MW HZE A )5 58 35 & 5 4 Applied Mathematics and Mechanics
2014 4 4 H 15 H AR Vol.35,No.4, Apr.15,2014

X EHS :1000-0887(2014)04-0353-11 © R FHBCERN F12% 425 45, ISSN 1000-0887

& T i AR T 77 =R e s
EIEM R AFMM

THHA, BFRE, £ #, TEA

(1. P R TRIHER, PIE 710072;
2. KIEHI T R T EE &L T B R E L=, 7T Ki#E 116023)

(&FN B EAT R AA)

WE: AR A RRITIT AT A BRI 2R R G R BUE TR b FF5E TR vt i R R WI-3
WAL ()L B S, B T AR S MR G ST TR SR e R ST O MR- AR Y i
FAEM T RGEH R — UG UM G 1Y Lagrange PRI HUC, SR B BERRAS J5 85 068 23 A A A R 4T BT HEC,
SN R GE IR 1] AT FROCAS 2 B, il SRS, 70 A 1 SR M I Sl 0 AW %7 v B i
T RGN E B, I A S RUE T2k 2R R 00, DT H AT e 9 SRS JBE RS s 1 R (L
SEARW] I E) A7 FRIT AT LAAT R SR A e v M R S8 ARSI iz 3 5 i 0t i P I 3 22 1]
R K-S ) A

X 8 W UG, RIS, WEARG R

hESZES. 0241; V476.5 XHERPRERES: A
doi: 10.3879/].issn.1000-0887.2014.04.002
5] =

BUACHE R MU 2 1 A PR | i RO B | SR AR, X R G A7 A AY 2R B
SR A o A G WIS R G 80 3 27k R R /N T A8 1) S AT ik R A B o FL R PR AP
FAEM A TAR R AR T, i R B RIS RS 5 3 5 S IR s O A R 5 S 200 i 8 =
W 107 J2: 5 FE AR LR IR B T M 2R R G0 8 12 iumg .

TEFNEZIR RGN b Bk i) M0 R e ekt Jr R G Ay P WA R 2
BRI — RS, E N AMEE TR T R BB TS L 220 3 S8 i A 07 1 MR A0 A2 A R i B
AT, T Ay S =252 5@ -3tk 3l ) 2% (KED ) 351 37 Bl Al bk 125 R 4 X A o 125 4% B 1)
KED @5 8 2 WA )2 525K 8l Jy 2 25T 1T 1 R 280, b 7 22008 SR P 2 i 1) A2 12
YRS AR Z B RG  E A S BO T RE RS 1987 4F, Kane 55" 75 FVF 8 A6 bk 5T B8
L R BN T SN PR, TR 1 T ARG KED J5 vk M BA A g R

« WRREH: 2013-12-11; EITA: 2014-02-20
HEWE. BEFAKRPIES (11172239;11372252) ; EictE-1 534 (20126102110023)
EEE N EHHE(1989—) 3 INE N, B854 (E-mail ;. dynwang@ outlook.com) ;
AFIR(1964—) , 5,107 N, B8, 44 00 GEIRAE . E-mail: dweifan@ nwpu. edu.
cn).

353



354 E ¥ BT IR * o NS S

FET IR EN A AR IRER T T eSS R ME B — UOE AR S 8L (FOAC) |, JF MBS AR 1 3 NI
b7 LG 1 B A [ 2 P 45O T — U (UK A A TR SR P AR A vk X e e 38 3h 2 1 2
WS S ReEEA T TR, 4 8 T AT O HE RS R B F 17 sh AR A i, 6 X015 A AR bRk i 25 55
16,1997 4F-, Shabana' " & T AR L M A7 FROCEEIS #5113 Z2 1k 22 1k 22 40 Bl ) 2 AR ) 44 X645 Al A
T BT, 40 AR TR AN R 2R R G A R — I R EEE N, i
o P A U o ot A AR i I8 P 6 R TR s [ 5 4 S AL B T — R B F
R,

FNEZAR RGN B T2 )5 BRI H 2 TCIR AT R A 09, 75 SR RSBy i A 7ok e AR e i)
BB 754 Runge-Kutta 7775 Newmark 535 )7 3 a- 5155 Hamilton RG-S J U AT
BERRG B S BB V5. 1984 4F | Feng (1 BE) 1 78 U (334043 J5 BE RV I )
PR ot b AR T J U R Hamilton 1R 2R (975 15, IT48 AR SPAR R 09 22 048 2
RS4RI T Hamilton Fy243 5 58 7 ik, £SO WS T WK Z 4K Hamilton 2 48 B
KR, KA BT RERCE R I AT PRI B A T 5 AR Pt 5 T35 ) 27 R0k,
JIEE X LT AT T AR AR FERR LR FH R 7 2 400 ) B 5 . Huang 25 (57K
L TR ) PR U kB AR AN Sk M7 T SR RS AR SR R L T
FHZIR ARG 2 S TR AT 25 G Ak, b 7 i 45 5 AR IR 2540 1 2 5 el s ol
RIS | 32 Hh 25 A BR G 7 ik [RIRERE FH T I (I As bR, 45 H 38128 43 R A B[R] BT
TR AR . A S S B 1A BT R T TR IR R G, 1R T R A BT
o7 40K

ARSCIHEF AR RIS S ZE M R R — UG RS A B8 IR R R A8 O vk ik
AT BSHL, AR e T4 10 01 27 5 G 1 5 R G 211 ) 2 5 TR S5 80 B R G ) e ) R e A% L
WIS BUE TR, KA ik B TSR IR etk B NI -ZE R &g o R A T B R
ST 2 S5

1 e R B Bl 2 A

W1 7R, 75 BEAE K- T A E RS 9 S8V i A AT T B9S2 R R GE BT AL g oL
WAL R GE B D NI S M, 5 sl B s R BRI B Sy L Gl T AHh
A D R P A B PR R 15 MRS BE DN p s MERLSRPERE R B 57 DA VR IR e i 2t 2 15 2%
JEBHE AL B SRR B0 1 5 0 S R i 3 Y A i S

HESLBHEARPR R O-XY FIE SRR LTSI ARBR 2R o-xy, FFRAETERYIB B 1 77
ZAAR AR o-xy HHXS THHEARAR R O-XY IR 172 132 B AT RAXT T PRSI AL AR R 0y IAEIE
B3,

W 2 PR, R R AASIEIS PG ARS8 P, TEIFEIAFR R o-vy HHYARAR N (£,0) .
G %R AR R 0-XY TR0 BRI

R, = 0P =0(00 + 0P, + P,P), (1)
Hrbr | @ A7 sl A s R AR TR PR AL bR 2 10
cos —sinf
0 = |: ) } (2)
sin 6 cos 0

5 15 PRI 1 VR 625 UM 2 VR B AT D Py OIS PP 7T 67



ST 1A BROTTT ¥4 B e Rk it 3 g 2 13 3 355

s Tu w,(x,t) +w,(x,t)
pp="|= , 3
|:Uj| |: w,(x,t) :| (3)
Horbr ) w, AR AETE Jw, R HE R a0, A a5 A% 5 R A A ) 37 7 1 — UG5 30, Y
ow,
w. (1) = —f( (¢, t)] dé . (4)
WL
YA
Y

\ 2
g y 7,
1

g
=
h 0
1, o
@ X

1 L RIR-FEER RGN B 2 FMEREIEALR AR
Fig.1  The rigid hub-flexible beam structure system Fig.2 Deformation of the flexible beam
BIRG)ATTR(L) R PR — A P RS R
{ro +x +w (x,0) + wc(x,t)}
R, =0 . (5)
w,(x,1)

— AT w, BT S I HICBLG S Mz 3 5 S PR IR SRR & (Y 8 SR 45 .52
BRI — YT IR A R RS AR A 5 S A 25 SR A

R, SR SR, AT P A A3k i

RP :@|:r0 +x + wl(‘xyt) +wc(x7t>i| i @|:WI(x,I:L) +wc<x5t>} ’ (6)
w,(x,1) w,(x,1)
Hor
@=@99 o, _a@ l:—sinﬁ —C(.)SG:|.
a0 cos 0 — sin 0
TR ~ (6), W LATHEAT B 2 R R S 1 3l he
1 . 1 Lo, .
S b+ i fo R R, dx =
i-]1192 +ipA JL{[("O tx+w, +wc>2 +wﬂéz - sz(wl +w0)é +
2 2 0
2(ry +x +w, +w )i, + (i, +v,)? +? }dx. (7)
RGN BBERII I P EARE 53 W7 2 (8) FI(9) Irids .
N A R O LA
2 foEA(axj s JOE]( ale & ©
We==1(1)0, (9)

Hrpr, 7 (v) AT FEREI [ 2516 1Y R AL
FR Y Lagrange PRETAT KILN



356 T Hr M BT IR * o NS S

L=T-(V+W,)=
1 N2 1 " 2 2752 . . %
—Jﬁ +—ij LGy +x+w, +w,)* + w0 = 2w,(1w, +1w,)0 +

2(r0+x+w1+w)w0+(wl+w) +a0; bdx -

fEA(ax] x—jEl(;szzdx+70. (10)

R (10) , AT LAE T Hamilton J5E3RAE 1 2R G810 8l ) 2 0 B MG 40

2 W-ZREE R GUR AR I AT S R 12Tk

Hamilton J1%# 1 Hamilton 3 BRECS RGN B 1505 18 Bl R4 RB#E 58 2 ML e
%%EﬁL@T?&{Eﬁ%L,—IU T PR BT L R G2 1Y Hamilton 7 PR PR, IF 3T BT 4544
D15 R PR A R G B0 1 2 T AR
21 BEAFRT

Xt F—A~ Lagrange #2450 X RER) L bR g = {q,,9,,,q.,--} ", H. Lagrange
BRECH L(q,q,1) Aty WRIRGERWIIE S (q,,4,) " RIS S AATEME—E X R G AT)
TR B IEHURC AN ¢ ARG RESECH (q,,4,)", WATLLE LATF 9 Hamil-
ton Hilglﬁ

S(aodistoot) = [ 1(g,d.0d = [ Tlgy.q0 0.0 (1)

to

Al LA 2| Hamilton 3 pREGH & LA IR S 8ORR S S 500 28 0335 IV IE B RO 1E FH o pR AL
TE [ty,t,] W, UTIEHLX) Hamilton = pREL S SRAE )

BS(qo,ql,to,t1)=f 8L(q,q,1)dt =
to

R e 1 e

ft —(p'8q)di = p3q, - pdq, (12)
ST G R
s
. aq,’
_ﬁ (13)
Pr= dq, )
XT3N 12 R GAE BT [k P 3] 43 18] 3 BT 7 B S5 R4 AL I A DU FE s TB) BT Y, A
aS,
P, = [tieisti]s
aq,
_ NI (%)
D, =~ aqk [tl;’tlm-l:l s

H
05,(qu-1,q, 5oy 5t,) . 081 (qs 2 qpar Sy s bysy)

i i = O
9q, dq,,




ST 1A BROTTT ¥4 B e Rk it 3 g 2 13 3 357

(i=1,2,--,s —1,s,s +1,-+), (15)
ATRUIER, B FE(15) 5 R G 8 12 B st SN i ™ TR Loy, ] Fle, e, ] ]
FIC N, X R G RS S i AT (R I B, T DA SRS B AR I R BT N R S8R
Hamilton F2pR%k S, F1S,,, JUATTFE(16) , BIVAT K 1 22 55 st 1] A7 BR T B ik 5.
TEARSCH 8 A0 A% AT I TR 358 b B 45 44 A i ) 2, SRA ) P LU XS 7 B2 (16) #4742
SRR (16) BERGERRE SRR IR, W] LI REARIT 2R g i 1 B By
W, AT,

g S S, St
! 1 '
i : 1
i : i
g i oah q/?ii:
[ O D
9| 4 91
95 F——F-——
1 1 1
- 9o % D
q, s
H
9y f—T - ———F- -
0 1 L & Lo t

B3 A AL AR SR fL I ks
Fig.3 The structured grid of time-coordinate
2.2 MEEEZNEBREESEHREMEERTITERER
TENERE VRN E F AAN RIR BY R T, AT LA T o 48 i 52 1 B SR A A 2 pR ERORR B
RUER% R B LT AR TR 2 v s i 2t B b AT R — s B Bl T 62 F o, R 9] 1575 a0,
Al DL AR AR AR AR R IR

w060 = Y b (Daln),
o (16)
w0,(x,0) = 2 (0B(0),
Horlr, b, (x0) Fllgp, (o) 400 2 P B R S22 i 16 ARG 16 90 B R 5 R, o, () 1B, (1) 433K
5 () F () XIS A m 1 43 )AL Vo A 1) i Sl S O T B UK.
KR (16) A FEE(4) | T 1%
Y3 __ L9,
w,(x,t) = ;};}Kﬁﬂiﬁj, =7 e o de . (17)
FFE(10) FriiiR Y Lagrange PRECRT LA AN

L=X,0"+ X Xia,0® + Y X'B,0 +
i=1 i=1

Z ZXZ(aiajéz + didj) + Z ZXZ(:BLBJHZ +B£Bj) +

i=1 j=1 i=1 j=1
S Xl -ap)0+ Y IXBB +
i=1 j=1 i=1 j=1

n

; > IXZk(aiB,-Bkﬁ" +a,(BB, +BB)) +

j=1 k=



358 T Hr M BT IR T

i [H &

Yy ZX”‘(BBBA ~BBB. ~BBBO +

i=1 j=1 k=

IDID) ZX"“(BBBBOZ +BBBB, +BBBB. +BBB.B. +BBBB.) -

i=1 j=1 k=1 s=
21 ZXL{Ia.aJ. - 21 ZX BB + 70,
i j= i j=

5

1 1 L
X, :?]H +?pA J'O(r0 +x)%dx,

] L
X, =pA [ (ry +x)ddx,
0
. L
X, =pA [ (ry +x)iudr,
0
i 1 L
Xi= o pa [ gy,
i 1 L
Y= oA [ v,
. L
Xi=pA [ b dr,
0
Lé =pAJ (ro +2) K dx,
0

Xl =pA f b, dx,

X =pA [ g,

o L o, o
XY, = — j —dx,
2 0o dx Ox
1O, Y
i =—FEI “dx .

TERS A ERTEIN % R GE RS S BAR L MRS, /I

0" + 0" a +af
[tk—l5tk:|: 0:#, a; = B
. 0 -0 . ai-al
0:7’ L=
5 % 5
0" + ! a +ak
t, .1, . g=—— o =
[k’ L+l:| 2 ’ i 2
.M~ g . af”
0:7, aL:
o é

(18)
(19)
B+ B
2 9
B -B!
6 (20)
B +pB
2 b
B - B
o

S AR K B2 (20) 2 SR A TR (18) A1y #2 (11) #, BI45 47 LAY Hamilton 3 PR %X



ST 1A BROTTT ¥4 B e Rk it 3 g 2 13 3 359

gk(ak—l aqk slioi 9tk> *ﬂgm(ak "}m Uy 1tlg+1) ,/E\:':Pﬁa/r = { 0" ,0‘11C ,OL;,"' 1052 ’ﬁl; 9:815"" ’sz } ! '/]'Jt
ATFE(16) , RIAT R 18 AL IR -2 1 % 2R e i ek [ A BIR O 25 10 AR =, o H a2 m iy an ]

4 (TR HE B SE IR

input: ¢, p,,0,N
v

6§(q g, ,1,5t)
\do>41>%000 )
oq, pO:q]

Y
<

yes

95, (qk—l’qk’tk—l’tk)+ 08 i (@ sG> Ly o)
09q, 0q,

v

output: g,

]

end

=0 :>qk+1

B4 AR
Fig.4  Program flowchart

3 B ME |

ARSI A 3 B0 £ R TR T2 930 3 0 R 04 TR,
31 KEEEHEMEH THHAFHE

I 1 R HOVERE PRI R SE IR T AL T iRz 3 i g n T

Qo *Qo . (2w

. — = ——sin|—1t|, O0s:=T,

0=<T 2 T (21)
0, t>T.

B T=15s, I3, = 4 rad/s F1 42, = 10 rad/s HITITE. Z WG B AARBUR B =, BUH A
B S4B 800 . KB p = 2.667 x 10° kg/m’, 3P E =6.8952 x 10° N/m”, KJF L=
8 m, BERIAAL A =7.296 8 x 107> m*, FIAMEMEAE 7 = 8.218 9 x 107 m",

MEGHR () =4 rad/s F1QQ,) = 10 rad/s B, >R FH B ) AT FROT 5 2k i E A TARCABL s %) 28 M it e AR o
HZETE (Bl 25T w, , BERZETE w,) 430N 5 A 6 B, B B0l s o SCiik[ 6 ] ik
R LA R BI85 R AT DA B ARSI RS IR S 22 U P i g R AR A —
H AR TR RAESCT , BT FRIT 76 A T3 45 S v v] 58 09 B IR A 1S 00
BRHCE M AT 3 BYBAS A4S R B L SRR AR SCH AT BB | 23 AR T 2k



360 T Hr M BT IR * o NS S

GERh ) RSN FIRE IR B A 1 BRIRGT 3 RS 0 HE SR AR S A4 A 1] A8 JE 5 P ) A2 0 o
AR ) A2 ol S M, il ) 2R P AR A N B L Bl AT AR A R B (B R ZS T5  Y
LU AT DL U s as 3 R R B8l g S e L

1.2x10™ : : ; 0.1
04
g 9.0x107 g -0.1
2 3
= 2 02
£ 6.0x107 E
=) g —03
g 2
i 8 -
= 3.0x107 ] = 04
5 = ref.[6] S -05 » ref.[6]
TFEM TFEM
0 : - : -0.6 w : .
5 10 15 20 0 5 10 15 20
time #/s time #/s
(a) Hhin2BIE (b) HEmEE
(a) The axial deformation (b) The transverse deformation
B 5 M AR RIE (2 = 4rad/s)
Fig.5 Tip deformations of the flexible blade ({2, = 4 rad/s)
8x107*
0-
E 6x10™ £
: £ 0.4
= 5
2 4x10™ 2
o 5]
ks L [
o 4 o, —0. 1
2 2x10 777 .2
5 " . ref[6] 3 . refl[6] ]
TFEM TFEM
0 wr : . ; -1.2 . ‘ .
0 5 10 15 20 0 5 10 15 20
time #/s time #/s
(a) Hhin2BIE (b) B
(a) The axial deformation (b) The transverse deformation

B 6 FMmtF R (2, = 101ad/s)
Fig.6 Tip deformations of the flexible blade ({2, = 10 rad/s)
3.2 KIGEIEIARMEGTHIHHEFRE
et J S50 3.1 /AN ARTE, FEBCRO R EE R 0.1 m, SR 315 &R 3.0 kg m®AE
FHAERG Sl b 8K 3h 7 5 4% an A1k
. (211’ j
sin| —1 |, O0sst=<T,
(1) = T
0, t>T,
BRIK3h FHEAERT 10 s HHHZIE 5% pREE 1,10 s IR ARG H iz sh a8 I T =10s.
7 FOIEL 8 43l 45 1 Pk i A s (1) 8 1) 28 0 aw, TG 28 A0 R R B0 R (61 % 6 1 s A
ARAE T HE AR R T BRI SR SR S A g R, vl LA B 808 3 5 M R AR I
Z A B VRS R RS A7 4 TR KR HE 7 /T REL ,FE10s < ¢
<15 s WY TRLBE N, S8R AR S TE 6 = 0.410 6 rad T /E/MERIYRS, 6 = 0.410 6 rad Y25 5H
SRR N R m a5 1R is s A &R — 0.

(22)



ST 1A BROTTT ¥4 B e Rk it 3 g 2 13 3 361

0.04 : : 4x10°
=3
E 0.02 £ 2x107
£ £
[} (0]
3 2
&-0.02 & -2x107]
o el
-0.04 : . -4x107 . : : :
0 10 15 10 11 12 13 14 15
time ¢/s time ¢/s

B 7 Ak R R AR 1 AR
Fig.7 Transverse tip deformation of the flexible blade

04110
El E
~ ~
@ = 04108
g 03 5
=] =
g S 041064
s s U
e 02 5
kS S
— =
) )
S =)
< <

0 T T 04102 . T . .
0 5 10 15 10 11 12 13 14 15
time ¢/s time ¢/s
B8 MmN
Fig.8  Angular-displacement of the hub
+ >\
4 %5 TEe

AR T 32 5 B P RO REAUOC 2 R AR AR SR B OE 8 ST SR M I A ) — U AU
FE AR A3 T rR O MR- PR S R GE R (B AT BROT I35 05 05 LR 25 SR T ik 1) 5 BR T
TR A ROt SR I RN E 2 AR R e 3 b O M-SR 5 R AL A AR ST I 1) A BR G B >R
T SRS 25 WA FESRICIN HEAT T ARAEIR (L, T AR AR S5 F A% DR B 3 S5 5K
F-B, IR st ) A BROCAS 20 36 R 9 eleidh =5 Ta]L it A, i a) A BROT DT i a4 e o1l FH T fe ok
I A - RSO AR (i 2 ) R R T IR SRS T 0 7 U R AR SCY T334
A LU TR e i R T s HR A 2 25

B VEE B P Tk KA AR DY A 73 4 (22014123 ) XFAR SCIR) 53 BY.
2% 30k ( References) .

(1] Bifhr. REZERRG S %[ M]. LR, SSHHE HEE, 1996. (LU You-fang. Dynamics of
Flexible Multibody Systems[ M ]. Beijing; Higher Education Press, 1996.(in Chinese) )

(2] dbsadie, XUBGK. MIZEREG 3h Jr A m Ry ik [ ], b 50 oy 24l , 2008, 42(11): 1922-
1926.( HONG Jia-zhen, LIU Zhu-yong. Modeling methods of rigid-flexible coupling dynamics
[J]. Journal of Shanghai Jiao Tong University, 2008, 42(11) ; 1922-1926.(in Chinese) )

[3] Winfrey R C. Dynamic analysis of elastic link mechanisms by reduction of coordinates|[ J ].

ASME Journal of Engineering for Industry, 1972, 94(2) . 577-582.



362

B R TR R o F

(5]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Kane T R, Ryan R R, Banerjee A K. Dynamics of a cantilever beam attached to a moving base
[J]. Journal of Guidance, Control and Dynamics, 1987, 10(2) . 139-151.

Wi, BEERdR, ROEER. WI-ZER G 2R 8h hrd SEE O B [T ). 7H5 524, 2003,
20(4) . 402-408.( YANG Hui, HONG Jia-zhen, YU Zheng-yue. Dynamics modeling and numeri-
cal simulation for a rigid-flexible coupling multibody system/[ J]. Chinese Journal of Compu-
tational Mechanics, 2003, 20(4) . 402-408.(in Chinese) )

BEET, HhEE AR, BERL S S R MR AR T[T ], SR, 2005, 37(1) : 48-56.
( CAI Guo-ping, HONG Jia-zhen. Assumed mode method of a rotating flexible beam|[ J]. Acta
Mechanica Sinica, 2005, 37(1) . 48-56.(in Chinese) )

Shabana A A. Flexible multibody dynamics: review of past and recent developments|[J ].
Multibody System Dynamics, 1997, 1(2) . 189-222.

A, HSR, A, SR, SIEEIF, RMEEE. REIMALUA] RIF 25 IS5 M R Lt 1% 5
BRI[T]. Ji% 3. 2013, 43 (4): 390-414. (HU Hai-yan, TIAN Qiang, ZHANG Wei, JIN
Dong-ping, HU Geng-kai, SONG Yan-ping. Nonlinear dynamics and control of large deploy-
able space structures composed of trusses and meshes[ J|. Advances in Mechanics, 2013, 43
(4): 390-414.(in Chinese) )

FENG Kang. On difference schemes and symplectic geometry [ C]//Proceeding of the 1984
Beijing Symposium on Differential Geometry and Differential Equations. Beijing: Science
Press, 1985 42-58.

FH, W R, M. AP 24K Hamilton REFFIE[I]. IFEYEE, 1997, 14(1): 35-39.
(WANG Qi, HUANG Ke-lei, LU Qi-shao. Symplectic algorithm for Hamilton multibody system
[J]. Chinese Journal of Computational Physics, 1997, 14(1) : 35-39.(in Chinese) )

POTHS. BRI BeE Ik [ ML dEat: @ AEECE L, 2006. (ZHONG Wan-xie. Sym-
plectic Solution Methodology in Applied Mechanics| M]. Beijing: Higher Education Press,
2006. (in Chinese) )

HUANG Yong-an, DENG Zi-chen, YAO Lin-xiao. An improved symplectic precise integration
method for analysis of the rotating rigid-flexible coupled system[J]. Journal of Sound and
Vibration, 2007, 299(1/2) . 229-246.

BROTHE, WRAE. B BRI SR [T, HUBGREE, 2005, 27(2) : 178-183. (ZHONG Wan-xie,
YAO Zheng. Time domain FEM and symplectic conservation [ J]. Journal of Mechanical
Strength, 2005, 27(2) . 178-183.(in Chinese) )

PROTHE, Wi -2 IR AE IROTLT]. sh e S s, 2007, 5(1) : 1-7.(ZHONG Wan-
xie, GAO Qiang. Harmony element method for time and space domain[J]. Journal of Dy-
namics and Control, 2007, 5(1): 1-7.(in Chinese) )

BB, ik, BPOTHD. PESRARGT A FROC T k[ J]. #kah 5 bidi, 2012, 31(13): 95-98.(SUI
Yong-feng, GAO Qiang, ZHONG Wan-xie. Time domain finite element method for gyroscopic
systems| J |. Journal of Vibration and Shock, 2012, 31(13) . 95-98.(in Chinese) )

WlE. WIZEHE 3 )% RGBS 5SCRM [ D]. ML 2# g3 Bl iBsCHlRy,
2002.( YANG Hui. Study on dynamic modeling theory and experiments for rigid-flexible cou-
pling systems[ D ]. PhD Thesis. Shanghai: Shanghai Jiao Tong University, 2002. (in Chinese) )
X Je. Befe M i RELS J AR R AT S [ D] B LA R 30 MR BRI R IE Tl K27,
2007.(LIU Xiang-long. Dynamic characteristics research of rotating flexible blade[ D ]. Master
Thesis. Harbin: Harbin Institute of Technology, 2007.(in Chinese) )

Hairer E, Wanner G. Solving Ordinary Differential Equations 1l . Stiff and Differential Al-



ST 1A BROTTT ¥4 B e Rk it 3 g 2 13 3 363

gebraic Problems[ M ]. Springer, 1987.

Dynamic Behavior Analysis of Rotational Flexible
Blades Based on Time-Domain Finite
Element Method

WANG Xin-dong', DENG Zi-chen'?, WANG Yan', FENG Guo-chun'
(1. Department of Engineering Mechanics, Northwestern Polytechnical University,
Xi’ an 710072, P.R.China;
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Abstract: The time-domain finite element method was introduced to investigate the dynamic
responses of rotational flexible blades. Firstly, the rotational flexible blades were modeled as a
classic rigid hub-flexible beam system. Based on the first-order approximate coupling ( FOAC)
model, the Lagrangian function for the rotational flexible blades system was derived. Then,
with the assumed mode method (AMM) , the time-domain finite element scheme was construc-
ted. Finally, the dynamic behavior of the rotational flexible blades was analyzed with the time-
domain finite element method through numerical simulation. Constructed directly without deri-
vation of the kinetic equations, the proposed discrete scheme is naturally endowed with sym-
plectic conservation, high computational accuracy and good stability. Numerical results show
that the time-domain finite element method can effectively solve the rigid-flexible coupling prob-
lem, in which the low-frequency large motion and the high-frequency elastic vibration of the

blades are interactive.

Key words: first-order approximate coupling (FOAC) ; assumed mode method (AMM) ; time-
domain finite element; symplectic conservation
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