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ABSTRACT

An electrical resistunce msthod of measuring velocities imparted to wetals by

hish explosive (H,E.), reouiring much the snme eguipment as the elecirical contuct

nethed desoribed by fromen in LA 182 has been developed. The method consists essentinlly

of driving the metal into a helical coil mede of nichrome wire & Tew thousands of an

inch in dianmeter,wound with the pitch sufficiently small to keep the shock wave in the

wire from moving faster in the direction of motion of the metal than the metal itself
moves, The ussumption is made that the nichrome penstrates intc the metal surfuce and

does not pilec up above it. The zood a;rcement obtwined between this method and the

clectrical contact method indicates that this assumption, et least in Ths case of the

metals studied (i. e., copper and steel), is justified, Photojraphs of thesec spirals

indicate the probubility of & metallic splash when the plates move into them; this raises

some question as to the reliability of the method,
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ELRCTRICAL R%GISTANCE METH®3D OF :T6SURING THZ VHLOCLITY I APARTED TO JSTLLS BY

H1GK ZXPLOSIVES

The three electrieal methods originnlly proposed to measure the velooity
imparted to metsls by high explosives (H, E.) are the pinccontacé method, the condenser
microphone method, and the electrical resistance method., The elsctriecal contact method,
described by fromun in LA 182, has proved to be by far the most useful of these wmethods,
The condenser mlcfophone technique has been described by D, larshall in La 209,

Not becsuse any immediate use was visualized for the electrical resisgtance
method, but because it was conéidered desirable to develop the technique and have it
available in case & use werc found, the research reported in this paper was undertaken.
The advanteses of such a method are: (1) a continmuous record is obtained, snd (2) the
velocity of a very smell area of the metallic surfaze can be measured.

Twﬁ tochniques have been developed for this method: (1) the vuriable-current
technigue, and (2 the steady-current technique.

I, The Variable-Current Technigue.

Y3

A typical shot setup and the pre-smplifier for the varlable-current teche
Bigque are illustrated in Fig, 1.

SRR s

APPROVED FOR PUBLI C RELEASE




AN L. . . §

etal 00
LAL:*%;}&_\_ é\/‘-\/‘f\ %

|
|
|
|
|
L.
r
!

-

|

|

|

L 5 vt +300 volts
% | A
§ l o
E:-::~ :.ji l I meqohm peses 3°
_noooo: :.h . | cecece ‘.
%oooo: M A . 32,{}.‘{ . .f %e
SO . | - et 5
C.... ecsogoe P . e
%.:..E EouoE | Johms :l s ool
Qe oLt | QIO
FTnI . . - 500hms
M | S |
g | Ol |
m i I

f

| -—_?_ | 500 oh Output g ]

| ohms to model 500 |

L Amplifier

Pre- amplifier

l
|
|
|
|
l
|
|
|
|
|
|
|
|
|
L
a1 11CSY1INA

i

ASv3134 O 119Nd d04 d3aNodddv



APPROVED FOR PUBLI C RELEASE

:.dq:gnQWZ':/z“ diumeter and copper plutes about

. o oo e oo o O
4 4 Y L4 ¢ (3 »
.eu Were used to develop thi%, 4"‘"?“"-155*‘.65.. £hé niohrome coils were made of

0,003" or 0,005 @ire, wound to n pitch of about 1.5 mm, and & diameter of 2.4 wm.

The length of the coils varied from 1 to 2 em, At least two ground pins were used.

The coils wns pleced as close as poscible to the plate without making electricul cone
taot. A GACT was used as a cathode foliower to drive the signal line between the firing
pit and the amplifier in the control hu%o ’

I+ will be observed thet the helical coil and the point A (Fig. 1) from which
the signal is fed through the 10Q/7A3 condenser into the cathode follower are originally
st a potontinl of 75 volts, 1If A is shorted to the plate, a current sturts floﬁiug .
from the Szifk;'condenser (consisting of a bank of Tobe-Filtermite condensers) through
the 3 ohm resistor and the helix, and the potentin) of A changes to the IR drop sacross
the helix. When the plate reaches the end of the helix the polential at A resches that
of ground. . .

A& typical record obtained on the osgilloscope when the copper plate is driven

into the nichrome helix is illustirated in Piz. 2,

Fig. 2

The horizontal tra:e is & timing sweep put on the film before the ghot is fired:; the

breaks in the line are 1 microgecond apart, The solid trace is the record of the shot

a.....
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itself, When point & is reached, the coppor plate mnkes contunct with the coil, The
potential of pointNA (Fig. 1) suddenly drops from 75 volts to the I R drop across the
coil, If R, is the initial value of the resistence of the coil, the current I, =
75/(Rg + 3), and V = I R, = 75 Rof(R, + 3). About 5 microsesonds later, when polnt

¢ is reached, A is at ground potential, since the plate has reached the end of the ooil.
The velocity of the plate must be obtained froa the anelysis of the record between b
and ¢. I1f one knows the length of the helix, the time between b and o itself gives the
average velocity.

. To determine the time~distance curve, first determine the vertical distance of
various points along be from the buse<line., The horizontal distance of each point from
a sives the time. |

Let V, I, and R be the instantaneous values of the voltage ocurrent, and resiste
ance associated with the spiral at time t. Then
V=1IR,
Since both I and R are changing with time

S.Y.:: ar dl
dt I R‘&{

But I = 75/(R +3) (The voltage across the condensers is essentially constant during the
time the plate is driven into the spiral)s

’

. I=o_.?.§_.—)2 dR

(R *+3 x|
aad dV /76 . 75 R dr
dat * R+5 ) 3T

et R = Ro =Py s where Ro is the initlal value of R, p is the resistance per uvnit
length of the solenoid, snd y is the distance the plate has moved,

Also let 3 + R, = Rj. Then

& =q5 of B AL ..E o
i (Ri\.'? o.oyvg';—::o o?- ova"g




APPROVED FOR PUBLI C RELEASE

Integrating this equation gives the result

V-V =75(§3 - Ry

- Rg = R
R}. 0 1

Ry -p

).

y

where V, is the I R drop across the spiral at £ = 0, or when y equals the initial lenzth
of thé helix, 8ince V is proportionnl to the vertical displucment of the record from
the base line, it can be determined from the record and from kunowing Voo Since every-
thing on the right-hand side of the equation is constant except ys y can be caloulated
from this equation. A plot of y as & function of t givea the distance - time ourve
desired, PFig. 5 gives the distance « time cuf’“ée obtained from the recaord shown in Pig,

2, OB the same graph, date from one shot fired with the pin-contact method ere included,

11, The Steady»Currenf Technique,

In order to reduce the possibility of inductive effects, to improve the
chances of measuring the velocity at two or more separate points, and to simplify the

enalysis of the record obteined, a steady current technique was developed,

A typical shot sot up end the pro-amplificor are ghosm in Mige 3,

&
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The nichrome coil is initiallyeine Qoxat?.r.';‘c.wi.*;.h.ffm metal. plate, so thet point 4, the

variation in potential %%%&3@2%&{%

r%_l':i,&stt ground potential, About 20
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microsecconds before the metal plate starts to nove, the shorting switch is closed. This
shorting switch comsists of two brass tubes, one inside the other, separated by cellulos
acetate., The brass tubeé are put inside & steel tube. Iinside the inner brass tube
fits smugly & piece of primacord, which is arranzed to deotonais at one end of the
switch about 20 microseconds before the metal plate staris to move. wWhile the primacord
detonates through the switch the iumner and outer brass tubes are shorted together. This
type of switch was daveloped by Lesom Fisher,

&Ls soon os the switch closes & current (about 0,6 amps) sterts flowing through
the nichrome coil, This raises the potential of point A to about 4,2 volts, glving

a positive pulse which ocours before the beg

inning of the zweep,

Pig, 4

The record remzins parallel to the base line until the metal starts to move into
the ooil, .This hapﬁens when point b is reached. There is often a sudden drop of 2
nillimster or so in the reoord, becmuse the contact resistance is suddenly reduced,
Then the record slopss down toward the base line until the end of the coil is reached,
When the l-ohm resistor is shortened out by the pin P in wig, 3, the trace suddenly
drops to the base llne, since A is axzain at ground potential.
Since the resistaﬁcé of the nichrome coil is small relative to that of the 500

ohms in series with it, the current is nearly constant duriny the time the metal moves

into the voil, Therefore S et 2 S e,
e (4

dv - dR _ [ ] oee ...dé.. e®e oo G

T I -c-i-":o:' :t:p..sd'i. deee o
H
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whore o is the resistance per unit lenglh of the coil, and .g% is the velocity of the
motal moving into the coil, Since both I and p are constants,

3y = dv

at jf}?‘ at

The distaunce the plate has moved is therefore given by

Yo «ay-~=( -Wie
where y, is the initlal length of the coil, and V, is the voltaze across it whem the
contact resistance has been effectively dropped to zero., Since V is proportional to
the height of the record above the base line, y, = y can be rendily calculated, 'A typioal
time~distance curve obtained from & record such as shown in Mg, 4 is plotted in PFig, 6,
A curve obtained by using the same amount of explosive and the smme type of metal plate
using the pin-contact method is shown on the same graph,

I% often seems to be the cuse that the shorting primacord switeh did not close as
early as it should., A peculier delay as great as 20 microseconds has been observed, For
this reascn it was the practice to adjust the primacord lengths so that the detonabion
wave arrived at the switch at least 20 microseconds before the metal started to move
into the coil,

The veloclty of two different ports of a metal plate have been successfully
measured in the same shot by putting twno nichrome coils under it, and by using two sep-
arato electronic units but the same shorting switch, HNo interaction between the separate
units was observed #n the records, ’

11I. General Discussion of the Method .

The steady-ourrent technique should be superior to the variableecurrent
technique for & number of reasons:; (1) therc are fewer variables, so that the record
is both more reliable and easier to interpret; (2) the current surge is much smaller,

so that there is nuch less chancd’$!* 3ﬂ€§oq6aiﬁé.fvduotiVe offects; (3) since the ourrcnt

through the OO&l is steady during s ‘dntx"e vm&ceity record, the chaunce of interaction

of separate units to measure smft&mousl’votho- 'relocity at diffegrent points on ties ‘ F \ E[
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metsllic surface should be much less. The last two points were not experimentally verirfied,
since no ef'fects attributable to induoctanse could be detected in either technigue, and no
attompt was made to use twdb or more units simulatooously in the variable current technigucs
However, difi'iculties oncountered in the use of shorting switches decroased the chance of
getting o good record in the stoady current ease. If important applications are found for
the method further research in the use of shorting switches for this purpose should be
carried out,

Two atteapts were made to measure velosities in 1/3=-scunle hemispherical ime
plosions., Date were obtained in only one case, and some small oscillations appsured on
this r;cord° The velocity data agreed guite well with similar data obtained by the pin-
contnet method. In ths second attempt, there was so much hash on the record that no infore
mation could be obtained, In both attempts the steady-current tochnique was used.

In 2l) shots in which the vlectrical-resistaunce method was used, unshielded wires
about six feet long counected the shot assembly to tho preamplifier. The method would
undoubtedly be better for lurge shots 1i' the preamplirier were placed very close to the
shot assembly and blown up emch tima.

| Attenmpts to measure the velocity imparted to mayallic plates were made by using
straizht nichrome wires placed ponrallel to the dirsction of molior of the plates. Peculiar
results were observed., The shape of the oscilloscope record 1nd1catea an increase in the
resistance of the wire during the {first micro-second of the motion of the plate. This is
undoubtedly caused by the mechanie:l and temperature effects resulting from the shock wave
in the niochrome wire moving ahead of the metal, This makes it irpossible to use & straight
wire unless it is inclined at such sn argle that the normal coﬁponent o the shock valocity

is less than the velocity of the metal, or unless the velocity of the metallic surfuce is

graater than the shock veloecity in nichrome,.

u-

A scheme to wmeasure thes a@pqzﬁturs:iqfa sheok wave passing through a slab of
[ .

e [J *®
e s ss o e .
canvass-base bakelite 3/8" thiofkelis .‘Cc"swg.c ..e :Z?ckol #ire, 0,002 in diameter, was placed

ageinst the bakelite on the s‘dg bu,.gaa:.‘eeo a.hé“ wBse so that the shock wave would reach

APPROVED FOR PUBU égRELEm_\NC\ ASSIFIEE
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the wnole length of the wire at nearly the same time. The nickel wire was connected into

the steadyecurrent-technique circuit in place of the richrome coil. It was hoped that
the resistance of the heated wirg, and thus its tempersture, could be recorded on the
oscilloscope trace baefore the wire broke, Three z200od rucords were obtained, and these
indicnted that the wire wos heeted to a temperature of the order of 60000 before it broke,
provided the efi'zcts of the mechanical delormstion of the wire can be neglected. Pentolite
cylinders of 2 1/2“ diameter and 3% high wers used, A technique tased on these experiments
sight be worked out to measure both the teaperature and the velocity simultaneously on
the same shot to see if there is » correlation between them. The temperature should be a
function of the pressure in the shock wave, so that if a corrslation could be obtained
between the variations of tempsrature and velocity, one wmight be sble to conclude that
larze variations in the observed velocity ere produced by irreproducability of the high
smplosives ov to some other real ceuse rather than to errors in the mesasuring technique.
Mo doubt much veluable informution could be obteined by the elscirical resistance
method, Additional dovelopment work should be dome if it is believed that information can
be obtained by it avwd not by other methods. Thus far no important informetion can be
obtained by the clecirical resistance method that cen not be cbtained by the electrical
contact method. The indicatioun of a metnllic splash occuring as the metal crives into
the helical coil, as rovealed in photo raphs taken by W. Koski's group should also be
farher iuVestigatedi the sgood agreement obtained between pinecontuct and resistance

Gén%a indicate, however, that the pature of this splash is such that it probably produces no
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