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INSTITUTE OF USN
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Improvement Test

Sub: | HVDC Transmission Code: 10EE751
Date: 20/ 11/ 2017 Duration: {90 mins | Max Marks: | 50 Sem: | 7th | Branch: EEE
Answer Any FIVE FULL Questions
OBE
Marks"co TreT
1 Briefly explain why constant minimum ignition angles (CIA) control, constant current [10] | CO5 | L4
control (CC) are desired in a HVDC link.
2 |[Explain and draw the schematic circuit of analog computer for CEA control with voltage| [10] | CO5| L4
waveform.
3 |Describe the combined characteristics of rectifier and inverter. What is current margin? | [10] | CO5| L2
4 |Explain with neat diagram, how individual phase control (IPC) scheme of firing angle [10] | CO5| L4
control is implemented using constant o control and inverse cosine control for a HVDC
converter.
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Explain fault clearing and re-energizing of DC line. [10] | CO4| L4

Determine the value of the inductance of the dc reactor required to prevent consequent [10] | CO4| L2
commutation Failure in the inverter described below:
Failure in the inverter described below:

No of bridges per pole — 2

Rated voltage per bridge — 200kV

Rated current — 1.8kA

IS, -10 KA

Frequency — 60Hz

Normal Extinction angle y,= 16 deg

Y min = 8 deg

Explain current oscillations and applications of anode dampers with neat sketches. Why | [10] | CO4 | L4
damper is less effective if it is connected to cathode side? Explain.

********ALL TH E B EST*******
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ANSWER KEY

1ANS:

COMBINED CHARACTERISTICS OF RECTIFIER & INVERTER

 In a DC transmission link each converter must function as a rectifier & inverter.
* Attimes of de

e line both converters are called on to work as inverte:

* So each converter is given a combined characteristics.
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During the reversal of power & voltage, the shunt capacitance of the line must be
1 with opposite polarity.

This implies a greater | will be present at the end of inverter line than a rectifier

line.

The difference of terminal voltage cannot exceed
So shortest time of voltage reversal is
T=CAV,/ Aiy sec Va
Where c = line capacitance
A V4 = algebraic change in direct voltage
Al; =current margin

Current margin corresponds

along the horizontal axis or between corner l
P1 & P2. et
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CONSTANT CURRENT CONTROL:

is constant current control.
* Itinvolves the following

Measurement of direct current I,
comparison of I; with set value I,
Amplification of difference I, -1, (error)

el A

Application of output signal of amplifier to a phase shift circuit that alters ignition angle a of the
valve in proper direction for reducing error.

* If the measured current | is < set current |, @ must be decreased in order to
increase cos a

* Thus voltage of rectifier VdO cos a will increase
* The difference between internal voltage of rectifier & inverter is increased
* Sodirect current is increased proportionally.

* Ifthe measured current I, > set current |, a must be increased
* So all are changed in opposite sense.



CONSTANT MINIMUM IGNITION ANGLE CONTROL.:

* Next step is to examine in detail how three line segments of combined
characteristics can be obtained.
1. Constant minimum ignition angle o, , a;,,
2. Constant current
3. constant minimum extinction angle y,

* Ifa, isto be zero, no special provision is needed because zero is the minimum
possible delay.

* Incase we are using multi anode diodes then valves require a minimum delay
e.g. a, = 5deg then control is required

Voltage across each valve is measured

Check voltage across each valve < specified value

So constant current control is prevented from igniting the valve.
In practice voltage across valve is not used instead secondary voltage of control transformer is taken.

VYVVYY

These voltages must be free of notches caused by communication.

Width and depth
ot notch depend
on Output Speed
Voltage
wavafonm \ Wavelorm
Notches




CONSTANT EXTINCTION ANGLE CONTROL (C.E.A)

* Itis the third segment of combined characteristics.

* Eachvalve is ignited at such a time that extinction occurs at a later time.

* But it must be earlier with a margin before commutation voltage reverses.
* When conduction ceases , voltage across outgoing valve must be negative.
* It should remain negative until deionization of the arc path.

*  When commutation voltage first turns positive, time t & time angle wt is
measured.

* Instantaneous value of commutation voltage is
e,, = V3 E_ sin wt
* Commutation must begin after wt =0 & must be completed before wt =n
* Under normal conditions commutation is completed at wt =m—-Y
Where Yn is normal extinction advance angle.
* For this to happen commutation must begin at ignition angle wt=a= n—-
* It depends on commutation voltage (crest value V3 E )
Direct current |, to be commutated, commutation inductance L_ & desired Y,

* All four of these are assumed to remain constant during a particular commutation
but V & | vary from one commutation to another.

Time integral of commutation voltage is equal to change of magnetic flux linkage (-2L_l,)

a — #2 = s
f ey, dt = /3 E,, f sin wt dt = /3 E_MT
P s cs

I ary i

\"" 5 ~Em

(cos wit, — coswmit,)
where wf; = o = ignition angle

wi; = T — Y, = normal extinction angle
Then the integral becomes

V3 E

—wv"'[cos {(x — y.) — cosat,]

. 3 E,

= —~(—cos y, — cosm;) volt-seconds

Equating the two quantities, we get

- v”é E. (cos y, +cosowly) = —2wL f;= —2X.1, volts
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Fig: circuit of analog computer for C.E.A control

and the required firing angle £ is given by

~ 1.,;'5 E, cosan, = \ffi E,cosy, - 2X.1,

or

cos f = cos y, ~ I

* Ignition time t1 can be found by real time analog computer.

volts

* Each term of the equation is represented in the following figure.



Fig: Waveforms of voltage in C.E.A analog computer
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The negative cosine wave can be derived from the sine wave of commutation
voltage in either of two ways:

Use of an RC or RL PHASE SHIFT CIRCUIT:
In this output of circuit will lag input by 90deg.

Use of analog integrator:

We have to integrate commutation voltage

Output will be negative of the time integral of input voltage
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Use of supplementary input signal: dl/d,

* Some commutation failure can be prevented.

* The control is arranged such that increasing the current advances firing angle &
decreasing current does not retard it.

* Usual value of Y, is 16 deg.
* Only 1 to 8 degis required for deionization.
* Larger angles are required for higher-power valves.

* Inboth C.C & CEA CONTROL BECAUSE OF UNBALANCES & HARMONIC
DISTORTION, THE 6 VALVES ARE NOT IGNITED AT EXACTLY THE SAME TIME

COMBINED CHARACTERISTICS OF RECTIFIER & INVERTER
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. Durlng the reversal of power & voltage the shunt capacitance of the line must be
: 1 with opposite polarity.

* This |mpI|es a greater | will be present at the end of inverter line than a rectifier
line.

* The difference of terminal voltage cannot exceed ¢
* So shortest time of voltage reversal is
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CONSTANT MINIMUM IGNITION ANGLE CONTROL:

* Next step is to examine in detail how three line segments of combined
characteristics can be obtained.

1. Constant minimum ignition angle o, , a,,;,

2. Constant current
3. constant minimum extinction angle y,
. If aa, is to be zero, no special provision is needed because zero is the minimum

possible delay.
* Incase we are using multi anode diodes then valves require a minimum delay

e.g. o, = 5deg then control is required

Voltage across each valve is measured

Check voltage across each valve < specified value

So constant current control is prevented from igniting the valve.

In practice voltage across valve is not used instead secondary voltage of control transformer is taken.
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CONSTANT CURRENT CONTROL:

is constant current control.

* Itinvolves the following

Measurement of direct current I,

comparison of I; with set value I,

Amplification of difference I, -1, (error)

Application of output signal of amplifier to a phase shift circuit that alters ignition angle a of the

valve in proper direction for reducing error.

* If the measured current | is < set current |, @ must be decreased in order to
increase cos o

AW NE

* Thus voltage of rectifier Vd0 cos a will increase
* The difference between internal voltage of rectifier & inverter is increased
* Sodirect current is increased proportionally.

* Ifthe measured current I, > set current |, a must be increased
* Soall are changed in opposite sense.

CONSTANT EXTINCTION ANGLE CONTROL (C.E.A)

* |tis the third segment of combined characteristics.

* Eachvalve is ignited at such a time that extinction occurs at a later time.

* But it must be earlier with a margin before commutation voltage reverses.
*  When conduction ceases , voltage across outgoing valve must be negative.
* |t should remain negative until deionization of the arc path.

*  When commutation voltage first turns positive, time t & time angle wt is
measured.

* Instantaneous value of commutation voltage is
e,, =V3 E_ sin wt
* Commutation must begin after wt =0 & must be completed before wt =nt
* Under normal conditions commutation is completed at wt =m-Y
Where Yn is normal extinction advance angle.
*  For this to happen commutation must begin at ignition angle wt=a= n-§
* It depends on commutation voltage (crest value V3 E )
Direct current |, to be commutated, commutation inductance L, & desired Y,

* Allfour of these are assumed to remain constant during a particular commutation
but V & | vary from one commutation to another.



CONSTANT MINIMUM IGNITION ANGLE CONTROL:

Next step is to examine in detail how three line segments of combined
characteristics can be obtained.

1. Constant minimum ignition angle a,, , a,,;,

2. Constant current

3. constant minimum extinction angle y,

If a, isto be zero, no special provision is needed because zero is the minimum
possible delay.

Incase we are using multi anode diodes then valves require a minimum delay
e.g. a, = 5deg then control is required

Voltage across each valve is measured

Check voltage across each valve < specified value

So constant current control is prevented from igniting the valve.
In practice voltage across valve is not used instead secondary voltage of control transformer is taken.

YV V.V V V¥V

These voltages must be free of notches caused by communication.

Width and depth
af noich depend
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Voltage
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Curve of cos a versus a

+1

*Anywhere in this range a decrease of a
increases algebraic internal voltage
V 40 COS O

*So same C.C controller can be used
during rectification & inversion.

ra |




CONSTANT CURRENT CONTROL:

is constant current control.
. It involves the following

Measurement of direct current I,
comparison of I with set value I,
Amplification of difference 1, - 1; (error)

PUNPR

Application of output signal of amplifier to a phase shift circuit that alters ignition angle a of the
valve in proper direction for reducing error.

e If the measured current I, is < set current |y, a must be decreased in order to
increase cos a

* Thus voltage of rectifier VdO cos a will increase
* The difference between internal voltage of rectifier & inverter is increased
* So direct current is increased proportionally.

e If the measured current Iy > set current I, o must be increased
* So all are changed in opposite sense.

* Error signal of inverter current regulator is
E= IdS- Ald_ld

* Current regulator is a simple feedback
amplifier with a gain & time constant

Fig: Constant current
regulator

» Differential equation is
v+Tdv/dt=KE

Where v = instantaneous value of V,, cosa
T =R,C = time constant
K = gain of amplifier & phase shift circuit

€ = error signal ’%’/ z t

0 0
* Transfer function is
v/E=K/Ts +1 k
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