition and for 3-inch antiaircraft projectiles, and with black powder 
as a mixed filler in medium caliber common projectiles, TNT is inferior to 
explosive" D" for use in armor-piercing projectiles against thick plate, as it is 
more sensitive to shock and is, therefore, liable to premature explosion on 
impact, particularly with pressed charges. 

8- 19. TNT is used in the United States Navy for the following pmposes: 
(a) Cast TNT for main charges of torpedo warheads, mines, depth charges, 

and bombs. Cast charges are ordinarily made of grade A TNT, although grade 
B may be used if grade A is not available. Grade B TNT is ·used only for cast 
charges, for which pmpose it is entirely satisfactory as to stability, is equal to 
grade A in explosive force , is considerably cheaper, and is somewhat less sensi
tive. Its only disadvantage is that it gives off a dark brown liquid exudate 
and some gas under long storage. At present all TNT produced is grade A. 

(b) Grade A loose, granulated, TNT for booster charges, in rmnes and 
depth charges. 

(c) Grade A, granulated, loose or pressed into blocks, for demolition 
charges. 

Grade A has been used in cast form as projectile filler for 3-inch anti
aircraft projectiles and for flat-nose projectiles for antisubmarine work. The 
latter are now obsolescent. It has also been used, mixed with an equal weight 
of black shell powder, as a bmster charge for projectiles of various calibers . 

8- 20. Like other explosives, TNT should not be subjected to high storage 
temperatures nor exposed to the direct rays of the sun. Particular attention 
must be paid to keeping TNT boosters dry. 

(a) TNT should not be subjected to contamination of any kind, such as 
dirt, oil, acid, or alkali. It should be handled as little as possible. 

(b) In case of a serious f1re it should be remembered that charges of TNT 
are more inflammable than charges of wet guncotton. For this reason it is 
important that magazines containing TNT charges should be fully equipped 
with flooding and sprinkling systems. 

(c) In torpedo war heads of old design, the booster is a charge of granu
lated TNT encased in a container of thin copper secured to the top of the 
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exploder casing. The container has a recess in its under side for the detonator, 
so that whe11 the detonator is raised to its" armed" posiLion it is ncar the center 
of thr boostrr charge and separated from the granulated TNT by the thin copper 
wall. TNT boosters have been replaced by tetryl boosters in the war heads of 
all torpedoes now in use. This replacement will probably be made in all older 
war hracls before they are used. 

Exudation. 8- 21. A dark brown, oily liquid or exudate frequ ently separates out from 
TNT. The amount and rate of separation is dependent primarily upon the 
pw·ity of the TNT and secondarily upon the temperature of storage. A grade 
B lo\\' melting point product will exude considerable liquid and some gas. This 
exudation is arcelerated with an increase in temperature. Pure TNT will 
not rxuJc any liquid. Exudate consists of the impurities which have not been 
extracted in the refining process. It is a mixture of isomers of TNT, nitro 
bodies of toluol of a lower nitration, and possible nitro bodies of other aromatic 
hydrocarbons and alcohols. It is inflammable, n.nd has high sensitivity to 
prreu sion. Its presence docs no harm to the stability, but somewhat reduces 
Lhe ('Xplosive force of the main charge. No danger may be apprehended from 
tht' pn•srnec of this liquid on the outside of containers, providing instructions 
for its disposal are observed. Its presence may be considered a normal 
con (]i tion of cast grade B charges. 

TNT exudate mixed with a combustible material,'like wood chips, sawdust, 
or cotton wasLe will form a low explosive which is highly inflammable, ignites 
easily from a small flame and from it flame spreads rapidly over the whole 
surface. This mat.crial can be exploded in a manner similar to a low grade of 
dynamite, but the mai:n danger is its fire hazard . Accumulation of exudate in 
such a form is considered a great risk, both explosive and fire , and should always 
be avoided by constant removal and disposal of the exudate. Constant in
sprction of all cast TNT charges should be made to see that this condition 
obLains. The exudate is solnble in carbontetrachloridr , acetone, or alcohol. 
These solvents should be used to facilitate its removal and disposal. Under no 
circumstances should soap or other alkaline preparations be used to remove this 
exudate, as the addition of a small amount of hydroxid e, caustic soda, or potash, 
will cause TNT to explode when heated to 160° F. 

The gas which is liberated from cast TNT in which exudate is present is 
composed approximately of the following: C02, 9 percent; CO 3 percent; 
H 2 25 prrC'Pnt; CH4 3 percent, and 2 60 percent. 

(T~~:li t r 0 
X y I en e 8- 22. TriniLro.xylene, or TNX, is made in a manner similar to TNT 

Due to difficulties in obtaining TNT during the World War I , this explosive 
was produ ced to supplement the available supply of TNT. The raw materials 
were available, and it fulfilled practically all requirements except that of ease 
in handling. Xylene is a higher boiling hydrocarbon than toluene and TNX 
has a l1ighcr melting point Lhan TNT so that it cannot be cast directly in mine 
charges, but this high melting point also complicates manufacture. It has 
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another drawback in that the yield is less than with TNT. The nitration is 
carried out in three stages, the first two in the same nitrator, and the third in 
a different one. The acids arc handled as in the manufacture of TNT in tlu·ee 
stages, i.e., the tri-spent acid is fortified and used as the bimixed, and this 
spent acid is again fortified and used as the monomixcd acid. The monospent 
acids are deuitrated and used in the acid plant. 

8-23. The proper amow1t of acid is run in the nitrator, the xylene is added ManufacturcofTNX. 

slowly, and the acid is dmwn off to be used over again. The agitators in the 
nitrating kettles are started and the monomixecl acids added slowly so that the 
temperature docs not rise very materially. Cold water is run through a series 
of coils in the nitrator to keep the temperature down. After Llw agitator has 
continued for about an hour, the charge is allowed to settle, and in settling 
the acids and mononitro:x:ylol separate. The acids, being the heavier, settle 
at the bottom of the nitrator where they are drawn off. This completes the 
first stage of the nitration operation. The bimixcd acid is then added slowly, 
::tnd the charge agitated and cooled with water. During the latter part of the 
reaction, if the charge cools too much, steam is passed tlu·ough the water coils. 

After the reaction is completed, the charge is again allowed to settle; the 
spent acids are drawn oir as before, fortified, and then used over for the first 
stage nitration on a following round. The bioil as it is called (the dinitroxylol) is 
then forced by ai.:r to the scale tanks for the third stage nitration, being careful 
to keep it heated, as it becomes solid at room temperature. In the third stage, 
the bioil is added after the tri-mixed acids have been run into the nitrator; 
the agitation started, and the temperature is controlled by the cooling coils. 
The product now becomes a thick mush of TNX, mixed with acid, with an 
amolmt of DNX mixed with it. As the acids will not separate out, it is now 
necessary to pass the product through centrifugal wringers, and after that it 
is thoroughly washed , neutralized by the addition of bicarbonate of soda, dried 
in a hot-air continuous drier, and finally screened and packed for shipment. 
The TNX becomes solid in the third stage nitration and thereafter is in a granu
lar form , sometimes quite lumpy. 

8- 24. TNX is a yellowish granular powder similar in appearance to PropertiesofTNX. 

T N 'I', hut it has a melting point of about 165° C. It can be used as a mine·, 
depth, or war head charge and is readily loaded when mixed in about a 50- 50 
proportion with molten TNT. Nouc of this material is in service at preRl'nt 
but circu.mstanceR may require its manufacture at some future date, so a 
small amount is now ou hand at the ammunition depots. As with TNT, no 
special tests are required for TNX, as it is stable under all ordinary condi
tions of storage. 

8-25. Trinitrophenol, or picric acid, a very powerful explosive, was adopted Picric acid. 

by several foreign countries as a projectile filler as early as 1886, under the name 
of "mclinite." It was used in the cnst form by the British as "lyddite." and by 
the Japanese as "shimosc." It has appeared as a component in a number of 

www.tinyurl.com/slover


78 

Manu facture of picric 
acid . 

Ammonium picrate, 
Explosive .. o:• 

Characteristics of 
Explosive "D." 

AMMUNITION 

other explosives. It is a yellow crystalline su bstancc, soluble in alcohol benzine, 
and only slightly soluble in water. It is used in the dye industry and in solution 
for Lrea ting burns. lt has the property of reacting with metals, especially lead, 
to form sensitive and dangerous salts which must be avoided . With ammon ia 
it forms a comparatively insensitive compound, ammonium picrate, which h as 
been much used as a military explosive. Picric acid melts at 122° C. lf 
stored properly it shows no tendency to decompose at moderate temperatures. 
It is more sensitive than TNT to shock and fri ction. Due to the fact that 
picric acid forms dangerous salts and that it will deflagrate on contact with 
heavy armor, its usc as a high explosive in this country has been limited. 

8-26. One method of manufacture of picric acid is from phenol or carbolic 
acid , which is melted in a sulfona tor and sulfonated making phenolsulfonic 
acid . This rna terial is then treated. with nitric acid in a nitrator. The spent 
acid containing the picric acid in solution is cooled, thus precipitating crystals 
of picric acid which are removed, ·washed and dried. A second method of 
manufacture is to chlorinate benzol and nitrate this material. Either mononitro 
chlorbcnzol or dinitrochlorbenzol may be produced. The nitrochlorbenzol is 
hydrolyzed to form nitro phenol. This material is then further ni trated to 
produce picric acid. This process req uires the use of less nitric acid and 
benzene (a raw material for the production of phenol), than picric acid pro
duced by the phenol method. 

8- 27. Ammonium picrate, Explosive" D ," has been adopted by theN avy 
as a filler for armor-piercing projectiles due to its in sensitivity. I t reacts much 
more slowly than picric acid in forming metallic salts-in fact in an almost 
negligible quantity when dry. VVhen wet it reacts slowly to form metallic 
picrates. I t is a crystalline powder, varying in color from orange to deep red, 
depending on the method of manufacture and the percent of excess ammonia 
present. It has high chemical stability. No acid products indicating de
composition are observed, even when subjected to temperatures as high as 
150° F. for considera.ble periods of time. Ordinary variations in temperature 
have no effect 0 11 Explosive "D," but it should no t be exposed to moistm·e as it 
will absorb up to 5 percent moisture, thereby losing power and sensitivity, as well 
as tend ing to form metallic salts. Explosive "D" is highly insensitive to shock, 
friction, and pressure. It cannot be melted like picric .acid, but, when heated 
to 300° C., explod es. On account of its insensitivity, it is much better than 
picric acid or TNT for armor-piercing projectiles, as it will stand the shock of 
impact against any thickness of armor if properly loaded. The Trauzl test 
shows that cast TNT is more powerful than Explosive "D," as Explosive"D" 
is ordinarily used. 

8- 28. When Explosive "D" is ignited and not confined , it burns slowly, 
with dense black smoke, and without explosion. If confined and heated to the 
ignition temperature, it will explode. It requires a very strong detonation to 
explode it. On complete detonation it gives off a dense cloud of black smoke 
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with a sooty deposit, due to the carbon freed in the reaction, and leaves a smell 
of ammonia in the vicinity. This is called a "high order detonation." When 
Explosive" D" deflagrates, and when the full explosive effect is not experienced, 
yellow smoke is observed and particles of unbw-ned Explosive "D" remain. 
This is called a "low order detonation." 

8-29. Ammonium picrate Las been known for many years as an explosive. 
About 1870, propellent powders, consisting of a mixture of ammonium picrate 
and saltpeter, were introduced in France. These powders gave excellent re
sults , being much more powerful than the black powder then in ordinary use, 
but they were later superseded by smokeless powder. Up to about 1907 a 
mixture of ammonium picrate and saltpeter was used in the British service as is 
the "exploder" for projectile burster charges of lyddite. Later, this mixture, 
which was knov.rn as ''picric powder," was superseded by" tetryl." So far as 
known, the United States is the only country using straight ammonium picrate 
as the burster charge for high explosive projectiles at the present time. 

8- 30. Ammonium picrate is manufactured by saturating a hot water 
solution o{ picric acid with aqua ammonia or ammonia gas. The acid is 
neutralized, the end point being indicated by use of brom-thymol-blue paper 
as an indicator. When the acid has been neutralized, the solutions run to 
crystallizing tanks, where the ammonium picrate crystallizes out. Controlled 
cooling with a water jacket, and agitation with compressed air are employed to 
control crystal size, proper crystal size being of importance when loading the 
explosive into projectiles. The crystals are then removed, filtered, dried, and 
screened, and the explosive is 'ready for loading into projectiles. 

A second method of manufacture is by nitrating chlorbenzene and remov
ing the chlorine radical with sodium hydroxide or soda. This product, am
monium picrate, may have a percentage of impurities such as clinitro-chlor
benzene present unless thoroughly purified. These impurities are highly toxic 
in small quantities. Proper precautions must be taken to avoid toxic effects 
when handling ammonium picrate which has been manufactured by this second 
method. Whenever Explosive "D" is being manufactured or handled the fol
lowing precautions will be taken: Wearing dust masks, and clothing and gloves 
which are washed at frequent in tPrvals; bathing of operatives immediately after 
working hours, and special medical examination to discover incipient toxemia. 

Ammonium picrate removed from loaded items has too small a crystal 
size to be reused. It may be reclaimed for use by dissolving it in hot water, 
saturating with ammonia, and repeating the crystallizing operations used for 
newly manufactured ammonium picrate. 

8-31. Like others, Explosive "D" should not be subjected to high tempera
tures nor exposed to the direct rays of the sun. It should be kept thoroughly 
dry and not subjected to contamination of any kind, such as dirt, oil, or acid, 
or such alkalis as lime, especially, and it should not be left in contact with un
protected metal surfaces, especially lead. Aboard ship, Explosive "D" is found 
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only in loaded projectiles and requires no special care, except to see that the 
projectile rooms are kept thoroughly dry and at moderate temperatures. In 
case of fire in the vicinity of projectiles, care should be taken to see that they 
do not become heated to a high temperature as the Explosive "D" might ex
plode. In such cases, they shouJd be kept cool by the use of the sprinkler 
system. No special tests or inspections of ammonium picrate are required 
afloat. 

8- 32. Trinitrophenylmethylnitramine, or tetryl, as it is usually called, is 
another aromatic nitrocompound which has come into use as a booster material. 
It is about 18 percent more powerful than TNT and more easily detonated. 
It is more sensitive to shock than TNT, but not sufficiently so to be dangetous. 
It is stable at all ordinary temperatures if manufactured properly. It melts 
at about 130° C., and explodes at 186° C. It is a very excellent e>..'})losive for 
booster charges, but it is expensive to manufacture, and is sometimes too 
sensitive for a proj ectile filler. T etryl is made by the action of nitric and 
sulphuric acid on dimethylaniline. Aniline is heated with alcohol under pres
sure in autoclaves, in the presence of sulphuric acid, to form dimethylaniline. 
After nitration, the tetryl separates out as a crystalline powder and is then 
filtered , washed, and dried in trays in dry houses. 

Torpedo war heads now use a booster charge of tetryl in a metal container 
which is inserted in a recess above the exploder casing at the time the exploder 
mechanism is installed in the war head . The booster has a recess in its lower 
end for the detonator, so that when the detonator is raised to its "armed" 
position it is near the center of the booster and separated from the tetryl by 
the thin metal of the container. Tetryl is used as the burster charge for 
certain small caliber, antiaircraft projectiles. 

8- 33. The same precautions are followed in handling tetryl as in han
dling other high explosives. Special care is required in manufacture and load
ing, due to the ilangers of tetryl poisoning. 

8- 34. A similar explosive, derived from aniline, is tetranitroaniline. It is 
more powerful than tetryl and less sensitive to shock. It is rather poisonous 
and bas a tendency to hydrolyze. It is expensive to manufacture and has not 
come into common use, but may be used in place of tetryl as a booster material. 
Its stability has not been wholly established. 

8- 35. The above-mentioned explosives are all aromatic nitrocompounds. 
During World War I , on account of the shortage of toluol, it became neces
sary to adopL a mixLure for padding out the TNT, using inorganic compounds. 
Ammonium nitrate has been used for many years as an ingredient in mine 
explosives. Amato] is made by melting TNT and incorporating ammonium 
nitrate, making a 50- 50 or au 80- 20 mixLure. This explosive may be encoun
tered in certain projectiles or bombs obtained from the United States Army. 

8- 36. Nitrostarch came into use during World War I for Ll1e same reason 
as amatol. It is never used alone but always mixed with some substance such 
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as ammonium nitrate, or sodium nitrate, and diphenylamine. In its manufac
ture, starch is fed slowly into a mixture of nitric acid and sulphuric acid and 
agitated. The nitrostarch formed is separated from the spent acids, washed 
and centrifuged, and then dried. It is then mixed with ammonium nitrate 
and stabilizers, and packed in hand and rifle grenades and trench mortar pro
jectiles. The amount of nitrostarch varies in different mixtures. When 40 
percent is used, the mixture is called Trojan powder. Grenite contains about 
95 percent nitrostarch and is used in grenades only. These powders are highly 
inflammable and more sensitive than TNT. Improvements in manufacture 
have increased the stability of these explosives, but they must be stowed in 
dry places at moderate temperatures. Nitrostarch explosives are hygroscopic. 
Due to poor stability of these explosives afloat, they have been withdrawn 
from service and no further procurement is contemplated. 

8-37. Nitroglycerine has not been found suitable as a military high explo
sive, due to iLs great sensitivity. It is, however, one ingredient of double 
base powders. These powders are used by other nations as propellant gun
powders and by the United States Navy as rocket propellants. In addition 
it has been used to a great extent mixed with inert materials to form dynamite 
for commercial purposes. 

8- 38. RDX, incorporated into explosive mixtures such as Composition 
"A," Composition' 'B," Composition "C," or Torpex, is a military explosive 
development which reached pract~cal application during the Second World War. 
It is produced by the nitration of an organic material. Purification is accom
plished by crystallization from various media, including acetone or glacial 
acetic acid. The crystals arc then coated with beeswax or other similar waxes 
to reduce the sensitivity of the material. In this form RDX is insensitive enough 
to be handled readily. Further additions of less sensitive materials are neces
sary before it can be used as a military explosive. 

8- 39. Composition A may be used as a projectile filler. 
Composition B may also be used as a projectile :filler. In addition, it is 

used to produce Torpcx since it lends itself to cast loading technique better 
than other fMms of RDX. 

Composition C has advantages for use as a demolition explosive due to its 
plastic form. 

8 40. In general, RDX explosive mixture loaded items can be treated in 
the same manner as T T loaded containers. RDX mixtures in the bulk form 
must be handled with greater care clue to the sensitivity of the RDX present. 

8-41. Torpex, a much more sensitive but more powerful explosive than 
TNT, is used as the explosive charge for those types of weapons, wherein it is 
desired to have as great a radius of effect of the detonation as possible. 

8- 42. The explosive properties of Torpex are much greater than that of 
TNT. On a weight basis, 100 pounds of Torpcx will produce the same under
wat<'r damage as approximately 150 pounds of TNT. On a volume basis, 100 
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volumes of Torpex will produce the same underwater damage as 170 volumes of 
TNT. 

The impact sensitivity of Torpex is much greater than that of TNT due to 
the RDX present. Thus the use of Torpex is usually limited to those weapons 
where exposure to bullets and projectile or bomb fragments is not likely. 

8- 43. The specific gravity of cast Torpex is 1.70 ± 0.05 compared to 1.52 
for cast TNT. 

Torpex is nonhygroscopic, noncorrosive, and surveillance tests prove it 
satisfaetory. 

The temperature stability is not appreciably different from that of TNT. 
Torpex is cast loaded into containers in a similar manner to cast TNT 

loading. 
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Chapter IX. DETONATING SUBSTANCES 

9-1. When black powder came into use as an explosive, it was ignited by 
the direct action of a flame. Later flint and steel were used. Because these 
methods were not safe and sure, improvements were sought. The discovery 
of mercury fulminate with its various characteristics made it a readily available 
material for use in a cap for the purpose of ignition. Mercury fulminate can 
be detonated by a blow and goes off with great heat and some flame. It is a 
powerful explosive and is used in very small quantities for the purpose of 
igniting black powder. If used alone, it explodes with great violence. To 
increase the heat and length of flame, the primer cap of the present time usually 
contains mercury fulminate, potassium chlorate, and antimony sulphide, and, 
in some instances, ground glass. It is fitted in a primer, and, when struck or 
heated, fires a small charge of fine black powder which ignites the smokeless 
powder charge. Primers are discussed in chapter 14. 

9-2. In the discussion of smokeless powder, it was pointed out that the 
powder grains burn from the surface inward in parallel layers. To ignite a 
grain it is necessary to apply a flame for a long enough period to cause chemical 
transformation and oxidation on the surface, whereupon the grain begins to 
burn, the action continuing until the grain is consumed. The primer alone, 
which is a9.equate for black powder, will not ignite smokeless powder directly, 
for it docs not give a sufficient volume of flame and heat. It is necessary to 
introduce another agent to prolong the primer flame until the smokeless powder 
starts to burn. Black powder is found to be most suitable for this purpose. It is 
introduced as a part of the primer in ca.se ammunition or as the ignition charge 
in bag gun ammunition. Getting the proper effect from the ignition charge 
is very important, as variations will have an appreciable effect on muzzle 
velocities and pressures. From experimental work certain rules for assigning 
and distributing the weight of the ignition charge have been adopted, and these 
govern the present practice. 

9-3. VVhen black powder was in general use as a projectile filler, the fuzes 
operated on the same principle as the primers. A percussion cap, either directly 
or through the agency of a time train, fired a small priming charge of black 
powder which set off the burster charge. Sllch fuzes are called ignition fuzes, 
as they set off the burster charge by flame. With the introduction of high 
explosives, this method of causing a projectile to burst was found impracticable. 
Investigation showed that mercury fulminate would cause dry guncotton to 
explode. It was found that when dry guncotton exploded in proximity to 
wet guncotton it caused the latter to detonate. These discoveries made gun-
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cotton a valuable high explosive for torpedo war heads and mines, but it was 
not suitable for use as the burster charge of projectiles. Since other nitro
compounds co uld be detonated by mercmy fulminate anl:l since some of them 
were suitable for use as explosive charges of proj ectiles, they were adopted for 
this purpose. However, ignition fuzes were not suitable for exploding high ex
plosives. It became necessary to conduct a series of investigations of the 
phenomena connected with the detonating of high explosive compounds. The 
details of the fuzes used with high explosives are set forth in chapter 13. 

Detonation. 9-4. To get the full explosive effect from a high explosive, it is necessary 
to have the substance change in a very short space of time into gaseous products. 
This almost instantaneous transformation is called a detonation. To obtain a 
detonation a very sudden and intense blow is necessary. Ignition of a part of 
the mass of a high explosive will not cause all high explosives to detonate. 
There is a class of these substances which, however, when ignited will burn for 
a very short space of time and then detonate. All high explosives will detonate 
from the shock of detonating substances placed close to them under proper 
conditions. Advantage is taken of these properties of high explosives in 
adapting them for military uses. The substances which will detonate by the 
application of ordinary means, such as heat, impact, or friction, and will 
impart a percussion blow of such character as to detonate these high explosives 
which cannot be detonated directly by the same ordinary means are called 
initiators or detonatiug substances. Among such are mercury fulminate, 
si lver and lead azide, and nitrogen sulphide. 

Theory or detonation 9-5. After the discovery of high explosives, it was realized that detona-
tion was propagated as a wave, similar to a sound wave, and that the velocity 
of this wave could be measured. Investigation showed that smokeless powder 
burned, even under high pressures, at a velocity of less than a few meters per 
ccond; black powder at less than300 meters per second; whereas high explosives 

detonated at velocities up to several thousand meters per second. A detona
tion is effected when the wave of detonation proceeds through the mass of 
unaltered explosive with a velocity of several thousand meters per second, 
changing the material as it proceeds into the transformed products of explosion. 
It was found that mercury fulminate, when heated to the ignition point, 
started to burn at a low velocity, and instantly increased to detonation at about 
4,000 meters per second. This transition from burning to detonation is so 
rapid that it cannot be followed, but, if a sufficient quantity of fulminate is 
detonated in the presence of another high explosive, the latter will also clcLonate. 
The action of the second explosive in detonating is acco unted for mainly by 
the pressure created by the initiator. It has been shown that very small 
quanLitics of mercury fulminate will cause certain high explosives to detonate 
readily; whereas other initiators require larger quantities to obtain the same 
results. One theory attributes the effect of the initiator to the development 
of an enormous instantaneous pressure, this pressure being caused by the 
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kinetic energy of the molecules. In this the velocity of detonation, the volume 
of gas, and the heat of explosion affect the results. A second theory accounts 
for the action by the production of a very intense shock. Whatever the theory, 
"the explosion of a detonating substance gives rise to local action in the form 
of a violent blow or pressure due to the extremely rapid transformation of a 
solid of high density into a large volume of gas at a very high temperature, 
and that this property makes it so effective as an initiator of detonation in 
other explosives" (Colver, "High Explosives," footnote). The capacity to 
initiate detonation depends very little on the sensitivity either to heat or shock, 
but, for practical use, the detonating substances must be sensitive enough to 
start the action by simple means, such as firing locks and exploders. 

9-6. High explosives arc sensitive to the action of a detonating substance 
to a greater or less degree. Picric acid, tetryl, and TNT, are more sensitive 
than ammonium picrate. Consequently, just as it is necessary to use black 
powder between a fulminate cap and a smokeless powder charge, so it is de
sirable, to obtain the best results, to use a secondary detonating substance 
between the initiator and the main charge of high explosive. With certain 
explosives, such as wet guncotton, cast TNT, and others when compressed to 
a high density, this secondary detonating substance is a necessity, as the ini
tiator will regularly not explode the main charge directly. A detonator is a 
metal tube, usually copper, filled with a detonating substance, usually mercury 
fulminate or lead azide. An improvement has been made by reducing the 
amount of fulminate and replacing that removed with TNT, tetryl, TNA, or 
trinitrobenzene. With this latter change, the same detonating effect is ob
tained, but greater safety in handling results. The secondary, or intC'rmc
diate detonating substance, is called the "booster." A compom1d is used which 
is too insensitive to be detonated directly but is sensitive enough to be det
onated by the initiator and to pass a.long the eiiects to the main charge. 
Hence, we have boosters in torpedo war heads (formerly called torpedo war
head primers), mines, depth charges, bombs, and in detonator fuzes for pro
jectiles. The relative weights of initiators and boosters are arranged to obtain 
the best detonation from the main charge. 

9- 7. Mercury fulminate was discovered in 1790, and was first used practi
cally for the manufaeLme of percussion caps in 1815. The sensitivity is so 
great that aeeidcnts, especially in manufacture, are numerous, and frequent 
attempts have been mad e to find a suitable substitute. No substance, how
ever, has replaced mercury fulminate to any extent cxcepL lead ar.ide which has 
been adopted for the detonators in certain Navy fuzes, in all Army fuzes, and 
in commercial detonators. 

9-8. Mercury fulminate is made by adding a solution of mercury in 
nitric acid to ordinary 95 porr<:>nt ethyl alcohol. Duo to tho dangers in manu
facture, it is usually prepared on a small scale. A charge of pure mercury is 
dissolved in nitric acid. This acid solution is then poured into a container in 
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which there is a charge of almost pure alcohol. A violent action results which, 
when completed, leaves the solid crystalline fulminate in the liquid. The 
charge is then screened and washed; all impurities removed, and the mercury 
fulminate drained and packed in bags in water. When required for use, the 
fulminate is dried. 

Characteristics. 9- 9. When pure it is a fine, yellowish-white crystalline powder. The gray 
color of the commercial fulminate is clue to small particles of unconverted 
mercury. When dry it is very sensitive and is readily detonated by percussion, 
friction, flame or spark, electric spark, or by contact with sulphuric or nitric 
acid. When moistened with from 5 to 30 percent of water, its sensitivity is 
much reduced, although the explosion of a quantity of dry fulminate in contact 

' with wet fulminate will explode the latter even if completely immersed in water. 
The sensitivity is increased with the size of the crystals and with heat, as it 

is more sensitive when hot than cold. 
Storage. 9- 10. Mercury fulminate is unaffected by variations in ordinary storage 

temperatures but is affeeted by summer and tropical temperatures. Its 
ignition point is over 150° C. Its explosive qualities are adversely affected 
by moisture, however, and no effort should be spared to keep all fulminate 
detonators and ammunition containing fulminate caps dry. If unconfined, 
it burns fiercely, and when only slightly confined it detonates. When dry it 
reacts very slightly with metals, but, if any free mercury is present, it will form 
an amalgam with brass or copper, this action being increased with moisture. 

Value as initiator. 9- 11. The explosive action is very sudden and violent, generating high 
pressures. It can not be compared with other high explosives by the usual tests, 
as its velocity of detonation is much less than that of other high explosives, and 
the total heat units per gram are less. Its property of igniting, . then rapidly 
detonating, gives a powerful disrupting effect and makes it .useful for initiating 
detonations; consequently, it is used only for this purpose, either alone or 
mixed with other substances. 

Caps for •mall arl1\6. 9- 12. Percussion caps for small arms and primers contain mercury fulmi-
nate. Potassium chlorate is added to increase the heat of explosion by its 
oxidizing action. Antimony sulphide is added to prolong the action of the 
cap as it produces a long flame. Powdered glass has been added to increase 
the sensitivity. 

Azidea. 9- 13. Certain substances are now used as substitutes for mercury fulmi-
nate. They are silver, lead, sodium, and other azides, of which lead azide or 
lead hydronitride is the most suitable. These substances are less sensitive, if 
the crystals are small and have more energy and are stable and durable. Lead 
azide also has the property of increased brisance with increased pressure. How
ever, they are less brisant than fulminates, but this may be overcome by mixing 
azides and fulminates. Nitrogen sulphide and other similar substances are 
not stable enough and are too sensitive for use. 
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As noted in paragraph 9-7, lead azide has been adopted for the detonator 
of modern major caliber base detonating fuzes. ln the Mark 19 fuze, its use 
was dictated by the failure of fuzes with fulminate detonators when tested 
against heavy plate. Under these conditions there resulted a high percentage 
of bursts on the face of the plate. Lead azide detonators, being less sensitive, 
have resulted in a practically perfect test performance in fuzes, M.ark 19, against 
heavy plate. Since fuzes, Marks 19 and 20, are identical in their construction, 
the lead azide detonator was adopted for the Mark 20 fuze, after its suitability 
had been demonstrated in ballistic tests . The use of lead azide has been con
tinued in later fuze design. 

The Army's adoption of lead azide, in place of mercury fulminate, was 
based on its freedom from the aging effect, which tends to reduce the sensitivity 
of mercury fulminate after long periods in storage. These fi;ndings were to a 
certain extent confirmed by the Bureau's tests of ignition fuzes, Mark 10, and 
mods, from Naval Ammunition Depots, representing extremes of stowage 
conditions. 
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Chapter X. PROJECTILES 

10-1. The word "projectile" is the standard nomenclature of the Bureau 
of Ordnance and the word "shell" is not standard, and should not appear in 
correspondence, specifications, or drawings. 

10-2. The form adopted for the front end of a projectile is that lmown 
as the ogive, which is generated by the revolution of the arc of a circle around 
a chord, the chord being the axis of the projectile, the radius of the arc times 
the versed sine of the arc (from the point of tangency of the arc to the point of 
intersection of the arc to the axis of the projectile) being the semidiameter of 
the projectile, and the radius of the arc times the sine of Lhe arc being the pro
jected length of the ogive. The shape of the ogive is generally expressed by 
stating its radius in terms of calibers. Frequently the ogival shape is secured 
by the com binution of several arcs of different radii. 

10-3. With proper rotation, it is desirable to keep the center of gravity 
of the projectile to the rear of, or in the immediate vicinity of, the center of 
form, particularly in long projectiles. As armor-piercing projectiles require a 
cap and a heavy nose for penetrative ability there will be a large proportion of 
metal forward of ·the cavity. As a relatively long ogive is conducive to long 
range, it has been advantageous to adopt light nosepieces or false ogivals which 
are termed "windsbirlds." 

10-4. Practically all United States naval projectiles have the corner of the 
base turned to a small radius, varying from 0.375 inch for large projectiles 
down to a mere touch of Lhe file on the corner of the small ones. 

10-5. For fixed ammunition another factor is added in connection with the 
form of the after end, for in such projectiles that portion must be kept cylin
drical for a considerable length in order to provide a proper bearing for the 
cartridge case. 

10- 6. Between the ends, whatever their shape and length, is the cylindri
cal portion or body of the projecLile. Nrar the after end of the cylindrical 
body is the rotaLing band or bands, and at the forward end of the cylindrical 
body is the bourrelet. Between these two parts the diameter of the body is 
slightly reduced, in order to provide a generous clearance from the bore of Lhe 
gun. It is the support and bearing provided by the band and bourrelet which 
sLeady the projectile in its travel through the gun and it is quite evident, 
therefore, that there must be a reasonable distance between Lhem, else too heavy 
a duty will be demanded of them in preventing wabbling. 

10-7. As a general rule projectiles arc given , excepL on the bourrelet, only 
a rough machine finish; that is, one which, while smooth Lo the eye from a 
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distance of, say, 8 or 10 feet, shows on closer inspection the marks of the turning 
tools. It is a popular fallacy that a smooth fmish is conducive to accuracy. A 
very complete experimental firing was carried out some years ago in which a 
series of 14-inch target and armor-piercing projectiles were fired at a standard 
elevation, velocity, aud proj ectile weight, half of the projectiles being carefully 
ground and polished to a fine finish , while the other half were left the us11al 
finish. The difference in finish appeared to have negligible effect on the dis
persion; in fact, those projectiles with the rough or service finish gave a smaller 
dispersion than did those with the polish. 

10- 8. Within reasonable limits proj ectiles can be given various weights 
for a given gun. The relation between weight of projectile and powder charge, 
muzzle velocity, and pressure is a part of interior ballistics. The normal 
weights of United States naval projrctiles follow in general: 

where 

d3 
w=-

2 

w=approximate weight of projectile in pounds. 
d =caliber of gun in inches. 

The weight of the projectile per square inch of bore is called the sectional 
density of the projectile and is represented by the following expression: 

where 

w 
S.D.= A' 

S. D . = sectional density . 

W =weigh t of projectile in pounds. 
A= area of bore, including grooves, in square inches. 

This figure has frequent application in gun and projectile design. The 
sectional density varies from 0.635 for a 1-pounder up to 13.4 for a 16-inch, 
averaging approximately 0.6 of the caliber. 

The distribution of the weight in a projectile is a matter of considerable 
importance. As a general rule, the center of gravity should be in the longi
tudinal axis and close to or abaft the center of form. Slight variations in the 
location of the center of gravity, with respect to the center of form, have 
negligible effect on the dispersion . 

10- 9. The bomTelet is, as was stated previously, the forward bearing of 
the projectile. Its surface is generally ground to a fine finish in order to reduce 
friction and to minimize wear of th e lands of the gun. This bearing surface is 
usually about one-sixth cali ber in width; that is, longitudinally with the pro
jectile. Some few small projectiles have no real bomTelet, the entire body of 
the proj ectile forward of the band replacing it. With the advent of longer 
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projectiles it has become standard practice to provide in the rear of the band a 
rear bourrelet having the same diameter as the front bourrelet. The prjoectile 
is thus provided with better support in the gun and during the ejection from 
the muzzle. 

10-10. The bore of a gun becomes "coppered" with a fine deposit of 
copper from the projectiles' rotating band after repeated firing. And fre
quently, also, the liner in a gun becomes slightly crumpled or ridged after 
repeated firing, particularly in wake of internal shoulders. A certain clearance 
must be provided between the bourrelet and the lands. The standard United 
States Navy practice is to make the bourrelet diameter 0.015 to 0.023 inch 
smaller than the bore of the gun. A minus manufacturing tolerance is added to 
this diameter of another 0.015 inch, so that the total clearance limits may vary 
from 0.015 to 0.030 inch. It is reasonable to assume that unnecessary clearance 
can have at least no beneficial action, and may have an injurious effect on the 
lands, due to the blows of possible wabbling. It is quite apparent, also, that 
the less the clearance the more accurate will be the initial direction of the 
trajectory. 

10-11. The rotating band has three primary functions-to seal the bore, 
to position and center the rear end of the projectile, and to rotate the projectile. 
Secondary functions are to hold the projectile in place during loading and ele
vating for firing. In addition to these functions the band has considerable 
effect on the range, dispersion, muzzle velocity, and life of the gun. 

10-12. Rotating bands have been made of commercially pure copper for 
all minor and medium caliber projectiles, and of cupro-nickel alloy containing 
2.5 percent nickel for major caliber projectiles, the nickel being added to secure 
greater strength. Some of the projectiles of later design have been banded with 
gilding metal consisting of 90 percent copper and 10 percent zinc. The addition 
of the zinc has been found in some cases to reduce the amount of coppering in 
the bore of the gun. 

10-·13. As a general rule rotating bands are about one-third cali.ber in 
width. In some instances, particularly abroad, the width of a band is kept to a 
maximum of about 1.5 to 2 inches, and where a greater strength is necessary 
two separate bands, separated by a short distance, are provided. Double 
bands have not been adopted by theN avy but are used by the Army on certain 
field artillery projectiles. Accordingly, they may be found in certain ammuni
tion issued for landing force purposes. 

10-14. The band is secured in a score cut in the projectile body, there 
being a dovetail on each edge to assist in overcoming centrifugal force, and 
with either waved ridges, longitudinal nicks, or knurling in the bottom of 
the score to insure against slipping during acceleration. The rough band 
has a slightly less internal diameter than the rear end of the projectile and 
is heated to expand to a diameter that will permit the band to be slipped 
over the rear of the projectile and pressed into place. 

577220 °--4~----7 
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10- 15. The forward edge of the band is slightly conical and enters a 
correspondingly coned seat at the origin of rifling. The central portion of 
the band is cylindrical and of a slightly greater diameter than the diameter 
of the bore, plus depth of rifling. An expression often used to obtain the 
diameter of the cylinder is "0 = C + 2p + .02 inches," where C 1s the caliber 
of t he gun and p the depth of the grooves. It will be observed that a raised 
lip is on the rear part of practically all bands used in powder bag guns. TLis 
lip serves the purpose of insuring a good gas check and, at the same time, 
because of its considerably greater diameter, preventing overramming in a 
worn or eroded gun . 

10- 16. In order to insure a tight joint, the diameter of the cylindrical 
portion of the band is generally a few thousandths of an inch greater than 
the diameter of the bore across grooves. Any excess metal in the band will 
be pressed or wiped back toward the base of the projectile, this being more 
pronounced in wake of the bands. Should this excess metal be of sufficient 
quantity it will form a scalloped skirt or fringe extending abaft the band 
score. Now at the instant that this skirt clears the muzzle there will be a 
rush of gas past it, which, aided possibly by centrifugal force, may turn this 
skirt out radially at a considerable angle. A pronounced fringe can have a 
material effect on range and dispersion, the effect being greatest on minor 
and medium caliber proj ectiles. All separate loading proj ectiles are now 
made with nonfringing bands in which the lip is at a considerable distance 
forward of the rear edge of the band and is undercut to allow space for the 
displaced metal without the formation of a fringe. Bands for projectiles to 
be assembled in fixed ammunition are lipless. 

10-17. The successful design must not only provide sufficient metal in 
the band to secure the desired performance but must also insure against 
fringing. Grooves or "cannelures" are placed in the cylindrical portion of 
large bands, for the purpose of allowing space for excess copper, additional 
space is provided by undercutting the lip as discussed in the preceding 
paragraph. 

10-18. When an ogival-headed projectile, traveling in ail·, strikes water , 
it deviates from its traj ectory in a violent and tmccrta,in manner. At small 
angles of fall it tips up, runs parallel with the surface for a short distance, 
and then, if it still has sufficient velocity, emerges and again takes to the air. 
This is called a ricochet. 

At large angles of fall it is liable to deviate in any irregular direction, 
the general t endency being to turn downward toward the vertical and to 
lose velocity rapidly. 

10-19. During World War I the demand for proj ectiles intended par
ticularly for antisubmarine work led to the development of flat-nose projectiles 
in which there is no ogival form for the bomTelet. These projectiles were 
adopted with the expectation that they would maintain their trajectory with 

www.tinyurl.com/slover


PROJECTILES 

reasonable accuracy after entering the water. Flat-nose projectiles proved 
to be of comparatively limit<>d use and they have been dropped from the 
standard allowances. The grratly reducrd range and rrratic behavior resulting 
from the flat-nosed form renders them of doubtful utility for this purpose. 

10- 20.-United States Navy projectiles are divided into 15 classes as 
follows: 

1. Armor-Piercing (AP).- Thcs<' projectiles are primarily for use against 
class A armor but are also effective against class B. 

2. Special Common (Sp. Com.).- These projectiles are for usc against class 
B armor. They contain slightly less explosive than common and more than 
AP. 

3. Common (Com.).- These projectiles are for use against class B armor 
but less effective in penetration than Sp. C. or AP. 

4. High capacity (HC).- Thesc arc thin-walled projectiles similar to AA 
and carry about the same percentage of high explosives. They are assembled 
with no delay base fuzes, tracers, dummy nose plug, and auxiliary detonating 
fuzes. The dummy nose plug may be removed and a point drtonating fuze 
or a time fuze substituted. These projectiles are for shore bombardment, 
antiaircraft or for use as common projs. 
pos1t10ns. They carry base detonating fuzes. 

5. Field (Fld .) .-These projectiles are for field use. They carry nose 
detonating fuzes. 

6. Antiaircraft (AA) .-These projectiles are for use against aircraft. 
7. Antiaircraft Common (AA-C.).- These projectiles are similar in con

struction to A. A. except that the base is threaded for a base detonating fuze, 
thus making the projectile suitable for use against surface targets as well as 
aircraft targets. 

8. Illuminating (SS).- These projectiles are for use in illuminating 
enemy ships or target by means of an illuminating element. 

9. Tracer (Tr.).-These are special projectiles designed solely to leave 
visible trace in the daytime and do not have bursting charges. They are a 
separate class from other projectiles, and when required may be filled with 
tracer material. These are obsolescent. 

10. Smoke (Sm.) .-This is a special projectile containing a smoke producing 
element designed solely to make a smoke screen. These projectiles are still in 
the experimental stage and are intended only for landing exercises for use by 
landing forces. 

11. Shrapnel (Shrap.) .- A modern shrapnel is a projectile containing 
shrapnel balls which are expelled from the shrapnel case by means of a . small 
charge of explosive, the case remaining intact. 

12. Flat Nose (FN) .- Flat-nose projectiles are for use against submarines 
and are designed to prevent ricocheting on water impact. These projectiles 
are ob~olesccnt. 
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13. Line Carrying (LO).-This is a special projectile designed to carry a 
line for 11se in rescue work. 

14 . Target (1'. or Tar.).- This is a special projectile designed for target 
practice, ranging, and proving ground work. 

15. Proof Shot (PS).- This is a special projectile designed not to ricochet 
on water impact and is for use in proving-ground work. It is not contemplated 
that more of these projectiles will be procured when the present stocks are 
exhausted. 

10- 21. Open-hearth steels- acid, basic, and electric, are used for armor
piercing projectiles, but the melting is given far greater care than is received 
by the average commercial steel. The ingots are cast nose down in iron molds 
in order to chill them rapidly to prevent piping and injurious segregation. 

1o-22. There are two general systems of forging. In one the ingot is cast 
of greater diameter than the finished projectile, and is forged down, being 
length ened in the process, under a press or hammer, and in this process the 
cavity is bored out. In the other process the ingot is of smaller diameter than 
the finished projectile, is upset in a die under a press to the proper diameter, 
and its base is then pierced by a punch to form the cavity, the rear walls of the 
body being somewhat extruded. In the first process mentioned the grain or 
fiber of the steel is longitudinal whereas in th e other process it is transverse. 

1o-23. The rough forgings are then annealed, after which they arc rough 
machined nearly to size. The next step is a series of beatings and quencbings 
in oil and bot water for the purpose of refining and fibering the grain structure. 
After this treatment the forging is turned to exterior and interior dimensions, 
allowance being made for the fitting of base plug and finishing of band score 
and bourrelet. 

10- 24. The next step is the hardening, which is accomplished by a gradu
ated heating beginning with the point followed by a complete quench in agitated 
cold water. This puts the entire projectile in ·an exceedingly hard condition. 
The heating for this treatment is generally accomplished in a bath of molten 
lead, such procedure being conducive to accurate control of both temperature 
and position of application of heat. After this the base of the proj ectile is 
heated to a lower temperature than was used for quenching and upon with
drawal from the bath or furnace is suspended nose down and immersed up to 
the bourrelet in agitated cold water. This procedure draws or tempers the 
rear portion while preserving the hardness in the head. The result is an 
exrPrKlingly hard head to the rear of which the hardness gradually decreases 
with increase in toughness. The hard head is to effect the smashing o£ the 
plate's face while the tough rear is to support the head and stand the breaking 
strain of angle impact. 

10- 25. Finally, the projectile is sand blasted, the band score is finished 
and the band pressed into place, the cap and windshield are put on, the hour
relet is ground, the band is turned to size, and the base plug fitted. 
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10- 26. The cap follows, in general, the same methods of manufacture and 
treatment as are applied to the projectile, although, of course, no special ingot 
is made for it. After forging it is annealed and rough turned, is then fibered, 
then finish machined, except threading for the windshield, then decrcmentally 
hardened and finally finish turned and threaded and installed. Caps are made, 
in general, of the same kind of steel as are the projectile bodies. 

10-27. Caps are secured to the projectile by peening the skirt of the cap 
into nothces cut in the ogive of the projectile and by soldering the cap to the 
head of the projectile body with a special low melting point solder. Such a 
solder is required to prevent the heat necessary for soldering from drawing 
the temper of the ogive. 

10-28. Caps should be held securely in place, and it is quite probable that 
their efficiency on oblique impact is materially affected by the security of tho bond. 

10-29. It occasionally happens that caps become loosened by 1·ough han
dling. Such projectiles should be returned to an ammunition depot for 
recappmg. 

10-30. The windshield is made of either forged mild steel, steel 
stamping, or aluminum, and has no special strength other than that necessary 
to prevent destruction during handling and setback on firing. Windshields are 
gcnerttlly screwed on the cap, and frequently the thread is cut on a tapt'red 
surface. After screwing home they arc "set" by a center punch at the joint. 
They sometimes become loose in handling and in that event thoy should be 
tightened and reset. 

10-31. Base plugs are good quality forged, manufactured from nickel-steel. 
10-32. The steel for armor-piercing projectiles is the finest quality, nickel

chrome steel. Due to the comparatively small mass and more convenient size 
the carbon can be carried much higher than is possible in armor manufacture. 
For instance, we find the carbon content as high as 0.75 percent. Similarly the 
chromium can be carried a little higher and we find the chromium content as 
high as 2.60 percent. The nickel runs about the same as for armor. 

95 

10-33. Various theories have been advanced as to the reason for the The action of the cap. 

increase in penetration secured by the application of the cap. The simplest, 
and perhaps the most reasonable, is that the cap acts to break down the initial 
strength of the plate, allowing the nose to reach an already strained surface 
and then provides powerful circumferential support to the point and nose as 
they begin to penetrate the hard face, maintaining the support until they arc 
well into the plate. 

10-34. The shape of the ogive of the projectile itself has considerable effect 
on the efficiency of the projectile. The curvature of the ogive was increased 
to about 2.5 calibers because of the desire to reduce air resistance, and this cur-
vature was retained under the cap after its adoption. Shorter curvature is 
desirable, however, to secure a shorter projectile. and the modem tendency is to 
fix the ogive radius between 1.5 and 2 calibers. 

Form of internal 
ogive. 
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10- 35. The development of common, AA, AA-common, and field pro
jectiles followed logical chmmels being based on the attack on unarmored ves
sels, the upper works of armored vessels, aircraft, earthworks, and fortifications. 

10- 36. As a general rule the design of and selection of materials for these 
projectiles is predicated on the physical properties required for the purpose 
intended. Steel used for the special common and common are similar to steel 
used for AP projectiles. 

10- 37. ~vieL11ods of fabrication differ with the caliber and type. In large 
calibers each projectile is usually m ade from a separate ingot, while in mrd ium 
calibers large ingots are "cogged down" in a rolling mill to b illets of round, 
squan', or polygonal section and then cut or broken to proper length. The 
ends of tlwse blanks are usually inspected to eliminate those which contain 
piping or injurious segregation. 

10- 38. Considering major and medium caliber projectiles, and th e ingots 
or hill ets made for them, as mentioned above, fabri cation cont inues, in general, 
as follows: 

10- 39. The projectile blank is heated , placed in a die approximating 
the exterior con tour, nose down, but of excess diameter, and then pressed 
under the plunger of a hydraulic press, thus formin g the ogive. A piercing 
die or plunger of slightly less diameter than the cavity is th en forced. in to 
it, which forms the cavity. These two steps can be clone with one heating. 

10- 40. In some proj ectiles this is the only forging required , but generally 
the extrusion performed by the piercing die is insufficient to make the cavity 
long enough. In this case, which is quite general , th e forging or blank is 
reh eated and placed in a draw bench, the nose being placed in a die containing 
a circular hole slightly larger than the finished diameter, and it is then forced 
through this drawing die by a hydraulically operated plunger which is inser ted 
in the already par tially formed cavity. This drawing process forces the sides 
back over the plunger, thus extending the blank to the required length. In 
some cases more tban one draw is required , and this is generally performed in 
one heat by forcing the forging through several rings or dies in succession in 
the same draw bench. The method just described applies, of course, to open
base proj ectiles. Where the base is to be solid and the nose is to be open the 
same general process is followed, except that the proj ectile is worked from 
the base instead of from the nose. 

10- 41. Th e blank is then generally annealed, or normalized, and if high 
physical properties are required , it may be heat-treated to secure them. It is 
then passed to the machin e shop for fini shing. 

10- 42. The fmishing consists in turning and boring to the correct dimen
sions and tolerances, banding, fitting the plug, painting the interior of the 
cavity, and inspecting and stamping for shipment. As a general rule all surfaces 
are finish-machined except as noted below. Many efforts have been made to 
omi t th e ma.chining of th e cavity, buL the forge finish is not satisfactory because 
th e forging temperature is so high tha,t a rough and scaly surface results. 
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10- 43. Some projectiles arc fitted with heavy nose or base plugs, others 
hu ve smaller adapters to carry th e fuze, and others may be ucsigned to receive 
the fuze itself. In most of these classes tho caviLy is always of larger diameter 
than is the hole for these fiLLings. This condition is met in two ways. 

10-44. Where the hole is large and the amount of metal to be remo\·cd 
from the rough forged cavity is small, or where the projectile is compleLcly 
heaL-treated, the interior is flllished in a boring machine or laLhc, using a tool 
on the end of n. bar which is inserted in the hole. This bar is swung on a pivot 
in order that the tool can be made to follow the desired conLour of the interior. 

10- 45. Where the cavity is large and entails the removal of considerable 
metal, or where the forward or afLer .fuze plug hole is so small as to render 
machining impracticable, an en tircly different process called nosing in, or basing 
in , as the case requires, is employed. Here the inner portion of the caviLy is 
machined to size while the outer portion of the cavity is machined to a cylin
drical or nearly cylindrical size, any shoHldcrs or scats being also partially 
machined. The exterior surface of the projectile, in the wake of that portion 
of the cavity which is to be closed in, is then turned to t he reverse curvature of 
the cavity, or, in other words, the approxi1r.ate contours of the cavity and out
side arc exchanged and reversed. That part of the projectile which is to be 
closed in is then carefully ht'ated in a nonoxidizing flame, and is then either 
forced, under hydraulic pressure, in to a die, which is cut to Lhe proper exterior 
shape or is pressed inLo shape under radial pressure. As was stated above, 
this process can be applied Lo either the ogive or the base. 

10- 46. This operation can be so satisfactorily performed that no machinP 
work is necessary on the closed in portion except the fitting of screw threads and 
gastight s0ats. 

10- 47. It is generally customary to select tensile test speeim('ns from heats 
or lots aftl'r all forging or heating is completed, in order to insure that uniform 
and satisfactory results are being secured. 

10- 48. The proc0sscs referred to above apply to pracLieully all kinds of 
projectiles, except armor-pi0rcing and minor caliber projectiles. 

10- 49. Minor caliber projectiles are generally machined from round rolled 
bars, the forging to shape with final finishing being more expensive than com
plPte machining. 

10- 50. Base plugs, fuze bole plugs, adapters, and the miscellaneous interior 
parts of shrapnel, illuminating projectiles, gas and smoke projectiles, etc., are 
manufactured by the various ch·op forging, drawing, and machining processes 
covered in tPxt-books on mechanical processes. 

10-51. Shrapnel is a type of projectile designed for use against aircraft 
and personnel and its only naval use is, therefore, in connection with landing 
parties, bombardment of fort.ifications, and attack of aircraft. It is interesLing 
to know that the name is derived from the man who invented it in Europe in 1784. 

Spe<:inl 
shrapnel. 
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10-52. The most common form of shrapnel consists of a case in the rear 
of which is a black powder bursting charge, connected to a nose fuze by a 
central explosion tube around which is packed a large number of lead (88 per
cent) antimony (12 percent) balls held securely in place by a matrix of hot 
poured rosin. When the fuze acts the balls arc expelled forward by the burstin.g 
charge and scattered in a cone-shaped cloud. Shrapnel are, however, frequently 
given other features . For instance, a high ex11losive may replace the rosin to 
increase the violence of the burst and the area or damage; or there may be a 
heavy head with a high explosive burster and suitable fuze in order to follow 
the cloud of balls with a secondary explosion, and finally the balls may be 
replaced by small hollow open-ended cylinders in which phosphorus or other 
incendiary compound is packed, the object of this design being to add to the 
local ex1)losion and distribution of missles the probability of creating a con
flagration. This design is particularly valuable against aircraft of all descrip
tions, especially those which employ hydrogen. 

Illuminating proiec· 10- 53 .. The illuminating pro]· ectile has a case, similar to a shrapnel case, 
tiles. 

Smoke and gas pro
jectiles. 

with a very small ex1Jelling charge in the front and just abaft the fuze and an 
interior assembly of a star or candle with a parachute, and a very lightly held 
base plug. The explosion of the expelling charge forces out the base and the 
interior assembly. It is quite desirable to expel the assembly with considerable 
velocity (at least 300 to 400 foot-seconds relative to the case) in order that it 
will have as small a velocity, in space, as possible. It would be preferable to 
have the assembly expelled at the same velocity as ili.e case, but at present this 
is not possible. The star or candle is a steel container in which is packed, under 
heavy pressure, an illuminating compound in which magnesium is an important 
constituent. The explosion of the expelling charge ignites the star or candle. 
The closed end of the star container is attached to the strand wires of the 
parachute. The parachute is carefully folded and, with its strand wires , is 
rolled so that upon expulsion it opens, thereby suspending the candle or star. 
Because of the high velocity at which the projectile is traveling when ejection 
takes place, it is necessary to slow down the star-parachute assembly before 
the parachute comes into full action. This is done by a retarding device which 
consists of a center wire, one end of which is secured to the center of the para
chu te and the other to the star. This device holds the center of the parachute 
nearer the star than when in full release and causes the parachute to spill air 
thereby preventing a too heavy initial strain on the parachute. After the 
star has burned for a few seconds the end of the center wire is released from its 
point of attachment to the star. This permits the parachute to open fully and 
give its greatest support to the star. (See par. 1-3 1.) 

10-54. Smoke and gas proj ectiles, when specially designed for the purpose, 
are quite similar to any projectile of large capacity so far as the projectile itself 
is concerned; the difference lying in the kind of fuze, contents, and method of 
loading. 
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10-55. Economy requires that target projectiles be made of the least 
expensive materials. They are, therefore, made of cast iron or semisteel. A 
good grade of metal and efficient methods of casting are necessary, however, 
to insure that the setback and centrifugal force do not cause fracture, either in 
the gun or in initial flight. They are so designed that they arc similar to their 
prototypes in exterior shape, weight, and balance. No economy can be 
effected in the rotating band, as it must function in the normal way. 

10-56. Proof shot, sometimes called "slugs," are solid cast iron shot with 
a square forward end. From the forward edge of the rotating band to the 
rear, they are identical in shape with the standard projectile of their caliber, 
but their only other similarity is their weight and bourrelet diameter. As a 
result of this design their behavior in the gun or their interior ballistic perform
ance is similar to, while their flight is much shorter than, that of the standard 
projectile. They are used for proving ground work. Their use in spotting 
practices has been discontinued. 

10-57. Line-carrying projectiles are simply loose fitting slugs which carry 
a rod extending to the muzzle with an eye in the end, to which is attached a 
light cord. The projectile turns around immediately after firing, and is held 
to its trajectory by the strain of the trailing cord. The cord is coiled down on 
deck and, after the projectile has passed over the target, a heavier line is bent 
to it and with succeeding heavier lines, a hawser can finally be run. A range 
of about 350 yards can be secured in a 3-pounder saluting gun. 

10-58. High capacity projectiles are forged from medium alloy steel which 
is heat treated. They are forged by piercing from the nose end as contrasted 
to AP's being forged from the base end. These projectiles may also be used 
against aircraft by screwing a time fuze in the nose or against surface craft or 
shore targets with a steel nose plug or time fuze. All are assembled with aux
iliary detonating fuzes, no delay base detonating fuzes, and tracers. 

10-59. The A. S. projector charge used with MK 20 projector is made up 
of the following components: body, tail (also called motor unit), rocket pro
pellant assemblage, contact fuze and fuze adapter, and high explosive filler. 
It is intended for forward throwing from small boats against submarines, the 
absence of recoil because of rocket propulsion making possible the use of this 
type ammunition on these relatively small craft. The body (containing about 
30 pounds of high explosive), the fuze, and the tail are stowed ashore and also 
shipped, unassembled. The body and tail are mated by means of a threaded 
coupling when stowed aboard ships; the fuzes, however, remain in separate 
stowage aboard ship until the ammunition is placed in the ready service box. 
Care should be taken to insure that the tail has screwed borne completely into 
the body and is wrench-tight prior to firing of the charge. Designations and 
markings of this ammunition are given in Bureau of Ordnance Confidential 
Circular Letter A4- 43 dated January 17, 1943. Ordnance Pamphlet No. 1002 
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(Confidential) g1ves a description of the A. S. projector Mark 20 and am
munition. 

10- 60. The A. S. projector charge used with the MKlO projector is made 
up of the following components: body, tail, contact fuze and fuze adapter, two 
piece cartridge case (with primer and propellant powder), and high explosive 
filler. The projector throws a circular pattern oi charges, each weighing 
approximately 65 pounds and containing about 30 pounds of high explosive, a 
mean distance of 200 yards. The charge is fired from a solid spigot over which 
the tail tube of the charge containing the cartridge and powder in the end of 
the tail joined to the body, has been placed. The spigot rests against the lower 
half of the divided cartridge case which contains the electric primer. The 
body and tail containing the loaded cartridge are mated together by means of a 
threaded coupling and are stowed and shipped assembled. The fuze, however, 
is not placed in the body until the round is placed in ready service stowage and 
separate fuze stowage is to be provided aboard ship. Care should be taken to 
insure that the tail has screwed home completely into the body and that it is 
wrench tight prior to firing of the charge. Designations and markings of this 
ammunition are given in Bureau of Ordnance Confidential Circular Letter 
A4- 43 dated January 17, 1943. Ordnance Pamphlet No. 1001 (Confidential) 
gives a description of the A. S. projector Mark 10 and ammunition. 

Identification or pro- 10- 61. When a requisition drawing is prepared f01 a new type of pro]· ectile 
jecl.iles. 

a. mark number is assigned to the design. If individual manufacturers use draw-
ings differing in no essential point from the requisition drawing, the projectiles 
delivered are designated by the same mark number with an individual modifi
cation number for each manufacturer. If, however, the individual manufac
turer's designs differ markedly in internal arrangement from the requisition 
drawing, mark numbers are assigned to each such manufacturer's design. 

10-62. For the purpose of ballistic tests and acceptance, the projectiles 
on a contract are divided into lots , the number in a lot depending on the caliber 
of the projectile. The caliber, type, the mark and modification, the lot number, 
and the year of the specifications under which manufactured are stamped on 
each projectile. These are the normal marks on a projectile and are the only 
ones by which a projectile can be identified definitely. 

10- 63. In certain instances improvements in design have been applied to 
projectiles already in service by the modification of rotating bands, wind
shields, etc., and such modifications have in general been indicated by the 
addition of letters after the modification number. 
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Chapter XI. CARTRIDGE CASES AND CASE AMMUNITION 

11- 1. In the design and preparation of ammunition for service use, con
sideration must be giYen to the ease, facility, and rapidity of loading, the safety 
of the personnel, and the cost of manufacture and preparation. Whc11 the 
whole charge, including the projeetile and primer, can be loaded iu one oper
ation, greater rapidity of fire is possible than whco loadi11g the projecti le and 
powder s0parately. When the powder is protected, as in a cartridge case. the 
dang-er from flare-backs is greatly reduced. However, as the car tr idge case 
contains the powder charl,!"e and primer, additional care must be exercised in 
handling, for if a sharp edge strike the primer it will explode, and thus ignite 
the charge. · 

11- 2. The ammunition for the smaller guns is made up with the powder Cartridge cuses. 

and primPr put up in brass or steel ("Urlridge cases, which arc hollow cylinders 
wit l1 flat heads, shaped to fit the chamber, som e being bottle necked. For ease 
in loading, th e limit for fixed ammunition is placed at the 5" /25-ca.libcr gun. 
Above t l1i s it is necessary to load the powder and projectiles separately. B e-

i.Phf%< . f&t&'' ,, 

HUNK, ('Up NO.I. cur N0. 2 

HEADt::D. TAPm ~.1. 1~ ~.2 . TAE"'Dt NO 3, 

DRAW NO. I, [)RAW NO. Z. DAAW N0.3 . DRAW !'M>. 1 . OftA,\If N0.5. DRAW N0.6. 

FwuRo; 24.- 0pcralions for making 4-inch, 50 calibC'r cartridge casC's. 
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sides affording a convenient method of loading the cartridge case performs 
the very important function of preventing the escape of gases through the 
breech. The cartridge case has a fairly snug fit in the chamber and, on expan
sion, due to fiTing, makes a gas seal. Some military forces, notably the Ger
man Navy, utilize this method of gas check ing in practically all guns, but 
in our naval service, due to difficulties in handling large cases, especially in 
disposing of the empties, another system is used. The cartridge case in the 
larger caliber guns is eliminated and the powder is put up in silk bags. The 
gas checking is obtained by the mushroom and pads on the breech plug, and 
the primer is fired by a lock attached to the breech plug. Were cartridge 
cases used in all sizes of guns, with very large charges it would be necessary 
to put part of the charge in a case and part in silk bags or thin brass cylinders, 
as was done in the German Navy, but this complicates the loading. With 
case gtms, gas ejector systems are not necessary except in enclosed moun!;s. 
In such mounts gas ejector systems are essential to prevent the accumulation 
of gas within the mount while with bag guns, gas ejector systems are required 
to accelerate the clearing of the bore. 

11- 3. Brass cartridge cases are manufactured by drawing out blanks of 
special cartridge case metal. The genera.! features of the manufacture of the 
different sizes are the same. The metal is cast in slabs of a composition 
approximately 70 percent copper and 30 percent zinc. It is scraped, annealed, 
and rolled out to the proper thickness and disks are stamped out to form the 
blanks, the disks being made of a sufficient diameter to allow fqr .drawing the 
material out into the finished case. The first operation (fig. 24) is performed 
in a press with a suitable punch and die to form the cup . Successive drawing 
operations are then carried on and the cup gradually assumes the general form 
of a cartridge case. The number of drawing operations depends on the size 
of the case being made. After each draw, as a general rule, the strains in the 
metal are relieved by annealing. vVhen the blank has been drawn out to the 
proper length, the open end is trimmed off and the head is then formed by the 
Mtion of suitablf\ punch and die in a press. To give the bottle-neck effect, 
two or three operations are required, depending on caliber of case. The case 
is then finish machined, the primer hole drilled and tapped, if for a screw primer, 
and finally the case is carefully gaged. All parts of case are given 100 percent 
inspection for defects in material a~d for compliance with dimensions. Steel 
cartridge cases are similarly formed but with considerable difference in the 
heat treatm ent applied. 

11- 4. Cartridge cases may be reloaded and consequently must be given 
consid erable care to the end that when return ed to an ammuni tion depot they 
may be prepared for reissue. They must be kept free from salt and moisture at 
all times whether empty or loaded. Wh en empty they should be stowed on end 
or in the tanks and boxes in which they were received rather than being laid 
on their sides or stacked horizontally without tanks. Cases must not be washed 
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by ships force after fu·ing but must be cleared of possible inflammable gases by 
standing on their bases in the open air for a period of ten minutes before being 
stowed below. They must be dry when replaced in cartridge tanks. 

11- 5. The marks, modifications, and drawing numbers of cartridge · cases 
manufactured at any time, as well as those currently standard for the service 
calibers are indicated in the pertinent section of 0 . D. 515. 

11- 6. To permit the testing of firing circuits both· local and director, 
vessels mounting 4" /50, 5"/25, 5"/38 and 6"/47-caliber case guns are pro
vided with short cartridge cases called test cases. The diameters of test 
cases are the same as the corresponding diameters of regular cases for the 
same guns, but the primer seat is made to take a lock combination primer 
Mark 15, Mod. 1 instead of a case combination primer Mark 13. An extract 
or groove is provided so that fired primers may be removed readily without 
necessarily removing the case from the chamber. 

11- 7. In loading tixed ammunition, particular care must be taken that the 
point-of the projectile or fuze held by one loader may not actually strike the 
primer in the base of a cartridge in the hands of another loader. 

Care should be taken that projectiles are not loosened in the mouth of the 
cartridge case since a loose projectile may result in a jammed round during a load. 

Plate 14 shows the assembly of 20-mm. ammunition. 
Plate 15 shows the assembly of 40-mm. ammunition. 
Plate 16 shows the assembly of 1.1-inch ammunition. Figures 1 and 2 

indicate service assembly and figure 3, the assembly with the projectile blind 
loaded and plugged. 

Plate 17 shows the assembly of 1-pounder ammunition. Figure 1 is the 
assembly with service projectile with a base fuze; and figure 2 shows the target 
projectile. 

Plate 18 indicates the assembly of 3-pounder ammunition. Figure 1 
shows the service cartridge; figure 2 shows the target proj octile. 

Plate 19 shows the assembly of 6-pounder service ammunition. Target 
practice cartridges are assembled in the same manner with target projectiles 
substituted for common projectiles. 

Plate 20 shows the assembly of 3" /23-caliber AA ammunition with types 
of projectiles used. 

Plate 21 shows the assembly of 3" /50-caliber ammunition, with the 
several types of service and target projectiles. 

Plate 22 shows the assembly of 4"/50-caliber ammunition, with the 
several types of projectiles used. 

Plate 23 shows the assembly of 5" /25-caliber ammunition with AA com
mon projectile load ed and fuzed, and blind loaded and plugged, and 
illuminating projectiles. 

Plate 24 shows 5" /38-caliber ammunition. 
PlaLe 25 shows 6" /47 caliber ammunition. 
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MK.lll MK.II 
F I GURE 25.- 1-pounder ammunition boxes, :Marks 2 and 3. 

----1 

F l GUHE 26.- 3"/23 ammun iLi on boxes, Mark 4 and 4 i\Iod. I. 
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Chapter XII. AMMUNITION CONTAINERS 

12- 1. Fixed ammunition and sernilixed cartridges are issut>d in special 
tanks or boxes for safe transportation and stowage. Each type of ammunition 
for each cnlibPr has its assigned tank or box. Stowages in magazines are ar
ranged for the type of ammm1ition container standard at the time the ship is 
built. Since the nose contours of various projectiles in any one caliber vary, 
it is necessary to have nose supporting blocks suitable for each type. Care 
must be ta,ken in replacing ammunition in containers that the proper nose 
supporting block for the ammunition in hand is used . 

12- 2. The number of cartridges packed in a container is cletPrmined by 
the over-all si7.P and weight with a view to facility in handling and to keeping 
the si;r,e of the hoist openings tlu·ough decks at a minimum. The following 
are standard: 

4-inch, 5-inch , and 6-inch cartridges (fix ed and scmifixcd) _ 
4-inch cartridges____ _ _ _____ ___ ___ __ _____________ __ _ 
3"/50-caliber_ _______ ______ - ---- -- -- - - -
3" /23-calii.Jer_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _________ _ _ 
3" /23-calibcr for submat·incs __ __ _ .. _____ __ ___ ___ ___ _ _ 
6-pounder ________________ ______ _______ ____________ _ 
3-pouncler_ __ ___ __________ ____ __ ______ ________ _____ _ 
1-pounc!cr_ ___________ _____ ____ _____ _____________ _ _ 

1 '~1/ 75-caliber_ _ _ _________ ·- - ___ _ 
40-mm. caliber _______________ -------- ----- ____ __ __ _ 
20-mm ___ _____ __ ____ _ 

1 per tank. 
1 per box. 
1 per tank or 4 per box. 
6 per box. 
7 per tank. 
7 or 11 per box. 
16 per box. 
60 per box. 
36 per box. 
16 per box. 
180 per box. 

12- 3. The current standard carLridgp, containers are aluminum or steel 
cartridge tanks designed to interlock with one another in stowage either ashore 
or aboard ship. The tanks are required to be airtight and before assembly at 
an ammunition depot, each tank is tested to determine that it meets this 
requirement. It is important that daily inspections of maga.,;ines include a 
check of the covers of cartridge tanks to insure that they are tight, particularly 
if there be any noticcahlP- odor of ether in the magazines. Due to critical short
age of aluminum, all tanks are now fabricated from steel. 

12- 4. For 1':1/75-caliber ammunition, galvanized steel boxes are 
issued with aluminum tube nests providing complete support and protection 
for each cartridge. The extra protec;,ion thus afforded is essential in order 
that cartridges may not be deformed in stowage since a deformed cartridge 
will result in a jammed gun. 40-mm. cartridges are stowed in galvanized 
tanks in clips ready for use, four clips of four cartridges each. 

12- 5. In tightening or removing tLc covers of cartridge tanks only the 
wrenches furnished for the particular tank concerned should be used. Smaller 
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Mark 2. 
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Mark 3 and 3, Mod. I. 
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wrenches may resti1t in failure to tighten the cover properly while a larger 
wrrnch may carry away part of the Lank or cover. 

12- 6. The guns assigned to auxiliaries and other vessels for installaLion on 
mobilization being usually of relatively old designs, their ammunition is issued 
in the cartridge tanks or boxes originally provided. 

12- 7. As with cartridge tanks, the standard powder tanks are made of 
aluminum in order to reduce stowage weight and to facilitate handling. Alumi
num powder tanks are provided for 6"/47-caliber bag guns, 8" /55-caliber 
guns on heavy cruisers, and 16-inch guns on battleship beginning with BB- 55. 
All other powder charges arc issued in galvanized steel tanks or, in the case 
of certain obsolescent guns, in copper tanks protected by longitudinal wooden 
reinforcing strips. Currently due to c!·itical shortage of aluminum, powder 
tanks are fabricated from steel, with various methods of spark proofing. 

The requirements of air Lightness and the methods of insuring that 
they are met, discussed under cartridge tanks, apply with equal force to 
powder tanks. The precautions relative to the use of proper wrcnr,hcs 
are likewise applicable to powder tanks as well as to cartridge tanks. 

12- 8(a). Since aluminum ammunition containers are particularly sus-
ceptible to denting and since, their lightness when empty is conducive to rapid 
handling, it is essential that all personnel concerned with the handling of ammu
nition exereisc partieular care that neither the containers themselves nor their 
contents bfl damaged in the handling processes. 

12- 8(b) . All cartridge and powder tanks, and particularly aluminum 
tanks (or 1'~ / 1 Lank tubes), must be kept dry to prevent eorrosion. Any 
wetting of tanks, clue to accidental sprinkling or flooding of magazines, or other 
causes, will result in corroded tanks, particularly adjacent to top or bottom rings. 
When tra11sporting tanlcs in boats, they should be effectively covered to prevent 
wPtting <lue to spray. Immediate action to dry tanks is necessary. No wet 
or damp cases, cork spacers, extractors, projectile grommets, etc. are to be 
stowed in cartridge or powder tanks. Catapult corks and spacers are to be 
ret.urned in separate stowage and must not be placrd in fired cases. 

12- S(c). Cargo nets alone shall not be used for transferring empty or filled 
tanks or other ammunition containers. If nets are used a rigid wooden plat
form or base shall be fitted in the net upon which the containers can be stood, 
stacked or piled upon thin stowage rings iu such a manner as to prevent shifting 
and bumping or exerting pressure upon their thin sides. It is preferable to 
handle all tanks in a cargo box or skip rather than in a cargo net equipped as 
specified above. 

12- 9. Primers and detonators are issued to vessels in airtight containers 
designed particularly for the mark and modification of the ammunition detail 
contained. It is important that these containers be not unnecessarily opened 
since it is not feasible for forces afloat to reseal containers except by the use 
of electric friction tape which is suitable only for limited periods of stowage. 

577220 ° -14---8 
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FIGURE 29 .- 5-inch powder tanks. FIGURE 30.- 12- inch powder tanks. 

FIG URE 31.- 14-inch powder tank. F I GURE 32.- 16-inch powder tank. 
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Chapter XIII. FUZES AND TRACERS 

13-1. A fuze for usc in a projectile is a device for causing explosion of the Definition. 

bursting charge when certain conditions have been fulfilled. . 
13-2. By act of Congress, the following definitions have been established: 
Fuzes.-Devices used in igniting the bursting charges of projectiles. 
Fuses.-Slow burning fuses used commercially and intended to convey 

fire to an explosive or combustible mass slowly or without danger to the 
person lighting. 

Detonating fuzes. - Fuzcs used in naval and military service to detonate 
the high explosive bursting charges of projectiles, mines, bombs, or torpedoes. 

Fuzees .-Fuzees ordinarily used on steamboats and railroads as night 
signals. 

Primers.- Devices used in igniting the propelling powder charges of 
ammunition. 

13-3. Fuzes are divided into classes according to
(a) Their location in the projectile: 

(1) Nose. 
(2) Base. 

(b) The action contemplated, whether
(1) Ignition. 
(2) Detonating. 
(3) Auxiliary detonating. 
(4) Time: 

(i) Mechanical. 
(ii) Powder Train. 

(5) Combination including both time and percussion features. 
13-4. In the design of fuzes, the following forces or elements may be used 

to aehieve the desired results: 
(a) Set back.-The inertia fo;ces tending to move all parts of the 

fuse to the rear as the projectile starts its forward motion. 
(b) Spin.-The centrifugal force resulting from the projectile's 

rotation. 
(c) Oreep.- The forward movement of parts within a projectile not 

decelerated by air resistance. 
109 
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(d) lmpact .- The inertia tending to continue all parts of a fuse in 
motion in the line of fright when the proj ectile is retarded by hitting 
any object. 

(e) Friction. 
(j) Springs. 
(g) Glock mechanisms: 

(1) Operated by springs. 
(2) Operated by centrifuga l force. 

(h) Burning compressed of powder trains or pellets. 
13- 5. The essential requirements for a fuze are: 

(a) Safety in handling. 
(b) Safety within the bore of the gun and for a sufficient distance 

outsid e the muzzle to insure safety of personnel in the vicinity. 
(c) Initiation of projectile bursting action at the impact or at the 

exp iration of the time desired. 

13- 6. The fuze designer must select the combination of the elements 
indicated in paragraph 4 which will best meet the particular combimttion of 
requirements from paragraph 5 presented by the immediate problem. 

13- 7. For proj ectiles having bur~ting charges of black powder or mixed 
filler , an ignition fuze is sufficient. For projectiles having bursting charges of 
high explosive, a detonating fuze must be used either by itself or as an auxiliary 
detonator whose action is initiated by a time fuze . Fuzes for use in projectiles 
having a marked degree of plate penetration capability require some form of 
delayed aC'.tion in order to permit the projectile to pass tb.Tough the plate before 
explosion of the burster is initiated. A failure of the delay action defeats the 
proj ectile and renders useless its penetration qualities. 

For 5-inch double purpose guns simplification of the ammunition supply 
cltctated the adoption of the AA common porjectile when it was found that 
the forged brass body of the combination fuze in the nose did not stand up 
under impact on even light plate sufficiently long for the percussion action to 
take effect. The AA common proj eet,il(· thu s has in the nose a time fuze and 
an auxiliary detonating fuze and, in the base, a medium caliber base detonating 
fuze. 

13- 8. In fuze design up to and including World War, it was generally 
considered that one safety feature could be relied on to meet the safety require
ments of the fuze. Serious casualties resulting from the failures of a single 
safety feature have indicated the necessity for at least two safety features 
which are accordingly incorporated independently of each other in all modern 
fuze designs. While it is possible that one of the safety features might fail 
du e to defective material or assembly in spite of the precautions taken during 
manufacture and inspection to guard against such defects, the likelihood of both 
safety features failing at the same time is exceedingly remote. 
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13-9. It is generally impracticable to initiate explosive action of a projec
tile filler solely by use of a detonator in a detonating fuze. It is customary 
therefore to include in the fuze a booster of tetryl whose explosive action can be 
initiated by the detonator and which can in turn set oif the projectile filler. In 
the design of fuzes, it is important that lead-ins and lead-outs with minimum 
air gaps provide for carrying the explosive train from the detonator to the 
booster. 

13-10. The design of current standard fuzes for the naval service is 
maintained in a confidential status, and, in general, no descriptive data are 
furnished to the service. It is sufficient to state that for projectiles which cannot 
be expected to penetrate more than destroyer plating, instantaneous fuzes are 
used, while for projecLiles which may penetrate an inch and a half or more of 
class B or class A plate, appropriate delay action is included in the fuze design. 
For AA projectiles in the 1.1-inch caliber, supersensitive nose fuzes are provided 
Lo insure bursting action immediately in the rear of very light plate orfabric, 
while, for common and high capacity projectiles of 3-inch and up, time fuzes 
are furnished to burst the projectile at the point desired in the air. 

FJGURE 33.-Frankford Arsenal 21-second combination fuse . 

13-11. For many years the 21-second time fuzes used in 3-inch field, Time fuzes. 

shrapnel, AA and illuminating projectiles and the 45-second time fuzes used 
in all other illuminating projectiles and in 5-inch AA common projectiles were 
of the powder train type. In these the setback causes a small plunger carrying 
a cap to impinge on a fixed firing pin, the flame from the cap igniting one end 
of a double train of compressed black powder. The total length of the two trains 
to be burned is determined by the setting of the fuze which rotates the ring 
containing the upper train in relation to the end point of the lower train. When 
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the designed length of train has burned through, the flam e flashes through to 
the black powder magazine in th e bnsc of the fuze from which t he flame is 
communicated to the projectile charge or the pressul'e acts on the auxiliary 
detonating fuze. Since the rate of burning of a powder train time fuze is 
affected by the change in atmospheric pressure in the proj ectile's fligh t along 
its trajectory, efforts have been made for a long time to provide a workable 
mechanical time fuze. Obviously those mechanical fuzes which rely solely 
on the centrifugal forces resulting from the projectile's spin arc less affected 
by long periods of stowage than are those which include a spring mechanism. 
After extensive experiments with medium caliber projectiles, the Army and 
Navy have standardized on mechanical time fuzes based on the Junghans 
principle. However the spin rate of major caliber proj ectiles is so slow that 
spring-dri ven mechanical time fuzes are necessary . The fuzes used by the two 
services differ only in detail and in extcrual contours , the differences being the 
result of the varying needs of the using services. 

13- 12. To assist. in the control of fire, tracers are provided by which the 
flight of AA proj ectiles may be followed by day and the fligh t of other pro
jectiles by night. Essentially a tracer is a column of pyrotechnic mixture 
designed to burn with a definite color during enough of the proj ectile's time 
of flight to provide for proper control. On the outer end of the pyrotechnic 
column, there is pressed a smaH quantity of starter mixture which is a mixture 
of pyrotechnic materials capable of easy ignition. The tracer and sta.rter mix
tures a.re pressed into the steel tracer bodies by hydraulic presses under very 
high unit pressures. Tracers are scaled to exclude moisture by closing disks 
of celluloid or metal, the former being necessary when tracers are used in 
target practice where reduced velocities are used . 

13-13. In some of the older types of ignition fuzes and in certain old type 
detonating fuzes, tracers arc provided directly in the fuze stock. For modern 
fuzes, tracers are loaded in tracer bodies. The bodies may screw into the cavity 
or a recess in the fuze stocks and may be internal or external with respect to 
the projectile. For 1':1 and 20-mm. proj ectiles, the tracer mixture is loaded 
directly into thP tracer extension of the proj ectile proper. 

13- 14. The tracer colors now sta,ndard in the naval service are red and 
white for AA projectiles and orange for night tracers in AP and common 
proj ectiles. 
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Chapter XIV. PRIMERS 

14- 1. A primer is a device for initiating the burning of the propelling 
charge in the chamber of the gun by means of a flame. In case guns the primer 
contains a sufficient charge of black power to ignite the smokeless powder 
which surrounds the tube of the primer. In bag guns the primer is fired in a 
firing lock. The resulting flame, passing through the vent in the mushroom 
stem, impinges on the black powder ignition charge quiJted in the rear end of 
the powder bag. 

14- 2. It is necessary that the flame for ignition of the smokeless powder 
charge endure over a sufficient time to raise the temperature of the surface of 
the grain to the ignition point. 

14- 3. Primers arc divided into three classes, depending on the method of Types or primers. 

firing them: (a) percussion, (b) electric, and (c) combination, and into two 
types, depending on the manner in which they are used in the gun: (a) case, 
(b) lock. 

14- 4. For case guns from 1-pounder and 1~1-inch Lo 3" /23-caliber, 
with exception of Mark 21 primer for 20-mm. ammunition, inclusive, primers 
are used which are so dimensioned as to be a force fit in the primer seat in the 
base of the case. For 3" /50-caliber cartridges Mark 14 primers are used . 
These are percussion primers, having a shorL magazine extension containing 
the black powder ignition charge. For all other case ammunition, except 
catapult cartridges, case combination Mark 13 primers are used. They have 
the percussion feature of the Mark 14 primer and an electric feature as well. 
The ignition tube and primer stock extension is longer in view of the greater 
length of the cartridge case and of its contained charge. For all bag guns 
lock combination Mark 15- 1 primers are used. These primers are also used 
in test cases for testing firing circuits in case guns and in torpedo impulse 
charges where the primer seats in a ' special primer holder. For use with 
catapault charges, a Mark 14-1 primer was manufactured. This is identical 
w.ith the Mark 14 primer except thaL the metal closing plug was replaced by 
a celluloid disk. 

14- 5. In a percussion primer the essentials are: (a) a cap containing a 
"primer mixture" which usually consists of fulminate of mercury with potas
sium chlorate and antimony sulphide added to prolong and increase the 
intensity of the flame; (b) a black powder charge in the forward part of the 
stock sufficient to produce a flame adequate to ignite either the smokeless 
powder charge directly or the black powder ignition charge after passing 
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through the primer vent; (c) a plunger to be driven in to fire the cap; (d) a 
stock which will hold the above parts, exclude moisture, and fit tightly in 
the primer seat in the base of the case. 

14- 6. In an electric primer it is necessary that there be: (a) a bridge 
wire of high resistance which will heat to incandescence very quickly with 
the passage of a very small current; (b) a wisp of gun cotton in such close 
proximity to the bridge wire that it will ignite and start the next step in the 
primer train when the current is applied; (c) meam for insulating the primer 
plunger from the primer stock so that current from the firing pin can reach 
the ground only by passing through the bridge wire; (d) a mixture capable of 
ignition by flame from the wisp of gun cotton; (e) a black powcler charge and 
a stock as described for percussion primers. 

14- 7. For combination primers the requisites for electric and percnssion 
primers are combined. 

14- 8. Electric primers as such arc no longer manufactured. All primers 
containing means for electric ignit ion also have percussion features. 

14- 9. The following table shows the primers in use in service: 

Type Mark Use 

Case percussion ____________ Mark J~g ___ !-pounder, 3-pounder, 6-pounder, 3" /23 

D o__ ___ ____ ___ __ _____ Mark 1~8- _ 
Case percussion , ignition ___ _ Mark 13 ____ _ 

D o _____ _____ ___ ___ ___ Mark 14 _ __ _ _ 
Do __ Mark 14-- l __ _ 

Lock COlllb ination ____ ___ _ _ Mark 15-L __ 

Case per cussion ________ __ _ _ Mark 19-3 __ _ 
E lectric screw __________ __ _ Mark 18-L __ 
Case percussion electric ____ _ Mark 20 _ __ _ 
Case percussion (screw) ____ _ Mark 21- L __ 
Case percussion (push fi t) __ _ Mark 22 ____ _ 

service. 
Saluting. 
4" /50 to 6" /47 caliber , in clusive. 
3" /50 caliber. 
Catapult . 
All bag guns, torpedo impulse charges, and 

test cases. 
1 ~ 1/75 caliber. 
Practice mines. 
Depth charges. 
40-mm . 

Do. 
Electric scre w _ ___________ _ Mark 25 _ _ _ _ _ A. S. P. 10 projector ammunit ion . 

14- 10. For use in train ing primer men and in testing firing circuits there 
are supplied to ships drill prim ers wbicb are lock combination primers of the 
oldest lots on hand in the depots. The allowance of drill primers is established 
on an annual basis and is adequate for all necessary training provided that 
reasonable care in expenditure be used . 

14- 11. In order that forces afloat may be assured of the quality of the lock 
combination primers issued for service a.nd target use, capital ships, heavy 
cruisers, and tenders are furnish ed with Mark 1 primer testing sets, which are 
essentially Wheatstone bridges so constructed as to indicate directly whether 
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the resistance of the primer bridge and the other parts of the primer forming the 
electric circuit are within the specified limit of 0.55 to 0.70 ohms or are outside 
those limits. Primers found outside the established limits should be used for 
drill purposes or turned in to an ammunition depot . If any considerable 
percentage of the primers tested falls outside the established limits the tests 
should be reported to the Bmcau and the advice of the nearest ammunition 
depot should be sought. 

14- 12. While the current involved in the use of the primer testing set is 
exceedingly small it is not safe to use such sets on assembled ammunition. 
Accordingly, there is no means available to the forces afloat for the testing of 
primers in case ammunition, either fixed or semifixed. The ammunition 
depots, however, use Mark 1 primer test sets to test each primer assembled in 
case ammunition and no primers falling outside the Bstablished limits are used. 
Further, a percentage of each lot of primers selected for assembly is tested by 
percussion and no lot showing an inacceptably high percentage of percussion 
failure is used for either target practice or service assembly. Plate 27 shows 
the construction of primers Mark 10- 9, Mark 13, Mark 14, and Mark 15-1. 

[......------'1 
CASE PERCUSSION PRIMER, MARK 10 MOO. 9. 

CASE .PERCUSSION IGNITION PRIMER, MARK 14. 

CASE COMBINATION IGNITION PRI!\1ER. MARK 1~. 

[.....----------' 
LOCK COMBINATION PRIMER MARK 15, MOD. 1 

FIGURE 26.-Prirners . 
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Chapter XV. ASSEMBLED CHARGES 

15-1. Ammunition, as issued to ships, is prepared in all respects for use and 
does not require any work Lobe performed on it aboard ship, except for setting 
of time fuzes and assembling of saluting cartridges and torpedo impulse and 
single depth charge projector charges. The Bureau of Ordnance obLains all 
the componenL parts from Government plants or from privaLe manufacturers, 
except wads, distanee pieces, tags, paints, luting, and similar materials , which 
are obtained by ammunition depots on requisition and prepared for use.· Am
munition details, powder, projectiles, fuzes, tracers, explosives, carLridge cases, 
tanks, and boxes, are distributed by the Bureau of Ordnance among the ammu
nition depots in accordance with plans for the ulLimate distribution of assembled 
charges to ships. Orders for the assembly and issue of ammunition originate 
in the Bureau of Ordnance, based on the requirements for service and target 
practice uses. A careful check on each ship's ammunition is made from the 
vario us reports received in accordance with Navy Regulations, and from a 
consideration of her allowance list and target practice requirements, as set 
forth in the Orders for Gunnery Exercises. Ships desiring additional ammuni
t ion or desiring to turn in anununition, except for temporary storage, shall 
refer the matter to the Bureau of Ordnance. Vessels or stations desiring 
ammunition shall submit letter request to the Bureau. The issue of certain 
materials for target practice and training to fill allowance is covered by article 
2B30 in the Bureau of Ordnance Manual. 

15- 2. Ammunition depots report the amounts of all details on hand to the 
Bureau yearly, and thereafter whenever a change occurs, so that wheu it. he
comes necessary to provide a ship with ammunition, exact specifications of the 
order may be supplied the depot from the latest information on hand. In 
preparing an order in the Bureau, the powder index is selected, the projectile, 
fuze, primer, .and projectile filler are specified, having due consideration for the 
armament of the ship and the use to be made of the ammunition. In order 
to prevent errors a very careful check is made of all details of the order by 
several officers and clerks. This system requires a centralized organization, 
due to the fact that the la test information regarding batteries, requiremPnts, 
proposed changes, contcm.plaLed movements of ships and materials available at 
the various depots is better known in the Bureau than elsewhere. 

15- 3. Wh en an ammunition ordPr is receivl'd at a depot it is checked by 
the inspector, the ammunition officpr; and the ammunition clerk with the 
records at the depot to insure that the weight of charge agrees with that previ-
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ously assigned and that the ammunition is suitable for the gun for which it is 
ordered . To allow for this check, the ammunit ion depots arc informed of all 
changes in assignments of powders by means of an Ordnance circular letter 
termed a powder bulletin . Powder bulletins are not distributed to forces afloat. 

The ammunition ord er is th en made out as a job order at the depot, 
specifying in detail the work to be performed . The details, which are stowed 
in separate magazines and storehouses, are then provided and arranged in the 
filling house to be used. All preliminary work which can possibly be done on 
details, such as printing of tags, stencilling of boxes or tanks, inspection of 
cases and containers, tes ting of primers, cleaning and gaging of proj ectiles, 
etc. , is perform ed before the ac tual assembly has commenced . 

15-4. In preparing pro jectiles for loading, they are cl eaned, inspected , 
gaged, and the cavity painLcd with an an tiacid paint . The fuzes. at the 
same tim e, are inspected , gagf'd ancl , if necessary, painted . 'I'wo general types 
of projectile loading are used, being elussed as loose. fi ll ers and compact fill ers. 
In the former the densi ty of the bursting charge is that of the loose granular 
explosive, while in the latter a greater density is due to a compression or 
casting of th e explosive. 

15-5. Loose fillers are loaded in minor and medium caliber proj ectil es, 
usually those not having a base plug. Minor calihrr proj ectiles are loaded 
with black powder and the larger proj ectiles arc loaded wi th a mi."\':ed filler 
composed of equal parts by weigh t of black powder and granular TNT. The 
addit ion of the high explosive to the black powder makes a suitable charge 
since either alone produces fragmen ts too large and thf' other too small . The 
loading methods for black powder and mixed fill er arc Lhe same. In mixed 
filler , the T N T is placed in the cavity first, the proj ectile is bumped or agitated , 
and Lhcn the black powder is add ed . To load with black powder, the projectile 
is placed nose down in a holder; a copper funnel is inser ted in the base, and 
the required amount of black powder is pow-ed in . The powder is settled by 
tapping with a rawhid e mallet or by a special settling t able which gives a 
bumping motion to the proj ectile carrier. A wooden former , in the shape of 
tho fu;-; c, is then forced gen tly down, m aking a cavity the exact size of the fuze, 
the funnel having been removed. The fuze threads are then cleaned with a 
sm all brush dipped in alcohol, and the fuze, on the threads of which a lu t ing 
has been applied , is then en tered and screwed hom e. The fin al setting home 
of the fu ze is done in a room barricaded from the other operations by a concrete 
wall. A special fuze wrench , or fuzing machine, is used for Lh is purpose . 

15- 6. Loading with compact fill ers is done by compressing the charge or 
casting the charge. Certain projectiles are loaded with cast TNT charges ; 
the TNT is melted and poured into the cavity and , when cool, the fuze cavity 
is drilled out. Other types are loaded with E xplosive " D " under high pressure, 
in special power presses. The fuze cavity is drillf' d out after pressing with 
base plug in place. Proj ectiles fi t ted with base plugs and base fuzes have 
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these ga.s ch ecked to prevent entry of burning powder gases into the cavity 
when the projecti le is fired. 

15-7. In assembling case ammunition, cases are inspected aud gauged aud c .. se .. mmunition. 

if satisfactory Lhey are primed. For ammunition from !-pounder to 3" /23 caliber 
Lhe case percussion primer is used. This is of the so-called drive Lype and is 
assembled in a press which forces the primer into the orifice in the cartridge 
case head. This opera.tion is very simply performed by a small press. 3" /50-
caliber cartridge cases Lake the case percussion ignition primer and Lhose above 
3" /50-caliber Lake the case combination ignition primer. These are screw 
p1·imers, screwed into place by a machine, power or hand operated. Before 
assembling primers, a number from a lot to be used are tested in a primer 
drop testing machine, to make certain Lhat they will function when struck a 
blow of predetermined force. In this way doubLfullots, or any found to have 
deteriorated in storage, are eliminated. This method docs not, however, test 
each individual primer for the percussion test, as such a procedme is not 
practicable. Consequently an occnsiona.l primer may be encountered which 
fails later but, considering the number used yearly, the percentage of failures 
is negligible. In addition Lo the percussion LesL each case combination ignition 
primer, afLer assembly in the case, is tested electrically for open circuit and 
resistance. The powder chargf' is weighed in carefully adjusted scales, which 
are checked hourly with check weights frequently Lcsted by the Bmeau of 
Standards, dumped inLo individual cases, and settled and gently tamped down. 
A wad is t,hen inserted in the mouth of the case and Lhis is followed by a distance 
piece. The distance pieces are specially cut for each weight of charge, so that 
the entire space in the case will bf' taken up and the powder will not get away 
from the primer. The cases are then remov<'d to the projectile-loading machine, 
where a cork plug or projectile, after it hus been loruled and painted, is placed 
in the mouLh of till~ case and Lhen forec'd into place by a prf'ss. The cartridges 
are then gaged, inspected, greased and Lnnked or boxed. They are then ready 
for shipment. The powder index number is steneilPd on the cartridge eases 
and a tag is put in with the charge giving the necessary information regarding 
the assembly. 

15- 8. In preparing bags for charges, the following materials are used: Ba~ charges. 

Silk, powder-bag cloth, silk lacing, silk Lhread, and black powder. The powder
bag doth is pure silk without the admixture of any other material whatever, 
except the sizing for the yarn. Only such sizing as is absoluLcly necessary 
is used. It is sodium or aluminum silicate or sulphate. The cloth is plain 
single or doubln basket weave and must pass ccrLain required trade tests and 
annual physical tests for strength. Two grades are used: the heavy for Lhl' 
body of the bags aud th e light for th e ignition ends. The silk lacing is made 
of pure spun silk, woven, and must noL fray or ravel. Standard silk Lhrcad 
is used in stitching the bags together. 
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15- 9. The ignition ends are made first, and sewed to the bags afterwards. Ignition ends. 

In preparing ignition ends, circular pi eces are cut from the light-weight silk, 
some plain color a.nd some dyed red . A plain color and a red color are then taken 
and stitched togeLher around the periph ery, except for a small opening for tilling. 
The rem aining operations are done in a special so-called quilting hou se, as 
there is some risk attendant on the operation. The bag formed by the igni tion 
end is tilled wiLh the proper amount of black powder and the opening stitched 
together. The pad is then placed under a special sewing machine and the 
charge smoothed out and evenly disposed before the quilting operation is 
started . By usin g a bronr.e noodle Lhis operation is made safer. The quilting 
holds tho powder in place uniformly distribu ted . The ignition ends are then 
sewed into the bn gs, which have been cut and sewed, and Lhe whcle bag is 
stowed in airtight containers for tra.nsporLttLion and storage. 

15- 10. Bag ch arges are either stacked or loose. It will be noted that the Assemhlyofbags. 

sews of charges arc fixed as to length. lt is important, for the purpose of 
obtaining uniform velocities, 
that the charge should al
ways be disposed in the 
chamber the same way. The 
general rule is that the total 
length of the sections, placed 
end to end, will be within 2 
in ches of the length of the 
powder chamber, subject to 
the limitations of Lhe powder 
tanks in length. In assem
bling unsLacked charges, the 
powder , a,f tor being weighed 
and checked, is dumped into 
its bag~ tho bag is then rolled 
and laced tightly in order to 
ma.ke a compact package. 
A Lag is placed under Lhe 
lacing of the bag giving the 
details of the loading. The 
sections, after gauging for 
sir.e, are then put in tanks in 
which a clean piece of wrap
ping paper has first been 
placed. 

15- 11. For all 14- and Stacked d!arges. 

16-inch charges, unstacked 
Fwum<: 34.- Stackcd (left)and nnstac ked powder charges . . charges have been replaced 
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by stacked charges. Stacking places the powder grains on end in layers 
in such a way that a tight, compact charge is obtained. The results of stack
ing arc: greater ease for the loading crews, a smaller charge for handling, 
and a longer life to the bag, as there is less chance for the sharp edges of the 
grains to cut the cloth, as the charges chafe in the tanks, due to the motion 
of the ship. Stacking is done in special machines, of whic};l there are several 
types, differing at each depot in details of construction. The essential feature is 
the device for arranging the grains in layers and transferring the layers to the 
stacking cylinder from which they are placed in the bag. Figure 34 shows an 
unstackcd and a stacked section of a 14-inch charge. For unstacked charges a 
small opening is left in the side of the bag, tliis opening being stitched up after 
filling. With stacked charges the end is left off, as the bag must be pulled 
over a brass cylinder which holds the powder grains. The end is laced on by 
hand. Stacked charges arc also laced up to make them more compact. The 
arrangement of rows and number of grains in a row is so fixed that the finished 
section will have the length fiXed by the Bureau's tables. This arrangement 
differs with each index and is found by actually loading a test charge. 

15- 12. All operations requiring the exposure of powder to the atmosphere 
are carried out only when standard hygrometric conditions obtain. To insure 
this, psychrometer readings are taken frequently and work is discontinued 
when conditions are unsatisfactory, unless dehumidifying systems are installed 
in filling houses. By taking such precautions the ballistic regularity of the 
powder is not affected. Powder is always screened and sorted when weighed 
before loading in order that powder dust, chips, broken grains and foreign 
particles will not be included in the charge. 
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Chapter XVI. MISCELLANEOUS AMMUNITION 

16-1. The Bureau of Ordnance Manual in chapter 13, section D , gives 
complete information as to the types of small-arms ammunition issued to the 
Naval service together with a brief description of each and a statement as to 
the uses for which assigned. · 

16- 2. The Bureau of Ordnance Manual also gives complete instructions 
as to issues of small-arms ammunition. Particular attention is invited to the 
requirement that small-arms service ammunition is to be kept for usc in the 
same manner as the service ammunition for larger caliber guns. 

16-3. Attention is likewise invited to the neecssity for maintaining intact 
the original, sealed containers for small-arms ammunition until such time as 
the a.mmunition is actually required for usc .in order to prevent undue dete
rioration. When, for any reason, ammunition containers are opened and the 
ammunition is not used immediately thereafter, every possiblp, care should be 
taken to prevent losses clue to deterioration. If the ammunition is loaded in 
belts or in magazines for automatic wea.pons the belts or magazines should 
have attached identification tags showing the caliber, type, model, manu
facturer, and ammunition lot number of the ammnnition. 

16-4. The methods of grading ammunition and tho allowable uses of the 
dilloront graues of ammunition are given in the Bmeau of Ordnance Manual. 
The grades of the different lots of ammunition, and current modifications, 
and/or special precautions in the use and care of ammunition will be given in 
Bureau of Ordnance circular letters. The grade is published (or corrected) 
annually or oftener if necessary. Before firing any lot of graded ammunition 
the grade should be verified from the latest Bureau of Ordnance grading order. 

16- 5. Small-arms ammunition is obtained from the Army and a descrip
tion of the method of packing and the markings on the outside of the boxes is 
contained in Army Technical Kegnlations. Those regulations also contain 
complete descriptions of the majority of tho types supplied, and valuable data 
on tho common defects found. Copies of these regulations will be supplied 
upon request to the Bureau. 

16- 6. Instructions relative to the salvage of components are contained in 
chapter I and also in chapter XIII of the Bureau of Ordnance Manual. 

16-7. Shotgun ammunition of commereial manufacture is supplied to 
cm·tain special units (see Bureau of Ordnance Manual); it is not, however, 
supplied for general issue. Under no cireumstances should it be attempted to 
fire a Very signal cartridge in a shotgun (or vice versa). 
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16-8. Torpedo-impulse charges are made up aboard ship by using sphero
hexagonal black powder or sodium nitrate black powder (issu ed to ships in 
bulk) in the impulse cases provided. 

16- 9. Sphero-hexagonal powder is used for all torpedo-impulse charges 
on 1,200-ton destroyers and on all destroyers subsequent to the 1,200-ton 
class which mount wing tubes only. Destroyers subsequent to the 1 ,200-ton 
class mounting any tubes on the center line use sodium-nitrate black powder 
for all torpedo-impulse charges. The sodium-nitrate black powder furnishes 
th e pressure and velocity requisite for insuring proper torpedo ejection from 
center-lin e tubes but the excess heat resulting from this powder renders it 
undesirable where its use can b e avoided. 

16- 10. The weights of either type of powder required for each mark 
and modification of torpedo are determined experimentally and are published 
to the service in an 0. D . The detailed instructions contained in this 0 . D. 
shall be complied with in preparing torpedo impulse charges. Torpedo impulse 
cases shall be cleaned thoroughly after firing since the black powder residu e will 
cause corrosion if allowed to remain. 
The weight of powder and yards range is stenciled on side and head of case. 

16-11. Charges for Y -guns and singl e depth charge projectors are mad e 
up as foUows: 

Y -gun charges 

Charge designation Weigh t charge' 

No. !_ _____ ____ _______ ______ ______ ____ __ ___ _ 17~ ounces ___ _ _ 
No. 2 __ ___ ___ ___ _____ _____ __ ------ --- - - - - __ _ 24 ounces __ ____ _ 
No. 3 _ _ _ _ _____ __ ___ ___ __ ___ _ ____ _ _ __ _ _ ___ __ _ 29 Y. ounces ____ _ 

I Weights of charge listed are for the new mannfactnre sphero-hexagonal black powder. 

Portion of 
allowance Range 

50 yards. 
72 yards. 
93 yards . 

Cart ridge Case: 3-inch case, M ark 2, Modified , B u. Ord . sketch 87195. 
Primer: Mark 10, mod. 9. 
P yralin wad: Sketch No . 97107. 
Powder: Sphero-hexagonal black powder. 
Boxes : St andard ammuni t ion boxes or special Y-gun ammunition boxes. 

Impulse chm·ges for single depth charge projector , Mark 6 

Charge des ignation Weigh t charge ' Range Portion of\ 
allowance 

-----------------------------------------1-------------·- - ---------------· 
No.!_ _____ _____ ________ ______ __ · ___ ____ ______ 12~ ounces ____ _ 

No. 2 - - -- ·-- -- - - ------- - -- - --- ---- --- - - - - - - - - 17 ounces ____ __ _ 
No.3 - ------ --- - - --- - --- - - - - - - - - - - - - - - - - - - - - 25 oun ces _____ _ _ 

' Weights of charge listed arc for the new manufacture sphero-hexagonal black powder. 

50 yards. 
75 yards. 
120 yards. 
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The impulse charges for the Mark 6 Single Depth Charge Projector are 
assembled in accordance with Bureau of Ordnance Drawing 300248, Latest 
Re:vision, with components as follows: 

Cartridge Case: 3-inch case Mark 5, Bu. Ord. Drawing 300249. 
Primer: Mark 20. 
Pyralin wad: Bu. Ord. sketch 97107. 
Powder: Sphero-hexagonal black powder. 
Boxes: Same a~ for Y -gun charges. 

It should be noted that in, the event sphero-hexagonal black powder is 
not available, sodium nitrate black powder can be substituted with weight of 
charge as follows: 

Y -gun charges Sin~l<· rlepth charge projector (Mark 6) 
impulse charges 

---- -----,----

Ran~e Weight charge I rl~~i~r~=-
tion 

1-----------!--- - -----[-----

\\'eight charge Range 

50 yards _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 ounces ______ _ 13Y. ounces _____ 50 yards. 
75 yards _ _____________ _____ __ 28;Y. oun~f!R 2 19 OIIIICeS 75 yards. 
no yards - - - - - - - -- - -- --- - - - - - - 34 0 11!1 ces ----- - - 3 29).<; ounces _____ 120 yards. 

16-12. Saln ting ships are issued an allowance of Ralu ting cartridges 
(usually 3-pounder or 6-pounder) and also a supply of powder, primers, felt 
wads, and cork plugs for the preparation of additional eharges on board ship 
as may be required . 

16-13. The following instructions regarding the preparation for saluting 
charges are issued for the guidance of ships and ammunition depots and shall be 
Rtrictly complied with. The ammunition details required for the preparation 
of these charges are issued to ,;hips from the depots, and none but the au
thorized details may be used. The use of nonstandard primers, paper wadding, 
homemade plugs, etc., is forbidden. The safety precautions contained in 
Bureau of Ordnance Manual, article 13(L)3 shall be observed strictly in the 
preparation of saluting cartridges or other blank ammunition afloat. 

(a) Saluting cases arc similar to service cases except that they are shorter, 
having the bottleneck eut off. They are ordina.rily manufactured at the depots 
from service cases whieh have splits in the neck or other slight defects which 
render them unsuitable for service use. Before assembling, the cases should 
he carefully inspected to see that they arc in sound condition ~nd thoroughly 
clean and dry. They should also be tested by trying them in the gun to deter
mine that they have not become deformed. Any cases which arc damaged or 
which do not fit in the gun should be laid aside for return to a depot at first 
opportunity. 
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(b ) Saluting cartridges for 1-, 3-, and 6-pounder guns and for 3-inch field 
and landing guns are primed with standard minor caliber cannon primers. 
After inspection and before loading the charge, the cases are primed. It is 
preferable not to prime cases until just before th ey are to be loaded. Primers 
should no t be hammered in place, but should be pressed in, using the "reprin1ing 
tool" shown on Ordnance drawing 41272. At least one of these tools is allowed 
each saluting ship. Care should be exercised that the primer is flush with the 
face of the cartridge case; if it is sunken in a misfire is lil-:cly, while if it protrudes 
a premature explosion may result . Cases shall not be primed in the same room 
with black saluting powder or assembled charges. 

(c) Standard black cannon powder is issued to ships in bulk in drums or 
tanks for use in the preparation of saluting charges . After priming, the 
cartridge case is fill ed with black saluting powder to within about 1% inches 
from the top. Immediately before the powder is loaded the case should be 
inspected and thoroughly wiped out and freed from moisture. The powder is 
loaded directly into the case with the funnels provided, and special care should bg 
taken not to spill any of the powder about, as this may become a source of 
serious danger . The normal weight of charge for the 3-pounder and 6-pounder 
saluting cartridges is about 1 pound, but it is preferable to fill the saluting cases 
furnished up to within 1% inches of the top, as specified above, rather than to 
attempt to load in a specific weight of charge. Due to the large stock on hand, 
black shell powder may be issued to ships for saluting pmposes only. The 
method of preparation of charges with black shell powder is the same as for 
black cannon powder , the only difference being that the smaller granulation 
black shell powder is a little quicker and consequently gives a slightly higher 
pressm e when fired. The following weights of black shell powder should no t 
be exceeded in preparing saluting or blank charges: 

Gun 

1 pounder_ ____ _____ . ______ _ 
3 pounder __ ___ _______ ____ _ 
6 po under_ ____ ____ _____ __ _ 
3"/ 23 caliber ___ ___ __ ____ __ _ 
3" /50 caliber_ ____ __ ____ __ _ _ 

Maximum weight of charge of 
black shell powder 

\ 
100 grams ______ ______ ______ _ _ 
1.0 pound ______ __ ________ ___ _ 
0. 9 pound ____ _____ __________ _ 
1. 5 pounds ______ _____ _____ __ _ 

2. 5 pounds___ _ _____ ________ _ 

Remarks 

Shortened case filled. 
Do. 
Do. 

(d) After loading the charge, as direct ed above, a hair felt wad about 
1 inch in thickness and Ys inch larger in diameter than the mou th of the case is 
placed directly on top of the powder. These wads are specially manufactured 
and issued for use in the preparation of saluting cartridges, and are for the 
purpose of preventing fine grains of black powder from passing the wad . No 
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su bstitnte is authorized. Care must be taken that no grains of powder are left 
above the hair felt wad. On top of the hair felt wa<l is placed a cork plug 
specially furnished for the purpose. The cork plug should seat firmly on the 
hair felt wad, should bH a tight fit in the mouth of the cartridge ease, and, when 
seated in place, its top should be slighLly below the upper edge of the cartridge 
case. Finally, the exposed surface of the cork plug and the inner edge of the 
cartridge case should be covered with a thick coating of shf•llac. 

No1'E .- No great force should be used in pushiug Lhe cork plug into place, aR pressure 
may force t he primer out; if the cork plug willuot enter readily, the felt wad should be taken 
ont and some of the powder removed . 

(e) Saluting and blank ammunition including unprimiug of cartridge eases 
shall be prepared under the direct supervision of the gmmer or other responsible 
officer and, before use, should be critically inspected to determine that the primers 
and plugs are properly seated, that the mouth of the case is properly shellacked, 
and especially that no grains of powder are adhering to the r.artridges. When 
salutin g ammunition is prepared on board ship, new tags will be placed on the 
ammunition boxes, giving the initials of the officer who supervised the work. 

(j) As soon aftPr firing as practicable, the fired primers shall be removed 
from the cartridge cases by backing out from the mouth with the decapping 
tool shown on Ordnance drawing 17410. Primers must never be removed from 
eases excPpt by the use of this dccapping tool. The cases shou ld then be 
thoroughly washed in a strong solution of lyP or soft soap to remove all powder 
residue, and, after washing, thoroughly rinsed and then dried. 

(g) An pfficient solution for washing saluting cartrid ge cases and blank 
cartriclge eases mav be prepared by using ingrediPnts in the following pro
portions: One gallon of watPr, 2}~ ounces of soft soap, a.nd 5X ounces soda. The 
mixture should bP boiled and stirecl until the ingredients arc entirely dissolved. 
This solution should be used hot and in sufficient quantity to completely im
merse the cases. 

16- 14. "Signal-gun charges" arf' occasionally issued for 3" /50-caliber 
and 4" /50-caliber guns for special purposes. These charges are put up in 
shortened sPrvice cartridgP cases, and in general their mPthod of assembly is 
similar to that described for salutin g charges. These and othrr special blank 
charges will be issued to ships by ammunition depots as required and will not 
be prepared on board ship. 

16- 15. When empty, black-powder tanks and drums should be returned 
to a depot at the first opportunity. Particular care must be taken that such 
Pmpty drums have no black powder left in them. 

16-16. Case charges assembled with mouth plugs and using black powder 
shall have the plug firmly fixed in place. In case of continued usc, as in firing 
fl salute, if the mouth plug drops out, there is danger of igniting a part of the 
c·hn.rge front t,he hot chamber and eausing a premat11rr explosion. 
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16- 17. The Bureau of Ordnance Manual gives a list of the different types 
of mortar ammunition supplied the Navy. These types are of st andard Army 
manufacture except that some 3-inch tren ch mortar high-explosive proj ectiles 
have been r eloaded with TNT or Explosive "D" at naval ammunition depots. 
Some of these reloaded proj ectiles are marked in· accordance with paragraph 
20-25. Complete descriptions of the different types are contained in Army 
T echnical R egulations and Training R egulations and these r egulations will be 
suppli ed on r equ est . 

16- 18. The mortar is normally fired at elevations in excess of 45 degrees 
and the range is decreased by elevating the mortar. The propelling charges 
for the 81 -mm. and 3-inch trench mortar ammunition are made up of a charge 
contained in a blank shotgun cartridge and increment charges which are at
tach ed to the proj ectile. The ranges are varied by increasing or decr easing 
the number of increm ent charges. Care should be t aken that the authorized 
number of incr em ent charges is not exceeded. Range tables contain state
m ents as to the authorized number of increment charges. 

16- 19. Before firing 3-inch and 81-mm. mortars consult War D epartment 
T echnical and Training R egulations for the particular weapon in use. Lack
ing this information the following precautions are to be observed in firing the 
3-inch and 81-mm. mortars: 

(1) See that external smfaces, particularly bourrclct(s), are clean. 
(2) See that the propelling charges and increment charges are firmly fixed 

to proj ectile. 
(3) The bore of the mortar must be free of excess oil. 
(4) Do not use more than the authorized number of increm ent charges. 
(5) R emove cotter pin with ring attached (safety ring) from fuz e just 

before firing, but not until just b efore firing . Save the pin until the projectile 
h ag b een fired and, in case the projectile is not fired immediately, replace the 
pm. 

(6) Misfires may occur from one of the following causes: 

(a) Defective cartridges. 
(b) Loose or defective firing pin. 
(c) Dirt or grit on projectiles or in bore, or excessive gr ease or oil 

on projectile or in bore, causing proj ectile to slide slowly down the bore 
and strike the firing pin with insufficient force to function the primer in 
the cartridge. 

(d) D efective or bent cartridge container prev enting firing pin from 
striking primer of cartridge. 

(7) Check laying of mortar after each shot. 
16--20. All rifle grenades supplied to the Navy are of Army design and 

manufacture. The present types . have been discontinued in manufacture; 
however, due to the supply on hand, they will continue in service for a number 
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of years. Two general types have been manufactured: the VB type requiring 
a special discharger and the rod type, having a rod which is placed in the bore 
of the ·rifle, and which requires a special blank cartridge for a propelling charge 
(sec par. 16-27 (b) for a description of the rod type). The VB rifle grenade 
fits in a special discharger attached to the muzzle of the riAe. When a regular 
service cartridge is fired, the proj ecLilc hits tbe striker, which Iires the primer 
and ignites the fuze. The grcnadB is cj'ected by the powder gases with a veloc
ity sufficirut to carry it 300 .vn rcls. 

FUSE 
CONTAJN£R 

FIGURE 35.-Cross section of a V. B. rifle grenade. 

16--21. The VB rifle grenade, figure 35, is approximately 2}~ inches in 
length by 2 inches in diameter and weighs, when loaded ready to fire, 17X 
ounces. The body is divided on the inside surface into 40 parts by deep 
grooves in order to insure proper fragmentation. The grooves are usually on 
the outside of grenades, but on account of the discharger used in firing the 
VB grenade an inside division by grooves is necessary, so that a close fit may 
be secured between the outside of the grenade and the discharger, thus allowing 
the gases from the cartridge to exert a maximum pressure on the base of the 
grenade in propelling it. If the grenade were grooved externally, the gasses 
would escape through the grooves and most of the pressure would be lost. 

16--22. Th e central tube and the lateral tube are expanded into the ma
chined holes of the body, the central tube having its ends beveled on the inside 
to permit the free passage of the bullet. The walls of the lateral tube are made 

129 

www.tinyurl.com/slover


130 AMMUNITION 

thin at the point which surrounds the detonator to insure its bursting when the 
detonator explodes. This tube is carefully reamed at the upper end to a size 
that will insure a tight fit with the fuze container and its lower end is tapped to 
receive the screw plug which holds the detonator in position by means of the 
intervening soft rubber cup. 

16- 23. The fuze container is provided with a hole for the primer, a loading 
hole in the top through which the mea.l and loose powder are inserted, and a 
vent opposite the primer. After loading the fuze the loading hole and vent 
are plugged with wax plugs to protect the powder train. These plugs are 
blown out by the explosion of the primer, thus affording an ample vent for the 
gases from the fuze and preventing a premature bursting of the grenade, which 
would be caused by the gases reaching the detonator. The fuze container, 
which is machined on the lower end to a size which will allow the upper end of 
the detonator to fit over it, is forced into the lateral tube through the hole in 
the end of the striker, and thus holds the latter in position. The striker is 
punched from sheet steel. 

16---24. One end of the detonator is left open This end is inserted in 
the lower end of the lateral tube and overlaps the lower end of the fuze CQn
tainer. The rubber cup is then placed over the lower end of the detonator 
and both parts are held in position by the screw plug washer under the plug . 
This arrangement of the detonator at the top and the rubber cup at the bottom 
prevents the detonator from receiving any shock from the plug end or from 
being in too close contact with the walls of the lateral tube. It is entirely a 
safety device 

16---25. The grenade is loaded with the main charge, granulated TNT, 
through the loading bole and is protected by the filling plug. 

16---26. The discharger, rifle Mark 4, is the only discharger issued to 
the service. It is for use on the Springfield 1903 rifle and is to be used for 
both the rifle lights and the VB rifle grenades. It consists of a hollow stem, 
arranged to fit snugly over the muzzle of th e rifle, surmounted by an enlarged 
hollow cylinder into which the grenade or rifle light is placed . The Ordnance 
Department of the Army has several typec; of dischargers, but none other than 
that described herein should be used on the 1903 Springfield rifl e. The dis
charger is fitted on the muzzle of the rifle, a grenade is put in the discharger, 
and the rifle loaded with an ordinary 30-caliber ball cartridge. The rifle butt 
is placed on the ground or deck and pointE'd in the direction in which it is 
desired to fire. The grenade is now ready for firing. On firing the cartridge 
the bullet passes through the barrel of the rifle and through the central tube, 
forcing the striker against the prim er . At the same time the gases from the 
chamber collect in the chamber of the discharger under the grenade and eject 
the latter from the discharger. The explosion of the prim er ignites the fuze, 
which is timed to burn 8 seconds, when it explodes the detonator and thi s 
detonates the main charge. 
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16-27. (a) A dummy grenade is supplied for elementary training in 
firing VB rifle grenades. The grenade, as issued, is merely a cast iron spool 
o{ the same weight as the VB fragmentation grenade. The flanges (bourrelet) 
and central hole, through which the bullet passes, are concentric. A special 
caliber .30 cartridge with a wooden bullet is supplied for use in firing both 
the dummy and fra~:,rmentation VB grenades for training purposes in areas 
where the falling bullet may be dangerous. 

(b) The rod type grenades have been supplied in chemical types only, 
and at present the only type known to be on hand is the ON type. Any 
phosphorous loaded rod type rifle grenade found on hand should be destroyed. 
These grenades consist of the following main parts: (1) Grenade body, (2) fuze, 
and (3) rod. The first grenades supplied were furnished with the fuze mecha
nism separate but the later types have the fuze assembled in the grenade body. 
The fuze is a" time" type, ignition of the powder train being initiated by set
back. It burns for approximately 6 seconds when, for the ON type, ignition 
of the charge takes place, and for the white phosphorous detonation of the 
bursting charge, a No. 8 commercial primer, takes place. The grenade is 
prepared for firing by (1) assembling the fuze if not already assembled, and (2) 
assembly of the rod by screwing it on to the base of the grenade. To fire the 
grenade, proceed as follows: (1) Insert rod to full length in bore of rifle with 
bolt open; (a) remove safety pin from fuze making sure fuze cover is thrown 
clear of the fuze; (3) place butt of rifle on ground, preferably moderately firm 
ground; (4) insert special blank cartridge in chamber of rifle and close bolt; 
(5) check direction and elevation of rifle; (6) fire rifle by pulling trigger. 

(c) Precautions for firing all types of rille grenades: 
(1) For VB. type grenade: 

Do not assemble detonator in grenade until just before firing. 
A resilient rubber cup must be used, otherwise shock of firing may cause 

instantaneous detonation of main charge. 
In loading grenade, be sure the filling plug and primer cap is up. 
Load grenade only when bolt of rifle is open. 
Use special precautions in handling detonator to prevent shock or 

overheating. 
Do not handle duds. D estroy in place if practicable. 

(2 ) For rod type grenades: 

Use only special caliber .30 cartridge, blank, Ml, marked "ORG" on 
head for propelling charge. 

Do not remove safety pin from fuze until ready to fire . 
Make sure fuze cover is ofT fuze before firing. 
To prevent damage to rifles, do not fire grenades with butt of rifle on 
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unyielding material, use Springfield Army Rifle (SA) of serial numbers 
greater than 800,000 only. 

Do not handle duds for at least 10 minutes. 

(3) For all types of grenades: 

Fire live grenades from cover only. Have minumum number of 
persons present. All persons in the immediate vicinity of the firing to 
wear steel helmets and, when the grenades arc fired, to keep heads below 
the muzzle of the rifle. 

16-28. Two general types of hand grenades are now in service: (1) Frag
mentation grenades .and (2) chemical grenades. The different types on hand 
are all of Army manufacture and are completely described in Army Technical 
regulations. 

16-29. The fuze assemblies of hand grenades are commonly referred to as 
"Bouchons." These operate by a striker actuated by a coil spring striking a 
small primer which ignites a powder tracer in the fuze. This striker is held in 
a "cocked" position by a lever which is held in pla.ce by a cotter pin with a ring 
attached. When this cotter pin is removed the lever is tlu·own clear of the 

SOUCHON ------

BOUCHON PWG-----

OETONATOR ----

BODY-----~ 

RING 

FIGURE 36.- Cross section of a hand grenade. 
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fuze and thf' striker is free to rotatP and strike the primer. In throwing the 
grenade, it is grasped in the hand so that t he lever is held against the grenade 
by the palm of the hand; the pin is withdrawn and when the grenade is thrown 
from the hand, the lever is thrown clear and the striker operates. EVERY 
PRECAUTION MUST BE TAKEN TO PREVENT THE PIN'S BEING 
REMOVED FROM THE OREN ADE UNTIL IT IS PROPERLY GRASPED, 
READY TO THROW. Accidents have occurred due to the cotter pin being 
accidentally withdrawn by being caught i.n clothing or other objects. The fuze 
is a time type set for about 5 seconds. If the fuze is functioned accidentally, 
the grenadP cn.n be thrown farther than a person can run in this delay time. 

16- 30. The present standard fragmentation grenade is the Mark 2 
and it is loaded with a commercial powder known as "EO blank fire powder. " 
It is shipped and stored loaded and fuzed. There are still on hand a number 
of cast TNT loaded Mark 2 fragmpntation hand grenades. These grenades 
require a fuze assembly fiLLed with a detonator and are stored and shipped un
fuzed. All chemical hand grenades are shipped and stored fuzefl. Practice 
and dummy grenades for training arc supplied. The dummy grenade is of 
cast iron similn.r in shape and wei~ht. to the body of a Mark 2 grenade but has 
no moving parts. The present standard practice grenade has the same body 
as the Mark 2 fragmentaLion grenade buL contains no powder charge. The 
fuze mechanism is the same as that usecl in the " lBO" powder loaded Mark 2 
grenade excepL that it has a small amouuL of black powder added to the bottom 
of the fuze. lt is fired in the same manner as the fragmentation grenade but 
the fuze has only sufficient charge to blow out the cork plug in the bottom of Lhe 
grenade. The bodies should be salvaged for use with spare fuze assemblies. 
Two types of spare fuze assemblies are now suppli ed: one without a detonator, 
the fuze merely giving off a small puff of smoke, and the other wiLh a detonator. 
Th e detonaLors have sutficiPnt power to cause severe injuries and they should 
be handled as provided for oLher detonators. 

16 - 31. The grenades are marked in accordance with Army insLructions. 
Briefly, this system is as follows: 

For all fragmenLation grenades, the body is painted yPllow. 
For all practice grenades, the body is painted blue . 
For all chemical grenades, the body is painted gray with the type of 

filler stenciled in either green or yellow. 

16-32. Remember that a grenade is always loaded and cocked. If the Precautions. 

striker should accidentally fuiJction in a fragmentation grenade, throw the 
grenade as far as possible, for you thr.ow it farther than you can run. Then 
throw yourselves on the ground. 

16-33. If the striker accidentally functions on the fast burning chemical 
grenad e, run up-wind. The chemical grenade has a delay of only about 2 
seconds, and it has a very limited radius of action up-wind. 

133 

www.tinyurl.com/slover


134 AMMUNITION 

PLATE 28.- Method of use of 45-calibcr line-throwing apparatus. 
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16-34. Before handling grenades, familia.rize yourself with their construc
tion and mf'thod of operation. 

16- 35. Know what type you are using. 
16-36. Do not pull safety pin until grenade is firmly in tho hand and until 

you arc ready to Lhl"ow it. 
16-37. Throw fragmentation grenades from cover only and when wearing 

a steel helmet. Fragments may be thrown Lo a distance of 200 yards. 
16-38. Do not hold grenade afLer striker is released (see 32 above). 
16--39. Handle fragmentation grenades with care. Through careless 

handling, a safeLy pin may be pulled. 
16- 40. Detonators used for TNT-loaded grenades and with som e practice 

fuze assemblies, are sufficiently powerful to blow the fingers off a hand. 
16-41. The detonator contains a small charge of fulminate of mercury. 

'J'his explosive is very sensitive, and the slightest jar or a sudden change in 
temperature may be sufficient to cause exploo;ion. Consequently the only safe 
thing to do is to treat. all detonators with proper respect. 

16-42. Army Technical Regulations give the methods of packing and 
marking grenades. Read these before handling grenades. 

16- 43. HC smoke grPnades are subject to spontaneous combustion when 
subjected Lo jnst tho right amount of moisture. Keep them in dry storage and 
away from other types of explosives. 

16-44. Some of tho first types of fragmentation hand grenades wore loaded 
with Trojan (Nitro-starch) powder. Any of those found on hand should be 
destroyed immediately. 

16-45. Line-carrying equipment for the use of vessels is provided as 
follows: 

(a) For vessels carrying saluting guns, 3-pounder and 6-poundcr line-carry
ing projectiles and charges. 

(b) For all vessels, 45-caliber line-carrying guns ancl ammunition. 
(c) For Coast Guard vessels mounting il-pounder and 6-pounclor guns, 

corresponding line-carrying projectiles and charges. 
Figure 37 shows tho 3-pounder and 6-poundcr line-carrying projectile and 

the proper method of attaching the shot line. Tho shot lines and faking boxes 
m·e under the cognizance of and supplied by the Bureau of Ships. Plate 28 
shows the 45-caliber line-carrying equipment and the method of its use. 

16-46. In using the lin<'-carrying 3-poundcr and 6-pounder projectiles, the 
line is prepared, faked clown near the muz:de of the gun , and the end is attached 
to the tll.imble in the en<l of the spindle. About 2 fathoms of the line from the 
end is wet down. Tlw projectile is loaded in the muzzle and tho case is then 
loaded. The line should then be cleared for running out. It is prPferable 
to use the lines provided, but if these should not be available, a soft, pliable 
line of the required size will be satisfactory. The same precautions should 
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be taken with the cartridge as for other types. The charges are prepared as 
for saluting charges, using shortened cartridge cases. The following weights of 
charge of black cannon powder are assigned (weight and expected y ards range 
is stenciled on case head and body): 

3-pounder: 
250 yards, 8 ounces. 
300 yards, 10 ounces. 

6-poundcr: 
300 yards, 6 ounces. 
350 yards, 12 ounces. 

FIG U RE 37.- 3- and 6-pounder line- th rowing projectiles. 

16- 47. It is difficult to control the range by varying the weight of charge. 
Not less than 6 ounces nor more than 12 ounces shall be used for the 3-pounder 
and not less than 6 ounces nor more than 13 ounces for the 6-pound er proj ectile. 
The experience of the United States Coast Guard indicates that entirely satis
factory r esults are obtained with 6-poundcr line-carrying proj ectiles using a 
6-ounce charge. The proj ec tile should be loaded from the muzzle, care being 
taken that the eye in the rod is sufficiently clear of the muzzle to insure against 
parting the line. The line should be passed through the eye and held in place 
by three loose half hitches. Do not secure the line tightly to the eye. 

16- 48. The 45-calibcr linc-tlu·owing gun is shipped in boxes toge th er with 
50 cartridges, 10 proj ectiles, 4 lines, spindles, clea.ning gear, and book of 
instructions. 

16--49. A 30-calibcr linc- thrmving equipment is now standard in the Coast 
Guard . 

16--50. For detailed clrscription on the usc of line-throwing equipment, see 
0 . P. 546. 
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17- 1. Aircraft bombs are classified as follows: 
(a) Demolition bombs. 
(b) Fragmentation bombs. 
(c) Armor-piercing bombs. 
(d) Smoke bombs. 
(e) Incendiary bombs. 
(j) Gas bombs. 
(g) Dummy bombs. 
(h) Practice bombs. 

(1) Miniature. 
(2) Water-tillable. 

17- 2. Detailed descriptions of the above bombs together with their 
dimensional characteristics and notes as to limitations on their use are contained 
in Ordnance Pamphlet 736. Accordingly, the data contained in that pamphlet 
arc not repeated herein. 

17-3. Aircraft bomb fuzes in general are armed by the action of the air 
during flight on an impeller or vaned wheel. The steps in arming may be 
accomplished either directly by the action of the impeller and the screws or 
gearing driven by it or there may be a combination of such action and spring 
action. In general, once a bomb fuze has been armed, it cannot be unarmed 
without disassembly of the fuze. Accordingly, any fuzed bomb found with the 
fuze apparently armed should be treated as dangerous. 

17-4. Detailed descriptions of aircraft bomb fuzes are contained in 
confidential ordnance pamphlets. By reason of their confidential nature, it is 
not desirable to repeat such dr,scriptions in this pamphlet. The pertinent 
confidential pamphlets should be studied carefully by all personnel concerned 
with fuzing aircraft bombs and with the use of fuzed bombs. 

17-5. In general, aircraft bombs which are loaded with cast TNT are 
issued to ships and stations with the cast charges and the booster or boosters in 
place, the whole being contained in a metal crate. Tail fin assemblies are crated 
and stowed separately and the opera.tion of preparing a bomb for service use 
includes uncrating, fuzing, and assembling the tail. 

17- 6. The water-tillable practice bomb, which is a sheet-metal bomb of the 
least expensive construction practicable, is designed to furnish a bomb approx
imating in external dimensions and weight the service bomb which it repre
sents, but which at the same time can be procured in sufficient quantities to 
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afford ample training. By reason of its light const:mction, a water-fillable 
practice bomb is highly susceptible to damage in handling a.nd particular care 
must therefore be exercised in the stowage and handling of this bomb to pre
vent impairment of its flight characteristics. 

17- 7. In order further to extend its individual training in bombing, 
miniature practice bombs have been developed . These are small die cast 
bombs weighing approximately 2.7 pounds with an axial hole in which may be 
placed a miniature practice bomb signal which will be fired by the firing 
mechanism on impact with either ground or water. 

17- 8. In assembling miniature practice bomb signals in the miniature 
practice bombs, the procedure and precautions set forth in paragraph 10, 
chapter 7, Ordnance Pamphlet 562, must be followed strictly. 
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Chapter XVIII. STOWAGE OF AMMUNITION 

18-1. In the design of ships, arrangements are made so far as practicable 
to provide stowages for the several types and calibers of ammunition which will 
be supplied as service allowance and for target and training purposes in accord
ance with the provisions of chapter 14, section C of the Bureau of Ordnance 
Manual. Those restrictions are in themselves based on the safety precautions 
contained in Navy Regulations, Article 972. 

18- 2. The provisions of chapter 14, section C, of the Bureau of Ordnance 
Manual must be observed strictly aboard ship. Where it is found that stowage 
conditions not contemplated by that section exist on board ship and that these 
conditions are not specifically covered by the ship's plans, the question should 
be presented to the Bureau of Ordnance for decision. It is particularly impor
tant that mixed stowages of various types of ammunition be not allowed since 
the ha?.ards involved with certain types are considerably greater than with other 
types and the over-all danger to the ship or the likelihood of loss of essential 
ammunition may be unduly increased. In this connection, attention is 
invited to the discussion of safety requirements and hazards incident to the 
stowage of explosives contained in chapter 14, section D of the Bureau of 
_Ordnance Manual, which covers the storage of ammunition and explosives 
ashore. While the quantities and distances involved are, of course, not appli
cable to shipboard stowages, the general principles involved are the same. 

18--3. The provisions of the Bureau of Ordnance Manual relative to the 
handling of ammunition and explosives and to the care, cleaning, ventilation, 
and cooling of ma.gazines, as set forth in chapter 14, sections A and B, must be 
complied with strictly . 
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Chapter XIX. PYROTECHNIC MATERIALS 

19- 1. Pyrotechny, or the art of fire, is usually considered as the art of 
producing pleasing scenic effects by means of fire. The effects uLili11ed for 
display purposes lend themselves readily to many uses in the art of war, and 
consequently recent developments in this direction have been very rapid. 
Fire was originally used considerably in various forms of worship. 

19- 2. The effects desired in scenic displays tended toward a variety of 
colors, as well as the display of fire in various forms and patterns. The materials 
used were saltpeter, sulphur, charcoal, iron, and salamoniac. With this small 
variety beautiful effects were obtained, but modern chemistry has added many 
other materials to the list of available substances, such as phosphorus, arsenic, 
mercury, barium nitrate, magnesium salts, lime salts, potassium nitrate, potas
sium chlorate, aluminum, resin, strontium, carbonate and oxalate, potassium 
perrnanganate, sodium oxalate, and other metallic salts, so that a great variety 
of lighting, smoke, and other effects rnay be obtainrd. The modern improve
ments consist in the star arrangement and in the substitution of various colored 
smokPs for the fire. 

19-3. Pyrotechnics supplied by the Bureau of Ordnance arc classed as 
ship pyrotechnics or aircraft pyrotechnics, although some items are common 
to both classes. 

19- 4. Ship pyrotechnics include: 

(a) Ships emergency identification signals. 
(b) Submarine emergency identification signals. 
(c) Submarine float signals. 
(d) Rockets. 
(e) Grenades; hand, smoke, and gas irritant. 
(f) Very's signaling equipment consisting of pistol and star cartridges. 
(g) Hand signal flares. 
(h) Smoke mixture. 

Detailed descriptions of each of the above types are in 0 . P . 725, which should 
be understood thoroughly by all personnel concerned with the use of these 
pyrotechnics. 
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19-5. Aircraft pyrotechnics include the following: 

(a) Aircraft parachute flares. 
(b) Bombardment flares. 
(c) Float lights. 
(d) Aircraft day distress signals. 
(e) Very's signaling apparatus. 
(f) Aircraft emergency identification signals. 
(g) Miniature practice bomb signals. 

Detailed descriptions of each of the above pyrotechnics, with instructions 
and safety precautions for their use, are contained in 0. P. 562 , which must be 
studied and understood thoroughly by all personnel concerned with the use of 
these pyrotechnics. 
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Chapter XX. MARKING OF AMMUNITION 

20-1. (a) Ammunition and ammunition details prepared by naval 
ammunition depots are marked for identification purposes as indicated in this 
chapter. 

(b) The Navy purchases from the Army, or makes up from components 
plli'chased from the Army, several types of ammunition for use of naval land
ing forces and the Marine Corps. Description and instructions relative to 
the use of t his ammunition are contained in Army publications. The ammuni
tion purchased from the Army is marked in accordance with Army instructions 
and, to make the descriptions conLained in Army publications applicable, these 
types when made up aL naval ammunition depots are marked in accordance 
with the Army drawings. 

20-2. The instructions for marking and painting projectiles for the 
United States Naval Service as furnished by manufacturers are contained in 
Ordnance Pamphlet No . 368, part I. 

20- 3. Where shipment of ammunition, explosives, or ammunition com
ponents by rail is involved, the r·egulations of the Interstate Commerce Com
mission, govern the packing, marking, and shipping of these items. 

20-4. It is important, that the marking on assembled ammunition be not 
obliterated and that, if ammunition be once removed from its containers and 
subsequenLly replaced therein, care be exercised that the markings on the 
ammunition and on the container agree. 

20-5. Projectiles issued for Larget practice which have been painted 
various colors aboard ship must have all paint removed by the ship concerned 
before being turned into an ammunition depot. 

20- 6. Smokeloos powder is packed at the factory in standard airtight 
smokeless powder paeking boxes. The current standard is a galvanized steel 
box designated as Mark 7. There remain in service a considerable number 
of zinc-lined wooden boxes. The lattPr are painted slate color with a suitable 
paint. Cold water paint conforming to Navy Department Specifications 
52Pl b is satisfactory for the purpose. Galvanized boxes are unpainted. 
Smokeless powder packing boxes are marked with black block letters three
fourths inch high as follows: 

On the end containing the hand hole: 

Caliber of gun for which powder is intended (mark of gun if essential 
for identification). 

Index number of powder. 
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On one broad side of box: 

"Smokeless powder for cannon." 
Manufacturer's designation of lot (The abbreviation indicates manu

facturer and the caliber for which intended). 
Gross weight ___ _______ ; net weight-- -- -- -- -- · 

On one narrow side.: 

Index number. 
Shipping directions. 

NoTE.-New powder being shipped for proof is marked "firing sample for 
proof, " and no index number shown . 

SAMPLE MAHKING 

End containing handhole : 16" /45 SPD 2605. 

Broad side of box: SMOKELESS POWDER FOR CANNON 
I. H. I. Lot 24 

Gross Wt. ----- ----- Net Wt. _____ ___ _ _ 
Narrow side of box: SPD 2453 

FOR U.S. NAVAL AMMUNITION DEPOT 
Iona Island, N . Y. 

20-7. The arrangement of the legends in this manner allows the top of 
the box to be completely marked at the time of packing and the other marking 
done upon the receipt of order for shipment, which also assigns the index. 
The letters "SP" will indicate that the number following them is the index 
number of the pow:der. The prefix to the index number, SP, R , W . D, N, F, B, 
and X, or combinations of these letters, indicates the composition of the mate
rial and is a part of the index number. 

20-8. In making shipments of smokeless powder in bulk, a partly fill ed 
box is indicated by a white painted handhole cover and a tag with a blue 
border. 

20- 9. Shipments of smokeless powder from naval ammunition depots to 
the Naval Powder Factory for any purpose are marked in accordance with 
the instructions contained in Ordnance Pamphlet V. 

powder con- 20- 10. Black powder is supplied to ammunition depots and from them 
issued to ships or stations in metal kegs or drums having interior bags and 
conforming to the Interstate Commerce Commission shipping container speci
fications. The drums are marked to show the manufacturer's data as indicated 
below: 

E . I. duPont deN emours & Co., 
Black Cannon Powder, Lot 1 

N et 25 lbs. 
Cont. NOs- 68541, Date June 1, 1939 
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Index numbers are not assigned to lots of black powder. The marking on 
black powder containers indicates the kind of powder, such as: 

(a) Cannon. 
(b) Shell. 
(c) Sphero-hexagonal for torpedo impulse. 
(d) Sodium nitrate for torpedo impulse. 

145 

20- 11. High explosives, when shipped in bulk, are packed in wooden boxes Hillh e.-v•o•i•ea. 

with paper liners conforming to the Interstate Commerce Commission regula-
tions. They are marked to show the material, manufacturer, the contract 
number and date, the lot number, and the gross and net weight, as follows: 

E. I. duPont deN emours & Co. , Barksdale, Wis. 
Grade "A" TNT., Lot 175. 

Cont. NOs- 68541 Date June 1, 1939 
Gross _ _ _ _ _ _ lbs. Net ____ _____ lbs. 

20- 12. Naval ammunition depots preparing ammunition will use the 
following symbols (without the letters NAD) in marking ammunition or 
ammunition containers: 

Hingharn ______ __ ________________ __ ______ __ ____ __ __ ______ Il. 
Iona Island ____ ________ _____ __________ ______ ___ ____ ______ I. I. 
Lake Denmark ________ _____ ________ ____ _______________ ___ L. D. 
Fort Mifflin ___ __ ________ _______ _____ __ _______ __ ______ ___ F. M. 
St. Juliens Crcek __ _____ __ __ ______ ___ ______ _____ __________ _ St. J. 
Balboa ____ ______________ ___________________ _____________ Bal. 
Ilawthorne ___ ____ _____ __________________________________ _ FLaw. 
Mare Island __ ___ _______ ___________ _____________ __________ M. I. 
Puget Sound _______ ___ ______ ___ ______________________ __ __ P . S. 
Oahu ______ ___ _____ _________ __ ___ ______ __ _______ _________ Oh. 

In marking bomb type ammunition to show the point of assembly or load
ing, the following symbols are used: 

Naval Mine Depot, Yorktown __ _________ ____ _ ------ __ __ ______ _______ N MD/Y" 
Naval Arnmnnition Depot, Hawthorne __ __ ________________ _________ N AD /Haw· 

20- 13. All bag gun charges are assembled in silk powder bags and are 
marked by stenciling on each bag in black letters parallel to and on the opposite 
side from the lacing, the following data: 

Caliber of gun (mark or (SC) , (LC), if required). 
Index number of powder. 
W eight of smokeless powder contained in bag. 
Proportion bag bears to full (special or target) charge. 
Initial velocity. 
Symbol of ammunition depot. 
Month and year of assembly. 
Code number ___ ---- --· 

Markinr of anununJ
tion for ship~ ; bag gun 
charges. 
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One word names have been assigned to designate initial velocities and cor
responding powder charges for guns for' which more than one velocity is used 
as follows: 

(1) S ervice designates normal designed velocity of the gun. Abbreviation 
SER. 

(2) Special designates th e reduced velocities assigned to 14" I 50-caliber, 
14" I .45-caliber, L. C., and 8" / 55-caliber guns which are only slightly reduced 
below the service velocities. Abbreviation SPEC. 

(3) Target designates the reduced velocity generally used for gunn ery 
training. Abbreviation TAR. 

(4) Spotting designates the very much reduced velocity used for certain 
guns at spotting practices. Abbreviation SPOT. 

(5) Special, Target, and Spotting velocity charges are issued only for gunnery 
training or experimental firing. 

For table of calibers and velocities consult latest circular letter on ballistic 
data. 

20-14. The dyed ignition ends of bag gun powder bags are marked in 
black letters, three-fourth inch high, as follows: 

Ignition ___ _______ grams. 

20- 15. No paint containing oil is used in marking bags and care must be 
·- taken not to blur the stencil. 

Po wder identification 20- 16. Identification tags are used with all smokeless powder charges. 
tars . 

The following data must appear: 

Caliber of gun, Mark .(SC or LC) if required. 
Index of powder. 
W eight of powder contained and proportion of full (special or target) 

charge. 
Initial velocity. 
W eight of ignition (if ignition is contained in primer, state " primer 

ignition"). 
Fahrenheit readings of wet and dry bulb thermometers (sec Ordnance 

Pamphlet No. V, art. 202) . 
Ammunition depot (where prepared). 
D ate. 
Code number -- - - -- ----· 
Initials of weigher. 
Init ials of ch ecker. 
Initials of gauger. 
Initials of gunner in charge. 
Initials of inspector of ordnance in charge. 

20- 17. The identification tags are made of ignition cloth (powder bag silk 
cloth, light) for bag charges and cartridges and of linen for ammunition 
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containers. An exception is made in the case of 1~1-inch cartridges where the 
necessary datn is printed on light paper nnd the slip is inserted in the cartridge 
case by the automatic loading machinery. For bag charges the tag is placed 
under the lacing cord before final tightening and is in addition to the data 
stenciled on the bag. For case ammunition the tag is placed in the case on 
top of the powder under the wad. 

20-18. In addition to the identification tag, case ammunition hns the 
index number of the powder stenciled on the head of each cartridge case, using 
a thin mixture of shellac and lamp black. The head of a reformed case shall 
be stamped with an "R " after the first round and a "*" for indicating each 
subsequent firing. 

20- 19. The current standard powder tanks are of aluminum or sheet steel. 
The latter tanks are parkerized and painted with black paint or cadmium 
plated. Older power tanks are either of copper, with wooden reinforcing strips, 
or of galvanized steel. · 

20-20. Each powder tank containing all or part of a charge is marked 
with a circular band of white paint 2 inches wide, if practicable, around the 
('dge of the cover and has stenciled upon this band (or on the cover) in black 
letters the caliber of the gun, whether LC or SC, the index of powder, the pro
portion of full (special or target) charge contained, and initial velocity. 

20-21. Each powder tank has wired to it a tag giving the information 
shown on the powder identification tag attached to the powder bag, as covered 
by paragraph 20- 16, above. 

20-22. The cavities of projectiles are painted as prescribed in Ordnance 
Pamphlet 368, part I. As issued to ships the ogivals of projectiles, except 
1 ~l -inch AA, for a distance of 1 caliber from the point toward the bourrelet, 
are painted with distinctive colors to indicate the kind of projectile filler. The 
remainder of the exteriors, except the bomTelet , band and base, is painted with 
distinctive colors to indicate the type of projectile. 

20-23. Bourrclcts , bases, and base plugs of all projectiles are not painted, 
but are coated with vaselinc to protect the surface from rusting. Rotating 
bn,nds arc not painted. Cannelures of rotating bands are fitted with graphite 
and tallow. Projectiles assembled in case ammunition arc not painted in the 
rear of the band. The Army makes a practice of painting the complete pro
jectile for some types, and, when these types are used in naval service, the paint 
need not be removed. (See par. 20- 1.) 

20-24. The standard colors used 
Ordnance Pamphlet 368, part I, plate 1. 
standard specifications for paint. 

in painting projectiles are shown in 
The paint used conforms to the Navy 

20-25. The distinctive colors mcntionPd in the preceding paragraph for 
indicating the type of projectile and kind of filler are as follows: 

Armor-piercing projectile- black. 
Common projectile- slate. 
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Heavy paper linen 
c loth or silk cloth tags 

Projectiles (empty) . 
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Antiaircraft, antiaircraft-common, field and bombardment projectiles-
dark green. 

Shrapnel- white. 
Illuminating- light blue with white star. 
Target projectile (i. e. blind loaded. or blind loaded and traced )- un

painted , or red. 
(Proj ectiles originally painted to indicate a type other than target 

may be painted red wh en issued for target purposes.) 
Explosive "D"- yellow. 
TNT- dark green. 
Black powder- Slate. 
Gas- red (with geometrical figure). (The geometrical figure will be 

of a size which can be inscribed in a circle one-half the diameter 
of the projectile and with such shape and color as will indicate 
the kind of gas-proaucing material used. The meaning of the 
geometrical figures and colors will be known only to the manu
factnrer, the Bureau, the inspector, and the ammunition depots). 

Blind loaded and plugged , or traced- unpainted or red . 
(The notes on use of red to indicate target proj ectiles apply 

equally to the use of red to indicate blind loading.) 

Army types of ammunition are painted in accordance with the drawings 
approved by the Chief of Ordnance, War D epartment. D eRcription of the 
paiuting and marking of ammunition purchased from the War Department is 
contained in Army Technical R egulations describing the ammunition. For 
ammunition to be made up from components purchased from thr Army, prints 
of the Army drawings will be supplied. The general sys tem followed by the 
Army is as follows: 

Yellow-for all high explosive proj ectiles and fragm entation grenades. 
Red~for projectiles having a service bursting chargr of black powder. 

(For Army ammunition classed as "low explosive.") 

Blue- for practice aiillllunition containing a small charge of explosive 
or an inert fill er. 

Black- for solid shot. 
Gray- for chemical ammunition. Id entification as to type and per

sistency indicated by s tenciling in green or yellow at present ; formerly, 
in red or yellow. 

The above system is used in the markin6 of both the ammunition and the con
tainers. 

20-26. The burster charge of proj ectiles loaded with mixed filler , TNT 
and black powder, or explosive " D " and black powder, is indicated by painting 
th e original slate color (common projectiles) for one-half caliber distance 
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from the point toward the bourrelet followed by a band of dark green (or 
yellow) one-half caliber in width. 

20- 27. The painting and marking of 1': 1/75-caliber antiaircraft proj ectiles 
do not conform to the foregoing but they are marked as indicated below: 

(a) Projectiles are marked with a painted dot (one-quarter inch to one-
half inch diameter) on the forward portion of the body of loaded projectiles 
to denote burster charge (yellow dot for Explosive "D "). 

(b) Projectiles arc marked with a painted dot (one-quarter inch to one
half inch diameter) on the body of the projectile just forward of the rotating 
band to denote tracer loading (red dot for red flame tracer). 

(c) Projectiles are stamped by the manufacturer on the base with O.J-inch 
letters as follows: "1':10 AA Mk.- Mod.-Lot- " and last two figures of 
year of specification and manufacturer's initials. 

(d) Proj ec tiles are stamped by the manufacturer on the band with 
0.08-inch letters as follows: "1 ':10 AA Mark- Mod.- " and inspector's 
initials and stamp, lot number and the last two iigures of year of specifications. 

(e) The exterior of proj ectiles are not painted, and are not marked or 
stamped other than in the manner described above. On blind loaded pro
jectiles the dot denoting explosive (yellow) is omitted. When tracers are 
not loaded the (red) dot denoting tracer color is oll1.itted. Proj octile cavities 
are coated with approved standard projectile cavity paint as required for 
other calibers. 

20- 28. Proj ec tiles fitted with night tracers or tracer fuzes have a white 
band 1 inch wide painted around the ogival of the projectile which is below 
the color indicating the burster charge. If the color indicating the burster 
charge wollld extend to the bourrclet, the white tracer band is painted on the 
ogivalnext to the bourrelet. For shrapnel fitted with tracers the tracer band 
is painted black. The color of tracer is indicated by a number of appropri
ately colored dots on the tracer band. 

20- 29. Nose fuses are never painted , but the tip of 21-second combina
tion (time-percussion) fuzes are painted red to distinguish them from time 
fuzes . (The foregoing provision is a reversal of the marking formcrl:v used .) 
Red noses on 45-second time fuzes have no significance, and such painting 
may be disregarded. Removal of red paint on 45-second time fuzes or on 
waterproof protecting caps covering such fuzes is found not to be necessary. 

20- 30. For nose-fuzed proj ectiles the band indicating the burster charge 
begins immediately below the fuz e and extends to the bourrelet if that dis
tance be not more than one caliber. 
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Painting and marking 
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20- Sl. The spotting color of spotting projectiles is indicated as follows: Spotting projectile•. 

(1) By a band 1 inch wid e the same color as the spotting color painted 
around the projectile beginning 1 inch in rear of the burster color. 

(2) On spotting proj ectiles fitted with tracers the spotting color band 1s 
located adjacent to and in the rear of the tracer color band. 

www.tinyurl.com/slover


150 

l.l·inch ca rtridge 
cases. 

Marking of ('a rtridge 
tnnks. 

AMMUNITION 

(3 ) No color(white) spotting proj ectiles are not marked to ind·icate spotting. 
(4) In addition to the spotting color bands, spotting projectiles are 

marked by stamping on the inlet covers a letter to indicate the spotting color 
as follows : 

R- red . 
B- blue: 
G- green. 
0 - orange. 

2o-32. When projectiles are loaded the depot stamps on the base and 
stencils around the body parallel to the band the foll owing data: 

Mark(s) and lo t number(s ) of fuze (s) and tracer(s). 
Weight of bursting eharge, mark and color tracer. 
Symbol of depot. 
Month and year of loading. 

The stenciling is in white for all proje<:<tiles except shrapnel, where it is in 
black. The total weight of the projectile complete and ready for firing is 
stamped on the base of projectiles, 3-inch and larger, after the abbreviation 
"compl." which is stamped on the base by the manufacturer. Stamping data 
relative to fuzes and tracers are omitted when readable on the fuzes or tracers. 

For some types of Army projectiles (75 millimeter and 155 millimeter guns) 
the weight of the projectile is indicated by the number of crosses or squares 
painted thereon. The number of crosses or squares indicates the weight limits, 
and the range tables for the weapons give the correction to be applied for the 
indicated weights. When proj ectiles are repainted, care is taken not to 
obliterate these markings. 

20- 33. 1':1 cartridge cases, in addition to the co.se identification stamp
ing by the manufacturer, have stenciled on the base in two places, in black ink , 
the index number of the powder contained. 

20- 34. Cartridge tanl..::s having bodies of galvanized steel or aluminum are 
not painted except when necessary to remove old stenciling in which case 
aluminum paint is used on both types of tanlc When containing fixed ammuni
tion, the bottom of the cartridge tanJ..:: is painted a color to indicate the character 
of the projectile, while the cover is painted a color to indicate the kind of bursting 
charge, the colors used being those listed in paragraph 20- 25. When containing 
catapult charges or semifixed cartridges, the bottoms and covers of cartridge 
tanks are not painted. 

Cartridge tanks for fixed ammunition are mark ed on the body with th e 
following data: 

Caliber of gun (and mark if required) . 
Number of rounds (ij more than one). 
Qharacter of projectile ano weight. 
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Mark(s) andlot number(s) of fuze(s) , mark, lot, and color of tracer. 
Kind of bursting charge. 
Index number of powder. 
Weight of charge. 
Initial velocity. 
Mark, lot number, manuft~.cturcr, and dat.c of primer. 
Symbol of depot at which assembleil. 
Month and year of assembly. 
Code number _________ _ . 

The cover of a cartridge tank containing fixed ammunition is marked with the 
following: 

Caliber of gun. 
Number of rounds (if more than one). 
Index of powder. 

Cartridge tanks containing semifixed cartridges arc marked on the body with 
the following: 

Caliber of gun. 
Index of powder. 
Weight of charge. 
Initial velocity. 
Mark, lot number, manufacturer, and date of primer. 
Symbol of depot at which assembled. · 
Month and year of assembly. 
Code number ________ __ . 

The cover of tanks containing semifixcd cartridges are marked with the follow-
mg: 

Caliber of gun. 
Index of powder. 

Cartridge tanks fitted with tracers have a white band painted on both 
the cover and the bottom . Cartridge tanks have ammunition tags wired to 
the covers, giving the full details of the assembly contained, including lot 
numbers of all components. 

Cartridge tanks containing catapult charges have the following data: 
Mark of catapult. 
Mark of catapult gun. 
Weight of plane for which charge is to be used . 
Mark of primer, lot number, and date of manufacture. 
Weight of ignition. 
Weight of charge. 
Index of powder. 
Code number-- --- -----· 
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In the assembly of catapult charges the ldcntification tag is secured to the dis
tance pieces so that th e ehargc can be id entified should the stenciling on the 
exterior of the cartridge case or tank become obliterated. The tag is attached 
to th e distance piece assembly so that it must be removed with the assembly 
before loading in the gun. 

20- 35. (a) 1':1 /75-caliber ammunition boxes are made of galvanized 
steel drawn and welded construction with handles on two ends, and with 
detachable covers secured by four quick-acting hinged hasps. A rubber gasket 
bearing on a knife edge is fitted between box and cover to insLU'C airtightness. 
These boxes and covers are not painted , except when necessary to r emove old 
stenciling in which case aluminum paint is used. A tube assembly (see 20- 35 
(e) bt>low) made of aluminum tubes spot welded to each other and held together 
by a welded aluminlim band around the assembly is provided in the box to 
support the proj ectiles and cases against damage. A cork pad is provided 
between the base of the cases and the inside of the cover to protect primers and 
restrain th e cartridges from jolting. 

(b) One side of the box has th e foll owing markings stenciled in black: 

( o. of cartridges) 1':1/75-caliber car tridges. 
Service or target (as applicable). 
Projectile mark: L&F or BL&T or BL&P (as applicable). 
Fuze : Mark _____ _____ or dummy fuze plug (as applicabl e) . 
Burster charge- Explosive "D" or inert loaded (as applicable). 
Tracer- red or not loaded (as applicable). Starter and Tracer. 
Primer- Mark ____ __ date -- - --- · 
Powder index ______ __ __ . 
W eight of charge ______ ____ grams. 

I. v . -- -------- f. s. 
D epot - --- ----- -· 
Date ----- -- - -- · 
Code No. -- -------- · 

(c ) On each end (with handles) of the box, th e following stenciling in black 
letters : 

Caliber of gun; number of rounds. 
Index of powder. 
Suggested abbreviated markings as follows: 

36 Service ctgs. 1': l /7 5 cal. 
Proj. Mk. I- 2 L&F Exp. "D," red tracer. 
Fuze Mk. 12-2. 
SPDN 2579 wt. chg. 112 gms. I. V. 2700 f. s. 
Primer Mk. 19. 
St. J. 6/39. 
Code No. 1 ~1/75 D2579- 050111. 
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(d) Each ammunition box has wired to it a tag g1vmg the information 
required by subparagraph 20- 35 (b) and 20-35 (c) above. 

(e) The tube assemblies of 1.1-inch/75-caliber boxes are designed to pre
vent the fuze from Louching the bottom of the box if the projectile becomes 
loosenctl. from the case. 1,300 tube assemblies were accepted which may permit 
the fuze to touch the bottom of the box under adverse conditions. These tube 
assemblies arc used for inert loaded projectiles only. The contractor delivered 
these 1,300 tube assemblies with a red hand approximately 2 inches wide 
painted around the outside of the tube assembly approximately 2 inches below 
the securing band. The boxes containing these tube assemblies were delivered 
wibh a red band approximately 2 inches wide painted approximately 4 inches 
below the cover and with the following markings painLed in red on the boxes: 
"Use for inerL loaded projecLilcs only." This red band must not be painted 
out as long as the boxes contain the above-mentioned Lube nests. In case any 
of the 1,300 Lube nests are Lransferred to other boxes, the red band is also 
painted on such boxes. 

20- 36. Boxes made of wood containing fixed ammunition are painted Lo 
indicate the character of the projecLile, using the colors listed in paragraph 
20- 25 . 

The top and edgE's of the covers of such boxes are painted to indicate the 
kind of bursting charge as follows: 

Black powder ______ ______ __ ________ __ ___ __ ____ ___ Slat~ color. 
Explosive "D" _____ ________ ____ ____ __ ____ ___ ____ Yellow. 
TNT__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Green. 
TNT- BP _ __ __ _ _ _ _ _ _ __ _ _ _ _ __ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ One half width green, 

other half slate color. 
Blind loaded__ _ ____ ___ _____ __ _____ ______ ______ ___ Red. 

Boxes made of wood containing fixed ammunition arc marked with black 
letters as follows: 

On one side adjacent to the removable cover or hing<'d top: 
The data prescribed in paragraph 20-34 for the body of the cartridge 

tank. 

On each end: 
Caliber of gun; number of rounds. 
Index of powder. 

20-37. Boxes of made wood containing ammunition fitted with night 
tracers or tracer fuzes have a white band 2 inches wide encircling the middle 
of the box parallel to the ends. White boxes containing shrapnel have a 
black tracer band. 

20-38. To each ammunition box there is wired a tag giving in full the 
data whieh are required to be stenciled on the side adjacent to the cover. 

20-39. Ammunition boxes containing saluting, blank, or signal-gun charges 
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are painted lead color, except the top, which is painted half white and half 
red, and is marked with black letters as follows: 

Top of box: 
Caliber and "saluting" (or "blank" or "signal gun"). 
Character and weight of charge. 
N arne of depot where prepared. 
Date. 
Code No. - - -- ----- - · 

Front of box: 
Caliber and "saluting" (or "blank" or "signal gun"). 

20-40. Each saluting ammunition box has wired to it a tag g1vrng the 
information shown on the top of the box. When saluting ammunition is 
prepared on board ship, n ew tags are placed on the ammuniLion boxes giving 
the initials of the gunner or other officer who supervised the work. 

20-41. Tanks containing replacement samples are painted as follows: 
(a) A red band is painted around the body of the tank, 6 inches wide, 

and has stenciled on it in wh,ite : 

Replacement sample. 
Index : SPD _____ ___ __ . 
Caliber. 
Weight of charge. 
Weight of sample. 
(b) The tops and bottoms of these tanks are not pain ted, but the top 

is stenciled: 
"Replacement sample: SPD __ ___ __ ___ ." 

20-42. T anks containing catapult charge wads or torpedo impulse charge 
wads are issued unpainted but have stenciled on the body of the tank adequate 
data to identify the contents. 

20-43. Tanks containing dummy charges and cartridges are painted half 
black and half white. When dummy cartridges are issued in wooden boxes, 
the boxes are painted with th,e lower half black and the upper half white. 
Containers for dummy ammunition are marked: 

Dummy charge (or cartridge). 
Caliber of gun. 
Code number --- ---- - - - · 

20-44. Aircraft bombs are painted and marked as follows: 
Exterior surfaces- (a) Priming coat of aluminum for bomb bodies, tail 

vanes, and miscellaneous components such as suspension bands . 
(b) Finishing coat for bomb bodies, tail vanes, and suspension or trunnion 

bands, as follows (all colors to be in accordance with Ordnance Pamphlet 368, 
part I , plate 1): 
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(1) (A) Fully h1:gh explosive lol~ded.-Yellow, stenciling in green. (If 
any other high-explosive filler than TNT is adopted, distinguishing 
markings will be adopted.) 

(B) Partially high explosive loaded.- Approximately one-hal£ of bomb 
body (the eod containing explosive) is paint<'d yellow , the remainder (con
taining inert material) is painted blade Stenciling is in green on the 
yellow portion of the bomb . Tail is same as for fully loaded bomb. 

(2) Inert loaded (except water-filled bombs).- Black in accordance with 
Ordnance Pamphlet 368, part I, plate 1, stenciling in white. 

(3) Water-fillable.-Black , stenciling in white. 
( 4) Miniature practice.- Unpaiuted. 
(5) Gas or smoke loaded.- Gray, stenciling and other markings in 

accordance with special i11structions. 

(c) Finishing coat for painted bomb crates and tail vane crates as follows. 
:\11 colors to bfl in accordance with Ordnance Pamphlet 368, part I , plate 1. 
(Note: On galvanizerl crates paint one of the metal bands of the crate on all 
four sides, and paint a 2-inch stripe across each end of thf' c rnt.e, using the 
appropriate color as specified for painted crates.) 

(1) Fully or partially loaded high explosive loadnl bomb:s. Un•Pn, 
st(•ueiling in yellow. 

(2) Inert loaded bombs. Black , stenciling in white . 
(3) Smoke or gas-loaded bombs.- Gray, stenciling and other nu1.rkings 

in acconlance with special instructions. 

Both tlw priming and the finishing coats, as well as the cavity paints, arc 
applied by the manufacturer on procurement. Bombs, crates, etc ., painted 
not in aceordance with the painting instru etions prescribed her ein, will b e so 
pain ted by the depot prior to issu e. 

Scrvier bombs paintecl to indieate high explosive, gas, etc. , which are 
ordered issued empty for drill or "mock-up" purposes arr repainted to indicate 
inert loadccl and dearly stenciled to indicate their condition, as required by 
subparagraph (b) (2) above: 

lvlarking.-(a) The following information is strncilr<l on each bomb body 
after it is painted and prior to issue, in letters approxima.trly 1 inch high for 
fl1l 500-pound bombs and larger; and in letters not lPss than one-ba.lf inch high 
for all bombs smaller than the 500-pounrl size: 

________ _ lb . Bomb ; ~lark ____ Mod. ____ _ _ 
TNT GrfldP _____ . N 'JD /Y (or NAD/H, etc.). 
Auxiliary Booster (if in place). 
Month /Year. B. L. 0. No. _ _ ------ · 
Bomb No. ------------ (Same as stamped number on nose). 
Code No. ________ __ __ ____ . 

577220 ~4 --11 
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(Note: When bomb is part ially loarlPd include, after the grade symbol, 
the weight of explosive contained. Example: 

500-lb. Bomb, Mark 9 
T NT Gracie A- 20 lbs. NM D /Y (or NAD/H , etc .). 

(b) Bomb tail vanes when shipped separately have the following infor-
mation stenciled on t hem: 

For ____________ lb. bomb, Mark _______ _____ .\loJ. -- --- -- ---- - · 
Dwg. No . _ _ _ _ _ (of tail vane) . 
Code No. ------ - - -- ------ · 

(c) Bomb crates are steneilPd as foll ows: 

One (two, three, etc .) ___ _______ __ lb. Bomh(s). 
Mark __ ______ __ __ Mod. ___________ _ . 

TNT Grade ~ __ __ NMD/Y (or NAD;ll, etc.): 

(d) Bomb tail crates are stenciled as follo"-s : 

One (two, three, etc .) tail van P(s) for 
___ ____ _____ lb. Bomb, Mark ____ ___ _____ Mod. - ---- ----- --· 

Cra te D·wg. No. -- ---------- · 
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