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1.0 INTRODUCTION

The Experimental Branch, Civil Engineering Research
Division of the Air Force Weapons Laboratory will be the office
of primary responsibility for design and implementation of the
instrumentation system to be used in the MIDDLE GUST test series.
This Instrumentation Plan describes the total instrumentation sys-
tem and the procedures necessary for its proper implementation.
It will contain descriptions of all sensors to be used, the infor-
mation necessary for identifying, calibrating, connecting the
sensors, and recording the data. Descriptions of the transducers,
their specifications, and packaging procedures will also be included.
The instrumentation system to be described will be installed at
the MIDDLE GUST test site near Crowley, Colorado.

Project Middle Gust I consists of at least three
separate events. Event I is a 20 ton, half buried sphere.
Lvent II is a 100 ton sphere at 2 radii above the surface.
Event III is the 100 ton sphere tangent and above the surface.
In addition to AFWL and Waterways Experimental Station, 7
separate agencies will also participate in these events. The
following is a list of these agencies and the events in which
they will participate. é

Agency LEvent I Event II Lvent III {
Bocing X X ;
DRT X X X f
SR, X |

. 1
SRI, X
BRL X
TRW1 X '
TRW, X X |
AMTED X X

l-1




Detailed instrumentation plans for each of thesec agencies will
not be included in this plan, but will be supplied by the
respective agency. Reference to these plans will be made where
applicable.

Transducers in each of the test areas (Figure 1)
will be connected to the Junction Box with special watertight
cable. A 3000 foot (approximate) trunk line will conncct this
Junction Box to the recording trailers. A more detailed descrip-
tion can be found in Section 3.0. Electrical power to the site
will be provided by the Southeast Colorado Power Association (sce
Section 8.0) Sections 9.0-11.0 will describe the instrumentation
system for each event. This is necessary since the MIDDLE GUST
Scries will consist of at least three separate events, each neccs-
sitating a unique instrumentation system.
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TRANSDUCERS
SECTION 2.0

2.0 TRANSDUCERS

This section presents the instruments that are used
to obtain free field response data during the test event. Also
presented are the procedures that are used for calibration, installa-
tion and checkout of the instruments prior to the test.

2ok AFWL INSTRUMENT DESCRIPTIONS E ;

The specific sensing instruments are described, including ]
a brief disucssion of their operation; this will include the manu-
facturer's data sheet, where available. A list of the types of

instruments that are utilized in the system is presented in Table
2—1-

2.1 1 Accelerometers

The accelerometers used are manufactured by the Endevco
Corporation; Models 2264 and 2261 are used. These models are
basically the same, differing primarily in range and frequency
response. The accelerating force acts on a seismic mass, which
in turn loads a semi-conductor bridge element. The bridge network

converts the induced strain into a proportional resistance change,

which results in a voltage change that is proportional to the
applied acceleration. Specifications for the Model 2264 and for

Model 2261 accelerometers are given in Table 2-2.

2.1.2 Air Blast Pressure Transducers

Air blast pressure transducers within 100 fecet of
GZ are of the silicon disk/integrated sensor bridge type, KULITE {
Series HKS-375-5 (see Table 2-3). Measurements at locations greater
than 100 feet from the GZ will be made with strain gage/diaphragnm
units., i
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2.1.3 Velocity Gages
The velocity gages used are Spartan Model 601 (Figure

2-2). These were originally developed by the Stanford Research
Institute, Menlo Park, California, and later were modified by Sandia
Corporation, Albuquerque, New Mexico. The gage is an overdamped
pendulum accelerometer with a carrier-excited variable-reluctance
sensing element, electrically completed as a standard bridge cir-
cuit. The accelerating force is mechanically integrated by a
viscous damping fluid acting on the pendulum. The pendulum dis-
placement from the null point (and hence the bridge output) is
proportional to the instantaneous velocity of the case within a
given frequency spectrum (dependent on the fluid viscosity or
degree of damping). See Table 2-4 for velocity gage specifica-
tions.

2.1.4 The Sandia Impedance-Mismatch Hi-Stress Transducer (IMIIST)
The measurement of shock transit times in a media with a
known equation of state appears to be forerunner in producing peak
stress information. In this method, use is made of material whose
Hugoniot is known and measurements of only one quantity, shock
velocity over a predetermined distance is required in order to infer
pressure. Since shock velocity is more easily measured than par-
ticle velocity, the principle of the impedance-mismatch techniques
has been used to produce a peak reading stress gage that covers
the range of 10 Kbar to 1 Megabar and is accurate to +5 percent.
Piezoelectric ceramic detectors (PZT crystals) are used as
time-of-arrival or shock wave detectors and when cemented to sur-
faces of C-7 epoxy and shocked to 300 Kbar produce, a high output
(in the order of 100 volts) across a 50 ohm load. A simplified
impedance--mismatch gage has been fabricated and fielded on nuclear

and high explosive tests using plexiglass. Plexiglass is used be-

cause it is impossible to machine a sample of poorly consolidated
alluvial soil for use in a pressure gage and secondly because the
Hugoniot of the plexiglass matches desert alluvium over a reason-
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able range of pressures. This gage is easy to fabricate/field and
has a high reliability and covers a wide dynamic range. Figure 2-3
shows the physical layout of the piezoelectric crystals mounted in

plexiglass blocks.

Data from several crystals can be transmitted on five
signal cables from the electronics to the recording van by use
of appropriate digital coding circuitry. The circuitry causes a
change of state on one of the signal cables when excited by an
output from any one of the crystals. Additionally, all of the
signals from the crystals are mixed and recorded on a separate
record channel. Figure 2-4 shows a block diagram of the system.
Figure 2-5 shows the coding electronics housing. The data sig-
nals from the system are recorded on direct record or wide band
F.M. record magnetic tape tracks. The data are recorded at 120
in/sec tape speed and played back at 1/32 of this sneed (3.75
in/sec) and digitized at a 150 Kliz rate and plotted.

2.1.5 Manganin Gage

The manganin gage is a piezo-resistive effect llugoniot
measurement of a thermodynamic equation of state based on changes
induced by a transmitted shock in a secondary material. As now
designed, this secondary material relies on the measuremcnt of
shock-induced physical effects caused by the stress induced in a
block of C-7 epoxy. The resistance of a thin metallic conductor
(manganin) embedded in the epoxy is measured and llugoniot

- states are then inferred from the measure of the pcak shock stress

at the interface between the sample and the C-7 epoxy. This tech-
nique is often called the '"impedance match" procedure. ~ormally,
‘the secondary material measuremcnts are advantagecous for long-
duration recording and using a pulse power supply time durations

of from 10 us to 5 ms are possible. However, problems are caused
by stress profile modification from reflected waves in the gage and

stress profile distortions as the wave travels through the transduccr.
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The extreme dynamic stress-resistancc range and
relatively long recording duration of the Manganin/epoxy trans-
ducer provides great potential for stress measurencents as low as
0.07 Kbar and as high as 290 Kbar. The Manganin gagc has drawbacks
for it has been primarily used in laboratory and for mcasuring stress
in rock. The configuration that has been useful in rock and tiie
laboratory is unsuitable for long duration recordings in soil becausc
it is not built rugged enougn to keep from failing, generally at
connections. There have been some significant improvements, howcver,
in ruggedness that warrant the use of one gage of this type. Those
using the gage, indicate that one might expect analog information in
soil for 20 to 200 microseconds because of the possible early des-
truction of tinc gage caused by the extremc environment of soil.
Actual recording duration of a gage wlien used in media of dissimilar
shock characteristics is neccssarily limited by gage dimensions. At
moderate pressures, less than 100 Kbar, laboratory tests have shiown
recording duration to bec approximatcly 20 microscconds for a 6-inch
diameter by 4-inch thick gage. Gage improvcments indicatc that
measurements of a few milliseconds may bc possible and because of
this and the desirability of analog data at these ranges, SP[ i<
fielding one manganin gage on the first event. For details of the
gage and schematic, see Figure 2-o.

2.1.6 Ytterbium Gage
The ytterbium gage is a high output piczoresistive

material designed for use in the low to sub-Kbar region (0-40
Kbar). Laboratory tests have yiclded a rough measurc of the
actual piezoresistive coefficient over a range of stresscs from

2 Kbar to 40 Kbar where a discontinuity occurs. hc gage uses a
pulse power supply, as docs the manganin gage, consisting of a
capacitor discharge system that supplies several amps to the
piezoresistive gages. TFor long recordings, on the order of milli-
seconds, the capacitance required to provide the current becomes
large. Even more important the large currents cause large changes
in resistance of the gage becausc of heating effects. The heating

for Ytterbium is proportional to 1%R and the temperature-resistance

2-4
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coefficient is approximately 100 times that of Manganin. The high
currents cause a severe heating problem. The Ytterbium gage appears
to have sensitivity problems that may be caused by material impuri-
ties and there are extreme non-linearities that must be considered.

Even though the repeatability and scatter of data between the

foil and film gages cast doubt on potential performance, this gage is
successfully being used on equation of state measurements at NTS and
SRI is fielding 5 (fi#e) on the first event. For a schematic and
cable requirements, see Figure 2-7,

2.1.7 PIT Gage
The PZT gage is a piezoelectric transducer of the lead-

zirconate-titanate class. This gage produces a potential when sub-

T —

jected to a stress. This potential appears linear with applied
stress. Gulf Radiation Technology (GRT) has developed this gage
to cover the range .1-10 Kbar for the DASA and has fielded them
on the DASA Diamond Dust and Diamond Mine nitromethane shots in
Nevada. A review of the time history results of these tests com-
pared with short duration peak data looks exceptionally good. The
gage is rugged and has withstood the environment in the range of
interest and produced long term analog outputs. An amplifier is
required as an impedance match and line driver for each gagg,which
can be recovered and reused. Figure 2-8 shows a block diagram of
the system.

2.1.8 Thermopile Thermoelectric Transducer

When a shock wave crosses the junction surfaces of two
dissimilar metals there appears between the uncompressed extremities
of the metals a difference in potential. The magnitude of the
, potential is proportional to the amplitude of the shock wave and
the nature of the metals. This approach to the measurement of
stress has been made by the French in nuclear work to as high as
1.6 megabar. The connection of thermal junctions in series to
form a thermopile is done to increase the output ., The transducer
is a low impedance source of a fraction of an ohm, is self-generating
and does not require pulse power supplies. The transducer and
schematic are shown in Figure 2-9,
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2.4 WES INSTRUMENT DESCRIPTIONS

The WES free-field instrumentation consists of experi-
mental air-blast pressure gages, stress gages, accelerometers, and
velocity gages. These instruments are described below.

2.2.1 Air-blast Pressure Gages - The air-blast gages are

manufactured by WES. The gage consists of a force-sensitive column
that has semiconductor strain gages mounted on it. Forces applied
to this columnlthrough the exposed enq,produce strains; and, hence,
resistance changes in the semiconductor members. The circuit is a
four arm Wheatstone bridge, which, when supplied with constant
input voltage, produces an output voltage that varies directly

with pressure.

Zv8.2 Stress Gages - The stress gages are diaphragm gages
developed by WES. The gage consists of two stainless steel hous-
ings, each containing a stiff integral diaphragm. Two matched
semiconductor strain gages are bonded to each diaphragm and com-
prise half-bridges. The partial bridges are electrically completed
to form a typical Wheatstone bridge circuit. The two housings are
bonded together, and an epoxy rim is cast around the sensing unit
to provide the required density and aspect parameters. Forces
applied to the stiff diaphragm produce strains, which are sensed
and converted to a proportional resistance change; finally, an out-
put voltage change is produced that is directly proportional to

the applied stress. The gage specifications are given in Table
2-5.

2+2.3 Accelerometers - The accelerometers used are manufactured
by the Endevco Corporation; Models 2264 and 2261 are used. These
models are basically the same, differing primarily in range and
frequency response. The accelerating force acts on a seismic mass,
which in turn loads a semi-conductor bridge element. The bridge
network converts the induced strain into a porportional resistance

2-6




change, which results in a voltage change that is proportional to
the applied acceleration. Specifications for the Model 2264 and
. for Model 2261 accelerometers are given in Table 2-2.

AFGR T

KON,

i 2.2.4 Velocity Gages
The velocity gages used are Spartan Model 601 (Figure 2-2),

which were originally developed by the Stanford Research Institute,
Menlo Park, California, and were later modified by Sandia Corporation,
Albuquerque, New Mexico. The gage is an overdamped pendulum acceler-
ometer with a carrier-excited variable-reluctance sensing element,
electrically completed in a standard bridge circuit. The accelerat-
ing force is mechanically integrated by a viscous damping fluid
acting on the pendulum. The pendulum displacement from the null
point (and hence the bridge output) is proportional to the instant-
aneous velocity of the case within a given frequency spectrum
(dependent on the field viscosity or degree of damping). See Table
2-4 for velocity gage specifications.

RS
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2.3 TRANSDUCER CALIBRATION

» 2.3.1 General

All types of transducers are subjected to physical force
to produce an output relative to the phenomenon to be measured.
Transducers with bridge type circuitry have a specific arm of the
bridge shunted by known resistors to produce electrical outputs equi-
valent to the physical measurement. The transfer characteristic of
the system for electrical output versus physical input is calculated
and applied to the data to determine an equivalent engineering unit
for each of the known shunt calibration resistors.

The equivalent gage resistance for each type of trans-
ducer is calculated from the equation:

X; Ry - %R0
L

i

Rg =

Where xl and XZ are the equivalent engineering units associated with




two shunt calibration resistors Rcl’ and RcZ‘ The shunt calibra-
tion constant, CA, is defined by the equation CA = X(Rc + Rg),
where X is the engineering unit equivalent to shunt resistor Rc’
The circuit shown below describeS the relationships:

-
; A

o -
R
Exct. /& g ‘\ o
Volts —"\ Amp
iy

- bi
e nd.

7\ Output
Meter

g

A physical force of F engineering units applied to a bridge trans-
ducer produces E units change in electrical output as read by the
output meter. When the force is removed and the switch closed to
shunt Rc across Rg, C units chagge in electrical output result.

The transfer characteristic of E and the equivalent is g C =X in

the units associated with F. Then, CA = X(R + Rg) or
&s3.4 Details of Calibration Procedures

To minimize scaling errors and to determine lincarity,
several measurements are taken at different points over the operat-
ing range. A numerical average is used to produce a best fit
curve. Normal operating procedure calls for five points of physical
input usually approximating 20%, 40%, 60%, 80%, and 100% of full
scale output, if this can be produced. Similarly, four different
shunt calibration resistors are applied approximating 100%, 50%, 25%,
12.5% of full scale output. The transfer characteristic used is the
numerical average of the transfer characteristics of each input point.




i
5&
12
&
Q_".
£
g
;

The C, used is the numerical average of the CA's produced by each
shunt resistor as described by the following equation:

Fﬁ
F
ch' %: E
1
Z (R, + Rg)c UREE . VR
R
el |
Ca

N|

Where N is the number of input points (usually 5), and N' the number
of shunt resistors (usually 4).

2.3.3 Acceleration

All accelerometers, except piezoelectric types, are cali-
brated statically on a centrifuge to 100% of full scale or 1,000 g,
which ever is less. Accelerometers of greater than 1000 g full scale
range are comparison calibrated on an impact test device. For static
calibration, the angular velocity of the centrifuge is measured and
converted to acceleration by tables previously calculated for the
radius used. For dynamic input levels, the output of a control
accelerometer is used with its previously determined transfer char-
acteristic. This control accelerometer is either calibrated elsc-
where or calibrated against a standard traceable to the National
Bureau of Standards.

2.3.4 Pressure and Soil Stress Gages

All pressure transducers, except piezoelectric, are
statically calibrated with nitrogen, reading input pressure from a
precision Bourdon gage. For pressures above 3,000 psi, static
.calibration is done with hydraulic fluid. Dynamic calibration is
done only on selected units of a type and usually only if a new
type is being considered. Soil stress transducers are calibrated
as pressure transducers (Figure 2-10). They are also calibrated
after casting in grout plugs made of either insitu material where

2-9
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possible, or material matching grout. The grout plug units are
then recalibrated using a universal testing machine.

2.3.5 Velocity Gages
The input level for velocity calibration is produced by

free fall in the earth's gravitational field. The time required

to fall through enough arc to produce a known change in output sets
the input level needed to determine the transfer characteristic
(Figure 2-11). Since time multiplied by gravity equals terminal
velocity in a constant acceleration field, the free fall produces
all velocities the transducer is capable of measuring, both positive
and negative. Time is measured either side of zero output such that
+100% to -100% of full scale is produced. Because vertical DX type
velocity transducers have a spring which produces a force equal to
the force of gravity, the force producing the free fall on them is
two times gravity. All calibrations are made at a known temperature
and corrected to measured environmental temperature based on previ-
ously determined damping fluid viscosity versus temperature relation-
ships. Certain special conditions of the DX type transducer require
special attention. The transfer characteristic of this transducer
is a nonlinear function of excitation voltage. The voltage across
the transducer at the time of calibration must be the same as that
at the time of recording data. The relationship appears to be
unique to each transducer so that correction for excitation voltage
changes should be attempted only when no other approach is avail-
able. The DX transducer must be operated with a carrier type sig-
nal conditioner resulting in reactive effects that can cause prob-
lems with shunt calibration techniques. For this reason the circuit
configuration including cable length and type, must be the same
during calibration as it will be during the actual data recording.
The procedure described above for calibrating velocity gages is
illustrated in Figure 2-12. Note that when isolation transformer
modules are used, as in the WES system described later, this tech-
nique produces an average C, value in K ohms feet per second.
Therefore, within the constraint of constant excitation voltage,

a calibration shunt resistor value may be selected in the field to
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represent a wide range of engineering units, limited only by sig-
nal-to-noise considerations at one end and possible amplifier
saturation from overdrive on the other. Table 2-6 shows relation-
ships of the calibration procedure to the characteristics of the
gage.

2.3.5.1 Velocity Gage Calibration Connections - The specific
calibration connections for the MIDDLE GUST series are shown in
Figures 2-13 and 2-14. The Air Force velocity gages will be cali-
brated and operated with bridge completion resistors located at the
gage, while the calibration shunt resistor will be connected to the
terminals provided on the WES-made printed circuit board signal
conditioners. The gages will be calibrated with a length of Air
Force-type cable that represents the average (+ 200 ft.) length

of cable to be used in the actual test. The effect of cable length
on the value represented by the shunt calibration resistor for this
configuration will be determined prior to MIDDLE GUST, Event I. The
WES velocity gages will be calibrated with the isolation transformer
modules as shown in Figure 5. In this instance, the shunt calibra-
tion resistor is located at the gage and is applied by way of a
magnetic-latching relay, also located with the gage. The relay coil
is operated through the available dc path shown and the relay is
latched with a short pulse (24 vdc) applied of one polarity. The
relay is reset by reversing polarity of the coil voltage. The WES
gages will also be calibrated so as to take into account the average
cable length to be used.

2.4 GAGE PLACEMENT

Important considerations in the installation of free-
field instrumentation are the locations and orientation of the
gages in the test bed, the disturbance of the "in situ" soil con-
ditions in the vicinity of the gages, and the waterproofing of
signal circuits. The various procedures described in this section
have been developed: 1) to ensure that the gages are properly
oriented in relation to the test bed and to their primary response
axis; 2) to ensure that their location relative to the test bed
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is known accurately; 3) to ensure that the soil motion at each
gage location is truly representative of the frce-field response;
and 4) to ensure that all components are sealed and unaffected by
moisture.

The procedure descriptions contained in this report are
intended to scrve primarily as a guide to those concerned with
the gage installations in the field. Detailed procedures may
vary from gage to gage without affecting the gage response or the
recorded data. llowever, it is expected that these descriptions
will indicate to the installation technicians those aspects of
the procedures which are critical to proper gage performance. Any
deviations from these procedures will be recorded by the installa-
tion crews.

2.4.1 Installation Procedures
With the exception of the air-blast gages, all free-

field gages are prepackaged in the laboratory and are installed at
the test site in 9-inch diameter augered holes. The accelerometers
and velocity gages are mounted on a rigid support assembly along
with the bridge completion and calibration circuitry for the velocity
gages. The mounted gages arc clectrically completed with the signal
cable attached and are installed in sealed mctal canisters. The
canisters are potted with wax for damping and waterproofing. Stress
gages are prepackaged in 6- and 10-inch high by 6-inch diamecter soil
plugs prepared from native site material and soil slurry.

Only one hole at a time is instrumented in order to
obtain systematic and uniform placement conditions. Water influx
is anticipated at depths in excess of a few fcet; therefore, rapid
installation and backfilling is mandatory, and casing of thc bore-
hole is standard procedure. Insertion logs are maintained for
each hole instrumented, and all gage depths are referenced to a
final pad grade. A typical gage placement is shown in Figure 2-15.
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2.4.2 Velocity-Accelerometer Canisters

The instrument hole is augered to the specified depth
and is cased. The instrument canister is identified, electrically
inspected, and then attached to the first segment of the placement
tool. A drill chuck is used for holding and aligning the gage
during placement. The placement tool is positively locked in
place at the proper depth, and then rotated to correct for azi-
muthal offset. Accurate vertical placement is automatically
achieved by the drill and chuck. After proper positioning is
assured, the gages are electrically inspected, and the backfilling
operation is begun. Instrument holes greater than 10-feet deep are
backfilled with a pumpable soil slurry. Injection of this material
is made via a grout pipe, which is independently supported from the
drill rig. The pipe is placed below the bottom of the canister,
and the injection is started. Slurry is pumped to cover the top
of the instrument canister by 4 to 5 inches, and the grout pipe and
casing is progressively raised as the fill rises . When the pro-
per amount of material has been injected, the grout pipe is re-
moved. After initial set occurs in the backfill, the placement
tool is disengaged and removed from the hole. The grout pipe is
reinserted and continuous fill is made until the next instrument
level is reached. As filling progresses, both grout pipe and
casing are raised. This placement technique is used for all
canisters located at adepth greater than 10 feet.

Grouting continues up to the level where materials pro-
perties cannot be matched by the soil slurry, which is nominally the
upper few feet of recompacted and weathered material. The grout
pipe is removed at this point, followed by the incremental removal
of the hole casing as the backfill increases. Canisters in the
upper material are locally grouted in place, and are then back-
filled with hand-tamped native material. The stress plugs for
this upper region are prepackaged in plugs of the native material.
Plugs for the lower region are prepared from the slurry.
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2.4.3 Stress Soil Plugs
Installation of the soil plugs is similar to tanat of the

motion canisters. Gage response is continuously monitored during
the installation process, and is periodically monitored thereafter.

2.4.4 WES Surface Air-Blast Gages
The air-blast gages are installed along with the final

pad grade. The gage mounts consist of rigid GFL conduits which in
turn, are grouted in 2- by 2- by 2-foot concrete (see Figure 2-16)
blocks. The surface of the mount is painted a thermally reflective
shade. Empty aluminum canisters are installed initially. Thc gages
are installed when possibility of damage from dust and surface
traffic is reduced to an acceptable level. CGage responsec is con-
tinuously monitored during the installation process and is period-
ically monitored thercafter.

2.4.5 AFWL Surface Air-Blast Cages
Air blast transducer mounting hardware will consist of

two components to enable plug-in installation. Figure 2-17 shows
the mounting hardware for measurements within 100 feet of GZ.
Watertight caps will be provided on the canister body to enable
installation activities to proceed without the gage module being
installed.

Mounting hardware will be imbedded in a poured concretc
mass at the sensing location such that the scnsing surfacc is
flat, in the horizontal plane, and relatively flush with the sur-
rounding plane, and relatively flush with the surrounding free
field surface. The geometry of the concrete mass will be estab-
lished from considerations of maintaining position in the hostile
environment for the longest possible duration, and preserving
electrical circuit continuity. Figure 2-18 shows a typical
installation.
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Motion measurements will be implemented for the purpose
of monitoring the environment experienced by the transducers.
Other channels will measure noise phenomena and other parameters
unique to blast pressure measurement channels. Other types of
blast pressure transducers will be installed (if possible) as
experiments to observe transducer performance.

Recording of the analog data for sensing locations with-
in 50 feet of GZ will be such that one channel will be scaled to
record the entire range of the transducer including the overrange.
Other channels will be scaled such that the predicted level is
approximately 50% of the channel capability.

2.4.5.1 Installation Procedure

General

No fabrication or assembly operations will be performed
in the field.

One splice will be made in the field (to the forward
cable).

Pouring of the mass in the field.

Major items to be supplied for each blast pressure in-
stallation:

A. Length of cable with plug soldered and
potted to the end. (length adequate for
routing to primary cable trench.)

B. Calibrated transducer/module assembly
with internal wrenching screws for in-
stalling to body.

C. Canister Body/Flange assembly with water-

tight cap installed and hose adapter fit-
ting in place.
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2.4.5.2

Rubber hose

Schematic/hookup information for splice.

All items marked with measurement num-
ber and measurement designation.

Verbal information as required.

Instaliation Sequence

General

1.-

Establish sensing locations - survey and
stake.

Excavate for mass and dig access trench.

Attach suitable length of rubber hose at
adapter fitting.

Route interim cable downward through body
and hose and draw it until the sleeve
seats in its normal position.

Install watertight cap.

Fix canister assembly at proper elevation
in mass excavation.

Maintain position of canister and pour con-
crete.

Condition concrete with vibrator and finish
surface smooth.

After concrete set, module may be installed
temporarily for checkout purposes only.
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Permanent installation of the module will be
done as near as possible to shot day. The
watertight cap will be secured in place at all
times when the module is not installed.

Specific detailed procedures will be supplied as a field
working paper and will be inserted as 'as-built' inserts to the
Instrumentation Plan.

2.4.6 High Pressure Gages

High pressure gages on the first event will be installed
along the 120° radial within a few feet of the explosive charge.

See Figure 2-19 for general gage placement information. Detailed

placement procedures will be provided by AFWL and SRI personncl
in the field.




TABLE 2-1

LIST OF TRANSDUCERS

Type of Gage Manuf. Model # Type
Accelecrometer | Endevco 2264M24 Strain Cage
Accelerometer Endevco 2261CA-10K Strain Gage
Accelerometer Endevco 2261CA-2500 Strain Gage
Accelerometer | Endevco 2261CA-250 Strain Gage
Accelerometer | Endevco 2262C-25 Strain Gage
Velocity Sparton | 601M-V Dampened Pendulous !Mass
Velocity Sparton | 601M-H Dampened Pendulous Mass
Velocity Sparton 601V-V Dampened Pendulous }ass
Velocity Sparton 601V-H Dampened Pendulous Mass
Pressure Kulite HKS-375-5-20K Strain Gage
Pressure Kulite 1IKS-375-5-30K | Strain Gage
Pressure Kulite HKS-375-5-500 Strain Gage
Pressure Kulite 1HKS-375-5-10K Strain Cage
Pressure Kulite HKS=~375-5-2K Strain Gage
Pressure Kulite hks-375-5-1K Strain Gage
Pressure Kulite HKS-375-5-5K Strain Cage
IMHST Sandia -~ Piezoclectric
Manganin Pulsar -- Piezoresistive
PZT GRT 100 Piezoelectric
Thermopile e i o
Thermoelectric
Ytterbium - - Piezoresistive
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Figure 2-2

PRODUCT DATA SNHEET NO. 22

PARTON SOUTHWEST,

INC.

SUBSIDIARY OF SPARTON CORPORATION

MODEL 601 VELOCITY GAUGE

The Sparton Model 801 Velocity Gauge is a viscous damped integrating accelero-
meter using a variable reluctance sensing element to provide an output
proportional to its i velocity.

It may be used in conjunction with carrier system instrumentation or with
Sparton’s 120 Exciter-Demodulator for DC-to-DC systems.

Primary application is for earth movement studies in the near vicinity of
large scale explosions, but the 801 Velocity Gauge can be employed for velocity
measurements in any environment where high level accelerations of short
duration are present.

The case may be either brass or aluminum at the customers option. A bellows
is provided to allow for volumetric changes of the damping media.

Sparton Southwest Model 601 Velocity Gage
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Layout of Crystals Mounted in PlexiglassiBlocks
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Figure 2-5

IMHST System Coding Electronics llousing
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TABLE 2-5

SE SOIL STRESS GAGE SPECIFICATIONS

Gage Output (Approximately)

0.20 mv/v/psi

Linear Range

0 to 3000 psi

Design Pressure

2000 psi

Maximum Pressure Limit

3000 psi

Linearity, Maximum

0.4 Percent Full Range

Hysteresis, Maximum

1.6 Percent Full Range

Temperature Range

-30 to +150 F

Suggested Excitation

6 to 10 Volts

Maximum Excitation

21 Volts

Acceleration Sensitivity
Normal to Diaphragm

0.04 psi/g

Apparent Strain Sensitivity

20 to 30 in,/in./psi

Thermal Sensitivity 1 psi/F
(zero shift)

Natural Frequency 40,000 Hz

Rise Time 6 sec

Gage Modulus

4.52 x 10° psi




Sensor: Manganin grid, approximately 1 in.2 x 0.003 in. thick, 51 £ 18
The grid is positioned approximately 0.250 in, from the epoxy surface.

Sensitivity: Nominally 0.30 volts/kbar when powered by a 500 volt source

Size: 6 in. diameter x 6 in. long (MFé) or 8 in. diameter v 8 in. long (MF8)

Tape
Recorder

Manganin Gage
‘(”’ Pulse
[:} ' | Power
Supply
fe—— 3000 ft. e
(RG-213)

Figure 2-6 Manganin Gage and Schematic
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Ytterbium Gage

&
{é }

RS e W i U et SRS S B RG-58 Tape
Power Recorder
e Supply (80 KHz)
S |
3000 ft. 3
: -—~—~"¢;+< e WES Van L
¥ - (RG-213) =
: |
%ﬁ
i
Figure 2-7 Ytterbium Gage, Schematic ‘
3
2<29




TPI

5oL
SPA S4-
3pA St |

40

1

o9l

ue)
uum:.:.;w+\ R
/

WAISAG NN

aur duof

R-7 aIn

l|!!éai+l

Ay

_9de3ang |
uQ ;

N/t w):|

ZHY 91
ap10593y

Induj Aeyay

unmy Laq ol

Teudts QIIW

andinp

13131 1duy
1-001 T3POR

765 =98

(PaprAOag 30N)
arqe) 801-7Y
Jo *34 o002z

Tnvll

—=

(rapraoay)

S10123UU0) a[qe’)

] [F

-

¥

anduj
19m0d

xog
uotradunp

i
.

uoduuuaEMI;

L9

a1qen pL1-D¥ Sururejuo)
3rnpuon durqny jo °34 0S

\

\

(papraoiy)

: A | 1 2
j S
(1zd) 38e9
00T T19PON
suotun
Surgny

aroyumo




B g . "
1 N AN A b A N S Sk

i
hi-A
¥
&
gf
3
&
& X
®
£
i
&
&

3
;
Thermopile, Thermoelectric |
Transducer '1'3 (2)
A e £ e 1
l 7 ]
I $
I \ I i
: |
' / ' Tape f
: \\> _ Recorder |
.—" ‘
. I «”
I \ l‘———'3000 Pl yyn 4 ‘
l ; (RG-50) |
; ‘AFWL Vam 20 Kliz
1

o i
 \\_ WES Vaa 80 Kiiz

AFWL Van 20 Kiiz (Gain X)

2 R

N AFWL Van 20 Kilz (Gain Y) '

Figure 2-9 T3 Gage Schematic
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(b) GAGLE RESPONSE TO A STLEP AIR SHOCK

FIGURE 2-10, TYPICAL SE GAGE STATIC AND DYNAMIC
RESPONSE
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u‘_ MAGNET #

SENSOR CABLES <=1 PENDULUM (IN A CONDITION OF "FREE-FALL'
TR ~ | WHEN MAGNET IS REMOVED)

_ GAGE_OUTPUT _ START OF PENDULUM DROP
ThY lg = 32.2 ft/sec?
SLOPE = U = 32,2 ft/sec

LINEAR PORTION

" OF SLOPE

l«<—TIME —={\{ _ PENDULUM AT REST
t \ _______________ o

b
uokieraaq
dpis*ted

CAL STEP CALCULATIONS:

Where X = Cal. step velocity equivalence, ft/sec
Gage output deviation over time interval At
¢ ® Cal.step deviation, in units of 4L

DD
= -
)
"

FIGURE 2-11. CALIBRATION METHOD FOR DX MODEL HORIZONTAL VELOCITY
GAGE
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PX Velocity Transducer Calibration
TRANSDUCER o/ s- CEMSY VISCOSITY: ORIENTATION
CS | >
SYSTEM: CONNECTION:
DBRIDGE COMPLETION! TEMP & e | Eva MODE : p
0 F Viems 1

CABLE LENGTH: CALIARATED ByY! 2 KSLFt

Ft Ca 535 scc

t G UIN ER 5 SA Rc Ec uE I C

- F
. MSEC Ft /scc Ft/S“ vorts | Ft /sec | Ft/sec | KL vorrs | Ft/ | KR EL

mMmsec VOLT VoLT scc

1,074 ] .0322 34.6 e 17.3 40,284 2762 1 13,2 | 532 |
2,152 " 69.4 4 17.4 | 17.35] 20.284] 1.525 26.5 539

. 3,238 " 104.0 6 17.35 10.284| 3.006 | 52.4 539
4,314 " 139.0 8 17.4 5.284) 5.865 |102.0 539
5,780 L 186 10
t = [Drop time in milliseconfis.
G = JAccelerdtion in|feet pekr second| per millisecond.
Uw=_Hnput valacity in feet per secopda
ER = nde _valtage for which drop time ils measuged.
S = PBlope of output|curve iph feet ppr secorld per vdlt, SR L
Sa = JAverage|slope in feet ppr seconfl per ydlt.

Re = Phunt c;{lihrati n resistor in KjQ.

E¢ = Putpui vdoltage tesulting f{rom shunt callibration.

U = Nelocity which 1s _equivhlent tof the shunt calilratiaon. -
C = hunt_cdlibration consthnt in _killohms fleet perlsecond

Ca_=_ Mverage |shunt ca2libratibn consthnt,

Mode: | Transformer module calipration,

2. Calibrafion_at Empljfin a

3. [Calibration at fransducpr.
4. |Calibratfion by p-wire sfingle shunt.

N = PNumber df input |points [Eg ).
__N' = er df shunt {resistofs (Rgle)——
Er=10
e
a2 Y : U in ; Sl
Uy = t G ey Er '5AA= -—E&;\J—a——-— U~E=SA Ec el
i ! a
5 i i K.=5.284 | i
. A 3 : i,
A : el Ca i
C=Ug R, CA= Re=40.28¢ Reaw (K) = ser Range (Fe/sec)
: /
’ e - - . N o Y é —_‘ﬁ
‘ . ; I i asaa sl
Figure 2-12 Typical Calibration Data i i i
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TABLE 2-6.
VELOCITY GAGE

Cp = KQ ft per sec,

RELATIONSHIPS OF CALIBRATION PROCEDURE TO DX

CAB- RQ) degrees (related to hasic electrical sensitivity of unit).

u = Viscosity in centistokes.

B, - Excitation voltage used (rms).

Eo = Excitation voltage for which calibration is known (rms),

K = A constant for each transducer.

C
CA = 3,2 +2 for a brass pendulum.
A

(7]

(1-K log, ,Ev
9 105

K =~ .13 for Sparton short armature.
K~ .24 for Sparton long armature.
K =~ .3 for CEC long armature.
CAo;g 8 for any long armature.
CAoz 40 for any short armature.
NOTE:

This factor has the units ft per

se~ond per degree, and is the

mechanical transfer characteristic.

Ca

E; for aluminum is 3 times that of
6 brass.

Any short armature is linear for ¢ 3° about null; any long armature

is linear for + 10° about null with 6% bilinear disagreement between

slopes.

short armature one does at 10°,

A long armature element produces the same output at 2° that a

The calibration points used are approx-

imately + 1.6° on long armature units and ¥ 8° on short armature units.

This produces acceptable linearity on all units tested.

R ———— A —
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SECTION 3.0

CABLE SYSTEM
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3.1 INTRODUCTION

The data cable system for the Middle Gust Event supplies
the necessary transmission path between the transducer and the
recording equipment. The individual cable for each gage is col-
lected in a forward J Box (Figure 3-1). The trunkline cables then
run from the J Box to the recording trailers. This two step cable
routing allows reuse of the trunkline cables for all three events.
The forward cables to each transducer will of necessity be re-
placed for each event. Cables used by AFWL and WES will pass
through this J Box. Cables used by other agencies in general will
run directly from the gage to the recording trailer.

3.2 FORWARD CABLES

The cables used for the transducer to J Box runs are
especially selected low noise types to minimize pick up of shock
induced noise. Both 4 and 7 conductor cables are used for this
function. The velocity gages are run with 4 conductor cables,
all other transducers will use 7 conductor cables.

The transducers are supplied with a pigtail of cable
to which the 4 and 7 conductor cables are attached using the
splicing procedures in Section 3.6. Each cable should be per-
manently marked in accordance with the procedures indicated in
Section 3.5,

The cables are run from the gage location to the J Box
in backfilled trenches. The depth and location of these trenches

are chosen to minimize cable damage. Details of this layout for

each event are contained in Chapter IX through XI.

The free end of the forward cables are passed through
the 1 foot square cable entrance ports in the Northwest end of
the J Box. AFWL transducer cables will enter the west opening,
the WES cables will enter the east opening. These cables are then

3-1

T e e S T =

e ikt bt AR il



x

o nou /

BM EAST
ELEV 4415324

£
b

ot
£\t
.'/ ° l

<3~

TBM-LOTT
ELEV 4408924

B

7 STORAGE
COMPOUND

b

i
TRAILER L
SHELTER '

Figure 3-1 Plan of Site
3-2




e e b

routed to the appropriate terminal boards as indicated in the
measurement list. All AFWL cables will be terminated in the left-
hand half of the J Box (facing the open end) as shown in Figure

3-2. WES cables will be terminated in the right hand half of the

J Box. The AFWL cables will be terminated in the J Box as indicated
in Section 3.7

Termination details for the WES cables are not shown.

3.3 JUNCTION BOX

The J-Box is a poured concrete structure approximately
15 feet long x 8 feet wide and 6feet 6 inches high. Details of
this structure are shown in Figures 3-2, 3-3, 3-4, and 3-5. The
Box is surrounded by an earth berm extending about 18 feet from
the box.

Access ports on the Northwest wall provide access for
the forward cables. The final (shaded) portion of the berm shown
in Figure 3-2 will be emplaced immediately prior to each event
after all cable work is completed. This portion must be removed
after each event to permit installation of cables for follow-

ing events. The open end of the box provides egress for the
trunkline cables.

The box is divided by the central row of terminal boards
into two compartments. The AFWL cables will be terminated in the
southwest side of the structure. WES cables will terminate in
the Northeast side of the structure. Terminal boards for the
AFWL cables are shown in Figure 3-6 and 3-7. The terminal boards
are 4 x 8 sheets of plywood on which are mounted standard Cinch
Jones series 141 barrier strips. These are then nailed to the
2 x 4 furring strips which have been bolted to the concrete.

Details of the WES half of the J-Box will be supplied
by them.

s = ST




3.4 TRUNK LINE CABLES

A permanent run (trunk line) of six conductor and four
conductor cables will be established from the J-Box to the trailer
shelter. These cables will be laid on a raised earth berm. They
will then be covered with at least 12 inches of soil. (See Figure
3-8.)

These cables must cross the Bob Creek Waste Ditch near
the road crossing. A wooden trestle crossing will be provided
next to the road fill. This structure will extend far enough on

each side to allow adequate water flow around the road crossing :
in the event of excessive water flow in the ditch. 1

Trunk line cables will be routed through the 5 foot cul-
verts installed in the trailer shelter berm. These will be laid
in the racks on either side of the culverts to reduce the possibi-
lity of damage. No cables may be left on the floor of the culverts
where they may be damaged by subsequent operations.

These cables must be terminated to the entry terminal -
boards inside of the recording trailers in accordance with the
measurements list. Termination procedures are detailed in Section
3.7. Cables not required for event A will be marked, have their
ends sealed, and be coiled inside the shelter near the culvert
entry. These coils must be hung on racks or hooks to aleviate
tangling and damage.

Treatment of the WES trunk line cables is expected to be
similar; details are not supplied.

3.5 CABLE MARKING

All cables must be identified permanently at the time of
installation. Cable numbers will be indicated by hot stamping the
cable itself or by use of slip and shrinkable identification bands.
These must contain the cable sequéntial number and be consistant
from forward cable/gage pigtail splice to the trailer terminal Z




] ’ board. Cables will be identified on each side of every terminal
board (trailer and J-Box), near exit of cable from culvert inside
E . trailer shelter, near ground surface at top of gage drill hole
and at gage pigtail/cable splice.

3.6 FORWARD CABLE SPLICING
Forward cable splices (Figure 3-9) are required (1) at
the Forward-Forward cable junction, and (2) at the transducer
1 Pigtail forward cable junction. Procedures to be followed in
] making these splices are given in Sections 3.6.1 and 3.6.2.

e

3.6.1 Forward, Forward Cable Splice

Remove three to four inches of the outer sheath using a
seamstress stitch remover or other suitable tool. Caution shail
be used to prevent damage to the insulation around the shield or
the nylon tape under the shield. If the insulation around the
shield or nylon tape is damaged, remove an additional 3/8 inch of
the outer sheath. Proceed to cut away the filler flush with the E
outer sheath, install a piece of 3/64 inch shrink tubing over the ’
drain wire leaving enough drain wire exposed for crimping a window
splice, and install a piece of 1/4" shrink tubing 1 inch long
over the drain wire and the pair of wires. This tubing is used
to insure isolation of the shield from the other shields. Slip the
1/4 inch tubing down over the drain wires and conductor pair until
it covers the shield and nylon tape. Repeat the above steps on the
other pairs and drain wire in the cable. Apply heat from a heat
gun until the shrink tubing becomes a tight fit.

Prepare the other cable to be spliced as above. Strip
wires, then splice together as shown in Figures 3-10 and 3-11,
using API window splice part No. 320559 and API tool No. 99447 or
59170 or MS 23037-1A.

’

After all splices are complete, cover the entire splice and
a 2 inch overlap on both ends with API sealing and dielectric com-
pound part No. 602213. After sealing and dielectric compound has

|
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been applied, cover entire area with Scotch #88 all weather
electrical tape. The alternate method of waterproofing is: before
the splice is made, slip a piece of API shrinkable tubing with .
sealant over one end of the cable. After splice is completed,

place tubing over splice so that the sealant in each end is ex-

tended over the outer sheath of the cable. Shrink with heat gun.

Check cable for continuity and check all shields for isolation

from each other and isolation from the conductors.

3.6.2 Pigtail Forward (PF) Cable Splice
The accelerometer PF cable splice is to be made by WES
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