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Analysis of Dynamic Characteristics by Rotational Speed of
Wind Turbine Blade using Transfer Matrix
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ABSTRACT

The transfer matrix method is used to determine the dynamic characteristics(natural frequen-

cies and mode shapes) by rotational speed of wind turbine blade. The problems treated on this

study is coupled flapwise bending and chordwise bending of pre-twisted nonuniform wind tur-

bine blade. The orthogonality relations that exist between the vibrational modes is derived and

the algorithm for determination of the natural vibrational characteristics is suggested.

.M B

) AgAEs] e Bl A L 34
0] =

A AAIAS] BE =S 71 geln
el AR eld ) PAge] R FEA
AlZ

Q2

[¢] =
5 4 olg Ui FRel nshe 9549
& Aslhan At Ba B4 Fael W)
we St 39 Feude dgd gue W
S9AE B9 WA olFolm Yof ¥ HY 2
o WAAR 7|k 7| AN 2538

E-mail : jylee@kgu.ac.kr
Tel : 031-249-9811 , Fax :031-244-6300
* 771k Z)AIE S ikl

o BT S AT

144 |

do]=(Wind Turbine Blade)? &S =3k 3
A Efo]l=9 ZFEA(Dynamic Characteristic)
of Tl Ao e M=l 9tk

AAES W= 3l Eyol=e HA obgA

.

o
QY - 1o =
FR7IAT FRE] F54 M2 ARl 45
g, e & BEFRd woke] Wikl 9
sho] At HRAAL Aol = A HHR1 A7} X1
ATk 19709HE AXRA AitEES Fd
S Ak Aol AR 712 s rtel o
A7E Holvt & ¢ Afs 84 FxEe] §54
= A7e] flsted A sl ALl sl A8
et
AR

AT F2E FAAE T EHW
g Edol=e] oY(Airfoil)e EtHg
¥ %7] BEYZ(pre-twisted angle)S 7}A 1L
Rom FxEo] WS A HH &L upet

I



ol8sto] 34 Belol=el FEgaH

(1) Etﬁl' Park 01__ = ] 13%7]—

& i

I, ok
[o

@
i}

4

f
o
2 ¢ ol
re
4B
ol
ol
> m
tilo
)
oo

o
o

o,

ko

[N

ol

1%

M
R

oft 4o K
_O|L
Q2
:0‘1:1

=

[
N o
re

— AN

2

3

ol
- rlo

[ 32
e M

k3
=

o

=

o glo N o At
(o] ( _1},},

[

i

N

N

rlr

K}

o

Vo)

= o o

)

z

it

| mlo

o

T oo

o

ol
I

o =
=
o

oo i e
e
o
a2
o
oy oz
of
ook
32
o

2

¢

N
L~

o2

oy
& otlo o2 ul
o

off

¢

Lol b [Mon
vl
=
(ilA
s
o
[
il

9 & n pr lo e
r oot Ko
e

ol
il
2

I
ol
U xe
vl
o,

I o
e

ol
-
N

o —
R k% b
(o}
2 2 oy

IR

o W
i oox

lo 2
off

4

o

(B

o

2

rl

e
=
o

Lot

Of
=)
oL

2 M

S
=

N
o
M

21 g dEY

() A 7229 de L9

Alz){Z(z)} (1)

A P42 g5t 2ol Ao "o

{Z(z)}=[T(x)]{2(0) } 2)
zoll kel 2](2)E v|Eshd 2((3)o]
1 2)y= L[ 7)) {20)} 3
- = 3)
£, H)e tedt 2ol vk
{20)}= [T(x)] {2(z)} )
AL [1o]7] oo AdyHe] dgye
EISAER Ho}nq A@E ARl Hdshd thEat &
& A= AR

d

d -1
——AZ()}= —— [T@) [ T@)] {Z()} ©)

AE AG)=E HeEhiE g3 g

A@HZE)= - (1) [T H26)}

d

or {A(m)}—%

(TN T()] {Z(2) }=0

(6)

26)o A z o] BE gtell tigte] z9] Fho] v
at7] M= thaat Zopxith

(A= 2o 7)) [T@)] ™
Aol el [T(2)] & sk 4®)0l €k
A1) = (A T) ®

AegAe st A@EYE T8 F a4
@A 2122 o o =00] Hrtn Hgs
27 27 oA ARREL e} gol ek

(70)] = 7], &$1 44 )

1>
lo
=N

—(GJp") + 2*mze (—v "cosfB+ w'singB)
+ 2®mesinfo+ 22m(k2,, — k,,,,l)cos 28 ¢
—w’me(vsing — wcosB3) =
(10)
(B cos®B+ El, sin?g)w”
+ (EL,— EI,)sinfcosfv"]" — (Tw')’
— (Qmee(/bSinﬁ)’— w?m(w+epcosB) =0
1
[(EI,— EI)sinBcosfw” + (EIsin*3
2 IZava IAY 2 . ’
+ El,cos B = (Tv ) + (2°mzepsing)
+ 2’megsinB— w?m(v—egsinB) — 2*mv =0

| 145



(18)
9
A
_g_

[e]
9]
ILr

=3

(13)

2(18)7 )

-
fu

4714 [T;]

Gepe A e 414

=
=

(7} = e

S c ocoococ o o o — ! —EE
= of B °
occtccci dygqu®a® =4 E
cocooc~0 o oo H_Emﬂ g_ZTI C_ ‘.LL Ot e [
a ]rﬂ Z‘OIO L,_IMﬂ w”. =) -
- B L N £ £
§osss T E S gy B o T \ 3 =
- 53858 N of o X TR R i s
L2393 AR g RN = a- =, , 2 s
SGan e Hlo w7 = g
s T %%o_ﬂoﬂoﬁe — 7 5 =
OMOOOO MW.‘_%‘OI,WXEQ _E WT “m = W
10 ‘OI =
o o o oo o —_ U o—
« o TO g F e ,_mlwe o= < t
g = o_aﬂﬁmlkwﬂﬁ%m A - el 5 ,
= ¢ o — . . -
OIOOOzmn,OOzmo w JWE dﬂﬂ T.Wm ML m mm
T g TRELEZ 0D e =l el 57
3 oo %ﬁﬂ@ﬁﬁﬂ@ﬂﬁ _____ 2l
< = Kl nxEAm = )
eeder ® 23TPaiiiia -
P N \)‘olLiﬂd.x_ ul Y T W = =
T A TR ® CCE e T R
< O w oo ® vl
o BN B e o - — o -
= B ooom ® TN 2 S =
~ ﬂl.._ —_ ~ ~ O\m_u
o > N Ty
oo . N X 5
ﬂﬁ;MdﬂWM o T
0 0 o — B
@mmﬂ% 2o o 7T N
B ST S Em o i
o) E - = I iy Il
M > S R %0 5
Be_ Ty 0w N NS,
N VaamE]a N O o iy I ol 8 wv¢V¢MMM
! = B || NIl & J - I
= il - w oo Ty —~—
EUR S % v g MTUR 2
Wﬂ =0 L [ o -~ N
Y — 0 =T
. — Sam H M = = PRy I
TGN S wp M T Il < = —
sssaeNS N > W A I T ,
T ] Ty XA ]
# o= T L% T -
w e g T S R T T —
~w N ~ N5 o l F 8 "o N MMM_ | O
" —~ TN L@ % 03 % = o -
Ey Arodw = mrow = o -



Fig. 2 #9 Hul Zyoj=9] L7} melgx A
A ZolE 9300mmo]i (1) 510mme]™ ]3]
Al9] Zel(Chord length)E ]l FRellA (D&
1210mme]] @7je] EREeA (D)E 484mm ©]
=

Table 1 the Properties of Wind Turbine Blade (I)

Part | Length | AL Elx Ely GJ
1 400 | 400 |3.969E+13| 3.309E+13 | 8.439E+12
2 800 400 |2.543E+13 | 2.229E+13 | 5.135E+12
3 | 1200 | 400 |1.432E+13| 1.683E+13 | 2.255E+12
4 | 1500 | 300 |2.769E+13 | 3.797E+13 | 2.709E+12
5 | 1800 | 300 |1.006E+13| 2.854E+13 | 1.835E+12
6 2500 700 | 1.745E+13 | 5.174E+13 | 3.368E+12
7 | 3900 | 1400 | 6.464E+12| 3.519E+13 | 2.398E+12
8 | 5500 | 1600 |2.476E+12| 3.289E+13 | 1.016E+12
9 7300 | 1800 | 1.091E+12 | 1.422E+13 | 3.228E+11
10 | 9300 | 2000 |1.781E+11| 5.341E+12 | 8.070E+10
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Table 2 the Properties of Wind Turbine Blade (II)

Part | Length AL Mass Twist Angle
1 400 400 38.55 0

2 800 400 29.64 0.1

3 1200 400 22.25 1.3

4 1500 300 15.80 3.5

5 1800 300 14.73 5.3

6 2500 700 28.99 8.6

7 3900 1400 45.46 11.6

8 5500 1600 34.88 12.8

9 7300 1800 25.70 14.2

10 9300 2000 15.46 15.6
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Table 3 Natural Frequencies considering
Rotational Speed of Wind Turbine Blade
Natural Frequencies(Hz)
Part| s qvenced result® rpm
2D 3D 0 20 40 60
1 2.632| 2.500] 2.113| 2.153| 2.266| 2.441
2 5.870| 6.530] 5.715| 5.746| 5.837| 5.985
3 12.679| 12.130| 9.180| 9.200| 9.262| 9.364
4 | 30.970| 28.040| 13.871| 13.909| 14.022| 14.208
5 31.180| 30.120| 24.670| 24.697| 24.791| 24.940
6 -| 40.481| 27.822| 27.848| 27.835| 28.080
7 - -| 41.470] 41.389| 41.541| 41.867
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Table 4 the Generalized Mode Vectors of Wind
turbine blade

Generalized Mode Vectors

Part

Ist Natural
Frequency

2st Natural
Frequency
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Fig. 3 1 Mode shape of Wind Turbine Blade
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