- | - Mlstp- 651

74

Measorv & Hanger- |
%/%m%,%ﬁ SANDIA LABORATORIES

ENGINEERS AND CONTRACTORS
SINCE 1827

Pantex Plent

4-INCH SAMPLE RECOVERY CANISTERS
TEST MODEL D SERIES o

P. L. Goode - Testing
G. W. Ned4 - Reporting

For

Sandia Laboratories
Albuguerque, New Mexico

September 1969 to May 1970
Purchase Order No. 9u4~4639 and 94-4683

DEVELOPMENT DIVISION

DISTRIBUTICN OF THIS DOCUMENT IS UNLIMITED

b

bt




DISCLAIMER

Portions of this document may be illesible
in electronic image products. Images are
produced from the best available original
document.




La-1l

U-IncH SampLE Recovery CANISTERS
o | TesT MobeL D SERIES

: . P. L. Goode - Testing
) : G. W. Neff - Reporting

Mason & Hanger-Silas Mason Co., Inc.
Pantex Plant, Amarillo, Texas

September 1969 to May 1870
! Purchase Order No. S4-4639 and S4-4683
! For Sandia Laboratories
Albuquerque, New Mexico




s b

Prm——

-

ACKNOWLEDGEMENT

The work -described in this report was supervised by Phillip L. Goode*.

Glenn W. Neff compiled the tables, charts, and figures and edited the report.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

*present address: Amarillo Gear Works, Amarillo, Texas

-de
—te




TABLE OF CONTENTS

Abs trac t . L] L] . [ 2 L] L] ; . . - L] L] L - . L » L] . L] L] . . L] L4 . . L ] - L . l
Discussion. . . « v v o v i e e e e e e e e e e e e e e e e e e
General L4 ° ° L] L * i d . L] L ¢« & s e » > L] . *® & » & 2 & @ & 5 5 B s »

}IB ASS enlbly . . . s e e & o e e+ . . . . . . . [ e » 5 ® e & s e o e

Testing Procedures ¢ s e e 6 s s s e . e o & o o o & 3 o o o o A. .

Results . . . . . . . . .. . ; ..... e e e e e e e s e e e e e e

o
]
[0
;:
.
»
.
.
.
°
*
L]
.
o
.
.
.
.
(&3] (8, w w [p] N ™

General. « o ¢ o ¢ o ¢ ¢ ¢ o 8 5 s s 4 s s e e st e v s e e s e s e

Specific TeSTS « v o ¢ ¢ ¢« ¢ o o o & o s o o 4 4 s s 4 e e e e e e

o o

Tables. . . . . . .. e e e e e e e e e e e e e e e e e e
FIQUPES & v v v v b v v v o b e e s e e e e e e e e e e e e e e e e e 12
Appendix A. . v v v i e e e e e e e e e e e e e e e e e e e e e e 46

DISEPIDULTON. « v v v v v e e e e e e e e e e e e e e e e e e e e 47




ABSTRACT

Six tests were conducted on 4-Inch Test Model D Closures to develop an improved
closure for the redesigned Sandia Recovery Canister (SRC). The first three clo-
sures tested used variations of the high exp]bsive (HE) design used on the pre-
vious Model B (Second) Series! (P64283). The last three units tested used varia-

1 tions of the HE design used in the Midi Mist Event SRC.

1 4-Tneh Sample Recovery Canister, Model B (Second) Series, P. L. Goode, Mason &
Hanger-Silas Mason Co., Ine., Pantex Plant, Development Division, February~July
1969 .




DISCUSSION

General

Pantex fabricated the hardware for this test series on Purchase Order 94-4639,
These units were then assembled and tested on Purchase Order 94-4683. During

the test series, mechanical strength requirements were revised downward by Sandia.
The last two units, lower mechanical strength, of this test series were, there-
fore, annealed in an attempt to minimize internal shrapnel generation and frac-
ture of the closure section. Concurrent sleeve testing at Sandia, indicated

fhat a 1iﬁer was still nece;sary. Table I dénotés the heat freatment‘requiremenfs
and conditions of the components used in tﬁe’closure fabrication. The data shown
for TMD4-005 and 006 are the annealed values; their original conditions were the

same as those values recorded for TMD4-001 through 004.

HE Assembly
The HE, du Pont Detasheet EL-506C,was applied in an annulus to the unit with

adhesive transfer tape (3M Co., #465 in 10-inch wide ro]]s).- Three EL-506C
variations were used; C-1 (.042" thick), C-2 (.084" thick), and C-4 (.166" thick).

To minimize streiching of the HE, it was first:placed on the transfer tape, then
cut slightly larger than required, The prepared HE was then weighed and the
weight recorded. One end of the HE sheet was attached to the closure unit. The
rest was allowed to hang free while the assembly was rotated and thé HE was
guided around the assembly by hand . The excess HE was then trimmed to create a
cjosed joint. If the HE was stretched during application, it would partially
recover (later) and leave a gap. The HE trimmings and transfer tape paper back-

ing were weighed and substracted from the first weights to arrive at the assembled

HE weight. Each additional layer was added in the same manner, staggering the




? Tongitudinal joints approximately 45°. The process was continued until the

desired HE configuration was achieved.

Assembly of the modified Midi-Mist HE design (M-3) caused minor difficulty when
placing each layer of HE over a cylindrical surface abutting a conical surface.
Thé flexibility of C-1 detasheet allowed each layer to be wrapped around these
dissimilar surfaces. The outer two layers on each assembly had to have small

pie-shaped wedges cut out. This allowed placement over the cylindrical surface

—— s

without forming a ridge in the HE assembly.

[ —

Design
The sleeve assembiies consisted of two C 4142 seamless alloy steel tubes, shrunk

fit together with a diametrical interference fit of .000 to .005-inch. The for-
ward flange had a diametrical interference fit of .006 to .008-inch and was not
pinned. This feature allowed the closure unit to separate from the forward flange
during testing. The ring spacer was eliminated and instead a step was machined
as an integral part of the outer sleeve (Fig. 1). The step Was eliminated from
the last two units (Fig. 2). This made an additional 1%-inch length available
for closure. The inner sleevé was pinned to the outer sleeve with six hardened .
; steel pins. All units had 1010-1020 seamless steel liners shruhk inside of the
inner sleeve. An interference fit of .001 to .002-inch on the diameters was used.

Details of each unit are given in Table II and shown in Figs. 3 through 8.

Testing Procedures

Fig. 9 shows a typical test setup. Each closure was tested similarly, except

units TMD4-001 and 004 which were evacuated. Tests 001 and 004 used a Plexiglas
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vacuum seal on the extension pipe to allow camera coverage of the closure I.D.

A McLeod gage was used to moniter the vacuum prior to firing,

A11 closures were placed on cradles with their center lines two feet off the
ground. Plywood boxes, (4 ft. x 4 ft. x 7 ft. long) were placed around the

first four tests and filled with washed sand (4 yd3) for tamping.

Radia]lcover expansion data is shown in Fig. 10. The expanéion rates for TMD4-001
and 004 were expected, i.e., 004 expanded slower than 001 due to the reduced HE
charge. Both 001 and 004 covers were heat treated to give an ultimate tensile
strength of approximately 100 kpsi. After 240 usec, the 004 cover probably broke
up. The resulting shrapnel may have completed the last four pin switch circuits.
The dual growth rate curve for TMD4-002 (ultimate tensile 170 kpsi) was not
expected and was probably due to erroneous signals at 1% inches, 1% inches and

2 inches. These errors may have been caused by breakage of the Plexiglas pin

switch (piezo electric gages) holder.

The charge to mass ratio? (c/m) is plotted with reference to axial position in
Fig. 11. This figure shows the variation in ¢/m used for the six tests. This
is not a non-true dimensionless ratio, but may be converted to a valid ratio by
using a factor of 0.008. As herein used C/M is the number of C-1 layers present
divided by the steel thickness in inches. The axial position is referenced to
the innerface of the forward flange as zero inches. These closures were tested

in the sequence of 001, 004, 002, 003, 005, 006.

2Charge to mass c/m ratio as denoted by John Dresser, Org. 9133, Sandia Corpora-
tion, Albuquerque, New Mexico
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TMD4-001 was overdriven with the 1inér separating into two parts at a distance
five inches from the start of the taper. Therefore, the HE charge for TMD4-004
wés reduced considerably resulting in an underdriven closure. TMD4-002 was a

compromise between the previous two tests (001 and 004) yet it also resulted in
an overdriven closure. The liner of test 002 separated at 5.75 inches from the

forward flange.

A closure review meeting was held at Sandia, Albuquerque, resulting in the deci-
sion to eliminate the stress riser, now an unnecessary part of the closure units,
and to use a modified HE charge of the Midi Mist type for the TMD4 units. The
Tast three tests (003, 005, and 006) of thé series used variations of the Midi
Mist design, (M3) HE design. Fig. 11 shows the c/m ratios used for those shots.
TMD4-003 was the first unit to use the M3 design and resulted in an excellent
closure with the full length of the liner retained in the closure unit. Note
that the space formerly occupied by the stress riser was utilized for additional

length of closure and that the maximum amount of HE was placed over the minimum

wall thickness.

Fig. 11 shows plots of percent area closed (% AC) versus axial distance, same
reference. Of the first four tests which had the same heat treatments, TMD4-003

had the smallest slope (% AC/Axial length) and the best closure.

RESULTS

General

The first three closures tested gave a fair but overdriven closure (TMD4-001).

The second, a slightly underdriven closure (TMD4-004), and the third, a fair but
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overdriven closure (TMD4-002). The foam inserts (mock experiment package) were

PSR

apparently damaged by hot gasses estimated at approximately 300 psi. It is
desirable, but not essential, to eliminate the gas damage. TMD4-001 and 002
formed jets of particulate matter upon closure which should be eliminated to

i properly protect the experiments in the experimental section of the SRC.

The second three closures tested gave excellent closures (TMD4-003, 005 and

} 006). They all used variations of the M3 HE design. A1l resulted in shrapnel-
free, jetless closures with Tittle or no gas damage to the foam insert. The M3

! | 'design p1aces the maximum amount of HE 6ver the minimum wél] thickness whereas

; previous HE designs had placed the maximum HE thickness over non-minimum wall

thickness areas, see Fig. 3 and 5 for a comparison of the HE design used on

TMD4-001 and 003.

Table III lists the instrumentation data acquired for the test series. Instru-
mentation used included initial wall motion switches, radial cover expansion
switches, closure cable, dynamic and passive pressure gages. All data were
recorded on tape (Honeywell magnetic tape recorder, Model 7620) in addition to

oscilliscopes and/or rasters.

' Specific Tests (See photographs,_Figs. 12 through 28, and drawings of closure

cross-sections, Figs. 29 through 34.)
TMD4-001
Fairly good closure was achieved, but it was overdriven, similar to TMB4-0173.

The Tiner was fairly solidly clesed, but forward end was lost, shrouded or

3See report of tests performed on Sandia Corporation Purchase Order 94-4577
dated February-July 1969.
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shreaded (3% inches retained). Unit separated at the stress riser. The-
forward end of the gage filler assembly was shattered and blackened. Con-
siderable damage was done to the unshielded 300 psi gage, probably due to
high temperature material. There was evidence of “jetting" upon closure
with particulate matter near the center line of the unit damaging the gage

filler assembly. The unit apparently experienced an in ernal pressure of

approximately 300 psi. No large shrapnel was generated.

Thisvclosure was undefﬁriven, leaving an aperature of approximately % inch
remaining at the center; maximum area closed off was 99 percent. A1l of
the Tiner was retained. The liner did not separate into two parts, The

forward flange was separated from the unit. as planned.

The gage filler assembly consisting of an aluminum passive pressure gage was
coated with a light layer of black dust. There were no other indications of
gas, shrapnel, or particulate matter damage. There was'no evidence of
jetting, which should occur only when the liner completely closes. The
passive pressure gage gave no indications of having compressed, therefore,

the internal pressure was not more than 410 psi.

TMD4-002

A fairly good overdriven closure was attained. The liner remained fairly
solidly contained; but forward end of the liner was lost (4% inches retained).
This unit did not separate at the stress riser. The forward flange was

separated from the unit. The foam filler was exposed to gas, shrapnel, and

jetting damage.




TMD4-003

Good closure was produced, but the inner sleeve had 1ongitudina] splits.
The liner was fully retained and was solidly closed fdr 5/8 inch, The
forward flange was separated from the unit. The filler was not exposed to
gas, shrapnel, or jetting damage. A filament wound cover was used, but it

appeared to influence the closure quality very little.

TMD4-005

-The best closure resulted, hbwever, the inner sleeve again had longitudinal
splits. The liner was fully retained and was solidly closed for 2 inches.
A fault 3/4-inch wide by 2%-inch long by approximately 1/64-inch deep was

percent in the closure section near the centerline.

TMD4-006
The closure was good and splitting was virtually eliminated, but a very
thin band was left open about %-inch wide by 1/16-inch near the center of

the liner. The liner was fully retained and the foam filler was not damaged

other than being blackened.
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" Fig. 12

TMD4-001 Preshot




Fig. 13
TMD4-001 Postshot
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Fig. 14
TMD4-001 Postshot
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Fig. 20
TMD4-003 Post Shot
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Fig. 21
TMD4-003 Postshot
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Fig. 22
TMD4-003 Postshot




Fig. 23
TMD4-004 Postshot
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TMD4-004 Postshot
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Fig. 25
TMD4-005 Postshot
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_TMD4-005 Post Shot
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TMD4-006 Preshot
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TMD4-006 Postshot
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Appendix A

Cost Summary

Purchase Order 94-4639 - Fabrication of TMD4-001 through 006, Pantex
Engineering Order 24-3-11-00-601

Purchase Order 94-4683 - Testing of TMD4-001 through 006, Pantex
Eng1neer1ng Order 24-3-11-00- 619

Purchase Order Authorized Funds Amount Spent

94-4639 $18,500.00 $17,789.24
94-4683 $21,000.00 $21,372.97
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