4040410- INDUSTRIAL
ELECTRONICS

UNIT I

POWER DEVICES AND TRIGGER
CIRCUITS

POWER DEVICES Introduction
Power electronics is one of the
important branches of electronics and
electrical engineering. It deals with C
conversion and control of electric
energy. Figure 1.1 shows the bag
functioning of power electronic m.
For example, the input may be A

the output can be DC. Tig€ power
electronic system thu form
conversion of elec e also

controls the amgu lectric energy
to be given . Fig 1.1 Basic
inputs / of pewer electronic

apprications are coming
power electronics.

are

1 Speed™0ntrol of motors.

1 Uninterruptible power supplies and
stand- by power supplies.( UPS)

1 Power control in resistance welding,
induction heating, electrolysis, process
industry, etc.,

[} Power conversion for HVDC and
HVAC transmission system.

] High voltage supplies for
electrostatic precipitators, and x-ray
generators, etc.

7 Power supplies for communication
systems, telephone exchanges, satellite
systems; etc

1.1 IGBT - INSULATED GATE
BIPOLAR TRANSISTOR'IGBT is
the latest device in the field of power
electronics. It is made by combining
BJT and MOSFET

BJT

MOSFET




BJT has lower ON state losses. Drive
requirement of BJT is complicated.

MOSFET has high ON state losses

Drive requirement of MOSFET is

simple.

1.02 The merit of BJT and MOSFET is
utilized in forming the new device. i.e

the IGBT. The gate circuit of MOSFET

and Collector—Emitter circuits of BJT C
are combined together to form a new

device.

Fig 1.2 Symbol of IGBT The
has three terminals: Gate (G), Co
(C) and emitter (E). Curgfnt tloys from
collector to emitter wheRgver ajyoltage
between gate and ied.

The IGBT is say ‘on’. When gate
emitter volt i ed, IGBT
turns-off. ateas full control

over t ction of IGBT. IGBT is
also fho etal Oxide Insulated
Gate Yransygor (MOSIGT),
Conduct™®ly Modulated Field Effect
Transistor (COMFET) or Gain
Modulated FET (GEMFEET). It was
also initially called Insulated Gate
Transistor (IGT). Basic structure Fig
1.3 Basic structure of IGBT Fig 1.3
illustrates the basic structure of an
IGBT. It is constructed in the same
manner as a power MOSFET. There is,
however a major difference in the
substrate. The n+ 1.03 layer substrate
at the drain in a power MOSFET is
now substituted in the IGBT by a p+
layer substrate collector. Like a power
MOSFET, an IGBT has also thousands
of basic structure cells connected
appropriately on a single chip of silicon
Working of IGBT

Fig 1.3 (a) IGBT basic structure,
with transistor formation (b) IGBT
equivalent circuit When gate is




positive with respect to emitter and
with gate-emitter voltage more than the
threshold voltage of IGBT, an n-
channel is formed in the p-regions (as
in a power MOSFET). This n-channel
short circuits the n- region with n+
emitter regions. An electron movement
in the n-channel, in turn, causes
substantial whole injection from p+
substrate layer into the epitaxial n-
layer. Hence, a forward current i
established as in figure 1.2. Th

layer p+, n- and p constitute a pnp
transistor with p+ as emjfter, n- as base
and p as collector. Also
layers constitute n

shown in fig 1.ya erves as base
for pnp trangg 0 as collector

for npn tr. r. F&¥ther, p serves as
collec p device and also as
base gor sistor. The two pnp

and tragpistors can, therefore, be
connec s shown in fig 1.3(b). to
give the equivalent circuit of an IGBT.
1.04 IGBT characteristics

Fig. 1.4 (a) IGBT circuit diagram (b)
static V | characteristics (c) transfer
characteristics Static V-1 or output
characteristics of an IGBT (n-channel
type) show the plot of collector current
IC versus collector-emitter voltage
VCE for various values of the gate
emitter voltages. These characteristics
are shown in fig 1.4 (b). In the forward
direction, the shape of the output
characteristics is-similar to that of BJT:
But here the controlling parameter is
gate-emitter voltage VGE because
IGBT is a voltage-controlled device.
The transfer characteristic of an IGBT
is plot of collector current 1C versus
gate-emitter voltage VGE as shown in
fig 1.4 (c). This characteristic is



identical to that of power MOSFET.
When VGE is less than the threshold
voltage VGET, IGBT is in the off-state.
When the device is off, junction J2
blocks forward voltage and in case
reverse voltage appears across collector
and emitter, junction J1 blocks it.
Merits of IGBT

1 Popular in medium and high power
applications.
1 Voltage controlled device . hegfe

drive circuits is very simple.
1 On — state losses are reduced.

1 IGBT Is free from se reak
down problem present i
1 Switching freq her

than thyristors.
[J No com N uits are
required. iz€

NgTull"control over the
opergio BBT.
(1 IGB*'s hgve approximately flat
temperdt®e coefficient.

1 Smaller snubber circuit requirements
Highly efficient

Demerits of IGBT

I. IGBTs have static charge problems.
1. IGBTSs are costlier than BJTs and
MOSFETS.

1.05 Applications of IGBT

I. AC motor drives, i.e. inverters.

1. DC to DC power supplies, i.e.
choppers.

iil. UPS systems.

Iv. Harmonic compensators.
Protection circuits for IGBT IGBT
can be protected against,

I. Gate over voltage protection

Ii. Over current production

Iii. Snubber circuits.

1.2 POWER MOSFET Introduction
A Metal Oxide Semiconductor Field
Effect Transistor is a recent device




developed by combining the areas of
field effect concept MOS technology.
A power MOSFET has three terminals
called drain, source and gate in place of
the corresponding three terminals
called collector, emitter and base for
BJT. The circuit symbol of power
MOSFET is as shown in fig 1.5(a). A
BJT is a current controlled device
where as a power MOSFET is a vo tao
controlled device. As its operati
depends upon the flow of majo

carriers only, MOSFET is a unipo
device. The control devig€, or base
current in BJT is much I§ger tign the
r equired
because of the
pedance in the
high, of the

. This large

pits the MOSFET gate
irectly from

from second break down voltage where
as MOSFET is free from this problem.
Power MOSFETS are now finding
increasing applications in low power,
high frequency converters. Types of
MOSFET Power MOSFETS are of two
types; n-channel enhancement
MOSFET and p- channel enhancement
MOSFET. Out of these two types, n-
channel enhancement MOSFET is
more common because of higher
mobility of electrons. 1.06 Structure
Of Power MOSFET

n-channel p-channel 1.5 (a)symbol of
MOSFET

1.5(b) basic structure of a n-channel
power MOSFET

The constructional details of high
power MOSFET are illustrated in fig
1.5(b). In this figure shown a planar



diffused metal oxide semiconductor
(DMOS) structure for n-channel which
IS quite common for power MOSFETS.
On n+ substrate, high resistivity n-
layer is epitaxial grown. The thickness
of n- layer determines the voltage
blocking capability of the device. On
the other side of n+ substrate, a metal
layer is deposited to form the drain
terminal. Now p- regions are diffused
on the epitaxially grown n- layer
Further n+ regions are diffused
regions as shown. As before, SiO

layer is added, which is gfen etched so

as to fit metallic source &d gat
terminals. A powe Ctually
consists ofa p nnection of
thousands of g

the same iMNef silicon.
Workigg F
’ BN gate circuit voltage is
zero, anid VD is present n- - p-
junctior’®®are reverse biased and no
current flows from drain to source.
When gate terminal is made positive
with respect to source, an electric field
Is established and electrons from n-
channel in the p- regions as shown. So
a current from drain to source is
established as indicated by arrows.
With gate voltage increased, current ID
also increases as expected. Length of n-
channel can be controlled and therefore
on resistance can be made low if short
length is used for the channel. Power
MOSFET conduction is due to majority.
carriers, therefore, time delays caused
by removal or recombination of
minority carriers are eliminated. Thus,
power MOSFET can work at switching
frequencies in the megahertz range.
1.07 MOSFET Characteristics
The static characteristics of power



MOSFET are now described briefly.
The basic circuit diagram for n-channel
power MOSFET is shown in fig 1.6 (a).
where voltage and currents are as
indicated.

a) Transfer Characteristics

This characteristic curve shows the
variation of drain current ID as a
function of gate source voltage VGS fj
1.6 (b) shows typical transfer
characteristics for n-channel po O
MOSFET. It is seen that there i

hold voltage VGST below which
device is off. The magnigfide of VGS

is of the order of 2 to 3\RFig 146 (a) n
channel power wCuit

diagram 1.6(b | transfer
characterisy t
characte ' FigW¥.6 (c) output

chara s ol'a power MOSFET
BT output characteristics
1.6 (c) indicates the
variatio drain current ID as a
function of drain-source voltage VGS
as a parameter. For low values of VDS,
the graph between ID — VDS is almost
linear; this indicates a constant value of
on-resistance RDS =VDS / ID. For
given VGS, if VDS is increased, output
characteristics is relatively 1.08

flat indicating that drain current is
nearly constant. A load line intersects
the output characteristics at A and B.
Here A indicates fully on condition and
B fully off state. Power MOSFET
operates asa switch either at A or at B
just like a BJT. Merits of MOSFETS
1. MOSFETSs are majority carrier
devices.

2. MOSFETSs have positive temperature
coefficient. Hence their paralleling is
easy.

3. MOSFETSs have very simple drive




circuits.

4. MOSFETSs have short turn-on and
turn-off times. Hence they operate at
high

Frequencies.

5. MOSFETSs do not require
commutation circuits.

6. Gate has full control over the

operation of MOSFET. Demerits of
MOSFETS < ,
1. On-state losses in MOSFETSs

high.

2. MOSFETSs are used only for lo

power applications.
3. MOSFETs suffer frorRstaticharge.
Applications of

1. High freque oW power
inverters.

1.3 GTO®GATE TURN OFF
THYRISTOR A gate turn-off
thyristor, a pnpn device, can be turned
on like an ordinary thyristor a pulse of
positive gate current. GTO can be
easily turned off by a negative gate
pulse of appropriate amplitude. GTOs
were developed during the 1960s. 1.09
SYMBOLS

Working The turn-on conditions for
the GTO thyristor are similar to the
conventional thyristor, but due to the
special structure, the latching current is
higher. Once the GTO is turned-on,
forward gate current must be continued
for the whole conduction period to
ensure the device remains in
conduction. Gate turn on The gate
turn-on mechanism of a GTO is similar
to that of an SCR. A steep rising
positive gate pulse turns-on the GTO.



The anode current rise is slow and
takes a total turn-on time TON equal to
delay time td and rise time tr At least
upto 90 percent of rated anode current
called latching current, the gate pulse is
continued. See turn-on characteristics
in fig. 1.7 (b). Fig 1.7 (b) Turn-on
curve To ensure conduction of all
cathode segments and a reduction in t
on-state voltage, some manufacturers
insist on continuous gate pulse dyfn
the entire conduction period. G

offer faster turn-on times than
conventional thyristors ffCause of
narrow emitter width, TRgS makies

¥ turn-off

ing, the central
stal is filled with
electrog. vWhen negative gate
curreffit i through gate, the
excessMoleglin the P-base are removed.
Due to {5, the anode current path is
reduced to a narrow filament under
each cathode segment. These thin
filaments of current cannot last longer
and collapse. Finally, there is a small
but slowly decaying anode current tail
due to residual charges in the remote
regions of the GTO crystal structure.
Fig 1.7 (¢) GTO Turn - off
characteristics V | Characteristics of
GTO Fig 1.7 (d) V-1 characteristics
of GTO 1.11 Advantages

(1 Higher voltage blocking capability.
] Gate has full control over the
operation of GTO.

1 Low on-state loss.

1 High ratio of peak surge current to
average current.

1 High on-state gain.

[1 GTO has faster switching.

[1 It has more di/dt rating to turn-ON.

applications. 1.40
When a GTQg
region of



[1 It has lower size and weight.

[1 It has higher efficiency.

1 Low cost.

1 Requires less negative gate current to
turn it OFF.

Limitations / Disadvantage

[1 GTO’s are suitable for low power
applications.

1 Very small reverse voltage blockin(
capability.

1 Switching frequencies are ver

small.

1 Magnitude of latching current a

holding current are highgf”

1 ON state voltage dropgnd th

associated loss are

] Gate drive Ci 'i Ses are more.
1 Require hj oW1g gate current.

and low power dc
recovery time.

1 Hig™poyer AC/DC converters.

1 Elec raction.

1 Voltage source converters.

1 Variable speed motor drives.

1 Frequency chargers.

[] Static breakers.

1.12 1.4 Comparison of Power
Devices The power devices can
compared on the basic of switching
frequency, gate drive circuit, power
handling capacity etc. comparison of
SCR, BJT, MOSFET and IGBT as
shown below.

Sl

Parameters

SCR

BJT

MOSFET

IGBT

1

Symbol npn pnp n-channel p-channel
2



Triggered i.e. latching or linear
Triggered or latching device
Linear trigger

Linear trigger

Linear trigger

3

Type of carriers in device
Majority carrier device

Bipolar device
Majority carrier device
Majority carrier device

4
control of gate or base

Gate has no control onc rned on
Base has full control

Gate has full con

Gate has full c

On state
vo

33 vol

SW|tch|ng frequency
500 Hz

10 kHZ

upto 100 kHz

20 kHz

7

Gate drive

Current

Current

Voltage

Voltage

8

Snubber

Un polarized
Polarized

Not essential

Not essential

9

Temperature co-efficient



Negative

Negative

Positive

Approximately flat, but positive at high
current

10

Voltage and current ratings

10 kV/4 kA

2 kV/1 kKA
1kV/50 A
1.5 kV/400 A

1.13

11

Voltage blocking capabijfty
Symmetric and asymmeWc (bojh)

Asymmetric
Asymmetric
Asymmetric \

12

Applicgtio

AC €D rters. AC voltage
controfers,glectronic circuit breakers
DC to onverters, induction motor

drives, UPS SMPS, Choppers

DC choppers, low power UPS, SMPS,
Brushless DC motor drives

DC to AC converters, AC motor drives,
UPS, Choppers, SMPS etc.

1.5 TRIGGER CIRCUITS
Triggering of SCR The SCR can be
triggered (turned ON) by any one of the
following methods.

" Increasing forward voltage beyond
breakdown voltage VBO

L] applying a positive voltage to gate
with respect to cathode ( gate control
method ) — gate-triggering.

(] dv/dt triggering .

1 Focusing light beam on the junction
1 Exceeding internal device temp.

The gate control method is more
efficient, reliable and easy to control
AC and DC power in loads. This is the



most common method of triggering.
1.5.1 Requirements for Gate
Triggering Circuits To turn on the
SCR, the following conditions must be
satisfied

1 The SCR should be forward biased.
1 Gate should be made positive with
respect to cathode.

1 The load impedance should not be
too high so that if the SCR is turne OQ
the current in the SCR should re

more than the latching in the S

should reach more than latching
current.

1 The applied gate sign& shoull not
reverse bias the S

1.14 1.5.2 Gat ring methods A
signal is app X n the gate and
the cathog e d®vice. Three types
of sig pe USed for this purpose.
Thefare gi™dc signals, ac signals or
pulse$tgnaly. Based on the above, the
trigger CYCUits can be classified as

1. DC gate Triggering 2. AC Gate
Triggering 3. Pulse gate Triggering.

1. DC Gate triggering: - In this
method, SCR is turned ON by applying
a proper magnitude of DC voltage
between gate and cathode. Advantages
1 1t is the simplest method of
triggering the SCR. [J Well suited for
control of large inductive loads.
Disadvantages

[ There is no electrical isolation
between the power circuit and gate
circuit

[1 The gate power loss is high due to
presence of gate signal for entire
conduction period.

2. AC Gate Triggering

In most of the application, an ac
voltage can be used as the gate signal.
By using this method, the firing angle




control is obtained by changing the
phase angle of the gate signal.
However, the gate supply is maintained
for one half cycle after the devices is
turned ON and a reverse voltage is
applied between the gate and the
cathode during negative half cycle.
There are two types of circuits
generally employed for AC triggeringic
They are 1. Resistance Triggering (or

Firing Circuit 2. Resistance —

Capacitance triggering circuit 3%

popular method for trig
In this method, the gate §

frequency p

carrier fregfieng

transfg g

Typg 1 Q0% pulse triggering 2.

ggering. Insingle pulse
triggeriM a single pulse of moderate
duration is used. The duration is shorter
for resistive loads and broader for
inductive loads. Sometimes due to the
inductive nature of loads and due to the
presence of aback emf in case of
motors, single pulse may not be
successful in triggering the SCR. In
that case two successive pulses may be
used.

Advantages

7 Requires a smaller size pulse
transformer.

[ Trigger circuit is simple.
Disadvantages

[ Only suitable for resistive loads

[1 One pulse is not sufficient for
inductive loads.

1 Get loss is more.

(b) Pulse train triggering In this
method, a number of short duration



pulses of equal magnitude and duration

are used. These pulses are applied to

gate cathode circuit to trigger a forward
biased SCR. Once the SCR conducts

current there is no need for any pulse at

gate until the end of the conduction in

the particular half cycle. Advantages

of pulse train triggering [ Low gate
dissipation at higher gate current. [

Small gate isolating pulse transformeQ

[ Low dissipation in reverse bi

condition is possible. So simplégigder
circuits

are possible in some casgf. hen the
first trigger pulse fails to§riggelthe
SCR, the followin ucceed
in latching SC important
while triggey N gve circuits and
circuits h ackemfs. 1.16 1.5.3
PULS RMER IN
TRIEG CUITS The pulse

trans erghave one primary winding
and can'T&ve one or more secondary
windings. The turn ratio is either 1: 1 or
1:1:1 or 2:1:1. These transformers are
designed to have low winding
resistance, low leakage reactance and
low inter-winding capacitance.

A square pulse at the primary terminals
of a pulse transformer may be
transmitted at secondary terminals
faithfully as a square wave or it may be
transmitted as a derivative the input
waveform. The series resistor R
reduces the SCR holding current. The
function of the diode is to allow the
flow of current after the pulse period
(i.e when the transformer is

off) so that energy stored in the primary
pulse transformer is dissipated. The
transistor is acting simply as a switch,
turning on when the pulse applied its
base is at its high level, there by



connecting the dc bias VB to the
transformer primary. The general
layout of the trigger using a pulse
transformer is shown in Fig 1.8 . The
function of the diode is to allow the
flow of current after the pulse period
(that is when the transistor is off) so
that the energy stored in the primary of
pulse transformer is dissipated. In the
fig 1.8 (a) the transistor is acting simpo
as a switch, turning on when the g#ls
apply to its base is at its high le

there by connecting the dc bias VV

the transformer primary ##1g. 1.8 Pulse

transformer trigger cirQuit MBprits
1. It provides an e ion

between low vadta te cathode
circuit and thgahl ge anode
cathode cj

g 0T two or more

devi same trigger source.
3. The™Jate gbss is minimized since the
duratio/™T the output pulse is small.

4. Pulse transformer does not need
external power for its operation

5. It is very simple to use

1.17 Demerits

1. Pulse transformer saturates at low
frequencies. Hence it can be used only
for high

frequencies.

2. Due to magnetic coupling, the signal
Is distorted.

1.5.4 ISOLATION OF GATE AND
BASE DRIVES Necessity Of
Isolation

Generally driver circuits operate at very
low power levels. The signal levels are
3 to 12 V. Sometimes digital circuits
and microprocessors are also used in
the triggering

circuits. The gate and base drives are
connected to power devices which




operate at high power levels. This will
damage the trigger circuits. Therefore
there must be some electric isolation
between control and power circuit.
Isolation using op-to couplers In
SCR, the electrical isolation between
gate control circuit and anode to
cathode (Power) circuit Is obtained by
using opt couplers or opto isolators. C
These devices use light energy to
couple the control signal to the 0
the SCR. An opto isolator cons

light source and light sensitive de

The light source may be ED or |
LED (infra Red a Emittigg Dioge) and

another light sens oto
diode, photo tr ¥photo thyristor,
LASCR etc. ' consists of a
pair of in g nd

photot 1I01.9 (a) shows the

oupler. Fig. 1.9 (a)

(b) Tri ing circuit usmg opto
coupler

"T1 turns-on. Therefore the voltage
VCC is applied to gate of the
MOSFET. Hence MOSFET turns-on.
When Vg=0, the LED turns-off,
therefore phototransistor also turn-off.
Therefore base drive of T1 goes to
VCC and it turn-off. When T1 turns
off, MOSFET gate voltage

becomes zero. Therefore MOSFET
turns-off. Thus gate drive circuit using
optocoupler works Advantages

1 Very-good response at low
frequencies

1 Compact and cheaper optocoupler
devices are available

Disadvantages

] Optocoupler need, external biasing
voltage for their operation

1 High frequency response is poor



Applications

1 Inverters, SMPS, Choppers, AC
motor drives use opto couplers. Fig
1.9(c) opto couplers 1.19 Some of the
available op-to couplers are shown in
the fig 1.9 (c). in each case, the devices
inside the dotted lines are integrated
into a single light tight package with
input terminals of a and b, and output C
terminals of x and y, accessible to the
user. The input circuit is simply

IRED which emits IR radiation it
is sufficiently forward biased. Thi
radiation is focused on agfght sensitive
device so that it switche®§Q ON’
whenever sufficie e S

through the IRED. p-to coupler
used to isolaigeth ower control
circuitry higfpower load. 1.5.5

FEAT RING CIRCUITS
The g ircuits are called firing
circult®” T'hgffollowing features or
require/M®nts must be fulfilled by the
firing circuit.

Fig 1.10.(a) Main blocks of firing
circuit

[1 The firing circuit should produce the
triggering pulses for every thyristor at
appropriate instants.

1 The triggering pulses generated by
the control need to be amplified and
passed

through the isolation circuit. The firing
circuit operates at low voltage levels (5
to

20 Volts). And the thyristor operates at
high voltage levels (greater than 250
volts).

Hence there must be electrical isolation
between firing circuit and thyristor.
This isolation is provided by the pulse
transformer or optocouplers

1.5.5.3 R-FIRING CIRCUIT




A simple method of varying the trigger
angle (firing angle) and thereby
controlling power control is shown in
fig1.10 (b). The gate does not receive
any pulse from outside; it gets the gate
current from the a.c source itself. A
resistor Rmin, a potentiometer RV and
a diode D are used in the circuit to
provide the necessary gate current for C
turning on the SCR. 1.20 Fig 1.10 (b)

R firing circuit diagram Fig 1.

waveform
The operation of the circuit is brie
the steps below

1. As supply volts eS

Triggering doe
not place uny
(min).

poRitive (Fnode

ent touches Ig

2. The ly voltage forward
biasef th D also. Gate current
starts

rising.

3. As eS rises, gate current IG also
rises. When gate current is equal to Ig
(min) the SCR

turns-on and load voltage eL becomes
approximately equal to supply volts eS
and follows the wave.

4. SCR continues in on state until es
reduces to a point where load current is
less than

holding current. This can be safely
assumed to happen when eS = 0.

5. SCR turns off during es = 0 and
during supply voltage negative.

The purpose of the diode in gate circuit
Is to prevent the gate cathode reverse
bias from exceeding peak reverse gate
voltage during negative half cycle of
supply. The diode is chosen with a peak
reverse voltage higher than the
maximum value of supply volts so that



at any point of reverse volts diode does

not get forward biased. 1.21

1.5.5.4 RC FIRING CIRCUIT AND
WAVE FORM Fig 1.10 (d) RC firing
circuit diagram

Figl.10 (e) RC half wave firing

circuit with high R- value Figure 1.10

(d) shows the circuit diagram of RC —

Firing Circuit. In the negative half C
cycle, the capacitor charges through

diode D2 to negative supply voligfe.

The capacitor charges to — Vm

negative peak) of the supply. This

shown in waveforms of
Firing angle can be vari

180 degrees. In thg @

the capacitor C ghgg#
potential E tom plate
positive. te Qontinues until

supply, reacnes zero and starts
[ s8pply voltage makes the

negativé®oltage drops and tents
towards positive value. When the
capacitor voltage just reaches the gate
trigger voltage Vgt (= Vg(min) +VD1),
the SCR is triggered into conduction.
After this, the capacitor is held at some
positive potential until it equals the
supply voltage. During negative half-
cycle, diode D1 prevents the
breakdown of the gate-cathode
junction. Diode D2 helps capacitor to
get charged to negative peak supply
voltage (as said initially). 1.22

1.6 Synechronized UJT triggering (or
Ramp triggering)

Fig. 1.11 (a) UJT Triggering Circuit
A synchronized UJT trigger circuit
using an UJT is shown in Fig 1.11 (a).
Diodes D1 — D4 rectify ac to dc.
Resistor R1 lowers Vdc to a suitable
value for the zener diode and UJT.



Zener diode Z functions to clip the

rectified voltage to a standard level Vz,
which remains constant except near the

Vdc zero, Fig. 1.11 (a). This voltage Vz

Is applied to the charging circuit RC.

Current i1 charges capacitor C at a rate
determined by R. voltage across

capacitor is markded by vc in Figs.

1.11 (a) and 1.11 (b). When voltage v
reaches the uni junction threshold

voltage nVz, the E — B1 junctio D
UJT breaks down and the capa
discharges through primary of pu
transformer sending a ¢ i

Generation of ou
UJR triggeringc As the current
12 is in the fogQ , windings of
ulse voltages at
their s inals. Pulses at the
two gco indings feed the same
in-pha®e pyppe to two SCSRs 1.23 of a
full wav®Circuit. SCR with positive
anode voltage would turn on. As soon
as the capacitor discharges, it starts to
recharge as shown. Rate of rise of
capacitor voltage can be controlled by
varying R. the firing angle can be
controlled up to about 150°. This
method of controlling the output power
by varying charging resistor R is called
ramp control, open — loop control or
manual control. As the zener diode
voltage Vz goes to zero at the end of
each half cycle, synchronization of the
trigger circuit with the supply voltage
across SCRs is achieved. Thus the time
t, equal to o / @. Review questions
Part A

1. Define the term Power electronics.
2. Define the term IGBT.

3. Draw the symbol of IGBT and
MOSFET

av



4. Give an applications of MOSFET.
5. What are the types of trigger
circuits?

6. Give advantages of pulse trigger
circuit.

7. What are the requirements of pulse
trigger circuit.

8. What is the necessity of isolation

circuit.
9. Give advantages and disadvantage
of opto coupler

10. Give applications of opto ¢
Part-B

1. Give applications of
electronics.
2. Write short not T

3. Explain the Cteristics of
MOSFET.
4. Explai @‘ erithand demerits of

MOSEET.
5. ExPlaj gate triggering.

6. EXPYain gate triggering.

7. Expl ulse gate triggering.

8. How to turn on firing circuits?

9. Explain the features of firing circuits.
Part -C

1. Explain the working principle of
IGBT.

2. Compare power devices.

3. Explain the pulse transformer
triggering circuit.

4. Explain the working principle of
optocoupler.

5. Draw and explain R- firing circuit.

6. Draw and explain RC- firing circuit.
7. Draw and explain UJT firing circuit.
2.01 UNIT — II.CONVERTERS AND
CHOPPERS CONVERTERS
INTRODUCTION AC to DC using
diodes — converter or rectifier - Fixed
output voltage. AC to DC using SCRs —
controlled converter.

- Variable output voltage




- Possible by varying the firing angle o
- It known as phase control

Types of ( phase controlled )
converters

Semi converter = 1® half controlled
bridge converter 3 configurations — 1.
Common cathode - popular —
symmetrical 2. Common anode —
symmetrical 3. SCRs in the same arm C
Asymmetrical configuration. An SCR
can be triggered on at any angle 4
(firing angle) with respect to th

applied voltage, and it is known a
‘phase control’. Using SRS in various
configurations, one can Ruild h@f-
controlled bridge r

converters, fullgc led converters
in both singlg k three phase
ba

operation @ an be purely

of opera®on of a controlled rectifier
1 Controlled rectifiers are basically
AC to DC converters. The power
transferred to the load is controlled by
controlling triggering angle of the
devices. Figure shows this operation.
[} The triggering angle ‘o’ of the
devices is controlled by the control
circuit. The input to the controlled
rectifier is normally AC mains. The
output of the controlled rectifier is
adjustable DC voltage. Hence the
power transferred across the load is
regulated.

[1 The controlled rectifier is used in
battery chargers, DC drives, DC power
supplies etc.

2.1.1 Types of (Power Electronic)
converters The power electronic
circuits are classified into five broad
categories depending upon the input,



output and the function they perform.
1. AC to DC converters
1 Fig. 2.2 shows the inputs and outputs
of AC to DC converters. The input is
single phase or three phase AC supply
normally available from, the mains.
The output is the controlled DC voltage
and current.
Fig.2.2 AC to DC converters 2.03
1 The AC to DC converters includes
diode rectifiers as well as contro
rectifiers. The controlled rectifi
mainly use SCRs. SCRs turned o
natural commutation. HgffCe externa
commutation are not reqyired. @ence

p alled as
line (supply) ¢ fied converters.
1 These co O& used for DC
drives, :@ HWWSC system.
2. DC onverters (Inverters)
1 Fiff 2 s the inputs and outputs
of D A converters. These
converte™ are commonly called
inverters. The input to the inverters is
fixed DC voltage. Normally this DC
voltage is obtained from the batteries.
The output of the inverter is the fixed
or variable frequency AC voltage. The
AC voltage magnitude is also variable.
Fig.2.3 DC to AC converters
L] Inverters are mainly used whenever
mains is not available. For example
UPS use inverters inside to generate
AC output from batteries. Inverters are
also used for speed control of induction
motors. The voltage, frequency or both
are varied by inverter to control the
speed of induction motors. Inverters are
also used in standby and emergency
power supplies.
3. DC to Dc converters (choppers)
1 Fig.2.4 shows the inputs and outputs
of DC to DC converters or choppers.




The choppers take input from fixed
voltage DC supply such as battery or
output of uncontrolled rectifier. The
output of the chopper is fixed or
variable DC voltage.

Fig.2.4 Inputs and outputs of the DC
to DC converter or chopper

1 The choppers are normally used in
DC drives. The speed of the motor car(
be controlled in forward and reverse
directions. The choppers are alsqgfSe

in switched mode power suppli
(SMPS).

2.04
4. AC to AC converter§{Cycl
converters)

Fig.2.5 shows s and outputs of
cyclo conveggLs. put to the cyclo
et

(7]

converter aly 1® or 30 AC
mains t1STixed voltage and
fixecffire . The cyclo converters

provid® thegutput which has variable
voltage variable frequency. The
output frequency is lower than the input
frequency. Fig.2.5 inputs and outputs
of cyclo converters

1 The cyclo converters are used mainly
for AC traction drives.

5. AC Regulators

1 Fig.2.6 shows the inputs and outputs
of AC regulator. The input to the AC
regulator is fixed voltage AC mains.
The output is variable AC voltage
which is suitable for load. Here note the
output frequency is same as input
frequency. Thus-Ac regulators

does not change the frequency.
Whereas cyclo converters change the
frequency also. This is the difference
between AC regulators and cyclo
converters. Fig.2.6 inputs and outputs
of Ac regulators The Ac regulators are
used for the speed control of large fans



and pumps.

2.2 SINGLE PHASE HALF
CONTROLLED BRIDGE
CONVERTER WITH RESISTIVE
LOAD

The working of a HC bridge is
explained with a common cathode
configuration with a transformer in
supply side. Input is 230V, 50 Hz AC.
Output is DC (across RL). 2.05 Fi UVQ
2.7 Circuit Diagram of 1® hal
controlled bridge converter

supply end A is positive, thyristor
triggered into conductiogf_oad current
flows through thyristor W, loag§resistor
RL diode D2 and

During other h , supply end B
becomes POogiily/eY SCRT2is
i

fired. T2 thNHode D1 conduct
the lo IMthe same direction as
befof tg d.c power to the load.

[

Each$et cogtlucts for a period from ‘o
degrees 80 degrees ( « radian).
Figure 2.8 Wave form of 1® half
controlled bridge converter Here the
output voltage is given by When firing
angle is increased, the d.c output
voltage is lower and vice-versa.

2.2.1 Single phase Half-controlled
bridge rectifier with inductive R-L
load

common cathode arrangement of two
SCRs and two diodes is used. The load
Is a combination of resistance ( R') and
inductance ( L ). 2.06 Figure 2.9
Circuit Diagram of 1® half
controlled bridge converter When
supply end ’A’ is positive, the SCR T1
Is triggered into conduction. Current
flows through thyristor T1, load
impedance R and L, diode D2 and back
to supply. During the other half cycle,
supply end B becomes positive. Hence



thyristor T2 is fired. Current flows
through thyristor T2, load, diodeD1,
and returns to supply. The average D.C
voltage Edc is given by a relation.
Figure 2.10 Circuit Diagram of 1D
half controlled bridge converter
Single firing angle ‘@’ can be varied,
the average d.c. output also varies. The
circuit works as a controlled rectifier. C
Unlink the pure resistive load circuit,
here the load current does not st

when voltage becomes zero. T

current iIs maintained in the load b
inductance of the load. Tgfe thyristor
that has been conductindgsay, tigyristor
T1 — continues to ; urrent
transfers from Qo to diode D1, so
that the indu % mf of the load
drives cu rousk the bridge. The
load ¢ cays or reduces
expoffentiadlyNVhen the next thyristor
yristor. T1 is reverse

e 2.07 supply voltage and
turns off. Now current flows from
supply through thyristor T2 and diode
D1 into the load and extends upto some
degrees in the next half cycle and so
on. The load current can be controlled
by adjusting the firing angle ‘e’ and in
most cause the circuit operates
satisfactorily. When the trigger pulses
are not applies properly or when trigger
pulses are removed immediately after
firing, the conducting SCR will
continue to conduct in the next half
cycle also. It will refuse to be turn off.
This is a situation where the trigger
circuit loses its control over the load.
This drawback is overcome in most
causes by providing a flywheel across
the load. The flywheel or freewheel
diode helps in bypassing the load
current when the conducting SCR has




to stop; the act of stopping a
conducting SCR when it is due; and
allowing another SCR to take over
conduction is called communication. A
free wheel diode is shunted across an
inductive load to ensure successful
communication. 2.3 IMPORTANCE /
EFFECT OF FREEWHEEL DIODE
This diode is variously described as a
commutating diode, flywheel diode o
by-pass diode. This diode is co
described as a commutating di
function is to commutate or trans
load current away from @#ffe rectifier
whenever the load-voltae goeginto a
reverse state.

This diode serv. ain functions
: & load voltage
dio®e voltage-drop.

e 10ad current away from
Ner, thereby allowing all
s to regain their blocking

Figure 2.11 Position of Commutating
Diode DF Figure 2.12 shows a half-
wave controlled rectifier with a
freewheel diode DF connected across
R-L load. The load-voltage and current
waveforms are also shown in
fig.2.13With diode Df, thyristor will
not be able to contact beyond 1800.
2.08 Figure 2.12 Half wave rectifier
with a free wheeling Diode During the
positive half-cycle, voltage is inducted
in the inductance. Now, this induced
voltage in-inductance will change its
polarity as the di/dt changes its sign
and diode Df will start conducting as
soon as the induced voltage is of
sufficient magnitude, thereby enabling
the inductance to discharge its stored
energy into the resistance.

Hence, after 1800 , the load current will




freewheel through the diode and a
reverse-voltage will appear across the
thyristor. The power flow from the
Input takes place only when the
thyristor is conducting. If there is no
freewheeling diode, during the negative
portion of the supply voltage, thyristors
returns the energy stored in the load
inductance to the supply line. With
diode Df, the freewheeling action t kQ
place and no power will be

returned to the source. Hence t

of the reactive power flow from th
input to the total power g@nsumed in
the load is less for the pRgse-caojtrol
circuit with a freey nO%aefle. i.e
The freewheeli ® improves the

input power re 2.13 Wave
form of ve nectifier with a
free whee e Hence the

free ' pode helps in the

system."209 2.4 SINGLE - PHASE
FULLY CONTROLLED BRIDGE
CONVERTER WITH RESISTIVE
LOAD When a bridge type converter is
built with 4 — thyristors to take care of
phase control during positive and
negative half — cycles, it becomes a
‘Fully — controlled bridge’. The
behavior of such a FC bridge with a
resistive load is explained. Figure 2.14
Single — phase Fully controlled
bridge converter with resistive Load
Four thyristor T1 to T4 are connected
in the bridge configuration as shown.
A.C. input points A and B may be
connected to a transformer secondary
according to voltage requirements and
PIV rating of the thyristors. When
supply end ‘A’ is positive, thyristors T1
and T4 are fired simultaneously.
Current flows through T2, load resistor



RL, thyristor T4 and back to supply

lead B. in the reverse half — cycle

supply end B is positive. Now thyristor

T2 and T3 are triggered

simultaneously. This action applies
forward volts to T2 and T3 which

readily conduct. At the same reverse
voltage is applied to the first set

thyristor T1 and T4 which are hence C
commutated or turned-off. With puye

resistance as load, the load volta

When the thyristo

commutation, t urrent also
stops witho ion of time.
The aver L ou®put voltage is a
functi ng angle o and the

SCNor this FC bridge are

gh that of half — controlled
bridge. e wave forms drawn below
for FC bridge, a discontinuous
operation is seen from the time of one
conducting SCR turns-off and the next
SCR is trigger after o degrees in the
next half-cycle. 2.10 Figure 2.15 Wave
form of Single — phase Fully
controlled bridge converter with
resistive Load As firing angle ‘o’ is
increased, the load d.c. voltage is
lowered. 2.5 FULLY -
CONTROLLED BRIDGE WITH
INDUCTIVE (R - L) LOAD A single
phase fully controlled bridge rectifier
can be built using four thyristors T1 to
T4 as shown figure 2.16. The load is
assumed to be partly inductive.

Figure 2.16 Fully — controlled Bridge
with inductive (R — L) Load When
supply terminal A is positive, thyristors
1 and 4 are triggered at one and the



same time. Current flows through
thyristor T1, load impedance, thyristor
T4 and back to source at B. in the
reverse half-cycle thyristors T2 and T3
are fired simultaneously for conduction
while thyristors T1 and T4 are turned —
off due to reverse bias voltage across
them. The load receives d.c. power
With load being highly inductive,
current does not become zero when < ,
load voltage eL reaches zero. B

extends till the next pair of SC
triggered into conduction. In this

the current is continuou en the
load is only slightly indi§gtive, e
current stops offer, a small

degree and therg.i urrent through
the load for N es 2.11 until the
next pair istoware fired. This

[ ' uolsS current operation.
current, the load

en by the equation.
Figure 27 Wave form of Fully —
controlled Bridge with inductive (R -
L) Load

When load voltage extends to negative
half cycle, it means negative power
delivery to load or pumping of a small
energy back to supply lines. This
process is known as regeneration. From
the above equation for average d.c.
output voltage it is clear that when
firing angle o is more than 90 degrees,
the output d.c. voltage is negative and
the average

power involved will flow from load to
supply lines. The unit is said to work as
inversion (d.c. to a.c. conversion) to
take place, a d.c. supply equal to
average rectifier output shall be reverse
connected in place of load. 2.6
COMMUTATION Definition
Commutation is the process of turning



OFF SCR. Commutation requirements
1. Current through SCR is reduced
below the holding current.

2. The voltage across the SCR is
reversed.

2.12 Types of commutation
techniques Natural Commutation/
line commutation Figure 2.18 Circuit
diagram of Natural commutation
Figure2.18 shows the circuit using ‘ ,
natural commutation. It is basica#/ h
wave rectifier. The mains AC s IS
applied to the input. The SCR is
triggered in the positive cycle at a.
Since the SCR is forwar@biasey, it
starts conducting nt io

starts flowing. Yn load is
resistive
0=

VO
R

The ralgommutation does not need
any ext@™al components. It uses supply
(mains) voltage for turning off the
SCR. Hence it is also called as line
commutation. It is also called as class F
commutation. 2.13

2.6.1 Forced Commutation Figure
2.19 Circuit diagram of forced
Commutation Forced commutation is
used when the supply is DC. A
commutation circuit Is connected
across the SCR as shown in figure 2.19.
The commutation circuit is normally
LC circuit. The LC circuit stores
energy when the SCR is on. This
energy is used to turn — off the SCR.
The LC circuit imposes reverse bias
across the SCR due to stored energy.
Hence forward current of SCR is
dropped below holding current and the
SCR turns — off. There are different
types of forced commutation circuits



depending upon the way they are
connected. 2.6.2 Classification of
Forced Commutation

Class A

Self Commutation by resonating load
and I.C. circuit

Class B

Auxiliary current commutation
(resonant pulse commutation)

Class C < ,
Complementary commutation

Class D

Auxiliary voltage commutation
(impulse commutation)

Class E

External pulse co ]

2.7 CHOPPE ion The DC
choppers co ut DC voltage

called as DC to DC
convffrte .20 Basic block

diag ofgthe chopper. 2.14 The
choppe™® fixed or variable DC input,
Vs and the output VO is also fixed or
variable. The output VO can be greater
or less than the input. Hence the
choppers can be step down or step up
type. The dc choppers use switching
principle. Hence they have high
efficiency. The choppers are also used
in dc voltage regulators for high
efficiency. 2.7.1 Principle of DC
chopper A chopper is a thyristor, high
speed ON/OFF semiconductor switch.
Fig.2.20 (a) Circuit Diagram of DC
chopper The above figure 2.20(a)
illustrates the principle of a chopper.
The chopper is represented by an SCR
inside a dotted square. It is triggered
periodically and is kept conducting for
a period Ton and is blocked for a
period of T off. The chopped load
voltage waveform is shown in figure



2.21. During the period Ton, when the
chopper is on, the supply terminals are
connected to the load, terminals.
During the interval T off when the
chopper is off, load current flows
through the freewheeling diode DF. As
a result, load terminals are short
circuited by DF, and load voltage is
therefore, zero during Toff. In this wa
a chopped dc voltage is produced a tC
load terminals.

Fig.2.21 Output voltage and ¢ t
waveforms of DC chopper 2.15

The average load-voltaggto Is given
by where

= on time of the chDpA

= off-time of thg C er

T

=Ton + chomping period

e duty cycle, then
becomes, EO = Edc. [

y varying the duty cycle of
the chopper. 2.8 JONES CHOPPER (
Typical chopper circuit ) Figure 2.22
Circuit diagram of Jones Chopper

1 The Jones chopper circuit is another
example of Class D commutation. In
this circuit SCR T1 is the main
thyristor, where SCR T2 capacitor C,
D1 and autotransformer (T) forms the
commutating circuit for the main
thyristor T1.

(1 The special feature of this circuit is
the tapped autotransformer T through a
portion of which-the load current flows.
Here L1 and L2 are closely coupled so
that the capacitor always gets sufficient
energy to turn off the main SCR TL1.

() If the main thyristor T1 is on for a
long period, then the motor will reach
the maximum steady-state speed
determined by the battery voltage, the



motor and the mechanical load
characteristics.

1 If thyristor T1 is off, the motor will
not rotate. Now, if thyristor T1 is
alternatively on and off in a cyclic
manner, the motor will rotate at some
speed between maximum and zero.
2.16

(] Let us assume that initially capacitoC
C is charge to a voltage Edc with
polarity as shown in figure. SC i

triggered at time t=t1, current f
through the path CA-T1-L2-D1-C

capacitor C charges to ogfoosite
polarity, i.e. plate B posRve anp plate
A negative. Howe

prevents furtheigo ion of the

resonating X Hence

capacitor '@ ns M charge until SCR
Nt

T2ist

Is triggered. Current
the path CB-T2-T1-CA.
Therefo™ discharge of capacitor C
reverse-biases SCR T1 and turns it off.
The capacitor again charges up with
plate A positive and SCR T2 turn off
because the current through it falls
below the holding current value when
capacitor C is recharged. This cycle
repeats when SCR T1 is again
triggered.

Advantages

] Reliable turn-off of main SCR due to
auto transformer.

[] The auto transformer becomes the
part of load. This provides filtering
action.

Disadvantages

1 Bulky autotransformer is required.
Hence losses are increased.

1 Higher operating frequencies are
limited due to autotransformer.
Applications of DC Choppers



Choppers are used in the following
applications
1 DC motor drives when the DC
supply is available.
| Battery operated vehicles, Switched
mode power supplies.
] Battery charges where uncontrolled
rectifier give DC to choppers.
(] Traction drives use four quadrant
choppers for energy saving. < ,
1 Lighting and lamp controls al
prefer choppers.
2.9 PRINCIPLE OF WORKIN
1® AC CHOPPERS T C voltage
magnitude can be chang¥d by tjyo
methods. The wel me? method
IS by means of ge nd step-down
transformer, & method of

INg 4 udeWf an ac voltage is
SOl state switch. In this
input voltage is
nd off periodically by
2.17m of a suitable switch.
Voltage changing circuits employing
semiconductor devices as a static
switch are known as ac choppers.
Fig.2.23 Circuit diagram of 1® AC
chopper Figure 2.23 shows the
commonly used single-phase ac
chopper circuit. In this circuit SCR T1
and T2 are the main SCR whereas SCR
T3 and T4 are the auxiliary SCRs. C1
and C2 are the commutating capacitors.
Diodes D1 and D2 provide the charging
path for the capacitors. Thyristors T1
and T3 forms the first pair for
producing the positive alternation and
T2 and T4 constitute the second pair
for producing the negative alternation
of the input ac voltage.
Fig.2.24 Waveform of 1® ac/chopper
Figure 2.24 shows the load voltage
waveforms. For the sake of simplicity,




circuit operation is described in various
operating modes. 2.18

I. Mode 0 operation: Initially, during

the positive half-cycle of the supply
voltage, capacitor C2 charges through

the path L-C2-D2-R2-M, with polarity
shown in figure. Similarity, during the
negative half-cycle of the supply

voltage, capacitor C1 charges through C
the path M-R1-D1-C1-L, with the

polarity shown in figure. The volpfQe
across these capacitors is used
commutation of main SCRs T1 an

ii. Mode | operation: wn in

figure during the first payti

cous Vvoltage reaches
the ig@Sta puxiliary thyristor T3 is
triggeted. AP soon as thyristor T3 is
triggere®™Capacitor C1 will start
discharging through the path CB-T3-
T1-CA. When the discharging current
of capacitor C1 becomes more than the
forward-current of the SCR T1. SCR
T1 becomes turned-off. The auxiliary
SCR T3 will be automatically turned
off at instant t3 because of the zero
current at this instant. Hence, SCRs T1
and T3 form the first pair for producing
the positive alternation of the input ac
voltage.

Iii. Mode 11 operation: For the
formation of the negative alternation,
second pair of thyristor T2 and T4 are
used. The main SCR T2 is triggered at
the instant t4 as shown in figure, during
the first negative half-cycle of the input
voltage. The current flows through the
path M-Load-T2-L. When the
instantaneous voltage reaches the



instant t5, SCR T4 is triggered. As soon
as thyristor T4 is triggered, capacitor
C2 will starts discharging through the
path Cc-T2-T4(A-K)-CD. When this
discharging current is more than the
load current, SCR T2 becomes turned
off. At instant t6, SCR T4
automatically turned off as the current
passing through it becomes zero. Agai
at instant t7, SCR T1 is triggered to < ,
produce the next positive alternajg®n.
This Is a continuous process an
repeated again and again to gener

ac voltage across the loag’

2.10 MOSFET BAS HOBPER
(Chopper using

The circuit dia hopper using
MOSFET as e figure 2.25.
The circu' ertS\n input DC
NOULptt DC votage, that is
' pW voltage. The input
Vin) is chopped by a
switchii®Circuit. Fig.2.25 Circuit of
chopper using MOSFET 2.19 The
circuit diagram of chopper using
MOSFET is shown in figure 2. . It
converts a fixed input DC voltage to a
fixed or variable DC voltage. The input
DC voltage (+Vin) is chopped by a
switching circuit. The gate signal is a
positive going square wave signal with
a voltage ranging from OV to VGS
(ON) voltage. The signal alternatively
cut-offs and saturates the power
MOSFET. Whenever MOSFET
switches ON, the input signal Vin is
developed across the transformer with
the peak voltage of +Vin. By this
effect, a square wave signal is
developed across the secondary of the
transformer. The diode D and the
capacitor as filter produce the DC
output voltage Vout. By using different




turn ratios, we can get a DC output
voltage which is lower or higher than
the input voltage Vin. For lower ripple,
a full wave or bridge rectifier can be
used. Review questions Part -A

1. Define the term converter.

2. What you mean by commutation?
Give their types.

3. Classify the types of forced
commutation.
4. Define the term chopper.

5. Give advantages and disadvd
of Jones chopper.

Part -B

1. Give importance of frewhedling
diode.

2. Explain natugl orced
commutatio \g

> Explai@ principle of

chopp

4. Gile ions of Jones chopper.
5. EXp¥ain WOSFETR based chopper.
Part —

1. Draw and explain single phase half
controlled bridge converter with R
load.

2. Draw and explain single phase half
controlled bridge converter with RL
load.

3. Draw and explain single phase fully
controlled bridge converter with R
load.

4. Draw and explain single phase fully
controlled bridge converter with RL
load.

5. Explain with neat diagram of Jones
chopper.

6. Explain with neat diagram of AC
chopper.

2.20 ANNEXURE FOR UNIT- 11 1.
Comparison of half controlled and
full controlled bridge rectifiers Now
let us compare the half controlled and



fully controlled bridge rectifiers.
S.No.

Half controlled converter

Fully controlled converter

1.

This consists of half number of SCRs
and half number of diodes.

This consists of all the SCRs as
controlled devices.

2.

This operates in only one quadrag®.
This can operate in two quadra

3.

Output voltage is alwaygfositive.
Output voltage can be n&gativen case

of inductive loads

4,
Inherent fregde®y tion Is present.
External § diode is to be

conne eeling.

5

Powet™actgy is better.

Power r is poor than that half
converter.

6.

Inversion is not possible.

Inversion is possible.

-

Used for battery charges, lighting and
heater control.

Used for DC motor devices

2. Power semiconductor devices: The
power semiconductor devices are used
as on / off switches in power control
circuit. These devices are classified as
follows::

Diodes Thyristors Transistors

1. General purpose 1. SCRs 1. BJT

2. High speed 2. GTO 2. MOSFET

3. Schottky 3. RCT 3. IGBT

4.SITH 4. SIT5. GATT 6. LASCR 7.
MCT 8. TRIAC 2.21 In this chapter we
will briefly study the characteristics,



power rating and operating frequencies
of these devices. 3. Natural
commutation Vs forced commutation
S.No.

Natural commutation

Forced commutation

1.

No external commutation components
are required.

External commutation components ar
required.

2.

Requires AC voltage at the input.
Works on DC voltage atghe nput.

3.

Used in controlle i

voltage controllgr
Used in chopaerSNi ers etc.
4

No po takes place during
comgiutalg:
Powe™oss gakes place in commutating
comporients.

5.

SCR turns off due to negative supply
voltage.

SCR can be turned-off due to voltage
and current both.

6.

Cost of the commutation circuits is nil.
Cost of the commutation is significant.
4. Types of choppers:

A. According to the input/output
voltage levels

[] Step-down chopper — the output is
less than the input voltage.

[ Step-up chopper — the output voltage
Is greater than the input voltage.

B. According to the directions of output
voltage and current

1 Class A chopper.

1 Class B chopper.

1 Class C chopper.




1 Class D chopper.

1 Class E chopper.

C. According to circuit operation

1 One-quadrant chopper.

1 Two-quadrant chopper.

1 Four-guadrant chopper.

D. According to commutation method

1 Voltage — commutated choppers.

1 Current — commutated choppers.

1 Load — commutated choppers. < ,

1 Impulse — commutated chopp

3.01 UNIT — Il INVERTER
APPLICATIONS 3.1 INVERT

The inverters are DC to onverters.
The input is fixed or vargble DF, and
the output is varia t ariable
frequency AC.

1 The outp aveform of the
inverter ¢ bguaNe wave, gquasi-
square distorted sine

wav
1 The®utpgr voltage can be controlled
(i.e. adj le) with the help of drives
of the switches.

1 The Pulse Width Modulation (PWM)
techniques are most commonly used to
control the output voltage of inverters.
Such inverters are called PWM
inverters.

1 The inverters can be classified as
voltage source inverters or current
source inverters.

1 Sometimes, the DC input voltage to
the inverter is controlled to adjust the
output. Such inverters are called
variable DC link-inverters.

1 The inverters.can have single phase
or three phase output.

3.2 Application of inverters

1) Variable frequency AC motor drives.
i) Uninterruptible power supplies
(UPS).

1) Standby (emergency) power



supplies.

Iv) Induction and dielectric heating.

v) Power supplies used in spaceships
and air crafts.

vi) High voltage DC transmission lines.
vii) Various flow control / regulation
applications in chemical plants, oil
engines, paper manufacturing and

textile industries.
3.3 SERIES INVERTERS WIT
RESISTIVE LOAD

In the series inverter, the com (0]
inductance and capacitance are in
series with the load. Thyg’commutation
circuit is part of the lgacqThe clrcuit
diagram of the

series Inverter igs in figure 3.1. L
and C are cq \ components.

carry | entm positive and
neg cles. Operation of the
circu

Figure 3.1 Single phase inverter with
R load

Mode-I

At the beginning of this mode,
capacitor is charged to negative voltage
as shown-in

waveforms of figure 3.2. At ‘tl’ , SCR
T1 is triggered and positive voltage is
produced at

the output. The output current starts
flowing through T1 and L-C-R circuit
as shown in

figure 3.3. Because of the RLC circuit,



the current increase sinusoidal. The
current

becomes maximum, when capacitor
voltage is equal to VVdc. Then the
current reduces. At

t2, current becomes zero. Hence T1
turns-off. The capacitor charges to the
value higher

than VVdc. The charge is hold by the
capacitor.
Mode - 11

This mode begins when SCR
triggered at t3 and negative voltag

the output.

Equivalent circuit-11 in ffgure 3 has
shown the current rent
stars flowing

in opposite g4 M e capacitor
starts dis @1 g iMehe RLC circuit.
The c

beco um, when capacitor

and become zero at ‘t4’. Therefore T2
turns-off at t4. The capacitor is charged
to negative

Vo

voltage. This charge is hold by the
capacitor. The cycle repeats when T1 is
triggered

again.

3.03

Figure 3.2 Waveforms of Single
phase inverter with R load

~ ~ ~ ~ ~

Triggering
signal T1
Triggering
signal



T2
Triggering
signal T1
Output
current
Capacitor
voltage Vc
Load

voltage Vo
t1t5
t3

t2
t4

Figure 3.3 Equivalent gffcuit | 3.0
Figure 3.4 Equivalent Qrcuit §i 3.4
SINGLE-PHAS

WITH RL LO re 3.5 Single
phase inver, N load

Figure 3. theNircuit

confi ngle-phase inverter
withkL Qor this basic circuit

not shown for simplicity. The gating
signals for the thyristors and the
resulting output voltage waveform as
shown in figure 3.6. As shown in the
waveform 3.6, for the interval 0< t<
T/2, thyristor T1 is conducting and load
Is subjected to a voltage Edc/2 due to
the upper voltage source Edc/2. At



instant t=T/2, thyristor T1 is turned off
and T2 is turned on. During the interval
T/2<t < T, thyristor T2 conducts and
the load is subjected to a voltage (-
Edc/2) due to the lower voltage source
Edc/2. So, the Output is AC signal.
3.05 Each thyristor is gated at
frequency f = 1/T of the ac supply
desired. The gating signals of the two
thyristors have a phase single of 1800
From the figure the output is easj 0
seen to be rectangular ac wave
frequency,
where, T is the triggeringfperiod of the
thyristor. Frequency of (R invegter
output voltage ca a y
controlling T. Igt cuit, an
alternating p Xc'ded by diodes

h isNcross the SCRs

voI0 the damage of SCR.
called feedback

Load Voltage EL

Triggering Signal

T/2

T

3T/2

1800

t

t

t

Figure 3.6 Wave form of Single
phase inverter with RL load 3.5
METHODS OF OBTAING SINE



WAVE OUTPUT FROM AN
INVERTER Most of the inverters
produce square wave at the output. For
faithful operations, AC loads require
sinusoidal voltages. 3.06 Generally, the
square wave produced by the inverter is
sine wave with harmonics. If the
harmonics are removed, a sine wave

can be obtained. To reduce the
harmonics, the following methods ca
be used.

1) Resonating the Load.

1) Using proper filters.

i) Using pulse width mgfiu atl n.

iv) Using sine wave syn e5|s

v) Using poly pha

1) Resonating

By making tgg INgJf resonant at

the outpu @ ency®a near about sine
Ngforodticed. To achieve

desinfld ic reduction, the “Q”

load network should be

very higm®

i) Using proper filters

Suitable filters can be used for
eliminating the harmonics. LC filter is
the simplest filter used for harmonics
reduction. Simple LC filters are shown
in figure 3.7. For higher degree of
harmonic reduction, two sections of LC
filters are required. Figure 3.7 LC
filters

3.07

i) Using pulse width modulation
Figure 3.8 Output waveforms

If the width of the output voltage
produced by inverter is reduced, certain
harmonics can be reduced. By
triggering the SCR multiple times,
multiple pulses are

generated per half cycle. As the number
of pulses increase, the harmonic
content is



reduced. But there is a limit for the
number of pulses to reduce switching
losses.

Iv) Sine wave synthesis

T1

T2

Figure 3.9 Transformer connected in
series

Inverterl
Inverter2
Constant Vo

dc voltage

Output with pulse width modul
modulation

Qutput without modul&ion
Voltage

signal iSY®oduced. The harmonics
present in the quasi signal are less than
the individual inverter waveforms. 3.08
If the two quasi signals are again added
using transformer with a phase
difference, the harmonics are further
reduced. 3.6 OUTPUT VOLTAGE
CONTROL IN INVERTERS AC
loads may require constant or variable
voltage at their input terminals. When
such loads are fed by inverters, it is
essential to control the output voltage
of the inverters. The various methods to
control the output voltage of the
inverter are,

1) External control of AC output
voltage.

2) External control of DC input
voltage.

3) Internal control of inverter.

1) External control of AC output



voltage
There are two possible methods of
external control of AC output voltage
obtained from inverter output terminals
a) AC voltage control.

b) Series inverter control.

a) AC voltage control

In this method, an AC voltage
controller is inserted between the
output terminals of inverter and the
load terminals as shown in figur

applications.

Constant Contgo
Dc voltage te Figure 3.10
External | oMAC output

volta

b) S@flesd er control
Inve

AC Volt®e controller

AC Load

In this method two or more inverters
are connected In series as shown in
figure

3.11. Here, the output voltage of two
inverters is summed up with the help of
transformers

to obtain the adjustable output voltage.
The secondary of two transformers is
connected in

series.

3.09

T1

T2

Figure 3.11 Series inverter control of
two inverters

2 ) Internal control of inverter

The output voltage control within the
inverter can be done by pulse width
modulation technique. In this method, a



fixed dc voltage is given to the inverter
and the

controlled output voltage is obtained by
varying the ON and OFF periods of the
inverter.

This is the most popular method called
as pulse width modulation (PWM)
control.

3) External control of DC input
voltage

If the available voltage source is

then the fully controlled rectifi
chopper is

used to control the DC vgfitage applied
to the inverter.
Constant controlle

AC voltage Dc go AC voltage
Figure 3.12 % ntrol of DC

input vol @
37T WEVIURRAY INVERTER
(AU COMMUTATED

The Mc™®rray Inverter is an impulse
commutated inverter which depends on
an LC

circuit and an auxiliary thyristor for
commutation in the load circuit. The
impulse is

derived from the resonating LC circuit
and is applied to turn off a thyristor. A
single

phase full-bridge McMurray inverter is
shown figure 3.13.

Rectifier or

Chopper

Filter Inverter

Inverterl

Inverter?2

Constant Vo

dc voltage

3.11

Figure 3.13 Single phase McMurray
inverter The circuit consists of the



main thyristor T1, T2, T3 and T4, the
freewheeling diodes D1,D2,D3 and D4,
the auxiliary thyristor TA1,TA2, TA3
and TA4, and the commutating
components L and C. When the
thyristor pair T1 and T2 conducts, a
positive voltage is produced across the
load. When thyristor pair T3 and T4
conducts, a negative voltage is C
produced across the load. Thus, by
alternate conduction of pair of
thyristors (T1 & T2,T3 &T4) a
alternating voltage is produced ac

the load. The operation e
McMurray inverter may\ge subpivided

mode begins
1, T2is
thyNstor T1,T2

, the supply current
e path Edc+-T1-Load-
T2- ) ghd hence, positive load
voltage tained. The commutating
capacitor C1, C2 are already charged to
a voltage Ec with the polarities shown
in figure3.13, during the commutation
of the previously conducting thyristor
T4, T3. Mode -2

This mode begin when thyristor TA1,
TA2 are triggered to turn off the main
thyristors T1, T2. When thyristor TAL,
TAZ2 have been turned on, capacitor
C1,C2 start discharging. Capacitor C1
forms the discharging loop C1 (+)-T1-
TAL1-L1-C1(-) and capacitor C2 forms
the




discharging loop C2(+)-L2-TA2-T2-
C2(-). Voltage drop across T1, T2
reverse-biases D1,D2 .Therefore,
current flows only through T1,T2 and
not through D1,D2. As load current IL
Is 3.12 constant, an increase in Ic
causes a corresponding decrease in IT1,
IT2 (IT1 or IT2=Ic-IL). At the
particular time, the capacitor current |
rise to IL and therefore, current IT1 arC
IT2 become zero. As a result, mgg
thyristor T1 and T2 become tur

Mode — 3 When the current Ic ex

IL, the excessive currentgirculates
through feedback diodeqp1,D3 The
resonating oscillat} n

through the pat -D1-TA1-L1-
Cl(-)and C Xﬂ 2-D2-C2(-)
respectiv e vOwage drop across
D1, D es T1,T2 to bring it
to foffva ing capability. The

comrmeatigl current Ic rises to peak
value (I} when capacitor voltage (Ec)
Is zero, and then decreases as the
capacitor is charged in the reverse
direction. Now Ic falls back to the load
current IL and diodes D1,D2 stop
conducting. Mode — 4 This mode starts
when diode D1and D2 stop conducting.
The capacitor starts recharge through
the load . This mode ends when the
capacitor voltage becomes equal to the
dc supply Edc tends to overcharge due
to the energy stored in inductor L.
Mode — 5 This mode begins when the
capacitor voltage is greater than Edc
and diodes D4, D3 become forward-
biased. The energy stored in inductor L
Is transferred to the capacitor, causing
it to be overcharged with respect to
supply voltage Edc. This mode ends
when the capacitor current falls again
to zero and the capacitor voltage is



reversed to that of original polarity and
now the current is ready for the next
cycle of operation. During the next half
cycle, thyristor pair T3, T4 is triggered
and a negative half cycle of voltage is
produced across the load. Advantages
1. Output voltage is square wave,
which is better than series inverter.

2. Simple commutating circuit.
3. Switching frequency is higher.
Disadvantages

1. Large amount of energy in tr in
commutating capacitor. It is to be
removed with the help o itional

feedback diodes.

2. Heavy transfor
carry load curregt.
3.13 3.8 PARQ L
Figure 3.

NVERTER
circuit diagram
of par ~ T1 and T2 carry the
curreffit i yve and negative half
cycleS*®Capgritor ‘C’ is the
commut®®ng capacitor. Capacitor is
connected across the transformer
primary. Load is connected across the
secondary. Capacitor is connected in
parallel to the load. Hence this inverter
is called parallel inverter. Figure 3.14
Circuit diagram of Parallel inverter
Mode-I Thyristor T1 is triggered. The
supply voltage Vdc appears across half
of the primary winding. Now the load
voltage is positive. The voltage of
2Vdc is induced across the primary by
auto transformer action. The capacitor
IS connected across primary. Hence it
also charged to voltage 2\Vdc. The
capacitor remains charged to this level.
Mode-I1 As soon as T2 is triggered, a
capacitor voltage of 2Vdc is applied
across T1. Hence T1 immediately
turns-off. The load current starts
flowing through other half of the




primary winding. Now the load voltage
becomes negative as shown in the
waveforms. Mode -111 When SCR T1
Is turned ON, the fully charged
capacitor will turn off the SCR T2. And
same process continuous. If trigger
pulses are applied periodically to each
SCR, an AC voltage is produced at the

output.
C
T1

3.14

Figure 3.15 Model wave form o
Single phase parallel infferter Flgure
3.16 Equivalent CII’C | of Si

phase parallel in

3.15

gl

|92

Loa

2Vdc

-2Vdc

Vdc

-Vdc

time

time

time

time

time

3.9 SWITCHED MODE POWER
SUPPLIES (SMPS) Basic concept of
SMPS The dc output of the rectifier or
battery is not regulated. It varies
according to the load variations.
Switching mode regulators are used to
convert unregulated dc to regulated DC
output. SMPS is based on the chopper
principle. The output dc voltage is
controlled by varying the duty cycle of
the chopper by PWM or FM technique.
Generally PWM technique is used. If



power transistors are used, the
chopping frequency is limited to 40
KHz. For power MOSFETS, the
chopping frequency is up to 200 KHz.
Types of SMPS SMPS are categorized
into four different types. They are

1) AC-DC converter

2) DC-DC converter

3) Forward Converter
4) Fly back converter
AC- DC Converter This type o

has an AC input and it is conve to
DC by using rectifier & filter. The
switching operation is dgfie Dy usinga

power MOSFET ampliffy and Jction
of switching is co eedback
using the PW or. DC-DC
converter an

rc

Inthis po high voltage DC

power y atquired from a DC
powd s W he switching-power
supp p {# requlated by using Pulse

Width ulation. Forward
Converter But, in this type of SMPS a
control is connected at the output of the
secondary winding of the transformer
to control the switch. As compared to
the fly back converter, the filtering and
rectification circuit is complicated. This
Is also called as a DC-DC buck
converter. 3.16

Fly back converter In this type of
SMPS, output power is very low (less
than 100W) . This type of SMPS is
very simple circuit compared with
other SMPS circuits. This type of
SMPS is used for low power
applications. 3.9.1 BLOCK
DIAGRAM OF SMPS The switching
mode regulators use dc choppers for
switching action. . Figure 3.17 shows
the block diagram of switching mode
regulator. The dc chopper takes the



input from some unregulated supply.

The chopper may use Transistor,

MOSFET, IGBT, SCR or GTO for

switching.

High freq switch Output DC

Input AC DC

High volt. Low frequency

Error Amp Figure 3.17 Block diagram

of SMPS Working principle of SMP,

Input rectifier and filter This block

rectifies the input AC voltage in O
pulsating DC and filters the D

reduce the ripples. High freguenc

switch MOSFET or Bipgffar transistors

are used as high frequen I
converts the DC vg @ I
frequency AC sguNggfave of 20-100
KHZ. Powe gier The power
transfor tesWe circuits and

OWn the voltage to a
y DC the voltage. 3.17

filter filter
d filter filter
O/p Sensor
Isolation
Reference

PWM Oscillator

Step down Transformer

Output rectifier and filter Here again
AC voltage will be converted into DC
voltage by rectifier .The filters are used
to make the output voltage ripple free
and smooth. And the output ripple of
high frequency (20 — 100 KHz) ripple
will be filtered by filter. Output sensor
It detects the output DC voltage and
feedback it to the control circuit
Control circuit

[1 In the control circuit, the error
amplifier compares the reference
voltage with output voltage. The
reference voltage is set for the
particular output voltage.



1 The error amplifier generates the
error signal depending on the
difference between output voltage and
reference voltage.

1 The error signal acts as the control
voltage to drive the high frequency
switch(chopper).

1 This control voltage varies the width
(duty cycle) of the pulse width
modulation (PWM) oscillator to ad'uo
the switching speed of high fre C
switch.

[1 To reduce the DC voltage, puls
width will be reduced byfontrol

voltage.
] To increase the PHulse

width will be ingr by control
voltage. By N e, a regulated

dc output e cawbe obtained.
3.10 es, Disadvantages and
Appifca SMPS Advantages

i) In ear gbwer supply the series pass
transistO™Operates inactive region.
Hence there is high power loss. But in
SMPS, devices operate in saturation
and cut-off regions. Therefore losses
are reduced in SMPS.

1) Due to reduced power loss, SMPS
have efficiencies up to 95% but linear
power supplies have very small
efficiencies.

1) SMPS operate at very high
frequencies. Therefore filtering
components and transformers have very
small size. Where as linear power
supplies have bulky components.

Iv) SMPS have transistors in switching
mode. Hence their power handing
capacity is more as compared to linear
mode.

v) SMPS are more cost effective due to
reduced size of transformer and filters.
3.18 Disadvantages



1) Since SMPS operates at high
switching frequencies, they generate
Radio Frequency Interference (RFI) to
neighboring circuits.

I1) Since the devices operate in
switched mode, there are switching
losses at high frequencies.

1) The transient response of SMPS is

very slow compared to linear power C
supplies.

Iv) SMPS have poor load regulag#h ags
compared to linear power supp
Applications of SMPS

1) Televisions, DVD playr.
1) Computer, printer_m&gitors
i) Battery charge trowe®allasts.

iv) Video gam
3.11 UNIN e\ BLE POWER
SUPPLI

UPS ogha up is an electrical
appagatu rovides emergency
powem™o a Wad when the input power
source ains power fails. A
temporary power failure can cause
large economic losses. For such critical
it is an important to provide an
uninterruptible power supply (UPS)
system to maintain the continuity of
supply . Static UPS system are of two
types; namely off line UPS and on line
UPS.. 3.11.1 ON LINE UPS (No-
break UPS) In on line UPS, load gets
continuous uninterrupted supply from
the power source, even a power failure
takes place. The block diagram of OFF
line UPS is shown in figure 3.19.
Normally OFF

Power Flow

Static transfer switch

Main AC Supply Normally ON \
Figure 3.19 Block diagram of ON
line UPS 3.19

[1 n this system, main AC supply is



rectified and the rectifier delivers
power to charge the batteries.

1 Rectifier also supplies power to
inverter continuously which is then
given to AC-type load through filter
and normally-on switch.

Rectifier Ac- DC

Inverter DC - AC

Batteries

Filter

Critical Load

1 In case of main supply failur
batteries supply power to critical
without any interruptiongNo
discontinuity in the illurgnatiof is
observed in case q in

L1 In case inverfgr e is detected,
main ac sup cWgapplied to the

load by t n {Ne Normally-off
static ening the
Nornfall tic switch.

1 The®rangger of load from inverter to
main AC®Upply takes 4 to 5 ms by
static transfer switch as compared to 40
to 50 ms for a mechanical contactor.

1 After inverter fault is cleared,
uninterruptible power supply is again
restored to the load through the
normally on switch.

Advantages of On line Ups

1) Load is protected from transients in
the main supply.

I1) Inverter output frequency can be
maintained at the desired level.

1) Inverter can be used to condition
the supply delivered to load.

3.11.2 OFF Line UPS (Short break
UPS) In off line UPS, the load gets
disconnected from the power source for
a short duration of the order of 4to 5
ms, when mains supply fails. The block
diagram of OFF line UPS is shown in
figure 3.18.



Normally ON Power Flow Static
transfer switch

Main AC Supply Normally OFF
Figure 3.18 Block diagram of OFF
line UPS 3.20

(1 In this system, main AC supply is
rectified to DC. This DC output from
the rectifier charges the batteries and is

also converted to AC by an inverter.
Rectifier Ac- DC
Inverter DC - AC

Batteries
Filter

Critical Load
[J Under normal circym
normally-on conts ;
normally-off ¢
[J The main

contac
1 Agthe ime, the rectifier

suppIT®S cogrinuous charge to batteries
to keep fully charged.

1 In the event of power failure,
normally-off switch is turned —on and
the batteries deliver ac power to critical
load through the inverter and filter.
1A momentary interruption may occur
(4 to 5 ms) to the load. It is also called
as stand-by power supply.

3.12 COMPARISON OF OFF-LINE
UPS AND ON-LINE UPS

S.NO

OFF-LINE UPS

ON-LINE UPS

1.

Inverter is used-when AC mains fails
Inverter is always used irrespective of
AC mains fails

2.

Unregulated output, when AC main is
present

Always regulated, filtered and



continuous output to load

3.

Delay during change over from main to
inverter

No delay during change over period

4.

High in efficiency

Low in efficiency

5.
Low cost
High cost

3.13 BATTERY BANKS

A battery bank is the result of join
two or more batteries to r for a
single application. By cdgnecti
batteries, the voltag olfe ge can

be increased, ogbOWMVhen we need
more power 4 Msing massive
super tan oi h ba®ery, a battery bank

can be » There are 2 ways to
succg®sf W nect two or more
batte®S. T first is Series and the
second ™arallel. 3.21

Series Connection
+

+

o

6 Volts 10 AH AaAAh

- +

6 Volts 10 AH AaAAh

Double Voltage, same capacity (Ah)
12 Volts, 10 Ah Figure 3.20 Batteries
connected in series

Series connection adds the voltage of
the two batteries, but keeps the same
amperage rating (also knownas Amp
Hours). For example, these two 6 Volt
batteries joined in series and produce
12 Volts, but still have a total capacity
of 10 Amps. To connect batteries in a
series, use a jumper wire to connect the



negative terminal of the first battery to
the positive terminal of the second
battery. Use another set of cables to
connect the open positive and negative
terminals to your application. Never
cross the remaining open positive and
open negative terminals with each
other, as this will short circuit the
batteries and cause damage or injury.
Is best to use the same voltage and
capacity rating battery. Otherwi
charging problems, and shorten
battery life. Parallel Connection
Same Voltage, Double g@ipacity (Ah)
6 Volts, 20 Ah Figur 1 Bajeries

connected in par allel
connections wildi e the current
rating, but t N ill be same. In
the diagr vomage is same as 6
Volts, byt increase to 20. It's
impgffita e that because the

ampeT®ge o@the batteries increased,
you may™cted a heavier duty cable to
avoid the cables burning out.

-+

6 Volts 10 AH AaAAh

-+

6 Volts 10 AH AaAAh

To join batteries in parallel, connect
both the positive terminals and negative
terminals of both batteries to each
other. Negative to negative and positive
to positive, then connect the load to
ONE of the batteries, but both drain
equally. It is also possible to connect
batteries in-a Series/Parallel
configuration This may sound
confusing, Here, both voltage output
and current rating are increased. To do
this successfully, at least 4 batteries are
required. Series / Parallel Connection
If two sets of batteries are already
connected in parallel, join them



together to form a series. In the figure
3.22, we have a bank that produces 12
Volts and has 20 Amp Hours.

Double Voltage, Double capacity
(Ah) 12 Volts, 20 Ah Figure 3.22
Batteries connected in series and
parallel In theory, we can connect as
many batteries together as we want.
But when we start to construct a C
tangled mess of batteries and cables, i

can be very confusing, and conf

can be dangerous. Keep in min
requirements for the application, a
stick to them. Also, use jgitteries of the
same capabilities. Avoidgnixing and
matching battery g h r

possible. 3.23
QUESTIO
1. What i er’

2. Meny methods to obtain sine
wavefirg verter.

-+

6 Volts ®™AH AaAAh

-+

6 Volts 10 AH AaAAh

-+

6 Volts 10 AH AaAAh

-+

6 Volts 10 AH AaAAh

3. Mention the methods to control the
output voltage in inverters.

4. Give any three applications of
Inverter.

5. State any two advantages of
Mcmurray inverter.

6. What is SMPS?

7. Give the types of SMPS.

8. Define UPS.

9. Give any two differences between
on-line UPS and off-line UPS.

10. Give any two requirements of
inverter.

PART -B




1. Explain any three methods to obtain
sine wave from an inverter.

2. Draw the circuit diagram of single
phase inverter with RL load.

3. Briefly write about the methods to
control output voltage in inverters.

4. Compare on-line UPS and off-line
UPS.

5. Give the advantages, disadvantagesC
and applications of SMPS.

PART -C

1. With a neat diagram explain

phase inverter with resistive load.

2. Explain single phase gffies inverter

with RL load with neat &qgagra

3. Draw and explaj p

inverter with wgy .

4. Explain t X f SMPS with
block dia

5. Wit amexplain on-line UPS
and ¢ft-1 :

401 ONITH IV PROGRAMMABLE
LOGI NTROLLER 4.1
EVOLUTION

The first PLC systems evolved from
conventional computers in the late
1960s and early 1970s. These PLCs
were first installed in automotive
plants. Because, auto plants had to be
shut down for up to a month at model
changeover time during which revised
relay

and control panels were taken place.
The PLC keyboard programming
replaced the rewiring of a panel with
full of wires, relays, timers and other
components and.reduces the
changeover time. In'1972, the
introduction of the microprocessor chip
made improvement in PLC
programming and PLC became more
useful. In 1980s the use of PLCs was
increased and is still growing. Instead



of computer numerical controls

(CNCs), PLCs have been used in

machine tool industry. PLCs are also

used extensively in building energy and
security control systems. 4.2
INTRODUCTION TO PLC PLC

means Programmable Logic Controller.

A PLC is an user-friendly,

microprocessor based specialized C
computer that control machines and
processes. The PLC can be opergfd

the input side by digital or disc

input devices (on/off) or by analo

(variable) input devices. will

operate any system withWigitaljputputs
(on/off) and analo u
4.3 ADVANT F PLC OVER

P anWealterations require
more tupe W Ing of panels. In
PLC#ng png is required. So,
altera®ons gn be made within minutes
by charig®ig the program

2. 1t is lower cost with increased
technology

3. Relays can take more time to actuate.
But the operational speed of PLC is
very fast.

4. PLC is made of solid-state
components. Solid state devices are
more reliable than relays and timers.

5. The PLCs are more effective when
periodic changes in operation are made.
6. Economical in long term use. 7.
Security.

4.02 4.4 RELAYS Relays are the
primary protection as well as switching
devices in most of the control processes
or equipments. The relay is an
important part of many control systems
because it is useful for controlling high
voltage and current devices with a low
voltage and current control signal.



Relays have NO (Normally open) or
NC (Normally close) or combinations
of both contacts. Different Types of
Relays
Depending on the operating principle
and structural features relays are of
different types such as electromagnetic
relays, thermal relays, reed relays
power varied relays, multi-dimension
relays, and so on, with varied ratings,
sizes and applications. 1.
Electromagnetic Relay These
are constructed with electrical,
mechanical and magnetigftomponents,
and have operating coil &d mejhanical
contacts. Therefor n oil gets
activated by a stem, these
mechanical s& opened or

0

closed. T fpply can be AC

and attra®a metal bar or a piece of
metal when power is supplied to the
coil. So, an armature being attracted
towards the poles of an electromagnet
as shown in the figure 4.1 and contacts
get closed. Inthe contact side, load can
be used. These relays don’t have any
time delays so these are used for
Instantaneous operation. Figure 4.1
Electromagnetic Relay 4.03 Magnetic
Latching Relay These relays use
permanent magnet or parts with a high
remittance to remain the armature at the
same point-when-the coil power source
Is taken away. 2. Solid State Relay
(SSR) Solid State uses solid state
components such as Transistors, SCR,
TRIAC, and DIAC to perform the
switching operation without moving
any parts. Since the control energy
required is much lower compared with



the electromagnetic relay that results
the high power gain. These are of
different types: reed relay coupled SSR,
transformer coupled SSR,

Armature

photo-coupled SSR, and so on. Fig 4.2
Solid state Relay In the above figure
4.2, when the DC power supply is

applied, LED starts conduction and
emits light. Now light activated TRJ
receives the light and gets ON a

triggers the TRIAC Q1. So, T

starts conduction by 230 V. AC su

and Lamp is ON. Thus, j#amp is ON by
triggering the TRIAC wiout roving

any part as norma h. ybrid
Relay These re composed of
electromagnghi nd electronic
compone uall¥ the input part
contai ectronic circuitry that
perfgfm pcation and the other

contrO®™funggions, and the output part
include ™ectromagnetic relay. 4.
Thermal Relay These relays are based
on the effects of heat, which means that
the rise in the ambient temperature
from the limit, changes the contacts in
switch from one position to other.
These are mainly used in motor
protection and consist of bimetallic
elements 4.04 like temperature sensors
as well as control elements. Thermal
overload relays are the best examples
of these relays. 5. Reed Relay

Figure 4.3 Reed relay Reed Relays
consist of a-pair.of magnetic strips (also
called as reed) that is sealed with ina
glass tube. This reedacts as both an
armature and a contact blade. When the
magnetic field applied to the coil which
Is wrapped around this tube, reeds
move towards each one and gets closed
contact. So that switching operation is



performed. Based on dimensions,
relays are differentiated as micro
miniature, subminiature and miniature
relays. Also, based on the construction,
these relays are classified as hermetic,
sealed and open type relays.
Furthermore, depending on the load
operating range, relays are of micro,
low, intermediate and high power
types. Reed relays are also availabl
with different pin configurationsg#ke C)
pin, 4 pin and 5 pin relays giveiNy
figure 4.4. The ways in which the
relays are operated is shgfvn'in the

figure. Switching contacgg can
SPSTHSREN , PP types
Some of the rel ormally open
(NO) type a are normally
closed (N S. M5

Figur figuration of Reed

some of the different
typesor relgys that are employed in
most o electronic as well as
electrical circuits. 4.5 BLOCK
DIAGRAM OF PLC The block
diagram of PLC is given in fig. 4.5.
The main parts of PLC are central
processing unit(CPU), input/output
section, power supply , memory and
programming device. Figure 4.5 Block
diagram of PLC Central processing
unit (CPU)

[1 It is the brain of the system.

[1 It consists of microprocessor and
memory. Microprocessor is used to
Implement

logical and mathematical operations.
[] The user’s application program is
stored in memory area.

4.06

1 The data required to perform
mathematical calculation is stored in
data memory.



1 The processor reads input data from
various sensing devices, and executes
the stored program from memory
depending on the input. The data and
relay ladder logic program is stored in
memory area.

[1 Then processor sends output
commands to control output devices.
A direct current (dc) power source is
required for processor to produce the
low-level voltage for computer
operations. Input/ Output sec

1 The 1/O section consists of inp
modules and output modgfles.

1 Input module is used R interjace

input devices like , limit
switches with . It converts
input voltag 0V AC or 0-
24V DC screwe devices to low
level ge typically 5V.

1 Sighil put module is used to
inter oygput devices like motors,
motor st@ers, and solenoid valves with
processor.

1 In digital input module, the input
given to processor from input devices
will be only O(off) or 1(ON).

7 In analog module, variable input like
real time machine temperature sensed
by sensor will be given to processor.

[ In digital output module, processor
only switches ON or OFF the output
devices.

7 In'analog module, processor controls
the speed of output devices depending
on the input given to processor.
Programming device

1 The programming device is used to
enter the desired program into the
memory of the processor.

1 This program is entered using relay
ladder logic, statements lists or control
system flow charts. Ladder logic which



Is the most popular programming
language.

[ Ladder logic programming language
uses graphic symbols for programming.
1 Handheld programming devices are
sometimes used to program small PLCs
because they are inexpensive and easy
to use.

4.07
1 A personal computer is the most
commonly used programming degfce

The personal computer commu S
with the PLC processor via serial
parallel port.

Power Supply

1 The power sup A ower to
memory syste sor and 1/0
Modules.

0 Itcon er level AC line
Volta ou C voltages for
proc so ternal circuit of input
and 0 odules. [ It filters and

regulat e DC voltages for proper
computer operations. 4.6 PLC
PROGRAMMING LANGUAGE
PLC programming language is the
method by which user gives
information to the PLC to control the
function of any process. The three most
common language structures are ladder
diagram language, Boolean language
and function chart.

] Ladder diagram language is the most
commonly used PLC language that
represents the program by graphical
diagram.

1 The diagram resembles a ladder with
two vertical rails (supply power) and
many “rungs” (horizontal lines). So, it
Is called as ladder diagram.

1 Boolean language can also be used
to program the original circuit. This
statement uses the AND, OR and NOT



logic gate functions.

] Function chart programming was
originally developed in Europe and is
called GRAFCET. A function chart
program is a pictorial representation of
sequential control process.

An example for ladder diagram,
Boolean language and function chart
programming is given in figure 4.6
Start PB1 AND CR1 OR LS1 AND < ,
NOT CR2 OUT SOL

(a) Boolean Language
4.08

PB1 CR1 CR2 SOL

LS1 (b) Ladder Logic Wrogra (c)
Sequential functi

programming §i 4.6 PLC
programmi N es 4.7
ARITH FOMCTIONS The
arithmetic tIons performed by
PLCgar poN, subtraction,

instruc (ADD) The ADD
instruction performs the addition of two
values stored in the memory locations.
Fig. 4.7 shows an example of the ADD
instruction. In this example, the value
stored at the source A address N7:0(20)
is added to the value stored at the
source B address, N7:1(40), and the
answer (60) is stored at the destination
address, N7:2. 4.09

ADD ADD Source A N7:0 20

Source B'N7:1 40 Destination N7:2 60
Figure 4.7 Example of Addition
Instruction Subtraction Instruction
(SUB) Fig. 4.8 shows an example of
the SUB instruction. In this example,
the value stored at the source B address
N7:1(20) is subtracted from the value
stored at the source A address,
N7:0(40), and the answer (20) is stored
at the destination address, N7:2.



SUB SUBTRACT Source AN7:040
Source B N7:1 20 Destination N7:2 20
Figure 4.8 Example of subtraction
instruction Multiplication
Instruction (MUL) Fig. 4.9 shows an
example of the MUL instruction. In this
example, the value stored at the source
A address N7:0(40) is multiplied by the
value stored at the source B address,
N7:1(20), and the answer(800) is s oro
at the destination address, N7:2.

MUL MULTIPLY Source AN

Source B N7:1 20 Destination N7:

800 Figure 4.9 Exampl

multiplication instructign 4.1
Division Instructj I

Fig. 4.10 show ple of the DIV
instruction. & ple, the value
stored at rce W address N7:0(40)
is divi e value stored at the

sour s, N7:1(20), and the
answi tored at the destination
address 2

B N7:1 20 Destination N7:2 2 Figure
4.10 Example of division instruction
Square root Instruction (SQR) Fig.
4.11 shows an example of square root
(SQR) instruction. The number whose
square root value we want to find is
placed in the source. SQR instruction
calculates the square root and places it
In the destination.

SOR SQUARE ROOT Source A
N7:101 144 Destination N7:105 12
Figure 4.11 Example of square root
Instruction 4.11 4.8 COMPARISON
FUNCTIONS In general comparison
instructions are used to test a pair of
values to energize or de-energize a
rung. The following is a list of the
comparison instructions

1 EQU - Equal [J NEQ - Not Equal [



LES - Less Than [1 LEQ - Less Than
or Equal [1 GRT - Greater Than [
GEQ - Greater or Equal [J MEQ -
Masked Comparison for Equal [] LIM -
Limit Test EQU - Equal EQU Equal
Source A N7:0 32000< Source B N7:1
0< [ Test whether two values are equal
or not. [] If source A and Source B are
equal, the instruction is logically true.

Source A must be an address. Sourge Q
can either be a program constan

address. Negative integers are
two's complement. NEQ - Not E
NEQ Not Equal Source :0,32000<
Source B N7:1 0< [] Tegwhetjer one

I8

the instructiggals ly true. If the

value is not equal ¢ & alue. [
If Source A an ’ B are not equal,
qua

two value the instruction is
logica . 4.IZ7 [ Source A must
be affad pource B can be either a
progremn cogktant or an address.

Negati tegers are stored in two's

complement. LES - Less Than LES
Less than (A<B) Source A N7:0
32000< Source B N7:1

0< [ Test whether one value is less
than a second value. [ If Source A is
less than the value at source B the
instruction is logically true. If the value
at source A is greater than or equal to
the value at source B, the instruction is
logically false. [1 Source A must be an
address. Source B can either be a
program constant or an address.
Negative integers are stored in two's
complement. LEQ - Less Than or
Equal LEQ Less than or Eql (A<=B)
Source A N7:0 32000< Source B N7:1
0< [J Test whether one value is less
than or equal to a second value. [ If
value at source A is less than or equal
to the value at source B, the instruction



is logically true. [ If the value at
source A is greater than or equal to the
value at source B, the instruction is
logically false. [1 Source A must be an
address. Source B can either be a
program constant or an address.
Negative integers are stored in two's
complement. GRT - Greater Than
GRT Greater than (A>B) Source A
N7:0 32000< Source B N7:10<4.13
Test whether one value is greategfa
the second value. [ If the valu

source A Is greater than the value
source B, the instructio gically
true. [J If the value at soggce AJs less

than or equal to thg rce B,
the instruction { ly false. [
Source Am Ndress. Source B
can either, @ ; constant or an

g tegers are stored in
ent. GEQ - Greater or

GEQ GM™&ter than or eql (A>=B)
Source A N7:0 32000< Source B N7:1
0< [ Test whether one value is greater
or equal to a second value. [ If the
value at source A is greater than or
equal the value at source B, the
instruction is logically true. [ If the
value at source A is less than to the
value at source B, the instruction is
logically false. [1 Source A must be an
address. Source B can either be a
program constant or an address.
Negative integers are stored in two's
complement. MEQ - Masked
Comparison for Equal MEQ Masked
Equal Source N7:032000< Mask
00FFh 255< Compare N7:0 32000<
4.14 [1 MEQ instruction is used to
compare data at a source address with
data at a compare address. By this
instruction, portions of the data are



masked by a separate word. [] Source
Is the address of the value you want to
compare. [1 Mask is the address of the
mask through which the instruction
moves data. The mask can be a
hexadecimal value. [J Compare is an
integer value or the address of the
reference. [ If the 16 bits of data at the
source address are equal to the 16 bitsC
of data at the compare address (less
masked bits), the instruction is tr

The instruction becomes false

as it detects a mismatch. Bits in th
mask word mask data wig€n reset; they
pass data when set.

Example Source 1 i
01010101 Mas 1111111
11110000 Cg -- ,8 01010101
0101xxX @ asid data of Source
N7:1 igcoMgred With the masked data
at thg’co Qparameter N7:8. If the
data Metchgy, the instruction is true. In
the aboV®example, logical instruction
Is true because both are same except
XXxX. LIM - Limit Test LIM Limit
Test Low Lim N7:0 32000< Test N7:1
0< High Lim N7:2 0< [J Test whether
one value is within the limit range of
two other values [J The Low limit,
Test, and High Limit values can be
word addresses or constants, restricted
to the following combination: [ If the
Test parameter is a program constant,
both the Low Limit and High Limit
parameters must be word addresses.
4.15 [] If the Test parameter is a word
address, the Low Limit and High Limit
parameters can be either a program
constant or a word address.

4.9 BASICS OF INPUT AND
OUTPUT MODULE The 1/O system
provides an interface between external
devices and CPU. The input module




accepts signals from the machine or
process devices and converts them into
signals that can be used by the
controller. Output interface modules
convert controller signals into external
signals used to control the machine or
process. There are two types of I/0
modules. They are

1) Digital (or ) discrete I/O module
i) Analog I/0 module
4.9.1 Digital or discrete Input

Digital Input modules interface™y
input devices of On/Off nature su

selector switches, pushbyfftons and limit
switches. Figure 4.12 (R Inpu
connection diagr e input

module
L1 \
(120 v ac T0

or
L2 5 dcmig™Me 4.12(b) Block

iscrete input module
4.16 The™1g. 4.12(b) shows block
diagram for one input of a typical
alternating current (ac) discrete input
module. It consists of two basic
sections: the power section and logic
section. The power and logic sections
are coupled together by an isolator that
electrically separates them. Figure 4.13
Schematic diagram of discrete input
module

Bridge Rectifier

Zener diode Level detection

Isolator or

Logic

PLC

A simplified schematic diagram of ac
discrete input module is shown in
figure 4.13

1 When the switch is closed, 120V AC
voltage is applied to the bridge rectifier
through resistors R1 and R2.

Q
O



1 Bridge rectifier produces a low level
dc voltage, which is applied across the
LED of the optical isolator.

[1 The zener diode regulates the
voltage.

1 When light from the LED falls on
the photo transistor, it starts conduction
and low

level dc voltage to the processor.
1 The optical isolator not only isolat
the higher ac voltage from the Ig

signal

4.17 4.9.2 Digital or Discrete Output
module Figure 4.14 Block diagram of
AC discrete output module Fig. 4.14
shows the block diagram of AC
discrete output module. Discrete output
module consists of two basic sections.
They are power section and logic
section, coupled by an isolator circuit.
The output interface can be a electronic
switch to which power is applied to
control output devices.

Figure 4.15 Schematic diagram of
typical AC output module A
simplified schematic diagram for one
output of a typical ac output module is
shown in figure 4.15. When a voltage
5V dc is applied across LED of the
isolator from processor, LED emits
light. Now phototransistor receives



light and gets into conduction. So,
TRIAC switches into conduction and
lamp is turned ON .Fuses are also
required for the output module for
protection. The figure 4.16 shows the
output module wiring connection with
output devices like lamp, solenoid
valve etc. 4.18 Figure 4.16 AC output
module connection diagram 4.10
LOGIC FUNCTIONS AND Gate
The AND gate requires two inp
has one output. If here 0 is call
1 is called true .The gate acts in th
same way as the logical operator.
The output is true when Qoth injuts are
true. Otherwise, t UtefBilse.

Truth table Fi 6 Logic
Diagram \
Figure 4, deMNLogic Diagram In

this log ut C’1s ON, if the
switdffies B are ON. If any one of
the sWtChegpis in OFF condition,
output OFF. 4.19 OR Gate The
output will be true if any of the input is
true. Truth Table

Figure 4.18 Logic Diagram

Figure 4.19 Ladder Logic Diagram
Inputs

Output

PRPrOOROROOOCONOWD>



Inputs

Output

A

B

C

0

0

0 C
0

1

1

1

0

1

i

i}

1 \

Inthis logy itch® A and B are
conne araltel. Output C is ON,
if ang’o switches (A or B) is

ON. M™othgwitches are in OFF
conditid®output C is OFF. NOR Gate
NOR gates output are invert of OR
gate. If both inputs are false then output
will be true. Truth Table

Figure 4.20 Logic Diagram Figure
4.21 Ladder Logic Diagram 4.20 In
this logic, if both the switches A and B
are OFF, output C is ON. If anyone is
ON or both are ON, output C is ON.
NAND Gate NAND gates output are
invert of AND gate. If both inputs are
true then output will be false. Truth
Table

Figure 4.22 Logic Diagram

Figure 4.23 Ladder Logic Diagram
Inputs

Output

cCOwW>»
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Inputs
Output

¢
N
K

SR PRPPRORPPLPPLPORPROONOHT>

Inthis logic, if any one switch or both
the switches are off, output C is ON. If
both the switches are ON, output C is
OFF. XOR Gate If only one input is
true then the output will be true. Truth
Table

Figure 4.24 Ladder Diagram 4.21
Figure 4.25 Ladder Diagram The
input and output is total opposite. If
switch A is ON and B is OFF or switch
A is OFF and B is ON, output coil C
will be energized (ON). If both are ON
or OFF, output coil will be de-
energized (OFF) NOT gate Truth
Table AB



Figure 4.26 Logic diagram Figure
4.27 Ladder diagram

Inputs

Output

O

oOrPrPPrRPRORPRPRROOCOCONMNDI >

QC)
Input Q\
e,

Here, if switch A is OFF, output coil B
is energized else B Is deenergized. 4.11
Symbols used in ladder logic
diagram

Instruction

Symbol

Normally open

Normally closed

Output coil

Negated Output

4.22

Latch output coil

L

Unlatch output coil

U

Timer On delay Timer

orrowm>



Timer

Off delay Timer

Counter Up Counter

Counter

Down Counter

Figure 4.28 symbols used in ladder
logic diagram

4.12 TIMER

The following is a list of timer
instructions in PLC
[1 TON - Timer On Delay

1 TOF - Timer Off Delay

[1 RTO - Retentive Timer

TON - Timer on Delay

With an on-delay timer, §ming pegins

when voltage is p@ the time
reaches preset tyneN€ contacts close
and remain % voltage is
removed e cl.

TON

Timgf O EN

Time™r4:1

Time B¥€ 1.0 DN

Preset 10.0

Accum 0

1 Count time base intervals when the
instruction IS true.

4.23

[} The Timer on Delay instruction
begins to count time base intervals
when rung conditions become true. As
long as rung conditions remain true, the
timer increment its accumulated value
(ACC) until it reaches the preset value
(PRE). The accumulated value is reset
when rung conditions go false,
regardless of whether the timer has
timed out.

1 Each Timer on Delay is made of a 3-
word element.

0 Word 1 is the control word

0 Word 2 stores the preset value. (PRE)
0 Word 3 stores the accumulated value



(ACC)

[ Time Base is the timing update
interval, this can vary from 0 - 1
second.

TOF - Timer off Delay

When using an off-delay timer, nothing
happens when voltage is applied. When
closing the control input (SW), the
contacts gets closed. Opening the
control input causes timing to begin,
and the contacts remain closed. \g#Me O
time reaches preset time, the co

open.

TOF
Timer OFF Delay
EN

Timer T4:1

Time Base

Preset 10

Accu

1 Clintgghi ase intervals when the
instru®tion gy false.

1 The er off Delay instruction
begins to count time base intervals
when the rung makes a true to false
transition. As long as rung conditions
remain false, the timer increments its
accumulated value (ACC each scans
until it reaches the preset value
(PRE). The accumulated value is reset
when rung conditions go true
regardless of whether the timer has
timed out.

[ Each timer address is made of a 3-
word element.

1 Word 1 is the control word

[1 Word 2 stores the preset value.
(PRE)

] Word 3 stores the accumulated
value. (ACC)

[ Time Base is the timing update
interval, this can vary from 0 - 1
second.



4.24

RTO- Retentive Timer

RTO

Retentive Timer ON

EN

Timer T4:3

Time Base 1.0 DN

Preset 10.0

Accum 0

[J Counts time base intervals when th
instruction is true and retains the
accumulated value when the in on
goes false or when power failure
occurs.

[J The Retentive Timer Rgstrucifon is a
retentive instructi wfS to

count time basegn s when rung
conditions b N
7 The R TIMer instruction

retaing muTdted value when any
of thefffo) 0CCuUrs:

itions become false.

1 ChangMg Processor mode from
REM run /Test / program mode.

[1 The processor loses power while
battery backup is still maintained and a
fault occurs.

4.13 LADDER PROGRAMMING
Ladder programming is a graphical
programming language for PLCs. It is
very similar to relay control circuit.
The relay diagram consists of two
vertical lines representing the power
rails. Circuits are connected as
horizontal lines which are called rungs
placed between power rails.

Contacts and coils are the basic
symbols of the ladder logic diagram
instruction set. The main function of
ladder logic diagram is to control
outputs based on input conditions.

In general , a rung consists of set of
input conditions , represented by




contact instructions, and an output
instruction at the end of the rung
represented by coil.

The output coil is energized, when any
one right-left path contact is closed. A
complete closed path is referred as
logic continuity. When logic continuity
exists, the rung condition is said to be
true else false.

The inputs and outputs are addressed
by giving digital addresses, depegin
on the PLC manufacturer. Bran
Instructions are used to create par

paths of input condition gstructions.
4.25 4.14 LADDER
DIAGRAM FO

STARTER Thgr ogic diagram of
star-Delta st \ nin fig. 4.29.
th

The oper iven circuit is as
followggEl .29 Relay logic
Diagffa r-Delta Starter When
the s uigbn is pressed, coil ‘S’ is

energize® Auxiliary contacts S4 closes
and S5 opens. When S4 is closed, it
will energize M coil. Now the main
contact closes giving 3= supply to the
motor and causes the motor to run in
star connection. At the same time
Timer T is also energized. It is a ON
delay timer. So, the contact T1 will be
opened after particular time period.
Now the coil S goes to de-energized.
When coil S is de-energized, its
contacts S4 opens and S5 closes. Now
delta contacts get energized and the
motor runs-in delta connection.

As soon as the delta contactor is
energized its inter locking contact D
opens, which avoids energization of
star contactor. In the running condition
contactor M and contactor D remain
energized while contactor S and timer
T remain de-energized. So, at the



beginning 3= motor is run by Star
contact. After a particular time period
set by the programmer, motor is run by
Delta contact till the end.

A) Listing of inputs needed

a. START push button

b. STOP push button

c. Over load Relay(OLR)

4.26

B) Listing of output needed

a. STAR contactor coil(S)

b. DELTA contactor coil(D)

c. MAIN contactor coil(M

d. ON-DELAY Timer(T,

Ladder Logic Diagram Rge lad@er logic
diagram of Star-Dgffa S ®shown
in the fig.4.30

Rggic Diagram of

Star-Del ter
Execu er logic diagram
The JiLC ms the following

functi®ns

1) Whe ART button is pressed, the
Star contact gets energized.

2) So, 0:0/1 is closed in the Rung 2 and
Main contactor (O:0/1) will be
energized and motor starts to run by
Star contactor.

3) When the Main contactor(O:0/1) is
energized, ON delay timer (T4:0) is
energized in Rung3 .

4) After the particular time set by timer
(10 sec), Timer T4:0/DN is energized
and 1t will open the T4:0/DN in rungl.
So, Star contactor is de-energized.

4.27

5) Now Delta contactor is energized in
Rung4 . So, Main contact is energized
by Delta contactor instead of Star
contactor. Now motor is run by Delta
contactor.

6) When STOP button is pressed, Main
contactor gets de-energized and motor



is

Stopped. 4.15 CONVEYOR
CONTROL In sequential control,
operations are performed in a specific
order. Transporting or moving objects
on a conveyor are a simple example of
a sequential control system. The
process involves the following
operation

o0 Starting the process

o Indication for the conveyor
movement

o Indication for the conveyor stop

0 Emergency stop

0 Stop the movement wign the Bpbject
has reached the lo @

Package
Limit switc \
Figure 4, emakic diagram of

Conve process The
schefiaticgic®am of conveyor process
in the figure 4.31. The

r diagram for conveyor is
shown in fig4.32. The diagram shows
all the Input switches and output units.
4.28 Figure 4.32 Relay ladder
diagram for conveyor control The
conveyor process can be written as
follows

1. Start button(PB1) is pressed and
relay coil ICR is energized

2. Relay coil ICR closes and works as a
sealing contact for start button

3. Contact ICR1 opens and red lamp is
switched OFF

4. Contact ICR2 closes and green light
Is Switched ON

5. Contact ICR3 closes, motor winding
gets supply. So the conveyor starts
moving

6. When the object reaches the location,
limit switch LS1 opens and ICR coil is
de-energized




7. Coil ICR opens and sealing contact

opens
8. Contact ICR1 closes and red light is
ON

9. Contact ICR2 opens and green pilot
light is OFF

10. Contact ICR3 opens and the motor
supply is stopped. Conveyor halts,

sequence is over.
The address of input and output
contacts are given below. Input

Output Start - 1:0/0 ICR - O:0 -
1:0/2 Red light -0:0/1 LS1 -1:0/3
light(Run) - O:0/2 Motog*O’0/3 The
ladder logic diagram of &gnveyjr
control is shown v@ e v 4.29
Figure 4.33 Lagd®4#0gic Diagram of
Conveyor b T CONTROL
In the pre enaMe, buildings are

constrycte ny numbers of
floorf. number of floors
incre : control mechanism will
also beC®Me more complex. But

programmable logic controllers are
used to reduce this problem.

Figure 4.34 Input / Output
Connection diagram of Lift Control
An input / output connection diagram
for a two floor control system using
PLC is shown in figure 4.34 .At the
Input side, four switches are connected.
First two are call floor switches and the
remaining two are “sensor floor”
switches. At the output side, only two
coils are connected, one for motor
Hoist up(HU), control and another for
motor Hoist down(HD) control. 4.30
The ladder diagram of two floor lift
control system is shown in fig. 4.35

1 The first two rungs are used to sense
the floor position of the lift car.

1 The next two rungs are used to call
the floor to go to desired floor.




[ The next three rungs are used to
hoist the lift car up or down with
respect to the floor calling and its
current position

The steps for the working of lift car are
given below Assume that a lift car
moves from the second floor to first
floor

1 When the call 1st floor button is C
pressed, 1st called coil gets energized
1 It deactivates the 1st called svg#h j

rung2 and 2nd called coil gets
energized.

(1 When 1st called switc#f’is turned ON,
Hoist down gets energizQ in th@ rung 5
and lift car starts tg @ A .

1 When it reacgesNgg
sensed coil rON
sensor. S enscw contact is opened

oistdown coil gets de-
energize ft car stops.

TN stgalled and 1st sensed are
ON and¥®ist complete coil gets
energized in rung6.

1 Now the lift car is in the first floor.
1 Similarly, when lift moves from 1st
floor to 2nd floor, same process takes
place in reverse manner .In each floor,
to open or close the door, timer can be
used.

4.31 Figure 4.35 ladder diagram of
Lift Control 4.17 PLC
INTERFACING WITH GSM

GSM Modems are playing very
important role in every industry and
automation industry. GSM modules are
largely used in automation industry for
providing communication between
PLC and other applications like
SCADA and HMI's.

4.32 Figure 4.36 PLC interfacing
with GSM To communicate Delta PLC
with GSM modem the following steps




should be followed Requirements

a) Delta PLC with Rs485 or Rs232 port
b) GSM Modem

c) RS232 to RS485 Convertor

d) RS232 to RS485 Convertor

For interfacing between Delta PLC and
GSM modem, RS-485 communication
port at PLC side and RS232 port at
GSM modem side are used . And to C
connect both these RS-232 to RS-485
convertor have been used as shoy# i

figure 4.25. For this communic
make communication settings in

program and then send
Serial communication i
Commands can b

struction as
henever
GSM MODULE.

operatid™®2. for sending commands use
following instruction and operands.
RS

S

m

D

n

Use the following operands for
instruction 4.33 S: Start device for
transmitting data m: Transmitting data
group number(m=0-256) D: Start
device for receiving data

n: Receiving data group number Now
to send AT command from PLC , the
instruction can be used as shown in
figure 4.37

MO

AT Sending request

Figure 4.37 PLC interfacing with
GSM To Set MO0 bit, ASCII commands
have to be sent. RS instruction will



transfer the AT commands to GSM
modem. For that write ASCII value of
commands in D408 to D410. The
ASCII value of command is written in
following register,

ASCII CHARACTER

DATA REGISTER

HEX CODE

A
D408
H41

T
D409

H54
D410
HD

If GSM Mode ing properly, it
will respond and. And we
00 to DD2206

registe
AS
DA E@ISTER

HEX E

A

D2200

H41

T

D2201

H54

D2202

HD

D2204

HD

@)

D2205

HA4F

K

D2206

H4B

SET M1122

RS D408 K3 D2200 K6 M1122
4.34 Now, OK will be received from
the GSM Modem, then send below



commands from PLC. AT+CMGF=1
AT+CMGR="9900123456” (Phone
number to send SMS) Similarly a
message can be sent from PLC and get
response from GSM modem. Suppose,
if we want to send “Hello". Here we
have sent five letters only. It needs to
send ctrl+z to send your message. So
we have sent five data register for our
message and one for ctrl+z. ASCII

code for ctrl+z is H1A. If a mes O
contains more letters then write
appropriate value in instructions; I
message contains 16 lettgfs then use 16
data register for mess nd pjis one

data register for c 0 otal 17
data register indu tri+z.
REVIEW X SPART- A
1. Define

2. Whagls :
3. Wfat different types of relay?
4. Stat®anygwo advantages of relay.

5. Wha{¥input module?

6. Give any two examples for input
devices.

7. Give any two examples for output
devices

8. Mention the parts of PLC.

9. State the different types of 1/O
module.

10. Draw any two symbols in ladder
diagram.

PART- B

1. Compare PLC circuit and relay logic
circuit

2. Write briefly about input module

3. Write briefly-about output module

4. Draw the ladder diagram for EX-OR
and NAND gate.

5. Draw the symbols used in ladder
logic diagram.

6. Draw ladder logic diagram for
conveyor control.



435 PART -C

1. Draw the block diagram of PLC and
explain each block.

2. Explain the digital input module with

neat diagrams.

3. Explain the different types of relays.

4. Explain the digital output module

with neat diagrams

5. Draw the ladder logic diagram of

STAR- DELTA starter and explain.it.

6. Explain the various logic funciy@ns O
used in PLC.

7. Draw the ladder diagram of lift

control system and explafh neatly.

8. Draw the ladder diag of

conveyor control g
neatly.

5.01
UNIT - TED

M5.1

INTEKO ON In any plant, the
tomation is to maintain
the pro quality, consistency, reduce
start-up time, and increase speed of
operation with human safety. Control
system whether it is a Programmable
Logic Controller (PLC) or a Distributed
Control System (DCS) is required for
the same purpose. 5.2 EVOLUTION
OF DISTRIBUTED CONTROL
SYSTEM

<1950s - Early Process Control

1 Analog devices

7' Wired by hand

L1 Poor flexibility

1 Main-cost = the more loops =more
space

[ Simple loops not automated

1950s - The Pioneering Period

1 Computer controlled system

[ Supervision, printing instructions, set
point control

1 Control still analog

plain



1 Improved understanding

1 Specialized hardware

] Interrupts

1960s - Direct Digital Control

1 Direct Digital Control

1 Only large systems

1 Digital operator panels

1 Better flexibility

1 DDC(Direct digital Control) C
languages

1 No programming, just configug#tio
1 Only pre-defined control

1 Building automation

1970s - Cheaper Compujfrs
[1 Microcomputers — CrRaper, Jpster,
more reliable

1980s - DCS Ege
1 Analog s N‘ ed with digital
) Distrib ontMl system

introd
1 Rgu
comrienicglon

5.02

1990s - The Field bus Wars

1 Communication analog to digital

1 No standard communication protocol
1 Many organizations and DCS
vendors

[} Microsoft Windows

Till now

[1 Modern DCSs also support neural
networks and fuzzy application

1 DCSs are usually designed with
redundant processors to enhance the
reliability of the control system
5.3HYBRID SYSTEM
ARCHITECTURE

Hybrid systems are basically networks
of interacting digital and analog
devices. A computer which acts as a
logic decision unit, processes input and
provides output in digital form, i.e. 0
and 1. It is also known as a discrete-




time system. It is easy to see that a
system which processes only
continuous-time data is called a
continuous-time system, that is, it can
be represented by mathematical
functions. The mixture of discrete-
time system and continuous-time
system is known as hybrid control
system.

A typical hybrid system is represente
in the figure 5.1. Almost any hy
control system can be modeled S
two-layer structured block diagra

The layers called discretgfevent system
and continuous system muijcate

through the interf nuous
control layer is er control part
and the logiggg preset program
or logic. @ Io digital converter
and digitalNg#analcy converter are the

interffice g can see, Figure 5.1 is a
highl{™rdeged and hierarchical
structur™™ne logical layer(discrete
event system) issues instructions which
are converted into continuous input for
the continuous layer(continuous
system). The continuous layer feeds
reference values back to the interface
which converts them into discrete form.
If the output of a system feeds back to
its input, it is called a closed loop
system; otherwise it is called an open
loop system. Both types of systems are
shown in figure 5.2. 5.03

DISCRETE EVENT SYSTEM Finite
State Machine, Fuzzy Logic Rule based
Generalized D/A Generalized A/D
Converter Converter

Figure 5.1 Hybrid control system
architecture

Ea(S)

R(S) + _

Input Output



Open loop(without feedback) Closed
loop(with feedback) Figure 5.2 Open
loop and Closed loop system

Apart from the continuous control
system layer, the logic layer is also an
Important part of a hybrid system. A
hybrid system provides more flexibility
than purely continuous 5.04 systems,
since the logical unit has decision-

making ability and planning capaci < ,
because decision-making and plggMi

are basically discrete processes:
most systems, the logic part and
continuous part are desigffe
independently, and then\gombiiged by
an interface whichg i or

solving the spegfl lem, or the
whole systerg N‘ d as either
i br C

purely digg inuous entities.
54C D SYSTEM
ARQ RE

Signal A%mbol Translator
CONTINUOUS SYSTEM Differential
/ Difference Equations

Process

H(s)

G(s)

In‘a central architecture a PC which
deals with all tasks such as I/O
connections, PLC, and motion control.
However, there is only one CPU means
only one such spare part is needed.
Figure 5.3 Centralized control
system for a real-time system In a
centralized control model, one
component is designated as the
controller and is responsible for
managing the execution of other
components. Centralized control
models fall into two classes, depending
on whether the controlled components
execute sequentially or in parallel.



1. Call-return model: This is the
familiar top-down subroutine model
where control starts at the top of a
subroutine hierarchy and, through
subroutine calls, passes to lower levels
in the tree. The subroutine model is
only applicable to sequential systems.
2. Manager model: This is applicable to
concurrent systems. One system
component is designated as a system
manager and controls the startin
stopping, Co-ordination and sc g
of other system processes.

5.05 Figure 5.3 is an illugfration of a
centralized management§nodelpf

control for a conc @ . The
central controll 8

ges the
execution of gase MO CESSES
associate ensSWr's and actuators.

onforing system uses
this gfod ntrol.

The sYStemgontroller decides when
process ould be started or stopped
depending on system state variables. It
checks whether other processes have
produced information or to pass
information to them for processing. The
controller usually checks the status of
sensors and other processes for events
or state changes. For this reason, this
model is sometimes called an event-
loop model.

5.5 DISTRIBUTED CONTROL
SYSTEM ARCHITECTURE A
Distributed Control System (DCS) is a
control system for a process or plant,
wherein control-elements (controllers)
are distributed through out the system.
This is in contrast to non-distributed
systems that use a single controller at a
central location.

Production Scheduling

Production Control




Plant

supervisory

Direct control

Field level Figure 5.4 Distributed
Control system Architecture 5.06 A
DCS typically uses custom designed
processors as controllers and uses
either interconnections or standard
protocols for communication. Input a
output modules form the peripheral
components of the system.

The controllers receive informd

from input modules and comman
operator through compujf center,
coordinating computer Supg@ visory
ess the
actions to be
performed b modules. The

Input mog information from
input | e sensors and the
outp transmit instructions to

the aC®atory in the plant for starting
actions T™&inly via final control
elements. The inputs and outputs can
either be continuously changing analog
signals e.g. 4~20mA dc current or 2
state discrete signals that switch either
"on" or "off" e.g. relay contacts. The
signals can be transmitted via a
communication

Computer Center

Coordinating Computer
Coordinating Computer
Supervisory Computer
Supervisory Computer
Supervisory Computer
Supervisory Computer

Controller

Controller

Controller

Controller

Controller

Controller



Controller

Controller

Plant

Plant

link such as PC Link and other digital
communication bus that carries not
only input and output signals but also
advanced messages such as error

diagnostics and status signals. 5.6
COMPARISON OF
ARCHITECTURES

FEATURE

HYBRID ARCHITECTURE
CENTRAL COMPUT
ARCHITECTURE

DISTRIBUTED URE
1. Scalability a dability

Good due to &

Poor-ver d raWge of system size
Good odUTarity

2. Cghtr ility

Limi y nalog and sequential
control ware

Full digital control capability

Full digital control capability

3. Operator interfacing capability
Limited by panel board instruments
Digital hardware provides significant
improvement for large system
Digital hardware provides
improvement for full range of system
sizes.

4. Integration of system functions
Poor due to variety of products

All functions performed by central
computer

Functions integrated in a final products
5. Significance of single point failure
Low due to modularity

High due to modularity

Low due to modularity

6. Installation cost

High due to discrete wiring and large



volume of equipment

Medium- saves control room and
equipment room space but uses discrete
wiring

Low-savings in both wiring costs and
equipment space

5.07

7. Maintainability

Poor-many module types , few
diagnostics

Medium requires highly trained
computer maintenance personn
Excellent automatic diagnostics a
module replacement

5.7 LOCAL CONTROW UNI

The local control % the
smallest collecty

distributed cggtr m that performs
closed logQ hat is, it takes
inputs measuring device
and @dm (&from the operator and

compwes th control outputs. It is
sends tiT®ontrol outputs to the output
devices such as actuators, drives,
valves, and other mechanical devices
that regulate the flows, temperatures,
pressures, and other variables in the
plant.

Basic Elements of LCU The basic
elements of a generalized
microprocessor-based LCU is as shown
in figure 5.5. The microprocessor along
with its associated clock is the central
processing unit (CPU) of the controller.
Read only memory (ROM) is used for
permanent storage of controller
programs, and random-access
semiconductor memory (RAM) is used
for temporary storage of information.
Depending on the type of
microprocessor used, RAM and ROM
can be located on the microprocessor
chip or on separate memory chips.



Figure 5.5 Block diagram of Local
control unit 5.08 The LCU also must
have input / output (1/O) circuitry. So
that it can communicate with the
external devices by receiving analog
and digital data as well as sending
similar signals out. Generally, the CPU
communicates with the other elements
in the LCU through internal bus that
transmits address, data, data contro
and status information. The cont
algorithms could be written in
assembly language and loaded int
ROM. After the controllgfwas turne
on, it would read inputs,\gxecutl the
control algorithm € e
control ina fix Indefinitely.

1. Flexibilit x ing the control

configurg

flexibil f changing the control
system without changing the controller
hardware

2. Ability to use the controller
without being a computer expert
CPU

ROM

RAM

INTERNALBUS

Digital input module m m

Digital output module m m

Analog input module m'm

Analog output module m m
However, the user is usually not
capable of or interested in
programming a microprocessor in
assembly language. He or she simply
wants to be able to implement the
selected control algorithms. Therefore,
a mechanism for allowing the user to
“configure the LCU’’s control



algorithms in a relatively simple way
must be provided.
3. Ability to bypass the controller
Shutting down the process is very
expensive and undesirable for the
control system user. Since all control
equipments are in failure condition, the
system architecture must allow an
operator to run the process by hand
until the control hardware is repaired Q
replaced.
4. Ability of the LCU to
communicate with other LCUs
other elements in the syftem
Controllers in an indystrgl congol
system must workg n with
other controller. O devices, and
human interfz . 5.8 Operator
displays: @,o ris able to
monitQea ONtroT the whole process
only @y usigdWese displays, which

) ranged in a fixed logical
structurc™®r hierarchy. A typical version
of this hierarchy, illustrated in figure
5.6 is composed of displays at four
levels. 5.09
Plant status display
... Area Graphics
Alarm Summary
........... Batch sequences .
Operator Guides
X- Y Plots Tuning Displays
Plant
Area
Area
Group
Group
Group
Group
Individual Loops or Data Input
Points
Figure 5.6 Block diagram of Local
control unit

L=




1. Plant level — Displays at this level
provide information about the entire
plant, which (if large enough) can be
broken up into several area of interest.
2. Area level — Displays at this level
provide information about a portion of
the plant equipment that is related in
some way, e.g. a boiler-turbine-
generator set in a power plant.

3. Group level — Displays at this leve
provide information about a sin

process unit within a plant area; as
a distillation column or a coding t

4. Loop level — Display: Is_leve
give information about Igdivi

data points.
Plant-level ¢ s Wis display
summari keyWaformation of

curren ions. This example
Il production level at
nt Is operating compared
to full caacity. It also indicates how
well the plant is running. In addition,
some of the key problem areas (e.g.
equipment outages or resource
shortages) are displayed. 5.10 The
names of the various areas in the plant
serve as a main menu (index) to the
next level of displays. At the top of the
plant-status display, a status line of
information is provided in all operating
displays. This line shows the current
day of the week, the date, and the time
of the day for display labeling
purposes. In addition, it provides a
summary of process alarms and
equipment diagnostic alarms by listing
the number of the plant areas in which
outstanding alarm exists.

Figure 5.7 Plant level displays Area-
level displays In area level displays as
shown in figure 5.8, the information




about a selected plant area can be
obtained. This can be done by means of
several types of displays. Figure 5.8
shows a composite of four of these
types. The top line of the display is the
system date and status line as previous
display. The upper left quadrant
illustrates an area display type known
as deviation overview, which displays
in bar graph. If the absolute value of
deviation exceeds a predetermin

level (e.g. 5 percent of span), t

process variable enters a deviation
alarm status condition agff'the bar
graph for that variable cRgngespolor. If
the process variab I small
percentage of t Int, the analog
pointer for t x remains hidden
behind a g#f€enpandn the station face.
en tan determine which
loopgar Wby simply scanning the
ighs and seeing which
pointersS.11 are outside the green
band. The deviation overview display
provides same information in a CRT
display format.

Figure 5.8 Area level displays The
lower left quadrant graph indicates the
absolute value of the process variable.
It also shows the set point and the high
and low limits on the process variable.
When one of these limits is exceeded,
the bar graph changes color as in the
deviation display. In the upper right-
hand quadrant, tag numbers of the
various loop and-process variables are
arranged in clusters by group. Ifa
particular tag is not in alarm, its tag
number is displayed in a low-key color.
If it is in alarm, it changes color and
starts flashing to get the attention of the
operator. Underlining also can be used
under the tag number to see the alarm




state clearly. The lower right-hand
guadrant shows the current value of the
process variable which is displayed in
engineering units in addition to their
alarm status. 5.12 Group-level
displays

To perform control operations,
however, it is necessary to use the
displays at the next lower level called
as the group level. As in the case of ﬂQ
higher-level displays, many of t
display formats are designed to

similar functions.

Figure 5.9 Group level #isplays
Figure 5.9 shows one exqmple §f a
typical group disp i i

manual and aut tations for
continuous % occupy the
ormer of the display.
Incltde all the elements
imilar panel board
PBargyraphs showing values of
set pointeontrol output, and process
variables. Manual, automatic, and
cascade mode indicators and high and
low alarm levels are used in display.
Loop-level displays The displays at the
group level are the operator’s primary
working displays. The operator uses a
few types of displays dealing with
single loops or data points for control
and analysis purposes. 5.13
Figure 5.10 Loop level displays
Figure 5.10 shows an example of X-Y
operating display. Here one process
variable is plotted as a function of
another to show the current operating
point of this pair of variables. The
operator then can compare this
operating point against an alarm limit
curve or an operating limit curve.
Design considerations for displays
1. Displays should not be cluttered, but

=




kept as simple as possible. The simple
version is used for most operation; the
operator presses a detail key to get
more information when needed.

2. Displays should not be overly
“flashy” or have light-colored
backgrounds. Because the operator can
get tired and annoyed when he look at
them all day while trying to run a plan
3. As described previously, the top IirO
or two of each display should cogfin
common information of interes

operator, such as the date and tim
day as well as an overvigt of the alarm

status situation. The bot ling@or two
of each display sh ed for
communicationge ompts of error
messages) be LOI system
and the ogg @ .

5.14

4. Cffor be used in a consistent
way uggout all displays to
minimiZ®perator confusion. The user
should be able to select or change
colors in both standard and custom
displays to meet the needs of the
application.

5. Color should not be used to represent
the critical functions such as alarming.
Instead. Other mechanisms such as
blinking or underlining can be used.
5.9 FEATURES OF DCS Handling
complex process DCS is preferred for
complex control applications with more
number of 1/Os with dedicated
controllers. System redundancy DCS
facilitates system availability when
needed by redundant feature at every
level. More sophisticated HMI
Similar to the SCADA system, DCS
can also monitor and control through
HMTI’s (Human Machine Interface)
which provides sufficient data to the



operator to charge over various
processes and it acts as heart of the
system. Scalable platform Structure of
DCS can be scalable based on the
number [/O’s from small to large server
system by adding more number of
clients and servers in communication
system and also by adding more 1/0
modules in distributed controllers. C
System security: Access to contro
various processes leads to plant ggffet
DCS design offers perfect secu

system to handle system functions
better factory automatiogftontrgl. 5.10

ADVANTAGES OF D®S
1. Flexible in syst i

2. Expansion o very easy
3. Maintena IS easy
4. User c outWt a low level of

58 of the data highway
will e complete loss of system
capabilit¥.15

5.11 APPLICATIONS OF DCS
DCS is used in

1. Oil refineries

2. Petrochemicals

3. Nuclear power plants

4. Environmental control systems

5. Water treatment plants

6. Cement production

7. Steel making and paper making.

8. Agro chemical and fertilizer etc.

REVIEW QUESTIONS PART- A
1. What is meant by hybrid system.
2. Define centralized system.

3. Define DCS.

4. State the features of DCS.

5. State the advantages of DCS.

6. State the applications of DCS.

7. What is local control unit ?

8. Mention the types of operator
displays used in DCS.



9. Define local control unit.

10. What is plant displays?

11. What is area displays?

12. What is loop level displays?

13. What is group level displays?

14. State the any two features of DCS.
15. State any four advantages of DCS.
16. Give the applications of DCS.

PART - B
1. Compare hybrid system, centralize
system and distributed control

system architecture.

2. Briefly write about plant level
displays.

3. Briefly write about ar&g leve

displays.
4. Briefly write@b roup level
displays.

5. Briefly, abo® loop level
displa
6. Wflte
5.16 Ty C

1. With"™®at diagram explain the hybrid
system architecture.

2. Draw the block diagram of
centralized system architecture and
explain it.

3. With diagram explain about
generalized distributed control system.
4. Define LCU and explain the basic
elements of LCU.

5. Briefly explain the different operator
displays.

e features of DCS.



