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UETAL TRICKNNSS MEASURENWNTS
USING RADIOGRAPEY

STATENENT OF GOVERWMENT IWFERRST
e invention desccibed hersin may be mnufascture? and use?
by or foi tha Govarnment for governsental purpcaes without the
paysent of any coyalty thereon.
\ BACKGROUND OF THE INVENTION
™% prasant Invention relates broadly to & radingraph.c
inspegtion technique, and in particular to a mata! thicknevs
measuremsnt method using cadiography. o _‘ Co;‘t/{ A
The praocesses and techniques for msasucing the thiokaess of '~
mtal parts and components vhich are used In eritical
slsctronic syatams !s vell recognlzed. Rzewplacy in the fiel4
of radiographic wethoda and techniques are the folloving 7.5,
Patants, vhich are [neorpocatald by reference heroliag
U.B. Patent MWo. 2,349,429 {smiel to
Aersog ot al on 213 May 1344y
U.B. Patent We. 31,397,777 lamed to
Douglzs on 1) Aogust 1971
U.8. Pateat No, 3,798,874 ismued to
Roller ot &l va 12 Mareh 1974
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U.5. Patent No. 4,104,519 iasaed to
Oidendorf on 1 Awguet 1978

U.8. Patent Wo. &,301,363 fssuad to
Basin et 2l on 17 November 193);

U.5. Patent No. 4,374,326 losued to
Wykes ot al on 15 Pebreary 1983 and

U.8. Patent M. 4,310,%77 {ssued to
Toujll ot al on ¢ April 19835,

In genecal, the well Xnown prioc art processes for
weasuring the thickness of mtal parts and abjects reguice the
use of a separzate standaerd to vhich the test object wes
compazed. lhe Basin st &' refecvence, U.2. Patent Mo,
4,301,368, 4iscloses an apparatus for coatactlass maasurement
of the thickness of a shaet xaterisl wvhieh tncludes s radiat!ion
Aetestor to sense the radiation passad through the shaet
matarial. The Merzog et 2! rveference, 0.9, Patent Mo,
1,349,429, Jdisolosec a method and the apparstus for messuring
the thickneds of @ wall vhioh ingludes the directiny of a
radiation Deam through the wall and then determining the smount
of radiation transaitted chiough the wall. The Tsujtli et a!
refecence, U.8. Pateut Wy, 4,510,577, 3iseloses 8 noncontact
thiekness gauges f0r magsuring the thictnesz of a material whieh
includes o radiation deteotor for asasuring the amouat of
radiation reveived from a acurce. The Oldendorf referente,
U.8, Patent W, 4,104,319, di0elcas & wethod and the apgstatus

for the retrieval of emposure information from film images,
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rhe following U.5. Patent ¥ou. 3,597,777, 2,796,874 un’
4,374,328 which are also cited for intarest, each rozpectlively
discloses an sppearatus for wmeasuring the prapertie:r -f a
matecial Dy uning X-rays.

T™e foliowing refarences are to be noted as w::q partinent
and of interest In the field of radlographic mate -f4?
examination:

(a) Military 3tandard HIL--3TD-453C {(1.14)
{p) Mlitary Standerd MIL-B8TD-171% (' " *3)1 ‘erice
{1380), Wotice 2 (1984)

References (a) and (L} arae provided becmsa. they praovite
exalient background Information relative tc .r methods that
are used to messurs the thicknesa of a mater 3.. The sections
of parcicular interest ‘s In referaence (L), subsactions 3.2 and
3.3 which describe the requiremenzs for ral ~jraphic testing in
order to Jetacramine the presence of Jiscontinsities In forcous
and acnfarrsous meii's.

Any dsta or information celative te tna agtua’l meta?
thickaess of an enrglopury provides & uprefaul design das'ls for
electromagnet.c lLiterferencs (EMY), ralisn fraguency
inte:farence (RYI) and other shiwlding pu“posas. ‘eta®
enclosuzes can be fahrlosted from thinner gages (welight
savings) Lf losallzoed damags by procosses such as bending,
stamping, foruing, stretching, welding, at~, can by assesse?.
In the wlding process, tae internmal weld qualit; (voids, H'ow

heles, stc.) may asan that less matericl than the messuresble
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metal thickneas is actuslly doing the thielding. This metho”
is devalopald so that the sffactive metal thiokmess of local!red
metal reglona ean he inapectad and agssucad,

A comparator migrophotometer which iz a means for comparing
the optice!l Cdanaslties of spectrum * nes from
apectzophotometars, s used. Thiaz machine compares the optlcal
lenasicias of an expesed gpectrum plate and a standard spectrum
plato. The data gatheres i3 then coavarted to the §
concentration of unknown slemants,

SUMMARY OF THE INVEXTION ‘,Q“f’»{;

The presant inventien deszribes a process which (g used to
assure the thicknessss !n swall reglons of fadricated meta’
objects an’ ocomponents, thug facilltatiag the }ocatfrod
assessment »f{ tho alfective mets! thickness. 'Lo localized
azeas vheralin the elfective meta: cnickness is Yess than the
ainimur that {3 require? for radiation mhield{ng and which san
render a shialding enclosuve functionless, fg readi'y
determined, A

[ [i? 9

It 12 one objaci of the prasent Invention, therefore, to -0
provide an improved method of thickness msasurements.

It {9 another ohiject of the invention to provide an
improvel mthod of metal thickness meagiremsnts vherein x-ray
cadlography is ut!il!ze? to areate optical densities on x-vay
filme.

It ls another odject of tha invention to provile an

{aproved methcd of metal thicknes measuremeats which utilizes




a compazator wmicrophctometer ty compare the optical Jensitles
on thae x-ray fllms.
It !s another abjest of the invention to provide an
iwproved mmthad of metal thickness measurements in which the
s actual metal thlckaesses in swall reqlone can be varifled by
conparing the optioal densitias of section of z-zay flim of
test obiact with the known thiskness of sinllar metal stepwelge,
It is anothar ohisct of the !invention to prowide an
impraved mathod of meta' thlokness messuraments in whileh uoth
10 the tagst object and the stepwadge are oxposed alau‘tansvug’y on
ths same X-:ay fi'a,
Theee Ané othé: advantages, oblacts a1t features of the
/7 invention will “etome wore appacent aftar considering the
7o) lowing Jascription taken !n conjunrtion with the
18 il ustretive cahodiment In *1e¢ accompaiuy ing drawings.
ARIEP DESCRIPVION OF "RY DRAMINGS
Piguce ! 12 & perspective view of a tent chilest 2ad a
stepwaldge in thelir re'ative positiond on an u-ray tlim
socording to the present mthold of seta? thisikness
20 measucemanta, aad,
Pilqure 2 is a graphical representation of an expoasd x-:ay
fiim,
DRESCAIPIION OF THE PREFPRRRRD EURODIMD

Refercimg nov to Figure 1, there ia she'm the relative

23 positions of the componants that are involved !r process of

meta! thiciness measurements ut ing the raltlographic tachnigue,
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A fabricated metallle stiuctare 10 which for the purposes of
this axample, Las formed on it's top surface a formed rih 12
and & welded jJaiat 4, A stapwadge 6 whieh has a number of
segments of predatarained thicknessas i3 provided se 2
conpacison callbration guage or standacd. In order to make
sactual wetal thicknzss measuzements of the structuce 1§ by
radiographic exposurs, the fahr!cated stcucture 0 and the
stopwedge 18 203 placed upon A sheet of z-ry fiim '8, ‘Tha
atepwaldge L6 is constructed of matorial that s the sama an or
substantially a'm lar to the matacial of the favricate?
atructure 10, The teat pisce and the comparlson juage are
sinutansously exposed to ra’'ag-aphic radlatinn, such as
x-ragae. Once the x-ray fi'm 's leveloped, the axpose? x-ray
tilm enntaing an accurate taprasentation of tha metal thickneass
o: conslstancy for both the fan-imated ntructure '0 and the
stepwedgc., A comparator amicrephotometer is utillszed to
Aetormine the effactivs astal thicknusa of the fabricated
structure 0.

Plgare 2 is & graphical representation uf the expose! x-ray
film, 20. A cosparator wmicrophotomter whlah is maot shown, may
be utilize’ for deteraining the optical densities of the test
coject in viyious regiwms of intere~t. PFor example, s winimun
thloknecs which may be reguired for the rin, 13, may 9
reprasented in trie stepwaige for direct compercison therse!th.

In addition, minlaus thlckness caqulicements of the fahricatad
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stracture L0 may be 3iractly verified by comparison with the
axposed profiles of tho atepwiige on tha x-ray film,

In Plgure 1, apacific examp:e creas of interest have heen
fanlgnated ¢, t, and t,. The stepweldge 1§ has an ares that
is designazed X which represents the minimua thickness that {¢
required for the fabricatsd atructure 0. Since the thicknessa,
t cepresents a portion of the fabricated meta! structurs 10 In
which & siniaus thickness ‘X' is requli-ed !or ®MY or wpPt
shilelding, (t {8 necassary tha the thioknas. ¢t e greater tan
the dimension X of the stepwadge '4. Tho two larring procssses
that are siown, producel thicknesses, t!,‘ At the apr of tha
rih 12 and the talckneas, tp. &t the point ‘n the weldad
juint Y4 where thece I3 a vold {n the agteria’l, This technlque
of radlographic {aspection an? asssuremant simulcanesus!y
0808 HOth the motal pact anl stepwelge to x-ray radlat'on
vhich (s applind perpendiculariy to the obhlacts and the x-vay
film. Te x ray flla which {3 positlons! beneath the taut
ohigots ‘s a'aultanecusly exposed with the teast part ant
stopwedge, T™e optical denszities 0f e tw Juepect raegiona
are thon coampared againat the optica! densitias of tiw
atepwedge vwith a thicknesa X (and X ¢+ ®). ™o match with a
respeative souvticn of the stepwefge ‘ndicates the thicknass
valess of t. and t,.

ithough the Ineention has baen Aeacribed with™ reference to

& pacttinular embodipent, (t wil! oe umerstood to thoss skilled




in the art that the invention !« capadle of a wvariety of
alternative embdodiments within the spicit and scope of the
appendad clains.

What s claimd L8
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ABSTRLTYT OF THE DISCINSURE
S

meflubjoct-%nvmtion comprises a process for assuring
mats! thicknese In amal) reglona. The actual metal thicknese
of small cegionn can by verified by comparing the optizal
donsltiss of sactions of the meta’ under teat with a known
thickness of a sinmiiar matal {.9. stepwelge, A comparstor
Blcrophotomstes, which comparas optica! leansities of spectrum
Lines from spectcophrtoseters, comparas the optical Jdensity of
spectrum Lines on an #xposyd spectrum pPlate (metal under test)

with & standard plate (scapwedgal,

PN
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FIGURE 1

AF Inv, {16,647
P. M. Achrekar
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