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Abstract - Electricity is the driving source of power for almost all appliances, gadgets, etc. But this energy storage is limited 
to batteries, generators, etc. These too have further limitations like leakages, losses, long charging time, large space 
requirement and many more. It is the reason which restricts the utility of electric power in many applications. 
This paper discusses a solution for one of the limitations mentioned above- long charging time. 
Charging a battery is storing electricity in battery in electro-chemical form so as to use it whenever required. But this is a 
tedious process. The charging time depends on battery capacity, supply voltage, etc. To store large amount of electricity, it 
will consume long time. So, the idea is to divide large capacity battery into equivalent small ones, charge these small 
capacity batteries individually and simultaneously and finally connect them to get desired output parameters. Thus, reduction 
in charging time is achieved. 
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I. INTRODUCTION 

 
Electric energy is used for vivid applications ranging 
from small LED's to large locomotive or industrial 
motors. It is basically the flow of charged particles in 
conducting medium. This flow is utilized as source of 
power. Without electricity the world cannot be 
imagined, it has become a vital component of modern 
world. 
Dependence on electricity is increasing day by day, 
but one of its major demerits is that the generated 
electric power is to be utilized at the earliest, else it is 
totally wasted. This has an alternate option of storage. 
Storage of electricity is done in cells, batteries, 
generators, etc. Electricity storage is a challenging 
task. The space required is large, time required for 
storage is long, it has many losses, etc. are some of 
the limitations of electric storage. These limitations 
restrict the utility of electric energy in many cases. 
Eliminating/minimizing these limitations will not 
only increase the domain area of its utility but also 
make it more feasible to use. 
 
II. STORAGE OF ELECTRIC ENERGY IN 
BATTERY 
 
This is generally called as charging of battery. 
Electricity is stored in electro-chemical form of 
energy in battery. While charging, the positive active 
material is oxidized which produces electrons and the 
negative material is reduced which consumes 
electrons. The current flow in external circuit is due 
to these electrons. 
 
Charging of rechargeable batteries uses energy that 
comes from a battery charger using AC mains 
electricity. Here, negative and positive terminals of 
battery have to be connected to negative and positive 
terminals of voltage source. Voltage of source must 

be higher than battery. Greater the difference between 
voltages, faster is the charging, but greater is the risk 
of overcharging and damaging the battery. 
 
III. SERIES COMBINATION OF 
CELLS/BATTERIES 
 
Cells can be connected in series, parallel or mixture 
of both. In series combination, negative terminal of 
one cell is connected to positive terminal of 
succeeding cell. 
 

 
Fig.1.Series combination of cells/batteries 

 
The equivalent voltage,      Eeq= E1 + E2 + E3 +... 
The equivalent resistance, Req= R1 + R2 + R3 +... 
 
3.1. Properties of series combination 

1. The equivalent voltage is addition of 
individual cell voltage. 

2. The equivalent resistance is addition of 
individual cell resistance. 

3. The current flowing is uniform throughout 
circuit. 

4. Generally, capacities of individual batteries 
must be same. 
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3.2. Division of large capacity battery into smaller 
ones 
To get desired output parameters of battery i.e. 
voltage and current, we need to choose the 
combination of cells and batteries accordingly. 
For example: 
 
If the required output voltage is 24V, then 'four 
batteries of 6V each' or 'eight batteries of 3V each' 
must be connected in series i.e.   
  6V + 6V +6V = 24V 
Or  3V + 3V + 3V + 3V + 3V + 3V = 24V. 
So the required output voltage is achieved. Now, the 
specified current rating for individual cells or 
batteries must be same as required at output. Thus the 
desired output current is achieved as well. 
 
IV. SIMULTANEOUS CHARGING OF 
INDIVIDUAL SERIES BATTERIES 
  
The batteries placed in series will be charged 
simultaneously by a single charger. The arrangement 
is made such that when charger is attached to battery, 
individual battery charging takes place. This 
construction and working is explained below. 
 
4.1. Construction 

 
(a) 

 
(b) 

 
(c) 

Fig.1. (a, b & c) Assembly of cells/batteries and charger 
Components: 1. Battery combination (Green) 
  2. Charger/ Adapter (Yellow) 
  3. Wire (Blue) 
  4. Positive terminal (Red) 
  5. Negative terminal (Black) 
 
The small capacity batteries are connected according 
to required specifications. Wire connections for this 
combination will be done accordingly. Races are 
made on battery as well as charger so as to clamp 
them. Charger will be made according to battery 
combination, such that every battery terminal will 
have the same terminal (either positive or negative) at 
charger so that when charger is made fit over 
batteries, the terminals will get connected. Wire 
connections for charger/ adapter will be made such 
that every pair of terminal (positive and negative) will 
be powered individually from AC mains supply. 
 
4.2. Working 
The working principle is to divide the battery into 
smaller ones according to requirements, charge them 
individually and finally connect them to get desired 
output. It is similar to filling a tank with many input 
pipes instead of a single input pipe.    
 
When the charger is connected to battery, every 
positive terminal of battery will be connected to 
positive terminal of charger and every negative 
terminal of battery will be connected to negative 
terminal of charger. When the AC mains supply will 
be turned on, every charger will charge the 
corresponding battery. Thus, all the small capacity 
batteries will get charged simultaneously. The 
charger will be removed after charging and because 
of wiring arrangement, small batteries will be 
connected to give required output. 
 
4.3. Advantages 

1. Time to charge a battery is reduced 
drastically, depending on the divisions 
made. 

2. More the number of batteries used, lesser 
will be time of charging. 

3. Numerous combinations can be made 
according to requirements. 
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4.4. Limitations 
1. Every combination will require another 

charger i.e. a charger can only be used for 
specific battery combinations. 

2. Failure of any battery in combination will 
affect the output; this may even stop the 
functioning of battery. 

3. Wiring has to be done and sealed. 
 

 
CONCLUSIONS 
 
Thus it is observed that by simply connecting the 
batteries in combination, we can achieve reduction in 

its charging time. More the divisions we make, less 
will be the time required for the battery set to get 
charged. Also, different combinations as per 
requirement can be achieved. 

 
REFERENCES 

 
[1] Barry MacKichan. “Investigations in series and parallel 

circuit combinations” School Science and mathematics, 
vol. 60, Issue 8, pp. 646-652, November 1960. 

[2] Perez R. “Lead-Acid battery state of charge vs. voltage” 
Home Power, No.36, pp. 66-70, August/September 1993. 

[3] Dainis Berjoza, Inara Jurgena. “Research in charging 
parameters of batteries for two-wheeler electric vehicles” 
Engineering for Rural Development, Jelgava, pp. 318-323, 
May 2014 

 
 
 
 
 
 
 
 
 
 
 

 
 


