
  

 

Abstract — This work discusses about the implications, 

behaviors and procedure related to the usage of lithium-ion 

polymer batteries, also known as LiPo batteries, according with 

the knowledge about them used in the Development in Mobile 

Robotics Team (EDROM), an extension project of the 

Department of Mechanical Engineering (FEMEC) from the 

Federal University of Uberlandia (UFU). 

I. INTRODUCTION 

The batteries of lithium-ion polymer are being use in 
uncountable applications nowadays, such as mobile phones, 
notebook computers, battery-powered electric vehicles, rapid 
control airplanes and humanoid robots. Therefore, for 
knowing how to use this kind of batteries in an accurate and 
safe way, as well as learning how to proceed in extremes 
cases, the hardware section of the EDROM team developed 
an extensive research, gathering all the knowledge acquired. 

The knowledge researched and acquired covers the 
advantages of this kind of battery, justifying its use with a 
series of positive points, including comparisons against 
another known kind of batteries. It is also spoken about the 
behavior of them against voltage and temperature, explaining 
the harmful effects that can be led by an unsafe and 
incautious use, regarding either the excess as the lack of each 
condition. For last, it is discussed about the balance of the 
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cells, its importance and a procedure to recover that 
condition. 

It is worth mentioning that the subjects discussed in this 
work are safe recommendations for common situations, and it 
is strictly necessary that before following any procedure, be 
done a careful evaluation of the currently situation of the 
battery. 

II. ADVANTAGES OF LIPO RECHARGEBLE 

BATTERIES 

Besides it huge usage, giving a more easy accessibility of 
products and information about them, there are another 
advantages to justify the usage of this kind of battery in the 
work developed by the EDROM team, as follows: 

 Higher cell voltage than NiCad or NiMH cells, 
requiring fewer cells for same total voltage. 

 They do not have liquid electrolyte, which means 
they are immune from leaking. 

 Very high energy density, which means they need 
fewer mass to the same energy capacity when 
compared, e.g., with lead acid batteries. Therefore, 
with reduction of the mass of the battery, it is 
possible to, e.g., have a faster robot, without having 
to improve its motors. 

 Very high power density, which works as the 
previous topic. 

 Very small batteries also available, allowing more 
freedom of project, concerning about the space 
destined to the battery. 

 Low weight, lowering the interference provided by 
the battery mass in the calculating of the movement  

 Individual cells up to 1000Ah capacity available. 

 Can be discharged at the 40C rate or more. The high 
discharge rate means that for automotive use the 
required cold cranking power or boost power for 
hybrid vehicles can be provided by a lower capacity 
battery. 

 Fast charge possible. 

 Can be deep cycled. The cell maintains a constant 
voltage for over 80% of its discharge curve. It thus 
delivers full power down to 80% Depth of 
Discharge (DOD) versus 50% for Lead acid. This 
means that in practice, for a given capacity, more of 
the stored energy is usable or that the battery will 
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accept more starting attempts or boost power 
requests before becoming effectively discharged. 

 Very low self discharge rate. Can retain charge for 
up to ten years. 

 Very high coulombic efficiency (Capacity 
discharged over Capacity charged) up to 95% or 
more. Thus very little power is lost during the 
charge/discharge cycles. 

 No memory effect. No reconditioning needed. 

 Tolerates microcycles 

 Long cycle life. 1000 to 3000 deep cycles. Cycle life 
can be extended significantly by using protective 
circuits to limit the permissible DOD of the battery. 
This mitigates against the high initial costs of the 
battery. 

 Does not need reconditioning as do nickel based 
batteries. 

 Variants of the basic cell chemistry allow the 
performance to be tuned for specific applications. 

 Available in a wide range of cell constructions with 
capacities from less than 500 mAh to 1000 Ah from 
a large number of suppliers world-wide. 

 Versatile and highly scalable. Can be adapted to 
practically any voltage, power and energy 
requirement, with power to energy ratios ranging 
from very high power (i.e. 10kW / kWh) to very 
high energy. 

 Very fast response to charge and discharge calls. 

III. CELL BEHAVIOR TO VOLTAGE AND TEMPERATURE 

The performance of lithium-ion cells depends on both the 
temperature and the operating voltage. In the Fig. 1, it is 
shown a safe region of operation, indicated by a green color, 
and the problems and damages that can occur to each bad 
situation, in red. In addition, it must be kept in mind that any 
kind of damage is permanent, compromising the life of the 
battery. 

A.  Voltage Effeects 

Over-voltage 

Over-voltage occurs when the charging voltage is 

increased beyond the recommended upper cell voltage, 

typically 4.2 Volts, which leads to excessive current flows 

giving rise to two problems. 

 

 

 

 

 

 

Figure 1.  Diagram Temperature X Cell Voltage of the operation of a 

lithium-ion cell operating. 

 Lithium Plating: excessive currents causes the 
Lithium ions cannot be accommodated fast enough 
between the intercalation layers of the anode and 
lithium ions accumulate on the surface of the anode 
where they are deposited as metallic Lithium. 
Therefore, occurs a reduction in the free Lithium 
ions, that is, an irreversible capacity loss, and since 
the plating is not necessarily homogeneous, but have 
a dendritic form, it can ultimately result in a short 
circuit between the electrodes. 

 Overheating: Excessive current also causes increased 
Joule heating of the cell, accompanied by an increase 
in temperature. 

Under-voltage/Over-discharge 

Under-voltage is as damageable to Lithium ion batteries 

as over-voltage. Allowing the cell voltage to fall below about 

2 Volts by over-discharging or storage for extended periods 

of time results in progressive breakdown of the electrode 

materials. 

 Anodes: First, the anode copper current collector is 
dissolved into the electrolyte, increasing the self-
discharge rate of the cell. So, when the voltage is 
increased again above 2 volts, the copper ions which 
are dispersed throughout the electrolyte are 
precipitated as metallic copper wherever they happen 
to be, not necessarily back on the current collector 
foil. This is a dangerous situation, because it can 
ultimately cause a short circuit between the 
electrodes. 

 Cathodes: Keeping the cells for prolonged periods at 
voltages below 2 Volts results in the gradual 
breakdown of the cathode over many cycles with the 
release of Oxygen by the Lithium Cobalt Oxide and 



  

 

 

Lithium Manganese Oxide cathodes and a 
consequent permanent capacity loss. With Lithium 
Iron Phosphate cells, this can happen over a few 
cycles. 

B. State of charge 

The voltage restrictions necessary to avoid the problems 
outlined above can be translated into recommendations for 
the operating range of the State of Charge of the battery, 
which is shown in Fig. 2. Operating outside of these limits 
will adversely affect the life of the battery, as discussed 
above. 

 

 

Figure 2.  State of Charge of the operation of a lithium-ion cell. 

C.  Temperature Effects 

 Chemical reactions internal to the battery are driven either 

by voltage or by temperature. The hotter the battery, the 

faster chemical reactions will occur. High temperatures can 

thus provide increased performance, but, at the same time, 

the rate of the unwanted chemical reactions will increase 

resulting in a corresponding loss of battery life. 

The shelf life and charge retention depend on the self-

discharge rate and self-discharge is the result of an unwanted 

chemical reaction in the cell. Similarly adverse chemical 

reactions such as passivation of the electrodes, corrosion and 

gassing are common causes of reduced cycle life. 

Temperature therefore affects both the shelf life and the 

cycle life as well as charge retention since they are all due to 

chemical reactions. Even batteries specifically designed 

around high temperature chemical reactions, such as Zebra 

batteries, are not immune to heat induced failures, which are 

the result of parasitic reactions within the cells. 

The Arrhenius equation, given by (1) defines the 

relationship between temperature and the rate at which a 

chemical action proceeds. It shows that the rate increases 

exponentially as temperature rises. 

In (1), k is the rate at which the chemical reaction 

proceeds; A is a frequency factor related to the frequency of 

collisions between molecules, usually taken as a constant 

over small temperature ranges; EA is the activation constant 

representing the minimum energy needed for the reaction to 

occur; R is the Universal Gas Constant, which equals 

8.31446 Joules/degree Kelvin; and T is the temperature in 

degree Kelvin. 

                                (1) 

How can be saw in Fig. 1, as well as the concerns of high 

and low voltage, the excess or the lack of heat are both 

harmful to the batteries. 

Low temperature operation 

The relation of chemical reaction rates with temperature 

is analyzed using the Arrhenius Law, expressed in (1). The 

effect of reducing the operating temperature is to reduce rate 

at which the active chemicals in the cell are transformed. This 

translates to a reduction in the current carrying capacity of 

the cell both for charging and discharging. In other words its 

power handling capacity is reduced. 

Futhermore, at low temperatures, the reduced reaction 

rate (and perhaps contraction of the electrode materials) 

slows down, and makes makes more difficult, the insertion of 

the Lithium ions into the intercallation spaces. As with over-

voltage operation, when the electrodes can not accomodate 

the current flow, the result is reduced power and Lithium 

plating of the anode with irreversible capacity loss. 

High temperature operation 

Operating at high temperatures brings on a different set 

of problems which can result in the destruction of the cell. In 

this case, the Arrhenius effect helps to get higher power out 

of the cell by increasing the reaction rate, but higher currents 

give rise to higher heat dissipation and thus even higher 

temperatures. This can be the start of positive temperature 

feedback and unless heat is removed faster than it is 

generated the result will be thermal runaway. 

Thermal runaway 

Several stages are involved in the build up to thermal 

runaway and each one results in progressively more 

permanent damage to the cell. 

 The first stage is the breakdown of the thin 
passivation SEI layer on the anode, due to 
overheating or physical penetration. The initial 
overheating may be caused by excessive currents, 
overcharging or high external ambient temperature. 
The breakdown of the SEI layer starts at the 
relatively low temperature of 80ºC and once this 
layer is breached, the electrolyte reacts with the 
carbon anode just as it did during the formation 
process but at a higher, uncontrolled, temperature. 
This is an exothermal reaction, driving the 
temperature up still further. (Lithium Titanate anodes 
do not depend on an SEI layer and hence can be used 
at higher rates.) 

 As the temperature builds up, heat from anode 
reaction causes the breakdown of the organic 
solvents used in the electrolyte releasing flammable 
hydrocarbon gases (Ethane, Methane and others) but 
no Oxygen. This typically starts at 110 ºC but with 



  

some electrolytes it can be as low as 70ºC. The gas 
generation due to the breakdown of the electrolyte 
causes pressure to build up inside the cell. Although 
the temperature increases to beyond the flashpoint of 
the gases released by the electrolyte the gases do not 
burn because there is no free Oxygen in the cell to 
sustain a fire. 

 The cells are normally fitted with a safety vent, 
which allows the controlled release of the gases to 
relieve the internal pressure in the cell avoiding the 
possibility of an uncontrolled rupture of the cell - 
otherwise known as an explosion or more 
euphemistically "rapid disassembly" of the cell. Once 
the hot gases are released to the atmosphere they can 
of course burn in the air 

 At around 135 ºC the polymer separator melts, 
allowing the short circuits between the electrodes. 

 Eventually heat from the electrolyte breakdown 
causes breakdown of the metal oxide cathode 
material releasing Oxygen, which enables burning of 
both the electrolyte and the gases inside the cell. The 
breakdown of the cathode is also highly exothermic 
sending the temperature and pressure even higher. 
The cathode breakdown starts at around 200 ºC for 
Lithium Cobalt Oxide cells but at higher 
temperatures for other cathode chemistries. By this 
time, the pressure is also extremely high, resulting in 
a very dangerous situation. 

 Law suits will follow. 

. 

IV. BALANCE OF CELLS 

In a battery having more than one cell, the balance of the 
cells, i.e., the difference of charge between the cells, is a 
matter of concern. One reason to is that to a safe usage of a 
LiPo battery, its use must be interrupted as one cell reaches 
the low limit of voltage, in general, between a safe choosing 
value from the interval from 3.1 Volts to 3.3 Volts. 
Therefore, if the cells are hugely unbalanced, there will be a 
loss of power and efficiency in the usage of a multi-cell LiPo 
battery. 

Another problem of that unbalancing is given by the 
implications of how balance chargers works. They charge all 
the cells until a point in that at least one is overcharged and 
discharge the cells a bit, repeating this process a lot of times 
lowering the current until all the cells acquire approximately 
a full charge (according the safety requirements of state of 
charge). 

The problems of a higher unbalancing is the increase in 
the number of repetitions to this procedure achieve its results, 
which implies in a waste of the span life of the battery. 
Therefore, to correct this situation, a common and widely 
usage method is charging just one cell, of course only when 
the difference of its to the another cells is discrepant. 

This method can also be used to recover, in general 
situations, cells who were exposed to over-discharge, 

achieving lower voltage than the accepted by the charger. As 
the safety circuit of LiPo chargers refuses to charge batteries 
in this situation, it is needed to use NiMH chargers to rise the 
battery voltage to acceptable levels, which consist at about 
3.1 Volts. 

For doing so, the procedure used by the EDROM team 
consists was make a connector like the one shown in Fig. 3 to 
connect just one cell to the charger, allowing charge just one 
cell, as it was discussed above. 

Figure 3.  Connector made to connect one cell to the LiPo charger. 

V. CONCLUSION 

Therefore, with all the discussion of this work, it is 

possible to see that the usage of LiPo batteries are clearly 

justified by them advantage points, such as, the absence of 

memory effect, high taxes of charge and discharge and high 

charge and power capacity, making this king of battery better 

than the others in many avaliations. 

 On the other hand, it was exposed the dangers of the 

behavior of the LiPo batteries concerning the voltage and the 

temperature, either the excess or the lack of both subjects. 

Based on this, it is evident the necessity of a good, safe and 

conscious use of them, to avoid at maximum the bad situation 

in favor of increasing the life span and maintaining the 

original conditions of the battery the maximum as possible. 

In the end, with the discussion about the balancing of the 

cells, it can be noted the importance of seeing the battery as 

an association of cells, since an unbalanced cell can 

compromise the results of the whole battery. 
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