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ABSTRACT .

The pin-contact electrical method described by Froman in LA-182 has been
developed to measure shock and material velooities in plates of both metals and non- .
metals, The shock velocity appesars to be relatively independent of the shape of the
detonation wave and the thickness of the plate but the initial velocity imparted to
the far side of the plate varies oonsiderably with thickness. Conical lenses and
suffioient H.E. tend to reduce this variation, WMaterial velocities can be approximately
deduced from the observed initial velocities on the assumption that they are one-half
the initial veloeity imparted to the far side of the plate by the first reflection of

the shook wave., The following table summarizes the measured shoock and injitial

velocities;
Material Shoock Velooity Initial Velocit
ity y
Metals s9¢ 590
Aluminum 7.1 T 0.2 3.8 = 0.2
Cadmium 4,0 j.:_o-.,z 2,9 ¥ 03
Copper 5.3 i 0.3 1.8 ¥ o3
Lead o2 T 002 3.0 ¥ 0,3
Steol 5,05 3 505 2,0 ¥ o.,2
Tuballoy 3.4 I 0,1 1.2 ¥ 0.1
Non-letals
Pressed caleium +
Fluoride 4,7 T 0,4 3.8 ¥ 0.8
Marble 5.8 T 0,5 2.5 t 0,5
Myoalex (transverse) 6,5 : 0,5 :
Myoalex {longitudinal) 6.1 3 006 3.6 % 0,5
Steatite 5;17 3 08 2,0 ¥ o.5
Bonded Tuballoy 3441 0,3 2.3 ¥ 0.5
Oxide i
|
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SHOCK AND MATERIAL VELOCITIES IN SEVERAL METALS AND NONMETALS
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I, INTRODUCTION

Since knowledge of the shock and material velocities in certain materials
is of direct importance in gadget design, experiments were underianken to measure themg
Thesa quantities are of additional importance because they can be used to ocheck
equations of state at points where hitherto the only information to be had was based
on long interpolations between experiments up to about 0,03 megabers (¥b) and Thomase
Fermi-Dirac caloulations of Metropolis above 30 Mb, The technique developed for the
measurement of these quantities is based on the pin-contact method described by
Froman (1A-182),

The material velocity can be calculated from the initial velocity imparted

-to a plate of the material since the first quentity is about ome-half the latter. By
initial veloocity is meant the velooity imparted to the plate by the first refleotion
of the shock wave at the far face of the plate, For thin plates, therefore, the pins
must be all set within a small distance of the surface, Especiallj for this purpose
step gauges were made which permitted acourate setting of ten pins all within the
first two millimgters of the surface of the plate,

The shoock veloeity in a plafe oan bé obtained from a msasurement of the time
it tskes tﬁe shock to go throﬁgh the plate. For metals the arrival of a shook at the
face adjacent to the H.E. can be recorded by the shorting of a thin ocopper foil,
originally insulated by & thin insulating foil, to the plate. It is not certain
whether the electrical contact is due to the sopper foil'beihg pushed through the insuw
lating mambrane or that the heat associated with ‘the phenomenon merely breaks down the
insulator, The arrival of the shock at the far face can be dateoted by observing

ocontact with a pin placed very olose to tho sdrfhoe (l s tﬂan 0o 001 ino)o
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The experiment is complicated by the possibility of a longitudinal sound
wave precedlng the shock wave to the far surface of the plate, Although the sound wave
probably would not ocarry neerly as much emergy as the shock and consequently would not
impart a very high veloocity to the plate, still for a sufficiently thick plate the
scund wave @ight be responsible for contact with the olose pin, It is very unlikely
that contacts with pins some tenths of a millimeter or farther away would be caused by
the sound weve. This phenomenon could be observed easily experimentally on a distance-
time plot of the pin contacts for some types of plates? If all contaocts were csused
by the shock tﬁen all of the points would fall on a straizht line but if the first
contaot were 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 shoock
velooity one must use as the transit time of the shook through the plate the interval
between the foll contaot and the time intercept of the extrapolated line through the

points on a distance-time plot. -

The velooity of the longitudinal sound wave, if it is responsible for the
first pin contaoct, is given by C = d/(tob/h) where d 1is the thiockness of the plats,
t the time interval between foil contact and first pin contact, 8§ *the distance frem
the first pin to the plate, and u the velooity imparted to the plate by the sound
wave, Since both & ard u do not lend themselves to easy direst measurement,
accurate values for C osn be determined most conveniently when 8/u can be neglected
relantive to t as, for oxample, when the plate is ‘very thiok,

A further complication in the measurement of the shock velocity arises from
the possibility that the processes of the foil and pin contacting regquires different
times, If this is the case, oorreotians mnst'hﬂ epplied to the transit time of shock
waves through pla'bes, the oorreotion.g b@jn,.mc:;,e aptpor'be.nt for the thinner plates, The

apparent delay, 4, of pin OWET& %gm%ﬁ wﬁl:ﬁw. for example,

e .;,&-:/
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for metallic plates by subtracting the transit time for 1/4" plates from twice the
transit time for 1/8" plates, (If t is the true transit time for a 1/8" plate

tiy =2t + A while 2t) /g = 2t + 24 3 therefore, (2t + 24) - (2t +2) =4 o For

steol plates this quantity was 0,05 mioroseconds, end for aluminmum plates it was 0,1
mioroseconds, The veriation is probably only statistical sincs the measurement involves
determining a small difference of two large terms, Runs on cadmium, lead and copper
gave 0,08 mioroseconds, 0,17 mioroseconds and 0,07 mioroseconds, respectively, but the

fewer runs avallable makes these values less reliable than those for steel and aluminum,

11, RAPERIMENTAL PROCEDURE AND RESULTS

A, Metals, 1, Stesl - Plates of thicknesses ranging from 1/8" to 2"
ond transverse dimensions at least four times the thickness were used, - The psntolite
charges used with plates up to 1/2" thickness of steel were 2-1/2" diameter by 3"
highy with plates 1/2" to 1" thiockness, 3-1/2" diemeter by 5" highy; and with plates
1-1/2" and 2" thickness, 6" diameter by 6" high. Most of the early runs were made
to measure shook veloclty and there was only one pin set closely underneath the plates.
The results obtained on these early shots varied from about 5 km/sec for 1/8" and 1/4"
plates, to 6,5 km/sec for theiz'.' plates. Later, when some of the heavier plates were
shots with several pins set to obtain initial veloocities, it was found that the close
pin seemsd to be meking contact prematurely, falling off the straight line thfough the
other points, A typloal distance-time ourve obtained with a 2" thick plate B" 5y 8"
and & 6" diameter by 6" oylindrical pentolite charge is shown in Graph l.o Further
shots with fairly thiok plates oontinued to show this phenomenon, By interpreting
this effeot as due to a weak prelimimary wave and ueing the extrapolated intersection

with the time axis as the time of, e.rr'g’.val oiz tfw s'hiok at the t’ar facg',hqt.ite con-

sistent values were obtained for #ahe.choak mloc.\.tie).ﬁoﬁ‘ FRiYC 8,
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The averags value was 5,04 t 0,05 km/sec.

Among the various thickness shots, there ssemed to be no coustancy of the

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

dropped with increasing thickness of plate. In order to investigate this apparent
attenuation of the divergent shook, a step gauge was made that permitted acourately

spacing 10 pins witﬂin the first 2 mm of the surface of the plate, 1t was found that

with a 3-1/2" diameter by 5" high pentolite charge, 1/8" plates acguired sn initial
veloclty of 1.3 km/%eo while the surfaces of 1" plates aoquired an initial velocity
of but 0.6 km/seco

To see whether thls attonuation was characteristic of a divergent shock
wave, runs were made with conical lemses placed on top of the pentolite cylinders. At

first four shots were fired with only one inch of pentolite between the lens and plate,

two with 1/8" and two with 1" steel. The same initial veloocity was obtained for the

1/8" stesel as before, and only a slight increase was obgserved in the initial veloolty

of the 1" steel (0.7 km/sec)., The experiment was repeated on both thicknesses of steel

by placing S" of pentolite between the lens and the plate. The initial velooity

jmparted to the 1/8" steol was inoreased to 2,0 kmn/sec and in the case of the 1" steel

to 1.3 km/sec.
The imitial velocity thus depends upon the flatness of the detomation wave
and on the amount of high explosive as well as upon the thickness of the plate, How-

ever, for otherwise comparable gecmetries a flatter sheck wave tends to reduce the

thickness variation in material velooity. Graph 2 shows this effect,

In order to study the motion of the plate betwsen O and 0.2 mm from the
inltial position of the plate, thicknegs gauges were used to space pins at about 0006

end 0,12 wm from the plate, Graph 5-1ndioa%ea-thgf this is oonsiderable acceleration

This implies eithen.ihat tho.phizzfifﬁfﬂif—gfgigg_bx;n
IR —
C

in this region, broad shock
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front rather than by e preliminary sound wave, or that there is a "fuzzy" boundary

between the sound wave and the main shock,

The pin-conxact electrical method was used to measure the welocity imparted

to 1/8" steel platae under conical lenses of type 1 CL 30 Z during the first 6 micro-

seconds of motion when 1" and 2" of pentolite are plmoed betwsen the lems and the plate,

Four shots were fired with 1" of pentolite between the lene and the plate.
Graph 4 gives the results of these shots. It will be observed that there is consider-
able lag in the motion of the plate at the 1-1/2" radiusy however, this part of the
plate was olose to the edze of the lems so that the laz is not a significant indication
of the quality of the lens, The velocity of 8 mm from the initial position of the
plate along the axis of the lens is about 1.8 km/sec. |

Two shots were fired with 2" of pentolite between the lens and the plate,
Graph 6 gives the results. It will be observed that the region of the plate 3/16"
from the axis of the lens starts shead of the regiom at the 1" radius by about 0,15
mioroseconds, The velooity of tho center is about 2.6 km/sec when the plate has moved
8 mm. Excellent agrsement was obtainod'betw;;n‘the two shots,

In order to show the effectiveness of a lens in inoreasing the velocily of
the plate, Fig. 6 has been reproduced from LA-182 on Greph 5. 1t will be observed
that the velocity at 8 mm is about 1,8 km/sec. Since the charge used for this data
was 3" of pentolite without a lens and since the height of 2" of pentolite plus the
lens is roughly comparable, the data indicates that the lenc increases the velscity
by about 35 percent,.

2, Aluminum, Some thirty-five runs were made with eluminum pletes of various
thioknesses, Iwo-thirds of these runs wers made using non-lens charges, usuelly
pentolite oylinders 3-1/2" diesmster by 5" high. The remsining runs were made using Tuok
conioal lenses plus 5" of pentolite 3-1/2" in diameter; the rirst ones were filled

lvith spherioael grained tetryl, angd’ .t:ne. lefter :Jnes \ath spherioal grained THT (speciel
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{type B). Within the experiméa%méoerropotherezébemed to be no variation of shook
velocity with the typas of H.E, charges used nor with thiékness of plate after cor-
rection was made for the apparent disorepancy of timing of the foil and pin contacting.
In this oasa tha corraction time used was 0,1 microseconds., In averaging the results,
the data from various thickness of plates wers weighted by a factor proportional to the
thickness of plate since the absolute error in time measurement is probably about
constant,  This averaged value is 7.1 ¥ 0,2 km/sec,

1t was found that initial velocities varied with thiockness end with type
of H.E, used., Graph 6 shows the variation of initisl velooity with thicknéss of .
plate both for lens and non-lens charges., It is seen that the initial velosity increased

for decreasing thidkness of plate but is higher for a given thickness when lenses,

presumably ziving plene shock waves, ere used, The values of the initial velocity
3.8 £ 0,2 kn/sec given in the summary table is the average of the results for 1/8"
and 1/4" thick plates. The extrapolation to zero thickness probably cannot be used
since the points for greater thickmess were obtained with a different type of leuns,

3. Tuballoy., Twelve runs were made with tuballoy plates, six of them about
0,2" thick end six about 0.4", All were made with conical lenses plus five inches of
pentolite. Three were fired with Linschitz lenses, three with Tuck lenses filled
with tetryl, and -six with Tuck lenses filled with spheriosl graiped TNT (type B).
In the six runs with the last type mentioned, pins were placed at a radius of 3/16"
from the axis of the lens and also at 1" from the axis., The contacts at tie 3/16"
radius were early by 0,056 to 0,3 microseconds but there appeared to ba no correlation
in the variation of either the shock or initial velocities with the flatusss of the
detonntion wave over this range. Thers 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 nons, The shoék velooity for the thinner plates appeared to be a little

low as compared with the thiokeg'oblzgte:&o ?h:is ci;xild be explained by a pin-foil delay

>
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of 0,05 miorossconds. The average initial velocity of the thicker plates was ebout
seven percent lower than the average for the thinner plates. A Typical run is
plotted in Graph 7.

The shock velocity for tuballoy after correction for the pin-foil delay
of 0,05 microseoonds is 3.4 % 0 1 km/sec., The average material velocity for all

twelve runs is 1.2 £ 0,1 k:m/seca

4, Cadmium., A dozen plates of Cd in the thiockness range 1/8" to 1/2"
were sh§t° An average value of‘ithe pin-foil delgy of 0,08 microseconds gave
4.‘,05 t O.ls km/sec for the shock velocity, There were not enough data in the case
of cadmium as compared to aluminum to indicate definitely a trend of imitial velooity
with thiokness, Again, as in the cege of the aluminum, only the results obtained with
1/8" and 1/4" plates using Tuck lens-shells filled with spherical grmined TNT {type B)
were used in obtaining the average value of the initial velocity, viz., 2.9 0.3 km/sec.

6, Copper. Only four shots were fired with copper plates, two using 1/8"
thickness and two 1%, All shots were with 5" or 6" of pentolite plus a Tuck conical
lens (spherical TNT)., As for all other metals the shock veloclity was apparently smaller
for the thin plates which could be explained by a pin-foil time delay of 0,07 mioro-
seconds., After applying this correction the shock velooity is 5.3 xn/sec. The
initial velooity imparted to the 1/8" plates is 1.8 km/sec, and in the case of the 17
plates 1,5 km/sec, .

6. Lead. Some ten shots were mede with lead plates of thicknesses ranging
from 1/8" to 1". 1In spits of the diffioultic?s in the fabrioatiox; of smooth and
accurately plane lead plates the results of 5epa.rat9 runs were in very good agreement,

the everages g:.vi.:::‘3 for the shook-vofo&iti SJ‘-. oz kn/sec and for the initial

veloolty 3.0 £ 0.3 kn/sec, As i ﬁhe b‘afsé‘br *satdiium the values of the shoock vslosity

were obtained using an average va:ljo Qf the n!n-};cil delay of 0,08 miorossoonds.
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B, Nonmetals, At the suggestion of McMillan a study of certain materials
was undertsken in the search of a nonconductor with hydrodynamic properties similar to
those of aluminum, Such a material would be very useful as an insulator in certain
types of assemblies that the magnetic zroup fires., In order to measure t;e shock
and material veloocities of nonooﬁductors a modification of the technigus used for
metals had to be made,

For the pulse identifying the time at which the detonation wave arrived at
the near side of the slab, two 0,0003" copper foils were placed side by side, about
1/32" apart, between the H.E, and the slab. The explosive gases are apparently
sufficiently ionized t; make a low-resistance contact between the foils. In timing
the arrival at the far side of the plate of the first wave traversing it, a grounded
0,0003" oopper foil was cemented to the far side, directly under the first pin, which
was placed as olosely as possible to it without actually making electrical contact.

To measure the material velocity of the substance pins were spaced at
0o2-mm- intervals from the far fuce, and grounded copper foils 0,001" in thickness were
suspended batween the.pins and the slab. When the slab moves sufficiently to drive
a foil into the corresponding pin a pulae is obtained,

Since the chief concern at first was measufing the shook veloslties, most
of the measurements were made with diverging shock wavesy i.e., pentolite cylinders
without plane lenses were used. Those used were 3-1/2" diameter end &" high, Since
lenses were not used it wes not surprising to find large variations in inltial
veloclty with thiockness of sample, To afford some basis of comparigon of the none
metals with each other the various valuss listed in the summary table are initial
velocities reduced to 1/2" tﬂéd%pe?a ds‘s§Mp}&r The values are still not striotly
domparable since plane lense.;%v'ji’es.&'seé‘v.:i:ehsc.a Fp and Myoalex (longitudinal) but not

(X ] vuee [ o0 o o [

with the others, so that pr&sém&pli'%ﬁe ﬁhitiéﬁ velocities listed for these materials
e & o e & o ® o O
L] L] [

(X ) (X X4 [ L ]
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are closer to the 1nf1nitelyathih»slﬁb.valna %haﬁ.%hose for the other materials,

1, PRESSED CALCIUM FLUORIDE, Two plates 5/@" thick and two 1-3/4" thick were shot

with §" of pentolite and a Tuck lens. The average value of the shock velocity was

2,7 % 6,4 km/%ec; The 3/@“ plates gave an initial veloocity of 2.8 km/sec while the
1-5/4" plates gave los.km/sec° The value 3.8 km/bec given in the summary table

was obtained by extrapolation to 1/2" thickness of plate, The density of this material

wag about 2.7 gm/coc.

2. MARBLE. Two marble plates 1/2" thiok and two 1-1/2" thick were shot, The shook
velocity averaged 5.8 t 0.5 km/éec while the initial velocity was 2,6 ¥ 0.5 km/keo
for the 1/2" plates and 1.6 km/%ec for the 1*1/2“ plates. These plates were shot with

3-1/2" diameter by S"-high pentolite oylinders without plane lenses,

3o MYGALEK (transverse)ob Six plates of myoalex (planes of ocleavage perpendicular
to the direotion of shook) of thickness ranging from 1/4" to 5/ * were shot giving a
shock wveloclty of 6.5 - 005 km/seo° The initial vaeloocity of this material was not

measured,

4, MYCALEX (longitudinal)o Three plates of myocalex were prepared so that the

direction of the shock would be along the planes of oleavagé'of the material, These
plates were shot with 5" of pentolite and Tuck conical lenges, The initial veloocity
showed no trend between 1/4" and 3/4" thickness averaging at 3.6 ¥ 0.5 km/sec. The
shock velocity averaged 6,1 %t o.5 km/sac., Graph 8 summaerizes these data and is typlcal
of the data obtained on the nonmetals,

6, STEATITE, Five runms were mede on steatite, and rather large variations were ob-
tained in the results of both shock and initial veloocities, In all runs pentolite
cylinders 5" high and 5-1/2“ in diameter were used., The steatite slabs varied in

thickness from about 0,5" %9-136 Sinqe ﬁbq detonation wave was divergent it is not

APPROVED FOR PUBLI C RELEASE
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surprising that the initial velocities for the thiock slabs should be much less than
that for the thin, but variations independent of thickness were observed, One
possible conoclusion is that one sample varies from the next and that it is diffiocult
to fabricate the meterial so that it always has the same hydrodynamis properties.

The data obtained are too meager to permit drawing eny definite conclusions as to the
cause of this variation., The values obtained for the shock velocity vary from 5,0

to 5.8 km/sec,and for +the same thiokness (1/2") the initial veloocity ranges from
0,8 to 2,0 km/sec, ‘This substence shows the peculiarity of steel in that a prelimi-

nary shoock seems to precede the main shock wave,

6. TUBALLOY OXIDE BONDED IN POLYSTYRENE. Four runs were made on tubelloy oxide

bonded in polystyrene, Good records were obtained in only two cages in which good
agreement was obtained in the shock veloocity, (3.4 km/sec) One slab, 1" in thickness
gave a material velooity of 1.2 km/sec, whereas the other, 1/2" in thickness gave a
materiel velooity of 2.3 km/sec, Five inches of pentolite without a lens vas used
in all shots., The material used was about 45 percent by volume of polystyrene and
ebout 66 percent by volume of U0, pressed at 10,000 psi with a resulting.density of

about 6.1 gm/cc.

GENERAL DISCUSSION OF RESULTS: Since the shook velpoities nmeasured for the various

substances have on the whole scemed independent of the thiokness of sample as well as
of the type of oharge used it would sesm that the mumbers obtained are definitely
characteristic of the materials studied for either diverging or plane shock waves, The

same oan not be said for the initial velcoities imparted to the various substances;

they vary as a very sensitive function of both the type and ambunt'gz;pparge used,
as well of the thickness of %l samples :?oqsger, the variations with qﬁﬁﬁ%ﬁzgf

sample.are reduced considerably when suffisient H.E, is used in conjunction with plane
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detonation waves initiated by conical lemses, ‘When this was done variations in
initial velooities imparted to a given metal in thickness range of 1/8" to 1/4"
dropped to within 5 percent, the experimentai error, All of the values listed in the
summary table for the metals are characteristic of 1/8" thiock samples of the material
shot with 3-1/2" dia x 5" high pentolite oylinders initiated by Tuck conical lens
shells filled with spherical grained TNT (special type B),

The values of the initial velocities of the nonmetals cannot be directly
compared with those of the metals nor ocan the valuss for various nommetals be directly
compared with each other., They were all reduced to the values for L/ " thickness of
sample, but the calcium fluoride and longitudinal mycalex values were obtained with
lens oharges, while the others were obtained with 3-1/2" dia. by 5" high pemntolite

charges 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 guoted for the other nommetals, In comparing the initial‘.gsi%oitiea
of the nonmetal with those of the metals, one must keep in mi._nd ths,‘.:.- & metal values
.are characteristio of plane shook waves in every oass and also characteristic of 1/8"
thick samples of the materials rather than 1/2%,

An examination of the various sources of experimental error in these
measurements, such as timing errors and errors in spacing pins, indicates that
fluctuations from shot to shot in both shock end initial velocities should be well
within 10 percent., However, a few shots, identloal in every known respect, gave results
which were different from each other by as much as 30 percent, These fluotuations as
studled in the ocase of tuballoy seemed not ‘to depend on the i’latness of the detonation
wave, Apparently qualities uotemderstood, 1nherent in the HoEo or somples of the

substancaes studied are all ‘Bbathr&..lafz? ‘m &‘L‘pla.:.n these fluatuations., In view of

these gross fluctuations in "cbe: reSu‘l’cs ﬁv kcme of
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were very oonserva:.tively sot on all of the values., In most cases the probable
errors listed are about twice the probable errors computed in the conventional
manner from the date for a single material,

D, K. Froman and 4, C, Graves have contributed valuable guidance to the

work, and other members of group G-8 have assisted in construction and operation.
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