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PREFACE
The project wms instituted solely zs sn insirmentetion service to variour
LPSYWP end FCDA structures design sgencies. Originslly, no formel project
es srgenized for fchis purpose, but becvuse the 2= listic Resecrch lLebors-
tories (BRL) electronic instrumentation is peckeged in units of 20 recording
chonnels ezch and must be protected by expensive biest shelters, it ves
epperent that efficient operetion vould often demapd shering of fec’!lities
zmong the various esgencies to be served Ly BRL imstrumentation.

To minimize the compiexities of the edministrstion and finsncie! scesunt-
ebllity that would oece T if such en effor! vers not cunaciideted, o Memorandum
of Understending (Appendix A) betveen Field Commend, AFSWP; FCDA; CEVG;
and BRL esteblished o combined Project 3.7/30.5 to sccomplish struct res
instrimentetion for the various AFSWP end FCDA sgencies. The dusiity of
the essigned prolect nmber is & conssguence of tie projects being Jointly
supported by APSHP and FCDA. All AFSIP funding wes to Project 3.7 while
FCDA funding wes to Project 30.5. Support of Project 3.7/35.5 wes in pro-
portion to the number of instrumentetion chennels supplied eech orgsnizetion:
the AFSWP share being €0 percent end the FCDA share being 40 percent. In-
strumentation wes instelled for AFSWP Projects 3.1, 3.2, 3.3, end 3.6, and
thegse projects vwere assessed the following proportions of the totzl AFSVP
support; Project 3.1, 30 percent; Project 3.2, 5 percent; Project 3.3, 5
percent; and Projact 3.6, 60 percent.

‘Yhis AFSHP report is orgenized es & compiete and detaiied description
of the BRL structures instrmentation progrem; thersfare, it sctuelly includes
& repart on the Project 5C.5 pcrtiom of the ERL instruaentetion effort, es
vell ss of the Pyoject 3.7 portion. In séditiom, eppendixes besed on this
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report have been prepered for inciueion in the various proj-ct reports of
the structures design asgencies,

Grateful escknowledgement is extended to E. J. Bryent, Project Officer,
Projeect 1.1, for his sssistance and cooperation. Appreciation is also
extended to LCDR J. F, Clerke, Director, Progrsm 3, Field Commend, AFSVP,

vwhose cooperation end ccordinetion proved very helpful.
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CAAPTER 1

INTRODUCTION
Auong the veriocus demaging aspects of & nucleer detonation, air blast is one
cf the subjectrz studied. Two epproaches to this study sre necessary, one
being en investigetion of the charscteristics of blast veves under various
gpecified conditions snd the seccnd belng an investigetion of the effect of
o given blast wave on verious structures or structural coaponents, This
report 1s a2 discussion of the messurement techniques and procedures used by
the Ballistic Research Laboretories (BRL) to ensble the investigation of the
loading or respomse, cr both, of structural designs of seversl project
agencies on Operetion Plumbbob.
1.1 OBJECTIVE

The objective of the project was to provide instrmmentation, electronic
and self-recording, to obtain air blast end grouni shock loading end response
of structures for the various structures projects in Program 3, AFSWP (DOD)
as vell ap for Programs 30 and 31, FCDA (CETG).

The scope of the yrogran included instellistion of transducers, recording
of transducer signals, and presentation of the recordings oes linearized, time-
dependent plots of the measured varisble in the specified sppropristc units.
Mensurements were obtained using both se:lf-ccnt.sdned, direct.recording units
and remote-recording mognetic-tape units. A total of 330 recording channels
vere supplied. Of these, 161 were mmgnetic tape, 127 vere time-dependent

self-recording, end 42 vcre peak indicating.
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£ tebitetion indiecaling the generz. siccess of the instr mentstion

record:ng operctions snd = discussion of snsuoiies ig presented. PFins: i

recommendstions for more-effective instrimentetion proctices cre Listed.
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ABSTRACT

The objective wes to provide instr.mentetion, eiecltronic wnd self-record .ng,
f-r obtaining =ir blast #nd gro. nd shock lowding snd response of the sir.c-
tures employed by the variocus str.etures projects. Inct:ded vwes inste!intlon
of trunsdicers, recording of trensd cer signsis, ¢nd presentction of the
recordings ss linesrized, time-dependent piots of the weusured vericble n
ihe specified eppropricte units. A t.ta: of 4agrecording chunnels were
tilized; of these Ltl wers e.ectronic recording on megnetic tepe, j 0\ vere
se.f-recording time-dependent geges, nnd 42 vere pesi indiceting.

A busle description of the instr mentation employed by the Bsilistic
Resesreh ILeboretories d.ring Operstion Piumbb b in taking these str ctura.
messurements for Projects 3.1, 3.2, 3.3, 3.6, 30.:, 3.2, 30.3, 5..4 end
21.5 is given in this report. Seif-recording geges for meesuring peck
pressures, press res versus time, dynemic press .res versus time, end dis-
piocemant versus time are described; eclectronic guges for obtuining time-
dependent records of press.re, dynuvmic pressire, cccelerttion, displacesent,
end ecrth pressure sre described.

For each type of gege, detells are given on the recording mechenisa,
trensd icer element, gege mount, celibwaticn, end dete presentstion. Alss,

e plot of the field leyo t is shown.




1.2 BACKCROUMD

The history of DRI participetion in nuglear testing extends from Opere-
tion Cendsteone. During that operetion mechanicsl selfl.recording snd neck-
indiesting gages vere used, Lt beginning with Operetion Greenmhouse, vericus
aygstaee of electronic recording haveigen utilized. A1l messurements token
by BRL previous to Operation Upshot-Knothole (i.e.,Operstions Sandstone,
Greenhovse, Buster-Jengle, end Tumbler-Smapper) vere {ree-fiecld meegrements
concerned vith blast-vove cherecteristics. For Operstion Upshot-Knothole,
hovever, BRL obtained ond rebullt the Webster-Chaicego magnetic-tape recording
enuipment used by Sendls Corporetion during Operntion Greenhouse and g ilized
this }t‘o:i~ en extensive structures instrumentetion progrem. (Meszaeros, J.J.
ana Rendell, J.I.;"Structures Instrumemtetion”; Project %.20.1, Operstion
pghot-Knothole, WT-738, June 1953; Confidentisl Restricted Data), Before
Operations Teepot and Redwing, further improvements in this equimbment vere
wede, and durlng those operstions, the equipsent wes used for both structures
ceegurements snd free-field messurements. During Operntion Tespot, scvernl
stendard commerciel recording oscillogrsph units vere also used for recoriing
dsta sioilar to that recorded on the Webster-Chicesgo equipment; hovever,
thege units did not prove to be s rugged, relieble, or versatile es the
modified Webster-Chicago Recorders,

Bach Webster-Chicago electronic unit records 20 channels of informstion
on & megnetic tepe 35 wm wide, To each chamnel = phese-modulsted information

signal and e reference slgnal sre supplied. Thase moduletion is obteined by




cozbining the 3,750-cps amplitude-nodulated output signal from the gege

with another signsl of 3,750 cps but 20 degrees different in phase. The
reference sigpel (7,500 cps) is mixed with the informetion signel, and the
o are amplified snd recorded simulteneously on the same magnetic treack.
Thus, the reference signel is subjected to exectly the verietions in splifi-
cation or tape charecteristics experienced by the informstion signel end
their relstive phese is meinteined unchanged, In eddition, sn Edgerion,
Germeshausen and Grier, Inc. (BG&G) Blue Box wes used to produce & sharp,
cuplitude-modulated zero-time marker, which vms recorded on one megnetic
track set eside for the purpose.

The plsyback systen later recovers the infqrmntion from the megnetic
tepe Ly separating the reference spd the Informsetion signels end applying
them to a phese &iscriminetor that produces en output voltege proporiional
in magnitude to the tmg»antl of the messured verishle. Also, timing pulses
ere derlved from the 7,500-cps reference signel., The signel, the timing
oulseg and the zero time merker are then recorded on an oseillogrephic
recorder to prcecfuce a finel record.

During the operstions prior to Upshot-Knothole, the dissdvanteges of
electronic instrumentation for field vork beceme apparent. Such systeus
vere expensive, cumbersame to install, time-consuming to edjust, and often
highly sensitive to conditions normelly encountered in {ield work. The

desire for a more-adapteble system led to several designs for campletoly

Loperation is normally in the lineer portion of the curve of ff versus ten ¢
vhere ¢ is the messured variable} so that output is directly proporetional
to the messured variable.
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self-conteined, mechenizel gnpes capable of recording pressure es & function
of time for use during Operstion Upshot-Knothole, The success of these
gages then prompted the design of stendard models of a self-recarding
gverpressure~versus-tine goge and & dymeamic-pressire-versus-time gnge.

In thes=, & vrecisely governed, battery-operated motor rotetes en
eluminized glass disk. A stylus sttached to e coupect metal bellows ele-
zent treces on the rotating disk s record of the diletions of the bellows
s they ere subjected to the pressures of the blest wave. In this vay =&
time-dependent record of the blest vressure is impressed on the disk. Ths
motor is set in cperstion by o signel recelved from & thermel or a photo
initietion eircult or remotely by wire from timing relsys. Geges, the
essentials of vhlch ere descr.bed ebove, were used with great success
during Operation Cestle, Since then,the grges have been refined in meny
zinor, but lmourtent ospects; they heve been used with continuing success
wmder a wide reage of conditions during Operation Teapot and Redwing.
Beceuse of their reletively lov cost, they msny be ugsed in lerger quuntities
g5 required in the fleld vherever anomelies ere to be expected. Also,
because of the eese of installstion, ruggedness, aad versetility of these
grges, they mey be raused on consecutive shots end repidly ecdapted to

changeeble field achedules.




Hovever, there ave certzin instrumentetion measurements for which @
better time resolution is requlred thsn can be provided bty the gelf-recording
gages. In such cases, electrenie recording instrimentation must be utiiized.

Extensive use was mede of both electronic and self-recording geges in

this structure~instrumentation effort.




CHAPTER 2

OPERATIONS
The instrumentstion systeus used vere of the two general types: electronic
recording end selif-recording. Both types vere used to obtain & varlety of
recuired messurenents for the various structures project sgencies., Explicit
end detailed coverage of the two recording systems is presented in the fol-
lowing order: (1) self-recording gages, (2) electronic recording gages, (3)
trunsducers, (4) gege mounts, (5) celibration, and (6) dete presenteticu.
2.1 SELF-RECORDING GAGES

Zol.l Physicel Configurstion of Pressure-Time Gsge. The recording

mechanism for the pressure-time gages wes enclosed in e hesvy, sir-tight
case (Figure ).\ ), the top of vhick mcted as n beffle plate. Eech baffle
vlete hed holes drilled in it for housing the photocell and the thermel
initiator plunger. It also had holes to allov the blast pressure to reach
the recording capsule and for the gege sruing screw. The pressure hole weas
covered by & small scregn ot the top to preavent the entrance of dirt snd to
assist in demping capsule oscillations. The recording cepsule was mounted
o the inner side of the baffle plate; neer it, on the seme side, was wvelded
e short length of cheanel iron, which served ss a chessls for the turnteble
agsembly and initiation circuits (Figure 2.} ). The turnteble assembly con-
sisted of the motor, shaft, sngulsr-contact ball bearings, and a dural turn-

table. Also atteched to the chassis wes & star-cem counter, which limited

the rotetions of the turntsble to a predetermined number.
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Pigue 2.0 Presssare-time gnge enclosed in cening
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Figze 2.7 Presspe-~-time-gnge recaiing mechenism.




The entire design of the recording mechanism was such &s to reduce its
cengitivity to accelerstion. The use of the anguler-contact besrings in the
turnteble zssenbly rllowed the shaft to be secured agminst either exisl or
trensverse motion, and the use of dural in the turntables and shaft reduced
the distarting forces in these mewmbers.

Drop testz end sheke-isble tests showed satisfactory operation of the
gage a8t 50g, in that latching relesys did not releasse, motor speed as esasen-
tielly unmffected, and turntsble vibretion wes acceptebly low., At higher
accelerations, upn to 80g, mctor speed varled up to 5 percent, and often the
#lass recording disks broke.

. 2,1.2 Disks, <The basic recording medium of the self-recording equip-
ment wvas an aluminized glass disk or plste on which & trace of the mction of
¢ mechonicel transducer eleuwent weas scratched by en osmium-tipped stylus.,
With accurste regulation of the manufacturing process by which the gless disk
or plete vas given its al'mimum coeting end careful control of the recording
stylus pressure, trace vidths of less than & thousendth of an inch could be
obtained.

Tvo types of self-recording gages vere used: one which utilized &« sta-
tionary eluminized glass plate to record the msximum excursions of the sensing
elenent, end one vhich utflized s roteting glerss disk to obtein a time-
dependent record of the motion of the sensing element.

2.1.3 Drive Motor. The drive motor that turned the disk (Figure 2.3 ),

vas en A, W, Haydon Compsny Model A-5615 "chronometricelly governed" DC

electric motor. It used a self-conteined, oseilleting balence wheel to
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gensrate e simple~harmonic referepce. The rotetion of the motor wes trans-
lated into simple-kermonic motion, end the poase of this wes compared with
the phase of the reference by a palr of electricel contscts, one of which
85 actumted by the reference generator and the other by the motor. The
contacts were so arranged thet, when closed, thay directly bypessed s serles
resistor through vhich current to the motor was fed. The relstive phase of
the simple-harmonic motions of thé tvo comtects determined by the portion
ni & cycle during vwhich the contacts, being simulteneously actusted, by-
passed the resistor and, consegquently, determined the total power delivered
“o maintain o constant speed of rotation.

Motors having rotstionel speeds of 3, 10, and 40 rpm were used, depend-
ing on the application and time resolution required. These were also the
obtainable turnteble speeds for sll except the dynemic-pressure gages. The
latter goges incorporated a two-to-one speed reduction, vhich, with motor
speeds of 10 snd 40 rpm, geve twntable speeds of 5 and 20 rpm. The motor
ves povered by an S-volt mercury bettery capeble of running the motor &t
full load snd rated speed for over 6 hours.

2.1.4 Initiators. The motor was set in operetion by one of two self-

contained initiator circuits used contemporsmeously or, alternatively, by e
signal trensmitted by wire from a central control point with the self-conteined
circuits used for backup.

The self-contained circuits operated on reception of either thermsal or

visible redietion from the detomation. An electronic initiator, semaitive

to the bomb iight, used a cadmium sulfide photo-cell and latching relay circut.




Thz Light wes guided to the photocell by & vertice: length of 5/.G-inch
lucite rod. The rod ves ground to ¢ 45-@egree beve! i the end, vhere the
Light eetered to slilov more efficient light cept vre. Oniy the volieges
prod ced by transient Light p.ilses were cuaplified to ciose the relsy. In
«ddition to the contrul contanct the reluy was fitted with & puir of conteeis
h.ch, vhen closed, csused @ high current to fiow through the re.sy eoil,
thereby hoiding the reley closed.

The second seif-contained initictor consisted of & spring-.oaded
pl nger held cocked by = thermel link mede of two brogs sirips soudered to-
gether vith low-melting-point golder end peinted bl ck., Thermel redietion
feiiing on this initictor repldly heeted it, end vhen the solder reached ¢
tagperet re of 2.6905' th2 bress strips perted «nd eilowed the spring to press
the plunger sguinst & microswitch, thereby starting the motor.

2,15 Start-Up Time. Becnuge of inertis and the time needed for

estoblichment of the proper phnse relstionships in the goveruor, the wot.rs
do not reach ¢ steble speed imaedicteiy. The 3-rpm motors reech their
reted speed in 90 meec bul oscllicte ebout thet velue for en sdditionsa.

300 msec. The 10-rpu snd 40-rpm motors resch their speed gred wily end
vithoot instebility in 400 usec.

2,1.6 Hard-Wire Initistion. To prevent distortion of the record

olong the time axis, all geges used for 4iffrsction studies in exrevs
vhere blest arrivel times sre less them 4)0 msec were initicted previous

to sero-time by « signel trensmitted by vire from one of the BERL imtrumnt
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instr’:ﬂr;ant shelterse. This signel wes produced by the closure of g stenderd
Bigerton, Germoshousen and Griler (EGEG) timing relsy at minus 5 seconds end
wes used to close the electriesily lstching relay normelly used with the
shotocell. The opersilon of this reizy wves dupliceted by & second reley at
min:s 1 second. The self-comtzined initieting circuits were rsteined for
backuy in cuse the hexd-vwire signals failed.

2¢l.7 Physlcal Configuretion of Dynemic-Pressure Gege. The dynamic-

presaure-time grge wos & pliob-static tube thet used separnte pressure-sensing
elencnts to record the stoguotion pressure end the side-on wressure, The

cege is picturd in Figires Q.4 end 3.5 . A Wole, 5/32 inch in diemetier, ves

drilled down the cxig of the nose section to trensmit the stegnetion pressurc
to the a propriete czpsule. Also, & hole 1/¢ inch in dimmeter transuitted
{the side-on pressure to the other capsule. The two capsules vere mounted et
right engles to one enother in ¢ hollowed-out portion of the nose sectlon.
The gtyluges of the two cepsules were srranged so thet both could meke their
traces on the same disk. The tvo traces were nefe ot different rediuges,

eud events recorded by the two styluses eppeared simultencously on the disk
but separated circumferentialily bty 90 degrees.

The end of the nose section conteining the recording mecharisms screved

2Ihie requirement was placed on all gages for Project 3.6/30.1. All other
geges supplied by Project 3.7 vere either outside the LOO-msec range or vere

for the pressure messurements thst did not require the sccuracy of timing

needed for diffrection studies.




FPlgure 2.4 Pully sssembled dynemic-press:se gege.
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into a hollow, cylindrical section, wihich conteired the motor power supply
end injtistion circuits. Alsc, 7o pipe nipples were velded to the cutside
of the casing end, by meens of pipe unions,servel to attsch the ¢ymsmic-
presgure gege to its mount.

The thermael initiator used was similar to the one used for the
pressure-time gpge, except it used m phototubr: detector, & sensitive relay,
end o mechenicaelly letching relay. The init/stor circuitry wes sll nounted
on & plexiglass "sled" (Figure 2., ) which 'itted inside the cesing. On the
rear of the sled, a penel was mounted with thnee switches and four pin jucks,
This srrangement elloved a quick and compiete check of a1l the gajfe circuits
ond convenient arming of the goge Just prior to the test. The rear end of
the hollovw casing wes sealed by an alurinum plete, after testing end arming
vere coumpleted,

2.1.8 Physicel Configuration of Displacement-Gsge Mechenism, The

scording mechaniem for the displacement gage (Figure 2,_:\_ ) vas similar to
the others. The entire assembly mounted as & unit inside the goge case
(Figure 2% ). The governed motor drove & ball-besring-mounmted turntable,
ond a machined screv converted th: rotary motion of the gage pulley to &
sanll, linear motiorn of the stylus.

2.1.9 Self-Recording Acceleromters., A self-recording acceleraometer

-as developed on en experimentnl basia following the lings™itf-¥myoall:

recording pressure gage (Figze 1.4 ). The chasgis ¥Yor iin wowztehle, e

The motor and disk vere mounted as in the pressure gege. The accelerometer
element consisted of a cantilever besm vith a veight attached to its free




Fipwe 2.0 Dynsalc-pressure-gage pover supply end indtietor chessis.




Pigwe 2,7 Self-recording displacenmt-gnge recarding unit.
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Pigae 2.0 Self-recording reosiasamater.
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ves atteched to the gege chessis so that, ss the weight oscillated in the
vlane of the disk, the stylus scratched a record of its excursiopns on the
digk, Zach been was sheped to prevent oscilleiions in sny direction except
thet desired. The gage mechanisn wes covered by & light sheet-metel cup,
The sccelerometer baffle plate £it the standard pressure-time-gege casing

so thot, vhere high blast pressures vere expected and the sdditional weight
of the casing vas pot detrimental, these casings were used to protect tho
gege mechanism. All self-recording accelerometers vere hard-wire- initieted.

2,1.10 Pesk-Pressure Gages. Tvwo types ol gages vere uced in taking

measurenents of pegk pressure, One of these vas & conventional pressure
goge from which the motor and initiation circuilits were missing end in which
the turnhable was blocked to preveat its moven.nt, A round giess disk was
uset ag the recording medium.

The other was & smaller guge designed for the specific purpose of teking
neek measurements. This gnge bhed & baffle plate the size of those used on
the pressure-time geges, and the pressure capsule was mouvated simileriy.

The recording medium vas & 1/2-by-l-inch sluminized gless rectengle glued

to s moveble block. The bleck was put in plece under the capsule stylus,
moved to produce s gero-deflection marker, end then locked in place by meens
of ecrevs. In this way, peak positive and neganiive excursions of the capsule
vere reglstered. A heevy, steel cup wes bolted over the mechanism to wain-
tein it at e constant pressw 2 during passage of the blast vave (Figure 2.10).

2.,1,11 Peak Accelerometers. The peak eccelerometer was basicelly the

same as the pesk-pressure gige. A heevy milied block was welded to e b-inch-

By




Figure
2,10 Pesk-press
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Glameter bese plate, end the sccelerometer element (Section 2.1,9) vms
attached {o the milled block (Pigwre 2.|{ ). The recording blenk (Section
2.1.10) vas glued to e sliding cerriege, vhich after celibration, ves
secured to the milled block by screws, After the accelerometer element
vas instelled so thet its stylus would produce & trace on the recording
blank, the sliding carrisge with the blank attached vwas moved to oblain
e Tiducial merk. The merk served es a reference from vhich tho positive
and negetive asccelerstion records were reed. The movable, sliding

cerrisge ves taen locked into position.

2.1e1? Peak-Displacement Gege. The peak-displacement gage consisted

of two parts: an sluginun rod welded to e ¢lrcwlsr alumimes bese end o
plete drilled to ellov the roi to pess through freely. The plete had &
spring-loeded knife edge attached, which sermtched the moving rod. For

installation, the rod essembly was etteched to the woving mewber,

1 %‘Eﬁ}.ﬁ;" o
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Pigawe 7,11 Pesk ccoeleroaster,




the drilied plete wvas slipped over the rod, and the plete ves then stiached
to =« stetionery reference point. After the gege was positioned, the rod ves
painted with black paint; thus, when the rod wes sctivated by the blast, the
knife edge scratched a record of the maximuz position and negmtive deflection.
2.2 ELECTRONIC RECORDING GAGES

2.2.1 Recording lMechenism. Bach electironic recording system was,

basieally, & 20-chunnel, phaese-nodulated-carricr, megnetic-tepe recorder.

It vas designed for use with gages besed on passive impedence elements, which

modify a constent input voltege a3 & function of the physicel activetion

being measured. A block disgram of the eircuitry is shown in Figure ) 1.
Fach gige contained, or was used in conjunction with, & full-reactence

bridge that was balenced vhen no physiecal activetion wes epplied to the

gege. In case such belsnce were not inheremt in the gege, provision was

nede in the coupling wmit for simulating uncquel reactences in adjecent arus

of the bridge, whereby it could be balanced. The power supply produced &n

elternating input (E 1) having & crystal-controiled frequency of 3,750 cps

end a potentiel of 18 volis, which was fed to the balenced Iridge in each

gege through its coupling unit. The phase of the voltege measured across
the gage was detemined by & phase-shift network in the coupling unit and
by the reactances in the gage and its ceble,

When physicel activetion was applied to the gage, the bridge became
unbelanced, and the output of the gege caenged from zevro volts, its balance
value, to & small (mmdredths of e volt) value (B ). This voltage vas
closely proportional to the maguitude of the unbalsance and was dependent

nn Ei‘ }
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The gmgs-output volilage, EQ, vas fed through 8 1l-to-10 transformer into
the gage aaplifier. In the first stages of this amplifier Eo wes combined
with e 3,750-cps quadrature voltage (E_) snd a fixed voltage (E.R), twice
the fregusney of E( end of fixed phese. These veiteges vere d@rived from the
seme sSupply as Ei und, in the event of eny small amplitude or frequency
fluctustion in Ei’ were affected proporticmally.

The eusdrature voltage wes 50 called because its phese differed from
thet of Eo by 90 degrees. Thig pheso shift wes obteined by the combined
effect of threes phase-ghift nstworks, The first of these, incorporated in
the power supply, also determined the phmse relationship betwren E and ER!
The second netvork wes incorporated in the coupling unit and gave the eddi-
tional phese shift necesssry to obtain, epproximetely, the total 90-degree
shift. The third netvork, included in the wmplifler, provided a fine adjust-

ment for setting exmctly the 90-degree shift.

The voltage-vector disgrem o2 Figure 2.1 shovs how Eo and E. combine
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to form e resultent voltsge, B , heving & phase engle, { vith reference ‘o

E. When E is e countinuously verying volbege, # &, then, o continuwousiy
° L&)

verying tuncticn of E_ and $ = ercten (EQI’E )

The voltoges Er znd Eﬁ ore then smpiified ter tines snd 'mpressed on
the reecord.ng hesd, These two volieges sre simuitmneously recordsd by the
sume hesd on the ssme sirip of tepe. This process distinguishes the re-
cording system for the viitege ER' which ‘s the reference on vwhich ‘nterpre-
tat.on of the recorded s5.gnel Er depends, 12 s blect {9 precisely the sume
recording wnd playbeck varisiions ns the signe teelf. The veristions
wentioned ere chesnges in specing between recording heed end tepe, 4 fferences

n thickness and sens:tivity in sdjecent regions of the tepe, snd vesving of
tepe and verietions in speed zs the tape is trensported thro.gh the hesd.
These verictions serioc:siy sffliiet smplit de-moduteted snd vnreferenced or
seporstely referenced phase systems.

2e.2.2 Pley Back. The dete recorded on the tepe is in the form of ¢

phegse-woduleted s.gnal, vhich s not directily seeble nbil 1t is pasced
through & phese discriminator end converted to sn emplitude-moduisted
signel.

A block disgrem of the entire pley-beek nit is shown in Figure 2,1k
The pley beck uses the seme heed and trensport mechanism used in recording,
hovever, & different drive motor is used and pulls the tepe through &t helf
the recording speed. Thus the signsl voltage l:r eppeers vith 2 mean frequency
of 1,875 cps end the reference voltage K., vith a frequency of 3,750 cps.
These two voltege components are separsted by bend-jass filters, and the

output of each filter is then differentisted to give & series of eltermately
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positive end negetive nulses heving repstition retes snd pheges identical
with those of ilaput signels. Tae set of pdses corresponmding to Er £

passed through o circult thet separetes the positive piges from the negetive,
nverts them, snd recombines them to give s series of negntive pildses heving
u nern repetition rete of 3,750 eps ond phese shifts proportiomel to those

af Er' The sel of pulses corresponding to ER iz passed through & circult
thot rewmoves &Ll positive phages rnd gives o serlies of negelive piises hevang
o repetilion rate of 3,750 ¢ps.

The pulses ere smpiilied, clipped, snd shorply differentisted in the
vilge-generator cire.its. The ves:ulting splkes wre fed into the tuwo cuntro
grids of an Becles-Jordsn "flip-flop” circuit; the Er spikes going to one grid
and the ER spikes golng to the other. The constent phase ER apikes ture the
flip-flop "on" and the vericble phese Er spikes turn it "off“.i The res lt-
ing rectang ler veve truin is fed to & lowe-pass filter, which prod:ces =
veitege output proportionsl to the "on" time of the fiip~-fiop. The 500-cps
cutoff of the fllter is sufficiently high to e:low dote conteining freguency
components up to 400 cps to e passed uithout serious cttenuation.

The output voltege, being directly proportionai to ¢,1s proportional
to the tangent of the megnitude of the physicel sctivetion measred. Vhen

¢ is kept sufficiently srall by proper choice of the voltage Eo

ten 4 - $

The terms “on" end "off™ vere erbitrerily chosen to differentiste between

the two steble states essumed Ly the "flip-flop" eircuit.
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snd the operation is esseutielly lineer; however, the system is alveys
celibrated to provide ndded precision end to &:lov setisfeetory trestuent
of over loasd Si@;’ ls.

Minor additions %o the system ms described allov sn sccurate timing
system to be inci:ded. The output of ¢ stendsrd BGEG Blus Box was fed
directly to en swtiiisry recording heed, vhich put o sherp zero-time fiducie
merker on the tepe. During plasy-beck, the pulses formed from the reference
voirtege ER were fed into o series of decimanl divider circuilts vhich prod ced
6 set of puises having c repetition rete of 375 pmse/eech. Every tenth
one of these p.lses was doubled in megnitude, snd every hundredth puise ves
trinied.

2.2, Electrical Calibration Steps. The celibration of the system wns

performed us much &5 2 or 7 weeks before the scetue: teat. To teke into
seccont eny system-sgansitivity differences vhich might heve occcurred in thst
time, provision was mede for shunting o fixed resistor or ipductapne ecrosc
one of the gege bridge elements. This simulsted an sctivetion of the gege,
the magnitude of vhich ves dependent on the size of the resistor or induc-
tence, The simulsted ectivotion wes prod-ced just prior to celibretion end
egeln, Just prior to the test. If the simuleted-activetion amp;itu&é’wns
amcll enough to keep it vwithin the linear range of the recorder, the signels
prodiuced in the pley beck were proportionsl to tiie system semsitivity et

eoch time, and the proportionslity fector indicated co:ld be epplied directly
to the linearized record (see Section 2.6.2). These signals sppeersd on ezch

finished oscillogrem vs "Blectriesl Cal Steps”.

h'!'his correcponded to = repetition rate of 750 puiss/sec st recording speed.




ﬁfﬂ-

>,2.4 Dote Presentetion. The finel presenistion of the deste ves ob-

teined by spplying the three signeis - dete, zero time morker, and timing
pulge - to three gaivencmeters, in ¢ photographic paper grephic recorder,

2.2¢5 Bystem Detrils. The tope used was of 35-mm-width, lron-oxide-

copted myier. It wes pulled Guring recording by o cepstan drive st a speed
~f 24 infsec. The hesds vere incorporeted in t.o biocks of eleven ezch,

d .splaced in relation to the tepe so thet 22 record tracks In 211 were pro-
dced (interspaced) on the tepe. T enty of these trocks vere used for re-
cording deta, ond one (et the edge of the tape) vss used to record the szero
time poise. The remsining treck ves not used. Bleg colis vere provided in
ecch hezd, b.ut wvere not used. The gege emplifiers ond the goge coupling
unit vere eil seperete, one of each heing used for ¢ chennel. These ere
housed in recks on blocks of twenty each.

The drive motorn opersted from 28 volts direct current, which ves
rupplied by storsge botieries. The tute filements apd high-voltege-sipply
dynemotors opereted from these batteries elgo.

The recorders heve shoun themselves .0 be reliebie: Few fellures have
occurred, end the occelerstions to which they were' sublected during the
pessege of ground shock and blost waves heve produced only smell trensient
effects.

2.2,6 Rlest Shelterse Recording ec:ipment wes boused in blest aheiters

(Pigures .15 and 2 L), partinlly or completely buried. The shsliers «rc

T




¥igure 2,15 External view c. blast shalter. ;
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ording equipment installed in ghelter.
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placed et o meximm of 1,700 foot frow the geges, srd genereily, at ¢ distence
from grooma zero grester thsn the correspanding distesce from guges to
prevent cosipilete Loss of records shouird the pessing blest veve over the
shelter ceuse faliure of recorders. Stenderd 3 volis alternsiing curxrent
w63 supplied for operation of the recorders durin,, the period of preporation
pricr to the test. This voitsge s.upn.y wes not relied on diring the tost:
Buttery supplies vere sed in clil cesges.

Jecs{ Imitiation. Initiction nid control of the recorder overciion

vas by meens of timing signr.s suppiled by EGEG Project 7.2,

The BEG&S insta..slion consisted of the proper timing Lines ron into
the rheliter end five reicys, o.e being provided fo c.ose ot esch of the
following times: minus 30 minutes (thet is, 30 minutes before the insctent
of detonation), minus 15 migutes, minus 1% seconds, ninus 5 seconds, ond
uwinus L secord. BEGRG guersriteed the ciogure of each reisy., Bot sincs EGEG
gave no promise thet the reigys would remein closed, they were connected to
operete ietching reisys in e sequence-timar unit. The closure of the .etch-
ing reiays then setive.ed the recording egulpment.

The signal thet closed the minus-Z)-minute relny actusted the lstching
rewy, comnecting the £5-volt battery to the amplifier filsmenta end vo the
high-voltage power supplies. To prevent loss of records in case cof feliure
or ineffectuslity of this sigasl, closure of the minus-i5-minute reliay
applied excitation to smother letching reley, which duplicated the opersiion
of the first.

Tvo mere operetions were necessery, and the three remeining relsys were




provided to insure their beiug performed. Normally, the first opersation
was effected by the munis~l5-second closure. This operetion vonsisted of
sehivating the "Electrice! Cel Step” relasys cnd the tape drive motors. The
minis-S-second closure had, rs itc prime purpose, the initiation of ¢ 2.5-
second time-delsy bul wes slso cepeble of periosrming the function of the
pinus-iS~gecond closure .f the letter should feii., The 2.5-second-delsy
relsy removed the "Bleciricei Cal Step” and sterted en suxiliery timer.
The ninos-.-gecond signei dupliccted the operstion of the lime-delsy reley.

After iwo minuies, the cuxiliery timer sppiied avd removed & postshot
"E_ecuricsl Cal Step”, stopped ithe tape, and removed pover from the systea.

«3 TRANSDUCERS

Zeber Belf-Recor Pregsure EL . w0 views of gelf-reco ;
2el Self-Recording Pressure Element. T: & ¥ the self-recording

pressure cioement used in the pressure-time snd dynumic-pressure gages ore
snoWn in Flgure 7.17. BRBesically, this element iz o chomber formed by the
weldling together ol thelr edres of tve disphrsgms, each of which is impressed
/ith = series of concentric corrugetions. Pressure isj trensmitted to the
inside of the element through an inlet port, vhich pas;ses through & hesvy,
bress mowmting flenge. In operation, the eiement is mounted on the inside

of the gage baffle plete vith the inlet port of tue element lining up with
the pressure hole in the beffle piste. Thus the blast preasures sre trans-
mitted to the imside of the element while the outside (s he'd at the constant
oressure secied inside the gnge cesing (Seetion Z.1.1). This causes the

eloment to bulge end move the stylus out from the clement mount e distence

dopendent on the pressure.

- My
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Pigae 2,17 self.-recordin--goge press re clement,
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Without the comcentric corrugoations, elements of this type display
severe nonlineerity of defiection versus pressure. In & corrugated element,
however, each of th: sections bounded by one of the corrugetlons is sensitive
to escentielly oue smell renge of pressures ond responds linesrly over thet
rengs., Over the totel range of the element, vhich is the sum of the ranges
of il the gections, the response is, then, practicelly Llinear, The actusl
value of tineerity is + 0.5 percent,

To ensure & minirem element volume, with & corresponding short {ill
time, the corrigetions of the tvo diephragms forming the chamber were
designed to nest with one snother. The volumes sachieved regulre & fi11 time
not exceeding 3 msec,

By coreful choice of diephregn meterial (Wi Spen C stainless steel wes
uged) hysteresis was kept down to + 0.1 percent, end clements could be
operoted linesrly sand without dsmege up to pressures 150 percent of the
reted ronges. Depending on the pressure range, the elements hed undemped
neturel frequencies of 250 to 2000 cps.

Careful control of metel cualities apnd menufscturing processes insured
that the path traced by the styius, &s the element expanded, wes within
dngree of being a perfectly streigbt line normal to the mount surfece. The
ellovable discrepency produced a stylus motion in the directicn of the time
exis of the disk corresponding to +1/2 msec at e disk speed of 10 rpm. This
error wvould not be found in srrivel tire measurements, but represents the

time error vhich might be found in determining occurrence of a peak.
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The stylus wes en csmiimi phenogreph needle tip nounted oz e phosphor-
bronze spring era. Stylus poessurs wes sdjusted by the bending of this
arm oantil 2 osmell exilisry spring scale indiceted proper tension. HNo
specisl ettempts vere ncde to demp the motvion of the cepsules for g2 in
the gressure-time geges, since with the dust screen used, demping wes sde-
cuete for sny capsule renge snd overshoot wus never ébg}ectionab.i.e.

The totazl-miessure cepsule, used st the end of the long tube in the
nese of the dynsmic pressure gage, was more susceptible to overshoot and
ves effectively dsmped to 0.7 of criticel. This vas sccomplished by
chenging the £i11 time vith & sleve. 1Its heed vos pleced divectly m'e:.t~
the capsule inlet port. The sieve was mede by driiling sixteen No. &0
holes in & piece of brass shim stock.

2.342 Self-Recording Displecement Transducer. The displeocement grge

ves mounted on e stable surfece and messured the reletive movement of on
object by mesns of e hardened steel wire connected from the grge to the
obJject,

This wire ves vrapped eround e pulley mounted on & shaft supported by
journels in the ends of the goge csse (Figure 2% ). A heavy coil spring
ingide the case spplied torsion to the pulley shaft so thet the wire wes
held in tepsion and would vind on or off the pulley ea the object moved.
A retchet on the pulley shaft allowed the spring to be wound to end held

at a high value of torque prior to instellation of the wire. A release

of the ratchet applied tension to the wire,




The free end of the julley shaft was attached to the recording mechanism
(described in Section 2.1.8). The gage sensitivity was determined by the
pulley size, smaller pulleys being used with smaller displacements. The ten-
sion in the wire was about 60 pounds, and the gage was eble to follow a
displacement rate of 25 ft/sec.

The range of displacements measured by the self-recording gege lay
between 1 inch and 18 inches.

2.3.5 Electronic Digplacement Transducers. Two standard-type

elactronic transducers were used (Figures 2.18 and 2.19) depending on the
magnitude of the displacement. Both types used the ratchet-wound, spring-
loeded pilley assembly described in Section 2.3.2. The large-displacement
nmodel (1 inch to 18 inches) prciuced the required modulaticn of the carrier
voltaege by meens of e contimious-rotation, wire-wound potentiometer attached
to the rulley shaft, The housing of this potentiameter, rather than being
permanently fixed to the gage casing, could be rotated by a knob with e
calibrated scale. By rotating this knodb in & direction opposite to the
expected rotation of the displacement gage pulley, the pulley rotation could
be exactly simulated end, by means of the calibrated scale, the magnitude of
e corresponding displecement determined. This procedure was followed in the
calibration of the recording chemnels used with this gege. The potenticmeter
wa3 then locked in place,

The small displacement model {0 to 1 inch) used a linearly variable,
differential transformer (IVDT) as a varisble-impedarce elm@b: The coil
of the LVDT was camposed of three windings, the middle ome of which was the
input (or primary) vinding that wvas connected to the gage power supply. The
motion of the armsture differentislly varied the coupling detween this wind-

ing and vinds on either side of it. The outside pair of windings was
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conneeted in series vith the recorder so thel tho output voltages opposed
one enother. When the srmoture was centered betwveen them, the net volitoge
giput epplied to the recorder wes zero. As the armsture was diapinced fron
its baisnce point, an ovtmut voltage wsroportionsl o the motion wes produced.
The hoilow, cylindriccl symat re of this transforzer wos threcded over *the
goge vire rn@ clemped in nlece, end thoe solenocid winding of the transforuer
(inside vhich the srmature moved axielly) vec held by & rigid freme. Thus,
the gege sensed dlrectly the cixicl motion crused by the disp-acazent, =nd
ihe sulley errengement ssrved only to produce tension in the wire,

The eoil was not permenently fixed to its support; but to simulete o
motion of the armsture, the coil could be moved vith respect to the sta-
tionery armeture. This movenent wes messured by ¢ diel micrometer to effect
o ce.ibration {see Section 2.5.7). After cclibrotion, the coil wes locked
into position.

These gnges could follow o displecement rate of 25 ft/sec.

Three specisl-spplication displecement grnges vere also designed., One
neesured the bending of the slidix{g blest-door 'ised on the Project 30.2
Parking Garage (Figure 2.20). A hardened steel vire ves stretched froa one
edse of the door, over o 12-inch-long perpendiculer stud et the center of
the door, and atteched by a strong spring to the other edge of the door. A
hollov, cylindricel exmoture for e lineerly vericble, differentiel trans-
forner (LVDT) ves threeded on the wire end clemped close to the apring. As
the door btowed in, the stud forced the wire to stretch the spring, consequently,

the positiun of the sxrmnture chenged reletive to the edgc of the door. The
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IVDT coil wves mounted close to the edge of the door ond sensed the motiun
of the armsture.

Also, sn LVDT coil ves rmounted on the gerage {loor vith its exis per-
pendiculer to the sliding door (Pigure PNy ). The srmsture wes forced
into the coil egeinst suring tension end held there by the door. Thus,
eny licesxr moticn of the door ra2ictive to the floor wac folloved by the
srasture,

Finally, LVDT's modified vy the menufocturer (Scheevitz Bagineering
Corporstion) to have en oxtended renge (5 inches) vere .sed to record the
overation of blast velves tested by Project 3L.5 (Figire Q Ad). The
cructures vere ctteched directly to the noving puort of the valve, vhereas
the coil war held fixed with respect to the ve.ve pezt. Thug, the entire
cycre of the poppet cowld be followed.

2.3.4 Iressur: Tronsducers. Messurements of biest nressure vere mede

1sing Wisncko 3PAD-R pressure geges {(Figure 9:.2:3)) Bach gege ves conteined
in a heevy brass casing, vhich minimized transient temperature effects. A
threeded flenge around the sensitive end of the cesing siloved the gage
be screved into its mouat. A plug in the other end of the cesing orovided
o signel-ceble connection. The gage wes . veriebie-differentisl-inductonce
type using e tvisted-bourdon-tuhe sensing element. One end of the tube was
open to the stamosphere, and the other was ¢losed end atteched to en ermature
hold in close proximity tec sn E coil (Figure A.24). As pressure wes opplied
to the open end, it tended to streighten the twisted tube end, in so doing,

rateted the ermoture.




Pigre 2,21 Opecisl displacement gags,Project 30.2 (movemsnt of door)
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Figre 2,20 Schemetic draving of pressure-gege eonfiguration.




The E coil consisted of two windings vound on the extreme legs of an
E-shuped mapgnetic core. As the armetire roteted, it decressed the reluctence
of the meagnetic peth composed of the ermeture, the center legz, ond one ex-
treme leg of the E and increesed the reiuctence of the other, aimiler path.

¥With the two vindings comnected into & fuli-impedence bridge,

¥ ]

roltoge
nbolience was crested thet wes proportionsl to the spp.led pressure.

The response time of this type gege varied with its rouge, but waes, in
21l cases, smeller then the response time of the recording system (about
15eC ).

Wherever these gages vere used close to znd fecing the blagt, shiclde

of sluminum foil were used to prevent thersel rediotion entering the
regsure nort and distorting the bourdon tube.

2.3.5 Electronic Dynemic-Presgure Goge. The dynsmic-pressure goge

used ves one designed by the Sendia Corporstion (Figure %_:)_\é) It eaployed
two Wisacko pressure elements (as described in Section 3.k, except vith-
out the brass casing) instelled in e pitot tube. One eiement measured the
difierence between the total snd the side-on pressure, end the other element
neasured only side-on pressure. Consequently, the goge produced tvo signels
(recorded on seperate chennels), the first being & function of dynemic
pressure end the second being a function of side-on pressure.

2.3.0 Accelerometers. Accelerstion messurements vere mede with

Wiancko type 3 AAT accelerometers (Figure Q.2\.). The sensing element con-
sisted of en armeture bonded ot its center to the vertex of e V-shaped
spring member and held in close proximity to an E coil of the type described

in Section 2.3.% (Figure 3 27 ). A veight, the mass of which depended upon

’.Q
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Plgire 2,25 Bandie dynemic-pressure goge.
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the range of the eccelersmeter, wos atteched to one end of the asrmstore so
that on accelerstion in a direction normel to the crmet re crused it to
rotete sbout the vertex of the siring. The rotetion of the srmeture coused
mbolence in o full-impedonce bridge, of vhich the vindings of the E coil
vere & pert.

The acce.erometer vios, incidentelly, sensitive to rotational eccelera-
tions, so it could not be :sed vhere these vere present. The stiffness of
the spring vas such thet linear sccelerstions in only the direction of the
exis of the cose vere mecsured.

The noturel frequency of o 5-g ecceleroncter ves epproximetely 70 cps;
i o 100-~g seccelierometer, epproximately 450 cps. The geges uere demped to
0.70 of criticel at o temperature of 80°F.

2.%.] Earth Pressure Geges. The eorth-pressure nessurements vere mede

vith o Visncko Cerlson Type 3-PE footing stress gage (Pigures 2.2% end 2.23).

The sensing mechanisn consisted of tuo inflexible circular pistes with
thinned edres, separated and velded such sround the periphery thot the
odges acted as & flexible section, The small chember volune between the

Lete inner surfaces could be varied by pressure on the external surfeces.
The chember was Tilled with fluid, usuelly nmercury or cil. The center section
of one plete wes thinned to form & disphragm vhich bulged cutverd vhen ex-
ternally epplied pressure squeezed the two pletes together. This motion vas
coupled to en armeture (Figure ;l_?:(l ) ond csused it to move menr an E coil
(described in Perag-gph 2.3.4). The diephregmed plate was the base for the

gege and ves ploced sgainst the footing. As pressure was applied, tae
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FPlgare 2,28 Wimncko-Corlgon earth-presgure goge.




Pig. 2.27 Cutevay Photogreph of certh-mressare-gege sensing mechont g,
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motions of the soiid piete snd the Tlexlble disphregm vvere in the same
direction, but the smpiitudes of thelr wotions vere in inverse proporiion
to their respective syess., The resuliing esmplificetion of motion permitted
reiotively lerge gege ouiput, while wmnintsining high-frequency response.
2.k GAGE MOUNTS

*o4.1 8eif-Recording Pressure Goges. Severs. methods vere used to

aount the press.re-time goges. The requirements of Projects 3.6 snd 30.1
end part of Project 3L.4 were for geges to messire diffraction petterns of
the blest veve, snd there 1t wsz necesassry (o mont the sege beille plaote
f1sh vith the surrounding s rfece. To sllow this, the gege casings vere
cost into the concrete during construetion of the test objects; leter, the
gepe mechanisns mounted on the buffie pletes were inserted intc their

cesings, end the baffle nictes were bolted in visce (Figures 2. A0 and 2.2\ ).

In all other ceges, where the geges vere used to indicete the fili time
end meximum pressures inside = structure, & nipple wvelded to the bottom of
the gege cosing +as screved onto o threeded length of 3-inch pipe cust into
the concrete of the structire (Figure ;L__Q,_%) or stteched to & 12~inch stecl
disk held in place by sand bogs.

2.4,2 Self-Recording Dymemic-Pressure Geges. The dynemic-press re

geges vere provided vwith two short nipples (see Section 2.1.7) for mounting
in low-pressure regions. Mounts vere constructed using e peir of persiiel
lengths of 3-inch pipe breced end held at e constant spacing by short

lengths of steel piete velded betveen them {Figure2.33). Two lengths

vere used, 5 feet for guges to be mounted 3 feet ebove the surface end 12




Figre 2,30 Instellstion of pressure-time goge using castein mount,
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Teet for goges to be mounted 10 feet ebove the s.rfece. The plpes were en-
bedded in concrete et the bese and stewdied by guy vires, vwhere needed.
ipe unlons vere used to sttech the gege nivples to the mount pipes. For
the high-pressure regions, & much-heevier mount was used (the Stendesd
AFSWP prge tower design) in conjumction with o specisl casing thet butted
to & tlenge provided on the front surfece of the mount (Figure 2 24).

2.4,3 Deflection Goges. The self-recovding end the standard elec-

tronic defiection geges used identicsl moumts; four properiy spaced, _L/h
inch bolits ere 'éast"-'c; "Ren-set” into the stable mounting surfasce, ead the
gage, with four corresponding bolt holes, was set over them and secured
vith nuts (see Figure 2.25).

The monting detsils of the two specisl-type deficction gages sre
given in the description of the geges in Section 2.3.32.

2,b,4 Self-Recording Accelcrometers. These geges vere mounted both

inside structures snd slong the blest line,

Where a gege was mounted ingide & metai-floored structure, a steel
mounting plete with four thresded studs protruding frowm it ves velded to
the floor of the structure. The gage baffle pieite, with four properly
spaced holes, was then slipped over the studs end secured in plece. Vhere
o pgage was mounted inside a concret-floored structure, the steel mounting
plete ves attached to the floor by meens of expansion bolts.

Where & gage wos used to tske grcund-accelerstion measurements, o hole
ves dug to the pr-ver depth, end a standard pressure-time gege casing ves
positioned in the hole with its exis vertical snd with the plene, in vhich

the disk was to lie, parsllel to & line through ground zero. Then, the
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Plgure 2,55 Tyoicol installetion of ERL displecesent goges,




speece around the geage wes filled with Cmi-Seal to assurs & good counling
vith the surrounding soil., The eccelerometer mochenism wes then inserted
.n the casing and its baffle p.ate bolted in plsce,

2.4.5 Peck-Pressur: (ages. These geges, using stendsrd seif-recording

prassura-gage cases vere mownted as described in Section 2.b,1.

The specinily designed pesk-pressure gages vers masinted with the face
of the baffie vlrte toverd the mounting surlece., 8Studs vere driven intc
the surface. Properly speced holes in baffle piate slloved it to be slinped
over the stvds snd secured in olace. Specers vere pleced on the studs to
hold the pressure port swey from the surface,

2.4.6 Pesk Accelerometers. When mounted on & metel surface, the base

of this type of gage wes velded to the surfaoce, When mounted on concrete,
four studs vere driven into the surfece, snd mstching holes in the base
plote eiloved it to be glipped over them end secired in plece,

2.4.7 Electronic Pressure Jeges. The electronic pressure gages uvere

ised in both concrete and siuminum structures.

Seanliess steel tubes, thresded Lo accept the gage cosings, were ecast
into the concrete structures (Figure 2.36). The slwwinum structures vere
drilled and threuded to sllow the gage czsing to be screved into plece
(Section 2.3.4).

2.4,8 EBlectronic Dynamic Pressure Guges. Stenderd heavy AFSWP vertical

pipe mounts were provided for these gages (Figure 2.’5‘!). The mount consisted
of & peir of 8-inch pipes speced by tengential steel plates welded between
thea., A flange fucing ground zero weg provided, end to this was bolted &

section tepered to the diemeter of the pitot tuhbe., The pitot tube vas
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Figure 2.30 fypicel ifastellation of Wiencko pressure gnges.
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Pigae 2,57 Sendis dynespic-pressure gege on standard APSHP (Sandia) mount.




inserted in this section and locked into position by set screws.

2.4.9 Accelerometers. The accelerometers were mounted on the member

in vwhich the eccelerstion vas being measured. A leed plete 3/16-inch thick
end the dismeter of the gege vas instslled between the gege and member to
eliminate goge ringing effects. Three properiy spaczd threeded studs vere
cast or Reme-set into the concrete. The gerge wes positioned so that three

holeg drilled in e flange sround one end of the gonge case were fitted over

v

the studs. Thus, the gage wes mounted vith its sensitive sxis (the axis
of the cylindricel cese) lying persllel to the directiom of the eccelers-
tiocn being ' measured.

2.,4.30 EBerth-Pressure Gages. Depending on the spplicetion, three

methods of mounting the esrth-pressure geges were employed. In every casec,
rrovision ves nade for sllovwing e solid, flst surface for support of the
goge bege plate end en even distribution of pressure over the sensitive
plete (see Section 2.3.7). Yhere messurements :nderneeth & structure
vere made, & scusre hole wes left in the conerete so that after calibruation
the gage could be lowered into the hole until its sensitive face ley direct-
iy on the ground. Reinforcing rods were left protruding from t of
the holes; thus, vhen conerete was poured and filled the hole, tue goge veas
cest into & block that was essentially e pert of the structure. The ground
under the sensitive plete was prepared to aliow even distribution of pressure
end the concrete gripped the bsse plate fimmly.

Vhere measurements vere made on the side or top of buried structures,

alternate installetion methods, rs chosen by the structure designers, vere
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+  For the buried arches of Project J.i, & hole the size of the housing
for the gege-sensing mechenism wes cest in the well of the str.ctire. The
gege vas then set sgeinst the sir:et.re, with the sensing mechumism hosing
fitting into its hole =nd the buse piste resting syusrely on the strocture
surfece., A length of pipe, threeded cver th~ gupe cablie, was screved '‘nto
the sensi.ng mechenism housing so thst 1t extended through to the inside of
the structure. Over thls pipe, in seq.ence, were pleced « vesher heving :
diemeter grecter then that of theépole)in the well, & helicel spring, ond «
n.t (which screved on to the ez'sar af‘ the pipe to compress the spring). Thz
force produced in the compressed spring heid the goge flraly sgainst the
outside gurface of the weil. A feiring of grout wes sppiied sround the
gege to smooth the conicurs of the installstion. Sieved sand wes pecked over
the fece of th2 gege to give en even pressure distribition.

| In the cese of ithe Project 30.2 garsge, cavii es msiching the contours
ff an earth-rressure gege were ceusgt '‘n the concrete, The guges vere then
grouted into position snd, =s the structure was beckfliled, sieved sund was
cerelully packed over ecch gege face to ensure & uniform pressure distribu-
tion.

o> CALIMRATION

2.5¢L Self-Recording Pressure Geges. Cclibrztion of the press re cup-

sules was performed by the men fect.rer. The calibrations were plotted
using & leeds-Northrup X-Y recorder. The outpit of e Stetham strein-gege-type
pressure trensducer wes fed through emplifiers to the pen (X-exis) of the

recorder. Capsule deflection was meesured by e micrometer heed equipped with

a null detector and aervo system operating & slide-wire potentiometer vhi.ch,




in turn, controlled the chert drive (or Y-ax's). The resiliing presanisiion
geve m plot of sepsuie defiectisn ss & fmetion of epplied pressure (see
Pigure 2.38).

The d.gh~-drive pmotors wore slsc ipdividueily tested for stertup time
sid speed. ‘The speed wes tested by compering the freguency of the p.ises
prodiced by the governor contacis with pilases from & precision sigeel geuers
TOT.

The stertup time wug deducad from o plot of snguler digplacement of
the motor shaft vers s time (Figures 2,37z und b). To obtein the plot, the
sheft of ¢ potentiometer (Helicpot) huving 0.05 percent lineer!ty was
obtached to the ceanter of the guge turnteble. The potentiometer, vhich wes
powered by & battery, produced sn output thut wes registered by & modg-
puper osciliogreph. The osciliogreph provided & time bese vhiie the poten-
tioweter output wes proporticonni to the engle through whch the shefi hed
t.rned. JAnother chennel of the oscillograph recorded = fid ciel merker ot
the Instent voltage was appiied to the motour.

The slope of the recorded cirve thus Indiceted veloeity, the constumt
'temilml velocity being indiceted by that portion of the curve heving ¢
constunt slope. The times of occurrencae of eil veriet ons from this constent
velocity vere aiso cleerly indicated. Finelly, vhen the comstent-slope
portion of the curve was extended through the time sxis, its intersection
grve o sterting deley time to be added to event times cumputed on the vasls
of an instentanecusiy schieved, comnstant motor speed.

245.2 8elf-Recording Dynamic-Prossure Geges. The procedure of Sectiion

2e5e1 wes used in ealidbresting the self-recording dymemic-pressure goges.
24543 Self-Recording Displecement Jeges. These guges werc celibrated

.
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before mssembly by installstion of & disk, turning of the recording mechan-
igm chaft through one revolution, snd messurement af the height of the step
produced on the disk. With the circumierencze of the pulley known, the dias-
rlecenent corresponding to this step height vaes resdlly deduced. The gege
vas linesr, so the slope of the curve of stylus motion versus displeceman’
obtained in this menner could be extended over the full range of the zege,

2.5.4 Self-Recording Accelerometers. Celibration of the accelercueter

elements was performed by clamping them in e support similar to the cne In
the gage. This support wes then plasced on & celibroted drop taeble to be
subjected to trensient scceleration. The drop teblc _.r-~i~ted of & heavy
metal piote which could be reised to 8 predetermined height snd then allowed
to fall freely. The fell was terminsted by 2 box of sand into vhich the plete
feil flet, The accelerstions producad vhen the plste was stopped vere
eccurately reproducible, and by means of & standard sccelerameter, has been
releted to the height frum which the plate wes relesscd.

Elesments were celibrated in both positive and negetive directions.

2.59.9 Peak-Pressure Gegez. These gages used the sere eisments thot

were used in the self-recording pressure geges snd enlibretion procedures
were the same (see Sectiun Z2.5.1).

2.5.6 Peak Accelerometers. The élemants uged ia the pesk atcelerouneters

wvere the same as those used in the self-reconding sccaierometers, A descxip-
tion of their calibratiou is glven in Section 2.5.%.

2.5.7 Electronic Displacements Geges. Calibration of “ae gages vas

necessarily performed after instellation of geges and recording system.
For all gage types, this ves done by moving the pormally ststiomexy clemeut




of transducer relative to itz normelly movable element.

The normally staetionary element Of the large-displacement gage was
the potentiometer housirg. This housing could be rotated oy a linearly
calibrated imob (see Section 2,3,3), a full-seele rotation fram its cemtered
position corresponding to a half turn in the opposite dicection by the gage
pulley. The corresponding displacement was equal to one half the pulley
circunference. The full range of the eslibrated sesle ves divided into five
equel segments on each side of its centered position; thus, positive and
negative displacements of 20, 40, 60, 80, and 100 percert of the maxirum
calibration value could be obtained. Vhere displacements were obtainad
greater than half the pulley circumference, thz potentiometer rotated pest
the extreme point on its scale and began a second cycle, The ecalibration
for this cycle was identical with thet for the first eycle except that a dls-
placement equal to the pulley circumference wes added %o (or subtracted from)
the indiceted displacement velue., Whether the constent value was to be
edded or subtrected wes dependent on the slopes of “he curve of displaceuent
versus time just prior to the sharp disccatinuity murking the beginaing of e
new cycle., Positive slcpes indicated sddition; negative slopes indicated
subtraction.

The small-displacement gages vere celibrated by using & &ial micrcaeter
as a standard., The micrometer measured the motion of the coll relative to
its support or armsture position. After the clamp vhich held the linesr
varieble differential transformer coil in place was loosened, & slotted block
vhich held the micrometer, wes alipped over the coil suppert (see Figure
2,40) end locked in position. The coil wus moved umtil its electrical

center (the position giving en cutput voltage mull) wes found. Then the
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Pigare 2,40 cmull-displecement gege celitretiom.




rerding indiceted by the nicrometer was teken o5 the zer> reeding snd, frow
this point, the coi: 2z moved 'n ¢ direction opposite to the zetinl dis) .sce-
naot to produce orliibretion sieps. Velues, Boih sos tive «nd negetiive of

)

3, 40, 0, %0, i00, -0, 43, :nd 100 perceut of the expected meximam

o5.C Biectranle Prassare Guges. $Steady wrescurs controlied b

sysiem of pegiietors as sporied to the bourdon L.he thro gh & t bing filtting
serawed into the oress re ‘n et pori (See Plpure 2.k ). The regiistors exe
copte lned behiad o coutre. nene , vwhich viso nmo.uted disl geges huving

renges «degucte to indicste oil req 'red pgress res vith es roe racy of +
percent, The gtesdy press res vere eppiied sfter imste cation of the zoges
¢od rvecording system, with nositive pressurss 20, 40, {0, B0, 100, and 150
sercent of the expected moxtis @ being =pp-ied. Wherce roooired, negetive
mress res in the seme o.oments uere mlso =pplied.

2o} Blectronic Dynanic Pressure Guges, The colibrotion proved.re

e s g b et T

for these guges -es dentico. - _th thet described o Section 2,5.8. Neget

3
o

tne bretions vere made for the side-on bot not for the dynemlc vress to
C.BEHAAE8.

Ze2e:Q Accelervamsiters. Tae zcceleromevers .ere given slutic cuoibri-

tions on & spin-teble sceeierstor before their nste:lstion (see Fig.re l.47).
The spin tebie vas & disk wvhich ~wa roteteqd ot . sp2ed detersuined -vo rvutery
by en eiectronic techumeter. The scceier-meter w2 ac.pted on the d.aX -ith
t3 sensitive direction peyruliel to the radius of thi diske Copseei.ons to
the recorder ceble were.mads through silp rings. An uec. rate khoviedge of

~ the distence of the eccelercmeter sensing e.ement from the centver of the disk

end the rotetionsl velocity of the disk were sed to find the redie. ecrelervetion




Figure D.b1 Typleel ealibretion of Wiencko pressire gages.
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Pigure 2,45 Cslidbretion of ccoelerometer.
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srod.aced in the seansing etement., The disk ve.oclity ves vsried to produce
acce eretions 20, 40, 0D, 50, 00 end .50 percent of {he expected msxima,

pin-teh e acer eration v ues could be compoted with en scewrouy of 2

‘ea i Barth-Prescure (rges. These goges were genersiity celibrated In

pa.rs or grouss of forx before heing placed in their mounts {see Figure 2.43).

;e frecg tomether, bol seperetsd by
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T gores were v.oeced o lth the

a .ayer of biotiing peper. An ssiuminus ring, slocted to nitow exit of the
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goge cebie, wes placed sgeinst ewsch base plate to protect th

action 2.3.7).

7]

section of the gpge coatein ng the sensing etement (see
This sandwich ves then » aced, with & Boidvin SR-4 :oed ce.l, between the
Jovs of ¢ hydreu.ic press. The force sppiled through the eluminuwm rings o
the bese p.ates unz messured by the losd celi to en sceoarsey of bettier than
percent. The bu.othing poper soioved sn even distribution of rosd over ihe
sensitive Teeoes of the guges.  VWhere convenieot, severe! of such sendwiches
could be ceiibreted simuartaneously.
2.5 DATA PRESENTATION

Zo6s.  8e¢li-Recording Goges. The data obteined from exck self-recording

record conteins the ervival tlme end deficction versys time, The records,
being scrived on roteting giuss disks, ere presented in polar coordinste
fora. Conversiou to rectilinesr coordinetes sblmplifles vorking with the
date. To do this, & Gaertners Toolmskers Microscope with e roteting teb e
ves utilized., The microscope was wodified by the eddition of digitel resd.-

out heeds giving 000 counts per revolution of the resding heed shafit.

R
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Pigars 2,43 Calibretion of esrthepressare gega.
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Record deflection is represented by 0.000025 inches ver comnt or 40O ecounts
per ni! of deflection. For the time Lase resdings, one revolution of tae
turntebie (%60°) will resd 45000 counts or 125 counts per degree.

The date from the resdout heeds of the microscope are converted to digi-
tel form end punched on IBM cards by Telecordex equipment. These cards sre
utiilized In finsi processing.

2.6.2 Electronic Gages. The playback of the mognetic teps recordings

produced by the electronic geges vere presented as oscillogrsms on strips of
7-inch-vide photographic pesper. The dete from each channel was preseitszd on
e singie oscillogrsm. The irlormstion included: (1)"Eloctriesl. Cal Step®
usde ismedistely prior to celibration (Section 2.2.3), (2) calibretions
steps, each mede by running the recorder for s short period vhile the trans-
ducer vac steticelly sctiveted (Section 2.5), (3) "Eiectrical Cal Step" msde
imwedietely prior to detoustion (Section £.2.7), (U) the trace deflection
ceused by the physice. sctivation, (5) "Electricel Gal Step” mede shortly
folloving the completion of the rwcords, (6) zero-time marker (Section 2.2.2),
el (7) e series of timing pulses pruduced at the bottom of the peper (section
2.2,2). The reistive h~ights of the "Electrica. Cal Step", Hc’ taken during
the celibration vun, and Et’ teken during the actuel test run were proporiionsl
+0 the vaiues of asystem geia during those times.

The calibration steps multiplied by the ratio, H /K, determined the
specing of the ordinates of the plot, vhereas the timing pulses determined
the ebecissss. Bech minor timing puise represented l-1/% mgec; the larger

spikes corresponded to 15-1/3 msec sud 135-1/3 msec.




The oscillegrams were read on a Telereader which uses magnetic reading
heads to convert the time, calibration, and record displacements to a
digital foim. The information in digital form is punched in 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

taken at close intervals toroughout the spun of the records, together
vith cards representing calibration readings and in the case of the self-
vecording duta - time interval information, are used as input data for
the EDVAC high-speed digital computer. The program as coded for the EDVAC
uses a straight line equation. The deflecticn values are calculated from
a straight line interpolation between the various calibration steps.
The timing calibration is applied tc the readings and concurrently the
impulse is summed as the cards are processed. The final output of the
EDVAC is time (msec) and deflection - linearized and punched on IBM cards.
These cards are fed to an Electronic Associates Vari-Plotter, Model 3033B2LP.
This line plotter can plot and connect 66 points per inch with an accurscy
of 1/64 inch. The final plots are from this plotter.

After COperation Plumbbob some new nomenclature was established for
dynamnic pressure measurements in order to distinguish the type of blast
in which the measurement was obtained and also to separate corrected
fram non-corrected data. A high-speed computer was utilized for processing
the data in accordance with the methed outlined in Chapter 6 of The Blast
Handbook (NAVORD Report 6085). The dynamic pressure parameters plotted

for each staticn are as follows:




(1) ar - the as read total head overpressure in

p dusty flow with no corrections.
1

(2) AP - the as read uncorrected side on over-

Dressure.
*

(3) 9, - is the difference between the total
head and side on after the gage cor-
rections have been applied.

*
(4) q - the corrected dynamic pressure in an

alr-plus-dust blast move.
(5) M - the Mach number calculated from the
ratic of the corrected total and static
pressure measured in dusty flow.
Photographs of original records and linearized record plots with |
f =
sketches showing thelr locations are included ‘n Appendix B. by \\h._‘ ‘

s . £

2.7 INSTRUMENTATION REQUIREMENTS "
All requirements for instrumentation were set by the requesting
agencies: Projects 3.1, 3.2, 3.3, 3.6, 30.1, 30.2, 30.3, 31.4, and 31.5.
After the basic instrumentation type (electronic or self-recording) had

been specified, choice of recorders, transducer types, and transducer
mounts was the responsibility of BRL.

In cases where diffraction and loading studies were made electronic
instrumentation wes preferred tc self-recording equipment because the
latter had no provisions for marking gero time.

A listing of structures, channels, typea of measurements, and ranges
is given In Table 2.1.

2.8 FIELD LAYOUT
Figure 2 .44 shows the locations of structures instrumented, blast

shelters, and ditching.
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TABLE 2.1 STRUCTURES AND INSTRUMERTATIOR

Gage Type

Project/Structure Bo. of Renges
Cares
3.1/301h.01 Acceleroneter ' 100g, 508
Errin Pressurs ; M0 psi
Defiection 5 1 to 6 in.
Seif-Recording Deflection , 1 to ¢ im.
8=1f-Recording Pressure 200 pei, 100 psi
%.1/o01k.00 Acceleroueter 50g, 5z
Eerth Pressure 5 i00 psi
Deflection 3 L %2 6 in,
Self-Recording Deflection 4 1 to 6 in,
Zzif-Recording Pressure ‘ .00 psi, 20 psi
3.1/ 301%.03 feceleroneter CHg, 10E
Earih Pregsure i 25 pei
Deflectlion 5 O to Ll in,
Zelf-Recording Presgure 50 pei, 25 psi
3.2/3016.01 Accelerometer % 0g
Peuk Pressure 1 25 pei
resk Accelercmeter 1 50g
Self-Recurding Pressvre L 150 psi
5.;/1010.62 Accelerometer 1 per
Penk Pressure 33 psi
Penk Acecoleromstor i 508
%,2/3016.03 Peck Pressure 50 psi
Peak Accelerometer 50g
3.2/9016,0k Sielf-Recording Pressure i 100 psi
Penk Presaure ;0 pai
Peak Accelerometer 28
%.2/9016,05 Self-Recording Pressure 1 100 pat
Pesk Pressuxe i 25 psi
Accelerometer 1 50g
Peak fccelercmeter 1 508
3.2/9016.06 Poek Precsure 1 25 psi
Penk Accelerometer L 50g
3.2/3016.07 Peck Pressure i 25 psi
Peak Accelerometer 1 50g
3.2/5017.01 Peak Pressure 1 25 psi
Pesk Accelerometer 1 50g
3.2/9017.02 Peak Presasure 1 50 psi
Feek Accelerometer h 50g
3.2/9017.03 Accelerometer i 50g
Self-Recording Accelerocmmter 1 50g
Peak Pressure i 25 psi
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3.2/9016.01
5.2/9018.02

3.3/9019.01

3.3/9019.02

3.3/9019.03

3.4/5021.00

5.4/9022.,01
3.4/9022,02
3.4/9025.02
3.4/9024.01

5.4/9024.,02
3.0/9026.02
5.6/9027.01

3.6/9028.,01
3.6/9028.01
3.7/9028.01
3.7/9028.062
3.6/9028.02
3.5/9526.02

Peak Pressure
Peak Accelercmeter

Peak Pressure
Peak Accelerometer

Accelerometer

Self-Recording Accelerometer
Peak Pregsure

Self-Recording Pressure
Accolervmeter

Self-Recording Accelerometer
Peak Pressure

Self-Recording Pressure
Accelerometer

Peak Accaelerometer

Paak Pressure

Self-Recording Pressure

Self-Recording Pressure
Self-Recording Dynamic Pressure

Self-Recording Dynamic Pressure
Self-Recording Dynamic Pressure
Self-Recording Pressure

self-Recording Pressure
Self-Recording Dynamic Pressurec

Pressure
Pressure

Pressure
Self-Recording Preasure

Pressure

Self-Recording Pressure
Dynamic Pressure

Self-fiecarding Dynamic Pressure
Pressure

Self-Recording Pressure

| 2l s N | 2ndl o [l ol
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X psi

150 psi
400 - 400 psi (2 channels)

25 « 15 psi (2 coannels)
15 - 5 psi (2 channels)
1% psi

15 psi
15 = 15 psi (2 channels)

10 psi
450-250-T0 psi

L50-250-T0 psi
400-1.04-T0 pal

L60-70 psi

00 - 100 psi

300 - 70 psi (2 channels)
400 - 100 psi (2 channels)
235 « 35 psl

200 - 50 psi

PR




3.7/9028.03
3.7/9028.0k4
30.1/6001.01

%0,1/6001.02

50.L/5001.0%
30.1/8006.00
30.2/3002.00

30.5/8003.01
50.5/8003.02

30.3/8003.05

31.4/6006,01

31,4/8005.03

31.5/8007.01

31.5/8007.02
31.5/8007.03%

31.5/8007.0k
31.5/6007.05

31.5/8007.05

Dynamic Pressure
Self'-Recarding Dynemic Pressure

Accelerometer
2ressure

Accelerometer
Pressure

Pressure
Peuk Fressure

Pressure

Barth Pressure

Deflection

Dynamic Pressure
Self-Recording Pressure
Self-Recording Dynsmic Pressure

Self Recording Pressure
Peak Pressure

Seif-Recordiag Pressure
Peak Pressure

Self-Recording Pressursz
Peak Pressure
Defleciion

Self-Recording Prescure
Peak Pressure

Peak Deflection
Dellection

Self-Recording Pressure
Peak Deflection

Deflection
Self-Recording Pressure

Deflection
Self-Recording Pressure

Deflection
Self-Recording Pressure

Deflectio
felt-Recoxrding Pressure

Dellection
Self-Recording Pressure

Defloction
Self.-Recording Pressurv

[ 20
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200 - 35 psi
L0 - 50 psti (2 channels)

(Heh0eT , Sabig
400=-250-70 pai

bo-20-k-2
255-180-35 pet

150=-100-010 psi
D psi

300-100-40 psi
200=50-25-15 pal

O ‘{30 & in-

200 - 40 psi (2 channels)
0 - D psi

200 - %0 psi (2 channels)

0 t0 9 in.
%0 - 15 psi
0 to % in,

%0 = 15 psi
0 to 5 in.
15 - 5 psl
0 to 5 in.
15 = 5 psl
0 %0 5 in.
15 - 5 psi
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31.5/8007.07 Deflection
Self-Recoralng Fressure

31.5/8007.08 Deflection
Self'-Recording Pressure
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Chepter 3
RESULTS AND DISCUSSION
3.1 ACCEPTABILITY OF DATA

The operation of the gages snd recording ecuipment is summarized In
Ta.e 5.2. The comment for esch zeze !ndicated the technics. success of
the meesurecent.

In brief, from en instrumentation point of view, :17 records of 6
e.ectronic messurements were perfect, 08 records of 27 self-recording
12asurenents vere perfect, and 7 records of 42 peek-recording methods
vere perfect. In addition, 9 electronic records were amencbie to inter-
pretation without speculation anu 36 self-recoriing records geve useable
pesk-velue indicetiona. In sevcral instences, "No apperent record" is
noted. Here, even though all indications are that the equipment was
funetioning properliy, the record was not numbered with those considered
usesbie,

5.2 ANOMALIES AND THEIR TREATMENT

In general, the results of the instrumentetion were considered satis-
fectory. A better percentage of records were obtained from electronic
gages then from the self-recording gages.

Failure to receive records from electronic gages wes principelly due
to having the gages either underrengsd or overranged. Gages that were
principelly underranged were the earth pressure gages (EP), in which case
the signals received from the gages were saturated giving rise to a flat
plateau. The overranged gages were principelly the accelerometers., Here,
the deflections of the records were small, and the reesding of these records

to aay degree of accuracy is questionsble. In several cases,an incomplete

eSS T e e S I g ——————




TABLE 5.. CLASSIFICATION OF DATA

The symbols used to specify gage types sre defined es follovws:
Blectric Geges: Sulf-Recording Geges: Pesk Rec.rding Geges:
A Accelerometer SA Acceleration P4 Accelerstion
D Dispiccenment SD Displecement PD Displacement
E Eerth Pressure SP Pressure PP Pesgk Pregsure
D Dynemic Prescure ( -gege)S T Totel Press.re ( -Gage)
S Side--n Pressure ( -gege) S.8 Side-an Pressure ( -Guge)

Numbers follouwing the symbois sre gege numbers.

Project/Structure Gage No. Type of Mcesurement Comments
5.1/9014.01 A hcceteration Guod Record
A2 Acceleration Good Recourd
DL Defiection Good Rezord
P Dei.ection G> & Record
D% Defiection Good Record
E Earth Pressure No Record - Cable shorted

B2 Barth Pressure
E3 Earth Pressure
E4 Ferta Preasure
E5 Esxrth Pressure

G >4 record smell zer> shift
Bed zero shift - no record
K> Record - cable shorted
No Record ~ cable shorted

W e

B6 Earth Predsure Pr Record
B Berth Pressure G>-4 Rec.rd
SDhi Defiection P.or Reemd
Sh? Defiectior Poor PRecord
sD3 Defiection Poor Record
SDk Defiection Poor Record
sSPL Pressure Good Record
sp2 Pressure Good Record
3../9014,02 Al Accelerstion G.od Record - zerv shift
A2 Accelerstion Good Record
DL Deflection G od Record
D2 Defiection G201 Record
D5 Deflection Good Record
EL Berth Pressure Go.4 record - negetivae zeros shift
B2 Earth Pressure G -od Record
ED Earth Pressure Good Record
E4% Berth Pressure Good record - smell zero shift
E5 EBerth Pressure Good Record
B6 Earth Pressure Good Record
ET Eaxrth Pressure Good Record
ES Berth Pressure G-od Record
DL Defliection Poor Record
ap2 Deflection Poor Record
b3 Deflection Poor Record
8Dk  Deflection Poor Record
SPL Pressure Jsod Record
ap2 Pressure Good Recoxd
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TABLE 3.1 CONTINUFD

Project Structure Gage No. Type of Messurement

Comment.s

3.1/001%.035 31 Acceleration
A2 Acceleration
DL Defiection
D2 Defiection
D3 Defiectica
El Bsrth Pregsure
541 Pregsure
sFp2 Preasure

3.2/9016.01 AL Acceleration

PP Pesk Pressure

PA Peak Accelerztion

8» Pregsure
3.2/9016.02 Al Aceeleration

PP Peck Pressure

PA Peuk Acce’erstion
3.2/2016.03 7P Peek Precsure

PA Peek Accelerstion
3.2,9016.0k SP Pressure

PP Pesk Pressure

PA Peck Acceleration
3.2/9016.05 SP Pressure

Al Acceleration

PP Peek Pressure

PA Acceleruiion
3.2/9016.06 PP Peak Pranqure

PA Peck Accelerstion
3.2/9016.07 PP Pesk Pressure

PA Peek Accelerstion
3.2/9017.01 FP Peck Pressure

PA Peak Accelerstion
3.2/9017.02 PP Pesk Pressure

PA Peak Accaleration
3.2/9017.03 A Acceleration

A Acceleration

b 4 Jeek Pressure
3.2/90186.01 PP Peek Pressure

PA Peak Acceleration
3,2/9018.02 PP Peek Pressure

P Peak Acceleration

Goxd record
Good record

Good record-zero shift
Good record-zero shift
G:08 record-zeroa shifi

Good record

Pezk pressuxre only

Good record

Good record
G-od record
Poor record
Good record

Gocd record
Good record
Poor record

Good record
Poor record

Good record
No record
Poor record

Good record
Good reccrd
Good record
Poor record

Good record
Poor record

Gool record
Poor record

Good record
Poor record

Good record
Pour record

¥o eppareat
~Poor record
Good record

Good record
Poor .record

Poor mom

e —

record
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TABLE 3,1 Cobinced
rgjcet/otructure  Gege Ho. Tyoe of Hoes onent Coaments
34 5/9019.01 AL Acceieretion %o epperent record
S& Aecaleretion Poor record
bl Popk Pressure Good record
L Pressure Peak mressure only
30 3/2013.02 A Agcelerstion Ho epparent record
L Lceeloyetion Poor record
e Poelt Pregsure Gool record
i Tressare Pritiel record
apz Deeggare Good record
3.3/901.3.03 AL Accelerction Jood record
PA Terk Accelieretion Poor recoxd
P Pezk Pressure Good record
& Pressure Good reecoxd
5. 8/0021.,00 UPIR  Pressure Peek press.re only
ZFDL Presowre Good record
al Dynomie pressure Peek pressure only
58 Dynemic Pressure Peck pressurs only
So k082,01 37T  Dymeaic Preasure Good recoxd
88 Dyassiic pressuro Good record
Selt/ X022, 00 27  Dyneaic Pressuwe Good record
88 Dymecic Pressure Good record
5.4/%03.02 3PR Preswure Pnar record
OP8  Prossure Poel pressure only
5.0/5004,01 fPIC  Pressure Good mcord
SPB  Pressure Pesk pressuts only
87T Dywnemle pressure food record
298 Symenic Presgure Good record
3.4/202h,08 P Presgure Good record
? Pressure Good record
fo Pressure Good record
346/9026,02 Pl Pressure Good record
P2 Pressure Good recond
| o Pressure Good record
o Pressure Good record
5 Pressurd Good record
3.6/5087.0L PL Progsurs Feir record-zers ghift
m reszare Good record
» Press.re Cood record
Pb Pressure Cood record
P ¥regsure Good record
PS5 Frassure Cuod record
77 Pressure Good record
) 23] Pressure Good recard
P Pressure Good recod




TABLE 5,1 Contimued

2roject/Strocture Gege I, 1.pe Of Weasuroment Corments
3. G/o087.01 PIN Iressure Coxd record
Py Prossure Bad record
P12 Pregoiae Good record
23 Pressure Good record
5Pl Presqure Good record
SPLGC  Pressure Fair record
eplT Pressure Peek pregsure only
Sl Pressure Good record
$PL9 Pressure Good record
820 Pressure Good record
P21 Pressure Gooldl record
P2 Pressure Good recovd
SP2%3  Pressure Good record
SPPh  Pressure Fair record
3.6/9027.00 Pl Pressure Good record
P2 Pressure Good record
P35 Prepsure Cood record
P Pressuae Bo apparent record
] Pressure Good record
20 Pressure Good record
Py Presaure Good record
PS Pressure Fo epperent record
PO Pressure Good record
.0 Presgure Ho record
7 Pressure Good record
BF12 Pressure Good recard
SP1l) Pressure Good record
8PL4  Pressure Feir record
SP15 Pressure Good record
SP10  Pressurc Feir ecord
GP17 Pressure Peek pressure only
P10 Pressure Peek pressure only
8FP19 Pressure Gosd record
SP20 Pressure Good recaxvi
SP2)  Pressure Cood yecord
SP22 Presgure Good rocord
56/9025.01 n Pressure Good recond
m Presoure Bo record
» Pressure Good record
2 Pressure Bed record
5] Precsure Ped record
PG Pregssure No record
3.7/9028.01 S ] Dynantc Pressure Good record
8 Dynenic Pressure Good record
3.6/9028.01 8P7 Pressure Feir record
S¥C  Pressure Partisl record
8™ Presauge Peck presgure ouly
SPL0 Pressure Peek pressure only
SP11 Preasguwre Good record

"
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TARLE 5.4 Ooniiiued

TPOjert/Stiuct o Ghpe M. W 00 Ot Moo rement Cooments
3.0/9028,00 gp12 Pressure Good record
8PLS Tressae fod rocord
5Pk Prossure Fartiel record
5215 Dreagure Good recomd
LG Pressure Good yecord
5?3.2 Preassure Good record
SPLG Pressure Good record
SPL Pressue Poek pregouwre only
3.7/9028.02 iy Dynasic Pressuwe Peck mresswre onl)
88 Dymoizic Presaurce Pesk pressure only
HeGf KRE il Preasure Bed recoad
2 Presewre Goud recoed
» Prese.re tood reocord
P4 Pressure Good record
] Pressurd Gk record
86 Presaure Bed record
3.7/9028.03 » Dymenic Pressure Pertisl record
$ Dynmic Presgure Bed recoyd
3.6/9028.02 e Pressure Good record
& Presaure Gaod recard
8% Prossure Peel messure only
3P10 Pressure Good record
SP11 Pressure Peak sressure anly
Bo1e Pressure Good record
P13 Press.re Good recard
SPL Pressure Good record
aPL5 Presgure Pesk prescure only
SPLG Pressure Good recond
SPT Praessure Good recond
P18 Pressure Good yecord
2219 Pressure Good yacord
3.7/9028.04 P Dynemic Presgure Poor record
&8 Dymenic Press.re Good record
30.1/8001.00 Pl Pressure Goed record
2% Pressare Good record
1 ] Pressure Good recaed
X Pressure Bed record
» Pressure Good recd
A5V Accelerction Pelr recoapd-sero shift
A2CH Acceleretion Bed recod
ATV Acceleretion Muir record
A2 Acceleration Felr record
%0.1/0008.¢2 P Pressure Good record
224 Pressure Good record
%] Presgure Bed recoed
h3 ) Pressure Goxd reccrd
P Pressure Good record
Ag Accelerction Feir recond
A Accelervtion Feir record
% Acooleretion record
Agceleretion record

‘f"-—.!
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TABLE 5.1 CONTINUED

Project/structure Gage No. Type of Messurement Comment s

%0.1/8001.03 Pl Pressure Good record
P2 Pressure Good record
F3 Fressgure Good record
Ph Preggure No spperent record
PS5 Pressure Good record
P6 Pressure Cuod record
A Fressure Fuir record

30,2 /8002 Pl Pressure Good record-shift during shot
Pz Pressure Gcod record
Ep Pressure Good record
P4 Pressure Bed record
5 Pressure Good record
Eb EBarth Pressure Good record
ET Earth Pressure GHod reecnrd
E8 Eorth Presgure Good record
E3 Eerth Presgsure Good record
E1O Eerch Pressure Bed record
£l1 Earth Pressure Good record
By Eerth Pressure Gocd record
B3 Borth Pressure Good record
£l4  Eerth Pressure Good record
EL5 Earth Pressure Bed record
E16 Eartk Pressure Bed record
D1 Defrection Good record
D2 Deflection Bad record
D> Deflection Good record
Dk Deflection Good record
DS Deflection Good record
D6 Deflection Good record
D7 Deflcection Good record
D8 Deflection Good record
Do Deflection Good record
Dlo Deflevtion Good record
Y BY Deflection Good record
D12 Deflection Good record
D% Deflection Good record
D1k Deflection Good record
D15 Deflection Bad record
D16  Deflection Cage failed
D17 Deflection Gege Tailed
P16  Deflection Bed record
D Dynemic Pressure Bed record
8 Bynamic Pressure Good record
8.1 Dynexic Pressure Pesk pressixre only
88 Dynsaic Pressure sk pressure only
8Pl Pressure Gooud record




TABLE %.1 CONTIRUZD
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Pp2 Deflection
Pp3 Daflection
Pph Deflection
PD5 Deflestion
D1 Daflection

31, 1/3000.0% 8PL  Pressure
e Preasure
SPH Prossure

»l Deflection
P2 Deflection
P35 Dafleciion
P4 Daiiection
s 113] Dellectiion

1 %1.5/8637.0L D1 Deflection
' 5P Pressure
5p2 Pressgure

31.5/%007.02 Dl Deflection

L 4 Pressure
Sp2 Pressure

31.5/8007.03 D1 Deflection
grl Pressure
sp2 Prescure

31.5/8007.% DL Deflection
581 Pregsure
Sp2 Fressure

31.5/8007.05 D1 Deflection

SPL Pressure
sp2 Pressure

Project /Structure G ge No. Type of Measuresent Comuants
30.3/8003.01 5P Pressure Good record
B Peak Presswre Peak pressure only
#0.3%/8003.02 SP Pressure Bad record
28 Peak Pressure Peak pressure only
;"r.")/‘ 335.05 2 TessUre i00d record
F. fenl. rressure Peak pressure only
Dl Dofliection Good record
I YA Defiection Good recard
31.4/8006.0L1 5PL  Presaure Godd record
8Pz Pregeurs tvood record
3F3 Preszure Good recard
2P Peal: Pressure Gosd record
mi Defisction Structure failed

Haod record
Guod record
Good racord
Gongd record
Good record

Pesk pressure only
Peuk pressure oniy
Good record

Good record

Good record

Good reqerd

Good record

Good record

Gege failed

Yerk pressure only
Ko record

Good record

Peal precsurs only
Good record

Good record
Peak nressure only
Perk pressure only
Good record

Petk pregsure ouly
Peak pressure only

Good record
Good record
Peak presoure only
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TAELE 3.1 CORTINUED

Project/Structvre Gege No. Type of Meosurement Coumsents
31.5/8007.06 D1 Dellection Good recora
SP Prassure Good record
SFe Presgure Good record
31.5/8007.07 Di Deflectinn Good record
D2 Defliection Good record
P3 Deflection Good record
3P Pressure Peek pressure oaly
arPe rressure PeaX precsure cnly
SP3 Pressure Pzek presaure only
aph Pressure Good record
SPy Pregsure Geod record
SP6 Fressure Good record
SPT7 Pressure Good record
31.5/8097.08 Dl Deflection Go0d record
2 Defiection Good record
8r1 Pregsure Feak pressure oaly
8p2 Pressure Good record
gP3 Pressure Good record
sph Pressure Penk pressire omly
:330] Pregsure Good rezori
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record obteined frow the electronic goges ves athibuted to the structure
failuwe. For exsmple, such wes the cpse of the digplecement gsegea locsted
in the remp of Structure 30.2-5002, The wires vera broken when the well
of the raxp coilspsad.

Bezsuse of the severe rediation-induced electromspnetic pulse present
et time gzero, & signel wes induced on the recording mechenism., Often the
bese line returned to zero belore the biest srrived st the trensducer, in
vhich case the records vere immedliately useeble. However, in some coses,
the records experienced o permenent zero shift. In these ceses, the records
obtained froa thyg electronic geges reguired sdjustment of the calibration
dete to compensete for the zern shift.

The predomzinent ceuse of maifunction of the selif-recording geges ves
initietion difficulties. The lergest portion of these failures wes due to
pre-initietion; either {rom premsture operstion of chotocells or & short
circueit of the he'vdwire lines., Some geges vere never initisted beceuse of
feulty axming devices. A small percentege of frilures occwrred from
battery feilures, open circuits in herdwire lines, and errstic relsy closures.

Self-recording scceleroncters used in this operetion did not funetlion
roveriy. Tihese geges &re in the dewcevlop;p:ent stage, and improvensen’s ere
necespary. Psrticularly, demping of the element is rejuired to minimize
overshoot end high-frejuency oscilletions. The feilure of the self-recording
digplacement geges reuulted from melfunction of the releasing mechenisa thet
spring loeds the gege to follov the motion of displmcemant. Records of the
reak-7ressure recorders are scmevhat guestioneble, in viev of the fect that

the structures were nominelly pressure sealed and no apprecieble demnge to

N —




the strictures resu.ted. The deflections noted on the records coculd

ve.lL resu.t from the acee erctions sustained by the structive.
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Chepter &

CONCLUSIONS AND RECOMMENDATIONS

L,. GAGE DMPROVEMENTS

As is generally the case during the course of a project of this type,
gevera. methods suggest themselves to esse the workicad for completiom of
the instrumentetion requirements and to ilmprove the culiber of records
obteined. The calibration of displscement grges thet vere to measure dis-
precement of & minute fraction of zn inch vas cxitice.. Much time wos
spent in celibrating these puges to be assured thet the cslibration was
valid. A modificetion of the coiibration epperstus is veing consicdered.

The self-recording peoek soceieromeiers can be made more useful by
better daeping. The records produced by lhese instruments show much
vitretion end overshoct, shd proper dsmping of the element would eliminrte
this difficulity. The dilficuities encountered wiilh the initistion hove
teen diegnosed, end sovera. sev experipmental clreuits hove been daveloped.
4.2 RECORDER IMPROVEMEHTS

The Webster-Chiceg> recording equipment proved satisfactory during

Shot Prisciila. Huvwever, this system has beeu in use since Cperstlon Green-

house. It has been rebuiit ond modified seversi timea. Due to this
extended service cnd repeeted rough bend'ing in shipuent, It is felt thst
the system is repidiy deteriorating, es veil as becoming obsolete.

It is vecommended thet the recording sycstem oither be replaced vith =&
sore-moder: nnd more-compect system or & new system le tullt slong the

present Lines of the Webster-Chicego system, incorprretiang the letest
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electrical components avei eble.
4.3 SCHEDULE IMPROVEMENIS

As has often occurred during past test operations, usually due to the
very-short, tight conatruction time schedule, the structures were not
sctunily complete at the tiuwe scheduled for instrumentation to begin. There-
fore, considereble time and motion of the BRL instrumentaticr personnel were
lost, vecause of the unavoldebie interference of construction personnel
concurrently vorking in the test srea. It i3 sirongly recommended tlet the
time-period schedule specified prior to an operstion for instrumentetion
calibretion end instelletion be adhered io in order Lo silow sdequate time

for compietion snd readiness.




Apperdix A

MEMORARDUM OF UNDIRST/RDING RUCARDING INSTRUMENTATIOR OF

STRUCTURES IN FRINCHMAN FLAT AREA, RTS, MIRCURY, NEVADA FOR

OVERATZAN PILGRIM BETWEEN FIELD COMMAND, ARMID PORCES SPECIAL

VEAPORS PROJECT; FEDIRAL CIVIL DEFENCE ADMINISTRATION; CIVIL

EFFECTS TEST GROUP; AND BALLISTIC RESEARCH LABORATORIES, UsA.
1. In view of the plen for Operation Pllgrim whereby:

=. The Ballistic Research Isboratories {BRL) wiil be responsible for
aupplying electroniec instrumentsilion Tor seversl Progran 7 structures projects
in the DOD Weepons Effects Progran, Operstion Pllgrim . Specificelly, these
are ¥rojects 3.1, 3.2, 3.3, and 3.6, and will invoive spproximetely e totel
of 100 electronic channels.

b, In sdditlion to the instrumentation indicsied in the preceding pera-
graph, in conformence with previous mutuel sgreement betveen Heedgqusrters,
Armed Forces Special Weapons Project (AFSWP) end the Federsl Civil Defenece
Administretion (FCDA), Civil Effects Test Group (CETG), it has slready been
determined that BLL miso will Le responsible for supportipng the FCDA (CRIG)
prajects on Frenchmsn #lst, Operction Piigrim, with up to 85 electronic
chunnels of instiumentation.

c. The physicul leyout of the APRSWP Program % structures Projects end
the FCHA Projecic vill plece them in reletively close proximity. The eep-
ability limilsticns of the total number of chennels of BRL recording equipment

is to be such, that for ERL to properly eccorplish this major instrumentation

effort, it wiil be necessuwry for ZRL to ulllize verious chemnels of u single
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rvecording lnstellstion in the several instrumentetion she_ters, for isore
thon cne, i.e., seversl, different projects. Such Joint utilizstion should
eiso yovide the structures instrumentation requirements st maximu oversa 'l
economy of wanpower, muterlel aud money.

d. Beceoge of the close interreletionship of the instrumentetion of the
agtroetures as described ebove, the scope of this effort, and the inherent
proviews of edministretion snd finencial sccountebility for the various
portions of this elfort, it iz deemed very desireble to esteblish a sepurste
AFSWP project, and o similer, affilicted, seperate FCDA (CETG) project, tc

oA

fucl.itate secow)! ishment he atructures instrumentsiion.
2. Accordingly, the orgenizations concernsd: FC,AFSWP; FCDA; CETG; and IRL,
do hereby agree, for the mutusl benefit of =11 in this effort for Oper:stion
Pilgrin, that:
2. There is hereby esisb.ished, for the ressous indlcated above, the
folloving AFSWP project:
Project Mo: 3.7 T
Agency: BRL/AFSUP

$
£
o

Structures Instruentation

|

Shot Porticipelion: Project Officer:
DOD Shot only Mr. J. J. Meszaros

BExplosion Kinetiecs Branch
Terminel Bellistic Laboretory
Aberdeen Proving Crowmd, Meryland
Phone: Aberdeen 1000

Bxt: 20022

¥
Objective: To procure, emd operst@m suitadle instrmentetlon to

obtein the data requirsd hy Projeets 3.1, 3.2, 2.3, and 3.6.
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Description and Experimental Procedure: It vill be the responsi-

bality of eech of the Project Officers, Projects 3.., 3.2, 3.3, and 3.6, to
vark closely with end assure%%s-that BRL is sdequstely meeting ail
of the instrusentsiion requirements of their individeval projects. Respounsi-
bilities oi BRL include obteining the instrumentetion regquirements from esch
of the indiv.deal projecis sud, w5 epproprisie, consolidetlng these regquire-
ments for the purpose of procuring and operating suiteble instrumentetion to
obtain the dats requirsd by the individuwel projects.

. There is hercby esteblished for the rensons indicated ebove the
following FCDA (CETG) project:

Project Ho: 30.0 Title: OShelters and Structures Imstrumentation

Agency: 2RL/FCDA

Shot Participation: Froject Ox‘ficex::
DOD Shot only Mr. J. J. Meszaros

Explosion Kinetics Branch
Terminal Beilistlc Leboratory
Aberdeen Proving Ground, Maryland
Phone: Aberdeen 1000

Bl 2222

Qbjective: To procure, and opereve suileblie instrumentetion to
obtain the dets rejuirad hy FCDA shelters and structures projecta.

Degcription ond Experimentsl Procedure: It vill be the resconsibility

aof the Progrem Difector, PCDA (CETG) Shalier Progras to vork closely wivh and
agsure thet BRL ie adogustely meeting ull of the instrumentation requireamemts
of the FCDA hdividuel vrolects. Responslibilities of ¥RL include ;)hrtaininﬁ
the instrumenteticon recuirements for each of the individuel projecs snd, us
sppropriete, consolidcting these reguirements for the purpese of procuring

end opersting suituble imstrumentetion to¢ obtuin the dste required for the




individue’ projects
¢. The close relationship of the two foregoing structures insirumﬁnta~
tion projects i indicsled by the following procedures heretby zgreed to:

Monthy Stetus Reprris and Conswruction Regquirenents:

ERL «ill prepeare snd submit in the wsusl mamer to WET, FC,ARBUP
’ b

the normel Montniy Stetus Reports and Cupstruciion Requirements for vhe

msteriel, ecuipment, support rejuired, construction required, etc. These
consolidated recguirements wi_ i, of necessity, inc.iude those reguirements

necessary to eccomplish the instrumentastion of esch of the AFSWP Projects
.1, 3.2,3.3%, an@t 3.6, and eisc for thos= PCDA {CEIG) structures projecis
on Frenchmen Flat.

This »ill acltuslly meszn thet the {otel BRL consolldeted regulre-
wents for tie structures instrumentation of AFSWP Project 3.7 ard FCDA (CETG)
Project 39.5 vill be hendled by and appropriste sction taken through WET,
7C, AFSWP chennels, i.e., 'or the foliowing rejuirements normal.y covered
by the Montuiy Status and the Construction Requirenents reports: (1)
Instrunentation Expzrimental Pien, (2) Timing Signel Requirerents, (5) Cum-
mniestions Requirements, (4) Rediatior M onitcrs, () Photogrephic Reguiresents,
{6) ¢ffice Bouipment Requirements, (7) Vehicic Reguirements (For Special
Consideration of this item, sec beiow, Financial end Fudgetery considerstions)
(8) Bquipment Purchesed (Contro. of and tit’e to ell equipment will remzin
with the APSWP Bquipment Pool, since the eguipueat {2 b2 purchased is to be
o relatively smsli component part of aud should be copsidered e modification

to elreedy existing APSWP equipment), (3) Constructlon Reguirements ond

s

i——




Changea, (10) Project Persomnel and Clewrence Data.
BRL will aisc furnish copies of these reports to Projeets 3.1, 3.2,
3.5, and D.6, and slsc FCDA (CEFG), to keep them advised.

Financlel snd Budzetery Considerstions:

Introduction . Based upon the ghove consolidated requirements, BRL.
vill prepare g total comsolidated budget for AFSWP Project 3.7 smd FCDA (CETG)
Project 30.5, The tote. comaonlidsted budget will then be prorated betwveen
the various projects spproximetely on the basis of the mmber of chenneis
utilized by each project. By mutuel sgreesment between WET, FC, AFWP and
FCDA (CETG), based on the spproximate totul mmber of instrumemtation
channels to be used by each, 60 percent of the totsl budget will be charge-
sble to AFSWP Project 3.7 snd 40 purcent will be chargesble to FCDA (CETG)
Froject 30.5.

Of the 60 percent of the total budget chargeable to AFSWP Project
3.7, based ou the spproriaste totel number of instrumentstion chunnels to be
used by each, the projects involved wil. be casrgesble ss follows:

Projest 3.1: 350 percent

Project 3.2: 5 percent

Project 3.3: 5 percent

Project 5.6: 60 percent

Tining Signals. The cost of the timing signai requirements ic sn
item not normally budgeted for by each speecific project, but is budgeted for
& lump sum total support cost for timing signels furnished all AVSWP projects

by the ARC sub-contrector concerned, BOM. Hovever, since the timing signels




o

requirements represent z slzeable item of cost, it is egreed that AFSWP
(in behsif of Project 3.7) will nssume GO percent of the totzl estimated
cost of ail timing signel requirements for BRL structures instrumentestions
to be furnished by RG&G, znd thet FCDA (CETG) will essume 40 percent.

Vehicles. In recognition of: (1) the difficulties inherent in, and
the normal lack of specific project budgeting for project used vehicles
end therefore the difficulty in proreting vehicle costs, end (2) the general
supplementery edministraetive support to be furmished by WET, FC, AFSWP to
the FCDA (CETG) portion of the BRL structures instrumentetion effort (such
es processing the combined personnel, equipment, office requirements, and
meteriel requirements), it is further agreed, supplementing the foregoing
Financisl snd Budgetary prorsting, that FCDA (CEPG) will furnish the totel
number of vehicles required for this effort by ERL (probably ebout elght:
(three- carryslls, five - 1/2 ton pickup trucks), from the AEC, NTS Moter
Pool. Fuel end service rejuirements, routine meintenance, inciuding
financial responsibility for seme, and control of these vehicles, will be
the responsibility of the AEC, NTS Motor Pool in sccordence with srrange-
mente between AEC and FCDA (CEIG).

General. All of the above percentage sllocation figures will be
used throughout the QOperstion Pilgrim, unless it becomes obvious that due
to major chenges in the current plsns of the number of instrumentetion
channels reguired, thet & revised set of percentege allocations should be

adopted.




Copies of the consolideted budget, including the proreted shares
for the participating projects, ns prepared by BRL end forverded to WET,
FC, AFSWP «will also be furnished to the perticipating Projeets 3.1, 3.2,
3.3, and 3.0, and also to FCDA (CETG).

Fleld Work Orders Requests: PFor all. fie:d vwork order requests

written by BRL to accompliish items, such as ell tremching, for Project
3.7/30.5, LyBO, ABC will be requested to totel monthly =1i suck W. O.
charged against Project 3.7/30.5 and to prorate these costs on the basis
of €0 percent for Project 3.7 and 40 percent for Project 30.5. Such

work orders will include el those for all BRL structures instrumentation
vork. The 60 percent for Project 3.7 will be redistributed t¢ the partici-
peting AFSWP projects at the close of the Operation by WET, FC, AFSWP on
the same percentage besis indiceted under the finenciel and budgetary
considerations paragraph above.

The submission of all sueh field work orders by BRL will be through
the Requirements Branch, WET, FC, AFSWP organizetion chamnels, for impie-
nentetion. Appropriete copies of such field work orders will also be
furnished to FCDA (CETG).

Funding: Bubject to the above, BRL will receive funds from FO,
AFSVWP, es sppropriate, chergeable to Projects 3.1, 3.2, 3.3, end 3.6 for
their respective prorsted percentage of 60 percent of the total combined
budget for Project 3.7 structures instrumentation.

BRL vill recelve funds direct from FCDA, as sppropriate, for the
kO percent of total combined budget for FCDA (CERG) Project 30.5 structures

instrumentation.
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Field Work Order Requeste for structures instrumentetion projects
viil be chargeable on & proreted basis: AFSWP Project 3.7/60 percent end
FCDA (CEIG) Project 30.5/40 percent, directly egainst ¥C,AFSWP and FCDA
funds, respectively.

Summery: It is believed the ebove srrengements, es egreed to by
the sppropriete representetives of FC,AFSWP; WCDA; CETG; snd BRL at &
conference at the office of US AEC, Las Veges Brenck Office, Lss Veges,
Nevede on 17-18 October 1956, will eneble this structures instrumentstion
effort for Operation Pilgrim to be sccompiished in the most expeditious,
adninistratively equitable basis, to the setisfaction of #ll interested
parties.

5. The senior representatives present from eech of the orgenizations
concerned, who vwere st the conference et which the above memoranduz of

understending was dravn up andegreed upca, were:

H. D. Pickett E. R. 8aunders

Ceptain, USN Coordinating Director of Tecliaical
Asst. Deputy Chief of Staff,WET, Tests, FCDA

P, AFSWP

J. J. Meszeros R, L. Corsbie

Chief, Explosion Kinetics Director,

Branch, BRL CEXG

To facilitate eerliest ection cn this mejor BRL instrumentation effort for
Operstion Pllgrim, it vas egieed thet for precticel purposes the egencies

concerned, especisily BRL, would proceed at once oz the premise thet this

nemorandum of understanding was acceptable to the perent orgsnizations of

ell concerned.

b, Accordingiy, the sbove memorandum of understending, as drawm up end

i g7,
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now prepered in findsheuy form, is furnished for the confirming velidation

or signature by the appropriamte representative of each i.aarent orgenizetivo

coucerned:

s/HARRY D, PICKETT s/WILLIAM S, HEFPELFINGER

t/Ceptein, USN t/Assietant Administretor
Asst. Deputy Chief of Staf? Generel Adm’nistrestion
Weepons Effects Tests (FCDA Representative)

(PC,AFSHP Representstive)
s/ROBERT L. CORSBIE

s/CHARLES L. RECISTER t/Director, Civil Effects Test Group
t/Colonel, Ord Corps Neveds Test Orgenizetion
Director, Bellistic (CETG Representative)

Resesrch Laborastories
{BRL Representative)
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APPEIDIX B

Appendix B presents photographs of & representative group of electremic
channel original records and linearized plots of tnese records. Also
presented are linearized plots of all self-recording Pt geges deter-
mined as usable in Teble 5.1. With each group of plots there is a

sketch identifying the plets with thelr station locatioms.
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