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TRADITIONAL CYLINDER SHELL CONSTRUCTION

Part 1

A. Fulcanelli

Siccome alla fucina in Mongibello
Fabbrica tuono il demonio Vulcano
Batte folgori e foco col martello . . .

we Berni, Oriando Invamorato

INTRODUCTION

‘Fhe present work describes the construction of the
Italian (or, more properly, Italo-American) style cylin-
drical shell. The ltalian style shell seems to have devel-
oped sometime shortly after the introduction of potassium
chlorate had greatly improved and expanded the range
of pyrotechnic colors about the mid-uinetecenth century.

The italian pyrotechnists used empirical methods to
arrive at highly complex and sophisticated sheli effects,
Although most pyrotechnists were without a scientific
approach and many were no doubt Hiiterate, it must be
remembered that the human eye is an optical instrument
with incredible resoiution which can perceive vast ranges
of light magnitude. The human ear cap detect a wide
range of sounds, pitches, frequencies and intensities,
and when these sense organs are combined with the
brain’s miraculous capacity for togic and memory, much
can be accomplished without a knowledge of the scien-
tific method, a notebook, stopwatch, or formal study of
physics and chemistry. Thus there is often more to ac-
cumulated folk wisdom than would meet the analytical,
scientific eye.

For most all of pyrotechny's recorded history, the
rocket has been the predominant aerial firework. Before
chlorate colors were introduced, shells were used much
less frequently in recreative fireworks and were consid-
ered mainly for military applications. Most all sheils
described in English, French and German pyrotechnic
literature before the mid-nineteenth century were spher-
ical, They were often constructed from wooden hermi-
spheres filled with cut stars and a small amount of
bursting charge. They usually broke dnto a disorderly
“heap” with no consistency in the resulis, Using less
expensive and less sophisticated materials, the Italian
pyrotechnists were able to obtain more beautiful effects,
more symmetry in the breaks and more consistent
results in the effects desired by relying on a cylindrically
formed shel design. In addition, by bringing the spolette
to its full potential as a timing device, they succeeded
in producing an almost infinite number of complex com-
binations of color and sound.

The Halian style shell was well developed by the end
of the nineteenth century. Unfortunately, economic and
political upheavals in Italy came to a head at this time,
forcing many Ralians, especially those from southern
Ttaly, to emigrate to the United States, bringing their
firework skills with them. They went into business,

mostly n small shops like the ones they had in ltaly.
Most of these Italian immigrants were very secretive
about their methods of manufacture and passed this
tradition on to their sops. Many of these descendants
would probably scoff at an attempt to put technigue
into print, feeling that not only would # be unwise, but
aiso impossible. They point o the fact that two workers
given the same instructions, tools and materials more
often than not will produce two very different results,
proving that it is not so much the information which is
important as it is that the worker have a “feel” for what
he is to do. There is some truth to this argument, which
the tyro will readily discover should he be lucky enough
to observe an old, Italian master craftsman build a2 com-
plicated sheil. The tyro returns fo his own workshop
confident that he will duplicate the work he has seen,
and is often greatly disappointed with his first ¢rials.

Nevertheless, this argument against the publication
of technique weakens with the passage of time because
the technique is passed on to fewer and fewer family
members with each successive generation, and now risks
being lost entirely., Many of the more compiex shells
are rarely (if ever) seen at displays by the general
American public. Thus it was felt that a detailed written
account should be made in English, before a time comes
when these technigues are impossible to reconstruct,
Materials change and memories fade, yet one must know
what came before in order to create what will follow.

While it is the purpose of this work to preserve the
high art of multi-function shell construction, one must
start at the beginning. Therefore the assembly of single-
break shells will be treated in this first published in-
stallment.* The pyrotechnist shouid be familiar with the
materials and nomenclature which are used in shell
construction and this is discussed in the first section. The
traditional procedure for assembling a single-break star
shelf then follows, with each step of the assembly des-
cribed in detail. Finally, reports or salutes are discussed
as weli, since they are an essential part of so many
Ttalian style shell effects. The methods described, though
Italian in origin, bave evolved to become thoroughly
Ttalo-American in nature and the materials employed
can be readily obtained throughout the United States.

£Multiple-break and more complex multi-Tunction shells wilt be
treated in Part IL
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MATERIALS AND NOMENCLATURE

The construction of traditional Italian style cylindri-
cal shells requires that the pyrotechnist be familiar with
many raw materials which have numerous other purposes
in industry. Such materials as black gunpowder, papers,
cordage and glue come in many different varieties and
grades and the pyrotechnist must know which type to
purchase for making shells, or run the risk of buying
large guantities of unusable supplies, Therefore, a sur-
vey of the materials used in shel making and the nomen-
clature to be encountered follows.

Burst and Lift Powders

The most comumon powder in use for shell burst
and for shell lift in the United States is FFA Blasting,
which 8 commercially manufactured and can be pur-
chased by the pyrotechnist through dealers in industrial
explosives. It should be pointed out that the standard
U.S. grades of black powder have varied widely in
quality through the years, and formerly the granulation
of FFA powder was more uniform in size, with less of
the finer-grained powder it is now often found to con-
fain.

FFFFA Blasting powder is occasionally used for
lifting smaller shells and it is also used in making various
shell components,

Meal D powder is used for charging the tubes for
spolettes. In some countries, manufactured biack pow-
der 13- too costly or difficult to obtain, and pyrotechnists
there have made a practice of making meal powder by
ball-milling, later making the meal into grain powder
by damping, pressing and screening i,

Black powder grades also vary from country to
country. The U.S. system of grading has often confused
pyrotechnists in other countries. For the sake of clarity,
the table below, from Lancaster {1972), describes the
mesh sizes of the powder granulations unique to the
American syster, offered as a comparison with foreign
powders,

Tahle 1. U.S, black powder grades

{from Lancaster, 1972)

Type 1.8, Sieve Numbers
) = AN 4/12
o o i i5/16
FIFFA . i it ittt iaiaenans 12/50
FEEFRFA .. e iiiieiiscnsnannnnes 20/ 59
FEEFFFA ittt ir i vrtneinasnaennnns 30/ 30
FEFFFFFA it iiinanean, 407100
MealD ... ....coviinisn e 4 5¢
FineMeal .. ... i vvriaciarany <4 100
Extrafinemenl ....0vein i rrnrarenns <3 140

Some blasting powders are glazed with graphite pow-
der during manufacture and this is usually destined for
sale to the black powder firearms market. Unglazed
powders are preferred for use in shell manufacture.

“B" Blasting powders are not used for shel manu-
facture because they are too weak and slow-burning,
as well as hygroscopic (being made with sodium nitrate
instead of potassium nitrate as used in “A” Blasting
powders).

Rough Powder

A rough, home-made powder is sometiraes used in
the manafacture of shells, often called polverone (liter-
ally, “large powder™ or “coarse powder™}, This is g
sieve-mixed composition of salipeter, charcoal, sulfur,
and dextrine to bind it, made without milling or grind-
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ing, dampened and granuiated by rubbing through a
COAIse SCreen.

The mixtares in use approximate traditional gun-
powder proportions, often with a slight increase in the
percentages of charcoal and sulfur, The following re-
ceipts in Table 2 are typical

Table 2. Rough powder formulae
1 2 3
TParts % Pats % Parts %

Potassium

nitrate ..., 8 68.6 20 65.6 24 65.8
Charcoal,

air-floated :

dust ..... 4 152 5 16,4 61 178
Sulfur ...... 3 11.4 4 133 4 110
Dextrine ... 144 4.8 114 4.9 2 55

After breaking up any large lumps that may have
formed in the saitpeter, the ingredients are hand-mixed
and sieved two or three times through a 20-mesh screen
{common window screen is quite adequate}. The re-
sultant mixtare is dampened with water untd it is wet
encugh to cobere in clumps when squecezed together in
the hand; i must aeither have a tendency to flake apart
{not enough water) nor be muddy, like powder slurry
for priming {(toco wet}. Because the moisture conteni
of the charcoal, local atmospheric humidity, and such
conditions vary so greatly, it is almost impossible to
specify moisture content fo be added, but it will be
found that from one-tenth up to one-fifth the weight
of the dry mixture of water may be required. Some
shell makers add more or less water to the composition
depending upon the use to which the powder 15 to be
put. Less water makes a softer grain, more likely to
crumbfe to powder; more water makes a harder grain,

Work the water into the composition with the hands
{rubber gloves are desirable in this dirty operation)
until it is uyniformly damp and can be worked into a
large, coheorent mass. I is necessary to have z granu-
lating screen at hand, made with 4 x 4 hardware cloth
(wires form %" squares) and 1 x 2 lumber for a rim.
Star-drying screens are also reguired, of approximately
2 x 3 feet, and are to be lined with 30-Ib. kraft paper.
Lay the granulating screen atop a paper-lined star-
drying sereen, so it is supported by the rims of the dry-
ing screen. Break off a chunk of the dampened compo-
sition about the size of a softball, and rub it through
the screen. When all the composition has passed through,
rub the screen with the hands, shake it, invert it, rub
and shake again to clear as much of the damp compo-
sition that may be acdhering.

Proceed to another screen and repeat the operations
until all of the composition has been granulated. The
powder should not be much deeper than 2" on the
bottomm of each drying screen, as the granules have a
tendency to stick together under their own weight. About
215 ~ 3 lbs. of composition {dry weight) per screen is
a desirable amount.

If dried in a well-ventilated, shady, warm location,
the rough powder should be dry in 2 -3 days. Avoid
placing # in the sun immediately after granulation, lest
the saltpeter leach to the surface of the granules. When
dry, it should be taken up off the kraft sheets lining the
screens, any large caked masses of granules broken up
with the hands, and finally sieved through one of the
granulating screens,
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Some of the rough powder, all of which has passed
the V4" openings when wet, will not pass the screen
when dry. This powder should be set aside and kept
separately from the powder which passed through the
screen, The coarser powder is used for filling the tops
of shell casings until level after the stars and powder
cores have been put in them. It is suitable for this pur-
pose because it does not all sift down between the inter-
stices amongst the stars, sitting instead on top of them
and acting as an even “packing” material,

The finer powder, which has passed the screen, is
used for all other purposes: filling the interstices between
the stars in multiple-break shells, where a solid fill is
indispensable to the sheil’s structural integrity; filling
around serpents, whistles, and other tube-type garni-
tares, and as a burst charge (either alone or in 4 mix~
fure with commercial FFA powder) where a gentler
break is desired than that obtained with commercial
powder alone.

Garnifures

The general term “‘garniture” refers to the contents
of a shell (e.g., cut stars, pumped comets, serpents,
whistles, reports, tourbillions; essentially anything that
will fit in a shell). A method for making cut stars, the
most commonly used shell-filler, is given in PYROTECH-
Nica T {“Cuot Star Making — A Systern and Its Uses”
by Jim Stone, 1977, pp. 4 - 8). Most other compon-
ents are well described in the existing literature,

Papers

Papers of several types are used in the construction
of shells, and all share common characteristics. Among
the most important of these is grain. Paper is in effect
a thin web of cellulose fibers derived from various vege-
table sources, such as wood, cotton, flax, sugar-cane
waste (bagasse}, manila hemp, etc, These fibrous plants
are treated either mechanically or chemically (or by
both means} to remove {more or less} the non-cellulose
components, leaving cellulose fibers in water suspension.
A paper machine consists essentially of an endless belt
of wire cloth travelling at high speeds with a hopper
full of this cellulose suspension (“pulp” or “furnish”)
at one end, and a series of hot steel rollers (“calender
stacks”} on the other. It functions by feeding the pulp
onto the screen, where most of the water is drained,
leaving at the other end a web of fibers of uniform
thickness, which is further dried, compressed, and reg-
alarized by passage between hot rolis, In this process,
the fibers are aligned in the direction of the travel of
the wire cloth belt {“Fourdrinier screen™), The result
is that the finished product, ke wood, has a definite
“grain” lying along the direction in which the fibers
are aligned. The paper is thus more pliable with or

parailel to this grain, than against or perpendicular to it
The diagrams below Hlustrate this,

It should be mentioned that hand-made papers,
which are not made by a process that aligns the fibers
50 markedly, have little or no grain direction; this is
often an advantage in specialized applications, but the
expense is prohibitive. Japanese hand-made tissue paper
(“Gampi”) is thus prized for shell and rocket para-
g:hu;eiqdbecause it has lLittle tendency to become set in
its folds.

In pyrotechnic case-rolling operations, it is Enpor-
tant to roll with the grain, as In most situations, rolling
against it is more difficult. It is often difficult for per-
sons unfamitiar with paper to detect grain direction.
Usually, paper folds or rolls with greater ease with
rather than against the grain, but the difference is subde
in the lighter weights. An infallible test for grain is to
dampen one side with a sponge. The sheet will then curl
so that the curvature is with the grain (see Figure 2).
It also cught to be menticned that when paper comes
in rolls, the grain runs with the circumierence of the
roli, and when it comes in sheets, it is wsually (but not
always) with the longer of the two dimensions of the
sheet.

Paper is bought by the sheet or roll, and such char-
acteristics as size, thickness (caliper), grade, color, and
the like, are meaningful to the customer in making his
selection. However, # is long-established custors in the
paper industry to sell paper by weight. The calculation
of the weight of a given number of sheets of a given
size and thickness in a given grade reguires some spe-
cialized understanding.

Various sheet sizes are available in each grade
{grades being, e.g., book, bond, index bristol, tagboard,
wrapping, etc.), but in each grade one size is designated
as the basis size for that grade, This is the size of which
one ream (500 sheets for printing grades, 480 sheets
for “coarse” grades) weighs the basiy weight. The basis
weight is that weight by which all paper of a given
weight, regardless of size, is described (e.g., 70-1b.
wrapping, 20-Ib. bond, 100-ib. tagboard). Thus, 500
sheets of the basis size book papers {25 x 38 inches),
basis 50 (50-ib.), weighs 50 pounds; 480 sheets of the
basis size of wrapping papers (24 x 36 inches), basis
70 {70-1b.}, weighs 70 pounds.

it will be evident that a ream of paper of some
different size than the basis size will not weigh the basis
weight, although that basis weight continues to be used
to describe the paper. For example, a ream of 222 %
284 inch tagboard, basis 100, weighs 74 pounds. Iis
designation is thus 22v% x 2814-74(100} «— or some-
times 22V4 x 28%4-148M(100), signifying that 1M

ALIGMTENT OF FIBRES

FOLY WITH GRAIY

Figure I. Property of grain in paper,
Q

FOLD AGAINST GRAINV
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Figure 2. Paper grain detection.

{1,060) sheets weigh 148 pounds, i.e., twice what one
ream weighs.

Although ¥ may be in rofl form, paper is still de-
scribed by weight with reference to its basis sheet ream,
This is particuiasly common with wrapping grades; e.g.,
one might buy a roll of 70-1b, kraft wrapping, thickness
(caliper) 007", and the weight reference would refer
to the weight of 480 sheets of 24 x 36 inch paper. It
should be pointed out that thickness (caliper) is not
an infallible clue to the weight of paper, since paper
may be made of relatively greater or lesser density, yet
hav%“the same thickness.

he following types of paper are in wide use in
pyrotechny:

KrarT wrarpina—basis size 24 x 36 inches, avail-
able in 30-, 40-, 50, 60- and 70-Ib. weights (basis
reamt is 480 sheets). ¥ is available in sizes 24 x 36,
30 x 49, and occasionally 36 x 48 or 40 x 48; also com-
monly in rolls ranging from 127 - 72" wide. Generally
the lighter weights come in narrower rolls and the
heavier weights in wider ones, but there is no standard
roll width., The caliper (thickness) of the respective
weights is in a neat correspondence as follows:

Fable 3. Kraft paper weights and calipers,

Caliper
Paper weight (thickmess)
1 | T L0037
) | TP 004"
5G-b, ..ot ey 0as”
L | v . (06"
545 | 0oT"
1 009"

Kraft wrapping is normally brown (a wide variation
is found in shades), and is used for many purposes in
pyrotechny. The beavier weights, 60- and 70-ib., are
used for rolling shell cases and for pasting-in larger
shells; medium weights, 40-, 50- and occasionally 60-1b,,
for nosings and for pasting-in; and the light weights,
30- and 40-ib., for match pipes, nosings, and pasting-in
small shells. The light weights are also used for “lift
wrap” in finishing shells, and often colored kraft paper
is used as well as the natural brown kraft for this purpose.

So-called “recycled kraft” papers (more appropsi-
ately called “bogus kraft,” since they are not kraft at
all} are sometimes encountered, and they should not be
used as they tend to fall apart when wet with paste.
¥t is wise to test the wet strength of paper, by wetting
a sample thoroughly, crumpling i, then smoothing it
out — if it survives this test, it will be suitable for shell
building.

10

TAGROARD — basis size 24 x 36, in 100-lb. and
125-1b. weights (basis ream 3500 sheets) amd index
bristol, basis size 255 x 30%, in 904b. and 1104b.
weights (basis ream 500 sheets) are roughly compara-
bie types of paper, tagboard being made with a longer-
fibered furnish and shightly stronger.

One hundred-pound tag and S0-Ib. index bristol
both have a caliper of .007; 125-b. tag and 116-ib.
mmdex bristo! both have a caliper of .009”. Other weights
are occasionally available but find little use in pyro-
techny. The paper colors are white and manila, which
used fo refer to the use of manila hemp in the furnish,
but now refers to the light buff color of the unbleached
grade of this paper (which is cheapest and quite ade-
quate for pyrotechnic purposes). Table 4 indicates the
standard paper sizes,

Table 4. Tag and index sizes,

Faghoard Index bristol
224 x 28V 2005 x 24% {rare}
24 X 36 251 x 3014

2214 x 35

These grades of paper are used where a thin, strong
inper liner for small insert components or occasionally
shell casings is needed. Formerly, tagboard or press-
board (an almost extinct grade) was used for hand-
rolling sheil fuse tubes.

CaiproarD is made from mechanicaily pulped news-
print scrap, wood chips, and other cheap and low
quality fibers. It has completely supplanted strawboard,
a thick yellow paperboard spoken of by Weingart and
other earlier writers.

Chipboard comes in calipers of 0187, .0227, 026”7,
0307, and 042", and occasionally in thinser and
thicker calipers. It is not sold by the ream, but by
the 50-1b. baundle, denominated by “count,” ie., the
number of sheets in a bundle. Thus, “26 x 38-70 count
chipboard” would be a chipboard of which 70 sheets
made up a 30-tb bundie:; in this case, the caliper is
0307, 1t is ordinary to denominate chipboard by cali-
per as well, so ordering is uncomplicated. Common
sizes are 2234 x 3414, 23 x 35, 2845 x 3414, and 26 x
38. Note well that in this grade {as opposed to those
discussed previously), the lower the number following
the size designation (the count mumber as opposed to
the weight), the greater the thickness of the sheet.

This grade of paper is used for inner liners for re-
ports, occasionally shell case inner liners, and in the
heavier weights, for end discs, A thinner chipboard,
L1107 - 0127, s sometimes available in rolls and is
commonly used for various case liners or for case roll-




PYROTECHNICA » IX

ing. This supplants the groundwood “bogus bristol”
spoken of in the past.

BINDER'S BOARD is a strong, heavy board, gray, and
made of laminated thicknesses of a chipboard-tike paper
said to be made from pulped, industrial wiper rags,
and is thus sometimes called rag board. Tt is available
in many calipers and sizes, for use primarily in the
bookbinding industry as cover boards. Its main use in
pyrotechny is for shell end discs, Popular thicknesses
range between 1/16” and 14", End discs are usually
not made by the pyrotechnist hirself, but purchased
from suppliers who diecut the end discs.

Cordage

Cordage is another important article in pyrotechnic
practice, and is conveniently often available from the
same dealers handling coarse papers. Many types are
used, and choice is largely at the taste of the individual
pyrotechnist, but the following are the most common,

UNSIZED COTTON STRING — Three- or 4-ply is com-
monly used for making black match, usually 6 - 8 strands
together. Eight-ply, 10-ply and 12-ply are used for
spiking (stringing) shells. These grades are normally
sold on cone-shaped spools and priced by weight.

FraXx TWINES — Three-ply and 4-ply {the plies are
thicker than cotton string) are available from American
and Belgian manufacturers. These twines are of a
rougher finish than cotton (knots made with them hold
more firmiy than those made with the smoother cotton).
They are a greenish-brown color with a characteristic, not
unattractive odor. The fibers are longer, and the twine
Is exceedingly strong for #s thickness. This twine is
often used for tying nosings, lft- and leader-tying, and
occasionally spiking large shelis. ¥t is more expensive
than cotton twine, and often comes in 1-Ib, cylindrical
rolls. A 2-ply Italian flax twine, which was very thin and
stronger than 8-ply cotton, was much favored for spik-
ing shells, but is now almost impossible to find; it came
in 5-Ib. cone-shaped balls,

POLYESTER, POLY/COTTON, and HARD LAID COTTON
STRINGS — A variety of these are available and are
often favored for spiking shells because of their relative
thinness and strength, but there are many pitfalls in
selecting them. Breaking strength, tendency to stretch,

BARE MATCH END  LLADER (MATLH
O LEADER  COMPTUIEATING FIRE AR
SHOOTER S FUSEE 7O SHFL L.

iy

PABSEIRE (PUTLH.
LY ACATIN G

FIRE RO SHELL FUSE
FUSE 7O LIFT
AT Bo770M SHELL

OF SHELL.

LIFT WRAF
(70 CONTALN
LIFT FOWDER)

LIFT
POWDER

Figure 3. Parts of a shell,
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and ability to be wet with paste must be carefully de-
termined.

Nomenclature of 2 finished shell

Detailed coverage of various phases of shell manu-
facture will treat this subject in greater depth later,
Figure 3 below illustrates the basic parts of a shell,

SPOLETTES AND OTHER SHELL FUSES

Every aerial shell must contain a timing element
that, having taken fire shmultancously with the it
charge, provides adequate delay before passing fire to
the burst powder and garniture, such that the shell
bursts at or near the apex of is trajectory. There are
several varieties of delay fuses that may be used, de-
pending upon the size and character of the shell.

Spaolettes

The spoleite is the oldest and most versatile type
of shell fuse. It consists of a small-bored and relatively
thick-wailed tube (usually but not always made from
paper} charged partially with pure commercial meal
powder., The powder charge is flush with one end of
the tube and part, often half or more, of the tube is
left uncharged (see Figure 4).

TUBE

FLUSH #

CFEA £ A
EAD BN EAL

Figure 4. Spolette, before muatching and nosing.

The open end of the tube is filled with as many
short pieces of high-quality black match as can easily
be put into it (without foree}; a nosing of strong, light-
weight paper is rolled around the end of the spolette
and ticd snugly (but only enough to hold the match
firmly in place — not so tightly as to choke off or break
its black powder coating). The pieces of maich should
be carefully cut, with a very sharp kaife or razor blade,
because dull cutting tools crumble the powder from the
match leaving cotton fibers exposed without a powder
coating. The pieces of match should extend perhaps
1-1%2" beyond the open end of the spolette, when
held firmly in contact with the powder charge in the
tube. Figure 5 depicts a spolette that has been maiched
and nosed.

TUBE

FLUSH
END

NOZING

Figure 5. Spolette, matched and nosed.

Tubes for spolettes have in the past been hand-
rolled, but because spolettes are wsed in such great vol-
ume and because their perfect manufacture is essential
to the safe and successful functioning of shells, it is
now usual to buy machine-roiled tubes. These tubes
are wet-rolied, convolute-wound, and made of high-
quality, smooth finished paper which is rolled long and




PyroreCHNICA » IX

ing. This supplanis the groundwood “bogus bristol”
spoken of in the past,

BINDER'S BOARD is a strong, heavy board, gray, and
made of laminated thicknesses of a chipboard-like paper
said to be made from pulped, industrial wiper rags,
and is thus sometimes called rag board. it is available
in many calipers and sizes, for use primarily in the
bookbinding industry as cover beards. Its main use in
pyrotechny is for shell end discs. Popular thicknesses
range between 1/16” and ", End discs are usually
not made by the pyrotechnist himself, but purchased
from supphiers who diecut the end discs.

Cordage

Cordage is another important article in pyrotechnic
practice, and is conveniently often available from the
same dealers handling coarse papers. Many types are
used, and choice is largely at the taste of the individual
pvrotechnist, but the following are the most common.

UNSIZED COTTON STRING — Three- or 4-ply is com-
monly used for making black match, usuatly 6 - 8 strands
together. Eight-ply, 10-ply and 12-ply are used for
spiking (stringing) shells. These grades are normally
sold on cone-shaped spools and priced by weight.

Frax TwiNgs - Three-ply and 4-ply {the plies are
thicker than cotton string) are availabie from American
and Belgian manufacturers. These twines are of a
rougher finish than cotton (knets made with them hold
more firmly than those made with the smoother cotton).
They are a greenish-brown color with a characteristic, not
unattractive odor. The fibers are longer, and the twine
is exceedingly strong for its thickaess, This twine is
often used for tying nosings, Bft- and leader-tying, and
occasionally spiking large shells. It is more expensive
than cotion twine, and often comes in 1-Ib. cylindrical
rolls. A 2-ply itaiian flax twine, which was very thin and
stronger than 8-ply cotton, was much favored for spik-
ing shells, but is now almost impossible to find; it came
in 5-Ib. cone-shaped bails,

POLYESTER, POLY/COTTION, and HARD LAID COTTON
STRINGS —- A variety of these are available and are
often favored for spiking shells because of their relative
thinness and strength, but there are many pitfalls in
selecting them. Breaking strength, tendency to stretch,
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Figure 3. Parts of a shell.
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and ability to be wet with paste must be carefully de-
termined,

Neomenclature of a finished shell

Detailed coverage of various phases of shell many-
facture will treat this subject in greater depth later.
Figure 3 below illustrates the basic parts of a shell,

SPOLETTES AND OTHER SHELL FUSES

Every aerial shell must contain a timing element
that, having taken fire simultanecusly with the lit
charge, provides adequate delay before passing fire to
the burst powder and garpiture, such that the shell
bursts at or near the apex of #s trajectory. There are
several varieties of delay fuses that may be used, de-
pending upon the size and character of the shell.

Spolettes

The spoletie is the oldest and most versatile type
of shell fuse. It consists of a small-bored and relatively
thick-walled tube (usually but not always made from
paper) charged partially with pure commercial meal
powder. The powder charge is flush with one end of
the tube and part, often half or more, of the tube is
left uncharged (see Figure 4}.

TUBE

OFEN £

Figure 4. Spolette, before matching and nosing,

The open end of the tube is flled with as many
short pieces of high-quality black maich as can easily
be put into # (without force); a nosing of strong, light-
weight paper is rolled around the end of the spolette
and tied snugly (but only enough to hold the match
firmly in place — not so tightly as to choke off or break
its black powder coating). Fhe picces of match should
be carefully cut, with a very sharp knife or razor blade,
because dull cutting toels crumble the powder from the
maich leaving cotton fibers exposed without a powder
coating. Fhe pieces of match should extend perhaps
1 -1%2" beyond the open end of the spoleite, when
held firmly in contact with the powder charge in the
tube. Figure 5 depicts a spolette that has been matched
and nosed.

TYBE

FLUSH |#%
FAND

ANOSING

Figure 5. Spolette, matched end nosed.

Fubes for spolettes have in the past been hand-
rolled, but because spolettes are used in such great vol-
ume and because their perfect manufacture is essential
to the safe and successful funciioning of shells, it is
now usual to buy machine-rolled tubes. These {ubes
are wet-rolled, convolute-wound, and made of high-
quaiity, smooth finished paper which is rolled long and
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A. FULCANELLY
‘Fable 5. Specifications for spolefte tube dimensions and powder charges for single break shells,

Inside Ontside Powder
dinmeter disneter Length charge
3% shells, single brenk ..., ool heaareaae 5/16" bt 2 1" W 1t”
4" shells, singlebreak ..., e h e 5/16" - 3" 1i/16” 3 1347
57 shelig, singlebreak .....ooiviviiiriiiaanina,, 37167 -3" 11/16" 3" 137 - 11"
6" shelis, single break ..... et aaeean e 5/16" « 3" 11/16" 37 A
8" shells, singlebreak .................. S 57167 - 36" 11/16" 4" 1%

Notre: It is impossible to give accurate equivalents in seconds for these timings as such factors as ramming pressure and
increment size vary from one worker to the next. As z rough guide, one inch of powder rammed in a spolette burns

approximately 3 seconds.

Special timings appropriate to multiple break and other special shells will be treated later,

Iater cut to length, It is the usual practice to age or
“cure” the tubes after they are received from the manu-
facturer as they are often still shightly damp and must
stabilize. Spiral-wound tubes are unsuitable for making
spolettes, for obvious reasons.

Formerly, a “red-rope” tube was available, made
with thin red pressboard, but recently these have been
supplanted by a manila-colored paper. The tubes should
be hard, rigid and smooth. Dimensions of the tubes used
vary according to the size of the shell and also accord-
ing to the purposes for which the spolettes are intended.
Manufacturers have their own preferences in these mat-
ters; Table 5 describes one such system,

One should have appropriate tools for the size of
tube selected, These include a small scoop that will
deliver a charge of meal powder sufficient to form an
increment of 3/16” - 14" when very solidly rammed
in the tube; a rammer or drift, of suflicient diameter
to fit snugly in the bore of the tube (yet not so tightly
as to bind) and perhaps 2 - 214" longer than the tube;
and a solid, Hat surface, preferably metal, stone, or pol-
ished wood, on which to ram. The ramming surface
should be supported by a sturdy workbench, or pref-
erably by a post sunk directly into the ground, to mini-
mize vibration. ¥t is also desirable to have the rammer
marked with a circumscribed Hne at such a point on its
length that when the line is paraliel with the top of the
case, it indicates the desired height of the powder charge
{thus, if ramming a 3” case with a 112" powder charge,
the line should be circumscribed on the rammer 1127
from its bottom end}.

Holding the tube so that its bottom edges are firmly
against the ramming surface, charge one scoopful of meal
powder into it and carefully insert the rammer, pressing
it down to the powder. Ram with 8 - 10 firm blows of
a rawhide mallet. It is better to control the mallet and
ase more blows than to swing wildly and atiempt ex-
tremely heavy blows. During all this time, the tube
should be held solidly in place by one hand against the
ramming surface. Especially with the first increment,
it is important to make certain that no powder is pushed
out of the tube between the bottom edge of the tube

and the ramming surface. Repeat the charging of powder
and the ramming, maintaining the same number of
maile; biows with the same force, until sufficient in-
crements have been charged to complete the powder
charge. It is wise to charge perhaps 1/16” - 14" more
powder than is desired in view of the next step.

At this point a variety of methods may be used to
produce a groove, hole, or depression in the inside pow-
der surface for purposes of assuring the passage of fire.
A common problem with spolettes is a fallure to trans-
fer fire from the powder train to the match, in what is
often calied the phenomenon of having the flame “sucked
out.”* It is thought that the presence of this groove or
depression in the powder surface increases the surface
area of powder in contact with the match and lengthens
the eritical split second during which the maitch ends
are exposed to flame.

Three methods are used:

1} After inverting the spolette to empty any loose meal
that may remain, with an awl, carefully scratch or
score the powder surface on the hollow end of the
spolette. The groove produced by this scratching
should be about ¥ deep. The awl may be used
as a rough sort of depth gauge by holding the thumb-
nai} to the awl and noting the difference in position
with relation to the end of the tube when the tip of
the awl is touching the bottom of the groove, as com-
pared to when it s touching the rammed surface.

2} A small drill, perhaps 1/16” diameter, may be used
fo make a hole from 18" to 34" deep in the inside
powder surface. The drilling may be done by hand,
or (if volume of production warrants) by a drill press
operating at very low RPM. If a drill press be used,
great precision is possible, particularly where very
short timings are involved.

*En. Norte: Practices and feelings about this problem vary
from country to country, and from pyrofechnist to pyro-
technist; Rev. Ronald Lancaster {(private communication,
1983} claims that “the shaped rammer is essential and
should be %" deep at least . . . I have often met failure
in its absence.” Lancaster reports that most Europeans now
press fuses which include a recess in the powder charge.

SHAFLD LADL QN SA/VEER. .
Figure 6. Shaped-end rammer

o SROLSCES FLESS N A IED CAUEE
and cavity produced in powder charge.
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3) A rammer with 2 shaped end may be used, produc-
ing a cone-shaped depression in the inside powder
surface {see Figure 6).

To nose spolettes, cut strips of paper from 17 - 2"
wide (depending upon the size of the spolette) and 4” -
5" long {2 - 3 turns). Paper should be 20 - 40-1b. kraft,
with the grain running the shorter of the two directions.
Match should be cut to appropriate kengths for insertion
into the spolettes prior to nosing. Four to five pieces of
match should suffice. Some pyrotechsnists prefer to crimp
the side wall of the spolette to hold match in place by
driving a narrow screwdriver or chisel blade between
the turns of paper, prior to nosing. Lay a piece of nos-
ing paper out, and smear with white glue all along the
top edge and the pasting edge; roll the spolette up into
the paper, with perhaps 14”7 - %" protruding beyond
the tube and over the match, This end ought then to be
tied around the match with a clove hitch of flax twine
or strong cotton {see Figure 7).

-3 {’?//%{5

Figure 7. Nosing spolette.

It is advisable to pierce the nosing with an awl,
beneath the tie. This relieves the gas pressure inside the
spolette and permits the hot combustion gases to vent
into the shell, thus aiding ignition even i the maich
should be choked off by the tie {see Figure 8).

If it is found impossible to master holding the spol-
stte firmly against a flat sarface while ramming, a useful
aid is a ramming block in which to support the tube.
The simplest and hest form consists of a block of metal,
perhaps 1”7 thick, with a hole slightly larger than the
outside diameter of the spolette tube drilled clear through
it, This block may then be set or clamped onto the ram-
ming surface (see Figure 9),

Other shell fuses

SPUN rUSES — Other time fuses in common use are
the Japanese and American Bickford style or “tape™ fuses,
These are spun fuses, made by complicated machinery,
and most pyrotechnists must buy them from dealers,
rather than making them. They consist of a moedified
black powder core, surrounded by spun textile fibers,
asphait water-proofing layers, and an outer wrap. A
commoniy-used fuse of Japanese manufacture is slighily
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Figure 8. Tying and piercing the spolette nosing.

jess than 4" in diameter and has a colored paper outer
wrap held on by helical wrappings of thread rather
widely spaced. Fuse manufactured in the United States
is normally 34" in diameter and has an outer wrapping
of white cloth tape. The use of Bickford-type fuses is
reserved mostly for one-break shells,

Preparation of these fuses for use in shells is rela-
tively simple. Picces of about 27 in length are cut from
the rolls. The fuse must then be cross-matched. This
may be accomplished either by punching the fuse with
an awl {e.g.) " from one of its ends, and threading
a piece of thin black match through the resultant hole,
or by making a lengthwise cut, splitting the fuse (again
perhaps for 12” of its length), inserting a piece of
black match in the split, and tying the spiit end to-
gether above the roatch. Figure 10 shows these alter-
natives.

When cutting or punching time fuse, it is mos{ im-
portant to have a sharp and clean tool Jest asphait be
smeared over the powder core in the process. Attempt-
ing to use a fine drill bit to make a hole for cross-
matching will almost always insure that asphalt gets
smeared imo the powder core.

An arbor press is almost essential for punching the
larger sizes of fuse. Two types of punching tools are in
widespread use; one type, having an ogival point (like
an awl) simply pierces and spreads the cross-matching
hole; the other, often a hollow tube (like a leather
punch) actually removes a shug of fuse material, inclad-
ng a portion of the powder core.

Figure 9. Cross section of spolette in ramming block.
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3) A rarmmer with a shaped end may be used, produc-
ing a cone-shaped depression in the inside powder
surface {see Figure 6).

To nose spolettes, cut strips of paper from 17 . 2"
wide (depending upon the size of the spoleite) and 4 -
57 long (2 - 3 turns). Paper should be 20 - 40-1b. kraft,
with the grain running the shorter of the two directions.
Match should be cut to appropriate lengths for insertion
into the spolettes prior to nosing. Four to five pieces of
match should suffice. Some pyrotechnists prefer to crimp
the side wall of the spolette to hold match in place by
driving a narrow screwdriver or chisel blade between
the turns of paper, prior to nosing. Lay a piece of nos-
ing paper out, and smear with white glue all along the
top edge and the pasting edge; rol the spolette up into
the paper, with perhaps 327 - %" protruding beyond
the tube and over the match. This end ought then to be
tied around the match with a clove hitch of flax twine
or strong cotton {see Figure 7).

2-3 \72//9%)‘“
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Figure 7. Nosing spolette.

it is advisable to pierce the nosing with an awl,
beneath the tie. This relicves the gas pressure inside the
spolette and permits the hot combustion gases to vent
into the shell, thus aiding ignition even if the match
should be choked off by the tie (see Figure 8).

if it is found impossible fo master holding the spol-
ette firmly against a flat surface while ramming, a useful
aid is a ramming block in which to support the tube.
The simplest and best form consists of a block of metal,
perhaps 17 thick, with a hole slightly larger than the
cutside diameter of the spoleite tube drilled clear through
it. This block may then be set or clamped onto the ram-
ming surface (see Figure 9),

Other shel fuses

SpuN FUSES — Other time fuses in common use are
the Japanese and American Bickford style or “tape” fuses.
These are spun fuses, made by complicated machinery,
and most pyrotechnists must buy them from dealers,
rather than making them. They consist of a modified
black powder core, surrounded by spun textile fibers,
asphalt water-proofing layers, and an outer wrap. A
commonly-used fuse of Japanese manufacture is slightly
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Figure 8. Tying and piercing the spolette nosing.

less than %47 in diameter and has a colored paper outer
wrap held on by helical wrappings of thread rather
widely spaced. Fuse manufactured in the United States
is normally 34" in diameter and has an outer wrapping
of white cloth tape. The use of Bickford-type fuses is
reserved mostly for one-break shelis.

Preparation of these fuses for use in shells is rela-
tively simple. Pieces of about 2” in length are cut from
the rolls. The fuse must then be cross-marched. This
may be accomplished either by punching the fuse with
an awl {e.g.} 4” from one of its ends, and threading
a piece of thin black match through the resultant hole,
or by making a lengthwise cut, splitting the fuse (again
perhaps for 32" of ifs length), inserting a piece of
black match in the split, and tying the split end to-
gether above the match. Figure 10 shows these alter-
natives.

When cutting or punching time fuse, it is reost im-
portant to have a sharp and clean tool lest asphait be
smeared over the powder core in the process. Attempt-
ing to use a fine drill bit to make a hole for cross-
matching will almost always insure that asphelt gets
smeared into the powder core.

An arbor press is almost essential for punching the
larger sizes of fuse. Two types of punching tools are in
widespread use; one type, having an ogival point (lke
an awl) simply pierces and spreads the eross-matching
hole; the other, often a hollow tube (like a leather
punch) actually removes a slug of fuse material, includ-
ing a portion of the powder coze.

Figure 9. Cross section of spolette in ramming block.
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Figure 10. Two methods for crosy-matching Bickford-type fuses,

A, FULCANELLI
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10.2

FUSE/END DISC ASSEMBLY - Whatgver fuse is se-
lected for use in shells must be fitted through an open-
ing in the top end disc of the shell. Discs are usually
purchased with holes of the proper diameter already
punched, although they may be punched with an arch
punch. Spolettes should be inserted so that only about
14" of the tube proper protrudes through the hole on
the side of the disc which will be inside the shell (this
applies o spoleties for single break shells and for the
first break of multiple-break shells; special instructions
for intermediate spolettes on multiple-break shells will
be treated elsewhere),

Japanese and American spun timer fuses should be
fitted in the discs with the cross-matching close to the
disc on the inside of the shell. The cross-matched fuse
is pulled through the hole in the disc unti the cross-
match actually touches the disc, and is indeed slightly
bent forward by the tension. Figure 11 depicts the
various types of fuse in shell end discs. It is wise to
glue the fuse well in place on the cutside of the shel,
either when making up disc/fuse assemblies in advance,
or after putting the fused disc into a shell in the process
of filling shells. If made up in advance, spolette-fitted
end discs can be gleed around the spolette on both
sides of the disc to assure a better seal; white glue is
best used.

CONSTRUCTION AND
FHLING OF SHELL CASES

Case rolling

The casing of a shell is constructed of an appro-
priate number of turns of kraft paper rolied up dry
on a cylindrical case former, pasted on the edge to
secure it from unroling. Case formers should be pro-
vided with the following dimensions:

Fable 6. Specifications for case formers,

Minimum lenpth
Size Diamefer of former
of shell of former {excluding bandle}

3" 2a" 7"

4!! 3 I/é El 9”

5" 418" 11"

6" 518" 13

8 Tv4” 16"

Seventy-pound kraft paper is used for the shell
casings. The number of turns rolled around the former
should equal the nominal diameter of the shell in inches.
These paper requirements work out neatly in terms of
strips of standard length, given below in Table 7,

SPOLETTE W END DISC

1.1

CROLS-MATEHED TINE FUSE /N ENO L/SC

Rl

OTHER END OF OU75/0E F SKHELL /S
SIMUARRLY CROES -/ HRTEAHED AFTER
SHELL A8 FASTELD IV (AR IATELY
L BETWEEN CROSS-ALATEHNGES INSIOE
AND D75 SAHELL FOR ALL S/7F8.3%87)

11.2

Figure 11. Fusel end disc assemnblies,




