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Introduction

In addition to the Eeferences listed, the notations employed in
a large number of British, Contiunental and American papers have been
carefully exarined, In compiling the nctation, the aims have been:

(1)
(11)

(414)

(1v)

tr employ syobols already in accepted use, except
where this would lead to confusion,

where feasible, to adheve as closely as possible to
standard serodynaric and fixed-wing notation,

throughout, to ma’.e a clear distinction, by definition
and appropriate symbols, between quantities fthat have
different values according to the axis of referencs
and "helicopter" or "autogiro" notation used. TFailure
to distinpuish betueen sveh quantities leads to
complete confusicn (Ref,8),

to eep the list of symbols as short as possible, for
general application., The list presented here does not
atterpt to cover various specialised cases, e.g
convertiplanes,
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Part 1, General Symbols and Physical Quantities,
Symbol Quantaties and Netces Umts
a slopc of lift curve, ¢ /a
’ r 2
o
4 disc area of one rotor, =R~ ft.
2
AP total progected disc area (multi-rotor arrcraft) ft.
b number of blades per rolfor
B rotor blade tip-loss factor
o rotor blade chord (gencral symbol) ft.
e equivalent blade chord (thrust basis) £t
R R 2
- = r“dr
Ce = '0 crp/ Jo
= equivalent blade chord (torque basis) ft.
"‘D -
= /“ cr}/ ! R r’ar
¢ “ /o / o
v S
This symbol 1s rarcly encountered, but i1s retained
here {for the sake of completcncos.
°, blade chord at root, prejected to rotor axis ft.
€ blade cherd at radiuz r Tt. .
CP blade chord at tap i,
Cy blade chord at radics rabio x rt.
Cq blade element profile drag cocfficient
cq 18 used tu denote the profile dras coefficient
at a blade element, in distainction fram CD which
denotes the drag coefficienl for the whole rotwrs or wing.
Gdb 15 tne constant term 1n the profile drag power scries,
S, E’;. cd = Cd + Cd ar i cd. a%\
0 1 2
cyg blade clement Jift coeflicient
T average blade laft coci{Ticicnt in hovering
D dvag (general symbol) 1b,
Df parasite Grag of rotorcraft less main rotors Ih,
-1
D D, at ¥ = 100 ft.s500. 1b.

100

f



[ o

H

2 = o?

Quantities and Notes

flapping hinge offset; dastance of flapping hinge
{rom centre of rotor lub

lag hinge offset; dastance of lag hinge from centre
of rotor hub

centrifugal force of one rotor
acceleration due fto gravity

general symbol to denote heaght above a reference
point

It 15 suggested that this symbol be used with
suitable subscripts which should be defincd in
the text. Such subscraipts should indicate the
particular height dimension being measured and
also lhe refercnce poant,

longitudinal force at the rotor in the planc of
the dasc

general symbol for horsepower
dec P for appropriate subscripts
mement of 1nertia (gensral symbol)
moment of inertia of a blade about its flappang hinge

general symbol to denole distance in a substantially
horizontal planc, measured from a refercnce point

' Sce note under hR above.

laft (general symbol)

roliing moment

mass (general symbol)

total mass of a rotor blade to its flapping hinge
pltching moment

Glauert!s Prgure of NMerit, C%/E / CQ

Units

£,

1b,
ft.sec:

ft.

Ib,

horse power

2
slugs,.f't,
slugs.ft?

ft.

1b.

Tb.ft.
slugs.
slugs.,

Ib. %,

Although this quantity has been largely superseded
by other merit crateria, 1t is retained here since
it appears in most general basic rotery wing papers.

Mach number

weilght moment of a rotor blade about its flapping
hinge

pitching moment of fusclapge
mmber of rotors per aircraft
This refers to the mumber of main rotors.

yawing mcament

1b. £%.

1b. f't.

1lb.f't.



Symbol

Quantities and Notes

general symbol for revolutions per minute
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Units

. =1
'€V eIllllle

the symbol n is sometimes used to denote rev.sec,

power (general symbol)
rotor induced power

total rotor profile drag power, inclusive of power
due to rotor H force

parasite drag of rotorcraft less main rotor(s)
powcr available at power plant output

total power required at rotor (Pp = mEBy)
rotor shaft torqgue

distance of blade element from centre of rotor
radius of rotor

blade soladaty ratio, be,/ =R

blade solidity ratio, actual geometrical blade area

disc area

-1
ft.1lb. 2ec,

-1
£t.1Db.sec,

-1
ft.1b.2cc,

-1
©t.1ba s€C,

-1
ft.lb.sec.

-7
fte«1lbe seC,
1b.£%.

ftl

ft.

blade soladity ratio based on total projected disc area

local solidity ratie at radius ratio x
area of fixed wing

time

rotor thrust, normal to rotor disc.
alr temperature

veloclity of flight along flight path, positive for
forward {light

rate of c¢lamb

The symbol RC or R/C 13 sametames uscd to
denote rate of clamb in ft, mins’

rotor tip speed

The use of OR 13 preferred for thig guantity
disc loading, W/na
disc loading based on total projected area, W/Ap
weight of complete rotorcraft
blade element radius ratio, r/R
lateral force (general symbol)

mass constant of blade, cepaRh/Ib

average blade profile drag coefficient

ft.
S8CS.
ib.
dege Ca

f't.sec,

:E‘t.sec:.Jl

-1
f't.sec.

-2
1b. £t.
b, P2

1b,

:lb.
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Symbol Cuantities and Notes Units
ul ratio of power available at main rotor(s) to

power avallable at power plant cutput

K angle between plane of symmetry and rotor shaft, rad.
l.e. lateral talt of rotor shaft

g tip speed ratio relative to rotor disc,
V cos ad/ﬂ R
p nf tip speed ratio relative to plane of no feathering,
Veos a /0 R; Bpp = Hg
g tip speed ratio relative to rotor shaft axas,
V cos ag /OR
i approximate tip speed ratio, V/ QR
=3
p air density slugs.ft.
-3
Po standard air density at sea level, I0a0 slugs.ft,
o relative density of air, p / Ps
¥ blade azimuth angle, measured in the direction of rad.
rotation (rotor viewed from abeve), and measured
between the downmwind position and a linc passing
through the centres of the rotor hub and the lag
hinge.
-1
Q rotatiomal velocity of rotor rad.sec.
Subseripts
a relative to rotor disc
nf relative to plane of no feathering
s relative to rotor shaft axis
t taal rotor
Coefficients

Many coeffacients are used referved to the rotor. In the coefficients
given below the reference area 1s that of the rotor disc, and the
reference length is the rotor radius
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Cp, parasite drag coefficient Do/ % PAVZ
C;  lift coofficient L/ ?szVZ
Ce rolling moment coef{ficient L/ ?gpAVER
Cmf fuselage pitching moment cocfficient Mf/ %IJAVZR
C, yawing moment coefficicnt W/ %p NG
CP rotor power cocfficicnt P/ pA(QR)j
Cq rotor torque coefficicnt Q /‘pA(QR)2
Cy Iateral force coefficient Y/ %‘pﬂvg

Other parameters

Certain other paramcters, useful for expressing rotorcraft performance,
and used fairly widely, are -iven below for reference.

(-—%) Drag/llft ratio represcnting angle of ¢limb, rositive for climb.
(]

( % } parasite drag of rotorcraft less main roter(s) dividend by rotor 1lift
f
( % )} rotor induced drag/lift ratio
By
(D) rotor profile drag/1ift ratio
\T ) P > ‘
p
(D) rotor drag/laft ratio, ratio of equivalent drag of rotor to
\L J,. rotor laft, i.e,
(DY . (D)
(L), " \TJ,
\
E% j equivalent drag contribution of tail rotor divided by main rotor
t  laft
DY canponent of rotor resultant force along flight path (useful
\L J, camponent of rotor resultent force) divided by rotor lift, i.e.
(Y L 2y L ()
L L L
\Tj, T T, AT,
(P shaft power parameter, where P is equal to rotor shaft power
x b
\L } awvaded by velocity along flaght path, and 2s thercfore equal

to the drag force equivallent to the shaft pewer at the velocity
of flight, 1.e.

(DY L (D)
\LJ. \L)J

u
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Part 2, Parameters at the Rotor Disc  (Pigurcs 1 and 2)

Considerable confusion can arise if the signs of the various
quantities are not clearly defined, Some authors, particularly in
earlier works, use the original autogiro notation based on rearward tilt
of the disc and on flow upward througn the disc. Others employ the
so~called "helicopter" notation, based on forward tilt of the disc and
on flow downward through 2t.

Here, the former notation is observed, i.e. velocities are positive
for flow upwards through thc disc and angles at the disc are positive
for rearward tilt of the discs Not only does this notation fall in%o
line with the bulk of British and U.S,A. rotary wing literature, but it
is also consistant wath fixed-wing practice.

Symbol Quantity and Notes Units

2y tilt of rotor disc relative to no feathering rad,
axis, positive for rearward tilt

ay tilt of rotor disc relative to rotor shaft rad.

8 axis, positive for rearward tilt

b1 lateral tilt of rotor disc relative to no rad.
feathering axis, positive for tilt to starboard

B, forward tilt of no feathering axis relative to rad,

8 rotor shaft axis, (a1 -2, ).

u total velosity nomal to rotor disc, (V sinag + V), ft.secy
negative for flow downward through disc
(power-on flight)

v induced velocity at rotor dasc, negative for iE'*t:.sec:"1
flow dowrward through disc.

vy induced velocaity at rotor dise in hovering, f‘t.sec:1
assuming umform distribution and referred to
the rotor disc; negative for flow downward
through disc.

o\
v = (T/2 xpR%)Z
! rcqult_ng velocity a} rotor dise, f‘b.sec:1

(V cos“a 5 + w2}z

%4 tilt of rotor disec relative to flight path, rad.
negative for forward tilt (flow downward
through disc)

nf tilt of no feathering axis relastive to flight rad.

path, negative for forward tili

Cg tilt of rotor shaft axis relative to {laght rad.
path, negative for forward tilt

v angle belween flight path and horizontal, rad.
positive for climb

€ angle between flight path and rotor wake, rad,
positive for downwash

A inflow ratio relative to rotor disc, (uw/(R),

pesitive for flow upward through disec
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Symbol Quantity and Notes Units
Mg inflow ratic relative to no feathering planc,
positive foc flow upward throusn disc
» =(Vsima +7v)/0R
nf nf

M A a
+Hd

af le (Gce figure 2 )
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Part 3. Arrflow Farometers at a Blade Dlement, (Fagure 3)

The plancs of reference here may be eithcr the plane of no feathering
or the plane of the rotor dasc (tip path plone), 1t 13 essential tnat the
plane of refurence be clearly defired in the text of any paper.

Symbhol Quantatics and Wotes Units
U Resultant vclocity at blade eloment, normal to ft.sec:1

blade span axas;
A
U= (U 25U 2y2
A T
il
U axial component of velocaty at blade elcment, ftasec,

nermal to both blade-span axis and U,, positive
for flow upward throvgh disc.

?

The following approximations are gaven:

Relative to plane of the disc:
UA=u=V 2in ad+v—aop,dcosqr.

Relative to plane of no feathoring:

e
"
>
1
o

x ~ Bpnf co3 ¥

e
"~

-1
U toengential component of velocity at blade element, ft.sec.

nornal to boith blade-span axis and cxis of
referesnce.

=]

The fcllowang approxamations arc given:
Relative to plane of the disc:

UT = OQr + V cos ad.sian

Relative to plane of no featheraing:

g = {r R sin y
7 + an ¥ ‘

r blade clement angle of attack, measured from rads.
line of zero 1aft, (68+¢)

it 18 suggested thet the symbol o be
® TR Er(x) (9)

ased to denote the blade clement anzie of attack
at ony radinl station and at any blade azumth
angles Thus, a - pould indicate t

& A B r(-b} (90) woul dzca he

blade alemont anoele of athack at RO radins on



Symbol

Quantities and Hotes

blode vibteh angle ot blade root, progected to

rotor oos

Mor this gquantibty, vhen recorred to the taal
rotor, ihe spmbol should be 6 . Tor the

t

gahe of samplicity, however, this is usually

written 0t .

blade ortch angle at blade taip

dufference betweon tip and (projected) root
pLteh sngles, (Oh - € ), positive when tip
1 o

aurie 1s larger

anflov angle ot blade element an planc normal
A . —
Te blade~span axis, . . 1 UA

U

o

Qa

FAGE 11.

Units

rad,

rad.

rode

rad,
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Part 4. Rotor Blade Motion (Tigure 4)
Symbol Quantities and NHotes Units
a constant term in vne Fourier serics thalt cxpresses rad.
© $  (flappinz); olso, the coning angle in the case
of non-flexible blades
&y bn coefficient 1n the Iourier scries thol cxpresseg
P (flapping) (Sec B below)
Ao coagtant tecrm in the Fouricr serics that cxpresses rad,
8 {feathering)
ror untwisted bhlades |, AO = 00
Apy B, cocfficients 1a the Feuricr scrics that cxpresses
0 (featherang) (3¢c © below)
EO constant term in the Fourier series thal cxpresscs
& (lagmng)  (Sec & below)
By F‘1 cocfficrents in the Fouricr scraes that cxproesscs
* ¢ (lageng)
Ay2p03 angular 1nclinctaion of lag hinge rad.
6,1 573 angular inclanatisn of flapping hinge rad.
Hotatzon for tnese angles is:
oy
nf
RN A% oy L.E.
g /5% 7 ot
\{y/ / \}",f’ tlp--—:-\
;T e -
. T.L.
0 X,
anzle of progeciion of hinge line on XY planc to QX = 61 or o,
1" n 1 f1 1" 1" oy 1 "noooY = & or o
2 2
1 1 1 1 1 1 oy 1t L] 07 = 5 or g
I 5 j
Angles are positive in the darections X~ 7, Y » Z, 2 = X.
” blade Tlovprng aagle ab particular azirmth rod.

posrtion, meacured Trom plane of no feathering;
posicive for upwerd [lapplag

0

wor otner tian simple blades (e.g. for flexable

bludes), the coefficients ay, b, 1n the above

n
series arc variable,

- 24 co8y ~Db, siny =~ o, co3 24§ ~ Dby sinZy ...
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If any other plane of reference 1s used, this
must be clearly indicated and subscrapts uscd
for 8, a4, by, ete. to distinguish them. If

o+

the angle 1s referred to the roter soalt axis,
the relationship between the equations 1s,

BS = ao - a1 COS "‘Ef - b1 51n ‘.lf [ ]
s 5
where
ay =ay =B, and
a s
= A
b, b1 + A, {lateral)

The flapping coef{icients with respect to the
no feathering axas are given approximately as
follows:

- L 2 3
RRRA RRRCIE Y

a nf’ ni
! i - 1 2
30
nf
b = 1+ EJ.I.’l"f.‘ao
1 3 5
A
T+ 2M e

When A is referred to the disc axas, the
expressions become:

T
a = hl® (e pu’ ) - ol o+ N
‘_Y}\""‘ ( +ud) 3“(1 +—§j{

o}
Qg (Lo + )
a1 = 2
1+ éu
2 da
a
b o=k Hdo
1 3 9 1.2
+ 74
d
lag angle; measured between spoan-axais of blade and rads

line passing lhrough centres of rotor hub and
lag hinge pin. Positive for lag,

£=E_+B,cosy +F, siny + E, cos 2y + ¥, B8in 2 Yeee

© 1

blade pitch angle, referred to axis of dise rad.

B = AO - A1 cos ¥ - B1 sin § - A2 cos 2§ ~ B2 SN 2 e

If the angle 6 18 referred to the rotor
shaft axis, the rolaliom between the
equations is:

8. = A ~A cos ¥ - By ain Y oaee
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Part 5,

Stability and Control.

(Ref. 7)

The aim here 13 to adopt a notation and set of stabality axes that
correspond as closely as possible with fixed-wing aircraft practice and also
conform gencrally with current British and imerican helacopter notation.
Whilst it may yet prove that a dafferent set of axes for the helicopter
is more suitable, at present, however, the familiar wind-body axes appear
to be quite comwvenient in helicopter work.

If, as 1s expocted, some of the defimtions and notation in fixed-wing
aircraft work are changed shorily, 2t may became necessary to revise
helicopter notation to correspond.

Symbol

A, B, C

B, C, D,

M

D K Mg < 4 g & o H oo K

(uantities

mements of inertia about Gx, Gy, Gz axes
rcspectively

censtants of stability quortac

&L

2
AT+ Bkj +Ch + DX +8=0

(Care should be laken not to confuse these
symbols with those for moments of inertaa)

product of inert:a about Gy axis

moment about Gx axis
moment about Gy axas
moment about Gz axis

angular velocity about Gx axas
angular velocity about Cy axis
angular velocity about Gz axis

time

dimenszonsless unit of tame, W/gpsANR

increment of velocity along flight path
velocaity along Gy axds

velocity of und:isturbed flight
velocity along Gz axzs

force along Gx axis

force along Gy axas

force alonr Gx axis

angle of pitch

Unite

2
5lugs.ft.

2
alugs.ft.

Ib,.ft.
b, fe.

1b.ft.
-1
race S8C,

rad, sec,

rad, sect
&

seconds

a1rsccC.

ft.sec.

£t,secT)

ff.‘t.ssc-:*c:-."1
ft, 8607
ib.
1b.
1o,
rad.
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lNotes on Dymamic Stability of the Helicopter

Assumptions

(1) Dasturbances of the helicopter from the equilibrium condition
are small enough for only first order deravatives to be considered.

(2) The crror in neglecting the coupling betwcen the longitudinal
and lateral motions 1s small, 1.e., there 2s a longitudinal plane
of symmetry.

(3) The products of inertia D = Emyz and P = Imxy are zero.

(&) The extra degree of freedam due to rotor speed variation 1s
neglected.

Defimiticn of Axes

A szt of right-honded axes is employed, with the origin at the
centre of gravity G, Axes Gx and Gz are always in the plane of symmetry
with &Gx pointing imataally along the darection of steady motion, and Gz
pointang approximately downvards, Gy 1s dirceted to starboard.  After
disturbance the axes can be moved to coincide with the original positions
by rotations ¥ about Gz, ¢ about the resulting Gy and ¢ about the
resulting Gx.

Angular moments and velocities are positive when they rotate the
helicopter in the senses y »z, 2 ~x, x » ¥,

The 1nertial guantities and ainstantancous motion of the helicopler
are defined with respect to the axes Gxyz, using the notation of ihe
followvang table.

TABLE 1
-
Descraption Symbol Units
Axen Gx Gy Gz 'ﬁ
Maments of inertia A B C slugs.ft?
Product of inertia - B - alugs ft?
Velocxty in steady motion v - - ft.sec:1
Velocity 1n daisturbed V+u v w £t,se07 ]
moction
Disturbed angular velocity P ] r rad.sec-.-1
Aerodynamic forces X Y b 1h.
Aerodymnamic moments L i N lb.ft.
Eguations of Motion
Iongliudinal
gﬁ. —-qu—)iww-xqq-i-we cos ¥y =XB1 B1 +X{')0 I
Th-v)m BR T RS T AR WO e T By e B
g
B -1 MW - M = EB1B1 + Moo 0o
~q + 48 = 0



i

i (v +V¢) - v —-Ypp-YI,r—W cos v (95+q;s:|.ny)

n

A'g - BY -Lv-Lpp—Lr
C¥ -E ~NvV-Ip-Nr =

- L3 -

dt

- +%

Dynamic stabrlaty 1s most conveniently treated by
quantities concerned in non-dimensional form, by means
in Table 2.

Y, A, + Y 0
Ay ™ Gt t

L A, +I1g ©
1%

Ay 1T 0t
) 5]
Nﬂ 1L1 +Ne e
1 t
8]
0

expressing the
of the scheme given

TARIE 2
I | II IIX W v
Units of Diviscrs to
quantities in| Quantities . Symbel Name
11 & ITT obtain column IV
. X Y z psA(QR)2 Cx Oy G, |Force cosfficients
1b, ft, T M N pBA(QR)ZR Ce Cm Cn Moment coefficiesnts
X Z o b4 2
1b “ Yv v p SR b Yo u Force velocity
= 7 " z derivataives
ft.sec. Xw . w -
¥ y
b x Pz p 8RR e P g Force angular
- =" 9%y g 1y g velocity derivatives
rad, sec, r r
M m
Ib.f't, I u N SAOR. R e u n Moment velocity
—_—T MoV P s Vo V derivatives
ft.5ec, w w
L I 2 n
ib.ft. b M P 2 b P | Moment angular
—_— 1 P 8.0R. R Bq velocity derivataves
rad. sec. L. N, r P
1b.ft, ¥, P8R . Moment g’lownwash
——— W w lag derivataive
ft,sec. 2
> | & BT > —
slugs f't, l@... Ty 1]3 c Incrtia
E g . coefficients
g0
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It is comnvenient to adopt a dimensionless unit of time £ (the airsec)
defined by

PAY ‘w “ 2
T o = " s
gps‘mR 0]
where
= W = Q"e
H 2 a) SAR

15 the relative density parameter, being the same for both longitudanal
and lateral motions, Time measured in this umt is denoted by,

T = t/¢
It is also comvenient to write

\

cC!' . T/
T - PA(QR)z
and also
C'=C cgosa -¢ eina_
T T d H
In devel £light
ct'C
T T

Once again, 12t must be pointed out that the Crp and Cy used herc are
not the same as the American Cp and Cy, since the latter oocefficicnts arc
referred to the no feathering plane, whereas in all British work these
coefficients are referred to the plane of the disc.

The equations of motion are now,

Longitudinal
‘C' x
(D-—xu)ﬁ-..xw{-}-f-(ﬁ‘ cosy -_4D Yo = X5 By +x6, N
8 Ko 1 o}
-G v
-z 4 +(D-—-zw)1}.>+g p s:.nv~(ud+fgn} -_-ZB1B1 + 29 O
0
B B2
m Me m m IJ-2
~u - [(Toat2w) we 0P -Tano = T [mgBem o
21B lB lB 5 B 1 o
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lateral

¥ o { NG c.' .
(D“YV)G" (_E + T cos¥i¢ + ,L-—_E D-_1I siny ¢‘=YA1A1+y6tet

Lo s 1&1 B2 5

, /4 B2 e
/ £p r 2 & R LV Y
S S e LA
\
n J; }.12 !
nvf... 1( 5 .,2 n f . 8
"M T E D Bl D -EDjy =T Pt e
1 i 1 i A
¢ C C C B\ t
where

D = ......_d , 1_;_ . eto.
ae OR ,

Coefficients of Stability Quartic

The equations of motion are solved by assuning that

u = U eM: etc,
o)

If the comtrols are fixed,

= =1m = - = £ = £ =1 =n =0
’%1 zB1 B, Iy =Y A o A 0

and the frequency equation as of the fom

2
A?\A‘+B13 +Chn D0 + E =20



where for the longitudinal case
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2

-4

C

A =
;=1
m zZ M.
B1=-(xu+zw)_£— g +_4 W
B Ho B
m m 1 Z.Y bs
= - . g\ q t .
C, = (x.2, - %3, +__1§ (%, + %) +"{E %, {Ha +E"2') - Pyt Cp sin v
B / 3
/
A N T jﬁ B A
B p.gj B H2
]
_ . m - . m, Hohy z
Dy = _i..“l (xuzw XwPa) + __Té__(zucosy - xus:a.ny)_ﬂ o —— {xu(pd + ﬁ_g)
B 1 i o)
B
x 1
-z, 4+ ¢ _sanyl)
M2 8 J
m C! z x
cE [0 e e fug s 8}
3 ’l S K2 )
/
1 v ) . C!
B, = oy (z, cosy - x, sin ) Cp' - p'.?___mw (zge0s ¥ - XWS:LnY) —
s s i3 ®
In level flight, to a good approxamation,
W, = CT’ f oy 5 - KoMy ”
1 8 iB u iy e
For the lateral casc
A, =1 i]_‘.2
2 = — i
lAlC
s 2 ’ in i
]32-——---yV 1 - B —i;,nr_,_ Ep + Bér
1.1 1' T T n
ATC Y e “cta
£ . \ .
C, =¥, jiﬁ+_i_n£+l*np+?E fﬁ\”" _ _nr+6rr.1p\|
Lt Attt o A/’ 't c/
oty f Yr . 1 p Mo &y oip -In -
tTTla T, 3 T [“‘ pa = —-—}
c \ po 4 H2 A U u?} 2
M % R Y h2, TaM2 8
t . : oot oot
+ 2y Op o5 }+ H gy {_119_ d-—y—r ey Y oosy-—i A s:.n'\r}
EE ! T L U o s
' t ' 1 1
Eg = - M2nv 81.. C’]_‘ 008 vy — {’:Q CT sin Y)+ p2€v nr CT cosy- np C'l‘ siny
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Part 6, Omnibus Iust of Symbols
Symbel Quantities
a slopeof 1aft curve, Cfr/ar
a constant term in the Fourier series that
© expresses § (flapping). ° Also, the coning
angle in the case on non-flexable blades
a_, b coefficients in the Fouricr series that
0" 1 expresses P (flapping)
a1 t1lt of rotor disc rclative to no feathering
axis, positive for rearward tilt
a, tilt of rotor disc reclative to rotor shaft
" axrs, positive for rearward tilt
A disc arca of one rotor, KR2
A marent of ancrtia about Gx axds
A constant of stability guartic
A constant term in the Fourier series that
© expresses 6 (feathering)
4 , B coefficients in the Fouricr series that
N N expresses 6 (fcathcring)
A total projected disc area (multi-rotor
P alrcraft)
b munher of blades per rotor
b lateral tilt of rotor disc rclative to no
1 feathering axis, positive for tilt to
starboard
B rotor blade tip-loss factor
B constant of stability quartic
B narent of inertia about Gy axis
B forward t1lt of no feathering axas rvlatave
13 to rotor shaft ans
e blade chord {gencral symbol)
S5 equavalent blade chord (thrust basas)
= equivalent blade chord (torque basis)
c
Sy blade chord at root, projected to rotor axis
c. blade chord at radaus r ft.
c blade chord at tap
R
c . blade chord at radius ratio x
c3 blade element profile drag coefficicnt
c blade clement laft coefficient

Units

rad.

rad.

rad.

£12

2
slugs ft,

rad,

f't.

rad,

2
slugs ft.

rad.

fte
ft.
ft,
f't.
ft.
ft.

f't.

Part
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average blade 1ift coefficlent in hoveraing

moment of inertia about Gz axis slugs ft?
constant of stabiality quartic

drag coefficient

parasite drag coefficient

longitudinal force coefficient (sece note in part 1)
1lift coeffacient

rolling moment cocfficient

fuselage pitching moment coefficicnt

yowing moment crefficient

rotor power coefficient

rotor torque cocfficient

rotor thrust coefficient (see note in part 1)

lateral force coeffaicient

drag (general symbol) 1b.
parasite drag of rotorcraft less main rotor(s) 1b.
Dy at 'V = 100 ft,s0c, 1b,
Tlapping hinge offset; distance of flapping f't,

hinge from centrc of rotor hub

2
product of inertia about Gy axas alugs ft.
constant of stabilaty guartic

constant in the Fouricr series that expresses
z(lagging)

cocfficients in the Peurier serics that
oxpresses £ {lagging)

lag hange offset; distance of lag hinge from £t.

centre of rotor hub

centrifugal force of onc rotor Ib,
aeceleration duc to grﬁv1ty ftesco,
general symbol to denote hecight above a ft.
reference point (see noté in part 1)

longitudinal force at the rotor in the plane Ib.

of the disc '

general symbol for horsepower horsepowar

2
mement of inertia (general symbol) slugs ft.
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L

R

moment of inertia of a blade about its
flapping hinge

general symbol to denote distance in a
substant2ally horizontal plane, measured
from a reference point

1ift (general symbol)

rolling moment

mass (general symbol)

total mass of a rotor blade to its
flapping hainge

Pitching moment
Glauert's Figure of Merit, 0T5/2 /cQ
Mach rucber

welght marent of a blade about 1ts flapping
hinge

pitching moment of fuselage

rmunber of (main)rotors per aircraft
yawing moment

general symbol for revolutions per minute
angular velocaty about Gx axas

power (general symbol)

rotor induced power

total rotor profile drag power, inclusive
of power due to rotor H force

parasite drag power of rotorcraft less main
rotor(s)

power avallable at power plant ouiput

total power required at rotor

angular velocity about Gy axis

rotor shaft torque

angular velocity about Gz axis

radius of blade element from rotor centre

slugs ft?

ft.

Ih,
Ib.fte
slugs

slugs

Ib.ft.

Ib.ft.

1b. f't.

I1b.ft.
revs.mn,

ra.d.sec:1
1
1

£t,1b.sec.

ft.lb.sec:

-1
ft.1b.sec,

-1
ft.1b.sec,
ft.l‘b.sec-.'1
£t.,1b. secy |

rad.sec:1

Ib.ft,

rad, Sec.

f't.

-t
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Ane

area of fixed wing

time

dimens:onless unit of time, W/gpsiNR
rotor thrust nomal to rotor dise
air temperature

total velocity normal to rotor disc, negative
for flow downward thrcough disc

increment of velocity along fli_ht path

resultant velocity at blade clement, normal
to blade~span axis

axial comporent of vclocity at blade elcment
nomal to both blade-span axis and Up,

negative for flow downward through disc
tangential componcent of velocity at blade
clement, normal to both blade-span axas
and axis of reference

induced velocity at rotor disc, negatave
for flow downward through disc

velooity along Gy axis

induced velocity at rotor disc in hovering
assuming uniform dastribution, and referred
to the rotor disc; negative for flow
dovmmrd through disc

steady velocity of flight along flight path

resultant velocity at rotor disec
rate of climb

rotor tip speced

velocity along Gx axdis

dasc loadang, W/na

dasc loading based on total projected
disc area, w/;\p

weight of complete rotorcraft
blade element radius ratio, r/R
force along Gx axis

force along vy axis

force along Gz axis

tilt of rotor disc relative to flight path,
negative for forward tilt

tilt of no feathering axis relative to flight
path, negative for forward tilt

PAGE 23.

2
ft. 1
seconds 1, 5
airsec 5
1b. 1
% A
~1
ft.sece. 2
ft.sec:1 5
-1
ft.sec. 3
ft.86C, 3
-1
ft,sec, 3
-1
t.s8ec. 2
-
ft.3€c, 5
ft.sec:1 2
ft.SQC: 1’ 5
ft.sec:1 2
ftosecs ! 1
ft.seo:1 1
ft. 3300_1 5
Tb. £t 4
b, 52 1
I1b. 1
1
1b. 5
1b. 1, 5
1b, 5
rad. 2
rad. 2
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g

tilt of rotor shaft axas relatave to flight
path, negative for forward tilt

blade elcment angle of attack, measured from
lane of zcro lift

angular inclination of lag hinge
blade flapping angle at particular aximith
position, measurcd from plane of no

feathering; positive for upward flapping

angle between flight path and horigzontal,
posxtive for climb

4
mass constant of blade of blade, c_paR /Ib
average blade vrofile drag cocfficient
angular inclination of flapping hinge

angle between flight path and rotor wake,
positive for dovmwash

lag angle, measured between span axis of
blade and line passing through centres of
rotor xnd lag hinge pin

ratio of power available at main rotor(s) to
power available at power plant output

angle of pitch (of rotorcraft)

blade pitch angle, measured between line
of zero 1ift and plane of reference

blade pitch angle at blade rool, projected
to rotor axas

Plade prtch angle at blade tip

d1ffercnce between tip and {projected) root

pitch angles, SR.— OO

angle between planc of symmetry and rotor
shaft (lateral 111t of shaft)

root of stability quart:c

inflow ratio relative to disc, negative for
flow downwoard throuzh disc

inflow ratio relative to no feathering plane
nepgative for f£low downward through diso

tip speed ratio roelative to dise, V costl&/QR

tip smecd ralio relative to no feathering
plase, V cos anf/SYR

t1p speed ratio relative to rotor snaft axis,
V cos ag/OR

aporoximate tip speed ratio, V/ QR

relative density pavameter, W/gpsiR

rads

rad.

rods

rad.

rad.

rads

rade

rads

rad.

rads

rads.

rad.

rad,



p air density

Ps 21r density at oca level, ICAO

o relative density of air, p /P,

T non~-dimenszonnl measure of time, t/%
& inflow angle at blade element

) angle of rell

¥ anglc of yaw

¥ blade azumith angle, measured in the direction
of rotation, between the downwand position
and blade-span axis ( £ = Q)

0 rotor angular velocity

For subscripts see part 1
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slugs £430
slugs £17°

1

rads
rad,
rads

rad,

rad. sec.
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PARAMETERS AT THE ROTOR DISC




U - plane of reference

Figure 3
PARAVETERS AT A BLADE ELEMENT
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Figgre &

BLADE HINGES & MOTION




Axis of rotor shaft
and axis of

no feathering

Axis of disc
2xis of ¢1s0 |

perpendicular to
flight path

(a) Pure Plapping System

/ plane of
/. ~_no feathering

Axis of no featheggg

Rotor shaf't axis

(b) System involving both Flapping and Feathering
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