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se)NAWEI~SMRA TR 28 » ER KRR TIIRE
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K& REBMEAN LIBATRH SN, 0L )RS
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ENREEICEMA L, £2C, AFRRICH
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bI—DRBEAFT L Fi—+ikick 5 HMX £
BHENARTF— 4 L BRLEICEA3AMET -2 &
ER~RBZETHD. RFICHVTRT TRl HE

LT3, AIERMokbsE, teboRk B0
RREBHES 2 7 CHBMABRTD LItk T,
= b7 2 RREBEBENE—ITK L RBENEEZ
DRYEIZHWTRHLIELDTH S,

2, R #

RBUWAA L - HMX 3 PRI & ol
&N 7 5 R A (B 180~551) TH 5, feds HMX i
#40C, ImmHg AT CH S0 RMIEME his b T
HB, A4 Y-GELRAT, UTFIB~<348H
(Table 1) DBHEMEREL =, 7233, BHIMOBEHL
27 v b ARRAREE (45 30mm, A% 6mm, 23
£18mm) &M T, FRYTH 50kglf N & MR T,
{&6mm, £ & 9~11mm, i &9 0.45g DM ER T
ICRREIL 7=,

Table 1 Nitramine propellant formulations
used in this expreriment. (parts by

weight)
Propellant | ymx | Garbon | Binder
Paraffin 90 - 10
HTPB 90 - 10
HTPB 88 2 10
Polyester 90 - 10
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i) HMX Mtk st

HMX £ 20 $ BB AhT, ERRBLA.

W) 5740840 Y=LTBRE

B35 7 4 v 05y F-Hkik 333. 4 (g/mole), R AR
12 50~55C, HIi2 0.9 (g/cm?) ¢H 3, dHt&his
RI 740 87FAF v 7E—BIZRY, KIETIR,
HREES, BRLTWSE57 442, REAL
HMX &PR¥->ma, B—iches5ETRATS. B~
icheofctBbhii b ®, Kigkov—sEHL, &
H+5, BHL TV 2D LRA &8, HERRE
Lt+3, BFRRIBOMKRE & 25C, ImmHg AT T,
HosyMER L H REBICALT, ESRETS,

iii) HTPB & 44 o ¥— ¢+ 5%

A v+ /- HTPB (Hydroxyl-terminated polybutadi-
ene) iz ARCO #» R—45M ¢, 28 ANz TDI—
100 (FYeUIR T Rm, MAEh1#k) &EML . Mk
&h7- HTPB, HMX & TDI—-100 (HTPB iz L T
W) 7T RAF v 2 E—BIZART, H—izi 3
Y CRETSD, 88, W—H>7F 27 (BIBpuLLTF)
EiEMT 3B HMX S L FericiBAL, B8+
5, ZhHRELNESHERBBIZANT, ERR
B+s, REsh-RBRHESERBIZAL, 2L
H#)500mmHg, 50°C ¢ 248811, = »1% 1 mmHg, 50
ToeHasMminL, siles¢ s,
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ARy o 27 A BRERSSFHNY L5 <
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50CT#4BesifpM L, gfed#3,

REShAREOETMVFAOREHZSWT LH
1.73(g/cm3) CHho1s, o8, XRRIZBWTII,
BRE L CIBRIEO LB L LTERO L S5 2B HRNE
EBAL, Thbt, TILMER, T 19.4mm,
PHWE 7.8mm, BT Ll4mm D L o P~ — R B
W (HBIEI00% (Nt 12.6%), Y 7z=A7F 2 >
0.53% (&), BitfigH v 3.04% (AW)) TH 5,

3. REBEEELFHHE

3.1 FkfgizHonT

Crawford Bomb (A ft#6.21 ) Hiz Fig. 1 1055k
TLIRAEREBRRB1BEL Y b5,
Bomb ROEN & RIHH 2 TIERICEE LB, AKX
REBREET, HRRE~DHFAOHE L Bomb
OBRMGBRTHRHML 12, —HORFHZHVT, Fl—
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EHTCI0EMEEh, ZRROHKERIZRO L
SIS s, BIRAAKE (JREMRM) tRBL=
— % (RB6mm, £& 15mm) &4 FCiES+
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& 100mmorfR iz 67 SR8 LMK E RO,
ZOfRE Fig. 2125+, —%, RE0RBAR (70
o 7i) REFSRIC AT, 4 BRAAT 300C ¢
23 b0 ot, Fig. 2 ERRFRANCERIZY
Loy, ZngXERIREAONMS 100mm AR T
2, REBAC+ILR/EFHLTILHBZE
NTED, PENZ2n6, ARRTRMAKERLH
REVEIOBERE & 30mm & LT, FANORERES =
ol

3.2 BRI O

R vy 7 AN T RE (NE0mm £ & 80mm) N
iz, Fig. iz i+ iz, R 4B EAKERMS
30mm fHICBRER 5, 2083, RENKKENTRKES
DIRKEH 2 H D VEREH S ORIE T 2 DNHIC L -
T, H2FOHUFMLHEETIOER vz, LT
ORFHIARH% (HEHO0. Imm) T2~ 3EHRE,
W5 REBTIETORJIZMLANE L FTH I 2
ICEZELE. Y7 2FRICRBEE s LR, H
BOKREZISGEVIRER, Tiebt, AKENKRIZ

Fig.1

Setup for ignition test
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Fig. 2 "Temperature profile of igniter flame.

IERIBRICIZER LR ETRToORBHZh 2 510
Thd, RPLAKERELY FLEVF2AFE
Bomb WICE®E L., BombNnEH (¥ — JERR)
LW T15kg/cm® v B Uik 50kg/em? IR L, 1R1E
RBEB 2. REOWKE X CBIRBITORRE
BHEEN 2 7 (HYCAM type K2001) iz X » TR
(1000frames/sec) L, @@L,

4, EBRERBIUER
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PTAEA 1 REHITKL, BIET RS

Fig.3 Setup for observation of ignition and TREA 05 : REHCWK LB MBTES

combustion of propellant grain.

100

n
[=]

Ignitability ( g }

Single base propellant

: -/ HMX/HTPB +Carbon black

HMX—>] / HMX/paraffin
‘Lo_o_l— ——O—0—0

10 15

Surroundmg pressure (kg/cmz)

Fig. 4 Relation between ignitability and surrounding pressure
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TAMBIIBECEY, EAOHHLHREE RV T
cEixCELDP oL, LAL, SEBIR-LERT,
H#BMOHREAFNIZIES L, BRIEIRETS
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RIBLBZ6, £ WFhoRBHZHWT LB
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BRA ZLERRNZ EMbh oo, BEEMONER
R & Fig. 517+, FRc i, Sz ro ¥
=L TERNDHEENDND.TDSH, AR
KA, KAXKENRBAL, TOXBEIHHEGDIZ, B)
HA~OPF Ak EGRIABENE, 2771 ERVE
BEI TR AR EER T LEOBIZH AL, &K
iCRRAEOREORMERELE, LL, HTPBS
BV HTPBizh—# L 73 » 7 £RMUARBTIX
RKENBEETHBISHAL, 47740 0RFLY
b R ABEINIREV Z EAbh o T, —F, BombRAngk
EEH &15kg/cm? 1 & 50kg/cm? iz FR-EE8E,
HTPB OBEHZ > TN S KRN LREER ) &
CORMH (GEXEFN+ A KBS 2359 120ms H» 6 £9
40ms k22, 1/3 1@ Shiz, ¥/, RA57400
BUBHZ SV Ti# 3%0ms 7 6 #160ms L7z, 1/6 4
& hiz, 20k 5K & EXEERIZESH O
ERIZE ST, GRIZBRVTSZ Lribhol,
Fig.5 i3 %, SREOGRARM & HRIEH T RN
DEERD I, ZOfE & Table 2 ioiR+., FRIZ

Press, in |L__ 1; sgnition time
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Fig.5 Relation of ignition, flame speading and combustion time of the propellants.
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Table 2 The ratio of ts to tc

ts : Inflammation time, which is ignition and flame-spreading

sequence.

tc: Combustion time, which is ignition and burn-out sequence

of a propellant grain.

Propellasnt Pressure (kgfcm?) tsftc
Conventional
singl-base propellant 15 0.029
HMX/HTPB+ Carbon black 15 0. 021
15 0.033
HMX/HTPB
50 0.030
15 0.041
HMX/Paraffin
50 0.020
I ; Press, TBufnig rate |
[} Binder o err Xy |{mim /ave )
st Singlo base pr) 15 | O | 5.3
HTPB+ERR" [ 15 | @] 12.2
Llo]| 5.5
HTPB 50 [0 | 10-8
15|e 2.2
Paraffin
' 50 [0 | 42

-850
/s
I{ o

Axijal gize {mm)

N
RN |

| .\\\\\
'; L ! ] )]

500 1000

Burning time (msec)

Fig. 8 Variations in axial size of a cylindrical propellant grain with burning time.
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RESEPHMAAR L 7L S CEANSRICEAT S
RO L LT, RIEHTEMICH L TR
BTGB L BAGAD DI, BEHTRICY
L TEKEMLERT s, BRI EKL
T, ERE»OBD, Thbh, FHkEReE
BRVICHBEVH T ENTES,
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Fig. 7 Variations in radial size of a cylindrical propellant grain with burning time.
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Observations of Ignition and Combustion of Nitramine Propellants

by Yutaka HAGIHARA*, Yoshifumi WAKAMATU* and Takeshi ITO*

The phenomena of ignition and combustion of nitramine propellants were observed
by high speed photography (1000 frames/sec). On the basis of these findings, the follow-
ing facts are suggested. 1) The time ratio of inflammtion to combustion was from 1/50
to 1/25. Since the ratio is rapidly decreased with an increase in pressure, we may assume
that all propellant grains in a closed bomb or a reaction chamber of gun are ignited
simultaneously and uniformly. 2) The burning of the propellant takes place by parallel
layer, therefore we may conveniently describe the grain burning as a three-dimensional
process taking place along the initial grain forms.

(*Department of Chemistry, The National Defense Academy, Hashirimizu,

Yokosuka, 239, JAPAN)
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