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Fig. 1 Schematic diagram of thermal explosion test equipment
1—data acquisition system, 2—control system, 3—tempera-
ture sensor, 4—upper sealed lid, 5—sample cell, 6—sample,
7—air bath
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MDB 3 #E i ) 1) BAEy 10 ~40 mm, i 1108 min RA&AA b, KB —& iR BT, DB-1 #
. o HFIAE 10 h R A& A BARE , IE I [N 25 A B . [)
3 ERSWik BERIAL, F42 10, 15, 20, 30, 40 mm i) MDB-2 fft it
N F 3 W EE153.89,144.88,137.9,127.63,121.03 °C
R Y M RIE IR %153.89,144.88,137.9,127. 63,
. . ; - L 10 h ARSI K I cHEREE, DAL
j‘jT%}‘L{EEY’%ﬂ;ﬁ 10 h&ﬂé};ﬁ AT$5 OCéﬁ;Elitgﬁ _F Vqﬂikﬁz{ku\gﬁ’i—k lem*ki};;n};‘nO lJ_
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Table 1 Results of thermal explosion tests of DB or MDB propellants
sample diameter/mm temperature/°C time to ignition/min phenomenon T./C
139.10 21.14 combustion
10 135.84 38.21 combustion 134.8
DB-1 133.86 1058. 00 non combustion
) 133.86 37.43 combustion
15 128.81 86.00 combustion 128.6
128.44 1108.00 non combustion
154.29 25.43 combustion
10 153.89 1050. 00 non combustion 154.5
148.50 23.80 combustion
15 144.88 1267.00 non combustion 147.0
137.97 49.96 combustion
20 137.90 1201.00 non combustion 138.0
133.10 78.54 combustion
MDB-2 25 132.27 840.03 non combustion 132.7
128.74 121.28 combustion
30 127.63 1017.00 non combustion 128.2
127.65 116.23 combustion
35 125.62 634.00 non combustion 126.1
123.10 192.65 combustion
40 121.03 1430.00 non combustion 1221
152.60 19.38 combustion
10 149.43 600.00 non combustion 151.0
143.06 31.71 combustion
15 141.42 600. 00 non combustion 142.2
140.61 41.03 combustion
20 137.17 600.00 non combustion 138.9
135.87 87.01 combustion
MDB-3 25 133.83 600.00 non combustion 134.9
132.10 115.02 combustion
30 130.20 600. 00 non combustion 131.2
128.09 128.01 combustion
35 125.58 600. 00 non combustion 127.2
124.06 202.94 combustion
40 122.41 600.00 non combustion 123.1
10 155.14 600.00 non combustion 156.1
157.08 13.32 combustion )
147.01 36.02 combustion
Iy 144.01 600.00 non combustion 145.5
137.48 600.00 non combustion
20 140. 80 50.07 combustion 139.2
135.87 75.29 combustion
MDB-4 3 133.83 600.00 non combustion 134.9
132.01 600.00 non combustion
30 134.11 90.01 combustion 133.1
129.99 118.00 combustion
35 128.09 600.00 non combustion 129.1
124.06 600.00 non combustion
40 125.58 181.50 combustion 124.9
Note: T, is critical temperature of thermal explosion.
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Table 3

Fitting results on the relationship between T_ and radius of MDB propellants
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1 1
2In Tcﬁ"“(T*‘

T) /T (1)

Inr-1/T,(2)

I 5T” 1/T..(3)
n( Il)_ cr

Inr-T.(4)

MDB-2
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R*=0.99 R*=0.99 R*>=0.99 R*=0.99
Y=-9474.47081 X+40.10266, Y=8655.08188X-25.66591, Y=-18129.5527X+66.48478, Y=-0.05163X+16.62299,
MDB-3
R*=0.98 R?*=0.98 R*>=0.98 R*=0.98
Y=-8771.07973X+38.28582, Y=7944.33245X-23.83105, Y=-16715.41218X+62.83309, Y=-0.04643X+14.59387,
MDB-4
R*=0.99 R?*=0.99 R*>=0.99 R*=0.99
440+ 440 .l 440+
¢ MDB2 = (1) MDB-3 20 + MDB4 =)
42071 < 420 e 4201 <@
< 4001 S v = 20
> . v (4) 2 4004 © 4004 v
> - E 3 2 L]
& 380 N ® 8
g . S s0{ ¢ g0 ¥
5 360 vos 2 $ . k) s
8 39 Y.t v ey, £ 30 v, g %0 e,
5 \ A S v & . . 5 v 3 *
v A v .
320 YR vy 3401 v ., 340 .,
v v
300+— : : . . . 320+— T ; r T 320+ . . . : T
0 200 400 600 800 1000 0 200 600 800 1000 0 200 400 600 800 1000
diameter / mm diameter / mm diameter / mm
a. MDB-2 b. MDB-3 c. MDB+4

3 RS IR0 5 AR TR0 R ST 24 A BRI IR 57U

Fig.3 Results on the T_ of big propellants’ cylinders predicted by different fitting equations
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Evaluating the Thermal Safety of Propellants by Critical Temperature of Thermal Explosion

ZHENG Chao-min, WANG Qiong, DING Li, ZHANG Dong-mei, LIU Wen-liang
(Xi'an Modern Chemistry Research Institute, Shaanxi, Xi'an 710065, China)

Abstract; Thermal explosion tests of double-base propellant charges and modified double-base propellant charges with diverse di-
ameters were studied to explore the feasibility of evaluating the thermal safety of propellant charge by the critical temperature of
thermal explosion (T, ) and appropriate test conditions and data processing methods. The time to ignition and critical temperature
of thermal explosion of propellant charge occurred at certain temperature were obtained. Results show that T_ can be used to eval-
uate the thermal safety of propellants and the appropriate test diameter range is from 20 mm to 25 mm. Assumptions that the maxi-
mum test time is T0h and the test can be ended as the difference between the lowest explosion (ignition) temperature and the
highest non-explosion (no-ignition) temperature is less than 5 °C for double-base propellant and modified double-base propellant
are reasonable. The values of T, predicted by extrapolating through fitting equation of Inr-T_, are lower than those predicted by oth-
er fitting methods cited in references.

Key words: modified double-base propellant; thermal safety; critical temperature of thermal explosion( T, ) ; time to ignition
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