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This report deseribes a method of investigating the motion of one surface of
a3 metallic wall of any shape propelled by a charge of high explosive in contact with
the other surface of the wall. The method consjists essentially of observation of the
times at which the conducting surface makes electrical contact with wires, "pins",
placed normal to the surface with their ends at predetermined distances from the oripg-
inal position of the surface., Thus the results appear as points on a displacement-
time curve {or the surface. Many pins can be used in a single experinent, the conteact
with any particular one being identified by the sign and magnitude of the voltage
pulse produced. The record of an erperiment is an oscillogram cbtained with an accur-
aetely timed sweep having timing marks on it. A pre-amplifier designed to give diffce-
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
rolatively simple experiments are discussed. Displacement-time weves for steel »nlates

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

)

velocity of 1.9 mnm per microsecond with pentolite and 2.0 mm per microsecond with tor-
pex. Steel plates l/h“ thick imploded with the pentolite charges of the same dimen-
sions atlain a velocity of 1.3 mm per microsecond. These curves are given for about
10 mm motion of the plates and over thies range show no appreciable difference beuweon

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

1

L

L]

[

(XXX Y X4

secoee

[ LXXXT]
o

[ X XL

[

- 23 i 1 UNCLASSIFIED

APPROVED FOR 5PEJBL-| C}‘RELEASE--



APPROVED FOR PUBLI C RELEASE

2ol :.;5‘57.. $8 et UNULAMFIED

4teel 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 displacement

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

0.1 microsecond, - '
As experiments with various geometries arc completed by this method, the

results will be given in brief reports.
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CONTACT ELFCTRICAL METHOD OF STUDYING IN@LOgEBN

THE PRINCIPLE, OF THE WFTHOD

The motion of a metallic surface is determined by observation of the times
at which the surface reaches predetermined peints in front of it. These points are
the ends of wires, "pins". The pins are supported by means of an insulator so that =
oircuit is completed when the surface strikes the end of each pin. Each pin is asso-
ciated with an individual circuit which produces a voltage pulse of characteristic
magnitude and sign. The voltags pulses are smplified and impressed on the vertical
wlates of a cathode-ray oscillograph. The single=sweep circuit for the oscillograph
15 triggered at a suitable.time before the first contaect 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 rcpresohts the time of contact %o a pin. Examples of
wha 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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fig. 1.

Typical
plate.
swoting
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oscillogram with the contact method using pins below a flat steel
Four positive and three negative pulses or siteps are shcwn repre-
seven contacts. The blanking spaces are at 0.5 microsecond inter-
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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 flet
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 are at 0.5 microsecond intervals,
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THE SPECIFIC CIRCUITS . v e

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 ceap.
The destonation wave causes a short between two pins through.the primacord at B, This
causes é pulse to be fed from a oathode-follower circuit, F, through s long line ta
the 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 circuit at any predeterminec
vime aftor %the tripping signal arrives. This pulse actuates the sweep and intensifier
circuits, starting a single sweep which cen be photographed. The timing circuit, 7,
feeds pulsec from & crysial-controlled oscillator into the intensifier circuit so as
to blank out the trace with the period of the oscillator., The sweep circuit is pro=
vided with a thyratron clamp to prevent multiple sweeps, a reset button for single
sweops and a manual-opcration trigger button for tes%ing. The sweop circuit cai be
switched to repetitive swecps 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 swecp speeds are continuously adjusiable from sbout 2 microseconds per inch %o
ma2y milliseconds per inch. The delay is adjusteble 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 circult has a long time constant
3o that the condenser remains charged for the duration of the experiment even if con-
tact is broken between A and B at some later time. The pre~amplifier sends a signal
vepresenting this charging of the condenser through a long line into the intermediate
amplifier TA. Since the identification of the pins is moet important, e detsilec cir-

cuit diagram of the pre-amplifier is shown in Fig. L,
e & o o e o [ ]
L ] [ ] ® 9 e o

i) ALY the circuits except PA and F in F:il'é. é.wé%ﬁ .ées:.i.gnégl: and built by Group G=4, and
they will not be described in detail here, . Without this excellent eclectromic gear
it would be very much mere difficult .gzu?B ?he?vgnkgoigmﬂthod. &
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2chemalic Representation of the Circuits
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In Fig. L4 each condenser-resistor network, €15 Co» etco,, i8 comnected to &
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 C;, Cp, =-
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 singe Cp is large compareé with Cq if the condenser Cj is inm %the
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 .{C1/C¢)V/2 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 becausso of the shunting action of the coupling condenser in series
with Cg in the other bank. The values of the condensers Cy» Co, etc., are sufficiently
small compared with Cg and Cp 80 that the pulse appearing at the grid of T, when con-
tact is made to a given small condenser, is practically independent of any possible
combination of previous contacts. This mskes the pulee size specific for the particu-
lar pin connected to the condsnser. The 50-ohm resistors shown in Pig. 3 prevent oz~
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 gelt 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 lins.

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

SRS NSO
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The intermediate amplifier, IA in Fig. 2, is a stabilized fesd=back line=r
amplifier, with a maximum volf&ge gain of about 10,000 and & 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'ficiasnt
light intensity to photograph fast sweeps. The camera used for recording the traces
is equipped with an F 1.5 coated lens of T cm focal length, but an FZ lens cen be

uged 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 are made
sufficiently long so that a shock wave in the support cannot reach the pin befors the
plateg)o The electrical connection to the plate can be made by means of a wire sup-
portzd like the pins but in contect with the plate, or by means of a wire soldered %o
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 pisno 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 the‘élate 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 contact with the plate. Coﬁt&ct with gauge or plate is detormined

electrically.

2) The word "plate" is used for convenience to describe the metallic well of any 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 23" in diameter and 3" high was set on the circle. The H.E. 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" rading®
about the axis of the cylindrical 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 displacenent-time results obtained with ten 1/8" steel
pletes using pentolite for the H.F., The horizontal lines plotted show the probvable
arrors of the pointa. For some points on the curve there were several obsorvations
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 torpex. 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 ohows similer data with pentolite but with 1" 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 obteined by observing
the time at which the detonation reached the top of the plate. This was done by place

ing a thin aluminum foil and a thin insulating membrane betwsen the charge and the

3
g
=
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plate., The foil was then connected to the pre-amplifie; i; tﬁe same way as & pin and
& pulse was received from it when it mede contact with the plate. The velocity of Tth»
shock wave through the %" steel plate obtained in this way is, within experimental
error, the same as the velocity of sound in stecl. This point is belng inveeti ated
further with plates of various thiclnesses.

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 L%,
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
steol ons, Im place of the pins; two thin metal sheots were uzed parallel to the
plate and cuite close together. No contact or conduction between the metal plates was
observed during the motion of the mica over an appreciably larger distance than the
initial spacing of the mica from the platea. When pins were used instead of the metal
pilates, conduction between them was observed. This was 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 menufacturers!’

-

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

negligible.

SiT UNCLASSIFIED

APPROVED FOR PUBLFT RELEASE **



tn

t

NO. 388-14

MADE 1M V. 0. A,

Dgspla.ce‘men

KEUFFEL & E38KR CO., N. Y.

Millimeters. 3 mm. tines scceated, em. lines heavy,

APPROVED FOR PUBLI C RELEASE

o WITWiITwards smu

o fe

li

esdfo
3

4 .
- [
a 5 1
o Laiadiiss
: H4h
w IHad Rl b
i e e
SR (234985
e i
Pebsiadties] Haiel
v . Anye by
e R e Gt e i Rk o
H T Jes Lr. T 1232 £33 2
3L ddox 8 d el 2ANEE E4add 1823 36001
RaEgnage [sheatetsafisemalis
T 3 Tt HF
t B e e hin o 1
HH Sraxrigfelisalods T it
=} 31 oy ey yu} .1 =13
= 73 Y ]
[ §A052 $o4 54 bo nay 4 : S des
v M.S LHAW ot e '*_..
PS Pp Tert | o ed - [I%%s
ETy: Engt CLeld ERE: K33ad poi L HE
TesSORRE SRR IR RARTT TENte Bl s iise
EalEat [RTE P51 124 : R3S
. ) ks
7 3 = T
Inthy = Hh ALEe opted fgans
1. ot ab 1. aad 53 i 1T
B gy s sl AT IRE Y
- o g I
H T 1 i1t i3
+ - by A “41
TH i
Hh T i
: i
;3 L he 4+ 18 R
axRasagasd b izl
Ha e el i
T 35 o el 2o H - ~
: S TR gl Zht
HE Sabtiaeitad: 22Ny SRRt oLt Sihet
Ty s aaag st o5 i1 =a} ﬁx,wmu.. S +r e TRt T
1 : THE w 8 al i .L). % LAY <1rv FASS
g » oy 14 Tt w : B T e
-+ 28 voeS Ainuad FRE 24 £ 35 18 SN 3. P
T lmn.df.mfx._. ajiraaipedstanty &2 3o ]
. - vy § 5 - 13
S3¥0edakae Fi 27 S § Fdoi wy s T s HAT ol 3§ o b el
siretphliein R Rl R LT i HE
r T ps sae Y :
i1 t aag shbad ¥ ;o1 s t it
thbisiiip st ibe ; ; = e L T
T H SR T - - Ty Fee iy - syney
T s ob rasiak 3 3T
.».n_ 1 T T 4..v rr tH H S MJ. - Hds ; - i nulry Hhth_..
v - + T+] 3 29
yas hy=s H s h—h.. pags 2 J3ary I TR
THT: 34 ST In. e o13 TR 3! L ESaressisatady
Rt H =e 22 a3 k1 AT :
11 + b &l Bt § ¥y i y r
B ; S B e e L e s an e
2% m - . TTIT 'y
H {3y P uk L xSy paded ety HJ.%. " PL% ...r.~ T
atasTeSEopLaE 323) t jaexlos SRy t ! b
M r s : ] P s H
THIf pih R e B e e e o i RHIY
Jeptbris t T - T s H TS TSR ? Ropfagesiipetiglc
e + [SAmg sugw T T1+ v 3fras e vs 31T $+3= T
- re bsngn Ry -
+ T HTH avspsnagnd ,.@ T |7 T .ﬁmh HE
o e v et T 251358 e rI3= . ppaa 3 =
7 Wttt au TR IR h 'y TR S
. o E il e St i pitedu SR Gt e A1 i R
1§ e T - f= =y T ¥ BN IR FiE: abis IseRi 53 IR bt
: 5 pdt o T Zenass 23 IRP SHETT T T HH
54 Hﬂ.ﬂ.ﬁ. mu 4] m L S - -_:A_ PRECIEORE ATt a Suait Snt 2 «Hﬂw o s
T iR e 'y T T e - PSPy JorY s puguy gRuwe 3
e 1 R eh HHR O e TR e e e e HTT T
hH SRR le. 1§ % wedontdlobucedtial shen oo Phaldutanl LERET
1% 4% Dty vre 43
SR e H e e T A R TH R I i
wﬁdrki Tyes buagd - e by ” S§Sdngagamve: 3 17 T g
Tost et Lm = 0 g i oIk S3:a3 * (HoRR 3 Al 1
i i
T : pipaazizisated 3idarpasastis! H 3 B ah
I = sEss e s Ra3Saxap ate ae
i = o e ) 1or 3T :
3 = R Hh Hetisitsiarhiae it aiE s ool
H + b
b Rt uu L it ! Ih e iaasl Ham sl 3 rcu. L
£ L ik HHHE R o R
= Py o3 aa 022 , + ¥
- e m d I ..~1+11‘L HAS Ig = H ; rm wl;. T
1 ﬁ Tbiy Egegs e ' s 1% s f .M el
b a4 "0 040 4 sejtett BRI f3antss
-~ - T ¥ ; b RRans P2V T
g 4 i H 2 5¢ Bairvs Rows 24541 thekidqggase
it L B
i. 40 . jrage by St {Angada
i nﬁ.#fﬁmﬁr 1: . TH R :.th. it 17.;_. frzsilinis:
Bedly 1Ha 1 v 3 : phadoahghirdiniantii ey i i
BEHF 4 i i g e a i e L T R
- - N 14 - £
. L 1T ARESEas R IERT g iteha s aieas [EEs e cdasd ST HER
z o18, = 1 : Slael alolis 2004 L E b passe b
i gl : C i3 A TSR R
3 1 i Lz iR
3¢ B AN PRE B =
‘ 4 Hr ¥ it
jaged fe T . &
etk 34 tei) t51E }
. ey H s = A N
; - H 1
: T il ummn
AR S X + > +
1z nr BELAE 25010
a b 8 < >
slatiedy y TR
2P S i
2Ry She § 1337 RRAL o 3L 1 e
B Y a3 : 1Y
o] IHH IR P T
sstlh 8 At g peach S/
SRl Aern iy i

El EASE

Ti TAEPROMEDAL &2 SUBLI

S




APPROVED FOR PUBLI C RELEASE

’u

i
TR iy

K S

T

TSI ReTEs TSR oS
RpaT .:.:l jy v
by

T

.

ey

A
o
(2evs

¥

R LR

T
1¥3

s
PENe B

TRy

WONLLE IR
i

[ 38t
[..2e6e 00! 1
- v

i

;‘ Helty

7

8353 ga 2ds
RiTiss

S

Feds &
5}

HY

calalke
iR

PICE SRt e X A3 15 SRR S 1R

1

3:i
nal
¥

T T

s et i
]

ithifl

Sl
VI

R
paSd u By
t1.

i
el

i

I

yua

syt

i
T

[}

]
i

IR

T

‘rl
i

Ik

B

=

s
L ady

pne

13

183
L
i

B om

Py A= 294
1

2 0g X
Seo

t

+H

I

i3
i

NSl

»

133
2y
[od

:'[i 2224

pe Sup.ug ey

it

)

1328
e

e

Doy
T

i

11l
=

i
LF_

frgad .

£

4w aouns

ps

AR ST RPS N

TRIEER
g

T

o bl

3
5
1t

er il
e

i

T

:
4
rREry

s
§u.

fa ko]

Tyes

4

1]

T

3

LAY
i

Lo Taudodv .40 ¢
4

i

|®
S
Tl

N
itn

1S PR
i

35

i

]

e i
&3
ST

i

Juawaoe|ds1q

AN B LTR TG L]

Sazvoy BN WD CPAINSIIE E3UY WA Y ‘wIndwniiN
¥5-88E "ON "A "N '*OD WISEE ¥ MNLININ



APPROVED FOR PUBLI C RELEASE

Wiy

YU

woxw
o

LY 3 i }
Hi 5 i
iE o EXhine
T3 7
314 i
L_.L.w TT
a2 =
! R
‘1.— 4!.!.!
o 1443 4
- [kan.
11323 i
Eae e
- H
o Tl s
it 8 o
iy
Py » 9 L
e I b
i 5 o
b Son 1
H T -
¥ ot oy
: [ Ey
: T
T |y :
- 13
et . -
a7 e
e =
4 .
»‘ J.
1 &Y
sy i -
R 2E=2) 0 T *
: buly I
Pi3d r g n 3
i 7 R
o b
£ S Bt
Pt : 128 ooy =
o3 . MMm ot =
W) p i 33 oy e
“.T,. THLT e 51
g2y 4 - it
as i1 TR
+
T
1
g
T ns
.
+
3
1
t
}
pupas
e
Ephuit
[
Ltey
3
T
yo
{n
s
quna
pan
+
v
panss

Tl

v
il
o

1

]
I
.

3

it
Hi

AR ML
SATY el U PRieudl BIUL WL 0 ‘6193 Ui
¥1+89€ ON ‘A "N OO MISEI ¥ 13NN

APPROVED FOR PUBLI*C RELEASE



APPROVED FOR PUBLI C RELEASE

[ ]
o0
L]

NPT ACEIE

UNCLASSIFIE

e e m—————r)

DAIRETT 200

PRSPEISREEIES R

BEC. FROM __.fecouddiaca

s S

PATE..... 7

PROJECT MATTLGHURN REC......0 . ses-

RECERED: S 285
rROM:  * & st

REC. No.____REG. Ko
385> |

45 455 INCLASSIFIED

ee* “APFROVEB:FeR PUBLI C RELEASE



