Prof . Mohamed Ahmed Ebrahim



Benha University
Faculty of Engineering at Shoubra
Electrical Engineering Dept.

Energy Storage & Transmission
€5 @y ¢

Associate Prof. / Mohamed Ahmed Ebrahim Mohamed

E-mail:
mohamed.mohamed@feng.bu.edu.eg
Web site: http://bu.edu.eg/staff /mohamedmohamed033



mailto:mohamedahmed_en@yahoo.com
Renewable energy ppt - YouTube.flv
Renewable energy ppt - YouTube.flv

Lecture (9)
22— 04 - 2019



Renewable energy ppt - YouTube.flv
Renewable energy ppt - YouTube.flv

Power Electronics & their application in
Energy storage &l Conversion
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mFrequency of large systems would
produce serious problems of power
transfer control In the small capacity
link.

mEXxtensive research has been carried
out for the development of high

voltage converters.
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mThyristors of ratings 50 kV and 100 amperes
have been developed and now there are many
countries in the world where the transmission of
power over longer distances and high voltages Is
being done by D.C.

mD.C transmission line requires converter at each
end. At the sending end AC is converted into DC
and at the receiving end it is converted back to AC
for use.
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mA valve normally conducts In one direction
only from anode to cathode and while it iIs
conducting there is a small drop of volts across
it.

® While analyzing the rectifier circuits, the
valves, the transformers are assumed to be
ideal 1.e. without any voltage drop and the DC
load I1s assumed to have Infinite inductance
from which it follows that the direct current Is
constant I.e. free from ripples.
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mTransformer secondary can be connected to
give 3-phase, 6-phase and 12-phase supply to
the rectifier valves.

mThe larger the number of phases, lower Is the
ripple content in the DC output. But 6-phase
connection is found to be sufficiently good from
all practical viewpoints.

mTo begin with, a 3-phase arrangement will be
described but analysis will be done for a
general n-phase system.
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B The 3-phase system Is the simplest converter
circuit but is not practical because the direct
current in the secondary windings saturates the
transformer core.

mThis could be avoided by using zig-zag
connections.

mThe 3-phase system as shown in Fig. 1 is,
however, useful in explaining other connections.
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Figure 1: 3-Phase Rectifier
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mFigure: 1 shows the current and voltage wave-
form In the three phases of the supply
transformer.

m\When grid control is not used, conduction will
take place between the cathode and the anode
of highest potential and, therefore, the output
voltage Is indicated by the thick line and the
current output will be continuous .
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mFrom the voltage wave-form it. is clear that the
change-over from one anode to the other take
place at an electrical angle calculated as

follows:
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Figure: 2 wave-forms of anode voltage and rectified current In each phase
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mTaking point 'O as the reference, the
conduction starts from 30" and continues up to
150° ie.(z/2— 23)to (x/2 + #13)

min general for an n-phase or n-anode system
the change-over takes place at (.- .n) and
conduction continues up t0 ..+ .m NOW since
conduction takes place only during the positive
half cycle, the average value of the d.c. voltaae
will be
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mThe wave of anode current is a rectangular
pulse of height /a and length 120°.

m|ts average value is /#/3 and the r.m.s value

I4/\3=0.5771, -
mThe transformer secondary current Is the
same as the anode current.

B The current in actual practice can't reduce to
zero Instantly nor it can rise to a finite value
iInstantly because of the finite inductance of the

system.
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mHence two anodes conduct simultaneously
over a period known as the commutation period
or overlap period Cverlap anglet) Say Initially anode a
IS conducting.

®m\When anode b commences to conduct, it short
circuits the a and b phases which results in zero
current in a and Id in b finally.

®mThis is shown in figure: 3.
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Figure: 3 Voltage and current wave forms with commutation angle y
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B The instant of conduction of an anode can be

controlled by app
suitable instant to

lying a suitable pulse at a
a third electrode known as

grid which is placed in between the cathode and

anode.

mOnce the conduction starts, the grid of course
loses control over the conduction process.

mFigure: 4 shows the use of grid control for the

firing of the anoc
applied to the grio

es, Say a positive pulse Is
such that the conduction is

delayed by an ang

e: Y
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Figure 2.5 Voltage wave form with grid control
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m\When the delay is ¥ considering n?phase
system the average output voltage will be
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B This means the d.c. output voltage with grid
control is obtained by multiplying the d.c. output
voltage without control with cosine of the angle

by which the firing is delayed.
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®mThe bridge rectifier is the most practical circuit
used for converting a.c. into d.c. for HVDC
transmission. For a given alternating voltage the
output direct voltage is doubled as the two
anodes conduct simultaneously and hence the
power Is doubled.

mThere is no current in the windings of the
transformer bank and the rms current is less
than twice that of the 3-phase circuit; thereby
the winding Is used efficiently.
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mFor waveform and the bridge circuit refer to
figure: 5
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B The sequence of operation of the bridge circuit
can be explained as follows:

mLet Va be the most positive at the beginning of
the sequence say point 0 in Fig. 5 (b).

mCorresponding to this point V= s most
negative; Therefore, the conduction will take
place between phase a and b from a to b.

mThe rectifiers will be 1 and, 6 (Fig. 5(a)).
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m V> continues to be most negative from 0'to O
and after 0", V¢ becomes most negative and

then conduction takes place between phases a
and e from a to c through the rectifiers 1 and 2.

mNext diode 3 takes over from 1 and current
returns through 2.

B The complete sequence of the diodes
conducting is, therefore, land 6, land 2 ,3 and
2,3 and 4, 5 and 4,5 and6and 1 and 6 again.
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®mThe grid control and overlapping will modify
the magnitude of voltage and can be taken into
account as in the case of simple 3-phase circulit.

BThe output voltage for a bridge circuit can be
obtained by either doubling the voltage of the
simple 3-phase circuit or by using the line
voltage in the formula for six diodes, 6-phase
rectification.
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We know that the output voltage of a 3-phase circuit is Y= 3‘/—

There fore, for a bridge circuit it will be :

3/3 v,

T
o Tt V.sinz/n
The output voltage for an n-phase circuit is ;
ZTiln

For 6-phase circuit n = 6 and maximum value of voltage is V 3Vm.
Substituting these values,

V3V_ sinn/6
V, = ‘/_V“' 6—=3J-V (2.5)
n/6 n
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min case of a bridge circuit, two valves
conduct simultaneously.

BThese two valves correspond to two different
phases I.e. two phases are short circuited.

mlet L be the inductance in henries for each
phase and be the current at any Instant;
then the eqL:. ion describing the circuit will be
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where Vi is the rms line to line voltage. Now for the ‘bridge circuit

,-'-I,,=6,:;°‘,,,[¢osa—cos(a+y)] . 2D

We know that bridge output voltage after taking into account gird

control and overlap » is

r, =%[cosa+co$(a+y)j 2-8)

Here V, is the bridge rectifier voltage without grid control and
overlap. Now adding the two equations (2.7) aﬁd=(2-8),
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mFigure: 6 shows the equivalent circuit
represented by equation (2.9). It is to be noted
that the drop 3X, represents the voltage drop due
to commutation and not a physical resistance
drop.

mV can be varied by varying the v,- which in turn
can be varied by changing the tap change of the
transformer and by changing =
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Fig.2.6 Equivalent circuit representing operation of a-bridge rectifier
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m|n fact there are various circuits used for
rectification, of which, the best converter circuit
for high voltage d.c. transmission is the 3-phase
bridge circuit. This has the following advantages:

(i) The transformer connections are very simple. It
does not require any tapping. The secondary
connection may be connected in Y or in delta.
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(For a given power output, the rating of the
transformer secondary is less than any other
circuits. Therefore, the rating of the primary of the
transformer Is less than any other circuit.

(i) For a given output voltage, the PIV of the
valves Is only half that of any of the other circuits
and therefore for a given PIV the output voltage Is
twice that of some other circuits.

(iv) Arc backs can be suppressed by grid control
and a bypass valve.

Prof. Mohamed Afmed Ebrahim



m|n case of valves the conduction takes place In
only one direction and, therefore, the current in a
converter cannot be reversed.

m\With rectifier operation the output current Id and
output voltage V, are such that power is absorbed
by a load.
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mFor inverter operation it Is required to transfer
power from the direct current to the alternating
current system which can only be obtained by the
reversal of the average direct voltage The voltage
then opposes the current as in a d.c. motor and Is
called a counter voltage.

mTherefore, for inversion, an alternating voltage
system must exist on the primary side of the
transformer and grid control of the converter is
essential.
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mD.C. lines are classified as follows:
(1) Monopolar lines.

(2) Bipolar lines.

(3) Homopolar lines.
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mAs the name suggests monopolar lines are
those in which the line has one conductor only
and the earth I1s used as the return conductor
(refer Fig. 2.7(a)).

mThe line is normally operating with negative
polarity as the corona loss and the radio
Interference are reduced.
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mThe bipolar lines have two conductors. one
operating with +ve polarity and the other negative
polarity.

B There are two converters of equal voltage rating
and connected In series at each end of the d.c.
line. Refer to Fig. 2.7 (b).

mThe rating of the bipolar line Is expressed as
+650 kV for example and is pronounced as plus
and minus 650 kV.
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EThe junction of the converters may be grounded
at one end or at both the ends. If it Is grounded at
both the ends each line can be operated
independently.
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mThe homopolar lines have two or more
conductors having the same polarity usually
negative for the reason of corona and radio
Interference and always operate with ground as
the return.
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Homopolar lines.
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