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[57} ABSTRACT

An improved wind shear warning svstem for aircraft. A
wind shear signal representing wind shear as modified
by the downdraft drift angle of the aircraft 1s used 10
provide a warning signal when the wind shear signal
exceeds (negatively) a variable threshold. The thresh-
old for the warning signal is modified in response to the
pilot controlled excess of the airspeed of the aircraft
over a reference airspeed during the approach to a
landing so as to avoid unnecessary warnings. The
threshold is further altered when the wind shear signal
during approach indicates the high likelthood of a re-
versal of wind shear conditions.

6 Claims, 2 Drawing Sheets
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VARIABLE THRESHOLD WIND SHEAR
WARNING SYSTEM

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to aircraft instruments, and
more particularly 10 such instruments that provide out-
puts indicative of wind shear conditions. Wind shear
may be defined as the condition that exists when the
velocity and/or direction of the wind is significantly
changing with altitude, horizontal position or time, or
any combination thereof. Wind shear can pose a partic-
ularly hazardous situation when an aircraft i1s making a
landing approach to an airport and is descending
through an air mass that exhibits significant wind shear.
Such wind shear can cause the airspeed experienced by
the descending aircraft 10 increase and decrease signifi-
cantly within short periods of time. An increase in air-

speed may mislead the pilot into reducing aircraft <

power. and a decrease in airspeed can reduce the air-
speed of the aircraft below the speed at which safe
control of the aircraft mav be maintained.

Wind shear also. may include local updrafts and
downdrafts as well as changes in the horizontal compo-
nent of the velocity of the wind. Thus, wind shear may
cause changes not only to the airspeed of the aircraft
but may also cause vertical accelerations of the aircraf:
thus causing it to depart from the flight path it other-
wise would follow in still air. Such vertical departures
from flight path are characterized herein by the down-
draft drift angle.

A warning 10 the pilot of the existence of a dangerous
level of such wind shear conditions can alert the pilot to
incipient changes in the airspeed and to deviations from
the flight path so as to enable the pilot to take immediate
corrective action.

2. Description of the Prior Art

U.S. Pat. No. 4,012,713 describes a system for provid-
ing an output signal indicative of a wind shear condi-
tion. U.§. Pat. No. 4,079,905 (*'905"") describes an im-
proved system which additionally senses the downdraft
drift angle of the aircraft i.e. the departure from the
normal approach flight path. The 905" device com-
bines a signal representing the downdraft drift angle
with a signal representing the rate of change of the
instantaneous airspeed of the aircraft to provide a com-
posite signal which is used to provide a warning to the
pilot of incipient dangerous flight conditions.

As a matter of good piloting practice, whenever sig-
nificant wind shear conditions are expected, the pilot
normally selects an approach airspeed that is somewhat
greater than the airspeed that would be used in the
absence of such anticipated wind shear conditions. The
additional approach airspeed operates to provide an
increased margin of safety in circumstances where wind
shear 1s significant. As a consequence, in order for a
wind shear warning system to provide a warning of
incipient unsafe flight conditions, while at the same time
not giving an excessive number of warnings when such
unsafe conditions are not imminent, the warning system
should include a mechamism for adjusting the warning
threshold in accord with the pilot selected excess of the
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approach airspeed over the ‘'normal
speed.

LI |

approach air-

SUMMARY OF THE INVENTION

This invention constitutes an improvement of the
inventions described 1in U.S. Pat. Nos. 4,012,713 and
4,079.905 1n that it provides a warning threshold which
s adjusted 1n accord with the selected excess of the
approach airspeed over the normal approach airspeed
for the aircraft. The warning threshold is increased 1n
magnitude in direct response to the excess of the ap-
proach airspeed over the normal airspeed provided this
excess 1s not induced by wind shear. Therefore, when
the wind shear signal 1s positive (indicating an 1ncreas-
ing head wind) and above a predetermined level. then
any Increase in the magnitude of the warning threshoid
1S inhibited. Furthermore, when the wind shear signal
exceeds a second still more positive predetermined
level, the magnitude of the warning threshold 15 re-
duced in magnitude.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a threshold detector of the prior art;

F1G. 215 a functional block diagram of the invention:
and

FIG. 3 1s a functional block diagram of the variable
reference modifier.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference 1s made to FIG. 2 of U.S. Pat. No.
4,079,905 (**905"). The present invention i1s an improve-
ment of the invention described in U.S. Pat. No.
4,079,905 and which is depicted in FIG. 2 thereof. The
present invention improves and replaces the threshold
detector 46 and the warning device 47 depicted in FIG.
2 of the "*905"" patent and utilizes the wind shear signal
output from damping circun 45 depicted in FIG. 2 of
the 905" patent,

As described in the 905" patent, the wind shear
signal output from damping circuit 45 is the combina-
tion of a signal representing the difference between the
horizontal acceleration of the aircraft and the rate of
change of the instantaneous airspeed of the aircraft
together with a signal representing the downdraft dnift
angle of the aircraft. The composite signal that is output
from damping circuit 45 1in FIG. 2 of the “905" patent is
referred to herein as the "wind shear signal”. The fol-
lowing description uses the sign convention that a nega-
tive value for the wind shear signal would be produced
by a decreasing airspeed due 10 wind shear or by an
alteration of the flight path toward the ground due to
wind shear. Thus, a warning signal would be produced
by the “905" device whenever the wind shear signal
was more negative than the warming threshold, which
threshold 1s, itself, a negative value. In the following
description of the invention, the arithmetic signs of the
signals and of the references are taken into account in
making comparisons. Hence, for example, a statement
that A 1s less than B means that, if B is a positive num-
ber, than A is either a positive number having a magni-
tude of less than B or A is a negative number of any
magnitude.

Referning now to FIG. 1 of the present invention.
FIG. 1 depicts a threshold detector of the prior art. The
threshold detector 1 has two functional components, a
fixed reference source 2 and a comparator 3. Compara-
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101 3 operates to output a warning signal whenever the
wind shear signal input to level detector 3 1s more nega-
tive than (i.e. less than) the value of the reference signal
supplied 10 level detector 3 from fixed reference source
2. As indicated above. the value of the reference signal
also 1s negative.

Referring now to FIG. 2 which 1s a functional block
diagram of the variable threshold detector of the pres-
ent invention. Variable threshold detector 4 comprises a
variable reference generator § which is responsive to
the excess of the actual airspeed of the aircraft above
the normal approach reference airspeed for the aircraft.
Whenever the actual airspeed of the aircraft 1s greater
than the normal approach reference airspeed. variabie
reference generator 5 outputs a signal to variable refer-
ence modifier 6 which 1s proportional to the excess of
the actual airspeed over the normal approach reference
airspeed. The constant of proportionality 1s selected so
as 10 obtain appropriate warning. The output from vari-
able reference generator 5 alsce need not be strictly
proportional to the excess of the actual airspeed over
the normal approach reference airspeed but may depart
from such strict proportionality in order to obtain im-
proved performance. A zero signal is output from vari-
able reference generator 5 whenever the actual airspeed
is less than the normal approach reference airspeed.

Whenever the wind shear signal (taking in1o account
its arithmetic sign) 1s Jess than a first preselected positive
level. variable reference modifier 6 passes the signal
output from variable reference generator § straight
through 10 summer 7. However, when the wind shear
signal exceeds the first predetermined positive level, but
is less than a second. higher predetermined positive
level, variable reference modifier 6 inhibits the pass-

through of the signal from varniable reference generator :

§ to summer 7. In other words, there is zero signal
output from variable reference modifier 6 to summer 7.

Finally. when the wind shear signal exceeds the sec-
ond predetermined positive level. vanable reference
modifier 6 provides a fixed negative bias to the variable
reference generator 5 and outputs this negative signal to
summer 7.

As described in more detail below, whenever the first
or second predetermined positive threshold 1s exceeded
the output of variable reference modifier 615 altered and
remains altered throughout the duration of the landing
approach.

Summer 7 inverts the sign of the signal from variable
reference modifier 6 and then adds the inverted signal to
a fixed (negative) reference signal from fixed reference
source 8. The output of summer 7 is then compared in
comparator 9 with the wind shear signal and a warning
signal is output from comparator 9 whenever the wind
shear signal is less than (more negative than) the vari-
able reference signal output from summer 7.

Thus, the vanable threshold detector operates to
provide a warning signal whenever the wind shear
signal is less than the varniable reference level generated
within the wvariable threshold detector. For modest
wind shear signals, the variable reference level within
the variable threshold detector is decreased (1.e. made
more negative) in response to the excess of the actual
airspeed over the normal approach reference airspeed
thus requiring a more negative wind shear signal before
a warning is given. As a consequence, when the pilot
has elected to use an increased approach airspeed, a
greater magnitude of wind shear must be present before
the device will emit a warning. Accordingly, modest
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wind shear conditions for which the pilot has already
compensated by means of increased airspeed. do not
cause a warning.

However, when the wind shear signal during a por-
ton of the approach is sufficiently positive to exceed a
first predetermined positive level, the warning thresh-
old is returned 10 the value of the fixed reference. The
large, positive value of the wind shear signal indicates a
high likelihood that the head wind 1s caused from the
outflow of a *'micro burst" of wind and that the airspeed
1s likely to drop significantly shortly thereafter. Ac-
cordingly, in order to provide a imely warning 1n such
circumstances, the variable reference modifier 6 oper-
ates to return the threshold to the value of the fixed
reference source 8.

Finallv, if the wind shear signal during a portion of
the approach exceeds the second higher positive level,
such circumstances indicate a very probable hazardous
wind shear condition and the magnitude of the negative
threshold level is reduced below that of the fixed refer-
ence in order to provide an earlier warning of unsafe
conditions.

Typically. the first predetermined positive level
would be of the order of 0.05 g’s where g 1s the constant
of acceleration due to gravity. and the second higher
preselected positive level would be of the order of 0.15
g's.

FI1G. 3 depicts in more detail the functional operation
of variable reference modifier 6 and depicts functionally
the manner in which the modifications to the reference
are ''frozen” in response to wind shear signals. Al-
though the functions of the variable reference modifier
6 are depicted in FIG. 3 in terms of switches, relays and
other functional blocks. it 1s to be understood that other
means including electronic digial means can be used 10
obtain these operating functions.

The wind shear signal that is input to variable refer-
ence modifier 6 1s first input to damper 10 which 15 a
low pass filter or averaging device which removes short
term fluctuations from the wind shear signal. The
damped. wind shear signal that is output from damper
10 is input to function blocks 11 and 12. The transfer
function of function block 11 is depicted thereon in
F1G. 3. Function block 11 outputs a zero voliage for
input signals less than V'j and outputs a constant voltage
for input signals greater than V. Similarly, function
block 12 outputs zero voltage for input voltages less
than V3 outputs a fixed voltage for mmput of voltages
greater than V.

As indicated in FIG. 3 the output of function blocks
11 and 12 are applied to relays 13 and 14 respectively 1o
operate these relays and the associated switches 135, 16.
17 and 18 when the input function 11 and 12 exceed V)
and V> respectively. Operation of relay 13 causes
switch 15 to connect a source of voltage represented by
B+ to the winding of relay 13 thus locking relay 13 on.
Operation of relay 13 also shifts switch 16 from connec-
tion 19 to connection 20 thus interrupting the output of
any signal from the variable reference modifier 6. Oper-
ation of relay 14 connects switch 17 to a source of volt-
age represented by B+ which locks on relay 14 and
causes switch 18 to connect to connector 21 which then
outputs a fixed negative bias from variable reference
modifier 6.

Finally in FIG. 3 switch 22 represents a switch that
remains closed while the aircraft is at an altitude of less
than 2,000 feet. After the aircraft lands, or when it 1s
above 2,000 feet, switch 22 is opened and which unlocks
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relavs 13 and 14 which then remain unlocked until a
vollage 18 output from erther function block 11 or 12
and the aircraft 1s at an altitude of less than 2,000 feet
and 1n the air.

The normal approach reference airspeed that s used
as an input to the invention can be obtained 1n any num-
ber of different ways. For instance. the numerical value
mayv be manually inputted by the pilot prior to initiation
of the landing approach. A simple keyboard could be
used for this purpose. The pilot also could input such
data by manually setting the position of a *'bug” on the
airspeed indicaior, the position of the bug being sensed
and communicated to the system of the invention.

The normal approach reference airspeed could also
be determined by sensing the actual airspeed. the accel-
eration normal to the flight path, the flap position and
the angle of attack of the aircraft. This data could then
be used to compute the normal approach reference
airspeed 1n a manner similar to that used for computing
the approach airspeed as set forth in flight manuals. For
instance, the normal approach reference amrspeed, Vi,
can be obtained from the following equation (1):

{1}

[ﬂ.’.’ — ('L[H

l:mmm-’ = . ZFTE

£ -{a — agl

Where V i1s the actual airspeed of the aircraft, a,is the
acceleration normal to the flight path, g is the constant
representing the acceleration due to gravity. a, is the
angle of attack in a normal approach which in turn is
obtamned from a knowledge of the measured flap posi-
ton. a,1s a reference angle and a 1s the actual measured
angle of attack, a,i1s also a function of the flap position
and 1ts value can be computed directly from the flap
posIIon.

While the invention has been described and illus-
trated 1n detail. it 1s to be clearly understood that this 15
intended by way of illustration and example only and 1s
not to be taken by way of limitation, the spirit and scope
of this invention being limited only by the terms of the
following claims.

I claim:

1. An improved aircraft wind shear warning system
for warning of hazardous wind shear conditions during
an aircraft landing approach of the type having means
for generating a signal [representing} which is a func-
tion of the rate of change of the instantaneous airspeed
of aircraft, means for generating a signal [represent-
ing ] which is a function of the horizontal inertial accel-
eration of the aircraft, means for subtracting the hori-
zontal nertial acceleration signal from the rate of
change of the instantaneous airspeed signal to provide a

wind shear signal [representing} which is a function of

wind shear and warning device means for generating a
warning signal wherein the improvement comprises:
means for generating a warning threshold the value
of which warning threshold is negative and the
magnitude of which warning threshold is the arith-
metic combination of a pre-selected negative con-
stant and a variable number which variable number
is a function of the excess, if any, of the airspeed of
the aircraft over a normal approach reference air-
speed and which variable number 1s adjusted in
response to the wind shear signal, when the wind
shear signal has exceeded a pre-selected value dur-
ing the landing approach; and
detector means responsive to the wind shear signal
for actuating said warning device means when the
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wind shear signal 1s more negative than said warn-
ing threshold.

2. An improved aircraft wind shear warning system
for warning of hazardous wind shear conditions during
an aircraft landing approach of the type having means
for generating a signal [representing] which is a func-
tion of the rate of change of the instantaneous airspeed
of the aircraft. means for generating a signal [repre-
senting J which is a function of the horizontal mertial
acceleration of the aircraft, means for generating a sig-
nal [representing} which Is a function of the down draft
drift angle of the aircraft, means for subtracting the hori-
zonial inertial acceleration signal from the rate of change
of the instantaneous airspeed signal and adding the down
draft drift angle signal to the difference to provide a wind
shear signal [representing] which is a function of wind
shear as modified by aircraft down draft dnift angle, and
warning device means for generating a warning signal
wherein the improvement comprises:

means for generating a warning threshold the value

of which warning threshold is negative and the
magnitude of which warning threshold is the arith-
metic combination of a pre-selected negative con-
stant and a vaniable number which vanable number
is a function of the excess, if any. of the airspeed of
the aircraft over a normal approach reference air-
speed and which variable number is adjusted in
response 10 the wind shear signal; and

detector means responsive to the wind shear signal

for actuating said warning device means when the
wind shear signal 1s more negative than said warn-
ing threshold.

3. A method for providing an improved aircraft wind
shear warning system for warning of hazardous wind
shear conditions during an aircraft landing approach
wheretn the aircraft has means for generating a signal
[representing} which is a function of the rate of change
of the instantaneous airspeed of the aircraft. means for
generating a signal [representing] which a function of
the horizontal inertial acceleration of the aircraft. means
for subtracting the horizontal inertial acceleration sig-
nal from the rate of change of the instantaneous airspeed
signal to provide a wind shear signal [representing]}
which is a function of wind shear, and warning device
means for generating a warning stgnal wherein the 1m-
proved method comprises:

generating a warning threshold the value of which

warning threshold 1s negative and the magnitude of
which warning threshold 15 the arithmetic combi-
nation of a pre-selected negative constant and a
variable number which variable number 1s a func-
tion of the excess, if any of the airspeed of the
aircraft over a normal approach reference airspeed
and which variable number 1s adjusted 1n response
to the wind shear signal; and

actuating said warning device means when the wind

shear signal i1s more negative than said warning
threshold.

4. An improved aircraft wind shear warning system
for warning of hazardous wind shear conditions during
an aircraft landing approach of the type having means
for generating a signal [representing} which is a func-
tion of the rate of change of the instantaneous airspeed
of the aircraft, means for generating a signal [repre-
senting ) which is a function of the horizontal 1nertial
acceleration of the aircraft, means for subtracting the
horizontal inertial acceleration signal from the rate of
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change of the instantaneous airspeed signal to provide a
wind shear signal [representing} which is a function of
wind shear. and warning device means for generating a
warning signal wherein the improvement comprises:
means for generating a warning threshold, the value
of which warning threshold 1s negative and the
magnitude of which warning threshold 1s the anth-
metic combination of a pre-selected negative refer-
ence value and a variable reference value, the vari-
able reference value being responsive {0 the excess
of the airspeed over the normal approach airspeed,.
said variable reference value being combined as a
negative amount with the fixed negative reference
value so long as the wind shear signal has not previ-
ously exceeded a first pre-selected positive number
during the landing approach, and wherein sad
variable reference value 1s zero when the wind
shear signal has previously exceeded a first pre-
selected positive number during the landing ap-
proach and has not previously exceeded a second,
higher pre-selected positive number during the
landing approach. and wherein said variable refer-
ence value 18 combined as a positive, pre-selected
fixed bias number with the fixed negative reference
value when the wind shear signal has exceeded the
second, higher pre-selected positive number during
the landing approach.

5. An improved aircraft wind shear warning system
for warning of hazardous wind shear conditions during
an aircraft landing approach of the type having means
for generating a signal [representing} which is a func-
tion ¢f the rate of change of the instantaneous arspeed
of the aircraft, means for generating a signal [repre-
senting} which is a function of the horizontal inertial
acceleration of the aircraft, means for generating a sig-
nal representing the down draft drift angle of the air-
crafi. means for subtracting the horizontal inertial ac-
celeration signal from the rate of change of the instanta-
neous airspeed signal and adding the down draft dnift
angle signal 1o the difference 10 provide a wind shear
signal [representing] which is a function of wind shear.
and warning device means for generating a warnng
signal wherein the improvement comprises:

means for generating a warning threshold. the value

of which warning threshold is negative and the
magnitude of which warning threshold 1s the arith-
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metic combination of a pre-selected negative refer-
ence value and a variable reference value. the van-
able reference value being responsive to the excess
of the airspeed over the normal approach airspeed.
said variable reference value being combined as a
negative amount with the fixed negative reference
value so long as the wind shear signal has not previ-
ously exceeded a first pre-selected positive number
during the landing approach. and wherein said
variable reference value is zero when the wind
shear signal has previously exceeded a first pre-
selected positive number during the landing ap-
proach and has not previously exceeded a second.
higher pre-selected positive number during the
Janding approach, and wherein said variable refer-
ence value is combined as a positive, pre-selected
fixed bias number with the fixed negative reference
value when the wind shear signal has exceeded the
second, higher pre-selected positive number during
the landing approach.

6. An improved aircraft wind shear warning system for
warning of hazardous wind shear conditions during an
alrcraft landing approach of the type having means jfor
generating a signal representing the rate of change of the
instantaneous airspeed of aircraft, means for generating a
signal representing the horizontal inertial acceleration aof
the aircrafl, means for subtracting the horizontal inertia!
accelerarion signal from the rate of change of the instanta-
neous airspeed signal to provide a wind shear signal repre-
senting wind shear and warning device means for generai-
ing a warning signal wherein the improvement comprises.

means for generating a warning threshold the value of

which warning threshold is negative and the magni-
tude of which warning threshold is the arithmetic
combination of a pre-selected negative constant and a
variable number which variable number is a function
of the excess. if any. of the airspeed of the aircraft over
a normal approach reference airspeed and which vari-
able number is adjusted in response 10 the wind shear
sighal, when the wind shear signal has exceeded a
pre-selected value during the landing approach. and
detector means responsive to the wind shear signal for
actuating sard warning device means when the wind

shear signal is more negative than said warning
threshold.

* % * x »*
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