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PRSFACS 

The prjject   es Intitvtai •ftLtlj s'3 an iastr aentet ion service to ^wriaHe 

IMfP t.tid FCDA fftructxares design fancies.    Qafigififii^y, no f^rsaei pr^Jeet 

.•3   jrgfenized for this s>urjKj«e, but bees ass the Bs iistlc Reast-rch tebore- 

taries (BRL) eiectroalc instr^-a^ststicm la secjteged la .Aits of 20 record ia£ 

cly.anei.3 each end aust be protected by «aqpCMtW b-ast ahetters,  it vea 

apparent that efficent operttivn v.-o^ad .,>ftss desssed s&ssrlng of ffccilltiea 

tnong the vario-n egeaeles t > l«s aerved \ty WL iastr jsaatEtian. 

To miniBiae the caapi-exitles  .)f the e4al.ni3trBtion and finencle    BSMMlt- 

ebi-ity thnt vould occ r it s ;ch en effort »fere not c.4530 J.drted, v Btemorftndiaa 

of Itoderstending {figveoälJ. A) between Field filliwl, AF^P; PCDA; CWTQ; 

am BRL esttb.. Lshed t- coobined Project 5.7/50.^ to fscccssp^ish atr^ct res 

instr iswitttlon fjr the viarioua /^FSWP end FCSÄ f^ncie&.    The duaaty of 

the feaeigned probet a aber is t consequence of tae projects being jointly 

e ipported b^ /PS*?? and FCDA.    All AFSiTP finding mm to Project 5.7 ^diila 

FCDA f.aiding m to Project 30.5.    Support of Pr-Ject J.f/lj.} wes in pro- 

portion to the nuaber of Instruamitetlon cimmseis » pplied eech orgaaizetlon: 

the AFSWP ahcre being 6*3 percent end the FCDA shere being kO yerceat.    In- 

atrdientetion was j?fltRlled for AJ^yp Projects 5,1, 3,2, 5-3» «nd 5.6, End 

these projects    ere t ssessed the foiiowing saroportioas of the totsu APWT? 

support; Project 5.1, 50 p«rc«xt; Prjject 5.2, 5 percent; Prjject 5*5* ') 

percent; end Project 5«6, 60 percent. 

'Snt AfStfP report is orgejtUed es a caapLete mxsi. detailed descriptloc 

of the WL structures instr ■•oentetion progrea;  therefore, it actual Ly inc.idea 

a report on the Project 50-5 pcrtloa of the ML InstnsaeatetiMj effort, as 

vdi as of the Pr-jject 5.7 portion.    In addition, appendixes based   ra this 
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report heve been prepared for inclusion in the various pro.j'ct reports of 

the strictures design agencies. 

Gratafui acknaviedgement is extended to S. J, Bryent, Project Officer, 

Project i,i, for his assistance and cooperation. Appreciation is also 

extended to LCDK J. F. Clarke, Director, Program 5, Field Cooaaand, AFSI'P, 

whose cooperation and ccordination proved very helpful. 
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MaaOfa the vorlois dana^ins aa;>ects af a nuclerr detomi.tion, Kir blast is one 

of the subjects stijdied,    T\ro ?..yproaches to tills study ere necesstur/, one 

being sn investi^tion of the cbm-acteristics of Mast waves   iMer various 

uixjciiied conditions fjad the second being sn imrestigption of the effect of 

i- civan blast wave on various structiires or structural components.    This 

report is a discussion of the aeasorement techniques WMJ. procedures   ised b/ 

tho Ballistic Research Laboretariaiä (BSL) to enable the investigation of the 

loading or response, or both, of struct'.-trti designs of several project 

agencies on Operation Pluinbbob, 

i.i    OBJECTIVE 

The objective of the project was to provide  Instnajentation, electronic 

Mid self-recording, to obtain air blast end groiind shock loading and response 

of structures for the various structures projects in Prograra 3, AF3WP (DC©) 

as veil as for Prograras 50 and 51, FCDA (CSTG). 

The scope of the urogran included installation of tranaducera, recorcLlnc 

of transducer sigoals, end presentation of the recordings oe linearised, tiae- 

dependent plots of the raeasored variable in the specified appropriate units. 

Moru.xaiaents vere obtained ..sing both »elf-contained, direct-recording units 

^ud reaote-recording ungentle-tape units. A total of 550 recording channels 

ere supplied. Of these, l6l vere aagoetic tape, 127 -ere tLae-dependent 

self-recording, and ^2 vere peak iMicating. 
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/ tailKil«&i3B lalic^tiag the geners :. s ccess   .f the iustr wmtftt] ß 

reccjrä rig operrtlons 6ad l   dxsc .^si jn uf tnomniiea  La yreseutad.    Pin- Liy, 

recoameadi-L.lous for laare-effective   mstr menttt Ion -jr^ctices ; re ilstai. 
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ABSTRACT 

The objective UM to or vide  -nstr ..aenttitioa, e .ectr r-xc tsa. sexf-t-eoord iig, 

f r obtaiaing fir blast ; nd gro od shock   o; d ng   ad reap aa« of the itr c- 

tures eitiployed b/ the nrio s sir et xes projects.    lue   ded mm inst.     , l 

of trt iisd cers,  rec ^rdü'ig    f ftfitmi cer sign? ..-,  . nd oraaentttion of the 

recordings i.s LiBfesriMif   tiiaa-dependetit p.ots of the iuefcsured v?:ri.-b e   ,n 

ihe sf)ec;,.f:ed äppropr:ite    nils,    ä %otMl of 33oreCu1'^ ^S chfnne •    «re 

tii.izedj  of these  J-i --ere e ectnsnic recording jr. ,(^i;,iv..t ic t.ipe,   j ^y 

nt'ff-tiltiWfitel tiiue-dependsi:t  gsgea,  !-nd ^2   era fnk indicfting. 

I b-'jalc descnpt jn of the instr asentotioi: eap.l-^ed b/ the B' .stic 

Reaetrch Labors tor.es d rtag Open t ton RJOTM b in tssinö thaae str cv r 

raets reiaents for Projects i.-, 5.2»  %*$$ ''•*-•, 50.  , 5 .2, 50.5,  i-,k : vA 

.     i3 grren In this report.    Se.f-record ng gpges for oees-r ng peik 

[Jress^res,  press rea ver&us i-L.Tie, d.vmmlc press res versus iirjs, md u J- 

p f ceaant versus tlae   re described, e-eotr n-c gt.ges for obttinlng tloe- 

a0t)er^ent records at press re, d^ataic jireas re, ; cceiert t .on, dsp t cejen^, 

ind errth press^-ire er« desorbed. 

For ef-eh t/pe of gsga, detciiB sr« g van on the recording ■aech-nlaja, 

trtmid cer e^womt, p.ge so-at, CfexlljarBttja, rjsd lute present^t-m.    A.&>, 

a ptot of the fie.d  .ijo X    s sho-a. 
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1,2 naaMaü 

The lr',story of BRL pearticipetion in nuclear testing extsDäs ttm Ogmm* 

ilcäi £kmdätC3ie.    DitrlnG Und opercitlon raechaaicai self-recording end.  >®ek- 

iadic«,ting gages '•■orc -maä., but Ijogirsning »itli ^oeretlon örecjiüianaa, wioni 

ajatcas of lliMlllWillill recording hsve^en utilised.    Ml MHMMMHMNi MMÜ 

by HRL ffWlflM to OperatitM IJoshot-Shothols (i.e.^Oiiaraticaai SandatCKe, 

Grc:e33lio. se, Bsistcr-Jsngle, esd Tucibier-Gnappor) •■are free-field Bseeanreiaesnts 

concerned tdth blnst-vinre chertictGristlcs.    Par Operrtlon Upshct-iüiotlüle, 

hwcY&T, WL obtained ana. rebailt the Weboter-Chleskßo J2£snetic-tapo recording 

Ipaeat   ;sod by ;3aodlc Coiixxrfttivm during Operßtion Gre-aihouae and utilized 

this for sm extensive structures inatrunentFtian progrr.E, (Meszaros, J.J. 

6i*i Readnll, J.I..:"Str ctureu Instrtusotation"; Project J,26.1, Opearetban 

'frahot-Khothole, WT-738, .Tme 195?; Ccmfidentiel Restricted Data).    Before 

Or^rations Tee^ot and Kedv inji» farther iaqproveEaents in this equirsaent   ere 

rir.de, fsnd during those opomtiona, the eouipcient   ,£3 ^sed for both atructia'ea 

nxaaaureoeaits and free-fieid roeasuresaKitg,   During Operation Teapot, aeversl 

ataadard. ccaaEercifl recording osciilogrfiiÄi units were also  :sed for rt^carrline 

data »iaiiar to that recorded an the Webster-Chicago etHJipeient; however, 

these units did not prove to be tm ruggod, re^Jable, or veraatiia ta the 

rjodifiöd Webster-Chicago Recorders. 

3ach Webater-ChioagQ electronic anit rocords 20 charmels of inforaetion 

an a oegnetic tape yj sm wide.   To «ich shannei •  ^ajrac-aod-Oated inforrsttion 

slsoal and a reference sicpai sre supplied.    Hiase aodulatlcm is obtained by 

i 
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ocrabining the 5»750-cps ■^pÜtisie-nodalated output signal froa the gage 

/ith another sigtisl of 3,750 CJJS h\xt  K) degrees different xa jdiaso. Tiie 

reference 3i@aa.l {1,'jOO  cps) Is lolxod s.ith the inforsa&tion aignal, and the 

two -nrc a^rpxified ond recorded simultaneoualy on the seine magnetic trmcli. 

Thus, the reference aignal is subjected to exrctiy the v&riationa in fii^.vlifi- 

cation or tape charecterlstics experienced b, the information signtl and 

their relative phRse is maintained .aichasiged. In addition, rn Ed^ärton, 

Geraesha i&en and Grier, Inc. (EG&G) Blue Box : es  ujed to prod ce B  aharp, 

cjuplittide-aodulated zero-tljae marker, which WEW recorded on one oagnetic 

track set aside for the pntyHNt« 

The pia^'badj system later recovers the inforüiati-da trotA the oagnet.-c 

tape by separating the reference BIA the InfoTEBticai signals and applying 

thaE to a phase discriminator that produces an output voltage yroport.onel 

In aagnitude to the tangent  of the asasared variable. Also, tLminii Pvü,3e8 

tire derived from the 7»500-cp5 reference sigirl. The  signal, the tiiaing 

pulses and the zero tine oarker pre then recorded on an osctUographlc 

i-ecorder to produce a final record. 

Duriug the operations prior to Upahot-Jdothola, the dissdvantagas of 

electronic jjistrjmentation for field vork bec&je apimrant. Such systerw 

i?ere exi>«aasive, c-imbersoBae to install, tlae-consaaing to adjust, and often 

highly sensitive to conditions noraally encountered in field work. The 

desire for a laore-adaptable s/staa led to severau des..jns for ccB^ietei^ 

Operation is noraMlly in the linear portica of the curve of ^ varsus tan 4 

vhere 4  is the meaaured variable) so that output la directly proporational 

to the aeasiired variebie. 



t 
self-conteined, aÄSchcülsai. gp-gea cap^.bie of recording .-•ressu.re es a function 

af UM for  .se during Operetioa Upshot-Itejtlioie,    Tbs success of those 

gages tlien pr^spted ths iMSp Bf standard ü'^dels of fe »cif-recjrd'.n ; 

r/erproaS'ire-versus-tiaa gi^gs as<3 c äym.'Xiic-press »re---.'tr8'is-tiiiie grgc. 

In thess, e ;>reciaeiy governed, battery-opereted aotor r>t£.te8 ex 

eluainlsed g.Iaas disk.    £ at.-ius attached to e 03cjp««t ßiatei bellows aie- 

;jönt trt:ces on the rotatiag disk a record .: the dilations of the bellows 

as they ere subjected to the presaures ^f tha hirst -Kve.    In this vay a 

ti3ie-dei>endent record   »f the blast press-ire is .japrosaed JH the disk.    The 

sirtor la 9«t in -...«ration by a si^wsi race ved free a thermai or ■ ftato 

initiation circ .it or resaotei;/ by vire from tiaiE^ relays.    Gages, the 

esaentlals of which ere descried above, were used    ttb great siccess 

§Ufi3t§ OpvaUoB Castle.    Since then^the t^ges hsve Teen refined In wmg 

sinor, but _apiri*nt rspects,  thoy htvc been  ised vith contmiing aucca^a 

inder a vide raiage of eondituyas during Operation Teep-t end Hedv. Lng. 

Bece se  )f their reiStiireiy lo»? coat, they asy be used in ierger     .;atttieE 

as re    -red la the f eui vherever ananaliea are to bo «jqxsctad.    Also, 

because jf the ease of instfXLatioo, r^gednoas, and vereatiilty of tl^ae 

grgea, they a»y be reuaad on c^iaecutive ahota end in.pidiy t-dapted to 

field schedules. 



However, there are certain instram^ntation aeasiare'-aente for vhlch e 

better tioe resolution is recuirod thi-n om be provided by the self-i-ecoi^diJ^; 

g&gea. In such cpses, electi-cnic reconiins instr .Tientrtion aust be utiiizod. 

Extensive MM vtm saide of both electronic rnd self-record Ln^ gf gea in 

this structure-instjruaeaitation effort. 

  __ 



CHAPTSR I 

WfflflHW 

The liil M üillt dllUW syste;;iS used vere of the two general types:  electronic 

recording &nd self-recording.    Both types were ^sed to ottain e variet/ of 

reqaired iaeesiirenients for the varloas stractiures project agencies.    Eaq^iicit 

and deT-ailed coverage of the two recording systeas is presented In the fol- 

lowing order;   (l) aei.f-recording geges,   (2) electronic recording gages,  (3) 

trunsduoers,  (■'<•) gage nioimts,  {•}) ceiibration,  and (6) data presenteticn. 

?.l    SELF-RECOFBIKG GAGES 

2...I    Ph^'sicel Conflgtiretion of Pressure-Time Gefee.    The recording 

iaechaaisa far the pressure-tliae gages was enclosed in a heavy, eir-tiglat 

case (Figure %A   )» the top of which pcted as v beffle plate.    Each baffle 

dete lied holes drilled in it for housing the photocell and the therasal 

Initiator piimger.    It also hfid holes to ello    ehe bisat pressure to reach 

the recording capsule sad for the gage arming  -.crew.    The pressure hole was 

covered by s small sci'egn el the top to pravent the entrence of dirt find to 

assist in damping capsule oscillations.    The recording cepsiüLe \ias mounied 

on the inner aide of the baffle plate; near it, on the seaae side, was welded 

a short   Length of chamiei iron, which served es a chassis for the turnteblo 

p.ösesably and initiation circuits (Figure X- X )«    The tiu-ntable as^easbly con- 

sisted of the motor, shaft, angular-contact bail bearings, find a dural turn- 

table.    Also attached to the chassis WBS a star-cea counter, vhich limited 

the rotevlons of the t.irtrtable to a predetermined number. 

-   .* „., ..„^^...y «« '    ' '   , 



. 

2.1   RWäS«.*®-^*» is'&s «Beiasod In cftsiae« 



• 

...   .. , 

Flgf-are 2,2   iMRMMNilHNPP pQ^os^ias maSmalmu 

II 
HHMMPiniJI I'l111 ■+:-' - 



v 

The entire design of the recording raechanlsa \ms  such rs to reduce its 

censitivity to acceterelioi^ The uae of the ang tiar-contect benj-ings in the 

turntable Esseabi^ eliowed the sha:!*t to be secured against either exiai or 

transverse .riotion, and the use of durai in the tumt&bic- rnd 3haft redjjced 

the distorting forces in those mabers. 

Drop tests end ahake-tabia tests ahov/ed sH-otefpctory operation of the 

gage at ^Og, in that latching relays did not release, ssotor speed ■•as easen- 

t-ialiy 'inaffected, and t;irntable vibretion MM acceptrbl/ low. At higher 

accelerations, up to 30g, raotor speed varied up to 5 percent, and often the 

glass recording disks broke. 

■ • 2,1.2 gisks. r^ie ^sic recording medtiun of the self-recording ecuio- 

■aont '.as an aiijalnized ^^lass disk or plate on which a trace of the action of 

e uechcnictl transducer eieiaent was scretched by en osaiii>Bi-tlpped stylus. 

With accurate regulation of the taanufacturing process by vhich the glüsa disk 

or plate was given Its al uaimua cooting and careful control of the recording 

stylus pressure, trace \.idths of less than a. thousandth of an inch co-dd 1>e 

obtained. 

Tv,'0 types of self-recording gages ere used: one which rtiliüed t sta- 

ticMiary ali^ainized glass plate to record the toaxisrum excursions of the sensing 

eleuant, f.nd one which utBized e rotating glass disk to obtain a tioje- 

dependent record of the sKitian of the sensing element. 

2.1.? Drive Motor. The drive aotor that tiimed the disk (Figure 'X  3> )t 

was an A, W, Haydon Company Model A-5üli "chrrirraeiatrieally governed" DC 

electric motor. It used a seif-conts ined, oscillating balance wheel to 

> ■  ,. .. i I.WIII.H'.H ' 1.. '• ■ lfm  . ■■ i ■ *•**+.# i i »-^y —»-^J. - « 
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Pig re P.5   Dlak-drive mtop for BolS-roc-aräJUac ffi^s. 



gensrate a simple-harmonic reference. The rotation of the motor was trans- 

lated into siapie-heraonic motion, pjßd the phaae of this vas cosparod ith 

the phase of the reference by a pair of electrical contacts, one of whieh 

»M actuated by the reference generator snd the other by the motor. The 

contacts were so arranged that, when closed, thsy d.lreetly bypassed a series 

resistor through which current to the motor MM fed. The relative phase of 

the siiaple-haraonic motions of the two conteets determined by the ijortion 

of e cycle during -.-/hicii the contacts, being simultaneously actuated, by- 

passed the resistor and, conseqientl^, determined the total power delivered 

to maintain a constant speed of rotation. 

Motors having rotational speeds of 5» 10» and ^0 rpsu were ased, depend- 

ing on the application and tiae resolution required. These were also the 

obtainable turntable speeds for all except the dynaaic-pressure gages. The 

latter gtiges incorporated a tvo-to-one speed reduction, uhich, with motor 

speeds of 10 and ho rpm, gave tumteble speeds of 5 and 20 rpa. The motor 

wa;; powered by an ^volt nerc^u^'* bpttery capable of running the motor at 

f:J_L load and rated speed for over 6 hours. 

g.l.U Initiators. The motor ■was set in operation by one of two self- 

contained initiator circuit« used contesaporanoo'isly ort alternatively, by e 

signal transmitted by wire frosu « central control point with the self-contained 

circuits ua«d for backup. 

The self-contained circuits operated an reception of either thenaal or 

visible radiation from the detonation. An electronic initiator« sensitive 

to the boob .light, used a cadmium sulfids photo-cell and latching relay circilt. 

r 



Th3 light «Ba glided to the phijtoceix by i  vertici... length of ^/,-ü-.nch 

l.-.(-:.te rod.    The rod vtm grouM to e kft jagirwB bsve   »t the end,  -here the 

ii&& entered to ellov sore ef fiel ant  Light capt re.    Ctei^y the v.uttges 

prod ced by trsasieaat  ligfrt y  .ües ;;ere raptifisi, to Ciose the re .ay.     £e 

.«...dÄit.UÄi to the conti-j. con'uict. the re lay HM fitted -. i.th B pair of uontacts 

.h..ehf vhen c ...oaed, CP iMt e h^ eiareot to f   A/ thr iagh the reu,y call, 

thei'sbj- ho..diiig the reiey closed. 

The second seIf-contr.iued ialtietor conststod of a 3priag--otded 

p., nger he...d cockei?. by i  thermi--   -ink Tai5.de of twe br-ss strips soldered t'- 

gether with 1 law^tltiag-yag| o.j.der and pointed h. ck.    Thena-.l rsd.ttion 

ß      Lag oa thin  iJa.it:.; tor ivp^d-j- hetted it,  : nd when the solder res-ched I 

tessperrt re of . 6) r tho IVMM strips perted   id i  ..owed the spring to press 

the p. nger .■g.i.irtst -. micros.itcih, thereby flvtiag the nLjtör. 

8»1«^   Start-Up Tiae.    Beer ise of inert it Ml the tiiae needed for 

est;b. .shäaent of the proper phnse reietiCMiahipB  :.n the gjverr;or, the taot.irs 

do not reech e atebie apeed iiaaeditte.i-y.    The 5 rpia ajtors reech their 

rtted speed .n 96 asec b t a—tl lute tbot th t VE, : ae for rn additlmK. 

300 asec.    The  i -rpis tad ^D-rpm awt jrs retch their speed gred ptly ; nd 

v/itho 1 instfibUity in hOO mec, 

.-.i    Eerd-Wire Initiation.    TJ   revent distortion of tha record 

ilong the tiae tx-a, &il gtfg&a   eed for diffnetiuo studiea m ereta 

here b-aist ßrrirt~i. tiaes tre ^.ess xJjan km msec verc initixsted previou« 

to searo-tiae by E. sigiu... trsnaiaitted by .ire fr.» one of the HIL instr atsat 

i —  y%^~ - 
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instr-aaent shelters .    Thic, TljpfT vf'3 rjrod ced b/ the cios'xe of ■ ftMHara 

Mßerton, Genaosht.-i'^en mid. Gr.Lsr (SGfiß) tiaißg reisy at minus > seconds and 

»B6 used to close the electric^J-ly letchlng relay noruelly tmi ' ith the 

photocell.    The oxierstioa of this rel?y «M tegpdicated by e secoad relay at 

■lilta 1 second.    The salf-contidnad initisting circuits were retsdned for 

baciiap in CKsa the herd--:ire axgiais failed. 

cVl.j   ^ysicai^ Confl^jrtioa of Dynamc-Pit'eas Je Gage.    The dynamic- 

presa .-.re-tirae gage wes a pitot-stnttc xuhe thi-t used saparrte pressiere-sensin{:; 

eloiaents to record the stagnation pressui'e end the side-on yressiire.    The 

gßgs is picturqü. in Fig re.-, X.^   end X S> »    & hole,  5/38 inch in diK^ter, HM 

drilled do*.'n the txis of the nose section to trensnib tlie stagnation prosoijre 

to tlxe atpropi'iete crps'd.e.    Also, ■ hole l/n incli in dioaeter treallttaA 

tlie side-on pressure to the other cepsuie.    The tvro capsules '.ere inounted at 

rltjht, ."ngiaa to one smother In ?  ho.llov;ed-o t portion of the nose section. 

The stylvaea of the two capsules uere arranged so thrt both co -Id make their 

traces on the same disk.    "Hie tvo traces -era -jsde rt different radiuses, 

and eventa recorded by the tvo stylases appeared siatutpneousiy on the disk 

but separated cirejafereatiaily by 30 degrees. 

"Hie end of the nose section containing the recording aechsrisias icraved 

rThi3 requlrerasnt \m8 placed (ä 8.11 gages for Project 5.6/50.1.    All other 

gpges siippiied by Project 5.7 were either outside the UoO-maec range jr    ere 

for the press 're aeas.irementa th&t did not require the accuracy of thaing 

aeedad for diffraction at uiiea. 

'*" " ^ ^ 1 «—^«« ^r^^— 1 , :  
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Piüure \>   aailowad-out pcartloa of d^Dejslopra3sure>0cge 
nose ooctice. 

T?  '•  



into a hollow, cylindrical section, wirlch contaired the actor power smraLy 

•Bl laltieticm circuits.    Also, tiro pipe nippies vere weidad to the outside 

of the casing find, by asens of pipe imicms,servoi to attach   the dynaaic- 

pressiire gage to its laount, 

Bie tharnjal initiator .ised was siiailar to the jn.e used for the 

press ore-tiae gßge, except it vised a photot^bt  detector, a sensitive reiay, 

end a aechenlcally latcliiaß relay.    The initiator circuitry WBF. E11 rjounted 

on a plexiglass "sled" (Figure ^[^ ) which r.'ittod inside the casing.    On the 

rear of the sled, a panel was aounted with three switches and foia' pin^icks. 

This errangeraent allowed a quick and coapiete oheck of all the sege circuits 

mid convenient aralng of the gage Just prior to the test.    The rear end of 

the hollow casing was seeled by an aluriniaa plate, after testing and airung 

MM coaplcted. 

2._1.6    Hana 1 cal Confi^uretion of Displaceaenl-fe-ge MsclienisE.    The 

recording mechanism for the dispiaceiaent gage (Figi're Q. 1 ) was similur to 

the othnrs.    The entire asseobiy laoanted a^ a unit inside the gage case 

(Figure X H )«    The governed jaotor drove a btiil-bearmg-soiaited turntable, 

RM a oachined scre^,' converted thi rotary motion of the gage pulley to a 

asall, linear uiotic» of the stylus. 

?.l. ?   Self-Recording AccaJ.erocitera.    A self-recording accelerometer 

•as developed on en experiEuaital basis following the lxQ&S"t&'"!>^%^sti£.-.^ 

recording pressure ^ge (Figwe X^ )«    Tl» WSSj&lilllt'IJtoMr^üälSSU^ 

assacibly was milled froo solid steel stock to produce t aare-rigid assmtly. 

The motor and disk were oounted as in the press re gage.   The accelercK^ter 

oiffijeni  ctinaiated of a cantilever beaa with a weight attached to its free 

__ 
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Picure 2.0   I^nealc-Br^arjre^äBeQ powar Rfltt^ esn laltiator dxujslü. 
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Figaro 2,7   Self-rscardiag dl^Uieeocoi-.j^i« roeardiae imit. 
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Figure 2.6 P if-rtscording dlapJjBCoaaett gr^e« 
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Figure l»f   Salf-röeoraiBg MM&MNMlMN 
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ifM tttfiched to the gag6 ^bßssis so that, as the weight osciHated in the 

HOaae of ths dinii, the styl.is scratched a rectmi of xta excarsiocs on the 

disk. Each beaa was ahcaed to prevent oscillBtions in ao^' direction exce-gt. 

thet desired. The tjage sechanisa was covered hy s light sheet-iaetel enjj. 

The accelei'oiaeter baffle plate fit the standard presG'are-tiiae-g&ge casing 

so thst, where hi^a hlßst pressures were ejected e&ä. the additionel v^i^ft 

of the casing vss not detrimental, thest casings vere used to protect thu 

@Bge raealtonisa. All seii'-recording acceleraaeters vere hard-wire initip-tsd. 

2.1.10_ Peak-Ifressure Gagea. Two types of gages \rere  used in taking 

i'jee.sureiaents of peak pressure, Qns of these vias a conventional pressure 

gage from which the aotor and initiation circuits wert; misaing and in which 

the ti-mtable was blocked to yrevent its sKye'es.jnt, A round giass disk was 

:5sea EIS the recording jaedi'isi. 

TJie other was a smaller gage designed for the specific purpose of tekini 

eak raeasureraents. Kiis gage had a baffle plate the  size of those asad on 

the pressure-tiiae gages, end the pressure capsule was mouated similerly. 

The recording MttH \rm  a l/2-by-l-lnch aluainiaad glass rectfingle glued 

to a aovable block. Bie block was put in place vmder the capsule styles, 

laoved to produce a xero-döflection amrker, end than locked in place by ■MM 

of acrewä. In this v.-ayf -gmk positive and negative excursions of the capsiile 

'.'ere regiatered» A heetvy, steel cup was bolted over the mechanism to aain- 

taln it at a constant nressu- 2 during paaaage of the blast wave (Pi^ire ^.\a). 

2.1.11 Peak AGeelerotaarfcera. The peak acceleroraeter was basically the 

sm>e as the peak-pressure gis^e. A haevy adliad block was welded to a ^-inch- 

ryy, —~-mr- '- -^-'- -^» ■ - -i« : — ; — ~^~-™~ 
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Figure 2.10   Psek-piressure gEge. 
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diaaetor bese j»lste, am the aceeleroaeier elaiamt (Section 2*1*))  «Ml 

Bttaciied co the aill^. block (PlgLire j, .\\ ),    The recording bleak (Section 

^.I.IO) ; sa glued to a siidiog carriage, which after celibration, «Hi 

gecured to the oillad block by screvs. After the ftccelerooeter element 

mg .msi-slled so that its atylus .oiild produce e trace on the recordinfj 

blank, the sliding carriege with the blank attached «Hi aoved to obtain 

a fiducial nsark. The aark served as a reference fro© which thj  positive 

snä negative acceleretion records vrere read. Tiie aovable, aliding 

carriage was then lockad into positioQ« 

^.I.IC ^Peak-Displaca^nt Gego. The peak-d^splaceaent gage consisted 

of two parts: on eltaaimaa rod MUM to a circidar Bliaainua l)ase end e 

plate drilled to allou the rcrl to pass through freely. The  piete had • 

sprlnf^-loeded knife edge attached, which scratched the siovini'-: rod. For 

installation, the rod assaably was attached to the taovina member. 

ifs'     ■  "*'" 



Figur© 2.tiX   'Pmk c-coileratsjtar. 
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the  drillsd plate vma  slipped over the rod, arid the plate was then attached 

to ■ stetionar./ reference point. After the gage was positioned, the rod M&S 

painted vlth biecli paint; thus, vhen the rod MM activated by the blast, the 

imife edße scratched a record of the sfixiaua position and. negative deflection. 

2,2   EUCTRQHIC RECOHDBTG GAGES 

2.2.1 Recording ffechacisia. Bach electronic recording system was, 

basically, a 20-chunnel, phase-aodalated-carrier, Eitgnetic-tepe recorder. 

It MM designed for ase vlth gagas based on paaaive iiupedance elaiaents, which 

3aä3.fy a constant input voltage as a function of the physical activation 

betn£ roeasured. A block diagraa of the circuiti-y is shown in Figure ^ \X» 

Each gage contained, or -.las used in conjunction vlth, a full-reactance 

bridge that mi balenced -when no physicaJ activation ma  applied to the 

gage. In case such balance were not inheront in the gage, provisaon was 

vaede in the couplini5 unit for simulating unequal röicttnces in adjacent artas 

of the bridge, whereby it could be balanced. Bie power supply produced en 

rltematitig input (E.) having a crystal-contrdi-led frequency of 3»7ü?0 cps 

and a potential of 18 volts, which was fed to the balanced bridge in each 

gage through its coupling unit. The phase of the voltage aeasured across 

the gage wan detemined by a tdmae-shift network in the coupling unit nnd 

by the reactances in the gage and its cable. 

When physical activption was applied to the gage, the bridge becaae 

Lmbalanced, sad the output of the gatic chcnged fram aero volts, its balance 

value, to a small (hundredths of a volt) Value (Bo). Tkia voltage was 

closely proportia-uJ. to the aafriitude of the unbalance mä. was dependent 

rm E . 

I  ' 





The /P4i»-Qiitpiz,t voltage, E , was fed thrDUgh s l-to-10 trsasfortasr into 

the gage eespiifisr. In the  first sta^e of tliis «aplifier E WH eoabiaeä 

ilth e J^T'^^sps cuedrature voltege (B, ) sad ■ fixed voltage (1L)» twice 

the fr^uancy of E. sM of fixed phr^e. These voiteges veie cferived fraa the 

MM supply as S. EiM, in the event of eay maall amplit\jd-e or frequency 

fiuct-istion in E^, were affected proportionally. 

The quadmtur© voltage was so ceiled because its phese differed frota 

that of E by 90 degrees. This pimao shift was obtained by the coablned 

effect of three phase-shift networks. The first of these, incorporated in 

the power supply, also deteminad the phase relationship between S and SL, 

Thö second network UBS incorporated in the coupling unit and gave the addi- 

tional phase shif^t necessary to obtain, epproxiäartely, the total X)-degree 

shift. Hie third network, included in the tusplifier, provided a fine adjust- 

ment for setting exactiy the 'O-degree shift-. 

The voltage-vector diGgrem üf Figure 2.15 shows how E and E ccKibine 
o     %i 
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to form E resuitS'Ht voittge, E^, b-vln^ l pfe-;.3e fug^e, / .. th refere..ee to 

E .    Wben I    La e cont.n o-.^lj vsr/iug voitoge,  ^    3, then, ■ cont;n;.v>^sl>/ 

VL'r:, ing tmas&im jf S   and ^ ■ ercttn (S yE ) 

The voit*g©s S   CJKL %, i-re then £8!piifi.ed Ian t LaM ttai   aipresaad ja 

the record ag hem.    Theae t. D voitpges &re 3 üa ■ 1 titneous v.  recoi^ded by tlie 

-«.1:10 her;.d on the sesie strip of t&pe.    This pruCWMl d.l3ting-J..shes the re- 

cording system for the v vuge B_,  ^hich La the reference on which   nterpre- 

Uxt on of the recorded a pad E   depends,  la ■ bject to grec sely the .:mme 

rec .ird ing f:nd j.n-yhvck VET .let tons M the ai^aüi    tae^f.    The aariittisBi 

aent loned tre ciu-jigei   ;..n a^;; clng between recoi-dint, hetd fnd t; pe, i fferences 

Q thickness raid seaa tiv ty  ^.n rdjtiCent region;; of the ti-pe, tnd   .-eev ng :.f 

tf.po nA vtr tti. Ma  La apeed aa the Upe  '3 truiöportad thro [jh the hetd. 

These viritt ons serio-sty affi-Ct ciaplit ia MalllH>ta€ ni    nraferenced or 

oireLeiy referenced phase syateoa. 

«  .      ^'-'%•;, ^^^   Tlle &(x'u  recorded  ^n the trpe    a   .n the foras of & 

phf.ae-vaodiietod s.gBßl, which  la not directly    seebie   ntii It is ppsaed 

through e phi ae dlscr .ainator end converted to un Miqpilt 4e-niod-.)^ted 

3 gitiei. 

k bxock d egjsm of tl^ entüpg piRy-beek    nit    s 3h.>w>;    n Figure   tmlk 

The piey beck  JBes the saiae heed and transport mechaniaia -i»«l in recording, 

however, e different drive aotar is used end pus the tag?« through et helf 

the recording speed.    ISius the signal voltags E   appcera with a loean frequency 

of 1,875 cps and the reference voltage 1L, vith e freq'a«»c(y of 5,750 cps. 

These tvo voltage   coopononta are separated by brnd-^ca.; filters, and iixe 

output of each filter is then differentiated to give a series of alternately 

■_ 
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positive end nGgetlvo pj-isef? hiving repetition rrtes taA phraea   ■dentlci-- 

y.h those of  -.np^t sigmiis.    Sie sei jf ..   -.sea eorrespjndiug t.. S      s 

pressed i;]iro':_gti a circuit ths.t seperetes the positive p-ases ON* the negLti^e, 

^averts thea, fcM ivnaaMaM thn to give a mrUm of negative puses hnving 

8 wm& repetit on rete of 5»750 cps tnd pht-se sh.fts prapcrt-lcflae. to those 

of 1 «    The set off p  ;.3es cjri'eapcHidinr- t... Ep la pmwi tJirough £  cli-r-'it 

thtt removes tdX positive phi—■ rnd glve^ i MTIM of negative p isea hiving 

r  repetition rete of 5,759 ^pa. 

The palm» an (HpiifliA,  clipped, : od sh:rp..;   differasti«%«4 in ihe 

-:■  .ie-£enerr.t:>r clrc   :.ty.    The rtpiltiag spiicer. ure fed  Lite the t'.;o c-jntro'. 

^.ds of m Ecc.es-Jbrd.n "f.Uu-f.op" circuit,   tte Sr .,.kcS *** %o mm »-id 

and the E^ sp'Jies goii^ to the other.    The const; nt plHMt HL  i-pUces turn the 

f  L i-fiop "on" ?-nd the VEricbi.e phE-se E    Tpikea tm it "off'."    The res  tt- 

üig rectöag .iwr vmm tnin is f^l to ■ iow-pnss fitter,  ..-hich  yr^d ces • 

voltege output proport.cHiR-. to the "on" tirae of the f ip-f-op.    The ; lO-ops 

c-toff of the filter  La auff'.c Lent .j high le a.low dütf cont.-iuing fre.^enuy 

o ^iiironajäts up to k'T) cps to \xi pcissad vithoa .sero s f ttenm-tlon. 

The o tp.it vo-Uge, being directly pr<^pojrti^aeL to fi,ia prop<3rtiona. 

to the tengent   )f the "lEgnit de of the ph/aic?    HctLvetion taeps red.    Whan 

/ Is kept sufficients 3B,« '-   by [irjper choice of the vjltage E 

tn; 4   = ^ 

The i«raB "on" (XxH "off" -ere fjrbitrerLly chosen to differentiate betvsen 

the two stefcie stetes assaMd by the ^flip-ftop" circ it. 



end the  jperetioa is esgciiliri-^   llMMT] houever, the systaia is fel KrT. 

ctlibrat^ to provide cädaä orec Lsion and to I . . n   3Eti3f^'.ctor\  trattatnt 

of over load signfis. 

Miisor rtdditioas to "Üis Sj-stoEi es described EIJJLOW fax sccsrate tiaing 

sys-tea to be Inc;,. ded.    Tbe oitput  \>f r  standerd EGffi WLm i«    as fed 

dlroctiy to en l .xi -..; ry recording tasil, vhich. J t t  abE-rp zero-tiae fiducL»' . 

raerker on the tcpe.    During pLny-beck, tbe yuiaea fonaed froB the reference 

vo tfige K. were fed into a series of deciimu divider circuits '..rhlch nrod ced 

k ■ set of puises heving ■ repetiti^m rft-e of 375 pnae/sec .    ßveri- teni-h 

one at these p iaes ves doubled in mr^pit :de, rnd every h ndredth ; i'.se   ts 

trlp-ed. 

3.2.3   Electrical Cslibrrtion Steps.    The c« J.ibrrtlon of tbe s/staa wss 

;«rf >r.i®d m auch es 2 or Z v/eaks before the tct .i    teat.    To trke into 

PCCO ait any systea-sansitivlty differences vhich aight hrve occ rred in thr^t 

tiae, provisioii VES maß for ah jating r  fixed resistor or inducttnee across 

.me of the ^ge bridge oieaents.    This simürted r^n fctiVfcticm of the gege, 

tki SÄgjiitiidff of   hich ' ns dependent on the sLae of tlie resistor or ind c- 

trnee,    Tbe suasilnted cctiVLtion \n n ,jrod ced ,j ^t prior to ctiibrftiun rj^ 

fgEln, JiSt prior to the test.    If tbe slaiLeted-actlvption eai)-itude ues 

sac-li ano-.i^i to lte«p it •■ ithin the iinerjr rnge of the recorder, the signers 

,ji\id.i««d in ion px*y beck were pi'oportlaof;! to t^ie aystem sensitivity et 

each tiaa, cad th» pro.xirtionality ^ct r indicated co id be eppiied direct ., 

to the  iincnrlsad record (see Section 3.6,P),    Tb»se slgnuls cipecreö  .--li each 

finiahad oscUxt^reia M "SiectriCe    da Steps*. 

Th-s correspoodad to B rspcrtition ret« of 750 p.use/iwc et recording speed. 
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■'.2.^   Drtt- Presentcti.cai.    The fim,i presentotlon of the datß ^-rg ob- 

ttlned by epp^ylns the three signc-is - arts;,  Mro tliae marker, aaa tiiaing 

o- j.se - to three gE-VinctaeterG,   in i  photographic -prper grephic recorder, 

2. . .t:    S/atem. pezi-liz.    The tape jsed vas of 55-sim-width,  iron-oxide- 

copted ray-cr.    It HM pullai ü ring recording ''>:/ B Bapstaa drive st e speed 

of 2r  ..n/sec.    The heods «nn  aacorporcted m to l>j.ocka of eleven etch, 

d sp-accd in relation to the ttpe so th t  ^ record trtcka  in :s.l-, were pro- 

d ced (interspucod) on the tope.    T anty of these treck3    ere    aed fov re- 

cording dßte, rnd one (at the edge of the fepe) -t-s used to record the zero 

turn p i-se.    The reaEining trrck wes not    sea.    Bits coixa vere provided in 

or eh he^d, b t were not   »sed.    The gega s-apilfiers cud the grge coup ting 

.mit were alt sepfreto,  .>ae of each being  <sed for :.  cht'ime..    ISieae    ere 

housed in rsc*ia on blocks of twenty ef ch. 

The drve awtorc- oparctod from tf voita direct c :rrent, which was 

r. pitied by storage brtteriee.    "Hie t be fl-zjuents eoad hi^i-voitwge-s  .-. ._. 

d^/Taeaotors operated fiMi these batteries EISO. 

The recorders luve shown theaseives to be reüebie; fmr fteiluros htvc 

occ rred, and the tcce .errtions to which they   ere 3 bjected d ring the 

■xissage of ground shock rnd blest wavea heve prod ccsd only so©IX trrmient 

effects, 

2,2,6   Blast She.Lterat|   Recording ec üpiaeat was bo-s^. In blajit aäs-tarü 

(Figures A >£> and 2Ak)» partia. i^' or coapj-eteiy b riad.    The sheil^rs   fare 

!1 
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Figur« 3.13   EjcterosO. view    . blast shelter. 
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Piguira 2,16   Rocoi-diag I iidpaent iastdlsd in shftlter. 
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plftMA et ■ ndB^I of tjT'OO f^et fr-^e: the geges, ci4 geuere Oj, at c distance 

from gro na sero greater thsn the corresponding UiST-ence fro® g: ges to 

.yi-event caeB>-.0te   ;.os3 af rssirds shouj-d the wssing blaftt we.ve over the 

«iie.ter ce; se SBicxra ot recorders,    tfendird  L 0 volts i .temping aynraat 

• ;i3 s.p-p.-ied for o^eretion if thi- rec'^rders d^JT-Lno the aeriod of preparpticm 

yricr to the teat.    This voxte^ s-po...-/ wi.s not re_.ied on d r.iiig the t^3t: 

B.':i:ter;,.' supplies vare   .sad 1B I 11 BMMW« 

■■.-.?■    Iniliiti ja.    Ißlt-„!ition fid control   rf the recorder ooer; 11 ,:; 

was by me*.ns of tialng t1flPi"'T s pplied by SG&G !?rot]ect    .', 

UM SG&G iR,sta-;-.-etion consisted of the proper tin Lag lines r n into 

th& «heiter end five re^/s,  OJ* being provi-dei to c^oee at es ch of the 

foILoviag tise-s: ?ä.lnus 50 ain'-'tes (titt is, 50 iainites before the Insttnt 

of cietani-'tün), isinus 15 «tniltx. Biinu» 15 secondo, rtuaus 5 seconds, end 

taints  i  seeo'id.    iOSbG giuii'&r.teed the closure of etxh relay,    B«.'t Since BG&Q 

gare no prcÄise that the reuiys '.oaid rtsat'in closed, tb®j »ere connected to 

opeitte .iGtching reiays .In & 3e;-ence-ti»ftr -itr.    The cos »re of the   .atch- 

,-.nt re^nys then fcctivi^ad the recording •^uipnat« 

-ßie algoel that closed the minus->>-ainutü re n,,- MEtuMlti the U:tchin£ 

ve-Jty, connecting the 28-voit betteri' to the aspiifxar fiLeaents t;nd \o the 

hi^i-voltage power s^ppLies.    To prevent toss of records  La cese cf feiiare 

:r .nef fectus t ity lif this sigael, C-iosvre ;rf the alnua-i 5-minute reiay 

.'Yfjp.iod excitation to tjoother  tBtching relay, which dipLicsted the operation 

of the first. 

To acre operations were necessary, and the three reoeining r«i8ys    ere 

U 



provided xo Iw* the^r beiug perforraed.    Morsa-l^-, the first opertttieB 

MM affected Ig   ehe aAü^.s-O-second Ciosure.    This .yperatija uonaxated of 

-'.ctryr.tiof- tha "EiectrieB    Cc. -■■-ep,, reia,ys end the trpe drive aatorü.    The 

*ü.JI.Z~J-second c^js-re hsd, H ita prims p.irf:>o3e,  the imtifftion of ;   2.5- 

secorid %lim MlWQf b t ..-as a.iso cew:be of performing the f^aiction of the 

. -■ ,;- ;■-second «A_os.re   If "uhe  .alter sho^td feii,    The :?.^-sscond-dG .a,; 

re^uy removed the "Siaccrie? , Ca.-. Step" aad started tn aixliiery tlaier. 

Big aiu 3-i.-uecond t^M^ do ic; ted the operation of the tiEe-de-s.y Vttlajr* 

^fter two ainutes,  the f-ocixiery tiaer 8pp,.ied aud fwnril ■ postatot 

''S-ec-cric.-.^ Cex Step", st.^-ed the tepe,  tad- r*?.raov®d paw» from the sv-steci. 

.3    TliAHSDUCERS 

■:.;■.-^   |3e...,f-Record.Iagi Pressure Ziemeni^    fvo yie>s of the 3e;.f-recording 

press^re e.extent   -.sad In the '.-ressiire-time mA djüealc-pressure gages •: re 

sho-.n la Flga-e    ..r,7.    BrsiCE-iy, this eiaaent   Is r ciicraber formed by the 

wexding together tt their edr^ea of two diaph2>öas, each of wiuch is iimpresnod 

Li,h t aeries of concentric corrugttions.    Pre'jssre igj trensüiitted to the 

inaiae of tint e_ensent thi'ough nn inlet port,    hich i«triöea thro .gh t  hotvj, 

brtsa ßiontuag fiaago.    In operation, the element is vaoimted on the inoide 

of the gage baffle p^j-te   /ith the inlet port, of the e^ensent iiaing Hf vith 

■ia  ..•ressure hole  -a the baffle p .ate.   Thus the bieat press res ere trrns- 

aitted to the iDialde of the eloaeat while the o>taide    s he d at the eonatrnt 

pressure seaed -nside the geige casing (Section    .  .l).    This cas-ises the 

eiGaoit to bulge aad nKsve the stylus out froo the e.eoent taosnt ■ distrnce 

dopersdent cm the press1 are. 

^'^yy'""""1 -* ""^f 1 ■ 
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Without fete concentric wsrr'igtitioaa, elsiuenta of this typt display 

severe notuinacrtty of defiecticaa veraas press-are.    In e corrugKted eleient, 

tKHNWWk'f epoh of Un sections bounded by one of the corr-ßEtions is senaitive 

to essentially cms smell range of pressures mA responds iineEz-ly over thet 

iriWI|p     Over the totei r&nge of the element, vhlch La the mm of the ranges 

of ell the sections, the response is, then, prriCticBiiy linear.    The actual 

mlus of 'I IHIWII Itj is _^ 0.5 parMBt« 

To ens-ire a lainir^sa Qlummto volrtse, uith a corrcspcaadiag short, fill 

time, the corr Jgp.ticass of the t :o diaphragms  forainc the chmber  -ere 

dcGitTied to nest with one cnother.    The vol-raea nchievod re^-dre B fill tisie 

not exceediac 5 rasec. 

By ORreful choice of diaphre^i sKitarlal (HI Spen C stainleae stoei vas 

•aod) Vsteresis vaa kept down to ^+0.1 percent, pud aisaaenta cold be 

operoted iinesrly fnd './.Itho ;t dr.©.'ge ■■:> to   rai-.z roo  > o'"» ixrccnt of the 

rated ronges.    Deiwjnding on the pressure renge, the eleiaents hed   mäxmped 

netiirel frequencieB of 250 to ;?000 cps. 

Careful control of aet«! qualities end merufpcturing isrocesses insiired 

that the path traced by the styiua, es the exeaent expanded, was vlthin 

degree of being a perfectly streight line nomfl to the mount a rfece.    The 

ellovable digcrepency produced e stylus nwtion in the directioa of the liae 

rxia of the disk corresponding to ^^2 msec at t disk speed of 10 rpta.    This 

error would not be found in RrrlvrJ. tin» aeßaureuents, but represents the 

tiBö error which aißht be found in determining occurrence of e peal:. 

J t * 



The stylus yes an osar.aa plioaagrBpli neeäie tip moiaxted Ml e phostihar- 

hroaze spring era.    Stylus Oi-easure ■..RD edjusted 'by the beadtng of this 

etB -intii t saali e^aclliery spring scnie indiceted proper tension.    Hü 

special attests    ere i^de to dssäp the laotion of th& ctpsuies for UM in 

the pressiire-tiae giiges,  since with the d-:3t screan used, dt-aping UM BÖJS- 

cuete for ro^- capsiiie range tnd overshoot KM never objectioneble. 

The tot£ii-rrj^,'?svro cepsii-le, used pt the eixd af the long tube in the 

nose of the dynaaic pressiira gage, was aore susceptible to overshoot and 

wea effective,!-/ daraped to 0.'{ of crlticel.    This   .as sccomplished bv 

chraig,'-ns the fill t&M   -'ith e üiove.    Its heed wm piAoai directly over 

the capsule inlet port.    The sieve was made b,y driLling sixteen Ho. SO 

holes in • piece of braBa shin stock. 

'c:.'j)»2   3eif-Recording Diapuicesient Treaiad .cor.    The dispi-ftcement gfge 

WM mounted on e stable s-irfece and oeasured the reietive laoveaent af on 

object by means of a hardened steel wire connected froa the gE.ge to tixc 

object. 

This v;lre vag    rspi>eä aro<.ind E p.uLiey ^o nted on a shaft supported b„ 

.loumals in the ends of tlie gage case (Fig-ure !}..% ).    A heavy coil spring 

J.nsido the case appiit^. toraifjn to the pulle/ siiaft so that the -.ire was 

held in tension and v ould uind am or off the pdley as the object moved. 

A ratchet on the pulley shrft allowed the spring to be wound to ond held 

at a hif^ value of torüue prior to instaliation of the wire.    A reieaae 

of the ratchet applied tension to the wire. 

i 



The free end of the ^iiley shaft was attached to the recording aechaaisa 

(described in Section 2,1.8). The  gage sensitivity was determined by the 

pulley size, aaaller pulleys being used with aiaaller displaceseats. The ten- 

sion in the wire was about 60 pounds, and the gage was able to follow a 

diapiaceaant rate of 25 ft/aec. 

The range of displacaaents aeasured by the self-recording gage lay 

between 1 inch and 18 inches. 

2.3,^ Electronic DiapiaeeiBent Traaaducers. Two standard-type 

e-iectronic transducers were vised (Figures 2.10 end 2.19) depending OB the 

laagnitude of the dispiacesaent. Both types used the ratchet-wound, spring- 

ioadadpiiley assembly described in Section 2,5,2, The large-displaceEsent 

ntodel (l jjach to 18 inches) prcduced the required modulation of the carrier 

voltage by seaas of a ccmtinuous-rotaticHi, wire-wound potentiocieter attached 

to the P'illey shaft. The housing of this potentiaeieter, rather than being 

permanently fixed to the gage caaing, could he rotated by a knob with a 

calibrated scale. By rotating this knob in a direction oj^osite to the 

expected rotation of the displacement gage pulley, the pulley rotation could 

be exactly simulated and, by means of the calibrated scale, the magnitude of 

a corresponding displaceaent determined. This procedure was followed in the 

calibration of the recording channels used with this gage. The potentiometer 

wö3 then locked in place. 

The saail dispiaceoent uodel (0 to 1 inch) used a linearly variable, 

differential transformer (LVDT) as a variable-in^pedarce elea^« The coil 

of the LVDT was caaposed of three windings, the middle one of which was the 

input (or primary) winding that was connected to the gage power supply. The 

motion of the armature differentially varied the coupling between this wind- 

ing and winds on either side of it. The outside pair of windings was 
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c.-amectod in aeries -«Itb the recorder so that the otp^^t vo.'.tages   >pp-Dsed 

one another.    'Tien the BXBBture uss centered hetueen thes., the net vo-itrpe 

o ^tpiit rpvvi.ied to the recorder WM ^ero.    As the crraEt'-iro v&a diop-trced fron 

its ba;ance point, en output voitsge psroportlonal to the notion wco prod.cod. 

The ho;,.lGft^j, (^ItaSrieel j-r-aat re of this trenafortaer wms threaded over ^^he 

■ ga    ire and eis-aped in niece, end the solenoid trlaftiag of the trnnsforEier 

{ijaaXMB   .hich ilie BiBftture Gloved axiaily) »RB held 1,/ r  rigid freae.    Thus, 

the ge^e saxsed directly the r::.r ■_ isotion cp;/oed hy the diap^Bcoacnt, end 

the pulley frrrngeoent sein,-ad only to prod-ice tension in the wire, 

■Iha coil waa not pemBBäs&Xjf fixed to its suiaport; tart to jli .u te e 

ssotioB of the rraetire, tte coil cou.d bo uoved xdth res-pect to the sta* 

tionery anaetiire.    'This aoveraent vm aeesared hj v din mkenmrtmr to effect 

e ceitbretion (see Section ?.),'(),    After ct LibrriJ.on, the coi:. \ma loehed 

Into position. 

Tlieae goßes co id folia? 8 dispu-ceaent rste of 25 ft/sec. 

Tiiree speciai-rppiicrtion displccerjent gr<.ger.    ere nlso dosigied.    One 

.eraured the bendinc of the sliding birct-door    sed on the Project 50.2 

'^■r.i;xic GfiTa^G (Figure   i '0).    A hardened stee. \;ire ires stretched froa one 

edge of the door, over • .-2-inch-lont perpendiculer st id et the center of 

the door, end ntteched by a strong spring to the rsther edge of the door.    ^ 

hollo. » cylindrical Birustjre for r. llnecriy vtritb^e, differentiel trrmo- 

fonaer (LVI?r)    as threrded on the vlre end ci.tui.xjd ci-osc to the n-ring.    As 

the door bow-ed in, the at d forcad the wire to stretch the s-ria^, consequents, 

the positicai of the prsmtjre chrnged relative to the edge of the door.    The 

—! -^5)-- 
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LiVDT CJ
;

. .. '/os ,:i i nied cose to the ed^e of the door rad sensed the soli .n 

■ the aras.t:.ira, 

I   yj, n LVDT coli    I      .j iitod on th-■ ..,■.. gs    '     SP '. ith its axis oor- 

g«aaälc inr to Uie il a i-,. door (Flgura j XO•    Eha   r 8 - ro tns forced 

a 3 the coll r{7'in:3t 3 ;rinc tCOBiaa ^ nd held there by the door.    Th    , 

«tty lüaaar notion of the door ralstlfi to the floor ima ro^ioi/ed bg 

re. 

FiB&lly,  LVTX1'        c .f led \xj the BK&if) ■ r (Schnovitz Bnginoc; 

rrtion) to luve tn extended rrnce (;; Inchea)    ere    ;ed to record tho 

■ (    e       : -i'ot vf LVM v23-.v5d hy Project 5.0 (fl| re \ X^)-    -h 

mart 1-03    ej-e attached ä y to the aovinj jrrl of the valve, •. h r 

the eoil vr^ neid fixed vith respect to the vr  vo e9St«    Us»« the enf. ■ 

.. of the   -soppot could be followed. 

o.^  I'resa.jr: Tronad ctafB«    MK aMreiaents of blaut .Tessure v;ore raMe 

Biag Wiemcho JPAD-R press re grges (fifura ^ ^).    Stich ^r.ge   M aagfeala A 

in R hecvy brrss casin,.:,    iuch   .LaLai ,ed trrasient taoiiernt.ire effeclo.    A 

threrdod firnge aro nd the sensitive end of the eeaiag ■llawfui the gage to 

be sorer.od into its aovjat.    h p   ig  In the other end of the cruin.:   ruvlded 

L,;nal-crbio connection.    11^ gaee -..as r vcritujie-difrcronticM.-ind ct-- 

type  43ing e t l.rted-bo irdon-tube sonsing eleasent.    (Äic end of the t ibe was 

jpen to the- cttaosyherc, r..a the other vxrz c osed and nttrched to rn «r:rl re 

hold In close proxiinity tc en E coil (Pi{j:rc 3. fo)»    ^ .Toa;> ro    . 1 : op .led 

to the open end, it tended to strrighten the t.iated t be tnd, in so doing, 

rotatod the nrueture. 

St 



Figure 2.21   Sjweifti «iesOmcesaant L«--^,Project. 50.? (raovoemt of Ooor) 
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The E caii consisteö of tiro vindings vojnd on the extreme legs of an 

E-shtoed smgaetic coro.    As the Grart a-e rotr.ted.  It decreased the re., otrnce 

of the mt^mttie pcth coanojed of the txtmtture, the center Lagp find .jne ex- 

tretae  Leg of the S est lucret aed the re^uctrnce of the other,  3ii5ii-ar path. 

' .th the two uiGdlngs connected into I i\ai-iopedence bridge, p, Vviltrge 

:hb€_ance waa created thr;   .i,o oroportioasJ. to the jop.ied press ro. 

The response time of this type fP£S VEcried v/ith it a i^iiige, but ves,   'n 

ell mam, mmllme then xhe response tiae of the recordias" systaa {oho t I 

Wherever these gs^ea   ■ere Msed   close to r>nd ffeia^ the blest, shields 

of riunin a foli v>ere '-sed to prevent theniml redietion eiterins the 

sress'ire port end distortinc; the bo-.rdon tuba« 

2.;?o    Electronic DTrgiai-c-Press-ire Gf^ge.    The d^-nrnic-press re ©age 

.:.cä VES one designed by the Srndie Corporation {Wig re XXi)-    It  :;4.= .ored 

tuo Tip^icko pressure KlaMBla (es described in Section    ,3,kf except with- 

out the brass'essing) j.nstri-od ,ln I jxtot t bo.    One oxeiaent wmta red the 

d .fference betveen the total end the side-on pressure, red the other eleuent 

.■or.-, -red only side-on preos^rc.    Conser-.-caiti./, the g^ge produced two sitjncls 

(reG.>rdod on serjarete ehmnels), the first being ■ fiinction of äi*m!mic 

pressis^e end the second being a f^ncticaa of side-on pressure. 

P.5.6   Acce i-erocetors.   Aeceleretioa iaecisivrejiaents viere ra&de vith 

VJitsncJio type 5 AAT acce ercaaeters (Figje ol A.u).    The sensing element con- 

sisted of en nrmat.re bonded et its center to the vertex of c V-sheped 

spring aenber tyad held in close proximity to en S coil of the type described 

in Section 2.*>,k (Figure X M )»    A    eight, the nass of which depended   pon 

%-■ -     ■ - -     - -      —T? ,—K—————-——.■w^-^lg~—. —-—.—- .  



figxe 2,2$   Sp-adiß aiJn«3iic-pre80-'a,e ge-ge. 
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Pig-sre 2,56   Wi«/ack) accexsrcÄ>at«r. 
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tha mage of the ecce ..ea-aüeter, was ettfched to one end of the arsetore so 

thpt an ecce Lcrr.tion in a direction noraci to the crtaet re craised it to 

rotpte about the vertex of the s^rin^. The rotrtion of the prsiatore eeusaS 

'nbi:.U',nce in r full-iapeäaoM bridge, of --hich the vindins's of the E coil 

vere e pert. 

The Ecceleroaeter \-rv3,  incidentelly, sensitive to rotetionßl ccceiera- 

tiona, so it could not be sod -.here these -w-ere oresent. The stiffness of 

the spring was such thr t linear acceleretions in only the direction of the 

nxis of the case were messxxteSu 

The neturpl frequency of e 5-S eccei-eroaeter ms  r^pproxiiartely 'JO  ensj 

of v  100-g accej-ercaaeter, cpproxL^ietely k30 cps. The gages ..ere taa^ed to 

0.70 of crlticrl st a toaperatisre of üOlF. 

2.3.7 Berth PresGuro Gtigoa. The earth-press ro :j.eeaureaenta ■■■era  BMie 

irith a yianciio Carlson Tyg»  5-ft footing stress gege (Figureo äX% and j. A^ )« 

The sensing mechnnisn consisted of two inflexib.i.e circular piotes vdth 

thinned edgsa, separated and -..elded s'-ich around the periphery that tiie 

edgea aetcd ea a flexible section. Tiie aaall chaaber vol^aae between the 

olate inner surfaces could be varied by preas.u-e on the external lurfteses« 

The climber mm filled vith fluid, usually nerc .ry or oil. The center section 

of one plate wes thinned to form a diaphragm x;Mch buiged o-itwerd vhen ex- 

ternally applied press^sre sq-ieesod the two plates together. This notion was 

co pled to an armature (Figureol'Xl) end ccuaed it to move near an S coil 

(described in Perag-apii 2,5,4). The diephragsed plate was the base for the 

j{ ge and \ms placed f gainst the footing. As pressure wes apT>lied, the 
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saortioBfl of the aoa-id p-.ete ind the flexible dlsphriga '.'ere in the same 

direction, but the waptitvsdes of tiieir actions ."ere in  Inverse yroportijn 

to their respective »rsse*    The res JLtiSg esipj-lficKtion of aoti^sn penuitted 

rts.otlvei/ large go-ge output, wbilo taRitttftlning hi-üh-freo-ency response. 

2,k   GAGE MOORS 

:\k. ]    3e_.f-Recording Presü-:re G^ges.    tetecml ^lethods ./ere   .sed to 

uo.-nt the press 4*e-tiiae #.@es.    Ihe reuiireaents of ?n:»ject3 5,6 pnd 30. i 

maä. part of Project 3 ..^ were for gages to L-JSPS tre diffraction pr^ttems of 

the blest vt've, BXIA there  it w^s necessary to mo nt the gt-ge büff le pj-c:te 

fl  ih vith ihe •unrouafting s rfece.    To ailoir this, the gfse cf-sings .ere 

cast into the concrete fturiag construction jf the test objects^   Leter, the 

ge/;e üaechfjaiasis mounted jn the bf-ffle piates    ere inserted Into their 

crslnss, eM the bnfi'.c ji^'tesi were boited in uuce (Figures ^_^C wi A 2*))» 

In all other cases,  .hare the gsges vere used to  Indicrte the fiJJL tijae 

end üißxia-ia press res inside ■ atriacture, « nipple velded to the bottan of 

the gage casing .^es scjrev/ed onto 8 threaded  i-ength of 5-inch pipe c^st into 

the concrete of the str ;ct ro (Fig re ^ 2>X) or rttached to ■  LSMnch steel 

dusli held   n   .lace by sand b; gs. 

2.k,c'    Seif-Recoj^din^: D^Txfaalc-Prossure Gfrges.    The diiaeiaic-press re 

yr-i    ere provided    ah to short nipplM (see Section    .  .;) fir   va nting 

in uw-press'sre regions,    toimta were constricted   .sing B ipeir of pertij-ei 

Isaogths of 5-inch pipa bncad end held at e constant spacing by short 

uengtha of steel p-iete -elded beUeen them (Figure ^V^)«    Tw > lengths 

ere    sed,  5 feet for gf-ssB to be aounted 5 feet above the surface end  U 
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Figure 2,51   OtiH»i«t« mxetem iMt&UAtion of pra&sore-tj 

I 
■ 



%ili» 

?XB'J*O t#3a   PP^isa^-VüB flU-' 



• 

Figure ?»55   SMM ^^ • J-foot »«lf-rec<Msäiijg ä^seme-preasuro g&^e. 

1 I 
IHH.IllHI>PliWBH' 



fee-c for geges to be aouBtaA 10 feet Fbcjve the a ,.rfece.    The pi >es - ers es- 

bedded in concrete et the Iwse sad stet-äied "by ejy wires, where needed. 

Pipe isnians were used to P-ttach the gage nippies to tljg mount pipes.    For 

the high-pressure regions, e a^ch-heevier siount was  -ised (the Steudaixl 

AFSJ? gfige tower d&ai^i) in con,) uaction with a special cesing thet b ttcd 

up to e flange provided on the front s-orftee of the mount (Fig-re A-^V). 

2.kt} ]^flection Gc^s.    The self-recoixiino «oft the Standard elec- 

tronic deflection ^ges »sed identicel aounts;  ft»» properly spaced, l/k 

inch bolts veve cast or "Bso-oet" into the stable movinting surface, end the 

Cc-ge, vlth four corresponding boit holes, was set over thea and secured 

Kith nuts (see Figure 2 '3>$)» 

The aoimting details of the two special-t^ipe deflection gages ere 

given in the description of the gEges in Section S.J.J, 

r!,k,k   SaLf-Recording Acceieroaeteru.    Tbese gE,ges    ere mounted both 

inside strictures and along the bxest line. 

Where e gage was aotsnted inside e raetai-f loored structia-e, a steei 

iaountlng plate \.jith four threeded stiais protruding froui it was ■'■elded to 

the floor of the structure.    The gage beffi.e piate, with four proper;;, 

spaced holes, vas then siipp«! over the stsds cM sec-red in piece,    VJhere 

v gage was aounted Inside s concret-fioored structure, the steel aounting 

plate was ettBched to the floor by meens of exptinsit» bolts. 

Where a gage vaa used to tsise ground-acceleration sseas; raaoats, ■ hole 

was dug to the pr'TOT depth, end a standard pressure-tiae gage casing was 

positioned in the hole with its exis vertical and with the plene, in which 

the disk waa to lie, parallel to a line throu^i ground zero.    Then, the 

0 
••fs— .  



fcH   WL ^umic-sräsauire pp e^ßpfcod to steudiirf A?^T oo^.^. 

I) 
-A  



I 

-:■■■■■. 

Figur© 2.55   ^^i<^a, iastallfttlan c£ WL dlspliwaamt ^.^ss. 
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SiJrce tiround the gage wes fiiied vith Cna-Seal to atsars ■ good co Ekllllg 

vith tiie surrounding soil.    The nurnwlMTf—t<ll" MesferaiMl WM tlnai inserted 

:.n the casing eM its beff le p.L&te bolted in plpce. 

2.^.3    Pet k-Pregs-.-re lleßes.    'Riese g&ges,   iftiaf ■taadarA 3®.--f-recording 

pP88«<rt -(pgl ciaaeB   .ere moimted as described in Section 2,4.1. 

Tim specially designed perik-press-ire gages --era riov-nted v. ith the fnce 

of the baffle piate tov/erd the momting rorftoee«    ötuds were di-iven iirbc 

the surfece.    Vrogerly speiced holes in baffle plate Fliowed it to be aiipped 

over the sbuds snd sec red In place.    Soccers were placed on the studs to 

hold the pressure port e\my from the surface, 

5,4.6   rsBk Acce^ercgaeters,    'When mounted on t metal surface,  ehe base 

of this type of gage \ms    elded to the surfnee.    \raen counted on concrete, 

four st'ids were driven into the s'ijrfr»ce, end. aatching holes in the base 

pxnte allou'ed it to be slipped over Um wi sec red in place, 

:?,4.7  Jlectrcm'/a Press re^ gMMk    ^be electroaic press'jre gages '..'»re 

'sad in both concrete and eiJiainuni structures. 

Seamless steei tubes, threaded to accept the gage cosinga, vere cast 

Into the ccmcrete structures (Figure 2,%),    The »^XLiaem stractures ■ere 

drilled. mo& thretaied to aliau the gsge cesing to be screwed into piece 

(Section 2,5.4). 

£aJb§»JBS^5SlSJteS^£ ^>rS38'Jre ^ige3>    Standard heavy AFSWP vertical 

pipe mounts were provided far these gages (Fig re ^l/^).    The iaount consisted 

of ■ peir of 8-inch pipes spaced by ten^ntial steel piatea velded bat-ween 

thca.    A flangs facing ground zero was provided, RM to this was bolted a 

section tapered to the diaiaeter of the pltot tube.    The pltot tube was 

pi 
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inserted ia this secticaa and xociad into position by set screws. 

3.4. j AcceiercxaeterB« The  aocei«r^aeters «"ere aounted an the taeaber 

in which the rcceleration VBS being aeesured. A lead oiate 3/ltS-inch thiclc 

end the t&mt&t  of the gs^je ■■■ insteiled betveen the gs^ and laasber to 

eliainate gage ringing effects. Three properly spaead threaded studa ore 

cast or Rea-set into the concrete. Hie gage wee positioned so that f.hree 

hoies drilled In i>  flange around one end of the gnge case vere fitted over 

the stada. Th.23, the gage vas taoimted with its soisitlve exis (the axis 

of the  cylindrical case) lying psrsliel to the direction of the aecelere- 

tlon being aeasured. 

2.^..10 Eerth-ftresa'-ire Gages. Depending on the spplicction, three 

methods of mounting the earth-prt»sa ire gages vere employed. In every case, 

provision was aade for allo.-ing a solid, flat surface for support of the 

gage base plate end an even distribation of pressure over the sensitive 

pißte (see Section 2,3*1)»   Wbere aeaaureaents ndemeath a stnurt re 

■.-ere taade, a square hole was left in the concrete so that after caiibntion 

the gage could be lowered into the hole until its sensitive face ley direct- 

ly on the ground. Reinforcing rods were Left protruding froa the^ails of 

the holesj thus, »lien concrete »as poured and filled the hole, toe gage was 

cast into a block that was essentially a part of the stricture. The ground 

under the sensitive plate was prepared to allow even distributicm of pressure 

and the concrete gripped the baae pi&te firmly. 

Where nsasureoents were aade on the aide or top of buried structures, 

alternate installation methods, as chosen by the structure designers, .ere 

uaed. 

ill w 
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for the burled fxchmi of Pruject :>,i, ■ ha.e the sise of the ho-;.ilag 

for the jptge-aeasing taechuiiam was east in the we-ll of the str ct re.    The 

■ j.- ; :•■ Iht'ii sei rg Lrm the sir ci re, \ Ith ;;.- .^i.; ng iaedfcalsia iio s og 

fltt;ug into its hole sisi tte iMtt JfiMtot renting a^idireiy on the str ctiore 

snrf&ce. I iaagth of pipe, Mhre^ded .:'Ver xJar. gage Cf.hle, wms screwed .'mto 

the aeaß.ng MMiMttSai hou3itJ|= so that it ertondea ■hrough to the ins .ds of 

Lhe str^-ctV'jre. Over this pipe, in seq ence, vere pixced a vt.sher h^vaig e 

diätster greeter thr«n that of ihehoie,in the vt,.Il, h be-ice . agrivg, mat B 

n~t (which ^ere ed on to the eud of the pipe to corayreas the spring), iho 

force produced ta the caapressed spring he^d the gaga firaay egslnst the 

outside Sv.rfece   :>f the vt ..i.    A feirlng af groat  ws qgf ed MPMHl the 

göge to smooth the contoitrs of tiie instaiist^.on.    Sieved send MM pecked   .'ver 

■^he fece .^f tha gnge to give in even press.ire dxstrib tj-csa. 

In the case of the ^ojeat 50.2 gij^ge,  civit es iiur^chlng the conto.rs 

if an eerth-tress re gcge were oi at    n the concret-e.    The geges were then 

grouted into poa'tion and, M the str ct re ana bickfiixed, sieved atod wa« 

efrei'oliy pecked jver etch gage f«ce to ens re i   ■.tn'fona press re dioirlb- 

ttaa. 

.i,    C'LIKR.?TI(ffl 

■.,«^    3e^f-Recording Precigure Cfrgea.    Ct.'.. Lbrt-ticai of the press re c^p- 

oo was pert^raed by the mm ftct rer.    The cc Ubrations were plotted 

is.ng i. Leedj-B^rthr p X-Y recorder.    Ihe o.tp t   ,f u Steth'sm strc .n-gfc.ge-cype 

press re tronsducer wtia fed thro gh ttapiifiera to the pea (X-tocls)   >f the 

recorder.    Capsule def-ection ues aeesvjped by e Blcroaster heed eu vipp^l yith 

t n 11 detectca- and asrvo ayatam operetirig t. si.de-wjre potentiooeter   h ch. 

_— 



in t^rr.., cjntr-.»lieii the cm;rt drive (ar T-fix 3).    The ras'.ltliig praaHUfttiaB 

geire • piv)t of 3ep3uie <ief..tecti'3in as E f net on of eppii^l ^ress'ire (see 

Figure a«58). 

The d.sii-dr.ve aoMni ^ere miMm individ^Cj-ly tasted for stj^rt p tlae 

■r id si^ed.    'fhe s'^ead was tested by comparing tlie freq^eccy of the p ^.aes 

prod'eed by T.he governor contacts wiidi p iees frora i precis.on sign&i gerier» 

tor. 

The sttrt jp tiae wm deduced fSroM a plot of ■s^piiB' dispiaceasnt of 

the motor shaft vers s tisae (Fityjarea 2,5}a and b).    T    obtf j.n ehe pl.)t,  the 

sheft   .if 1  potentioaeter (lexiopot) hJi.ving "i. ö percent llmfirTtji' "dm 

iittti-ched to the center of the pige ti-mtebie«    The pjienti.:)xseter,   'hlch wss 

ijowered by e better^, produced en o ttput thu-t «as registered b^ e aoiAig- 

paper oscii.Logrrph.    The oaciitogrfepti provided 1 tiae bese ^Mie the p /cen- 

tlouie-ler o.tp^t WES pr&portiom.j. to the engie thro .igh wtfch the sheft h«.:d 

t med.    /n-jther channe;. .if the oscitiogreph recorded ■ fid clei Emriser it 

the insient voitepe -.eg app.L „ed to the mot vr. 

The slope of the recorded c rve th s  Lnd cited velocity, the conct:,nt 

tenalufeL veijety being taßjimtotä by that portico of the curve ht-v ng s 

constant aiope.    Tfoe t .sses of oeciirence of e. Li. veir-Et ons frjm this conatfcnt 

velocity vere B^QO ci-eer^y ind-ceted.    ftf 1 ijm './hen the cmstent-slope 

port cm of the c rve tff.s extended thro gh the t.aae txl.st  its  Intersection 

^B\»e t. atsjrtin^ deify titas t^ be added to event lisies computed on the b&sls 

of en lnstimt«neo. axy achieved, consent motor speed. 

-.3« '   Seif-Reeordug Dyneaic-Proas-re Gfages.    The proced re of Section 

.?,5.i   wes \ised in cnivbretlng th» self-recording dyawalc-presswire ^ges. 

2»^0   Self-Recording l)isr>lBcea«it ClBges.   These gages were ceiibreted 

„,,-. .■."■IS-'W'M"--.")111 **"~ir 
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before asaasbly by instailetion of e disk, tunung of tbä recording —claa ■ 

im& shaft through oao revolntioa, sad laef sureaent of the height of the stop 

i/rodueed an the disk.    With the cIrcuEueronce of the puLiey Imown, the di.a- 

j, 1 iiiiiiiilMMll  correspondini; to this step height was reedii/ ded-ced,    The gtige 

u&s linear, so the slope of the c-:rve of stylus äüotion versus äitfßMemmmi 

obtained in this acnner ^o-ilä. IM exl-ended over the full range of the gage« 

2,'s»l* Self-Record,iQg AcceLeroiaeters.    CsUibrption of the scce^erajaeter 

eieäueats VES perfor^ied by cisaping theia in a sirpport sisdlar to the one in 

the gage.    This support ues them placed on E caiibrt ted drop table to be 

sjbjected to transient acceJ-eretion.    The drop tabu   .jr-^tod of a heavy 

attal piete vhlch coiild be rcissd to a predetena.lned hei^it and then a-lo\/eä 

to fall freely.    The fall was terrainated by a box ox sand into which the pi.ate 

fexl flat.    Ills acceieretions pratucai ahen the pxete   res stopped vfere 

ecdrately reproducible, end by laeans of a standard aceelei^saeter, has been 

releted to the height from -..hioh the plate .;P:: re.eesed. 

Eloaents '«■ere oelibroted in both positive and negative diractions. 

2»^,3    Peek-Pressure Gcger-.    These gages used the seiae «iwaento that 

■.ere used in the self-recording pressure gages and csviibrstion proead.ires 

■ere the Bmsae (see Section 2.3.1). 

2.^«6   Pank Aeceleroaeters.    The elataants used in t^ peek accelerooetars 

yere the saae as those used In the self-recording sceederaBieters,    A dcäcrlp- 

ÜMKt of their calibratlou Is glv«3 in Section 8.5»^. 

2«5.7   Electronic Dlspl^cetaents ORges.   C«Iibr»tJKi of .oe gages was 

necessarily perfonaed after installation of gages and recording sjystisu 

For all gBge types, this was done by novlng the asraally vtmticsmry elasaearit 
, 

& 
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■—  



' 

of transducer relative to its normally acrmble eleoent. 

The noraally stationary elaBsent of the large-dlaplacement gage was 

the pot«rtiQEieter housing. This housing could be rotated oy a linearly 

calibrated knob (see Section 2.5»5)» a full-scale rotation fraa its centered 

position corresponding to e half turn in the opposite direction by the gage 

pulley. The correaponding dlsplacesaent was equal to erne half the pulley 

circuciferencs« The full range of the calibrated scale VES divided into fivs 

equal segaents on each side of its centered pegition; thus, positive and 

negative dispiaceaenta of 20, kQt  öO, öO, and 100 percent of the HHIiaKB 

calibraticai value could be obtained. Where displacements were obtained 

greater than half the pulley circiasference, ths potentiometer rotated past 

the extrerae point on its scale and began a second cycle. Ü5ie calibration 

for this cycle was identical with that for the first cycle esscept that a dis- 

placeaent equal to the pulley circumference was added to (or subtracted froa) 

the Indicated displacement value. Whether the constant value was to be 

added or subtracted was dependent on the slopes of the curve of displacement 

versus time juiit prior to the sharp diaccitinuity aarkiag the beginning of a 

new cycle. Positive slopes indicated addition; negative slopes indicated 

subtraction. 

The aiaall-displaceoent gages were calibrated by using a dial micrometer 

as a standard. The micrometer measured the motion of the coil relative to 

its support or armture position. After the cleop which held the linear 

variable differential transformer coil in place was loosened, a slotted block 

which held the microBeter, was slipped over the coil support (see Figure 

2.1tO) end locked In position. DM coll was moved until Its electrical 

center (the position giving an output voltage null) was found. Then the 

%-,  '" ■-' 



figure St^O   Ssstll-di3plaee»3Bt gsgs cplilystiae. 



reiAiiifi ludleir-ted by the aicrooeter ^e« taken i:s the zsrj reading i   d, itom 

this jjotat, the eoij  waa aov-jd   n t   d,.'-xect:on oppofsite to the j-at x    d.:s; .4-,ce- 

Smxt to produce cr. iibr-'-tion steps,    fcl «es, b^th psSitive cad aegs tive of 

30, 40, 60, 80,   100,   .0f    4J,    m .UJO perceat 01  vhe expected aifcxlaaa 

■ers    sad. 

__.i>jB    a.ectrr:- "c Pre..'3 ;r^ O^g^s.    Stesd^* ^ve--1- art controlled by ,■ 

33 räsn of reg- etora    as ^pp,ted to the bo.^rdon t be thro gx B t. b^ng fittteg 

acrm^ed -'.uto the nr^a? re laiet p^ri   (See Fign^e "",4 ).    The rrfg-- U tors    ere 

eonti iitöd belund *   cou'ero    pme , ^hiah 1 las so iitsci div L ^s§es Ivrisg 

r^^gn ; ds.r-u.te to Liiö:c- fea -■ H req.  red pr^ss res • tth ta LQC .r«. cy of <■ e 

■;x?rcent..    The stetdy ;.jresa res were eppxied efter  insu/.u-tion of the g^ges 

f üd f^cordiag systesa, -■■i.T,h ..'jsitive m*Bss:jra3 JO, to, 60| %, JOO, oat L§9 

pweeat jf the ex:.;ec-:cd üXIü U being ■:.pp .led.    Hbare re-: '.'.red, liegrtlve 

areas res in the mmm cementr, -/ere a.130 npp'-ied. 

__.>.„*__Electranu: Ugnüxc Prenarüre tybggm,    TIUJ C; . i.bri ; I JD proceü. re 

for these gtges    aa    dentiu--      _t,ä Va^t deseribeä    u Seatioci 2.^.8.    Segi-n  ve 

brtx.loija '-ere ante for ibe sida-ou but not far ehe d^n^mlc oreas re 

i.j.a)   Acce .sra.a.il2i_j.    Xije --.cce^ercsaeverij ..ere g^ven aUiX.».c c^... utan:- 

tiatm oü h splB-tsb.-© acee .eri.ior before their   MPl«Llfttl«i (see Ftg iv i.^'). 

TIMJ epm tüb...« wem a Qlsk i.h.ch   M r'oeateü. at      speed deterainad t.ua i\.te,-.y 

by fcr; electron ic trchuaeler.    The :-rce .er-naeter    m m Rl«i on the iisk - ith 

its sensitiv« direct .on ;.fr(. 1 .e - to tlw r&d,. ••> at $ß diuk*   Co0i.joct.ouj to 

the recorder cebxe    are.afds thro i^i $    p rings.    An   t-ec rste fcao  -ed^a  >f 

ihe d'.st:. n-e of the tcce er-^jeter Mütag ei-eassafe frcas the ce.iT.er of the disk 

.■rid the rot^tioaci velocity of the disk ^«re    (Mi to find ths rKdie- eceeteri^tio^i 

1 
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fS$«« C.U   Typio&x iMllilinmijii of yieacäco p^rnvxr* gßgea. 
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Fig;.F« g,^   Ctiiteetioa -jf eeos&Hnmtaf« 



vrod ced in the aeaaiüg e;.«äiieut.    The disk \reloeitj ^ as vsried to produce 

acce erationa  ?0,  kO,  Go,   ;0,   -K) <r;xai  L50 percent of the expected "mxluvm. 

%ia-tsl3 e scce eration v^ aes co ;.Ld bo exsp 'led    ilh Fn rccirr^v csf 2 

percent. 

2,5»LJ     geertlt-Rness ro GfgeG_.    Theae £Cüe;' '-ere ^ennralLy cti.l"brated in 

p&.ra or groups of four before 'heing jiEced  La their ao^nts (nee Fig'Te v.-O). 

■? a cr-jGG vere p_pced ..ith their sensitive fsc-is l-Oijether, tat sepfereted by 

R   -ayer of b-.ottlng r.rper.    Ar; Piiffidn^aa ring, siffited to ^iXcw exit jf the 

£r:ge esSjie, wms placed a^Blaot    etch oese p .ate to protect the protruäiu:, 

.>e:;i Ion oi the c^-iä6 ooact&iaiBg the se.islng elAaost (see Section ?,5.T)* 

HAS sand5«;lch ■■ r,3 then   ; need, vitfa s   Bej-d.-in 3R-4    otd ee ,i, between the 

jsws of st hydrpu.ic press.    Sie force ppp-.ied through the ciusLlnisa rin^s tj 

the btae p ctes w-n,;i ;aee,ö<ü'ed by the  Loai ce.i. to en f.ce-.aracy of better 'haa 

s/trceT:!.    'Jhe b .ot!:lng ysper G   .a..ecl rn even distrlbut Lan of laaA over Ihn 

sensitive fecco of the ptc*1^'     »'hero eonventeat, seven-'   of such sendv;U-hei,, 

coud be «Librtted simultaneously. 

':■..:■    DATA PRiäGENTATiaK 

.'•.6.1    3e f-RacordLnv atigeo.    The dt^ta obtained from each se,t.f-recordinf; 

record contains tim Prrlvt L tbae and daf.setion versas tis«.    The records, 

being scribed a& rotat:ing g^rss disks, t-re presented in gaitit toordln' te 

for<a.    Conversion t-o z'ectiiinear coordinctea yLi^iifies ..-orkin^ with tba 

date.    To do this, f Qeertners Tooxar-kei^ Micrjscoye vith • rotating tabte 

as uti^sed.    Tbs atcroseope was aodified by tte w&tiMam &£ dlglte-l tmt&' 

out heeds giving;   000 co=aits per revolution of tim rsssding h«ed shsft. 
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Racoi'ti def.ectioa is represented by 0.00002^ metes per eo!mt or ^»0 counts 

per mi...  of deflection. For the time b&se rettdiagu, one revo-Lution of tae 

turntal, e (560°) viil rend k^OOO count«! or 125 counts per degree. 

The detE froa the readout heeds of the aicroscope are coaverted co digi- 

tti.- fona end punched on IM cardr, by Teiecordex equipaent. These cerds are 

atiilaed in fisBl  processing. 

2.6.S gleetronle aiges. The p_8yback of the scpuetic tepa recordings 

produced by the electronic geges • ere presented as osci-.logrsas on strips of 

7-lnch-vide photogrsphic paper. The date from ecch charmel. \ms preseutsd on 

a slngie oscliiogreH. The irc?o«aation inexuded: (i)',Si*,ctrica , Cal Step" 

iffide LamBdlateiy prior to calibration (Secticai 0.2.5), (3) ealibret.ions 

fteps, each aade bj running the recorder for s short period while the trans- 

ducer was ataticaUy ©ctivsted (Section 2.3), (5) "E-ectrlca. C&I Step" raade 

ima«^.iately prior to äetmmxlcm.  (Section J!.2.7)7 (k)  the trace deflection 

(Mnaot by the physic« sctivatioa, (5) "llectrice-i. tai Step" made shortly 

following the liapTITw of the records, (6) «ero-tiee marker (Section 2.2.?.), 

MS if)  a series of tiaia^; pulses produced at the bottom of the paper (Section 

2.2.2), The rej.ative h-ights of the "Iiectricn. Cal Step", Hc, taken during 

the calibration run, end E,, teken during the actual test run were proportional 

to the vmiues of system gaiü dtalng those times. 

The cfelibretioa steps »iltipi-ied by the ratio, &tMc$  detersiined the 

spacing of the ordlnates of the plot, whereas the tiaing pulses determined 

tits abaciasas. Bsch aincar tlaiog sw-i-ae represented 1-l/j iasec; the larger 

spikes correepefflded to ij-l/j seac sad x35-i/5 Msec. 



The oscillograms were read on a Telereader which uses raagaetic reading 

heads to coavert the tioe, calibration, and record displaceEents to & 

digital fora. The information in digital form is punched in IBM cards 

which are used as input data for the SDVAC for final processing, 

2.6.3 Final Data Presentation  The IBM cards, representing readings 

taken at close intervals tnroughout the span of the records, together 

vith cards representing calibration readings and in the case of the self- 

i'ecording data - time interval information, are used as input data for 

the SDVAC high-speed digital computer. The program as coded tor the EDYAC 

uses a straight line equation. The deflection values are calculated fron 

a straight line interpolation between the various calibration steps. 

The timing calibration is applied to 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 5035B2LP. 

Tills line plotter can plot and connect 66 points per inch with an accuracy 

of l/ch  inch. The final plots are from this plotter. 

After Operation Plumbbob seme new nomenclature was established for 

dynamic pressure measurements in order to distinguish the type of blast 

in which the measurement was obtained and also to separate corrected 

from non-corrected data. A high-speed computer was utilized for processing 

the data in accordance with the method outlined in Chapter 6 of The Blast 

Handbook (HAVORD Report 6085). The dynamic pressure parameters plotted 

for each station are as follows: 



(i) m 

(2) & 

(5) % 

♦ i 
- the as read total 'aead overpressure in 
dusty flow with no con^cticaas. 

- the as read uncorrected side on over- 
pressure. 

- is the difference between the total 
head and side on after the gage cor- 
rectinns have been applied. 

- the corrected dynanic pressure In an 
air-plus-dust blait move. 

- the Mach nuaber calculated from the 
ratio of the corrected total and static 
pressure measured in dusty flow. 

Photographs of original records and linearised record plots with 

sketches showing their locations are included 5a Appendix B. 

2.1 jMamMmskTim RSQUIRSMMTS 

All requirements for instrumentation were set by the requesting 

agencies: Projects 5.1» 3.2, 3.3, 3.6, 50.1, 50.2, 30.3» 51.^ and 51.5. 

After the basic instrumentation type (electronic or self-recording) load 

been specified, choice of recorders, transducer types, and transducer 

mounts was the responsibility of BRL. 

In cases where diffraction and loading studies were raade electronic 

instrumentation was preferred to self-recording equipaent because the 

latter had no provisions for marking zero time. 

A listing of structures, channels, types of measurements, and ranges 

is given in Table 2.1. 

2.8 PIEID LAYOUT 

Figure 2rkk shows the locations of structures instrumented, blast 

shelters, and ditching. 
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TABUS 2,1    STRUCTURES AH) IKSTS^UKSSEATIQiS 

Pro Je et/structu G'?ge Tyrie 
Gages 

RfUglMI 

5.1/901^.01 

3.1/501^.05 

3.2/AI6.OS 

5.2/90l6«03 

3.2/9016.0I1 

3.2/XJI6.05 

5.2/yOl6.0t. 

5.2/,)Ol6.07 

3.2/.)017.oi 

3.2/7017.O? 

5.^/9017.05 

Ac ce LerosK;t.er 
Srrt.a Pressta-e 
Deflection 
Self-Eecc-'dln; Deflection 
Belf-■Recording Pressure 

AccsieroEieter 
Snrtb treasure 
Deflect,' m 
Self-Recordlag Defleation 
Sslf-Seeordißg Presaure 

Acceleroroter 
Earth ftressurs 
D-flection 
Seif-Recordlnc Pressure 

A c celeroiae^ er 
Peak Presisurc 
Peek Acceaerometer 
Self-Recording Pressure 

Accelero^etcr 
Peffjfe Fre-.o ^: 
PegJ? Acceierocctcr 

Pec-jt Press'ire 
Pe&Ä Accoieroae ujr 

Self-Record Sag Presa.-re 
pp^k Pre- sur« 
Feak Aecelerameter 

Se.if-Recording Pressure 
Petik Pressui s 
Accej.ei'oaieter 
Peak /-cce-Löroucter 

P^fk Prepsire 
Perk Acceleroiaeter 

Peus Preasore 
Pesic Acceieroaeter 

Pesk Presnure 
Peek AccelcroKieter 

Pejüi Preaaiire 
Peak AeeelaroBiet«: 

Accexeroaeter 
Self-Recording Accel«roa»ter 
Peak Pressure 

2 

k 
2 

iOOg, 50i 
^(X) pai 
1 to 6 In. 
1 to 6 In. 
cOO pal, 100 psi 

2 
• 

2 

50g, 25g 
ice psi 
.1 to 6 in. 
1 to 6 la. 
100 pai, 25 psi 

■ 

1 
5 
.-. 
1 

25l# xOg 
2p psi 
0 to i in. 
^0 psi, .-I psi 

l 
1 
l 
1 

^Og 
x>  P«i 
508 
150 psi 

1 
X 

-- 
1 
1 

J0& 
50 psi 
;os 

1 
I 

r
50 psi 
50« 

- 
L 
L 

100 psi 
50 pai 

1 

1 
i 

100 pal 

25 P»i 
50g 

1 
I 

2^ psi 
>0g 

1 
1 

25 pel 
50« 

x 

1 
>a psi 
50g 

1 
r    1 

1 

iOg 
306 
25 P«i 



5.2/9016.01 psak Pressure 
Peai: Accelerameter 

3.2/9010.02 peak Presaure 
P^ik Accelarosetei-' 

5 0/^19 «01 Aeceierometer 
öelf-Recoräin£i AccelercKföter 
Peak Preasure 
Self-Recording Pressure 

5.5/9019.02 Acceleroaeter 
SelT-Recording Accelerosaeter 
Peak Preseure 
Self-Reaording Preasure 

5.5/9019.05 Acceleroiaeter 
P^sk Accelerameiier 
Peak Pressure 
Self-Recording Pressure 

5,4/9021.00    Self-Recording Pressure 
Self-Recording D^iiagiic Pressure 

5,4/9022,01    Self-Recording Djnajaic Pressure 

5,4/9022,02    Self-Recording Diiiasic Pressure 

5.4/9025.02    Self-Recording Pressure 

5.4/9024,01    Self-Recording Pressure 
Self-Recording Dynamic Pressure 

5,4/9024,02    Pressure 

5,u/9026,02    Pressure 

5,u/9027.01    Pressure 
Self-Recording J^essure 

5.0/9026.01 Pressure 

5,0/9026.01 Self-Recording pressure 

5.7/9028.01 Dynaadc Pressure 

5.7/9C^6.^ Self Recording Dynamic Pressure 

5.6/S02b,09 Prosoure 

5.6/9026.02 Self-Recording Pressure 

J. 

1 
50 pel 
50s 

i 
1 

25 ?sl 
'50g 

1 
1 
1 
1 

50G 

2S jgai 
IOC psi 

1 
1 
1 
2 

50g 
SOg 
25 psl 
50 psi,   i; psi 

1 
1 
1 
1 

50g 
.On 
85 pal 
50 psi 

2 
I 

150 Hi 
iKX) - 400 psi (2 clianneiE) 

1 25 - 15 Pßi (2 chaonels) 

1 15 - 5 psi {2 channels) 

?. 15 psi 

2 15psl 
15 - 19 psi (2 cimunels) 

3 10 psi 

: 4.JC-25L.70 pel 

15 
11 

400-2^0-70 jsi 
4OO-IO0-7Q psi 

6 460-70 psi 

13 4O0 - 100 psi 

1 590 - 70 ?sl (2 channels) 

i 400 - 100 psi (2 channels) 

6 255 - 35 pel 

13 200 - 50 pal 



5.7/y02ö.05 

5.7/9028.04 

50.1/8001.01 

50.1/3001.02 

>o.1/8001.05 

50.1/B008.00 

50.2/i3oo2.00 

50.5/Ö005.01 

5O.5/ÖOO5.02 

50,5/8005.05 

5i,^/öoo6.ca 

51.V800-'05 

51.5/80OT.01 

51.5/Ö0ÜY.02 

51.5/8007.05 

51.5/Ö007.04 

51.5/8007.05 

51.?/80C7.06 

B-jimalc Pressure 

Seü'-Eecardiag Dyiwmxc Pressure 

Acceiej-osieter 
jT-essure 

AcceleroiüEter 
are 3 sure 

Pressure 

Peai-c Frecnure 

Pressure 
Earth Pressure 
Deflecticn 
Dytiaaalc Pressure 
Self-Hecardiag Pressure 
Self-Reccjrtiin{i Vymmic Pressure 

Self Recordinö Pressure 
PeeJs Pressure 

Seif-Recordla^ PresGore 
Peak Pressure 

Self-Recording Pressure 
P^ak I^essure 
Deflection 

Self-Recordinij pressure 
Peak iE^essure 
p^k Deflectioii 
Deflection 

Seif-Racorüinc Pressure 
Peak Deflection 

Deflection 
Self-Recordiag Pressure 

Defleetiou 
Self-Recording Pressure 

Defiectias 
Self-Recoardina Pressure 

Deflecti&x 
r^elf-EecfKrdiag Pressure 

Dfeflectioa 
Self-Recording Pressure 

Defloetloc 
Self "Recording Pressure 

1 200 - 55 psi 

1 400 - 50 psi (2 ciifiu-uiels) 

5 
75-^0-7.5-*g 
460-255-70 psi 

k 
5 

140-20-4-2^ 
25>l80-55 psi 

; i:K)-100-20 psi 

1 L. psi 

n 
- 
1 
3 
i 

5(X)-I00-40 psi 
800-50^5-15 P«i 
0 to 6 in. 
200-40 psi (2 ciiamels) 
^ - ^ pai 
ax) - 50 ^i (2 clicuanels) 

1 
i 

100 psi 
15 pei 

1 
1 

50 psi 
5 psi 

1 
i 
2 

,0 psi 
5 Pel 
U to 1 in. 

3 
l 

1 

15 psi 
5 psi 
0 to > in. 
0 to 0.75 la. 

5 15 - 5 P«i 
0 to 5 in. 

1 
2 

0 to 5 ili. 
100 - 25 iisi 

1 
2 

0 to 5 in. 
50 - 15 psi 

1 
2 

0 to 3 in. 
50 - 19 psi 

i 
2 

0 to 5 In. 
15 - 5 psi 

1 
2 

0 to 5 in, 
15 - 5 pai 

1 
2 

0 to 5 in. 
15 - 5 psi 



31o/600Y.07 DGflection 
Self-Rtcoräijig PreGsure 

51.5/8007.08 Deflection 
Belf-Hecordia^; PreoGure 

5 0 to ; . la* 
7 15 - 5 psi 

? C to } In. 
15 - ' ;■ i>si 



Chepter 3 

RESULTS Am  DISCUSSION 

5.1 ACCEPTABILITY OF DATA 

The operation at the gs.ges f-nd recording eouipnient is SLuaiiariaed in 

fftble j.2. The camiaent for each g&s- Indicated the technicc.-. success of 

thd aHHRsracKzt. 

In brief, from en instrsnentation polst of view, . V(  records of 6 

e ectrjuic Eiepöiaraaients vere perfect, 66 records of .27 self-recording. 

aoesureaenos were perfect, end 87 records of kit  peak-recorniviig methods 

^ ere perfect.  In addition, 9 electronic recoi-ds were asnenclae to inter- 

pretation vithout speculation ana %  self-recording records gave useabie 

pf ill ¥11 in indications. In aevcrai instances, "No appermt record" is 

noted. Here, even though all iolications are that the equipment was 

iPnctionlng properly, tho record was not numbered with those considered 

uaeable, 

5.2 .MTOl^ALIES AND THEIR TREATMEWT 

In general, the resxilta of the instrumentation were considered aatia- 

factory. A better percentage of records were obtained from electronic 

gages than from the self-recording gagea. 

Failure to receive records froai electronic gages was principally due 

to having the gages either underranged or overranged. Gagea that were 

principally underranged were the earth pressure gages (KP), in which case 

the signals received from the gages were saturated giving rise to a flat 

plateau. The overranged gages ware principally the ecceierometers. Here, 

the deflections of the records were small, and the reading of these records 

to any degree of accuracy is questionable. In severe'. case8,aa inconqpiete 



TABLE 5. L    CUSSmCPTim 0? DPTP. 

■The s;iabols used IJ specify g&gs types are defiued es fo-iovs: 
Siectric Gages: Self-Reording Geges: 
A Acce.ercgnetar SA Acce eration 
D Disp..eeeiaeirt SD Disps.ecement 
I EertJa Pressure S? Pressure 
P Dyne.mic Presc an (  ~£aje)S f fatal Press -ra (  -Gage) 

S Side-::n Pressare (  -gsge) S S Side-on Press Te (  -Gage) 

Nuabera füil.iwiag tiie afahot-a are gtige nja.ber?i.  

Prz-Ject/Structiirs Gage H- . Tyge gf BaMWgggt 

Peek Rec rdlng Geges: 
PA Acce-erst Ion 
FD DLspiace-.-o:,! 
P? Peak Preos.re 

Cjaaents 

%i/faik»m. A^ Aces .eration G od Record 
A2 Acce :.ereti m Gv^od Rec rd 
Dl BefLection tEMi Rec rd 
Ü Del ectlon Oo d Rec )rd 
S3 Deflection Q..od Recird 
EL Earth Pressure la Record . - Cahie shorted 
3 Barth Pressure G xl recc rd san.ii ^er • shift 
o Earth Presgare Bad MM shift - no recoi'd 
tf» Ff rth Press^ire N Record i - cahe shorted 

Ep Sertn Pressure H; Recard i - cab e shorted 
E6 Earth Press'^.re P sr Fee rd 
I? Kerth Pressure Q>A Rec rd 
SDx Def ectlon P or Reovd 
■K Def ect.ior Pr>r Record 
aD3 Def ection Poor Record 
SD4 Deflection Poor Rec .>rd 
SP. Press ire Good Record 
»e Press re Good Rec rd 

5. i./XJJ+.O-' Al Acce .eration G od Rec rd - zero shift 
A Acceleration 0 >od 8ec rd 
Di Deflection G od Record 
D3 Defiection G;oi Rec )rd 
D5 Deflecti cm Good Record 
K Berxh Pressure (Jo d record - negrtiva ?,cro sh.ft 
12 Kftrth Presstire G   xl Recurd 
■3 Earth Pressure Good Record 
K4 Sarth Pressure Good record - sa«.i.i aero shift 
E: Eejrth Pressure Gojd Record 
36 Fourth Pressure Good Recjrd 

s Earth Pressure G^od Record 
Eerth ;,re3sure G od Record 

SD. Defection Poor Rec rd 
JD. Defxectioo Poor Rec;rd 
SDJ Defxectlon Pjor Rec rd 
8D^ Deflection Poor Rec jrd 
SPi Pressure U-^od Rec :rd 
SP-1 Pressure 0 od Rec jrd 



TABT^ 5. i    COHTDIUilD 

Project Str-icture Gage So. Type jf Jfeaaurwasiit C: iWEBßQXB 

3.7^-^05 .*! Acceleration Gojd record 
AP Accelaratlon Oood record 
Dl Defiectlan Grpod r^c .;rd-zer shift 
K Deflection Oood, record-zer l shift 
D3 Def .ecti.^a 3 vxi rec -rd-zer ■ ah-ft 
Sl Esxtli Pressure Good reord 
S?.- Pressure Peak prMHH« only 
SP2 Pressure Go*! record 

3.2/9016.01 Al Acce .erstion O-^od record 
PP Peak Pressure G ad record 
PA Peak Aece-.ergtion Poor record 
S^ Pressure G-od record 

J.c/.^16-02 Al Acceiersticm God record 
n Peck TYesS'-}re Good record 
?A PeßJlE Acce1 ©ration Poor record 

5.2/>Oi6.05 op Peek Prensure Gjod record 
PA Peek Acceleration Psor record 

5.2/9016.0^ SP Presaiire Q od record 
PP Pttk Pressure Ho record 
PA Peck Acceleration Poor record 

3.2/9016.05 SP Pressure 0:;od record 
Al Acceierutloo Oood record 
PP Peak Pressure G od i^cord ' 

PA Acce Lere "clem Vnor record 

3.2/sX)i6.0tS PP Pesik Pra.niure Good rwcord 
PA Pefk Acceleration Poor record. 

5.2/9016.07 PP Peek Preasure O^od record 
PA Pefk Accej.eretion P-jor record 

5.2/K)lT.0i PP Peek Pressure Good record 
PA Peak Acceleration P^or record 

3.2/9017.OÖ pp Peek Pressure Goad record 
?A Peek Ac<Mslcratic«i Poor record 

5.2/9017.03 AI Aceeier&tion I; »ppssrasit record 
HA Acceleratioa P>or record 
FP Peek Press^are Good record 

5.2/9016.01 PP Prok Pressure Good record 
PA P»ak Aeceleretion Poor recoard 

5.3/9018.02 PP Peek Pressure Oood record 
I* Peek Acceleration Poor MMJl 



_.:/m,}.0.1 

3.5/90W.O? 

3.5/^5,05 

£/smiM 

i 

;>   P H;. **•/:& St ¥b*a tFeamd ^xidnts 

Al A^ce-'iüT.ll'jn So .' ipereat rac'^rd 
SA /^ceetorfttoa Bx>r rccjrd 
PP l>5fel£ tMMPMt ■iAKi r©C-Ät5. 
r I¥e33:ars Fteck ra^ösur® aa-.%; 

Ai Aece/.en-tioaa Mo appertarl racard 
i Acce^orstlJXi Four röCJPÖ 

pp IWI ?rcoa;aM- 99^1 reoarü 
JPL lY^ss.^e Pert it.- lUBOPai 

MMMM Gojd BMMli 

Al Acoelerrtija 3H4 r©carö 
n nidi AntUMftloi POüCT reoar 
pp I^?k Pre3a.;ars jjd ^Ki.jr«.. 
0 Press'irc- Good IN2CCÄd 

m iPWPlM P^k pr&as-uy© aa.^,- 
SEID Pressi tre Good reCLÄ'd. 
DT DyrK.aic pr®3»arts Pcefc pr»30 sra oolf 
a^rs Dyn ale .Prasaiaro Pe».-^ prssai-ro :3aL., 

a? llMMii taMMM Good PMnl 
1  1 I>yai.xüa ;sp8S3-jro Good record 

.. T DjTKsaic MniMn Good record 
3 S Bvaatuic ProBS-ire Good record 

»41 ftüRMPI focr record 
,JFX3 S^osfi-uro Mi prea^;^^ ^Jv 

PIM Pmasure Good JECord 
:PLB Presai.äre Peeis PMMM aoiy 
3T Dyarsic ;5rsa»uro G-sod reccKd 
ra Uynf.aic INMMM Good record 

Fl Prcasure Good record 
P2 Preaa....rQ Good jtjeord 
?: Ps^ssavu't Good record 

PI I^QSTi« Good recoerd 
pr5 l¥ess-,re Good record 
P5 RPMWMI Quod reci3«^ 
Eft I¥©^'4re Good record 
]?5 Praaa'.srd Good recoid 

FL iMRNIt fmlr record-aero shift 
K5 Firösiure Good record 
P? KniKVi Good record 
Pi» HMMM 
P5 Preoa^re Good record 
P6 Pressure Good record 
FT Pressure flood record 
16 Prees'trc Good recarc 
V) tt'essure Good record 



CABIi: 3.-i   Coatinuüd 

UoSieStä 

3.6/90??.^ 

3^/9060.01 

5.7/9028.01 

5.6/9028.OI 

PI- micnMi 
Pii Pressure 
?13 BMttapi 
?13 ^pMHM 
OH^J Presaisre 
.SFl.- ftNMWt 
3F16 Pspessiar® 
^•7 I*r©aE3urc 
SPlf,' IMMMM 
yFl9 ?!r®3a-,sre 
3^30 Pressure 
mn Preas:-3^ 
mz Preasure 

M 
Breasure 
Prssstgre 

?i Pressure 
?■ Presavare 
P3 Pressure 
i^f Prees'-are 
?; Pressure 
16 Pressiere 
if Pr^sa-orc 
E6 i¥OGSiXC! 

P9 Pressure 
PID Preasure 
m Preos-irc 
3P2^ Pressure 
SP13 i^roasur® 
aH^ Pressure 
SPly Pressure 
3PIü Press irti 
3P17 Pressure 
ms J*eos\are 
S&9 Press'^re 
3PS0 Pressure 
3P21 Pressure 
3K2 Ptesaure 

PI Praaaure 
1" iVess-tre 
19 llHMMt il ftressure 
P5 Pressure 
P6 ftressurs 

D ÜynmXc Pressure 
8 Dytaaaic Pressure 

3S7 Prsssure 
ape Prsws- sw 
s?9 ftress ire 
äFLO Pr^wure 
SPU iPMMPI 

OoJd record 
Bed record 
Good IMHVi 
Good, record 
Good VMMMl 
Good recssrd 
Pair reeard 
Poek IMMHM flKijr 
Good rec-OTd 
Good reoard 
CJood MMrt 
3oo-'l record 
Good record 
Go'^d record 
Felx record 

Good record 
tMl record 
Good record 
Us aii:>Gront record 
Good record 
Good record 
Goi^d record 
Bo «'pperent rocoixi 
Good record 
Ho record 
Good record 
Good record 
Good record 
Pßir record 
Good record 
PiBir record 
Peek pressure aal., 
PetJs pressure on'v 
Good record 
Good record 
Good sr-ecopd 
C^jod record 

Good rsca^d 
Bo reccßxl 
Good record 
Bed record 
Bod record 
Ho record 
Good record 
Good record 
pRlr record 
Pertiel record 
PeeJc pressure aaJv' 
Paek pressure aoJL^ 
Good record 

'r 



. .     C-JOtti ^>d 

»...- s^ öS 8 fyj. i-etaenx 

3*W*^ .0 

3.7/9028.02 

3.7/9028.03 

3.6/9028.02 

3.7/9028.01^ 

30.i/300i.Oi 

50.1/9001.06 

3Pi^ 

EPS. 

?. 

3 
■ 

m 

ll 
15 
F6 
9 
s 

■f 
3?i0 
SPU 
na 

SPIO ■u 
äSPlö 

n. 

19 
'■ ■ ,v 

*?* 

Pi 
H? 
P5 

n 

fiNMMON 
Proaaure 

^piall UMMHü 

nHHHMf 

iMMHMl 

||MBll llMiMM 

Preftsure 

ftroaa ire 

Procsurc 

Ps^eoaure 

Psresaure 
Pressare 
D^-aaulc PrarM 

Pressure 
r^'csaore 

iVess-^rc 
Accei3rrt;ctt 
Accelerctloo 
Aasslorrtioo 
Ae^j-en^tloo 

i'resa re 
Prasd^re 
Broacure 
Pressur» 
Ppesaico 
ACGel6rr't.AaD 
Acealarrtlae 
ActKJlerrtioo 
Ace©.arBtlae 

?• 

Ooad 

•Ni 
Goad 
tssA 

MMM 
roccrd 

■NHHN 
preos-are oai^1 

Btd recara 

Gasö «Hiord 
Goofi MMM 
Stxjd rsesril 
Bsai record 
Partial roc-^ti 

Gkxjfi rsöos-d 
Üood .-ec^ird 

CkKjd MMrt 
it".:- r«8o.ire onl^ 
öooä reaorä 
Good HPMrt 
Good rectard 
^9Mk pressure ooly 
Good lecord 
Go»jd recurd 
Good record 
Oogd record 
ftwr rocgrd 
Good i-ecjrfl 

Good racard 
Good record 
Good record 
Sr-d roccm? 
Good raca^d 
Mr raaartHBsso ahizt 
Bed nHPl 
■Uff record 
|MV racord 

Good record 
Good record 
B^l rocard 
Good rccoard 
Good record 
ffeir record 
Ffeir record 
Qnd roeord 
Brd reoard 



TABLE 5.1 camawBJ 

jri-oject/Btrueture G^ge tio. lype of Meea'areaent CvjEsaents 

^o-i/Sooi.oj 

50.^/6002 

Pi Presste 
PT Pressure 

i Ireasure 
Pressure 

PD 
Pressure 
Preseure 

H rtWMi>H"<l 

PI Pressure 
P£ Pressure 

K Pressure 
Presayre 

n Pressure 
Earth Pressure 
Errth Pressure 
Sfrth Pressure 

M Earth Pressure 
£10 Earch Press^ire 
Zli Sarth Pressure 
B-lir" Serth Pressure 
E15 Berth Pressure 
El4 Earth Pressure 
C^ Earth Pressure 
Elü Earth Pressure 
Dl Del'^ectian 
D2 Deflection 
DJ Dafloot ion 
DU Deflection 
D5 DeflGction 
Db Deflection 
DT Deflection 
Do Deflection 
D9 Deflection 
W.O Deflection 
DU Deflect ijn 
Di. Deflectiaa 
Dl> Deflection 
»1% Deflection 
Dl? Defi^ctlan 
1U6 Defiectioß 

»17 Deflect lern 
Die DeflectioB 
(3 DynsaiC Pz^ssuz^ 

« Dj-naiaic Pressure 
»^r Dynecic foessurs 
IB DynsHiie Prsssare 
an Pressure 
8P2 Pressure 

Good record 
Good record 
Good record 
No epperent record 
Gkjod record 
Good record 
IV-ir recox-d 

Good record-shift durin^ shot 
Good record 
Good record 
Bad ^ecord 
Gcod record. 
Good record 
G>jd reord 
Go':jd record 
Good record 
Bed record 
Good record 
Good record 
Good record 
Good record 
B? d record 
Bed record 
Gj"0d record 
Bed record 
Good record 
Good record 
G-jod record 
Good record 
Good record 
Good record 
Gxxl record 
Good record 
Good record 
Good record 
Good record 
Good record 
Bad record 
Osge failed 
Gee« failed 
Bed record 
Bed record 
Good r-coanl 
Petk pressio-e oal^ 
Prsüs pressure only 
Good record 
Peek pressure onlor 

^ 
-»rt—  ^_  



xmmm 

P?r:3jtjct/gtrujt...re S ^g R ,. Zly^e of Mawtiuraiienv Co inrSJlt.3 

3<j.j/ctno:,.Oi . I¥es3i.tr« 
-'P --^. Presste 

&.3/B&}*m 3P Pl'taa 
■ 

*.   A. k Pi'ftii) 

.. . sf >■ . NMRSM 
?? ■•erv. .n-össure 
Di eutian 
D2 Dei -cclicwtt 

5i.-/-00o.0i . Preaiure 
SEN Pressure 
3P3 ■; arv 
PP Pc^!h Prens xrn 
?Di Dof „action 
PD? üsflffrtijn 
PD5 iwfltatlai 
PDif ^fleatlon 
PD^ ■?t ' •■n 

1)1 IDGflVCtlCM 

%Afimi,m 3Pi feMMM 
1 re 

if9 Prü3»-ire 
SDi ectIon 
«t Ds.'laccion 
q Deflect ■ 
PD«* l>iAiectiar\ 
PD:; !*eLian 

'.1.5/3007.01 Dl Deflacticm 
3P1 AMMM 
r-p^ T,■- 

SUS^MMI 01 i>ci'i«u^oa 
313, iniwt 
a?2 Pressure 

31.5/8007.0? L'l Dsfleetion 
^?1 Presayr« 
5P^ Prese^-rpe 

>lö/:'O07.^ Dl Deflection 
SPi Pressare 
SP2 Prtas-re 

51.5/8007.05 Dl DeflectloQ 
3P1 Preasure 
gpp fVessure 

Good record 
Peak pressure only 

Bad record 
Peak pressure only 

Gtoad evHMNDi 
Peak pressure only 

I /. PMOHI 
9ooA recjrd 

aodd record 
»r->od -ero-^ 
Go.4 record 
Se I KvesH^ 

• HEfe SM fRlLed 
iMi PiwHI 
0<>xl record 

. . d record 
Gwd record 
OT d renord 

i-Ass^i r-rea^ure -JBU^ 

Peak BViMlOT Ottlj 
Good recjra 
Uoüd recoi-d 
CrJOd KMOVi 
Qood recarti. 
I -od record 
vkxni retard 

Gege rnlJLed 
Perk pr«9svrre onl ; 
Ho record 

Qj^d record 
Pemi. iminiliifi oniv' 
Good record 

■Ml record 
Peek Ttf^Hisure onlj 
^e»k piÜMM cmly 

G^od record 
Pei-Jt preosorc joiv 
PeaJc press we onl^- 

Good rer<ard 
Qood record 
Peek preawiore maly 



T/JEIä 5.1 comrmm 

Pro.ject/3tru.ct',.-r-e Gfege N 

51.?/B007.06 Dl 

51.5/B0OT.O7 Di 

ju%/ot9rM 
mt i 

Der Lection 
Press src 
Pressui-e 

Defleetioa 
Dofiecti-on 
Deflection 
Preäs-.ore 
Pressure 
Pre£?sure 
Prt-s-.'.r^ 
Preosuix 
Pr?sP'ire 
Press ;re 

Defiecti(» 
Defj-action 
Ersss ;re 
Pregs'ore 
Press ;re 
Prüsaüre 
Press'ore 

C-a»ent.f 

G-jo-d record 
Good record. 
Good record 

Good record 
Good record 
Good record 
Peek -oressore ool? 
Pea:-; pMKjgan cnlj 
Peak pressure r>nLy 
Gaod record 
Gci,xi record 
Good record 
G xxi record 

lMi record 
Good record 
Peak presoire oniy 
Good recard 
Gfjod recoil 
Peak presse jre only 
Go'jd rec^ri 



PMHpt obtBiaed tfm the eiectroaic gages ves atlr buttl to the str-oture 

faiLü*©.    For expap..«, s .-.cii y^s the cs-ae of the dispxccerjeat gagea ijfcctod 

in the ramp ;>f ;'5tr-ict..a,e 50,2-0002.    The wires i ITC broken '«hen the vail 

of the rasp so .iepsod. 

Becauae of the severe rrdirt. jn-iOd:ced eiectroaeöaetie pulae present 

et tSM aero, e sigar.i - r^ ..ud-cod a the record.üg rjechßMsa. Often the 

bese iiae returned to zero before the Ktftfl ■SPtTCi at the trc!nu>d-:cer, in 

wtich MM the records were ii-Eäediately ■iseeble. Ho**-sver, IB some (»»es, 

the records experienced & perraEöent aero shift. In these cesea, the records 

obtelnsd frxa tisa eiectronic gcges ro-:.-Lred ssdjast;jent of the MltlTCtlMi 

fete to coajNensete tm the zon shift. 

The predoaineat oeuse of aRifuncti^o of the self-r«K;ordln^ giuges was 

.nit dtion difflcuLtiea.    Tbc itrgeat portion of those fa.ures    es d .e to 

pare-initiotion; either froa preaetore oper&tioa of   hoV.oceiLa or « short 

circuit of the hK^dwire iüaea.    SOBJC g&gEss   ere never   n tlcted beer ae if 

fault/ umlag dwicea.    A amlx percentege of faliurea occurred fVoa 

bettery fellurta, o.cn c re i.ta in htrdvire 1.iaes, nnd emt^c reUy ttaMMMb 

Saif-recording ccceleroaeters used in this jparatioo did tK>t fuact-an 

rsierj.   Kaese gtges wre in the devriopaeat stage, wid lapr veMOta ere 

necessary.    Pert-C .iarly, damping   f the eleoMt is re aired to oiaiaiM 

overahoot end high-fre ,uaac/ oaciUeticäas.   Tha failure of the seif-rsc jrdiis^ 

dlapiaeeaBBt gage« rfr.uitad frj« aaifuactioo of the raiaaaiag oachaniaet thet 

apring lotds tha gRge to foiicw the aat-M of dis-puMMMaat.   Records of the 

.aeJt-rreaaure rec »rders ere socsevhat   .ueatijnrbie, In viev of the f&ct that, 

the struetarea were aoainaily laressure sealed and no epyreciabj.e dasaag» to 



» 

the str^ct^es resa...ted.    The def ect.-sns maltt M the records 

we.L i*e««i t firaM the t-cce erit-jns s i3tained by tti ~ir ct at». 
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Chapter * 

CONCJüUüIONS Mm ■MMMMfiaMi 

k.    OMB IMMIMHi 

As it  Toners  ij ihe c&ae dtrlng the course of a project of this type, 

severa   methods suggest theaso-.ves to ease the work cad for comp^eti ,-n of 

the TintiwiltillCl requireiienlo ml to Ixprovc the ouil^r of records 

obteired.    The calibration   f d'.sp'.aceaient gcges that were to aeesure dis- 

P'sceaent of a minute tnei ioa af sn inch n« srltiei   .   Kuch time v 

spet;;   in CFlibrr.tlng these gages to be ess'ired thet the MliftntlOB WSC 

VAlJUU    A modificrtion of the c&iibrEtion a,-?f'rr,tv^ IM being considered. 

'Ihe se .f-rec jrding paus >   rultiailitori OSD be uade more useful b/ 

be t«f teplac«    The rco irds pr-^d'-ced by the.;-;.   Lust | chü".   a-ch 

ribrctian and overshoot, rsA. proper damping jf Dtf o_r_ie.\ vould eliainr.te 

this difficu.t.y.    The difficu-Ues encvjjntci-ed    ilh the inltiatijn heve 

teen diagnosed,  and scvert:    i.e>.  experiaü-ntö,   clrc iia hive been deve  iped. 

H.Ü    HHCORDER  DCPROTKKiQSTS 

The Vebster-Jhiceg ' recording eq .ipoent proved satisfactory d r'r.-; 

Slot  Prisci'.ia.    HJ ever, ibis aysxem hA& bö«u ia    .    ■IBM Op^retlon Greon- 

hw.se.    It ht.s bMi ro'bi. i   ind modified severr . tiaes.    Due to this 

extended aervj-c«. tj4ä repeeted r^.^ band iu^ Ln shipfeent,  it Is felt th-1 

the systea la rapidly dateri'jrating, i-s -a i as becoming ob&o'ate. 

It is rccutweadcd that ihe recording systee aitber ba replnead vlth • 

iora-aoder    and aore-cuaptcv syaies or a new üjstaa le built rlong the 

präsent -ine« of the Webster-Chicago «>sie», inorj^Tretlag the ict^. 



. 

eiectricftj. compoaeats orrmi .able. 

4.5    XHEDUI^ IMFROVI24EHTG 

As has oftal occurred during past test operations, usually due to the 

very-short, tight construction tiae schedule, the structures '.--ere act 

»ctUÄixjr cosapiete Et the t.lae schedxiled for instrüaenteticsri t? begin.    Ttere- 

fore, considerable tiEie find motion of the ML instrunentetior. personnel vare 

Lost, '(.«cause of tint unevoidF.b;.o interference of conctructicas personnel 

concurrent-/ working in the test erea.    It is itewag-ij recoai^nded thttthe 

tixae-jjeriod sehedu.i.e rpecified prior to an operation for instr'isaenteticsi 

en Ibrßtion end lagfeatlXation be adhered to in order to a^iov; fedequatc tise 

for C'"!?Tq>'etlrai and i-eadiness. 



Appendix  A, 

MFmMmZM OF UHDURST'KDING ESOAEDIKa IHSTRIMSSTATIOH OF 

WSSSSSBtKm M IlllWIHIIilll HA MH« urn, jcscuBY, MUM Mi 

^ITAfS» PILffi^D* BIÜTlfSEN FIELD CtMIMIl;, .^MED FOECISS SOCIAL 

mvan H?'DJ£rr_; FODCRAL CIVIL DEPSSSE ADSIKI'jrHATIOB;  SIVIL 

STFECTG TESi1 CKOUP; MD BALLISTIC    KE3EÄSCH LABORATCf.I^, USA. 

1*    In viev of the y&Sft f.':r O^eretion Plxgrim vtierebyj 

e.    Sfae Ballistic Reannrch IjS-boratortöa (BRL) H1L.=. Le respcm.s'blf! for 

aupply.lng eieetrouic InstVmMtotloa i'-)r aevarr^,    BPOgBW 9 structia'CE projects 

In the DCS) »Jaapojid Effects Pr^grau, Operation Pil.g'i | .    S-pecificei.ity, these 

are i^rojects 3»1» 3«2, 5.3» and ?.6, aM v/ia invotve s-gproxiMatcly e toiiü 

of 100 electronic chsnneis. 

b. In «ddJtlon to the ln3tr1.aaentK.tian indlceted In the precadirt' fKS9f 

gra^ij in coofarm&nse «ith previous autuflu tgreejaent between Heedq!>«»riers, 

Arowd Forces Specif.I Weapons Project (AFS^P) rjnd the FedereL Civil Defenae 

Adalnlstrtt .on (FCDä), Civil Effects Teal öroup (CT^TG),  it ha»» elreedy been 

deterEuned x.hnx, BK«. EIJO   .ill be responsibJ.e for Sipporting the FCDA (CSTö) 

pr-jjecta  ^n Frenchi^n fiel, Cpert-tion Piigriffi, vlth ".n fe« 05 eleetronlc 

churinels of insta-u^^tatiin. 

c. Th»: phyBiciil ..-:jo & of the AFSUP Progr'a ' «tncturea Projecl c »jwt 

the FCM Project. '. place tbea la reletiveiy close proxlmitv.    5*e c»p- 

abiiity iiKit^tiouü of the tota. niaaber of clujmels of lälL recording equipment 

ia to be such, that f sr BB1 to properly eccoRpllsh thle nsjor InstmwwntBticm 

effort, |t vi 1 be UOHMHy for 3RL to utilize vnrloua chmmels of ■ ^in^le 

— 

A 



racordiag instali&tiQii tn the sever«'..! iustruaeafcation shc-tera, for Jiore 

then 90% i.e.,  jeyera.^ different projects.    Saah Joiist ittilization öhoixld 

■    ■;: providij the structures instr;jmentaticai requireafiats st aexlaua c3vera.ll 

eocno:;^ of .aanpa^er, ßu-torii-i aud aoae;r. 

d.    I>5c;   ge of the eiosa interre.i.£ti.onaiiip  if tb.e TllMlrilillillilBIliiri of the 

stniefeaRM Ika deacr-l-^d t",.u:;:,  tha sc^pe of this effort, end the inherent 

proli-jiiis of ^&iiai3t;rstion tad iinanciai sccovn.ability for the vsrloius 

P%±ma of thin 8ff@rt|  it   la deeded very deßirfuj,.e ta e8tsib:.iah a Gepnrr'c 

jaraM? project, r^d l  aiBtiarj cffiiicted,  sepernte FCDA (CSG) project, tc 

fi;ci.itate rccorp. l3h:r.üiit    f J-.:;:  B*r«etur<W intstriffl""/'rt i-JB. 

':■.    .According .7,  the Brptt&ntiäU eoRceraod:  FC,/.FT.'P:  FGDA; CSTG;  »md I3HL, 

dr; bsrer-   ngrec, for ibo BzfelKl henefit of all la thl.? effoi-t fnr Onev Ixon 

"d^, thet: 

p..    There is here";.',/ estab d~hed, for th- WW—Btg Indicated abov--, the 

Id  :.o' inj flWF project: 

Pr^eot, Ho:    5«7 Titlo:    BtfauatUTtt lastrtaaentfitiou 

Agsae;':    BRL/j\F3UP 

Jlioi Idrtio .p&t L.JB: 

DDD Shot   srHj 

Project Officer: 

!a-.  J.  J. I. 
Explosion Kinetics Braneh 
Teralnai Ballistic Laborttir/ 
Aberdeen Proving Cr^uid, Mrr,^..nl 
Phone; Aberdeen 1000 

Sxt: ? 

Objective: To procre, pad operst^prt T;ltab!.a .'natr :;isnt«tioa to 

obttln the drnta required by Projects ^.Lt %Mt ^3,  Ml '.i. 



Description sad ExperiaeBtRl Procedure;    It vill be the responsi- 

bij.ity öf eutch of the Project Officers, Pro.l'ictg ?.■:., 5.2, %S$ ««** 5-6, to 

waät C-ioaei^ vath eM assure--iiaasMwrS^ss-^thet B8L is adeqiiately aaeting ail 

or the üistr'.Uiäentetioa i-ecjairataents of tneir indivld^-'al projects. Besno^dJ.- 

bilities af Bl^L inciude obttLntag the instr'^sentation requirei^ntg fraa each 

of the ind Lv Ld.-3.1 projects i^al, t.s epproprifcte, conaö.iidE,ting these reqrrire- 

laents for the purpose of proc-iring and operating stltabie InstriiSKäatetion to 

obtain the data required b;,  viie indlvtdiiai projects. 

u.    Triers ig taKH^gf eöt ibuahed f.ir the refisons iaoicarced above the 

foi-o. ing MM (CETG) project: 

Project fei    5Ö.S Titxe;    öhei cere and Structures In-ztr sraentation 

AgßtxCj-. 3ilL/'FCDA 

Shot Participation: Project Officer: 

IXffl Shot only Mr. J. J. Meszeros 
Explosion Kimnicn Branch 
Termirmi Be.-ii3tic Leborator/ 
Aberdeen Proving (iround, Maryland 
Phone:    Aljerdesn 1000 

Ext:  22 2 

abjacl,j.vo;    T-J y/- c oe, and o^ereve suxtakl« indtr^aenttticai to 

obtßin the deta re^Jt. 3d bv FCDA ahaiter-j and struct■•tras project«. 

Dcgcriptxoa pnd Sx^>eriaentb t Pi-ooeJ-re:    It vXXX to the res ■onaibillty 

4 Hit ?rogi,«B Direct;.::, FCDA (CHTG) tJv«ü.wrir Ero&i-BU to worit Ciaaety  . ioh ajtd 

:. ar.ia-., thi'-t iS^L is ad^r-Ate^ iaeetiag t^JL of the inistr-iafflitatlon MP^MMll 

of the FCDA Mivldiieu yro5c3t3.    Respon-iibilities of 1FJ. inclode obttlalUg 

the iaatriaenteticn recJlreaeats for ftfect of the iiidividuai yroJec-<;3 »ad. Mi 

Rpproyr-iete, conaoj ^d; s-iug these raouireaunt» for th& purpose of pro«; ring 

ujd vpenitini; suitahis instruaen't-s.tion to obti_ai the uata nqpiMi ftv the I 



i 

■Individrta:-  projects 

e.    The close relationship  jf the tvo foregoing structures instrusaentß- 

tion :y-'ojec-;s is indlcsted oy i.he toixavlng procedures herefc/ agreoö. t,o: 

Ifocthly Status ^gpogta hrA Construction Fecvdra^nts: 

W.1   li:   prei>8.re rnd sabmit in the .•.ouai HUBir %& KKa FC,AF3il? 

•*-he i^onml Monthly Stc&is Keaorts and Cunstractlon Requiraaeuts for 'he 

conso'id&ted reculreaau-s ef irjject 3.7 tgclwät^j proposed project personnel, 

B»t«r$.«lj ecuipsieDt, support re   ured, c astruction required, etc.    Rtoa« 

oinsoiidated re^uireraents    I    ,  of neceaaity,  i.nc--:Ae thoae req-utrsaerita 

necessary to eccoapiiah i.he  lnstrumentt..tion of ej.ch of the MMf Prjja;.tg 

.1.1,  3*%i%3i •«• 5»ij siid fc.so for thoss FCDA (C£TG) sti\.ci..arei pr^jucts 

on Fi'onchnan Fir.t. 

This i ULI BCtUitlly iaer.ga th£ t ^he toU.u BRL con^o^ideted rG...^:r..;- 

UWfcfl for the structure;; .instru^sixtation of AFbl.P Project J. i  exu FC&A (CSTG) 

Projecu 50.';? MUU be htuidied. i>y «ai aypropri: LC tctiou iti&eu Lhrougii ■ET, 

?C, APSWP chenneis,  i.e., fa» the fo-uov,-^ re   ru-enenta nomsiix y coviu-od 

oy the Munthy Status wid the Construction Rot    u1 uents reports:  (■.) 

InstruiBentatlon Uxperiaenta-i PLUQ,  (C) Tiain," Bi0Ml Rc^ai.re'.iaat3,  (7) C .o.- 

mimicptiong Resuireaoats,  {k) Radiation M rut.ra,  (,) nmlUjUflll  BiiJiilHlllltj 

(6) Office Equipsetxt Requireuieuls,  (7) Vch.:c .„• Requireaents (Fur Special 

Conaideration of this item, see ue~ow, Financial did ;u:dgatLry cjnEidt-rEtions) 

(B) Equij»ent Purchcued (Cont-ro.. gf and til ■ ^ to axj. etiolpment wi^i re:i'.Hin 

■ith the AFSä*P ||MtpHat Pooi,  since \-h^ e. . _p...cAt te b-- p.rcht..'ied la ta b«! 

s relative^ aaaix fOHIVMKt P'^rt of mo. Bhouid le considered s   iBodii.i.cation 

to elx'etmy existuas AFöW? Qqai^aanx), {)) C;inatruction Rsquireaent,\ Ml 

I 

i 
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Changes, (lO) FTo^eet BerscManfi.l end Ciiärancs Data. 

ML ¥111 also furnish oopieg of ttese reports to Projects 5.i* ?.2, 

5,3, and 1?.6, acd aUo fCDA  (CSKS), to ^eep tli^ adrised. 

Flnai^iax ana. EtMgetary Coaaidei^tloaa: 

latroductioia . Baaed upcai the above Consolidated reguiraaents, 3SL 

«til prepare a total coasolidated budget for AFSW? Project 5.7 m& FCM (CSTG) 

Project 50.5. IS» totai. consolidated buiget will then be prorated between 

the various projects spproziaateiy on the basis of the auasber of ehannexs 

utilised by each project. By autual agreement betvesn WBT, fC,  AIWP end 

FC3JA (CETG), baaed cm the approalaate total nuaber of inatruiaentation 

channels to be used by each» 60 x»ercent of the total budget wiii. be charge- 

eble to AF&lf Project 3.7 »ad Ifl ptroent will be chargeable to FCSiA (CBTG) 

Project 30.5« 

Of the 6a percent of the total budget chergeabie to APSWP Pr Jact 

5.7, based on the approx'uaate totai nuaber of instna»entatlaa chimnels to be 

used by each, the projects involved vlio. be cnargeabi.e as follovsj 

Projeet 5.1: 50 percent 

Project 5.2:  5 percent 

Project 3.5:  5 percent 

Project 5.6: 60 percent 

Tloing SigMLU. The cost of the timing algna i-equiresaents ic an 

item not nonaally budgeted for by each specific project, but is budgeted for 

a IUBP sua total support coat for timing signals furnished all AFSVP projects 

by the ABS  sub-contractor concerned, EQtG. Eovever, since the timing signals 



requireaaents repres^at a sizeable item of cost, it is agreed thet AFSWP 

(in b^mif of Project 5.7) will MMMH Ö) percent of the totsi eatiimted 

cost of ftll tlzaing aignai requiraaents for BRL struct;ires Instrutteateticms 

to be furniBhed by EG&G, EM thet FCDA (CETG) will aasaiae kQ percent. 

Yehic es. In recosaition of: (i) the difficulties inherent in, eaid 

the normai x&ck  of speci.fic project budgeting for project used vehicles 

end therefore the difficulty in prorating vehicle cosos, end (2) the generel 

sappieisentEry administrative support to be famished by WST, PC, APSWP to 

the FCDA (CSÜö) portion of the ML structures instrumentation effort (such 

as processing the combined personnel, equipment, office requireraents, and 

materieL requlreaents), it is further agreed, suppleoentlng the foregoing 

Financial end Budgetary prorsting, thet FCDA (CSTG) «ill furnish the total 

number of vehicles required for this effort by BRL (probably ebout ei^jht: 

(three- carryalls, five - i/2 ton pickup trucks), fr a the ABC, HTS Motor 

Pool. Fuel end service revuireaaents, routine oeintenance, including 

finaacia. reaponsibliity for seme, and control of these vehicles, will be 

the responsibility of the AEC, HTS Motor Pool in accordance with arrsnge- 

rnnts between AEC f.nd FCDA (CSTG). 

Generau.. All of the above percentage ellocetion figures will be 

used throughout the Operation Pilgrim, unless it becomes obvious thet due 

to major changes la the current plans of the number of Instrumentation 

ehanne s required, thet a revised set of percentage s.locations should be 

adopted. 

»1 



Copies of the  coasolideted budget, including the prorated sheres 

for the participating projects, if prepared by HRL sad forvarded to WBT, 

PC, AFmT will also be furuishad to the pertieipating Projects 3.J-, 5.2, 

5.5, «vod 5.6, end also to FCDA (CETG). 

Fiei.d W:>rk Orders Requests s ?or ai. fie. d work order requests 

v?ritten by HRL to accompiish iteaa, sucb as ail trenching, for Project 

5.7/30.5, LVBO, ASC ..ill be requested to total aonthly il£ such W. 0. 

charged against Project 3.7/50.5 and to prorate these costs on the "oasis 

of 60 percent for Pr ject 3.? aad ko percent for Pr ject 30.5. Such 

work orders will include al those for all BRL structures instnaaentation 

work, fhe 60 percent for Project 5.7 will be redistributed to the partici- 

pating ATSWP projects at the close of the  Operation by WET, PC, APSWP on 

the same percentage basis Indicated under the finencipl and budgetary 

considerations paragraph above. 

The subaission of tOX  such field work orders by BRL will be through 

the Requireaents Branch, WErr PC, APSWP Organisation channels, for iapie- 

aentation. Appropriate copies -it such field work orders viil also be 

furnished to PCDA (CETG). 

Ponding: Subject to the above, BRL will receive funds fron P8, 

APSWP, as appropriate, chargeable to ftrojeot» 3.i, 5.2, 5.5» and 5.6 for 

their respective prorated percentage of 60 percent of the total conbinad 

budget for Project 5.7 structure« instruaentaticm. 

"BRL will receive funds direct fro« PCDA, as appropriate, for the 

h)  percent of total caobined budget for PCM (CETO) Project 50.3 structures 

instr .juaentat ion. 

—v————   
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?i»ld Work Order Requeats for stractuares inatrusMötÄtiaa projects 

will be chargeable on e prorated basis: ÄFSIP Project 5.7/60 percent end 

PCDA (CSEO) Project 50.5/%) percent, directly against PC,^!^? and FCDA 

funds, respectively. 

Svmmry:    It is believed the above erreiigeaaenta, as agreed to by 

the appropriate representrtives of ?C,AFSWP; FCDA;  CHTG; and BKL at a 

conference at the office jf OS /.EC, Las Veges Brauch Office, Lea Vegas, 

Kewda on 17-18 October l?5ö, v/i^i enable this structures instruaentstion 

effort for Operation Pilgria to be accoap-iahed In the mott  expedltioto, 

administratively equitable basis, to the satisfaction of ail interested 

parties. 

5. The senior representatives present froa each of the organizations 

concerned, who ware et the conference at which the above raemorenduiü of 

understanding was dre^n up andagrsed upon, were: 

H. D. Fickett 
Captain, Uiili 
Aast.  Deputy Chief of Staff,WET, 
PC, AJFSWP 

J. J. Measaros 
Chief, lrp:oaicai Kinetic» 
Branch, BEL 

S. R. Oaunders 
Coordinating Director of Teclmicai 
Tests, FCDA 

R, L. Corsble 
Director, 
emu 

To facilitate aerliegt ecticai on this «ejur BRL inatrumentatija effort for 

Operation Pilgrim, It vaa a^j.ti.'d th«;t for practice^, purposes the agencies 

concerned, espeeieay HRL, »ouid proceed at once on the preaise that this 

oesiorandua of understanding was acceptable to the parent organizations of 

a.i concerned. 

k.    Accordingly, the above aaatorandua of understanding, as dran up and 
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now prspeared ia fiaisiiea fam,  is furnished for the coaflming /miidati^ 

m MgHiMtt hy the appraprlate repraseirt.at.ivw of each mrent ■epMMklUI 

aouceraed; 

s/HARRYD. PICKSTT 
t/Ceptein, USH 

Asst... DepaLy Chief of Staff 
HÜMM affects Tests 
(FC,ArewP Representttive) 

s/caWHI^S L. ROISTER 
t./Coi;3ael, Ord C rps 

Director, Beilistic 
Reseeroh Laboratorlee 
(KL Pepreaent&tlvt?) 

s/WILUAM 3. EMFW&mSER 
t/Assistant Administrator 

General Adiu/M strati ■an 
(FCD/ R<??re3entatiye) 

s/ROBSTT L. CORSBIB 
t/Dii-ectjr, ClYlt Affects Teat Group 

ffevBdf Tf>3-t Organizi:tL,on 
(CSTG Reprearatative) 
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APPEHDIX 8 

Appendix E pressnts photograpiis of a representatire group of electronic 

cliannel orisiaai records and linearised plots of these records. Also 

presented are linearised plots of all self-recording ?t ga&ez  deter- 

mined as usable in Table 5.1• with each iproup of plots there is a 

sketch identifying the plots vith their station locations. 
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