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Table 1 Composition of tested propellants in wt%

Symbol HTPB Al NH,CI0, HMX (A) HMX (E)
A 11 18 71 0 0
B 11 18 61 0 10
C 11 18 51 0 20
D 11 18 61 10 0
E 11 18 51 20 0
F 11 18 41 30 0
G 12 18 62 0 8
H 14 18 68 0 0
HMX (A): average diameter is about 200 #m.
HMX (E) : average diameter is about 20 gm.
BRFI6) 5108 176 FRGS AR hTv3Y%
‘WRASTEBRICEFEH $AR, M, WESREIZ= I v Az vEY
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mortar tests (unit : mm) CORBERNBIL 2 ODKCERTEL 5, M4,
Table2 Test results with the Mk I ballistic mortar
sample detonator l-cngth ncf length observation
of swing (mm) of swing (mm)
A No.0 29 20 burned
A No. 6 >500 complete explosion
B No. 0 5 0 burned
C No.0 13 4 burned
D No.0 4 0 burned
E No.0 9 0 burned
F No. 0 0 0 burned
G No.0 0 0 burned
G No. 6 223 214 partial explosion,
burned
H No.0 33 24 burned
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Fa¥ -, sh, BRACHYTS05EE, 650 FERTMBEIR R A - RSP Y Table 3 127
RO 6BEH+PETNO.6g ¥ thEhtv=5FL 1,
vHEIIZAR, REOIVSLRE T v 7 I8 4.2.1 BRELHEXVHDABOERNEE DRIF
2, HYEARRRE T, £L T, £OERIAOE 21T
ftx B ChMloRB=F 1 ¥—, MLiX0SRE ERRIMBARIC SV TUIBRAD : v =1 F A T
+PETN0.2g Fic L 2RBu TV, RAAOE{LY vy 7A (WSHRKDLSIZBEREATLBE,
T L AL, WS5=100 (1 —cos8)/(1—cost,)

4.2 REHRLER 100 x d?/dg? (1)

Table 3 Results of the variable initiator test for composite propellants
using the conventional ballistic mortar

Samole detonator PETN PETN eq. swing net swing
P No. (g) (g) angle ( °) angle (°)

A* 0 0 0.18 0 0

0 0.2 0.38 0.33 0. 28

0 0.3 0.48 19.17 17.74

6 0 0. 60 20. 30 18.05

B* 6 0.6 1.20 19. 25 14.75
** 0 0 0.18 0 0

0 0.1 0.28 14, 25 13. 20

0 0.2 0. 38 17. 25 15. 69

0 0.3 0. 48 19.00 17. 20

6 0 0. 60 20. 88 18.63

6 0.6 1.20 17.83 13.33

CHrk 0 0 0.18 0. 83 0.15
* 0 0.1 0.28 0 0

0 0.2 0.38 15. 00 13.58

0 0.3 0.48 15. 83 14,03

6 0 0.60 17. 82 15.57

6 0.6 1.20 16. 47 11,97
D* 0 0 0.18 0 0
* 0 0.1 0.28 0.58 0

0 0.2 0.38 14. 50 13.07

0 0.3 0. 48 20.08 18. 26

6 0 0.60 21. 67 19. 42

6 0.6 1.20 18.00 13. 50
E* 0 0 0.18 0 0

0 0.1 0.28 11. 42 10. 37

0 0.2 0.38 13.67 12. 24

0 0.3 0.48 18.50 16. 70

6 0 0. 60 19. 83 17.58

6 0.6 1.20 19. 27 14.77

G 0 0 0,18 1.13 0.45
*hk 0 0.1 0.28 0.92 0

0 0.2 0.38 8.07 6. 64

6 0 0. 60 18.75 16.50

6 0.6 1.20 18. 30 13. 80
H* 0 0 0. 18 0 0
* 0 0.1 0.28 0 0

0 02 0.38 13. 47 12. 04

0 0.3 0.48 13.58 11.78

6 0 0. 60 20.08 17. 83

6 0.6 1.20 22. 92 18.42

* : Unreacted material remained and the projectile was not ejected.
** : Scattered material burned.
*t% . Sample in the bore burned.
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Table 4 Results of the variable sample weight test for the explosion

propagation of composite propellants using the ballisstic

pendulum (Observed swing length in mm*)

Sample length {mm)

Sample 25 mm 50 mm 50 mm** 100 mm

A 40. 4 42.4 38.7 41.6
47.0

B 38.3 42.1 41.5 41. 8

C 40.1 4.7 42.8 47.6
56. 2

D 40.0 46.1 43.9 45.0

E 40.2 51.0 42.9 45.7
39.3

F 38.5 45.2 41.0 52.4

G 39.3 42.8 39.8 46.0

H 40.0 38.0 40.8 41.1
43.8

: Observed swing lengths for 20g PETN and a no. 6 detonator were

21.0,20.7 and 23.8 mm. The average is 21.8 mm.

chloride tapes.

: The booster cartridges were not fixed to samples by vinyl

Table 8 Net swing length of the ballistic pendulum and length of the
induced explosion of propellant samples.

Net swing length Length of indeced explosion
(mm) (mm)
Sample
Sample length (mm)
25 50 100 50 100 average
A 18.6 20.6 19.8 27.7 26.6 29
25.2 33.9
B 16.5 20.2 20.0 30.6 30.3 3
C 18.3 22.9 25.8 3L.3 35.2 38
34.2 46.7
D 18.2 24.3 23.2 33.4 31.9 33
E 18.4 29.2 23.9 39.7 32.8 32
17.5 23.8
F 16.7 23.4 30.6 32.5 145.8 39
G 17.5 21.0 24,2 30.0 34.6 32
H 18.2 16.2 19.3 22.3 26.5 26
22.0 30.2

Mk BB TCIRTERBERRY nTxiv, *
OIHITHERT YA 5 ERBRER? OB
Rai.

51 AULCERELRRER

ER - BIEEIC & » TIER L 7:20mm¢ X 50md B
IR ($20g) ZRBE LTV, BBFELT

Kégyo Kayaku, Vol. 48, No.2, 1987

1220 D PETN B XX B HEV =+ vo— bl
54, £DOPZ 6 BRELFHALLLOLAG R, =
ho¥Fig. 6 RT o= -7TEHL
Wi —nfAR——CHBYRAETELL51CL
te, ¥, BRILDERBIIAZ{k-TkH, RE
REDRIZELRAA TRRCEBT I L v a5k

— 101 —



[mm]
= ‘ ”
40 7
rd
5 s P
a / §
%30 = o] 7
X v 4
4]
9
8
8 20 [
9
s
(]
b
o
=10
Fr]
o
e
Q
-
1 1 ] [} 1 1 1
0 10 20 0 10 20 30 (%)

HMX content in &

Fig. 8 Plots of length of induced decomposition
vs. HMX content

Bz, BREOTicf - @B -1,

AV ehiR T B AN () RETHREs
AT BLD0THS, cOLDORREOKBYFIAL
72L0T, TONBRUETILFig. 7 iZRL,

5.2 REBFIMW

(1) GEME+RER) OEBERHIRR

FV=2FLvy—bRRCDHANK20gDPETN L 6
SETLABPICEHA L, fHEicvhi | kgOBOR
HHEEHTHOHEBUTURTRAEYRE L,

(2) FERHERR (ERERR)

Fig.6 DL 5icRB 7+ 79 L AHGXEIRAC
#M L, BRLME5mE e ¥ CiRFLIEST,
REBTRELRERLC, RTORREXIELL,
KROHELFERICEANM L, R8%, BTRVAR
PUHZR B XS DB\ T5 D> TREOHFELEMD
1

5.3 BRLER

RRER % Table 4 2R,

5.3.1 20g PETN OIBRIC & 2 HEROHR IR

DRI3RE

NIRRT ¥ AV RS T, 25m, 50m BRI 100m
DEIOHELFE LRI, 50z BU100m DI S OHE
EROBBIR CHLLIBRESBER S LT, 25m D
HERCREREREIER I i -1,

25m D X OHEFEOWMIEFEBR O ERIBLT
2 25m OHBEEORELELBERIFOKEBO AL
DEHEET DL Table 5 ICRTHERFBRORZ » 1
2o hs, chxEE L2 HMX §Hfiicx

—102—

LT7e, b LELDAFig. 8 THB, 17720
KEVH, HMX 8BS AES S LBRTBROR
SREILMATHHEMCSH D, KRR TH oL E
AEHIE20m ChH D, i, BIfCAVGLERE
13208 DHIRPETN ¢H 3, LiclishHRAIE
LU S hiiBREDOHIHROEGOIEBELH
v, LORELHEORBLAGHIERFLETHS,
Linl, CORRCL - TR L A7EEBH
RBOBPRO—HE BT LOTHD, 1.220
PETN Yo &RIBAICL = = TRV AEEKILAHD
FEMRB IS8 h v 2 EHRLTL 3,

5.3.2 EBZFOEE

BYORR T, 202 PETNOEZEBELYRHD &
BV TRB LA, £LT, thiziFE LE
BRERYRHHCHCEET - 7 TRE L TRERE T -7
ZOEROF ML Table 4 O50mE X DRFHZOL
TRENTV D, 15 7 %1155 EERR
YEAELLRBOFRREILKES LTV B, B
6!, EREYRCEFET I LiItE-~TEhE
VCERESRERICESSh, LS OFERTRY
BIlLkbDTHAS5,

6. &

HMXA b =2 v #£2 , FEEROHREE RUGIER
2 FES 5 B THHER, AHRTFRREYT- 1
R, koksimBxir,

- EEEOBBR DL K E o, MEITHFHFIRIC
X B Y TR,

- PEREMBIEIRRIZ X B EIRRERROZLE, 0~30
BOHMX % &4 L HEEETREOXILH T 010 <,
HEHEFE152120.28~0.48g DPETN Y EOH R TKA
XHIBBRNET L. - OBRRBORIGH HOHEHE
D/TH THIZON», BBKICLDERL L DM
CER2Y T S §7 NN
- WHETIC L A EEBERR T, EREMPLTY
BRARHMIMmeT, REABREIhSZ LBER
HIZR SR oz, Lichi»T, BSEHFIR-CHEEIR
AR LIBROFICAERME 2 -2 L2 hD
72e LML, ZORBCORSIBILAESme X
Vit Lo b REREETIRERT SMEENLY,
EHILKRRORRETHLEND S,

- B

ARFELAD S Bz ), LHHFEHPEFRR X
b BB R Ao R, IR L OB S, R,
fico ZBEBE S GIo AR (B LR
DEEEY, BAAAX, LWERHBCELZOMDOHT 2R
URBIC @O E M- RIS L
¥,

THAH



1

2)

3

4)

5)

Kégyé Kayaku, Vol. 48, No. 2, 1987

X m
N. Kubota, M. Takizukaand T. Fukuda;“Com-
bustion of Nitramine Composite Propellants”,
AIAA Paper NO. 81-1582 (1981)
N . Kubota, “Combustion Mechanism of
Nitramine Composite Propellantes” , Pro-
ceedings of the 18th Symp. (Intern.) on Com-
bustionss. The Combustion Institute (1981)
United Nations Committee of Experts on the
Transport of Dangerous Goods, “Manual of
Tests for the Hazadous Classification of Ex-
plosives” ST/SG/AG.10/C. 1 /12/Add. 1, 1
October, 1984
D. F. Pemington, T.Man and B.Per-
sons; “Rocket Propulsion Hazard Summary:
Safety Classification. Handling Experience and
Application to Space Schuttle Payload™, NASA
CR-145185 (1977)
a) BHAREA, WABRS, mE—K, 'HMX&
fizv#y, FEERORLEFHERRDR,,
B AMM{LH SR-G RN 3535 (1985)

6)

D

8)

9

b) hEE—, WK, HEEY, R@EEY,
BBEEM, T=bF ivavdHy, FEEERD
SRHEICOVT ), TRKH, 41, 375 (1982)
¢)K.Kato, H.Shimizu, T.Fukuda, K.Yoneda
and T. Asaba, “ Detonability of Propellant Con-
taining Nitamine”, Proceedings of thel3th Inter-
national Symposium on Space Technology and
Science. 1982

G RES, BkER BHAEZS, KMES,
FHPH, MIABEARZ A LBRIEHHR
OHRBEMEE), LRAE, 41,375 (1985)
gxE® wARZ, PHEB B BB, &
BAE, (BB FIZL 20 RARLDOEER
ERUBMBRR DRGSR ), KELF,
24, 247 (1989)

IRKEGLE, (TRXE~¥F7, 2], p.
376 (1966) StirHiRE

BXER, BXiSKE, &BF 5, KEEE,
BHEZ=, Fmbs, TMkIMUBEAROERE L
M (M), TMkIIMBHEAROHE), TRAE,
46, 64 (1985)

— 103 —



Methods for Evaluation of Shock Sensitivity and Detonation
Propagation of Composite Propellants Containing HMX (1)

—Evaluation by Ballistic Mortar and Ballistic Pendulum Tests—

by Takehiro MATSUNAGA*, Masamitsu TAMURA®*, Akira INAMA**
and Tadao YOSHIDA*

A variable initiator test method has applicated to evaluate shock sensitivity of composite pro-
pellants containing HMX, using the MkII ballistic mortar and conventional ballistic mortar. A
variable sample weight test method also has applicated to evaluate ability to propagate explosion of
these propellants, using the ballistic pendulum.

The variable initiator test by the MkII ballistic mortar has not been applicable, because these
propellants have so strong much explosive power that the mortar is damaged. So we have tested
these samples by using the conventional ballistic mortar. As the results, propellants containing 0-30
% HMX have almost same shock sensitivities by this method,and a 15g propellant can propagate explosive
decomposition by the shock of 0.28-0.48 PETN equivalence. The variable sample weight test by using the
ballistic pendulum test has shown that these propellants can not propagate explosive self-sustaining detonation.

( *:Department of Reaction Chemistry, Facuty of Engineering, The Universityof Tokyo,
7—3—1 Hongo, Bunkyo—ku, Tokyo 113
**: The Institute of Space and Astronautical Science, 4—6—1 komaba, Meguro—ku, Tokyo 153)
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