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Current/power balance Constraints of the sources Objective function to minimize
S - Vienin < 2 (8) <V, t
i = Z i kmin Uk kmax
z Si k Lk ] = J f1(Ps (1), I5(8), Vs(2), SoCs(t))dt + f,(SoCy(ty))
i=1 =1 £

SOCymin < SOC(t) < SOCimax

Ikmin < ik(t) < Ikmax \4 \V/

Energy consumption and Final state
dl diy diy Degradation 1SS
dt min dt dt max

Pksmin < Pxs (t) < Pksmax
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Model of a dual mode locomotive
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Model of a dual mode locomotive
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1. the hydrogen consumption H2 cost 5. Supercapacitor's degradation cost

SC (t) sc ratSCcostAsc (t)

t
= () = et j g (E)dE
0

1.103
SC(t) 30 103
2. Fuel cell degradation cost
Pre—rat
€fc(t) = {6163 FCcostAfc(t)

¢
Arc(t) = NgtartDstard(t) + jo S(t)dt

do
8(t) = 1+ (pfc(t) — P )
3600 ( Pfc at fC fC —rat

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.



Model of a dual mode locomotive

EMR-based EMS to optimize regenerative braking in a dual-mode locomotive ;
11

EMR’23, Lille, June 2023 \___/

4. Batteries degradation cost 0. the battery and SC charge sustaining cost
after the cycle

8y (D) = j F(S0Cy) - 9in) - ip (Ol t
0

3600.15 - 103 - Qp_,qr

5. Energy consumed from the network cost ~ Total Cost Function

Neost ‘ :
€net(t) = 3600.1 - 106 L pline(t)d t !_ €tot — €net + €Hz T €fC + €SC + €b + €sust

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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Global EMS of a Dual-Mode Locomotive
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Algorithms Organization
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Algorithm 1: FC local EMS

Oulpul  «——Result: Define if.s, _,
Source's parameters
and constrains

EMS parameters to +——read FC EMS parameters: K ¢.., SOCbTef Aty s Omin
optimize
nputs

<+——read FC parameters: I¢. ., dls.

<«—read measures: SOCy, ifc, Uloeo

if Uloco < Umin then

ch’ref k= Ifclow
else
ifcmf * ok — Kfc(SOCbmf — SOCb)

?;fc’ref = maw([fclow ) min(]fcma:c ! ifcref * *))

end
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Fuel Cell Local EMS 15
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Algorithm 1: FC local EMS
Result: Define i ¢.g .
read FC parameters: I¢. ., dls.
read FC EMS parameters: K¢., SoCyp,__ .. Lfc,, ., s Gmin
read measures: SOCYy, i, Gjoco Second
if joco < Umin then > Operation mode
. Sezfc’f’ef * = Leion Strong braking is
T detected

chref * ok = Kfc(SOCbmf — SOCb)

Lfcres® = max(I¢., min(lf. ., ifenes * %)) ——» First Operation
end mode
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Fuel Cell Local EMS
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Algorithm 2: Batteries Local EMS

Result: Define i, ,,

read batteries parameters: lpau,,.., lbatt,,:,

read EMS parameters: SOC;c, .5, S0Cscy, 5 Velmas
read measures: SOC,., Veljoeo

Veligeo
Socscref = SOCSCvelo - .\—/a:—:j;(SOCSCVeIO . SOCSCVelmax)

EMR’23, Lille, June 2023

ibsref* = Kb(SOCscref — SOCSC)

ibS,e; = MAT(Dpatt, i, M (Tbattyan s 165,01 %))

) Speed v

Figure 6. Reference for SOCgcg ref
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Supercapacitors and Braking Resistor Local EMS

The SC system balances the currents
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The braking resistor use must be avoided

Algorithm 3: Supercapacitors Local EMS

Algorithm 4: Braking resistor Local EMS

Result: Define isc,.,
I

SCSmin

read SC parameters:[scs, ..,

read control references: Iy, ;

read measures: itr, laux, ? fcS» 1hS

Sk . . . . .
VscSpep = Mhus,ey + Utr + laux — LfeS — UbS

Result: Define 7y, ;
read measures: it,, tauz, i feS» b3 tseS

?’bfr,r,ef = Uty + lauz — LfeS — 1S — lscS

Gbryos = max(0, i;,,,mf))

lscS,.; = max (/s min([scsmw,i:csmf))

CSmin?
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Supercapacitors and Braking Resistor Local EMS

Algorithm 1: FC local EMS

Result: Define if.s,
read FC parameters: /.. Alfc,on

read FC EMS parameters: Kz, SoCb,,,S‘f A feron s Omin

mawx’

read measures: SOCy, ifc, Gjoco

if ajoco < Apmin then
/L.fc'r'ef *=1Igcy,,
else
ifcrcf * ok = Kfc(SOCbmf — SOCY)

ifcref * = max([fclow ? min([fcma:t ? ifcref * *))
end

Speed Profile
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Algorithm 2: Batteries Local EMS

Algorithm 3: Supercapacitors Local EMS

Result: Define i,

read batteries parameters: lpuu,.... Lpatt,,.,

read EMS parameters: SOC,

SoC,

CVelo?

read measures: SOC., Veljeo

SoC'

SCref

ips,.p* = Kip(

= 80C:cyuy — 3522 (SOCheyyy — SOC

SOCS(',‘,,/ - SOCS()

ibS,.,,[ = 771(l~17(11)tlll,,,,,, 3 "H.n‘(Ib(lHnuu- ’ i’)‘91'f'l *))

SCVelmax

‘ ('lmru'

Heuristic approach
‘home-made’
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Study case 20
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Sources results
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Conclusion
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e The EMR allows to focus on final user

objectives and not in the complexity of the
model.
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