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THE KINEMATIC ANALYSIS AND RESEARCH ON THE
HYDRAULIC-PITCH-CONTROLLED MECHANISM
OF MW WIND TURBINE

ABSTRACT

Three-dimensional model of the pitch-controlled mechanism was investigated
by means of Solidworks three dimensional design software, and its operation
characteristics were analyzed. The kinematic principle of the mechanism was
obtained, after the pitch adjuster was simplified into a slider with parameter of
speed, and the pitch wheel was simplified into a rocker. Based on the matrix
method of the plane mechanism motion analysis and the pitch operation order, in
which the control cylinder operate at first and the safety cylinder operate secondly,
the kinematic equation of control cylinder was established after the quiescent
safety cylinder was simplified in the initial operation of pitch-changing, and the
kinematic equation of safety cylinder was established when the blade is feathering.
When the equations above were combined, the kinematic equation of
pitch-controlled mechanism was obtained.

Matrixes of pitch angle speed and acceleration were deduced by means of the
derivation of the kinematic equation. Based on the numerical solution of
Newton-Simpson and the method of matrixes calculation, the calculation
procedure was established. The results of pitch angle speed and acceleration were
given by means of Matlab software. In the meantime, the curves of the pitch angle
speed and acceleration were drawn out.

The research results showed that the 0°~90° range of the pitch angle could
be achieved accurately by using this mechanism. The method of simplifying the
hydraulic cylinders into sliders with parameter of speed and the method of
modeling by steps on movement orders of hydraulic cylinders were turned up to be
feasible. When the hydraulic cylinders move variably, the pitch acceleration is big
and the fluctuation is violent, but it becomes more stable than before, after
optimized.

Based on the blade element theory, the load of the blade section had
researched and the torque of the load to blade root was obtained. The load model
of pitch-controlled mechanisms was established by means of the integration along
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the direction of blade axis. Subsequently, the load model of control hydraulic
cylinder was deduced. After comprehensive analyzing and researching, there were
some factors which had obvious effect to pitch-control and power output, such as
the longitudinal deformation effect of the control hydraulic cylinder, the axial
deformation effect of the hydraulic oil, the structural leakage effect of the
hydraulic cylinder, the gaps of kinematics pairs and so on.

The analysis results showed that the hydraulic cylinder influence on pitch
precision could be neglected because of the little longitudinal deformation. But the
deformation of the hydraulic oil and the gaps of kinematics pairs had more effect
on pitch precision than hydraulic cylinder, therefore a slight fluctuation of power
output was caused, however the pitch error could be accepted.

KEY WORDS: wind turbine, pitch-controlled mechanism, kinematics analysis,
precision analysis
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Fig.2-4 The 3D model figure of wind turbine  hub and hydraulic pitch-controlled mechanism

B 2-4 b, AL 2 RATHIMEL 3 MEEHl, K XARRRA 5 HTRKAY. HHl
ML SERATREG , ML 6 (1T /G SErIAR Rl 155 ML i) L 1 J SR B %A A2 22
KAWL, BEFLBEIRERRERR L. SRERRKRITR LR IME
WEEAR TREABEIN, B TEEFRLBARES), RaEmiL ARl ZRRY
BBz, BRFVWEUESEFFPRE . HNTENRH, 85 - ERLEHmE.
SHFF. ME, FESRRATREER -G, B, SER-GHREIHR
BESWMEE, EHANBHN, BRRATREGRESD).

A 2 REEF I 4 L, BITHTRCEHE, HBTTRERERZ 23
3 MEVTIRE . B 2-5 RV LA = 4R AN ) B AL AN S R A R A AR
TRAVAGRETRELANR, FRREN. R BIFGCEEHIE. KT
ML B e B LB, R R BB REMIEAT R -
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B 25 RRAPRAH ZABYVA
Fig.2-5 The 3D model figure of pitch adjuster components

GIHEAL 1.25MW R IRAEHM ) R B HLE R = B Ko 4T KRR 42, (AR 120°
ZETREL, HiXE XM HRER - EMHFRNRENNE, ZHZEEET
RO EE—NE KM T REAEE . WHE 2-6 BRERAMH =R RIH 5
HHMEXR. AAEBRLZATHE. REWmEL. RREET. BREEETE.

1-EREA, 2-RRERHN, 3-RRELBH, 4ok
B 26 ERHEAMMA = HRA A
Fig.2-6 The 3D model figure of pitch wheel components

HEB) IR B R FURh AR B (U R i S A 4. ZRRRIE AT 2. RRFEEAT
3 UK SRR A & ERHURS AR . YRR AT EE SIS P eSS TS
B, JOIREHGEE R SRR AERAT 3 B3, RRMIEEA 3 WARKER 212
3. HJLAEME 4 MEEFSEAZRRAEHMNEZIN, ZEWE 4. ZREZIT 2 A
RO 1 BRI T — ML= AR AT 3 W REEAT 2185),
RAR S T sl R i Es), R RASE RS T, ST LOE I X B HE S
TR iede, MIEE|ZRHRK K E .
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2.3 &5

&5 %14 E ) Aerodyne Energiesysteme GmbH 2 %] 1.25MW 2833 18 47 X 17 & HHL
AT =HEE, FRIN T HRR DK EHARERSG WIS, B3 T AR EEEE,
MRS TITIF T Bhl.
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3 MW ZXNLB R RN RS sh 2t AL

3.1 BEERHHE ST ER

ZREHM AR IE S HI R M AN A LR B E RN Z 2R ENXBINZ—. 3%
CHER[1. 4. 11~14]A %, KBI2SMWKBEHLA BAEITTR, RENMNAEFUTR
THEXR:

(D) HAREE TR, BERERERZENERT, @dRENARH A%
RS A EE S LR REMESITRE, FIET RENLEITPRENAXNLE,
LI BERERLHEEE, TEHBRTYH A LRNESSHRNETFRERS, XENZ
B AR BT — AN EAREX;

(2) HRGHEHT PR EE R S s ER A FEENN, =AM ARNERERLE
HERT, EAAENH, RELSRE R 00 ZMRAIE. shit, M N
BT SFMAR. FEHFSSEAERT, RREEREMRE, AEIREH RS
BAE. HEARER, WRE, REREHFEHER T4/ min. X LR ZELIE
%1F.

ESARRTRERAWASHMNENGE LRRITEKR, BTRENMTEERER
RERZ A, ZIENMELAHLEE. RERRESATESHENZETEEFRT
XK.

Bk, A T T ERNANE TR TR TUE MEXK, FEMHMETIRES AT
R HABKE: F—F, XHHHTEL, B2P, BVEFH¥EY, F=P, K
Wiskig: HIE, HMTEsZH.

3.2 ZEHAREL

W P 2R 2 B R 0B T o LS AT AW LM A2 3, SEBR R M B B A B B AR 1.
EEREF, FELANMRE—ZR, BN THE—IZHHE —EMRNZRYN,
=EVMES = WRNEE, SRRSHE, BALE—EHNER. BrR=8yHEIN
RZEEER B, BATEXN—ENBBITOIREETHR=ARHHEFEN.

E3- 1T R A — R RN AH3DE, KA AR Hh LA, SRATLE,
AT XHUHAT TR, FEMHUEATE L. FEEME. ZemE (E3-19H
4y TR EES RN, BRRER (B3-1FMHD BUNET, X
FAEHEVHKEEEURMERR, WE3-207R.
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I-ERBA, 2-RREHM, 3-RREEEAN, 1-EHlihir, 2-5@H, 3-K R4,
4-ghihk - ERERM, S-Roibir, 6K EXBARIH
B 3-1 LEAMAH DR E B 32 REXMMBRER
Fig.3-1 The 3D model figure of Fig.3-2The principle of pitch-controlled mechanism
the pitch wheel components

SRR EE 3-2, KINMRERANEHE, 2R REFIE 1| MZEME S. 1)
FEROTER, WMEMESIRELERFIRE, EHmEEsE fefTersism
WA B3, FESSRERAATHRZRLRNENRE. BT EREMRRIREZEHMET 1 3)
R, HUMKMAEER, TEERTRRNRZEMILETER GRS,

3.3 ZEHMRIES)ZRE

FRIMEHMTBTEE R LM, KRASEERETNANTEIERRE
FREMENTIR . EEUERERE e, Gl — R B DA AT E SRR, FRANTREEE
BhitBHLA ki ZIBBIRRNMME R, SCRAEREHITR R R,

% RN P M E S E S P MR, MIBTES) F RS, Rk
WIZF) G0 BB
3.3.1 BHIMmEEs)EE

B X REFMLESN, NHRNEIER, BAREMEASE, XEAUER
AL 5. BRI BEUAT 6 LRBRIEEAT 4 ER— A, FEE LR LE 2-3
PFURKITER, B RpEsniEsdghE—ME, PRS- RENEUKF
HE RAEF)HERB.

B 2-3 %1, AD. AC. AB. AE. BD. BC. BE. OB IKENFIRZL I S5+ L+
L~ I+ Sg~ I,o ¥F AC. AB. AE. BD. BC 5 x E#iAR3 N6, 6, 6,. 6,. 6,.
OB 5 x BB N1, V, AEHIMELESESE.

St EATHHITREMN, ATUBESNMRERFARE, HEUTURIZINRESAA
Feosn
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B 3-3 bbb simkxER
Fig.3-3 The mechanism vector figure of simplifying safety cylinder

B 3-4 #M% AEBDA 4 & H{LH
Fig.3-4 The vector simplified figure of closed form AEBDA

fE3 % AEBDA &, fatb b EREIE 3-4, L9 OFE 5 x FHEERIE) E4, F1
AA KR, I, NTTLUBRKESAHEE-1):

AD=BD+EB+AE B I =1 +5, +1, 3-1)
I, =1 (7 cos6, + jsin6,)
foo, Jl2=h(icosd, +/sinb,) . ABIAT. T ERRG-HFES,
S, =S, (cos180° + jsin180°) = -8,

|

, =L(fcos@, + jsinG;)=1;7 +1[j
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l,cos, =1, cos6, - S; +1, (3-2)
I;sin6, =l,sin@, +1

R TEAG-2): {

FEH A ABDA 1, FHHALEAERZIE 3-5, WATLMERIRES AT EG-3):
AD=A4B+BD, El I,+S,=1, (3-3)

B 3-5 3 H% ABDA < ¥ H{LE
Fig3-5 The vector simplified figure of closed form ABDA

1, =1,(f cos@, + jsin6,)
e, I =L cosh, +jsinb) , AT FEARRGI)MRK, E/HK

S, =S,(f cosd, + jsin6,)

BAG) {5 S o 64
fEt AR ABCA W, R HAREAER BB 3-6, NIATUBEIREHHATEG-S):
AC=4B+BC B [ =I,+85, (3-5)
11' =1!(7 cosB, + jsin8,)

=1,(icosd, +jsin8,) , HHAT . jRBAG-5Fw, ERES

l4
S, =8, (7 cosb, + jsin6;)

e,

B4 (3-6) 10 T {l,"cos 6, =1,cos6, +S;cosb, (3-6)

l;sin@ =1,sinf, + S, sinb;
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A 3-6 3H% ABCA X EMLE
Fig3-6 The vector simplified figure of closed form ABCA

ZEHHEHA2. 4. 6, MATLABH HFREB-T):

1, cos 6, + S, cos 8, =1, cos6,

I,sin@, +8;sinf, =1 sin

I cos6, =1, cosf, + S, cosé,

J l' 1 4 4 3 - 3 (3_7)
I sin@, =1,sinf, +S;sin G,

I,cos6, =1,cos6, Sy +1,

|/;siné, =1, siné, +/

HA G O 6 6,0 S, LAKEE, 1. L [y L LACHE, S =V,

t, TR . XN S, =Si_io_, FRRAG-T)T BABIL N H R4 (3-8).
3

I, cos, ~1,cos0, =—S; +1,
l;sing -1,sin6, =1 5-8)
—I, cos 6, +1,cos6, =—S; +1,

~I sinG, +1,sin6, =-I

HAF6 . 6,. 6, I, KRE, H{ABM. XERBHIBKCERRTEH.
X HFRAG-8)XFHE ¢ K—IR. ZKE, HERMEMRR, WET LIS B
G-9)FIE EHFEG-10).
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~lsin6, I,sin6, 0 0 !
l,cos6, -l,cos0. 0 0 .9.
Loob o 2|=¥[-1 0 -1 o] (3-9)
I sin6, 0 -l,sinf, cosf, 6'
I, cos6, 0 l,cosf, sinf, .4
L l4 .
b 1-1c, L,c, 0 0%
4l 1=l : (-10
6 llcl 0 _I4C4 - 7’4 —S4
4 . 4
o0 l]SI 0 _I4S4 +Z4 C4 °
4 ] s |
He
~I;sin6, I,siné, 0 0
| hicos6  —l,cos6, 0 0
“| Zsing, 0  —Isinf, cosf,|
-1 cosé, 0 l,cos6, sin6,

C =6icosb, - S5 =61sin6, C,=60,c056, S, =6:sin0,. C;=64c0s6,~ S, =04sinb,

T,=l4sinb,~ Z,=I4c0s6,.

332 ZEMEEEK

LIBFIMILESER)E, REMEATFHINE, EREEIME 1. BREEZT 3
PARARRIEENT 4 RAEHN, FTUESTELEMLEsIRERN, =Fa UL —
B W EATERE, W) E R DL B 3-7 FratE st

s AC. AF. AG. CG. GF KERFINL I I+ Sg~ lg» AC. AF. AG. CG.
GF 5 xEHIEARHAE -« 65+ 6, O+ G Vo HRAEMELNIEINHEE .

EXREHMK ACGA F, FLHMHGREERFEIE 3-8, WATLABRIREH AT
F2(3-11):

AC+CG=4G Bl T'+S, =1, (3-11)
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B 3-7 fiEsbic X ER

Fig.3-7 The mechanism vector figure of simplifying control cylinder

A 3-8 M % ACGA X & RLHE
Fig.3-8 The vector simplified figure of closed form ACGA

I'=I'(7 cosf, + j sin6,)
e, {5, =5, cos, +jsind,), HHFT. JARKG-1)FH, FEH

I, =1,(i cos6, + jsin6,)

I cos @, +S; cos b, =1, cos 6,

FRRM(3-12): { (3-12)

I sin, + S sin, =1, sin6,
FEREHANK ACGFA F, MR GEREFEHEEIE 39, WTUBEREHAY
F2(3-13):
AC+CG=AF+FG, W [ +8,=1,+I, (-13)
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A 3-9 #H% ACGFA % F M LB
Fig.3-9 The vector simplified figure of closed form ACGFA

(7 =17 cos®, + jsin8))
S =8;(i cosb, + jsinb;)
He, (L =@ cosb, + jsinb,)
I, =1,(7 cosb, + jsinb,)
6, =6, -180°

» AR JRRAG-13)FR, EHH

a0 s

EREH AT AGFA 1, B HMMARBERZIE 2-10, NATLIBHREHAK
ﬁﬁ94$=26=F5+ZFEﬂZ=Z+Z (3-15)
=1,(7 cosB, + jsin8,)

7=
gop, {le=l@eosO+isinb) pqmr  § mBAG-1SS, B
I, =1,(7 cos b, +jsm0)

6, =6, —180°

1,cos0, =1 cosb, +I; cosO.
HEB-16): 47 T8I 3-16
HREALG-16) {l,sin97=lésinl98+lssin65 3-16)

HEFRMG-12), (3-14). G-16)EABEHEAG-17):

2



MW Ry R B HLEE YR R BRI B S AT AT AL

A 3-10 & ¥ WA AGFA FLE
Fig.3-10 The vector simplified figure of closed form AGFA

rl{ cosf, +S; cosf, =1, cosb,

I;sin@, +Sgsinf, =1,sin 6,

[l cos6, + S cosb, =I;cos O +1g cos Gy (3-17)
I sin@, + S; sin 6, =1 sin 6; + sin 6,

I, cos @, =1, cos Gy +15 cos bs

/7 sin6, = sin b +/; sin 6

NEH 6, =6,-180°, FFE(3-17)07 LUK FET 83 b J R4 (3-18).

{(SG +l)cos b, ~I;cosb; = —11' cos6, (3-18)

(Sg +1g)sin b, - I;sin@; =1, sin
Eq:‘gs‘ 06%]*%[]%’ l;\ 5\ 16%:'6%[]%; S(;:VGtGl Vc%ﬁé%ﬂﬁﬁﬁgv

1o HEAMELBATH A XHRH (18) XFHE t FT R ZIRF, 2B LA
% B 5E M (3-19) A0 i 1 2B R (3-20).

~(Sg+1s)sinb;  Issinbs || 65| [0 (3-19)
(Sg +lg)cosbs  —Iscosb; é Lo
5
_ —(SG+16)9fcost96 159.500595 0.6 =4, ‘?f (3-20)
~(S+15)Gssinbs 15 Ossin; || 6; %

foeh A2=[—(SG+I6)sin66 I, sin 6 ]

(Sg +1s)cosl; —Iscosb;

Zilt, FRENMMEHFEBIE ST, IR0 51% B2 G LS 3 A% A T
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BEPTEREIE S TR U R MR, mEEEELSSE &, ERAI%
RO RANE)TRAG-21). MR MREG-22) MPUERER(G-23)00F
1, cos, -1, cos8, =S, +1,

l;sin@ —-1,sin6, =1

J -1,: cf)s 6,+1, (ios 0, =—Sg +1, G21)
-l,sin6, +1,sinf, = -1

(Sg +15)cos b —I; cos 65 = =1, cos 6,

(S +15)sinb; —I; sind; =1 sin 6,

KA1 L L Ly I I CHERE, 6. 6, 6, 1, 65 AKRME, S, =Vt,,
t, AERIMELERIN A Sp =V, Vo ARESMELBITEE, o hEEMEIBITHE.
BEEV) s Vo b~ 1o BEAERX NN MBS H.

[ e 7]
¢, LC, 0 0 0 o 7@
1S, 1S, 0 0 0 0 6,
c, o -,c,-T, -S, 0 0 .
-l 1s, 0 -S,+z, C, 0 0 N
. . I
0 0 0 0 —~(S;+L)6,cosd, I 6;cos6, ]| .
[0 o 0 0 —(Sy+l)B,sin6, I 6;sin6, || .
LS ]
—I;sing, I,sin6, 0 0 0 0 o
lcosd, —Lcosd, O 0 0 I
_ I;sin6, 0 -l,sinég, cosé, 0 0 6,
1, cos 0 I,cos6, sinb, 0 0 ;;
0 0 0 0 —(Sg+l)sing, Issinfy || o
|0 0 0 0 (Sg+k)cosd, —Iscosb; || %
_05_
(3-22)

Hep
C,=6icosb, S, =01sinf,~ C,=602c086, S, =602sinb,+ C;=0sc0s6;, S, =04sinf, .

7}=l4sin04\ Z4=1400304, %gziijﬁ%\ VG‘ 12\ tg%%fé’ A]\ Azyq"r%"ﬁe
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[ising, Lsing, 0 0 0 0 ] 63' 1]
licosé, ~lycos6, 0 0 0 o ||% 0
[sin6 0  -isinf, cosé, 0 o g, |
~Lcos®, O  Icosb, sind, 0 o | ’lo

0 0 0 0 ~(S;+l)sing, Issind; || . 0

|0 0 0 0  (Sg+l)cosf, —Iscosf,||%| [0

6,
(3-23)
AHTETFREAEE,

LX=[6 6, 6, I, 6 6OF, HHUH MM XRERERTUERHRE29):
AX = NB ' (3-24)
A—HUEI MBI R BB MO
X —— KU P B
B—HUHEEI IR B S M,
N —HU B (I -
TN A % RAERER T AR A R (3-25):

AX=-4X+NB (3-25)
A _dB

X AR TIRE:, 4=, B=22,
dr dt

3.4 TEHHKIZ B HEE MATLAB F [k #

MATLAB(Matrix Laboratory)/2 3 B Math Works /2 & 7£ 1994 FE4f H iR FRI N A
B, CAFRBKHUAIEGHE., BRAE. Tk, JTFRRMuy RIS, FHR-HH
#FHLHHEAARRASRN TEAX R, S8 ENATREMT. F5ER%RLHE,
BERGR BEHE. TR, SFEEENZET S, SOy E g LR
HAW IR ERERF RN LI TRIFRE, RIBRFENFALELNE
B AR TR,

7E MATLAB B8 H R (3-21)s (3-22)s (-)#ATHERAMKMEFEWT:

() EAEBATESERERG2)H, HERATUNERIEREEBTEH(3-26):
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(F() =l cos6 ~1,cos8,+S; -1, =0
f(2)=lsin6,~1,sin0,—-1=0
f3)=-lcos, +1,cos6,+S; 1, =0

| £4)=—i;sin6, +1,sin6, +1=0
f(5)=(S; +15)cos 6 ~ s cos b +1; cos 6, =0
| £(6)=(Sg +1)sin 6 ~Issin6; +1;sin6, =0

(3-26)

T Bl A - e BRI, SR TR KRB« 6, 6 Iy~ Oy
060
B - R BE MR R OR BT RN — SR, ENE—AENVIGEETS
AL EBHIMBER “EBER” BrHF. SAHERETIEEE HTENLE
BIFHEXB, “RBEL” ERESERENTRELRAERKFER.
RNR—BHELE, BRI EESFHNROBENBE MR KERE, £GR_RFRE
ALRERELERIT. A8 KRR AKGE-27):
£(91,92)=0
327
{ﬂ%ﬂﬁ=0 el
Ko, g o, ARREKRME. B—, ¥EEq RBABHITULE (R Eq FR)
5 AR TEES B Z ERNHMEERF (HEEAqFR) 28, B
4.=4,+Aq, (3-28)

AFTRG, BRARYEZHETHBRG 2L EASTRNFELERE f(9,9,) K

RA—ANEFEBHR, BEMET N ZREOETSE (¢, ¢,) BHRHHE. K
M, B —MERBAERFREZRAK(G-29):

£(a.9,) = ./;(q_laql) 6f] Aql +%‘__qu + [}%Bﬂ\lﬁil (3-29)

RS I ROEE B 5. B FRMIRRIAEZE, BTk Ag, TR0 LT
R, HTHALASHEEHHR, AEEHRETAT. EFEENE, HEEG-29)H5
BEMRSIBETIEE (g, ¢,) LHE KENEFHESSR, TEXELERE
FERG29)F RS MBS RS ERETF, A B R SUR T R HSE R
FiERRIMR(-30):

4
[fl(q_pqz)} %lem Ol [A‘h] ﬂ (3-30)
£4.4)] | o, Ag 0

Oq)|-— Oq,|-—

4192

28



MW XUy & B LA R AR LA 2 B A BT A

FRRG-30)AH T RMBMHEIE (g,) SHEERMBRZ RBEEMTERTE. BTX
#ZE (Aq), BHEG-30FK(3-31):

~1

7 @ -
[Aq‘]= Olam Mg ['ﬁ(‘l_l"lz)] (3-31)
Ag, o, %_ - £4,9,)

0q, v oq, T

kXA IS T RNREEE A 3-11:

BEAfE (g,q,)

v

£ P EFEERBEER Aq,

i ffs - 16 IF B 48 30 9 00 TS
fi: g =q,+Aq,
v
EFHEELE f(,4,)
¥

mR fiv f, BEFE, WEBF
B8, PHEEE. FUGE,

A 3-11 FR--FE AR ERBALER

Fig.3-11 The solving process diagram of newton-sinpson numerical solution

(2) 7EE B RERE R A I REAE R op, WTDURIEK ARG n MR E x,(1=1,2,-,n) 1
S RA T AT
ax, +a,%, +...+a,x, =b

Ay X, + X, +...+a,,x, =b, (3-32)

‘‘‘‘‘‘

anlxl + an2x2 +...+ annxn = bn

A, REHFERE A R— D nxnBi T,
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ay - q,
A= : y A B"]iﬁ%ﬁ&f-% A-IZ ﬁﬁrﬂ%ﬁ&ﬁB%— | néﬁ%ﬁ’ B=(b19b2;""b,,)r’
a, - a,
Eitk, &Mt RABYRENRN:
X =(x,%,+,x,) =A4"'B (3-33)

RE-3BNERKMAGB-22). (3-23)KIHKHE.

ATHRERRERED, REIMFEATGREHER, TEBE MRS,
FH MATLAB %3 R Rt 5 AT i

2 RE TR KR, KR B LA B AR DA /ME I E R B
FAIHEK B . BR, BRI M RERDRX, PERmEHRsIEIZ. Pirt
AW ERA BHALE) REMED 900 WRSA UREALE) HFETHR,
4 1=446mm , 1, =502mm , 1, =700mm , 1, =221mm , l,=243mm , I;=700mm ,

lg=780mm, t,=283s, 1;=24s. WEEBITEEV,. V,0E 3-12 fiR, SmilitEE
FRUEHER. B MATLAB Z 2 EIThAE NI T UA/S B 3256 /) 0, AT an ) 3-13 B
TR, RIEABWEE o A 3-14 Fin, REATUMEE 0 3-15 fis. BEM X
4 B 1.

0.0 10 20 B 1Al 1;4,}0 40 50

A 3-12 AREAEITRER
Fig.3-12 The speed figure of hydraulic cylinder operation

A 3-12 RGBT EEE TV, . V2 RRRERIMELNZ 2 mEl RS ITERE, A
THRZERFERITHTEE, BN STEERTEA -, RENZHmEN
HEV, =20mm/s™", REMEHBITEEV, =15mm/s™, ZREMAMREETEEE
NTEGIMELRETERE, DUEFRNMRER SR Kb,
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90

70
<
50
2 30l
-

10
0 10

20 30 50
b 8] t/S >

B 3-13 ZEATHRER
Fig.3-13 The range of pitch angle
Bl 3-13 ¥EATKEHERER 3-12 BESHNERM EAHE, NEHLEM
BB R SE I A M 07 2 90° R (k. R R LB AR
=49

-

5
N W
— (¥

e
9

M o /rad «

e
=

100 200 , 300 400 500
R ML S

B 3-14 RIEARARMAAE
Fig.3-14 The speed change figure of pitch angle

B 3-14 3206 A 0 E BRI T e s M 2 2 WL RER T, REAMNZ
AE RIS, HbEE L R AR, SREEA MR IR R th PR i AR A
RIS B RSN 4.6rad /s 107, HIUFE15s IR A TIA HBAEE R AR E K94
WRERAY, REEZZFHIEIESIMEGIEMN. Hb, ERBEEB 255 ~30s /3
BE faAe bk R W ILBCR ) R R0 Bah, 21 RE A SR % &l R s fEe, W
L R AR R R AT S 8, E BRI B g . F2 i 5 2 A
L AR PR 2

B 3-15 350 A2k s B VA (K2 R T R BE A IR BEAR AL O, ZEIBAT I,
P B FFHLIE AT I R TR BE IR 1B M 14rad /5722107, RAMELIFHLIEAT I A N BE
VISh1E 29 12rad /572 107 o 553200 FRd BEARALISABL, (R 26 122 W o G RN 22 4 ey L 7 B
B, W TRKHMAMEE RS, BKAEN60rad/s™ 107 o X BIZL HIBEEH 4 b
TR R {5 R oy RO TE SRR M RLIZAT o Y 1R B S e AR LI B
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1,63
T 49

3§35

§21

®7

271y L
€00 100 200 , 300 400 500

B S

B 3-15 RSEA Rz A
Fig.3-15 The acceleration change figure of pitch angle

3.5 ZRH MBS RL

£ 3.4 19, 1ZH MATLAB BRI NE ST BT T, BHER
DU 2B £ 0 A T R RS BE A MO A I B, AT A IR B i A KR
HRMEREFHRI, TENREEBMENZSMEIEGENE, XHARE=E
BRHH BRI Bhl, SCERNEWH RS, FTUERIUETF, MiZm
DREFEOLH,

AT FRARZE RISy BB VB s T AR AR M SERM R IER d,
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Fig.3-16 The operation speed optimization figure of hydraulic cylinder
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Fig.3-17 The speed optimization figure of pitch angle
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Fig.3-18 The acceleration change optimization figure of pitch angle
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4.1.1 XYM R BB

RAKENAEEBITF, TEIMHAERETETRHE, TRHHZOEKR
fi. RESEZHEZLWTAR.

FRIIESCHR[45 46048 J (M E 18 (Blade Element Theory) ¥ R ML M Rk A
A EEZEBINTRR, ETRLSH= 4R DL £ SRR s
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A 41 —AetE Loy Rig 4§
Fig.4-1 A wind-speed component of blade element
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v BN FEERE, v=w+v)i2, Vv V7550 XE 3w i XA
- PHERRBRANKRAE. o HEHREMEE.
MW e A2 r M R YT 1 ST LU A (4-1)9R 7R
dT =F, cosg+F,sing =%pW2[CL cos(B+a)+C, sin(f+ a)cdr “4-1)

Hrhg=a+BlKRuifM, pAXEASBEHAN, a AWMA, pAZREE, . C,
SR ERBMANREMEIRE, c AHEZK.
BRF2r M ERORLOBER (x,, v,), HERERE T3 HREER S
BARRZAL=Yx"+y", MKHERLRAE IXHB=EHIER
dQ =L, (cosarctgx,[x,)dT « ¥ dQ XM RABNMEFEER T HH TR S H5E
0, HTEHMHEZKNAR, RYEERHSH JEGHITEEMM, WA
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i n "
Q=5p[6[Adrl +rlj‘Adr2+~-+rl_[Adrj] (4-2)
H A=W (cosarcig x, [x,)[C, sin(B +a)+C, cos(B+a)lcL,, HEIER pHER, BAa.
RAKA N FRENEN R C, v c,« KRB EEW HEEHE, HERTLUREESE
KA gAY NAERTEHHHRERSNEQ.
RN, EMPEEHRRBIEEES, BHERESHIRLER B AENSZEIME
R NFETE, RENEFERE, REEXNERANBHL, WERZVHKERS F, B
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%p[;"Adr, +:]-Adr2 +---+"I"Adrj]
: & @3)

F, =g Bl: F =
L L
Hp: A=W’(cosarctgx, [x,)[C, sin(B+a)+C, cos(B+a)lc, «
4.1.2 FHIMEL A SRR 5T

RN K ENAREREREENHREEREPRITIHRSMETER, KRITERM
FUR BARZ AR ES T, BRERRIRES, MANESRERERE, BEIWZ
EMHIEERFERELABREMRE =AM RRE.

B 42 iR RBERERIMEER, SVMEEAERANaHE, 23 RZHIMEL 1
MELWE 5, HFEMIREREERRFMRE, EHIMELEsIE, EREEA
0° ~35° I, FFEfTRERZAeMEAEE), T3S ~90° LHMNKEEAZN. B
FHEABRRILFATHRENELRE. BFBEFRRHRIZHME 1 3fETEE, Yl
AL BEREL, MELHMRAMRZEMELETEREVMERE.
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Fig.4-2 The principle of pitch-controlled mechanism

TELRRHIRAER B, JR0E A AR R MR R AR AT 4R, FE5RiE KBEF
RRBRN. RAEFHIFTIRT, BREKT 23.5m/s bf, RAURBEHTIRERY, s
B EIZEE A H 35" o RFBZTRHMB R TRE, 00 ~35° IR A R hEHImE 1
FKoERH), MM FEER TEBIME 1 £, RRREDLFEMNLS 4.
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ZhEl, ¥ DE W4eHish; #H E&F—B31E, # DE T#iT/KFE3s). EH=ErR
HEH ABERT A &, VT AB 54 BC BEKM, #h FHIERBRT
LN TFFE EHERAT C A, ¥ DEXH BCHIERN F.

ESBC KN, 4T BOKANIL,, SIF BB SHINEBEK N I=1cos6,, 6 ANFK
H5EE 5 BC MY . RIEHER AT REET LA BIER S FHRER(@A4):
L, cos6,

NENERH AN EBTEY, 6ANTERTEERA 4.6 ~9.2°d, cosb =1, FEit
2R 4-4)A] LUE LA K (4-5):

Rl

Feo (4-5)

@-4)
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Fig.4-3 The simplified load figure of pitch-controlled mechanism
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Y i
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BETERENHARESTEEPEREAC~3°TEEA, MELTEEANERS
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Tl 4-8)
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I L
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XK.
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BHREEAER, BEMMZOEREEXR, BHRBEREERK.

4.2.1 EHIhEZE
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PRI b — B AR, 7E ANSYS10.0 PATRIRMR, ATLABRBE RIRIE R 1/4 2
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B—, BVUTAEHLMIERE, H¥ New log and error files & A Yes. 58
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0, GLAER.
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HEBANLAREZBFR T HRIREEFR.
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AR,
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EFEAMETERALL 026, RJ5 8 OK, FERXTHHEMEBEIE X
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W¥NHR 4 . FA Utility Menw/Plot/Lines #v4, BRFIELE, Hiks Utlity
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Picked Lines X5, ZEFF# LEBSR S A 2. 4 ML, K OK, Hi3L Element Sizes on
Picked Lines (875X <H K/N) ¥ HE. 7E NDIV No.of element divisions SCAHEFHIA 4,
A OK, MM EL&BRKBET. RSB IS BO#AT 28 F45) .

SRJ5, %EFF Main Menu/Preprocessor/Meshing/Mesh/Areas/Free i, EH SN 1
MIHE, s OK KX EHESE X H FRITHER PR &7 o

FEANE, MECKE.
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SERARE, WHEMER, SAEMHEDEERBBEMESHFEERD. B
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BsLL, BEITHER.
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Fig.4-4 The composite displacement field distribution figure
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EATRREZME.

WEMEERME P b —EAE, BAEEMEE ARG RRET L2, ®E
ANSYS10.0 F4 ¥ EHE, BEMPNEREELMAMNERTE, FTUSITEREN, R
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ANSYS SHHIERTRFREN, FRMLELT R, F—MTRI LEEEHNAKR
GUI 7R, BEERBIBRET EFREMSTHERTERNBELINSTETHE; 5
—FHERWAMLSRFR, ZHHTRARELTRERSMER, AadRERPEETR
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HATEBAEMUEENEREY. RAITSR, TARENRE, TUERHE
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Table4-1 The relation among power, wind-speed and pitch-angle of wind turbine in principle
B3 Rig (m/s). & (KW ). %A (K)
Units: wind-speed ( m/s ). power (kW ). pitch-angle (deg)

Rog  IThE ks KiE  IpE  REA RGE ThE  XBA RKRE  IhE REfH

0.0 0 0 6.0 181 0 120 1231 8 18.0 1154 25
0.5 0 0 6.5 249 0 125 1250 8 185 1036 25
1.0 0 0 7.0 311 0 13.0 1250 8 19.0 1036 25
1.5 0 0 1.5 386 0 13.5 1250 8 19.5 930 25
2.0 0 0 8.0 464 0 140 1250 12 20.0 930 35

2.5 11 0 8.5 554 0 145 1250 12 20.5 812 35
3.0 22 0 9.0 650 0 15.0 1250 12 210 812 35
3.5 33 0 9.5 753 4 155 1250 12 215 705 35
4.0 50 0 10.0 860 4 16.0 1250 20 220 705 35
4.5 73 0 10.5 973 4 165 1250 20 225 605 35
5.0 101 0 | 11.0 1092 4 170 1250 20 23.0 605 35

5.5 145 0 11.5 1188 8 175 1154 20 235 0 90

4.3 WEHLEH R M R Y

PR L S W EFF (AN B E) R PR RSB HEE, b T RS RIFHIE
MR — R S, B RS R AR AT T,
EAEHERT, WEEEDREFNEL, FOMEBIEE— R, XEY

EHERE R EAEMERE, XEEENEEEEN. R REA R EATE
S NE (B RARUEAT BRI, RE M TSN, R «E
7 SRR, R T TS AR AR 2 b A R R . BT LU S AR
AR R . FE SR 5 RO BT LU A R (4-10)7 88

Ag = mdl(hy ~ hy) (4-10)
Rof Ag VBN —MEFHRR AR, d BHHER: | WETENTE: h. hA
HSEH SN 1 AEEE B EELRE, MR b 5 WELE ) p BIBOE AL SRR L
] AT LU R (4-11) 3

h=20/p=20/F (@-11)
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HTFREEELEENMREIERETE (MBETAEEER) SR, FHikx
FRIEA R AEF A BEmTRITERPEEERERNTSE. JOERTRENTH
7 il (4-12):

Aq' = mdlh 4-12)

B 4 AWELETEHEEER, BFHRERRETITE ERNRE AL TTRE
H3(4-13):

A _milh _mil 20 @13)
AI Al AI F;I

4.4 Z3) A B

WIESCER[54 SSIRIRRF, A TRIEBHMAEHYNES), B3Rz h—KEE
HECE, XML EBHEIREE. BRIEBAZHEFEESNEHE], FrLyss
BHEIEREA @ &K, Fik, d@sha]ER~ENRRIRER VRS THEK.
st d—eEnEfEE, BTEE. BHRIERE, S3RIRBEmERE, X
AR ALK RS B AR RS B o

HE 2-4 RBESBERRIEH=4ET R E 4-2 TR EERET, RN
HEREANEEE], SR REBSEHIMELR K — MR — A BREE]; 25 hE
WHWRZEK— N EZ BN —AREE; ATREIFATZEN—NEE; AR
RRERT A —MEF BN —ANIRE R FEEAT SR EEEFT Z R — A3
BIM—ARREA; RRERAT. REHOURZEMI=F KRN HEE M — A RE
Bl RGN LW — MBI —AKEE . B, —EREIGTE
B 1AM EHE 6 NERERIR 1 MESIE].

MR SCER[S61MB A, BUEFNEIMIEIBR A 0.2mm, EREAIHIRIERA 0.25mm, H3)E]
RIEBRA 0.2mm, B TEFNE]ABRERKREZHRERN AL, WERZHHHES)E]
i BR Al =3.1mm.

4.5 REMTRXREN T

BEEXEEMNHRATEREHIMETRMEEAZ XA, FHikE kAR
FEENBER. BARRNEREFEC ~35° LEAMEHIME L, BT UE TR
VU REE, wE4-5, Bh RREREERT BC. X MEEREM DE, BCHE B i¥%
SRl Es), D. ERSE #3508, #F DE AfSEs, HHE RLF —B3)E,
¥F DE AATKFES) . BERRHRRER NN, SFFHHENIEXR, LER
REREEAN A, BRI EXR. HH4TBC. BD. DEKAL S /. 1,
OE K R1,, OE B x MIMEER A1, s, hizHlMET i, EM AEFIMISTEK
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i1, OBAEPL, o AN BCY xHIERKI A, ¢, %+ DE 5 OE BHIKA,
BRI BC HIRIIESE, BNRIESM.

B4-5 REATAXEA
Fig.4-5 The relation figure of pitch-angle

X EAHH#ITREL, TTUHESNMREHARE, FHAETTUBHEANREHAR
=

ti#t A BEEDB AR B M BD=BE' + EE+ED,

¥ EREEREHAFER x. yHESE, WaBHFE4E-14):

{1, cos 6,=1, cos 6,-S,+1, @14)
lsin@, =1,sin6, +1
NifE 575727 LA B 6, f I RIEA (4-15):

03=l4 _SE +12 COSg‘ (4_15)

h

B R@-15)31TH B, HERE 0 ~35° RIREATUN, £ 6, RUTEHE72° ~180°

B, Hcosh, ~-1, HEEHAHN OB, ¥ BC'5 x I fhse, NAHEM p SHEHIMET
s, BIFX AT HR@-16)FKE:
1 a5 -1

B=6,-88 =l—l——~ss° (4-16)

BB A YRS T 52 R TP A B BLAT AR AR 2 AL, WU RIS SR B A e 7

H R ETAT AR 2 AL ARSI RIRIBR AL, B EIR RN (4-16)F, W56 12 A

&, WA @4-17):
%14 "2(SE - Al ‘Al4 "Als)“lz

p = 1 -88° (4-17)
1
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¥ 5 B AT BB ARG AS H
4.6 Hp

THEE 1.25WM FEEAREIAHEXEEHTHE, EEA Wortmann
FX77/79Mod R, MM RABIEM, KEHRBHZLKSBRETE0RS mME
A LA B0 B2 BE M I R A TR S WA 0, WA B BB R fL A 58
F, H&@/LAsHWX 4-2 Bir.

BRHE p=1225kg/m’ , WERLIERAT BC KE I =700mm , TR EEAT DE KK
1, =221mm, EHIMELREF RSMEFMEER A =25um, BEHERI =60mm, 1%
HIMELRITEE EM K1, = 486mm , WIEFIHAIEHTEETR 4 =11304mm®, FRIEA
J18 K L=100mm , {5ELEE NI AE R XEMEIE AR AR ML B WA 4-6. KEMIHE

ZIE IR F W& mE 4-7.
: A 42 1.25MW vt i B-88 JUFT 54
Tabel4-2 The section geometric parameters of 1.25MW wind turbine blade

B E S A 2V P2 T MERIE
Im Im /deg x, /m y,/m L /m
0.0 1.885 5.00 -0.000 -0.000 0.000
3.0 2.049 7.74 -0.117 0.016 0.118
5.0 2.485 9.73 -0.378 0.065 0.384
8.0 3.097 14.02 -0.420 0.226 0.477
12.0 2172 10.44 -0.474 0.162 0.500
16.0 217 7.31 -0.277 0.065 0.236
20.0 1.804 5.52 -0.226 -0.036 0.229
240 1.521 428 -0.182 -0.197 0.268
27.0 1.360 3.67 -0.167 -0.340 0.379
31.0 1.181 3.09 -0.118 -0.573 0.585
34.0 0.008 2.68 -0.009 -0.781 0.782

B 4-6, 4-7 FELE 1 714 RRKRFEBEMEGR . 23508 R RS E i REM
R, REMXIYIIERZ MR RMLE, BLE 2. 3 KR iR E E N XEM
HEEA. FIERXAOPIHRZ E KX R,

ME 4-6 P UBMYREKTF 9.5m/ s RZYIITHBIE, #HITERRE. FHEXE
K, RAPATHREBRKIIERGE, FrtBa SR SRR KR XEE, 25X
KF 23.5m/s b, RAVELHE S EFTBRGES, ZEAREMAT 0 . HELg
2 RERBREMERETR. B3R RERENREASRERERFXARMLE, M3t
%1, BAPEEAREMENLS, HIRENEHR13.5m/s 4.
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5 EXHE

51 AXFETH

AXAHEEANIIR O R EIATRMERM L, HEER Aerodyne Energiesysteme
GmbH A8 1.25MW Z#E R S R BMERHEET THRAR SRR, EE
AEEFEUTEHS: F—HIARDREBVARENARTTZEBK: F8
AT EIEATEELN; BB TRINANRREGEERTTHR.

AXWMEERRTEMLG R H:

(1) #TF Solidworks2006 =4 ¥ -5k, B TR AR I AR RN =%
R, FZAMBHTRTHIHNEITEIRIE. ’

(2) MR, B85 MW R RENANRENMNEs)FETEE, 3
SHARAEFEREURELAMEEERE, EH MATLAB 4R EEHEFHITH
B, EEREFRAAASE. ERRPAXTIHERETIRT, EBRLARIK
FHLAM B 0°~90° 3 HE f LB AR 4k . BRVIMZFREE, Rl R 0T E
SEHR/EE, FERRBMEENEERFNSEEN T EIEARTTH. BHimL. 22
WEBEW R, HAZREMEEREL, BRI SdMASERILE, MEER
B4,

(3) MAMRER, BRS R BHUERM IR AR, DR b i L
AR E AT ER. SALERAMLLAZERR. BEMZEER. RELEHR
B DL RIEEhEEBRERE, SRR ERNEE. &RR\EHIMILENZE
B, MARKERE BT CAZES RS A BRI B e 48 AR 2 3 &l (8]
B, STERMEEIZEE —ENEH. Fl, R MW SRR BIGEDEZRRIRE
HIEW, HEREEAD, BHEHRERAK, TTLZEE,

52 THERHE

BT MW RN R EHARETM SRR T RN TR AR ELE, REEREMN
PIRRA R L 8 A it — PRI
' (DRN K BHAZRHRMB) 2T TS ST UL T R E T,
PR ORGSR NAER, AT R R AR D R AR Bk

(2) XRAEBHAEZIMO SRR, TSRS EATFETRL.
S S BAEERERPNER, RURRTSEMLESH, ReSMTMASHRL
42, PERBENFRAOZRLR.

(3) XMERREEENTRS, BT LT AR RA U H AT X R RN B
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B OW

FERSCTERZ BT, B 3 B B B A U K DR S B LA e R A IR A SR A8
B. BRFEMERIE. MENWESENTTRD. EESANKIEARFRIEAR
BFTRIERAE R AR, KRN RABEIN TR, EXZFNEINERE
&, BNESTREMAZMATFRESD; EeCRELRY, BELMHTXER
¥, ARFOABNIES, HEEFEEFREMMNEL, RIXFETREARRE
FImE Ol A R

JHRAE, RERE, T, 75K BT RS B R R A !

SR BT R K R 57, BRIEHLE TR SIAEMKNEALZ MR &
ISVl G

B EAE N B AR ¥ RS B TRE%E, SRR T REFMEIMEERE.
R EhE B R T AR T EFF &, 5K SUAL DA 3 70 2 50 B R AR «

FRKBEOE. BEARAL TRELKEZRNENZIE, EREEHZMEOR
NESJ R, WRZEREL, FHERENERTERFENEZR!!

BSROBRERCE. BEH. BEK. B, ERENROEAR, EHT
BB P S BAR !

3 B B Sh RITARKKE BELROFED 1

gt

¥4 BB
20093 H 18 H
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B A: MATLAB BEM

%A & EHA TS SR I 7 AT
% (1) —— i ERREEAT 4 HH A thl IBRRERT 2 @A th2
%IRE S HIKE (B 2K

1=446; %W E S MHF 2-OF BlEFEE R A MWEEES

1(1)=502; %P B IEENT 4-AD | AD RIFIKE

1(1=700; % E B IIERIT 4-AD MKE

12)=221; %R ER R IIEEH 3-BD FKE

1(4")=243; %W E F AT 2-0E BIKE

1(5)=700; %% AR R EWAT 6-AF KK

1(6)=780; %R E X EMELIHEA FG FKE

dth=pi/180.0 %SRRI ER R

% E VIR A

25|k AL AR

se=0; Y%iEHIMELYI AL E A 0

sg=0; %RAMEHIHMER O

th(1)=87.2*dth; %R ELRIEELN 4-AC IR E A

th(2)=174.4*dth; %W B AR IEHANT 3-DB VIR BEA N 1744 B
th(4)=128*dth; % E BTN BC FIBISEALE M Ay 128 B

1(4)=300; %L 5E e AT BC FIATERKE A 300 22K

th(5)=210*dth; % e B ELE ) e B E B R R A WL 6 KV ALE A
th(6)=222.7*dth; Y%t R I ELE 3 5 B R AR R RLEEAT 3 WAL E A
dse=9; Y%iEHIMEL AL BRI B

%Ik R MELEIE B RFtE, EHIEENESEN 0 KRB 486 XK, P
%9 ZEX, v thl2
%R EMERFHIRE
for i=1:54
[th1,th2,th4,14]=ntrps(th,]);
Y%l A —F L ARG KB B R IR R RECUE PRI ELE S R
%4
YrEXEFE th12 PAEFFA R, DA B4,
%(iL,)RRE ATHESINAE: CORTE IFIFTBETHTE
th12(i,:)=[se th1/dth th2/dth th4/dth 14];
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YFE R (I HIEL TR ERAT 4 5 EEATIHA BHTBCH A EAMTBCKE]

se=se+dse; % HIMELE S AL B i1
th(1)=th1; %R IRIERENT 4 B AP EAE
th(2)=th2; %ARRIERENT 3 B AT EE
th(4)=th4; %KEUFT BC ¥ 9 a) i+ H4E
1(4)=14; %M BC KE P iE it HE
end
dsg=10; % & WELA B E

%I LS AR IRF, BHMEELE, R2MEEs), M 03R16E 300 ZX,
%t 10, THH%th56
%iZ HIHEL R T ECRS
for j=1:30;
[th5,th6]=ntrps(th,1);
%A A4 FE R E KRB E ARSI 7 18 R Z 2 M ELES) T 12
%A
YIERERE ths6 FREFLR, UUBERBAL; ()RDE jITHASINLE: (HRTE]
%I AT E
th56(j,:)=[sg th5/dth th6/dth]; $HERE (R AMTLITHE R BT 6
%A RS ik A

sg=sg+dsg; %% A LI B A7 B ik 1
th(5)=thS; 2SR A RLAT 6 3 A P A
th(6)=th6; Y& AEWEL 5 Sk APl EE
end
%L HIER A ER L, BIERRBRUAT 6 HATILME
subplot(2,2,1) Yt EE—NFHEOLH M
plot(th12(:,1),th12(:,2)) %22 HI ML 21T EE ARk th 2k
hold on
plot(th56(:,1),th56(;,2)) %L HZEMFLETREREA TN L
hold off
axis([0 50 0 20])

title C 3ZPE A RALTEE)
xlabe C B8] t/s")
ylabe C £ ¥ thetaS/%’)
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%(2)———— R T ARELER UK BC SR B
%iZ M ELSNERSEE R, BHMELEEMBES BN 0 ZRBILF] 486 2K, $ik
%9 2%, #HH oml2

%3 2L (R FF B A
%I E A
oml1=0; %R IERAT 4 VI AEER 0
om2=0; Y%A IEAT 3 WG AEE RO
om4=0; % BRI BC ¥ AEERN 0
v4=0; %BC HAIMHEERALIEAE A 0
for i=1:54

(i)=1*28.3/54;

v(2)=se/t(i);

A=[-1(1)*sin(th12(i,2)*dth),1(2)*sin(th12(i,3)*dth),0,0;
1(1)*cos(th12(i,2)*dth),-1(2)*cos(th12(i,3)*dth),0,0;
1(1")*sin(th12(i,2)*dth),0,-1(4)*sin(th12(i,4)*dth),cos(th12(i,4)*dth);

-1(1')*scos(th12(i,2)*dth),0,1(4)*cos(th12(i,4)*dth),sin(th12(i,4)*dth)];

B=[-V(2);0;-V(2);0];

om=inv(A)*B; Yo% th £ TR A R

oml=om(1); YRRERNT 4 fEETE S RME
om2=om(2); % REDERT 3 fEE T P EME
omd=om(3); Y%EMAT BC Al v H P RE
v4=om(4),

om12(i,:)=[se om1 om2 om4 v4];
VIR (R HIIT AL JEHAT 4 AEE FOEENT 3 AEE AT BC AEE BC Al
YR H K ]

end
%IEBMELEN AR R, HHMEELE)E, £2mELzEs, M 0 163 300 X, %
Hik 10, 5 %om56

% i% FIMEL R FFEF AR A

%R EVITH &M

om6=0; %ML 5 Z LAY AEE A O
om5=0; SR E T 6 MIHAEE R 0

for j=1:30
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t()=j*24/30;

v(g)=sg/t();

C=[-(th56(:,1)+1(6))*sin(th56(:,3)*dth),1(5)*sin(th56(:,2)*dth);
(th56(:,1)+(6))*cos(th56(:,3)*dth),-1(5)*cos(th56(:,2)*dth)];

D=[0;0];
om5=inv(C)*D; Yol HH AR 33 S
om6=om5(1); %A IMEL 5 T A E R R T A
om7=0om5(2); %R AR LT R Rl B
om56(j,:)=[sg om6 om7];
%R [(ZAMEA Y AW S MAERE RRRENR
YU AT ]
end
%ix IR R AIER L, EERRH/EIFTHERE
subplot(2,2,2) Yol FE 3R 2 AT & D133 M s FE 2%
plot(t(i),om12(:,2))
hold on
plot(t(j),om56(:,2))
hold off
axis([0 50 0 4.9])

title C R AEEZIE’)

xlabel " B8] t/s”)

ylabel C £ 103 & omega/rad\cdot s*{-1}*10*{-2}")

%(3)-——————————TH L E A A I UL & BC S EE B R Ak s fE

Y%k RMELSIVEM LR IRF1E, BHIMELEIIMESHMN 0 Z2REE] 486 XK, Bt
%9 2K, THH%al2

%R e MILRFHRRE

%W E WG &1 _

al=15; %A IEBNT 4 BIRIGH A INIEE A 15rad/s"(-2)*107(-6)
a2=2; %I AEIE AT 3 ARG A N BE A 2rad/s™(-2)*10°(-6)
ad=-1.4; % BT BC M4 £ NI BE A-1.4rad/s™(-2)*10(-6)
al(4)=0.5; %R RIFF BC KB KAIEIEE A 0.5rad/s™(-2)*10°(-6)
for k=1:54

t(i)=i*28.3/54;
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E=[-1(1)*sin(th12(:,2)*dth),1(2)*sin(th12(:,3)*dth),0,0;
1(1)*cos(th12(:,2)*dth),-1(2)*cos(th12(:,3)*dth),0,0;
1(1")*sin(th12(:,2)*dth),0,-1(4)*sin(th12(:,4)* dth),cos(th12(:,4)*dth);
-1(1")*cos(th12(:,2)*dth),0,1(4)*cos(th12(:,4)*dth),sin(th12(:,4)*dth)];
F=[om12(;,2);0m12(:,3);0m12(:,4);0m12(:,5)];
G=[-1(1)*om12(:,2)*cos(th12(:,2)*dth),1(2)*om12(:,3)*cos(th12(:,3)*dth),0,0;
-1(1)*om12(:,2)*sin(th12(:,2)*dth),1(2)*om12(:,3)*cos(th12(:,3)*dth),0,0;
1(1)*om12(:,2)*cos(th12(:,2)*dth),0,
-1(4)*om(:,4)*cos(th12(:,4)*dth)-om12(:,5)*sin(th12(:,4) *dth),-om12(:,4) *sin(th12(:,4)*dth);
1(1)*om12(:,2)*sin(th12(:,2)*dth),0,
-1(4)*om(:,4)*sin(th12(:,4)*dth)+om12(:,5)*scos(th12(:,4)*dth),om12(:,4) *cos(th12(:,4) *dth)]

.
2

a=inv(E)*F*G; Yok L A 3 P A

al=a(l); YRR 4 Fo i BEvHE A EME
a2=a(2); YRR HIEREF 3 IRV PR
ad=a(3); % BRI BC fnEE v E g
al4)=a(4); - Y%REBUFF BC 8 28 40 ik - & o R

al2=[k al a2 a4 al(4)]; %IEFE (TS N 4 AINEE EF 3 AMEE 7 BC
%AMEE #F BC KEZLMEE]
end
YR BB s G R FtE, BHlmEEIEE, ReMmEs), A 0&RLE 300 EXK, %
i 10, THH%a56

Yol il ELIRFFFHBAR A

%t SE I Hh A

a6=14; %Z AL 5 SRRV A INIEE A 14rad/s™(-2)*107(-6)
a5=12; %A R AL T AT B8 A INIE A 12rad/s(-2)*107(-6)
for h=1:30

t(j)=j*24/30;
H=[-(th56(:,1)+1(6))*sin(th56(:,3)*dth),1(5)*sin(th56(:,2)*dth);
(th56(:,1)+1(6))*cos(th56(:,3)*dth),-1(5)*cos(thS6(:,2) *dth)];
J=[om56(:,2);0m56(:,3)];
K=[th56(:,1)+1(6))*om56(:,2)*cos(th56(:,3)*dth),I(5)*om56(:,3)*cos(th56(:,2)*dth);
th56(:,1)+1(6))*om56(:,2)*sin(th56(:,3)*dth),I(5)*om56(:,3)*sin(th56(:,2)*dth) ] ;
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e=inv(H)*K*J;

aS=e(1); %R 5 B ALAT A0 26 i D& BE v B o el
a6=e(2); YL 5 BLAR M85 A ik B vH B o Rl
a56=[h a6 a5]; %P5 Z4AmME S SANTHAMEE TR
Yo RIALFT BIRT2A% F I ]
~ end

%2 FIRE A MEREZ ML, BT AINEE

subplot(2,2,3) Y%L FEE =T & OS5I s thk

plot(t(i),a12(:,2))

hold on

plot(t(j),a56(:,2))

hold off

axis([0 50 0 63])

title C AT UMERZE)
xlabel (' B (8] t/s")
ylabel( £ IN7E ¥ omega/rad\cdot s*{-1}*10*{-6}"
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B B: ANSYS #rdii

/FILNAME,ANALYSISSTRESSO01,1 ! B X T4
/BATCH

/COM,ANSYS RELEASE 10.0  UP20050718 21:25:09  10/14/2008
/PREP7 ! BENATAL R
BLC4,,,15,60 ! A AR

1%

ET,1,PLANES2 ! X HTRE
!*

KEYOPT,1,3,2 ! REHTTRET
KEYOPT,1,5,0

KEYOPT,1,6,0

!*

!*

MPTEMP.,,..,,

MPTEMP,1,0

MPDATA EX,1,,4.359E4 ! B RL R
MPDATA,PRXY,1,,0.45 RPN g SR =] /N4
LPLOT ! R
/PNUMKP,0 ! BRERRS
/PNUM,LINE,1

/PNUM,AREA,0

/PNUM,VOLU,0

/PNUM,NODE,0

/PNUM,TABN,0

/PNUM,SVAL,0

/NUMBER,0

!*

/PNUM,ELEM,0

/REPLOT

!*

FLST,5,2,4,0RDE,2

FITEM,5,1
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FITEM,5,3
LSEL.S,, P5IX
NSLL,S,1
FLST,5,2,4,0RDE,2
FITEM,5,1
FITEM,5,3

CM, Y,.LINE
LSEL,,, P51X
CM, Y1,LINE
CMSEL,, Y

1%

LESIZE, Y1,, 8,,,,,1
!*
FLST,5,2,4,0RDE,2
FITEM,5,2
FITEM,5,4
LSELS,, P5S1X
NSLL,S,1
FLST,5,2,4,0RDE,2
FITEM,5,2
FITEM,5,4
CM,_Y,LINE
LSEL, ,, PSIX
CM,_Y1,LINE
CMSEL,, Y

1%

LESIZE, Y1,,,28,,,,,1
! *

MSHKEY,0

CM, Y,AREA
ASEL,,,, 1
CM,_Y1,AREA
CHKMSH,'AREA'



MW RJ7R AL 32 3 BR LR 32 3 S AT AT X

CMSEL,S, Y
! *

AMESH,_Y1

! *

CMDELE,_Y
CMDELE,_Y1
CMDELE,_Y2

! *

FINISH

/SOL

LSELS, ,, 1
NSLL,S,1
FLST2,17,1,0RDE,2
FITEM,2,1
FITEM,2,-17

! *

/GO

D,P51X, .0,,,,UY,,,,,
LSELS, ,, 3
NSLL,S,1
FLST2,17,1,0RDE,3
FITEM2,18
FITEM2,74
FITEM,2,-89

/GO

! *
SF,P51X,PRES,1.3E6
/STATUS,SOLU
SOLVE

FINISH

/POSTI1

1%

/EFACET,1

! XTI R

U BENCKAESS

! HEAAL S AR

! N AT

PR BN

VNG EERS
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PLNSOL, U,SUM, 0,1.0 ! BaREMIBS
1%

/EFACET,1

PLNSOL, U,SUM, 1,1.0

SAVE



MW Ry & LA R R R H L RIE ) AT RIS

B AL R R FARRICH R

(1B, HOUF, TKICAL, EIFFE. MW ZR PR EZE 30 B 0 4 A R 5. BRARHL
M, 2009, (1):39-42.

(213K B4R, BE#, kXA, EFFE. WEROVBEZRRIEEIFER 2. BER
S, 2009, (1): 38-42.

[313k8iHF, BE#p. KR BHLALE Solidworks AR MM T Sk, EXHA.
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