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HLISEATHMMRERE L, RIS RRBOE
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N_R—ZEMHEMINIZOWTLIRORBRE 1T
WV, Rk, BABEMEREDY T LR E LT,
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AR A ED HIELRI LA, WEBHERED
PEEAIEABICE 2 v b, FMARBIET
HH1-, SENIRE Lighoi-,
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2.1 1 XRBICAVLV:=RSH
1 WRBRTIE, YLWTIRIRGE /i Koot & LTA
~GCO 7 HRORAELZBEL, 2KKBROKRE L
LB, T ITRE LEREBOMEE X UBLEN
B X D KIERHEM Z Table 1 1257,
REA, BE=FrFI0THDLPV AL MY = b
o7 I (RDX : C,H,N.0,), HMX(C,HN,0p &
TIALT Y PR Y = —(GAP: Cy o H; 500, 1-N- )
DB HET, URIE, GtEEE VD HOHdE
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Table 1 Thermochemical characteristics of combustion gas products

Compositions Thermochemical characteristics values
Sample | oyiqizer Fuel Binder Force 'Combustion | Average Co-volume Speciﬁt':
[wt%) [wt%) (wt%) | [J/g] | temperature | gas MW | o3 g] | heat ratio
(k] (g/mol] (-]
M30 Triple base propellant 1059 2977 23. 39 0.931 1. 229
JA2 DEGN/NG double base 1140 3410 24, 87 0. 906 1. 226
RDX[66]
- 2
A TAGNI6) | GAP[28] 1078 2574 10. 87 1.072 1.282
B HMX([76) - GAP[24] 1148 2880 20.73 1.038 1.276
TAGN K.B;H,, TPE
C [84.5) [10.5] (5.0] 999 2247 18.71 1. 002 1. 276
TAGN K,B.H,, TPE
D [79.5) (10.5] [10.0) 851 1830 17.90 1. 061 1.283
TAGN K,B.H,, TPE
E (69.0] (21.0] (10.0] 828 1875 18. 85 1.015 1.290
F TAGN[95.0] - TPE[5.0] . 1020 2180 17.78 1. 052 1. 260
G |TAGN(90.0] - TPE[10.0] | 874 1791 17. 85 1.108 1.277
TAGN K,B,.H,, Placcel
H [69] [21) [10) 856 2120 20. 62 0.921 1. 284
TAGN K,B,,H,, Placcel
I [70] [15] [15] 724 1734 19. 92 0. 968 1.287
J TAGN[90] - Placcel[10] | 899 1997 18.49 1.020 1.271
K TAGNI[85] - Placcel[15] | 760 1685 18. 45 1. 035 1.277

L LTAFRILRORLEH RISV AFRTFHE Fo
FFHRL— b (LA#K.B.H,. EBRIE) &>, £/
BE(ERICIZAE MY 7 2 ) X7 =22 (CHN,0,L4
BETAGNEBER) ZHWYY, A ¥ E LT
BT R b= ((CiuH,0,5),, 2 T- 84940, 000, &
BE 1050kg/m3, LA TPELBEIR)) 2 (ML=, RE
C~E Tt LEEF, GIIKRFFVHFEILAHESTE
RUVURABTHS,

2.2 2RRBICAWVW:-RE

BT DL, | RRBROBKIRBEVEIERBR D
AR Ly, RILTREARECINRERIGON T
N, WIEOKHUEIR 0. 2g/cm’ 121 DIRBEN AL IE
THHZENPYI LD T, 2KRRBTCIImmmbE
FHRORELE UTTAGN/ KB H,o/ 734 v ¥ RALK
A B REH~K) i8¢ L=,

SRR TIIMWRE AT HA L, IRBER A

(LRARY 20 & 0RBEE2IERT D120, <1
S 1 KRRTCER LETPELLHERFRAY H
TS0 b THDTT I EACHO),, FFR
T~10X10%, HHE 1150kg/m’) ~EH L 7=,

SIT, AU ROR o -REERBIL,
ThARBEERE & BIBAMIEICE 2 SR BIZONT
Rl
23, REOMEICIBEA FARBRICAY, &
Alla-f, WAEMOBITERETHREM L, KR
B XHRRENT, BIEDOKRIZRKE, toAf%
KUY LE L RBIETEVEDTLVA MY 27 L,

3. MG
3.1 BKARK

1 KRR E RO KRN ABIE L W=D DIy
Ny TRBXERRERZNOHFREICRIT 5
#120mg DR KO E, T BNBFH &IRIE & DM



BRD, ZoTOESE=FAX- 2R L
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3.2 AR TRBRN

1 RBRBBL O 2 RRROERBOEXFEIAD
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OEH MR EHR L, REoHFXITIXE K
EBICRAAESgZAy, RBXESH%
200kgf/cn’ Db LIZHAE 2Rk - RS 7, HABE
DEATR TEEKIZRY fFi3f-v /o4 (F A
F—6201BY 26 F VT U I TEHICERL, FU¥
NARMULS AR Ra-F (=21 400)iI2L 0,
P 7Y b—b lus/point, KA 2 K 40, 000
DF =35 BB LE, ZOF—F%arta—FiC
kL, EH— @A AT L TR RE ORIREE
WMEE KD, 1RRBIZBVWTHREA, BRBIT
M30 {22V T, S EEE 200kg/m® CRBEZ 1T
2, REC~GCIIMBERmICIRBBEL--D
100kg/m®* CHEE L=,

=%, 2REBIZBVTIE, FBNOLRANY 2
FBLIVAR—VOERPEFMET S L L b, "k
HICLBENZMEL =, H£REHIWIR, Hisicil
hOEIZH DN, WIHEHEIX180~190kg/m* D EEPE T
Hot,

3.3 ERRERRN
EROREMEOERRE X ERME L W=7
HIZ, B BN GRIERHSRERT: oA #7H 300
kgf) ZEA L T 2 RARRD 4 AWkHo v TIERRMK
RO, ERAERRICIILVR MY 7 ¥,
213, 0mm X FKEE 13, OnmDREH 2 W=, T -,
UYZ77 LAl LTHE. TamX EE9. Tnm OM30 3
HERBRA IOV THRRORBRE TV, [EEL
LUERRE L RO,
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4.1 1 XRM
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1 KRBREO THBB L UL 77 L 2M30 8
Mz H>WTFFo 7,
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Bomb body

Gas exhaust valve

Igniting Pre amplifier Personal
device computer
l I ‘ I
Power Digital P—t, P~r
supply oscilloscope Recorder

Fig. 1 Pressure measurement system of a closed
bomb apparatus

ZZTC ot BAEBNEEMEI(s), A: HIERF,
T:@BIE(K), E: B ToEHREIAY -
(kJ/mol), R : H RiE#H(1.987]/K mol)

Lo T, BABNAKEE DL (1Int) & #axHE
BOFHON/K LETOy ML, F2OMENLIMN
FTOFEHIETRAVF—EZROBENTES, 7
Ny ZRABRERBRICL-THLAT- 4 PIFLRB A
BRE(RADBLUANTOFEML FALX—%
Table 2 IZ7T, A~GWTFROREHZHSNTY,
RBAAB LUOEMEE 2 F—1IM30 LY L gL,
BICEETHDZ LERLTNS,

4.1.2 ERARL TRARE

AR 7RI X - TIESH — BRIt & AT
L7 WRBEEEE r L6 PE DBE % Table 3127,
WA, RBEENE rit Vieille DR

r=gp° (2)

TREIND. ZIT, HEHER(-), LI
BEMIEGR B (mm/ s/ kgf/em®) TH B,

€T, (logP) vs.(logr )7y b % FIER
THZEILEVIENN K o, SIRSEERRE 4R
HHZLNTED, &6k [ 1, Abel-Noble
D

Pull—pn)

r4
TROHBZLHpTEB, - TP KRR
(kgf/cm’), o IIEMEE (g/cn’), MBI HEY DA
(em’/g) TohH B, Table3ITREND L I IZHREIA,
Bix, FMAXIES 500~1500kgf/cn i THREEAM
30 LI TH B0, WRdb+ 28500, 24




Table 2 Ignition temperature and apparent activation energy of Phasel samples

determined by Krupp ignition temperature apparatus

Sample Ignition temperature Apparent activation energy
(K] [kJ/mol]
P e ; .
B 654 ; 41
C 1 672 40
D 676 42
E 623 ! 60
F 631 | 50
G 632 | 54
M30 | I R R

Table 3 Linear burning rate and force data of samples used at Phase 1

- [ | Burmngrat; r[m/s] logr= logg + aloEP” Maximum’v*r Force
Semple | ¢ kgt/om? EOOOkgf/cm” 1500kgfem? | o 8 pressu¥™® | gl
: ‘ _ ' [mm/kgf/cm?) ~ [kgf/cm?®] ]

A - o003 0.05 | 0.8 .06 | 3.5X10° 3240 1249

B i 0.03 0.07 0.11 L10 | 4.0X10° 3350 1302

C ; 2.06 10.7 28.2 | 2.38 7.6X%10" 1190 1052

D 0. 96 5.29 14.3 ; 2.46 | 2.2X10" 1080 948

E = 0.9 3.73 8.25 | 1.96  4.9X10° 920 814

F | 2,20 12.5 34.4 l 251 | 3.8X10° 1370 1205

G | o8 171 12.8 | 2.46 ‘ [.9X10" 1220 1062
M0 o005 0.08 o1l 075 | 4.7X10° 2940 1174

1) Loading (;éns}ty of sémple AB aﬁd M30 are 0.2g/cm3, Sample C~G are 0.1g/cm3.

PREEDSRERILENRDD, HITRAA YT
PE&EAI 5. 0wt % DRELC 36 L UF Ry i
B o712, K BoH, ZHEMLERECLTMLL
WEREIF L 2 B LA T o lipi iRl L it »> T
WA, ZHUREAI TAGN OB RN KE W L& T
BLTWAY, LaL, -/ ArFofRas
B5<, REILAl, WMAIBO7 A4 T —Ri(-ORCTIEN
VBN PRI T A HUMCH 0T, Pt -
MIE N ORMPLETHS, £, Fig.2DIEAD
WEHEIC L S IZMEHF O ) — P th AU o
LOIZHAREWANE Do, AT THDTP
EDRSEEY 10wmi%E iZic LIZKED, E, G%

W8+ 7 & SFESIE S 1000kgf/cm® T, HEMA] (K,
B .H,.) OECA A 10, 5wt % DREDHA I LS, &K
WTG, EDOWiThoT-, WEGIXK,B, H, ZHM
LAEWLOT, REER2L.0mt%BRADORETH
Do AREKRTFENHONBLDREIFTATHS
P, SRBELICIZK, B H, & BRIEAI TAGN OB A
W45 LTHY, Fmlta L TH TAGN RS
L, REREFTab0EE106N05,
gl LT, 1RABMOMREE & F i, FHAE
F1000kgl/cm OF&IET, M30 DIRMD16~134 {FIT
415 3.73~12.4Tn/s OBBEEIE 2D Z & A8
T&7.

- 88 - kHF 2T



-Mass:30g
Loading density: 0.2g/cm®
| P,=2360kgf/cm?
{ Average peak pressure
for oscillatory buming
- phenomena)

1.00 200 3.00

Time [ms])
Fig. 2 Pressure-time curve of sample E in a closed
bomb apparatus
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BRIEMZET 3 TCOMOES —WSE L& AR
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Thb, £7, Fig 3,4 okt M0 14
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. Mass:29g
Loading density:0.19g/cm®
P.=I
2000
1000~
0 'y A A 'l
0.00 1.00 200 3.00 400
Time [ms)

Fig. 3 Pressure-time curve of sample Hina

closed bomb apparatus

Mass:29g
Loading dansity:0.19g/cm?

2000F P_=1830kgf/cm?

1.00 200 3.00 4.00

Time [ms]
Fig. 4 Pressure-time curve of sample J in a
closed bomb apparatus

1000 T
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e
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i
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1
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Fig. 5 Relationship between pressure(P) and
burning rate(r) of samples used at
Phase 2



4B ORBIZHDWT, ZXHAFEHEKIEAH
1000kgf/cm* D & & ORPEEE, ERMORD LA
FekIED FBLWIENBE o #Table 411257, Table
400, REHMEOHB T A - I TCHIENEK
X, B®INAIK,BH) 2808ECIX 1.0~1.2, §
EFRVWREITIIS 3.0 LBoN, E6IC, HEM
DR, FEAKEHD 500~1,000kgf/cn’ I2351F
BIEABEIL, KB H, Z8L3RETR 0.3~2,
TAGN /RS U FDHBARITIT L ~4 &7y, BER
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EhoXNb—8LT,

4.2.2 ERBESLJUERE

ERRBREE RS Table5 1R T, 2KRBRBREOE
WML IINTRLMI0D 1/4 ULTFThoT=, Tk,
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XY, ENGHE, JERFRIN R R LERMmH
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5. % RN
5.1 1XEK. 2XBRUMRHOBRRZED
-4

1 RABREOEAABR L 7RBR T, REF
MRMAITF 500kgf/cm® TR 2. 2m/s OBRBEHAE
El, 2WERTIIR LENELHET, 2hoi2s
fis & 22 3R K 54n/s DIRBEEENB S,
ARRORE ORI DHIL, BEHFX LM ¥
Th5d, METRILETRBES T, 15 II#
APPSR h2DTPETH DY, HHFIXLARY
7 2 REBERESF X T, A A FIIEA Tt
RYATaFs NATTIEL)CHEIRZBNT
(THE - BRBRILTHY, AL ¥OMEIZL -
TRSERBEARIM L L 13T Iz W,

Table 4 Linear burning rate and force data of samples used at Phase 2

Burning rate r{m/s] log r= log 8 + alogP Maximum Force
Sample \ \ 8 pressure (/e)
50kgf/cm 1000kgf/cm o [mm/kgf/cm?] (kgf/cm?] B
H 54 92 1.00 99.2 1830 833
1 39 91 1.18 28.1 1770 798
d 23 93 2.93 1.44%10™ 1940 861
K 24 83 2.97 1.03x10* 1780 786

Table 5 Compressive stress data of samples used at Phase 2

Compressive S ek
tandard Compressibilities
Sample [:;j;gz;] deviation [%]
H 0.74 0.111 12.2
I 0.91 0.054 13.3
J 0.72 0. 048 1.0
K 0.84 0. 046 12.9
M30 3.61 0. 069 19.1
1008
*Compressibilities= [%]

A : Average length before compression

B Shrink value[mm]
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b, BEEEELRVEVLORYONEN, Ky
FEBHEEMT 5 Z ik o T 1000kgf/cm’ DG
JEGUE TIZEE LARWAS, 500kgf/cm® fi & DT
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7= 3REFC (TAGN 84.5/K,B ,11,.10.5/ TPE5) @
BURBEHIE A 10.Tn/s &6, M30 OMRKER
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lgnition and combustion characteristics of very high
burning rate composite propellant charges

Akio SHIBATA', Atsumi MIYAKE' and Terushige OGAWA'

A series of very high burning rate propellant charges were tentatively manufactured and exam-
ined as to the major combustion characteristics and the thermal stabilities. The results were as
follows.

The propellant formulations, containing TAGN as oxidizer and Boron Hydride compound
(K.B,,H,,) as a high burning rate catalyst, showed much greater burning rate than M30; i.e. 54m/s
at 500kgf/cm® and 92m/s at 1000kgf/cm® were 1,000 times greater than those of M30, respectively.

The pressure exponent of TAGN 69wt%/K,B,H,, 21wt%/Pracel 15wt% composition represented
desirable value(a =1) as a propellant charge.

Furthermore, from the Krupp ignition temperature test its thermal stability was also found to be
better than that of M30.

(‘Department of Safety Engineering, Yokohama National University, 79— 5 Tokiwadai,
Hodogaya-Ku, Yokohama 240-8501, JAPAN)
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