
Battery Module
The battery module has been extensively tested to verify its behaviour both in charge and 
discharge mode. To be noted that both weight and physical size of the module prototype under 
testing are well within the expected targets (see Table 1):

• Weight: 27.5 kg

• Dimensions: 206 x 476 x 176 mm

Moreover the tests are intended to verify the coherence and accuracy of the voltage, current 
and temperature sensors located in the module and managed by the module BMS with respect 
to external test measurements.

To be noted that the module does not have any cooling except for its natural convection inside 
the climatic chamber.

Testing Set-up
The module under testing has been located into a climatic chamber (Angelantoni 600 TL) that 
will also provide safety protection in case of cell failures (see Figure 12). The testing 
temperature for all test has been set at 25°C.
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Table 1: From single cell to module assembly to complete battery pack. 



The module is electrically coupled to Arbin EVTS-X charge-discharge cycling equipment capable
of bidirectional 200 A currents with 400 mA and 300 mV accuracy.

A temperature sensor has been located on the module side (directly on a cell wall) to be used 
as reference for the module self-heating under different charging and discharging conditions 
(see Figure 13)with respect to BMS integrated temperature and cell voltage sensors (see 
Figure 14).

Figure 13: Location of external reference temperature sensor.
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Figure 12: Battery module under test located into the climatic chamber set @25°C.



Testing Objective
The main goal of the module testing activity is to check the behaviour of the module under 
different charging and discharging conditions within the cell specified “continuous operation 
conditions” @ 25 °C: 

• 0.5 C charge (47 A),

• 2 C discharge (180 A).

To be noted that more demanding operating condition both at low temperature (down to -40 °C)
and high temperature (up to 60 °C), and peak charging (270 A) and discharging (413 A) 
currents where out of the scope of the present testing.
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Figure 14: Detail of BMS integrated temperature sensors (one every two cells).



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

Author(s): Stefano Carabelli

20/39



Author(s): Stefano Carabelli

21/39



Author(s): Stefano Carabelli

22/39



Full “rated” 1/2 C Charge and Impulse Train 1 C & 3/2 C Discharge
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Full “rated” 1/2 C Charge and 2 C Discharge
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Battery Pack

Slow Discharge
In order to assess the State-of-Charge (SoC) relation with the cell singular voltage value and 
distribution (average and standard deviation) a very slow discharge has been carried on using a
pure resistive load.
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Full Charge
The battery pack (see Figure 15) is charged by means of Brusa AC/DC charger (see Figure 16) at
½ C according to the indication of the cell manufacturer to guarantee the number of specified 
charge/discharge cycles.
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Figure 15: Battery pack fully connected at test bench.

Figure 16: Brusa AC/DC and DC/DC chargers.



Battery Pack

The reported battery pack voltage and current are measured by the master BMS.
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Modules

All module cells are voltage monitored while temperature is measured at couples (see 
Figure 14) by the slave BMS.
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