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Preface 

This  volume  of  the  Lecture  Notes  in  Mechanical  Engineering  (LNME)  presents  peer
 reviewed  contributions  within  the  Regional  Helix  framework  under  the  theme  of  Sus
 tainable  Innovation  in  Mechanical  Engineering.  The  chapters  collectively  articulate  con
 temporary  mechanical  engineering  applied  research  that  reshape  design,  production  and
 mobility  systems  to  innovate  through  and  within  sustainability  guidelines.  Beyond  pre
 senting  incremental  advances  through  sustainability-oriented  innovation,  the  chapters
 emphasize  maintenance  and  repairability  case  studies,  life-extension  of  assets,  resource
 and  energy  efficiency  in  processes,  interoperability  across  cyber-physical  production
 systems,  and data-informed  decision-making  at  component,  process,  and  system  levels.
 

The  Regional  Helix  framework  is  intentionally multidisciplinary  and  application
 oriented  while  integrating  academic,  industrial,  and  public-sector  perspectives.  This
 integration  is  reflected  in  the  contributions,  which  balance  methodological  development
 with  application  in  applied  operational  contexts.  The  resultant  body  of  work  illustrates  a
 consistent  concern  for  measurability,  replicability,  and  the  translatability  of  findings into
 engineering  practice,  thus  helping researchers,  students  and  practitioners  to  implement
 more  sustainability-oriented  strategies  and  solutions.
 

The  organizers  received  29  contributions  for  this  volume.  After  a  thorough  peer
 review  process  (double-blind  review),  the  committee  accepted  20  papers,  with  an  accep
 tance  rate  69%.  At  least  three  independent  reviewers  evaluated  each  paper.  To  evaluate
 each  paper,  reviewers  were  asked  to  answer,  among  others,  questions  about  the  original
 ity  of  the  paper,  the  significance of  presented  results,  comprehensibility,  scientific  merit
 and  relevance  for  the  Regional  Helix  framework.  All  submitted  papers  were  checked  for
 similarity  using  Turnitin.
 

This  volume  is  organized  into  four  technical  subsections  that  range  from  the  imple
 mentation  of  sustainable  and  innovative  technologies  and  solutions  to  system-level  sus
 tainability  outcomes:  (I)  Advanced  Manufacturing  and  Digital  Systems;  (II)  Mainte
 nance  and  Asset  Management; (III)  Energy  and  Environment;  and  (IV)  Sustainable
 Mobility  and  Transportation.
 

The  first  part  entitled  Advanced  Manufacturing  and  Digital  Systems  assembles  con
 tributions  on  robotics-enabled  additive  manufacturing  (AM),  digital  readiness,  and  inter
 operability  as  foundational enablers  of  sustainable  production.  The  section  encompasses
 a  state-of-the-art  review  of  robot-assisted  AM  platforms  and  control  architectures;  a
 bibliometric  analysis  of  digital-maturity  assessment  models  relevant  to  Industry  4.0
 transitions;  and  an  interoperability  case  using  OPC  UA  within  injection-moulding  envi
 ronments  to  enable  traceability,  efficient  data  exchange,  and  energy-aware  operation.  A
 case  study  on  polymer  injection  moulds  highlights  and  discusses  welding-based recon
 ditioning  strategies.  Together  these  studies  evidence  how  advanced  manufacturing  and
 data  infrastructures  shorten  the  path  from  concept  to  circular  products.
 

The  second  part  dedicated  to  Maintenance  and  Asset  Management  focuses  on  sustain
 ing  performance  through  predictive,  standardized,  and  decision-intelligent  approaches.
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Methodological  contributions  include  a  proportional  hazards  (Cox)  modelling  frame
 work  for  predictive  maintenance  in  Industry  5.0  settings  and  a  decision-support  architec
 ture  that  formalizes  multi-criteria  evaluation  for  complex  industrial  systems.  Alongside
 these,  dedicated  case  studies  show  how  disciplined  improvement  translates  directly  into
 uptime  and  quality.  This  section  shows  that  sustainability-oriented  strategies  allow  for
 extend  asset  life,  improved  maintenance  policies,  and  reduced  environmental  impacts
 related  with  waste  and  premature  replacements.
 

The  third  part  focusing  on  Energy  and  Environment  addresses  process-scale  resource
 performance  and  environmental  impact  mitigation.  Contributions  include  energy-aware
 control  of  suspended-load  movement,  thermal  optimization  of  pellet  boilers,  and  two
 materials-processing  studies  that  are  related  to  circular  value  chains:  the  valorization
 of  limestone-quarry  waste  into  precipitated  calcium  carbonate  and  a  model  for  sepa
 rating  plastics  by  dissolution/precipitation.  These  studies  pair  modelling  with  empirical
 validation,  evidencing  quantifiable  gains  in  energy  efficiency,  material  recovery,  and
 substitution  potential,  while  preserving  or  enhancing  functional  performance.
 

The  fourth  part  dedicated to  Sustainable  Mobility  and  Transportation  considers  the
 design  and  operation  of  mobility  systems  with  attention  to  performance  metrics  and  envi
 ronmental  accounting.  The  section  includes  ride-comfort  analytics  for  electric  scooters
 aligned  with  ISO  2631,  a  genetic-algorithm  framework  for  the  optimization  of  vehi
 cle  suspension  parameters,  fleet-level  CO

 2  assessment  tools  for  heavy-duty  vehicles,
 and  analyses  of  maintenance-related  environmental  impacts  under  biofuel  operation.
 A  complementary  case  study  on  aircraft  landing-gear  trends  rounds  out  the  set.  The
 section  demonstrates  that  sustainable  mobility  outcomes  emerge  from  the  interaction
 of  component design,  control  strategies,  operational  practices,  and  robust  measurement
 infrastructures.
 

Three  transversal  trends  run  through  the  volume.  First,  circularity  is  being opera
 tionalized:  from  welding-based  repair  and  reconditioning  of  tooling  to  the  upcycling
 of  Nylon-6  fishing  nets  via  large-scale  additive  manufacturing  and  micro-factories,  the
 papers  illustrate  how  product  life-extension  and  local  production  can  be  engineered
 as  systematic  capabilities  rather  than  one-off  projects.  Second,  digitalization  is  matur
 ing  beyond  pilots:  interoperability  standards,  digital-maturity  assessment  and  asset
 intelligence  methods  are  being  applied  to  create  trustworthy  data  flows  that  support
 optimization  across  the  life  cycle.  Third,  measurement  is  becoming  integral  to  design
 and  management decisions,  thus  closing  the  loop  between  targets,  interventions  and
 outcomes.
 

The  contributions  further  indicate  that  environmental  and  economic objectives  can
 be  jointly  satisfied  when  interventions  are  formulated  as  engineering optimizations  sub
 ject  to  operational  constraints.  Interoperable control  reduces  information  latency  and
 improves  utilization;  predictive  maintenance  extends  asset  life  and  mitigates  unplanned
 losses;  process-level  energy  optimization  lowers  operating  costs  while  reducing  emis
 sions;  and  transport  analytics  provide  a  basis  for  accountable decarbonization  trajecto
 ries.  In  aggregate,  the  studies  offer  a  transferable  set  of  methods  that  organizations  may
 adopt  incrementally  with  cumulative  effect.
 

The  editors  extend  their  appreciation to  all  authors  for  entrusting  us  with  their  work
 and  for  engaging  constructively  with  the  review  process.  We  are  equally  indebted  to  the
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anonymous  reviewers  and  track  organizers  for  their  time,  expertise  and  careful  assess
 ments  and  to  the  Regional  Helix  organizing  committee  for  the  platform  that  enabled  these
 exchanges.  We  acknowledge  our  institutions  and  partners  for  their  support  throughout  the
 editorial  process  and  extend  our  appreciation to  the  Springer  LNME  team  for  guidance
 during  production.
 

We  hope  this  collection serves  researchers,  students  and  practitioners  as  a  practical
 reference  for  designing mechanical  systems  that  are  efficient,  repairable  and  resilient.
 The  editors  trust  that  the  ideas  and  tools  presented  here  will  inform  future  research
 projects,  industrial  deployments  and  curricula  devoted  to  sustainable  innovation  in
 mechanical  engineering.
 

Leiria,  Portugal Marcelo  Calvete  Gaspar
 

Maria  Leopoldina Alves
 

Luis  Serrano 

Daniel  Raposo
 

Luis  Farinha 
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