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This report deseribes a method of investigating the motion of one surface oi
a3 metallic wall of any shape propelled by a charge of high explosive in comntact with
the other surface of the wall., Tho method consists essentinlly of observation of the
times at which the conducting surface makes electrical contact with wires, "pinsg",
placed normal to the surface with their ends at predetermined distances from the orip-
inal position of the surface. Thus the results appear as points on a displacemnent-
time curve {or the surface. Many pins can be used in a single experiment, the conteact
with any particular one being identified by the sign and magnitude of the voltage
pulse produced. The record of anr erperiment is an oscillogram cbtained with an accur-
ately timed sweep having timing marks on i%. A pre-amplifier designed to give diffe:r:-
ant signs and sizes to the pulses from & number of pins is described.

The method suffers from the distinct disadvantage that leads must be brought
Irom the pins to the recording circuit. Thus, for example, the method cannot be uwsed
with a full sphere. Using a segment of a sphers, the motion can be followed usefuily
only to the time at which perturbation waves from the opening reach the region of the
sphere where measurements are being made. As an exsmple of this method a.number of
relatively simple experiments are dlscussed, Displacement-time weves for steel nlates

impleded with pentolite and torpex charges are given., Steel plates 1/8" thick attain

)

veolocity of 1.9 mm per microsecond with pentolite and 2.0 mm per microsecond with %tore
pex. Steel plates l/h“ thick imploded with the pentolite charges of the same dimen=
sions attain & velocity of 1.3 mm per microsecond. These curves are givean for about
10 mm motion of the plates and over thies range show no appreciable difference betweon

torpex and pentolite. A preliminary measurement of the velocity of the shock wave in

i Priveed it UNCLASSIFIED
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w¢eol shows that it is the same as sound velocity. Use of insulating plates show that

the contacts are not caused by air ionization by the shock wave. The displacemei:t

times can be measured vith an equivalent probable error of a sinéle reading of ebout

0Osl micraosecond, - .
As experiments with various geometries arc completed by this method, the

results will be given in brief reports.
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THE PRINCIPLE, OF THE WFTHOD

The motion of a metallic surface is determined by observetion of the times
at which the surface reaches predetermined points in front of it. These points are
the ends of wires, "pina". The pins are supported by nmeans of an insulator so that e
eircuit is completed when the surfece strikes the end of each pin. Each pin is zsso-
ciated with an individual circuit which produces a voltage pulse of characteristic
magnitude and sign. The voltage pulses are amplified and impressed onm the vertical
wlates of a cathode-ray oscillograph. The single=sweep circuit for the oscillograph
is triggered at a suitable'time before the firat contact is made and the circuit nro-
vides timing marks across the swesp. The resulting oscillogram is a stepped line in
which the beginning of each step rcpresehts the time of contact %o a pin. Examples of
+wka scope traces are given in Fig. 1 and Fig. 2.

The particular method of timing tho contacts describec here is by no means

the only possible vay, but it is the only way ueed in these experiments so far,
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oscillogram with the contact method using pins below a flat steel
Four positive and three negative pulses or steps are shcvn rerre-
seven contacts. The blanking spaces are at 0.5 microsecond iuter-
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Fig. 2. Typical oscillogram with contact method. Thers are six pasitive and five
negative steps representing contacts to eleven pins placed under a f{lat
steel plate. In this case the charge wes a conical lens and the object of
the shot was to determine the flatness of the detonation wave. The blank-
ing spaces ars at 0.5 microsecond intervais.
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Fig. 3 shows in schematic and block form the circuital) uaed; Ve suppuse
that a charge of high explosive, D, is to be used to propel a metal plate, A, sc that
it will etrike the pins B and C. The primacord, G, is detonated by means of a cep.
The detonstion wave causes a short between two pins through.the primacord at L. This
causes a pulse to be fed from a oathode-follower circuit, F, through & long line te
vhe sweep trigger circuit, T,D. The lattsr circuit contains an adjustable delay so
that a pulse to initirte the sweep is fed from the delay circuil at any predetermined
vime after the tripping signal arrives. This pulse actustes the sweep and intensifier
circuits, starting a single sweep which cen be photographed. The timing circuit, T,
feeds pulsec from & crysical-controlled oscillator into the intensifier circuit so as
to blank out the trace with the period of the oscillator., The sweep circuit is pro=
+ided with a thyratron clamp to prevent multiple sweeps, a reset button for single
sweops and a manual-oporation trigger button for tesfing. The sweep circuit can be
switched to repetitive sweeps and these can be locked in with a pulsed oscillator in
T, in order to measure and adjust the sweep speed, trigger delay, sweep length, etc.
The sweecp speeds are continuously adjusiable from sbout 2 microseconds per inch %o
many milliseconds per inch. The delay is adjustable from about 0.2 to 50 microseconds.

When a contact is made between plate A and a pin such as B a small condenser
in the pre~amplifier, PA, is charged. This condenser circuit has a long time constant
3o that the condenser remains charged for the duration of the erperiment even if con-
tact is broken between A and B at some later time. The pre~amplifier sends a signhal
vepresenting this charging of the condenser through a long line into the intermediate
amplifier JTA. Since the identification of the pins iz moet important, e deteilec cir-

cuit diagram of the pre-amplifier is shown in Fig. Q: .

i) A1} the circuits except PA and F in F:i.'s;. EE é;-.a .ées:.i.gnég'«: and built by Group G=l, and
v
Tthey will not be described in detsil qre. hlt%ggt thig excellent electronic gear
it would be very much mere d1f¢1cult who 20rddo i’ mathod.
UNCLASSIFIFD
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Ian Fig. L4 each condenser-resistor networlk, €15 Co» etc., i8s comnected to e
pin. In practice twelve of those have been used, six in the wpper and six in the
lower set, The value of R is 2.5 megohms and the values of the condensers Cys Coy ==
very from 50 to 150 micro-microfarads irn equal steps. fhen the plate is connectsd to
any pin the left-hend plate of its small condenser, say Cj;, changes potential by

either nv/é or ~V/2 since C, is large compared with Cq if the condenser Cj is inm %the

P
upper or lower bank, respectively. The charge for the right-hand plate is derived

from the condenser Cgz connected to the corresponding bank. Thus the potenfial of Cg
changes by.i(Cl/bs)V/é and about half this voltage is impressed on the grid of the
cathode follower, T, through the .00l coupling condenser. Only half the voltage ap-
pears at the grid becauso of the shunting action of the coupling condenser in series
with CB in the other bank. The values of the condensers cl, Co, ctc.. are sufficiently
small compared with Cg and Cp 80 that the pulse appearing at the grid of T, when con-
vact is made to a given small condenser, is practically independent of any possible
combination of previous contacts. This mskes the pulge size specific for the particu-
lar pin connected to the condenser. The 50-ohm resistors shown in PFig. 3 prevent os-
cillations but do not increase the rise time above that of the main amplifier. By
alternating ths signs of successive pulses it is possible to get large steps on the
record without either going off the scope or overloading the amplifiers. Tube T is a
cathode follower whose load impedance, Zy. is at the end of a long cosxisl cable. This
impedance has a DC resistance of the proper value to bias the tube correctly end is

precisely adjusted to the characteristic impedance of the line. This adjustment must

be done with considerable care in order %o prevent troublesom reflections in the line.

Z¢ is actually in the chassis with the intermediate am:lifier, IA.

SRS NS
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The intermediate amplifier, IA in Fig. 2, is a stabilized fesd=back line=xr
amplifier, with a maximum volf&ge gain of about 10,000 and a rise time of 0.15 micro-
seconds. DA is a push-pull driver amplifier for the oscilloscope, CRO. The oscillo-
scope circuit supplies especially high accelerating voltages to produce suf'ficiant
light intensity to photograph fast sweeps. The camera used for recording the traces
is equipped with an F 1.5 coated lens of 7 cm focal length, but an FZ2 lens cen be

used for all but the fastest sweeps.

DISCUSSION O» THE CONTACT MFTHOD AND REPRODUCIBILITY OF RESULTS

The contact pins are mounted on the ends of fine-~threaded screws which pass
through tapped holes in an insulator rigidly supported relative to the initial posi-
tion of the metal surface whose motion is to be studied. The screw supporte ars made
sufficiently long so that a shock wave in the support cannot reach the pin befors the
plateg). The electrical connection to the plate can be made by means of a wire sup-
ported like the pins but in contact with the plate, or by means of a wire soldered to
the plate. Care is taken that the blast wave 8oes not reach this wire before the
plate reaches the last pin. Vire of soft copper or fuse wire is found suitable for
meking this connection but other metals may be as good. The pins are of pierno wire
about 0.027 in diameter, soldered into a small hole in the end of the screw. The dis-
tence of the end of a pir from theuplate is set either by screwing the pin down on a
thickness gauge between it and the plate, or by unscrewing the screw z counted number
of turns from contect with the plate, Coﬁtact with gauge or plate is detormined

electrically.

2) The word "plate" is used for convenience to describe the metallic well of anyv shape.

-~ - -
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in order to test the method and to measure the over-all reproducibility, e
number of similar shots using flat plates werc made. The plates used were L" sieel
squares. A 25"-diemeter circular groove was cut nearly through the plate and & cylin-
der of high explosive 24" in diameter and 3" high was set on the circle. The H.F. waz
detonated by means of a booster on its axis.

A number of pins, usually six or seven, were set on a circle of 3/16" radiue
about the axis of the oylindrical charge under the plate. The pin spacing from the
plate varied from less than 0.01 to 9.5 mm. Thus, in any particular shot, the encs of
the pins were on a spiral about the axis of the cylindrical charge and, alfhough the
detonation wave in the H,E. was spherieal rather than plane, it would arrive at all
points of the plate surface directly above the pins at the same time.

Fig. 5 shows the displacel.ent-time results obtained with ten l/B" steel
pletes using pentolite for the H.F., The horizontal lines plotted show the probvable
arrors of the points. For some points on the curve there were several obseorvations
and for other points only a few. Fig. 6 shows similar data using torpex for the H.T,
No appreciable difference can be seen in the ﬁotions of plates propelied by pentolite
and torpsx. There is a slight suggestion that the acceleration period with torpex is
a little greater then with pentolite but the difference is within experimental error.
Fig. 7 shows similer data with pentolite but with 4" steel platos. In this case some
of the sweeps were timed by using an L-C-type oscillator which was probably tempera-
ture sensitive. The fluctuations in thege data and the deviations from the curve show
the necessity of using a precise timing device such as a crystal=controlled oscillator.
In Fig. 7 the point plotted in the lower left-hand corner was obterined by observing
the time at which the detonation reached the top of the plate. This was domne by place

ing a thin aluminum foll and a thin insulating membrane between the charge and the

APPROVED FOR PLI?EI() FEﬂ.Eﬁéﬁi' .
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' plate., The foil was then connected to the pre-amplifier in the same way as & pin and

a pulse was received from it when it msde contact with the plate. The velocity of Th-s
shock wave through the %" stes) plate obtained in this way is, within experimenctal
error, the same as the velocity of sound in steel. This point is being inveeti:ated
further with plates of wvarious thicknesses.

A number of tests were made in order to be sure that the contacta to the piv
ends were made by the metal plate itself and not by the shock wave in air preceding 1%,
It was thought unlikely but possible fhat the air might be highly ionized in the shoo'r
front. Probably the most conclusive test was mede by using a mica plate instead of a
8teol one, In place of the pins; two thin metal sheots were used parallel to the
plate and cuite close together. No contact or conduction between the metal plates was
observed during the motion of the mice over an appreciably larger distance than the
initial spscing of the mica from the plates. When pins were used instead of the metal

. pilates, conduction between them was observed. This wais probably caused by the pins!

puncturing the mica ana entering the hot explosive gases above it.

From the data obtained in the steel-plate shots, the probable error in &
single observation of the time of arrival of the plate a given distance from its initi-

al position was calculated to be slightly less than 0.l microseccond. This includes the

L4

error in setting the pin at the proper spacing and in reading the values from the os-
cillogram but does not include systematic errors. The only systematic error apparent

is that of the oscillator producing the timing marks. According to the memufacturers!’

-

specifications the error in the orystal frequency could not introduce more than %% in
the timing. For periods of the order of 10 or 20 microseconds this error is entirely

negligible,

1T UNCLASSIFIED
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