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structural  and  thermodynamics  in  transportation  vehicles.  The  mechanical  and  electronic  complexity
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The  management  process  evolved  from  a  basic  operational  practice,  focused  on  the  control  of  vehicles  
and  drivers,  for  a  strategic  area  that  integrates  multiple  disciplines,  such  as  engineering,  logistics  and  
technology.  This  transformation  reflects  the  increasing  complexity  of  business  operations  and  the  need  
for  efficiency  in  corporate  mobility.  As  the  advent  of  Industry  4.0,  data  management  has  come  to  
incorporate  intelligent  systems,  automation  and  data  analysis  in  real  time,  becoming  an  essential  field  
for  optimizing  resources  and  making  strategic  decisions  in  modern  organizations.

From  the  perspective  of  Mechanical  Engineering,  fleet  management  cannot  be  understood  only  as
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of  modern  vehicles  requires  an  advanced  technical  approach,  where  sensors,  algorithms  and

Abstract

Fleet  management  has  always  been  a  strategic  field  for  companies  that  depend  on

Fleet  

management  has  evolved  from  a  basic  operational  practice  focused  on  vehicle  and  driver  control  to  a  strategic  area  

integrating  multiple  disciplines,  such  as  engineering,  logistics,  and  technology.  This  transformation  reflects  the  growing  

complexity  of  business  operations  and  the  need  for  efficiency  in  corporate  mobility.  With  the  advent  of  Industry  4.0,  fleet  

management  has  begun  to  incorporate  intelligent  systems,  automation,  and  real-time  data  analysis,  becoming  an  essential  

field  for  resource  optimization  and  strategic  decision-making  in  modern  organizations.
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activity  that  requires  integration  between  different  areas  of  knowledge,  especially  with  the

advances  provided  by  Industry  4.0.

operational  management,  but  rather  as  a  practical  application  of  materials  science,  analysis

mobility  as  an  essential  part  of  its  operations.  Initially,  it  was  limited  to  a  control

1.  Introduction

basics  of  vehicles  and  drivers,  but  over  time  it  has  become  a  complex  discipline

that  combines  engineering,  logistics,  and  technology.  Today,  more  than  ever,  fleet  management  is  a

data  analysis  becomes  part  of  the  maintenance  and  operation  routine.
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3.  From  Classical  Mechanics  to  the  Digital  Age:  Fleet  Management  in  the  20th  Century

vehicle.  Although  rudimentary,  these  records  represented  the  beginning  of  the  systematization  of  management

engineering.  From  rudimentary  corrective  maintenance  practices  in  the  19th  century  to  modern

Thus,  the  historical  evolution  of  fleet  management  is  a  reflection  of  the  evolution  of

predictive  analytics  with  artificial  intelligence,  fleet  management  has  kept  up,  and  often

During  the  20th  century,  fleet  management  evolved  in  parallel  with  the  maturity  of

Mechanical  Engineering.  In  the  1950s  and  1960s,  with  the  expansion  of  mass  vehicle  production,

reliability  concepts  applied  to  fleets  emerged.  Indicators  such  as  MTBF  (mean  time

between  failures)  and  MTTR  (mean  time  to  repair)  began  to  be  used,  allowing  greater

This  period  consolidated  the  idea  that  machine  performance  could  not  be  treated

railways  and  ships  required  systematic  coordination.  At  that  time,  vehicle  maintenance

was  based  on  corrective  practices:  interventions  only  occurred  after  an  evident  failure.  The

analyze  this  theme  from  a  historical-technical  perspective.

predictability  in  vehicle  life  cycle  and  maintenance  costs.

fleets  and  paved  the  way  for  failure  prevention  strategies.

maintenance  techniques  and  reports  laid  the  foundation  for  what  would  later  become  the

The  concept  of  an  organized  fleet  emerged  during  the  Industrial  Revolution,  when  the  operation  of

2.  Origin  and  Mechanical  Basis  of  Fleet  Management

anticipated  the  movements  of  the  industrial  revolutions.  This  trajectory  highlights  the  importance  of

resistance  and  lubrication,  essential  to  ensure  minimum  fleet  operation.

With  the  advancement  of  the  20th  century  and  the  popularization  of  internal  combustion  engines,  the  fleet

road  became  a  fundamental  part  of  economic  development.  Companies  began  to

Mechanical  Engineering,  still  in  consolidation,  provided  basic  foundations,  such  as  calculations  of

record  data  such  as  mileage  traveled,  fuel  consumption  and  time  of  use  of  each

preventive  maintenance  and,  subsequently,  scientific  management  of  vehicles.

only  from  an  operational  perspective,  but  as  an  engineering  problem.  The  first  analyses
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was  fundamental  to  the  transition  from  corrective  and  preventive  maintenance  to  an  approach

In  the  1980s,  the  first  maintenance  software  began  to  be  implemented,

In  the  following  decades,  advances  in  computing  brought  even  more  significant  changes.

known  as  CMMS  (Computerized  Maintenance  Management  Systems).  They  recorded

scattered  in  manual  reports.

significantly  reduce  vehicle  downtime.

data  on  inspections,  work  orders  and  repairs,  centralizing  information  that  was  previously

Internet  of  Things  (IoT),  allows  predictive  analysis  and  the  anticipation  of  failures  before  they  occur

4.  Industry  4.0:  The  New  Era  of  Fleet  Management

Industry  4.0  brought  a  digital  revolution  that  radically  transformed  the  management  of

occur,  reducing  costs  and  increasing  safety.

oil,  brake  wear,  and  bearing  vibrations.  This  data,  transmitted  in  real  time  by

allow  us  to  identify  failure  patterns,  correlate  driving  style  with  operating  costs

logistics,  such  as  routes  and  speeds,  with  technical  data  on  mechanical  wear.  This  integration

maintenance  and  even  predict  energy  consumption  according  to  route  conditions.  This  combination

reproduce  the  behavior  of  fleet  vehicles  in  real  time,  enabling  simulations  of

As  early  as  the  late  1990s  and  early  2000s,  the  use  of  GPS  tracking  systems

Another  crucial  advancement  of  Industry  4.0  is  the  use  of  digital  twins.  These  virtual  models

scenarios  and  performance  analyses  under  different  conditions.  Furthermore,  the  energy  transition,

marked  by  the  electrification  of  fleets,  requires  management  to  incorporate  new  variables  such  as  service  cycles

batteries,  energy  regeneration  and  charging  infrastructure.

revolutionized  the  way  fleets  were  managed.  For  the  first  time,  it  was  possible  to  cross-reference  information

reliability-centered.

of  massive  data  and  machine  learning  expands  strategic  decision-making  capacity  and  reduces

At  the  same  time,  Big  Data  analysis  and  the  application  of  Artificial  Intelligence  algorithms

fleets.  Today,  vehicles  are  equipped  with  sensors  that  monitor  variables  such  as  tire  pressure
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critical,  since  the  constant  flow  of  information  in  real  time  can  be  the  target  of  virtual  attacks.

in  machines  to  become  a  manager  of  complex  systems.

The  impact  of  digitalization  on  fleet  management  goes  far  beyond  process  automation.

5.  Technical  and  Scientific  Impacts  of  Evolution

completely  the  management  logic.  With  full  automation,  the  role  of  the  manager  will  increasingly  be

significant  challenges.  The  integration  of  systems  from  different  manufacturers  is  still  limited,  which

In  practice,  this  means  applying  simulation  tools  such  as  CAE  (Computer  Aided

classics  of  vehicle  dynamics  and  material  resistance  as  well  as  new  digital  tools

Another  challenge  is  the  training  and  qualification  of  professionals.  Mechanical  Engineering  needs

and  automation  in  the  training  of  the  modern  engineer.

unique  ecosystem.

6.  Current  Challenges  and  Future  Perspectives

The  future  points  to  the  integration  of  autonomous  vehicles  into  fleets,  which  will  change

in  conjunction  with  telematic  data  collected  in  real  time.  This  fusion  of  classical  and

makes  it  difficult  to  standardize  data  and  processes.  Furthermore,  cybersecurity  emerges  as  a  point

It  redefines  the  role  of  the  mechanical  engineer,  who  today  needs  to  master  both  fundamentals

data  analysis  and  computer  simulation.  The  professional  is  no  longer  just  a  specialist

adapt  to  a  scenario  in  which  data  science  and  artificial  intelligence  are  part  of  everyday  life.

of  systems  integrator,  connecting  vehicles,  energy  grids  and  digital  platforms  into  one

digital  increases  the  accuracy  of  analyses  and  strengthens  predictive  maintenance  strategies.

The  result  is  a  multidisciplinary  approach,  which  requires  knowledge  in  science  of

materials,  embedded  electronics,  data  science,  and  even  sustainability.  Fleet  management

becomes  a  true  laboratory  for  the  practical  application  of  Mechanical  Engineering  in  the  digital  age.

Despite  advances,  the  full  implementation  of  Industry  4.0  in  fleet  management  faces

Higher  education  institutions  are  already  seeking  to  include  courses  in  statistical  analysis  and  digital  systems.

Engineering),  CFD  (Computational  Fluid  Dynamics)  and  FEA  (Finite  Element  Analysis)
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(2017)  and  Construtora  Jope  (2021).  Currently,  Mr.  Maciel  works  as  Technical  Leader  at

ALMEIDA,  ME  Fleet  Management  and  Integrated  Logistics.  São  Paulo:  Atlas,  2019.

ANDERSON,  C.;  WILLIAMS,  R.  Fleet  Management:  Principles  and  Practices.  New  York:  
Routledge,  2020.

and  reinvents  itself  in  the  face  of  industrial  transformations.  From  simple  manual  mileage  recording

occupying  the  center  of  technological  innovation.  The  integration  of  sensors,  algorithms  and  models

In  Industry  4.0,  fleet  management  is  no  longer  just  an  administrative  process  and  becomes

Thus,  the  mechanical  engineer  of  the  21st  century  is  no  longer  just  an  engine  specialist

and  sustainability.  Fleet  management  becomes,  in  this  context,  one  of  the  clearest  examples  of

engineering  and  equipment.  His  professional  career  demonstrates  remarkable  evolution,

highlighting  his  competence  in  supervision  and  technical  responsibility.  His  training  is

practical  application  of  engineering  in  the  digital  world  of  Industry  4.0.

digital  allows  not  only  to  reduce  costs  and  increase  vehicle  availability,  but  also

to  real-time  monitoring  by  artificial  intelligence,  each  phase  brought  advances  that

The  evolution  of  fleet  management  clearly  demonstrates  how  Mechanical  Engineering  adapts

7.  Conclusion

strategic  Fleet  Management  in  companies  such  as  Guimarães  Serviços  de  Engenharia  LTDA

increased  the  efficiency  and  reliability  of  operations.

2019)  with  a  solid  and  progressive  career  in  fleet  management  and  technical  leadership  in  the  sector

Inova  Equipamentos  (2025  –  current)  and  is  Technical  Manager  at  Forte  Motores  (2024  –  current),

anticipate  scenarios  and  design  long-term  strategies.
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