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Thisreport

- .. ●✍ ‘-..

iJNCLA5SFIED
:/J+JI)\K’””1XL)?{

i.sintendedto coverthe evolutionof the
.

so-calledpin contactormethodused in the investigationof properties .

of substance deduciblefrommeasurementsof velocitiesin and of the

material. It will be restri.ctedtowork doneat Los Alamos,although

somework has been’donein otherplaces. Mostof the materialin this

reportwill.deal specificallywithwork doneby GroupGMX-.4.It is

hopedthat propercreditwill be given to

methodalthoughundoubtedlysomewill.not

-name. The reportis dividedinto several

a very shorthistoricalsurvey,the next,

the earlyworkersusingthis

be mentionedindividuallyb~

sections,with the firstbeing

a generaldiscussionof the

pin techn@ue as a whole,followedby an examinationof the severaltypes

of pinswhichhavebeen and are presentlybeingused, a.descriptionof

the

and

electronicequipment,the type of recordobtainedand its analysis,

the accuracyof the method.”

methodis

creditto

One of the earliest

a reportwrittenby

HISTORY

referencesto the electricalcontact

FrcmandatedDecember7, 1944. This gives -

work doneby Benzon,Fisk,Froman,Graves,Indwig,Marshall,

Nedzel,PennyPacker,Roberts,Van Qn?$sel,Waiterand Wechsler. Essentially

this reportdescribesa methodof investigatingthe motionof one surface

of a metallicwall of any

high explosivein contact

then,as now, coneistsin

shapepropelledby the detonationof a chargeof

with the othersurfaceof the wall. The method

recording”thetime of contactof the wallwith

wires,upinslI,placednormalto the surfacewith

known

theirendsat an accurately

surface. The recordof

UNC1A551FIE9



the experimentis a photographof an oscilloscopetracehaving

p&ies occuringat pin centact and

markers, The signalsfrom several

the numberbeingdeterminedby the

pulseson the photographicrecord,

“ identifiedby the sign,magnitude,

The resultscan thenbe plottedas

havingalso someform of timing

pinsmay appearon one trace,

necessityof distinguishingthe

with the variouscontacts

and shapeof the voltagepulse.

pointson a curveof displace-

ment vs. time for the surface. l?Yomsuch a

with whichthe free surfaceof the material

A similartype of proce@re may be used,to

record,then,tk velocity

movesmay be obtained.

determinethe arrivalof a

shockwave in the metal plateat predeterminedpositions. This

will be discuesedmore thoroughlylater.

On May 19, 1945,Goransonwrote a memorandumin whichhe

mentionsthe use of the

and somewhatsimilarto

velocity(usingH.E.).

pin”contactormethod,developedat Norfolk

Fromsmt’spti method,to measurematerial

Fromanand Graveswrotetwo reportsin Jul.Yof 1945s In

thesereportsthey discussedpossibleerrorsin the pin methodof

velocitymeasurementand the use of thismethodin measuringmaterial

velocity$transittimes,and symmetry. In additiona criticalsurvey.

was made to evaluatethe resultsof possibleerrorsin pin positionand

in time measurements.Some experimentalmeasurementswere also compared

with theoreticalcalculations,the discrepanciesbeingexplainedas

probablya resultof non-uniformityof Ii.E.charges.
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On 13 June 1946a memorandumwas writtenby D. Bancroft

to D. K. Fromanon the Measurementof SurfaceVelocities.In this

memorandumBancroftdiscussesways of exploitingthe pin methodby

reducingthe resolvingtime to a minimum. A way is discussedfor

measuringcontactspacingto + O.OOO111.Electronicnetworksand

coaxialcablesare discussedbrief3y,as is also the matterof po-

tentialon the pins. At that time the principaldifficultyencountered

was in establishingwhen the moving surfaceactuallycompletedthe

electricalcircuit. The otse.rvedresultscouldbe explainedon the

assumptiontlx+tabout0~1 peecwas necessaryfor the resistanceto

changefrom1000to lo ohms.

mentwas

metallic

Thiswas

This effectwas firstblamedon ionizedgas and an improve-

notedwhen the pinswere insulatedin such a way that a

impactwas necessaryin orderto destroythe insulation.

effectiveat low velocitieslnt failedat highervelocities.

4Evacuatingthe systemto about10 mm of

considerableimprovement.

It was alsonotedat aboutthat

not giveas good resultsas steelpins of

mercurywas triednext and
. .

time that brasspinsdid

gave

abouttwo-thirdsthe dketer.

A kurtherimprovementwas achievedby placingthe pins in a largerpin

circle,0.4!Idiameterinsteadof 0.2tlused previously.The improvement“

was.ascribedto lesseningthe perturbationeffect. It was inferred

that the firstpin to make contactcausedotherpinsto discharge

prematurely.It was concludedthat if the spacingbetweenpinswas

greaterthan five timesthe pin diameter,no perturbationeffectswould



.

A pin arrangementin a circle with eightpinswas thenused.

Thiswas very similarto currentarrang-nts. Errorsin velocity

determinationcausedby a planetilt of the shockwave were eliminated

by placingeach pin dketrically oppositeits immediatepredecessor”.
.,

A pin at the centerof the circleprovideda signalto tripthe

oscilloscope. The arrangementwas as follows:

1. .

50 .3

8. ●? .

4. .6

2.

Successivenumbersreferto increasedpin positionspacing.

In a memorandumto lhomandatedJuly 3, 1946 Bancroftdis- ‘

cussedtheuse of simultaneousmeasurementsof shockand particle

velocityin the determinationof pressureand densitybehinda shock

wave. A suggestionis made how it might be possible,in the planewave

case,to obtainadditionalinformationaboutthe soundvelocityin the

compressedmaterial.

No furtherearlywork will be mentionedin detail. Howevera

few more reportsdo existon variousphasesof the pin techniqueand some

developmentsmightbe

Furtherdiscussionof

section.

tracedthroughdivisionand groupprogressreports.

indi@dualwmk appearslaterin the appropriate

GENERALDESCRIPTIONCF SET-UP

Variousarrangementshavebeen used in the-pastfor so-called

ltp~te shotsItfor*% “onof stateinvestigationsby the pin method.

~,..!’~::, ~

.::%
●O :.O. ● .

●
●9.* ***
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Howevera few remarksmay be made that applyfairlygenerallyto such

shots● Theyhave,to a greateror lesserdegree,the followingfeatures.

In generala detonator,an explosiveplanewave lens,and a pad of some

explosive,suchas Baratolor Composition B,makeup the explosivesystemo

Sufficientexplosiveis used in the padto tisurea stableshockin the

materialon whichmeasurementsare to be made. Thisin generalmeans

at leasta thicknessof 211although

thicknessis likelytobe about411.

The explosiveassemblyis

This consistsof the materielunder

inma~ or perhapsinmost casesthe

placedin contactwith the shotproper.

test which is usuallya metal. In

thismetal plate,whichmay be eithercircularor squareand of a size

about”411to 911in diameterand l/L~!to 211thick,an arrayof pins is

eitherinsertedintiodrilledholesor mountedbehindthe platedepending

on whethershockvelocityor freesurfacevelocityis to be measured.

If freesurfacemeasurementsare to be made, sometimesit is essential

tht the phs be in an atmosphereof a gas lAkemethanein orderto

obtainacceptablerecords.

Thesepinsare customarilymountedr3.gidlyto somethingother

than the plateundertest. Thismay well be a pieceof textol.iteor

otherinsulatingmaterial.

The pinsin the plateare connectedto an

which providesa chargingpotentialon

~lse on a coaxialcablewhen the pins

shapeof the pulsecan be re@ated by

the pinsand

electricalnetwork

which producesa

are discharged.The sizeand..

properchoiceof capacityand

resistance in the electri

%

network. The coaxialcableslead from >

the shotbacktot~~}$$llingequipment ina Controlroom. This

L$!!
~N,

●.*..*.
-~ “;O ; : ““,

: ●\ .:.““
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APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



recordingequipnentconsistsof cathoderay oscilloscopesso synchro-

nizedthatthesepulsesare displayedon the screen. Timingmarkers

may be ~t on the shotrecordor on a separatesweepslightlydie-

placedfromthis shotrecord. If separateshotand timingsweeps

are use~the timingsweepsare made eitherprecedingor following

the shotrecordby a few seconds. The oscilloscopetraceis photo-

graphedon a h!!x511 film platewhichis thenused to determinethe
.

arrivaltimeat the variouspin psitions. Recordsobtainedfrom
*

severaloscilloscopesmay be relatedone to anotherby commonpulses.

Positiveidentificationof cozsnon@ses, frequentlycalledfiducials,
.

requiresa distinctiveshapeor size or both.

.

EVOLUTIONOF C(XTAOTOR
.

ShockPins

Pins for ConductingMaterial

The threemain problemsin this type of work are the determina-

tion of the positionof the end of the pins,the preventionof premature

shortingof the pin,and the insuranceof a clean,rapidshortwhen the

shockwave strikesthe pin. In ~method of determiningshockpin posi-

tion,the firststep consistsin measuringthe depthof the pin hole.

Earlyworkersproceededby eitherdroppinga disk of mica or cellophane

rangingin thicknessfrom1/2 roil.to 5 roilsin the hole and @mming the

pin down on top of it,”or by ~tting the pin downuntilit justmade

electricalcontact”withthe bettomof the hole and then backingthe pin

off a predeterminedamountby meansof some screwarrangement.To pre-

vent the sidesof the pin from shortingto the sidesof the hole,pieces

uNc@ss\l’”D

●. ●9*
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of ceramictubingaroundthe pin were firstused. Fromthis thereevolved

the compositepin. Tungstenor Kovarwires are insertedin smallglass

tubesand sealedin placewith one end protrudingenoughthat an electrical

lead can be solderedon. At the otherendwhich is to

a drilledhole the glassextendsa few roilsbeyondthe

If the hole bottomis flatand clean,the glasssleeve

accuratelythe separationof pin end and.holebottom.

pin consistsof a metalwire coatedwith glyptal. The

be insertedinto

end of thewire.

servesto fix

Anotheruseful

hole end of this

pin is machinedflat and spacingfromthe bottanof the hole is obtained

by insertionof a numberof very smallglassbeads. Sincethe diameters

of the beadsare not accuratelyknown,it is necessaryto determinethe

distancefrom pin end to

insertionand on the @n

summaryof Type8 of Pins

1. pianowire with

hole*bottomby measurementson the hole before

beforeand after insertion.

set screw.

As a subtypeof this pin,a ceramictube gluedin the hole

a mica or cellophanedisk at the bottomhas beenused. When the set

with

screw

was tightened,the pin oftenpuncturedthe softmica. Itwasve~ difficult

then to removethe ceramictube and replacethe insulation.

2. Same generaltype of pin as abovetitwith a drilled2-56 screw

insteadof

3. A

This’type

a.

a set screw. Thiswas slightlybetter.

2-56 screwwith flat-ended20 mil piano

of pin wes used in the followingways:

wire solderedin it.

Ihsertedinto a ceramictube gluedin the holewith an insulating

diskat the bottom.

b. Insertedinto ceramictube gluedin the holewith the pin backed

off somepredet .9ractionof a turn.
●O .“e

● .*

@!G*@
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c. A thin

mica disk dropped

—~ ;O-w-
●:.::

●0
● :. “~?tMKXASSIF/ED

●*:.:.
●

sleeveof insulationpushedover the pin,a 1 roil.

intothe hole,and

the disk. This seemsto be the best

whichdependson an insulatingdisk.

typeare veryeasyto correct.

4. PrefabricatedPins. .

the pin tighteneddown on top of

type of shockpin yet developed

Any shortsoccurringwith this

a. Pianowire gluedinsideceramic tubing

off flat,a mica or cellophanedisk gluedon, and

gluedintothe hole. With this typetherewas no

whetherthe pin was at the bottomof the holeand

for a short.

with the end ground

the entireassembly

goodway of knowing

m way of correcting

b. The compositeglassand Kovarpins of variousdiametersand

setback,whichwere firstheld in placewith ferrulecementand later

heldin placewith springs.”Thesewere occasionallyused with cellophane

disksunderthb pin but this seemedto be undesirable. It has be& found

by exprience that pinswith 3 mil setbackare best. The effectiveset=

backwas difficultto measuredue to the conditionof the end of the glass

and of the Kovar. This diffhulty in comme~hlly obtainedpins is

probablynot inherentin thq type of pin.

c. A 65 mil duralwire coatedwith severallayersof glyptal.

- Thesepins had the end machineciflatand polished.

The precedingpinswere all intendedfor insertioninto a flat- .

lmttomed,drilledhole. Another.

sistedin the use of a seriesof

on these steps. Thismethodhad

be@ donebut the methodrequired

methodof measuringshockvelocitiescon-

machinedstepsin a metal platewith pins

the virtueof enablingone to seewhatwas

a largeamountof space. Howeverit is

● ✎✚✎ .’* .
● ,
● . ●O.
..
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true thatwith thismethodalmostany flator round-endedfree surface

or shockpin couldbe used,as can be seenfromthe followinglist.

5. a. 20 mil or 11 mil pianowire solderedinto drilled2-56

screwsand set against1/2 mil of mica. Thistype of pin is convenient

and simplewith a shortbreak-throughtime.

b. Flat

C. Flat

which in turn iS

d. Flat

ended6-S2 screwsset on 1 mil mica or cellophane.

endedscrews set tightlyagaimt a 1/4” cubeof dural

set on a pieceof mica or cellophane.

ended pins mnsisting of 26 mil pianowire with a

2-56 set screwor U mil wire with 0-80 set screwsjammedon to a fairly

thick disk. Thistype of pin was very poor as ~sitioning of pinsby

set screwsis poorin general.

6. Tacks. A sma~, flat-headed,metal tackwas up-endedon a

pieceof cellophaneand the two were,fastenedto the platewith ferrule

cement, This seemedto be a very poormethodleadingto break-through

timesv&ying by much as 3/4 psecat low

7* n~~ Top ~tS”.

Thistype of pin made use ofa

pressures.

top-hatshapedinsulatorwhich “

was

had

set on its brim and stuckon

hardened,a tiny round-ended

hat untilit made electrical

with ferrulecement. Afterthe cement

screwwas run downthroughthe top of

contactwith the plateand then backed

a predetermineddistance. This is an excellentpin but it is very
-

the

off

delicateand exbremegaremust be takento see that it is not loosened

when the lead is eolderedto the pin. Armstrongcementis now used,

and that seemsto be betterin tkt it is not I.oosened”whenthe lead

is solderedto the $$”!

@ ●

“ 4!!!##;::
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All the shockpins listedaboveare for use with conducting
.,

mater~s, To adaptthem for use with non-conductorsit isnecessary

to providea stripof groundedfoilwhichthe.shockwave can shortto

the pin.

$. A conventionalskck pin with a narrowstripof thin copper

foil acrossthe end of the pin. The pinsused in thisway were those.

mentionedin & a and 4 b above. Therewas difficultywith glassand

Kovarpins havingsetbacksas largeas 5 roilsapparentlydue to the

foiltearingbeforeit contactedthe pin. In the most recentversion

silverfoil 1 mil thick is used7with very satisfactoryresults.

9. 2-56 screwswith a pieceof llmil wire solderedon the end.

This wire was then insulatedwith radiocementand a groundedcopper

jacketslippedover the pin. Thismethodhas been foundusefulfor

experimentswith liquids.

10. InvertedSteps. A steppedmetalblock is used which has shock

pin holesdrilledto withina few roilsof the steppedsurt’acewhich

facesthe explosiveand matchesaccuratelytlw eteppedblockof the non-

conductor.With this any desiredtype of chockpin can be used.

Discharpeof Pins by ShockWave in Gas.

Whenevera plateis driveninto a gas a shockwave fi the gas

will move aheadof the surfaceof the plate. The pressureti the gas

shockwave is determinedby the velocityof the plate. If the velocity

is sufficientlyhig~the gas shockfrontbecomesconductinga;d will.cause

earlydischargeof free surfacepins. This phenomenacausestrouble

when the velocityexceeds2.5mm/psecif the plateis driventito air at

atmosphericpressure. Methaneshockfrontsare not conductingat any



\ b 7 -Q.●.: ● ●. ...O.O ..O ● ● -
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velocities easilyobtained. It is now suspectedthatthe critical

velocityfor this gas is somewherebetween12 and 15 mm/peec~ It is”

now commonpracticeto providean atmosphereof methanefor freesur-

face pins. If this is inconvenientothertechniquesmay be used.

If a plateis coatedwith keroseneor otherthinoil, the

keroseneor oil seemsto qyenchthe ionizationand permitsmeasurements

in air at somewhathighervelocitiesthan wouldbe possiblewithoutthe

coattig. This remedy seemsto be effectiveonly if the distancefrom

plateto pin is lessthan about 8 mm. If the pin distanceis lessthan

about2 mm

effective

1. A

am insulatingdisa gluedto

pin similar

vent predischsrge.It

objectionable,suchas

shockand freesurface

2. A pin similar

to thatmentioned

1s used chief~

a shotin which

velocity.

,,

the end of the pin seemsto be

.

in 9 abovemaybe used to pre-

wlwre

it is

gas or kerosenewould be

desiredto measurebothair

to that justdescribed,butwith the end of the

shieldleft open andthe tip of the pin not insulated,was intended,to

be used as a sensitivedetectorof the conductinglayerassociatedwith

an air slmck. Th5.showeverhas been foundto be of littleuse.

FreeSurfacePins (No provisionfor protectionfm,m prematuredischarge.)

In generalthese pinsare held abovethe metal surfaceby being

mountedin a separate

This plateis rigidly

1. 26 IELlpi~o

plateof an

fastenedt~

wire pushed

insulatingmaterialsuchas texto~te.

the metal,standingaboveit on spawqrs.

througha bakeliteholder.

This type of pin is used only for roughshotsto testthe oscillp- c

scopes.

.
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2. 26 nil pianowire with a 2-56 set screwand 11 mil wire with

0-80 set shrew.

I In thistype, flat,rounded,pointed,and beveledpinswere

used at differenttimes. ~ crudefree surfacemeaeurenentsover a

l-inchbase

by the pins

leadto the

9. 20

screws.

linewere madewith thesepins.

moving.upand down as the screws

abandonmentof this methocL

The inconveniace caused

were tightenedfinally

mil or 11 mil pianowire solderedin axiallydrilled2-56

Rounded,pointedor beveledendswere used with this type of

pin. Howeverflatendswere impracticalin thatthey couldnot easiu

be set parallelto the plate. It was foundthatthe.20 mil wire seems

to work much betterthan the 11.roil. If enoughcareis taken in tapphg

the holesin a bakeliteholderand in.straighteningthe pins,this is a

fairlygoodmethodof settingfree surfacepinswith base linesbetween

l/2~tand 2$1.

shots.

4. Piano

This

It is the most convenientmethodfor makingroughtest

wire solderedin drilled,0-80 screwsset in a top hat.

methodis suitablefor base linesof about 2 rmq.

pingand solderingmust be donewith greatcareif pin motionis

avoidedsinceit is veryeaqyto softenthe Xucitehat.

5. A methodin whichuse was

or brasspoimtedto variousangles

neververy popular.

Althoughthis is

alsobe usedto obtainthe

made of 1./16IIor 1/811rods of

The tap

to be

steel

and held in placeby set screwswas

primarilyan interfacevelocitypin it can

velocityof the freesurface. The use of set

& 1“. -
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screwson theserigidpinsis not objectionableand the positionof

the end of the pin is easilydetermined.

6. 2-56 or smallerscrewsgroundto

(%nerally”2-s6screwswere used

eithera pointor a roundend.

with pointed md and 0-80with

a roundone. Thesemethodsare suitableforvery shortbase line reoords.

70 Phstic Buttons.

Straightpiecesof pianowire locatedin a suitablearrayand

a plastiabuttoncast aroundthen. Thiswas”striotlya mass production

method.

8. ForceFit. ‘.

A metal sleevecrimpedon the end of a.pieceof U’ mil piano

wire and the sleevethen forcefittedinto the textoUte plate. The

main virtueof thismethodis that a largenumberof pins differing

greatlyin lengthcanbe set in a small.area. ~und end pins &e always‘

used and eachpin must be straightenedafterit is set.

99 20 or”11 til pianowire solderedinto drilled2-56 screwsas

mentionedearlierexceptthat forthismethod 2-56nuts were inserted

intothe insulatingholderin orderto elimimte the necessityfor tap-

pingthe holes.

10. Thismethodis the sameas 6 aboveexceptthat
.

is turneddownto approximatea wire so that less of the

part of the screw

threadedpx%ion

remainsto be turnedthroughthe tapped hole.

fiterface Pins
.

These

the ~elocityof

conductingone.

are

the

adaptationsof free surfacepins designedto measure

interfacebetweena conductingmaterialdri+inga non-

Sinoethe pin is set in a

-1:-

non-conductor, it will move

/
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somewhatbeforethe interfacereachesthe pin. Tl& motioncan be .

reducedby usinga pinwhosePI)(density-shockvelocity)productis

largecomparedto that of the non-conductor.If the pin is of small

diameterand is in intimatecontactwith the non-conductor,one can

assumethatthe pressureon it is approximatelyequalto that of the

non-conductorif the condition(PD large)is fulfilled. A correction

factorcan thenbe applied

1. 20 mil pianowire

This type of pti

very softmaterial. A few

of steel.

to compensateforthe motionof the pin.

solderedin drillsd 2-56 screws.

gave ekcellentresultswith liquidsand

pinswere made fromtungstenwire instead

2. Sharplypointedsteelor tungstenrodsheld in placewith set
.

screws. The usualdiameterwas l/1611but evexyth&g from1/32!1to l/8t1

was tried. This is suitalileforrigidmaterialif the pinsare fitted

tightlyin theirholes. A few shotsto test pin motionhad pinsmade

of everythingavailablefromaluminumto tungsten.

Methodsof HoldingPins in Place.

1. Set screws.

The pin is passedthrougha smallhole in a plasticholder

and securedby means of a set screw. The ob~ectionsto thismethodare

that the set screwwill raise or lower the pin if t& axis of the two

holesdo mt coincide,that it will bendthe pin if the small hole is

not snug,and that it is necessaryto cleanthe th~ads of the tappeal

holevery carefullyor the plasticdustwill preventthe screw from
●

tighteningon the pin. TMs methodis fairly~ od for pinsmade of

stiffrods ixt thoroughlyunsatisfactoryfor pianowire.

-L-
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2.

in which

Drilled Screws.

2-56 or 043.scrws havesmallholes

piecesof Il.or 20 mil pianowire are

drilledin the end

insertedand soldered

h place. Tappedholesin a stripof plasticor a smlltop hat hold

the pinsin place. Some of the objectionsto this methodare tht the

tappingof the holesin the pin holderis critical,with a loosehole

givingriseto a wobb3ypti,and a tight one requiringso much foroeto

@ the screwin placethat the pin holderis deformd. The holesin

the screwsare nevertrulyaxialso that the wires emergeat odd angles.

The lateralposition of longpins is alwaysin doubt. Thismethodworks

well with the top hats and 0-80 screws. If careis taken in tappingthe

holes,and if the pianowires am kept fairlyskrt, it is a fast and

convenientmthod of settingfree surfacepins. It is pmbablythe

best shockpin methodin whichmica disksare used as insulators.

3. .PointedScrews.

This is similar to method2

to a pointand used as the pin. This

but the screw itself-isground

eliminatesthe difficultiesin

positioningbut

short. It is a

base line shot.

causesmore troublewith tappingunlessthe pinsare very

goodmethodfor setbacks,I@ impracticalon a long

h. PlasticButtons.

Straightpieces

and a plastic

metkd.

5. Glue

buttoncast

or Cement.

of pianowire are locatedin a suitablearray

aroundthem. This is strictlya mass production

Varioustypesof shockpins am gluedor cementedin holes

-1..-
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eitherby spreadingglueon the side of the pin or ~ using ferrule

or Armstrongcqmentwhere the pin emergesfromthe.hole. It is extremely

difficultto correct a shortedpinand the shotsare somewhatfragile. ,

The main advantageis that tb pinscan be set ve~ closetogether.

6. “ Springs.

In this methodshockpinsare held in placeby a spring.

This is secureand accuratebut requiresa lot of space.

7. FrictionFit.

A pieceof pianowire (about26 mil.s)is pushedthrougha

tightholeand heldin placeby friction.

8. A UseableForce-fitMethod.

A met~ sleeveis crimpedon the

This is very unsatisfactory.

end of a pieceof 11 mil .

pianowire and the sleeveis then force-fittedin a hole drilledintothe.

pin holder. There.isthe usualtroubleaboutbending,but it”ls

usuallypossibleto straightenthe @ns by handafterthey ~ve been set.

The methodis very good

long.

9. RubberWasher.

for freesurfacepinswhich are severalinches

The pin is held in placeby a rubberwasherwhich is sqpeezed

tightby a hollowscrewthroughwhichthe pin passes. Shortsare easily

corrected.The methodis

The positionof

accurateand does.notrequireexcessivespace.

MEASUREMENTOF

pins in a shot

PIN POSITION

is determinedin variousways.

For shockvelocitymeasurements,tk depthof the holesmay be measured

by depthmicrometersor dial gauge,takingreadingson the surfaceof the

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE
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plateand then on

hole. Insulating

the top of a rod of knownlengthinsertedin the

materialof knownthicknesscan then be placedin the

holeand the pin placedon this. One then

of the end of the pin is known. ThisWi~

the insulatinglayeris not of the correct

may assumethatthe position

of coursebe incorrectif

thickness,if dirt gets into

the holebeneaththe pin,or if the pin,due to irregularityies in the

walls of its hole or its own surface,doesnot go all.theway in and

seatitselfproperly. To make sure thatthis does not happen,it is

customaryon im~rtant shotsto make measurementsof the lengthof each

pin,and by measurementon the platesand on the top of the pin after

it hae been insertedin position;“checkthat’the end of the pin is at.the

properdepth.

To make this determinationof pin locationseaeierand more

accurate,a procedurehas recentlybeen devisedwhichworks verywell.

Holedepthsare stilldeterminedindividually, but adjustm~t of the

positionsof the individualshockpins has been eliminated. In the

new designthe shotassemblyie constructedwith an extrap~te set on

the shockplate. This pin plateis

it can be movedaway fm m the shock

alignedwith the shockpin holesin

screwedintothese holesand locked

equippedwith adjustingscrewsso

plate,and has a set oftappealholes

the main plate. Hollowstudsare

h place. The insulatedshockpins

are then insertedthmugh the studs,checkedelectricallyto make sure

thatthey are in contactwithtb bottomof the sho~ pin holesand are .

finallycemented in placewith a polymerizableresincement. The pin

plate,to whichthe pins are now fastened,is then raised3 roilsfrom

the shockplateby meansof the adjustingscrews, drawingallthe shock

I
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pins up from tk bottoms of their holes by exactly the

A sketchof this designis shownas Fig.

PIN NETWORKS

IL.

The principleof pin networkscanbe seen w

sameamount.

examiningFig. 1.

A pin P, isolatedfromgroundby a condenserC, is chargedto somevoltage

VI througha largeresistanceR2. Whentk targetplatemoves in the

direotionof the arrow,it contactsthe pin. The condenserC then dis-

charges throughRI, ~, and the cotial cable,R=, with the instantaneous

signalon the coaxialcabledeterminedby the relativevaluesof these “

threeresistances.

The value

s.

of the signalpotentialS downthe cableis:

(RCI$)
.V1 —

(Rc + q)

RCR3

%_+— Rc+~

If the resistanceRI is large comparedtothe combinedresistance

of ~ and Rc, severalpin networkecan reconnectedtogetherat B. And

if the pinsare alternatelychargedpsitively and negatively,an oscillo-

scopetraceillustratedin Fig. 2 andS will be obtained. fig.2 is

the type of recordobtainedwhen the time ~C1 is long compared”tothe

—1 —L.-J~l--l__
+P~

lengthof the trace,

is smallcompmed to

Fig. 2

and ~g. 3 illustratesthe

the timesbetweenpulses.

Fig..3

.
type of remrd when RICl . “

Nominalvaluesfor the



components are

R1) 100O to 4m0 ‘kg; ‘2’ 1 to 10 megohms;Cl, 0.00005to 001 pf.

One or more pins in eachof two or more groupscan be connected
.

togetheras sham belowby takingthe Precautiontht the pinsso

connectedhavethe samepolarity. Theseare calledfiducials. Usually

the comectionsare made insidethe pulse-foxmingnetworksc that only
*

one pin leadis necessa.~.
.

It is usuallymore convenient,if a slowerpulseresponsecan

be tolerated,to locatethe plse-formingnetwo~ sune distancefzmmthe

targetplateand explosive. If this is done,the leadsare extended

at the places shown by the dashed line in Fig. k. The type of shielded

leadsused has an effectiveimpedanceto a squarepulseof about100 ohms.

,. The terminatingresistance,1$ in I%g. 1, is usedwhen wssible

reflections“fromthe recordinginstrumentswould interferewith the

record.
●

Most of the pin networksnow used by GMX-4 consistof elements

illustratedby Fig. 4.interconnectedto give ths desiredcorrelation

betweenrecords. In additionto the fiducialsprovidedby the pins,

pulses can be generated by sune.pirt of the firing circuit or timing

unitsand used as pih pulses.

One network,which is now obsolete,consistedof a cathode

follower,and capacitydecouplingbetweenpinsas shownin Fig. 5.

Leadswere ordinarilyextendedat the dashedltie. ‘1‘ about100 ohms,

servedas a terminatingresistancs forthe pin leadeand was sometimes

placeddirectlyon the pin. C2 is verymuch largerthan Cl by a factor

of 100 or more. Valuesof the condenserswere Cl, 50 to 200 I-@; C2;

-., .-
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0.01to 0.1 pf. The signalptential developedbetweenA and groundis:

-cl v

s.

c1 + C2

but thenthe signalis attenuatedabut 40 percentby the cathodefol-
.

lowerforwhich cathodebiasie providedby a 500-ohmresistorat the

Inputof the oscilloscope.A squarepulseis generated.
●

Specialnetworkshave beenused for“particularproposes. One

whichwas used to separstethe smallemflsdevelopedby thermocouples

fromthe largepotentialsaccompanyingexplosionsof H.E. is shownin

Fig. 6. No signalwfll be seenat A as tlw samesignalis appliedas

~ and S2. In practiceS1 includedkoth the desiredand undesired

signals,and S2 was onlythe urdesiredsignal..The amplifierthen cancel-

led the undesiredsigns1 and passedonlythe desiredsignal.

Thisamplifierwas supersededby a balancedamplifierwith

doublein~ts , used when,the signaldevelopedby a pin was small,

as in air shockand polarizationexperiments.In the lattercaee

such

a

singlepin is connectedto each input.

The resistanceof an ionizedlayerof shockedair was studied

with the circuitin Fig. 7. The ptential acrossRI was recordedas a

finctionof time. Cl was umally 1 or 2 wf; and C2, 0.1 pf. R2 was

usuallymuch largerthanthe resistanceof the cable. RI was made com-

parableto resistanceof the layerbeing10 to 1000ohms for different

shots.

A device,the multipledelayline,which coti,inestime calibration

with a pin networkhas‘alsobeen used here. In its simplestform it
● ’
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consistsof a networksimilarto that of Fig.& with properlytermin-

ated coaxialcablesof varyinglengthforthe pin lefids. It is used

when the symmetryof a planewave is to be measured:

‘ordinarilysymmetrymeasurementsrequizwone oscilloscopefor

eachpin if the asymmetricsare small. Two pins,a positiveand negative,

can be used if the asymmetriesare expectedto be largeenoughthat

both pulseswill not occurat the sametime. By usinga multiple

delaylinewith differentdelaye,12 pinscan be recordedon one oscillo-

scope. A disadvantageof this systemis the largeramountof cable

required.

the pin

A‘secondtype of multipledelaylineis shownin Fig. 8.

The componentsRI, R2, and Cl performthe samefunctionsas in

networkof Fig.4. R3 is a terminatingresistancefor the in-

dividualpin

$?-footstubs

causeof its

has 32 arms.

cable. The entirecableis made up in a rollwith about

extendingout of the roll for individualpin leads. Re-

appearanceit is called

The big disadvantageof this

seenby observingthat at eachT the

the octopusalthoughit actually

type of multipledelay linecan be .

potentialdivideractioncauses
.

half of the signalto be lost.

Afterusingthe octopus

difficultieswith variationsin

of Fig. 8 for sometime,and encountering

oscilloscope sweep rates causinglarge

errorsin the, the so-calledsupr octopuswas builtas illustratedin

Fig. 9c

The functionsof RI, R2, ~, and Cl a& the sameas described

for theoctopus of Fig.8. R4 was addedto match the delay sectionsto

pdses travelingto the rightand thus avoidreflectionscausedby the

- 2“-
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mismatohof ~. Thisnow appearsto be an unnecessaryprecaution.In

operationa singlepin, pl$win introduaea @ge at afferent pOgi-

tionson the delayline. Otherpins at P~, P3 etc., are introduced

at intermediatepositions. The departureof pulsesfromth relative

positionoccupiedby them on a calibrationrecord(madeby shorting

all pins connectedto one octopussectionsimultaneously)is a measure

of the asymmetryof the wave.

OSCILLOSCOPES

GoransonProgram1944-1945

Four osci~oscopeunitsknownas Model100 weremadebytlm

electronicsgroupfor Dr. Goransonlsprogram. Thqrwere usefulfor

sweepdurations from 3.0 psecsto 200 Wecf3. Avideo amplifierwith

a voltagegainof ten, and a risetime of approximatelyone-tenth

microsecondwas usedto charge the verticaldeflectionplatesof the

5CPllCathodeRay Tube. Fourto five

accelerationon the cathoderay tube.

a crystaloscillatorwith frequencies

and 5.0megacycles. No delaysystems
*

thousandvoltswas used for beam

Calibrationwas providedby

of 500 kilocycles,1.0, 2.0

were usedwith this equipnent.

Oscilloscopesused by Mnshall, Gittings. et alto at Alphaand %ta Sites \
.-.

Theseoscilloscopesknownas Model300 were alsomade by the

electronicsgroup. The chiefdifferencesbetweenthe Model100 and Mbdel

S@ were in the amplifierand CR tube. The Model300 had a video amplifier

with a voltagegain of 800,

A 5JP11.CR tubewas used on

to thatusedwith the Model

ablefor the sweeptrigger.

whichwas ca”pbleof a risetime of 0.15 Kec,

the Model300. The sweepgeneratorwas identical

100 oscilloscope,A variabletime delaywas avail-

Itwas commonpracticeto put a sweeptriggering

- 2’ -



. .

pin in the primacordleadingto the highexplosivelens and set th@

triggerdelayto that recpiredfor the detonationwave to passthrough
.

the explosivetrain. This permittedthe experimenterto anticipatethe

pin contactsand startthe sweepgeneratora microsecondor so in

advanceof the contac%s.

Time calibration.was pxmvidedby a ‘lBlankingCalibratorilwhich

was coupledto the intensitygrid of the CR tube. The “Blanking

Calibrator!!caused.the traceto be blankedout everyone microsecond

or fivemicroseconds,as selected.

Pinswere coupledinto

amplLfierwhichwas locatedh

at the firingpit. A multiple

the grid of a cathodefollowerpr&

a protectedpositioncloseto the shot

conductorcablewae usedto connect

the pinsto the cathodefollower‘&id circuits. All.networkswere con-

tainedin the cathodefollowerpreamplifier,consequentlythe expended

px-tion of the shotwas quitesimple. The cathodefollowerlJPreampll

was

the

and

connectedto a coaxialcableand thenceto the videoamplifieron

oscilloscope, This eystemwas useableon sweepsof ten microseconds

longer. The rke time causedthis systemto be impracticablefor

fastersweeps.

Changes in Model100 oscilloscopeUnitsin 19.46- 1947

The equipmentwas beingused for high speedmeasurements,con-

secjyentlyan effortwas made to make,ituseableat highersweepspeeds.

New high potentialpowersupplieswere in$tal.ledthus raisingthe beam

acceleratingpotentialto eightkilovolts. This higher potentialmade

it possibleto get a betterphotographictraceat high sweeps~eds.

The new 5RPllAmulti-bandcathoderay tubewhich requiredlowerpotentials

for spot deflectionwas installedin placeof the 50?I.3.LAnotherchange

-



in inethodwas the applicationof pin ~lses directlyto the vertical

deflectionplates. Pin chargingpotential was increasedto compensate

for the lossof the amplifiergain. Removingthe amplifierreduced

the pin pulserisetime to approximately0.03 psecfromthe original

0.1 !.ieec. With thesechanges,‘theModel100 was useablefor sweep

I durationsas shortas 1.5 Mec comparedto the original3.0 paec.

HughesAircraftCornpay OeailJoscopes

Sometimein 1947,membersof WX.1+inspectedan oscilloscope

made for D. P. MacMillanlsgroupby HughesAticraftCompany. The

groupmemberswere impr~ssedby the ease of maintenanceand good

workmanshipin the designof this oscilloscope.Consequently,GMX-4

negotiatedwith.HughesAircraftCompanyfor the purposeof securing

eqpipmmt similarto the oscilloscopewhich had been builtfor

D. P. MacMillan. Saneof the featuresof the new HughesAircraft

Companyoscilloscopeswere:

1.

. 2.

9.

4.

5*

6.

7.

8.

9.

10●

Sliderackmountingfor ease of maintenance.

@eep delaybuiltinto each

Markeridentifierdelayfor

into each sweepgenerator.

Continuouslyvariablesweep

sweepgenerator.

inter-rehtingtracesbuilt

durationfrom 1-125microseconds.

T~atron Wecond triggerpreventerflon triggerinput.

Panellightsto indicatewhen sweepis reset,readyfor firin&

Five independentverticalinputsthroughthe amplifier.

Two directinputswhichbypassamplifier.

Videoamplifier,gain of I-25,risetime of 0.03 psec.

Time calibrationprovidedby plsed calibrator,with one and .

five Wec pulseswhich couldbe

to providea standingpattern.

- 24--
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Edgertom(lermeshausenand GrierOscilloscopes

EGG designedan oscilloscopeto be used for recordingextremely

fasttransients,1.0 psecto 0.1 psecin duration. GMX-$orderedtwo

of theseto be used for thin plate,free surfacevelocitymeasurements.

Theseoscilloscopeshave 2D21 thyratronstog’eneratethe 1000-

volt sawtoothwave requiredforthe horizontalsweep. A~,000 volt,

sixty-cycle,powersupplyis used to providethe beam acceleration “

potentialsrequiredfor photographingthesehigh speedsweeps. There

is no amplifierand no delayunit. Fixedsweepdurationof 3, 1, 0.3,

0.1, 0.03,0.01 psecsare available. !

The linearityof the sweepand stabilityof sweepspeedare

poor comparedto the HughesAircraftComp&y oscilloscopes.The poor

linearityIs causedby inherentfeaturesof the Winterle.Sweep,and the

instabilityof sweepsped is causedby poor filteringand lackof

electronicregulationof platepotentials.Ths EGG oscilloscopeswere

used to obtainwave asymmetrycorrectiondata.

The pin pulsesand

oscilloscopesare recorded

RECORDS

the timingmarkers

photographically.

The camerasused for recordingtake a

appearingon the

plate 41!x 5fl. Spectro-

scopicemulsion103-0coatedon glassplatesis currentlyin use. Glass

was not originallyused as the base,but it has been foundthat g~as’s

givesmuch greaterdimensionalstabilityto the emulsion.

The imagesformedby f\2 lensescomeout’roughly1 l/I$t’long,

and containup to lh pulsesper tracein additionto timingmarkers
. .

whichmay be recordedsimultaneouslywith the @n pulses,or put on
6
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the plateas a separatetrace.

of the

timing

With presentequipmentone selects the delaybeforethe start

singlesweep,the time durationof the sweep,and one of several

markerintervals.As mentionedearlier,thesefeaturesallowa

time intervalto be brokendown into seve~l sub-inter~alsand displayed

on severaloscilloscopes.By use of a commonidentifiablepdse on two

or nore recorde,the times $or pulseson these recordsmay be referred

to a commonorigin..It is not usualfor timesto”bereferredto other

thena quitearbitraryzerotimewhich is pickedfor convenience.

When the photographicplateshavebeen exposedand the records

developed,the positionof the pin ~lses must then be determinedand

relativetimesassignedto thesepin pulses; This may be done by care-

fullypositioningthe platein a comparatorand findingthe.position ,

of the beginningof all @ses and all relevanttimingmarkers. From

thesedataby linearinter~lationa time can be assignedto each

pulse. Thesethen allowone to assigna numberpair,

arrivaltimewith arbitraryzero,to eaah pin. These

dataobtainedin any experiment.

ACCURACY

poeitionand

are the primary .

Maw factorsinfluencethe accuracyof tk finalre~lt.

Theeemay be consideredto be of two major claeses. The firstclasswn-

sistsof thosefactorswhichmay causethe pin to give an incorrect

resultin contrastto the secondclassin whichthe pin givesa correct

tit unwantedresult. The discussion.whichfollowsehouldbe considered

as discussing

portantitehe

representativefactors,incomplete,butwith all the &
.

mentioned.
I
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Since one of the two numbersdesiredis pin position,that,

ratherobviously,must be determinedwith the degreeof accuracyrequired.

Customaryprecisiotiinthis groupat the presenttime requirespin posi-

tion to be measuredto an accuracyof 0.00021~although’thisvalueis

not alwaysattained. If the pin is a shockpin and in a hole in the metal

underinvestigation,any irregularityin the bottomof the holemakes-such

e numbermeaningless.One of our major difficultieshas been obtaining

smooth,flat-bottomedholesof pin size. If shotsare made up several

dayebeforefiringthere existsthe possibilityof the pin holderwarping

and thus changingthe positionof the pin.

‘ be made underideallaboratoryconditions.

of pin positionis actuallythat of the pin

Usuallythis is the same,but undercertain

Measurementson the abovemay

Howeverthe desiredknowledge

at the time of contact.

conditionsit is necessary

to correctfor

It h8S

be kept small.

measuringfree

pin motion.

been foundby experiencethat the d@meter of a pin must

As the diameterof the pin increases,if it is a pin

surfacemotion,the pressureapparentlybuildsup under

the pin to a sufficientlyhighvaluethat air may ionizeand cause

predischargeof the pin,givingan errcneousresult.

Pinsof differenttypesmay have entirelydifferentclosing”“

thnes,suchthat pinswhich shouldindicatethe sametime of arrival

of material,may actuallydiffer~ as much as 0.5 psec. Thistrouble

is not eerioussincerelativeand not absolutetimesare desired,and

“pinsof a giventype apparentlydiffervery-~ttle. Thus pin types

are not customarilymixed.

Pin recordsmay also lead to incorrectarrivaltimes’dueto

perturbationof one pin by anothr:.o’l#.sperturbationmightbe due to
● ::o ●e,a ● ●**,.
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a @n beingratherseverelystruckso thatmaterial.is splashedaround

makingcontactwith nearbypins prematurely.Thisis not ordinarily

of muoh importance.

The designof the shot itselfcan causedifficultiesif certain

precautionsare not takin. It is necessaryto get a goodfit between

the explosivesystemand the metalundertest. The pin leadsmust be

the samelengthor-accounttakenof the differencein transittime along

them. The resultsmay leadto erroneousconclusionsif rarefactions

fromthe edgesof the plateofmaterialunder studyare allowedtimeto

changethe pressurebetweenpin recordson the same group. Wave front

shapeand tilt,or more important,the changein wave shapeor tilt

havea very importantbearingon the results. Pinsam usuallyar-

rangedin regulararrays,usuallycircles. A very poormethodis to

arrangesuccessivedisplacementsprogressivelyaroundthe circle. Many

arrangementshave beenworkedout for differentnumbersof pinsto

minimizeeffectof tilt and

G. Feltand D. Bancroftand

and by

\
proper

screen

of the

R. E. Duff (LA 1275)

the like. Arrangementswere

more recentlyby E. Gittings

of the divisionoffice.

analyzedby

of this group,

However,assumingthat the pulsesfromthe pinsoccurat the

time,it is stillnecessarythat they show on the oscilloscope

at properintervals. This bringsin the rise time or bandwidth

electronicequipnent,the linearityof the oscilloscopesweep,

and the accuraqyof the timingmarkers. Extensivetests havebeen made

on the linearityof sweepand a greatdealof efforthas gone into iJE-

provingthe linearity. A timingmarkergenerator

E. Houstonof this group(LA 1.470)and the Qses

has been developed

from it calibrated



againsta signalfromh“dV. It is feltthat the timingpulsesare

slightlybetterthanthe accuracywith which pulsescan be

the comparator.

. The most importantfactorsin gettinggoodnumbers

read on

from pin

pulseshaveturnedout to be the focusof the trece,the amplitudeof “

the pulses,andthe straightnessof the sweep. “The~lse amplitudeshould

be keptas smallas possible.

of the screen,it may produce

in aligningthe record in the

out to be well worthwhile to

The adjustmentof the

If the tracedoesnot go throughthe center

a curvedimagewhich leadsto difficulty

comparator.For precisework, it has turned

photographthe traceto CM ck the focus.

fecusand of the intensityof the electron

beamallow centrol of a photographiceffectwhith has caukeda little

troublein the ;Qst. This effectis one in which en overexposedgrain

in the filmemulsioncan causeexposureof neighlmringgrainswhich should
.

showno exposure.

The accuracyof readingof a recordin a

many factors,but phes are customarilyreadto

of a tillimeter. The distancebetweenthe same
.

comparatordependsupon

the nearestthousandth

pulsesfor two reading;

by the same person _ or fortwo readersgenerallyagreeto five-

thousandthsof a millimeter. Thesenumbersare for ~od records;for

poorrecords,the disagreementscan be as much as two%ndredths of a

millheter.

CURRENTPRACTICE

Figs.10 and I.1.illustratethe typesof

the presentmethodof positioningpins for shock

pins in currentuse and

meaauwments. In Fig. 10

eithertype A or E may be used to meaquredeithershockor free surface

“ lly s@c~Opi~s ati are usedwhen conductingarrival,B a~ff



materialis undertest. B is more likelyto be chosen if the material
.

.
is of a powderynature. E is the typemost likelyto be used for a “

non-conductingmaterialsincethe stripof silverfoil servesto make

the contactwith the pin whenthe foil is stmck ty the movi~, non-

conductingg surface. D, F, and G all may be used as free surfacemeasur-

ing devices. Of these,IIis the most usefulif one desiresto place

many pinein a smallspace. F and G may be used for preliminarymeasure-

mentsin which the highestattainableaccuracymay not’be required.

Fig.11 which is discussedin detailon page 1’7showsthe method

whichis used now to make the determinationof pin locationseasierand

more accurate.

Fig.4 illustratesthe type of pulse-formingnetworkcurrently

in use.

Theseremarkson currentpracticeshould

be true in a ratherlimitedsense. Lnprovements

be consideredonlyto

and changesto fit new

conditionsoccurfrequentlyso thatwhat may be currentnow may well

changeto meet new problems.

\
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