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Fig.1 Abnormal burning of static firing motor loaded with a porous propellant
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Table 1 Microsphere specifications

K\ = .
ttemy - Cassification Carbon Hollow Glass Hollow | Phenolic Hollow
" Producer Kureha Chemical Co. | T8yd S3da Co. Union Carbide Co.
Average Diameter (pm) 200 80 43
_Diameter Range (ym) 150~ 350 30~140 5~127
Average Shell -Thickness 5 _ _
(am). ‘ .
Bulk Density (g/cnt) . - 0,17 0.15 - . 0.133
" Sphere Density ‘ ‘
(Liquid Displacement) 0,35 — 0.265
(g/cal)
AP ! 80parts - AP : 80 parts
PB:20parts . PB : 20 parts

Microsphere : Carbon Balloon 4parts (CB-4)

Mlcrosphere Glass Balloon Zparts (6B/15-2)

100um

Fig.2 Microscope photos of ‘microsphere included plopellant
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Table 2 Sensitibity of drop hammer tests

Test Sample | Grade | Test Sample | Grade
GB/15-1 5
CN 7
GB/15-2 4
CB-1 4 GB/15-3 5
CB-3 3 PHB-0.5 7
CB-4 3 PHB-1 7
CB-5 3 PHB-1.5 7
%0 1
40— --e~~.CN
-0 CB-4
30}— —0—:CB-5
—tr—:G8/15-3
=X= PHB-0.5
’d
- o1
re
g o
E 19 2
v a -
-
e —7 =l
g A~/
» 5
€ 49
8
3
2
Ambient Gas : N
1 L1111
Yo 20 30 50 70 100

Combustion Pressure , P. (kg/cm’gage)

Fig.8 Linear burning rates of microsphere
included propellants | (CN :control
propellant, the numbers- following
/ and -denote crush pressure by kg
/cd (gage) and parts by weight,
respectively)
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Table 8 Linear burning rate data .

(unit : mm/s)

Test Sm::“‘(’l;‘;/cd )] 10| 20 | s0o | &0 70 | 100
CN — | a3 | s1|e3| 21| 76

PHB-2 39 | 51| 63| 76 | 9.0 | —
PHB-2.5 40 | 51| 65| 729 | 01| —
PHB-3 43| 53| 66 ] 83 | 9.4 | —
GB-3 43| 54| 59| 70| 77| 89

CB-3 — | a7 ]| 56| 70| 78| 84
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Combustion and detonation of porous composite propellants
( 1) Microspheres included Propellant

Toshio YAMAYA*, Akira IWAMA*, and Harusuke TOKUI**

Generally, it is believed that bubble contamination in the solid propellant
grains loaded in rocket motor might induce a serious trouble and make it impossible
to accomplish the mission. On the other hand, porous propellant takes an interest
since high burning rates can be realized by combustion of porous media. This
paper describes some preliminary results obtained with non-aluminized CTPB/AP
propellants to which commercially available three kinds of microspheres (carbon,
glass, and plastic) were added. The results demonstrate that no these microspheres
used as the model materials for producing porous propellant introduce a remarkable
elevation in the propellant vulnerability. A comparison in the function for achiev-
ing higher burning rates per unit weight became in the order, plastic > glass >
carbon microspheres, but at the same level if converted per the bubble volume
content. It is concluded that, without vital incident, firing of the propellant grains
_in which numerous bubbles exist, might be allowed, if the bubbles be distributed
independently one another and don’t cause the hot prbduct gas to deeply penetrate
the unburned region. '

(*Institute of Space and Astronautical Science, Ministry. of

Education, Science, and Culture

6—1, Komaba 4—chome, Meguro-ku, Tokyo 153, Japan
**Daicel Chemical Industries Co., Harima Plant

805, Umaba Ibogawa-cho, Ibo-gun Hyogo-Pref. 671-16, Japan)
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