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Analysis of the Cell Balancing Effect on the ESS Fire by
Simulating the Euljiro 3-ga Subway ESS

Sang-Sun Yun' and Seok-Cheol KeeT

Abstract

Given the change in the energy market, large energy storage systems (ESS) is rapidly entering the market.

In this rapid spread, fire accidents are becoming an issue. This study attempts to approach the fire from the

system point of view to analyze the problems caused by bonding from different perspectives. Moreover, to
conduct this study, the fabrication of real objects is dangerous, which needs to be verified through simulation.
In this study, we approach the cause of fire that occurs in large-capacity ESS from the system perspective.
We focus on determining the effects of cell balancing performed on the BMS after charging. Thus, we analyze
the cell balancing behavior and the linkage risks to the various stacks. The study also explores why no fire

occurs during 70% operation.
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Safety measures

Manufacturing standards

« Introduce world-class ESS system international safety
standards

« Certify main components of battery, PCS, etc

« [Group standards] Provide detailed standards for battery
protection device performance and integrated control
protocols

inadequate
protection of the
battery system
against electric

inadequate
management of the
operational

environment

Installation standards

» Mandate electrical protection facilities
« Construct emergency devices and monitoring equipment
« Provide ESS task procedures by organization and group

Operation management standards
« Strict management of temperature, humidity, dust, etc
* Reduce legal inspection period (4 years -> 1-2 years)
« Establish penalties for arbitrary change of facilities

negligent
installation

inadequate ESS

integrated control
and protection

system

Commonly applied
« Designate certain objects for fire protection
« Provide “fire safety standards’ specialized for ESS

Fig. 1. Causes of ESS fire accidents and safety measures
(Document=Ministry of industry).
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Fig. 2. Euljiro 3-ga ESS battery system diagram.
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Fig. 3. Battery cell equivalent circuit.
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Fig. 4. Single cell charge simulation results.
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(a) Passive cell balancing curcuit
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(b) Passive cell balancing simulation waveform

Fig. 5. Passive cell balancing simulation results.
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(a) Charge data by C-rate

C : 4.20V(Rate) ~D : 3.0V(0.5C), Cut-off 0.05C

0.5C 9%6.89% | 100.00%

7653.7 | 4201V | 11.0A | 2204Ah | 254C | 100.00%
Sec \Y A Ah T(C) | E(%)
6495 41345 11 19.845 25.1 90%
6565 41417 11 20.09 25.1 91%
6635 41497 11 20.273 25.2 92%
6710 41587 11 20.502 25.2 93%
6780 41681 11 20.7116 25.2 94%
6855 41792 11 20945 25.1 95%
6925 41902 11 21159 25.1 9%6%
7000 42012 | 1002 | 21.386 25 97%
7100 42012 6.37 21.606 25.1 98%
7265 42012 352 21.824 25 9%
7653.7 | 4.2012 11 22.043 249 100%

(b) 0.5C charge sata from 90% to 100%

C : 4.20V(Rate)~D : 3.0V(0.5C), Cut-off 0.05C
0.5C 96.89% | 100.00%
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Sec \Y A Ah T(C) | E(%)
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5265 40173 11 16.087 25.2 3%
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410 4.0321 11 16.53 25.2 75%
485 4.0399 11 16.759 25 76%
2055 40472 11 16.973 25.1 1%
5625 4.0548 11 17.187 251 8%
5700 4.0625 11 17416 25 79%
5770 4.0696 11 1763 25.1 80%

(c) 0.5C charge sata from 70% to 80%
Fig. 9. Charge voltage table by C-rate.
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