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ABSTRACT · 

Excess transit t:im~ ofq r~latively large diameter HNS I q~teptor pellet 
when ignited by qn HNS q MDF donor is being investigated as a function 
of both pellet density and MDF core loading. 

·. D I s:c US S I ON 
::. 

The purpose: of the project. is to ·establish the exces~ transit time of a 
detonation wave for an acceptor pellet which is initiated by MDF. There 
are two parts: qne, to define at a fixed pellet density the relationship 
between excess transit time arid'MOF size, and two~ to define for a given 
MDF size the telation~hip between excess tran$it time ~nd acceptOr 
pellet density; · · · 

Two·15 m lengths of MDF which were manufacture~ by Ensign-Bickford (E-B) 
and Explosive Technology (ET) were supplied to Pantex by SLA for use in 
the excess transit timestudy. Samples of each MDF were drawn in a 
pilot operation to determine several pertinent properties, which are 
shown in Table I. The outside diameters listed include all die sizes 
available at Pantex in the range of'irlterest~ The pellets were pressed 
from Pantex-s.yQthes i zed hi'gh-purity HNS I ( 1), ~ot PX-11. 

In part one, the two MDF samples are to b~ drawn to small~r sizes and 
tested with acceptor pellets of 1.60 Mgjm3 ctensi~y. The smallest size 
of MDF tested is to be below the critical sizenecessary for an initiation 
reliability of 50%. In the $econd part, the two MDF samples are to be 
tested in their original form as received from the vendo.r with acceptor 
pellet densities of 1;65, 1.60, l.50 and 1.40 Mg/m3. No MDF will be 
hydraul i ca·lly compacted; 

EXPERIMENTAL T~CHNIQUE AND RESULTS 

The detonation electric effect technique(2) is utilized to measure 
detonation front arriv~l times at· various interfaces in an explosive 
train. The train. cohsists of an RP~2 detonator, 25 mm pf 1 g/m PETN 
MDF, fJve ~egments of HNS II MDF (6.35, 6.35, 12.70, 6~35 and 6.35 mm), 
and an acceptor pellet stack. The length of the acceptor stack varies 
from 2.54 to 1~.16 m~ in order that excess traris~t time can be ~easured 
by the ~utback method. The segments of MDF are separated by 13 llm air 
gap~ to create the interf~cial signals; There is rio air gap, and 
t~erefore no interfacial signal between the final MDF ~egment and the 
pellet stack, The typical transit time for the final air gap-MDF 
segment combination is calculated from those measured from all the other. 
gap-segment pairs. This average is then subtracted from the total time 
measured on e~ch shot for the final air gap-MDF segment-pellet stac~ 
co~bination, giving the transit time for the pellet stack. 
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Preliminary tests were conducted to determine the minimum size MDF to 
be used in part one of the sensitivity study, Result~, which are given 
in Table II, indicate that the 1.52 mm OD.MDF is probably the critical 
size for initiation of a 1.60 Mgjm3 acceptor pellet. It is not known 
which of the two MDF samples was used in this study. 

MDF from each vendor was drawn.to the four largest sizes in sufficient 
quantities for the test series.a ~amples of e~ch siz~ including the 
original MDF were submitted for HE core analysis and the results are 
given in Table III.b 

Original size MDF from each vepdor was tested for its at?i1ity to sustain 
the detonation wave down the MDF train d~spite the'13 pm air gaps. Results 
are presented in Table IV, In the first four shots E-B and ~T MDF were 
tested with re 1 at i ve 1 y 1 ow density acceptor pe 11 ets. Neither of the 
E-B shots, but both of the ET shots, failed due to the detonation not 
propagating from one ~egment to the next. On the follqwing six shots 
the MDF segment ends were coated with fine PETN powder. In addition 
the acceptor pellet density was raised to 1.65 MgJm3, the highe~t to 
be used in the sen~itivity study. One ET shot failed because an MDF 
segment was not initiated. There was no failure due t9 an a~ceptor 
pellet not igniting. The failures for ET MDF are po~sibly due to the 
decreased sensitivity to initiation associated with the higher density 
core loading. Because of the small sample size, riq assertion can be 
made as to the effect the PETN coating has upon the MDF s~gment transit 
time. 

MDF data were obtained from the shots listed in Table IV; Results for 
each MDF are shown in Tables V and VI. The excess t~ansit time due to 
the air gap for the ET MDF is larger by a factor of four .than that for 
the E-B MDF. This agrees with the failures for ET MDF listed in.Table 
IV. The ET material has the higher detonation velocity indicating that 
the core density is higher, which is in accordance with the densities 
given in Table III. 

The results obtained for the 1.65 Mgjm3 PX-11 acceptor pellets are given 
in Table VII. The detonation velocities are higher by about 5% than · 
those obtained in prior work(3~4) indicating some error in present work 
due to the limited number of shots. The excess transit time for acceptqr 
pellets initiated by ET MDF is half that for pellets initiated by E-B 
MDF. This is probably due to the higher density core material of the ET 
MDF, which cau~es the detonation wave to attain a higher peak pressure. 

Work on the project was suspended temporarily because of the failures of 
detonation propagation in the ET MDF train. In addition the failure 
rate will possibly increase as the MDF size is decreased. Previous 
work(4) has indicated that the shot loss rate is not improved by reducing 

aDrawing was done u~der the direction of H~ W. Lichte. 

bAnalysis was directed by A. A. Dunqan. 
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gap size from 25 ~m to 5 ~m, because· the decrease in.fai1.~res du~ to 
non-propagation of the detonation wave is counterbaJaiiced by a loss o·f 
some air ~ap .si~nals. 

An optoeiectronics technique for meas~~in'g detoriati'on w.ave arrival times 
at various interfaces in an explosive system is being investigated. 
Use of this _timing method may allow the ~ir gap _size to b~ reduc~d 
essentially to ze~oi thus im~roving the shot 16ss .rate. 

FUTURE WORK 

After the opiQelectronic tec~niqu~ has ~een investigated,work'upon t~e 
project will be c.ommenced using the more prom1sing. timing technique. 
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Table I. Prqperties of MDF Obtained in Pilot Dr~~ing O~erationd 

OD ID Load Size 
Manufacturer Draw No. (mm) (mm). (g/m) 

E-B Original 1.83 0.66 0.47 
E-8 1 . 1. 78 
E-B 2 1. 65 
E-B 3 1. 52 0.53 0.30 
E-B 4 1.42 
E-B 5 1.35 
E-B 6 1. 27 
E-B 7 1. 22 
E-B 8 1.17 
E-B 9 1.12 0.33 o.p ,. 

ET Original 1.89 o;64 0.4.3 
ET 1 1. 78 
ET 2 1. 65 
ET 3 1. 52 0.51 . 0.19 .. 
ET 4 1.42 
ET 5 1. 35 
ET 6 1. 27 
ET 7 1.22 
ET 8 1.17 
ET 9 1.12 0.33 0 .. 1~ 

ainforrmation obtained from H. W. Lichte 
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Shot 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Table IL: Re,·sults."of Preliminary Study for·the Initiability 
6f the Pellets a~ a Function-of MDF Siie and P~llet 
Density 

MDF .. OD. Pellet Density 
No~ · (mm)._~' (Mg/m 31 . Resu·l ts 

1.52 .1.6 NO GO a 
' . 1.5? ,· 1.5 GO 

. 1.52. 1.6 NO GO 
.1.52 1.5 NO GO 
1.52 ·1.5 GO 
1.52. 1.5 . GO 
1.12 1.4 · B8P. .DETONATOR 
1.12 ' 1.4 NO ·Go 
1.12 1.4 NO GO · 

. _,·_ 

a NO GO means th.e MDF donor failed. to initiate ·the· cicc.eptor pel let 
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Table I I I. Properties . a of MOF Selected for U$e . 

00 
MDF Type Sample No. (mm) 

E-B 1 1.83 
E-B 2 1.83 
E-B 3 1. 78 
E-B 4 1.65 
E-B 5 1. 52 
E-B 6 1.42 

ET 7 1.89 
ET 8 1.89 
ET 9 1. 78 
ET 10 1.65 
ET 11 1,52 
ET 12 1.42 

ainformation obtained from A. A. Duncan 

bResults do not j~t trend of other data 

·HE Density 
(Mg/m3 )_ 

1.56 
1. 57 
1.68 
+.57 
1.54. 
1.55 

·1.64 
1.60 
1. 59 
1.59 
1. 58 

cSample destroyed by attempt to ~plit leng~hwise . 
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Load Size 
(g/m) 

0.55 
0.55b 

.0.65 
0.45 
0.38 

. 0.34 

c; 

0.58 
0.55 
0.43 
0.36 
0.33 



Table IV • . Resu) ts of Initial Cutbac;:k .Shqt~ 
... 
' 

MDF "MDF 00 PETN Pellet Density 
Shot No. Manufacturer ·· (mm)a Coatingb · (Mg(rn3 ) .· · Result. 

1 E-B 1~83 NO. 1.39 GO 
2 E-B 1.83 NO . 1. 38 GO 
3 ET 1.89 NO 1. ~2 Failedc 
4 ET 1:a9 NO 1. 31 . Fail ~d 

5 E-B 1.83 YES .. 1.(55 GO 
6 E-B 1.83 YES. l.Q5 GO 
7 E-B 1.83 YES 1.65· GO 
8 ET l.89 YES L65 · Failed 
9 ET 1.89 YES 1.95 GO 

10 ET ·1.89 YES 1.65 GO 

aMDF was "as received" frarn the manufacturer · 

bThe ends of each MDF e,e~ent were coated with fine PETN 

cFailed means that the detonation front faiied to Fft9pagc;zte from one 
segment to the n~xt. · · · 

I· 
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Table V. Results Obtained for the Original E-B MOF 

Number of Points·. 
Length of Segment (mm) 
Standard Deviation (mm-) 
Transit Time for Gap and Segment (~s). 
Standard Deviation (~s) 
Transit Time for Segment (~s) 
Standard Deviation (~s) 
Excess Time Due to. Gap h.\~) 
Standard Deviation (~s) 
Detonation Velocity·. (m/s) 
Standard Deviation (m/s) 

aValue 1:s the aver(Xge 

6i35 mm 
Lengths 

10 . 
6.342a 
O.Ol4 
0~9B9a 
o._013b . 
0.97l . 
0.01(5 

1~:70 mm 
~engtlils 

I 

8oth 
Lengths . 

15 

·a: o1a4 
0.009 

654oe 
40 

bValue is the difference between the average transit time fror one gap­
segment pair and the excess transit time due t~ the air g~ 

cValue is the quotient of the average segment length and the average 
segment transit time · 

dValue is the intercept of the linear fit to all the data 

~Value is the inverse slope of" the linear fit to aU the da.ta. 
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Table VI. Results Obtained for the Original ET MDF 

Numbe~ of Po{nt~ . 
Length of Segment (mm) 
Standard Deviation (mm) 
Transit Time for Gap and Segment (~s) · 
Standard Devi~tio~· (~s) . . 
Transit Time for.Segment (lJs) 
Standard Deviatibn (~s) . · · 
Excess Time Due to·Gap (~s) 
Standard Deviation (~s) 
Detonation Velocity (m/s) 
Sta~dard Deviation (m/s) 

a Value is the average 

6.35 mm 
Lengths 

6 
6.34la 
0.013 . 
0.967a 
0. 023b .. 
0. 894 . 
0.030 

12~70 mm. 
Lengths 

7100c 
240 

· 7110c 
90. 

Both 
Lengths 

9 

0.073d 
0.020 

7110e 
110 

bVaZue is the difference between the average transit time for one gap­
segment pair and the e.T.cess transit time due. to the a~r ·gap 

c . . . . - . .· . . . 
Value t.s the quott.ent of the average segment length and th~ average 
segment transit time 

dValue is the intercept·of the linear fit t.o all the data 

eValue is the inverse slope of the linear fit to all the data 
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Table VII. Experimental Results for Pellets Initiated by 
(a) Original E-B MDF, (b) Original ET MDF and 
(c) Both .E-B and ET MDF 

Standard Exce~s Transit Standard Detonation Standard 
Density Deviation· Time Deviation Velocity Deviation 
{Mg/m3) {Mg/m3) (ns) (ns) 

' 
(m/s) (mLs) 

(a) 1.656 0.011 66 24 7350 230 

(b) 1.652 0.001 36 oa 7290. oa 

(c) 1. 654 0.008 67 24 7451 221 

aZero because the lin~ar fit was done only qn two datum points 
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