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AIRPLANE INSTRUMENT FOR FURNISHING A 
BIAS SIGNAL TO OFFSET THE EFFECTS OF 

, FORWARD COMPONENTS OF GUSTS DURING 
, LANDING APPROACH 

Leonard M. Greene, Chappaqua, N.Y. 10514 
Filed Mar. 4, 1965, Ser. No. 437,055 

25 Claims. (Cl. 244—77) 

- This invention relates to an airplane instrument for fur 
nishing a bias signal to offset the effects of forward com 
ponents of gusts during landing approach. 

Shifting winds or gusts cause ?uctuations in the instan 
taneous air speed of an airplane. For example, a head 
gust, Le, a sudden rearwardshort term increase in the 
speed of a local air mass relative to an airplane, increases 
the instantaneous air speed of the airplane. Just prior to 
the incidence of the gust the airplane in smooth air has a 
certain instantaneous forward air speed relative to the 
moving or stationary local air mass, to which upon the 
occurrence of the head gust is added the sudden rearward 
increase in the speed of the local air mass. Since such a 
gust enhances air speed, it, is referred to as a “positive" 
gust. A tail gust, on the other hand, constitutes a sudden 
forward short term increase in speed of the local air mass 
and hence decreases the air speed of the airplane. Ac 
cordingly, it is referred to as a “negative” gust. It is the 
fore-and-aft (relative to an airplane) component of any 
gust that has such a positive or negative effect on the air 
speed of the airplane. 

During a landing approach when an airplane is ?ying at 
an air speed‘ or lift value which is low, in order to obtain 
a desirable low landing speed, but yet is safely above the 
minimum air speed or lift value necessary to maintain the 
airplane in ?ight, or correspondingly, when the airplane is 
?ying at a desirable angle of attack, which is high for the 
purpose of enabling operation at a desirable low landing 
speed, but yet is safely below the maximum angle of at 
tack at which stall would occur, a negative gust, which is 
to say, a gust having a negative component, creates a 
problem in that it momentarily, for the duration of the 
gust, tends to give rise to too low'an air speed or lift 
value, or too high an angle of attack. Such tendency must 
be overcome by the application ‘of a higher level of power, 
i.e., an advance in throttle setting, so as to keep the air 
speed, lift valuev and angle of attack at safe desirable 
levels at all times throughout a landing approach. A con 
sequent disadvantage is that the amount of power increase 
required to nullify the ?uctuation in air speed or lift value 
or angle of attack is excessive and the ensuing surging‘ of 
the engines is both uncomfortable and unsafe. 
At present, an airplane pilot, in order to avoid engine 

surging, which arises from throttle compensation for gusts 
on an individual gust basis, makes it a practice to counter 
gusts in an empirical quasi-arbitrary manner. Under con 
ditions wherein a train of gusts of random intensity, du 
ration, direction and occurrence is encountered, a pilot 
will ?y the airplane at an average speed that is somewhat 
faster than minimum safe air speed, so that negative gust 
?uctuations will not bring about a dangerous air speed, lift 
value or angle of attack. In this manner the amount of 
power manipulation that is required is considerably re 
duced. Nevertheless, this empirical solution of an arbi 
trarily selected increased speed is not satisfactory because 
it relegates the degree of overspeed to the pilot’s discretion 
which may ‘not always be accurately exercised and which 
will vary from time to time and from individual to in 
dividual.‘ ‘ i ' 

It is .a principal object of my present invention to pro 
vide an instrument which will’furnish a bias signal to off 
set the effects of negative gusts during landing approach 
which instrument will operate in a predetermined precise 
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and accurate fashion so as not to leave to pilot discretion 
the power regulation that is to be exercised to offset 
gusting. 

It is another object of my invention to provide an in 
strument of the character described which is reliable, effi 
cient and safe in operation, so that the security of air 
planes and airplane passengers may properly be entrusted 
thereto. 

It is another object of my invention to provide an air 
plane instrument of the character described which will re 
spond rapidly to the ?rst negative gust, so that the air 
speed of the airplane can be quickly increased to avoid 
the initial unsafe condition. 

It is another object of my invention to provide an air 
plane instrument of the character described wherein the 
increased speed to compensate for negative gusting is 
‘maintained smoothly so long as negative gusting prevails, 
that is to say, an instrument in which the director, i.e., 
command, signal to offset negative gusting is maintained 
for a period of time su?iciently prolonged to offset a suc 
cession of negative gusts whereby intermittent engine 
surging is avoided. 

It is another object of my invention to provide an air 
plane instrument of the character described in which once 
negative gusting has occurred and the air speed of the air 
plane has been increased to offset the effects thereof, a 
clamping level is established to which subsequent negative 
gusts are compared and wherein further increases in air 
speed will be commanded only if the negative gusting ex 
ceeds the clamping level thus tending to minimize the ef 
fect of negative gusts following an initial negative gust. 

It is another object of my invention to provide an air 
plane instrument of the character described in which the 
aforesaid clamping level is variable as a function of the 
average actual air speed or lift value or angle of attack 
of the airplane which has resulted from obeying the com 
mand signal that initially was created by the negative gust 
ing condition. . 

It is another object of my invention to provide an air 
plane instrument of the character described in which the 
increased air speed command signal is slowly reduced 
after negative gusting ceases, so that the airplane will be 
restored to normal equilibrium condition in the flight ma 
neuver that is being carried out, to wit, landing approach. 

It is another object of my invention to provide an air 
plane instrument of the character described which does 
not respond to positive gusts and therefore will not call 
for a reduction in commanded speed (director :air speed 
signal) because of a positive gust, although it will permit 
a gradual reduction in the increased air speed command 
signal after the negative gusting condition has passed. 

It is another object of my invention to provide an air 
plane instrument of the character described in whichthe 
variable clamping level substantially eliminates ?uctuat 
ing speed command signals vonce a safe average air speed 
or lift value or angle of attack has been reached. 

It is another object of my invention to provide an air 
plane instrument of the character described which con 
stitutes relatively few and simple components and which 
is light in weight and reliable in .operation. 
Other objects of my invention in part will be obvious 

and in part will be pointed out hereinafter. 
My invention accordingly consists in the features of 

construction, combinations of elements and arrangements 
of parts which will be exempli?ed in the instruments here 
inafter described and of which the scope of application 
will be indicated in the appended claims. ’ 

In the accompanying drawings in which are shown 
various possible embodiments of my invention, 

FIG. 1 is a schematic circuit diagram of an airplane 
instrument embodying my present invention for furnishing 
an air speed director signal which, inter alia, is a func 
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tion of negative gusting conditions, including both an 
initial negative gust and the integrated effect of a series 
of negative gusts; 
FIG. 2 is a diagram illustrating a modi?cation of FIG. 

1 in which the prevailing average lift condition of the 
airplane is derived from an air speed sensor instead of 
from a lift vane as in FIG. 1; 
FIG. 3 is a diagram illustrating an angle of attack 

sensor which can be used instead of the lift vane shown 
in FIG. 1; and 

FIG. 4 is a diagram illustrating another modi?cation 
of FIG. 1 in which the rate of change of air speed of the 
airplane is derived by computation from the outputs of 
sensors that are responsive to variables other than air 
speed and of which the air speed is a function, speci?cally 
vertical acceleration and lift value, rather than, as in 
FIG. 1, from the output of a sensor that is directly re 
sponsive to air speed. 

In general, I carry out my invention by providing a 
?rst means the output of which is a function of the rate 
of change of air speed and by providing a second [means 
the output from which is a function of the prevailing 
average lift condition of the airplane. 
The ?rst means may directly sense rate of change of 

air speed, or, more conventionally, it may directly sense 
air speed and by computation, to wit, differentiation, as 
with a series capacitor if the air speed is represented by 
voltage, derive the rate of change of air speed. Alterna 
tively the ?rst means may provide a rate of change of air 
speed signal that is derived by computation from the out 
puts of plural sensors that are individually responsive to 
variables other than air speed but of which air speed is 
a function. For example, air speed is a function of vertical 
acceleration and angle of attack; it also is a function of 
vertical acceleration and lift value. Hence, if sensors are 
already in place that are responsive to vertical accelera 
tion and to angle of attack or lift value, as they are on 
many airplanes, and if no sensor is in place that is re 
sponsive to air speed, rate of change of air speed can be 
obtained by combining the outputs of such plural sensors 
and by differentiation, the combining being in a proper 
proportion to yield a signal that is the equivalent of a 
signal that would be obtained by directly measuring rate 
of change of air speed (?uctuation in air speed) or by 
measuring change in air speed and differentiating the 
same. 

The second means having an output that is a function 
of the prevailing average lift condition of the airplane 
may sense any property which is related to lift condition 
and provides an output that is an average (slowly respon 
sive) function thereof. For example, the property sensed 
by the second means may be the lift value as determined 
by the position of a lift vane or the angle of attack as 
determined by the position of an angle of attack vane or 
the air speed of the airplane as determined by an air speed 
measuring device or as determined by computation from 
variables of which air speed is a function. The output 
from the second means must be nulled with respect to a 
predetermined desirable value of air speed or a predeter 
mined desirable value of lift or a predetermined desirable 
value of angle of attack, so that it is a function of the 
deviation from null. The output from said second means 
is damped, so that such output by having its speed of 
response slowed down indicates an average condition ex 
tending over at least one second and preferably a few 
seconds, for example, ?ve seconds, whereby this second 
output does not suddenly vary from moment to moment. 
Phrased differently, the output from the second means 
has a delayed response, the period of delay, i.e., the av 
eraging period, preferably being greater than the median 
gust frequency, which is about one second, so that the 
output from the second means is far less sensitive to gusts 
than is the output from the ?rst means. 
The outputs of the ?rst and second means are com 

pared in a suitable summing means, i.e., a computer, and 

5 

15 

30 

35 

40 

60 

4 
the output from such summing means is fed to an inte 
grator (a storage means) through a polarizing device 
which restricts the signals fed to the integrator to signals 
that indicate the presence of a negative gust condition for 
which a speed correction should be made. In other words, 
the signals reaching the integrator are restricted to signals 
that indicate a reduced air speed condition, this being 
equivalent to an increased angle of attack condition and 
to a stall approaching condition. The summing means is 
characterized by its ability to quickly pass a negative gust 
ing signal and the integrator is characterized by its ability 
to react quickly to a negative gusting signal issuing from 
the summing means, so that the integrator will rapidly 
furnish an output signal upon the occurrence of an initial 
negative gust. The integrator further is so constructed 
that it will tend to maintain for a prolonged span the 
condition it assumes upon receipt of the initial negative 
gusting signal, whereby it will over a period of time, 
such for instance, as a minute or two, supply 1a slowly 
decaying output signal that commands an increased air 
speed, whereby the engines will not be immediately re 
duced in power upon the termination of a negative gust 
and then quickly thereafter again increased in power upon 
the occurrence of a subsequent negative gust, but rather 
will continue to operate smoothly at a higher, slowly 
decreasing throttle (power) setting so as to create an 
increased air speed for a period of time long enough to 
avoid surging and so that the increased air speed will 
still prevail when fresh negative gusts are subsequently 
encountered after not too long a period of time, e.g., with 
in a minute. 

It will be observed that the airplane instrument actually 
forms part of a loop which includes the airplane; that is 
to say, upon the occurrence of a negative gust or series 
of such gusts the integrator will supply an air speed direc 
tor signal which, when followed either automatically or 
by a pilot, will control, i.e., bring about an increase in, 
average air speed. This raised average air speed is re 
?ected by an increase in the output of the second means 
above the predetermined desirable null condition. Since 
the summing means compares the outputs of the ?rst and 
second means, subsequent negative gusts are measured 
against the increased average air speed or increased aver 
age lift value or lowered average angle of attack. So long 
as the negative gusts do not exceed the over-null clamp 
ing signal of the second means, the integrator will con 
tinue to furnish an approximately even signal, so that an 
average safe increased air speed or increased safe lift value 
or decreased safe angle of attack will be reached in 
equilibrium condition of the loop. Hence, subsequent 
negative gusts, once the average air speed has been in 
creased to reach the command signal, will not tend to 
cause an undue further increase in the command signal. 
The integrator means furnishes a bias output signal 

which may be used in any suitable manner, as for exam 
ple, by feeding the same into a speed command computer 
that operates a utilization mechanism such as an air speed 
command meter or an automatic throttle control, or by 
adding the signal to the output of a speed command com 
puter in a second summing means the output from which 
is led to a utilization mechanism. ' 

Referring now in detail to the drawings, and, more 
particularly to FIG. 1, the reference numeral 10 denotes 
an airplane instrument constructed in accordance with 
my invention and illustrating an embodiment thereof 
wherein the sensors are of a mechanical nature and the 
variations in positions thereof are transduced to electrical 
quantities and in which suitable circuit means are oper 
ated by said electrical quantities to effect the various func 
tions of the instrument. ' 

Said instrument includes an air speed sensor 12 and a 
lift sensor 14 each having an affiliated transducer. 
The air speed sensor 12 is conventionl, the same being 

of a dymamic pressure type. It includes a case 1-6 provided 
with a single opening 18 that connects the interior of the 
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case, as through a tube 20, to the prevailing static pres 
sure, that is to say, the ambient static air pressure of the 
local air mass in which the airplane is situated. Also 
located within the case is a corrugated bellows 22 which 
expands or contracts as a function of the difference in 
pressures between the interior of the bellows and the in 
terior of the case 16. A tube 24 extends from the bellows 
through a wall of the case, to which it is tightly sealed, 
to a forwardly facing Pitot head external to the airplane 
and sufficiently far from the airplane wing, propellers, en 
gines and fuselage structure to be materially unaffected 
by turbulence created by the airplane. Thereby, the air 
pressure within the bellows is the total Pitot pressure, in 
cluding the static pressure which is a function of altitude 
and air conditions and the dynamics pressure that is a 
function of indicated air speed. Hence, the wall 26 of the 
bellows will experience movement which is a function 
of Pitot pressure less static pressure and hence of dynamic 
air pressure, and, therefore, a function of prevailing in 
dicated air speed. ' 
The lift sensor 14 constitutes a vane 28 which extends 

through a slot 30 in a mounting plate 32 that is secured 
over an opening 34 in the skin of the wing adjacent the 
nose thereof. Located behind the skin of the wing is a 
transversely (spanwise) extending pivot 36 for the vane 
which is so positioned that it is behind the center of pres 
sure of the vane. Suitable means, such, for instance, as a 
pair of opposed springs 38, 40, are provided to bias the 
vane to an equilibrium position between stops. Said vane 
is so located at the nose of the airplane that it is subjected 
to variation in pressure caused by shifting of the stagna— 
tion point over the nose of the wing. The particular loca 
tion of the vane on the nose and the strength of the springs 
which bias the vane to a neutral position are not critical 
for proper performance of the instrument 10. The angular 
position assumed by said vane is a measure of the prevail 
ing value of lift. 
The output of the air speed sensor 12 as manifested 

by physical movement of the wall 26 is transduced into an 
electrical quantity, speci?cally voltage, by a potentiometer 
42 consisting of a ?xed winding 44 and a movable wiper 
46. The wiper is driven by the wall 26. The ends of the 
potentiometer winding 44 are connected to a suitable 
D.C. source, for example, a battery 48. Hence, the voltage 
output EAS across the lead 50 (connected to the wiper 46) 
and the lead 52 ‘(connected to a terminal of the battery 
48) will be a function of air speed. This output voltage is 
converted to rate of change of air speed voltage ERCAS 
by a differentiating means, to wit, a series capacitor 54, 
which ‘is inserted in the lead 50. Said voltage is fed to an 
input coil 56. 
The polarization of the battery and the direction of 

movement of the wiper 46 responsive to change in pre 
vailing air speed is such that upon a decrease in air speed 
the terminal of the coil 56 which is connected to the ca 
pacitor 54 will be negative with respect to the other ter 
minal of the coil. These respective polarities are indicated 
by the plus and minus signs at opposite ends of the coil ‘56. 
The particular polarities selected are purely arbitrary. 
However, they supply reference polarities for other 
polarities later to be described. It will be apparent that at 
a constant air speed the voltage ERCAS will be zero and 
that a voltage is developed across the coil 56 only by 
virtue of a change of the setting of the potentiometer 
wiper 46, this voltage decaying by passage of a current 
i1 through said coil. 

Said input coil 56 is one of plural input coils of a suit 
able ?rst summing ampli?er 58 such as a reset magnetic 
ampli?er. A typical ampli?er of this type is the Ferrac 
magnetic ampli?er, manufactured by Airpax Electronics, 
Seminole Division, Fort Lauderdale, Fla. This type of 
amplifier includes a plurality of control inputs of which 
the input coil 56 is one, and a polar output the terminals 
60, 62 of which are shown. Only two input control coils 
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56, 64 have been illustrated inasmuch as these are the 
only ones necessary for use in my instrument 10. 
The output of the lift sensor 14 as manifested by physi~ 

cal movement of the vane 28 is transduced into an elec 
trical quantity, speci?cally voltage, by a resistance bridge 
66. Two legs of the bridge constitute a resistance voltage 
divider in the form of a potentiometer having a ?xed 
winding 68 with a movable wiper 70. The ends of said 
potentiometer which are the input terminals of the bridge 
are connected to a suitable DC source, such as a battery 
72. The other two legs of the bridge constitute a second 
potentiometer having a ?xed resistance winding 74 and 
a wiper 7-6. The ends of the two potentiometers are con 
nected to one another, so that said potentiometers are in 
parallel and both are connected across the battery 72. 
The wiper 76 is driven by the vane 28. With increased lift 
which is a result of increased air speed, the vane 28, as 
shown in FIG. 1, will turn in a counterclockwise direc 
tion, so that the potential on the bridge output lead 78 
Will become more negative (or less positive) with respect 
to the potential on the bridge output lead 80. 

It will be apparent that the position of the wiper 70 
furnishes a null point for the output on the leads 78, 80, 
that is to say, with a predetermined position of the wiper 
70 in a certain position of the wiper 76 the output on 
the leads 78, 80 will be zero. At any position of the lift 
vane 28 indicating a higher lift value than the null value 
corresponding to the position of the wiper 70, the lead 
78 becomes negative with respect to the lead 80 and vice 
versa. The wiper 70 is set either manually or automatically 
for any preselected desirable lift value, for example, a lift 
value corresponding to an air speed which is safely above, 
by a desirable amount, the minimum air speed during 
landing approach. If the lift value increases, as with an 
increase in air speed, above the null value the lead 78 
will go negative with respect to the lead 80 by an amount 
which is a function of the value of lift in excess of the 
set null value represented by the set position of the 
wiper 70. 
The output from the lift sensor 14 is delayed so that it 

is averaged and thereby is less sensitive to gusts than is 
the output from the air speedsensor 12. This can be ac 
complished in various manners. For instance, the move 
ment of the vane 28 may be hydraulically restrained. As 
shown herein, the voltage across the leads 78, 80 is 
damped for averaging purposes by an RC ?lter circuit 
constituting a capacitor 82 connected across said leads, 
an input resistor 84 in the lead 80 and an output resistor 
86 in the lead '88. The leads 78, 88 are connected to the 
input control coil 64 so that the voltage EL (voltage that 
is a function of the deviations of averaged lift value from 
a preselected desirable null lift value) across said leads 
induces a flow of current i2 therein and thus provides a 
second input to the summing ampli?er 58 which now will 
be seen to have an input ERCAS which is a function of 
the rate of change of air speed, and another input EL 
which is a function of the deviation of average lift value 
from a null preselected desirable lift value. It will be noted 
that the currents i1 and i2 are summed in a like sense, 
that is, they are cumulative for increasing air speed, in 
creasing lift value and decreasing angle of attack both of 
which latter parameters are associated with increasing air 
speed. Hence, the currents i1 and i2 will create opposing 
effects in the summing ampli?er 58 when the current i1 
is representative of a negative rate of change of air speed 
and the current i2 is representative of an increased average 
air speed (lift value) over the null air speed (lift value). 
The values of the capacitor 82, resistors 84 and 86 and 

inductance 64 are so selected that they have an RC time 
constant of the several, e.g., ?ve, seconds so that the cur 
rent i2 represents the average value of the lift over the 
null value for a period of several seconds. 
The polarity signs indicated at opposite ends of the 

input coil 64 are those for a position of the lift vane 28 
corresponding to an average lift value greater than the 
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preselected desirable null lift value set by the position 
of the wiper 70 and have been shown in this manner be 
cause this is the condition of the circuit shortly after the 
occurrence of a negative gust condition and which the 
circuit has been specially designed to handle. 'It will be 
recalled that the polarity signs at the opposite ends of the 
coil 56 are representative of circuit values for a negative 
gust condition. 
The output from the ?rst summing ampli?er 58 which 

output appears at the terminals 60, 62 is fed through leads 
90, 92 to a small ripple ?lter in the form of a capacitor 
94 connected across said leads and a pair of resistors 96, 
98. The ripple ?lter removes noise and high frequency 
or “hash” voltage ?uctuations from the output of the am 
pli?er 58 which are introduced by the standard 400v cycle 
frequency of its power supply. The resistor 96 is con 
nected in the input leader 90 and the resistor 98‘ is an 
output lead 100 from the ripple ?lter. 

The values for the capacitor 94 and resistors 96, 98 
are such as to jointly present a small impedance and a 
fast time constant. In order to permit a rapid flow of cur 
rent through the summing ampli?er 58 the internal im 
pedance of said ampli?er is quite low, e.g., in the order 
of 50 ohms. ' 
The output leads 100, 92 from the ripple ?lter are con 

nected to opposite terminals of an integrating (storage) 
capacitor 102 which is designed to be charged by the out 
put from the ?rst summing ampli?er. A resistor 104 is 
inserted in an output lead 106 from one terminal of the 
storage capacitor 102, the value of said resistor and said 
capacitor being so chosen that their RC time constant is 
comparatively prolonged, for example, about one minute. 
An essentially unidirectional conducting device such 

as a diode 108 is interposed between the resistor 98 and 
a terminal of the storage capacitor. Said diode is so 
oriented that the storage capacitor can be charged only 
by a voltage at the output of the summing ampli?er 58 
which voltage is negative at the terminal 60 and positive 
at the terminal 62, suitable positive and negative symbols 
being provided in FIG. 1 to indicate this polarity condi 
tion. 
By virtue of the foregoing arrangement the capacitor 

102 will be charged when, and only when, the output from 
the summing ampli?er is negative at the terminal 60 and 
positive at the terminal 62 and this condition will be 
found solely when there is a negative gust condition (Le, 
a reduced air speed condition which is equivalent to an 
increased angle of attack condition and to a stall ap 
proaching condition), so that the upper end of the coil 
56 is negative with respect to the lower end, and there 
either is no current i2 ?owing in the coil 64 or if the 
polarity at the upper end of the coil is positive with re 
spect to the lower end due to an increase in average lift 
value over the null value, the value of the voltage across 
the coil 64 has an effect which is less than the effect of 
the value of the voltage across the coil 56. In other words, 
the storage capacitor 102 will charge only when the effect 
of a negative gust condition exceeds the effect of the 
average variation of the position of the lift vane 28 from 
null position. 
The leads 111}, 112 at the output of the integrating 

storage means which constitutes the storage capacitor 
102 and the resistor 104 thus have impressed across them 
a bias voltage EB that initially is a function of the ?rst 
of a train of negative gusts and subsequently is a func 
tion of the stored memory of such initial negative gust or 
the degree to which subsequent negative gusts exceed the 
average increased lift condition EL which has been 
brought about in response to an air speed command 
signal. 

Said potential EB across the leads 110, 112 is employed 
to bias an air speed command signal so as to call for in 
creased air speed and for this purpose is fed into a suit 
able utilization device, for example, said potential can 
be fed into an input control coil of a speed command 

20 

25 

30 

75 

8 
computer 114 having output terminals connected to an 
air speed command (director) meter 116. Such a speed 
command computer is shown, for example, in my copend 
ing application Ser. No. 316,759, ?led Oct. 16, 1963, for 
Airplane Instrument for Furnishing a Deceleration Modi 
?ed Director Signal to Indicate or Control Corrective 
Action for Offsetting Decrease in Head Wind During 
Landing Approach, or in my Patent No. 3,043,540, is 
sued July 10, 1962, for Airplane Instruments. 

In the circuit illustrated in FIG. 1, I have illustrated 
a modi?ed variation of the foregoing arrangement for 
utilizing the biasing signal EB wherein the leads 110, 112 
are connected to the input coil 118 of a second sum 
ming ampli?er 120 of the same type as the summing 
ampli?er 58. The summing ampli?er has a second input 
coil 122 connected by leads 124, 126 to the output termi 
nals of the speed command computer 114. The speed 
command computer impresses a potential Esc on the in 
put coil 122 that is a function of a command air speed, 
that is to say, if the airplane is going too slow for a 
given set of parameters, the current i4 ?owing through 
the coil 122 re?ects this too slow condition. Such param 
eters are exclusive of the correction for negative gusts. 
The current i3 ?owing in the coil 118 is a function of the 
negative gust conditions. The currents i3 and L, are 
summed in a cumulative sense for increasing air speed, 
so that if the potential appearing across the leads 124, 
126 is indicative of a slow air speed condition and the 
potential appearing across the leads 110, 112 likewise is 
indicative of a slow air speed condition, the effects of 
the two coils 118, 122 will be added. 
The summing ampli?er 120 has a polarized output 

coil with output terminals 128, 130 connected to leads 
132, 134 that run to a utilization mechanism such for 
example as an automatic throttle control or the air speed 
command meter 116. If the potential appearing across the 
leads 124, 126 is such as to indicate that the airplane is 
?ying at a preselected desirable air speed for all param 
eters during landing approach except negative gusts and 
if the potential EB appearing across the gusts leads 110, 
112 is such as to call for an increased air speed, the po 
tential appearing across the leads 132, 134 will call for 
(command) an increased air speed in the automatic 
throttle or the meter 116. 

Alluding speci?cally to the meter 116‘, such a signal 
will swing the needle of said meter to the slow side of the 
null central position. When the pilot sees the meter in 
slow position he will increase his throttle setting so as 
to speed up the airplane and this will bring the needle 
back to the null position by virtue of the increased output 
from the speed command computer resulting from a 
faster signal issuing therefrom due to the increased lift 
input fed to said computer. This is the loop that will in 
crease lift value as will be evidenced by an increase in 
the voltage EL across the leads 78, 88-. 
The operation of the instrument 10 will now be de 

scribed. 
When the airplane is ?ying at a predetermined desir 

able average lift value, which value is to be maintained 
during landing approach and corresponds to a predeter 
mined desirable landing approach average air speed, i2 
will be zero, or substantially so, inasmuch as the posi 
tion assumed by the vane 28 will correspond to the set 
ting of the wiper 70'. If at this time there are no nega 
tive gusts the current i1 will be zero. The storage capaci 
tor 102 will not be charged so that the current i3 will be 
zero. The current i.,, if the speed command computer is 
a nulled instrument, will also be zero and the meter 116 
will have its needle in null position, or the automatic 
throttle will be at a setting which maintains the desired 
average air speed and average lift condition. 
Now assume that a negative (tail wind) gust develops. 

i2 will not change immediately because of the time con 
stant of the capacitor 82 and resistors 84, 86 which is 
several, e.g., about ?ve seconds. However, i1 immediately 
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starts to ?ow in the negative sense indicated by the po 
larity signs associated with the coil 56. This direction of 
?ow signals a speed that is too slow, which is equivalent 
to directing a pilot to increase speed. Said signal will be 
passed by the summing ampli?er 58 without any modi 
?cation from the coil 64 (because i2 still is zero or is only 
slowly starting to flow) and will quickly charge up the 
storage capacitor 102 inasmuch as the time constant of 
the capacitor 94 and the resistors 96‘, 98 is very small. 
The potential from the capacitor 102 will cause a ?ow of 
current is in the coil 118 in a direction to de?ect the 
needle of the meter 116 to the slow side. 

Such indication in the meter or any other utilization 
mechanism employed will take place immediately upon 
the occurrence of the ?rst negative gust. The pilot will 
advance the throttle setting to increase the air speed of 
the airplane so as to counter the effect of this ?rst nega 
tive gust. 
The time constant of the storage capacitor 102 and as 

sociated resistor 1014 is quite lengthy, for example, about 
a minute. Hence, it takes this period of time for its 
charge to be materially reduced and over this period the 
gust bias in?uence on the command signal will indicate 
that the air speed is to be increased. Subsequent negative 
gusts tend to keep the capacitor 102 charged. 
As a result of the command to the pilot or to the auto 

matic throttle control to increase air speed, the setting 
of the ‘vane 28 will be changed to correspond to the in 
creased average lift value. This will cause the current i2 
to ?ow in the coil 64 in the direction indicated by the 
polarity signals associated with that coil. Such a signal 
indicates an increased average lift value or air speed and 
hence opposes the signal caused by the ?ow of the cur 
rent il in the direction indicated in the circuit. If the ef 
fect of the signal‘ iz-exceeds that of the signal i1 no fur 
ther charge will be impressed on the capacitor 102 due 
to the presence of the diode 108 which only permits 
charging of the capacitor 102 in a certain direction cor 
responding to a negative gust and does not permit dis 
charge thereof in the opposite direction from the input 
side of such storage capacitor. Thus, the combination 
of the diode 108 and the coil 64 acts as a clamping means 
to clamp the charging of the storage capacitor 102 at 
a variable clamping level which is a function of average 
lift condition, this being manifested in the circuit of 
FIG. 1 as an average lift value sensed by the lift vane 28. 
Thereby an equilibrium condition will be reached as to 
average air speed, lift value and angle of attack which 
will be unaffected by further gusts unless the gusts are 
of a greater value than the initial gusts or unless the 
further gusts occur after the charge on the storage capaci 
tor 102 has decayed and the average lift condition of the 
airplane has been reduced to match this decayed value. 

After a train of negative gusts has ceased and, a few 
minutes later when the capacitor’ 102 has substantially 
fully discharged, the current i3 in the second summing 
ampli?er 122 will reduce to zero and the original operat 
ing parameters will be restored. In a continual uniform 
negative gusting air mass balance conditions will be 
reached when the current i1 is just enough greater (more 
negative) than the clamping current i2 to keep the stor 
age» capacitor 102 charged to a level which will yield an 
i3 current su?icient to make the airplane ?y enough 
faster to keep the i2 current at the required value to re 
sult in such a balance. 

It thus will be appreciated that the instrument 10' op 
erates in a manner such as to. provide several desirable 
features. The initial negative gust will immediately com 
mand a higher airplane air speed. By following the com 
mand an increased air speed is maintained as long as 
required, that is to say, as long as subsequent negative 
gusts-continue to occur. The air speed, however, upon 
following the command is slowly reduced as conditions 
permit without objectionable rapid ?uctuating changes 
in speed command. The variable clamping level sub 
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stantially eliminates ?uctuating speed commands once 
a safe average lift condition‘ has been reached. The re 
sponse of the bias signal appearing across the leads 110‘, 
112 is essentially unidirectional so that the potential ap 
plied to the input coil 118 can only command an in 
crease and not a decrease of air speed; thus the circuit 
does not respond to positive gusts and therefore no re 
duction in air speed will he commanded as a result of 
such bias signal. ' 

As indicated previously, the rate of change of air speed 
as evinced by the voltage ERCAS, which is a function of 
the amplitude of negative gusts, is balanced for clamping 
purposes against an average lift condition which is 
evinced in FIG. 1 as a voltage EL. Lift condition can be 
sensed by the prevailing lift value of the airplane or, al 
ternately, by equivalent parameters such for instance as 
the prevailing air speed or the prevailing angle of at 
tack. In FIG. 2 I have shown an instrument 10" which 
is the same as the instrument 10 except that for the lift 
sensor 14 I have substituted an air speed sensor. Inas 
much as an air speed sensor is necessary to derive a volt 
age that is a function of the rate of change of air speed, 
the same air speed sensor is employed for both purposes. 

Speci?cally I provide an air speed sensor 136 having a 
physical construction identical to that of the air speed 
sensor 12. It includes a case 138 the interior of which is 
connected to prevailing ambient static pressure by -a tube 
140. Within the interior of the case is a bellows 142 the 
inside of which is connected by a tube 144 to a forwardly 
facing Pitot head ‘in a region where it is minimally in?u 
enced by disturbing factors. The wall 146 of the bellows, 
the position of which varies as a function of the difference 
of the pressures externally and internally of the bellows, 
drives two wipers 148, 150 which are mutually electrically 
insulated. The remainder of the instrument 10’ the same 
as the remainder of the instrument 10 already described 
in detail. Thus, the wiper v148 rides on the potentiometer 
winding 74 and the wiper 150 rides on the potentiometer 
winding 44. The other elements of the circuit for the 
instrument 10' up to the bias signal leads 110, 112 have 
been shown in FIG. 2 and have had reference numerals 
applied thereto which are the same as those for corre 
sponding elements of FIG. 1. Since all the other parts of 
the instrument 10’ are the same as those of the instru~ 
ment 10 they have not been shown. It will be observed 
that the output from the potentiometer 74 is damped to 
obtain a voltage EAS that is a function of average air 
speed rather than of air speed as instantaneously affected 
by gusts. 

In FIG. 3 I have illustrated an instrument 10" which 
is identical to the instrument 10 shown in FIG. ‘1 except 
for the means to drive the wiper 76. Since all other parts 
of the instrument 10" are the same as those of the instru 
ment 10, they have not been shown. The instrument 10” 
senses lift condition by measuring angle of attack. For 
this purpose I employ ‘an angle of attack sensor 152 con 
stituting an angle of attack vane ‘154 affixed to an arm 
156 that turns about a lateral shaft 158, to wit, a shaft 
perpendicular to the line of ?ight A and horizontal when 
the airplane is in level ?ight. The arm 156 drives the 
wiper 76 of the potentiometer having the ?xed ‘winding 
74 and through a damping RC' network controls the 
current i2 ?owing in the coil ‘64 as a function of average 
angle of attack. 
As I have mentioned earlier, it is not essential to the 

construction of" an instrument embodying my present 
invention that the value of the rate of change of air speed 
engendered by gusts be taken from a ?rst means that 
includes a means which directly senses and, therefore, 
directly measures air speed and from it computes rate of 
change of air speed. An equally satisfactory equivalent 
result will be obtained if the ?rst means is subdivided into 
sundry subordinate sensing means and a computing means, 
the sensing means being capable of measuning values from 
which air speed can be computed and the computing 
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means being capable of performing calculations, includ 
ing differentiation, upon said values so as to derive the 
rate of change of air speed. The thus obtained rate of 
change of air speed is the equivalent of the rate of change 
of air speed obtained by directly measuring air speed and 
differentiating such measurement, and can be substituted 
for it. 

In FIG. 4 I have shown an instrument 10”’ which is 
identical to the instrument 10 except for an altered con 
struction of the ?rst means to supply the current i1 which 
is a function of the gust engendered rate of change of air 
speed (gust engendered ?uctuations in air speed). Since 
all other parts of the instrument 10"’ are the same as 
those of the instrument 10 they have not been shown. 
The instrument 10"’ measures gust engendered rate of 

change of air speed by measuring vertical acceleration 
and lift value and from the changes thereof, by differenti 
ation and calculation, obtaining rate of change of air 
speed. 

Speci?cally, in FIG. 4 I have illustrated only so much 
of the instrument 10"’ as supplies the current i1 to the 
input control coil 56 of the summing ampli?er 58. The 
components and connections of the circuit that supplies 
the current i2 to the input coil 64 are the same as in 
FIG. 1 and, therefore, have been omitted. For the same 
reason the components and connections of the circuit 
leading from the output terminals 60, 62 via leads 90, 92 
have been omitted. 
The instrument 10'” includes two sensors in the ?rst 

means, to wit, a vertical, i.e., normal, accelerometer 160 
and a lift sensor 162 both of which are conventional. 
The vertical accelerometer comprises a weight 164 con 

strained in guides (not shown) to permit movement only 
along the Z-axis of the airplane which is perpendicular to 
the plane containing the X-axis (the longitudinal axis of 
the fuselage) and the Y-axi-s (the longitudinal axis of the 
wing span). The Weight is supported by a counterbalanc 
ing, i.e., centering, compression spring 166. The weight 
164 drives a movable Wiper *168 of a potentiometer 170 
having a ?xed Winding 172 connected across a suitable 
DC source such as a battery 174. The voltage EVA be 
tween a lead 176 from the wiper 168 and a lead 17 8 from 
one end of the potentiometer is a ‘function of the vertical 
acceleration of the airplane. A differentiating capacitor 
180 series inserted in the lead 178 converts the voltage 
‘EVA to a voltage ERCVA which is a function of the rate 
of change of vertical acceleration and which is present 
across the lead 176 and a lead 182 extending from the 
capacitor 180. 
The lift sensor 162 is identical to the lift sensor 14. 

Alternatively it may be identical to the angle of attack 
sensor 152. Said sensor 162 comprises a vane 184 which 
extends through a slot 186 in a mounting plate 188 that 
is secured over an opening 190 in the skin of the wing 
adjacent the nose (leading edge) thereof. Located behind 
the skin of the wing is a transversely (spanwise) extend 
ing pivot 192 for the vane which is so positioned that it 
is behind the center of pressure of the vane. Suitable 
means, such for instance, as a pair of opposed springs 
194, 196, are provided to bias the vane to an equilibrium 
position between stops. Said vane is so located at the nose 
of the airplane that it is subjected to variation in pressure 
caused by shifting of the stagnation point over the nose 
of the wing. The particular location of the vane on the 
nose and the strength of the springs 194, 196 are not 
critical for proper performance of the instrument 10'”. 
The angular position assumed by the vane 1184 is a measure 
of the prevailing lift value. In the event the sensor 162 is 
constructed like the sensor 152 the angular position of the 
vane will be a measure of the prevailing angle of attack. 
The vane 184 drives a movable wiper 198 of a poten 

tiometer 200 having a ?xed winding 202 connected across 
a suitable DC source such as a battery 204. A poten 
tiometer 286 has its ?xed winding 208 connected in shunt 
with the winding 202 so that the two potentiometers form 
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a resistance bridge for which the battery 204 supplies the 
input. The bridge output appears across the lead 210 
running from the wiper 198 and the lead 212 running 
from the wiper 214 for the potentiometer 206. 
The position of the wiper 214 establishes a null point 

for the output on the leads 210, 212, that is to say, with a 
predetermined position of the wiper 214 in a certain 
position of the wiper 198 the output on the leads 210, 212 
will be zero. At any position of the lift vane 184 indicating 
a higher lift value than the null value corresponding to 
the position of the wiper 214, the lead 210 becomes nega 
tive with respect to the lead 212 and vice versa. The wiper 
214 is set either manually or automatically for any pre 
selected desirable lift value, for example, a lift value 
corresponding to an air speed which is safely above, by a 
desirable amount, the minimum air speed during landing 
approach. It the lift value increases, as with an increase 
in air speed, above the null value the lead 210 will go 
negative with respect to the lead 212 by an amount which 
is a function of the value of lift in excess of the set null 
value represented by the set position of the wiper 214. 

In order to establish a proper proportion between the 
outputs from the vertical accelerometer and the lift sensor 
at least one such output, e.g., the output from the lift 
sens-or 162, is arranged to be adjustable with respect to 
the other output. For this purpose the leads 210, 212 are 
connected to the ends of a ?xed winding 215 of a poten 
tiometer 216 having a wiper 218. The voltage EL appear 
ing between the lead 220 running from the wiper 218 and 
the lead 222 running from an end of the potentiometer 
winding 215 is a function of the lift value of the airplane 
having an amplitude range that can be adjusted by vary 
ing the position of the wiper 218. A differentiating capaci 
tor 224 series inserted in the lead 222 converts the voltage 
EL to a voltage ERCL which is a function of the rate of 
change of lift value and which is present across the lead 
220 and a lead 226 extending from the capacitor 224. 
A computer 230 combines the outputs ERCVA and ERCL 

and supplies its own output voltage ERCAS that is a func 
tion of the rate of change of air speed and that appears 
across the output leads 232, 234. Because the computer is 
only required to operate within a narrow range of out 
puts which represent gust engendered variations to a 
predetermined landing approach air speed, it can be of 
simple construction and may, as shown, he in the form 
of a summing bridge. Three legs of the bridge constitute 
resistances 236, 238 and 240 while the fourth leg con 
stitutes the input control coil 56 of the summing ampli?er 
58. The voltage ERCVA is applied across the junction 242 
between the resistor 236 and the coil 56 and the junction 
244 between the resistors 238 and 240. The voltage ERCL 
is applied across the junction 246 between the resistors 
236 and 238 and the junction 248 between the resistor 240 
and the coil 56. 

It will be apparent from the foregoing that the outputs 
from the vertical accelerometer and the lift vane (or 
angle of attack vane) are separately fed to different ca 
pacitors 180, 224. The capacitors pass ?uctuating (rate 
of change) currents to the summing bridge 230 which, in 
turn, feeds the current i1 into the input coil 56 of the 
summing ampli?er 58. 
The output adjustment potentiometer 216 has its wiper 

218 set so that the fluctuations of i1 will be responsive to 
?uctuations of the air speed. This may be accomplished 
by adjusting the position of the wiper 218 so that signal 
changes from the vertical accelerometer are substantially 
cancelled by signal changes from the lift sensor at an 
essentially ?xed air speed. Thereby any unbalancing caus 
ing a ?ow of current i1 will be a measure of gust engen 
dered ?uctuations in air speed. 
The sources of voltage are so polarized and the direc 

tions of movements of the wipers 168, 198 responsive to 
change in prevailing air speed are such that upon a 
decrease in air speed the terminal of the coil 56 which is 
connected to the junction 242 will be negative with respect 
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to the other terminal of ‘said coil as indicated .in FIG. 4. 
At a constant air speed the voltage ERCAS will be zero. 

Although I have shown the outputs EVA and EL from 
the vertical accelerometer and lift sensor as being differ 
entiated to yield voltages ERCVA and ERCL before being 
combined to calculate and furnish the voltage ERCAS, it is 
to be understood that said outputs EVA and EL can also 
be combined without differentiations in a computer such 
as the computer 230 to calculate and yield at the com 
puter output a voltage EAS which is a function of the air 
speed of the airplane and that this later voltage EAS can 
be ‘differentiated to yield the voltage ERCAS that is fed to 
the input coil 56. Such an alternative circuit arrangement 
for the ?rst means is the same as that shown in full lines 
in FIG. 4 except that the capacitors 180 and 224 are 
omitted, and, instead, a differentiating capacitor 250 
(shown in dotted'lines in FIG. 4) is .series inserted in the 
lead between the junction 242 and the upper terminal of 
the input. ' 
,,The operation of the instruments 10', 10" and 10"’ 
illustrated in FIGS.‘ 2, 3 and 4 are identical to the oper 
tion of the instrument 10 already described in detail. 

It thus will be seen that I_ have provided devices which 
achieve the several objects-of my invention and which are 
well adapted to meet the conditions of practical use. 
As various possible embodiments might be made of the 

above invention, and as various changes might be made 
in the embodiments set forth, it is to be understood that 
all matter herein described or shown in the accompany 
ing drawings is to be interpreted as illustrative and not in 
a limiting sense. 
Having thus described my invention, I claim as new 

and desire to secure by Letters Patent: 
1. For use in an airplane instrument that controls the 

air speed of an airplane during landing approach, means 
to furnish a bias signal to command an increase in air 
speed to offset the effect of negative gusts on air speed 
during landing approach, said means comprising a ?rst 
means having an output which is responsive to gust en— 
gendered ?uctuations in air speed, a second means hav 
ing an output which is a function of the difference be 
tween the prevailing average lift condition of the air 
plane and a predetermined desirable null lift condition, 
the outputs of the ?rst and second means being in the 
same negative sense for decreasing air speed, a third means 
for comparing the outputs of the ?rst and sec-0nd means 
and furnishing a difference output, and an integrator 
responsive to and for storing substantially only a negative 
output of the third means as said bias signal, such nega 
tive output corresponding to an approach to stall. 

2. A bias signal furnishing means as set forth in claim 
1 wherein the second means has an output which is a 
function of the difference between the prevailing average 
air speed of the airplane and a predetermined desirable 
null air speed. 

3. A bias signal furnishing means as set forth in claim 
1 wherein the second means has an output which is a 
function of the difference between the prevailing average 
angle of attack of the airplane and a predetermined de 
sirable null angle of attack. 

4. A bias signal furnishing means as set forth in claim 
1 wherein the ?rst means includes a sensor that is di 
rectly responsive to air speed. 

5. A bias signal furnishing means as set forth in claim 
4 wherein the ?rst means also includes means differ 
entiating the signal from the air speed sensor. 

6. A bias signal furnishing means as set forth in claim 
1 wherein the ?rst means includes a vertical accelerom 
eter, a lift sensor and a computer ‘to which are fed the 
signals from the vertical accelerometer and the lift sensor 
to calculate air speed therefrom. 

7. A bias signal furnishing means as set forth in claim 
6 wherein the ?rst means also includes a differentiating 
means. 

8. A bias signal furnishing means as set forth in claim 
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6 wherein the ?rst means also includes means to differ 
entiate the signals from the vertical accelerometer and 
the lift sensor before they are fed to the computer. 

9. A bias signal furnishing means as set forth in claim 
6 wherein the ?rst means also includes means to differ 
entiate the output from the computer. 

10. A bias signal furnishing means as set forth in claim 
1 wherein the ?rst means includes a vertical accelerom 
eter, a null lift vane, and a computer to which are fed 
the signals from the vertical accelerometer and the null 
lift vane to calculate air speedtherefrom. 

11. A bias signal'furnishing means as set forth in claim 
.1 wherein the ?rst and second means include physical 
sensors and electric transducers to convert changes in 
condition of the physical sensors into variable electrical 
characteristics and wherein the third means and the 
integrator are electrical. 

12. A bias signal furnishing means as set forth in claim 
11 wherein all the outputs are voltages. 

13. A bias signal furnishing means as set forth in claim 
11 wherein a unidirectional conducting device is inter 
posed between the third means and the integrator and 
is oriented to conduct the output from the third means 
‘to the'integrator only when the output from the ?rst 
means responsiveto a negative gust condition exceeds 
the output from the second means responsive to an in 
creased average lift condition. 

14. A bias signal furnishing means as set forth in claim 
13 wherein the integrator has a prolonged time constant. 

15. A bias signal furnishing means as set forth in claim 
14 wherein the time constant of the integrator is about 
one minute. 

16. A bias signal furnishing means as set forth in claim 
14 wherein the second means has a time constant of a 
few seconds. 

17. A bias signal furnishing means as set forth in claim 
13 wherein a speed command computer also is provided 
and wherein the bias signal is connected to an input of 
the speed command computer. 

18. A bias signal furnishing means as set forth in claim 
13 wherein there also are provided a speed command 
computer with an output, a summing means with plural 
inputs and an output, and a utilization mechanism with 
an input, the output of said speed command computer 
and the output of the integrator being connected to the 
inputs of the summing means, and the out-put of the 
summing means being connected to the input of the 
utilization mechanism. 

19. A bias signal furnishing means as set forth in claim 
13 wherein the third means is a summing means having 
plural inputs, one connected to the output of the ?rst 
means and the other to the output of the second means, 
the inputs of the summing means being cumulative. 

20. A bias signal furnishing means as set forth in claim 
13 wherein the integrator includes a capacitor. 

21. A bias signal furnishing means as set forth in claim 
13 wherein the integrator is an RC network with a pro 
longed time constant. 

22. A bias signal furnishing means as set forth in claim 
13 wherein the ?rst means includes a sensor providing 
a voltage responsive to air speed and a series connected 
capacitor to differentiate said voltage to a voltage which 
is a function of the rate of change of air speed. 

23. For use in an airplane instrument that controls 
the air speed of an airplane during landing approach, 
means to furnish a bias signal to command an increase in 
air speed to offset the effect of negative gusts on air speed 
during landing approach, said means comprising a ?rst 
means having an output which is responsive to gust en 
gendered ?uctuations in air speed, a second means 'hav 
ing an output which is a function of the difference be 
tween the prevailing average lift condition of the air 
plane and a predetermined desirable null lift condition, 
the outputs of the ?rst and second means being in the 
same sense for increasing air speed, a third means for 



3,327,972 
15 

comparing the outputs of the ?rst and second means 
and furnishing a ditference output, and an integrator 
responsive to and for storing as said bias signal sub 
stantially only an output of the third means correspond— 
ing to a reduced air speed condition. 

24. For use in an airplane instrument that controls 
the air speed of an airplane during landing approach, 
means to furnish a bias signal to command an increase 
in air speed during landing approach, said means com 
prising a ?rst means having an output which is respon 
sive to gust engendered fluctuations in air speed, a sec 
ond means having an output which is a function of the 
difference between the prevailing average lift condition 
of the airplane and a predetermined desirable null lift 
condition, the outputs of the ?rst and second means be 
ing in the same sense for increasing air speed, a third 
means for comparing the outputs of the ?rst and second 
means and furnishing a diiference output, and an inte~ 
grator responsive to and for storing as said bias signal 
substantially'only an output of the third means corre 
sponding to an increased angle of attack condition. 

25. For use in an airplane instrument that controls the 
air speed of an ‘airplane during landing approach, means 
to furnish a bias signal to command an increase in air 
speed to offset the eifect of negative gusts on air speed 
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during landing approach, said means ‘comprising a ?rst 
means having an output which is responsive to gust en 
gendered ?uctuations in air speed, a second means having 
an output which is a function of the difference between 
the prevailing average lift condition of the airplane and a 
predetermined desirable null lift condition, the outputs of 
the ?rst and second means being in the same sense for 
increasing air speed, a third means for comparing the out 
puts of the ?rst and second means and furnishing a differ 
ence output, and an integrator responsive to and for stor 
ing as said bias signal substantially only an output of the 
third means corresponding to a stall approaching condi 
tion. 
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