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B OBJECTIVE BATTERY MODELING

Battery performance depends on,
Environment conditions and operating factors
» Aging
» SOC
» Temperature

Factors that influence the capacity

Rate of charge and discharge
Temperature
Self discharge (internal resistance)

Cycle number
Over charge

Proper battery model is needed

cycle :
detector Pi

Robust testing of BMS at HIL. determing ”;';"z'—rag_ing-’if_}
Developing Proper controlling algorithm & e e
(ASW). e
Analyzing battery performance w.r.t thormal T

R-RC, R-L-RC,

different chemistry
To prevent accelerated aging effect
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B BATTERY TESTING afth

To check the aging effect, degradation and state of health Cfv
Batteries under go some current tests
» Pulse Current Discharge D ——

» Hybrid Pulse Power Characterization
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.BATTRY MODEL Batteries Real-time determination of the parameter is challenging
' ‘ * Non linear Systems

DIFFERENT TYPES OF MODELS EQUIVALENT CIRCUIT BASED MODELS
v Electrical models I. Thevenin equivalent model
*Thermal models ii. First, second and third order model
»Electrochemical models lii. Linear electric model
=[nterdisciplinary iv. Non-linear electrical model
models(electro — thermal) v. Impedance based models

e

| Y2
Resistor1 Capacilor == Capacilor! == Capacitor2 s ._E;;T;m? 'Wv "vW!
Thermal model Electrical model T iy o Ri R
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- Resistar comctos K} A— Resisiors § Capacited
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DYNAMIC CHARACTERISTICS OF A BATTERY

what are parameters? T —

) - Figure: 1
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= |§51 &g 2 {385 g
O |FuGom), Z | 2/ g s
S sf Q 2 : | S
Instantaneous Response | _ S I :_ Ip:l | e R
Due to ohmic effects - o |- -7 g
8 o ﬁ an o ' o Voe(50GY 375 5
2 : |2 2° 777 %
Delayed Response & | 7 Lo 4 © @

. | | Lenacee | 1365

2 T in, R e

10 20 30 40 50 '
Time (min)
AWy A— Internal Resistance
| | | | L | | [ | |
] ) * R.= L B Figure: 2 i
Ro + Idischarge ‘r Due to | T
- . ' diffusion

Due to gharge transfer

Parallel Resistance v B att -
¢ G2 P 2(t3) .
| 1= (| Tetarae) - Short Time .
_) DC Voltage 1 —e * Icharge T T

G : S| e I<
| Constant | ong Time Constant | =
| 7 =RC @l 1@
Parallel Capacitance >
W T - | '
C1 —_ I Batt _
R1 | | | | | | | | | | | | | | | | | |

Tlirne (Second) —*

RENAULT NISSAN TECHNOLOGY & BUSINESS CENTRE INDIA PRIVATE LIMITED ,
RENAULT - NISSAN Renault Nissan Confidential C

JOINT VENTURE COMPANY




/—

B Ucell representation using 2 RC e
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B OPTIMIZATION

fmincon(FUN,X,A,B,Aeq,Beq,LB,UB,NONLCON,options,varargin)

O

Urc é
out W 00 e OCY aEed OCWESOC A changed sohange oydle
g . . "oy PR | m ] ol Wide B B T OF (551
X Objective func 7 O : — . !
9 O R e : aflf--- -k T
— 1 1 1 1 1 —l il Rl .E:F-___J_---L-._':":E
Sl T = : Y| I S A
:” 1 1 1 1 ; ____:____ =k: ____:____:_____:____
. Nonlinear constraints: | | S S U E ' R A e L
Constraint func e oor ! agsk - - 2 Lo
C1 = Rpax — (X(1) + X(3)). NEERENCEE L 1w @ W A
S0CT] N [5]
C ZeireiE vl Boed g and resistE R Wl Eeleton auzst
v Cy = Loz — 5% (X(3) * X(4)). 12 . . . 1 | | | | I
' v |—x ' : ' : ——Bw
| ' ' —=.-:m R R R r----- oo ETEE
Fmincon solver Cs = Loerr = 5% (X(1) * X(2)). 791 | S N s ey P : ! ! ! !
C; = (X(1) *X(2)) — (X(3) *X(4)). : : : = T P A T T T
IbT ubT : e : | e e ]
C(X) <=0 o o r.j];: Bl W E' : : |t |
E5ITEE B BOpRI O R = 0. . . L L ezt |1
linear constraints: 113 ; - . : ' i R
. | —ran 1 1 | S EE 1
PP | IR ' ' R AT e s
_ /7. /7D — . _ /7. N . | — el ifp-----r----- mm--- EEEEE JiterreEbE EEEEEEED
A =[]; Aeq =[; B =[]; Beq =]J, | S S s s : ! )| Ao '
= ! ! N e R T b o pEAEE L
Tt m m o wm W @ @m @ W
nel n[3]
RENAULT NISSAN TECHNOLOGY & BUSINESS CENTRE INDIA PRIVATE LIMITED .

RENAULT - NISSAN

JOINT VENTURE COMPANY

Renault Nissan Confidential C

-y



O METHODOLOGY PARAMETER ESTIMATION PARAMETER UPDATION

Equivalent Circuit Modelling is the most Estimator used here is OPTIMIZATION TOOL

common approach for battery analysis b =/0.0001,10,0.0001,10/
Estimation method Fmincon
Parameters ub = [Rmaxr Cnaxir Rmaxr Cmax2]
« Series Resistance (Ri) > Parameters (Ro, Rn, Cn) depends on the
* Parallel Resistance (Rn) Input current, Capacity, SOC and SOH > Current
« Parallel Capacitance (Cn) Temperature
T1 11m12_1n3m ]gs“(,yzgﬁ msm
AW AW
R1 H R2 UT'C ( W N — T2 '1 lil}ﬂ zan 3171 .,;; s“ 524 J&ﬁ am sm
:41 — \ A . ‘
’ ! ! > Objective func = > e
1 cz X j J Soc’ a.m; @ T31 lfw zm 3m ‘,gg sn 62! ?% 616 gm
N N ﬂ B [ i o —
& 4{ Constraint func ]— B s === ===
Assumption ¢l -_— g =
« No Self discharge o o 2
« R1,Cl1and R2, C2 changes w.r.t SOC in . e
Fmincon solver i e e ame
a pulse ON and assumed throughout -
estimation =
« 1RC parameters derived from 2 RC sz ubT E L2 e
components. = |
* Over/Under voltage pulses are
eliminated.
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4
OCV Characteristics
: Past discharge
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Parameter Estimation
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. Data red u Ctlo N / Out layer rejection \ /Centered Moving Avg filtering\
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¢ 2 95%
©

O Less Complex Model % =

20

o ©
O Faster Parameter Estimation =5 N

S E

= g
O 95% of accuracy in tuning parameters

. : i methodg
o Effective capturing of nonlinear effects . )
System Lsq curve fit fmincon
! ) ) ] identification

O No manual tuning of parameters required for validation

. . il dSPACE bench
Plant model with the estimated Harness

bench PC

parameters are used in the HIL test
bench

From sensors

Model

(RT processor)

"

[ can

(&~

DDT2000 ]
CANalyzer

Load rack

Battery Plant model
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B MATLAB ASSISTANCE

3L> Battery Test Bench

> Excel : Data Collecting

‘\> Data Extraction : Pulses & Validation Data (m-script)

‘> Valid Pulse Check (data validity) (m-script)

‘\> Estimation of Parameters (Optimization toolbox)

= Automated

A> Data Reduction (statistics toolbox )

'a> Validation with Plant Model (Simulink:-Simscape)

’ﬁ) Battery Pack Generation (Simulink & m-script)

-

'}) Battery Pack Comparison with HV Test Bench (m-script)

» Helped in handling a huge data
(>10GB)

» Easy to analyze data

» Make robust automation

» Estimated results used in HIL/MIL

» Reduced data are used ASW
calibration
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