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Z ABSTRACT: This xrgpoxrt describes the use of the vacuum thermocouple

microgecond timer to measure detonation velocitics of some ccmmon

9 [am explosives. Problems such as diemeter effect, inherent in the uge of

emall quantities of explosives in thess measurements, are discussged.

E <L 1 15 ccacluded that ample radial confinement can reduce the effect of
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small diameters to such an extent that a good estimate of the detonation
velocity of an explosive can be obtalned with this timaer. :
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A mmall scale technigue for determdning rates of detonation is deceribad
in vwhich the vacuum thermocouple timer, reference (a), developed heve is
uged. The method is advantegeous in the early steges of development o
new =xploalves when only small quantities are uvailable. The metrod haa
the other advantages concomitant with emall scule measwramonts. The
rates of detonation of standard explosives are raported and cocbared with
rates obtalned by use of substantlally larger quantities o explosives.
The work was authoriged by Tegk Assigrment NOL-Re2¢elel(EP)<52. This

roport is for information only and is not intended to be used as & basis -

for action,
W. G. SCIINDIER
Resr Admixal, USH
Coamander
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DETONATION VELOCITIES

Tutroduction

In the development of new explosives, 1t is important to nmake
an ectimagte of parformeance as reliable as possivle while th2 preparation
of a new compound ig ptill in the lsboratory stags. Such aa satinnts of
performance made in the laboratory stage of development cezn save expensa

of time and money in preventing more extensive investigatioa of ineffectine

explosives, During laboratory development only guell uantities of
explogives e~ milable for study. Consequently, the gnell scale
technique for determining 4detonation rates desemrived i3 valuable.

Although the relatlionships involved are well enough known to rele
possible caleulations of performance baged upon the chemiecrl composition
and heat of formation of a copound, these calculaticss depend upon
agsumptions regarding chemical equilibria and equations of state urder
conditions which connot be obtailned statleally. It has been possible to
detornine the validity of such agssumptions and <o adjust the velues of
the consients luvolved using pverformaace datn of kuown explosives but
this process has not bhoen carried to the point vhere further checking is
unnecassary In the case of new coupounds. Some of the most usable
performance data for gusia purposes ave thoce relating the detonation
volocity of a compound to its loading density. Ia addition, the detoastiaz
velocity i a nearly direct critierion of pexformance in certain epplications,
e.8. shaped charged.

The present report inecludes an account of the developmant of &
teckmique for messuring the detonation veloclty of explosives for vhich
only suell samples are available togather with cone data obiained by this
method with standaxd explosives and & coamsrison of thegse values with
data obteined by other obmervers using larger swummles.

Experimontal Apparatus and Procedures

Ceneral Dincuselons

Briefly, the mothod consisis of the measurement of the time required
for the detcnation of a small, highly confined colum of explosive to
traverse the distance betwween two accurately spiced probes. The columa
diameters uged have been 0.10, 0.15, and 0.20 4nch end the length has,
in general, been one inch. The dlemeter effect has bean reduced by high
radial confinement. The time is measured by meens of a vacuum thermocowpls
microzecond timer as describved in reference (a).

Figare 1 shows the explosive colwm resdy for firing. The V block
and clamping srrangement facilitate the aligmuent of the varicus sectious
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oi’ the exnlonsive colam and make it poanibla tn roedusr the aprcin:
Lo lnnev eloaratn o The colree to e haown wialie . g yoedd proceeis
the metal parte from the diveet actlon of the explosive.

Figures 2 snd 3 show alteraate electrienl systemp vhich were uscd
on the probes. That chown In Figure 2 was vsed ab £irst, Hut a chonge
vags made Lo that shown in Figure 3 vhen timing eircudts of the last
denign discussed in reference (a) had been comntructed. Ia btoth circuits,
the lonlved gas of the detonation front completed the cireu? 's to give
gbart end stop signals, It 4is the practice to check the calibraticn of -
the timer at frequent intervals wsing coaxinl cable as a time standard.
Two tiners wore wed for each measwrenent, Figure 4 is a photogrsph of
the complete apparatus for firing and measwring.

Time Meaguremenb: .

The instrmenent uged for measuring time in thoce experiments is
discussod in detail in xeference (a)., Essentinlly 1t consists of two .
thyratrons which deliver to the heater of & vacuun thermogouple a sgquare
eleetrical. pulse of reproducible amplitude with = duration equal to the
tine to bo measured. The temperature rise of the heater, as necsured by
tho themocouplo,is used &8 a measure of the tims,

Inasmuch a3 the calibration of the instrmuwsat varies slightly over
periods from day to day or even over & few hours frequent calibrations
vere made uning coaxial cables of varlous lengths as time sptordeads. The
coaxial cables were calibrated by detesmining resogant end null points
with the help of a tuned circult egecillator which was, in turn, checked
agninst a crystal contyolled oseillatar. '

The tranolt times, ag deternined by this nethed, decrexged slightly
wvith incrensing frequency. The frequencles used, ons-tenth to tex megaciceles,
ware to0 low foxr separation of phase end grow propagation rates, duz to :
the gecmetzry of the cable, to have a moticesblo effect. IV kas boen
suggested that the sligat reduction of trarsit times zay dbe the result of
polar ccmonents of the dislectric constant of ths insulating material ¢
the ceble, ths contribution of which decrezses with increasing Lraoqusnsy.
If 8o, the effect would be aimilar for both phnss and group velocities.

Since thore are undoubtedly components of the pulses uscd to calibrutn
the timer vhich exceed cousideranly the higheat frequaacies used in
calibration of the ecable, it ip possible that the trues times for physical
phenomans are shortex than those indicated by measurazsants baged vpon such
ealldrations. This may acecumt fox part of tho dicerepeacy between
detonation velocities as measured by the preseut technique and those
measured by othex methods. Further study of this matier Lis proposed.

Pgobms

As stated previcusly, the tine signals usoed to start and sicp the
tinexr result fraa the closing of electrical circuits by means of the
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hghly condaetive fontzed reaen o thoe datow.iloa Frone To rercaralish
this repult, the gasen aust sinzu.L aueou.u.y conact owo mewallic ccadvctors
vhich are mfemd. to herein as "probes®. The axial position of the:se

probas mst be determined accurately. They st ve rather close to the
center Linw of the detonating column of the exploaive for the reason

that the detonating front of meall charges may have cousidersble ecwmvatme.’
They munt Intexrfere as 1ititle as possible with the dstonation whieh &8

being studied. OFf course these requirements mst be coubined with veascnable

convaaience of construction and handling.

Figure 5 snows the construé’bion of the prodbeg vhich are used in thene:
arperiments. Each palr of probes conalsts of wo £lattened vires held
batwoen two pleces of Scoteh vinyl £ilm electrical tape. Nuzter 24 plagtds

" inmlated stranded single conductos wirss are wsed. Each conductor coaslass

of peven Mo, 32 stranis. The end of the wire ia stripped for abtdut en
inch and the strends separated. All but cne o the strands are cut off
closas to the Insuwlation. The »enzining strand 1s Llattened 1a z emall
band opeorated roller mill to about one mil thickeess. HRach plece of tape
has s bole 2/3 to 3/4 of the diameter of the colum of explosive with

. which 1% i3 to be used. The flatitened ends of two wires ae laid on the-

edhesive pide of & plece of tepe about 1/32" epart ard straddlirg the
centor of the hole. This agsenbly im stuck to the back of anotier plece
of tape so thut the holas are aligned. Ths probe 1s now rezdy t apply
to the end of the explosive gpocimen with the holes in the tepe ccncentris
wvith the explosive colua.

The vhole nrobe agsendbly is abdrb six thousandths of an inch thick
end the pr.oes are quite nsar tha center. In calculating velocities &
mmetimorsuthmmandthaotmmchzaadmammmwth‘
specimsn.

" Diamter Effects and Cornfinsments

I% has boen demorstaated repeatedly that mmall dianetexr charges
detonate at lowey velocities than luarper colwrms. This dicneter effect
is nogligible 1 all of the chorges uged sre (quite large dub decores
incrensingly imporient ss the dlmmater is reduced until a “eriticel diamatur”
i8 reached below vhich stables detwmation is uvnmtininoble., The critical ‘

ddcmoter, a3 wvell as the dlemeior at vilch thene effects becams noticeadbls,

varies qulte consideradbly from one cxplosive to enothar, Thus, the valun
o? dsta obtnined with small diamoter colums doponds upca the elimination .
of such offects either in the experiment or its ans.kvsu.

The most obvious explanation for a dianeter effect of tlna ort s
that 1t is the result of rodial losses of matier and ener, ?) "
hydredynantc theory of ths detonation process, rafexrence predicts ,
that only conditions within the detomation soms can affect s ratontion.
velocity. The ratio of the charge dlametar to the reaction zone langth
mumumwmw. Itﬂnunmhmehmtcthrm
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the radial lospes from the reactlion zone willl Le vanlshingly small
and tho veloclty will epproach that for a charge of infinite diametar.
Pigure 6, taken from reference (d), shows the eXfect of dlaeter wpoa
the datcmat.ion veloeity of uncaged chargea.

In mzerenca (b) , Eyring end co-workers hive discusoed the c:l‘fect
vhich the diamoier of the chorge has upon the dntonuticn velocity. In
equation (50) of this rveference a relaiion vhich may be written’

Dl =31 -K
'Di Ry

1o given, vhere D 1o ihe detomation velocity in o charge whome rafivs is

D; is the detonation velocity for au infinitely large radius, eod X is.

t?‘o product of the reaction zone length and the sine of the a.nsle vaich the

direction of the detcnation &t the circunlerence makes with the aoils of
the charge. I, as a first approximstion, we angsune that K is a constant
we can derive an expresaion for D, in torms of the detonation velocities .
of sticks of two diameters, Ry an&

D, . (rn2 -D;)

T-1)

where r I1s the ratio of Ry to R The value of K 18 ectuslly a viriable
relatad o the detonation veloci'ty but the ebove cpproximation should be
fairly geod if D; ard Dp do not dlifar mreatly frow each otier, ke
smount of the diameter effect differs from one ocxplosive to another,
Figuras 7 and 8 show data obtainsd by firing onv teath -and two tenth
inch dlmmter columns of two common explosives, THT apd RDX. A3 shown
in this figure the estimate of tha infinite dianeter stick welocity
obtaived fron this data is lower than data obtained from the stredk
camors for highny dongities and is too high for low densities.

Eacusing the explosive in a dense msdium will, ¢f coursz, result
in reduced radial logges. The forces involved urs so large that the
strongth of the coufining medium is of little irportance. The tinme 1is
so short that {he ivertis of the confining medium dbecones ¢f critical

importance. Thio would lesd to the eonclusicn that ths primary criteriean

of a good coufining medium is its density. Howover, only that mzterial
vhich has been reached by the shock at any particular time 1ap been -
accelorated g0 that the effective ineriia of tho canfieing medivm 1s
proportioal to the product of its density arnd 2ts shock veloeity. This
product is similar to the quantity known as "acoustic mdane- . It
unbnmromdton “acoustic (nhock)medme. : -

Meamrements have been made of the velocities of shocks in redis
near detonating high explosives but theose msaswrensats have éealt rainly
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with noroelly lmpucting devonnilons from lacge charges. Althoush thic
may cast sane doubt on their appiicahility to coxfining madin o7 o3l

. «harges, they sre uged to caleudate the acoustic ghock inpedances quoted
balow. - _

. TP, vhich is move subJect to diemeter effects than most military
explozives, was used to compare the aeffectiveness of gsveral catels as
confining media. The yesults are given below,

Teblo 1 A
Detonation Velocity of TNTH

CORFIRTEg Denaity "BHoeK g RTEETE

Material Velocity Ipadance - Veleeity 0
Steel 785 5220 L 5950 mfaes.
Coppar 8.4 5335 - W77 - 5660
Lead 11.35 2730-3000 32.0<34.1 . - 2500
Alundavam 2.7 71507850 19.3-21.2 1900

#* Density 1.

The dstonation veloeity of large coluzmng of THT at & density eof 1.h 1s

epprosdmvtely 6325 m/soc. —

It w11l be noted that the columrs confined ia gteel or cocper shov
rolatively little dicweter elffect while those confinid 1n lezd or alirimm
shov conslderable loss in thely detoration velocity. Thece recults are
in qualitotive egreenent with vhat mipht hnve been expected fivn the
valvas of the scoustlec lmpedansas. 7he differenss betuesi steecl apd
copper in nol statistically signdficent ner 1z that bvetusoun leed and
alunimm ag they ars the neans of auly two or thves shets. Mereorar
these shucrmally low valocities sye vot vary zepradusibla. Copper was
used In the saxliexr experiments a3 a confining mediun becausa copper
components were o.va.ﬂablebutthemncentmkmbeenmm
steel because of its bLatlter machining properties and lowver eost.

Donnigx Mensurements

The cavitioes !Mowichthcuaploaivum locdodmwdwith
devices vhich wers precise to the moarest 0.1%. The cantalners ware
weighed on an analytical balance bofuxe and after loading. Although thase

5
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vergurencats were read to the nensent 0.1 Rtlligee She veli-ilous ‘i
stwepherle imidity e2uge changas of the oxkiee o) ens nilid~yona 1r T la
veight of the conbiinges 8o chad Lhe accwra:y 1 Luss thea W Dretisiso
of measucemsnls. TFor the 0.2 lach dlameter coluzng vhich, ip tie one ipsh
lengch, eontaln nearly a gram of c¢xplosive thio error is zmall but for
the 0.1 inch dlameter it is more merious. However, it is atill probadly
only a fraction of one percent.

Stabilization of Detonation:

Yhen on explosine 18 inftlated by a detonution of another wplosive
the resuliing reaction ususlly daes not prr.ceed Lmedmtel,; at Zhs
ncamel delonstlon velocity of the suplosive. The rate vill éepand uron
the cheracteristic of the initioting explosive. ilovever, the detomation
velocity socn becomes stabilized or dles cul. In e pravicus reuart,
reference {c), data are reported whlch indicate that this stebilization
takes place wvithin the fivst helf inch with coluun dismoters of 0,10 i.nch
and 0.20 inch with the explosive highly confined -in matal. )

In obtaining the data zeported hore the eol.mn of explogive, cus

~ 4nch in longth, whose detonation velocity was lelog measured, was preceded,
in most cuses, by an inch of the sama explosive loaded wader the ssne
comditicns as that being tested. Thus, the detonation velocity tod tioe
t0 bocomw stebilized bufors reaching the cection under obzervation.

Conclunions
PEREY | SNy O

Meagwwaeoments of dotemation volocities of seviea of erploeive samples
londed to differaent deusities give voloeities vwhich deprat wvery little
frem o linear selation to the densiiy of the ewplosive. Calculaticns of
the stapdnyd deviation of the depinrture fron linewrity for several imuas
indicate that a value of £ifty to sixty meterc p2r second is typical for
this stenxiard daviaticn. The higu radial confinasent nininizas the :
dicmster offect until vith soms eaplosives very little iiflerence can be
acted betiesn the velocities obtained for colimns of ome tenth and two

tenths inches. With others, such as TNT, an eutimat: of the effect can be
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FIG. 4
ASSEMBLED EQUIPMENT
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o FIG. 4
 ASSEMBLED EQUIPMENT
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