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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECENICAL MEMORANDUM NO. 929

AERODYNAMICS OF ROTATING-WING AIRCRAFT WITH
BLADE-PITCH CONTROL*
By A. Pflilger

*

In’ the studies that have thus far appeared on the
aerodynamics of rotating-wing aircraft, rotor systems are
investigated of such a character that rotation of the
bladée about its span axis, except for torsional deflection,
is excluded from consideration. In the present report,
with the aid.of the usual computation methods, a rotor is
invostigated the pitch of whose blades is capable of being
controlled in such a manner that it varies linearly with
the flapping angle. To test the effect of this linkage on
the aircraft performance, the theory is applied to an illus-
trative example.

I. PRELIMINARY REMARKS

l, Control Linkage

The acrodynamics of rotating-wing aircraft has been
trecated in o considecrable number of published reports.
Thes¢ arc all concerned with wing systems for which the
rotor blades, hinge-connected to the axis of rotation,
possess two degrees of freedom; a motion of rotation of each
blade in the plane of rotation, permitted by the swiveling
hinge in the rotor disk (plane containing the hinge and the
perpcndicular to the rotor axis), and a flapping motion at
right angles to the rotor disk permitted by the flapping
hinges. With this arrangement, no deflection of the blade
occurs about its span axis. The blade pitch, that is, the
angle between the zero lift line of the blade section and
the plane of rotation (fig. 3) is thus determined by the
design and remains constant during the rotation of the
wing systeme

*MAorodynamik des Drohfliglers mit Blattwinkelriicksteucrung.”
Luftfahrtforschung, vol. 16, no. 7, July 20, 1939, ppe 355=-
361- s
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In recent times, a different kinematical system has
proven itself practically applicable., With this system,
a rotation of the wing about its span axis, in addition
to flapping and rotating, is possible. This variation of
the blade pitch is, however, positively coupled with the
flapping angle in such a manner ‘that the upward motion of
the blade recduces the blade pitchs The process can best
be understood by considering the design of the rotor sys-—
tem in detail. - Such coupling has been practically applied
to the Bréguet helicopter (German Patent No. 567,584/62b
(1933)) and the Hafner gyroplane (reference 1l). Since the
latter is described in detail in the literature, the ar-
rangement of its rotor system has been used as the basis
for our computations

The cssential characteristic of the design is the
so~called "spider®" shown in the sketch of figure 1. It
consists of the spider axis and the spider arms which are
connected with the rotor blades through hinges G and
lever arms H., The rotor blades are attached to the ring
R through a Cardan hinge X, mnaking possible the change
in blade angle with flapping angle. In the Hafner gyro-
plane, the flapping hinge is through suitable means placed
in the axis of rotation. In figure 1, the more general
case of a distance e Dbetween the hinge K and the axis
is assumcde. The spider axis may move up and down in ring
R and be inclined in any direction. The possibilities
thus provided for the change in the blade pitch are of
great importance for the controllability of the aircraft
but will not be considered further here. We are intecre-
ested only in the relation between the flapping and blade
angle for steady flight conditions with constant setting
of the spider axis with respeect to the ring BR. This res~
lation may be derived with the aid of figure 1. ILet the
flapping angle be denoted by B, the blade pitch by 9§
(see figs, 2 and 3)3 for Bi= 0, 1let 9= Y5 For an ups
ward motion of the blade point A at which the lever arn
H is attached to the blade spar, moves up by the amount
B(a=c)es Since the position of the hinge G remains un-
changed, the blade pitch is decreased by the amount

BQ;%~2. Botween ¢ and B, we thus have the linecar
relations
s a - o
= 80- Y B

For briefness, we sct
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and denote it as the linkage ratio. We thus have

3 =, - g B i chsddt

With regard to the order of magnitude of dgy, the
following may be said. - If the flapping hinge K 1is situ-
ated in the axis of rotation dp = a/h: i.c.,, equal to
cotangent of the angle formed by the blade axis with the
line joining the hinge & and the center of the rotor
system. For rcasons‘'of symmetry, this angle will bdbe
chosen preferably about 60°, The linkage ratio will then
have a value of 4dp = 0.,577. If e is greater than O,

a smaller value of éR will be obtained; Ifor e = a,
d9g = O and we obtain the usual system of the Cierva auto-

giro. In general, e should be as small as possible, so
that in practical designs it will lie between the values
0.3 and 0.6,

2. Statement of the Problem and Symbols Used

The object of the following computation is to extend
the results already obtained on the aerodynamics of rotat-
ing-wing aircraft in steady, forward flight to the case
where we have the above-described linkage between the bdlade
and flapping anglesas '

The papers on gyroplanes are all based on the original
investigations of Glauert and Lock. Following upon the
work of thesc men, a considerable number of further inves-
tigations have been conducted of which chief mention is to
be made of a paper by Wheatley (reference 2) in which the
entire theory of the computation of the air forces of ro-
tating-wing aircraft is bduilt up anew and the old computa-
tions arc considerably extended. There is also to be men=
tioned a paper by Sissingh (reference 3) which follows
closely the work of Wheatley but introduces further refine~
ments, so that it is possible to estimatc the importance
of certain of the assumptions of Wheatley by & more accu-
rate computation. In Sissingh's paper will be found a de=—
tailed bibliography, so we shall here dispense with it.

The comrputation given below largely follows the work
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of Wheatley. We may thercforec dispensec with a detailed
cxplanaticn of the assumptionhs and formulas which hold for
all rotating-wing aircraft independent of any particular
kincmatics of the wing systen. The investigation is ree~
stricted to the simplest case of untwisted rcctangular
biladiess isces therblade piteh 60 and the blade echord are
constante The blade twist due to torsional moments about
the blade—span axis is by suitable coanstructive means
(smallest possible distance between blade center of gravity,
shear ceanter of blade cross section, and center of pressure
of blade scction) held low enough so that it may be ne-
glccted,

The following notation is wused:?

RS G b oy e

adius (distance of blade tip from rotation
axis)s : '

z, nunber of rotor blades;

) hilfadeSchlord:

z%
.
TR
V, forward velocity:

o

o = solidity:
W, angular velocity of the rotor blades;
W, induced velocity;

a, angle of attack of the rotor-disk.

V cos o is the component of the forward velocity in
the rotor disk;

V sin a - w, component of the forward velocity normal
%0 the Potor disk (fige 2)«

Pronm these, we further define the nondimensional coeffi-

o)

WV cossa
b= .
.
L
V gin o = w
A =
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A - pobiows b
W, rotor drag (not of thec entire aircraft);

gy  Tobor. thrust (component of the resultant air
force in the dircction of the axis);

For thc purposcs of our investigation, we may with
sufficicnt accuracy set S egqual to the resultant air
force, so that A = § cos a3}

Mg, opplicd moment of thc rotor bdlades about the
axis of rototion (for the autogiro Mg = 0);

S

ig = "
10 2 4

T w

5 P Ry w

thrust coefflcientss

W
€ = e lift-drag ratio;

The above-defined nagnitudes refer to the rotating-
wing systen as a wholc. For the flow and lift relations
at each blade clement, the following symbols are used.

(See fige 3.)

T, distance of a blade element from the axis of rota-

tion
T
:’::—R'-;
n, blade mass per unit length along blade span;
R
gt = /ﬁ n r?dr, nass nonent of inertia of a blade
i seuwt the poirt , re= 03
R
Mg = /n ngrdzr, nonent of the blade weight about
o the point =zy=.03
ars angle between zero 1ift line and resultant flow
at blade element at position rj
c,s blade section lift coefficient;

c,'sy constant mean value of "slope of ‘cufwve =c ='f(ar);
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Cours constant mean value of drag coefficicnt cy of
blade section;

uPuJR, "velocity at blade element parallel to rotor
auciis’;

a

blade elcenent

=0

ug W R, velocity at n the robtor disk;

- ’
@ = —E, anglc between direction of resultant flow and
u .

» TR (s Gl Sk

Y , azinuth angle of blades mcasured in plane of
rotor (fig. 2)3
oA

ot R gt

Y o= L——E—Q—, blade mass constant;

Mg, mnoncant of air forces of a blade about the flap-
ping Einges

td
-
(o
(¢}
o
(&)
L]
ct
]
ct
o)
a1
©
5]
o
Q
(@)
(o
.
-
(®)
[

the tip losses.

The ratio B serves in the computation as the inde-
ee The object of the investigation is %o
“etorulnb tho lopping angle £ eand the magnitudes

(@) and €.

Kq,

II. THE AIRCRAFT IN STEADY FORWARD FLIGHT

1. Induced Velocity and Angle of Attack

In deternining the induced velocity and the angle of
attack, the rotor system is considered as a lifting vortex
of ‘width = 2R. ‘Under the ususl assunpsion that the induecd
velocity w and hence also the ratio A are constant for

the cntire blaue—kszt area, we have, according to Wheatley:

ks
W= w R

4~/u3 &

—
[¢N]
~—

and
A Tg
ton o = o T (4)
4y JLE B AR
ko pv2nd A arc for the present unknown nagnitudes and

will be determined below as functions of p. (It is to
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be noted that between the thrust coefficient kg and- the
nagnitude Cp enployed by Wheatley thereo is the rTelatl
E; = 20y ) '

2, FTlow Velocitics at Blade Elenent

For. the wvelocity at the blade elenment in the planc of
the rotor, we obtain

wr + pWR sin VY

uy WR

ugi= X4 p osiny (5)

and for the velocity parallel to the rotor axis

up WR = AWR =1 =2F « bWR B cos V
: d &
T B )
up = A - — L w B cos V¥ (8)
Wed A6 :

3
where £ul is the derivative of the flapping angle B

d % .
with respect to tine. The angle B (acute angle between
the blade span axis and the rotor disk) is expressed in
terns of the azinuth angle ¢ by a Fourier series in which
terns only up to the second harnonic are retaineds

B=ap = a,c08 ¥ =bysiny —a, cos 2V = by sin 2V (7)
-There is then obtained fron (6) ., with 4 =w 3%
T l b a; + <— U a, + x by + i b aps \cos v

P o S o i

+ <- X ey ok - g bo >sin\y + <% b daie B X b2> cos 2V
2

Y p b, -2 x az sin 2V

2

+

+ % b 35 cos 3V * % p by sin 3V (8)

The radial velocity in the direction of the blade span
axis need not be taken into account. Its effect on the




magnitudes to be investigated will as usual be neglected.

the
the

n“‘l""
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.

3. Flapping Angle

The flapping motion B is obtained by determining
Fourier coefficient ag, @1, D3, 81y boe In most of
investigations on the aerodynamics of helicopters and

togiros, the second harmonics a; and Dby, 1in contrast

to the procedure of Wheatley, are dropped, being consid=-

ered

of
the

the

obtained
fl\ppln,

fore

above,

¢ rotating-wing system in its total cff
magnitudes S, &, W, w, V. For the designer, it is
important,
the rotor
aixforce
siderably
motion.

following rctained.

the inertia forces ¢f the flapping blade, the cen=—
trifubwl foreces, and thec weight. With thc notation given
iere is obtained the known relation ‘

(e]
nge and the is of rototion is zero or small eanough
it

The monert of th
under the
blade elﬁmg“u g wwith gswi fileient a2ccaracy gi

negl1u1b70. This is Justified by experience as long

ainly concernced with the aerodynamic behavior

fecte: 1.e., in

however, in order to estimate the strength of

blades, to know as accurately as possible the

s at cach blade element which forces are con- |
affected by the scecond harmonic of the fl”Dping |
Thie “oofficicnts s and by arc therefore in

J

diffecrential cquation of the flapping motion is
from the moment equilibrium equation about the
hingee. In this condition there enter the air s

dE
ay

™

—
©O
~~

+ s>= Mg ~ Mg

)

J(92<

assumcd that the distance e Dbetwecen the flap-

»
D
I
Hy
®
Q
ot
=}

may be neglected.

=

e air forces about the
assumnption that the resultant velo

=

e

:J
Og

D
-

apping
tyat b
n by. ‘U

+
-

< 0
Jde

o

=0

c O
o)

He

4]

BR
Mg = /n % p t utzu)z R?P e, rdr :

0 B |

ot w? R® /’ B 7 Qe X 8, X (10)

A

(7]
li
-

o
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To toke account of the thrust losses at the blade tip, we
integrate, . following Wheatley, not Wwp to R bub eonly
up to BR, where

t
B =1 = —
e
Now
g = Ca' @y

and from figure 3

Cop d + ©
With the aid of (2), there is then obtained

b 2
Qp = 1‘30 - ﬁRﬁ + '1—1'.5 (ll)

This holds, however, only for the ad g
For the retreating blade (w < Yy < 2 m and
w r sinVy), @, 1is as usual replaced by =a, and 1t is

assuned that the slope c,! of the 1ift curve has approxie-
mately the same value as for the advancing blade. e sct
I

blade sectione
O < T < -

I ;
ot S + M S

1]

M
‘lS
: {E - . ;
where MS is the air-force moment that is obtained by
substituting t ? angle an, valid for the forward moving
bladeo, and Mg is the corrcction term that takes the

retrcating motion into accounte From (10), there is ob=
taincd
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B
MY = JotaRiey [[Og— 0, ud + uyuy) 2z
: .

=0forO0<p<=n (12
—usiny K a, b)
M= _ezum-c,'.f[(o.—o,y) u + ugug] zdz

0
fora<y<2n
Mg 1is now developed into a Fourier ser-
ies of which again only terms up to the
second harmonic are retained:
M,=—;—etuﬁR‘c¢’(A.+Alcosnp+Blsinw
+ A;co82y + Bysin2y) . .. . (13)
For each of the harmonics, if the small effect
of the retreating motion is taken into account
only in the coefficients Ay, A4, and B;, the
following expressions are valid:

2x .

i M
Ay [ dy
2x 1 5 ;

getw Ries
0

2n

+L _Ldy}
2x 1 D :
-Eg(cu Rbcq

x

5 M2 (cos y, sin y)
4y B‘=?§ 15 =Ry (14a—c)

?glw'R‘c,,

2

| g MY (cos yp, sin w)
L e
- ptw® Ricy

7t

M} (cos 2y, sin 2y)
4, Ba——j. ;———“ dy

?glw’ RYcy!

0
Substituting (5), (8), and (7) in (12)
and then in (14), there is obtained,
after carrying out the integrations

Ao=%—AB’+§2’—‘1[l’+%;ﬂB’b,
gy pp L .)
+ 00y (B w B —Gu
1 1
—03?(8‘%+u‘3’ao—§lt‘%

—%#B‘bx+%#’3’un)

4
“ A1=—§#B'ao—4T#‘%+ Btb,

o #B’bx——uB’aa

+00g (B‘a1+ #’B’a;-i-%-/lB’bn)-

— l o— 3__ 4

B,=gAnB— L B

+l ’B“al——;—yB’b, (16 a—d)

+0o( .“-Ba‘*”—l“)

— = 3 NESEP |

@ ( nB ao+45ﬂ# a

—?B‘b,——iy B’b,+§pB’a,).

1 1 1
A,=?p83a,+—2—3‘b,—1—y’8’00

1
o, B a—guEy

+ Blay+ pu? B'a’),

B =————;4-B‘a e B% b ——Ba
3 3 o+ l 1 2 2 (15 ©)

S ﬂ"?(i” B?ay |- Bby + p* B’b,)

With the aid of (7), there is obtained from (9)

M5=-%glw’ﬁ‘c¢

[%(ao-lf3a’cos2w~}—3b,sin2w— :fu:,)] (16)

with }’=M
: 7
By compering the coefficients of the trigo-
nometric functions of equations (13) and
(16), the following relations are obtained.

2 2M,
y‘“o oz —77;); = Ao,
' 4;,=0,
bl . (17a—e)
6
7“:=A|-
%b,=B,

Bquations (17?) in connection with (15)
are now to be solved for the Fourier
coefficients of the flapping motion.
It 18 sufficient here to compute agp,
a;, b, up to terms of the order of
magnitude M~ and a b; up to terms
of the order of WZ. Under this assump-
tion a; and b; may be determined
from equations (17 d,e) if, in the ex-
pressions for A and Bz, the follow-
ing approximation values are substi-
tuted for the coefficients ay, a; , b;
e m(gwwmad),
al~ﬁ5ﬁ(1+%eao—§sokao), (18a—c)
i~ g n b0,

These relations are obtained from (17),
if in (17a8) for the computation of a,
only terms without | are retained and
in (17 b,¢) for computing a,, b, only
terms with pl. With the aid of (18),
there is then obtained from (17 d,e)

b IR
1 =721 0y0, B
8.4y BY—40 42— 500y B— -y Byy B
= 131 3
3&4—(7——2'3“%) (19a,b)
Tyu*B
= 188+ 6, BY

4 b (12 1
x(31+0.,3)—7"(7——3.9,,)
Enowing a; and bg, the remaining co-
efficients of the flapping motion may be
determined from (17 a-c) up to the order
of magnitude of u*. Carrying out the
computation, there is obtained

]

¢,(§+¢,ok)_3,ﬁ B9, [Bz (i o 20,,2)—2,L=]
1 2 2 M

0[5 AB g d W — 5 o g 1 B by — )

+ o, 19.,] —2w00n [31 Bt 320 4 4008 (B4 )

= B“(&L’?+20,,) a,+B"b,]}

ag=

(261)
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W o (Bt L) aton 20,
¢.%—1—(B‘+B'ﬂ’—%ﬂ‘)q
ay = £
3 B0+ B, 5
=%

X [w=+'izp‘+0.(ia'+iu=3
+—u)——0n(3 B’ao——ﬂ’Ba.-l- P
+5 Ba)— g Bhl+20),

4p

Bt g B

1 4
X(iB’a.,-l—as—np‘a,-{—%B’a,~;053‘b,)—alﬂk

4. Thrust Coefficient

For the total thrust of all of ‘the
2 Dblades, there is obtained for one
revolution the mean value
2x BR

1
S=-2z—7“rf?gtu¢’w’ﬂ’cad’dlﬂ-
0 o

For the thrust coefficiont thore is obtained

'j"j' utcodzdy.

k,=-
IRI

where v=ﬁ
Substituting the angle of attack a, and sub-
dividing the range of integration for advancing
and retreating motion, there is obtained.

27« B
hs= 020; {(;J.Sr [(Bo— B2 B) u® + usuyldzdy

(20)
2xn —usiny

—2J‘ f[(00_03ﬂ)“t'+utup]d.tdw

0 0
With the aid of (5), (8), and (7), there
is obtained from (20) after evaluating
the integrals up to terms of the order
of magnitude

1 1 1 3 4
ks=ocg {51(3'+§#')+19n5(3’4‘5#'3—3-”#’)

+ysatuBh—b,[ya(B+FB @)
— o)t (B4 L )+ Lt B}
5. Drag-Lift Coefficient
To determine the drag ana power of
the rotor a knowledge of the drag-lift
ratio ¢ is required, the latter being
computed from the energy losses of the
rotating-wing system. These losses
arise from the induced velocity and from
the drags at each blade element in ro-
tating. The first-named portion of the
losses is obtained from considerations
on the rotor system in its total effect,
the corresponding formulas not being
effected by the linkage between the
piteb and flapping angles. The linkage
ratie ¥p does not enter into the

second portion of the losses because a
mean value of cy independent of the
angle of attack is used in determining
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the drag of a blade element. Wheatley's
value of the lift-drag ratio can there-
fore be taken over without modification,
his expression being

w7 a8 g ot Kgts
dpkg (l+3'“ : 8 ”)+4u1u'+i~‘
6. Balance of Moments about the
: Vertical Hinge
All of the magnitudes thus far de-
termined contain the nondimensional ra-
tio A whose dependence on |l is still
to be determined. A relation between A
and K is obtained from the condition
of moment equilibrium about the vertical
hinge. This condition is
Zn IJH

Mrl-— J. J' 3 ptudw* Rcgprdrdy
’.vr R

-—2’7! f%gtu,’wz}(’ﬂ,rdrdty=0
0 0

2n B

+J‘f ulcopzdzdy

L“"'Rn 00

=

or

1

—J.J' udtyxdxdy=0.
00

' The first of the double integrals

" represents the contribution of the 1lift

to the moment, the second, the contribu-
tion of the drag. The latter integral
is to be integrated from O to 1, not oanly
to B Decause the drag is not decreased
by the thrust drop at the blade tips.
Taking account of the retreating motion
of the blades, there is obtained after

substituting the expressions for Ca and @

2z B

M3 [ 10— 04P) tp ust-usll s zdy
eaw*Rocs’ o o

25 —usiny
—2f f[(f’o—ﬂuﬂ)u,u‘+u,=]zdzd.,, (23)
0 0
2x 1 2x —usiny

—gf,—f‘ru.’zdzdw-}—2§¢%f fu,’zd:dw

00 0 0
Performing the integrations and rearrang-
ing the terms, there is finally obtained

e A S SR

2 4 1 1
—fy [%(EB'-{—H#S) _E"b‘(BI—Z“‘)]}
2

g i B’a,bl-{-%;t’B’(ao’—{—%al'—a,a,)
—gHad + ¢ B (B4 5t (@)

+ B4t +b5%) 3 1 B (ayby —byaa) & Boui B,

1 1 1

—On[‘3‘#330041+—#‘B'(aob|——01 bx)

—“‘B I‘(axa|+bxbn)]— (1+l4—‘/“)
Mg

(24)

=0

%ew’ﬂ‘nacﬂ’

(22)
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The practical computation of the ratio A as a func-
tion of p is somocwhat difficult since (24) contains the
coefficients of the flapping motion, which coefficients,
accordiag to (19), again depend on A and p. If A is
known, nowever, no difficulty is encountered in determin-
ing B, ay kg, and €.

ITII., ILLUSTRATIVE EXAMPLE

The formulas set up in the preceding section will now
be applied to a numerical example. The object of the com-
putation is not so much to clarify the process of practical
computations as to obtain a numerical estimate of the sig-
nificance of the pitch and flapping angle linkage on the
airmeraft periormaneces.

As an example, therec will be chosen an autogiro of
the usual present-day design. The initial values used as
a basis for the computation and which approximately correc-
spond in their order of magnitude to the design factors
used for the C 30 type autogiro are the following:

& = 900 kg Mg = O

R =6.00m cy! = 5.6
2= cy = 0.014
t- = 0.28 m 3, = 6°

J = 25.9 mkg &° dp = 0.45

= 0.98

With these values, there is obtained from (19) in
connection with (24) the variation of the Fourier coeffi-
cients of the flapping motion with u shown in figure 4.
In figure 5, kg is plotted from (21) and in figure 6,
the lift-drag ratio € from (22). For A = G,

A

cCOos &

the rotational speed n = wis obtained from
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30 2 G
7k S s %
ﬂ kg om R cos o

The result is plotted in figure 7 for G = 900 kg. The
dependence of the forward speecd on W, which is obtained
from the relation
w R
T o, it
c oSl &

is shown on figure 8. Thec maximum velocity of the aircraft
will liec near the valuc p = 0.4 (Vv = 208 km/h). o ithis
flight condition, figurec 92 shows the corresponding flapping
motion.

The cocfficient ay, denotcd as the coning angle, has
the valuc 4.73°., To a flapping anglc of this magnitude,
therec corrcsponds the blade pitch angle

’438:040 60-?3R8,0

6 - 0.45%4.73

= 3.87°

The rotor thus operatcs on the average with a pitch of the
usual order of magnitudc of about 4°.

he important result brought out in figures 5 stio 19
js that the autogiro investigated having the blade piteh:
control dcscribed doecs not show any particular, uncxpeccted
propecrties but behaves cntircly like a2 normal autogiro of
the Cicrva type. (Compare the computations of Wnecatley,
¥.A.C.A, Roports Nos. 487 and 591.) Particularly note-
worthy is the fact that the amplitude of the flapping mo~-
tion, i.c., chiefly the coefficicnt a,, is of the usual
nagnitude, so that the type of linkage described does not,
as night have been expected, lead to a deccrcasc in the
flapping motion.

All this lecads to the final conclusion that the kine-
matics of the blade-pitch control of the autogiro, while
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offering no disadvantages, does not offer any particular
advantages as far as behavior in steady forward flight is
concerned.s It is true that in flight under gust condi-
tions the linkage gives the rotor less sensitivity to the
gust. The use of the linkage will hardly prove worth-
while, however, unless other advantagecs are gained through
its application. The advantages of the spider coastruc-
tion described in section I arc to be found chiefly in the
control possibilities of the rotating-wing system, because
of the fact that the spider axis may be displcced up and
down or tilted to the side in the ring R. Thie effeect voif
the linkage i1s to bec considered & by-product conditioned
by the ﬁ051)u which, however, docs not impair the aerody=-
naniec behavior of the aireratt. It should bc pointed out,
howev tkat caution nmust be cmp%oyo@ in gencralizing

the s obtaincd from thc computation ecxample to link-
age

yooi

in

(@)

IV. SUMMARY

The method developed by Wheatffley for the computation
of the air forces of rotating-wing aircraft is extended
in that instead of a constant-blade-pitch angle a linear
dependence is assumed between that angle and the flappiag
angle. The application of the formulas obtained to an
autogiro with a linkage ratio of tbe usual magnitude shows
that for steady, forward flight no|particular effects arise
on the aerodynamic bechavior of thg ulrcna*t.

Translation by S. Reiss,
National Advisory Comnittee
flor Aeronautid st

t
os that coansiderably excegd the wvalue of 53 = 0,45
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Figure l.- Autogiro rotor with linzage between the
blade pitch angle and the flapping angcle.
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Figure 2.- Velocities and forces of the rotor system,
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