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Abstract. DEGDN propellant plays an important role in the use of large-caliber artillery, and its 

combustion and mechanical properties determine the power of large-caliber artillery. In order to 

study the combustion performance and mechanical properties of DEGDN propellant, four kinds 

of single-hole propellant with different pore diameters were prepared from DEGDN raw material 

ZY-11 pellets, with pore diameters of 3mm, 4mm, 5mm, and 6mm, which were recorded as 

45/1-3mm, 45/1-4mm, 45/1-5mm, and 45/1-6mm, respectively. Analyze its combustion 

performance using closed bomb and test its impact resistance using a pendulum impact tester. 

The experimental results show that in the combustion process, the combustion pressure of the 

propellant in the higher temperature conditions, the faster its growth rate, while the whole 

combustion process is also faster; combustion process combustion speed will not change with 

the change of the aperture, only the different temperature conditions will make the combustion 

speed change, the higher the temperature of the maximum combustion speed it can achieve the 

larger. When the pore diameter is 4mm, the impact strength reaches a maximum of 30.6KJm-2, 

which is nearly 40% stronger than 45/1-3mm and 45/1-6mm. 
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1.  Introduction 

The mixed nitrate ester (DEGDN) propellant is characterized by high energy and good rheology [1-2], 

which can be well used in body-barrel weapons. Today’s large-caliber artillery development goal is to 

obtain a higher muzzle velocity, longer range and greater power, large size DEGDN propellant as a 

high-performance propellant charge, to fully meet the high muzzle velocity [3], low chamber pressure of 

large-caliber artillery indicators. For the large size propellant in the combustion process of combustion 

velocity [4], pressure and other combustion performance, is an important factor to highlight the 

performance of the firing charge. When the arc thickness of the propellant changes, its combustion 

properties and mechanical properties within the body tube weapon also change [5]. 
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In this paper, combustion and mechanical properties of DEGDN propellants under four different 

aperture conditions are investigated to provide a basis for subsequent research on various aspects of 

large arc-thickness propellants [6-7]. 

2.  Materials and Method 

2.1.  Experimental instruments and materials 

Materials: ZY-11 pellets; Instrument: closed bomb structure, Self-made by Nanjing University of 

Science and Technology; Single-column hydraulic press, Tianjin Second Forging & Pressing Machine 

Tool Factory; Pendulum Impact Tester, CHANG CHUN INTELLIGENT APPARATUS CO., LTD. 

2.2.  Preparation of propellants with different pore sizes 

The preparation flow chart is shown in figure 1. Firstly, take appropriate amount of ZY-11 pellets and 

put them into the 90℃ drug cylinder to keep warm for 30 minutes. Put the 45/1 size mold used in this 

experiment into the designated position of the hydraulic press., start the hydraulic press to press molding, 

and Samples of propellants with different pore sizes were obtained, Cut into 4cm and 6cm strips for use 

[8]. 

 

Figure 1. Preparation process of DEGDN propellant 

2.3.  Combustion Performance Test Methods 

closed bomb device is shown in figure 2. The volume of the device used is 100 ml; Charge density is 0.2 

g/ml; Nitrocellulose as an ignition charge, 1g per ignition charge packet [9-10]. Each sample was 

subjected to one experiment at high, low, and normal temperatures. 

 

Figure 2. Schematic diagram of closed bomb structure 

3.  Results & Discussion 

3.1.  Combustion Performance Analysis 

For this experiment, four single-hole molds with different hole diameters were used, with an arc 

thickness of 4.5 mm, denoted as 45/1. Figure 3 shows the pressure (p)-time (t) curve for large arc-thick 

propellants. 
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Figure 3. p-t curves for propellants with different pore sizes 

In figure 3, figure 3(a)-figure 3(d) show the p-t curves of the propellants with four different hole 

diameters, and figure 3(e)-figure 3(g) show the p-t curves of the propellants at high temperature (50°C), 

room temperature (20°C), and low temperature (-40°C), respectively. 

As can be seen in figure 3, under the same conditions of the drug type, with the increase of 

temperature, As the temperature increases, the pressure of the propellants grows faster, and the whole 

combustion process is completed more rapidly. The combustion performance parameters of the four 

different aperture propellants are shown in Table 1, where 𝑝𝑚 and 𝑡𝑚 are the maximum combustion 

pressure and combustion time, respectively. Combining figure 4 with Table 1, it can be seen that at the 

same temperature, the larger the hole diameters, the faster the pressure growth rate and the shorter the 

combustion time. Always satisfy 𝑡𝑚(45/1-6mm) < 𝑡𝑚(45/1-5mm) < 𝑡𝑚(45/1-4mm) < 𝑡𝑚(45/1-3mm); 

Because the smaller the aperture, the larger the arc thickness, the arc thickness becomes larger, the 

combustion time is prolonged so that the heat loss increases. 

Table 1. Combustion performance parameters of propellants. 

samples T/℃ Pm/MPa tm/ms um/cms-1 

45/1-3mm 

50 271.76 18.96 26.93 

20 272.47 20.84 25.42 

-40 265.99 25.38 22.09 

45/1-4mm 

50 270.75 18.28 28.03 

20 269.99 20.16 26.11 

-40 262.20 23.69 22.92 

45/1-5mm 

50 271.38 16.25 28.30 

20 272.36 18.01 26.64 

-40 265.16 20.98 23.02 

45/1-6mm 

50 272.86 14.72 27.15 

20 271.79 15.95 25.21 

-40 266.39 18.64 22.37 

Figure 4 shows the burn rate (u)-pressure (p) curve for for the propellants with different pore sizes. 
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Figure 4. u-p curves for propellants with different pore sizes 

In figure 4, figure 4(a)-figure 4(d) show the u-p curves of the propellants with four different hole 

diameters, and figure 4(e)-figure 4(g) show the u-p curves of the propellants at high temperature 

(50°C), room temperature (20°C), and low temperature (-40°C), respectively. 

As can be seen from figure 4 that as the temperature increases, The rate of ignition of the propellants 

at the same pressure is consequently increased. In addition, the burning speed of the propellant increases 

steadily throughout the combustion process, and the size of the burning speed does not change 

significantly with the change in arc thickness due to changes in the aperture. Combined with Table 1, it 

can be obtained: under the same conditions of the drug type, the higher the temperature, the greater the 

maximum burning speed of the propellant can achieve. 

3.2.  Mechanical properties analysis 

Pendulum impact test was used to test the impact resistance of the propellant with different pore sizes, 

and figure 5 shows the results of the impact strength of the propellants with different aperture diameters. 

Each sample is tested 5 times and the average value is taken. 

 

Figure 5. Impact strength of propellants with different pore sizes 

As can be seen in figure 5, The impact strength of the propellant was the highest at 4 mm pore size, 

reaching 30.60KJm-2, Followed by a propellant with a bore diameter of 5 mm, When the hole diameter 
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of 3mm and 6mm impact strength is relatively smallest, and the difference between the two less than 5%, 

45/1-4mm compared to the two strengths increased by about 40%. This is because the hole diameter of 

4mm is smaller than the arc thickness of 45/1-3mm, resulting in a denser internal component, and 

therefore enhanced impact strength. When the hole diameter reaches 5mm, although the components are 

more dense than 45/1-4mm, the further reduction of arc thickness leads to not enough volume to 

withstand the same impact force, resulting in less impact strength than 45/1-4mm, But at this point, it is 

still stronger than the impact strength of 45/1-3mm. When the hole diameter is 6mm, the arc thickness 

decreases even further, showing the densest but smallest arc thickness, at which point it reaches 

equilibrium with the relatively undense but maximum arc thickness of 45/1-3mm, and so exhibits almost 

the same impact strength. 

4.  Conclusion 

1. DEGDN propellants pressure in the combustion process is an exponential rapid growth, and the 

higher the temperature, the faster the growth rate; Larger apertures result in smaller arc thicknesses 

and thus shorter combustion times resulting in reduced heat loss. In addition, the burning rate of the 

propellant during combustion does not vary with the orifice diameter. 

2. At a pore size of 4 mm, the impact strength of the propellant is the greatest, increasing by about 40% 

over the 45/1-3 mm and 45/1-6 mm, which have the relatively smallest strengths. 
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