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2. Experimental and thermal simulation 184 
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heating rate is calculated using Eq. (5): 349 
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relationship between discharge internal resistance and SOC can be derived as shown in 367 

Eq. (7): 368 
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3. Results and discussion 491 
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Fig. 9 illustrates the terminal voltage during the initial charge of the battery pack 507 

and the voltage distribution across each parallel battery row. The experimental results 508 

indicate that inconsistencies in contact among battery series cause Vh1 and Vc1 to reach 509 

the cut-off voltage prematurely, thereby reducing the overall capacity of the battery 510 

pack in practical applications. Specifically, in the 3P3S-h battery pack, Vh1, Vh2, and 511 

Vh3 represent the voltages of the parallel rows containing batteries 2, 5, and 8, 512 

respectively. The same trend applies to the 3P3S-c configuration.513 
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 series 523 

resistance  performance  charging and 524 

discharging [65]. 525 
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527 

 528 

529 

 530 

Fig. 10 illustrates the battery temperatures in the parallel battery row containing 531 

 2, focusing on temperature changes at the negative electrode. Battery 2 532 

experiences the highest temperature increase throughout the entire test cycle due to its 533 

central position, which impairs heat dissipation. In the 3P3S-h configuration, the Thb2 534 

temperature surpasses the Th2 point, with the temperature difference peaking at the end 535 

of discharge and constant current charging. In the 3P3S-c configuration, Tcb2 and Tc2 536 

exhibit similar temperatures. 537 
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557 

This condition occurs because the uniform current 558 



 

connected in series does not significantly influence the heat generation or surface 559

temperature of the battery [66]. However, contact resistance plays a substantial role in 560 

amplifying temperature differences between . In parallel configurations, 561 

current regulation ensures  with higher total resistance receive less current. As 562 

depicted in Fig. 10, this condition results in lower temperature increases and maintains 563 

a favorable temperature variation between  [67]. 564 

 565 

 566 

567 

 568 

The correlation between battery capacity and cycle count is illustrated in Fig. 12(a). 569 

After 400 cycles, the 3P3S-h module retains 87% of its original capacity, while the 570 

3P3S-c module retains 91% of its initial capacity. Both modules exhibit a trend of 571 

accelerated capacity degradation a characteristic inherent to batteries. This 572 

accelerated decline is attributed to the irreversible loss of active lithium573 
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