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"ihe Itventlon descited heroin wma be mnufactured ant need

by or ft! tha noYermuunt for g•Verneental purposes vithoult the

paymnt of any royalty thereon.

7T4% present Invention relates broadly to a ramdt•o•gr•o

Lmspeatton technique, mn4 Im particular to a metal thioukess

swaeureinut mathod wnIng radlography.'

The pr3cesses W teohnique* for gaiariftn the thtokaeai 0!

mttal parts and mpoan.ets whioh are used In orttcal

eloctconic systess is vell reoognise4. UIzeplacy in the ftoel

of radlogr•abic methot end ta•h•enlloes are the following U.I.

#%at$,s. which ate Ineotperated by reference heo,•Int

U.S. Patent ft. 2349,439 l1me0 to

gersog et &] an1 23 gay l*441

U.S. P0tes0 35. 3,"7,777 limed to

/ D@mlas8 on 13 Aukltt 1971t

U.S. Patent fo. 3,159,674 issued to

I SIeller t al mvi 12 March 19741

867 2 019



U.S. Patent 1b. 4,104,519 Issued to

Oldendotf on I Am"tmt 19101

U.S. Patest go. 4,301,355 Issood to

Seats et &I as 17 Novemnber 19811

5 U.S. Patent 1b. 4,374,326 IGSUge to

Wyk** st &I on 15 February 1983y and

V.S. Patent No. 45310,577 Issued to

?Suitt et al on 9 Aprtl 1 195.

In general, the well tnoo" priot art procesese for

1O mvasuiPr4n the thictneso of motal parts atiC object. require the

uoe of it Separate standsird to A Loh the toot object was

compared. lhe 3am. o' t 01 refereace, U.S. Patent No.

4.3@l,365, diactoses an apparatus for Costactluss meseuremerit

of the Wtnihess of a dshot uitsrls. Aite% Includes a radiat!on

15 4S11tE4tQV to 4,0400 the gadltOR, passed t)0eoogb the $*etoo

ustertaL. 1he Uservag et &I referirence U.S. Patent so.

2,349,429, 41soiosea a method Wn the apparatus for maesurtnq

the thttmsee of a W4all which includes the d~rocting of a

Cadiatton beam through the wail sA4 then detetrmhting the amount

of radiation transsitted thcough the wafll. 7%9 Taulti et al

reference, M.. Patent Mo. 4,510#577, Sttseloass a nonooatact

thleftee gasp The measuring the thietmovs of a matertal v9~eh

1"16164 a raditatiLon detector for 10aeu: Lag the amunot of

Ced ttleaio teselv*d Itei a source. I%* O1491orf reference,

U.S. P444e4t M. 4,104,519. d41el1se A, uWthed SO, the aPI&ratae

for tke Isetotval of "Posers, tsorncmtion htoe file Lama"e..

4ý AIM'-



*.he folloving U.S. Patent Non. 3,597,777, 3,790,174 auA,

4,374,328 which are also cited for intorest, each rospectIvely

1Jtci4osos an apparatus for ,eaaurinq the properrtfo rf a

material b7 using X-ray*.

5 The folloving references are to be noted as •.g pertinent

and of interest In the fiel.d of radiographic mtr s,

examination I

(a) uHi'.tarl Standard X4r,--9rV45)e' (1,,'141

Nb ~4%11!t4 y BtAne da M1 LZ~-C-8D-27tS C * 3)~ Y 1ot !a-

10 (1960), Notice 2 (1q964)

References (a) ani (b.) are provided beo, thel provlqe

excellent backgcounI Information relative tc. t' mtliod tOat

are used to neasure the thicknesa of a miter a,, 'rhe sections

of perticular interest I. In refirence (M), "tibastions 1.2 and

i1 3.3 ihIoc% descr!be the requirements Cor raC -jraphic testlng tn

ordec to determioe tOe presence of j con::j;t1ea In ferrous

an" nonferrous aes.ti.

Any data or !raformation celat.Ive toý tree actual, meta'

thiceus of an siclosar. pr'idee a useul design bas!*s for

20 e1*ctromageet~c ti.terftreref (BiT), rb;', frequency

1nfe.oft ese (871) and oth•r shilvdinn Popwpsa. "eta!

en•uoe•ae can be fWbrtosted Croe titnner gages (verght

savings) if localistd damge by proceass* such as bmendIn.I,

stamLng, forming, stretching, veldLng, e.. can be a0seuued.

In te volding prceass, Me internal weld qiaa.it, (voils, hlow

holes, eta.) my avaa that 1ess mste*tLi than the measureab~e

" i -3S
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metal thickness Is actuoaly 40ong the 'hei#ldte. This method

Is 4eielopeoi so that the t'ot.ive imtal thick**$$ ot looal!e**

aetal regtona can be Inspect2d and a*sure4.

% omparator alarophotometer which it a awans for compari•g

the oploo:I e•nalties of spectrum 'Inee from

Spect:Ophotometere, Is used. This machtne eomperes the optio*!

lenstlias of an *aPtsid spectrum plate and a stanlard spoetrua

plate. Oh* datm taerej t3 then o7onvrted to the I

concentration oul unknown elements.

10 8tJWqART ?7Z N9!I

The present Invenit!n desiribea a process vhich :s used to

assae ote thiclmess-? In swall req~onx of fabileat•d note!

objects sný oompotientti. thus feaa'.tattIn thea l!

assesmnt %C the effeliveo meta! thicknoess. l0e0z1e¶

13 aeeao wheretn the effective meta, z.ickness Isless than the

SaIMIUM that Is re•eIre$ for radfation xhlelding and whIch cam

render . shiaai~ng enclosure functionless, it reafi'.

It to one ohjeci of the present Invintion, therefore, to -4

0 ~ prode an Improved method of t1ckauess ma'suremants.

It is another object of the Invention to provide an

inpcove.J mthod of metal thickmese mealJrenats wherein x-ray

radtography is utlIzed to oreate optical densities on X-ray

fil~ms.

35 It is anothier o;ect of the Invention to provt.* an

itaprowed method of mwtal thIbces, masurements which util:zes,

-- -/
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A compa-ator olcrophctometer to oompare the optical Sensittes

on the x-ray films.

It Is another object of the Invention to provLte an

iaproved mehod o! tal thickness measurements !n whioh 1he

actual metal th!C.neneu. in Mtl 0loione can be verified by

comperlg the optical densities of section of X-ray fil, of

teat object with the known thickness of similar Metal stepveqe.

It is another object of the Inventton to provtde an

ispr-vel met.• of octal thickness mneesuements in which ao%.

10 the t1:4- ob•ect Sna the stepvaage arv OMpoed gatalneausly oil

the sam X-tal 011s.

Those and other advantages, otijects anl leatures of the

'nventlon vw. hecon sore a&perent after considering the

Wolowing descript!on taken !n conjun.,t!on with the

itastratIvoeal!oa'lownt In tie accompaii, In; drawings.

8RU'7 D!Rrr'Tw Pv Pfftp mAtjwm

Pigure I is a perepeotive vlew of a teott object anA a

stepueage in their We.ative po.itions on an Uo-ray lln

aoooding to the present tiho5 of mats! thli.*se•

0 measarements, and,

Vigure 2 to a graphical repreeentation of an eipose4 x-ray,

DUSCITYlON 01P Tits PURFEURD SM0T21

ReftsrCiho nOV to ?oiare I. there is she'M the relative

23 po061ons of the composents that are !nvolve trb, procees of

metal thilmkesis wasuregents uting the rsAo?*rph!q techiniqe.



A fabricated metatllc struacture 10 which for the purpoles of

thisa Gnample, Uas facusd on It's top Surface a toW4e rib I.'

and a wold*4 jofnt 14. h st4~pwae~g 14 Whe% has a number of

Segemmts of predetermined tbtclmens~e is PtOWt.41 as a

oqcimpanIo Calibration guag.o OrStandard. In order to as%*

acb. ta. tV ckns 4 aueat Wf toe atut by

radiographic exosure, the fsbroated structure 10 an'A the

$tjpWsdge I &-..I a~Plac- upon a gheqt Of X-fry film 'S. 1410

atepwe~ige L6 is constroote of iatoria.' that to the asms an or

10 substaitist ly xumi ar to the mani taa. of the f Or Iaut*e4

3rucotcir :0. T%* teat piece ane! the comparison guage are

simul'taneouuly omposeI to ra4 1 ot;-aphle rndataton, such to

X-raja. Once the E--.aj fl.U I$ *4*W@!Ipelr the exposel *'fSA'

film aants lns a, accurate teprosetitat"On of thq metal thickness

or consistency fat: both the fwivcPatee structure 10 an¶ thle

stepvedgaL. h C-amparstor xictcep~)ot4PIwte' I uin , to

Ietermine the effective wwtal thickness of the ~lse

structure 10.

F1.gure 2 Is a gcophicas. representatio, of the exposed x-ray

t.09 20~. A crompstator C.-:Whotouster vhiah in not shown, may

be atlze'A for deteralnIng thin *ptic.) denwittes of the test

GDJ*Ct 1A vu~tias ragievna of intere-t. Por exempis a m~nlmun

thialnece which may be required for the rio. !2, may~~

represn~ted In the stepw~go for direct comparlson t-herew!t~h.

15 In *d4itton, minimum hi~cknese requireaents of the fahrlcatot!



str~acture to vAy be atrectly ver~fied by cimparison wttb th#

exposd Profles of the stopvo.39e on the x-ray film.

in Ftgu2te 1, specific tesapie gross of Intetrost have .eon

destgnatec3 t, t and t~o The stopvoage If 'naga n aroo that

to designated X which represents the shnitmu thick~ness that It

,requlrod for the fabriostad. structuzre 7-0. $Inc* the thickness,

t repesaents a portion o! the faortoated vatal structujre 10 In

"Leih a minimum t~hickness 'X' is rojulved !e7r RMT or WIRT

shielitling, it Is mQeasary that the thletnasi t be greater 06s-1

10 the dimenston X of thq stepvadge IS. Tho two O'rv!in procosse4

that are shiown, producei thicknesses, t~,, at the ap-, 0t tbe

rib 12 And the CtCi~nosa, t., at 08e point '" the W01101

Joint 14 where thoee Is a voli in the smtoria, this teehnique,

of radlogt~phic I-tspection an1mossuaaement simultantoue1f

exp~ast both thu not&' part an~l stepwelg. to x-rayj rid ationi

v%Ich Le app' Iad perpendicularly to the objects arvi the *-ra,?

fi!1m. 7410 X ray file wiAch to ;091tioned beneath tho test

nbjoata eg 3!multalteouraly exposeA w~ti ths, test part an-i

stopwad". ?he optical densities of eift two auspect roglons

20 ate then oompat~d Against the optical densitihs of the

at*PveJgo with a thickossa X (an3 2 + a). 'Ee MWatc Wvtt ,t

respaeztl* sectiton of the stepwedgea !%Wcatoa the thIcknest

vaedem of t, aAnt2

j ~&&lthough Who% Inventloa has boon deacribai witO reference to

23 ~a pactioular embodimeont, tt will oe, sai.:wtqo& to th~ose skiiU.0

-7-



in tie art that the inventton !q rapable of a varIet7 of

alternative embotimtm s wIthin tL1e spirit aMd ecoe of tbe

appended 01,04s.

What ts C14.1". is$
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s~uabject In~t ton cf~v,!I s4# . proc ess for assuirfn

aeW~ thickne~ss In Siai' F.qlons. The actualt metal thickness

Or small Cagions Can !)* ý,eif 1.d 5Y Comparing t~te optic7al

donotties of Sact1Ocs of the set*, unler test with a k9Mns

5 ,h~cknoes of a ~s~w, S imtal i.e. stepve 4Zie. A coMparstor

tlcopotoametof, wh~ich compares optical. tenaltt.. of spectrum

11nes fromn Spectrop~htovaters, Comg*~ex the Optical 4einw'ty of

a1pectrjam tifne on ani exposad spectrum plate (setal tinder test)

With~ 4 StAndad Plate (Xt4EPv.-!g*).

10

20



AF Inv. #16,647

""P, M. Achrekar

-/

,j, FIGURE I

FIGURE 2

,or ??/CQdsJ X

| 1I


