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Fig. 2. Battery pack charge process 

 
Fig. 3. Battery pack discharge process 

III. CIRCUIT ANALYSIS 
According to the initial considerations to the design of the 

BMS, its study can be divided into the stages described below. 

The full circuit has several parts and each one has its 
function. All parts are connected to the battery pack. Fig. 4 
shows a part of the schematic in which you can see that the 
cells are monitored by several control circuits at once. The 
monitoring is performed cell by cell. The connectors marked 
from B0 to B11 are consecutively connected from cell to cell 
as they are located in the battery pack 

A. Charge Phase 
At the charge phase, is carried out separately the 

monitoring of critical voltages of each cell. These voltages vary 
according to the type of technology used in the manufacture of 
the cells. The choice of the supervisor is based on the voltages, 
although the BMS can be reconfigured for each technology. 

Fig. 6 shows part of the design of the phase in which the 
monitoring of the two cell control voltages (2 V and 4 V) is 
carried out. 

The integrated circuit G4EN monitors these voltages. If the 
cell voltage is above 4 V, this device stops the charging and 
activates the burning phase. The cell charging is interrupted by 
the transistor Q28, which is controlled by the transistors 
associated with the supervised voltage, in this case, Q2. 

 
Fig. 4. a) A part of the circuit which carries out, cell by cell, the burning phase 

b) Minimum and maximum voltage supervisor circuit 

The switching stage consists of four n-channel MOSFET 
transistors in parallel (Fig. 5), which connects and disconnects 
the charger to the system. 

When Q28 (Fig. 6) is switched, it sets the voltage VGS=0 
of the MOSFET transistors associated to the load, thus cutting 
off the conduction of current from the drain to the source (P-
CH) [4]. If the cell voltage is lower to 3.6 V, then the current 
will flow again. In this way, any cell will operate with a 
voltage above the 4 V set up by the control circuit. 

a)  

b)  







 

 
Fig. 14. Burnt printed circuit board 

 
Fig. 15. CAN bus printed circuit board 

 
Fig. 16. View of full BMS 

V. TESTS 
In order to carry out the verification of the operation of 

BMS, a test bench was developed. By this, the status of all cells 
and the switching between states of charge and discharge, as 
well as the balancing on the charge phase, were constantly 
monitored.  

A. Discharge Test 
The right operation of the BMS is check by this test. The 

cells are discharged using a resistive power. If a cell voltage is 
below 2 V (the minimum cell voltage, Vcellmin), the system is 
deactivated and it will be reactivated when all cell voltages are 
above 2.2 V. 

Table I shows a discharge process of the battery pack. 
When a cell voltage is below 2 V in a battery pack, the system 
is completely disconnected. 

B. Charge Test 
In this test, a current of 2 A is supplied to the system. The 

aim of this test is to check that when a cell voltage is 3.6 V (the 
burnt voltage, Vburning), the excess energy burning process stars, 
thus balancing the load. When a cell voltage is 4 V, its charge 
is disconnected, and when it is below 3.8 V, this will be 
reactivated. 

Table II shows a charge process of the batteries through the 
implemented BMS. When a cell voltage is 4 V, the system is 
disconnected, but the process of burning the cell voltages that 
are below 3.6 V continues. 

TABLE I. DISCHARGE PROCESS OF THE BATTERY PACK 

BMS Status On On Off 
Time (min) 0’ 10’ 70’ 

Cell Vcell (V) Vcell (V) Vcell (V) 
B0 3,60 3,42 2,30 
B1 3,55 3,38 2,28 
B2 3,50 3,32 2,23 
B3 3,60 3,40 2,29 
B4 3,60 3,45 2,32 
B5 3,60 3,42 2,30 
B6 3,45 3,40 2,29 
B7 3,55 3,35 2,25 
B8 3,60 3,42 2,30 
B9 3,50 3,38 2,28 

B10 3,55 3,39 2,28 
B11 3,60 3,40 2,29 
B12 3,50 3,30 1,98 

Battery pack 46,20 44,03 29,31 

TABLE II. CHARGE PROCESS OF THE BATTERIES THROUGH THE BMS 

Time (min) 0’ 10’ 60’ 70’ 
Cell Vcell (V) Vcell (V) Vcell (V) Vcell (V) 
B0 2,30 2,47 3,39 4,01 Off 
B1 2,28 2,45 3,37 3,57 
B2 2,23 2,40 3,32 3,52 
B3 2,29 2,46 3,38 3,58 
B4 2,32 2,60 4,02 Off 3,90 
B5 2,30 2,49 3,39 3,59 
B6 2,29 2,47 3,38 3,58 
B7 2,25 2,46 3,34 3,54 
B8 2,30 2,42 3,39 4,01 Off 
B9 2,28 2,47 3,37 3,57 

B10 2,28 2,45 3,37 4,01 Off 
B11 2,29 2,45 3,38 3,58 
B12 1,98 2,46 2,98 3,18 

Battery pack 29,31 31,62 44,08 47,91 

 




