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1. Summar

This note is intended to summarize the
more important properties of all-moving
tails fitted with gear tabs. Equations
are quoted which describe their more im-
portant features. In particular, it is
shown that by suitable choice of the
tail hinge axis and other parameters the
stick-free neutral point may be located
anywhere between the aerodynemic centre
of the aircraft-less-tail and the A.c.
of the tail. There should be little
difficulty in achieving satisfactory
stick-free characteristics by suitable
choice of hinge axis position, tab size
and tab gearing.

2. Introduction
All-moving tailplanes are not particu-
larly new: they were used, without gear-
ed tabs, on various pre-war gliders, and
since the war, with tabs, on the Eon
Olympia 419 and various light aircraft.
This paper makes no cleim to originality,
but merely gathers together some inter-
esting data which displays the proper-
ties of such an arrangement. No attempt
has been made to show the derivation of
the various equations in detetl: the
procedure is quite straightforward and
conventional, although often lengthy.
Rigid atrcraft are essumed throughout
and the static margin is therefore as-
sumed to be equal to the C.G. margin.

It is assumed that no mechanical mo-
ments due to weights or springs are ap-
plied to the control system.

3. Assumptions
The tailplane (2ssumed to be of basical-
ly symmetrical section) rotates relative
to the fuselage about a hinge line,
which lies in the plane of its chord
lines and is located a distance xt aft
of its aerodynamic centre. It is fitted
with a geared tab which deflects in the
same sense as the teilplane so that

P=f, rkny (1)
where P, is a datum setting adjustable
for trimming purposes and k is a positi-
ve gear ratio.

When the tab is deflected, it produ-
ces a pitching moment about the tail
aerodynamic centre such that

Curo = Caft
In the usual fashion,

(2)
the tail 1ift

coefficient is
Cir = ayuT+a,p

(3)

and hence the tail hinge moment coeffi-

cient becomes "
C =C +C -
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It is also assumed that
KT =a=€+MNT
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if the downwash atX =0 is neglected.

(4)
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4. Stick- fixed Stability

Stick-fixed, the longitudinal stability
is, of course, the same as that of an
aircraft with a conventional tail of
the same size. In particular, the C.C.
margin is given by:

“n - (ho"‘“)*'v'\'%‘-("-gt) (6)

where v!
Vr= 1= (7)
and
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It also follows that the pitching mo-
ment coefficient of the aircraft about
its C.GC. is

Cua = C-M."CL“n"VT[(‘H*““s) "lr*""af*"] (9)
and hence the tailplane setting to trim

is
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{.e. (aj+ka,) replaces a; in the corres-
ponding expression for a conventional
tail.

5. Stick-free Tail Lift Curve Slope
The significant properties of all-mov-
ing tails are associated with the stick-
free case.

It tollows from the foregoing equet-
ions that if Curp =0, the effective tail
1ift curve slope is given by:
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Hence:

a) If %r=0, a=3,and the stick-fixed and
stick-free C.G. margins are equal. This
can be seen more simply as follows:



With Cyre =0 and X¢=0, the tailplane
must satisfyCuro =0 from (4). Hencef
=0, and therefore My is constant from
(1)« The tail setting therefore remains
the same as the aircraft incidence va-
ries. This result is independent of tab
size, which will therefore be decided
by stick-force considerationse.
b) IfKey =0 {i.e. if no tab is fitted),
@,=0. The tail therefore makes no con-
tribution to the stick-free stability,
and the aircraft will only be stable if
the C.G. is ahead of the wing-plus-fu-
selage aerodynamic centre. Agein, this
result is obvious on physical grounds:
in the absence of e tab, the tail will
trail along the local airflow direction
and hence the tail 1ift coefficient
will always be zero. In practice, it
would also ha}E to satisfy the condition
== <0
i.e. the hinge line would have to be
ahead of the tail aerodynamic centre.
¢) Ifxr<0 (i.e. hinge line ahead of a.
c.),& <0, and the stick-free C.C. mar-
gin will be less than the stick-fixed
C.G. margin.

If %70 (i1.e. hinge line aft of a.c.),
a,”a, and the converse of the above
will be true.

In particular as ke

T tkay
(remembering that Cyis negative)
then a,—> oo

This condition sets a rearward limit to
the location of the hinge line. If xt is
equal to the limiting value given above,
any disturbance in pitch would produce
an indefinitely large displacement of
the tail.

It is therefore clear that, for a giv-
en stick-fixed C.G. margin, the stick-
free C.C., margin can be varied within
very wide limits by adjusting the tab

size, gear ratio, and tail plane hinge
line.

6+ Stick-free C.G. Margin
The expression for Ha is similar to

equation (6), but with &, replacing q,
viz.:

Ha= (ho-h)eVp 2 (1-$2)

(13)
where
T A
T T AT (14)
and
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Hence:

a) As mentionned above, if X =0, @,= a4
and thenﬂh_ Hn
b) If Key=0, @ =0 and Hp=(ho-h ) or A4

i.e. the neutral point, stick-free, is
at the aerodynamic centre of the air-
craft-less-tail.
¢) It is also interesting to consider
the case in whicha,~»e(see para (e)
above).

(13) may also be written
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As a.‘-ba-, r-—b o _ e.nd hence
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so that as the tail hinge line tends to=
wards its rearmost limiting position,
the stick-free neutral point approaches
the aerodynamic centre of the tail.

7. Stick Force to Change Speed
The tail hinge moment coefficient is

iv by:
g en y kc; )@-‘-)(HI )C
Vr ¥
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+ const. (18)

Since C,is negative, it follows that
if W is positive,
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i.e. the pilot has to pull to increase
C., as is usnal.
Hn

Vr

is positive,

a) It is of interest to consider how —
varies with &,
This quantity may be written

ho -t f s T 3o AT 4 )
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and hence if h is fixed, it tends to

the value (& 0§, pule )
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so that even when the effective tail

lift curve slope, stick-free, has be-
come infinite, the quantity
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This quantity is, of course, simply re-
lated to the stick-force to change

speed. L
b) If %r=0, a,=a,and then "
n

) Vr (19)

equation (18)

remains finite.

S Cuer ecy
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c) If no tab is fitted,
simplifies to give:
C-MPT' __)‘vr (A—e\a )
dCc,.  Ct V!

(20)



‘dynamic centre,

If h>ho, 2s is usual, then this gquanti-

'ty is positive when X+ is positive (i.
‘e. the hinge line is ahead of the tail

aerodynamic centre). However, in such

‘8 case

d Crer

3417 would be positive
and the tail itself would be unstable.

The only satisfactory arrangement is

to have a positive stick-free static
margin (in this case h<hos) and make xr
negative (1i.e. hinge line of tail ahead
of its aerodynamic centre).
d) It follows from (18) that the stick
force at Vi is given by:

i _a_ﬁ%:)(-—-)( )( g Vm)

(21)
where Vl.o is the speed at which the air-

craft is trimmed (i.e.Pe =0).

This is of the same form as the ex-
pression for an aircraft with a normal
tail, and leads to the result that, at
the trimmed speed Vis, the stick-force/

speed gradient is
(34
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8. Conclusions
a) The stick-fixed C.G. margin is, natu-
relly, unaffected by the replacement of
a conventional tail by an all-moving one
of the same size.
b) The tailplane angle/C. gradient (e-
quation 11) is analogous to the usual
expression for elevetor angle/C_ grad-
ient, A, betng replaced by (astka,).
c) If the tail is pivoted at its aero-
the stick-fixed and
stick-free C.G. margins are equal.
d) As the tail hinge line is moved att
of its aerodynamic centre, its effective
lift-curve slope, stick-free, increases
indefinitely. The attmost limit of the
hinge line is defined in para. 5 (c).
e) As the hinge line is moved from the
tail aerodynamic centre to the limiting
position, the stick-free neutral point
moves from the stick-fixed neutral point
to the tail szerodynamic centree.
f) The stick force to change speed re-
mains finite even with the hinge line at
s aftmost limit.
g) If no tab is fitted, the tail makes
no contribution to the stick-free stabi-
lity. Hence, for stability, the C.C.
must be ghead of the serodynamic centre
of the aircraft-less-tail.

If the tail is pivoted a2t its aerody-
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namic centre, the stick force will al-
ways be zero.

If the tail is pivoted forward of its
aerodynamic centre, the stick force/
speed gradient will be in the usual sen-
se but, in the absence of the tab there
will generally be no speed at which the
stick force is zero.

h) It is therefore clear that, for a giv-
en C.C. mergin, stick-fixed, the stick-
free C.G. margin and other associated
quantities can be varied within extreme-
ly wide limits by suitable choice of
tail hinge line position, tab size,
tab gearing.

and

9. List of Symbols _
The standard British convention is used
thoughout.

a= SCw for the aircraft-less
3 s tail
_ SCur tail 1ift curve slope,
Sy stick fixed
- effective tail 1ift
e curve slope, stick-free
SCL.T
Qq = p
CIm 1ift coefficient of complete
. aircraft
o 1ift coefficient of aircraft-
W less-tail
Cur= 1lift coefficient of tail
Ciic s pitching moment coefficient of
aircraft-less-tail about its
eaerodynamic centre
Cwre = moment coefficient of tail
about its a.c.
Cmure = moment coefiicient of tail

L about its hinge line

C= wing mean chord
= }atl mean chord
- Cwro
Cs 55
¥ see equation 8
F see equation 15
Hn = stick-fixed C.G. margin
Hy, = stick-free C.G. margin
fhoC = stick-fixed neutral point posit-
e ion ~ft of datum
fnC= stick-free neutral point posit-
= ion aft of datum
fhC = C.C. position aft of datum
hoc= eerodynemic centre position of
aircraft-less-tail aft of datum
B = tail hinge moment =Cyeri.ViS.Cr
k=  tab gear ratio
lr= tail moment arm {2.c. of air-
craett-less-tail to a.c. of tail)
Me=  stick-tailplane gear ratio such

that

Ve =M,



Pe =

-\71 -y
Vi_ =

Vio =
w =

stick force
wing area
tail area

tail volume coefficient i?[?f
v X
A+F

V|

A+¥®

equivalent airspeed
equivalent airspeed for H=0
all-up weight

distance of tail hinge line aft
of tail a.c.

no-lift-line incidence of air-
craft-less-tail

tail incidence

tab angle

tab datum setting

downwash angle at tail

tail setting relative to air-
craft-less-tail no-1lift-line
tail setting to trim

sea-level standard air density
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