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Attached are the minutes of the HUSKY PUP Pre-fielding instrumentation
Q’ meeting. It is hoped that you will find these to be a beneficial point
of reference for future events. I would appreciate written suggestions
on ways to improve future instrumentation meetings and their subsequent

minutes.
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MINUTES OF THE HUSKY PUP PREFIELDING INSTRUMENTATION MEETING

1. The HUSKY PUP Prefielding Instrumentation Meeting was held on
28 and 29 April 1975 at Test Directorate (FCT), Field Command,
Defense Nuclear Agency (DNA), Kirtland Air Force Base, New Mexico.
The meeting was held as a premortem review of the instrumentation
systems to be used on the HUSKY PUP Event.

2. The meeting was opened by Mr. Ray Gann who reemphasized that the
purpose of the meeting was to discuss any anticipated problems based
upon past results, new systems techniques and methods of acquiring
higher quality data. The agenda is shown in Inclosure 1. A list of
attendees is included as Inclosure 2.

3. The following is a synopsis of each presentation:

a. Science Applications Inc. (SAI) - Output Diagnostics, Neutron
Time of Flight, Energy Coupling /Inclosure 3).

b. Systems, Science and Software (SSS) - Particle Velocity (Inclosure 4).

c. Stanford Research Institute (SRI) - Energy Coupling Stress Measure-
ment (Inclosure 5).

d. Physics International (PI) - Energy Coupling Shock Time of
Arrival and Containmernt Diagnostics (Inclosure ().

e. DEVELCO, Inc. - Free-Field Stress with Memory and Postevent
Interrogation (Inclosure 7).

f. Lockheed Missiles and Space Co. (LMSC) - USN RB Systems and
Materials Studies (Inclosure 8).

g. Lockheed Palo Alto Research Laboratory (LPARL) - Output Diag-
nostics (Inclosure 9).

h. Sandia Laboratories Albuguerque (SLA) - Containment Diagnostic
and Materials Fhenomenology (Iiiclosure 10).

i. Los Alamos Scientific Laboratory (LASL) - Output Diagnostics
and Materials Studies (Inclosure 11).

j. Air Force Weapons Laboratory (AFWL) - Materials Phenomenology
(Inclosure 12).

k. Kaman Sciences Corporation (KSC) - Materials Phenomenology
(Inclosure 13).

1. Lockheed Missiles and Space Co., Pipe Division (LMSC(PIPE)) -
Closure Monitors and Tunnel Environment Measurements {Inclosure 1k4).




HUSKY PUP

PRETFIELDING INSTRUMENTATION MEETING

AGENDA
Tuesday, 8 April 1975
0845 - 0900 Introduction - Ray Gann
0900 - 0945 SAI (Sunnyvale) - Jim LePage
0945 - 1005 SAI (Albuquerque) - Bob Higgins
1005 - 1020 COFTFEE BREAK
1020 - 1045 SSS - Frank Peterson
1045 - 1115 SRI - Lec¢ Hall
1115 - 1200 Pl - Coye Vincent, Don Randalt
1200 - 1300 LUNCH
1300 - 1400 LMSC - Fred Moyer
1400 - 1445 LPARL - Jim Schallau
1445 - 1500 COFFEE BREAK
1500 - 1600 SLA - Jim MclIlmoyle
Wednesday, 9 April 1975
0900 - 1000 LASL - Dr. McQueen
1000 - 1100 AFWL - Lt Warley
1100 - 1115 COFFEE BREAK
1115 - 1145 KSC - Ray Smith
1145 - 1215 LMSC (Pipe) - Jack Neuer @
1215 CLOSING COMMENTS g
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ATTENDEES
X NAME ORGANIZATION PHONE NUMBER
BARASCH, Guy E. LASL (505) 667-7568
- BUSICK, John J. LASL (505) 667-5255
CHRISTENSON, Charles L. FCDNA (505) 264-9301
COOK, C. Wayne SLA (505) 264-8935
COLLINS, Burt H. IRT (505) 266-5678
COOPER, Philip SAT (505) 266-5693
DENNEY, Carl A. SLA (505) 264-8910
DOBBINS, .lohn B. FCDNA (505) 264-4601
DUIMSTRA, Carl O. SLA (505) 264-1667
ENGSTROM, Dale R. LASL (505) 667-5768
GANN, Raymond H. FCDNA (505) 264-7888
GIARA, Emil J. AVCO (617) 657-2601
GILLIAM, Rohert P. PDA (714) 979-4671
GRIFFIN, Richard E. FCDNA (505) 264-7888
o HALL, Lee B. SRI (408) 326-6200
HART, Eugene C. AFWL (505) 264-1851
. HIGGINS, Robert W. SAI (505) 266-5693
v HING, Kay Mane L. LPARL (415) 493-4411
HOLLISTER, Herbert KSC (303) 599-1500
HAVLAND, Stephen A. LMSC (408) 742-7306
JOHNSON, William J. FCDNA (505) 264-7866
KITCHEN, Walter R. EG&G (702) 739-0681
- KOCHLY, Joseph A. PI (415) 357-4610
KRACKO, Leonard A. SLA (505) 264-6016
McILMOYLE, James T. SLA (505) 264-2672
) McNAIRY, Ray M. SAI (702) 382-3836
McQUEEN, John H. LASL (505) 667-5155
MARSHALL, Joe T. AFWL (505) 264-1781
MAULDIN, Winford E. FCDNA (505) 264-9301
MILLER, Harvey M. SLA (505) 264-4060
MILLER, Richard I. SAI (408) 734-4162
MOORE, Thomas C. DEVELCO (415) 969-1600
MOYER, Alfred J. LMSC (408) 742-7306
MUHL, William O. SSS (714) 453-0060
NEELEY, Lee B. SLA (505) 264-6982
NEUER, John J. LMSC (408) 742-7426
» OTTATI, Francis A. AVCO (617) 657-2601
RANDALL, Donald S. PI (415) 357-4610
RENNER, Mary Ann LMSC (408) 742-7652
v ROBERTS, Donald C. LASL (505) 667-4624
ROGERS, Brown B. FCDNA (505) 264-9301
RUMINAR, John J. LASL (505) 667-5768
RUTTER, Robert L. SLA (505) 264-7053
SALISBURY, Stanley R. LPARL (415) 493-4411 EXT 45220
SAMUELSON, Reid R. HODNA (202) 325-7169
’ SCHALLAU, James W. LPARL (415) 493-4411 EXT 45481
SHUNK, Reynold A. SAI (505) 266-5693
f SIMENSON, Daniel H. LMSC (408) 742-4097
Inclosure 2
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SITES, Kenneth R.
SMITH, Ray E.
STEPHANI, Evon L.
STRIBLING, Donald R.
TSITOURAS, John
WAGNER, Charles M.
WETZEL, David C.
WHEELER, Bruce H.

EG&G

"'KSC

LASL
SAI
EG&G
EG&G
FCDNA
FCDNA

(702)
(303)
(505)
(505)
(702)
(702)
(505)
(505)

739-0681
599-1500
667-5768
266-5693
739-0681
739-0295
264-7888
264-1622
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HUSKY PUP PIE-FIELDING INSTRUMENTATION MEETING

Agency: SAI

Projects: Calorimeter and Energy Coupling
Dr. R. 1. Miller
1257 Tasman Drive
Sunnyvale, California 94086
Phone (408) 734-4162

Instrumentation
Fielding Agency: EG&G, Inc.
K. R. Sites
680 East Sunset Road
~ Las Vegas, Nevada 89119

Phone (702) 739-0681

INTRODUCTION

SAI will field three experiments on this event--a Calorimeter
located at station one, a XRD Debris Energy Coupling Experiment
and a NTOF Flyer Plate Velocity Experiment both of which will be
located near the granite block at the working point.

CALORIMETER EXPERIMENT

Ten channels of data will be recorded from resistive slug
sensors exposed to the X -ray fluence. Each channel will contain one
exposed slug and one background slug that form two arms of a bridge
circuit. All signal conditioning and calibration circuitry will be
located in the station one alcove. The conditioned signals will be
transmitted from the alcove to trailer 50020 on TSP cable, where
it will be recorded on an oscillograph. The data will also be digitized
by a 4 to 15 channel multiplexer in the alcove and transmitted in a
PCM format to trailer 50020 for processing by the TDIC system.

XRD DEBRIS ENERGY COUPLING EXPERIMENT

Sixteen oscilloscope channels will record data from fourteen
XRD detectors and two gamma trigger diodes located near the granite
block at the working point. Fourty-seven oscilloscopes and four 7912
digital transient analyzers will be employed to record these data in
in trailer 50031. The 7912 digital data will be transmitted in a PCM
format to trailer 50020 for processing by the TDIC system.

Inclosure 3




Three measurements will be made to determine the X-ray
magnitude and arrival times at the flyer plate, the stagnation region
on the block front surface and the shock temperature several centimeters
inside the block.

The detector signals will be transmitted to the trailer on
RG-333/U cable that will be ¢qualized to about 350 MHz bandwidth.

NTOF FLYER VELOCITY EXPERIMENT

Six oscilloscope channels will record data from six PIN type
detectors located near the bypass drift extension. These detectors
will be viewing the flyer plate at the front of it.e granite block.

Three channels will be recorded on two oscilloscopes via
RG-331/U cable equalized for approximately 5 MHz bandwidth. The
remaining three channels will be conditioned by log amplifiers located
at the station two alcove and then transmitted to the trailer to be
recorded on two scopes per channel. A third scope will be employed
to record log amp calibration data just prior to event zero time,

N
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SAI ACTIVE EXPERIMENTS

¢ CALORIMETER

10 CHANNELS
STATION 1

¢ ENERGY COUPLING

16 CHANNELS
WORKING POINT

e NTOF FLYER VELOCITY

6 CHANNELS
WORKING POINT
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INSTRUMENTATION AND DATA ACQUISITION
FOR THE TIME OF FLIGHT-DEBRIS VELOCITY EXPERIMENT
HUSKY PUP

GENERAL

The time of flight spectrometer scheduled for the HUSKY PUP event will
look at the neutron output of the device after it has been attenuated by the

debris velocity flyer plate. Shifts in characteristic neutron absorption

resonances will be used to measure the velocity of the plate. The experi-

ment should be capable of measuring the total neutron output to an accuracy

of approximately 15%. However, the system requires the ability to respond

to small changes in the neutron output as a function of time in order to

define neutron cross-sections of materials in the line of sight. In this

regard, the system requires a bandwidth of approximately 50 MHz.

The spectrometer experiment and its line of sight is shown in plan view
in Fig. 1. The spectrometer consists of two sections aligned to a line of

sight and set upon a common monolithic support pedestal. The beam is pre-

collimated near the working point and channelled to the primary experiment

within an evacuated beam pipe. At the experiment the beam is further colli-

mated by means of the staged collimator shown in elevation view in Fig. 2.

Here the beam is sized and directed into the experiment canister. In the

readiness configuration, the staged collimator-canister system will be com-

pletely shielded with lead and steel shot, and a polyethylene-Borax mixture.

2.  THE EXPERIMENT CANISTER

Within the evacuated experiment canister are housed the reaction foils,
detectors and support components for the experiment array. The experimental

arrangement is shown schematically in Fig. 3, giving the relationship between

the reaction foils, the detectors, and the collimated beam within the eva-

cuated canister. The reaction foils are mounted at three axial stations as

noted in the figure. The solid state silicon diode detectors are similarly

mounted at three corresponding stations, with two detectors mounted symme-

tricalily at each of the three stations.

Charged particles are emitted from the reaction foils as the collimated

beam interacts with the deposited reaction elements on the foil surfaces.
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These particles pass through the diodes, causing them to conduct, and resulting
in voltage signals proportional to the charged particle concentration. These
signals are correspondingly amplified in the acquisition process.

A typical output signal from a diode is shown plotted in Fig. 4 for the
time of interest anticipated for a linearly amplified signal for the time of
flight experiment. The gamma flash and onset of 14 MeV neutrons are shown.
The output of one detector viewing each foil will be logarithmically ampli-
fied in the alcove to provide better resolution of the Tow level, late time
signals. The output of these amplified signals will be 0-10 volts across a
50 ohm load in the trailer. The prime source of background in this experi-
ment is the production of charged particles in the foil backing material.
This is measured by having detectors view a blank foil with no deposit.

3. DATA ACQUISITION

The signal outputs of the six solid state detectors will be conditioned
and recorded by circuitry and recording equipment mounted in a signal con-
ditioning alcove and in trailer 50031. A typical circuit for a logaritnmi-
cally amplified signal is shown in pictorial and schematic form in Fig. 5,
showing the physical relationship of the experiment canister with conditioning
and acquisition components in the alcove and the instrumentation trailer.
Typical circuits for linear and logarithmic amplification of the detector
signals are shown in the one-line oscilloscope diagrams given in Fig. 6.

The conditioning and acquisition circuitry will float with respect to ground
potential, with cable shieids tied to ground within the 50031 trailer.

Detector bias voltage sufficient to prevent detector saturation will
be applied to the detector through an isolation circuit contained within
the signal conditioning alcove. The bias voltage supply will be physically
located within this alcove and will be remotely controlled from the instru-
mentation trailer.

The conditioned and amplified signals will be conducted to the instru-
mentation trailer over RG331 coaxial cable where the signals will be equalized
if necessary and split prior to being redundantly recorded on Hewlett-Packard
180 oscilloscopes.

.l
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4.  SCOPE TRIGGERING AND CROSS TIMING CIRCUITRY

Primary timing and triggering reference for the detector signals will
be provided by redundant x-fidu signals, backed by gamma detector timing
reference as shown in the one-line oscilloscope diagrams depicted in Fig. 7.
The figure represents redundant circuitry required to drive the trigger
generators and for ultimate recording of the signal shape on 180 and 519
oscilloscopes. '

The signals generated by the redundant trigger generators are shown in
the one-line fan out diagram in Fig. 8.  Here the anticipated fan out cir-
cuitry from the trigger generators is shown for the oscilloscopes required
for the experiment. The upper portion of the circuit shows the trigger fan
out. The lower half of the figure shows the marker generator and oscillator
circuitry required for cross timing reference. The circuit logic for these
marker and oscillator sianals is incorporated in the prebase sequencer which
programs the systematic recording of baseline and oscillator traces on the
oscillograph record within the final two seconds prior to the event and acqui-
sition of the detector signals themselves.
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Maure 3. Schematic Representation of the
Time of Flight Experiment
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SYSTEMS, SCIENCE AND SOFTWARE
PARTICLE VELOCITY

GENERAL

The velocity gauge consists of a field coil wound on a
thick metal disc, and three coaxial pickup coils located at
various distances from the disc along the axis. Motion of
the field coil (assumed to move at the particle velocity of
the medium in which it is embedded) induces signals in the
pickup coils, the amplitudes of which are related to the
velocity of the field coil.

Figure 1 is a section of the gauge assembly taken on a
diameter and shows the positions of the various coils, assembly,
lead dress and cable attachment. The gauge assembly is es-
sentially a granite cylinder consisting of a series of short
sections bonded together to facilitate machining and coil
fabrication. Present plans are for the gauge to be installei
in the block by injecting a viscous alumina filled epoxy at
the bottom of the hole and allowing it to extrude out as pres-
sure is applied to the rear of the gauge over a period of

several hours.
FIELD COIL

The field coil consists of 140 turns of #12 aluminum
magnet wire wound on a 6 inch diameter metal disc, the dia-
meter then being increased to 8 inches by the addition of a
metal ring around the disc. The disc and ring together
lengthen the time constant of the coil enabling the field to
persist for milliseconds after current ceases flowing in the
coil. Since the measurements to be made are completed within
100 microseconds, the field remains essentially constant over
the period of interest. Current is supplied to the field
coil through two #4 conductors from the battery alcove to
the rear of the gauge and then forward to the coil in magnet

wire.

Inclosure 4 1
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PICKUP COIL

Tt construction details of a single pickup coil are
showr in Figure 2 and illustrate how the coils are positioned
in girooves machined on the face of a granite cylinder. The
coil actually consists of a 20 turn inner and a 5 turn outer
coil connected in a "Bucking" configuration. Since the area
of the outer coil is four times that of the inner, no signal
is produced by a changing uniform field. The inner and outer
coil are both wound from a single continuous piece of .062"
diameter solid sheath coaxwith MgO dielectric, the individual
turns being insulated from each other by mica composites and
bonded together with epoxy. After installation of the coils
in the granite, the residual voids will be filled with alumina

loaded epoxy.

POWER SUPPLY

The power supply shown in Figure 3 provides approximately
400 amperes to the field coil starting at - 100 milliseconds,
and is turned off at zero time. In this circuit the current
is turned on with one SCR, flowing through R5 and the field
coil. At the appropriate time the second SCR is turned on,
turning the first off through the commutating capacitor C,
and transferring the load to R4. Complete isolation from
instrument ground is provided through the use of transformers
to trigger the SCR gates, and a current transformer to monitor

the field coil current.

Lead-acid batteries appear to be the only reasonable
power source available at the required current levels. Due
to the high ambient temperatures present in the battery alcove,
charging capability is provided to compensate for the attendant
high self discharge rate of the cells. A full wave charger
is shown with the charge rate determined by the output voltage

PR e Ao o s ime e e
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and the value of Rl1. No charging is anticipated after stem-
ming which should eliminate the problems created by an ac-
cumulation of hydrogen gas evolved during charging. Battery
voltage may be monitored by the voltage divider R2 and R3,
while charging current is monitored through a current trans-
former, both circuits being active only during the charge
cycle.

Due to the voltage and current capability of the required
battery, we feel that it is necessary to divide the battery
into discrete, enclosed, sublethal packages. The battery is
therefore divided into seven 60 volt groups that can be
electrically opened by hand should the need arise. Voltage
will be applied to the SCR circuits through a 2 pole normally
open DC contactor capable of breaking both ends of the battery
at rated voltage and current. This contactor will be closed
only when the system is armed at - 1 minute. At the high
end of the battery will be a current overload breaker that
will open should fault currents develope beyond the capability
of the DC contactor.

SIGNAL CONDITIONING

Figure 4 shows a complete data channel proposed for each
of the three pickup coils. The signals are carried to the
signal conditioning alcove from the pickup coils by RG-22
cable, with all three shields connected to a common earth
ground at the gauge. Each signal path is isolated from
trailer ground by a wide band isolation transformer with
differential input to reduce common mode signals induced in
the gauge and cable. Since the signal is expected to exceed
200 volts at the gauge, the transformer output is attenuated
to a more reasonable level for transmission to the trailer
and recording. Dry run signals will be generated at the
alcove by a capacitive discharge through an SCR and coupled
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into the isolation transformer via a relay that will be dis-

abled at shot time. Each signal is carried to the recording .
trailer by an RG-331 cable and then recorded on three RM-546
oscilloscopes. Figure 5 is the signal expected at the oscil-
loscope and shows the small negative component due to the
decay of the field after current shutdown in the field coil.
The signal rises sharply as the metallic disc starts moving,
increasing rapidly as it moves toward the pickup coil.
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STANFORD RESEARCH INSTITUTE

PROFILE OF PRESSURE VS TIME IN GRANITE BLOCK

SRI will field six manganin gages to be staggered within two 8'
cores drilled into the granite block.

Figure 1 shows the general system layout. The dotted enclosure around the
gages is an aluminum sheath. Cable shields will be carried all the way to
the gages while the outer shields will be terminated and tied together at
the granite block rear surface.

Figure 2 is a closer view of the gage installation.

Figure 3 shows a detailed view of gage emplacement.

Figure 4 is the SRI built pulsed manganin Power Supply to be located in

e the battery alcove. The gage resistance will be between .05 & .1 and
hence will probably not be shunted by the increased conductivity of the
. granite block. At the currents expected the gages will survive = 250 ms

with signai risetimes of =< 100ns. The crowbar circuit incorporated is
for dry runs only and will be disconnected for the shot.

The system instrumentation diagram is drawn in figure 5; note that all
shields are shown as being tied together.

Figure 6 indicates a typical expected channel performance. Signal rise
times will probably be longer than 30 ns with a bandwidth of =~ 4 mc.
The tape recorder will run in the direct mode.

Inclosure 5
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PHYSICS INTERNATIONAL

SHOCK TIME OF ARRIVAL IN GRANITE BLOCK

1. General view of experiment emplacement.
2. Cutaway showing pin-switch installation and locations.
a. 12 switches installed in 4 groups of 3 each for recording
purposes.,
b. Installed in aluminum shell.
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