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Abstracts The need has arisen in the Naval Qrdnance Laboratory for an
apparetus to nsasurs the susceriibility of explosives and pyro-
technic materizls to initistion by a gtatdc elecirical sprark- - i
ciachargs. By charging & lmowva coadenser 1o a kpown vollage,
- 8 calculable quantity of ensrgy can be disgipeted in £ spark
through sn explesive sample. After some preliwminary wozk at
the Naval Ordnence Laborstory and after the imspoction cf the
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o0 apparatus at the Bureau cf dires, it was docided 1o build en il
i :’%‘e‘i spparatur of the dssign given Dslow. Although the basic eircuit 3
522 is quite almple, puch care was teken to eliminate loss of charge 3
Qe that night eriss from corona or surface leskage. _ X
 g9ER : . :
}f§§ Forsword: Th2 dats and conclusions presentod hersin sre preliminasy infor- J
2%ss mation for the use of the Enginecring Depsvtmeat. They oay
%Eg‘é not repregsent the final judgment of the Lsbtoratory. _
e &) 1 E
& 3% Refa: {a) Bulines Boport, "Sensitivity of Explosive to Initistion by

Electrestatic Discharges® {R.I. 3852) dated Jenuary 1946,
{ {b) BuOrd ltr. NP5L(Re2a-154-2) WES/1lb dzted 2% October 1943.
| MNOL File NP51/578-1 Pril740).

4

i Fnela: {A) Plates 1 through 8.
3. NEED FOR SPARX SENSITIVITY DATA

1s Solety in Handling: Zfxplosive compositicne which are notorious
[ for thelr suscentibllity to initiation by electrostziic discharge are balang
ussd in many ordnance desions. From the standpoint of safety of handling g
of tha explogive loeds, it is sxtremely dosirable to desensitize the explo- :
eéive, Obtvliously, acme quanititative -etucd of measurirng the geneitivity is ;
required. A criterdon of accentebility could then te esteblished. 3

1
£
E

2. dechoniss of Initiabticn: Ir ziwdying the rechanisms of the
initintion end propasation of ghock wav i in explosites, one svenue of &p-
proach ig to attempt to corralatc the anergies reguired feor varicus methods
of initiation, such es by elsctiic gpark, by hot wirg, by nechanicsl lmpact,
by open fleme, Uy cxplosive shock wave, ¢ic. In order to obtein sparvk
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initiztion data of &y velue in puck a cormalation, guentitetive resuilte
axre roquired. Here, bowever, the prokblen ia probably amch mors difficult
bacausze abgolute emergy valusa would be degived rather than reletive
valuss roferred to an arbitrary scale. Although the sucunt of olecirical
enerpgy availeble in & sarticular teopt nizht be determined readily, it
alght be quite difficult to estinate the reilc? of cnersgy dissipated in
the exnlosive to the totel ersrgy discharged in the syetes. b

3. Inmediste Objectivys A direciive fruom the Bursau of Orduance
(reference (a)) specificzlly soquests that sersitivity deta be obledmed
for uas in the project cutlined thersin., Eecauss of the urgency of tha
request, the linited design vhich is described in Section ¥ wug edopted
and the apparztus built.

II. JETHOD OF DETERMNATION

1.  Caleulsticn of Eneryy Absorption: If a condlenser (D} (See Plate
£, Fig. 1) wera to be charged tc & knom voitage snd then diachurged 1a an
arc betwesn twe electrodes {A & C) throuwgzh an explosive sample (B), ths
enargy diassipated in ths sampls would be egusl to the energy stored 1o the
condenser multiplied by the absorption coefficient.

L e e

E - 50VR{x) where: E is en-ryy ia ergs
C is capacity in micremicroferade
V is polential in kilovolts

2 . eI

¢( is sbsorption coafficient.

If, in an arc discharge of this naturs, it 18 essupcd that the value of

nould not be too cifferent {rom the veiuve which would apply to a sperk

Juzping betwesn an explosive gample and o charged aud elsctrically insulatad
bumen beinp, then an arbitrary scals of comjerigpon ¢an bs readily set up, which
would be usaful in estimating losding and handling hazazds, In sslecting the
dividing line botween ®agsfe® and ®unsais“, :nec should reacuber that messure-
meats have ghoem thet it 15 possible, uader eppropriste conditions, for &
waan being to show en effective capacity to ground of 400 mmfd, and to
accumutete & charge of 155V,—en energy of :pproximetely 500,000 erga.

2. Bagic Circuit: The essentiala of o suitable testing device would
be a canac itor of Imown valus, a remcvalle gource of charging voltags, a
mathod of determinicoy the potential to whica ths cajecitor is charged, and
en olectrode system to puice the condenger Jischarge erc through the exvlos.ve
sewple. i S Rt
#* This ratio will be temmad "abeerption coeificieant® turoughout this sapar,
and will be designated » aloha ¢ ). Tt is appTopriete &b this point to aa-
phagize the fact that X is mn avbitrory "bugger® factor to account for
the large difference batween energy recuire’ %o initlate explosive by spark
discharge and the energy reguired for sord ther precesss, such as by a hol wire.
Sources of variation of of orcbably cun bs found Ia soms of tha parpmetera
mentioned in narsgranhk 2 of Sactlon V1.
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III. WACKGROUWD

L Prelbninery Tork st HCL: Tha results given in the Bureen
of Yines Report (reference (u)) wore vead a3 an indiculica of the rrobable
range of operation tha* would ba nesded fer the intended study. For 2
orelininery spperadvs, & standard drop terter vas medified to sexait pleac-
ing an exolosive sample on #n ingulstod w4 charged electrods. (Ses Plate 1,
Fig. 2 and Piste 2}, A grounded nointed electrode wag meved down inlo ureing
distence Iroa the explosive by the drop helzht edjusipent nccoanien. Plagticon
8Clasenike® condensere were charped up through =n appropriaie resistor by a
Duliont 10 XV R.F. Supply. The exnlosiva rolder was insulai:d by a nicce of
polystyrense. An interlock control system vas instelled to proteet egeinst
preasture firing of the sauple sad to lessun ths chancs of electrocvtin the
oparator,

2.  Limiteticns of Prolisinary NOL fpparatus: Resulis with scme re-
letively insensitive samples agrasd falrly well with those of the Bureen of
dinee. Howsver, when the lower energy renges were tried; it waa impossibls
to zaintain an isolatod charze because of corons and lsskage lossea., Vhen
the condenser was connected to the power gupnly through a sui‘flcieut.ly low
resigtance to compensate for these losses, tha RC constunt wes 8o shori that
repetitive discharges occurred.

- 3. Linpitations of ean of ilines ipparatug: At this point, it was
dacided that a trin to Bruceton, Pa. o inspect the Purzau of dines apparaius
ves in ocrder. This trip verified the difficulty inhereat in attempting to
aaintain a high voltaze charge on & s2211 capecilor 1installed in this type
of apparaius. An evtanpt to cut down logss:s had been aacde »y dehumidifying
ths epparatus and the roum in shich i% vies insteiled, ©ven ec, there geeaed
to ba definiis reesons to feecl that it would not be ncssible to exnset thia
apperetus to function sstisfactorily velow about 100,000 ergs.

Lo Inmediate Reguirezeats: Im ord:r to obtain 2ata for exrlosives
whoge energy ranges were exvected to Tall tetueen 2,030 and 60,000 ergs, it
was decided that no aveilable apparatus wa: guitable. Since the need for
these date ¥as urgent it wes decided to excedite the coastruction of an &~
paratus of linited range. Utmost care was to bs sxercsised, neveriheless, to
mininize leakage end corona logses. Desigzi to minimize radistion loss wes
conegidered secondary te simolicity and ems: of manufacture.

IV. DESIGH CONSIDERATIONS
1. Soecificatiens of en Ideal Desizn: It is 21t thet the following

requirenents should be ot in the design ol & versatile test end research
instrument.

() Charglay volteg- to be varizble from 4 KV to 20 KV.

(b) Capecity adjustable frex 25 mafd to 0.1 mfd in steos no
graater then 50 aefd. 7This would pernit testing of uateriale
renging from the ewtronsly scneitive to such comparalively
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ingeaitive substuaces cs X7 vowmier, TWI', ete.

(¢} The probz should bs 8c, arrzaged thai it could ba
brought rasidly and repeatedly to any desired distanes
frem the surface of the axolosivs samle,

{d) The polarity of the :yobz vith respest to the explosive
shoald bs roversibls.

(2) K11 couponents cnd eleotrodas should be mornted on in-

: suletors with Iong leskage waths betwesn tks two sides
of the system end long loaknge waths to gromnd. The
insulators should have the highest possible volume and
urfaes resistivities.

(£} ALY components should iava bigu voltage retings. Capacitors

end criticel relays ghould have uegliglble cold emission

characteristics et 20 KV. The loekaze resistance of each

capacitor and itz agsociated switchss and connectors should i

be s0 high that its RC time would sxcesd 10 minutes.

AL cevacitor switching mush be done by relays or other

suitable remote control device. Connacting or disconnact-

img cepacitors by hend (as is done in the Lureaw of lines
epparatus) is not only dangerous ever with the best of
interlock systeas, but is not e ‘recigicn techniyus. It
would be very difficuli zo carry oul wanual changing of
cavzeitors without geriously imoairiag leakage resistences
because ¢f the deposition of conductive £ilms of persoira-
tion, finger marks, ete,

(b} The electrodes snould he separated from the emergy sourcs
80 that corrosive firing gases cap be kept awey from leekagos-
sengitive surfaces. ,

(1) The energy soures (power supply, capacitors, interlock switch,
izolation and sslzctor relays) should be completely enclosed
in e dust-freo and dehwuiGilicd chaubey,

(37 411 comnections .uculd be ands with conductore at least 1/4% i
in diameter, 411 termineting lines, bends, *I® comnmections
and saarn corger:, «dges or points should be corona-protectad :
by the use of 3/4® or larger apharical surfaces, shiclds, or
other devices o reduss Zocsl. high streas potential gradients.

_
[
£}
S s s

RO TR el
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Ail condvctors ust bs nolished and free from scratclies and i
dust o nravent noint brush disenerges. {
(k) The churged caracitor ¢nd electrode system nast hold ite i

votential afier being couplately isclated from %he pover
Source. Thls chargs rould be maintained with less than 19
loss of voltage for ths %ima required for the isst.

& Specifications of Comaromige 28sigss It was found that by using
imzsdistely obiainable daterial «, on &) weraius could be constructed which
would zeat woa 1y all the requirenents listcd above. The capacitor range
would ot bw as large in canecity or as hig’ in voltags rating, Ten G. E.
Vecuwa Capacitors rated ap 50 anfd, and 5 KV wera ueed. Selaciop relays
and isolating relays wers the Eiuace Veown nelays VE-1 trpa. Under csrtain

DHCLASSIFYED -4 - NOL: H0. 9959
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conditions some of the rslays ware cboerves to spark during operation.
This ssark did not mppear to be & gussy or giow discharge, In addition,
scme of tha Vacuua “enaciters anocared 10 e oolarity senzitive. Yven
though these cerseltors could ba charged to the rated 5,000 wolts without
appreciabie leskeza, when the charpge nolerity wee reversed, leskage and
occasional glow dischargs occurred sven st volitages es low as 2,500 volts.

V. TDESCRIPTION OF XiISTALLATION

1. General Arraapement: {Ses Plates 3 and 4). The bousing is a
lucits box Iive fest long, itwo fezt high, «nd two feet deep. divided into
tvo compartuents——a cubical firiag chamber and & rectanguler chambsr to
housa tho power esgeably. The firing chenber is comnected to a piping and
dampor arrangsaent to circulate dry a3r ani to exbaust firing ygases. The
pover chanber is eqnipped with an accoss door at the end to permit intro-
duction of dessicant to lorer the humidity of the chamber as rsquirsd.
Lucite was soiected for the saterial of construction for the main housing
for the follovinz reasons:

(2) It was rzadily availablo.

(b) It was easily nachiued. :

{c) 1t is structurally insonsitive to moisture chauges.

(d; It is a pood insulator, thus aiding in ths reduction of leskege.
% is transperent, thus oeraltting close inspection of operaticn

et 411 times.

2. Tpe Power Chanber: Inetallad iy taig chember is the power equip-
nent which consists of an input from the hizh woliage power supply, polarity
reversing relay, isolating relays to pazmif disconnecting the capacitors from
the powsr supply and 2 bank of cepacliors und relay assemblies to vermit
switching in verying total cepacitises. An slectrostatic volt meter i
perzanently comnected to tha bus-burs vhich lead inco the firing chambsr.

3. The Firing Chashgr: (See Plate 5!. In this chembar are mounted
two eloctrodea: the lower vigidly aounted slscirods being the explosive
support, and the wpper elsctrode, & sliding point which can be moved dowm
into arcing distance. 3Both electrodes srs mounted on mackined polystyrene
supports. Thsss supports wwes designsd to give long leakage caths and to
poovide recessed suriaces which would tend to bs out of the path of flying
fragnuats and exslosive gasecus producie. The upper slactynde is esesentially
a gliding spring-supported brass rod widch ties through & col.ar connected
to the uprar bus-bar. Tho sliding electiote is inculated froa the oporator
b asans of & rolystyrene hanula. The Lotioa lizit of travel of the upper
electrode is controlled L, a threuded adjusting mnit To orevent nlaving
the explosive sawrdie ca tho lower electreds: while it ie charged, a sliding
door has becn located on the cperatorts side of the choanbwr. Opening this
door operstos &3 interloci necianism which sghorts the wp .er &nd lover bus-
bare through s nlsce of cop-or strip. A licye access dcor, held in place by
anchine serows, was installed in the e1d of the apparatus to facilitate work-
ing on the deor interluck system sud the clactrodes. If necessary the entire
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penel on hHhas operator's side can U2 ruacved couolets with the interiock
zekhanios.

4. Tho Plping System:s (S=2s Platas 6 and 4). A fairly cluborste
systen of »ipss and dervers wes installed po that dry air from e s2lf-
reganerating dspiccunt dchumidifier could e circulated through ths firing
chamber and through ihe room in which the fest epparatus wag installsd.
By proper menipuistion of the dampereg it ip nessible to direct any desired
poriicn of the air flow from the dshumidifier into the firing chamber. ’
Farther, it is possibls to control tha flou goingz through a bypass vhich
honses a humidity indicetor. Duriag actual. firing it is dssirable to shut
off theo air stream through *ke firing cheabsr, and imnediately after firing
the decomporition products must be completely ejected into a suitabls dis-
posal system. Since these gzses are corrosive and toxie, the damnpera were
arranged to prevant their flow through eithsr the debmidifier or the huridity
indicators. A conveniently accessible control parel was nade ooss:;ble by neing
Bowden cables to operate iine varicus dempers.

5. The Cepncitor Relay Aesonbly: (So3 Plates 7 end 3). Ten Q. E.
Czpacitors wera mounted in five groups, one growp of four, two grours of two,
wd ¥wo single condesgers on polystyrene plates which were in turn supported
by polystyrme legs fastened to the bzse of the povwer chamber. Five
vacutur relays were mounted on a wolystyrene plate wiich was suspended by
voiystyrens supporte froa the top face of tae power cheamber. Then eunavrgized
elactrically, the relays ave srranged to disconnsct the five condenser groupse
from & common bsader. Tiw luwer ends of th> vacuum coadensers are zll connected
togethar by o system of brass rods and conractors. Yrom this common circuit
& bus-bar is cervied through the dividing wall on & double conessnaped oly-
gtyrene insulator into the firing chamber end connected to the lower eleciroda.
The header into vhich th> vacuum relays ars connected 1s fed into a bus-bar
which connects to the upoer electrode assesily. 4 threo scele elecirostatic
voltneter, aads by the Sensitive Resen:ch Instruzment Co., is perawnently
comnected betwean the up~er header and the lowmer common circuit. The voltmetsr
thus nreasures ths potential. develored acrozs the caracitors and the electrede
syctem at all times. Specisl precautions wurs taken to coroma-ghisld all
eonnsctions to the coancnents of this assembay. Such devices as sliding
sleeves, hollow tubes and rouad edged vlates wors uged. Two mors vacuum
ralays were arrvanged to isolate the capacitor-relay egpenbly from the power
charging sowrce. The isolsbion releys, one for the upper header, the othsr
for the lower common circuit were both aounied on »nolystyrena blocks.

6. Conitrol Box: (See Plate 6). L belelite box wes coastructed to
houss the Hrower avd control switchiies. To cnerate the pelarily roversing
releys 11C AC vmas reguirod. A1l vacmm relays ave operated from 110 IC
t‘nrou«zh dropping rzsistore. Bnou:l cwitches and comnections wars incoruerated to
sermit the o-eration of hizgher ce; vnc:.t Tanges to be Inetelled at a loter cats.
The wirlng (Wiwram for the whole nppc.mh e s ghown on Flate 8.

VI. OPURATIOW OF TESTER.

1. DProcedured Exploriva gemples woighiuz 16 mz. er2 louded into the
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nlastic holder. (See Plate 1, Fig. Z}. 'i%th the firing chmabey coor
open so thet the electrodes are sherted out, the loaded exoloesive aolder 1
is nlaced on the lovwsr slectrode. The or:be nolarity is dateruined, snd the
desired canacitor* sten size salented. T:s door is then clossd and the
cenaclitors are brought u: to voltage by aljusting tha woltape control Mmob
on the face ¢f the Duwliont poewsr supply. UVhere the dssired yoltage (as
indicated b the electroatazitic wvoltseter) has been reached, the isoistion
re'ays are operated by the 5prin~ roturn switch oo the conirol ox marked
BISOLATE®, If thera is leelage iz the firing systen, it will show up &b
this point b a zraduasl decrease in the -varzin{' on the volimeter. Firing
is accomplished by menually degressing thu probe to ths linit of travel,
which {travel has been previouely adjusted by the stop sut. With »rinary
axplosives thers is usually no donbt to tie obzerver waen = sanple has bser
successfully initieted. Atter firinz, the zasoous products are removad

and dry air is apein circulsted throueh the ceambar. Normally the air fiow
through the chazbar is ghut off at the achual moment of zparking.

2. Anelysig of Results: A8 mi:iht be exoected from the nature of
€lactrical gas discharge end from the tehaviour of explosives wnder initiating {
conditions, there is epparently a spreed or rangs of gensitivity readings
from any zroup of teast samples represepting a narticuler sxplosive. An
analysis of resultg Ly aporopriate statisiical wethods would thersforz he
required. These mathods would give a correlmbion between the explosive
cozpound and nean energy, Jinimun anergy value beyond which the sxolosiva
will probaily aot be initinted, end a ssxizvm enargy above which the ox-
plosive will probebly always be initisted. Care must bs teken to account
for nossible sources of varlatior in results, such as probe ghape and polerity,
degree of confinement particle sise sad loadin:z nressure of the explosive,
the ratio of voltage to canacity slze for s narticular emergy level, humidity i
of pample end of tast apparatua.« gparx length, rate o appreach of probe, i
tyre of 1llumination of pap eree (ohoto icaization to itrip spark djs..harge) 5
otc. Exporimental results obtainad by this agparatus and the statistical i
treatment cf these results »ill bs given i1 enother report zhich shounld i
furnish inforaation on the degree of importencz of soma of the above
mentioned sources of varistion,

3. Foture Considersticng: FPresant jorformence of the gangitividy
tester seers to indicate that the apparatus 2s it is now arrsugsd will 3
probably zneei the iLmnediate requirsments manticned in Section 7, paragraph 3.

It is barely possible that the rangs of cnoecitors wili have to be raisad
to & total of 5070 maf. Hnough soace has besn left in the puwer chamber to
narait expeasion of the canaclty rangs to this value with litile wetuilding
At e later date it is recommended thet the entire sresent casaciltor relay
s:/etem be repleced with mon-polarity sensi tiva 20 EV Piamticon carucitors

- e wm e e ws wr w wm’ cm ms wm m Be ea v e m we W e @ e ee @ @a @ @ Er ‘e W B ew e e W e es

¥ The velus of the canacitor is obiained iy adding the sngraved numsrical velues
aggocistad with those switches thirorr to tie BIN® positicn. It muehb bs ranecberad
that at the present tiue only the firat five switchas (the left ond of the top
row of switches of the coatrol box) ore opsrauive. The values of the firsgt six
switches are given in micro-micro Frrzds. The reacining switches (deciuwal
values) sre given in micro-farede.
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