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i571 ABSTRACT

This system permits speed variation within certain con-
straints. The minimum speed is derived from a stall
avoidance or acceleration margin condition and the
maximum speed may be the lower limit of the transonic
region or other design limit. Assuming the throttle is set
at or near a trim value, adjustments need only be made

if the terrain following flight path is tending to drive the

speed to one of the two velocity extremes. Velocity
predictions are based on predicted kinetic energy being
equal to the difference between the current kinetic en-
ergy and the potential energy to the profile extreme.
The throttle is adjusted when the predicted velacity is
outside the limits to add or remove the required amount
of energy.

6 Claims, 9 Drawing Figures

VELOCITY 14
Ahyax noicator
Ahyin
R max
HM||~ ATc
| |_-16
R DIGIT | THROTTLE
RADAR COMPUTER d CONTROL
(\ii 10
/18
WARNING
SIGNAL




U.S. Patent  Aug. 21, 1984 Sheet 1 of 5 4,467,429

T ~—- éi,»TERRAIN

\\\“~E%l___/ijv PROFILE

1

VELOCITY 14
Ahpax INDICATOR 4
Ahyin
Rmax
MIN ATc
’ | |16
;! | breiTaL l | THROTTLE
RADAR "l coMPuTER -] conTROL
(. (
\iz k—|O
v
|18
WARNING
SIGNAL -
+ 1g. 34



U.D. Patent  Aug. 21, 1984 Sheet 2 of 5 4,40 /,42Y
START INPUT Vo | /20
—¥ Ahmax, Rmax » EXAMINE PROFILE
Wiy [ (RN _J
COMPUTE 22
2
v =4/Vo_2gAh PREDICT VELOCITIES
PMIN MAX " AT EXTREMES
2
VPMAX="/V°'29AhMIN
p—
IN
PROGRESW”’ =
YES AT _AT NO ¥
08 c=himin 2 | s= ~o
5Q S
V pmax NO__ NO Vpmax =h S~
Q’\fm)—" ‘_Qﬁu z< N,
YES 3 ves & h
ATc=ATwin L3a [ Y
| | 2|32 !
30 32| cex 56
)y v [T uE N ‘.
AT¢=0 >3 ATe=0 °© RESOLVE
CONFLICT
- } 0 -
YES [ NO
\/ Ll
2 NO
Cmaxp=Y% pVp min S9 Cmax AT¢=0 i
ATc=AT¢ o
IN | - 66, YES z2
PROGRESS 44 5. — e
: YESA NO 2o MTe=AT¢ | [ 93
C=L“MAX 46 2 o " O
48 =3 ) | £
NG WO >pe
P oGP | ;
2 Ogeg ! XReg, CE QUTPUT |-70 @
y i (o] T
\ﬁ-s TR=ATuxns /54\|¢ES ..8.§ :c .)
='V = 'MAA l G | gmd &
) | (%2 exiT
ATc=0 AT¢=0




U.S. Patent  Aug. 21, 1984 Sheet 3 of 5 4,467,429

" (RUN 240)
® ®
. . i
A A AN
®ﬂl\\v/rf\f\/\/\\,l AT\
ML R
281 W RAYER
s RS \}\
— \
: \_
T
0.00 40I.00 80;070 12'0.00 IG'0.00 20.0.00 24I0.00 28.0.00 326.00
Fi1g. 4



FEET /SEC / SEC

L0o0

FEET 7/ SEC
640.00 72000 800.00 880.00 960.00

2.00 2.50

1.50

0.50

U.S. Patent Aug. 21, 1984 Sheet 4 of 5 4,467,429

ACCELERATION MARGIN
TYPE I / /N
] IMPLEMENTATION
| (RUN 240) \_7/\/\ / /
AN pa\ ~L \ /] ]
\ ~ / AN/ /N /]
\J
1.06g
1.02¢/ CONSTANT
THROTTLE—"X/ 689
(RUN 241)
000 4000 8000 12000 160.00 20000 24000 280.00 32000 360.00

TIME OF FLIGHT — SECONDS

:

VELOCITY
- NS?Z
’ ITJ:LEEJENTATION / /"'<x918

_M {RUN 240) /\/\ / /
_ \®AVW P/
N S N

- ' CONSTANT \/
THROTTLE «/ __e88
(RUN 241)

~—

0.00 40.00 80.00 12000 16000 200.00 240.00 280.00 32000 360.00

;“].

=
o

[5



U.S. Patent Aug. 21, 1984

Sheet 5 of 5 4,467,429

THRUST IMPLEMENTATION COMPARISON
THRUST
8 (RUN 243) — MACH HOLD
» @ NOTS-10 TERRAIN
t_%
w
[= .
S
(/2] . 1
8 3 J‘VWH mnnm I
<{
n
@
RO TR \I\I \(\I |\
F a1 !
S R )
0,00 80.00 160.00 94000 320.00
TIME OF FLIGHT — SECONDS
THRUST
1 (RUN 240) — TYPE T
S
®
W
[o1]
-J
| T8
=4 8 eV —
0 4
2 g [ e \
2yl 8 L9
[%2]
=2
(o]
L o
=9
(o] T - T T T T T
0.00 80.00 160.00 240.00 320.00

TIME OF FLIGHT — SECONDS



1

AIRCRAFT THRUST CONTROL SCHEME FOR
TERRAIN FOLLOWING SYSTEM

2 iVA

RIGHTS OF THE GOVERNMENT

The invention described herein may be manufactured
and used by or for the Government of the United States
for all governmental purposes without the payment of
any royalty.

BACKGROUND OF THE INVENTION
This invention relates to improved aircraft throttle

cantenl smmnuntin fae thha nabiorrie Amountise A nis ale

wouu v dl)l)ﬂlﬂbub il e uyuluuu.l Upclﬂll\lll Vi Qli alL -
craft, more particularly for a terrain following (TF)
system.

Aircraft thrust or throttle control historically has not
been integrated with terrain following flight path angle
control systems. Throttle control has been a manual
function performed by the pilot who makes throttle
adjustments to maintain nominally constant speed or to
avoid excessive speed buildup during dives or excessive
fall off during climbs. Some terrain following aircraft
(e.g., B-1) have antomaticaily implemented speed or
mach number hold systems which have been suggested
for use during terrain following ﬂight The mach num-

har ar anaad hald satianala canctitutas tha snerant ne.
O€T Or speca nd1G rationaic Constiuics wnc curreny prac-

tice in throttle control for terrain following. It is unsatis-
factory in-a number of respects. In a typical mach hold
auto throttle mechanization the commanded thrust or
throttle setting is formed by feedback of mach number
error, mach number rate error, and flight path angle
summed through appropriate gains. The command
structure operates well under nominally level ﬂlght to
control to a desired mach number. Duu.us terrain fol-
lowing flight, however, even over moderately hilly
terrain the system tends to give min-to-max variations in
thrust in synchronism with the hills and valleys, as a
component of thrust is commanded to balance the pro-
iection of weioht alone the fliocht vector, This comno-

Jjection of weight along the flight vector. This comp
nent can be quite large and can exceed the mcremental
thrust capabilities of the engines particularly in an air-
craft with a low thrust to weight ratio. As a resuii, a
system of this type can be frequently saturated during
TF flight, exhibiting bang-bang type control which is

15

40

deleterious to engine life and unnecessary in terms of 45

terrain following requirements. A certain amount of
speed variation can be tolerated while terrain following
as long as speed fall off during climbs is not so great as
to risk aircraft stall or speed buildup during dives is not
excessive. The speed hold philosophy for TF fails to

take proper account of the fact that constant speed may

not be nneuklp in a thrugt.limited aircraft aﬁ'ﬂmnhno to

hug closely rugged terrain. Additionally, the only antxc-
ipation built into mach hold scheme is through flight
path angie which specifies a need for a power setting or
thrust level to prevent speed change but does not ad-
dress the consequences in the event that the thrust level
cannot be delivered by the engines. In the past this
problem has been circumvented by establlshmg a pnon

OllIIlD dl'l.(.l uth: llll.lll.b io UC UUbCIVCu uuuug I.Clld.ill
following flight which attempt to limit speed changes to
an acceptable level. These limits, however, are quite
small in aircraft with low, thrust to weight ratios and
terrain following is consequently restricted.

Wa tarrad Hawing
(=]

atnfor n fn command comnuters
nCreloioIe errain italwin,

™
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have been analog and not particularly suited to the
handling of stored data required by the disclosed algo-
rithm. Further, the question of throttle control has been
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generally avoided by the compromise suggested above,
i.e., the specification of climb/dive limits.

An exampie of an analog conirol system for throttie
control is shown in U.S. Pat. No. 3,908,934, by Schloe-

man which ic onerative for several modes from take.off,

man wiach 18 Operalive I0r sgveral moacs irom axe-off,

through cruising, to landing, but does not include ter-
rain following. An example of a digital control system
for an aircraft is shown in U.S. Pat. No. 3,940,094 by
Kreiss et al for a Wing Sweep Control System.

SUMMARY OF THE INVENTION

An object of the invention is to provide for improved
thrust control coordinated with the characteristics of
the terrain profile.

The scheme according to the invention recognizes
that from the standpoint of terrain following, speed

ynwintinn e n“nwa" T

variauon is aud ct existing terrai lawing

CG. il favl. CXisiing 1Crrain fu}luwuxs
flight path angle control algorithms adapt to give con-
sistently stable terrain following response regardless of
speed. Nevertheless certain speed constraints must be
observed. These constraints are minimum and maxi-
mum values. The minimum speed is derived from a stall
avoidance or acceleration margin condition and the
maximum speed is the lower limit of the transonic re-
gion or more particularly the highest speed for which
the TF system is designed to operate. Assuming the
throttle is set at or near a trim value for the current
nominal speed, adjustments need only be made if the

tarrain fallawing flioht nath io tandine ta driva tha
wWitdill 1IOuOwing uigiiv paul is WhOGIHNg W Glive uld

speed to one of the two velocity extremes. Thus, a
reasonable throttle adjustment rationale is to do nothing
unless anticipated speed falls off during a climb leads
toward stall or inadequate acceleration margin or unless
aniicipated speed buildup during a dive is excessive.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1 and 2 are diagrams of terrain profiles and
anticipated flight paths which illustrates the concept of
the invention;

FIG. 3 is a flow chart of the algorithm;

FIG. 3A is a system block diagram: and

. SA I8 2 sYysiem DIOCXK Clagran; ang

FIGS. 4-8 are graphs showing the operation of the
scheme for some parameters versus time of flight.

DETAILED DESCRIPTION

The improv Ardinatas

ne uupnuvcd thrust control scheme coordinates the
thrust or throttle control with the characteristics of the
terrain profile. Such an approach is to recognize that
speed variation is permissible but that the control
should be designed to avoid exceeding minimum and
maximum limits. The caicuiations required to derive
thrust commands which will control speed between the
proper limits involve information from the terrain pro-
ﬁle ahead of the aircraft and information about the lift
and thrust capabilities of the aircraft.
FIG. 1 illustrates the concept. The aircraft is cur-
rently at position (A) with speed V,and thrust T,. Tois

Tio Toced £lisbs faden ratina far
the level flight trim value for Vo Ahead of the aircraft

lies valley (B) and mountain (C). If the thrust is not
adjusted the aircraft will pick up speed in the descent to
(B) and lose speed in the ascent to (C). The rationale
stipulates that if V pand V care within limits no throttle
adjustments need be made.
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Minimum and Maximum Speed Limits

. S P T [ D P - T B - T ] raad

The maximum Speea d limitisa fixed constant A" MAXSCL
by the TF system designer, possibly to satisfy such
constraints as

(a) avoidance of transonic region

(b) avoidance of engine overspeed

£A\ nurmidamsn afh
{c) avoidance of high speed regions where T

mance degrades

(d) avoidance of speeds above which the TF control

system is not properly compensated.

The minimum speed limit is a derived value Vagn.
Vrw is the speed which gives sufficient lift to yield a
specified normal acceleration capability at maximum
angle of attack or, alternatively, maximum lift coeffici-
ent. The lift capability is called acceleration margin and
defined by equation 1.

VISCrmax [¢))
Acceleration margin (gees) = graMAx = -;— p —"-én—"-q— —

gInMAX=Incremental normal acceleration on air-

craft at maximum lift coefficient (gees}

p=Air density (slugs/ft3)
V =Aircraft speed (ft/sec)
S=Aircraft equivalent wing area (ft)

Crymax=Maximum lift coefficient of aircraft (umt-
less)
W=Aircraft weight (pounds)
The minimum speed requirement follows after a mini-
mum value for gr,max is specified. Vaun is given by
equation 2.

@
2Wgreg + DCLMAX

VMIN = e
ps

grEQ=Acceleration Margin required at minimum
velocity (gees)
Velocity Prediction

If the engine thrust over an interval is set to balance
the average aerodynamic drag, then a reasonable pre-
diction of aircrafi speed can be made on the basis of the
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interchange of kinetic and potential energy. Refer to .

FIG. 2. If while traversing the interval (A) to (B) the
engine thrust is approximately equal to the average
aerodynamic drag over the interval, then the velocity at

point (B) is approximately as follows:

dmvg-tmrd-wan
and using W=mg
ST oo &
V=N V4 — 2g Ak

Simulation results have shown this prediction equation
to yield errors no greater than 2% under realistic terrain
following conditions.

An additional margin of safety can be observed by
overstating the highest profile height; i.e., by adding a
fixed altitude increment to Ah in FIG. 2. This artifice
covers the contingency of towers or mountain summits
belatedly detected due to low radar reflectivity or
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Establishing Trim Thrust

Tha anmirany ~f tha ualnn-fu nro,
The accuracy of the velocity prediction depends on

the extent to which the nominal power setting equals
the average aerodynamic drag over the prediction in-
terval. The simulation results showed that if the power
setting is the level flight trim value for the nominal

aircraft speed the prediction is quite good. The nominal

power setting can be established by various techniques,
two possible methods being:

(1) Manually—The pilot sets the throttie over level
or gently rolling terrain for the desired nominal speed.
He could make periodic adjustments to compensate for
changes in welght

(2) Automatically by a stored table of thrust over
average drag—This table would express average drag
as a function of speed, weight, wing sweep and possible
other parameters.

Thrust Increment Equation

o pmmmmes amrzndioace farsirndioem £V o e ad 4o mwadint

.lll.c cuclgy cquuuuu \CL‘IJCILIUAA \3)} 1D Uotu W ylﬁul\-b
the aircraft’s velocity at the highest and lowest points in
the terrain profile as measured by the terrain following
radar, It is assumed that the terrain following flight path
will clear these points by the desired set value. This

ass“mntgnp will Avpnhna“v hold for the h|oh¢=cf nnlnf

and may lead to a conservatrve (high) velocnty estxmate
for the low point. If the projected states are not within
the limits, the velocity deficiency or excess translates
into a requirement to add or remove energy from the
system. The required or target kinetic energy at the
profile high point is given by equation (4)

WHgRrEQ + 1) @

KEREQ = ~SCramix
KERrrg=Kinetic Energy required at the peak to give
Acceleration margin greg (ft-1bs)
p=Air density at profile high point (slugs/! ft3)
The target kinetic energy at the profile low point is

aiven hy aognatinn (5)
given Oy quation )

®)

KXEreo

V may=Maximum velocity limit of system

The erlergy requirements at the profile extremes are
given by equations (4) and (5). The predicted kinetic

Y

energy is given by the velocity prediction equation.
Y P g

KEp=Predicted Kinetic energy (

V,=Current Velocity (ft/sec)

W =Weight (lbs)

g=Acceleration of gravity (ft/sec%)

Ah=Height differential to profile extreme, positive
for a high point (above aircraft), negative for a low
point (below aircraft) (ft).

If with respect to the high point KErgg<KEp, there

is an energy deficiency such thai:

t-1bs)
=208

AE=KERpg—KEp

If with respect to h lo
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AE=KERngKEp

E thus is positive for an energy input requirement and
negative for an energy removal requirement. The en-
ergy differential is added by adjusting the thréttie away
from its current trim value. There is latitude in the rate
at which the energy is added or removed. The only
restriction is that the following integrals hold.

5
B
[
o
—~
~r

JATds=AE for dives

Note the appropriate inequality for climbs and dives.
The integral is over the distance to the profile extreme.
T=Thrust increment effected by the throttle move-
ment (lbs)
Two un:tuuua, amoiig maiiy, for
(7) are
1. Full throttle movement for a sufﬁclent duration.

PR ST L)
1CTICTIL

g eque

{ A%y ~ TTRIM

Duratipn: At =

Vo(Toasay, — TTRIM)
1MiING

= Total engine O‘hnmf at the meximum or minimum
2ctal enging tnrust at the maximum Or minimum

2%
Fipd

power semngs (Ibs)
Trripm = Trim valie of t.hrust for nominal velccnv desired, or
. . alternatively, the estimated average drag over the
. prediction interval (Ibs)
Vo,; Current velocity (ft/sec)
At = Time duration of throttle actxon for type I unplemen- .
tation. .
R MAxy = Range to high or loﬁv: point in proﬁle @ .

The type I implementation adds the energy differential
at the fastest rate. Type II adds the differential over the
entire interval at the lowest average rate.

© There is, of course, no guarantee that the energy
differential can be satisfied with the thrust increments
given by Taax or Tagrn. In this event the energy delta
must be appropriately augmented by afterburners or
removed by speed brakes. In this manner the disclosed

scheme provides advanced warning of and calk for:

appropnate emergency action when the nox_'mal thrust
range is inadequate.

Thrust Control Implementatlon -

The flow chart of FIG. 3 and system block diagram
of FIG. 3A shows a type 1 nnplementatlon “This flow
chart may be 1mplemented by a dlgltal computer 10
operaung ll'l a real-ume COIIU'OI moue Wl[ﬂ dppruprldl.c
input/output circuits. Inputs are required from the
radar equipment 12, and from a velocity indicator 14.
Output is required to the throttle control 16, for one of
three settings, trim (ATc_ﬂ) minimum throttle

AT 22\ mend amanerienass s thanidla AT __ AT... -0\

\Lieg= AT MIN) and maximum throttle \@ L= 1 (AX)

on

10
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20
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6
Output may at times also be required for a warning
signal 18. .

In FIG, 1 block 20 represents thn nrocess of nclnn the

radar eqmpment to search the proﬁle ahead to deter-
mine the change of altitude Ahazsxand Ahpgyy from the
present position to the high and low points, the range
Raax and Ry to these points, and the input of these
values to the comnuter.

At block 22, the velocity projections are made. These
are the velocities which will beé attained at the projected
high and low points if the throttle is set at the trim
value, using equation (3) The value Vo is the current
velocity. :

The next section of the ﬂow chart is the check for
minimum throttle action. Minimum throttle action is a

ramuact far miniemiies theat Tha fisgt Aanician hlansl 94
ALY ULOL 1UL ITURIUIIUILE LHLUDL. 1 1S 1100 UCLISIVIL UiUlh &%

determines if a minimum throttle action is already in
progress. If not, then the next decision is at block 26,
where the predicted maximum velocity is checked
against the predetermined allowable maximum value
V3z4y. On the other hand, if 2 minimum throttle action
is already in progress (set to AT pyvin a previous cycle),
the next decision from block 24 is at block 28. Here the
check is made against 95% of Va4x. This provides
“logic hysteresis” which prevents switching on noise.
An intermediate variable AT, is used to store the result
of the deci_sion. At block 30, 32 or 34 it is set to zero for
the “yes” branch and to ATy for the “no” branch

Foremn atthaahlanl € e M0 Tha wad wncsls 3o &L..; n aan

v 1301 C1uiCl U1O0K &4u O &0. 11T 1ICL ICSUr 15 uidr a o~

30

mand for minimum thrust is made when the predicted
maximum speed exceeds the minimum allowable. The
command is restored to zero when the predicted maxi-
mum speed falls below 95% of the maximum allowable.

The next section of the flow chart is the check for
maximum ‘throttle action. First at block 42 the projected
acceleration margin at the trajectory high point is com-
puted. Then the decision biock 44 is used io determine
if a maximum throttle action is already in progress, and
then in one of the decision blocks 46 or 48 the projected
acceleration is compared with a predetermined required
value or 1.2 times that value, depending on whether
ubuuu lB llUL Ul lb lll PIUEICB) AllUthl nucxuncdlau:
value AT." is used to store the result. At block 50, 52, or
54 it is set to zero for the “yes” branch and to ATa4x
for the “no” branch from either block 46 or 48. The
outcome is-a command for maximum thrust when the

wredicted acceleration margin is less than the rPﬂl“rPd

predicted -acceleration margin is less than the require
value. The command is restored to zero when the pro-
jected ma.rgm rises above 1.2 times' the requ1red value.
Here again logic hysteresis prevents sw1tchmg on noise.

Before setting the thrust increment command, a possi-
ble conflict between minimum and maximum throttle
actions is-resolved. The flow chart follows line 56 to
decision block 60. If the decision blocks 60 and 62 show
that both intermediate values AT, and AT." are other
than zero, then there is a conflict. Note that it may,

.. under some circumstances, be possible to satisfy both

65

constraints. This would be true if the range intervals
involved were long enough to allow removal of the

enarov reanired to caticfv the maximum QnPPd con-

energy requireC 0 Eallsly ac maximum

straint and then to add back that energy plus the com-
puted increment to satisfy the minimum speed con-
straint. If the conflict cannot be resolved in this manner
it is necessary to further limit the negative altitude dif-
ferential Aharv.

If both AT, and AT."” are zero, then in block 64 the
parameber ‘ATc is set to zero. If orily one of the interme-

PRPYS Ry
Uldlc leucb 13 LCIU, uu:u u ]. ¢ la bcl cquax I.U ll.lC Ot i
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one of blocks 64 or 66. The resulting value of AT is
then output at block 70 to control the throttle setting.
It will be readily apparent that the check for mini-
mum throttle action and the check for maximum throt-
tle action may either be done first, or they could even be
done at the same time in parallel processors.

Experimental Results

Experimental results were obtained by simulation.
FIG. 4 shows a flight profile for a typical terrain follow-
ing system. The terrain is a segment of the Rocky
Mountains known as the NOTS-10 Course. FIG

= mmrracnmnding anrelanod s s mato I..

SHUWS ll“‘-’ LUl[cprllUllls avlliviauun mal g tuuc riis-
tory compared with that given by a constant throttle
configuration. FIG. 6 shows the velocity time history
compared to that of a constant throttle configuration.
FIG. 7 shows the thrust time history given by the type

)
I control scheme. LGG""‘-g at FIG. 4, the command

structure projects 2 speed deficiencies: One at (A) look-
ing up to (B), and the other at (C) looking up to (E)
Thus, maximum thrust is commanded at (A) and (C)
persisting in each case until the projected acceleration

maroin (hased on trim thrust) rises abhove 1.2 u’c These

margin (based on trim thrust) rises above hese
are points (B) and (D) respectively. FIG. § shows that
the acceleration margin for the type I implementation is
above 1 g (the required value set in) for the entire run,
indicating proper operation of the algorithm. FIG. 6
shows that the velocity never exceeded the maximum
allowable value (1000 ft/sec for this run). FIG. 7 shows
the two maximum throttle actions called for during the
run. An important advantage of the impiementation is
illustrated in FIG. 8 which shows the thrust time his-
tory compared to that given by a mach hold auto throt-
tle system over the same course. Note the highly active
nature of the mach hold time history with many full
throtile C'y’Cu‘:s

Thus, while preferred constructional features of the
invention are embodied in the structure illustrated
herein, it is to be understood that changes and variations
may be made by the skilled in the art without departing

fenem tha it and o
from the spirit and scope of my invention.

I claim:

1. A throttle control system for an aircraft in which
thrust is controlled by throttle settings, operating in a
terrain following mode using a base throttle setting for
a trim value of thrust for a nominal velocity desired for
level flight, and having storage means containing prede-
termined values for maximum and minimum velocity, a
predetermined acceleration margin, and given vaiues
relating to lift and thrust capab:lxtm of the aircraft, said
system comprising:

(a) input means to obtain values of the low and high

points based on a search of terrain profile ahead of
the aircraft from radar instruments, and means {0
obtain a value of the current velocity;

(b) prediction means comprising computation means

using the values obtained by the input means of the

high and low points, and of the current velocity to

?rndu\f the maximnm and minimum velacitieg Qver

TCCICT NS Maximum anc minimum velocitics o

said profile with said trim value of thrust;

(c) first checking means to check for reduced throttle
action including first comparison means using vai-
ues from said prediction means and said storage
means to determine whether “yes” the predicted
maximum velocity is less than the predetermined
maximum velocity or “no” it is not, and means
responsive io the resuit from the firsi comparison

-

5

~

5
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45
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means to set a first intermediate variable to a first or
second value for “yes” or “no” respectively;

(u; second blll:bklll& means to check for increased
throttle action, including further computation
means using values from the prediction means and
the given values from the storage means to calcu-

late a projected acceleration margin at the trajec-

torv hich nnint, and second comnarison means to

tory high point, and second comparison means to
determine whether “yes” the projected accelera-
tion margin is greater than said predetermined
acceleration margin at said high point or *no” it is
not, and means responsive to the result from the
second comparison means to set a second interme-
diate variable to a first or second value for “yes” or

“no’ respectively,

{e) ouiput means effective afier operation of the first
and second checking means for setting 2a command
variable to a first value, a value of a second set, or
a value of a third set, using the values of the first
and second intermediate variables, the command

wneinbla hai ¢ $ 3 s H
variable being set to its first value responsive to the

first and second intermediate variables both having
their first value, the command variable being set to
a value of the second set responsive to the first and
second intermediate variables having their second
and first values respectively, and the command
variable being set to a value of the third set respon-
sive to the first and second intermediate variables
having their firsi and second values respeciively,
and means for supplying the value of the command
variable to throttle control apparatus to maintain
said base throttle setting, to provide a decreased
thrust increment, or to provide an increased thrust

increment, de""nd"‘g upon the command variable

having the first, second or third value respectively.
2. A throttle control system according to claim 1,
which is a digital processor comprising said storage
means and said means (a) through (e), operating in re-
petitive logic cycles from start to exit with each of the
means operative once per cycle, starting with the input
means (a), followed by the prediction means (b) then the
first and second cnebxmg means \o} and \u], ana fumuy
the output means (e).
3. A throttle control system according to claim 2,
wherein the throttle control apparatus provides throttle
settings which include said base setting, a minimum

cattinag and a maximum getting, wherein the throttle

Seiling anc 3 maximum ICeNNIng, WICISn tAC A0S

settings are controlled by said command variable which
may have any one of three values which are said first
value, a second value being said second set, and a third
value being said third set to respectively provide throt-
tle settings of base, minimum or maximum,
wherein said first checking means (c) comprises a
decision means to determine if said command is at
. the second value, the first comparision means being
operative to compare the predicted maximum ve-
locity either to said predetermined maximum ve-
locity or to a given fraction below it responsive to
the result of the decision means being respectively
“no” or “vpe”
wherein said second checking means (d) includes a
further decision means to determine if said com-
mand is at the maximum vaiue, the second compar-
ison means being operative to compare the pro-
jected acceleration margin either to said predeter-
mined acceleration margin or to a given fraction
above it tesponsive to the result of the last said
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4. A throttle conirol sysiem according to claim 3,
wherein said prediction means (b) uses the formulas

Vesan = N V2 — 2g Ahpgax 5
Vemax =N Vi — 2g My

wherein
Vpemin is the predicted minimum velocity,
Vpumayis the predicted maximum velocity,
V., is current velocity,

Al nnd Al oo nwa anid hioh nnd Lo, madomio sraedd
WOMAX aliG anjfjjiv aic 8aiG igi ana 10w poinis vVeri-

cal distance with respect to current altitude;
wherein said means to calculate a projected accelera-
tion margin uses the formula

10

aMaxp = 5 PVaranECLMAX 2

wherein

p is air density,

S is aircraft equivalent wing area,

g is acceleration of gravity,

Crmay is maximum lift, coefficient of the aircraft.

5. A throttle control systein according to claim 4,
wherein said given fraction below of the first checking
means (c) is approximately 0.85, and said given fraction
above of the second checking means (d) is approxi-
mately 1.2.

& Tha mathnd nafthrnttla cantral far an airoraft aner.
S. 2 42€ mMCLACA Of Lardilie Conro: ior an aircrait oper

ating in a terrain following mode over a terrain profile
having an altitude at each point including high and low
points measured by radar instruments with respect to a
current altitude, using a base throttle setting for a trim .
value of thrust for a nominal velocity desired for level
flight, having a current velocity which may differ from
the nominal velocity at any particular time; having
storage means containing predeiermined vaiues for
maximum and minimum velocity, a predetermined ac-
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celeration margin, and given values relating to lift and
thrust capabilities of the aircraft; the aircraft having
kinetic and hnfenhal energy at each nmnt which are

functions of the velocity, altltude, and sald given values;
wherein said method uses a digital processor operating
in repetitive cycles with steps comprising:

obtaining and storing values for the low and high

nainte of the terrain nrofile ahaad of the aircraft
POLNS O WiC wWriain proiud andad Ol w aurcra:n,

and obtaining and storing a value for the current
velocity;

predicting maximum and minimum velocities at the
low and high points respectively with said trim

valna of theuct by o

nalanlatian neine tha atnrad
vaiue Oi urust oy

a calculation using the stored
values for the high and low points and the current
velocity, and using formulas based on predicted
kinetic energy being equal to total energy which is
the sum of current kinetic energy and potential
energy with respect to the low and high points
respectively;

calculating a projected acceleration margin based on
the predicted minimum velocity and given values
relating to the aircraft structure and its load;

mermmmg by comparison whether the predicted
maximum velocity and projected acceleration mar-
gin are within predetermined limits, and if so set-
ting the throttle control to a base position for a trim
value of thrust; calculating AE which is an amount
of Cnergy cquul to the difference between kinetic
energy required and kinetic energy predicted as
functions respectively of said predetermined limits
and said predicted velocities; and if said predicted
maximum velocity and projected acceleration mar-
gin are not within the predetermined limits, chang-
ing the throttle control from said base position such
that the integral of the thrust increment with re-
spect to its trim value over the distance to a profile
extreme is greater than or equal to AE for climbs
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