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ABS':l'RACT 

The derivatives of the rotor are very important in the research of 

the stability and control. Generally, the models are considered in the 

research of the stability of the helicopter only including the flapping 

motion and the simple assumption of the induced velocity distribution. 

In this paper, the first harmonic varia·tJon of induced velocity 

distribution derived by \1ang's gener·alized vortex theory is taken in 

account in detail and the coupling of ·the first flappingc-lagging bend­

ing mode of the blade elasticity is considered. 

A sample calculation of a typical helicopter has been made. The in.,. 

fluence of the inducad velocity distribution and the coupling flapping­

lagging on the derivatives of the rotor and the stability of the heli­

copter are described and drawn in detail, expecially the derivatives of 

the rotor wi th,U, parameter. All the basic mechanics expressions of the 

hingeless rotor are presented. 

NOTATION 

6 • -forwards incidence angle of rotor shaft 

~ -----azimuth angle of blade 

!:; • -lagging angle of blade 
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flapping angle of blade 

~ 
------- helicopter angle of attack 

/3 • -·--- he1icopter side slip angle 

inflow angle 

incidence of the blade 

13.,--­

!25., 

¢,--- blade collective pitch (blade pitch angle at 0.7 radius) 

A 125----- blade twist angle 

0 0 , 0 .-lateral and longitudinal cyclic blade pitch 

125 = o 0 + 9 o cos <jJ + 9 • s i n<jJ 
" 

9 o = !25, +A¢ ( z -0 • 7 J 

u e , v • --displacement of the blade in the X.i, Y 3 directions respec­

tively 

R 

r 

b 

------ radius of the rotor 

location of the blade element in the z3 directions 

---rot, or blade chord 

m ( z J -mass of the blade per unit length 

K Number of blades 

cr solidity of rotor 

v 
0 

flight velooi ty or the helicopter 

V ll ve1oci ty of the hub cencer 

V 1 induced velocity 
VI 

v,=
0

R=Vo+V 1a cos<jJ+v,.s:tn<jJ 

v ,0 · the average nondimensional induced velocity 

---- advanced ra"tio
1 

(.! = V nx /OR= !l x 

-A 0 - inflow ratio - Ao =Vu,/OR= ~l> 
/ 

A z A z = !lz = V Hz /OR 

n ro.tationa.l speed of the rotor 

w res~.Lltant velocity of the blade element 

r 
z=-

R 

W X> chordwise componets of relative wind, positive in negative X 
3 

axis 
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w n------ component of relative wind normal to the disk plane, positive 

in negative y
3 

axis 

w y, w a -angular velocity of the helicopter 

N centrifugal tension in the blade, 
R 

N=\' mrQ 1 dr 
r 

T, H, S, - rotor thrust, drag, side force and coefficients of the rotor 

force respectively 

C ~ , a co - lift curve slope of the blade 

C" 1> , C C - average blade profile drag coefficient 

Mn x, Mn 11 -rotor hub rolling and pitchingmoment respectively 

M n y, M" - Mk is the rotor torgue M n y =- M" (profile) 

r circulation 

ce modified coefficient of lift for tip loss 

p A air density 

E I 13, E Is -bending stiffness of blade section in flapwise, chord wise re­

spectively 

EC -----thrust factor, EC = tP A nR! (QR J e 

r 13 , :rs the first mode shape of rotor blade for flapwise, chordwise 

0 

c 

s 

s 
s 
H 

respectively 

-the derivatives of the mode shape 

----nondimensional natural frequency of vibration of the first 

mode of flapwise, chordwise respectively A i3 = w 13/ n, 
:As= ws/n 

Subcripts 

Constant item 

Cosine item 

sine item 

----- flapwise (flapping) 

-chordwise (lagging) 

--hub 

50-3 



l. Introduction 

The derivations of rotor forces, hub moments and aerodynamics deri­

vatives are necessary and important in study the stability and control 

of helicopter with hingeless rotor, Generally, in study the stability 

and control, the simplified assumption of induced velocity and the 

flapping elastic bending are considered. 

For helicopters the induced flow field is a quite important as well 

as a complicated problem. The effect of nonuniformity of induced velo­

city distribution on stability and control of the helicopter with hing­

eless rotor is more important and must be taken into account. In this 

paper, the induced velocity distribution derived by Wang's vortex theory 

Ref.(l) has been used, which has a closed form of equations for circu­

lation and induced velocity. 

Generally the lagging motopn is neglected for the studies of stabi­

lity and control of the helicopter. One of the conclusion$is that the 

lagging motion must be considered in study the stability and control 

for helicopter with hinge less rotor ( 2) . 

In this paper, considering the elastic coupling in flapping and lagg­

ing and the nonuniformity of induced velocity distribution, the deriva­

tives of hingeless rotor forces and hub moments are derived and the 

stability roots of the helicopter are obtained, A sample calculation of 

a typical helicopter has been made, The influence of the induced velo­

city distribution and the coupling flapping-lagging on the derivatives 

of the rotor and the .stability of the helicopter is described and drawn 

in detail, expecially the derivatives of the rotor with,llparameter, 

The expressions of the induced velocity distribution included the 

factorSof the coupling in flapping and lagging and the other basic ex­

pressions are presented, The original deta, equilibrium data and the 

basic expressions of derivatives of the helicopter body, horizontal 

plane and the tail rotor are according to the ref ( 3 )· The derivatives 
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values simplified by the ref,(4J agree well with the ref,( 4) at the 

speed of ;t-t=o.2. 

2. Expressions 

2-1 The Aerodynamic Force of Blade Element 

It is assumed the hingeless rotor blades have flexbility only in 

flapwise direction and lagwise direction and is infinitely in torsional 

direction. 

'rhe transformation matrices of axis system can be exnressed as. 

/ y·,~0 d~ 
;;(,2.. 

l5 
}, % ~ 

' ~e, 1- Ft9-. I 

Where and are flapping and 
ov. 

s inf3. =-­. or 

lagging angf~"respectively, 
ou. 

p 0 s f3 • = 1 ' s i ns • or COS s ,=J =--
' In this way, the following transformation matrix is given ( 5) 

{i} -i· D,, - D., 
D >a 

D ''} D •> 
D ,, 

(2-1-1) 

D" 
Clu. 

=sin¢+­or cos¢ 

ov. 
' 

C)v, 
D 12 =-- cos¢, or 

D a> =-COS <j> ~ S i n<j>, or D 21 = 0, D 22 = 1 , 
ov. 

D.,=-­
(;)r 

au. 
=COS_,...-- S inq, 

(;)r ' 

ov c 
D,. =-sin --, or 

()v • 
D.,= sin¢+ ~cos¢ 

or 
In calculated the airloads on the blades, the other following 

assumptions are made: 

(a) Stall, compressibility and reversed flow effects are neglected. 

Thus, the aerodynamic loads are valid for 11~0.3 

(b) The blades are untapered 

(c) The induced velocity thru the rotor disc is assumed to have a 

• 
frist harmonic variation around the rotor azimuth, 1.~ 

VI = V o + VI o C 0 S <j> + VI • S i n<j> 
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(d) The profile drag coefficient and lift curve slope are assumed 

constant. 

(e) Tip losses are modified by'introducing the coefficient 

The deformation of flapping-lagging of the blade element can be 

written as: 

u.=Rf!i. (s 0 +!i.ocos<~+s•sin(j;J 

v. = Rf 
13 

( 13 0 + 13 o c os (j; + 13 • sin¢ J 

The expressions of the velocity in cross section of blade are following: ( T) 
ou. 

W X> = nr + U a+ ( 11 X -- + 11 Y+ W X V 0 ) 0 0 S q; + ( 11 X or 

ov. 
Wy,=Vo +V 10 Cos{j;+V 1.sin{j;+l1y+V• +(11x~ 

oVc 
-WxUe-Wzr}cos(j; + {-11z-- -wxr +WsU• )sin¢ or (2--1-2} 

{2-1-3 J 

11z =V,.+ WxYR-WY XH 

Vox= V 0 C 0 S 13 s COS as 

vay= v o c o s 13. s 1 na. 

Voz= VaS inl3s 

According to Joukowskis theorem and blade element thery we can 

obtain the expression: 
a-

(2--1-4 J 

c,b - - -
r 

2 
{Wx,0*-W,,J=ro+rccos(j;+r.sin</J {2-1-6) 

r 0 =tC~ b(9 0 {z +twx [3. f[3=fl1z s• f~-twx f3c [3[3 

+tl1xscf~J+te. (11x-wzf3o f13+l1zso f~-sofsJ 

+ t e 0 { 11 3 + W X [3 0 f f3 - 11 X S 0 f S + !1. s f S ) - VO - 11 Y 

-t{wz s• fs +w. 13. f{3-wx sn fs-11" 13o f{3J )+Aro 
- a- - ' r,.=tc, b(eo (llz +wxf3of[3-11xsofs +ss f!i.) 

+ta. {wzf3cfl3-11z so fl-Wx 13. f13 +11x s• :f~J 
1 - I -

+49 c(4z +Wzf3aff3-11"' safS-ZWx f3off3+311xsoflJ 
~ - - -

-v,o;-_5-wzz +wx__:_ofs + llx f3ofs-13.fsJ )+Ar,. 

r,.=t c, b(eo (llx-Wz 13o fl3 +llz So f~-so fs) 

+to. (4Z+3W.. 13. f(3-311. ss fl-W_,i3off3+11x scflJ 

+tao (w. 13 c f13-11z so fl-wx [3. fl3 + llx !;.. fl) 

-v,.-(-wxz-w.sofs-IJ. 13o f{3+13o fsJ)+Ar,. {2-1--6) 
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Ar o, 

which Al: 
10

, and Ar 1• are nonlinear terms appendix(l) 

Based on Wang's generalized vortex theory Ref,(5) and limited to 

first harmonics, the relation of induced velocity and circulation can 

be writ ten as: 

/iJ -
Vo= -- l:o 

4nv, 

- 2cosa, 2 1 • - 2sina, 
V 10=lC({ H--

3
+z-r--

2
z )1: 0 +{ ]1: 10 1+sina, 1+sina, 

y4nv, 

_ 2cosa 1 - 2 
vi.= IC({ Jv, {3-3z+z. Jl:o+ rl. V4nv, 

1+s ina 1 1 + s ina 1 

(2-1-7} 

• • t ~ 'Ys 
V,=(ll,+llxJ~)tl)'+lfa=(-A) ~'' 

a 1= ( -a 0 J + E ~::J:::~o- _ ~ 

v, s ina, =- 7>. 

v, c o s a , = 11 x 

h)' v,, ~,, 
/ 

!Y 

Vj="'Doc +D.,[J> l3o+Dof3c l3c +Do13- 13s+Do~;o 1;
0 

+ D o Sc S o -1- D o ~ s • +AVo 

v,o~D,co +D1or3 l3o-I-D 1cl3ol3o+D 1oi3"13. +D 1 os.o so 

+D,cs.csc+D 1os.•S .+AV 1c 

v,.= D 1 •c+ D , • rP 13 o + D t• l3c 13 o+ D t• 13' 13 • -1- D t• so s 0 

+D,•s.osc +D,•s.• +Av,. 

~ 

(Z-1-8} 

The expressions of Poe , Pofo etc and A ll0 :~trc, 4 V,s are 

presented in the appendix ( 2) 

According to the blade element theory, the aerodynamic forces acting 

on the blade are obtained as follows: 
a 

dY=tC, PA b(0 W~-Wx W, Jdr 
" 

dX=tPA bCx1, W! dr 

d dy drag and lift of the blade respectively X, . ; 

dF AX> = d X • C 0 S 13 *- d Y • 13 * 

d F An= d x • 13 * + d Y c o s 13 " 

dF AY> 

dr 

dF A>>o dF A:Y?Jll ([F A>>• + c os<f' + -- s in<[J 
dr dr dr 

s in<)J 
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2-2 The Inertia Force of Blade Element 

Similarly, the acceleration of any point on the blades can be writ-

ten as. 
(1) v liUB 1 rzJ n x C n x c x 1 i , + Y 1 j 1 + z 1 !iJ 1 J 

WX {X 1 i 1 -1- Y 1 j 1-1- z 1 !iJ 1 } 

2w x C n x { x 1 i 1 + Y 1 j 1 + z , liJ 1 J J 

2(Q+w)X (x 1 i 1 +Y 1 j 1 +z 1 1iJ 1 J 
/ 

(3) 

(4) 

{5) 

(5) X 1 i 1 -1- Y 1 j 1 + Z 1 !IJ 1 (7) W X (W )((X I i 1 -1- Y I j 1 -1- Z I }(J 
1 

) ) 

Finally inertial contribution to the external forces can be ex-

pressed as 

dFNxl dFnx10 dFnx10 dFNx1 s 
--=--+--cos<~+ sin<jl 

dr dr dr dr 

dF NYl dF N>1o dF ny1 o dF ny1s 
~ = + cos<jl+-- sin<jl 

dr dr dr dr 
(2-2-1) 

dF NZI dF ,.,,0 dF I<ZI 0 dF ""I' 
- -- -1- ---'-- 0 OS tj; -1- S intj; 

dr dr dr dr 

2-3 Derivation of Flapping Motion and Lagging Motion 

The differential equation of the blade flapping bending is given by. 
· o• o•v, o C)v. Cl"v, oF, 
-- (EI )--(N --)+ m -- =-- (2--3-1 J or• or• or or 01i 2 or 

The solution of the elastic flapwise bending equation (2-3-1) is 

V •= Rf (3 ( (3 0 -!- (3 0 0 OS<); -!- f3 • S i 11<); ) 

Utilizing the method of separation of variables and the property of 

orthogonality of the mode shape, then veilds the following equation: 

A S f3 o - (A s-IJ f3 a c o s <J; - (A p - 1 Hl 5 s i n<~ 

1 I oF 
= (Q"R" f mf13" dzJ-I f --" fsdz 

0 0 Clz . 
Similarly, the lagging equation is 

A~ so- CA~-lJsacostj;-(A~-I Hs sin<~ 

r 1 oJJ' 
= (Q 2 R 2 ~ mf~dzy-l f --xfsdz 

0 0 oz 
in which 

oF, oF AY> oF,,, oF x oF""' --=--+ -=--oz oz oz ' oz oz 
oF 'fX' 

+ oz 

(2--3--2 J 

(2--3-3 J 

(2-3--4' 

The equations yield a set G>f algebraic equations upon collecting 

constant and coefficients of sin 'fand cosy • Then the coefficients 
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and fs may be obtained. 

2-4 Rotor Forces and Hub Moments 

Rotor thrust, drag and side force are the components along the rotor 

shaft axis Ys, -Xs and Zs respectively. 

Their differential forces are as: 
oF A"' 

dT = dr 
or 

otle oF""' oV • oF m 
-dH = (sin<[!+- c osq, J dr +(-- c os<[J )-- dr 

or or or or (2-4-1 J 
on. oF""' o v. oF AY, 

ds=(coslf--sincf.>J dr+{--sin<[JJ dr 
or or or or 

Rotor hub moments are very important parameters for hingeless rotor. 

Their differential moments are: 

dM 0= r X dF = dMu x i + dMu j + dMu z le 

in which 
dMu, = (v .dF N x1- r (dFAY>+ dF,,. 1 J )sin<~ 

- ( tl e { dF AY> + dF ""' ) - V e ( -dF .,, + dF nx1 J )c 0 S <[! 

dMu.v = r ( -dF _., + dF ..x1 ) - tle dF 'lXI 

a.M""= (v. dF ,.x1- r ( dF AY>+ dF ,,., ) )cos q, 

+( u • ( dF All>+ dF ,,.1 ) - V • ( -dF "",;+ dF "XI ) )s i n<[J 
2-5 The Derivatives of the Rotor Forces and Hub Moments 

{2--4--2} 

In the calculation process, whether to take account of the terms of 

the small quantity is an important problem. In this paper, including 

all the terms of the small quantity and utilizing the method of the 

numeral value derivation, the derivatives of the rotor forces and hub 

moments are obtained. 

The advantage of this method is avoiding the complex derivation of 

the forces, moments and motion coefficients derivatives. 

Let the function f(x) can be derived, the derivative of f(x) may 

be obtained according to the following expression: 
4T .- T I 8 h • 2 h • (5) 

f'(xJ= +(- (-J -- (-) )f (xJ 
3 51 4 51 2 . . 

h h 
T,=(f(x+

2 
J-f(x-

2 
))/h {2--5-1) 

h h h 
T 

2
= (f (x +- J- f (x-- JJ/-

4 ~0-9 2 



The value of h can be determined in terms of precision, In this pa-_,. -,. 
per, h value is about 10 to 10 

3, Sample calculation 

A Sample calculation or ~typical helicopter has been done, The 

original data of an example heleoopte~ are obtained from various refe­

rences and measured results, The trim data are obtained from Ret(;) , 

The deriv~tives of the helicopter with hingeleee rotor in hovering and 

forward flight w.ith different speed have been calculated, The influence 

of nonuniformity of induced flow field and elastic coupling in flapwise 

and chordw.ise on the dedvatives of the rotor and the stability are 

taken into account simultaneously, Four cases'have been calculated in 

the example. 

First case·: The induced velocity distribution and coupling in flapp-

ing-lagging are neglected, 

Second case: The coupling is neglected, the induced velocity dis­

tribution is considered. 

Third case: .The elastic coupling is considered and the induced ve-

locity distribution is neglecled, 

Fourth case: »oth are considered, 

The diagrams of the aerodynamie deri~ativea of the rotor forces and 

~b momenta and the table of the roots of the helicopter dynamic stabi­

lity are presented in the appendix(3). 

4, Conclusions 

(1) The induced velocity distribution has a great effect on the coef­

ficients of ·the flapping and lagging (respect to the Atx , ~and 

~ ) , expecially the low speed range, 

(~)The lagging. motion has a great effect on the aerodynamic deriva­

tives of the coefficients of the flapping-lagging motion at the 

low speed range, 
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(3) In the flow field of the induced velocity, the lagging has a 

moderate effect on the derivatives of the flapping coefficient, 

but the lagging has a great effect on the aerodynamic deriver 

tives of the rotor forces and hub moments. 

(4) If the flow field of the induced velocity is neglected, the lagg­

ing motion has a moderate effect on the aerodynamic derivatives. 

But if the flow field of the induced velocity is considered, the 

lagging has a great effect on the derivatives. 

(5) As far as the roots of the dynamic stability, whether the coupl­

ing is considered or not, the induced velocity distribution has a 

great effect on the roo~s of the dynamic stability. 

(6) 'fhe influences of the induced velocity distribution on the roots 

of the stability are greater than the influences of the lagging 

motion. 

(7) Studyning the problems of the aerodynamic character and deriva­

tives, it is necessary to consider the induced velocity distri­

bution field and the lagging motion simultaneously. 

But studing only the stability for:the engineering the induced 

velocity distribution should be considered. the lagging motion 

whether to he considered is depended on the precision required. 

(8) In this paper the antitorque is calculated using two methods, one 

is the projection of the hub moment on the y axis, another method 

is used according to the general experiment formula of antitorque. 

The values of the antitorque calculated by two methods res­

pectively are equivalent, but the derivatives of the antitorques 

are different in values. 

(9) Simplifying the derivatives according to the (ref.4), i.e., the 

second case, and comparing with the (ref.4), a good aereement is 

obtained. 
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Appendix 1 

1 a- 1 1 3 1 
Ar 0 = 

2 
C,. 'b(DF{F 0 +2 (FD,+ FD 4 J J +eo (ZFD z+gFG 2 +SFG 4 } 

1 3 1 1 
+e. ( 

2
:E'D 1 + 8 Fa 1 + 8 Fa, J -Fa ,-2 (FD. + FD, J J 

1 a_ 3 1 1 3 
Ar 0 = 

2 
C,. 'b(DF(FD 2 +4FG 2 +4FG 4 } + 0 a (F 0 +4FD,+4FD 4 } 

1 3 1 
+4"FD,e .-FD 8 - 4 Fa,-

4
Fa, J 

1 a 3 3 1 3 
Ar • =2C,. 'b(DF{FD 1+4FG 1 +4FG, J + 9 o4 FD ,+ 9 • (F 0 +4FD, 

1 3 1 
+-FD, J-FD,--FG 6--

4
FG, J 

4 4 
J'tt:j:t !JF = 0, + A0{ z-0. 7J 

FD 1 =-2f~;;f~!;,o ~;..-2f(:{zf:3of:3s -Wxfsf~l;,o So 
FD 2=-2f~;,f ~l;,o f, o -2ffJ" z So f:3 o- Wz {fsifso f:3.- Zf {Jf kl;,o f:3o) 
FD. = f~;,f~!;, ~+ fs"z S!+ Wx ff:lfl (!;, 0 S .+ /3 0 1;, • J 

F D , = f ~;, f t!;, ~ + Z f s" f:3 ~ + W • ( f f:3 f ~- Z f S f1~;,J ( s 0 i3 o + i3 0 s o ) 
FD, = 2f sf k!;, o!;, .+ 2z f s" f:l o i3 .- W • ( Z f [3f ~- f 13 f ~ )( f:3 0 s •+ s 0 S s ] 

+wxff:3f~{soi3o+SosoJ 

FD ,= w" { 2f f:3 f S f:3 o i3 .+ Z f t 2 so s s ) + {f sf s- Z f Sf k J S • s • 
ED , = w • { f 13 f F S o f:3 a + 2 Zf k"s o s o J+ {f sf s-z f h f k J S a s o 
ED 8=- w • ( z f {t: + f f:3f J3i3 ~) + { Z f Sf~- f sf S) {So so+ s 0 So J 
FD ,=- w X { f i3 f s s: + Zf rs n +{ z f sf~- f sf s} {!;, 0 [:3 s + f:3 0 !;, s } 

F 0 =fsf~~;.: +zf{3'i3.", FG 1 =-wxfsf~s· f:3., 
FG 2=-w.(fsf~-zf{3flJso so, 
FG .= _ w. c f f:3 f ~- z f sf i , c s 0 s. + s. s 0 , - w" r (3 f is 0 s 0 

Fa,=- w. cr 1:3f k- z f r3 f ~ ns' s .- w x f sr ~ c s o s .+ s • s a J 

FG,={fsfs-zf(3f~Jsoi3o, FG,=-wx{fsfr3i3~+zf~~;.!J 

{ . .tf r:l • f 12 2 FG 7=-W• ff:3Jt3too-I-Z sse), 
FG 8=- Wx (ff3fSf:3 ~ + Zfi"s ~ J- Wz (2S of:3 sff:lfS) 
FG,=-Wx{2fsfsSo S.-r2zfJ."so 1;.)-w.(fSfSS~+Zf~• s:J 
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Appendix 2 

1 1 
Doo= (A J 0 (DF • z +z 0 all•+zO all,.- !l ~ J 

1 
Dofl"=z{A}o to aW.x- 0 oW.,- 0 sWs )ff:l, 

. 1 
Do [3<'=2 {A J o ( !l xi~ - DFW" f f3) 

1 
Do f:ls=2 (A) o (DFff3W.,- !lzf~) 

1 
D 0 ;;,• = 2 (A J 0 ( 0 a !l X f ~- a • !la f k J 

Da~;,a=i (A)o (-DF llxf~ + 0 •f~;. -Wxf~J 

. Do~;.• =i(A)o (-e af.;;,+DF!lsfl+w, f~;;} 
1 1 

. D 'OJ = D z (A J ~ 0 ( DF z + 2 9 • 11 X +2 e 0 !l .- !l " ) + (A J I a { e a z 

+ DF !ln + W" Z ) + {A J ~a Z Z 

1 
D I 0 So ::::-D z (A J ~ 0 2 :r [3 ( e 0 w x- e • w .. J + (A J I c { DF w X f s- 11 " f b } 

1 I 
D 1"!3c D?(AJ~a·-z (-DFwx ff3+!lxfsJ +(AJ 10 (-~ o.w,-;-4e.w,.Jfs 

1 I 
D 1oj3' =DZ(An0 2(DFw.ff3-ll•f~J + (A) 1 o~S ow..-e.w,+lJff:l 

Dto~;,o=DZ(A)~ 0 ~ f~(Ool1x-Gs!lz)-I-(AJ,o(DFP,fJ+wxf~;.J 
I 3 

D 1 o~;.o =DZ(AJ ~c 
2 

(-DFilxfi, +s sf~;. -Wxf~;. J+(AJ 10 {-
4 

0 ollx 

1 ! 
+40.IJ,Jf~;, 

1 . 
D , • s• =:: D z c A H c 2 c D F ll " :r ~- a a :f s + w • f ~;; J 

1 I I I 
+ (A J 1 o (-DFf s +4 a all .. f s -4 e • 11 x :f;;, J 

1 1 
D 1ac = DE(AJ ~. (DFz +20 ol1•+2a •llx-IJy} +(A),. (0 .z+DF!1x+W,Z) 

1 
D 1• [3o =DE • (A]~. 2 f [3 (a oW,- 0 • W" ] + {A) ,. ( -DFw d f3 + f1 ,.f ~ } 

I 1 1 
D,.i3c =DE(A) :. {-DF Wxff3 +211xf{3J +(A) 1 • C4a .w .. -4a .w,-1 )fs 

, 0 , 1 I 3 1 
D •• ~.= DE (A),. (DFw. fs -2!1.fs' + {AJ , •. ~4 0 .w .. f P4 e oWxfs) 
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root case I case 2 case 3 case 4 

fq 0.0335 0.00839 o. 03144 0.007643 

+ + + + 

A. 0 .2321i 0.225Ii 0.2822i 0.2250i 

A, -0.01830 0.01376 -0.01819 0.0095 

+ + 

A, o.2321i -0.03396 0 .0112i -0 2999 .. 
A, -0.6020 -0.8570 -0.6197 -0.8527 

+ + 

A. -0.8336 2.I61i -0.8313 2.159l 

+ + 

2.167i -0.864 
., 

2alf.l8i -0.8823 A, I 

A a -1.935 -1.7336 -1.942 -1.744 

+ + + 

A, 13.07i I3.181i I3.08i 13.19i 

Table 1: 

The Roots of Sta bilit;'y ali ll =0.2 
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Reference 
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The general rotor forces and hub moments of the 

hingeless rotor including the total coupling of 
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Parameter identification of a hingeless rotor 
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Proceeding of the 33th Aunual National Forum of 
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