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INntro

 Electrification In Naval Ships requires energy
storage for buffering and supplying pulsed

power %L ~L . %

 Lithium-ion batteries provide dense and
efficient energy storage but are impractical
for frequent testing

emulator

potential short
or thermal event

« Emulation provides: safe

« Repeatable conditions . . :
P mexpensive [ aynamic |~ high cos
e |imits cost electrothermal
. . ) - response long recharge
saves time rapid testing P and rest time
 safety repeatable degrades with

results each use
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Emulator Model ; SOC
Look Up tables R, R,

« Coupled Model . - W

* Electrical model 4'/ j f —> i L({j ] v

. 2nd order equivalent circuit | 2 v

model
 Thermal model
« 1t order 1-D heat fransfer
« How they are coupled

« Both models use look up tables
dependent on the same

cell

Rconvection

: : Cce]l qambient (*)

variables T T
» Electrical and thermal model dv
input parameters are updated ar = 0CVS00) = [Ronm = Veyey = Viac
based on SOC and ATeen  Tamp = Teenl
temperature e N + I“Rohm
convection
Qam'bient Qg'en
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Battery Testing

» NHR 9200 Battery Tester ‘ g thermal dat]a_af}u.iSitiQn —
« Machine is controlled using | L e
LabVIEW on a laptop & cells. o = eamE
* Incufridge : =3 -
« Regulates the temperature of the R o
battery thermocouple o \
« Temperature is tracked by two
fhermocouples . temperature control
LiNi,Mn,Co,._,,0, LiFePO, -\ ~ chamber
| || = |

battery test modules =

——

i ALE
WHURE, QERRY

conttbller '
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Data Collection

« Data from a K2 Energy LFP26650P

« Hybrid Pulsed Power Characterization

4.2

data used to fit time constants with

nonlinear regression at 20, 30, 40, & 50°C

« Heat transfer coefficient and heat
capacity of battery collected from
thermal steady state testing

parameters

electrical potential (V)

electrical

capacity (T)

open circuit voltage (SOC, T)

terminal resistance (SOC, T)

fast and slow time constants (SOC, T)

thermal

open circuit voltage (SOC, T)

surface area

convective heat transfer coefficient

mass

specific heat capacity
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Model Validation

1C Discharge
38 T T T T T
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U287 '.*' = = experiment voltage \
g model voltage 1
2.6 — = experiment temperature
model temperature !
2.4 ' ' ' ' |
0 10 20 30 40 50
time (min)
Voltage (V) | Temperature (°C)
RMSE 0.031 0.69
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2C Discharge
126
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123
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.7 |= = experiment voltage 121
L7 - model voltage _
= = experiment temperature 120
model temperature
| i | | | 19
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time (min)
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RMSE 0.038 1.88

temperature (°C)
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Hardware Preview

flowmeter

bidirectional
power supply

/f thermocouples

thermal poer suly

in-line §
e heater
b data acquisition

and control

rear view

front view
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Pack Configuration i‘\-ceu

« Battery Pack
. 4438P x44
Nominal Voltage = 140.8 V

Capacity = 17.44 Ah :>cold plates
Power @ 1C =2.456 kW
Power @ 2C =4.911 kW

X8

achievable C-rates for 17.44 Ah battery

6kW 12kW18kW

——=bus bars
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Scaling to Pack

« Making use of single cell characteristics to predict R:1 R,
pack behavior frack o m m T Ly et
« Electrical Scaling Tl N OVoew G Gy v  Paeric
 Model Parameters are left the same
« Input current is divided by number of cells in parallel T — priep il FEORREER ; o [ Rivuacom
. Voltage output is scaled by cells in series and current ! '

output is scaled by number of cells in parallel QHG‘D — Gy QuqmmgG,)
« Thermal Scaling
* Qg is heat from pack fo liquid cooling L = L

« Log mean temperature difference (LMTD) is used to

estimate the temperature difference driving heat Cpack =5, — = —UAiiquid convLMTD + Ioa’Rohm Aeell
transfer from pack to water Qout | Qgen |
« thermal mass, Area is scaled, current left as pack L MTD — ATintet — AToutlet
level current B ATinjet
In("2)
AToutlet
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Hardware

water flow
4—

flow meter

@T thermocouple thermocouple

, i : testbed
{ control | real-time | sensor Y : :
out |controller | in i :

I

\CJ :

.. ====,[° current sensor L ‘;ggggre :

______ ° :
bi-directional .

power supply

UNIVERSITY OF } L -
DISTRIBUTION STATEMENT A. Approved for public release: distribution is unlimited.

South Carolina

* bidirectional
power supply

b data acquisition ¥
& and control

rear view
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Model Interface with Hardware

* Electrical

07/27/2025

« Voltage setting for bidirectional is linearly scaled to the analog control input of the
bidirectional power supply

ﬁ

e Thermal

analog control signal
to bi-directional

« Heat loss is calculated by model (LMTD)

« Heat loss is used to calculate outlet temperature

) ONYsical VOltage is set

« PID controlleris designed to replicate calculated outlet temperature

model calculated
heat fo water

NIVERSITY OF

outh Carolina

use heat fo obtain

r— new outlet r—

temperature

set PID to achieve
that outlet
temperature
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Graphical User Interface

Operation screen

Controller/
select cell (0) or pack (1) ‘ > [!J] e ——— ‘ Temperature =
Pack Temperature |/ Hide Legend
cell or pack s fovged ___Modules lost 5 ' Htl:
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; :jl Trigger Fault 7|
) P
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'/:) ’/—) Current Log File Path = —— MR Dot Lozt
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v -
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A 130 ~f— o T . f—
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initi i ——
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reference water temperatures ‘

Autoscale ¥ Autoscale ¥
inlet temperature outlet temperature [on | == B T e e e | ) ..
-0 - : 8 -0 -00:01:00 kD0:00 01 02+ 00:013:0 £03:59  00:04:50
| OONNENN 00 w2
| - Data Lost . Data Lost

NA UNIVERSITY OF

- DISTRIBUTION STATEMENT A. Approved for public release: distribution is unlimited.
South Carolina pp p




Approved, DCN# 2025-7-11-1138 07/27/2025

. Pack Voltage
« A 1C-rate discharge was performed at | | |

100-80%. 60-40%, and 20-0% SOC

« Captures regions of highest and lowest 1
DC Internal Resistance > |
: . : . = — R
 Displays rapid testing capability = |
P]
- Norecharge, discharge fo SOC, orrest 25,1 ~—— i
necessary between tesfs B S
S 125} N :
T) N,
. Voltage for a 1C Discharge 120t N\ < |
> T I T ]
SN ——100-80% SOC output = =60-40% SOC model| ™
Rl 1 115F= =100-80% SOC model ——20-0% SOC output 5
2130 \ ] ——60-40% SOC output = =20-0% SOC model
% 120 F i 110 | I 1 | | 1
3 . . . . | 0 2 4 6 8 10 12
0 10 20 30 40 50 60 time (min)

time (min)
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SOC discharge differences

Pack Temperature Heat to Water

22 .

21.5¢

2~ |—100-80% SOC output
— -100-80% SOC model |

temperature (°C)
(\O)

20.5 == 60-40% SOC output
—60-40% SOC = =60-40% SOC model
20-0% SOC 20-0% SOC output
20 —100-80% SOC| = =20-0% SOC model
0 2 4 6 8 10 12 0 2 4 6 8 10 12

time (min) time (min)
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Conclusion & Future Work

» Electrothermal battery emulator

« Reproduces stable electrical and
thermal dynamics

« Pipeline for cell data to be used for
pack level
» Future work
* Machine learning model
« Minor hardware tuning
 Intfegrating emulator for HIL testing
« Larger pack scaling with Egston

NIVERSITY OF
- DISTRIBUTION STATEMENT A. Approved for public release: distribution is unlimited.
outh Carolina _E &

07/27/2025

emulator battery

potential short
or thermal event

safe

high cost
resources

inexpensive dynamic
electrothermal

response

long recharge

rapid testing and rest time

repeatable
results

degrades with
each use
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