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FOREWORD

This report describes a nonaerodynamic sabot stripper that has been designed

and implemented. The stripper is used with the Naval Surface Warfare Center

Dahlgren Division (NSWCDD) gas gun for shock effects in materials. The

requirement for the sabot stripper is based on the need to launch objects of different

shapes (e.g., cubes, cylinders, and rods) at velocities up to 3100 ft/sec onto selected

targets. Funding for this work was provided by the Insensitive Munitions Advanced

Development (IMAD) Ordnaxce Technology Project under Task 3002B-Warhead

Case Design Studies (Shock Attenuating Case Designs).

This report was reviewed by W. E. Hoye, Head, Warheads Branch and D. L.

Brunson, Head, Missile Systems Division.

Approved by:
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ABSTRACT

A nonaerodynamic sabot stripper has been designed and implemented for use

with the Naval Surface Warfare Center Dahlgren Division (NSWCDD) 40-mm

smooth-bore gas gun. The stripper consists of several metal parts to stop and contain

the sabot while allowing the carried object to pass unhindered through it. The

single-piece sabot is stopped by impacting replaceable layers of 0.750-in.-thick

aluminum and steel plates and 0.125-in.-thick rubber sheets. The metal plates and

rubber sheets have 1.00- and 1.25-in.-diameter holes, respectively, for passage of the

carried object. The sabot stripper is located several inches from the muzzle of the gas

gun and is aligned before each shot using a special metal fixture that is inserted into

the gun muzzle. Cubes measuring 0.5 in. have been launched in a flat-faced

orientation; other shapes (e.g., spheres or cylinders) and orientations could also be

used.

Both small- and large-target configurations can be used. Small targets (up to

6-in. on a side) can be positioned in an assembly that attaches to the sabot stripper

and is located several inches from it. Most small targets have been 3x3-in. plates of

various thicknesses. Large targets (up to several feet on a side) are secured to a steel

table that is located approximately 20 ft from the sabot stripper. Twenty-seven

experiments using the sabot stripper have been performed to date; 15 using the

small-target configuration and 12 using the large-target configuration. The velocity

range for the experiments was from 1600 to 3100 ft/sec. The sabot stripper performed

satisfactorily.
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I. INTRODUCTION

Certain types of impact experiments require the separation of the launched

sabot from the object being carried and the unperturbed flight and controlled impact

of that object with a target. Many impact facilities use a multipiece sabot that is
designed for in-flight separation from the carried object using either gun muzzle blast

pressure or aerodynamic drag forces.l, 2 Aerodynamic separation requires an

extended distance (usually at least several meters) for separation to be accomplished 3

and can introduce perturbations that can change the orientation of the object during
flight to the target.

This report describes a compact nonaerodynamic sabot stripper that separates

the sabot from the object within a few inches of flight. The stripper was designed to

be used with the Naval Surface Warfare Center Dahlgren Division (NSWCDD)
40-mm smooth-bore gas gun.4 One-piece sabots are used. Cubes measuring 0.5-in.
have been launched in a flat-faced orientation Other shapes (e.g., rods and spheres)

and orientations could also be used. A launched sabot is stopped on impact by a series

of replaceable energy-absorbing plates, and the cube moves unhindered through the

stripper to impact a target. Cubes launched with a flat-surface orientation have
traveled as far as 20 ft and impacted flat on a target. The sabot stripper has been

used in the 1600- to 3100-ft/sec velocity range.

Figure 1 is a schematic of the 40-mm-bore gas gun showing the location of the
sabot stripper. A sabot with an attached cube is loaded into the barrel, and a

thin-film mica vacuum cover is attached to the gun muzzle. A small or large target
can be mounted and secured for impact. Small-target lateral dimensions are limited

by the size of the steel duct to approximately 6 in. The small target is secured in an

assembly that attaches to the sabot stripper. A large target that is located in the
impact room can be several feet on a side. It is secured on a steel table that can be

positioned at several locations along the flight path of the cube. The breech pressure

vessel is filled with either helium or nitrogen gas to the desired pressure. The barrel

is evacuated before firing the gas gun. The gun is fired by activating the fast-opening

1
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valve, and the gas accelerates the sabot towards the gun muzzle. The sabot velocity is

measured at the muzzle with three charged pins in the side of the barrel. The sabot

velocity can be varied from 100 to 3200 ft/sec. Figure 2 is an overview of the gas gun

from the breech end.

Section II descrihes the parts for the sabot stripper and the attachable target

assembly. Section III describes the installation and alignment procedure for the

stripper. Sample results are given in Section IV.

LARGE
TARGET

SMALL POSITION
TARGET

VALVE MUZZLE POSITION

LAER BARREL
BREECH STEEL SABOT

PRESSURE DUCT STRIPPER
VESSEL IMPACT ROOM

[..--6 FT-'. 4 .. 2 FT -L -26 FT -owl----I FT 4.-- 12 T-

FIGURE 1. SCHEMATIC OF GAS GUN WITH SABOT STRIPPER
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FIGURE 2. OVERVIEW OF GAS GUN FROM BREECH END

II. DESCRIPTION OF PARTS

Figure 3 is a schematic of the sabot stripper with attachable target assembly. A
description of the five nonreplaceable metal parts (parts 1 through 5) and the nine
replaceable rubber and metal parts is given in this section. Eight 1/2-13 UNC
threaded rods (with nuts and washers) hold the parts together, and four 1-8 UNC
threaded rods (with nuts and washers) hold the stripper to a steel baseplate at the
muzzle of the gas gun. Also shown in Figure 3 is a sabot with a 0.5-in. cube. The
parts are described in the order in which they are encountered by the sabot or the
0.5-in. cube that is released from the sabot as it is stopped. Most of the target plates
have been 3x3 in. as shown in Figure 3. Parts 1, 2, 4, and 5 were fabricated from mild
steel; part 3 Was fabricated from armor steel.

3
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Figure 4 shows the sabot entrance part (part 1); the dimensions are 5.294-in.
wide, 6.184-in. high, and 2.995-in. thick. The aluminum sabot (1.567-in. outside
diameter and 1.657-in. long) passes through the 1.992-in.-diameter entrance hole in
this part and then into the sabot containment part. The entrance hole is only slightly
larger than the sabot diameter to help ensure that fragments from the impacted sabot
do not pass back through the entrance hole to possibly impact the gas gun muzzle
flange.

The sabot containment part (part 2), which is shown in Figure 5, has
dimensions 5.295-in. wide, 6.184-in. high, and 2.984-in. thick. A 3.500-in.-diameter
hole was placed in this part to create a chamber to permit sabot debris fragments to
move radially outward prior to being contained.

Figure 6 shows the materials that are impacted by the sabot. These materials
are replaced after each shot. Figure 6(a) shows the 0.125-in.-thick rubber sheet
pieces 5 that are epoxied to the metal pieces to mitigate the impact shock. The rubber
sheet dimensions are nominally 3.4-in. wide and 5.5-in. high; they are always
slightly less than the dimensions of the metal parts. Also shown are the two metal
punches that were fabricated to cut 1.13- and 2.00-in.-diameter holes in the rubber
pieces. The holes are cut by placing a punch and a rubber piece in a hand press. A
replaceable 6061-T6 aluminum part is shown in Figure 6(b); the dimensions are
3.550-in. wide, 5.702-in. high, and 0.750-in. thick. A 1.000-in. diameter hole was
placed in this part to stop the impacting aluminum sabot and allow the 0.5-in. cube to
pass through unimpeded. Epoxied to this part are three front-surface rubber pieces
and one back-surface rubber piece (all with 1.13-in.-diameter holes). The
back-surface rubber piece is epoxied to the 1018 steel part shown in Figure 6(c). The
rubber piece provides a low shock impedance layer b tween the impacted parts. The
dimensions of the steel part are 3.542-in. wide, 5.698-in. high, and 0.750-in thick.
This steel part also has a 1.000-in.-diameter hole to allow passage of the 0.5-in. cube
through it. The back surface of this part has three rubber pieces epoxied to it to
provide some impact isolation from the anvil part that supports it. Two pieces have
1.13-in.-diameter holes, and one piece has a 2.00-in.-diameter hole. The
2.00-in.-diameter hole piece (in contact with the anvil part) is used to allow the steel
part to deform freely near the sabot impact area preventing damage to the anvil part.

The three front-surface rubber pieces followed by aluminum and steel parts
provide a series of increasing shock impedance layers. They help to ensure that at the

4
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higher impact velocities, the aluminum sabot is decelerated as slowly as possible so

that its center portion remains intact, without shear failure.

Figure 7 shows the anvil part of the sabot stripper (part 3); the dimensions are

5.866-in. wide, 6.215-in. high, and 8.720-in. thick. The entrance and exit hole

diameters are 1.000 and 2.250 in., respectively. The entrance hole, which extends 5.0

in. into the part, is the same as that for the replaceable aluminum and steel parts.

The exit hole diameter is larger to ensure that a cube that may not have been

released uniformly from a stopped sabot will not scrape the inside wall of the exit

hole. The anvil part is bolted onto the steel baseplate with four 11-in.-long, 1-8 UNC
threaded rods and nuts. Four 11-in.-long, 1/2-13 UNC threaded rods screw into the

four holes on the front surface side and attach parts 1 and 2 and the replaceable parts

to the anvil part [see Figure 7 (a)].

Figure 8 shows the clamp and mounting plates (parts 4 and 5, respectively) for

securing a small target prior to impact; the dimensions of the clamp plate are
5.455-in. wide, 5.226-in. high, and 1.004-in. thick, and the dimensions of the mount-

ing plate are 5.465-in. wide, 5.236-in. high, and 1.955-in. thick. Both plates have

concentric 2.234-in.-diameter holes. For these experiments, nominally 3x3-in. target
plates were epoxied to the front surface of the mounting plate to expedite assembly

for cube impact [see Figure 8(b)]. The bottom of the target mounting plate contains

two 3/8-16 UNC bolts and locking nuts for initial fine adjustment of the height of the
plate above the steel baseplate (see Figure 8). The adjusted height between the

baseplate and the bottom of the target mounting plate is 1.115-in. Four 11-in.-long,

1/2-13 UNC threaded rods and nuts are used to bolt the target plate' between the

clamp and mounting plates and to attach the completed target assembly to the back

surface of the anvil part [see Figure 7(b)]. The target assembly is not clamped

against the anvil part but is offset 2.25 in. from it to provide shock isolation between

the sabot stripper and target assembly.

Table 1 provides the weight of each part for the sabot stripper and attachable

target assembly. The principal energy-absorbing parts weigh 84.2 lb (the anvil part,

the replaceable aluminum and steel parts, and the seven replaceable rubber pieces).

The aluminum sabot weighs 0.2-lb (including two O-rings).

5
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Figure 9 shows completed sabots that have been designed to carry a 0.5-in.

flat-surface cube and a 0.249-in.-diameter rod. Sabot weights were reduced by

placing round holes in the front of the cube-carrying sabot and a uniform recess in the

front of the rod-carrying sabot. Empty cube- and rod-carrying sabots weigh 0.19 and

0.15 lb, respectively (not including 0-rings). The cube-carrying sabot has a

0.508-in.-square socket that is 0.130-in. deep for the 0.5-in. cube. A central threaded

hole (10-24 UNC) in the base of the socket is filled with fast-curing epoxy to secure

the cube. The cube is centered in the socket by placing 0.004-in.-thick mica strips

between the four side surfaces of the cube and the sides of the socket. The strips are

removed after t-he e3p..y has cured to provide a centered cube that only contacts the

sabot at the bae of the socket. This helps to ensure torque-free separation of the cube

from the sabot.

TABLE 1. WEIGHTS OF PARTS FOR SABOT STRIPPER AND
ATTACHABLE TARGET ASSEMBLY

Part Name Weight (lb)

Part 1-sabot entrance part 24.0

Part 2-sabot containment part 18.7

Replaceable aluminum part with four rubber pieces 1.8

Replaceable steel part with three rubber pieces 4.4

Part 3-anvil part 78.0

Part 4-target clamp plate 6.7

Part 5-target mounting plate 13.1

Four 1-8 UNC threaded rods including washers and nuts 10.9

Eight 1/2-13 UNC threaded rods including washers and nuts 9.8

6
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Figure 9 also shows a vacuum cover and a 3x3-in. steel target plate. The
vacuum cover permits evacuation of the gas gun barrel to prevent reduction of the
sabot velocity by air pressure in the barrel. The vacuum cover is fabricated from a
1.8-in.-inside-diameter polycarbonate support ring and a frangible annulus of

0.004-in.-thick polyester film with a 1.000-in.-diameter center hole. The polyester
annulus is covered by a disk of 0.001-in. thick aluminum foil. The polyester film
supports the aluminum foil against atmospheric pressure except in the center. The
cube only impacts the 0.001-in.-thick aluminum foil as the cube and sabot exit the
barrel. Mica sheet (0.004-in. thick) has also been used in place of the aluminum foil.

7
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FIGURE 4. PART I-SABOT ENTRANCE PART

FIGURE 5. PART 2-SABOT CONTAINMENT PART

9
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(a) RUBBER SHEET PIECES WITH METAL PUNCHES FOR CUTTING
HOLES

(b) REPLACEABLE ALUMINUM PART WITH THREE ATTACHED
FRONT SURFACE RUBBER PIECES

(c) REPLACEABLE STEEL PART WITH THREE ATTACHED
BACK SURFACE RUBBER PIECES

FIGURE 6. REPLACEABLE ALUMINUM AND STEEL PARTS

10
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(a) FRONT SURFACE (CUBE ENTRANCE SIDE)

Sra--- m-- a-

(b) BACK SURFACE (CUBE EXIT SIDE)

FIGURE 7. PART 3-ANVIL PART

11
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(a) PART 4-TARGET CLAMP PLATE

(b) PART 5-FRONT SURFACE OF TARGET MOUNTING
PLATE WITH ATTACHED TARGET

w.,,

(c) PART 5-BACK SURFACE OF TARGET MOUNTING

PLATE WITH ATTACHED TARGET

FIGURE 8. TARGET CLAMP AND MOUNTING PLATES

12
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FIGURE 9. COMPLETED SABOTS, MUZZLE VACUUM COVER, AND TARGET PLATE

III. INSTALLATION AND ALIGNMENT PROCEDURE

This section describes the installation and alignment procedure to be used with

the stripper parts described in Section II.

Figure 10 shows the 19-in.-wide by 1-in.-thick steel baseplate used for mounting

the sabot stripper (the two round shafts and mounting pieces that are seen on the

baseplate in this figure are for a different structure and are not part of the sabot

stripper). The anvil part of the stripper is first aligned and then attached to the

baseplate with the four 1-8 UNC threaded rods and nuts. The alignment tool consists

of a 6-in.-long by 0.982-in.-outside diameter brass sleeve that slides with minimum

tolerance on a 36-inA-long by 0.938-in.-diameter hard steel rod. The steel rod is

aligned with the gas gun bore by inserting the rod into an axial hole in an 11-in.-long

by 1.570-in.-diameter aluminum rod that slides into the muzzle end of thE barrel. A

0.998-in.-outside diameter brass sleeve around the steel rod end prevents galling of

the hole in the aluminum rod. The movable 0.982-in.-outside diameter brass sleeve is

placed inside the 1.000-in.-diameter holes in the anvil, steel, and aluminum parts

before securing them. This ensures that these parts are aligned with respect to the

sabot when it exits the gas gun.

13
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Figure 11 shows the replaceable aluminum and steel parts (with attached
rubber pieces) being aligned. Threaded rods and nuts are used to secure these parts
between the anvil and containment parts as shown in Figure 12. The entrance part is
aligned using a large-diameter brass sleeve (6-.*r.-long, 1.984-in. outside diameter,
and 0.940-in. inside diameter) that slides on the steel alignment rod. Figure 13
shows the alignment of this part.

Figure 14 shows the assembled and aligned sabot stripper after the alignment
tool has been removed. The sabot travels approximately 9 in. after exiting the gas
gun muzzle before reaching the entrance port. The arrangement in Figure 14 is used
for those experiments in which a large target is impacted with a 0.5-in. cube (or other
sabot-stripped object). The large target is secured on a metal platform structure
approximately 20 ft from the gas gun muzzle. Figure 15 shows a metal plate array
target before impact with a 0.5-in. cube. Other targets have been used. The metal
cube exits the 1-ft diameter pipe (on the right in Figure 15) to impact the array. If the
cube perforates the array, it is soft recovered in the 0.75-in.-thick plywood layers (on
the left in Figure 15). A frangible muzzle cover is placed over the end of the gun
before firing the shot to permit evacuation of the barrel (see right side of Figure 14).
For higher-velocity shots (approximately 3100 ft/sec), the sabot velocity could be
reduced by as much as 10 percent if the barrel is not evacuated.

For smaller targets (in this case, 3x3-in. by 0.5-in. thick), the target assembly is
attached to the sabot stripper by four 1/2-13 UNC threaded rods and nuts. Figure 16
shows the target mounting plate with attached target and clamp plate before
securing them to the cube exit side of the anvil part. Figure 17 shows the completed
target assembly attached to and offset from the aligned sabot stripper.

14
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FIGURE 10. OVERHEAD VIEW OF GAS GUN MUZZLE REGION SHOWING
STEEL BASEPLATE BEFORE INSTALLATION OF SABOT
STRIPPER AND ATTACHABLE TARGETASSEMBLY.
(THE SABOT EXITS THE GUN MUZZLE SHOWN ON THE RIGHT.)

FIGURE 11. ALIGNMENT OF REPLACEABLE STEEL AND
ALUMINUM PARTS BETWEEN CONTAINMENT
PART AND SECURED ANVIL PART

15
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FIGURE 12. SECURED STEEL, ALUMINUM, CONTAINMENT, AND ANVIL PARTS

.. W W...

FIGURE 13. ALIGNMENT OF ENTRANCE PART

16
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FIGURE 14. ALIGNED SABOT STRIPPER

FIGURE 15. EXPERIMENTAL SETUP FOR METAL PLATE ARRAY TARGET
BEFORE IMPACT WITH 0.5-IN. STEEL CUBE. (EACH PLATE
IS 15x15 IN. THE CUBE EXITS THE 1-FT DIAMETER PIPE
ON THE RIGHT.)

17
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FIGURE 16. INSTALLATION OF CLAMP PLATE AND TARGET-MOUNTING
PLATE WITH ATTACHED SMALL TARGET

FIGURE 17. ALIGNED SABOT STRIPPER WITH ATTACHABLE SMALL TARGET
ASSEMBLY. (A FRANGIBLE VACUUM COVER IS SHOWN ON THE
GAS GUN MUZZLE.)

18
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IV. SAMPLE RESULTS

Figure 18 shows the replaceable 6061-T6 aluminum plate after impact with a

3106-ft/sec sabot that carried a 0.5-in. steel cube. Erosion of the plate in the impact

area as well as plate fragmentation occurred at this impact velocity [see Figure 18
(a)]. No radial fractures or plate fragmentation occurred in the aluminum plate at a

lower sabot impact velocity of 2013 ft/sec. Figure 19 shows the replaceable steel plate

for the 3106-ft/sec shot. A permanent out-of-plane deformation of approximately

0.080 in. occurred at this impact velocity [see Figure 19 (c)]. The main sabot remnant

stopped in this plate and was partially extruded into the 1-in.-diameter hole. A ring

of sabot material is also shown in Figure 19. Other smaller sabot fragments that

were captured in the containment part are not shown. The replaceable rubber sheet

pieces that were epoxied to the steel and aluminum plates were removed after the

experiment to clearly show the damaged plates after sabot impact. The target for the

3106-ft/sec velocity shot was a 3x3-in. steel plate that was secured in the small-target

assembly. The cube impacted the target plate in a flat-surface orientation.

Figure 20 shows a 3x3-in. aluminum target plate that was impacted by a 0.5-in.

steel cube that was launched in the flat-surface orientation at 2010 ft/sec. The target

plate was held in the small-target assembly. Note that the shapes of the aluminum

shear plug, steel cube, and perforation hole indicate that the flat surface of the cube

impacted the aluminum plate.

Twenty-seven experiments using the sabot stripper have been performed (15

using the small- and 12 using the large-target configuration). The sabot stripper

performed satisfactorily for all experiments.

19
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(a) IMPACT SURFACE

b INC Ifs AVA[ SURFACE WARFARE CETfR

w -- 1-- 0-

(b) BACK SURFACE

FIGURE 18. REPLACEABLE ALUMINUM PART AFTER IMPACT WITH 3016 PU 'SEC SABOT
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n w-w

(a) FRONT SURFACE

(b) BACK SURFACE

~f.. -~4 .. ,- ,. ,,a.

(c) SIDE VIEW

FIGURE 19. REPLACEABLE STEEL PART WITH EMBEDDED SABOT
AFTER IMPACT AT 3106 FT/SEC
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Aý

I Z 3 4 5 6 7 8 0i 1 1 12 13 14 1b

6 INCHES NAVAL SURFACE WARFARE CENTER CtZNIIM~I IZHs

FIGURE 20. BACK SURFACE OF 0.516-IN.-THICK 6061-T6 ALUMINUM
TARGET PLATE FOR 1018 STEEL CUBE IMPACT VELO-
CITY OF 2010 FT/SEC. (THE SHEARED ALUMINUM PLUG
IS SHOWN ON THE LEFT AND THE STEEL CUBE IS
SHOWN ON THE RIGHT.)

22



NSWCDD/TR-92/447

VI. REFERENCES

1. Charters, A. C., "Development of the High-Velocity Gas-Dynamics Gun," in
Hypervelocity Impact; Proceedings of the 1986 Symposium, Anderson, C. E.,
Jr., Ed., Pergamon Press, Elmsford, NY, 1987, pp. 181-203.

2. Stilp, A. J., V. Hohler, E. Schneider,and K. Weber, "Debris Cloud Expansion
Studies," in Hypervelocity Impact; Proceedingfs of the 1989 Symposium,
Anderson, C. E., Jr., Ed., Pergamon Press, Elmsford, NY, 1990, pp. 543-553.

3. Rabern, D. A., "In-Bore Structural Behavior of 120-mm Saboted Long Rods
Subjected to Axial and Lateral Accelerations," in Proceedings of the Eleventh
International Symposium on Ballistics, Brussels, Belgium, 9-11 May 1989,
Vol. 1, pp. 495-504.

4. Mock, Jr., W. and W. H. Holt, The NSWC Gas Gun Facility for Shock Effects
in Materials, NSWC/DL TR-3473, Naval Surface Weapons Center, Dahlgren
Laboratory, Dahlgren, VA 22448, July 1976.

5. Cloth-inserted rubber sheet that consists of alternate layers of synthetic
rubber compound and cotton fabric; Federal Stock Number 5330-00-179-0052;
Supplier: Legg Company, Inc., 325 East Tenth Street, Halstead, KS 67056.

23



NSWCDD/TR-92/447

DISTRIBUTION

Copies Copies
DOD ACTIVITIES (CONUS)

ATTN OP-987B 1 ATTN S A FINNEGAN 1
COMMANDER N FASIG 1
OFFICE OF CHIEF OF NAVAL OPS J WEEKS 1
NAVY DEPARTMENT COMMANDER
WASHINGTON DC 20350-2000 NAVAL AIR WARFARE CENTER

CHINA LAKE CA 93555-6001
ATTN SEA 661 BOWEN 1

SEA 6613 D M PORADA 1 ATTN R GARISON CODE 17403
SEA 06AR 1 COMMANDER
PMS 4221 GARRISON I NAVAL SURFACE WARFARE CENTER

COMMANDER CARDEROCK DIVISION
NAVAL SEA SYSTEMS COMMAND BETHESDA MD 20084-5000
WASHINGTON DC 20362-5101

ATTN E J RINEHART
ATTN A C HOLT I COMMANDER

GEORGE KOPCSAK 1 FIELD COMMAND
COMMANDER DEFENSE NUCLEAR AGENCY
OFFICE OF MUNITIONS FCDNA/FCTP
OFFICE OF UNDERSECRETARY KIRTLAND AFB NM 87117

OF DEFENSE
WASHINGTON DC 20301 ATTN C R CROWE 1

A WILLIAMS 1
ATTN OCNR213 SIEGEL 1 COMMANDER
CHIEF OF NAVAL RESEARCH NAVAL RESEARCH LABORATORY
OFFICE OF NAVAL RESEARCH WASHINGTON DC 20350
TECHNOLOGY DIRECTORATE
800 N QUINCY AVE ATTN F GRACE 1
ARLINGTON VA 22217-5660 G E HAUVER 1

A DIETRICH 1
ATTN RICHARD MILLER 1 JOHN KINEKE 1

DICK WILLIAMS 1 RANDY COATS I
STEVE FISHMAN I J DEHN 1

COMMANDER DIRECTOR
OFFICE OF NAVAL RESEARCH ARMY RESEARCH LABORATORY
800 N QUINCY AVE ABERDEEN PROV GRD MD 21005
ARLINGTON VA 22217-5660

(1)



NSWCDD/TR-92/447

DISTRIBUTION (CONTINUED)

Copies Copies

ATTN W MARLEY ST3 I ATTN W J NELLIS 1
DIRECTOR ROBERT WHIRLEY L-122 1
ARMY FOREIGN SCIENCE AND LAWRENCE LIVERMORE NATIONAL

TECHNOLOGY CENTER LABORATORY
220 SEVENTH ST. NE P O BOX 808
CHARLOTTESVILLE VA 22901-5396 LIVERMORE CA 94550

ATTN JIM BILLINGSLEY I ATTN L C CHHABILDAS 1433 1
DON LOVELACE I M J FORRESTAL 9723 1

DIRECTOR D E GRADY 1433 1
ARMY MISSILE COMMAND R A GRAHAM 1153 1
RD&E CENTER T HITCHCOCK 9702 1
AMSMI-RD-SS-AA M KIPP 1432 1
REDSTONE ARSENAL AL 35898 V LUK 9723 1

J L WISE 1433 1
ATTN R W KOCHER LSO TECHNICAL LIBRARY 1
DEFENSE ADVANCED RESEARCH SANDIA NATIONAL LABORATORIES

PROJECTS AGENCY ALBUQUERQUE NM 87185
3701 N FAIRFAX DR
ARLINGTON VA 22203-1714 ATTN C E ANDERSON JR 1

ROBERT YOUNG 1
ATTN K PETERSEN 1 SOUTHWEST RESEARCH INSTITUTE

K BRADLEY I P 0 DRAWER 28510
DEFENSE NUCLEAR AGENCY SAN ANTONIO TX 78228
6801 TELEGRAPH RD
ALEXANDRIA VA 22310-3398 ATTN DSHOCKEY 1

LSEAMAN I
NON-DOD ACTIVITIES T H ANTOUN 1

SRI INTERNATIONAL
ATTN W DANEN 1 333 RAVENSWOOD AVE

L HULL 1 MENLO PARK CA 94025
J M HOLT I
J W HOPSON I DEFENSE TECHNICAL 12
J REPA 1 INFORMATION CENTER
S SHEFFIELD I CAMERON STATION
S R SKAGGS I ALEXANDRIA VA 22304-6145
TECHNICAL LIBRARY 1

LOS ALAMOS NATIONAL LABORATORY
LOS ALAMOS NM 87544

(2)



NSWCDD(TR-92/447

DISTRIBUTION (CONTINUED)

Copies Copies

ATTN GIFT AND EXCHANGE 4 G34 FOSTER 1
DIrvISION G92 MCKEOWN 1

LIBRARY OF CONGRESS G205 I
WASHINGTON DC 20540 G301 WILSON 1

F10 ADAMS 1
ATTN R W ARMSTRONG 1 N74 GIDEP 1
DEPARTMENT OF MECHANICAL R04 1

ENGINEERING R11 GOTZMER 1
UNIVERSITY OF MARYLAND Rll GOLDWASSER 1
COLLEGE PARK MD 20742 R13 1

R13 BARDO I
ATTN S J BLESS 1 R13 COFFEY 1
INSTITUTE FOR ADVANCED R13 FORBES 1
TECHNOLOGY R13 WILSON 1
UNIVERSITY OF TEXAS AT AUSTIN R13 ZERILLI 1
4030-2 WEST BRAKER LANE R31 CLARK I
AUSTIN TX 78759-5320 R31 HARTMANN I

R32 GARRETT I
INTERNAL DISTRIBUTION: R101 ROSLUND 1
E231 3 R101A REED 1
E232 2 R101B HAISS 1
E281 ORENDORF 1 RLOA2 DOHERTY 1
B05 MOORE I
B05 STATON 1
G07 MOORE 1
G20 1
G22 HOLT 1
G22 MOCK 1
G22 SWIERK 1
G22 SMITH 1
G22 VITTORIA 1
G22 WAGGENER 1
G22 GARNETT 1
G24 WASMUND I
G24 HOCK 1
G24 DICKINSON 1
G30 I

(3)



REPORT DOCUMENTATION PAGE Form Approved
R DOMB No 0704-0188

Public reporting burden for this collection of nforrnation ?s estimated to average I hour per response. including the time for reviewing instructions, search nq existing data sources,
gathering and maintaininrg the data needed. and completing and reviewing the collection of information Send comments regarding this burden estimateor any ntheratpe•t of this
collection of information. including suggestions for reducing this burden. to Washington Headquarters er ices Directorate for Information Operatiors and Reports 1215 )efferson
Davis Highway. Suite 1204. Arlington. VA 22202 4302. and to the Office of Management and Budget. Paperwork Reduction Project (0704 0188}, Washington, DC 20003

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

November 1992 Final/November 1992

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Nonaerodynamic Sabot Stripper for NSWCDD 40-mm Gas Gun IMAD Task 3002B

6. AUTHOR(S)

Willis Mock, Jr. William H. Holt

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

Naval Surface Warfare Center (Code G22) NSWCDD/TR-92/447
Dahlgren Division
Dahlgren, VA 22448-5000

9. SPONSORING/MONITORING AGENCY NAME(S) AND 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

IMAD Ordnance Technology Project Office
Washington, DC 20362

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13, ABSTRACT (Maximum 200 words)

A nonaerodynamic sabot stripper has been designed and implemented for use with the Naval Surface Warfare Center Dahlgren
Division (NSWCDD) 40-mm smooth-bore gas gun. The stripper consists of several metal parts to stop and contain the sabot while
allowing the carried object to pass unhindered through it. The single-piece sabot is stopped by impacting replaceable layers of
0.750-in.-thick aluminum and steel plates and 0.125-in.-thick rubber sheets. The metal plates and rubber sheets have 1.00- and
1.25-in.-diameter holes, respectively, for passage of the carried object. The sabot stripper is located several inches from the muzzle of the
gas gun and is aligned before each shot using a special metal fixture that is inserted into the gun muzzle. Cubes measuring 0.5 in. have
been launched in a flat-faced orientation; other shapes (e.g., spheres or cylinders) and orientations could also be used.

Both small- and large-target configurations can be used. Small targets (up to 6-in. on a side) can be positioned in an assembly that
attaches to the sabot stripper and is located several inches from it. Most small targets have been 3x3.in.plates of various thicknesses.
Large targets (up to several feet on a side) are secured to a steel table that is located approximately 20 ft from the sabot stripper.
Twenty-seven experiments using the sabot stripper have been performed to date; 15 using the small-target configuration and 12 using
the large-target configuration. The velocity range for the experiments was from 1600 to 3100 ftisec. The sabot stripper performed

.satisfactorily.

14. SUBJECT TERMS 15. NUMBER OF PAGES

gas gun, sabot, sabot stripper, impact, oriented launched cube, high velocity, 32
metal target 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std 239 18
298- 102



GENERAL INSTRUCTIONS FOR COMPLETING SF 298

The Report Documentation Page (RDP) is used in announcing and cataloging reports. It is important that
this information be consistent with the rest of the report, particularly the cover and its title page.
Instructions for filling in each block of the form follow. It is important to stay within the lines to meet
optical scanning requirements.

Block 1. Agency Use Only (Leave blank). Block 12a. Distribution/Availability Statement.
Denotes public availability or limitations. Cite any

Block 2. Report Date. Full publication date including availability to the public. Enter additional limitations
day, month, and year, if available (e.g. 1 Jan 88). Must or special markings in all capitals (e.g. NOFORN, REL,
cite at least the year. ITAR).

Block 3. Type of Report and Dates Covered. State
whether report is interim, final, etc. If applicable, enter DOD - See DoDD 5230.24, "Distribution
inclusive report dates (e.g. 10 Jun 87 - 30 Jun 88). Statements on Technical Documents."

DOE - See authorities.
Block 4. Title and Subtitle. A title is taken from the NASA See Handbook NHB 2200.2
part of the report that provides the most meaningful NTIS - Leave blank
and complete information. When a report is prepared
in more than one volume, repeat the primary title, add
volume number, and include subtitle for the specific Block 12b. Distribution Code.
volume. On classified documents enter the title
classification in parentheses.

DOD - Leave blank.
Block 5. Funding Numbers. To include contract and DOE - Enter DOE distribution categories from
grant numbers; may include program element the Standard Distribution for
number(s), project number(s), task number(s), and Unclassified Scientific and Technical
work unit number(s). Use the following labels: Reports.

NASA - Leave blank.
C Contract PR - Project NTIS - Leave blank.
G - Grant TA - Task
PE Program WU - Work Unit Block 13. Abstract. Include a brief (Maximum 200

Element Accession No. words) factual summary of the most significant
information contained in the report.

BLOCK 6. Author(s). Name(s) of person(s) responsible
for writing the report, performing the research, or Block 14. Subject Terms. Keywords or phrases
credited with the content of the report. If editor or identifying major subjects in the report.
compiler, this should follow the name(s).

Block 15. Number of Pages. Enter the total number
Block 7. Performing Organization Name(s) and of pages.
address(es). Self-explanatory.

Block 16. Price Code. Enter appropriate price code
Block 8. Performing Organization Report Number. (NTIS only)
Enter the unique alphanumeric report number(s)
assigned by the organization performing the report. Block 17.-19. Security Classifications. Self-

explanatory. Enter U.S. Security Classification in
Block 9. Sponsoring/Monitoring Agtency Name(s) and accordance with U.S. Security Regulations (i.e.,
Address(es). Self-explanatory. UNCLASSIFIED). If form contains classified

information, stamp classification on the top and
Block 10. Sponsoring/Monitorinq Agency Report bottom of this page.
Number. (if Known)

Block 20. Limitation of Abstract. This block must be
Block 11. Supplementary Notes. Enter information not completed to assign a limitation to the abstract.
included elsewhere such as: Prepared in cooperation Enter either UL (unlimited or SAR (same as report).
with...; Trans. of...; To be published in.... When a An entry in this block is necessary if the abstract is to
report is revised, include a statement whether the new be limited. If blank, the abstract is assumed to be
report supersedes or supplements the older report. unlimited.

Standard Form 298 Back (Rev. 2-89)


