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Table 1

ent propellant samples

Results of bulk density and explosion heat for differ-

bulk density explosion heat
sample _3 o
/g-cm /)-8
blank propellant 0.95 4806
propellant coated with TATB 0.95 4688
propellant coated with NA 0.96 4516
A A AL www.energetic—materials.org.cn
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Fig.1 Results of burning rate test under constant pressure for

three propellant strips
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Table 2 Comparison of burning progressivity between three propellant samples

sample Ly,s/ MPa™" -5 Ly / MPa™ es™! L/ MPa-s! B, P

blank propellant 5.46 3.82 3.83 0.36 0.15

propellant coated with TATB 3.33 3.43 3.54 0.51 0.27

propellant coated with NA 3.48 3.15 3.59 0.57 0.31

Note: L, is the vivacity as the relative pressure (B) is 0.1; L, is the vivacity as B is 0.3; L is the vivacity at the splitting point of combustion stage; B, is the rela-

tive pressure at the splitting point of combustion stage; P _is the burning progressivity factor
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Table 3 Numerical scale for judgment matrix element A(1, )

numerical

scale description

1 factor i and factor j are equally important

3 factor i is slightly more important than factor j

5 factor i is more important than factor j

7 factor i is strongly more important than factor j

9 factor i is absolutely more important than factor j

) 4 6.8 median value corresponding to the adjacent judgment

above
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Hb 25 AL B O 2 ) A T AR R, NA R B/ T
TATB 2, b,, 1 b,, Al &AME N1, BRI W&
FARCEE ., R 1 NAWE LB 250K 4516 J-g7',
W by A1 b, i (12)

b,, =1+ (4806 — 4516)/59 + 1 ~ 7
b,, =1+ (4688 — 4516)/59 + 1 ~ 5

&, 5F Lk b, b, Ml b,,, A, % i CR=0.056,
B [ # o, ,=(0.65,0.28,0.07) .

2.2.3 FIHT5EFE A,

BT A AR E R u, B A, R AR AR
Cyy+ Cyy Ml €y 52525 TR-OAY u,=1.20 mm-s'-MPa™
AL 25 45 TR-1 89 1,=0.84 mm-s™' -MPa™ /) il & F
W He 3 3014 ¢, =3, W TATB B A BEE 247 24 1Y
MR EUROR o BT, DA AR SR MEAE B BE 3 in 1 X5 hy
u, 22NN (1.20-0.84)/(c,,—1)=0.18 mm-s™'-MPa™,

R, % b 24 4% TR-2 R L 4y 2 R 2 45 i, u, 22 0E
BRI 0.18 mm-s™' -MPa ™, b5 & ¢, Fl ¢, i Fh i 151k
b, % I8 AL BT R I 2 A AR R NA B ) T
TATB &, ¢y, Ml e, AT AN G i 1, FERI 1 R 2 5%
TR-2 1y 1,=0.84 mm-s™'-MPa™, #% iR {15 U4 7L A
PSS, ¢y iy, I (13) F s -

¢, =1+(1.20-0.68)/0.18 + 1 = 5
¢, =1+(0.84 -0.68)/0.18 + 1 ~ 3

B4, ET LR ¢, ¢, Fl ¢y, A, RN CR=0.033,
WE A # o, ,=(0.10,0.26,0.64)

2.2.4 FIETEERE A,

AT AR FNRR BEAE vy, vy, My, TR HEES H 5
S5, R, R ST ARG 2 3 N 1~9 Y S I X [] e R

(12)

(13)

Sttt
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8B, W Ty, =2, v, =y,=9; R X B T, A, %R
CR=0.046, /L & [ & o, ,=(0.07,0.11,0.82), Lt A,
Mo, , 1B I 7E 2.3 1 IF &,

2.2.5 FIHFEFE A,

BT Ik e i 1 M R 7 PORN PN L M BE S 8, B
AR AR 2,2, B 2,0 FEF2H, 525 k4
M L, TATB AL B & 55 25 1) PAH XT3 K 80% , R 58
BT ) B 0 z,, AT DG (R 1 A X3S i 25 )
Bf, H P 3% S 06 BOHE AT 0, TATB A 78 & 4t 25 19 1R %
FBOPE AR RN E TR 00 L) A B z,, AT A
SN 25 B & 2, =1+2+2=5; %F T NA L& & 5125, I
P& 2 mh A [m) A 3 e S 24 EL A AR T B SR R 1 Lz,
AL HE (R 1 AR R B I 25 W, S A B R AT L,
NA L & G 25 3 AN B AU V3 B B8, z,, o]
AHXE AN 35 B 2 z,=1+2+3=6; I /£ CR<0.1 By —
HMEWEN] , 2, TAE 2, /2, EATHUE . 2 AT z,,=2,

R4 TR UM BB Z55 1T 48 E

H AR AE NA LT &I 245 1 25 5 SRR PE RE WG 4 T TATB
7 K BT 253X 5 I R S R R A AT HAT . e 2
T Lk z,, .z, il z,,, A, X b CR=0.025, 1L 1] i o, ;=
(0.08,0.34,0.58).
2.3 HRBIIGF

W 58K 38 3 o, 5 B S B, R R 4l AHP
T T AR AR 0 BB PE AN 25 R 0, DL TIE A BIF 5Y
R TEAN 50 114 A 50

T ExsHarE, X)) R AR W
/3 1/3  1/3
0.65 0.28 0.07
0.1 0.26 0.64

44 0,,=(0.07,0.11,0.82) , & (11) #F 0,=
(0.17,0.27,0.56) . W2, K AXH T o, M o, TA
[Fi] 73 %) i 2 5 AN [) AR 43 3 B AR G RIS 3RAE T35
KU TATBALTE & 1 245 1 NA L3 & G5 25 Xk e v
il 14 5% 1) 22 B

w = (14)

Table 4 Verification for fuzzy comprehensive evaluation by analytic hierarchy process (AHP)

factor in alternative layer

propellant coated  propellant coated

blank propellant

with TATB with NA
evaluation result from AHP calculation (@, ) 0.08 0.34 0.58
evaluation result from judgment matrix for experimental measurement (o, ;) 0.17 0.27 0.56
absolute deviation 0.09 0.07 0.02

hEATUE N, 0, Mo, 8, A ECE >
Bads ot w2, B Iwee -we s 1 IWeg p-we | Al
IWoo 5-W, 5 |, IR #E 3 0.1, H A [ 20 42 09 A R K/
KR AL RS RS2 <TATB W & 41 2
<NABE R 25 . KL, 5T 48 AHP 7 ik i
1319 @, B 85 B S AN [) K 5 24 B i 1) 3 S R 5%
PERE 22 55 M O 45 A5 A X B A S 5 AR o B o 28
TR TE = BE A e A S 2 v B A v ST R 25
GIFMBLALEATAT I o BEWIIT N 45 2R 0,0 1 F 23R
25 K R AE T 0 W7 1 1 o0 R e SR 3 B A FR B
b BE P HEAT R R, WAL T R G MERE R L BR 2 F
T A R I B R e ok P, T 2R 3 Y bR R AR b o —
$ 4tk .
24 #R5itie

TE AT 5% T 44 2 A A5 A 1 M B AL P o, ,=(0.07,
0.11,0.82) ; Hof , w,,,=0.07 . w,,,=0.11 Fl w,, ,=
0.82 43 5l FAF S 5 24 e B B I A A Jmy 8 J9K 1 Xof &5
G RE M R AL TE o B UL, X T R BT 2R AR
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Bk BE L Ja T BRI 52 W) R T AR BACAY RE m  TT HE AR
B B2 W e/ o 6 o )2 R [A] BRER R BE
WA @, ,=(1/3,1/3,1/3) 3R B 3 A 55 25 4 5 1 HE
Flag AR — 3w, ,=(0.65,0.28,0.07) F W . &
XoF 3 TR 52 ), AF AE S R ST 25 >TATB 18 & 91 25
SNAWE RGN, 5 A kS48 E 2
AERE R MAE 0, ,=(0.10,0.26,0.64) F£ B . £ XF
Jr TR T B B AF TE NA fL R BT 25 >TATB U
KBTS 25 R BT, NA L I R R R 9 T
TATB L 2 . 2, AERBHITF N g, NA W
A2 PR Jy ER MR A 52 e B B O 00 25 B R B M
A, TATB L 8 & S 25 IR 2 i 25 1 R 3 24 488 58 1k g
#.

IR G HT AT DL AR AL T2 B AR A
RE R 3 B N BB A ) I B R S AR TR A
B 3 TR M FR 5 B A ok BE T R 5 0 BRI Ak 1Y R e A
KT HEFE B, P e T & 99 25 o Be B0 fig i b
B o DR UL, G B Y BE M ORE TATB REFE ML T
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WER, FeS, F8, T AL, £

20 B B R T R 5 AR R G 24 B B KT 19 /0N IR B AR
b, TATB 4 B BE A &% Hb o0 3% 755 fE Al M & 5t 25 1
Ak berkee, RS, 5 TATB ML, NAJE
Tk TR R A R R R A SR T
& VS NAL A R BE R B TATB
KONAEE KGR G BEPERE L T TATB A2
VR e

3 %t

BEXF 7 FLRLR = BE A B & 55 2, o T & R 9
2 TATB {07 & 5 25 0 NA €078 % 55 25 [) i B i
Jr T RR AL AR SR R LA B o R T M R Y 22
S SL RS b B UE T B O I AR R G 2
TERLFH AT . SIS N TR

(1)l 3 3 2 K 4 B ik (AHP) |, 3% T HE BU% B 4R
TR Jrg F AR B 01 A Ak, DAl & B 24 25 6 R b 1 B 1Y
SIE L. Horh JR R AR AR HE R B ) 5 M AN
4351k 0.82.0.11 F10.07, FEARRAE T2, B
OB 9 3 B N T SR A )2 Y R R R O )
B R AR M % A B R

(2)3 Pl & G 245 B % B 1 2 AR AN K 528
R GTOIAA LG, TATB A7 & 5 24 1 15 $HH X BRI 2.5%
NA 7 % 5 25 1 48 24 0] A0 X B AIG 6% 5 (H7E 25 11 & 5
2y HEA -, NA L (Y B A RO R T TATB L7 .
e 26, T S 3 1 43 B FTBORE T 2 2R B NA
BRGNP REI T TATB B A 5125, H — %
WY T 25 RS2 o HAKMY 2 Bl B R 5 2 %R
6 U 3G M R 9 A X 2R AT Ak 80% , I H IR T
(T=20 °C)MF T 0L V KL 40 m-s'

SE
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Fuzzy Comprehensive Evaluation Model Applying in the Modification Evaluation of High Energy Nitramine
Gun Propellant

GUO Zhi-gang, LI Man-man, WANG Feng, YU Hui-fang, WEI Lun, WANG Qiong-lin
(Xi'an Institution of Modern Chemistry, Xi'an 710065, China)

Abstract: In order to investigate the application of the fuzzy comprehensive evaluation model in the modification evaluation of
high energy nitramine gun propellant, the triamino trinitrobenzene (TATB) coated and polyester (NA) coated gun propellant
were prepared by coating technology using TATB and NA as the burning rate reduction materials, and their bulk densities, burn-
ing rates, explosion heats, propellant burning progressivities and interior ballistic performances were compared. Moreover, the
analytic hierarchy process (AHP) was adopted to quantify the influence of TATB and NA on the basic characteristics and the
combustion performances above. It was found that, the fuzzy comprehensive evaluation can be established between the basic
characteristics and combustion performances of propellants. For the better overall combustion performance, the weight of burn-
ing rate is equal to 0.82, which is the highest; the weights of explosion heat and bulk density are equal to 0.11 and 0.07, respec-
tively. In the case of small difference in bulk density, even though the energy loss caused by NA coating is greater than that of
TATB coating, the decrease of burning rate by NA coating would be larger and the propellant coated with NA has the better per-
formance than the propellant coated with TATB, and the two are significantly better than that of blank propellant

Key words: fuzzy comprehensive evaluation model; high energy nitramine gun propellant; coating; triamino-trinitrobenzene
(TATB) ;polymer ester (NA).
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