2018 IDAJ AR E FTaEiR K ZE i

BE /A JﬁmE%ﬁé’l‘!ﬁﬁEH* ....

IDAJ-China
FREB S PR

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

ANSYS

hd

=T ECMHAY

o R B e (E 50

it (R FT) AN

H-Ob

THbE

U=l




. AR

. ANSYSEEB{AETLTZENEE

. ETECMRIEEI (RS s FIH T ERELE
o INEE RS

D W N =

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




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



Z 1D.\J

Bhid: EESYENRER

it E2EZYIRZR B FRISTIIEIIS

Bt ERER— RN E S MRS SR EEhE S

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




A : EBihiEhE

sote [ 2] ik

5F
%

=2hi

INRE

)
HEE
2!

TE

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




LA : ANSYSEEFE AL

BRI S, YR e
B 2T CFDRIHNETE " ZREZHEET A (MSMD)
B B FREY
3 4
® Newman Pseudo-2D (P2D) model IR T
® 3D electrochemistry model B (EFEMTRE(ROM) YRR ETE
B AR IZSE (ECM) B ESECM5ROMEBIRFABE

W ST

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




1.
2. ANSYSESt{SESZRNME
3.
4,

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




E

Z 1D.\J

354%/Module/PackBYCHT

[Ryairit

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

gt




Electrochemical |
Systems

FRALFRRELE T

Newman P2D Electrochemistry

Congantration meffmt)

Time {sech

Impact of Particle Shape on
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HC 03
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= ECME/{JE—"-&(?QE)EJJIU\ I\iﬂ}j_ E-_Féggftﬁ

FXIhZ/5- ROMZEERLGIE

CFD (200 sec) CFD (400 sec) CFD (600 sec) CFD (800 sec)

X. Hu, S. Asgari, L. Yavuz, S. Stanton, C-C Hsu, Z. Shi, B. Wang, H-K Chu, “A Transient Reduced Order Model for Battery Thermal Management Based on Singular Value Decomposition,” ECCE 2014.




PRINZG- ITHRER

3.19e+02
3.18e+02
3.17e+02
3.16e+02
3.15e+02
3.140+02
3.13e+02
3.12e+02
3.11e+02
3.10e+02
3.10e+02
3.090+02
3.08e+02
3.07e+02
3.06e+02
3.05e+02
3.04e+02
3.03e+02
3.02e+02
3.01e+02
3.00e+02

- il

CFOITERREER.
(SERE /N, {EFBeCR. e

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

3.20e+02
3.19e+02
3.18e+02
3.17e+02
3.16e+02
3.15e+02
3.14e+02
3.13e+02
3.12e+02
3.11e+02
3.10e+02
3.09e+02
3.08e+02
3.07e+02
3.06e+02
3.05e+02
3.04e+02
3.03e+02
3.02e+02
3.01e+02
3.00e+02

3.19e+02
3.18e+02
3.17e+02
3.16e+02
3.15e+02
3.14e+02
3.13e+02
3.12e+02
3.11e+02
3.10e+02
3.10e+02
3.09e+02
3.08e+02

| 3.07e+02

3.06e+02
3.05e+02
3.04e+02
3.03e+02
3.02e+02
3.01e+02
3.00e+02

T ECMAYRE (R R) s A R

SVD ROMit+EREEER
{HERTIE0.5 /BT, {ERE14MCPU.

Temperature

Simson 4

450.00

1Y cel JBE

445.00 —|
440.00 —

435.00 —

RI1VIV

430,00
42500

420.00 —|

415.00
0.00

XY Plot 1 Simplorert
Curve Info
— RV
®
T T T T
2000.00 4000.00 6000.00 8000.00 100
Time [s]

FEthFE BB AT A1 32U RS

S

0.00




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

4. R B

31



AN EE )

INEE

B ETENERER (ECM) BBEaISERe ot E2—fiiR, /EREENNEEE
RBEE, oI 7 ANSY S REFee R E TR ARV A ERE ], IDAIESREITILFH
Z, BS5ANSYSIEF ARMHESK T HFEREFI—RIVAIRS, BEFSER
HE—EE1E.

ESE)
B BAFANSYSHEFHIZEA, SiHE, ANSYSILERBIEHRMHZRGIZN,

o e T\ AYFEEIR
//\ + INMISY] — ZFCAEmRA=
ASANBRSS !

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




o=Esall
B web: https://www.idaj.cn/

B e-mail: support@idaj.cn

B Tel: 021-50588290; 010-65881497

TR
HEE—FERE N

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




fyR1: 455IE

B EHLEE (Virtual connection)
B BBRAEk N (Electric load profile)
B 2Lt TE (Parameter estimation tool)
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B FluentfYpEM1EE. (ROM)
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MD Battery Model ! . virtual-connection-2P3S.txt x

[¥] Enable MSMD Battery Model mp 2
Model Options| Model Parameters| Conductive Zones Electric Contacts ns 3
tab negative a | tab positive
tab negative 1 tab positiw
Contact Resistance (ohm-m2) < B
e e oy tab_negaf J_vF-_a_ tab positiw
terface_cei_n'ggt 7 = tab negative b 2 tab positiwv
tab negative a | tab positiw
tab negative b | tab positiwv

Contact Surfaces

L'D

L'IJ

wl
mb‘m o‘m

t'IJ

Wk

| L'IJ
o
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Electric Load Profiles

e G| FLUENTSELRITARERaprofilexf:

Model Options | Model Parameters| Conductive Zones| Electric Contacts |

e HTBF8)gYProfile

(7)) Electric Circuit Model

e ETF = {HProfile
AT ARSI RN IR S sk R B

Flectrical Parameters

MNominal Cell Capacity (ah) [ 14.6 E

Solution Options =
() specified C-Rate
(" Specified System Current
") specified System Voltage
(L) specified System Power
(@) Using Profile ) _
(") set in Boundary Conditions

C el

Min. Stop Voltage (v) [ =3
Max. Stop Voltage (v) |43—

) Time-Scheduled @) Event-Schdeuled
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time-scheduled-profile.dat =

36.076500
35.5065
37531
. 2525
79,3665
87.7215
23.9235
34.9365
104_43
49. 3665

39.873
17 2?7RS

K &

Contours of Static Temperature (k) (Time=1.3720e+03) Mar 13, 2013
ANSYS Fluen! 14.5 (3d. do. obns. lam. transient)
430

Time (s)

o
41 —
390

£ 370

ESEO

, N
-.__.Al 330
T 310

290

3
3
3
3
3
3
3
3
3
3
3
3
3
3
=1

800 800
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event-scheduled-profiledat =

15 1 500
0 1 1000
o0 4 S
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Current (A)
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sdefine/models/battery-model> parameter-estimation-tool
Parameter Estimation for Model:

1: NTGK HModel

2: ECM Model

3: Thermal Abuse Model
Model option: [31 4

PE I IE I I IE E 1 I 0 I IE E EIE Table of U and ¥ as a function of DOD IE I I I I I I I o I E E E I

DoD I Deu_U Deu_Y¥ R™2

.002778 . 1144 . 649157 0.000R25 0.000001 . 999999
.035010 . 915.083533 . 0.000001 . 999998
.OBT241 . TET.265281 ] 0.000000 . 00006
.099473 681 .00EO0A
.131705 - MSMD Battery Model . 000000
.163937 : .00E000
.196169 [¥] Enable MSMD Battery Model . 0000
. 228400 Model Options Model Parameters | Conductive Zones| Electric Contacts | - 000000
. 260632 - .0REOEA
292864 NTGK Model Polarization Parameters . DOOOO0
.325096 Initial DoD Reference Capacity (ah) . 00006
.357328 [0 B ' . 999999
.389559 - .0REOEA
421791 L Cocfioents . 000000
. 00006
.00EO0A
.0RE000
.00E006
. 00006
.00EO0A
.0RE000
.00E006

LeT-T-T-T-T-1

Number of discharging curuves: [2]

-- Make sure every input file has this format
Crate :
time_1 uvoltage_1
time_2 voltage_2

file name for curve 1 [] ntgk_1C.txt
file name for curve 2 [] ntgk_2C.txt
Battery capacity (Ah) [14.6]
Battery actiuve zone uvolume [(m~3) [1]
Specific area (1/m) [1]
Number of DOD-levels [30]

-454023 a0 | 4.119983  al | -0.8033 a3 [-1.16291
. 486255
.51848T a4 | -0.01638 a5'| 0.006851
.550T718
. 582950 ¥ Coefficients
.615182
.BUTHTY

-BT79B4E b4| 158771.7 bs | 67677.9

F11077

bo | 1169.159 b1 | -8940.6 b2 | 52585.48 b3 | -136442

R e L e e e e R N O]

Q
o]
o]
Q
Q
o]
o]
Q
Q
o]
o]
Q
Q
o]
o]
Q
o]
o]
o]
Q
o]
o]
m

—carve-fitting res
Uz + 4. 120002¢ - .17688T7e+00=D0OD" 3,
¥z + 1.003439¢ €1|o C2|o . 89507 Te+03=D0OD" 3

Temperature Corrections

urve-fitting resulrs using 4-Tth order polyhomial:
Uz + 4.119995e+00=DOD”0 - 8§.038110e-01=DOD”1 + 1.074002e+00x=DOD”2 .175381e+00=DOD"3
¥z + 1.045233e+03=xDOD™0 - 3.879759e+03=<D0OD™1 + 1.143114e+04xDOD™2 .322104e+04=D0OD™3

urve-fitting results using 5-th order polynomial:
Uz + 4.119983e+00%DOD" 0 - 8.032986e-01%DOD™1 + .069836e+00xDOD "2 .162907e+00xDOD™3
¥z + 1.169159e+03=xDOD™0 - 8.940600e+03=DOD™1 + 5.258548e+04=DOD"2 .36441 Te+05=D0OD™3

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




sdefine/models/battery-model> parameter-estimation-tool
Parameter Estimation for Model:

1: NTGK Model

2: ECHM Model

3: Thermal Abuse Model
Model option: [3]1 2

Number of different S0C-leuel curuves:

MSMD Battery M

[+ Enable MSMD Battery Model
Model Options Model Parameters | Conductive Zcma:l Electric Contacts |
Electric Circuit Mode| Parameter

Initial State of Charge Reference Capacity (ah)
|1 0.85

[1] 9

-- Make sure every input file has this format --

soc 0.6 7] vsne petyiicinals

Using different coefficients for charging and discharging
Discharging parameters

Rs Coefficients

E0|uozxﬂﬁ

I 3.153
voltage_1
voltage_2

time_1
time_2

Uoc, Rs, R1, C1, R2, El|oimn2393 ﬁ2|—oﬁ3316

where 30C: soc level
I: current

Uoc Rs

10e+00 . 296226e-02
10e+00 .2TT7196e-02
IBe+B0 .251824e-02
10e+00B .226451e-02
IBe+BB .220108e-02
IBe+B0 .220108e-02
10e+0B .197907e-02
IBe+B0 .191564e-02
10e+00 .169363e-02

rs3 | 0.0951994 rs4 | -0.102394 rs5 | 0.0399531

file
file
file
file
file
file

ecm-socB1 .
ecm-socB2.
ecm-socB3.
ecm-socBy.
ecm-socBS.
ecm-socBS.

for
for
for
for
for
for

curuve
curve
curue
curve
curue
curve

R1 Coefficients

F10|(L0977778 r11|4&149?11 f12|{L4472866

?13| -2.13994 'F14| 3.647721 r'15| -1.957207

NNNNNNNNN
NNNWWE®-~W
= EANEEE=WU

Curve-fitting results using 4-th

order polynomial:
voc + 3.216624e+00 =S0C" O -

.609146e-01 =S0C™1

Copyright (C) IDAJ Co.,

RS
R1
c1
R2
c2

Curve-fit

voc
RS
R1
Cc1
R2
c2

ti
+

2
8.
S
1
1

.308944e-02
536319e-02
. 94801 3e+02
.238981e-02
.19937T4He+02

*50C”0
»S0C” @
=50C” @
=*50C™ 0
=*50CT @

ng results using 5-th

.17T6970e+00
.283602e-02
.TTTTT8e-02
.525364e+02
.200167e-02
.335598et+02

=50C” 0
=50C”0
»50C” @
=50C” 0
*S0C” 0
=*50CT @

/define/models/battery-model>

R

WON=IN

.286351e-04
.8957TBe-02
.311781e+01
.T13808ec-04
.873988e101

=S0C™1
*S0C ™1
=S0C™1
=S0C™1
*S0C™1

EF=FfOWOQ

order polynomial:

.694929e-01
.239268e-03
L4971 14e-01
. TO3549e+03
.TTT861e-03
.296563e+02

=S0C1
=S0C™1
*S0C™1
=S0C™1
=S0C™1
*S0C™1

== EWWw

-H90TT1e-01
.TOD839e-03
-468551e-01
-331012e+01
.350004c-02
-100T710e+02

. 604045e+00
-815994e-02
-472866e-01
.593284e+04
. TOBT28e-02
- 939849e+03

1+ + + 4+

EERE R

.194593e-01

.966657e-02
.560227e+00
.480362e+03
.115110e-02
.820765e+02

.0892949e+01
.519936e-02
.139940e+00
.688238e+04
.268352e-01
.BH2233e+03

=x50C" 3
=S0C™3
*S0C™ 3
=x50C" 3
*=S0C”3
=*50C™ 3

=x50C™ 3
=S0C™3
*S0C™3
=S0C”3
*=S0C”3
=*50C™ 3

NNW-A=N

N=Nw==

TD. All Rights Reserved.




,msmt}' Battery Model

[«] Enable MSMD Battery Model

Model Options| Model Parameters| Conductive Zones| Electric Contacts Advanced Option |
Thermal Abuse Model

(@) One-equation kinetics model (7 NREL's four-equation kinetics model
[+#] Run thermal abuse model only (battery model is turned off)
Parameters for kinetics model

A (e10%1/S) [qe+07 E (J/mol) lﬁ HW (3/m3) m
m(-) 0.9403 n (-} 0.4251  alphao (5) 0.04

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

/define/models/battery-model> parameter-estimation-tool
Parameter Estimation for Model:

1: NTGK Model

2: ECHM Model

3: Thermal Abuse Model
Model option: [3] 3

The fitting is based on the following equation

UolxrhoxCpx»dT/dt = UolxHxAxexp(-E/RT)»alpha mx({1-alpha)’n
- Areaxh(T-TO) - Areaxsigmaxepsilonx(T 4-T_inf " 4)

where: Uol battery volume
Area external area
Rho density
Cp specific heat
h heat transfer coefficent
sigma stefan-boltzmann constant
epsilon surface emissivity
H heat of reaction
A pre-expeonential factor
E activation energy
alpha reaction progress variable
m,n reaction order

User provides battery's ARC testing data, i.e.., temperature™time,

and this tool will find kinetics parameters for the one-equation
thermal abuse model: H, A, E, m and n.

Note:

n can be set to ® if user does not want to include (1-alpha)”™n term.

File name for temperature testing data: []1] Cell _T.txt
Density=Cp (J/m3) [2368000]

Battery external area (m™2) [0O]

Battery volume (m~™3) [0.0001722]

Battery's initial temperature (K) [3088]

Ambient temperature for convection (K) [388]

External heat transfer coefficient (W/m™2K) [0]
Enclosure temperature for radiation (K) [300]
Battery's surface emissivity [0]

Fix n=0 or not? [nol

Parameter Estimation Results:
HW=5.85869%9e+08 A=3.972702e-03 E=-1.524988e+04 m= 0.3403 n= 0.4251

/define/models/battery-model

< | 1
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pr
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W,
e

—t
=
—_— —
%,
. . ! A 1 1
Short-circuit Short-circuit area %)’o
current “

Iech = ILshort + fiab

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

jf — ¢+ — ¢_
short re
.7/ _ (¢+ _ ¢— )2
4short — -
c




. TEEEPEBERAER T, AL e

opC, T
Patp — V- (kVT) = 04|V |2 + o[V |2 + gECh + dshort
V-(orVoy) = —(JeCh — Jshort)

ok (G—V(b—) = JECh — Jshort

; - a(¢+ — @) . , a —p_)?
HEF' Jshort = @Jihort = P dshort = Aqihort = 2 ¥ o)
C
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3.564e+00
3.563e+00
3.63c+00
3.53e+00
3.63e+00

-3.20e-02
38e-02
-02

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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MSMD Battery Mod
Enable MSMD Battery Model
[ Thermal Abuse Model
() One-equation kinetics model (@) Four-equation kinetics model
Run thermal abuse model only (battery model is turned off)
SEI Decomposition Reaction
A_sei (el071/s) 166700 E_sei (Jfmol} 135080 m_sei (-} 1
H_sei (1/g) 257 W_sei (g/m3) sip400 c_seild (-) p.15
Megative-Solvent Reaction
A_ne (el0¥1/s) 2500 E_ne (3/mel} 135080 m_ne (-} 1
H_ne (3/g} 1714 W_ne (g/m3) 610400 c_negl (-} 0.75
t_sei,ref (-} 0.033 t_seid (-} 0.033
- Positive-Solvent Reaction
A_pe (e10%1/5) o657 E_pe (J/mol} 130600
H_pe (1/g) 314 W_pe (g/m3) 1221000
alphao (-} 0.04
Electrolyte Decomposition Reaction
A_e (e10¥1/s} 5.14e+15 E_e (I/mol) 274000
H_e (3/g} 155 W_e (g/m3) apsoon

| [} MSMD Battery Mod

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

Enable MSMD Battery Model
[¥] Thermal aAbuse Model
'@J One-equation kinetics model @ Four-equation kinetics model

Run thermal abuse model only (battery model is turned off)
‘Parameters for kinetics model

A (e1071/s) 3.97e-13 E (3/mol) -15253 HW (3/m3) s5.86e+08

m (=) 0.9404 n(-) op.a2s5 ‘alphad (-}  1e-06

Advanced Option




,msmt}' Battery Model

[«] Enable MSMD Battery Model

Model Options| Model Parameters| Conductive Zones| Electric Contacts Advanced Option |
Thermal Abuse Model

(@) One-equation kinetics model (7 NREL's four-equation kinetics model
[+#] Run thermal abuse model only (battery model is turned off)
Parameters for kinetics model

A (e10%1/S) [qe+07 E (J/mol) lﬁ HW (3/m3) m
m(-) 0.9403 n (-} 0.4251  alphao (5) 0.04

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

/define/models/battery-model> parameter-estimation-tool
Parameter Estimation for Model:

1: NTGK Model

2: ECHM Model

3: Thermal Abuse Model
Model option: [3] 3

The fitting is based on the following equation

UolxrhoxCpx»dT/dt = UolxHxAxexp(-E/RT)»alpha mx({1-alpha)’n
- Areaxh(T-TO) - Areaxsigmaxepsilonx(T 4-T_inf " 4)

where: Uol battery volume
Area external area
Rho density
Cp specific heat
h heat transfer coefficent
sigma stefan-boltzmann constant
epsilon surface emissivity
H heat of reaction
A pre-expeonential factor
E activation energy
alpha reaction progress variable
m,n reaction order

User provides battery's ARC testing data, i.e.., temperature™time,

and this tool will find kinetics parameters for the one-equation
thermal abuse model: H, A, E, m and n.

Note:

n can be set to ® if user does not want to include (1-alpha)”™n term.

File name for temperature testing data: []1] Cell _T.txt
Density=Cp (J/m3) [2368000]

Battery external area (m™2) [0O]

Battery volume (m~™3) [0.0001722]

Battery's initial temperature (K) [3088]

Ambient temperature for convection (K) [388]

External heat transfer coefficient (W/m™2K) [0]
Enclosure temperature for radiation (K) [300]
Battery's surface emissivity [0]

Fix n=0 or not? [nol

Parameter Estimation Results:
HW=5.85869%9e+08 A=3.972702e-03 E=-1.524988e+04 m= 0.3403 n= 0.4251

/define/models/battery-model

< | 1




Temperature (°C)

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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Output : total heat generation rate
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MSMD Battery Model

Q Reduced Order Method
Number of Sub-Steps/Time Step | 10

Solution Controls

Current Under-Relaxation [ 1

[#] Cluster cells
Nx |1 Ny | 1 Nz |1

Electrical Parameters

C-Rate [
@) Specified C-Rate B e
() specified System Current ysbem Current ‘ 1 |
s S

() Setin Boundary Conditions

Min. Stop Voltage (v) [z
Max. Stop Voltage (v) [4.3

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




fiR2: MSMDFH&E

B Newman P2D Fi=H8Y
B NTGK A7
m ECMFHEE

Copyright (C) IDAJ Co., LTD. All Rights Reserved. 60



L. Cai and R.E. White, "Reduction of Model Order Based on Proper Orthogonal Decomposition for
Lithium-Ion Battery Simulations” J. of Electrochemical. Soc. 156(3) A154-A161 (2009).




] Current Current

i,= Current Vectors _ -
at Cathode plate i,= Current Vectors
at Anode plate

J= Current Density
JE X Y,

Copyright (C) IDAJ Co., LTD. All Rights Reserved.
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2.51e+02
2.51e+02
3.51e+02
3.50e+02
3.50e+02
2.50e+02
3.50e+02
3.50e+02
3. 50e+02
2.489e+02
3.48e+02
2.48e+02
3.48e+02
3.49e+02
2.49e+02
2.48e+02
3.48e+02
3.48e+02
3.48e+02

3.48e+02
2.48e+02

Contours of Static Temperature (k) (Time=1.3720e+03) Mar 13, 2013
ANSYS Fluent 14.5 (3d, dp, pbns, lam, transient)

Current (A)

Time (s)

A\
V\/
U

Cell Voltage (V)
W oW oW W

600 800 1000 1200 600 800 1000 1200 1400

Time (s)
Time (s)

Reserved.




7.35638e+04
6.98979%e+04
6.62320e+04
6.25661e+04
5.82002e+04
5.52343e+04
5.15884e+04
4.79025e+04
4.42366e+04
4.05707e+04
3.89048e+04
3.3238%e+04
2.95730e+04
2.59071e+04
2.22412e+04
1.85753e+04
1.4909 04
1.12435e+04
7.67755e+03
3.91165e+03
2.45745e+02

Copyright (C) IDAJ Co.,

Max
Static
Temperature

LTD. All Rights Reserved.

3.35e402

3.30e402

3.25e402

3.20e+02

3.15e+02

3.10e+02

3.05e+02

3.00e+02

1e+03

2e+03

3e+03  4e+03
Flow Time

5e+03

Be+03

Te+03




