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FIG. 5 SMEAR CAMERA RECORD FROM SHOT 8773 (U)
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FIG. 6 SMEAR CAMERA RECORD FROM SHOT 8775 (U)
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FIG. 14 SMEAR CAMERA RECOKD, S$!OT 9097 (U

Repeating the experiment without a flyer glued to the driver we made
the record shown in Fig. 17 (Shot 9094). llere signals C and D result
from the impact of the central portion of the driver at the glass, and
the increase in the time A to C over that same interval in Shots 9097
and 9098 1s approximately the time we have at a target to observe the
waves produced by the flyer before they are overridden by a stronger shock
from the steel driver, which of course must also strike the target. The

increase 1s about 8 usec.

Average speeds for central areas of fiyer (as indicated by the inter-
vals B to C) are: 0.823 mm/usec in Shot 9097 and 0.817 mm/usec in
Shot 9098; in Shot 9094, the driver has a maximum average speed of

0.70 mm/usec.

The foregoing describes how we produce the controlled shock train in
a foam target; we observe this train by the optical lever in an anvil of
4340 steel hardened to Rockwell C 30 to which the foam slab is glued.
Opposite the ground and lapped surface carrying the foam target is a
polished mirror surface bevelled at an angle of 30° with the receiving
or target plane. The mirror plane is placed parallel to the glass cover
on the light source and the foam-covered surface is made as nearly parailel
as is easily possible to the grid lines on the glass cover. A perfectly
plane wave from the foam will reach the mirror simultaneously at all points
of a line parallel to the grid lines, and both the undisturbed and deflected

mirror surfaces represented in Fig. 1 will be very nearly normal to the plane
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FIG. 19 ARRANGEMENT OF APPARATUS AT SMEAR CAMERA SITE
FOR SHOT 9155 (U

FIG. 20 GRAPHICAL DISCOVERY OF
CLEAR AREA OF ANVIL
MIRROR
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FIG. 25 FLASH X-RAY PHOTOGRAPH, SHOT 9038 (U

the explosive stood out ¢ learly) The \-rav beam was not collimated and
the interface between foam and steel was put on a line to the \-ray source
by eye only We do not think therelore the negative results of thas
search prove the absence of a locked reflection, although i1t 1s probably
evident the reflected wave 1s weaker or extends less far back into the
foam than anticipated We hased our anticipation on one-dimensional con-
siderations which will be set forth later; these do not take account ol

the two-dimensional interactions at the two interfaces, nor do they

recognize the edege ellects

The failure to locate an elastic wave 1n these experiments 1s also

not signilficant

I FLYER-PLATE EXPERIMENTS

Figure 26 shows the smear camera record made by the optical lever
when a flying plate carried 1.15 10* dyne sec ¢m ° of momentum into a
0. .5-cm-thick slal yf 0,674 t Y (42 11 it ) polyurethane foam (Shot 9155)
The trace arked Q_Lns reflected in a horizontal strap ol the anvil
mirror about 3.8 mm wide located near the center a similar strip aboul
1.4 inches below the center ol the Lrrofr n the thick part of the anval
reflected the light of the bottom trace (g 18) lhe vertical scale 1in
the fivure measures distances between reflection zones ol the traces In
making the "qu‘-Llu‘.! Lhe rotating mirrot in the smear amera turned at
very nearly 1000 rps, and the time scale marks the horizontal distance
f‘»{\[l\nlll'n‘ to < Seq
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FIG. 26 SMEAR CAMERA RECORD, SHOT 9155 (U)

Waves move out ol the target material at the back of the wedge anvil
toward the mirror surface where a compressional wave pushes the surface
outward and a rarefactional wave pulls 1t 1nward Because of the wedge
shape of the anvil, this motion 1s not simultaneous all over the surface
but appears to travel downward, as a result an image reflected in 1t will
be moved upward by a compression, and downward by a rarefaction has

behavior 1s illustrated in Fig. 1

Thus the first wave in Fig. 26 1s the transmitted elastic wave
(hereafter termed the A-wave) from the foa Ihe traces break upward
sharply; and the amount ol displacement and the slope of the locus of
breaks indicate a wave strength of about 1 kb 1n steel I'he second or

plastic wave (B-wave) 1s also compressional but appears much more gradual

Ihe additional displacement i1ndicates a wave strength of about 2.5 kb 1n

the anval Between the two waves the Lraces are straight but not always
level or parallel to their former undisturbed positions I'he same con
dition [‘It‘\alls between second and third (or C-wave) UOver the botton
half of the film the traces in the third wave show a sharp upward dis-
placement We think this wave 1s a double refiection of the preceding
one 1n the loan tL.e we believe the second or plastic wave 1n the foam
reflects from the anvil into the now locked loan slab, reflects again

from the aluminum flyer at the rear loam surlace and passes lorward
through the foam and 1s transmitted into the anval Since the flyer 1s
than the reflection of @ compressional pulse from the foam-aluminum

interface should be followed by rarefactions (labelled 1)) reducing the
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SMEAR CAMERA RFZORD, SHOT 9180 (U

SMEAR CAMERA RECORD, SHOT 9181 (U
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FIG. 29 SMEAR CAMERA RECORD, SHOT 9216 (U

mirror but it apparently originates outside the vertical reflection

zone of the mirror

Foam thickness in Shot 9217 (Fi1g. 30) was 0.65 cm, intermediate to
the thicknesses used in Shots 9155 and 9180. The f{irst wave is still
sharp, as in Shot 9155, and has approximately the same strength. The
second wave appears but 1s later, weaker, (™~ kb) and more gradual than
in Shot 9155. \ trough follows the second wave. This may mean that

rarefactions from the flver begin to arrive before the double reflection

of the second wave

Four following experiments, Shots 9227, 9228, 9244, and 9296

(Figs. 31, 32, and 33), dJdemonstrate the much different response of

20 1b/ft® polyvurethane foam to an impact of 1.15 X 10* dyne~sec cm™*.
Foam thickness is 1.25 em in Shot 9227, 1.0 cm in Shot 9228, 0.60 cm in

Shot 9244 and 0.3 ecm 1n Shot 9296,

There are only two waves in the records of Shots 9227 and 9228:

the first or elastic wave, and the rarefaction from the bottom edge.

Other waves were either not present in the anvil or the deflections pro-

duced by them were too small to bLe distingushed. We expected the elasti

43
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FIG. 30 SMEAR CAMERA RECORD SHOT 9217 (U

A

FIG. 31 SMEAR CAMERA RECORD, SHOT 9227
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FIG. 32 SMEAR CAMERA RECORD, SHOT 9228 (U
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SHOT 9345 (U

e ¢ Ya v thiek struck . 15 ind 3
¢ Shot 9324) showed an apparentlv verv very rie
t raph 1s blurred (Fig 37 and onlv certain time inter
snred accuratelyvw There are am) v
\ ! ind C-waves \ssuming a
ind D-disturbances (whiech are about 2 s apart) we « £
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N Hh kb strengt! liut we can not fv the shary
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FIG. 37 SMEAR CAMERA RECORD, SHOT 9324 (U

FIG. 383 SMEAR CAMERA RECORD, SHOT 9329 (U
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FIG. 41 RASTER OSCILLOSCOPE TRACE
SHOT 9297 (U

Table VIII
FLYER AND WAVE SPEEDS MEASURED RY RASTER OSCILLOSCOPE

—— —
PRESUMED
\ DISTANCE | FLYER rurcaness | YAVE | MOREE ioewtir
SHOT|  TARGET FLYER TO |TIME OF | FLYER SPeeD | " BCrils |vmansit|  SONE  lor wave
NO. | MATERIAL FOAM FLIGHT | (am/usec) tea) THE | 2 % CLOSING
| (as) (isec) - (usee) | A¥ | secowp
l { 1 on/uaec SYITCH
’ - — 1
"Q‘Mif’olvurF't{a'\r 44.12 ¢ 0.10] 52.45 0.841 3.02 ¢+ 0.05| 1.59 1.87 4
‘_‘n Ib/ft
9297 |Polyurethane [43.99 ¢+ 0.10] 52.3 0. 84( 3.05 + 0.05] 1.9 1. 6 B
60 Ib fr”
9324|MD-A0 44.48 51.31 0.867 1.98 | 2.58 0.767 R
11.4 g’em
9325 |Fecofoam: Si 44.73 53 4 ). 838 ‘.14 2.37 1.745 R
1.1 g'em
‘
9328 [Graphite 44.09 50.35 | ) 876 5.66 ‘ 0 96 5.90 £
1.5 g'em
[ ] | -
9329 (MD- AD 4432 | 52.79 ). B4 }. 43 signal EY
0.74 g/cm | ’ |lost*®
9345|Eccofoam-Si | 44 2 [ 40 ). 90 | 456 ‘ 2.94 1.55 A
1.1 g/cmd ‘
| | Average 0. 857 ¢ 0 022 1' . | l ‘1
Driver-wave overtook flyer-wave in the fosm; failure ' See classification scheme on pages 38-39
of second switch may be due to unusually high :'F Sab y
strength of sctiveting vave Irat awite in all cases presumably

losed by flyer

S5



FIG. 42 RASTER OSCILLOSCOPE TRACE,

SHOT 9296 (U

raster traces, as may be seen, for example, by contrasting Figs. 4] and
42; nearly all the signals last a significant length of time. For chese
reasons we hold optical measurements more reliable and use their result,

i.e., 0.82 mm/usec, in calculacions of impulse

The average wave speeds based on the electrical measurements, which
are also entered in Table VIII, are probably even less reliable than flyer
speeds because the transit time is short compared to signal length Only
two entries relate to the elastic forerunner (A-wave); the first, in
20 1b/fe? polyurethane (Shot 9296), is considerably higher than sound

speed (1.30 mm/usec )® which is unusual; the second, in silica-foam
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SHOT 9432 (U)
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FIG. 45 SMEAR CAMERA RECORD

FIG. 46 SMEAR CAMERA RECORD

SHOT
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