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Some Considerations on Aeroelastic
Instabilities Caused by Coupling between Propeller-Type
Rotor and Its Supporting Structure

Teruo ICHIKAWA

ABSTRACT

Aeroelastic instabilities caused by the coupling between a rigid rotor and a flexible

tower of a horizontal axis wind turbine are considered in this paper. Equations of motion

having periodic coefficients are derived with respect to the fixed frame of reference as

well as the frame of reference moving with the rotor by assuming an aerodynamic force

predicted by the quasi-steady blade element theory. The same equations can be applied

to rotors of both downwind and upwind types. It is shown that the equations of motion

with respect to an appropriate frame of reference have constant coefficients in cases

where either the rotor or the tower stiffness is isotropic. Possible instabilities only in

these cases are studied with the help of Routh’s criterion. Three kinds of instabilities,
that is, the whirl flutter and the divergences of the first and second kinds, are predicted.

The last of these is rather new.
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I,- j=6sin&t —¥cosLlt=—V (B9)
I, k=6cosQt+¥sinlt=10
TH%5, AEED~7 treld
o=(R+tw,)ito,jtok (B10)
LBOND, o, 0, ©, (3K (A13)H ST (AL6)

THZH6hs5h, TITE 2&@&’J\E%€l§ LT
R+ w,=0
Wy= BcosRt +¥sinft
=0 -9y » (B11)
Q)z:-ésingt +¥cosLt
=y +00
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FPF=(sgnV)(cos7) i+ (sgny)(sinr)k
(B12)
E18D, COEXHLMIC
| PR =1 (B13)
THb, ERREODAHAEZ/NENVEEZTVED
T, X (B12) D cosr, sinrid, BB1, B2%2&8RK
LT
cosT=cos (7p—a)
= cosTp+asinTy (B14)
sinT=sin(r,—a)
=~ sinTy— Acos 7y
EEITE, X (B8)—(B14)ilk T
Wy lz=g=— V| cos7o+ £ 1Y| sinrg
—a(|V]|sinty+ £ Y| cosry)
— (sgnV)@; YcosT,
~ (sgn¥) {V (L, - k) +@,,} sinT,
(B15)
BEoNb, 112U -k, o, G I—BERDOR
UHIKRETHDOT, COFTITORICLTEL,
KX (BISYIBH I LBBUFKILILS, EERED
WZAHKOT, BROEH LV EE, L1 OEHD
ORI ER I TV EEEZSEE, CoExRK
(B15) K BWWC Wy ,np=a=1, - k=0,=@, =0 T
H5Bh5
—|Vicosro+ £ 1Y sinr,=0 (B16)
TRINEB S, 0<7,<r/2T&HSH b sin
70>0, cosTo>0TH T, R (BI6)DSHKINT %
L&
sin7'0=-‘——‘—‘V|
VVE+(LRy)?
costy— I
YV (Ry)?
THbd, D& (B15) OAIB3IRDO( ) A
[Vi]sinto+& ]ylcosTo=«/V2—+(W
(B18)
3B, EOREEREBAZEZSE, A(B3KE
WTa,=a, $78bb u,l,0q=—-UaTHh T, »
21 -k=0,=0,=0TH%5H»5, A (B15), (B18)
iLE T
VVEL(Qy)? =U
TRHNIRESIE0, UEILE > THRR

(B17)

(B19)

Wnlz=o=—Ua

_ (sgnV) (sgn¥
U

+V{V (L - k)+ w2} |
DR LIS,

& (B2), (B3), (B20), (B9), (B11)it&k->T
FEBEANEONS, DEFILATREI LRIHES
HoBFTHEREHEBORLXELRDEETHS, O
feHRBABEZENDO~NT bV

Op=(00)j+(oy)k
=(06cosL¢t+0¥sinlt)J
+(—06s5inl¢+0¥cos ¢ )k (B21)

2EZD, BEBHS, TV — FEHE LD r=x,

Z2=0DHRIEATIELTINTHA D, 0975
REABEAILL S ZOEDOEAMD, HEMOEMmIC
MORBOHEORD % 0 LT 5L, R (B13) %
B8RLT

8¢ ={(bpxr)-PF}

::599' ("X:P?P)

[ 2y,

(B20)

X=Xp
z=0

(B22)

X=Xg
z=0
THbd, T riz7v— FilE ELOERDOABN
7 MV THbB, COEXHEB DT, v—4%24
Ko{RELBIL :

R
mv=:S £(8)dy (B23)
-R

KL -oTBZALN3,
& (B12), (B14), (B17), (B19) 2 3 &,
& (B22) i3
8¢ == { Gamy) =, (V] — Gyl a)dg- j

+ (sgnV)¥(R1Y| + |V|a)dp k)

___ (sgnV) (sgny)
U

+ 2y (dp-k)} (B24)
E13B, BEATIR, a28CRAAZMBORICL 6N
TINEVEEITERLTHS, R (B2), (B3),
(B20), (B24) 2AWT () kDB EMBT
X5, CITL()DOBRED yILBT 2BAHL
LHNTHL, COE&a, o, UL yicBLTIBEA
BTHAI ELBEET S, R (BA4)ILX T, ¢
Yy B LTHBRTH S, K (B20) D wyl.=otda
2AUHE 1 HOABEART, ITERTHZ, L

{an(ago- J)
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L oTLOOKBEOTI, a2BLHDS yiC
BELTHBHELEZMS, R (BB)OEATIRIOD
HIHA 5, BOTARHESKMEE (0, R) LTS
EMTEEH5

ow
— = Via (V(L,- k)
a

R
+w,x, } (dg- ) j ﬁdy
0

+VR[ v,z (0p- j)+{V (L, k)
R
+wyxa}(5¢-k)]j l—jﬂzdy
0
RC‘
2 . = oyt
+90Mﬁ¢k)LUde (B25)

mEoh3, R (B25)ICEThAHEMNL, R6DE
E4AHWE L

R
e, G
SOUdy_QB‘

¢ (B26)

LB EMTES,

A (B25) I —BERORUHICEBENL KLY
5, ARcasns L) -k, o, @, dp-j dp k
iCR (B9), (B11), (B21) 6B LhAEAERA
Thid, ThThO—REZLRAILIEED WH
kHohd, VoiTD

oW = Qg6 + Qud¥
= Q00 + Quoy (B27)
ThHdh06, LOLICLTRDI-WEHREKT S
TEiE 5T, RBBI UMD Qg, Qp BX T Qy,
QB LNh 5, RQB), CHERIABaIETH
TV, ThEERBLUAN DT, £
DERDIICLTEOEBBRLEILDTH S,
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