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twin-lead cable are shown.
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detonator cable tests. The setup for a 2.54-cm- (1-in.) long segment is shown after
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Figure 4. Plot for Shot 87K of the cover-layer "flyer" velocity history for cable ............ 11
explosions energized at a level of 31 kJ (60 kV) for examples of curves for the three
different initial lead connections to 10.16-cm- (4-in.) long test sections of W89
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EXECUTIVE SUMMARY

This study was performed to explore and assess the worst-case response of a
W89-type weapons system, damaged so as to expose detonator and/or detonator sating
strong link (DSSL) cables to the most extreme, credible lightning-discharge
environment. The test program used extremely high-current-level, fast-rise-time (1- to
2-_) discharges to simulate lightning strikes to either the exposed detonator or DSSL
cables.

,o

• Discharges with peak currents above 700 kA were required to explode test sections
of detonator cable and launch a flyer fast enough potentially to detonate weapon

. high explosive (HE). With proper standoff between the cable and HE, there is the

possibility of launching a thin flyer with a velocity and local p2t exceeding the
criterion for shock initiation of hot (250°C) LX-17 and Ultrafine TATB (UFTATB)
booster material and room-temperature UFTATB. The velocity was not sufficient,
however, to initiate room-temperature LX-17.

° Detonator-sating-strong-link (DSSL) cables were exploded in direct contact with
hot LX-17 and UFTATB. At maximum charging voltage, the discharge system
associated with the HE firing chamber exploded the cables at more than 600-kA
peak current; however, neither LX-17 nor UFTATB detonated at 250°C.

• Tests showed that intense surface arc discharges of more than 700 kA/cm in width
across the surface of hot UFTATB [generally the more sensitive of the two
insensitive high explosives (IHE)] could not initiate this hot IHE.

As an extension to this study, we applied the same technique to test sections of
the much-narrower but thicker-cover-layer W87 detonator cable. These tests were
performed at the same initial stored electrical energy as that used for the W89 study and
hence with relatively higher energy/area deposited in the test cable.

• Because of the narrower cable conductor in the W87 cables, discharges greater than
550-kA peak current were sufficient to explode the cable and launch a fast flyer.
This flyer generally had enough velocity to exceed the criterion for initiation of
either room-temperature or hot LX-17 and UFrATB. However, the flyer/slapper is
quite narrow (about 3 mm) and may be much smaller than the critical spot size (at
least at room temperature). Test information is needed on the critical initiation
area (spot size) for narrow strips impacting room-temperature and hot IHE before

• the risk for initiation can be specified for the W87 detonator cables.

In summary, we found that lightning strikes to exposed DSSL cables cannotw

directly detonate LX-17 or UFFATB even at high temperatures, and they pose no HE
safety threat. A similar statement can be made about a direct lightning strike to
exposed HE. A lightning strike to an exposed detonator cable may explode the cable
and launch the dielectric cover coat at high velocity. For a 700-kA discharge (far in
excess of 99% of all lightning strikes), the cover coat velocity from the W89-type cables



has sufficient velocity (disregarding the critical initiation area) to initiate hot LX-17 and
UFTATB and room-temperature UFTATB, but not room-temperature LX-17 To answer
definitively the question of whether or not an exploding cable could initiate IHE, more
experimental work needs to be done to measure the velocity thresholds for initiation at
room and elevated temperatures and to measure the critical strip width for initiation.



INTRODUCIION

A lightrting strike is a natural source of high-power electrical energy that has a
reasonable probability of energizing either the detonator or actuator conducting cables
of a weapon that has undergone an accident, exposing those cables. The median strike
would have a peak current of 20 kA (kiloampere), but a positive stroke peak current in
the 1% range could be 500 kA. 1 Such currents can obviously melt or vaporize metal
conductors with variable consequences depending on the peak current, rise time,

• geometry, and resistance of the current path. Lightning energy has been an obvious
threat for abnormal environment weapon responses, and tests have been done on
several weapon systems to demonstrate their invulnerability to typical peak currents.

- The W84 and W87 initiation subsystems have been studied and the results reported in a
series of memos. 2 Even lightning discharge currents of only a few kiloamperes through
the detonator cable leads would likely explode the the tiny bridge foil in the detonator.
However, unless the mechanical sating and arming device (MSAD) were in the armed
position, the shock from this would be well shielded from the IHE components and
would result only in dudding of the detonator.* One concern for higher current
discharges is that the fiat conductors used to keep the inductance low in fast-rise
slapper detonator systems could be heated sufficiently by the current in a lightning
discharge to explode and launch a fiat "flyer" that could then shock-initiate main-
charge explosives to detonation if other conditions were appropriate. However, the

• widths of the W84 and W87 detonator cables are significantly less than the characteristic
critical spot size for short-pulse initiation of LX-17 at room temperature, minimizing this
type of hazard. Another potential safety worry is the possibility of sufficient lightning
current passing through the actuator cable to cause an explosion of the metal actuator
cables in direct contact with the IHE.

The above concerns apply and are increased for the W89, because the W89
detonator cables are significantly wider than the W84 and W87 cables, which would be
conducive to initiation by the cable cover-coat layer (especially if the explosive were
heated in a fire). The W89 cable width is approximately the failure diameter of LX-17 at
room temperature. In addition, recent one-dimensional (1D) experiments with hot
TATB-based PBX-9502 have indicated a significant increase in sensitivity to shock
initiation as compared with the sensitivity expected from earlier tests. 3

*See Glossary for definitions of technical terms.
0

I R. T. Hasbrouck, Li_htning--Understanding it and Protecting Systems from its Effects, Lawrence Livermore
. National Laboratory,-UCRIL-53925 (April 10, 1989).

2 Dale Shauer, Defense Technology Engineering Division, LLNL, private communications (1990).

3 j. Dallman and Jerry Wackerle, "Temperature-Dependent Shock Initiation of TATB-Based High
Explosives," Los Alarhos National Laboratory, p. 322 in Proceedings of the Tenth International Detonation
Symposium (1993).



PREVIOUS EXPERIMENTAL TESTING

Previous work on the W84 and W87 initiation subsystems involved model
calculations and small-scale IHE experiments using short sections of the detonator
cables and actuator cables. In addition, a hghtning test was performed on a large-scale
inert system mock-up, which revealed the qualitative response of the system
components and included quantitative electric current measurements in the cables for
the specific parallel circuit connections used as a load.

e

In the small-scale experiments, 2.54-crn- (1-in.) long, 3.175-mm- (1/8-in.) wide
cable,_were energized up to peak currents of 1100 kA both in contact with and
sepa:ated by 1.016 mm (0.04-in.) standoff from LX-17 and UFTATB (at 1.8- and 1.4-g/cc
density) at room temperature. Some detonations were observed with UFTATB at
standoff, but none with LX-17. With a 25.4-cm (10-in.) length of cable, no detonations
were observed. 2

Also in the previous work, 2.54-cm- (1-in.) long sections of steel actuator cable
were exploded with peak currents up to 1100 kA in contact with LX-17, LTFTATB(at
1.8-g/cc density), LX-10, and PBX-9407 at room temperature. Only the PBX-9407
detonated with 960-kA peak current in the conductor.

Concerns about the magnitude of the increased sensitivity of hot TATB (as
compared with ambient-temperature TATB) have recently been raised. Run-to-
detonation-distance tests on PBX-9502 at 250oc have indicated a sensitivity to sustained
pulse initiation similar to PBX-9501 at room temperature. 3 However, Livermore tests at
250oc on LX-17 continue to indicate an increased sensitivity to initiation, but not as
much as the Los Alamos tests. 4 Work at the two laboratories to resolve this difference

for TATB-based IHEs is continuing. Older data, based on thin-flyer, short-duration
pulse experiments and used as our reference base here, show only a moderately
increased sensitivity to initiation of hot LX-17 and UFTATB at 1.8 g/cc density (as
compared with ambient temperature).5

SCOPE OF THIS INVESTIGATION

As a result of the above concerns and requests to ctuaracterize the W89 initiation-
system response to adverse electrical conditions, we embarked on a series of
experiments designed to measure the behavior of the major electrical components of the
system under worst-case conditions. No consideration was given to risk analysis or to .

4 PaulUrtiew,T.M.Cook,J.L.Maienschein,and C.M. Tarver,"ShockSensitivityofDIE atElevated
Temperatures," Lawrence Livermore National Laboratory, p. 528 in Proce_ings o/Tenth International
Detonation Symposium (1993).

5 R. Scheloske, L. Green, and R. Weingart, Sensitivity ofTriaminotrinitrobenzz'ne (TATB) at Elevated
Temperature, Lawrence Livermore National laboratory, UCID-1836 (1980).



the probability of insults that could result in these responses except to point out very
general statistics.

We identified three tasks at the start of this study:

1. Determine the response of hot LX-17 and hot UFTATB when impacted by a
detonator cable-cover-layer flyer produced by the worst credible lightning-current
strike.

o

2. Go or no-go to detonation tests with sections of steel actuator cable electrically
energized to explode in direct contact with hot LX-17 and hot UFTATB. We then

. repeated these tests with the hot UFTATB confined by a ceramic material during the
actuator-cable explosions.

3. Measure the go or no-go to detonation response of hot UFFATB to a high-
current surface arc discharge. (We decided to perform tests only on UFrATB because it
is generally more sensitive to shock initiation than is LX-17, and we had only a limited
supply of LX-17 pellets at the time.)

We approached the three tasks as follows:

Task 1: The approach we took to the first task was different from that used in
previous tests. Instead of doing experiments with live HE, we measured velocity
histories of the cable-cover-layer flyers for various cable lengths and conditions; then,
we related these data to previous thin-flyer, short-pulse, shock-initiation data, 5 which
we believe were reliable. In addition, we measured impact pressure and pulse duration
for a selected set of experimental parameters to characterize further the impact of the
cable material and to relate our results in absolute terms to previous experiments made
with flyers of different thicknesses.

Task 2: We conducted the exploding actuator cabl__ tests with LX-17 and
UFTATB in a geometry similar to that used in previous tests, 2 except that we heated the
HIE to about 250°C. We repeated the set of experiments using hot UFrATB in a more
confined geometry.

Task 3: We conducted the intense surface arc discharge study using samples of
UF_ATB at about 250°C. The go or no-go tests involved connecting the 87-kJ gun bank,
charged to 40 kV, to 1.27-cm- (0S-in.) wide electrodes with a 1.27-cm (0.5-in.) gap
mounted on the surface of the UFTATB pellets.



TASK 1: EXPERIMENT

Detonator-Cable Explosion Launch of HFlyer/Slapper"

The first task was carried out in the 100-kV, 87-kJ Electric Gun facility to achieve
a fast (1- to 10-_-rise-time) current pulse to simulate lightning. Sections of twin-lead
detonator cable with lengths from 2.54 cm (1 in.) to 22.86 cm (9 in.) were used in the
tests. These cable lengths were selected to include the most likely cable lengths that
might be involved in a lightning discharge after severe damage exposing the detonator-
cable input leads. Cable lengths longer than 10.16 cm (4 in.) to 15.24 cm (6 in.) are
unlikely, because of the thin dielectric insulation and expected electrical breakdown to
the adjacent case. The actual cable connections to the gun bank were made according to
Fig. 1. Three of the possible init:_l electrical connections to the bank from the two-
conductor cable are indicated in, ..,figure. We tested these initial circuit connections to
provide the worst-case energy deposition in the conductors; we expected that the "top"
connection case would yield the fastest cover-coat velocity. Figure 2 shows an exploded
view of the cable assembly with the various layer thicknesses. Figure 3 shows a postshot
photograph of the experimental setup on the 87-kJ gun system. 6

Table I lists the shots fired for the first flyer-velocity-evaluation task, including
the important shot parameters and measured velocities at two selected displacements
(continuous-velocity records are available for velocities at other stand-off distances).
Cable lengths were varied from 2.54 cm (1 in.) to 22.86 cm (9 in.), and all were fired at
60 kV except for one series. The highest currents and the fastest flyers resulted from the
2.54-cm (1-in.) lengths, of course, but, as the length increased, the currents began to fall
and the velocities to decrease as expected. A 22.86-cm (9-in.) length was the longest
tested and resulted in velocities much too slow to initiate explosives as demonstrated
below.

We measured velocity histories of the cover-coat material launched from the
discharge through the cables using Fabry-Perot interferometry. An example of three
records obtained from experiments on 10.16-cm (4-in.) lengths of cable is shown in
Fig. 4. The "bottom" connection generally yielded the highest velocity and allowed the
longest flyer velocity history trace. The "top" connection yielded slower flyers, and the
Fabry-Perot return signal disappeared within a few millimeters after launch: indicating
that these "flyers" were coming apart or becoming too diffuse to reflect enough light to
produce fringes. We expected that the "top" connection situation would yield the
highest velocity, because less mass/area would have to be accelerated. However, it
appears that breakdown always occurs between the two conductors after explosion of
the first conductor, causing the "bottom" initial connection case to be favored. The
"both" connection case produced an average flyer velocity nearly as high as the
"bottom "-only connection. The velocity histories for the other cable lengths also
generally followed the same order with minor variations according to the test cable

6 J.E.Osheretal.,"OperatingCharacteristicsandModelingoftheLLNL 100-KVElectricGun,"IEEETrans.
onPlasma5c/ence,17(1989).
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Figure 1. Schematic diagram of the arrangement of a section of detonator cable on a disposable laminate for tests using
our 87-kJ electric gun bank. The details of initial connections to the "top," "bottom," or "both" conductors of the flat
twin-lead cable are shown.
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Figure 2. Cross-section view of the twin-lead W89 cable with details of the two copper leads
and associated layers of Kapton insulation and adhesive.
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Figure 3. View of the variable-length test fixture used for the 1.5-cm-wide detonator cable tests. The
setup for a 2.54-cm- (l-in.) long segment is shown after a shot was fired (the insulation had to be replaced
after each shot).



Table 1. Shots fired in first evaluation test.

Shot # V (kV) Geometry I (max) (kA) vf (2 mm) (km/s) vf (7 mm) (km/s)
6 60 1-in. (2.54-cm)"top" 1270 3.8 >4
7 60 1-in. "bottom '° 1100 5.3 7
8 60 1-in. '"ooth" 1120 5.7 7.6

9 40 1-in. "top" 677 1.8 >2.5
10 40 1-in. 'l:_ottom" 677 1.6 >2.5 .
11 40 1-in. '1>oth" 677 3.4 >4.5

12 60 4-in. (10.16-cm) "top" 778 3.2 >4
13 60 4-in. '_ottom" No data
14 60 4-in. 'l>ottom" 789 4 5
16 60 4-in. '"both" No data
17 60 4-in. "both" 740 3.2 3.5

21 60 6-in. (15.24-cm)"top" 600 2.7 3.3
22 60 6-in. '"bottom" 610 2.6 3.2
23 60 6-in. '1>oth" 650 1.8 2.5

25 60 4-in. "top" 755
26 60 4-in. "bottom" No data
29 60 9-in. "both" 524 1.3 2

10
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energized at a level of 31 kJ (60 kV) for examples of curves for the three different initial lead
connections to 10.16-cm- (4-in.) long test sections of W89 detonator cable.



length and the flyer distance traveled. Figures 5 and 6 show plots of the measured
velocities for the various initial connections vs the length of cable at two stand-off
distances, 2 mm and 7 mm, respectively. Only minor velocity increases occur after
7 mm, which is effectively an infinite distance.

Figure 7 shows the peak currents plotted vs the cable lengths for each connection case.
The peak currents fall off with length (inductance), but not as rapidly as expected.

Because the initiation criterion for HE depends on the pressure, P, and the pulse
duration, t, i.e., through some function of the form Pnt with n about 2.0, we designed a
second series of experiments listed in Table 2 to measure the impact pressure and pulse
width. Figure 8 shows details of the geometry used for our pressure-pulse experiments.
Only 10.16-cm (4-in.) lengths were used with all three connection types. An impact
block of clear lithium fluoride (LiF) was coated with a hydrodynamically thin coating
(4000 ,/kor less) of gold or aluminum to reflect the Fabry-Perot laser light and
suspended 10 mm above the segment of detonator cable (at the middle). Figures, 9, 10,
and 11 exhibit the results. The particle velocity of the AI/LiF interface is measured and
the pressure derived from the well-known LiF Hugoniot. Figure 9 shows an example of
the pressure and the integral of the pressure (the impulse) plotted vs time for the
'l)ottom" connection case. Figure 10 shows the pressure history and the integral of the
pressure squared for this case. The results for the different connection cases are quite
different. Only the "bottom" case seems to resemble a normal pulse expected from a
simple single-layer planar flyer impact. However, the peak pressure value derived
from the LiF measurement is less than that calculated for intact, full-density Kapton and
the duration somewhat longer than that expected for the impact of a 0.076-mm (0.003-
in.) or 0.10-mm (0.004-in.) flyer. The other two ("top" and "both") initial connection
cases resulted in lower-pressure, multiple impact pulses. Figure 11 shows the case for
an anomalously long pressure pulse and resultant extreme value of p2t (discussed
below as one of several "unusual" shots with a "bottom"-only initial connection).

Discussion

Cover-layer velocity measurements: The first series of experiments was
designed to evaluate conditions for launch of the cover layer as a flyer and to
determine if this flyer has sufficient velocity to initiate ambient or hot LX-17 or
UFTATB. The answer is clearly yes, particularly for lengths of 10.16 cm (4 in.) or less,
based on the magnitude of the flyer velocity, as compared with the threshold velocity
criteria in Ref. 5 of about 4.4 km/s for ambient and 3.2 km/s for 250°C LX-17, and
about 2.8 km/s for ambient and 2.3 km/s for 250°C UFrATB (indicated as reference

values in Figs. 4 and 5). Specifically, for the six shots with a 10.16-cm- (4-in.) long test
section and detailed velocity records, all six shots had sufficient velocity at a standoff of
7 mm to exceed the velocity criterion to initiate either ambient or hot UFFATB or hot
LX-17, but only four of the shots met the velocity criterion for initiating ambient LX-17.
The necessary conditions include electrical connection to either exposed "bottom" or
"both" conductors of the twin lead detonator cable and a microsecond-range rise time

12
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Figure 6. Plot of the flyer cover layer velocity at a 7-mm standoff for"top," "bottom" and "both"
connections vs test cable section length. Also shown are the threshold velocities for initiation of ambient
or hot LX-17,or ambient or hot Ultrafine TATB measured in Ref. 5 using 0.025-mm-thick Kapton flyer
material.
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Figure 7. Plot of the peak current vs length for a fixed voltage of 60 kV for this test
series.



87 KJ Electric Gun Lo s for NS shots 048-102 all at 60 KV

Table 2. Shots fired in second evaluation task.

Shot# Geometry l(max)(kA) vf(2mm) (kin/s) vf(7mm) (kin/s) P(max)(GPa) Jp2dt(GPa2ps)

48 4-irL (10.16 cm) "top" Timing shot

49 4-in. "top" No data 11 6.5
50 4-irL "top" 25.5 14
51 4-in. "bottom"
52 4-in. "both" Timing shot

53 4-in. "both" 13 4.7
54 4-ir_ "both"

83 4-in. "top" 730 >3.5
84 4-in. "bottom" 700 2.9 4.6
85 4-in_ "both" 760 3.1 4.5

86 4-in. Single 610 4.3 6.8
87 4-in. Single 600 4.3 6.6
88 4-in. Single No data
89 4-in. Single 610 70 45

t..a

o_ 90 4-in. "bottom" 730 Timing shot
91 4-in. "bottom" 690 25? 45??
92 4-in. "both" 770 Timing shot
93 4qn. "both" 770 12 23
94 4-in. "bottom" 710 3.8 5.1
95 4-in. "bottom" 720 14 3.5
96 6-ire (15.24-cm)"oottom" 650 3.2 3.6
97 6-in. -bottom" 640 Witness plate at 10 mm Poor impact
98 6-in. -bottom" 650 13 >9?
99 4-ire "bottom" 703 24 10
100 4-in. -bottom" 702 24.5 8
101 4-in. -bottom" 720 30 14
102 6-in. "bottom" 645 Witness plate at 10 mm 20 40??
105 4-in. -both" 770 Streak camera/inclined wimess plate
107 4-in. -both" 765 313 Footprint and impact picture
109 4-in. -both" 748 283 Pinch effect evident on footprint & impact picture
110 4-in. -both" 758 279 2.8 km/s (at 1 mm)
111 4-in. "both" 771 325 , 13 GPa 2.5-4
112 4-in. "both" 767 320 Poor impact

• • a



Return light
to Fabry-Perot Incident laser light

Detonator cable

Thin gold coating

1 cm

Figure 8. Arrangement for measuring the interface (particle) velocity to calculate the
pressure just inside a thin gold or aluminum face LiF target from the known equation
of state (EOS) of LiF.
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electrical discharge pulse producing a current in the cable of at least 700 kA. As noted
in the earlier W87 study (Ref. 2), a lightning discharge to one or both of the cable leads
and to the case as a common connection in parallel, with the return-circuit connection
to the case at another point, would split the discharge current. Only a fraction of the
total current (dependent on the specific circuit details) would then flow through the
cable (interior to the case) and act to energize the explosion of the cable, with the rest of
the current flowing through the case. The flyer velocities measured for cable lengths
greater than about 15.24 cm (6 in.) are too low to be a hazard (at least for fast-rising test

• currents limited to about 700 kA). Only 1% of common negative lightning strokes
exceed 200 kA, and only 1% of positive lightning (only 15%of global lightning) exceeds
400-500 kA, so the probability of slapper-like action is very low.

The record of the flyer velocity and its integrity varied more from shot to shot
than was expected during the above tests. Detailed measurements of the voltage across
the cable samples and dl/dt (from the Rogowsld belt signal) during the burst process
show that for a single-conductor initial connection, the current to the first conductor
was shunted to the second conductor within about 100 ns after burst. The sharp rise in
resistance, and hence voltage, at burst of the first conductor apparently causes the
insulation separating the two conductors to break down. The reduced voltage after
breakdown and the shunting of the current to the second conductor sharply reduce the
efficiency of the first conductor explosion for flyer acceleration. The second conductor
then heats until it explodes, producing the main launch of the cover-layer flyer. To
illustrate the burst sequence, the waveforms for the current (/), the time rate of change
of the current (dl/dt), and the voltage for the 'l)ottom"-only initial connection (shot #90)
for a 10.16-cm- (4-in.) long segment test are shown in Fig. 12. Note from the dl/dt and
voltage signals, the burst of first ('bottom") lead at about I tts. The burst of the second
lead at about 2.0 tts is really launching the flyer. For comparison, the waveforms for the
current, the time rate of change of the current, and the voltage for Shot #92 are shown in
Fig. 13 for the "both" initial connection case with the main burst occurring at about 2.4
tts. For the single-initial-lead connection cases, this change in circuit during the burst
process complicates the application of any code to predict the flyer data. However, for a
"both" connection fixed circuit, the CONFUSE code 7 (with the same total thickness
bridge-foil) does a good job of predicting the peak current, the burst current, the timing
of the burst, and the resultant flyer velocity history. The CONFUSE code predictions
for the I (peak) at the predicted peak time and l (burst) at the predicted burst time are
shown in Fig. 13. The measured flyer velocities for Shot #85 at 2 mm and 7 mm are 3.9
and 4.6 km/s; the corresponding predicted values from CONFUSE are 3.9 and 4.9
km/s.

w

In the specific case of the "top" (initial) conductor connection, the current after the
first explosion is shunted and inefficient for acceleration, and the second explosion is

" beneath the relatively heavy copper debris and interconductor insulation of the
detonator cable, and hence is also relatively inefficient in launching the "top" thin
Kapton cover to a high velocity. In the case of the 'l)ottom" (initial) connection, the

7 I.Lindemuth,LosAlamosNationalLaboratory,privatecommunication,and].App.Phys.57(1958).
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explosionofthefirst('"oottom")conductorfavorablyshapesthecurrentpulseforthe
second"top"leadand producesa minorpreaccelerationofthe"top"layers.The boosted
"top"conductoriscoveredonlyby thethinlayerof0.076-ram-(0.003-in.)thickKapton
and adhesive,and itsexplosionnow isgenerallythemostefficientcaseofallfor
accelerationofthecoverflyer.However,thedelaytimeand thegeometriclocationof
theinsulationbreakthroughtothesecondconductorarevariableand appearto
contributetoanunexpectedlylargevariationinthefinalflyer-layervelocity.The case
ofthe"both"(initial)conductorconnectionislessvariableand producesnearlyashigh
acover-layerflyervelocityasthe'"oottom"-onlyinitialconnection.Testswere also
performedwiththetwin-conductorcablesplitintotwo singleconductorcables.
Currentpassedthrougha singlelead(halfcable)yieldedthehighestflyervelocityofall
(testslistedinTable2).However,thetypeofdamage likelytoresultinthiscaseisfelt
tobeextremelyunlikely.

ImpactpressuremeasurementforcomparingPit:Given thattheflyervelocity
thresholdcriteriaforhotLX-17and UFFATB couldbeexceededundersome conditions,

we designeda secondseriesoftests,listedinTable2,tomeasurethepressurehistory
generatedby impactofthecover-layerflyer.Reference5 used0.254-mm-(0.010-in.)
thickKaptonflyersinestablishingtheshort-pulsevelocitycriteriausedaboveand
shown inFigs.5 and 6.Our approachtocorrectingthecriteriafordifferencesfromthe
expectedvery-short-pulsedurationproducedfromimpactofthe0.0762-mm-(0.003-in.)
thickKaptoncover-layerflyerfortheW89 was tocomparevaluesofp2t(considered
oneofthebestparametersforcharacterizingthethresholdforHE orIHE detonation,
thoughsome feelthattheimpactenergydensitymay be anevenbettermeans of
comparison).To calculatethevalueofp2tforthevelocitythresholddataofRef.5,we
usetheEOS and ourimpactcodesforcalculatingthepressureP and thedurationtof
Kaptonflyerimpacton AI/LiFtargetsforthe0.254-turn(0.010-in.)flyerthicknessand
thresholdvelocitiesusedinRef.5.We thencomparedthesecalculatedp2tthreshold

valueswithourmeasuredvaluesofp2(impacton AI/LiF)integratedoverthefirst
0.1l_sorsoafterimpact(reflectedwaves caninvalidatethelatersignal).The pulse
historiesobservedfromtheimpactofthedetonatorcable-coverlayerflyeraregenerally
veryshortand spikedand occasionallyincludesecondaryimpactstructures,sodirect
measurementofp2timesa durationtimefromtheraw dataisdifficult.The

compromisewe adoptedwas tousethenumericalintegralofp2overtimeusingthe
measuredpressurehistory.Thisapproachwas foundtabeconsistentwithpriorsimple
nearlyrectangularpulsedatausing0.3048-mm-(0.012-in.)thickKaptonflyerslaunched
fromalargerareaelectricgun geometrywithabarrelusedtodefinetheflyer
dimensions.Thisapproachtop2tis,however,subjecttorelativelylargeerrorbars
fromuncertaintiesinthe"spikedpeak"detailofthepressurehistory.

The comparisonofp2tforKaptonimpactingon AI/LiF(showninTable3)again
leadstosome (2outof10testshotsforhotLX-17,4outof10shotsforhotUFTATB, and
2 outof10shotsforambientUFTATB) ofthemeasuredlocalvaluesofp2tfromthe
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Table 3. Comparison of flyer velocity and impact data.

Four-in. (10.16 cm) detonator cable at 60 kV - {target aluminum faced LtF}

Connection Veloctty (d = 7mm) mm/_ Pmax(from Up) GPa .fPZdt(GPa)2 _ .....
,TO_I _......... 3 Q5 .....to >4 ......................... 11 ................... 6,5 I

"Both" 3.5 to 4.5 13-25 4.7-23
"Bottom" 4.6 to 5.1 14-30 3.5-14 (45??)

,m

..........................................Sing]e 6.6 to 6.8 70 ........... 45

,s

Previous shock criteria for 0.2S4-mm (0.010-1n.} Kapton flyer on LX-17 (or UFTATB)

Temperature Threshold Velocity Pe.le IAVLIF} "c(calcl P2t tont AI/LIF}
...... I I IIIII _ II|llllil I I L [ il II I Ilill J I I Ilia I I IIII

LX-17
II ][ J_lJll III

Ambient 4.4 28.5 58 ns 47
250°C 3.1 17.0 76 ns 22

UFrATB
_bient ' 2.8 i6 79 ns 20

250°C 2.3 12 92 ns 13

detonator cable exceeding the corresponding threshold values calculated from Ref. 5.
Note that we could have used the EOS for Kapton impact on LX-17 or UFTATB and
calculated the P2t values for impact on these materials for the flyer velocities used in
Ref. 5; however, we would then also have needed to convert our experimental pressure
measurement on AI/LiF to what we would have measured on impact with LX-17 or
UFTATB. As a result, we do not here give the p2t threshold values for Kapton impact
on LX-17 or UFTATB, although they can be calculated.

This pressure history study included some surprises. The impact of our cover
layer of Kapton at a measured velocity on our AI/LiF diagnostic target typically
resulted in a sharply peaked pressure value about 10% below values predicted by our
code calculations using the EOS for full-density Kapton (1.42), though the results can be
fitted if the Kapton density is reduced to about I. In addition, the duration of the

, impact is generally observed to be longer than expected from impact of 0.0762-mm
(0.003-in.) Kapton at the measured velocity and occasionally significantly (up to nearly
10x) longer, as shown in Fig. 11.

o

Cover layer/flyer impact characteristics: In our third series of tests, we intended
to evaluate the basic cause of the wide variation in our P2t values. The results of these

tests are also listed in Table 2. Tests with a 6.35-mm- (0.25-in.) thick witness plate of
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aluminum impactedatnormalincidenceatselectedstandoffdistancesfromI to10mm

(orataninclinedangle)fromthedetonatorcablesurfaceshowed thatthe15-ram-wide
flyer(theinitialwidthofthecopperconductor)quicklynarrows(presumablyfrom
magneticpinchforces)toimpactasonlya 4-to6-rnm-widestripafterthefirstfew mm
travelafterlaunch.Testswitha streakingcameraobservingtheflyerimpacton a glass

targetshow theflyertobestillnearlyfiatatabouti rnm,butrapidlynarrowingand
becomingmore bowed (concave)withdistancetraveled.An exampleofthestreak
camerarecordofflyerimpacton aglasstargetlocatedat10mm isshown inFig.14fora
I0.16,.cm(4-in.)cablelengthwith'"oottom"-onlyinitialconnection.The witnessplate

damage fromtheimpactofthe'"vottom"-onlyconnectionflyer,after10mm oftravel,is
shown inFig.15.The damage isdominatedby two narrowdeepgrooveson eachside
ofcenter.The dimensionsand Sl:,_,cingofthedamage groovescorrespondexactlytothe

side"fold"(longerduration)featuresseeninFig.14.Incontrast,thedamage pattern
fromtheimpactofa "both"connectionflyerproducesonlyone deepnarrowgrooveon
eachsideofcenter.Apparently,thetimeseparationofthetwo explosionsofthetwin-
conductordetonatorcablewithaninitialsingle-conductorconnectionproducesa

secondedgeconvolution,asalsoseenon a streakimageoftheflyerimpacton a glass
target.Ifthedurationofthelightproducedby impactistakentobeindicativeofthe
pulseduration,theseflyersinvolvea high-amplitude,short-durationpulse(tensof
nanoseconds)on theflyerstripcenterline,butincludenarrowsidefeaturesI to2mm
offthecenterlineatrelativelysimilarpressuresthatcanlastlongerthan100ns.Ifthere

isa 1.5-rammisalignrnentincenteringoftheFabry-Perotbeam on thealuminum-coated
LiFcrystalmounted 10mm abovethecable(l-turnspotsizetypical)oriftheflyerstrip
islaunchedataslightangle,thentheobservedextremevariationinp2tshown in
Table2 couldoccur.The compositionoftheside-foldfeaturesisnotknown; foldingof
the15-raminitialwidthstripasitisnarrowedtoabout5 mm isone possibility.Others
areremnantdebrisfromthetearingoftheKaptonstripedgefromtheinitiallarger

Kaptoninsulationsheetorevenblowbyofthehigh-pressurecopperplasma
acceleratingtheflyermaterial.Inany case,theloweredpeakimpactpressureon the
cent_fline(ascomparedwiththeoryforfull-densityKapton)ispresumed tobecaused
bychangesintheEOS oftheKaptonasthestripisnarrowed,deformed,and likely
heated.The flyervelocityand impactdataarecomparedwithRef.5 inTable3.

Conclusion

The flyer details suggest the need for repeated impact tests on LX-17 and
UFTATB. The probability for the type of extreme abnormal event envisioned by Task 1
is clearly very low, though there may be some correlation for a damaging crash
followed by a heating fire in a lightning-storm environment. The end result of the Task
1 test series is that this basic technique of measuring the "slapper"-like characteristics of
the cover-layer strip flyer is inadequate to determine clearly the go or no-go criteria for
ambient or hot LX-17 or UFTATB. The strip flyer layer produced by the electrical
explosion of the cable conductors has been found to self-form a narrower and
presumably thicker-than-expected flyer with deep folds and a wide range of local p2t
values.The resultsaresuggestiveofapossibleextremeabnormalenvironmentsafety
problem,butuncertaintyaboutthesensitivityofLX-17and UFrATB tocriticalspotsize
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" Figure 14. A streak picture record of the impact of the flyer strip on a glass target
placed 10 mm above the initial cable position. The case is for a "bottom"-only initial
connection. Note the locations of the two longer duration features on each side. The
streak writing speed was 100 ns per division.
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Figure 15. A front and back surface view of the damage done to a 6.3S-ram-thick
witness plate of aluminum located 10 mm above the detonator cable and impacted by
the strip flyer shown in Figure 13. The enhanced damage grooves shown on each side
of the strip centerline correspond exactly with the long duration features on the
streak camera picture.
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features such as the nonuniform narrow strip flyer found here leads to significant
uncertainty in applying the results. However, detonation of the main LX-17chargeover
a I0.16-cm (4-in.) arc length could raise the question of some possible nuclear yield from
a nominally one-point-safe system. The '"oottom"line, in view of the extreme
complexity of flyer impact size and detail, is that further selective go or no-go tests are
recommended with both ambient and hot LX-17and UFTATBexposed directly to the
impact of the type of strip cover-layer flyer produced by electrical explosion of test
lengths of detonator cable.

@

The velocity thresholds for flyer initiation of either ambient or hot UFTATB
(1.8 density) arenot discussed in detail here,other than to note that most of the test flyer

. impact conditions would be sufficient to initiate it. However, in a reasonably intact
system, the UFFATBis protected from any exploding action of the detonator cable by a
polycarbonate safety collar. Damage sufficient to dislocate this rugged collar located
inside the case to expose the UFTATBwould have to be extreme. However, at
temperatures above about 155°C,the polycarbonate would soften, melt, and perhaps
run out of place, introducing the UFFATB as an additional possible hazard.

TASK 2: ACTUATOR-CABLEEXPLOSIONIN CONTACT WITH HOT IHE

Experiment

This go or no-go test series involved the explosion of a short length of steel
actuator cable in contact with either LX-17or UFrATB at 250°C. A 5.08-cm- (2-in.) long
section of cable was energized to ohmically heat and explode by connection to our
40-kV gun bank in HEAl:. The H4Esample pellets were each 2.54 cm (i in.) in diameter
and 2.54 cm (I in.) long, with a groove cut at one end so that the 3.175-mm (0.125-in.)
outside diameter actuator cable could be imbedded in it. A sketch of the setup is shown
in Fig. 16. A heating mantle dome (destroyed in the course of each test) was used to
raise the pellet temperature slowly to about 250°C, as monitored by a set of
thermocouples. The 5.08-cm- (2-in.) long section of actuator cable exploded at a current
of about 480 kA for the bank initially charged to 40 kV. Six tests were fired (threeLX-17
and three UFTAT8). Table 4 lists the details of the tests, all resulting in no-go
conditions. A thin steel witness plate recessed to fit as a cap over one end of the IHE
pellet was used as the go or no-go diagnostic.

After the tests were completed, we asked whether the results would have been
" different if the IHEpellets had been confined. We then performed a second brief test

series using UFTATB(the more sensitive of the two IHE types used in these tests) at
250°C confined in a tight-fitting ceramic cup. We used a ceramic cup because it

" providedbothastrongmaterialforconfinementandinsulationtoavoidshortingout
the40-kVbankconnections.Thecupwasmade ofAD-995ceramic(tensilestrengthof
40Psi)with5.08-rnm-(0.20-in.)thickwalls.We performedthreetestsusingthehot
UFTATB;againallresultedinno-goconditions.ThetestdetailsarelistedinTable5.

29



!_......... _! w_ orwithout

S.08-mm1o._"')wall

40 kV Bank !'u "lnmda"ti:on '

Figure16.The arrangementusedfor goor no-Kotestsof the explosionof asectionof
actuatorcableembeddedin agroovewith ambientand250°Cpelletsof LX-17or
UFTATB.

m _J • •



Table 4. Actuator cable burst in contact with hot IHE (nonconflned).

• E-gun, 56 I_Fat 40 kV
• Actuator cable, 5.08 cm (2 in.) long

LX-17 (25 g)

. Shot # Temp (°C) Burst I (KA) Peak I (KA) Result _
256 -- -- No go

. NS2-S 258 -- -- No go

NS2-6 249 486 627 No go

UFTATB (25 g)

NS2-7 258 --- -- No go

NS2-8 264 466 627 No go

NS2-9 256 470 658 No go

Table S. Actuator cable burst in contact with hot IHE (confined).

• E-gun. 56 KFat 40 kV
• UFrATB, 25 g confined in ceramic cup with 5.08-mm (0.200-in.) wall
• Actuator cable, 5.08 cm (2 in.) long

Shot # Temp (oc) Burst I (KA) Peak I (KA) _ Result
NS2"10 250 457 ........ 615 ' No go

NS2-11 254 405 598 No go

NS2-12 272 407 582 No go
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Discussion

The tests performed represent the most extreme scenario expected from a direct
lightning strike to a short length of exposed actuator cable in contact with hot LX-17 or
UFTATB. In an actual situation, the W89 system would have to be damaged to expose
the actuator cable. Further, the safety electrical shunt to the case at the cable opening
would have to be damaged or destroyed, or most of the discharge current would be
shunted externally to the case. A current level of more than 400 kA is already below the
1% level for all lightning (positive and negative) discharges. All of the tests resulted in
no-go, even using the violence of the actuator cable exploded at 480 kA and a peak
current in the cable of more than 600 kA.

Conclusion

The maximum credible lightning discharge to the actuator cable is not a safety
problem to either hot UFTATB or LX-17.

TASK 3: INTENSE SURFACE ARC ON HOT IHE

Experiment

This series of tests was performed using our 40-kV gun bank in HEAF charged to
40 kV and connected across 1.27-crn (O.5-in.) gap between two 1.27-cm- (0.5-in.) wide
thin copper electrodes mounted in contact with the face of the hot IHE peUet. In an
initial test of the setup with mock IHE at ambient temperature, framing camera pictures
showed the discharge forming a multifilament discharge across the gap. Rogowski belt
measurements showed a total peak current near 1 MA across the 1.27-cm- (0.5-in.) wide
by 1.27-cm- (0.5-in.) long gap. We performed three tests using UVFATB pellets (because
they were more sensitive than LX-17) heated to about 250°C using a heating mantle
arrangement similar to that used in Task 2. The main diagnostic to evaluate go or no-go
was again use of a small steel plate cap recessed to fit over the top of the pellet. All of
the tests resulted in no-go conditions with minor damage to the steel plate (detonation
would have caused extreme damage) and collection of remnant UFTATB debris after
each shot, as detailed in Table 6.

Discussion
v

This limited test series using UFTATB at 250oc as the most sensitive component
resulted in only no-go conditions. The current density of the surface arc would appear
to be at the limit expected from even the most extreme lightning.

Conclusion

An intense surface arc is not a hazard even for hot UFTATB.
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Table 6. High-voltage discharges across hot IHE.

• E-gun, 56 _F at 40 kV
• IHE = UFFATB, 25-g pellet
• Arc gap 1.27 cm (0.5 in.)

a

Shot # Temp (°C) Peak I (KA) Result
NS3-06 261 973 No go

NS3-07 249 1,007 No go

NS3-08 290 952 No go

ADDITIONAL POSSIBLE QUESTIONS

The tests in the above set of tasks were all performed on full-density LX-17 or
1.8-density UFTATB at ambient and hot conditions (about 250°C). We did not explore
the question of the possibility of enhanced sensitivity of IHE cracked or partially
rubbled to a lower density. If "damaged" _ tests show a major increase in HIE
sensitivity, some of the above tests should be repeated or even extended to include the
possibility of case burn-through and surface arcing on such a damaged IHE sample.
The main high-current pulse of positive lighting is quoted as being followed by a long
discharge of several kiloampere range current lasting perhaps 150 ms and possibly
causing case burn-through or significant weakening.

The tests for the above tasks were done using a relatively fast-rise (rise time near
2 _s) current pulse typical of negative lightning. The results of these tests indicate that
positive lightning represents the more serious threat, because of the extremely high-
current pulse required to explode the cable and launch a hazardous energetic flyer.
Therefore, if the above strip impact tests on IHE show significant probabilities to "go to
initiation," selected additional tests should be performed with much slower rise-time
(10- to 50-_) pulses more typical of positive lightning. A preliminary calculation using
the CONFUSE code indicates that this would have a significant effect in reducing the
peak current needed for exploding the detonator cable, but would also produce a much
lower velocity strip flyer. (For instance, even an 8-_ rise-time pulse would reduce the

• peak current to 520 kA, with a flyer velocity of 1.3 km/s at 2 mm, or just over 4 km/s at
7ram).

In any case, this study did not explore the chain of probabilities in a real scenario
resulting in a significant hazard. Briefly, such probabilities would include the event
resulting in sufficient damage to expose the cables, the likelihood of a lightning
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discharge of sufficient current to launch an energetic flyer including the probability of
the various discharge circuit connections (separate from or in parallel) to the case and
return circuit splitting the current so that only a fraction flows through the cable, the
effective interior cable length undergoing the explosion (limited in length by voltage
breakdown to the adjacent case wall), and finally the interior cable to IHE local stand-off
distance in the damaged system (a stand-off distance of several millimeters is required
to get the flyer velocity up).

W87 DETONATOR CABLE TESTS

The W89 test series contributed considerable insight as to the type of slapper
action that might result from a "lighming-like" electrically energized explosion of the
W89 detonator cable. Therefore, we decided to perform a selected set of similar tests
with the W87 cable using the same techniques to evaluate the margin of safety with that
system. The W87 cable has much narrower copper conductors (3.175-mm or
0.125-in.-wide as compared with the 15-ram width for the W89) and a slightly thicker
(0.127-ram or 0.005-in. instead of the 0.076-ram or 0.003-in. for the W89) overcoat of
Kapton. The bonded Kapton total width of the cable is about 6.35 mm (03.5-in.). The
copper conductor thicknesses are the same for both systems.

W87 Experimental Flyer/Slapper Velocity Measurement

The flyer/slapper velocity measurement was again carried out using the 87-kJ
electric gun facility to simulate a high-current lightning discharge. Four-in. (10.16-cm)
test lengths of cable were selected as representing the longest cable length (and hence
most serious problem from the standpoint of initia6ng the IHE over an arc length rather
than a single point) that would likely be involved in a lightning strike before electrical
breakdown through the insulation to the case shunting the current from the cable to the
case. Shorter lengths would be expected to yield still higher flyer/slapper velocities and
longer lengths lower velocities, all within a relatively narrow range of required peak
current levels. A cross-section view of the W87 cable is shown in Fig. 17. We selected the
"both-leads" initial connection for test (with insulation scraped off from the ends of
both the "top" and '"oottom"conductors) as the most likely connection in a lightning
strike to damaged leads and representative of the peak current needed and resulting in
an average-to-maximum flyer/slapper velocity. The W89 tests showed that the two
leads of the twin-lead cable eventually short together (from interlead dielectric
breakdown when exposed to the high-voltage spike at burst of the first connection if the
single-lead initial connection is selected), and current sufficient to burst both leads is
required to launch an energetic flyer/slapper. (The flyer velocity attained with the
"bottom"-only initial connection can be highest of all for the three different initial lead
choices, but it is more variable in performance.)

m

We kept the charge voltage of the 87-k] gun bank at 60 kV (31 kJ) for comparison
with the W89 test series (a somewhat arbitrary choice). A typical set of waveforms for l
and dl/dt are shown in Fig. 18. The measured peak current is about 550 kA, which can be
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Figure 17. Cross-section exploded end view of the twin-lead W87 cable with details of
• the two copper leads and associated layers of Kapton insulation and adhesive.
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compared withthepeakcurrentofabout750kA forthemuch widerW89 cable.The
othersignificantdifferenceisthebursttimeofabout0.7_, whichiswellbeforecurrent
peak,whiletheW89 burstoccursatabout2.4its,wellaftercurrentpeak.The difference
incurrentand bursttimesisreasonablyconsistentwiththepredictions(e.g.,from the
actionintegralorCONFUSE code)becauseofthedifferencesincopperconductor
widthsofthetwo cables.Fortheselectedbank voltage,thecurrentatburstisabout
325kA (nearlythesame asfortheW89 cable,exceptthatintheW89 casetheburstison
thebacksideofthecurrentpulse,afterthecurrentPeak).Table7 liststheshotsfiredfor

• measurement of the velocity and impact pressure characteristics discussed below. The
Fabry-Perot velocity data for the shots were very consistent. An example of the velocity-
time plot is shown in Fig. 19, including its integral, i.e., the distance the flyer traveled.

- At adistanceof2 ram,theflyerisup tonearly6.5km/s,and at5mm ithasreached
7.5km/s (orram/its).Beyond 5mm orso,theFabry-Perotlaserreturn-lightrecord
disappeared,presumablyasa resultofflyerbreakup.

Flyer/Slapper Impact Characteristics

As inthetestserieswiththeW89 cable,we useda witness-platetargetof
aluminum toinvestigatethefootprintproducedby theimpactoftheKaptonovercoat
flyer.The standofflocationswe choseforthealuminum-blockwitnessplatewere at
2 rnm or5mm fornormalimpact.We studiedthefootprintwidthvariationusingan
inclinedtargettouchingthecableatoneend and theotherend (ofthetarget)atmore
than5-ramstandoff.The initialovercoatwidthofabout3.17turnquicklynarrowed
(presumablybecauseofthepincheffecton thedrivingcopperplasma)toonlyacouple
ofmillimetersand thenslowlyexpandeduntilflyerbreakup(fragmentation)beyond
about5 mm. The narrowinginthiscasewas notasdramaticasinthecaseoftheW89
cable.We usedtheelectronicstreakcamerawas alsousedtoobservethelightproduced
by flyerimpacton a transparentglasstarget.The characteristicsoftheflyershowed
developmentofa concavebowed structure(highestvelocityatthemiddleofthestrip).
However,neitherthestreakimagenorthewitnessplateshowed any distinctside-
groovestructureotherthanthedistinctedgeofthestrip.

Impact Pressure Measurement and P2t

As inthecaseoftheW89 testseries,we employed adiagnostictargetofLIFfaced
with0.025-rnm-(0.001-in.)thickaluminum and measuredtheparticlevelocityofthe
AI/LiFinterfacewithFabry-Perotinterferometry.Then we calculatedthetime-resolved

, impactpressurejustinsidethe_ target,usingtheknown EOS fortheLiFand the
particlevelocityhistory.Inthefirstexperiments,however,we losttheFabry-Perottrace
evenbeforeimpact.We thenrealizedthatthetargetat2-to5-mm standoffwas close

• enough for the eddy current heating of the increasing current in the cable possibly to
melt and destroy the reflectivity of the thin aluminum (face) coating. We then installed a
simple electromagnetic shield just above the test cable section with an aperture through
which the flyer/slapper could easily pass. The Fabry-Perot fringes could then be
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Table 7. Shot log of W87 detonator cable tests in 87-kJ electric gun at 60 kV.

Shot# Geometry I(max) (KA) |(burst) (KA) Vf(2mm) km/s Vf(5mm) (kin/s) P(max)(Gl'a) Jp2dt (GPa2_ts)
113 4-in. (10.16 cm) '"ooth" 480 305 6.4 7.5
114 4-in. 'l_oth" 492 317 >6.0 Timing shot
115 4-in. 'both" 526 323 Poor impact, pressure pulse disappeared from F-P record
116 4-in. '"ooth" 525 331 >6.0 Ttming shot
117 4-in. 'l>oth" 528 328 Poor impact, pressure pulse disappeared
118 4-in. "ooth" 538 331 Poor impact, no pressure pulse recorded
119 4-in. "ooth" 549 325 The pressure pulse too poor to be measurable
120 4-in. "ooth" 531 328 Again no pressure pulse recorded

NOTE: Magnetic shielding installed on Shot 120

121 4-in. 'l_oth" 550 333 43 GPe 10 GPa2gs
123 4-in. '1_oth" 623 339 45 GPa 11 GPa2_s
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followed and the pressure (and the integral of pressure over time) measured, as shown
in Fig. 20. The corresponding value of p2 with its time integral used as a measure of P2t,
is shown in Fig. 21.

Discussion

ThemeasuredflyervelocitiesaretypicallyabovethresholdsdeterminedinRef.5
forthedetonationofeitherLX-17orUFrATB.However,thestripwidthisnow much
narrower than the minimum criticalspot size expected for detonation of even hot
LX-17.Again, as in the discussion of the W89 cabletest series, the pressure values
obtained using the LiFtechnique were lower than those expected from impact of fu_l-
densityKaptonatthemeasuredvelocity.Thetwomostlikelyexplanationsinclude
heatingoftheKaptonbycopperplasmasuchastomodifytheEOS oftheKaptonor
readingerrorsintheverysharplyspikedpressurepulsesfromimpactoftheverythin
Kaptonflyer0.076-rnm-(0.003-in.)thickKaptonandperhaps0.05-ram-(0.002-in.)thick
softeradhesive).TheFabry-Perotasusedhasatimeresolutionofafewnanosecondsat
best,sothepressuremeasurementissubjecttoarelativelylargeerrorbar.

Theresultfromthesevelocityandp2ttestmeasurementsisthatthemarginof
safetyoftheW87 systeminanabnormalelectricalenvironmentalsodependsonthe
minimum criticalspotsizefordetonatinghotLX-17orUFrATB. Theimpactstrip
widthismuch narrowerthanthespotsizeforambientLX-17,buttestsshouldbe
performedtoextendthecriticalspot-sizecriteriaforstripflyersimpacting2500(::LX-17
andUFFATB.
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GLOSSARY

DSSL Detonator sating strong link

EOS Equation of state

Fabry-Perot Int.rferometry technique

s FPC 461 Binder; Vinyl Ch!oride/Tritiuorochloroethylene / Copolymer

1.5:1
o

HE High explosive

HEAF High Explosives Applications Facility

HMX I, 3, 5, 7 - Tetranitro-l, 3, 5, 7 - Tetrazacyclooctone

H4E Insensitive high explosive

KeL-F 800 Binder; Chlorotrifluoroethylene/Vinyl/dine Fluoride

Kapton Polyimide film (C22HIoN205)

Lexan Trade name for polycarbonate plastic

LiF Lithium fluoride

LX-10 LLNL material; HMX / Viton composition 95 / 5%

LX-17 LL/_.. material; TATB/KeL-F 800 composition 92.5%/7.5%

MSAD Mechanicalsatingand armingdevice

PBX-9407 LANL material;RDX/FPC 461composition%/6%

PBX-9501 Ref.on p.3

PBX-9502 LANL material;TATB/KeI-F 800composition95/5%
f

RDX Hexahydro-1,3,5 -Trinitro-1,3,5-Triazine

• TATB 1, 3, 5 - Triamino-2, 4, 6 - Trin/trobenzene

Ultratine TATB Pure TATB; p = 1.8 g/crn 3, 10-tim mean particle size

Viton A Binder; Vinylidine Fluoride/Hexatiuoropropylene
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