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B 752 autolion 2%, FHEAutolionits AmapH

[l] GT-ISE v2019 - Ci\Users

{hiEiE

Home View Data Tools

ﬁ Undo

Convert € Redo
to GTM

Dl |

Eila —

of Cut Find
oy [ esr
[T paste | Library 46 Find Value ‘ Map Mode

il

h

\Desktop\01-Simulink\11\CalendarAging.autclion : GT-AutoLion v2019

P

-

" T 1 and Cazrrb

ol 1] |

[
L

ﬂ Document Creation Wizard

Create New Document

X

O

Please zelect the document type wou would like to create on the left

Document
(O 8T Project Map (. gtm)

(0 6T Compound Template (. gtc)
(0 6T External Assembly (. gtsub)
(O =LIBE (_xlink)

() GT-DRIVE+ (. gtdrive)

© GT—AutoLion (_ autolionm)

() GT Object Librery (. gto)

Dlescription

GT—AutoLion

GT—Autolion allows physics—hased Li—ion battery cell
simulation for evaluating material scale to cell-level
dezsign. It allows users to simulate changes in cell
voltage, current, and temperature with time. In addition,
users can easily study internmal cell behavier such as
distribution of reaction current, Li concentration in
electrolyte, Li concentration distribution in solid
pa.rt]'.cles, eteo.

The GT-Autolion model file offers a simplified modeling
enviromment when only the 'hattery is he]'.ng modeled. Please
note that the Autolion capabilities can also he
incorperated into a standard GT Project Map (. gtm) file for
integration with other GT-SUITE subsystems (i.e. a wehicle
or thermal management systm). If ¥ou do not have access to
a GT Project Map (. gtm) file twpe, please contact GT
support.

| Cancel I

¢ Back | Wext > | | Finish
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MNew Open Save

-

Tools

5 Undo
f’ Redo

of Cut FEI [
M Copy )

Template |:
[ Paste | Library

Clipboard g Temg

L:J" Electromagnetic

E|'|:| Components
El 4 AutoLion

" 4 Autolion
4‘:;5 BattCharacterization
Battery
BD References
D EChemActiveMaterial
D EChemElectrolyte
() EChemFailMaterial
D EChemSeparatorMaterial
:l. Mechanicsal
30 Thermal
El" Contrel

El" External Model Links

]D General

Autolion-1
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|21 Value Selector

Reference Objects and Templates

+" Main +" Model Setup o Cathode o/ Anode o/ Assembly . Thermal Behavior . Advanced Flots Select An Existing Object

2 $ %t&}‘l‘ 1 In AUTOLION file GT-SUITE Library
Attribute Tnit Object Value ZF}TL / ﬂ- &l cellGemetryCylindrical

Cell Gemmetry Cwlindriecal Geome tr

""" D Cvlindrical Geometry
D Build Lumped Pack Model

iy o

Implicit — Maintain Link to Object in Lik

| Copy Object Data into Model as Backug

Explicit — Copy Object into Model with We

LIZIE.Ii T}"PE Current Create Hew Object (Template Library)
Current Request A ot 2.2 |;| Template
D CellGemmetrv—Cvlindrical y
D CellGeometry—FrismaticRED
Initial State of Charge fraction . ll;l (J cellGemetry—Fri smati cSED
[]| Initialize as Aged Madel [ celiGeonetryCoin A

PUFREE ;B
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ID.A\J
Hj;l:""'ﬂ:'.l
=Rz
2l value Selector
> > LEs Referemce Objects and Templates
- EE = IZI.LXE Select An Existing Object
| SHeESZE + In AUTOLION file |GT-SUITE Lihrﬂfb]
* E-L)\Jij::l:yﬁj:ﬁ}ﬁq: EI\J E r L:_|D CellGeometrvCwlindrical
Eaﬂij, D Cylindrical18650
[ cylindrical20700
[ cylindrical21700
) c¥lindrical 26650
El{:] CellGeometrv—FrismaticRED
C.J FrismaticRED

=-{7) cellGeometrvpri snaticSED

Implicit — Maintain Link to Object in Library

dlf

Copy Object Data into Model as Backup (Recommended

Explicit — Copy Object into Model with No Link to Libr:

Create Wew Object (Template Library)

Template

D CellGeometryCylindrieal
D CellGeometry—PrismaticRED
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+" Main

Attribute Tnit Object Value

Outer Dismeter mm w
Outer Height mm w
Wall Thickness mm o .
Jellw Roll Inner Dismeter mm e
Jelly Roll Outer Diameter mm w .
Cathode Uncoated Length mm e
Anode Unecoated Length mm e Negative slectrode costing
Anode Extra Length mm A Copper foll curteat collect Foil Thickness

Cathode micron e
Anode micron e
Separator micron w
Cathode Fo1l micron o
Upper Uncoated Length Aniode Extra Length
Anode Fo1l micron e - -

Lower Uncoated Length
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Continuous

Cathode
Anode

hsER
Autolion3D&IRE

Continuous

Generate Mesh of 3D Jellw Roll
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B SED H3jth)L{a/&44

A Main

Attribute

Juter Width

Tnit

Ohject Value

Outer Height

Juter Thickness

Tall Thickness

Jellw Roll Width

E|E|B|E

@ Jellw Boll Thickness

B

Mmber of Anode Foil Plates

--—

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Cathode micron

tnode micran 81 I;‘
Separator mieron 20 |;|
Cathode Feoal micron lEI;‘
tnode Foal micraon 8|;|

Z 1D.\J

Nanode = Ncathode + 1

Cathode
Width

Cathode
Height

Electrode
Thickness

Negative electrode coating

Copper foll current collects Foil Thickness




b= i ERik]
B SED H3jth)L{a/&44

Cathode mm w a7 EE
Anode mm W EEE
Separator mm W 09,7

Cathade Fo1l mm w ET.EE
Anode Foil mm W EEE
Cathode m "“-"' I:‘
Anode m W |;|

End plate J&REFZZN? ? ?

Enclosure Weight g W lESI;l

Generate Mesh of 30 Jellw Rall I:l AUtOIionBDIX—)Mzg-Iﬁ%
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B RED HEjth/L{AI&44

e e
Cathode micron W TT.El;'
Attribute Object Value roode oron » Ell;'
_ S— e B 0
Guter Width mn az0[... Cathode Foil micron v 15/...]
Outer Height mm W ED.EE Anode Fozl micron s 3|;|
Wall Thickness mm W U.3|;| Cathode mm w ET.ED
s . Anode mm v 53 |...]

BVE 22y w1 —— mm v 59.7
A%& Cathode Foal mm W 7. 5|;|
Jelly Roll Width mm W EEII:Il;' Anode Fo1l mm A EEE
Jelly Roll Thickness  [mm v 15. 3... T Cofiguation
Cathode Continuous w
Cathode Uncoated Length [mm L lEl;' Anode Continuous ol
Naods Uncosted Length _|um v 2] A
bnode Extra Lengsth mm e 4-CI|;| Enclosure Teight g > ]'ESD
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" Main " ModelSetup _# Cathode ./ Anode ./ Assembly . Thermal Behavior ./ A

Attribute

Tnit

Ohject Value

Cathode &
R et e al..]
Anode 6 .ns]
Cathode Particle 12[...]
\| Anode Particle 12
/
Lower Cutoff Voltage 2.48/...]
Upper Cutoff Voltage -=1-.3|;|
Open Circuit Voltage of Full Cell {100% S0C) 42
Time Step Size 1EI|;|
Spatial Plot Storage Frequenew 1[I|;|
Maximum Iteration per TimeStep 1[IEI|;|

\ Convergence Criteria

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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AR EY

" Main ./ Model Setup + Cathode . Anode . Assembly . Thermal Behavior ./ Advan

Attribute

Active Material #1

Unit

Object Value

HCME22 [oa]

betive Material #1 Mass Fraction fraction U.Sd-l;'
D Aetive Material #2
Conductive Agent Density gfem 3 ]..EEI;I
Conductive Agent Masz Fraction fraction U.USI;I
Binder Density gfem’ 3 1. T'FI;I
Binder Mass Fraction fraction U.USI;‘
Additive Density gfem’ 3 i.gnll‘
dditive Mass Fraction fraction 0 |
@ Capacity Loading mhh/em” 2 S.EI;I
D Forosity
Expansion Ratio ].I;I
Conductivity 5/m 3.3';
Contact Resistance (@ Foil/Cathode Interface) Ohm_m" 2 aQ UUUZE
Terminal to Foil Resistance Ohm
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R
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im MR IR R 2N

Datahase Value

» Main  _~ Degradation
Attribute Tnit Object Value

AutoLion Material M G622 -
" Particle Size micron W 10]...
Molecular Weight z/mol W 9. 93|;|
Electrons Transferred ID
Density gfem 3 w 4. 3|;|
1rst arge Lapaclty £ e
First Discharge Capacitw mih/z hd lSZI;l
Um et v v 4.33[.
Swelling Coefficient 1]iee

®f JO | ®

User Value ') e
Databaze Value

User Value

O

m 2/

S

Multiplier

@ Datahase Value

D User Value

A2

Multiplier

Database Value

D User Value

V/E

Multiplier

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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" Main +" Degradation

Initial Film Thickness

‘ Attribute Objeect Value

Film Conductivity

e

CathodeFi1lmConductivi t‘-.

Ho Film Growth

~N

knode SEI Lawer Growth

7~
®
O
D Cathode CEI Lawer Growth

D bnode Lithium Flating

Active Msterisl Isolation |

ID.A\J
J

7

PR AR S

" Main
Attribute Tnit Object Value
-
Value at Reference Temperature 1.5334615334615337E—5|;| %%HEBH
Reference Temperature .4 e def (=295 13) |;|
- ~ N
Aetivation Energy J/mal o 3. 2e4|;| HEBH;E{'EEE

IBIRIEAERIER  ooo, ph [T_?]]

BEAR AR R
PER A=A
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" Main o/ Model Setup o/ Cathode « Anode  _/ Assembly ./ Thermal Behavior . Advanced

m [Hk Kerribute

Aotive Material #1

Init

Ohject Value

G*raphitell‘

0.94[...]

hetive Material #1 Mass Fraction fraction -

|:|| hetive Material #2

Conductive Agent Densitw gfem’ 3 A l.EEI;‘

Conductive Agent Mass Fraction fraction W U.USI;‘

Binder Densitw gfem 3 e 1. 'F'FI;'

Binder Mass Fractiom fraction o U.USI;'

Additive Density gfem 3 e ignll'

Additive Mass Fractiom fraction o UI;'

(®) | N/P Ratio fraction . 1. lEI;'
mih/em” 2 ~

T::l Capacity Loading
O

Forositwy

Expansion Ratio

[
162|...]

Conductivity S/m R
Contact Resistance (@ Foil/Ancde Interface) Ohm_m" 2 A U.UUUEI;‘
Terminal to Foil Resistance Ohm W ignll‘
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m fEGEMER R
SERENER]

+" Main 7 Degradation

Attribute Tnit Object Value
Autolion Material Graphite w
Particle Size micron lEI;‘
Molecul ar Weight g/mal 72. UEI;'
Electrons Transferred ].I;‘
Density gfem 3 2. 24|;|
First Charge Capacity mih, = 3?1.933@
First Discharge Capacity mih/g SEUE

Tmax

v

2[eud

Swelling Coefficient

Database Value

1.

User Value

Datahase Value

®
O
®
O

Tzer Value

m 2/=

Multiplier

@ Databhaze Value

def (=1) [ead]

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

+" Main
Attribute Unit 0bject Value
1.51515151515151516-5 ...
FReference Temperature K w def (=293 15]|;|
Aetivation Energy J/mal - 3. 2e4|;|
+" Main +" Degradation \

Attribute Init Objec®\ Value

Initial Film Thickness nm o
Film Conductivity S/m w .ﬂmndeFilannductivit::B
(® | Wo Film Growth

(| tnode SEI Layer Growth
(| Cathede CEI Layer Growth

O i terrin 1zoniion [

[A3]

D #fnode Lithium Plating
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AR EY

+" Main
9 Attribute Init Object Value
N
B 3SR (Assembly) A X
Electrical Conductivity [5/m b S.ESSETB
Thermal Conductivity 7/ (m=K) W SUUE
Specific Heat Capacity |J/kz K w EUUE
. +" Main
" Main ./ Model Setup o/ Cathode ./ Anode + mbly
Attribute In1it Object Value
Attribute Object Value -
2fen’3 v g.95...]
Electrical Conductivity [S/m A E.BE'FI;'
: Thermal Conduetivit T imK W 300
Cathode Foal il il /(80 o
Specific Heat Capacity |J/ke K e EUUE
Anode Foil
Separator PolsmericMembrane + Main
Attribute Unit Object Value
Electrolyte Electr-:-].:-.‘tell' e/em’3 v 1.2[0]
l Excess Ratio 1. SE] Porosity 0. 4[]

RIS EEEL:
« 1.0: EBIRFNPEIR=SPRFTHEEARR
- Def: BIGFTETIRFTHEAER
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B EfRR

+" Main
Attribute Tnit Object Value
f Sartuison Blocteolyte LiPFG in EC-EMC-IMC
Transference Mumber . 3S|;|
Concentration kmol/m” 3 w 1.2 |;|
Densitwy gfem 3 w 1.2|;|

iEC Volume Fraction Uﬂilll{

(@) | Datshaze Value
O

Uzer Value

Electrolyte- - = 2 Mn o =
phase charge 0= _(;'.(x'" of. )-0- .ﬂ(xz’ Sic, ) + j1 a.,,C————e(¢' ¢.)

Multiplier

Datahase Value

®
9

Multiplier
N

User Value

®
O

Multiplier

Database Value

User Value m 2/s w

def (=1) [}

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

conservation ox ox ox ox ot
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o Main +" Model Setup + Cathode o+ Anode + Assembly + Degradation +" Thermal Behavior 4

Attribute Unit Object Value

(| Imposed Temperature K v 298. 15
()| Internal Thermal Node with External Thermal Connec. ..
/" | Internsl Thermsl Selution ‘\

ek Fic et Tk K v 1000 |...]

Comvective Heat Transfer Cosfficient Wm' 2K v 10[...] FEINERESIMNEERS
© Initial Temperature See Case. .. [InitialTemp] D ]:ﬁ?\j:‘\'

tmhient Temperature See Case. .. [InitialTemp] I;l
\ WonCell Weight ke o U@
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Attribute Tnit Object Value

Cathode

SR BERE —
Bruggeman1I§IE A= Ae",

Separater 1.3

ode

Anodic Charge Transfer Coefficient

Cathodie Charge Transfer Coefficient

pmg o ool e )

bnodic Charge Transfer Coefficient

0.5
athodic Charge Transfer Coefficient 0.5
A ] at -
Cathode F/m 2 e lgnlzl XR%}%%%_:I msg& l-E”, — ﬂdlc%
Lﬁmnde Fim 2 e Jl.gnu Z_%E%
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B Plots iIX B

+" Main . Model Setup . Cathode ./ Anode ./ Assembly . Thermal Behavior .+ Advanced Flots
Aging Details Spatial Plots (Time) Spatial Plots (Cycle) Special Analyses Anode Cathode Separator

Select / Unselect A11 Plots [] [Max Plot Points | Flot Range Y—hois Sampling Twpe [3ampling Inte. ..
£ State of Charge def |def def def w def
B2 Voltage def |def def def w def
£ Current def |def def def w def
& Power def |def def def w def
£ Temperature def |def def def w def
£2 Heat Generation Rate def |def def def e def
%2 Open Circuit Valtage def |def def def W def
f% Internal Resistance ] def |[def def def def
£ Depleted/Added Capacity ] def |[def def def
£2 Flectrolyte Concentrations ] def |[def def def def
2 Stoichiometry of Lithim Tons ] def |def def def def
£ Veltage vs Capacity def |def def w def
£ Temperature vs Capacity def |def def ~ def

Copyright (C) IDAJ Co., LTD. All Rights Reserved.




AR EY

B Case setup
. [m =] /\ = :E =
® IXE 5 MAERE
ﬂ Case Setup - C\Program Files (xBa\GTIw202Mexamples)\Batten\GT-AutoLionGT-AutoLion Basics.autolion

1 E Hix) [x]

Home Advanced

Insert Delete  Turn Al Turn All
Case Case (CasesON Cases OFF Parameters | Parameter Usage
Cases v v

Main | Design of Experi.mentsl % Alll :I

J Parameter Init Description Case 1 Case 2 Case 3 Case 4 Case 5
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends 20C A0C 0c 25C 45C
InitialTemp C v | Initial Temperature -20/...) -10/...] 0l 25/...) 5.

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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B Run setup

® ZEITHEATE 4200s

+" TimeContral +" Initialization +* ODEContrel + SignalControl + ThermalContrel

® KRS TKAE, HARTAIZEI<
10s, ZEEEIN SAutolion —&

" TimeControl . Initialization +" ODECentrol _# signalControl # ThermalControl

Attribute

Tnit

ODE Settings #1

Part Name List Object Identifwing Circuits Belongi. ..

Time Step Output Fregquency

IiffEqControl Implicit]..

Maximum Ratio of Time Steps in ODE Circuits

Maximum Ratio of Flow/0DE Time Step

def

Attribute Init Ohject Value
@ Maximum Simulation Juration (Time) 5 R 42|:||:||;|
dutomatie Shut—0ff Then SteadvyState of f -
Improved Solution Sequence for Multi—Circuit Models ]
' Main s spc3
Attribute Object Value
Integrator/Solver Twpe Implicit—SIC3 w
Matrix Optimization Method Cuthi1ll-McKee e
Matrixz Storage Format Skvline W
Electrical Matrix Inversion Scheme SVD w
" Main " 5DC3
defl...]
Attribute Object Value
defm Maximum Integration Time Step IDD
Initial Max. Integration Time Step de'EIZ‘
def (=20) B Time Step Relaxation Multiplier 5|;|
(=5) m Relative Tolerance lE—SD

Solve 411 Cireuits Together (Single Solution Clust. ..

Modal Analwsis Property Object

i gnend]

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Absolute Tolerance

Jacobian Evaluation Convergence Criterion

16-5[...]

0.

001 [...]

Mewton Raphson Convergence Criterion

0.1[o

Mewton Raphson Iteration Limit

...
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B Output setup

® RLT ZWEFfEAFR100s,

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

+" Data_Storage o General « GT-POST _Setup « ScorehoardBLTs

+" UserScorehoardRIT=

+" End0fRu

Attribute

FIT Calculation Interval (Continuous Circuits)

it

Object Value

100 ...

Store Case FLT Results?

Storage Level for All Parts NOT Listed Below

411

Storage Level for "Fxception” Parts Listed Below

411

“Exception” Parts List

ignl...]

D Store Time FLT Results?

List of BLT' 5 to store (ALWAYS)

Time Shift on ¥—Axis for EntireFun and TimeRLT Plots

ignl...]

ignl...]

Data Suppression for EntireRun Plots and TimeRLT=: Th...

ign)n

Suppress Storage of Instantansous Plots D
Suppress Storage of Pre—Processed Plots ]
Suppress Storage of Tahles (except End0fFun Tahles) ]
Thinning Method for Limiting Large Arrays to Maximum . . . butomatic e
Do Mot Show Warning Dialog for Large Result Sets ]
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Altalion Waoltage

iGlobal X [ 7]Voltage X [7]Voltaget X 1 AutoLiom X

: Plots | Cgse RLT Tims RLT  FBLT ws Part  Attributes q P ﬂj’ |T @ " |

arch Caze 1: —20 C ;
W |4 AutoLion:AutoLion 2| e
--v‘ 82 State of Charge o 4.00
Gl 2 yoltage
--« p l:urregnt Case 5: 45 C 375
--uf £2 Power £ 350
v 2 Temperature g
: . o 3.25
E-v B2 Heat Generation Rate £
---./ £2 Open Circuit Voltage > 300
--uf £2 Internal Resistance 275
--¢ 82 Depleted/Added Capacity
--v‘ £2 Electrolyte Concentrations 290
---./ B2 stoichiometry of Lithium Ions 21
v 82 |Voltage ve Capadity 00 . o - -
00 W Coety 25
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Degradation

ot 1 a/' N
E Capacity

CalendarAging
H—— /‘ \
L

& voltage
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ST E—HBSw

J Main “ Model SE"I:I.JFI' vf Cathode "ﬂ’ Anode »f AESE'FI"Ith‘ J Therma +" Main +" Model Setup o' Cathode & Anode o Aszembly o Degradation +" Thermal Ech
; } ) Attribute Unit Object Value
S — e ~ Cell Dicorctization (mber of Blements)
Cathode =
Cell Geometrw C:-.'].indrin:&lGeumetryI;' Separator 3 [ud]
4node 5
. Cathode Particl g
D Build Lumped Pack Madel aTetE TEREE |;|
Anode Particle 3|;|
Analysis Mode Cell Lower Cutoff Voltage v W 2.3

Cell Upper Cutoff Voltage L w 4.3|;|
= v () Cell Open Circuit Voltage of Full Cell (100% S0C) |V e 4.2
Load Twpe 1L Current e
| Current Request o[..]
& Time Step Size 5 W 100|...
Spatial Flot Storaze Frequencwy ].UUUUUI;‘
Initial State of Charge fraction 0. SI;' Maximum Iterstion per TimeStep  _y wp;to— b |- 100 [uua]
0 0 H =]z N
|:| Initialize as Aged Model Convergence Criteria ZNHIRITES v le-d-ll‘

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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n REE S RIS
AR RIBRE

AN
P

" Main +" Degradation

Attribute

Initial Film Thickness

Init

Object Value

2[eed]

Film Conductivity

EathndeFilannductivity[:]

Wo Film Growth

dnode SEI Layer Growth

OO0 ®

Cathode CEI Laver Growth

Active Material Isclation

[

[

fnode Lithium Plating

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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B [EEEM R ERR E

" Main +" Degradation

EC
diffusion

[0}
=
=

ro%

©

—
O

EC reduction reaction

AN
P

Attribute T t Object Value

Initial Film Thickness m 5...]
Film Conductivity 3/m ﬁnndeFilannducti:‘ityIZl
| We Film Growth

knode SEI Lawer Growth

EC Inffusivity m 2,z bnodeECDLEE)..

SEI Reaction Rate Coefficient AnodeF1lmGrowth)..

SEI Equilibrium Potential v 0.4/
@ SEI Charge Transfer Coefficient U.EI;'

SR Melocalar Woighe &/mol 162 |...]

SEI Density 2fem’3 1.69 ]

SEI Porosity 0. 05[ad)
O Cathode CEI Layer Growth

] i Haserin onterion |

]

Anode Lithium Flating

+" Main
Attribute Init Object Value
Value at Reference Temperature le-lﬂlll
Reference Temperature K def (=293 13) |;|
Activation Energy J/mal Fed-I;l
+" Main
Attribute it Object Value
Value at Reference Temperature l.Ee-lEIZ'
Reference Temperature K def (=203 15) I;'
Activation Energy J/mol Eeti-ll‘

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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+" Main o/ Model Setup o/ Cathode o Anode ./ Assembly + Thermal Behavior /s Advanced [

Attribute

Imposed Temperature

Tnit

Object Value

293. 15 |...]

Internal Thermal Wode with Extermal Thermal Connec. ..

00®

Internal Thermal Solution

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Attribute

Tnit

Object Value

Anodie

Cathode 1.5[:]
Separator 1.5[:]
Anode 1.5...]

Cathodic

Anodic

EIIE]

ol

ﬁ

Cathodic

Cathode
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® i45SignalGenerator, Gain,

BRifEAmapF, FigEWT

BT day

A Output Signal Editor for part Time

Link ID for part [Time:Time]

Main

Filter: Mo Falter .. .

h7=an

MathFunction

o Main +" Signal Setup Flots

ID.A\J

Attribute Unit Object Value
Signal Twpe time_seconds A
Constant or Dependency Reference Object I;' ignll‘
Equation I;‘ iglll‘
Out Of Range Flag for Equation EYror_message e

ID

Output Name

Required? Used

1 Jutput

CalendarAging

=1
Capacity
Degradation
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Link ID for part [AutoLion:CalendarAging]
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- IRESEANITEIK, Bfiuday
- [RaUKfERs, RAHIIAIZK100s

o TimeControl ./ Initialization " ODEControl . SignalCantrol . ThermalContral

»" TimeControl ¢ Initialization ./ ODECantrol . SignalContraol

+" ThermalControl

Attribute Tnit

Part Name List Object Identifwing Circuits Belongi. ..

Time Step Output Fregquency

Maximum Ratio of Time Steps in ODE Circuits

Maximum Ratio of Flow/0DE Time Step

Solve All Ciremits Together (Single Solution Clust...

Attribute Tnit Object Value
® day v 100 o.d]
butomatic Shut—0ff Then SteadvState off
Improved Sclution Sequence for Multi—TCireuit Models ]
' TimeStepControl o/ ConvergemceContral
OIE Settings %1 Attribute 0bject Value
dE'EI;' Maximum Integration Time Step ].UU@
Integrator wd Solution Conerol ItsTeTEn R i > [Tivial #ex Tmtegretion Tine step et
dEfI;' Time Step Relaxation Multiplier defm
def (=20 :'|;| Maximum Fatio of Time Steps in ODE Circuits d=f (=20 ]I;I
def "=5:'|;| Maximmm Ratio of Flow/0DE Time Step def -'=5]|;|
ienl...

Modal Analwsis Property Object

Copyright (C) IDAJ Co., LTD. All Rights Reserved.




ST E—HBSw

B Output setup

® RLT £UETFNEIEIRR200s
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+" Data_Storage ./ General ./ GT-POST Setup .+ ScoreboardRLTs . EndOfRunTables

Attribute

Object Valus

BLT Calculation Interval (Continucus Circuits) 200(...
Store Case BLT Results?
Storage Level for All Parts WOT Listed Below 411 -
a 3 anr ]
Storage Level for "Exception Parts Listed Below 411 s

"Exeception” Parts List

ignl...]

|:| Store Time RLT Results?

List of BLT = to store (ALFAYS)

Time Shift on ¥—#4xi1s for EntireRun and TimeRLT Plots

ign[ond
:i.gnlll

Data Suppression for Entirefun Flots and TimeRLTs: Th. ..

:i.gnlll

Suppress Storage of Instantansous Plots []
Suppress Storage of Pre—Frocessed Plots |:|
Suppress Storage of Tables (except End0fBun Tables) |:|
Thinning Method for Limiting Large &rravs to Maximum . .. butomatic s
Do Mot Show Warming Dialog for Large Result Sets |:|
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Voltage<=[MinVoltage]

2.8V

State 1: Constant Current Discharge

Toad Type ==

Imposed Current ==
Imposed Voltage ==
Discharge Counter Reset Signal =0

[DischargeCurrent)

DoD>=[DoD_Cycle]

95%

-~

State 2: Constant Current Charge

Toad Type ==
Imposed Current ==
Imposed Voltage ==

[ChargeCurrent]

k[lischarge Counter Reset Signal = 1

~

Current=-0.1

State 3: Constant Voltage Charge

| ToadType==1

Voltage>=[MaxVoltage]
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+ Main _# Model Setup + Cathode o Anode o/ Assembly . Thermal Behavior .
Attribute Tnit Object Value

Cell Geometry C}.‘lin-:]ricalGeumetryD
D Build Lumped Fack Model

dnalwsis Mode Time Simulation s

Load Type Mized Requests (External Signal) e

Voltage Reguest RPN N el P ED
Current Request STIE RAPIL Ao ITImlN ll;l

ey Wi N

FPower Request 1Ale / - b SEUD
Fesistance }j: I\ o 10 ...

Initial State of Charge fraction e ll;l

" Main + ModelSetup _~ Cathode o Anode o Assembly / Thermal Behavior o /

Attribute Unit Object Value

Cathode 3
Separator 3 I;I
Anode =

Cathode Particle

Anode Particle

Lower Cutoff Voltage vV e 2.5
Upper Cutoff Voltage v W 4.3|;|
Open Circuit Veltage of Full Cell (100% SOC) [ v 4.2[.)
Time Step Size s e 1

||:|| Initialize as Aged Model |
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" Main +" Degradation

Attribute Tnit Object Value
Initial Film Thickness rm 2.
Film Conductivity 3/m EathndeFilannductivity[:]

Wo Film Growth

dnode SEI Layer Growth

OO0 ®

Cathode CEI Laver Growth

[

Active Material Isclation

[

fnode Lithium Plating
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" Main & Degradation
Attribute Tnit Object Value
Inmitial Film Thickness rm v 5.
Film Conductivity 5/m w ﬁnndeFilannductii‘ityE
()| Vo Film Growth
Anode SEI Lawer Growth
BC Diffusivity n 2/ v mﬁ
|| | SEI Reaction Rate Cosfficient AnodeFilnGrosth| 3y
~ | BEI Bomilikrium Poteniisl v v 0.4[...
® SEI Charge Transfer Coefficient U.EI;'
SET Molecular Weight /mal ~ 162|...
SEI Density e/em’3 v 1.69 ..
SEI Porosity 0.05 o)

T

()| Cathode CEI Layer Growth

i AR

Aetive Material Isolation

Isolation Rate

|:| Anode Lithium Plating

AnodeAMI
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Attribute Unit Object Value
Value at Reference Temperature ].e—].9|;|
Reference Temperature E e def (=203 15]|;|
Activation Energw J/mol A Teti-ll'
+" Main
Attribute Tnit Object Value
Value at Reference Temperaturs l.Ee—lEE
Feference Temperature K e def (=293. 13]|;|
Aetivation Energy J/mal e Eed-I;'
+" Main
Attribute Tnit Object Value
Value at Reference Temperature Ze—l4|;|
Reference Temperature K w def (=225, 13]|;|
Abetivation Energy J/mol e U|;|
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Object Value

Impozsed Temperature

298. 15 |...]

Internal Thermal Solution

®
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® 5 EventManager 1&ifRiE Amap, Fip
279 CCCV_Controls; 9 RlIENMEINE
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.
FHX
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+" Events

Att. ..

Inputs §.# Outputs Plots

Input Descriptions

Input Hames

Wireless Signals or

FLIs

1 Cell Current|... Current |...| 1gn
Cell Voltage|... Voltage|...| o]
State of Charge|...| S0C ...
" Events o/ Inputs |+ Outputs Plots
Output Desecriptions Outpu

Att. ..

Load Twpe |:r_1=1.'-:|:|.tslg-eJ I=Current, 3=Fower)

Imposed Current (A)

Imposed Voltage (V)
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® TE NITHIRRAYRT (State) FIEeFE5ct, DIEN T 4 M=z, 4 MNERFRMA

l " Events L/ Inputs ./ Dutputs Plots
e Event Descriptions Event Exit Criterion Wext Event |Load Twpe (1=Valtage, Imposed Current (A) Imposed Voltage
o o, 2=Current, 3=Fower) (v
1 Initialize|...| etimerl |...| 2|...] 2|...] 0...] <l
2 CC Discharge|... S0C<=[MinS0C]1%\ Veltage<=MinVeltage]|... 3] 2|...] [IizchargeCurrent] |...| cl
3 CC Charge|...| Valtager=[MaxVoltage] =] 4|...] 2[...] [Chargelurrent] =] 3oad]
4 CV Charge .. Current>0. 1[...] 2] 1]..d 0]aadl MaxVoltage] [

FTAZSEL:

etime: EBES%, AFRLTIENEICHIAYE
MinSOC: SOCTR (5%)

MinVoltage: IEBE&/NEE (2.8V)
MaxVoltage: FEEER AEE ( 4.2V)
DischargeCurrent: FEEEE 7 (3.6A)
ChargeCurrent: 7Z8EEEE7 (-3.6A)
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CCCW_Controls

Cyelefging

Start End
Part signal Part signal

CycleAging current CCCV_Controls Cell Current

CycleAging voltage CCCV_Controls Cell voltage

CycleAging SOC CCCV_Controls State of Charge
CCCV_Controls Load type CycleAging Load type
CCCV_Controls Imposed current CycleAging Current request
CCCV_Controls Imposed voltage CycleAging Voltage request
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® I51EfxR EventCounter fEAmap, RN
CycleCounter

+" Main 7 Variables ./ Signal Setup Plots o Main " Varishles ./ Sigmal Setup Flots
Lttribute Object Value Ak Variahle Description Variabhle Name
Event Criterion (Logical Expression) %tate=2g] 5
Out of Range Flag Error_meszage - 1 Active State of Finite State ll[a.nagerll' Statem
Beset Twpe EversCase e 3 ! !
3 = -
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® JZ#EHX StopSimulation #EAmap, BT

+" Main +" Signal Setup

Attribute Init Object Value

=/
Threshald [Mumb er0flvele =] I;I I.I IEUE%
Threshold Criterion

= - é& 1 -L-|_§-1'?-|J:
Stop Mode

Fegular Finish
@ Finish or Skip to Next Case?

Skip To Next Case

Complete BLT Data Cwele or Stop Tmmediatels? Complete BLT Storage Cwele A

()| Fatal Frror Condition (Stop Immediately)

Message

[Wumber0fCycles] Cyeles is Reachedm

Include Part Name at End of Meszage
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CCCV_Controls state CycleCounter input
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+" TimeControl + Initialization +" ODEControl _# signalControl  +# ThermalControl

+" TimeControl  _# Initialization . ODEControl

+" SignalControl

+" ThermalControl

Attribute

In1it

Object Value

@ Maximum Simulation Duration (Time)

=[Wumb exl f':}rcles]*ﬂi- f£ix)

Automatic Shut—0ff Then SteadvState

off

Improved Solution Sequence for Multi—TCircuit Models

Attribute

Unit

0DE Settings %1

Time Step Output Frequency

Fart Name List Object Idemtifwing Circuits Belongi. ..

»" Main  _# RungeKutta
Attribute Object Value
Integrator/Solver Type Explicit—Runge—Kutta
Matriz Optimization Method Cuth1illMeKee e
Matrixz Storage Format Skvline e
Electrical Matrix Inversion Scheme SVD -
" Main +" RungeKutta
def
|;| Attribute Tnit Object Value

DiffEqControl _expltest I;'

def|...

Maximum Batio of Time Steps in ODE Circuits

def (=20) [ied]

Maximum Ratio of Flow/0ODE Time Step

def |

=) [eed]

Solve All Circuits Together (Single Solution Clust. ..

Modal Analwsizs Property Object

ignl...]

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Maximum Intesration Time Step

5)..)

Initial Max. Integration Time Step

defl..]

Time Step Relaration Multiplier

Integration Relative Accuracy

def (=5) [

154 ...

0. 001 [...]

Translational Displacement Accuracy Horm |m -

Tranzlational Velocity Accuracy Norm m/z e 0.01 I;l
Rotational Displacement Accuracy Norm deg e D.DET295T795130323|;|
Rotation Veloeity Aceuracy Norm RFM - 0.095492965|:|
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Main | [F] Design of Experiments | EEE a11| [®]
J Parameter Tnit Description Case 1
Case On/Off Check Box to Turn Case On
Case Label Unigue Text for Plot Legends

DIischargeCurrent A “ | Iischarge Current 3.6 D
Char gplurs s A v | Charge Current ~3.6/.d]
MinVoltage ¥ “ | Minimmm Voltage of Cell 2.8 |;|
MaxVoltage v v | Max Voltage of Cell 4.2[.]
Mumber0fCreles Ilmber of Cweles to Fun 100
MinS0C Minimm S0C 0.05 .|
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" Arrays _/ Options E} I:‘ Components
Att. .. % Data T Data P case # Il—vlg\g\mlﬂ E| H -4 Autolion
BD References

- 00 _ 00 _ " 15 AV AITays - Case # 1 {:] CellGeometry—{Cylindrical

2 1.0 : 0.18 : D Dependencyirrhenius

£ 2. 0leas) 0.16]...| D EChemActiveMaterial
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Output Descriptions Jutput Signal Map

Att. .
Lahkels

Load Type (1=Voltage, 2=Cu. .. def
Imposed Current (A)
Imposed Voltage (V)

Imposed Power (W)
Imposed Temperature (K)
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o Events  _/ nputs ./ Outputs Plats
Att Event Desecriptions Event Exit Criterion Wext Load Type (1=Voltage, Imposed Current (Imposed Voltage Imposed Power (W) Imposed Temp:
T Event Wo. | 2=Current, 3=Fower) (a) (v)

1 Initialize|u.) etime>l [, 2 [und] 2 0 us] 3 [und) 0lud)

2 WEDC 3z Power Profile Discharge etime 5723 3 3 ] 3 =LookupXY (WEDC_5x_Power, etime) =LaolupXY I:II'E]:IIC_E}{_TE]
3 CC Chargel...|| Voltage»=MaxVoltage]|... 4|... 2|ued| [ChargeCurrent] .. 3a.n 0.

4 CV Charge|... Current?=0. 1. 5] 1[oed] |:||_ MaxVoltage] ... |:||_

E Rest for 1 ]'[u:-ur etime>35|:u:| 2 |:| 3 |:| )
8 o] b b e e e e

INERERERE: LookupXY(NEDC 5x Power,etime)
REERAE: LookupXY(NEDC 5x Temperature,etime)
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Start End
Part signal Part signal
CCCV_Controls Imposed power CycleAging Power request
CCCV_Controls Imposed temperature CycleAging Temperature
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Main Design of E:{per:i_mentsl % Alll :l
J Parameter Unit Description Casze 1
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends
ChargeCurrent A “ | Charge Current —3.6 |;|
MaxVoltage U “ | Max Voltage of Cell 4 2 |;|
Mmber0fCrel es Imber of Cycles to Fun 100
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o Main «" Model Setup . # Cathode o Anode o/ Assembly o Thermal Behavior o/

+" Main _# Model Setup + Cathode o/ Anode o Assembly o Thermal Behavior ./ Advanced Plots
Attribute Tnit Object Value
Attribute Tnit Ohject Value
5
Cell Geometry _ Cvlindrical Geometry Separator 3|;|
Anode =
Build Lumped Pack Model Cathode Particle 10[...]
]| Mumber of Series Cells EEI;' fnode Particle 10...]
Mmber of Parallel Cells 3|:|
Lower Cutoff Voltage v e 2.5
Analwsis Mode ﬁ*%ﬁj\*ﬁ*iit’ #*E Capacity Fade Analwsis Upper Cutoff Voltage v it ‘1'-3|;|
Life State Filensme for Capacity or P {Cvelebging stater|.). Open Circuit Voltage of Full Cell (100% S0C) |V had ‘1'-2|;|
DIischarge Current A b 2l... S e e . - ll;'
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Frequeney of Analwsiz (Cweles) }EZEJ&1T,§.ELE1 fya) 5I;' Spatial Flot Storage Frequency ]_UUUIZ‘
. S22 Mz Tterati TimeSt 100
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r Convergence Criteria le—EI;'
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D Imposed Temperature K 298. 15
()| Internal Thermal Wode with External Thermal Comnec. ..
Internal Thermal Solution
T E et T/kg K 1000 [o.]
Convective Heat Transfer Coefficient W/ (" 2-K) ].EII;'
® Initial Temperature See Case. .. [InitialTemp]E
e See Case. .. [InitislTemp]|...
Won—Cell Weight ke 0lee)
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RERANITRIIK, EBIEKEIE
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+' TimeControl o Initialization + ODEControel + SignalContrel + ThermalContrel

Attribute Unit

0bject Value

(@) | Maximum Simulation Juration (Time) 5

butomatic Shut—0ff Then SteadvState

v 4200[...)
ot

off

Improved Seolution Sequence for Multi—Circuit Medels

[l

o ANFIKAEIUKAEE, IREFAHIEL

/955

+" TimeControl + Initialization +" ODEControl _# signalControl  +# ThermalControl

Attribute

Unit

0DE Settings %1

Fart Name List Object Idemtifwing Circuits Belongi. ..

defl...

Time Step Output Frequency

DiffEqControl _expltest I;'
def|...

Maximum Batio of Time Steps in ODE Circuits

def (=20) [ied]

Maximum Ratio of Flow/0ODE Time Step

def (=) [ond]

Solve All Circuits Together (Single Solution Clust. ..

Modal Analwsizs Property Object

ignl...]
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»" Main  _# RungeKutta

Attribute Object Value
Integrator/Solver Type Explicit—Runge—Kutta
Matriz Optimization Method Cuth1illMeKee e
Matrixz Storage Format Skvline e
Electrical Matrix Inversion Scheme SVD -
" Main +" RungeKutta

Attribute Tnit Object Value

Maximum Intesration Time Step

5)..)

Initial Max. Integration Time Step

defl..]

Time Step Relaration Multiplier

Integration Relative Accuracy

def (=5) [
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~ 0. 001 [...]

Translational Displacement Accuracy Horm |m

Tranzlational Velocity Accuracy Norm m/z e 0.01 I;l
Rotational Displacement Accuracy Norm deg e D.DET295T795130323|;|
Rotation Veloeity Aceuracy Norm RFM - 0.095492965|:|
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B Case setup

2| Case Setup - C\Users\SWN'\Desktopxx\fade\CapacityFadeAnalysis.autolion

Home

Advanced

Jix

[x] ) s

T H B B E

Append Insert Delete  Turn Al Turn All Add Add Delete Show Find Import Parameters  Import SA Show
Case Case  Case CasesON Cases OFF Farameter SuperParameter Parameter Usage Parameter from Model Farameters Formula |
Cases Parameters
Main | Desizn of Experi.mentsl E Alll :I
J Parameter Init Deseription Case 1 Case 2 Case 3 Case 4 Case 5
Case On/Off Check Box to Turn Case On
Case Label Unique Text for Plot Legends -20C -10C oc 25C 45C
InitialTemp C v | Initial Temperature 20 o] -10/[...] 0end] 25 ..} 45
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B ETIREIEEER

Capacity fade
(SEPFR RS E)

5 000 Capacity Fade

5.088
3.986 -
5.084
5082
3980
5978 -
5976 -
5.9?4D

Capacity [A-h]

5 10 15 20 25
Crycle Mumber
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AIESFERWAER, XOFEIIAR,

»" Main  _/ Model Setup o Cathode . Anode ./ Assembly o Thermal Behavior ./ Advanced Plots

Attribute 1 Object Value

Cell Geometrw _ Cwlindrical Geome tr}'|;|

Build Lumped Pack Model
Mmber of Series Cells

Mmber of Parallel Cells

Enalwsis Mode Power Fade Analwsis -

: : : : . Current input=
Life State Filename for Capacity or Power Fade Analwsis Cvelebging. statel

P ¥ ¥ ¥ ging |;| User Defined Voltage Output

State of Charge fraction w ].I;'

. . —— Era— Power = (Current Input) X (V,,..)
Discharge Current Pulse Amplitude H';kll:h EETI:V A - lUI;m

AT 1 1IN DN 7
DIischarge Current Pulse Duration 5 V lUI;' le—| Vv
e — V .

Frequency of Analysiz (Cyeles) Bl_l Pulse Duration= mn
Last Cyele of Analysis lUUI;' User Defined
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 EELR

Power fade imER &

Power Fade Power Fade: Voltage vs Capacity
3601 AutoLion part AutoLion 470 AutoLion part Autolion
—Cycle #1
—Cycle #6
—Cycle#l11
3594 - 410 —Cycle #16
—Cycle #21
Cycle #26
3588 400"
§ 3582 = 390
3 %
=Y =
3576 2 3z0f
3569 - 370 -
L__
3563 360
0 5 10 15 20 25
Cycle Number
350
0.000 0.005 0.010 0013 0.020 0.025 0.030

Capacity [A-h]
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HPPC 93T

A TR P REREL, 180s LA 1C fxHiiEe (Operational capacity J&/J\5%)
2000s KRR, SOC M 100% FFELA 5% BIEIPRIEE, BEEI/INF 9.8% FitE=ELE

L

I a@g - voltag .

HFFC_Control
Autolion ,@ /N
SO |
Eg

S0

0.4
0.0
0 8000  1s000 24000 32000

Stop

I'-I‘-I
ai}

A

oo

G

Copyright (C) IDAJ Co., LTD. All Rights Reserved.



HPPC 93T

B TEE

A, ane /9 HPPC, H

FENX— MR

& Main  _# Model Setup o Cathode o/ Anode o/ Assembly ./ Thermal Behavior ./ Advanced Plots

Cell Geometr

Attribute

|:| Build Lumped Pack Model

Analwsis Mode

Load Tyvpe

urrent Request

SN ,—\%:tu S

Initial State of Charge

Kt

" Main

Attribute

Object Value

Outer Width mm léUI;l
Outer Height mm lSUI;l
Outer Thickness mm 3|;|
Wall Thickness mm U.SI;‘

Jelly Rell ¥idth m 136. 3 [aus]
@ Jelly Roll Thickness T.SI;'
D Humber of Anode Foil Plates 1

i ¢ Object Value o dmese
Cathade micron 42.5[...]
> Anode micron 39.99999999999999@
SElreometrv]... Separator micron 18/...]
Cathode Foil micron 10...]
Anode Foil micron 8.
ke
Cathaode mm 132|;|
Time Simulation g bnods mm 182[...]
Separator mm 185 [...]
e Cathode Foal mm lSSI;‘
T u Curzent z dnode Foil am 185 [ad]
See Case. .. [Current]|..
Cathode
fraction ~ ].D b

| Initialize as Aged Model

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

End Flate Coating Tvpe

Enclosure Weight

Generate Mesh of 30 Jelly Roll
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B HETTENELSRKIRE

& Main +" Model Setup o Cathode & bnode o Assembly " Degradation « Thermal EBeh

Attribute Unit Object Value
Cathode EI:‘
Separator ‘1'|;|
Anode EI:‘
Cathode Particle lZI;‘
Anode Particle ]_ZI;‘
Cell Lower Cutoff Voltage v e 2.3|;|
Cell Upper Cutoff Voltage v w 4.3|;|

£
=
13
]

Cell Open Cirecuit Voltage of Full Cell {100% s0C)

Time Step Size 5 e 0. 1|;|
Spatial Flot Storage Frequencgl\ o= |- lCIUCIUCII;‘
Maximum Iteration per Ti.meStelpJ *HITHEIZV LN LUUI;‘
Convergence Criteria le-ﬁll‘
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m TR BH

o Main «" Model Setup «* Cathode + Anode +* Aszembly o Degradation #" Thermal Behavior

Attribute

Init

Object Value

Imposed Temperature

See Case. ..

L

[Tanperatu:re] I;I

Internal Thermal Node with External Thermal Connec. ..

O|0|®

Internal Thermal Solution

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

" Main «" Model Setup " Cathode

o Anode

o Assembly o Degradation «

Attribute

Cathode

Tnit

Object Value

Separator

Anode

knodic Charge Transfer Coefficient

Cathodic Charge Transfer Coefficient

bnodic Charge Transfer Coefficient

Cathode

F/m"2

Anode

F/m"2
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HPPC 93T

B HPPC 12525

® EIISE{HEHRT (event manager) K5ERkiZ HPPC RYizHIZLE

® 5 eventmanager f&iRIEAmaps, FapE 9 HPPC _control; TE
NEAEEHE., AMIFBAERKEREN, EF5HA.

»" Events +" Inputs o' Outputs Plots o Events + Inputs +" Outputs Plots
it Input Descriptions Input Names Wireless Signals or |In o Output Deseriptions Output Signal Map Output Signal Units
RLTs tt. ..
Labels
d 0
Event Time|... EventTime |...| 180 s 1 Current (A) 1 Al:'
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HPPC 5%
B HPPC 228

® AHIENT 2 MRz, BRIVRHEFEM. FKxEIV FUMAYHIH

+" Events +" Inputs +/ Outputs Flots

htt Event Descriptions Event Exit Criterion Wext Event No. Output 1 Output 2

0

1 RestlZI eti.me}=[RestTi.me]|;| 2|;| UI;' i.gnll'
2 Pﬂse% etime}=[PulEeTi_me]% l% [Current]% g‘:
A .- .- .- .- .-
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HPPC 534

mTEXIE

<]

&1R StopSimulation #EAmap, IZEWUT

+" Main +" Signal Setup Plots

Attribute Unit Object Value
] oosl.]] XEFERE SOC, it
Threshold Criterion (= v %{%_ﬂ:
Stop Mode
Regular Finish

(® | Finish or Skip to Hext Case? Skip To Next Case

Complete RLT Data Cwele or Stop Immediatels? Stop Immediatelsw

O Fatal Error Condition I:Stu:-p Imme-:].iatel:::'

Mezzage

End of HPPC Testl...

Include Part Wame at End of Messzage
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HPPC 93T

B ERRE

2 :@, 1/1\

+ I 3@ 3 E ‘x.a’l:ultagezI
HPPC_Control Autolion
H— / \
1
A
f 50C
1
@
Stop
Start End
Part signal Part signal
HPPC_Control Current AutoLion Current request
AutoLion State of charge StopSimulation input
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B Run setup

o TERANITEITIK, 191 EHE

® BIUKMEER, ALK 0.1s, 3
IR B AT E[ts], fEcasesetup

THIKEENME

+ TimeContral « Initialization +° ODEControl _# signalControl  +# ThermalControl

+" TimeContral _/ |nitialization + ODEControl

+" SignalControl

+" ThermalControl

Attribute

it

Object Value

@ Maximm Simulation Duration (Time)

=([PulseTime] +[RestTime] )#19

butomatic Shut—0ff Then SteadvState

off

Improved Solution Sequence for Multi—Circuit Models

" Main +" RungeKutta

Attribute

Attribute Unit

ODE Settings #1

it

Object Value

Maximum Integration Time Step

[t=] ...

Part Name List Object Identifwing Circuits Belongi. ..

Initial Max. Integration Time Step

defl...]

defl...]

In fﬁqfnntrnlﬂll‘

ime Step Relaxation Multiplier

Time Step Output Fregquency

defl...]

Maximum Batio of Time Steps in ODE Circuits

def (=20) [oed]

Integration Relative Accuracy

def (=5) [ond]

15-4/...]

Maximum Ratio of Flow/0DE Time Step

Translational Displacement Accuracy Morm

def (=) [nd]

0.001/...

Salve All Circuits Together (Single Sclution Clust. ..

Modal Analwsis Propertw Object

m
Tranzlational Velocity Accuracy Worm m's U.U].I;'
Fotational Displacement Accuracy Morm deg 0. UETZEETTEE].SUSESI;‘
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B Case setup

o NN AEREIEERE

Main Des:i.gn of Exper:i_mentsl Optimization_ Resul +s—0CY Upti_mizatinn_ﬂ}mamicsl E Alll :I
J Parameter Init Description Case 1 Case 2 Case 3 Case 4
Case On/Off Check Box to Turn Case On
Case Label Unigue Text for Plot Legends 10C 20C J0C 40 C
ts Time Step Size 0. ll;' |;| |;| |;|
Current Current Rate for Pulses ].'.T.EEEEI;‘ D |;| D
FestTime Fest Pericd 2000
FulseTime Pulzse Fericd 180
Temperature Imposed Temperature lUI;' EUB 3|:||;| 4-U|;|
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m =

R

State of Charge

1.00 AutoLion part AutoLion
075
g
=
B
w, 0.50
(]
o
[
025
0.00
2000 16000 24000 32000 40000

Tune [s]
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Current | 4]

]

(V5]

Current
AutoLion part AutoLion
— current —voltage
f i
L ) ——
i
—
.
0 2000 16000 24000 32000 40000 480
Time [s]

4.25

4.00

5

Terminal Voltage [V]
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4
T
(L
1)q

ARETRIE HPPC FIRIRANREEERIT ESER, Wt OCV. RUBAE. JFRR
WEERHLAR BB R SIRE SOC KRR,

w0

BatteryCharacterization

f

AutolLion

:
S
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> T

B REGE

® & — BattCharacterization part

" Main 7 TestData + Postprocess ./ GT-PostPlot +/ Results

Attribute

Version

bnalwsiz Mode

Tmit

Mumber of BC Branches

Ohject Value

#51-3RCEIEEHINLE

Attribute

Tmit

Ohjeet Value

[]| capaeity

Enown Open—TCiruit Voltage

[] Open—{ircuit Voltage, Discharge

Open—{ircuit Voltage, Charge

Copyright (C) IDAJ Co., LTD. All Rights Reserved.




S5

® FriE— BattCharacterization part

" Main + TestData _/ Postprocess . GT-PostPlot + Results

Attribute

Explicit Data Specified Below

Z Data T Data § X ;Eg T
X Dat. .. 283 ...| 293 |...|
1 17. 3522|;| 100 20C

B Y" EE,umeE{E Y

BRESEIIS HRERIEE. BELK
EE.muE’Jmap

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

10

1.00

0.00

21800

08
0.6
04
0.2
00
i 1—\
SOCHI%: T
3.85
3.80
365 = = o ———
3.50 ] A
3.35 ol
PR Nim—
3.08
2.90
0 4000 8000 12000 16000 20000
Time (]




LFIR

B REGE

+" Data ./ Options

. 1 OC/ZOC Attribute Tnit Object Value Att. . Time Voltage Current
Holizstic Amalwsis: List Values in The Table Below w - W N ~ I
Advanced Input 1 0.1 end) 3.5310392 ..., 0.
7 N 2 0.5  3.35310392]..] 0l...
s0c 3 0. 7|eu 3.5310392 ... 0 an
- 4 0.9[.]  3.5310392[..] o[l
fraction e A %’m N 0.
1 0.95 @ “Huen e e 0 lan
- 0 § 1.5 e 35310392 ... 0 an
3 0.85 g 1. 7]eed 3.5310392 ... 0 an
n 08 ] 1.9 3.5310392 ... 0 an
- SOCHIZE o= 10 2.1]..d] 3.5310392 ... 0 ans
5 - 11 2.4[...] 3.5310392 ... 0 en
- 085 12 2.6 e 35310392 ... 0 an
3 0.6 13 2.8 3.5310392 ... 0 an
9 0.55 14 3ead] 3.5310392 ... 0 an
- 0z 15 3.2|...] 3.5310392 ..., 0 en
11 045 16 3. 4[] 3.5310392 ... 0 en
- 01 17 3.6 e 35310392 ... 0 an
- 035 13 38| 3.5310392 ... 0 an
" 0.3 19 4[...] 3.5310392 ... 0 an
= 0= 20 4.2[...] 3.5310392 ..., 0 en
16 0.2 21 4 4[] 3.5310392 ... 0 en
- 013 22 T |eed 35310392 ... 0 an
\ - 01 23 4.9]...] 3.5310392 ... 0 an
N o m o oThnnnn -
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B REGE

® JMEIRENEERL

/' Main ./ TestData + Postprocess ./ GT-PostPlot ./ Results

+" Main o/ ImportData . Postprocess . GT-Post Plot  « Results

Attribute Tnit Object Value

Extend to full (S0C=1)

ocy (s0c=1) 4.215[...]

R&C Extension method Use closest value A

Extend to empty (S0C=0)

ocv (soc=0) 2. 4[...]

R8T Extension method Use closest value e

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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FRE IS
B 55

® =7E OCV. AFEFIRCEIR
FEF0 SOC HURZR, 1Z&4ER
o] N\ BB it R ISR B A
TERFRHE
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Voltage [V]

R [Ohum]

Valtage Fit @ (283.15K,  18.354)

3.0 ® Voltage Profile @ (283.15
K, 15.354)
—FIT @(283.15K, 1835
] A, 05.0%)
——FIT @ (283.15K, 1833
isE A, 00 0%)
—FIT @ (283.15K, 1833
A B5.0%)
FIT @ (283.15K, 1835
A, 50.0%)
4 —FIT @ (283.15K, 1835
" A, 75.0%)
——FIT @ (283.15K, 1833
I A,70.0%)
| —FIT @(283.15K, 1835
33 A, 65.0%)
] —FIT @ (283.15K, 13.35
. | A, 60.0%)
L] FIT @ (283.15K, 1835
{ = A, 55.0%)
32 : ——FIT @ (283.15K, 1233
A, 50.0%)
—FIT @(283.15K, 1835
u . A, 45.0%)
—FIT @ (283.15K, 18.35
3 1 A 40 0%
0 g000 16000 24000 32000 40000 48000
Time 31
0.0045 E. 50C Eesults R0 walues
: —R_ Results R0 @ ¢283.15K,
13.354)
—R_ Fesults B0 @ (203.15K,
18.354)
0.0040 —R_ Results RO@ (303.15K,
18.354)
— F_ Results R0@ (313.15K,
13.354)
0.0035 - RE_Results B0 @ (283.15
K, 13354)
_ |- - -BE_Resuts RO@ (203.15
K, 13354)
L - - -RE_ Results R0 (303.15
0.0030 K, 15.354)
- - -RE_ Results RO (313.15

_____ K, 18.354)
- - -RF_ Results RO (283.15
0.0025 - K, 18.354)

RF_ Results R0 @ (203,15

------ — K, 18.354)
T - — = -|- - “RF_ Results RO (303.15
0.0020 pm===- —_— = K, 12.354)
- - -EF_Results RO (313.15
K, 15.354)
0.0015
. 0.2 0.4 0.6 0.8 1.0

S0C
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EIS DT mA—MEES S5mV HIEZEE, BRI ERERITEETL.
ANBEEEEe-5~1e5, BMHERTEI10MIRR, BEARNNEEET
BY Nyquist & 1 Bode &,

o (L BIiZzES Zim

Kinetic Mass
control transfer
® SRR IINEEES —

® ESMEUEERES
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HriEE—autolion,

105 EIS #&=x(, 2

& Main  _# Model Setup o/ Cathode  Anode ./ Assembly ./ Thermal Behavior ./ Advanced Plots

Attribute

Object Value

0] i1 oed Fck e R
Y R 2 N

Low Frequency Limit

High Fregquency Limit

mher of Freguenecy Values per Decade

Initi.al State of Charge

Initialize as Aged Model

Copyright (C) IDAJ Co., LTD. All Rights Reserved.

Hihg B SEMERI—

" Main + Model5etup  _# Cathode o Anode ./ Assembly ./ Thermal Behavior /.

Attribute

Unit

Object Value

Cathode EI;'
Separater 4|;|
Anode EI;'

Cathode Farticle

Anode Particle

Maximum Iteration per TimeStep

Lower Cutoff Voltage v w 2.43|;|

Upper Cutoff Voltage L e 4.3|;|

Open Circuit Voltage of Full Cell i(100% S0C) |V - 4-.E|;|

Time Step Size . - 0.1l..

Spatial Flot Storage Fregquencw I\FI |‘—I'1J|_T'/ lUI;'
J HRJITTJ~7 ~

: :
Convergence Criteria




]

"

-ImZ [Chm_cm

HEEawi=papi
LRI

o EEHEIBTIEK

400

240

160

80

Wyquist Plot

Autolion part Autolion
—-20°C
—0°C
—10°C
—15°C

0 100 200 300 400 500

ReZ [Ohm_cm?]
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]

"

[Chm em

Resistance Magnitude

1750

1500

1250

1000

750

500

250

Bode Plot (Magnitude)

Autolion part AutoLion
—-20°C
—0°C

| —10°C
—25°C

107 10 107 107 107 10" 10! 10° 10° 10* 10°

Frequency [Hz]
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_:J:S\ ;EAE : Ejﬁﬂ_‘f_lf

ABRAT 3 MEZR (1C/2C/5C) THIRBE. FIREMZBEIRE.

WMortor XY Input: Simmulation

O gt HEF S

® IZfEEPH: [ContactResistance] 300

o BRAREHEHBIR: (DiffMult 9 S N
o TIVHEIELL: [HTC) MES FRIRHEEE
O Mz |

s.t. g.(X)<0 (u= 1,2,,p) 18 IWonitor XY Input: Simulation

° EEJ:TSEEE?% min f(X) X &€ R° 0 5 10 15 20

o EEMZ ho(X) =0 (ov=1,2,,m) .
36 N(ZETER
O 4554 35 INEET
® SCFRAE/Ah: (RIFEIZIXIE [17.5,18] .
32
31
3|]III’_ﬂ_’ 5 10 15 1]
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iy

>Z

BJIFRAE

B FJH {4 StepO_Pre-Calibration.autolion (GTN\v2020\examples\Battery\GT-

AutoLion\Model_Calibration\4-Dynamics_Calibration)

'4*
ion
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3»
T, 3 S
Current As Asfip_Ah
Moy
1[33 Waltage_
k Experimental
I |§
Temp_ Temperature
k Experimental

B Ein e siES AR

mEHIRHIESHEXLL



Optimization_Resul ts—0CV

Optimization_Dynamics | E A1l I :I

Imit

VoltageProfile

Time Step Size

10[...]

Table or Functiom Object Wame

Description Case 1 Case 2 Case 3
Case On/Off Check Box to Turn Case On
Case Label Unigue Text for Plot Legends 1C, HTC=40 £ C, HTC=40 5 C, HTC=40
C—Rate 1 2 o
Current Current Request 18[...] 36]...] 90...]
SimDur Maximum Simulation Duration ... 3800 [...] 1900]...] 760...]
ts L.

(Jemperaturefrofile

Table or Function Object lame

Voltage Weighting

Sum Coefficients

Temperature Feighting

Sum Coefficients

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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: _3 N= E L Ej]dzjkz H 2l Add Parameter * :

i . IMJ Active Mat
Active Mat . ,
: Name: |CnntactRe515tEmce |
| tetive ..
: Description: |Cnntact Resistance (@ Foil/Cathode Interface) |
Conductive
P i
. ﬁ% XE Conductive = e

Binder Den| Folder

Binder Mas DUEE Existing: | i

Additive D -
‘7 \—l—.¥ jj/ \% (®) Create New:
® 'iT_l' 1 = dditive M

Name: | Optimization_[vnamics |

BﬁBE*&?ﬁ%E@Bﬂ 5 Type: |[E Reg‘ula.r-\-\f|
[ContactResistance] olmal CasesetupFETEE—N 34K

- [ATRETET 8= [DiffMult] gl k| [ e toCase serw |
XTI EREL: [HTC]

® IHEOKfE, ¥FJFfcasesetup, 15
SEFMRENX=1TS, 1%

Main w

Conductivity

Contact Besistance (@ Foil/Cathode Interface)

Terminal to Foil Resistance

B Hainl e e ~H Optimization_[vnamics % _a.]_]_l l—-+|

| Optimization_Results—0CV

!Eﬁkﬁ@{g B Peremeter Unit Tescription Case 1 Case 2 Case 3
Case On/Off Check Box to Turn Case On
Case Label Unigue Text for Plot Legends 1C, HTC=40 2 C, HTC=40 5 C,HTC=40
Ohm_m"2 v | Contact Resistance (@ Foil/A 0.0014/...] ] o]
DiffMult Diffusivity Multiplier gl... [ [
HIC W/(m'2-K)  ~| Convective Heat Tramsfer Coe... 40/, [ [oad]
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3+, &)

Y A
LIVRRE
| Template: MathEquation - Mathematic Signal Equation

Y5 R A I RIS L S RE AN I KL pome | own_ e K&

bject Family " Main  _/ Terms ./ Signal Setup Plots
] R_squared
----- ] R_squared_voltage |...] Attribute Object Value
=(Simulation——Experiment) 2 |;|
Out of Ramge Flag Ierru:-r_message e
-4*. = At Variable Description Variahle Mame Fireless In
Current o Signal or ELT
AutoLion |EE
Simulation_ il Slmﬁlatlnnl Slmul?tl 0T 1gn[ea]
il E i Experimental |...| Experiment|...| laes]
T tal
_I‘\ Leee] o] [axe)
<[t

F_squared] Sum nf F_RMS_Voltage
Yoltage Squared_
Waoltage

MathEquation &tz

- S

Temp_ Temperature
Experimental

LIy
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\E e /
: }- T 5 | 1: \ T |2l Template: Integrator - Signal Integrator Rjﬁ%*n/\
O/ IS NAE 2V
Home Data Tools
IS  Main _/ Limits ./ Signal Setup [ Plots
Sum_of_R_Squared
Z| sum_of R_Squared_Voltage Attribute Unit Object Value

e B SI N G /9AEAS I N = .

Integ rator *E*& Time Intesration Unit seconds -

Integral Initial Condition l;‘ def u'=|:|:||:|
Integral Reset Frequency EversCase “
External Reset Mechanism switch ~

Integration Window Type seconds ~

Current

[1| start of Integration Findow

Autolion

N

Simulation_
[~ E
u tal
~
_=l| Template: MathEquation - Mathematic Signal Equation \R*E
Home Data Tools
B o Main  _# Terms ./ Signal Setup Plots
j RMS
RM5_Voltage |;| Attribute Object Value
=sqrt (SundfRS quared) I;l
Out of Range Flag |error_messzage w
4 e Varighle Deseription Varizble Name Fireless Signal
| MathEquation &R = -
g q 1 Sum of B Squared|... Tum0fRSquar=d|... g one
@1 : - um o quared|...| quared|...| 1E0[aui
Temp_ Temperature g
Experimental
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— 4+
H E
Current

AutoLion

N

Slmulatlon
.......
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2 Template: Sum - Sum or Difference of Signals

* Sum &%
|§ Home Data Tools
] . .
.| Simulation_ This template produces an output signal
o Z which is the result of adding or subtracting
:a], @ . Template one or more input signals. Connectivity
R—@‘;ﬁg;@“— Sé‘;"u;,orfeaﬁ_- FNS_Voltage Help Information E»
“Voltage .
Template Documentation Help
Object Familw 5 Coefficients - [
@ " Sum Coefficients  _# Signal Setup Plots
23 e . Sum_of_RMS
] c F RMES AbE Sum Coefficients
— Sum_of] RMS
> [Voltage Weighting] e
|  Temperature [Temperaturs_Weighting] |...
;-_a.]I & EI
F_sguared_ Sum_of_R_ RMS . *yi
Temperature Squared_ Temperature
Temperature
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2 Template: Sum - Sum or Difference of Signals

Home Data Tools

This template produces an output signal
Z which is the result of adding or subtracting v

one or more input signals.

Connectivity
Information E»

Template
Help

Template Documentation Help

Object Family
Sum_of_RMS
- T ] |lase...

" 5um Coefficients ., # Signal Setup Plots

Sum Coefficients

[Voltage Weighting] e
[Temperaturs_Weighting] |...
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%, (REBIRE e

& Main |/ Constraints

Attribute Object Value

OFF

B LR E

Integrated Design Optimizer

O|®|O

Simple Optimizer (Ohsolete)

Single Objective

® HFIRIM, Single objective

® ZZcase{li{t,, case sweep and cross-case
studies

Multi—Objective, Pareto

Multi—0bjective, Weighted—Sum

O|0|0|@®

Transient Targeting

(0| Optimize Each Case Independently
. 1%1{ %“/% 1§ % %:ii ﬁiA (®) | Case Sreep and Cross—Case Studies
1 1 l\\‘

Search Algorithm Genetic Algorithm e
Fopulation Size def "=-:'a1-:'u1ated:'|;|
Mumber of Generations def "=15:'|;|
Show Genetic Algorithm Settings ]

| Imteoreted Design Optimizer Options
Optimization Restart File i.gnll'
Faster Buntime (Local Runs Only)

Maximum Mumber of Parallel Designs 20
Timeout Juration (minutes) 800
Save Design Files?

butomatic Data Suppression (Recommended) ]
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1. RIS MR F
RESAFAERXE
RN, FENMHER (/ML)

Attribute 1 2 4
1 Factor ContactPesist DiffMult|... HIC|...
Case Handling Sweep w W w
O Bange
Lower Limit 0. 0012 o) 5. 0]and] 35. 0un)
2 ® Upper Limit 3

Integers Onlw

< I

Attribute

3 Response BELT
Objective

Caze Weight

Multi—Case Objective Function Definition |Av

Target Value
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B ARFMHEE

" Main +" Constraints

Attribute Constraint #1

Optional BLT Variable Constraints. ..

FLT Constraint Variahles autputl:ﬁs_tn_ﬁhm
Lower Limit 17.5
et 15.0...]
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3] Auta Scrall
Pause  Stop Extend View  Export Hide Non-Optimal Show Optimization Quick

Results  Log ‘ Designs Cases ‘ E Enable cell selection ‘ Manual Reference |

® ContactResistance

Reports View Designs Table Help

[O h m m A 2] . O OO 1 45 ] Optimization Configuration D A ﬁ outputl:Sum_of_FMS Objective Function D X @ outputl:As_to_th D X
- © 5~ Assodated Models S AR & [D]H e | T | S AN &[S 8 | BT |
[ Step4_Optimization.autolion 5
M . g ﬁ‘ Objective Functions e ) Lé] ©output1-Sum of RMS Ohiective Function OStepd_Optimization.autalion Case 1 values
. D I ffM u |t. 6.7 3 8 outputl:Sum_of_RMS Objective Function Z 7833 ®ste - I )
: = . pd_Optimization.autolion Case 2 values
7@ Responses L 1667 ©step4 Optimization.autglion Case 3 values
P 5] :
oo outputl:Sum_of_RMS ] 75.00 g 1814
A B “® Factors g ;?g? ® % BI 1%8%
HTC W 2_ K . 40 4 i ContactResistance o) 1 .
o [W/(m )]: 40. o S LEEI se o es s g o
I N o 666 > 0 *P SOOI | 5 1
2-Q) Constraints 2 0 25 50 78 100 125 150 175 = Y ¥
© ' outputt:As_to_sh = Desian ID = 0 25 50 75 100 125 150 175
Bh Indicators 2 Design 1D
[ Caze-Sweep for 'outputl:Sum_of RMS ‘ﬁq outputl:Sum_of FMS Objective Function (C outputl:Sum_of FMS
[ Active Cases m Case—Sweep for ~outputl:Sum_of EMS' “® ContactResistance -8 DiffMult -8 HIC @ outputl:hz_to_sh
Step4_Optimization.autolion Case 1
Step4_Optimization. autolion Case 2 (1 Log ] A | (] Desiens £ -
Step4_Optimization.autolion Case 3
< » " Status Design ID Case ID  |outputl:Sum_of FMS. . . |outputl:Sum. .. [ContactRe.
* Case—3weep Factors:
ContsctResistance [Ohm m 21: 0. 0014328543 o 123 Caze 3 3. 81878 [44. 92479 0. 0014209¢
] Progress D * Diffuult- §. 7382435 @ 126 Caze 1 5. 79614 55. 54221 0. 0014125%
HTE [0/ (@ 2-K)]: 40. 405567 @ 126 Case 2 ? 79614 [55. 54942 0. UU]A—].E?I
COMPLETE * Responses: @ 126 Case 3 FE 79614 44 9953 0. 0014125¢
- . |5} 127 Case 1 5. 39964 0. 0014079
. cutputl:Sum of RMS - Case 1: 65. 88225 @ 127 Pace 2 = o964 000140
Metric Value outputl:Sum of REMS - Case 2: 84 35461 17) 127 Paze 3 5. 50064 0. 0014079;
Campleted Design. .. 151 outputl:Sum of RMS - Case 3: 46. 89312 @ 128 [ase L 5. 80008 0. 0014329°
Started at BH— 24 — 8 ... ¥ Cemstraints: [5) 128 Case 2 |65 80008 0.0014329°
Elapsed Time (min) 16:31 cutputl:As_to_Ah - Case 1: 17.048 @ 128 Case 3 5. 80008 0. 0014329°
cutputl _to_ah - Case 2: 17.884 @ 129 Caze 1 5. 78217 0. 00143211
outputl:As_to_sh - Case 3: 17.73 v & 129 Caze 2 5. 78217 0. 00143218 we
£ > £ >
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