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Fig. 1 Distribution of Fall points of black shells and Tolerance
Region for 959%, 99%, and 99.9% (Warimono, standard
six inch shell without accessory)
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Table 1 Analysis of Variance for Single shots (3.6-6 inch ;Intra—firing, d)

Source sum of squares degrees of freedom mean square Fo
Size number 220, 32 2 110. 18 -
Warimono/Poka 2485. 12 1 2485. 12 : 21, 6%*
Accessory 417. 97 2 208. 98 1.8
Error 1377. 90 12 114. 82

** . 19 significant

Table 2 Analysis of Variance for Single shots (3.6-6 inch ; Interfiring, r)

Source sum of squares degrees of freedom mean square Fo
Size number (a) 625.76 2 312.88 11. 4%+
Warimono/Poka (b} 684, 70 1 684, 70 25, 0**
Accessory (c) 113, 36 2 56. 68 2.1
axb 711.74 2 355. 87 13. 0**
Error 274.32 10 27.43

*s . 10, significant
a Xb: interaction effect between (a) and (b)

Table 3 Estimation of variations, d and r for Single shots (3.6-6 inch)

Intra-firing variation, d (m) Inter -firing variation, » (m)
size in diameter Warimono Poka average Warimono Poka average
3.6 inch 57.1 36.5 46.8 17.5 42.1 29.8
4.8 inch 61.5 36.7 49.1 43.4 38.5 41.0
6.0 inch 67.6 42.5 55. 1 34.8 43.4 43.4
average 62.6 38.6 50.3 32,0 44.3 38.0
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Table 4 Results of Analyses of Variance

Intra-firing variation, d Inter-firing variation, r
source TL TS SS SW TL TS S8S SW
Size number (a) . * e . x .
Upper/Lower (a’) - == - -- == == e
Warimo/Paka (b) -- b hahd -- =
Accessory (¢) * - i
interactions
a xa’ == == == p - == == s
axb -- P p p - - P P
axc P P P * P P P
axb .= == -- p -— - - p
axc - == -- p -- - -- *
bxc -- p ** p -- p P
“/—V; 1.5 10.7 ‘ 7.2 10.8 50 562 84 100
*+ : 19 significant, ITL: single shots (7.2-12 inch)
* : 5% significant, TS : single shots (3.6-6 inch)
p : pooled to error, SS : star mine set of single shell mortars
-- : not experimented, SW: star mine set of double shell mortars

V7, : square root of mean square error
8 .
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Table § Standard radius for Tolerance region, R [m)

size number 36 48 6.0
accessory

none 93.0 101.3 108.9

Warimono cord tail 98.5 106.9 113.6
tubular handle 9L 1 99.0 106.5

none 100.0 109.0 117.8

Poka cord tail 105. 3 113.7 122.1
tubular handle 97.9 106. 6 115. 2
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Statistical Inference on Dispersion area of Firework black shells

Yoshikazu OJIMA*, Yoshinori IIZUKA*, Hitoshi KUME*

Test firework shells without charge were fired to investigate a dispersion area
of black shells, under the auspices of the Metropolitan Goverment in April 1986.
Analyzing the fall points data, a difference between effects of Warimono and poka,
and effects of accessories are examined statistically. Relationship between variation

of the data and enviromental factors is also estimated. Applying these results, a sta-

tistical tolerance region is proposed.
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