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INTRODUCTION
The purpose of this paper is to give a small resume of the major technological development and to outline what is felt to the biggest technical challenges for wind industry in the years to come.

The wind industry is still an young industry compared to other types of heavy industry like the shipyard industry, car/truck, large machinery, oil equipment and so forth. This also explains partly why our industry has been able to achieve the impressive steps toward today’s cheap electricity from the wind, which compare well with the achievement of the computer industry.

The paper has some minor historical aspects, which explain why this author feels the turbine industry has a technically good and healthy concept and the wind electricity has become competitive with any form for electricity generation. Many political and social reasons have been playing a major role in the wind industry development, but here is tried to concentrate on the technical aspects.

The second chapter explains the characteristics of a modern wind turbine in some detail since this is the background for this paper in general. The third chapter deals with historical aspects and the fourth chapter deals with the future challenges. The final chapter gives a short view of the future.

The future will bring most the technical challenges related to external condition for the turbines (Offshore-complex terrain) and how the turbines react to this.

It is postulated here that the wind industry has passed the point of no return, where a completely new concept can be more cost competitive compared to the well proven three bladed upwind turbine with stiff hub. The inertia is the wind industry simply does not allow the newcomers to enter the market, since the price graph of figure 6 has shown such great improvement.
CHARACTERISTICS OF A MODERN WIND TURBINE

The well proven ‘Danish’ turbine concept with three blades on a stiff hub sitting upwind (in front the machinery parts) has now become widely accepted as being optimal or at least cost competitive with other sources of electricity.

Three blades are advantageous primarily for noise and production reasons.

The development from stall regulated through pitch turbines with fixed speed to variable or semi variable speed has been is essential for turbines to cope with the challenge of today and of the future, namely the complex terrain and large scale wind development.

The power curve below a typical power curve of a modern turbine where blade feathering (Changing of angle of attack) below rated power optimise energy production and blade feathering and speed control the power 
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Figure 1. Regulation and optimisation

The typical turbine shown in Figure 2
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Figure 2. Structure of typical wind turbine.
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Turbine Power Control

Probably the most important issue for wind turbines is to regulate and control the power output, since this makes turbines able to reduce the loads and hereby fit better in complex areas and ensure reliability in these often remote areas. Reliability is a key word for remote areas and offshore.

In principle two different methods exist, namely pitch- and stall regulation. Pitch regulated turbines can turn or pitch the blades during operation to control and to optimize the output power, while stall regulated rely on the airfoil stall characteristics and the chaotic nature of stall.

The basic difference can be seen from figure 3, which show a typical pitch and stall power curve. It beyond the paper to elaborate much on the differences between pitch and stall, since this can be found in most basic literature and for example /1/
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Figure 3. Pitch and stall power curve.

In the industry the tradition and experience in making pitch regulated turbines varies and it appears that the trend toward all turbines being pitch regulated is clear.

Likewise experience in forms of variable speed varies but the trend is also clear towards more and more manufacturer use this feature.

The advantages of the two features (Pitch regulation and variable speed) are to make stable power output at rated power and to optimize power below rated power, see figure 1 and 4.

To appreciate the advantages of pitch regulation and a form for variable speed, it is necessary to understand the basic climatic conditions in which a turbine operate, primarily the variations of wind speed. 

Climatic conditions and power/load control

A wind turbine operate in a wide variety of temperatures, air densities, atmospheric pressures and mean wind speeds not mentioning environmental aspect affected the blades (dirt, insects). The variations can be classified as short and long term variation types like illustrated in the table 2 below. 

In table 2 long means that it takes several minutes to change significantly, while short means, that this climatic parameter can change several times per second.

Table 2. Influence of climatic parameters on power and loads

	No.
	Climatic
	Variation type
	Effect

	1
	Air density
	Long.
	Lower density means lower power. Can be caused by altitude above sea level or temperature.

	2
	Temperature
	Long
	Higher temperature means lower air density.

	3
	Mean Wind speed
	Long
	This is the given by the power curves

	4
	Wind turbulence
	Short
	This cause power variations and fluctuations


The variation of types number 1 and 2 in table 2 will for stall regulated turbines cause variations in rated power while pitch regulated turbines will maintain same rated power.

The newer stall regulated turbines has introduced the concepts of active stall and combi stall to offset these long term variations to maintain the rated power. This is not to be confused as being a pitch regulation, since blade rotation do not act on the short term fluctuations (Type 4) in wind speed, which is the main reason for power variations seen as flicker, since the blade rotation is only meant to ensure that rated power can be achieved for mean variations in air density.

Type 3 variations are the predictions we hear about in the weather forecast as being the forecaster state that the wind tomorrow will be 8 m/sec and these variations are basically given as the power curve.

For these variations pitch regulated can optimize power output below rated power by the pitch regulation feature, which continuously move the blade angle to optimal position for the present instantaneous wind speed, since wind always vary around the mean speed. In other words a wind turbine uses the pitch regulation feature to maximise the mean power production for any mean wind speed below rated wind speed (The wind speed at which rated power is achieved)

Type 4 variation are the short wind variations (Turbulence) around the mean speed, which we all feel in our daily life. These wind speed changes happen often (1 to 2 times per second), which in more theoretical terms can be said as the frequency content of wind is between 0-2 Hz.

These type 4 variations cause fluctuations in power, which cannot be avoided below rated power, but are not present with pitch regulation and variable speed at rated power. This effect on the power output is illustrated by figure 4 below, which show time power series for a variable speed turbine.

The main problem with especially short term wind variations is the fact that these variations hit the rotor area unevenly around the rotor plane (Coherence in wind) and the turbine need to regulate on the wind that has all ready hit the rotor plane. This paradox has through times meant that turbine has moved the anometer of the turbine to many different positions to try to get the best placement. Therefore the availability of rotor speed variation like full or semi variable speed is very crucial to ensure stable power output, since this allows the rotor to speed up without power variations, see section 2.1.3.

[image: image4.wmf]
Figure 4. Power time series for a semi variable turbine.
The most remarkable difference between a stall regulated turbine and figure 4 are the power fluctuations for the stall regulated turbine above rated wind speed with significant instantaneous power peaks above rated power. This type of power peaks can vary significantly depending on air density, wind turbulence, wind gust acceleration and are not to be confused with variations in mean power as caused by variation types 1 and 2 in table 2.

Turbine 4 variation is today turbulence and it is clear today that work need to done to validate that turbulence in the IEC 61400 –1 definition does cover the wind behaviour in complex terrain.

Pitch regulation – blade feathering.

The pitch regulation feature in basically power optimization below rated power as illustrated by figure 1. The pitch system or the ability to turn the blade continuously is  necessary because of the wide interval of wind speeds in which a turbine operate.

The variation of wind speed from appr. 4 to 14 m/sec cause different in flow angles on the blades airfoil, since the speed of rotation of most turbines today is constant below rated power. This means that blade should be turned to different blade angles at operation between 4 and 15 m/sec to perform optimally as can be seen at figure 5 below. This is what pitch regulation concept does.
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Figure 5. Optimal inflow angle as function of wind speed.

Speed control – variable speed.

The speed control feature is a system to vary the generator speed between synchronous speed and at least 10 % higher speed for semi variable or more for full variable speed. This means for a 4 polet generator at 50 Hz grid a generator speed variation between 1500 and 1650 rpm.

The most important advantage by variable speed is best illustrated by the basic equation for power in a rotating system

P = T * (           (1)

P = Power in kW

T = Torque in the drivetrain in kNm.

( =  Rotor speed in rad/sec.

Above equation together with basic formula for the power in the wind below are the background, why optimal turbines in the future are being pitch regulated with a form for variable speed.

P = (1/2)*Cp (( v3A)           (2)

When a wind gust hits the rotor, the wind increase and the power with the wind in third power, see equation (2). This create not necessary a big increase in torque since the variable speed will in equation (1) allow ( to increase and this is much faster type of regulation than trying to turn the blade.

Variable speed does for some turbines mean, that biggest momentary power peak is less than 4 % higher than nominal, which is very important for the transformator design.

Power quality.

In connection with turbine design and power quality we need to distinguish between:

1. Conventional wind turbines with fixed rotational speed – Stall.

2. Conventional wind turbines with fixed rotational speed – Pitch.

3. Inverter connected turbines with variable speed.

4. Semi variable speed wind turbines. 

The basic difference between 3 and 4 is the interval of variable speed and the frequency converter, while the difference between 1 and 2 was touched in the above and in /1/. In the wind industry it has long been debated if it is possible to combine 1 with either 2 or 3 to achieve the good power quality of 3 and 4. This is probably not possible and that is why many manufacturers start to make active stall or semi pitch systems.

Moreover it very important to define grid quality at common network point. A weak grid is one where the changes in the real and reactive power, which flows into or out of the grid, will cause changes in the voltage at that point and neighbouring points. Therefore on a stronger grid turbines are less likely to cause power quality problems.  

Previously we discussed the pitch regulation and variable speed features and the effect on power and this is not elaborated deeply here.

Power quality can be defined as:

1. Stationary voltage conditions.

2. Flicker.

3. Harmonics.

Stationary voltage conditions are changes in maximum power (peaks), where variable speed minimise these significantly.

Flicker is defined as the effect of rapid voltage variations on incandescent light and is present at continuous operation, during cut-in (start) and cutout (stop).

Normal cut-out or stop is also performed softly with the pitch system and form for variable speed in modern turbines to avoid large torque in the drive train and to minimize loads on the turbine.

Harmonics is deviation from the perfect 50 or 60 Hz sinus shape of the voltage and caused by some variable speed turbines. Harmonics are present on the grid before turbines arrive and it hard to find out sometimes if the turbines cause extra harmonic or amplify existing harmonics.
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HISTORICAL ASPECTS

The history of wind industry has shown dramatic decrease in the cost of wind generated electricity, which are illustrated with graph in figure 6.

Figure 6. Price in US cents for wind generated electricity with time.

The decrease has mainly been driven by bigger and more efficient turbines together with a decrease of cost in manufacturing of the turbines.

Today the turbines are getting so big that other factors like infrastructure, transport and erection becomes a key factor to keep the development of figure 6 going down. This is especially true for the future market in complex terrain and offshore.

The technical development has been much driven by research in the correct tools for predicting the wind conditions and how these wind conditions affect the turbine load wise. Today we all have tools to predict loads in most situations and the IEC 61400-1 with some shortcomings give a good background for design and comparison of turbines.

All turbines are designed by a factor method meaning the equation below must be satisfied for both extreme and fatigue loads.

Faeroynamic*(load < (Allowable load)/(material    (3)

In simple words the safety is the product of the load factor (load and the material factor (material. Hereby the confidence in 20 years lifetime or correct extreme safety becomes a discussion of how high this product shall be chosen.

In the Danish steel code when we started making turbines this product of material and load factor was high and this drive the Danish turbines to be heavy and safe, when the load calculation programs was not as developed as today.

Today when good and proven load programs for most turbine location, the challenge of the wind industry and certification is to the make the sure the above equation (3) becomes optimised such that the wind turbines of the future will be optimal.

We shall remember that turbines of today are machines, which are produced in a mass production environment with ISO quality control. This is important to remember when trying to make cheaper electricity from the wind at the same time as some part of industry are demanding higher safety in calculations.

Past problems has often not been caused by bad engineering design but simply because of:

· Too little experience

· Lack of engineering analysis

· Bad quality.

· Ignorance.

This is important to remember when moving forward in the wind future, since we must not base code and certification practice on past problems, but on good engineering judgement plus the developed and proven methods, which we have got throughout the first 20 years.

FUTURE CHALLENGES

Based on the previous chapters the future challenges of the wind industry in a technical content are simply.

1. Get better understanding of wind in complex terrain through better site measurement.

2. Avoid too conservative approaches in design due to requirements not based on the right reasons. One example of this is a tendency to demand higher safety on towers despite no problem with tower designs presently.

3. Work much with infrastructure, transport and erection since both offshore and complex terrain demand this.

4. Develop offshore and erection methods.

5. Develop techniques to reduce loads.

VIEW OF FUTURE

Cheaper electricity from wind by making turbines more efficient and by getting better economics of scale in manufacture since the market is still growing.

The turbine will become bigger since this will minimise the effect on environment and tend to lower the cost by long term considerations.

Since the industry is a ’green industry’ we strive to make turbines better the environment by ensuring 

· Higher Production.

· Lower Noise. Pitch option and variable speed options.

· Less visibility in terrain. Reflection, speed, colours, types of towers. 

· Lower loads by flexible design (Blade etc) and different form of load control

Recently some manufacturers are making lighter and flexible blade, since this reduces the loads on the turbine significantly. By making the new blade for a 47 rotor the loads was reduced with 10 – 20 % compared to the older blade concepts. Flexible blade design requires pitch turbines since these do not have the tip brake in the blade tip.

The future will mean load optimisation meaning lower loads and much of the future will happen offshore in Europe at least.

Better site assessments since sites are getting tougher. Sites are flat land as in the old days.
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		V10		TipAngle		P(Aero)		P(Gen)		Effic.		P(10Min)		C(Trans)
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data

		

						1990		1991		1992		1993		1994		1995		1996		1997

		DK		Antal medarbejdere		504		514		441		486		643		1080		1108		1206

						1990		1991		1992		1993		1994		1995		1996		1997

		UK		Total number of employees		504		514		441		560		765		1120		1218		1295

						1990		1991		1992		1993		1994		1995		1996		1997		Forv. 1998

		DK		Omsætning (mio. Kr.)		528		631		509		679		918		1523		1880		1953		2700

		UK		Turnover (amounts in DKK' 000,000)		1990		1991		1992		1993		1994		1995		1996		1997

						528		631		509		679		918		1523		1880		1953

						1990		1991		1992		1993		1994		1995		1996		1997

		DK		Egenkapital (mio. Kr.)		125		147		156		177		227		256		292		274

		UK		Capital (amounts in DKK' 000,000)		1990		1991		1992		1993		1994		1995		1996		1997

						125		147		156		177		227		256		292		274

						1990		1991		1992		1993		1994		1995		1996		1997		Forv. 1998

		DK		Resultat før skat (mio.Kr.)		21		29		12		32		45		49		90		121		220

		UK		Pre-tax result (amounts in DKK' 000,000)		1990		1991		1992		1993		1994		1995		1996		1997

						21		29		12		32		45		49		90		121

						1990		1991		1992		1993		1994		1995		1996		1997

		DK		Balancesum (mio. Kr)		358		435		557		504		801		1133		1266		1185

		UK		Balance (amounts in DKK' 000,000)		1990		1991		1992		1993		1994		1995		1996		1997

						358		435		557		504		801		1133		1266		1185

						1990		1991		1992		1993		1994		1995		1996		1997

		DK		Afsætning i MW		89		95		61		92		149		270		308		383

						1990		1991		1992		1993		1994		1995		1996		1997

		UK		Sales in MW		89		95		61		92		149		270		308		383

						1990		1991		1992		1993		1994		1995		1996		1997

		DK		Afsætning i antal møller		402		416		230		270		454		773		570		678

						1990		1991		1992		1993		1994		1995		1996		1997

		UK		Sales - total turbines		402		416		230		270		454		773		570		678

		Installeret windkraft i Danmark / Installed Wind Power in Denmark

						1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997

		DK		Installeret MW		2		3		4		6		5		7		23		32		33		82		66		81		70		45		29		52		98		221		285

				Akku. installeret MW		2		5		9		15		20		27		50		82		115		197		263		344		414		459		488		540		638		859		1144

						1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996

		UK		Installed MW		2		3		4		6		5		7		23		32		33		82		66		81		70		45		29		52		98		221

				Accu. installed MW		2		5		9		15		20		27		50		82		115		197		263		344		414		459		488		540		638		859

						1991

		DK		USA		50

				Tyskland		23

				Grækenland		8

				Sverige		6

				England		5

				Andre		8

								1992

				USA				6

				Tyskland				31

				Sverige				7

				England				26

				Irland				5

				Portugal				5

				Holland				5

				Indien				4

				Andre				11

										1993

				USA						11

				Tyskland						50

				Sverige						6

				England						17

				Holland						5

				Indien						5

				Andre						6

						1994

				Tyskland		131.71

				UK		40.4

				Indien		79.46

				Holland		12.925

				Kina		14.1

				Sverige		10

				USA		11.925

				Andre		15.87

				Total		316.39

						1995

				Tyskland		184.955

				UK		25.1

				Indien		161.75

				Italien		10.2

				Holland		22.175

				Kina		13.4

				Spanien		17

				Sverige		26.845

				Andre		14.825

				Total		2471.25

						1996										1997

				Tyskland		184.375								Tyskland		257.46

				UK		73.85								UK		43.2

														Irland		55.4

				Italien		27.6								Italien		22.8

				Holland		43.175								Holland		26.955

				Portugal		10.65

				Kina		15.7								Kina		73.8

				Spanien		84.9								Spanien		132.675

				Sverige		32.1								Sverige		30.55

														USA		13.95

				Andre		32.475								Andre		24.65

				Total		504.825								Total		681.44

						1991

		UK		USA		50

				Germany		23

				Greece		8

				Sweden		6

				Great Britain		5

				Others		8

								1992

				USA				6

				Germany				31

				Sweden				7

				England				26

				Ireland				5

				Portugal				5

				Netherlands				5

				India				4

				Others				11

										1993

				USA						11

				Germany						50

				Sweden						6

				Great Britain						17

				Netherlands						5

				India						5

				Others						6

				Eksport danske vindmøller

						1994						1995						1996						1997

				Germany		131.71				Germany		184.955				Germany		184.375				Germany		257.46

				Great Britain		40.4				Great Britain		25.1				Great Britain		73.85				Great Britain		43.2

				Netherlands		12.925				Netherlands		22.175				Netherlands		43.175				Netherlands		26.955

				China		14.1				China		13.4				China		15.7				China		73.8

				Sweden		10				Sweden		26.845				Sweden		32.1				Sweden		30.55

				Spain						Spain		17				Spain		84.9				Spain		132.675

				Italy						Italy		10.2				Italy		27.6				Italy		22.8

				Portugal						Portugal						Portugal		10.65				Portugal

				India		79.46				India		161.75				India						India

				USA		11.925				USA						USA						USA		13.95

				Others		15.87				Others		14.825				Others		32.475				Ireland		55.4

				Total		316.39						476.25						504.825				Others		24.65

																								681.44

				DKK		dk		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99																		91		92		93		94		95		96

								0,93		0,86		0,77		0,69		0,56		0,49		0,43		0,38		0,37		0,35		0,33		0,32		0,31		0,30		0,29		0,28		0,26		0,027		0,025		0,024

								80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96

				DKK		UK		0.93		0.86		0.77		0.69		0.56		0.49		0.43		0.38		0.37		0.35		0.33		0.32		0.31		0.30		0.29		0.28		0.26

				ECU		dk		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99

								0,131		0,121		0,109		0,097		0,078		0,069		0,060		0,054		0,052		0,049		0,047		0,045		0,044		0,042		0,040		0,039		0,037		0,036		0,034		0,033

				ECU		UK		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96

								0.131		0.121		0.109		0.097		0.078		0.069		0.060		0.054		0.052		0.049		0.047		0.045		0.044		0.042		0.040		0.039		0.037

				UK£		dk		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99

								0,110		0,099		0,089		0,079		0,064		0,057		0,049		0,044		0,043		0,040		0,038		0,037		0,036		0,035		0,034		0,032		0,030		0,024		0,024		0,020

				UK£		UK		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96

								0.110		0.099		0.089		0.079		0.064		0.057		0.049		0.044		0.043		0.040		0.038		0.037		0.036		0.035		0.034		0.032		0.030

				US$		dk		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99

								0,162		0,149		0,134		0,120		0,097		0,085		0,075		0,066		0,064		0,061		0,057		0,056		0,054		0,052		0,050		0,049		0,045		0,040		0,039		0,033

				US$		UK		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96

								0.162		0.149		0.134		0.120		0.097		0.085		0.075		0.066		0.064		0.061		0.057		0.056		0.054		0.052		0.050		0.049		0.045
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Wind Speed m/sec

Power Kw

Pitch kontra stall power for 42 meter rotor
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V42STALL

		

		V10		TipAngle		P(Aero)		P(Gen)		Effic.		P(10Min)		C(Trans)

		[m/s]		[Deg]		[kW]		[kW]		[%]		[kW]

		4.00		xxxxx		-8.0		-20.0		-249.6		-14.6		-0.369

		5.00		0.000		34.7		19.3		55.7		22.2		0.182

		6.00		0.000		77.4		57.8		74.7		66.5		0.315

		7.00		0.000		133.6		108.5		81.2		120.3		0.373

		8.00		0.000		201.9		172.6		85.5		185.4		0.397

		9.00		0.000		282.1		248.5		88.1		260.1		0.402

		10.00		0.000		372.3		335.4		90.1		340.1		0.395

		11.00		0.000		464.5		424.1		91.3		417.9		0.376

		12.00		0.000		549.9		504.5		91.7		485.5		0.344

		13.00		0.000		616.2		566.2		91.9		536.5		0.304

		14.00		xxxxx		653.1		600.0		91.9		569.1		0.258

		15.00		xxxxx		653.1		600.0		91.9		585.6		0.209

		16.00		xxxxx		653.1		600.0		91.9		589.8		0.173

		17.00		xxxxx		653.1		600.0		91.9		584.7		0.144

		18.00		0.000		640.8		588.7		91.9		571.9		0.119

		19.00		0.000		610.8		561.3		91.9		552.8		0.096

		20.00		0.000		585.8		538.1		91.9		529.2		0.079

		21.00		0.000		552.8		507.2		91.7		502.9		0.065

		22.00		0.000		518.0		474.5		91.6		476.3		0.053

		23.00		0.000		484.6		443.1		91.4		451.8		0.043

		24.00		0.000		455.6		415.7		91.2		431.4		0.035

		25.00		0.000		433.0		393.9		91.0		416.1		0.030

		4.00		xxxxx		-7.7		-19.7		-255.9		-14.6		-0.363

		5.00		1,856		33.9		18.6		54.9		21.5		0.175

		6.00		1,450		75.5		56.1		74.3		65.2		0.306

		7.00		0.856		130.9		106.0		81.0		119.7		0.364

		8.00		0.328		202.0		172.6		85.5		187.5		0.397

		9.00		0.033		286.3		252.5		88.2		267.9		0.408

		10.00		-1,193		385.2		347.8		90.3		355.6		0.410

		11.00		-1,184		491.3		449.5		91.5		440.3		0.398

		12.00		-0.351		593.6		545.5		91.9		509.7		0.372

		13.00		xxxxx		653.1		600.0		91.9		556.4		0.322

		14.00		xxxxx		653.1		600.0		91.9		582.1		0.258

		15.00		xxxxx		653.1		600.0		91.9		593.7		0.209

		16.00		xxxxx		653.1		600.0		91.9		598.1		0.173

		17.00		xxxxx		653.1		600.0		91.9		599.5		0.144

		18.00		xxxxx		653.1		600.0		91.9		599.9		0.121

		19.00		xxxxx		653.1		600.0		91.9		600.0		0.103

		20.00		xxxxx		653.1		600.0		91.9		600.0		0.088

		21.00		xxxxx		653.1		600.0		91.9		600.0		0.076

		22.00		xxxxx		653.1		600.0		91.9		600.0		0.066

		23.00		xxxxx		653.1		600.0		91.9		600.0		0.058

		24.00		xxxxx		653.1		600.0		91.9		600.0		0.051

		25.00		xxxxx		653.1		600.0		91.9		600.0		0.045

				Pitch

		0		0		0				0		2

		1		0		0				1		2

		2		0		0				2		2

		3		0		0				3		2

		4		0		0				4		2

		5		21.5		22.2				5		1.8

		6		65.2		66.5				6		1.45

		7		119.7		120.3				7		0.9

		8		187.5		185.4				8		0.3

		9		267.5		260.1				9		0.03

		10		355.6		340.1				10		-1.2

		11		440.3		417.9				11		-1.2

		12		509.7		486.5				12		-0.4

		13		556.5		536				13		0.6

		14		582		569				14		1.5

		15		593		585				15		2.7

		16		598		589				16		4.5

		17		599.5		585				17		6.4

		18		599.9		572				18		6.7

		19		600		552				19		7.9

		20		600		529				20

		21		600		503				21

		22		600		476				22

		23		600		451				23

		24		600		431				24

		25		600		416				25






