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An electrical resistxinoenethod of measuring velocities iispw-todto metals

hi,;hexplosive (H.E.)9 requiring much the snae equipment as the electrical contact

by

method desoribed by ?roman in M 282 has been developod. ‘l%emethod

of.’driving the metal into a helical coil made of nichrome wire a Sevi

inch iu diwwtor,wound ‘withthe pitch sl~fficientlysmall to keep the

N’iN> fl”ommovin~ faster in the direction 01’rfiotionof the rnetsilt!mk”

IW)V3S0 ‘i’heassumption i~ made that the niahro~e penetrates intc the

does not pile up above it. The gwod af;rcxwmntobtained between thi~

thousands of’an

shock wave in the

the fiidfll itself

“metalsurf’uoeand

nzthod and the

clectriczalcontact mebhod indicates that this assumption at least in ths case of the

rwtals studied (i. e., copper and skeel)y ts justi!’ied. Photio.yaphsor these spirals

imlicatc the probability of a metallic splash whm the plates move into them; this raises

some question as to the reliability of the method.
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I?hethree electrical aethods ori~i.nullyproposed to memwre the velooity
.

imparted to metals by hi~h explosives (E= E.) are the pin-contact,method~ the oonclenser

microphone methods and the electrical resistance method, The electrical oontact uethod,

described by Froxun in IA 162, has proved to be by far the most u.sef’ulof these m~thods~

The aondenser microphone technique has been described by De Li.wshallin hl 2590
/

Not bec~.useany immediate use was visualized for the electrical resistance

methodj but because it was considered desirable to develop the teohnique and have it

uvuilable in case a v.sewere found, the research reported in

‘l’heudvnntases of suoh Q method ares (1) a continljousrecord

velooity of a very smull area of the mettilli~sur:a.w can be
.

● Two

* technique, and

this paper WQS undertaken=

is obtained, and (2) the

neasuredo

techniques have been.developed CQr this ~etho~ (1] the vwiable-cu.rrent

(2) the steady-currenttechnique.

The Variable.Curr@nt ‘feohnique~

A typic~l shot setup and
nique are illustrated in

Vim pre-ampllfier for the vuriable-ourrent tech-
FiSO 1.
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‘“;l’;’’~d’$t;iseterand copper phtes about;.W+:WO:O .b..@
● *..*: ● *e
-:....- were used to develop thJ.Se~#&l.i&e;.,....{~~ niohroi]tecoils were zade of

.
0.0031’or 0.005!$wire, wound to a pitch of about 305 mnj and a diameter of 204 mm~

‘Me length of the coils varied from 1 to 2 om. At lea~t two ground pins were used.

The ooils was placed as close as poEsibk to the plate without makin~ $Iectrioul Gon-

taot. A 6AC7 was used as a oathode follower to drive the signal line between the firing

pit and the amplifier in the control hut. ‘

It will be observed thwt the helical coil and the point A (Fig. 1] from whioh

the ~ign.nlis fed through the 100jf.P&condenser into the cathode foliower are originally

at a potontial of 75 volts. If A i.6short~ to the plate, a current stints flowing

fro:nthe 32~$ oondenser (consisting of a bank of Tobe.Filkermite condensers} through

the 3 ohm resistor and the

the helix. Nhon the plate

of ground.

h typicsd record
.

● into tho nichrom helix is

,
.

The horizontal tra;o is a

9

heU.x, and tho potential of A chan~e$ to the lR drop across ,

reaohas the

obtained on

illustrated

end of the helix the potential at A reaches that

.

the oscilloscope when the oopper plate is driven

Fig. 2

timing sweep put on the film before the ehot is fired? the

breaks in the line are 1 microsecond apart. The solid trace is the record of the shot
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itself. When ~oint a is reached, the coppor plate makes cont$~ctwith the coil. The

potential of point’A (Fis~ 1) suddenly drops from 75 volts to the I R drop across the

ooila If R. is the initial value of the resistance of the coil, the current 10 :

75/(~ +3), andll =IORO =75 Ro/(Ro +3)= About 5 microseconds later, when poiwt

G is reached~ A is at ground potential, since tho plate has reached the end of the ooil,.

Ths velocity of the plate must be obtained from the analysis of ‘therecord between b

and co If oae knows the length of the helix, the time between b and o itself gives the

averago veloaityo

To determine the timeqdistance curve, first determine the vertical distance of.

various points along be from the base-line. The horizontal distmoe of each point from

a ~ives the time.

Let V, I, and R be the instantaneous values of the voltage current, and resist-

ance associated with the spiral at tine to Then

V=IR.

Since both I and R me ohanging with time

dV
m

But I = 75/(Ii+3)

time the plate is

●

.0 I=-

LQt~=R .Pyo

= ~$!&R dxx

(The voltage across the condensers is essentially constant during the

driven into the spiral),

dR
*3)2 x’

+&i+--+j~

~ whero R. is the initial value of RO p is the resistance per unit
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m’kegmtin~ this equation gives the result

the base line, it can be ddxmnined from the record,acd f%cm knowing Voo since every-

thing on the ri~;ht-hnndside of the equation is constnnt except y~ y can be cxiloul~ted

from this equation. A

desired, Fig. 5 gives

20 On the samo graph,

plot of ‘yas a function of t gives the distance = tinm ourve

the distance . time cw%e obtained fr;m the rmcwd shown in l?ig.

data from one shot fired with the pin=oontiaotmethod $?- included,

11. The Steady-CurrentTechnique, “

In order to reduce the possibility OS

ohnnces of moasurin.gthe velocity at two’or more
#.

malysis of the record obtained, a steadv current
,

induutive,effects~ to improve ‘the

separate points, and to simplify the

A t~ical shot set up Qnd +he pre-ampI.il”iorare

Vatal
—

I
I
I

techtiique;IJasdeveloped

—-— —- . . - —. — —. — — —
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microseconds before the metal plate stsrts to nove~ the shortinflswitch is closed. This

shorting witoh corwists of two braas tube8Y one’in8ide the other? separated by oellulbs

acetate. !l!hebrass tubes are put inside a steel tube. Insi,dathe imer brass tube

fits snugly a pieoe of primacord$ which is arranged to datonate at one end of’the

sw!.tchabout 20 microseconds before the metal plate starts to move. ;“fhilethe primacord

detonates through the switoh the inner and outer

*3W of stit~h was daveloped by Laon FisherO

As soon m the si.’itchcloses a cmrrent

the niohrome coilo This raiaes the potential of

●

✎

,Therecord remains

the 00~~. .ThiskUk&US

nilhwter or so in the

parallel to the

when point b is

rcoord, because

a positive pub-w Wh .d-l

Pig. 4

brass tubes are shorted to~e%her~ This

flowing through

ep=

base line until the metal starts to move into

reached. There is often a sudden drop ofa

the

record slopas down toward the ‘ba6e

I-olxnresistor is &horkened OU% by

the base llne, since A is a~ain at

Siuco the resistance

ohms in 6erie8 with it, the

*
into tho 00L1. There?ore.

●

of the nidwome

contact resistance is suddenly reduoed.

line until the end of the soil is reached.

the pin P in ~ig. 3, the trace s’adtienly

~round potential.

coil is qmall relative to that of the 500

current 5.snewly oonstaut dur~ng the time the metal moves

I
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‘y is the velocity of thep is the resistance per unit Lsn@.h of the ooil, and
m

moving into the ooil. Since both I und p are oonstants,

(i’#-1=

~ dt

‘l!hedistance the plate hus moved is therefore given by

Yo’=Y==-~o-$~U

where y. is the initial length of the coil, and V. is the vol%a$e across it when the

contact resistance has been effe~tively dropped to zero. Since V is proportional to

the hei~ht of the record above the base line, y. - y oan be readily calculated. A typi.oal

time-distance curve obtained from a record such as shokk’nin Fig. 4 is plotted in Pig. 60

A curve obtained by using the same amount of explosive and the smim type of metal plate

using the pin-contact method is shown on the same grapho

It often se~s to be the case that the shorting primacord switch did not olose as
●

early QS it should. A peculiar delay as great as 20 mioroseoonds has been observed. For

.
this

●

wave

into

reason it was the praotico to adjust the prhacord lengths sb that the detonation

arrived at the switch at least 20 microseconds before the metal started to mo%e

the coil.

The velocity of two diff’crentparts ofa metal plate have been sv.ocessfully

measured in the same shot by putting t~%oui.chromecoils under it, and by usin~ two s@p-

arate electronic units but the same shortin~;switoh~ No interaction between the separate

units was observed m the reoords.

1110 General Discussion of the Method .

The steady-ourront technique should be superior to the variable-current

technique for a number of’rmsonsg (1] thero are fewer variables, so that the record

is both more reliable and easier to interpret} [2) the current s“argeis much smaller,

, so that there is much less ohanc$e$f”?.flf~oa~cl~g.fs.duotiveeffects; (3) sinoe the marred
●“e ●:

Iihnwgh the wil is steady durin~;tk~uiti?z~~%oi!ty reoord, the chance of’intxwacrtion
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me~:?.licsurface should be muoh less. The l~st tiwopointe wore no% exporimsatxlly xorifiedg

since no effects attributable to induotanae could be detected in oithw techniques and no

attempt vJasmade to use ttvbor r.oreunits 13ixulatnoously in t’(10Variable current toohniquct,

J.iowcver,dij”i’icultiesoncountex’edin the use of shorting switches decreased the chance of

getting a good rcoord in the stwaclycurrent case~ If important applications aro found for

the method further research in the use of shorting switches for tl?ls propose should be I

cnrried out.
I
I

Tm attempts were made to measure velocities in l/3=scsulehemispherical im-

plosions. Data were obtaincxlin only one case, and some small oscillations appeared on
.

this rooord~ ‘l’hewlooity datw agreed quite well with similar data obtained

contnct method, In ths second attempt, there ms so nuoh hash orJthe record

mation oould be obtained. In both attempts the steady-current technique was

IU ~~~ s~ot~ in whj.ohthe electricalmrasiststloemethod was used,

bjftinepin-

Wat Do infer.

US6ML

unshielded v;ixws

about six feet long oommotoa the shot assembly to tho preampllficm~ ‘l’hemethod would

undoubtedly bo better for Iurge shots ii’the preampli!’ier =ere plaoed very C1OSO to the

shot assembly and blovnl

Attempts tO

straight riichromewires

results were observed.

Up each time.

measure the velocity imparted to mwtallic plntcs were made by using

placed pnrallel to the dirmtian o“?mtiof; of khe plates. Peculial’

The shape of the oscilloscope reaorci indicated an increase in the

resistance of’ the wire during the first wicro-second of tho motion of the plats. This iS

undoubtedly caused by the mechania>.1 and temperature eih?eotsresulting ~rom the shock wave

in tho niohrome wire moving ahead oi’the metal. This makes it i~:possiblo to use = straight

wire unless it is inclined at such an o.r.glethat the narmal component of the shock velocity

is less than the ~elocity of the :Iwtal, or unless the wlouity of the metallic surf’uce is

graater than the shock valocity’ in n?.chroine~

A sohezc to ~ceasure t~c:3a~&w+w%~a:in.& shQiskwave passin~ through a slab of
● 0 ● *
● 0.:: ● *4 ●

oanvass-baso bakeliiw 3/6
0

‘1 thiOE.21k3:&.SL& .:& %?ckel wire, !)OQ02’;in diaweters wa6 placed
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resistance of the heated wirfig

cx+cilloscope trace before the ~.ire

indiwted that the wire was heated

nnd thus its %onpertitura,could be reaorded on the

broke. Three good records rJere obtained, and these

to Q temperature of the ordw of 630*C beforo it broke~

provided the Qfi’ectsof’the med.mnical dei’ornstiun of the wire can be ne~lected~ Pentolike

cyliadfirsof 2 l/2n dixmeter and 3m high were used. A technique based on these experiment~

:fiightbe worked out to measure both the temperature md the velocity simultaiiewsly on

the same shot to see if there is *2correlation between themo The temperature should be

i’unctiocof the pressure in the silouk waves so that if a correlation could be obtained

between the variations of temperature and velo~ity$ one might be able to conclude that

Iar:e var;Lati~nsin the observed velocity are produced by irreproducabilityOS the high

● explosives O.vto some other real cause rather than to errors in the measuring tochmique.
4.

No doubt much valuable inf’ormtion could be obto.imxiby the electrical resistance
*

J nethod. Additional development wor?cshould be done if it is believed that information can

be obtained by itasi.dnot by other methods. Thus far no important information can be

obtained by the electrical resist.anteiildhd that can EOt be otitainetiby the electrical

oontact method. l’l~eindication of a metallic splash occarin: as the metal crives into

‘~fi-ehelical cjQi~$as rovea~wi 111 photographs taken by W. Koslci’sgroup should also be

~~.rkhcr iuve~tigatedi tho agood agreement obtained between pin-contact and resistance

u,.taiudicate, however, that the nature of this sp.bsh is such

disturbing c?2fi’eCtSo
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that it probably produces no
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