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ABSTRACT 

A range control system is provided for a missile or 
projectile which utilizing its in?ight prediction of the 
impact range error, provides means for correcting for 
this error. The system is carried in the vehicle, and it 
includes a comparator system which compares outputs 
from a vehicle-mounted accelerometer system with 
predetermined values. Any differences are fed to a 
function generator which produces a control signal. 
The control signal from the function generator 
operates a reaction control motor which, in turn, com 
pensates for any variations of the vehicle from its 
course, so that the predetermined range of the vehicle 

6 Claims, 3 Drawing Figures 
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TACTICAL MISSILE RANGE CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

As is well known, if a projectile departs from its 
course at any time during its ?ight, these departures 
will affect the preset range of the vehicle and cause it 
to depart from its predetermined impact point. Even in 
the case of guided missiles, if the vehicle leaves its pre 
determined course, there is a variation in gravity accel 
eration which produces errors in the data programmed 
into the guidance system. The vehicle-mounted range 
control system of the present invention provides a low 
cost means of achieving range control for battle?eld 
and other tactical missiles and projectiles. The system 
provides for the vehicle to be held at all times on its 
predetermined course, so that its established range is 
accurately and precisely maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a projectile or 
missile, and showing in block form a control system in 
corporating the concepts of the invention, the control 
system being represented as mounted within the vehi 
cle; 
FIG. 2 is a more detailed block diagram of a range 

control system representative of one embodiment of 
the invention; and 
FIG. 3 is a schematic circuit diagram of the system 

shown in block diagram of FIG. 2. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

In FIG. 1, the missile or projectile is represented as 
10, and the control system representative of one em 
bodiment of the invention, and which is mounted 
within the vehicle 10 is shown, as mentioned above, in 
block form. The system of FIG. 1 includes, for exam 
ple, an accelerometer 12 which is designated an “axial 
accelerometer,” and which is mounted with its sensi 
tive axis coincident with the vehicle longitudinal axis. 
The system also includes a comparator system desig 
nated by the block 14 and which, as will be described, 
and as shown in FIG. 2, includes three integrators 16, 
18 and 20. The integrator 20 provides a track and hold 
function; and the integrators 18 and 16 serve for dou 
bly integrating the output of the axial accelerometer 
12. 
The control system also includes a small reaction 

control rocket motor 22, or equivalent device, which is 
aligned with its thrust axis perpendicular to the center 
line of the vehicle 10 and in a vertical plane. A clock 
or timer circuit 24 is provided for controlling the se 
quence of the system. It is assumed that the vehicle in 
corporates the usual system for maintaining its roll ori 
entation relative to the vertical, and such a system is 
not shown. 
As shown in FIG. 1, the output from the comparator 

system 14 is fed to a function generator 26 whose out 
put is applied to a zero detector system 28 which, in 
turn, controls the reaction control motor 22. As shown 
in FIG. 2, the zero detector system 28 includes a zero 
detector number 1, and a zero detector number 2, the 
outputs from the zero detectors number 1 and 2 being 
passed through an “and” gate 30 to the reaction con 
trol motor 22. 
As will be described, the vehicle 10 is maintained on 

its predetermined course by controlling the length of 
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2 
time the reaction control motor 22 is operated. This 
control is obtained by comparing the actual readings 
derived from the accelerometer 12 with calculated 
readings, and by feeding the difference into the func 
tion generator 26. The function generator 26 then pro 
vides the control signal for the reaction motor 22. 
As shown in more detail in FIG. 2, the clock circuit 

24 controls three single-pole double-throw relay 
switches designated Y1, Y2 and Y3. When these 
switches are in their down position, the system is con~ 
trolling. However, when the clock circuit moves the 
switches to their upper position, the output from the 
axial accelerometer 12 is integrated first in the integra 
tor 18 so that the accelerations are transformed into ve 
locities ('v), and the output from the velocity integrator 
18 is integrated by the integrator 16 so that the veloci 
ties are transformed into arc lengths (5). 
At the same time, the accelerometer track and hold 

integrator 20 is connected to the output of a compara 
tor circuit 50, the inputs of which are connected to the 
output of the accelerometer 12 and to the output of the 
integrator 20. The output (a) from the integrator 20 is 
also applied to a comparator circuit 52 in which it is 
compared with a predetermined nominal acceleration 
value (no). 

Likewise, the output (V) of the integrator 18 is ap 
plied to a comparator 54 in which it is compared with 
a predetermined nominal value (v,,), and the output of 
which is applied to a gain Ky. The output (s) of the inte 
grator 16 is applied to a comparator 56 in which it is 
compared with a predetermined nominal value (so), 
and the output is applied to a gain Ks. The outputs of 
the gain KA, Ky and K, are all applied to a summing net 
work 58, and the output 8R of the summing network 58 
is applied to the function generator 26. 
The output of the clock circuit (1) is applied to a 

comparator 60 in which it is compared with a predeter 
mined time (t,,) and the output of the comparator 60 
is applied directly to the zero detector No. 1 and to a 
summing network 62. The output (At) of the function 
generator 26 is applied to the summing network 62, as 
is a predetermined value (To). The output of the net 
work 62 is applied to the zero detector No. 2. 
Although the various components designated above 

will be shown and described in somewhat more detail 
in FIG. 3, it should be pointed out at this time that the 
individual components such as the clock circuit 24, the 
axial accelerometer 12, the integrators, the function 
generator 26, the summing networks, the comparators, 
the zero detectors, the “and" gate 30 and the reaction 
control motor 22 are aall well known to the art, so that 
a detailed description of these individual components 
is deemed to be unnecessary. 

In the operation of the system of FIG. 2, any depar 
tures of the vehicle 10 from its ?ight path will produce 
error signals, and these rror signals will cause the time 
histories of the outputs from the accelerometer 12, and 
will cause the outputs of the integrators 18, 16 and 20 
to differ from certain predetermined nominal values 
(v,,), (s,,) and (0,) respectively. At some time (2,.) dur 
ing the ?ight the clock circuit 24 operates the relay 
switches Y1, Y2 and Y3 to establish the input of the 
three integrators 16, 18 and 20 at a reference level so 
that the outputs of the three integrators remain cons 
tant thereafter. At this point, the three constant values 
of the three integrators, namely s, v and a are compared 
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in the respective comparators 56, 54 and 52 with their 
respective nominal values s,,, v, and a,,. 
The three difference outputs from the comparators 

56, 54 and 52 are linearly combined in the summing 
network 58 to provide an estimate of the error that 
would occur Aif no correction were made. This error is 
designated 6R. In order to effectuate the correction, 
the small reaction motor 22 is utilized. As mentioned 
above, the reaction motor 22 is oriented with its thrust 
axis in a vertical plane and normal to the center line of 
the vehicle 10. The direction of thrust of the reaction 
control motor 22 is generally upward. 
Independent of the aforesaid in-flight estimate of 

range error, the motor 22 begins to fire at a predeter 
mined time (t) during the ?ight if the range error is esti 
mated at zero. That is, if the estimate shows that the ve 
hicle is on its correct course towards the target, then 
the motor 22 burns for a duration of T, seconds. If the 
estimate is that the vehicle will fall short of the target, 
the duration of the burn of the motor 22 is extended for 
AT seconds, where AT is a function of the estimated 
range error as derived from the function generator 26. 
This function is determined in the function generator 
by simulation and in most cases will turn out to be a 
simple proportionality. If, on the other hand, the esti 
mate is that the vehicle will overshoot the target, the 
duration of the burn of the motor 22 is shortened by a 
period of time (AT) which is, again, the same function 
pf estimated range error. 
The implementation of the foregoing is achieved, for 

example, by the system of FIG. 2 in which the output 
of the accelerometer 12 is fed to the integrators 16, 18 
and 20 through the aforesaid integrator for said relay 
switches Y1, Y2 and Y3. The output (a) from the inte 
grator 20 is fed back to its input through the compara 
tor 50 form a “track and hold” circuit. The output (v) 
of the velocity integrator 18 is fed through the relay 
switch Y1 to the integrator 16 to provide the arc length 
data (s). The three relay switches Y1, Y2 and Y3 are 
actuated by the clock 24 which serves as a timer to con 
trol the entire process. It is pointed out that the relay 
switches Y1, Y2 and Y3 may be solid state type 
switches, rather than electromagnetically operated 
relay switches, if so desired. 
The respective outputs s, v and a are compared in the 

summing or comparator networks 56, 54 and 52 with 
the respective nominal values so, v0 and a,,, and the co 
efficients of combination, that is the gains KS, Ky and 
K4 are determined using a so-called static Kalman-fil 
ter, or linear regression, technique, as designated by 
the blocks KS, Ky and K,,. 
At a pre-selected observation time (In) the clock 2d 

causes the three switches Y1, Y2 and Y3 to establish 
the three integrator inputs 16, 18 and 20 at a reference 
level, as mentioned above, and this in turn causes their 
outputs to hold at their values at the time t,,. The three 
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outputs from the integrators, summed as described _ 
above, are then fed to the function generator 26 which 
represents the timeA(AT) required, as a function of the 
estimated range (6R). 
Time (t) generated electrically by the clock 24 is 

compared in the comparator 60 with a predetermined 
time (t,,), at which the burn of the reaction control 
motor 22 is to commence. When the differential be 
tween t and t5 becomes positive, the output (0,) of the 
zero detector No. 1 changes from “0" to “1,” so as to 
enable the “and” gate 30. The differential (t—t,,) is ap 

60 
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plied to the zero detector No. 2 by the summing net 
work 62, where it is subtracted from the sum T, + AT. 
Normally, |AT|<T,,, so that TO+AT is positive. Thus, 
when t-tB s 0,- the net input to the zero detector No. 
2 is positive, and its output O2 is a “ l .” As t-tB 
becomes more positive, a point is finally reached when 
t-t B 2 T,,+AT. At this time, the required burn time of 
the motor 22 has ended, and the input to the zero de 
tector No. 2 goes negative, setting O2 to “0.” 
The signals Q,l and Q, are fed to the “and” gate 30 

whose output controls the reaction control motor 22. 

When 01 = Q, = l, the motor 22 burns. Otherwise, 
is inoperative. The operation of the reaction control 
motor may be summarized by the following table: 

Reaction 
Control 

I — In Q1 Q2 Motor 22 
r — 2,, < 0 0 1 Off 

0 s r-z, <T0 + AT 1 1 On 
1-“; 2 T,, + A T 1 0 Off 

As illustrated in FIG. 3, the block diagram of FIG. 2 
may be implemented, for example, by operational am 
pli?ers Al-A9, connected as shown. The “and" gate 
30 is formed, for example, by a pair of diodes D1 and 
D2, and a power amplifier A8 is interposed between 
the “and” gate and the reaction control motor 22. The 
operational amplifiers A1, A3 and A4 form the integra 
tors l6, l8 and 20 respectively. 
The invention provides, therefore, a low cost control 

system capable of providing accurate in-?ight range 
controls for tactical missiles. It will be appreciated that 
although a particular embodiment of the invention has 
been shown, alternate mechanizations are possible. For 
example, a differential digital analyzer (DDA), or other 
digital means may be used to implement the foregoing 
integrations and computations. Moreover, the rocket 
motor 22 may be replaced by fins, or other steering 
means for the vehicle. Also, for more inexpensive sys 
tems, one or more of the integrators 16, 18, 20 may be 
omitted, although this would result in a concomitant 
degradation of system performance. Alternately, addi 
tional sensors and/or integrators may be incorporated 
to enhance system performance. 
Therefore, although a particular embodiment of the 

control system of the present invention has been shown 
and described modifications may be made. It is in 
tended to cover all modifications which fall within the 
scope of the invention in the following claims. 

APPENDIX 

Derivation of Estimator 

The following linear regression, or static Kalman fil 
ter technique, represents a method which may be used 
to determine the estimating gains K4, Ky and Ks. 

First consider the three integrator outputs a, v and s 
as an observation vector y: ' 

1 = (a, v, s) 

The vector y can be related to a vector of error sources, 
6, and a measurement noise vector, v, by 

y = Hg + v 

where: H is a Jacobian matrix (of partials) of the form 

H=[8Y,/8e,],i= l, 2, 3;j= l, . . . n 

where g is an n-dimensional vector of the form 
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The error sources 6,, . . . 6,, include the contributors to 

range error, such as ‘ 

1. initial velocity 

2. weight 

3. drag coefficient 

4. total impulse 

5. range winds. 

We may also write the on-target range error, Q, as: 

6n = 92' s 

where (') indicates transpose and 2’ is a row vector of 
the form: 

It is desired to estimate, from the observation 1, the 20 
on~target error, en. If this estimate is to be a linear func 
tion of y, then we can write the estimate as, 

/\ 
6R = 5')’ 

where: 2,; is the estimate of en and 
[9' is the row vector ofgains [KA Ky KS]. 

The error in the estimate is: 

. . . . 30 

The criterion for selecting the gain vector, E, 15 a least 
square error criterion. The expectation of the square of 
the error is given by 

E [E1122] : E [(512 "£62021 
To minimize this function with respect to 5, we take the 
gradient of E [E32] : 

gradKE [512] = —2E [(ER —5’Z) 1] 
Setting this equation to zero gives: 

E [(611 "E121: 0 
Expanding: 

E [Eu 1]“ E [(591] = 0 

E [egg] — E [(11315 = 0 

Define 

lll 

Then, 

1£= can;1 cut 
Cw = E [11'] = E [(H_§+1) (H§+y)'] 

Cruz: E ("ii H’) + E [12' H'] + ElHgu'l + Etx 1'] 
Since 3 and g are independent, 

Then: 

Cw = HE [261] H’ + E [z 2'] 

Let: 

Since 68 and y are independent, E [6,; y] = Q and Q“, 
= E [68 Hs1= E [(92) H5] =E [H 55¢] 

Qeu : Hced) 

Substituting these results into the expression for & 
gives: 

A 
In mechanizing this system, we denote 2,; E 6R, and 
we have: 

81% = l_<' [a, v, s] 

where: 

E = (KA, Ky, KS) = [HCCH’ + C,,9 '1 HCE¢ 

What is claimed is: 
l. A vehicle-mounted range control system for a mis 

sile, projectile, or other vehicle comprising: 
accelerometer means mounted on the vehicle with its 

sensitive axis coincident with the longitudinal axis 
of the vehicle and having an output at which elec 
trical signals representative of accelerations of the 
vehicle in the direction of said longitudinal axis are 
produced; 

a ?rst and second integrator each having an input and 
an output; 

a first switch having a ?rst position for coupling said 
first integrator to the output of said accelerometer 
and a second switch having a ?rst position for cou 
pling the input of said second integrator to the out 
put of said first integrator; 

comparator means coupled to the output of said inte 
grators for comparing the output therefrom with 
predetermined nominal values; 

a third integrator arranged as a track and hold circuit 
having an input and an output, with said output 
being coupled to said comparator means; 

a third switch having a first position for coupling the 
input of said third integrator to said accelerometer 
and a second position for coupling said third inte' 
grator input to a point of reference potential; 

a course control unit for the vehicle; and 
function generator means coupled to said compara 

tor means and responsive to the outputs therefrom 
for controlling the operation of said course control 
unit. 

2. The range control system de?ned in claim 1, in 
which each of said ?rst and second switches includes a 
second position for coupling the inputs of said first and 
second integrators to a point of reference potential, 
and which includes a clock timing circuit for actuating 
said ?rst, second, and third switches selectively to their 
?rst and second positions. 

3. The range control system de?ned in claim 1 in 
which said first integrator produces output signals rep 
resentative of the velocity of the vehicle along the lon 
gitudinal axis, said second integrator is selectively cou 
pled to said ?rst integrator for producing output signals 
representative of the arc length of the vehicle along its 
?ight path, said third integrator produces track and 
hold output signals representative of the vehicle accel 
eration, and further‘ including a summing circuit re 
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sponsive to the output signals from the three integra 
tors. 

4. The range control system de?ned in claim 3, and 
which includes a clock timer circuit coupled to said 
switches for selectively coupling the inputs of said inte 
grators to said accelerometer means for a certain time 
interval, and for then coupling the inputs of said inte 
grators to a point of reference potential. 

5. The range control system de?ned in claim 4, and 
which includes zero detector circuit means interposed 
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8 
between said function generator means and said course 
control unit, and further comparator means interposed 
between said clock timer circuit and said zero detector 
circuit means for establishing a predetermined time in 
terval at which said course control unit is to be acti 
vated. 

6. The range control system defined in claim 1, in 
which said course control unit comprises a reaction 
control rocket motor. 

* * * *I * 


