TraDrrIoNAL CYLINDER SuiLL CONSTRUCTION

it is convenient, and prevents leakage of the report
composition, to pierce, maich, and insert the matched
shot into the comet, then repeat the procedure in that
seguence rather than to pierce all, then match all, then
insert all of the shots. Naturally, it is desirable to have
the unpierced shots all cut to individuals and all the
match cut to proper sized pieces before beginning this
procedure.

The comets with inserted shots must next be
pasted in with three torns of 30-lb. kraft. The paper
should be cut to strips 234" wide by 12" long for this
purpose, with the grain the 23&” way. The paper
strips may be prepared with paste all at once by first
laying down one strip, brushing ¥t with paste, then
another, and so on until several dozen are laid in a
“lapped pile” as for pasting small shells (Fig. 21, p.
24, Part §, PyroTECENICA * IX). ¥ is not, however,
necessary to break this thin paper as it is well enough
saturated with paste simply by letting it stand,

The comets should be pasted by taking a strip
from the pile and placing it on a ciean part of the
work surface, making sure it is lying flat, without
wrinkles. Position the comet at one end of the strip
with the overhanging paper on the cavity end of the
comet, and paper covering ail but about 147 - 12”7 of
the side of the comet, Roll the comet up, folding the
overhanging portion of the paper over the shot and
the end of the comet while rolting. When zll the paper
is rolied on and folded over the cavity end of the
- comet, pick the comet up, supporting its solid bottom
on the palm of one hand; with the palm of the other
hand, work the folds of paper dowa smoothly, then
with the fingers smooth the paper on the sides of the
comet. Note that the pasted paper holds the siring
“gars” of the shot in place, preventing the shot from
falling out of the comet after the bottom of the shot
hole burns through. It is important to avoid wrinkles
in the paper on the sides of the comets. Also, sirive
for consistency in the portion of the comet sides jeft
uncovered by the paper. It is not really significant if
" or v2” of the side be left uacovered; however,
all comeis going into the shell should have the same
portion left uncovered, Tt is desirable that a comet
with the dimensions given here have certainly no more
than ¥2” of the side left uncovered, It is also import-
ant that enough be left uncovered that the comet has
a chance to ignite from the sides as well as the bottom.
Figure 57 illustrates the finished comet. Allow the
pasted comets to dry for a week.
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Figure 57. Finished crossette contel.
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Photo courtesy of Gary L. White
Crossette shell burst.,

Neediess to say, these basic procedures may be
modified to produce comets of almost any dimensions.
In practice, it is difficult to make a comet less than 1~
in diameter because the dimensions of the shot become
too small to handle comfortably. Large comets 27 or
more in diameter can be made for very large shells or
for single fire from small mortars; the dimensions of
the shot need not be enlarged proportionately to those
of the comet, because a 12" shot & capable of ¢rack-
ing even a large comet. Finally, the duration of the
comet before it bursts may be regulated by the dis-
tanice between the solid bottom of the comet and the
bottom of the shot hole. If the comets crack too soon,
the solid portion may be lengthened; in the cxample
given, keeping all other dimensions equal, the comets
may be pumped 112" or 1% long rather than 132”7,
Excessive length will, however, allow the pattern of
the break to lose coherence, diminishing its beauty.

The finished comets are stacked in shells just as
plain comets are (see Fig, 30, p. 29, Part I, Pyro-
TECHNICA + EX)}. Again, as with plain comets, they
should fit tightly in a ring. Adjustments to the former
diameter or the reduction of the case diameter by
adding a chipboard Hner after rolling up the case are
in order to achieve this. Some makers prefer o stack
the bottom row of comets with the exposed ignition
surfaces facing up, the next row with them down, and
subsequent pairs of rows with ignition surfaces sim-
Harly facing. This is held o improve ignition. QOthers
prefer to orient all rows either up or down. Tt is a

matter of preference, dependent upon custom, taste,

or experimental result. The entire center of the shell
case is to be filled with FFA powder, and the shell
closed, spiked, pasted, and finished as for an ordinary
comet sheil,

COLOR CHANGING (TTPPED) COMETS

The principle of covering one end and part of the
sides of a comet to restrict burning and to achieve a
transformation effect, as in crossettes, cam also be
applied to produce other resclts. An exampie of this
is the color-changing comet.

A cavity formed in one end of a comet, like that
of a crossefte but targer and of different shape, is filled
with a composition of a different type than that of
which the comet itself is pumped. Pasted paper is
used to cover the end and sides restricting burning to
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Figure 58. Color-changing {tipped) comet.

one end, and, when the composition of the comet has
burned down io the kevel of the transformation com-
position, there is the appearance of a change in ¢olor.

The comets described here are of similar exterior
dimensions to the crossetie comets previoasiy described
- 142" in diameter and 138" long. The cavity, like
that of the crossette comet, is 34" deep, but instead
of being cylindrical, s tapered from 78’ at the end of
the comet to 34”7 at the bottom of the cavity. Figure
58 illustrates the shape of the comet.

In order for this effect fo succeed, the choice of
compositions is critical. The comet itseif shouid be
pumped of a low light intensity composition, like a
charcoal streamer or gold flitter, The transformation
composition is appropriately one of high light inten-
sity, such as a brilliant white barium nitrate-aluminum
mixture, or a titanium streamer. Bright colors may also
be used though care should be taken that their com-
positions are chemically compatible with that of the
comet.

The same care should be taken to pump uniform
comets for this effect as for crossettes, making certain
ail are cut to the same length and allowed plenty of
drying time. When the comets are fully dried, a
quanfity of the transformation compesition should be
dampened to approximately the consistency for cmt
stars. This should be pressed into the cavities of the
comets with the fingers, and “buttered” smoothly in
place with a small knife or flexible spatula. These
filled comets again should be set to dry completely.

Once dry, the comets are to be papered as with
crossettes using three turns of 30-Ih. kraft (127 x
2¥%7). The depth of the paper on the sides should
be kept constant so that all the comets will undergo
the color change simultaneously. The time at which
this transformation takes place is adjustable both by
changing the depth of solid comet between the bottom
of the comet and the bottom of the cavity, and to a
lesser extent by the papering,

PILLBOX STARS AND SHELLS

While the manufacture of stars as such is outside
the purview of this article, a2 word is in order about
pillbox stars and the way in which they are made and
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used in traditional cylinder shells, The various books
on pyrotechny ali carry basic descriptions of pillbox
stars, implying a rather small tube of perhaps 1B”
diameter x %" long, loaded with damp composition
with match protruding from both ends. These stars,
when dry, are filled randomly into shells much as are
cuf stars. While this may have been true in the days
when the nporthern Furopean style of bali shell was
an item of current commerce, there are a few differ-
ences in the techaiques used in cylinder shells.

The two most important purposes of a pilibox
star are (1) to provide a sustained duration of effect
and a larger flame than is possibie with a cut star, and
(2} to provide either & means of more certain igni-
tion (via the match) or of sturdier consolidation of
the composition (via the case) than is possible with
cut stars. In practice, pillbox stars are used in shells
in much the same manner as comets {(ireated in Part
I, pp. 28-30, PyroTECHNICA * IX). Whereas comets,
however, are made typicaily of gunpowder-type in-
gredients {(charcoal or flitter effects), pillbox stars
usually are either colors or high-intensity aluminum
stars; the pillbox technique is used because these com-
positions are harder to igaite or are more fuffy and
difficult to consclidate, than would be compositions
suitable for use in regular comets.

The casings for pillbox stars should be rolied of
medium weight kraft paper (40-, 50-, or 60-1b.}, of
about three to four turns with only the edge or the
last turn pasted. It is usual to roll long tubes, and to
divide the case with roler and pencil, then clip the
individual pillboxes to size with scissors, Usual diame-
ters for pilbox stars would be 37, ", or 17,
with the length of the case slightly longer than s
diameter (say, 34" dia. x 1” long; 7" or V" dia. x
1344” long}. Some manufacturers whe use many pill-
box stars will purchase thin-walled, spiral wound cases
rather than roli pillboxes. It is immaterial what is
done as long as the case is not too heavy; s purpose
is merely to contain the composition, not to direct its
force (as in a gerb or serpent).

The traditional pillbox star having match running
out both ends is supplemented by some pillboxes made
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Figure 59, Two varieties of pillbox star.

with match running out only one end (see Fig. 59).
These stars matched on one end only are used for
stacking on the fop and bottom of the shell, so that
the match does not interfere with the firm placement
of the top or bottom disc. The stars should be stacked
in rings about the periphery of the shell case, just as
comets are. The alternation or staggering of the stars,
brick-fashion, lends itself well to the accommodation
of the match ends. Match need not stick out the ends
of the star more than 12737,

The usual method of making the stags is to thread
the match through the case, dip it into the bowl of
composition {dampened about the same as for cutting
stars, or perhaps a litthe less), and to compress the
composition in place using thumb and forefinger. In
larger cases, a rod with a flat area made on one side
(to accommodate the match} may be used with a
small foot to hold the case while pressure is applied
by hand or with a small mallet.
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Choice of the size of stars is governed by the size
of the shell and also what will fit tightly in rings. The
smallest practical size in which to make pillbox shells
is 3% In larger sizes, a “double ring” effect may be
had by filling cuat stars of contrasting color between
the outer rings of pillboxes and a canulle with powder
at the center. Otherwise the whole center of the shell
may be filled with powder. Spiking may be normal, or
exira-close (ie., 32 strings on a 57 rather than 24;
48 strings on a 6" rather than 32; 64 strings on an 8%
rather than 48) for a harder and more regular burst.
Pastewrap, 1ift, and leader, as usual. Pilibox stars may
of course be used for the breaks of a multiple break
shell.

SHELL-OF-SHELLS

An attractive effect may be achieved by filling a |
large shell with several small shells having time fuses
arranged to take fire from the break of the shell. These
small shells are thrown ouf into a wide circular pat-
tern and when their time fuses bura through, explode
in a ring of smal color bursts. The construction of
the small shells is basically similar to that of an ordi-
nary single-break color shell, with a few differences.
They may be made in a variety of sizes and adapted
to fit in large shells of all sizes. The possibilities for
vartation on the theme are innumerable. For purposes
of this example, small shells made on a 1%4” form fo
fit seven in a ring in 2 57 shell (roled on a 4327
form} are described — first the manufacture of the
small shells, then the assembly of the shell-of-shells.

Ensert shells

Have a former turned of hardwood, 1% in di-
ameter with a working surface about 6” jong, Down
the center of one end, a 5/16” hole shouid be bored
about 4-537 deep. Figure 61 #lustrates this former.
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Figure 61, Former for rolling insert shell cases.

Also obtain an awl with a shank abowt 14” di-
ameter within 3-4” of its point. This is used to pierce
the hole for the time fuse in the end of the case after
rolling up on the former.

Cui 125-1b. tagboard (L0097} to strips 2147 wide
x 8 long. Cut 30-Ib, kraft to sirips 57 wide x 13"
long. The grain of the paper should be the short way
in both cases. To form the cases, lay a strip of tag-
board centered on a strip of the kraft, Roll them up
together just as for a saettine (see Part I, Fig. 33, p.
31). Paste the edge of the kraft. Ship the case up over
the end of the former so that the Hner of tagboard
is flush with the former end, and the kraft overhangs.
Close this end with a tongue or triangle fold. It will
be necessary to tuck the protruding corners of the
final fold under, to make the end of the case smooth
and round (sec Part I, Fig. 12.2, p. 15). This final
tongue fold should be stuck down with a dab of glee
under it. Consolidate the folds by rapping the former
and case on the work table.

While the case is still on the former, take the awl
ami pierce the center of the end with it — the awl
will be accommaodated by the hole bored in the end
of the former. The hole made should be about 4"
in diameter. Carefully withdraw the awl while holding
the folded end of paper shut with the fingers, recon-
solidate the case end if necessary, then remove the
case from the form. Seven such cases must be roHed
for one 5" shell.

The time fuse used for the small shells is the 34”7
spun fuse of Japanese manufacture (see Part i, p. 13);
the 38" fuse is too big. Formerly a 14" white cloth
tape fuse was available and was used. The white 3/16"
dynamite fuse has also been used, but it & slower and
more troublgsome,

insert the end of the 4" fuse, straight from the
roll, through the awl hole in the folded case end, untit

it is weli through and a couple of inches are visible
on the other end of the case, past the kraft. With a
good ruler and a fing-pibbed pen, or with dividers,
mark off a 36" interval about V4-3%" from the end
of the fuse. Punch a hole with a sharp awl, or with
the finest tip of a turret-style leather punch, at the
mark nearest the fuse end. Insert a 1" piece of thin
match through, crimp i necessary, and pull the cross-
matched fuse back through the hole in the case end,
until the cross-match Is tight against the inside. The
other mark should be clearly visible perhaps 37
above the folds. With a nippers or sharp scissors, cut
the fuse off about 2" above this mark. Procced in
this manner for the other six cases. Figure 62 iHus-
trates these procedures.

Whes all the cases have been thus rolled, punched,
fused, and cross-matched, assemble them with fused
ends down, open ends up, accommodating the fused
ends between two strips of wood or some other sup-
port. Small cut stars all of the same color should be
filled into the shells together with encugh powder so
that by jigeling and working in the case it can be filled
solidly to the level of the taghoard liner. Tt is suggested
that first stars, then powder, be put in to about half
the depth, then consolidated; and the process repeated.
The stars and powder arc mixed together as # is ime
possible to core the burst powder in such a smaill case,
Either FFFFA or the “fines” of TFA, passing through
8x8 hardware cloth, are good choices for the burst
powder. Finally, Tovel off the il at the edge of the
liner with powder, and close the end with the tongue
fold. Consolidate the folds by tapping with a mallet
or by joling the filled shell on the work table. The
small case should feel firm and tightly filled at this
point,

The small shells are spiked with six or eight verti-
cal passes of pasted string, and horizontally to make
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Figure 62. Fusing and cross-matching small insert shells.
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listle squares on the sides. One strand either of un-
waxed linen shoemaker's thread or of 6-ply or S-ply
cotton is adequate. The string is tied to the fuse and
the shell spiked just like a larger one.

After spiking, the little sheils are pasted in just as
larger ones would be. Some makers take the precau-
tion of sealing around the fuse after spiking with a
bead of white glue or Hguid hide glue, especially as
the end is not formed with a tight fitting disc, but
only of folds of paper. This glue should be allowed
to dry prior to pasting if this step is taken. Prepare
strips of 30-1b. kraft paper 5 wide x 13" long, the
grain running the 5” way, for pasting (as iHlustrated
in Part 1, Fig. 21, p. 24}. Paste the little sheils fold-
ing the overhanging paper over the botioms and
twisting ¥ around the fuse, one turn at a time, while
rolling. The pastewrap should form a good “crown”
around the 14" fuse, but enough fuse should be left
exposed so that the mark for outside cross-matching
18 clearly visible and some fuse is left below H. Set
the little shells aside to dry.

When dry, the time fuse should be pierced with
an awl (or punched with the leather punch) at the
place marked, and cross-matched with thin match
{crimping if necessary to hold the match in place).
Alternatively, some pyrotechnists prefer to cut the fuse
square across at the mark and dip in slurry priming.
A short piece of thin maich is then bent over the end
of the fuse and tied. Finally the matched, primed fuse
is dredged in fne grain powder (FFFFA or rifle
powder) and set to dry. The small shells are now
ready for assembly into the shell-of-shells.

Assembly of shell.ofushells
First variant. Celor and sheH.of.shells

Cut 70-1b. kraft 11”7 wide and long enough for
five turns around a 4%2” form - normally one 487
and one 24’ strip are used. The grain should be short.
Roll up a shell case on the 4127 form, inserting the
disc and pleating the bottom shut as usual.

Place the insert shells in a ring around the periph-
ery of the case at its bottom, fused ends up. The shells
should fit smugly in a ring; if they do not, the pattern
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will not be as good. H they do aot fit spuply, the
diameter of the insert shell case former may be ad-
justed by pasting several turns of paper on it o bring
the diameter of the cases up; whereof the snug fit of
the insert shells will necessarily follow. This process
of adjustment may take several tries. Loosely fitting
inserts may in the meantime be brought up to diame- |
ter by roliing several turns of dry kraft 234" wide ;
around their sidewalls, securing with a piece of paper |
tape. This does not seriously affect the break of the
small shell, When all shells are securely and snugly in |
place, fill the interstices between the shells and the
shell wail with rammed sawdust or rough powder, ac-
cording to practice for comets, saettines, etc. This fill
should come to the height of the sidewall of the shell, |
Now lower the usual canuile to the botiem disc, in the |
center of this ring of shells. Fill around the canuile
with rough powder to a height fust covering the cross-
matchings of the insert shell fuses. Then begin to it
cut stars arcund the canulle on top of this bed of
rough powder. The stars, for best effect, should be |
those of the appropriate size for a 4% shell, or a litte
smaller than wsual for a 5”; this is to provide that the
burst of the smaller shells is pot covered up by the
spread of the central ¢olor. Naturally, the color chosen
for the central burst should be contrasting to that of |
the insert shelis. It is better to choose a more mtense |
or bright color for the little shells than for the central
busst also for this reason,

When the color stars of the central break are filled
{o an appropriate level, fill the canulle with FFA
powder, remove, level off the top of the stars with
rough powder, and close with a disc having the usual
spolette of 134" or 134" powder charge. The spiking
pattern has the usual 24 vertical strands (see Part 1,
Tabie 10, p. 20), but the horizontal spiking at the
bottom of the shell is about twice as wide as usual |
while the portion covering the central starburst is in |
little squarecs as always. Figure 63 illustrates these |
details. )

Paste in the shell with three turns of 70-ib. kraft
and allow to dry. Then paste again with two tarns of
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Figure 63, Shell-of-shells details
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Figure 64. Derails of shell-of-shells with heavy report.

70-1b. kraft and again allow to dry. The shell may
then be weighed, finished with lift powder {one ounce
per one pound of shell weight) and leader, ali in the
usual fashion described in Part 1, pp. 23-28.

Second variant, Shell of shells with heavy report (with
or without cenfral color)

Prepare a “botiom shot” having a spolette charged
with 114" of powder. This may either be a 3"
machine made core, to be “sawdusted in,” or more
advantageously a hand-rolled case built on a 4347
disc. If the latter, begin with a 234” form having a
34" hole bored about 3% into one end, Cut a strip
of 30-1b kraft 16” long x 94" wide, Roll this up on
the form first, slipping it up a full diameter over the
form and closing one end with a tongue fold, as
previously described in the section on hand-rolled
reports,

The newsprint strips should be folded fo about
314" wide. Roll them. on uniil the outside diameter
is about 4¥4”. The strips should be flush with the end
of the form. Then cut a 48” and a 24" strip of 70-ib.
kraft about 744 - 8" wide and roll these on over the
newsprint, pasting the edge. With a knife, cut a hole
in the folded-over 30-1b. kraft for the spoleite {which
will be accommodated by the hele in the former).
Seat the spolette in its end disc firmly asainst the end
of the form and the turns of newsprint surrounding
it; -pleat the outer kraft down over the disc, setting
the folds with a mallet; and place another disc over
the folds as usual for any shell. Remove the fused
casing from the former,

Fill the inper “bag” of 30-b. kraft with flash
powder having suitable bulking agents. The fill level
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should be about 12” below the top of the turms of
folded newsprint. Fold the ends of the bag down ento
the flash. Any remaining space, up to the edge of the
newsprint core, should be filed with bran or sawdust.
Finally, an end dis¢c is placed over the core and the
outer kraft folded down. The assembled report must
then be spiked with 24 vertical strands of doubled 8-
or 10-ply cotton and pasted with five turns of 70-ib,
kraft. When dry, the report should measure about
4%’ in diameter. Scrape the spolette end and match
with two lengths of good match, tying with pasted or
tarred {wine.

The outside diameter of the report (somewhat
smalier than 4%2") penmits = certain adiustment of
the diameter of the case which is to be rolled up on
it. Tt may be enlarged with bands of paper or chip-
board about its walls until a strip of kraft rolled up
{:15)0;; it will fust saugly accommodate the seven insert
shells.

Cut a 48" and a 247 strip of kraft to roll the shell
case. The width of these will vary depending upon
whether it is desired to have a central burst of color,
then the shell-of-shells followed by heavy repori; or
just a dark opening, followed by the surprise opening
of the insert shells, then the heavy report. In either
event, roll the casing upon the report (or roll a long
color case and “sawdust in” the smailer bottom shot)
so that enough paper overhangs above the botiom
shot to allow room for the shell-of-shels, color stars
(if desired, about 334" depth) and paper to fold over
for the top.
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Place the shells in a ring, with the spolette of the
bottom shot in the center, around the periphery of the
case on the top of the bottom shot. Ram the inter-
stices with fill, and lower the canullc over the spoletie
of the bottom shot. Fill arcund the canulle, and above
the small shells just to cover their fuses, If a dark
opening is desired, at this point the canclle may be
filled with FFA powder and the shell closed, spiked,
and pasted. If color is desired in the center, it is added,
and the procedure from there is the same as in the
first variant. Figure 64 illustrates spiking patterns and
other details for this stvie of shell

The top spolette of the shell should be charged
with just 1" of powder. This will open the sheli on
the way up and allow plenty of time for the function-
ing of the contents,

Pastewrap should be one strip of 70-ib. kraft 487
long, to cover the shell bottom and to come in just to
touch the spolette; let dry and paste again with 487,
overhanging & full diameter on both top and bottom,
to be torn info six sirips, each to be torn in turn and
“forked” around the spolette. This e¢xtra pastewrap
gives the long shell extra strength, Lift with one ounce
lift per pound of shell weight.

Third variant. “Son and planets,” or two-breaks; first
& dark opening of shell-of-shells, then a burst of color

This variant combines multiple break construction
with the shell.of-shells effect to produce a sequence
of events rather the reverse of the shell described in
the first variant method. Begin by rolling a normal
color case of a 24" strip and a 487 strip of 70-lb.
kraft about 87 wide. Close the bottom with a solid
end dise and pleat down. Fill the break with color
stars and powder core as usual for the final break of
a multiple break color shell without a report. Close
with an end disc equipped with a spolette of 17 or
144" powder charge. Spike the sheli with 24 vertical
passes only of double 8-ply cotton, tying off on the
spolette. Match the spolette of the break by the pre-
ferred technique {following the discussion under maul-
tiple breaks of color).

Prepare a break case for the small shells; this will
be shorter than usual so the 247 and 487 kraft sirips
need only be 77 wide. Close the boftom with a
punched disc and pieat down the overhanging paper,
taking care not to obstruct the fuse hole in the disc.
Place the small shells in the case and il and ram
their interstices.

Set the break case with the hole in its bottom
disc over the matched spolette of the already-spiked
color break in the usual manner. Lower the canulle
of appropriate size over the spolette, centered in the
case; fill around i, and over the tops of the matched
fuses of the insert shells, with rough powder. Fill the
canuile to the proper depth with FFA powder and
withdraw. Close with a spolette and end disc, the
spolette (which will be the main spolette of the shell)
having a 1” powder charge,

Spike the break of small shells onto the color break
with 24 vertical passes of double 8-ply cotton, laying
these passes between those on the bottom color break.
When complete, spiral down to the bottom and begin
horizontal spiking of the two breaks, making lttle
squares and laying the string close at the joining of the
two breaks, then proceeding again with little squares to
the top of the shell. Tie the string off using the half-
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Figure 65, Cross-section of “sun and planets” shell.

hitch around the fop of the shell, just below the top |
disc, as usual. :

Pastewrap should be one 48”7 long strip of 70-b. |
kraft to cover the shell bottom and to come in just to
touch the spolette; let dry and paste again with 48”7 |
of 70-tb., overhanging a full diameter on both top and
bottoinr, to be torn down around the spoleite in the
usual fashion. Finish with 1t and Jeader after final
drying. Figure 65 illustrates a cross-section of this shell.

This style of shell may be further claborated by |
making the bottom break a break-and-report, In this ]
case, the bottom shot should have a spolette with a
%" powder charge. The break-and-report are made |
as usual for any multiple break shell ending in a |

report.

Fourth variant, Two timed openings of shell-of-shells
in one break.

Prepare seven insert shells in the usual manner,
marking a distance between cross-matchings of 347 as
upsual on the time fuse for these seven. Now prepare |
seven more such shells, but make the marks 1347
apart instead of 347, The insert shells should be filled
with colors making an agreeable contrast; for example,
the first seven with blue, the second seven with red,
according to the taste of the pyrotechnist. The shells
are spiked and pasted in the usual fashion. Punch and |
cross-match at the marks, keeping the two timings
separate,

Roll up a case long enough to accommodate two
layers of insert shells; the usual 24 and 48" strips |
of 70-1b., perhaps 127 wide, should suffice. Close the
bottom with a solid disc and set the first ring (the
shells with 34" of time fuse) in the case with fuses
pointing up. Ram the interstices in the usaal fashion
with rough powder or sawdust. Now Jower the canulle |
to the bottom of the case. The space around the |
canulle may be filled with small cut stars {the wsual
size for 37 or 4” shells), or it may be filled with rough
powder i a dark break is desired. When the level of
the fuses of this first ring of inmsert shells is reached
{whether stars or rough powder are being used for the
central fil}), a bed of rough powder should be made
to cover the fuses of the first ring of shells. The sec-
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ond ring of shells (with 1%4” of time fuse} should
then be placed, with fuses pointing down, so that those
fuses lie between the upward-pointing fuses of the
first ring. Carefuily fill more rough powder so that these
fuses and ftheir cross-matchings are submerged. The
central area beiween the shells.and the canulle may
then continue to be filled either with stars or rough
powder right to the level of the upturned botioms of
the second ring of insert shells.

The mnterstices between the second ring of shells
and the case wall may be filled either with rough
powder or carefully with sawdust, and rammed. If saw-
dust ks chosen, care must be taken to avoid getting any
in the central area between the canulle and shells. Fin-
ally, fill the canulle with FFA powder and withdraw
it. Level off the fill with coarse rough powder and close
the shell with a spolette having a chaige of 144" of
powder and its disc. Pleat down overhanging paper;
put the second disc in place, and spike with the usual
24 vertical strings and horizontal strings to make littie
squares on the sidewalls of the case. Paste with three
tarns of 70-lb. kraft, dry, and paste again with {wo
more turns. After drying, lift and leader in the usual
fashion. Figure 66 shows a cut-away view of this sheli.
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Figure 66, Two timed openings of shell-of-shells
in one break.

This style of shell may also be made with a botiom
shot, and if this is to be done, the spoleite of the bot-
tom shot may be rammed with 134" or even 27 of
powder. The top spolette of the sheli should then have
only 17 of powder in i, and the pastewrap should
consist of six turns - two, 48" sheets in the fashion
described for the second and third variants,

{eneral observations

The possibilities for variation on the sheli-of-shells
are numerous, by no means confined to those outlined
here. These general principles should always be borne
in mind, however: (1} the insert shells must fit
snugly in the case of the large shell. This may be ac-
comptished either by adjusting the size of the insert,
or the size of the shell case; but if the latter, never so
as to enlarge the case to a point where the finished
shefl will not fit its mortar easily. (2) If color stars
are to be in the same opening as insert shells, they
should be smaller than the normal size for the shell
in guestion; in other words, use stars of the normal
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size for 4” shells in 5”7 and 6” shell-of-sheils; stars of
the normal size for 57 and 6" shells in 87 shell-of-
shelis. (3) When muitiple rings of shells having dif-
ferent timings are used, the shorrest timing is placed
on the bosrom {or on top of the botiom shot); followed
by the next shortest; and so on, with the longest tim-
ing closest to the top, next to the spoletie. Those com-
ponenis placed at the top of the break are projected
farthest from the break; those on the bottom tend (o
remain closer to its center, Since it is desired that the
rings form themselves concentrically, it is logical to
have the shortest timing closest to the center, etc. (4)
As opposed to musdtiple break shelis ¢in which, when
many breaks are involved, the shell must be opened
on the way up), when a single break of several timed
openings of sheli-of-shelis is fired, it i1s desirable to
have the shell as nearly stationary €at i#ts apex} as
possible. Then the insest shelis will have only outward
momentum from the break and gravity working on
them, and will be most likely to form a symmetrical
pattern. Thus a spolette of the full length should be
used, and a generous iift charge to obfain the greatest
possible altitude,

Insert shells for larger shells may of course be
made larger than those described here. It is desirable
to have at least six, and possible to have many more,
in each ring. Smail shelis may be made as described
here; larger ones may be made with end discs just as
full-sized single-break shells, and in very large shells
(such as 8 and larger) the inseris may even be fused
with spolettes for extra precision. Shell-of-shells effects
can of course be combined with other effects in -
tiple break shells when extremely elaborate shells are
made. In such circumstances, it is generally wise to
place them in the first break, since, as discussed under
multiple break shells, the first break often secms fo
break harder than the subsequent ones, giving a bet-
ter spread and a more symmetrical pattern, especially
to be desired with shell-of-shells.

ROSETTES

As a change from the usual type of insert shell
made with colored stars and powder, rosertes made
with exactly the same style of case, spiking, and past-
ing, but containing instead a special granclated flash
powder are occasionally made. The effect resembles
to some extent that of a titantum report, but is not so
loud, and the silver splatter is more of a streamer or
spiderweb in its appearance than is the titaniom, which
is particulate in appearance.

The flash powder is mixed of the following
formula:

Parts %
Potassium chlorate ....... 5 58.82
Bright aluminum ........ 244 20.41
Antimony sulfide ........ 1 11.76

(ireat care must be taken in mixing these ingredients,
and the sieves used to mix them should be reserved
particularly for this use, and washed between uses.
After the mixed ingredients have been sieved three
times through 20-mesh, they are ready for granulation.
Fresh wheat paste must be mixzed, rather thin (1 b,
of paste to 10 pints of water or so}. Do not use paste
which may have undergone, or may be undergoing, &
souring reaction! If the above mixture is made in
pounds, somewhere between four and five pints of
such paste will be needed to reduce it to a granula-




i
E

TRADITIONAL CYLINDER SHELL (CONSTRUCTION

table condition. The resultamt dampened mixture
should have a consistency like dough and be able fo
be consolidated into a ball.

The granulation should be done through 3x3 hard-
ware cioth, pushing the composition a couple of iimes
through the sieve just to make sure it is well mixed.
Finally, granulate onto paper-fined drying trays, as if
making rough powder, After the resuits of this granu-
lation have had an opportunity to dry for an hour or
so, gently re-granulate through 3x3, using a sweeping
motion. This repeated granulation tends to round the
grains and 1o eliminate the dust,

After drying for several days in the shade, the
dried rosette composition should be gently broken up
and again sieved through the 3x3 cloth. The loose
granules should then be shaken on 8x8 hardware cloth
fo remove those granules that are too fine. The desired
result is a dust-free, coarse granular material, passing
3x3 and retained by the 8x8.

The insert shell cases are filed full of this material
without other additions. They are then spiked, pasted,
and prepared for insertion in shell-of-shells just as any
mser{ shells would be. The most effective use of ro-
seties is made in shell-of-shells that open dark and
contain one or more timed openings of rosettes, fol-
lowed by a heavy report.

TIMED INSERY EFFECTS USING SPOLETTES

As experience in making multiple break shells
amply will demonstrate, the variation in length of
powder charged info a spolette is a versatile technigue
for timing a sequence of effects in a shell. This tech-
nique is exploited to the fullest, however, not in mul-
tiple break sheils (where one spolette takes fire
successively after another), but in shells containing,
in one break or opening, several inseris each equipped
with its own spolette, Hach spolette is charged with a
different length of powder. When the shell opens, all
spolettes take fire simultaneously; each burns through
at a different time, resulting in a succession of effects
timed (if the work has been done correctly)y with
clockwork precision.

In order to simplify further discussion, a word is
i order about the spoletes used for these thned effects.
The tubes used are those appropriate for 3 shells (see
Part I, Table 5, p. 12) - 5/16” inside diameter,
550" outside diameter, and 2” long, or for longer
timings, the same inside and outside diameters by 3”
Iong. The spolettes are charged in increments of 14" of
powder, and are denoted by the pumber of quarters of an
inch of powder charged in them, as in Table 21 below.

Table 21. Spolette charges for timed effects,

Length of
Drescription Fube dimensions charge
No. | 5/316" x 5507 x 27 4"
No. 2 5/16" x 350" x 2" b
No. 3 5/16" x 350" x 27 S
No. 4 5/16" x 350" x 2" 1"
No. 5 5/16" x 350" x 2" 134"
No. 6 5/16" x 55G" x 2 14"
No. 7 5/16" x .850" x 37 34"
No. 8 5/16" % 550" x 3 2"
No. 9 57167 x 550" x 37 2"
No. 10 57167 x.550" x 37 218"

The spolettes are to be matched, nosed, tied, and
pierced through the nosing as described in Part I, pp.
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11-13. ¥ may be noted that while the small tfubes
described above are used for inserts in a break, it may
be desired to ram the indicated number of incroments
for one of the above timings in a large tube, as for a
bottom shot, between breaks, etc., and in this case, i
further discussion, this will be indicated, e.g., “No. 7
(large spolette} for bottom shot.”

Timed report inserts

A convenient size for timed report inserts is
“nominal 27,7 in other words, the size that would be
shot from a mortar of 27 actual diameter were they
10 be used as single fire reports. These actually finish
atf a diameter slightly in excess of 194", and fit four
per layer in 537 shells {made on a 442" form}, or six
per layer in 6" shells (made on a 5}2” form). They
are made like small hand-roiled salutes, with the
exception that no end discs are used; the eads are
formed of folded paper.

To roll such a salute, have a former made 134"
in diameter, approximately 6 long on Hs working
surface {exciusive of handle), with a hok approxi-
mately 3™ in diamcter bored about 4”7 down its
length, centered on the flat end. This form is thus very
mach like that used for small shells for shell-of-shells,
except for the diameter of the hole. The Jarger hole is
necessary because of the larger diameter opening that
must be pierced in the folds forming the case end, to
accommodate the spolette.

Also have a pointed piercer turned from a 14"
steel rod. This need not be equipped with a handle,
since hand pressure will not be sufficient to force
through the folds, and it will be npecessary to drive #
through with a mallet. Figure 67 illustrates this piercer.

Figure 67. Piercer for report ends.

Cut strips of 30-1b. kraft 5 wide x 8” long, grain
57, these are to form the inner bags of the small
reports. Roll up the kraft on the form and slip & up
over the ead about one diameter, folding the ends
shut with the tongue fold. Take the form, with folded
over kraft stil on it, and roll up, over the kraft, and
flush with the end of the former, a strip of ¢hipboard
2%2” wide and long enough to bring the exterior
diameter to 1347, The length of this strip will vary
with the thickness of the available chipboard; naturally,
a thicker chipboard will build wp to diameter with
fewer turns and thus a shorter piece will be needed
than would be with a thinner chipboard. Try a 221"
or 237 strip of 0307 to start with, and adjust as
necessary, using an outside calipers set at 134" as a
gauge. If one strip of chipboard will not build up to
the proper diameter, try adjusting the imside diameter
of the case {i.e, the former diameter); the only thing |
critical is the outside diamster of the report. Finish
the report with a strip of 40-Ib. kraft 67 wide x 18" |
long. This is then folded down with a tongue fold fo |
form one end of the case, secured with a dab of glue,
and consolidated by rapping on the workbench.
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Figure 68. Details of timed report inserts.
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Placing the piercer squarely on the center of the
case end, drive it through the folds with the mallet,
making sure it penetrates to the full 4" diameter
portion of its shank. Holding the folds shut with two
fingers (one on either side of the plercer) extract the
piercer {otherwise it has a tendency to puli the folds
open}. The pierced case may now be removed from
the form.

Insert spolettes of the required timings into the
pierced holes. They should be inserted so thae 114”-
1%2" of their length protrudes from the case, regard-
less of whether they are 27 or 3” tubes (this is fo
assure that they stack uniformly in the shells they are
put into), The flush rammed end of the spoletie is
on the outside, nosed and matched end inside the
case, as in a normal single-break sheil or report,

Fill the inner bag with flash powder (which need
not be dilated with filling or bulking agents) to about
12" below the chipboard core. Fold the inner bag shut
and push the folds down to the level of the chipboard
or below. If space is left, this may be filled with a
little sawdust, Finally, close the outer 40-Ib, kraft with
a tongue fold. The reports may now be spiked.

Spike with two strands of 8-ply cofton, making
cight vertical passes (forming two crosses at 45° from
each other on the bottom of the report). Horizontal
or circumferential spiking is optional; the string may
be tied off on the spolette after the vertical stringing
Is done, When the paste on the string has dried, it is
important to seal well around the base of the spolette
where it meets the string and folded paper of the case
end, using white giue or liquid hide glue. When this
glue is dry, the reports may be pasted with four turns
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of 30-ib. kraft, or a piece of 64" x 247, grain
644", This should be folded on the bottom, and twisted
around the spolette, while rolling; the paper should
form a solid and heavy crown about the spolette, to
seal the report against any premature ingress of fire
Figure 68 illustrates steps in the rolling, filling, spiking,
and pasting of report inscr(s.

Consfruction of 5” color and S-timed reports

Prepare four small reports with spolettes #2, #3,
#4, and *5, in the manner just described. Prepare a
botiom shot for a 57 shell as previously described. The |
spolette should be 2 *6 or perhaps better a 7, to
alfow a little extra time for the small reports. Match
all of these spolettes by tying two strands of match |
over their scraped and roughened powder charges.

Cut a 48" and a 24”7 kraft strip 1412-15" long, ]
Roll these up on the bottom shot in the usual fashion |
for color and report; alternatively, if the bottom shot |
is made with a 312" machine-wound core, roll a long
case on the former, and “sawdust in” the botiom shot. |
This case should be exactly like a normal color and
report shell except for the extra length to allow for
the timed reports. Now the four smaill reports may be
put in place around the shell wall. I the small reports
do not “seat” well on the fop of the botiom shot, |
sprinkle some sawdust or rough powder in hefore
placing them, so as to have no hollows or air spaces
at this juncture. They should fit snugly, with the
spolette of the bottom shot sticking up in the central |
area amongst them. The interstices between the shell |
case wall and the small reports should be rammed |
with sawdust or rough powder, in the usual fashion.
The central area up to the top of the sidewalls of
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Figure 69. Color and five-timed reports,




PYROTECHNICA * X1

the small reports is filled with FFA powder as a
spreading charge. Now lower the canulle of appropri-
ate size for the shell down onto the bed of FFA
powder in the center. Fill around it with rough powder,
to cover the spolettes of the small reports., On this
bed of rough powder fili and consolidaie stars of the
desired color or colors, to a height of 33427.4", Fili
the canulle with FFA powder, remove it, and level the
top fill off with more rough powder. Close the shell
with & disc and spolette having a powder charge of
17, Spike with the normal 24 vertical strings, coming
up wide over the reports and making little squares as
usual with the horizontal strings over the part of the
case containing the cut stars. Figure 69 ilustrates
cross-sectional and exterior (post-spiking) views of
this shell.

Paste with one 48" sheet of T0-lb. kraft, coming
in just to touch the spolette on top, and covering the
bottom; let dry. Paste again with one 48" sheet of
70-1b., extending a full diameter over the top and bot-
tom both, fearing into six strips on the top and tear-
ing each strip halfway down to “fork” around the
spoletie. After this is dry, the shell may be fitted with
iift (one ocunce per one pound of shell weight} and
leader.

The shell may be made with no colored stars, to
break dark. In this case, the small reports may be
made with #§, #2, #3, and #4 spoleties, and the bot-
tom shot with & #5 or #6. The reason for starting with
a ¥2 when color is used is to permit the color break
to develop before beginning with the reports; a #1
spolette will cause the first report to break almost as
the shell opens, which would spoil the effect of the
color. I the shell is made with no color, the paper
for the case may be cut fo a shorter width accordingly.

Construction of 6” color and 7-fimed reports
Prepare six small reports with spolettes of #2, #3,
#4, #5 #6, and %7 lengths. The bottom shot for a 67
shell should have a *8 or even a #9 spoleite in its
usual size tube. Scrape and roughen, and match all
spolettes as for the 5 color and five-timed report shell.
Cut two 48" strips of 70-lb. kraft 16-17” wide.
Roll up the case on the botiom shot {or ¥ 1t is made
on a 4%2” core, roll up the case on the former and
“sawdust it in”). Place the small reports around the
sidewall and ram as usual with sawdust or rough
powder. Set the canulle down over the spolette of the
bottom shot and fill around it with rough powder, up
to the tops of the spolettes of the small reports. Fili
with colored stars to a depth of 47 or so, consolidat-
ing in the normal fashion; fill the canulle with FFA
powder, remove, level off with rough powder, and
close with a disc and spolette having a powder charge
of %7, This short charge becomes necessary because
of the long timing of the many inserted components.
Spike with 32 vertical strings and horizontal spik-
ing, wide over the reports and making little squares
over the color, as in the 57 five-timed report shell,
Paste in with two 48" sheets of 70#, the first to come
into the spolette, the second to tear down around it
just as in the previous example (allowing drying time
between the two pastings). Lift and leader as usual
This shell may also be made without color, and
the timing of the small reporis may then again begin
with the #1 spolette and may be shortened accord-
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ingly through the sequence, in the same manner and
for the same reasons as the 57 five-timed report shell.

Construction of 5" 9.timed reports

Having mastered the fAve-timed and seven-timed
report sheils, the more difficult project of nine-timed
reports may be tackled. This shell approaches the
limits of timing of effects contained in one opening,
and care must be taken that none of the reports fall
too close to the ground {much less on the ground).
1t should be said here that it is extremely unwise to
put a spolette with more than a 22" powder charge
on any bottom shot or insert. Htems with more time
can and will come all the way back down. Better to
have too short a time on the spolette of a bottom
shot than to have it drop in a crowd! Not only must
the timing of the reports be impeccable, but also the
shell must be constructed strongly, to withstand the
heavy Hft.

The bottom shot, made as usual for a 37 shell,
should have a spolette of #9 or even #10 duration.
The eight small reports will begin with #1 and go
through the sequence to #8. Begin by rolling the case
up on the bottom shot. It may consist of one 48" and
one 24" strip about 15-16” wide, or, for exira strength,
two 48" strips of 70%. The “sawdusted in” bottom
shot is not recommended for this shell, as it is difficult
to achieve firm ramming of the sawdust in such a long
case, and also it is more time-consuming to manipu-
late; also, the usual case form is not long enough to
roll such a case.

Making a bed of rough powder or sawdust so that the
small reports may be seated firmly with no hollows nor
air spaces on the top of the bottom shot, piace repozts
#35, %6,%7, and #8 in the case, their matched spolettes
pointing up. Ram the interstices with rough powder
or sawdust. The central space, accommodating the
matched end of the bottom shot, should be filled with
FFA powder to the height of the small reports’ side-
walis. Some makers, however, eschew gny use of FFA
powder in a nmine-timed report, feeling that the shots
will be spread adequately with pure rough powder
while opening the shell during ifts ascent.

The space above the sidewalls of the smail reports
is usually filed with rough powder, until the spo-
lettes, and their match, are well covered. The #1, #2
#3 and *4 reports are now put in place with their
matched spoleties down. These spolettes shouid fit into
the spaces between the spolettes of the first ring of
small reports which have upward-pointing spolettes;
in other words, the reports in the top ring are stag-
gered. At this point, the rough powder filling between
the spolettes of the bottom ring should stil be some-
what loose. Push the reports in the top ring down so
that they scat firmly in this bed of powder, Now 2
little powder is poured into the central hollow and
lightly consolidated with a wooden stick. The inter-
stices between the top ring of reports may be rammed
either with rough powder or with sawdust; but i
sawdust is chosen, care should be taken to get none
down the central hollow.

it is desirable fo communpicate fire quickly to the
center of the break to ignite all the spolettes of the
small reports, as well as that of the bottom shot. In
order to accomplish this, the spolette for the main
break of the shell is often equipped with especially
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long match, and often a “splint” of thin wood (such
as a long matchstick) is tied in with the nosing so
that the match is not broken or bent when forced
down the central powder core. A better way, however,
is to hold the matched spolette in place while filling
the powder around it in the central hollow of the top
ring of reporis. When filled, the spolette will rest in
its approximate final position, and this may be ad-
justed by slight puiling and pushing or lateral move-
ment that will not be so likely to break the long match.
Finally the punched end disc is placed down over it
and firmly seated in place. The bottoms of the top
ring of reports should, needless to say, be as even and
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Figure 70. Nine-timed reports.
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ievel as possible; if there are any irregularities, the top
of the shell may be filled to level with rough powder
as usual, before seating the end disc,

The shell should be spiked with the wusual 24
vertical strings, with side stringing coming up wide
over the bottom shot, and about doucbie width all the
way up to the top over the area of the small reporis,
Pastewrap is two 48" sheets of 70%, the first coming
into the spolette and the second extending the fuli
diameter, torn down and forked around the spolette,
as previously described, drying as usual between the
two pastings. Lift and leader as usual, using one ounce
of iift per pound of sheli weight. This shell must be
fired from a sound, fulldength (30" minimum} 5
mortar, observe it closcly and if the bottom shot falis
oo low, more liHt is necessary, This shell should open
while 1t is still on the way up, and momentum carries
the components further upward before they begin to
fall. Also it should be noted that the two rings of
reports are placed differently than in shell-of-shells.
Here the shorfer thmings are in the top ring precisely
because they will be thrown out farther from the burst.
The pattern of the reports is of no concern (as com-
pared to a shell-of-shelis where symmetrical rings make
the effect).

Figure 70 illustrates the cross-sectional and exterior
views of a nine-timed report, as well as a top view
showing the staggering of the reports.

Construction of a 57 draw-out shell

Previous discussion has centered on shells which
contained a variety of fimed reports all in one opening,
The so-called “draw-out” shell relies on combining this
timed-report  construction with wsual multiple-break
techpique. In construction, it is a normal shell of two
color broaks and report; however, the first break con-
tains four timed reports, and the second color break
does not open until these timed reports have all ex-
ploded. The final heavy report follows the second color
break with normal timing.

Begin by constructing a bottom shot for a 5 shell.
The spoiette shouid be charged with 347 of powder.
Roil up, fill, and close the bottom break and repost
all in the usual fashion. The spolette {charged in the
usual farge tube for breaks on a 5” multiple break
sheil, viz., 22" long x 3™ or 5/16” LD x 38" or
11/167 O.0.) should have the #5 charge, 1147, Spike
this break and report in the asual fashion, Maich the
spolette by the preferred technique (see discussion of
multiple break shefls).

Roll a long case for the top break and four timed
reports; the paper can be one 48" and one 247 strip
of T0%, each 13-10V2" wide. Place the four matched
reports, spolettes pointing up, on the punched disc at
the bottom of this case. Ram the interstices with saw-
dust or rough powder and set the case on fop of the
previousty spiked break and report. Lower the canulle
over the matched spolette of the break-and-report.
Fil around it with rough powder, up to cover the
spolettes of the small timed reports. Fill above the
reporis with colored stars, consolidating as usual; fill
the canuile with FFA powder and withdraw, Level
the fili, consolidate, and close the shell with a disc
and spolette having a 34” powder charge. The
timed reports in this shell should have #31, #2,
#3, and *4 timings.
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Now, spike this break on with 24 vertical strings,
laid between the 24 verticals previously spiked on the
bottom break and report. Having finished the verticals,
spiral down to the bottom, coming up wide over the
report. Spike as usual with jittle squares over the color
break, then lay the string close over the junction of
the breaks. Come up wide over the timed reports,
again making squares over the color of the first break,
finishing by casting the usual half-hitch over the shell
at the top of the first break. Pastewrap is one 48”7
sheet of 70 to come into the spoletie, and one 48"
sheet of 70¥ extending the full diameter, torn down
around the spolette as in previous exampies, with dry-
ing between the iwo pastings. Lift with one ounce per
pound of shell weight up to 10 lbs, ¥2 ounce per
pound thereafter. Figure 71 shows cross-sectional and
exterior views of this shell,

This style of sheH is subject to further elaboration,
which usually takes the form of special effects other
than cut stars being put in the second break. Saettines,
shell-of-shells with 34" timing between cross-neatch-
ings, and whistles are examples of such effects. If this
is done, the spolette of the boftom shot may be
lengthened to 1”7 or 134 to delay its explosion until
the effects are finished; the other timings (of the main
spolette and timed reports) should be kept the same.

It should be noted that the two openings of a
draw-out shell apply force over the full diameter of
the shell. If one employs a first break of color with
the four reports, this can be sufficient to hait the up-
ward travel of the shell, if the orientation of the shell
in the air is right. Therefore, if there is too much time
on the second break, such downward travel could be
accelerated (if orientation of the sheil were again just
right), and the bottom shot could hit the ground.

Construction of 57 hammer shell

The use of spolette timing of insert effects is not
confined to reports. ¥ may also be used to time bursts
of color, by themselves or mixed with reports. One
such effect traditionally made is the so-called “ham-
mer” shell, which consists of four color bursts alier-
nating with four reports, timed in sequence: color,
report, color, report, color, report, color, report. H
success has been achieved with the timed-report effects
previously described, this shell is simple in its concep-
tion and should pose no problem.

Make spoleties with powder charges #1 through #8.
Assipgn the evermnumbered spolettes, #2, #4, #6, and
#8, to the manufacture of timed report inserts exactly
as in the previous examples. For the odd-numbered
spolettes, provide a former 1347 in diameter, and a
supply of 134" end discs, some punched with 47
holes for spolettes, some solid; small cut stars as for
sheli-of-shells inserts; and strips of 125-1b. tagboard
242" wide x 117 long; and strips of 60-ib. kraft paper
57 wide x 18” long, These materials are used to make
the small color bursts, The 134" case former should
have a 3" hole bored 3-4” down the center of one
end, to accommodate the matched end of the spolette.

Rell up the 60-1b. kraft on the form and paste
down the edge. Slip this tube up over the end of the
formes, in the fashion well known for shell cases, and
insert the fused disc, maitched end into the hole in the
former. Pleat the overhaoging paper down over the
disc, setting the folds and placing another disc over
them to hold them in place. The spoletie, regardiess
of whether it is a 27 or a 3” tube, shouid be seated
so that about 135” protrudes from the end of the
case. Remove the case from the form; roll up a strip
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Figure 71, “Draw-out” shell,
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of the tagboard and mmsert it into the case as a liner
{some pyrotechnists prefer to roll the tag, then the
kraft, on the former — i is a matter of technique
and whatever is easier is acceptable). When the four
fimed color burst cases are finished, they are ready
to be filled.

Fili them like shell-of-shells; ic., stars and powder
may be put in alternately vntil the level of the liner
is reached. It is difficult to core the powder in the
cenpter with so small a case. Level off the fill with
more powder, and push an end disc down onto the
stars and powder. Close the bottom of the case with
a tongue fold over the disc.

Spike the color sheils like larger shells, using eight
vertical strings and horizontal spiking to make little
squares on the sidewalls. Seal well around the spolette
with glue after spiking. When this is dry, the litde
shells may be pasted-in with a 6% x 18" sirip of
30-1b. kraft, grain the 63”7 way, forming up the
crown about the spolette in the same way as with the
timed reports,

When all the color and the report inserts are dry
and ready, scrape and match all their spolettes in the
usual fashion. The case for the shell may conveniently
be roiled with a 107 wide strip each 24”7 and 487
long, closing not with a solid disc, but with a punched
one. After removing from the form, insert a spolette
nosed with long match into the ponched disc; place
another punched disc over the folds and press the two
discs and the folded paper between them together
with the hands, adjusting the spolette {0 make sure
# Is straight and incerted in the case to the proper
depth. This spolette should have a powder charge
of 34",

Now the first layer of effects (viz, color #1, re-
port #2, color #3, and report #4) may be set in place
with the spolettes pointing up, the interstices between
the inserts and the shell wall rammed with sawdust or
rough powder, and the central hollow around the
matched and nosed spolette filled with FFA powder,
or a 50:50 mixture of FFA and rough powder, Build-
ing the shell on the fused disc in this manner obviates
any problems with insertion of the spolette.

Now fill to cover, with mixed FFA and rough
powder, the matched ends of the spolettes of this first
layer. Place the second layer of effects (viz., color
#5, report 6, color #7, and report ¥8) with matched
spolettes pointing down, staggered so these spolettes
nest in between those of the first layer, exactly as in
the pine-timed report shell. Ram the interstices with
sawdust or rough powder (if with sawdust, observing
as usual the precaution not to get any in the centrai
area); §il the remaining hollow in the ceater with
more mixed FFA and rough powder, shaking and
consolidating well to ensure that the area around the
spoleties and crowns of the effects is well and solidly
filled. Fipally, if there i any irregularity of the ap-
turned bottoms of the small reports and color sheils,
fevel the 6 with rough powder. Insest a solid disc;
pleat the overhanging paper down, and the. shell is
ready for spiking

Spike with the usual 24 vertical strings, and hori-
zontaily at about double the usual width, as for the
nine-timed report shell. Paste in with two 48" strips
of 70#, the first to come into the spolette, the second
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to be torn down arcund the spolette, as on the nine-
timed report shell. Lift and leader as usual.

This shefl may be made with a bottom shot, using
the timings for the nine-timed report shell. In this
case, the sequence of color and report bursts should
be reversed, with the reports using the odd numbers,
the color shells the even ones, and the sequence will
thus be repost, color, report, color, report, color, re-
pori, color, heavy report.

Construction of 5” 8<timed spider shell and 9-timed
spider shell

This shell is comstructed very similaily to the
hammer shell, except that the effects are ali constructed
like the color sheils for the hammer shell. The stars
with which the small shelis are filled are of a charcoal
streamer type, In order to procure a harder burst, some
pyrotechnists add & small amount — %8 ounce, for
example ~— of locse flash powder io the contents of
the small shelis. It is almost impossible in a 1347
shell to make a sufficiently small flash bag to tie on
the end of the spoletie to contain this flash powder.
Others find that finely granulated gunpowder, e.g.,
FEFFA, will give a sufficiently hard burst {o make a
good spider. Once the smali spiders are made, the |
filling, spiking, pasting-in, and finish of the sheil foilow
the pattern of the 37 hammer shell,

Like the hammer shell, the timed spider effect may
be made with a report at the bottom, using the timings
for nine-timed reports. Another possibility s to con-
sfruct the shell with a large spider as the second break.
This may be made with the *9 or #10 timing, rammed
in a large spolette, with a flash bag tied onto it, and
fifled as for any bottom spider on a multipie break. |
This is then spiked vestically with 24 vertical sirings |
and the cight-timed spiders put in a break case on
top of the bottom spider break. It is convenient to roH
the break case iike the case for a normal cight-timed |
effect, and to place the bottom row of four shells,
spolettes up, in it and to ram their interstices with
sawdust or rough powder. This case is then set with
punched disc on iis bottom, over the matched spoletie
of the bottom break, and the filling of the top layer
{spolettes down) of four shelis completed with the two |
breaks stacked together, The main spolette of the shell,
charged with 347 of powder, is set in plece as with
the nine-timed report shell, the il leveled with rough |
powder, and the punched disc placed over the spoletie
and firmly secated. Pleat the overhanging paper down,
put another disc on over the folds, and spike, as for
any two-break, with the 24 verticals laid between the |
strings previously spiked on the bottom spider break.

Horizontal spiking proceeds down the side, and up
over the spider break on the bottom making little
squares; laid close over the junction of the two cases;
and up at about double width over the timed spiders, |
just as for the nine-timed report shell. Figure 72 iitus-
trates crosswsectional and exterior views of this shell,

Some pyrotechnists believe that making a nine-
timed spider shell is dangerous when using real spider
shells. In modern practice some makers call a sheil
“ning-timed spiders” while actually using all sferas |
instead. True spiders as bottom shots are not advisable;
and with sfera sheils, small flash bags could conceiv-
ably be used.
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Figure 72. Nine-timed spiders.

General observations

As with sheli-of-shells effects, it will be evident
that there are many possible varations and combi~
nations of spolette-timed effects. With experience, the
pyrotechnist may adapt the techniques described here
to vary the sequence of evenis to his taste. They may
also be combined with other effecis or types of con-
struction; for example, one might have a dark open-
ing of shell-of-shells as a first break, followed by a
second break of color with four timed reports, then
a heavy report.

While 5 is a typical size for these effects, and
smaller sizes would be ineffective, larger sizes of 67,
77, and 8” are good for timed effects —— particularly
the hammer and timed spider type, where timed color
bursts are used. These Jarger sizes are more seldom
seen, because of the additional expemse in making
what are already laborious shells in the smailer 57
size. However, the use of larger inserts is made pos-
sible and the effect is still better. In 67, the insert
effects to fit four per layer should finish at about 234"
in diameter. Color bursts for hammer and timed spider
shells are typically made on either a 27 or 214" form,
and reports may be rolled on a 132”7 or 134" form
with the chipbeard core diameter at 27 to 2%4” before
rolling on the outer kraft. In 77, full sized 3” color
shells and reports, rolled on 232" forms (or cores of
215" outside diameter) fit very conveniently in a case
rolled up on a 6%” former, Bight-inch, timed-effect
shells are generally made with five shells per layer,
using full-sized 3" shells. If a double layer is used,
this permits 11 timings, so care should be taken to
-assure all of them burst well above the ground. One
inch is a good starting charge to use in the spolette
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of a 7”7 or 8” timed effect sheil, allowing plenty of
lift charge.

The uniformly scccessful achievement of timed-
effect shells in these larger sizes represents one of the
most demanding challenges in pyrotechny. Such sheils
should not be attempted until the simpler timed eoffects
in smaller sizes have been mastered. Also they should
not be used in public exhibition until the pyrotechnist
has made adeguate trials with the timing on ali spo-
lettes to ensure that no inserts or bottom shots come
back down before exploding. The order in which the
various sheils described in this section have been pre-
sented approximates, in ascending order, their difficulty.

PARACHUTE SHERLS

The saccessful deployment of a ilare or other
pyrotechnic device from a parachute that has been
gjected from a shell is one of the more difficult achieve-
ments of the shell-builder, In recent years, importation
of adequate parachute shells from the Orient (made
in the traditional Oriental ball-shell form), coupled
with the increasingly close quarters in which firework
displays must be shot (making any parachute effect of
doubtful safety) have conspired virtually to climinate
the traditional cylinder-style parachute shell from cur-
rent manufacture. Its construction is now an element
of knowledge missing from the expericnce even of
many otherwise accomplished shell builders.

The construction of paper parachutes, their shrouds,
and their folding and preparation have been well des-
cribed in. several published works on pyrotechny.
American makers have tended either to purchase pre-
pared paper parachutes from the Orient (these were
once, and may still be, an article of commerce among




