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Executive	  Summary:	  Historically,	  manufacturing	  processes	  have	  been	  predominantly	  subtractive,	  
i.e.	  three-‐dimensional	  objects	  were	  created	  by	  successively	  cutting	  material	  away	  from	  a	  solid	  block,	  
by	   scraping,	  machining,	   turning	  or	  dissolving.	  Additive	  manufacturing	   (AM)	  or	   three-‐dimensional	  
(3D)	  printing,	   in	  contrast,	   is	  controlled	  material	  addition,	   implemented	  by	  successively	  depositing	  
layers	  of	  material	  until	  a	  predesigned	  shape	  is	  formed.	  AM	  represents	  an	  innovative	  manufacturing	  
technology,	   and	   is	   set	   to	   transform	   production	   processes	   from	   design	   to	   manufacture,	   and	   to	  
eventual	   distribution	   to	   end	   users,	   ultimately	   leading	   to	   an	   increase	   in	   energy	   efficiency	   and	   a	  
reduction	   in	   gas	   emissions	   for	   future	   generation	   of	   industries.	   The	   unique	   capability	   of	   this	  
technology	   to	   produce	   intricate	   geometries	  with	   customizable	  material	   properties	   has	  made	   it	   a	  
widely	  interesting	  and	  welcome	  development	  among	  scientists,	  industry	  and	  the	  general	  public.	  Its	  
wide	  acceptance	  has	  continued	   to	  make	  3D	  printing	   technology	  more	  openly	  accessible,	  and	   low-‐
cost	   desktop	   printing,	   with	   the	   capability	   to	   reproduce	   3D	   objects	   from	   medical	   prostheses	   to	  
weapons,	   is	   rapidly	   increasing	   in	   availability	   to	   the	   public.	   However,	   most	   research	   and	   media	  
attention	  has	  been	  focused	  on	  the	  ingenuity	  of	  this	  ground-‐breaking	  technology	  and	  its	  wide	  range	  
of	   possibilities.	   Very	   little	   consideration	   is	   being	   given	   to	   the	   adverse	   effects	   of	   the	   seemingly	  
unstoppable	   advancement	   of	   AM	   technology	   and	   unrestricted	   access	   to	   3D	   printing	   techniques.	  
Also,	  proponents	  of	  AM	  technology	  rarely	  take	   into	  account	  the	  overall	   life-‐cycle	  cost	  and	  risks	  of	  
failure	  of	  the	  manufactured	  part.	  Despite	  the	  promising	  prospects	  of	  this	  novel	  development,	  there	  
are	   still	   concerns	   about	   how	   printed	   products	   will	   perform	   over	   time,	   the	   consistency	   of	   their	  
quality,	  and	  the	  types	  and	  safety	  of	  materials	  used	  with	  this	  technology,	  especially	  with	  very	  large-‐
scale	   additive-‐manufactured	   products.	   This	   paper	   brings	   to	   light	   some	   scientific	   and	   policy	   risks	  
and	   challenges	   concerning	   the	  material	   science	   and	   engineering	   aspects	   of	   these	   issues.	  Matters	  
discussed	   include	   life-‐cycle	   cost	   analysis,	   end-‐product	   safety	   and	   quality	   assurance/control,	  
regulation	   gaps,	   digital	   piracy,	   and	   resulting	   loopholes	   in	   safety	   and	  national	   security.	   The	  paper	  
also	  presents	  potential	  options	  for	  curbing	  these	  risks,	  and	  otherwise	  adapting	  to	  the	  eventualities	  
which,	  with	  certain	  inevitable	  factors	  in	  play,	  may	  lie	  beyond	  control.	  

	  
Background	  and	  Prospects	  of	  Additive	  
Manufacturing	  Technology	  
Many	   industrial	   applications	   for	   Additive	  
Manufacturing	   (AM)	   have	   been	   developed	   over	   the	  
last	   few	   years.	   Industries	   such	   as	   aerospace,	  
automotive	   and	   medical	   are	   embracing	   the	  
advantages	  of	  AM	  and	  implementing	  the	  technology	  
successfully.	   Although	   additive	   manufacturing	  
systems	   have	   been	   used	   by	   aerospace	  

manufacturers	   since	   its	   beginnings	   in	   the	   1980s,	  
rapid	   advancements	   in	   AM	   technology	   in	   the	   past	  
few	   years	   have	   brought	   about	   a	   notable	   rise	   to	  
applications	   of	   the	   technology	   in	   this	   industry.	   AM	  
was	  formerly	  one	  of	  the	  prototyping	  technologies	  in	  
aerospace	   manufacturing.	   However,	   as	   recent	  
developments	   suggest,	   additive	   manufacturing	   has	  
the	   potential	   to	   transform	   the	   production	   of	  
aerospace	   and	   defense	   components,	   and	   its	  
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prospects	   in	   these	   industries	   are	   already	   growing	  
fast.	   For	   instance,	   Airbus	   is	   exploring	   90	   separate	  
cases	   where	   AM	   might	   be	   applied	   on	   its	   next	  
generation	   commercial	   aircraft.	   GE	   Aviation	   is	   also	  
set	   to	  manufacture	  up	  to	  100,000	  parts	  with	  AM	  by	  
2020.	  Four	  supposedly	  critical	  aspects	  the	  aerospace	  
industry	   expects	   to	   derive	   value	   from	   additive	  
manufacturing	   have	   been	   identified:	   reduction	   of	  
lead	   times,	   reduction	   of	   component	   weight,	  
reduction	  of	  production	  and	  operational	   costs,	   and	  
reduction	  of	  the	  negative	  environmental	  impacts	  of	  
production.	  	  
In	   the	   automotive	   industry,	   likewise,	   strides	   are	  
being	  made	  to	  work	  toward	  a	  holistic	  approach	  for	  
metal-‐based	   additive	   manufacturing.	   Audi,	   a	  
German	   automobile	   maker,	   and	   EOS,	   an	   e-‐
manufacturing	  solutions	  company,	  are	  now	  coming	  
together	   to	   focus	   on	   high-‐end	   solutions	   centered	  
around	   additive	   manufacturing.	   The	   premium	  
automobile	   maker	   is	   said	   to	   be	   set	   to	   operate	   its	  
own	  AM	   solution	   as	   it	   implements	   technology	   and	  
learns	   from	   the	   expertise	   of	   EOS,	   creating	   a	   new	  
Ingolstadt-‐based	  3D	  printing	  center.	  
The	   advantages	   of	   additive	  manufacturing	   are	   now	  
widely	   recognized,	   and	   are	   being	   projected	   to	  
transform	   manufacturing	   processes	   for	   many	  
industries.	   From	   the	   building	   of	   customized	  
prosthetic	  limbs	  and	  of	  body	  tissues	  from	  living	  cells	  
to	  the	  design	  of	  limited	  edition	  jewelry,	  to	  scientists	  
recreating	   a	   life-‐size	   replica	   of	   the	   Shelby	   Cobra	  
sports	   car,	   the	   range	   of	   possibilities	   of	   3D	   printing	  
technology	  is	  already	  vast.	  
With	   more	   companies	   developing	   production	  
equipment,	  more	  materials	   becoming	   available	   and	  
more	  end-‐user	  industries	  adopting	  the	  technology,	  it	  
has	   been	   predicted	   that	   the	   growth	   in	   the	   Additive	  
Manufacturing	   industry	   will	   be	   a	   rapid	   and	  
substantial	   one.	   Wohlers	   Associates	   –	   industry	  
experts	   in	   providing	   technical	   and	   strategic	  
consulting	   on	   the	   new	   developments	   and	   trends	   in	  
rapid	   product	   development	   and	   additive	  
manufacturing	   –	   reported	   in	   2013	   that	   the	   market	  
for	   3D	   printing,	   consisting	   of	   all	   products	   and	  
services	  worldwide,	  grew	  by	  24.1%	   in	  2010,	  29.4%	  
in	  2011,	  and	  28.6%	   in	  2012	   (from	  $1.714	  billion	   in	  
2011	  to	  $2.204	  billion	  in	  2012).	  The	  average	  annual	  
growth	   (CAGR)	   of	   the	   industry	   over	   the	   past	   25	  
years	   is	   estimated	   to	   be	   25.4%.	   The	   3D	   printing	  
industry	  is	  expected	  to	  continue	  strong	  double-‐digit	  
growth	  over	   the	  next	   several	   years,	  with	   the	   global	  
value	   of	   the	   industry	   currently	   estimated	   to	   reach	  

over	  $10	  billion	  by	  2021.	   	  A	   regional	  breakdown	  of	  
the	  introduction	  of	  metal	  AM	  machines	  published	  in	  
the	   2012	   Wohlers	   report	   also	   validates	   that	   the	  
industry	   is	   a	   truly	   global	   one,	   and	   governments	  
around	   the	   world	   have	   identified	   AM	   as	   a	   growth	  
industry	  and	  are	  funding	  research	  projects	  to	  further	  
develop	  the	  technology.	  	  
	  
	  

Table	   1:	   Expected	   growth	   in	   global	   value	   of	   AM	  
products	  and	  services.	  	  
	  
	  
	  

	  
Fig.	  1:	  Global	  share	  in	  terms	  of	  the	  number	  of	  
metal	  powder	  Additive	  Manufacturing	  machines	  
introduced	  	  
	  
3D	   printing	   has	   been	   described	   as	   a	   disruptive	  
technology	   because,	   due	   to	   a	   reduction	   in	   cost	   and	  
the	  development	  of	  direct	  metal	  technologies,	  we	  are	  
able	  to	  visualize	  a	  disruption	  in	  the	  manner	  in	  which	  
products	  are	  being	  made	  in	  virtually	  all	  industries	  —	  
architecture,	   consumer	   products,	   construction,	  
industrial	   design,	   automotive,	   aerospace,	   food,	  
engineering,	  biotechnology	  and	  fashion.	  The	  additive	  

AM	  INDUSTRY	  (PRODUCTS	  AND	  SERVICES)	  

WORLDWIDE	  PROJECTED	  VALUE	  

2015	   $4	  billion	  

2017	   $6	  billion	  

2021	   $10.8	  billion	  
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manufacturing	  process	  occurs	   in	   a	   series	  of	  phases,	  
each	   with	   multiple	   steps.	   A	   typical	   additive	  
manufacturing	   process	   chain	   is	   shown	   in	   Figure	   2.	  
The	   process	   includes	   computer-‐aided	   design,	   finite	  
element	   analysis,	   and	   computer-‐controlled	   AM	  
followed	  by	  testing	  and	  assembly.	  
	  

	  
Fig.	  2:	  Outline	  of	  additive	  manufacturing	  
process	  chains	  

	  
The	   design	   phase	   includes	   computer-‐aided	   design	  
(CAD)	   and	   finite	   element	   analysis	   (FEA).	   The	  
product	   is	   modelled	   based	   on	   the	   desired	  
dimensions,	   properties	   and	   functionalities.	   The	  
manufacturing	  phase	  –	  where	  the	  AM	  process	  begins	  
to	  diverge	  from	  traditional	  manufacturing	  –	  includes	  
slicing	   the	   3D	   model	   and	   printing	   the	   object.	   The	  
final	   design	   of	   the	   object	   is	   converted	   to	   *.STL	  
(STereoLithography)	   format,	   and	   then	   into	   a	   tool	  
path	   code	  which	   encodes	   the	  motion	   of	   the	   printer	  
head	   along	   x,	   y,	   and	   z	   directions,	   the	   amount	   of	  
material	  to	  extrude,	  and	  the	  movement	  speed	  of	  the	  
head.	  During	   this	   step,	   the	   tool	   path	   code	   is	   loaded	  
into	   the	  printer	   and	   the	  object	   is	   produced.	   Finally,	  
for	  quality	  control	  or	  validation,	  a	  prototype	  printed	  
part	  may	  be	   subjected	   to	  either	  destructive	  or	  non-‐
destructive	  mechanical	  and	  physical	  testing.	  
Additive	   manufacturing	   techniques	   offer	   a	   higher	  
degree	   of	   creative	   flexibility,	   allowing	   the	   use	   of	  
multiple	  materials	   in	   the	   course	   of	   construction,	   as	  
well	  as	  the	  ability	  to	  print	  multiple	  colors	  and	  color	  
combinations	   simultaneously.	   Parts	   can	   now	   be	  
created	  with	  complex	  geometries	  and	  shapes	  that	  in	  
many	   cases	   are	   impossible	   to	   create	   without	   3D	  
printing.	  For	  example,	  the	  technology	  is	  particularly	  
attractive	   for	   the	   processing	   of	   advanced	  materials	  
such	  as	  titanium,	  where	  conventional	  processes	  can	  
be	   excessively	   expensive,	   and	   with	   some	   alloys	  
which	  can	  only	  be	  manufactured	  under	  high	  cooling	  
rates.	  
	  	  

Problem	  Statement	  
Metal	   AM	   does	   offer	   new	   possibilities,	   not	   only	   in	  
design,	  but	  also	  in	  the	  choice	  of	  materials.	  However,	  
these	   alluring	   capabilities	   also	   bring	   with	   them	  
serious	   concerns	   that	   seem	   to	   be	   going	   unheeded,	  
and	   data	   suggests	   that	   those	   risks	   could	   end	   up	  
costing	   several	   industries	   billions	   of	   dollars.	  
Potentially	   costly	   issues	   surrounding	   the	   continued	  
development	  and	  adoption	  of	  the	  process,	  and	  which	  
require	   some	   careful	   thought	   and	   attention,	   are	  
outlined	  here.	  
Firstly,	   although	   the	   material	   properties	   and	  
equipment	   employed	   in	   additive	   manufacturing	  
have	   been	   highly	   rated	   in	   reliability	   by	   industry	  
practitioners,	   the	   additive	   process	   is	   less	   mature	  
than	   the	   conventional	   subtractive	   processes.	  
Scientifically,	   there	   is	   a	   concern	   about	   how	   these	  
printed	   products	   will	   perform	   over	   time,	   the	  
consistency	  of	  their	  quality,	  and	  the	  types	  and	  safety	  
of	  materials	  used	  with	  the	  technology.	  	  
Secondly,	   and	   from	   a	   policy	   standpoint,	   there	   are	  
concerns	   about	   the	   adverse	   effects	   of	   unrestricted	  
access	   to	   3D	   printing	   techniques.	   3D	   printing	  
technology,	   as	   stated	   earlier,	   has	  been	  described	   as	  
disruptive.	  However,	  it	  is	  thought	  that	  the	  process	  of	  
3D	   printing	   is	   not	   the	   real	   disruption,	   but	   the	   fact	  
that	   anyone	   is	   free	   to	   own	   a	   3D	   printer	   and	   create	  
seemingly	   anything	   imaginable,	   from	   human	   bones	  
to	  product	  parts.	  Consumers	  are	  now	  having	  access	  
to	   3D	   systems	   at	   retail	   stores	   allowing	   them	   to	  
create	   their	   own	   products	   at	   home.	   	   Anyone	   today	  
can	  begin	   creating	  and	   selling	  a	  variety	  of	  products	  
even	   from	   the	   comfort	   of	   their	   homes.	   Over	   time,	  
mass	  quantities	  of	  uninspected	  products,	  with	  a	  high	  
risk	   of	   failure,	  may	   flood	   the	  market.	   This	   presents	  
quality	  control	  gaps	  and	  has	  the	  potential	  to	   impact	  
both	   public	   safety	   and	   national	   security.	   The	  
introduction	  of	  a	  turnkey	  solution	  to	  manufacturing	  
coupled	  with	  growing	  freedom	  of	  use	  thus	  forms	  the	  
basis	   of	   the	   policy	   concerns	   regarding	   end-‐product	  
integrity.	  
A	   second	   policy	   concern	   is	   the	   potential	   for	  
increased	  digital	  piracy	  due	  to	  the	  presence	  of	  easily	  
distributable	   digital	   content	   in	   the	   additive	  
manufacturing	  process.	  The	   impending	   challenge	  of	  
preserving	  intellectual	  property	  rights	  could	  amount	  
to	  huge	  revenue	  losses.	  
Finally,	   an	   economic	   consideration	   that	   affects	   the	  
growth	  of	  additive	  manufacturing	  is	  the	  overall	   life-‐
cycle	  cost	  of	  the	  process.	  This	  is	  a	  peculiar	  two-‐way	  
consideration;	   individuals	   have	   claimed	   that	  
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additive	   manufacturing	   is	   both	   higher	   in	   cost,	   and	  
more	   cost-‐effective,	   compared	   to	   traditional	  
manufacturing	   techniques.	   Due	   to	   the	   complexities	  
of	  measuring	  additive	  manufacturing	  costs	  however,	  
current	   studies	   are	   limited	   in	   their	   scope.	   Many	   of	  
the	  current	  studies	  examine	  the	  production	  of	  single	  
parts.	   Those	   that	   examine	   assemblies	   tend	   not	   to	  
examine	  supply	   chain	  effects	   such	  as	   inventory	  and	  
transportation	   costs	   along	   with	   the	   benefit	   of	  
decreased	   risk	   to	   supply	  disruption.	   	   It	   is	   therefore	  
not	   very	   certain	   that	   additive	  manufacturing	   yields	  
significant	   cost	   savings	   compared	   to	   conventional	  
methods,	   making	   it	   very	   possible	   to	   be,	   in	   fact,	  
overall	  more	  expensive.	  
	  
I. Safety	  and	  Part	  Failure	  Risk	  	  
	  

• Does	  lighter	  weight	  retain	  safety?	  

Across	   many	   industries,	   manufactured	   parts	   are	  
being	   redesigned	   for	   weight	   savings	   through	  
additive	  manufacturing.	  In	  aerospace	  manufacturing	  
research,	   there	   is	   the	  desire	   to	  drive	  down	   the	   cost	  
and	   weight	   of	   aircraft,	   and	   improve	   economy	   and	  
design	  aesthetics.	  Weight	  costs	  fuel,	  and	  attempts	  to	  
decrease	  cost	  and	  conserve	  energy	  eventually	  come	  
down	   to	   cutting	  off	   excess	  weight	   from	  all	   parts	  on	  
an	  airplane.	  Eliminating	  one	  pound	  in	  weight	  from	  a	  
Boeing	   737	   (which	   weighs	   about	   65	   metric	   tons),	  
can	  save	  hundreds	  of	  thousands	  of	  dollars	  per	  year.	  	  
Per	  GE’s	  estimate,	  more	  effective	  part	  designs	  could	  
save	   about	   $10	   million	   or	   more	   throughout	   the	  
industry.	   Different	   industries	   have	   likewise	  
indicated	  readiness	  to	  pay	  for	  weight	  reduction,	  with	  
spacecraft,	  aircraft	  and	  automobile	  industries	  willing	  
to	   pay	   up	   to	   about	   $10,000,	   $1,000	   and	   $10	  
respectively	  per	  kilogram	  of	  weight	  reduction.	  	  
However,	  there	  remains	  a	  requirement	  to	  adhere	  to	  
stringent	   Federal	   Aviation	   Administration	   (FAA)	  
regulatory	   and	   compliance	   standards.	   Complex	  
additive	  manufacturing	  processes	  must	  therefore	  be	  
developed	   to	   meet	   the	   industry’s	   stringent	  
requirements	   and	   to	   ensure	   that	   products	   can	  
achieve	   the	   robust	   performance	   levels	   established	  
by	   traditional	   manufacturing	   methods.	   This	   could	  
pose	   a	   challenge	   in	   that	   achieving	   these	   standards	  
with	   additive	   manufacturing	   may	   be	   more	  
cumbersome	   and	   introduce	   more	   undesirable	  
alterations	  than	  with	  traditional	  manufacturing.	  Also,	  
the	   research	   into	   lighter-‐weight	   printed	   products	  
may	   require	   materials	   such	   as	   plastics	   and	  
nanofibers	   that	   are	   new	   to	   a	   manufacturer.	  

Contaminated,	  defective,	  or	   incorrect	  materials	  may	  
result	   in	   a	   faulty	   product.	   Eventually,	   the	  materials	  
used	  may	  even	  create	  an	  overall	  greater	  failure	  risk	  
than	   those	   presented	   by	   the	   3D	   printer	   itself	   .	  
Considering	  this,	  and	  for	  a	  better	  acceptance	  of	  AM,	  
barriers	   in	   terms	   of	   application	   knowledge	   and	  
standards	  for	  material	  quality	  need	  to	  be	  overcome.	  
As	  a	  case	  study,	  GE	  Aviation	  –	  one	  of	  the	  top	  aircraft	  
engine	   suppliers	   –	   is	   planning	   to	   use	   laser	   powder	  
bed	   additive	   manufacturing	   to	   print	   high	  
performance	  parts	  on	  a	  new	  jet	  engine.	  	  The	  process,	  
also	   known	   as	   Selective	   Laser	   Sintering	   (SLS)	   is	   an	  
AM	   technique	   that	   uses	   a	   laser	   to	   sinter	   powdered	  
material,	   typically	   metal,	   with	   the	   laser	  
automatically	  aimed	  at	  points	   in	  space	  defined	  by	  a	  
3D	  model,	  binding	   the	  material	   together	   to	  create	  a	  
solid	   structure.	   A	   schematic	   representation	   of	   this	  
process	  is	  shown	  in	  Figure	  3.	  
	  

	  
Fig.	  3:	  Selective	  Laser	  Sintering	  (SLS)	  	  

Source:	  
http://www.custompartnet.com/wu/selective-‐

laser-‐sintering	  
	  
One	  airplane	  part	  –	  the	  fuel	  nozzle	  –	  to	  be	  designed	  
with	   this	   process	   is	   expected	   to	   have	   specific	  
benefits,	   including:	   1)	   higher	   part	   complexity,	  
combining	   20	   piece	   parts	   into	   one,	   2)	   5-‐fold	   life	  
improvement	  of	   the	   fuel	  delivery	  system	  due	   to	   the	  
greater	  design	  freedom	  of	  Direct	  Metal	  Laser	  Melting	  
(DMLM),	   3)	   25%	  weight	   reduction	   compared	   to	   its	  
predecessor	   and	   4)	   further	   cost	   reductions	   as	   the	  
design	   is	   optimized	   around	   the	   AM	   process.	   A	   fuel	  
nozzle	   has	   a	   complex	   role	   in	   a	   modern	   jet	   engine,	  
especially	   in	   a	   lean-‐burn	   system.	   (Lean-‐burn	   refers	  
to	   the	   burning	   of	   fuel	   with	   an	   excess	   of	   air	   in	   an	  
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internal	   combustion	   engine.	   The	   excess	   of	   air	   in	   a	  
lean-‐burn	   engine	   combusts	   more	   of	   the	   fuel	   and	  
emits	   fewer	   hydrocarbons.	   High	   air-‐to-‐fuel	   ratios	  
can	   also	   be	   used	   to	   reduce	   losses	   caused	   by	   other	  
engine	   power	   management	   systems	   such	   as	  
throttling	   losses.)	   Engine	   designers	   claim	   additive	  
technology	   can	   optimize	   fuel	   and	   air	   mixing,	   a	   key	  
component	  of	  designing	  a	  good	  fuel	  nozzle,	  and	  also	  
presents	   the	   freedom	   to	   generate	   hidden	   channels	  
and	   complex	   geometries	   that	   are	   otherwise	   near-‐
impossible	   to	   fabricate	   with	   ordinary	   welding	   or	  
machine	  tools.	  	  
The	   additive	   manufacturing	   process	   is	   also	   said	   to	  
solve	   a	   major	   problem	   in	   fuel	   nozzle	   design	   –	   fuel	  
nozzle	   coking.	   Traditional	   fuel	   nozzles	   spray	   fuel	  
into	   the	   combustor	   at	   temperatures	   as	   hot	   as	   3000	  
degrees,	  which	   gradually	   leads	   to	   the	   deposition	   of	  
carbon	  on	  the	  inside	  of	  the	  nozzle,	  reducing	  the	  fuel	  
spray	  efficiency	  and	  engine	  durability.	  The	  additively	  
manufactured	   nozzle	   is	   supposed	   to	   eliminate	  
coking	   with	   its	   internal	   support	   ligaments	   and	  
cooling	   pathways	   incorporated	   into	   its	   design,	  
making	  the	  part	  up	  to	   five	  times	  more	  durable	  than	  
its	  machined	  equivalent.	  The	  success	  of	  this	  process	  
would	   also	   open	   up	   the	   possibility	   of	   redesigning	  
several	   aircraft	   components,	   potentially	   allowing	  
engineers	  to	  save	  massive	  amounts	  of	  weight	  across	  
multiple	   components	   on	   an	   aircraft	   engine.	   On	   the	  
other	  hand,	  the	  failure	  of	  the	  process,	  particularly	  of	  
the	   engine	   parts	   produced	   and	   used	   in	   aircrafts,	  
could	   lead	   to	   accidents	   and	   massive	   losses	   of	   life,	  
revenue	   and	   infrastructure.	   Thus,	   while	   additive	  
manufacturing	  offers	  significant	  advantages	  in	  terms	  
of	  light	  weight,	  there	  is	  a	  need	  for	  an	  introduction	  of	  
government	   regulation	   and	   inspection	   to	   reinforce	  
or	  review	  quality	  and	  safety	  standards.	  

• Risk	  Mitigation	  Efforts	  in	  the	  Industry	  

Large	  scale	  additive	  manufacturing	   is	  already	  being	  
vigorously	   explored,	   especially	   in	   the	   aerospace	  
industry.	  However,	  although	  the	  material	  properties	  
and	  equipment	  employed	   in	   this	  venture	  have	  been	  
highly	   rated	   in	   reliability	   by	   industry	   practitioners,	  
the	   technology	   is	   still	   undergoing	   maturity,	   and	  
therefore,	   the	   assurance	   of	   safety	   in	   using	   3D-‐
printed	   parts	   is	   justifiably	   queried.	   The	   level	   of	  
awareness	   and	   acknowledgement	   of	   the	   associated	  
risks	   by	   major	   industry	   players	   applying	   AM	  
technology	   in	   their	  operation	   is	   thus	  brought	  under	  
scrutiny.	   The	   Federal	   Aviation	   Administration,	   for	  
instance,	  says	   it	   is	  making	  efforts	  to	  understand	  the	  
implications	  of	  3D	  printing	  in	  the	  aerospace	  industry.	  

The	   aerospace	   industry	   further	   assures	   safety	   of	  
these	  parts	   in	   that,	   to	  meet	   the	  stringent	  conditions	  
necessary	   to	   ensure	   safety	   in	   air	   travel,	  
manufacturers	   are	   inherently	   required	   to	   satisfy	   a	  
long	   list	   of	   complex	   requirements	   for	   even	   the	  
simplest	   part,	   and	   that	   in	   addition,	   the	   consistent	  
production	   of	   parts	  with	   identical,	   well-‐understood	  
properties	   requires	   that	   both	   materials	   and	  
production	   processes	   be	   understood	   to	   a	   very	   high	  
level.	  	  
It	   has	   also	   been	   argued	   that	   topology	   optimization	  
process	   adds	   a	   whole	   new	   dimension	   to	   metal	   3D	  
printing,	   and	   can	   often	   consolidate	   multi-‐part	  
assemblies	  into	  a	  stronger	  single	  part.	  This	  is	  said	  to	  
be	  capable	  of	   reducing	   the	   likelihood	  of	  part	   failure	  
by	   eliminating	   fasteners	   and	   connectors,	   although	  
the	   process	   is	   still	   largely	   under	   development,	   and	  
has	  not	  yet	  been	  proven	  to	  be	  satisfactorily	  effective	  
in	  practical	  application.	  
While	   these	   claims	   suggest	   that	   some	   conscious	  
efforts	   are	   being	   made	   to	   address	   the	   risks	  
surrounding	   the	   adoption	   of	   AM	   technology,	   the	  
sufficiency	   of	   these	   claims	   in	   assuring	   of	   product	  
reliability	   and	   consumer	   safety	   is	   questioned,	  
considering	   the	   gravity	   of	   the	   implications	   of	   a	   3D-‐
printed	  part	  failure.	  
	  
	  
II. Policy	  Concerns	  

• Quality	  Assurance	  and	  Quality	  Control	  Gaps	  

New	   3D	   printing	   design	   freedoms	   make	   simpler,	  
lower-‐cost	   design	   and	   assembly	   possible,	   meaning	  
that	   many	   tools	   can	   be	   created	   with	   3D	   printing	  
much	   faster	   than	   with	   traditional	   manufacturing	  
methods.	  However,	  a	  very	  concerning	  issue	  with	  this	  
is	  the	  significantly	  lesser	  regulatory	  oversight	  for	  the	  
3D	   printing	   process,	   since	   much	   of	   it	   takes	   place	  
outside	  of	  a	  traditional	  mass	  production	  factory,	  and	  
not	   subject	   to	   inspection	   from	   regulatory	   agencies.	  
Even	   individuals	   with	   printers	   at	   home	   can	   –	   with	  
relative	   ease	   –	   put	   a	   variety	   of	   products	   in	   the	  
marketplace,	   without	   the	   standard	   quality	  
assurance/control	   and	   regulatory	   oversight	   that	   is	  
mostly	   embedded	   in	   traditional	   manufacturing.	  
Although	  it	  could	  be	  argued	  that	  not	  all	  processes	  in	  
this	  method	  are	  overseen	  by	  governing	  bodies	  either,	  
and	   that	   an	   individual	   is	   just	   as	   free,	   in	   theory,	   to	  
personally	  purchase	  and	  operate	  a	  lathe	  machine	  for	  
mass	   production	   of	   items,	   there	   is	   realistically	   a	  
much	  lower	  likelihood	  of	  this	  happening,	  due	  to	  the	  
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inherent	   nature	   of	   such	   machines	   themselves,	   and	  
mode	   of	   operation.	   The	   relative	   ease	   of	   additive	  
manufacturing	  thus	  calls	  for	  attention	  to	  the	  fact	  that	  
the	   zeal,	   particularly	   of	   unlicensed	   individuals,	   to	  
rapidly	   roll	   out	  mass	   quantities	   of	   a	   printable	   part	  
could	   leave	  a	  big	  gap	  for	  production	  of	  substandard	  
items,	   leading	   to	   part	   failure	   and	   endangering	   the	  
lives	  and	  health	  of	  end	  users.	  
On	   another	   note,	   even	  while	   printing	   under	   proper	  
licensing	   and	   regulatory	   conditions,	   a	   defective	  
product	   could	   still	   come	   out	   of	   a	   3D	   printer.	  
However,	  because	  of	  the	  multiple	  contributors	  to	  the	  
production	   process—the	   printer	   manufacturer,	  
software	   designer,	   materials	   supplier,	   distributor	  
and	  retailer,	   identifying	  who	   is	   liable	   for	   the	   failure	  
will	  be	  a	  challenge.	  
	  
• National	  Security	  

Another	   pressing	   concern	   with	   open	   access	   to	   3D	  
printing	   technology	   is	   the	   ability	   for	   anyone,	  
anywhere,	   to	  eventually	  have	   the	  means	  of	  creating	  
a	   weapon	   such	   as	   a	   firearm.	   At	   present,	   it	   may	   be	  
easier	   for	   an	   individual	   with	   criminal	   intentions	   to	  
obtain	  a	  weapon	  illegally	  via	  other	  means;	  however,	  
with	   the	   advancement	   of	   additive	   manufacturing	  
technology,	   and	   new	   composite	   materials	   being	  
fabricated	   over	   the	   next	   decade,	   this	   issue	   could	  
become	   more	   pronounced.	   A	   more	   troubling	  
prospect	   involves	   the	   technology	   being	   used	   to	  
render	   detection	   of	   weapons	   and	   nuclear	  
proliferation	   more	   difficult,	   which	   by	   itself	   makes	  
the	   case	   for	   understanding	   the	   possible	   uses	   of	   the	  
technology.	   According	   to	   New	   York	   representative	  
Steve	   Israel,	   in	   1988,	   when	   the	   Undetectable	  
Firearms	  Act	  was	  passed,	  the	  notion	  of	  a	  3D-‐printed	  
plastic	   firearm	  slipped	   through	  metal	  detectors	  and	  
onto	  planes	  in	  secure	  environments	  was	  fiction.	  The	  
problem	  is	  today	  a	  reality.	  	  
Currently	   in	   some	   countries	   like	   Germany	   and	  
Australia,	  there	  are	  laws	  requiring	  a	  permit	  in	  order	  
to	   purchase	   a	   firearm.	  While	   this	   serves	   to	   impede	  
unlawful	   possession	   of	   such	   weapons,	   this	  
restriction	  may	   lose	   effectiveness	   if	   the	   freedom	   of	  
owning	  a	  3D	  printer	  continues	  to	  be	  open	  to	  all.	  For	  
instance,	  a	  simple	  CAD	  (Computer-‐Aided	  Design)	  file	  
could	   be	   downloaded	   and	   a	   gun	   fabricated	   within	  
hours.	   Such	  weapons	  will	  become	  cheaply	  available	  
to	  nearly	  everyone.	  Therefore,	  there	  will	  be	  a	  need	  in	  
the	  very	  near	  future	  for	  government	  to	  come	  up	  with	  
means	  of	  governing	  the	  possession	  of	  3D	  printers,	  or	  
otherwise	   restricting	   the	   kind	   of	   items	   that	   can	   be	  

printed,	   while	   at	   the	   same	   time	   ensuring	   that	  
citizens	  are	  not	  deprived	  their	  fundamental	  rights	  to	  
freedom.	  	  
3D	  printing	   technology	  offers	   the	  ability	   to	  produce	  
a	  wide	  range	  of	  objects	  that	  cannot	  be	  controlled	  yet,	  
and	   as	   noted	   in	   a	   white	   paper	   released	   by	  
researchers	  at	  the	  National	  Defense	  University,	  there	  
are	  national	   security	   risks	   that	  need	   to	  be	   analyzed	  
in	  the	  near	  future,	  and	  addressing	  criminal	  and	  legal	  
concerns	   will	   require	   active	   cooperation	   across	  
multiple	   agencies	   in	   the	   national	   security	  
community.	  
	  
• Intellectual	  Property	  (IP)	  and	  Digital	  Piracy	  

The	   digitization	   of	   physical	   artefacts	   allows	   for	  
global	  sharing	  and	  distribution	  of	  designed	  solutions.	  
It	   lowers	   the	  barriers	   to	  manufacturing,	   and	   allows	  
everyone	   to	   become	   an	   entrepreneur.	   Open-‐source	  
3D	   printing	   technology	   however	   also	   increases	   the	  
risk	  of	  design	  theft	  as	  an	  original	  software	  file	  could	  
easily	  be	  used	  to	  produce	  counterfeit	  products,	  given	  
that	  majority	  of	  current	  digital	  software	  recipes	  are	  
unpatented,	  allowing	  copies	  to	  be	  made	  and	  sold	  by	  
anyone.	  	  
Expensive	   designer	   objects	   can	   also	   be	   reverse-‐
engineered	  and	  sold	  at	  a	  cheaper	  price.	  For	  product	  
managers,	   this	   can	   mean	   an	   increased	   opportunity	  
for	   counterfeit	   products	   to	   enter	   the	   marketplace.	  
While	  there	  has	  not	  been	  a	  tremendous	  number	  of	  IP	  
issues	   involving	   3D	   printing	   yet,	   it	   could	   become	   a	  
major	  problem	  in	  the	  near	  future.	  As	  more	  and	  more	  
3D	   models	   of	   products	   are	   sold	   online,	   an	   entire	  
underground	   market	   for	   these	   files	   will	   certainly	  
emerge,	  and	  billions	  of	  dollars	  will	  be	  lost	  due	  to	  file	  
sharing.	  
This	  potential	  digital	  piracy	  situation	   is	  comparable	  
to	   the	   way	   the	   internet	   challenged	   the	   movie	   and	  
music	   industries	   for	   copyrights,	   trademarks,	   and	  
infringement	   as	   a	   result	   of	   illegal	   downloads.	  
According	   to	   new	   research	   from	   Gartner,	   the	  
negative	  ramifications	  of	  3D	  printing	  for	  businesses,	  
particularly	   those	   that	   rely	   on	   licensing	   deals	   and	  
intellectual	   property	   (IP)	   to	   generate	   revenue,	   are	  
going	   to	   become	   an	   expensive	   problem	   in	   the	   next	  
few	   years.	   The	   current	   intellectual	   property	  
legislation	   also	   does	   not	   explicitly	   regulate	   3D	  
printing,	   and	  will	  have	   to	   rush	   to	   catch	  up	  with	   the	  
change	   in	   the	  business	  market	   that	  will	   be	   brought	  
about	  by	  this	  technology.	  
	  
III. Life-‐Cycle	  Cost	  
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In	   terms	   of	   economics,	   another	   issue	   with	   AM	  
technology	   is	   that	   it	   is	   yet	   to	   be	   established	   as	   a	  
more	   cost-‐effective	   alternative	   to	   traditional	  
methods,	   implying	   a	   possibility	   of	   being	   overall	  
more	   expensive	   in	   reality,	   as	   the	   technology	  
progresses.	   Due	   to	   the	   complexities	   of	   measuring	  
additive	   manufacturing	   costs,	   current	   studies	   are	  
limited	   in	   their	   scope.	   Some	   researchers	   claim	   that	  
the	   associated	   costs	   could	   impede	   the	   growth	   and	  
slow	   down	   the	   adoption	   of	   additive	   manufacturing	  
technology,	  because	  the	  cost	  of	  fabricating	  a	  product	  
using	  additive	  manufacturing	  processes	  exceeds	  that	  
of	   traditional	   methods	   in	   many	   cases.	   Current	  
studies	  reveal	  that	  material	  costs	  constitute	  a	  major	  
proportion	  of	   the	  cost	  of	  a	  product	   fabricated	  using	  
additive	  manufacturing.	  Today,	   layer	  manufacturing	  
is	  burdened	  by	  the	  still	  high	  costs	  for	  materials,	  and	  
more	   importantly	   for	   high-‐end	   AM	   machines.	   In	  
addition	   to	   the	   associated	  material,	   processing	   and	  
tooling	   costs,	   additional	   administrative	   over-‐head	  
costs,	   and	   energy	   consumption,	   space	   rental	   and	  
ancillary	  equipment	  may	  affect	  the	  total	  cost	  by	  10%.	  
On	  the	  other	  hand,	  some	  are	  of	  the	  opinion	  that	  AM	  
has	   a	   lower	   cost	   of	   manufacture,	   relative	   to	  
traditional	  machine	  tooling,	  and	  that	  the	  fact	  that	  AM	  
can	  make	  manufacturing	  cheaper	  will	  help	  push	  the	  
technology	   out	   to	   businesses.	   Because	   this	   form	   of	  
manufacturing	   removes	   the	   drive	   for	   economy	   of	  
scale,	  as	  it	  is	  as	  cheap	  to	  produce	  one	  item	  as	  many,	  
AM	   is	   already	   being	   used	  widely	   in	   the	   creation	   of	  
industrial	   prototypes.	   For	   example,	   the	   shoe	  
company	  Converse	  is	  now	  able	  to	  create	  prototypes	  
swiftly	   in	   the	  West,	   rather	   than	   having	   to	   send	   the	  
designs	   to	   its	  manufacturing	  base	  overseas	  –	  which	  
is	  both	  costly	  and	  time	  consuming.	  Studies	  show	  that	  
additive	   manufacturing	   technology	   is	   cost	   effective	  
for	   manufacturing	   small	   batches	   with	   continued	  
centralized	   manufacturing.	   However,	   mass	  
production	   is	   still	   not	   cost-‐effective,	   but	   may	  
eventually	  be,	  with	  increased	  automation.	  	  
Although	  researchers	  make	  efforts	  to	  engineer	  more	  
cost-‐effective	   methods	   of	   implementing	   additive	  
manufacturing	   technology,	   some	   barriers	   are	   still	  
encountered.	   In	   aerospace	   research	   for	   instance,	  
many	   high-‐performance	   polymers	   are	   found	   to	   be	  
attractive	  from	  a	  cost	  perspective.	  However,	  the	  high	  
cost	   of	   testing	   for	   aerospace	   applications	   makes	  
focusing	   on	   multiple	   materials	   simultaneously	   cost	  
prohibitive.	   For	   this	   reason,	   and	   because	   additive	  
manufacturing	  processes	  rely	  primarily	  on	  the	  input	  
of	   thermal	   energy,	   viable	   materials	   for	   additive	  

processes	   must	   have	   very	   specific	   viscosity	   and	  
other	  properties	  to	  be	  processed	  successfully.	  
	  
What	   can	   be	   done?	   –	   Design	   and	   Policy	  
Recommendations	  
Additive	   manufacturing	   is	   a	   continually	   evolving	  
technology	  and,	  as	  the	  technology	  matures,	  there	  are	  
new	   materials	   being	   engineered,	   new	   properties	  
being	   discovered,	   and	   improved	   processes	   being	  
employed.	   Therefore,	   it	   is	   at	   present	   impossible	   to	  
designate	   specific	   materials	   or	   processes	   as	   the	  
safest	   means	   of	   guarding	   against	   part	   failure	   of	  
additive	   manufactured	   parts.	   The	   several	  
interconnected	   components	   involved	   in	   additive	  
manufacturing	   processes,	   both	   in	   the	   scientific	   and	  
in	   the	   political,	   also	   make	   it	   difficult	   to	   establish	  
definite	  policies	  certain	   to	  be	  effectual	   in	  mitigating	  
the	   challenges	   of	   additive	   manufacturing	   as	  
discussed.	   Furthermore,	   the	   undeniable	   rights	   and	  
freedom	  of	  use	  of	  personally	  owned	  items	  add	  more	  
constraints	   against	   laying	   down	   governing	   rules	   to	  
curb	  the	  concerns	  around	  3D	  printing.	  Nevertheless,	  
properly	   implemented	   risk	   management	   strategies	  
can	  alleviate	  the	  problems,	  and	  some	  preventive	  and	  
adaptive	   approaches,	   as	   highlighted	   here,	   may	   be	  
worth	  considering.	  
The	  risk	  of	  part	  failure	  in	  3D-‐printed	  parts	  could	  be	  
managed	  with	  a	   two-‐ended	  approach,	   one	   from	   the	  
end	  of	  the	  manufacturer,	  and	  the	  other	  from	  the	  end	  
of	   consumer	   protection.	   From	   the	   industry	   end,	  
manufacturing	   process	   optimization	   is	   the	   key	  
element.	   As	   stated	   earlier,	   the	   additive	  
manufacturing	   process	   consists	   of	   the	   design,	  
manufacturing,	   and	   testing	   phases.	   To	   achieve	   an	  
optimal	   design	   that	   meets	   all	   the	   necessary	  
specifications	   in	   the	   design	   phase,	   the	   elastic	  
properties	   of	   the	   material	   must	   be	   known	  
beforehand	   to	   conduct	   the	   simulations.	   The	  
knowledge	   of	   these	   properties	   will	   guide	   any	  
modifications	   made	   to	   the	   design	   until	   the	   final	  
product	   is	  attained.	  Also,	   real-‐world	  usage	  data	  and	  
finite-‐element	   analyses	   should	   be	   combined	   to	  
continuously	  improve	  the	  functionality	  and	  integrity	  
of	   the	  printed	  product.	   In	   the	  manufacturing	  phase,	  
alterations	   to	  printing	  orientation	   for	  economic	  use	  
of	   the	   printer	   can	   also	   significantly	   affect	   the	  
performance	   of	   the	   final	   part,	   and	   thus	   should	   be	  
reasonably	  minimized.	  
From	   the	   consumer	   end,	   quality	   assurance	   and	  
quality	  control	  checks	  may	  need	  to	  be	  reviewed	  and	  
upgraded	   or	   made	   more	   stringent.	   Additive	  
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manufacturing	   features	   significant	   changes	   in	  
several	   manufacturing	   parameters,	   which	   would	  
necessitate	  considerable	  revision	  of	  the	  performance	  
metrics	  focused	  on.	  The	  increased	  chance	  of	  warping	  
for	   instance,	   arising	   from	   the	   layer-‐by-‐layer	  
deposition	   of	   heated	   material	   (a	   problem	   not	   as	  
pronounced	   in	   conventional	   cutting	   and	   milling	  
operations),	   presents	   a	   more	   profound	   need	   for	  
checking	   inter-‐layer	   bond	   strength	   and	   guarding	  
against	  products	  with	  such	  thermal	  defects.	  
Other	  policy	  challenges	  associated	  with	  3D	  printing	  
can	   equally	   be	   managed.	   To	   approach	   these	  
challenges,	  perhaps	  the	  first	  step	  is	  to	  consider	  what	  
has	   been	   done	   in	   other	   industries	   that	   have	   faced	  
similar	   issues.	   The	   possible	   influx	   of	   counterfeit	   or	  
substandard	   products	   and	   ease	   of	   printing	  
dangerous	   items	   can	   be	   compared	   to	   events	   in	   the	  
food	   and	   drug	   industry.	   The	   US	   Food	   and	   Drug	  
Administration	   has	   devised	  means	   of	   ensuring	   that	  
poisonous	   or	   expired	   foods	   and	   drugs	   are	   not	  
distributed	   to	   consumers.	   It	   might	   be	   useful	   to	  
analyze	  how	  illegal	  food	  and	  drug	  manufacturers	  are	  
monitored	   and	   prevented	   from	   operation,	   and	   a	  
similar	   solution	   can	   be	   fashioned	   for	   the	   additive	  
manufacturing	   industry	   to	   curb	   problems	   arising	  
from	  open	  access	  to	  3D	  printing	  technology.	  
In	   the	   same	   vein,	   the	   issue	   of	   intellectual	   property	  
and	  digital	  piracy	  could	  be	  addressed	  by	  considering	  
the	  evolution	  of	  distributable	  digital	  media,	   such	  as	  
music,	  videos	  and	  movies.	  The	  music	   industry	  faced	  
major	   copyright	   infringement	   challenges	   between	  
1999	   and	   2001,	   when	   a	   company	   named	   Napster	  
founded	  a	  peer-‐to-‐peer	   file	  sharing	   internet	  service,	  
allowing	   easy	   sharing	   of	   audio	   files	   with	   other	  
participants.	   Music	   enthusiasts	   were	   able	   to	  
download	   for	   free,	   copies	   of	   songs	   that	   were	  
otherwise	   difficult	   to	   obtain.	   However,	   following	   a	  
lawsuit	   by	   the	   Recording	   Industry	   Association	   of	  
America	   (RIAA),	   the	   company	   was	   ordered	   to	  
prevent	   the	   trading	   of	   copyrighted	   music	   on	   its	  
network.	   Although	   this	   was	   a	   corrective	   measure	  
rather	   than	   a	   preventive	   one,	   it	  would	   be	   useful	   to	  
consider	   how	   the	   music	   industry	   has	   safeguarded	  
intellectual	  property	  of	  its	  members	  since,	  and	  enact	  
similar	   measures	   to	   protect	   digital	   software,	   and	  
reduce	  the	  opportunities	  for	  counterfeit	  products	  to	  
enter	  the	  marketplace.	  
Furthermore,	   it	   could	   be	   possible	   to	   enforce	  
restrictions	   against	   redistributing	   CAD	   files	   and	  
reproducing	   3D	   parts.	   One	   way	   to	   restrict	  
redistribution	  would	  be	  to	  design	  printing	  machines	  

to	   only	   be	   able	   to	   print	   items	   that	   have	   proper	  
printing	   permissions.	   This	   would	   mean	   either	   that	  
such	   machines	   accept	   only	   self-‐designed	   CAD	  
drawings	  of	  parts	  using	  some	  form	  of	  authentication,	  
or	   that	  procured	  CAD	   files	  will	   be	   required	   to	  have	  
appropriate	   permissions	   encrypted	   within,	   before	  
they	   can	   be	   printed.	   This	   strategy	   could	   also	   be	  
extended	   to	   ensure	   that	   appropriate	   quality	  
assurance	   and	   quality	   control	   standards	   are	  
followed	   for	   3D-‐printed	   parts;	   some	   sort	   of	   digital	  
authorization	  could	  be	  incorporated	  into	  the	  process	  
to	   allow	   only	   parts	   endorsed	   as	   safe	   or	   fit	   for	  
printing	  to	  be	  reproduced	  on	  a	  3D	  printer.	  
Finally,	   a	   few	   cost-‐cutting	   strategies	   can	   be	  
employed	   in	   additive	  manufacturing	  processes.	  The	  
cost	   of	   raw	   materials	   can	   be	   reduced	   through	  
economies	   of	   scale	   as	   additive	   manufacturing	   is	  
increasingly	   adopted.	   The	   reduced	   cost	   in	   raw	  
material	   might	   then	   propagate	   further	   adoption	   of	  
additive	  manufacturing.	  Researchers	  further	  suggest	  
that	   there	   may	   also	   be	   economies	   of	   scale	   in	   raw	  
material	   costs	   if	   particular	   materials	   become	  more	  
common	  rather	  than	  an	  excess	  of	  different	  materials.	  
Technologies	   can	   also	   often	   be	   adopted	   alongside	  
each	   other,	   with	   greater	   benefits	   than	   if	   they	  were	  
adopted	   individually.	   For	   instance,	   laser	   sintering	  
has	  a	  relatively	  low	  investment	  costs	  compared	  with	  
other	  additive	  technologies.	  
Also,	   experts	   affirm	   that	   additive	   manufacturing	   of	  
metal	  parts	  combined	  with	  part	  redesign	  can	  have	  a	  
positive	  repercussion	  on	  cost	  saving,	  and	  modifying	  
the	   component	   shape	   to	   exploit	   AM	   potentialities	  
could	  yield	  significant	  cost	  reduction.	  
	  
Conclusion	   and	   recommendation	   for	   further	  
study	  
AM	  is	  a	  prospective	  game	  changer	  with	  implications	  
and	   opportunities	   that	   affect	   not	   just	   individual	  
industries,	  but	  the	  economy	  as	  a	  whole.	  Some	  liken	  it	  
to	   the	   next	   industrial	   revolution.	   In	   terms	   of	  
economics,	   AM	  has	   the	   potential	   to	   lower	   the	   costs	  
from	   design	   to	   manufacturing,	   and	   with	   additive	  
techniques,	  several	  parts	  made	  of	  the	  same	  material	  
can	   be	   replaced	   by	   one	   integrated	   assembly,	   thus	  
largely	   reducing	   cost,	   time	   and	   quality	   problems	  
resulting	  from	  assembling	  operations.	  Assembly	  cost	  
is	  also	  minimized	  through	  part	  consolidation.	  
AM	  has	  already	  impacted	  a	  variety	  of	  industries	  and	  
has	   the	  potential	   to	   break	   even	  more	   grounds	  with	  
its	  benefits.	  But	  as	  history	  shows,	  rapid	  introduction	  
and	  adoption	  of	  a	  new	  process	  often	  brings	  with	  it	  a	  
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few	   concerns	   that	   can	   result	   in	   grave	   economic,	  
environmental	   and	   even	   human	   loss.	   Additional	  
safety	   concerns	   associated	   with	   additive	  
manufacturing,	   other	   than	   those	   discussed	   in	   this	  
paper,	  will	  need	   to	  be	  studied	   further.	  For	   instance,	  
the	   safety	   of	   the	   3D	   printing	   process	   for	   consumer	  
use,	  will	  also	  need	   to	  be	  reviewed.	  Areas	   in	  need	  of	  
attention	   are	   hazard	   concerns	   such	   as	   thermal	  
radiation,	   fumes	   and	   other	   associated	   risks	   that	  
might	   make	   the	   self-‐owned	   3D	   printing	   systems	   a	  
safety	  compromise.	  With	  the	  growing	  open	  access	  to	  
3D	  printing	  technology,	  the	  process	  also	  needs	  to	  be	  
entirely	  safe	  for	  deployment	  in	  homes	  or	  other	  non-‐
traditional	  manufacturing	  environments	  that	  do	  not	  

have	   standard	   operational	   safety	   guidelines	  
incorporated	  in	  their	  setup.	  
Because	  of	   its	  remarkable	  ability	   to	  produce	  a	  wide	  
variety	   of	   objects,	   AM	   can	   have	   significant	   national	  
security	   implications	  and	  a	  much	  more	  complicated	  
production	   scenario	   than	   the	   business	   and	  
manufacturing	   world	   typically	   encounters.	  
Therefore,	   to	   fully	  harness	   the	  present-‐day	  benefits	  
and	   future	  potential	   of	   3D	  printing	   technology,	   it	   is	  
wise	   to	   carefully	   assess	   the	  multiple	   potential	   risks	  
for	   today	   as	  well	   as	   potentially	   unknown	   risks	   that	  
will	   continue	   to	   evolve	   as	   the	   technology	  
revolutionizes	  the	  face	  of	  manufacturing.	  
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