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ARTTLLERY COURSE

BOOK 2

~ INFORMATION ON EXPLOSIVE SUBSTANCES
INFORMATION FROM INVERTOR BALLISTICS

~The book consists of ﬁf'p parts :
© The parts are written By :

1a Information on”Explosive Substances —

" ‘Golohel STOLBOSHINSKI, A P..
ad

"Colonel NIKIFOROV, N, N.

' Information from Interior Ballistios —
Colonel NIKIFOROV, N, N.
This book is intended as a Manual for Students
of Artillery Schools and may be used as a
Guide Book for Officers of the Artillery of the

Soviet Army in their independent studies.
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INFORMATION ON “EXPLOSIVE . SUBSTANCES
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CHAPTER ONE
GENERAL FEATURES OF EXPLOSIVE SUBSTANCES

1«  BRIEF INFORMATIQN ON THE HISTORY OF EXPLOSIVE SUBSTANCES
The first explosive substahée (BB) kﬁo@n to man frém the earliest times
was the suoky (black) powder of - saltpetré, Sulphur and carbon, 1

Who and when this powder was discovered is still in doubt ;
the subject of a whole series of legends, but there is reason to suppose that
it was invented in CHINA or INDIA. The oldest written -records. oft these
beoples are proof of that powder was familiar to men several centuries before
our ers (i.e, before the birth of Christ - T), R e e e

its origin is

The ARABS adopted powder from the CHINESE who, commencing: from VITI
century of the Christian era, were in close trading relations with the
Chinese; it is interesting to note that the two. Arab words fop, saltpetre are
Chinese Salt and Chinese snow. Using powder to begin with merely as a com-
bustive means, the Arabs soon discovered its propellent propensities and
started to make wide use of it for practical purposes. & special literature

made its appearance among them on how to manufacture and use black (smoky)
powder,

farly in the XIV th. Centufy Eufopéans became
through the Arebs. The first to make ‘its acquaint

Were engaged in wars with the Arabs over the domina
Peninsula,

acquainted with poﬁder
ance were the-Spaniards who
tion of the Iberian

In Russia

powder was beginning to.be used ifrom the second half of the . .
XIV th century. :

In a NOVGOROD YéaruBook for‘the year 1582'thére is méhfioﬁ of
the names for. fire WeBPONS  tm o o o : '

"Self Shooters," "tyufyaki"w_(modern~?matress,;palliassq
idlers, drones, good-for-nothing-T), "let—offs" and

push~offs ("pushki’ - guns, T),

The ALEKSANDROV Year Book for 1382 gives an account of the siege of
MOSCOW by the armies of the TARTAR KHAN TOKHTAMYSH, The Chronicler states:

"The citizens defending the city and Opposing the TARTARS,
some shot arrows from the palliasades, others cast stones
upon them, others let off guns against them and others
"Self Shooters," filling the fire Weapons and firing the
powder, yet others let off 'very great guns," ¥

1 Powder is here considered as.one of the variations of explosive substances,

¥ The above from 0ld Slavonic -~ T,
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- .This means vhat'in 1382 powder was’ already in use in ,RUS’SIA.‘

" Tovder was already being produced in MOSCOV? by the end of the XIV 151:1.
.. .Century and as a result of the careless handling of it a'_"f‘ire broke out in
44001 "Of powder wes MOSCOW burnt - at midnight did it burn," so says the
b Chronicler. - The first powder works were opened in MOSCOV in 149%.  Other
.- towvns also began powder production apart from MOSCOW,

Powder manufacture greatly developed under Ivan VASIL'EVICH THE DREAD
(elias Tvan THE TERRIBLE-T) on whose order powder works werc built in the
vicinity of MOSCOW and specially undcr PETER I who built the PETERS@URG,

" ORKHTA and SESTRORETSK powder plants which in their productive capacity
exceeded the EST EUROPEAN powder factories of the time. Later, in 1761,
SHUVATOV introduced to the ‘technology of smoky powder serious improvements

~-which considerably increased the quality of smoky powder and heightened its

“stability when stored and in transport.

¢ oo The great Russian scientist M.V. LOMONOSOV, apart from.other works, also

" applied himself to the study of the laws of the combustion of powder, He
provided a series of outstanding theoretical gonclusions in his work "Of the
nature of . powders.' o : oo

Black (smoky) powder ruled supreme and unchallenged for more than half
sov & millenniumg. until in the second half of the XIX th century it was replaced by

““another and more potent explosive substance.

- - An exception to this is fulminating mercury (1lit. T.).whioh*has»been known
since 1799 and fulminating salts were known even earlier but found no practi-—
cal application. Pulminating mercury represented that class of explosive

. substanceswhich are now-a-days, because of their effect, known as High

* Explosives ('brizantnyi' from theFrench word 'brizer' to destroy, cursh),

and among these it beléngd to the category of initiating explosive substances
4 used for initiating explosive processes. :

.+ . The discovery of fulminating meroury (end what is even more important,
. “the methods  of making percussion caps with it) revolutionized warfare. Up to
" the time when percussion caps were inmtroduced charges in the rifles were fired
by sparks generated by a flint striking against steel.. This system of firing
charges. did not increasc the quick firing propensities of rifles beyond one to
“tio shots a minute; * in this process flints failed to strike in 15% of oases
v and were only for 40-50 shots; fire in strong winds, in rain and in snow was

" greatly impeded,

. The intfodﬁction of percussion caps increased the quick firing qualities
of rifles, helped in firing in any weather, introduced much that was new in the
_technology -of musketry and strongly influenced the tactics of battle,

5 The next stage in the history of explosives was led in by the discovery
of gun cotton in 1833.»

From the close of the sixties of the XIX th Century gun cotton begins to
oust black powder (smoky) powder), firsf in blasting and then in explosive
charges (principally in sea mines and torpedoes), and from the early eighties
it is being used as the main substance (for powder charges), as at that time

- & way of manufacturing smokeless powder from gun cotton had been discovered,
which in its ballistic qualities was found supsrior to black (smoky) powder.

Following the appearance of gun cotton came another: High Exp105i§e
substance - nitro~glycerine, accidentally discovered in 1876 while processing
5 glycerine»with a blend of nitrogen and sulphur acids in one of the laboratories.,
Ow@ng to the dangers attending the. preparation and processing of nitro-glycerine,
this substance received no practical -application at that time, ‘

] The.f;rst to point to the Possibility of using nitro-glycerine blended
Wlth.addlt;ogal.sdbstances as an explosive for projectiles, was the celebrated
Russian chemist ~ INNs ZININ, the creator of aniline and organic dyes.

3
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During the defence of SEBASTOPOL (SEVASTOLPOL' - T) (1854) ZININ
personally,wqued on the preparation of nitro-glycerine for projectiles.

et - The experiments carried out by N.N. ZININ and V.F. PETRUSHEVSKI lead
to'concrete results, but owing to the conservative tendencies of Czmarist
“'bﬁreaucratsfyhé;r results were not exploited in RUSSIA, From 1860-1863

- PETRUSHEVSKI produced 160 puds (5760 1bs - T) of various dynamites from nitro-
glycerine, c SR _ : J

P
. :

m;m;~A. NOBEL was well acquainted with the experiments of ZININ and
PETRUSHEVSKI. He' 'happencd at that time to be in Russia and received the
inf'ormation pérsopally from ZININ, , S

“fiout the patent for the invention of dynamite and built a plant in Germany for
Tits monufacture, Cose T . s ’

AUsinglfﬁé fééults*of'%hé work of ‘the Rubsian chemists, A. NOBEL took

Nitro~glycerine explosive substances known as dynamite were begun being

“lused for. blasting operations,

; -~ At the moment*hitroeglyéerinc ahd gun-cotton arc the basic materials in
the preparation of smokeless powders, . -~ - - : .

- In 1886 the high explosive qualities of picric'agid became kriown, which
as yellow paint, : -
Plcric aeid entered.militaryipechnology as melinite in Russia and France,
liddite in England and Shimoze in Japan etc, : o

r;_'Tﬁe Rﬁééi&ﬁ guhnéf,S.V. PANUSHKO7devoted much :labour to the problem of
:=using picric acid for explosive charges., = He perished in 1892 from an

"m.haccidantal explosion during an experiment on melinite projectiles,

.'FolloWing melinite, an cxplosive substanioe was found with better qualities
than any preceding it - this was trinitrotoluol or trotil (tol); in using

“r-melinite it was found (fairly often) that therc Were premature explosions of
. Projectiles, whils trotil proved nearly harmless in this connection,

. Tn'a short period of time trotil became for this reason the main explosive
substance to be used for equipping artillery projectiles, mines, air bombs etc.
This is to be explained as follows: first, trotile has not a high degree of

sensitivity to mechanical influences, a fact which contributes to safety in

firing; sccondly, when coming in contact With the metal sides of projectiles,
trotil docs not generate sensitive combinations as melinite might create,

 "’,‘FrOm 1906 trotil.-became. widely used. 4t the moment trotil is the main
J explosive substance being used in the manufacture of detonators for fuzes and
for detonator caps, ! P - ‘
In the first World. Jar ammoniac -~ saltpetre explosive substances were in
wide use. These were explosive blends of ammonium saltpetre and high explo-
. |. #ive substances, for instonce - trotil, T -
r"i’The period followihg the first imperialist world viar expressed itself by
“the appearance of new high explosive substances: -
: CL e T RN | o

" hexogene and 'taena! (sic).

b .. For a very long time the only initiating explosive substance was
fulginating’mercuryginspite of some of its defects. Jmong the newly dis—

. | covered initlating explosive substances: the most widely used in practice is

| leadazia, Lately two new initiating explosive substances have come to be
|used:  lead stifnet (sic) and tetrazeno, , ' - 3

‘ With the introduction of rifled guns the requirements from powder still

.| further increased, - All efforts to improve the ballistic qualities of black

" BECRET
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.(smekfﬁ powderufeiied'to produce any effective results. L more bowerful_
powder was needed. )

i The 1dea ﬁo turn the. powerful hlvh exp1051ve substances of gun cotton
5AD%0 & propelllng agent proved tempting so that a succession of 501entlsts
devotcd themselves fo:its poss 1b111t1es. -

After steadfegt sxperinental work, a. means was, found of adapting gun’
.cotton to a suokeless povwder by diluting it in'a blend of althol (llt.
Splrl’ﬁs) and ether (1884). . . - -

A In dussna smokeless gun cotton powder wes belnﬂ manufactured in 1891.

- Poly MENDELEEV worked much over its perfection.  Soon after the dlscovery of
gun ootton powder, smokeless powder went into production. Thus nltro—>"
'glyce“lne smokeless powder made 1ts appesarance. )

I.M. CHELI'SOV..and other Russian scientists did much towards the research
and preoaraﬁlon of smokeless nltro—glyeerlne powders. o z

The period commenclng with the XX th. Genuury up to the present time
expresses itself by further research into. explosive substances, their per—'z'
fectlon and the 1mprovement in thelr use .for mllltary purpoges. .

. ;Artlllery }s based on the w1dc use of explos1ves._ Arty flre wlters 1te
features in: aecord%nce with: the discovery of new explos1ves and:their use, -
Every mrtlllery offlcer gt be familiar with the main features of explosive
substanees in order to use then safely and rwt:onally

2., THE mpﬂlanmeE OF THE EXPLOSION THE EXPLOSIVE SUBSTUNCE
A8 4 SOURCE OF ENERGY. /

An explosion in the wider sense of ‘the word is the phenomenon of a. very
rapid physical or chemical alteration.of a- substance accompanied by an equally
rapid transformation of its potential energy into mechanical function, The
mechanical function on an explosion is always produced by gases streaming
towards expansion which were created. in the process.of the explosion. . .Thus®
an exploslon always expresses 1tself by the three followlng factorS"

,~+ " the short duratlon of ﬁhe proces

‘gzﬁveﬂif,creatlon of gases,
e the exoteric phenomenon (discharge of heat), inereasing the
reslllence of gases.
The main feature of an exﬁ1031on is the sharp increase of pressure on

the enviromment surrounding the focus of the exp1051on. Ev1dence accompanying
an explosion is a more or less powerful sound. o ' ‘ ‘

Dependlng on the ohechal substance of the Explosive substance and -on
" the OOH@TUlOnS of the detpnatlon the explosive transformatlons flow with
veyying speeds. 'The .greater the speed of. the . explosive: transformation, the
quicker pressure’ grm/s.'“ The speed in the growth of the pressure determines
the' chardeter of the mechanlcal function accompanying the explosion.. Where
the process' of "the explos1on is ‘steady, pressure will also grow steadily. In
this case the mechanical function of the gases will express itself in the
movement of the surrounding environment whenever sufficient pressure has formed
AN ordér to ‘overcome, the resistance of the enviromment, for instance in the
motlon of fhe’ Obstacle oppos1nu the spreading of the geses (dlag‘ 1)e: - When,.
however, Lhe process of the explosion oceurs in .so brief. an interval. of time:
4 that” 1ffmay be consldered as being almost instantaneous (the chemical trans-3
formatlen*em once embraoes the” Whole body of the Exp1051ve charae), pressure
Will;h@‘ﬁk sharp, Lhat the mechanlcal function of, the gases will express itselfs

&
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- of a vessel,

in a‘very poverful vibration of the envir@nment surrounding the foqus ?f the
explosion, and where an obstacle is in the way - in its destructlon (dlag. 2).

In miiitary matters the qualities of Explosive su@stances_are_uged
depending on their components and on which different kl?ds of mechan;oal func--
tion the explosion. is capable of, In artillery Explosive substances are used
.as a source of energy eSsential‘for‘prqpelling projectilesa.

(propelliﬁg charges) and tor detonating them (detonating charges).

- A conception of an Explosive substance as a source of energy is provided
by calculating the force of a bropelling charge, i.es 2 computation of the
amount of energy and time in the coursc of which this energy becomes trans—
formed into mechanical function on a shot. The energy of & propelling charge

Disge 1 . .. Diag, 2.
gradual formation of gases or an . Instantaneous formation of ‘gases.

explosion: gases knock off the 1id . On an explosion- gases destroy the
‘ .  nearest objects.

is spent on: providing the projectile with muzzle velocity, overéoming.
opposition in the bore impeding the motion of the projectile, on expanding
and heeting ‘the sides of the bore, on blow back (all, recoil - T) etc., part
of the energy remains unused when gases issue from the barrel. The amount
of -energy spent on giving the projectile its muzzle velocity can be found -as
the' quantity of kinetic energy .of a body in motion from.formula

Mve - qv2

E = 2 2.
& - is the amount of energy in kgs;
M - is the mass of the body in motion, equating 9.

Lo g’
'é‘ “f ’ 'igfﬁhe_veighfbof the body (projectile) in kgs;
v oo ‘:is‘fhe specd of the body (projec%iie) in m/sec, .
In the case of a gun with which (when:the rifléa part of the barrel has

& length of 1.6 m) the muzzle veloclty comes to 400 m/sec. and the projectile
weighs 4O kgs, we get: .

BOW002 320,000 kgs

I —————
L -

In order to compute how much energy must be produced by a charge on a shot
it is sufficient to multiply the quantity found by 3¥# , because it is known
that in order to provide the projectile with its muzzle velocity ‘only + of. the
total amount of the energy of the propelling charge is spent, Consequently,
the amount of energy to be produced by the charge must approximately equate
520,000,3 =, 960,000 kgs. o

fere one to . disregard the negligible time interval in the course of which
gas pressﬁre increases up to the moment when the projectile starts moving, the
time of function .of the propelling charge will equate the time of the movement
of the projectile in the interior of the barrel. Computing this time, we will
find the time interval in the course of which the mount of mechanical energy '
which we have already found, will have been transformed into mechanical func-
tion.,  Let us acsume that the motion.of the projectile in the bore of the

¥ See para. 15 "Povential of an Explosive Substance.*
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BarTel 18 of cqual acceleration, i.e., the projectile is moving at an average
velooity .
-
v = 0+ 400 = 200 n/sec
2

10

cp
Dividing the length of the course of the projectile along the bore of the
barrel (the length of the rifled seétion), which in the case of the piece
selected as an example, amounts to 1.6 m, by the velocity, we will get the
time sought for, namely t = 1.6 :- 200 = 0,008 sec, These two data deter—
mine the peculiarity of an Explosive substence as a source of energy - the
ability to transform in an insignificantly brief space of time a great amount
of energy into mechanical ‘function, i.es the Explosive substance as s source
of energy expresses itself in a very considerable forces In order to obtain

an equally great amount of energy (960,000 kgs) in the same space of time, one
would need an engine disposing over a force of

960,000  _ 1,600,000 haps

et el e

7540,008

3+ CLASSIFICATION OF LXPLOSIVE SUBSTANGES ACCORDING TO THEIR
COMPONENTS, L

Explosive substances are usually divided into the following -three. groups
according to their component:

A.  Explosive chemical combinations,
. Be - Explqsive_ccmponentSEand.blends from non-explosive substances,
Cs. . Explosive components and-blends from explosive substances.

. A Explosive Chemical Combinations are characterized by the following
- factors: . o , _ : SO P S SRR DN

(a)i»by the presence in them of molecules of special atomic grouping,
o - conditioning the insolidity of. the commections within the molecules
’ (1ite immer molecular connections ~ T); each class of Explosive
- .substances has corresponding to it its own atomic combination which
- forms the basis for the further classification of ‘Explosive 'su.bs‘bancesF

(b) propensity to imnner molecular combustion, resulting in the creation
of a great amount of heat from the presence in the molecules of the
Explosive substance of the atoms of burning substances and of the
hydrogen -atom; : : T

(¢) by the endothermocity of creation, is.ce by the presence of energy
(heat), accumilasecd (absorbed) by the Explosive substance during
its formation from elements,

THé‘first'factOr is common for all Exploéive substances of the group in
question, the second and third, on the other hand, is not peculiar to all
Explosives belongingkto the group of" explosive chemical combinations,

The group of explosive- chemical combinations: can be broken up into a
series of" subw-groups of which the following are most generally used in
artillery practice: L y T e

1o Nitrates, or compound ethers of azide ascid. High Explosives of
this sub groaup are obtained by processing alcohols or carbo~-hydrates with
azide acid, This process is called nitration{

/' ®op = medium, average - T
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The most important representat1ves of uuch ExplOsives are
(a) Nltro—glyoerlne, or-. g]ycerlne—nltrate'

c. H. ONO
3 5 « 55
(b) Pyro k i 1 in e (Alt. pyroxmle, gun cotton - T)

o (ONo Ty
n 29 9 20 1

(c) Tae n, or P en t ane i t r itte t ranitrate
¢ (CH ONO )
From these formulae lt can be -seen that nltratee exPress themselves by -
'mepmmwmed’wmmOMb.~” ) . . ’

Nitrates (apart from % & e n) are wenerally uséd in the prepaerion of
other explosive uubstances (smokcleso powders and dynamites),

2, Nitro compOunds obtalned as a 1eoult of processing nitrogen acid.
with carbo-hydrates,.’ SR

The most generally used in practice are:
() Trotil,ortrinditrotoluol (tol) ,

% By 0,0y

R
(b) Meldindit ey ortrinitro f eno l or Plcrlc Acld

G'H NO oy
(0,0 o

(c) Tetril, ort rinitr olf“e;n‘i metilnitranin
v ;//CHz AR
f*'-;_ . I‘ ‘ C : H (NO ) . N-// | ; 4

--No'f

BRI NO

Wy
N
[exN
[oxY
wa

or {(e) stipna t (s1c) of lead, or t rinitror ezortsinat
of 1ead

G, H 7 (NO 0. R
6 (X0, )50, BPRH, O

All of these express themselves by the presénce of group NO, and are used
i as independent Explosive substances; in particular trotil is used for the

manufacture of explosive charges for a pgreat nmumber of modern artillery
projectiles.

(a) Hexsogen, or t 5ik l ot r i ne t i 1 en trinitranin '_:‘~“-?'
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3, . Fulminates, or salts of fulminating ¥ acid.  These explosives

Tcniape - obtained from the reagtion of alecohol and the solution in
nitrogen acid of some heavy metals (mercury, silver etc)s .In
practice the most generally used are fulminate of mercury or
fulminating mercury (llt.—T)-

H% (one),

A charscteristic feature of fulminates is the presence in their
composition of the very unsteady atomic combination of ONC.
Pulminating mercury requires very little action for producing
an explosion and is therefore used for initiating the detonation
'of steadler Explo ive substances.

Yl - A21des, or qalts of'nytro—hydrogen acid. Azide of lead P b N
is used in practice, This is obtained by the. reaction of the
solution of azide of sodium (alt, natrium -~ T) on the solution

“of nytro acid of lead,  Azides like fulminating mercury are
“'uged for initiating detonations of other Explosives. The most

e important representatives of the Explosives of this group are

powders of saltpotre - carbon, for 1nstance the mllltary powder.

3

G _KI\TO .. 400 5+ 1505 C.

’.B. Bxplosive Compounds from non—explosive substances

“Explosive substances of this group represent a compound of two or
more substances not possessing their own explosive attributes, nor
being chemically linked with each others - They are-formed of sub-

- stances which. are fairly rich in oxygen, and from the substances of

“fuel; and therefore they burn through the oxygen of the former.

Mlnlng Powder:

0% 1{1\703 s 2% s+ 8% O

To thls group of Exp1051ves n&y also be related'
(a) compounds of oxygen with combustible gases, petrol vapours,

spirits, pulverized crude oil, flour, coal dust soot ctc,
Some..of such conpounds are used for 1nter10r combustion motors.

3

Co  Explosive. Substances and ngpounds of Explos1ve Substances-

v The Explosive attributes of this group express themselves by the

v features -of those Explosives which belong to their number;
"Explosives of this group arc very nany, but the follow1ng have the
‘-greatest practlcal appllcatlon. o .

11. :ASmokeless powderg wade from a compound of two kinds of gun
cotton (alt, pyroxiline — T) (pyroxyline powder) or from a

compound of pyroxyllne and nitro-glycerine {nitro-glycerine
; a~powder). L 4

P 2e Ammonlun - Saltpetre compounds whose main component s ammoniac -

saltpetre; +this has explosive attributes of .its- own, though
‘cﬁhese are not strongly expressed.

=g3¢-Aijnam1teo, or nltro—glycerlne exp1051ve° are compounds of nitro-
glycerine with various substances which are as a. rule, explo~-
sives (for instance fulminating gelatin contains: 88 - 93% of
nitro-glycerine and 7-12% of colloid cotton),

is the word for fire—damp-T
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4e NITRATION

. “The majority of explogives are products of nitrations Nitration consists of
‘- the reaction on the organic combination of nitrogen acid (HNO:) in the presence
" 'of sulphuric acid (H2 S0,,); depending on the chemical structire of the mole—
cules of the organic comﬁin'ation, nitration pursues the following course:

1) R - H + HO No, = Hy O + Re NO,

P gt e

.
y

; e R Nty HO + Y’H ONOZ = HZ 0 + RONOZ

“e

R stands for the organic root:

« ... . In the first case occurs a combination of nitrates whose intrate group
fNOé:isfdireétly connected with carbo-hydrate; - in the second case occur
. .eofipound ethers’ of nitrogen acid vhose group No, is connected with carbo-
- hydrate by means of the oxygen atome ... ..

i R Iﬁ“bth cﬁ$és;Watep (H2 O) forms. in the pcheés of nitration. As this

| ~ wedkens the reaction of the“nitration, it is essential to eliminate its

: influence apnd in order to achieve this, nitration should be effected in the
presénce of some substances which absorb water effectively.

A substance of this kind is sulphuric acid (Hp S04): it not only absorbs water
but at the same time strengthens the nitrationary capacities of HNOz, hence

the significance of sulphuric scid is very considerable indeed in the entire
process of nitration. : : o

O :¥Expéri@éﬁfs gﬁcw”%haf in some cases no nitration tekes place without
.. sulphuric acid,  Thug nitration is the action:on organic combination of the
. compound between nitrogen and sulphuric. acids,

12 The composition of the nitrate compdund-is determined by the nature of
the materials of which an explosive substance is prepared and by the required
degree . of nitration, : . , - o

; Nitrogen and sulphuric acids may. in the process .of ‘nitration be used

; not in a compound but in succession, one after the others In such circum-—
. .gtances only sulphuric. acid reacts on the orgenic combinstion (this process
N I ¥ Qalled’sulphurizatiqn)'and then the sulphuric products are processed with

_nitrogen acid.

13 Nitrogen and sulphuric acids, used for nitration, must be very strong
. and as pure as possible,  Admixtures in nitratvic acids-entering Explosive
-substances lower their chemical stability, =~

" 5. Aspects of Explosive Transformations

It has already been said that the reactions of explosive transformations
occur with varying speeds and that the magnitude of these speeds determines
the nature of the mechanical function cf gases which are Found among the

" products of an explosive transformation, , . That is why one must place the
Veloqityiwithjwhichuthe_reaction_of an explosive transformation spreads over
theé body (lit. mass = T) of an explosive substance, at the foundation of the

- determination of an explosive transformation:

. Depending on. this velocity one distinguishes between the following three
aspects of explosive transformations: rapid combustion, the explosion proper
and detonation, ’

‘Repid Combustion of an Explosive substance is. the process of explosive

| “??ahﬁfQIU%?i9n“Whi¢htOcdur$-Wifh a velocity not exceeding several metres per
|- second, and is‘congidgngb}y influenced by exterior conditions.

S
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- ‘TWhere this process occurs in the open air, it is not generally accom~

;‘ﬁapied'by’ahy considerable effect and is sdmetimes-calleéﬂdeflagrapio?.
.In an enclosed space, however, for instance the powder chamber of a'piece,
" this process takes.place far more energetically and‘is accompanied by a sharp

sounds  The character of the function in the latter case expresses itself

" in-the more or less rapid growth of the ‘pressure of gases and the execution by

" these of functions in: shifting or. casting aside the least opposition. A

Y typical example of rapid combustion isto be found in the combustion of a

" propelling (alt. powder — T) charge of smokeléss powder in the bore of a gun

1

(sic. - 1) with a plug.

 barrel, - In this case the operation of gases expresses itself in the rapid

sccretion of pressure in the bore as the result of which the gases fulfil

" their function of propelling the projectile,

'f © . The EgPloSibn;gerer is the process occurring with the alternative of
" velocity measured in hundreds or even in thousands of metres per second and

depending to & lesser degree on extraneous factorss The feature of the
function of' gases expresses itself in a sharp increase in pressure at the

“foous of the explosion, in the shock of gases against the surrounding milieu,

the increase of temperature of the surrounding object to white heat and in
their breaking up, but at comparatively short distances from the focus of the
explogions. Example -:explosion of a charge of black powder in a "shpur”*

Detonation is'a process spreading over a substance with the maximum
Yvelocity possible for the given conditions, generally measured in thousands of
metres per seconds  The megnitude of this velocity is constant for the
circumstancés in'question and for the-given explosive, - The character of the

‘function. ona detonation shows itself in a very sharp jump in the pressure
~and in.shock produced by the gases accompanied by the maximum destructive
"effect, allowed by the given.conditions.  For instance, the velocity of a

detonation of pyroxyline (a1l gun cotton — T) reaches up to 6,800 m/sec. and

l.fbf‘nifhg—glyCerihe‘— up to 8,200 m/sec,

“ 6, DETONATION

} ’Thé phenomenon of detonation was first obscrved during experiments with
nitro~glycerine. = It was found that when initiating nitro-glycerine with a
capsule of fulminating nercury the destructive effect is considerably stronger
than where the explosion is effected by a jet of fire. The practical signi-
ficance of this discovery was so obvious that it lead to the research into
the detonationsg of all explosive substances.

Research into the processes of the detonations of various explosives
showed that the amount of heat produced on a detonation and the quantity -of
gases formed are nearly identical with those aroused by an ordinary explosion.
Hence ‘the destructive effect accompanying detonation can only be explained by
the unusually great velocities in the development of a detonation. As the
result of such velocitiesf;here»occurs an exceptionally rapid and almost
instantaneous shock from gases, The force of this shock from the gases or a
detonation is explained by the fact that in the first place the gases occupy
in the ¢arly stage a volume of the charge up to the moment of explosion and
in the second place - by the fact that the hcat generated by the reaction,
not being able to-escape either by radiation or, by ‘direct transmission,
entirely spends itself on heating the gaszs, Thes¢ two facts then determine
the highest degree of the manifestation of the resilience (alt, vibration - T)
of the, gases and their maximum destructive effect on detonation,

As the result of the violent blow from the gases on detonation, a
destructive effect occurs'also in a cage where the charge is placed not inside
of the object to be blowm up but. outside it, This attribute of detonation
is Widelynuseékigjblastihg,‘for the destruction of railways, bridges etc,

L ﬁ Y . . .
SHPUR =~ an opening driven into a rock for blasting,

AN
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Theory of Detonation. The process of arousing and developing a
detonation has not yet been fully esteblished and there is still much in it
which is not clear, Of all the theories put forward on detonation, the most
complete explanation of this phenomenon is offered by the theories of the

.,J-pepcuSS£¢hqutq,and the explosive wave, According to theory of the percu-
. ssion ﬁav§,&dexénation is aroused by a mechanical percussion inflicted by
"+ - some object (for instance by a striker) or by molecules of gas which are
"qrichtin*enérgy,and~diép0se over.rapid movement, forming on the explosion of
.. .-:the.detonator, Provided the force of the percussion is sufficient. there
o ege@ccurs & disintegration-of the molecules of that part of the charge of the
15 @xpldsive:WhiCh‘hanreCe;yed the blow,  Apart from the purely mechanical
. reaction on thc_gxplosiveﬂcharge, the charge becomes heated as the result of
- 8 part of the mechanical ehergy passing to thermal energy (alt. being trans-
- formed into .or becoming +hermal energy - T), a fact which strengthens the
-explosive transformation of the surface layer of the explosive charge at the
focus of the percussion, The combination of these two factors gives. rise
to the percussion wave which begins spreading with irmense velocity from one
 layer to another over the entire magss of explosive charge until it. entirely
. -transformed into the final products of the explosion,

The thepryfof the-cxplosiye wave explains the phenomenon asmfollows.

- - As 'the result of the percussion on the explosive substance located at
" ..the very place.of the percussion, the layer of this substance contracts;
:the mechanical energy of the percussion thereon turns into heat energy and the
compressed layer becomes heated, As. the result of this heating the com—
pressed layer explodes, This explosion Knocks against. the neighbouring
layer which becomes heated in its turn and then blows upe® This explosion
.dsals a blow on the. next: layer etc, (percussiopb;fheating‘— explosion)s™ An
explosive wave spreads:with tremendous speed, which is by ho means less than
.. that of a percussion wave, The nmagnitudes of these 'speeds can be Judged from
" the speed with which a percussion spreads in, let us say, a steel tube: this
speed equates 5,100 m/sec and is very close in its extent to the velocity of
& defonation, found in expeériments, o
Percussion waves, spreading over a medium incapable of explosion,
constantly grow weaker losing their initial energy, In contrast to these
purely physical waves, percussion waves passing over the mass of an expldsive
charge do not become extinguished as their eneérgy is constamtly being main=
tained by the explosive reaction of the layer of the explosive which the wave
envelops, . . S L

‘ “hﬁ%ﬁ%ugfthe &glbpity of :the detonation deperds upon the vélocity of the
Perceussion wave arqused by the initial impulse and on the speed of the
“explosive reaction, ' - < -

The theory of the‘percussibn'wave is »roved by the followiﬁg expe

an “imental
ta: BT I

Te'  The initial thermal impulse does not as a rule cause a detonation’

+ of an explosive charge as the mechanical pergussion is'absentﬁduring.

© the ‘heating procéss and no percussion wave arises, ~ Exception to
this are very few partly initiating explbsive‘éubstances whose
detonation may be aroused by heating, This can be explained'by the.

. fact that all these explosive substances ore very sensitive and
endotherpmical in their origin, i.e. they .include in themselves, even
‘before the explosion, a great amount of accurmlated thermal energy,
which ag the result of heating becomes freed in a very brief space
of time, which in itself is. equivalent to percussion, :

, 2,  The velocities of a detonation grow with the increase of the force
; of percussion. of the initial impulse as in this case the quantity of
energy increases and thence also the ‘velocity of the percussion wave,

b

'Y

T

=3

s w

.

I
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. 16‘ o I YO Jith the increase of the dens::.ty of ’che explos:.ve substance, the

-velocity of the detonation also’ :mcreases, as the denser and wore
cor;rpac‘(; nedium aids ‘bhe transnission beams of the percussion wave.

L ‘I‘he detonation velocities of various explosive substances, all
other conditions being equal (initial impulses, physical conditions,
casing etc), are not identical, as the velocity of a detonation
dépends upon the speed of the explos:u.ve reaction of the layer
enveloped by the percussion wave and this velocity is defermined
by the chemical natvure of the explos:;.ve substance.

Mcthods of’ De"t;ernlnlnrr Deﬁonatlon Veloc:l."tles.
- The following nethod is. the snmlest:

The explosive to be tested is placed in a small cyllndrical
tube A (dlag 3)e "he ends of detonating cord- E* have been inserted
. wieAnto thls tube ot two points 'a! and K. .  The detonating cord is
16 ' . .5 loop shaped and with its central part is packed (alt. laid-T) and
Lo i, fastened on a thin leaden or tin disk B; the centre of the cord is
" carefully marked on the disk oy line Ko

The . de‘conatlon of the explosive to be tested smmlated by the
~.detonator ﬁ will subsequently cause the detonatlon of the ends of
“the cords . As end 'a' of the cord will detonate a little ea.rller
BN "th&n end " b the two perc;uss:.on waves spreading from
. the "terrunals of , the. prima-
Y eord towards its centre will
not.meet at point K but
at scme point which will
be the further from point X
the later terminal & of the
i primacord was detonated
' : in comparison with terminal
&, -, i.es the less was the
gpeed of the detonation: of
thé explosive substance to be

Diage 3 Method of , tested. Point of encounter
determining the velocity Kq is obtained with suf‘flclent
- of a detonation accuracy on the disk.-

By measuring the distance 1 between points a and % and KK,, between
points K and Ky and knowing the velocity of the detonation of the detona-
ting cord -~ v , one can compute the velocity of the detonatlon of thc
explosive to be tested by the following: :

D = _éj‘ﬁ{%w‘

D = is the velocity of the detonation of the explosiv;é:
In the time interval t = _ % the waves will pass along ‘che primacord
D

along various paths, The path travelled from point 'a' w:.ll be greater than
the length of half the cord by KK1 while the path travelled from point &
will be less than this 1eng’ch by the same dimension,. .. Hence the difference
between the paths equateg 2 KKy, while time t = 2 XK1
N
The two dimensions, +separately (alt. each or one by one ~ T) equal to the
third dimension, are equal to cach other, hence,

Ny

. D. v YT
Whence
D = wi
- Bl
SEGRID
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Example:  The velocity of the detonating cord equates 7,200 m/sec, and
o0t wdisténce ¥ between its terminals - 0,3 m3; in determining

»the velocity of the detonation of intro-glycerine, the distance

-between points K and K4 has come to equate 0,13 m,

Thus the sought for velocity : '

_— ' ‘ oD é.»..."?,ZOQ .. 0,3 = 8308 m/sec,

* Thus, this, nethod is based on a comparison of the velocities of the detona—
tion of a primacord and of the explosive to be testeds The velocity of the
detonation of the primacord, however, may also ‘be -found by experiment.

" The method of determining 'the"\}elocity of ‘the detonation of the prima-
cord consists of the following meagures. . - - .

 Onie.takés two sections of thefpr_{jjna—“cord_,f differing in their length .
by 8-10 m.: .Stme ends of ‘these sectilons aré fastened %0 thé common detonating
cap A (diage 4) while thé others are inserted to an identical depth into the

- 1ATroW open apertures’ of the stecl pig i (alt. block~T) Drum C turns over

these apertures with o congtant speed,

On a sigultaneous initiation of the sections of the prima-cord the

.- percussion wave travelling along the shorter section will reach the turning
drum earlier and will make an earlier impression (alt. mark-T) on its surface
than the percussion wave spréading along the longer section.

- ..Knowing difference L of the lengths of the sections of the prima-cord,
distance A according to the length of the circumference between the marks on
-the surface of the drum, the length of its circumference and the speed at
which it turns n«%fcex /Joek *, one can find the velocity of the detona-

. tion of the prime cord+rfrom formula

Ay o= ‘f':52

A

. In fact, the linear velocity of EEE
the. movenent of the point on the
surface of the revolving
drum equates - wS  n/sec,
consequently, path A along
the . circumference of the drum
. will be traversed in time
¢ = 4
7

The speed of detonation of.the
prima=—cord .

8
o
*l"’

o T ¢ -, o .
Substituting to ‘the' equation
v = 4 instead of t,
SIE S

the quantity found, we get i Diags L4 Determining
T R the velocity of detonation
v o= n8y of a prima—cord

A

® Possibly recs/sec = T

LU
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17 Ixarple: The difference in the lengths of the primo—cord is 8 metres, the
length of the diameter of the drum is 046 metres and the velocity of its
revolution is 300 revs/sec. ~ As the rcsult (one word illegible-T) the
distance between the marks has come tc 0,2 netres, Thus the velocity of
the detonation of the prima~cord will be o

RV v = 300,0.6 .8 = 7200 m/sec.

More accurate methods' of determining detonation speeds are based on the use
 of gpecial instruments - chronographs narking the time in which the detona-
 ‘tion spreads along ‘the length of the charge of the explosive substance
" under test,

18 Table 1 shows the Veiécitiéé of detonation of the more widely used explosives:
Type of Explosive T | - Velocity. of Detonation in m/sec.

Gun Cottonk(pyroxyline> o - 5200 -~ 6300
Nitro-glycerine 8200 '
Melmne . R .

o Tm“l ' .. . S | _..6990‘: T

"”»Te'*c':ii;':x . T o mo

‘ ',Fuliﬁﬂéfﬁ.ng Mercury B 1490
Azide of Lead L 4500

- -— o

. Influenced Detonation. . The detonation of a, so called, active explosive
charge con cause a detonation in another; a passive, charge, which is at some
distence from the first. Such a detonation is known as influenced detonation.
An influenced detonation has no special practical value as a means of
initiating an explosive, but in order to eliminate danger ‘in the manufacture,
storing and use of an explosive, this phenonenon tmgt be reckoned with, for
instance when plonning the distance at which workshops and stores for
explosives should be frori each others

18 Causes of influenced detonation are: .

(a) action of the percussiocn wave from the active charge which continues
spreading, after the explosion of the latter, over.the surrounling
milieu; SR : )

. {b) . direct percussion of gases from the active charge;

(6)' péfcussion fron the splinters of‘the“enVéldﬁé (alt. container-T)
of the active charge or of any other objects thrust aside by the
force of the explosion of this charge. : A

5 PN

The main cause is the action of ‘the percusgion wave, as the two other
causes can bring about detonation or destruction only over a short
space fron the site of the cxplosion of the active charge.

Detonation through influcnce is considered to reach its maximum : -
effect, dees to be at its oxtreme, at a distance where' the explosion
of “the active charge is still capable of causing the détonation of a
passive charge,  The cxtent of:thehmaXimum'distance.depends:’
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(a) on the power and-density of the active cherge (with their increase,
the distonce of fransmission also increasesg,

(b) ' _o_n'_"q}llga -qu;Llli"bies’ of the passivé charge;

; (c) ; on "the’qig_qyliti‘es"c;nf the mediﬁz;l separa’cmg the charges. '.

(d) on the nature of ‘the cohtainérs- nousing the .;:harges,. .

The dependence of the extent of the limiting (alts. extreme, maximum - T)

distance on the weight of the active charge is fa:.rly well expressed by the
following erm:l.rlcal fornula.

oz = ,\/E !
:‘Z.": = "'::“""file""extéﬁtl of the maxifum distance in netres;
e = '"bhe weight of thg_ a.c*bive charge in kg;
i = “the coefflclen"b depending upon the cond:.mons enunerated above,

The value of coeff:.c:.errt z f‘luctuates ..rxth'Ln the limits of 0,05 — 0,54,
For instance Ffor an active melinite charge with a densdity of 1, 25 and for a
B passive charge of trotil with a density of 1,0, coefficient x. = 0,3.
it distances exceeding noximum distances, percuss:.on waves no énger cause
the detonation of passive charges, but may all the same, bring -about mech-
anical destruction,- This raises the very -important problenm of the so
called safe ranges, i.es distances at which a d:n.,;t::.nctlon caused by an
explosion has no real significance, :

Saf"é“:f'angés are’ corputed by formulas -
=R1‘\/:n,
R = the extent of the safe range in metres;
C = the vreigl*it"‘o"f the charge in kgsy

R1 = “bhe coefflclent. 7 .

”"fhen oaioulmtinf safe ranﬁes, use is made of the follcw:.na values of

. . Megnitude of Coefficient -
Type of | For Uncricased * (?) " For Encased ¥ (2)
Tgtosive | ochases | . ohorges
" Nitro-glycerines and RN R
Dynami‘tes @sesvvavscenacsns 16,6 . B 2,9
Other H.Es and , , ] . _ R R
o Snok'y powc‘ler T L L 2 1,75 f

=

e React:.on of. E:q_g_lom.ve ira.nsforna'l:lons

As “the resul‘c of *ohe reao’c:.on of the. explosn.ve ‘transforma’c:.on, as in fact
-ip ény chemical reaction, new chemical corbinations are formed as the pro-
ducts of "thls reactlon, or as products of the exples:.on.

B Russ:tan. neobvalovamyl - obvalovwnnyl zaryad T

SECRE’"
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A19 In their physical composition the products of explosion may be hard, liquid

20

- 20

Oor pA.SeOuUS. In their chemical composition these products of explosion can
vary greatly, and their chemical composition is.principally determined by
the chemical nature of the explosive substance in question.

e \r'

Moreover,fvariouswfactors nay considerably influence the composition of
the products’ of an explosion, as, for.instance, the method of arcusing the
reaction, temperature and pressure in which the reaction occurs, the degree
of hqmpgqneouSness,of an explosive in its chemical composition etc.  The
quantitdtive and qualitative composition of the products of an explosion are

detergiﬂégfby the following methods.

Method of theoretical calculations, the essénce of which is based on the
assumption that on an explosion its products are formed according to the laws
of chemical equilibrium and conformity in a strictly determined sequence.
Thus, for instance, the elementary method for computing the composition of the

roducts of the explosion of an explosive with a positive oxygen balance
more than sufficient for the full combusgtion of carbon) is based on the
assumption that the whole carbon and hydrogen buin up completely at the
expense of the oxygen. It is assumed that the oxygen which remains unused
as well as the nitrogen is to be found in a free state among the composition
of the products of the explosion.

- The method of Chemical Analysis}oohsiété of' taking samples from the
gases which have formed in the explosion and by processing them with different
kinds of absorbants, A decrease in the volume of the gas compound provides

in:this, experiment the approximate contents of the gaseous products in guestion,

. For instance, in order %o determine the presence of a relative quantity of
. CO2 one uses a solution of corrosive potash in water (1:2). It is known that
one cubic centimetre of this solution absorbg 40 end of GO0z,

Knowing the comPOSitipp‘of,fhe pfoducﬁs of the éxplosion one can draw up
an equation of the reaction of the. explosive transformation of the explosive
substances’ T e e e

Study of these equations is most importanﬁ as ‘it ‘dllows one to compute
_gqch)basigffeatures of explosive transformation.as the heat of an explosion
radiated on an explosion, volume of gases and their temperature and from

“these - the energy and force of the explosion, - -

. ..dn the Ghemical sensec all reactions from explééive transformations can
“be related to the following two basic aspects,

_..(1)to the reaction from the disintegration of the molecules of the
¢ . explosive substance; T

77 (2) to reaction from combustion or' the combination of burning substances
oapable ‘of". supporting the combustion; - mainly - the combination
oo of oxygen as the chief aci@ifying agent, with carbon, hydrogen,
: sulphur etc, e , T

LS
0

Repctions of the first kind arc very simple but are met with fairly rarely. |

;,‘As:dn;EXamplQJQf.a.reaCﬁion of this kind may be teken the reaction from the
,;disintegratidn of azide of lead on -an explosion:

REPTR iv, PRNg = PR 4+ 3N,

. Reactionslgf the second kind are far more complex but more interééting
inasmuch as they are shared by nearly all explosive substance in use, = As
an example of a reaction of the secqnd kind mey be taken the reaction from

the explosive transformation of' intro-glycerineg -

.G, H. (ON0 2 S T LI 7 I R
3 .5}( >3_ = 3o, j%_.‘2,5H2’ 0% 10,250, 4 4,5N,
EN : ‘- .(\",..“. SEORE'-.T- ‘
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Reactions of combustion, dependlng on the oxygen contents, are classified
info: ;

(1) reactions of exploalve uubstances with a posttlve oxygen balance,

ises with oxygen .contents in a quantity sufficient for. full oxidation
~{alt, acidification ~ T) of the hydrogen contents of the molecules of
. the explosive substance into carbonlc acid and of hydrogen into water,
les’én oXample of a reaction of this kind may be taken the reaction
already mentioned, ’

.of thé exp1051ve transfornatlon of 1ntro—g1ycer1ne contalnlng only’
the products of. full ox1datlon,. - S
'if(é) rcactlons w1th a negavlve oxygen balance, i.ce Wlth oxygen contents
’ wn such a quantity which is not sufflcxent for obtalnlng fully

.- oxidized produoto of exp1051on,t . o T

.

@AmOng reactlons w1th a nedatlve oxygen.balande e:e”usuelly'counted
whe follow1ng.e; : .- o o

Qa) reactlons of - eXp1091V€° contaln:ng oxygen sufflclent for full
v gasiflcatlon {lit. formatlon of gas - T), for instance, the

reactlon of the exp1051ve transformatloh of pyroxyllne (alt.
gun cctton -7): . .

(owo ) IR PP oo +“9 Hz o ;+.5;5321 + 5,5Né ;

24 29

- (b) eaotlons of exp1051ves contalnlng 1nsuff101ent oxygen for a.
i ofull formation of gasés, for instance, the reaction of the
‘explosive. transf‘ormatlon of tl‘O"ﬁll wherc, carbon in 1ts amorphic

L,tafc (soot) is.

s 2 GO + 1 2 CO + 3 8C. +.0, 6H + 1 6H 0+

e N "% 0,2 NHj .

found side by slde w1th the gaueous products of the exp1051on.
NS ST P
‘ .Reactions of exploszve substances hav ng a’ pos1t1ve oxygen balance are
})usually known ‘as reactions of full combustion ‘and those w1th 2 negative
%alance ~ as reactions of inmcomplete ooMbuptlon. o :

s

Full and partial (alt, 1ncomplefc e T) oombugflon — be dlfferentlated
from the ‘negative conceptions 'of complete and 1ncomplete explos1on.'

A complete explosion is ohe in whlch the entire ‘body (llﬁ. mass. --T)
of charge is 'transformed into the final products of the explosion., = In an
incomplete exp1051on only part of the explosive charge is affected, while
the rest remains unaffected by the exp10swon and does not partlclpate in
the function’ of the explos1on. Gauues of an 1ncomplcte explosion are the
1noufflclenx force of the initial impuls, humidity of the charge etc.

‘ Evldence of 1ncomplete explos1on is the presence of dense -smoke- accompanylng
the ‘explosion of even those explosives which usually occur without any
smokex€smoke in such cases is'caused by the: pulverlzatlon of the' unexploded

. par} of.ithe exp1051vc chargc), or a change.in the colouring of the smoke;

" thus for.instance trotll is accompanied on explosion by dense black smoke-
the colour of smoke is in this case determined by the presence among the
products of the explosilon of - carbon in the amorphic state (soot; see. the
equation for the reaction of the exp1051ve transformation of trotil - already
mentloned), while an incomplete explosion of frotil is accompanled by smoke
which is partly black and partly yellcwish brcwn in colour from the pulverlzed
unexploded part of thc ﬁrot:l. .

k3

N
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- grammolecule of gas at 0C and & pressure of 760 mm occupies a volume of 22,
il litres,  Thercfore, in order to determine the volume of gases it is
- necesgary to calculate the amount of gas grarmolccules, multiply it by 22,4
end divided by the weight of the grammolecules of the explosive substance in
kilograms, in order to bring the volume of gases %0 1 kg of the explosive
substance. )

Example, Reaction of the explosive transformation of pyroxyline
(alt, gun eotton -~ T)..(consisting of eleven azotes)

. t DR
{o;\foz.) = _.15’ O+ 9 CO, +9H,O0+55H +5,0 N,

~nu024~H29 o

According to this computation the quantity of gas grammolecules (will be ?-T)

Ned5+ 94 9% 5,5¢+55 = ki

Then:ffom‘ﬂ'grammolecule of an explosive the volume of gases (will be 2-T)
W & 22,4 « 4 = 985,6 litres,

and of 4 kg of pyroxyline

A Qa; = 985,6 w;'_862,3 litres
ToALs

ag 1 gremmolecule of pyroxyline weighs 1;445 kg (see'table 3).”

In this caleoulation it has been agsumed that watér is in‘a Vaporous
condition.as the result of the high femperature of the explosion.

Should the water be dn a liquid state, the quantity of gas molecules
will decrecase down to 35, andw, to 685, 9 litress * " ° IR

22 Exemple 2.  Smoky powder containing 78,9 % KNO3 ¥ 9,9 % 8+ 11,2'% C
reacts approximately as follows in an explosive transformation:

5

10 KNO5 + 48 +12C=38 co, + 3 QQ + 5 N, t‘gz.,093-+_

PR

+ 2K, 80, + 2K, S;

2 4 2
then ,
: ool 2on, 16 S
N=8+3+5=16andw, = 1,26 = 279,53 litres.
Measuring in a Gosometer. The explosive to be weighed is plgpéd in a

special thick walled steel container -
‘ S (diage 5) = known as a
foalorimetric (sic — T) or
. mandmetric (sic = T) shell”
(manometer = pressure gauge -
T), - and is then exploded
¢lectrically.

« CPYRGHT o |
. !
8., Volume of the Gaseous Products of an l
L . . !
Explosion ’
Tﬁé Géiﬁmé of fhé'gééeoﬁs?produots of an explosion can be computed by

21 the equation.on explosive transformation or it can be measured by a gasometer,
S T e - . . T . L] : . i
22 - Computation by the reaction equation, According to AVOGADRO's law )
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After the explosion the
gases are allowed to cool,
They are then let into the

gasometer ﬁhrough tube T.

The gasometer consists of
fo o 'bells" (cylinders ? - T)
~movable T ahd one ri

S the, movable cylinder ?111 bell - T)

b +is immérsed in & bath - 4 filled
j-i: . With mercury; the interior of the
o uirlgid cylinder is fllled w1th

! water,

Diag 5. iercury’ Gasometer,

‘ ‘The gases entering below the
‘movable -cylinder from "Shell" b
through tube P, 1lift the cylinder
(1ite 'bell! - T) and thus oust
the water from the rigid cylinder
(11t. bell -T)

Fram the amount of the water thus ousted one determlneg the quantlty of the
gaseous products of ‘the exp1031ve trangformatlon.

TABLE 3

Head of Formatiqﬁ and. Molecular eights

Moleéuléf Heat of Formation in

Name of Substance Chemical ‘
Composition Seight in - XKal / mol
’ groms, :
Methanewk..,ﬂ;,}..,., ooy A6 4 1B,y
ﬁAcetyline esspesenane -Cp Hy : 260 o 58,1
Cyanic Hydrogen }.... | Hdﬁ ”Av; : 27. o ’ - 30,5
“Ammonia teciererviage fNﬁj .i { - ff. - " +‘5O)5
?Sulphur—Hydrogen eree . H, 8. | 2yt T+ 4,8
Cyanogan tecscrresana - 'Cé:Né '52 | ‘ _ ‘; 73,9
Vaporous Woter s.eces H2 0 18 - + 57,7
Liquid Water eveyeese R 0 | 18 + 67,5
Oxide of Carbon .,,ee ” co i 28 + 26,4
Oa%bonic Acid-gas sue . 002 ' ‘ 44 + 94,5
xNitro~glycer1ne'..... ) VC3”H5k6ﬁ02>5 ',??7 o .,f“82’7
A'Fulmlnatlng o  7” :;. R R
) Mercury vesasens Hg (ONC)2 284 - 65,4
Pyroxyllne , 024H29O9(OTJ02)111143 ' + 639
. Smoky _Powaer._ creees ._.\ " Mechanic;al
e o Compound 1283 : ~

One can take gas samples from the gasometer through the tube for their

chemical analysis,
already been explained.
explosion of some explosives, -

This is done by means of special dropping tubes;
Table 4 sets out volumes of gases which form on the

- one

as hag

SECBLT
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23 _ -  TABLE L

Volumes “of Gases forWAQp on ‘the Fxp1051on of

Some EXP]OQIVL uubutances

Name of Explosive R o .i‘ Mﬁmﬁto1kg

R «mFulminatihg_Mércuyy ..;.,.%;;..c:.o..;;;.7.0.}.1.;,.;..;."‘ 315
AZEC OF T0AL eonecncnseraronencsorsrarncnsnrennnsrnenses 231
Pyroxyline cont. 11[gég%ggef..;........;;.;........a.n... 860

© Nitro-glycerine a,e.ﬁ.p’..;;.;...,..,........;a..;.......v 75
TrOtil seseoeseesscsscocsccnossssssacroosvesscsasooscacsas 685
METANHEE o e ovsnsnnsesessneoonsosssenssonssnsannsssnssnns 683

TEtTLL voereserecracsasnnassasacooovonasssnrsonsarnconsan h2

Smokeless Pyroxyline trevscacssescossessesnsessesscnsence 910 = 970
Powders ’ '

Smokeless
Nitro—glycerine Powders «. cmvsesvacron -“;i_‘an'.-c-‘_-_o,d-oo’co_ob- 810 -~ 880

Smoky :POV‘fderS Q.b.tt.ooo.cn-n-socooaua-ea!o0;loot11'Ovbli 234 -‘307

g antlty of Heat Generated Ain an Explosion

The amcunt of heat vonernucd in an exp1031on nay be calculated by the equation
of the reaction of an explosive transformation by calorimetrical measurement.

2l Computation of Heat from an Ixplosion by Reéaction
This method is baéed“oh GESS‘S 1 Tewr,

According to thig law the quantity of heat generated or absorbed in the course

i of" chemical roact:ong, depends only on the initial and final state of the
bodies participating in these reactions:and not on the path along which the
system of the bodies passed from the LnLﬁlal to 1he flnal state.

By applying GES St law to the reactlon of axplo ive transmutatlons, one
can reach the conclusion that the heat from the explosion equates the algebraic
difference between the hoeats generaued in the formation of the products of an
exploslon, and. of the GXPlO“lVG substance 1tself.

he heat of an explos1on is gonerally conputed at a constant Volume é)

Bxamglg: Tet us use the alreadv Ianll:ar reaction of the explosive
transformation of nitro-glycerine

C I = !
5 Hy (o 02}3 300, + 2,5H,0 +« 0 0,250, + 1,51,

The heat from the formation of the products of the explosion is made up of
the heat from the formation of 3 QO and 2,5 HZO (of the heat from the
formation of O2 and. N2 as there are no 51mp1p substances )

1 GESS G.G. (1802 ~ 1850) Russian Scientist, Professor of the
PETERSBURG Technological Institute.
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... Table 3 sets out the heat from the formation of various substances.
According to the data of this table the heat from the formation of the

products .of. the. explosion equates.
My5 o 3% 57,7 4 2,5'= 427,75 K,

After subtracting from this figure the heat from the formation of 1 grai—
molecule of nitro-glycerine, we will obtain the heat which is generated on
‘the explosion of-this grarmolecule

~w

K2T,75 = 82,7 = 345, O5'K.

In order to bring the heat from theé explosion up 10 1 kg of the explosive
substance, the quantity of heat for 1 grammolecule rust be divided by its
weight in-kilograms: ~--- 7 S

245,05 = 1520 K.
0,227

' o

Examgple 2: Equation of the reaction of the explosive transformation of
- s fulminating mercury - cee e
2 -~ Hg - (ONC), = Hgy + 200 + N, s
then "
Q. = 20.ke2 4 65,4 = 415, 3K

o T, 2816 -

. It must be.pointed out that fulminating wercury has, as an endothermic
explosive, a heat of formation with symbol minus, i.c. in the formation of
fulminating mercury heat is not generated but absorbed (expended) and
accumulates in the molecule of the explosive { — 65,4 K), therefore one must
not subtract but add 65,4 K.

Method Of'GalorimetriQQ%}[@asurenqu

The explosive for weighing (?) is placed in the coiorimetricalvcontéiner
(Lit. boub) which is arranged as follows (diage 6).

25 The thick walled steel ooﬁtainer A i$ hermetically closed by screwing on 1id R
o , . AP T s o ‘
- The following .are inserted in the lid:

(2) a metal rod 'a' which is insulated from it;
. This rod serves asg a contact for initiating the sample of the
-.explosive by electricity; ,
. R : ' | ‘ ' S
(b) a small metal tube 'b' for filling the container (1it. - borb-T)
with nitrogen or OXygen. This tube serves at the same time as
the sccond contact; a platinum cup 'e! is attached to this tube

for holding the explosive sample;

i

e g

. SECRED |
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Diag 6. The Calorimctric
"Bomb'.

Diag 7« Calorimeter.

(C) two vents — one inlet valve (vent ? LlT):'c[ for f£illing the "bomb"
(? container - T) with nitrogen or oxygen and one ‘outlet valve 'd'

for exhaust gases which form on the explosion of the explosive sample;

by this vént th@-oontainer can be connected to the calorimeter.

The calorlmetrlo contalner (lit. bomb! - T) is placed in the
calorimeter (diag, 7) (one word perforated by binding hole - T)
(containing ?) a propeller nixer (ventllator 9) and a thermometers

The arount of heat ﬂnnerated bv ‘the exp1031on of the’ sample
is established by the heating of the water in the calorimeter; for
this the sum of the specific heat (alt. coefficient of heat absorb—
tion ~ T) of the water and of the apparatus is mwltiplied by the
differcnce between the Fihal and initial water temperature.

Table 5 shows the heat from exp1031on of the most commonly

used exp1031ve bubstanceu.

- Nare of Explosive

Pyroxyllnc conte 11 azote cesveconcesa

NltTOOlycerlne Wesesimosncenssensnnaana

TI‘Otll R R M Imnmmma

Melinite Pesnrrecrscavronsbsesotracoese

P E ) . « o

Tetril aeveeasesstvecansosesevecasconnn
“

Fulmln&t:nr Mercury ....u......;.......

5o on

Az:dc of Lewd “esstsenscecasasesvsernes

Smokeless Pyroxyllne Powder esesacesces

SmokchS° NitrOHljcerlve Pow&er sesscee

SJNlOky PCMdCI‘ PPOEINSOGPIROIOINIGEOGPEICTIRIERLIES

TABIE 5
Anount of heat generated by the ex—
plosion of 1 grommolecule, in cols.
1040‘
1490
| lOOO
1030
1090
it
367
‘765—809
1096~1173 ‘
570-807
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26 10 Terperature of an Explosion :
Ihe temperavure of an explosive transformation
is called maximum teuperature of explosion
The teuperature of an explosion is not established by experiment as the
exceptionally short duration of its developnent almost excludes the use of
instrunents, although there have been several attempts to measure this
temperaturc. Thus a muber of metal vires were placed in the calorimetric
container ( — 'borhb! - T), each with a different melting temperature and
fron these wires the teuperature of the explosion was judged.
The temperature of an explosion is as a rule determined by calculating
the reaction of the explosive transformation by its reaction equation. This
computation is based on the known dependence between the heat of the body, its
specific heat ¥ and its temperaturce
In conditions of explosive transformation this dependence can be
expressed by the folloving equation: RIS :
_ » | o | Qw=cw-tr
Ciu1'= * heat of explosion on a constant volume in-
©oiio oswall calories; : )
Ciur= coefficient of heat absorbtion (alt. specific heat — T) of the
N explosion at o constant volune -in small calories;
t = “temperature df explosion sought.
< .But the.specific heat (alt. coefficient of heat absorbtion - T) itself
.- depends upon the teuperature of -the explosion; . for practical computations
+.this dependence expresscs itself like this: ‘
L S S
Cw=oa  +&+, &
26 a and b are the coefficients found by experinent, changing in dependence on
- the nature (alt, character ?) of the products of the explosion.
;Table 6 sets out the numerical valves c¢f these coefficients,

a. .

TABLE 6
Products of Explosion o jﬁ»n‘. a b
Single AtOn GASES sesesssencssnesrsvsrvove: 2398 tieriessooee 0
TWo AtOm GASES soescoasvcavssssnscorsosere -~ 4B wiviisionaes 0,00045

.

Carbon Acid GaS_COZ .ono-nanso-ovooo:vv'h. - 9,0' bdecriiacene - 0,00058

Vapours of Water Hp0 ssesscnsniiccascrsess o L0 sisiiaiiinen 0,00215
Four Atom Gasesy..,.,..‘.....,......,.....:r 40,0 siavssscenens 0,00045
Five Aton Gases';...............,.,.:..... .12,0 esvosteceses 0,00045
Vapours of liercury Hg ..............{.....' 3,0 Cieniveseend 0
Carbonic ‘Acid Potassiun K, CO3"""€""' 30,0 eascevseraos 0
Carbonic Aeid Natrium Na, soLF-.'.'.'.'..-é,.".‘."..‘"-' 29,0 i leeiernaen o

¥ Alt. 'its coefficient of heat absorbtion! — T ' /(Contd. )
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- . TABIE 6 (Contd.)
Products of E#ﬁlosion WS L Cal b
Sulphate Potasglum K2 SO# ;............., 52,2 V.;..o........f. 0
-Sulphuric Potasslun K2 S seevescerssves 17,8 RS 0
Chloric Potassium KOl R T 2 0
‘Sulphate Natriun Naz FSOA .';....."'..._, 75234 ;.u;;........... 0
Cyanlc Povassiun T TP PP PPRPPPeEy ;’1’01,‘5,,"_.‘.‘........»..‘... o
Csal amnon1&c NH4 Cl .v.;;:.;;........... 1250 veevescesersees 0
Aluminivm Oxlde A12 O5 veerersrereronene 22,1 weaesvesieenian 0
" Silica S i Op sevecrenansanaiecencnenee M1k aiissvensnneans 0
Carbon C .,...;.......,.,t.,,...,[,ﬁ:g;. 2,9 eiievesessacann 0
Lead Pb seestsreressesii s 70 e, 0

JLetius . solve ~this’ systcm of the two equatlon in relatlon of

t o
o= (o+bt) t=at + be2
W e -
or bte o+ at .~ {Q w9
Whence N N o
f = *&+\/(4 f/fﬁ@w
“Exarple 1. Reaction of the explosive transformation of pyroxyline

c% g 0.9 ‘(01\02)” =1500 200, 4 9HQ. 4 5,5 H, =+

+ 55 Ny

Let us calculate the quantity of heat for A nrauﬁbiecule using the data in
table 3. e T

@ = (15026,0 + 994, 5+ 9.57,7) "2 639 - 11 6,8 X,

or - .. 1 126 800 caly, - o .

Let us compute the specifie- heﬂ%“(&l%;vaeffioient of heat absorbtion — T)
of the products of’ explosmon. e

Accordlnr to thg reaction we have 26 grammoleccules of two atom gases
(15 + 5,5 + 5,5 = 26) 9 grawwoleoules of C0p and 9 grarmolecules of H, O,

Approved For Release 1 999/09/08 : CIA-RDP78-04861A000100030001-9



Approved For Release 1999/09/08 : CIA-RDP78-04861A00010001’;0001-9

 CPYRGHT . gECRED
7 ;*28—

28

Then we will get by using the data iﬂ table 6:
“26(4,8 + 0,00045 %) + 9 (9,0 + 0,00058t) +

“w 9(4,0 + 0,00215% )

Rl

Wy
i
t

21,8 + 0,03627¢) = C
Coﬁéequently" T

ce- = 24,8 -and b

0,03627.
Thé‘temperature sought

t= —at N3 UL G L ou1,8 +\241,8941,0,0327.1126300 = 31600,
2% - ; 240,03627

Exerple 2.+ Bquation of the Reaction of .the Disintegration of Azide of Lead
PbNg = PE 4 31N,

* Heat of ‘Bxplosion . (J ,= 107000 cal, ..
Coy = 7,043 (4,8 + 0,000 45t) = 21,4 + 0,00135t.

Consequently,

a = 21 l&- andb ~= 0'001350

~

t= ,:fJJE;j:E{éﬂ;ﬁfﬁ%ﬁf&fﬁﬁiﬁbﬂff@%ﬁll-._--.._;._; = 3963°,
: 2,0,00135
- TABLE 7
Nane of Explosivé , ; | Temperature of Explosion in ©C

Pyroxyiiﬁé wifh.1%‘;é§tes ésio) ;.f.;.g.;;... | 3270
Nitro-glycerine .;...;....,..;......;.;...;.Zi o ‘ AQSO )

TEOELL vevvrssnnnsnssessssnssnnnnnnaaeseseans 3150

Melinite ,,..;,.....,,.,,.....,,.,.,},,....,.___ 3540

fefrii .................o..........:;........v 355.(’j
Fulminating Mercury ,(.....f.,,.....;........ 3530
Smokeless.nyéxyiine ...............;.;....-. .‘ -2360—2850
Smokeless nitro-glycerine Powder ...i.,,..... "' _ 295045550
SﬁokﬁjPowdé¥ ...}..}.;...;...;....;.t........' . 2200-2500

1, 'Initigg;ggpplse anﬁSehsifivity of Explosive. Substances =
. i f

Tn order to arouse the explosion of an explosive charge, one must speed
some quantity of outside energy spent on percussion, heating etc. This
outer energy is known as initial. impulse, while the process of arousing the
explosion of the explosive charge is called initiation.

SECRIT
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In the initial impulse one must distinguish between its form (kind of energy)
" and forceé (amount of energy)s In order %o initiate an explosive substance,
usually the following kinds of energy.are used: - mechanical, thermal, elcc-
“trical and the energy fron the explosion of some other explosive substance.
The amount and kind of the essential energy for an initial impulse is expressed
in the so called sensitivity of an explosive substance, i.e, its greater or
lesser capacity at the beginning of an explosive transformation., Under the
influence of this or the other exterior reaction.

The form and force of an initial dmpulse have an extremely. important
practical signifiicance hoth when using an explosive substance and when
handling it.

The following has been established by experiments:

1« The sensitivity of various explosive substances to the effect of an

initial impulse of one kind or another is not identical and fluctuates

"within very wide limits. Even in the case of an identical explosive,
one must alter the force of the initial iwpulse according to the physical
condition of the explosive substance, by admixtures etc, (alt. by adding
compounds-m). For instance, in order to arouse an explosion of
identical charges a percussion (lit. blow-T) of the following force is
required:

- for dry pyroxyline - 0,40 kg/bmg;
- for pyroxyline with 15 % of moisture - 1,8 kg/cm?.

2+ An identical explosive has different sensitivities to the action of
initial impulses of different kinds. Thus of the two explosives -
azide and pyroxyline - the first is more sensitive to a blow (alt, per-
cussion -~ T) and the second - to heat; smoky powders are more sensitive
to thermal influence (alt. action - Tj than to mechanical action (though
they are also very sensitive to mechanical influences).

3« On the alteration of the force and form of the initial impulse, the
character of the development of the process of explosion undergoes a
change and thence also the choracter of the action (alt. effect — T) of
the explosive substance, For instance, trotil, when the heating process
“is slow, burns up and produces an explosion in the converse case; - ‘the
speed of the explosive transformation of nitro-glycerine increases 6-8

. . times and its force by 2~3 times .where instead of using a flame one uses
" & charge (cap) of fulminating meroury. .

© - The examples quoted prove sufficiently clearly how essential it is to
select for each explosive substance an initial impulse which in character and
power suit it best, This choice ocught to guarantee the best performance by
an explosive charge, also absence of failurc in bringing about an explosion,
saf'ety in handling, in transport, storing etce

For the selection of an initial impulse of the kind, which would
correspond to the peculiarities of the explosive substance in question and to
the conditions of its use, one must know the numerical data expressing the
sensitivity of the explosive to the influence (alt. action — T) of the initial
impulse of a different kind,

Mechanical Initial Impulse (blow, prick, friction).

To arouse an explosion by percussion, special percussion mechanisms are used
whoge action are based on a very rapid displacement of a massive striker.

On an encounter between the striker and the charge, the explosive receives a
powerful blow, the mechanical energy of which is concentrated on the com—
paratively swmall surface of the pin at the narrowed end (alt. tip - T) of
the striker, Part of this mechanical energy is spent on arousing the
explosion by a direct blow, bringing about the disturbance of the atomic
connections and the disintegration of the molecules of the surface layer of

Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9 |
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 the exploglve charge at the place Jhere is encounters the blow. The other .
part of the energy transforining itself into heat, heats this layer to a
’ #enperature at which the exploelvc transfornavaon begins.  The corbined

actlon of the mechanical and tneraalyenergy arouses the explosion through the
;Jagencv of The blmr. ‘ oo :

"The sen51t1v1ty of an exp1051ve charge to a blow is usually tested on an
instrument known as a "pile driver."

o This (diag. 8)'is'arranged as follows:

 VWeight P, Voiahlng fron O, 5 to 20 Lgs, slldes freely between two vertical and
- mutually parallel laths - K. This weight can be dropped from the required

height merked on scale H, with the aid of a block transmission and a spring
ciréuit breaker (1it, excluder, switch — T) M, A massive steel anvil is
mounted on a concrete base A — below the lathes, = A "stamping" device is
mounted on the anvil, It consists of striking base (lit, anvil - T) a,

~ striker pin b and a guide (1it, directing - T) sleeve C (diage 9).

Diag 8. "Pile Driver," ' i ‘ : Diag % "Staﬁ@ing" Device.

SBCRET
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About 0,03 ..gr- of explogive substance is placed between the striker and the
anvil (alt. striking base — T) of the stamping device, The sensitivity of
the explosive to percussion is assessed either at the minimun height at which
.the weight is dropped causing an explosion, or by the force of the blow to a
unit of the area in kg/bmz, or, finally, by the percentage of the explosions
which occur when the weight is dropped from a definite height. Table 8 sets
‘out the data 1.expressing the sensitivity of some explosive substances to
percussion, Sensitivity is manifested by the force of a blow to a unit of
the area essential for obtaining an explosion out of six experiments.

These numerical characteristics of explosive substances are of considerable
practical importance as they permit

(1) Break down all explosives into group (classes) according to the
degree of their sensitivity to mechanical reaction;

(2) determine the rules of safety when handling them, in transport and
storing;

(3) celculate the force of the percussion mechanism for initiating the
explosive charge in question,

TABIE 8
Neme of Explosive Force of Percussion in
kg/cme
Fulminating METCUYY seenavassesesssecssresscness 0,08
Lead AZLQ seevsssenonsvasosvnscsrcarsasevscnsnns 0,12
Liquid Nitro~glyCerine ssscesesnsssoscssssavens 0,16
Fuluinating Galantine seesseeeessccssseccccress 0,40
' Dry Pyrqiyline (alte Gun cotton = T) ....a....; : 0,50
~Taen (six - T) ............a......-.;........g._ ' 0,80
Hexdgen'.a.,...;.................;.‘............. - 1,30
Tetril sussvessecesanrsecscaocsncscvossavecvens ‘ 1,60
Melinite ;....................................." . 2,00
Ammatoleé,(Ammataly, S1C = T) eesssossconncsnee 2,5 -3,0
TetYL] seoneocescsnansnransoresrasnscscssocseany 3,0 - 4,0
Smoky pow@ers ..........;............,.Q....... ' v1,2‘— 1,8
Smokeless POWAETS sseesesesavcanvsversscsansons 1,0 = 2,0

Initiatlon of an explosion by pricking does not essentially differ from

+initiating an explosion by percussion, as in this case, too, there is a
concentration of a great amount of mechanical energy on the very small surface
of the striker, Initiation by pricking is used in the case of a few
explosives (the more sensitive explogsives to mechanical reaction), and in
particular in the case of fulminating mercury and lead azide.

1 For an identical explosive the data expressing sensitivity to a blow
(table 8) and other peculiarities (subsequent tables) may differ somewhot
in extent, a fact which is fto be explained by the difficulty of observing
identical conditions in the course of experiments.
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' mutation commences,

! .

‘Then arcusing an explosion by friction, heat accurulates, in the various
particles of “the explosive substance subjected to friction as the result of
“the mutation of the meghanical energy into thermAl energy and as the result
of.. the heating of thesc¢ particles up to a terperature at which thé explosive

+ i
i

_ 'ﬁV'Ih the procgss bfitheir manﬁfacﬁure and in their further service all
--explosives are subjected to friction — when they are being pressed, packed,
. Yransported etc, ‘Therefore testing explosives for sengitivity to friction

(specially of " crochnykhsostavo v1) ~ (first word - not
known, second word — compositions ~|T>‘is of great practical value,

The most accurate data expressihg the sensitivity of explosives to
friction are obtained in cases where they are tested with the aid of a
friction pendulum, ) : :

l

... = Diag. 10 Friction

The friction pendulum (ding. 10) consists of a pivot Pendulum (pendulum) which
has a length of 2 metres. This is suspended from a. spccial device. A
steel shoe, weighing 2 kas is attached to the lower end of the pendulume.
When the pendulunm is being swung, the convex lower surface of the shoe rubs
against the explosive laid- on o &pécial anvil — H - for the test. Before
the test, the pendulun can be fixed at the required height 'along a graduated
(alts milled - T) arc, e

The sensitivity of the explosive substance to friction expresses itself
through the initial height of the drop, in the number of swings of the
pendulun and the weight oft its shaow. " Thus, for instance, fulminating mercury
explodes after 3-10 swings atv an initial height of 25 cn, while azide of lead
explodes after 12 swings at an initial héight of drop of 37,5 om, the weight
of the shoe being increased by 0,15 kps. o s

Sonetimes the sensitivity of expiosive substances to friction is fested
by pounding then (alt. rubbing — T) in'a smill china mortar with glazed pestle,
Table 9 sets out data found for scme cxplosives in this way (by pounding ).
« B A
; TABLE 9

Neme of the Explosive Result of Test

.
|

Nitrqulyccfine R R T LT T T T Explodes .-
Fulminqting Mercury ..,.,.......;..,.}.....;. Explodes
Tetril .;...;.,,;..,...........,.....}...g... Slight Crackling
Pi0Tic A3 vesesescesesnnsrsnencorssesernss  Slight smell of burning
Trotil .......,g........;;..;..,,....}....... Non-reéactive’
Pyroxyline .......;.................;,....... Non-reactive
Black Powder R Non-reactive
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INITIAL ‘THERVAL THPULSE
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In both cases therc is a direct transmission of thermal energy to a part
of the explosive charge, which causes an explosive transmutation,

N Thefréaétibhiéf an explosive to heating is determined by the temperature

”:;.Ofvthévflash,_i;é. by the minimum temperature to which part of the explosive

charge must be heated in’order

Nickel covering ‘ : to cause in itself expansion

. : of the explosive transformation
~ Iron bath at a speed which is sufficient
for obtaining at least a sound
effect. It must be stressed
) o : ‘ ) ) that the temperature of the
Woodts Alloy ‘ - flash is not the temperature

of an electric heater

(Alloi Vuda) : of the initial explosive trans—
. formation of the explosive
Tin Casing : substance, as this transforma—
. S ' tion may begin also at a lower
1. Instrument for establishing the teuperature, but in this case
temnperature of the flash froem it will occur at a slow pace
an explosive substance, - and will not be in the nature of
’ : - E a flash,

The temperature of a flash is usually.deternined in a special bath (diag 11)
heated by electricity and filled with a specilal alloy.,  When the temperature
of the alloy comes close to the teuperature of the flash, a container holding

e small quantity: of the. explosive substance to be tested is lowered into the

-.welted alloys At the moment of the flash, the temperature is determined by

thermomeﬁre which has also been lowered into the same alloy.

‘-Tdbie 10 shows the “temperature of flaghes determined in this way:

TABLE 10
'ggggiiglgﬁggggggxg Temperature of Flash in °C

Fulmina"tingMeI‘OuI‘y .Oott,nn'ibllOl!.‘.oot'tO'* 175 - 180

lizide of Tead “Rsrsvenasesnsiietnsasarosonsnns 330 - 340
S0y POVAETS seeessssasvncessnnsesccacencsnen 290 - 310

- Smokeless Powders ........;:;................. 180 = 200
Pyroxyline ;...,............;.............‘... 195

- Nitro-glycerine ..,..u...;.};;.:...,.,;....;.. 200

AiTefril',;.,.......;...;..h..................;. 195 —v2éoy
TTOTIL suvuveerensennoaiinraranansessonasonnas 290 — 295
PLOric £1C10 sesssnrsesrnessonssseannscrnneones 290 = 300

Ihe Tnitial Electric Impulse., For initiating an explosive charge by
electricity onc generally uses the so called igniting bridge fuzes in which a
thin metal wire is brought to white heat through an electric impulse and
ignites the explosive .charpe surrounding: it,

From this it follows that the essence of electric initiqtion is identical

with thermal initiation,
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An initial jmpulse aroused by the energy from the explosion of another )
explosive substance.: " For initiating an explosive substance with a low degree

of sensitivity one needs a very powerful initial impulse. Direct application

' of ‘a very powerful mechanical initial impulse to an explosive charge is

comnedted with considersble technological difficultiess

- 'The year 186l brought the realizatién of the possibility of detonating one

" ‘explosive through the explosion of another, The initiating charge is in this

¢adé kmown as detonator and the process as detonation. Thus, the problem of

“initiating an explosive with a low reaction is solved by exploiting the energy
“ from the explosion of a considerably more sensitive detonator requiring a

- conparative weak initial ilmpulse. " Pér arousing an explosion, one generally

v gses‘a‘wholé,sysfem of detonators combined in one whole (for instance in the
_fuze) which are stored, transported and used by observing special safety

measures, ~ Direct mechanical or thermal actions (percussion, pricking, flame )

" ére reacted to by the most sensitive (primery) detonators (percussion cap
‘;detonators) which is generally made from fulminating mercury or azide of lead

with various admixtures. The explosion of a detonating cap is passed to
another less sensitive secondary detonator (intermediate detonator) and through
this to the main explosive charge.  There may be several intermediate detona-
tors. A method of this kind of detonation has been accepted for modern
artillery projectiles, The need for scveral detonators is caused by the fact

. that detonating caps arc made very small for reasons of safety &nd therefore

its power is insufficient for direct initiation of the main charge.

‘The essence of arousing an explosion by the action of a detonator consists
in the main of a very sharp and intensive shoeck (alt. blow - T) from gases which
form on the explosion of the detonator, i.Ce this scarcely differs from
arousing an explosion by means of nmechanical percussions S

The sensitivity of an explosive substance to the action of a detonator
is determined by its minimum weight at which the detonation of the main charge
ocours,  Table 11 sets out the minimum weights of detonators which are
sufficient for exciting the explosion of jdentically weighing explosive
charges most frequently used in artillery.

.

“TABLE 41
Detonator = : C Txplosive to be tested — prams
-<TETRIT, - - - “MELINITE = = TROTIL
Of Fulmineting Mercury 2,29 - 0,30 0,36
Of Azide of Tead 0,025 0,025 0,09

The energy from the cxplosion of one explosive substance can be used not only
for detonation but also for igniting another-explosive substance and specially
for igniting powder compounds. For this one uses ignitor caps® of fulminating
mercury with admixtures vhich weaken its explosive tendencies, lengthen the
f£lame and provide on the explosion of the cap hard particles which heated to
white heat, contribute towards better ignition. : : ’

Faotors influencing the sensitivity of Explosive Substances

0f all the factors influencing the sensitivity of explosive substances the
following are the most important in practice: : o

1. The Physical composition of an Bxplosive., Vhef passing from the
solid to the iiquid condition the sensitivity of an explosive increases and

. decreases in the converse transitions - Nitro—glycerine is a typical example

in this connection. It is more sensitive in its liquid state than in its

s0lid (frozen) condition,

# Alt, percussion caps, pull fuzes — T.
o oo SECRET
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A dependénce of this kind.is usually ekplained by the fact that, when
passing from the liquid to the solid state, some amount of heat is generated
which’ mist be -obmpressed by incéreasing the force of the initial impulse when
initiating the explosive substonce in its solid states Among other cxamples
expressing the influence of the physical composition of the substance on its
gensitivity, onc may quote the following: Friable pyroxyline is considerably
more serisitive than gelatinized (dissolved) pyroxyline; pressed nitro-
compounds are considersbly more sensitive 0 an explosion being excited in
them with the aid of a detonator cap than liquid (melted) nitro-compounds.

2+  Depgres of'Tritungigg, The dependence of the sensitivity of an
explosive on the degree of trituration, is.e. on the size of . the.crystals is
not identical in thecase of all cxplosives and the data on this dependence
are contradictory in the extreme, None the less, 1t is possible to establish
for the majority of explosives that a higher degree of trituration corresponds
to greater sensitivity.

3. ‘Density of Ixplogive Substances. Jith the increase in the density of
an explosive substance, its sensitivity decreases, as in this case the energy
of the jnitial impulse is spread over a large mass and a smaller amount of
energy reaches particles of the explosive. ‘

An “inerease in the density. of cxplosive is usually reached by pressing
them. Even so sensitive an explosive as fulminating mercury may by pressing
it be brought to a state vherc it very nearly loses all its sensitivity.

35 La Initial Temperature: of Hxplogives.  With an increase in the initial
temperature of an explosive substance, its sengltivity grows a’ situation which
miy, be explained by the weakening of the connections within the molecules of
the: explosive, as the result of which a lesser’ omount of outside energy is
required for the béginning of the cxplosive transformations - This assumption
is proved by a number of experiments with initial impulses of vérious kinds.

-

Tahle 12 shows data establishing the dependence of the sensitivity of
fulminating gelatine to the shock of a falling 2 kg weight or its initial

temperature.

,_ T4BLE 12
InitialﬂT?mPErature in % . 5 25 50 7
Necéséary‘héighf ofdfhe wéight | ; ,
(in cm) at Which an explosion oceurs wseassoaesas 20 13 M 10

Table 13 sets out the influence of the change in the initial temperature on
sensitivity to the heating of trotil and picric acid.  The higher this
temperature, the less is the time required for cbtaining a flash.

‘ TABLE 13
Required duration of _ : - e
. heating»in minuﬁesl ‘10 7 5 3 2 A 0,5
Trowil - 200 275:0 2850 2970 3100 . 3200 ' 3300
Pici-_‘iékﬂclidi - 283° 295°  302°  310° 315° 3050 330°
36 . 5. Aqﬁgquggijglggggfggggaﬁg&gﬁﬁ@qﬁg.,1.Most admixtures ;o expiééivé

substances oan be broken down into the following groups: S

(a) Admixtures inoreasing the gensitivity of explosives %0

© - 'meghanical action: sand, finely crushed glass, particles of

" metal and.other objects harder than the explosive. in-question,
having sharp cdges. The increase.in sensitivity in this case
is explained in the concentration of ‘the energy of the initial

Jio. SECRET
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Hiimpulse - nrebsure blow, friction ~ on the sharp edges.of the
¢”Qpaftloles of these admixtures, Table 14 gives .a clear. picture

©of their influence on the sensitivity of explosives,. This

' table has been drawn up wlth ba51s of eXperlments with trotll

‘:'sg\ﬂa"c'omenﬁs* in T‘r’oﬁiqin F RIS TIPPIrY 'o,o1-'o',-o5 010-0 215 v0,20-0,25

Percentage of Explos1ons on che shock
from a 10 kg vieight dropped frow a S AT ‘ :
hclght Of 25 Cm ..'0...‘..'.'.00"!1000.0 . .v 6 20 29

‘It can be seen fron mable 14 that vrith 1ncreaged sand contents  the sent1v1ty
of the explosive grows,

(b) Tnert Adnlxtures, lowering the sensitivity of explosives as part
of the energy of the initial impulse spreads to them;. in them—
”selves thej do not parflclp“te 1n ex01t3ng the exploszon.~.

To the oategory of such 1&q1xtures belong porous e&rths,
magnesium etc.. Thus, for instance, the sensitivity of nitro-
glyoexlne contalnlng 25'% of the porous mineral specle -
kizellgur (510 - f), decreases . by three %1mes 1n cori=
parison with pure nltro—glyberlne. :

(c) Phlegmatizing Admixtures considerably lover the sensitivity of
- explosives even if -they are introduced' in comparatlvely small
_'quanﬁltles. To phlegmatizing admixture or phlegmatizators
belong: Jparaffin, vaselin, cagtor oil and other substances able

0 envélope separate particles of explosives. By enveloping
individual particles of an explosive, phlegmatizers as it were
create defensive screens arocund these particles and thus lower
'the receptwveneSS of exn1051ves to exterior actlons.

Water also possesses phlegmatlzlng qualltles a fact which
is used for storing pyroxvline,

The part played by phlegmatization is very considerable
indeed. ‘/hen firing with armour and concrete piercing pro-
Jectiles it is essential to obtain an explosion when the pro-
Jectile has alrcady penetrated the dbstacle.  As at the moment
when the projectile encounters the obstacle, a shock -of -such

. violence occurs that it can excite a premature burst of the
' projectile, projeéctiles are in some cases fitted w1th a
phlegmatlzed explos1ve subSuance. :

37 o 12. DENSITY OF EXPLOSIVE SUBSTANCES

One distinguishes between the nctual density of an explosive and its density
measured in weight (lits gravometricheskaya
plotnostt —Tas well as the donalty of the charging (loadlng -T)

Aotual_ggngggz_or 51mp%x_dcna1@1 of an explosive substance is the- specific
gravity of the substance itself, i.e. actual density is determined by the
amount of the explosive substance, consisting of the unit of the volume of its

. grain® (1it. translation of "z e r n o" = T), and is measured by the weight
of the unit of the volume of its graln.=€ Bnow1ng the weight of the grain®
and its volume one is in a position to ¢ompute actual density. The greater
the actual den51ty of the CXPlOolVG, the more of it is contained in the given
volumc ' , :

Grav1metrlcal (31c—poss measured by welght ~ T) Density (density of
‘packing of corystallic and granular (gr%nulated ? - Tj—-' losive substances
in the relationship of their weight in a definite spacex€ ? volume )

tob, em' - T) to that space ( ? volune) which the explosive occupies
¥ Alt, kernel — T
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. (together with the air spaces between the grains or orystels and their
interiors). y

. If. the true density of explosive substances depends on their nature,
* then ‘gravimetrical density depends on the shape and ‘size of the grains or
particles of the explosive; by triturating an explosive substence, its
gravimetrical density undergoes a change (decreases),  In the case of moulded
:and 1liquid explosive substances the gravimetrical density equates actual
_ density where the charge is one whole entitys

Eage 1,8..kg ‘of an explosive substance of grains of some spécific shape
is placed in & container having a volume of 3 litres, The gravimetrical
density of this explosive substance in the grain of the specific shape equates

118- = ‘._0,6.

v

3

7. Owing to the fact thatiin-the packing of powder grains‘it is important
%o avoid leaving spaces between: them which' are cocupied by air, ‘the gravi-
metrical powder density is always-less than the actual density, and fluctuates
S within the limits of 0,7 - 0,9, while the true density of, for instance,
pyroxyline powder equals 1,6.

.. Density of Doading (Alta Charging - T)s Very often explosives do not

- £i11 the whole volume (powder chamber ). in which the explosion occurs but only
‘part.of it, The relationship.between the weight of the charge to the volume
of the powder chamber is known as the density of. charging (the weight of the
explosive substance to a unit of the volume of the powder chamber ).

Thus the density of charging equates

s -3

A= density of charging in Kg/@mz',” o
W= weight of explosive charge in kgj '
v = volume of the powder chamber in ﬁlmf’ (in 1litres).

Having already the weight of the.charge as well as the volume of the
powder chamber it is not difficult to, compute “the density of loading.

Example The weight of the propelling (Alt, powder - T) charge is
2,25 kg, while the volume of the powder chamber is 5s5
-litres;  then R I A
A = 225 = 04k kg/f 502 O,k kg/p m
T A S

If the explosive substﬂno_e'vf_‘il_‘ls'"i:ﬁe whole Volwne"of the powder chember
then the density of loading will equate the grevimetrical-density of the
.explosi.vessubstaqce.v e . S , BN :

43, STABILITY OF EXPLOSIVE SUBSTANCES

Staﬁilitj of explosive substances is called their quality of
. retaining fheir physical. and chemical, and therefore also
¥heir oxplosive faculties when stored, unaltered in the . -

course of time., . N

b stability of explosives determines the possibility of oreating large
reserves of them necessary for seouring the constant preparedness of the
country for mobilization.
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38,

- melinite etc, )

We will have fb‘aifférenviate between physical and chemical stability.

séﬁn@ness Talt, durability, solidity, endurance, stability — T), non-

<Ehx§gpal stability of Explosive substances consists of their mechanical

- ‘hygroscopic nature, lack of volatility etc. Explosives not possessing these
kattribu%es'are in one respect or another uristable, For instance,-smoky

powders have littlg;physioal‘stabilify as the result of the insufficient
mechanical solidity of their grains and because of their hygroscopic nature; -
the physical instability of smokeless Pyroxyline powders. is conditioned by
the (alt, depends on ~T) the volatility of tho solvent; ammonites have

insufficient physicalmstabiliﬁy'due_to the hygroscopic nature of saltpetre, etc,

Physical stability is retained in proper conditions of the storage of
explosives and the proper handling of them: hermetic sealing, inner linings
(alt, interlayers - T) protecting the explosives from knocks and thus frem
being damaged in transport, when being carried etc,

Grcaferforhleqaer_chemical stability of cxplosive substances depends

“-.on many causes, . The most important of these is the chemical quality (Alt,

nature — T) of the explosive substance itself; +the more solid are the
molecular links (alt. connections — T) and the less the reactive capacity of
the explosive, the greater is the chemical stability over which is .disposes.,

. Fitrates have the least $01id links (pyroxyline.aﬁdfnitrc-glyberine)

a8 in the atomic grouping which is characteristic of them, ~ ONOp; ‘the
. nitro-group NO5- is not, directly linked to the carbon of the molecule but

not solid, firm - T

C - 0 - N<:::::
o
Hence pyroxyline and'nifro—glycerine are chemically the least stable of
explosive substances, . -

by the atom of the ?ydrogen'whose connection with nitrogen- is unstable (alt.

In nitrofpombinations group NOéiis directly linked to carbon (%fotil,

o
N

6

- This connection is sufficiently steady and nitro-combinations possess great

chemical stability,

Unrclated (alt, foreign, outside, casual, accessory — T) admixtures

" exercise a considerable influence on the chemical stebility of explosive

substanqes. “Bome of these admixtures lower the chemical stability of
explosives, playing the part of positive k atalizatory (sic), i.c.
they promote the acceleration of slow molecular transformations of explosives
in conditions, for instance, of prolonged storage and specially where the
temperature in the stores is raised, '

Anmdng positive catalizators (Translator's license) the most important

 in-practice are the remaing of nitrate acids which have not been washed off
‘and which are the main agents for lowering the chemioal stability of explosives.

Therefore the eliminatior of acids is a most important function in the
Preparation of explosives, It is specially important o pause and consider
the socalled a vt okatalisz ( ? autocatalisis) the essence of which
consists of the following. '
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 of slow molecular tronsformations without any visible exterior reactions in
" the usual conditions of their treatment. Resulting from such transformations,

. 'explofives, which play the .part of positive catalizators, speeding the process

~chemical naturc dispose over little chemical stability, particularly in the
“manufacture of smokeless powders, ~ The importance of stabilizers congists

" of this, that they combine with nitrate acids and azote oxides which have not
" been washed off, forming in the course of the process of the slow molecular

" Por stabilizing smokeless powder one giploys d i fenilamin-~
o (05]H5)2'NH, which not only keeps smokeless povders from disintegrating but
‘at the same time improves them when disintegration has already begun. " Use

" such increased temperatureés at which it is possible to discover and evaluate

“stable they are considered.

Explosive substances, as systems lacking chemical gtability, are capable

intermédiate products form from the disintegration of the molecules of the

of these 'transformations; catalizators of this kind are usually oxides of
nitrogen (alt. ozote oxides — T)s The phenomenon of autocatalisis sharply
increases in force on an increase in the temperature of the explosive
substancehwhichg'in‘thé final instance, may lead to a spontaneous explosion
of thé explosive substance, One has to reckon with this situation quite
particularly when storing explosives in a hot climate (Trans Caucasian and
Central Asiatic Republics). '

From what has been said it follows the main measures guaranteeing the
greatest possible chemical stability of explosives are chemical purity in
their preparation, a strict regime in temperature and meagures preventing
humidity in storing (alt. anti-damp precautions). I

STABILIZATION OF EXPLOSIVE SUBSTANGCES, Apart from positive catalizators
lowering the chemical stability of explosives, there are admixtures which mey
Fulfil the function of negative catalizators, iece they may slow down the
processes of slow molecular transformations of explosives and -thus ralse
their chemical stability. Admixtures of this kind are lmown as gtabilizers;
they are widely used in the manufacture. of those explosives which in their

transformation of the explosives and neutralize their activity without,
however, halting the disintegration of the molecules of the explosives.  The
simplest example of a stabilizer is provided by triturated chalk which is
added (up to 2 %) to pyroxyline in order to increase 1ts chemical stabilitys

of difenilanin increases the permitted period of storage of smoke—
less powders by several times. ‘

1l TESTING AND CHECKING THE STABILITY OF EYPLOSIVES

Chemical Stebility of Explosives. The essence of a test "of the chemical
stebility of Explosives consists of this, that the test is carried out ot

an alteration in the chemicol condition of the explosive, which would other—
wige, in ordinary condjtions of storing, be unnoticeable.  The faster and
stronger explosives react at increased temperatures the less chemically

The methods fpr_tesﬁing)theﬁcheﬁicﬁlJSfabili%y ofﬁéiploSiveé can be
classified into two groupsy o ‘ '

1. Tests of the qualitative order are based on the application of wvarious
indicators showing by the change of their .colour (alt. dyes, stains, hues,
tinta — T) either the beginning or definite degree in the decomposition
of the explosive substance. ' . '

As an example of this may be taken the test which is usually employed for

checking the chemical stability of nitro-glycerine . or. nitro-glycerine pow—

ders. This test is based on the very sensitive reaction:of potash (alt.
kali —.T) containing iodine
together with starch in the
presgnce of oxides. of nitrogen

..(alt, . azote ~) this is dene as

followss
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| The chemical stability of an cxplosive

e CLnh S - A sample of: the explosive to be
. e e © .0 tested is-inserted into a test tube with
.~ a cork, from which:arn iodine and starch
o paper has been’suspended (indicator
S = diag:‘12).f- This is steeped in a
Bt el 3 < A colution of: glycerire in water, The
RECEURIN T e S test tube is-inserted - into.an aperture
- ' BERERT: “~ (. ? housing T) of a basin containing
L e ~ water with a temperature .of 750

Diag. 12..Quélitative test,

© A, Sample of Explosive:

- Indicator: L

sers Br_' Wa“_ter ,ba“bh..

"+ The temperature of the water in the bath leads to a‘ﬁoieculérFtraﬁsformation

of ‘the explosive substance which is accompanied. by the secretion of nitrogen
-oxides, while a small coloured browm stripe forms on the border between the
dry and the woist part of the indicator (paper). - This stripe corresponds
- %o the colour of the combination which has oceurred between the iodine and
the starchs The chemical stsbility is considered normal when the small

- stripe has appeared on the indicator not earlier than after 18-20 minutes.

“The other qualitative tests are‘very-similar to the test which has been

" described and mainly ‘differ from it in the indicators used and in the degree

of-heating, as,: for instance, in the case of the basic test where a (Russian
word: 'l akmusovaya bumazhka-T) laguered (?) paper is used
as indicator, . o - :

2, Quantitative tests consist of determining loss of weight by the explosive
substance while it is being tested, and in determining the amount of nitro-
gen oxides which form, . S SRR I

As example of a test.of quanfiﬁy is a test by weighings.- This islﬁsed for
the determining the chenical stability of smokeless powders. This test

+is conducted as followse

The explosive sample is placed in a water bath heated to o temperature
of 959,  After 24 hours this sample is weighed; loss of weight is entered
on-a graph in percentages (diags 13), :

The process of a sharp decomposition of the powder is indicated by @ sharp

upward bend of the curve,

substance is assessed by the time
which has elapsed from the . L
commencenent of the heating '
-'of the powder up to the noment
corresponding to the bend of

© the curve, - It will be seen

 from the diagram. that this
moment of the bend A and 5
has for .one powder I-
ogcurred at the 15th hour

of the 24 hours; whilc in the
case of the other IT only

at the 24th hour; conse-
quently the chenical stability
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of the second powder is nmuch ’ ' ' Time of heating in hours
higher than of the first. T

‘Diag 13, graph of the
weighing test
The I;yulcal Stability of Explosives requlres peribdical checklng, as in

the -case of chemicol stablllty. Thls check consists of the exterior
inspedtion of the cxploslve, in determining presence of humidity, of

© volatile solvents ete, . In determining the hya yro-metricity of explosives

and the volatility of the solvent contalned in them, one uses the ordinary
physical methodse Py .

15‘ STRE NGTH OorF POTENTIAL OF FXPTOSIVES

.“A;."Strengxh of Exp1051ve Subst&nces. The trength of an explosive is

usually assessed by the maximum pressure which is developed by the
exp1051ve in question in its exploglon in an enclosed space, as an

”.encloged space corresponds best to the . condltwons of the usual employment
~of an explo~1ve (powdor chamber. of an &rtlllery plece, the interior

'_O&Vlﬁj of a projectile. etc). TIt.is ons:dered that the higher this

- pressure the greater will be the force possessed by the exp1031ve
“substance in questlon. ce :

Mexirum pressure-in an enclosed spade is found by computation on
the basis of theorctical congsideration or by direct measurement in a
pressure container (lit. manometric bomb ).

The more-gases form on an. exp1031on ‘and the Urewter their temperature,
the more will be the pressure developed by them' and the: stronger the
exp1051ve in quesﬁlon.

-

Accordlnu to BomE - MARIOTT'S - GEY (HEY 9) ~ LYUSSAK (LUSSAC ?)'s
Lew, the dependence between pressure, quantity amounting on 0° to a
pressure of 760 mn) and the temperature of gases Torming on the explosion,
.can be expressed by the Iollow1ng equation of “thée state (alt. condition
= TY of ‘gases RN -

P = Py oy ('1'4'___1__ t) =‘P1 U;.’»] 273 _+ %

7 2T ,

p stands for the maximun gas pressure on, an explosion; .
w gtands for the space in which the explosion occurs
p1 sﬁands for the 1n1t1al pressure in 1 a mj

1 stands for the volune of gases on the exp3051on of 1 kg of explosive on 0°
and a pressure of 760 mm3

Approved For Release 1999/09/08 &mDP78-04861 A000100030001-9



Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9 "

'SEORET

CPYRGHT
o
1 stands for the temperature coefficient of 'gas expansion;
273 ,
k7 stonds for the teuperaturée of gases taken as equating the

tenperature of +the explosi\on.
When expressing this equation in absclute temperature

T = t + 273, we get

P W o= p.1 p‘)';‘ T.’ (1)
273
Quantity » gy is a constant for the amount of gase's. under
L TE U
" consideration and is expressed by letter R,
Thus 0 v , ,
st opW 2 RT T R o (2) -

'RT containing the "f;wo most 1.1portant ch'\ructerls‘blcs of’ thﬂ

J@loslve funct:l.on of the. given explosive subst:mce,‘ is called

."bhe force of ‘che E;q:los:.ve Substance and is expressed by synbol £

f ca RT = P/‘ 4«?1 T,

It is necessary %o stress ’chat thlu is a conventional nonencla:ture '

as it does not correspond to. the. pnys:.cetl gssence of R T, wh:Lc:h

‘_._doc.; not express the forece of an explo ive but.only its mechan::.cal
“ability to function, ise. the ’cheov-etlcaW function which would be

carr.:.ed out byw' ,&(lltrcu ? - T) of gases expanding under”
.:,."UnlO.aPhG"‘lC oressure when heated from 00 %o. 7%. - Hence £ has a
dinension not in units of force but in units of funétion which

. is carriecd out by 1 kg of explos ive, for instance, in-litro -
: :;a“mosphereu. A 11tro—atmosphere equates 10 33 kon, then

g oo 1030 1 T = 0,038 ;T kem.

At e i b i sl e

273

Usuallj ‘che true force of a glven PX'PJ_OSlVe substance is

expressed by quantltj r (“chc convepmonal force of the

exploolve. )

Let us, in order to compare some explos:.ve, compute thls
oonven*c.z.ono.l force for thems.

Ex:xmple 1. ' Nltro—g?lycer'ine'

o Jwpo= 5L AT = 42500 4 2730 = '4523}?
:J;,uéi?:;_i':jlf' £0,038 - 715, 4525 = 122890 kg
’Example 2, Sr{m‘ke'leS‘S\-_,PT»’;I‘Oxyline powder: | o
Wy = 928 A 1 = 23509 + '2735 - .'26230_5
f = 0,038 , L 925 . ‘2>6_23 = 92, 1597. kgm.
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Example 3. Smpky Powder:

Wy o= 279/ T o= 2473%
f = 0,038_f 279 2473 = 26 219  kgm.

Potential of Ezp}oolvcs. If we assume that the whole heat of an
exp1031on - Q,¢ ~ - is transformed into nechanwcal energy, then the

- magnitude of thig energy =~ Wiw will, according to the law of thermo—

dynamics, equate ,
W o= 427 Qu& kgine
The greatest possible amount of mechanical energy related ( ? expressed in

-~ T) to 4 kg of an Explosive, is callsd the potential or thc potentlal
energy of an explosive substance. ‘.

Name of ILxplosive W Kgm: Table 15 - The potential of an explosive, as

also force £, iz one of the most

Pyroxyline (azotes) eee L6 200 _ important. features of -the efficiency

Nitro-glycering seeases 649 000 .

of an explosive,

'*Tableu15 shows the potentials

Trotil ssecessrscssssas 431 300 of the most commonly used explosive

Melini"be -vovq.}nooov.vl_. %39 800

substances,

In reality, however; the whole

Tetrll ................t1_467;60011 " heat of the explosion does not

: - .. _turn into mechanical energy and-

Fulnlnatlng Mercury Ve %7?AZOQ; o %he whole mechanical enérgy does’

not fulfll a really useful function.

T.ead Azide Sy evasvosves 156 700

A considerable amount of heat and mechanical energy is spent on heating the
medium, escapes with the heated gases, is spent on harmful resistances, etcs

As an example of the correlation between the potential of an explosive and

a truly useful function, may be cited the computation of the expenditure of
the thermal energy of a charge consisting of smokeless powder on a shot from
an artillery piece (secc p. 142)

b

16« HIGH EXPLOSIVE / AND BLAST EFFECT
OF 1 EXPLOSIVE SUBbTANCES

High Explosive effect, or high explosivity of an Explosive Substance, is
called its propensity towards (Spllhfb?lh&) fragnentation effect, This
effect will be the greater, the more energy is transformed into mechanical
energy in a unit of time; hence the dimensions expressing the amount of
energy which are released on an explosion and the speed of the explosive
transformation, must enter into the mathematical expression of the high
explosivity. ~It has already been proved that the velocity of an

" explosion increascs on an increase in the density of charging;

consequently, hlgh explosivity depends on such density of oharglng.

‘Henoe. high explosivity (alt. tendency towards splintering = T), when

related to 1 kgm of ‘an exp1051ve, 1~ generally expressed by the féllowing
forrmula:

"B = f. D4,

B - stands for - high explosivity of an cxplo ive in units of
functlen to a unlt of twne, : : o

. S“CRLL
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L S stands for the force of an explosive (P11 T) ;
| - (- 273
D - stands for the veloclty of detonatlon, -

. A - stands for the den51tj oé chargings )
Already knmllnu quantlty f D and Q ; one cﬁﬂlcomputc the
magnltude of the high CXplOSlVlt] of an explosive ‘substance,

Exanple 1.  For trotil: £ = 89 100 kg D o= 6690 mw/sec ;

A = 1,5; we get

B.= 89100 « 4690 & 1,5 = 89 j118}f§bQ‘uﬁlvs of' o

i

“function a second

Exomple 2, .. ror Fulmlnatlnﬂ Moroury. T = 45 522 kon cen
- D _:' 4490 m/éeo and. ZS = Uy0; we get o ...ooc
B o= L5522, 4490 Why0 = B17 575 120, units of ..ot

i functlon a pecond. e . PR A

For an experlnental assessment of the high explosivity of. explosive’’
substqnceg, various. mcthods ‘are emnloyed' let us consider some of these
GESS!'s Test (HESS ? = T)s .“This method is used for determining -thé explosive
tondencles of an explosmve substance accerding to the degree of compression .-
of a suall 1ead cyllnder from the explosion of a cartridge. containing the
substance to be tegted (diag 14).

v

Lead ;,\il e T Disc
Diaga 14, GESS's Test .. .. = :J"iJ !f““ D1ag. 15 Test’ by penetratlon of

by compression of a Sooa L alead dise,
lead cjlﬂnder S ST

45 Test byl prne’cra‘tlon Oof a Lead Disc. This is criployed ‘for tééfing detonator
caps it consists of the following, o ‘

A thin lead disc is placed over & ectvon of a'gas plpe. The detonating
cap to be tested is plwced vertically over the centre of the disc and is
fagtened by a steel arc (diag 15)e A properly functioning cap should pierce
the dise; in this process the diameter of the penetration should be no less
Fhan ch diameter of the cap with refuTwr radiation around the aperture

diag 1

R

u1-9
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The most accurate assessment of ‘ _

the high explosive tendency of an LT e
explosive arc practical tests, =

of ammunition

equipped with it, In this

case one deternines high

explosivity (alt. splintor

effect - T{ according to the SR

degree and character of Groove Dlﬁg. 16 Lead Disc
the splintering of the metal =~ "héefore - after the explosion. of
body of a projectile (mipe). explosion a detonator cap on ite

B Blast If Effect‘bf an & xp10ﬂ1ve DR T

Blagt cffcot of an explosive ig
its ability of effecting the
destruction of some solid Body, for-
instance ~ soil. - Blast effect
depends on the magnitude of gas _
pressure forming on the explosion » RPN
and on the speed with which this Diag 17 Lead cylinder
pressure . devslops, apart from o for ftesting an explosive |
this, the result of blast effect’ - for splﬂnter effect (alt,
also depends on ‘the peculiarities ’ <" "high explosive effect-T)
of the medium, This latter has
no, mathepatical expression,

W e a;“; o Groove
e T af'ter
Explosion

Dlar. 18 Lead cylinder
after the explosion of
an explosive sample
with cylinder.

-To measure hlast effect one often uses the dimensions of a orater forming
on the explosion of the charge of a given explosive substance. But this is
a Vu:y inexact wvay of measurlnu.

The foJlow1np neﬁhod prov1dcs more acsurate data on the blast effect
of an explounve. o

An cxp1051vc sample’ (ﬂenerallj 10 gr) is inserted into a cylinder (bomb)
with a central bore with no openings to it, The explosive is enclosed in a
foil car+r1dge into whlch one inserts the detonating cap (dlag 17) After

+ the insertion of the suull cartridge, the borec of the container (boﬁb) is
filled with: dry sand.

On the explosion of the s sample the bore of the comtainer (borb) expands

and the force of the blast effect of the given explosive iz assessed from the
extent of the increase of the bore (diag 18).

fO@Emﬁ/é P6?>R@|§af?éa1 %mbslesotmamnpvmmwmm100@30@@@@001

cXplosive substance




Approved For Release 1999/09/08 CIA RDP78-04861A000100030001-9

SLQBET
CPYRGHT ‘ | ‘ )
: ﬁhﬁ_ L e ;
(Y hvsteliis Sl Rap e
% al aldld Juc
Name

Azid of Lead seee
bofdtwm sadid O

Snokeless Eyroxyllne POWAET sousvssssnsansoosacsesocss 350

Smoky Powder

The enerf .
easily exp101ted
in 21l directidns from “the site of the eXﬂlos1on. However if one were to

Tey

I\TI‘EI‘O—:;&Y_ycer_..e'.-‘;'&u.............‘.....‘..-.

O

c----o.ooo.co.oo-oooovo\igﬂgﬂpooco.-e.c.-c 30

Pebgedus it

T, GUIM_D) EFFECT. OF AN EXPLOSION (‘OUI‘IULATIVE EFFECT)
m\m hs PRACTTC&J wxp JOTI‘ATIOI\

an ‘xplocaonlfrml charges ‘of the usual klnd carnot alwayu be
th the best effect, because it disperses itself equally

--give ‘thé explosive charge a-
e -gpecial- shape. and %o place the
-+ devonator-in a.definite way,
- i-one will be aole to give a
i - guided effect to.the wave of the
B AR RUR S - explosion and thus’ con81derab1y
o o « _increase the destructive effect
from the exp1031on in the set
- directicn. : ‘

J'n order fo obta:,n a
1*u¢ded effect from the explo~-
sion, 1t is.sufficient to make
a cup like or conical cavity
- .on the side of the charge which
Ll 4,_w1ll ‘have to contact the .

i ,ﬁiobstacTe to be destroyed and
S to place the deétonator af the
el 4opn031te side to this cavity
S "Adiag. 19).  In this case
the detonation wave will
travel fron the detonator in
the direction towards the
, cavity in the charge of the
R, Ce - 0 r  ‘explosive substance, and the
L el . - sepresence of the .cavity will
© & . help the cumulation (collec~
Ll v F |, i tion, concentration) of the
L P percussion.on waves when they .
- o ' @ meet in the empty space of
K e ' ..the cavity in the charge.
cnt o oo .. - Thus the special feature of the
TEee - 07 .. functicn of hollow charges is
connected with the dlIfus1on
‘ fron the surface. of the.
cymulative cavity of the
descending jets and waves,

]

Approved For Release 1999/09/0831 &J& -RDP78- 04861A000100030001 -9

——— e



Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9

CPYRGHT SECRET

W6 -

7

As a result, the energy of the
explosion recéives a definite
direction, being concentrated
e : at the first moment in a fairly
Diage. 19. Cumilative armour S small area. The descending
melting Shell ¥ . ’ ' . current of jets and waves forums
S BT o as the result of the refraction
 Section: .. of the elenentary gas jets (on
R - an analouy with optical laws)
1. Body of Shell;
‘2, TExplosive charge - ,
© (alt. bursting charca~i) -vﬂ
3,  Cummlative cav1ty, B
um"Defonator.' -

slriost perpendloular to the gurface of’the cav1ty ("cumulatlve surface") and
MlmsthcJ%stoomhm~m1a"mWMAmNefmms

Gonsequently the essence of the occurrence Of curmlatlon COnSlSto of the
eoncentration and direction of the energy of the exploplon and, the creation
of a condensed .current of gases in ‘the space of ‘the cunmlative cavity (&1&3.
20). Resulting from the collision and compression . of the products of the
explosion, the cuulative current expresses itself by a high ‘depgree of .
density, velocity, temperature and pressure. - The speed of the cunulative It

ets in sone cases is greater than the speed of detonation of high explosives

2a1t.vfrﬁnnentatlon—T), reaching dimensions of 10-15 tnousand n/éec at an
enormnous nres sure- 1n the region of 1 00 OOO kﬂ/kwh

The percuss;on‘from aﬁforcg of’ th;s kInd
is sufficient for pilercing armour whose
thickness is close on .the dlameter of the»

cumulative aperture. in the charge

LI

0% even one'and half to two tines- o _ ' : . 7

greater. Hence the curmlative effect
is widely used ;n_spec;al chargesq
which have come fo be known as armour
melting charges (See book 5 of the o
Artillery Oourse) e

T ' ' : Dlan. 204 Dlagram of a. .
184 CLASSIFIO\TION O EYPLODIVE SUBbTANCES " . guided effect from an
AGCORDTNG O, i RVin IR USE , i *explosion wave where
‘ e  the explosive charge has
Explosive substances Care usuillj lelded L
according to thelr enploymenu, into KU like’ cav1ty
initiating, fraghentation, propelllnd a
and pyrotechnical structure
: ‘gases, "actving with
increased force in the
dlreotlon from the crater—:
11ke cav1ty. ‘

¥ Tit, Shell piercing armour by meltwnp 1% - T.

1 These shells have been, n&med anﬂovr neltlnﬂ as the result of the p01nt of
view which prevailed at. one time to" the effect that the curmlative. gas Jjet
on an explosion causes metal to melt with the consequent scooping out of the
liquid metal throug oh thie pressure of the jet. Experiments have, however,
to o great extent proved andthér point of view, whose adherents consider the
main factor leading to the destruction of armour, to be the dynamic blow
from the cumulative jet.

© been équipped with a crater

0 = jet of strongly heated

SECHET
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L7 dndtiating Explosive Substances are distinguished by the following

T

W .
evELth whon thefexplosive.fransformation‘is>notvalways‘a‘cbmplete detonation

“peculiarities:

fulminaging mercury, azid of lead, stifnate (sic) of leads ..' .- .

"1, The usual fOrm.faken by the explosive transformation of initiating

feXplosivevsubsﬁances:inrnormal conditions is their full detonation, which
in their case is easlly aroused by all aspects of the initial impulse,

"

24 Fros the moment when the Explosion has been aroused: up. to the

| moment’ when the naxirui speed of the explosive transformation has been

developed a very short tine elapses, conseguently initiating explosives taken
in small quantities, for all practical purposes explode instantaneously,

These features of initiating explosives nake them most ugelful for -
initiating explosions in other fragmentation (alt. high explosive) explosive
substances with. secondary detonation, - S '

»; ) B > . NN "Ar LR

“To the group of initiating explosives in common use belang:

RS

S A b AR TENETT
. High Baplosive Substances. - This name is given to explgsive substances

ahd:whigh_ﬁiffer“by a considersbly leéss sensitivity to exterior influences
than iq'qiat;ng.exploSiyefSubstances. As. the result of ‘their lesser
sensitivity they are safer to handles  They are generally exploded by

"percussion caps of initidting substances. Migh explosive substances are used

for demolition charges and mines in dermolition work, EyTQXylinegbélongs,to
high explosive substances, also nitro-glycerine, trotil, melinite, hexogene
lit. gegsogen — T) and others. : o Do

Fropellent Explosives or Powders. Propellent explosives are called . -
those, the character of whose explosive transformation in ‘an .unenclosed - '
Enot immutable) space allows then to bé used for propelling projectiles
mortar bombs ). ' - P

Propellent explosives are mainly used in propelling charges of guns and

nortars, Their explosive transfornation sxpresses itself partly in the

rapid combustion brought about by the combustive contents. Powders ‘are.. *
divided into two great sub groups: those whichgconsistAofimechaﬂical_«'
compounds and thpse which are chemical coubinations of the colloid type. .
The first sub group contains smoky powders (or black povders) and the second =
smokeless (pyroxyline ‘and nitroglycerine) pawders, - ' R

e M R Lo

« -Eyrotechnical conpositions (incendiary, illuminating, signalling and.

,ﬁracinéz‘are uged-for special purposes amunition (amorig this signalling

rockets) and consist of nechanical compounds from oxydes and fuels, When
burning they give the required pyrotechnical effect (illuminating, incendiary
etc). ' However, many, of-these compounds have also explosive characteristics
and in certain conditions ‘usy also detonate (for instance, compositions for
signalling purpose, containing chlorates as oxidizers). :

It must be pointed out that the division. of explosive substances into
propelling and high explosive has a sonewhat conventional character, &s the
explosive transformation of poviders depending on.the conditions din which it
occurs, may have the character of .an explosion. . It was rightly said 4n-
the course of fiye. centuries that snecky” powder both‘"blasted,and:propelled”,
i.e. wds used both as bursting{and prope}lihg substances R -

¢

S ——
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INITILTING EXPLOSIVE SUBSTANCES
19+ FULMINATING MERCURY

Chemical Composition and Formation.. In its chenical composition Fulminating
Hercury Hg (ONC) is & wercury salt of fulminating acid (HO+NC) and forms as

a white deposit, as the result of the action of alcchol on a solution of -
metallic mercury in nitrogen aci.d.

One first disgolves mercury in nitrogsn acid; in this process the
solution of nitrogen acid-mercury - Hg (ON02)2 forms as a dark green liquid.
This solution is then processed with alcohol, s s : SIS

Egggggggigggtiggg Fulminating acid is a white or grey powder consisting of
small crystals, -1t has.a sweet taste; as a combination of mercury it is
_poisonous, The specific gravity (deénsity) of fulminating mercury is L,42;.

It is one of the heaviest explosive substances and lends itself for this.-
reason to very compagh charging, Its gravimetrical density amounts to 1,5.

By pressing this density can be brought to 3,9,

The chemical étébility of fulminating mercury is not very great, but -
quite sufficient for its practical use. During prolonged heating up to 500
fulminating mercury does not decompose, but when heated to 90° decomposition
becomes noticeable after 35 hours. ; Vhen heated to 175-1800 fulminating
mercury explodes, . = . } , : .

In water it éﬁa?oeiy‘dissolv?swé% all, but dissolves well in water
solution of ammonia and”cyanic potash (alt, kali —T),  Streng Alkali:and

causes it to explode.

~mineral acids decompose fulminating mercury; concentrated sulphuric acid

. Fulminating acid reacts scarcely at all on nickel or lead.s It cooperates
with difficulty with copper, réacting slightly to aluminium, specially in the

presence, of moisture. * Hencde it is never used in ‘aluminium cases, i

Fulminating mercury is very sensitive %o dll aspedts of the initial:
impulse, therefore it is very dangerous to deal with, B

This sengitivity can be reduced by moistening and pressing; the first
is used. for storing and the second for uses The reaotion of the explosive
transformation can be expresseéd by the following o S

Hg (ONO)2 = Hg + 200 + N,

Because of dts high sensitivity and good explosive faculties fulminafing

“tercury” is widely used in the manufactire of the meéns of ignition: igniter

caps (mainly compound with potas&ium chlopate: salt and-antimony), detonator
caps and primacords (aloge or in compound With tetril),

WP o) aam or mp
Chemical Composition and Tormation. Azids are called salts of azote —

hydresen acid CHNgT; This acid is an extremely explosive. and sensitive
Substance, ~ When not exposed to water it is a transparent and malodorous
liquid. The following azids are uséd in pradtisst  natrium (alt. sodium - T)
azid Na Ny and azid of lead, P b Ng; the first has no explosive faculties and
is a half”part product in the manufacture of the second.

>

_The reaction of the formation of Hatrium ezid cah be broken down into the
following phasges: S B 22 R . ’ ‘
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Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9




i

Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9
SEORuT

‘CPYRGHT LT

...‘%O_.

51

of na.trlum'

e

1« The formation of amidin of natrium through heating natrium in the
atnosphere of dry a.mmon:Lac

2 NHB + 2 Na = 2 Na Ni2 | + H2.

2,  Formation of azid by the acf oh'of proto%édékof azote on the amidin

Na Mi, + N, 0 = Na Ny 4 Hy O,

3, Formation of azid of lead occurs as the result-of the interaction

- .of water solutions of azid of natrium and azote aold lead:

2 Na I

3 Pb‘ (1\103)2 = Pb T A+ 4 '2, Na.NO

37

Azide of lead comes out as a deposit, 1n the water solutlon of azote — natrium

Saltc ’

=

Peatures and Use. | Téchnical azide ready for use consists of small gramules

of tiny crvs‘t:als whose shape it is impossible to ‘observe even with the aid

~of a microscope, Azide of lead is white with a yellowish hue. Its specific

gravity (density) is 4,8, By exposing it to a pressure of 800 ‘atmospheres
the gravimetrical density of azide of lead can. be brought to 3,1, Azide
of lead is almost 1ndlssoluble in Water,

Aclds, cven those whlch are weaﬁ, dccompose a21de of lead. . This brings
about the secretion of azote — hydgggen acida “Azide of lead interacts easily

_with copper, it is for this reason‘kused in copper oagings.

It does not ll’l’U(JI‘cLC"C a‘c all with n'l.ckel and alumlnlum as a result of which

it is usually emploved in alumlnwum O&SInDS.

Azide of lead becomes grey — brown (l:u.t. =) {fh'en éicpoéed:‘to_light and

" to carbonic acid gns and loses its explosive qualities. It is however

chemically- very stable in’the condlrwons with which we are concerned. The
reaction of the cxplosive transformatlon (deconposmtlon) may be expressed by
formula ‘

Pb 176 = Pb- + 3 ]\T2

Posses 31ng good explosive featurcs and h:.gh sonsw:Lv:ltJ, a.z1d of 1ead is an
excellent i nlt:.a’clng, oX‘plos:.ve , considersbly surpassing fulminating mercury
in its initiating faoculties; it is being 1.ncrea31ngly used in the manu-—
facture of detonator caps. .

Tts advantages in comparison with fulminating meroury:
| ;

(1) less scnsitive to various kinds of mechanical reactions (percussion,

‘ "prlck:.ng;, frlctlon) a.nd thcref‘orc nm‘, as dangercus,

(2) ilore pcmerful than f‘ulmlnatln{f mercury ; in the manufacture of
detonator caps of lead azide approx:umtely three t:.mes.lesp is required than
in the oase of fulminating meroury; o .

(3) -i‘L'Ore St&blc ."" L T

(4) Doos not lose’ Susoep"tlbllltj to detonatlon in severe conditions

Sof mo:Lsture (30 %),

Possesswxg 8 ‘very high f‘lash ‘cemperaturo (_31 00), azlde of lead find it
hard to ignite, and for foultless functioning its surfacc is always covered

-in detonator caps wi th a ’ch:Ln 1ayer of stifnate (sic) of lead which ignites

much easier.
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21. ST?[I‘NATE of, LEAD (TRINITRORLZOROTTTATE of LEAD, TNRS).

Ohemjcal Conpouition and Pormation. - Stifnate (sic) of Lead, Of .
trinitrorezoroinate of leadﬂviﬂRS), ig a salt of stifninic (510) acid -
(trinitrorezorcwnqte) 3% is expressed by the following formula: :

»

Cg 1 (NO )5 ' 02 To . Hy O

aﬁdﬂi re]atca t0 the group of 1th1atinf explos1ve hubutancn,s._.

The initial material 1n the Dreparot:on of stifnate of 1ead 1s stifninic
acid Cg H (NOp)3 - (OH)g , o hard crystallic substance yellow in coléur,
astringent when tasteds - 'In order to cbtain stifnate of lead gsoda’ (N& HCO )
is added to a water solution of stifnate acid, resultnng in the formation of
stifnate of sodium (alt. n&tr:um) in the water ~ Cg H (NOz)j (0 Na )2 .

One then adds to thc water solution of stifnate of sodium - a solution Of
azote - acid lead, resulting in a depObit of stifnate of lead which is not
soluble in water.

Peculiarities and Usc. Stifnate of Lead is a hard substance of small

SRR AU bl deP

crjsfals, dark yelliov in colour.  Its specific gravity is 3, 08.

tlfnate of lead is: of slight hygroscopa01ty, does not dissolve in water
nor, in organic dissolving agencies, decompogés.under the influence of aclds,
darkeno and decomposes when directly exposed to the sun. . It doe$ not .
interact with metals. The flagh temperature of stifnate. of le%d ‘is approx1—
matcly 2700, i.e, higher than in the case of fulminating mercury, “but 1ower
than in the case of ]ead aZide.

It hag a les er sensitivity to percussion than lead azide, but its
sengitivity to friction is the same as with lead azides A distinguishing

‘t.fqature of this -substance in comparison with the other iniltiators is its

propens ity o eléctrification on. friction and a great sensitivity to electric

charges. ~ Altogether, however, the initiating capacity of stifnpate ‘of lead

is considerably less than that of the other cxplosivcs of this kind.
Stifnate of Lead is used:

(1) Tn azide detonator caps for fac%Titating icnition of ieadiaZidé'

(2) 4As a substitute for fulminating mercury in some perou5510n composi—
"t-n ons

© 22, TETRAZEN: -

Tetrazen is the newest anong :niﬁwwtino explosive substances: it was

" Pirst obtained in 1910 and came into practlcml use in 1922.

‘Tetrazen is one of the products of unlimited (l:t. - T) azote — hydrogen
NH2 - NH - N = NH, in which the extreme hydrogen atoms.are replaced by

-radicals (1lit. translation). Its cmpirical formula is: GCp H = ONQ.

Tetrazen s obtained from aminoguanidinnitrate (510) from the action on its
water solutlon by the water solution of nitrlc acid of sodium Na. NO2.

Tetrazen is a hard powder of Qmall crysﬁals and s yelloWish in colour;

Jits specific br“Vlﬁy is 1 65, its gravimetrical density is- approx1mately 0,5,

When exposed to & Dressure .of 2000 kg/me its den81tj can be brought up to
1,470 , .
In wator. and in org&ntc solvenms tetr%zen is practwcally indissoluble'
it has o smell hygroscopacity; it decomposes’ in boiling water. . It possesses
alkalic qualities and with weak a01ds, produces salts, which hydrolize easily.

( 2 dissolve easily in water — T). ~On the sction of strong acids and alkalis
tetrazen decomposcs, SRR
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substances; its slow -decomposition is already mnoticeablé during prolcnged
heating at above 500; its flash temperature is about 1400°.

o A g

In its reaction to percussion tetrazen is like fulminating mercury, '
but is less sensitive to friction than fulminating Wercury. SRR

The initiating faculty of tetrazen is approximately’ two times less than
in the case of fulminating mercury and thus i: is insufficient for employment
in its pure form, Yetrazen is.used in the percussion compositions of ignitor
caps, principally compounded with stifnate of lead as a substitute for - -
fulminating‘mercury. In this capacity it fulfils the task of increasing

. the sensitivity of the stifnate, Such compositions in ‘tompariseon with
" compositions of fulminating mercury and chlorate have a less. corroding effect
‘on weapons (i.e. cause less rust), . ST

CHAPTER THREE

HIGH EXPLOSIVE  SUBSTANCES = -

23, TROTIL (TOL)

Chemioal composition and Formdtion. In its vhemical composition trotil -
or. trinitrotoluol (sbbreviation — TOL “%# TNT) belongs to the group of
nitrocompounds of the aromatic seriés and is obtained by nitration of toluol
(Cg "Hs CHz). " The reaction of the formgtion of trotil can be expressed by
fhe formula:z . . e ' : SR Ly

P

5 3 3

+ 3HNO; = O 32 (rlqz_)j_' CHy '+« 3H, 0.
Ther@tare_ﬁéﬁiédiésand cdnfihuqus pro6¢sses'fof"obfdiﬁiﬁg‘frqtil; ~ Of ‘the
periodic prog¢esses the most widely uged is trotil obtained in threé nitrations.
.dn This case the reaction in the formetion of trotil ‘can be broken down into
‘the three following phases. . N P e T
mv"5ﬁ}%i&iﬁ“%ﬁmfiﬂdhdmﬁmﬁdeﬁ: i
Og Hg CHz + HIOz = Ce H, (f0,) CHy +  Hy 03

ond nitration of mononitrotoluol into dinotrotoluol: ' ‘
y .‘",.‘“:,:A' s . \ "_;= DA I ;\T . . R B :
Cg H, (NOE) CH3 + HI\Oj | C; i (1.02)2 GH5 + H, O

3rd nitration of dinotrotoluol ,:‘.nfc_q '!’G,rj_nj,'trotoluol:
ooV Hy (Wp)y Oy + MO5 = Co o H, (Wp); Oiy + Hy O

According to the general rule, nitration in-all ‘thrée cases ocours in the -
presence of sulphuric acids . .=

'Thé,iﬁaiépéngabi;iryfbf ﬁitfgti¢n iﬁJEeYefal phases arises due to the fact
that oh nifration in one pHase there ocours a partigl oxidation of toludl with

the' formation of benzoic acid and this leads t6"4 décrease -in the secretion 7 /
1. 0L benzoi v : . ] creas CoRgometIon L g

of trotil and'to & considersble’ expenditire of acids. - R /f‘u
Initial materials | Toluol ard azote (hlt. nitric ~.T) ‘and sulphuric aoids

" are, the PQS?C,maTGTinSg_"TQJUQl‘iéiﬁ cplourless, transparent and novable’
liquid having a definite odour; ‘boiling temperature of toluol is 110, 69; -
1ts specific gravity is about 0,87 (at 200); it does not dissolve in water:

Tﬁé folldiing hfé‘ﬁgéd_in‘thé ﬁféﬁgfafiéﬁhdf_toluql:‘ 

[T

S
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rock coal toluol, obtaired by coking ééal;dfrom which it isf?bssible
%o extract about 0,1 % of toluol.

rock oil toluol, obtained frem oil products (oil sometimes contains
approximately 1,8 % of toluol, and from the products of its proce—
ssing - pgrogenization - about 5 % of toluol is added).

Thus the raw material foundation of trotil is. very wide, all.-
the .same 1t is not sufficient for satisfying the requirements of.. -
modern armies, a situation which forces one to use together with

_ #rotil also other high explosive substasdces. ' :

Features and Use, 'Trotil is a crystallic substance light yellow in colour.
It has a bitter taste. Trotil melts easily; the melting temperature of
technical trotil is approximately 81°, the solidfying temperature is about
80%  Its specific gravity is 1,664 The gravimetrical density of crystallic
trotil is 1,6, The gravimetrical density of crystallic trotil is 0,8 - 1,0;
the density of cast trotil is 1,56 - 1,60, It is-almost indissoluble in
water; its hygroscopacity is very slight, It is best dissolved in spirits
and even better in benzole and acetone.  With metals trotil does not interact
by itself; it reacts to water and spirits alkalis by forming metallic
products, which are sometimes erroniously called trotillates which have a
higher sensitivity in comparison with trotil.

On ignition by a jet of fire trotil ignites and cven when in considerable
quantities, it quietly burns with a strongly smoking flame, It is moderately
sensitive to mechanical reactions: when picreced by a bullet it does not, as
a rule, produce. explosions, -~ - ' o ; S

In its pressed form trotil is most receptive to detonation — easily
explodes with the acid of a two—gram detonating cap: in its cast: form-trotil
is less rcceptive to detonation and needs the use of an interval detonator of
Yetril or of pressed trotil. o ' ' . L

Not reacting to light (exterior darkening of its colour has no signifi-
cance), moisture, variation of temperature ets, trotil is a very steady

explosive substance and in normal conditions of 'storage does not change its
qualities in the course of an indefinitely long duration of time.

The reaction of the explosive transformation of trotil can be expressed
by this equation: : ' L AT

ogl"ﬂé'.(moz)j‘ CH
+ 09H, 4 1,5N, 43,80

200 4+ 1,200, + 4,6H,0 4

‘ The gascous products of the explosion are poigsonous (there is much CO).
As the result . of its_slight-sensitivity,‘neutrality; chemical stability, - .
comparatively'grgat force of explosion and in view.of its comparative cheap+
ness, trotil is at present the main high ‘explosive used for the manufacture
of explosive charges for artillery projectiles, mines, air bombs etc. '
Trotil is also widely used in military demolition work. . Trotil has ousted
pyroxyline and melinite which used to'be'usedijr‘explosive'charges. In
combination with hexogene, "trotil is' also-used for the explosive charges

of armour melting shells, oo P e R

"2k, 'PICRIC ACID -
Ghemicggkggyggygjjéyk;gg{;3¥qugigg.» According to its chemical composition -
picric acid is related to the group of nitro compounds of the aromatic .series
and is‘azprodﬁct of nitration of pheaole (06 Hg OH), Its chemical nomencla— .
ture is trinitrophenole; in technology picrie acid is known by various names:
?elini§e1 (USSR, FRANCES; liddite (ENGLAID): pertile (ITALY), SHIMOZE

1 Helted ploric acid has been called melinite (from the Latin for honey ~
mel, as it resewbles honey in ivs extcrior aspect ).
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The reaction of the formation of p'icfic acid may be expressed by this
equation: o oo . o

cg.(ﬁ5 OH 4 '3,HN03' - G Hé' (10,)5 + OH

7+ A _’)-Hz 0.

But ag direct nitration of pﬁen_ble occurs violently and is.accompanied by
losses, phenole undergoes 2 preliminary process of sulphurization and is then

nitrated and the reaction of the formation of picric deid assumes the
following forum: ‘

e ‘Sﬁ-lphuriza'ti‘on of phenole. » o .
: ?6 35 ,Qﬁ + 2 Hyo so4 5" 06'-H5 K(H§O3)2 ”OH“f i
2 Hy O.

2, ' Mitration of :disulpl'l_oﬁhenolc;’_ o

_[96_ Hé"(NQZ)z.%OH_ =

OH  + . .3‘_. HNO_-5

i

C¢ H3 (Hsoj)2

B 2 Hp S0,

Basic Materialse Basic materials in the preparation. of "picrie acid afe,_.
phenole. vhose ‘solution in water is known as ocarbolic acid, nitric and
. sulphuric acid. o SRR EIRE .

Phenole is a product of benzole (Cg Hg) in which the hydrogen atom -(H).
has been replaced by the hydroxil group (OH). Chemically pure phenole.
unadulterated by water is.a colourless orystallic substance with & strongly
characteristic odour. e o .

from benzole.

" Phenole cbtained by a aistilling provess from coak tar lvor,‘s:'yi'n:h_ef:.:'.c:.éilljjr‘
Apart from phénole, as basic material in the manufacture of picrie acid
benzole or dinitrochlorbenzole Cg Hz (M0p)z2 ClL may be directly useds

The latter is an intermediate product of the technology of colouring substances
obtained from benzole by means of chlorination with subsequent nitration.

Thus the raw material foundation for picric acid are phenole and its
by-products, i.e. products from coking coal and processing crude oil.

. Features ond Use,. Pidric Acid is o crystallic ‘substonce and is light .yellow
in.colours It has a bitter tastej ité specific gravity is 1,8. : Its
melting temnerature is 122,5% Technical picric acid solidifies at 119,5 -

©42245%, v q A BN o

.

. .Picric acid does ndt éasily digsolve in viater. - It iz best dissolved
in spirits and ether and best of 211 4n benzole and din concentrated.nitric
acid. As in its essence it is a fairly powerful. atid it is. able.to replace
its hydroxil hydrogen by netals, forming salts known as picrates. Picrates
of heavy metals are very sensitive to exverior reactions and often explode
from percussion on a shot, Metal picrate is chnable of forming on the
jnner surface of the body of a projectile ,- o situation which makes 1t necessary
to cover this surface vwith a layer of t5n or to poligh it. - Then it ignites
in the.open air, picric acid burns up quietly with a} strongly smoking flame.
hen igniting in an enclosed ‘space, it explodes. A

In a powdered state, pioric acid is fairly sensitive to mechaniocal

reactionss - ifi the melted state, they: scarcely affect. it and it requires.

iy
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for its initiation, apart from a detonator cap, an interval tetril or pressed
picric acid detonator, S .

“lTheffeactibﬁidf;fhé.sxplosivé'trahsformation of picric acid can be
éxpressed by the equation: - - ST

2 G H, ‘ENQ2_~)3 _OH. = .2:wc:»o-2.+ 2 .c ,O +oHy O+ 0,5 -§2' + 1,5 N, +

e 20

‘“The gaseous products of picric acid are, as in the case of .trotil, poisonous,

(there is much C'0),

As it possesses good explosive qualitics; picric acid is a powerful high
explosive.  Till the appearance of trotil, picric dcid was widely used in
8ll countries in .its cast state (under the name of rnelinite, liddite, shomoze
etc), in the manufacture of explosive charges of artillery projectiles.

At vresent picric acid is used in the manufacture of demolition blocks,
anti~tank mines, land mines ctc. e o ‘

For marine nines and air bombs one uses a compound of picric acld and
dinitronaphtaline, e : i S

The chief defect of picric acid ig its great sensitivity to mechinical
reactions and. its téndency %o interact with netals (picratesg.

25, THIRIL

Chemical Composition and Formation. * Tn its chemical composition tetril
belongs to the group nitrate combinations of the aromatic geries and is a
product of the nitration of dimethyeniline | C, H N (CH,)21. Itsfull"
chemical nomenclature is - t v 4 n i trophenillned i'lnitram-

-

\ #Thé)réééfién:of»the“fofmdtion of tetril may be expressed by the following
equations ’ < :
_CH3
\" ) +

C6 H5 N(CH3)2 + L1OHNO; = 05 Hp (10y) 3,-1\{< o
. . - e N 02

Ca 6O, e o, + 81, O

Az the reaction, is very fierce, it is necessary in order to. obtain tetril .
with sulphuric acid, firsgt to prooeSS‘dgmethylaniline'Withfsulphuric acid .«
it is then neutralized and then one mitrates (it is processed with nitric |
acid) the sulphuriomacid“Saltﬂqf-dmnéthylaniline‘whiéh has formed,

Vo

Basic laterials, Basie materials are domcthyaniline, stilphuric and nitric.. .«

acids.

Dimethylanaline, befing a prpduct'of'éniline’(06 Hs NHp) and of .

methylated spirits (CH:;OH), is a transparent liquid which can have various

colours, ranging from light yellow to brown, Dimethylaniline has a specific &

tarry odour. It is soluble in spirits.

Features and use, Tetril consists of small crystals and has a light yellow
colouring. Tts specific gravity is 1,725, its melting temperature is
1319,5. It solidifies at a temperature of 1279,7, It does not lend
itself easily to solution in water but is easily soluble in benzole, acetone,
analine, is easily pressed and its density can be brought by compression to

1,654 .

7
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deatures and is a poverful H.E,

substance, having the enplrical formula,

L eming

Cg Hyp M, + & Hi03 =  CHDg NS. 23 (HOOH

% 1it, - tochnical - T

X T1legiblé in text. .

. Industrial ¥ tetril is less stable than frotil and picric acid, but for
normal conditions of storage temperatures its stability is entirely sufficient.
Tt starts to decompose when heated up to 100 — 110%; at a melting temperature
itg decomposition can be easily ohscrved with the naked eye.

Tts sensitivity to mechanical reactions is fairly great: considerably
more so0 ‘thon with trotil, and a 1little more then 3n the case of picric acid.

- Petril has a considerable sensitivity to detonation through the medium: of. a

detonator cap.

'

. r.... The reaction of cxplosive transformation of tetril may be expressed by
<this equation: ' . e

Tetril sturpasses trotil and picric acid (see table 18) in its explosive

T4 e used in the manufactufe of &arious kinds of a§ﬁbnatbfé and in
particular for:detonators in-artillery projectile fuzes; apart from-this,
it is used in the role of a secondary charge in detonating caps and when

blended with fulminating mercury -~ in priﬁacdr&s? -

" The 'obstacle, to its wider use for instance in explosive charges is
mainly its expense and high scnsitivity.

. E 326. fﬂ:}f{@@@ﬁf e

. Chemigal, Corposition and Formation HEXOCT éRussian_.iﬁ: text — GEKSOGEN — T)

Ts the abbrevistion for a high fragmentation (literary translation) Explosive

Oy Hg Og Mg

Hexogen is.known from 1897 but was first practically useéd’in 1919:  Hexogen
was first widely used in the Second World ‘ar )

" Hexogen-is a nitro compound; its cheamlcal name is cyclotrimethylentrinitr—

©“In order quﬁbtaiﬁ!hCXOQGh, ground, dried and_éiffédﬁgroﬁropine is
nitrated in nitric acid only (concenxrated nitrio-acid);‘fjihe reaction of
the Tormation of hexogen in this process can be expressed by the equation:
’ - CH5 O6X N
o+ ME, 105

 :(T;§ns1d§or's_né@éd"SQme of the figures are illcgible in the photostat

~  GAUTION) |

praiaingiSostvand

\
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60

60

decompos1tzon of urotrop:ne and uhrouOh the acidifying processes,

Ly the result of nitration, hexogen forms as a solution with used.
up nitric acids . In order to extract hexogen from this solution, the contents
of the nitrator? are emptied into cold water where 'the hexogen sets.

Basic Meterials, In order to produce hexogen the necessary basic substances
are utropine and nitric acid. o o

Utropine or hexomethy1entetramin (Cg Hyp. N, ) are obtained by satura-

tion with aimoniac of Q*OSd°jlne. It is a white crystallic substance and hasg

a sweet taste, LW

Pecullar:tles and Use. _ Hexogen is a hard ‘erystallic substance and is white'
in coTOur. _ Tts Sp@CWflG gravity is approximately 1, 8, it is compresséd to
a. den31ty of .1, 66 Tts meltwng temperature is at 2010 and when it reaches
this temperature St decomposes. : '

Hexogen is non hygrogeopic and practically indissoluble in waters
It dﬂssolves badly in sp:rlts, but dlssolves comparatlvely well 1n aoetone.iv

) Hexowen 15 very steady in so far as the .action of varnous react1ng agents
are concerned Alkalis do not affect ivs in concehtrated nitric acid 1t
dissolves without deoomposwn but it does decompose with sulphuric acid.
Hexouen does_not,interaot with metals.

HeXOﬁen reacts very steadlly to tempermture, surpaSSLnﬁ con51derab1y
tetril in this respect and is only sllghtlv less steady in this connection
than tr@tll.

Its flgsh temperature is ?QOO When ignited it burns w1th a brluht
Pleme and part of 1t melts, 1eav1nf a yercw1sh peel._'

Its, senSW%lthy 1 mechanwcal actwonu; alqo its sonolt1v1ty to de—
tonation is. greater than tetrll. ' '

Hexogen is used for® secondarj charnes in detonator: oaps and in prlma—
cords, also as an intermediary detonator. vhen blended with trotil, it is
used for e dépplng projectiles,” B S R

In s f the unlimitved nature of ifs basic raw materials (as the
bas1o materlals for urotropin arc coal, weter and a1r), hexogep has"not yet
come into sufficiently wide use, . This is to be explained by its high sen=:
sitivity to mechanical actions when compared with trotil, end;- seoondly, by -
the fact that it has not.yet been sufficiently studied, and that is why it
was not manufactured on a largt scale before the Second World ar,

27. TAEN

-

hike_hexoéeh‘ﬁaegvisvpne'éf the ﬁefe bewerfulihigﬁ’ékplosiVes.7'7'

Chemical Cmggg§1t10n and Pormatlon.' Taen is'a nitric acid ether of

ventaeritrite (G (Glp OH), ] end therefore may, be counted among the
nitrates.

The expense of orystallized tetrll is for 1nstance flve tlmes greater _
than that of trotil. SR

WL

2 Nitrotor is a epecial,Vesgeltferwnitrgiiongg“”J"‘
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“Tts Chem1ca1 name 1s tetranltrampentaerltrwt and 1ts formula is

c (ot{ 01\02)

“To produce taen, pcntaaer1tr1ue is nltrated Lﬂ nlﬁrlo acld alone
(1n coneentrated: ~orm).
- The reactior in this process may be cynressed oy

C (CHp OH), + ALHNOz = O (CH2 0N02)4 +

L +>'H4 le 0
The tecnnologlbal process of producing taen scarcely differs in anytnlng
frém the production of hexogen. Pentaeritrite (4 atoms spirit) is a'white

.Grystdllvc substance with melting temperaturé of 260°.  The raw material -

basis of ‘taen is.very wide, as the fundamental sources, fer 1ts productlon are
coal, water, air and lime. ' L :
Ega#ureg;ppd’Use.‘ Taen is a'small grawned white powder. | Its specific
gravity is 1,773 -it is compressed to a density of 1,6e The melting
temperature of industrial taen is 138-1400 Tts meltlng process is

accompanied by a slowidecomposition, ~Taen is non-hygroscopic and 1s 1nd1—

ssoluble 1n:water, and practlcally 1ndlssoluble 1n splrlts. .
Taen does not interact w1th metals and is” sufflolently steady when
exposed to reaocting agents. When exposed for a long duratlon of 1nteractlon

wlth vtroug alkall solutlon 1t beoomes soapy. :

EEE

A properly purlfled taen p0ssesses a satlsf%ctorj chemloal stablllty,
its stability is not less than that of tetril but it is less than that of
hexogén. - An 1nsuff101ently purified taen has slight ohemical stablllty and
long storage may lead t6 its explosion, Its flash tcmperature is’ 2450,
Taen is very sensatﬂve to mechanical actions and to detonation; din this
respect it oéoupies one- of the foremost places among other high explosive
substances which are in use to-day. In so-far as its ‘explosive ¢haracteri~
stlcs are conoerned Jt scarce1v dlffers from hexogen.

Taen is used in rhe role of secon&mrv charpe in dotonator caps and
in detonators of special purposes ammunltjon. ’

J“It"ié algo possible to usei‘taen for chargés of speclal purpose . ,
dmmuritiony TIn the S¢cond Yorld Var the Germans” madc m1de use of 1t f0r '
small caTIbre A/A she-"s and for A/Tk gren&deu. o : o

PR

' 2_8_.' DINITROBDNZ.OLE mIL (T::Lt. I\SILIL) DIN_TL'I“RO—" ¢
NAJ’HTALI\FE.

These nitroaromatic explos1ve substances are m31n1y used in compounds
and blends with triotil or picric’acid, as well as in the so—called symthetic
exp10s1ves blended W1th aumonlac - saltpetre.

DLNTDROBLNZOLu. s Chemloal formuWa
Cg H, ( WO,),
Dinitrobenzole is a nitric product of benzslé,
Benzole is a colourless, transparent and volatile liquide It is a product
of the coking = benaole industry and of ‘thc processing of orude oil.  Yhen
coking coal in old fashioned coking furnaces twide ag mich benzole is™

obtained than toluol, and in the case of modern plant - seven to eight times
MOY'E o
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In the pyrolization (lit. = 1) of ‘érude oil onc cbtains (according to
weight of the basic rew matcrial ) 6, 6% of benzole and L,4 toluol,  Thus
the raw material basis. of:dinitrobenzole is broader shan that .of trotil.

e Dihitpdb@ﬁzoic}ig_obtained'from’beﬁzéié by means of a two phased
nitration, ) e

In view of the cheapness of the basic material and ‘the simplicity of
production dinitrobenzole is approximately one and a half times cheaper than
trotil, The peculiar feature of dinitrobenzole, vhich is.an ohstasle to
its manufacture and use; is its comporatively hizh degree of volatility and
the poisorous nature of its vapours (which can be eliminated by proper
ventilation), S R

Featygﬁgigggtjggg .. Denitrobenzole is a hard, crystallic substance, yellow in
colour;  its melting teuperature is about 909,  Its specific gravity is 1,5;
its density when wmoulded g approximately 1,45, : -

Dehitrobéhzble aoes.noﬁfdissolve'ini?aﬁer,‘but dissplves,well”in organic.

dissolverg, = It does not. interact with metals, It possesses an excellent

chemical stability. Its flash temperature 1is more than 3009,.  When ignited

it burns quietly with a strongly smoking flame, It is less sensitive to
mechanical reaction (nearly twice less) than trotil. Tt is little rcceptive
to detonation, gpecially in its cast form, as the result.of which it néeds

& special detonator.y. . . o P h e S - o

In its explosive qualities it is inferior to trotil.: Dinitrobenzole
can be used for ammunition: charges both in its pure form (with the addition
of a sufficiently powerful special detonator) as well as blended with other
explosive substances ge.g. with picric acid) and, above. all, as a blend with
amnoniac - saltpetre (e.g, a blend of 80 % of ammoniac. — saltpetre with
20 % of dinitrcebenzole has heen used under the noiie of bellite). .= -

In the first world war, in view of the great expenditure of explosives

and lack of trotil, dinitrobenzole wasg wmuch used by the Germans; it found _

no application in the second world war,

XYLIL (Lit. KSILIL), like dinitddbenzole was used in the first world wor
as 2 high explosive substance to replace the shortage of trotil. It was
mainly produced in RUSSIA and FRANCE and was uged in compounds with. other:
explosive substances, also.as.a blend with ammoniac ~ ‘saltpetre. .

The-bagic waterial for producing xylil is xylol which is obtained by

processing coal and'crudé . oil, . This procéss gives flve times less .of xylol

than toluol, - - RLEERE .

Xylol is a colourless and transparent liquids” Two nitrations are
essential to produce it.. B o Lo ‘ T

It consists of a hard crystallic substance which has a yellowish colours'

Its melting TYouperature is about:1809; & its specific gravity is 1,65; its
gravimetrical density is approximately O,6. Its hygroscopacity is slight,
it does not dissolve in water, not well 'in spirits, éonsiderably_better,
however, in benzole and acetone, It does not interagt directly with metals;
is steady in heating and melts without decamposing;  its flash temperature
is about 3300, - 0 ' ' ’

It is more sensitive to mechanioaljactions*than”troti;j ~in this con~"
nection it'resembles.pi¢ric acid, in it sensitivity to percussion and to
bullet penetration it does ndt differ from trotil. .

Tis suscepﬁibiiity'ﬁo‘initidtion COnSidcraﬁly“ﬁlqétﬁafés depending on-
the degree to which it has been.ground.snd on the contents of o0il admixtures.

? lubricants — T) acting as phlegmatizers. It is slightly inferior in its =~ -

explosive qualitics to trotil.. .

e
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“Xylil is not used in its pure form; when blended with trotil it

possésses good explosive qualities ond reacts well to detonations - It can be

used for ammunition charges, also when blended with ammonisc — saltpetre.

DINITRONAEHTALINE'is a product of nitration; its chemical formula:
o v 910 He (1105);

The'ﬁaéiglméferial‘fbr dinitronaphtaline is naphlaline (Cyq Hg), produced
from coal tar at about 15 of coking coal. . R
Nephtaline is a white orystallic substance with a characteristic odour’

and melting point of 80 Dinitronaphtaline is obtained from maphtaline
through two nitrations. ‘ < ST

* Dinitronaphtaline is a hard substance of small gfaﬁules;f‘ylts‘colOUr
ranges from yellow to brovm. Its melting-temperature is not below 1500, -

' Its specific gravity is 1,5. Its hygroscopacity is slight, and it is almost
Teaie :
-intéract with metals, is 'stable in heating and is not sensitive to mechanical

soluble in yrater and spirits, but dissolve in acetonc.. It does not

actions. ,
i;vThé eip;ééiﬁe qualities of dinitrdnaphtaliﬁe'aie'vefy wCak,ahénCe‘it
cannot be used independently, and is exclusively used in admixtures and
alloyed with other explosives. The best known alloy is 88 % of ammonia = °
saltpetre with 12 % of dinitronaphtaline, known as SHNEIDERITE., “ It wWas

widely used in the £irst world war.

‘? "Apérf from this, dinimronaphélineﬁis_uéed_és,a"ﬁlehéfwith_@ibric acid

'(80 % of picric dcid, 20°% .of dinitronaphtaline); this alloy is known as’
_,’.. . . » N . R EPLN

"Prench Blend,"1,
29 AMMONTA — SATZPETRE EXPTOSIVES

AMMONTA + SAT.TPETRE explosive substances are those whose basic part is
ammonic - saltpetre; apart from thig some fuel and most often explosive -

.. components form part of them.

. AUIIONIA — SATTPETRE ( NH, N0z) is.a hard white erystallic substance.
It is strongly hygroscopic and diSsolves very well inwater. Dry ammonia —
saltpetre melts and ‘decmiposes at & temperature. of 150-1700, "Dry ammonie -~
saltpetre rot slightly interacts with metals, but when it is moist - it does

- g0 considerably more, and causes oxidatien of metala

Amonia — saltpetre is in itself an explosive, but a very Wweak one.

In order to arouse an explosive transformation, special conditions are
required, and a “sufficiently powerful iniltial impulse.

. .r.. The reaction of decomposition is expressed by‘fhis“équétidh:"‘

o o NH, NOz = 2 H2 0+ Np + 0,5 .0‘2 -

_"Whéﬁ;if;decpmpreSjif'secr%tés free oxygen; . hence it is used alloyed with

fuels. = Among the latter are uded:

(a) explosives not having sufficient oxygen for the total coibustion of
" @1l products. of decomposition, as, for instance, frotily """
(b) non-explosive substances: organie, for. instance, wood ‘or peat
dust, wood shavings, charcoal etc; non-organic,. for instange,

aluminia, silico-aluminium, ferro—~silicia etc. o o

1

yﬁgnié —"Saltpetre divides into the following types, aceording to fhe

" componénts which enter into it;

1 Scmetimes it is called "French compound, '
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1. AMMOTOLS ‘= éxplosive components containing trotil in the capaeity of a
combustible substance in a quantity of 20-60 %.

2. AMIONALS - explosive substances containing trotil in the capacity of a
combustible; substance (or xylil) and aluminium powder; the latter
inereases the temperaturc of the: cases of burning.

3 Dyn@mgggg.‘ These are explosive compositions with non explosive fucl
admixturess i

A1l these compositions ( ? compounds — T) surpass trotil in their
blasting effect'(they provide more gascs) while in their high explosive effect
(bursting) they .are inferior to trotil because they take longer to detonate,

Armonia - saltpetre explosive substanceg are, as a rule, powdery alloys
whose colour depends on the composition of the fuels which are added to .then
and therefore their colours may -differ.

The principal defect oﬂ?ammoni& ~ saltpetre explosives is their hydro-
scopacity, also their tendency to absorbe mbisturex??) which ‘lowers their
susceptibility to the initial impulse, which may lead o incomplete explo-
sions or to explosions which pass to ordinary couwbustion.

The>sensitivity 10 percussion of ammonia - saltpetre explosives is
slightly higher than that of trotil, but is less to friction. Their
. sensitivity to fire is slight: they do not ignite from a spark, and with -
sdifficulty from fire,

JAmmonia - saltpetre explosives are widely used for all kinds of ,
demolition work, for anti-tank and anti-perconnel mines and for demolition
charges. In order to prevent them from being affected by moisture, they:.
are placed in dup - proof casings. : S

Ammonia ~ saltpetre explosive have a number of names depending on their
composition, The most widely used are set out in teble 17, Explosive-
and technlcal data for the most comnonly used among them will be found in
table 18a : : : ;
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65 ‘ PYROXYLINE ('alt. Gun Cotton — 1)

Chemlcal Composition and Formation, ' In its chemical comp081tlon pyroxyline

.belongs %o the group of’ conplex ethers of nitric acid apd is.a nitrate of
cellulose or cellular tissue (2) (wmore exactly, it is a compound (alt. blend
- T) of such nitrates).

As a product of nitration, pvroxyl1ne is very non-homogeneous and
represents, as experiments prove, a blena of various nitrates of oevlulose.

66 The elementary particle of cellulose called a glucose rempant, is
expressed by formula; Cg :Hy i Oxe Thi.s elenmhtwry oartlcle has, taken by
itself, no physical or cnenlcaz significance, and does not GXISt by itself,
Only when Joining with other such warticles, it forus a so called elementary
body which consists of four elementmry particles

Hence the formula for this elem¢ntary body looks like this:
(06 i Og )4 = Coy, Hwo

This forrula is used for computing the reactions in the formation of nitrates
of cellulose, Thus for instance: _
Co, o O+ 11 ‘:rmo_,> = 11 1, 0 «+ 024 H2'9‘O9 (01\102)11

The nltrutc of cellulose, obtalned as the result of this reaction -

i.eq (ono )44 is called, according to the number of its atoms,
11 azot%s. Bv alterlnf the quantvty of HNO., one can obtain nitrates- of
cellulose with other azote contents, for instance:

Coy, Hyo Ogo + 9 m\roj_ = 9 Hy 0+ G, H31 11 (ON02)9

By comparing these o equatlona one can draw the conclus1on that the greater
the azote contents are in nitrate of cellulosc the more oxygen 'is added to it,
and the greater will be the degree of its nitration: the degree of nitration
is determined by the guantity of groups ONOp contained in the molecule of

pyroxyline, , : ;

It has been noted above that pyroxvllnc represents a blend of nltrates of
cellulose ot various degrees of nitration, Hence the problem of cla551f10a—
tion of nitrates of cellulose is of vcrv great inportance.

The most acceptable class lflG tlon is set out in Table 19,

; TABLE 19
Gla551flcatlon of Pltrafeb of Cellulose ) .
Nane of Nitrates of Cellulose . .G,ECR?':CB}MF.O}TW:M Azote Gon‘tent.; in % ‘
12 azotes Gy, Hyg 0g (0NWO,) 12 Uy 1l
7 " , Coulihg O (ono,) 11 13,47
) : ' / '
10 _ Coy, B3 040 (owo,) 10 12,75
" ’ ' ‘ T
9 . C2)+ H31 o11 (oho Yy 9 11,96
it
8 ‘ Gy, 32 , (0mo,) 8 11,11 |

7 " . (01\0) 7 10,18
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' «: TABLE 19 (Contd. )
Neme of Nitrates of Cellulose Cheriioal, Pormila Azote Contents infs
5 azotes o 024 H35 015 (ONOZ) 5 . .82
L 'v,_‘. o o Cpy, T35 O4g (oo, ) ’41_ ) | 6,76
S : \{ ' . ' S
’ o Ty 047 (M) 3 536
il I ’ S 9
2 Q%HBB O,g (01,02) 2 3,79
1 ST c_:24 Hzq 019_(01\102) 1 - | 2,00
. Non-nitrated L
: ,Céllulqﬁe B R Q24 HAO O20 : 0

67_

less than 124 of azote, .

| 67

e differ fron each: other by theéir zbility to dissolve in spirit and ether

12 azote nitrate of cellulose has not yet beén‘ﬁroduced, though nitrates have
been obtained which are close to it. , i

11 azZote nitrate of cellulose is produced by the action on celluloge of an

©acid mixture containing 22 % of HNOs . 66 % CHy 80, and 12% of Hy O at
7230 minutes nitration and &t a tenperature of 300C," . This nitrate of cellulose

67 .

dissolves badly: in spirit_an&‘ether-mixwure, it belongs with its composite
part to industrial pyroxyline (pyroxyline'ﬁo 1) and is a powerful H.E,

10 azote nitrate  of cellulose is dbtained through the action on cellulose of
en acld mixture containing 21,5 % HNOs (page perferated here — T)? 5% Hy 80,
and 15% H, O. It forms the so callgd Lo 2 pyroxyline,

11 and 10 azote nitrates ofacellulose are thus called pyroxyiines:
pyroxyline contains not less than 129 of azote,

9 azote nitrate of ‘cellulose can be obtained through the action of an
acid mixture upon the cellulose, containing 21% HNoj, 63% Hp 804 and

17% Hy, ‘0. It dissolves well in a spirit and ether mixture, acetone, nitro—
glycerine and belongs, as was already indicuated, to pyroxyline No. 2.

Eight azote nitrate of cellulose ig produced by the action of cellulose of an
acid mixture, containing 209, of HNO3; 60% of Hy, 80, and 20% of Hy O.

Tt dissolves well in spirit and ether wmixture. - It is widely used in the
manufacture of "celluloid, synthetic leather, lagness etce

‘9 and 8.azote nitrates are known as X o1 1 0 x i line s, This contains

7 azote nitrate_ofaqellpIOSe and nitrates of a lower degree of nitration are

not uged industrially, as they ‘dissolve poorly in the usual solvents, while

3~2 and 1 azote nitrates have-not,peen produced up till now.

Eﬁus 6n¢'hds t6 deal in practice with mainly two'kindé of pyroxylines which

mixturey Hehde,pyroxylﬂpé”No 1'i5"somevimés_Ca11ed indissoluble while

" pyroxyline No. 2 is lmown as = dissoluble,

SN

Basio llaterialse ~ The basic materials for the production of pyroxyline are
cellular tissue and nitric and sulphuric acids

Cellular tissué, or cellulosc, is the structural material and basic substance
from which the sidés of vegetable cells arc formed.

SECRIE
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JFivrous substances form the main contents of cellular tissue, as for

~instance = flex, cotton, hemp etc. For this reason pyroxyline used for a

long time to be cxclusively produced fron cotton which contains cellular
tissue to the anount of 87-91%,  Trom the 1914 -~ 1918 orsrards the production
of pyroxyline tested to be based on vood as the morc economic product; dry

wood comtains cellular tissué to the amount of from 45, 3% (birch) to 57, 8¢

(fir tree).

Features and Use. Pyroxyline is an alwost white mass and in its exterior
appearance scarcely differs from the material from which it is made., It
hes neither smell nor taste. The true density of pyroxyline is 1,65 - 1,66,
The gravimetrical density of friable pyroxyline (sap) is about 0,2 - 0,3,
this density can be raised to 1,25 by pressing moist pyroxyline.:

Pyroxyline is very hygroscopic but does not dissolve in cold or hot
water, which is vhy it is stored in its moist condition. Moist pyroxyline

" secarcely reacts at all to a mechanical initial impulse while Aty pyroxyline

is most sensitive to ite In order to produce an explosion the height of drop
of & 2 kg, weight on an 'anvil! must amount %o 20 em in the case of dry

. pyroxyline, and 180 cm ~ for moist pyroxyline. : :

Tts flash temperature is 1950.4 “’hen igniﬁed in the open air, dry
pyroxyline, in small guantities, quickly burns-up without explodings Dry

‘. pyroxyline detonates from a detonator cap. Hoist pyroxyline detonates from
. the detonation of dry pyroxyline. . - G

It dissolves well in acetone and in artificial ether; . its dissolution

in spirit - éther mixtures depends, as has already been said, on azote contents

(soluble and indissoluble pyroxylines), Collodenial cotton (9 and 8 azote

" ‘nitrates) dissolves well in nitro-glycerine,  The ability of pyroxyline to

dissolve satisfactorily through the action of various kinds of solvents is
widely used in the manufacture of smokeless powders and dynamites.

The réactions of the explosive transformation of pyroxyline may be
expressed ag follows: :

Cs. :(~O_N02l)11v,":=_ 15C0 + 900, + 9H. O + 5,5 H, +

21, 29 %9 | 2 2
v by, = sl an = 98T K 5 v 3310

: C,, a0 %10 (0N0,)yq = 16 CO .+ BCO,  +.‘ 'BHZ 0+ THy 4
+ 5M = 8985 Qo= 889Gt o= 3024%.

. Coy 3 044 (oW0g)g = 17CO0 + 7C 0y A 7 gg.‘o.,*_:8,5 H, +

o oh5 N o= 93%6L L Qe = TTAK; T o= 26370
Tﬁg volumelof_gééés‘ws,'heat bfﬁéxpidsion (Sécieted on the,éxﬁlosion) Qr
and;thg temperéture-of the explosive % have béen computed from the above
equation for 1 kg of pyroxyline, - e : -

From a study.of these reactiohs and the W, Q.and %, corresponding to

" “them, it follows that by a decrease in the azove contents, is6s O a lowering

of the degree of nitration of pyroxyline, its explosive faculties will drop.

The éxplosivé'reaéﬁibhs”of yro#yline"ménifést themselves by incomplete
combustion (presence of C O and'Hg and by complete gasification (smokelessness)s

R —
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_follows:

57—

At preseﬁt pyroxyline is scarceTv used at alT as an GXPIOolVG substance,
In spite if this, however, the importanoe of pyroxyline is very considerable
indeed, as it possesses good explosive qualities and the ability to turn to
gelatlne { to. become transformed into a gelatinous mass ) throufh the action of
various solvents; =— it is reckoned the basic initial material in the menu-

wofaeturd’ of smokéIGSS'ppwders and dynamites,

31 NITRO-GIYCEPTHE and DYNAMITES

Ohem:cal Combos:t:on and Formatlon. v Accordlng to the chemlcal

: rcompos:ﬁlon, nltro~g1yoer1ne or g]ycerlnenatrate, the: same as pyroxyline,

‘belongs to the group of complex cthers of nitric.acid and is a product from
the n:traclon of the three atom spirit of glycerine [O H% (OH)5

The reaction of the formation of nitro-glycerine may be expressed as

G (o0 () e 3m0y = 3R 0 e 0

:(ONOZ)B'

 For holding (llt.vtzelng, binding ng, connectlng, jownlng - T)'thei?afér which

forms dur:ng nltratlon, the 1atter is passed throu&h in the presence of
sulphuric acid,

Inatlal Materlals ”hesc are glycerine and nitric and sulphurlc acilds.

lecerlne is a oolourless and 071y 11qu1d w"th £y SWbetluh taste, but
odourless. The quality of glycerine affects to a considerable degree
. the safety of the process of nitration and the result of the finished
products Heénce ulyoerlne used for the manufacture of nitro-glycerine,
otherwise known as dynemite glycerine, must be pure. The test of
glycerine oonsists of its chemical ana1y31u and a test nitration in
‘laboratory cendmtlonu. -

"Features and Uss, - Nltro—glVCérine consists, in the same way as glycerine,

of an Ollj and odourless liquid with a sweetish taste, Its colour depends
on the colour of the basic maverial (of glvcernne). Nitro-glycerine may have
several colours ranging from light yellow or almost colourless to brownish -
ye11@7. Tts specific gravity is 1,6 at 15° C. Vltro—Olyceflne dissolves
well in the majority of organic solvents. It dwssolves poorly in glycerine,
petrol, liqroine and kerosene {paraffin - M. In water, - in 1 litre atf 200,
it.digsolves &t a ratio of 1, s8 grammeg and at 500 - at about 245, gramnes of
nitro—glycerine, - . - o
Strong sulphurlc and nitric a01ds dlSSOlve nltro—wljccrlne., Strong

alkalis make it SOapJ (2 ) wheri heated, T:.‘cro-[flyccrlne is in itself a. cood
solvent - for o B : :

the combination of the arOmatﬂc group and what is speclally important, it
gelatnnaues ooloxylﬂneg.i"_ s S - L _

A 1

h:tro—glyoerlnc has volatlle qualwtles on an 1ncrease of temoerature:f
and freezes eavllv.a. R S

Chealcally pure nitro-glycerine is very stable; 4 test sample produced
in 1874 has still not lost its qualities: but acids which have not been .«
washed away (alt. wasted off - T) Llower the chemical stability of nitro-
glycerine and cause its self—decomposition, a situation which may lead to
explosion. Tn its sensitivity to mechanical actions nitro-glycerdine is very
close to initiating explosive substances; hence it is dahgerous to handle.
It reacts considerably weaker to heating and produces an ordinary explosion
cenly on intensive ignition, It detonates from a detonator - cap.

® 7 . Caution, illegible figure

Approved For Release 1999/09/08 ::GfAIRDP78-04861A000100030001-9




Approved For Release 1999/09/08 :,CIA-RDP78-04861A000;I00036001'-9 ‘
. ‘SECRET .

CPYRGHT
— =6l

| The reaction of its explosive transformation can be expressed by this
equation: n '

[T

Uity Hg (ONOp)z = 300p 4 2,5Hp O 4 0,250 + 4,5Wp

Nitro-glycerine is poisonous, ihen working on it, it penetrates by suction
into the pores of the skin, where hands are not protected, and causes violent

headache.

v As mitro-glycerine has a very -high temperature.of explosion and a very
great speed of detonation, ‘and on exploding secretes a great amount of heat and
gases, it is oneé of the most powerful explosive substances, but as the result
of its sensitivity and its liquid condition is.not used directly as 2 high
explosive and is only employed in the production of smokeless powders and
dynamites, ' o ' '

‘DYNAMITES., Dynamites, as has already been stated, are called high explosive
substances whose basis is formed by nitro-glycerine mixed with, substances which
are capable of absorbing (retaining) nitro-glycerine or to become gelatined by
it, This leads to the formation of o plastic.mass which is either hard or
friable, :

" Dynamites, retaining in the main all the cxplosive gualities peculiar to
nitro-glycerine, do not, however, possess such an eXxcessive sensitivity to
mechanical actions and are a plastic mass. Hence they are widely used for
blasting. R '

-‘A“c températures commencing from -+ 8° and lover, some dynamites freeze and
" in this state arg very dangerous to handles

v iDepending on the character of the substances with which nitro-glycerine
is mixed, dynamites are grouped into those with non active and active
foundations. Its name shows that in the first instance the foundation does
not participate in the operation of the explosion, and that in the second
instance — it does. A classical example of dynamites with a non-active (alt.
“pasgive ~ T) foundation is the so-called gurdymemite which consists of porous
F'o‘ne word 7%) earth (pebble ?%), saturated with nitroglycerine (25% of kizel'gur
‘and 75% of nitro-glycerine). Apart from kizel'gur megnesia, chalk ‘etic,
.. 6an be used for passive-dynamite. o :

7

At present dynamites with non-active ‘Poundations are not in uéel_.' )
" he manufacture of dynamites with an active basis is founded on the
qualities of nitro—ilycerine, as has already been stated, of dissolving some
.., kinds of pyroxyline, resulting in.the formation of a uniform elastic mass
' resemb¥ing gelatine; this process is called gelatinization. A

A weakly gelatinized nitro-glycerinc pdssessesl the quali‘fy' of retaining
.. firmly some admixtures (saltpetre, wood and meel flour) without losing its
© plasticity. e

- The folloving arc the most widely used dynomites with an active basis?

fulminating gelatine, or explosive gelatine (approximate composition: 7-13%
collodionic cotton and 93 = 87% nitro—glycerine ) and plastic dynamites

 (approximate composition: 3—6% collodionic cotton, 9-27%, potash sulphur

. or sodium sulphur, 2-8% wood flour and 62 = 83% nitro-glycerine).

= ﬁRusSi&;n "ifuzornaya zZzemlyal~T)

¥ pussian "k iz el' gur

v
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To the group of dynamites with an active foundation belong grisutines®
(approx:mwte composition: 12-30% nitro-glyccrine, 70-88% ammonia-saltpetre,
about O 2“4N collodionic cotton and any non-active absorbant, c.g. chalk).
For some types of work, for instance in hard rocLs, these dynamites are
indispensable, .. Aparu from this, when glant mines are exploded, dynamites
are also used as powerful detonators for other oxplosive substances. .

SR

CHAPTER FOUR e
PROPLILING EXPLOSIVE SUBSTANCES (POUDERS)

32. SHOKELESS POVWDERS

. Gelatlnﬂzat:on and composition. The main defect of smoky powder consigts of

Jts insufficient foroc, which was found unable to satisfy the requirements
set by the demands in the second half of the XIXth century for artillery, in
80 farras its long ronge aspect wag concerned,

At that time many poverful explonlves were known, but it was found
impossible to adapt them for propuislon of projectiles in view of the great
ve1001tles devcloped by them in thelr exdlos1vc transformatlon. ’

Tn order ke exm?o*t H.E. substances for the prcpu181on of progectlles
it was imperative fo solve the task of lowering the velocities of their explo-
8ive transformation to the velocity:of rapid aombustion and at ‘the same time
to ma:ntaln ~their force. . This Tawk was solved by the’ gulatlnlzgylon Of
pyrcxvlﬂnc. :

. Gelatlnlzation~is based on the fact thot pyroxyline changes its physical
nature through the action of some solvents and changes into a uniform con—
gealed mags, and after being condensed it assumes a cornlculated form. (hard
colloid), -Due to the great density and viscosity of this mass its explosive
transformation now occurs as a rapid combustion. The process of the passage
of perXlenL to a congea1ed condition is known as gelatlnlzatlon.

Dependlnr oh- the oharacter of solvents and o thelr 1nfluence on the
explosive features. of smokeless Dowders; the 1amter are lelded 1nto the two
following o roups' '

1. Smokeless pyroxyllne_powders, among which the solvents have no
explosive qualltleo and arc intended only for gelatinizing the pyroxyline,
after whWoh.thay arce removed from the gelatinized maess with the exception of
a very small amount which guarantees the colloidal condxtlon of this mass.

2e Smokeless nitro-glycerine powders, among whom nitro-glycerine is
the solvent, remaining after the. .gelatinization among the constituent parts
of the mags. of powder. It together with.pyroxyline forms & solid com-—
blnat:on. . ' SRR

Smokeless pyroxyline powders are nrcparcd from an alloy of two kinds
of pyroxyline. — No. .1 and No. 2, possessing different explosive qualltles._,
By aluerwnﬂ the proportion between these two kinds of pyroxyline, one can
select the required force and speed of cambustion of the smokeless powder in
relatlonshvp to uhe type and calxbre of the gun in questlon.

In the manufacture of smokele s powder from these two kinds of pyroxyline,
the solvent used is a mixture between spirit and’ ‘ether. Under the influence
of this spirit and ether mixture, pyroxylinc Mo, 2 dissolves and Jforms a
sticky and dense liquid -~ known as 00110d7um,:ﬁh116 pyroxyline No. swells.'°
Collodial solutions, when thoroughly stirred, penctrate into the particles.of
-pyroxyllne Noe. 1, glue them together and thus form-6ne uniform plastic mass —
gelatnne. ‘hen removing the solvent, the gelatine condenses and in this
process. of OondLnSlOn are formed powder grawns of the requlred glzes and
shapes.

# Unknown expreuswon - presum&bly from the Fronch word "grlson" - fer damp - T

ixahealed

+
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Smokeless ni tro—glycerlne powders are of two main types:

(1) bal 1lst1tes - powders from a m:lxture of pyroxyline No. 2 (colloxyline)
et with nl‘cro-glycerlne, here nitro-glycerine is takenm in a quantity
M :whloh is sufflc:.em; for the full solution of pyToxyllne,

(2) bordltes —~ powders from a m:l.xf;ure of pyroxyllne I*o. 1 w:t.th nitro-
glycerine, : :

The essence of gelatinization in the nanufacture of smokeless nitro-
glycerine powders remain the same as in the case of pyroxyline powders; only
not two kinds of pyroxyline, but pyroxyline with nitro-glycerine, combine
and form gelatine in the presence of the solvent, Were one in this conneoc-
tion to take as foundation of the powder pyroxyline No. 1 (cordites) the
solvents will be outone and mtro—wljcerﬂne but if colloxyline (ballistites)

, are chosen as fcundaulo.n, onTy ni tro—glvcerlne will be "the gsolvent.

On an increase in the nltr‘o-b"yccra.ne contents, the f‘orce of nl’cro—
glycerine powders increases, ‘as m.*cro—-rl rcerine in comparison with pyroxyline
is the more powerful explosive. ' But there is a limit to the increase

(about 60%5) as when the nitro-glycerine content is considerable the viscosity

and density (? compactness — T) of the gelatine decrease to such an extent
that they cease to be an obstacle to the spreading of the reaction of the

_"explos‘tve transformation.at a speed a)pproach:.np to the speed of detonation
and a gelatine of this kind ceases to be a. propelling explosive substance,

This can be cbserved in fulminating gelatlnes and rrelatlndyna‘nltes, whose
collodial cotton con'cents do not exceed 5t O5%4 :

Types of Pcmders. A definite ’cy"pe of‘ pcwder must correspond to a gun of a
-def'unme type and cal:.bre. The type of smokeless powder is determined by:

(1) the chem'l cal contents of' the powdcr, i,e, by the correlation of
.. indissoluble (Ifos 1) and dissoluble (iTo, 2) pyroxyline and the
. relationsha.p between: pyro;qu-l ne. and nitro-glycerine - for nitro-
lyoer:me powders - ('che chemical oontents of the powder express its
f'oroe and the speed of its combustion) .

(2) the shape of the powder graln, which may be ribbon shaped tube
shaped, disc shaped etc determines (llt. characterizes - T) the
progressiveness of the oombustion of ‘che powder, (see part two,
pages 113-120) .

: (3) "the dimensi. ong’ of ‘che powder &raln - the Jlength. and thickness
(dlameter) of the ribbons, tubes etc (ch.mens:.ons of powder grains
express the dura‘c: on: of the full combustlon of‘ a po*wder (alt.
propell'lnrv - T) charne.

These fea‘cures are’ cons:.dered 1n greater detail in the second. part of
this book as they aré comected With the problen of 1nner ball:\.stlcs.

) A definite mark of powder corresponds to each kind of powder. Thisg
mark: :Ls included in the mark of powder c‘qargeu.

53. FEATURBS OF SMOKELLSS PO"JDERS.

T -

ths:.cal and Chem.cal Pecullarrbles. In thelr ou‘cer appearance smokeless

‘powders greatly resemble a horny “substance or carpenter's glue, In thin

strips and discs "t:hey are almost transparent. Povders may be of different
colours from light yellow to dark green and brown depending on the stabilizer
arid the kind of pcwder. Small grained powders when proaessed with graphite

' have a sh:t.ny grey or black oolour.

flhen exa:rm ned throuph a m:v.crosoope one can spot 1n smokeless powders
separate filaments (alt, fibres —'T) of non-gelatinized pyroxyllne, and in

n:.’cro—glycera.ne paiders - tiny nltro—ﬁlycerlne dropse
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Th  Smokeless powderslloné retain the odour of solvents, stabilizers and

ig

75

3ﬂ-limit§ of, 180 — 2000°, Under the"short-durati.on.action of the ignitor cap
o flame these povders ignite in view ‘of “their compactness, with.difficulty and
eften fail to acte  That is why smoky powder is,used for igniting smokeless

o camphor etc, ). The shape of the graing of smokeless powders is very
- of small. tubes, threads, ribbons, small cylinders with -one or.more small
smallest in size is hunting powder (T - i.e. shot gun powder), the diameter of

“metre in length and 2,5cm in diameter, Smokeless powders are fairly stable
“as the result of which they neitherlalter;their'Shape, nor crumble or turn

- their grainmetrical density, even aof specially heavy powders, is always less
than a unit. . i : : el

WoLsture ~ pyroxyline powders 1-2% and nitro-glycerine powders — 0,5 - 1%,
posses grcqg@rﬁhygrpsoopacity in view of thoirrporouS»nature; thelr moisture

- ballistic qu@lities.1, Nitro-glycerine powders when compared to pyroxyline

less powders undergo a sharp decrease in their chemical stability, a situation

norm), it is subjected to periodic testa,
_smokeless powders are only géses, which explain the absence: of smoke,

them dangerous to handle, . This sensitivity increases with an increase of
indissoluple pyroxyline in nitro-glyderine povders and nitro-glycerine - in
- nitro-glrecrine powders (grains ("='1), and to o lesger extent, in powders
+grains.  The flash temperature of “grickeless powders fluctuates within the

.. In the open air siokeless powders . burn with an'intensive yellow flomc;

other admixtures which are used in the course of their manufacture (cther,

variegated: powder grains may be disc.shaped, they may have the appearance

grooves ete, . |
This diversity also applies to the dimensions of powder grains; ‘the

whose grain amounts to 0,5 ~ 1,0 mm; +thé dimension of the grains of tubular
powders used for propelling charges for heavy artillery pieces, reaches one

to powder when transported or shaken,

The specific wéight of'smokcless powders fluctuates from 1,55 to 1,63;

In. norual ‘conditions smokeless powders contain a . certain amount of

When kept in o damp atmosphere the contents of ‘moisture. in them grov/, which
lead to a deterioration of their ballistic qualities. Pyroxyline powders

contents may reach froi 2-2, B%; but ‘moistening scarcely /influences these
powders as after drying to their normal moisture content, they restore their

powders . are less porous and consequently less hygroscopic, but when moistenecd
and then dried, they alter their ballistio,qualiﬁiés;,as,Water‘is able to oust
the nitro~glycerine from the contents of the mass of povider, Therefore one
ought not to use damp charges, They must be sent. to fthe stores. It has
alrcady been pointed out that the loast chemically stable explosives are the
compound qﬁgérs of nitrogen acid; hence.the chemical. stability of smokeless
powders ia;cbmparativelyzslight even in normal cbnaitionsﬂOf”storage. On

an increase and in fluctuation of temperature inthe place of storage, smoke-

which may lead to'their spontaneous combustion (lit. self ignition - T)e
In order. to avoid this and to remove powder with a lowered stability (below the

The explosive transformation of pyroxyline and nitro-glycerine expresses
itself in. a full formation of gas; hence the products of combustion of

;g;ggygggzggggggggqunggggggggggg,-‘ The sensitivity of sumokeless
powders o mechanical reactions ‘is fairly highy but hot.so high as to render

powder charges, _ et N

in great quaritities and in.conditions - of strongly incdeased pressure this
combustion may pass into detonation,

The main characteristic of the ballistic qualities of smokeless powders
are the force and speed with which they burn.. The speed with which smokeless
powders burn is also known as their vitality, Both these characteristics
are ‘determined by the:magnitude of the maximum pressure and. the speed with

e

1 Pyroxyline powders are dried in the shade and in no cagse in the sun,
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which this grows in a Mmanometeric boub! (alt, ? pressure gauge container - T)

- during the combustion of a powider samples

v & . Nitro=-glycerine powders secrete slightly less gases in the process of

-.gombustion than pyroxyline powders, ‘but burn up at & higher temperature, hence
~.they are stronger than pyroxyline powdersa The result of higher temperatures

of combustion is the great vitality of nitro-glycerine powderss

-The powder.and vitality of pyroﬁcy'line powders increase with the increase

' of insoluble pyroxyline and of nitro-glycerine in the case of nitro-glycerine

powders.

shot is fired by the smoky powder contents of the ignitor on the latter's
combustion. On the increase of these contents in the ignitor the amount
of smoke naturally also increases vhen a shot is fireds

. "Smoke and Flash on s Shot. A slight amount of smoke is caused when a

. Sumoke also forms when a shot is fired from water vapours which enter

the contents of the products of combustion of smokeless.powders; another
cause for suoke may be the incomplete combustion (explosion) of part of the
-powder graing of -the propelling charge. Smoke. appearing on a shot causes

.~ fouling which must be removed by cleaning the bore of the barrel.

. “When a shot is fired a flame (alt, flash —'T) forms epart from smoke.
~The following three kinds of flashes are distinguished: powder flash, muzzle

- flash and back flasha

- - Poider. ~ flash, or flash from the powder charge (in its true sense) is

“f".ormezi‘,by the heated (White Head - T) pases of this charge; it escapes from
7 the muzzle in the wake of the projectile in the form, of. a weakly incandescent
.+ "pundle! (alt. : bunch = T)e e :

I --Q@Lz_zwl,e;_j"l_{:\_s}l,.:} This, forms in front of the muzzle of a piece as the

result of the ignition by the powder flash of a mixture of atmospheric air
and burning oxides of oxygen, hydrogen and methane which form part of the
-powder- gas contents. A muzzle flame looks like a shining ball and can be
‘seen from afar at night ond in cloudy weather, a fact which reveals the F.P.

.+ 7' Bagk Flashs Vhen a shot has been fired, a certain amount of powder
ases remains in the bore of the barrel, - The inflameble part of these gases
the seme CO Hp, or C H),) mixing with air when the breech block is opened,
ignite, ‘and on meeting the counter-current of air (head wind, firing while
»»vmoving_.etc) precipitates itself back from the breech block group of the barrel.

. This back flash is highly dangerous as it can burn the gun orew, ignite

ammunition near the gun, powder charges etc. It is obvious that both muzzle

. and back flashes are highly undesirable phenomenas .-

‘The most practical means against the formation.of strong flashes when a

€3

, .;,sh_o‘&'_ris fired are the so called flash extinguishers® — additions. introduced
.. into the contents of propelling charges in order to impede the- ignition of

the gas cloude --Salts of alkali metals are used as flash extinguishers,
generally one uses potassium.®®  (egs, K'C 1, .Kp 80, KH Cofetc)s It
must, hovever, be pointed .out that these substances lower the ballistic
-qualities of smokeless powder and increase smoke wthen a shot is fired.

Barrel Bore Erosion. Bore erosion and its vear is maeinly the result
.of the high temperature developed by the combustion of: the powder charge.

%
T .- or flash eliminators
T - words used is "k'alya' - l!kali! = potash.
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77 The higher this tempeﬂature, the greater the cr051on of the bore and the

1ms in clur.ﬂtion the  servi oc,abﬂlty of. the artillery piece, The highest

“Ye ‘developed by charges

of nitro-glycering powders, specially

hich: such bowder charges are used ig shortest.

types, hence the duration of the

ervwceab:.ll'cv of guns in
Bore. .erosion is most

“noticeable
- “cempera*@ure

+ Of; the powder charg,a

. Composition:

in large calibre pieces as such erosion is . influenced, apart fron
by peuder gas-pressure and the latter increases w1'ch the increase

She SHOKY PO /DER

The theoretically most practical composition of-saltpetre —

sulphur -~ carbon, or of

gmoky (black) » powder should guaranteec the full

combustion of carbon

is as

(T - 13t coal)

if one accepts:

pure carbon)

into carbonic acid gas ((“02, according to the equation.

05 50 4+ 8 = K 8+

‘ ‘wh‘r ch correspondr "ﬁo the fo'llcwmo correlation (fﬂt. ramo - T) of welght
- between saltpetre, sulphur and coal: 7L, 824 mo;_ -_},- 13 327 Co+ 11,
865 s, : ' [ .

e

: in reﬂ t the conbust:.on of Jmokv powdem doeg no“c f‘o'#lcsw .;uch a
simplé equ'l’c lon and the composition of the products of their combustion
vary ‘consi derabjj. Thus, for instance, the réaction of the combustion
of ‘smoky: po”der composed of 72, 2% KN03 +« 12, 1% C. +.-10,7% S can be
'exor'eg,ged, in accordance w'ch oxverﬂnental da‘oa by the followng
equations wore

78

+. 3,58 =

6;5@bé"+

1500 + LlNg i

8 KO3 + 10, 5C

The most PI‘D.C'ClC,c

* 25K, 005 4 0,5K, S

%

v Ko 83

. average, composition of cno}*v _powders is. the f’o’Llow:Lng-

P

75%1{1\@5 " 10ﬂ/sA Ao

v _ Depend'l_nn ‘on 'che purpoge of the powder, the. ratio between saltpe*re
: ’su,lphur and’ coal alters within fairly broad 111*1114.'3,

Table 20 gives information on the’ colrlpooun.ong of smoky nowcler.; which
are genera'l 1y used in practice,

1 This problen
COUrSE,

is exmained in greater detail in

Name of Powder Saltpetre’ | Sulphur boal B
. Siing i 4 g

- M:.lltarj év‘lders 3 75 10% .' '15 _‘

Shot Gun Pm]deroi_ o o : Th=T8 L 8..10 ':ib“_., : .'b"i.li_(.—-‘i 6 ;;{ET;

Puze Eowdezs " 60-75 I 7~37 47

Gord Powders I | 120 0

oscsytshons - |

powders 80 - 20

book 7 of the artillery
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. Basic Materials: The folloviing are ‘the basic materials in the making

Q£ smoky pqv@ers:

“;t_f:1.'lﬂPQfd§Sium (T - ¢ potash, the adj, is k a1 i e v a) saltpetre

Cas’'an oxygen carrier which is essential for the burning of coal.
In somé kinds of smoky powders potassium saltpetre (T - ? potash
saltpetre — Kalicvaya selitra — ) is substitutcd by natrium
(? sodium = T) or ammonium saltpetre.

2, Wood coal (? charcoal - T)-— as a basic burning clement of smoky
powdere  The best charcoal is provided by sof't woods: alder,
_sqllcw - thorn, lime, hazel tree, willow, poplar etc.

The following arc the tﬁpcs of coal depending on the degree of burning
and carbon contents:

1e - Black éBO ~ 855 C

2¢ Bram (70 - 75% C

3, Chocolate colourcd (52 = 5454 C).

we weo

Sulphur is used for the mechanical Einding'of saltpetre and carbon and for
giving great stability and firmness to the powder grains; apart from this,

. sulphur posscsses combustive qualities and at the same time serves as a fuel
. element in the composition of smoky powdere

Qualitics and Usce Smoky powder consists of polyhedral and irregularly
shaped powder grains. They are slate coloured and have a dull lustre.
Large grained powder has very often different colourings from blue - black
to grey - blacks When examining smoky powder through a magnifying glass
it should be homogeneous, ‘ .

I
Powder grains have the following sizes:
_

Shot gun POWderS R R R 0,12-0’70“]111
I‘if}.e pOWdeI'S B I P G E PP PRI REEIGIBIGEIEIIIEIRILITLETN 0,75“1’25 "
mine ,pO’WdCI'S o--.-.-,ootccn:--colo-,o-...oco‘--oo. 1,50—'8,50 n
b N i

The specific gravity of smoky ?owdcr fluctuates, depending on its type,
between 1,5 = 1,9,  Its grainmetrical stebility is 0,9 - 1,0, Powder grains
when rubbed between the fingers should not turn to powder and leave no dust
when scattered over paper. '

Smoky powder which has been igﬁited in small quantities on a piece of
paper should produce a quick flash without setting fire to the paper.

The flash temperature of smoky povders is approximately 300°, i.e.
considerably higher than the flash temperature of smokeless powders and of
many other explosive substances, but owing to its porous nature and irregular
shape, powder grains of smoky powder very eosily ignite from a flame and sparkes

The ballistic qualities of smoky powders arc very poor which is to be
mainly explained through.the slight amount of gases which form during their
combustion (altogether obout 43% of the total amount of weight of the products
of combustion)e The ballistic qualities of smoky powders cen be regulated
by changing their contents (the ratio between saltpetre, sulphur and coal and
the degree of burning of the coal), compactness, sizes of grains and the
polish of the outer surfuce.

Smoky powders are not used ﬁo—d&y as propelling means for fire weapons.
An exception are shot gun smoky powders, but even these are gradually being
ousted by smokeless powders,
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In blasting, wine dederé which produce fairly good bursting effects,
are also nearly everywhere replaced by other and more effective explosives,

An auxiliary role, but one .which is very important im blasting, is
played by powder compositions’ which are used in the nanufacture of fuze
- .. cords (cord powders), whosc, speed of ‘burning-is reduccd by increasing the
~ sulphur and ¢64l céntents at the cxpense of saltpetres  Artillery uses the
following kinds of smoky powders: Co L =

£

(1) musketry powders - in the ignitors of powder charges of smokeless
' powders and in ignition (alt, bursters - UsS. ' expression — T)
charges of some tiuae shells (shrapncl, illuminating, incendiary and
leaflet shells), L e ' '

“traing ), powder columns (Iit..T) for flash transmission from the
tine fuze to the burst charge and in retarders of detonators R
el in artillery projectiles, air bombs etc, Fuze powders, contain.a . .

80 (2) PFuze Powders in powder compositions of time fuzes (T - ? time

~Lovrers' the speed of thedir combustion and guarantecs better ignition,

Table 21 sets out the composition of some fuze powdsrs and the combustion
rates corresporiding’ to thew, : . -

®

TABIE 21,
Saltpetre Sulphur Brown . Rate of Combustion
in% ings coal N 1  . inmm / scc
59 | 2 e N

.

® T I AT IO
I 35, MARKING OF .POWDERS '

Converntional signs are stamped on the packing in which the powder is kept
and transported. Thesc show the mark of the-pouder, the'date of its
manufacture and souc other data on ite  These conventional signs which have
been entered on the packing are known as markings.

The mark of a powder cxpresses its«shape, dirensions of grains and
type.

Plate shaped povders rare desifmated by letters T J - with wo figures,
- -the first expressing the thickness of the lisc (alf.‘plate ~ T) in portions
= (alts lots.— @) of hundredths of a millinetre and the second - its Wwidth in
fractions of tenths of a millihctre, Tor instance, the ingcription M¢1 10-10
(T - the first figure does not appear clearly in the text and looks like 1 e
~or 1 c) signified that the packing contains.disc (alt. plate ~'T) shaped
powder with s thickness of 0,1 mm and o width of 1 i . '

Cylinder- shaped ‘Powders are cxpressed in- a fraction Wwhoge numerator
indicates the thickness of' ‘the burning substance (word used is 'Goryashchi .
Svod! — T) in tenths:of & nillimetre, while the denominator indicates the - .
number of grooves.(alﬁ;’perforatiohsnfxT). For instance, the inscription

9 7 signifies a seven prooved powder with a thickness of the burning substance
of 0,9 mm; marking 4 1 means a powder with one groove (2 perforation) and a
thickness of the burning substance of 0,4 1, R e

single trooved powder, butfthe‘lgtteps‘T b .arc added on the right.

ldrge quantity of sulphur which incrcases their stability and thus .. .|-

Tube (macaroni) shaped powder is designated in the same wey as oylindrical -

SR—
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- 81 Data relatingf'f;é'o' the type of pmfder are expressed as follows: ;

i.},’,pqivlder prepared fron frésh pyroxyling RN

- pcdeI? prepared fro1<1 old pcswd:.g"xi“é';vv

C T - ,}_»t;pq"rcier rehovated. f'thrdugh the addition of a sta‘b'i;ii.zer;
" H and U~ - nitro—glycerine powders,

.. Army Rifle powders are expressed by letters B r (powder for a light bﬁllét)
or by B . (povder for heavy bullets ). -

Powder for blank Cl;larges is eSﬁnfesSéd by letter X

‘ Data relating to the type of pUQ':Ider are written together with the data
relating to the shape and size of the powder grainss

: Data .re:l_.at-iz‘ig {0 the place and datc of manufacture of the powder, include
. the nwiber of the powder lot, the date of its manufacture, the cipher of the
. .- factory which made ite. - o ’ S

... For instance, the inscription ' 4_ X means: A4th lot of powder,

menufactured in 1946 in the facs‘tory whose cipher is:"K".

CHAPTER FIVE
MEANS OF IGNITION AMND EXPLOSION

82 A11 means of ignition and explosion can be swmarized into the following
three groups: ‘»

(a) means of transmitting the flame - fire (alt. flash - T) conductors;

(b) means of aycusing the flame - ignitor caps and pullout fuszes
(T - vytyazhnaya trubka);

: (c) means of arousing and transmitting detonation — detonator caps
+ " and detonating cords. S

36, FLAME (LIT, ) TRANSIITTERS.

The simplest type of flame transmitter is a quick matchs This is a
- . gotton - paper thread saturated with smoky powdere. The velocity of its
i cowbustion reaches 60~70 rma / sec.  Quick matches are used in some artillery
i ..projectiles (for instance, in incendiaries) for transmitting flame from the
time fuze to the burst charge., AR - :

The so called Dickford fuze (alt. safety fuze ~T) is widely used in
blasting as a flame condictor, ~The kernel of this fuze consists of cord
powder %al‘b. ribbon powder — T)s The cord powder is.covered on its outer
surface by a jute thregd plaiting. Tn order to produce an explosion in
damp places this plaiting is made water proofs  The speed of combustion of
& Bickford fuze in the open air, ‘dopending on the composition of the ribbon

- (alt. cord - 7) powder and the quality of the plaiving, fluctuates from 5 to
15 mm/sece | ‘ U . e, Co

O ymANS OF GENERATING FLAME.

~ Compositions for Ignitor Caps.- Compositions for ignitor caps, Or per-—

cussion composi“cions:,‘_q‘.gni‘ce fron being pricked by a fuze striker or
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- detonator (fuze cap ignitors) or from the percussion by the breech block
striker, and in this cage they serve for the ignition of powder charges
.. {eartridge ignitor caps), - : - -

83 ' Pepcussion campositions must possess a high degrée of sensitivity to
o .mﬁchanical:reactigns and produce a strong flane, hApart from this, the

.o duration-of their combustion must be sufficient €0 guarantee the reaction of

.7 % Tthe explosive transformnation, .

. ._,vThebbasic‘Componentjbfupercussion compositiqns’Whibhfigniﬁe_on per~
.- cussion, is fulminating mercury with an admixture of substances lowerinpg the

... velocity of its explosive transformation and at the sane time. increasing and
., strengthening the flame (thassiumchlorate‘powder (2 = Here the page is
perforated and only the letter 1 and the soft sign are legible —py ' ? = T)
end three - sulphureous antimony (lit, translation), knowy in:technology as
vgntimqny). ‘ - ’ o e : o s e

- ... To increase thé sensitivity of the percussion compositions to mechanical
.. reactions powdered Flass op powdered quartz is added o séhe of: them, and

shellac gum-arabic, gelatire etc - for binding. - This is 1o longer: donee

The couposition of the ignitor cap in the 7,6 mm rifle cartridge may be
selected as an example of percussion cap compositions for cartridge ignitor
caps: ~ 16,7% fuluinating mercury, 55,54 potassiun chlorate 27,8% antinony
(1it. three—~sulphureous antimony — T), also the percussion composition of a
gun primer cap: 25§ fulminating mercury, 37,5 potassiun chloraté, 37,50
three—sulphureous - antimony (lite)e . oo B R

These percussion compositions have one very inportant defect - they
cause rust in the bore of the barrel, vhich is explained by the presence of
potagsium chlorate in their composition, - Hence at the beginning ;of the XXth

" century the so called non-corroding (fron the word corrosion) ‘percussion

- Gowpositions ertered into wide circulation. . Thesc contain neither Bertolet
‘salt nor fulminatin mercury, . Generally stifnite of:lead: is”uged. to replace
the latter (T E'P C); blended with tetrazeney while potassium chlorate is
replaced by nitric acid bagiun, =~ 0 - F e e

-+ The composition of %he cap in time fuzes can Be taken ds an exmeple of
the percussion composition for fuze ignitor caps: = 284, . fulminating
wercury, 360 potassiun chlorate and 3655 antinony (1it. - THrée-stlphurecus~
a,ntjmonyi-_T). R B : R T

4

ridge case,-a powder charge ignites with the aid of & sb~called. pull out fuze.
- This.ds a metal tube with two open ends, containing a prater (terka -.T)
. and a friectlon composition (605 potassiun chlorate, 20) antipony and 20%
sulphur), o o . SR S R

Corpositions for Pull Out Fugess  Tn separato Ioading without o cort- ‘

On quick withdrawal of the grater the friction compogition.ipnites and
the flame is transmitted %0 the powder: charge through the: 1gnition, vent,

Tk L - MBANS OF QRTGINATTHG AID TRAVSHTTTING
o y © 7 pErOMATION,

PR

Goqgggii}ggg_jiﬁfﬁ@@?,‘~ 45 ‘the purpose of detonating caps is to arouse
a detonation, they must possess strong:explosive qualities. That is why the
principal place in the composition’ of caps is occupied by initiating explosive

substances, of which aziﬂe.of.lqad;ia;the,basio'obﬁpohént,'vf_» P

3

.- Depending onvthe pﬁqusé;_detbniting.céps'aré*usuailj'di&iaé&,iﬁto the

AR . : P -
following. two:groups: bBlasting detonator caps and artillery detonator cops.,
Caps to Artillery projectile detonators belong to the category. of artillery

caps, detonator caps for hand and rifleﬂgr¢nddés,‘air”bombs etce’ » The 'cap
P iE activated“@iﬁhgy&byjd_flash’(ip blasﬁingfoparations‘or in' detonators with
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84  ignition caps) or by striking.

_ The conténts of a cap are determined by the mgthod of its initiation,-
Thus where:a cap is activated by flash (alte jet of flame - T), its contents
must in the first instance guarantee satisfactory ignition.  As.an exanple

of contents of this kind may be taken a detonating cap for blasting operations,
.congigting of 745 tetril, 15¢, azide of lead and 11% stifnate of lead; “the
objeqt of the latter is satisfactory ignition. , e

The contents of a detonating cap which is activated by a strike (1it. by
being pricked - T) is determined by satisfactory ignition by being pricked
(alt. - struck =~ T). For instance, in the ‘contents. of the caps of some

. types of detonators contain 859 of fulminating mercury and 15% of potassium

chloride:or of pure fulminating mercury in a compressed form.

. Detonating ¢ords (alte prima cords - 7).~ Prime cords are used in
blasting operations For the simultaneous detonation of charges. In their
84  arrangements prima cords greatly resemble Dickford fuzes, but differ from
these that their core is made of initiating explosive substances or of their
 Dblend with strong high explosive substances. ‘In practice one generally used
fulminating'mercury;,fulminating mercury-trotil and tetril detonating cords.
The. speed of detonation of these cords is 5OQO—7QOO_m/seQ. .

CCHAPTER STX o

65 . .7 ' PYROTEOHNICAL EQUIFIENT

q{QTheAWOrd’pyrdééchhics (f¥om the Greek "pyr" - fire) means in translation
"fire technology." o S

»‘,Eyroceohpicsvéfé peaceful (anti qonflagraffonxcréfﬁﬁ):andearlike.' In
the military craft pyrotechnical compounds are used for illuminatingy. sig-

. nalling, - tracer and inbendiafy means (projectiles, cartridges, rockets €tc).

ke raE e s L - . L
o I1luminating compositions are used in the mamifacture of infantry

.illuminating equipment (cartridges, hand grénades, rockets), artillery star
shells- of various sizes, also for landing flares, flare bombs and photo-bombs
(these are used for illuminating ground objectives. during night aerial
photographs ) .used in aviation, o T R

Slgn&ll:gx_g equipment zir_é"forﬁi‘ghf use (lights) and for dgliy,'ﬁsef (smokes ).
To this catégory belong rockets, powerful signals, signal shells etc.

Tracer compositions are used for thq-manufacture-pf'trader;'Qfmour -
piercing tracer, incendiary tracer ranging and ranging tracer bullets, also
in the marufacture of artillery projectiles: " tracer, fragmentation = tracer

" and armour piercing - tracer shells. The tracer composition in burning
leaves 2 smoke or Llight trace and thus helps registration. Tracer bullets
fired Trom a machine gun are also used for aim indication.. -

__ Incendiary. compositions are used in the meniifacture of incendiary bullets,
. grenades, bottles, incendiary artillery shells (thermit, phosphorus etcs ),
also for incendiary and fragmentation - incendiary air bombs.,  Apart from
this, incendiary compositions-are also used in flame throwers.

86 40, FTEATURES OF PYROTECHNICAL

GOMPOSITLONS.
v;ﬁ;_ln;fheiptnaturéimahy'pyfdtechnical compositions are explosive substances
and in certain conditdions they are capable of detonation; These explosive
characteristics are, however, more weakly expressed in their case than in the

usual explosivesy

¥ thetwqrd here used is !feieruerochnoe isknstvo,' tfeierver' is a Russian
Porm for the GERMAN for a fire-brigade whereds 'feierverk is the Russian

derivation frdm the GERUAN for flreWOrﬁs; possibly the latter was intended

and went wrong in print.
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e -79-

The main feature in the transformatlon of pyrotechnlc%T oompos1tlon in
the normal conditions of their use is their combustion. The. energy which is
relgased ‘in this process is not spent on mechanical function but..on the

"ﬁproduction of ‘a pyrotechnncal effect (111um1n&t1ng, Jnccndlary etCe)e

Pyrotcchnloal cony ovvtwons roprcocnt mlxtur@ﬁ of fuel substanocu,
Vex1dators anﬁ'blndcrg lit. cementors - tsementarory - T)- :

The ollowxng are usually employed as fuel’ uubstances (alf. oombuotlve
substances — T) in pyrotechnics: alumlnlﬁ magnesia, phosphorus, sulphur,
sulphltca of some ;metals, tars, olls, btarch ctc. EURET L

Ao oxmdatorc are used mainly chloraztes, ncrchTOraLes (llt), nitrates
some oxides and peroxides of metals. A flame can be ooloured as intended’
by chlorates-— the produce of the combustiopn of" chlorates. Binders (1it.
“cementors) or cementing substances areg substances which possess HOOd binding
qualities and thus.: guaranfee the necedsary mechanical. §tability of the com—~
pressed Dyrotechnlcal products. Natural and ﬂrﬁlfloﬂal tartAare used as

‘Pinders:shellac,. iditcl (swo), colophony (alt, white résin, r051n) gum—
“arabic cﬁc, ”gtarch, dextrlnﬁ and drywng 011 are also uscda ' v

et

: e 'UJLUI/IINATIITG couo TTIONo. '
A brlghf fl&me forms whlle the 111um1natin components arce. burnlng.

o Metals, magn831um and wlumlnlum, are pencrally used as’ oombustlve
substancess | Magnesitm prov1dev a better illuminating effect than aluminium

" Ybut in view of the sca¥eity and expense of magnesium, one generally useg’ an

@lloy of ‘both metals for illuminators. Nitrate barium (1it. azote acid:
’barlum - T) is most. often used in the capaclty of an, acldlfycr an (NO3)2].

Thc rcactlon of 1ﬁs decomPObltlon on bownh heated may-be exorebsed 1n .
"l:he follow ing equatlon' : . .

2Ba (No )2 = 2Ba 0 +'2"‘NQ . 505.'

nltr&fo (11@. azotc acld) barlum oontalnu 30, Qb of éotlve axygen (cooperatlng
with the burning substance), it melts at 5930 and on burnlng with combustlvc‘
substances colours the flame green, ,

31ndcrs (11t. comentor% ~'T) in 1llum3nat1ng comp051t10ns are of oroanlc'\
tars (1d3tol shellao, oqnlphole etq); or drjlng 011. :

B1ndera, burnlng at the oxponse of tho oxygén of the acldlfler, form
gaseons’ products, which leads to the. slowing down of the reaction and to the
lowering of its tomberature. Hence: bLnacrs lawer the force of 110ht produced
by the 1llum1nan1n composxtlon.'

The follow1n5 illuminating compositions are used in 26—mm 111um1nat1ng
cartridges: nitrate ?.) (1it, azole acid -~ T) barium ~ 50-62 %; aluminium
alloy with magnesium (or their mlxtures) ~ 4.3-27%; iditol (as a binder) -

7 - 11%s A star (1it, zuezdka - T) of the sbove composition gives a light

of from 35 to 50 thousand candles and burns fur 7 seconds. The combustive
composition for these stars consists of 75—82% of'ootosh ~'saltpetre, of 3-10%
of magnesium and 155 of iditol. +”

TFor artlll&ry Star Shells and aviation bombs the 1lluminating composition
is used conclsthr of 72% of nitrate of barium, 184 of aluminium dust (1it.
powder — T), 5% of powdered aluminium and 5% of drying oil; drying oil is
sometimes replaced by other binders (e.ge caniphole); in order to increase
the power of light part of the aluminium is replaced by magnesium etc,

Priming powder is used as an ignitor.

With the aid of such compositions it is possible to achieve a power of
light of up to 200,000 candles from the illuminating charge in a star shell
and up to 700,000 candle~ from an illuminating charge in an aviation bomb.
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88

Night San&llng}qulpﬂent is prov1dei with pyrotechnlcal com9051t10ns

giving, while burnlng, different 1ig ht° (red, yellow, green and brlght blue)

Day SlanalllngAEqulpnent is prov1ded with comPOSltlons giving. clouds of
coloured smoke, .

To obtain green flame one uses a combination of barium; - for a red
flame. -~ a combination of strontium, while for blue flame one uses salt of
coppers . :

As acidifiers one uses chlorates of per-chlorates. - -The best acidifiers,

for colouring flames are those containing metals, Tars which simultaneocusly
. perform the functlon of bjnders are very often used as fuel substanoeb.

To increase the power of light (ult. light effect) one sometimes add"
to the signalling compositions a small emount of aluminium or magnesium' (not
more than 10%) . : o .

For si%nalling by day one uses coloured Smokes: red, yelldw, blaclk,
green and b uce o

As will be apprectated, smoke repreoents an accurmlation in the air of
tiny partloles of 'hard substances the dimensions of fthese particles are
measured in millionth. parts of a centlwetre. it is possible to obtain a
coloured -smoke cloud as the result of an explosion in which the previously

particled colouring substance undergoes yet another process of being particled:

ultra marine (blue colour), cinnabar (red colour), red lead, soot. etc,

However this process results in fairly large particles of thc colouring sub-
stance which leads to the smoke cloud having a poor stability. Hence. another
method of producwng coloured smokes is more vldely useds This is based on
the fact that some . organic colouring agents when they are heated to a tempera-
ture of from 3500 - 5000 produced coloured steams which do not decompo e in
this process or at least only very slightly. Colouring agents of this kind
may be used for making coloured smokes, The necessary temperature forms by
the rapid coﬁbustlon of the thermic mixture from the acidifier and the fuel
which is mixed with the colouring agentu. The most appropriate for this
purpose is a mixture of chlorate of kali (? potassium - word used in genitive
tense is "kaliya"; kali = kalior potash while kalii = potassium ~ T), (the

acidifier) with lactcons (1lit. molochnyi sakhar) or beet sugar (fuels), small

guantities of smokeless powder are also used as a thermic mixture. Thus the
smoke composition containg a partlcled and thoroughly mixed acldlfler, fucl
and a oolourlng agent.  In some cases a binder (1lite cementer) is added.
A smoke composition is computed in such o way that the temperature of gom~
bustion should not be too high as otherwise the colouring agent will decomposc
and will not give the required effect. For the proper formation of smoke ore
controls the acgess of air to the composition while the thermic mixture is in
the process of combustion, Wherc the air gains free access, the fuel which
has been computed for incomplete combustion, will burn up in it entirely, and
will increase the tenperaturo of the reaction thus leading to the decomposi-
tion of the colouring agent; where thc air has insufficient access, smoke
formation will be too slow, That is why snoke compositions are burned in
containers impeding access of air and possessing an accurafely computed vent
Vfor the escape of the steans of the colourlnn agentae

Table 221 sets out the most typical chlorate smoke compositions used for
signalling equipnent,

v
|

T From N.A. SHILLIN&'s Book on "Exploulves and surunition charging"

State Defence Publishers, 1946, MOSCOI
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TABLE, 22,
’ --Ray. Signalling Compositions
Components S o Colour of Smoke and Composition( % )
-  Red . Yellow ., - Green ‘Blue E
Chlorate of kali scesecsssoscacncess I 3 39,5 41,2
Rodamin (sic) ....,....».,......;;..* .20 R B -
Auramin (S1C) eecencecsssssscconeons - 15 06 -
i Dark Ofénge‘(?) :;-?;-;-;;.;o;e;an;u‘ ‘20 - L ; ”: :; ‘ B -
(1it. zhircoranzh) - o
89 Chryzcidin (510) seieesenversnrensee = = M -
}Eethyl blU.e Qr.ilolu.ot'lb(tll!l.lut.‘ ' - 22’5 : Lo Rt 57,5
Beet Sugar .ooo-onco-'onor-aa-ocooou: 17 15 Rt 15,1
IditOJ- "!."ll’.lq;l.‘ll..-'f‘g.l.‘fil?OI.‘l‘ - 6:’2 - 6 ; . 6’2
R S'tarch ._oo-q-loo.yo_cguoc‘.vnj.nﬂneu‘--o-ooooob : 8 - 14,5 v -

l 1it|> or,
of the light and the brightness. of the flane,

90 "

43, TRACER COMPOSITIONS

77 In opder £o facilitate ranging on moving targets bullets and shells are

useéd which leave a clearly visible trace along their trajectories., . Bullets
and shells of this kind are called tracersl;. to obtain a clear wvisible trace
on the trajectory one uses a tracer composition which is placed in a special
chamber in the base part. of.the shell or inside the bullet.

" Trager. corpositions,- according to the character of their combustiony
are igneous, sroky. and uriversals. - : : LR
A us, S . Le.

i

Igneous compositions while burning give o vhite or coloured flame, - smoky

" eompositions give a.large anount of black, white and coloured smoke. . Universal

campositions give at the same time both flame and a sufficient amount  of. clearly
vigible smoke,

In their features tracer coripositions resemble illuminating and sig-

_nalling coiapositions.

' Powdered magnesium apnd aluniniun.are th fuels used in tracer composi-

Tfﬁiqns; ' These provide a very poverful light while they burn, peroxyde of
* parium, nitrate of kali.efc are used as acidifiers. To bind the compositions
‘one nses tars, linseed oil, drying oil etc, . For tracer composiftions with

coloured’ flames in combustion, one Uses the same colouring admixtures as are
used for signalling lights. . Sometines one uses.retarders (phlegmatizers -
) (fpf%retar@ing dﬁbustion), also §ubstances,increasing-the intensity

Tet us mention here as.an example recipes for some tracer compositions.

A good red trdce is provided by a mixture of 50% of azote acid (1it (possibly
“nitrate = 1) stronium, 30-40%% of burning netal ond 106 of resinate (sic) of
' oslotun as binding substences . | = g

The ignition of the traciné cormposition is caused either by the flame
of the powder charge in the bore of the gun, or with the aid of-a special
mechanisn equippcd with an ignition caps  The first nethod is considerably
airpler and cheaver and has therefore rcceived a wider distribution.

1 See book 1 Artillery Courseg.ed;'ﬁ, 1948, pp 212-213
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"~ “tions diffuse while they burn. at a temperature of up to 2500-3000° and producc

‘_;  hot” in their pure state, but with additiong facilitating ignition and

. corposition consisting of 80% of thermic hixfure and 207 of . 11luminating

25 of thermit, 253 of illuminating and 507 digniting mixture. - The latter

For guaranteeing the ignition of the tracer oomposition, one often uses
the ignition conposition,: for instdnce: U85 amote~acid ( ? nitrate - T)
. 4 . . ‘ C e, . .
,baglum,_jQﬁ_peroxyde_of bariun, 3% magnesium, 9% iditol,
- ° ke INGENDIARY OOLPOSITIONS

Mo types "of incendi&ry compositions arc used:
(1) fhosé containing acidifiersy ... ..., .
(2) Those not containing acidifiers, ..

" The first group includes: - R L RLIRT R

—~ thermic incendiary compositions, in which metal oxides are used as
acidifiers (for instance ¥ ep 0z 4 AL )i, T e

- compogitions in' which sonme kind- of salt. is used. as, acidifier.
(for instance X C 1 Op + A1) :

- The sccond type includes:

Electron;

(N4

organic substances; ~ self igniting substances.

Incendiary compbéitions'Of;thp:scqond type differ from the first in that
;theyvarcronlylgble to burn on access of oxygen of air,

. The ‘foundation ‘of thermic incendiary compositions is.a_fhermic:mixture
consisting of fuel (meval) and an acidifier (metal oxide)s These composi-

red hot slag-able to ignité fuel materials: (e.pe wood) and -even to melt metals
(dron, steel ), o

Thermic compositions have the defect of«iéniting_with QOnSidérable
difficulty and therefore are used in incendiary projectiles‘and air bombs

" incredsing the inoendiarY‘effcct‘(nitrafe-of barium, magnesium), ~ The.
“dneendiary elements (semments) of amrunition-generally contain apart fron
the basic thermic contents also transitional and igniting, compositions; only
. & system of this kind can guarantee the ignition of the main thermic composi-

_for instance, for equipping incendiary projectiles, one often uses a

mixture, the Pirgt cortaing’ thernit,; aluniniun powder, nitrate of barium and

d;&_bindér‘(génerally_%akelite 1nQuer3, the second' consists -of nitrate of bariun,
' aluminium‘powder, nagnesiunm -And $ditol, . In order %o facilitate the. ignition
Of this basic domposition one uses an igniting composition of three mixtures:

consists of 82/ nitrate of kali (sia), of 3 magnesia and 15% iditoly .

... _Incendiaru compositions with salt as acidifier, These ignite campara~
ively easily and like therits, give a high femperature_of.burning; but the

iidurationﬂof'theif combustion iS“iHSignificant;and-is reckoned. in: fractions of
seconds. ©  These compositions aré used.for equipping bullets and small bore
projectiles mainly intended for setting alight ligquid fuels, To this category,

. for instance, belongs the composition for equipping armour-piercing incendiary
bullets: - metal oxides - 507, - red phosphorus - 305, aluminium powder - 20,

. or the composition for equipping arnour piercing—inoendiary—traoer bullets:
- pekchlorate of kali - 557, alloy Ali - 45 o P .

Electron is an alloy of magnesium and atuninium with a ratiofof>92: 8e

Q
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94 It melts at a ’cé‘mperaturc of 630—6350; The electron bomb (alt. magnesium t

92

91

type incendiary bhorb ~ T) has the advantage of not carrying dead weight as its
body nade of electron and its charge (thermit) are both incendiary substances.

When burning the clectron bomb generates 2 tenperature of from 2000 to 3000
degrees, This borib cannot be extinguished with water because its incendiary
qualities are incrcased through water; it must be put.out with sand.

Tncendiary Compositions on a basis of organic substances (crude oil,
araffin, petrol etc) possess a comparatively low teriperature of burning
I()6.,00‘--8000) 4 but ‘their flame has a considerably larger radium of effect than
is the case with thérmic incendiary compositions. Tiquid organic fuels were
mainly used for flanme throverse - '

A further stage in the I)erfectidn of conpositions of this kind was the
use of consolidated or condensed fuels: stearine acid was digsolved by

' heating in orude oil, this nixture was then processed (while still hot) by a

spirits solution of acid natriun, The liquid mixture was then poured into
" thé body of the borb vhere it cooled doun assuming o wax like aspect. It
wag used together with thernit thus obtaining a powerful incendiary giving

© abright flame having a height of several metresa . Incendiary bombs of this

“kind weré used in the first world war.
. * N - e

~ Selfipniting Substances (white phosphorus phosphorous  and silicious
hydrogen and sone metallo-organic combinationsj have such a low temperature
of ignition.that they ignite in normal conditions from contact with air.
" Some alkaline (a2lt, lixivial, lixivious) metals easily ignite in the air
‘on “contact with moisture.. : S BRI .

. Selfigniting substances cae into wide use in the Great Patriotic Ver

. in the struggle against German tanks, -

For equipping incendiary grenades and mines
(possibly = incendiary portar-borbg - T) it is convenient to use a solution
“of phosphorus in sulphur - carbon ( ¢ sulphuric carbon - T)s - On the
. evaporation of the solvent théfPhosphorus remaing behind as a fine powder
-which very easily ignites on contact with air and irmediately ignites the:

steans: of the sulphuric cirbon (' ? sulphur - carbon - "serouglerod;" - T)

. Crude oil, oll etc are added for the prolonged duration of - the combugtion,

In the Great Patriotic “War our troops widely used incendiary mixture KC
- representing an incendiary nixture with an adnixture giving the liquid
viscocitys * ~Thig liquid smells: of rotten eggs; it is self igniting in fthe
. air and burns with a bright flane at a teuperature of 800~1000°, forming a

¢ large anount of whiteé smoke. " “Then hitting a tank or an AFV , thig ligquid
- firnly stuck to the netol surfaces, and stopped up vision slits; while burning
it heated intensively those parts of 2 “ank which it had struck thus ceausing

conflagration in the tank. The 1liquid vas poured intg ordinary beer bottles.
An upper layer of water and paraffin was added to protect the KC mixture from

“gontact with aire ~ The bottle was then closed with a rubber cork, fastened by

a wire or, by insulating tape. ‘A soldier under. cover in a trench or slit
threvw this bottle at a tank when it had come into throving range.

Apart from KU mixtures, other mixtures were also used for whosc ignition
ignitors were needed, ' - . , . .

P
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i»ubasement (1it, span below the floor - T) which are cloged by shutters. . The

CHAPTER SEVEN
" STORING AID TRANSPORTATION OF EXPTL.OSIVES

L5, STORING OF EXPLOSIVES

Whenﬂéforing explosive substances, oné eliminates causes which could
produce an explosion of the explosive substandes stored or lower their =
stability or alter their ballistic qualities, ‘

'Z&gzﬁasziéﬁqzuazlzzs‘ Dumps .of ‘explogive gubstances, depending on their
purpoése, fall into supply bage dumps-and dwaps for ready uses - Base supply
dumps receive explosives from the works and pass them on to dumps for ;
immediate needs., No other operations are per@itted to base supply. dumps,

A base supply dump consists of several stonc built stores (magazines),
surrounded by protective ramparts, They are equipped with shelves for placing
the: explosives on them; and are provided with good ventilation and fire pro-
tection equipment, In-a single magazine of a base supply. dump are usually
placed. only one type :of an explosive substanee, a fact which permits the
creation of the most advantageous conditions for the storage of each type of
explosive. The capacity of, magazines alters depending on the danger
(sensitivity) of one kind of explosive substance or other,

.;'Ailabbratory is usually attached to a base supply dﬁmp‘for explosives,

Dump for réady use are arranged by organizations and undertakings who
are the immediatce users’ of explosives (ammunition works, mines, military

formations etc) and are grouped into permanent and temporary dumps.,

A'permanent army immediate supply dump consists of a stone dugout®
(oellarg comsisting of €wo rooms: ‘the front room or "tambura" (T, - 'tambar!
= an alr lock or gas pifoof shelter) for welghing and issuing of explosives
and the store room itselr, : e

‘The f£loor of the dugout is of flawlwss wood frithout chinks; it is
covered with ustting (T. « two other vrords arc added all of which are trans-—
lated es mats, they arc 'rogozha! and 'mata'). = For better ventilation of
this-dugout the floor ig slightly raised above the ‘earth and air vents (alt,
draught eyes, air holes, venfeholes, ventilators - T) and built into the

dugout: has double doors: ‘the first (outer door) is compact, bound with iron
or felt and the other is shuttered for ventilating the interior.  Only

‘exterior lighting is permitted, reaching the interior through a window of

%he"t@nb%ra"(the first rdom where the cxpldsives are vielghed and issued
-.T) (there arc no windows in the explosives store); iron grills are placed
into.the windows from the interior and the glass is paintéd over with white—

Cwash (1it, chalk solutjon_- T).

" The ‘dugout is equipped with shelves for placing the explosives on them;
a special niche ig‘arraqged in the dugout-for storing ignition and explosion
equipment (pqssibly}fér;sporing ignitors and. detonators - T). :

‘

The dugout is bfévided with fire fighting equipmeﬁf; 'apart from this,

1o or three lighting conductors are installed on it,

For the timely and immediate call of the Tire fighting team, means for
elerting this should be installed either in the dugout or near it.
(telephone, electric signals, bells etc, ).

The dugout is sited not less than 200 metres from living quarters, heated
buildings and not less than 500 metres from = railway line, factories and
works.

(¥ alt. translasion is carth hut - 0)yponn
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: oL . 'The: capacity of -one dugout ig not above 4000 kgs of explosives.

Temporary dumps for immediate use (e.g. camp dumps)‘are generally
installed as oidinary dugouts; where sufficient materials and time are
. . avallable these dugouts should be equipped in the same way as permanent dumps
ifor dimmediate use,  Single buildings not used as living quarters may be used
as temporary dumps for immediate use provided they are -at the right distance
from 1living quarters, comnunication routes etc,

. 'STORAGE REGUTATIONS FOR SXPLOSTVES

~-Regulations for storing explosives are determined by thé nature of the
explosives 'in question and above all by their sensitivity to various éxternal
“reactions, ;

- Depending on this reaction of explosive to be used for»military purposes,
Fhe groups for storing purposes are the following: '

1o Smoky: Powders ;

" 2. Smokeléss Powders;

3s  Nitrocombinations (trotil, melinite, tetril cte,), ammonites and
pyroxylines; - , L Cone D d

ke J-Dyn&ﬁites; : R f"i L f*'f. i
Be Ignition and Explosion agénts.

Eééh of these_groupé must be stored separately and special_régulations apply
for the storing of each group, Where enough- space is available, nitro-
combinations, ammonites and pyroxylines should be kept separate,

.-+ 'Where not enough storage space is available in military formations
different explosive groups may be stored together, but on corndition that the
following regulations be observed: . ,

~

~ (1) The amount of explosives of each group must not exceed 50 kg;
s

95 . ... (2). Explosives of the third group may only be stored either with smoky
R pawders, or with ignition and explosion agents; smoky powders may
+ only be stored either with explosives of she third group or with
the smokeless powders, smokeless powders may only be stored with
snoky powders,

As has already been repeatedly said, all explosives possess, to a larger
or lesser extent, a sensitivity to various ‘mechanical reactions (blows, shocks,
- friction ete,) and tq flame effect, : ' .

... -Therefore in,order to avert explosion of ‘such subsfangés whilclthéy L
ere stored: . : S .

(1f fires will not be 1it and mobile kitchens ete. will not be used in
the area of explosive‘stores and within, a radius of 40 metres of
such’ stores; '

(2) artificial light will not be used by personncl working in the stores;
work will only be done in daylight hours; at night (where.absolutely
necegsary) - Stores will only be entered with an clectric lamp fed
from dry elements or from an accumulator battery; o

(3) when working in stores, only ingtruments %rill be used which-d6 not
produce a spark (copper, wood cte):

Jsd

(4) Stores will not be entered carrying arms, wearing steel helmets,
spurs and hard sold boots; before entering weapons will be removed
and felt slippers or goloshes placed over boots:

| et %
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95 - (5) no lighting materials whatever, for instancc, matches will be

carried while.in the stores;

{(6) ~stores st be kept absolutely clean and this includes lofts,

.. ‘passages, stairs etc; speclal attention fmst be paid to no fuels or
easily inflamiable materials Leing left in or near the stores (oily
rags, tow, wood shavings s )s ' : '

Explosive substances must be kept out of contact with moisture as their
quality is lowered by darpnesss - This specially applies to smoky powders and
armonites; superfluous moisture by dissolving the saltpetre confents disturbs
the homogeneousness of the composition of these explosive substances :and
finally makes them altogether uselesBe © ' b

In order to protcct cxplosives from becoming damp, one must ventilate
“tHe stores. very thoroughly during the day in dry. weather and to close them
in wet weather and at night, Explosives must De képt in their correct and
undamaged paokingg,_in.théir7facfory packings as a rules In the casc of

explosives alergic to moisture the packing must be hermetic,

Apart from this, the following maln reguiations'must'bevcomplied with
~when storing explosives in army dumps (alte translations: corps or division
: depot‘—nI); o .
(1) smokeless' powdors should only be stored in mérmetically sealed

packings so as not to allow ‘an alteration in the moisture contents
and of the volatile solvent in their compositione

(2) - Pyroxyline must be kept in a moistened condition (16=22%% moisture
T Qontent); it “wust be kept from freezing as frozen pyroxyline has
" an increased sensitivity. :

Fi

(3) 'IgnitionLQﬁd explosion agents may only be stored in their factory
- packings - in tin or zink boxes; free¢ space in the boxes is fitted
. in with felt or wood shavings, o o
Storing dynamiteé‘in'army dumpé (alts translations édrﬁé'or division
depots - T) is absolutely forbidden. : o
.. Explosive cubstances stored in base dunps are periodically tested; these
“hesty. consist of the external inspectionof the explosives, of deternining
.their physical condition, their chemical stability and:their ballistic

" qualities.

L6e TRANSPORTATION OF E}@I;QSI'VE SUBSTANCES"'?

- Egﬁioéivé substances can be transported by any kind of transport vehicles -
in h.d. ¥ehicles, motor vehicles and on the railway etcs

. In transport as in operatiohs;OOnnecmed,with:itf(1oading and unloading
etc, ) moré or less the same safety rules apply as in sgtoring, l.c. the
explosives to be. moved are protected as wuch as possible from shocks, vibra-

" tions, ignition etca

‘ Expiosives'whiqh are:intended for carriage mugt be in their proper
‘factory packing and each case should be either sealed with lead or sealing
WaKe. o L P

”1_iSafetyfrglcs'foklthé'carriage of explosives by different kinds of
trangport mainly consist of the following:

Regulations for the carriage of ‘exolosives in M.Vs.

Ta "Qhébbody‘of the M.V, muzt be in good condition and dry.

Approved FQr Rel'e"ase‘ 1999/09/08 : CIA-RDP78-04861A000100030001-9
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" h:.gh trce'* qor in the v:.c:.n:‘by of lom tall buildings,

where loading boxes and barrels with explosives these should be put
down with care and not throvn,

Boxes and barrels must 'bctpldced in such a way so that during
movement they will not knock against anything nor rub against

"each other or the sides of the vehicle body, Boxes (alt. cases = T)

nust not be loaded more ‘chan in three tiers, The load must be
fimly tied with string &nd covered with a tarpaulin,

Explosives which should be kent separately must not be carried on

“the séme motor vehicle, ‘ .

Liquid f’uel gonta ivers or -barrol must no'c ba, carrled with explosives.,

»"Each mo‘co; vehlcﬂe wrrylnrr cxplos:.ves must oarry a small rod flag
‘showing an emblem of an explodlnﬂ hardby

‘The speed, limit for a mof:or vehlcle carrylng («XplOolveu must not
“excéed 15 kilapehe :

The spacing between ‘truckg Proceeding in column must rot be less

- thah 50 metres when moving over a level’ road and not less than

100 metres in descents and aocenﬁs.

hen moving exploulveo by road, a road should where possible be
selected for the convoy which has no ruts (alt. pit holes - T),
pot holes or other irregular features, with undamacred bridges and

with no sharp ‘descents and ascentsa

Inhabited 1oc'111tles should be avoided or by—po.ssed* where this

- ‘-'-15 not po;sw'ble gstreets w:y."th heavy. traffic mist be avoided,

vhere an open fire is found in thé vieinity of ‘the 'road'(e.g; a
camp fire) steps must be taken to put it out or to by-pass it

~conflagrations should also be by-passed or else their full

f"tlncm.on should be awaited vhere it is found impossible to
by-pass them.

During’ thundef ;torms halhng in ,rood ig not allcmed, or near

"w'hen passing over 1evel cross:.ngs ‘bhe convoy® must be brought to

halt at o distance of:not nearer than 200 metres from the level

“grossing, and only cross.the railway when it has been established

that no traln is bc,:mg nrusen‘cl‘/ expectcd‘

ring prolonr'ed halts the c:onvoy‘*E mist move off the road the

hal"tlng place must not be nearer than 100 me”creb off the road.

A convay \rnh explos:l.ves is accompanled by an e.;cort. The convoy¥®

- leader and the escort are placed in such a way, that the former

can observe the whole convoy, and each .escort the load for which

Jhe 1s responsible,

:“The - convoy#* may not smoke or have in "f:he:.r po session lighting

. tﬁens’t.ls (llgh"bers, matches etacs )

(Translator's note: the Russian weord which has been transloted ag
convoy is "transport" which could ,8lso mean a single truck, although

"transporter” is the word more general'l.y used),
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Can_gagc on. Rag_g‘y

"if; 2,

Carriame Of E:z»’ﬁl.qa,iyes by hond

Vehiclea intended for mranvnortlnf exp]oslvev must be clean and
dry, 1u fuJT rapalr, stbady and where possible sprung.

‘anqeﬂ ‘arid uarrciv Coanlnlﬂ& explosives. muot be loaded with care,
Tavoiding throwing, and in &uch away as to avoid mutual knocking

a2
or rubbing either against “éach other- or. fhe sides of the vehlcle

ﬁ,‘whﬂle they are peing moved.

Not more than JOO ko; of explosives should be loaded on one vehicle,
which are otor@d:separatgly must be sarried
“in'separate vehicles, s

Bach wvehicle should be COV”TOd w1ch a tarpaulln placed over the,
load. o . . ‘
Tri'the movement. of. several vehlcles oarryln& exp1051ves they are
spaced at 20 metres over a’lével road surface, This spacing is
extended to not less than 100 metres in the case of sharp descents
and agoents. ,

The 1eadlng and the rear trucks must carry red flags showing
en eﬁblem wlth a burstirg bob, :

}’Trucks loaded w1th exp1051ves can on1y procecd at Walklng pace along
~cobbled: surfaces, L i

_ In a thunderstorm the whole convoy must bc halte& and spaced at
ﬁ5Q metres between each trucke :

One cs cort leédér'Shéﬁld not be wade responsible for more than five
ﬁruoks.» e o -

ﬂrom the above, the requlations for the carriage of

in h.de vehicles arc identical with those for mevs.

Anart
exploslvo

Wor frmnuportln explpsiVe,‘spccial goods trucks arc chosen, but
w1thout brakes. o s ol

Casés ;and barrel contawnlnr explogives are loaded in such a way
© that they will bc prevcnted from altering. ﬁhejr position as the
result of knogks.during movement, and that they will not knock
elthcr agaxnuu each other or- against the 51des of the trucks.

-Ea51ly 1nf1amab10 matOflals, acids and heavy, 10ddw may not be
loadod in the same truck with explosives. .

Exp1031ve“ may be trang Uorted in whole.trains or in single trucks
forming part . of alwoods traln, mllltary traln and other trains.

In the latter case truok carrying: exp1051ves are Ulaced in
the centre ‘of the train and are separated from passenger coaches
and from trucks and flatg'oarernﬁ eagily inflameble materials,
by not less than four poods tirucks writh. ordinary loads.

A pogter representing a bursting bomb is posted on each truck with
explos1ves. The locomotive carries at the base of its funnel
a red flag by day and a red lamp bj nwoht.
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’ T ”HE §UBJECD OF TNNER BALMIQTICq

R e

‘The word "ballistics” derives from ‘the CGreek word a % hy I throwe"

;Balliuticé is the science. of the throu:np of an,artlllery progectlle.

In throwing an artlllerj projectile, one dlotlnyulshe" between two stages in
its movement:

(a) proﬁuisiéh through fthe influence of gases 1orming as the result of
) the combustion of the powder charge, when the, artillery projectile
is mov1ng inside the bore of the barrel of a gun,

'(b) ~after the exit of the progectlle from the muzzle whcn the progeotlle
continues its movement through the air. through inertion and in this
.movoment is subJect to the law of, gravity and to atmogpherlc
sistance. ) :

Accordlnw to these two phasecs, balllutlcs are d1v1dod into 1nner and
outer ballistics.

- : \

Inner ballis tlcs ofud1es the movement of a proaectlle through thc agency
of gases which form as the result of the combustion of the powder charge and
all other pheérnomena connected with the process of oombustlon and the expansion
of” powdef gases; outer ballistics studies the movement of a projectile when
the powder gases havc ceascd t0 effeof it.

In order to study such a oonplex problem ag is ore ented by the movemernt
of a projectile undcr the influencc of pouder gases w1th3n the bore of a gun

100 barrel, one must first of all study. the phenomena d1rect1y Linked with the
combustilon of powdcw and the effect from the gases during the process of ©this
ooMbustlona- '

Inner b&lllbtlcs arc thercfore lelde into pyro—suatlos examlnlng the
sombustion of powder in.an altering volumé, i.e« in the bore of the gun barrel
after the commenccment of the movement of the progecfmTe,

KnOchdce of pyro-statics fwcllltates the oolutlon of the maln praotlcal
problem of inner ballisticss, 'per—ofaﬁqu studies the laws of the combustion
of powder in simplified conditions independently of the movement of powder
gases, leee a phenomenon depending on the chemioal and phyalcal features of
powder and~on the ratio between the quantity of powder in the charge and the
volume in which this charge Js placed. :

Te Lot u wlve 2 more prcclse defln:twon. "Inncr balllstlcs" gtudies the
phenomenon ocourrlnr rithin the bore of a gun dur1n~ a shot and in
particular the novement of a projectile along the bore of the barrel, the
'charwcuer of the increase in its velocity not only in the bore of the
barrel but also in the period of' the effect from mhe gases,

(Prof. i.1. SEREBRYAKOV, K.K. GRETEIN,

|
Prof, G.V, OPPOKOV,  Imner Bellistics, OBORONGIZ, 1939).

SECRET

Approved For Release 1999/09/08 CIA-RDP78- 04861A000100030001 -9




Approved For Release 1999/09/08 : CIA-RDP78- 04861A000100030001 9’
‘SECRET

V

CPYRGHT ' 90~

100

101"

Pyrodynamics should prov1de the correct solution of the main practicaif
problem of inner ballistics, and thls is: how to provide a projectile of a
given wieight and size with tbc requlred nuzzle velocity when it leaves the
bore of the barrel, on,conditioh that the maximun gas pressure will not exceed
the magnitude requiréd depending on the strength of the casing of the projec—
tile,

For a correct solution of thls prdblem, one should learn how to spend the
powder gas energy more rationally durlnn the eourse of a shot, or in other
words, hou to moanage the phenomenon of the shote

This is only possible 4if one su€f101ert1j magters a thorough knowledge
of the processes occurring in the bore of the bdrrel during the course of
t’hC uhotl v

The difficulty of mastering the basic problem of Jnner balllStho is

"Aconnected with-the conditions in which the phenomenon of the, shot oceurs

(a) The insignificant duration of the shot, measured in fraotions of

i, . - thousandths or hundredtho of -a second (usually from 0,002 to 0,06

vseoonds} , »
(b) the cxccptlondlly hl gh ‘f:enpera‘buru in barrel borc_(2400-}5000);

d(?)‘ the huge pressure (QOOO-EOOO atse and.more)

"(d) the constant ohande in the dimension of the volune in which the
combustion of the gav ‘oaked placc during the sho

These peou]:arlt:es have led to spe01a1 methods being worked out for the
study of the phcnomenon of shots and to the creation of special instruments
for thls purposea - S ' ' . N :

Engwneerxng constructorg come up agalnot the solution of the chlef

‘prdblen of inner ball:ortc in its fullest extent when deolUnLHb guns, gun
“carviadges, time fuzes and detonators, also enginecrs engaged on the perfectlon

of powders, \

An artlllery OffICE“ must be tnorouoh~w faijlar siith the problemv of
inner bmlllotlcs in order to be .able to. use pieces, projectiles and’ powder
charges in their correct technologloal uspect~ and to an adventage; and to
know which methods for their use will guarantee their best effect and which
of thom lowver their qualities and may dapave or burst the plece, thus

endanéerlng the -lives of those who. serv1oe 11. ! : T

r.7; 48, ”HE SHOT

The phencmenon of the shot occurs in a ver/ short interval of tlme,

.ﬁeasured in thousandths or hundredths fractions of a Decond all the same. the
'proceSSCS which, in thelr congunctlon make up the shot, pursue their course in

strlct scquencc..

In the procegs of the combuetion ‘of the powdetr charge three phaoes are
distinguished: dignition, inflammation and combustion in the true sense of
the worde .. . Cee THOT

" Toni tion ia the proccss vhich.gives theApuwder a certain 1mpulse

-upder whose_influence there bqg;ng thc'“eqctlon of the Qz@}o 1vc transformatlon

in a‘pmrt of he.powder oharoe.

s

This impulse consists of arousing a flame in some part of the powder
charge from 1vs rapid heating to a. defln:te temperature at which the powder
catches fire., * This teiperature is called ignition temperature. It varies

for different types of powder, alters in dependence on the composition of the
powder, type, degree of moisture of the powder, character of its surface etc.

SEGRQQ
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It-'[ost of"ten :i.’c fluctuates within the limits o 1(0—500

'“hus, for. ms’cance, in order to ignite snonrle 88 pyroxyline powder, some
part of it must be heated to approxiunately 2000, and for igniting ballistics
(one of ’t:hc, Kinds of. l"lLI‘O-—leCb”lne powders) - up 180°,

Smoky (bl'xcc povder) ignites as tho rosult of rapid heating of some part
of it.at ‘approximately 3000 The specd of heating has in this connection
a very ‘real & wniflc*ancc,, as in slow heating, povdc'r' nay decorpose ‘without
explosion; it is sulphur in. paft:cular, \fh‘lCh in smoky powder is flrst to
nelt, follcmcd by altpctre.

“In spite of the lower teuperaturc of lﬂ‘nlt'l on, a snokéle ss pO\JdOI‘ charge
:Lgnltcs with-a gonsiderablc greater d'l.ff'lcult‘f in the bore of a gun barrel
than 1s the: case ’,1171’1 a smok_‘y powder charge.

This, of course, has it reasons.' Ignition' occurs wj*th greater difficulty:

'(a); the :*oothcr the surface of the powder wrmns, which causes the
fr “flame to slide unobstructed over .them and prevents the heatmg of
: “bhc powder })&I‘"C'LO:LOS to the requlred tempera‘{,ure
(b)) tht, rfrc,df;cr tho gize of the powder grains. (lc’c. us remerber an
analogy with wood fuel - in order 'co heat a gtove, fine cut wood.
ohnp are needed) S

(e¢) the firmer the grain congtruction, the fewer are” the pores: contalned
by them, vhich vhen penetrated by the flame. would qulckly heat other
partlcles enveloped by it from several sides;

. 102 (a) the greater the woilsture of the powder absorbing a congiderable
amount of the heat of the igniting jet for cvaporation.

On the contrary, “'Lgni’t“i on is facilitated if the flame weets on its path
rough suri"xces, porcg i.ee obgtacles obstiructing the flame or foreing it to
_alter the direction of its movement: when meeting on its path resistance of
this ¥ind, the Llamc ig halted and the powder particles cbstructing the
forward ol]dlﬂ‘ novenent of the fire becone quickly heated t0 ‘ignition.
tompera‘curc. A

’Snokele g powder i clﬁ per in comparison with smoky powdcr, posmsse a
smoother surface and’a firmer (alt. more compact — T) grain structurc.
That “is why. it is harder to ignite than smoky powder notwithstanding its
lower dgnition temperaturo.
_ This leads to D.dCtJ.ng to the main part of‘ a suckeless powder charge a
o, . snall amount of fine wru::ncd smoky powder - the so—called 1pn1‘cor - for
© facilitating 1;*113“6: on. v :

.. The igniter consisting of .more easily combustible ¢ gmoky powder, plays
the 'same part in the erm tion of a powder charge, as vmall cut chips when
lighting-a gtove, =

, The SOLlI‘CG for the iu ‘pul 1] Ior lffn‘!‘b'tng a powdcr "haro'e are generally
the Heated {1it. white hot - T) gases of the initiating explosnrc substances

inserted in.the primer cup (peroussmn conpos:.tlon) or the pull out:fuze
‘(frlcflon c:onpos1tlon). : :

The f‘la.ne prov:l.ded. by ‘che oup or pull out fuze, ié sufficient for
igniting the igniter. But in order to ignite smokeless powder. this flame
may be found insufficient; having slid alonr- the smooth surface of the grains
.of the smokeless powder, the f‘l'mo nay fail in igniting the powder charge

and there will be no shote ‘ihen, after the striker has been lowered no shot
results, a phenomenon of this kind is ]mown ag a misfire, !
17

{\

Iisfireg wmay, of coursc, be caused by mher causcs:_ For instance the blow of
the striker mt not be Burficier ntly strong (ovcr oiling, ‘reakening of the
striker spr:.ng in such cases the percussion unit in %he cup may not act

at c\ll and Sive no '“eu of lane
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:Thus, an 1Gn1ter is_e entlal fov avo:Ld:Lnr misfires, )

The igniter is placed in a SDeGldl small flat bag ("powder bag' 3 which is
sewn onto the main package of the powder charge of gmokelegs powder. It is
important to pay attentlor that nobodv of the gun crew alters the-position of

‘;.the packages and bundles of the powder charges in the cartrldges and that the
1gn1ter "hoqu always remain at its nlace 1mmed1aue1y over the primer cup.

Powder ignition Js the distribution of the flame over. the. surface of the
E_yder charge prains. “The speed at whjch the flame spreads over the surface

o

' of a powder grain-or charge is cal?ed fgnition velocity.

In uhe cagse of Sﬂok/ powdgr the flame spreads very qulckly over the
surface of the gralno and ig very rapidly passed on by one grain to the other

., up to 2,5 metres / second at an atmospherlc pressure of and several times
qulokcr at an increased pressure (1n a_closed chute three times faster, and
_ ten times faster 1n the bore of a nun) '

Smokcle°s powder 1ﬁn1tes slowly under atmospheric¢ pressure; its grain
when 1it from one side, burns like a candle from ene end to the other, and
the flame does not spread at once like a flash over the whole surface of the
graln az in the case of smoky powder. The burning up of smokeless powder

oséurs in transversal layers, Smokeless powder ribbon or tube which has

been 1it on one side can be ‘held 1n the hand till the fLame ‘nearly reaches

. the end (dlag. 24)

uThe peed of’ trnltlon of smokeIGS°.
powder under atmogpherlc pressure

is altogether only wwo or three times:
"%redter‘than"the speed of its burning

apx. 1 mm / sec).

The nanltlon of snokelc S pcwdof‘"

o fOllUJu an enrﬂrely different course

oh an increase in pres ssurce The
speed of ignition of smokeless
powder increases sharply when v Diaga 21, A rlbbon of
pressure increases., : ) , smokeless powder in the open
: L ‘ ol air (under atmospheric
_pressure) burns at an angle
ignition is from 2~3 times
fagter than combustlon)

Already at a, pressure of 10~15 at, (1n an enclosed space), the ionition of
smoKelegs powder charﬂcs used in practice can be con31dcred as. almost
1nstantan&ous.

-Strongly heated ga:c pcnetrﬁtbd;intenéivc j when under high Préésufe

imto thé intervals between the grains of the charge, and thus almost. immediately

enter into contact with its entire gurface.

LIt is very 1mportant for the un:form function of the grains, that all
the’ grAIns of - a powder charge. w111 start burning simultaneocusly and that they
flnlsh the prooeus of combustion at one and the same moment.

Should this not happen and the powder graﬂno 1gn1te at different ‘times
from each. other, then part of them w:ll be late in igniting, the pressure in
the bore which is needed for shifting the projéctile will- be belated, . the
duratlon of the shot w111 be protracted thus léading to the phcnomenon called

e delayed shots

* In some cases the pcwder bag together with the igniter are: stuck on Wlth

asphalt laquer %o cartridge nlpblé' imitcrs of pressed black powder
biocks are wluo usaed, .

pre—
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.Where the latter is fairly near the target at which the artillery is directing

%o bring about such a pressurec in the powder chamber. already at the moment
Jignite simultaneously.
~.flat cakes of smoky powder . - T) which arc-placed into the primer. cup for

- strengthening the jet of flame, alsowith the aid of the igniter which:has
already béen mentioneds . A-gmall amount - of smoky powder in the primer cup

\

Morcover, grains vhich have ignited. later than the others, may not
succeed in finishing their cowbustion process before the projectile has left
the bore; part of the powdér will have been ejected from the muzzle without
having burnt itself out»(the so=called non-canbustion of powder),

The part of the powder chorge which has not succeeded in burning itself
out before the projectile has left the muzzle and has thus not b een turned
into-gas, takes no part in giving the projectile the energy needed for its
flight. The energy acduircd by the projectile will be less than was needed
and its muzzle velocity will be below normal for the charge concerned. =~ Ag
the result of a projectile of -the kind will drop shorter than was anticipated
by the person who fired it, S IR ST
| I ; [

This phenomenon is knovn as a short "projection (T, Russian: "nedonos")
of the projectile,”

|

Short projections often lead to casualtics among friendly infantry

its fire. |
On the other hand short projecticn cannot be reckoned with when ranging

on a target as the range of :such a projectile cannot be considered normal,

The person conducting the shoot must be awdre of the fact that a short pro-

Jection.is possible from the s hot in question, Hence each case™of a delayed

shot must be reported to the officer in charge of the shoot or where the

powder fails to complete its combustion which generally‘lead to short-projection.
Signs of delayed shiots: on the relcase of the striker the shot does not

follow insfahfanQOUSly.but only after some time.(interval up to several -

seconds); after the striker has ben recleaged a chaeracteristic sharp hissing

sound is heard in the bore, . G

Signs of the ndn~combustion of powder: part of the grains of the powder
charge are ejected from the muzzle. ~ These finish their combustion late when
dropping to the ground: near the gun, or the grains which have not finished
OOmbusyion are found in the cartridge on its cjection after the shot has been
fired, ‘ :

Alliﬁﬂisﬁpdints to.the fact how important it is for ‘all grain of a powder
charge to ignite at the same time, . To produce this result it is necessary

of; ignition at which the surface of all the pawder grains of the charge will

1Thié‘prdblem‘ié.soived,witﬁ”fhe'aidﬁof snoky. povder discs (ii%.'small

and which Torms part of ;the igniter composition, .is. sufficient for creating in
the powder chamber a pressure of 30~50 at., Bnd at.such a bressure, one may
almost, be allowed to assume instantaneous ignition of a smokeless powdér charge
ag guaranteed, . . o

, i,Thﬁs:an;igniter‘mét10n1y elimiﬁates'misfireé but also delayed shots.
Powder combugtion follows immediafely on ignition. o :

TR I, ’ , e
- Powder combustion consists of the flame penetrating to the depth of each
gradn along the perpendiculer £o its surface. e

Y
|
Fire which sougtimes flares up. in the cartridge when the latter is ejected
where the cartridge docs not contain unburnt povder grains, is explained
not by.the failure of the powder grains to burn but. by burning on contact

?

—

“wilth, oxygen of those productg of the decomposition of the powder as for
instance oxide of carbom (C0), .. "~ - . ]

Approved For Release 1999/09/08 : C'IK:RDP78-04861A000100030001-9



Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9

CPYRGHT - SECRET :
105 ~Oly ﬁ
e GH.APTFR NINE )

B0 DER COM[BUSTION IN A CONSTANT SPACE.

L9, COMBU.STION \/'E JOOI_LY OL1 PO TDER.

The speed ot which povder burns is measured by the ’chick‘ne s of its layer
burning in a time unit; in other words, speed of combustion meens the linear
wher il veloeity of the flame dlc tribution of the powder grain in depth along the

Lo perpendwulwr ’co its sur:f"lce (Aiag,. 22) (111:. translation = T),

Diag. 224 Powder Combustlon in concentric 1'1yer

R -2“—"- B pcrwder layer burn:.nu up in ‘che flrst unlt o:f‘ time;

b - powder layer burning up in the second unit of time;
Lo B thé thickness of such a layer de"nertnlnes the velocl"by
R e of' powde combus’c:.on. - : s

.uxperlmen"ts With po‘rders have o.T lowed one ‘co Lot&bllsh that the veloo:t.ty of
powder con‘bustlon nalnlj depends on the following five-factors:

, (‘a.) On the compogition of the povder itself;

| ) O1the dcgree ‘ of 'bt_hej mqis,ture of the powder;
(c) ‘Oh,"the compactness of the powder S{lbé'ﬁ&néc,

©(a) On the, to‘rﬁpei‘afu“e' of fthe .powder"""
(¢)

On the” outer pressurc in */hlr,h conbu,t:u.on oceurs, this pressure
being cloeelv linlked with the compactness of charging.

106 Influence of the Powder Composition. - It is already known-that smokeless

T pyr"OXVl .ric powder is prepared from a mixture of soluble and non-soluble
pyroxyline, while nl“tro—gljccrlne powder is made: of pyroxyline and nltro-
glyccrine. The greater the percentage of non-soluble pyroxyline or’ of .
nl‘bro—-glycerlne in the powder OOmpO.altJ on, the faster does the powder burn
and vice versa, Tor instance, in order to obtain a fast burning pyroxyline
powder, one tokes 85% of non-soluble pyroxyline -and 155 of soluble pyroxyline,
wh:l.le in order to obtain slow burning: povder, onc takes 60% of non—soluble
yroxyllnc and 4043 of‘ goluble pyroerllne. .

.@mo‘uhw *ray for 1nfluenc:|.n«7 thc speed of conbu.;’clon of Dowder is to
introduce to its contents various inert adaixtures which will slow down its
corbustion (the so—-called phlégmati zers}. The greater the percentage of the
phlegmatizing contents, the slower will be the combustion of the powders
Camphor, vaselinc etc are used in this capac:.ty (see p.36)

Volatile solvents »fhlch havo not bez.n removed durding ' dryn.ntT also react
on the speed of combustion,

oo Tt is ‘reckoned that a 1 ;anrease in a VOl&“Ull(_, solven’c decreace the
combustlon velocity of powders by 10—12,9.

Influence of idoisture in Powder,  #ater is also one of-the phlegmeiflzers

—

o

- Which conp:_derably slovs up corbustion as part of the heat which is produced

o : ‘ SEGRJ
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.. combustion. ..

A:';th' proportlonaliﬁy coeff cient.

in the process of the reaction.is spent on the evaporation of .the water in the

" powder contents.

Consequently; the greater the noisturc of the powder, the less will be
the spegd- of its combustion. = Powder which has becdne very damp may ‘even
fail to complete the combustion process in tinme before the projectile leaves

.:the bore.and part of it will be ejectcd .after. the projectile has left the bore.
The muzzle velocity will consequently be considerably Below the normal velocity

which nay lead to short projection. The harrful conscquences of short pro—
Jection have alrcody becn mentioneds - irom this one may draw this practical
conclusion: one must pay careful attentionito that the picking.of . the.powder
or powder charges both in the stores and in the troop will be hermetical and in
no cage to disturb this hermetic sealingrumnecessarily, to keep' charges in dry
places and not to use old chargcu w1thout dmru ncod to do 504

Influonce of the coupactnoss of powdor prains. The greatér the trug
compactness of “the powder grain, the fewer pores it possesses, and the more
difficult it will be in consequence for the flames to penetrate to the
interior of thc grain, and the slover will be the process of the powder
combus tion,

Influence of ghe temperaturc of the powder (teuberatiires of the charge ).
An increcase in the terperature of pcwder ralses fhe gpeed of 1ts coﬂbustlon.
This ‘depends on two.causes.

1o The more one or the other powder particle is heated, the lecss
thermal energy vill have to be spent on heating it to a temperature
at which it will ignite. Consequently, at a deflnlge,tempernture
created by the conbustion of neighbouring powder partitles, and
the heat current; arous ed by thlS oombustlon,

caoh powdcr parthle W1ll 1rn3tc the quvcker, thc ﬁore it hap been heated
prior to the ignition -of the ch@rge. : = ‘

2. {ith the increasc in teimerature, the reaction of the decomposition
of the powder procecds, as in faot any chemical reaction, casier
and quicker, .

Influence, of outer pressurc.  The greater the pregsure from the niédium

: surround:nn the Uowder, the nore energetically do the heated (whltc hot—llt)

gases whlcn have formed in the course of combustion, penetrate to the depth
of a powder grain and conscquently the greater will be the speed of powder

“However, vith the Iwering of pressure the speed of combustion drdps and
may becoue ins 1gnlxlcant1/ snal] in a sufficiently rarified space. . Experiments
in powder combustion inva hermetically secaled strong vedsel (manometrlc bomb)
prove the dependence bot ‘een the speed of powder ooﬂbustlon and the outer
pressure. L e DT N I LRI

These experiments have made it possible to draw up the following
empirical formula: - L o

u = A.p,

u = velocity of powder combustion;

OU.T:CI‘ prc SU.I‘G'

In order e determlno thls coe flGlCPt let us assume” that combustion
occurs at a pressure of p = 1., ‘Then

u = A

or A = ug

"SECRLT
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(by ul one expresses the speed of corbustion of powder onp = 1).

This means that the coefficient of proportionality A numerically equates
the speed of powder combustion if the pressurc is p = 1,

The above forrula shtw that the ,>pCGCl of combustion of the powder is
in direct proporuon to the outer pre 3SUrCe

The majfnl’cude of ‘chc speed of PO‘-.!C].GI‘ corbustion.

The sizc of tho .mgnltudc (1it, dinensi. onality; razucrnost' - T) ug

can be seen fromn this equation

When "u" ig oxpresséd in At /cek' P - in kg /)1,,//( 2

For Uyroxyl:xnc povdors qu:mtlty ul altcrs from O 0000060 to 0,0000090
Q:/’f_/_cek

ke %&-v
'[nfluence of’ ”f:he Deno:.tv of Gharp'lnp'. Dén sity.of charging is rxeasured

by the relation of .the \fe:.ghj% of a.charge in kilogrammes to the volume (space ?)

of the powder charber inJA!° (the we:.ffht to one uniy. of space):
..... L = M k‘—"
w'O r/rlh ‘ ,

Should the powder chamber be completely f‘:l lled "Jlth the charge, the compactness
 of charging will in such & case equate the gralmqetrlcul compactness of the
‘powder,

With an inéi‘éh se in tho con_pacine s of Charﬂ'lno' . pbowder gas pressure increasges

-

Eowdcr. L

S L N O
This probler will be oxc-xrhine'df”in greater detail below,

50 J.I\‘FLUENCL OF ”HE SHAPE OF POWDER GRAINS ON THE
: FODMAJ. ION OF GASES.

o ,:' e Du;j'at:l.on oi’ Burn:lnp of the Povider Chargc.

Law of Gas Formation

I‘c was establlshed already in thc first half of the XIXth. Century that
“the” oombustlon speed of powdér does not depend on the extent of the buraning

L surface and that powder gra:ms 'burn inconcentric layor.; in the open air

(dlag. 22 and 23).

ety
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Tt was then thought that
povder grains also burn in
concentric layers in the bore of
a barrel.

Recent experiments have,

7 however, shown that smoky powder

.. groins only burn in concentric

g‘ " loayers at pressures close on

f( Tatnospheric pressurc,

At the huge pressures,

: however, which develop in bores
of gun barrels, the flame quickly
penctrates into the pores of each
“griokcless powder grain, creating
a strong pressure inslde the

Y graine :

This pressure from inside
breaks and bursts a grain into
small particles which in their

: : R . turn break up into yet smaller
Diage 23. Combustion of a Tubular Powder parts in the next moment, and
.grain up to half of its thickness leads thus snoky powder cannot burn
to the corbustion of the whole charge. in a barrel bore in concentric
a) tube hefore beginning of the combustion; layerss
_) the same tube after it has been

“burning for some time; ) the tube at the

lagt moment of corbustion; 1, the tube

has burnt to this thickness from inside;
2,7the tube has burnt to this thickness

from the-outside; . 3, radius of the tube

-, 8% the last nouwent of corbustion.

. rGohtfary.to this: however, snokeless powders congleting not of a porous - but of
- o gompact colloid mags, burn in concentric layers at any .pressure (law of

“powder combustion)e

As evidence of smokeless powders burning in concentrie layers “is the
proportionality established by cxperiments between the minimum size of the

»,grains (thcir thickness ) and the duration of their combustion in a closed
vessel, R o ' oo :

" In this connection one ‘ought to bear in nind that in the case of powders

‘with inner grooves, the minimum thickness betueen these grooves, the so-called
" . thicknesg of the cirgumferenbe“(lit; vault, arch, curv&ture)*‘(di&g. 2y, size
" 2¢j), is considered as the thickness of the graina B

The second prqpf'of the correctness of this lew: . °

It sometines happens in the coursc of -fire (in retarded fire, in cases where

- charges have becone dapp etc) that a part of thc powder graing fail to complete

“their combustion befdrc_tﬁp'projectile leaves: the bore; these grains, which
have. nat suscceded in burning up, are ejected from the bore of the gun barrel;

. they always reserble geometricelly the ordiginal shape of the grain’and only
Cdiffer in‘pige from it. . This could not have been the case had the grains of

smokeless povder burned not by coricentric layers but in some other way.

Conclugions fron the Liewr of Powder Combustion
"4, - Thé dnration of the Corbustilon
of a Powder Grain, . Aftcr ignition a
powder grain burns simultancously over

# .
Russian = ‘s vod' - T,

i et
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'its whole surface and from all sides.
“'The, burning surfaces

move towards

“the depth of the grain from its

[

rothati—

opposite sides and meet in the
centre of the circumference of the
grain, Trom this one can deduce
the combustion of the grain
will cease, the grain will be burnt

" completely when it will have burnt to

7 a1l grains of the charge start burning simultancously.

* neously (alt. finish their combustion at the same tlme - T).

*one helf of its winimum size, i.e, to
& the mlddle of circumference of its buTk (diag. 25).

Diag. 24. Thickness
of the circumference
of a seven grooved
Powder grain.

Tn other words: the duration of the combustion of a grain at a congtant

.Velocwtv of combustion equates the quotient from the d1v131onc3f the half
. of the minirmum dimension of the grawn by the velocity of its combustion:

e

fe
t F ___.l_.- H
Su
e t = time of duration of the
P P o comhustion;
i e = half of the thickness of the
A powder graln,
Diage 25. Shape of Po'der urainS' u = velooity:of its combustion.

& - cylindrically shaped grain (the
““height of the cyllnder is greater
.athan diameter of its bases

b - cylinder. shaped grain (height of

cylinder Iess than the diameter
of its base); - ball shaped
”graln,v 7 - rlbbon shaned :
-.graini . A - tube ghdped grain;
e - lrregularly ohaocm grain,

“On any- alteration (in connec—
““tion with changing pressure) of the
speed of ‘burning the duration of the
‘combustion of the grain depends on
the speéd of combustion and on the
swallest dimension of the grain and
‘is determined by the time required
- for the prain to burn down %o one
‘half of‘itsmgh;gggggg.

'.132. Duratlon of Cmibugtwon o; a Powder Chang

-

gage ‘boib,

in tho boro of a gun barrel) can, as huS already been sald above,

~down to-one halt of its thlckness.

be a‘sumed as Belng oractlcally 1nstantaneous, ‘i.es it can be reckoned that
Being identical in
sizé and burning in identical conditions,. -they should also burn up simulta-
e have already
said that a grain will finish burn:mU at the moment when it will have burned
At that moment, however, all the other

rgralns of a homogeneous cbar”a w111 have burned themselves out.

,hi From thisz one may oonolude the duration of the combustion of a powder
oharﬂe composoﬂ of ‘homogeneous: nmalns, is determined by the duration of the
coMbustlon in th"_vlven condxtlongL_of one‘gyawn to half its thickness.

o

As the duratlon of, the coﬁbust1on of a chmrﬂc depends on the minimum
extent (th1cknoss) of its ﬁralns, lt is .obvious that, all other conditions
being equal a grain: whloh is bulk 1er than thc other will burn longer.

S In other. words, if. the 1ntcnt10n is to securc longer combustion for
a charge, then," on ‘all other conditions being equal it is enough to select
for the ohargo a’ type of” ooudcr ulth bullzier grains.

lﬂ
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111
© ., . charge with thc'larger grains their number will be n s there will be 8 n
grains in the oharge with the smaller grmlns. R

AHH1;M;. ,
but will: devclop a ﬁrcntcr pre sure to start:vith thwn a charge with larger
gr&:l ns e

—99~
2. Dependenue of the &mount of gases on the burning surface.

As has alreadv becn said, the ¢ pced at which powdcr of a glven composition

“burns depcnds neither on the size nor the shape of grains Ihether the

grain' is‘large or small, ball shaped, cubic or .of wny othcr form, a 1ajcr‘
of equal size will burn down 51multan60uslj in combustion by concentrlc

ﬂglayers, provided all other cond1t1ons are identicale

Mc&nwhlle, the amount of thc gases wh1ch form depends on the quantity
(volume) of the powder which has been burned, f.es not only on the speed of
combustion, but on'the giZe of the burnlng qurface also.

This meahs thaL the amount of gases fornlno'ln Llnw tnit during the
burning of povder grains, ls in qugprtlon to thelr burning surface.

4. Dependence o Of‘,."t,h_fz,azlzqup‘ﬂ,ﬁ‘_ﬁ.ﬂ*;s,c_s_.flqw;%‘.J;nwa,_t_izﬂ,e__uni__t on the
gize of the grains of a powder charpge.

Wlere one to take two powder charges -° identical weight and with identically
(similar) shaped grains,"he duration. of the combustion will be longer in the
case of- the .charge containing the finer arains. Let us imagine two charges
with the same weight consisting of cube shaped grains: one consists of cubes
with edge® Db and the other cons lstlng of cubes with edge - 2 b.

‘The bulk_of the small grain will be b3 ‘the bulk of the large grain

(2893 = 813, or eight times larger. Therefore the weight of the large

grain will also be eight times greater -then the welght of the small grain,
‘here both. charges welgh ‘the same, the one which has the fine grains will
contain a. numbcr of -grains which will Dbe reight times more: Vhere in the

Tho' sUirfice Qf the smaller oraln oquames 6 bg,vand of all 8 n grains
of this chorge 6 b2, 8 no= L 48 b Ne

The surface of the large ﬁraln w111 equate 6 ( ? b)2 = 24.b2 and the
surface of all thc graln of this charge Wlll cquate a.b n.

Thus, in thc case of ‘& charoe the linear dnmcnglono of whose grains are
gmaller by two, the surfacc of OQﬂquTlOn will be twice greater and consequently
the amount of gases forming in' a fjmo-unlt w111 Db tw1oe more on all other

‘cond:twons b@lng equal

: Buﬁ at the same time this oharpc will burn up qulcker as 1t disposes

“over-small size ormlns..' Horeover a large proportion of gases secreted at
“the beglnnlnv of the combustion will lead to'a considerable increase in
'presuure whlch in its turn rcsul’tu in a preatgr spaed of combustion of the

grains of this chargc.' ¢

From this the follow1nﬂ dcductwon can “be made‘ “the gpeed of the

:combuStlon of a charge consisting of finer grains of the given composition

is greater while the duration of the ‘combustion of this charge will be less
than ig thc case thh a- charge cons1QU1np of larger gralns, or, in other

A charge of finer gralns W1ll not only burn and burn itself out quicker,

51. trOﬂr» ﬂ1v1gy of Oombu stion of a Powder.

As has alreadJ bcen 5&1& the amount of gase forming in a time unit

' S during thc coﬁbuutlon of a powder charne is proporﬁioned to the burning surfaoce.

ver

& alt. translation~ rib; the_Rpssian-mdrd'is-’r e b r o',

CR;T P
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The extent of the burning surface;‘hawever, is closely linked to the sizes
and shapes of the powder grains. o o

In fact, (ses the e xample on. nuge ﬂ10) at the first 1nstance the surface
of combugulon of all, the, Ur11n° of thc first chﬁrﬁc equated 48 b N

At thb momcﬁt Jhen c&ch graln wilT huve burned on each 51de by 1/L of -
1ts orlvlnﬁl dlmePSlOﬂ, each of its edgos Will equ%tc ’

.o

ol

l.;_  - . :‘6. ('E' b)é HY:;
0. Ll

and the uurface of all & n gr%lnq of this charge will form,
3o . ,
'8 n.. Z‘F <= 12, b2 ny

PR St i

1.@. 1t will bc less by one quarter fhan the orlglnal surface of combU°t10n.

This decrcase in the burning surface w111 contlnue durlng the Wholc tlme
of combugtion until each of the cralno w1ll have burned 1tself,out;

Tae same state of affalr applleo ‘ot only to oube shaped but-also to
ball shaped, prizmatic and cylindrical etc., -grains, in short, to grains of
any shape, vhether of o rc[ular or’ 1Jreﬂular pattern - representlng one
compact hody without inner grooves .

Consequently also the aﬁqunt of gases Uthh fori in each successive time
unit will similerly constantly decrease in the casc of such. charges and under
the given constant preﬁvure. : o o )

This is very unprofltable ine flre' at the beclnnlng of the combustion
when the projectile iy still immobile or has. Just started moving, but still
comparatively bTOVIJ, the current ‘of gascs is-at itg nux1mun, a hlgh presoure
forms against the sides of the gun 1r the snmall initial air space1. This
high pressure reacts dc tructively on the sides,  With its progress along °
the bore of the barrel, the proJectlle gathers growing speed, the initial air
space goes on increasing while the amount. of nevly. fornlng gases constantly
decreases; consequently pressure in the bore rapwdly dropu and the accretlon-
of speed constantly grovs .. 1eus. . o

Tt would have been ¢ncomparably more. o&t]SdetOTy, if on the contrary
the flow of gases would have been at its minimum at the beginning of the
combustion when the lnltl 1 air space increases still slowly, and subuequenﬁly
when the initial air space_ starts increasing at an even faster rate, there
would be a (reatCﬂ quanVIty of* gasev fornwng 1n euch su006551ve tlme unit,

5mmustlon -t e pas flow 1ncreases
nbustion of “the' gralng, 1s anJn .

Eowder Wluh wh1cb at oo given rmte o
in a time unlt acoordlno to the dearec of
as_& Bcwder of,prque551ve conbustlon.

‘A powder of pronreus1ve combustlon does not reﬁult in sharp Jumps of
pressurc at -the connencemcnt of the combustive process of a charge, and in
wview of the constantly incrcasing gas flow, according to the rate of the
combuztion of powder grains, it alld/s thls flow to maintain-a high pressure
for a comparatively 1onger duration not pernitting it to drop rapldly.

1o An initial air space is a space in the bore of a gun to the rear of the
charge between its base and the base of the bore (breech block),
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Such a more even distribution of preszure creates a lesser stress in the
‘sides of the gun and at the same time it permits the projectile to acquire a
comparatively great muzzle velocity.

As the amount of gases forming in a time unit at the given rate of
combustion depends on uhG size of the burning surface, it is essential in
order to obtain PTOUTSSSlVC cowbustion to select a shape of grains with which
the surface of cach grain will increase according to the degree with which 1t
burns.

113 This condition, as we have already seen, is not fulfilled by any shapes
of grains which consist of a compact mass without interior grooves.

" "Only where there are inner grooves in the grain (the diametdr, and
consequently also the surfacc of cach of them ingreases accordlng to the

"degrée “of burning of “the "érain) can one achicve an increase in the surface of
a grain accordlna to the degree of ﬂtsychbugtnon. BT .

Influence of the shape of gr, alng .Qn prosressive combustlon.1 Let us
“tdke An irregulorly shaped. grwlnlzalaw. 25, ¢)a  Let us mark by S the
changeable dimension of its. burnlng surface and its changeable bulk-by letter A,

. After some -interval of time a layeér will have burned whose thickness
will be expre&sed.by letter e, The surface of the grain,is an alternating
"Guant ity chiangiig in'dévendénce on’ {the thlckness of the burned up layer; it
can be sald that S is a function from e:

“« e

As we have not the expression of the functlon of S in its general aspect,
one will have to solve the problem Tor some 1nd1v3dua1 Cases.

Lt us éxdrine ‘grains with the’ folIOW1ng shapeg:
(2) Ball;
(b) ‘Cylinder;
(¢) Ribbon;
) tube {macaroni);
(e} many grooved;
) squarp bewned wlth rlvht &nOIed grooves (KISN“M@KI'S powder).
a) Ball shqggd vraln (dlar. 25,- ). the ball shaped form is one
. of the least advantageous accordlnr to the ratio of combustion of the layers
43 © of, the ﬁraln, “the burning surface w111 rapldlj decrease and‘w1th it = the
' “flow of gasés will also decréase progressively. °
Example: Let us take a ball shaped grainiwith:a radius of 4 mm and

let ug assume that in a unit of time‘a 1 mm thick layer has burned down.

1 Accepted nomenclature (”Artillery terminology",‘I‘é&itiohfz

inivial thlckness of powder rrrzun .....;................o,....n.n... 2 ey
th:ckncss ‘of burnt layer of powdcr grain

‘(mu‘t&ble SiZC ( 7 qu.antlty T) R A R N N R IR AN €.
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ﬁﬁﬁrelat;ve bulk of & powder graln
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initial surface of powder graln Sreceserciucitorsissisooadoonrnne S1

|

:;3;surface of powder graln (mutable 3126) ....,......,......,........iS

SR

initial bulk of pm!der graln Seetretiiaiseciattiioessonisrnsaesens Ny

}‘; g;relat1ve thlckne s, of a burnt 1wyer of

a powder grain R R T R S T T TR TR o ]

‘relative surface of a powder grain -

(mutable SiZC) .‘-oo’-lto-n‘n}o-oc.o-’uonono.oo-o‘cogaouoca‘éo’c‘tl-oab‘l'olro-.o&3 = §_

(muta.ble Slze> .aooﬁa‘o.-nn-ao---.ou.noo.o-noac-oa-too'q---uno-.ooo“V =A'-‘/\

Inltlal bulk of the pcwdcr rraln ‘
“ ‘ ’)_- --‘,Luﬁ @JM‘«’

" Al:.’ )-(T '5 .

;E\After a 1 i fhlck l&yer hag burned o= 3 T and the bulk of the remalnlng

" part of the grain

A g 33 y‘/g'ﬁ o7 it

~Bulk of the burnt layer

/\,-/\': (m-373=fTr,_?}?i«Mmf?.m
3 3
In the following interval, of trne when the second 1 mm thlck layer
will have burned, = 2 mm, the bulk of the remaining part of the grain

will be: ‘
" . y X 0. ‘
/\=.‘f/3r.§'=3:ﬁ1 %M 3.

The bulk of the part of the grain which has burned in the second time
interval will be:

A=A e (97 %) T

Z‘The proportlon of, the bulk of thc ?cona;%ﬁrnf»15&§f td‘thefbﬁlE Ofﬁthé first

’\_:__/.\* _ﬁ z o,‘Sr.

/\__/\ >_47

Thls proportlon shar that in the second time 1nterval ‘the flow of gases
has decreases by nearly one half in comparison with their flow in the flrst
time 1ntcvval.
A combustxoni in the course of whlch the flow of gases at a given rate of
“burn;mg_decreascs according to the denree of burnlnﬂ of theApowder gralnL;ls
kngwn as degressive, : : . :

_Conseguently, a. ball. shaped pcwder grain burhfs very degreséiﬁéiy;

(b) GOylinder shaped grain. This can be of two kinds,

Te 8 small cylinder whose height is greater than its diameter,
and, thercfore, its diameter is its smallest dimention.
(dlag. 25, a)
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v 2. A small cylxnder vhose height is snaller than :Lts dla.rleter and
its height is therefore its least dimension (8 cylinder of this
kind looks like a biscuit, dicgs 25 D)e

In both cases, the combustive surface décreases in prOpor’clon to the
burning of the gra.ln, and thc, combus’c:u.on of a cylinder shaped grain Wlll be
degresslve. . S

Example 1, Tet us take a grain shaped like a eylinder having a height

of 12 mm and a diameter of 6 wm. .. Let us assume, as we did in the preceding
example, that a 1 rm thick layer burns down in a unit of time.

115 The initial bulk of the grain

Ay st LT, ’\1 - 1A b

"Af"tcr the 1 mm thick la.yer has been burned t ;—. 2 ma, h- = 10 m,
and the bulk of 'Lhe burnt. part - ' o '

PR

A e 1087 T . 0 TC a3

After the second 1dent:.c'11 'La.yer has bcen 'burm(d 2 = ’1__11;1@, h =8 min
and the volume of the renﬂnlncf qr'tln ' R '

N T AT 0 T OO LR M3

The volume of the layer:which burned in the secohd unit of time équaf;es’

‘\‘\ .

NN ST - 89T = 39 T1 Mo

The proportion of the volume of the second burnt layer to the volume
of the first

Oonsequently a oyl 1ndr1c:&lly shaped praln burns. very degress:n.vely.

Example 2, Let us take a oyllndrlcally shabed grain with a helf‘/‘h‘t of
4 mn and a 12 mm d]a.mc'ber. EEaRy PR

Let us solve “ch_e.problgm in the ‘game way a8 we solved the preceeding
problem. s '

- [\\ . {ih( L-'J J { 97, b f.’;‘ e =l b T M, M 3‘

After the burnlng of the f:v.r,rt 1 mm thick layer h = 2 T
l?/ = 5 Tul,

Ty

A =S 5% 2 5090

Approved For Release 1999/09/08 CIA-RDP78‘-04861A0001 00030001-9



Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9 -

CPYRGHT - SECRET
115 ' . =104~

After -the sccond layer of the same thickness has burned © = 4 mm,
while h = O, consequently A" = 0, i.,e. the grain has burned

_ 1 C ) o
T A - LU SN RS i e}

.::‘ i ce /\f - A n' - F\O‘;.'(_' _ (, o ’5{) T( r/%’ (',w 3
..The proporticn of the volume of the second burnt layer vo the volume of
the first is+ - R

e ‘7\ _ /\,1 (7/{.
N )

0,53

N
a

‘The co‘mbi\iéj:,;i;pn/‘is’ degressive.
daees e - P L R RSO v on

(c) Ribbon shaped grain (ding. 25 %’). * ‘Ribbon shaped grains belong to
the class which result in degressive copbustion; but as the thick-
ness of the grain is insignificant in comparison with its length
and breadt¢lh, degressive combustion will be very mugh less than is
the case with ball shaped grains. ‘

v Bxomples Let us fake a grain with the following dimensions: length of
ribbon 200 mm, breadth 20 mm, thickness 5 1. Allowing the same assumptions

116 os in the preceding examples, and expressing the length of the ribbon by 2 c,
its width - by 2 b and its thickness - by 2 e, we find

P L O P LT D W A LT Y) MM
e Qs 80 MM AL 8 MM FET - 1l M
dep = Sty St T e oy
A, s J06.50.5 = 20000 MM
AR 4 3 10692 MM,
Ns 196 bl 3136 M
A-A' S deaos - 16643 2 430¢% p%u”‘z;
Al NS o0 &(7;5# ~ 2y ? (= 755 b M
AN 75856 0,40,
A -AT 9308 o

it

t

i

Degressive combustion is considepdbl_ly4in.comparison with ball or cylinder
shaped grains. e s

116 (a) - Tubular (macaroni) grains (dia. 25, .)
Let us take a tube shaped grain h = 20 mn with a diameter of a

. cylinder shaped base D = 6 im and a diameter of the groove & = 2 mm
and let us assune that. in.one unilt of time a layer burns having o

¢ thickness -of 0,5 rm, ' o

In this case ‘the :in‘i'[‘;i&_;.;i vvol‘;i‘_%;e_pf the grain will equate
Ay = TTRPE =97 A (RT- 2% )= a1, g0 (32 19 -

’:-“(,‘ém,?, t (LG ‘:‘( A U«.?'” o
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After the first layer has burnt

';:.; '_'-\‘/'7‘,/4 T D Gt -o(:'; 3 (Mp{/i

(the d:.amctcr of the :Lnner groove w:Lll increédse ),
The' voltme Of ’che rc,nalnlng vart

AR L5 - (399 T

Af’cer vl’lC econd 1ayer has burnt :

" £a IS xi/l [xtf 7) '.l‘ L c'{(o . Lé "/Ff'/fx ,1‘{1
,Volune of' ’che relmlnlnv part o
A et (g e :

1.e. “t:he f*ran.n hag burnt -

/ w\' OST - 774 - Q39T 4 M3
A . \" 2785~ O 5 74T (fufﬁa3~

NN 7%q¢
SISO U C/_ . q S .

AYEEA %1

117 Although the cowbustion is deo'ressnrc, it is so to an insigpificant
degrce as the gas Tlow proceeds almost uniformly,  Thus, the tubular form
is the most convenient of all the forms hitherto received,

(e) Mulsi grooved grain (diag. 26). Let us take a grain shaped like a
cylinder with a height of h '=. 20 m, of base diameter of D = 6 mm
and w:."ch seven: arooveu'hav:mg a diameter of 4. =. 0,5 nm each, and

‘ “det us sssume that in.each tine unit a. 1ayer of’. powder burns hav:.ng
a fhlcknCoS of‘ O 325 IiMe . ) ;

A

e f‘Lnd when solving $he problen in the same a as before, that

ATUR zlﬂ7;(zgf RIS

e .3
=G0 (37 7(6) 7 J?_l/f&a)‘((,m,/ﬁ.,
Af’cei" "t:he f‘:Lr.;"c 1ay<,r has burnt S :

W

u:’"

.2

| 43':' D55 M F’»' 5 ,»‘M /11 3 ;;x,.ut,,tg“; ‘z s
W o :wa VA SRR e
‘/1‘:"‘3 | (qj f ( ,-L N@ 7 /} nﬁ J sl ? 3 ST M M‘“ : \ :
After the second 1&yer has bﬁrm o . Diag. 26 A ;;owde'r

. e e : . ,ﬂ .ﬂ 7 M s grain of a multi-
B 5y K22, D ML s i grooved. form (cylinder

A7 19t <3t tu(«’* =7(&) J‘M 5 o, v Geocves)
/\ /\ //ww-m,n”'-f'k7 9597 g ot 3

SN .‘/\ | /!3 3's1'i+3 (CI AN AR

AR AR A
— E (” /)
AR N 57,9691
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This proportion shows that the vﬂiume of the part of the grain which has been
consuned in each successzlve time interval, has not- only not decreased but has
even increased,.. h o . ' )
Conscquently powder with sé&én'grooves burns progressively.,
Thié-progressively burning'pbwder has, however, one sCrious defect.
A% the moment when the inmner grooves have becone ‘consumed to such an extent
118 '

that they interjoin, the grain will not ceage burning; the grain will crumble
into several pieces (disintegrate - alt. T), each of which, being a compact
prizmatic body, will couplete its coubustion very degressively. (diag. 27).

Multi grooved powder'cah be improved somewhat, if it is given a shape
shown in diag. 28. In this cage both inner-and cuter prizams must become

absolutely identical and complete combustion simultahcously.

~ Diag. 27,

- Multi-grooved
grain at the

moment of

: Diag. !2_80

 Improved shape .

of o mpdtie

grooved grain, .

Diag. 29,
Powder grain
with trapezoidal
grooves

disintegratibn .
(The none
consuned
particles are-
shaded)

R “(£) Povder with.TrﬁﬁezQi&al Qﬁpdvéé*and'with Square Cut Grooves,

In order 0 aveid degressive combustion of a many grooved powder
“grain after its disintegration, it was proposed to replace circular
grooves by trapeze shaped grooves as shown in diagram 29, In
theory ‘grains of this shape ought not to disintegrate,

The Rﬁssian.epg;neer KISNEMSKI proposed a prism shaped, powder
with square cut grooves (diag. 30)., Theoretically the grains of
such powders-shguld;glso not disintegrate, But the proposal of

 inventors were not in this ease confirmed by experiments; the
combustion ocours: from the corners along the radii with 4identical
velocity in all directions, and according to the way the grains

¢ . burn, the transversal section of the square or trapeze shaped gr oove

. lconstantly
(diag. 31).

- Diag. 30, KISNEMSKT'S
..y Bowder grain -

ftakes on the corresponding shape with rounded corners.

b

Diagse 31. Disintegration of
. KIBNEHSKI'S powder graine
oy

grain up to time of

combustion;

+ Figs 2 - grain in the process of
cambustion {apertures have
already lost their square
shapes ).

Pige 3 = grain at the moment of
disintegration.

\, "" T Fign1 -

SEGRET
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I"b,has 1ot yet been possible to avoid the disintegration of a grain into
v “degressively burning particles, R :

A

seeee The menufacture of a powder with trapezoidal or sqﬁafe section is very
complicated, - - el ‘

R Th:l.s lS why the suggestions which we ”ha;ve, deSCfibegl have in no way been

- widely ..adop_te:d.i L e e

‘ (g)Relnforced (1it. armoured, - '1‘) iﬁd\v;fvfd:e’x“'* (diag. 32). o

§
BEE

SR ‘The most ra‘_t_ional"'éoiution of “chc,_problémvéf dégnessive corbustion
AEi of powder seems to be found in' the so~called reinforced powder,

.. +/The gist of this proposition consists of “the following:

The exterior surface of the grain with its tubular or macavoni like form,
is covered with.a firm layer of a neutral substdnce, a2s ‘though it were
protvected against burnings The grain only = .o 70 oo

__burns from the inside, as the result of
“yihichsthe surface constantly and -~

sharply increases,.

e

 Diage. 32, Reinforced Powder: =
: Coograingt o T

But it is very hard to find for the upper layer a sufficiently firm and
non~heat. conducting substance, a thin layer of which would serve as "armour",
which could resist the immense temperature developed during the combustion
of the charge without passing this temperature to the powder below it; _
secondly, this neutral substance which is ejected on a shot from the bore .- '
of a barrel, rust form a. smoke cloud and this will deprive. a. pawder from being
smokeless;  thirdly, the neutral admixture will lower the force -of . the powder
and will thus deprive it of a part of its advantages made up of its progre=- . -
ssive combustion to the.end of this process. . = el

In view of all these difficulties the task of cereating a reinforced powder
has not yet been.solved satisfactorily for practical purposes, -  Reinforced, . -
powder have not yet'left the stage of leboratory experiments, Thus the °
problem of finding a powder which will burn to the end progressively and could"
be used for mass productions

Fige 1a T | L “;.

Diage 32+ Smoky Prism shaped
Powder: )
Fig. 1+ Prism with onec groove;
Figs 2. Prism with seven grooves.
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Oon‘ccmporary artillery mainly uses poq‘dcrs whose grains have a oylindrical
shape and are equlpped vith seven small grodves, or else tubular (m&caronl)
shaped grains, © In the course of tho P:.rst World War ma:Ln]y ribbon shaped
powder grains were in use, This type predom.nal;ed»o.t 'che‘beglnnlna of the
XXth, Centurye - L o B :

. (R

(h) Prismatic Snoky Paowder. Theore‘f:rcally the problen of the
progressivity of multi-grooved powder conbustion had already been worked out
at the end of the XIXth century, Even before the introduction of smokeless
powder (in 1868) the well known Russian generals GADOLIN and MAIEVSKI had

- -worked out a sroky pcvder grain which vas exceptlonally satisfactory fron
. the ballistic point of vicy, This was a gix slded prls‘l with one and with

seven grooves (diag. 33.)

I

~Prismitic’ SHOky powder was in fact the prototype of’ oontenporary single

;'e.nd seven grooved srxokeless powders.

Professor VISHENEGRADSKI des:.gned a special nechcmlcal press f‘or the

manufacture of prisn shaped grooved grains of smoky powder. Prism shaped
smoky powders was mainly used for ]arge cal:.bre coastal gunse :

) Experiments, however, made it clear that these prisms burn in concentric
layers at low pressures (in the open a:.r), but the moment pressure develops
to certain circuits within the bore, prisms of swmoky powder start crurbling
into small irregularly shaped pa.rt:.cles which burn degressively.

In the ZAth century, however, the invention of Russian artillery
scientists was used for the betterment of the shape of smokeless powder

- grainse

[EARE

5?. Pow‘der Gas Pressure :1.n an Unalterln;r Spaoe '-‘-h: R

S Gases f‘or ning in 'che course of the conbustlon of smokeless powder at a
._3_:‘cenperature of" OD, would occupy a space approxuma’cely 1000; tinmes greater than

oceuplied- by ‘bhe powder before the conbustlon. " But heated to a-teuperature

.of from 2400 - 25000, goses, as the result of expansion. thx'ousrh témperature,
- .&end to occupy & space’ wh:s.ch is 8~10 times gréater than the volume of “gases

.8t 00, i,eq 800010, 000 times greater than the volume of the powder charge

«prior 'ﬁo the tine when it star’cs its combustion (pr:Lor to combustion — T

The tendency of gases towards exp'ms: on 1eads to an enormous pressure 1n a
closed vess elo e S ot :

i

Thls pressure depends on, the volune of the vessel con‘ta:.nlnn the ﬂaseS.

'.E'he f:.rst part of' thls book contalne the lase of "bhc 1n*terdependence

,between the pressure, volume and temperature of gases (Law of BOYLE -

MARIOTT - HEY - LUESSAC),

There one will find set out (pp 41-42) the deduction fron equation

pw = RT, (2)
P = pressure;
W = volume;
R = gas constant, equating P1 “"1
R - .
273

Equation (2) has been deduced ( ? drawn - T) ‘on the basis. of the Law-of"
BOYLE - MARTOIT - HEY ~ LUESSAC. ; B

This law is true only for ideal gaues, i.es for such gases which can be
compressed to a linitless extent (to a volume equating zero); for imperfect
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&uses, ﬁhl” law beOﬂGu ]cﬁs accur&tc the‘morc ‘the gas is compressed.
Poxdor gases, however, are not perfect, ”1deﬂ1” gases when subgected
to great pressures. Under great pressure, the aolcoulos of the gag approach

‘o each other to an extent resulting in the appearance of molecular attractions

(similar to those oxisting in liqulds) and the gas incrensingly loses its _
individual qualities, and, in thig connection, starts resembling the qualities

of liquid., HMoreover, during o great compression of gas, one cannot disregaxd

the sum of the volumes of the molecules LhenecTVOD, which are assumed to be

‘non*ccnprcssab1e, baecause, although the volume of each molecule is very

:nOOnuiderdble, it yet ropre>enmo a finite dimension, and the amount of'
molecules in the volume of gas is vast,

" flence, under great pressurés, as fbr instance in a pressure gauge "boub"
and in the boLc of a barrel, the gas is enclosed not in the whole space at its
disposal ~ W, but in a lesser space and of the total of the volures of the
molecules them elves which are compressed to the point of near contact, i.es
in a space of W - a, PSS R S

Where ithe pressurc is’ Slthﬁ “the volume of the no]ecules W111 be
insignificant in comparison with® tho volure of the gases, - But in great

noprégsures vhere fhe space dividing the molccules is areatiy reduced the

volume of the molecules is of significance.

o Quantity ¥ ~ the minimun volume to which powder gases obtained from
1 kg of powder can be compressed — ig known as covolume.

In other words, covolume is the guantity accounting for the volume

. of pas moleoules or gag pressure: ..

_ faetern1ned by cxpcrlment.b

Covolume is cxpressed by letter i . Tts wmagnitude is constant for
each explosive substance aqd deLCfeNT Lor dlfferent pr1031ves, 1t is

5 Epr‘perfecf.gasestglz O; for snokelos~ pyroxyllnc gas r, 1-m;—
. . : SETTER T

As powders burn in practice in very limited spaces (pressure gauges,
bores of fun barre1</ and at great pressurcg one cannot. disregard the

’covolune in practica art1llery corputations; the appllcatlon of equation

(2) %o povder gages, which would be correct LOT "ideal" gases, would lead to
serious 1nlccuranie That is why in. artlllcry practice a correction for
covolume is introduced to cquation (2).

“The volure of ‘all gases resulting From the codbustlon of 4 kg of powder
will, as has ﬁlfeady beon said, be not W but W -~ ., because from the whole
volume W, which iz possiblec in the'case of "ideal gases", one will have to
subtract volunc L+ ucyond the limits of which the powder gases can no longer
be compressed (T - the translation of this part of the sentence cannot be
guaranteed correct as the pige is perforated in the’ nar01n>.*'

‘Equation (2) will take on another_asﬁecﬁ:": ,

t .
Ve know fron physics that real gases are not subject to the Law of BOYLE -
MARTOT = HEY - LUESSAC.

i

;.
Moo e

" Fluctuates Between'0,94 - ML 4o poog b__ ﬂw
. SECRET,
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The equation of the condition of the true gases has this aspect -

(p + & ) (o= ,) = RT ' - (1)
w2
p"_f“stando for vpre ssure;
= >_;volu1:1e, o
oq'yiolume';. .
a = "thecharacterw.st:cv of the fLi’JI‘CC of the cohesion o':‘_f‘:.g&s'_molecules 3
Cre &&s 'cdh's.t;av.nf? | ’
T = gas ’{;en’perature.

Equation (3) which e have obt ained ropresen"(:s equatlon (L;_) for an
individual case vherc one can d1sr¢rfard the forcc of the cohesion of ga
nmolecules in view of the high termperature in the bore of the barrel dur:mq
the shot. . )

g Tn ordcr fto deturmnc the «wr“s"u 1Lw-c'Lopocfi by the powdcr gases in

,_lfvhe_t,;_tlvcin conditions, 1c‘c us ,;olvg "th equation with regard to p @

(5)

LY The qu‘*ntlty of covoTuwe o has'beeh taken “into the equation for 1 kg of

powder. ﬁon;equonﬂy wr should also express the volume 'of gases obtalned
fron 1 kg of powderd fhe gases, eéxpanding durvnp' the combustion of. the
‘pcwcler, mll occupy -the whole volurie of the ves seT (powder cha.mber, pressure
“gouge) in Woe )

, Should the charge wewhu kg, only a part of the general volume of the
charber, cquating WO will fall to ‘che 10‘0 of the gases which form as the

" résult of the ’_‘combustion of 1 kg; (_)f powder,

As oin equa’m on (1) eﬂcpressbé the volunc which will be occupied by the
;F 8 froa 1 kg of mrder, one may. write the following:
‘ o

el st

W= ay

This éxpression may be rewrittcn thus:

[T ' [ _l_;‘._ \} ;‘.‘,
] o, :
Relation \;\/ ex:ores e the compactnesa of the’ Gh'lI‘P‘lng, gymbolized by

letter FAY Hence

IS

Let us substitute to equation (5)
: s

“the value of W instead of W (1it. let us substitute to equation
(5) instead of W this its value - 1)

P o= »E_EI_.‘. = Rf:‘ = RT

L 1;-fﬂ I =7 N

=
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In this Torm equation (6) is used in ar"blllery. This formula expresses
the depcndence O'f' ’che rmrfn:l.’cude of ‘the pressure: :

[ ——

(1) on “Ghe nature - of the gas (R = PL “fl and-;f;. )
>

(2) on the condition of charging (A );

(3) on the tenperature of the cotbustion of the powder (T).

s e e 0 b

Quantity: - P b 0 is kh_ow'n. in ballistics as the

force of powder and is expressed by letter flo This force is
expressed in functional units (1it. units of work = T)e
By substituting to equation (6)i’ instead of

pl wy T ,
g e

we get

L. e |
PoET o N N (7)

‘

This eq‘i{a‘bi'on was originally obtained in this form by: way of experiment
independently of theorctical considerations.,

53. Solution of Various Problcns oonnoc"bud m.th Powder Combustions

In solv:mr/ these problem, 1613 us make use of table 20 which shavs the
characteristic features of powders, Part of the data of :this table has been
obtained by means of ex.per:’;rien’b, the other, by computation: : o

. e e s DABLE 20.

R
R

Bagic Featurcs of Powders

Features of, Powders - © Dane of Povders

o . Bmoky - Pyroxyline  Ballistite Cordite
Specific volume of powder ‘ ‘

gases (at an atnospheric

pressure and a tenperature -

of 0°) from 1 kg of burned - o v . ‘

up powder®Wi, & M3 veeeeen 280 910 —~ 970 810 880

Gas temperature at the
nonent of the explosion ' : . .
tO C uens “ccssecoeovsera 22002500 2300 —~ 2850 . 2850 _ 2800

Head of explosive trans-—

formation (qua.n‘ti“cy of

heat gencrated by 1-kg -

of powder when 'burnln in

8 Cconstant SPACE) neevesse 685-720 905 - 13107 1250

Covolune R _ o : o
3/KE eeverooiesnsonasea 0,488 0,9%. - 0,98 0,82 0,88

Potential
Energy of 1 kg of
powder X 0.5 o 427 QK «tls

OPX soesessvessnseacs 290,000 . 380,000 560,000 530,000

TZ5 ' 11— ‘
R«e,pi]..:».m.nr the gas cons“c'm“t R by 1‘[7s value pl "’1 we
i 275 ;
i‘lnally get !
!
p o= PL Wi T8 .
273 ( 1 - A) (6)
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-The pqtentl'll energy of 1 kg of i& charge (potential of charge ),
computcd in the last line of the table, was cbtained from formula

fr = Qu . 227 Xgn /K,

Qw stands for. the anount of calories of heat secreted by the explosion

of 1 kg of pov'i__de_i-;’ o

427 stands for the mechanical equivalent showing how much mechénical
‘energy (kem of work) is cbtained from 1 K of heat.

For instance, for o pyroxylinc powder charge, for a 76 - rm gun,
weighing 0,879 kg, we have ' = 0,879 Kg; according to table 20
Qw = 905 K j; "= 7 '

Thence

o o E = 905. 0,879 . 427 ~ 340,000 kgm, -

Problea 1, Determine the gas pressure in a constont (1it. unaltering — T)

space Wo, equating 1 3,//,3, during the conbustion of a pyroxyling powder
charge weighing o= 0,5 kg.

Solution : Let ug u.fse: equation (6)

P31 = an atmospheric press‘urc:z ,mﬁdﬁnting to 1,033 kg.
to'1 a?, or 103, 3 kg to 1 Ja 25wy = 920 o M 3.

Let us deterriine the density of charging N\  :

N, ) s 0,5 kg B 3
L\ = "t = [ — = 0,5 kg /&4% .

Lé‘(: us -find the ébsolujte tenperature of’"ﬁhe explosion, havingv attained
. from table 20 a gas temperaturc which at the moment of the explosion
Tamounts to 23000, L

T o= 273° 4 2300° = 2573°

‘e find covolume. oL . = 0,9% fron the same table. By substituting
these quantities to equation (6) we gets: : .
1,033 4 920 . 0,5 , 2573 - 5
P = e mmmam e e o 8450 kg/em®,
275 (1. = 0,5 . 0,94) '

lees ApXe 8450 technical a"{:mosp}here,
Problem 2.  “hich pressurc should a pr.@_s.sux;_e‘:* gauge with a volume of
8 o A3 withstand if it is intended to explode in it 2 kg
© of cordite ? . : L .

Solving this problea in the ;same way as- in the preceding case,
we take fron table 20 - : :

—

e

| i

H i
T o= 273° 4+ 2800° = | 3073° ;.
o, = 0,88 , (; f/"(f j/kgt
SECRET
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Let us determine the density of charging:

2 kg

[.,\.,» = w - = ' ._;.._‘,.‘-u_".-_- B = 0585§ kg/:;(A.Ljy
Yo T B3 B
125 By substituting these qualities $6 equation (6), we find:
1y 053 800 0,25,3073
‘ p = e ‘=,,_.5 5280 kg/cm2,
ey 273 ( 1 - 0,25.0,88) '

or about 3280 "t;echn:l.oal atnosphere. .

roblcn § . Experimental detomnnamon of‘ thc covolume and forece of
powder f.

, Le‘c us -place o char&e of' the Kind of powder tobe tested in a
" ‘pressure gauge so 48 46 obtain a density of charging of 0,3, let us
explode. ”’Ghlg ohar':'e and de"ter}nne the preusure during ‘ﬁhlS exploglonﬂ

Let us "LSSLU"'I.G, we f‘ound f'ror_; this experlmen"(;.
P 0,3 = 3000 kg / on? , or 300,000 kg /Jft’s

Nows let us moke. another slm_lar experlmen“t but at density of charglnp- .
«of 0, 320; TLet us assume that the pressurc ob'b&lned from 'chls experiment

e L
A

p02 = 4800'k:g/cm2,‘ pto 1800 kg’/.),;((,lz .

Tet us equation (7)

By solving this system of equations with two unknown quantities with
regard to £ and , we determine quantities £ and for the powder
charge in question. ’ :

Let us divide the first equation by the second

300000 = 0,3 (1 - 0,26 )

180000 0,2 (7T=0,5x )

5 = 0,3 (1 =0,2) 3 10 =34 = 9 = 1,8
3 0,2 (T<=T,577) .

, “ This figure has been partly obliterated in ’Ghe photostat, :E'igui‘e 8 wmight
" be 2 or 3‘— T

1 Ways of determinin‘ pregsgure in a pre sure gauge are described later.

p = kA
{ - ¢ N .
Let us substitute instead of p and their values which we found from
the experinent:
300,000 = £.0.3
f- 0,347
Ay,
100,000 = R0
f= ("7,1 X

SECRET,
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Pressure
at:

125 e
Hence . -
12 = oo = 7}5 ~ 0,83 97 /ke

Héving substituféd‘value «£. %o the

second equation, we dbtqiﬁ quantity .

180000 = fa 0,2 T - e 2,
S TETTE B
Whence f = 180000 , 8,34 = 750600 kg'éliéyi 75060 keuft/kg.
s e Lo

'3

Inter dependence between the Dengity of

R = . Loading and Pressure in a ConStant‘Spacé;

Where
developing
eble pressure in the vessel,

LuEHPERO=Z ®

Sow

el Rwl

Density of loading has a considerable influence on the nature of the action
of an explosive substance and on the developnent’ of pressure as the density
of the gases forming on an explosion depends on ite .

Where the density of léading is élight, is.es where the charge burns
in a. large
they forn,

space, gases'spread in the vessel according to the degree in which
“pressure develops slower and nmore gradually and is sligh¥t.

on the contrary the density of loading is considerable; gases
at the:beginning of “the powder combustion quickly form a consider—

HROoE®

WEY Do

Density of Loading.

Diag. s _Dependence_ofﬂPres;ure;of'Powder gases on Density of Loading,

SECRET
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which noticecably acceleratcs the subéequent combustion of the charges As
the result of the fagt‘fhdt‘preséure”grOWS quickly, the speed of the powder

corbustion also increases rapidly,

The dependence’ of: the pressurc on the density of loading is studied
by experinent. = Various quantities of different explosive substances are
exploded in a very strong and hernetically closed vessel (pressure gauge ),
The pressures forming in the course of this arc neasured. -

A graph -is then congtructed on the foundation of these experiments.
The densities of loading /A -are laid off along the axis of the abeissae, and
pressure p - along the axis of the ordinates.’ . The curves .of the dependence
between pressurc and the densities of loading are that constructed (diage. 34).

The curve for smoky powder has been constructed in full on the basis of
experimental data; the curve of ‘the snokeless powder has been drawn on the
foundation of cxperinents for a pressure of only up to 4500 at. and beyond
this ~ on the basis of theoretical calculations (part of the curve shown by
a dotted, line).

A ginilar curve can be drawn onthe foundation of pﬁrely theoretical
calculations, making use of equation (7):

ESA S

Equafioany)jaeterﬁihcs the dependence between the density of loading and
the magnitude. of . pressure for every powder, the force and covolume of which
are knowne Lo

It will be seen from the equation that with the increase in density of
loading pressure %ill grow quicker than the growth of £, as the nunerator
of the right part of the equation increases during this, while its dencminator
decreases (T - one word nissing through perforation text, The accuracy of
this last part of the sentence is doubtful). :

Knowing already £ and o for the given powder, one can draw a curve
expressing the dependence of p on A (diag. 3, the ripht sketch).

As the result of the examination of the curved dependencics of the
pressure on the density, one can reach the following conclusion.

With the increase in the density of loading pressure - does not develop
regularly in the case of smoky and smokeless powders; Smoky powder is less
sensitive t0 an increase in density of loading thari smokeless powder; - Its
curve rises less sharply and pressure (ordinated) grov less quickly,

At an ddentdcal density of loading, the pressure developed by smokeless
powder, is approxinately three times greater than is the pressure obtained
from snoky -powder, : On the other hand, identical pressures are obtained
when the density of' loading in the casc of smokeloss: powder-is approximately
three tines less than is the case with smoky powder,

[

'Whefé(fh@ density of loadiﬁg of snoky powder ‘s brought up to 1 kg/ @Al°
(the snoky” powder” £illing the whole space of the vessel), a pressure of
approxinately 7000 at, ‘is obtained, - - - E :

. Smokéless powder, alrcady at a density of loading of 0,6 kg/OeMl3,
gives a’pregsure of up;fo 9000 ate in a comstant space, and @t a density of
loading of "0,7 kg /QA&% the pressure developed by the gases Ffrom smokeless
powder, -increases at a. very considerable rate,. ~ D

Examining the curve for smokeless powder shown in diage 34, one can
make two Impor¥ant deéductionsa S SEa . - :
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Pirst deduction: Smokeless powder produces a huge pressure at a density of”

Diag. 35. A carelessly inserted shell
leads to an increase in the density of
loading: ‘ ‘

"(a) & shell forced home;

: (b) a shell not forced hore.

.. Toading of 0,7 kg/HM3only vhen exploded in a constant space. In a gun,
however, where the volune of the powder chamber (’che initial air space) begins
1ncreas:.n£, the projectile scarcely noving from its place, an accretion of

- this kind will not be cbserved, In modern guns, so as to exploit their
technical 1DOSSlblll"U18s to the full, density of 1oad1n{, is sometimes brought

"to 0 75 k'/rJM .

Should the shell at such a denglty of lmdlnp, fa:.l 0 move t:.mely from

its place, such conditions wi 11 be created as in an explos:.on in a constant
space: pressure w:Lll rise very sharply and - the gun w:.ll burst.

128 Thls can happen 1n the follo\mno’ cnses‘

(a) Where the bore is dirfy (throug,h fouling, scmd etc) and the
, projectile as a result nee“ts with strong brakings - To avoid
this one must constantly see to it that the bore should be
faultlessly clean, and when firing in dry sandy ground where the
bore is spec:l.allj apt to be fouled by dust, one must rub the bore
through in the intervals wrth the rarmera

(b) ihere as o result of careless loading the guide ring of the shell

is not sent home to the beginning of the rlfllng (diag. 35).

To avoid this, "t:he gun crew must be ’cauaht in separating loading

. to force the shell
carefully home in
the bore, until the
copper guide ring has

- : . properly settle

a itself where the

rifling begins, and
in order

!
3

. {'to o.chleve thls, it is necessarj to make use of a r:mmer, .in the case of

guns équipped with one and to ram the shell strongly home,
|

(c) ‘There the shell is badly callberated and the diameter of its

cen‘brin,o bulne exceeds "co aL certain extent the calibre of' the gun.

Shells are calibrated 1n the factories and their calibration
is tested in artillery stores till they are forwarded to military
formations. The test is d.one by means of ball-calibres (instrument
for measuring c:.rc'ur'ference - T) or (in the case of fixed rounds)
in ”besflng ohan'bers. hs the Oen‘f?rlnﬂ' bulge settles already during
loading in the rifled ’portlon of the bore, a badly calibrated
projectile more often than not gets wedged (alt. ? gets stuck - T)

" before it reaches its place in ‘che .charber and obstructs the

insertion of tho cartrldfre. In this case the dbstruction is
noticed before firing the sho’c.

Second Conclusions In view of the great sensitivity of smokeless powder to

the alterations in the density of loading one must not alter it arbitrarily
and, especially one rust not increase it, One must not add extra powder
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bags to the charge over and above those provided for by “the regulations; one
must not fire long range shells with charges which are only permissible for.
old,(unlengthened) shells, asg, for instancg, No. 1 charge for the 122 m *
howitzer 1.1919/30. One nwust not fire.elonpated shells from pieces whose
powder charbers are not designed for elongated projectiles (old guns which
+ have not been modernized,) etc. = Any on these steps may lead to the gituation
thot the density of loading will go beyond the critical limits; moreover the
. . sharp “incrcase in pressure in the bore caused by the rise in the density of
- loading, may lead %o the damage of the gun: to the swelling of the barrel,
where the pressure goes beyond the elastic resistance of the sides of the
barrel, or to the bursting .of the barrel, . -~ . :

-~ Blank (Russian word = kholostoi) smokeless powder is particularly
“sensitive to an increase in the density of loading, - .Therefore one must
not force houe a wad of a blank charge further than was done in the laboratory,
insert an additional wad, incrcase the anount of powder in a blank charge,
foree rags etc, into the bore in addition to the wad, which is sometimes
attenpted by gun crews for. "increasing the sound" from a blank charge, Any
of these measures cither leads %o an increasc in the density of loading or
brakes the course of the wad on its way out of the barrel and mey thus lead
.. to.a sharp inereagse in pressurc and to the bursting of the gun.:: Not a few
‘cases are known where guns have burst and men have been injured through the
keenebs of nuwbérs on the gun who sought to "strengthen the sound" of a blank
charge.

I% is not permissible to use blank powder for operational charges.,

In order to avoid accidents, the punner officer nust be perfectly
conversant which charges and shells may be used and when, for fire from his
gun (this he must learn from the E&;}nq_Tableéj} He must blindly fulfil
the rules for their use which are set out in the FIRING TABLES for type of
gun, and he nust poy the preatest attention to the fulfilment of the
regulations for charging,.

55 Experimental Deternination of Presgsure in a
Constant_Space.

Experimental determination of the dependencies of pregsure on density
of charging is, as has already been said, done by exploding of different
quentities of explosive . substances in pressure gauges (diag. 36).

When powder explodes in a pressure gauge, the piston is subjected to
the action of the pressure from the gases, The piston starts compressing
the crusher gauge (alt. interior pressure gauge). A material of a kind is
chosen for the ipterior pressure:gauge which will-cause the pressures: to be
tested t0 exceed the limits of its resilience and that these pressures will
“bring ebeout residual deformation (lit, translation — T) (generally chemically

DUTE COPPEr )e '

The residual deformation will naturally be the greater, the greater
the presgure whieh. is exerted on the interior pressure gaupe. . An altered
" compression of the swall cylinder to a certain and slight extent, can, with

an accuracy sufficient for practical purposes be considered. ag proportional

to the dlteration in pressure.

- The gist of measuring pressure with the aid of an interior pressurc
gauge consists of the following: . - L

If, let us assume, it is expected that therc will be a pressure in the
geuge of from 1900 ~ 2000 at., the interior pressyre gaugé is, as a preliminary
step, subjected to a pressure which is less than that expected by 200 at
(1700 at)e  The next step consists of carcfully measuring the height of the
interior pressure gauge. Let us say it is found to measure 10 m (gener&lly
one uses as interior pressure gauges small oylinders with a height of
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129 7 -118~
13 0 and a dlameter of ) '

130" 8 mm) ‘ lhe interior pressure gauge s again subjected to a pressure of
‘*-'100 at. more ‘than before, i.ee tOo 2 pressure of 1300 at.

~ It .is known that where the meta1 ‘has undercone regidual deformation
='thr‘ourrh the action of a weight or pressure, than the subsequent action of
“an identical or a 1eoser‘we1gbt pressure) will not give any deformative
~resultes On increasing weight oregsure) deformation increases and will
reach the extent which it would reach if this Jel&ht had been added t0 a new
metal of the same dlmGnSlOn and qualltﬂes.

, Let us aSSume thet the helght of the. 1nteraor Ppressure gauge is 9,7 mm
- after the secondary action wpon it (by a weight corresponding t6"a pressure
v oof 1800- at).v

Gonsequenfly where pressure is 1ncreased to 100 at., (frbm 1700 to 1800)
the’ 1n§erlor pressure gauge will have been compressed by Oy 3 i (f;qm 10 to
9’7n1m-0 o .

Thereon ‘the interior pressure- gauge is 1nsertcd 1nto ‘the instrument
houglng which is screwed into the pressure oauce........ cont. Do 119.

e

Diag. : 360
Layout of the Mechaniém of a-Préssure Gauge;-

1. . Body; 2.7 Ion1t1on screw pluc with a. transversal groove 3. Interior
- pressure gauge plug, 4. Piston conducting electric current (1nsu1ated from
plug 2 with fish bladder); 5. Head of screw, screwed on to the end of the
piston 4. (serves for attaching the electric wire); 6. Pressed copper pins
‘for the passage of current; a nickel wire ignitor, not shown in the diagram,
'is inserted between these pins; this wire runs through a small cigarette
‘paper cartridge which is fllled with black powder or dry pyroxyline; 7. piston
of the interior pressure gaug 8. interior pressure gauge, 9. stop plug;
10, rubber washer mounted on the 1nterlor pressure gauge; 11. shell pen
o recordlny the course of the piston in its time relation, on carbon paper
(lit. blackened peper — T) pasted on a recording cylinder, This cylinder
ig not shown in the diagram; 12, Salted leather washer (1lit, small disk,
aide - T) preventing a gas escape; 13, Refractory mastic of a mixture of
wax and gun lubricant (for obturatloﬁ%;.,lg.‘ Copper obturator rings.
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. _.Under the influence of a higher pressure from the powder gases in the
gaugeé, the interior pressure gauge will become compressed still slightly more,
L Af'ter removing the interior pressurc gauge from the instrument, one
Tagain measures its heights © Let us assume it is 9s3 mm,

0 nen the dnferior pressure gauge was inscrted in the instrument it
measvred 9,7 mm in height, therefore it becamc compressed by 0,4 mm during

... the test,

~ During the previcus reaction on the interior pressure gauge, the

~additional 100 at, caused it to become compressed by 0,3 mme  Thus, the

pressgure . _ '
‘in the course of the experiment céme to more than the pressure to which the
“interior pressure gauge was exposed during the preparation for the test, -

isce the pressure was .greater by. . ..100 o0,k " = 100 4 L = 133 at.
0,3 3

' Congequently the pressure during the test was

1800 + 433 = 1933 at,
. _The interior prossure gaﬁée'bécpmcs deforimed in all directions after it
has been subjected to pressure, as has already been said; but the diameters
of the basc, on the co trary, increase and the interior pressure gauge takes
.on a barrel like shape (sce diag 38), :

In practice the method for determining pressure, which we have described,

" by means of %o (?) preliminary pressures on the interior pressure gauge, is

used only for determining pressure in guns; for experiments with pressure

' gauges, however, onc uses so called t a r a z h¥ tables which have been
previously prepared on the basis of the principle, we described,

To draw up such tables for the given set of crushers, one takes from
5 to 10 crushers from the set and exposes them t0 pressure on a presgs,
successively increasing the load and each erusher is then carefully measured

after each pressings — The mean result which has been obtained after cach

- presging is then entered on the table,

Chapter Ton.

Powder Combustion in an Alternating Space -

56s Powder gas Pressure in a Gun

Barkel,

‘To someone standing near o gun a shot sounds instantanesus. = Tn fact, however,

- the phenomenon of a shot tokes some time, though this is very slight.

If we were to allow, for a very rough reckoning, that, let us say, the
projectile of a 76 — nm gun, or having the barrel with a muzzle speed of
680 m/sec, had taken on this speed evenly in'the bore, theh the mean speed of
i%s movement along the bore will approximately equate,

9_952?:§ﬂ2 = . 30 m/see
When the rifled paft}of_this gun has 42 calibres, iees 76,2 mm x 42 = 3,25/5,

the shell will pass through the bore, moving at an average speed of 340 n/sec,
in the course of 3,2 : 340 = 0,009.. sec, : .

3 - . : o
tarazhnye +tabliss y =~ first word unknown - T
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In spite of thé speed of its occﬁfrence, the phenomena of a shot falls
into seyeral phasesa _The shot occcurs in the following sequence. -

The jet of flame from the cap or the pull out fuze ignites the igniter
which burns up quickly., The gases from the burned up igniter create a
. ‘préssure of 30-50 at, in the powder chamber as the result of which the smoke
" less pdwder charge ignites almost at onces - The charge begins burning.
While all this is happening the shell has not yet started movings This is
the so called preliminary phase of the shot phenomenon, The projectile can
only move from its place at the moment when the gases which have accunulated
“ag the result of the combiuistion of the charge create a sufficient pressure
“which will not only surpass the inertia of the projectile itself but also the’
‘registance from the copper gulde ring which hag -inserted itself into the steel
of the rifling.  This is the so-called pressure to overcome the inertia
of the projectile (Russion = pressure of forcing = T)e o

133 Depending on the weight of the shell, the arrangement of the rifling and
guide ring, the pressure to overcome the inertia of the projectile alternates
from 300 to 500 at,

The first (main) phase of the shot begins at the moment when the pressure
of overcoming -the incrtia of the projectile has been reached and the projectile
has started moving. ~ As the projectile constantly experiénces pressure from
the powder gasges, 1ts movement appears agcelerated.

At the beginning of the movement when the pressure of overcoming the
inertia of the projectile is, comparatively speaking, slight and acceleration
is also slight, it follows that the speed of the projectile is also slight,
hccordingly, the initiel oir space occupant by the gases will also increase
slowly.  -As the volume of the initial air space increases slowly, the gases
which accuiulate in the ‘space which has altered only a little,.create a

- rapidly growing pressure, "

 After several thousandths parts of a second when the shell has passed
“a distancé of 27 calibres (airfering with different guns and. charges),
pressure cedsés to grow and a kind of equilibrium is reached between the flow
of gases on the one hand and the.growth of the initial air space -~ on the
others This is the moment of the greatest pressure against the base of the -
shell - p max, reaching 2000 -~ 3000 at, with modern guns.

Subsegquently the flq&rbf gasés'continues; but at the same time the
initial air space becomes enlarged at such’ a rapid rate that pressure begins
falling. ‘ ‘ '

At the same time part of the heat of the gases has been already spent on
work donée Consequently the compactness of the gases diminishes, pressure
is falling. Shortly before the shell leaves the muzzle the charge ends
"its combustion,  With this ‘the first phase ends and the second begins.

) The second period has no gas flow and the projectile draws its growth
7. in speed from the still existing pressure. The magnitude of acceleration
" gonstantly lessens but it retains its positive value, so that the shell

- constantly gdins in speeds S '

Tt is clear that the fall in pressure in the bore during phase WO,
when there is no flow of new gases, passes fairly quickly. None the less,
when the shell leaves the bore pressure in thc bore still reaches 200-600 at
(muzzle pressure). : '

p——

1Phaseltwo ends with the prpjectile leaving the bore.

Tests show that after the projectile
has left the bore, gases do not at
once. conclude their action with ) i
regard to the projectile, ' !

;
]
{
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The heated :gases which.
rapidly escape from the

. bore,. create a gas jet
(diag. 37)y.pushing the

. projectile on and giving -

. .1t acceleration over a .
section of its path

134 in the air for scveral

_.meters until the falling gas
pressure becomes unequal to-
the opposition offered by the air.
This is the moment of the L ; o : S
maxioun speed. of the projectile - " Diags 37. Sequel from the gases

as subsequently this speed will, cono o (gas get):
constantly fall in view of 1¢ Shell leaving the gun;
the alr oppositione 2. Gases escaping from the bore
~“in the wake of the shell,
The period of time from Ccontinuing to push’ it on

the moment when the projectile

leaves the bore to the time when R : . ,

the gases cease their function with regard to the projectilé is known as the
phase of pas consequence (lit, T)a o i R

Although the spced of a projectile is greatest at the end of ‘this phase,
it differs only slightly from the speed at the moment when -the-projectile left
the bore of the guna In connection with this, it may be added that the study
of the phase of the gas sequence is very difficult indeed,

Therefore it is generally reckoned when making practical computations,
that a projectile has its greatest speed at theé moment it leaves the bore and
the movement of the shell in the first and second phase of a shot is studied
in detail, o ’ -

57« Determination of Bore Pfessuro by Experiment,.

Experimental determination of bore pressure is by way of crush gauge instru-
ments (alt, interior pressure gauges). -r ‘

To determine maximum pressure in bores, onc uses insertable crusher
gauges which are easily insertable in the powder chamber (diag 38, a).or
else into the cartridge with the charge. R

A properly placed insertable instrument either remains in the bore after
the shot or else drops to the ground not far from the plece, '
To determine pressure against the base of a bore (against the breech

block) one uses a screw. crusher pauge ingtrument which is screwed into a

" housing specially arranged for it in the brecch Block (diag 38, &)s In
order to study the law of the pressure distribution along the bore, one uses.
crusher gauge instruments screwed in at various points of the barrel (diag.

38 B and % ). Por this the shell of the bare ‘is Arilled through’' at places
intended for the testas . Vork of this kind is very difficult and consequently
_one recorts to it only in extreme cases: in the cases of experimental checking
of newly constructed guns, for the introduction of new powders, etcs; usually
however‘ona limits oneself to measuring pressure against the base of a bore,

considering this pressure as at its maximum,

Ve must point out ‘that. crusher gauges which have been screwed into the
shell of a bore at points which are near the point of maximum pressure, do
not shor the pressure vhich cxisted when the base of the projectile passed

“the. point where the instrument has been placed, but the maximum pressure %o
which this point on the shell of the bore had been exposed in general.

, On the other hand, -crusher gauges which have been screwed into the bore

of a gun barrel further away from the point of maximum pressure, show the
pressure which existed at the point in question when the base of the projectile
passed it; it is this which is the maximum pressure for the point in question.

SRR
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The crusher gauge instrument (diag, 38) is arranged as foilows; i

A steel piston 2 is placed inside a gteel case 1. Thé piston has been
rarmed well into the bore of the case and rests with its head 4 against the-
small red copper cylinder L4 (the crusher gauge). - So-as to take the instru-
ment to pieces and to change crusher ‘gauges, cases are closed by a screw plug

3,

So that the ?iston head will always rest against the crusher gauge,
independently from its height, steel spring 5 is mounted below the piston
head. To prevent the crusher gauge from slanting sideways (poss. — altering’

" its position, being moved from its position, word is "perckositsya" - T)

or from collapsing (alt, fall over, down - T), it is held in position by
a centring rubber ring 6 mounted on it, . ' D S

Powder gases must not

- penetrate to the interior

of the instrument case;
the section of its
piston which is exposed
to the action of the
gases is lubricated with
for thHis reason with a

mastic of a mixture of

erude oil grease and = | ¢
WoXe S T

::The casc of a,

s screw orusher pgauge
“instrument has an-outgide

threading for screwing
it into the side of the

.gun barrel (diags 38, & Je

Pressure is determined

by the method described :
on paragraph Sl. » Crusher Gauges

58, Curve of the Pressure

against the base of the

Projectile. ‘ Crusher Gauges

The law of the growth
and the drop in pressure

din a bore of a'gun in - ’ Diafr. 38, Crusher Gauge:
connection with the ' o ‘ T S

. movenment. of the projectile, - ' ' a, Tnsertoble gauge (into the powder

© coan be depicted very clearly chariber ) T

by way of o graph by the = ' " b, Threaded gauge (for insertion into
so called pressure ourve ’ : a pressure gauge bomb or into the
(diags39) = This curve is = S side of a gun barrel); '

- drawn as follows: _ Ge Breech block pressure gauge;

de cross section of a barrel of the
gun to be tegted with threaded
crusher gauges; 1 - steel case
2 - steel piston; 3 - plug;
L. -~ red copper cylinder (crusher
‘gauge); 5 - steel spring;
6 ‘= rubber centring ring;
7 ~ cbturating ring; 8 - cartridge;
‘9 ~ aperture in the cartridge;
10 —~ Breech block body;
. . . } 11 — Crusher gauge before pressing;
S P © % 7 42 = Crusher gauge after pressing;
‘ o ' ' o 13 - A conical crusher gauge is used
for a morc accurate determination
of pressures

Approved For Release 1999/09/08 ::&HARDP78-04861A000100030001-9




CPYRGHT

: Approved For Release 1999/09/08 : Céﬁ;&lap78 -04861A000100030001-9

120

136

137

curve: drops, but less ﬁecply th’m 1‘0 rose over "(-,he precedlng sector.

...1 gj-.

A point is accepted for the starting of the coordinates which marks
the sitc of the centre of the basc of the projectile which has becn rommed
into the piccec, The linear displacements of the centre of the base of the
projectile along the bore of the barrel are laid off along the axis of the
ebcissae, and the pressure magnitudes, experienced by the base of the pro-
Jectile along the corresponding points of its path (in atnOSpheres) are
laid off along the axis of the ordinates, Up to ‘the shot the pressure
exerted on the base of the projectile equmtes zero, hence the curve passes
through the beginning of the coordinates, As has already been said the
projectile does not begin moving from the very moment of the start of the
combustion of the charge, but only when the pressurc reaches a definite extont,

Pressure

“p = 2200 Ate

bian = 2400 at.

p = 1000 at,

Dlan'. 39. Pressure curve of Powder uases
aaalngt ﬁhe baoe of' a fprogec‘blle.A»-»'

O}C ‘ axrg of ~{:hc bore oi‘ the 'barrel..

3

Préssure grovs, yet ‘che projectile is st4ll’ :meoblle at some exXtent the

‘durve nerge with' the axis of the” ordlna"b(.s. -When the pressure has'reached
thé point: of overconing the :Lner"b:.a of “the projectile, the progec’c:.le begins

moving and the curve separates from the axis of the' ordinates and rises:
steeply; affter the projectile has passed the point of maximum pressure the

A"ﬁ the’ monerr(;, the projectile, leaves ‘bhe barrcl, the curve suddenly
ceases (the gas sequence phase is ‘géherally not rétkoned with).

‘Study’ of the naturc of a pressurc curve shows that the scdtion of the
curve over the sector from point O to point A (pressure of overcoming the
inertia of the prodect:x.lc), where the curve coincides with the axis of the

:orrlln'rtzas, rcpresen"ts a tralgh"t liney “the secﬁlon from point. 4 (tho star‘b:.ng

‘point of the movement of the projeonllg) to point B (rux:.num pressure )
‘resenbleo a para.bola and beyond point B“I whcre the pressure ‘starts dropping,
the ‘curve has a more complex Sh"tpc, UhlGh is determ.ned in the hlghest
'béllllS‘GlOu course. : ) : .

If one compares "t:he pressure curves of various powders = of the fast
and slow burn:l.ng powders ~ we Wwill sec that ‘among the first, pressure rises
sharply in the initial phase and then folls nearly os sharply, o

In the case of a slowly ‘blirning pow‘dur pressure grows. mo‘re_fgradually,

‘bu"f: pressure dropf‘ aluo moro gradually. o

The point at wh:Loh the pre sure reaches its greatest extent in thc case
of slowly burning powder, is situated somewhat ncarer the muzzle than is the
case with quick burning powder.

Slowly burning powder gives a more marked pressure ncar the muzzle than
fagt burning powder (diage z,_O). ' :
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Diag, 40. Pressure Curves of Quick and
Slow Burning Powders:

I - pressure curve of a gquick burning powder. II - pressurc curve of a
slow burning powder: p'yay = maximum pressure on a quick burning
powder charge; 1' p = path of projectile to the moxinmum pressure
point with this charge; p" max — maximum pressure with a slow burning
charge; l" - path of projectile to the maxirum pressure point with
this churge. . o

59. Pressurce arainst the Base and sides of a Barrel,.

At the moment when the base of the projectile has reached, let us assune,
point B (diag. 41) and the whole initial air space is fllled with gases
possessing both great compactness and resilience, any point of the base of
the projectile, of the sides of the barrel and base of the bore must exper-
ience an identical gas pressure, nmeasured by ordinate BBy ; at the moment

whon the shell has reached point M therc should, it would scem, be an equal

distribution . of pressure ‘behind 1t, neasured by the ordinate of curve (here
the page has been pcrforqted and the des1nnat10n of the ‘ordinate is missing,
only flgure l appears like in the case “of BBl - T). :

In other words, the dlstrlbutlon of pressure &g%lnst the sldes of the
bore in the various dbllque scotions should be represented by a straight line

“running parallel to the axis of the bore and passing through the corresponding

point of the pressure curve (Bl , Ml ctc).

Where the gwses, the projectile and bnrrel are static this would have
been truc, . : .

‘In f&ct, however,Aa very violent process occurs in the bore of the gun
among the influx of the white hot gases, part of whose heat is spent on the

- gpot on propelllnr the progectlle, on cxpanding and heating ‘the walls of the

barrel etc; gas p&rtlcles constantly alter poeltlon, collide, .experience a
wave--like motlon, causing concentration at some spots and rarification at
others.  To add to this, the projectile too, is moving as though escaping

.from the gas waves pushing it and this somewhat weakens their blowe, the base

of the bore is also in motion throuﬂh the recoil action of the barrel the
gides of the barrcl arc nov1nﬂ w1th 1%. :

- Bxperiments in the d@tcrwlnatlon of pressurcs in varicus sections of a

bore show that the base of the progectlle, the base of the boreg and various

points of the¢ sides of the barrel experience for this reason a dlsslmll&r

Tpréssurc.
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)D:Lag. L,.ﬂ. Pressuro curve &08.11'1017 thc -;1do<3 of 2 Barrel.

burve NT'Bl ‘shotrs "the ma¥im pressure aoa:nst various points of the side of

the barrel at the wmoment when the base of.‘ the projectile finds itself at point
B; Curve N'B?M,I shows the pressure against various points of the sides of the
barrc] at the momc,nt when the base of the shell is at point M.

1 Pressure aninsb the bgse (lit, bottom) of the bore is always
gro&ter than the pregsure analnsﬁ the base of the projectile,

I

_Between these tvo preosure" there ex:.sts a definite relationship, cxpressed

in semi CTlpyI‘lG"ll fo:mulae,' FE

- The mooﬁ goncrally used 1n the approxu’w.te formulu 'by SARRO (sic):

PHH = p (1+0 7}' ),"
PHH‘HT—‘ pre‘s:,s'uro vo.gaiﬁs‘c the base of the bore in at;
AT
9 L pressﬁfé‘ ‘aé'aiiqs“c the basc of the projectile in at; -
w = weight of eharg'e‘ in kg;
q - ivéight of »érojécfile Jn kp;‘;
0 - '.,coefflolcm: determined by experiment is generally used for smokeles

e powder for w (g generally speaking, its quantity fluctuates from 1/3
: 0 2/3)s

2, 'Droasures e.'fa:l.nst ﬁhe s:Ldos of the bore differ in different sections,
- .. but ’DI‘G sure 1s always fre a"besf aqalnfat the bo’b‘com of the bore,

- Thus, the-law of the' distribution. of‘ pre,ssuro alonrr “the borg of a pilece

" cormot be cxpressed: by straight lines A ]_b and A M; running parallel to
d

the axis of the bore, but must be oxprosse N curves T (NB]_) and IT (N'Ml)

Curve OBy Wy M, =~ here, as befure, “the pressure curve is against the
base of the shell, curves I and II, however, show succesgive distribution of
pPressure against the ‘sides -of the bore, An different sections of it to the rear
of the projectiles :

deduced on the ground of experimcentse

Initial letters of Russian for bagse - T)
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Curve I shows that at the moment when the base of the projectile finds
itself at point B and undergoes a pressure measured by ordinate BBy, the base
of the bore undergoes a pressure of AN >» BBy, while the sides of the bore
undergo different pressures in differemt sections of it, expressed by ordin-
ates of curve I, thus, for instance, point T expériences a pressure measured
by ordinate TT'a '

Curve IT shows in a similar way the law of the distribution of pressures
against the sides of the base of the bore at the moment when the base of the
projectile finds itself at point il ‘

Problems solved with the help of 8LTRD's formulas

Problem 1. Using an insertable crusher pauge, we have measured the maximnum
. - . pressure againgt the bage of the bore of a 152 mm gun; this
pressure has been found to be 1920 at. Determine the maximum
pressure against the base of a projectile if its weight is
."[ = 41 kg, the weight of the charge ~ - ¥ = 0B K i
This problen is solved with the aid of SARRO's formuls by
. substituting to it certain quantities, and by solving the equation
.- in relation to the unknown p: oL S e

- : : ,‘Q\H = _“( A0 s 4 ('10 T ﬁ_‘_)_"q&_g *" lgg& al.
2 Lt - T

- .

Problem 2. - Maximim preéssure against the base of a projectile amount to 1657 at.
Determine thc maximim pressure against the base of the bore where
the shell weighs § - 44 kg, afd the charge w = 2,14 kg.

The problem is solved by SARRO's formula,

By substituting certain quantities we detérmine the unknown:

; AL _ |
Pow = ”.1157(\&.'*{'%;:7‘-; v (700 af

60, Punction of Powder Gases, _ Cocfficient of the Useful

Action of the Charge

.The immediate (1it, direct ) object of powder gases consists of giving a

projectile. a great initial speed - and at the same time to make it revolve.
140 Thercfore the useful function of powder gases is measured by the kinetic

enerpy Of the projectile at the moment when it leaves the muzzle (muzzle .

energy)s

From physics it is known that
g e el qud
wm = % - the mass of the body;
v

[

e

- its veclocity

q - its weight

Fy = the kinetic cnergy of the body..:

[E—
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As in the cxamination of the energy acquired by the projcctile,:we take the
speed of the projectile into considcration which in ballistics is expressed
by«rg » this cquation will look as follows in ballistiocs:

. - %
] g%" q v 3

But apart from this primary function which we will call A7 the energy from
the gases is spent on a vhole series of sccendary functions, namely

- on imparting to the projectile its revolving motion (function Ap);

= or overcoifdiig friction between the guide ring and fheriﬁhe; surface
- of the barrel, also on overcoming the friction of the central bulge
of the projectile and the lands of the riflings (function Aj);

4 = - on the displacement of the gas-like products of ccmbUStiog‘as well
as the particles of powder which have not yet completed thé process
of combustion (functiqn A,); : :

- - on moving the recoil parts of the gun and the recuperator mechanigm
as well as on the vibration of the body of the gun (function A5);

~ - on-setting the guide ring into the rifling during the displécemont
wof the. projectile (function Ag)s- B, '

- on heating the sides of the barrel, cartridge and shell (function
A7); '
o= con-overdoming air resistance and on expelling the air column in the

bore, in-the path of the projectile. (function Ag);

~ . on the expansion of the sides of -the-barrel (ﬁuhcfiban9).)

Horeover, part of the energy from the gases is.lost with them. They
escape through the gaps of the guide ring and the sides of the barrel (this
part of the energy might have fulfilled function A4g); the other part of the
gas energy 1s lost as the result of the fact that the gases escape from the
: “boré after the shot has becn fired: in a white hot condition without having
; -~ transformed their potential:cnergy into function Aqq,

Of all these functions, the first five iay be determined directly with
some approximations, function Ag may be accounted for either directly or
o indirectly; - function A?‘is-ihsignifiqant in, comparison with the others and
therefore is not generally réckoned with, “whilé the rest of the energy
expenditure hasg not yet been successfully acceunted for by the direct method.

Experiments show that functions Ay, A3, A, Ag are in proportion togfhe

main aspect of the work done by the powder gascs, il.e, function A= MMV G
This gives us the right %o represent each of the enumerated functions

in the following forms ce : E

5 B :
SR W VR
Ay = Ky T30
ki~ ' is the coefficient of proportionality, =

The general expenditurc of the energy dircctly accounted for can then
be expressed ag Tollows:

A s Sk mval iwv o
>7/ A L F Z;- KL _____g)__l__ = «._..‘..‘;)J_., (1 +l<‘} 4 Kj v K Wt K s ) )

® This formulae does not account for the energy ofvthe-révélving motion.of the
projectile. This will be considered later, ] AR
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7 K ;
[T SN TE SURTR TR L o P RS DI 2 :
' Having designated the sum of coefflclent_by-gﬁu :
Y u o et SRtk e s | i
Y . {f KJ:* KE '_Ktk* kfgj ;
L H
Where |
P o ?
W ; A
We jge"b é } ot 3
& Ay = ¥ ) |
’ | |
) Calculatlons and experiments shov that the quamtities of coefficient Y for ’
V&I‘J O-Uq foY! proaoct:.:l 3 cu~d charges fluc’ﬁuate frd’ﬂ 1 05 to 1,20,
E
. .Mere we to reTazg this coefPlclent 'Y not to the whole live force of the
_projectile 4, 1Y

o formula thus: &_

42

G-,

‘alreadj been S&ld (para. 15) determlned by formula

_ but only to the mass, and having rewritten the

5 N o= : Mg_ .z Tomh, v (9 .

/.

we may then reckon conventlonally that the function of the gases has been

/-spent on oonferrlng succesgive movement at opced ¥ on the prOJectlle which

is heavier than the ‘real progectlle, i.e. on a projectile possessing not mass

W ‘but 1 TN e

This gives us the opportunlt of replac:.nr the consideration of the successive
‘motion of the true shell, taking the secondary functions into account, by the
donsideration of the successive motion of a shell with a fictitious mass of

w3 in this process the energy expenditure remains the same while calcula-
Yion' is casier,

Coefflclent ( is knOWn as the coefflclant of the fictivity of the mass

The full functlon of the' gases, corresnondlnd %o the potential energy '

. of the charge (potontlal of the charoe) is, of course, much. greater than the

main funetion fulfilled by them: in this respect a gun does not principally
dlffer from Other enganes.t S

The poﬁentlal energy of a charge (pofentlal of the charge) is, as has

= K uJ-(P." teq o, ~
€ > Wy ke
W~ . .gtands fOTeriﬂhT of charaé; o %
¢
Cl‘u) - number of heat oalorles sccreted on an explosion of 1 kg of
’ poviders -
Obv1ousl - S
s 37 w f w T ZJ A [
Already know1ng the kinetic encrgy of the shell and the potential of the charge,
it is not hard to detcrmine the coefficient of the useful function (. Ti, Ny o=
of the charge whlch oharmc%erlzes a gun as well as an engine: .
I "R 9 3
S A A U A“:._aé*‘ = ommeEeF T T i
g “Anogdtn o ) ol 4
. G 9 : _ T T
= , T 0, 3 Ty Gy
§lf~ L (J W)

r‘he“e are thc initial lcfter'of the Russian words for "coefflcaent of useful
functlonﬂ le€o efflclenc‘ - T
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~129= _

i

AV”UJIE’%H efficiency

Aoy =7 full function
. -The other expressions are those already used,-
OaloUlafs‘i_oﬁs made ‘for v';f_llrj.ous ‘guns, projectiles and chorges show that the
efficiency is close on %, S :
Thus an artillery piece, in so far as the eff'iciency of its charge is
concerned, is among the most perfect of modern machines’and surpasses most

of them (the coefficient of useful function of modern locomotive, is 18-20%,
of a diesel engine - about 35%). Ll -

" Bxample'1. TFor a 76 1 gun Mo 1942,°G = 6,2 kg;
¥ = 680 met [fsec; w = 1 ,080 kg; for pyroxyline
powder'd,, = 905 cal, .
Hence e
L oKL (éffigiency) = SR e F
' ] i - AR ! ». ) . X . R g:j{# VR (D{‘UL‘! %

= 6,20,680 #

@ 35%.

505,84 1,080 =505

Example 2, Tor a 122 mm how. M. 1938, an a full charge,

4= 21,8 kg, U = 515 me"t/sec; L
W= 2,075 kg
Consequently

21,8 + 5159

RN (efficiency) i v -
/ v'f. Pl 85k s 9,81 ., 2,075,905 -*?_

61,4 -Extent. of the Force of Recoil (Lite blow back — T)

o e

The pressure formed against the base of the bore causes the ~,I"e,.coi‘l ‘of the =
barrel., . . .. SR ' S o .

This foree, being variable (alt, alternating, changeable, functuating -
T), reachcs a considerable extent,. . For-determining its maximum extent one
must multiply the maximum pressure against the base of the bore by -the: area
of this bage., Asguming for an approximate computation the diameter of the
base of the bore ag-equating the calibre of the gun (the diameter of the base
of the boré is in fact a little larger than the diameter of the bhore of
the gun), we get: . SRR

NP § T - "f . é[
Piia, P&H;‘;Q%%”ﬂ

P kg -  +the forcg »o{f“v rec(.)ilj;, .

P ﬁ- I - doximum pressurc agaiﬁStﬂ the base;
d 7 =  ‘calibre of pun, v

-
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Example I, The maximum pressure against the base of the shell of & 76 — mm
gun M,1942 attains 2320 kg/’cm,2 i o B
The weight. of its shell is( = 6,2 kg; the weight of the-
charge is w = 1,08 kg, According to SARRO's .formula. the
maximun pressure against the base of the bore will be:

Pl = 2230 (1 6,57775) = 3330, 1,087+

",‘ S . 2
= 9533 wylem™

Having multiplied this quantity by the area of the base of thé boré, we will
get ‘the maximun force of the recoils ’

B R Vi R N RS N2 E S
Ve = P,ﬂ R ’/— 2524 ~3’ (/—’-(-‘) 1350 k1,
' H

or morc than 114m.

Example II: The maximum pressure against the base of a shell of a 122 mm
~ " nowitzer My1939 is 2350 kg/cm?, the weight of its shell is about
2448 kg; the weight of the full charge is 2,075 kgs The
maximum pressure against the base of the bore with a full charge
will be

Pru= 2350 (100, 5. 015 _ 9350, 1,075 = Shb Kgfen

Assuming the area of the base of the ore of a 122 - mm howitzer to be

vqfrié 'gviﬂﬁﬁ\ﬂ}a w .
TR 3 * 3 Fite, Q €

we find that the maxirmm recoil force:of a 122‘mm howitzer comes to

P 7 @b ik, % - 367,562 T
As similér’dohpufdt;on.for a 152 mm éuh howitzer provides us with a maximum
recoil force of approximately 450 m, for a 120 rm mortar - above 110 m, etc.

This computation is not absolutely accurate, all the same it gives a
clear picture of the huge force of recoils Recuperator mechanisms and the
gun carriage, absorbing such a considerable recpil force, must possess greatl
stability, ' ' o :

a4 In some cases, part of the recoil force can be directed to useful work.
Thus where gun breech locks are partly automatic, the recoil force is used
for opening the breech lock after the shot has been fired, for ejecting
" cartridges and for locking the block after charging, and where the lock is
automatic, the force coan be turned to rcloading the gun after a shot.

, This function carried outjﬁy the recoil force allaws one to increase
to a consgidersble degree the quick firing propensity of a.gune

62, Propelling Force of Powder Gases:and -

its Grqphio Exﬁression.

Hitherto we have discussed only the pressure which is’ experienced by the

base of a projectile (in atmospheres, in kilograms to a square centimetre ).
Let us now consider the problem of what is the force acting on the projectile
at each point of its path — of the propelling force of the powder gases.

In order to determine this force the magnitude of the pressure, exerted on

1 am? of the arena of the base of a projcctile, must be multiplied by the

area of the cross section of the projeotile1, expressed in square centimetres.

1 The rifles being taken into acc@ﬁx%vm

bt T
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‘;E’or mstance, 1f :Ln agcordance wr&h the pressure curve the progeotlle
experiences at point B (see diag, 39) a pressure of 2400 at. and the radius
of the cross section of the projectile equates b omy then the force actlng
.agalnst the pro,gectxle a“(: pouﬁ; B equa'tes :

irb = 1,055 Y R2 2 “_1;653;éhoo;13;14.42, ;.a124600 g
At point M where the pressure against the bage of the projectlle amoun"cs to
,_:,1000 a:t ‘the propell:.ng férce of‘ ﬁhe powder gases. will come- "bo. :

1, 033. 1000. 3, k2 = 5 9oo ge. otce

) The preqsurc agamu"t; ‘che bese of the proger'“alle is a varlable f‘orce, hence
the propell:mg force of powder gasés is also variable.

: As in: evez‘y casé tho ex*ben“f: of the f‘orce prope'l.l:l.ng "bhe project:l.le
is obta: ned ifrom a multij 116&17101’1 which “is ‘Gonstant for the projectile 'in
question of quantities 7('z 2 (alt. magnitudes - T) by the cxtent of the
pressure experienced by the base of the projectile at the. given point along
its path, then:it follows: that the' “propelling foroe of the powder gases
is in proportitn to the pressure agmnst the base of‘ *I:he projectile along
the Whole of :L‘t;s path. o

Caany G et oad o
;

The pressure curve agalnst the base of the projectile can therefore
be. used simultaneously as a durve indicating the alteration in the propelling

force of. the powder gases, but only on another scale: the ordinate expressing

_pressure in. 'pt atmospheres will in this case express the motive power whose
extent, equates p.1 033‘1'(‘ 2. kg.

’ Tl‘heref‘orqL the pressure curve against the base of the projectile is at
. %he same time also the curve of the variable moving force of the powder gases

o L_only on. another scale'}‘. Sy

63. Glaph:.c Eygpres.alon of the Efficiency of Powder Gases

Let us de'cerm:_ne the eff‘:.c:ency of the powder gases at some sector of the
_.path, for instance; betiicen points M and N (see diags. 39). - Let us, des:.gnate
the force pushing the projectile = by I‘ and “l:he dls‘bance MN - by¢ AN

e know from me.chanlog that the function of' foroe equafbes the work done
by the force on the pa.‘t:h covered by a body ag the result of the action.of.”
this force, _

The propelling force of powder gases is a variable force., Let us
designate "tho valucs of this force at points M and N correspondingly by
; .;I" and I'" MM‘ me'i F" = NN,

Co | In the caso Where the sec“cor of ”the pa"bh of the projec‘cllc is 1
sufficiently short, we can writhout erring too far assume sector M" N' of the
Jpressure’ curve to be a .;Crac:.ght line, in tha”c case square MMt NN' will be
,“trapeze shaped : o -__ i
| On sector % of' :"the"pa"bh'o'f the proj‘e;ﬁ'i:.ile.thq;mean value of the prope-.
1ling force . s - .
EEN : JERPLR met 4 'NN"'-".";
o T

consequently the function of the _fforée-"3 "

PN o MMY o+ NN' M,
E

At ":"

We know from geornetry that th:.s expresslon desiynaves ’che extent of the area

of trapeze MM! N'N,
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Therefore,_ ’che W ork of’ ’che pases on seotor JIN is- numer:Lcally exo cised
by the areca, bounded by the pressure ¢ curve against the base of the Dro; ]ccmle,
LBy the orduntes of 'th'LS curve at ;po:.ntq M' and N’ and by the axis of the

-

sbeissgac, , , : .

Thé whole cfficiency of the powder -gages along the extent of the path
of the progeo*’clle along the bore of the barrel w:.ll eXpPress itself as “the -
sum of the areas of similar trapezes for all sectors of the path of the
projpctlle in *the bore '6f the barrel, : .

W

‘In order_, however, 40 ‘compute the. whole efficiency of the powder gases
we would have to break down the whole path of the Drogcctlle in relation to
the bore of the barreltgy into a great number of ‘elementary sectors ‘similar
to sédtor e 1n diags 39, to determine the.efficiency of the .gases on each
of | ‘theso sectors we would have to compute the area of .the ”crapeze 'in the same
Way -in which we, computed the area of- trapeze I M -‘ to. determlm, the '~
i extent of "ghe efflolengy on'the whole of pa’th 14 J we would have. to add’ ’che
46 areas:of ‘oll “these ‘trapezés; which’ would give us, when added together,’ the
E aren limited by the pressure curve, its final ord:nates 'xnd axls oi’ ’che s
abeissae (diage 42). T R :

. For rough compwﬁaflons with the required degree of accuracy, the pafh

Of the projectile with' regard to the bore of the. ‘barrel, will have to be

- brolcen down”into a sufficiently large amount of sectors., . On Gach of the
one will havé to construdt a trapeze of a, kind such as tro.peze MM' N’ '
in diag 39.

The ‘more there are trapezes of
.o this kind the more accurately
e obviously, will be the approx«

imate. conpu‘ca.twn of the

efflc:enoy of “the powder gasus.

G e “On’the” o’cher hand, however,
R BRI T .88 Ve have. ’Llready po:.nted out,
o CoTLee Lm0 Lnn T the work done by, poder gasés
LD e L s meagurcd by thé kinetic .encrgy
of the projéctile at the mément
sweioo. when it leaves. the muzzle; -
e e e o oo, . pecondary fur\c'c:v.onp b(,:l.np “cake,rn
Diags 42. Method of computing into account: o
the work of the motive power of ‘ T
pcwder geses;  the arca limited
by a curve is broken up into
trapezes.

o vA_;;In of;her word.; 4. the work ‘of the
" gas pressure hAgainst the base of a
projectile chn be measured’ in the
afiwg oo o - pame Way as the kinetic energy
of the projectile at the muzzle,
iece the gas efficiency, by the
extent of the area limited by the
pressure curve, the limit of the

f LR
'.

ordinate and the axis of the abcis ae,

This means that the. amoun E of umts of ’chc klnctlc energy of' the projec—
tile at the muzzle and Units of f’unct:l.on (kg. ms),' spent by the gases on
providing the proJjecctile with motmon, Tumerically cquates the amount of square

.. .units contained by the area which is linmited by the pressure curve, its ordinate
" at the muzzlé and the axisg of the abcigsae.(provided that the. eurve ha« been
“drawm up in the corresponding scale). :

3

In short, the function of the povder gases is meagured by the kinetic

snergp ahrve i FHcRER 44 1999/09/08r GIARDPTS:0486 42000 1600300019
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6le Computation of Velocl’cles &lOnf" the Pressure Curve ag;a:mst
the Base of the Projeotlle. . o

Y

Ve'loci'i:ies Curves,
‘ LEmORAATR e
To study the law of the accretion in the speed of a projectile in the process
of its movement along the bore of a barrel we can use the same trapezes into
which we broke down the area 11m1ted by the pressure curve (.:ee diag. 42)

‘The gas efficiency on the path of “bhe progcc‘olle - OB - is measured

147 at point B. © Tet us designate the ‘speed of the projectile at point B by )
and the extent of the efficiency-of the. -gases 'tjb sector OB - by Ry.

Then, ;
i L{ )y: U [}

Clhcl‘\rm ) v 7

5 .3 ‘_7.‘. .

It is no'L h%rd “(:o detemlne from ‘bhm equw.“blon ‘che extent of the speed
of the bro,jeotlle at po-| nt B Do e

/-_W;\J_. rﬂ/?f(“f\+i3l3 )

¥ 12 oy

and expres s:.ng thc ma s 1n “tochnicAl units and by, abbrevm’blon,

Henoe we have 0. expre ) ’cm quzmt:rtles of ordlnates OA a.nd BBl f‘:.nally, not
. in’préssure units but in power units, -il.es ‘make o preliminary multiplication
"of the préssuret extent, by thearea of the croso scotlon of the progec‘clle
(taking the rifling into ateount Yo . U T U S
P R . . B
In order to determine veloc‘n.ty of the projectile at point C - :L'n the
same way, one will Pirst have” to compu’ce the eli‘lolency at sector 0C:

The function of the gases at the ector of path OC will equate the sum
of the functions at seotor OB (we expressed it by R ) and at sector BC
(we e@resscd it by RJ ): ; ‘

. e O ]
, ';'The sum Ry R2 equaﬂtep "the sum of tne areas of trapezes, AOBBl and BOClBl :

PANS g

Jon (AO ¥ BB, ) T:r”; G (BBl‘ + 00y )

#Hehos -

VRGR (A 3R BC (53 +cr ~3 *{f

e ’ Y -
In a mm:.lar way -one. can. find the velocz.‘cy of’ ’cie projectile at. any point
of "t& cour.;e along the. borc of‘ the barrel. - Thus,

Whence

Y VY

3 (R1 * Rz + Byg

e'tc. HREE e L N s

SECRET
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F:Ln&lly, the sum of all 'n' trapezes will. equate “the area limited by the curve;
the efficiency of the gases and the kinetic encrgy of the projectile at the
muzzle is measured by the extent’ of ghis area.

AR S

R: is the work on the e'l.c,men“b.xry sec‘bor of' the path expressed by the gize
o% ‘che “crapeze area. Lo

hen the oneed of "bhe ‘OI‘OJGC"Clle ha.s alreo,d,; been determlned at ‘some
point of the bore of the barrel, for instance ut point Bl one can cle‘cerm:.ne
1"b°' speed at e:wh follomng pomnt by the I‘omula fmllnr from mechanics

o : .-,‘v ,hsl t L. ,.p ',,. O\;)
T ( T -.-'f‘([" ) - j'lf_\g . tmi [ j_?f_i;_"l, [L_{_r . B

. oy

ea

after ‘the in‘cr’oduotion to it of the coeff‘icien"c"of fictivity ¥ .
The ex‘cen"t of force Fl is obta:med as hzm already been said, from the
multlplwuw.on of the pressure against ~t;he base of the projectile at the.

: given point by the area of the cross section of the projectile toking the’

rifling ixto account; 'we can consider the extent of sector 1 of the path

at will depending on the required degree. of-accuracy} v has been determined
earlier and is, therefore, olready imowvne  Thus one thing is not known in
the' equa"tlon and this "is’. {r o,  Vhen solving the equation with.regard to

this uhldiorn quantity we get, designating 7 oot by tal (extent of the

. sector of the 1)41;11 of "Ehe proaec’clle) ®

ok I TR
cleaqg vy “f"’ri‘*«"‘,’ ‘)7

Whence

.Having found v o one con “bhen 1n a s:.m.lqr way determlne Ar3 etc.

I
'For a more approx:mm’ce determination of velocities one can use squares
(d:.ag. L3) instead of trapezes for ecalculating gas efficiency. The seqguence
of the calculation wi 11 be identical, but the calculaticn itself will be .a
11’17‘016, Dlmpler, but at the cost of 1ts accuracy. g
‘"’hen en‘tera.ng ’che curvc or graph paper, the area lunlted by the curve
can be computed by caldulation of the small squares which it containss

Fln&lly the: area can be determlned w:n.th the greatest amount of accuracy
with the help of a special instrument for measuring areas — The planimeter
(alte plone measurer - T), for which all that is required is outlining the
borders of the plane by. spec:l.al points which are fixed on a movable lever of
the instrument. Thus ‘one will be able to have a mechanlcal reading of the
area of the plane on the drum of '(;he :Lnstrumen‘o. |

w0 R
An average extent of force F is taken for the given sector of the path,

Approved For Release

i
;
i
!
i




Approvéd For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9

CRYRGHT . SEcRET
149 =135~

After calculating the velocitiecs of the projectiles at points B, C, 0
€tCs Up tO try (at the muzzle) inclusive, one lays off on a definite scale
already congidered
the magnitudes of these
velocitics opposite the corresp-—
onding points as the ordinates
of the futurc curve,

After linking up the pointz of
tmucmwovedwmnVM3mwm
of the speed of the projectile
in the borc, clearly illustrating _
the law of thc accretion of the |
velocity of o a projectile
(d-lago 1#*—) . ;
The ordinates of this curve |
express in the accepted =zcale .
the magnitude of the spced of
the shell at cach given point

of the borcs The muzzle Diage l3e Simplified method
velocity of the projectile at the of the rough computation of the
given scale equates the final notive power of powder gases:
ordinate of the curve velocities. area limited by the curve is

broken down into rectangles,
Study of the curve of the »

velocitics of a projectile in the P
bore shows the, following: ) ke S . R

: R et . _ &
1e  The acceleration of the movement e o
of the projectile in the bere rapidly, : i
increases from zero ¢o the maximim S G
extent reached at the moment of the &
development of . ther maximum pressure; = .- B
thereon mccordang to the degree of
approach %o the muzzle, the -
acceleration of the movement constantly L
drops, remaining, hovever, positive,

"2, The speed of the moverient of the
projectile along the bore is fast Dinge 44ia Pressure and velocitics
t0o begin with and then-progressively .. © eurves: . RIGHT - scale of veloci-
loses speed, tiesy LEFT -~ scale of pressures,

Example of the oonstruotlon of a velocltlo» curve (dlag. 45)

Let us assume: +the pressure of for01n0 OA is 500 af'

ressure at point B (ordinate BBl has been meas ured) is 950 at, at point C
?ordunatc CC ) pressure is 1300 at; nt point D (ordlnaﬁe DDl) pressure is
1500 at; scntors of path OB -~ BC = = 0,1 mj the plane of the cross
section of the sheIl is 50 cm2' welcht of the shell § = 7 kg; = ¢ 191,
The speed of the shell at po:nt 0 (up to the beglnnlng of its movement)
obviously equates zero.

150 Ve determine from trapoze OBBlA the S§eéd‘éfvtho sheil af point B which
we designate by 1y 1: ) o
1 /3 9 R G - \/!‘;B(QA + 3=6 R =
oo e BN e -
: N tf"’l Y ) . kfa
(3 'ﬂf'(‘(\;ul ("3 0 2 '/ \\/
\/ (5009 50). 9,5 fo (FET (‘n ¥ ‘7&«%/5&/(

an
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Curve of Velocltles

Durve of Prcssures

! Diages 45. Example of the convtrur-tlcm of a
| Curve of Vclocl’cleg wﬂ;h the aid of Tropezess

K.now:.ng the velocity of the shell at pon.nt B, let us determ.ne its speed
at point € from equation

)-9'1
1 }2

Let us determine the-extent of force F at sector BC of the path of the shell.
On this ._.se'ot_or on ap average ' \ .

BBl + 8 COl

F = .« 3,
>
§ - stands for the area of the base of the sholls
; , | ‘,‘ 3317 = 950 and OC:L = 1300,
| e get L | ‘
? L 950 4 1300 S R
B o= : ' « 50 = 56250. kg, -
f o2 S
By sii'b:s:ti‘t'u*bing the khown quantities to the ‘equation,
Ve find o '
IR : 7Tewd - 969y = 1
56250. 0,1 = 2V = e )= 1,1,
' - 2 o 9,81
i1'51 - Solving the cquation with regard to ’\J 3 we fet .
\/‘5 (:35C 3.9 I«».“'/J/'ér")} / - |
28T Ol I3 fee .
ctCe / (71 N
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65. Computation of Pressures and Velocities

from Tables.

Often it bocomcs necesswry to construct. presgsure curves and velocities curves
»for guns to be tested or -even for those to be designed without p0336551ng the
experxmenﬁal dafa on how pressure s dlstrlbutcd over various points of the
bore. -H w :

» " Thig problcm is solved‘w1th the help of upcoml tableu drawn up on the
*aba51p aof compu%ﬂtlonu chcckcd by many prerlmentb.

. To use %hcse tabloa, it is
‘sufflclcnt to know the extent
of the initial veloolty,
maximum pressuré in.the bore
and the constructional data .
for the guna

Dy = 2400 ot

,m/éec

hifi;#c>cq;
H o oQ oo

Initial velocity is
deternined practically.

Maximum pressure is not ) 0 ' o 0
hard to detcrmine by means F ‘
of an insecrtable crusher gauge,
The constructional data of the
gun are known,

Using data computed from
the tables, one draws up the
pressures and veloclties curves
for the gun to be tested, An
example of the curves drawn up
with the ald of such tobles is
shown in diage 46,

mETdnn "
NEHAAHQOHHE <

L

Dings L6. Example of the

i - : . ; e Construction of Pressure and
RO Cea «.Velocities curves with the aid |
i e T of Tables, Sy

Fffortu ﬁo drew up tablbs of the klnd were made long ago. However, the

. tly.accurate solution of the main praotlcal prdblam of Amner ballistics}

" they only made it posuible to construct- prcssures and’ velocltles curves
mpprOXLnately, and;.even so with- falrly gerious inacduracies; for 1nstance,

the extent of the muzzle. :pressure of the. energy .of the tranolatlon of:a

; ?; projectile is cons1derab1y 1ess accordlng to KRANZ's tables than in.it:is
“in. deﬂ" , v

. i s
o e Only the Ru551an artlllery sclentlst N.F. ;DROZDOV  succeeded in’ 1902 in”
252 sworking .out an analytical nethod of solving the basic formula of inner balli-~

. - stics hnd on the ground of this golution to construct his tableo for the quick
- determination:of Ppax and i , and durlng this process 1ncldentally, the point
swas also, determlned at whlch the powder ends its combustion depending on:the

ﬁthkﬂCuS of “its grains.. This was net provided by the other: tables, and
which "is vcry 1mportanf in the ch01ce of powder grains.

The orlmlnal bhort tables by Prof. DROZDOV were perfected in 1933 and
became the foundatlon of the modern tables which allow one to construct all

ASB%WE&SF%@%%&?@%swag?esofemmmnmmsmAooo100030001 -9

empyrical tdbles worked oub by “various geientists did not provide a sufflclen~;
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66+ Velocities and Press ures Curveg w:.th Qu:.ck a.nd slow

Burnlng Do ders.

He

An experm@n‘c Cufr" sd ou‘t w:Lth oharae:s of 1dent1ml welgh"t But” COnSlStZLnD‘ of

ALY r‘thef conditiens being equal (“uhﬁ gun is identical, shells weloht
the sane, tenperature, noisture and the’ ‘cherieal. ccomposition of the powder of
the charge are all identical); & charge:consisting of slighter (1it. th:onncr)

. grains, il.e, of o'rfu,nu which burn up quicker, develops a higher pressuré . in.
" the bore than a charge consisgting of bulkier grains wh:u.ch burn more slcwly,
but 28 against this pressure drops fastcrs Lt .
. b

-
& i
Ly

Diage 47 Pressures and Veloc:!.'c:.e@ C‘ux’vub for
Charges of Qulok and Slow Burning Powd(—;rS'

I, Curves for quick burm ng powder IT - Curves for slow
'burn:l.np powder.

Thus the pressure., curve of a fagt bU.I‘“].ln'? charge rises higher than the
curve of a. slow burning charge, 2t some point both curves will intersect
after \rhlch the curye of ‘chc slow burning charge will risec above the curve of
the fast burn:.ng; ch’trge. "In the' case of a slow burning charge the point
of the maximum pressure is'to bé Ffound slightly (insig nlf‘lcan’tly) nearer the
muzzle, ’cha.n is the case “irith o fast burning charge.

153 = A charo'e of ’f;h:Lnner ur&lns gives ‘the projectile o greater initial
veloclﬁy %han do buliier grains;y . ‘thls has 1t reason :m a hlgher ﬂax:.mum
pI'C»::SU,I‘C in the bore (d:..%. 47). ,

RENIE.

e

To obta:.n p.de'ntlcal 1n1tio.1 speeds from both pﬂwders, one mus‘c inorease
the weight, of 'bhc h'*rrre tia&le up of the bulkler grams, e e

If one choses two charges wrbh ch.fferent vwe:.ah"bs oons:Lstlng of wralns
Top varying thickness in guch a way. that they will develop an 1den‘blca1
fnaximun pressure for whilch the pun’ barrel has: been asigned, the charge of
the thicker, gro 1ng,'w:u: whlch pressure dyops rore gradually, Will perform
more work than a o,harcre de up ‘of thinner grains, c«“nsequently the former
111 g:u.vc a greaf initia *’velOc:.ty (dl'm'. 4@). e P

grains of 4diff erent ‘chlcknew,' ds el uhv fcﬂlmﬂnn conclus:.ons. S
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Diage 48. Progsures: and Velocities Curves for “two charges providing
an identical maximum pressure: - , C co

I« = fora fast burning powder: II - for a sLow bufningrﬁOWder.

However a charge of this kind will ‘burn longer and for this a longer barrcl
is neededs = Hencc'a fast burning charge is more advantageous for short
barrelled picces, while for those, with longer barrdls - slow burning charges
are best. o R N s B

Por howitzers one generally selects charges made up of thimer grains
than for guns of the same calibre, " R TU :

‘67.:Medn*Pressure. hétiﬁaﬁiéh S the Quantity of the Powder,

While studying the action of warious powder charges, we have approached
the answer to the question: after which kind of nature. of combustion should
one strive, as rcpresenting the most satisfactory kind? '

e Apparcntly'it'is'most'advanfageous that the efficiency of which the
charge is capoble should be obtained at the‘ledét“maﬁimum'préssure.h, This
could have happened in the case where the pressire agdinat “the bottom of ‘the
shell, and theréfore om' the base of the bore as well, would remain equal
(alt¢ constant) over the whole path of the shell alongithe borey i.es the
curve of pressurc now rising to 2000 - 3000 at, now falling to 500 - 600 at,
were Yo be rcplaced by a straight line runnihg parallel to the axis of the
bore:(diag. 49), B .

Such 2 constant pressure could be Eéﬁéidcrably less than the pressure
which is regkoned with when designing gun barrels.

S

Diagy /9, Conception of iean Pressure:

) Appro;ecf ?gt}ﬁgﬁa&ﬁ%ﬁQOQﬁB TCIA'RDPT804861A00010003 6009
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As an exanple let us examine the gun whose pressure curve is shown above
(see diage 46). - The variable motive Fforce of the powder gases has worked
efficiently in this guh at 152 640 kg over o 2 metres path traversed by the
projectile, ’

Work of this kind could have been ddnc by a constant force

Pl o= 152 640 = !152 64,0 = 76 320 ka.
Igp

D s mkrme

r"h:l.s force would have been exertcd over the whole arca of the cross section
of the projectile which we will assume to equate, let us say, 50 am?,  On
each squarc centimetre of the -area of the cross section of 1the projectile
there would have bcen a pressurc of

pt = F . = 76320 = 1526,k kg / an® = 1477,6 at;
R q(LQ R 50 ce
e
Which is conu:.derablv le s than I’me = ZL,OO ate. !

The imagined conotan'(: pressure whlch would have fulfllled an 1dent1ca1

function as is done by a real variable preasure, arralngt the bage of a pro—
jectile, is known as mésn pressure Pop S : - :

v, o o e

9/1(/,-.,5

//5' - is thd coeff‘mlcn’c of f‘icmvtﬁy ( ? :m'w:r.nar/ factor ? - T)
which accountg for "chc secondary funotlon of the powdel gageo
K¢ see above - - .

e AT I

§ JRSC "fe h‘b of' th& shell in krrs.

vﬂ/ - ,mu:rzle ve'l oorty of' the shell 1, 1lecs the speed oft the shell in
L rcfldq:l.on "to the barrel at the uowem when it 2 ieaves, 113,

? - accelera“tlrm of thc force of gr'\vﬂv;

5 -, cross secti on of - ’che bore 1n cm2° v _
lﬂ\ - full path in relation tu ‘bhc bore traverged bv thc ghell aft’ *bha,
moment, it lea.vc« the bort,. . :

i.- o

In the ex&mple quo#;e,d Pop =" 1#77,6 at, = 1526 Iy kc/om

The relation Dcp  or the d:.fferencc, Pn i pc,p Cis "the ch’xr’tcter of ”bhe '
Py 1 ' ‘

i

fy e

- quality of the powder: the ncarer to a unit is the ratio of Pcp‘} or the

Pm

nearer to zero — the difference between pg

Pep the better is the quality
of the kind of powder in question, ? . .

A powder would be considered as "1dc'\1" with which the ratio of Dcp =
oo P

1 and the dif ference of py = = O

Pep.

PI'&O"GILGD.]. cxpoz-lence, however, forces one to introdvce two amendments
to this conception of a "pem ect" ,powders

PR

. semer
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Yo e with the beginning 'of the process of combustion a pressure
developed of 1000 --4500 a%e, then the percussion from a force of this kind
would not be borne by the guide ring of a projectile and each. projectile would
then tear itself loosc fran the riflings = Therefore it is important’ that
pressure should grow gradually, ' o mEe T
20 As in practice even charges belonging to one lof do not burn .
identically, one cannot compute the duration of the combustion of a charge, -
8s though it were to cnd its combuStibnﬁsimultanqQusly ot the moment when the
projectile leaves the gun.  In:such o casc powdcr wHich has not succeeded in
finishing its combustion would oftén beVCJeqﬁcd from the gun.  This would
lead to a ¢considerable variation in the action of charges, and consequently to
& congiderable range dispersion of shellse One must choose one's charge in
such’ a way that the powder will finish burning a little before the sholl
leavcg the gun, Then, of course, the pressure will begin dropping at the
end of the path of the shell along, the bore in the absence of the flow of
ne’“(gases’ £ C

-
Ve, )

. ey,

C

-, Thus an ideal pressure curvé'ﬁi11°notumerge with the s%faighﬁ.linetof
the mean pressure, but will only be close %o ite” (diag, 50).

. v,

A powder giving a curve- of, this kind, as weéll as.a.powder burning
progressively to-the end, has not yet been. invented, Trrens g
1¢.,“. e
. . o LI
At e,
) g
: Gy, Diage 50, An=idea1Jpressure‘cgfvefﬂﬂ',xv
Y COATL L e :aotudl’pTeasure;j'CK“-Meanﬁprqsgure;~ L

OABEE:ff; - _ﬁfactically posgible optimﬁm{p:eSsure curve,

68, Pcculiafiiies of the Iﬁﬁer'Ballisficé'oszortgré

,Eﬁéwiﬁngr ballistics of mortars have a mmber: of fehturcs brought about by
differénces: in the construction of their'rifling{whiqh contragt from rifled
artillery types, by the,peggliar’m@chanigms of mortar bombg and the charges

s for theses

The. modern mértar is a snooth bored %cépoh;.préjecting.a drop shaped
bomb which does not rotate durding its. flight, 1% is equipped with a

| stabilizer (guide ribs ? - T) to steady it in the airy! see p. 142,

Begause a mortar is a smooth bored weapon, it lacks the energy of
trunslatingcthe‘projegﬁile (lite it lacks "the phenomenon of forcing - T), i.e,
the overcoming of the resigtonce from rifling to 2’ copper guide rings  The
mortar bomb starts its movement in“the»bope as soon as the powder gas pressure
is sufficient for overcoming its welght and friction from the guide rings of
its centre bulge agoinst the sides of the nortar barre

y Lo > the
Approved For Release 1999/09/08 : CIA-RDP78-04861AOOOq%d'&gB%‘P £

OdCRET




-

:PYRGHT ; r; o i R

Approved For Release 1999/09/08 : §CIA-RDP‘7,8_-;0.4861A006100 030001-9 .

- SEQRET

R

156

1157

L

powder charge is spent on providing the mortar boib with its rotating motions

i a

The initial veloc:utyof o ‘mortar bowb is not great and even on a full - =

charge does not gerérally exceéd 300 13 (table 23).

[ oLt

Inl"tlal Veioci'.'w.i of a Hortar Bodb ,Wi“bhf'

T

: Various Charges.
Charge e LT e Initial Velocity in m/se{: Sl

EAL 82 —m vvbc_)m'b‘sz" 120r1m "bom'bS:-A ,

BaSiC seeeesccesenccncoe 'ooh.‘\-oqoa-..7..."‘(‘_ . 70 M

ca

First oaoq.-0,--co-ooooocﬂ;aﬂovcy";c";c-c-ocf.‘otE.Ol.' 105 119 i

Second -onloc-a-o-o-ab-pco.Q.;coog.aoacunQ}oizu 432 . . ﬂ156
Third .'.._‘...‘...‘....'....‘U‘.O....'—.-,..‘K‘... 155 ) :‘:- i 4191
Fourth ..—.....““’."......-..‘....'l‘....;".. 175 221

Fifth ‘.0“.000.!.‘.!00OQOOIO'OIOIQI’O'QI.;OA‘. '193 ‘ 21"‘7
Sixth ooo.-ooao-ofo--ao-.oooocoo-—-.-u'-o;looo -2 2?2

In order to provide the mortar bomb vith a comparatively low velocity
there is no necd for great pressurc in the bore; in modern mortars this
pressure does not gencrally exceed 1200 kg/on? on a full charge and of'ten

it is congiderably lower (about 500 kg/en? ).

Thus the maximum pressurc in the bore of a 122 — mm barrel of a
regimental mortar equates on a full charge, according to experimental data,
1460 kg/cm?, while the maxinum pressure in the bore of an 82 mm mortar =

499 kg/cile

Tn order to reach such i comparatively low pressure, & slipht density

“of loading is suffieicnt in the nain powder chamber (iece in the space

between the hase of the bore,’ its sides and the todl wing of the stabilizer
of the mortar boib);.. This pressure does not generally exceed (?) 14 kg
on a full charge (Translatdz"s'no*tc: the page has been holed just in front
of, figure 15)¢ < In order, to. guarantee the ;proper burning of ' the subsidiary

scharges at so low a réte of -density, it is nccessary to select a powerful and

. quick burning péwder, ~ For this the shape of the powder must. guarantce o

s

rapid aceretion in the pressurc from the poider gages in the main chambers

With this end in view ore used disc shaped nitro-glyccrine powders; in
addition, a powerful ipmiter is reduired to. make sure that the burning process.

will develop in the right sequences '
i _',",,‘«V‘,*i.v' i ,n".” Fra ) E : . iy - . =y .
The, miin ‘Gharge. fulfils the function of such an ighiter,  This ignitor

which is housed in o cardboard certridge, is inscrted into the suide rib

(stabilizator - 1it) tubes S e > rib

1.:The general agpect ‘of a mor'tar bomb {5 sherm.in book 1 of the Artillery

©  Course (sec 3rd ,edition, ‘diags 47 and 231 or pp L9 and214). P

;
Ay

"2 Ring charges (lit:) have only three charges, ‘apart fraa the non charge, —

(first, seéond and third) corrgsponding o the second, fourth and sixth
charges when there are additionzl (stbsidiary) boat ghaped charges.

~Approved For Release 1999/0W@IA-RDP78-04861A000100030001-9
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The_density or charging wst be sufficiently great inside this inner
chamber for the main ‘charge to burn up quickly, generally it is close on the
gravimetrical density of the powder, A

Oving to thé presence of two chudbers. — the immer (in the stabilizer
tail) and the najn charber - the phenonenon of the shot in a mortar is
accompaniced by sdie special fenturcs when compared with rifled types of
artillery,. and in the following sequence: . : :

‘ 1. - When the strikér hits the cap nounted at the basc of the main charge
Ve percussion composition which is rressed into the cap explodes. The
cpowder. of the nain charge begins burning in the permanent (fixed, constant -~
alt, translaticon) space, The process of burning in the Permanent space
continues. until such ‘time When the powder: gas pressuré reaches an extent which
‘is cnough Ffor knocKing an opening through the sides of the cartridge opposite
the corresponding openings in the guide ribs tubg, . This pressure is known

a8 pressure for, forcing openings and is expressed by PP ¥, The extent of
this prcésure.ofgforcing Opening reaches,-acéording:to'experimental data,

600 = 750 kg/cri2y - o L 0 :

¢ TR

- This considerable nagnitude of pressure for forcing openings is explained
by the fact that the process of forcing. open a passage with powder gases is
not instentaneousi “while.in the course of the tine interval needed for ending

158 of this process, 'the pressure: in the dnner chawber succeeds in reaching the
required cxtent, This phase in the phenomenon of the shot is known as the
pyrostatic or prelininary phase. Its duration is measured in a few 10,000ths
parts .of ‘a sccond.” ' - e :

- 24 Jlﬁftef operiings have been knocked.. through the cartridge case sides

- of the primary charpe (basic charge, main charge - alte transldtion), the
powder gdseé‘Begin’esCaping into the main chamber containing the subsidiary
(2lte secondory - T) charges (rings or boats (1it)) and ignite” them,

- Meanwhile o contradictory processes vocur in the stabilizer tube,
On the one hand the main charge continues burning resulting in the continued
growth. of the curront: of fresh powder gases and the pressurce in the stabilizer
tube tends. to grow, On: the other hand powder aases flow from this tube
JShrough the openings in its sides, thich oupht %o leafl to a drop in powder gas
bressure, Lt the béginning of this phase the first proceass predoninates,
and pressure in' 'the stobilizer tube grovs and then the second phase begins
predominating oand the powder gas wressure having recached its-height begins
dropping. Merimum pressurc in'the tube of the stabilizer reached in this
phase an extent of abowt 1500 ka/on2, IR :

T A nortar berb stabilizer tube mist be-made strong eéndugh to be able to
ctake such o pressure which considerably exceeds the pressurce in the main

- chacber,

>« The phase of the shot Prom the. moment of the. forcing of openings ti1l
- the end of the burning process of the main charge is known as the first phase
v(for_the‘stabilizér_tubc)g1' Its duration is measured 4in several 10,000ths
fractions of a second (1t is computed to about 0,0005 sec, )
158 . . S« The first phase for the stabilizer tube is followed by the second
R phasc,fvhdselbeginniﬁg is deternined by the moment vhen the main charge
finishes burning, and whoge end is marked by the modient when the mortar bomb
leaves the iortar barrely During this phase the gas escape from the
wstabilizer tube into the majn charber ends at the monent when the gas
pressure in the stabilizer tub¢ decreases. and draws level with the pressure
in the main charber when the subsidiary charpges are burning simultancously,

| _ % Hore and algo-lager vic have used terninology sugsested by professor, doctor

of “fechnical scicnces OI'POKOV, G.V. in his work:-"Ballistics of Smooth
Bored Artillery types', ed, Artillery Acadeny, 1943,
4 ‘ : . A R .
Professor OPPOXOV, G.V, Ballistics of Snooth Pored Systems
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Th'Lla ‘chrcc phase,; in the phcnonenon of a nortar shot ‘are dlstll’l‘?‘uluhed
with regard to a gtobilizer tube. The pyrostatic (prlllnlnary) the flrut ’
‘and the _s}uc“ond.
Threé phages of 4 shot riust also be distinguished in the main chorber.

1«  The Preliminary Phase (for the main chaber’) begins from the woment
: Lo vhen, openings have becn forced and ends at the moment whlen the 'main:
159 chc.rrfc had finished burning in the tube of the stebilizer, l.c. in
. %ime it coincides with the fll‘at phase for the stabilizer tubes
The 1ollow1nu processes’ oecur in the course of this time in‘the main
chanber. first, the subsidinry charges start burning mainly follow-
in(J the oeome“crlc law of - conbustlon, s(,cnndly, there occurs a flow
of gnsés from the stobilizer tube, _ Both these process ‘contribute.

: 'Eo "the ingrepse of pressurc in 'the wmain chamber. — Simultanecusly
L part of fhe powder gases flow for\rard from the maln ohambcr through
‘the p'aps bhetween the ‘sides.of “shc bore and the rings of the'mortar
borb centring bulge. At this very moment the bomb. begins méving -

. in the bore of the mortar barrel, a situation which leads to the
ﬂrowth 1n the ]nl‘bld.l ad ir qmce.

o As the befrlnnlnfr of the p&‘h of‘ a nor{nr bonib alonp ‘the bore
- of‘ a morf;ar barrel is onsidered’ the: point through which’ the plene
of the rear r:l.n of the eentri. ng walst of. thc nortar bomb pa Qec at
) “the monent, “the' 1at“t:er starts rmv-unp :
: -These two processes - the gas escape and the increase in ‘che"
:Ln:Lt:Lal air space - contribute toward.; the. drop in the powder gas
pre sure in“the riain’ charber, Mcamfh:u.lc the leakage gas - from
-the main ChCﬂbO.C‘ through the g aps is 1ns:urn1f icant in v:.ew ‘of* ‘the

. A'b the end ot the r)rellrwlnfxry phase the speed of the mortar
bOle ‘and ‘the path covered by it is very slight. Thus 'in the case
L of an 82 my, mortar, the speed &f the nortar bonh at the end of this
prellrllnwry stage is only 4 n / sec in.all, while the path covered
C by it is 0,05 cie  The tiny extent of those elements of the shot
B.llou.; one to ignore the preliginary phase and to reckon that in-
: e . fact nll powder gases from the stablllzor tube at once enter the -
S maln cho.nbw at’ ‘Ch\‘., bccflnnlnr' of ‘chr* first phase. :

24 The next phasc in Lhe phenonennn O.I A shot for ‘the main chamber,
; Rt ealled the first or the main, OCUlﬂS ot the monent whén the powder
! . has ‘ended burning in the tube of the stabilizer and ends at the
; ‘hioment ‘When' the "powder- f:.nluhe.; burn.mlr :Ln the naln chavﬂoer.
[ e \Jhcre the ‘secondary chardfbs have been placed suf'flclently‘ far
. from the gaps in the sides of ’che stebilizer tube then, in contrast
~n 50 the general cAse which we have already oonoldereu, the -secondary
. charﬂes ::'ba.r't burning at the beginning of this very period; in’
such a ‘case the phcnouenon of .the flow of gases from the Burning of
the socondary chr 165 1s 1acklnr7 in the prcl:.m:l.n'u'y phase for the
na.Ln cnam'ber. SR :

, Pressurf‘ 1n the main char.fbeL grows rapldly durlnu this phase,
res.ohe “Its naxiimn and begins dropping; the mbriar borb batnerg
spcc,d quickly and thc :i.nltla'l. a:Lr spaces ra*ndly :mcrease

3, The Tast (thlrd) Ohase in the Dhenowenon r)f A shot star’cs, in “the
case of the main charber, ot the moment whén the secondary charges
“have finished burning and endu, if one disregards powder gases
sequences, Jlth the moment when the mortar Bomb leaves the bore
160 of the mortar, At this *qomen"& occurs the expansion of the powder
gases in the 1n1171u1 air s*aace and’ the borb constantly gsathers speed
" inits movenent,

¥

128 T et e et -144— - -

Csmall arch of thede gops and has not  the least practlcal srv‘nf‘lcan.ce.
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Thus one must also distinguish thrce phases in the shot for the
main chamber: prellmlnary, Tirst (ﬂaln) and second.

Where one main charge is uged for firing (fire of this kind is
only allowed in the casec of an 82 mm mortar) and no secondary charges
are used, one distinguishes between only two phases for the main
chambery  They are separated from each other by the moment ending
the burning of the powder in the stabilizer tube,

, Conseqgliently the chief pecul;arlty of a mortar, in so far as
inner ballistics are concerned, is the presence of two chambers:
- the oha@b@r inslde the stabilizer and thc main chamber,

. The phuee; in the occurrence of the shot may be graphically
shown in this table (tablc 24),

TABLE 2,

Phases in the occurrence of a Shot from a mortar

For a Staﬁilizer Tube | For the Main Chamber,
Preliminary ’ -

i First ' _ First
Second _ ‘ i ' . Second

' Chapter Eleven

Practjﬁgggjﬂggsuremgggi;gi}@igzle Velocities.,

- The muzzle velocities of projectiles are measured by filring through
frmne tarnet (1it. tranulatjon), a. chronograph-type LE~BOULANGER. This
apparatus is accurate but cumbersome and inconvenient to trans port; hence it
is put up in o stationary state in the establishments of the ballistic
laboratories of testing and research TANIES, '

In field conditions onc also uses type LE-BOUTANGER Chronographs, but
these are nore portable and are wounted on 1orr1e Latterly -general use is
being nade of solenoid chronorraphe. - : :

Before the Great Pdtrlotlo Tar experinents were made for fleld balligtic
leboratories with the aid of the . more portable but less accurate instrument
known as the SHIRSKT n1111-ecnnd-neter—chronoscope. '

o

© Muzzle veloc1ty can also be determiined bv means of photography, v1uuﬁlly

by accelerated kino-photography (+4ime ompholopter also by the sound ballistic

meﬁhod (wlth the aid of eound ranging instruments ),

69, .E~BOUImRGER's Chronograph

~The mathod -of detcrnlnlnﬂ nuzzle vélocltles of fire throuvh flame targets
with thc aid of o chronooraph conolets of the followanr.

The frame—turgef is put up near the' nun, whese barrel is 1%1d hOTlZOn—
tally, and at a sofe range fraﬂ the pgases escaping fron the barrel (generally
at 15-50 m, depending on the ‘calibre of the plece )s

This apparatus consists of a wooden frmme with thin doubly timned (7 )
copper vlrc stretched vertically over it, ~ This wire is switched into the |
cireult passing tbrourh the electro-magnet of fhe apparatus. The frame
target is so arranpged thaot a progectlle will not be able to pass through two
wires vwithout hav1ng torn one of  them, = These wires being usually spaced at .
intervals of 1/L -~ 1/2 of the callbre of the gun to be tested (diag. 51).

e |

Approved For Release 1999/09/08 MDPTB-O4861A000100030001-9

-




Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9 '

PYRGHT | - g

O

Dim T meeECEmIY TR S

162 ' ) = 16—
- S

e

e e

163

Diag. 52,

After passing through the frame ta.r;get, the projectile tears the wire and
opens the elec“trlo current.

The powerful elcctronarne’c l of h(= chronograph, which attracts towards
1ts iron core a long hollow rod vith an iron point 2, known as cl'n'onone’ﬁc—zrS

: .".a*b 'Ehls'morwen‘c beconeo un-ragnetized and' the rod ‘starts dronuing (diag. 52

Another exac‘clj 1den'tlcu1 f‘raﬂe—tarﬂct is Avunted to the rear of the

o first frame at an exactly spaced distance frov ite The wire of the second

frame is on the saze circuit with elﬂc‘bro—rmﬂnet 3 of the chronograph.
& shorter rod 4 is freely suspended from the iron core of this electro-magnet,

+ This: rod is called a recorder because :L‘c records. the moment when the pro—

Jectile rea}ches the sccond frame,

.

Diage 51s

‘The moment the projectile tears one of the wires of the second
frame, the current in the second circuit to which electro-magnet 3
holding re)acorder 4 has been sw:.tched will be closed (1it. will
ceage — T),

Lay ou"t of 'che ﬁmc’clon of‘ LE-BOUIANCER'" C’{RONOGRAPH.

TR - 'base ort hhlch the appara‘tu is nOun'ced fl and Py - frame-targets;
- battery; Be-wires; 1 and 3 - alectro—m&pneza, 2 — chronometer;
L. = reccorder; . 5 ~ yoke (alts sear - T) platform; 6 — yoke (sear -
T); 7 - 1ower1nﬂ rack; 8 =~ knife ('1:1.17. - T - ? cutter ? - T);
9 - knife spring; 10 = measuring disc ( ? marker - T); O-zero

mark; LB =3 - dlsmnoc betueen frmneo.

l

The'reg::o_rcier s‘bartsﬂdropp:,‘ng and ~knocks against pla‘tf‘orm 5 of sear 6} the

Cplatforia is lowered; lowering rack 7 relcases steel cutter 8 which Juups

forward through the action of spring 9« In this process the cutter (1it.
vknife) knocks against the dropplnrr ohronone*cer and marks figure 10 on 11:.,

|
In order tha'c the marks on the chronometer will be clear, a soft z1nk
tube is nount€d before h{xnd on the chrononeter rod,

Before firing the gun to be tested and when '(:he chrononeter has already
been suspended from elec“tro—ma(ne‘b l, one pregses the lowering mechanism base
with ‘the hand in order %o I'eleage knife 8 and to mark which point of the

-chronometer cane o;iposrte the knife before the chronometer began dropping.

There will be the lower, the so-called zero nmarkings . Thereon the knife 1é.
re"burned. to l“CS old pos:.ta.on and is recoxlmected to the 1ower1ng rack.

.L‘hus the zero (lower) nark desxgna"bes the 70%‘11‘,1011 of the ohronometor
at the moment when the projectile ha.s passed through the flI‘S‘['J freme-target,
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" In'accordance with the law of the free drop of bodies (Galileo's Law)
the path covered hy a freely dropping body

1t?
h = - H

5
from this the time for the drop of the body

/e

e\ -

The distance between the fromes has been accurately measured.

Let us expross it by s.
| Knowing the time taken by the projectile din its flight from one frome
. to»tha/other and, knowing the distance between then, the velocity of the
projectile over the sector of the path between the frames can be easily
determined by the formulae of mechanics, :

Let,us assume -that:

8 = 1% ’
8
then ay = _
t

However some tine (t') is also spent on the drop of the. recorder, on lowering
" the knife (13t) and od recelving the upper mark, and this upper mark is in
/4 fact. not ohtained at that point of the ohronometer which was opposite the
knife at the moment when the projectile passed through the second frame but
a.little further away Trom the zero mark { further upj. This time t' must
be subtracted from the time found fron the formula quoted above so as tc be
. able to solve the problem of the determination of the velocity of the
1 projectilc correctly. Time t*' could have been deternined by placing both
: frames at one and the same point af'ter firing a prelininary shote. Then the
time taken by the passage of the projectile between the froncs would equate
zero and the retardation of the recorder (alﬁ. marker = T) would have been as
"befores . The chronometer would have started dropping at the same time as the
récorder (alt, marker - T) and would have already succeeded in passing some
distance before the knife would have made the second nark on its tube. This
164  second mark corresponds to the path of the chronometer during the time of the
retardation of the marker - tine t's. Vere.we to designate the distance between
the nmarks by h', then tine ' will be deternined fron the formula, which we
have cited above:
il
'fz = —

8
The actual time taken by,thé projectile in its passage between the franes is:
ﬁ - t" — .;bl.
‘f‘fj” 15 the tihé‘of'fhe‘dfap of the chronometer deternined by the path covered
by it between the zero and thé upper narks during the time of the shot at

the frones and t! represents the correction (alt, adjustment - T) of the
instrunent for the retardation of the narker,

| | " sEomEr :
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"traced on ‘the chronometer cover. :

'-148]—-
e : : S ' .
-The actual velocity of the projectillc will be cbtained from expression:

S 3 , S
U= - b — =

% £ - g - /7

In fact, however, the frames are not plwced topether but o special instrunent
known as an insulator is used. This -rnou'!_u‘cor nakes it possible to interrupt
the current simultanecusly in both circuits and to receive the time of* the
retardation of the marker without firing a shot, Tor this onc of the
insulator discs is inserted into each c:.pcult and then the current is switched
off simultaneously in both circuits by pressmrr the :Lnsulator spring.

Jc ag not to subtract each time the retardation of the marker - t', the
instrument is regulated in such a way thﬁt the retardation will constanﬂy
have one and “bhc sane extent.' .

An increase or clecre'xse in ’che retardation of the marker is achieved
by altering the distance between the- narier and the seor platforn and con—
sequently between the “CJme of drop of the marker and the time of retardation.

- In order to regula'ce the ins trunen'c, one is concerned with a definite
(1it, deternined - T) tiue of retardation of the marker which is generally

0,15 seconds.

One calculates the distance vhich should ccour in this process between
the marks:

£2 ,
noo B0 L 9,81 L0055 0490363 n = 110, 36 .
s , P
Using an accurate neasur:l.nr rule one lmkeg a nark on the chrmnoneter cover
at a distance of 110,4 ma, from the zéro norke Next one suspends the narker
and chronometer f‘ron the electro-nagnet, presses the spring of the insulator
and chtains the mark on the chrononeter." Should this mark fail to coincide
with the line which has béen traced, one lifts (vhere the mark has coie lower)
or loviers (where the mark has come h:.r?her) the electro-magnet of the marker .
and renews the test until the mark coinc:l,dcs with the mark whlch has been

{

1

Hav:.rw regulated the 'lnstrunent one once again suspends the bhrohomc’csr

'and narlrer and fi, res a ShO"‘C.

"‘he veloc:.ty of the mrogectlle 1s de’cermlned from fornul&

5 i
!

8

i
i

zlu— =

“2h - 0,15
8

The distance between the frames should beLa such- that the time of flight of the

projectile from one frame to the other v, 11 be w:.thln the limits of 0,10-0,15
secondn. ;
|

Then, taking the re‘cardatlon of ’chelnarkcr into aocouﬂt, ‘che, chronometer'

succéeds in pass :Lnﬁ a dloﬁance of abou“c i5 cn (where it has an overall lenﬂth

of B2 cii)ae )

Exarmwle:  The chronograph is regulated thus that the retardation of the
marker equates 0,15 seconds. ~ The distance between the frames

Approved For Release 1999/09/08.: CIA-RDP78-04861A000100030001-9

'
H

i
;
i



. Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9

165 " _ Sl 49—

ig 80 m; the path of the chronometer is 14.5 Clfle Let us determine
the velocity of the progectmle : ; oo

80 80 e 80 |
s = . = 522,9 m/sec.

Ay = TTTTTm TR A‘f""‘:’”f"""_'f"’y""-’"‘\ S ‘
(274 0ib = 0,15 0,3028 = 0,1500 . 0,1528
9,81

CIf the dlstance between the frames were ¥0 be exeessively magnified, the top
‘of the chronometer will be able to avoid the blade of the knife and there
will be no marks whatever; 1f, however, the frames were to be moved {00
close to each other, the time of the flight of the projectile would be
shortened, the upper mark on the chronometer will move close to the mark
of retardation and-each insignificant inaccuracy in the measurement of
distance will lead to a noticeable error in the determination of the velocity
of the projectile,

In order to achieve greater accuracy one fires not onc but from 7-10
shots and accepts as the velocity to be deternined the arithmetic mean from
the results of the separate measuremen‘ts.

The velocity thus determined is net in.fact the velocity of the projec-

tile neither at.point A, where the first frame has been set up (bee diag. 51)

"nor at point B, the site of the second frame;- this velocity rela.tes to some
Donnt C Whlbh 1% approx*«.mauely in the nmiddle oetween pouﬁ:s A a.nd B. .

Bf using the iormulae set out in the higher ballls’c:.cs course, one
_pac;sef from the vc'Loc_Lty of thc pro,jectlla, at poi nt C o 1‘05 muz;.le veloc::.‘by

L oe

@wl". AR

166 v 70 The Solenoid. Chronoo‘ragph.

The gist of the func,m.on of the ole,no:.d oh; o,ncprnph reduces :Ltoelf' ‘co the
_ follcwn ng:

- © " golencids coils (reels alt. tronslation) are attached to the frane;

the diameter of the coils and the dimensions of the frame are set up in
dependence or the calibre of the progec"tl'le and. ’mc,ctlmance of‘ the solenow.d
\:f'I'Om 2nene! OOI’lﬁq Pe 1_’70 . ;

Electric trigger
(Russian: elcetrospusk — T) Recording. Instrunment

E

Diags 53, Loyout of the Solenoid Chronographe
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iare” joined to the recording 1nstrunen“t.

.

166 =150~ ’

the gune = 4 solunon.c‘l COll way consist of one or two. windings whose terminals

v

The layou“(: of the 1ns‘calla'clon of thc qolc,no:.d chrono graph is shown in

- dlagram 53

The f‘unctlon of a solennid onronograph congiste in this tha’c at the =
moment when the projectile passes "throu"h the ~oleno1d the. magnetic flm
passing through j*,h_e;.;sale o:.CL al’cers. o

5

Time Scale

»

Dla.a, Slie RGOOI‘dln“' recc.wed with "the ald of 2 gola-r'woid chroné'&faph._

Ihe recordlng 01 the flucmat:.ons of a tunlng fork is received on a 11pht
reacting paper For- ob"balm.ng a time scale and the recording, -of the alteration
in‘the magnetic current,  ‘hen the projectile passes the ‘centre of the
golenoid fsho Maximum of the nagnef;lc current c¢an be cbserved in the latter;.
this moment is by the 1n“berru tion of the recording (1lit. tearing assunder,
bursting of the re.,cordlng - TS on the oscw.llo'*ra.n, by the ‘so-called "Spl&sh"
(diags 54)s

From two solencids sited at a definite distance from each other two
'bursts! of the recording are abtained on the oscillogram., .One can easily-
determine from the I'(,Cﬂrdlng of the oscillations of the tuning fork on this®

oscillogran the time in the course of which “c}we ; rrogectﬂ.c has paasc,d the ..
space between the centres of‘ ‘che :oleno:.ds.~ - . :

The dlstan(‘e bet\feen the solenoids is accurc Stely measured when carrying
out expcrl.u,nt' the nurber of oscillations of the tuning fork in one seccnd
is known; ‘having calculated fram the muber of these oscillations the time
of the movement of the projectile between the centres of the solenoids, one
deternines the average speed of the projectile on thiz sector of its path
from formula

Wy o=

&1 w
-

The solenoid chronograph is thoroughly checked before starting work on
it by the Le-Boulanger chronograph as the latter gives more accurate findings.

71, Work with the SHIRSKI Milli-second neter Chroncscope.

In deternmining initial velocity of a pro,jectile with SHIRSKI's milli~
second-meter—chronoscope, the frames are put up in the same way as they were
when working with Le-Boulanger's chronog raph.

The chronoscope has like the chronograph two electro-magnets of which
the first causes the hand of the instrument to mové while the second stops it
Each of the electro-magnets is switched into the cireuit with the corrcspon-
ding frome in the same way as was done when using Le-Boulanger's chroncgraphe
After the projectile has torn the wire on the first frane. the hand starts
moving; after the projectile has passed through the: zécond frame the hand
stopse The time reading is recorded directly on the scale of the instrument,
The instrument is adjustcd exactly in the same way as in the case of the
chronograph -~ by the simultaneous switching off of both clrcm’c The

T UV v U

ey
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¢ frames are placed at such a dlotance from each other (the same as when working
" with the chronograpn) that the progegtl’l.e will pass this distance in the
course of‘ O 1-0 15 5€C, .

The flrst sho’a is not reckoned with, "L‘he arithmetic mean is determined
‘from the chronoscope readinas of the rest of thé shots, The veloclty of the
projectile is then ca.lculated It is accepted that this velocity is reached
by the projectile in the middle of the distance between the frames, One then
determines the velocity of the projectile at the muzzle with the aid of a
simplified formula

4

. m}’ ’ = w + (U'o - ) ) n
¥ . -4
“"U"*""' - s the “sought velocity at the muzzle;
- the distance from the gun to the centre raf the sm.oe be’cween the
[ ~-‘fra.mes, v
’V’j - » nean veloci“ﬁy of 't:he progocﬂ:lle in 'n‘ metres in f’ront of ﬁhe

ruzzle ‘a8 determined from the chronoscope recordings;

‘ Vo - the table :ma.t:.al velocity; .
d - flrs”t range as shown in the column for 'range' in the Firing Table
: - oft the ar’clllery type in question;

v - the final veloc:.“b,f of the pro;ec‘c:.le from the tables corresponding
to this range,’

The ‘adjustment for the *bcrmerature dev:v.a’c:.on of the charge fro*ﬂ. that
marked in the table ‘(+ 150) is then introduced to the velocity established by
this f‘ormula.

Example: During fire the 'follo\}vin}v chrono.scone readlngs have been recorded:
(1) 0,4050; T (2) o ﬂ035;”:“"'”' (3) 0,1060;
() Q0455 .0 (5) 0,1030; | (6) 0,10203
(7). 0,040, . - T

A,

The charge ’cemperature measured. by the troop thermometer is + 200
The first 1rﬂ.me is a 15 m fI‘OU the plece, f:he digtance between the frames

is 60 my. ‘ »
168 Let us determlne the mean time o:(‘ “che flifrht ‘of the progectlle ”between
the frames . o _
T o= QﬂOﬁO_+ 0,'1035_'-f 04069 + 041045 + 0;1030-:; 0,102 0 + 0, 1040 'O,“IOL..O_ SEC,

The distance of the centre of the space between the frame:: fron the
muzzle Of the p:).ece. -

n-= 15 + % = L5 m.

opeed of the nrojec*hle at 45 m from the plece .

*’1 = 60 :0 1040 576 9 n/gcc.

' Y ' SECRLT -
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Fronm the Firing Teble we find the difference between the table;muzzle
velocity: ‘ B , o '

ok
Y, d

’U; = 588 m/sec and table velocity{'s at o distance of 200.m from the
mzzle - 561 1m/sec. ' - R

"4\);9 -y = 588 - 561 = 27" ;ln/sec:o:" "

T Let us determine the initial velocity at the muzzle:

Ve = 576,9 + 27 5 = 576,9 + 6 = .585,9 m/sec.
) 200 ; : a

The adjustment for tie chorge temperafure which exceeds .the table temperature
by 5° is then introduced to the established muzzle velocity,

The alteration in the charge temperature by 1° alters the muzzle velocity
by 0,11% or by 0,0014 of the extent of this velocity. The rise in temperature

of the charge leads to ‘an increase in the muzzle velocity of the projectile.
ConsequcntlyAthe adjustnent for the charge temperature cames to:

Oy = 0,0011 ., 5 4585,9 = 3,2 m/secs

While the speed .cof the-shell at the mﬁzzle would at the table temperature of
the charge have anounted to: .

585,9 - 3,2 = 582,7 m/sece

L the result of the insufficient accﬁracy of this method field balliétic _
stations with Le-Boulanger chronographs have been accepted on establishment,

169 Chapter Twelve,

Influence of Various Tactors on the .lteration in

Muzzle Velocity and on Haxiimum Pressurest’

-

Loa(iin e

The influence of dengity of Lloading on the speed at which powder burns and
on the pressure resulting from this, exvresses itself through the fact that
on an dlteration in the density of loading the pressure inside the bore drops
and thus the muzzle velocity (1it,_initial velocity — 1) ofthe projectile
decreases; an increased density of loading leads to a heightening in pressure
and to en incresse in rwzzle velocity.  Considersble alterations in the -« .-
density of loading are not permissible, as has already been saids- Slight
alterations in the density of loadin; are, hdwever,. sometines made in the
modernization of -drtillery systems for a fuller exploitation of their possi-
bilities, ' : '

2. Influence of an Alteration in the Defisity of

Decrease in the density of loading can be attained by inéreasing the
area of the initial air space (i.e, by cxtending the powder chamber), while
8 decreasg in the density of loading may be brought ebout by altering the
shape of the projectile, i.es by elongating its hase (thus the area of the
chamber is decreased), S

When the density of loading is increased, muzzle velocity develops four
tines slower than the maxirum preéssures Tor instance where at a given
increase in density of loading muzzle velocity has growm by 2%, meximum

1 All formulae quoted in this chapter were drawn up empyrically and are

correct only for slight alterations of the various factors. -

aln,

Approved For Release 1999/09/08 §MRDP78-04861A000100030001-9

R



o Approvéd For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9

CPYRGHT SECRET
169 =1 53m

pressure will simultaneously increase by 8%  The following Tormulac are
used for computations: .

1 Y
[—\ v, = - W * _.{.L b s
’ 3" /
Wo
::\Af
S AT
A Pax F 3 Prox o s
: \/‘JQ
170 A Ve - is the alteration in rwuzzle velocity;
B A Prox - is the alteration in maximum pressure;
A W ~  is the alteration in charber space;

W = is the charber space.

600 n/sec 3

EXaI‘ﬂD_]_:P_l-‘D o o
W

Let us’ determine how muzzle wvelocity and maximum pressure alter in fire with
an elongated projectile, where as a result of the elongation of the base of
the projectile the area of the chamber is decreased by 100 c-m3, i.ce TWhere
the chamber space will equate 1000 -~ 400 = 900 cm,. “in this case

Poax = 2200 at;

1000 ca, 3

it

A-\r() = - _J; Y SOO . _];9_9 = .+ 20 m/sec.
3 1000 ’
Therefore, 17, = 620 n/secy
A Puax = E . 2200 .. o iggo o * 293 at,

iece maxjmtmw.jpressure‘w'\rj,;ll grow to 2200 + 293 = 2493 at,

_here on the introduction of a new shape projectile the maximum pressure
exceeds the permissible 1init, it can be decreased without serious loss of
nuzzle velocity by increasing (Russian word rastochyat'! or rastochit — T) the
powder chamber (modernization of the systen), o
Example 2:  Vhen experimenting with a new shell a maximum pressure of Prax =
2800 at, resulted and this pressure was found dangerous for the piece; the
rmuzzle velocity reached WMo =1 650 n/sec, For the given piece a maximum
pressure should not exceed 2500 ate - Let us now determine to what extent the
powder chamber rust be extended in order %o lower the waximum pressure to
2500 aty and how the muzzle velocity will change as a result,

The space of the powder chamber bafore enlargement was 1000 cml, It is
necessary to alter the maximun pressure by extent:

s

A §Pmax = 2500 - 2800 = ~ 300 at.

By substituting this value D Prax £o %he fox_-'nmla; '

we get
“ 300 = = B o, 2800 . AN
s - To0o
or -
- 300 = o 4o 20004 AW

]

"3, 1000

Approved For Release 1999/09/08 SEIARDP78-04861A000100030001-9

1



'

Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9
CPYRGHT

3

170 R

hence

AW, = '_f .. 9000 oo+ 80 o,
' 712 '

ls.ee the space of the powder chamber mus'c be increased by about. 80 c:m.-3

Tere the muzzle velocity will alter to the extent of

iee, it will equate 650 — 17 = 633 P/Lec._

i,e, naximun pressure reaches

2300 + 383,3 = 26833at;

AUO P -]; " . E\_‘ v % = - _]: . 650 . 80 - - 17 m/SGC.
30% Ws o 5 1000

* Example ;. For firing with a plece, ‘che space of whose powcler charber equates
8000 cm,” whose nuzzle velocity is 800 n/sec. and the maximum pressure inside
the bore is 2300 at, we.will use a_modern shaped shell having a base -clongation
with an extent which is by 1000 em3 greater than that of the baseé-elongation of

an old type shell, The maxirun nerwlss:Lblc pressure ig 2500 at., How are we
to cope with this situation?
171";Solu‘éion:: e A, Wk = = 1000 crd and ’
/_‘_\pmax = - _Li" 2300 T :_looo = 4«23-0_9 = +. 383,5 ate
3 8000 348

[

oy e

R

‘In order to lower the maxinun presuu re of 2683 at., to the permissible
extent of 2500 at,, one will have to expand the chamber, whose space has now
becone 7000 cn3 by so much that A Poax = 2500 = 2683 = ~ 183 at.

To compute &“/c we w:.ll use the f‘ormulu wh:l.ch we quoted abcve and’ will
introduce tc it the known gquantities, , :

i

- 183 = - % 2683, AVe
T | 3 7000
o . 183 = 526”3. T ;
|, ence, L/ Weo = .18"3.'5..7"1000_435'8 ande

. - Consequently- the povder chagber will h‘%ve to be c,xpa:ﬂded by 3)8 and,

YWhat will happen “bo ‘chc nuudlt, vcloo:l.ty in thls procegs ? J‘here we to
use an elongated shell without a cn&uber expansion, ve would in this way have
increased the ruzzlé veloclty by

i

- 1000 800 000

A’V(): - %; « 800, =+ = 4+ 35 n/sec.

8000 3,8000

In this way the rmuzzle velocrcy would have t0 equa."ce

800 + 33 = 833 i/sece

LT

SEG '
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ny' expanding the powder chauber the new muzzle velocity (833 m/sec) w:j.ll
decreage by the Lollowing extent as the result of the decrease in the density
of leading: . B ' :

Z_\f\1;?0= - 1,833 358 - . ?_Z{_;}i% = - 14 un/secs
3 7000 347000

is6s the muzzle veloc:.i.fv;'y will equate 833 = 14 = 819 m/secs

Bxample L. As the result of the wearing down (1lit, by pointing out - T) of
the rifling lands the projectile is rammed home further than it should be,
and this has led to the increase of the space of the charber by 1000 crle
How will this wearing down affect W« and Prynys 1L the normal space of the
charber of the gun is 8000 on3; Pmax = '2350 ate, ~

(p = 650 1m/sece?

For the computation we will avall ourselves of the formulae set out for
Avgand A prax,

Av.= - 1 ., 65 . 1000 - 27 m/secy
-3 8000 .
A Paax = =~ X oeo2300 , 000 gas s

3 000

Consequently the 1§1u221é'vveiocity will decrease by 27 m/secs and will equate
623 m/sec while maximun pressure will decreasc by 383 ate, and will equate
1917 ate . : .

72« Influence of a Change of the Weight of the Charge.

‘There are two ways éi“ ‘élt"erin'g the weif_;h*b'of_ a chargee

1+ ' One can either increase or decrease the welght of the powder in the

e propelling charge without altering the space of the chamber; this will
lead to a change in the density of charging as we will place either more
Jor less powder into the old chauber, ' ' :

2a One may alter the weight of the powder in the gun simultaneously changing

' the space of the chomber (either enlarging or decreasing it) in guch. a
way that the density of loading will not chanpe (this is usually. done.in
modernizing guns). o S : -

In the first casc maxirum pressure will increase almost three
times faster (more accurately put by §_ times) than the muzzle velocity
of the shell, - oo 3

The following formlac are used for calculations:

Ave= 2 v, Lwo;
©
L W
Fal Prax = 2 Pmax ..é._t’..)_ s
W = weight of the charge;
Aw = change in the weight of the charpes

The other expressions are the same as those in the breceding formulae,

o ‘ “SgermT - .
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‘Exan'Dle‘: . Let us add 50 grarmes of ‘pdxzder to the propelling chai‘ge “of the
gun which had the following data for it: W = 1 kg; pmax = 2200 at;

Ve = 600 m/sec,
As the result of the ‘change in the weight of the charge

SR 50
A\VO = é_ e 600 ., TOO0 = 4 22,5 n
I -

and the mugzle velocity will reach an extent of:

600 + 22,5 = 622,5 n,

while maximum pressure will alter by

Pe—

A Prnox = 2 o 2200 50 = 4+ 220 at,
= 000

and will reach an extent of

2200 + 220 = 21'_20 ‘""[7‘

Clearly suéh a consn_derd)lc increase in PI‘CSMU.I‘G from powder gases is not
always admissible, IHence more often than not when increasing a propelling
chorge in nmodernizing puns one simmltaneous sly increases the space of.the
charber by advancing the beginning of the rif £ling tawards the nuzzla (alt.
by pushing the beginning of the rl.f‘1¢nrr nearer the muzzle — T),

ysore

uxpewlnen’ts shor that a neasure of this kind is more. advantageous than
sinply increasing the charge with 3 bwh the increase in the density of‘ 1oa.d.1nr7

is connected, , : - ‘1
173 Then increasing a charge without an alteration in the density of 1oad1ng,

muzzle veloclty increases as well as maximum pressure,, but the latter increases

only twice faster than the velocity. Vere we to increase the powder charge

(W:Lth a paralleW increase in the chamber space in order to leave the density of
loading unaltered) so that the muzzle velocity will grow by 2%, then maximum
pregsure will grov in this process by L..“, and not by 8% as would have been

the case when only the density had been increased, and not by 5 1/3% as could
have been the case when only the charrfe had. been :anreased.

One uses the folloving foxmulae for caloulations

A J\F{; =i:“

N1 B
o
o
i

. A (18]
e

£\ Pmax = Pmax
: 0

Example, In the piece in question, on the introduction of a new type of

powder of a charge weighing w = 3 kg, Ppgx, hes come to 2200 at;
Yo = 350 n./sec. A maxdimum pressure of-2400 at is permissible for this

piece, By how much can the charge be increased and what will be the gain in
muzzle velocity we will cobtain as a resuw ?

A Prax = 2400 - 2200 = 200 at,
Hence , ‘ o ‘ :
R . o £ Pmax 3,200 600
A w = e e —. = = 0,273 kg = 273 g
Pmax 2200 2200

SECRET
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On such an increase of 'ché .charge the gain in muzzle velocity will be ..as
follows: - . .
Dy = _'-éE . 350 %2 o 459 n/sec.

5 .

7he Influence of the Alteration in the Weight of the
Lrojectile.

" 473 A shell weighing above the norm-is horder to move as its mass is greater.
- Consequently a shell of this kind will start moving at a higher pressure than
& normal weight shell. Hence all subsequent burning of the charge will ocecur
8% an increased pressure and faster than in a normal casge, In order to
provide a heavy projectile with a noriel initisl velocity (alt., muzzle velocity
-T) a great amount of effort would be required from the powder gases. But
as the usual charges are incapable of ‘an effort of this kind, the initial
velocity of the shell will be below normal. The maximum pressure will be
abnormal (lit, above the norm = T);.. the point at which pressure will have
reached its height will draw near to the base of the bore while pressure is in
the muzzle part of the gun will be below normal,

For identical reasons a lighter shell will have a greater muzzle velocity.

174 . Meximum deviations in the weight of a shell from, the standard (up to 3%)
are reckoned with when introducing range adjustments from the Firing Tables
(see Book 3 of the Artillery Course ). L

When introducing new types of shellg on establishments, whose weight
differ from the old types by more than 3%, one must select the appropriate
powder lots for their charges. For instance, in order to prevent maximum
powder gas pressure from increasing and the muzzle velocity from dropping
on the introduction of a heavier shell, one will have to select a charge from
& powder which burns more slowly, and increase the weight of the charge.

The following formulae are used for calculations:

/\ ey

i

= Ol 87

N
AT,

7

7 = weight of. shell, and A 7 = alteration in the weight of the shell.,

>3

A Pmax = ;E; Prax -

Let us assume that it is intended to replace a sheliﬁveﬂgh_in LO kg by
one welghing 43 kge © In this gun ppay = 2200 ate Up = 350 m/sec. By
introducing the new-shell weighing: . . B

DG = 4 - 40 = 3 kg
Here e ' | ‘
A'Uo = —b,lg..jBO. _',3_0.' = - 10,5 m/sec,
’ 4

i.es muzzle velocity will equate 339,5 w/scc;

A pmax = _3_* ™ 2200 . _‘3_ = 1 24_ ate
. [

. deee maximum pressure equates 2321 at,

-4

Approved For Release 1999/09/08 : CIA-RDP78-04861A000100030001-9



i
|

Approved For Release 1999/09/08 :§CIA-RDP78-04861A000100030001-9 =

CPYRGHT o S S L

75. Influcnce of the Alteration in the Moisture of Powder.

The increase of moigture in poider above the standard exerts a great influence
on its effect, Dy raising the moisture by 185 the muzzle veloclity of a shell
decreases by about 4%, and maximum gas vpressure by 15 %. Thus when using
damp charges there will always e considerable shortse: In ordinary storage
conditions at fire 'positions charges are affected by dampness unevenly which,
apart from short, results in a very serious range dispersion of projectiles.
In the contrary casc, drying of powder Jleads to the increase of both

muzzle velocity and maximum pregsure and in such case the latter grows very
quickly and may easily reach o dangerous proportion for the ‘picce,

.. Thercfore one must pay great care that the packing of charges both in
stores as well as in formations should be hermetricals o

175  One uses.‘the f’o}lo&}rj,ng fdmulaé for 6'&1ipu,tations:'. :

B = 00k A
o, Prmax 5 7 0,15 Prax AH
"AH =  chénge of dampness of the powder in percentages.
Example. Tn the charges of a gun {’ihi’ch A muzzle velocity of 600 m/sec.
and a maxinum pressure of 2200 at, the Gempness of the powder has ‘increased

In this case
AR

A Prax

' - 24 m/sec;

H

i

- 0,04.600, (+ 1)
- 330 ate

o
It

—  0,15,2200.(+ 1)
|

| . .
Cde .
76. Influence of a Change .in Temperature of a Charges
An increase in the temperature of a charge results in an incérease in the speed
at which a chorge burns. Moximur pressure and muzzle veloclty become abnormal
as a result,. ' -

A Towering in the temperature of the charge leads to a decrease in the
speed at which a charge burns end consequently. also to a lowering of fthe
maximu pressure and of muzzle velocity. « One.may reckon approximately that a
change ‘in the' temperature of a chargé by 100 sltvers wuzzle velocity by 1%
(nore precisely by 1,1%), and meximun pressure by 1% (more precisely by 3,6%).
Normal (Table) temperature for a charge is. considered to be + 15 ¢ C.

|
The following formulae are used for calculations:

Avg= 0,001 o ,At;s 5. e
A Pmax = 01003_6 Puax At 2 s
A ty - alteration in charge temperature.
Exomple 1. Charge temperature i'rf s test shoot .for determining muzzle
velocity is + 25C. Muzzle velocity has been found to be 590 m/sec. One

will have to determine the muzzle velocity of this pilece at a normal charge
tenperature. . - .

i

g

e

o=

e

e,

[ty
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A Ty = 259 o« 45 = 4+ 109
’ ‘ Av, = 0,0011,590.10 = 6,49 £ 6,5 m/scc.

Consequently in normal conditions

Vo = 530 - 6,,5_: 583,5 m/seo.‘
Examp}.‘c,“?. A gun has in normal conditions a inuzzle‘. velocity of 800,m/séo and
-8 maximun pressure in the bore of 2800 at, How will firing on a hot day
affect. ppax  end 1w, If the charge temperature is + 45° C %

Aty = kT =450 = 4 300,

hence ’ )
[\ Pmax = 0,0036 . 2300 . 30 = + 302 at,

de€e maximum pressuré will reach cxtent
2800 + 302 = 3102 ats
A% = 0,0011 . 800,30 = 26,4 m/sec.

Consequently

u

Ty 826,4 m/scc,

176 E s Influence of a' change in the Thickness of Powder grains_“,__

The smaller the powder grains, the more there will be of them in the charge

at its given weighte  The sum of their surface will be greater, there will

be more gas produced in a time unit (for instance in a thousandth part of a
second), pressure will be greater and the whole charge will burn up faster,
Both pressure and muzzle velocity will increase, but maximum pressure will grow
four times more than muzzle velocity (the same as in the case of an increase in
the density of charging)e. '

An increase in the bulk of grains will decrease both pressure and muzzle
velocity and in the same proporw‘::.on.1 866 pe 160

The following formulae are used for calculation:

A. Ve = - '3' "'J’.O _‘3_&5_, H
. “ .
N Pmax = -~ 3 Priax _’Q_f;w

2 ey - is the dinitial thlckness of a grain and /3 ¢ is the change in ifts
thicknesse

Exugg_;e. As the result of the burning up of a powder charge consisting of
grains vith a thickness of 1,5 rm, the wuzzle velocity of a shell is 800
n/sec, while the maximum pressure in the bore amounts to 2800 at. - What will
heppen if one were to increase the thickness of the grain by 0,1 mm, i.e, if
the thickness of the grain will be 1,6 1m0 ? .

FA\ o

i

-

.80, %Y = - 17,805
TR
2800 , O = o o249 at,

1,5

£ Prax

Wil il

SECRET
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ise. .
Ve '.‘»800 - 17,8 = ‘ 782,2 m/sec
Poox = 2800 - 249 = 2551  at.

177

- henge .

78» Influence of an Alteration in the Length of the Bore of a Barrel.

Were one to increase the length of the bore of a barrel, the path of a shell
under the influence of the gases will be stretched to the extent of :CD, to
which the barrel has been lengthened (diag, 55). - The plane which is limited
by the pressure curve, will becone larger; this means that the efficiency of
the gases will be increased., - Consequently, the muzzle velocity will also be
reised,  As will be scen from the diagram the maximun gas pressure will
undergo no change,
. .. . 2 .

One may reckon approximately that an elongﬁtion of the bore of a barrel
by 4% will increase the nuzzle velocity by 1% : )
One uses the following formulae for computations.

‘ )

p e T
L XHd
O P oax =0

L gg = 3o the length of the bore of the barrel; A L gy = its alteration.

-

Diage 55 Pressure Curve against thé"ase of the bore where the barrel
has been lengthened:

AB - wpaximws pressure; COD — lengthening of the barrel.

Example: Length piece - 40 calibres; N o .
‘muzzle velocity — 600 m/sec, " Tet us lengthen the piece by
. 2. calibres, Con B

1

In this case

i

| KX.Ub .. 600 . o= 4 _7%5 w/sec,

U, = 607,5 m/éec;

The thicknéss of the arch ( ? Russian 'svod!) is taken as the thickness
of grains with many grooves.

1

2 Yore precisely put, it will increase only slightly, as a greater air
layer will have to be expelled,
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. 9. Inflyence of Calibre (Similarity of muns).

Let us take two guns of various calibres; the calibre of one of them being
twice that of the others * In.order to provide the heavier shell with the

same muzzle velocity as Tor the lighter bhell, one will have to take a bigger
charge for the heavier piece. . By increasing the calibre by two, the cross
section of the bore will increase by 22 = times, and the weight .of the
shell by 23 = 8 s, - e

So'as to give Thlu heavier ohell the same nuzzle ve1061ty, “one will
have to 1ncrcaue the weight of the charge 8 timess Thus, in the case of a
gun with a calibre which is twice bigger, the weight of the shell and the"
charge has increased by 8 while their felatlve weluht has not altered.

T R S <

. t;«.J‘v'- ’{ )

178 or B T
o e %% . {Q;b_

_ { -

F . { !
In other wordss in’ order to obtain identical muzzle velocities 1n guns of
different calibres, one must use identical relative ('¢ oorrespondlng - T)
weights of charges (if the shells and types of powder are identical)s  Dut
with such an increase of a charge the muzzle velocity would have sharply
increased, To avoid this from happening one will have to leave the density
of loading unaltered, i.c., increase the space of the chamber in proportion
to the increase in the welight of the charge - in our case 8 times None
the less the need to dlsplacc a. very heavy shell will lead to the situation
that the charge will burn up faster and thus maximuwn pressure will grow
considerably faster (the area subjected to the gas pressure has increased

by four and ‘the vweight of the shell — by 81"ht> To avold this growth in

" the maximum pressure, one will have to select a powder, whose burning process
will be slower,  But when adopting powder of this kind, the pressure curve
will no longer give the same area at the previous length of the bore, as the
cirve of a fast burning powder, consequently the shell will not have the
required nugzle veloclty. - MHoreover a slov burning powder will not succeed
in fihishing i%s burning process before the shell has left the barrel. To
prevent thﬂe one will have %o lengthen the barrel. Experiments have shown
that the bore of a large calibre barrel must be brought to such a relative
length (in calibres) as thc bore of a barrel of a lesser calibre.

Nhere mean pressure ‘is identical in both guns, the correlatlon of the
mean’ noﬁlve forces wﬂll be a8 follow< Tor the first and second pilece:

Fx 73 }Tt” o
e cp Tty
F 5T
. 4 c/L': IT,, 7 . .
but as weé are concerned w1th v, ’.’:wg ) : (increase of calibre by
o) thens: DR SR ¥ '
Fa p,,,rz(_, e

itees the mean propelling force -in a gun.of a twice larger calibre will be
four times as great (it will grow proportionally to the square of the calibre).

Powder gas efficience F U1 at " = 22' (i,e, at an identical relative
barrel” lungth of both pweces) will equate in. the case of the lighter calibre
piece Fy 1Y, whn]q in tno cage of the heavier calibre piece it v111 be.

Fo 1™ "= 4Ty 21 "= 8 F LY, hees it will grow 8 times in.proportion
to the-cube of The calibre, There will, obviously, be enough efficiency

179 at hand for giving the heavier shell the same rwrzle velocity as was given to
the lighter shell,.

o
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Thus in order to be able 1o give a shell double the same velocity when

- the barrel has been lengthened, the length of the barrel will also have to be

doubled (iees leave its relative length unaltered), to retain the sane

- relative weight of the charge y the same relative chavber space and then
-we will achieve the, sane nuzzle veloc:ucy for both pieces,

C-u.ns of this kind are called'simila.r guns.' A 1&rge calibre gun, similar
to o small calibre gun, needs, as hes already becn said, a slower burning
powder charge. From this it follows that it is necessary to manufacturc a
powder of wvarious types not only in dependence on the relative length of the
barrel at the calibre in question but also depending on the calibre of the gun;
powder intended for larger calibre guns has a great thickness of grains,

80. lleasures in the Modernization of Artillery.

Before the beginning of the Great Patriotic ar the Soviet Army had on its
establishinent a considerable number of puns congiructed before the first
Imperialist World War and modernized after this War!, The purpose and gist of
artillery modernlzatj on arc set out in book 1 of the Artillery Course.

The follcnn ng neasures whi ch arc token for "che nodernization of guns

; with the object of giving them greater wmuzzle. velocity ‘and greater range are
connected with inner ball: tics, :

1. Dcns:u.ty of charmno‘ has been 1ncreased ’co a slight &nd permlss:.ble
extent,

-2+ The WGl“h‘G of ‘Gh(. charr vJ{J.C' 1ncrea.sed. also ”che chamber Was
: ealculated to prevent the dcnultv of charclng from increasing too.
,nuch. ) ' '

3. . A 1iore proo'reps:.ve'ly burnj.na povrder was sel ected,  Ribbon powder
was the wmost generally uged type during the First World Imperialist
Var of 1914-1918, thereafter many—grooved and tubular (macaroni)
powders were in general uses

Ly Length of barrels was lncreu.scd and a slover burnv_no* powder was
select_ed. Thus, the 76 ~ mn gun M, 1902 had o barrel measuring
30 calibres in length, but after modernization the length of
M 1902/20 was increased to 40 colibres. Generally all these
measures were adopted for the nodes: "nlzatlon of guns.

Resulm.nf‘ f‘ron thc use of '111 ‘these measures and from ‘che
betternent of the shape of the shell (raore Streanllned) the range
of shells has increased with laode,rn:.zed guns by 50—-50%, and.
sometimes more,

Resul’ting from the lengtheriing of barrels these have become
heavier and through the weight increase of charges the recoil

force has also increased, = ilence when modernizing guns, one had
to introduce some a’lter'xtlcns in the oonstructlon of the gun
carriage.

“1 76 = mm gun M 1902/30, 122 - .m howitzer M 1910/30 and M 1909/37,

_ 152 —— ja hovi‘t,zer_ o8 1909/50, 107 ~ ¥m gun IEI"1:91 0/30 etCe
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First Pa%t.
Information on Exploéive Sgbstances
‘Ohaﬁfef bne‘ :
| >Géherai.Characteristibs>of ﬁxploéives
. - Lo Page
1, Brief information on the history of}explosives cesesesnrnies 3
2. The Explosioﬁ.i' Aﬂ-éxpioéivé as So@foe bf”eﬁergyb ......;..; >‘7
3, Classification of ‘explosives according to their :
COMPOBLEION . wiveansisescsossasssnassosansssssassassacannnsoss 9
L, Nitration w.(,.,r...;.;;L,‘....;.,;..m..;}.;...........;;...' 112
5 Agpects of egplg§ivé transfo;maﬁioﬂs L vwseseneeecesaranisnrne 13
64 Detonnti$n~.bl;;..;;.;:............;{;..;;..;}................ 14
7.  Reactions of explosive tranSfdpmations eaesendaceutiaeee e 49
B Volume of gaseous products'from aniexplosion cseasessanancens 21
9,  Amount of heat secreted by an expl&sion heereecscessassnnane 23
10, Temperature of én Explosion ....j......................,.... | 26
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