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¥  Overview Ghostone

Time-dependent simulations are most interesting when external
factors change
The simulation needs to be evaluated before and after each
change

« Simulator might not “notice” on its own

« Explicit evaluation required

* |If the user is speciftying changes, it can be hard for the designer 1o

anticipate them, even with events

Even designers (Model Builder) can have trouble accounting for all
changes
The App builder (using Java code) can do this automatically
This is essenftial for app users... and very handy even for Model
designers

ific Public — Public Release Authorized



¥ | Simple Example: Current Pulse SRSt
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Alternative Use Cases
« Boundary conditions

« Concenftration

« Temperature

 Flow Rate

* Pressure

o Stress
* Material parameters

v
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Specify Time-Dependent Solver Settings

Model Builder <
« >t | TEYEY S
Type filter text &

w 4@ Comsol2024_UI_3.mph (root)
v () Global Definitions
Fi Parameters 1
6 Default Model Inputs
i Materials
v — Component 1 (camp 1)
v = Definitions
5 Applied Current (Lapp)
S Piecewise 1 (pw1)
> m View 1
b Geometry 1
» azn Materials
» T Lithium-lon Battery (lion)
_,;_F'ﬁ Multiphysics
A Mesh 1
v rdb Study 1
E Step 1: Current Distribution Initializal
@ Step 2 Time Dependent

v |'|'|-|. Solver Configurations
w Solution 1 (5o!7)

%ﬂ; Compile Equations: Current |

» uxw Dependent Variables 1
> Ii_i Stationary Solver 1
il Solution Stare 1 (5ol

%;; Compile Equations: Time Deg

> v Dependent Variables 2 Maxirmum BOF order: 2 -
v [Lf Time-Dependent Solver 1 o
S Minimum BOF arder: 1 -

Settings | Properties
Time-Dependent Solver

G= Compute to Selected = Compute

Label: Time-Dependent Solver 1

* General

Defined by study step: Step 2: Time Dependent
Tirme unit: 5

Output times: ~ 0,100,180,560, 2000

(5]

ITl mes to store:

Steps taken by sohver

Store every Nth step: 1

Relative tolerance:

b Absolute Tolerance
¥ Time Stepping

Solver type:
Method:

Implicit

EDF

ISteps taken by solver:

Intermediate

Interpolate solution at end time
Initial step:

Maxirnum step constraint

(1[=]

Automatic -

5
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¥ | Link Data Structures to Ul

D Protocol: pulseTable X @ Preview D Main Window calcPulses_0
¥
»
Z Pulses Current (&) | Pulse Width (s]) | Pulse Period (s) | Train Recovery (s)
1 25 60 180 1200
+ 52 .

SBostonﬁC

Declarations
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cienti
Settings Properties ‘
Table
Marne: tablel E
Show headers
[ ] Automatically add new rows
[ ] Sortable
¥ Sources I
v = Declarations
v === Array 20 Double
sta pulses

=4 Add to Table =¢ Edit Node
L

Header Width Grow | Editable | Alignment Data source
# Pulses 80 [] [+ Left Column 1...
Current (mA) 80 L] [+ Left Column 2...
Pulse Width (=) 50 L] [+ Left Column 3...
Pulse Period (s) 50 [] [~ Left Column 4...
Train Recovery (s) 100 [] [+ Left Column 3...

t 4=




¥  Procedure gBoston:

v Step 0: Create Ul in App Builder to specify time- Method Code Structure ~ O X
dependent factors 1 // Get data f lse tabl CUSTOM
. et data from pulse table ====
v Step 1: Link data structures to Ul ) ’
v Step 2: Specify Time Dependent Solver Settings 2 // Modify piecewise function ==== RECORD
v STep 3: CommenT MeThOd COde o 5 // populate square pulses for each row ==== CUSTOM
- Step 4: Record code to set up conditions 6 - _
o S’rep 5: Record COde TO se’r Up evoluo’rion ’rimes ; // setup square pulse in piecewise function ==== RECORD
« Step 6: MOdIfy Method Code 9 // find transition time for pulses ==== CUSTOM
° - Fi 10
STep 7 Fire Clﬂd ForgeT 11 // setup transition time for piecewise function ==== RECORD
12
13 // Find evaluation times ==== CUSTOM
14
15 // set times for evaluation ==== RECORD

e ——————
Boston Scientific Public — Public Release Authorized



¥ | Record Code to Set Up Conditions ghostanc

Home Method
(Z) Utility Class [E

Java External Java Library

Language Elements [ABC]

El"Model Expressions

Bl e
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Revert to Check Goto = Stop Use  Create local | Continue 5Step  Step
Record C External C Library Saved =8 Stop Recording Syntax MNode Recording Shortcut  Vanable Into
Code L :

Libraries Edit Code D
App"ia’[iijﬂ BU“CIEI’ v 1 @Preview D Main Window DPmtucuI: pulseTable calcPulses 0 X
— =+t | St~ Elv B~ [ 1 // Get data from pulse table ==== CUSTOM

_ 2
Type filter text c 3 // Modify plecewise function ==== RECORD
v [Z] Comsol2024_U|_3.mph (root) N
=
E Inputs |:
% The.mes. 7 S populate square pulses for each row ==== CUSTOM
» D Main Window -
L
hd % Forms 9 ff setup square pulse in piecewise function ==== RECORD

¥ D Protocol 18

¥ D Graphics 11 ff find transition time for pulses ==== CUSTOM

Events 12

5 = Declarations 13 ff setup transition time for piecewise function ==== RECORD
v [ Methods , . Lon ti
15 SO Find evaluation times ==== CUSTOM
® calcPulses 0 16
calcPulses_] 17 // set times for evaluation ==== RECORD
calcPulzes_1a




Record Code to Set Up Conditions Soiic

Home  Definitions Geometry  Materials  Physics  Mesh  Study  Results  Developer

A Application Builder = — Component 1 = P: 2=Variables ~ >&\ ols I+ Lithium-lon Battery
| L .
52 Model Manager < Add Component - . i) = “ 21 Add Physics
arameters . )
. Geometry Materials Ay pdd Mathematics
Workspace Model Definitions Physics
Model Builder v 1 | Settings Properties e
>t FEY B 2 ¥ | piecewise
Type filter text & Plot Create Plot
v @ Comsol2024_UI_3.mph {root) Label: Piccewise 1 =

v () Global Definitions
Fi Parameters 1
6 Default Model Inputs o
—~ ) * Definition
(5 Materials
v — Component 1 {comp 1) Argument: t
v = Definitions

Function name:  pwl

fﬁ Applied Current (i_app) Extrapolation: Constant -
a Piecewise 1 (pwi) Smoothing: Continuous first derivative -
3 View 1
y Geornetry 1 Transition zone: Absolute size *
’ E Materials Size of transition zone:  0.001
7 L+ L'thlgm'lén Battery (liion) [ ] Smooth at endpoints
% Multiphysics Intervals
/A Mesh 1
> b Study 1 4 - . :
Start | End Function While Recording Code:
¥ @, Results .10 0 0
0 P 0005 * Create Piecewise Function
* Set size of Transition zone

* Edit Start, End and Function Intervals

Boston Scientific Public — Public Release Authorized



Record Code to Set Up Conditions

Home PFethod

Boston
Scientific

thility' Class [¢c| Language Elements [ABC] E_tl = B+C E_E=
. . W= A T
Java External Java Lib — = Model Ex - . . . -
FeEetEmaliava HuEY  Revertto == OCEL BXPTESSONS  check Goto Stop Use  Create Local | Continue 5Step  Step Step Stop
C External C Library Saved =& Stop Recording syntax MNode Recording Shortcut  Vanable Into  Cut
Libraries Edit Code Debug
Appllcatlgﬁ BU"der -1 @Prewew D Main Window D Protocol: pulseTable calcPulses O D Graphic
— =+ % | Et~ Elv B~ [ 1 /f Get data from pulse table ==== CUSTOM
2
Type filter text c 3 S/ Modify piecewise function ==== RECCORD
v [&] Comsal2024_UI_3.mph (root) .
E Inputs 5  model.component(“compl™).func{“pwl").set("smooth™, “contdl™);
EI T & model.compornent(“compl”).func{"pwl").set("zonelengthtype™, "absolute");
Ejrnes. 7 model . component { “compl™) . funci{"pwl”).set{"smoothzone™, &.8681);
’ D Main Window 5 model.component({“compl”).func{"puwl™).setIndex( "picces", -18, &, 8);
~ % Forms a model . component{“compl™ ). Ffunci "pwl”).setIndex{ "piece=z", @, @, 1);
> D Protocol 18 model . component{“compl™ ). Ffunci{ "pwl”).setIndex{ "piece=z", @, @, 2);
» D Graphics 11 model . component (“compl").func{“pwl").setIndex("piecez", @, 1, @);
Events 12 model.component(“compl”).func(“pwl”).setIndex( “pieces", 68, 1, 1);
s = Declarations 13 I'I'IIIIIjEl.CDmpDr‘IEf‘ItI:"CI:IrI'r_'Il":I.'FLJFICI:"[JL'al":I.SEtIﬂdEKI:"FIiECES"J. @.825, 1, 2);
- % Methods 14 model.component(“compl”).func“puwl”).set( ar‘gun:!.t s Us");
15 model.component(“compl™).func("pwl™).set{"Fununit™, "4");
calcPulses 0 16
® calcPulzes_1 17
calcPulses_la & f/ populate square pulses for each row ==== CUSTOM
calcPulses_2 19
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| Record Code to Set Up Conditions Scientfic

Lrebug
~ 1 E| Preview D Main Window D Protocol: pulseTable calcPulses_0 D Graphic
1 Jf Get data from pulse table ==== CUSTOM
2
c 3 /f Modify piecewise function ==== RECORD
a
5 model.component(“compl®).Func“pwl" ). set{Targ”, "t");
& model.component("compl™).func{"pwl™).set("smooth™, "contdl™);
7  model.component("compl").func("pwl").set("zonelengthtype™, "absolute");
a8
9  model.component("compl™).func{"pwl™).set{"argunit™, "s");
18  model.component(“compl”).func{“pwl").set("Fununit™, "4");
11
12
13 S/ populate square pulses for each row ==== CUSTOM
14

15 model.component(“compl”).func{pwl").setIndex(“pieces", -18, &, @),
15 model.component(“compl™).func{"pwl”).setIndex("piece=", @, @, 1);
17 model.component(“compl™).func{"pwl”).setIndex("piece=", @, 8, 2);
&  model.component(“compl”).func{“pwl”).setIndex("piece=z", @, 1, @);
19  model.component(“compl™).func{"pul”).setIndex("piece=z", B8, 1, 1);

28 model.component(“compl”).func{pwl").setIndex(“pieces", @.825, 1, 2);
21

22 Jf setup square pulse in piecewise function ==== RECORD

23

24 Jf find transition time for pulses ==== CUSTOM

25

26 Ff setup transition time for piecewise function ==== RECORD

27 model.component(“compl™).func("pwl”).set("smoothzone™, @.881);

e ——————
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¥ | Record Code to Set Up Evaluation Times

Workspace Model Definitions Physics
Model Builder v % | Settings Properties MLIIRE
1 | ®E~ B~ ZE~- ¥~ | Time Dependent 2
Type filter text (4 = Compute (* Update Solution _
v CumsulEﬂEﬂ_L{l_j?rjmph (roat) Lakel: Time Dependent E

v @ Global Definitions

Pi Parameters 1 ~ Study Settings

Q Default Model Inputs

I.:.I Materials Tirme unit: 5 -
v — Component 1 (¢ 1

CompEnEnt T eeme Output times: |0,100,160,660,2000 5 L

v = Definitions
TE Applied Current (Lopp) Telerance: Physics contrelled hd

. Piecewise 1 (owl)
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While Recording Code:

Edit Output times
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¥ | Record Code to Set Up Evaluation Times g8,

Language Elements [sp0] = + =
_ [a8Zl Ej B ;,.B c o
E_';j Model Expressions —

Check Goto Stop Use  Create Local Continue 5Step  Step  Step Stop B

=& Stop Recording Syntax Meode Recording Shortcut  Vaniable Inte  Out
Code Debug

~ 1 @Preview DMainWinduw DF‘rutucul: pulseTable calcPulses 0 DGraphiG
16  model.component{”compl”).func{"pwl”).setIndex{"piccez", @, @, 1);
7 model.component({“compl®).func({“pwl"”).setIndex("“picce=z", @, @, 2);
c &  model.component(“compl®).func(“pwl”).setIndex(“piccez", @, 1, @);

19

¥
model.companent(“compl™).func({“pwl™).setIndex( “piccez", @@, 1, 1);
model . component (“compl™).func(“pwl”).setIndex("picce=z", @.825, 1, 2);

[}

1

2 Jf setup square pulse in piecewise function ==== RECORD

3

4  ff find transition time for pulses ==== CUSTOM

5

6 Jff setup transition time for piecewise function ==== RECORD

model.component{“compl®).func{“pwl”).set{"smoothzone", ©9.881);

[ I |

W

S/ Find ewvaluation times ==== CUSTOM

[}

=

Sf set times for ewvaluation ==== RECORD
model.study("std1l").featuref "time").set("tlist", "@,108,160,660,2000");

[N [y N N [ W [ 6 Y Y % I ™ IO o T o Ry o [y (R & ]

Ll P
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¥ | Method: Inputs Slostongc

// Get data from pulse table == CUSTOM

// determine number of pieces in piecewise function.

int nPieces = 0;

double minDur = pulses[0][2]; // for transition times

for (int row = 0; row < matrixSize (pulses)[0]; ++row) {
nPieces += pulses[row][0]*2; // each row also has a recovery piece
if (pulses[row][2] < minDur) minDur = pulses[row][2];
if (pulses[row][3] < minDur) minDur = pulses[row][3];

}

int curPiece = 0;

double xTime = minDur/10; // set the transition time based on the shortest pulse

// for each piece (change) in the piecewise, we place two evaluation times
double[] times = new double[2*(nPieces)+4];
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| Method: Modify Piecewise Function  s&iic

// setup square pulse in piecewise function == RECORD
for (int pNum = 0; pNum < nPulses; ++pNum) {

// rising edge
times[nTime++] = pTime-xTime+firstPulse;
times[nTime++] = pTime+xTime+firstPulse;

model.component(‘comp1”).func('pwl").setindex('pieces’, pTime, curPiece, StartTime);

pTime += duration;

model.component(‘comp1”).func('pwl’).setindex('pieces’, pTime, curPiece, EndTime);
model.component('‘compl”).func('pwl’).setindex('pieces”, current, curPiece, Amplitude);

// falling edge
++curPiece;
times[nTime++] = pTime-xTime+firstPulse;
times[nTime++] = pTime+xTime+firstPulse;

model.component('‘compl’).func('pwl’).setindex('pieces”, pTime, curPiece, StartTime);

pTime += (period-duration);

model.component('‘comp1”).func('pwl’).setindex('pieces”, pTime, curPiece, EndTime);
model.component('‘comp1”).func('pw!’).setindex('pieces’, 0.0, curPiece, Amplitude);
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W | Method: Modify Evaluation Times GBostong.

// Setup transition time for piecewise functions ==== RECORD
model.component(‘comp1”).func('pwl’).set('smoothzone”, xTime/5);

// Find evaluation fimes ==== CUSTOM
String timeStr ="0";
for (inti=1;i<nTime; ++i) {

timeStr +="";

timeStr += toString (times]i]);

}

// set tfimes for evaluation ==== RECORD
model.study('std1”).feature('time").set( tlist", timeStr);
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¥  Advanced Capabilities SBostong

R
s s @ — =

Check Initialize Compute Compute
Pulse Study ElS

Ribbon Section 1

Geometry Cathode Recipe Protocol  Physics Voltage vs. Time  Pulse Output  Voltagews mA hrs  Voltage vs DOD  Pulselnfo  Myquist Plot
Default background current: 63 uh
eaa-@ UEDR as
Pulses
o
P o= JE6 . Cathode Voltage vs Time (Pulses)
e ] ] ] ] ] ]
# Pulses | Current (mA) | Pulse Width (s) Pulse Period (s) | Train Recovery (s) 3.2k 5 |
25 60 180 600 31 ) )
12 10 60 300 ' Nominal
3t — -
25 60 180 600
=
=
+ &\ 5
= b @
% g 2.4 T
initial DOD: 17 % o 23k -
2 .
simulation time: T0[d] s % 2.2k -
Capacity used at background 114.2 mAh 21r T
2k -
Capacity used by pulses 27 mah 1.9
Final DOD 10.5 % 1.8k i
. . . 1.7F -
Simulation Log of Parameter Output vs. Nominal:
Pulse 1) 1.6 -
Pulse 2) 1.5 1 1 1 1 1 1
0 500 1000 1500 2000 2500
time from pulse start (s)
—— —e—
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W | Key Takeaways SBostang.

« We demonstrate how to customize and model irregularly changing boundary
conditions across a wide range of time scales.

« The powerful Application Builder creates a user-friendly app which is linked to @
customized piecewise function in the model.

« To ensure an optimal simulation, evaluation times are recorded and specified to
resolve pulse events across large time scales.

« This automated approach saves time, reduces errors, and can be applied to
many different physics.

Contact
Dr. Paul Belk
Paul.Belk@bsci.com
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