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Fig. 1 Typical records of ion-gap signal with dif-
ferent aluminum plate thickness.
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Table 1 Shock velocity, particle velocity and shock pressure in
aluminum plate
Llen] Us, u{me/ps]) | Up, wlem/ps] Pu[GPa]

50 5.41 0.0455 0. 666
40 5.66 0.228 3.48
35 5.79 0.325 5.08
30 5.92 0.426 6.82
25 6.06 0.533 8.73
20 6.21 0.645 10.8
15 6.37 0.763 13.1
10 6.54 0.887 15.7

5 6.71 1.02 18.4

L:aluminum plate thickness, Us, n:shock velocity in aluminum plate
Up, niparticle velocity in aluminum plate, Pa:shock pressure in

aluminum plate
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Fig. 2 Typical records of shock-induced polariza-
tion signal with different PMMA plate
thickness.
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Table 2 Propellant Composition

No.| NC | NG | DEP | GAP | PbSt | CB
1 35 50 5 10 - -
2 ki 50 5 10 3 0.6
3| 4 40 5 10 3 0.6
4 45 40 7.5 7.5 3 0.6

NC:nitrocellulose, NG:nitroglycerin,
DEP:diethy] phthalate,

GAP: glycidyl azide polymer binder,
PbSt:lead stearate, CB:carbon black
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Table 3 Sensitivity test results

No. Em Ti I P D Us Up Py Up.g r Grad.
1 10.7£0.3 492 1.51 10.8 7.20 5.39 2.17 19.4 1.79 4.03 | —0.0436
2 | 10.8%£1.7 | 486 1.50 873 7.23 | 592 | 2.16 | 19.3 | 1.78 | 4.06 | —0.0454
3 | 13.6x2.0 | 477 1.50 6.82 | 7.14 | 591 | 2.15 | 19.0 | 1.78 | 4.02 | —0.0490
4 | 25.5+1.1 | 477 1.49 873 | 7.07 | 573 | 2.04 | 17.7 | 1.68 | 4.21 | —0.0380

Em:minimum ignition energy[J], Ti:ignition temperature[K],

p : density[g/cd], P:critical shock wave pressure for no explosion[GPa]
D:detonation velocity[mm/ps], Us:shock velocity in PMMA(m/ps],

Up:particle velocity in PMMAU[mm/ps], P, :detonation pressure at C—J plane[GPal
Up. ¢:particle velocity at C—J plane, I':expansion coefficient,

Grad. : gradient of the particle velocity with PMMA thickness,
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Table 4 Propellant Composition

No. |TMETN| GAP | B/T |AMMO| B/A | B/N | HMX | AP |TAGN| AN | Cr
5 - - 25 - - - 75 - - - -
6 - - 25 - - - 70 5 - - -
7 - - 25 - - - 70 - 5 - -
8 - - 25 - - - 65 10 - - -
9 - - - - 25 - 65 10 - - -
10 - - - - 25 - 15 - - 60 2
" - - - 25 - - 15 5 - 55 -
12 - - - 24 - - 76 - - - -
13 20 20 - - - - - - - 60 -
14 - - - - - | 25* | 75 - - - -
15 - - - - - |25t | 75 - - - -
16 - - - - - (27| - - - -

TMETN :trimethylole ethane trinitrate, B/T :3, 3—bis(azidomethyl)

oxetane/tetrahydrofran (6/4)

copolymer binder, AMMO:3—azidomethy - 3—methyloxetane binder,

B/A:3, 3—bis (azidomethyl) oxetane/3 — azidomethy — 3 —methyloxetane (7/3) copolymer binder, B/N™' :
3, 3—bis (azidomethyl) oxetane/3 — nitratomethyl — 3—methyloxetane (7/3) copolymer binder, B/N** :

(6/4) copolymer binder, B/N"* :
HMX :cyclotetramethylenetetranitramine,

(8/2) copolymer binder,

AP:ammonium perchlorate TAGN :triaminoguanidinium nitrate,

AN:ammonium nitrate, Cr:chromium oxide

Table 5 Sensitivity test results

No. Em Ti [ P D Us Up Py |Upa.{ T Grad.
5 ] 10.0x0 625 1.64 6.82 | 7.97 | 6.48 | 2.53 | 26.3 | 2.0l 3.96 | —0.0483
6 1.64 873 | 7.99 | 6.59 | 2.60 | 27.2 | 2.08 | 3.85 | —0.0574
7 5.0x1.7 1 619 1.64 6.82 | 7.93 | 6.44 | 2.50 | 25.8 1.98 | 4.00 | —0.0541
8 3.3x0.8 | 606 1.63 8.73 | 7.88 | 6.39 | 2.47 | 25.2 1.96 | 4.02 | —0.0439
9 8.73 | 7.60
10 15.7 no no no no no no no
11 18.4 no no no no no no no
12 6.2+1.8 | 678
13 | 18.4%1.7 606 18.4 no no no no no no no
14 1.66 8.73 | 7.77 | 6.38 | 2.46 | 25.1 1.95 | 3.99 | —0.0535
15 1.66 8.73 | 7.65 | 6.51 2.54 | 25.9 | 2.04 | 3.75 | —0.0689
16 1.66 6.82 | 7.86 | 6.42 | 2.48 | 25.7 1.97 | 4.00 | —0.0572
no:no detonation or no shock wave was observed,
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Initiation and Detonation Properties of Azide Polymer Propellants

by Yoshio OYUMI*, Eishu KIMURA* and Kiyokazu NAGAYAMA*

Azide polymer propellants with different polymer units and oxidizers have been com-
pared for their initiation and detonation properties. The investigations showed that the pro-
perties of oxidizers predominated the initiation of the propellants. Most propellants tested

here was initiated by the shock pressure of more than 10 GPa. The high energy copolymers
showed the higher sensitivities for the initiation and the detonation in the five different

BAMO copolymers. Although AP less influenced the shock sensitivity of HMX composite
propellants, TAGN has lowered it because of its chemical effects on HMX decomposition
reaction.
(*Third Research Center, TRDI, Japan Defense Agency 1—2—10 Sakae,
Tachikawa, Tokyo 190, Japan)
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