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Abstract

The composite solid propellant based on the three main components Received: 16 November 2022
AP/AI/HTPB containing 19 wt.% of Aluminum has special physical, Accepted: 4 March 2023
mechanical and combustion properties due to the high solid load. Page Number: 38-48

Increasing the solid load is done in order to improve the performance
properties of solid propellant, such as specific impulse and volume
combustion heat, which are requirements of space missions. On the other
hand, increasing the solid load (reducing the binder system) leads to
limitations in the production process, such as increasing the viscosity,
reducing the pot life, and reducing the processability of the propellant
slurry, and also reducing the quality of other propellant properties such
as mechanical properties. In this study, the effect of ammonium
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perchlorate (AP) as one of the key parameters on the physical, .
; . . . . Keywords:
mechanical and combustion properties of composite solid propellant has . .
been studied experimentally. The results showed that by reducing Mechanlcal Properties,
the average size of AP particles, the density does not change significantly, Burning Rate,
the tensile strength and modulus increase and the elongation decreases, Composite Solid Propellant,
and the burning rate of the propellants increases slightly. The average Particle-Size Distribution,

density of propellants is 1792 kg/m3, For the propellant sample with

the NCO/OH ratio = 0.88 and the mass average AP particle size equal to AUl PEEI OIS

251 um, the ultimate tensile strength is 0.523 MPa, the maximum (AP)’_
elongation is 35.1%, the modulus is 1.5 Mpa, and the burning rate at 65 Aluminum  Powder and
bar is equal to 6.9 mm/sec. HTPB
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4. Agglomerate

1. Propellant Grain
2. Hydrazinium Nitro Formate
3. Ammonium Dinitramide
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Table 1. Formulation details of the produced Propellants.

Particle Size Distribution of AP

R ratio R=0.88
Raw Material Sample 1
Oxidizer (AP) 69
Metal Fuel (Al) 19
Resin (HTPB) 6.77
Softener (DOS) 3.5
Curing Agent (DDI) 1.23
Other Additives 0.3

A B
R=10.90 R=0.88 R=10.90
Sample 2 Sample 3 Sample 4
69 69 69
19 19 19
6.74 6.77 6.74
35 35 8I5
1.26 1.23 1.26
0.3 0.3 0.3
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Table 2. Particle Size Distribution of AP.

Particle Size Distribution | APc (400 um) | APm (260 um) AP+ (20 um) Mass Average of AP Particle
1 A 50 30 20 282
2 B 45 50 30 251
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Table 3. The results of the propellant density.

# Formulations | Theoretical density [kg/m®] | Experimental density [kg/m?] Error [%] Description
1 Sample No.1 1798.7 1786.5 -0.68 R=0.90/A
2 Sample No.2 1798.8 1787.1 -0.65 R=0.88/A
3 Sample No.3 1798.7 1797.8 -0.05 R=0.90/B
4 Sample No.4 1798.1 1794.9 -0.17 R=0.88/B
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Table 4. Average of hardness test of the samples.

1 Sample No.1 52 R=0.90/A
2 Sample No.2 49 R=0.88/A
3 Sample No.3 53 R=0.90/B
4 Sample No.4 50 R=0.88/B
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Table 5. The results of the mechanical properties of the samples.

Ultimate Tensile | Breaking Tensile

Formulations
Strength [MPa]

Strength [MPa]

Maximum
Elongation [%0]

Sample No.1 0.461 0.379 27.1
Sample No.2 0.449 0.402 44.4
Sample No.3 0.523 0.407 35.1
Sample No.4 0.462 0.415 354

32.1 1.61 3.9
48.1 1.06 3.3
39.5 1.50 35
38.0 1.31 34
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Table 6. Results of the burning rate test of samples at 65 bar pressure.

# Formulations burning rate [mm/sec] Description
1 Sample No.1 6.78 R=0.90/A
2 Sample No.2 6.93 R=0.88/A
3 Sample No.3 6.90 R=0.90/B
4 Sample No.4 6.97 R=0.88/B
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Figure 1. The results of the burning rate according to chamber pressure; R=0.90/A (&), R=0.88/A ( #), R=0.90/B (&) and R=0.88/B (W).
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Table 7. Values of n and a of burning rate equation of samples 1, 3 and 4.

# Formulations n A Pressure range
1 Sample No.1 0.4628 0.9778 50 — 90 bar
2 Sample No.2 0.3710 1.5267 50 — 90 bar
3 Sample No.3 - First part 0.1122 4.3006 50 — 65 bar
4 Sample No.3 - Second part 0.5679 0.9987 65 — 90 bar
5 Sample No.4 0.4718 0.9971 50 — 90 bar
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