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» AC filter reduce harmonics, it also provide reactive power to converter.

» DC filter only reduce the harmonic.






» It shows the different types of three-phase RLC harmonic filter






Reactive power compensator

» No reactive power flow over DC line but converter draw reactive power
from AC side.

» Itis supplied by AC filter, shunt capacitor, synchronous condenser, state
VAR compensator (TSC, TSR)

Reactive power depend on firing angle and active power
Q =P tana



Control Equipment
» Control of firing angle is Important in HVDC system

» ltis fired through optical fiber cable(light triggering).



Ground Return

» The ground has low resistance so low power loss.

» Unlike AC current, it does not follow route of line

But it spread through out large cross section area

» for earthing, each electrode is use (Straight electrode, ring electrode,
radial electrode).



» Graphite electrode is used, which is provide in pit filled with coke.

» The electrode is buried about 3 km to 50 km from terminal station.



» The Direction as well as Magnitude of power flow can easily be controlled.

» No skin effectin D.C line, so current Distribution is uniform in the conductor.

[
Effective areaal, Rl= %

So effective resistance & ohmic loss will reduce.



Corona loss & associated Radio Interference is reduce. P. o (f+ 25)
We can Interconnect two AC system operating at different frequency became
D.C like is a asynchronous link.

With DC interconnection, the fault level is not increased.

HVDC is preferred for underground & submarine cable even for long
distance because No continuous charging current occur in D.C line.

There will be continuous charging at AC line due to shunt capacitance effect.
So, reactive power in a line is continuously changing. Therefore Intermediate
sub-station are installed for every 200 km and 300km to compensate

reactive power.



» Butin HVDC, no such Intermediate sub-station is required.
» Reliability of line
Monopolar link = Single circuit AC line

Bipolar Line = Double Circuit AC Line
» It has only two conductor so less amount of conductor and Insulator is

required in HVDC



» “Right of way” Requirement is less
» The length of uncompensated AC line cannot be more than 500 km due to

stability problem. The DC transmission does not have any such limit.

PT

A

——

— Distance




Cost T
A.C Line

D.C Line

m—]
— Distance

For long distance bulk power transmission DC system is most economical
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The cost of D.C circuit breaker is very high. Arc quenching in D.C

current is difficult.

Thyristor valve create harmonics in both source & load side.
The overload capacity of power converter is limited.

Huge reactive power requirement at the converter terminal.
Cost of terminal equipment & it’'s maintenance is very costly.

The control circuit for firing of SCR is also very complicated.



E HVDC transmission is preferred to EHV - AC because

Q HVDC terminal equipment are inexpensive

@ VAR compensation is not required in HVDC system
@ System stability can be improved

@ Harmonics - Problem is avoided



Bulk power transmission over long HVDC lines are preferred, on
account of

e Low cost of HVDC terminals

@ No harmonics problems

G Minimum line power losses

Q Simple protection



Out of the considerations (i) to (iv) listed below:

(i) No distance limitation related to steady state stability

(ii) No reactive power requirement from the system are the two
terminals.

(ii) No substantial effect on fault level of the two systems at the
terminals in spite of the inter connection

(iv) No corona problems

The considerations which constitute advantages of HVDC
transmission are

e All of the above



Choose the appropriate auxiliary components of HVDC transmission
system from the following

D.C. line inductor

A.C. line inductor

Reactive power sources

Distance relays on D.C. line

Series capacitance on A.C. line

U1 Wi



E High voltage DC (HVDC) transmission is mainly used for

Q Bulk power transmission over very long distances

@ Inter-connecting two systems with the same nominal frequency

Q Eliminating reactive power requirement in the operation

@ Minimizing harmonics at the converter stations



©O @ 00

An HVDC link consists of rectifier, inverter transmission line and other
equipment's. Which one of the following is true for this link?

The transmission line produces/supplies reactive power.

The rectifier consumes reactive power, and the inverter supplies reactive
power from/to the respective connected AC systems.

Rectifier supplies reactive power and the inverted consumes reactive
power to/from the respective connected AC systems.

Both the converters (rectifier and inverter) consume reactive power from
the respective connected AC systems.



00 00

Two regional systems, each having several synchronous generators
and loads are interconnected by an ac line and a HVDC link as shown
in the figure. Which of the following statements is true in the steady
state?

Both regions need not have the same frequency.

The total power flow between the regions (P, + P4.) can be changed
by controlling the HDVC converters alone.

The power sharing between the ac line and the HVDC link can be changed
by controlling the HVDC converters alone.

The directions of power flow in the HVDC link(P,.) cannot be reversed.



Power is transferred from system A to system B by an HVDC link as
shown in the figure. If the voltages V,z and V. are as indicated in the
figure,and I > 0, then

@ Vap<0,Vep <0, Vag>Vep

@ Vag>0,Vep >0, Vag < Vep
Q Vap>0,Vep >0, Vag>Vep

@ Vag>0,Vep <0
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Which of the following is correct regarding the advantages of DC transmission
over AC transmission? [ESE-2024]

Power per conductor is more, more corona loss and possibility of higher
operating voltages

Power per conductor is more, less corona loss and possibility of higher
operating voltages

Power per conductor is more, no skin effect and possibility of lower
operating voltages

Power per conductor is more, there is charging current and possibility
of higher operating voltages



#Q.

EREA

Consider the following conditions::

In HVDC transmission, high power factor of the system is maintained for the

following reason(s):

1. Foragiven current and voltage of the thyristor and transformers, the power
rating of the converters is equal.

2. The stresses on the thyristors and damping circuits are reduced.

3. For the same power to be transmitted the current rating of the system is
reduced and also the copper losses in the ac lines are reduced.

Which of the above conditions is/are correct?

[ESE-2023]

1 only
2 only
3 only

2 and 3 only



#Q.

EREB

In an HVDC transmission, the DC output voltage can be controlled to get inverter
operation when the firing angle o is [ESE-2020]

a=0°
0°<a<90°
90° < a < 1800°
0°<a<180°



#Q.

EREA

In an HVDC transmission mode, the link which has two circuits that are almost
independent of each other is called [ESE-2020]

Monopolar link
Bipolar link
Homopolar link

Dualpolar link



#Q.

EREB

Which one of the following is used for communication with the aim of achieving
high figure of merit of HVDC circuit breakers? [ESE-2019]

Oil interrupter

Air interrupter
Vacuum interrupter

SF interrupter



#Q.

EREA

Vacuum interrupter are used to achieve high figure of merit is HVDC breaker.
The HVDC system uses [ESE-2019]

Rectifier station at sending end and inverter station at receiving end.
Inverter station at sending as well as at the receiving end.

Rectifier station at sending end as well as at the receiving end.

Inverter station at sending end and rectifier station at receiving end.



#Q.

ERE B

Statement (I): In an HVDC system, the steadystate power transfer from a
generator to the infinite bus is dependent on the power angle and the line
impedance intervening between them.

Statement (II): In an HVDC system, the power transfer between the two stations
connected by a dc link is much larger than that in a corresponding EHV ac
system.

[ESE-2018]
Both Statement (I) and Statement (II) are individually true and Statement (II)
is the correct explanation of Statement (I).

Both Statement (I) and Statement (II) are individually true but. Statement (II)
is not the correct explanation of Statement (I).

Statement (I) is true but Statement (II) is false.

Statement (I) is false but Statement (II) is true.



#Q. Bulk power transmission over long HVDC lines is preferred because of
[ESE-2017]

Low cost of HVDC terminal
No harmonic losses

Minimum line power losses

EREA

Simple protection



#Q.
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Statement (I): Limiting factor of DC transmission is the high cost of conversion
equipment.
Statement (II): Generation of harmonics is used for reactive power transfer
only which has the ability to alter voltage levels.

[ESE-2017]

Both Statement (I) and Statement (II) are individually true and Statement (II)
is the correct explanation of Statement (I).

Both Statement (I) and Statement (II) are individually true but. Statement (II)
is not the correct explanation of Statement (I).

Statement (I) is true but Statement (II) is false.

Statement (I) is false but Statement (II) is true.



#Q. Consider the following advantages with respect to HVDC transmission:
1. Longdistance transmission
2. Low cost of transmission
3. Higher efficiency
Which of the above advantages are correct?

[ESE-2016]
1 and 2 only
E 1 and 3 only
2 and 3 only
B] 12and3
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ERE B

Statement (I): HVDC transmission is advantageous over HVAC for large power
transfer over long lines.

Statement (II): HVDC requires conversion equipment at two ends of the
transmission line. [ESE-2015]

Both Statement (I) and Statement (II) are individually true and Statement (II)
is the correct explanation of Statement (I).

Both Statement (I) and Statement (II) are individually true but. Statement (II)
is not the correct explanation of Statement (I).

Statement (I) is true but Statement (II) is false.

Statement (I) is false but Statement (II) is true.



#Q. Which of the following will be provided to reduce the harmonics on the ac side
of an HVDC transmission line? [ESE-2015]

Synchronous motors in over excited condition

Shunt capacitor
Static compensator

Shunt filters

EREA



#Q.

EREA

The power transmission capability of bipolar

half that of 3-phase single circuit

same as that of 3-phase single circuit line
twice that of 3-phase single circuit line

thrice that of 3-phase single circuit line

lines

IS

approximately
[ESE-2014]
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Statement (I): No compensation is needed in HVDC lines, unlike EHV-AC
system where series and/or shunt compensation is required.
Statement (II): Charging current is absent in HVDC system.

[ESE-2013]

Both Statement (I) and Statement (II) are individually true and Statement (II)
is the correct explanation of Statement (I).

Both Statement (I) and Statement (II) are individually true but. Statement (II)
is not the correct explanation of Statement (I).

Statement (I) is true but Statement (II) is false.

Statement (1) is false but Statement (II) is true.



#Q. The following is not an advantage of dc transmission:

No charging current

No skin effect

No stability problem

EREB

Cheap converters

[ESE-2012]



#Q. The method used to implement an asynchronous link is

dc back to back connected converter

0 - 360° static phase shifter

rotary transformer

EREB

static VAR compensator

[ESE-2012]



#Q. Inan HVDC system [ESE-2011]

Both generation and distribution are d.c.

Generation is a.c. and distribution is d.c.y
Generation is d.c. and distribution is a.c.

Both generation and distribution are a.c.

EREA



#Q. Consider the following statements:
The suitable configuration of HVDC converter is decided on the requirements
1. of high pulse number
2. of converter transformer utilization factor should be near to unity.

Which of these statements is/are correct?
[ESE-2010]

1 only
Both 1 and 2

Neither 1 nor 2

EREA

2 only



#Q.
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Consider the following statements:

HVDC transmission is superior to HVAC transmission due to

1. Lackofreliable DC circuit breakers.

2. Lesser number of conductors for same power carrying capacity.

3. Non synchronous link between two different systems simplifying the
problem of voltage stability and frequency control.

4. No costly terminal equipment's such as converts and inverters are required.

Which of these statements is/are correct?

[ESE-2009]
4 only

4 and 3
1 and 2

2 and 3



#Q.

EREB

Assertion (A): In HVDC systems, the voltage should be as high as possible and
the rectifier control angle a should be as low as possible.

Reason (R): Control of dc voltage is exercised by the rectifier and inverter
control angles a and y respectively.

[ESE-2009]

Both A and R are true and R is the correct explanation of A

Both A and R are true but R is NOT the correct explanation of A

A is true but R is false

A is false but R is true



#Q. Consider the following statements regarding HVDC power transmission:
1. The modern HVDC systems use 12-pulse converters.
2. DC systems never use ground or sea return.
3. Most of present-day d.c. schemes are twoterminal links.

Which of these statements is/are correct? [ESE-2008]
1,2 and 3
E 1 only
2 and 3 only
E 1and3




EREB

What is the DC output voltage for a 6-pulse Graetz bridge converter for HVDC
transmission? [ESE-2007]

3E
V4 = —"cosa
o

3 2Emcosa

Vy =

3 3Emcosa

Tt

Tt

__ 3 3Emcosa
Vd - 21
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High voltage d.c. transmission requires filters for

current harmonics on a.c. side and voltage harmonics on d.c. side

voltage harmonics on a.c. side and current harmonics on d.c. side
voltage harmonics on both a.c. and d.c. sides

current harmonics on both a.c. and d.c. sides

[ESE-2006]



#Q.

EREB

If p is the pulse number and n is an integer, what is the order of harmonics on

a.c. side and d.c. side of an HVDC converter?

(np + 1) and (np - 1), respectively
(np - 1) and np, respectively
(np + 1) and np, respectively

(np = 1) and np, respectively

[ESE-2006]



#Q. Consider the following statements regarding the suitable choice of HVDC
converter configuration:
1. Pulse number should be high
2. Ratio of peak inverse voltage to no load d.c. output voltage should be as high
as possible
3. Transformer utilization factor should be nearly unity
Which of these statements are correct?

[ESE-2004]
1and 2
Bl 12and3
2 and 3
E 1and 3
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In HVDC transmission there are predominant [ESE-2003]

Voltage harmonics on d.c. side and current harmonics on a.c. side of converters
Current harmonics on d.c. side and voltage harmonics on a.c. side of converters

Current harmonics only on the d.c. side of converters

Voltage harmonics only on the a.c. side of converters



#Q. Match List-I (Different Configurations for Asynchronous Interconnection) with
List-IT (Corresponding Figures) and select the correct answer: [ESE-2003]

List-1 List-II
Two-terminal DC link

Back to back HVDC Link along 1.

with AC feeder

Back to back HVDC Link at 2.

border List-II

Code: 3.

o B

A-3, B-2, C-1
A-3, B-3, C-1
A-3, B-1,C-2

EREA

A-2,B-1,C-3



#Q.

EREB

In the HVDC system, the ac harmonics which gets effectively eliminated with 12
pulse bridge converters, are [ESE-2001]
triplen harmonics

triplen and 5% harmonics

triplen, 5t and 7t harmonics

5th and 7t harmonics
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Transient in power system and HVDC

A surge of 150 kV is propagating from an
overhead line of surge impedance 300 Q into a
100 Q. The
coefficient of current reflection at the junction

cable of surge impedance
of overhead line & cable is
(A) 0.4 (B) 0.4

(C)05 (D) -0.5

A 10 km long 3¢, 3 core cable has the
capacitance measured between any two
conductors is 0.2 uF/km when other conductor
connected to sheath. It is connected to 11 kV, 50
Hz, busbar. The kVA taken by the cable is
kVA.

Calculate the most economic size (diameter) of
a single core cable working on 121 kV, 3-phase
system, if dielectric stress of 15 kV/cm can be
allowed.

(A) .55 mm

(B)13.177 mm

(C)17.33 mm

(D) 18.4 mm

For a lossless line terminated by its surge
impedance, the natural reactive power loading
is

(A) v? (B) v?
X Z
(C) ‘; (D) zero

A 3 - @, 420 kV transmission line has Zg = 500 Q.
If the line is compensated with series capacitor

Android App

CUSTOMER
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Q6

Q7

Q8

| iOS App

of 30 %

new

and 20 %
of

reactor
the

impedance and surge impedance loading are

(A) 374.21Q and 42926 MW

(B) 419.66 Q@ and 382.39 MW

(C) 352.28 O and 460.76 MW

(D) 4677 Q and 377.16 MW

and shunt

respectively, values surge

A surge of 20 kV magnitude travel along a
cable toward its junction with an overhead line.
The inductance and capacitance of the cable
are 0.36 mH and 0.45uF per mm respectively
and those of overhead line are 2 mH, 0.015pF
per respectively. The voltage rises at the

junction due to the surge will be

A travelling wave due to lightning with an
incident voltage 220 V travels through the
overhead line of surge impedance 360Q and
enters a cable of surge impedance of 40 Q. The
voltage entering the cable at the junction is

(A) 55V (B) 66 V

(C)sav (D) 23V

High voltage d.c. transmission requires filters

for

(A) current harmonics on a.c. side and voltage
harmonics on d.c. side

(B) voltage harmonics on a.c. side and current
harmonics on d.c. side

(C) voltage harmonics on both a.c. and d.c.
sides
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(D) current harmonics on both a.c. and d.c. sides

Q9 Inan HVDC system

(A) Both generator and distribution and d.c.
(B) Generation is a.c. and distribution is d.c.
(C) Generation is d.c. and distribution is a.c.
(D) Both generation and distribution are a.c.

Q10 The following is not an advantage of dc

transmission

(A) No charging current
(B) No skin effect

(C) No stability problem
(D) Cheap converters

CUSTOMER
SERVICE

GATE

In an HVDC transmission mode, the link which
has two circuits that are almost independent of
each other is called

(A) Monopolar link (B) Bipolar link

(C) Homopolar link (D) Dualpolar link

Which of the following will be provided to

reduce the harmonics on the ac side of an

HVDC transmission line ?

(A) Synchronous motors in  over excited
condition

(B) Shunt capacitor

(C) Static compensator

(D) Shunt filters
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