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ABSTRACT

The derivatives of the rotor are very zmpoxiant in the research of
the stability and control. Generaliy, the models are ccns;dereé in the
research of the stability of the helgcgpte: only ;ncluding the flapping
motion and the simple assumpﬁion ¢f tha iﬁéﬁﬁeﬁ %élccity”disfributién,_

' Iﬁ this éapar, the first'ﬁéimanié vériétién‘of-iaﬁﬁéeé;vglécity '_:‘
digtribution derived by Wang's gan&r&liéé& vorﬁéx ﬁhaot& is ﬁék?n'iﬁ
acoount in detall and the coupzing of the flrst flappinghlaggung bend- |
ing mode of the blade elagtlaxty is considered

A sample caleulaticn of a typical hellceptex hasjﬁegn:géﬁe, ?&e in§
fluence of the induced velocity d@gtxibutiog<anﬁ_tha‘ésupling fza§§;ng;:
lagging on the derivxiives of the rbinr and the siability of'tﬁe.heliw'

copter are describsd and drawn in detail, expeelally th& darxvatives of

the rotor with Jf parameber. All the basic mecbaﬁlcs exgxesalans of ﬁhe : o

h;ngelesa retor are yresented.
NOTATION

& g wememorwards inciéeﬁce angle of rolor shafi
¢

£ ¢ ~—-lagging angle of blade

azimuth angle of blade
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B, w———- flapping angle of blade
GS s @l icopter gngie af attack
B g ~——— helicopiter side slip angle
B w—— inflow angle
& e ingidence of the hlade
@, —— blade collective pitch (blade pitch angle at 0.7 radius)
A blade twist angle
0o, 8 s—lateral and longitudinal cyclic blade pitch

'@'%:90 + 8, cosd+8a8ing

o = @, +AB(Z2-0,7)

We, Ve-——displacement of the blade in the X,, Ya directions respec-

E ]
tively
R rading of the rotor
' T
r location of the blede element in the Z& directions ¢ :'ﬁ"

b —————= rotor blade chord
m{z y———maga of the blade per unit length

K

Hamber of blades

5 solidity of rotor

V = flight velocity of the helicopier

Vg velocliy of the hub center
v, ——s induced velseity
v
§
V== ;vp"{"’V'm GOS(!J“?*V;aSin(IJ
OR
Vo the average nondimensional induced velocity

1 S advanced ra‘tio/ il :V,wfgﬂm P g

inflow ratio Ay ==V /Ol = Uy
#

Ao =WPa= TV OR

n - roiational speed of the rotor

vesuliant valocity of the blade elsment

W s chordwise componets of relative wind, positive in negative X

3.

axia
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W gy component of relative wind normal to the disk plane, posgitive

in negative y3 axis

Wy, Wy, Wg=— angular velocity of the helicopter
N centrifugal tension in the blade, N=Y§ mnrQtdr
T ' r
, H, 8, rotor thrust, drag, side force and coefficients of the rotor
Cr, Cu, C. force respectively
C% , Boo 1ift curve slope of the blade

Cyp, CC ~—— average blade profile drag coefficient

Myx,Myg rotor hub rolling and pitchingmoment respectively
Muyy, Mg ——Mk iz the rotor torgue My, =-— My {profile)
circulation

L

L ————modified coefficient of 1ift for tip loss

Da alr density
BIg, EIE bending stiffness of blade section in flapwise, chordwise re-
spectively
EC thrust factor, ®C=+%p, 7R® (QR)?®

fB ’ fE_, +#— the first mode shape of roior blade for flapwise, chordwise
respectively

fé, fg' ~—— the derivatives of the mode shape

Ag, Ag

nondimensional natural f‘requency of vibration of the first

mode of flapwise, chordwise respectively AB = wB/Q,

A =0 Q
7 E’/ Subcripts

0 ~—— Constant item

C Cosine item

g sine item

B flapwise (flapping)
£ chordwise (lagging)
H hub
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1. 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 rotoriGenerally, in study the stability
and control, the simplified assumption of induced velocity and the |
flépping elastic bending are considered.

Por he;icopters 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 c¢losed form of eguations for circu-
lation and induced velocity.

Generally the lagging motopn is neglected for the studies of stabi-
lity and conirol of the helicopter. One of the conclusionfis that the
lagging motion must be considered in study the stability and control
for helicopter with hingeless rotor (2) .

In this péper, congidering the elastic coupling in flapping and lagg-
ing and the nonuniformity of induced velocity distribution, the deriva-
{ives of hingeless rotor forces and hub moments are derived and the
atability 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 descfibed and drawn
in detail, expecially the derivatives of the rotor withl{ parameter,

The expressions of the induced velocity distribution included the
factors of the coupling in flapping and lagging and the other basid ex—
pressiqns 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, (4) agree well with the ref ( 4) at the

gpeed of/gL=O.2-

2 Expréssions

2-1 The Aerodynamic Force of Blade Element

It is assumed the hingeless rotor blades have flexbility only in
flapwise directiom and lagwise direction and is infinitely in torsiomal
direction.

The transformation matrices of axis syastem can be expresased ag.

1 b e,

/

63 3{}

—— i

5 h Fié.

¥
7& ' Where and are flapping and 1agging ang e respectlvely,
aVc U.g
sinB, =-— cosB.,=1, sing, =—— co9g . .=]
: or , ,
In this way, the following transformation matrix is given (5)
£ -D'l Dxa Dis [ 2'3
Jf =)Dy D, D, 3, (2-1-1)
% Dy D D, k
Vé
Dy =s81ind -+ cosd | D,,= Cos{¢,
oV, IV .
D:gt"—'cosq)—?d-‘u_‘ Sinq), Daito) DIE&.‘:‘Z ? D23:
or or
D Ol )Ii 4 L DV, IV,
=208 «—e— S 1n{ D = —8 1‘1-——-—' Dyy===2g -
P n ot » 3z 97 33 il’l(b-’f*dr cosd

In calculated the airloads on the blades, the other following
tassumptions are made:

(a) Stall, compressibility and reversed flow effects are neglected.
Thus, the aerodynaﬁic 1<$ads are walid for H<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, 3.6,.
V, =V, +V,g o8+ Vs slind
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(a) The profile drag coefficient and 1ift 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 ass
: uemﬂfg (goFEaC os¢ +E.81ind)

V==Rf5(f3°+ﬁcc os¢ -+ B. sindg])

The expressions of the velocity in cross section of blade are following: (7)

aue
r+uy+ We VeJCOSOF(Us

Was =Qr +u.t (0x

dUea

— 1l — Wy Vo Jsing
ar
( OV e
Wy =V, +V,cCosp+Vsing+u,+7v, +(Ux‘51:_"

av
ar

Wl WaT)C08P F [~ gm— — 0T +Wsue)SIng (212

e =Vt WyZu—Ws ¥ Vo= TVaCoSBsc0Sa,

Uy:'i;oy‘f"a;x:z'—‘zl)—x Zu (2—1-3) ”‘}_Oy:‘?OCOSBSSina’ (&—-I—4)

us=7m+fo“x3’u-—m Xn Ve=TVos1iuBs

According to Joukowakis theorem and blade element thery we can

obtain the expression:
C.v
24 - .
I'y =%+C, b8, (2 +1w, Bx_fg:’}“llz E s fé-—-%wx Be BB
FEDrEa ) +H0s (La—ws Bo fgthia o £L—Eo £y)
+300 (s +0x Bo fg—Ux & T +E5 £)— Vo — Uy
(B, Es £y +0s Be P —wa Ep T — s Ba T4))+AT,

e

b — - —
(Wx;Q*—MWyB):Dg.+rgcos¢+1’381n({) (2—-1-5)

T =

— o = —

T o=4Cy b(0, (s +WaBofg—HasE fg FEs Lg)
1402 (0sBofg—ts Eo £ —wx B fg s 5a T])
1

+7 0042 +WsBafg—Ua Eaf({— 204 B g fg+3hagafy)

4
-7, _..( wgz+wx£ofg-f Hax By fB--B fg)]"*‘fll?

's-—-‘é'c bEBO (U-x—"‘ws Bg fB'f‘Uz‘: E_.o F‘;-—_E"cf )

. (42 s B _
F+ios (472 +30: B I‘B Su=: & fg——-wxﬁafﬁ-!—uxa fF:J

+7§_‘90(E-—z Bcfﬁ‘“‘uago fé"‘—w Bsz*‘"UaE,. fé)

Ve (S0aZ —weE T — e By T+ 8, fBJJ+Ar s (2—1-5)
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ATl .,
which T and AT = are nonlinear terms appendix(1)}
AD iC »
Based on Wang's generalized vortex theory Ref.(5) and limited to

firgt harmonicg, the relation of induced velocity and circulation can

be written as:

—_ j—

V== r
Q 4nv' 0
2cosa, 2 I 2sina, —
._% {4tz 4+——z* D e
E(.H—Si oc)( 3 +2 ) +( P a,r”’ 1V4nv,
l&[( °os7 )v (8—3 T 2
L= b [ (e 2422 )T g4 —————T ,, ]
Trsin Yz ?) 0+I+s:}_ aP' V4nvr, (2—I-7)
y - Y
. z 5
v,y =y, +upi Y. MytUs=(=X)
— (—-—au )3 ;—’0(0 ,/u/v
Ve =Cx AV, AN X
7,sino, =—A Vie
V,C0S0,=Q, Fl1G.2
v-.:l"-"Do +Du 13 —‘“Do o =
] a {3) Bc B +D B.i BSFDI)E—.O E__‘g
+D°g¢:§n""Dagg ~{-AV
10"]"D1CG +Dlﬂs Bo““D;cBoBu"“DchsB +D;caa E,a
+D:cgcgc+]},cgs§ 5+Avtc
?,==D,=C+D436p Bo+D138(]50"!‘]3‘55.163"‘]),:&0&0
+Diegobo +Dyeps +AV (Z—I—8)

The expressions of .Dac ’ Doﬁo etc and A Y, 4?},}’ AV ¢ are
presented in the app@ndix(’2)
According to the blade element theory, the aerodynamic forces acting

on the blade are obtained as follows:

’ a
AY=+4C, P4 b(@ﬁwi-wx Wy, )dr

(2—1—-9)
dx:%‘pA nbcxp W:- dr
dx, dy : drag and 1lift of the blade respectively
AF 4y =Ax+CcosB —dy-PB
AX3 5 = (2110
AF gy,=dx - B%“!* dye OSB%
am dF ar AT oyns
JUP"’: AVzo + Ayag o OS(I} ..7... .____._.‘5.3'..'? s inq)
ar ar ar dr
qF aT 4F, AF puse . BB NG,
Ax3__ szn+ ; Mzcc oS + AXT - J
dr dr dr
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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 aas.
(1) Vs , 2y OX{(QX (x4, +¥y,3,+2z,%,)

(3) wX(x,¢, +y,J,¥z,4%,)
(4) wa‘(-ﬁx(x|51*"“3”3"{‘2‘]&17)
B 2M0+w)X(x, ¢, +y, Ji+z,%,)

® x,7,+y,J,+z,%, (7) w X {w X(x, 5,+Y| Ji ¥z, El 1)
Finally inertial contribution to the external forces can be ex-

pressed as

am dm A yx AT w2
T, L M o5 4 — s 1ng
dr dr dr di1
ar am am d:F =
rm= NJ'|0+ N?aocos¢+ ‘NJ’I Sin(l: (2 2__1)
dr dr dr
d v dF dF : d.F = B
FN"'== mm+—_}m°cos¢+- = sint
dr dr dr dar

2-3 Derivation of Flapping Motion and Lagging Motion

The differential eguation of the blade flapping bending is given by.
- L v, P V. Dy o

- (BT —~ J———(W I+ m e (2—3—1)
ar or ar or ot ® Jr

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

Ve=REg(Bo+Bocosd+ P sing)
Utilizing the method of separation of variables and the property of

orthogonality of the mode shape. then veilds the following equation:
2o 2 p
ABBG—-(ABwJ)Bn cos¢mﬂ(lé—«f)ﬁssin¢

I I oF (232
= (QFR* ¥ Mfédz)'ij 9 nydz 4
0 p 22
Similarly, the lagging equation is
2

Mg B0 — (Af—I)5oc 05y —(A{—I JEg s1nd

. ’ j it (2—3'-‘3)
= (QfR*Y mfidz)™ | —"f_dg
(arney mrian)dy S-Troar
in which
aFy&aFAy3+aF"y3 an:aFM3+aF"xf“ (2——‘3——-‘4)
2z 2z dz , O% oL 2z :

The equations yield a set of algebraic equations upon collecting

congtant and coefficients of sin‘yﬁand eosjﬁ . Then the coefficients
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of motion /30,/)"7{;; ﬁ's‘ g;;’ 60;. and % may be obtained.

2-4 RotoY Forces and Hub Momenks

Rotor thrust, drag and side force are the components along the zotor
shaft axis Ys, -Ka and Zs respectively,

Their differential forces are as:

arT =a}:'15y3 dr
or
-] F vd aF
nde(sinlb-%"ﬁCOS(Ha mdr+(3—~005¢) Zar
_ ar or or r (2—d—1)
aFﬁJ{3 avﬂ aF.ﬂ.J’}

dr

ou . :
ds (cos‘}’-ar sind) PP

Rotor hub moments are very importani parameters for hingeless rotor.

dr + {—~——s1in¢)
or

Their differentigl moments are:

AMy=1r X @F =My, € +d¥My J +dM,, & (= )
in which

AMy x = (Vo QT 05— T (AF 35F AT aryy ) Jeind

(e (AT + QT sy )=V e (—QF 4oy + ATy ) JC0SY
AMpy =T (—AF 4y + AF sy ) — 1 AT e,
AMpe=(V ¢ AF 1py— T (AP g5+ AF 03y ) JeOSY

(e (AF gy + AT sy J — Voo (—0F a3t QT ny ) Jsind
25 The Derivatives of the Hotor Forces and Hub Momenta

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 guantity and utilizing the method of the
numerg) value derivation, the derivatives of the rotor forces and hub
moments are obltained.

The advantage of this method is avoiding the complex derivation of
the forces, moments and motion coefficients derivativea.

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

be obtained according to the following expressicn:

4'1‘2_——'1_" 8 h P .2 h B 5
— - —_— w— ——n P—— - f
£1(x) — %‘[5354) 5!(27 ) X?
h h
T, = Ef(x—%;,;?——f(x-—--;g?]/h (251}

(e (x ) — £ (e ) 1/
T,=[f({x+—) —£{x——>) )/
2 5 So-9 2



Tha value ef h oen he determined in tarms of preaision. In this paw-
~=-_par, h value is abaat 10 ta 10 .

- _;f}, Samgle calculgtien

a sample ealculaticn of a-typioal halieapter haa been aane. The

‘Griginal &ata of an example helsﬁapter are cbtained fram various refe- :

"Tff  ranaaa ana msaiured reaulte. The trim data are abt&ined from kaf(j)

- The derivaﬂivss of the helicoptar with hiﬂgalesa roter in hovering and ”

{ff forwax& fiight with éifferent speaa have been aalculated. Thy influance

‘:ef nonnniformity of induced flew field anﬁ slastic caupling in flapwiae

“’?f}and chﬁr&wiae on the derlvativ&a af the rotex and the stability are

'l'taken into accaunt aimultaneously. Foat caaes have beem calaulated in

o  'the exampxe._'.

First caae. The induced velocity distribution and caupling in flappm |
‘ i ingmlagging are neglecte&. '  ' '__ o

i  Second caae. The caupling is negiectad,.tha induced veloeiﬁy diau.

. _' E tribaxion is consiaarad. .j’_ _
“i~§h1rd case: The elaatic ceupling iam canaiéered and ﬁha induceﬁ V-

| ' 1@%&%3 diatributiuﬁ ia neglecxed. . s

'Eburth case: Both are cangidered _ |

*§ha éiagrams af the aerodynamie-d&riWati?es cf ths rotar forces and
hUB mamants and the table of the raats nf the helicop%ef dynamic stabi- :‘

: lity are presented in the appgﬁdix(ﬁ)

4; Ganclusiana : _ . _ S _ ,
| (1) The in&uced v&lacity'distribuﬁion h&s a great effeet on the coe£~
ficien%s of the fla@ping and 1agging (reapect to the,é@x,‘gg§amﬁ
,&f} ), expacially the 1nw sp&e& range, | | |
(2) The 1agging motion has 8 great effect on the aarodynamic derivan
- tives of the nasfficients of the flappingmlagging motion at the
low speed range.
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(3)

(4)

(5)

(6)

(7)

(8}

(9)

In the flow field of the induced velocity, the lagging haas a
moderate effect on the derivatives of the flapping coefficient,
but ;he lagging has a great effect on the aerodynamic deriva-
tivea of the rotor forces and hub moments.

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.

As far as the roots of the dynamic stability, whether the coupl-
ing is considered or mot, the indvced velocity distribution has a
great effect on the roofs of the dynamic stability.

'Phe influences of the induced velocity distribution on the roots
of the stability are greater than the influences of the lagging
motioﬁ.

Studyning the problems of the aercdynamic character and deriva-
tives, it is necessary to consider the induced velocity distri-
bution field and the lagging motion simulianeously.

But studing only the stability for;the engineering the induced
velocity distribution should be considéred. the lagging motiom
whether to he considered is deponded on the precision required.
In this paper the antitorgque is calculated using two methods, one
is the projection of the hub moment on the y axis, another method
iz used according to the general experiment formula of antitorque.

The values of the antitorgque calculated by two methods reg-
pectively are equivaleni, but the derivatives of the antitorques
are different in values.

Simplifying the derivatives according to the {ref.4), ile,, the
second case, and comparing with the (ref.4), a good agreeﬁent is

obtained.
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Appendix I

]

I a— I ‘ I 3 I
=5 0, BIDF(F, +5 (FD,+FD, J) 40 o (5 FD 1+ FC -+ TG, )

Ao =7 Z g g

r

1 I I
+0. (GFD + PG, + 5 T0;) —FG,— (FD+TFD, ) ]

2 8 8
_ I a_ 3 1 I 3
A]j,,:Ecyb[DF(FD2+zFGz+-§FGa J+8aq (F°+EFD,+;§-FDU
I Y
+-2FD,G s—FDa—-EFGT-ﬁZFG, )

— o — 3 3 I 3
AT»=7C, BDF(FD +F6,+T0;) +0 5y FD,+ 0+ (Fo+ 7D,

- I 3 I
+¥D, ) —FDy— FG— 7 FC, )

Hop DF=Q’,+A®(Z—O.7)
FD,=-—2f.f.Eo &= — 2528, Bs - afo;aao B,
D _.-—-Qf E»O f,q-—*Zfé ZB Bo"—‘ws (fB go Bo""Zféfggo D)

I‘Dg—-fgfl_;%s-!“fé”ZBs-Fw fgfg (EoBe +Boa )

FD,=f feg +zff Bitwa (Lpfg—2f3fp) (E0BotBoEo)
FD,*—-—-‘"ng gf';cF,.q—!»-ZZféB Bs'—-wx(zféfv—‘fﬁf )(Bogs'!"gos }

+wxf{3fg(€o a”’?“nga)
FD o= ws (ZEgTRB, Bat 28280 o) + (f ff— 2T pf L)B -5
ED.‘,:-"wg(foéagBoBa +2ng§o§u )-—F—(fgfé—-—Zféfé)Bn Eq
EDB=_wa(zf%‘t§+foéB§)+(Zféf" Tefh)(BokoteoBa)

g
FD,:m—mx(foéB}+Zf£E§)+{Zféft~f fé)(aoﬁ-+ﬁa€ )
Fo=Tgflg, tzf By,  FG,=—w.fpfiEs B.,

FG,=—w,(fgfy —2f4f1)Ea Eq,
FOy=—w, (fgf— 20T ) (EcPatesBo) —wafgliEaBa

ra =—wg(fo'—Zféfé)aSB.ﬂwxfo'(508 +&sBa)
FG,-(fng——zféi‘ JEoBo , FOGi=—uwe, (foBBx—z—zf £2)
G —--—-wg(fsfaﬁ +Zfézgc),

FGB"—‘wx(IBféB ‘f"ngagz)-—‘ws(ZB B foB}

FG == e () (2f8 BB Ba+2z_ﬁ'§ q E, )'""{U (fo Bs"f" Zfa g:}
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Appendiy 2

f
D§f=f&]g(DF*Z'+E?953$+E;U

ol gt g}

I
Dagnm%“{ﬁ}ﬁ {o amx—““anwwf}sws}fﬁ,

T
Dasam"é" {A], (Mféwﬂl‘@wx fg)

I
: m&mytﬁjn(z’iwgwwgwé)
D | mg““(}%} (0 e sf)—0 0T
Dg’f) 2 i} a - 5; 4 2 g
‘_m%ﬂ:&(ﬁ}eww BBl + 0Ly —0ur])

' Dngs :‘%' (A}a {0 afg‘f‘ DFUaT !

E“’E“wg f%)

e i 1
LDy =DA{AT] n{nrz+ Ballat70 glg—Uy)F(A) (a(8 o2

2
+DTFiy Wy 2] -F (Mmzz

I
Dmgo:;_.DZ{}%.)?gE IE’B(B o We—— U 85}3#‘} + (‘R}w(}}?wxfﬁm‘uaﬁfé)

1 1
l);cgcmlﬁﬂmfe °"§ (-DFw. ’fB%" EleéE +{A ) m{v—%e ga)x—iﬂ—gg sU 4 JfB

1 1
Diop -__gg(mfg—g{nm#%—-«aﬁé} AT TR PIPED DRI

Diﬁ&tz{A)iég 5,{8 a?ixﬂﬁsiz}‘{“(ﬂ,],g(:ﬁ}?il fg“{"{i} fg)

I
Dicgo mnz(ﬁ) to 5 (-DPRff + 0.0, —w. L J+(A) (,__..g D abla
I

'{—”‘"Bzgx)ft
4 &
1 ‘
D*gg‘m;l}z('ﬂ)ic ?{DFQﬁfémggfg+mﬂfg}

z
+ (8] o (~DTL g+ 0

I
Blscmbﬁ(ﬁ) 1% {DI‘Z -?“g“@ PRI

4
sl Usy) +{AY (9 Z2HDFD s W2 )

T L ze Bt
& g E 4 x g

I

Z

I
:ﬁmgomﬁE‘v(ﬂ)gs’gfg(Bu(t}x*—"‘gswz)M%‘{P&}is(-—l}?mwfs*%pzfé}
1 I I

Dyag =DE(A} . (~DF wafg 4—-~nxf§3)»&(A),g(wsﬂmgmgg,m,_mr)fs

I 1
Dl'{% w}}E(A)is(DFw iﬁﬂ*wﬁgfgj‘%‘ (3};:( B s wzfg—“"‘“g uwgff})

I
Dg: gez DE{Aj:gE““Zf“ fé(g ap‘x"""ﬁﬂﬁuj + (A)gﬁ;{“z}ﬁu.ﬁfé“wff'g)
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1
Dyage =DE(A) [, E(—Dmxfg—m s L p—Wxf )

1 I
+ (A) 13 (DFf‘g +—0 au:f'—-ﬂ——

Y

y; £ 4e,u3fg)
I
D“E":DE(A)?'E (DFUBfé—"Bofg +wa‘fg)
3 . 1 : - |
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case J case 2 case 3 case 4
0.0335 0.00839 0.03144 0.007643
+ + + +
0.,2321¢ | 0,2251¢ 0.2822% 0.2250¢
-0,0I830 | 0,01378 ~0,0I181Y | 0.0095
+ ==
0,232I¢ | -0.03398 | 0.0I1I12¢ ~0,2099
-0,6020 ~0,8570 ~0.8197 -0,8527
+ +
~-0,.8336 2,16811% ~0,8313 2.159¢
+ +
2.187¢ -0, 864 2,.168¢ -0.8823
~1.935 ~1.7338 | ~1.942 ~1,744
+ + -+
18,074 18,181%¢ 13.08¢ 18.19¢
Table I:
The Roots of Stability at 4=0,2
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