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Table 1 Formulation of binder component

Pol;ureil;a‘xh;‘ B

79.8 parts
Aluminum Powder 13.5 »
Copper Chromite 5.4 =»
Ammonium Perchlorate 216.0 »
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Table 2 Farmulation of pellet

Aluminum Powder 20.0 parts
Copper Chromite 4.0 »
Ammonium Perchlorate 76.0 »

Table 3 Characteristics of pellets

Shape A B C
Diameter (mm) 3.25]5.14 | 6.43
Thickness( ~» ) 3.23(3.3513.16

Density (gr/em?) 2,114 2, 114] 2. 114
Apparent Density (gr/cm®) | 0.75]0.95 | 0.90
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Plate 1-a
Cross-sectional view of grain containing
“B” Pellet.

Plate 1-b
Cross-sectional view of grain containing
“C” pellet.
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Table 4 Physical properties of propellant
grain and binder component

. Binder

Grain Compo
Tensile Strength (kg/cm?) 5.6 9.7
Elongation (%) 5.0 20.0

Compression Strength (kg/cm?) 36.0 26,0
Compression Modulus (kg/cm?) | 870 120
Density (gr/cm?) 1.854 1.634

* Elongation at crack outbreak in pellets
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Table 5 Results of experiments

Pellet Temperature Pe Burning Rate | Pe max.
Runs Sha Content of G?én Kn kg/cm? mm/s kg/cm?
Pe | o4 by weight
1 B 53.0 23 48 34.6 33.8 42.0
2 B 53.0 23 48 41.2 42.0 80.6
3 B 53.0 23 44 14. 4 17.8 20.0
4 B 53.0 23 17.5 19.2 21.4
5 B 53,0 26 45 20,0 22,6 25.8
6 B 53.0 2 44 22,3 24.4 32.5
7 B 53.0 2% 74 57.6 42.8 67.2
8 B 53.0 28 94 68.6 47.3 117.5
9 B 53.0 28 81 64.8 45.2 100.0
10 B 53.0 28 114 57.0 45,2 166.0
Tl B 53.0 28 67 48.2 38.4 59,3
12 B 53.0 25 84 64.3 45.5 103.0
13 B 53.0 32 45 36.2 43.1 64.5
14 B 53.0 30 64 48.2 41.2 57.4
15 B 53.0 18 63 60.7 48.6
16 B 53.0 18 34.8 35.4 43.0
17 B 53,0 74 80 60. 6 45.2 66.3
18 B 53,0 55 69 48.0 41.3 58.2
19 B 53,0 55 64 48.2 40.9 67.0
20 B 53,0 -12 73 57.3 42,9 70.8
21 B 53.0 -22 80 43.2 34.6 46.9
22 B 53.0 -34 82 52.3 34.6 60.2
23 B 55.9 32 51 35.4 36.8 58. 1
24 B | 59, 4 32 49 42,7 46.3 64.2
25 B 61.6 32 47 35.9 41,0 64.0
26 A 53,0 26 44 19.2 21,0 22.1
27 c 53.0 28 41 55,3 23,7 77.2
28 c 53.0 28 49 75.9 72.0° 166
29 c 53,0 28 45 9.7 38.4 124
30 c 53.0 28 51 58.8 55.0 153
31 c | 53.0 28 57 88.3 72.0 252
12 (% l gg. g 28 64 39,7 3.6 77.0
3 (R p gg.g 28 94 49.7 32.6 65.4
34 B 26.5 28 13 62.6 34,6 81.9
A. P, 26. 5
35 B 53.0 28 58 28.2 24,3 43,9
36 B 53.0 28 76 36.6 33.9 38.4
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Fig 2 Typical Pc vs. time traces for
propellants containg pellets.
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Fig 4 Maximum pressure vs. Kn. burning
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Table 6 Grain length divided by total
numbers of pressure waves (L).

Run | Temperature of Grain ' Pe ! L
1 23 °C ;316Mm.438mm
2 23 p 41,2 5. 81
4 23 17.5 4.18
5 26 20.0 5.00
7 26 57.6 4.32
8 28 68.6 5. 27
9 28 64.8 4.52
10 28 57.0 413
11 28 48.2 4.38
12 25 64.3 4.54
14 30 48,2 4,22
18 55 48.0 4.21
20 -12 57.3 4.50
23 32 35.4 4.29
24 32 42.7 3.9
25 32 35.9 4.7
32 28 39.7 4.29

Mean L; 4.48 mm
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Table 7 Over-all formulation of propellants.

o5 of Pellet 50 | 55 60

Polyurethane 12.7 ! 11.4 10,1
Aluminum Powder 1222 | 129 | 13.7
Copper-Chromite 2.8 3.0 3.1
Ammonium Perchlorate | 72.3 72.7 73.1
Density (gr/cm?®) 1.84 | 1.87 1.89
Isp (Obs.) (kg-sec/kg)| 240 | 240 240
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Composite Propellant Containing Pellets Consisted of Ammonium

Perchlorate-Copper Chromite-Aluminum.

by K. Kishi* and K. Yamazaki**

The physical properties and burning characteristics of polyurethane-composite pro-

pellant containing pellets consisted of ammonium perchlorate-copper chromite-alumi.

num have been investigated experimentally.

The results deduced are as follows;

1) The propellants containing the pellets from 50% to 62% by weight respectively
are not only prepared very easily by casting procedure regardless of shape of pellet

used, but also have good physical properties as end-burning grain.
2) Both of contents and especially shape of the pellets affect the burning rate of
the propellants, Flat-shaped pellets are apt to so orient in parallel with wall of casting

vessel as to increase the burning rate drastically in comparison with non-oriented one.
The burning rate of propellant containing oriented pellets is about 7.0 c¢cm/s at am-

bient pressure of 70 kg/cm? and that of propellant containing non-oriented one is 4.7

cm/s.

3) The effect of temperature on the burning rate of this propellant is negligible

between —10 °C and +74 C.

4) Although these propellants investigated have stoichiometric composition and

about 260 sec of theoretical specific impulse, observed ones are 240 sec.
(* Daicel Ltd., No.12,1-Chome, Yuraku-cho, Chiyoda-ku, Tokyo
**Institute of Space and Aeronautical Science, Univ. of Tokyo, Komaba, Meguro

-ku, Tokyo)
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