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ANNOTATION (ABSTRACT)
The module provides an overview of the physical substance, function and construction of
electronic components of electric car. It makes students familiar with the history of electric
cars and it describes its tractional part. The module contributes to getting a compact view of
the specific car subsystem, its function and construction. Another part of the module deals
with charging stations, their technology and way of use. An important objective is the
education to responsible approach when operating an electric car which can endanger health
and safety of users and fellow citizens when it is not used properly. An indispensable part of
education is the environmental education which leads towards responsibility when using
motor vehicles.
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Entry-level competencies (charge point installer)
a) To be able to make installation, repair and maintenance work on electrical devices in
accordance with the requirements of Occupational Health and Safety and with the
regulation of vocational competence in el.engineering. It means the course leaver can:
- use technical knowledge in the field of adjustment, working and use of various materials
in electrician practice;
- understand the technical principals of production and distribution of electric energy;
- differentiate various safety and qualitative specifications for LV, MV and EHV levels
and power levels when working ;
- understand the technical principals of electrical signals, their processing and
transmission through LV power lines;
- solve electrical circuits or devices, make them operational, check their functions and
measure their operational parameters;
- make the workplace safe differentially before initiation of working on electrical devices
with respect to the level of electrical connection to the power lines of MV or LV;
- make the preparatory activities for installation of conductors, installation armatures,
distribution boards and protections;
- fix, install and interconnect individual parts of electrical network including network
elements, checking installation, rechecking its functioning and connecting it to voltage;
- assemble cable joins, lay down cables; install and connects distribution boards, endings,
connections and extenders, or localize some possible emerged faults on the made
installation;
- connect, make operational, diagnose and repairs with help of technical documentation
for electrical engineering circuits or devices with passive and active parts of integrated
circuits when all work acts are done in accordance with valid ČSN (Operation of
electrical installation);
- do all preparatory and final works when making mechanical parts of electrical
machines, devices, tools and various installation agents;
- uninstall, repair and again functionally assemble the mechanisms or parts of electrical
devices and equipment, including parts of devices for controlling and manipulation;
- diagnose the mechanisms of rotary motion, uninstall, change and fit the needle and
rollway bearing, make their maintenance by oiling the movable parts or cleaning
contacting areas;
- differentiate the types of rotary electrical devices, on the diagnosed values he can repair
the machine, including controlling or regulatory parts;
- use the knowledge of valid ČSN and can apply it on electrical devices during the work
which he is doing;
- working procedures at a workplace, operational and safety regulations, standards and
manuals for operation which are related with the activities on electrical devices of the
specific kind and voltage;
- use in case of need the theoretical and practical knowledge of giving first aid, especially
in case of an electric shock.

b) To be able to make electrical measuring and evaluate the measured values that means
that the course leaver can:
- choose the most suitable measuring method for measuring electrotechnical and electric
devices;
- suggest and manage to realise a suitable measuring circuit;
- evaluate the measured values purposefully for checking, diagnostics, fault removal, for
making a device operational, its adjustment and operational setting.
c) To able to use technical documentation that means the course leaver can:
- understand various ways of technical depiction;
- know various kinds of technical and electrotechnical documentation, understand this
documentation, that means he understands the data on electrotechnical, mechanical and
constructional designs;
- schematically depict the components and wiring of electrical and electrotechnical
devices and equipment;
- understand the functional, summarizing, production and installation electrotechnical
schemes and use depicted relations when preparing, fulfilling and following checking of
work activities.
d) Pay attention to occupational safety and health protection when working that means
the course leaver can:
- understand occupational safety as an inseparable part of own health care as well as of
his co-workers (as well as of other people who are at the workplace, for example clients,
customers, visitors) and as a part of quality control and one of the conditions for getting
or keeping the quality certificate according to the specific standards;
- and keep the basic legal regulations connected to the safety and health protection when
working and fire prevention;
- acquire the principles and habits of safe and health not endangering vocational activities
including health protection regulations during working with the devices displaying some
values (monitors, displays etc.), recognize a possibility of injury or endangering health
and can provide the fault removal and possible hazards;
- the system of health care of workers (including preventive care, he can apply the claims
to health protection in relation to work, the claims that arise from an injury or health
damage in relation to carrying out work);
- the basic principles of giving first aid when there is a sudden illness or injury and can
give first aid himself.
e) Try to achieve the highest quality of work, products or services that means the course
leaver can:
- understand the quality as an important tool of competitiveness and good name of the
company;
- and keeps the prescribed standards and regulations related to the system of quality
control which is established at the workplace;
- take care of providing the quality parameters (standards) of processes, products or
services, take into consideration the requirements of clients (customers, citizens).
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Construction of public charging infrastructure in the Czech Republic

There are currently no doubts that there is coming time when electric mobility will become a
common part of transportation. The question is not if it happens, but the question is rather
when it is going to happen and when the development of electric mobility will become a mass
matter.
The development of electric vehicles is being influenced by number of factors. The most
important is, of course, the regulation which requires gradual lowering of CO2 emissions, but
the technological progress is also heading towards that. It leads to the fact that electric cars
have ever improving parameters and they are financially available.
The development of electric mobility is also supported by the interest to improve the quality
of life in cities because maybe even more important advantage than is the reducing
greenhouse gases is the reduction of local emissions. They have been becoming a more
serious problem in cities, especially in the regions where rises the concentration of population
in metropolises and enclosed areas. We do not need to go that far – the smog situations are
common even in the Czech towns. And that is one of the reasons why electric mobility is
intensively being solved for example in China which has been approaching the question of
emission reduction, at least till recently, carelessly.
There is needed to approach to development of electric mobility as to a process of evolution
(we do not expect that in several oncoming years there will be the majority of vehicles in the
streets driven by electricity), though which can speed up more than it has been formerly
expected – all in all the boom of some recent technologies is a rather good illustrative
example.
If we believe that electric cars will gradually become a competitive alternative in traffic, there
is necessary to open the question of how to charge them and how the electricity needed for
their charging will be produced.
With respect to the fact that electro mobility is naturally close to the sector of power
engineering the energy companies have become a part of their development rather naturally.
For them, the matter of charging has happened to be a natural agenda which follows their
main business. There has adopted the same attitude ČEZ Group. The demand for public
charging in relation to the development of electro mobility generates an opportunity in the
field which is to ČEZ as to an energy company very close. Moreover, the formation and
subsequent operation of the charging infrastructure is a long-term purpose with which we
have some experience in relation with operating of energetic and distribution devices.
Technologies and types of charging of electric cars
The analysis which deals with the development of electric mobility market agree on the fact
that the substantial part of charging (typically there is said about 80%-90%) will not be going
on publically, that means it will be either in households (usually over the night), or in
companies (during the day). The development of electric mobility will generate the demand
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for various types of charging (especially from the power point of view). The home charging
will be typically slow, in the companies it can be slow or fast according to the way the car
will be operated and the public charging will be rapid or ultrafast depending on the type of
locality where the public charge point will be placed.
The logic of this idea is clear – with the public fast charging infrastructure there can be
expected that electric mobility will use it for charging deliberately and they will want to
continue on as soon as possible (a certain analogy with today pumping of fuel), but there is
rather discussed where these stations should be placed and what facilities should be close to
them to provide the electric mobility a opportunity to spend the half an hour conveniently.
With slower charge points there is rather expected that the charging infrastructure “will come
to the car” and they will be placed in the areas where cars are parked, either for a shorter or
longer time and there would be subsequently adjusted to it the corresponding charging station
power output.
The development of charging infrastructure is something what is very interesting for the
electrical engineering because it is related to them either when they are actively contributing
or not. Especially the more efficient charging stations generate, from the distribution network
point of view, the offtakes which are not, from the stability of network point of view, optimal
– typically there will be an instantaneous offtake in tens, in the future potentially in hundreds
of kilowatts. Moreover, the utilization of charging stations will be logically only partial
because if the charging station network should not be operated with a high risk that an driver
who will be interested in charging will have to wait for the end of the previous customer then
there has to be enough available charging points. Besides, it is clear that in some day parts
(typically at night) there will be lower interest in charging at the public stations than at the
others. The construction of areas with a fast charging station or rather charging stations is
therefore hard to provide the corresponding input power and the costs connected with
connecting represent a subsequent part of expenditures not only for the construction, but also
the operation of such an infrastructure.
Similarly, in case of the company and home charging there will gradually appear the necessity
to provide the required input at the offtake points where the cars will be charged. Even though
an electric car can be charged from a recharge point which equals to the parameters of an
ordinary socket, it is the slowest way of charging and, moreover, it is not intended for the
regular charging of an electric car. There is gradually increasing the pressure on the
professional solution and on the level of households and companies primarily for the safety
reasons as well as on the increasing of charging output which will correspond to the needs of
cars with higher capacities of accumulators.
While with the fast charging stations there is somehow expected that the taker for charging
will want to continue in his way as soon as possible. At the slower charging stations there is
some room for an optimization or controlling of charging the way that there would be
optimally used the electric input that would be needed. It will support using various “smart”
solutions and applications which can be connected directly with the car in the future and
optimize charging not only from the electric input point of view but also from the needs of car
and optimal condition of the accumulator.
2

However, the model of utilization of charging infrastructure will be gradually influenced by
the fact that with the development of electric mobility the cars will start buying also people
who do not have a garage and live for example in a housing estate. After all we do not have
our own private gas station at present and it does not come to us as strange. These drivers will
be totally given to mercy to the public infrastructure and there is a question if the equipment
of housing estates with parking for slow overnight charging is the solution or the need of
charging will be provided with easily accessible fast charging infrastructure.
Generally, there can be said that electric mobility is closely related with next two topics which
are very fundamental from the car sector point of view, namely with the digitalization and
autonomous controlling. If there is a big topic in electric mobility the optimal use of cars and
time when a car is not used for driving there can represent the key connecting element the
coming of autonomous control and digitalization. It is enough to imagine the situation when
the optimal utilization of public charging stations – for example during a deep night – can be
provided with cars which will arrive at the charge point to recharge while their owners are
calmly sleeping. When and where should a car to recharge? It will be enough if the car has a
command that it should be at 6:30 a.m. ready to drive in front of the house. Does it sound like
a sci-fi? It does not have to take that long and it will be totally common thing.
A next technology which connects the infrastructure and cars is the accumulation. Batteries,
whose technological progress and price reduction are for the massive development of electric
mobility fundamental, have of a huge potential in power engineering themselves. Even though
for stationary use there is put the emphasis on other parameters than in case of vehicles, the
innovation and technological development will manifest themselves in both segments.
Accumulation has the potential to support the optimal load of power networks in case of
electric mobility similarly to the renewable sources. It can balance the diagram, of course, in
case of hardly predictable consumption. Last but not least, there seems to be another topic
with a big potential which is called secondary use of accumulators that means to use
accumulators from the cars which are not good enough for the car sector as stationary energy
storages where they can live through a next life period before being recycled.
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Electric drive for road vehicles

2.1 The history of electric cars
The first electric motor appeared in the middle of the 19th century. In that time electricity
belongs to the preferred methods of car driving. The electric motor gives the comfort and easy
control which could not be achieved by petrol engines. The combustion engine was the
dominant type of drive for motor vehicles for almost 100 years. Electric power remained
common with other types of vehicles as trains and other small types of vehicles.
Unfortunately, the first accumulators are disproportionately expensive and with their weight
they rather exceed the weight of cars and with a rather low capacity they decreased its
usability. The capacity of first accumulators does not enable a longer range than 70 km. At the
end of the 20th century there was only one accumulator type, the lead accumulator, which has
been used till today without a change.

Drive
The electric car was simple as for construction, relatively quiet, did not pollute the air, even
though it was not primary in that time. The electric motors were placed either close to the rear
axle to provide that every wheel could go round independently and there dropped off the
complicated differential gear or it was placed right into every wheel as an idle machine. These
electric motors are charged with accumulators.
Another possibility is the combination of accumulator with fuel cells. Such a vehicle we call
hybrid. An electric car can be called a vehicle driven by solar energy which uses solar cells. In
comparison to a common car there is no combustion engine a part of the electric car. There is
no gearbox, exhaust system, oil, sparking plug, wiring and clutch. The missing exhaust pipe
with the accumulator vehicles is their clear and exclusive characteristic sign. Electric vehicles
drive in local balance always completely without emission – a decisive advantage against all
other drive conceptions. The hybrid vehicles have an exhaust pipe, but the emissions are
thanks to the partial electrification significantly lower.
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Advantages and disadvantages
An advantage of electric cars is energy saving. We can achieve that for example through
charging the accumulators by recuperation. Next pluses are the high efficiency exceeding
50%, low costs on driven kilometres, low wearing out of drive mechanism, high torque of
electric motor and its low susceptibility to failure.
Unfortunately, the vehicles with electric drive have also a number of disadvantages. The
biggest one is the high price and then the source of energy which are the accumulators which
have to be driven in the cars. When it is on the way the accumulator is not charged from the
trolley lines. The accumulators are very heavy that is why the electric cars have lower power
and therefore a short range distance which is about 200 km. The electric drive is therefore
suitable for small and light vehicles intended for the urban traffic.

2.2 The conception of electric mobility
Electrified cars are according to the drive conception divided into various classes:





Micro-hybrid
Mild-hybrid / full hybrid
Plug-in-hybrid
Accumulator vehicle

Micro-hybrid
Traditional combustion engine + start/stop
No additional drive technique
Mild-hybrid
Traditional combustion engine + integrated sparking plug - generator
A small electric motor with the output of 15 kW as a support during initial acceleration or as a
booster
Only electric driving is not possible
Reverse gaining of braking energy (recuperation or regenerative brake) when slowing down
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Full hybrid
Electric energy driving is possible only on short distances with a limited speed
Aggregate is arranged in a parallel or a series
Plug-in-hybrid
A full hybrid with increased power of the accumulator and electric motor
Electric power range is minimally 20 km
Charging of accumulators is possible through a grid connection
Accumulator vehicle
A vehicle without a combustion engine
Only electric power drive
Charging of accumulators through a grid connection
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The most used accumulators in electric cars

3.1 Lead accumulators – used earlier
In charged state the active matter of the negative electrode forms spongy lead (Pb). The
positive electrode is made of lead dioxide (PbO2). The electrolyte in the lead accumulators is
watered down sulphuric acid (H2SO4) which is concentrated to about 35% in a fully charged
accumulator. For technical reasons this solution can be soaked up into a cotton wool mat
made of glass fibres (AGM) or stiffed into a gel form. By discharging there is the active
matter of the negative and positive electrode changed into Lead (II) Sulphate and the
electrolyte is depleted of the sulphuric acid and enriched of water. When being discharged the
electrolyte concentration is sinking and the other way round its concentration is rising when
being charged.
The lifetime period of a lead accumulator and its number of cycles
The limitation of a lead accumulator lies in the fact that when it is discharged (even partially)
and it remains in this state for a longer period then there happens to be some practically
irreversible changes on the electrodes so called sulfidation. This substantially lowers its
capacity. There is necessary to keep the accumulator in the charged state.
Advantages of lead accumulators



Price (the price of lead is about ten times lower in comparison to for example nickel)
The accumulator is able to give high currents

Disadvantages of lead accumulators





Low density of energy per kilogram (30-40 Wh/kg)
Low efficiency of charging (70-92%)
A lower number of charge cycles (500-800)
Ecological disposal is necessary (this process is technologically very well mastered at
present)

3.2 NiCd accumulator
The nickel-cadmium accumulator, shortly NiCd (this abbreviation is a registered trademark
by SAFT Group SA) is a kind of galvanic cell. An advantage of these cells is that it can stand
the storage in discharge state and it has a high resistance against deep discharging. A certain
disadvantage in comparison to NiMH and Li-ion accumulators is their relatively lower
specific heat capacity. A very problematic feature of these accumulators is the toxicity of
cadmium which is the constituent of one electrode and there is necessary to collect the used
NiCd accumulators (the same as with the Pb accumulators). Their properties are similar to the
newer NiMH accumulators. With relatively lower internal resistance the NiCd battery can
give high overload currents.
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The NiCd accumulators (together with NiMH) have in comparison to other batteries one more
imperfection and that is the memory effect. We call this way the state when a battery is
gradually losing its maximal capacity, if it is repeatedly recharged only after a partial
discharge state.
Advantages of NiCd accumulators



They can stand the total and long-term discharge, even they can be stored totally
discharged
There is a sufficient number of charge cycles – more than 2000

Disadvantages of NiCd accumulators







Lower density of energy per kilogram (40-60 Wh/kg)
Lower efficiency of charging (66-90%)
More expensive production and therefore a lower price especially in comparison to the
lead batteries
There is a memory effect with the NiCd batteries
Fast self-discharge (up to 20%/month)
There is necessary ecological disposal – the batteries are highly toxic

3.3 NiMH accumulators
The nickel-metal hydride accumulator, shortly NiMH is a kind of galvanic cell and at present
it is one of the most used accumulators. In comparison to the similar nickel-cadmium
accumulator it has an approximately from two up to three times higher capacity and the
capability to give a rather big current at a reasonable price. A next advantage is that it can
keep the guaranteed voltage up to the complete battery discharge.
Advantages of NiMH accumulators



Price – NiMH batteries are rather cheap
Can keep the voltage till complete discharge state

Disadvantages of NiMH accumulators






Lower density of energy per kilogram (30-80 Wh/kg)
Lower efficiency of charging (66%)
With some types there is fast self-discharge (up to 20%/month)
In comparison to the NiCd accumulators there is a lower number of charge cycles (ca
1000+)
There is a memory effect with the NiMH accumulators
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3.4 Li-Ion accumulators
The lithium-ion accumulators (shortly Li-Ion batteries) are a type of rechargeable accumulator
in which the lithium-ions move between the anode and cathode. The high energy density with
respect to the volume suits perfectly to portable devices.
The Li-Ion accumulators are commonly used in consumable electronics. At present it is one of
the most used types of accumulators for mobile electric devices. It has an outstanding energy
to weight ratio, no memory effect and slow self-discharge. Nevertheless, a wrong
manipulation with the battery can cause an explosion of the battery.
The Li-Ion accumulators have a high number of properties which their use (for example in
electric cars) strongly limits. The main drawback of these accumulators is their aging which is
a distinct capacity lowering independent of their using. When they are stored at a temperature
higher than 20°C, their capacity will be lowering by 20% a year. If this accumulator is stored
at 4°C, the capacity decreases only by 4% a year. On the other hand at the temperature of
40°C there would be the permanent capacity loss of accumulator even 35-45%.
In contrast to NiCd and NiMH accumulators the Li-Ion accumulators have a higher resistance
that is the reason why it is not possible to gain such a high current. In case of overheating or
connecting to some higher voltage, the accumulator can explode.
Advantages of Li-Ion accumulators








Little toxic
Very high energy density! (160 Wh/kg)
Possibility to form the battery according to one´s wishes
No memory effect
Low self-discharge
A high nominal voltage
Good recharge efficiency (80-90%)

Disadvantages of Li-Ion accumulators




Very fast aging of the batteries (lifelong period of 2-3 years, lowering the capacity by
20%/year at 20 °C)
It can explode when it is used wrongly
it is almost always destroyed when it is totally discharged
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3.5 LiFePO4 accumulators
Another type of lithium-ion rechargeable accumulators is the accumulator made of lithium
iron phosphate (LiFePO4). This name they have got because of the cathode which is made of
this material. The anode is as in other Li-Ion batteries made of carbon. Among the main
strengths in comparison to the classical Li-Ion accumulators there belongs predominantly the
capability to supply a higher current and that at some extreme conditions they do not explode.
On the other hand they have a bit bigger voltage and also a lower energy density. The
LiFePO4 technology appeared in 1997 and it was interesting especially for its advantages as:
no toxicity (in contrast to classical Li-Ions), it has a good temperature stability, a very good
electrochemical energy output power and high capacity.
Advantages of Li-Ion phosphate accumulators










Almost flat curve up to the total discharge state
A high number of charge cycles (2000 - 3000)
No toxicity
No memory effect
Are save in comparison to other types of lithium batteries
A high lifetime period (3-10 years)
Excellent recharge efficiency (95%)
They are cheap in comparison to other lithium batteries
High energy density (80-120 Wh/kg) – at present there can normally be bought the
batteries with a higher density than 170 Wh/kg

Disadvantages of Li-Ion phosphate accumulators



Fast charging lowers their lifetime period
Possibility of premature failure at a higher number of deep cycles (discharge state
under 33%)
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4

Lead accumulators

The lead accumulators are formed with the lead mats (electrodes) dipped into the watered
down sulphur acid. One cell of the accumulator is formed right with the mats. The cells are
arranged into a series and form the accumulator battery. The chemical process when charging
and discharging is reversible and it can be expressed by the equation:
Lead(II) Sulphate
PbSO4 + 2 H2O

Lead dioxide
↔

PbO2 + Pb + 2 H2SO4

(The arrow directing to the right stands for the reaction when charging and to the left when
discharging)
When charging, there is formed the sulphur acid (H2SO4) and the electrolyte becomes dense.
After charging there is on the positive electrode the deep brown lead dioxide (PbO2) and on
the negative electrode there is the fine spread deep grey lead. When discharging, it is the other
way round: the electrolyte is becoming thinner (H2SO4 is being used) and in the discharge
state there is on the positive electrode the red brown and on the negative one the deep grey
lead sulphate (PbSO4). The density of the electrolyte increases with the increasing voltage and
it is a reliable sign of the accumulator condition. The second sign of an accumulator condition
is the increasing voltage while charging. A helpful indicator is so called gas diffusion. From
the accumulator there are coming out bubbles during charging as if the electrolyte is “being
cooked”. However, this effect indicates that there is the dispersion of lead sulphate finished
and there is beginning the electrolysis of water. The water is dispersed to the hydrogen and
oxygen. That is why there is needed to charge the accumulators in higher numbers in well
aired rooms or in the open air. The mixture of hydrogen and oxygen creates an explosive gas
which can explode when it gets accumulated.
When discharging, there is forming the badly soluble lead sulphate. Its specific conductivity is
very low with respect to the conductivity of lead and lead dioxide, lower than 10-8 S.cm-1. A
big meaning for the function of the electrodes has their porous structure which enables the
penetration of H2SO4 into the volume of the electrodes. The porousness of the charged
electrodes can be up to 50% and the medium diameter of the pores is on the positive
electrodes 1-2 µm and on the negative electrodes 10 µm. When discharging, the porousness
significantly sinks because the specific volume of lead sulphate is bigger than the specific
volume of lead and lead dioxide.
The typical effect is strong dilution of the electrolyte during discharging because the sulphur
acid is being used and there is formed water. In the charged accumulator cells there is the
concentration of H2SO4 28-40% (it depends on the type of accumulator). The smaller is the
volume of the electrolyte in comparison to the amount of active electrolyte matter, the bigger
is the decline in its concentration during discharging; in the end of discharging the
concentration ranges between 12-24 %. There depends the voltage without current on that
which is from 2.06 to 2.15 V and the voltage of the almost discharged accumulator is 1.95–
2.03V. The decrease in the acid concentration is directly proportional to the voltage that
11

flowed through. That is why the measuring of the concentration or density of the electrolyte is
the right and accurate method for determining the degree of accumulator charging. That is an
advantage of a lead accumulator in comparison to any other. When discharging, the volume of
the electrolyte lowers by roughly 1 ml per every ampere hour. For charging and discharging
of a lead accumulator there are typical the curves as in Figure 4.1.

Fig. 4. 1The discharge and charge curve of PB accumulator

The curve of voltage when charging flows through the three zones – the first zone after the
connecting of charging current is characterized by increasing of the voltage in connection
with formation of the acid in the pores of lead mats. It is the voltage range of 1.75 – 2.2 V; the
density of the electrolyte is rising from 0.95 g/cm3 to 1.15 g/cm3. If the voltage in the cell rises
up to 2.45 V there begins, except for the sulphur, the dissolution of the water and oxygen and
the accumulator starts the diffusion. If all the sulphur is decomposed there increases the
voltage on the cell to 2.7 – 2.8 V. In that moment the coming energy is used only for the
decomposition of the water, the accumulator starts intensively with the gas diffusion and its
voltage does not rise any more.
The inner resistance of the lead accumulator is very low, about 0.001 Ω. It depends on the
density and temperature of the electrolyte. During the charging there is the inner resistance of
the accumulator decreased and during discharging it is increased. The discharged accumulator
has twice higher inner resistance in comparison to the charged accumulator. When the
temperature decreases it increases the inner resistance of the accumulator by about 0.4 %/1oC.
There is needed about 36 g of active matter of the electrode for 1 Ah. The capacity of the
accumulator is directly proportional to the area of the electrodes, or to be more precise to the
amount of the active matter which takes part in the irreversible chemical change. For the
reason that the capacity of accumulator depends also on the size of discharge current every
producer states the guaranteed minimal capacity of accumulator at a certain current. It is
mostly the current of 1/10 of the accumulator capacity in amperes per 10 hours.
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4.1 The construction of lead accumulators with the liquid electrolyte
Almost all types of lead accumulators have separate containers (Fig. 4.2). The constructional
materials used for construction of these accumulators have to be resistant against long-term
effects of sulphur acid. One of the few materials is lead and therefore there are all the parts
conducting the current made of lead or lead alloys. Stainless steel cannot be used because
even some bits of iron in the solution interfere. The set of electrodes is placed in the container
made of insulation material (1). The lateral electrodes (2) are always negative. In every group
of electrodes there are plates welded to the bridge of cells (6) which has the current lead
terminals (9). The separators (3) are placed between the positive and negative plates (4). At
the bottom the plates lean against the special prisms (5) which stand out from the bottom of
the container; there is formed this way some sludge space where are gathered the active
matters which fall off the electrodes.
In big station accumulators the plates are hung on the lugs of the container. The distance
between the upper edges of plates and the cover (7) is minimally 20 mm in order to enable the
compensation of the surface of the electrolyte and to separate the drops of the electrolyte in
case of strong gas diffusion at the end of charging. The cover has two holes for the current
terminals and the vent cap (10) which enables the leak of gases during self-discharge and
small overcharge and at the same time it prevents the electrolyte from pouring out at not big
tilting. The hole for the vent cap is also used for filling in the electrolyte, it serves for
determining the level and the concentration and there are released the gases through it in case
of significant overcharging. The individual cells are connected with inter-cell lead connectors
(8).
Fig. 4. 2 The construction of a classical lead accumulator
1 - container,
2 - negative electrode,
3 - separator,
4 - positive electrode,
5 - supportive prisms,
6 - bridge,
7 - cover,
8 - inter-cell lead connectors,
9 - current lead terminal,
10 - vent cap
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Self-discharge
Both electrodes of the lead accumulator are thermodynamically unstable and in fact they can
react with the water solution when the hydrogen is released on the negative electrode and the
oxygen is on the positive one. Apart from this the lead dioxide can chemically react with the
lead grid. However, during storage of a brand new charged accumulator the self-discharge is
practically insignificant and it is 2-3% of the capacity loss per month.
The self-discharge grows with the concentration of H2SO4 and with the increasing
temperature. It rapidly grows with the cyclization of the accumulator. It is caused by
dissolving of the antimony during corroding of the positive electrode grid. The antimony is
released on the active matter of the negative electrode and it makes the embrittlement of
hydrogen and supports corroding of the lead. In practice there is lost up to 30% of the
capacity per month by self-discharge of the accumulators with grids which contain a lot of
antimony. Apart from that at the end of charging there is increased the embrittlement of
hydrogen that means the accumulator capacity decreases. Besides, the self-discharge is
supported by a number of substances in the electrolyte, for example by bits of salts.
Short circuits
When working with the lead accumulators there can appear some lead bridges between the
electrodes which can cause some short circuits and this way also self-discharge. The reasons
for short circuits can be even some fall off particles of the lead dioxide. They can get to the
negative electrode and it leads to the formation of sludge layers, to the deformation of
electrodes or the collapse of the negative electrode and other effects.
Sulfidation
If the lead accumulator is stored in the discharged state or is systematically insufficiently
charged, there comes about an undesirable process, so called sulfidation of the electrodes
(especially of the negative ones. The sulfidation is grounded in a gradual change of softgrained lead(II) sulphate into the hard dense layer of hard-grained sulphate. The accumulator
with the sulphate electrodes is very hard to charge because the charging current leads to the
embrittlement of hydrogen on the negative electrode rather than to the reduction of lead(II)
sulphate.
The sulfidation can be prevented by regular recharging. The capacity of the accumulator with
sulphate electrodes can be restored by filling in the watered down sulphur acid (there is a
higher solubility of lead(II) sulphur in it) or even distilled water and by charging the
accumulator with low range currents for example with currents corresponding to IN = 0,01.
The formed acid is regularly changed for a more watered one or for water.
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Formation of electrodes
Formation of electrodes is a process of active mass formation on the electrodes during their
production. The electrodes are formed in the solution of sulphur acid. It results in a layer of
lead dioxide and lead sponge which is alternately formed on the surface of the board.
Electrolyte
In the lead accumulator there is used as the electrolyte the solution of sufficiently pure sulphur
acid. In the charged state the solution contains 28-40 % of sulphur acid that is the density of
1.26 g/cm3. If there is a higher initial concentration, the electrolyte can have a bigger volume
that means there are increased the specific parameters. Moreover, there is lower the danger of
freezing of the electrolyte at low temperatures at the end of charging. Excessive increase in
concentration of the acid is not acceptable because it raises the passivity of the electrodes, the
self-discharge and sulfidation and lowers the lifelong period of the accumulator in cycles. The
capacity of the accumulator depends on the density of the acid. If the density is changed by
0.01 g/cm3, the capacity of the accumulator changes by more than 3%. So, if you do not care
for the right density of the acid, for example, if we fill in only distilled water into the
accumulator which has some cracks and we disposes it of the acid and speeding up its
destruction.
From the properties of the electrolyte there comes out also frost resistance of the lead
accumulator. Fully charged accumulator with the density of the electrolyte cannot freeze up
even at -40 oC. The discharged accumulator can freeze up even at a temperature close under
zero. If it freezes up, there comes about some mechanical damage due to bigger volume of ice
in contrast to the electrodes etc.

4.2 Airtight maintenance-free lead accumulators
For achieving accumulators to be maintenance-free there is necessary to manage the
recombination of gases which are formed during recharging of an accumulator. That is
provided by so called oxygen cycle. The accumulators are designed the way that their
negative electrode has a bigger capacity than the positive one. When charging, the
accumulator´s positive electrode is charged earlier than the negative one. Then there starts the
embrittlement of oxygen. The oxygen reacts with the lead on the negative electrode and this
way it prevents the embrittlement of the hydrogen. The water contained in the electrolyte is
not dissolved and the amount of hydrogen is therefore not changed. If the speed of
embrittlement of the oxygen is bigger than the absorbing capabilities of the negative
electrode, there are the excessive gases released through the battery pressure relief valve.
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Basic advantages of maintenance-free accumulators:
Airtight construction
The accumulators are of totally closed construction, thanks to that they can work in any
position. There is no danger that the electrolyte could leak out during some transportation,
therefore, the hazard of a pollution incident is minimal.
Zero maintenance requirements
The accumulators do not need filling up the electrolyte for all the lifetime period because the
gases which appear during recharging are by a special reaction absorbed back. There is no
leak of gases and there is no increased corrosion of clamps and the surrounding of the
accumulator;
Simple manipulation
The construction of accumulators is totally closed, even water-proof. Very resistant is also the
cover of the accumulator. There are put no special requirements on the transportation of the
accumulators;
Long lifetime period
In normal working conditions (as standby power supply) there is expected a lifetime period of
5-15 years (according to the type of accumulator) at the ending capacity of 80 %. There are
expected 200 – 3000 cycles in dependence on the depth of discharging;
A wide range of use
Thanks to these qualities the accumulators can be used as a backup energy source or as a
charging source for portable devices. The accumulators can be connected into a series or a
parallel. Together with a wide range of types and capacities it enables to find an optimal
combination for every use;
Resistant construction
The cover of the accumulator is made of high-resistant nonconductive ABS polymer which
has an outstanding resistance against shocks, vibrations, chemicals and temperature. Even the
inner construction provides a high resistance against shocks and vibrations;
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Small size
There has been achieved an exceptional output power of the cell by using the latest
construction findings, materials and consistent watching of production quality. The result of
this concentrated effort is an outstanding ratio between the volume and weight;
Possibility of deep discharge
The low inner resistance of the accumulator enables to use it even in the applications where
the discharging currents are tenfold of the accumulator capacity. Therefore, there can be even
small accumulators used in applications which require high peak currents;
Long storage time
Very low self-discharge currents enable to store the accumulators even one year at room
temperature without any need for charging. Lower temperatures will make the storage time
longer;
Wide range of operating temperatures
The accumulators can be used at a temperature from -60°C to +60°C. The recommended
operating temperatures for discharge are from -40°C to +60°C, for recharge from 20°C to
50°C.
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5

NiCd accumulators

These accumulators are made as open. By the term “open cell” we mean a cell which has a
removable cap with a pressure safety valve. This way there are especially made the cells of
high capacities where the gases have a contact with the surrounding atmosphere and,
therefore, they can take without any effects multiple overloading, especially when charging.
The electrolyte in these accumulators is 20-22 % potassium hydroxide (KOH) or sodium
NaOH in distilled water. According to the composition of the electrodes there are the alkaline
accumulators divided into the nickel-cadmium and the nickel-iron ones. As for the industrial
production they are the most used ones. The positive electrode is always made of nickel (II)
oxide with some additive to enhance the conductivity. This additive is nickel or graphite. The
negative electrodes have different compositions with each alkaline accumulator type. They
are the mixtures of cadmium, iron and iron oxides. Cadmium enhances the properties of the
iron electrodes. With nickel-iron accumulators there is the active part of the negative
electrode made of powdered iron and its oxides with smaller amount of mercury and special
additives. The basic chemical reaction which comes around in the nickel-cadmium
accumulators are
Cadmium oxide
CdO

+

Nickel oxide
2 NiO ↔

Nickel (III) oxide
Cd

+

Ni2O3

+

Ni2O3

and for the nickel-iron accumulators:
FeO

+

2 NiO ↔

Fe

The arrow to the right means the chemical reaction when charging, to the left when
discharging. In comparison to the lead accumulators the electrolyte density is not a sign of
charging accumulator state. Nevertheless, the density needs to be measured regularly. In
operation the density decreases and it decreases the capacity of accumulator. As soon as the
density is lower than 1.16 g/cm3, the electrolyte needs changing. The voltage of one cell after
charging is 1.4 – 1.48V. After a certain time the voltage sinks to a steady value 1.3 – 1.4V.
This effect is explained by the dissolution of higher unstable nickel oxides to lower oxides
and gaseous oxide. The concentration and temperature of the electrolyte have almost no effect
on the voltage.
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The electrical properties of both alkaline accumulator types are made clear by the curves of
charging and discharging:

Fig. 5.1 The charge and discharge curves of the alkaline accumulators

The voltage of the nickel-iron accumulator increases quickly up to 1.6-1.65V when charing
(1). Then with other charging (after about 2/3 of charging time) it remains relatively the same.
At the end phase of charging the voltage increases again up to 1.8-1.85 V. The charging
voltage of a nickel-cadmium accumulator is about 0.2 V lower (2). In the initial phase of
charging it rapidly increases. In the first two thirds of charging time the voltage of
accumulator is in the range from 1.4 to 1.45V and in the last third the voltage rapidly
increases to 1.7 – 1.8 V with a slight tendency to still increase. In the nickel-iron accumulators
there are produced gases on the electrodes from the initial charging.
In the nickel-cadmium batteries there are produced gases very little and they are produced the
most in the end phase of charging. The energy efficiency of the nickel-cadmium accumulators
is about 10% lower than with the nickel-cadmium one. The discharge curves of both
accumulators have approximately the same course. The nickel-iron has the initial voltage
higher (3), but it decreases faster when discharging and its average voltage is lower than with
the average nickel-cadmium one (4). The inner resistance of the alkaline accumulators is
higher than the one of lead accumulators. A nickel-cadmium accumulator has the inner
resistance lower than a nickel-iron one.
The cells of these accumulators are commonly connected into a series the same way as the
lead ones. The older constructions of these accumulators have the plates of cells connected
into sets. The lateral positive plates are not insulated from the fuel metal container. The set of
negative plates is insulated from the positive plates by the rubber sticks and from the wall of
container by the rubber profiled separators. The container is usually welded from a metal
sheet. The sets of positive electrodes are often welded with the bottom of container. Under the
plates there is a sludge storage space where the active matter settles which is wasched out of
the plates. Above the electrolyte level there is the room for gases. The distance between the
upper edge of electrode and the cover is about 20 – 70 mm. The height of electrolyte level is
supposed to be about 15 mm over the plates. In the batteries the accumulators are placed
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in wooden boxes or frames or metal frames. Individual accumulators have to be thoroughly
insulated from each other to prevent some short circuits.

5.1 Modern design of NiCd accumulators
A nickel-cadmium accumulator uses as the active matter for the positive plate nickel (II)
hydroxide and for the negative plate it is cadmium hydroxide. The electrolyte is the aqueous
solution of potassium hydroxide which contains a small amount of lithium hydroxide for
improving the lifetime period during a cycle and for better functioning at high temperatures.
The solution is optimized so that it can give the best combination of power, lifetime period,
energy efficiency and wide temperature range. The electrolyte is used only for the
transmission of ions. During a charging/discharging cycle there are no chemical changes or
depreciation. The chemical reaction during charging or discharging of a nickel-cadmium
battery is:
2 NIOOH + 2 H2O + Cd ↔ 2 Ni(OH)2 + Cd(OH)2
When discharging, the trivalent hydrated nickel (II) oxide is reduced to the divalent nickel (II)
oxide and the cadmium by the negative plate is oxidized to cadmium hydroxide. When
discharging, the reaction is reverse till the time when the potential of the cell rises up to the
level when the hydrogen is released by the negative plate and the oxygen by the positive plate
which results in water loss. In contrast to lead batteries there is a minimal change in density of
the electrolyte when charging and discharging. It enables to use a considerable reserve of
electrolyte without influencing the electrochemical processes between the plates. With respect
to their electrochemical principal the behaviour of a nickel-cadmium battery is more stable
than of a lead battery. There is given to the battery a longer lifetime period, better
characteristics and longer resistance to adverse weather conditions. The nickel-cadmium cells
have the nominal voltage of 1.2 V.
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5.2 Constructional elements of batteries with moulded plates

Fig. 5.2 Constructional elements of a battery with moulded plates

Insulation
The detachment of the plates is provided by the plastic separators made by injection which
separate and insulate the plates of electrodes. Because there is a sufficient space between the
positive and negative plate and sufficient amount of the electrolyte, there is provided a good
circulation of the electrolyte and dispersion of gases and the electrolyte is not layered as in
lead/acid batteries.
Electrolyte
The electrolyte used in batteries is a solution of potassium hydroxide and lithium hydroxide. It
is optimized so that it can provide the best combination of power, life time period, energy
efficiency and wide temperature range. The concentration of a standard electrolyte is so that
the cell can be functional at temperature extremes – at minimum of -20 °C and maximum of
+60 °C. It enables it to adapt to very a high temperature fluctuation in certain areas. At very
low temperatures there can be used a special electrolyte with higher density. An important
feature of these batteries is the fact that their electrolyte does not subject to the changes when
charging and discharging. It keeps the property to transmit the ions between the plates of cell
no matter the level of charging. In most of applications the electrolyte keeps its efficiency for
all the lifetime period of battery and there is no need to change it. Under certain
circumstances, as for example when it is used at high ambient temperatures there can increase
the content of carbonates in the electrolyte. If it comes to that the battery power can be
improved by changing the electrolyte. The electrolyte is changed when the accumulator is
discharged to prevent the oxidation of metal cadmium with the air. This operation is not
recommended to be made without previous consultation with the producer.
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Positive/negative terminals
The bolts of terminals are welded to the buses of plates by a proved method. These bolts are
made of steel bars, provided with a threading for screwing the connecting material and the
nickel-plating on. Tightness between the cover of container and the container of bolt provides
a pressed elastic rubber gasket fixed by the lower nut of the bolt. This construction was
designed so that it gives satisfactory tightness for the whole lifetime period of accumulator
cell.
Valve
The accumulators are set with special valves with tip-up caps which form an efficient and safe
ventilation system.
Accumulator cell-container
The material of cell-container is a resistant translucent polypropylene which is time-proven in
construction of batteries. The cover and the cell-container are provided with the special meltdown frames which make a homogenous weld joint after welding.

5.3 Operational qualities
Internal resistance
The internal resistance of cell changes depending on its temperature and charge state,
therefore, it is hard to exactly define and measure it. The most important parameter for a
common application is the dependency of discharge voltage on the change of discharge
current. Internal resistance of a cell with moulded electrodes depends on the capacity of the
given type class and the size of cell capacity. The common values of internal resistance are
stated in some catalogues of capacity data.
Effect of temperature on output power
Temperature changes affect the capacity of cell and it has to be taken into account when a
battery is being designed. Operation at low temperatures decreases the capacity while the
characteristics at higher temperatures are closer to the characteristics at a normal temperature.
The effect of low temperature is more evident at a higher degree of discharge. The
coefficients of capacity decrease which are supposed to compensate temperature changes
when a battery is being designed are graphically shown in Fig. 5.3 at the operational
temperatures between -30°C and +50°C.
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Fig. 5.3 Decrease of cell power output in dependence on temperature and mode of discharge

Self-discharge capacity losses
In the course of time the state of cell charge slowly sinks due to self-discharge processes
when the circuit is disconnected. In fact, this decrease is relatively fast in first two weeks, but
then it becomes stable with about 2% a month at 20 °C. The self-discharge characteristics of a
nickel-cadmium cell depend on temperature. At low temperatures the charge decrease is lower
than at a normal temperature that means the losses when the circuit is disconnected are also
lower. At higher temperatures self-discharge significantly rises. The typical losses for a
nickel-cadmium cell with moulded plates at normal temperatures when the circuit is
disconnected are shown in Fig. 5.4.

Fig. 5.4 Decrease in
capacity of NiCd
cells when stored
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Battery cycling
The batteries are mostly designed so that they can take a wide scale of cycle types which
appears during various applications. It includes very low discharge up to 100% discharge. The
number of cycles which the product can provide depends on the depth of discharge in
individual cycles. The lower a discharge cycle of the battery is, the more cycles the battery
can offer in terms of its lifetime period. The batteries are able to give up to several thousand
cycles with soft discharge while they give only several hundreds with deep discharge. Fig. 5.5
gives the typical values of discharge depth effect on the amount of possible cycles. It is
obvious that when a battery is being designed for cyclical application then the number and
depth of cycles have a significant effect on prediction of their lifetime period. A significant
advantage of nickel-cadmium batteries in comparison to lead batteries is the fact that they can
be totally discharged without a negative effect on their life time period or possibility of next
charge if we do not repeat this in cycles.

Fig. 5.5 Typical
lifetime period
of NiCd cells in
dependence on
depth of
discharge

Charging of accumulators
The batteries can be charged by all usual methods. Generally, batteries are charged with a
constant voltage in a parallel connection with a charger and load. In case when a battery is
charged separately from the load, it is possible to charge it with a stable or sinking current.
Charging with high currents or overcharging does not cause any damage to batteries, but
exceeded charging increases the water consumption.
Batteries in stable applications are usually charged by a system with constant voltage. There
are two types of these systems: it is a two-stage charging when an initial constant voltage is
replaced by a lower float voltage or it is a type with one level of voltage.
The value of charge voltage in a system with one stage of charge voltage has to be a
compromise between the voltage which is high enough to last suitably long and low enough to
make the water consumption low. Nevertheless, it is a rather simple charging system.

24

A two-stage charger operates with a higher voltage in the initial charge phase and then there
follows a phase with lower float voltage. It enables to charge a battery fast and at the same
time not to use a big amount of water. The charge and float voltage values which are used for
individual types of batteries are stated by producers. To prevent the high water consumption it
is suitable to use a low charge voltage value for charging the cell. Normally, it is
recommended to use the minimal voltage value as the value voltage for one and two-stage
charging.
In Fig. 5.6 there are graphically depicted the attainable capacities in dependence on charging
with constant voltage from a total discharge state. It takes a fixed period to a discharged
battery to reach the full charge state. It is a demonstration of capacity which is reached when
using the typical charging voltage recommended for the battery type with moulded plates
during first 30 hours after total discharging.

Fig. 5.6 Attainable capacity in dependence on charge time with constant voltage

Initial charging
The cells which were stored for less than a year should be charged for 15 hours at a
recommended charging current before putting into operation. The cells which were stored for
longer than a year or were delivered empty and were filled should be charged for 15 hours at a
recommended charging current. They should be discharged to 1.0V on the cell and recharged
for 10 hours at a recommended charging current.
If there is not possible to provide charging with a stable current, it is possible to use the
method of charging with constant voltage with a higher level of voltage. For example, the
voltage of 1.65 V can be used for 20 – 30 hours if the current limiting is approximately equal
to the recommended charging current. If the current limiting is lower, there is needed to
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prolong the time of charging with the required way. After initial charging, the battery can be
used in operation.
Discharged and empty cells
When keeping suitable conditions the discharged and empty cells can be stored for many
years. Cells should be stored in clean, dry, cold (+10 °C up to +30°C) and well-conditioned
room in open racks. It is important for them to be firmly sealed by the caps with the transport
foil. The foil needs to be checked at least once a year and changed if it is needed. Some leaks
cause penetration of carbon dioxide from the atmosphere and subsequently carbon settling on
the surface of electrodes. It can unfavourably influence the capacity of battery. Storage of
batteries at temperatures over +30°C can lead to capacity losses which can reach up to 5% a
year with every 10°C which exceed 30°C. Discharged and empty cells need filling with
electrolyte and then proceeding as with full cells stored for more than a year.

26

6

NiMH accumulators

The construction of cylindrical and rectangular cells is identical with the NiCd construction as
well as there are also similar other qualities. Both types of these secondary cells are
compatible. At present there is guaranteed a lifetime period of 500 cycles with the NiMH
cells. They can operate in any position because the system of electrodes with soaked
electrolyte fills the whole space of cell case. If a NiMH operates at limit conditions, it is
backed up against internal overpressure of gases with a safety valve.
The electrodes are insoluble in the electrolyte – potassium hydroxide which is soaked in the
matter of electrodes and separator. The separator is a synthetic, flat (not wavy) very porous
material. In this cell there is the negative electrode also made with an excess capacity and it
can absorb a great amount of hydrogen when being discharged with high currents and a lot of
oxygen when being overcharged.
The active material on the active charged electrode, as well as with NiCd cells, is nickel oxide
hydroxide (NiOOH). On the negative electrode the active material is hydrogen in the form of
metal hydride. It is a compound of metal – hydrogen where the metal is in fact a metal alloy.
This metal alloy is able to undergo reversible reactions when there comes about the
absorption and desorption of hydrogen. A special quality of the metal hydride alloy is its
ability to accept and release its own volume of hydrogen gas at the pressure which is lower
than the atmospheric pressure. As the alloy there can be used a number of metal compounds
which can be divided into two groups: AB5 alloy whose representative is for example LaNi5
and AB2 alloys (TiMn2 or ZrMn2 etc.). The alloys of AB5 type offer a higher resistance
against corrosion and a higher cyclical lifetime period. The composition of metal alloy is
designed with the emphasis on the optimal stability and a high number of charge–discharge
cycles. Other important qualities are:




High capacity for storage of hydrogen – for high energy density and high battery
capacity;
Favourable kinetic qualities – for high charging and discharging currents;
High purity of materials – for minimizing self-discharge.
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Fig. 6. 1 Construction of a NiMH cylindrical cell

The main constituent of electrolyte in NiMH batteries is water solution of potassium
hydroxide (KOH). For closed NiMH batteries there is used a minimal amount of electrolyte
which is mainly absorbed with the separator and electrodes. This depletion of electrolyte
makes easier the diffusion of oxygen into the negative electrode before the end of discharging
and during overcharging.
While the NiMH batteries are being discharged there is nickel oxide hydroxide reduced to
nickel (II) hydroxide (the same reaction as with NiCd batteries):
NiOOH + H2O + e- → Ni(OH)2 + OHOn the negative electrode metal hybrid (MH) oxidates to a metal alloy (M):
MH + OH- → M + H2O + eThe overall reaction during discharging is:
MH + NiOOH → M + Ni(OH)2
On the negative electrode there is the product of charging the metal hybrid and after
discharging it is a rather complex alloy. When a NiMH battery is being discharged the
reactions are running reversely.
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6.1 Voltage depression of NiMH cells
After a great number of cycles, there comes about a gradual decrease in capacity of NiMH
batteries. This inevitable capacity lowering can be made faster by overloading, storing, using
at high temperatures or wrong pairing of cells. There is often put the blame on memory effect
for a short lifetime period. Memory effect is used as a synonym for the term “voltage
depression”. Voltage depression is a scientifically measurable property of all batteries, though
NiCd batteries are very liable to it.
Reverse decrease of voltage and capacity can appear when NiMH batteries are partially
discharged and repetitively recharged without needed full charge. The range of voltage
depression and decrease in capacity depend on discharge depth and we can avoid it by
discharging the battery on a suitable end voltage. Voltage depression is most obvious when
discharging is interrupted on a high end voltage, for example 1.2 V/cell. Lower voltage
depression comes about if a discharging is interrupted on a voltage of 1.1 up to 1.15V/cell.
Discharging on a 1V/cell should not cause a substantial voltage depression or capacity loss. A
well-designed device which uses a NiMH battery minimizes the effect of voltage depression
and capacity losses.

6.2 Discharge characteristics
Discharge characteristics of a NiMH cell are very similar to discharge characteristics of a
NiCd cell. No-current voltage of charged cells ranges from 1.25 up to 1.35 V/cell for both
types. When discharging there is the typical voltage of 1.2V per cell and the final discharging
voltage is 1.0V/cell. In Fig. 5.2 there are depicted the discharge characteristics of NiCd and
NiMH cells of the same size. Discharge characteristics are flat with both battery types for
almost all discharge time. The picture can also serve as a comparison of NiCd and NiMH cells
capacities. There is obvious that the capacity of a typical NiMH cell is about 40% higher than
the capacity of a NiCd cell of the same size.

Fig. 6.2 Discharge characteristics of a NiCd and NiMH cell
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6.3 Charging methods
For charging of NiCd and NiMH batteries there can be used the same charging methods
which differ only in the end stage of charging. For the right charging there should be used a
suitable end technique which takes into account the amount of charging current.
Slow charge (»12hours)
Charging with a constant current of C/10 with a time limitation is a tradition method for full
charge of NiCd and NiMH batteries. With such volume of current all oxygen which is formed
can recombine itself on the negative electrode. Charging should be interrupted after 120% of
charging capacity that means after about 12 hours for a completely discharged battery. The
temperature range for this charging mode is from 0 °C up to 45°C when the maximal
efficiency is reached from 15°C to 30°C.
Fast charge (»4hours)
NiCd and NiMH batteries can be efficiently and safely charged even with higher currents.
There is necessary to use for it a controlled charging which will be stopped at the right
moment to prevent overloading and excessive temperature growth. The battery is charged
with a current of C/3 and charging is interrupted when there is a negative voltage rise.
Rapid charge («1hour)
Rapid charging is a next method for charging NiCd and NiMH batteries in a substantially
shorter time and uses a constant current of C/2 up to 1C size. With such quantities of charging
current there is necessary to interrupt battery charging in time because overheating and
pressure which appear during overcharging with such a high current could easily damage the
cell or to release its safety valve.
Trickle charge
A great number of applications need the battery to be kept in operation, in full-charge-state. It
can be achieved by trickle charge by current which substitutes the capacity losses caused by
self-discharge. For these applications there is recommended a charging current from C/300 up
to C/100. The most suitable temperature for trickle charge is in the range from 10°C up to
35°C. Trickle charge can be used after any of the previous charging methods.
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7

Li-Ion accumulator

Construction of lithium-ion accumulators
Positive electrode
A cathode usually consists of metal oxides, sulphates or oxygen. The electrochemical
reactions which come about on the cathode have a reduction character. The cathode absorbs
the released electrons from the external circuit which are formed by the oxidation on the
cathode.
Negative electrode
The anode mostly consists of a metal or its alloy or else there can be used hydrogen. The
reactions which happen on the anode are oxidations of metals and there are produced metal
ions. During this electrochemical reaction is the anode oxidized and there are released the
electrons into the external circuit by this.
Separator
It is a non-conductor which separates the positive and negative electrode. It is usually made of
felt or woven nylon. However, it has to be very porous to provide the highest possible ion
permeability of the electrolyte.
Electrolyte
This component of battery could be called ion conductor. Its function is to provide the charge
transmission inside the cell between the cathode and anode. It usually consists of lithium salts
or of organic aggressive dissolving agents where are contained the dissolved chemical
substances which provide the ion conductivity.

Fig. 7.1Construction of a Li-Ion cell
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7.1 Charging of lithium-ion batteries
Charging of these accumulators does not differ from charging of other types of batteries. With
these accumulators there is more necessary to keep the values of charging voltages than with
lead cells. End of charge is chosen according to the battery type and it ranges from 4.1V up to
4.2V. In case of not keeping this range there is made the lifetime period of cell shorter. In case
of charging current there is no need to keep such strict criteria. There is valid that the lower
the charging current is, the longer the cell is charged and it is valid also reversely. The size of
current stated by producers is from 0.1 up to 2x accumulator capacity. The chemical reactions
which run when charging and discharging on the both electrodes are described in Fig. 7.2 and
7.3.

Fig. 7.2 Chemical reaction on the positive electrode when charging and discharging

Fig. 7.3 Chemical reaction on the negative electrode when charging and discharging

In Fig. 6.4 there is shown the charging course of a Li-ion cell whose charging current is onefold the size of capacity. In the first stage the cell is being charged very fast as long as it
reaches the value of end-charge-voltage. At this moment the cell is charged to about 70% of
its capacity. The charging current does not have to be constant, but there is a condition that it
must not exceed the maximal value of charging current. In the course of second phase the cell
is being charged with a constant current and the charging current is gradually falling. The cell
is fully charged in the moment when its original charging current falls under the value which
equals to 0.05-fold the value of total capacity. Nevertheless, the charging current sinks up to
zero. It is an undisputable advantage because there is no vain overcharging and the charge
time does not have to be watched.

Fig. 7. 4 Course of Li-ion battery
charging
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8

LiFePO4 accumulators

LifePO4 accumulators or also LFP (Lithium Ferro Phosphate) are based on lithium-ions
batteries. It is their sub-kind with a different design of the cathode. There is used lithium-ironphosphate (LiFePO4). In comparison to the most spread Li-Ion batteries they have several
advantages. As the main one I would name the stability and safety which comes out of their
chemical composition. The safety of LiFePO4 accumulators arises from the properties of this
material. In classical Li-ion cells the cathode is made of LiCoO2. The Fe-P-O bond is rather
stronger than Co-O so if wrongly used (short circuit of cell, exposure to a high temperature) it
is more complicated to release the oxygen atoms. Only at some exceptional temperatures,
generally over 800°C, there is this bond broken and there happens an extreme heat release
(explosion) to which are prone the classical Li-ion accumulators at rather lower temperatures.
They are also characterized by a high lifetime period with 1000-3000 cycles, low range of
working voltage 3.0 – 3.3 V and low inner impedance in range of units up to tens of mΩ.
Their maximal charge voltage is 3.65V, minimal discharge voltage 2.8V (sometimes up to
2V), maximal permanent load 1C (in peaks up to 10C, optimally 0.5C) and maximal
permanent charging current 1C (optimally 0.5C).

8.1 Charging
In the first stage the charging of accumulators comes about in a mode of constant current. The
charger supplies the maximal set current and the voltage on a series combination of
accumulators gradually rises. In this mode the charging is the fastest and runs up to 80-90% of
a battery´s capacity. The second phase comes when charging on the set of accumulators rises
up to the limit of charger which is given by charging voltage of one cell and by their number.
The voltage does not rise anymore and there sinks the current taken off by the accumulator.
The third phase – end-of-charge- comes when the current taken off by the accumulator sinks
to 1/24 of its maximal value. In that moment the charger should end totally or turn to the relax
charging. That means that there is lowered the maximal voltage to the multiple value given by
the number of cells and required by relax charging.
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9

Plug types for electric cars

Types of charging plugs

9.1 T1 (type 1):
It is a standard type which is used in the USA and Japan and it can be used only in cars which
are made in these countries. The type 1 plugs are single-phase plugs with the maximal
charging capacity 7.4kW (230V, 32 A).

9.2 T2 (type 2):
The Type 2 “Mennekes” has been set as the standard in the EU since 2014. It is the 3-phase
plug with the maximal capacity up to 22 kW (230V, 3x32 A).

9.3 T3 (type 3):
This plug type has the movable safety pins. It enables to use the electric power stored in
electric cars to support electric power distribution grid in times with peak consumption or as
an emergency power source.
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9.4 CCS (combination plugs):
The CCS plug is an enhanced version of the type 2 plug, with two additional power contacts
for the purposes of quick charging with the DC current of up to 50 kW.

9.5 CHAdeMO plug:
This quick charging system was developed in Japan, and allows charging capacities up to 50
kW at the public charging stations.

9.6 Tesla Supercharger:
Tesla uses a modified version of the type 2 Mennekes plug. This allows for the Model S to
recharge to 80% within 30 minutes.
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10 Charging modes

10.1 Mode 1: Standard home socket and extension cable
The electric car is connected to the electric grid by means of a standard plug (10 A) placed in
a household. This solution is simpler and easy to realize. But it has several serious limitations.
The main one is the limitation of the capacity and that results in a long charge time. If the
charging plug is connected to the circuit breaker shared with other sockets, there can easily
come to some overloading, the circuit breaker is turned off and the charging stopped.

10.2 Mode 2: Standard home socket and cable with a protection device
The electric car is connected to the electric grid by means of a standard home socket.
Charging is made through a single-phase or three-phase network and the installation of
ground cable. The special protective device is built in the cable. This solution is very
expensive with respect to the specificity of the cable.

10.3 Mode 3: Charging station connected to a reserved circuit
The electric car is connected right into the distribution grid by means of the charging station
(a wallbox). The control and protective functions are permanently built in it. In this charging
plug-in mode there can be some other electrical appliances in the household used at the same
time with the charging and there is optimized the charging time of the car by this.

10.4 Mode 4: Direct current (DC) connection for fast charging
The electric car is connected to the distribution grid by means of an external charger (a fast
charging station). The control and protection functions as well as the charging cables are
permanently built into the system.
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11 Charging station

Basic description:
A charging station represents an ideal solution for fast and safe charging of batteries for the
vehicles with electric drive. The station is equipped with two power sockets which enable to
concurrently recharge two electric cars through AC current. The amount of taken-off electric
power is measured by an installed electric meter which enables to count down used energy.
The charging station has sophisticated SW which provides a range of information about the
charging station and enables its management. By this software there is possible to make some
configuration of the device and variably to modify the setting of operational and service
parameters. The charging station can be also controlled via a remote administration. The
remote control enables to display the transmitted data about the operation, maintenance,
current condition, used energy or users of the station. With using the remote administration it
is possible to control the operation of the station, to reset the devices or to block the station.
On the ground of the gathered data there is possible to generate analytical reports which can
serve to further optimizing of offered services.
Required properties:










Robust realization of the self-supporting construction;
possibility of installation in the interior or exterior, easy installation;
high resistance to unfavourable external effects (water, dust, etc.);
resistance to vandalism, a long lifetime period;
fast and safe controlled charging of batteries for the vehicles with electric drive;
two standardized sockets for charging with folding plastic cover;
segments providing overcurrent and differential current protection;
measuring the take-off with a electric meter for every socket individually;
small door for installation equipped with a lock;
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permanent LED lighting of the front panel;
state indication of every charging socket by means of tricoloured informational LED
arrows;
control of the device by a programmable control unit;
communication connection and data exchange between the charging station and
superordinate systems by means of the TPC/IP protocol and Ethernet network;
information about the charging station available through the server (the gathered
operational data, the data about the consumed energy, the current state of the charging
station, availability of individual plug-ins, the history entries etc.).

Identification media:




Paper slips with a bar code;
Paper cards with a bar code;
Contactless plastic cards with a RFID chip.

Charging process:







To place the identification media to a card reader to identify the user;
the user connect the charging cable to an available plug-in and the station starts
charging the electric vehicle;
the state of charging process is signalized by the tricoloured informational arrows;
charging can be finished automatically or after placing the identification media to the
identification device;
after the end of charging the user disconnects the charging cables from the plug-in;
the user will make the payment at an automatic payment machine, or at a manual cash
desk.

Types of charging stations:
There are 2 main types of charging stations:



the charging stations up to 22 kW/32 A with alternating current (AC)
charging stations over 22 kW/32 A with direct current (DC).

In fact, the AC charging stations up to 22 kW/32 A are not chargers. The real chargers are in
this case placed right in the electric car. They are so called on-board battery chargers.
The charging station up to 22 kW is in fact only a connector which sends alternating current
into the charger of the electric car. The charger in the car transforms the alternating current to
the direct one and sends it into the battery.
There are a lot of differences among electric cars. It is similar to the cell phones in the past.
What type of charging they use, what on-board chargers they have and also what connectors
there are possible to plug into them.
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A top-class series produced American electric car Tesla S model is for example equipped with
a 11 kW/16 A three-phase charger in the standard version. If you want to use the charging
station with the output 22 kW/32A and with its three-phase AC charger at its full capacity,
there is possible to buy a Tesla S Model with two on-board 11 kW/16A three-phase chargers
– the variant “Dual Chargers”.
If the producer does not sell an electric car with a 22 KW/32A three-phase charger, such a car
has a limitation in charging. An advantage of 22 kW chargers is that they enable to charge the
electric car fast at AC charging stations with the output of 22 KW as well as with the 32A
sockets.
If you buy an electric car which has only a 3.7 kW charger, the only way how to charge your
car fast is to use a DC fast charging station. However, there will be significantly lowered the
number of charging points. These stations are very expensive and there is still few of them.

11.1 Home charging station (Wallbox)

A home charging station is a flexible solution for fast and comfortable charging of electric
cars. This charging station can charge an electric car up to 10× faster than a common 230V
household socket. It is mostly available with a communication module. By means of this
function its users are able to see the information about the state of charging and battery via the
Internet or GSM network.
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11.2 Public charging stations

A public charging station for electric cars is intended for public use in commercial car parks,
garages, company car parks, hotels or at shopping centres. The charging stations can make car
parks more attractive to customers. Such a station has a robust self-supporting construction, a
protection against vandalism and a system of plug-in modules. Its control is made very simple
and intuitive. There is mostly used a communication interface LAN Ethernet for
communication with the charging station. The charging station supports its remote
administration and control, sending data to the user display or making statistics. The charging
station represents an easy access into the world of electric mobility. The device can represent
a significant part of a parking system. That enables to integrate charging of electric cars with
the hardware and software parking solution. Payment for the used services (charges for
charging and parking) is also integrated and paid within the same transaction.

11.3 Charging stations – internal arrangement
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The main power supply into the station

Electric meters
(in this example there is a station which can charge two electric cars at the time)
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Socket Control Unit MENNEKES, in the middle the Accounting Control
Unit GSM
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CP communication boxes of a charging station
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A residual current device
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A socket for charging + RFID chip reader

11.4 Deployment of charging stations in the CZ (to date 9/2017)
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12 Use of renewable energy sources for charging electric cars
The grid of charging stations can be formed even thanks to the small electric power
producers. We have in mind small water, photovoltaic or wind power plants.
At first sight there provide a stable base for the fast charging stations only the small water
plants, but with respect to the high costs of fast charging stations and the sinking costs of the
LiFePO accumulators there are becoming competitive also other producers. If a charging
station is equipped with own accumulators then its maximal power output is limited mainly
by the charged car. Such a station provides a current of 200A at 500V and if the car accepts
that it is possible to charge it in tens of minutes.
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13 Predictions about the development of electric mobility
There are playing for the electric cars several factors and thanks to them there can be expected
a high intake of investment, but also favourable opinions of people and both is necessary for
the development of such a technology. It is mainly about operational emission and a lack of
fossil fuels whose price will be significantly increasing in the future.
For this chapter there will be needed, at least in some areas, to view it in a wider extent than
only as on the electric mobility in the Czech Republic. Nevertheless, in the CZ there are
planned to continue all the distributors not only in their running projects, but also to cooperate
with the government on various, for example, tax reliefs which could be connected with
buying and operating of electric cars for households or for companies. From a certain
perspective some efforts of energy companies are not so much supported. After all there could
emerge a new very interesting market for electric power sellers which could bring very
substantial profits in the future. The distributors, of course, will enhance the number of charge
points (stations). However, such constructions will be very unprofitable for them till the time
there is significantly increased the number of electric cars used in the Czech Republic.
According to the data from the Ministry of Transport of the Czech Republic there were
registered 1 768 electric cars in the Czech Republic to 1 January 2014. The number includes
all vehicles, motorcycles included. Unfortunately, the share of electric cars is just under 13%
from the previous number. If it is compared with the other EU countries, then it is not so
many. Besides, there is necessary to realize that most of these electric cars are actually the
property of the distributors themselves which use them for their own purposes or rent them in
terms of some projects for example to some municipal authorities.
As for future investments and possibilities to develop some technologies, there are, of course,
many directions which can be taken. All these directions will have one shared goal and that is
predominantly to make the acquisition and use cheaper, to eliminate or minimize its
disadvantages, for example low range, but also to make use of some, at first sight hidden,
qualities of electric cars.
Basically, it is all about batteries. An electric motor is in practice much simpler than a
combustion engine. It is maintenance-free and there will probably come no other progress in
its development. In car production there will also come no big changes, definitely nothing
what would substantially influence the fact that they would need less energy for their driving
and this way to achieve a significantly lower consumption and lower operational costs. On the
other hand, batteries could also get close to their maximum as for development and if it is this
way electric cars will have it hard. There is related to batteries the absolute majority of all
disadvantages of electric cars. However, there are currently several ideas or technologies
which are able even with the contemporary possibilities of batteries to improve the position of
electric cars in the competition with classical cars with combustion engines.
There are several possibilities to solve the problem with low range of electric cars and long
charge times of batteries. One of them is that the batteries will not be connected permanently
with cars and there will be possible to change them in a relatively short time for the full
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charged ones. Besides renewing of full range there is one more advantage that if a battery life
time period ended, which is currently only a few years, there would not have to be devaluated
the whole electric car and after the battery were changed the car would be practically as a new
one from a technical point of view. In practice it goes like this with almost all electrical
devices which are charged with batteries. There would have to be a certain unification and
standardization to make it possible for every electric car to change the battery for example at
every fuel station. There is a vision that there would be everything fully automated and a
driver would not have to even get out of the car. This way of “charging” has been tested for
example in Copenhagen or Tokyo.

An example of automated battery change in an electric car

Another possibility is to make charging times shorter. From a technical point of view there are
certainly some other technical limitations and there is also needed to assess what an impact
would have these big and irregular offtakes on the distribution or even on the whole
transmission system. With charging at power stations there is also connected the connection
of electric cars into so called Smart Grids or intelligent networks. Basically, the point is that
batteries of all electric cars which would be connected to the grid would serve as energy
storages and in case of offtake peaks or some unexpected falls of power on the side of energy
production they would supply power back to the grid. Charging stations would have to be
more complex and they would have to enable electric power to flow in both directions. The
most practical use would probably be with family houses which would for example use the
power from electric car batteries to cover evening offtake peak times. These electric cars
would be recharged overnight when there is surplus of electric power. There is a disadvantage
that such an electric car would not be 100% recharged in case of a sudden need to drive.
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There is also not utterly impossible to adapt electric cars for contactless (wireless) charging.
Basically, it is an induction technology which uses electromagnetic field. Electric cars have to
be equipped with special boards which start to charge the car batteries in the moment when
the car stops over a charging pad. As soon as the accumulator is recharged, the process of
charging is automatically interrupted. This way of charging can be theoretically used even for
charging batteries right during driving. There are also ideas that electric cars could use a
special lane which would consist of charging pads. As long as electric cars were moving on
the marked way, they would be permanently recharged. From calculations emerges that it
would be sufficient if there would be equipped with this technology only 10% of roads. It
would be a very simple and comfortable solution for drivers. It could be rather complicated
only to construct, for example, the special lanes which would be (maybe will be) very
expensive. There is also not clear what impact would have these strong magnetic fields on
electric devices in close proximity, for example, to the control and safety systems in classical
cars.
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14 Conclusion
In our opinion there is hidden a huge potential in electric mobility. This potential will be
coming to light more and more with depleting sources of fossil fuels and their rising prices,
but also with still worsening quality of environment as a result of CO2 emitting into the air.
Electric cars will certainly never replace 100% of cars with combustion engines, but their
numbers will be rising every year. This decreasing will be to a certain extent influenced by the
approach of individual states and big energy companies. At present to buy an electric car is
still a matter of luxury or promotion of companies. However, it should considerably change in
the future.
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