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1.
Compare HVDC and HVAC systems with respect to 


(i)Cost (ii) Voltage control (iii) Stability limits and (iv) Reliability

2.a)
State the relative merits of different types of DC links.

b)
A Bi-polar DC line of  ( 250 KV is delivering 400 MW on the DC side.  The power factor on the AC  side of the line is 0.9.  Estimate the AC side voltage of a 3 phase. Transmission  line and the corresponding current ratio.


Assume the insulation levels in both the systems are the same.

3.a)
Draw the schematic circuit diagram of a 6-pulse.  GRAETZ’S circuit when the two windings of transformer are combined into one.

b)
Explain with a neat diagram how a converter configuration for a given pulse number is selected for maximum utilization of valve and transformer.

4.a)
For a 3-phase – 6 pulse GRAETZ’S circuit, draw timing diagram considering overlap angle is less than 600.

b)
Draw DC voltage and valve voltage waveforms when  ( = 150 and  u= 150 in case of considering overlap.

5.a)
With neat diagram explain how CEA (current & extinction Angle) controller works.

b)
Explain the working of Basic power controller  using VDCOL (voltage dependent current order limiter)

6.a)
Discuss the relative features of different reactive power control schemes in HVAC and HVDC systems.

   b)
Highlight the drawbacks of DC circuit breakers and mention how to overcome it.

7.
What are the basic types of faults that can occur in the converters.  Explain atleast two faults in detail and its protection schemes.

8.
Write short notes on any TWO of the following:

a) Corona loss in Dc link

b) Two transistor analogy of a thyristor

c) Modern trends in HVDC transmission system

d) Harmonics in DC link (Generation and its suppression )measures
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1.a)
Discuss the advantages and limitations of HVDC power transmission for bulk powers from point to point.

b)
Compare the power carrying capabilities of a 3 phase, 3 wire AC transmission line with that of a bi-polar D.C transmission line assuming the in sulation levels and conductor size are same in both the systems.

2.
With the help of a neat schematic circuit diagram, explain the operation of a 3-phase, 6-pulse, GRAETZ’S circuit when working as rectifier.

Also draw the voltage and current wave forms to scale of the above circuit when the firing angle  ( = 0 and hence estimate the following;

1. D.C out put  voltage

2. Peak in verse voltage

3. R.M.S value of the secondary current of the converter transformer

4. Peak to peak ripple

5. Utility factor of the converter transformer 

3.
Develop the complete equivalent circuit of a HVDC line and hence obtain an expression for d,c current in it as



Id =  ud01 cos ( - ud02 cos r

where ‘(’ and ‘r’




Rc1 + R – Rc2

Are the delay and extinction angles of the rectifier and inverter respectively.  Rc1 and Rc2 are the equivalent resistances of the rectifier and inverter at both the ends R is the resistance of the d.c line |phase

4.a)
State the various sources of harmonic generation in HVDC system and mention the adverse effects caused by these harmonics.

b)
Explain the need to employ filter circuits in HVDC systems.  Derive an expression for minimum cost of tuned AC filters used in HVDC systems
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5.      Mention the basic requirements of control philosophy adopted in HVDC systems.  
Explain the operation of phase-locked oscillator used in pulse-phase control    

            Schemes

6.a)
Explain the limitations of constant ‘(’ control   of inverter operation with suitable examples.

b)
A  HVDC link delivers DC power at 250 kv at the inverter end when the AC line voltage to the rectifier being 220 kv and that at the inverter being 210 kv.  The current order of the rectifier is 1000 A and that of the inverter is 950 A.  Estimate the delay and extinction angles of the rectifier and inverter respectively.  Take the d.c resistance of the line as 20 ohm per line

7.
Discuss the origin of over-voltages in HVDC systems and hence explain the methods employed to protect the system against these over-voltages.

8.
Write short note on  any two of the following;

a) Effect  of proximity of D.C transmission lines

b) Design of band pass filters

c) Selection of lead and trail stations.
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1.
Clearly explain the different converter configurations commonly employed for HVDC converter and bring out their relative merits and demerits

2.
What steady state equivalent circuit, explain the principle of control of Two terminal DC link.

3.
Describe the method of Compensation of reactive power in HVDC substation.  Draw simple single line schematics for each.

4.
Prove that insulation required for D.C . system is 0.866 times that required for 0A.C.system.  Assume the power transmitted,  percentage losses and size of conductors are same for both systems.

5.
Draw the connection diagram of two, 3-( converter transformers to a 12 pulse converter bridge.  Discuss the general description of these converter transformers.

6.a)
Draw a schematic diagram and describe the commutation principle in H.V.D.C circuit breaker.

   b)
Write the mathematical model of a d.c. converter.

7.a)
Classify the solution methodology for AC-DC load flow and explain.

   b)
Explain the causes of over voltages on D.C. side of H.V.D.C. converter.

8.a)
Clearly indicate the effect of harmonics in the output voltage of a converter.

   b)
Explain clearly the working of single lined filter for defression of harmonics.
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1.
Clearly explain the working of two 3 phase converter in star-star mode with relevant Equations and waveforms.

2.a)
Clearly explain how harmonics are produced and obtain the expression for harmonic compared of voltage in a 6 pulse converter.

   b)
Explain the different  types of filter employed for suppression of harmonics

3.
A  rectifier has no load ideal DC voltage equal to 276.75KV.  The dc current is 1.5KA.  The actual DC voltage is 250KV.  Calculate the reactive power absorbed by the rectifier.  In the above problem, if the inverter in the HVDC system is at actual DC voltage of 246.25KV & the no load ideal DC voltage is 275.53KV, calculate the reactive power absorbed by the inverter.

4.
Draw the block diagram and explain the working principle of Constant Extinction Angle control.

5.
Compare the performance of A.C. and D.C. transmission system based on the following factors.


(i) Stability limit (ii) Voltage control (iii) Line compensation.

6.a)
Discuss the special design features of converter transformers.

b)
Discuss the different methods for reducing the noise level in converter transformer.

7.a)
Derive the mathematical model of d.c.link controllers of a d.c. link.

b)
Sketch the line diagram of a bipolar H.V.D.C system, indicate surge arresters on A.C.side, D.C.side and in valve hall and A.C.filter area

8.a)
Draw the flowchart of AC/DC load flow.

b)
Explain the difference between the A.C. circuit breaker and H.V.D.C. circuit breaker.
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