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Contextualization of the presentation

W. Lhomme et al., "IEEE VTS Motor Vehicles Challenge 2019 - Energy Management of a Dual-Mode

Locomotive," 2018 IEEE Vehicle Power and Propulsion Conference (VPP.

Final EMR user experience
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«Problem statement EMS»
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Energy management on hybrid electrical vehicles 
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Current/power balance Constraints of the sources Objective function to minimize
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«Model of a dual mode locomotive»
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Model of a dual mode locomotive

W. Lhomme et al., "IEEE VTS Motor Vehicles Challenge 2019 - Energy Management of a Dual-Mode

Locomotive," 2018 IEEE Vehicle Power and Propulsion Conference (VPP.
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Model of a dual mode locomotive

W. Lhomme et al., "IEEE VTS Motor Vehicles Challenge 2019 - Energy Management of a Dual-Mode

Locomotive," 2018 IEEE Vehicle Power and Propulsion Conference (VPPC).

?



EMR’23, Lille, June 2023
10

EMR-based EMS to optimize regenerative braking in a dual-mode locomotive

Model of a dual mode locomotive
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1. the hydrogen consumption H2 cost

2. Fuel cell degradation cost

Δ𝑠𝑐 𝑡 =
𝑡𝑢𝑠𝑒

30.103

€𝑠𝑐 𝑡 = 𝐸𝑠𝑐−𝑟𝑎𝑡𝑆𝐶𝑐𝑜𝑠𝑡Δ𝑠𝑐 𝑡

3. Supercapacitor's degradation cost

W. Lhomme et al., "IEEE VTS Motor Vehicles Challenge 2019 - Energy Management of a Dual-Mode

Locomotive," 2018 IEEE Vehicle Power and Propulsion Conference (VPP.
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Model of a dual mode locomotive

W. Lhomme et al., "IEEE VTS Motor Vehicles Challenge 2019 - Energy Management of a Dual-Mode

Locomotive," 2018 IEEE Vehicle Power and Propulsion Conference (VPP.

€sust 𝑡 =
𝑁cost
1.103

η𝑑𝑐_𝑏_𝑎𝑣𝑔 ⋅ 𝐸𝑏_𝑒𝑛𝑑 + η𝑑𝑐_𝑠𝑐_𝑎𝑣𝑔 ⋅ 𝐸𝑠𝑐_end

6. the battery and SC charge sustaining cost 
after the cycle

€𝑛𝑒𝑡 𝑡 =
𝑁𝑐𝑜𝑠𝑡

3600.1 ⋅ 106 න
0

𝑡

𝑝𝑙𝑖𝑛𝑒 𝑡 𝑑 𝑡

5. Energy consumed from the network cost

Δ𝑏 𝑡 =
1

3600.15 ⋅ 103 ⋅ 𝑄𝑏−𝑟𝑎𝑡
න
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𝑡

𝑓 𝑆𝑜𝐶𝑏 ⋅ 𝑔 𝑖𝑏 ⋅ 𝑖𝑏 𝑡 𝑑 𝑡

€𝑏 𝑡 = 𝐸𝑏−𝑟𝑎𝑡𝐵𝑐𝑜𝑠𝑡Δ𝑏 𝑡

4. Batteries degradation cost

€𝑡𝑜𝑡 = €𝑛𝑒𝑡 + €𝐻2
+ €𝑓𝑐 + €𝑠𝑐 + €𝑏 + €𝑠𝑢𝑠𝑡

Total Cost Function
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«EMS of a dual locomotive»
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Global EMS of a Dual-Mode Locomotive

W. Lhomme et al., "IEEE VTS Motor Vehicles Challenge 2019 - Energy Management of a Dual-Mode

Locomotive," 2018 IEEE Vehicle Power and Propulsion Conference (VPP.

Figure 2. Ragone – Plot of the dual mode 
locomotive

• The FC will delivery the 
average energy.

General Rules

• Batteries and SC will assume the 
transient energy.

• SC must have and adequate SOC to recover 
energy in the braking and supply energy in 
the acceleration 

• Batteries perform SC SOC regulation

• FC performs batteries’ SOC regulation 
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Algorithms Organization

Output

Source's parameters 
and constrains

EMS parameters to 
optimize

inputs
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Fuel Cell Local EMS

Strong braking is 

detected

First Operation 

mode

Second 

Operation mode
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Fuel Cell Local EMS

  
   

 

   
  

    

   
  

    

 

     

Figure 6. Reference for SOCscS_ref
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Supercapacitors and Braking Resistor Local EMS

The SC system balances the currents The braking resistor use must be avoided 
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Supercapacitors and Braking Resistor Local EMS

Heuristic approach

‘home-made’
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«EMS results»
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Study case 

Performing evaluation profile 

IEEE VTS Motor vehicles challenge 2019
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Sources results
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Conclusion 

• The EMR allows to focus on final user 

objectives and not in the complexity of the 

model.
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