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A k o ledge e ts 

The autho s g atefull  a k o ledge the Eu opea  ‘esea h Cou il E‘C-ADG-  fu di g a d UK s E gi ee i g a d Ph si al S ie es ‘esea h 
Cou il EPS‘C  fu di g of the EPS‘C Ce t e fo  I o ai e Ma ufa tu i g i  Ad a ed Met olog  G a t ‘ef: EP/I /  

I t odu io  

Addii e a ufa tu i g AM  allo s fo  fast fa i aio  of th ee di e sio al o je ts ith the use of o side a l  less e-
sou es, less e e g  o su pio  a d sho te  suppl  hai  tha  ould e the ase i  t adiio al a ufa tu i g. AM has 
gai ed sig ii a e due to its ost efe i e ethod hi h oasts the a ilit  to p odu e o po e ts ith a p e iousl  
u a hie a le le el of geo et i  o ple it  i  p otot pi g a d e d use  i dust ial appli aio s, su h as ae ospa e, auto o-
i e a d edi al i dust ies. Ho e e  these p o esses u e tl  la k ep odu i ilit  a d epeata ilit  ith so e p i ts  ha -
i g a high p o a ilit  of e ui i g e o k o  e e  s appi g due to out of spe ii aio  o  high po osit  le els, leadi g to fail-
u e due to st u tu al st esses.  

This stud  p ese ts a  a tefa t that is opi ised fo  ha a te isaio  of fo  usi g o puted to og aph  CT  ith ep e-
se tai e geo et i  di e sio i g a d tole a i g featu es a d i te al ha els a d st u tu es o pa a le to ooli g ha -

els i  heat e ha ge s.  Fu the o e the opi isaio  of the CT a uisiio  o diio s fo  this a tefa t a e p ese ted i  light 
of featu e di e sio s a d fo  a al sis. This poste  i esigates the a u a  a d apa ilit  of CT easu e e ts o pa ed 

ith efe e e easu e e ts f o  oo di ate easu i g a hi e CMM , as ell as fo us o  the e aluaio  of dife e t AM 
ethods. 

‘esults 

Visual de iaio  a al sis as pe fo ed usi g Caia Dassault S ste es, et , ith the use of the digiized shape edito  od-
ule the o igi al .STL ile is o pa ed to a .STL e po t f o  VGS. With a  a e age of  illio  ii g poi ts a d VGS est it 
egist aio  at a a i u  ualit  le el of , odels a e o e laid a d fo  de iaio  as a al sed. G ee  a eas ep ese t 

de iaio  ±  f o  o igi al desi ed fo . ‘ed a d pu ple a eas depi t egio s that o tai  g eate  ate ial o  a pi g out-
side the desi ed fo .  

Addii e Ma ufa tu i g Methods  
Th ee AM ethods used i  this stud  i ludi g p i i g pa-
a ete s a d ate ial ha a te isi s a e as follo s:  
. Di e t photo- he i al alte aio  of li uid pol e  o  Ste-

eolithog aph  SLA  uilises e to  s a i g ult a iolet la-
se  s a i g to solidif  li uid photopol e  uilt o  a lo -
e i g o  hi i g ed depe di g o  a hi e desig  to p o-
du e a th ee-di e sio al o je t.  

. High po e ed lase s a e used to si te  hose  egio s of i os opi  pol e i , etalli  o  e a i  po de  pa i les, i  
se ue ial t o-di e sio al oss se io al la e s, sele i e lase  si te i g SLS   

. Fused deposiio  odelli g FDM  used the oplasi  e t usio  to uild a thi  t ead like spool of pol e  to eate a oss 
se io  of the pa t la e   la e , si ila  to a hot glue gu  o  gas etal a  eldi g.  

  SLA SLS FDM 

Ma hi e Make/
Model 

D S ste s: 
iP o  

D S ste s: 
sP o  

He let Pa ka d: 
Desig  jet D olou  

Mate ial Clea ueLi uid 
Pol e  

PA  Po de  ABS Fila e t 

Solid De ist  . g/  . g/  . g/  

La e  Thi k ess .  .  .  

The al E pa -
sio  

 μ / -°C .  μ / -°C .  μ / -°C 

‘esults 

The CT easu e e ts a e less a u ate a d the le el of u e tai t  is g eate  tha  that take  usi g CMM. Fu the o e a  
i lue i g fa to  o t i ui g to the i a u a  of a CT easu e e t is i  this ase usuall  lo e  tha  the o el size of the 
s a ; this i ludes the al d it, e ha i al sta ilit , ag ii aio  a d o je t o ie taio  to a e a fe , these fa to s he  
o i ed o t i ute to the o e all oise of the easu e e t s ste  a d is dii ult to o pe sate fo . This pape  e plo es 

the appli aio  of de iaio  a al sis of a  AM a tefa t opi ised fo  the use i  CT ith e o  o pa iso  to CMM efe e e 
easu e e ts. Visual de iaio , usi g sot a e to supe i pose s a ed CT data to o igi al CAD odels allo ed fo  isual 

o pa iso  of a a iet  of AM ethods, hi h p o ided a ea s to p eli i a  a al se the fo  that is eated as ell as its 
dife e es i  featu e posiio . Th ee AM ethods e e a al sed fo  fo  a d di e sio al a u a , ith a goal to assess 
the apa ilit  of CT s a i g a d sot a e e o st u io  a d easu e e t a iliies to the gold sta da d CMM ethod. The 
o pa iso  e ide tl  de o st ates olo aio s et ee  dife e t easu e e t te h i ues ith fe  outlie s, ith a o -

pa iso  of su fa e dete i aio  ethods e plo ed. The e t step ould e to i esigate CT s a i g staisi all  hile e -
plo i g the la k o  pote ial of the o t i ui g u e tai t  fa to s.  

A tefa t Desig   
This e h a ki g a tefa t has pote ial to e i ple e ted i  tesi g so e p o ess li itaio s due to the featu e sizes a g-
i g f o   to . Methods that a  e e h a ked i ludi g oth etal a d pol e  AM, s ali g of the a tefa t a  

e e ui ed.  GD&T featu es ha e ee  desig ed i  a  a a ge e t e ei ial to the p o ess of CT s a i g. This li d i al 
a tefa t ill p o ide e e  ate uaio  of - a s i  hope to a i ise detail a d esoluio  hile taki g a se ies of p oje io  

CMM U e tai t  Dete i aio   
To o tai  efe e e easu e e ts fo  ea h sa ple, a  a e age of  easu e e ts fo  ea h featu e pe  sa ple as dete -

i ed as pe  ISO - . The pa t as take  of a d ealig ed fo  ea h easu e e t to e su e u i ue easu e e ts u i-
ased to the p e ious ite aio . Measu e e ts e e take  i  a te pe atu e o t olled e i o e t i  the a ge of ºC/± ºC 
a d to a ou t fo  i o  te pe atu e a iaio s. 

Methodolog   

ISO a d VDI/VDE guideli es ha e ot u e tl  ee  applied idel  to di e tl  assess a d ha a te ise of AM sa ples usi g 
CT, so this pape  details a d seeks to do this, appl i g these p i iples to AM ate ials o st u ted usi g dife e t ethods. 
All featu es o  the AM a tefa t a e easu ed a d o pa ed to CMM data to assess sta ilit  a d a ia ilit , de iaio  is stud-
ied a d CT data is e-e aluated. A o p ehe si e GD&T st ateg  is eated a d f o  this a te plate is ge e ated a d applied 
to s a ed data usi g est it algo ith s to egiste  sa ples.  Th ough this dete i ed ethod the o pai ilit  of geo et-
i al featu es i ludi g fo , di e sio  a e i esigated. 

 

P oje t Outli e 

 Detail the de elop e t of a CT-spe ii  a tefa t, p odu ed usi g ep ese tai e i dust ial AM te h ologies. This has ee  
de eloped ith a ie  to e o passi g the opi izaio  of the easu e e t te h i ue su h that a elia le a d o ust 
o pa iso  of the dife e t AM ethods a  e a o plished.  

 De iaio  a al sis is a ied out o  ea h of the AM a tefa ts a d a o pa iso  of de iaio s i  fo  of AM a tefa ts is p e-
se ted.  

 Measu e e ts f o  CMM ill e used as a efe e e a d o pa ed to featu es e t a ted f o  CT s a ed data. 

 A  outli e alidaio  of the CT s a i g ethod usi g CMM data is p ese ted, u e tai t  udget is dete i ed a d o -
pe saio  fa to  al ulated. 

Co pa iso  of Dife e t Addii e Ma ufa tu i g Methods Usi g Opi ized  
Co puted To og aph  
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A tefa t Desig   
The te  addii e a ufa tu i g a d su se ue t p o-
ess s sho  i  Ta le , te ed  Naio al I situte of 

Sta da ds a d Te h olog  NIST  & A e i a  So iet  
fo  Tesi g a d Mate ials ASTM F  o itee 
gai ed ide  ailiaio  i  the ea l  s. The te i-

olog  des i es a p o ess of se ue ial la e i g of 
ate ial f o  a digital odel, to p odu e D ph si al 

o je ts. AM is ot o l  used fo  p otot pi g . 

 GD&T featu es ha e ee  desig ed i  a  a a ge-
e t e ei ial to the p o ess of CT s a i g. This -

li d i al a tefa t ill p o ide e e  ate uaio  of -

a s i  hope to a i ise detail a d esoluio  hile 
taki g a se ies of p oje io  alo g its e t al a is. This 

e h a ki g a tefa t has pote ial to e i ple e t-
ed i  tesi g so e p o ess li itaio s due to the fea-
tu e sizes a gi g f o   to . Methods that 
a  e e h a ked i ludi g oth etal a d pol -
e  AM, s ali g of the a tefa t a  e e ui ed. This 

ield has ee  esta lished  the ea s of desig i g 
test sa ples hi h e o pass a ious GD&T ha a -
te isi s.  

Cu e t a tefa ts p odu ed fo  the ali aio  of  CT di-
e sio al et olog  i lude  tet ahed o  o  Calote 

Cu e a d u  sphe es i  a ious o igu aio s, these 
a tefa ts a e used fo  geo et i al ha a te izaio   

easu i g fo  a d di e sio . A tefa ts a  also e 
i luded i  t a ea ilit  a d sta ilit  epo ts, allo i g 
e d use s to t a k a hi e pe fo a e o e  i e as 

ell as suita ilit  fo  p otot pi g o  e d usage. Co -
e sel  u e t ge e aio  AM a tefa ts a e ot opi-
ized fo  the use i  CT, featu es a e desig ed fo  the 

i te t of CMM e ii aio  a d easu e e ts. Co se-
ue tl  easu e e t of su h a tefa ts ith CT leads 

to lo e  esoluio  s a  tha  desi ed due to the o e -
all aspe t aio of the a tefa t a d u e e  - a  ate u-
aio . 

FEATU‘E PU‘POSE 

Flat Base Flat ess a d st aight ess 

Cu e S ua e ess, pa allelis , li ea  a u a  a d epeata ilit  

C li d i-
al Hole 

Rou d ess, li d i it , a u a  a d epeata ilit  of a-
dius i te al  

Sphe e Sphe e ess, elai e a u a  a d epeata ilit  of a 
o i uousl  ha gi g slopi g su fa e 

Solid 
C li de  

Rou d ess, li d i it , a u a  a d epeata ilit  of a-
dius e te al  

Hollo  
C li de  

Rou d ess, li d i it  a d oa ialit  of li de s 

Co e Co it , slopi g p oile a d tape  

A gled 
Su fa es 

A gula it , a u a  a d epeata ilit  of a gled su fa es 

Featu e I.D U.I.D Tole a e 

Slope A gula it  SA 

SA  

A gula it  

SA  

SA R 

SA L 

SA  

SA  

Cut Cu oid Pe pe di ula it  CCPE CCPE -  Pe pe di ula it  

Cut Cu oid Pa allelis  CCPA CCPA -  Pa allelis  

Cut C li d i it  CC CCC -  C li d i it  

Boss Cu oid Pe pe di ula it  BCPE BCPE -  Pe pe di ula it  

Boss Cu oid Pa allelis  BCPA BCPA -  Pa allelis  

Boss C li d i it  BC BCC  C li d i it  

He isphe e Sphe i it  HS HS -  Sphe i it  

Pipe C li d i it  PC PCC -  C li d i it  

Cut Cu oid Flat ess CCF CCF -  Flat ess 

Boss Cu oid Flat ess BCF BCF -  Flat ess 

Fu the  o k  
I age o e io  of CT usi g ali ated all a s a d all palates to eadjust eadi g, a ou t fo  s a i g e o s a d ill look at s a  o ie taio  a d 

hethe  o  ot the al fo al d it, D s ali g e o s, a hi e a ipulato  geo et i al e o s a e g eate  tha  the o el size of the s a  to ake de-
i ii e dife e es to easu e e ts. A tefa t desig  fo  the a ufa tu i g ith etalli  ate ials ill p o ide u i ue o sta les, hi h ill e e -
plo ed i  the futu e. Fu the  studies ill look at a si gle AM ethod su h as etal a ufa tu i g ith a i g a hi e pa a ete s i  o e detail. 

SLS     SLA      FDM 


