Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.183

Voltage stabilizer and UPS

Objectives: At the end of this lesson you shall be able to

« state the basic concept of stabilizer

* draw the block diagram and explain the function of each blocks

« state the working various types of voltage stabilizers

« state the basics of UPS system

¢ explain the block diagram of OFF line UPS and its various controls and functions
¢ explain the block diagram ON line UPS and advantages and disadvantages.

Voltage stabilizer

It is an electrical supply device controlled by electronic
circuitwhich gives the constant output voltage irrespective
ofthe variationin the highinput supply voltage or disconnect
the outputcircuitifthe input voltage is very low or very high.

Every electrical device is designed to operate ata certain
rated voltage for optimum efficiency and maximum length
of service. Power supply voltages should not drop or rise
by more than 5% of rated voltage as per IS.

The effect of voltage variations in commonly used electrical

appliances are given below.

SI.No. Name of the equipment Low voltage High voltage
1 Incandescentlamp Lamp efficiency decreases Life of the lamp decreases or the
if the voltage is decreased. lamp fuses in extreme cases.
2 Fluorescentlamp If voltage is too low, lamp Life of the tube/choke
will not light up. decreases.
3 Electric stove, electric Increases the heating time Shortens the life of heating
iron, water heaters, as heat produced is low. elements or heating elements
toasters etc. burnt out.
4 Fans, vacuumcleaners Efficiency decreases. Life of the equipment is
decreased
5 Washing machines, Motor of the machine will draw The motor insulation may fail and
refrigeratorsand more current from the line that draw excess current which can
air-conditioners results in overheating of the lead to burn out.
motor which may lead to burn out.
6 Radios and television sets Poor quality of reception, Life of the equipment is decreased
picture will not be clear in the
television sets.
Some of the electronic equipment such as colour television sets are designed by the manufacturers with
built in electronic stabilizers like Switch Mode Power Supplies (SMPS). Hence there is no need to
provide an additional external stabilizers for these equipments.

Types of AC voltage stabilizers

1 Steppedvoltage stabilizer
a) Manual
b) Automatic relay type
2 Servovoltage stabilizer

Constantvoltage transformer
Stepped voltage stabilizer

In the stepped voltage stabilizer, an auto-transformer is
used forregulating the output voltage. Amanually operated
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switch as in Fig 1 regulates the output voltage in the
manual type. In automatic relay type stabilizers a sensing
circuit actuates the relays which regulates the output
voltage. The schematic diagram is in Fig 2 is for an
automatic relay type stabilizer.

Fig 1 L 3
TO—%TKSWITCH
o<- - L
4
INPUT z

VOLTAGE 1 OUTPUT

VOLTAGE
N Q—L N

MANUAL STABILIZER

ELN4418311




Fig 2

CONTROL

MAINS TX CIRCUIT RELAYS LOAD
F.B

BLOCK DIAGRAM OF VOLTAGE STABILIZER

ELN4418312

Mains Tx

This transformer supplies two level voltagei.e, low voltage
and high voltage, which is to be supplied according to the
needs. Some stabiliser working in buck boost operation to
meet special application forload requirements. The auxiliary
supply also provides for control circuit requirements by the
mains transformer.

Control circuit

Inthe ordinary voltage stabilisers, control circuit regulate
the relay operation, irrespect or output voltage. When
input voltage falls below the set voltage H.T side relay will
operate and incase high voltage condition LT side relay will
operate and maintain the stipulated operate voltages. The
relay operation controls by controlling relay coil supply
which is set for separate DC regulated voltage levels.

Relays

It is a electromagnetic relay which operates two different
coil voltage. the DC coil voltage decides which relay has
to be operate depends on the input AC voltage supplied
to the transformer. Fig 3 shows an automatic relay type
stabilizer.

Fig3 L

INPUT
VOLTAGE

L

OUTPUT
VOLTAGE

SENSING CIRCUIT
AUTOMATIC STABILIZER RELAY TYPE

ELN4418313

Feed back

In non automatic voltage stabiliser DC voltage are takenon
the feed back quantity, which operates the relay coil. The
coil DC voltage will be two different voltage to activate the
relay in case of low and high voltage AC input conditions.

Load

Load can be anything connected to the stabiliser. Some
electrical equipments requires a constantinput voltage to
operate. such case astabiliseris required. Butin automatic
stabiliser have the disadvantage of transientline (Change
overtoone voltage to other voltage level) which may cause
the stabiliser to OFF condition few milli seconds.

Stepped voltage stabilizer - manual type : Fig 4 shows
an auto-transformerin which the output voltage increases
as the tap changing switch S, is turned clockwise. The
output voltage can be seen by connecting a voltmeter in
the output side as in Fig 4. Increasing or decreasing the
outputvoltage nearto the setvalue is possible by rotating
the tap changing switch S, in the appropriate direction
within £10% of the desired output voltage. A push-button
switch S, enables to measure the incoming voltage.
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Stepped voltage stabilizer - automatic type : Fig 5
shows a stepped voltage stabilizer of the automatic type
operated by relays. T, is an auto-transformer with multiple
tappings. S, and S, are two secondaries for relay operation.
The secondary voltage of S, is rectified and filtered forthe
use of the sensing circuit while voltage S, is rectified and
filtered forthe use ofthe relay operation. P, and P, are pre-
setresistors (variable resistors) used for adjustment. R,
P,andR, provide sensing voltage to the zenerdiode. DZ,
andR,P,and R, tothe zenerdiode DZ,.Q, and Q, are two

transistors used as switches. RL, and RL, are tworelays.
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STEPPED VOLTAGE STABILIZER-AUTOMATIC 240V

When the input voltage is low, say less than 200V, both
DZ, and DZ,do not conduct as the voltages at the preset
tappings are less than their zener diode voltages. This
causes both transistors to cut off and the relays are in the
off position. At the off position of the relays, NO contacts
ofboththe relays connectterminal R of the auto-transformer
to output which results in booster output voltage.

Whentheinput voltage increases above 210V, but below
240V voltage across S, increases proportionally. This
increases the pre-settap voltage, thereby the zener diode
DZ, conducts and hence make the transistor Q, to ON.
The relay RL, operates and connects the supply voltage
directly to the output through NO. contact of RL, and NC
contactof RL,. By this operation the output voltage will be
the same as the input voltage.
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When the input supply voltage increases above 240V the
zenerdiode DZ, gets voltage from P, and hence conducts
which makes Q, to ON. This results relay RL, energise
and output is taken from NO. point of RL,. The output
voltage reduces or bucks.

Usually 12V DC relays with the required currentratings of
contacts are preferred for stabilizers. Diodes or capacitors
are used across the relay coil to protect the transistors
fromreversed induced emfwhen the relays become OFF.
LED indicators are sometimes used to indicate the mode
of operation such as buck, normal, boost etc.

Stepped voltage stabilizers are available with different
types of electronic circuits with one to three relays to
provide an output voltage of 200-240V. They are specified
for maximum input voltage variation and for their output,
KVAratings say 170to 270 volts 1 KVA or 135to0 260 volts
0.5 KVA.

Some of the stabilizers are provided with over-voltage and
under-voltage cut offto protect the connected equipment.

Applications : Stepped voltage stabilizers are used along
with refrigerators, air conditioners, TVs, VCRs etc. Colour
TVs with self-contained switch mode power supplies do
not require voltage stabilizer as they are designed to
operate from 130 to 260 volts.

Servo - voltage stabilizer

The servo voltage stabilizer employs a toroidal auto-
transformer and a servo motor driven by a sensing circuit
which senses the voltage. The difference between the
outputand nominal voltage is sensed by a sensing circuit
which drives the servo motor. Any variations in mains
cause the motor to move clockwise or anticlockwise thus
correcting the voltage.

Aservovoltage stabilizeris provided with three transformers
function along with control circuits and a servo motoras in
Fig6. T, isacontinuously variable toroidal auto-transformer
(variac) driven by a servo motor M.
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SERVO VOLTAGE STABILIZER
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The output from the variac, drives a series buck/boost
transformer T, so thatboost takes place when the variable
tap arm moves down and bucks the voltage whenthe arm
moves up. Thetransformer T, provides the required reference
voltage and sensing voltage for the electronic circuit which
drives the motor.

Whenthe outputvoltageis less than the reference voltage,
the electronic circuit senses the difference, drives the
motor in one direction which results in increase in the
outputvoltage.

When the output voltage increases above the ratings, the
motoris driven in the opposite direction so that the output
voltage increases. When the voltage difference in output
and the reference are equal, the servo motor is switched
off by the circuit.

Aservo stabilizer provides constant voltage toan accuracy
around 1% or +0.5% and a correction range 10to 30 volt/
sec.

A servo stabilizeris more accurate and also costlier, and,
therefore, used with costlier equipments such as
computers, xerox machines, medical electrical equipments
etc.

Constant voltage transformer

A constant voltage transformer works on ferro-resonant
principle. The variation in the primary flux with an
unsaturated iron core does not affect the secondary flux
with saturated iron core. Thus, the secondary induced
voltage remains relatively independent of the voltage
impressed upon the primary winding.

In an ordinary transformer, the primary and secondary
coils are closely coupled. Any change in primary voltage
is directly transferred to the secondary in the ratio of the
numberofturns. Ina CVT, the primary and secondary coils
areloosely coupled. These are wound on separate sections
of the transformer core as in Fig 7. In between the coils,
aseparate shuntpathis provided for the flux to flow butan
air gap is provided in the shunt path. A capacitor is
provided in parallel with the secondary.
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Now imagine what will happen when voltage is applied to
the primary. Starting from zero, if the voltage increases
slowly, initially, all the flux generated by the primary
voltage will pass through the lower half of the transformer
core because the air gap in the shunt path will prevent it
from taking this path. This is shown by bold arrows in Fig
6. As aresult, therisein secondary voltage is proportional
to the primary. But as voltage in the secondary coil rises,
at a certain point the impedance of the coil will become
equal to the impedance of the capacitor, i.e.
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This is the condition of resonance, and at this pointa high
current will flow in the LC circuit. This high current will
result in a sudden rise of voltage across the secondary
(Fig 6), and the core in this section of the transformer will
saturate.

Once the core gets saturated, it prevents the entry of
further flux coming from the primary side. Therefore, any
increase in flux due to increase in primary voltage has to
take an alternate shunt path asin Fig 7. Hence, very little
increase in the secondary voltage takes place. This little
increase can also be nullified by a feedback-FB winding
connected asin Fig 8. The output winding can be separated
from the capacitor circuit if the voltage required is low or
tappings can be taken out of the capacitor.
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CVT may not be suitable for an instrument in which SCR
power supply is used or an inductor or a capacitor is
cominginthe AC circuitoramotordrawing aheavyin-rush
currentis used inside the instrument. But it is suitable for
electronic machines such as TVs, computers, FAX
machines etc.

Testing a stabilizer : To test a stabilizer for its operating
range, a variac and rated load along with voltmeters/
ammeters are necessary. A simplified circuit for testing
the stabilizer is given in Fig 9.
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By connecting the stabilizer as shown in the figure above
and varying the input voltage to the range specified in the
name-plate detail suchas 170to 260V or 130to 270V etc.
The output voltage should be satisfied with the specified
voltage such as 200 to 240V. There should not be any
undue heating orfailures with the rated load for a continuous
working.

Basics of UPS systems

Most people take the mains AC supply forgranted and use
italmost casually without giving the slightest thought toits

inherent defects and the danger posed to sophisticated
and sensitive electronicinstruments. Forordinary household
appliances such as incandescent lamps, tubes, fans, TV
and fridge, the mains AC supply does not make much of a
difference, but when used for computers, medical
equipments and telecommunication systems, a clean,
stable, interruption-free power supply is of utmost
importance.

As more and more personal computers, word processors
and data terminals find their way into small business, UPS
systemsthatmeetthe powerrequirements and pricerange
needs for small business and offices are being manufactured.

The ever increasing importance of computers in industry
and commerce will increase the need for quality, high
stability and interruption-free power supplies.

Earlier Data Operating System (DOS) does not have any
shut- down procedure. So in case power failure it does not
affect the operating system. Latest operating system
Windows 9x and application softwares require proper
shuting down and exit procedures. This procedures requires
time which is provided by UPS in case of mains power
failure.

UPS (Uninterrupted Power Supply) is the only solution
available to anindividual customer faced with the problem
of ensuring high quality of power for critical loads. AllUPS
designs contain a battery charger to keep the battery fully
charged by the power from mains. Small UPS normally
comes with a sealed maintenance free (SMF) batteries
which can provide 10 to 15 minutes of power backup, the
backup time increases with the capacity of the battery.
Tubular batteries or automotive batteries are used in
medium and large capacity UPSs.

UPS classification

There are two broad categories of UPS topologies - OFF
line,and ON line . These topologies differ in the way they
serve the load when the mains is present and is healthy.
They vary in features & pricing.

OFF-Line and ON-Line

OFF-Line UPSfilters the mains and feeds it directly to the
load for most of the time. When the mains is unhealthy,
perhaps duetoaslightdropinvoltage, the loadis switched
by a fast relay, in typically less than half a cycle, to an
inverter deriving its power from a battery. The inverter
generates a square or stepped waveform to emulate the
mains-satisfactorily for most computers. This particular
technique represents the lowest cost solution.

Online UPS converts AC mains into DC before inverting
again to AC to power the load with a synthetic sine wave.
Abattery connected across the DC link acts as the backup
power source.
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This gives a supply for the computerthat totally isolates the
input mains from the load, removing all mains noise and
with no break when the mains fails.

Standby/OFF Line block diagram (Fig 10)

In the off line UPS, the load is connected directly to the
mains when the mains supply is available. When working
over voltage/under voltage conditions are detected on the
mains, the off line UPS transfers the load to the inverter.
When the line is present, the battery charger charges the
battery and the inverter may either be shut down or will be
idling. Thus in an off line UPS, there is a load transfer
involved every time, the mainsis interrupted and restored.
This transfer is effected by change- over relays or static
transfer switches. In any case there will be a brief period
duringwhich the load is not provided with voltage.Ifthe load
isacomputerand the transfertime is more than 5ms, then
there is a chance that the computer will reboot.

Some modified designs incorporate a limited range of
voltage regulation by transformer tapping and a certain
degree of transient protection by using RF filters and
MOV’s (Metal Oxide Varistor). Offline UPS is an economical
and simple design and henceitis preferred for small rating,
low costunits aimed atindividual PC user's market. When
the load is really a critical one an off line UPS is not
acceptable. Usually square wave output off line UPS are
available in market with lower loading capacities.

Advantages of OFF line UPS: High efficiency, small
size, low cost.

Disadvantages: There can be change over complaintin
offline UPS. Off line very much depends on battery. If
battery fails entire system fails. Sometimes during change-
overcomputerre-boots which causes loss offiles. Another
disadvantage is that output voltage will be a varying one.
Usually inthe range of 200V-240V and hence not suitable
to all electronic gadgets.
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Front panel indications and rear panel sockets/
switches used in UPS Fig 11 REPLACE BATTERY

All UPS systems have

* Fuse/Fuseholder

+ Switches

» Sockets

» Panelindicator (LED and Neon lamp)
* Meters (Volt/Ampere)

Fig 11 and 12 shows the front and rear panel controls/
sockets.

Switches: On/Off switch and reset switch are commonly
used in UPS. Reset switch is used to cut off an overload
circuit and restart the supply. This is a push to off switch.
In normal position this switch keeps the circuit on and
when pushed, it cuts off the circuit.
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Socket: Acommon 5 Amp. or 15 Amps. three pin power
output socketis used in UPS to provide UPS output to the
various devices. One can connect an ordinary 5/15Amp.
plug to the UPS output.

Different LED indications/buzzers that are used in
UPS

Mains ON indication: It indicates mains inputis present
and UPS is working on mains.

Mains Low indication: ltindicates thatmains inputis low
and is below a rated value.

Mains high indication: It indicates mains input is high.

Inverter ON indication: Itindicates that UPS is working
in the battery mode and mains is absent.

To get the output from UPS switch ON the ‘Inverter
ON’ switch.

UPS Trip indication: Itindicates that UPS output is Off
ortripped.

Overload indication: Which indicates that the load
currentis above a pre-determined value.

Overload buzzer: It beeps whenever overload occurs.

Low battery warning: Itindicates battery voltage is below
a pre-determined value along with a buzzer.

Battery charging indication: It indicates that battery is
charging properly.

Output voltage low indication: It indicates that output
voltageis below a pre-determined value.

General specifications & UPS protections

UPS are available from 500VA to 20KVA or above.VA is
voltampere.

Power factor specification will be different for different
manufactures. Suppose for 1 KVA UPS with a powerfactor
0.6 the load will be 1000 x0.6 = 600 watts.

Normally a single PC takes around 180 watts. There are
sine wave, square wave and quasi square wave output
UPS. Usually sine wave out UPS is better than square
wave output UPS.

General specifications

Output capacity = Output capacity will be in volt amperes
(VA)

Input voltage = 230V AC £20%, 50 Hz single phase sine
wave

Output voltage = 230V AC +10%, 50 Hz square wave or
sinewave

=230V AC £2%, 50 Hz (for ON-Line)

Battery =7 AH, 12V Sealed Maintenance Free (SMF) for
OFF-Line (depends on the capacity of the UPS)

=Tubular batteries from40 AHto 160 AH (12V to 120V) for
ON-Line (depends on the capacity of the UPS).

Availability of Automatic Voltage Regulation (AVR) feature.

Typical recharge time to charge 90% of the full capacity of
the battery is 5 hours.

Different types of protection in UPS

Input fuse on mains: It protects the system from high
voltage inputs, line disturbances and short circuiting etc.

MOV (Metal Oxide varistor) protection: MOV conducts
when high input voltage appears thereby blowing the fuse

Polyester capacitor for lightening protection: This is
connected across the transformerwinding. Itburnswhen
lightening occurs and protects the transformer.

Fuses to protect the MOSFETS: MOSFETS are highly
sensitive to rapid changing currents. These fuses are used
to protect the MOSFET.

Charger fuse to protect the charger circuit: If any fault
in charger circuit occurs, fuse blows to protect SCRs.

Output high voltage protection MOV: This MOV is
connected across output sockets phase and neutral. If
feedback circuit fails the output voltage will jump to more
than 300 volts. In such situation the MOV conducts to
protect the load.

Overload protection: It protects the UPS especially
MOSFET/IGBT when output current exceeds a preset
value (overloading the UPS). When this occurs, UPS
output becomes OFF along with an indication.
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Battery over charge/discharge protection: It protects
the battery from charging to a high value (SMF batteries will
charge upto 15.8V) and tubular batteries upto 14.1V. It
also protects the battery from getting discharged below a
level (low battery protection). If the battery voltage is
discharged below 10.5V, thenthe UPS gets automatically
switched OFF.

General tips for testing a UPS

+ Connectthe battery to the terminals using a fuse wire.
Ifany faultoccurs in testing the fuse will blow to protect
the UPS.

* Do the testings on no load condition.

+ Check the gate voltages of the two MOSFET banks it
should be the same. If PWM gate pulses are not
present gate voltage will be around 5.6V. If the PWM
gate pulses are present then the gate voltage will be
around 2-2.5 volts.

» Some frequency meters are designed to measure pure
AC frequency only. Ifthe UPS outputis square wave,
then the reading will not be correct. To mea- sure the
correct frequency connect a 60/100W load at the
output ofthe UPS. Thenthe frequency meter shows a
near correctfrequency.

« Foroverload setting in ON-Line UPS, the load current
is calculated by dividing the maximum load with the
output voltage. This can also be measured using a
clamp meter on the outputterminal. Overload is set at
this value of load current.

* While using extension boxes eitherin the input or on
the outputof an UPS, ensure proper earth connection.
Improper earthing may lead to poor line filtering and
shock hazards.

* Ifnumberof MOSFETs are connected in parallel,care
should be taken to see that allthe MOSFETs are of the
same Rds. For MOSFET Rds value (drain to source
resistance) and current rating are important.

Changeover in OFF-Line UPS system

In this type of UPS, the relay controls the battery voltage
whichis appliedfor relay coils. If the battery voltage is too
low then relay coil will not get sufficient supply to trigger
the switch.This may lead to the absence of mains voltage,
even if mains is present and is healthy. This type of OFF-
Line systems are battery dependent.

Some OFF-Line systems are battery independent. The
coil supply is provided by the mains itself. Mains supply
is reduced and rectified. This rectified supply is given to
the changeover relay coil . Battery low voltage does not
affect the relay coil supply. This type of OFF-Line UPS
provides mains output irrespective of the battery condition.

Isolation of inverter

Anotherimportant pointis that the isolation of the inverter
section during the presence of mains, this is done by the
change overrelay. Forinverter side isolation a switching
transistor is used . This switching transistor controls the
shutdown pin voltage of oscillator IC. This transistor makes
this pin high when mains is present.

Once shut down pin becomes high, oscillator IC stops
generating pulses to MOSFETs. MOSFEET becomes
OFF and inverter section becomes inactive. When mains
failure occurs this pin voltage is changed by the transistor
to generate gate pulses.

The inverter section of OFF-Line and ON-Line UPS are
almost same expect in the mains section.

OFF-Line UPS employs a mains delay capacitor. Thisis
a prevention to fast varying mains input voltage. If mains
condition is changing rapidly (Mains ON/OFF) then the
UPS has to switch alternately to battery mode and mains
mode. Since MOSFET cannot respond to these fast
varying currents itwillburn. To avoid this, a delay capacitor
in mains mode (.1Mf) to delay the mainsinput. As soonas
mains is sensed by the opto coupler, mains on indication
glows. Changeoverrelay willrespond after afew seconds
tomains because of this capacitor. Removing this capaci-
tor decreases changeover time. But this may cause
damage of MOSFET.

ON line UPS

In an ON line UPS, the inverter always supplies the load
irrespective of whether mains poweris available ornot. The
loadis always left connected to inverterand hence thereis
no transfer process involved. When the mains power is
present, it is rectified and applied in parallel with the
battery. Hence all the supply system transients are isolated
at the battery and the inverter always delivers pure sine
wave of constant amplitude to the load.

Fig 13 represents a basic block diagram of an ON Line
UPS.

In the block diagram (Fig 13), the mains input is stepped
downto alowerlevel and applied to athyristor based phase
controlled AC to DC converter, employing firing angle(o.)
control. The PWM inverter which usually employs pulse
width modulation using triangular/square wave carrier runs
in battery mode. The outputis filtered and giventothe load.
The PWM inverter is switched in the frequency range
(50Hz) depending on the power rating and hence the DC
side current drawn by the inverter will contain switching
frequency components.
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Along with the charging current the second harmonic Advantages

componentof DC side currentofthe inverteralso flowsinto
the battery. This second harmonic is quite large in value
andthis represents unnecessary strain onthe battery. This
is one of the major disadvantages of this design since it
affects the battery life adversely.

When the mainsis presentthe load power flows though the
converter, reaches the battery node and from there flows
intotheinverteri.e there is double conversion of power. The
converter, Inverter and the two level shifting transformers
incur power losses in this process. Hence the efficiency
of this design is lower than the OFF line design.

In a properly designed control system the battery voltage
is measured and compared with a set float voltage. The
error is processed in a proportional controller and the
processed error decides the charging current that should
flow into the battery. Charging current will be a constant
one for ON line UPS.

Oftenitis found thatthe batteryisin discharge mode even
when mains is present i.e the battery shares the load
current with the mains. This happens when the mains
voltageislow and/orthe outputisloadedto above 75%. The
efficiency of ON line UPS can be increased by using boost
type power factor correction circuit.

+ Constant output voltage (No AVR card) free from
changeover problem.

+ Constantcharging current.
Disadvantages

» complexindesign, lower efficiency, higher cost, bigger
in size and strain on the battery.

Presets of an ON-Line UPS

The presets of ON Line UPS are different from the OFF
Line.

ON-Line UPS presets

Output high cut preset: Suppose there occurs afailurein
PWM or feedback section. The output voltage will jump
above 300V AC. This much output voltage causes harmto
the output load. To prevent this output high cut preset is
used. When the output voltage reaches set limit, this
preset cuts the output. To set this limit, increase the output
voltage using the PWM output voltage control presettill it
reaches 265V and set the output high cut preset to shut
off the output.
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Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.184

Emergengy light

Objectives: At the end of this lesson you shall be able to

¢ explain the block diagram of emergengy light

« explain the emergency light circuit diagram and charging of battery.

Emergency light

Emergency lighting system is commonly used in public
building, work places, residences etc., The main function
of the emergency lamp in the industry are

» toindicate ESCAPE routes

+ to provide illumination to path ways and exit
 indicate the location of the fire fighting equipments.
The block diagram of an emergency lightis in Fig 1. The
circuit is discussed here are basic circuits without over

charging protection for battery or trickle charging facility.
Modern emergency lights have these facilities.

Fig 1
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As shown in the block diagram AC main supply is fed to the
step down transformer, then it is rectified to charge the
battery through a sensorrelay. Alampis connectedinthe
battery circuitthrough the relay. When AC supply fails the
relay enables the battery to the connected lamp circuit
through the normally closed contactand the lamp will glow.

When the AC supply is restored, the battery will be getting
charged through the normally open contact of the relay.
The charging currentis regulated by the series resistances
of 2.2 ohm, 5watt. as in Fig 2. The two LEDs, one is red

andthe otheris green are providedin the circuittoindicate
the presence of AC and the lighting of the lamp through the
battery supply respectively.

One 1000 microfarad capacitor is used in the rectifier
circuit to smoothen the output D.C. supply and one 10
microfarad capacitor is used across the relay to increase
the efficiency of relay operation.

Emergency tube light circuit: The emergency light
which is connected to an ordinary incandescent lamp will
give lesslight. Ifthe fluorescenttubeis usedin emergency
light it will give about 3 times more light consuming same
wattage. Hence most of the emergency lights are
incorporated with fluorescent tube lights.

The inverter circuit is incorporated with the ordinary
incandescent lamp could be replaced by a tube light as
shownintheblock diagram, (Fig 3). The tube lightrequires
a high voltage for its operation. The inverter is used to
convert DC supply to AC and then itis stepped up to light
thefluorescenttube. The inverter circuitis made operative
by the sensor (relay). When AC supply is not available,
during power failure battery voltage operates the inverter, in
which DC is converted to AC and then stepped up to high
voltage to enable the fluorescent tube to light up.

Fig 3
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Fig 4

GREEN LED
B

1K, 1/4W = | = 1K, 1/4W
! | —
N L
RED LED R
25A S
Q\c
L S 0.5A 21 SWG
r—7T 1 2
1N5402 1N5402 220,028W  |\o P | TURNS
N — | |
A — I NO |
1 PHASE [ [
240V, 50Hz 1 : | +
SUPPLY 220, 0.25W ! ‘ — 10An 2N3055
' 10uF | | = & —Q
e L | —_
L= _ —
i 1N5402 25V [ AN | 1521? US%'\,/\E
L==11000pF L—t——
N 240/7.5-0-75V 25V
2A TRANSFORMER

2.2uF, 250V

TUBE
20w

ELN4418414

Inverters are basically transistorised oscillators as in Fig 4.
They canbe made to oscillate atthe frequency of about 6.6

the relay.

kHz. The frequency of the circuit can be changed by

changing the value of resistor and capacitor in the circuit

which is connected in the base of the transistor.

and the inverter circuit is disconnected from the circuit by

Forkeeping the temperature of the power transistor within

its temperature range suitable heat sink should be mounted
overthe powertransistor.

Whenthe AC supply is resumed the sensor relay connects
the battery terminalstothe rectified DC circuitfor charging

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.4.184
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Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.185

Battery charger and inverter

Objectives: At the end of this lesson you shall be able to

¢ explain the working of battery charger with the help of block diagram

« describe various batteries and its maintenance, rating, methods of charging
¢ explain the battery charging circuit and its auto-cut-off

« state the principle of inverter with the help of block diagram

« explain power inverter and input output voltage, frequency, power relations.

Battery charger

Proper selection and maintenance of the battery is very
essential for the proper working of battery wherever is used:
such as inverter,UPS etc

Many types of battery used for different purpose.Each have
more advantages and disadvantages.

Commonly the following four types of batteries are used
with the inverter systems, UPS etc.

* Automobile batteries
» Tubular/Industrial lead acid batteries
» Sealed maintenance free (smf )batteries

* Nickel cadmium batteries
Automobile batteries

This type of batteries are commonly used in automobile,
cars, trucks etc. Itis cheapest of the other batteries used.
It has many draw backs one major draw back with these
batteries are during stand by use.(i.e) In long duration under
float charger they develops positive grid corrosion, which
will reduce the back up time provided by it.

A good quality of automobile lead acid battery has a life
an of only about 250-300 full charge /discharge cycle.

Tubular/Industrial lead acid battery

This type of batteries are designed for the heavy duty
charge required .

The operating life is more than 1000 charge/discharge
cycles. These type of battery requires regular maintenance.
Because of the acid in these batteries irritating smell gases
and It can not be kept in computer rooms and other AC
rooms.

Sealed maintenance free (SMF)batteries

These batteries are completely sealed, so they do not
require any kind of regular maintenance. In side of battery,
do not contain any wet acid, (ie) lead paste batteries. Itis
small in size, and it can be kept in the ac room along with
inverter.
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It is more expensive when compared to the other batteries.
It is more sensitive than other batteries. If the operating
temperature is more than 40 degree centigrade half the
capacity and life of batteries are reduced to half.

Nickel cadmium batteries

These are very expensive batteries and used in defence,
space, nuclear science etc applications.|It has extra any
life operation .

Rating of battery

Commonly the batteries are available in 6V,12V,24V,48V,
and 120V and so on. Normally 6 ,12 and 24 V rating are
mostly available. The capacity of the battery is rated the
Ampere/Hour(AH)

The back up time depends on the AH capacity of the battery.
higher the AH capacity more the back up time.

Charging of battery

The life of battery is very much depends on the charging
method used to charge the battery.

Three types of charging used to change the batteries.

» Constantvoltage

+ Constant current

» Constant voltages- constant current

Constant voltage

This type of charging method using series regulators is
suitable for the SMF batteries but not useful in automobile
and tubular lead acid batteries.

Constant current

This charging method using shunt regulators, is useful for

automobile and tubular /Industrial lead acid batteries, but
it can damage the SMF batteries by overcharging them.



A simplified block diagram of battery charger
is explained to understand the function of
battery charger. (Fig 1)

Fig1
AC.IP X RELAY DC CHARGE BC;EEF;{Y
UNIT UNIT RECTITION UNIT " CHARGE
CHARGE
ONTROL -
UNIT 3
3
BLOCK DIAGRAM OF BATTERY CHARGER é
Transformer

The mains transformer primary is connected through auto
transformer and the supply to auto transformer controlled
through relays. The automatic charge control supply is
always present at the primary of charge control unit
transformer.

Relay unit

The relay unit supplies the DC rectifierinput supply to the
required DC inputto the battery for charging. This relay unit
also cut-off the rectifier input AC in case of the battery is
fully charged.

DC rectifier

This rectifier unit always is a full wave bridge rectifier to
handle heavy charging current. High current metal rectifiers
are found mostly used in this circuit, but high current
capacity semi conductor diode are in use.

Charging unit

This indicates the charging current taken by the battery
and itis controlled by ON-OFF switches. A test switchiis
provided to test the charging condition of the battery.

Battery section

The battery under charger is always to kept in a well
ventilated room and also open the vent plug for easy
evaporation of exhausted gases from cells.

Charge control unit

Once the battery fully charged; then the DC supply to
battery to be cut-off automatically. The voltage sensing
circuit enables the control unit to trip the AC input to the
rectifier unit thereby stop the charging voltage.

Constant voltage
This type of charging method using series regulators is

suitable for the SMF batteries but not useful in automobile
and tubular lead acid batteries.

Constant current

This charging method using shunt regulators, is useful for
automobile and tubular /Industrial lead acid batteries, but
it can damage the SMF batteries by overcharging them.

Constant voltage and constant current

This charging method contains more advantages .This
method is suitable for automobile and tubular /Industrial
lead acid batteries and also for SMF batteries.

This method provide regulated charging to improve the
battery life.

Charging operation of battery

When the mains A.C is available, the mains supply is
connected to 0-240V taping of auto transformer through a
relay.

The transformer works on step down which has 0-240 V,
taping at the primary and 12-0-12 V at the secondary.

The voltage at the secondary is used to charge the batteries
connected.

Trickle charging

In an inverter, when the mains A.C is available the battery
get charged. After the battery is fully charged the charger
is cut-off. After the battery get fully charged if the charger
is not cut off then the battery will get damaged.

Trickle charging is a special charging method used to keep
the battery constantly in full charge position by keeping
the battery charged constantly.

This method of charging is slightly different from the normal
charging method.

For trickle charging 100" part of the normal charging current
is provided to the battery.

A Simple battery charger

The charger can charge 6V,12Vand 24V battery at Suitable
current rate. This circuit has many protection built in it to
protect the battery from overcharge and reverse polarity
etc.

The charger consist of an auto transformer X, (Fig 2) for
supplying constant current and voltage.

A charger transformer X’ is connected to the auto
transformer and the secondary of the X, (Fig 2)is rectified
through full wave bridge rectifier and supplied to the battery
under charger through. Ammeter voltmeter and a
potentiometer (Fig 2)
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A step down transformer X, is used to keep cut off relay is
energised condition when the mains AC supply is cut off
to the charger circuit. Relay RL, used to cut off the AC
mains supply to the charger circuit. Pole P of relay RL, is
connected to AC mains supply and pole P, is connected
to cut off circuit.

Relay is energised by the centre tapping of potentiometer,
which is set such that, the current in the charger circuit
exceeds then it is energised and poles P& P, are
connected to normally opened (NO)pin, switching ‘Off’ A/
C mains supply to the circuit.

The test switch S, is connected to check battery polarity,
reset switch S, is used to reset the charger, when any
fault occurs. Then the charger is cut off and the Switch
‘S," is mains ON/OFF switch.

Afully charged lead acid battery must be 2.1 volt/cell during
on charge.lt will increase upto 2.7V/cell. The voltage of a
battery is multiple of the number of cells.

148 Electrical

In discharged condition the voltage is 1.8V/cell,it should
not be further discharged in this condition as it may
permanently damage the cell.

E.g A 100AH (ampere hour)battery requires (100 AH/
10Hr=10 Amp) 10 Amp. Charging current for 10 hours for
fully charged. To get complete discharge at the rate of
5Amps will require 20 Hrs.

The fully discharged battery requires about 11/2 times more
to get charged .If the battery is in dead (or )not in use for
long time even in normal changing current is passed. These
dead batteries require higher charge voltage to start the
charging current.

Checking of battery
Acid level and specific gravity of electrolyte, will indicate

the condition of battery whether it requires charging or
not.

: Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.4.185



The hydro meter is used for checking the acid level in a
battery .The scale in marked in the hydrometer from 1100
to 1300.when it is inserted in the battery, the reading

i) 1100-1150 -indicates battery is down
i) 1200-1250- indicates battery is 0.k.

iii) 1250-1300 indicates excess acid
Voltage testing

By using high rate discharge tester, the voltage the each
cell must be 2.1V, If it indicates below than 1.8V, then it
shows the battery is in fully discharged. It is still below
1.8V.Then the battery becomes dead condition.

Never connect the high rate discharge tester for long dura-
tion while checking voltage, it will load the battery heavily
and the cell, will discharge.

If the electrolytic level down in the container shell of the
battery, top up with distilled water. Never add electrolyte
prepared separately to the battery.

In a lead acid battery the electrolyte level of the battery
should be checked and maintained every 15 days in
summer season.

Inverter

It is an electronic device, which converts a D.C potential
(voltages) normally derived from alead-acid battery into a
stepped-up AC potential (voltage) which is similar to the
domestic AC voltage.

Locating the faultand troubleshooting of an inverters which
provide sine wave outputs or the use of PWM(Pulse Width
Modulation) technology is very difficult. (Fig 3)

Fig 3
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BLOCK DIAGRAM OF A DRIVEN INVERTER

Switching circuits

Itis the input stage of ainverter. This circuits supplying the
power to further stages and connected to battery. The DC
supply of battery in this supplies to the switching circuits
forvarious needs.

Oscillator

It is an electronic circuit which generates the oscillating
pulses either through an IC circuit or a transistorized
circuit. This oscillations are the production of alternate
pulse of positive and negative (ground) voltage peaks ofa
battery and at a specified frequency (No.of positive peaks
per second). These are generally in the form of square
waves and theinverters are called square wave inverters.

The complete circuitdiagram of a static 50Hz staticinverter
is in Fig 4.

The oscillator section of the inverter used a IC circuit to
produce control signal frequency to the control and driner
section. The received oscillating frequency is amplified to
a high currentlevel using power transistor or MOSFET.IC
7473(JKFlip type) used to power amplification and control
the frequencyto the drivertransistors T1 and T2 driving the
power transistor to the required level as in the Fig 4.
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Thetwo parallel connected powertransistor T5, T6and T7,
T8 are connected to the output transformer which is used
tostep up the low level AC from the amplifies stage into the
specified level.

Thetransformer secondary is supplied the required level of
AC 240V. The generation of the oscillations due to which
the process of voltage induction is able to take place
across the windings of the transformer.

The inverter does not produce any power and the power
produced by DC source. The inverter requires arelatively

stable power source capable of supplying of enough
current for the intended power demands of the system.

Aninverter can produce square wave, modified sine wave,
pulsed sine wave, pulse width modulated wave (PWM) or
sine wave depending on circuit design.

The inverters more than three stages are more complex
and expensive. Most of the electric devices are working
with pure sine wave and AC motors directly operated on
non-sinusoidal power may produce extra heat, and have
different speed-torque characteristics.
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Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.186 & 4.4.187

Stabiliser, battery charger, emergency light, inverter and UPS

Objectives: At the end of this lesson you shall be able to

* state the general precaution to carryout for preventive maintenance

« explain the steps to follow the break down maintenance

* service the voltage stabilizer, emergency light, battery charger, inverter and UPS
* analyse the trouble shooting chart and find the problem/ repair the equipment.

Use of flow chart and troubleshooting charts for fault
location : The circuit diagram is in Fig 1 is given for your
reference. The working of the mains cord, fuse, relay
contacts, windings of the auto-transformer etc. can easily
be ascertained by using a test lamp and/or a series lamp
or by a voltmeter for checking the electronic circuit and
relay coil winding. A multimeter in appropriate range is a
must to localise the fault. A series lamp or test lamp
should not be used to test these as they are liable to spoll
while testing.

Method of trouble shooting : Referring to Fig 1, we find
that the absence of control voltage from S,, S, or DC
voltages willmake both the relays inoperative, and, hence,
will be in the off position resulting in higher output voltage
than input voltage with boost indication. The same result
also occurs when both transistors are open.

When both the transistors are shorti.e. collector to emitter
is short or both zener diodes are short the relays are
energised and the output voltage will be lower than input
voltage.

When one of the relay circuit is only not operating that
particular function will be absenti.e. either back or boost
function will be absent.

When a component mounted on PCB is suspected to be
defective, first ascertain from all possible tests with in the
circuit and then remove the component from PCB only
when it is absolutely necessary. Even removing
components for testing should be done as rarely as
possible.

While removing the components from PCB, the component
position with respectto the PCB, the terminal connections
and hook up wire connections should be noted to enable
the electrician to reconnect the component properly.
When replacing the components procure the component
of the same specification or equivalent so that the
performance of the equipment s not affected after repair.

Troubleshooting chart given in Table 1 illustrates the
problem, section to be suspected possible cause and
action required for a stepped automatic voltage stabilizer.
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General precautions for preventive maintenance

Maintenance for any equipmentneeds aworking knowledge
of that machine is very much essential to the person
concerned. For example the volt ampere rating of voltage
stabilizer is very important to carryout the preventive
maintenance. Low quality, substandard components or
materials never be used orrecommended foruse. Necessary
steps to taken for safe temperature controlling and over
loading conditions. Proper operating sequence or working
steps to follow of all the equipments under maintenance.

Steps to follow break down maintenance
Break down can happen anytime, anywhere. Adequate

protection might have provided to all equipments, for its
smooth working. However continuous running or usage,

lack of maintenance, human error and some unexpected
reasons break down is happening.

Once break down maintenance or repair is required a
detailed study of that equipment is essential. Always
involve more persons pertain to the repair work or
maintenance work for achieving a good result. A collective
and competitive effort only will produce good results. Give
valueforeveryones suggestion, expertise and workmanship.
There must be a clean idea and vision to finalise the
maintenance and repair. Ensure the services of experts,
availability of spares, details of pastrecords, diagrams and
past history of the equipment such as its installation date,
service records, number of break downs and its frequency
etc; Servicing of voltage stabilizer by trouble shooting
method.

Table 1
Trouble shooting chart for stepped automatic stabilizer
SL Problem Section to be Possible cause for Action
No. suspected defective
1 No output voltage Input Mains cord, switch, Locate and repair
at output socket. buck/boost relays. fuse, transformer and relays | orreplace
2 The output voltage is Electronic circuit or Open/shorted rectifier Locate the defec-
more, do not regulate. relays. / diodes, or open zener tive partand
diodes replace.
3 Output voltage is same Transformer or Transistor or held up Test, repair
as input. Do not regulate. | Electronic circuit relay contacts or or replace.
Partial open transformer
/ leads.
4 Output voltage is low. Electronic circuit Shorted zener diode or Testand
Do not regulate. transistor or open resistors replace.
5 Chattering in relays Electronic circuit/relays Leakage capacitors Replace.

Trouble shooting of UPS

The trouble shooting and repair of UPS is difficult as this
circuitis so complicated with so many functions. A step by
steptrouble shooting approach with areasonable analysing

is very importantto carryout the troubleshootinginthe UPS
circuit.

Atrouble shooting chart of UPS is givenfor your reference
in table - 2.

Table2
Troubleshooting chart of UPS

Sl.No. Fault

Possible Reason

Troubleshooting

1 UPS works on 240V VAC mains
but does not operate on battery

1 Battery fuse is blown out | 1 Check the battery fuse. If fuse is
2 Battery is discharged

blown, replace it, if it is loose,
tighten

2 Recharge the battery, also check
the polarity of battery

2 When UPS is switched on,
charger does notturn on

1 Mains input fuse may be
blown

1 Change mains fuse, if fuse blown
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SI.No. Fault Possible reason Troubleshooting
2 Charger input fuse 2 Check the battery polarity and
blown out conditions, correct it if wrong,
replace the fuse
3 Check the supply from mains, if
OK, then check relay wiring, check
relay coil.
3 240 VAC mains supply NOT 1 Mains supply fails 1 Check the supply of mains
available 2 Input AC mains is very 2 Check the voltage
low 3 Tight the connection of wiring
3 Loose connection ininput| coming from distribution board
wiring

4 DC voltage is OK, but UPS shows 1 Inverter fuse is blown 1 Replace fuse

DC under voltage and trips 2 Rust/loose connection in | 2 Check the connection
battery

5 When the UPS is switched ON 1 Load too high 1 Check the load, add loads

with out load but DC under voltage gradually.

indicator turns ON at load. 2 Loose connection of 2 Tight the connections and check
battery terminal the polarity of battery

3 Short or earth fault in 3 Check the load circuit wiring

load

6 Where there is no AC mains supply | 1 Battery is discharged 1 Recharge the battery, use proper

and the UPS is operating on 2 Battery terminal dust current capacity cable in the
battery, DC under voltage indicator or loose battery circuit.
turns ON 2 Check the connection
7 DC fuse blows OFF 1 Overload or short circuit | 1 Change DC fuse
2 Reduce the overload. If power
transistors are short or leaky,
replace them.

8 UPS does not switch ON 1 Supply fails due to blown | 1 Replace fuse, check the cables
out fuse or some break in| 2 Check and correct dry soldering
cable and de-soldering

2 No DC supply in the 3 Check control card wiring
control card due to dry
soldering or desoldering
9 UPS trips when full load is 1 Overload setting is wrong | 1 Adjust the overload setting, check
connected the power consumption of the load.
Gradually increase the load.

10 UPS output is high 1 Some connection is 1 Check feedback transformer wiring
broken in the feedback and adjust feedback voltage preset.
loop 2 Check /Replace control card

2 Control card is not 3 Check overload sensing circuit
functioning properly

3 Over voltage sensing is
faulty

11 UPS does not switch on in 1 Mains earthing is not 1 Check the earth connection
battery mode proper 2 Check battery, MOSFET, oscillator
2 Problem in inverter circuit section, driver section, output
section
12 Battery wire getting burned 1 The relay points are 1 Check / Replace relays

joined together
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Sl.No. Fault

Possiblereason

Troubleshooting

13 Change overtime high, computer 1 Check oscillator circuit 1 Check /replace IC and other
connected to the UPS reboots components of oscillator section
duringchangeover.

14 Low backup time 1 Main filter capacitor 1 Check and replace capacitor

problem
2 Battery get short
circuit/discharge

2 Check battery, replace if required

Trouble shooting of battery charger and emergency
light

As you have seen that the battery charger is a simple
circuit compare to UPS. The main function of the charger
circuit is to feed the DC voltage to battery at a prescribed

level we discuss only the trouble shooting of charger circuit
andits repair. Battery maintenance is notdiscussedin the
trouble shooting chart.

Analyse the faultin battery charging circuit (Fig 1) with the
help of trouble shooting chart given in Table 3 and 4.

Table 3
Sl. Problems Section to be Possible cause Action
No. suspected fordefects
1 No DC voltage 1 Faulty Ammeter Aged/over Replaced
at charging (open circuit) current Ammeter
terminal
2 Blown fuse Over current Replace fuse
3 Faulty rectifies diode Aging/over loading Replace all diodes
4 Defective transformer Aging/over loading Replace transformer
5 Faulty Relay contacts Repeated closed open | Replace contact
6 Open Relay coil Over voltage/current Replace relay
7 Main fuse blown Overloading Replace fuse
8 No link between Loose connection Tighten the connection
meter to battery
9 Defective auto transformer| Overloading Replace transformer
2 Low terminal Anyone pain diode Ageing Replace all four diodes
voltage open circuited
Partial shortin transformer | Over heat Replace transformer
3 No automatic Defective Long use Replace new
charging voltage potentiometer potentiometer
cut off
Driver diode open Ageing Replaced 2 diodes(D7)
Defective electrolytic Ageing Replace capacitor (C,)
capacitor
Defective bleeder resistor Over current Replaced same value
resistor(R,)
Control circuit rectifier Ageing Replace both
diode open Over current diodes(D, & D,)
LT winding transformer open| Ageing/over current Replace new transformer (x,)
LT fuse open Over current Replace fuses (F,)
Defective auxiliary relay Repeated operation Replace contact RLI(B)
terminal
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Table 3 contd...

Sl. Problems Section to be Possible cause Action
No. suspected for defective
4 Irregular over Defective Loose contact replace new
voltage cut off potentiometer in the disc (track) potentiometer (VP1)
Shorted driver diode ageing/over current replace new diode (d7)
Loose in relay contacts Repeated contacts replace contacts
leaky electrolytic capacitor | ageing replace electrolytic capacitor
Table 4
Trouble shooting chart for emergency light
Sl Problems Section to be Possible cause Action
No suspected for defective
1 Lamp dead Defective tube Ageing Replace tube lamp
in both condition
lamp
Defective inverter Over loading/ageing Replace inverter
transformer transformer
Defective driver Over loading/ageing Replace transistor
transistor (213055)
2 Lamp out Low/ dead battery Ageing Replace New
glowing if AC fails battery

Servicing of equipment are discussed based on a sample
circuits. When servicing of other equipments with different
circuits may differ from the troubleshooting sequences.
However the basic principle based on the block diagram
may be taken for guidance to service/repair the equipment.

Trouble shooting of inverter

DC to AC inverter is quite complicated circuit, it consists
of many functions. The switching circuit, oscillator circuit,
control circuit power amplifier circuit, driver, finally the
output circuit through the transformer. A feed back is also

taken from the output transformer to regulate the output
through the control circuits.

Aconstant DC source; either from a converter or battery is
very much essential to keep the power outputin a constant
stage. DCto AC conversion with a specified frequency and
a particular wave is difficult.

Analyse the faultin ainverter is explained (Fig 2) with the
help of trouble shooting chartis givenin Table 5. However
the faultand problem are discussed while considering the
50Hz static inverter circuit is in Fig 2.
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Table5

Sl Problems Section to be Possible cause Action
No suspected fordefects
1 Output - Dead - Outputtransformer - Transformer open or short Rectify transformer
- DC source - CT &transformer open Rectify the CT
connection
- No DC from battery Replace battery
- Battery dead
2 Low or high - Oscillator IC (555) - Faulty IC Replace IC
frequency
- Control IC JK Flip-Flop - Faulty IC ReplacelC
- No supply to IC Replace resistor
(series resistor open)
- Capacitor connected Charge faulty
to IC 555 shorted capacitor
3 Lowvoltage - Drivertransistor Faultin driver transistor Chargethe transistor
frequency ok
- Power transistor
(outputtransistor) Faultin power transistor Replacethe
power transistor
Faultin output transformer Rectify the transformer
Partial short in winding / cave fault or Replace the
transformer
4 Frequent cut-off - Battery - Low A/H capacitor Replace Battery
the output of battery
-FaultinIC -OverheatinIC Provide heat
- Faultin power - Over heatin power Sinkto IC
transistor transistor Sink to transistor
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Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.188

Installation of inverter in domestic wiring

Objectives: At the end of this lesson you shall be able to

* enumerate the important points to be kept in your mind to select the inverter to be installed
» state how to select the place to install the inverter and battery
» explain how to install the inverter with battery and load, and check for its performance

* state the rating of inverter and its sample calculation.

Important points to be considered before installing
an inverter

Many time when a new inverter is not giving proper service,
the faultis due to improper installation only, notin inverter.

Another most important point is when connecting an
inverter to the line is, the total load connected to the
inverter should not exceed 80% of capacity of inverter.

Before providing points to connect the loads to the inverter,
the total connected load must be considered.

If over load occur, then the overload protection will ‘cut
OFF’ the output and reduce the load then the reset key
must be pressed, and if the inverter is not provided with
overload protection, it may get damaged at the time of
over load than the capacity of the inverter.

Selection of place for installation of inverter

To connect inverter to the supply line, suitable place for
the inverter is to be located. That place must be nearer to
the service energy meter and ICDP switch and provide a
3 pin output socket from the mains supply line for the
inverter and connect the inverter to the socket as in

(Fig 1).
Installation of inverter

Collect the suitable inverter with sealed free maintenance
battery to be installed, and check for their proper function

Place the inverter’s battery to a suitable place near the
inverter and connect the battery to the inverter.(Fig 1)

Fig 1
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Keep the battery as close as possible to the inverter, so
that the wire connecting the battery terminals to the inverter
can be small and current loss is reduced. Make sure the
battery is fully charged before installation.

The positive terminals of battery (red wire) is connected
to the place provided for the positive terminal on the inverter
and the negative terminal of the battery (blue or black
wire), which is to be connected to the place provided for
the negative terminal on the inverter.

When connecting battery terminals to the inverter, use
special auto wires do not use common mains wiring with
wires such as ‘3/20’ and 7/20 etc.connecting battery using
these wires will not provide proper connection between
the battery and the inverter.

After connecting the battery, put some grease (or) vase-
line on the battery terminals, which reducing the terminal
corrosion.

All the connection is completed take the output from the
inverters output socket and use it to power the load. Use
1/18 copper wire to the output of the load. Do not use
3/20, 3/22 or 7/20 wires, commonly used in house wiring.

The output is taken from the phase out ‘pin of inverter’
output socket, and is provided to the ON/OFF switches
on the wall pause.(Fig 1)

The neutral line is common for both the inverter output
and the mains A/C line. So, only one wire for the phase

line can be drawn from the inverter output socket to the
switches.

In Fig 1, one bulb, one fan and a 2 pin output socket are
connected to the inverter output and the other devices in
the room. (ie) the tube light, fan (2) and a 3 pin output
socket are directly connected to the mains A/C line.

In the two pin socket, should not be connected with heavy
load during power ‘OFF’ only small load like mosquito
repeller can be connected.

As in (Fig 1) the load connected to the inverter will get the
mains A.C supply. If the mains supply is ‘On’ at the same
time, other devices will also work on the main supply,
because they are connected directly to the mains A.C

supply.

But at the time of power shut down, the devices directly
are connected to the mains A.C will stop functioning and
the devices, which are connected to the inverter output
will keep on working on the inverter output.

Later, if the mains A.C supply returns, the inverter will
once again connect the load, which are connected to its
output to the main supply. This process is in
Fig 2.

Inverter rating calculation
Generally, the inverters are available with ratings such as

200w,300w,400w,500w,600w,1000w,1200w,1500w and so
on.

T
Q
N

MAINS A/C
SUPPLY

NEUTRAL|(N)

INVERTER

-
T
|
T
|
|

BATTERY INVERTER !

I o
[
AUTO
SWITCH

PHASE

| |

| |

S i |

| | |

| I |

. i FAN \
| 1 |

| INVERTER | BULB ' BULB !

L+ o i ouTPUT | BULB & FAN I BULB & FAN !
: ! I

4 ! I

WHEN MAINS A/C SUPPLY IS NOT AVAILABLE

CONNCETED TO I
INVERTER OUTPUT I

CONNCETED TO
MAINS A/C SUPPLY

BOTH THE BULBS & FANS CONNECTED TO THE
INVERTER OUTPUT AND TO THE MAINS A/C SUPPLY WILL WORK

(a)

MAINS A/C
SUPPLY

NEUTRALI(N)

INVERTER

BATTERY

|
|
| INVERTER
+ i ouTPUT
INVERTER [ !

Bgcig

I BuLB

BULB & FAN I
CONNCETED TO I
INVERTER OUTPUT I
J

ONLY THE BULB & FAN CONNECTED TO THE
INVERTER OUTPUT WILL WORK

FAN

BULB & FAN
CONNCETED TO
MAINS A/C SUPPLY

ELN4418812

(b)

158 Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.4.188



The cost of the inverter is proprotional to their capacity in
wattage (or) VA. It must be considered before buying the
Inverter.

Calculation of power consumption

True power = Apparent power x power factor
Let us assume,

The loads are - 2 tube lights,(ie) 2x40W = 80W

-1 fan (ie ) 1x60W = 60W
- 1 bulb (ie) 1x40W = 40W
Total load =180 W

If the total load is 180W, the inverter capacity is to be
selected for 300W, giving some safe margin.

Always, the inverter with high rating must be purchased
by considering the future the household appliances may
be added.

Power consumption Table

Device Approx P.f-0.8 Running
time Watts (app) for 1 unit of
VA consumption

(approx.)
Hrs. - Min.

Incandecent |25W 20 40-00

bulbs

(B.C bulbs)

Incandecent |40W 32 25-00

bulbs

Incandecent |60W 48 16-40

bulbs

Incandecent | 100W 80 10-00

bulbs

Fluorescent |20W 16 50-00

tube 61 cms

Fluroescent |40W 32 25-00

tube 122 cms

4 feet 15W 12 66-40

night lamp

Mosquito 5w 4 200-00

repellent

Fans 60W 48 16-40

Air - coolers | 170W 136 5-50

Air- 1500W 1200 0-40

conditioners

(1to 1.5ton)

Refrigerators | 225W 180 4-30

(165 liters)

Mixer/blender |450W 360 2-15

fjuicer

Toaster 800W 640 1-15
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Device Approx P.f-0.8 Running
time Watts (app) for 1 unit of
VA consumption
(approx.)
Hrs. - Min.
Hot plate 1000W 800 1-00
Oven 1000W 800 1-00
Electric kettle |1000W 800 1-00
Iron 450W 360 2-15
Water heater: |{3000W 2400 0-20
(a)Instant
geysers
1.5 - 2 liter)
Water heater: |2000W 1600 0-30
(b)Storage type
(10-12 liter)
Water heater: [1000W 800 1-00
(c) Immersion
rod
Vacuum 700W 560 1-25
cleaner
Washing 325W 260 3-00
machine
Water pump  |750W 600 1-20
™V 60w 48 16-00
Radio 15W 12 66-00
Video 40W 32 25-00
Tape recorder |20W 16 50-00
Stereo system|50W 40 20-00
PC Cop. 120W 150 8-20
PC/XT cop. 185W 230 525
PC/AT Cop. |255W 320 3-55
386& Higher [320W 400 3-08
Cop.
Mono chrome |44W 55 22-45
monitor
CGA monitor |64W 88 15-35
EGA monitor |80W 100 12-30
VGA monitor [120W 150 8-20
80-column 64W 80 1540
dot-matrix
printer
160-240cps |[100W 125 10-00
printer
132-column [140W 175 7-08
dot matrix
printer
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Device Approx P.f-0.8 Running
time Watts (app) for 1 unit of
VA consumption

(approx.)
Hrs. - Min.

Image writer 11| 80W 80 12-30

Laser write 880w 1100 1-08

plus

HP Laserjet | 840W 1050 1-11

Printer

External 80W 100 12-30

Hard Disks

Tape Back up| 140W 175 7-08

Preventive and breakdown maintenance

Preventive maintenance : It improves the performance
safety of a business instead of a large repairs being needed
and major problems arising. Consistent maintenance is
carried out to reduce these risks. This improves the
performance of all equipment. It also helps to avoid
unplanned repairs and unexpected maintenance needs.

Preventive maintenance further divided into two parts they
are;

a Planned preventive maintenance and

b Unplanned preventive maintenance

a Planned preventive maintenance

A planned preventive maintenance cut-down maintenance
cost and ensure the long life of equipment and a steady

quality output. The following is the benefits of planned
preventive maintenance.

a overtime costs reduced

b reduced risk of problems
¢ reduced no. of repairs
d

small repairs can be carried out regularly

e ensures all equipment safe in good conditions
f If meets safety and environment standards

g Improves the safety and health of workers.

b Unplanned preventive maintenance

The unplanned preventive maintenance is nothing but a
routine maintenance work. For example lubricating,
cleaning, tightening of nuts and bolts etc, are same of
the maintenance. This notinvolves any predetermined work
associated. The following is the draw backs of unplanned
preventive maintenance.

a Increases overall material cost
b Improper usage of manpower

¢ Not guaranteed of quality or quality or quantity in
production

d No guarantee of machine condition
e Increased risk of problems
f Unexpected problems in production and quality.

Breakdown maintenance is a form of material or equipment
remediation that is performed after the equipment or
material has lost its functioning capabilities or properties.

Breakdown maintenance is maintenance performed an
equipment that has broken down and is unusable. It is
based on a breakdown maintenance trigger.

Demerits of breakdown maintenance

a Loss of production and business unexpected

b Huge expenses for restoration

¢ Non availability of spares and experts

d Accidents, environmental problems

e Leads to major accidents loss of life

f Wastage of raw material if time based supply

A well planned preventive maintenance can avoid
breakdown of machines and keep maintain steady quality
production and maintain company standards.
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