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SHOCK IGNITABILITY TEST FOR AZIDE POLYMER PROPELLANTS 

Eishu IGmua and Yoshio Oyunli 

Tlurd fLseadi Center, T & d  Research and Development histitutc, 

J a p m  Dcfense Agency, 1-2- 10 Snkac, Taclllkawa. Tokyo 190. tJapcan 

I\BSTR.ACT 

1'hv shock ignitability test, which is relatively simplc mcthoti yet rxcly 

applied to solid rocket propellants, was used to evaluate the sensitivities of 

nzidc pol!iner propellcults Vaiations in sensitivities wcrc' obscived when 

compared with results from thc c a d  gap test. Although AP-based propellants 

were inscmsitivc in thc G V ~  gap test, they denionst.rated high ignitability in 

this tcst. 'I'hese tliUcrenccs arc asciibcd to diEerenccs in s;unplc weight, the 

niiinner in  wllich smiplcs we held, aid the input. CllPrby from thc donor 

cq)losivc.. I t  was found that the results of the shock iplitability trst wcre 

closer tn 111osc of the fragment inipact tcst t1i:ui to thosc of tlic c;ird gap tcst. 

INTRODUCTION 

For tlic design of low sensitivity solid rocket propcllnnt, it is valuable to 

1ia7v~ soni(~ undcrstnnding of the effcc:ts of individual componcnt (oxither, 

biiidcr, catalyst, ctc.) and nicch,uiical propcities on thc scnsiti\dics. There 

arc various mothods for assessing n scnsitivity according to the !&id of the 

energy put into a s;iniglc. Even uith the use of nppropiiatc st.andwd s;miple, 
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it. is oftcn tlifiicult to absolutely compare results obtained with dilTcrrnt 

instnlments and cliteiia by merent operato&). In 1993 it wa.5 report.~d that 

thc shock iF;llit;ibility test was s u i ~ d h  for assessment of cxplosivcs' 

scnsitivities~~). The merit of the test was rdatively simple and easy to judge. 

Iii the ctirrcnt work, tlic assessinexit was applied to sonsiti\%.y of solid rtcket 

prol)cll,uit.s and die i*csults were compared with irsults obtaimd with 

mother ttrst. 

M A T E W  

Tahlos 1 and 2 show propellant compositions of GAP-bascd arid NMRIO- 

b'aserl saniplcs $ted here, reqoctively. "lie oxidizers used w r c  aninionium 

nitrate (AN), munonium peitchlorate (AP) ,HMX ;ind AN nihed with 

nppro.xini;itdy 1-1% IIM)(. SanqlleV 1 and 2 differ in mecll,uiical propci?.ics, 

and weie prepmcd tD evaluate the idationship bctwcexi mccliailicd 

TABLE 1 

Compositions of the GAP-based Samples 
~~ 

No. (L\P 17" IIMX AP AN NC PbCi FrO CuC CJ3 R Al 
Is 29,; * 148 - 54.1 - - 0.6 1.0 . 
111 29 .? . 14 H - 54.1 - - 0.G 1.0 - 
2s 14.7 I4.5 - - 48.2 19.3 1.9 - 1.0 0.G - 
2h 14 5 14.5 - - 48.2 10.3 1.9 - 1.0 0.0 - 
3 1.78 . - 19.2 . - 1.0 - - 20 

GAP. (:lyc.ictyl nriclc polymcr, TI": Trirncthylolethcno trinitmtc (Thl E'I"), 
AP: Ammonium prrchlorntc. NC: Nitrcollulo~e, PhCi: Lead citratc, FoO: Iron oxide(m), 
(>ti(: ('oplwr c*Iimmitc, CB: Cnrhon blnck, B: Boron, Al: Aluminum 
4 = If .iyniholiaid thc softer mcchnnicnl property 
h = 11 symlwlwt~d tho hard inrehnnicnl property. 
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TABLE 2 

Compasition.9 ofthe NMMO-based Samples 

No. DIN HMX AP AN PbCi FcO FeB CuC ZrC CR 
4 23.8 14.3 - 57.1 - 1.9 2.9 - 
5 24.1 72.5 - - 2.9 - - 0.5 

(i 21.!) - 73.3 . - 2.9 - - 1.9 - 
'711 22.4 - 76.1 - * 0.6 - - 2.0 - 
51) 22.4 - 76.1 - - 0.6 - - 2.0 . 
xi1 23.0 - 75.0 - 
HI) zt.0 - 77.0 . 

BIN RAMOINMMO bindcr, FcB: Buhcono 
R = It h w  ti smrllcr nvcragc size of AP prrticlc. 

b = It has R larger avorage siu! of AP particlo. 

properties and sensitivities. Differences in mechanical properties were 

achieved by varying the level of curing a k t  in the binder. The symbols "h" 

and "ti" indicate hard and soft samples, respectively. Samples 7 and 8 vary 

with respect to the distributions of AP partide size, and were prepared to 

evaluate the relationship between oxidizers partice size and dtivitiea. The 

formulation with the "a" notation has a smaller average of AP partice size 

than does that with the "b" notation. 

METHODS 
The test p d u r e  was based on a previously reported methoda except 

for a modification made in order to evaluate d i d  propellant sensitivity. The 

test set-up shown inFigure 1 wascoinposedofasteel tube with a base. The 

tube had a 30mm inner diameter and a height of 50mm. The gap plate(s) 

were 29mm in diameter and were made of aluminum. A no.6 detonator was 

1 75 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



used. The sample weighed 20g and had a 29mm outer diameter. The gap 

material used was aluminum (JIS H 4000,6061) and had a density of 

2.703g/cnP. This material was chosen to facilitate comparison with card gap 

tests we have carried out previouslp. The thickness of the plates were 1,2,4, 

8 and 16mm; each ofthem or their mmbination were applied to the test. The 

test procedure is shown as follows. 

1. 

2. 

3. 

4. 

5. 

A sample having an outer diameter of 29- and a weight of 20g ki 

molded and placed into the steel tube. 

A plate with given thickness was placed directly on the top of sample. If 

the gap material protruded over the steel case wall, a tubular steel pipe of 

the same diameter as the case was attached to the top end of the case. 

A no.G detonator was inserted through a piece of cardboard with a 29mm 

diameter and a G m m  hole in the center of it. The detonator was held in 

place by means of a piece of tape. 

The sample was buried under sand 30cm in depth. 

The detonator was ignited. Reation behavior was evaluated based on the 

damage condition of the case. 

The behavior was judged to be either “detonation”, ‘%burning‘‘ or “no 

reaction”. In the case of the detonation, the steel case bursts and breaks into 

fragments or cleaves at the bottom like a tulip flower. All of the sample is 

consumed and unrecoverable after the test. It is diGcult to distinguish 

“deflagration” h m  “burning‘. In both cases, part or all of the case bottom 

separates fivm the case body and some expansion is observed around the case 

body. Samples are also not recoverable. Some fumes are obsemed and the 

case temperaturo is high immediately after the test. In the case of “no 
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reaction, the sample remaias nearly intact in the case. The method for 

judging a sensitivity is desclibed below. 

1. 

2. 

3. 

At first, use. a given gap length, Use a gap length twice as thick as the 

original gap length if any reaction occu~s. Use a gap length half the 

~iessoftheoriginallengthifthesampledoesntreact. 

Attempt on a gap length tlm-fourths as thick as the original length if 

“no reaction” is observed at twice the gap length. Use a gap length 1.5 

times as thick as the original length if the sample doesn’t react on the 

half gap length. 

Stop testing when the difference of the gap thickness between “reaction” 

and “no reaction” becomes lmm. 

The minimum gap lengul (symhlized G L )  of “no reaction” is de6ned as 

the criticid gap length (symbolized Critical GL), when reaction is d&ed as 

“detonation” and “burnin<, which are notedin the remarks of the tables. It is 

impmsible for the metal-jet generated h m  no.6 detonator to penetrate the 

gap plate over 7mm in thickness. 

RESULTS 
The test results of the GAP-based samples are shown in Table 3. 

Judgments, which indicate reaction or not, are represented reqmtively by 

d e  or cross symbols in the order of trials h m  left to right. Comparison of 

sample 1 with sample 2 indicates that the nitrate esters, ‘I” and NC, 

sensitized the sample because they are sensitive to the shock stimuli. When 

HMX is present at a l e d  of 15% or less, it has no effect on the sensitivity 

even though HMX has a detonation characteristic. Sample 3, whose oxidizer 
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is AP, was sensitive based on its hi& flammability and the reaction was 

judged to be "bunhg''. 

More effects of m e c h d  properties on d t i v i t y  were observed 

between samples 2s and 2h than between those of samples 1s and 1h in spite 

of the lower binder content. It is suspected that the shock wave of the 

detonator through the gap phte is better absorbed by the SORer sample. 

The results of NMMO-based samples are shown in Table 4. Detonation 

oocurred only for sample 5, which contained 73% HMX, and is used as a high 

explosive?. The sensitivities of the AP and AN/HMX samples in the NMMO 

binder were obseirved to be approximately equal while the sensitivities of the 

AP and AN/HMX samples in the GAP binder had quite diEercnt sensitivities. 

As regards the diameter of the Ap particles, samples with a larger average of 

AP p;u.ticle size were more sensitive than those with smaller ones as 

evidenced by comparison of samples 7a and 8a with samples 7b and 8b. 

Based on a cornpiarkon of samples 7 and 8, the catalysts appeared to sensitize 

the sample. 

It w<as possible for the shock ignitability test to better distinguisli 

sensitivities between one sample and another than would the card gap test. 

"lie main reasons for this is that the plate thickness for tlie gal) plate is 5mm 

(versus 1. 2, 4, 8 or 16 for the shock ignitability test) and tlie witness plate 

under the sample are used for judgment in the card gap tost (versus 

examinahon of actual propellant in the shock ignitability test). Vie gap 

material of the shock ignitability test was identical to that of die card gap test 

in order to compare each test characteristics. Table 5 shows the clitid gap 

length of the shock ignitability test as well as the card gap test for reference'). 
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The results indicate quite Merent results for some of the samples examined 

by the two test methods. The sensitivity characteristics evaluated by each 

method were also different. 

f i s t  of all, it was remarkable that the sensitivity of the AP oxidized 

GAP-based sample was sigmficantly lower in the card gap test than it was in 

the shock ignitabiliw test. Reactions in the card gap test may be judged “no 

reaction” if no crack or hole is observed on the witness plate even if the 

sample cnmpletely burns. In practice, the AP-oxidized sample was entirely 

coilsunled after the test. Also, AP is known to be highly flammable. 

An HMX-based sample (BM; 23.7, HMX, 71.2, lead stearate; 4.6, CB; 

0.5) with the same composition as sample 5 except the catalysts were 

Merent, had a critical gap length of 25- in the card gap test+). On the 

other hand, sample 5 was low sensitivity in the shock ignihbility test. The 

reaction behavior to the shock ignitability, however, was “detonation”. It is 

inipousiblc to drectly compare with another bunt sample iwults just based 

solely on the thickness of the gap plate. 

In tllis series of shock ignitabdity tab, only one detonation was 

obseived presumably because of the smaller energy put into the sample and 

because only a forth to a third of the sample weight normally used in thc card 

gap test was uscd. Samples were held relatively tightly because the case is 

made of a steel and has a bottom. It is possible to judge directly btween “no 

reaction” and “burning“ since samples remain intact in the casc at “no 

i-eaction”. The shock ignitabihty test may have two charactciistics: one is of 

tlic 0u.d gap test, whose energy is a shock wave generated by a explosive. The 

othcr is of tile fxagiicnt impact tcst, whose ciierby is a hcat made by a fiictioil 
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between the fragment and the sample. 

C O N C L U S I ~ ~ ~  

The effect of the main oxidizer on sensitivity to the shock ignition was 

Werent for propellants with different binders. The sensitivity of the 

AN/HMX sample in the GAP-based sample showed much lower sensitivity 

than that of the Ap sample though the sensitiviw of the ANMMX sample in 

the NMMO-based indicated almost the same level of the sensitivity. 

The effect of the mechanical properties on sensitivity to the shock 

ignition was observed for a series of GAP-based samples. It was found that 

harder samples wise shghtly more sensitive than the softer ones. 

The cf€ect of the AP particle size distribution was observed for a series of 

NMMO-based samples. It was found that samples with a larger AP particle 

size dishiibution were more sensitive than those with a smaller p d c l c  size, 

The addition of catalysts caused the sample to become more sensitive to shock 

ignitnbilj ty. 
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TABLE 1 

G/L 
[mm] .Judgment 
‘ L x  
1 X 

TestResdtsofthe GAP-basedSamp1es 

G L  
[mml Judgment 

2 X 

1 X 

Stimplti l e  

0 X 

Critixl (71,: Omm. RZ!ct,ion: None 
S;rmplc! 2s 

[mm] Judgiment, 
WL 

I Sample l h  

0 X 

Critical GIL: Omm. Ronction: Nonil 

Sample 2h 

G L  
[mm] ,Jutlgmnnt, 

3 
2 x  X 

1 X 0 X 

0 0 
Critical (21,: lmm, &action: Burning 

Stimplc 3 

[mml dudgmont 
:I!! X 

24 X 

YO X 

18 X 

c:n 

17 0 i 

3 X 

2 x  0 0 
1 0 
0 
Critical G k  3mm. Roaction: Burning 

H 0 I 
4 0  

Criticxl GII ,: 1Hmm. Rcactian: Rurnine 

0: Detonation or burning, x: No reaction 
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TABLE 2 

Samplc 4 

lmml .JutIgmcwt 
c,n, 

Snmplo 6 

lmml Judgment 
G / L  

I;  X 

1 0 
5 0 

Snmpln 8 

2 X 

1 X 

0 0 

2 0 I 
1 0  
Critical Gn,: (imm, Reaction: Burning: 
Snmplc! 7a Sample 7b 
c;n 

[mml .Judgment 

6 0 I 10 X 

G/L 
[=I Judgment 

Critical G k  7mm, Reaction: Burning 
Sample 8n 

Imml Judgment 
G n  

Critical G k  9mm, Reaction: Burning 
Sample 8b 
G& 

1-1 Judgment 
8 X  
(i X 

5 0 
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a x  
7 X 

6 0 
4 0 
Critical G L  Gmm, Reaction: Burning 

4 0 
Critical GII; 7mm, Reactiom Burning 
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Comparison of the Critical Gap Length between 

the Card Gap Test and the Shock Ignitability 

No. Card gap Shock 
- ignitability 

IS 0 0 
l h  0 0 

2s 25 1 

2b 25 3 
3 0 18 
4 5 G 
5 1 
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No.6 detonator 

Supporting 
card 

Card gap 

Sample 

Steel tube 

FIGURE 1 
Schematic Diagram of the Test Set-up 
of the Shock Ignaitability 
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