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This report summarizes results of 2 months of design and testing. 
The objective was to develop instrumentation capable of recording 
the time dependent growth of the camoflet produced by a buried 
explosive charge by using the conductive properties of an ionized 
gas. The initial instrument consisted of a heavy steel pipe 
probe containing evenly spaced twisted wire-pairs. Each twisted 
wire-pair led to an electronic logic circuit which changed state
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when ionized gas completed the electrical circuit through the 
ends of the twisted wires. An oscilloscope recorded the series 
of waves produced by completing the circuit through several 
spaced wire-pairs by the expanding ionized gaseous explosive 
detonation products.  Test results indicated that the ionization 
concept is valid for this application, but the electronic logic 
system used should be hardened to withstand higher shock pres- 
sures.  More meaningful results may also be obtained by use of 
three or more probes per test since the camoflet did not seem 
to be symmetric.  Another system of detection, such as a photo- 
transistor light detector, may add additional reliability to 
the system and is recommended for investigation.  This system 
would use the light from the incandescent gaseous detonation 
products to measure the camoflet expansion rate. 
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PREFACE 

This report sununarizes experimentation and analysis con- 
ducted from August through September 1977 by Orlando Technology, 
Inc., 6237 Edgewater Drive, Orlando, Florida 32810 under Contract 
F086 35-77-C-0073 with the Air Force Armament Laboratory, Armament 
Development and Test Center, Eglin Air Force Base, Florida 32542. 
Mr. G. Rickey Griner (DLYV) served as program manager for the 
Armament Laboratory. 

Orlando Technology, Inc. principal investigators were Dr. 
Hans R. Fuehrer and Mr. John W, Kceser, Jr. Mr. Jerry H. Ross 
(TEEPF) designed the electronics system used during the program. 

This technical report has been reviewed and is approved 
for publication. 

FOR THE COMMANDER; 

R. Murray 
Chief, Analysis Ülvision •is Qfivisi 
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SECTION I 

INTRODUCTION 

A. OBJECTIVE 

The objective of this program was to develop a practical 
system for measuring the maximum size and growth rate of the 
camoflet produced when an explosive charge is detonated under- 
ground. 

B. BACKGROUND 

Earlier work on the standoff distance required to breach a 
hare, ned structure using buried explosive charges (Reference 1) 
indicated that physical contact of the camoflet with the target 
was desirable and/or necessary to obtain maximum efficiency from 
the explosive. 

The size of the camoflet produced by a given amount of 
buried explosive is determined by soil characteristics and other 
parameters.  When determining the behavior of soils under the 
influence of an exploding high explosive charge, accurate data 
on the detonation product expansion is necessary.  Many tech- 
niques have been deployed including those of solving the con- 
tinuum mechanics equation in finite difference forms.  This 
method allows the expanding products to act against the sur- 
rounding soil causing stress waves to be generated in that media. 

It is well known that the detonation products are highly 
conductive as a result of ionization occuring within the pro- 
ducts themselves.  Techniques for measuring detonation fronts 
in explosives employ this feature to determine the rate at which 
the detonation wave travels through the explosive (Reference 2), 
The ionized property of gaseous detonation products has also been 
used as a trigger to indicate when the detonation occurs so that 
subsequent events can be recorded in relationship to that starting 
time.  The ionized property of detonation products in air have 
been used to determine the expansion history of the gases. 

C. PROGRAM APPROACH 

The basic approach was to measure the ionized detonation 
products and apply the data to measure camoflet growth rate. 
Effort was directed toward design and development of a time 
dependent ionization switch triggered by the detonation products. 
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An Lonlsation awitch in the explosive charqe has been us«>vl 
to trivjijer oscilloscope traces for previous underground work. 
The simplest torn of the switch was two insulated win-s twistt'd 
together and clipped.  A voltavje was applied across tl»e wires 
and when a conductive ionization path was established, tht> AV 
across a resistor provided the oscilloscope triqqer.  This switch 
technique does not lend itself to repetitive pulsinq, and further, 
has poor edge response because of cable capacitance. 

A solid state circuit was developed usinq Schmitt trujqers 
{one per switch) as inputs into operational amplifiers connected 
as summers, then into a monostable multivibrator (one shot).  Th«> 
one shot had an output pulse width of 50 microseconds at J.S volt 
when driving 2 50 feet of R6SIU cable. 

Kach time a Schmitt triqqer is shorted, a squair wave pulse 
is produced.  The distance between the leading edges of a train 
ot pulses can be converted to camoflot front velocity.  Two 
duplicate circuits were used in the system for redundancy and 
increased reliability. 

D, ACHIEVEMENTS 

following the precedinq approach, a probe/loqic system was 
designed and built. Limited testing of the system in axr indi- 
cated a need for better shock mounting of the logic boards and 
improved electrical isolation of the active probe elements from 
the probe body. Of six tests conducted, only two qavr positive 
results. Indicated changes were made to the system and under- 
ground testing commenced. 

Detonating 8 pounds of C4 buried 5 feet deep gave two trig- 
ger points, indicating ionization radius of 9 to 12 inches. 
Subsequent visual inspection of the probe showed burned areas 
oxtending to 14 inches but not in line with triqqer wire. 

Four attempts to measure the camoflet produced by 2 7 pounds 
of C4, buried 10 feet deep, gave inconclusive results.  These 
were caused by qround water and circuit failure.  Visual post- 
test examination of the probe and surrounding soil indicated a 
maximum camoflet radius of 35 to J8 inches. 

K. RECOMMENÜAT10NS 

It is recommended that several chanqes be made to the system 
to improve reliability and accuracy.  The ionization probo should 
be redesigned to incorporate both optical and thermal sensing 
syatems in addition to the ionization systems.  The logic circuit 
should be further isolated from both electrical and mechanical 
pulses.  Several possible approaches are presented in Section IV, 

. 
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SECTION II 

IONJZATION PROBE CHARACTERISTICS 

A. PROBE DESIGN 

a maasive The initial ionization probe concept was to use 
steel bar with the trigger wire sets inside and terminating at 
spaced points along its surface.  The massive design was nec- 
essary to preclude motion prior to the arrival of the camoflet 
and also to allow for possible reuso.  The inside was hollow to 
allow for internal placement of the trigger wires.  The probe 
design is broken into two areas for discussion:  mechanical and 
electrical. 

B. MECHANICAL DESIGN 

Figures 1 through 5 show all phases of the 
eluding the ionization wire sets. The basic pr 
1) was machined from a length of 1-inch wall by 
mechanical steel tubing. A hardened steel nose 
was threaded on the front end. This nose piece 
in case of damage and also for ease of installi 
wire sets. The wire sets were also replaceable 
body of the probe was inserted into a base ring 
base gave additional massive restraint to the p 
shows the assembly details for the internal wir 
4 shows a close-up of the probe wires. Figure 
assembly. 

steel probe in- 
obe body (Figure 
4-inch O.D. 
piece (Figure 2) 
was replaceable 

ng the ionization 
as required.  The 
(Figure 3).  This 

robe.  Figure 1 
ing, while Figure 
5 is a complete 

Initial testing with explosives revealed several necessary 
changes to the probe body.  The orientation and size of the feed- 
through holes was changed to allow easier wire feed.  Figure 6 
details this new configuration.  The trigger wire end was also 
modified per Figure 7 to allow for easier assembly.  The center 
conductor was twisted together and tinned, then cut to a length 
of 0.05 inch.  The ground shield was then brought radially up to, 
but not touching, (-0.02 inch away) the center conductor.  The 
shield wires were then soldered together to form a ring around 
the center conductor.  This procedure gave a rigid ring of ground 
shield evenly spaced around the center conductor.  The air qap 
was adjusted to 0.01 to 0.02 inch.  A 2-inch length of plastic 
tubing was then fitted over the cable end for abrasion resistance 
RTV was used to hold the gage assembly in place in the pipe. 

i 

^^.^^^ . ■'■ ■ .- ~. ^ .-   ~i... 



o*:
• ijI ^ ^

I 3*2 
5*^5 at ^

I

tp ^Ui 
11^iJJ^^ P" 

< <-* •

3
fi
<1

*•<

+ ‘'<1 ' 1 
! 1

nr
i_

r
T—n

1 * 1 
1 1• 1 
1 * 1

•>*
1 1 
• ♦ 1 
! 1

1 1
1 ♦
, 1 

♦ 1 
1 I o

« 1 * 1 
1 1

♦

*e

•*t »<> 1 * * 
1 1

■
3 i * ♦
1*1

•'« • ♦' 
1 1

o 
. 1

♦ 1 
I 1♦ (

s
•%
%.

1
1 ♦ * 1 1

K

3

^L *\ *1

.1
V
o

£■

1

3 L‘

§
4f

«-«

^:r ^
UL^

>
■8ca

8oua.
co

■H

«
N
■H

c
0

«
n
O'
u.





f
41 a

II
►H U1

C 4

c •-•u •
■55

I ty»!3
^ <N

o»c
•H
«

s
2
§:

■H
n
10

0)
M
3
O'

■iH

Cm

«
■M

I
o
o

<M

&

1,
sr

g
lA

in «-i

J
nn

r*

It
i;3
tl

I!



Wm^f

a«
•H
»

* • (. j; • .JT-i. ■'-'■% ^ L

■. ■ ; .

I
M
(h

1^.
■>.. ;-

K^- -:,C-v. .

.. .

0)
Ao
cu
co
£o
•p
•H
»u
co

•H
■p
lO
N

•H
co
M

<Mo
a
3
0)
01o

0)u
D
O'

•Ha



w-rw.
,«ii

A; VJe^.-v

01

ouo.

O'c
■Ha:
0)
10«
CQ

A"-;'"4-^
s-f <- ':-"«■.*

$mm

£A'-’'
Sr^i" V '

^ 'fl; .-'v^

.\ I'V

1.. :. te-

S-:v'®SSS

^ '-4

r

a
3
I>:ooos
0)aoo
(0o
rH
I—I 
•r<
o
10
o

u
■H
O'o
I-)

>1 
f—I

•i
01
(0
M
i;

(0o
•Hco
V4
•pu
0>

r-4
u
0)
XI
0
pa
0)
■p
01 
fH

tu
0)
p
3
O'

■Ha



Gaqo Hole 

End View - Gaqc Hole 
^0.313 Dia Thru \ Pip«? Wall 
26 Pics. 

Section Through Gage Hole 

Figure 6.  Final Feed-Through for lonization Lead 

Insulator Tube 

Outer Shield 

Gage End 

Figure 7.  Final lonization Wire Configuration 
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C.   ELECTRICAL DESIGN 

The electrical systems for the probe had to satisfy several 
criteria: 

1 Fast response time (1 to 5 microseconds rise time); 

2 Hicjh noise tolerance; 

3 Square wave pulses, one per trigger; and 

4 Shock tolerance. 

A solid-state logic circuit using Schmitt triggers driving a one- 
shot through a sununing amplifier was used to get the square wave 
output.  Figure 8 shows the logic circuit.  The values of R and 
C were initially set to give a 50 microsecond pulse width.  The 
initial design had 16 Schmitt/ionization points per circuit with 
2 circuits per probe for redundancy.  A reset button was incor- 
porated so that all the triggers could be reset to the ground 
state just prior to detonation. 

A regulated power supply was built into the logic circuit 
box for field operation.  All components were mounted on a wire- 
wrapped board using DIP sockets. 

Initial field testing revealed that this system would not 
withstand heavy shock loads, as the chips fell out of the cir- 
cuit board.  A slab of foam was placed between the chips and box 
cover as a quick-fix to correct this.  Future systems would be 
encapsulated after final check and verifications. 

10 
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SECTION III 

EXPERIMENTAL TEST RESULTS 

Eleven attempts were made to get the maximum camoflct size 
using the ionization probe.  Mixed results ranging from no-traco 
to multiple trigqers were obtained. 

Six tests were conducted using 1 pound of Composition C4 
in air. Only two definite triggers were obtained. The other 
four tests gave either no trace or ambiguous readings. 

One test was conducted using 8 pounds of C4.  Both the 
probe and C4 were buried 5 feet deep.  Two trigger points were 
ionized.  This indicated a radius of from 9 to 12 inches for 
the ionized yas ball. 

Four tests were run using 27 pounds of C4 buried 10 feet 
deep.  No clear trigejer seguence was obtained; with two tests 
having smooth traces and two tests showing only 1 trigger 
ionized.  The first attempt at placing a charge 10 feet deep 
showed that ground water would be a problem.  To eliminate false 
triggers caused by ground water, the explosive-probe assembly 
was wrapped in plastic and sealed.  Figure 9 shows a test si>t 
prior to backfill.  Further, each trigger was tested to verify 
an open circuit after backfill was completed. 

A. TEST SETUP 

The electrical setup used for all the tests is shown in 
Figure 10.  The explosive charge was placed either on-< 
in-line with the upper surface of the pipe (above-groui 
only).  Figure 9 is a photograph of the probe/cable set. emplaced 
prior 

-axis or 
(above-ground tests 

B. 

to backf ill. 

TEST RESULTS 

A discussion presenting the significant parameters and 
results for each probe test is contained in the following 
paragraphs. 

Test 1; A charge of 1*» pounds C4 was positioned on axis at six 
to the first ionization point. This was an above-ground 
No oscilloscope trace was obtained.  The shock wave shook 

The box was reassembled and foam filled. 

inches 
test. 
the logic box apart. 

12 
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Test 2; Test conditions wore the same an Number 1, Both chan- 
nels super-imposed on trace. No real data was obtained.

Test 3> Test conditions were the same as Number 1 except the 
charijo was placed 30 deijrees off the probe longitudinal axis and 
6 inches to the nearest ionization point, Channel 2 had four 
apparent triggers. Channel 1 did not indicate. After this test, 
the probe and wires were modified as per Figure 7 to improve 
the ionization potential and to eliminate shorts to the steel 
shell of the probe body.

Test 4: Test conditions were the same as test Number 1 except 
the charge was placed in line with the upper surface of the probe.
No usable signals were obtained.

Test 5; Test conditions were the same as test Number 4. Channel 
1 gave two triggers indicating a bubble radius of 9 to 12 inches. 
Figure 11 is the oscillograph.

7^.

If

20 Msec/cm Sweep Rate

Figure 11, Oscillograph For Test Number 5

*» The charge was spherical, and 1 pound of C4 was placed
in line with upper probe surface positioned 6 inches to the first 
ionization point. Each channel had one trigger point indicating 
a 6 to 9-inch radius.

L
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Test 7;  This was the first buried charge and probe test.  The 
charge was 8 pounds of C4 at a 6-iru-h standoff, and was buried 
5 feet deep,  Channel 2   had 2 trigger points, and channel 1 had 
1 trigger point.  Figure 12 is an oscilloscope trace. 

Test 8;  The charge was 27 pounds of C4 at a 6-inch standoff. 
It was buried 8 feet deep«  No scope data was recorded.  Physical 
examination showed the probe to be vertical (collar down) with 
all of the test wires pulled out.  The probe body had a 2-inch 
deflection near the noaea  Figure 13 is a post-test photograph. 

Test 9:  This test was similar to Number 
One trigger point on each channel 

8 except buried 10 feet 
deep.  One trigger point on each channel was recorded.  Visual 
inspection of probe indicated four burned test points on each 
channel, or a 15 to 18-inch camoflet radius.  It was felt that 
ground water had shorted out the test points.  The remaining 
tests were conducted with the probe and charge wrapped in plas- 
tic to exclude water (l-'iqure 9). 

Test 10:  The test conditions were the same as test Number 9. 
The probe and explosive were sealed in plastic.  One trigger 
point was recorded on each channel.  Visual examination showed 
the burned area extended past 4 points.  Figure 14 shows the 
extent of the burned area.  After test Number 10, the logic 
circuit was tested and found to be erratic.  Pulses were sineus- 
oidal and/or round-topped.  A now logic circuit was installed 
and checked-out.  The probe/explosive system was carefully 
packed in dry sand within a plastic sheet to exclude ground 
water.  All entrance/exit points were sealed with tape.  Upon 
completion of backfilling, each ionization point was measured 
for total resistance at the logic box plug.  No point had less 
than 800 K ohms, indicating the probe was not moisture contami- 
nated. 

Test 11;  Test conditions were the same as test Number 9.  No 
trigger pulses were obtained.  No logical reason could be found 
for the absence of trigger pulses on the oscilloscope trace.  In 
order to gain some useful data from the test, the soil overburden 
was removed down to the area of the probe.  Careful hand work 
revealed a burned ring in the sand, (Figure 15) consisting of 
dry pulverized sand near the probe nose and wet sand/clay near 
the probe base.  The burn pattern on the probe was also measured 
and found to extend a maximum of 28.5 inches from the probe nose. 
Adding the clear standoff and distance to the charge gave a 
radius of 35.5 inches.  Taking chordal measurements of the 
spherical burn pattern in the soil gave chord length of 44.8 
inches with a maximum center height of 7.25 inches.  These 
distances convert to a sphere with a radius of 38,25 inches.  This 
distance was in very close agreement with the burn pattern distance. 

16 
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Figure 12. Oscillograph For Test 7

...

-as

:t€
“■■'Mi.

Figure 13. Test Results For a 27-Pound Buried Charge (Test 8)
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SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

Based on the limited success obtained during this limited 
program, the use of an ionization switch to determine camoflet 
size of a buried explosive does appear to be feasible, but the 
measuring system should be modified.

Physical examination of the soil surrounding the probe post­

test indicated that the burned areas were very irregular having 
rays of burned soil extending outward from the main bubble. This 
was clearly shown in Figure 14. In addition, a definite physical 
difference in the soil in front of (near explosive) the white 
ring (Figure 15) was noted. This soil area was dry and more 
homogeneous than soil outside of the ring. It was also noticeably 
warmer. Taking these differences into account, it is recommended 
that the probe concept be modified to include the following 
characteristics:

1. Thermal response mode: Each probe should have several
fast-response thermocouples in conjunction with the 
ionization switches. A response time of 0.25 to 0.50 
second should be sufficient to roughly indicate the 
extent of the hot gas detonation products even after 
they collapse. This measurement cannot give any time 
history of the bubble, but may be useful in correlating 
data obtained from other sources.

2. Optical response mode: Use should be made of the
incandescent properties of the gaseous products to 
determine camoflet size. The probe should use evenly 
spaced photo transistors in place of the ionization 
switches. Texas Instruments type LS400 NPN Planar 
Silicone Phototransistors are a promising choice. This 
device presents an open circuit in the dark but switches 
into conduction at ambient light levels. It is packaged 
in a glass rod 0,085-inch diameter by 0.6-inch long; 
ideal for mounting in a probe. It operates into a load 
of 1000 ohms at voltages of up to 30 Vdc. Switching 
speed at this voltage is 8 microseconds. A probe with 
multiple rows of these devices set for maximum sensi­

tivity could plug directly into the existing logic 
circuit. The passage of the luminous gas bubble front 
would trigger the LS400 into conduction.
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lonization response mode;  The ionization mode is a 
viable measuring technique which appears to lack 
sensitivity in the switch area.  It is recommended that 
circular switch be used similar to that shown in Figure 
7.  Improvement in reliability can be obtained by using 
a cup-shaped washer soldered over the braid with a cen- 
tral hole only 0.01 to 0.015 inch diameter larger than 
the center conductor.  A spacer insulator might be used 
to maintain gap concentricity.  Figure 16 shows the 
concept. 

Insulator 
— Co-Ax Outer Cover 

Braided Shield 
Center Insulator 

Central Insulator (part of cup) 

Central Conductor (tinned) 

Ring Air Gap 
Metal End Cap 

Figure 16.  Modified Ionization Probe Tip 
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SECTION V 

NEW TEST SYSTEM 

i 

The second series of development tests conducted in future 
work should incorporate all three of the recommended techniques 
in Section IV.  At least three separate probes should also be 
used, spaced 120 degrees apart on a common horizontal plane with 
the explosive.  All probes used should be multiple response- 
mode, i.e., optical/ionization/heat to insure data reliability. 
Figure 17 illustrates the suggested test setup. 

It is further recommended that the probe assembly be 
mounted in a massive concrete block to maintain orientation 
during detonation and subsequent soil motion.  The probe turn- 
around time could be significantly improved if a pre-cast sensor 
unit was designed to be locked into a probe, then removed after 
testing.  The unit, with its cast-in-place sensors could be easily 
checked out and replaced if necessary.  The sensor sets would be 
placed in position in a channel section, then the section would 
be filled with a rubber base casting resin. 

bar 
This assembly could then be placed on, or in, a rigid steel 
for the actual test. 
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120 Typical 

\ 

Explosive Charge — -*Q CZ^ZD* " Anchor 

- Standoff 

Probe Assembly (3 places) 

('.ROUND LEVEL 

F   t 
Depth 

Top View 

Explosive Charge /-Explosive C 

Probe Assembly y V Anchor 

Figure 17.  Proposed Test Setup 
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