Layer-wise Spatial Modeling of Porosty in Additive Manufacturing
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di scretizathensthsiehguemymag bmgdhtaatdi om all the | a

O plEM hawére same -di-mélrhsei ocnho(i ce of discretizati
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smoot hnersesaloifafatth do @ G aoucsessisa n

D12}J D12J10'

Figbre(mXYCcan i mage from a met al part manufactured
augment ed poi XtCBpcaatnt.e rAn pfooare tihni st he circle has five p
size and form is captueaedabyosuclica Abtmrof hdatdascept
the circle o&cpugpriteg)t woheebkfeor ¢, is represented by t
point @agt tpeanmd { 1) .

Due to discretization, a pore can oOoccupy mor e
a case it wild!l be represented by the numbers of
t woei ghked$lysgn#iy on elray thgandy pare used togeth
represent this pore. For iFnisgthabec ei,s tdies @rogtmend ¢ d

celWwl sh each ceIIFiigmitﬂca)di,n@hk&im@ke%l{gsg(} occupies

t wo &epldmsl ;, and is represented by the number o
together (one pixel and four pixels in these tw
O 5 panad j T.

It he di AcReGCPzoed model i agponenti al kernel i's L

correlation among ®pgadém v ar pfAft)ies (lkegl atent G
di stridprtevatdljiandgd;, fr X8BFcans ofThidadarte.t he f ol
di scrfedrim®&®idEGfCRoddhéaussi amtpftidees®lppr oxi mated |
mul tivariate Gawssian distribution

Ix s sy apy
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whefés the cédvanmilad@edB8d in the discretliG@®R forn
modahd a deapwirragdteicovar i ain ed d fuinrcded oas
61 O OO O AT O s 5 f

L 1
QHOHA®D$0$ (1

%0 —

Aob

wher® and®@Q are the indices of "@@IpkSh Qcupi ed
pkBh on t heahaydrhe&@r Eapedddinvegd yDeno-t e, Wh—f or
notation simplicity i%.8 he MCMC algorithm in Sec

Aspati al pbif or piayeesectbheave It hi nttheensi ty functi on

Aot
T (12

wheries the avdmagnés) wsre viemyi aviyiesh i imsthed r at itdhvebet we

number of paintddles niumb gé)roa $a ygear e s
/Esﬂ AN (13
Conditional on tehethet epaiidlofnpo diykerpreosesd as
an inhomogeneous &oifsxslolnow, nt process
Lx ol OOC&i i (1%
anbdetexpected numbsri sofcadcrud satierd raesgi on

% @ ¢ Qrpz# (5

wherQegprpis the PoissHmtiraaypendl n st teh ed anlelt er mseaf pi:
35Parameter iefsLtd @R i on

Bayesi an iesstéigmnattaiom t he post eparoamatierts i forudmom
belief functions of ®agmeapediedts paantdt etrines . o blshd rsv el d
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esti matriampeAle® GGP whi ch incl udhmotthGeeau pmir@amed ran d
t reandom dpfasedsfor predict ienign tthlee ime gindg tof fiumt
Ap-Qp4548

Thr oluggywérs e dpatiatizati on, otthhaeu g in&kmet edhopdi Mung
(to oaytddhit Aokl and the —fphli are obtained from fini
di stributions over the region toHGaiuspsémesiss enabl

and prediction fdintkhe Bagedomnprfoaemewor k.
A -hoRl LB RLE 6 A LBRE Aol A —hohl
a¥p
AL ARl A —A sa L
Accordidhgilsy,t he corresponding finiotne |daiyneemdsi on
the | i kel indofilshanth citsi oan j oi nt di stributi oinnof mu
the wpltlosd Ahayaenrd 7 are Gaussian distributions with
estimated values from mini mMuBnC ocnosnetgruaesntt | [ya r a nmeet «
di strinBliimn can be boyb tnaairngei-draandi izn nEH4 B
A Met raodgjod dtsedalLpnrgietvhhmM@MAb X chai mapMortae hCar |
used to oihtazmiend wasmplmate for the posterior di st
A-hoRl L BRL si approxi mated by- fiedlient ifaloms ampMaersk o
chain whose stationégdr7BdiTshter idewsti igmn oif sN htefeee ptr aorpge
is a mix of random waluk ¢abn de xIpgenogetviemt k emm e@lr snat |
targetguiocdogvelmgotwvards areas of hi[gthTelre psoasmpelre sora

drawn from t heNapnrdo paorsea la cdceenpstietdy i n a prjophabt bEpst |

of t he al gord athedhsfla i st a nddrifarwonm t he proposal

18



N=H Rl — § hil and acceds i ntghle i ts amplee |, setti

-k AL =—A°RY, with probability

. A - zﬁle LFB F& N _ FUJ F}”— —ZFUJZF]J'LZ

i ETiph Ll - 7 @y
A — hs hJ_L Lm& N—Zhﬂzh”‘z— ho h”-

36Val i dat p @atnd rad sniptde laicm@ s si Alag SCP

The validatiwomseofsptabhé al apoeklo® GCiPs mioell ¢ mgn twe d
choosing the next | ayeirngast-pehoep etreasrte adsa t dhnsgett h ea nnde
prediction accuracy ofwowplod ®ttéhtey csopnatti lméd mexptentda
consecutive | ayALS GCrRe d& & p t-loanyeedr bpyr @ chiect i on i s al
of etxhter apol atiAMh&E GE@Pability of

Repr es ecnetleldnbien vev alf i dateicemeureepr edihet mul ti vari
Gausdiisnri bdtiginvedife obserd&mMBL digpt at o 4laasy et n
Ad LR | and cess$eétmmeet hyensity function of ol

patterwsth theé mdsasd pafpr axpdrcadadhopts t®cent obsel

L MR ,, (s adeufsiemed | ag parameter), neabskerhave oas
to predictnathestdiBshtr 3BTheoconditional independer
model AilmpLymBHR: follows a multivariate normal dis
%L L AL %L 4L Rt P, N4 (13
and variance
Aad L BRE | OADLL AL p , Ou )

wher eAgb—reprsdsmmnquentoilailt i on of porlodi Bt gcross
vizhe distdj buanome odsn(libmgt MALA 3i.r5 Sec.
The prediction of avie p  Ee ) is ebiamedi by yexpooemtial | ay er
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smoothing3 P from (2 Pas followswith weight| ,
£ £ p | £ ()
Finally, the predicted intensitfyrdBasctfi ol oéws t

ARopel 4L AL

® y3 21}
The predicted intensity fwatedi oocumdwictahiens t e
interest based on the information from previous
probability of the occurltercat odhapeddetmapatzi ahos

di stributi omeé&peamar e ledarirhiitsgkh ar eas prone to the
By comparing the predicted porosity with the ac
ALS GCiPn characteri zionng atnmoen gs ppaotrieasl ocno rsreegluaetnit i al

| aywaerse spatial evolution of porosity is validat

4. Appl i c AtLisoGCfootray-wir Per odod gl i ng

I'n this preapgdA®@GCiRshier sk ust rname digeeantelr at esl seque
of porseush,s eaqgqaugemlitileyd t 6 adbrimetadaledp amAiMn @ r Dicad® Basirm j et t
i smodel t-vhies el asypeart i al evol utt khei gdfs kp carrcesaist yi na nadn
based on tpheer oessittiymadresimp a,it iheeb asnp.at i ot empor al |l og

procekE6&6CRPIs apphhioedt hi s new -wppki pmadelntmggM | aye

part .

Theal i d&ul 68 ar e cnoonpbeernecch mairtkh mat hod i n ter ms
fidelsictoyr epfendimhmar k met hod empl oyed i sTaarmaesmpi r i
Wil letmal whkdiclkctly uses all the pores odeaf ipmesi o
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the areas wi

41L ay-wir speatsi al

Fisvet datwat aywvarse

mo de $ i BEhg (7) - (8),

t h

porbsghmskeas sonnghéagexts

anal ysi s

whespatihal

par ametdert er mi ne

t hkei spersi o wfthhe

pbe

fopoposumgr idaall y

hay e he

simul at ed

spat i eplodgeendu mer i cal Ifyr ogre ntehreat e

SCcC & e hmawdasnee t dairls ealte on

region

of

Si mulwat dadp pr oxp anrad melb bt ai XW@GHR c dnfDbhnihned e r

as
spatial scal

andstplaei al

scal e

sheéwglLreSpecmdtictad | of,

sahneo rcop rtmhed at, e aamuamidhagn ace gul at es

i Tnhteesree sd a taan da r

jetted coy

mi Bipmsmusedtraséesti mat e

e parhememeanss fofr whi chbeh aradr,dtalnecse, c h o s

p atiasned *tri mat ed

by

sC %l prifp@ar atmed egil mu ladd é daiyedears, e tdaidr ect i o

me t[3hDo @ oo fwi 1 rpivuslnneec ont r

suchktt heete quent igeaeln eirma eedsi sumd Piwg@ i &y

I n the

evolution

fifthalsayepore vii mairs

t hger a dl e alsien hl ea ywea rs e

sh énlud & CiRo die $

ttrained w

o fs pvoarl opsdi at ye, chtebavklig sgkn ar e a s

i th

da €roercrt ebl @ant w eocennTh & a yna rsse

f owirsd aypatsi dl
avfi t doorirdecec ur r e |

| ayerfsocrhndoeh e gmc@wmirolsayers i s

dalrectio

correl at laogrdalntelh evefeinif t ht Hiasy edecd@a6ed t o
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
., S . - F te r e, -
] - .. . - .
- v . ™ 2 ¥ e * 3 "c . *
1mm ...i .!'g Taw l"‘.:-. L "‘
Fi g®rRe pr e s esinmudltodhts & & e qtuieiarha glehse. ai pnr @ s ihleitegh akeas wi th
occurafenmarttes fildadhed agyrert he previous four | ayers.

ALS& GCiPs
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FigUsi Mgt r opdbjlust ed Langevin algorithm (MALA),
i mpl eme AL&dCROt h the first 4nQpCC iiotderdathieocnosn vaes gl
swifteybahmeri ogpar & eesttedgnvalitree ancespatial %cale p

| aye rs e dabrceaclte omgdb v mesle @C#r e summari zed i n

Tab2l ef r om hvwehipcate s ne ML £ GC®#r e within 8% of thei

Tab2Bar ames teis(naatre ,ancepati al %l aal yed rp e r ganwec aeltre omar amet er
i Bq(l Pusitrhge prAd@oGERhe numbers in parenthesis are the
(4000 sitre rMAL A)n

Parameter notationa the %
00 h—
layerwise spatal model

Truevalues of parameters

. . 4 10 10
for simulated dataH i g @) r
Parameter estimates using 3.750 9.246 10.781
LS- LGCP (0.730) (0.669) (2.897)

Relative error between the
) 6.25% 7.54% 7.81%
estimates and the true valu

With a separabl e At &VGaErRi @a nscpea tsitarl u cctoywraawdisinhhd en  a mc

a | ayer shdwr(aiwmh e rtehbea ywa rs e dd troercrte loant i o nsaacmoonsgs t h €

| ayers arFa gdawn iisn noted that bloaywae rspatalakbctioo

correlation deas&dsgdawsinichet h dawhleahy e lo@ydssi vdor eov

the preéediensdty fthhrectriegfidorne of i U shiAredk &i#Ps h oiwm

Figdrce whindhzradpa®ne to porositysewdttyheir corres

(a)

— Median
---95% Cl

——Median
-=-95% Cl|

Figwdie theoftcbet ek mul Ritedl( adattd ailn odbvaheaedpageshe di st a
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( H)ayve rs e dactroercrteddanttihopeampogesequenti al | aiyretresn s iatnyd f(ucn)c t
in the regfioorheofi.ihheltager

The statistAlcGCAndtluE@R YIi mfpredi priomg tameapoili o
nextayers i si thhemmpmpair eidc alu s appa mmak&idl | eam@BRThe
i mpl ementation of the emptiiskahrepgroachuides i te
Represent eacdwal agemaasix lwindarwal ue 1 at pixel s
Stackgr éehieous | ayers (previous four |l ayers in thi
matrix of which is calculated by the total <count
Normalize this gr ediaddea ,ovmda Imditadtxi g tOhe probabil
pores at As$l athes pdteaptgthfsikebdgr ehe t hraree ajppxtoaghee
i Fi gB.rMee mpiricalovapepsoaamiat esoft hpeo i ;/lepibiyfe nover |y
s e g mehnitgehdsrkdFaisg & M L GCPnder est i maitaxisdratsh & rginglh

i n coAlLE G@GGMRarkesver al r el ab guvoeul sy (Rlirapiéigges and

Fi g@8nfe) dosei tpy diod threi Ifaiyféthmer | y siegrimesnkteeads H denti fi ed
empiricalbeagpmatlikbd)malilgharkeas eiddShllyGCPianrdel(adt)i vel y | al
and cormtiigrhwokesas | deptriopia@® GICWY t he

Atsatisti ckeslc dmacacamlei nati on of ,priesc iguesiceodt itdoy d t § €
accur actyhroefe tnngetr lecgltehpeor opsridayeeas on t[BRl mexhi 4 ay
context, precision represents the percentage of
i ndexcatthe pere@entageoof eRrtdcoyi siidoemtanfd edensi ti vi't

inversely related to the Type Actanvdenidoyeplelt il ¥ e sd¢ al
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ar e dted i melecwdrad ei F t heALdi GCR et i zati on of
Def i nd3(Acitonvanideadtt ) reaccdlyvliesccerllll diimsctried i zed reg

i ntehmst occupied by the predicted poreraecwictelh | hi ¢

is deemed as the <cell notT hoec cfumli leawibnyg tthher eper esdti

esti maseot é&e

1) Nor mathez predicted intensitey iim.@dcienor segeid@n of
probability of the occurrence of pores

2) Thsleothed -webé& prbopabietitinwg the pirshablirktintey hao
t hrestoindact ovekeebli ng vahledepr bbabil at gfecarnt han t
active cell

3) Cat egtolré zreegiachi wepbedil ct ed me® g ieeni nwva d thiavse c el |
t hperr edi ction of nor mal condition.

Wi t h Bshceosraen be @aal cul at ed

A OALAA ODB 6 B & EIOBEROA A BEADAN® ¢ i
- O1 @A ABO A A EADAID® o i

(2%

A= =

I QRN APA ODAG BRR G i

... .. OOAAEQGRI IOEOEOEOU
& ORAT OA ———— ~ —— — 8~ - ~ - .
00AAEGRIT OEOEOEOU

't i ¢ hradntcdede e mpi r idcoaels anpopta mogeetcndenrsaittey f uwét i on,
onies astsoqgdndeed | s with pores famadmppizéaioo ltsot Wt ahyee rc
without pores dimdm (friagbwiVdeles clpager esul tsefsesrofhe
Si mulse@ged miaigaeseu mmai mMa®é3dl ef r om twhisc heALRBGRas hat

t he hHsgchderpat eid dha tg hasrkeoans t he .makitgh ayreeci sioh and s
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ALE GCPubstanti atemsotripormddacgf drhel pocedEBGELELt j nt o
which i gnor kalsosNeea spainidni divzemiermay 4 o unperesitt ynat
pr oanree a 3ehmp i ri cahaappeporgecchboeic @ani ge oirteasywd s @at i
correlation atnoenrgevbgyme €tsi maantde 8 k d Tieer elf olg &8 GCP

overcomes the challenges with both existing app!

Tab3Bscore results for ifGovmep agdttdsempfor $ ic mlS @ @H adchalth a
ALSE GCPThe values in the parefmathefsiselarepltiheatsitamsar d

Empirical approac ST-LGCP ALS-LGCP

Precision  0.68 (0.147) 0.79 (0.0%5) 0.81(0.106)
Sensitivity ~ 0.96 (0.037) 0.77 (0.18) 0.98 (0.019)
F-score 0.79(0.08%) 0.76 (0.042) 0.89 (0.046)

A hypothesis test regarding wshceotrheesr otfh et hdei f
aforementioned approaches are significant or not
"O g,F-scorempirical approach)y  F-SCOrg@st.iccp)  F-SCOr@ais-Laep
"O d Not all theF-scores are the same
Tabdschows the output toHatt hteh AMN®OVAsaaabyatbstica
i n tshceorles odpprheachasef i ghsé&diacteiarsg of hgpberpes on
significandode bBeel.0y.e0 gvEMBi)c h it heb @lr ewse tgenrinfiiinceadhce | e

the t &st )i 06. ,

Tab4dANOVA for comparing t-h&6CPmplad &CiRrl tagHpmmss ackiny eST
set s mufi ag.Fdedsitagni ficance | Bwveld. ®F the test is preset

Degree off Sum of Mean

freedom | squares | Square - prvalue
Approaches 2 0.0554 0.0277 8.177 0.0038
Errors 12 0.0407 0.0034
Total 14
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I n order to explore the difference anmarkggyt he s
pai rwi se tempatiissompl ement edf T®Imblesseh oavmd KBiEHCP out c o
significantly outperfor(msirthot @ Cadh ek TeCr@wii if ihc a | ap

0.0132) ismcaresns of F

Tab3Mul tiple comparison WwWhehefhpkey chRIGCRphind é€CiBst STor
t er msscoofr els. The significancé.0D6&6vel of the test is pr

Mean Difference  95% confidence level
(1) Approact (J) Approach p-value

-0 Lower |Upperboung
ST-LGCP Empirical approach 0.0063 -0.0912 0.1045 0.9842
ALS-LGCP Empirical approach 0.1320 0.0337 0.2302 0.0097
ALS-LGCP ST-LGCP 0.1257 0.0275 0.2240 0.0132

42Appl i c AtLigdoGCPooprr edi ct i on bohdeedophbtysin

In this case stuldiy$s GChBmoeeérF e awiislea gsepsast i aafl evol
por oissi twewi ifhiceogopetr gllmade on ©hhien deurt hjoeatE X <ige mac h
R2.Bindepgi gretdddiiti ve manufacturing process in wh
deposited to | @illAspoewmdremm yitaet bei pest ed binder dr
the powder particles to form pgéantiitornwvals Itdayder stO
ideposiaedew | all®dm otf hiipokv)kecroat ed on top of the
then printed and stitboHedhti ade h.e-bPhaeyveira ypsrr ol caeysest
repeated to create wiiec lp ouwmipletdit ik afguaieneancagp atr tit ez e
bi ndebri halned powder ptao h titahliee praotdoligheet hpearr t may al so b
to a secondary infiltrationnprmpoeesdetwa.mpioappewer
parts ar &it hfabffteesratseidnt etrhing wor k, the secondary

conduct ed
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Powder
Reservoir

B Powder Powder .
=-. Reservoir Bed
A = y ole; e |
Fi go(ahe rhreiardt of the EbOndeBBkpitictheer jef(ting

The cmopawiteirhtri cate features made FugigXClli nder
scanniwigtsho!l 1@ Qimmsn w~sed to visual i@ tthe saren treeagi c

paags Figid &8y aligning the scanningtéteCBcans®ncan

be rel agdcetdu aClBayweenrrs from | ayer s 16 gtuldfeceu glle nXlerar

materi al is remdeoed whilhe bholglh odwa rfkebaetawweese an d
di r eacttoirornel ati on i s estimated to be at | east si X
that the pores between | ayers are independent i s

FigabRequeXxn tBadn i mages on the stmamer ¢ gi &®m nsedelrd diteetd: o m |
forl aywdrp@r osi ty model.i nT{ghea nsdi zper eadfi ctth eo ni, mavg ¢ & i~s 1&MMd Wt
pi xel s

I'n t his Acdafs@CiPatsuediyqtd @ | t-vhies el asypeat i al exymd uti on
identif-gyr ohe @aoeas i n Tthhkd S$bA@CRAbare | j e tst gpdh diprdgatt .e d &
t hpeoors iptryo n e o drheca st ma flesgyle+l ayebadb8y on i nftdremati o
prevdibayg€hiss choice of the opti mal number of si X

fact that: while using |l ess than six previous | 8
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previoss cbaVydr cause overfitting of t he Gmodel ,
generalization abil iThe iefifprcediodt usgnighedi iéetr elna
for predicting the Abs GEiIP$ ys m@miwg lhlieawhe xcth |ianyde rc abty
the prediction accurasyoreavhéeéset re 8péoalwi ahersa
steadily edeadt ®&&I&EPt ht he i mages of stemlr5edgi on ¢
pi xels, and they ar e3 diisxcgrlast.d mlatde i nd Dt, i mdstlpeast wiavl d
scal e p%r dmmayteeer dd b cealtd omgr me tuestiGICP AalrSs s ummar i z
Tabd eThe | arge akdalee op-airdapniesitceisi osnt r ongocesr @lhat i

consecutive | ayers.

FigafieThe Fsvceoaoraeger esul ts for predilcatyienrg 4t0o)t awh itlhei rutsyi r
numbers of prAd VB ®@RE | ayers by

Tab6:e Par amet eerare,@afnicempbaebal $claalyse rghéa r eackectaglne p-ar amet er
in.(Ey using tALd& @GPOopbseedumbers in parenthesis are the
( 40i0t0er ati ons i n MALA).

Parameter notations » %0 —
Parameter estimates using 3.127 14.210 20.466
ALS-LGCP (0.346) (1.286) (3.747)

As da mons tAlL&ktdCdPe,ppl i ed onat ¢pmepodbidrmhti sfpeladd met h e
i magleasy e ay@i w2 gl eolraywdrse@ at i alo famradespstilyailthieo n

predictéedkhiaglkeas At & GICPyHRGECR 2a&dypt hi cabhrapphownh
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i Fi gb&Feor comfphaxmpsiorni cali dappi baes ptoh epsrsdagenearst e d
Figaebby directly wusing all theegpicE®iECPIrmds pr e
rel at avmgbbwd d hl d oavl ([(Fantgda @ £i)nn yit th anse dpmocient o di mensi o
poi nt s te nhdesn cteo iutn dceervexafti ittrjhadt rep o eds & G Grifa, rrkesl at i vel y
| arge and cwhtihmgoiunst caisegallsg dlf y ac c o utnhtei nsgi zfeoro f

pope andlbe astahragwe rs e da btroercrte loantpiroenv iaomudsi g ynarge)s

True data Empirical approach ST-LGCP LSLGCP

- @

Layer 22
Fighelea) The porecGbpnovéael y agieghknedn eas hidggeant i fi ed by t

(benchmar k metihsdkd )a;r e(acs) whitghh | ow SHLOGGH ainnt-E g k thargéd s n
with high | ocal intensSlLde @CPdenti fied by the proposed

Thesdor e r pebailntghtef cprortoct alyr tfyor|l ayvenygeflr daper 1
summail imMab@leL & GCPast% hi ghedrpdf eidnhgi tg hakeas on t he
|l ayer than ttheitswal mot hoded LBEP t mprpeefor manhe

case study scionucled scnaatlelr pfoorresits as.sumption of di

TabT:Bsscore rpsetigottifdr t hirty|l baggeCddf draitsoen ednpi ri cal
appr,sdlcCP Ah& GCPThe values in the parenthesis are t he

Empirical approac ST-LGCP ALS-LGCP

Precision 0.77 (0.144) 0.72(0.13) 0.79 (0.105)
Sensitivity 0.85 (0.119) 0.94 (0.058) 0.95 (0.056)
F-score 0.80(0.100) 0.81 (0.®0) 0.86(0.064)

The osictfputthe ANOVA abdbdied ¢iddhestte t here is a stati:c
di fferenceoras tdhfe tFhe t hr e e haipgphr soka cahreesa sf oaf pp eerdd

with the signkBRic.hge.0,e 0QdHBIYeh iiss Obhe&®l ow t he predet
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| elveof the tefFtud§)hee mor e, the results of t he mu
hoc tTadlsdi onw ALBGICPI gniyf iscuarnpttemgpe s i cal nappgeobatchyi
t he -pproorree ar e as cigqmwatitehOmD)pdf2a R @ uit p e a [f-lo@ GiFunt & T

to a statisti@alnhsd.gh7#9%)cant extent

Tab8e ANOVA for comparing -tBGEPcAlpA&GCieal t empspgooraecsh Fo nS T
predicting totall anhedh4g0rigerti (aager| Bdlel 0005t he tes

Degree of| Sum of Mean
F p-value
freedom | squares | Square
Approaches 2 0.0616 0.0308 3.682 0.0292
Errors 87 0.7282 0.008t
Total 89

Tab%e Mul tiple comparison with TukeyL@OR,tAl&®&CiIRnest f or
t er msscoofr els on predictingl apenml 40hirThel ayensfi(tanee
as 0.065.

Mean Difference  95% confidence level
(1) Approact (J) Approach p-value

-0 Lower |Upperboung
ST-LGCP Empirical approach -0.0043 -0.0606 0.0520 0.9820
ALS-LGCP Empirical approach 0.0575 0.0012 0.1138 0.0442
ALS-LGCP ST-LGCP 0.0532 -0.0011 0.1096 0.0579

From these results, FHLtG CiPs aecvhii ceevrets tstuep epri @mp 0 e«
| ocation and sever iTthye soef rpecsruostist yarien iAW opratratnst. f
since accurate prediyeri ponrefs wher ¢ i-atvd pwh owbrch a

prescription for i mpptoivrtirnzg itbgogo had[B g5@chessi gn and

FigaB8e The number of pores withitnhhreehgesefFetulgadysrdgiapy
40) are uwiesefpor obsaiyey prediction.
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Continuing with thelL&6RI| gs(lbalpdgmn vPefl yti ng KILIBSd e
jettedeppecgmiildhe of por eesstonnaaraecdh(Phb aBlge.t | | st r at ¢
FiglbBetogether Wwithia hbtiedablenthat porosity
FiglBetends (t(Thhebgpriupds€®Rppr ohahb tlaenardde ri sntga nodf
por osi talyarywe tahsiarmved $ s alsd ynerod hietprAvd.r des Baccur ate gl
foprore distribution in 3D spaseefihdcl eadsmabetihea
Conseqgqthentlepg,ul tLsGCii d InnAELS ument al fomupaumresiptry nit
patbtys feur oplmocess or .He sdxgtne rod tti hmi s aftu rotnher ,

1) AL GC®Pan di sctoinmpuwiuseer osi ty from t ho sper occaeussse d
def ¢special scabsa¥(Byosylse eenlad g s alel ys pdhmnayratki fayid
wise distri bfutoino nX®Tfc dpaopraorseéedd yt o ot her pesrosity
suclleasity meadptugistssoeings arlad tea ippaHoec&asd phenomena
at t he arviottVhoef AL &GICHRe d etl hii i wdea&&ke auender | yi ng
trambrosity octauvremazieofdauee d misn g hprivgd & |s

2) ALE GCPanubed to study the porosity AM sThebut.i

attenuatriaoyn ionf hX gh el ement number materi al s

di mensi onal l'imitation XGB ¢rirn gAamml & eviemdgnt , s u bhj
of a | arge artifact can | ead to a requireme
compromi sed resolution. When the overall por o:¢

idgi fficult tscecabtoani m,r @pespiedmlélncbéeXCHBacmamdgby
Tle obtained(@ogosithedpodorne n uFmbgeirZsefh ngdl Bdei st r i |

C amu b s e gouee nutsteyd itnee eppohbes udnmced ones of this | a
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using t heLP GCPRoGtelldr ough extrapol ati on
5. Concl uasnidonFsut ur e Wor k

This research adyvawicsees sapna taiuaggimelna ge dG-H @E/Be)ra h o Co X
understand andvi medeslpatvthelt!| dfempore formation in
Speci ft i h&a®&AG@Ro dfeilr st represent sXCBeapoiemagekser ve
product with augmented point patterns,anghiacleudi nc
of the pouesltiheesfppattilaér correl ations among the ¢
to pores aoynelrdsi .t héehsédklmw®d GRPpadr oach i s applhieddeéeno pa
jetting whereviutl nletoaa dd cersotshihtesyt aart é &g i ¢ a~l 8f5i% e(IF t y
score).

Accor dhingplryk, ptaccrd gamraltymibcal odi to under st and
porosity FnoWmMt par mevtihsa dadnleo piroegplosed aapgpmeoaed p
i ncorporates nMtutomlly ot héhel aooatpihgsruss hihesalaefde at ur
forimmteo anhal TeeselL &GCP, i ALSBapabl e of accurately es
to describe thker opnopteh edai psptlaiicbauttiioonn poi nt of view
knowl edgelL,LGQPhei sALpSer haps atyheer sfei r3sDt swoartki aul s imogd ell
porositys ofitthleM epfogrhel fai cant | mprovemen(tpenveaent age
porosity usydvdlouma)anti fy porosity, namely, the
vol ume.

By evaluating the qwabket maoheAM par hasi a @arlomy e
i mprovement and process optimamdtpant bgeanpostoDr

the porosity .0hedpftdwettecewcriad |iayy-prBae poeasi by a p
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ascertained based on a few test parts, and the a
for scal eorprloadrugcetri ®@env & itd raicvsesndiantaal 8 r @pls ¢otpps etdh a't
approach caandread iehieidflertbanedpbAMdprocesses.
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andi hrgesmedi es to eliminate porosity either by o
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