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ABSTRACT (U)

The SNAP-27 graphite lunar module fuel cask (GLFC) with the fuel
capsule assembly (FCA) within was subjected to fragment impacts at
various velocities; the fragments simulated are those expected from an
explosive abort of the S-IVB stage of the Saturn V launch vehicle. The
fuel capsule assembly survived most fragment impacts. However, either
high velocity lightweight fragments or massive low velocity fragments
can cause simulated radioisotope fuel release.
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SUMMARY

The SNAP-27 graphite lunar module fuel cask (GLFC) with the fuel
capsule assembly (FCA) within was subjected to fragment impacts ac vari-
ous velocities. The fragments simulated those expected from an explo-
sive abort of the S-IVB stage of the Saturn V launch vehicle. There
were 13 tests performed, with 9 impacts on the end of the test assem-
blies and 4 impacts on the side of the test assemblies. The fragments
used for the tests were either aluminum sheet (0.063 x 16 x 18 inches)
or an electronic component box (12 x 15 x7.5 inches).

Impacting the end of the test assembly with flat fragments at
velocities up to 3200 feet per second did not cause fuel release. Im-
pacting the end of the test assembly with edge fragments resulted in:

1. No penetration at 1830 feet per second with the
graphite primary thermal shield and the Bendix pres-
sure plate in place,

2. Clad penetration at 1865 feet per second without the
graphite primary thermal shield and the Bendix pres-
sure plate in place, and

3. Clad and liner penetration at 2800 feet per second
with the graphite primary thermal shield in place fol-
lowed by the release of a large quantity of fuel.

Impacting the side of the test assembly with a flat fragment at
1040 feet per second caused cracking of the beryllium secondary thermal
shield, but the thermal protection was not removed. Some delayed fuel
release can be expected when the secondary thermal shield is damage , '
sufficiently to expose the FCA to the fireball. Impacting the side of
the test assembly with an edge fragment at 1920 feet per second did not
cause any damage. Impacting the side of the test assembly with an elec -

tronic box (33 pounds) at 680 feet per second caused rupture of both
halves of the FCA and gross fuel release.
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SNAP-27 FRAGMENT IMPACT TESTS

Introduction and Test Program Justification

The SNAP-27 fuel capsule assembly (FCA) within the graphite LM
fuel cask (GLFC) may be subjected to high velocity Eragments in the
event of an explosive launch vehicle abort. An explosion of the S-IVB
stage of the Saturn V launch vehicle could provide fragments from the
hydrogen tank upper dome and perhaps from the instrument unit. Most
of these fragments would be pieces of aluminum 0.063-inch thick and
might have velocities in the range of 100 to 3000 feet per second. The
fragment size distribution and the velocity distribution have been
estimated, but the penetration of the GLFC/FCA by these sheet metal
fragments cannot readily be calculated. The complexity of the system
and the lack of information about the penetration characteristics of
metal fragments into complex structures make calculations difficult and
the answers questionable. Therefore, this test program was devised to
determine experimentally the penetration velocity of a single-size
fragment into various configurations of the GLFC/FCA. The fragment
selected was 0.063 x 16 x 18 inches. The GLFC/FCA test assemblies were
impacted by flat and edge fragments. The various GLFC/FCA test assem-
blies are described in detail in the Test Assembly Description section.
Briefly, the GLFC/FCA test assemblies impacted on the forward end in-
cluded three configurations: (1) the FCA in the secondary thermal
shield assembly (STS); (2) the FCA in the STS and the graphite primary
thermal shield; and (3) the FCA in the STS and the graphite primary
thermal shield with a Bendix pressure plate over the graphite. The
Bendix pressure plate is a titanium cap over the forward graphite dome
and is a part of the support structure used to mount the GLFC on the
lunar module (LM).

One test was performed which simulated an explosion external to
the launch vehicle skin. The fragment was an electronic box (33 pounds)
from the instrument unit (Guidance Section of the Saturn V launch
vehicle).

The design of the test program and the performance of the testing
was a joint effort between the General Electric Co. and Sandia Labora-
tories. The design and performance of the testing was divided such that
it was considered assured that all inputs would result in data outputs
that would meet the several requirements of GE and Sandia. The data
outputs were established such that the fragment penetration analysis
being performed would be substantiated. The tests were performed at
Sandia because the facilities were readily available. General Electric
designed and fabricated the GLFC/FCA test assemblies. Since sufficient
actual components were not available for the GLFC/FCA assemblies for the
end impact tests, simulated components fabricated from stainless steel
were supplied. Analyses of the structures indicated that the impact
responses of the simulated assemblies were similar to those of the ac-
tual components.

Ulf CI ,A SSIFIED
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Test Assembly Description

The most desirable GLFC/FCA assembly for test purposes would be
a flight quality assembly suitably mounted in a flight quality Bendix
structure, but the time scalr..:s, availability, and cost did not allow
flight quality component acquisition. The flight configuration for the
GLFC/FCA assembly is shown in Figure 1, and the GLFC/FCA mounted in the
Bendix support structure is illustrated in Figure 2.

The limited availability of actual components greatly influenced
the GLFC/FCA test assemblies. Bendix support structures were unavail-
able, and the beryllium secondary thermal shields and the graphite
primary thermal shield components were in limited supply.

All tests were performed without the Bendix support structure.
All tests were performed with actual FCA's, either complete or one-half
complete. All side impact tests were performed with complete FCA's and
complete beryllium STS assemblies. All end impact tests were performed
with one-half FCA's, titani , .m thermal covers, and simulated STS's.
When used on the end impact tests, the graphite primary thermal shields
were actual hardware.

The end impact test assembly is illustrated in Figure 3. This
illustration includes all har'',are available for use, but the Bendix
pressure plate and the graphite primary thermal shield end cap were
used on a limited number of tests. The Bendix pressure plate was used
on two tests. The graphiteprimary thermal shield end cap was used on
four tests.

The side impact test assembly is illustrated in Figure 4. This
illustration shows the stainless steel mounting structure as well as
the beryllium secondary thermal shield and the fuel capsule assembly.

Description of Sleds and Tracks

The tests were performed by mounting the GLFC/FCA test assemblies
on a rocket-driven sled and impacting the assemblies into a fixed alumi-
num fragment mounted above the track. The track is 5000 feet long and
is equipped with a water brake to permit recovery of the sled.

The sleds used were a dual rail sled for velocities up to 2000
feet per second and a monorail sled fol. velocities greater than 2000
feet per second. Figure 5 shows the dual rail sled, and Figure 6 shows
the monorail sled. Both sleds use a water scoop as the braking device;
the dual rail sled uses a scoop between the rails, and the monorail sled
uses a scoop on top of the rail. The latter unit has polyethylene tubes
filled with water laid on top of the track for braking.

The SNAP-27 GLFC/FCA test assembly shown mounted on the sled and
wrapped in insulation for heating purposes was impacted into either edge
or flat fragments mounted above the track (Figures 7 and 8). The insu-
lation was removed just prior to rocket motor ignition, allowing frag-
ment impact into the bare test assembly.

6
	 anomme TTNT0-7- A 
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Instrumentation

The instrumentation was designed to give two pieces of information,
the temperature of the test hardware at rocket ignition and the velocity
of the sled at target impact. These data were collecte" with a Brown
recorder for the GLFC/FCA test assembly temperatures and with a combina
tion of track electronic instrumentation and image motion cameras for
the sled velocity. Additional photo coverage recorded GLFC/FCA test
assembly conditions before and after target impact.

Test Criterion and Tests Performed

The test criterion was to determine the threshold velocity at
which fuel would be released due to either a flat fragment impact, an
edge fragment impact, or an electronic box impact. This criterion was
applicable to the GLFC/FCA test assembly impacted on the end as well as
the assembly impacted on the side. However, the lack of GLFC/FCA test
assemblies for side impact prevented a complete experimental evaluation
of this mode of impact. Impacting the sides of the GLFC/FCA assembly
is considered the low probability case and, therefore, had a low prior-
ity for extensive testing.

The test program was designed as a series effect program (see
"Fragment Impact on GLFC Test Plan" in the Appendix). The series effect
technique was the complete evaluation of a test prior to establishing
the requirements for the next test. This approach resulted in the per-
formance of 13 tests.

Nine GLFC/FCA test assemblies were impacted on the end. Two tests
carried two GLFC/FCA test assemblies, one on either side of the dual
rail sled. The intent when testing two GLFC/FCA test assemblies was to
assure identical test conditions for both the flat and edge fragment
impact.

Four side impact tests were performed on the GLFC/FCA test assem-
bly. One GLFC/FCA test assembly was impacted with a flat fragment, two
with an edge fragment, and one with an electronic box.

Test Results

The results of the 13 tests performed are summarized in Table I.
An understanding of the velocities which caused penetration under the
described test conditions can be obtained from this table. There was
no penetration through the end of the GLFC/FCA test assembly with a flat
fragment through 3200 feet per second. There was penetration through
the end of the test assembly at 1865 feet per second with an edge frag-
ment, but the test assembly did not have the graphite primary thermal
shield end cap or the Bendix pressure plate (Test 3). The GE postmortem
analysis of the test assembly revealed that there was no fuel released

UNCLASSIFIED
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and the liner was not ruptured. Installing the graphite primary thermal
shield end cap over the end of the GLFC/FCA test assembly prevented
penetration by the edge fragment at 1830 feet pef second (Test 5). How-
ever, the graphite did not prevent penetration at 2800 feet per second
(Test 10). The edge fragment passed completely through the one-half
fuel capsule assembly, ripping the liner its full length.

lwo tests on end impact GLFC/FCA test assemblies were performed
(Tests 5 and 11) using a Bendix pressure plate over the graphite primary
thermal shield end cap. The first test (Test 5) impacted an edge frag-
ment at 1830 feet per second. No penetration was experienced, and the
damage to the titanium thermal cover was reduced. Note that the Bendix
pressure plate on Test 3 was 5 inches in diameter, the size requested
by the AEC for flight hardware. The request was denied by NASA, and
the pressure plate on flight quality hardware is 2.5 inches in diameter.
Penetration resistance was increased by installing the Bendix pressure
plate, but insufficient tests were performed to permit a complete evalu-
ation. In the second test (Test 1.1), a flat fragment was impacted at
2800 feet per second. The Bendix pressure plate was lost prior to tar-
get impact. No penetration was experienced.

The final test was performed by impacting an electronic box
mounted on a cooling plate into the side of the STS/FCA at 680 feet per
second. The impact point was the top corner of the box, and the line
of travel was from this top corner diagonally through the box to a
bottom corner. The electronic box mounted on the cooling plate was sus-
pended inside a catch container and the space behind the electronic box
was filled with 1.olystyrene foam plastic. The plastic was installed to
stop the STS/FCA and to prevent secondary impact damage to the STS/FCA
assembly.

The impact occurred on the corner of the box as desired, but the
remainder of the desired conditions were not met. The electronic box
broke the beryllium secondary thermal shield into many pieces and the
fuel capsule at the midsection weld into its two halves. The fuel cap-
sule halves went through the cooling plate, the polystyrene foam plas-
tic, and the rear of the catch container and impacted the sled and then
the ground. Both halves of the fuel capsule were breached with holes
ranging from 1.5 to 4 square inches in size. It is impossible co deter-
mine when the rupture of the fuel capsule halves occurred. It could
have occurred at initial impact, at catch container impact, at sled
impact, or at final ground impact.

Although direct (immediate) fuel release occurred on only two
tests (Tests 10 and 13), there were several tests which would be classi-
fied as potential delayed release of fuel. Tests 3, 4, 9, and 11 show
damage to the thermal cover which probably would expose part of the FCA
to the fireball, and quite possibly the FCA would melt sufficiently to
release some of the fuel.

The damage to each test item is illustrated in Figures 9 through
47. Also shown are the sleds used to carry the hardware, the method
for suspending the fragments and the appearance of some fragments after
impact:

UNCT J A SFTFIED
11111111111111111111111



Graphite
Primary
Thermal
Shield

Bendix
Pressure
Plate

loctyiVelocity )(fps
Capsule
Center

(1250 req'd:Required Actual

No No 1160
1000 1025

No No 1160

No No 1190
2000 1865

No No 1200

Yes Yest 2000 1830 1240

No No 1000 970 1165

No No 1000 1040 1410

No No 3000 3200 1210

Yes No 2000 1820 1270

Yes No 3000 2800 1310

y?,tt Yes" 3000 2800 1240

No No 2000 1970

No No 700 680

Impact Orientation 
Sled 	 Test 	 Test
Number Number Assembly Fragment

1 1 End* Edge

2 End Flat

2 3 End Edge

4 End Flat

3 5 End Edge

4 6 Side* Edge

5 7 Side Flat

6 8 End Flat

7 9 End Edge

8 10 End Edge

9 11 End Flat

10 12 Side Edge

11 13 Side +

'
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Summary of SNAP-27

*
GLFC/FCA test assembly (end impact) consists of (Figure 1): (1) titanium thermal cover, (2
(3) simulated forward capsule support, and (4) simulated one-half secondary thermal shield;

**
GLFC/FCA test assembly (side impact) consists of (Figure 2): (1) complete fuel capsule ass
shield; impact surface is the side of the beryllium secondary thermal shield.

tBendix pressure plate was 5 inches in diameter.

"Bendix pressure plate was 2-1/2 inches in diameter and graphite was Supertemp.

+Instrument unit box (12 x 15 x 7-1/2 inches) weighed 33 pounds and was mounted on cooling r
30 pounds; beryllium secondary thermal shield impacted on corner of box, with line of trave
corner.

44Sled failed; left track and was destroyed; photo coverage was the only data available on ft
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Results

Thermal cover dent about 0.5 inch deep; minimum damage.
No visible damage.

Capsule clad penetrated; aluminum fragment filled hole.
Thermal cover cracked; capsule deformed.

Bendix pressure plate bent; graphite penetrated;
thermal cover dented.

No apparent damage.

Beryllium cracked but remained intact.

Thermal cover flattened; capsule slightly mushroomed;
thermal cover screw heads popped off.++

Thermal cover dented about 0.5 inch deep; capsule
dented and mushroomed; thermal cover :-•crew heads
popped off.

Capsule penetrated; 0.3-inch-wide gap; inner liner
sliced full length of half capsule.

Thermal cover flattened and screw heads popped off;
Bendix pressure plats lost before fragrant impact.

No apparent damage to the beryllium secondary thermal
shield.

Beryllium destroyed; capsule broken in half and cracked
at closure welds; both capsule halves rupt.ured.

UNCLASSIFIED

TABLE I

27 Fragment Impact Tests

Unit Temperature ( ° F)

Capsule
'd) 	 Edge

Titanium
Thermal
Cover

Beryllium
Secondary

Thermal Shield

1150 1040

1170 1070

1200 1110

1185 1130

1240 1140

1160 1110 OD - 1240
Center, 	 ID - 1260

Aft, 	 ID - 1190

Mid. 	 - 1260

1210 1170

1265 1210

1295 1255

1245 1200

1150 850

1150 850

(2) one-half fuel capsule assembly,
d; impact surface is the titanium thermal cover.

ss , ably, and (2) Complete secondary thermal

plate (30 x 30 x 1 inch) which weighed
vel from top corner diagonally to the bottom

fuel capsule damage.

UNCLASSIFIED 9-10
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Conclusions and Recommendations

Aluminum sheet metal fragments (16 x 18 x 0.063 inch) can pene-
trate the SNAP-27 fuel capsule assembly through the GLFC components
when thc, FCA is impacted by an edge fragment and when sufficient veloc-
ity is present; the co:. -uration of the test assembly has an effect on
the velocity. The GLFC/1,,A test assembly with bare titanium thermal
cover was penetrated by an edge fragment at about 2000 feet per second;
when graphite was added to the assembly, a velocity of about 3000 feet
per second was required for penetration. Insufficient test hardware
was available to determine the penetration velocity with the Kndix
pressure plate present.

No penetration was observed when a flat fragment was impacted
into the end of GLFC/FCA test assemblies at velocities up to 3200 feet
per second. Insufficient impacts were performed on the side of the
GLFC/FCA test assemblies to establish the penetration velocity for
either edge or flat fragments.

One test was performed using an electronic box from the Instru-
ment Unit of the Saturn V launch vehicle Guidance Section. The box
ruptured both halves of the fuel capsule assembly, and a large per-
centage of the fuel was released from each half of the FCA.

Further testing would be necessary to refine the gross velocity
values listed above for penetration through the end of the GLFC/FCA
test assemblies.

UNCLASSIFIED
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End Cap Graphite
Primary Thermal Shield
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D6-13224

Titanium
Fuel Capsule -Thermal Cover
Assembly

Latch Fitting

Insulation

End Cap Graphite
Primary Thermal Shield

Insulation

Beryllium Secondary
Thema!. Shield

Fuel Capsule
Back Plate

Titanium Forward
Capsule Support

Figure 1. SNAP-27 graphite LM fuel cask with beryllium
secondary thermal shield incorporated



a.

Astronaut Guard

Preurc, Pic,te

b.

TMTrT" A SIFIED

Figure 2. Bendix support structure
with SNAP-27 GLFC/FCA
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End Cap Graphite
Primary Thermal Shield

Simulated (stainless steel)
Capsule Support 	 -

Bendix
Pressure Plate
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Electric
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Titanium
Thermal Cover

Fuel Capsule
Assembly (1/2)

Simulated (stainless steel)
Secondary Thermal Shield D69-13227
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Figure 3. SNAP -27 GLFC/FCA test assembly (end impact)

AFT SUPPORT RING

FUEL CAPSULE ASSEMBLYHAYNES -25
BACK PLATE

D69-13228

00
00

•
TITANIUM
THERMAL
COVER

ELECTRIC /
HEATING
ELEMENT

0

LATCH FITTING BERYLLIUM SECONDARY
THERMAL SHIELD

FWD SUPPORT RING

Figure 4. SNAP -27 GLFC/FCA test assembly (side impact)
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Figure 5. Dual rail sled
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Figure 5. (continued)
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GUT/FCA Test Assembly
eac: impact) with

hermal Insulation

Figure 6. Monorail sled

Edge
Fragt;it:.nt

Figure 7. Fragment mounting along track (dual rail sled)
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a.

ant

b.

Figure S. Fragment mounting along track (monorail sled)

18
	

11111.11111111 UNCLASSIFIED



■• •
" 	 ' "••

EDGE ON
	

I)b9 -13236

b.

Figure 9. Test 1--OLFC/FCA test assembly (end impact);
edge i:ragment•impact; velocity 1025 fps
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a. Flat fragment impact

Figure 10. Test 2--GLFC/FCA test assembly
(end impact); velocity 1025 fps



b. Flat fragment impact

Figure 10. (continued)



Tests 1 and 2--fragments impacted into
GLFC/FCA test assembly (end impact);
velocity 1025 fps
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b. Flat fragment impact
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Figure 12. Test 3--GLFC/FCA test assembly (end impact);
edge fragment impact; velocity 1865 fps
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Figure 13. Test 4--(4.,FC/FC
flat fragment i

A test assembly (end impact);
mpact; velocity 1865 fps
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a. Edge fragment impact

Figure 14. Tests 3 and 4--fragments impacted into
GLFC/FCA test assembly (end impact);
velocity 1865 fps
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Figure 15. Test 5--GLFC/FCA test assembly (end impact) with graphite primary
thermal shield and modified Bendix pressure plate; edge fragment;
velocity 1830 fps
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Figure 16. Test 5--GLFC/FCA test assembly (end impact) with graphite primary
thermal shield and modified Bendix pressure plate; edge fragment
impact; velocity 1830 fps
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Figure 16. (continued)
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Figure 17. Test 5--GLFC/FCA test assembly
(end impact); edge fragment
impact; velocity 1830 fps
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Figure 18. Test 6--GLFC/FCA test assembly (side impact);
edge fragment; velocity 970 fps

Test 6--GLFC/FCA test assembly (side impact)
at impact plus 100 feet; edge fragment impact;
velocity 970 fps

aimin UNCLASSIFIED



11111111111111111111
I1NCT ASQIFIED

LITaCt.

Figure 20. Test 6--edge fragment impacted into
CLFC/FCA test assembly (side impact);
velocity 970 fps
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Figure 21. Test 7--GLFC/FCA test assembly (side impact);
flat fragment impact; velocity 1040 fps



Thermocouple
Hold-Down Wires 	 DO-13254

Figure 22. Test 7--GLFC/FCA test assembly (side impact);
flat fragment impact; velocity 1040 fps
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Figure 23. Test 7--GLFC/FCA test assembly
(side impact); flat fragment
impact; velocity 1040 fps
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Figure 24. Test 7--GLFC/FCA Lest assembly (side impact);
flat fragment impact; velocity 1040 fps
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Test 7--GLFC/FCA test assembly (side impact);
flat fragment impact; velocity 1040 fps
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Figure 26. Test 8--GLFC/FCA test assembly (ens'. impact);
flat: lragment 	 velocity VO0 CDS

8--GLFC/FCA test assembly (end impact);
fragment impact; velocity 3200 fps
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Figure 28. Test 9--GLFC/FCA test assembly (end impact) xTith graphite primary
thermal shield; edge fragment impact; velocity 1820 fps
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Figure 29. Test 9--GLFC/FCA test assembly (end impact)
with graphite primary thermal shield; edge
fragment impact; velocity 1820 fps
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Figure 30. Test 9--GLFC/FCA test assembly (end impact) with graphite primary
thermal shield; edge fragment impact; velocity 1820 fps
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b.

Figure 31. Test 10--GLFC/FCA test assembly (end impact)
with graphite primary thermal shield; edge
fragment; velocity 2800 fps

UNCT..,A, SFIFIED
47



. 	 • 	 .

Test l0--GLFC/FCA test assembly (end impact)
with graphite primary thermal shield; edge
fragment impact; velocity 2800 fps

Figure 33. Test l0--GLFC/FCA test assembly (end impact)
with graphite primary thermal shield; edge
fragment impact; velocity 2800 fps
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Figure 34. Test 11--GLFC/FCA test assembly (end impact) with graphite
primary thermal shield; flat fragmentimpact; velocity
2800 fps; prior to fragment impact
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Test 11--GLFC/FCA test assembly (end impact)
with graphite primary thermal shield; flat
fragment impact; velocity 2800 fps; after
fragment impact.
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Figure 36. Test 11--GLFC/FCA test assembly (end impact)
with graphite primary thermal shield; Tlat
fragment impact; velocity 28C fps
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Figure 37. Test 12--GLFC/FCA test assembly (side impact);
edge fragment; velocity 1920 fps
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a.

b.

Figure 38. Test 12--GLFC/FCA test assembly (side impact);
edge fragment; velocity 1920 fps
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Figure 39. Test 13--electronic box mounted on cooling plate; impacted
GLFC/FCA test assembly (side impact) at 680 fps
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Figure 39. (continued)
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Fi'.;urc 40. Catch container for GLFC/FCA test assembly; slde
impact into electronic box; velocity 680 fps
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Figure 41.. Test 13--GLFC/FCA test assembly; side
impact into electronic box; velocity
680 fps
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Figure 42. Test 13--GLFC/FCA test assembly;
side impact into electronic box;
velocity 680 fps
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Figure 42. (continued)
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Figure 43. Test 13--GLFC/FCA test assembly;
side impact into electronic box;
velocity 680 fps
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Figure 44. Test 13--GLFC/FCA test assembly; side impact
into electronic box; velocity 680 fps
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Figure 45. Test 13--GLFC/FCA 
test assembly; side impact

into electronic box; velocity 680 fps



Powur LqsLribuLion 	 D69 - 13290

b.

Figure 45. (continued)



El.cc t 	 l lC
t!, 0y. 1:0 L

Cooling Plate

D69-13291

Figure 46. Test 13--GLFC/FCA test assembly; side impact
into electronic box; velocity 680 fps
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Catch Container
Aft End
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Figure 47. Test 13--GLFC/FCA test assembly;
side impact into electronic box;
velocity 680 fps
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FRAGMENT IMPACT
INTO GLFC TEST PLAN

The penetration of the SNAP 27 fuel capsule assembly by fragments
created during an explosion causes release of the radioactive fuel into
the fireball. The fireball vaporizes a percentage of the fuel and
creates a significant health hazard.

More experimental information is needed to enable analysis of the
penetration characteristics of the SNAP 27 fuel capsule. This test
series is designed to provide sufficient information to permit establish-
ing a penetration velocity for a specific fragment size.

The testing has been designed to provide information about the
dynamic shear properties of heated beryllium, titanium and Haynes; to
provide the penetration velocity of a fragment impacting edge on to the
end of the GLFC and impacting the side of the GLFC; and finally to pro-
vide the penetration velocity or damage estimate when fragments impact
flat against the end and the side of the GLFC.

The test matrix shown later in this plan calls for nine (9) sled
tests for hardware planning purposes. There is a firm requirement for
tests 1 and 6; other tests will be run depending on the results of the
previous test. Evaluation of test 1 will result in either test 2 or 3
and not both. Evaluation of test 6 will result in either test 7 or 8
or 9 and not all of them.

TEST OBJECTIVES 

I. Determine the dynamic shear properties of beryllium,
titanium, and Haynes heated to about 1000 ° F.

2. Determine the penetration velocity through the
titanium thermal cover and Haynes capsule, with and
without the graphite heat shield. (Edge impact).

3. Determine the damage to the titanium thermal cover
and Haynes capsule, with and without the graphite
heat shield as a function of velocity. (Flat
impact).

4. Determine the penetration velocity through the
beryllium heat shield and the Haynes capsule. (Edge
impact).

5. Determine the damage to the beryllium heat shield
and the Haynes capsule as a function of velocity.
(Flat impact).
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All of the above tests will be performed with the test item heated
to approximately the correct temperature expected at the time of a
launch pad abort.

Test Set Up and Instrumentation 

Objective I: 

A heated (approx. 1000 ° F) beryllium, titanium or Haynes plate will
be rigidly supported around its entire circumference (12 inch diameter).

Five 1/2 inch diameter by approximately 4 inch long aluminum cyl-
inders will be fired into the heated beryllium plate such that a 3 inch
edge distance is maintained.

Tie velocity will be calculated for the first shot. If penetra-
tion occurs the velocity will be reduced. It is desired to have two
penetrations and one no penetration shot at nearly the same velocity.

The velocity will be measured before impact by two independent
methods and after penetration by one method.

The temperature of the plate will be measured continuously during
the test.

If the beryllium plate cl -acks, the Project Engineer will decide
if further testing is necessary. Other materials are not expected to
crack.

The penetration holes will be flattened and smoothed. The hole
will be plugged (snug fit) with a bolt and large washers on both sides.

Camera coverage is necessary t determine orientation at impact.

Two calibration shots using aluminum cylinders on an aluminum
pla e are necessary to evaluate the instrumentation system.

Objective 2: Objective 3: 

These two objectives will be accomplished at the same time by
mounting two sets of hardware on the sled and impacting one set with
edge on aluminum plates (16x18x.063"). The impact edge will have a
beveled edge (approx. 52 ° ). The other set of hardware will be impacted
with a flat plate (16"x18"x.063").

The test hardware must be heated to have the temperature at impact
near that expected while mounted within a GLFC on the Saturn launch
vehicle.

Camera coverage is desired to show the orientation of the plates
at impact and the damage immediately after impact.

Sled velocity must be meA-,ured by two independent techniques at
the time of fragment impact.
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Objective 4: Objective 5: 

These two objectives will also be accomplished simultaneously by
mounting two beryllium heat shields on the sled and impacting one with
a flat plate (16"x18"x.063) made of aluminum and the other with a simi-
lar plate edge on. The edge will be beveled to approximately 52°.

The beryllium heat shield and capsule will be heated to have the
temperature at impact near that expected while mounted within a GLFC on
the Saturn launch vehicle.

Camera coverage is desired to show the orientation of the plates
at impact and the damage immediately after impact.

Sled velocity must be measured by two independent techniques at
the time of fragment impact.

Data Requirements 

Velocity at impact.

Velocity after impact for Objective I.

Temperatue of Test items 	 Titanium - approx. 1100 °F
Beryllium - approx. 900 ° F
Haynes 	 - approx. 1200 ° F

Damage evaluation after impact.

Test Matrix (Sled) 

FRAGMENT 	 GLFC HARDWARE
VELOCITY 	 ORIENTATION 	 ORIENTATION 	 REMARKS 

Test 1 	 1000 fps 	 Edge On Flat 	 End On 	 (Titanium, Graphite, Haynes)

If penetration occurs perform Test 2

If no penetration occurs perform Test 3

Test 2 	 500 fps 	 Edge On Flat 	 End On 	 (Titanium, Graphite, Haynes)

If penetration occurs perform Test 4

If no penetration occurs end testing

Test 3 	 2000 fps 	 Edge On Flat End On 	 (Titanium, Graphite, Haynes)

If penetration occurs, end testing

If no penetration occurs, perform Test 4

Test 4&5 	 3000 fps 	 Edge On Flat End On 	 (Titanium, Haynes, Graphite)

Test 6 	 2000 fps Edge On Flat Side On 	 (Beryllium, Hanes)

If penetration occurs perform Test 7

If no penetration occurs perform Test 8

Test 7 	 1000 fps 	 Edge On Flat Side On 	 (Beryllium, Haynes)

Test 8&9 	 3000 fps 	 Edge On Flat Side On 	 (Beryllium, Haynes)
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Test Matrix (Gu•l)

TEST NO.	 VEL. 	 PLATE MATERIAL PROJECTILE 

A 	 800 fps 	 Be 	 1/2"Dx6" AL
B 	 1500 	 Be 	 1/2"Dx2" AL
C 	 TBD 	 Ti 	 1/2"xT: AL

D 	 TBD 	 Haynes 	 1/2"xTBD AL

TBD = To Be Determined.

Test Schedule 

Preliminary planning schedule which will be modified as firm
delivery information is received from General Electric.

Gun Tests

A & B 	 week of 7-22-68
D 	 week of 7-29-68

C 	 week of 7-29-68 if titanium can be acquired

Sled Tests

1 	 August 5

2 	 August 7

3 	 August 9
4 	 Open

5 	 Open

6 	 August 14

7 	 August 16

8 	 Open

9 	 Open

Data will be available to both GE and Sandia upon completion of
a test.

General Electric will have Test Engineers present at each test
and will participate in the damage evaluation for the selection of the
next test.

NOTE: The Bendix mr'lnting hardware may provide additional penetration
protection and therefore will be installed on some of the test
items. Procurement is proceeding and the Test Project Engineers
(GE and Sandia) will determine the tests which will carry the
Bendix mounting hardware.
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