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PREFACE

The purpose of this handbock is to bring together in concise form
the prim-iplm ir: the art and :ie science of cxplosive train desizn.
There has been no primary sciaree of these data, as they have been
seattered among a large numi. 1 of sources, including letters, speci-
fications, and private notehoo! s

In the last 26 ¢cars many ipdividoals have concerned themselves
with ordnanee desiga During Woerld War 11 certain scientists, par-
tienlarly physicists wci physw " =nemist, became interested in tbe
seienee of the nitie. i of CXpriine 5013 g_.v.f 'ox"lu(-i\"l valuable e xpc. i-
ments both theoretic Jf snd speeiloal ining to ordnance. These
data, as well ag fundamental far-m wizch have long been known, are
presented in this handbook.

Where possible, an attempt hes o.a mede to establish a connecti
between the art and the sctence. It will become obvious that

art has the advant a great ' . start over the science. For i
stance, the propep wrer sreton of mercury fulminate
been known rinee 80G: {>¢ certain ordnance purpos
matcrial hes not nted Guiing the last century and

A further pu volume is to uncover serious gap

art as well as t mce of (‘\'p‘(“‘l‘ * train design. The gaps g
: f tlw h« ke since it mll be n Ac h

come obviots in
winterinl in
slete deser dign pnn('lp!w
- use of this handbook the design thost,
already with the field will be faczhtated an ed by

It is he
allowir iglier to review the entire art in o ck Fur-
the., th dbgok is intended to help the newco Fe]d to
necomph S work with a mintinum of false s
ihbutors to this handbook ¢ e indebted Bureau of
financial support. The list of v \-cdgments of
v and criticism wonld inelbde tha f inolhomas. & T
Booth, . Burke, A. H. Erickson, R. L. Grau A. Lightbody,
and D. E. Sanford, all of the Naval Ordna ratory staff: and.

N. AL Mucleod, of Otd and Barnes, Inc., Pasadena, Calif,

O
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Time: 0; 33 (+0.05-0.02) Se
Loadink: 0.09 Gram 1>-55

2 E‘ sual Incremenis #1 05,00

Appntauon. Navy Bomb Mk NXI Mod 2 and Mk XX
Mod 2. BuOrd Draw end 234554

Delay Type: Colump: et ; With Hafle.

Time: 0,010 (+0.002 cond, ,

Loading: 0.025 Gram D) Black Powder, Loaded in Place in
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Vigure
Applieation: Navy Bomb Fuzes Mk 221 and Mk 223 BuOrd
Drawings 206618 and 202619 ______ . _ _._.___ emm e
Pelay Type: Column; Obturated; Withetit Raflle,
Time: 0.010 Sceond.
Loading: 0.065 Grsm A-5 Black Powder, Loaded in lace in-
Single Inerement at 60,000 psi.
Application: Army Base Detonating Fuze M§8.
Army Ordnance Drawing 73-2-181_ . i a-
A6 Dielay Tyne: Column; Obtorated: Without RafHe,

s |
1

Time:
0.010 Sccond.
0.025 Second.
0.100 Second.
Loading:
0.005 Gram A--5 Black Powder.
613 Gram A 5 Black Powder,
066 Gram A-5 Black Powder.
Each Loaded in Place in Single Increment at 60,000 psi.
Applieation: Army Bomb Fuze AN--M100A2.
Army Ordnance Drawing 73-8-3 . . .. ...-.
5 7 Delay Type: Column; Obturated; With Baflle,
Time:
0.05 Second.

Jetonating Fuze MA8A2. &

ance Drawing 73-2-145A__ . _____ % e
‘olurnn; Obturated; Without Banie,

. 5 0.06 Second.
. 0.032 Gram A-5 Black Powder, Loaded\i lage in

10 :

: v Base Detonating Fuze M60.
: ¥ Ordnance Drawing 73-2-165-. . .. _
g ay Type: Column; Obturated; With Baffie.
& . 0.010 (-+0.003—0.904) Second.
b ling: 0.031 Gram A-5 Black Powder edilin Placz in
{ Ringle Increment at 73,000 psi. '

plication: )
" Navy Base Detonating Fuze Mk 1
~ BuOrd Drawing 206213... . ... % .. . 0. ...
5-10 - Deley Type: Column; Obturaied; Wi
Tite: 0.25 Second.
foading: 0.111 Gram D-565 qu-,k 1

" Equal Tnerements at 65,000 p,i.\

NFIDENTIAL
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Appliratim: Experimental (N P31 NOL Sketel 870049
! ’ - -~y . v

Delay Type: Ring or Train; Veuted; Withon! Pam.

Time: Selective: 1 1o 21 Seentds,

Loading

b 1 -

LPpper auang -

fower Ring-

A—T Black Powder Loaded jn Place in Single Increment at
68,000 psi.

Application: Army Artillery Fuze 1918 Vintage Army Ordnanes

Drawing 733144 ... . ... ... .. . . . . .

Delay Type: Pressuse; Yented; With Baflle,
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Chapter 1
INTRCDUCTION o

Problems of Explasive-loaded Crdnance

On Aprit 24, 1862, Gen. D. H. Hill of the Confederaie Army wrote
the following blunt note to his Seeretary of War concerning certain
prnbim-m he was having with the explosive trains of bis day. ‘“There
musi be something very rotten in the Grdnance Depertment. It is a
Yankee coneern throughout and T have long been afraid that there
foul play there. Our shells burst st ithe mouth of the gun or do
burst at aii.”

One vear later at the Battle of Chancellorsville, an &I‘tlll"t
reporte «l that on the bhasis of careful observation only one out o
fifteen of the shells that were fired exploded at ell. “1 was com
to watch elosely the effect of n]l of the projectiles,”” he said, ¢
were using entirely solid shot.’

Iumvu-x, in the most significant naval engagement of SO-
Japancse war in that vear, namely the Battle of Tsushi 1t i§ re-
ported t Futter
defeat o ailure
of the I

n Fleet at the hands of the Japanes
s to explode the projectiles.

ory up to the present, it can be
explosive loaded ordnance is in
ng, f()r v\nmn](' ummlrc raft g

=

"in 1945 a

ion that a Navy fuze designer be a cpecial com-
duced to the
750 million rounds during World War 2T, flinctioned better

.in all respects, were,
Much in particular
sive? irains capable of
“ollowing the bom-
. Naval Units, it was
fxll of the ainmunbition
‘'omments on Amphibious
Operations” dated 1 March 1944 (the wing statement appears:
“The next «liaturbing tvp(- of ma jon was the duds and low order

s of nmmunition of all categories,
‘, still unuvui]nh]v in World W

e ]u- sre o -l s nn& nln- 'nnur sravye
RTS8 tH .....l.‘v..
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From the examples cited, it is evident that the problems of explosive
loaded ordnance are of long standing. The mln:tionsi to aln*h. f’f these
problems as involva the explosive irain are the provinee of this bm)%{..
Actually the art (and the term is used advigedly) of explosive tran
drsign is in & well-advanced stage at the present time.  Not only havd
the on-target performance records been raised in most cases to figagcs
above 90 percent, but in addition the safety rmrqrd.& of ordnance i
been greatly improved. For instance, during World War i, ami
tion that gave no more than ¢:e hore premature in fwenty thouss
rounds of firing was consid " rd 1o be about as good #a conld be e; %
In World War i1 witti, jor exampie, 5''/38 base-fuzed ammig
bore prematures occurred at the rate of less than ore it
rounds.

Scope of This Handbook 8

Ordnance design is a field of broad extent, and in iw\wnr}'
‘author is likely to wander far aficld unless he marks out for himself a
sharply defined domain. This handbook covers exp raing ne
applied to the entire field of explosive loaded ordnance, In every cass,
the discussion is limited to tue explosive trains, Eop instance, there
is ne discussion of the sources of energy, vither elecfr nechntical,
which serve to trigger the fnze of an explesive | ind. There
is 3 iled discussion of the manner in whic wsitivity of a
\ the firing pin.
ism which moves a
il; but there isa
hility of firing the

2
z

ginir; a detonator to arm or diss
i discussion of the way in which t
nt eiement in tlie train is modificd netion of the amount
ocation of the detonator or of il s1tien of air gaps.

explosive train designs treated in“Whia book are applicable
erily to bomb and projectile fu ”
ciples may be applied to a wide ra
5. The following list of such it
Gun launched projectiles of a

Rocket projeatiles,

Iats 8 2 2

[

Bombs.
Underwater ordnance suct ngs. torpedoes, and depth charges.
Projectiles of advanced gng, including seif-propelled and

guided missiles,
Desciiption of ¢ Complet
A short over-all deseri

21 for major celiber projac
newcomer to this figld a

e T:ain

S presented hore in order to give the

wehepsivae view which hae mighi not,
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otherwise obtain by rcnd-ng the detailed discussions of the various

.components which appear later. The function of this fuze is to initiate,

following a delay of 0.035 second after impact with steel armor plate,
a high-order explosion in the filler of projectiles from 6 to 16 inches
in diameter. A cross section of Base Fuze Mk 21 is shown in figures »
i-1 and 1-2. In this short description, attention is centered on the
explosive train and the mechanical features of the fuze functioning
are touched upon only lightly. - The central axisl assembly of the
fuze, which is mounted on ball races, rioves forward on plate impact
agninst the anticreep spring, caus..g the stab primer to i1npinge on
the firing pin. (Sce figs, i-1 and 1-2.)

The steb primer, designed for maximum sensitivity te initiation on
impact with this type of firing pin, is loaded with a priming composition
('nn%-lmg of A iture of haste lead slyphnatc (CaH(NO,):(OPbOH),),
ide (ShyS;), barium nitraie (Ba(NGs),), tetracene

lend azide (PhN,); the explosion of this mixture

' l’\\
H sas

)
(C-,. 'm” ()) and

'!

foreesthe delay element primer firing pininto the delay element primer.

This primer is loaded with a priming mixture similar to that used
in the stab primer except that it -loes not contain lead azide. It
differs from the stab pi in twu respects; firstly, its housing is
stronger and is not pt ring actuation, a characteristic whi
makes possible mai gas scal on the next element,
delay pellet, and sec inherently less sensitive to impa
than the stab prit

The hot gases
baffle and mnitinte t
the reproducit
housing, with
clement has

'K powder delay pellet, which b "'ns,
conditions which obtain within t
ime of 0.025 second. When the blac

in general for any train. Asone
the elements in general increases
ion deereaseg For mst.g_ncg,_:_.

r sensi-

,\.._l v L
UViuul vl

tivity fo 1
sensitivity we hiave:

(¢) Priming mixture.

(6) Lead azide.

(c) Tetryvi.

(d) Explosive D.

As implied in the weord “train,”
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concomitant with this fact has two characteriatics, an input charac-
teriatic and an output characteristic. We characterize, for instane
the percussion primer with regard to its input characteristic by i
drop weight sensitivity, and with regard to its output charactogidt:

for instance, in the oxy-hydrogen homb apparatus deseribed
0--16) and on its output end by the yeak pressure develops

detonation front where it contacts the succeeding el t
train. :
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Chapier ¢

CHARACTERISTICS OF EXPLOSIVE TRAEN
MATERIALS

Explosive train materials have the common characteristic of being
capable of reacting, when properly initiated, with the evclution of
considerable energy.  This reaction does not depend on the avail-
!ﬂ)!h!v ()f any ontsile malerial aneh ag oxXYgen; }ggncg the r egct n C/N
be made to oceiir in hermaicaly sealed componcnts.

The mmaterinls used in explosive trains may, for convenience of dis-
cussion, be divided into explosives and delay materials. Explosiyes,
in general, react more rapidly than do delay materials; however, i
the ense of short delays the difference in resction rate tends to dj
appear, and in some cases a single materinl may be made to ser
hoth purposes.

From the standpoint of composition, explosive train materials con-
¢ist of an exidani {oxidizing material) and a fuel (oxidizable ma
hield in intimate contact in n metastable condition. Delay m
usually consist chanical mixtures of oxidants and fuels
n the ease of explosives, the oxida
inito a single molm'nle so that ex

are usually 1
normally ho
the nbove ! ons, sincc a pure e.\'plosive comp
used as ¢ delay i
mixtures of explosi¥ compoundq nnd/or oudumg gnd r

icals. : inls nmy be added to impart spcanteristics;
wax may be added to a high explosiye to rease its

Section |.—Explecsives

‘e mny be defined as a metastai ce which, if
fan ox’lvrmll source of heat or sl decomposes spon-
Hagults of this de-
lume of reaction
essure in the im-
tekes place in a

on are l‘m- muhlon production oi
; Ligh temperature and a sudden
medntt€ viemity.  ‘This transformation
period of the order of a few microsecong _

An explosive may be regarded as & mag@gial containing stored onergy
' ctivation. ¥rom the
released is the difference
explosive and the heat

standpoiiit of therinochemistry, the

N
!
wh
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3—-7 3—-14 to 3~18,

£21
jpuer, 31 to 318, 5-25,

y 3~16 to 3-18 9-21
pe rut.urcs of black .powder,

gl bo ,atcrs, 4-1 to 4~8 .
1§ ruction $~2

ttests 9 2, 9—12%9—19

( “t’D“t Phﬁv"&f‘tﬂﬁﬂlﬂm ‘L"s .v x Q

"‘ensitw«: exploswes (pnmar)) 4-2
to 1»6 : :

| CQNFIDENTIAL

2-32
chem:cnl fommlan and compmi'iu
2-2,2-13

AP IR e
SRRy B R S

S PEMON A A g gy

-

TEIEEET

£




B
i

.Gas volums. snd  Impiulse test, 3-9,

Ignition temperature,

bR i e btk

ikhi

CONFIDENTIAL
SECYURITY INFQRMATION

INDEX

\
ankfnrd "J'*dowz. tz{-.-t, 9-zn

Fnr-c-, hl:wk pom‘cr, 2<21 to 2-23

#]
lellll( (output). 9«.1:4 8-30, 6-40

booatur {0 ru.m chnrge, 7-24, 7-25

3210 to 3-21, 9-3, 9-42 10 944
Graless delay elemcn!-z, 5-49 1o 558
design, -4 0 5-58
non-obturated, 5-53, 5-5
obtursted, 550 to 552
Gasicss delays, 2-16, 2-17
1o 5-54, 5-60
Gasloxs ignitom, 2-18, 2-17, 5-54 to 5 57

to 2-18, 540

H
High explosives,
initiation, 7~13 10 7-25, 8-}
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