EE336-DESIGN OF ELECTRICAL APPARATUS-QUESTIOPN BANK 

Note: These questions are selected from various question papers from 93-94 to 03-04. Hence the division of questions unit wise may not be exactly true as per the present syllabus.

Unit-1   INTRODUCTION.

PART-A.

1. Write short notes on standard specifications?

2. What is meant by general design procedure?

3. Draw the magnetic circuit of a D.C machine.

4. Define gap contraction factor for slots.

5. List the methods used for estimating the mmf of tapered tooth.

6. What are the differences between leakage flux and fringing flux?

7. What are the factors influencing the choice of specific electric loading?

8. Define specific magnetic loading.

9. Explain the term gap contraction factor 

10. Define the tapered tooth.

11. How will you minimize magnetic leakage?

12. List out any two standard specifications as per ISI of three-phase induction motor.

13. What do you understand from the term field form coefficient?

14. List out any two standard specification as per ISI of three phase synchronous machine.

15. What is meant by specific electric loading?

16. What is Carters coefficient?

17. State the uses of yoke in a D.C machine.

18. What is meant by electric loading?

19. What is magnetic leakage?

20. Write the formula for computing mmf for air gap.

21. How rotor part of a D.C machine is constructed?

22. Classify design problem.

23. What are the uses of standard specifications?

24. List the factors that lead to the choice of magnetic loading.

25. How the variable cross section of the teeth is accounted for in determining ampere-turns for teeth?

26. How the presence of ventilating ducts is taken into account in mmf calculations?

27. Define slot utilization factor.

28. What are the effects of increasing the air gap?

29. Write down importance of gap contraction factor for slots and ducts in the design of magnetic circuit.

30. List down the various parts of d.c.machine that form the magnetic circuit.

31. Define the term ‘apparent flux density’ and ‘true flux density’ in saturated armature teeth.

32. Define continuous rating and short time rating of electrical apparatus.

33. Define apparent flux density.

34. Distinguish between real and apparent flux densities in the tooth section of slot.

35. What do you understand by the main dimension of a rotating machine?

36. What is current density? Where it is used in the design of a machine?

37. Define space factor. (Nov.2003)

38. Name the methods of reduction of eddy currents in rotating machine conductors. (Nov.2003)

       39.Define the terms real and apparent flux densities. (Nov.2003)

PART-B.

1. Explain the concept of determining the temperature gradients in conductors placed in slots.  What are the limitations of design of electrical apparatus? Explain them. (Nov.2003)

2. Calculate the apparent flux density at a section of the teeth of an armature of a D.C machine from the following data at that section. Slot pitch=24mm, 

      slot width=tooth width =12mm, length of armature core including five ducts of   

     10mm each=0.38m,iron stacking factor=0.92. True flux density in the teeth at that 

      section is 2.2T for which the mmf is 70000AT/m.

3. Define the terms specific electric loading and specific magnetic loading as applied to electrical machines. What are the considerations in the choice of these for D.C machines?

4. A 6-pole D.C. machine has the following design data. Armature diameter=30cm,armature core length=15cm,length of air gap at pole center =0.25cm,flux per pole=12milliweb. Field form factor=0.65. Calculate the amp. turns required for the air gap a) if the armature surface is smooth b) if the armature surface is slotted and the gap expansion factor is 1.2

5. Explain the real and apparent flux densities. Discuss about the various leakage fluxes.

6. Find the apparent flux density at a section of the tooth in the following case when the real tooth flux density at that section is 2.157. Gross armature length =32cm. Number of ventilating ducts =4,each 1cm wide, tooth width at the section=1.2cm,slot width with parallel sides=1cm. Permeability of the tooth corresponding to real tooth density=35.8x10-6
7. Determine the air gap length of a D.C machine from the following data. Gross core length =0.12m,no.of ducts =one of 10mm width, slot pitchy =25mm, Carters coefficient for slots and ducts =0.32, gap density at pole center =0.7T. Field mmf per pole = 3900AT, mmf require for iron parts of magnetic circuit =800AT.

8. The diameter and length of a 500kw, 500V, 450r.p.m, 6-pole D.C generator are 84cm and 30cm respectively. If it is lap wound with 660 conductors estimate the specific electric and magnetic loadings.

9. A salient pole machine with semi closed slots has a core length (including 4 ducts each of 10mm) of 0.32m, pole arc of 0.19m, slot pitch of 65.4mm, slot opening of 5mm,air gap length of 4mm and a flux per pole of 0.052 wb. Assume Carters coefficient as 0.18 and 0.28 for opening/gap ratio of 1 and 2 respectively.

10. A D.C machine has the following dimensions: cross section of pole body =0.08m2,length of pole =0.25m, cross section of yoke =0.05m2, mean flux path in yoke =0.9m (pole to pole). Cross section of armature core =0.04m2. Length of flux path in core =0.45m (pole to pole), area of pole face =0.12m2, air gap length =0.005m. Find the mmf per pole to give a flux of 0.1 wb/pole. Take relative permeability of iron as 1200. Neglect leakage.

11. A D.C machine has the following data: pole arc =30cm, length of the machine =36cm, length of air gap =0.5cm. Slot pitch at the air gap surface =2.5cm, slot pitch at the bottom of slots =2.2cm, depth of slot =6cm,width of slot =1.2cm. There are 4 ventilating ducts in the armature each 1cm width. Flux per pole =7.2mWb. Estimate a) the mmf for air gap) mmf required for tooth.

12. Discuss quantitatively the effects of slots and ventilating ducts upon the reluctance of the air gap of a D.C machine.

13. Find the permeability at the root of the tooth of a D.C machine armature with the following data.

Slot pitch 2.1cm, tooth width at the root 1.07cm, gross length 32cm, stacking factor 0.9, real flux density 2.25T, apparent flux density at the root 2.36T.

14. Draw the magnetic circuit of a D.C machine. Derive an expression for the total

mmf per pole.

A multi-pole D.C. machine has the following dimensions. Cross section of pole body=0.08m2; height of pole =0.25m; cross section of yoke=0.05m2; mean flux path in yoke = 0.9m (pole to pole); cross section of armature core =0.04m2; length of flux path in core =0.45m (pole to pole); area of pole face 0.12 m2; length of air gap =5mm. There are 12 slots per pole and the width of each tooth is 15mm. The length of machine is 0.33m and the ratio of pole arc to pole pitch is 0.67. Find the mmf per pole to give a flux of 0.1wb. The relative permeability for teeth is 15 and for the rest of magnetic circuit is 1200. Assume a stacking factor 0f 0.9. Neglect leakage. (Nov.2003)

Unit-2    D.C.MACHINES.  

PART- A

1. List the constructional elements of a D.C.machine.

2. What is the importance of output coefficient?

3. Mention the factors that govern the choice of number of armature slots in a D.C. machine.

4. What are the factors considered in the design of commutator?

5. List the materials used for brushes.

6. Write down the equation for the output coefficient of a D.C. machine.

7. Define slot utilization factor.

8. Give two important functions of pole shoes.

9. What are the points to be considered for selecting the type of D.C. machine armature winding?

10. Why there are several brushes per spindle instead of one big brush?

11. What are the points to be considered in selecting the length of air gap of a D.C. machine?

12. What are the important considerations in choosing number of poles in a D.C.machine?

13. What is the purpose of staggering of brushes?

14. Distinguish between lap and wave winding in a D.C.machine.

15. How will you separate D&L for rotating machine?

16. How rotor part of a d.c.machine is constructed?

17. What type of winding may be selected for 100kW, 230V D.C. machine and why?

18. How the diameter of the commutator in the D.C. machine is arrived at?

19. What are the factors to be considered while designing the shunt winding in a D.C. machine?

20. List out the factors, which affect the proportions of the armature core of a D.C.machine.

21. Mention the factors governing selection of length of armature core for D.C. machine.

22. Mention the factors to be considered in the design of field winding for D.C. machine.

23. Discuss the parameters governing the selection of conductor dimensions.

24.  Mention the advantages of fractional slot windings.

25. State the various factors that determine the size of a D.C. machine.

26. Give the expression for the torque developed by a D.C. motor in terms of main dimensions of the armature.

27. Discuss the parameters governing the selection of slot dimensions.

28. What are the factors to be considered in the design of commutator?

29. In two D.C. machines, running at the same speed and having same number of poles the physical dimensions are in the ratio of 1.5:1. Compare their output.

30. Explain how the depth of armature core for a D.C.machine is determined.

31. Define commutator pitch.

32. What is the purpose of mica strip between two adjacent commutator segments?

33. What are the materials used for the brushes of a D.C. machine? (Nov.2003)

PART-B

1. Find the main dimensions of a D.C.shunt generator of 5kW, 220V, 1500r.p.m, and 4pole. The specific electric loading of 220 amp. conductors per cm, average flux density of 0.6T,full load efficiency of 90% and pole arc=0.7 pole pitch.

2. A 4 pole, 400V, 960r.p.m shunt motor has an armature of 0.3m in diameter and 0.2m in length .The commutator diameter is o.22m. Give full details of a suitable winding including the number slots, number of commutator segments, and number of conductors in each slot for an average flux density of 0.55wb/m2in the gap.

3. Discuss the total design steps of D.C.machines. Briefly describe each step.

4. Estimate the main dimensions of a 4 pole 100kW, 1500 r.p.m D.C generator, assuming specific electric and specific magnetic loading as 19000 amp. conductors per m and 0.4T respectively. Length of the armature is equal to pole pitch.

5. The field coil of a D.C. machine is to dissipate about 5kW at a supply voltage of 200V. The winding space is 25x20 cm2. Take a winding space factor of 0.6 and specific resistance of 0.02(/m/mm2. Determine the number of turns of the coil, cross section of the conductor and the total ampere-turns. Take the mean length of turn as 2m.

6. A field coil has an internal diameter of 0.3m and an external diameter of 0.4m and a length of 0.175m. The outside surface can dissipate 1000W/m2 and the cooling effect of outer surface can be neglected. The potential across is 100V. Calculate the ampere turns of the coil. Assume space factor =0.6 and resistivity of copper 0.02 michroohm-m.

7. Design suitable commutator for a 500kW, 500V, 8pole, 375 r.p.m D.C shunt generator. D=80cm,L=25cm. No. of commutator segments=192.

8. Determine suitable number of conductors, slots and commutator segments for a 4pole, 440V d.c.motor that runs at 720 r.p.m at no load. The flux per pole is 0.024wb and the armature may be designed to have wave winding.

9. Calculate the main dimensions of an armature suitable for 4 pole, 20kw, and 1500r.p.m D.C. generator. Assume amp. conductor /m as 18000, average gap density =0.387 and efficiency=90%.

10. A rectangular field coil is to produce an mmf of 7500 amp. turns when dissipating 220kw at a temperature of 600C. The inner dimensions of the coil are 10cmx24cmxd15cmhigh. The heat dissipation is 30w/m2/0C. from the outer surface, neglecting top and bottom surface of the coil. Temperature of ambient air is 200C. Calculate the thickness of the coil and the current density. Resistivity of the conductor is 0.02 ohm per m and mm2 .

11. A 5kw 250V 4pole 1500r.p.m shunt generator is designed to have a square pole face. The loadings are: average flux density in the gap=0.42wb/m2, ampere conductors per meter=15000. Find the main dimensions of the machine. Assume full load efficiency=0.75 and ratio of pole arc to pole pitch=0.65.

12. Determine the main dimensions, number of poles and length of air gap of a 600kw, 500V, 950rpm generator. Assume average flux density as 0.5wb/m2 and ampere conductor per meter as 35200. The peripheral speed should not exceed 37 meter per second and the armature mmf per pole should be below 7550Ats. The mmf required for and gap is 50% of armature mmf and gap contraction factor is 1.15.

13. A 50kw 800rpm D.C generator has full load efficiency of 88%. If now another similar D.C generator having 2 times the linear dimensions of 50 kW is built to work at 800rpm, find the output, losses, and efficiency of the new generator. Assume that the flux density and current densities for the two generators are identical.

14. A field coil has to produce 6000 amp. turns at a mean coil temp.of 600C. The voltage across the coil is 50V and the mean length is 50cm. Determine the diameter of the wire to be used. (=0.02(/m .mm2.

15. Calculate the main dimensions of a 20kw, 1000rpm D.C motor. Given, Bav=0.37T and ac=16000amp.conductors/m. Make the necessary assumptions.

16. Calculate the size of the conductor and number turns for the field coil of a 6 poles 460V D.C. shunt motor. The coil is to supply 4000AT at the working temp. Where  (=0.02 micro-ohm meter. The length of the inside turn is 0.74m,the length available for the winding is 0.13m, the space factor of the winding is 0.52 and the permissible dissipation per m2 of external surface (excluding two ends) is 1200 watts. Solution should not be attempted by assuming a numerical value for the winding depth.

17. Explain the various factors that are affected by the selection of number of poles in d.c.machines.

A design is required for a 50 kW, 4 poles, 600rpm D.C. Shunt generator, and the full load terminal voltage being 220V. If the maximum gap density is 0.83wb/m2 and the armature ampere conductors per meter are 30000, calculate suitable dimensions of armature core to give a square pole face. Assume that the full load armature voltage drop is 3% of the rated terminal voltage, and that the field current is 1% of rated full load current. Ratio of pole arc to pole pitch is 0.67 (Nov-2003)

Unit-3     TRANSFORMERS.

PART-A

1. List the different types of windings in core type transformers.

2. Why stepped cores are used in transformers?

3. In transformers, why the low voltage winding is placed near the core?

4. How the heat dissipation is improved by the provision of cooling tubes?

5. What is window space factor in the design of transformer?

6. Mention the advantages of using sandwich coils for shell type coils.

7. Why limb part of the transformer core is stepped?

8. Distinguish between power and distribution transformers.

9. While winding a transformer, circular coils are preferred in comparison to rectangular coils, why?

10. Why the area of cross section of transformer yoke is designed to have little larger value than limb section?

11. How will you choose the window dimensions for achieving low leakage reactance?

12. Draw the sketch of a four-stepped core of a transformer.

13. Why rectangular cross section is always used for yoke part of the transformer core?

14. How the current densities in the HV and LV windings are selected?

15. How the height to width ratio of transformer windows is selected for having low leakage reactance in the windings?

16. Define iron space factor with respect to transformer design.

17. Compare the values of flux density in the yoke and limb parts of a transformer.

18. What are the factors t6o be considered for selecting the emf per turn in transformer design?

19. Ho overall dimensions are arrived at from core dimensions for a three-phase transformer?

20. What values of flux density and current density are assumed in designing a transformer?

21. The voltage per turn of a 500kva, 11kV/415V delta /star, 3 phase transformer is 8.7V. Calculate the number of turns per phase of LV and HV windings.

22. What is the difference between shell type and core type transformer?

23. List the methods with which leakage reactance of a transformer can be reduced.

24. State the importance of window space factor.

25. How the design of a distribution transformer differs from that of a power transformer?

26. Classify transformers according to its cooling methods.

27. What are the main classifications of transformer windings?

28. How heat is dissipated in a transformer?

29. What are the salient features of a distribution transformer?

30. Give the output equation of a single-phase transformer.

31. Ment6ion the various types of cooling methods for large power transformers.

32. Discuss distribution of leakage flux in a core type transformer.

33. Name the types of cooling tubes used for a distribution transformer.

34. Give typical values of “K”for various types of transformers.

35. The area of yoke in a transformer is taken as 15 to 20 % larger than that of core. Why? Why not increase in core size also?

36. What are the various types of core sections used for the core of a transformer?

37. Name the various types of mechanical forces produced in a transformer. (Nov.2003)

38. What are the required characteristics of a welding transformer? (Nov.2003)

PART-B

1. Determine the dimensions of core and window for a 5KVA 50Hz single phase, core type transformer. A rectangular core is used with long side twice as long as short side. The window height is 3times the width. Voltage per turn=1.8V. Window space factor =0.2. The current density in the conductor =1.8A/mm2, the flux density in the core=1.00wb/m2.

2. A 250KVA, 6600/400V, 3 phase core type transformer has a total loss of 4800 watts on full load. The transformer tank is 1.25m in height and 1mx0.5m in plan. Design a suitable scheme for cooling tubes if the average temperature is to be limited to 350C. The diameter of the tube is 50mm and tubes are spaced 75mm from each other. The average height of the tube is 1.05m.

3. a) What is the object of employing a reduced flux density in the yoke of a transformer? b) Discuss the relative merits and demerits of using water and oil for forced cooling of transformer.

4. The tank of a 300KVA transformer is 100cmx45cmx150cmhigh. If the full load loss of transformer is 8kw,find the suitable arrangement of cooling tubes having a diameter of 5cm and an average height of 100cm in order to keep the average temperature of the external surface at 350C above the ambient temperature.

5. Determine the dimensions of limb and yoke of a 200KVA 50Hz single-phase transformer. A cruciform core is used with distance between adjacent limbs equal to 1.6time the width of core laminations. Assume voltage per turn of 14V,maximum flux density 1.1T,window space factor 0.32, current density 3A/mm2 and a stacking factor of 0.9.

6. The tank of a 500KVA, 11KV/415V, 3phase 50Hz transformer is 160cm in height and 55x110cm in plan. The full load loss of the transformer amounts to 5kw. Determine a suitable arrangement of cooling tubes each having a diameter of 5cm and an average height of 105cm in order to limit the temperature rise of the external surface at 350C above ambient temperature.

7. The voltage per turn of a 400KVA, 6.6KV/415V delta/star three phase core type power transformer is 18.7volt. Calculate the number of turns per phase of the LV and HV windings and suggest suitable cross section area of the conductor required. Assume a current density of about 2.85A/mm2.

8. The tank of a 250KVA single-phase oil filled, self-cooled transformer is 100cm in height and 40x70cm in plan. Total loss to be dissipated on full load =3kw. Determine the arrangement of 5cm diameter cooling tubes spaced about 6cm between centers and averaging 80cm in length. Take mean temperature rise of the tank as 350C. Sketch the plan showing the arrangement of tubes.

9. Estimate the main core dimensions, number of turns in the two windings and the conductor sections in a 25KVA, 3 phase, 6.6KV/440V, 50Hz delta-star core type transformer with the following data: Stepped core with space factor=0.56. Space factor for windings =0.25,voltage per turn=9V,current density=3.26A/mm2, maximum flux density=1.1T.

10. Determine the dimensions of core and yoke of a 200KVA 50Hz single-phase core type transformer. A cruciform core is used with distance between adjacent limbs equal to 1.6 times the width of core lamination. Assume voltage per turn of 12 V, maximum flux density=1.1T,window space factor of 0.32, current density of 3A/mm2 and a stacking factor of 0.9.

11. The tank of a 150KVA oil immersed natural cooled transformer has dimensions 100cm x 60cm x 120cm height. Design a suitable arrangement of cooling tubes of mean length 100cm to limit temperature rise to 350C, if the full load losses to be dissipated are 6kw. Make suitable assumptions wherever necessary.

12. Discuss the importance of the choice of value of k= √(4.44 f ((m/AT) x 103 ( in a transformer design with respect to, type, service conditions, cost and losses.

13. A 50Hz-3( core type transformer is to be built for 10000/500V ratio, connected star/delta. The cores are to have a square section and the coils are to be circular. Taking an induced emf of 15V per turn and maximum flux density of 1.1T, find the cross sectional dimensions of the core, the diameter of the circumscribing circle and the number turns.

14. The tank of a 1.25MVA natural oil cooled transformer has the dimensions; length, width and height as 155cm x 65cm x 185cm respectively. The full load loss is 13.1kw. Find the number of cooling tubes for this transformer. Assume w/m2/0C due to radiation as 6 and w/m2/0C due to convection as 6.5, improvement in convection due to provision of cooling tubes as 40%, tempr.rise as 400C, length of each tube as 100cm; diameter of the tubes as 5cm. Neglect the top and bottom surface of the tank as regards to cooling.

15. Calculate the main dimensions of the core, the number of turns and the cross section of the conductors of a 5KVA, 11000/400V, 50Hz single-phase core type distribution transformer. The net copper area in the window is 0.6 times the net cross section of the iron in the core. Assume a square cross section of the core , a flux density of 1.1wb/m2, a current density 1.4A/mm2 and window space factor of 0.21. The height of the window is 3 times its width.

16. Design a cruciform core for a single phase 100KVA, 2200/400V, 50Hz core type transformer. The emf per turn is 0.7√KVA. Window space factor =0.33, maximum flux density=1.2Tesla and current density=240amps /cm2. Assume any other relevant data.

17. Calculate the main dimensions and winding details of a 50KVA, 2000/400Volt, 50Hz single-phase shell type oil immersed, self cooled transformer. Voltage per turn 10V,flux density in core =1.1wb/m2, current density=2A/mm2, window space factor0.33 Assume the height of the window is 3 times its width and depth is 2.4 times width of central limb.

18. Calculate the proportions of the cruciform section of minimum area for the core of a transformer. Show that the gross area of a core of a cruciform section is 79% of the area of the circumcircle.

19. The cruciform cores in a 200KVA, 6600/400V, 50Hz core type transformer are enclosed in circumscribed circle of 37cm diameter. Find the number turns for a flux density of 1.2wb/m2 and suitable conductor section for a current density of about 2A/mm2.

20. Calculate the core and window areas required for a 1000KVA, 6600/440V, 50Hz single phase, core type power transformer. Assume a maximum flux density of 3A/mm2. Induced emf per turn 30V,window space factor=0.32.

21. Determine the core and yoke dimensions for a 250KVA, 50Hz,single phase, core type transformer. EMF per turn 15V,the window space factor0.33, current density 3A/mm2 and Bmax 1.1tesla. The distance between centers of the square section is twice the width of the core.

22. A single phase, 6.6KV/415V, 50Hz transformer is built from stampings having (r of 4000. The length of the flux path is 2.5m. The net cross sectional area of the core is 310cm2 and the primary has 800 turns. The core loss at this flux density is 2.6w/kg. Estimate the no load current.     
23. Derive the output equation of single phase and three phase transformers.    
Determine the dimensions of core and yoke for a 200 KVA, 50Hz single-phase core type transformer. A cruciform section is used with distance between adjacent limbs equal to 1.6 times the width of core laminations. Assume voltage per turn 14 V, maximum flux density 1.1wb/m2, window space factor 0.32, current density 3A/mm2 and stacking factor =0.9. The net iron area is 0.56d2 in a cruciform core where d is the diameter of circumscribing circle. The width of the largest stamping is 0.85d. (Nov.2003)

24. A 250KVA, 6600/400V, 3phase core type transformer has a total loss of 4800W  

      at full load. The transformer tank is 1.25m in height and 1mx0.5m in plan. Design  

      a suitable scheme for tubes if the average temperature rise is to be limited to 

      350C. The diameter of tubes is 50mm and is spaced 75mm from each other. The 

      average height of the tube is 1.05m.

      Specific heat dissipation due to radiation and convection is respectively 6 and 6.5  

      W/m2-0C. Assume that the convection is improved by 35 percent due to 

      provision of tubes.

      Write short notes on thermal rating of transformers.  (Nov.2003)
Unit-4     INDUCTION MACHINES.

      PART- A

1. What are the advantages of cage induction motor over slip ring induction motor?

2. Define dispersion coefficient.

3. State the function of slip ring in the three-phase induction motor.

4. State the choice of ratio of pole arc to pole pitch in induction motor design.

5. What are the advantages of wound rotor induction motor over cage motor?

6. What is the effect of using large air gap on the performance of an induction motor?

7. What possible changes in the design criterion will you suggest to increase the starting torque of a cage machine?

8. List out the factors that determine the choice of air gap length of a 3-phase induction motor.

9. What possible changes in the design criterion will you suggest to reduce the full load slip of a three-phase induction motor?

10. What is the effect of air gap on the leakage reactance of an induction motor?

11. What are the different components of leakage flux in a polyphase induction motor?

12. List out design methods to improve the power factor of induction motor.

13. Discuss the relative merits of open and closed slots for induction motor.

14. Discuss the constructional features of a 3,phase slip ring induction motor rotor.

15. Discuss the leakage fluxes associated with 3 phase induction motors.

16. What are the special features of the cage rotor of an induction machine?

17. What type of starter cannot be used for a cage machine?

18. What is the material used for the slip rings of an induction machine?

19. What are the criteria used for the choice of number of slots of an induction machine?

20. What is integral slot winding and fractional slot winding?

21. State any two rules for selecting rotor slots of squirrel cage machines. (Nov.2003)

22. What is meant by dispersion coefficient? What is the effect of this coefficient on induction motors? (Nov.2003)

23. List out any two standard specifications as per ISI of three-phase induction motor.

24. Sketch the following leakage fluxes in a three-phase induction motor. a) Slot leakage b) overhang leakage flux.

25. Define output coefficient of induction machines.

26. Where mush winding is used?

PART-B

1. Estimate the stator core dimensions, number of stator slots and number of stator conductors per slot for a 100kw, 3300V, 50Hz, 12 pole star connected slip ring induction motor. Assume average gap density =0.4wb/m2; Conductors per metre =25000A/m; Efficiency =0.9; Power factor =0.9 and winding factor =0.96. Choose main dimensions to give best power factor. The slot loading should not exceed 500-ampere conductors.

      Explain the design of rotor bars and slots. (Nov.2003)

2. Explain the design of induction motor using circle diagram. (Nov.2003)

3. Estimate the main dimensions, air gap length, stator slots, stator turns per phase and cross sectional area of stator and rotor conductors for a 3 phase, 15HP, 400V, 6 pole, 50Hz, 975 rpm induction motor. The motor is suitable for star delta starting. Average flux density =0.45wb/m2, specific electric loading =20000 amp. conductors/m. The ratio of core length to pole arc =0.85; full load efficiency =0.9; power factor =0.85.

4. Discuss the various factors to be considered in the design of induction motor. Discuss the end ring current briefly.

5. An 11kw, 3phase, 6 pole, 50Hz, delta connected induction motor has 54 stator slots, each containing 9 conductors. Calculate the value of bar current and end ring currents. The number rotor bars are 64. The machine has an efficiency of 0.85 and a power factor of 0,86 at full load. The rotor mmf is assumed as 84% of stator mmf. Also find the bar and end ring current sections if the current density is 5A/m2.

6. Derive an expression for the equivalent resistance of cage rotor referred to stator per phase of three-phase induction motor.

7. Describe the importance of dispersion coefficient and power factor in the design of induction motor.

      Explain why the air gap of an induction motor is made as small as possible.

8. State and discuss the factors, which influence the ratio of length to diameter of the armature core of a 3phase induction motor.

      Bring out the main difference in the design procedure of a three-phase cage   

      induction motor with three-phase slip ring induction motor.

9. A 3.75kw, 440V, 3phase, 4 pole induction motor with 375 turns per phase in the stator has the following data: rotor slots=30; rotor bar size =8.5x6mm2; length of each bar =12.5cm; end ring size =10x15mm2;mean diameter of the end ring =12.5cm. The bars and end rings are made of copper. Calculate the rotor resistance.

10. Write the step-by-step design procedure for a wound rotor.                          Discuss various considerations to be taken into account while selecting the number of rotor slots in squirrel cage induction motor.

11. Derive an expression for the rotor resistance in terms of its stator winding for a squirrel cage induction motor.

12. From first principles deduce the expression for equivalent resistance of a squirrel cage rotor.

13. Design the stator of a 11kw,4 poles,415V,3phase,50Hz induction motor intended for Ύ-Δ starting. Average flux density in the gap is to be 0.4T and amp. conductors per cm about 250. Obtain the number slots, conductors per slot and conductor cross-section.

UNIT-5   SYNCHRONOUS MACHINES.

PART-A.

1. Mention the uses of damper windings in a synchronous machine.

2. How the value of SCR affects the design of alternator?

3. Define short circuit ratio.

4. State the important features of turbo alternator rotors.

5. What are the advantages of using fractional slot windings in AC machines?

6. What are the advantages of salient pole rotor over cylindrical rotor for a 3phase synchronous machine?

7. Give reasons why a turbo alternator has smaller diameter and larger length?

8. What is meant by SCR of an alternator?

9. What are the factors to be considered for fixing the air gap length for synchronous machines?

10. Mention various methods of cooling large turbo alternators.

11. State the factors for separation of D and L for cylindrical rotor.

12. Write down the output equation of a three-phase alternator.

13. High-speed alternators have a very long armature .Why?

14. Why is the field structure usually made of a rotating member in a 3 phase synchronous machine?

15. Mention the factors that govern the design of field system of alternator.

16. State the factors for separation of D and L for salient pole rotor machine.

17. Discuss how the ventilation and cooling of large high-speed alternator is carried out.

18. Sketch the shape of salient pole rotor for synchronous machine.

19. Sketch the shape of rotor for a turbo alternator.

20. Give typical values of flux density and ampere conductors for large turbo alternators.

21. What are the prime movers used for a) salient pole alternator b) non salient pole alternator?

22. Differentiate between ampere-turns and ampere conductors.

23. List the various methods used for the elimination of harmonics from the generated voltage of synchronous machines.(Nov.2003)

24. What are the effects of air gap length on the performance of synchronous machines? (Nov.2003)

PART-B

1. Determine suitable stator dimensions for a 500KVA, 50Hz, 3Φ, alternator to run at 375 rpm. Take mean gap density over the pole pitch as 0.55T, the electric loading as 250 amp. conductors per cm and assume a peripheral speed not exceeding 35m/s.

2. a) Deduce an expression for the output equation of a synchronous machine (alternator). Also derive its output coefficient.

b) Discuss briefly the factors, which influence the air gap length of a 3phase synchronous machine. 

3. a) Explain the factors taken into account in the design of field winding of a salient

pole alternator.

b) Determine for a 250KVA, 12 pole, 1100V, 500 rpm, 3-phase alternator i) air gap diameter ii) core length iii) no. of stator conductors iv) no. of stator slots v) cross section of stator conductors. Assume average gap density as 0.6wb/m2 and the specific electric loading 30,000 a.c/m. Assume L/( = 1.5

4. Describe the important constructional features of the rotating field systems of 

slow speed alternators and turbo alternators.

      5.   A 500KVA, 3.3kV, 50Hz, 600 rpm, 3 Phase salient pole alternator ahs 200 turns 

per phase. Estimate the length of the air gap if the average flux density is 0.55T, the ratio of pole arc to pole pitch is 0.65, short circuit ratio is 1.5, gap expansion factor is 1.15, mmf required for the gap is 80% of no0 load field mmf and the winding factor is 0.955.

      6.   a) List the considerations in the design of field windings of salient pole machine.

b) Explain what steps are taken to ensure that an alternator shall generate an emf, the waveform of which shall be close to approximation to a sine wave.

7. a) Explain how the open circuit characteristics is to be obtained from the design  

      data for a salient pole alternator.

      b) List the considerations in the design of field windings of salient pole alternator.

8. Discuss the factors leading to the choice of length of air gap in alternator design.

9. a) Explain what steps are taken to ensure that that an alternator shall generate an emf, the waveform of which shall be close approximation to a sine wave.

b) Explain the influence of air gap length on the performance of synchronous machines with regard to i) voltage regulation ii) stability iii) synchronizing power.

10. Derive the output equation of an alternator. Explain the significance of the 

      electrical and magnetic loading factors.

11. a) What is a short circuit ratio as connected with synchronous machines? Mention 

      the usual values and also explain how this ratio affect the cost and performance of    

      an alternator.

      b) In the case of alternators how to decide the length of air gap?

12. A 2-pole 3000-rpm alternator has a core length of 2m. Selecting a mean flux 

      density over the pole pitch of 0.55wb/m2, a specific loading of 260 

      amp. conductors/cm, a peripheral velocity of 100m/sec and an air gap of 2.5cm 

      determine the output obtainable when the average span of the stator coil is 2/3 of 

      pole pitch.

13. a) Explain the choice of specific magnetic and electric loadings of synchronous 

      machines.

      b) The following is the design data available for a 1250KVA. 3 pahse, 50Hz,  

      3300V star connected, 330 rpm alternator of salient pole type:

      Stator bore D=19m; Stator core length L=0.335m; single layer concentric winding 

      with 5 conductors per slot, short circuit ratio =1.2. Assume that the distribution of  

      gap flux is rectangular under the pole arc with zero values in the interpolar 

      region. Calculate (1) specific magnetic loading (2) armature mmf per pole (3) 

      gap density over pole (4) air gap length.

      Mmf required for air gap is 0.88 of no load field mmf and the gap concentration  

      factor is 1.15.

14. a) Estimate the diameter, core length, size and number of conductors, number of slots for stator of a 15 MVA, 11KV, 50Hz, 2 pole star connected turbo alternator with 600 phase spread. Assume Bav = 0.55 wb/m2; ac = 36000A/m; current density = 5A/mm2; peripheral speed 160m/s.

      The winding to be arranged to eliminate 5th harmonics.

      ii) Write short notes on computer aided design.

