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original patent but forms no part of this reissue speci?i 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention pertains to steering mechanisms for diri 
gible craft such as automatic pilots for aircraft. This 
invention is an improverient in the automatic steering 
mechanisrn for an aircraft as disclosed in an application 
of Otto Hugo Schuck and Ross C. Aiderson, Serial Num 
ber 792,560 filed December 18, 1947. 

in the type of Steering mechanism exemplified by the 
aforesaid application, the displacement of the control sur 
face which steers the craft is proportional to the magni 
tude cf the deviation of the aircraft from a desired posi 
tion. Such steering mechanism is known as a proportional 
control systern. There is undesirable effect present in 
Such a proportional System. In such system the magni 
tude of control surface displacement is the same regard 
less of the speed of the craft oil which the steering mecha 
nism is mounted. When an aircraft deviates from a 
desired positica, the control surface is displaced to pro 
vide a righting moment to the aircraft, the righting mo 
ment depending on the magnitude of the deviation and 
controlled thereby. 

in a proportional steering mechanism, as disclosed in 
the aforesaid application of Schuck and Alderson, the 
amount of control surface displacement for the same mag 
nitude of deviation from a normal position is approxi 
mately the same irrespective of the air speed of the craft. 
A displaced control surface results in a righting moment 
being applied to the craft to restore it to its normal posi 
tion. The righting mcment resulting from a displaced 
control surface is a function of the speed of the craft and 
also the magnitude cit control Surface displacement. It 
is desirable that the righting moment applied to the de 
viated aircraft be approximately constant over a consider 
able range in air speed. In order for the righting Inoment 
to be approximately constant it is necessary for the con 
trol surface to be displaced a smaller amount from its 
normal position for higher air speeds than for lower 
air speeds where the magnitude of deviation is the 
same. A proportional system does not provide for 
this variation in control Surface displacement with air 
speed for the same deviation. 
An object therefore cf my invention is to modify the 

position of a control surface in a preportional automatic 
steering systein in accordance with the force on such dis 
placed control surface. 

Another object of my invention is to provide a novel 
automatic steering apparatts in which the magnitude of 
displacenaert of a control surface is affected by the force 
applied to such control surface. 
A further object of my invention is to provide a novel 

automatic steering apparatus for an aircraft having a 
balanceable electrical circuit for controlling the actuat 
ing means for the control surface with the balance of 
said control circuit being affected by the force applied 
to the actuating means. 

10 

5 

20 

25 

30 

35 

40 

45 

50 

60 

70 

2 
A further object of my invention is to provide a novel 

automatic steering apparatus for an aircraft having a 
balanceable control circuit which controls the operating 
means for a control surface which balance is affected by 
the moment applied to such control surface by the me 
diurn in which the craft moves and said apparatus includes 
positioning means for a trim tab associated with the 
control surface which is positioned in proportion to the 
moment applied to such control surface. 
The above and further objects and novel features of 

the invention, as well as advantages of its arrangement, 
will more fully appear from the following detailed descrip 
tion when the same is read in connection with the accom 
panying drawing. 
The drawing consists of a single figure which is a 

diagrammatic arrangement of my improved steering appa 
ratus for an aircraft. 

In the drawing, a main control surface 10, which may 
be the elevator rudder or an aileron of the aircraft, is 
operated by cables 11 extending from a cable drum 12. 
The cable drum 12 is operated through means to be 
described by a servomotor 14. The servomotor 14 is 
controlled by an amplifier 15 and is electrically connected 
thereto for this purpose. The amplifier 15 has ter 
minals 18, 19 which may be connected to the ship's 
supply or an inverter, not shown, of the aircraft. The 
terminals 6 and it of the amplifier 35 constitute the 
signal input terminals. The direction of rotation of 
servomotor 14 depends upon the phase relation between 
the signal voltage across the terminals 16, 17 and the 
voltage across terminals 18, 19. The amplifier-Servo 
motor combination, for example, may be of the type dis 
closed in United States Patent 2,425,734, dated August 
19, 1947, in the name of Willis H. Gillie et al. A signal 
input.circuit connected to input terminals 16, 17 of ampli 
fier 15 comprises lead 20, vertical gyro-manual trim vari 
able impedance network 21, lead 34, rate gyro-servo 
balance variable impedance network 36, lead 49, control 
surface hinge moment variable impedance network 50, 
lead 69, to ground and to the grounded terminal 17 of 
amplifier 15. 
The variable impedance network 2 comprises a ver 

tical gyro operated potentiometer 22, a manual trim 
potentiometer 23, and a transformer 24. The potentiom 
eter 22 consists of a resistor 25 which is connected across 
the terminals of a secondary winding 28 cf transformer 
24. The transformer 24 has a primary winding 29 which 
may be connected to the ship's supply or an inverter, not 
shown, of the aircraft. A wiper 26 of potentiometer 27 
is adjustable over the resistor 25 and is operatively con 
nected to a vertical flight gyro 27. 
The vertical gyro 27 is of the type well known in the 

art having generally a rotor mounted in a casing-for 
rotation about a vertical spin axis and said casing is 
supported in a horizontal gimbal ring which in turn is 
pivotally mounted on a horizontal axis at right angles 
to the axis of support of the gyro casing in the gimbal 
ring. The gyro 27 is so positioned in the aircraft that 
upon movement of the aircraft about its pitch axis the 
wiper 26 moves with respect to the resistor 25. 
The potentiometer 23 includes a resistor 30 which is 

connected across the terminals of secondary winding 28 
in parallel to resistor 25, the potentiometer 23 including 
a wiper 3: which is operatively connected to a man 
ually adjustable trim knob 32. Lead 20 extends from 
input terminal 16 of amplifier 15 to the wiper 26 of the 
vertical gyro potentiometer. It is now evident that the 
network 21 is in the form of a Wheatstone bridge with 
the wipers 26 and 31 constituting the output members 
of the bridge. In normal position, these wipers are at 
the electrical centers of their respective resistors 25, and 
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30 so there is no potential difference between the wipers; 
and the bridge, consequently, has no output with the 
wipers as thus positioned. 

Impedance network 36 consists of a rate gyro operated 
potentiometer 37, a servomotor operated potentiometer 
41, a voltage divider potentiometer 45, and a transformer 
44. Potentiometer 37 consists of a resistor 38 which is 
connected across secondary winding 48 of transformer 
44. A wiper 39 of potentiometer 37 is operatively con 
nected to a rate gyro 40. 
The rate gyro 40 is of the type well known in the 

art having a rotor whose spin axis is mounted in a gimbal 
ring which ring in turn is trunnioned on an axis at right 
angles to the spin axis. Movement about the axis of 
the ring is restrained by springs or other suitable means 
so that the axis of the ring constitutes the axis of pre 
cession of the gyro. The magnitude of deflection about 
the axis of precession is a measure of the rate at which 
the gyro is turning about an axis perpendicular to the 
Spin axis and the axis of precession. 

Potentiometer 41 includes a resistor 42 which is con 
nected across the ends of secondary winding 48 in paral 
lel to resistor 38. A wiper 43 of potentiometer 41 is 
operatively driven through suitable operating connections 
52 by the servomotor 14. 

Potentiometer 45 includes a resistor 46 which has one 
end connected to a center tap of secondary winding 48 
and has its other end connected to wiper 43 of po 
tentiometer 41. A slider 47 of potentiometer 45 is man 
ually adjustable over the resistor 46. 
The transformer 44 has the same primary winding 29 

as transformer 24 since the several secondary windings 
of the various networks may have a common primary 
winding. A lead 34 extends from wiper 31 of the man 
ually operable trimmer potentiometer 23 to the wiper 
39 of the rate gyro potentiometer 37. 
The impedance network 50 comprises an elevator 

hinge moment potentiometer 53 having resistor 54 and 
an adjustable wiper 55, a voltage dividing potentiometer 
having a resistor 65 and an adjustable tap 66, and a 
transformer 67 having a secondary winding 68 and a primary winding 29. 
The resistor 54 is supported in insulated relation from 

cable drum 12 by the arms 56, 57. A lead 61 extends 
from one end of resistor 54 to one end of secondary 
winding 68. A lead 62 extends from the opposite end 
of resistor 54 to the remaining end of secondary wind 
ing 68. A lead 60 extends from wiper 55 to one end of 
resistor 65 of the voltage dividing potentiometer 64. 
A lead 63 extends from the remaining end of resistor 
65 to a center tap of winding 68. The lead 69 connects 
the center tap of secondary winding 68 to ground. The 
lead 49 connects the adjustable tap 47 of potentiometer 
45 to the adjustable tap 66 of potentiometer 64. 
Wiper 55 of the hinge moment potentiometer 53 is 

carried by an output shaft 59 of servomotor 14. The 
cable drum 12 which supports the resistor 54 is driven 
by the output shaft 59 by means of a resilient trans 
mitting element illustrated by a spiral spring 58. One 
end of spring 58 is connected to the shaft 59 and the 
other end of spring 58 is connected by suitable means 
to the cable drum 12. 
When servomotor 14 operates the shaft 59 and cabies 

11 to position the elevator 10 in the air stream, the air 
stream in turn applies a resistive moment to the elevator 
10. This resistive moment on the elevator 10 is applied 
through the elevator cables 11 to the drum 12. Due 
to the presence of the resilient transmission element 58 
between the servomotor shaft 59 and the drum 12, the 
drum may have a relative displacement with respect to 
shaft 59. The relative displacement of the drum and 
shaft depends upon the resistive moment applied to the 
elevator 10. Since the wiper 55 is carried by the shaft 
and the resistor 54 is carried by the cable drum 12, the 
wiper 55 and the resistor 54 will also have a relative 
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4. 
movement depending upon the resistive moment applied 
by the air stream to the elevator 10. The relative dis 
placement of wiper 55, with respect to resistor 54, is a 
measure of the resistive moment applied on the elevator 
10 and is also a measure of the effort being developed 
by the servomotor 4. 
An elevator trim tab 70 is mounted on a shaft 71 

carried by the elevator 19. A sheave 72 is carried by 
the shaft 7 and from this sheave extend operating cables 
73 which are operated, for example, from an inner sheave 
7i of a double pulley 76. The pulley 76 is loosely car 
ried by a shaft 84 which supports the elevator 10 for 
rotation in a manner well known. An outer sheave 75 
of the double pulley 76 receives cables 77 which extend 
from a single pulley 78. The pulley 78 is driven by an 
output member 83 of a compensating differential 80. 
The compensating differential 80 may be of any well 

known type having two input arms 8 and 82 and a 
middle arm 83 which drives the pulley 78. The input 
arm 82 carries a sheave 85 which is operatively driven 
through cables 86 and sheave 37 from the shaft 84 which 
carries the elevator 10. The arm, 81 is driven through 
a reduction gear train 90 from a trim tab motor 91. 
The motor 91 may be a capacitor type induction motor 

having a rotor 92 which coacts with two field windings 
93, 94. One end of winding 93 is connected to one side 
of line 100 and the other end of winding 93 is connected 
through a capacitor 95 to the other side of line 100. 
Line 108 may be connected to the ship's supply or an 
inverter not shown. Winding 94 of motor 9 is con 
nected across the output terminals 97, 98 of an ampli 
fier 96. 

Amplifier 96 includes power input terminals 01, 102 
which are connected to the line 100 and signal input ter 
minals 103, .04. The direction of rotation of motor 91. 
depends upon the phase relationship between the voltage 
across the signal input terminals i03, 104 and the voltage 
across the winding 93 of motor 91. The amplifier motor 
arrangement may be similar to that disclosed in a United 
States patent to Taylor 2,388,350. Signal input terminal 
103 is connected by means of lead 106 to the center tap 
of secondary winding 68. Signal input terminal 104 is 
connected by means of leads 105, 60 to the wiper 55 of 
the hinge moment potentiometer 53. 

Having described the component parts of my apparatus 
and the interrelationship of these parts whereby they form 
an automatic steering mechanism, the operation of the 
steering mechanism will be considered. 

Operation 
The operation of the automatic steering mechanism is 

considered with respect to the departure of the control 
components of the steering mechanism frcin a datum. 
When the aircraft, on which the mechanism is mounted, 
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is at the datum point or point of reckoning, the impedance 
network 21 is in balanced condition, that is to say, wiper 
26 and wiper 31 are at the electrical centers of their re 
spective resistors 25 and 30 with no difference of potential 
between them. In the impedance network 36 the wiper 
39 is at the electrical center of resistor 33 and the wiper 
43 is at the electrical center of resistor 42 at which time 
they have the same potential as the secondary winding 48 
of transformer 44. In the impedance network 50 the 
wiper 55 is at the electrical center of resistor 54 and is at 
the same potential as the center tap of secondary winding 
68. The elevator 10 and the trim tab 70 are in their nor 
mal or streamlined positions. Adjustable taps 47, 66 may 
be moved to approximately the mid position of resistors 
45, 65 as shown. 

If the aircraft is on the ground but at the attitude as 
sumed by the aircraft at the datum point, and should it 
be observed that the elevator () is not in its normal posi 
tion, it may be placed in such position by a manual ad 
justment. To effect this adjustment, the manual trim knob 
32 is operated in one or the other directions depending 
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upon the departure of the elevator 10 from its normal posi 
tion. This operation of the trim knob 32 causes the wiper 
31 to be displaced from its normal position to unbalance 
the network 21; a signal is thus generated or derived be 
tween the wiper 31 and wiper 26 which is applied across 
the input terminals 16 and 17 of amplifier 15. The ampli 
fier 15 causes the operation of servomotor 14 which, 
through the cables moves the elevator 10 to its normal 
position. The servomotor f4 through the follow up 52 
also adjusts the wiper 43 of the follow up potentiometer 
41. The wiper 43 is no longer at the potential of the 
center tap of secondary winding 48 so that a voltage is 
applied across the voltage dividing potentionaeter resistor 
46. The wiper 43 is positioned until the voltage between 
the upper end of resistor 46 of the voltage dividing po 
tentiometer 45 and the adjustable tap 47 of the potentiom 
eter is equal and opposite to the voitage across the wipers 
31 and 26 of network 21. With the input circuit in bal 
anced condition the servomotor 14 no longer operates. 
The aircraft may now be assumed to be in flight at its 

normal attitude. Since the various impedance networks 
are supplied with alternating voltage, it is assumed under 
the half cycle under consideration that the right end of 
secondary windings 23 and 48 are positive with respect 
to their left ends and that the upper end of secondary 
winding 68 is positive with respect to the lower end. 

Should a transient disturbance be applied to the aircraft 
to cause the front of the aircraft to tilt downwardly about 
the pitch axis, the vertical gyro 27 in response to this 
downward tilt moves the wiper 26 to the right with respect 3 
to resistor 25. The rate gyro 40 also responds to the rate 
of movement of the aircraft about the pitch axis and also 
moves wiper 39 to the right with respect to the resistor 
38. The input circuit to amplifier 5 is thereby un 
balanced which operates and causes the servomotor 4 
to rotate counterclockwise thereby to raise the elevator 
10. The servomotor 14, through its follow up connection 
52, positions the wiper 43 toward the right end of resistor 
42 to generate a voltage between wiper 43 and the second 
ary winding of 48 which is applied across the voltage di 
viding resistor 46. The voltage between the wiper 47 and 
the upper end of resistor 46 is in opposition to the signal 
derived from the vertical gyro 27 and the rate gyro 40. 
As the elevator 10 is being raised the air stream applies 
a resistive force to the elevator 10 whereby a hinge mo 
ment of the elevator about its shaft 84 is developed. This 
hinge moment on the elevator 10 resists the rotation of 
servo cable drum 12. Due to the resilient connection 58 
between the cable drum 12 and the shaft 59, the shaft 
driven wiper 55 is displaced with respect to the resistor 
54 so that the wiper is moved toward the lower end of 
resistor 54. The wiper 55 is now negative with respect 
to the center tap of secondary winding 68. The upper end 
of voltage dividing resistor 65 is therefore negative with 
respect to the center tap since it is connected by means 
of lead 62, wiper 55. The lower end of dividing resistor 
65 is positive, therefore, with respect to the upper end. 
The tap 66 may be adjusted along the resistor 65 to select 
any desired portion of the voltage between wiper 55 and 
the center tap of winding 68. The servomotor 14 con 
tinues to rotate until the voltage between wiper 47 and 
the lower end of resistor 46 plus the voltage between tap 
66 and the lower end of resistor 65 is equal but opposite 
to the voltage obtained from the impedance network 21 
due to the movement of vertical gyro 27 and the voltage 
between the rate potentiometer wiper 39 and the center 
tap of secondary 48. 
The disturbance, as stated, was transient or momentary 

in character. Although the hinge moment potentiometer 
53 generated a signal by neans of the relative displace 
ment of wiper 55 and resistor 54 which was applied to 
the amplifier 96 resulting in the operation of trim tab 
motor 91 yet since the motor 91 operates through a reduc 
tion gear train 90 the trim tab 70 is not appreciably posi 
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6 
tioned during transient disturbances because of the high 
gear ratio in gearing 90. The purpose of providing the compensating differential 
80 will now be apparent. As stated, the high ratio in gear 
ing 90 during transient conditions results in no appreciable 
movement of the input member 81 of differential 80. It 
is evident that if gearing 90 directly operated the double 
sheave 96 and were the elevator 10 moved toward the 
raised position as during the operation described that the 
sheave 76 would be held against rotation while the eleva 
tor it moved in the upward direction. This would result 
in a lowering of the trim tab or in a movement of the 
trim tab 70 toward the left from its position as shown. 
In order that the trim tab not be moved during this oper 
ation of the elevator, a compensating effect is provided 
by the differential 80 whereby the elevator shaft 84 
through the second input member 82 causes a rotation of 
the output member 83 which compensates for the move 
ment of the elevator and maintains the trim tab 70 in its 
proper position with respect to the elevator 10. 
The restoring moment applied to the aircraft as the 

result of the upward movement of the elevator 10 causes 
the aircraft to move toward its normal position or the 
datum point. The vertical gyro 27 moves its wiper 26 
toward the center of resistor 25. Since the aircraft is 
moving in a direction about the pitch axis opposite to that 
when it was subject to the transient disturbance, the rate 
gyro operated wiper 39 is to the left of the electrical cen 
ter of resistor 38. The input circuit of amplifier 15 is 
now unbalanced. This unbalance, at this time, produces 
a signal voltage of opposite character than the initial char 
acter of the unbalance signal to amplifier 15. The servo 
motor 14 therefore rotates in an opposite direction tend 
ing to return the elevator 10 toward its normal position. 
The servomotor 14 rotates and drives the follow up poten 
tiometer 43 toward the left or toward the center of resistor 
42. Since the elevator is moved toward its normal posi 
tion there is less force of the air stream on the elevator 10 
and consequently the hinge moment signal derived from 
potentiometer 53 is being decreased since wiper 55 is being 
noved by Spring 58 toward the center of resistor 54. 
When the aircraft regains its original position the 

vertical gyro operated wiper 26 is again at datum, the rate 
gyro operated wiper 39 is at datum, and the follow up 
wiper 43 and the wiper 55 of the hinge moment poten 
tiometer 53 are also at their normal positions. The auto 
matic steering mechanism thus maintains or restores the 
aircraft to its original attitude following the action of a 
transient disturbing condition. 

It is evident that if the transient condition were such 
as to cause the raising of the front end of the aircraft 
that the aircraft by means of the steering mechanism 
would also regain its original attitude by the application 
of down elevator ratiher than an up elevator as in the 
disturbance described. It is evident that the voltage dividing potentiometers 
45 as associated with the follow up potentiometer 41 and 
the hinge moment potentiometer 53 with its voltage divid 
ing potentiometer 64 provide an arrangement whereby 
the elevator it is positioned smaller amounts when 
the hinge moment, due to higher air speeds is larger than 
when the hinge monent due to smaller air speeds is less. 
it is further evident that by positioning the adjustable 
taps 47 and 66 that the operation of the input circuit of 
amplifier 5 may vary from a pure proportional operation 
to one depending solely upon the hinge moment being 
applied to the elevator. For example, with the adjustable 
tap 66 moved toward the lower end, as shown, of resistor 
65 and the adjustable tap 47 moved toward the lower end, 
as shown, of resistor 146 the input circuit of amplifier 
15 is only balanced when the servomotor 14 has positioned 
wiper 43 with respect to resistor 42 in accordance with any 
existing unbalancing signal. The actual elevator position, 
however, is less than the proportional displacement of 
servomotor shaft 59 due to the resilient driving connection 
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58 between the shaft 59 and the cable drum 12. The 
actual balance of the input circuit to amplifier 15, how 
ever, is not now affected by the hinge moment or force 
being applied to the elevator 10 by the air stream. 

If the adjustable tap 47 is moved to the upper end, as 
shown, of resistor 45 in the figure and the adjustable tap 
66 is moved toward the upper end, as shown, of resistor 
65 in the figure, then the input signal of amplifier 15 is 
only balanced by the output of the hinge moment poten 
tioneter 53. The output of this potentiometer depends 
upon the righting movement being applied to the aircraft 
by the elevator or to the hinge moment being applied to 
the elevator. The moment on elevator 10 varies with the 
speed of the aircraft as well as the displacement of the 
craft from datum. The righting moment provided by the 
displaced elevator is thus maintained constant as less 
elevator displacement is incurred for the same departure 
from datum as the air speed increases. That is to say, 
the balancing signal provided by the hinge moment poten 
tionmeter 53 is the same when the hinge moment is constant 
and this potentiometer thus controls the servomotor 14 
through the network of amplifier 15 to decrease the 
amount of displacement of elevator 10 as the air speed 
increases. 
With the taps 47 and 66-at the upper end of resistor 

45, and 65, as stated, the apparatus will maintain the 
attitude of the craft as desired despite the presence of a 
continuous disturbance. The operation of the steering 
mechanisrin will thus be considered when a continuous 
rather than a transient disturbing moment is being applied 
to the aircraft. This disturbing moment may, for ex 
ample, be the resuit of a change in the position of the 
center of gravity along the longitudinal axis of the air 
craft. If the center of gravity moves toward the front 
of the aircraft, the front of the aircraft will move down 
wardly about the pitch axis. The vertical gyro and the 
rate gyro will move their respective wipers toward the 
right as in the case of the transient disturbance described 
whereby the input circuit of amplifier 15 is unbalanced 
causing the operation of servomotor 14 to move the 
elevator 10 in an upward direction. This movement of the 
elevator by the servomotor is followed by the movement 
of the rebalancing potentiometer wiper 43 which now 
has no effect on the signal circuit and the movement of 
wiper 55 of the hinge moment potentiometer with respect 
to resistor 54 which latter potentiometer balances the 
amplifier input circuit. Under the righting moment of 
the applied elevator the aircraft moves toward its original 
position. The wiper 26, controlled by the vertical gyro 27, 
for purpose of analysis, does not immediately return to its 
center position on resistor 25 since the mechanism must 
provide a partial displacment of the elevator to counteract 
the continuous disturbing moment being applied to the air 
craft. In other words, the attitude of the aircraft has 
altered to provide a sufficient displacement of the elevator 
10 to compensate for the continuous disturbing moment 
being applied to the aircraft. 
The wiper 55 of the hinge moment potentiometer 53 

is displaced toward the lower end of resistor 54 as shown, 
due to the compensating position of the elevator 10. This 
continuous displacement of wiper 55 with respect to re 
sistor 54 cases a signal to be applied to the amplifier 
96 which causes the trim tab motor 91 to operate through 
the gearing 90 and differentiai 8), sheave 78, double 
pulley 76, and cable 73 to position the trim tab 70 in a 
downward direction. The positioning of the trim tab 70 
downwardly resuits in an upward moment being applied 
to it from the air stream, which moment tends to oppose 
the downward moment being applied to the elevator 10 
by the air stream. The force on the main elevator cables 
11 thereby decreases and the resilient connection 58, 
moves the resistor 54 counterclockwise toward its normal 
position with respect to wiper 55. The hinge moment 
potentiometer 53 therefore generates a smaller signal 
which results in the unbalancing of the input circuit to 
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8 
amplifier 5. The amplifier 35 causes the servomotor 14 
to rotate further in a counterclockwise direction thereby 
moving the elevator i0 to a greater upward angular dis placement. 
The operation of the mechanism is continuous. The 

increased angular displacement of the elevator 10 re 
sults in a balancing signal being provided by the hinge 
moment potentiometer 53 to the input circuit of am 
plifier 15. This signal from the potentiometer 53 also 
in turn causes further operation of the slowly moving 
citerating means for the trim tab 70 which decreases the 
hinge moment potentiometer signal. The further posi 
tioning of the elevator 10 results in restoring the air 
craft to its normal attitude. At this time the wiper 26 
is at the electrical center of resistor 25 and the wiper 55 
of the hinge moment potentiometer 53 is at the electrical 
center of resister 54. The moment being applied to the 
elevator 8 is counterbalanced by the moment in an oppo 
site direction derived from the trim tab 70. The normal 
attitude is inaintained by the craft despite the continuous disturbing moment. 

It is now evident that I have provided an automatic 
steering mechanism for an aircraft which includes novel 
means for governing the extent of control surface dis 
placement in accordance with the reactive force or re 
active moment of the air stream on such displaced con 
trol surface so that the control surface displacement is 
modified with air speed. In this novel steering mecha 
misim, have also provided for the automatic trim of an 
aircraft by associating with the means responsive to the 
reactive racment of the air stream on a displaced control 
surface an automatic trim tab positioning device for po 
sitioning the trim tab to compensate for the reactive mo 
ment on the control surface. 
Although but one embodiment of the invention has 

been illustrated and described, various changes and modi 
fications in the form and relative arrangement of the com 
ponents of the embodiment, which will now appear to 
those skilled in the art, may be made without departing 
from the scope of the invention. Reference may be made 
to the appended claims for a definition of the limits of the invention. 

I claim as my invention: 
1. Control apparatus for an aircraft having a control 

surface, said apparatus comprising: a vertical gyro; means 
for generating a first signal upon tilt of said gyro about 
one axis; control surface power means; follow-up means 
operated by said power means for generating a second 
signai; means responsive to the force developed by said 
power means in positioning said control surface for gen 
erating a third signal; means for combining said signals; 
and means controlled by said combining means for operat ing said power means. 

2. Control apparatus for an aircraft having a control 
Surface, said apparatus comprising: Ineans responsive to 
a condition for deriving a first signal proportional to the 
magnitude of said condition; control surface power means 
for deriving a second signal proportional to the magni 
tude of movement of said power means; means for select 
ing a portion of said second signal; means for deriving a 
third signal proportional to the reactive force of said 
control surface on said power means; and combining 
means controlled by the first, third and the selected por 
tion of said second signal and adapted to control said 
power means whereby selecting various portions of said 
second signal modifies the extent of control surface move rent. 

3. Control apparatus for an aircraft having a control 
surface provided with a trim tab comprising: attitude re 
sponsive means; means for deriving a signal in propor 
tion to the magnitude of movement of the attitude means 
about an axis; control surface power means; means for 
deriving a signal proportional to the reactive force be 
tween said control surface and said power means; means 
for combining said attitude signal and said power means 
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signal and operatively controlling said power means; trim 
tab power means; operating means for said trim tab 
power means; and means for connecting said operating 
means to said power means signal deriving means, where 
by positioning of said trim tab removes said reactive force 
and permits said attitude means to restore the craft to 
original position. 

4. Control apparatus for an aircraft having a control 
surface provided with a trim tab, said apparatus com 
prising: control surface power means; trim tab motor 
means; craft position responsive means; control means 
for said power means and operated by said responsive 
means; follow-up means driven by said power means, 
means responsive to the effort developed by said power 
means, said follow-up and said effort responsive means 
operating said control means in opposition to said craft 
position means; and means for controlling said trim tab 
motor means and also operated by said effort responsive 
caS. 
5. Control apparatus for an aircraft having a control 

surface, said apparatus comprising: position responsive 
means; control surface power means; control means for 
said power means; means for generating an electrical sig 
nal in proportion to the movement of said responsive 
means from a predetermined position and operating said 
control means; means responsive to the effort developed 
by said power means for generating an electrical sig 
nal for said control means in opposition to said signal 
from said position responsive means; and automatic trim 
means also responsive to said effort signal for removing 
the load on the power means and thereby reducing said 
effort signal to thereby cause further operation of said 
control means from said position responsive signal means. 

6. Control apparatus for an aircraft having a control 
surface, said apparatus comprising: position responsive 
means; power means; control surface operating means 
driven by said power means; control means for operating 
said power means; means operated by said responsive 
means for generating a signal to effect operation of said 
control means; means responsive to the effort applied to 
said operating means for generating a signal for said 
control means in opposition to said position responsive 
means signal; a trim tab power means having a slow re 
sponse; and means for controlling said trim tab power 
means from the operating means signal generating means 
to reduce the magnitude of said signal from said operat 
ing means. 

7. Control apparatus for an aircraft having a control 
surface, said apparatus comprising: a power means; means 
on said aircraft for deriving a first signal in proportion 
to change of position of said aircraft to effect operation 
of said power means; means for operating said control 
surface and driven by said power means; means actuated 
by said operating means to derive a second signal in pro 
portion to the effort applied to said operating means 
fo opposite said first signal; and means also responsive to 
said second signal for reducing the effort applied to said 
operating means to thereby modify said second signal. 

8. Control apparatus for an aircraft having motor 
means for changing the attitude of said craft, said ap 
paratus comprising: control means for reversibly operat 
ing said motor means; a balanceable network connected 
to said control means and causing operation thereof upon 
unbalance of said network, said network including three 
signal generators for affecting said balance; means for 
operating one of said generators to effect operation of 
said motor means; follow-up means driven by said motor 
means in proportion to its extent of movement for oper 
ating a second signal generator; and means operated in 
proportion to the force opposing said motor means for 
adjusting a third signal generator, whereby when no 
opposing force is applied to said motor said network is 
rebalanced by said follow-up means. 

9. Control apparatus for an aircraft having motor 
means for operating a control surface for changing the 
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10 
attitude of said craft, said apparatus comprising: control 
means for reversibly operating said motor means; a bal 
anceable network connected to said control means and 
causing operation thereof upon unbalance of said net 
work, said network including a plurality of signal genera 
tors for affecting said balance; means for operating one 
generator to effect operation of said motor means; follow 
up means driven by said motor means in proportion to 
its extent of movement for operating a second signal gen 
erator; and means operated in proportion to the force 
opposing said motor means for adjusting a third signal 
generator, means for varying the signal from said third 
generator applied to said network whereby movement 
of said control surface proportional to the operation of 
said first signal generator is obtained. 

10. Control apparatus for an aircraft having motor 
operated means for changing the position of said craft 
about an axis, said apparatus comprising: control means 
for reversibly operating said motor; a first signal means 
for initiating operation of said control means; a second 
signal means operated in proportion to the extent of 
movement of said motor; a third signal means operated 
in proportion to the force opposing operation of said 
motor; signal combining means connected to said signal 
means and electrically connected to said control means; 
and means for opposing the effect of said first signal on 
said control means by either said second or said third 
signals. 

II. A follow-up control for automatic pilots having a 
servomotor, comprising primary signal means for operat 
ing said motor, means for producing a second signal 
in accordance with a function of the torque output of 
said motor, means for producing a third signal in accord 
ance with a function of the displacement of said motor 
from normal, means for combining said second and third 
signals, and means for feeding said combination as an 
input to said motor in opposition to said primary signal. 

12. A follow-up control for automatic pilots having a 
motor, comprising signal means for operating said motor, 
means for producing a signal in accordance with the 
torque output of said motor, means for producing a signal 
in accordance with the displacement of said notor from 
normal, and means for feeding said latter two signals to 
said motor in opposition to the signal of said operating 
es. 
13. In a control system wherein a controlled member 

is positioned by a servomotor in response to an error 
signal, a feed-back loop for the servomotor including 
means generating a countersignal proportional to torque 
exerted on the controlled member, and means generating 
a further countersignal proportional to the displacement 
of the controlled member as it is moved by said servo 
motor under the influence of the aforesaid combined 
signals. 

14. In a control system for a craft having a controlled 
member positioned by a servomotor in response to an 
error signal that is proportional to a departure of the 
craft from a predetermined attitude, a feed-back loop for 
the servomotor including means generating a signal pro 
portional to the torque exerted on the controlled mem 
ber, and means generating a signal proportional to the dis 
placement of the controlled member, said torque signal 
and said displacement signal being connected to oppose 
said error signal, whereby said error signal is effectively 
eliminated as the craft reaches the described attitude, 

15. In a control system for a craft having a directional 
reference means and means for generating a primary con 
trol signal in accordance with departure of a craft from 
the direction established by said directional reference 
means, a servomotor connected to position a craft control 
surface member in response to said primary signal, means 
generating a signal proportional to the displacement of 
the controlled member, means generating a signal propor 
tional to the torque of the controlled member, said last 
two signals being connected to wipe out said primary 
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signal as the craft approaches the direction established by 
said directional reference means. 
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