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Hybrid power pack configuration and energy management
strategy for rail transit equipment
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Abstract: The main type of rail transit equipment used in non-electrified railways is diesel multiple units (DMUs)
powered by traditional fossil fuels, which suffers from low efficiency and high fuel consumption. To address this
issue, a configuration scheme for a hybrid power pack for railway equipment was designed, and a mathematical
model for the hybrid locomotive was established. The operational status of this configuration scheme under
different modes was investigated, and an energy management strategy based on dynamic programming algorithm
was proposed, with considering the operating conditions. Simulation results demonstrate that with this energy
management strategy, the fuel economy of the hybrid powertrain locomotive is improved by over 32.11%
compared to that of the pure fossil fuel locomotive.
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Table 1 Locomotive and component parameters

SR 8 S {El
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TR A2 /m 0.436 Sl AL s /N 34 /(- min ™) 1 000
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i B 2h kW 180 H B UG ) 6 kW 281
F, b 491 2 I R kW 153 AL e K% 380/ (rmin™) 10 000
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Table 2 The status of components in each mode
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Fig. 6 Power flow status in electric drive mode and engine drive mode
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Fig. 8 Power flow status in parking charging mode

VL AT i1 A 5 5% 1=, . MG 15 MG2 [ 3 40 =X (7) R (8) I /s
WAL, CL.C2 0 3, B SRAH Ab F 25 #4 N, L 45l MG 1 M G235 b FAEHLIRE L T, =
Tyo =Tye,=0.n,,, =16, =n,q,=0, 13N J7 H My 3 4 20 BE it el

2 RASNHEAY@MEH N FRE
2.1 SErALAEE
S T S LT AT R P R L S B A PR N T B X0 5 L

RN -
be"g:Meng ( Teng)neng )’ (14)

o, M, S AL G SRR MAP, A 9 BT /R

2500
2 000
. T
£ ' F <N
z 1500 L9
= N
=
Z1000r 193 . 3
e --- e e e
.19
L T I O o
:1::7%1%‘5:_:':':2?15}352‘45’ o o ;160
0 | L ) 1 ! )
1 000 1200 1400 1 600 1800 2 000 2200

SETMLEE 3/ (r-min™)

B9 SeimAlil i E MAP
Fig. 9 Specific fuel consumption MAP

AHe FsF S ATL 1 5% ) R ik T B 3
n;lt'ucl: Tcng x ncng X bcngo (15)

2.2 HEYIEHR
HFHEIMGL S5 MG2 S EH TR, K L iZ 4 8L S - F MG1 5 MG2, 1% B LB R B g ML A T, 5%

ﬁﬂ‘j nMGHTJ‘E/‘J EEAIjng)MGelec’\A]:

T
— sgn ( Ty % nyg )
Prigeee = X Tvg X Bvg X Mhig @ ™,

30



% 1 Az 5 HERBRENREGFHOHMALERETEHEER 59
1, Tvg *nwug=0,
sgn ()= (16)
-1,  Tusc*nuc<0,

A, e WAL, AT R Ty 5 nye M EHLECR MAP HEATIR(E 3815 . MG1 5 MG2 %08 MAP & 10
FF s o

400

350

[\ N w

(= 3 (=3

=} o =}
T T T

LS 4 /(N-m)
2

100 -

50

0 2 000 4000 6 000 8 000 10 000
L L3 B/ (r-min )

E10 BEHMG15MG2HHE MAP
Fig. 10 Motor efficiency MAP of MG1 and MG2

2.3 ZhABmER
i FH A 280 P9 BHL 3 % 30 7 Ha b AR AT A,
L=(E~ || E*~ 4Py, R| )/ (2R),
Prow= Priai clee T Pucz etee T P avxs (17)
SOC (k+1)=SOC (k)= Ty (k) /(360000 ),
Poai =l X E
P E Ry B TF B LR, VR O EL B, Q; E 5 R AZ H LA HL RS SOC SE M, an &l 11 r 7 5 1, O L3 T A
HLITE 3 A5 Poous Praios Pascraee ~ Pucaetee ~ Pavx 73 51 R LU A 11 S L Al 3l 0 FELPL MG L L HL MIG2 5 B 04 1) Pl ) 6
W; 0, NHIB A, A-hs k RIRITZ .

700 5 0.20
0.18
> 650 <
=5 =
e 0.16 2
g 600 2
0.14F
550
0.12
0 20 40 60 80 100
H#1S0C/%

E11 shHBEBFEEE.NESSOCHXE

Fig. 11 Battery open circuit voltage, charge and discharge resistance
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Fig. 12 Schematic diagram of the transmission system model
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Fig. 13 Structure diagram of vehicle simulation model
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Fig. 14 The solution process of optimal energy management strategy
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Fig. 16 Optimal control and SOC trajectory simulation results
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Fig. 19 The proportion of engine working points in each fuel consumption interval
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