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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 

TECHNICAL MEMORANDUM NO. 533. 

BALANCED AD SERVO•COTROL SURFACES.* 

Many reports on various control systems are available, but 

the results cannot be generally applied since the effect of 

particular changes of surface-form and mounting are subject to 

variations depending, a1ong other things, upon airfoil section 

and influences of airplane layout. 

If these control systems are studied in detail the general 

principles underlying certain developments may be understood, 

and it is possible for these results to be intelligently applied 

to airplanes where certain specific changes or requirements ap-

pear desirable. 

The force which a pilot can exert on the control members is 

strictly limited and, except for very light airplanes, it is in-

adequate for satisfactory operation of the control surfaces un-

less the system is skilfully arranged. 

The problensin connection with this work have received much 

attention and various means have been adopted for relieving the 

pilot of excess loads on the control stick and rudder bar. 

In a short article of this description it is only possible 

to make a simple analysis of the several systems in more general 

use. 

*Frorn The Aeroplane, February 26, 1930.
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Surface Balance 

From a mechanical point of view the elevator, rudder, and. 

aileron surfaces can be treated in a similar manner. Considering 

a simple elevator unit such as that illustrated in. Figure 1: If 

an air load P is acting normal to the surface such that its 

C.P. lies at .3 of the chord from the hinge, then the hinge mo-

ment .3 Op must be balanced by a load applied at the top of the 

control column. 

The hinge moment on such a surface is roughly proportional 

to the angular movement and to (area x chord) of aileron or ci-

cv at or. 

It will be apparent that there is a definite limit to the 

load. a pilot can sustain and, where the control surfaces become 

too heavy for the pilot t s strength, assistance is provided 

through one of two methods: (a) balanced control surfaces or 

(b) servo control surfaces. 

Servo control systems have received a limited application 

on airplanes above 10,000 pounds gross weight, but it is usual 

to balance the control surfaces of all airplanes with the cx-

ception of very light planes. 

A reduction in the control column force can be effected by 

increasing the aspect ratio of the surface, thereby reducing 

tho chord and hinge moment. While this method is perfectly 

sound, there are very definite limitations to this procedure,
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especially for elevators and rudders. 

Balancing of control surfaces is done by disposing the mov-

ing surface so that part projects forward of the hinge line, and 

this in effect brings the C..P. of the surface nearer to the hinge 

aiid decreases the hinge moment. 

In discussing the various balance systemsreference will be 

made to overbalancing and underbalancing, and these terms can 

be simply defined. Overbalancing, is that condition when the 

C.?. lies forward of the hinge, so that the surface tends to 

take charge and throw over to its extreme limit. This repre-

sents a reversal of load on the control column and is a serious 

fault. Underbalancing, on the other hand, is not a serious mat-

ter except on large airplanes when the control forces tend to 

become excessive. 

A very considerable reduction in hinge moment may be re-

quired on some airplanes if the controls are to be balanced suf-

ficiently to permit of reasonable loads on the operating members. 

This being so, it is important to know the safe limit to which 

balance can be carried without overbalancing under certain condi-

tions of flight.

Rudders 

From an examination of the geometrical shape of most rudders, 

it is evident that the chord is generally much greater than that 

of the elevator because its height, for structural reasons, is
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comparatively amall. The longer chord increases the hinge mo-

ment and makes for heaviness on rudder control. Chiefly for 

-this reason rudders axe more often balanced than the other con-

trol surfaces and, on large airplanes, some form of servo opera-

tion is required. 

It is usually found that the rotational flow of the slip-

stream, introduced by the propel]r action, requires the us of 

some right or left rudder (depending on the direction of propel-

ler rotation) to maintain straight flight with throttle open. 

In this case the effectiveness of rudder balance is marked, the 

balance holding the rudder over without much effort on the part 

of the pilot. Several devices have been employed for overcoiüng 

the rudder-bar force during straight flight. One method con-

sists o a spring (usually shock-absorber cord) attached to one 

side of' the rudder bar which produces the necessary corrective 

force	 An alternative system which has been used with success 

is that of offsetting the fin. 

A series of typical tail units is shown in Figure 2 and in-

dicates some of the methods employed for providing, rudder bal-

a,rlce.

There is a scarcity of published information with respect to 

experimental work on tail units. The reason for this is, no 

doubt, to be found in the fact that no part of the airplane is 

so easily altered and exchanged. Unfortunately, the large 

amount of experimental work on this subject, done by individual
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designers and. manufacturers, is never published, but the results 

may be found embodied in all successful airplanes. 

The use of servo controls for aircraft have been chiefly 

confined to rudders. Unlike the elaborate servo mechanisms used 

on ships the method. employed on airplanes is very simple and 

generally consists of a smallauxiliary rudder mounted aft of 

the main rudder. Recent instances of the use of such devices 

are to be found in the Boulton and. Paul Sidestrand, the Short 

Singapore and. Calcutta, and the Beaxd.more Inflexible. 

The principle of operation will be briefly outlined in con-

junction with the d.iagras shown in Figure 3. The only forms 

of servo rudder used. on aircraft have been of Fletner type, or 

variations of that type. This system depends upon the action 

of a small trailing flap carried. by a balanced. rudder. The main 

rudder is quite free to swing in any direction, the pilot only 

controlling the auxiliary flap. Figure 3 shows the control unit 

in a neutral position, Figure 3B shows that a disturbance has 

started the rudder to swing without any movement of therudder 

bar, as it is free to do, and. the mounting of the controls to 

the auxiliary flap are such that they start the flap moving in 

the same direction as the main rudder, but at a greater rate. 

This applies a corrective moment which returns the rudder assem-

bly to its meutral position. The position at Figure 3C indi-

cates that the pilot has moved. the rud.der bar over and rotated. 

the flap. It is applying a turning moment to the main rudder
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and Figure 3D shows the position of' equilibrium following the 

movement at 30. When the servo rudder is moved over, the. main 

rudder will move through such an angle that the moment of the 

forces acting on the complete system about the main rudder hinge, 

is zero. 

There is no difficulty in ensuring that the servo rudder 

hinge moment shall be sufficiently small to give reasonably light 

loads on the rudder bar. The main difficulty is, in fact, to 

make the moment sufficiently large to give a reasonable feel to 

the control. 

The aerodynamics of a simple servo rudder has been the sub-

ject o± R.& E. No. llO5.* This system consists of a rectangular 

rudder and servo rudder of the same span hinged to its trailing 

edge. The arrangement is illustrated in Figure 4. The two 

graph accompanying this figure show, the relationship between the 

angle of servo rudder for different positions of the main rud-

der hinge when , the main rudder is 'set over at 10 and 20 0 . The 

position of the main rudder hinge is given in terms of rudder 

chord aid represents the position of the hinge in front of the 

position corresponding to full balance on the main rudder. It 

can be sen from inspection of the ,raphs that the servo rudder 

angle required, to hold the main rudder over to.a definite angle 

varies comparatively little with change in size of servo rudd.er. 

It follows, therefore, that there is no ath r antage gained by in-

*The Aerodynamics of a Simple Servo Rudder Sy stem ?	 Y H. :I. 
Garner and C. E. VT. Locky'er. British Aeronautical Research. 0cm-
mitte Reoorts and. he'moranda No. 1105, 1927.
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creasing the servo rudder above a certain definite size and these 

tests indicate that an economical ratio for rudder area to servo 

area is possibly between 1 : .15 and. 1 : .20. 

E 1 a V a t .0 r s 

Five methods for balancing elevators are shown in figure 2. 

The tail units illustrated are (A) Dornier Do.X, using Dornier 

balance; (B) Short Singapore with horn balance; (a) Hawker Hart 

with inset balance; (D) Blackburn, Dart with tapered inset bal-

ance; and. CE) arrangement with Frise type balanced. elevators. 

The object of elevator balance is to secure a close aprox-

imation to zero hinge moment under all possible conditions but 

without risk of oyerbalance on the one hand. or of inadequate 

provision, with unduly heavy loads, on the other. 

The Dornier system, used. for elevators, rudder and. ailerons, 

is a completely new departure. In appearance it looks somewhat 

like the Avro balance, but its action is quite different. There 

is no published. information regarding its efficiency in comari-

son with other known types, but there can be no doubt regarding 

its efficiency in view of its successful application to the 

world's largest flying boat. 

Figure 5 shows the method. of balancing in closer detail and, 

it will be noted., a small balance plane is mounted on struts 

which are anchored. to the fixed portion of the wing (or the fin 

in the case of rudder balance). These suorting struts are ad.-



N.A.C.A. Technical Memorandum No. 563
	

8 

justable in order that the height of the balance plane can be 

varied. The balance is operated through a rod, pivoted to on ex-

tension of the balance plane s and connected to the control cur-. 

face at a point some distance behind the hinge. 

Jovement of the balance plane, following displacement of the 

control surface, can he readily followed without further explana 

tion. The arrangement is ingenious since the balance plane can 

be easily reriovcd, and area modified, the hinge position and in-

cidence angle altered at will. Such advantages are not possessed 

by any othe± system. In the case of rudder control, a small bal-

ance plane is ]ocated on each side of the rudder. The controls 

are operated through the usual levers and torque tubes. 

The Horn type of balance shown in Figure 2E is at some dis-

advantage at large angles of attack in that part of the elevator 

does not lie behind the fixed portion of the tail and forces and 

moments on the two moving portions can change differently and rap-

idly, giving rise to coparatively sudden loads in the controls. 

This asp. cot will be dicussed more fully under another heading. 

The types shown at (C) and (n) are in some respects similar. 

The chief objection to these systems is to be found when the ele-

vator movement is such that it opens up a gap between the two 

parts of the tail because there is considerable loss in control 

power. Under similar conditions difficulties have been experi-

enced with vibration of the elevators due to passage of air be-

tween the stabilizer and elevator. This has changed the natuI'e
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of flow and the distribution of forces, causing flutter of the 

elevator between positions corresponding to the different types 

of flow. This trouble should not arise on tails with thick sec-

tions because the air flow will not pass between the gap except 

at extreme elevator angles. 

The application of the Flettner servo principle to ailerons 

has been suggested and a recent R.& i. No. 1262* deals with this 

subject. 

The study of different tail units, with their action and in-

fluence on controllability, is a complex matter and one which 

has been confined to full scale tests on few airplanes. In or-

der that definite information can be obtained it is necessary 

for each airplane to be equipped with the special apparatus nec-

essary for the measurement df reactions and changes of attitude 

due to various control movements. It is found impossible to 

make such investigations for every airplane and, in general, an 

easy course is adopted and the test pilot's report accepted. 

Modifications are carried out in accordance with such a report. 

It is well known that two pilots flying an identical airplane 

may report quite differently regarding the merits of controls. 

Even the best reports are only statements of opinion and, as such, 

cannot be tabulated, compared, or analyzed.-______________ 

*The Application of ti'e Servo Principle to Aileron Operation, by 
A. S. Hartahorn, 1929. British Aeronautical Research Committee 
Reports and Memoranda No. 1262.
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Ailerons 

When dealing with ailerons we are treading on somewhat firm-

er ground, for none of the other control surfaces have received 

so much attention from investigators and, in consequence, there 

is no lack of reliable data. 

It has already been pointed out that high aspect ratio is 

an advantage because, for a given controlling effect, it serves 

to reduce the hinge moment. On the other hand, it is at some 

disadvantage as its inner portion is working at a small arm and 

therefore produces a correspondingly small rolling moment. For 

some reasons it would be desirable to place all the area at the 

wing tip because the ailerou would then be working on a maxiiYum 

arm and the size of surface could be reduced to a minimum. In 

fixing aspect ratio there are two extreme courses and it is usual 

to strike a compromise between these, as experience or conditions 

dictate. 

It has already been stated that the object of rudder and. el-

evator balance is to secure an approximation to zero hinge mo-

ment, but ailerons must be viewed in a different light. In this 

form of control there are two sets of surfaces operating differ-

entilly and the load on the control column is only that of the 

algebraic difference of the hinge moments on the two ailerons. 

It is always found desirable to leave a certain amount of ttfeel" 

for the pilot and. this is generally provided in such a manner



N.A.C.A. Technical Memorandum Ico. 563 	 11 

that the aileron which is ttuplt gives	 slightly increased moment 

over the Hdownu aileron. 

Reviewing various forms of aileron balance. there are illus-

trated three general types: backward. hinge, horn, and Avro. 

Typical hinge moment curves are shown plotted directly below the 

systems to which they refer. These results have been collected 

from various sources and, in most cases, they are not strictly 

comparable one with another, as the tests have been made on dif-

ferent airfoil sections. In the case of the backward hinge and 

Avro systems, a record is given o± the same system without bal-

ance and. the effectiveness of balance can be readily seen. 

It is interesting to note that for an unbalanced surface 

the hinge moment is practically independent of the airfoil angle 

of attack and the value of hinge moment becomes steadily greater 

as the aileron angle is increased. 

The backward hinge system, shown in Figure Sa is perhaps the 

best type from an aerodynamic standpoint. The aileron is mount-

ed on armS built out from the rear s par and the aileron is cut 

away in order that the arms, carrying the hinges, may extend 

some distance benind. the leading eage. For conditions of per-

fect balance it would be desirable to mount the ' hinges so that 

the axis of rotation of the aileron coincided with its center of 

pressure. Unfortunately, the center of pressure is not quite 

stationary and, furthermore, in practice, if too near an approach 

is made to complete balance, the ailerons will, under certain
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conditions, become overbalanced, and. "take charge." This remark 

apolies with equal force to all types of balance.	 When using 

the back set hinge balance it is usual to shape the nose in a

similar manner to that indicated, to prevent any part of the 

aileronprojecting above the wing. This shaping of the nose por-

tion gives more uniform balance. A series of tests on a biplane 

with airfoils of R.A.F. 15 section are recorded in R.& N. No. 

651.* The effect of varying the hinge position is shown in the 

four curves on Figure 6a. The values of hinge moment record 

the net differences on the four ailerons, in other words the net 

moment applied to the control stick. 

Setting back the hinge by .41 of the chord provides a very 

uniform moment but, unfortunately, it will be noted that the 

controls are badly overbalanced above angles of 10 degrees. 

For this particular arrangement, setting the hinge back .3 of 

the chord would seem about right and the hinge moment, for an 

lleron angle of 12 degrees, is about one-quarter of that for an 

unbalanced surface. 

A development of this method, which has received general ap-

plication, is the Frise aileron. The moving surface is of air-

foil form in cross section with a flat under surface. The ailer-

on is mounted so that, when it is turned down, the nose remains 

the aileron is' turned 

rties of Wing Ailerons, 
B. Irving and E. Ower. 
Reports and Memoranda 

screened behind the wing section, but when 

*An Investigation of the Aerodynamic Prope: 
Part II: The Balancing of Ailerons, by H. 
British Advisory Comi•ttee for Aeronautics 
No. 651, 1919. 
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up, the nose portion projects below the wing section and thereby 

increases the drag on that side. 

The horn type of .balance is showTl in Figure Gb and the hinge 

moment values for various aileron settings immediately reveals 

the disadvantages of this system. The balance, while satisfac-

tory over a range of small angles, changes suddenly and imposes 

rapidly increasing loads on the control column. This system has 

further drawbacks in that the balance is concentrated on one 

side of the aileron and this introduces an offset load which ne-

cessitates a heavier structure than that used on other forms of 

balance. The chief advantage of this method lies in the ready 

way the balance area can be varied without alteration to the 

form o structure of the fixed portion of the wings. There is no 

hard and fast rule for determining the amount of balance area 

although it has been stated that the moment of area in front of 

th hinge to the moment of area behind the hinge should be approx-

imately 1 : 6. 

The only other balance system to which detailed reference 

will be made is the Avro type. i this arrangement the balance 

surface consists of a separate plane mounted above and forward 

of the hinge. From a mechanical point of view the balance effect 

is similar to those systems already described. 

'7ind tunnel experiments show that the Avro balance is clis 

tinctly superior to all other systems with the exception of the 

back-set hinge and Frise balance. The Avro system has some con-
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structional advantage ove the Frise method in the ready manner 

in which the balance can be removed and varied. The additional 

plane adds to the parasitic resistance and one authority states 

that the increase in resistance is of the order of 5 per cent of 

the total wing drag. This increased drag together with the un-

cleanliness that such a scheme presents are possibly the reasons 

why the system has not been extensively employed. Hinge moment 

curves for this system are shown in Fiure So for 16 and 0 de-

grees incidence of the wings. The value of balanced area to 

actual aileron area shows wide variations, a mean ratio being of 

the order 1 : 10. 

As so much depends on the nature 0±' flow over the airfoil, 

balanced conditions are particularly liable to change with alter-

ations in form and thickness of the airfoil used. 

The forms of control discussed in this article do not cover 

the whole of the systems in use. Controllers of original type 

are used on the Hill Pterodactyl and the Glenny and Henderson 

Gacf1y. Floating ailerons, attached to the interplane struts 

of a biplane midway between top and bottom wings, have been used 

with some success. Definite figures of the performance and cam-

parative merits of these systems are not available, and their 

application has been limited to a few experimental airplanes. 

One of the difficulties associated with the development of 

full-scale control surfaces from wind tunnel tests lies in the
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flexible structure of the wings. In some instancee a wing and 

aileron which has proved stable in the wind •tunnel has exhibited 

flutter tendencies when sub:ject to full-scale tests. In view 

of these dangers it is not usual to provide the maximum balance 

indicated from the wind tunnel tests.
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Figs.1,2. 
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Fig.2 Five typical tail units showing different types 
o± rud1er and. elevator balance.
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Figs.3,4 

Fig.3 The principle of operation of a Flettner type servo 
rudder.

Servo angle reauired to0hold

Main rudder over 10 

10 
F-i 

0 

'riCO 

F-i 

obo	 ° 

F- :'d 
CD - 

CD	 4 
0 

hD

0

r	 TT T J 

Rudf1er 
icvc_aI3B.. 

rea
a 

.05	 .1	 .15	 .2	 .25 
Position naain rudder hinge 

Servo angle required to hold 

10	 rude gv2CQ,
)5 

F-i 

Chord main rudder	 8 

TJW

: 

CD 

ci) 
H 

on

0
.05	 .1	 .15	 .2	 .25 

Fige.4 Position main rudder hinge. 



*	 -r 
-2	

_2	 -10	 -14	 -18 
Aileron angie(i-erees) 

2.0 

C\2
0 
H15 

1.0 

0 
E 
o 

0

-5

c	 L	 '/ 
Aileron	 pect	 0 5 

Pc sitio of nge / 
a frac ion A 
iorf oino e/ _____ 

0/ .17/ 

/ __ _
/	 ,.. 

____'i 

412 

______________
I
______________

J ____

N.A.C.A. Tecmical Momoraniuna !o.563
	

Fis.5,6a 

uiter closing gap 

Fig.5 Dorni3r DoX balance. 

Fig .6 a



Ratio Aileron area to 

In6idenc,0° 
A1erons unba ce4 

7/ ___ ___ ___ 7Z__ 

vith1alanc 

a	 roin. area to balanc 
e a 

Al
mc: 

Leron
dence, 
unba

16 
ay.áed /

— -_/// 
/ \Aleron with 

'balace.

2.( 

0 
H 

)( 

U) 
E 
0 
E 5 
ci) 

•r-I 
t:	 o 

-.5 

C'.)
0 
H 

+' 

ci) 
C-

0 
E 

ci) 
bD

0 

-.5

N .A .0 .A. Technical Memoranxm No.563
	

Figs .Bb, Bc 
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