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(U) ¥ffect of Longitudinal Grooves on Survivability of Cylindrical
t Steel Projectiles Fired Against Simulated Concrete Targets, by O. E. R,
' . . and J. C. Schulz. China Lake, Calif., Naval Weapons Center,
Novembey /1982. 30 pp. (NWC TP 6402, publication UNCLASSIFIED.)
(0 hollow, cylindrical steel projectiles containing longitu-
dinal grooves on the inmer surface were fired against simulated concrete
targets. These firings complement earlier firings of projectiles containing
circumferential grooves. The grooves in both cases were intended to sim-
ulate the stress-raising effects of warhead shear-control grids. Some pro-
) jectiles were filled with an explosive simulant, while others were left
. unfilled. .
L (U)(All projectiles tested developed a bulge near the front of the
internal cavity. This can be termed the primary failure zone. The
presence of longitudinal grooves in this region reduced the survival veloc-
ity, while grooves located a short distance to the rear had no effect. The
reduction in survival velocity for projectiles with longitudinal grooves was
less than for projectiles with circumferential grooves of the same depth.
Significant differences between the deformation and failure behavior of
the filled and unfilled projectiles were observed.
g _ (UxFrom the , the conclusion to be
drawn from this work is that a shearcontrol grid can be machined into
the case of a penetrator warhead without affecting its survivability
providing that the grid is not allowed to extend into the primary failure
zone. :
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INTRODUCTION

A variety of methods are available for fragmentation control in warhead cases.
These include potted fragments, notched wire wraps, textured insert liners, and shear-
control grids. All of these methods have been used successfully in airburst warhead
designs to produce fragments of prescribed sizes and shapes. Not all, however, are |
suitable for use in penetrator warheads intended to defeat hard or moderately hard
targets. Cases with potted fragments or notched wire wraps are too weak to survive ‘
the severe loads present during target impact. Textured insert liners, while they do not
weaken the case, may not provide sufficient precision for some applications. .

Pearson’s shear-control method,! consisting of a shallow grid system machined
onto the inner surface of the warhead case (Figure 1), appears to offer a desirable
combination of precise control and reasonable structural strength. There is concern,
however, that these stress-raising grooves may act to degrade warhead survivability. This
concern led the authors to investigate, through small projectile firings and finite
element computer modeling, the possible deleterious effects of shear-control grooves on
warhead survivability.

In the previously reported studies,2:3 a single circumferential groove in the
cavity wall was used to approximate the stress-raising effects of a shear-control grid.
Test firings of flat-fronted steel cylinders with a hemispherically-fronted internal cavity
containing such a groove were made at normal incidence against simulated concrete
and steel plate targets. The location and depth of the groove were varied. Finite
element analyses of the response of circumferentially grooved projectile cases subjected

1 John Pearson. “The Shear-Control Method of Warhead Fragmentation,” in Proceedings of the Fourth
International Symposium on Ballistics, Monterey, Callf., 17.19 Oct 1978. Monterey, Calif., Navy Postgraduate
School, 1978. (Publication UNCLASSIFIED.)
L d 2 Neval Weapons Center. Survivability of Penetrators With Circumferential Shear-Control Grooves, by J. C.
Schuls and O. E. R. Heimdahl. China Lake, Calif., NWC, April 1981. 28 pp. (NWC TP 6275, publication
UM}FIED-)
——==—, Survivebility Analysis for Impecting Werheads With Shear-Control Grids, by Olaf E. R.
¢ . Beimdahl and John Pearson. China Lake, Calif.,, NWC, February 1982. 40 pp. (NWC TP 6288, publication
UNCLASSIFIED.)
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FIGURE 1. Shaar-Convtrol Grid Mathind inte
tnner Surfase of Wetheed Cuse.

to impact loads were used to hefp interpret the rosuits. These studies showed that the
effects of circumferential grooves on survival velocity depend on the fallure of
the ungrooved projectile, on me‘phmentof&cm. shd on the groove depth.

Differences in behavior between projectiles fired against simulsted concrete and
steel plate tatgets were observed. For penctration into stmuisted concrete, the primary
failure zone occurred near the front of the internal cavity where a buige developed
(Figure 2). A circumferential groove in this region had a detrimental effect on projec-
tile survivability, an effect which incressed with increasing groove depth. A groove to
the rear of the Pprimary failure zone, although it resulted in a characteristic ring
deformation pattérn at the groove location, had a negligidle effect on survival velocity.
For petforation of steel plates, deimage was confined largely to the front end of the
projectile, and a circumiferential groove did not affect the survival velocity. The ring
deformation pattern at the groove was again present (Figure 3).

Shear-control grids usually contain longitudinal as well as circumferential
components. Indeed, grids designed to produce rod-shaped fragments consist predomin-
ately of longitudinal or nearly longitudinsl grooves. Just as a circumferential groove
acts to enhance circumferential fracturing, longitudinal grooves might be expected to
enhance longitudinal fracturing. Such enhancement should be especially evident in filied
projectiles, where the hydrostatic pressure exerted by the filler on the case results in
higher hoop stresses. It is natural, therefore, to investigate the effects of longitudinal as
well as circumferential grooves on survivabflity.

4
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PRIMARY FAILURE ZONE

4

ki FIGURE 2. Primary Failure Zone for Projectile with Circumferential
A Groove Located at Point of Maximum Bulging Fired Agsinst Thorite
ke Torget.
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RING DEFORMATION\
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FIGURE 3. Ring Deformstion Caused by Circumferential Groove

Located to the Rear of Cavity Bulge in Projectile Fired Ageinst
Steel Plate Target.

o In the present study, firings were made of both filled and unfilled projectiles
against simulated concrete targets at normal incidence. Finite element modeling of
projectiles with longitudinal grooves is not possible using a two-dimensional code

. _because of the lack of axisymmetry. Thus, while reference will be made to finite

| element results for ungrooved projectiles, the current study is primarily experimental.
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DESCRIPTION OF EXTERIMENTS

PROJECTILES

The projectiles were flat-fronted steel cylinders, 2 inches long and 0.5 inch in
diameter, with a hemispherically-fronted internal cavity. The front of the cavity was
0.25 inch from the front end of.the projectile, and the cavity wall thickness was 0.04
inch. Eight longitudinal grooves, equally spaced around the circumference, were
machined into the surface of the cavity. The grooves were 0.008-inch deep and started
either 0.46 or 0.7] inch from the front end of the projectile. Except for differences in
the grooves, the projectiles were the same as those used for circumferential groove |
firings. Counting ungrooved projectiles, there were three different configurations "as ‘
shown in Figure 4. The projectiles were machined from 4340 steel rods and were heat-
treated to a 3840 Rockwell “C” hardness, an acceptable hardness for a warhead case
with a shear-control grid.

FILLER

The internal cavities of some of the projectiles were filled with plasticine (a
wax-based modeling material), while the remainder were left unfilled. Plasticine is
mechanically similar to some explosives and thus makes good explosive simulant. It
was anticipated that the presence of filler in the internal cavity would resuilt in higher
hoop stresses in the cavity wall which, in turn, would lead to fracturing of the longitu-
dinal grooves. Comparisons could then be made not only between longitudinal and
circumferential grooves, but also between filled and unfilled projectiles.

TARGETS

The simulated concretc targets were made of Thorite (trademark of Standard
Dry Wall Products), a fast-setting, high-strength (3,950 psi compressive strength)
concrete patching compound . consisting of sand, cement, and additives to promote
rapid curing. Consistency in target preparation is critical for assuring high strength and
uniformity among targets. The procedure used is described in Appendix A of the
reference cited as footnote 2.

TEST PROCEDURE

The projectiles were fired from a smooth-bore, 50-caliber powder gun and
impacted the targets at normal incidence. The targets were placed 18 inches from the
end -of the barre). lmpact velocities were measured in the gun barrel with a photo

» .
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FIGURE 4. Crossesctionsl Views of Longitudinelly Grooved Test Projectiles.
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diode system coupled to an interval counter. "“he apparatus is described more fully by
Schulz, et al4

EXPERIMENTAL RESULTS

Thirty-two projectiles were fired. Of these, 19 were filled and 13 were uafilled.
Impact velocities ranged from 2,090 to 2,770 ft/s. The results are summarized in
Table 1. Photographs of the projectiles after test are shown in Appendix A.

CASE DEFORMATION - i

Although both filled and unfilled projectiles bulged near the front of the
internal cavity, the bulge profiles clearly differ (Figures A-la versus A-4b, for
example). Bulges in the filled projectiles are more rotund and extend for a greater
distance axially along the wall. The more localized bulges in the unfilled projectiles
tend to produce a hinge-like collapse near the failure limit. No axial ridges at the
longitudinal groewe locations analogous to the ring deformations associated with the
circumferential grooves were observed. (While the case is compressed axially, it is
expanded radially; thus circumferential rings were formed while longitudinal ridges were
not.)

The increase in case diameter at the bulge and the decrease in projectile length
are plotted as functions of impact velocity in Figures S and 6, respectively. Also
shown are theoretical curves obtained for unfilled, ungrooved projectiles by finite
element analysis using the method described by Stronge and Schulz.> The experimental
points for the unfilled projectiles generally fall on or slightly below the theoretical
curves, while the points for the filled projectiles lie above the curves. The higher values
for the filled projectiles reflect the greater impact energies and the hydrostatic pressure
due to the presence of a cavity material. The increase in diameter at the nose is
plotted versus impact velocity in Figure 7. This increase does not appear to depend on
the presence or absence of filler or on whether or not the projectile survived.

4. C. Schulz, J. Pearson, O. E. R. Heimdshl, and S. Finmegan. “Effect of Shear-Control Grids on the
Survivability of Penetrator Warheads,” in Proceedings of the Sixth International Symposium on Ballistics, Oriando,
Fla., 27-29 Oct 198]1. Columbus, Ohio, Battelle Columbus Laboratories, 1981. (Publication UNCLASSIFIED.)

SW. J. Stronge and J. C. Schulz. “Projectile Impact Damage Analysis.” in Proceedings of the Symposium
on Computational Methods in Nonlinear Structurel end Solid Mechanics, Arlington. Va., 6-8 Oct 1980. Published as
special issue of J. Computers and Structures, Vol. 13, No. 1-2 (1981), pp. 287-29%4.
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FIGURE 5. Increass in Case Diasmeter at Buige vs. Impact Velocity for
Projectiles Fired Agsinst Simulated Concrete. Projectiles had either no
grooves or longitudinal grooves starting 0.46 or 0.71 inch from nose.
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FIGURE 6. Decrease in Length vs. Impact Velocity for Projectiles Fived
Against Simulated Concrete, Projectiles had sither no grooves or longitu-
dinal grooves starting 0.46 or 0.71 inch from nose.
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FIGURE 7. Increase in Nose Dismeter vs. Impect Velocity for Pro-
jectiles Fired Against Simulated Concrete. Projectiles had either no
grooves or longitudinal grooves starting 0.46 or 0.71 inch from nose.

CASE FAILURE

All unfilled projectiles that failed fractured circumferentially at the cavity bulge
(Figure A-lc, for example). Subsequent gross deformation of the case occurred as the
separated nose section was forced into the remaining portion of the case. In contrast,
all of the filled projectiles that failed fractured longitudinally such that the case was
split open down the side (Figure A-4e, for example). Some circumferential fracturing
at the bulge was also present. In filled projectiles with longitudinal grooves, the split
in the case usually followed one of the grooves. The longitudinal fractures appear to
be tensile in character. Near the rearward end of the fracture edges tend to become
non-normal to the surface, perhaps reflecting some tearing action.
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SURVIVAL VELOCITY

The survival behavior of the various projectile configurations over the range of
firing velocities is shown in Figure 8. Results from previous firings of unfilled,
ungrooved projectiles are included.2 The solid vertical lines denote projectiles that
survived, while the dashed vertical lines denote projectiles that broke up. The greyed
areas indicate intervals of umcertainty in estimating the survival velocity (the velocity
below which projectiles survive and above which they fail).

Filled projectiles failed at lower velocities than unfilled projectiles of the same
configuration. The reduction in survival velocity due to filler was 5.4% for ungrooved
projectiles and 8.6 and 8.9% for projectiles with longitudinal grooves beginning 046
and 0.71 inch from the nose, respectively.

In previous firings a circumferential groove in the primary failure zone of an
unfilled projectile lowered the survival velocity by 14.7%. Eight longitudinal grooves
starting at the same point were less detrimental, lowering the survival velocity
compared to the ungrooved configuration 3.6 and 6.9% for unfiled and filled projec-
tiles, respectively. The greater reduction for the filled projectiles is probably associated
with the increased hoop stresses in the filled projectiles and the tendency of these
projectiles to fracture longitudinally rather than circumferentiaily.

The survival velocity for unfilled projectiles with longitudinal grooves starting
0.71 inch from the nose was essentially unchanged from the ungrooved value.
However, the survival velocity for filled projectiles with longitudinal grooves starting at
this same location was reduced by 3.8%. For the filled projectiles the primary builge
region is wider than for the unfilled projectiles and extends past the 0.71 inch loca-
tion. It is likely that grooves starting slightly more to the rear of the projectile (and
outside of the primary failure zone) would not affect survivability.

CONCLUSIONS

This study is a continuation of previous investigations into the effects of shear-
control grids on the survivability of impacting warheads. In the previous work shear-
control grids were represented by a single circumfercntial groove. This report is
concerned with the effects of longitudinal grooves. For this purpose, small projectiles
containing longitudinal grooves were fired against simulated concrete targets. The main
conclusions are

1. The influence of longitudinal or circumferential grooves on survival velocity
are essentially the same. Grooves in the primary failure zone significantly reduced the
survival velocity (although the reduction may be less for longitudinal grooves). Grooves
a short distance to the rear of the primary failure zone have little effect on survival
velocity.
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2. The presence of filler was found to alter the shape of the cavity bulge and
also the mode of failure of the projectile. This underscores the importance of includ-
. ing explosive (filler) in finite element analyses of impacting warheads.

3. With regard to warhead design, this work indicates that any detrimental
effects of shear-control grids on warhead survivability can be reduced or eliminated
completely by keeping the grid out of the primary zone of failure. For penetrators
where this zone is relatively small compared to the length of the case, elimination of
the grid assures no reduction in survivability while maintaining effective fragmentation
control in the major portion of the case.
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Appendix A
RESULTS OF TEST FIRINGS
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