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Motivation

𝐼𝑏𝑎𝑡1 = 𝐼𝑏𝑎𝑡2𝐼𝑏𝑎𝑡1 𝐼𝑏𝑎𝑡2

𝑍𝑏𝑎𝑡1 ≠ 𝑍𝑏𝑎𝑡2
𝑂𝐶𝑉𝑏𝑎𝑡1 ≠ 𝑂𝐶𝑉𝑏𝑎𝑡2

𝐼𝑏𝑎𝑡1 ≠ 𝐼𝑏𝑎𝑡2

Reasons:

• Parameter variance

• Temperature difference

• Different ageing

• Different cells

• Different SOC

𝑍𝑏𝑎𝑡1

𝑂𝐶𝑉𝑏𝑎𝑡1

𝑍𝑏𝑎𝑡2

𝑂𝐶𝑉𝑏𝑎𝑡2
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Theoretical Analysis

Delta Impedance

𝑰𝒎𝒂𝒙 𝒙 𝒔𝒉𝒐𝒓𝒕 𝒕𝒆𝒓𝒎 =
𝑮𝒙

𝑮𝒕𝒐𝒕𝒂𝒍
∙ 𝑰𝒕𝒐𝒕𝒂𝒍

Short term Effect
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𝑰𝒎𝒂𝒙 𝒙 𝒔𝒉𝒐𝒓𝒕 𝒕𝒆𝒓𝒎

Delta max
-
-
-
Delta = 0

- - - Cell 1 Cell 2



𝑰𝒎𝒂𝒙 𝒙 𝒍𝒐𝒏𝒈 𝒕𝒆𝒓𝒎

Theoretical Analysis

Delta Capacity

Delta max
-
-
-
Delta = 0

- - - Cell 1 Cell 2
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Long term Effect

𝑰𝒎𝒂𝒙 𝒙 𝒍𝒐𝒏𝒈 𝒕𝒆𝒓𝒎 =
𝑪𝒏 𝒄𝒆𝒍𝒍 𝒙

𝑪𝒏 𝒕𝒐𝒕𝒂𝒍
∙ 𝑰𝒕𝒐𝒕𝒂𝒍



Measurement

Requirements

• High precision measuring

• Low additional impedance

• No differences in the strings

• Cylindrical 18650 cells
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Measured Results

Different Impedance

Short term Effect

Cell 1 Cell 2

Capacity 1.95 Ah 1.95 Ah

Ohmic
Resistance

68.8 mΩ 73.2 mΩ
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Measured Results

Different Capacity

Long term Effect

Cell 1 Cell 2

Capacity 2.00 Ah 1.92 Ah

Ohmic
Resistance

96.0 mΩ 95.0 mΩ
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Effects on Battery Packs  
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∆𝐶𝑛 = 0.09 Ah

∆𝑅𝑍𝐶 = 8mΩ

∆𝐶𝑛 = 0.27 Ah

∆𝑅𝑍𝐶 = 12 mΩ



Effects on Battery Packs  

New BEV
Maximum capacity difference 0.09 Ah 0.27 Ah
Maximum ohmic resistance difference 8 mΩ 12 mΩ
Long-term current distribution

Cell with high capacity

Cell with low capacity

1.023 A

0.977 A

1.073 A

0.927 A
Short-term current distribution

Cell with high ohmic resistance

Cell with low ohmic resistance

0.943 A

1.057 A

0.917 A

1.083 A
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Conclusion
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Different 

Capacity

Recuperation / Stop and Go

Different 

Impedance

𝑰𝒎𝒂𝒙 𝒙 𝒍𝒐𝒏𝒈 𝒕𝒆𝒓𝒎 =
𝑪𝒏 𝒄𝒆𝒍𝒍 𝒙

𝑪𝒏 𝒕𝒐𝒕𝒂𝒍
∙ 𝑰𝒕𝒐𝒕𝒂𝒍

𝑰𝒎𝒂𝒙 𝒙 𝒔𝒉𝒐𝒓𝒕 𝒕𝒆𝒓𝒎 =
𝑮𝒙

𝑮𝒕𝒐𝒕𝒂𝒍
∙ 𝑰𝒕𝒐𝒕𝒂𝒍

Motorway / Charging

Effects on 

Battery 

Packs Parameter Variance Current Distribution
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