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Why Lithium-ion Battery
• Increased investments in EV’s to:

• Reduce gas emissions that affect climate change.

• Account for fossil fuel degradation in the future.

• Automotive makers are looking to:
• Increase travel distance in a single charge.

• Improve acceleration performance.

• Improve life time of the battery.

Lithium-ion Battery

High Energy Density High Power Density Long Life Span

However, Li-ion battery is sensitive to temperature that greatly effects its performance and life time.

Thesis Objective: Create virtual electro-thermal model to study the thermal behavior of the battery under 
different charging/discharging tests.
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Battery Electrical Model

Datasheet Battery Block Equivalent Circuit Model

Other Parameters:
• Number of Cells in series.
• Number of Cells in parallel.
• Initial and nominal battery capacity

𝐼𝑏

𝑇𝑏 𝑉𝑏

𝑆𝑂𝐶

Condensed model: from 
multiple temp. states to 
one temp. state

𝑓(𝑆𝑂𝐶)

𝑓(𝑆𝑂𝐶, 𝑇𝑏)



Element Module Pack
Nominal voltage V 3.6 50.4 100.8

Upper limit voltage V 4.2 58.8 117.6

Lower limit voltage V 2.7 37.8 75.6

Nominal capacity Ah 3.3 138.6 138.6

Specific capacity Ah/kg 68

Nominal energy kWh 0.0119 6.99 13.97

Specific energy (Gravimetric) Wh/kg 245 221.63 150.17

Energy density (Volumetric) Wh/l 677

Continuous discharge current A 4.87 204.54 204.54

Continuous discharge power kW 0.02 10.31 20.62

Specific discharge power W/kg 361 327.08 221.61

Max discharge current (5 s) A 6.6 277.2 277.2

Max discharge  power kW 0.024 13.97 27.94

Continuous charge current A 1.5 63 63

Continuous charge power kW 0.01 3.18 6.35

Max charge current (5 s) A 3.3 138.6 138.6

Max charge  power kW 0.01 6.99 13.97

Life cycle #

Curb weight kg 0.0485 28.518 63.036

Structure weight kg 0 3 30

Total weight kg 0.0485 31.518 93.036

Height mm 65.3

Width (Diameter) mm 18.5

Thickness (Diameter) mm 18.5

Volume l 0.0175 10.32 20.63

Series  --- 28 14 2

Parallel  --- 42 42 1

Available Data



Open Circuit Voltage:



𝑅𝑖 𝑇𝑏, 𝑆𝑂𝐶 =
)𝑂𝐶𝑉 𝑆𝑂𝐶 − 𝑉𝑇(𝑆𝑂𝐶, 𝑇𝑏

𝐼𝑏

Battery Internal Resistance:



Battery Thermal Model

• Battery generates heat due to joule’s effect when charging/discharging. 

• Energy balance Equation:

𝑚𝑏𝐶𝑝,𝑏
𝑑𝑇𝑏

𝑑𝑡
= 𝑃𝑡ℎ 𝑡 − 𝑃𝑐 𝑡 = 𝑅𝑖 𝑆𝑂𝐶, 𝑇𝑏 𝐼𝑏

2 𝑡 − 𝑃𝑐(𝑡)

𝐶𝑏= 𝑚𝑏𝐶𝑝,𝑏



Battery Cooling System

• Liquid Cooling Plate System

• 𝑚𝑏𝐶𝑝,𝑏
𝑑𝑇𝑏

𝑑𝑡
= 𝑃𝑡ℎ(𝑡) − 𝑃𝐶(𝑡) = 𝑅𝑖 𝑆𝑂𝐶, 𝑇𝑏 𝐼𝑏

2 𝑡 − 𝑈𝑓𝐴 )𝑇𝑏 𝑡 − 𝑇𝐶(𝑡

• 𝑚𝑓𝐶𝑝,𝑓
𝑑𝑇𝐶

𝑑𝑡
= 𝑃𝐶(𝑡) − 𝑃𝑟 (𝑡)

• 𝑃𝑟(𝑡) = 𝐾𝑟𝐴𝑟 𝑇𝐶(𝑡) − 𝑇𝑎𝑚𝑏

1

𝑈𝑓𝐴

Thermal properties of the coolant

Experiment



PTC Heating Element

• Battery Performance decreases at very low temperatures (in extreme weather conditions)  

PTC Heater is added beside the Cooling Circuit

• 𝑇𝑏 ≤ 0𝑜𝐶 ∶

𝑃𝑇𝐶 𝑖𝑠 𝑶𝒏, 𝐶𝑜𝑜𝑙𝑎𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑙𝑜𝑜𝑝.

• 0𝑜𝐶 < 𝑇𝑏 ≤ 15𝑜𝐶 :

𝑃𝑇𝐶 𝑖𝑠 𝑶𝒇𝒇, 𝐶𝑜𝑜𝑙𝑎𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑙𝑜𝑜𝑝.

• 𝑇𝑏 > 15𝑜𝐶 ∶

𝑃𝑇𝐶 𝑖𝑠 𝑶𝒇𝒇, 𝐶𝑜𝑜𝑙𝑎𝑛𝑡 𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑙𝑜𝑜𝑝.



Electro-Thermal Model



Battery Model Validation
• To ensure model reliability, the model is tested under same experimental tests done on Samsung 94 Ah prismatic battery module.

• Module has 10 cells in series.

• Tests are done inside climatic chamber at 25𝑜𝐶
with natural convection as only cooling system.  



Samsung 94Ah Electrical Model Parameters:



Samsung 94Ah Thermal Model:

• Cooling of battery through natural convection.

• Energy balance equation:

𝑚𝑏𝐶𝑝,𝑏

𝑑𝑇𝑏

𝑑𝑡
= 𝑃𝑡ℎ(𝑡) − 𝑃𝑎(𝑡) = 𝑅𝑖 𝑆𝑂𝐶, 𝑇𝑏 𝐼𝑏

2 𝑡 − ℎ𝑎𝐴𝑏 𝑇𝑏(𝑡) − 𝑇𝑎𝑚𝑏

1

ℎ𝑎𝐴𝑏



Full “rated” 1/2 C Charge and 1 C & 3/2 C Discharge   





Impulse Train 1/2 C Charge and Impulse Train ½ C, 1 C, 3/2 C, 180A Discharge



The results show that the virtual model was able to provide similar results as real model with around 
±2 V difference on battery voltage and ± 4oC difference on battery temperature.



Panasonic 138.6Ah Battery Pack Simulation
• 138.6 Ah Battery pack is tested at different ambient temperatures under:

• Constant charging/discharging cycles.

• Impulse charging/discharging cycles.

• Tests Common Conditions:

• Initial Battery Temp. is stabilized with ambient temperature.

• Charging current of the battery is 63 A (0.45 C).

• Initial SOC is 0.

• Ambient Temperatures: -20, -10, 0, 25, 40 𝑜𝐶



Full 0.45 C Charge and 1 C & 3/2 C Discharge Test

𝑇𝑎𝑚𝑏 : −20𝑜𝐶



Full 0.45 C Charge and 1 C & 3/2 C Discharge Test

𝑇𝑎𝑚𝑏 : 0𝑜𝐶



Full 0.45 C Charge and 1 C & 3/2 C Discharge Test

𝑇𝑎𝑚𝑏 : 25𝑜𝐶



Impulse Train 0.45 C Charge and Impulse Train 0.5 C, 1 C & 3/2 C Discharge Test

𝑇𝑎𝑚𝑏 : 25𝑜𝐶



Conclusions from Test Results:

• As ambient Temp. increases, the ability of passive cooling system to extract heat from battery 

decreases.

• Limitations on the duration and amplitude of delivered current should be taken into consideration by 

BMS as battery temperature starts approaching its upper limits.

• At high ambient temperatures, an active cooling system could be installed that uses A/C evaporator to 

remove heat from battery instead of air-cooled radiator. 



Battery Pack Simulation under Different Drive Cycles

• Panasonic 138.6 Ah battery pack is coupled with the vehicle dynamics of Fiat Panda first 
series.

• Test Cycles are: 
• NEDC cycle

• WLTP cycle



A) Testing Under NEDC Drive Cycle:

Ambient Temperature: 25oC

Initial SOC: 100%

Test Time: 3hrs



B)  Testing Under WLTP Drive Cycle:

Ambient Temperature: 25oC

Initial SOC: 100%

Test Time: 3hrs



Thank You

Possible future perspective:

Design and integration of predictive control model with 
battery model to:

➢ Predict battery temperature.
➢ Approve current amplitude.
➢ Approve current duration.


