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RESTRICTED BULLETIN

CATCULATION OF STICK FORCES FOR C -
AN ELEVATOR WITH A SPRING TAB
By Harry Greenberg

SUMMARY

Formulas for the calculatlon of hinge-moment
characteristics of an elevator with a spring tab have
been developed in terms of baslc aerodynamic parameters,
spring stiffness, and airspeed. The formulas have been
used 1n a study of the stick-force gradients on a
pursult airplane equipped with an elevator with a spring
tab. Charts are presented showing the variation of
stick-force gradilent in accelerated flight over a large
range of speed and the complete range of spring stlffness
for varlous center-of-gravity locations, altitudes, and
airplane sizes,

It 1s shown that the stick-force gradlent for the
elevator with spring tab tends to decrease as the speed
Increases and for weak springs tends to approach the wvalue
corresnonding to a pure servotab (no spring). This
tendency 1s independent of altitude, size, or center-of-
gravlity locatlon although the magnitudes vary with these
parameters. The varlation of stick-force gradient with
center-of-gravity locaticn 1s less for the spring-teb than
for a linked-tab type of balance.

INTRODUCTION

On most types of control surface, balanced or
unbalanced, the control force per unit deflection of the
surface lncreases approximately as the square of the
speed. On a spring-tab type of balenced control
(reference 1), the amount of aerodynamic balance incresases
with speed; thils condition results in a control force that
Increases less rapidly than the square of the speed. This
type of control can be used to advantage on allerons since
it reduces the difference between the control force per
unit helix angle pb/2V at the high and low ends of the
speed range.
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The question has arlsen as to whether the known
advantsges of the spring teb on the alleron could be
reallzed for the elevator. Thne purpose of thils report
1s to analyze the characterlstics of the spring-tab
control used as an elevator. {&eneral expresslons, by
which elther the static or maneuvering stick forces for
an elevator with a spring tab may be calculated, are
developed and applled to the calculation of maneuvering
forces for a typlcal pursult airnlane. The maneuvering
stick forces for the same elevator arrangement with a
servoteb and with no teb are also presented for comparison.
The effects of varlations iIn spring stiffness, alrspeed,
altitude, center-of-gravity location, alrplene size, and
tab slze are consldered.

DESCRIPTION OF ELEVATOR-TAB SYSTECM

In the spring-loaded elevator-tab arrangement
referred to hereoin, the control 1s connected directly
to the tab, as in a servotab, and to the elevator through
& spring. (See fig, 1l.) Thls arrangerent gives the
control system characteristics that are bpetween those of
a servocontrolled elevator and an ordilnary unbalanced
elevator. A weak spring apnroaches the case of no spring,
or pwre servocontrol., A stlff spring spproaches the case
of a rigld connection, or an ordinary unbalanced slevator.
As the spesd is Increased, the aerodynamic forces
Increase while the spring cffect remains constant; effec-
tively, the spring becomes weaker in comparlson with the
aerodynamic forces and the conditilion of pure servocontrol
is approached.

In figure 1, BC 1s an idler that 1s free to pivot
at the hinge of the elevator B®B. The control rod AC
operates the tab through the linkage BCDZ and operates
the elevator through the spring and crank IC., The
lengths of 3¢ and BC ares assumed equal in the analysis,

SYMBOLS

A ~wing amspect ratilo

w
AT tall aspect ratilo



NACA

o

5(3

o] o] o)
o] o

|
]

b

RB No. LL4FOT 3

wing span

.. hinge-moment qgefficient about elevator
hinge L ' '

'%pVZSeE;
hinge-moment coefflclent about tab
' H
hj_nse 1___2-—-

1ift coefficlent of wing T L
. . Epvasw

1ift coefficient of tall _ITT-
.;_pv Sp

piltching-moment coeffilclent ebout alrplane

center of gravity Pitc?ing moment
EpVESiE

mean chord of wing
mean chord of elevator
mean chord of tab

dF'g
stick-force gradient in maneuvers (Eﬁa

stilck force
force in spring; positive when in compresslon

force in control rod AC at C; positive in
sare sense as F3

force in control rod AC at A; posltive as
in figure 1

acceleration of gravlity

hinge moment about elevator hinge
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hinge moment about tab hinge
linkage ratio (ll/iz)
spring constant, pounds per foo

A - 2 11,2 '

as ¢y

11ft of wing

length of control stick

distance between wing and tall

11ift of tail

length of arm BC

length of arm DE

Mach number

mess of alrplane

normal acceleration per g of alrplane due to
curvature of flight path; accelerometer
reading minus component of gravity force

dynamic pressure

gearing ratio between control stick and rod

area of wiling
area of elevator

area of tall surface

area of tab

alrspeoad

weight of alrplane

distance between center of gravity of alrplane

and neutral point in fraction of mean wing
chord
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a o

a angle of attack at wing
ap - --angle of attack at tail
° deflection of elevator
8 deflection of elevator control arm BC
B¢ deflectlon of tab wlth respect to elevator
] angle of piteh of airplanse
e pitchling velocity
DO nondimensional pitching velocity (T6/2V)
T alrplane-density parameter (m/bswb)
p mags density of air

"henever 6y, &, Gap, 65, a, and D8 are used

as subscripts, a derivative 1s indicated; for example,
oC
= = " -
Gmu = 3z and cmDe = 3D8" When a derivative or coaf

ficient 1ls written with a ber above it - for exampls, cma -

the total derivative or coefficient is indlcated, that 1is,
the resultant or effective value which takes into account
the floating tendency and sprling action of the elevator
witn sticlk fixed.

All angles are measured in radlans.
METEQODS OF ANALYSIS
T™e baslc assumptions 1nvolved in the analysis are
as follows:

(1) Iinkage ratio 1s constant

(2) Aerodynamic derivatives are constant over the
range of deflections involved

(3) Fffect of speed on the aerodynamic derivatives
1

Ny

1s given by the factor
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(4) Effect of power 1ls neglected

(5) Effect of chenges in forward speed durihg a
pull-up 1is neglected

(6) Effect of horilzontal tall flexibility i1s ignored

Asstmption (1) 1s valid because the linksge ratilo
d>es not change apprecisbly within the small renge of
deflectlons that occur in flight. Assumptlon (2) 1a
valld, accordirg to low-sreed wlaud-tunnel tests of the
particuler arrsngermoent con:zliered, for elevator and tab
deflections up to 5°. & 10g pull-up is not 1likely to
involve deflections greater *“hen 5° on the airplane
conzidsred herein. The mebtnod 2f aceounting for the
effect of speed (assuwaptilon (3)), elthough sporoximetely
corrects for factors lnrolving 11fG of the wing ani tall,
1s of doubtful vellilty for the factors involving hinge
moments. As rolnted oat labir, thls correchion for sposd
does nnt affect the conmnarison of wlaln slievutor, spring-
loaded teb, and servotabs The effect of power 1s %o
Increase slightly the suick-orce gradient. Thls Increase
would tend to counteract the effect of the arring, whica
decrzasss tua2 stick-force gradlent wltn ircresse in syaed,
figure 2 1s thersfore ztricily apwilcabie only to zliding
flirht. Thne crror inveclved in aphroxlmation (5) L=
ballevsd to be small. The flexibility of the teil will
incrsase the stick force gradients slightly at high speads,
according to referencs 5. On the besls of those assuxnp-~
tions, the relations dzveloped herein nold for small
deflections.,

From ths geometry ol the clavator-tchb arranzoment,
1t 1s obvious theat

8, = X (5, + 5:)
and thet

F, = F_ + F (1)

3 1 2

From the conditlon Tor eyullibrium cf the slevator systen,

] -— 4 - \
b311 = (fech + 6tch_ + aTCh qSece (2)
%8 °8 oq
e t T
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Fromn the condition for equllibrium of the tab,

~

| Falp = -6y, * 800y,  + agln_ \aSyTp (3)
(6 1;51: K 1:56 tc"T

Combining expressions (1) to (3) gilves

Filq

Sece

= + & +
5echebe tohect apln,

£Q

Qmp

Skct
+ E—— (640p,
SeCe b 5

t B¢ Qo

The coiirression of tha spring 1s Zl(ﬁe + 53);
henea, Fy = Ilp(Eg + 8p). Substitubirg in
equation () gives

2 /-
1~{17’1 (os + 56)

4, Cq

= 800y, * OyCn,  *+ anGy
S¢ O¢ @m

S,57
+ EE=S/6.0,  + 6,0,  + apCy (5)
S,C 1t5t © Bty t

06 e G.T

If the values of the aerodynamic coeffilcients on the
right-hand side of equation (5) are obtalned from low-

speed data, they should be multiplied by L to

V-

apply to high speeds, according to the Glauert approxi-

mation or, 1f
Vi- 9 w1,®

ky =

a
Q-gCe
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equation (5) may be written as

kp (85 + 8g) = BgCp + 8;0n + aplp
©s ®s

By subetituting for 63 1in terms of 8y and §; 1in
equation (5) and solving for &,, there 1s obtained

5:0% ! S04

1t 24

kp - EGpy - B2 c - + E——10C P

( %, P "w foag  SoPe tay

be = S (7)

¢, - ko-+ KGp Fa———-cht6 st g
t

— “h
eae eat Se%e - tae

vihich determlnea the angle &, at which the elevator
floats in response to a control deflection &; and angle
of attack ap. The tab angle 1s then determined by the

linkane ratio. Equation (7) can be written in abbreviated
form as

8, = ABg + Bap (8)

Then,

8y = z(as + ﬁe)

K(1L + 4)8; + EBaq (9)

g — ey
Tas 2 r R SN
PR L T - LT B L = P S
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. substitution of equatlons (8) and (9) in the expres-
cicn for the control force Fz gives

__11

42oCq

ﬁ%eoe R A)Che"t]a

Che =

* (3%956 " Khg, cheaT>a'I' - (10)
vhich gives the fundamental control hinge-moment deriva-
tives EE;;: and Eﬁ;;; as

EE;;; = Aqheae + K(1 + A)cheat (11)
and
'ci;;; = Bhgg *RBlhg, * by, (12)

Yhen the stick is fixed, the elevator moves with
chanzes in angle of attack in accordance with equation (7).

As a result, the static-stability derivative C, and

— a
the dsmping in pitching cmDe are affected. They may

be calculated by

— daT d“T
=. 1l
g =", * Oy Paz * g (15)

and
— daT daT
Capg = Cupg * Omg Broe cmﬁt — (1)
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The control effectlveness cﬁa similarly depends
s

on the notlon of the elevator with respect to the control

arm. The relstion is

o, :

= A+ Cy F(1+A

(15)

After the flve fundamsntal derlvatives are obtained
by equations (11) to (15), the stick force per unit
normal acceleration in a pull-up may be calculated. The
formala for this stick-force gradilent, which 1s taken

from equations on page 1l

of reference 2, 1is

hey __

PS40e0E

Mw‘ﬁhess cma. Egﬁs cmDe

+C -
h°D6

Fn ln_r \cLa CLGGZ

for a mass-balanced elevator.

derivetives are used. Values of
obtalned from
_ dap
Ch, “ O, Fo
eq edea
- daq

Cr
opg °aTdDe

The effect of compressibilit
into account in using formula (16).

in that expreesion should be multiplied by

In formula (16)

N

(16)

total

are

> ()

b

must again be taken
All the derivatives

-

if

the data used in computing these derivatives are based

on low-speed measurements.
in the second and fourth terms.

1

The factor cancels out except
The corrected formula is

By s Cng

Eheﬁs

syuae

PSeCa0E Beq R S el
o Tar \cLa A2 5%hen

CLlms, VA- ¥ Cmp,

(18)

e y—— e

L L

\
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Spring, elevator, and tab deflections correspondlng
to any esceleration are calculated by the following
formulas, derived by using equations (2) of reference 2%

8 _ e [lbwily -2 _czni
ZVE\FLaGmbs + =

o _ B A"HE‘_‘.’I)
n 2v2\Cy, dDs

A number of computations, bassd on typlcal alrpnlane
characteristics, have been made to illustrate the effect
of spring stiffness on the characteristics of an slevator
with a spring tab. The following alrplane dimensions and
derivatives are used:

WVS , pounds Der 8quAre Foob « « o ¢ « ¢ o o o o o o 1O
geet e 6 & 8 e 8 @ =@ * 8 & & 8 ¢ e 3 S 9 e s s s = Z
7: r feet ¢ e e ® & e e e ® ®© @ & © s s " = & & v 0 o
S;/‘S‘w ® & 9% s ®» @ ® ©® e @ o ® s e 5 S 8 ¢ 2 s b Oo 18
-A'w ® & ® @ e 8§ © ® e 8 8 e ¢ ® B s s s e s S o s s 8 O 6
AT L] . L] [ » ] » [] [ [ L . . . [ ] [ ] [} 1] . [ L] [] [ ] [ [} )'".5
Lh/ﬁ L] o [} [ L] o . . L] . [} [} . . . . . [ . [} . . . ° ﬁia
cLa o 0 [ o o . L] ] (] L] . [} s o » . [ L] ‘o L] (] L ] O5
dalll/da ] [ ] . L] [ [ ] L] [] [ [] [} [ . [} . ] [ ] s ) [} L] L] [} 1 2
daT/d-Dg S 6 e o o e e 6 o ® e e s 85 o 2 o @ 6.6
Cmg (for c.g. 1ocation O 056 ehead of neutral
pOint) * @ @& e o o s & 9 8 e e s a s = @ -00232
Gm e o = » e ® & ¢ e e o @ * e e« o @ e o o s e -15.5
Alggtude, £OBE ¢« « o ¢« o o« o ¢ 2 s s s o o« o » 20,000
|.|- S o o ® ® € e & 6 6 ® * 3 5 s s 6 © s @ o s 5 o 2303
The following elevator and tab dimensions and derivetives

are used:

Se, square feet
Cgs feot . . .

1Z:§§

- - LLITIILIIINIIII I o
/R AN X 1
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Stot/Se.E;- * 5 e o @a'e ¢ s e o o @ . . OQd-I-,-I-
23 Toot & ¢ o v i 0 0 e s e e e s e e e e e e . o 0.5
K o o o o o o o o o o o s o o o o o o o o o o o o o 1
Chg -0.487 A 1.84
69 50
. =0.115 Cr. o v o o o o e 0.115
Gheﬁt "o,
e e e e 8 @ "0.115 ooooooo 3.09
Gb"’“‘r GLTGT
chta b -0 115 cm,ﬁe o o "1-01,-’-‘-
-
chtﬁt ...... -0.3h5 cmﬁt ¢ . -0.0615
........ Ty
ChtaT
From equation (7),
_ kp + 0,130 _ 0.115
A= -kp - 0.622 =g - .62

From equation (10),
-O.l|.87k2 - 0.0067 0.115k, + 0.0023
8g -k - 0.622 ap  -kp - 0.622

From equations (13) to (15),

_ 0. 0635
Cag = <0232 - il

_ 0.838
Copg = ¥5+3 - 5 - 0.6

X, + 0.130
T = -1.106~2

6 -kp - 0.622

- 0.0615

These values can be substituted in formulas (17) and (18)
to obtaln Fn.
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RESUT.TS AND DISCUSSION

Tlie computed values of the sticlk-force gradient in
wansuvers ¥, for the assumed alrplane and elevator

are plotted as a funckion ol speed in figure 2, for
verlous values of the srring constant k. The top

curve, for irnfinite spring ctiffness, appvlies to an
ordinary unbalanced elevatoir, for wiich the spring 1s
replaced by a rlgid rod. Tie bottor curve applies to

a pure servocontrol, for vaich the soring ls removed.
Tlie intermedieste curves are for the cases in which
springs of varlous stiffnesres are comnected bsetween
the control rod and elevator. The inzrease in stick-
forece sradient with sneed for very high and very low
values of spring stiffness is based on the assunption
of’ the effect of compressibility mentioned previously
and is not important for the purnoses of this report.
The Lmportant fact is thet the addition of a spring
reducss the stlck~foree gradient In the manner shown.

A very weak spring reduces the stick-force gradlent at
the high end of the speed range to a value only slightly
hirher than that of the pure servocontircl. In the case
corresnondinz to complete servo-operation (no spring) in
figvre 2, the etick force is less than the minlmra value
concsidared deglirabvle, This velue could be Increased by
using a tab of 1inereased chord. Increasing the span of
the tab would have no aporeciable effect on the svick-
force gradients because the ircreased forces on the tab
are compensated by the reduced dsflections neoded.

Other methods of recducing the sticlk forcee, such as the
linked belancing teb, would result in a slight increase
ol etizk-force gradlent with speed es 1s ths case of the
tor and bottom curves of fizure 2.

It 1s sometimes considsred desirable to have dlrect
control until a certain stick force is reached after
vilch the tab control begins to function, Tals direct
control is accompliched by preloading the spring br an
amount that denends on the stick force at which it is
desired to have the tab come into actlon. The stick
force varles with acceleration in the manner shown in
figure 3, The curve has the slope for Infinite spring
stiffness up to a certain polat, as Iindilcated by the
80lid line, and then has the slope corresponding to the
spring stiffness used, as indicated by the dashed line.
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The point where the slope changses of course depends on
the preload in the spring. Such an arrangement might be
useful in maintaining reasonable control forces for pull-
outs at very high speeds. :

The effect of increased alrplans sizs is shown in
figure L. The wing losding and control gearing 1lg are
assumed the same as in figure 2, but all lengths are
assumed doubled., The stick-force gradient for pure
servo-operation =0 is somewhat higher than the
value considerad sirable and any appreclable amount of
spring atiffness would make the stick-force gradient too
large. For this cass, a tab with smaller chord could be
used to give lower stick forces.

The effect of altitude on the variation of stick-
force gradient with speed is shown in figure 5., An
increase in altitude reduces the stick-force gradient by
ean amount that does not vary anpreclably with speed.

The loss in stick force in pounds decreases as the spring
stiffneas ls decreased.

The offect of center-of-gravity location on the
stick-force gradient for several types of balanced
elevator 1s shown in figure 6. The elevator with
spring tab shows the smallest change of stick-force
gradients. The linked-tab balance chosen for comparison
was assumed to be so linked as to give the same stick-
force gradlent as the elevator with sovring tab for one

particular center-of-gravity locatlon (% = 0.05} The

variation of stick-force gradient with center-of-gravity
location is less with the spring tab than wlth the
linked tab because Ch, ie redvced as well as Qhe5 H
a ’ 8
thils condition permits a smaller Qhe for a given
: 6

s
stick-force gradient. As shown in equation (18), the
variation in stick-force gradient with Cmg s whilch

depends on center-of-gravity location, is proportlonal
to Cp .
658
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CONCLUSIONS

Foraulas have boen developed for the cslculation of
hinge-roment cheracteristics of sn slevator with a
epring tab., The analysls included baslc aerodynamic
parameters, spring stiffness, and alirspeed and indicated
the following conclusions:

l. The stick-force gredients for an elevator with a
spring tab tend to dscrease as the speed increases., For
a weak spring av high epeeds, the stick force approaches
tiat of a pure servocontrol.

2., The varietion of stick-force gradient with
cencer-of-grevity locatloa is less for an e¢levator with
& spring tab than with a linksd teb.,

3+ Increase in altitude reduces the stick-force
gredlents by a ncarly constant amounts over the speed
renze, for a given esoiring stiffness, The amount of
reduction in ths stick-fereo gradient decreeases as the
apring stiffness decresases,

Langley liemorial deronautical Laborsatory
lational Advicory Corriittes for Acronsutics
Langlsy Fleld, Va,
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FPigure 2.~ Variation of stick-~force gradient with speed for
elevator with spring tab. kl, spring stiffness; wing

span, 42 feet,
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Figure 3,- Effect of spring preload on stlck-force gradlent.
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Fig. 4
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Figure 4.- Variation of stick-force gradient with spéed.
ky, spring stiffness; wing span, 84 feet,
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Figure 5,- Variation of stick-force gradient with speed at
sea level and 20,000 feet. kj, spring stiffness; wing
span, 42 feet,
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