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Analysis on the system bifurcation and coexistence of multiple

solutions for typical airfoil section-with freeplay
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Abstracts The typical airfoil\section system with freeplay described by a piecewise-stiff-
ness model was studied. \The\pitch'angle at the maximum amplitude was chosen as the quasi-
Poincaré sections to\obtain numerically the bifurcation diagram with change of flight speed.
It was found the trdns-critical flutter area was located on flight speed of Ma=0.71—0.75
and limit cycle oscillation area located on flight speed of Ma=0. 75—0. 95 based on the bifur-
cation diagram. The stability of limit cycle oscillation was analyzed through the constructed
four-dimensional map. According to the stability and motion manifold theory, it was learnt
that the attraction basin of the limit cycle oscillation was located in the interior region of limit
cycle, which was validated by the numerical method at last. At the same time, the coexis-
tence of multiple solutions and various forms of bifurcation phenomena were found in trans-
critical flutter area, such as the direct transition from double periodic motion to chaos, the
coexistence of multiple periodic motion and double periodic motion, and the phenomenon of

jump on amplitude.

Key words: freeplay nonlinearity; typical airfoil section system; limit cycle oscillation;

quasi-Poincaré section; bifurcation; attraction basin

Y #5 B #8:2013-04-08

EETWE :FREANHER SRS (11225212) 5 FFK H KBRS (11372101,11002052)

TEB B : 7GR 1989 ), B WL BB 4k, 8 NS48 3) 1 2 0F 5%

BIRAEE KB 1971 ), RO LA 0%, F 3N AR W 30 J1 5 3 12 Bl A bR Bh 0 B4 2 i B 45 Tl
iR E



%6 0

FrERGAE AR AR Zn R B RGN RS 2 IR 1411

o (] B 249 TR 35 ey e ik 5] 80D 194) < 2l 5 e ) et
TE AL S AL R AR R 5 T Tz A AE 481 A B 3
PRAERE. XTAS 25 6] Bt 29 31 A < 3 3 ) R 1) A 5
B2 T £ 1 T AE, Theodorsen JE % # K 8l
T3 BAS R 2 T A Sl O R) R A A )
B O R0 R 52 56 < 3h b SR
BET 5 B SRS I AUE L AR et < B B bk )
R0 R A7 T AR R A — A L AR BR 3R R
o — M AN FaE FE S A2 Hopl 43 82 LY
XX EWMBHAEREZWIR TEE LM TR
Z N0 5 AL AR B 3 h B o A T R D
TAEHE

> 7% 5 ) B 24 SR % S B ), H R
GEAFIE LB/ AT % o 25 3 o BB AT T A
X R I] B2 0 Bl B AR 2t 5 S A AR 2R AL 1Y
4 Jry A M A0 B0 25 2R B2 T LR 4R ] R0
Vol /N A1 (1 3L K RO S X R AT L
A 1) B AR 2 v i 2 38 BRI Oy L A R AR TR
IR N 10 % A A7 AE 0 TR BR AR LM S BUR A R
380 W BR PR 58 P 5 Bl R i EE RGN, R GER
B A% 7 955 110 i (1L R0 400 38 20 A7 7 Bk B B0 20 R
SR AT BA R T BB R G AR s T i 2
RS AF LR . Zhang 55 R H Hofih 5 )5 7> BE RS2k
P fifp A 38 12 1B) B A PR B Be R G0 7 A R PR BR AR 3 1Y
P4t Poincaré WS A% B I 2290 0 ¥ RGN RE
DT B AT IR B A AR G R T U St A B
IR G W RHEAT T 4 H

A SO 5 [ B 2 R 003 B R G AE S8
TIVEFF 43 28 R, U st o 7 AR e L 15 31 &R
4t MR AR A TR IX S, O A A AL R 2R
Poincaré #1738 ik BB L 75 8 A B i 2 8 X
ol A T 2R 5 R R R A 1 2 T AR )
7 L AT LK IR S DX B A 43« W R A
B DX 3 B I B AR DXL A AR B PR R X3k
HR A 4 il 5T 5 0 BE R R R i A i T X R G
A e BR IR ZE 3% 1Y DU 4E Poincaré B &F .38 T A 5h
SRR B LU R R A A, R I DR AR IR B 72 35 11 A
FENE S BRE 45 A FROE ME R TR BE , R WA BR
5% T FNAUL ] 3015 Bl S A I AR R BRI 5 s — 7
T BRER N ER T B 5 2 AT 1 AR, T TR RS
I S B X3 e B R e A7 AR 2 Pl AR v iz sh B
L7 @I UL R 2 A e, ) an ey XU iz
B E W R 2 8 s 3 5 XU Wiz g A7
ML IREAATEBR BRI S, H B G B E 4R X 2 R4
H W S5 38 e A W BIR B IR 1 e O X B 5 H s

FIY B RE X
1 SEEARK _TERKER

IR 1 R B A B 2R —on 3 B, 31
BESEE N 20, vb S W EE v B 5 JEE 0 Y B
A BE TR O s L O 3 B S R, S, O 1R
PERR s a0 IIE BB, o S a8 AU B H A il
AR J5 1) 53 BIAFAE RNy 80 H o BOTE] B 2
i BT 25t AL W EE 23500 R R A ks RS
WU 32 K RO 8 1 I ks, R R SR HH M A RSBl ) A
B, ZOUHE B B LR A] LR R

“
)

| 255 |
[ |

P15 8] B2 R i — oo 3 Bes =R
Fig.1 Sketch of typical airfoil section system

with freeplay

mh + S.a + Kih + oV bay X
[at h/V4 (1/2— 1bi/V]= 0

Sih+ L+ Kl a4 20V2 0 X o

{bna/<4v>— /44 7/2) a0 ¥

Cat h/VE (1/2—ba/V]] =0

A hy o 730 8 B BT TR AV 75 ) 19 52 3% A
Fefn sV IR B RAT U s Ky o Ko 370 4 fph i
Je 2R 48 0045 T R R LA I BE 3 SRR S LR
BB

_ {kh, |h| < 80
" ki + K | h|> 5,
- k, |a| <
K — { = 2)
ko4 E ol > ¢

o BARS =7 R AT R RE NS
W K, = k0 K = ko R A SCHHE S
5390 K

m= 104kg/m, vy=0.2,

b= 1m, a = 2w



1412 it = 3

%29 &

k., =1.4X10° N, &k, =0.9X10° N/m
R, = 0.8k, S, = 26kg
I, =52kgm, @ =0.03

FE Sl iy s W R Y ek AR 5] AR g rp e
A HASE N E 2 .

KD R BOCH ) )17 R G0, AR b W
B MAE DI | o = @ B0 [ h =08 &b PFeE
M. &t TR VI G Racfg +or 24, AR
Z AR NE R GO R A, 05 7 IR DE A

H 20 (1) RIVAT A5 2 4 fi /iy J5 & S 2t RS
47 01 23 0 R

‘:J YV K, + K.
“@ Yo (2S, + myb)+ 1,

ktk

Qv

B2 i
Fig. 2 Elastic force model

3

(ml, — St we — (LK} + mK;)w} + K, K}

1 _
IVO N/chp[rtbs‘o— 2S, — mb(1 + 27 Jf + =° /)Zp(l +2vK )

i X2 ) AT o3 b F AL W E Rk, X R ST
5L S0 2 1 5 M 38 O T S Y T e S L AR SC
X 25 R G W (4 A8 Ak TR K = k. 7 (] BR
AR IC BB R ITHEN (Vo . Vi
ZIAEE  H 3 Al AT S 2R 48 0 WIS [R] 254
eI KO B, 2R oIR8 OS5 2 5 W R
K. B, RGN & L. RO 2 & BRI S
TR A B, TN SR £k 2R RS B4
M7=, X (Vo VIO BR R TRTBR 249 9 2R G2 87 B
Pm) AT BB X S, BUA AR A K R A AL Ol 2
Poincarée # [ , 7F B o B2 X WU T T R 4%
B 53 A B AR AR 75 1L A 3. R B R i AE K
TS B X R A A PR A R 5 Bt K AT o
BN 280 5 fe S B R XA R 1 s A R A B AR X

0.10r - FRAGIREEEM el g

141 1 3

I

I

! 1

:
= 0.05F : 5 155 L ERR X 3,
: _{_{/

|

[}

A B A 4 15

1
o
1

0.7 0.8 0.9 1.0
Ma

&3 InH B R G RAT B Y 4 A I
Fig. 3 Bifurcation diagram of typical airfoil section

system with the flight speed
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