B Hem m = ¥ #K Vol. 27 No. 6
2006 4 11 A ACTA AERONAUTICA ET ASTRONAUTICA SINICA Nov. 2006

3CHE SR 11000-6893(2006)06-1130-05

EREUVIMBHEMAEFNEESERBEES N

FERE, MBR
(FEMEMRKE REBES5TRER, L5 100083)
Aeroelastic Stability for Helicopter Rotor Blades with Consideration of Transverse
Shear Deformation and Warping
YIN Wei-long, XIANG Jin-wu
(School of Aeronautical Science and Engineering, Beijing University of

Aeronautics and Astronautics, Beijing 100083, China)

i E.ETETRRBLER LXK TH R 207, 5 E e 897 4 i R A
IR P EBTERNE-NBRE FWEH—N2FH 21 Al FERAT, N AH Hamilton RE R H ¥ MHE
BIMAERTHE. FHEMLE . FETHOAMBAHSELREARYT EEEREHHHFEARENSHBE
HEEmR, BELARRY - WOHMBMNEEXTNERHE ALERNER, A —THER S EHEE
HFENRBXHERSEA AN BEFNRHHS AR A HYBRENEW, A HRERRKEMA T
b 2:P-FN- 1508

XA AR, ok KW Y Al

hES%G.V215.3 XMIERIRE: A

Abstract: The aeroelastic stability behavior of a helicopter rotor blade in hover with transverse shear deforma-
tion and warping is investigated by using the finite element method in this paper. A 21-DOF beam f{inite ele-
ment, including transverse shear DOF and warping DOF, is developed for analysis.~ The governing differential
equations of motion for hingeless rotor can be derived using the Hamilton’s principle. Numerical simulations
are carried out to validate the current analysis of other literature. The influences of transverse shear deforma-
tion and warping on the natural frequencies and aeroelastic behavior of soft-in-plane hingeless rotor blade are
investigated. With the incluston of transverse shear and warping, there is a decrease in the rotation natural fre-

quencies, It is also seen that the transverse shear deformation and warping have effects on the aeroelastic sta-

bility of the rotor blade. These effects become larger at the higher thrust level.

Key words: helicopter; blade; aeroelasticity; transverse shear; warping

FETERAE LI MARTHEATEERE
Fosi ¥ KB REAEH SR T ERAT K
R B RS AP , {H X 6 3B T 7 vk AR 4 3 K0
REREREHTEH. BAETPLEN KR
RESMHERELSH, XERERALELERE
Ryt EmREREREDF
TEO, Bt BRI -1 ECENE MR E
BER I, I B R R 7R v 3 1 rhr K
Bt MR ESEI T L, RAXTHHER
BrsT i .

MBRERXRE, CBEX L RERNT
BRIEEA 2R-OHE_#ERTE" AR
T 00 3 PR AR R S AT 6 RIS i BB S AR AT b 4k 38
AR EAHNERRGE AR R OFbTE",

i 7 B 8 : 2005-07-28 ; 41T B #1:2005-12-02

XA :BERX RN EES(10272012) B EFBFHERBFAAL

it

HECRBEASEARE, T GERHER RN
HEE W EERONEESEERBE S
FIEZRERZEHYHEBEX., XFHRHTEES
FRCERTEFERATE SRR B REMR
B, TR LBOE & TEM BB Ao
B, A3 ¥ EEa N KRR EESTrRtA
WitE. EEXTERTHEITE.

Hong M Chopra®™ Fih S RABLHE T
EAMHETHBERASNBRESBBEENE
ma,E YRR AT  EREAEL
EAHBMS MBI URESMEBEE. Hi]
MEEMR BRI CRET . EREVES
HAM RS BB LR RIS s ¥
BESVGMER B —EBENBEMR, 51
EmHMRABREHREERHKE.

Yuan" I FERILEN B EMNER A MK
ERREETERERMASRBEEHTT 2



F63

A% % < 5 £ B U1 A oy B e ) B AL R IR SRR MR 1131

¥r. EaWHP.RATHETSE FRESRR.
WA MM S BB MA DR AT
#1, Smith #l Chopra Xt & & 41 ¥l LB IEE %
MR CRE TR HET THR. 4 BT
HEECSE 19 BRENRATY. Jung M
Kim" " B 58 T BY Y125 I8 A 45 # B Je %t 2 1
TEG P 3 3R 00 8 ffe BB 2 v S ) 7 1Y S W), BY U] AR
UM BRERMAB 5%, BEST
FEI AT B 18 IE & $X (Shear Correction Fac-
tors, SCF), #REWRIII R MAHHEXNS
s I 0 LR 0 R AR A R KEIRE W

FEA 3R EE S A Tk B IR S x  oh AR T AR
35040, R B %5 BB BY 47 s gh Xt 2 AR i e
HSHMNE—MBRERER; A Hamilton JRH
BN TERMWMARTER AL ER EHFRX
sedE 2P E X IERE XM B A R, R A EXS
BB S PRE N ER.,

1 ARTRBKET

HATHEBBREHHEREEL BATERE
SNABERRRR EBEE R GorJaor ko) H
REWHER G Tk R REB R Goroo k)
R E Lo, o) s BT AR R (orrlyren)
(e re,rer) » B AR R B HER L SCHR[10].,

(D ¥t EREBAERRRE X

RAERET FE—A PRONERBATER

ro(x,p§) = ei, + h.i, +xe, + qé,, + §§;
(D
RS P i g E T
g. =Tro, = e, — C‘B,Ié” -+ qﬁ,,@;
gv:rovv:éﬂ (2)
g =rog =é
Ap:( ), =0d(+)/oi,
AEENHEEANLE, WEHBRE P K
£ B 1] 8 ] LA R R B
r(x,p ) = ei, +hi, + (x +we, +ve, +

we, + pe+ Let Vome it v te Az g, Del
TG P g E & DU I

G, =r.,=[U+ex) +9Vpr — 1) +

Y arr — 0g) + A, Je— Gee'+ e’
G,=r,= GO,+Ar)e+e,
Gy=nr,= (;’1; + )\,;)é;‘f‘ é’g
3

R A Az, O S F T AT S BB BB en 7o, F

7= 53 B S o Bt b ¥l 1) 1E O AR A BY R
(2) piAEsr &
HAERENARER 4. TN EKRER

ERAMERTRFTENEER, B

dx
dridr, —drodr, = 2[dx dy d¢e, {dr/ }(4)
dg
K& :dr = G.dx + G,dy+ G, d¢, dr, = g.dxr +
g,dy+g.d¢.
ELRAERSEER, NEKEBENSEBWNT

E; =%‘(GiG,-—g;g,-) i,j=x,17,§
(5

LA b 58 SCHY R 7E Ml R AR AR R Cerveyrer)
THHK, AR EABIRAT, BER

£ = u. + %(v,y + %<w,1>2 +B.(th., —

M) — vlpcos(B+¢$) —Lsin(B+$)]—
W, [ sin(B+$) + Leos(B+ )]+

%)—f‘/\,, +
1T age = Bl st) + {Tagre + B2 20D

Yog =282y =Yy — b A,
7’:;:2&;:;’1:"'7796':_"'\-5

F Iy, [R B 25 58 BY 1) R w5 e B /R R L e
SEERMME - NBRXERERTE,

(3) RutEgh iR

R IELR 2 3h A B Bl h Hamilton JR 3
SR SHEBMRAEETA HLE R
Drees R AMER, B BE I ELHHERRXE
WAERA SR, BB B A B A (9,
O=a(x)nf. WEREBEH RS HE T RE
76, W Hamilton JiR 28 ) 88 BOE X 7T A E B

(F +8 (,8,195,1 +

Ne

12
S U, +oT, —awodi=0 6

=1v 1

A U, T, Fl 8W., 435 Ky 3 M B TT gl 1o 2 REAF
51 BYREE R SN ST s N ARBESTTHEE

le
U, :Jo Jj (02882 + '[178717 + ngsyfg)dAdI
A
le
oT, =| [ oV - srdadz
0
A

le
oW, =J (L du—+L,8v+ L, Sw+

M,3$+L; 87, +L; 8y.)dx



1132 o=

B21%

21 HHERREITE A 1.

%, 1 4 3 5 2 u,
Vv, { [} L] [ j V2 V2’
w, w w, w.

1 u, ¢, u 2 M

é, )

a‘ (2’2

Zgl, }_'xvl L 7«;’2, Zqz

Bl BExhvsu#rgE
Fig. 1 Twenty-one DOF beam element
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Fig. 2 Lag mode stability in hover
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Table 1  First five rotating frequencies of biade (424 r/
min)
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Fig. 3 Natural frequencies versus rotational speed (Flap)
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Fig. 4 Natural frequencies versus rotational speed (Lag)
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Table 2 Characteristic parameters of rotor
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Fig. 5 Flap mode stability versus collective pitch
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Fig. 6 Lag mode stability versus collective pitch
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Fig. 7 Torsion mode stability versus collective pitch
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