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ABSTRACT

The objective of Project 30.5 wae to provide instrumentation, electronic and seli-recording,
for obtaining ajr-blast and ground-shock loading and response of the gtructures employed by the
various structures projects. Included was installation of transducers, recording of transducer
signals, and presentation of the recordings as linearized time -dependent plots of ithe measured
variable in the specified appropriate units. A total of 127 recording channeis was utilized; of
these channeis, 75 were used for electronic recording on magnetic tape, 37 were used for self-
recording time-dependent gauges, and 15 were peak-indicating gauges.

A basic description of the {nstrumentatica employed by the Ballistic Research Laborato.
ries in taking the structural measurements for Projects 30.1, 30.2, 30.3, 31.4, and 31.5 is given.
Self-recording gauges for measuring pealk pressures, pressures vs. time, dynamic pressures
vs. time, and displacement vs. time are described; electronic gauges for obtaining time-
dependent records of pressure, dynamic pressure, acceleration, displacement, and earth
pressure are describzd. ]

For each type gauge, details are given on the recording mechanism, transducer element,
gauge mount, calibration, and data presentation. A plot of the {leld iayout is alsc shown.

A tabulation indicating the general success of the instrumentation recording operations and
a discussion of anomalies is presented. Finally, recomiaendations for more effective instru-
mentation practices are given.




PREFACE

Project 30.5 was instliuted solely as an instrumentation service to various Armed Forces
Specia! Weapons Project (A} SWP) and Federal Civil Defense Administration (FCDA) structures
desigr. agencies. Originally, nc formal project was organized for this purpose, but, because the
Ballistic Research Labcratories {(BRL) electronic instrumentation is packaged in units of 20
recording channels each and must be protected by expensive blast shelters, it was apparent thit
efficient operation would often demand a sharing of facilities among the various ageacies to be
served by BRL instrumentation.

To minimize the complexities of the administrative and financial accountability that would
occur if such an effort were not consolidated, a Memorandum of Understanding (Appendix A)
between Field Command, AFSWP;, FCDA;: CETG; and BRL established a combined project
(3.7/30.5) to accomplish structures instrumentation for the various AFSWP and FCDA agen-
cies. The duaiity of the assigned project number i8 a consequence of the projects being jointly
supported by AFSWP and FCDA. All AFSWP funding was {0 Project 3.7, whereas FCDA funding
was to Project 30.5. Support of Project 3.7/30.5 was in proportion to the number of instrumen-
tation channels supplied to each organization, the AFSWP share being 60 per cent and the FCDA
share being 40 per cent.

This is a complete and detailed report on the Proect 30.5 portion of the BRL {nstrumenta-
tion effort.
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Chapter |

INTRODUCTION

Among the various damaging aspects of a nuclear detonation, air blast is one of the sub-
jects studied. Two approaches to such a study are necessary, ocne being an investigation of the
characteristics of blast waves under various specified conditions and the other being an investi-
gation of the effect of a given hlast wave on various structures or structural componenis. This
report is a discussion of the measurement tecliniques and procedures used by the Baliistic Re-
search Laboratories (BRL) to enable the investigation of the loading or response, or both, of
structural designs of several FCDA projects on Operation Plumbbob,

1.1 CBJECTIVE

The cbjective of the project was to provide instrumentation, electronic and seilf-recording,
to obtain air-blast and ground-shock loading and response of structures for the varicus struc-
tures projects in the Civil Effects Test Group Prozrams 30 and 31.

The scope of the program included installatic n of transducers. recording of transducer
signals, and presentation of the recordings as lin :arized time-dependent plots of the measured
variable in the specified appropriate units. Measurements were obtained using both self-
contained direci-recordir ¢ units and remote-recording magnetic-tape units. A total of 127
recording channels was supplied; of these, 75 were magnetic tape, 37 were t:me-dependent
self-recording, and 1% were peak-indicating.

1.2 BACKGROUND

The history of BRL participation in nuclear testing extends from Operation Sandstone.
During ihat operatinn mechanical self-recording and peak-indicating gauges were used, but,
beginning with Operation Greenhouse, various systems of eiectronic recording have been
utilized. All measurements taken by BRL previous to Operation Upshot-Knothole (i.e., Opera-
tions Sandstone, Greenhouse, Buster-Jangle, and Tumbler-Snapper) were free-field measure-
ments concerned with blast-wave characteristica. For Operation Upshot-Knothole, however,
BRI. obitained and rebuilt the Webster -Chicago magnetic-tape recording equipment used by
Sandia Corporation during Operation Creenhouse. Extensive structures-instrumentation prog-
ress resulted from the use of this equipment.! Before Operations Teapot and Redwing, further
improvements in this equipment were made, and Jduring those operations the equipment was
used for both structures measuremerts and free-field measur *menta. During Operation Tea-
pot, several standard commercial rezording oscillograph unfis were also used for recording
data similar to that recorded on the 'Webster-Chicago equipment; however, these units did not
prove {0 be as rugged, reliable, or versatile as the modified Webster-Chicago recorders.

Each Webster -Chicago electronic unit records 20 channels of information on a magnetic
tape 35 mm wide. To each channel a phase-modulated information signal and a reference sig-
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nal are supplied. Phase modulation is obtained by combining the 3750 cycle/sec amplitude-

modulated output signal from the gauge with another signal of 3750 cycles/sec but ¥0) deg dif-

ferent in phase. The reference signal (7500 cycles/sec) is mixcd with the information signal,

and the two are amplified and recorded simuvltaneously un the same magnetic track. Thus the

reference signal is subjected to exactly the variations in amplification or tape characteristics

experienced by the information signal, and their relative phase is maintained unchanged. In ad- -
dition, an Edgerton, Germeshausen & Grier, Inc. (EG&G) Bluz Box was used to produce a sharp
amplitude-modulated zero-time marker, which was recorded on one magnetic track set aside

for that purpose. .

The playback system later recovers the information from the magnetic tape by separating
the reference and the information signals and applying them to a phase discriminator that pro-
duces an output voltage pruportional in magritude to the tangent* of the measured variable.

Also, timing pulses are derived from the 7500 cycle/sec reference signal. The signal, the tim-
ing pulses, and the zero-time marker are then recorded on an oscillographic recorder to pro-
duce a final record.

During the operations prior to Upshot-Knothole, the disadvantages of electronic instru-
mentation for field work became apparent. Such systems were expensive, cumbersome to in-
stall, time-consuming to adjust, and often highly sensitive to adverse conditions normally en-
ccuntered in field work. The desire for a more adaptable system led to several designs for
completely self-contained mechanical gauges capable of recording pressure as a function of
time for use during Operation Upshot-Knothole. The success of these gauges then prompted
the design of standard models of a self-recording overpressure-time gauge and a dyrs.aic
presgure —time gauge,

In these, a precisely governed battery-operated motor rotates an aluminized glass disk. A
stylus attached to a compact metal bellows element traces on the rotating disk a record of the
dilations of the bellows as they are subjected to the pressures of the blast wave. In this way a
time-dependent record of the blast pressure is impressed on the disk. The motor is set in op-
eration by a signal received from a thermal- or photo-initiation circuit or remotely by wire
from timing reiays. Gauges, the essentials of which are described above, were used with great
success during Gperation Castle. Since then, the gauges have been refined in many minor, but
importa.it, aspects; they have been used with continuing success under a wide range of condi-
tions during Operations Teapot and Redwing. Because of their relatively low cost, they may be
used in larger quantities, as required in the field wherever anomalies are to be expected. Also
because of their ease of installation, ruggedness, and versatility, they may be reused on con-
secutive shots and rapidly adapted to changeable field schedules.

Howev:ir, there are certain instrumentation measuremeats for which a better time 1resolu-
tion {s required than can be provided by the self-recording gauges. In such cases electronic
recording instrumentation must be utilized.

Extensive use was made of both electronic and sell-recording gauges in this structures-
instrumentation effort.

4

REFEPENCE

1. J. J. Meszaros and J. I. Randall, Project 3.28.1, Operation Upshot-Knothole Report,
WT-738, June 1953,

*Operation is normally in the linear portion of the cur ‘e of ¢ vs. tan ¢ (where & is the
measured variable); thus output is directly proportional to the measured variable.
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Chapter 2
OPERATIONS

The instrumentation systems used in Operation Plumrbbob were of two general types: elec-
tronic recording and self-recording. Both types were used to obtain a variety of required
measurements for the various structures projects. Explicit and detailed coverage of the two
recording systems is presented in the following order: (1) self-recording gauges; {2) electronic
recording gauges; (3) transducers; (4) gauge mounts; (§) calibration; and (6) data presentation.

2.1 SELF-RECORDING GAUGES

2,1.1 Physical Configuration of Pressure-Time Gauge

The recording mechanism for the pressure-time gauges wae enclosed in a heavy airtight
case (Fig. 2.1), the top of which acted as a baffle plate. Holes were drilled in each baffle plate
for housing the photocell and the thermal-initiator plunger. Holes were drilied zlac to allow
the blast pressure o reach the recording capsule and for the gauge arming screw. The pres-
sure hole was covered by a small screen to prevent the entrance of dirt and tc assist in damp-
ing capsule oscillations. The recording capsule was mounted on the inrer side of the baffle
plate; near it, on the same side, was welded a short length of channel iron, which served as a
chassis for the turntable assembly and {nitiation circuits (Fig. 2.2). The turutable assembly
consisted of the motor, shaft, angular-contact ball bearings, and dural turntable, Also attached
to the chassis was a star-cam counter, which limited the rotations of the turntable tc a pre-
determined number,

The eatire design of the rocording mechanism was such as to reduce its sensitivity to ac-
celeration. The use of the angular-contact bearings in the turntable assembly allowed the shaft
to be secured against either axial or transverse motion, and the use of dural in the turntable
and shaft reduced the distorting forces in these members,

Drop tests and shake-table tests 3howed satisfactory operation of the gauge at 50 g. in that
latching relays dic not release, motor speed was essentially unaffected, and turntable vibration
was acceptably low. At higher acceleiations, up to 80 g, motor speed varied up to 5 per cent,
and often the glass recording disks broke.

2.1.2 Disks

The basiec recording medium of the self-recording equipment was an aluminized glass disk
or plate on which 2 trice of the motion of a mechanical transducer element was scratched by
an osmium-tipped stylus. With accurate regulation of the manufactursing process by which the
glass disk or p ate was given its aluminum coating and with careful control of the recording-
stylus pressure, t -ace widths of lesg than a thousandth of an inch could be obtained.

Two types Jf self-recording gauges were used: cae utilized a stationary aluminized gluss
plate to record the maximum excursicns of the sensing element; the cther utilized a rotating
glass disk to oblain a time-dependent record of the motion of the sensing element.
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2.1.3 Dri ¢ Motor

‘The drive motor that turned the disk (Fig. 2.3), was an A, W. Haydon Company model
A-5615 “chronometrically governed” d-c electric motor. It used a self-contained oscillating
balance whee! to generate a simple-harmonic reference. The rotation of the motor was trans-
lated into simple-harmonic motion, and the phase of this was compared with the phase of the
reference by a pair of eiectrical contacts, one of which was actuated by the reference genera-
tor and the other by the motor. The contacts were 80 a1 rangad that, when closed, they directly
bypassed a series resistor through which current to the moto~ was fed. The relative phase of
the simple-harmonic motions of the two contacts was determined by the portion of a cycle dur-
ing which the contacts, being simultaneously antuated, bypassed the resistor and, consequently,
determined the total power delivered to maintain a constant speed of rotation,

Motors having rotational speeds of 3, 10, and 40 rpm were used, depending on the applica-
tion and time resolution required. These were alao the obtainable turntable speeds for all ex-
cept the dynamic-pressure gauges. The latter incorporated a two-to-one speed reduction,
which, with motor speeds of 10 and 40 rpm, gave turntable speeds of 5 and 20 rpm. The motor
was powered by an 8-volt mercury battery capable of running the motor at tull load and rated
speed for over 6 hr.

4.1.4 Iaitiators

The motor was set in operation by one of two seif -contained initiator circuits used simul-
taneously or, alternatively, by a signal tranemitted by wire from a central control point with
the self-contained circuits used for backup.

The self-contained circuits operated on reception of either thermal or visible radiation
from the detonation. An electronic initiator, sensitive to the bomb light, used a cadmium sul-
fide photocell and latching relay circuit. The light was guided to the photocell by a vertical
length of ¥-in. Lucite rod. The rod was ground to a 45-deg bevel at the end, where the light
entered to allow more efficient light capture. Only the voltages produced by transient light
pulses were amplified to close the relay. In addition to the control contact, the relay was fitted
with a pair of contacts that, when closed, caused a high current to flow through the relay coil;
this held the relay closed.

The second self-contained initiator consisted of a spring-'caded plunger heid cocked by a
thermal link made of two brass strips soldered togethe : with low-melting-point solder and
painted black. Thermal radiation falling on this initiatcr rapidiv heated it; when the solder
reached a temperature of 169 F, the brass strips parted and allowed the spring to press the
plunger against a microswitch, therebv starting the motor.

2.1.5 Start-up Time

Because of inertiz and the time needed for establishment of the proper phase relations in
the governcr, the wmoters do not reach 2 stable speed immeaediately. The 3-rpm motors reach
their rated speed in 90 msec but oscillate about the value for an additional 300 msec. The 10-
rpm and 40-rpm motora reach their speed gradually and without instability in 400 msec.

2.1.¢ Hard-wire Initiation

All gauges used for diffraction studies in areas where blast arrival times are jess than
400 msec were initiated previous to zero-time by a signal transmitted by wire from one of the
BRL instrument shelters.® This sigial was produced by the cloaure of a standard EG&G tim-
ing relay at minus § sec and was used to close the electrically latching relay normally used
with the photocell. The operation ot this relay was cuplicated by a second relay at minus 1 sec.
The self-contained inftiating circuits were retained for backup in case the hard-wire signals
faited.

*This requirement was placed on all gauges for Project 30.1. All other gauges supplied by
Project 30.5 were either outside the 400-msec range or were {or pressure measurements that
did not require the accuracy of timing needed for diffraction studies.
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2.1.7 Physical Configuration of Dynamic-pressure Gauge

The dynamic-pressure -time gauge was a Pitot-static tebe that used separate pressure-
sensing elementa to record the stagnation pressure and the side-on pressure (see Figs. 2.4 and
2.5). A %,-in.-diameter hole was drilled down the axis of the nose section to transmit the
stagnation pressure to the appropriate capsule. Also, a ‘/,-in.-dhuneter hole transmitted the
side-on pressure to the other capsule., The two capsules were mounted at right angles to one
another in a hollowed-cut portion of the nose section. The styluses of the two capsules were
arranged so that both could make their traces on the same disk. The two traces were made at
different radiuses, and events recorded by the two styluses appeared simultaneously on the
disk but separated circumferentially by 80 deg.

The end of the nose section containing the recording mechanism rcrewed into a hollow
cylindrical section, which contained the motor power supply and initiation circuits. Two pipe
nipples were welded to the outside of the casing and, by means of pipe unions, served to attach.
the dynamic-pressure gauge to its mount.

The thermal {nitiator was similar to the one used for the pressure-time gauge, except that
it used a phototube detector, a sensitive relay, and a mechanical latching relay. The initiator
circuitry waa all mounted on 2 plexigias sied (Fig. 2.6) which fitted inside the casing. On the
rear of the sled was mounted a panel with three switches and four pinlacks. This arrzngement
allowed a quick and complete check of all the gauge circuits and convenient arming ci the gauge
just prior to the test, After testing and arming were comnieted, the rear ¢nd of the hollow cas-
ing was sealed by an aluminum plate,

2.1.8 Peak-pressure Gauges

Two types of gauges were uzed in taking measurements of peak pregsure. One was & con-
ventional pressure gauge from which the motor and initiation circuits were missing and in
which the turntable was blocked to prevent movement. A round glass disk was used as the
recorGing medium. The other was a smalle: gauge designed for the specific purpose of taking
peak measurements. This gause had a baffle plate the size of those used on the pressure-time
gauges, and the pressure caprule was mounted similarly. The recording medium was a '; by
1-in. aluminized glass rectargle glued to 1 movable block. The block was put {n place under
the capsule stylus, moved to produce & zero-deflection marker, and then locked in place by
means of screws. In this way, peak positive and negative excursions of the capsule wera reg-
isterad. A heavy steei cup was bolted over the mechanism to maintain it at a constant pres-
sure during passage of the blast wave ({I'ig. 2.7).

2.1.9 Peak-displaceraeut Gauge

The peak-displacerment gauge consisted of two parts: an aluminum rod welded to a circu-
lar aluminum base and a plate drilled to aliow the rod to pass through {reely. The plate had a
spring-loaded knife edige attached, which scratched the .noving rod. When installed, the rod
asgembly was ittached to the moving member (Fig. 2.8}, the drilled piate was slipped over the
rod, and the plate wus then attached to a stati .nary reference point. After the gauge was posi-
tioned, the rod was painted with black paint; thus, when the rod was activated by the blast, the
knife edge scratched a record of the maximum position and negative deflection.

2.1 ELECTRUNIC RECORDING GAUGES

2.2.1 Recording Mechanism

Each electronic recording svelem was, basically, a 20-channei phase-modulated-carrier
magnetic-tape recorder. It was designed for usc with gauges based on passive impedance ele-
menis, which modify a constant input voltage as a fur.ction of the physical activation being
measured. A block diagram of the circuitry is shown in Fig. 2.9.

Each gauge contained, or was used in conjunction with, a full-reaciance bridge that was
balanced when no physical activaiion was applied to the gauge. In caae such balance were not
inherent in the gauge, provision was made in the coupling unit for simulating unequal react-
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ances in adjacent arms of the bridge, whereby it could be balanced. The power supply produced
an alternating input (E;), having a crystal-controlled frequency of 3750 cycles/sec and a poten-
tial of 18 volts, which was fed to the balanced bridge in each gauge through its coupling unit.
The phase of the voltage measured across the gauge was determined by a phase-shift network
in the coupling unit and by the reactances in the gauge and its cable.

When physical activation was applied to the gauge, the bridge became unbalanced, and the
cutput of the gauge changed from zero volts; its balance value changed to a small (hundredths
of a volt) value (E,). This voltage was closely proportional to the magnitude of the unbalance
and was dependent on E;.

The gauge output voltage (E,) was fed through a 1-to-10 transformer into the gauge ampli-
fier. In the first stage of this amplifier E, was combined with & 3750 cycle/sec quadrature
voltage (Eq) and a fixed veltage (ER), twice the frequency of Eq and of fixed phase. Thes:
voltages were derived from the same supply as E; and, in the event of any »1all amplitude or
frequency fluctuation in E;, were affected proportionally.

The quadrature voltage was so called because its phase differed from that of E, by 90 deg.
This phase shif: was obtained by the combined effect of three phase-shift networks. The first
of these, incorporated in the power supply, also determined the phase relation between Eg and
Er. The seccnd network was incorporated in the coupling unit and gave the additional phase
shift necessary to obtain approximately the total 90-dey shift. The third network included in
the amplifier provided a fine adjustment for setting exactly the 80-deg shif:,

The vcitage -vector diagram of Fig. 2.10 shows how E, and Eq combine to form a resultant
voltage (E.) having a phase angle (¢) with reference to Eqy. When E, is a continuously varying
voltage, ¢ is, then, a continuously varying function of Eg and

$ = arctan (Ey/EQ)

The voitages E, and Eg are then amplified 10 tinies and impressed on the recording head.
These two voltages are simultaneously recorded by the same head on the same stiip of tape,
This process d:stinguishes the recording system for the voltage Eg, which is the reference on
whict interpretation of the recorded signal E, depeads, ard is subject to precisely the same
recording and playback variations as the signal itself. The variations mentioned are changes
in spacing between recording head and tape, differences in thickness and gensitivity in adiacent
regions of the tape, and weaving of tape and variations in speed as the tape is transported
through the head. These variations seriously afflict amplitude-modulated and unreferenced or
separately referenced phase systems.

2.2.2 Playback

The data recorded on the tape are in the form ol a phase-modulated signal, which is not
directly usable until it is passed through a phase discrimiiator and converted to an amplitude-
moduliated signal.

A Dlock diagram of the entire playback unit is shown in Fig. 2.11. The playback uses the
same head and transport mechanism used in recording, however, a different drive motor is
used which pulls the tape through at haif the recording speed. Thus the signal voitage (E,)
appears with a mean frequency of 1875 cycles ‘sec and the reference voltage {Eg) appears with
a frequency of 3750 cycles ‘sec. These two voltage components are separated by band-pass
tilters, and the output of each filter 18 then differentiated (o give a series of alteraately posi-
tive and negative pulses having repetition and phases idertical 1o those of input signals. The
set of pulses corresponding to E, I8 passed through a circuit that separates the positive pulses
from the negative, inverts them, and recombines them to give & series of negative pulaes
having a mean repetition rate oi 3750 cycles ‘sec and phase shifts proportional to those of E,.
The set of pulses corresponding to Eg !s passed through a circuit that removes all positive
phases and gives a series of negative pulaes having a repetition rate of 3750 cycles ‘sec.

The puises are amplified, clipped. and sharoly differentiated in the pulse -generator cir-
cuits. The resulting spikes are {ed into the two control grids of an Fecles-Jurdan flip-flop
ctreuit; the E; spikes guing to one grid and the Ey spikes going to the other. The constant-
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phase ER spikes turn the flip-flop “on” and the variable-phase E, spikes turn it “off.”* The
resuliing rectangular wave train is fed to 3 low-pass filter, which produces 2 voltage output
proportional to the “or” time of the flip-flop. The 500 cycle/sec cutoff of the filter {8 suffi-
cienily high to allow data containing frequency components up to 400 cycles to be passed with-
out gerious attenuation.

The output voltage, being directly proportional to ¢, is proportional to the tangent of the
magnitude of the physical activation meagured. When 9 {8 kept sufficiently small by proper
choice of the voultage E,

tan ¢ = ¢

and the operation is essentially linear; however, the systeru {s always caiibrated to provide
added precision and to allow satiefactory treatment of over-load signals.

Minor additions to the aystem allow an accurate timing syatem to be included. TIhe output
of 2 standard EG&G Elue Box was fed directly to an auxiliary recording head, which put a
sharp zero-time fiducial marker on the tape. During playback, th:e pulses {ormed from the
reference voltage Ex were fed into a series of decimal divider circuits, which produced a set
of pulses having a repetition rate of 375 pulses/sec.t Every tenth pulse was doubled in magni-
tude, and every hundredth pulse was tripled.

2.2,3 Electrical Calibration Sieps

The calibration of the system was performed as much as two or three weeks before the
actual test. To take into account any system-sensitivity differences that might have occurred
in that time, provision was made for shunting a fixea resistor or inductance across one of the
gauge bridge elements. This simulated an activation of the gauge, the magnitude of which was
dependent on the size of the resistor or inductance. The simulated activation was prcduced just
prior to calibration and again just prior (o the test. If the simulated-activation amplitude was
small enough to keep it within the linear range of the recorder, the signals produced in the
playback were proportional to the system sersitivity at each time, and the proportionality fac-
tor indicated could be applied directly to the linearized record (see Sec. 2.8.2). These signals
appeared on each finished oscillogram as “electrical cal steps.”

2.2.4 Data Presentation

The {inal presentation of the data was obtained by applying the three signals (data, zero-

time marker, and timing pulse} to three galvanometers in a2 photographic-paper graphic re-
cordar.

2.2.5 System Details

The tape used was 35-uum-wide iron oxide - coated mylar. It was pulled during recording
by a capstan drive at a speed of 28 in. ‘sec. The heads were incorporated in two biocks of
eleven each, displaced in relation to the tape 80 that a total of 22 record tracks was produced
(interspaced) on the tape. Twenty of these tracks weve used for recording data, «nd one (at the
edge of the tape) was used to recotd the zerco-thine pulse; the remaining track was not used.
Bias coils were provided in each head but were not ured. The gauge amplifiers and the gauge
coupling units were all separate, one of each being used for a channel. These were housed in
racks on blocks of twenty each.

The drive motors operated {rom 28 volts direct current, which was supplied by storage
batteries. The tube filaments and high-voltage-supply dynamotors operated {rom these bat-
teries also,

*The terms “on” and “off” were arbiirarily chosen to differentiate bexween the two stable
rtates assumed by the [lip-fiou circutt.
t This corresponded to a repetition rate of 750 pulases ‘sec ai recording speed.

17




The recordars have shown themselves to be reliabie. Few failureas have occurred, and the
accelerations to which they were subjected during the passage of ground shock and blast waves
have produced onlv small transient effects.

2.2.8 Blast Shelters

Recording equipment was housed in blast shelters (Figs. 2,12 and 2.13), partially or com-
pletely buried. The shelters were placed at a maximum of 1500 ft irom the gauges, and, gen-
erally, at a distance from Ground Zero (GZ! greater than the corresponding distance from the
gauges to prevent complete loss of records should the passing blast wave over the ghelter cauge
failure of recorders. Standard 110-volt alternating current was supplied for operation of the
recorders during the period of preparation prior to the test. This voltage supply was not re-
lied on during the test; battery supplies were used in all cases.

2.2.7 Initiaticn

Initiation and control of the recorder operation was by means of timing signals supplied by
EGA&G Project 9.2.

The EG&G installation consisted of the proper timing lines run into the shelter and five
relays, one being provided to close at each of the following times: minus 30 min (i.e., 30 min
before the instant of detonation), minus 15 min, minus 15 sec, minus 5 sec, and minus 1 sec.
EG&G guaranteed the closure of each relay. Since EG&G gave no promise that the relays would
remain closed, however, they were connected to cperate latching relays in a sequence-timer
unit. The closure of the latching relays then activated the recording equipment.

The signal that closed the minus 30-min relay actuated the latching relay, connecting the
28-volt battery to the amplifier filaments and to the high-voltage power supplies. So that there
would be no loss of records in case of failure or ineffectuality of this signal, closure of the
minus i15-min relay applied excitation to another latching relay, which duplicated the operation
of the first.

Two more operations were necessacy, and the three remaining relays were provided to
ensure their being performed. Normally, the firat operation was effected by the minus 15-sec
closure. This operation consisted in activating the electricai cal step relays and (he tape drive
motors. The minus 5-sec .losure had, as it3 prime purpose, the initiation of a 2.5-sec time
delay but was also capnble of performing the function of the minus 15-sec closure if the latter
should fail. The 2.5-sec delay reiay removed the electrical cal step and started an auxiliary
timer. The minus 1-gec signal duplicated the operation of the time-delay relay.

After 2 min, the auxiliary timer applied and removed a pestshot electrical cal step,
stopped the iape, and removed power from the system.

2.3 TRANSDUCERS

2.3.1 Sell-recording Pressure Element

Two views of the self-recording pressure element used in the pressure-time and dynamic -
pressure gauges are shown in Fig. 2.14. Basically. this element s 2 chamber formed by the
welding together at their edges of two diaphragms, each of which is impressed with a searies of
concentric corrugations. Pressure is transmitted to the instde of the element through an inlet
port, which passes throuch 2 heavy brass mounting llauge. In cperation, the eleuient is mounted
on the inside of the auge balfle plate with the inlet port of the elament lining up with the pres-
sure hole in the balfle piate. Th = the blast pressures arc transmitted to the inside of the ele-
ment while the cutside is heid at the constant pressure sealed inside the gauye caming (Sec.
2.1.1). This causes the element to Lulge and move the stylus out from the element mount a dia-
tance proportionai to the pressure.

Without the concentric corrugations, elements cf this type display severe nonlinearity of
deflection v, pressure. In a corrugated element, however, each of the sections bounded by one
of the corrugations is sensitive (v essentially one small range of pressures and respoands lin-
early over that range. Over the lotal range of the element, which e the suin of the ranges of
all the sections, the response is, thoa, practicaliy linear. The actual value of linearity is 0.5

per cent.
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A minimum element volume, with a correspondinc short {ill time {8 ensured by designing
the corrugations of the two diaphragms forming the chamber to nest with one another. The vol-
urnes achieved require a fill time not exceeding 3 rasec.

By careful choice of diaphragm material (Ni Span C stainless steel wes used) hysterasis
was kept down to +0.1 per cent, and elements could be operated linearly and without damage up
to pressures 150 per cent of the rated ranges. Depending on the pressure range, the elements
had undamped natural frequencios of 250 to 2000 cycles/sec.

Careful control of metal qualities and manufacturing processes ensured that the path traced
by the stylus, as the element expanded, was within 1 deg of being a perfectly straight line nor-
mal to the mount surface. The allowable discrepancy produced a stylus motion in the direction
of the time axis of the disk corresponding to +'; msec at a disk speed of 10 rpm. This error
would not be found in arrival-time measurements but represents the time error that might be
found in datermining the occurrence of a peak.

The stylus =35 an osmium phonograph needle tip mounted on a phosphor-bronze spring
arm. Stylus pre.sure v .3 adjusted hy bending this arm until a small auxiliary spring scale in-
dicated proper tension. No special attempts were made to damp the mation of the capsules for
use in the pressure-time gauges since, with the dust screen used, damping was adequate {or
any capsule range and overshoot was never objectionable.

The total-pressure capsule, used at the end of the long tube in the nose of the dynamic-
pressure gauge, was more suscaptible to overshoot and was effectively damped to 0.7 of criti-
cal. This was accomplished by changing the fill time with a sieve. Its head was placed directly
over the capsule inlet port. The sieve was made by drilling sixteen No. 80 holes in a piece of
brass shim stock.
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2.3.2 Electronic Displacement Transducer

The displacement gauge was mounted on a stable surface; it measured the relative move-
ment of an object by means of a hardened-steel wire connected from the gauge to the object.

This wire was wrapped around a pulley mounted on a shaft supported by jsurnals in the
ends of the gauge case. A heavy coil spring inside the case applied torsion to the pulley shaft
80 that the wire was held in tension and would wind on cr off the pulley as the object moved. A
ratchet on the pulley shaft allowed the spring to be wound to, and held at, 2 high value of torque
prior to installation of the wire. Release of the ratchet =pplied tension to the wire.

The free end of the pulley shaft was attached to the recording mechanism. The gauge
sensitivity was determined by the pul'ey size, smnaller puileys being used with amaller dis-
placemeny, The tension in the wire w.3 about 60 lb, and the gauge was able to foliow a dis-
placement rate of 2§ ft sec Two standard electronic transducers w.re uscd (Figs. 2.15 and
2.16), depending on the magnitude of the dispiacemen:. Both types were the ratchet -wound
spring-loaded pulley assembly described above The large-displacement model (1 to 16 {n.)
produced the required modulation of the carrier voltage by means of a coutinuous-rotation wire-
wound potentiometer atta-hed to the pulley shait. The housing oi this patentio.etes, rather than
being permanently fixed to the gauge casing, could Le rotated by a knob with a calibrated scale.
Rotation of this knob in a direction opposite to the expecied rotation of the displacement gauge
pulley allowed pulley rotation to he exactly simulated, and, by means of L.e calibrated scale,
the magnitude of 4 corresponding displacement could be determined. This procedure was {oi-
lowed 1a the calibration of wthe tecarding channels used with this gauge. The potenilometer was
then locked \n place.

The small-displacem:nt model (0 20 1 in.) used a linearly varia! .e differential trangformer
(LVDT) as a variable-impedance elemen! The coll of the LYDT was composed of three wind-
ings; the middle winding was the Input (or primary’ winding that was connected 10 the gauge
power supply. The motion of the armature differentially variad the coupling birtween this wind-
ing and windings on either side of it. The cutside palr of winaings was coanec'ed L series with
the recorder so that the output voitages Jpposed one anciher. When the armature was contered
between them. the net voltags ouiput applied to the recorder was zero. As the armature was
displaced (rum its balance point, an output voltage proporiiona; to the motion was produced. The
hollow cylindrical armaiure of this transformer was ‘hreades over the gauge wire and clamped
in piace, and the solenotd winding of the ti ansformer (inside which the armature moved axially)
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was held by a rigid frame. Thus the gauge sensed directly the axial motion caused by the dis-
placement, ard the pulley arrangement served only to produce tension in the wire.

The coil was not permanently fixed to its support; but, to simulate a motion of the arma-
ture, the coil could be moved with respect to the staticnary armature. This movement was
measured by a dial micrometer to effect a calibration (see Sec. 2.5.4). After calibration, the
coi] was locked into position. .

These gauges could follow a diaplacement rate of 25 {t/sec.

Three special-application displacement gauges were also designed. One measured the
bending of the sliding blast-door used on the Project 30.2 dual-purpose parking garage—mass
shelter (Fig. 2.17). A hardened-steel wire was stretched from one edge of the door, over a .
12-in.-long perpendicular stud at the center of the door, and attached by a strong spring to the
other edge of the door. A hollow cylindrical armature for an LVDT was threzded on the wire
and clamped close to the spring. As the door bowed in, the stud forced the wire to stretch the
spring; consequently, the position of the armature changed relative to the #dge of the donr. The
LVDT coil was monnted close to the edge of the door and sensed the motion of the armature.

Also, an LVDT coll was mounted on the garage [loor with its axis perpendicular to the slid-
ing door (Fig. 2.18). The armature was forced into the coil against spring tension and held
there by the door. Thus any linear motion of the door relative to the floor was followed by the
armature,

Finally, LVDT’s m:odified by the manufacturer (Schaevitz Engineering Corporation) to have
an extended range (5 in.) were used to record the operation of blast valves tested by Project
31.5 (Fig. 2.19). The armatures were attached directly to the meving part of the valve; whereas

the coil was held fixed with respect to the valve seat. Thus the entire cycle of the poppet could
be followed.

2.3.3 Pressure Transducers

Measurements of blast pressure were made with Wiancko 3PAD-R pressure gauges (Fig.
2.20). Each gauge was contained in a heavy brass casing, which minimized transient tempera- .
ture effects. A threaded flange around the sersitive end of the casing ailowed the gauge to be
screwed into its mount. A pluy in the other end of the casing provided a signal-cable connec-
tion. The gauge was a var.able-differential-inductance type using a twisted Bourdon tube sens-
ing element. One end of he tube was open to the atmosphere, and the other end was closed and )
attached to an armature held in close proximity to an E coil (Fig. 2.21). As pressure was ap-
r'ted to the cpen end, 1t tended to straighten the twisted tube and, ir 80 doirg, rotated the
arature,
The E coil consisted of two windings wound on the extreme legs of au E-shaped magnetic
core. As the armature rotated, it decreased the reluc.tance of the ragnetic path compused of
the armature, the center leg. ar ' )ne extreme leg of the E and increased the reluc-tance of the
other, similar path,
With the two windings connected into a fuli-impedance bridge, a vo!tage unbalance was
created wiich was proporticnil to the applied pressure.
The response 'ime of this type sauge varied with its ~ange, but it was, in all cases,
smalier than the response time of the recording system (about 2 msec!.
Wherever these gauges were used close to, and (acing, the blast. shields of alurinum foil

were used 16 prevent thermal radiation enterin? the piessure post and disterting the Bourdon
tube.

2.3.4 Electronic Dvnamic -pressure Gauge

The dynamic-pressure gauge ueag was one designed by Sandia Corporation 141, 2220, I
empioyed two Wiancke yressure elements as aescribed 1n Sec, 2.2.3, without the brags casing)
installed in 2 Pitot tube. One eclement measured the dilference between the tuta) and the site-
on pressure, And the other element meas: red only side-on pressure. Consequentiy, ihe Lauge
produced two signa's irecorded on separate channeis! the first being a {iaction of dynamic
pressure and the gecond beiag a functins of side -on piessure.
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2.3.5 Accelerometers

Acceleration measurements were made with Wiancko type 3 AAT accelerometers (Fig.
2.23). The sensing element consisted of an armature bonded at its center to the vertex of a
V-shaped spring member and held in close proximity to an E coil of the type deccribed in
E Sec. 2.3.3 (Fig. 2.24). A weight, the mass of which depended upoa the range of the acceler-

. ometer, vas attached to one end of the armature sc that 1n accelaration in a direction normal
to the armature caused it to rotate about the vertex of the spring. The rotation of the armature
_ caused unbalance in 2 full-impedance bridge, of which the windings of the E coil were a part.

. i The accelerometer was, incidentally, sensiiive to rotational accelerations; so it could not

: be used where these were present. The stiff{ness of the spring was such that linear accelera-
tions in the direction of the axis of the case only were measured.

The natural frequrncy of a 5-g accelerometer was approximately 70 cycles/sec, and of a
100-g accelerometer, approximately 450 cycles/sec. The gauges were damped to 0.70 of
critical at a temperature of 80°F.

"
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2.3.6 Earth-pressure Gauges

The earth-vressure measurements were made with a Wiancko-Carlson type 3-PE footing-
stress gauge (78, 2.25 and 2.26). The sensing mechanism consisted of two inflexible circular
plates with thinned edges, separated and welded around the periphery so that the edges acted
as a flexible section. The small chamber volume between the plate inner surfaces could be
varied by pressure on the external surfaces. The chamber was filled with fluid, usually mer-
cury »r oil. The center section of one plate was thinned to form a diaphragm which buiged
outward when externally applied pressure squeezed the two plates together. This motion was
coupled to an armature (Fig. 2.26), causing it to move nezr an E c¢il {described in Sec. 2.3.3).
The diaphragm plate was the base for the gauge and was placecd agaiast the focting. As pres-
sure was applied, the motions of the solid plate and the flexible dlashiragm were in the same
direction, but the amplitudes of their motions were in inverse pruporton io their respective
areas. The resulting amplification of motion permitted relatively large gauge output, while
maintaining high-frequency response.

2.4 GAUGE MOUNTS

2.4.1 Self-recording Pressure Gauges

Severa!l methods were used to :ount the pressure-time gauges. The requirements for
Project 30.1 and part of Project 31.4 were for zauges to measure difiraction patterns of the
blast wave; in these cases it was necessary to mount the gauge baffle plate flush with the sur-
rounding surface. This was toue by casting the gu.ge casiags into the concrete during ccr-
struction of the test cbiects; later, the gauyge mechanisn:s mounted on the balfle plates wers
inserted i(nto their casings, and the halfle platsu were bolted in place {Figs. 2.27 and 2.28). In
all other cases, where the gauges warz used tu indicate the [il]l time and maximum pressures
irside a structure, a nipple welded to the bottom of the yauge casing was screwed onto a
threeded length of 3-in pipe cast into the cencrele of the structure (Fig. 2.29) or attached to a
12-in. =tecl disk held 14 place by sand bags.

2.4.2 Sepit-recording Dynamic-pressure Gauges

The dynamic-pressure gauges wese provided with two short nipples (see Sec. 2.1.7 for
mounting in low - pressure regions. Mounts were constructed using 8 pair of parallel leagths of
3-ir pipe braced and held at a constant spacing vy short lengths of steel plate welded between
thera (Fig. 2.30). Two lengths were used, & {1 {ur gauges to be mounted 3 {t above the surface
and 12 ft lor gauges to be mounted 10 [t above the surface. Th» pipes were embedded in con-
¢rete at the base and steadied by guy wires, where needed. Pl'e unions were used to attach the
gauge nipples to the mount pipes. For the high-preesure regions, 2 much heavier mount was
used (the standard AFSWP gauge tower design’ in conjunction with a special casing that butted
up to a llange provided on the front suriace of the mount {Fig. 2.31),

N

B L A S TN <




2.4.3 Electroaic Deflection Gauges

The standard electronic deflection gauges were movnted with four properiy spaced Y -ir.
bolts, cast or rain-set iato the stable mounting surface. The gauge, with fcur corresponding
bolt holes, wzs set uver them and secured with nute (see Fig. 2.32).

The mounting details of the {wo special deflection gauges are given in the description of
the gauges in Bec. 2.3.2.

2.4.4 Peak-preesure Gauges

These gauges, using standard self-recording pressure-gauge cascs, were taounted as de-
scribed in Sec. 2.4.1.

The speciaily designed peak-pressure gauges were mounted with the face of the baffle
plate tow«rd the mountin,, surface. Studs were driven into the surface. Properly spaced holes
in the baffle plate ullov.ed it to be slipped over the studs and secured in place. Spacers were
placed on the studs !o hold the presaure port away from the surface.

2.45 Electronic Pressure Gauges

The electronic pressure gauges were used in the concrete structures.
Seamless steel tubs, threaded to wccept the gauge casings, were cast into the concrete
struciures (Fig. 2.33).

2.4.8 Electronic Dynamic-pressure Gauges

Standard heavy AFSWP vertical pipe mounts were provided for these gauges (Fig. 2.34).
The mount consisted of a pair of 8-in. pipes spaced by tangential steel plates walded betwean
them. A flange fac.ag GZ was provided and to this was boited a section tapered to thc diameter
of the Pitot tube. The Pitot tube was inserted in this section and locked intc position by set
sCTrews.

2.4.7 Accelerometers

The ascelerometers were mounted on the member in which the acceleration was being
measured. & lead plate ¥, in. thick and the diameter of the gauge was installed between the
gavge and member to eliminate gauge ringing effecis. Three properly spaced threaded ».uds
- were cast or ram-set intc the concrete. The gauge was positicned so that three holes driiled
in a flange arcund one end of the gauge cease were fitted over ine studs. Thuas the gauge was
mourted with its sensitive axis (the axis of the cylindrical case) lying parallel to the direction
of the acceleratiun ve. .2 a2 jured.

© 2.4.8 Earth-pressure Gauyes

Depending on the application, different methods ¢f mounting the earth:-pressure gaugeo
were emplcyed. In every case, provision was made for allowing a soild, flat surface for sup-
port of the gauge base plate and an ever: distributicn of presscre over the sensitive plate (see
Sec. 2.3.8), ’

s the case of the Project 30.2 garage, cavities matching the contours of an earth-pressure
gauge were cast in the concrete. The gauges were then grouted into position and, as the struc-
ture was backfilled, sieved sand was carefully packed over each gauge face to ensure a uni-
form pressure distribution,

2.5 CALiBRATION

2.5.1 Self-reccrding Preasure Gauges

Calibration of the pressure capsuies was performed by the manufacturer, The calibra
tions weve plotted with a Leeds-Northrop X-Y recorder. The output of 2 Statham Inatrumenis,
inc., strain-gauyge pressure tranaducer wag {ed through amplifiers tu the pen (X-axis) of the
recorder. Capsule deflection was meusured by a micrcmeter head equipped with 2 aull detec-
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tor and a sevo system operating a slide-wire potentivizeter which, in turn, contrelled the
chart drive (cr X-axis). The resulting presentation gave a plot of cepsule deflectio: as a func-
tion of applied press:re (see Fig. 2.35).

Tiv: disk drive moto-s were also individually tested for start-up time and speed. The
speed was tesied Oy compan.g the frequency of the pulses produced by the governor coatacts
with yulses from a precision-sigur] generator.

‘The star!-up time was deduced L,am a plot of angular displacement of the motor shaft vs.
time: (Fig. 2.36). The curve was obtained bv attaching the shaft of a potentiometer (Heliupot)
having 0.05 per cent linearity to the center ot ‘he gauge turntable, The potenticmeter, which
was powered by a battery, produced an output that was registered by a moving-paper oscillo-
graph. The oscillograph provided a time base, and the potentiomeier output was proportional
to the angle through which the shaft had turned. Another channel of the csciliograph recorded
a fiducial marker at the instant voltage was applied te the motor.

The slope of the recorded curve thus indicated velocity, the constant tezzinal velocity
being indicated by that portion of the curve having a counstant slope. The times of occurrence
of all varfations from this constant velocity were also cleariy indicated. Finally, when the
~unsiant-slope portion of the curve was extended through the time axis, its intersection gave
a starting delay time to be added to event times computed on the basis of an instantaneously
achieved constant motor speed.

2.5.2 Seif-recording Dynamic-pressure Gauges

The procedure given in Sec. 2.5.1 was used in calibrating the self-recording dynamic-
pressure gauges.

2.5.3 Peak-pressure Gauges

These gauges used the same elements as those used in the self-recording pressure gauges,
and calibration procedures were the same (see Sec. 2.5.1).

2.5.4 Electronic Displacement Gauges

Calibration cf the gauges was necessarily performed after installation of gauges and re-
cording system. For all gauge types, this was done by moving the normally stationary element
cf transducer relative to its normally movable element.

The normally stationary element of the large-displazement gauge was the potentiometer
housing. This housing could be rotated by a linearly calibrated knob (see Sec. 2.3.2), a full-
acale rotation from its centered position correspcnding to a half turn in the opposite direction
by the gauge pulley. The corresponding displacement wzs equal to one-half the pulley circum-
ference. The fuil range of the calibrated scale was divided into five equal segments on each
side of its centered position; thus positive and negative displacements of 20, 40, 60, 80, and
100 per cent of the maximum calibration value could be obtained. Where displacements
greater than one-half the pulley circumference were obtained, the potentiometer rotated past
the extreme point on its scale and began a second cycle. The calibration for this cycle was
{dentical to that for the first cycic, except that a displacement equal to the pulley circumfter-
ence was added to {or subtracted from) the indicated displacement value, Whether the constant
value was to be added or subtracted was dependent on the slopes of the curve cf displacement
va. tline just prior to the sharp discontinuity markin the beginning of a new cycle. Positive
slcpes indicated addition; negative slopes indicated gubtraction,

The small-displacement gauges were calibrated with a dial micrometer as a standard.
The micrometer mweasured the motion of the coil relative to its support or armature position.
After the clamp that held the linear variable differential transformer coil in place was
loosened, a siotted block, which held the micrometer, was slipped over the coil support bar
(see Fig. 2.37) and locked in position. The coil was moved until its electrical center (the posi-
tion glving an output voltage null) was found. The reading indicated by the micrometer was
then taken as the zero reading, and from this point the coil was moved in a direction opposite
to the actual displacement to produce calibration steps. Values, both positive and negative, of
20, 40, 8C, 80, 100, 120, 140, and 160 per cent of the expected maximum were used.
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2.5.5 Electronic Pressure Gauges

Steady pressure controlled by a system of regulators was applied to the Bourdon tube
through a tube fitting screwed inio the presasure ialet port (see Fiy. 2.38). The regulators were
contained behind a control panei, which also mounted diai gauges having ranges 2dequate to in-
dicate all required pressures with an accuracy of :2 per cent. The steady prestures were ap-
plied after installation of the tauges and recording system, with positive pressures 20, 40, 80,
80, 100, and 150 per cent of the expected maximum buing applied. Where required, negative
pressures in the same elements were also applied.

2.5.86 Electronic Dynamic-preasure Gauges

The calibration procedure for these gauges was ideatical with that described in Sec. 2.5.5.
Negative calibrations were made for the side-on ut not for the dynamic-preasure elements.

2.5.7 Accelerometers

The accelerometers were given static calibrations on 2 spin-table accelerator before
their installaticn {see Fig. 2.39). The spin table wae a digk that was rotated at a speed deter-
mined accurately by an electric tachometer. The accelerometer was mounted on the disk with
its sensitive direction parallel to the radius of the disk. Connections to the recorder cable

were made through slip rings. An accurate knowledge of the distance of the accelerometer
sensing element from the center of the disk and the rotationai veiocity of the disk weres used to

find the radial acceleration produced in the sensing element. The disk velocity was varied to
produce accelerations 20, 40, 60, 80, 100, ans 150 per cent of the expected maximum, Spin-
tabie acceleration values could be computed with an accuracy of 2 per cent.

2.5.8 Earth-pressure Gauges

These gauges were generally calibrated in pairs o¢ groups of four before being placed in
their mounts (see Fig. 2.40). Two gauges were placed with their sensi‘ive faces together, but
separated by a layer of blotting paper. An aluminum ring, slotted to allow exit of the gange
cable, wag placed against each base plate to protect the protruding section of the gauge con-
taining the sensiny element (see Sec. 2.3.6). This sandwich was then placed, with a Baldwin
SR-4 load cell, between the jaws of a hydraulic press. The force applied through the aluminum
rings to the base plates was measured by the load cell v ar accuracy of better than 1 per cent.
The blotting paper allowed an even distribution of load over the seasitive faces of the gauges.
Where convenient, several such sandwiches could be calibratec sunultaneously.

2.6 DATA PRESENTATION

2.6.1 Self-recording Gauges

The data obtained from each self-recording record contain the arrival time and deflection
vy, time. The records, being scribed on rotating glass disks, are presented in polar coordinate
form. Conversion to rectilinear coordinates simplifies working with the data. To do this, a
Gaertner toolmakers microscope with a retating table was utilized. The microssope was modi-
fied by the addition of digital readout heads giving 1060 counts per revolution of the reading
head shaft. Record deflection is represented hy 0.300025 in, per court or 40 counts per mil of
deflection. For the time-base readings, one revolution of the turntable (360 deg) will read
45,000 counts or 125 counts per degree,

The data from the readout heads of the microscope are converted to digital form and
punched on IBM cards by Telecordex equipment. These cards ars utilized in final processing,

2.6.2 Electronic Gauges

The playback of the magnetic-tape recorcings produced by the electronic gauges were
prefented as oscillograms on strips of 7-in.-wide photographic paper. The data from each
charine! were presented on a single oscillogram. The information included: (1) electrical cal
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step, made jmmediately prior to calil ration (Sec. 2.2.3); (2) calibration steps, each made by
running the recorder for a short peri)d while the transducer was staticaily activated (Sec.
2.5); (3) electrical cal sten, made immediately prior to detonation (Sec, 2.2.7); (4) the trace
deflection caused by the physical activatioa; (5) electrical cal step, made shortly {ollowing the
completion of the records; (6) zero-time markear (Sec. 2.2.2); and (7) a series of timing pulses
produced at the bottom of the paper (flec. 2.2.2). The relative heights of the electrical cal
step H, taken during the calibratior 1un und H, taken during the actual test run were propor-
tiona! to the values of sysiem gain dvring those times.

The calibration ateps multiplied ty the ratio, H,/H, determined the spacing of the ordi-
nates of the plot; whereas the timing pulses determined the abscissas. Each minor timing
pulse represented 1Y/, msec; the larger spikes corresponded to 13"y msec and 133", msec.

The osciliograms were read on i1 Telereader, which user magnetic reading heads to con-
vert the time, calibration, and recoi d displacements to a digital form. The information in

digital fcrm is punched on IBM cards, which are used as input data for the EDVAC for final
processing.

2.6.3 Final Data Presentation

The IBM cards, representing readings taxen at close intervals throughout the span of the
records, together with cards representing calibration readings and, in the case of the seli-
recording data, time-interval information, azre used as input data for the EDVAC high-speed
digital computer. The program 2s coded for the EDVAC uses a straight-line equation. The
deflection values are calculaiec from a straight-line interpolation between the various cali-
bration steps. The timing calibration is applied to the readings and concurrently the impulse
is suramed as the cards are processed. The final output of the EDVAC is time (msec) and de-
flection, linearized and punched on IBM cards. These cards are fed to an Electronic Associ-
ates, Inc., Variplotter, model 3033B1LP. This line plotter can plot and connect 66 points per
inch with an accuracy of Y, ia. The final plots are from this plotter. Photographs of original
records and linearized record plois with sketches showing their locations are inciuded in
Appendix B,

2.7 INSTRUMENTATION REQUIREMENTS

All requirements for instrumentation were established by FCDA Projects 30.1, 36.2, 30.3,
31.4, and 31.5. After the basic instrumentation type {electronic or self-recording) had been
gpecified. the choice of recorders, transducers, an.: transducer mounts was the responsibility
of BRL.

in cases where diffraction and loading studies were being made, electronic inst~umenta-

tion was preferred to self-recording equipment because the latter had no provision for mark-
ing zero time.

A listing of structures, channelg, types of measurements, and ranges is given in Table 2.1,

2.8 FIELD LAYQUT

Figure 2.41 shows the locations of structures instrumented, blast ehelters, and ditching.
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TABLE 2.1 —STRUCTURES AND INSTRUMENTATION

$0.1/8008.00
30.2/8002,00

30.3/8003.01
30.3/8003.02

30.3/8003.03

30.4/5006.01

31.4/8006.03
31.5/8007.01
31.5/8007.02
31.5/8007.03
31.5/8007.04
31.5/80¢7.05
31.5/8007.08
31.5/8007.07

31.5/8007.08

Peak pressure

Pressure

Earth nressure

Deflection

Dynamic pressure
Self-recording prossure
Self-rezording dynamic pressure

Self-recording pressure
Pesak pressure

Self-recording pressure
Peak pressure

Self-recording preasure
Peak pressure
Deflection

Self-recording pressure
Peak pressure

Peak deflection
Deflection

Self-recording pressure
Peak deflection

Deflection
Self-recording pressure

Deflection
Seif-recording pressure

Deflection
Self-recording pressure

Deflection
Self-recording pressure

Deflection
Self-recording pressure

Deflection
Self-recording pressure

Deflection
Self-recording preasure

Deflection
Self-recording pressure

g
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Project/Structure Gauge type No. of gauges Ranges

30.1/8001.01 Accelerometer 73,40, and 7.54 g
Pressure 460, 250, and 70 psi

30.1/8001.02 Accelerometer 40,20, 4, a0d2¢g
Pressure 238, 180, and 35 psi
30.1/8001.03 Pressure 150, 100, xnd 20 psi

8 psi

200, 100, and 40 psi

200, 50, 25, and 15 pai
0to 6 in,

200 and 40 psi (2 cbannels)
50 and 5 ps!

200 and 50 psi (2 chunnels)

100 pai
15 psi

60 psi
5 psi

50 psi
5 psi
0to1lin.

18 psi

5 pai

0to$ in.

0 to0 0.78 in.

15 and 5 psi
0to 5§ in.

Vto§ in.
100 and 25 psi

0t b in.
50 and 15 psi

0te 5 in.
80 and 15 psi
Otod in.
15 and b psi

0tob in,
18 and § psi

Htod in,
18 and § psi

0to8 in.
16 and & psi

0to8 in.
15 and 5 psi
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Fig. 2.1==Pressure-time gauge enclosed in casing.

Fig. 2.2-—Pressure-time gauge recording mechanism.
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Fig. 2.3—Disk drive motor {or seli-recording gauge.
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Fig. 2.4—-Fully assembled dynamic-pressure gauge.

Fig. 2.5—Hollowed-out portion of dynamic-pressure gauge nose section
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Fig. 2.6—Dynamic-prescure gauge power supply and initiator chamis.




Fig. ¢.8~—Pesk-displacement gayge.
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Fig. 2.12—External view of blast shelter.

Fig. 2.13—Recorciag equipment installed in sheiter.
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Fig. 2.14—Salf-recording gange piessurs element.
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Fig. 2.16~—Small-displacement gauge.
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Fig. 2.18—Special duplacement gauge, Project 30.2 (movement of door)
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Fig. 2.19— Special displacement gauge, Project 31.5.

Fig ¢ 20~ Wisncko pressure gauge
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_-Pressure port
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Fig. 2.21-Schematic drawing of pressure-gauge ccnfiguration.

Fig 2.C2—Sandie dynamic-pressure gauge.
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Fig. 2.23—Wiancko accelerometer.
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Fig 2 24— Schematic drawing of accelerometer spring mechaaism
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Fig. 2.25—Wiancko-Carlson earth-pressure gauge.

Fig. 2.36—Cutaway photograph of varth-pressure gauge seasing mechanism.
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Fig. 4.28~~Complets surface installation of pressure -iime gauge

43




[3
¥




ES e T e BRSBTS R S e TR R i sy R T Byl A PR ~

H

Fig- 2.31—BRL dynamic-pressure gauge adapted to standard AFSWP mount.

Fig « 12— Tipical inntailation of BRI duplacement ganges
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Fig. 2.33— Typical instsllation of Wiarcho pressure gauges.

o and

Fig. 2.34-—Sandia dynamic-pressure gauge on standard AFSWP (Sandia) mount.

AN YRR b - s s v s e L e s nm i e o 7 452 i e




BB 46 BTt SRR SRR o 0510 e 0 s DR i 35

-amsded sBned Buyproda-j1as jo wawmadedsip ‘A amssasd jo aamd [wordAt —gg-g ‘B4

0s

o¢v

ot

1sd ‘ ainssaid

02

02

ov

09

(0] -]

001

Ol x sayzu| ' j1awadnidsi|g

€-

41




T T T T v T T T
rsr———w—-— —_—
-
"] - -4
¥
[ ] —d
& !
»
Q | .
=
Q | B
©
% L ~
@
2 L ]
3 7
€
2l % ]
/
- / —
B < -
! 4 3
7 | -; :
Q l/l 1 'L 1 L 1 1 L;l_ A 1 1 1 . .
0 200 400 60C 800 1000
Elopsed Time ,msec
(a)
T | | /
20 7
A
o /
[\
o
o — A
5 -
3 ; /
Q
:ce I ]
£
o
<
: Il
2 u ]
i | | |
,//' i i I
o Z 1 N J
0 200 400 800 800 {000

Eiopsed Time , msec

(b)

Fig. 2.36=—Angular displacement vs. time of self-recording gauge motor: (a) 3-:pm motors; (b) 10-

tpm motors.
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Fig. 2.37——Small-displacement gauge calibration.

Fig 2.38—Typical calibration of Wiancko pressure gauges.
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Fig. 2.39=Calibration of acceleromeer.

Fig. 2.40==Calib stion of sarth-presure gauge.




g

-
o P TURSRT T T T T e R S DR e

modey prd—19'3 ‘B4

10e/76 184 e
202/816-49

00'8/10¢-2 g
H200 1YY — — —
/108~ 4
o \ sono-a @,
— \ -7
! waame e -8,
\
e
-d
roiros-o @
10€/508-igg -
20°8/5°0%-4 nO.n\n,SOt‘
]
~L
] :I.II,’
00'2/2°0%-4 IIII:@
wALTIe ..c.n\\ﬂ\.;\\\\\\
3 3 i \‘ ”"\\\\\.\
- .- -- z= —
)
VN N
7/ e
/ S
Ve o~
S
) ~— 1002e)
\\ ,I,nl’ (UOse)
, ® Sy /
-4
“4 i0'4/818-4 o CUTIE WE 1124 0L/8M-a 209/ 154 i
$01/¥15-3
dy i, m/ .BSu.a I NS o9/ 150 \\
[ 24 T4 B LY

00./% -2 P/I@

WILIIME Y48 0y

]

81




Chapter 3
RESULTS AND DISCUSSION

3.1 ACCEPTABILITY OF DATA

The operation of the gauges and recording equipment is summarized in Table 3.1. The
comment for each gauge indicates the technical success of the measurement,

In briel, from .a instrumentation point of view, 52 records of 75 electronic measurements
were perfect, 17 records of 37 self -recording me asurements were perfect, and 13 records of
15 peak-recording methods were perfect. L. add!tion, 8 electronic records were amenable to
interpretation without speculation, and 18 self -recording records gave usable peak-value in-
dications. In several instances, “no apparent record” is noted. Here, even though all indica-
tions are that the eyripment was [ ic..oning properly, the record was not numbered with those
considered usable.

3.2 ANOMALIES AND THEIR TRtATMENT

In general, the resuits of the \nstrumentatior were « onsidered satisfactory. A better per-
centage of reccrds was obtained from electronic gavwes than from the self-recording gauges.

Failure to receive records {rom electronic gauges was principally duc to the gauge’s be-
ing either under ranged or over ranged. Gauges tha: were principally unde: ranged were the
earth-pressure gauges; in these cases the signals received from the gauges were saturated,
giving rise to a fiat piateau. The over-runged gauges were principally the accelerometers.
Here the deflections of the records were sma'l, and the reading of these records to any degree
of accuracy is questionable. In several cases, structural faijlure was the cause of an incom-
plete record being cobtained from the electronic Jauges. For example, such was the case of the
displacemen! g-uges located in the ramp of Structure 30.2 '8002: The wires were broken when
the wall us the ramp collapsed.

Because of the severe radiation-induce. electromagnetic pulse present at zero time, a
signal was induced on the recording mech (nism. Oiicn e base line returned to zero before
the blast arrived at the transducer, in which case the —ecrds were immediately usable. How-
ever, 1n some cases, tne records experienced a permane  zero shift. In *hose cases, the
records obtained from the electronic yauges required ad,..~tment of the caiibration data to
compensate for the ze. 0 shift.

The self-recording gauge failures r:suited from preinitiation or failure to i:.itiate. Those
to be initiated by hard-wire failed because of defects in circuiiry o° a cut wire. A iar.cer por -
tion of gauge failures wag due to preinitiation. The gauxes mos* affected were those tihat were
to have been initiated by photoceil. In this case, the preinitiatio= of _wyges could have been
accomplished by a strorg beam of light, such as the headlight {rom a vehicle.

Records of the peak -pressure recorders are somewhat questic "able, in view of the fact
that the structures were nominally pressure-sealed and no appreciable damage to the struc-
tures resulted. The defle~tions noted cn the records could very well resuii from the accelera-
tions sus‘ained by the structure.
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TABLE 3.1 — CLASSIF(CATION GF DATA*

Project/Structure Gauge No. Type of measurement Comments
30.1/8001.01 P1 Prassure Good racord
P2 Pressure Good record
P3 Presaure Govod record
Pd Pressure Pad record
PS5 Pressure Good record
A23V Acceleration Fair record,
zero shift
A26H Acceleration Bad record
A1V Acceleration Fair record
A28H Acceleration Fair record
39.1,/8001.02 P1 Pressure Good record
P2 Presgaure Good record
P3 Pressure Bad record
P4 Pressure Gooa record
Po Pressure Good record
A23V Acceleration Fair record
A24H Acceleration Fair recond
A29V Acceleration Bad record
A30H Acceleration Bacd record
30.1/8001.03 P1 Pressure Good record
P2 Pressure Goou ~ecord
P3 Pressure Good record
P4 Pressure No apparent record
P5 Pressure Gocogd record
Pé Pressure Good record
P7 Pressure Fair record
30.2/8002 P1 Pressure Good revord. skift
during shot
P2 Pressure Good record
P3 rressure Good record
P4 Pressure Bad record
PS5 Fressure Good record
E8 Earth pressuare Good record
E7 Earth pressure Good record
ES Earth pressure Good record
E9 Earth pressure Good record
E10 Eartk pressure Bad record
Ell Earth pressure Good reccrd
E12 Earth pressure Good record
Eil Eerth pressure Gond recond
El4 Earth pressure Jood record
ElS Earth pressure Bad record
El6 Earth pressure Bad record

D1

Deflection

Geood record

* The symbols used to specify gauge type are deflined as follows:

Electric gauges Self-revording gaugne Peak recording gauges
Raug K &3ug

A, accelerometer

D. displacement

E. earth pressure

D. dvnamic pressure iW-gauge)
8, slde-on pressure (Q-gauge)

SP, pressure
3QT, tital pressure (Q-gauge:
MRS side-on pressure (Q-gauge

PD. disgiacemant
PP. peak pressure

Nurihe g

funowing the symbols are gauge numbers.

53




Tabie 3.1 — (Continued)

Project/Structure Gauge No. Type of meas.rement Comments

20.2/8002 D2 Deflaction Bad record

D3 Deflection Good record

D4 Deflection Good record

DS Deflection Good record

Dé Deflection Good record

D7 Deflection Good record

D8 Deflection QGood record

ne Deflection Gond record

D10 Defllection Good record

D11 Deflection Good record

D12 Deflection Goud record

D13 Deflection Gowd record

D14 Deflection Good record

D15 Deflection Baj record

D18 Deflection Gauge falled

D17 Deflection Guuge failed

D18 Deflection Bad record

QD Dynamic pressure Bad record

Qe Dynamic pressure Good record

€|KT Dynamic pressure Peak pressure only

Qs Dynamic { : essure Peak prossure only

sP1 Preasure Good record

sP2 Pressure Peak pressure only
30.3/8003.01 2} Pressure Good record

PP Pesk pressure Peak pressure only
30.3/8003.02 sp Pressure Bad record

PP Peak pressure Peak pressure only
30.3/86G08.03 SP Pressure Good record

PP Peak pr.ssure Peak pressure only

D1 Deflection Good record

L Deflection Good record
51.4/8006.01 3P1 Pressure Good record

8P2 Pressure Good record

8Py Prssure Good record

PP Peak pressure Good record

PDR Deflection Structure failed

PD2 Deflection Good record

PD3 Deflection Good record

D4 Deflection Good record

PD3 Deflection Good record

D1 Daflection Good record
31.4/8008.03 sP1 Pressure Peak pressure only

8pP2 Pressure Peak pressure oniy

SPs Pressure Good record

PD1 Deflection Good record

PD2 Deflection Good record

PD3 Deflection Good record

PD4 Geflection Good record

PDS Deflection Gaod record
31.8/8007.0: D1 Deflection Geuge failed

sP1 Pressure Peak pressure only

8P2 Pressure No record




‘Table 3.1 — (Continued)

Project/Structure Gauge No. Type of messurement Coummentd

31.5/8007.02 D1 Deflection Good recore!

Pl Pressure Peak preasure only

8P2 Pressure Good record
$1.5/8007.03 D1 Deflection Good record

sP1 Pressare Peak pressure only

8P2 Pressure Peak pressura only
31.6/8007.04 D1 Deflection QGood recond

8P Pressure Peak pressurs only

8Pz Pressure Peak pressure only
$1.5/3007.08 o) | Dellection Good record

8SP1 Pressurs Good record

SP2 Pressure Peak preesure only
$1.5/8067.08 D1 Deflectivn Good record

SP1 Pressure Good record

8P2 Pressure Good record
31.5/8007.07 D1 Deflection Good record

D2 Deflection Good recorv

D3 Deflection Cood record

SP1 Pressure Peak pressure unly

8P2 Prex-ur- Peak pregsure only

SP3 Prissy.= Peak pressure only

8P4 Pivasure Good record

ars Pressure Good record

8pe¢ Pressure Good record

SP7 Pressure Good record
31.5/8007.08 D1 Deflaction Good record

D2 Deflection Gord record

8P1 Pressure Peak pressure only

3r2 Pressure Good record

8Py Presgure Good record

SP4 Pressure Pesk pressure only

SP6 Pressure Good record
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Chapter 4
CONCLUSIONS AND RECOMMENDATIONS

4.1 GAUGE IMPROVEMENTS

As 18 generally the case during the course of a project of this type, several methods sug-
gest themselves to ease the workload for completion of the instrumentation requirements and
to improve the caliber of records obtained. The calibration of displacement gauges that were
to measure displacement of a minute fraction of an inch was critical. Much time was spent in
calibrating these gauges to ensure that the calibration was valid. A modification of the cali-
bration apparatus is being considered.

The difficulties encountered with initiation have been diagnosed, and several new experi-
mental circuits have been developed.

4,2 RECGCRDER IMPROVEMENTS

The Webster-Chicago recording equipment proved satisfactory during shot Priscilla.
However, this system has been in use since Operation Greenhouse. It has been rebuilt and
modified several times. Owing to this extended service and repeated rough handling in ship-
ment, it is felt that the system :s rapidly deteriorating, as well as becoming obsolete.

It is recom.mended that the recording system either be replaced with a more-modern and
more-compact system or that a new system be built along the present lines of the Webster-
Ciicago system, incorporating the latest electrical coraponents available.

4.3 SCHEDULE IMPROVEMENTS

As has often occurred during past test operations, usually owing to the very short, tight
construction time schedule, the structures were not actually complete at the time sched:led
for instrumentation to begin. Therefore onsiderable time and motion of the BRL instrumen-
tation personrel were lost because of the unavoidable interference of cuistruction personnei
concurrently working in the test area. It is strongly recommended that the time-period sched-
ule specified prior to an vperation for instrumentation calibration and installation be adhered
to in vrder to aliow adequate time for compietion and readiness.
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Appendix A

MEMORANDUM OF UNDERSTANDING REGARDING
INSTRUMENTATION OF STRUCTURES

1. In view of the plan for Operation Plumbbob whereby:

a. The Balligtic Research Laboratories (BRL) will be responsible for supplying slec-
tronic instrumentsation for several! Program 3 atructures projects in the Department of De-
fense (DOD) Weapons Effects Program, Operation Plumbbob. Specifically, these are Projects
3.1, 3.2, 3.3, and 3.6, and will involve approximately a total of 100 electronic channeis.

h. in addition to the instruimentation indicated in the preceding paragraph, in con-
formance with previous mutual sc-eement between Heudquarters, Armed Forces Special
Weapons Project (AFSWP) an . Federal Civil Defense Administration (FCDA), Civi] Ef-
fects Teat Group (CE"G), it L. . «iready been determined that BRL alao will be responsible
for supporting the FCDA (CE1G) projects on Frenchman Flat, Operation Plumbbob, with up
to 85 electronic channels ot instrumentation.

c. The physical layout of the AFSWP Program 3 structures projects and the FCDA
projects wil) place them in relatively close proximity. The capability limitations of the total
number of channels of BRL recording equipment is to be such that for BRL to properly ac-
complish this major instrumentation effort it will be necsssary for BRL to utilize various
channels of a single recording installation in the several natrumentation shelters, for more
than one, i.e., several, different projects. Such joiri utilizatior. should also provide the struc-
tures inst~umentation requirements at maximum over-all economy of manpower, material,
and money.

d. Because of the close interrelationship of the instrumentation of the structures as
described above, the scope of this effort, and the inherent problems of administration and
financia! accountability for the various portions of thiz effort, it is deemed very desirable to
establish a separate AFSWP project, and a similar, affiliaied, scparste FCDA (CETG) proj-
ect, to facilitate accomplishment of the structures instrumentation

2. Accordingly. the organizations concerned: FC, AFSWP; FCDA; CETG; and BRL, do
hereby agree, fur the mutual benefit of all in this effort for Operation Plumbbob, that:

a. There ia herehy established, for the reasons indicated above. ibe following AFSWP
project:

Project No: 3.7 Title: Structures Instrumentsiion
Agency: BRL/AFSWP Project Officer: J. J. Meszaros

Explosion Kinetics Branch
Terminal Ballistic Laboratory
Aberdeen Proving Ground, Maryland
Phone: Aberdeen 1000

Ext: 42222

Shot participation: DOD shot anly

Cbjective: To procure and operate suitable instrumentation to obtain the data reguired
by Projects 3.1, 3.2, 3.3, and 3.8
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Description and Experimental Procedure: It wiil be the responsibility of each of the
Project Officers, Projects 3.1, 3.2, 3.3. and 3.6, to work close'y with and assure themselves
that BRI, is adequately meeting all of the instrumentation equiremsants of their individual
projects. Responsibilities of BRL inciude obtaining the instrumentation requirements from
2ach of the Individual projects and, as appropriate, consolidating these requirements for the
purpose of procuring and operating suitable luztrumentation tu cbtain the data required by the
individua' projects.

b. There is hersby established, for the reasons indiceted abova, the following ¥CDA
(CETG) project:

Project No: 30.8 Title: Sheiters and Structures
Inatrunientation
Ageacy: BRL/FCDA Project Oificer: J. J. Messaros
Explcsion Kineiics Branch
Shot participation: DOD shot only Te-minsl Ballistic L.aboratory

Aberdeen Proving Ground, M yland
Phone: Aberdeen 1000
Ext: 42222

Objective: To procure and operate suitable instrumentation to obtain the data required
by FCDA shelters and structures projects,

Description and Experimental Procedure: It will be the responsibllity of the Program
Director, FCDA (CETG) Sheiter Prugram, to work rlosely with and assure that BRL is ade -
quately meeting all of the instrumentation requirements of the FCDA individual projects.
Responaibilities of BRL include obtaining the instrumentation requirements for each of the
individual projects and, as sppropriate, consolidating these requirements for the purpose of
procuring and operating suitable instrumentation to obtain the data required for the individual
projects.

c. The close relationship of the two foregoing structures instrumentation projects is
indicated by the following procedures hereby agreed to:

Monthly Status Reports and Construction Requirements:

BRL will prepare and submit in the usual manner to WET, FC, AFSWP, ibe normal
Monthly Status Reports and Construction Requirements for the consolidated requirements of
Project 2.7, including proposed project personnel, materiel, equipment, support required,
construction required, etc. Thess consolidated requirements will, of neceasity, include those
requirements nacestary to accompl'sh the instrumentation of each of the AFSWP Projects,
3.1, 3.2, 3.3, and 3.6, and also for those FCDA (CETG) st*ructures projects on Firenchman
Flat.

This wil! actually mean that the total BRL consolidated requirements for the structures
instrumentation of AFSWP Project 3.7 and FCDA (CETG) Project 30.5 will be handled by, and
appropriate action taken through, WET, FC, AFSWP channels, i.e.. for the following require-
ments normally covered by the Monthlv 8tatus and the Construction Requiremedt.. Ieports:
{1) Instrumentation Experimental Plan; {2 Timing Signa! Requirements; (3) Commuaications
kequirements; (¢} Radiation Monitors; (f) Photographic Requiremeats; (6) Office Fquipment
Requiremeats; (T) Vehicle Requirements (for special consideration of this item, see below,
Financlal and Budgetary Considerations); (8) Equipment Purchased (control of, and title to,
all equipment will remain with the AFSWP Equipment Pool, since tne equipment to be pur-
chased is to be a relatively small component part of and should be considered a modification
to already existing AFSWP equipment); (8) Construction Requirements and Changes; (10)
Project Personnel and Clearance Data.

BRL will alno furnish copies of these reports to Projects 3.1, 3.2, 3.3, and 3.6, and also
FCDA (CETG). to keep them adrised.

Financial and Budgetarv Considerations:

Introduction. Based upon the above consolidated requirements. BRL will prepare a total
consol idated budget for AFSWP Project 3.7 and FCDA (CETG) Project 30.5. The total con-
solidated budget will then be prorated between the various projects approximatelv on the
basis of the number of channels utllized by each project. By mutual sgreement between WET,
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FC, AFSWP and FCDA (CETQ), based un the approximate total mumher of instrumentation
cham.sls to “e used by each, 60 per cent of the total budget will he ~hargeable to AFSWP
Project &.7 and 40 per cent will be chargeable to FCDA (CETG) Project 30.8.

Of the 80 per cent of the total budget chargeatle to AFSWP Project 3.7, bssed on the ap-
proximate total numher of instrumentation channels to be used by each, the projects involved
will be chargeable as follows:

Project 3.1 30 per cent
Project 3.2 § per cent
Project 3.3 8 per cent
Project 3.8 60 per cent

Timing Signals. The cost of the timing signal requirements is an item not normally
budgeted for b - each specific »roject, but is buageted for a luvip sum total support cost for
timing signals furniabed all A.’SWP projects by the AEC subvontractor concerned, EG&G.
However, since the timing sigr- s requirements represent 1 sizeabie item of cost. it is
agreed that AFSWP (in behalf cf Project 3.7) will assame 60 per cant of the total estimatec|
cost of all timing signal requirements for BRL structur«s instrumentations to be furnishe«!
by EG&G, and that FCDA (CETG) will assume 40 per cent.

Vehicles. In recognition of: (1) .he difficulties inherent in, nnd the normal luck of spe-
cific project budgeting for, project-used vehicles and therefore the difficuvity in prorating
vehicle costs, and (2) the general supplementary srdministrative support to be furnisbed by
WET, FC, AFSWP, ‘o the FCDA (CETQG) portion of the BRL structures instrumentation effort
(such as processing the combined personnel, ¢quipment, office requirements. and materiel
requirements), it is further agreed, supplemesnting the foregoing Financial and Budgetary
Preorating, that FCDA (CETG) will furnish the total number of vehicles required for this ef-
fort by BRL (probably about eight: (three-carryalls; five '4-ton pickup trucks), from the
AEC, NTS Motor Pool. Fuel and service requirements, routine maintenance, includirg finan-
cial responsibility for same, and cuntrol of these vehicles, will be the responsibility of the
AEC, NT8 Motor Pool in accordance with arrangements between AEC and FCDA (CETG).

General. Al} of the above percentage allocation figures will be used throughout the
Operation Plumbbob, urless it becomes obvious that due to major changes in the current
plans of the numb«r of instrumentation channeis required, a revised set of psrcentage allo-
cations should b2 adoptes.

Coples of the consolidated budget, in-luding the prorated shares for the participating
projects, as prepared by BRL and forwarded to WET, FC, AFSWP, will also be furnished to
the participating Projects 3.1, 3.2, 3.3, and 3.6, and also to FCDA (CETG).

Field Work Order Reques:s: For all field work order requests written by BRL to ac-
complish items, such as sll trenching, for Project 3.7/30.5, LVBO, AEC, will be requested
to totai monthly all such work orders charged against Project 3.7,/30.5 and to prora‘e these
costs ou tha basis of 60 per cent for Project 3.7 and 40 per cent for Project 0.5, These
work crders will include all those for all BRL structures instrumentation work. The 60
per cent for Project 3.7 will be redistributed to the participating AFSWP projects at the
close of the Operation by WET, FC, AFSWP, on the same percentage basis indicated under
the financial und budgciary considerations paragraph above,

The submission of all such field work orders Ly BRL wili be through the Requirements
Branch, WET, FC, AFSWP, organization channels, for !mplementation. Appropriate coples
of such field work orders wiil aleo be furnished to FCDA (CETQ).

Funding: Subject to the abeve, BRL will receive funds from FC, AFSWP. as appropriste.
chargeable to Projects 3.1, 3.2, 3.3, and 3.8 for their rvapective prorated percentage of 60
per cent of the total combined budget for Project 3.7 structures instrumentation.

BRL will receive fumnis direct from FCDA. as sppropriaie, for the 40 per cont of toial
combined budget for FCNA (CE1G) Project 30.6 siructures instrumentation.

Jleld Work Order Requosts for structures ingtrumentation projects xill be cuargeable
on a prorated basis: AFSWE Project 3.7, 80 per cent and FCDA (CETG) Project 30.6, 40
per cent, directly against FC, A¥SWE and FCDA funds, respsctively.

Summary: It is bolieved the above arrangements, as agreed to by the appropriate rep-
resentativesz of FC, AFSWP: FCDA, CETG, and BRL at a cnnference at the office of USAEC,
Las Vegas Branch Office, Las vegas. Nevada, on 17-18 October 1988, «ill enable this struc-
tures instrumentation effort for Operation Plumbbob to be accomplished in the most expedi-
tioun, administrat.vely equitable basis, to the satinfaction of all interested parties.
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3. The serior representatives present from each of the organizations concerned. who
were at the conference at which the above memorandum of understanding was drawn up and

ogreed wpon, were:

H. D. Pickett

Captain, USN

Asst. Deputy Chief of Staff, WET,
FC, AFSWP

J. J. Meazaros
Chief, Explosion Kinetics Branch
Balllstic Research Laboratories

E. R. Ssunders
Coordinating Director of Technical
Tests, FCDA

R. L. Corsbie
Director,
CETG

To {acilitato earliest action on this major BrL instrumentation effort for Operation
Plumbbob, it was agreed that for practical purposes the agencies concerned, especially
BRL, would proceed at once on the premige that this memorandum of understanding was ac-
cepiable to the parent organizations of all concerned.

4. Accordingly, the above memorandum of understanding, as drawn up and now preparsa
In finlshed form, is furnished for thc confirming validation or signature by the appropriate
representative of each parent organization concerned:

8/HARRY D. PICKETT
t/Captain, USN
Asst. Poputy Chief of Staff
Weupons Effecta Tests
(FC, AFSWP Representative)

s/CHARLES L. REGISTER

t/Colonei, Ord Corpa
Director, Ballistic
Resaarch Laboratories
{BRL Representaiive)

8/WILL!AM S. HEFFELFINGER

{ ‘Assistan: Administrator
General Administration
(FCDA Representative)

s/ROBERT L. CORSBIE

t/Director, Civil Effects Test Group
Hevada Test Organization
(CETG Representative)

€0




Appendix B
RECORDS

Appendix B presents photographs of 2 representative group of electronic channel original
records and linearized plots of these recocds (Figs. B.1 to B.14). Also presanted are linear-
ized plots of all self-recording pressure -time gauges determinrd as useable in Table 3.1. With
each group of plots there is a sketch identifying the plots with their station locations.
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ACCELERATION, "G's"

-4

A27v 30.17 1.01

&

TIME, MSEC

Fig. B.1— Acceleration-time record, gauge A27V, stations 30.1/1.01.
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Fig. B.6=—Overpressure-time 1econls, guuges outside 30.2/%2.0 and 30.3/3.03.
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