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Abstract	  

How	   can	   a	   new	  material	   technology	   create	   growth?	   Is	   having	   a	   better	   material	   a	   guarantee	   for	  
industrial	  success?	  This	  work	  suggests	  that	  technological	  growth	  requires	  a	  different	  level	  of	  analysis	  
to	   enable	   a	   holistic	   understanding	   of	   issues	   around	   the	   production	   capability	   for	   a	   new	   material	  
technology.	   In	   this	   paper	   issues	   around	   the	   development	   of	   the	   composite	   material	   industry	   are	  
explored.	  The	  main	  tenet	  is	  that	  the	  composite	  industry	  is	  locked	  in	  a	  capability	  trap;	  the	  paradox	  of	  
fixating	   on	   seemingly	   profitable	   short-‐term	   results,	   while	   losing	   focus	   on	   the	   strategic	   vision.	   A	  
qualitative	  study	  and	  interviews	  with	  experts	  in	  composites	  provide	  the	  basic	  evidence	  to	  initiate	  the	  
discussion	  around	  this	  phenomenon.	  	  
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1.	  Composite	  material,	  current	  challenges,	  theory	  and	  practice	  

1.1	  Composite	  production	  capability	  
Composites	   are	   engineered	  materials,	   composed	   from	   two	   distinctive	  materials	   (fibres	   and	   resin)	  
that	  together	  create	  components	  with	  advanced	  properties,	  like	  directional	  strength/stiffness,	  non-‐
uniform	  weight	   distribution	   and	   lower	  weight.	   They	   have	   a	   variety	   of	   applications	   for	   sectors	   like	  
aerospace,	  marine,	  automotive,	  wind	  industry	  and	  leisure	  goods.	  

Despite	  the	  numerous	  advantages	  that	  these	  materials	  can	  offer,	  the	  industry	  seems	  to	  have	  issues	  
around	   increasing	   its	  production	  capability.	  For	  example,	   the	  use	  of	  composites	   in	  the	  new	  Boeing	  
787	   Dreamliner	   revealed	   serious	   difficulties	   regarding	   the	   composite	   production	   capability	   and	  
material	   lay-‐down	  rate.	  The	   largest	  percentage	  of	   the	  aircraft’s	  structure	   is	  composite,	   resulting	   in	  
lower	  structural	  weight	  and	  consequently	  less	  fuel	  consumption	  than	  existing	  airplanes	  in	  the	  same	  
class,	  however,	  Boeing	  fell	  short	  in	  reaching	  the	  forecasted	  material	  laydown	  rate.	  More	  specifically,	  
the	   production	   capability	   target	   of	   200-‐500lbs/hr	   proved	   to	   be	   unrealistic,	   while	   the	   actual	  
production	  rate	  only	  reached	  30lb/hr	  by	  the	  time	  a	  report	  became	  available	  (Airbus	  SAS,	  2008).	  	  

The	   corporate	   world	   has	   put	   significant	   effort	   in	   increasing	   composite	   production	   rates.	  
Nevertheless,	  reports	  of	  these	  efforts	  are	  not	  available,	  mainly	  due	  to	  the	  fact	  that	  organisations	  are	  
reluctant	   to	   share	   evidence	   related	   with	   their	   performance.	   Official	   national	   and	   international	  
statistical	  records	  regarding	  composite	  material	  are	  not	  available	  either.	  This	  is	  linked	  to	  the	  fact	  that	  
composites	  pertain	  to	  a	  variety	  of	  sectors	  and	  therefore	  no	  single	  SIC	  code	  exists,	  as	  a	  consequence	  
it	  is	  particularly	  hard	  to	  map	  composite	  activity	  and	  formulate	  reliable	  figures.	  	  

A	  potential	  way	  forward	  has	  been	  found	  by	  use	  of	  a	  proxy	  measure;	  data	  related	  to	  the	  growth	  of	  
the	  composites	   industry	  has	  been	  found	  through	  patent	  records.	  Figure	  1	  demonstrates	  a	  growing	  
trend	  in	  composite	  patents	  through	  the	  years.	  But	  how	  many	  of	  those	  patents	  actually	  relate	  to	  the	  
shaping	  of	  composites	  and	  not	  with	  technologies	  that	  are	  peripheral	  to	  their	  development?	  Figure	  2	  
shows	  a	  very	  different	  pattern.	  Industrial	  patents	  related	  to	  composite	  shaping	  rose	  around	  the	  70’s	  
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when	   composite	   technologies	   were	   believed	   to	   be	   part	   of	   the	   future.	   	   Then	   a	   twenty	   year	   gap	  
appeared	  and	  the	  industry	  only	  returned	  to	  a	  similar	  number	  of	  patents	  in	  2013.	  	  

	  

Figure	  1	  Composite	  patents	  grated	  per	  year	  (Cooperative	  Patent	  Classification:	  B29C70)	  –	  	  Source:	  Espacenet	  

	  

	  

Figure	  2	  Composite	  patents	  on	   shaping	   composites	  granted	  per	  year	   (Cooperative	  Patent	  Classification:	  B29C70/00)	  –	  
Source:	  Espacenet	  

1.2	  Technology	  development	  in	  composites	  

On	   the	   other	   side	   of	   industrial	   practice	   is	   the	   academic	   composites	   community.	   Here	   there	   is	   a	  
relatively	  narrow	  focus	  around	  issues	  related	  with	  the	  chemical	  or	  physical	  properties	  of	  composite	  
material.	   A	   systemic	   approach	   to	   innovation	   and	   technology	   development	   in	   composites	   was	  
recognised	   very	   early	   as	   a	   need	   for	   the	   sector	   (Carlson,	   1993;	   Brown,	   Eckert	   and	   Kline,	   1985),	  
nonetheless	   research	  at	   the	  organisational	  and	  operations	   level	   for	  composites	  manufacturing	  has	  
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been	   very	   limited	   (Oliver	   and	   Sticklans,	   1990,	   The	   Lean	   Aircraft	   Initiative,	   1997).	   Despite	   the	  
significant	  research	  output	   in	  the	  science	  of	  composites,	  there	  seem	  to	  be	  no	  effort	  to	  understand	  
concerns	  related	  to	  composite	  productivity	  at	  a	  systemic	  level.	  	  

But	   shouldn’t	   the	   general	   technology	   development	   literature	   cover	   those	   concerns?	   Current	  
literature	   suggests	   that	   technological	   innovation	   in	   a	   sector	   is	   driven	   forward	   by	   the	   role	   of	   a	  
“dominant	  design”	   (Utterback	  and	  Abernathy,	  1975;	  Anderson	  and	  Tushman,	  1990;	  Utterback	  and	  
Suarez,	  1993),	  defined	  as	  the	  emergence	  of	  a	  dominant	  technology	  in	  an	  industry.	  When	  a	  dominant	  
design	  is	  broadly	  accepted	  in	  an	  industrial	  context,	  activities	  in	  an	  organisation	  shift	  the	  focus	  from	  
product	   innovation	   to	   process	   innovation	   (Abernathy	   and	   Utterback,	   1978).	   This	   allows	   the	  
development	  of	  production	   capability	   and	   the	   further	   growth	  of	  new	   technologies.	   For	   composite	  
manufacturing,	   however,	   product	   and	  material	   are	   created	   simultaneously	   and	   therefore	  product	  
innovation	   cannot	   happen	   without	   process	   innovation.	   Composites	   seem	   to	   fall	   in	   the	   middle	  
between	   the	   product	   and	   process	   innovation	   schemes,	   making	   technology	   development	   theories	  
unable	  to	  describe	  the	  growth	  of	  this	  material	  technology	  at	  an	  industrial	  level.	  A	  similar	  pattern	  of	  
product	  and	  process	  innovation	  occurring	  simultaneously	  has	  been	  identified	  in	  the	  nanotechnology	  
sector	  (Linton	  and	  Walsh,	  2008).	  	  

Another	  point	   that	  underpins	   the	  temperamental	  nature	  of	  composites	  according	  to	  the	  prevalent	  
technology	  development	  theories	  is	  industrial	  structure.	  The	  structure	  of	  the	  composite	  industry	  has	  
changed	  significantly	  in	  the	  recent	  years.	  The	  vertically	  integrated	  organisations,	  holding	  the	  facilities	  
and	   all	   necessary	   skills	   in-‐house,	   that	   used	   to	   dominate	   the	   industrial	   landscape	   in	   the	   late	   ‘80s	  
(Harris,	  1991),	  gave	  their	  place	  to	  today’s	  more	  fragmented	  supply	  chain.	  This	  pattern	  appears	  to	  be	  
in	  disagreement	  with	   theories	  of	   technological	   growth.	  According	   to	  Utterback	  and	  Suarez	   (1993),	  
when	  a	  dominant	  design	   is	  established,	   the	  number	  of	   firms	   in	   the	  sector	  declines	  and	  only	  a	   few	  
large	  firms	  remain.	  Looking	  back	  in	  the	  industrial	  history	  of	  composites,	  the	  opposite	  appears	  to	  be	  
true.	  	  

1.3	  Black	  metal	  and	  composite	  industrial	  practice	  
In	   practice,	   the	   industry	   has	   traditionally	   treated	   composites	   as	   a	   substitute	   material,	   usually	  
overlooking	   the	   systemic	   architecture	   of	   the	   component	   and	   compromising	   on	   the	   benefits	   that	  
composites	   can	   offer.	   Historically,	   the	   composites	   have	   evolved	   around	   the	   concept	   of	   “black	  
aluminium	   components”	   (Tsai,	   1993),	   components	   designed	   as	   metals	   but	   manufactured	   in	  
composite	  material.	   This	   attitude	   is	   causing	   serious	   issues	   on	  manufacturability,	   since	  metals	   and	  
composites	   require	   radically	   different	   approaches.	   For	   example,	   processes	   like	   milling,	   drilling	   or	  
grinding	   that	   are	   used	   in	   metals,	   have	   totally	   different	   effects	   in	   composites.	   Composite	  
manufacturing	   requires	   the	   development	   of	   a	   mould,	   followed	   by	   a	   unique	   case	   of	   assembling	  
multiple	  layers	  of	  pre-‐impregnated	  fibres	  on	  the	  mould.	  Metals	  and	  composites	  have	  fundamentally	  
different	  design	  and	  manufacturing	  philosophies	  and	  they	  also	  require	  different	  skill	  sets.	  

Another	   issue	   regarding	   production	   capability	   in	   composites	   is	   related	   to	   the	   lack	   of	   automated	  
processes.	  With	  the	  exception	  of	  existing	  approaches	  for	  large	  and	  relatively	  simple	  geometries,	  the	  
majority	  of	  composite	  manufacturing	   is	   still	  dependent	  on	  manual	   labour	  and	  craftsmanship	  skills.	  	  
As	  a	  result,	  only	  small	  numbers	  of	  complex	  components	  can	  be	  manufactured	  with	  unreliable	  quality	  
and	  relatively	  low	  efficiency	  levels.	  	  
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1.4	  The	  capability	  trap	  
Despite	   the	   high	   strategic	   expectations	   in	   composite	   material	   technologies	   (Technology	   Strategy	  
Board,	  2014),	  (Government	  Office	  for	  Science,	  2013),	  (Department	  for	  Business	  Innovation	  and	  Skills,	  
2013),	  the	  industry	  seems	  to	  be	  stuck	  in	  a	  low	  productivity	  situation.	  The	  possibility	  that	  this	  might	  
be	  an	  example	  of	  a	  “capability	  trap”	  (Repenning	  and	  Sterman,	  2002)	  is	  explored	  here.	  	  The	  capability	  
trap	  arises	  from	  the	  paradox	  of	  fixating	  on	  seemingly	  profitable	  short-‐term	  results,	  while	  in	  the	  same	  
time	   losing	   focus	   on	   the	   strategic	   vision,	   neglecting	   investment	   in	   process	   improvements	   and	  
capabilities.	   This	   effect	   has	   also	   been	   characterised	   by	   evidence	   that	   “exploitation	   crowds	   out	  
exploration”	  (Benner	  and	  Tushman,	  2002).	  

2.	  Methodology	  and	  data	  collection	  
A	  qualitative	  study	  on	  the	  development	  of	  production	  capabilities	  in	  the	  composite	  industry	  revealed	  
some	  of	   the	  blocking	   factors	   that	  delay	   the	  growth	  of	   the	  sector	   (Chatzimichali	  and	  Potter,	  2014).	  
Eight	  experts	  in	  composites	  with	  a	  mean	  of	  30.5	  years	  of	  experience	  took	  part	  in	  this	  study.	  All	  the	  
interviewees	  were	  male	   and	   hold	   or	   held	   in	   the	   past	   high-‐profile	   positions	   in	   plant	  management,	  
production	  and	  engineering	  management	  and	  composite	  technical	  consultancy.	  They	  had	  experience	  
across	   a	   variety	   of	   composite	   sectors,	   from	   aerospace	   components	   to	   wind	   turbine	   blades	   and	  
composite	   bridges.	   Each	   interview	   lasted	   about	   two	   hours.	   Interviews	   were	   recorded,	   fully	  
transcribed	   and	   analysed	   using	   a	   constant	   comparative	   approach	   in	   NVivo	   10	   software.	   For	   this	  
paper	   the	   interview	  data	  were	  subsequently	  explored	  using	  a	   sequential-‐bridging	  strategy	   (Schultz	  
and	  Hatch,	  1996)	  with	  a	  view	  to	  developing	  a	  Causal	  Loop	  Diagram	  (CLDs)	  from	  the	  data	  (Luna-‐Reyes	  
and	   Andersen,	   2003;	   Yearworth	   and	  White,	   2013).	   This	   is	   a	   precursor	   to	   a	   full	   System	   Dynamics	  
modelling	  analysis.	  

3.	  Qualitative	  data	  analysis	  
Here	  a	  short	  analysis	  of	  the	  qualitative	  data	  is	  presented.	  The	  focus	  is	  on	  the	  interplay	  between	  long	  
term	  thinking	  versus	  short	  term	  problem	  solving	  that	  appears	  to	  be	  evident	  in	  the	  sector.	  	  

Some	  general	  remarks	  about	  the	  industry	  were	  made	  by	  Expert	  4:	  

Expert	   4:	   We	   characterize	   the	   composites	   industry	   as	   a	   cottage	   industry.	   And	   that	   is	   a	  
reflection	  of	  both	  the	  typical	  size	  of	  smaller	   the	  companies	  operating	   in	   it	  but	  also	  the	   fact	  
they	   tend	   to	   know	  what	   they	   know	  and	   that’s	   really	   good	   enough	   for	   them.	   They	   are	   not	  
outward	   looking	   in	  many	  respects.	   	  Which	   is	  why	   it	   is	  quite	   interesting	  to	  see	  at	  the	  supply	  
chain	  products	  who	   try	   to	   forge	  partnerships.	  And	  because	  of	   that	   they	  don’t	   look	   in	   their	  
manufacturing	   techniques,	   they	   look	   at	   their	   material	   problems	   and	   if	   we	   can	   move	   and	  
focus	  on	   their	  manufacturing	   techniques	  and	  away	   from	  a	  predominantly	  manual	   concept,	  
then	   the	   world	   changes.	   Now	   that’s	   not	   just	   a	   question	   of	   thinking,	   it	   is	   a	   question	   of	  
investment,	  so	  I	  think	  many	  small	  companies	  don’t	  know	  what	  they	  don’t	  know	  because	  they	  
cannot	  afford	  to	  find	  about	  it.	  

The	  expert	  is	  taking	  a	  critical	  look	  at	  the	  way	  the	  composites	  industry	  is	  operating.	  According	  to	  him,	  
the	  industry	  is	  lacking	  long-‐term	  and	  strategic	  thinking	  and	  part	  of	  the	  reason	  is	  lack	  of	  investment.	  
For	  Experts	  5	  and	  1	  this	  was	  confirmed	  at	  a	  more	  practical	  level.	  More	  specifically,	  Expert	  5	  is	  making	  
a	  clear	  comment	  on	  “not	  outward	  looking”	  and	  “know[-‐ing]	  what	  they	  know”:	  
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Expert	   5:	   We	   don’t	   openly	   go	   out	   and	   see	   methods	   that	   are	   used	   in	   another	   [meaning	  
company/industry].	  The	  general	  manager	  and	  business	  development	  manager	  have	  a	  lot	  of	  
knowledge	  about	  what	   there	   is	   in	   the	  business	  about	  new	  techniques	  and	  knowledge,	  new	  
application	  and	  we	  can	  discuss	  if	  a	  new	  technology	  can	  make	  the	  part.	  

This	  is	  also	  connected	  with	  the	  lack	  of	  a	  collaborative	  attitude	  in	  the	  supply	  chain	  level.	  It	  also	  seems	  
that	  the	  company	  is	  reluctant	  to	  invest	  in	  strategic	  research	  in	  the	  field	  and	  prefer	  a	  more	  practical	  
and	  problem-‐solving	  approach	  towards	  their	  current	  operations:	  

Expert	  5:	  Having	  been	  in	  other	  arenas	  I	  know	  there	  is	  a	  lot	  of	  funding,	  there	  is	  a	  lot	  possibility	  
doing	   research	  programs.	  A	   lot	  of	   those	   require	  an	  equal	   contribution,	   so	  an	  example	  of	  a	  
two	  hundred	  thousand	  pounds	  piece	  of	  project,	  you	  are	  expected	  to	  find	  out	  200.000	  pounds.	  
My	  CEO	  would	  tell	  me	  that	  for	  that	  amount	  of	  money	  you	  would	  make	  the	  product	  yourself.	  
You	  don’t	  have	  to	  put	   that	  amount	   in	  a	  pot	   to	  be	  told	  how	  to	  make	   it.	  You	  still	  gonna	  pay	  
200,000	  pounds	  out	  of	  his	  pocket.	  It	  is	  200,000	  pounds	  worth	  of	  work.	  You	  can	  get	  the	  same	  
thing	   for	  a	   lot	   less.	  Keeping	   it	   to	  a	  smaller	  arena,	   than	  the	  big	  primes	  they	  have	  that	  huge	  
corporate	  entity	  and	  they	  can	  enter	  into	  that.	  We	  don’t	  have	  to	  research	  it,	  we	  just	  have	  to	  
make	  it.	  

Expert	   1	   on	   the	   other	   hand,	   was	   working	   in	   new	   product	   development	   using	   composites	   for	   an	  
innovative	  application.	  Here,	  lack	  of	  time	  for	  long-‐term	  thinking	  was	  discussed:	  

Expert	  1:	  Even	  now	  we	  know	  we	  want	  to	  do	  work,	  but	  we	  are	  too	  concentrating	  on	  design	  
today’s	   blades	   and	   we	   don’t	   have	   enough	   time	   to	   do	   the	   work	   that	   we	   need	   to	   do	   on	  
tomorrows.	  But	  we’ll	  get	  there.	  

Despite	  their	  long-‐term	  thinking,	  they	  “firefight”	  with	  the	  current	  design	  and	  not	  enough	  time	  is	  left	  
to	  strategically	  approach	  the	  market	  and	  develop	  future	  designs.	  	  

Another	  point	  that	  became	  clear	  during	  the	  interviews	  was	  the	  extent	  that	  automation	  was	  available	  
or	  possible	  to	  be	  developed:	  

Expert	  3:	  We	  have	  been	  working	  with	   some	  people	  who	  have	   little	  or	  no	   schooling,	   simple	  
guys,	   very	   good	  manually,	   they	   are	   quick,	   very	   quick,	   you	   have	   to	   be	   very	   clever	   to	  make	  
something	  here	  that	  will	  out	  compete	  those	  guys.	  

Expert	  2:	  You	  cannot	  make	  a	  machine	  to	  replicate	  that	  [meaning	  manual	  production]	  rate!	  If	  
you	   try,	   you	   can	  make	  a	  machine	   to	  hold	   the	   creel	   and	   run	   the	  blade,	   but	   you	  have	  got	  a	  
problem	  with	  the	  power	  supply.	  

As	  a	  consequence,	  many	  composite	  production	  processes	  are	  dependent	  on	  the	  craftsmanship	  skills	  
of	   the	  workforce.	   However,	   in	   some	   cases	   they	   are	  many	   steps	   behind	   automation.	   Here,	   better	  
understanding	  of	  the	  actual	  manufacturing	  process,	  would	  allow	  a	  fastest	  production:	  

Expert	   6:	   We	   could	   make	   it	   faster,	   if	   we	   understood	   better	   […]	   what	   is	   the	   minimum	  
temperature	  we	  can	  get	  away.	  […]	  But	  all	  we	  want	  to	  know,	  if	  I	  make	  steel	  mould	  tooling	  half	  
an	   inch,	  does	   it	  perform	  as	  well	   as	   something	   that	   it	   is	  an	   inch,	  because	   if	   I	   can	  make	   the	  
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tooling	  smaller.	  One	  is	  cheaper,	  two	  I	  can	  get	  more	  parts	  in	  the	  furnace,	  less	  batches,	  more	  
parts	  per	  batch,	  cost	  gets	  down.	  

Lack	  of	  skills	   in	  composites	  was	  a	  theme	  that	  emerged	  many	  times	  during	  the	   interviews.	  Expert	  5	  
has	   extensive	   experience	   in	   composite	   manufacturing	   and	   lack	   of	   composite	   design	   skills	   in	   the	  
sector	  is	  an	  everyday	  practical	  struggle	  for	  him:	  

Expert	   5:	   [We	   are]	   having	   a	   drawing,	   which	   lands	   on	   the	   desk	   to	   make	   something	   in	  
composites	   and	   then	   the	   composite	   manufacturing	   engineer	   has	   to	   take	   it	   apart.	   Take	   it	  
apart	   and	   discover	   how	   to	   make	   it.	   […]	   So	   what	   we	   have	   to	   do	   really	   is	   to	   change	   their	  
[meaning	  the	  customers’]	  drawing.	  Change	  their	  model	  to	  what	  can	  be	  made.	  

Unfortunately	   getting	   an	   un-‐manufacturable	   design	   requires	   redesign	   and	   a	   lot	   of	   the	  
manufacturers’	  time	  is	  spent	  here,	  despite	  the	  fact	  that	  this	  is	  not	  their	  formal	  role.	  In	  the	  same	  case	  
the	  expert	  continues:	  	  

Expert	  5:	  It	  is	  difficult	  to	  get	  a	  designer	  to	  change	  his	  mind,	  to	  think	  such	  as	  a	  square	  corner.	  
A	  square	  corner	  is	  no	  good	  with	  composite,	  it	  needs	  to	  be	  rounded	  to	  take	  the	  stresses	  away	  
from	   the	   corner	   and	   still	   have	   a	   lot	   of	   hard	   corners	   drawn	   in	   a	   composite	   component.	   So	  
when	   the	   designer	   gives	   you	   a	   nice	   sharp	   angle	   on	   a	   composite	   component	   there	   be	   no	  
composite	  component	  

This	   inadequacy	  of	  designers	  can	  be	  attributed	  to	   the	   fact	   that	   the	  core	  of	  engineering	  design	  has	  
been	   very	   closely	   interwoven	   with	   the	   metallic	   tradition.	   Most	   designers	   have	   received	   formal	  
education	  in	  metal	  design	  and	  it	   is	  hard	  to	  change	  their	  mind-‐set.	  Expert	  1,	  also	  confirmed	  the	  low	  
level	  of	  composite	  skills	  in	  the	  workforce:	  

Expert	   1:	   Very	   few	   engineers,	   still,	   know	   how	   to	   design	   and	   make	   it	   as	   a	   means	   […],	  
[composites	  are]	  still	  not	  totally	  understood.	  

Beyond	  skills	  and	  manual	   labour,	   for	  Expert	  7	   the	  production	  capability	   is	  also	  connected	  with	   the	  
level	   of	   investment.	   For	   him	   scaling	   up	   and	   increasing	   production	   capability	  means	   investment	   to	  
machinery:	  

Expert	  7:	  Big	  one	  (issue)	  will	  be	  labour.	   I	  think	  that	  is	  the	  biggest	  thing.	  Because	  everything	  
else	  basically,	  it	  all	  comes	  down	  to	  money.	  If	  need	  to	  scale	  and	  I	  need	  more	  capacity	  I	  will	  buy	  
another	  autoclave.	  

In	  the	  case	  of	  Expert	  8,	  a	  negative	  experience	  with	  composite	  product	  development	  on	  the	  supply	  
chain	  level	  was	  discussed:	  

Expert	  8:	  On	  the	  occasions	  when	  the	  relationship	  with	  the	  supplier	  hasn’t	  been	  good,	  in	  the	  
sense	  that	   it	  has	  been	  distant,	  then	  the	  results	  have	  taken	  a	   lot	  time	  to	  produce.	   It	  has	  not	  
been	  as	  good	  as	  good	  as	  it	  could	  be.	  […]	  So	  what	  we	  are	  finding	  is	  that	  we	  need	  to	  put	  the	  
dialog	   parts	   of	   the	   sourcing	   process	   into	   the	   process.	   It	   cannot	   be	   incidental.	  Or	   it	   cannot	  
depend	  on	  whether	  people	  choose	  to	  go	  to	  the	  supplier	  and	  talk	  to	  them.	  It	  has	  to	  become	  
part	  of	  the	  process	  of	  sourcing	  composites	  in	  order	  to	  make	  the	  job	  more	  smoothing	  and	  the	  
outcome	  more	  acceptable.	   […]	  There	  will	  be	  dialog	  phase	  with	   the	  supplier,	   the	  design	  will	  
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evolve	  in	  conjunction	  with	  the	  supplier	  and	  it	   is	  not	  something	  that	  we	  have	  done	  very	  well	  
and	  we	  haven’t	  done	  it	  certainly…	  we	  haven’t	  done	  it	  robustly	   in	  the	  sense	  of	  every	  project	  
has	  gone	  that	  way.	  

This	  inadequacy	  of	  operational	  processes	  for	  the	  new	  material	  is	  negatively	  reflected	  on	  the	  growth	  
of	   the	   sector.	   The	   old	   or	   legacy	   organisational	   processes	   that	   used	   to	  work	   (well	   or	   less	  well)	   for	  
metal	  are	  completely	  inappropriate	  for	  composites:	  	  

	  Expert	   8:	   It	   is	   because	   of	   insufficient,	   preparatory	   work.	   Insufficient	   dialog.	   It	   is	   going	  
straight	  from	  the	  intent	  to	  the	  design	  and	  that	  doesn’t	  work.	  	  It	  doesn’t	  work	  on	  most	  things,	  
but	   it	  particularly	   it	  doesn’t	  work	  with	  composites.	   […]	  And	   in	   the	  case	  of	  composites,	   that	  
method	  doesn’t	  work	  very	  well,	  because	  all	   information	   is	  within	  specification,	  because	  the	  
specification	  doesn’t	  recognize	  all	  the	  problems	  associated	  in	  making	  composite	  parts.	  

In	  the	  next	  section	  a	  causal	   loop	  diagram	  is	  formulated	  in	  order	  to	  explore	  and	  shed	  more	  light	  on	  
the	  causal	  relationships	  between	  the	  points	  discussed	  by	  the	  experts.	  

4.	  Theory	  building	  and	  systems	  dynamic	  modelling	  	  
The	   fundamental	   variable	   of	   interest	   in	   this	   model	   is	   the	   production	   capability	   of	   the	   composite	  
industry	   shown	   in	   figure	   3.	   Production	   capability	   is	   proportional	   to	   the	   level	   or	   volume	   at	   which	  
composite	   products	   are	   manufactured	   in	   relation	   to	   the	   size	   of	   the	   workforce	   in	   the	   sector.	  
Production	   capability	   depends	   on	   the	   rate	   at	   which	   advanced	   industrialisation	   is	   successfully	  
implemented	   (Chatzimichali,	   Potter	   and	   Smulders,	   2013).	  Advanced	   industrialisation	   goes	   back	   to	  
the	   basics	   of	   industrialising	   the	   development	   and	  manufacturing	   of	   a	   product.	   It	   is	   developing	   an	  
integrated	  body	  of	  knowledge	  covering	  design,	  engineering,	  manufacturing	  and	  use	  of	  the	  product,	  
followed	  by	   division	  of	   division	   of	   labour	   and	   automation	   in	   order	   to	   increase	   production	   quality,	  
rate	  and	  volume.	  	  	  

	  

Figure	  3	  Causal-‐loop	  diagram	  of	  the	  composites	  industry	  capability	  trap	  
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The	   reinforcing	   loop	   on	   the	   right	   side	   of	   figure	   3	   	   represents	   the	   rudimentary	  mechanism	  behind	  
economic	  growth	  in	  the	  sector.	  Advanced	  industrialisation	  and	  increased	  production	  capability	   lead	  
to	  economies	  of	  scale	  and	  learning	  curve	  effects,	  which	  in	  turn	  decrease	  production	  costs.	  Decreased	  
production	  costs	  are	  leaving	  a	  bigger	  margin	  for	  profit	  and	  thus	  investment	  back	  in	  the	  industry.	  This	  
consecutively	  triggers	  more	  advanced	  industrialisation	  and	  increases	  the	  production	  capability	  of	  the	  
sector.	  	  

The	   balancing	   loop,	   on	   the	   other	   hand,	   has	   a	   negative	   impact	   on	   advanced	   industrialisation	   and	  
production	   capability.	   Increased	   production	   volumes	   and	   rates	   also	   result	   in	   increasing	   the	   direct	  
effort	  the	  sector	  is	  putting	  in	  solving	  issues	  related	  with	  design	  and	  manufacturing	  of	  products.	  As	  it	  
was	   discussed	   in	   the	   previous	   section	   the	   struggle	   with	   legacy	   operational	   processes,	   the	   lack	   of	  
supply	   chain	   collaboration	   and	   lack	   of	   skills	   in	   combination	   with	   the	  metal	   mind-‐set	   create	   the	  
“firefighting”	   attitude.	   All	   these	   concerns	   are	   reflected	   upon	   the	   redesign	   problems	   with	   many	  
composite	  products	  and	  components.	  These	  redesign	  problems	  require	   further	   investigation,	  since	  
they	  can	  have	  debilitating	  effects	  on	  profitability	   (Williams	  et	  al.	  1995).	  As	  a	  more	  general	  remark,	  
the	   sector’s	   focus	   seem	   to	   be	  more	   around	   survival	   and	   short-‐term	   profit,	   while	   larger	   strategic	  
goals	  related	  to	  advanced	  industrialisation	  and	  increased	  production	  capability	  are	  not	  a	  priority.	  	  

This	  paradox	  between	  the	  lack	  of	  long-‐term	  strategy	  (reinforcing	  loop)	  and	  a	  short-‐term	  firefighting	  
mode	   (balancing	   loop)	   is	   the	   basis	   of	   a	   capability	   trap.	   In	   the	   next	   section,	   the	   notion	   and	   the	  
implications	  of	  this	  capability	  trap	  are	  further	  discussed.	  	  

At	  this	  point	  we	  would	  like	  to	  note	  that	  this	  paper	  presents	  the	  first	  steps	  of	  a	  dynamic	  hypothesis,	  
historical	  data	  are	  being	  collected	  to	  parameterise	  the	  main	  variables	  and	  a	  systems	  dynamics	  model	  
is	   currently	   under	   development.	   Patent	   data,	   as	   discussed	   earlier,	   are	   an	   indicator	   of	   Intellectual	  
Property	   (IP)	   in	   the	   sector	   and	   current	   modelling	   suggests	   that	   this	   is	   likely	   to	   reduce	   the	   effort	  
involved	  in	  solving	  Design-‐Production	  Issues	  related	  with	  increased	  volumes.	  

5.	  Overcoming	  the	  capability	  trap	  
According	   to	   Repenning	   and	   Sterman	   (2001),	   a	   capability	   trap	   is	   primarily	   a	   mental	   barrier	   and	  
therefore	   overcoming	   it,	   rests	   on	   changing	   the	   belief	   that	   resources	   or	   time	   are	   insufficient	   for	  
improvements	  and	  that	  systemic	  problems	  are	  outside	  of	  employees’	  control.	  Therefore	  succeeding	  
in	   such	   an	   endeavour	   would	   primarily	   depend	   on	   shifting	   the	   mental	   models	   of	   employees	   and	  
managers.	  But	  what	  could	  bring	  about	  a	  new	  belief	  system?	  

Even	   though	   there	   is	   a	   general	   acceptance	   that	   composites	   are	   a	   promising	   technology	   and	   very	  
strong	  expectations	  in	  them	  were	  formed	  back	  in	  the	  ‘80s	  (Carlson,	  1993;	  Harris,	  1991),	  the	  shift	  of	  
increased	  production	  capacity	  has	  yet	  to	  come.	  In	  a	  critical	  examination	  of	  the	  history	  of	  material	  in	  
aerospace,	  the	  sector	  that	  played	  a	  fundamental	  role	  in	  composites,	  Schatzberg	  (1999)	  considers	  this	  
reluctance	  to	  composite	   innovation,	  advocating	  that	  “In	  a	  century	  that	  has	  supposedly	  experienced	  
an	   accelerating	   rate	   of	   technical	   change,	   this	   apparent	   conservatism	   [towards	   composites]	   seems	  
anomalous”	   (p.	   230).	   The	   author	   questions	   the	   laws	   of	   “natural	   selection”	   for	   new	   technologies,	  
since	  no	  objective	  processes	  ensure	  that	  the	  best	  technology	  will	  prevail.	  	  Instead,	  he	  suggests	  that	  
part	   of	   the	   technological	   development	   comes	   from	   reasoned	   argument	   and	   empirical	   evidence,	  
while	  the	  other	  part	  is	  the	  symbolic	  meanings	  shaping	  technical	  culture.	  For	  example,	  the	  symbolic	  
role	  of	  Moore’s	   law	   in	   the	   semi-‐conductor	   industry,	   established	  expectations,	   inspired	  open	   road-‐
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mapping	  exercises	  and	  attracted	  huge	  investments	  in	  the	  sector	  (Le	  Masson	  et	  al.,	  2013),	  acting	  that	  
way	   as	   a	   self-‐fulfilling	   prophecy	   (Lente	   and	   Rip,	   1998).	  What	   gave	   validity	   to	  Moore’s	   law,	  which	  
initially	  was	  nothing	  more	  than	  an	  observation,	  was	  the	  fact	  that	  people	  believed	  in	  it.	  	  At	  a	  similar	  
level,	   the	   only	   way	   to	   overcome	   a	   capability	   trap	   in	   composites	   is	   by	   becoming	   convinced	   that	  
composites	  are	  an	  indispensable	  part	  of	  the	  future.	  

6.	  Conclusions	  
The	  intention	  of	  this	  paper	  was	  to	  examine	  issues	  around	  the	  seemingly	  low	  production	  capability	  of	  
the	   composite	   sector.	   A	   critical	   study	   of	   the	   technology	   development	   literature	   indicated	   that	  
composites	   appear	   to	   be	   a	   unique	   case	   of	   technology	   that	   does	   not	   follow	   existing	   rules.	   Expert	  
interviews	   and	   further	   analysis	   of	   qualitative	   data	   led	   to	   the	   formulation	   of	   a	   capability	   trap	  
hypothesis.	   Early	   findings	   seem	   to	   support	   this	   phenomenon	   that	   is	   slowing	   down	   composite	  
technology	  development.	  The	  dynamics	  of	  the	  system	  appear	  to	  fixate	  in	  solving	  issues	  around	  work	  
processes,	  short	  term	  improvement	  and	   immediate	  profit,	   rather	  than	  concentrate	  on	   longer	  term	  
investment,	   learning	   goals	   and	   strategic	   growth.	   Sketching	   this	   capability	   trap	   raises	   several	  
questions.	   First,	   how	   could	   growth	   curves	   reflecting	   production	   capability	   get	   expressed	   for	   a	  
material	  that	  applies	  in	  various	  sectors?	  Second,	  if	  industrial	  actors	  and	  stakeholders	  become	  aware	  
of	  such	  a	  capability	  trap,	  how	  could	  research	  support	  this	  shift	  towards	  a	  growth	  mind-‐set	  and	  link	  
new	   technology	   dynamics	   with	   organisational	   outcomes?	   Technology	   development	   literature	   and	  
composite	  research	  should	  clearly	  extend	  beyond	  the	  narrow	  limits	  of	  their	  own	  fields	  and	  explore	  
the	   connection	   between	   composite	   production	   capability,	   manufacturing	   strategy	   and	   advanced	  
industrialisation,	  in	  order	  to	  shape	  the	  conditions	  for	  growth.	  
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