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Abstract: An analytical model is presented for helicopter rotor/ airframe coupled dynamic stability in forward flight. Extend2
ed Pitt/ Peters dynamic inflow model is employed n perturbed mation in arder to irtegrate hovering and forward flight cases.
A method of mplicit mult2blade coardinate transformation (MCT) is presented and applied in the derivations of linear differ2
ential equations of rotor/ airframe coupled system, and the order schemes as well as the hypathesis of low displacement of
blade steady flap and lead? lag motion are retracted. By Floquet theory and transition matrix resolution, the dynamic instabil2
ties of coupled ratar/ airframe system are analyzed. The analytical model is then applied in the predictions of hingeless rotor
helicopter ground resonance and isolated rotar instabilities in forward flight. The predictimns correlate well with the test data

Voll 25 Nol 5

of references.

Key words: helicopter dynamics; ground resonance; air resonance; dynamic stability

T ALHD T A 2 i 2 — e 3/ HLAA RS
Erahke e Itk in) 8, A& H L) )2 SR AR
o N THb AT A A IR ), AL ASEAT T
Ko BFE R AT R 52 1) AR5 F 5T o

HI WU/ HUARRE G 3R 1 7 B b A 2
A AR B e (MCT) , 3RS AL bR &R T 1 2
B30 H HH RE i e i e 37T ] AR T ) AR AR
A, NIRRT 8 T i3/ ARG R M3 fae
#4277 . Coleman 1 Feingold'" #5576 e I - BT
MU T L% 2 7 (IR 0 FR Coleman A8 ), J5 2K
IR 2 it — H W X — s . B TR
TR I, JiE AL AL X FRi dah, s 37
FEREAT MCT J& JERH R B P 30a 3l 5 F24H,
BERT LUR DT (8 HOE AT R AE 20 BT, 1 ) R AE T
S B B S AH A, RFAIE AR P R 3508 AR S5 43 il
RAE TR L BHJE R RN, PRI, K FE 1 Sk
WA ) A b A T 3 R A s o b 3R IR i

120020216; 1200211226

z+(2]

>

ETFHLAT K, e 2t b+ A AR 4,
RGN iB 8 TREE R %G 2. 4 T il MCT
BTG BB, — A AT R A ot S
e, JF 3T 2R 10 58 5 4 B 43 4ic fh SR AT
Fourier 2% £ 1, 281 MCT Ji5 7% e =X 1 JE 2%
K shia gl Redl, 2R Ja ARHs Floquet BiBHEAT
REHESY BT, 43 3135 AN BEAS I AR e BELJRo 3E
742 AAMCT IR T VR BB, vk AN i
M SR A I, AT5AR > BB, R gk
SR I, it B HORT BEAT 222 M AR B e, TR,
AW MCT A HAT I, 534k, R0 bty 2
SE IR SEH FIIR, B 50 SR -

SLFUb, AR SCH AR SCHR 2] SRR B, T
Hi IR 11 3/ BUARE & B As e 1 23 B B 2L
FESCH BRI T — Pl s 2 R AR bRES 5 1%,
B MCT St 4 ] B fiis SR AR X =40 T
(K MCT J5 ik, 1K, 9 EAT . 28 MCT BT A4: (1 2%l
ARSI 20 53 M AERR. X MCT Hh #8m] BUEH, I H.



452 7

§25 %

SR BB RS DL ARG HT . 53 4h, B s MCT
FTLMR I {8 35 Floquet £ 3 1P 45 15 ok, X ik
HATIRSR I V. SCR fem H A1) s St
XHPTENT (R AT B BEAT T I

1 Sy

eI/ HLA R 2 55 2B I A ),
R R ST % B I 030 J 48 B i
AL O TP AT A (20 B R,
T 10 5 KT BN B 25K . MR ST T4
BPER AR B B e B, T A R
EMR M ML T B ST ik 2 R

WU e ER AR B B iz ) .l 2
SR A, B B 0 T 52 S B . T
R R 5 e AR R0 ke i, % 0 0B S e
S AT I T ekt . 24 O B L 2 )
(1P, A S SR R

VEFITE W I 008 g A 5 o 11, 0 T
I B FHIL 25 ch ARk B, FH 3 9 A b RS g
TRAF M WS BB IR . T KR AL
HCR A ok, RIS 1Y Pit2Peters 2) IA
TR s s AT ISR I 2540 58 N T
%,

S b7 i 5 LI b A T (e i 1
DUBERE . 0TI RG34 95 2% 05 e i
B, P 5 MU0 £y 1 &, B (TR i
VKT R 2 IR Sk JAT SR 1, 0 T LR B
ARSI 30 T 700 e IS 3038 O
ST % 5 5 R s, S /B ) SR 1 4
FRR 1 . ST TA) UL/ JBURT 7 3 AL AT
L iz ol

AP IS B ) 1 e R R
S, SRR ES) TR, SRS L T 4 S
eI PR S 1 e P F I 2 M AR T R 40,
PR AT RS RTARA R0 B2 % 25 (R
250 .

B P ST TR AR iy AN, 35 3
T RLE ST R B JE TT, T L4 3 R G T
R BN PR oAb By TR 4L

PRSI I B AR BRI LA 00
3230 [T 7R T e B B0 F7 A 4 ok, T
DI 5 THHURIFERL (952 340 1 M7 e B WL
W e RGBT

2 B R HAAbRAZ i X Floquet £ i 41
8

2 A0 AR AR B, 2 i e AR BR AR )
JEEREAR AN Tt ARAR 28 TP B ER R BTV A
SR kR R RS B R B s ) AR
& DR, Dh SR RCE B g E A, e
AN FEBE L 4353%  WLAA L B ) N7 2, B
JafR B LU AR RIS HUAAR RS N B S 3R
ZANIOE 418 1R 7 LN 9 B 7 7 2 R A =)
Ok R SR PRI SN 7 R 14 ) il 3fe LA
1, cos m( W- _Fk), sin m( W - H) J&i, XA Ny
st 1 3s g 5 FE SR, 15 31 DUE R AR BIES .
UL S TN RAR A 2R 1) e 3/ MR R & R4
) ik 537 FRA, e PR ASTT #E

4= A(Wq (D
O RAFERE A (W2 LA 2 PORE T % e 32 1
) N A R EGERE, WASE 1 R U7 AL
o

ARG 5(W W) Il i F iR 15

B

B(WW) = A(WS5(WW) (2)
HAIGE &N 5 (W, W)= 1, ARG et s
BRRTALIBHE 5(2P+ W, W) FIRHE(E

T Ut RS U MCT 5 25X MCT 5% 1 X
ol FEARSFERE AW BTG 3R A S B R B

Ai.i= E E RY(B,F, #Bk, #Fk, , » W) (3)

=1 k=1

Horh: W= W 2P(k- 1)/Ny W5 k Fmr 05

Brfit; B, B B Fr, , o 30 00 94 55 A0 245 £
VSR R AR A0 R 1 52 6 W R, O L E X 4%
SXERRCAI A R, BRI HEAT 5k MCT I, T4
NAPER K, Tl sinR U R, wsR Ul- B/2 %%, 4k
JEHET =0 SRS, 45 YR e 2 Ay U590 1
PRI R S0 WIS FE B No 45 56, b
Wik, — RS TRV, B3R

st MCT I, KR 46 36 i 20 (LA
AR W R R WY B, R, B, Fi, , L %
FRUH A 5 B VS0 M TE 2 A, PSR A S0
B A W), BRI BAI 20 004 0 B 5 (W W) =
I, ORI W $ WIR b A TT B et
SR(2) BUMR S, BRI R EE R It 22010 A
R IR 25 %A 3 5 B, — P EH B 51 2P b,
PEMEL RS S (2P+ W, W) o



%5

B A5 /T RS ETDUE 3/ HUARE & 3 AsUe PR 20 AT AR 453

S 45t MCT 017 26 % 7 HLIZ 3
W7 TR AT WIS, B B0 Wil
EI G R RS B, R, B, Fr, L DL I
R I We W HHEDARAE FE A( W), 1T F
N W S WL ERERE S (W+ S W W) TTEL
I35 (2) UM R, RIS RV R I 18
RS IR IR0 B 2 1 4, — L 3H 5% 2P
ik, FE AR S (2P W, W) . KR
LI, R RS AR s R
VEEE 22, T8 ARTEE) JTRHEAT WU B I, 45 SR
AL BB AR I T A OBl 14 S P s
M1, 35K IR A AN 1t AT BELJ, LI e 94
SRE . AT LRI, IR % S Ak AR, AT
DI/ F0 B T AR 4307

EEE R S (2P+ W, W) 5, 1T LUE
Floquet FE it 01 7 ZeHE AT BN KA PEAHT . At
VLR M 91, MG PR AR 9l 4 25 ik O, T LA
BAPRAHFE AC0)= A(W| w o MEFFHFF (R

fift

3 R

311
PRSL e F A SR 1 s .
1
Table 1 Rotor model parameters
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Figl 1 Variation of LR mode damping with respect to advance ratio
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