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ZYOLTT Cells

D Cells

Show My Cells

Manufacturer

Model

Available data

Verified

Form factor

Capacity / Ah

Max continuous discharge / A

Q Search

Subscription 6 v Columns 10 v

Price/$

Positive electrode (Cathode)

|

LG Chem INR21700-M50 @ 9 Cylindrical 21700 4.85 7.275 428 o
Samsung INR21700-40T 6 v Cylindrical 21700 4 45 .07 -
LG Chem INR21700-M50LT o v Cylindrical 21700 4.9 14k 7.99 .
Murata US21700VTC6A o v Cylindrical 21700 411 40 8.07 .
Samsung INR18650-30Q 6 v Cylindrical 18650 295 15 9.83 -
Tesla Tesla Model Y 0 0 Cylindrical 4680 237 50 - -
Panasonic Tesla Model 3 0 9 Cylindrical 21700 4.8 216 . .
Lishen LR2170SD 6 9 Cylindrical 21700 5 96 - E
Sony USI8650VTCE 0 9 Cylindrical 18650 312 20 - -
« I ’
Showing 1-10 of 511 results jous Next
8 Bug Report
G Settings
(8 Logout
© 2023 About:Energy Privacy Policy Cookies T&C's Disclaimer 2= /IBOUT:=EN=RGY Voltt:BETA v0.1.6
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A look Inside the Voltt

:.% I/O LTT Cel IS Q Search

Show My Cells Subscription 6 v Columns 7 v

D Cells

Manufacturer Model Verified Form factor Capacity / Ah Max continuous discharge / A Price/$

LG Chem INR21700-M50 9 Cylindrical 21700 4.85 7275 428
Samsung INR21700-40T 9 Cylindrical 21700 4 45 107
LG Chem INR21700-M50LT Q Cylindrical 21700 49 14 7.99
Murata US21700VTC6A 0 Cylindrical 21700 41 40 8.07
Samsung INR18650-30Q 9 Cylindrical 18650 295 15 2.83
Tesla Tesla Model Y 0 Cylindrical 4680 237 50 -
Panasonic Tesla Model 3 0 Cylindrical 21700 4.8 21.6 -
Lishen LR2170SD 9 cylindrical 21700 5 96 .
& BugReport  SONY US18650VTC6 9 Cylindrical 18650 312 30 -
{8 Settings .
Showing 1-10 of 511 results N Next
[3— Logout
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Going deeper: Advanced Datasheet

=ZVOLTT Cells

D Cells

% Bug Report
{3 Settings

E— Logout

Manufacturer

About:Energy

LG Chem

Samsung

LG Chem

Murata

Samsung

Tesla

Panasonic

Lishen

Sony

Model

Genl Demo

INR21700-M50

INR21700-40T

INR21700-M50LT

US21700VTC6A

INR18650-30Q

Tesla Model Y

Tesla Model 3

LR2170SD

US18650VTC6

Showing 1-10 of 511 results

Verified

< < KR R BRI R <

Form factor

Cylindrical 21700

Cylindrical 21700

Cylindrical 21700

Cylindrical 21700

Cylindrical 21700

Cylindrical 18650

Cylindrical 4680

Cylindrical 21700

Cylindrical 21700

Cylindrical 18650

Capacity / Ah

4.85

49

41

295

4.8

312

Q

Subscription 6 v

Max continuous discharge / A

7.5

7.275

45

14.4

40

15

50

21.6

9.6

30

Columns 7

Price /$
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Want a battery model?

=ZVOLTT Cells

I D Cells
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Q Sea
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LG Chem INR21700-M50
Samsung INR21700-40T
LG Chem INR21700-M50LT
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Want a battery model?

ZVOLTT Genl Demo

{l} About:Energy & Li-ion &3 Cylindrical 21700 @ Verified
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Objective

~

Given a five unique battery types from the == /OLTT determine the difference in performance
using simulation.

Battery Names » Operating scenarios

LG M50L « Constant current discharge (nominal 1C)
» Drive cycle (IEEE EV Example)

Samsung50S

Samsung50E . HeatBsources ”
. tt

Samsung48X attery cells

e Bus bars

Lishen LR21700SF . Heat Exchanger

* |nput temperature taken from measurement (IEEE EV
Example)

26



Thermal model setup

Set
Set
Set
Set
Set

buses []

cooling rig [

TAITherm model contains 444
cells split into 6 sets

Fluid streams are used to
model cooling of the pack

Joule heating is applied to the
bus geometry

27



Battery Setup in TAITherm

J Battery Setup — a] X | L6_CHEM_MSOL battery.config.tet - Notepad - o x
File Edit Format View Help
Enable Battery Modeling Extension } This is a 2D table representation of Vocv in cellTemp and DoD
P P (Vocv = cellTemp, DoD, {16, [ 8.06000, 6.04947, 0.89894, B.14841, B.19787, 0.24734, 6.29681, 0.34628, 0.39575, 0.44522, 0.49469, 0.54415, 0.59362, 0.64309, 0.69256, 0.74203, 0.79150, B.84697, 6.89943, 6.93990 1,
+ [ 4.18455, 4.08257, 4.06613, 4.85768, 4.02281, 3.95959, 3.90965, 3.86997, 3.81432, 3.75184, 3.69526, 3.65628, 3.61603, 3.58453, 3.55074, 3.58995, 3.45573, 3.38550, 3.29221, 2.56430 1},
Model Type: Equivalent Craut Source Type [Guent o + [ ©.08808, 8.04947, ©.09894, ©.14841, 0.19787, 0.24734, 0.29681, 0.34628, 8.39575, 0.44522, 0.49469, 0.54415, 0.59362, 0.64309, 8.69256, ©.74203, ©.79150, ©0.84697, 0.89843, 0.93998 ],
+ [ 4.18915, 4.09389, 4.07478, 4.86436, 4.02925, 3.96718, 3.91767, 3.88044, 3.82976, 3.76399, 3.70599, 3.66858, 3.62614, 3.59478, 3.56083, 3.51871, 3.46847, 3.40162, 3.34881, 3.11775 1},
Cutoff Voltage (V) |value | [2.5 Imposed Current (A) |value | [-370 + [ 6.00600, 6.04947, 6.09894, 0.14841, 0.19787, B.24734, 0.29681, 0.34628, 0.39575, 0.44522, 0.49469, ©.54415, 0.59362, 0.64309, 0.69256, 0.74203, 0.79150, 0.84897, ©.89843, 0.93990 1,
+ [ 4.18723, 4.09964, 4.07972, 4.86864, 4.03684, 3.96935, 3.92100, 3.88444, 3.83860, 3.77157, 3.71383, 3.66933, 3.63531, 3.66489, 3.56889, 3.52355, 3.47564, 3.41622, 3.36399, 3.17211 1})
cis [ Boe # This is a 2D table representation of Rs in cellTemp and DoD
(Rs = cellTemp, DoD, {10, [ 0.600@0, 0.64434, 0.68868, 0.13303, 0.17737, 8.22171, ©.26685, 0.31840, 0.35474, ©.39908, 8.44342, ©.48777, ©.53211, 0.57645, 0.62079, 0.66513, 0.70948, 0.75382, 0.79816, 0.84250 |,
=1 I + [ 8.02520, 6.02869, ©.02665, 0.82469, 0.02386, 0.02218, 0.02173, 0.92146, 0.02143, 0.82169, 0.62185, 0.62195, 0.02185, 0.02181, 0.02215, 0.02253, 0.02368, 0.02559, 0.82955, 0.03201 1},
L + {25, [ 0.00000, 0.04434, 0.08868, ©.13303, ©.17737, 0.22171, 0.26605, 0.31040, 0.35474, 0.39908, 0.44342, 0.48777, 0.53211, 0.57645, 0.62079, 0.66513, 0.70948, 0.75382, 0.79816, 0.84250 ],
nifal Denth | C a fectrade " c T c - + [ ©.01988, 8.02018, ©.01918, ©.81811, 0.01766, 0.21728, 0.01702, 0.01633, 0.0168, 0.81699, 0.61715, 0.81706, ©.01720, 0.01722, 8.01745, 0.01765, 0.61789, 0.01827, 0.01953, 0.02266 ]},
[} Name Associated Geametry Cathode Bus Anode Bus nitial Dept apacity esistance ectrode Area ating urrent-Limiting umrent-| + {45, [ 0.00000, 8.84434, 0.88868, ©.13303, 0.17737, 8.22171, 0.26605, ©.31040, ©.35474, ©.33908, 0.44342, 0.48777, 0.53211, B.57645, 0.62079, 0.66513, 0.76948, 0.75382, 8.79816, @.84250 |,
of Discharge  (A-hr)  Scale Factor (mm?) Distribution  Resistance Enabled Resistar . [ 0.61621, 6.81539, 6.81561, 0.81551, 8.01524, 0.01585, 0.91488, 0.91479, 0.01481, 0.01476, 6.61484, ©.61514, ©.61486, 0.01510, 0.01516, 0.01530, 0.01532, 0.01553, 0.01572, 0.61618 1})
1 Cellt 283: cell jr 1 Pack Positive Te.. Connector_1 0 45 1 Value: 3634 Al Layers False # This is a repeated 2D table representation of the Ris
(Ri = cellTemp, DoD, <{18, [ 0.00600, 0.0443, .08868, 8.13363, 0.17737, 0.22171, 0.26605, 0.31048, 0.35474, ©.39908, .44342, 0.48777, 0.53211, 0.57645, 8.62079, 0.66513, ©.70948, 0.75382, 0.79816, 0.84250 ],
2 Cell 2 286: cell jr 2 Pack Positive Te... Connector_1 0 45 1 Value: 3634 All Layers False + [ ©.80497, 0.00259, 0.08254, 8.08332, 0.00468, ©.00539, 0.80561, 0.00568, .00513, ©.00395, ©.00284, ©.00271, 0.00332, 0.80394, 0.00438, ©.00503, ©.00311, 0.00288, 0.00638, 0.03901 ]},
3Cell3  28% cell jr3 Pack Positive Te.. Connector 1 0 45 1 Value: 3634 Alllayers  False + {25, [ 0.60000, 0.04434, 0.08868, 0.13303, ©.17737, 0.22171, 0.26605, 0.31640, 0.35474, 0.39908, 0.44342, 0.48777, 0.53211, B.57645, 0.62079, 0.66513, 0.70948, 0.75382, 0.79816, 0.84250 ],
+ [ ©.00279, 8.00273, 0.08261, 0.80238, 0.00354, 0.80462, 0.00494, 0.08495, B.08479, ©.06402, ©.60259, 0.00197, 0.00240, 0.0274, 0.06288, 0.00314, 0.80214, 0.80170, 0.00255, 0.00514 ]},
4 Cell 4 292: cell jr 4 Pack Pasitive Te.. Connector_ 0 45 1 Value: 3634 All Layers False + {45, [ ©.00000, ©.84434, 0.88868, ©.13303, 0.17737, 8.22171, ©.26605, ©.31040, ©.35474, ©.39988, ©.44342, .48777, ©.53211, ©.57645, 0.62079, 0.66513, 0.76948, 8.75382, 8.79816, 0.84250 |,
5 Cels  295celjrs Pack Positive Te... Connector 1 0 15 1 Value: 2634 Allayers  False + [ 0.00285, 06.00286, 0.00303, 0.80259, 0.80237, 0.60338, 0.00426, 0.86442, 8.00434, 0.08374, 0.60237, 0.09200, 0.80179, 0.00229, 6.00272, 0.00280, 0.00163, 0.00164, B.00173, 0.00363 ]}>,
+ <{1e, [ 0.00000, 0.04434, 0.08868, 0.13383, 0.17737, 0.22171, 0.26605, ©.31040, ©.35474, 0.39908, 0.44342, 0.48777, 0.53211, 0.57645, 0.62079, 0.66513, 0.70948, 0.75382, 0.79816, 0.84250 1,
6 Cell 6 298: cell jr 6 Pack Positive Te... Connector_1 0 45 1 Value: 3634 All Layers False + [ ©.00645, 0.00798, ©.01010, 0.61193, ©.01221, 0.01164, ©.01149, ©.01138, ©.01019, ©.80822, 0.00768, 0.00848, 0.00993, ©.81239, 0.01536, 0.91795, ©.81387, ©.01130, ©.01086, 0.06212 |},
7CelT  WheelT pack Pasitive Te... | Connector 1 0 15 1| Values 3638 Allayers  Fakse + {25, [ 0.00000, 0.94434, 0.08868, ©.13303, ©.17737, ©.22171, 0.26605, 0.31840, 0.35474, 8.39908, ©.44342, 0.48777, 0.53211, 0.57645, 0.62079, 0.66513, 0.70948, 0.75382, 0.79816, 0.84250 ],
= = = + [ 0.00408, 06.00498, 0.08569, 0.80735, 0.60806, 0.60877, 0.00958, 0.91018, 8.08954, ©.06729, 0.60548, 0.08616, 0.00707, 0.00876, 0.01675, 0.01228, 0.01083, 0.00820, B.00798, 0.00637 ]},
8 Cell 8 304: cell jr_8 Pack Positive Te... Connector_1 o 45 1 Value: 3634 All Layers False + {45, [ ©.00000, ©.04434, ©.08868, ©.13303, 0.17737, 0.22171, 0.26605, 0.31848, 0.35474, 0.39908, 0.44342, 0.48777, 0.53211, 0.57645, 0.62079, 0.66513, ©.70948, 8.75382, 0.79816, 0.84250 ],
9 Cels  Feeelljis Pack Pasitive Te... | Conmector 1 N 45 " [Value 3634 Alllayers  False + [ 0.00894, 8.00152, ©.08192, 0.80347, 0.80501, 0.80580, 0.00697, 008815, B.08820, ©.80639, ©.60382, 0.00382, 0.00562, 0.00661, 8.08777, ©.00838, 0.80584, 0.00597, 0.00502, 0.00242 ]}>)
- - - # This is a 1D repeated table for the time constants (values in seconds)
10 Cell 10 379 cell j_10 Pack Positive Te... Connector_1 0 45 1 Value: 3634 Alllayers  False (TC = cellTemp, <{[ 16.0, 25.0, 45.8 ],[ 4.4581398, 4.1013721, 4.3564139 ]}>,
11 Cel 1l 382 cell je 11 Pack Positive Te... Connector_1 0 a5 1 Value: 3634 All Layers False : «{[ 10.8, 25.9, 45.0 ],[ 65.1865473, 52.9584352, 46.9827329 ]}»)
12 Cell 12 385:cellir 12 Pack Positive Te... Connector 1 0 45 1 Value: 3634 Alllavers  False v (dudT=DoD, {[0.00,0.05,0.10,0.15,0.20,0.25,0.30,0.35,0.48,0.45,0.50,8.55,0.60,0.65,0.70,8.75,0.80,0.85,0.90,0.98,1.00],
< > + [0.00,0.00,0.00,0.00,0.00,0.60,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.060,0.00,0.00,0.60,0.60,0.00,0.00] })
#
(Rc1=elementTemp,{[@, 50, 180, 150, 208],
Import. Export... Close N fo 6, 0, b 01}

Inputs are defined in the Battery Setup in TAITherm and in a battery.config.txt file that
is stored in the same directory as the TDF file.

There two inputs define the electrical set-up and cell specifics of a particular battery.
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Joule Heating Setup

Thermal Model

« Continuous geometry
« Thermal boundary conditions
* Initial conditions

« Some electrical parameters, such as curves

File Edit View Tools Units Window Help

@ E (&8t b0l - B0

Model Browser

Model Size (o)

W N YE =T ]
X

Gy | bt [ e [ vostoroes e

Part Selector visile Size (i
— 663,015

Name D
— - ¥=273

set1_set2_top_bus ~|1ss7 v EE|H |2 Z-71.023

Total Parts: 1367 (x] “isile Countst

Parts = 21

Parts  Assembly Curves  Envion  Conduct  Propertes  Scemario Blements = 53536

Part Type Calculated ~ || standard ~

Moisture Model |LatentHeatOnly  ~ | [ Transparent

o}

[ Conduction and Capacity ]

OFont @Bk

Vaterial Copper (Temp Dep) v
Thickness (mm) [1 ]

[~ convection J
Convection Type  None e

[~ Radation ]
Surface Property Surface Condition ~ | | Defauit Surface 0.90 v
Incoming Total Solar (W/m3) Calculated ~

Mean Radiant Temperature (°C) | Caleulated

[~ sources ]

Imposed Heat (1) [vae | [0 ]

[~ Initalzation ]

Initil Temperature (<C) Seed Steadystate | [20 ]

[~ Advanced ] v Display |Default v

Electrical Setup File

Definition of electrical parts
Electrical boundary conditions

Electrical attributes
Contact heating attributes

Section Start: Global Parameters
Default Contact Re 1.00E-06.

Section Start: Terminal Parameters

Section Start: Lead Parameters

Set Number Component Type Associates Thermal Conductivity
1 Lead 1566 Curve: Copper, TempDep
2 Lead 1561 Curve: Copper, TempDep
3 Lead 1563 Curve: Copper, TempDep
4 Lead 1560 Curve: Copper, TempDep
5 Lead 1557 Curve: Copper, TempDep
6 Lead 1558 Curve: Copper, TempDep
7 Lead 1553 Curve: Copper, TempDep

Section Start: Contact Parameters
Set Number Component Type First Geon Second Geometry ID

Set Number Component Type Associates Thermal Conductivity Electrical | Electrical | Solver Vol Number of Insulation Layers
1 Positive Terminal 1572 Curve: Copper, TempDep Current -370 0 o
1 Negative Terminal 1567 Curve: Copper, TempDep Voltage ) 0 o
2 Positive Terminal 1577 Curve: Copper, TempDep Current -370 0 o
2 Negative Terminal 1570 Curve: Copper, TempDep Voltage a 0 a
3 Positive Terminal 1562 Curve: Copper, TempDep Current -370 0 1]
3 Negative Terminal 1574 Curve: Copper, TempDep Voltage a 0 o
4 Positive Terminal 1575 Curve: Copper, TempDep Current -370 0 o
4 Negative Terminal 1568 Curve: Copper, TempDep Voltage o 0 o
5 Positive Terminal 1564 Curve: Copper, TempDep Current -370 0 a
5 Negative Terminal 1573 Curve: Copper, TempDep Voltage a 0 o
6 Positive Terminal 1576 Curve: Copper, TempDep Current -370 0 1]
6 Negative Terminal 1569 Curve: Copper, TempDep Voltage 0 0 [}
7 Positive Terminal 1565 Curve: Copper, TempDep Current -370 0 o
7 Negative Terminal 1571 Curve: Copper, TempDep Voltage a 0 a

Electrical {Max Temp Number of Insulation Layers
5.00E+07 1000 )
5.00E+07 1000
5.00E+07 1000
5.00E+07 1000
5.00E+07 1000
5.00EHD7 1000
5.00E+07 1000

=== == =]

Contact Resistance
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Constant current models

-370 A 0 25V

Models run until the cutoff voltage is reached.

Cooling rig with fluid streams Joule Heating with bus bar geometry Battery Heating with cell geometry

30
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00:00:00
Temperature

Samsung 50S
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00:52:00
Temperature

Samsung 50S
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Temperature
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Joule Heating

Imposed heat due to joule heating is
mostly constant during the simulation.
This is due to the constant imposed
current in the model.
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Cell Selection

Maximum Cell Temperature
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Best Temperature: Samsung 50S
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Usable Capacity Comparison

LG M50L Samsung50S Samsung50E Samsung48X
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$2.00
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Lishen

LR21700SF

Pack Weight (444 cells)

LG M50L Samsung50S Samsung50E Samsung48X

Cost per cell (with 400 purchased)

LGM50L Samsung50S Samsung50E Samsung48X

Lishen
LR21700SF

Lishen
LR21700SF

Best Capacity:
LGMS0L

Best Weight:
Samsung 48X

Best $:
Samsung
48X
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Cell Selection

|Samsung Samsung Samsung Lishen
Weight |LGMS50L |50S S50E 48X LR21700SF

Max cell temp 7/ ) 9 1 3 6
Usable
Capacity 9 9 5 8 S 3
Weight 3 6
Cost 4 2 7 3

176 136 131 138 85
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Battery Performance — Varying
Temperature and Current

LG M50L
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Model Drive Cycles

Heat Exchanger Temperature (°C) Current (A)

80 o

Temperature (°C)
8
|

300

200 4

200 o

-400 —

Current (&)

-800

-800 —

-1000 —{

Cooling rig with fluid streams

Initial Depth of Discharge

0.29

Joule Heating with bus bar geometry

Battery Heating with cell geometry
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State of Charge Comparison

SoC Comparison
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LGM50L Drive Cycle Results

00:00:00
Net Imposed Heat

Imposed heat from joule
heating on the bus geometry

Imposed heat from battery
heating on the cell geometry
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LGM50L Drive Cycle Results
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LGM50L Drive Cycle Results

Cell 149 Exterior Temperature Results
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Conclusions

. About:Energy’s = VOLTT database can be used with TAITherm to aide
in the selection of battery cells from over 400 commercially available
alternatives

* Models include thermal properties and are available in ECM, split-ECM,
SPM, and DFN format

« A 3D thermal/electric battery pack model aids in the selection of cells,
and is improved by considering 1D fluid streams in ribbon coolers, Joule
heating in bus bars, and cell balancing in the electrical equations

 The LG M50L was chosen as the cell of choice for this application, due to
the highest usable capacity, moderate weight, and reasonable price

« Come to our booth at upcoming conferences, such as SAE TMSS 2023,
where we will be presenting this work in more detail!
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