
Pre lim in a ry con ce p t s a n d  
sp e cifica t ion s fo r a  se lf-p rop e le d  

w a gon

1



Fu n d e d  by t h e Eu rop e a n  Un ion

The  project is  supported  by the  Europe’s Ra il Join t Undertaking and  its  m em bers.

Funded by the  European  Union . Views and  opin ions expressed  a re  however 
those of the  au thor(s) on ly and  do not necessa rily re flect those  of the  European  

Union  or the  Europe’s Ra il Join t Undertaking. Ne ithe r the  European  Union  nor the  
gran ting authority can  be  he ld  responsib le  for them .

Discla im e r



3

Th re e clu s t e r s e n a b le
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Prod u ct ion  n e t w ork  in  s in gle -w a gon  loa d  t ra n sp or t  (e xa m p le  Ge rm a n y)
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Wh a t  h a s  ch a n ge d  s in ce  1996? 
• Digita liza tion  and  m onitoring
• Position ing technologies
• Digita l Autom atic Couple r
• Efficien t m otors and  con tro ls

Ref.- Sta te  of the  a rt Frede rich  Lege  1996 
UIC 2002

Wh y d o  w e  n e e d  Se lf Prop e lle d  
Wa gon ?
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 Com m ercia l in itia tives end  to  end  (e .g. In tram otev, Para lle l)

 Com m ercia l re fe rences for enclosed  a reas (e .g. HIAROM)

Wh o h a s  t r ie d  a lre a d y?

In tram otev "ReVolt" Para lle l System s HIAROM
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 Varied  scien tific approach on fu ll system  approach , subsystem s and types of use  cases

Wh o  h a s  s t u d ie d  a n d  p u b lish e d  on  t h a t  t op ic?

Baie r e t Al. - 2009

FlexcargoRail

Pfaff e t Al. - 2019

Wagon  4.0
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Worksh op  a n d  su rve y t o  u n d e r s t a n d s t a ke h o ld e r  n e e d s

Potentia l for se lf-prope lled  fre ight wagon to  revolu tion ize  fre ight opera tions through increased  e fficiency, flexib ility and  susta inability
• Bette r understanding of the  use  cases prioritized  and  stakeholders’ expecta tions

• Valuable  ranges for the  opera tions

Question Minim u
m

Maxim um Num ber of 
answers

Range Speed 15 km /h 120 km /h 7

Range gradient 4 ‰ 25 ‰ 4

Range  d istance  with  se lf-
propulsion 1 km More  than  20 

km 13

Distance  track in  the  tra in  
form ation  be tween shunting 
ope ra tions

50 km 400 km 12

Tim e  in  which  the  wagons a re  
uncoupled  from  the  tra in  se t 1 h 168 h 8

Sta tionary tim e  of the  wagon a t 
the  destina tion 6 h 168 h 10

Num ber of sta rt-up ope ra tions 3 12 11

Range curve radius 80 m 90 m 2

Perm anently coupled  wagon 
units 1 More  than  5 11

St a ke h o ld e r  Exp e ct a t ion s

1. Last m ile se rvice from the m ainline to the industria l a rea .
2. Se lf-loading and unloading.
3. Reduce the tra in tim e .
4. Reduce the need of feede r locom otives.
5. Reduce the need for shunting locom otives
6. Infrastructure way of th inking: Tra ins occupy tracks and they

should m ove as m uch as possib le .
7. Needs to be safe and re liab le
8. Knowledge of the tracks (lack of ene rgy), speed tha t you have to

have going up a hill with a ce rta in load
9. Cheap
10. Batte ry for the part of the track tha t don 't have e lectricity



Se lf-p rop e lle d  w a gon  Use  Ca se s

9

1. Pr iva t e  ya rd  loa d  a u t om a t ion  (la s t  
m ile )

3. Coord in a t in g grou p s  o f se lf-
p rop e lle d  fre igh t  w a gon s

2. Ch a lle n gin g t ra ct ive  p ow e r  a n d  
b ra k in g sce n a r ios

4. Au t on om ou s  loa d in g a n d  u n loa d in g
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1. Pr iva t e  ya rd  loa d  a u t om a t ion  (la s t  
m ile )

3. Coord in a t in g grou p s  o f se lf-
p rop e lle d  fre igh t  w a gon s

2. Ch a lle n gin g t ra ct ive  p ow e r  a n d  
b ra k in g sce n a r ios

4. Au t on om ou s  loa d in g a n d  u n loa d in g

1. Efficie n cy a n d  cos t  re d u ct ion : Se lf-prope lled  wagons 
stream line  opera tions, reducing the  need  for shunting 
locom otives and  m anua l labour

2. Te ch n ica l Fe a s ib ilit y:  In tegra ting traction  m otors, 
converte rs, ba tte rie s, and  m odified  braking system s requires 
furthe r ana lysis

3. En e rgy Op t im iza t ion : Ana lyzing torque , power, and  speed  
profile s to  design  e fficien t system s, including regenera tive  
braking

1. Pa ra m e t r ic St u d y: High-leve l ana lysis of ba tte ry-powered  
e lectric powertra ins for se lf-prope lled  fre ight wagons, focusing on  
low-speed  and  h igh-power scenarios.

2. Pow e r t ra in  Con flict : Identified  conflict be tween la st-m ile  
de live ry and  traction  support needs, suggesting a  two-stage  
gea rbox and  m id-range  powertra in  as a  solu tion .

3. Ca se  St u d y a n d  Sim u la t ion s : In itia l sim ula tions in  Sweden 
show potentia l benefits , with  furthe r ana lysis needed  to  explore  
opera tiona l benefits  using existing m otor and  ba tte ry sizes

1. Efficie n cy Ga in s : Concurren t shunting with  se lf-prope lled  
wagons reduced  shunting tim e  by 43% com pared  to  sequentia l 
m e thods.

2. Op t im iza t ion  a n d  Lim it a t ion s : Centra lized  p lanning and  
evolu tionary optim iza tion  m inim ized  shunting dura tion , bu t 
sca lab ility and  rea l-world  constra in ts need  furthe r re sea rch .

3. Fu t u re  Work : Eva lua te  with  la rge r flee ts, deve lop  a lte rna tive  
optim iza tion  m ethods, and  in tegra te  rea l-world  constra in ts for 
practica l deploym ent.

1. Au t on om ou s  Ya rd  Op e ra t ion s : Investiga ted  conditions for 
se lf-prope lled  wagons to  au tonom ously en te r, load/unload , and  
exit ya rds/te rm ina ls.

2. In t e rm od a l Focu s: Proposed  constructing se lf-prope lled  
wagons as in te rm oda l due  to  feasib ility of au tonom ous 
transsh ipm ent technology over non-conta ine rized  fre ight.

3. Te ch n ology Su rve y: Identified  su itab le  technologies (AMCCT 
and SUM autom atic loader) for au tonom ous loading/unloading, 
noting lim ita tions of conventiona l gantry cranes.
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1. Pr iva t e  ya rd  loa d  a u t om a t ion  (la s t  
m ile )

Use  ca se  le a d e r : Ce it , Ma rco  Sa t ru s t e gu i, Jon a n  Mora le s  & Iñ igo  Ad in
Use ca se con t r ib u t o r : Re n fe , Ale ja n d ro  Hu e rgo

Use  ca se goa l:
1. In tegra te  traction  m otor, converte r and  ba tte rie s in  
an  existing fre igh t wagon
2. Modify the  b raking system  to  a llow braking 
decoupled  wagons

1. Efficie n cy a n d  cos t  re d u ct ion : Se lf-prope lled  wagons 
stream line  opera tions, reducing the  need  for shunting 
locom otives and  m anua l labour

2. Te ch n ica l Fe a s ib ilit y:  In tegra ting traction  m otors, 
converte rs, ba tte rie s, and  m odified  braking system s requires 
furthe r ana lysis

3. En e rgy Op t im iza t ion : Ana lyzing torque , power, and  speed  
profile s to  design  e fficien t system s, including regenera tive  
braking

 

 
           

Ae r ia l vie w of a  p r iva t e  ya rd (Google  Ma p s , 2023)
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1. Pr iva t e  ya rd  loa d  a u t om a t ion  (la s t  
m ile )

Use  ca se  le a d e r : Ce it , Ma rco  Sa t ru s t e gu i, Jon a n  Mora le s  & Iñ igo  Ad in
Use ca se con t r ib u t o r : Re n fe , Ale ja n d ro  Hu e rgo
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1. Pr iva t e  ya rd  loa d  a u t om a t ion  (la s t  
m ile )

Tor qu e , pow e r  a n d  e n e r gy r e qu ir e m e n t s fo r t h e
t r a ct ion syst e m (loa de d in  r e d Μu n loa de d in  b lu e )

Use  ca se  le a d e r : Ce it , Ma rco  Sa t ru s t e gu i, Jon a n  Mora le s  & Iñ igo  Ad in
Use ca se con t r ib u t o r : Re n fe , Ale ja n d ro  Hu e rgo
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1. Pr iva t e  ya rd  loa d  a u t om a t ion  (la s t  
m ile )

 

 
         

En e rgy con su m p t ion m a p for t h e t ra ct ion sys t e m

 

 
         Use  ca se  le a d e r : Ce it , Ma rco  Sa t ru s t e gu i, Jon a n  Mora le s  & Iñ igo  Ad in

Use ca se con t r ib u t o r : Re n fe , Ale ja n d ro  Hu e rgo
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Fu ll op e ra t ion a l a n d  in t e gra t e d  sys t e m

FP2-R2DATO p ro je ct  WP48 T48.3 (w ork  in  p rogre ss)
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Pre lim in a ry a rch it e ct u re
• Conceptua l ana lysis on  the  im pact of se lf-prope lled objective  on  the  d igita liza tion  of the  fre ight tra ins (e fficiency of the  processes, 

ca lcu la tion  of the  adequa te  traction  units , IoT and  traction  in tegra tion  with  the ir in te rfaces, Infrastructure  needs)
• Conceptua l system  specifica tion  and  pre lim inary h igh  leve l functiona l requirem ents  (appendix)
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Pre lim in a ry a rch it e ct u re
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Fu t u re  w ork  on  d ire ct  d r ive  m ot o r

• Axle-m ounted  pe rm anent m agne t m otor
• Com patib le  with  existing Y21 bogies, a llowing re trofitting
• Up to 1500 Nm  torque
• Up to 20 km /h
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Fu t u re  w ork  on  d ire ct  d r ive  m ot o r
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