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Literature Review

frontal area to get the force. Then multiplyi; this force by distance covered to get the

energy and subsequently dividir ~ this energy by the unit time over which it is measured.

This process is outlined in Equations 1 to 2.4.

Dynamic Pressure:

p=05*%p*p? [2.1]

Force:
p*A=05*%p*V?* 4 [2.2]

Energy:
E=F*AL [2.3]

Power:

P:Aﬁt I %:F*V:O.s*p*V‘*A

P=0.5*%p* A%V’ [2.4]

where,

p = dynamic pressure
p = density of the air

V = wind speed

F = force
E = energy
P = power

A = cross-sectional area of the wi
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Literature Review

inserts into the fiberglass, it was shown that each of the cold temperature tests excee :d

t life of the ambient temperature [Laakso  al 2003].

Overspeed can be suppressed by pitch control but experience has shown this alone to be
insufficient in mountainous areas and difficulties arise. A solution is to employ an electric
load brake control for SWTs that connects i mediately when a rotor revolution sensor
detects increasing acceleration, giving pitch g time to respond, at which time the lo |

brake is disconnected [Ichikawa er al 2001].
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Turbine Failure Analysis

broken nacelle pieces. owever, four of the five nacelles were coated in paint, which

may be masking additional cracks.

4.6.1.1. Dye Penetrant Test

A dye penetrant test was conducted on the one turbine specimen that was not painted. As
per Figure 4.11, both sides of the fracture were tested using Fault-Finder’s three step
product (cleaner, penetrant and «  :loper). Only one crack was found and can be seen in
Figure 4.11. This crack was exp  d, as brittle failures tend to have extra cracking and
separation of smaller pieces. Ift  two specimens below, which came from the same
nacelle, are place together there are small gaps where lost fragments were likely to have

been.
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Turbine Failure Analysis

Table 4.4 — Tensile Test Run Details

Run No. | From Turpine | Rate (mm/min) | Temperature (°C)

1 0 200 23.1
2 3 6 23.1
3 4 6 0.5

4 5 A n A

5 3 ) -1/.3
6 4 6 -17.1
7 6 200 -0.4
8 5 200 -21.0

48.2. Tensile Testing Results

A summary of the results of the t  ile tests can be found in Figures 4.14 and 4.15 and
Table 4.5. The ‘Point« Failure’ in Table 4.5 refers to the maximum point before failure
on the respective curves. The extension iad curve in Figures 4.14 and the stress-strain
curve in Figure 4.15 both show rel  vely consistent failure loads and mechanical

properties, regardless of loading conditions.





















T bine Failure Analysis

Other influences that may have an impact on the state of stress within the nacelle include:
the partial coning (flexure) of the blades as they are struck by the wind and the resultant
decrease in swept area, the elasticity of the rubber stop (temperature dependent), and the

frictional resistance of the furling and yaw | ots.

4.9.1. Quasi-Static Loading

As there are few quantifiable details known about the dynamic interactions involved 1
furling, a first order calculation of static loading may provide some insight into the level
of influence of both static and dynamic considerations. The material strength is
documented (Section 4.8) and the position @ | action of the turbine at the time of failure
has been surmised (Sections 4.4, 4.5 and 4.6). Thus it is possible to approximate the
upper-bound wind loading on the unit at the time of failure based on a quasi-static force
equilibrium calculation. For this calculation it is assumed that the wind loading scenario
involves the slow and steady growth in wind speed which first brings the machine to the
full furl position without impact and then continues to grow until the unit fails. Dynamic

interactions are omitted for the purposes of reducii  this calculation to quasi-statics.

A simplified free body diagram of the unit in the furled position is shown in Figure 4.18
whereby the moment arm for the wind loading point, and rubber stop are provided. In this
analysis it is further assumed that the wind load on the turbine blades creates only a point

load on the rotor hub at the positic  shown as point A. This assumption is conservative as
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Field Trials

5.3.4. Data Acquisition

Experience in fieldwork has shown that simple and robust data acquisition systems are
most suitable for consistent and r e rest s, especially for the relatively simple
information desired during the tests  question. The downside is low data resolution,
which may result in the inability to capture higher order effects and subtleties that may be

captured by a more sophisticated system.

The turbine controller display w  mounted along with the anemometer display on top of
the laptop screen. A live video :d  m the camera trained directly on the turbine was
fed into the laptop and was shown alo1r  side the other displays. A second video was
taken of the entire data display : 1p and recorded onto a tape. This tape was then
manually analyzed frame-by-fre = to capture the da by transferring it to a spreadsheet.

Figure 5.4 shows a screen shot of the data display setup.
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Conclusions

6. Conclusions and Recommendations

This work covered a range of investigation into the failure and survivability of the

WH100 at hilltop locations in Labrador.

A statistical analysis of site-specific parameters indicated the best indicators of turbine
failure potential at a given site were found to be wind speed and turbulence. A strong and
significant positive correlation was found between turbine failure and these factors. A
regression analysis failed to produce a useful predictive model and recommendations
were made to Bell-Aliant for a mo recific data collection program, which has : -eady
begun. Once relevant data has been  tured, the stated objective of developing a

quantitative tool for evaluating si  suitabili can be achieved.

A brittle, flexural failure of the nacelle was und to be the most common catastrophic
failure experienced by the WH100. The cra. initiates from a single furling occurrence
causing stress to concentrate in a notch designed into the cast nacelle. The crack
propagates immediately to the other side, s¢ rating the top portion of the nacelle into
two pieces. This failure is most likely to occur at low temperatures during periods of very

strong steady winds, or extremely 7 winds.

In an attempt to mitigate the above f ure, a test program was undertaken, whereby the

effect of modifying blade length on : turbine’s response characteristics was
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Appendix A

Appendix A — Daily Cumulative Wind Turbine Power Output from

Bell-Aliant
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Appendix B

Appendix B — Stress-Strain Curves from Tensile Tests
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Appendix C

Appendix C — Quasi-Static C Iculations for Wind Speed at

Failure
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Appendix C

The expression for extreme fiber str  in an element subjected to bending 1s:

[B.1]

where,

o = Normal bending stress

M = Applied moment at distance y from the neutral axis

y = Perpendicular distance to the utral axis

1=4.871x10° m* = Moment of i a about the neutral axis, calc ated by discretizing

the failure cross-sectic into rect: ;and plying the parallel axis theorem

If it is assumed that the stress 1ced at the notch is equivalent to the ultimate
strength determined by experiment (244 Ml ) then the moment required to fail the
structure at point C is 55.93 kNm. By analyzing the free body diagram of Figure B.1 it
can be shown that the M resultii - from the above equation results from a loading at point

A equivalent to 1067.21 kN.
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Appendix C

Fzép*Vz*Cd*A [B.2]

where,

F = Force exerted on structure = 1067.21 kN

p = Density of the air assumed to be 1.225 kg/m’
V = Wind speed (m/s)

C4 = Drag coefficient ¢ turbine rotor = 0.6

A = Area of the rotor perpendicular to wind direction = 1.4378 m’

Thus the equation for wind force be  nes F = 0.537 * V? and the wind speed is
computed as 1409.75 m/s. If the _ yusly  scussed stress concentration factor of 7 is
taken into account the normal bei stress at failure 1s seven times less (i.e. 244/7 =
34.86). This influence carries through to the moment-force calculation giving a loading at
point A equivalent to (1067.21,,, 1 46 kN and considering the simplified equation

relating force and wind speed tt w  spee at failure becomes 532.8 m/s.
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