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There are several points on a 2-bladed turbine: Z (platform reference), Y (platform mass center), T (tower node), O (tower-top / base-plate / yaw bearing mass center), U (nacelle mass center), V (arbitrary point on rotor-furl axis), W (arbitrary point on tail-furl axis), D (center of mass of structure that furls with the rotor [not including rotor]), IMU (nacelle inertial measurement unit), P (teeter pin), SG [shaft strain gage location: i.e., a point on the shaft a distance 
[image: image1.wmf]ShftGagL

 towards the nacelle from point P (or point Q for a 3-blader since point P does not exist)], Q (apex of coning angle), C (hub mass center), S1 (blade node for blade 1), S2 (blade node for blade 2), I (tail boom mass center), J (tail fin mass center), and K (tail fin center-of-pressure).  There are also several reference frames: E (earth / inertial), X (platform / tower base), F (tower element body), B (tower-top / base plate), N (nacelle), R (structure that furls with the rotor—generator housing, etc…), L (low speed shaft on rotor end of LSS-compliance), H (hub / rotor), M1 (blade 1 element body), M2 (blade 2 element body), G (fixed in the high speed shaft / generator), and A (tail).  The following are derivations of the position vectors, angular velocities, linear velocities, partial angular velocities, partial linear velocities, angular accelerations, and linear accelerations of all these points on the 2-bladed turbine (point SG’s velocities and accelerations are not derived since they wont be used in the ensuing analysis).  The velocities and accelerations of points on a 3-bladed turbine are very similar.

Position Vectors:
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(relative to the ground)
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where,
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(which is symmetric)

and
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(which is symmetric)

Note limits on 
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:
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where,
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(which is symmetric)

and the twisted shape functions are defined as follows:
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and
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The equation for 
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Note limit on 
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Angular Velocities:
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where,
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The equation for 
[image: image42.wmf](

)

r

EM2

ω

 is similar.

Since the generator is attached to the high speed shaft which may or may not rotate in the opposite direction of the low speed shaft and since 
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 represents the position of the low speed shaft near the entrance of the gearbox,
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where,
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Linear Velocities:
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where,
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where,
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The equation for 
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 is similar.
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where,
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The equation for 
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Partial Angular Velocities:

Recall that: 
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 for each rigid body 
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 terms are zero as will be shown.
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The equations for 
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Partial Linear Velocities:

Recall that: 
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 for each point 
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 in the system.  Note that all of the 
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 terms are zero as will be shown.
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The equations for 
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Angular Accelerations:

Recall that: 
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Linear Accelerations:

Recall that: 
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The equations for 
[image: image186.wmf](

)

d

r

dt

éù

ëû

ES2

r

v

 and 
[image: image187.wmf](

)

d

r

dt

éù

ëû

ES2

t

v

 are similar.


[image: image188.wmf](

)

(

)

(

)

(

)

(

)

ì

´´=

ï

ï

=+´+´´=

í

ï

ï

î

K

forr4,5,6

ddd

forr7,8,,11

dtdtdt

0otherwise

ENENOW

r

EWEOENOWENENOW

rrrr

ωωr

vv

ωrωωr



[image: image189.wmf](

)

d

0

dt

=

EW

t

v



[image: image190.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

ì

´´=

ï

ï

´+´´=

ï

ï

=+

í

ï

´+´´=

ï

ï

ï

î

K

forr4,5,6

d

forr7,8,,11

dd

dt

dtdt

d

forrTFrl

dt

0otherwise

EAEAWI

r

EAWIEAEAWI

rr

EIEW

rr

EAWIEAEAWI

TFrlTFrl

ωωr

ωrωωr

vv

ωrωωr



[image: image191.wmf](

)

d

0

dt

=

EI

t

v



[image: image192.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

ì

´´=

ï

ï

´+´´=

ï

ï

=+

í

ï

´+´´=

ï

ï

ï

î

K

forr4,5,6

d

forr7,8,,11

dd

dt

dtdt

d

forrTFrl

dt

0otherwise

EAEAWJ

r

EAWJEAEAWJ

rr

EJEW

rr

EAWJEAEAWJ

TFrlTFrl

ωωr

ωrωωr

vv

ωrωωr



[image: image193.wmf](

)

d

0

dt

=

EJ

t

v



[image: image194.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

ì

´´=

ï

ï

´+´´=

ï

ï

=+

í

ï

´+´´=

ï

ï

ï

î

K

forr4,5,6

d

forr7,8,,11

dd

dt

dtdt

d

forrTFrl

dt

0otherwise

EAEAWK

r

EAWKEAEAWK

rr

EKEW

rr

EAWKEAEAWK

TFrlTFrl

ωωr

ωrωωr

vv

ωrωωr



[image: image195.wmf](

)

d

0

dt

=

EK

t

v








1

_1176534175.unknown

_1176537563.unknown

_1176538428.unknown

_1176540185.unknown

_1176540507.unknown

_1176541458.unknown

_1176541875.unknown

_1176542167.unknown

_1176542736.unknown

_1176542884.unknown

_1176542933.unknown

_1176542800.unknown

_1176542287.unknown

_1176541909.unknown

_1176542024.unknown

_1176541891.unknown

_1176541729.unknown

_1176541797.unknown

_1176541617.unknown

_1176540971.unknown

_1176541086.unknown

_1176541157.unknown

_1176540995.unknown

_1176540937.unknown

_1176540961.unknown

_1176540531.unknown

_1176540326.unknown

_1176540435.unknown

_1176540460.unknown

_1176540380.unknown

_1176540262.unknown

_1176540282.unknown

_1176540237.unknown

_1176540227.unknown

_1176539059.unknown

_1176539992.unknown

_1176540047.unknown

_1176540092.unknown

_1176540017.unknown

_1176539227.unknown

_1176539228.unknown

_1176539112.unknown

_1176538598.unknown

_1176538750.unknown

_1176538833.unknown

_1176538668.unknown

_1176538548.unknown

_1176538563.unknown

_1176538467.unknown

_1176537763.unknown

_1176537998.unknown

_1176538258.unknown

_1176538359.unknown

_1176538084.unknown

_1176537826.unknown

_1176537858.unknown

_1176537798.unknown

_1176537639.unknown

_1176537705.unknown

_1176537715.unknown

_1176537654.unknown

_1176537599.unknown

_1176537615.unknown

_1176537591.unknown

_1176535127.unknown

_1176536034.unknown

_1176537325.unknown

_1176537422.unknown

_1176537538.unknown

_1176537392.unknown

_1176536163.unknown

_1176537316.unknown

_1176536130.unknown

_1176535822.unknown

_1176535908.unknown

_1176536001.unknown

_1176535865.unknown

_1176535154.unknown

_1176535737.unknown

_1176535139.unknown

_1176534782.unknown

_1176534999.unknown

_1176535044.unknown

_1176535097.unknown

_1176535010.unknown

_1176534946.unknown

_1176534992.unknown

_1176534856.unknown

_1176534477.unknown

_1176534623.unknown

_1176534638.unknown

_1176534567.unknown

_1176534317.unknown

_1176534418.unknown

_1176534248.unknown

_1136381511.unknown

_1136614504.unknown

_1136615460.unknown

_1136615899.unknown

_1136616251.unknown

_1136616653.unknown

_1136616807.unknown

_1136616805.unknown

_1136616498.unknown

_1136616201.unknown

_1136615563.unknown

_1136615716.unknown

_1136615561.unknown

_1136614551.unknown

_1136614994.unknown

_1136615201.unknown

_1136614934.unknown

_1136614525.unknown

_1136614539.unknown

_1136614514.unknown

_1136383871.unknown

_1136383977.unknown

_1136384023.unknown

_1136384248.unknown

_1136614484.unknown

_1136384160.unknown

_1136384009.unknown

_1136383919.unknown

_1136383954.unknown

_1136383893.unknown

_1136382982.unknown

_1136383483.unknown

_1136383839.unknown

_1136383253.unknown

_1136382900.unknown

_1136382951.unknown

_1136382868.unknown

_1078047229.unknown

_1118728519.unknown

_1118731927.unknown

_1118732173.unknown

_1136381372.unknown

_1136381411.unknown

_1118732249.unknown

_1136381280.unknown

_1118732247.unknown

_1118732246.unknown

_1118731929.unknown

_1118729113.unknown

_1118731800.unknown

_1118731833.unknown

_1118730257.unknown

_1118730957.unknown

_1118731030.unknown

_1118730146.unknown

_1118730256.unknown

_1118729005.unknown

_1118729112.unknown

_1118728643.unknown

_1118728440.unknown

_1118728518.unknown

_1118728208.unknown

_1118728414.unknown

_1078310648.unknown

_1078047695.unknown

_1068625304.unknown

_1077693562.unknown

_1077959316.unknown

_1077959405.unknown

_1078047228.unknown

_1077959404.unknown

_1077959403.unknown

_1077950267.unknown

_1077959280.unknown

_1077959230.unknown

_1077695707.unknown

_1077696830.unknown

_1077695487.unknown

_1068630153.unknown

_1068631603.unknown

_1074340274.unknown

_1077617649.unknown

_1074340349.unknown

_1068632218.unknown

_1068631825.unknown

_1068630645.unknown

_1068631152.unknown

_1068630574.unknown

_1068626894.unknown

_1068629972.unknown

_1068626769.unknown

_1068623803.unknown

_1068624307.unknown

_1068624668.unknown

_1068623971.unknown

_1068623047.unknown

_1068623653.unknown

_1068619909.unknown

