4 (3

Measors & Hanger
%%Mﬂ/% /ﬂ

ENGINEERS AND CONTRACTORS
S'~NCE 827

Pantex Plant

MHSMP-70-/0  F

HE FRICTION SENSITIVITY

OBLIGUE IMPACT SENSITIVITY OF EXPLOSIVES

THE Skip TesT
HALF-INCH Gap SEnSITIVITY TEST

SANL 712-009

J. H. Van VeLkinburgh

April, May, June 1970

DEVELOPMENT DIVISION

DISTRIELT.C & T SCCUMENT IS UNLIMITED

b



DISCLAIMER

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



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, make any warranty, express or implied, or assumes any legal Eabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.



W——t

Fal

HE FricTion SENSITIVITY

OBLIQUE IMPACT SENSITIVITY OF EXPLOSIVES

THE SkiD TEST

&
HaLF-INCH GAP SENSITIVITY

J. H. Van Vethinburgh

April, May, June 1970
SANL 712-009

The study of the friction sensitivity of HE and the mechanism of frictional
initiation via an apparatus which subjects the explosive to shear while under
a sustained normal loading force.

The ‘use and study of a sensitivity test of large bare explosive charges to
oblique impact; a condition resembling possible operational accidents.

The use of a sensitivity test to determine relative shock sensitivities of
small diameter samples.

ABSTRACT
ObTique impact tests were performed on RX-04-DS and on the extrusion cast explo-
sive RX-08-AZ. Partial reactions were observed on RX-04-DS at 5.0', 45° and at
1.25', 14°; no reactions were observed with RX-08-AZ in the severest of tests.

Vertical drop tests were performed on 6"-diameter hemispheres of LX-04-1.
Results are tabulated.

A series of accelerometer instrumented oblique impact tests were performed to
obtain normal and rotational acceleration versus time.

Half-inch gap test series were performed on RX-08-AZ.

No experimental work with the friction test apparatus was done this period.



DISCUSSION

The Skid Test

Two oblique impact tests were performed on the extrusion cast explosive RX-08-AZ.
Tests were done from a drop height of 20 feet and impact angles of 14° and 45°.
No reaction or evidence of cracking or mechanical failure was observed in ejther

test.
A series of oblique impact tests were done on RX-04-DS (nominal density =
1.726 gm/cc, nominal composition 80.7% HMX/10% A1/9.3% Viton). Test results are

tabulated below:

45° Impact Angle 14° Impact Angle

3.5" NR, NR, NR 1.25' 2, 1, NR, NR, NR
5.0' 3, NR, NR, NR

Accelerometer instrumented vertical drop tests were conducted on 6" diameter

hemispheres of LX-04-1. Results are tabulated in Table I and Fig. 1-4.

A series of accelerometer instrumented oblique impact tests were performed on
11"-diameter Hé hemiSpheres to obtain normal and rotation acceleration versus
time. Fastax high speed motion pictures were also taken to observe the final
rotational velocity. The experimental arrangement is shown in Fig. 5. The two
accelerometers are placed with their active axes normal to the equatorial sur-
face and such that a line drawn through their centers is parallel to the direc-
tion of motion of the explosive billet. This arrangement makes possible a sim-

ple calculation to be done to obtain normal and rotational acceleration versus



Table I

Vertical Drop Test Parameters of LX-04-1
6"-Diameter Hemispheres

Impact Spot
Drop Height Coefficient of Restitution Diameter Weight
(feet) Accelerometer Faxtax (inches) (pounds)
S 0.69 0.50 0.52 3.80
1 0.69 0.50 0.60 . 3.80

2 0.70 0.46 ~0.71 3.82
4 0.63 0.42 0.83 3.80
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F-9
time from the outputs of the two accelerometers. Normal acceleration is given
by :

accelerometer 'A' output + accelerometer 'B' output

Ay = 5

while rotational acceleration is given by:

_ accelerometer 'A' output - accelerometer 'B' output
R 2

The tests performed are listed in Table II. A sequence of tests to be done was
determined by past experience with the explosives involved. This was done to
expedite the work schedule and minimize destruction of accelerometers in case of
explosive reaction. Final rotational velocities for the tests at 45° impact
angle as measured from the Fastax films are listed in Table III. The final
rotational velocity was also calculated by performing a numerical integration of
the rotational acceleration-time trace. These values are listed in Table III.
An attempt was made to obtain the coefficient of restitution (COR) from the
Fastax films by measuring the rebound height of the center of mass of the explo-
sive billet. By knowning the drop height, the COR can be calculated as the square
root of the ratio of rebound height to drdp height. These values are also given
in Table III. Values for the tests at 14° impact angle are not given due to

films not yet analyzed.

Normal and rotational accelerations as a function of time for the tests done are

given in Figs. 6-59.
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Table II

Accelerometer Instrumented Skid Tests Perfprmed

Np—

—— ]

Vet | Sy PP w—y [

NOTE :

*test not done

45° Impact Angle
LX-04-1 3.5 feet (7)
5.0 feet (9)
7.1 feet (13)
LX-07-1 3.5 feet (10)
3.5 feet (11)
LX-09-0 3.5 feet (14)
3.5 feet (15)
PBX-9011 3.5 feet (1)
: 5.0 feet (2)
7.1 feet (3)
10.0 feet (4)
4.1 feet (5)
PBX-9404 3.5 feet (16)
3.5 feet (17)
RX-04-DJ 3.5 feet (B8)*
5.0 feet (8)
7.1 feet (12)
14° Impact Angle
LX-04-1 .88 feet (6)
1.25 feet (8)
LX-07-1 .88 feet (9)
LX-09-0 .88 feet (11)
PBX-9011 .88 feet (1)
1.25 feet (2)
3.5 feet (3)
7.1 feet (4)
14.1 feet (10)*
PBX-9404 .88 feet (12)
RX-04-DJ .88 feet (5)
1.25 feet (7)

Numbers following drop heights indicate order in which tests

were to be done.



Final Rotational Velocities and Coefficient
of REstitution as Measured from Fastax Film

Table III

Rotational Velocity

F-11

Sequence Drop Height (radians/sec) Coefficient
Number Material (feet) Fastax Accelerometer of Restitution
1 PBX 9011 3.5 26.57 29.75 Indeterminate
2 PBX 9011 5.0 33.37 35.71 .33
3 PBX 9011 7.1 41.30 46.09 .27-.28
4 PBX 9011 10.0 47.35 52.17 .29-.,30
5 PBX 9011 14.1 ** 58.64
« 6 RX-04-DJ 3.5 *
7 LX-04-1 3.5 23.72 25.92 .38
8 RX-04~DJ 5.0 27.11 28.76 .39-.40
9 LX-04-1 5.0 *% 36.99
10 LX-07-1 3.5 27.53 30.38 Indeterminate
11 LX-07-1 3.5 *% 30.36
12 RX-04-DJ 7.1 34.52 44 .59 .32-.33
13 LX-04-1 7.1 37.18 42.47 .30
14 LX-09-0 3.5 25.46 29,05 Indeterminate
15 LX-09-0 3.5 26.42 31.22 .34-,35
16 PBX 9404 3.5 27.91 31.76 .33
17 PBX 9404 3.5 27.12 30.45 .31

*test not done

**films to be analyzed

e = opm——————— ———— «
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Half-Inch Gap Sensitivity Test

A gap test series was performed on RX-08-AZ giving a Gsg * Lgs of 48 = 3 mils

at a density of 1.823 gm/cc.

FUTURE WORK; COMMENTS; CONCLUSIONS

Fastax films of the instrumented skid tests at 14° impact angle will be analyzed

shortly.

Several accelerometer instrumented vertical drop tests are planned for the future.
Two each at a height of one foot on LX-07-1 and LX-09-0 and two each from heights
of one and two feet on RX-04-DS. Accelerometer instrumented vertical drops and

skid tests are planned on 24"-diameter (~ 280 pounds) hemispheres of PBX-9404.
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