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E1.EcTRi TATIc SF:NSI’rlVI’i’Y “1’ESTLNG OF EXPLOSIVE!; AT LCIS A1.AMLL!i

Thomas E. Ldrson, P. Di!cas, and C. L?. I{anrraford

Los ALamos National i.abordtnry, Ilniv@rsity uf California

Los Alamos, Xrw Mexico 147545

An ●IFC[rOSCdtiC SFnSitiVi[y rest for determirtinq the handlinq hdZdrri.
1

associated with both new and established explo~ives hd!3 been developed at

Log hldmos and is now in routine use.

j

The apparatus is a movlnq electrode
device similar to rhar described by Kusler and klrwn. 1 The enerqy stored

in st?lacred capaclrors of d udFacitor i+dnk is discharged throuqh the sdmpl
of explasive. A unique sysrem rzf confinlnq the samples with ie.+d foil

allows one tri measure various deqr’ees of sample response ro chanqes In rhe

electrostatic stiml,lus. Varyinq the foil thickn~ss provides information

about both the “sensitiver,.?ss- and the “explosiveness” of tile sampLe. The
lead-foil-confinement technique eiiminares the subjective description of

the response 0[ a seccn’r(lary ,ixploslve to d marqinal srimulus as 1s ronunon

in many explosives :-srs on st=condarlps. Variables studied included:
pdrtlcle size, sampl~ weiqhc, electrode material, series resistance,
temperature, volt,3qe, sdmple vclume, and (ieqr~e of confinement.

Another problrm ‘~irh St?nsirlvlty t~st% is

the tl.-mamf for !itandardization. ‘;rdnd Ar(il Zdr iOn
t.in rpsult In many problems, d(”cidents, hlln(i
,lccrpt.znce of” numbers, ,Jnd neqle [’t nf l.-p I)rr III!
l)a:,lm-rers, f.sp-cldlly if onc srdndl~rillt(.s ,,11

r he “.,dr,mq” resr, The French K!iu rcsl imiit-aII,’i
{.learly Lhat IWe havr r)r?qlectpd ‘iome p,lr..ur.l.l!.r.+

in our Lesrlflq.

‘1’,) further cmnplir ’ilt(, ml~tr-rs, i~,,m(lilty
~!xi,l.)s[vr!: dre Tore dittl (.1111 to r,, sr fl,r ,,l.II,; I

tivity ,,t)ltracrer~~ri(.a Iti,lr) dtc prim.iry I*rrplI~

‘! Ivr+. The primary 1.xpl(Islve5 ,Ilvr cledr 1-111

rr..rp8~n5r5 ro Ir]w ievel ,+rlmuli. (Y!.!+. 1111,y
t.lrpl, >llr t)r *],), rhey ,!r]n’ I . ) ‘dlrh ;oc.%m(lmrry
,i~p l,,!; iv-% rhe rt,%pfm,le 1.; l,r, ymrr i(.,lldl rl) rllt,
.;! TIIII, .i 1111 In ,) 11,Ii IIt 7APII! I ho rr. ar-l l,v} 1,,.

t.,mp~ l@lt ,;llsrmllllll),l. FIII rxdrnplr=, II ,JIV. hll.;

4 ,~m.111 ,ilrlllli~ !,t PliTN with ,2 hwnnwr, lr ,plv~

“11.lrlq” : it hit h,lr(i$. r , IL II(N.W ‘htin(j” l:!llll*r.
“lhl]!~, iII tht= ,+pnsirlviry lm,.t Inq of !;I!(’IIII(I,IIY

Ohplo%lvl, !l 1#11P 1:+ 1(>11-1’1(1 to mnkm ,1 ,lol-l!~ll,rl I,;

!,1 IWIIIII Iovrl ,If rl,, il, (,n:ir I:* .~l,jrlifl(.rulr.

lIl(:iI’HllWl, JN I)F AI’PAI(ATIJ:; A!JII I’K!;’I’ VA RI Alll. ti:;

‘[’he:m-tlw, tl IIn PCl It, 8!01 t.rmlTIF rllf~ ,,,.llnltlvlly

,11 .In vxpl II,Jiv P r,) Tpark Illlr l,!t I,m 1,~, Ill .11.11

P1.11, III ,IILII*,( I II t,),3,111111101115rl11111IIIIllm I
,rm,lrrlqrrIIlitl11,15 llr~ll , 11111flrIl III .1 1111111v,~l I

.1,1P . Thp ,,rlmr,ly III II)r lll.iItIlil IJe Iw VrII iI, I1. .Ili,l

I!y ,,1) ,1~) ,911ti 81,),41 prv, f.rl!lll -, I Ill. f.,l!,r JIy III !1,1,1.

111,1 11111 Ill 1(,11 ,If IIIF !ll!lpl~ Ill ‘Il)i ,,1 f!!,’
rrl,ll., I., ,.,11 Im,lrl,,l. (I)r!ln.l.r,,l! 1111,IIIIUI) 1
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A variable (0-15 kV) power supply is used to
charge the selected condensers in a condenser

bank.4 Any total value of capacitance from 2 rr

10-4 to 3 BF may be obtained by a switching

arrangement that allows one to connect an
1

ot thu
18 condensers in the bank in parallel. The
condenser output, ir turn, is connected to a mov

inq electrode device, similar to that crf Rrown,

Kusler, and Gibson.5 It may be described as a
sprlnq-lnaded phonograph needle chuck or pr?rhdpS

more simply as a sinqle-stroke sewing TIdChine.

The apparatus is cockeri, and a metal phonograph

needle placed in the chuck. bhen the sprinq is
released, the needle moves downward 31.75 fmI

[1-li4 Ln.) and returns. The duration of this

stroke ia approximately 0.04 s. [n all tests cdr-

ried out so far, the needle has been posltivlmly
charqed, and the spark produced passes throulh
the explosive sample to qround. BY keeping tne
needle ponit Lve, corona Losses are avoided.

The spark errerqy 1s taken to be the r?rrer y
1stored in the selected condensers, E , 1/; CV ,

where E is the spark ●nerqy, C rhe (-,ipacitance,

and V the applled voltaqe. Fifty t(!sts ‘xr+re
performed in which the voltaqe on the contl~nsers
,was measured immediately after Spark dlscharqp.
The un~taye ‘#d% found to be anywher{! trllm lP%S
than 10 to 390 v. ‘The condenser!; h,~.1 nrlqinakly
been rharqr?d to 5000 V in the te!;t!i. “L’hert.lnrr-,

less than O.ei L.)[ rhr? r?nerqy rwr!ains ,It’r,.r Ii,;

,-harqe .

‘;AMPLti lK)l.l)li R:i A?/D [~F~,RER OF t41?A(:TION

,,’

Polystyrene Clamplng
Ring

Confining FOII

Polystyrene Sl~va

steel Dowel

IJI!XINR 1. I(XPI.ODED VIEW (;F ‘;AMPI.L’: IIIJI,111{14

,1 . III 1111. low vrII. IIly I .,ylor), Itlo dm{JllIIl I

rr. r I 1,,11 .t~,p+ars 1,) IIP llrr)~l(lrl ll,n,ll !,?

1111, l,rlr.f,ly.

II . n,4 tlIe vnr,i,ly !: I lil{.r~,):lfu! I)wyr)tl(l .I I PI

I ,llrl v.1181e I, Ihr .ImLIIUI1 III rf.vlo’t l,lr\ l,! II, ,
I a111IIP1 ~,r(~ll[>rl iIN1al t!) I IIP f.rl,lr ,ly

111.I.,lU., P ,1 ,;ml I ,lllwl~lrllll.~ 11.,1, I \alll

1)(.(,lll!l. “1’ho II IP,IH III P : f,)m :hl~i I P.11 I 1,111

I ,; ,liit I l,,lr~nl to l!il)ll,rr. IIIP llIII\I.. l

Ir,ll CI In,;rn(l. Irl frII,l , m,lrly III ! 111,..(.

ll.lllr 11111.r 111,.11Illy t IIF 1!1,141 1, 11.11r t

I III. .;. III,plI~ III JIIII. I ,jlIIIIIIlr. ,1,,.tr r,ll t \,~lI 1,.
I .ll~lll,lr,.ll .II, 1!,.1 .,1.111 ,.nl, l,,, .l, rl.. !“.

I.:xpl )
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t lvity has only lncreas#4~ ~bout 1.5 rimes, h~lr
[Ur the more violent reactions, rhe :;,*nsltivity
F,;S increased about ren fold as the particle

siZ~ was rtecreased.

Detonator qrade PETN havinq a large surt,ire
area ~ppears to be %liqhtLy less sensitive rhm

Eir,e cry!italline Pt?TN. A pos:+ible eKpianatl~m

is that rleccrnator rnatertal fornw a k~nfi of T,at.

Jnd the spark is Eorred to t~ke a longer more

circuitous path throuqh the mdtrrial that re

suits in a Iuwer Pnerqy density In the spark.

TABLE 1. PETN: PARTICLE SIZE FFPW1’!i

s&rp la 50\-Point Enerrfy (1 Oules)

_ Particle Sizea l-roil FotL !O-mll Foil

cm 35 0.lb2

Ihrrxrqh J5 on 42 0.150

T?wouqh 42 cm 60 0.165

Through 60 on 80 0.138

‘1’hrouqh SO on 115 0.135

T?rrm.tyh lL5 on J2!r 0.098

--- . ..-

%.!i. !it~~dard !iieve series

Ieste(l wkth stet~ phonoqrapt,

4.00

2.42

1.03

1.zJ

1,00

0.400

needles

Cr

o

[1

o

15

-!3
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A %?rit?s of experiments was Ferformed with

sample~ of PETN that weiqhnd 30, 40, 50, 60, 75,
100, and 110 mq. The qamples were confined with

1- and 10-mlL Pb fails. The sensitivity of the
minimum reaction samples decreased by a facr,or 0[

2, whil? thn severe reaction ~amples’ s-nsitivlty
~ncrea~erl by a factor of -3.5. These results
were explained on the basis of rwc competlnq
t?ffect~ of increaslnq the Sdtnple weiqhr. : ndM~ly,

the ilecr@ase h free volume of ctm cent.alner, and

the qreater inert+.a of r.he marr+rial ovr?r the si!r?
of thg iqnltion. ‘Thin first was pre~umed ro pre-
dc+ninate with r.he thicker foil, the second wirh
rhe thin foil. This ~xplanarlon was ~r Ledsr par-
tially confirmed by Fabrkcarlnq sp~clal sa~.ple

holder!~ in which a free vclumt? nf 11.036 cm3 was

maintalncnl above thr? bulk sample at r~ch sample
weiqht ( Lenqt.heninq the polystyrene sl~evt!) , The

~ame sample weights mentioned above ,were restfid
with tne modified samp!~ holders. ThP variation

of th? results with sample wr+i,jhr ‘..’t?rp rorJuced

consider~l,ly in ‘hese rest.~, indicatkny that our
expianal.ions w+rrt? confirmed, and that, ,3 ccnst,]nt

frefi volttme in th~ ~oad~d samplp holder was

desirable. As a result of this ~~t I>f PxpPrl

menr~, we chose ro standarrJlze m ,’m:.ri~nr volllm~
sdmplns.

‘;TAN I)ARI) I71ATION AND Hli SU1.T!i

d ) Tl,sra ,Wlllld t)r- rljrl 1,. .lr:Il *,)11 111’11.ttnt

foil !hlt.kness~s, ,) !Illn 1,>11 (J ml!:;)
,Irl,l a lhit,k~r 1o11 (!(1 ;:Il l-i), ‘rhr ddt i

lrom fhr! Ihln 1o11 [rmtlnwrrrir wMIl~l tw=

IIFIeI~ t’or lhI? rvallJarl(]n ot h,I~,!r,]%, .Jhllr.
tne t-=it u!,ln,] lhe rhl(-k~r 1111’ ,{Int Irlp

mrnr ‘would prnvlde Irrfr)rmdr 1(111 .IIMIUI I hr

wvprlry (It rhr rmut ltm.

d)

e)

‘de

lb

‘;amples are scooped to a cL3n5tant votume
rarher thdn weiqh?d. Resulrs in rhe
last section indicate chat mainralninq a

consrant frt?e volume in the sample tlolIi-
er results in less depenrJence of rhe sen-
~itivity upon the ~ample weiqht.

A voltaqe of 5,000 is sr~ndarri. Hnpr qy

Is rakr?rr as 1/2 CV2 anrJ is rhanqert by
varylnq the capacitance. Limited 5tlJ~-
lPS ,on PETN showed thar ,vwrqy, not volt
aqe, was the important quantity.

rmve tested our ‘impact standard” I?XOIO
~tvt?s over rhe years ~n our routine version- OF

the t(mst. ‘rable 2 qivea typical results.

TABLE 2. COMMON EXPI.OiIVE!i

50\- Point Enerqy——. (t Ouln).

Material 3-mtl Foil 10-mil Poll.—

P~r4 (DIJPOnt) 0.19 0.15

F4DX (Impact Std) o.21 0.96

lir4X (Impact 5trl) 0.23 1.42

Tetryl (Impart !3trl) 0.54 3.79

TNT (Impdct St(l) 0.46 3.75

PYX 1.18 9.00

I)ATB (Lot 11426) 1.40 10.79

TATB (X 39EJ) 4.25 18.14

max. human Statlt. (,harqe = 0.015 joulesl

a

0

23

42

0

0

0

0
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TABLE 3. !+OLDIMG pouDb:Rs
(MACHINEII TURNINGS)

Pentolite

75/25 Gck.tol

PBX 9404

PBX 9205

comQ a

Pux 9407

Pox 9010

Ortol

PBX 9501

LX-04

Pox 9011

0..12

0.38

0.42

0.55

O.OJ

0.77

0.79

0.02

0.84

1.04

1.99

1.96

J.29

3.11

1.31

4.Ja

1.+0

1.53

4.b3

2.52

2.58

.2.77

15

23

3

42

0

50

54

17

“1e

IB

33

The materials are listed in t]rrter (1[ ,Iecrr=as
inq sensitivity d3 determined by !he ruprure ,lf I
1 miL Pb foil. This is a mlnlmum type Jr redc
tire-i. If the LO mil Pb toll results ,w~re ,1’ied.

,mn entirely ,Ilfferenr ,>rtler ,wou]d rc,;lilt , ,wkr.h
the KDX ba!;rd hxpl(~sivos twin,] Ih- ‘w?st !ivllSitiV_

T,crtcrlals.

Number 16 5

severity >E the reaction wh:n confined with a
lU-mil Pb foil. The per cent explosion in-
crease6, and the deqree of redcclon to sharcer a
“Teflon holder is considerably qreatr=r thal: rhat
required f,sr destruction of one t’abricared tr.m

polystyrene,

TF.BLE 4. HEATED EXPLOSIVES

50 WPoint Enerqv (~ oules)
Tempera Cure (*C~ ~lmtl Foil ~0-mil Foil

PttTT4 (Trojan Barre: No. 1~

22 0.25 0.70

50 0.24 0.70

75 0.21 0.-70

100 0.18 0.60

125 0.26 0.79

RDlt (Wabash (irourrd~

22 0.27

75 0.1s

125 0,10

175 0.10

~~ 0.26

“15 0,26

125 O,i?

1“/5 0.12

200 o.i25

alh>lyutyrene hulders

h
Tetlm holder’s

l.fla

1.05

0.93

fJ.37

W (9B-63~

1.12

1.OJ

0.80

0.52

0.16
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TeflP erature (aC~

22

50

75

125

22

75

125

175

22

75

125

~75

22

75

L25

175

‘Polystyrene holders
b

Teflon holder~

Larson, ?aper

HEATED MOLDING POWDERS

50\-Point Erterqy (1 ou I e9~
J-lull Poll 1O-M11 Foil i~xQ.

CarlpSitionn

0.63 4.30

0.42 4.75

0.51 6.75

0.58 5.25

~404 (94/3/3 - H?O1/NC/CEFl

0.42 1.13

0.33 1.25

0.30 2.50

0.24 1.92

1.X-04 (05/15 - ttrm/Vlron~

1.04 2.58

0.70 2.25

0.73 2.10

o.b5 2.15

q407 ~ - RD~~P&o@.. . ...

0.77

0.53

0.45

0.43

.%0

.14

.rll

.02

Oa
b

o

Ob

o
b

Oa
Ob

~b

75
b

.lsd

Jl

42
b

115

Wra
“b

SJb

llh

Number i6

TABLE 6.

Material

ANOFIALOU!i ,yATENIAL:;

50& Point Enerqy (i oules~
3=1 Foil LO-roil Foil

crde~ol 10 (same value for 0.0025

0 and 1 mtl)

Heat Powder 8S/12

Ti/B

Fi/KNO
1

7,Prp

BTF (HNB)

Pentdrl~troantllne

4Nltro-1 picryl

1,2,3,11+ rrlazole

KHW

Ir Picrate

0.01s 0.019

0.02 (same value

0.23

0.31 (178

Fxp L)

0.14

0.21

0.24

0.51

0.73

b

uncmf lned )

0.32

0.40 100

0.19 05.7

0.31 75

0.23 100

0.43 4?

0.54 Iurl

Ul{!lu , p~,rissiurr. \,icrar?, dnd rhe triazole
,lr.= ,Inrnnal.Tu~ in rhat rhey r~qukre less enprqy

to I’11u5P A rl,acrlon under heavier confinement.
Th,.!if? rr+a(.tiuns are also much morp st=vprm thar]

rh,lse ,wlrh I i[jht (’,mtinemen? , as sho-,m by thr.
,-,i~plo hOl,lt!r ,lpqtrucrlon, While nonti of rhr~.~

1. [)lxim, ‘d. ,1., 111(1 MI MI(I, A. M, , ,1, .Arnmr l,.llrl
‘;!.,! A!,,. !)(-. 4J, 1(1’) (I I14H)

4 I,, >!i A1.llrl,, i Ilr,lwln,l :ltilmllmr~ 4Y 4(14[11,
4Y 411410 II II

1, ‘Jy,lll , Il. %. 1[, , ,Wl)lllr., t’. ‘d, .J., Al!,lr,.; ,

I;, I(. , 1111! :,lmlli.1 , ,1. F,. 111,)[., I{l)y. :,IU ,

‘irr Il,,i A tll, . 1.’4’1, IM’I (.1111:1: I’I’l H)


