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Q.4 Solution













Engineering Tripos Part 1B  

Paper 8, Selected Topics, Section C 

Crib 2014/15  (M Sutcliffe) 

 

6 (a) There is no way to vary the synchronous speed of a cage rotor induction machine because it is not 

possible to make external connections to the rotor. Hence, this sort of machine will rotate at a speed very 

close to synchronous speed, which for a fixed-frequency grid is also fixed. An advantage is the 

simplicity and robustness of this sort of system, a disadvantage is that the tipspeed ratio of the turbine 

will vary as the wind speed varies, and consequently this type of system does not make optimal use of 

the power available at all wind speeds.  

 

b) (i) p = 8 and the generator speed is 60f/p = 6050/8= 375 rpm = 
 
39.3 rad s-l. This assumes that the 

slip is small and so the generator speed is very close to its synchronous speed.  

rP T , and so 62 10 / 39.3 50.9kNmT     

(ii) Assume that the slip is small so that the induction machine impedance is dominated by '
2R s  giving 

the simplified torque equation: 

 

     
22 ' 3

23  so  -50.9 10 3 11000 3 39.3 2  giving 0.0331sT V s R s s        

The phase impedance is      ' '
1 2 1 2+j  =2+2 0.0331 +j 3 3  givingZ R R s X X      

 58.5  6Z j     

   11000 3 58.5 6 108AI V Z j     , angle: -174°  

 

(iii) Gearbox needs to increase turbine speed of 18 rpm to generator speed of 375 rpm giving a ratio of 

375/18 = 20.8. 

 

For part (a), many candidates knew the advantages/disadvantages of fixed-speed wind power, and that 

the induction machine should operate at very low slip and so the speed is essentially fixed for a fixed 

frequency grid. Only a few candidates pointed out that none of the techniques for adjusting the torque-

speed curve are available for a cage rotor induction machine. Most candidates got the torque and speed 

out in part (b), but struggled with the slip and input current, caused by not using the simpler linearised 

version of the torque-slip equation. 
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7 (a) Material selection will depend on a range of issues: 

 

- mechanical performance. Weight reduction at the tower head is important to keep the other components 

light and cheap and to reduce self-weight loading. Also, with rotating parts, there is a danger of 

vibration. Both strength and stiffness are relevant, though the relative importance depends on details, 

specifically the scale of the blade. All of these point to materials with good specific properties such as 

wood, bamboo, CFRP and GFRP. CFRP is particularly good in fatigue, which will commonly be an 

issue.  

 

- manufacturing issues. Key here is the need to shape the component. For the complex aerodynamic 

surface composites are good as they can be laid up over a mould. The size of component and number 

being produced is important. So making only a few may be OK to use a labour-intensive technique, such 

as hand lay-up of composites or hand forming of wood/bamboo parts. But for larger production runs 

some automation will be required, perhaps still involving some laying up of dry material then an 

infusion process. This may constrain the complexity of the component.  

 

- cost is always important. Here a careful analysis needs to be done trading off the reduction in weight of 

the blades with the reduction in cost of other components. But in general it seems that the high 

mechanical demands of larger turbines is pointing these towards increasing amounts of CFRP, while 

smaller turbines the economics are not so favourable.  

 

- sustainability. Need to ensure that the eco-cost of the materials is outweighed by the benefits of the 

power generation. 

 

- corrosion – resistance to weathering, including salt off-shore environment 

 

(b) A time varying signal can be split into loading cycles using the rainflow algorithm: 

 

  Imagine rain flowing down the pagoda roof 

  Rainflow initiates at each peak and trough and drips 

down 

  When a flow-path started at a trough comes to the tip 
of the roof, the flow stops if the opposite trough is more 

negative than that at the start of the path under 

consideration [(1-8], [9-10]. A path started at a peak is 
stopped by a peak which is more positive than the peak at 

the start of the path [2-3], [4-5]. 

  If rain flowing down a roof intercepts a previous 

path, the present path is stopped [3-3a], [5-5a] 

  A new path is not started until the path under 

consideration is stopped 

  Half cycles of loading are projected distances on the 

stress axis [1-8], [3-3a], [5-5a]. This is the data which is 

needed to construct the load history. 

 

Once the individual cycles of loading have been calculated, a spectrum of loading can be characterised 

by binning the cases into different mean stress and stress amplitude, or by fitting the data to 

mathematically distribution functions such as the exponential or Raleigh distributions. 

 

[(a) Discussion of materials considerations tended to cover only part of the range of factors which are 

important, with cost and manufacturing often being omitted. The effect of scale on materials choice was 

also rarely mentioned. (b) Reasonably well done, with plausible sketches in the main. (c) The analysis was 

relatively straightforward and done fine by many people.] 
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