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ABSTRACT ~~=

The ~in-contaot eleotrioal method described by Froman in LA-182 has been

developed to measure shook and material velocities in plates of both metals and non-

metals. The shook velocity appears to be relatively independent of the shape of the

detonation wave and the thiokness of the plate but the initial vqlooity imparted to

the far side of the plate varies considerably with thickness Conioal lenses and

sufficient HOE. tend to reduoe this variation Material velocities can be approximately

deduoed from the observed initial velocities on the assumption that they are one-half

the initial velocity imparted to the far side of the plate by the first reflection of

the shook VXiVOo The following table summarizes the measured shook and initial

velocities;

Material Shook Velooity Initial Velooity

Metal% !!!!!@ . &

Aluminum 7“.1 :0.2 3.8 2 002
Cadmium 4.0 $ 0.2 2.9 t 0’.3
Copper 5.3 - 0’.3 1.8 t 0.3
Iaad 3“.2 $.0.2 3.0 * 0.3
St9el 5,05 - 005 2.0 t 0.2
Tuballoy 3.4 ? 0.1 1.2 t O.l

Non-Metals

Pressed oaleium
Fluoride 47* 0.4

Marble 5:8? 0’.s5
Myoalex (transverse) 5’.5;’ 0’.5
Myoalex (longitudinal)6-.1; 0.5
Steatite 0.6
Bonded Tuballo$ :$, ? 003
Oxide i
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SHOCK AND MATERIAL VELOCITIES IN SEVEIML METALS AND NONMETAL~

IQ INTRODUCTION

Since knowledge of the shock and material velocities in certain materials

is of diroot importance in gadget design, experiments were undertaken to measure them~

These quantities are of additional importance beeause they oan be used to oheok

equations of stat? at points where hitherto the only information to be had was based

on long interpolations between experiments up to about 0003 megabars (Mb) and Thomas.

Fermi-Dirao oaloulations of Metropolis above 30

measurement of these quantities is based on the

F’reman(L!L-182)~ .

Mb, The technique developed for the

pin-oontaatutethod desoribed by

The material velocity oqn be calculated from

to a plate of the material since the first quantity is

initial velooity is meant the velooity imparted to the

the initial velooity imparted

about one-halt the lattero By

plate by the first reflection

of the shock wave at the far faoe of the plateo For thin plates, therefore, the pins

must be a%l set within a small distanue of the surfaoe~ Especially for -this purpo~e

step gauges were made whioh permitted aoourate setting of ten pins all within the

first two millimeters of the surfkoo of the plate.

The shoak velooity in a plate oan be obtained

it takes the shook to go through the plate. For metals

from a measurement of the

the arrival of a shook at

faociadjaoent to the H~l?~oan be ?eoorded by the shorting of a

originally insulated by a thin insulating foil, to the plate.

whether the eleotri.oaloontaot is due to the oopper foil being

thin oopper foil,

It is not oertain

pushed through the

time

tho

inau-

Iating membrane or that the heat associated with the phenomenon merely breaks down the

insulat~e The arrival of the shook at the far fioe oan be deteoted by observing
● 0* ● e. ● 0

oontaot with a pin plaoed very olose to t$;;~fhe il” s }#xn 0~001 in~)o
t●0 ●:0 :00●%. ● -* –—..–7.....——.–—

~:.. –—~
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The experiment is complicated by the possibility of a longitudinal

wave preoeding the

probably would not

impart e very high

shook wave to the far surfaoe bf the plate. Although the

oarry nearly as much energy as the shock and consequently

sound

sound wave

would not

velooi%y to the plate, still for a suffiaien%ly thick plate the

sound wave might be responsible for oontaot with the olose pinO It is very unlikely

that oontaots with pins some tenths of a millimeter or farther away would be oaused by

the sound wave. This phenomenon could be observed easily experimentally on a distanoe.

tine plot of

by the shook

contaot were

the pin aontaots for some types of plates? If all oontaots were oaused

then all of the points would fall on a straight line but if the first

caused by a sound wave, the first point would fall too early in time to

be on the line through the other points. Therefore, in order to obtain the true shook

velooity one must use as the tiansit time of the shook through the plate the interval

between the foil oontaot and the time intercept of the extrapolated line through the

points on

first pin

a distanoe-time plot. ,.

The velooity of the longitudinal sound wave, if it is responsible for the

oontaot~ is given by C = d/(t-6/u) where d is the thiokness of.the plate$

t the time interval between foil oontaot and first pin oontsot, 6 the clistanue from

the firs+ pin to the plate, and u the velooity imparted to the plate by the sound

wave ~ $inoe both 6 and u do not lend themselves to easy d.ireatmeasurement,

noourate values for C oan be determined most conveniently when 6/u oan be negleoted

relative to t as, for example, when the plato is %ery thiok~

A further oompliaation in the measurement of the shook veloaity arises from

the possibility that the prooesses of the foil and pin eontaoting requires different

timeso If this is the oaae, oor:e:t+an: mn:~/ag $~~lied to the transit time of shook
**9 ● :e ::

waves through plates, the oorraot~od.b~jog!ww~ a@portant.for the thinner plates. The

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● m 9*. ● a. ● om ● ** . .
b ● **9*

● :* . . . . . .

● :*9**
● ‘:i-’O:O*’&=-

for metallic plates by subtracting the transit time for 1/4” plates from twioe the

transit time for 1/8” platese (If t is the true transit time for a 1/81’plate

% 4/
= 2t+ A while 2t@ = 2t+ 2A ~ therefore, (2t+ 2A) - (2t+ l!)~A d For ,

steel plates this qmntity was 0005 microseconds, and for aluminum plates it was 001

miorosecondse The variation is probably only statistical sines the measurement involves

detmmining a small difference of two large termso Runs on cadmium, lead and oopper

gave 0008 microseconds, 0e17 m.ioroseoondsand 0007 mioroseoonds,

fewer runs available makes these values less reliable than those

respectively,

for steel and

11. l@ERIMENTAL PROOEDUREANDRESULTS

Ao Metalsa 1, Steel - Plates of thicknesses ranging from l/8~ to

and transverse dimensions at least four times the Wzl.dcnesswere used~ .$he pentolite

ohargea used with plates up to 1/2” thiokness of steel were 2-1/2m di-ameterby 3*,

high; with

1-1/2” and

but the

aluminum.

211

to measure

plates 1/2” to 1“ thiokness,

2“ thiokness, 6“ diqmeter by

shook veloo.ityand there was

3-1/2M diameter by 5W high~ and with plates

6* highe Most of the early runs were made

only one p%n set olosely underneath the plates.

The results obtuined on these early shots varied from about 5 km/seo for 1/8” and l/4m

plates, to 5.5 km/seo for the 2“ plates. Later, when some of the heavier plates were

shots with several pins set to obtain initial velocities, it was found that the O1OSS

pin seemed to be making oonlxmt prematurely, falling off the straight line through the

other poinlmo A typioal distanoe-time ourve obtained with a 2° thiok plate 8W by 81~

and a 6n diameter by 6’soylindrioal pentolite ohargo is shown in Graph 10 Ihrther

shots with fairly thiok plates oontinued to show this phenommon9 By interpreti~

tiis effeot as due to a weak preliminary wave and using the extrapolated intersection
● ●00 ● ●:0 :.* ●*

with the time axis Qe the time ofIa:rr~v& o{ t> {h~ok at the fa~?o~=qulte eon.
●0 ●99 ● ** ●** ● *..* .+.————._

sistent values were obtained for $-ie:c&?a~@od.ti
● oo ●9*** :
● ea ●0:
●e ● om

●** ● ● . ..
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+ 0.05Ion/sec.The average value was 5.(34-

Among the various thidcness shots, there seemed to be no oonstanoy of the

initial velocity imparted to the platese For a given-size charge the initial velooity

dropped with increasing thidcness of plate, In order to investigate this apparent

attenuation of the divergent shook, a step gauge was made that permitted aoourately

spaoing 10 pins witl&

with a 3-1/2” diameter

velooity of 1.3 km/seo

of but 006 km/seoO

the first 2 mm of the surfioe of the plate. It TJW3 found tht

by ~’t

while

high pentolite oharge, 1/8” plates acquired an initial

the surfaces of 1“ plates aoquired an initial velooity

To sem whether this attenuation was oharaateristio of’a divergent shook

wave, runs were made with ooni~al lenses plaoed on top of the pentolite cylinders. At

first four shots were

two with 1/8” and two

1/8” steel as before,

fired with only one inah of pentolite between the lens and plate,

with 1“ steel. The same initial velooity was obtained for the

and onlya slight inorease was observed in the initial vel~oity

of the 1“ steel (007 km/sec)O ‘Zheexperiment was repeated

by pleoing 5“ of pentolite between the lens and the plate.

imparted to the l/8W steel was inoreased to 200 km/seo and

to 103

and on

km/see.

on both thicknesses of steel

The initial velooity

in the ease of the 1“ steel
.

The initial ~elooity thus depends upon the flatness of the detonation ?iave

the amount oi’high explosive as well as upon the thiokness of the plate. How-

ever$ for

thiokneas

otherwise comparable geometries a flatter shook wave tends to reduoe the

variation in,material velooity. Graph 2 shows this effeot~

In order to study the motion of the plate between O and 0~2 mm from the

initial position of the plate, thickness gauges were used to spaoe pins at about 0006
● ● *m ● ● 00 ● 00 ● 0

and 0.12 mm from the plate. Gra&3~ir&ioa~e~ot~~ this is considerable acceleration
●0 ●9* 90e ●a* ● ** ● .

.— — .—
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fhnt rather than by ~ pre~~ry s~nd wave, or that there iS a “ftuzy” boundary

between the SOUlld-Ve and the main shook.

me pin-confaot ehdiriod method was u6ed to mxumre the velouity imparted
,; ..., .~)r,:,if:,

*O @Jw steel pk(tes under oonicxL1’’!&se6of t~ 1 CL 30 Z during the first 6 mioro-

eeoonds of rsotlonwhen 1“ and 2“ Of pentolite are plaoed between the 10X16and the plate.

Your shots were fired with 11’of

Graph4 givesthe resultsof’these 8bb6a

able lag in the motion of the plate at the

plate was olose to the edge of the lens so

pantoli+e between ‘thelem and the plate,

It will be observed that there is coneider-

1-1/2” radius% howevers this part of tine

that the lag is not a .signifioantindication

of the quality of the lens. The velooi,tyof 8 mm from the initial position of the

plate aloxg the axis of the lens is about 1.8 km/see.

!hO

Graph 5 givee

from the Rxi6

.,‘Wm mioroseoonds.

shots were fired with 2* of pentolite between the lens and the plate.

the results. It will be observed that the region of ths plate 3/16”

of the lens starts ahead of the region at the in radius by about CI.15

The velooity of the oenter is about 206 kU/SOC when the plate has moved
w-

8 mm. Ekoellent agreement *S obtained betweexrthe two shots.

In order to show the effectiveness of a lens in increasing the volooity of

the plate, Figs S has been reproduced from LA.1[32on Graph 5. It will be observed

that the velooityat 8 mm is about 109 km/seo Sinoe the charge used for this data

was 3“ of pentolite without a lens and sinoe the height of 2“ of pentolite plus the

lens is roughly oornparable,the data indioates that the Ienc increaees the velocity

by about 35 percent=

2. AIuminwsp Some thirty-five rum were ~de tith alutim plates of variou8

thicknesses. Two-thirds of these runs were made using non-len~ oharges, usually

pentol%te oy~ind6r8 3-2/2” diameter by 5“ high. Yhe remaining runs were Wde using Tuok

aonioal lenses plus 5ttof pentolite 3-1/2” in diametor~ the first ones were filled

uith spherioal grained tetryl, and”J&;~”&@O~&&$h spherioal grained,.-.
●

●a**
● ● *

● 9 ● ** ● **.**:*. ●*
,.,,
.’ ●* ●,* 4!,*a *,% **** ● ●..~$ :: : **4

k

flf.+ 9***: !! ●48, *
,. * ● * ,,~ : : : ,*a, **,,, , (,,,

TNT (special
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velooity with the typos of HOE. oharges used nor with thiokness of plate after oor-

reotlon was made for the apparent disorepanoy of timing of the foil and pin oontaoting.

In *his oam the oorreotion time used was 0.1 mioroseoondso In averaging the results,

the data from various thiokness of plates were weighted bya faotor proportional to the

thiokness of plate sinoe the absolute error in time measurement is probably about

vonstan% ,This averaged value is ?dl ~ 002 km/seoo

It was found that initial velocities varied

of H~E~ used. Graph 6 shows the variation of initial

plate both for lens and non-lens oharges~ It is seen

for decreasing thibkness of plate but is higher for a

with thidrness and with type

velooity with thiokness of .

that the initial velooity inorease

given thiokness when lenses,

presumably &iving plane shook waves, are used, The values of the initial velooity

308 ~ 0.2 lcn/seogiven in the summary table 5.sthe average of the zwusultsfor @

and 1/4” thick plates~ The extrapolation to zero thiokness probably cannot be used

since the points for greater thiokness were obtained ~th a different type of Ienso

3. Tuballoyo Twelve runs were made with tuballoy plates, six of theinabout

0.2” thiok and six about 004”0 All were made with oonioal lenses plus five inohes of

pentolite~ !l!hreewere fired with Linsohitz lenses, three with !CUoklenses filled

with tetl*yl,and six

In the six runs with

from the axis of the

radius were early by

with Tuck lenses filled with 6phWicwl grained TNT (typo B].

the last type mentioned, pins were plaoed at a radius of 3/16!’

lens and also at 2“ from the axis. The oontaots at the 3/161’

0006 to 003 mioroseaonds but there appeared to ba no tmrrelation

in the variation of either the shook or initial velocities with the flatness of the

detonation wave over this range. There were insufficient data to determine definitely

whether or not there was any variation depending upon the type of lens used, but there

appeared to be none. The shook velooity for the thinner plates appeared to be a little
● ●*O . ●:0 ●** ●*

lowas oompared with the thioke~.~lgt~. $h$~ c&~ld be explained bya pin-foil delay
● *

●C ●00 ● O*●:0 :,,~.

●*m:00 ●
●** ● ●

● ,. ●’0 ● 9 ● ●*.
●***: ● ●** ●

● a. ● 0: ●

● m ::0
● *e ● . ● ● *
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of 0005 mioroseoonds~ The average initial velocity of the thioker plates was about

seven percent lower than the average for the thinner plates. A typioal run is

plotted in Graph 70

The shook velouity for tuballoyafier oorre~tion for the pin-foil delay

of 0.05 miaroseoonds is 3.4 ~ OP1 km/see. The average ma%erial velooity for all
“,

twelve runs is 1.2 t 0.1 km/secb

4. Cadmium. A dozen plates of Cd in the thiokness range 1/8” to 1/2”

were shot. An average value of,the pin-foil delay ot 0008 microseconds gave

+ 0.154.05 - km/see for the shook,velooity~ There were not enough data in the ease

of cadmium as compared to aluminum to indioate ddinitelya trend of initial veloaity

with thiakness~ Again, as in the case of the aluminum, only the results obtained with

1/81’ and 1/4” plates using Tuok lens-shells filled with spherioal grained TNT [type B)

+ 0.3 km/8e00were used in obtaining the average value of the initial velocity~ vizO 209 -

5. Coppers Only four shots were fired with copper plates, two using 1/8”

thickness and two l“. All shots were with 5“ or 6“ of pentolite plus a Tuok oonioal

lens (spherioal TNT). As for all other metals the shock velooity was apparently smaller

for the thin plates whioh oould be explained by a pin-foil tima delay of 0~07.mior@=

seoondso After applying,this oorreotlon the shook velooity is 5*3 ~se(s~ The

initial velooi%y imparted to the 1/8” plates is 1,8 km/see, and in the ease of the in
.

plates l.S kmfsec.

60 Lead. Some ten shots were made with lead plates of thicknesses ranging

frOm 1/8” to ~“. In spite of the difficulties in the fabrication of smooth and

aoourately,plane lead plates the results of peparatp runs were in very good agreemept~
.“ .’

the averages giving for the shos&:;~fo~it~:3~0~;~8 km/seo and for the initial
●

Vellooity3,0 * 003 ktn/seco AS ~g & &s&b; o&&&m ‘M values M W 8hoolcv6100ity
●00 b:00. ●****.

were obtained using an averagd ~~e ~lt~e &-O&.l delay oi’0008 mifwoseoondso
●m ● O,

●00 ● ● . ●*
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Bo Nonmetals~ At the suggestion of MoMillan a study of certain materials

was undertaken in the searoh of a nonconductor with hydrodynamic properties similar to

those of aluminum. Such a material would be very use~l as an insulator in certain

types of assemblies that the magnetio group fires. In order to measure the shook

and material velooitios of nonoondiictorsa modification of the technique used for

snetds had to be made.

For the pulse identifying the time at whioh the detonation wave arrived at

the near side of the slab, two 000003” oopper foils were plaoed side by side, about
.,

1/32’;apart, between the H~E~ and the slab. The explosive gases are apparently

sufficiently ionized to make a low-resistance oontaot between the foils. In timing

the arrival at the far side of the plate of the first wave traversing its a grounded

000003” oopper foil was oemented to the far side, direotly under the first pin, which

was plaoed as olosely as possible to 3.+without autually making eleotwioal aontaota

To measure the material velooity of the substanoe pins were spaoed at

002-mmintervals from the far ihoe, and grounded oopper foils O~OOIN in thiokness were

suspended between the pins and the slab. When the slab moves sufficiently to drive

a foil into tho corresponding pin a puke is obtained.

Sinoe t% ohief oonoern at first was measuring the shook velocities, most

of the measurements were made with diverging shook waves~ i~e~~ pentolite oylinders

without plane lenses were used. Those used were 3-l\2n diameter and 5“ high. Sinoe

lenses were not used ittis not surprising to find large variations in initial

velocity with thiokness oi’”sampleo To afford ‘somebasis of comparison of the non.

metals with eaoh other the various values li8ted in the summary table are initial

velocities reduoed to 1/2° f+o~~s d$”~p~~ The valuea are still not ~triotly

comparable sinoe plane lms;;”V&’e;0~d~”vk”8h:C;Fz and Myoa2ex {lcmgitud%nal) but not

with the others, so that pr&~;l~O%&”&,&i~l velocities listed for these materials
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are oloser to the infinitely-thik:sl~~%al.i~ k=~.ihose for the other ~terial~o,

10 PRESSED CALCIUM FLUORIDEe Two plates 3/4~tthiok and two 1-3/4” thick were shot
3

with S“ of pentolite and a Tuok lensO The average value of the shoak velooity was

4.7 % 0.4 km/sea= The 3/4” plates gave an initial velooity of 2.8 km/seowhile the

l-3/4flplates gave 1.3 km/.seoe The value 308 km/seo given in the summary table

was

Wti3

2.

obtained by extrapolation to l/2’’”thioknessof plate. The densityof this msterial

about 2*7 gm/oo~

MARBLE. Two marble platee l/2t’thick and two 1-1/2” thick were 8hot, The shook

velocity averaged 5.8 ? + 0.5 km/seoO~S km/seo while the initial velooity was 20S -

for the 1/2” plates and 306 km/seo for the l-1/2H plates, These plates were shot with

3-1/2” diameter by 5“-high pentolite oylinders without plane lenses.

3.

to

MYCALEK (transverse). Six plates of myoalex (planes of oleavage

the direetion of shook) ofthiokness ranging from 1/4”

shock velooity of S*5 $ 006 km/seo~ The initial velooity

measuredo

40 MYCALEX (Iongitudinal)d Three plates ofmyoalex were

to 3/4” were

perpendicular

8hot giving a

of this material

prepared so that

was not

the

direotion of the shook would be along the planes of oleavag~ of the mmterialo These

plates were shot with 5“ of pentolite and Tuok conioal lenses. The initial velooity

showed no trend between 1/4” and 3/4” %hiokness averaging at 306 ~ 0.5 Iaa/seo. The

shook ve300ity averaged 601 ~ 0.5 km/sao. Graph 8 summarizes these data and 5.stypiaal

of the data obtained on the nonmetals.

.
60 STEATITEO Five runs were made on steatite, and rather large variations were ob-

tained in

oylinders

thiokness

.

the results of both shock and initial velooities~ In all runs pentolite

& high and 3-1/2” in diameter were usedo The steatite slabs varied in
9** ●** ●e

from about 005” %};~;~% #.n& ad detonation ~nve was divergent it is not
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surprising that the initial velocities for the thiok slabs should he muoh less

that for the thin, but variations independent of thiukness dere obser’ved~ One

than

possible oonolusion is that one sample varies from the next and that it is diffioult

to fabricate the material so that it shnys has the same hydrodynamic properties.

The data obtained are too meager to permit drawing any definite conclusions as to the

cause of this Variation. The values obtained for the shook velooity vary from 5,0

to 508 km/seo,and for the same thiokness (1/2”] the initial velocity ranges from

0.8 to 2~0 km/seo~ This substanoe shows the peculiarity of steel in that-a prelimi-

nary shook seems to preoedo MO main shook Wavea

60 TUBALLOY OXIDE BONDED IN POLYSTYRENE. Four runs were made on tuballoy oxide

bonded in polystyrene. Good yecords were obtained in only two oases in whioh good

agreement was obtained in the shook velooityq (3.4 km/see) One slab, 1~ in thiokness

gave a material velooity of 102 km/see, whereas the other, lf2° in thiokness gave a

material velooity of 2.3 lcm/sea~ Five inohes of pentolite without a lens was used

in all shotso The material used was about 45 percent by volume of pol~styrene and

about 5S peroent by volume of U02 pressed at 10,000 psi with a resulting density of

*

GENERAL DISCUSSION Ol?BESULTS~ Sinoe the shook velocities measured for the various

substances have on the whole seemed independent of the thidcness of sample as well as

of the type of oharge used it would seem that the numbers obtained are definitely

charaoteristio of the materials studied for either diverging or plane shook waves. The

same oan not be said for the initial velocities imparted to the various substanoes~

they varyas a very sensitive funotion oi’both the type and amount o

~8&

arge used,
000 ●*, ●e

as well of the thiolcnessof %:h”~a~~le<
Q$$Ppo

~@@~er, the variations @th _ of
● ● *..

●0 ●:0 :00●:0 :00 ● 0
~

sample-are redu~ea oonsidera~alyo@n s~o~~ojent &E~ is used in oonjunotion with plane
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detonationwaves initiated by conical lensese When this was done variations in

initial velocities imparted to a given metal in thiokness range of 1/8” to l/’4n

dropped to within 5 peroent, the experimental erroro All of the values listed in the

summary table for the metale are oharaoteristio of 1/8” Wok samples of the material

shot with 3-1/2” dia x W high pentolite oylinders initiated by Tuok conioal lens

shells filled with spherical grained TNT (special type B)q

The values of the initial velocities of the nonmetals oannot be direotly

oompared with those of the metals nor oan the values for varioua nonmetals be direotly

compared with each other. ‘fhey were all reduoed to the values for 1/2” thiokness of

sample, but the oalcium fluoride and longitudinal mycalex values were obtained with

lens oharges, while the others wero obtained with 3-1/2” dia. by 5“ high pentolite

oharges initiated by singlepoint detonation Therefore, the.values for these two.

materials are oloser to those for the infinitely thin slab, plane-wave values than

are the results quoted for the other nonmetals?
‘“+-&-

In oompari~ the initial velooitiea

of the nonmetal with those of the metals, one must keep in mind that
a

metal values

.Qreoharaoteristio of plane shook waves in every ease and also oharaoteristia of.1/8’1

thiok samples of the materials rather @an 1/2”?

An examination of the various sourmii of experimental error in these

measurements, suoh as timing errors and errors in spaoin.gpins, indioates that

fluotuationo from shot to shot in both shook and initial velocities should be well

within 30 percent. However, a few shots, identi.oalin every known respoot, gave results

whioh wore different from eaoh other by as much as 30 peroentO These fluctuations as

studied in the ease of tulmlloy seemed not to depend on the flatness of the detonation

Waveo Apparently qualities.n~t:~n~s;o~, ~+erent in the HOE, or eamples of the
● 9 ● ::

substances studied are all +&%&~IJ.& % 8#plain these fluctuations. Xu view of
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were very conservatively set on all of the values. In ?po8toases

errors listed are about twioe the probable errors computed in the

manner from the
. .

D. K.

works and other

data for a single material.
.

Froman and A. Co Graves have contributed valuable

oomerrtional

guidanoe to the

members of group G-8 have assisted in oomtrwliion and operation.

.
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