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Abstract

In order to ensure that the power battery state of charge (SOC) is stable in the efficient operating
range, an adaptive energy management strategy is proposed for a fuel cell hybrid electric vehicle
(FCHEV). The energy management problem of the FCHEV is solved off-line based on Pontryagin’s
Minimal Principle (PMP), and the relationship between the co-state variable and the SOC is ob-
tained under three typical drive cycle. According to the learning vector quantization (LVQ) neural
network, the driving conditions are identified, and then the optimal co-state variable are selected
according to the relationship between co-state variable and SOC. The result under the test driving
cycle shows that the strategy can effectively control the battery SOC within a certain range and
maintain the battery’s health status.
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Figure 1. Structure of the vehicle powertrain
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Table 1. Selected vehicle parameters
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S g 2K 2
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iR AR (m?) 2.58 m?
TR AR 0.34
L L
I EAEY 4 0.015
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WL R 5 .
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T RS
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Mot Tmech

H, P NEEFREGITNE, Pog NEMTRINZE, Py ABIJTHIBIIER, P AR R G5 5 DR (5
SCATERRBRE Vb H Th ), m N ERRE, g NEINEE, o AIEM, f NERSIH I REL Co
NSRS RS, A NIDRHAR, r ATSEE, v AEEE, fna NHENVECR, fmen IVUBAL SRR
2.2. AR iREY
PRRL T HE R SN AL 22 R e A RS, A FIRRL AT SR TR W R ER =TT E AR
HRG)ER IR, RN, PR b BT I 8] N S FEE B () FRm
Pe

m=—=2°<_

= 3
e I‘H

DOI: 10.12677/iae.2023.113026 193 INE SR E S


https://doi.org/10.12677/iae.2023.113026

ke 2%

Hr, g AREHEILRGRCE, L, AEAUIRPME20 kIg), moNE/IERER. REHEIL RSB FT)
BRI AR AT VUB 2 WIS 2. BORH AR | SR (R SRR SRR i

N HIEAT
IR R WA 2 P,
1 .
06 T
// T~ 2, 0-8
o5t / . =
= - i)
ﬁ 04+ | T ﬁ 06+
Rl K
=P p B
B037) =04 P
z ‘ = e
s02 3 s
| 0.2 -
01} e
I _
0= . . . . .
0 10 20 30 40 50 60

0 10 20 30 40 50 60
ARHHRITE W WRRHHITHEE kW
@ (b)

Figure 2. FC static output curve: (a) Hydrogen consumption rate curve; (b) Efficiency curve

2. PRELERERSIMLEIL: (a) SFEEME; (b) WEhLk

2.3. MR
B F7 AR R SR — B RC 4 2 Tt S5 25 B AR RS, FFE B R AT 7R R N BH 5 SOC #L &l 2k
i 3 . HrH ohZ el i(4) &

(1) ‘ : : ‘ 018 ‘ ‘ : =
310 7 e G
O - /r/,,/"’/ 017"+ 7o HL A
4 500 s o \
. 2046\
|::| Ry(SOC) E 290 // % \\‘
/ 20.15 \
Unall) 2801 / | ® /
/ 0.14 o .
—— UndSOC |/ | e
0cdSOC) 270 =
‘ ‘ ‘ : 0.13 : : : -
o 02 04 06 08 1 0O 02 04 06 08 1
O it SOC il SOC
@) (b) ©

Figure 3. Model parameters of Lithium-ion battery: (a) Rint model; (b) Open circuit voltage curve; (c) Resistance curve
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Figure 4. Speed curve under different driving cycle.
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Figure 5. The relationship between ASOC and constant co-state in
different driving cycles
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Figure 6. Interpolation curve between the initial SOC and
co-state in HWFET cycle.
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Figure 7. Schematic framework of the real time energy management strategy
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Figure 8. Recognition result of the LVQ network for test cycle
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Figure 9. Change curve of SOC under the test cycle
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