An 1SO-27001 ISMS [

=
( ;l | | Z ﬂ Certified Company |
A Global Engineering partner
e RN ~ 4 o
oo o ——=3°

Battery Module Design
for
5kW Home BESS

Scope : Battery Module Design - Electrical
Application : Home UPS

Designing a battery module for a 5kW home Battery Energy Storage System (BESS) involves several
critical considerations to ensure efficiency, safety, and longevity. For a 5kW system, the rated power
capacity and energy storage capacity must align with the energy requirements, considering factors like

peak energy usage and backup power needs.
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The client requested to develop an electrical design for battery module with the capacity of S5kW design with low
cost. They also need the design with a scalable module-based approach, allowing for future expansion or capacity
adjustments without major system overhauls.

Current Distribution and Balancing
Voltage Monitoring and Cell Balancing
Overcurrent Protection

Isolation and Grounding

EMI/EMC Compliance

Packaging and Space Constraints

Cost Optimization

¢ Modeling Accuracy

¢ Computational Complexity
¢ Material Characterization
¢ Meshing and Resolution
¢ Multi-Physics Interactions
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Requirement
Analysis

Cell Selection

Electrical Design

Battery Module
Simulation
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— Requirement Analysis

Efectrical Paramerers:

Pack Details -Electrical

Energy 5 k'wh
Charging Power 1 ke
Discharging Power 5 R

Cell Details - Electrical

« Requirement Analysis in battery module design

Mlin Yoltage (0% $oC) 25 v

Is a crucial first step to ensure that the battery

Dimentionless charge exchange current

system meets the technical, performance, and

Thickness 1.5 mm 0.5 mm
- - - width 1744 mm 0.5 mm
safety needs of the intended application wisam o5
y L] Total height 2072 mm 0.5 mm
“weight 54 kg 0.2 kg o Defining Use Case (Application): Identify the specific application of the battery pack (e.g.,
Fadius mm automotive, renewable energy storage, consumer electronics, UPS, peak load shaving). It will
Max Temp a5 G be very helpful to arrive all conditions and abjectives
1 1 1 - Win Temp 0 +  Derive Design Objectives:
. Th IS Stage I nVO IVeS gathe rl ng and analyz I ng al I Abzolute Max Temp EE T o Grid Connection: [On/Off grid with frequency]
Abzolyte Min Temp -0 C o Capacity: [e.g., 50 kWh for Energy Storage Systems]
- - Humidity =75 % o Charging Power: [e.g., 30kW and what charges it?]
necessary requirements to define the batter 2 wsngrons o 5 Sowt e
Cell Details - Thermal o Voltage Range: [Nominal and maximum voltage values]
Through Iayu thermal conductivity 2 wWimk o Current Rating: [Minimum, Nominal and Maximum values]
! 11 H In laper thermal conductivitg 30 wimk o Cycle Life: [Number of charge-discharge cycles]
module's specifications.
Density 2000 kgn’mS o Space & Weight constraint
Temperature derivative of Open Circuit Voltage ) Graph o Thermal Management: Te maintain safe operating temperature limits
o Safety Features: Overcurrent, overvoltage, and thermal runaway protection
o Regulatory Compliance: Adherence to industry standards such as CISPR 25, 15O

« Collaborating with clients is key to . B

Current 2&0

understanding the project's specific needs and e (12 T e

o Operating temperature: [Minimum, Nominal and Maximum values]

e

«  System Load Profile / Electricity consumption profile: There could be daily, weekly, or

- Module Details - Mechanical o Humidity
CO n Stra | ntS Level of Datail In Do o mechanical shoclvibratin requirements

. 30 model of CRL In Doe
30 model of BRI In Dox @
Cell Halder Makerial In Doe RFSS,
Cell Spacer Material In Doe 02— T T T T
Current Callzctor Makerial In Do
Enclzsurs Waterial In Das (28 o /'—'\. /—
Fan Part Mo In Do £ — =4

E ool B
Module Details - Thermal =
Max Temp nc T 00 L
Min Temp 50 C =
Charge ¢ Dizcharge <pcls - Fized time ¢ Randam load  In Doc ® 0z —
EMI 03 w J
Certification L L L L L
0 20 40 60 80 100

Others SoC (%)
Cell Balanging Passive
‘wire and Connectars dutailz In Do
Pawer For Fan chU
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e  Cell Chemistry: LFP cells were selected for their inherent safety,
high cycle life, and stable thermal characteristics
e Mechanical Properties: select based on Space & Weight
constraint along with thermal properties
o Form Factor: Prismatic
o Dimension
o Weight
o Tolerance
o Regulatory Compliance
e Electrical Characteristics:
o \oltage : 3.2V
o Current: 280A @ 1C
o Capacity :280Ah
o C-Rate: 10 Max.
o SoC and SoH
e Cycle Life and Safety: Balance cycle life, safety features, and cell
costs..

e Based on the above condition and requirement the cell is selected.
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Cell Configuration

Define series-parallel configuration to
achieve desired voltage and capacity.

........... Electrical Multiple
forBattery  Prsmotic Value unit Remarks €12 p
Cell Details
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Wiring Harnesses and Connectors
The busbar design was optimized

to handle up to 280A current
\ without significant ohmic losses.

Cell Balancing
Provided by client for electrical design
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Protection Circuilt

Add reverse polarity protection, Relay, fuse,
and overcurrent protection.

F1 Pack +VE
A, o

__..,.,
Pack

J

Battery
Wuonet.

2_<— and Control

e (BMC)
:ﬂge §2 Voltagel |
e =2 | Curen Gate Dri
. 3 > geznsint (Ch:rZe Ig::p)

§€_/ Pack -VE Provided by client for this
- Protection circuit —@@ .
\ vy o design

R_Shunt \
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Geometry Creation Assign Material

The model was developed with removing
components with negligible or no effects on the
simulation. v

Cu for current collector
Al for enclosure

Materi

- Copper (mat3)
s T
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« [ Battery Pack (bp)
v [ Batteries

S Cell Equilibrium Poter

Voltage Losses 1

Capacity Loss 1

Short Circuit 1

urrent Conductors

35 Initial Values 1

S Insulation 1

9 Charge-Discharge Cy:
= Ground 1
i Negative Connectors
i Positive Connectors
v /i Mesh1

(i) Information 1

Mot 30V |

Information 2
+ ~cin Study 1
[/ Step 1: Time Dependent
> [Trs Solver Configurations
¢ W Results

Defining Boundary
condition

In COMSOL Boundary
were created

Definitions
v g Selections

« [ Battery Pack (bg) Minimum vortage:

 DBatteries v = Batteries Viin  25°16[V] v
w Cells Cell Equilibrium Poter Include constant voltage dischargit
» Current collect: ‘é’wltase Losses 1 Lower cutoff current:

= apacity Loss 1 o [COSTAT A
& Enclosure ar:‘ﬂttg:x:t;" Include rest period

redp 1 S Initial Values 1 Resting time:

oundary System 1 % Insulation 1 trasdch 1(h] s

' Charge-Discharge Cy:
= Ground 1
i Negative Connectors
i Positive Connectors
v A Mesh 1 feh

~ Charge Settings

Charging current
140[A] A

Import 1 {imp1)
[T Block 1bik1)
Difference 1 {dif1)
= Sheet metal (sell)
|E|'| Form Union (fin)
Rermove Details 1 {rmd 1)

KA-boial-

Simulation Setting

Lebel:  Time Dependent I3
B8 Cell Equilibrium Poter
~ Study Settings
= Short Circuit 1 Time unit: h
-
[ Current Conductors Output times:  range(0,0.1,10) bl

BS Initial Values 1

B Insulation 1

' Charge-Discharge Cy:
= Ground 1

Tolerance: Physics controlled

Results While Solving

i Negative Connectors = Physics and Variables Selection  *
S Positive Connectors

4

Run the Simulation

A Mesh 1 [[] Modify model configuration for study s —
) Information 1 »

Physics interface
@ | Battery Pack (bp) =4

Information 2 Solve fo

ime Depencient
er Configurations

Values of Dependent Variables

Solution 1 fsol)
2t Compile Equations: Ti

Store in Output
> v Dependent Variables 1

Mesh Selection

~ [V Time-Dependent Solv

Direct A ambatinm
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Based on the simulation, the cell : : : : . . . . . . .
— J———
voltage doesn’t vary much. The - Vi Vi
K = 1 ! Ema::
charge discharge cycle shows the £, | 100
batteries are in good condition. aer 5 Emin
34} — |50
i - Imax
— — o
. 33} N N S
v {E Results - T min_ | 10
» £ Datasets | _
2% Derived Values _ 2 %
H Tables .'-::‘0. 150 g
v o Cell Voltage (bp) 2 1R 3
() Global 1 3 3
() Global 2 3 3k 110 E
v 7w State of Charge (bp) 2
h, Global 1 i 2
(E) Global 2
> @ Electric Potential (bp) 4150
v 7w SoH 2.81
(&) Global 1
(E) Global 2 2.7F 4 -200
Export
[# Reports 26l
--250
2.5
0 4 3 6 7 8 9 10
Time (h)

K Cell Voltage & Current
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~— Simulation Result

R Global Global: State of charge (1)
Based on the simulation, the cell’s 1 , , : : - : . ’ .

min, max, avg state of health :H -
(SoH) the result have some minor — SoHAvg {00
variation between cells after

multiple charge-discharge cycle.

« [E| Results
» EE Datasets
2% Derived Values
B Tables
v “we Cell Voltage (bp)
() Global 1
(£ Global 2
v "o State of Charge (bp)
(£ Global 1
(E) Global 2
> B Electric Potential (bp) \ / N \ /
w " SoH \\ 40.3
(£ Global 1 \ / \ ;
(E) Global 2 \ /
Export o 10-2
[# Reports . _

— SoH Min

—— State of charge

L
o
n
State of charge (1)

S0l
From all, we completed a cost \
effective 5kW battery module L |
electrical design. 09999 : 2 3 p 5 5 7 ° ) 10

Time (h)

K SoH
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We are delighted lo share a lestimonial from a salisfied client highlighling the success of our Baltery Module Electrical
Design project. The leam exceeded expeclalions by deliwering a high-quality, reliable baltery module design tatlored to
our specific requirements. Their expertise in electrical design ensured opltimal performance, all while keeping the
project within budgel. The project was compleled within a challenging timeframe without compromising on accuracy or
quality. We highly recommend their exceplional service, allention lo delail, and cost-effective solulions for batlery

module design.




=

i An 1SO-27001 ISMS [
| Z & - Certified Company

A Global Engineering pariner ( O n C I l | S I O n

s N S

L,
. e e
ey, —. 5
= d
X h *

Our commitment to excellence and technical expertise was evident in the successful delivery of customized
Battery Module Electrical Design solutions that met industry standards.

We meticulously designed and simulated the battery module to ensure optimal performance, efficiency, and
safety, significantly reducing the need for costly post-production testing.

Our focus remains on providing top-tier electrical design services, demonstrating our unmatched proficiency and
dedication to delivering exceptional results while maintaining the highest levels of reliability and innovation.
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