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Abstract- A significant challenge designers of tidal stream 

turbines face is ensuring that the device can survive the harsh 
operating environment.  Understanding the effect of the onset 
flow structure on the loading spectrum of the blades will lead to 
improved blade designs.  The results of a preliminary 
parametric analysis suggest that the mean flow speed, 
longitudinal turbulence intensity, wave state and depth of hub 
relative to the channel depth are dominant drivers of the blade 
loads for horizontal-axis tidal turbines. They should therefore be 
accurately modeled in both fatigue and extreme load analyses. 

 

I. INTRODUCTION  

The ocean's tidal streams are an attractive and relatively un-
utilized source of renewable energy.  In recent years 
considerable development of the tidal stream turbine industry 
has been observed.  A plethora of devices have been proposed, 
a number of which are now being tested at full scale [1].  

However, the harsh, unsteady flow poses significant 
challenges for turbine developers as they attempt to ensure 
that a service life of at least 20 years is met. Critical 
components of horizontal axis type devices are the blades, 
which experience a high number of cycles of variable 
amplitude and frequency, and are commonly manufactured 
from composite materials.  Since the fatigue life of 
composites is very sensitive to the loading spectrum, errors in 
characterizing the loads can result in premature failures.  To 
minimize such a risk there are reports of turbine designers 
over-engineering the blades, in some cases by up to 30 
percent [2], adding considerable cost to the device.  
Obviously, gaining confidence in the blade loading spectrum 
is critical if the blades are to be optimized.  

In 2007, McCann [3] performed a parametric analysis on a 
generic 2MW horizontal axis, variable speed tidal turbine to 
investigate the effect of the turbulence intensity and wave 
state, and found that the blade root fatigue loads were very 
sensitive to both.  A year later, McCann et al. [4] used site 
specific data from the European Marine Energy Centre 
(EMEC) [5] to again demonstrate the importance of 
understanding the nature of the turbulence intensity and 
waves on the blade loads.  Their work also provides useful 
measurements of the likely structure of the onset flow 
structure at a tidal stream energy generation site, in terms of 
the turbulence intensity, shear profile and wave state.  Using 
both numerical models and experimental testing of a scale 

turbine, Barltrop et al. [6] have also shown that increasing the 
wave period leads to greater root bending moments.  However, 
additional literature pertaining to the characterization of tidal 
turbine unsteady hydrodynamic loads and the relative effect 
of site parameters is scarce.  

This paper attempts to provide further insight into the 
dominant hydrodynamic drivers of the tidal turbine blade 
loads.  The analyses consider not only the sensitivity of the 
blade loads to the turbulence intensity and waves, but also the 
sensitivity to the magnitude of the horizontal mean flow and 
its distribution, vertical shear profile, yaw angle, turbulence 
length scales, and hub height relative to the channel depth.  A 
500kW horizontal axis tidal turbine is used in the analyses, 
which is considered to be representative of the size of devices 
currently being designed.  Where appropriate, comparisons 
are made against wind turbine blade loads, for which 
considerable knowledge now exists. 

 

II. NUMERICAL MODELING 

A. GH Tidal Bladed 
The analyses presented in this paper have been performed 

using the commercially available software Tidal Bladed by 
Garrad Hassan [7].  Tidal Bladed is able to simulate the blade 
load response in the time domain, allowing for complex and 
non-linear interactions between the flow, structural dynamics, 
and the control system.  It is an adaption of the software 
Bladed for wind turbines, and has undergone its own 
validation study [8]. 

The hydrodynamic modeling that forms the basis of Tidal 
Bladed is a combination of blade element and dynamic inflow 
theory.  The dynamic inflow model is based on the work of 
Pitt and Peters [9] which introduces a time dependent 
apparent mass into the momentum equation.  It therefore 
accounts for the time it takes for changes at the rotor plane to 
build up in the wake.  The three dimensional turbulent flow-
field encompasses the rotor plane and is generated by Tidal 
Bladed in normalized form, as unit-variance deviations from 
the mean velocity.  The turbulence intensity can be therefore 
be adjusted separately by scaling the deviations. 

 
B. Wave Modeling 

In lieu of an inbuilt model for wave-current interaction for 
irregular waves in Tidal Bladed, a program has been written 
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by the authors in Matlab to create the relevant velocity time 
history, which is then input back into Tidal Bladed.  The 
wave kinematics are modeled using linear wave theory and 
the wave-current interaction is considered to cause a shift 
between the observed and apparent wave frequencies, while 
the wave height remains constant as per ISO 19901-1 [10].  
The wave height spectrum conforms to the JOint North Sea 
WAve Project (JONSWAP) model given by Goda [11] and 
the superposition method is utilized to synthesize the irregular 
wave train.  With this method, the horizontal u and vertical w 
wave induced velocities observed at a fixed horizontal 
location x and distance z below the mean water surface at 
time t can be expressed as 
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where d is the depth of the channel, located at z=−d, kn (=2π 
/Ln) is the wave-number and Ln is the wave-length, ωin 
(=2π/Tin) is the intrinsic angular frequency and Tin the intrinsic 
wave period, ωn (=2π/Tn) is the observed angular frequency 
and Tn  the observed wave period. The amplitude is computed 
from cn= 22

nn ba +  and phase φn = tan-1(bn/an), where an and 
bn are independent random variables distributed normally 
around zero with the standard deviation σn = ( ) inin dS ωω  , as 
discussed by Morooka and Yokoo [12].  S(ωin) is the wave 
spectral density.  Wheeler stretching [13] is also employed, 
such that the kinematics are adjusted to the instantaneous free 
surface.  

The observed and intrinsic wave angular frequencies are 
related through the Doppler shift, 
 

 Uknnin += ωω  (3) 
 
where U  is the depth averaged mean flow velocity in line 
with the wave train.  The intrinsic angular wave frequency is 
related to the wave number through the dispersion equation, 
which is expressed as, 
 

 ( )dkgk nnin tanh2 =ω  (4) 
 

For the cases analyzed where there is combined turbulence 
and waves, the wave velocity time history is superimposed on 
the turbulence velocity time history created internally in Tidal 
Bladed. 
 

III. TURBINE SPECIFICATIONS 

The turbine incorporates a single horizontal-axis tri-bladed 
rotor which rotates at a constant speed of 15.5 RPM.  
Constant speed turbines have an advantage over variable 
speed devices in that they do not require a frequency inverter.  

However, since constant speed machines only operate at 
maximum efficiency for one flow speed, the device loading 
can be more severe.  

The 6.25m long blades are based on those designed by UK 
tidal turbine developer, Tidal Generation Limited [14] who 
are currently performing full scale testing of their device.   
The chord, twist and thickness distribution is non-uniform, 
with a maximum chord of approximately 1.8m near the root 
and the twist varying from 35° at the root to 10° at the tip, 
with reference to the in-plane direction. In this study the 
sectional profiles conform to the NACA 44XX series, with 
the thickness varying from approximately 35 to 15 percent of 
the chord.  These airfoils were successfully used for Marine 
Current Limited's SeaFlow turbine blades [15] and were also 
recommended as being suitable for tidal turbines by Myers 
[16], in an investigation into the operational characteristics of 
tidal turbines.  

Since only limited airfoil data exists for thick sections the 
two dimensional airfoil properties were obtained numerically 
using XFOIL [17], which employs a linear vorticity stream 
function panel method. Previous researchers have compared 
the XFOIL lift and drag predictions for NACA 4415 section 
with published data [18].  Generally good agreement has been 
found for the lift coefficient prior to stall, though the 
magnitude of the predicted drag coefficient is lower than what 
has been measured experimentally. 

The turbine operational characteristics in a steady, uniform 
flow are presented in Fig. 1.  The cut-in onset flow speed is 
approximately 1.2m/s and rated power is obtained at 
approximately 2.6m/s.  The dominance of the root out-of-
plane bending moment My over that of the in-plane moment 
Mx can also be observed.  The device is assumed to be 
standalone and blockage is not considered. 
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Figure 1. Blade root bending moments and turbine electrical power for a 
steady flow speed 



IV. PARAMETERS ANALYZED 

A. Mean hub-height velocity 
The first onset flow constituent considered is that of the 

longitudinal mean velocity at hub-height.  Two values are 
considered: Uhub=1.75m/s and 2.25m/s.  Referring to Fig. 1, at 
these velocities the turbine is generally operating in the 
below-rated region.  These hub-height flow speeds are also 
considered representative of those which a typical tidal 
turbine would operate in, and are equivalent to surface 
velocities of 1.93m/s and 2.48m/s respectively, assuming a 
hub height of zhub=15m above the seabed and, as discussed 
below, a 1/7th vertical shear power law.  An example of the 
hub height variation in flow speed and the corresponding root 
out-of-plane bending moment, as a function of time, is shown 
in Fig. 2.  

 

B. Vertical shear 
The non-uniform profile arises from the seabed imparting a 

shear force on the flow. During one revolution the blades will 
experience a variation in the mean onset velocity and 
therefore the magnitude of the turbulent fluctuations.  
Although it is only an approximation, a power law is 
commonly used to describe the vertical shear profile, which 
can be expressed as 
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The exponent α is often assumed to be equal to 1/7. 

However as McCann et al. [4] showed, it can vary between 
sites, with a more severe profile which closely correlated to 
α=1/5 measured at EMEC.  Noting this, four shear profiles 
have been considered for this analysis defined by α=0, 1/10, 
1/7 and 1/5. 

The effect of the shear profile on both the horizontal 
velocity observed by the blade and the corresponding 
variation in root bending moments can be inferred from Fig. 3.  
The effect of rotational sampling can also be observed, 
whereby the velocity fluctuation incident on the rotating blade 
section is greater than that observed at the hub. This is due to 
the rotor slicing through multiple eddies during one 
revolution, contributing significantly to the unsteady loads.  

 
C. Yaw angle 

While many tidal streams are assumed bi-directional, this is 
not the case at all sites.  The ebb and flood tidal streams in 
such locations as the Cook Strait in New Zealand and Hudson 
Strait in Canada differ in direction by around 25°, while the 
Portland Bill in the UK experiences an extreme 35° shift [19].  
Tidal turbines which incorporate a yaw degree of freedom can 
realign the rotor plane with the mean flow, however there are 
examples of proposed devices which do not have this feature.  
Divett et al.  [20] recently highlighted the potential loss in the 
annual energy extracted from tidal turbines which operate in 
non bi-directional currents, and there will also be implications 
on the device loading.  

Three azimuthal angles to the rotor plane are considered in 
the analysis, ranging from a relatively small and possibly 
common yaw error of θ=10°, to more severe θ=30°.  For these 
yaw angles the mean longitudinal velocity will be equal to 
0.98, and 0.87Uθ=0° respectively, which will reduce the 
magnitude of the longitudinal turbulent velocity fluctuations 
by a corresponding amount.  This misalignment will also 
mean that the longitudinal and lateral turbulence components 
will both have components in the turbine axial direction, and 
in the direction of the rotor plane. 

 
D. Turbulence intensity and length scales 

As for wind turbines, tidal turbine blade loads are 
considered to be highly sensitive to the turbulence intensity.  
In the parametric analysis conducted in references [3] and [4] 
the turbulence intensities analyzed ranged from 5 to 12 
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Figure 3. Time history of u as observed by the rotating blade and 
corresponding blade root My, as a function of α, for Uhub=1.75m/s. 
TIu=7.5% 
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Figure 2. Time history of u measured at the hub and corresponding blade 
root My, as a function of two mean flow speeds. TIu=7.5% 



percent, and approximately 9 to 12 percent respectively,  the 
latter ranges being representative of that measured at hub 
height for the EMEC site.  Noting these ranges, the analyses 
performed herein consider three longitudinal turbulence 
intensities: TIu=7.5%, 10% and 12.5%, where the ratio 
TIu:TIv:TIw=1:0.8:0.6. To analyze the effect of the lateral and 
vertical turbulence intensities, the longitudinal turbulence 
intensity is held constant at 7.5% and TIv is varied between 
6% and 10% whilst TIw is varied from 4.5% to 7.5%.  

As no underwater turbulence spectral model currently 
exists for these types of sites, the turbulent flow field is 
synthesized according to the improved von Karman spectrum 
[21], commonly used for atmospheric turbulence.  In the 
absence of precise measurements of the turbulent flow field 
structures at a typical tidal turbine site, reference [4]  shows 
reasonable agreement between the synthesized spectrum and 
the measured data available. With the improved von Karman 
model the turbulence integral length-scales, as well as being 
functions of the mean flow speed, are dependent on the 
roughness length z0 and, due to Coriolis forces, also the 
latitude. To avoid independently examining the effect of the 
nine length scales, xLβ, yLβ and zLβ (where β=u,v,w), z0 was 
selected as the independent parameter. In all the analyses 
performed, the latitude was held constant at 50º and the 
roughness length was varied from 3x10-3 m to 3x10-5 m. 
Under these conditions, for mean flow speeds of 
Uhub=1.75m/s and 2.25m/s at a hub height of 15m, the integral 
length-scale for the longitudinal component of turbulence in 
the horizontal direction, xLu, varies from approximately 28m 
to 10m and 35m to 14m respectively.  These ranges 
encompass the length-scales proposed by Nezu and 
Nakagawa [22] for open channel turbulence, in which they 
use the approximation xLu ≈0.8d. 

 
E. Wave state and hub height relative to channel depth 

The analyses performed in this paper consider an irregular 
wave train that is in-line with the rotor axis and traveling in 

the same direction as the current.  As previously stated, the 
JONSWAP spectral model is utilized in the calculation of the 
wave kinematics.  Two combinations of significant wave 
height Hs=1m and 2m, and intrinsic peak spectral period 
Tp=3s and 6s are analyzed, which again from reference [4], 
are deemed representative of that which is typically observed 
at the EMEC tidal stream site.  Since the severity of the wave 
induced loads will vary with depth through the water column, 
the analyses have considered two hub heights zhub=15m and 
20m above the seafloor, with the channel depth assumed 
constant at d=30m.  

As a preliminary indication of the likely affect of the waves 
and hub height, a surface plot of the magnitude of the 
longitudinal wave particle velocity oscillation is shown in Fig. 
4, as given by (6), which is a function of wave period and 
distance from the free surface,   
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For a hub 15m from the free surface; the effect of an 

intrinsic wave period of 3s is unlikely to be noticeable except 
possibly by the tips of the rotor as it passes top-dead-center; 
in contrast to a wave period of 6s where the wave is likely to 
be felt across the entire rotor plane and therefore induce a 
noticeable load.  For a hub 10m from the free surface; a wave 
period of 3s is still likely to only affect the rotor as it passes 
near top-dead-center; whilst for a wave period of 6s the 
magnitude of oscillations and hence the loading is likely to be 
much more significant. 

 

V. RELATIVE EFFECT OF PARAMETERS ON FATIGUE AND 
EXTREME LOADS 

 
In this section the root-bending moment fatigue and 

maximum loads for the various cases are compared to provide 
a preliminary indication of their relative importance.  The 
analyses are performed by varying one parameter at a time, 
whilst the remaining parameters are held constant at the 
baseline values stated in Table 1. To reduce the number of 
simulations, as a first approximation, interaction between the 
independent parameters is neglected, except for the wave 
state and hub height interaction. The loads have been 
computed as averages from multiple ten-minute simulations.  
 
A. Fatigue loads 

Damage equivalent loads (DELs) are used to equate the 
damage which would be expected from a variable loading 
time history to that which would inflicted by a single 
amplitude sinusoidal load applied at a given frequency.  The 
damage is predicted using Palmgren-Miner linear cumulative 
damage law [23] and the number of cycles to failure is 
obtained using a power law representation of the stress-
number of cycles (S-N) curve for the material.  Although the 
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Figure 4. Magnitude of water particle oscillation due to surface waves 
as a function of intrinsic wave period and distance from the free surface 
for a 30m deep channel 



power law formulation is independent of the mean stress, it is 
considered a good first approximation for this analysis. The 
power law also has the advantage that the DELs can be 
calculated in terms of load and not stress, such that the root 
geometry can be neglected. The DEL can be expressed as, 
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where m is the slope of the material S-N curve, ni is the 
number of cycles at load Li, which in this case is the root-
bending moment, T is the period of time considered and f is 
the frequency at which the equivalent load is applied.  

The comparison of the DELs for various onset flow 
parameter cases is shown in Fig. 5.  The results have been 
normalized by a load case conforming to a hub height mean 
current speed of 1.7m/s and the baseline parameters as given 
in Table 1, for which a 1Hz DEL of 109 kNm is predicted.  

The preliminary results indicate that the mean flow velocity, 
longitudinal turbulence intensity, wave state, and relative 
height of hub are the primary drivers of the fatigue loads. The 
vertical shear, yaw angle, lateral and vertical turbulence 
intensities, and turbulence length scales appear to have only a 
secondary influence.  

The importance of the turbulence intensity agrees with that 
demonstrated by McCann [3] and McCann et al. [4] and with 
that which would be expected in the wind turbine industry 
[24]. In terms of the length scales, while all nine turbulence 
components were simultaneously varied, their general effect 
appears to be comparatively minor. In respect to the effect of 
wave state and hub height, the results correlate well with that 
inferred from Fig. 4. Waves with a period of 3 seconds are 
unlikely to penetrate to a sufficient depth to inflict a 
noticeable load of the blade, whilst waves with periods of 6 
seconds will; with the latter effect enhanced when the hub is 
closer to the surface. As expected, an increase in wave height 
will increase the velocity perturbation magnitude and hence 
inflict a greater load.   

The relatively low sensitivity of the blade loads to the 
vertical shear suggests that it is less influential for tidal 
turbine loads than for wind turbine loads, where it is typically 
considered to be an important parameter. However, this could 
possibly be explained by the considerable difference in rotor 
diameters between a tidal turbine and a modern-wind turbine, 
the latter which typically has a diameter exceeding 60 m. In 
terms of the effect of yaw, since angles exceeding 30° are 
expected to be rare, it may also be concluded that a slight yaw 
angle in the order of 10° will generally be insignificant in 
terms of both fatigue and extreme loading. 

Figure 5. Comparison of blade root My fatigue loads for various onset flow parameters 
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Figure 6. Comparison of blade root My maximum loads for various onset flow parameters 
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TABLE I 
BASELINE FLOW FIELD 

α 1/7 
θ 0° 

TIu:TIv:TIw
 7.5:6:4.5 % 

z0
 3x10-3 m 

zhub 15m 
Hs,Tp 0,0 

 
 

B. Maximum loads 
The comparison of the maximum loads for various onset 

flow parameter cases is shown in Fig. 6.  The results have 
also been normalized by the same simulation case as above, 
for which a maximum load of 238 kNm is predicted.   

Similar trends as for the fatigue loads can be observed, with 
the mean flow speed, longitudinal turbulence intensity, wave 
action, and hub height having the most significant affect.  
However the effect of the shear exponent, appears to less 
pronounced than for fatigue, whereas the effect of yaw error 
is more significant. 

 

VI. COMPARISON OF LOAD DISTRIBUTIONS 

The Rainflow cycle counted load distributions have been 
analyzed as a means of explaining the relative effect of the 
various inflow parameters on the DELs.  As previously stated, 
although the mean load will likely have an influence on the 
blade fatigue, the form of the DEL expressed by (7) is a 
function of load range only.  Hence only the range 
distribution has been analyzed.  

The root out-of-plane bending moment range count 
distribution, for two cases of mean hub height velocity, are 
compared in Fig. 7(a).  It can be observed that the magnitudes 
of the low cycle, high load portion are increased with increase 
in velocity.  Similar trends can be noted for cases where the 
turbulence intensity is increased, as shown in Fig. 7(b).  In 
contrast there is a relatively small change in the high load 
portion for a change in vertical shear profile exponent, as is 
depicted in Fig. 7(c). 

To identify which features of load distribution have an 
effect on the DELs, the variable niLi

m has been computed. Its 
cumulative value, as a function of cycle range for the case of 
varying velocity, is shown in Fig. 8. For fiberglass composites 
with m=10, the low cycle, high load portion dominates. 
Hence the high load region is the primarily driver of the DEL, 
with the main body of the range distribution having 
comparatively little contribution.  The importance of the low 
frequency, high-load region for materials with high S-N slope 
exponents was discussed by Sutherland [24] in the wind 
turbine fatigue context.  It is this part of the tidal turbine blade 
load spectrum to which significant attention should therefore 
be directed.  This explains why the DELs are so much more 
sensitive that the maximum loads to variations in mean 
velocity, turbulence intensity, wave state and hub height, 

since compared to, e.g. the shear exponent, there is a 
relatively greater change in the low cycle, high-load region of 
the curve by the former group of parameters. 
 

VII. LIFETIME FATIGUE DAMAGE ANALYSIS 

The results so far have indicated that the mean flow speed 
is a dominant driver of the blade loads.  However, the relative 
percentage of time that the turbine will be exposed to each 
mean flow speed may also have an influence.  The variation 
in mean tidal flow is predicted from a model previously used 
by Fraenkel [25] and Nicholls-Lee and Turnock [26], which 
combines a spring-neap, or lunar cycle (T0=353 hr) and a 
diurnal cycle (T1=12.5 hr). Combining the model with the 
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Figure 7. Blade root My range count distributions as a function of: (a) Uhub  (b) 
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power law shear profile, the hub-height mean velocity can be 
expressed as, 
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The parameters K0=

2
ns UU +  and K1=

2
ns UU − , where Us and 

Un are the spring and neap tidal velocities respectively. 
For this analysis, four hub height flow speeds: Uhub=1.5m/s, 

1.75m/s, 2.00m/s and 2.25m/s have been considered, again 
with the background flow parameters as given in Table 1. The 
proportion of hours that these speeds are experienced over a 
spring-neap cycle are computed using (8) and are shown in 
Fig. 9, for four combinations of Us and Un. 

The relative effect of the velocity distribution on the loads 
has been analyzed in terms of lifetime DELs. The Rainflow 
cycle counted range distribution counts are weighted by the 
probability of occurrence of the time each mean flow speed is 
experienced, i.e. ni=[nU,iTU/Ttotal], where TU is the duration of  

TABLE II 
EFFECT OF THE MEAN FLOW DISTRIBUTION ON DELS 

Site characteristics Normalized 
DEL 

Us=2.5 m/s, Un=1.0 m/s 1 
Us=2.5 m/s, Un=1.5 m/s 1.03 
Us=3.0 m/s, Un=1.0 m/s 1.03 
Us=3.0 m/s, Un=1.5 m/s 1.05 

 
time in which the particular flow speed is experienced and 
Ttotal is the total duration of time considered.   

The DELs for the four cases are presented in Table 2, 
which have been normalized by the DEL for Us=2.5m/s and 
Un=1.0m/s. Whilst above-rated conditions have not been 
considered, the results suggest that the mean flow distribution 
has a relatively minor affect on the fatigue loads. 
 

VIII. CONCLUSIONS 

The results of the preliminary sensitivity analysis suggest 
that horizontal mean flow speed, longitudinal turbulence 
intensity, wave state and relative height of hub compared to 
channel depth are the most dominant parameters influencing  
the blade root fatigue and maximum loads. They therefore 
should be accurately modeled in a loads assessment. 

In terms of understanding the fatigue loads, these dominant 
parameters tend to produce the greatest increase in the 
magnitudes of the loads in the high load, low cycle portion of 
the loading distribution. Like composite wind turbine blades, 
it is this region which, although it has a relatively low 
occurrence, contributes a disproportionately high amount to 
the fatigue damage.  

The mean velocity distribution appears to have a relatively 
minor influence on the blade load lifetime damage. However, 
the analysis has not considered mean flow speeds above rated, 
which would result in increased loading. 

 

ACKNOWLEDGMENT 

I.A.M acknowledges the financial assistance provided by 
the New Zealand Tertiary Education Commission for this 
PhD research. The use of Tidal Bladed by Garrad Hassan and 
Partners, and the blade specifications from Tidal Generation 
Limited and Aviation Enterprises Limited [27] is also 
gratefully acknowledged. 
 

REFERENCES 
 
[1] F. O Rourke, F. Boyle, and A. Reynolds, "Tidal energy update 2009," 

Applied Energy, vol. 87, pp. 398-409. 
[2] G. Marsh, "Wave and tidal power -- an emerging new market for 

composites," Reinforced Plastics, vol. 53, pp. 20-24, 2009. 
[3] G. N. McCann, "Tidal current turbine fatigue loading sensitivity to 

waves and turbulence-a parametric study," in 7th European Wave and 
Tidal Energy Conference Porto, Portugal, 2007. 

[4] G. McCann, M. Thomson, and S. Hitchcock, "Implications of Site-
Specific Conditions on the Prediction of Loading and Power 
Performance of a Tidal Stream Device," in 2nd International 
Conference on Ocean Energy Brest, France, 2008. 

[5] "European Marine Energy Centre, "  Orkney, UK, www.emec.org.uk. 

0 100 200 300
0

50

100

Cycle range (kNm)

Cu
m

ul
at

iv
e 

nL
m

 (%
)

 

 

Uhub=1.75 m/s
Uhub=2.25 m/s

Figure 8. Blade root My cumulative niLi
m

 
as a function of Uhub 

1.5 1.75 2 2.25
0

5

10

15

Mean flow speed at hub (m/s)

O
cc

ur
an

ce
 o

f t
ot

al
 ti

m
e 

(%
)

 

 

Us=2.5m/s,Un=1m/s
Us=2.5m/s,Un=1.5m/s
Us=3.0m/s,Un=1m/s
Us=3.0m/s,Un=1.5m/s

 
Figure 9. Mean hub-height velocity distribution, as a function of spring and 
neap currents 



[6] N. Barltrop, K. S. Varyani, A. Grant, D. Clelland, and X. Pham, 
"Wave-current interactions in marine current turbines," Proceedings of 
the Institution of Mechanical Engineers -- Part M -- Journal of 
Engineering for the Maritime Environment, vol. 220, pp. 195-203, 
2006. 

[7] E. A. Bossanyi, "GH Tidal Bladed Theory Manual," Garrad Hassan 
and Partners Limited 2008. 

[8] A. S. Bahaj, W. M. J. Batten, and G. McCann, "Experimental 
verifications of numerical predictions for the hydrodynamic 
performance of horizontal axis marine current turbines," Renewable 
Energy, vol. 32, pp. 2479-2490, 2007. 

[9] L. Pitt and D. A. Peters, "Theoretical prediction of dynamic inflow 
derivatives," Vertica, vol. 5, 1981. 

[10] ISO, Petroleum and natural gas industries- Specific requirements for 
offshore structures- Part 1: Metocean design and operating 
considerations, First Edition ed. vol. ISO 19901-1: ISO, 2005. 

[11] Y. Goda, "A review on statistical interpolation of wave data," Port and 
Harbour Research Institute 1979. 

[12] C. K. Morooka and I. H. Yokoo, "Numerical simulation and spectral 
analysis of irregular sea waves," International Journal of Offshore and 
Polar Engineering, vol. 7, pp. 189–196, 1997. 

[13] J. D. Wheeler, "Method for Calculating Forces Produced by Irregular 
Waves," Journal Of Petroleum Technology, vol. 22, pp. 473-486, 1970. 

[14] "Tidal Generation Limited,"  Bristol, UK,  www.tidalgeneration.co.uk. 
[15] P. Fraenkel, "Marine current turbines: pioneering the development of 

marine kinetic energy converters," Proceedings of the Institution of 
Mechanical Engineers, Part A: Journal of Power and Energy, vol. 221, 
pp. 159-169, 2007. 

[16] L. Myers, "Operational parameters of horizontal axis marine current 
turbines," Ph.D. dissertation, University of Southampton, Southampton 
2005. 

[17] M. Drela, "XFoil: an analysis and design system for low Reynolds 
number airfoils," in Conference on Low Reynolds Number Airfoil 
Aerodynamics University of Notre Dame, Indiana, 1989. 

[18] A. F. Molland, A. S. Bahaj, J. R. Chaplin, and W. M. J. Batten, 
"Measurements and predictions of forces, pressures and cavitation on 
2-D sections suitable for marine current turbines," Proceedings of the 
Institution of Mechanical Engineers, Part M: Journal of Engineering 
for the Maritime Environment, vol. 218, pp. 127-138, 2004. 

[19] R. F. Nicholls-Lee and S. R. Turnock, "Enhancing Performance of a 
Horizontal Axis Tidal Turbine using Adaptive Blades," in OCEANS 
2007 - Europe, 2007, pp. 1-6. 

[20] T. Divett, R. Vennell, and C. Stevens, "Maximising energy capture by 
fixed orientation tidal stream turbines in time-varying off axis current," 
in Australasian Coasts and Ports Conference, Wellington, New 
Zealand, 2009, pp. 1-6.  

[21] ESDU, Characteristics of atmospheric turbulence near the ground. 
Part II: Single point data for strong winds (neutral atmosphere): 
EDSU 85020. Engineering Sciences Data Unit, UK, 1985 (amended 
1993). 

[22] I. Nezu and H. Nakagawa, Turbulence in Open-Channel Flows: 
A.A.Balkema, 1993. 

[23] M. A. Miner, "Cumulative damage in fatigue," Transactions of the 
American Society of mechanical Engineers, vol. 67, pp. A159-A164, 
1945. 

[24] H. Sutherland, "On the fatigue analysis of wind turbines," Sandia 
National Laboratories, Albuquerque, New Mexico 1999. 

[25] P. L. Fraenkel, "Power from marine currents," Proceedings of the 
Institution of Mechanical Engineers, Part A: Journal of Power and 
Energy, vol. 216, pp. 1-14, 2002. 

[26] R. F. Nicholls-Lee, S. R. Turnock, and S. W. Boyd, "Performance 
prediction of a free stream tidal turbine with composite bend-twist 
coupled blades," in 2nd International Conference on Ocean Energy 
Brest, France, 2008. 

[27] "Aviation Enterprises Limited,"  Lambourn, UK, 
www.aviationenterprises.co.uk. 

 
 
 

 
 


	Select a link below
	Return to main menu
	Return to previous view



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




