J RS oo

|
s ISSN (print) 2008-8345
c ISSN (online) 2538-3752
E

_ ; e . FUr
V=V F doeins AFAA Ol 5 oF o )leds ¥ - Bty

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.1.8 ]

Silgn (2 7T yud (595995 13 S5l S e Sgug
! PSS c‘o:lj&..o- e
m.hassanzadeh@stu.nit.ac.ir « Lu jls wi 5 s oils oJ 2857 05 8 ¢ 5 pmalS 5 G gmikign (5,575 (5 gl

zrahmani@nit.ac.ir « kb is ué 5 nis olils oJ 28 05 5 ¢ 5 gmalS 5 5 oonign 01SCti1s Ll "

WAV PN i WA/ YY1 i WASY/YY il s

Crls el o slgiiy (65l 5e Sl b SO SO s slagyn i 5 p YT (6551 o e (gl oBgy cllie opl 55 iouS

Wl (5550 ss3 5 al (S1p amins 5 (S slas s o SLnsge 55k e (Sl cmlie (6551 S ke e K
5l 55355 IS5 Shes p53b5 S 5L .l los53 55 ol (6! bl 51 (G (S o sla g5 6 5L
3ol Sl (6551 e S 53 Dllan ST il gr OT (B3 g p 5 Jalso o fiage 5576 SV sl 5 558 Ol e
s i o 53 5y 00 48,8 55 55 ol (sl (sl 657k 5los 5 Sl s ECaliys ikt 165 Ygoma 5 0T ki 0 g (551
55 g plonil (631 m (S SNy ot (559355 G (6551 S e 16l sl Dl (35 53 09 5 gy (53 500 S e3lizal
oS 35k e 0305 O 5 ould 0305 5 e Lod Dl ok adaliie jgkiie 4 55555 e (5355 (6 5L oS ST o G 5ledule b s
Gl B35 (St s 05 Il ke Olgie & (5L (53 03531 b o sl oz 2 (55 slos 387 i 5o b
238 oo Sl 50l o D1k J S ol om0 57k (Sd Dk 03 dme J ST (SO S0 s sla g5 (5551 g ke
5o J 28 Olejan D) geas 5 5L Sled 5 55l (Salgiiiy B9 53 45 s on Ol alllan 5 50 (595055 Joe S35 » Sl S

Al AT OT (Fs g b s 5358 0 (5,8 sl 5 5L las 0 i ST 331 (ool 6551 S e ia) 3 i ol &

(2l S et 0 651 e e 5L len (S S n sla g5 b gy (6 20l S S OST Dlads”

Improving the Energy Management of Parallel Hybrid Electric
Vehicle by Dynamic Programming Using Electro-Thermal Model
of Battery

Mojtaba Hassanzadeh, Zahra Rahmani

Abstract: In this paper, an offline energy management system (EMS) is proposed for parallel
hybrid electric vehicles (HEVS). The proper energy management system is necessary for dividing
torque between electrical motor and Internal Combustion Engine (ICE). The battery is a crucial
component of hybrid electric vehicles and affects significantly the cost and the performance of the
whole vehicle. The primary factors accelerating battery aging are high temperatures and high states
of charge (SOC) of the battery. SOC is the most important state variable in EMS, and usually
considered as the only dynamic variable in past researches, but the battery temperature is often
considered to be constant for simplicity and the effects of EMS on the temperature variations are
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neglected. In this paper, first, dynamic programming is applied to a parallel HEV without considering
variation of the temperature of the battery. Then, the model of battery is improved by modelling the
cooling system to take into account temperature variations and show how neglecting thermal
dynamics of the battery in EMS is impractical. Finally, by integrating the battery temperature as a
state variable in the optimization problem, a new energy management strategy controlling variations
of the battery temperature and SOC is proposed. The simulation results on tested vehicle show that
in the proposed method charge and temperature of the battery is controlled so that the proposed EMS
method prevents uncontrolled variations of the battery temperature and reduces the degradation rate

of it.

Keywords: Battery Temperature, Dynamic Programming, Energy Management, Hybrid Electric

Vehicles, Thermal Management.
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