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Conditions for Designing Japanese Fire-Display-Shells of

Chrythanthemum Type

by Takeo Shimizu

The Japanese fireworks of chrythan-
themum type are very popular because of
their brilliant beauty. But the precise
conditions for designing them are not yet
determined. Here we have tried to clari-
fy them.

Sample shells are prepared under the
various conditions of

(1) bursting charges:

(H) potassim chlorate powder,
(S) black powder,
(P) potassium perchlorate powder,

(2) shell papers:

(V) Japanese paper, called “Kozosi,”
(M) kraft paper,

(3) stars:

(B) blue to flash, 8mm and 12mm
in diameter,

(/) green to flash, the same in dia-
meter as (B),

(4) sizes of shells:

(D,) 4sun (about 5 in.) indiameter,

(Ds) 5sun (about 6 in.) indiameter,
(5) strength of shells:

(W), (Wis), (M), (My).

For example, in the case of (D,), ()
means a shell which consists of §x4=32
layers of “Kozosi™, and (M,) means an
other shell which consists of 4x4=16
layers of kraft paper, suffix 8, 16, 4 or 8
denoting the number of layers of shell

32

paper.

62 pieces of shells are prepared. In each
shell stars are arranged in shape of a ring
s0 as to facilitate the analysis of the re-
sults, except the six standard shells, in
which stars are arranged in usual form,
spherically inside the shells.

Each of these shells is exploded at low
height near the ground, and the photo-
graph is taken by a camera with a rotat-
ing shutter which shuts one sixth of one
revolution and whose velocity is 25 r.ps.
For checking, a 16mm moving camera,
was also used, although it does not afford
such accuracy as the former, but this is
recommended to know the conditions of
burning of a bursting charge at the time
of explosion of a shell,

The locus of each star in the photo-
graph is shown as a dotted line on a film,
and we can calculate velocity and accele-
ration at any point along the line by
measuring the length of a dash.

Analyzing photographs by this way, we
know that, though stars move while they
are burning, the law of air resistance
follows the Newton's law approximately,
and is written as

o (!)—?;: =— 0483153,

where v is horizontal velocity of a star
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and p’ (¢) is weight per unit area (m®)
of section of the star. As the star burns
while moving, p’ () is a function of burn-
ing time f, Solving this equation, we
obtain

v=vly (As, 7, 1) CL);
I= T,Fz (1‘1} f}r b) (2 )v

where v is initial velocity of the star, z
is horizontal distance measured from the
origin to the position of the star at time
i, 1" is T'/(1—Ry/K:) [where T is burning
time in the reffered zone of the star, i. e,
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blue or green zone, and I; and K, are its
inside and outside radii respectively (cf.
Fig. 1)] and F, and F. are velocity and
distance functions respectively, which va-
ry according to three parameters, i. e. -,
¢ and b. A, is inversely proportional to
burning .velocity and to specific gravity
of the zone. 7’ is equal to (1—v/R.), wh-
ere r is radius of the star at time f. b
shows the relation between specific gra-
vities of inner and outer zones of the star.
When inner and outer zones are same in
specific gravity, =0, and when inner sp-
ecific gravity exceeds outer one, 5>-0. Fig.
2 and Fig. 3 show F, and F. respectively
in cases of (A) =0 and (B) >0

Near the origin of explosion the loci of
stars are not dotted clearly, because each
star is accompanied with a long glitteri-
ng tail caused by burning of the ignition
powder before the blue or the green zone
burns. Because of this phenomenon we
can not know directly initial velocity of
a star at the explosion point, and so we
must calculate it by dashes clearly phot-
ographed near the origin using a reducing
formula:

V:='L'g(::kz””+ H‘.‘.‘cﬂky}'w._l__ gi:{,(c‘_‘ky;p!_l)l

where V is initial velocity of the star, %
is a constant equal to 0.366, determined
by air resistance, v and u are holizontal
and vertical velocities of the star respec-
tively at the measuring point near the
origin and g is the acceleration of gravi-
ty.
co-ordinates of the measuring point.

z and y denote holizontal and vertical

ITRAXEB 2
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Calculated initial velocities of stars are
50~130 meters per second. Using these
data we obtain a semi-empirical formula:

V=591 (1::0.084) (fa)"**™ (p/

{T) _“'3”‘-1_0'3528"13"2 janAd

(3
where f is force of explosives, m is we-
ight of bursting charge, p is initial weight
of a star, ¢ is area of section of the star
and 4 is Charbonnier’s vivacity of burst-
ing charge. M. K.S. unit is used for the
formula. Combining formulae (1), (2) &
(3) we can now design shells by calcula-
tion.

In the above study the important con-
clusions are as follows.

(1) Burning time of a flying star is
the same as that of the still star, so we
can use the data rest on designing in pl-
ace of unknown data of moving state.

(2) The ballistic character of a star
depends mainly on two parameters, i. e.
A and b The smaller the values of i,
and 1/b, the better the ballistic character
is, as shown in Fig. 2 and Fig. 3,

(3) The law of air resistance against
a star is proportional to »* approximately.

(4) On designing a bursting charge,
vivacity .1 should be kept suitable for our
purpose. -

(5) The number of layers of paper
pasted outside a shell should be adequate
to give proper initial velocity.

(6) We can use potassium perchlorate
powder as a bursting charge which is
thought to be safer than potassium chlor-
ate powder, if we take proper designing
conditions. (Hosoya Fireworks Co.)



