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1  Battery Management system

2 Constant Current Constant Voltage
3 Model Predictive Control

4 Generalized predictive control
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Fig. 1. The proposed equivalent circuit model of the cell
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Fig. 3. The accuracy comparison of nonlinear ohmic heat generation with the linearized model in Mod-
erate discharge and driving cycle
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Fig. 4. A graphical representation of equipment required for experimental tests on the cell
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Fig. 5. The applied current for identifying electrical parameters
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Fig. 6. the dynamic voltage of the cell in the electrical parameter identification process
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Fig. 7. The open circuit voltage of the cell
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Fig. 8. The modeled voltage (red) and measured voltage via the battery tester(green)
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Fig. 10. The voltage error in the identification of electrical parameters
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Table 1. Modeling error in the electrical parameter identification
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Table 2. The identified electrical parameters at 25 C
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Fig. 11. The experimental setup for the identification of thermal parameters
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Table 3. The identified thermal parameters
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Fig. 12. a) The modeled surface temperature (red) and the measured surface temperature (blue) along
with the model error, b) the applied current via the battery tester for the identification of thermal pa-
rameters
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Fig. 13. Linear Kalman filter
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1  Extended Kalman filter
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Fig. 15. A graphical representation of estimating states with the sigma points matrix and weight vector
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Fig. 19. The comparison of measured surface temperature with estimated temperature by SPKF
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Fig. 21. The comparison of estimated voltage and measured voltage via battery tester when applying
square wave current

ol b pmen 35 e 1y 65k B glod 5 55l b (gl
Ml YU (o] Ked s po (lgin S (055 53 39290 B ptel )y censlie
e Copde ogad 4 Jobo el (gl s 55L00=5)L5 ) o8 il

ol (6900 Hlms Joko y9ore

O ey, J S -F
oladss (o o o ad i g Jus il S sl g Jl

S ey gl 45 3 (Ui (38 gl el Sl gyl S resS
5 xS o8l slod (g sy (Sl Sl Jao 3 (et e
S yie Jl asllae (0055 lgiee b e adgl jdlie (35 aSlial
slod g 5L o siilo ola jukie (1055 (sl cnlpls 29l ey Jolo
b olgise Bgd g0d (635 o)1l jguias by oadiiane yobo 4 45" Jolo J31
taw odd (655 o3lul glod 5 5y g CasgleSaw )5 e I edlal

At

Archive of SID.ir



Archive of SID.ir

C4
CA’
=1 (™)
CA™
CB 0 oo 0
CAB CB CB 0
G=| . . . : (V)
CAV'B CA™'B CAY B
Y. =X +GAL, (¥7)

iy (gl iz b S (3l g alins (5l oS sl p3Y Jlo
(9lual b (golus 39:3 j9i> )3 1) 0 digy (J S (93959 g B 390
o pde sy culio 3o @lgi 5l (S8l (mye (55 40l p SS 4

Abin (V) dsbes Joko (5 )5 0580

J= (Rre

- Yz,k+1 )T Q(Rrgf - Yz,k+1) + A[Tk+1R AIk+1 (‘N\G)

e ))L‘" < LSLQ)‘D)Q e Rref 9 Yz,k+l UT » &

Gl ojlul & (S by 90 oyl ol iz g il clls g 00
oS wd oo BB lo i R 5 O ool pogde ol (i iy
b sl ond oy [V Jeyo 3 S 5 )Slas o o ol 0 s
Jsbo 5L el s ol (1 o) s Lawsss 005 iy o5 aly 32
OSes Ol oyt b (ile b gloj (n e 2y Jske b el
2 DVl (S pSUl g8 jean 53 @2 pe jlhe 4 adgl s S
Szl ogllae sl (oo S5 @y 5)L lp S ol doms
S5l (Seelid ladddyn 5 Sl by 5L 3 cusl oY oS
@ b S b calple 25 plsl g5l (SosIE Gl oo s
dolee ajp ml Ban pl 4 olowd (glp 2l e 35 55l b
wip @l e BlE Dgd o0 dldg @20 by il pelul p (V0)
ol @ ol i Gam Ll wbls Jglute o Gy S8 sl &

Ol sl il 353 5k 090 (g8 (Sl bl dilgn )8 &

4y

3 S adlse ot A Casl 01l ol 4 (S g Calo
e Copo 4398 Jlosl oUly Cuidge g axgi cpl JYS (nyiere
S sl Codgaze gl b pius | ()l 8SLT 4 25 b ol
S (b )3 (59 dall Wlgi oo dlins b pite (13,5 e i
@ e Wile (65503 sblie b o i J3S ol 2 ogMe L
S loj (6o s (sl sl gl 00l g 0o Al (5o o
G 5y omoie S 3l eolatel b cewd opl o [YF] adb e 50
2 sl 2led o Codgazee b 55> 5 55L8d )3 Co e 9 5L
sl b g @ 5L 53 Gl &Gl Glp xS e ploxl Jsho lal
Sy o ol S5 3985 Ko o> el S5 51 e L5l
e Al (e 298 Sy e Joho JEI led 5 5L b ol
uslie Jolo ()l 9 (Sl e sl JiS g5 nl 4 3900
b
ilro > D s yile glls o S35 Coglio 3939 Js 4 5L Jso
oy 3,1050] i S 50 45 o 3 il 355l (slid
$2939 Ol JSde cnl (205 @pe lp el Gule (ol o9
oslitl |, sapde o clas doleo g 3,8 3ol Iy el b it
g el ln ito 53,5 3bdl 0gu (T+) b (YA)Yoleo [¥0 5505

i3 (oo lales |y (J IS 6399

A, B, 0
K1 = o 1 Xt I Au, (V)
yk:[Cm Dm]lk (Y“)

s glad ablee oximd L (Y+) 5 (YA) Vol o M1 ol

ey 393 28155 (1) elsles _ogiid Sk (slys 48 cal 3,11l L 4y
Cusl Sl pgls o8 N b (29,8 9 b el (sla pusie ke (8L
S i 29y e DG g P g edlazul (Y+) o(YR) dolre 1 a8
w4 N g N g sl (17) 5(1) &Yolae b ol coiy

Al e JS g e Gl (3

Archive of SID.ir



Archive of SID.ir

ik

sl 58 ejladl Gl

i?"ef I (i'ref_ik) [; J
O -
ek sz Ok :

R el i ess ‘::_]a_; sles Ly

S e les
il b g )5
By Jﬁf

55U 5 55l Suolins gl Judg s y3 Jobw (9 S-S prte ol S5 VY UKL

Fig. 22. The diagram of electrothermal management in charge-discharge profiles
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Fig. 24. The cell voltage in fast charge problem with
and without temperature constraint
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Fig. 23. The applied current to the cell with and with-
out temperature constraint
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Fig. 26. The evolution of thermal states with and with-
out temperature constraints
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Fig. 28. The tracking of the reference current at the
beginning of simulation
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Fig. 25. The state of charge in fast charge problem with
and without temperature constraints
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Fig. 27. The temperature management of the cell under
dynamic current profile
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Fig. 29. Restricting the applied current by the controller for the cell thermal management
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