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OBJECTIVE OF THE PROJECT
· An automatic battery charger without the use of the trickle charging arrangement.

· An automatic battery charger with the provision of trickle charger arrangement.

OVERVIEW
The battery charger explained here controls the charging current by continuously comparing the terminal voltage of the battery under charge with a constant reference voltage obtained across a zener diode.

In the fully charged condition of the battery the SCR will be turned OFF automatically and will cut the battery out of the charging circuit. This will keep the battery healthy by avoiding its overcharging.

BRIEF DESCRIPTION OF COMPONENTS:

1) Transformer:-

A transformer is a static device which consists of two or more stationary circuits interlinked by a common magnetic circuit for the purpose of transferring electrical energy between them.

· E.M.F equation of a transformer:

e=4.44Baft

B=maximum flux density in the magnetic circuit.

a=area of cross-section of the core.

f and t are frequency and no. of turns respectively.

· Step up and step down transformer:

A step up transformer is one whose secondary voltage is greater than its primary voltage. Step down transformer is opposite to the above. A transformer is made from two or more coils of insulated wires wound around a core made of iron. When the voltage is applied to one coil, it magnetizes the iron core. This induces a voltage to other coil. Turns ratio of two sets of windings determines the amount of voltage transformation. (e1/e2=n1/n2).with a step up or step down transformer the voltage ratio between primary and secondary will mirror the turns ratio. Insulation is provided between the turns of wire to prevent the shorting.

· Comparison of three phase and single phase:
Three phase transformer takes less space than single phase.3 phase is lighter, smaller cheaper and it is more efficient. Three separate single phase transformer are suitably connected to form a three phase transformer bank. The advantage is that when one single phase transformer is damaged, the remaining two units may be used in open delta at reduced capacity.

· Construction:

Three single phase transformer are positioned at 120 degree to each other. If balanced sinusoidal voltage is applied to the three phase winding, the flux will be sinusoidal and balanced. If the three legs are carrying these flux are merged, total flux in the merged leg is zero. Each legs carries both low and high voltage winding.
· Three phase transformer group:

· Group 1:  no phase displacement (yy0, dd0, dz0)

· Group 2: 180 degree phase displacement (yy6, dz6, dd6)

· Group 3: 30 degree lag phase displacement (dy1, yd 1, yz1)

· Group 4: 30 degree lead phase displacement (dy11, yd 11, 
yz 11)

The zigzag connection is one of the examples of sectionalized winding and its effect is to reduce the third harmonic from line to neural voltage as well as line to line voltage.
· Centre tapped transformer:

A Centre tapped is a connection made to a point half way along the winding of a transformer or inductor. Taps are sometime used in the inductor to coupling the signal.it may not necessarily at the half way point, but rather closer to one end.in a rectifier Centre tapped transformer and two diodes can form a full wave rectifier that allows the both half cycle of the ac waveform to contribute to direct current, making at smoother than a half wave rectifier.in a audio power amplifier a centre tapped transformer is used to drive the push pull output stage.

Here in our project we used 230v, 12-0-12,2A step down transformer.
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Fig 1:

A typical picture of a Centre tapped transformer:

2) Diodes:-

A diode is a two terminal electronic component that conduct electric current in only one direction. A crystalline piece of semiconductor material is connected to two electrical terminals.

The most common function of a diode is to allow the electric current to pass in only one direction. (This is referred to be as forward bias function. When “terminal is positive with respect to “n” terminal).and it blocks the current in opposite direction. (When “p” is negative with respect to “n” and it is referred to be as reversed bias).

This unidirectional behavior is called rectification. It is used to convert alternating current to direct current and exact modulation from radio signal in radio receiver.

Diode can have more complicated behavior than a simple on-off switch. This is due to their complex non-linear electrical characteristics which can be tailored by varying the construction of p-n junction.

Here in our project we use diode 5408 and diode 4001.
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Fig 2: AN IN 5408 DIODE
3) Zener diode:-
A Zener diode is a type of diode that permits current not only in the forward direction like a normal diode, but also in the reverse direction if the voltage is larger than the breakdown known as "Zener knee voltage" or "Zener voltage". The device was named after Clarence Zener, who discovered this electrical property.

A conventional solid-state diode will not allow significant current if it is reverse-biased below its reverse breakdown voltage. When the reverse bias breakdown voltage is exceeded, a conventional diode is subject to high current due to avalanche breakdown. Unless this current is limited by circuitry, the diode will be permanently damaged. In case of large forward bias (current in the direction of the arrow), the diode exhibits a voltage drop due to its junction built-in voltage and internal resistance. The amount of the voltage drop depends on the semiconductor 
                                                                      
 
Fig 3:-Zener diode showed with typical packages. Reverse current − iZ is shown
material and the doping concentrations. 
A Zener diode exhibits almost the same properties, except the device is specially designed so as to have a greatly reduced breakdown voltage, the so-called Zener voltage. By contrast with the conventional device, a reverse-biased Zener diode will exhibit a controlled breakdown and allow the current to keep the voltage across the Zener diode at the Zener voltage. For example, a diode with a Zener breakdown voltage of 3.2 V will exhibit a voltage drop of 3.2 V even if reverse bias voltage applied across it is more than its Zener voltage. The Zener diode is therefore ideal for applications such as the generation of a reference voltage (e.g. for an amplifier stage), or as a voltage stabilizer for low-current applications.

The Zener diode's operation depends on the heavy doping of its p-n junction allowing electrons to tunnel from the valence band of the p-type material to the conduction band of the n-type material. In the atomic scale, this tunneling corresponds to the transport of valence band electrons into the empty conduction band states; as a result of the reduced barrier between these bands and high electric fields that are induced due to the relatively high levels of doping on both sides. The breakdown voltage can be controlled quite accurately in the doping process. While tolerances within 0.05% are available, the most widely used tolerances are 5% and 10%. Breakdown voltage for commonly available zener diodes can vary widely from 1.2 volts to 200 volts.

Another mechanism that produces a similar effect is the avalanche effect as in the avalanche diode. The two types of diode are in fact constructed the same way and both effects are present in diodes of this type. In silicon diodes up to about 5.6 volts, the Zener effect is the predominant effect and shows a marked negative temperature. Above 5.6 volts, the avalanche effect becomes predominant and exhibits a positive temperature coefficient. In a 5.6 V diode, the two effects occur together and their temperature coefficients neatly cancel each other out, thus the 5.6V diode is the component of choice in temperature-critical applications. Modern manufacturing techniques have produced devices with voltages lower than 5.6 V with negligible temperature coefficients, but as higher voltage devices are encountered, the temperature coefficient rises dramatically. A 75 V diode has 10 times the coefficient of a 12 V diode.

All such diodes, regardless of breakdown voltage, are usually marketed under the umbrella term of "Zener diode".
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A TYPICAL PICTURE OF A ZENER DIODE
                          

Fig 4:- Current-voltage characteristic of a Zener diode with a breakdown voltage of 17 volt. Notice the change of voltage scale between the forward biased (positive) direction and the reverse biased (negative) direction.

· APPLICATION OF THE ZENER DIODE:-

Zener diodes are widely used as voltage references and as shunt regulators to regulate the voltage across small circuits. When connected in parallel with a variable voltage source so that it is reverse biased, a Zener diode conducts when the voltage reaches the diode's reverse breakdown voltage. From that point on, the relatively low impedance of the diode keeps the voltage across the diode at that value. 

                                                                          

Fig 5:- This circuit shows a typical voltage reference or regulator.

A typical voltage input UIN, is regulated down to a stable output voltage UOUT. The intrinsic voltage drop of diode D is stable over a wide current range and holds UOUT relatively constant even though the input voltage may fluctuate over a fairly wide range. Because of the low impedance of the diode when operated like this, Resistor R is used to limit current through the circuit.

In the case of this simple reference, the current flowing in the diode is determined using Ohms law and the known voltage drop across the resistor R. 

IDiode = (UIN - UOUT) / R

· Shunt regulators are simple, but the requirements that the ballast resistor be small enough to avoid excessive voltage drop during worst-case operation (low input voltage concurrent with high load current) tends to leave a lot of current flowing in the diode much of the time, making for a fairly wasteful regulator with high quiescent power dissipation, only suitable for smaller loads.

Zener diodes in this configuration are often used as stable references for more advanced voltage regulator circuits.

· These devices are also encountered, typically in series with a base-emitter junction, in transistor stages where selective choice of a device centered on the avalanche/Zener point can be used to introduce compensating temperature co-efficient balancing of the transistor PN junction. An example of this kind of use would be a DC error amplifier used in a regulated power supply circuit feedback loop system.

· Zener diodes are also used in surge protectors to limit transient voltage spikes.

· Another notable application of the zener diode is the use of noise caused by its avalanche breakdown in a random that never repeats.

4) SCR:-
A silicon-controlled rectifier (or semiconductor-controlled rectifier) is a four-layer solid state device that controls current. The name "silicon controlled rectifier" or SCR is General Electric's trade name for a type of thyristor. The SCR was developed by a team of power engineers led by Gordon Hall and commercialized by Frank W. "Bill" Gutzwiller in 1957.

· Construction of SCR

An SCR consists of four layers of alternating P and N type semiconductor materials. Silicon is used as the intrinsic semiconductor, to which the proper dopants are added. The mesa type construction is used for high power SCRs. In this case, junction J2 is obtained by the diffusion method and then the outer two layers are alloyed to it, since the PNPN pellet is required to handle large currents. It is properly braced with tungsten or molybdenum plates to provide greater mechanical strength. One of these plates is hard soldered to a copper stud, which is threaded for attachment of heat sink. The doping of PNPN will depend on the application of SCR, since its characteristics are similar to those of the thyraton. Today, the term thyristor applies to the larger family of multilayer devices that exhibit bistable state-change behavior, which is, switching either ON or OFF. 
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SCR SHOWING C, A, G[image: image8.jpg]



Fig 7:- High power SCR:-
                                              

· Modes of operation

In the normal "off" state, the device restricts current to the leakage current. When the gate-to-cathode voltage exceeds a certain threshold, the device turns "on" and conducts current. The device will remain in the "on" state even after gate current is removed so long as current through the device remains above the holding. Once current falls below the holding current for an appropriate period of time, the device will switch "off". If the gate is pulsed and the current through the device is below the holding current, the device will remain in the "off" state.

If the applied voltage increases rapidly enough, capacitive coupling may induce enough charge into the gate to trigger the device into the "on" state; this is referred to as "dv/dt triggering." This is usually prevented by limiting the rate of voltage rise across the device, perhaps by using a snubber. "dv/dt triggering" may not switch the SCR into full conduction rapidly and the partially-triggered SCR may dissipate more power than is usual, possibly harming the device.

SCRs can also be triggered by increasing the forward voltage beyond their rated breakdown voltage (also called as break over voltage), but again, this does not rapidly switch the entire device into conduction and so may be harmful so this mode of operation is also usually avoided. Also, the actual breakdown voltage may be substantially higher than the rated breakdown voltage, so the exact trigger point will vary from device to device. This device is generally used in switching applications.

· Reverse Bias

SCR are available with or without reverse blocking capability. Reverse blocking capability adds to the forward voltage drop because of the need to have a long, low doped P1 region. Usually, the reverse blocking voltage rating and forward blocking voltage rating are the same. The typical application for reverse blocking SCR is in current source inverters.

SCR incapable of blocking reverse voltage are known as asymmetrical SCR, abbreviated ASCR. They typically have a reverse breakdown rating in the 10's of volts. ASCR are used where either a reverse conducting diode is applied in parallel (for example, in voltage source inverters) or where reverse voltage would never occur (for example, in switching power supplies or DC traction choppers).

Asymmetrical SCR can be fabricated with a reverse conducting diode in the same package. These are known as RCT, for reverse conducting thyristor.

· Application of SCRs

SCRs are mainly used in devices where the control of high power, possibly coupled with high voltage, is demanded. Their operation makes them suitable for use in medium to high-voltage AC power control applications, such as lamp dimming and motor control.
· REVIEW:
· A Silicon-Controlled Rectifier, or SCR, is essentially a Shockley diode with an extra terminal added. This extra terminal is called the gate, and it is used to trigger the device into conduction (latch it) by the application of a small voltage.

· To trigger, or fire, an SCR, voltage must be applied between the gate and cathode, positive to the gate and negative to the cathode. When testing an SCR, a momentary connection between the gate and anode is sufficient in polarity, intensity, and duration to trigger it.

· SCRs may be fired by intentional triggering of the gate terminal, excessive voltage (breakdown) between anode and cathode, or excessive rate of voltage rise between anode and cathode. SCRs may be turned off by anode current falling below the holding current value (low-current dropout), or by "reverse-firing" the gate (applying a negative voltage to the gate). Reverse-firing is only sometimes effective, and always involves high gate current.

· A variant of the SCR, called a Gate-Turn-Off thyristor (GTO), is specifically designed to be turned off by means of reverse triggering. Even then, reverse triggering requires fairly high current: typically 20% of the anode current.

· SCRs are true rectifiers: they only allow current through them in one direction. This means they cannot be used alone for full-wave AC power control.

· If the diodes in a rectifier circuit are replaced by SCRs, you have the makings of a controlled rectifier circuit, whereby DC power to a load may be time-proportioned by triggering the SCRs at different points along the AC power waveform.                                   [image: image10.jpg]ANODE CURRENT (Ia)

Tbo_]

L [ latching current

H ——

holding current

'

/ ’
REVERSE

AVALANCH
REGION

\Q

REVERSE LEAKAGE
CURRENT

t Vho

FORWARD LEAKAGE CURRENT

ANODE
VOLTAGE

(Va)



Fig 8:- static I-V characteristics of an SCR
automatic battery charger:-
The circuit diagram of an automatic battery charger is shown in below figure. Voltage for the charging the battery is d.c in nature and obtained by stepping down the single phase a.c voltage with the help of step down transformer T1 and then rectifying it by means of a full-wave rectifier comprising diodes D1 and D2. When the battery is in discharge condition its terminal voltage will be lower than the voltage at point B. The gate cathode junction of the SCR will be forward biased through R1 and D3. The SCR thus will be turned ON and will start charging the battery.
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FIG: 9:-
Circuit diagram of an automatic battery charger using SCR

When the battery approaches full charge (about 13.2 V) the forward bias on the gate cathode terminal of the SCR will be reduced causing the value of the current flowing through the SCR to reduce.
Thus the charging current will automatically be reduced as the battery approaches full charge, further charging of the battery will be stopped. This will protect the battery from getting overcharged.

trickle charging arrangement:-
The battery charging circuit shown in figure 9 can be modified by making provision for the trickle charging arrangement. This can be incorporated by connecting another SCR in the circuit. A circuit with trickle charging arrangement is shown in figure 10. 
Single phase a.c supply is first stepped down to 15V with the help of a 230/15-0-15V, 3A step down transformer. A full wave rectifier is formed by means of two diodes BY 127. The 15V a.c voltage is rectified o d.c with the help of this rectifier.
This rectified d.c voltage is available across SCR S1 connected in series with the 12 volt battery which is to be charged. When the battery is in the discharged condition its voltage will be low, and therefore the anode of the main SCR S1 will be at a high potential than its cathode. SCR S1 will be in the conducting mode.

The gate of S1 will receive the required signal through limiting resistor 47 ohm and the protecting diode BY127. As soon as the gate signal will be received S1 will start conducting and the battery will start getting charged. At this condition the voltage across the 1K, 3W POT will be less than the break over voltage of the zener diode D2. Under such condition no gate signal will be available for the auxiliary SCR S2 and it will not conduct. Gradually as the battery will get charged and approaches the full charge condition its terminal voltage will rise to a magnitude more than the break over voltage of the zener diode and immediately the auxiliary SCR S2 will start conducting. Now as S2 starts conducting because of the voltage divider formed by the two 47 ohm resistors, no gate current will be available for S1 hence, it will automatically turn OFF. The main current instead of passing through S1 will start flowing through S2. With the main SCR S1 turned OFF, only a very small amount of current will keep flowing through the battery due to the series combination of diode BY127, resistor 470 ohm and the 50 ohm,3W POT. This would provide for trickle charging of the battery. 50 ohm, 3W POT can be adjusted for the prerequisite value of current for the trickle charging process. It is quite obvious that the requirement of current for the trickle charging is very small as compared to that required for the main charging process. That is why the current rating of S2 is much smaller as compared to S1.

In this circuit S1 has been chosen to be of 3A, 50V rating whereas S2 has been selected to be of 0.5A, 50V rating.
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Fig: 10:-Automatic battery charger circuit with a provision of trickle charging                       arrangement 

 COMPONENTS:
ITEMS WITH THEIR SPECIFICATION:-

· TRANSFORMER, 230V/12-0-12 V, 2A T1
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· DIODE





 IN 5408(D1,D2)

· DIODE





 IN 4001(D3)
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· ZENER DIODE




 1 Z 15 (D4)
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· SILICON CONTROLLED RECTIFIER(SCR)


SCR 1




  3A, 50 V



SCR 2




 0.5A, 50V
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· RESISTORS 




 47 OHM (R3,R6,R7)
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· CURRENT LIMITNG RESISTORS

 47 OHM,5 W (R2)
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· VARIABLE POT




 1K OHM,3 W (R4)
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· MISCELLANEOUS ITEMS:
· PLUG
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· CONNECTING WIRES
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· BREAD BOARD
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· VERRO BOARD
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· SOLDERING KIT
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· MULTIMETER
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· TESTERS
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RESULTS:
(WITH DIAGRAM)
Transformer input voltage





237 volts

Transformer output voltage





13.8 volts
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D1 & D2 common point and Ground


         10.3 volts

3A, 50 V SCR (S1)






10.39 volts
Voltage across capacitor (C)




10.01 volts

Voltage across potentiometer (R4)



9.85 volts

Resistance (R3)







0.1 volts

Voltage across point M and G




10.2 volts
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APPLICATIONS:

· MOBILE BATTERY CHARGER.  
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· BATTERY CHARGER FOR VEHICLES.
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· LAPTOP BATTERY CHARGER
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· CAR BATTERY CHARGER
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· CHARGE STATIONS.
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CONCLUSION:
With the advancement of the modern technology, automation has vastly popularized. Because with the automatic controlled system it is possible to handle the system more accurately.

Here in this project we have tried to make an “AUTOMATIC BATTERY CHARGER” using SCR as an ELECTRONIC THYRISTOR that can control the charging system. Simultaneously we followed the rules of Power electronics and Electrical machines to get the concrete ideas about the circuits and systems. This is an automatic system by which we can easily charge a battery up to 12 volts rating.

We have learnt a lot of things from this project use of SOFTWARE smart draw and art of SOLDERING.

During this project we have faced several problems. We have tried to make this project flawless. Although, there may still exist some drawbacks in the project.

Overall, it’s life time experience for us all. We hope this project will help us in near future. 
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