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Fig. 1. Schematic of a rotating blade with rotational speed in three directions: lagging, flapping and pitch
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Fig. 2. Coordinate system of rotating helicopter blade before and after deformation
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1 Pre-twist
2 Strip theory
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Fig. 3. The cross-section of the blade before and after the deformation
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Table 1. Numerical values of initial parameters for a sample blade
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Flutter Determinant

Flutter Determinant
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Fig. 4. flutter determinant Vs. frequency for Q= 100”’“% and 0=%8",8, =5
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Fig. 5. Comparison of the blade tip's steady state deflection in the flapping direction with the pitch angle 9)
for B,.=0 and S, =0.05 obtained from the present method (right side) and reference diagram [5] (left side)
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Fig. 7. flutter frequency changes with rotor rotation speed for ¢ =8",5,. =5

Al ge 0 Cusbo (] 403Y & 29 15 )5 M
BBl M S )3 4l e 3 959y S 2 Sy GRIBIL Y
Blge Ml e Jg Ll oo
by adl ials M (uilS 5 (g e dgly Rl b ¥
b Gl 5 ulS 8 e iy gl il
O3S el gy 5935 oo 15T llie sloaily 5l oS w5gSikon
s3me 3 st oS bl 1 g 2000 S5 Sl el oy ol
sgee el g sl Y 1Y LBb o 5l b jgee oo 4 Cod Sls
On OBS1 by el dugli BRI L Gromen Sl sales 5Ll
o (S0 G932 o 3550 51 328 olmg s g (Sealinzg ol slag
2 Py Sy p pl agly Gl bl o ) o5 M g 0y S
2570 2 e ol el g S Bl omg g SUS) (layge
Rl el & aboe Ll M )8l 25 00 Sl
Sgbie $M 2 3L s P 45
o iy @i Loy M8 9 OLBLS )| (o) 2l o aeldl 5

380 gl 4y 9 9 ol (S v 93 sl ISt pwiin S

23,5 o et

V€40

sblss slr (Byo) (bsse i ausly ool p Y uilS8 s

AJSs 0 Q= g, col S Co g lado 3 (0) g cilisee
ol 04 a3

AB ibge G aly Gl o ssd e salie A JSS |

058 i gl GBI L Jg ansls 536 (S 3 (5 g (ool

b gl g 5

G S 4 =0
G ) U adgl polie olul 5 oy M6 (oo0e gl Lo |
903 (65 g Shagen o S |y il (g gl (o0l 290
SN ler 5 438l 331 53 ulS 8 o b el L)
pilie (ghie (iS 53 M dali 4l 4 drgi b g Wlie U] 50
g Wl Il s 13 5,5 0 )13 i
K yeze o Il M 1Y 5 009 @, <@, phsBllasil oy (gl -Y
Gl oo 3 bl MBI 5039 @ > @, ooy gl g 238l e 551
o520 05 il et )il (sl 5 00L31 B VIBY 358 )5

S Sl g 5 A8 ol i 5 e 406 ) o sy



Flutter Determinant

VA B VFAY domin VFF L 0 0,0 DO 0,95 ¢5usS pool (Sl usiges

Aerofoil Flutter Frequency

0.6 w w [ | —0=8°, ﬁp:so
0.4 0=8, £,=0
0.2 |
e |
\
-0.4 - |
-0.6 - |
-0.8 - 7
-1 I | ‘ | | | | | | —
1.56 1.565 1.57 1.575 1.58 1.585 1.59 1.595 1.6
We
Aerofoil Flutter Frequency
T f [
_ p=8° =5°
0=8°, B,=5
2- - E
0=0, 3 =5
g 1- |
.E *:K\,wi*:rriT*****
E [ —— }fiiiif>,iffji>ffiii\i
‘q-, 0 [ E— ;;,,ii’ffii’k 1
‘.d-; <7*——~\;K%
(m]
[ -1 [ |
9
5
-2 |
3F |
| | | | \ | | |
1.46  1.48 1.5 152 154 156  1.58 1.6
Wg

(0) g oo (5Llgj 5 (B) (bgssee g drl5 sl 2 Y8 (il )3 Ol puats A S0

Fig. 8. flutter frequency variations for pitch angle (0) and precone angle ([ipc)

AEAN



VFAA B VFAY doxio VFY Jlo VY 0,leud DO 095 ¢S ool SilSn sundio 4y

Obsly e sk yymee Jo= oy (Sl iy @
Oy o (Sl 52 auly B

s by W

rd/s o b 53 @

op debazlye,> p

Sy (g ploiul AL A,

IS8 5 )y Slatire s 8071,6
N/M ¢ purdig (25 slodilge Oy 10y 50
9 Sy S, Exy»Ex £rExy

op ghie gl (Sanl &b Ap

OP )

A

oYl

03 MKS’ -

&be

[1] J.C. Houbolt, G.W. Brooks, Differential equations of
motion for combined flapwise bending, chordwise
bending, and torsion of twisted nonuniform rotor blades,

National Advisory Committee for Aeronautics, 1957.

[2] R.A. Ormiston, D.H. Hodges, Linear Flap-Lag Dynamics
of Hingeless Helicopter Rotor Blades in Hover, Journal

of the American Helicopter Society, 17(2) (1972) 2-14.

[3] D.H. Hodges, R.A. Ormiston, Nonlinear equations for
bending of rotating beams with application to linear
flap-lag stability of hingeless rotors. NASA TM X-2770,
NASA Technical Memorandum, Washington, DC,
(1973).

[4] D.H. Hodges, E.H. Dowell, Nonlinear equations of
motion for the elastic bending and torsion of twisted
nonuniform rotor blades. NASA TN D-7818, NASA
Technical note, Washington, DC, (1974).

[5]1 D.H. Hodges, R.A. Ormiston, Stability of elastic bending
and torsion of uniform cantilever rotor blades in hover
with variable structural coupling. NASA TN D-8192,
NASA Technical note, Washington, DC, (1976).

[6] K. Subrahmanyam, K. Kaza, G. Brown, C. Lawrence,

Nonlinear vibration and stability of rotating, pretwisted,

V€AY

N o o

ERRLE PO
m? o, ahie colos A4
sl cid g ot a
1959, ooy olass b
Mo,y 5y
Sy Cqg,
N/m? oy ateaial Joto  E
S reie slagys o oF, o F;
N/m? oy Jsae G
@ S yye Jo> i oyl Oloe LTy 1
(m) Sisd 5 s
(M) oy ol Gloe T
Mmooy ahais mhw odad gl gl ky
Moy ahie gl oo, gl bl £y
meoy Jsb L
Seolodgpl slag s Ly, g L, L,
kg/m Job ozlg e, > m
s Jo> ploe M
m.)gig, gl R
N-mJoily @550 T
wlboley 1
m e dd 5 Sasd  Job slojgmme jo SBlyl cos iy wvow
N-m Josly o550 U
mfs  SEl ey v;
MIS w0y g, pabais SO Sy V
N-m (gjlxe & W

Sy e

4;?)0 Oy T 445|) 0
rad /s «ygig, il > Caf g Q
(Olia‘))“'?)‘) ‘a}"?)”’.”’ u*““ AﬁBl)' ﬂpc
(OLol)ax )0 ( cies alg; f;

193y Cumbo O

op SY oae ¥

S sz Ogeeln) gt M



Engineering, 15 (2020) 374-389.
[13] H. Han, D. Cao, L. Liu, J. Gao, Y. Li, Free vibration

analysis of rotating composite Timoshenko beams with
bending-torsion couplings, Meccanica, 56 (2021) 1191-
1208.

[14] M. Amoozgar, H. Shahverdi, Aeroelastic stability
analysis of curved composite blades in hover using fully
intrinsic equations, International Journal of Aeronautical

and Space Sciences, 20 (2019) 653-663.

[15] P. Sarker, U.K. Chakravarty, On the dynamic response
of a hingeless helicopter rotor blade, Aerospace Science

and Technology, 115 (2021) 106741.

[16] I. Chopra, A. Datta, Helicopter dynamics, ENAE, 633
(2011) 79-114.

[17] A. Datta, Fundamental understanding, prediction and
validation of rotor vibratory loads in steady-level flight,
University of Maryland, College Park, 2004.

[18] A.H. Nayfeh, D.T. Mook, Nonlinear oscillations, John
Wiley & Sons, 2008.

[19] L. Meirovitch, Fundamentals of vibrations, Waveland

Press, 2010.

[20] D.J. Inman, Vibration with control, John Wiley & Sons,
2017.

[21] E.H. Dowell, A modern course in aeroelasticity, Springer

Nature, 2021.

preconed blades including coriolis effects, Journal of
aircraft, 24(5) (1987) 342-352.

[7] B. Panda, 1. Chopra, Dynamic stability of hingeless
and bearingless rotors in forward flight, Computers &

Mathematics with Applications, 12(1) (1986) 111-130.
[8] A. Castillo Pardo, I. Goulos, V. Pachidis, Modelling

and analysis of coupled flap-lag-torsion vibration
characteristics helicopter rotor blades, Proceedings of the
Institution of Mechanical Engineers, Part G: Journal of

Aerospace Engineering, 231(10) (2017) 1804-1823.
[9] F. Liang, Z. Li, X.-D. Yang, W. Zhang, T.-Z. Yang,

Coupled bending—bending—axial-torsional vibrations of

rotating blades, Acta Mechanica Solida Sinica, 32 (2019)
326-338.

[10] O. Ozdemir Ozgumus, M.O. Kaya, Formulation for
flutter and vibration analysis of a hingeless helicopter
blade in hover: Part I, Aircraft Engineering and Aerospace

Technology, 79(2) (2007) 177-183.

[11] O.0. Ozgumus, M.O. Kaya, Formulation for flutter
and vibration analysis of a hingeless helicopter blade in
hover: part II. Results of flutter stability and vibration
analysis of a hingeless helicopter blade in hover, Aircraft

Engineering and Aerospace Technology, 79(3) (2007)
231-237.

[12] J. Zeng, C. Zhao, H. Ma, B. Wen, Dynamic modeling
and coupling characteristics of rotating inclined beams

with twisted-shape sections, Frontiers of Mechanical

DOI: 10.22060/mej.2024.22724.7664

M. rezaee, M. rezayi, Investigating the nonlinear coupled vibrations of elastic blade of heli-
copter and analysis of flutter frequencies, Amirkabir J. Mech Eng., 55(12) (2024) 1483-1498.

a3 gl sl o (] 4 g

1€9A


https://dx.doi.org/10.22060/mej.2024.22724.7664

