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This invention relates to navigational computers, and
more particularly, it reclates to a computing mechanism particularly
adapted for use in high speed aircraft, which mechanism accepts
input data consisting of distance travelled and direction of
travel and indicates continuously in polar coordinates the
position of the aircraft relative to a datum point or base.

The immensce specds attainable inAmodern aircraft have
created a prossing need for navigational aids capable of relieving
the pilot and/or the navigator from the mental attention normally
required to work out ths position of the aircraft in ¥ and Y
coordinates and then czlculate the course and distance to base.
The principal requirements of such an instrument are that it shall

be compact, light in weight and sufficiently accurate within the

flight range of the aircraft to be capable of guiding the pilot

back closé encugh to his base to enable the use of short range
low power radio éids, locally based radio aids or visual recognition.

Various atterpts have béen made to provide such an instrument but

e Such'attempts have generally approached the solution of the

‘navigational problem'by first of all calculating the position of

the aircraft‘inyx and Y_éoordinates and then re-~computing the X,

~and Y solution into a distance and bearing to base. This has led

on the'onq hand to the instrument being unnecessarily bulky and
on the other hand to such ddmplicatioﬁs in the pilot?s presentation
that a considerablévamount of_therbenefit of the instrument is lost.

It has‘for various'réasons been considered impractical

to solve the nav1gablonal problem dlrectly in polar coordinates,

4‘ wlarge1y, I bo71uve, because those seeklng a-solution to the problem
'have failed to annreclxte the essentlals of a satisfactory solution
i/both from the p01nt of v1cw of the pilot or nav1gator and from the

 'po1nt,of'v1ew-of service ablilty, rellabillty and alrcraft d951gna

CLpn
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To begin with, a successful instrument of the above character must
operate by dead-reckoning from sources of information available
within the aircraft. The information thus available may origiﬁate
from various sources such as weather forecasts issued in advance
of takeoff, meteorological information supplied by radio during
flight or information obtained directly by instruments contained
Qithin the aircraft, for instance by means of "Doppler? radar,
compasses, air speed indicators and the like. The accuracy of
such information varies from time to time, particularly in the
case of meteorological reports, and considerable error may thus
be introduced inte the dead-reckoning calculations of the instru;
ment. It is, therefore, a prime requisite of such instruments
that they be capable of being reset rapidly when a fix of the
aircraft?s position indicates that Dead-Reckoning error exists
without introduction of further error due to the time required in
accomplishing the reset. |

Further, since it‘may be desired to home the aircraft on
any. one of a number of bases, or in the case of naval aircraft on
a»carrier rendezvous, it is desirable that the instrument should
be one ﬁhich is capable of adapting itself to changes of base

withbut requiring caleulations to be made by the pilot or navigator

-Iandjwithoutkintroduciioh of error. Since space and weight are

at a premium in military aircraft, the instrument must be both
compact §nd light. In:addition; it must be rugged to withstand
the forces exerted by ménoeuvering of the aircraft, and at the
Vsamé ﬁime it muét'give contihuously reliable operation with a
minimum Qf ser&icing, and its operation must be such that it can
‘never givé a false indication when it appears to be in working -

orders

Bearing the above mentioned requirements in mind,

w3
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I have found that by conceiving of the instrument simply as a
mechanism for resolving directional and distance data into polar
coordinate information and providing other means in advance of
the instrument for putting the input information into suitable
analogue form, a highly versatile instrument which solves thé
navigational problem directly in polar coordinates can be provided,
which instrumént Possesses many outstanding advantages absent in
navigational instruments previously proposed.

The present instrument is adapted to receive as input
data an analogue of distance travelled over the ground (i.e.
"ground miles") and an analogue of the change of direction of
travel over the ground (said direction being referred to in
navigational language as "track!).

According to the present invention, the instrument com-

‘ prises resolving means into which is continuously set as a first
V;’input the ground milé;?analogue referred to above and into which
‘fﬁiiéhééﬁﬁinuously se£ as a éecqﬁ&"ihpﬁt a difécﬂional factor which
‘;is dérived from thé "track” rnalogue and the outputs of the

k_resolving means, in the follow1ng manner: -

The resolv1ng means ‘is first of all arranged to split

the ground miles analogue into two components or vector analogues,

“one in the. ‘direction of a datum point (or base) and one at right
~angles,to-the said dlrectlon,‘ The change of range to the datum

point'(r):is, therefdre, directly represented by the first output

mentloned Whlle the second output above mentloned represents change

’1n what might be referred to as the Varc” momentarily being travelled.

Now ftarct divided by radlus 1s‘equa1 to angle subtended,,and
accordingiy the second cutput above referred to is fed into a
divider as the enuméraﬁof-énd the first output above referred to

is fed into the divider as a divisor to give an output from the

lym

S 537812
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divider which is analogous to change in the direction to the datum
point {or base). This output (©) is then fed into a subtractor where
the second input te the instrument, i.e. the 'change of track"
analogue (T) is subtracted from it and the output of the sub-
tracting means, which is analogous tq cﬁange of the angle between
the direction of travel and the direction to the datum point, is
supplied as the second input to the resolving means.

A continuous showing of the total distance to the datum

‘point (or base) and the direction to the datum point (or base)

is indicated on suitable dials or counters connected so as to
cumulatively indicate the analogue changes of the first output
from the resolving means (which is the distance to datum point,
or R) and the changes in the analogue which is the output of the

diVing:(which when referred to true north represents'the bearing

to the datum point or_@)é

Operation of the computeriéf the invention involves

k1 £he usé of four individuai systems in inferconnected relationship
| ~ fandfsevera1’additi@ﬁalTSubfsystems which are formed partly by
‘éomponéhts,of the»ébove four systems. and which are‘capable upon
v  acthation of cerﬁéié‘switdhes df forming independent systems J ,
‘,ffér;pufpésestéf éép&&iﬁg'out,ceitain special operations with

‘Qhe.édmputer of‘tﬁe'inveﬁtion.

fThe foup’main_systemsrreferred to above are as follows:-
" (1) The Cround Miles System.
~This systémfhés:the basic function of receiving ground

miles data as an_eledtfic@l signal from:a suitable source within

- the aipcraft and cénverting the electrical signal into a shaft

" rotation of sufficient’tprque to. drive the mechanical computer

elements associated with the input shaft’ of the computer. Pro-

. vision is made in.the grqﬁnd miles System for temporary storage
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of incoming data in an electrically controlled mechanical "memory"
and the system is adapted so that the ground miles data can be
fed to the computer from an alternative source during alternative
base operation when it is desired to shift the base with respect
to which the computer indicates range and direction.

(2) The Track Svstem.

This system has as its function the aceceptance of track
data as an electrical signal from a suitable source within the
aircraft and the conversion of it into a shaft rotation which
can be fed into the computer as its second input. Provision is
made in the track system for the acceptance of data from an
alternative source when shifting over to alternative base operation,
and preferably the track system also includes a means of providing
a repeater which is situated in the pilotf¥s instrument panel with

an in@igg@ign qﬁvpruevhééding during such periods as the: track

V‘sysﬁem-is'accepﬁingftrack.data from the alternative source during

alternative base operation,
(3) The Range System.
The function of this system is to provide torque ampli-

fication on the range side of the mechanical computer. The system

| consists basically of é”folldw—up servo arrangement controlled by a
_;}imit switch, and provision is made for the declutching of the
" output and input sides of the servo arrangement for purposes of

resetting the range indicator to a desired value without reference

to the incomiﬁg rangé data which is provided by the first ball

-disc miltiplier output shaft.

(4) The Bearing System.

The function of this system is to provide torque ampli-

fication on t’“rbéaring=$ide of the computer, and it consists

basically of a foifow—up servo arrangement, a clutch, and a limit

b
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switchs It is very similar to the range system, and provision
is made for declutching while the track indicator is being set to
a desired value.

The sub-systems which provide control circuits for
special operation of the computer include
(a) The alternative base sub-system which provides a control
circuilt whereby the computer may during flight be made to comput.e
range and direction with respect to a new datum point other than
that with respect to which the computer is already computing the
polar coordinates of raage and bearing.
(v) The automatic reciprocal sub-system which comes into operation
at a.predetermined range when the aircraft is flying a course

which will carry it over the base or close to it and which permits

: the aircraft to fly close to base or directly over it without the

‘ introductionvpf a computing error which is greater than can be

accepted.

(c) The reset sub-systems whlch provide control circuits which

,'“5 enable the range and bearlng systems of the computer to be reset

durlng fllght to coordlnates obtained by a "fix" without the loss

x~10f dead—reckonlng datae

In its preferred embodlment, the computer of the present

1nvent10n 1s adapted for use in association with a data source

N

m_referred to as the Ground: Speed and Interception Computer (GSIC)

which is a compﬁting<device'eontaining aﬁ automatically actuated

~meehanical analogue triangle. The GSIC receives as input true

N

'COnventional remote indiéating compass. Wind speed and wind

dlrectlon are set manually into the GSIC on the basis of the latest

information available. Th ?outputs of the GSIC are track and

_ ground miles travelled as a synchro signal and as & shaft rotation.

e
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Instead of setting in wind speed and wind direction manually,

the GSIC may be slaved to a conventional "Doppler? radar unit in

a manner which provides continuous setting of wind data. The

GSIC and its operation are described in copending application
Serial No..677,761- and  filed by Jerauid George Viright
and Douglas Stewart Locké Durie, on Dec. 17/54.

Since space is limited in the cockpit instrument panels

* of most aircraft, and in order to provide convenience in electrical

connection and versatility of mounting position as well as access
for servicing purposes, certain comporients of the electrical cir-
cuits in the GSIC and the computer of the present invention (which
is referred to briefly as the R é computer) are‘mounted together
in a separate unit which contains all of the amplifiers of both
instruments. This unit is referred to briefly as the Integrator
Relay and Amplifier unit (IRA for short). The total weight of

the whole system embodying the GSIC unit, the IRA unit, the RO
unit and fhe remote indicato} for the RO unit is approximately

42 pounds from which it will be observed that the navigational

system afforded is exceéd%ngly light and compact, taking inte

account the varied functions which it is capable of performing.

The invention and its manner of operation will be more

. fully understood from a rgading‘of the following detailed specifi-

cation wherein reference is had to the accompanying drawings.

In the'drawings,

Figure 1 is a vector diagram illustrating the navigational
probiem which the apparatﬁs of the present invention is primarily
iﬁtended to solve, k

Figure 2 ié a Qiagrammatic illustration of the general
computing circuit,

Figure 3 is a Q}égramﬁatic illustration of a preferred

8

SIS S }



537812

form of computing circuit according to the invention wherein the
computing operations are carried out mechanically,
Figure 4 is a functional diagrammatic view of the
preferred form of servo arrangement as used in the invention,
5 Figure LA is a diagrammatic view of a control circuit
governing the ground miles and bearing circuits,
Figure LB is a diagrammatic view of the sensing switch
circuit which controls the range servo motor,
Figure 5 is a functional diagrammatic view of a servo
10 operated mechanical computer circuit according to the invention,
Figure 6 is a diagrammatic view of the ground miles servo,
Figure 7 is a diagrammatic view of the track servo circuit,
Figure & is a diagrammatic view of the alternate base circuit,
Figure 9 is a geometric layout of the alternate base problem,
15 Figure 10 is a’diagrammatic view of the reciprocal circuits,
Figure 11 is an elevation of_the front face of the R-0 instrument,
Figﬁres 12 and 13 are‘diagrammatic layouts of the integrated
kelectric and.mechanical circuits; |
‘ Figure 14 illustrates the geometry of the interception problem,
f20:»'.',~ - Figure 15 is a block diagram of the computer used in associa-
tion-with a source qfrgrbund’miles and track analogues.
C Referring now more particularly to the drawings, the .
7/:navigational problem,éolved by the apparatus of thé present invention
’>‘  is'illustratedyas é vectorfdiagram in Figure 1. Referring to this
'125 : diagram; let it be_asSumédithat the aircraft is flying along a
3 path represented by thé dotted line A in Figure 1 and that the

~fo  o&ing symbols represent respectively the following datas

0 Positioh of base from which the aircraft is operating.
P Pogition occupied by the aircraft at a given time t.
30 Py ’Position\gg?upied by the aircraft a short time later, tj.

v

9=
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Track (True).
Aircraft ground speed.

Bearing (True) of base from aircraft.

© © " 93

o Bearing (True) of base at start of computation.

A%
&

Range of bhase from aircraft.
R, Range of base at start of computation.

Then the line PPy represents the distance travelled

during the interval of time 1t to tj.
Now distance travelled equals the product of speed
10 and time interval, i.e., .
PPy = 5 (¢t - t) = Bdt
when the interval is short enough to permit use of calculus
notation. , J ) . i

This distance may be resolved into two components, one

]

féi@qg theflgne of bearing“éﬁdlbne perpendicular to it, IF; and '

~PL respectively. From the diagram it is apparent that:

i angle PiPL =6 = T = 90" (2)
Now © PL= PPy cos (6~ T ~ 90°)
| S ia sdt'siﬁ,(é - 1) . (3)
*fgand:' o '_ 1Py ;-PPi;siﬁ'(é =T = 90°) "

i

deﬁ‘céé (e -1 ()

S During the time dnterval dt, the range changes by dR

»\Eand»the bearing by,dQ,‘where‘

PL = Rd® o ‘ (5) 3
. ana [ T i (6) :
‘ TThus:;- RA© = Sdt sin (0 - T)
-  and - dr .?1%§dt éoé (6 ~1T) ; ‘
'l Wﬂence : g% = ;éféos,(g;—»T) ‘ (7) féﬂi 3
L) =5 siﬁ (o f-T) ‘ (8)

‘and
- R
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To compute the values of R and 9, equations (7) and (8)
must be integrated with respect to time. Thus:

R

i
]

& t
Ro * oJ @R =R, - f Scos (@ -T)ds  (9)
t
9, *+ oj S sin (9 - T) dt (10)
R

Equations (9) and (10) are the equations which are solved

]

and @ = 6, + o}t ae

by the apparatus of the invention.

Referring now to Figure 2, which is a’aiagrammatic illustration

of the general computing circuit of the invention, the resolver 20 is

arranged to accept as input an analogue of S (i.e. ground miles travelled)
and a directional factor which is the analogue of the angle (é -T).

The resolver 20 splits the ground miles analogue into two
vector analogues,.one in the direction of the base O and the other at
right angles to the direction to the base 0. By multiplying the ground

miles input by the cosine of the angle (6 - .T) on the one hand to give

. a first output equal to -S: cos (0 < T) (the minus sign may be disregarded
~;as 1ts minus slgn has no s1gn1ficance in mechanical analogue rotatlons),

;the resolver prov1des an output analogous ‘to change of R (see equation' -

(7)) " At the same time the regolver independently multiplies the ground

L mlles analogue (s) by the sine of the angle (9 - T) to give a Second

/

, Tat
The two outputs of the resolver 20 are now fed into a

d1v1der 21, the flret output (R) ‘being the divisor and the second

% output (RdQ) belng the enumerator° Thus, the rate of change of the

dt
output of the dlvider is- d@ (or the analogue of the rate of change

,of the angle Q) Thls lagt output is fed into a subtractor 22 in

whlch the analogue of change of track (dT) is subtracted from it

(at)
to glve an output whlch is analogous to change of the angle (Q - T),

and it is this output which is now fed to the resolver 20 as the

second input thegetoo ;»,_;

~11-~

LY
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Suitable means are connected into the first output
line of the resolver 20 to provide a running indication of the
value of R and may suitably take the form of the counter 23.

A dial would, of course, be equally suitable. Similarly, a
suitable dial or counter is connected into the output from the
divider 21 to indicate the value of the angle 9; such as the
dial indicator 2. /

It will be appreciated that the main elements of the
computing mechanism, which consist of the resolver 20, the
divider 21 and the subtractor Zé, may take many different forms
since the functions performed by each of these components are
functions which can be performed successfully by any other
analogue‘means,'for example, electronic, electrical, hydraulic
pheumatic or mechanical, or’various,combinations of the afore~

said means. Each particular‘means has its own advantages and ’

= disadvantages, and the seleotlon of pavtlcular circuit components

is a matter which must be determlned hav1ng regard to all the

' factors 1nvolved, whlch 1nclude tne characteristics of the

complete nav1gat10nal sygtem of whlch the computer is to form a

part as well as serv1ce factors related to spec1f10at10ns of

welght, volume, accuracy and rel:ablllty.

For varlous reasons, some of which will be discussed
herelnafter, I prefer to carry out the operatlons of resolv1ng,

dlviding and subtractlng mechanncally with the motivation of

: ~=_the cqmponents be;ngleffecbed and controlled by electrical
'1'j~meanse,»A preferréd.mechéniCal computing circuit'according to

‘ jtmy inventlon is 1llustrated dlagrammatlcally in Figure 3. In

thls case, the 1nputs to the computer are expressed as a shaft

rotatiqn, the groundﬁmlles input belng a rotatlonal rate

" proportional to ground speed and the track input being a
. e ialesigy _



10

A5

'::l425'

30

537812

rotational rate proporticnal to change of track. It will be
obgserved that when the rotational rate i1s proportional to a
speed in the above manner the angular position of the shaft
at any instant is proportional to the cumulative distance
travelled from time t° to time tl insofar as the ground miles
input is concerned, whereas the position of the track input
shaft at any instant simply represents track.

Referring to Figure 3, the resolving means 20 of
Figure 2 are here composed of the two ball—disc multipliers
indicated generally at 31 and 32 and the two sine-cranks
indicated generally at 33 and 34. The dividing means 21 of
Figure 2 consist of the ball-disc multiplier 35 and the lead
screw 36, and the subtractor 22 of Figure 2 is simply the
mechanical differential 37.

The ballédiec multipliers and sine-cranks are
conventional, mechanieal computef componenﬁs. A ball-disc

integrator is an lnrinitely variable speed changing mechanism

. iniwhieh.the relative speeds‘qf two shafts carrying a disc and

a Cylinder respecﬁively'are controlled by the position of a

t’hizkdxmembér. This thirdmember is a ball carriage which

~positions two steel balls between the disc and the cylinder.
.. The balls couple the dlsc to the cylinder by rolling action.

jReferring to the ball~dlsc nultlpller 31, it will be seen that

it consists essentlally of the disc 38 which is fixed to the

bvshaft 39, the cyllnder»ho which is fixed to the shaft 41, and
' the ball carriage‘hzkwhich positions‘the balls 43 and 44 It
1 w111 be at once apparent from a con51deratlon of Figure 3 that

‘the relatlve speed of rotatlon of uhe shafts 39 and 41 will

depend upon the p051t10n of the ball carriage L2 between the

disc 38 and the cyllnder 40, and will vary. from a maximum

~13-
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positive quantity through O to a maximum negative quantity as
the ball carriage 42 is moved from one periphery of the disc
38 past the centre of the disc to the other periphery.
A sine-crank converts a shaft rotation into linear
5 travel of a pin in such a way that pin displacement from the
centre of the shaft is proportional to the sine of the shaft
angle measured from'its reference point. The sine-cranks 33
and 34 have £heir shafts connected by the sine-crank input
shaft 45 in such a way that the displacement of the pin 46 of
10 the sine-crank 33 which positions the ball carriage 42 by means
of the connecting link 47 is proporticnal to the cosine of the
angle (6 - T) while the displacement of the pin 48 of the sine~
_ prank 34 which positioné the ball carriage 49 of the ball~disc
multiplier 32 through the connecting link 50 is proportional to
‘ 15 the sine of the angle (é -~ T). Since cos (6 ~ T - 90°) = sine
| (0 - T), it will be observed that to effect the above positioning
it is merely necessary to pOSltlon the pin of the sine-crank 34

90° in advance of the pin 46 of the sine-crank 33.

The lead‘screw 36 is, as its name implies, simply a
L*20‘ ‘ screw 51 which 1is turned in 1-1 relationship with the shaft 52

~and the shaft 41 through bevel gear sets 53 and 54 and upon

‘ ~§ ,‘ ' whlch rides the non—rotatable nut 55, It will be observed
accordlngly that the p031t10n of the nut 55 on ‘the screw 51 is
‘proportlonal to R (or Range to base) The nut 55 through link

S 25 -k56‘controls the p051t10n of" the ball carriage 57 of the ball-

‘disc ﬁﬁltiplier ES‘Whoée'cylindér 58 is rotated by the output
‘.shaft 59 of the ball—dlsc multlpller 32, and thus the rotational
.fspeed of the disc 60 4nd the output’ shaft 61 of the ball-disc
: (multiplier 35 will be}proportlonal to the rotation of the shaft

30 59 divided by R, the ball-disc multiplier 35 in this case acting

1l
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as a divider rather than a multiplier.

. The mechanical computing system illustrated in Figure
3 operates as follows. The ground miles input shaft 62 rotates
at a rate which is proporpional to ground speed and through the
bevel gears 63 drives the shaft 39 which carries the discs 38

and 38a of the ball-disc:multipliers 31 and 32 respectively at

'a rate which is proportional to ground speed. The disc 38

through balls 43 and 44 drives the cylinder 4O to impaft to

the sheft L1 & rate of rotation which is proportional to.

S cos (9 T) = ——. This rotation is carried around through
the gears 53 to the shaft 52 and the gears 5& to the lead screw

51 and the “integrated’ value of between tlme t° and time tt

v(whlch is the range to the base, or R) is represented by the
'?ffp051t10n of the nut 55 on. the 1ead screw 51. The nut 55

posmtlons the ball carrlage 57 of the ball-disc multlpller 35.

The dlsc 38a of the baIT—disc multlpller 32 through

‘i}Jlthe balls 43a and hha drives the cylinder 40a to impart. to the

1yshaft 59 -and the cylinder 58 of the ball—dlsc multlpller 35 a

Rde

' In dr1v1ng the disc 60 through the balle 64 and 65 which are
'~i posmtloned in accordance w1th the position of nut 55 on the
;vlead screw 51, the rabe of rotation of the cyllnder 58 is

"d1v1ded by R to impart to the output shaft 61 a rate of

de
dt”’

-,f The shaft 61 carrles the gear 66 which forms one

1nput comp0nent of the dlfferentlal 37= The other 1nput

\component is the gear 67 whlch 1s driven by the track input

s

daT

= shaft 68 at a rate which is proportlonal to St in a direction

such that the output component of the dlfferenblal 37 which is

constltuted by the gear 69 wlll be rotated and: w111 drive the

_15_
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output shaft 70 with a rate of rotation proportional to d (8 ~_T).
It is to be noted, however, that the angular position of the g;aft
61 and the angular position of the shaft 68 represent the angle

© and the angle T respectively and that the angular position of
the shaft 70 represents the angle (© - T). In driving the shaft
45, therefore, through the bevel gears 71, the shaft 70 positions
the shaft 45 in a position which represents the angle (6 - T),
and consequently positions the sine cranks 33 and 34 in positions
such that the displacements of their respective pins 46 and 48
are proportional to cos (é ~ T) and sin (® ~ T) respectively.

In order to furnish the pilot or navigator with the
desired information, a range counter 72 is provided which is
driven by the shaft 52 through the gears 73 and therefore con-
tinuously shows the range to base or Ro Similarly, a dial 74 is
prov1ded whlch 1s equlpped w1th the double pointer 75 which is driven

dlrectly from the shaft 61 through the gears 76 and the shaft 77

.kand indlcates the bearlng of the base from the aircraft, or ©.
~uAt the same. tlme, a second p01nter 78 is provided on the same "
: ;d;al:whlch is driven directly from the shaft 68 through the gears

‘t79’aﬁd'sheft'80'and indiéaﬁes the direction of the aircraft’s

£ fllght (i.e. the track T)

The pilot or nav1gator is thus furnished with a continuous

1 ' i
, 1nd1cation of his dlstance from base, the bearing which must be

]flown to arrive at the baSe and the track upon which the ailrcraft

is presently flyinge In order to return t0. base, all that is

necessary is to change the headlng of the aircraft until the p01nter

e."78 lles squarely in the centre of the double pointer 75 and continue

i‘ flylng until the range counter 72 approaches zero.

The mechanical computing system descrlbed above has many

advantages from the pqlnt of view of accuracy, compactness and

i -
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service reliability. It will be appreciated, however, that when
the system is actuated automatically, accuracy can only be
maintained in the absence of slip in the ball-disc multipliers

and mechanical distortion of‘}he other computing component parts.
It is, therefore, apparent that provision must be made for the
elimination insofar as is possible of any load upon the mechanical
computing components.

While various servo mechanisms are available in the art
which are suitable for this purpose, I prefer to use a simple
combination of a lead-screw; a limit switch, and a follow~up D.C.
motor, which combinatiun I refer to herein as a "lead-screw
differential®, This arrangsment is illustrated functionally in

Figure 4. The inpub shaft 100 is provided with screw threads 101

. upon which is threaded the nut 102 te which-is secured the gear 103

which is in mesh wwth the elongabed pinlon 104 mounted on the

output shaft 105, Rotatlon of the input shaft 100 merely advances

7 or retards the nut 102 aTOng the screw threads 101 because the
“onut is held statlonary bf the gear 103 whlch lS in mesh with the
' f'plnlon on the loaded output shaft 105. As the nut 102 moves along,
11ticarrles one of “the sprlng mounted contact»arms 106a or 106b .
’éléﬁg until elecﬁricéljconﬁact is established either between contact

‘points 107a and 108a or 107b and 108b. This energizes the D.C.

i

motor 109 in one direction or the other which drives the output shaft

‘and its load and continues to drive it until the nut 102 has been

driveh'back to its central ﬁosition on the scréw threads 101 as
ihe'pinion 104 rotates the gear 103.

This arranéement has the advantage that it is simple and
positive in operabion,'thle being practically impossible to jam.
In addition, by the 1nserb10n of a clutch betweenﬁmhe elongated

pinion 104: and the servo motor 109, the output side may be declutched
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from the input side for brief intervals while the indicator is
being reset. During the reset operation the input is temporarily
stopped and diverted onto a "memory" as is hereinafter described,
s0 that normal operation is resumed without introduction of error.
5 The use of this type of servo arrangement in conjunction
with the mechanical computing circuit illustrated in Figure 3 is
shown in the functional schematic of Figure 5, which alse shows
the various input and output data links. In this Figure the main
mechaniecal computing components are indicated by the same reference
10 numerals as in Figure 3.

The Range System:—

The range side of the computer is provided with a lead
screw differeﬁtial 5ervo coneisting of the lead screw 201 the ?
limit switch 202 and the'D C. follow-up motor 109. Interposed |
l 15 between the motor 109 and the output of the lead screw 201 is the
| solen01d operated clutch ZOA.
In order bo carry - oub its functlon effectiveély, the~ -~ - P

Tlimlt switch 202 is espe01ally adapted for. the particular operating

1  qondltlons prevall;ng on ‘the range 51de of the computer. It will
»_   iebe apparent fr?m a‘reference tovfigure Li which is a schematic of
' the layout of the limit switch 202 that the motor-volts to error
‘reietiph'during operetiqn-of the.differential and contact assembly
RS [t : o : . :
will’comprise two priﬁcipallzonesu bFirstly, there will be a
,,freglon of small error w1th1n which the motor 109 is not energized
':'whlch w1ll be referred to as the "dead-zone" On either side of

ﬁ;the dead—zone is a reglon of large error in which full voltage

G is applled to the motor 109 in the appropriate sense to reduce

'the error. In addltlon, the system, 11ke all systems of this
Ltype:is subject to hystere51s and backlagh which is the sum of all

’71 30,:: mechanical slop or'lost moiion in the servo loop and which results

o,
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in the motor always being de-energized at a smaller value of error
than that which is required to energize it in the first instance.
In order to provide close follow-up action and hence small static
error, it is desirable that the dead-ione should be as small as
5 possible. On the other hand, to ensure rapid correction of follow-
up errorsfwhen the input shaft turns, a felatively high torque
motor is required. These two requirements are contradictory in
nature. A high torque motor, may, when energized, accelerate the
load to such a speed that it coasts past zero error point to the
10 point of torque reversal. Upon reversing, it may overshoot the
zero error point and be energized in the original direction. Thus,
.. - the normal result wouldvbe a steady '"hunting' condition in which
E;C . ~ ;JJ . the motor and load constantly oscillate back and forth past the
f' zero error point. Hysteresis aggravates a hunting condition of
15 : this nature. Such oscillatibn is capable of elimination by mechanical
‘damping;‘but knqwn‘soiutions of this problem mechanically are either
g unduLy complicated br-are relatively‘unreliable. Accordingly,
electrical damping is employed in the form of an anti-hunt circuit.
Since," durlng fllght, ground miles are fed steadily into

 ‘;20'_' the computer, the ball disc multlpller on the range side will operate

&t a steady rate. Generally speaklng, during any given flight, the
range will increase from zero 10 a maximum and finally return again
10 zero, In general; therefore,'the motion of the range servo

, w1ll be unldlrectlonal for apprec1able periods of tlme. The 1imit

‘   25 sw1tch circuit 1s, therefore, arranged in such a manner that full

torque is applied to the servo motor in the direction in which the

fange is, altered whilé should an overéhOOt occur so that the
servo motor is énérgized”in~the opposite direction, a reduced

torque is- applled capable only of shifting the, load back to the

36'ﬁ?‘dead-zone but 1ncapable of acceleratlng the load sufficiently to

e et
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~ so that the contact 107b is driven ~against contact 108b, as long
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cause a second overshoot. How this is accomplished is illustrated
in Figure LA. The disc in the ball-disc multiplier 31 always
turns in the same direction during normal operation because during
flight the ground miles travelled are always increasing. Range,
on the other hand, will increase or decrease depending upon the
position of the sine crank 33, the sense of change of range being
reversed every time movement of the sine crank 33 moves the ball
carriage 42 across the centre of the disc 38. Advantage is taken
of this fact to actuate the sensing switch 300 by means of a 180°
segment cam 306 mounted on the sine crank shaft 45. This sensing
switch 300 plaqes a resistance in the power line supplying the
servo motor which leads from the contacts of the limit switch on
the side of the dead-zone remote from that towards which the nut

102 is during any period seeking to advance as a result of input

fed from the cylinder 40. ‘A simplified schematic of the arrange-

ment of the antl-hunt clrcult is shown in Figure 4B from which it

: ‘w1ll be observed that when the normal directlon of motion of the

nut 102 is to the left~so”that contact 107a is driven against
COntact-IOBa the,sensingkswitch 300 establishes communication

between the terminals 302 and 303 so that the full error voltage

as the sensing switch 300.is in the position shown, the voltage

applied across the terminalé of the range servo motor 109 will

‘be less than the full/supbly voltage since the anti-hunt resistor j.\

301 will be in the supply'voltage circuit. A4s soon as the range
begins to alter in the opposite sense, the cam 306 on the sine
crank shaft 45 throws the ~sensing switch 300 to the position where

it opens contacts 302 and 303 and establishes communication between

contacts 304 and 305 nermlb }ng full voltage to be applied to the
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servo motor 109 when it is moving the range shaft in the new
direction;

In high speed operation, computing speed may be such
that the range servo motor 109 even when developing full torgue in
the preferred direction may not be able to keep up with the data
fed to the lead screw differential by the cylinder 40. Should
this condition occur, the nut 102 (see Figure 4a) and the contact
actuator 307 will move further and further from centre and could
damage the contacts 108a and 108b or place load on the mcchanical
computing system which would introduce slip and computational errors-.
To provide against this contingency, an outermost pair of contacts
308 and 309 are provided which when contacted with the contactors
108a or 108b open a switch in the ground miles servo motor supply
line until‘the range servo motor 109 has caught up with the input

data whlch_is;belng fed to the lead screw differential. This switech

31c is’ actuated by the ground miles retard relay solenoid 311.
Thls speed llmitlng feature reduces the speed of the
computer operatlon but prevents computational error from being

ntroduced, and since in operation the periods during which it

will come into play‘are short, the reduction in speed of computer

operatlon is acceptable. in addition, it also provides protection

to the computer mechanlsm 1n the event of mechanical jamming of

f

the output shaft of +he servos

Since the maximum range which can be accommodated by the

'cdmputer is determinéd:by'the length of the lead screw 51 which

controls the p051t10n of the ball carrlage 57 of the ball-disc

multlpller 35 (see Flgure 3), it is necessary, to avoid damaging

_ the compqter, to prevenb further ground miles input to the computer

whenevef the range exceeds the capacity of the lead screw 5l.

Accordingly, by means of a microswitch and cam arrangement on the

21
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lead screw 51 and its associated nut, the range upper limit switch
313 is actuated whenever the rangelhas reached its upper limit
and contact 3134 of this switch completes the circuit through the
range upper limit relay 314 opening the switch 315A in the ground
5 miles motor circuit, stopping the ground miles motor 213 and
diverting incoming ground miles data‘cn to Ymemory'. At the same
time, switch 315B completes a circuit through the limit indicator
light 501; which is situated ont he front face of the computer and
warns the navigator that maximum range has been exceeded. The
10 range lower limit switch 317 is also indicated on Figure.hA and
is operated at a range of about one-half mile by another cam on
the range lead screw 51, Its function is in connecticn with
automatic reciprocal operation when the aircraft.is'flying over
_ or very close to base and will be described in detail later on.
15‘:f : It is useful to be able to adjust the computer in flight

if a flx 1s obtalned, by resett1ng range to its correct value

wvi{;(and similarly 9) alr errors accumulated up to that ‘moment, are
l ellminated. To provide this facility, it must be possible to

S dlsengage the range servo motor 109 from the drum gear 104 and to
*11150“f 'run it independently of the contact assembly and the ball-disc

J/

“multlplier 31.

Rggge Re§et Subsxstem.
Thls is- accomplished as follows' The "'slew’ switch

312 is closed dlsconnecting range by clutches, wa of its con-
i25f ,tacts 312B and 3120 dlsconnect the range serve motor 109 from
| the contact assembly circuits and then apply full voltage to the
motor 109 1n the appropriate dlrectlono The "glew' contact of
the range reset swmtch 312 owens the ground miles motor circuit

and energlzes the solen01d 3 2 of the range reset clutch 204,
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104 of the lead sérew differential. While the reset switch 312
is closed {which is a matter of a few seconds at most) the ground
miles motor is inoperative and the incoming ground miles data
are retained in the ‘memory’ of the ground miles circuit. Once
the reset switch is released and the ground miles motor circuit
is closed, the stored ground miles are quickly driven in the
compufer without any computing error. The sequence of operations
carried out by switch 312 can alternatively be carried out in the
order - declutch and insert memory, and then apply correction. In
this latter case contacts 312 and 312B will have only one‘closed
post and contact 312C can be operated from a separate manual
switch,
The Bearing System:~

The bearing gide of the computer is provided with a

similar -servo sySﬁem cqnsisting of the lead screw differential 205,

. ﬁhe’contact assembly 206 and the D.C. follow-up motor 207. In this

case, to avoid placing load on the ball~disc multiplier 35 and to

‘,peﬁmit,the divide by R function to be carried out to zero range,

'the motor 207 is placed beyond it in the circuit and drives the

dlfferentlal 205 back to: 1ts central position through the ball-disc
multipller 35. As 1n the range s1de, the solenoid operated clutch
208 is prov1ded which in this case is situated between the ball-
dlSC multlpller 35 and the motor 207,

The bearlng Servo 1s the same as the range servo except

for the presence of a gain switch 400 which comes into play when

the ball carriage 57 approaches the centre of its run and requires

“a greater speed of followeup actione. Thls switch is actuated by

the range lead screw nut at low ranges. It shorts out resistance
401 in the bearing servbrmotor lead to provide a higher speed of
follow up (see Figure 12).

In Figure 5, the basic computer of the invention, which
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consists essentially of the range system and the bearing system,
is shown as being operationally connected with the two other
systems with which in operation it interacts. These systems are
(1) the "Ground Miles" system, which provides the ground miles
input to the computer as a shaft rotation and (2) the WTrack"
system which provides the track input to the computer as a shaft
rotationﬁ While neither of these two systems is a part of the
actual computer, both of them are so intimately associated with
its opgration that it is important to understand their operation
in order to gain an understanding of the operation of the computer
taken as a wholes

The Ground Miles Sistem:-

The #ground miles" system has as its main purpose the
accepting of ground miles data as an electrical signal and the
ccnvéfsion of the electricalysignal into a shaft rotation which
can be used as an 1nput to the computer of the invention. Two
other 1mportant functions, hGWever, are embodied in the ground
mlles system as can best be seen with reference to Figure 6 which
1s a: functlonal schematic of its mechanical arrangement. Firstly,
the system 1ncorporates a “memoxry!' feature which enables the

1ncoming ground mlles data to be stored while the computer is

‘gtemporarlgx engaged 1n cther operations, and secondly this system

o is prcvided with3gear‘enabling the introduction of ground miles

data to the computer from an alternative source. The ground miles

‘system 111ustrated in Flgures 5 and 6 is espe01a1ly adapted to

' recelve ground miles 1nformat10n orlglnating in an instrument

'such as the GSIC whlch is arranged to transmit an apprcpriate signale

Thls signgl is recelved and turned 1nto a shaft rotation by the
desynn‘motor 210, Thls rotates the shaft 211 at a rate proportional
to ground speeds. The shaft 211 carries the screw 21la of the lead

Scfew‘differential'zlz. This lead screw is suitably considerably
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longer than the lead screws of the lead screw differentials in

the bearing and range systems of the computer proper so that a
considerable amount of input data can be stored upon it if desired.
The lead screw 21la controls the ground miles servo motor 213
through the usual limit switch 214 and the ground miles motor

213 drives the nut 212a of the lead screw differential back to

its zero position through the gears 215 and 216 and shaft 217.

The gear 216 is mounted on the two;way solenoid operated clutch
218 which, as illustrated, is engaged so that the ground miles
servo motor 213 will follow up the data supplied to the lead screw
differential 212 by the desynn motor 210. When the clutch 218 is
in its other position, the ground miles servo drives the counter
2}? and the altermate baseq&istance cursor as will be explained

in the section below dealing with alternate base operation.

;Wﬁénéver it is desired to store input information in the lead
i sc#éw differential 212, the switch 221 is opened, preventing the
 5€. “nd miles motor from following up. When the switch 221 is
‘xégain~clpsed all the stored data is quickly recovered as the nut

is driven back to its central position.

' The track system (which is described in detail below)

!¢ohsists essentially of a convantioﬁal alternating current positional
”“Wservo embodying a synchro receiver 222, a servo amplifier 223 and
‘a, two-phase 1nduct10n motor 224 whlch rotates the track input shaft

 __68 to correspond to the data recelved by the synchro receiver 222.

In order that 51multaneous information may be supplied on
the pilot's instrument panel as well as the navigator’s the remote

indicator 225 is pfovidéd. Two synchre transmitters 226 and 228

are provided which tfansmit track and bearing respectively, the

' tﬁo motors 229 and 231 receive the transmitted data and convert

them back into shaft rotations which control the movement of thg
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indicator needle 232, and indicator 234 respectively to repeat
the information which appears on the presentation in the navigator's
instrument panel. At the same time, the ground miles step trans-
mitter 227 transmits to the receiver 230 the range date which con-

5 trols the counter 233 so as to repeat the showing on the range
counter 72.

The Track System:=~

The track system is illustrated schematically in Figure 7.
The track system normally operates to accept track data
10 as a synchro signal and convert it to a shaft rotation which is

fed to the computer of the invention by means of the track input

" shaft 68 (in Figure 3). It is important, however, that rapid
changes of track and temporary track errors which may occur during
.:chhange—b§éf§ from normal to alternative base operations should not
- 15 be pefmitted to exist while ground miles are being fed into the
| computer. Otherwise, of‘course, a dead-reckoning position error
will result. Accordingly; means are provided in the track system
‘Gﬁéréby if the error signél of the track servo motor exceeds an
a@puntkWhich is equivalent to about plus or minus 1° a relay
207,‘ swipéh opens the‘switch‘222 (see Figure 6) until the track servo
- ;.has caught up and the track error is less. than 1°. In addition,
rithe track. system provides for the alternative reception of data
““from the alternate base bearlng transmitter synchro which is
-set manuallyq It will be appreclamed that while the alternate
25 | base bearing data is belng set into the computer the track lndl—
| ‘cated on the nav;gator?s‘presentatlonrw1ll be the false track
required for purposes of carrying out‘the alterngﬁive base operation
(as,m@y be seen from the description which follows of the alternate
base operation. - It is important, however, that the pilot should

30 continue to receive an indication of true heading, and accordingly
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the track system provides for the direct transmisssion of true
heading data to the pilotf?s repeater in place of the track data
which it receives during normal operation whenever the computer
is engaged in alternative base operation. True heading data is
available as a synchro sigﬁal at the same source from which the
track data is normally supplied.

As will be observed from Figure 7, the track servo motor
221, is normally energized by an error signal produced in the track
control transformer 275 which is amplified in the servo amplifier
276 and whose magnitude is, of course, dependent upon the amount

by which the track servo motor 224 lags behind the signal which

' is received from the source of track information.

The track servo motor 22U ig,a\two phase induction motor

‘ having one phase connected to a fixe&.26 v supply and the other

connected to a supply which varies in pfoportioﬂ to the track
control transformer error signal. In parallel with the variable

phase of the track servo motor 224 is the rectifier bridge 234°

o across whlch is connected the ‘solenoid 235 of the track error delay
1relay switch 236«' The switch 236 when opened by the relay 235

. opens the 01rcu1t feedlng power to the ground miles motor 213 and

’

thus 1ntroduces the_ﬂmemory“ feature in the ground miles system

until such time as the switch 236 is again closed. The bridge

P

circuit 234 %is designed so that an error voltage in the stator

winding 237 in éithér;seﬁse-Which is larger than the equivalent

- of 1° error betweéﬁ thHe votor and stator of the track control

£ransformer 275 will £hrow the relay 235 and open the switch 236
holdlng it open until the error voltage in the stator windings 237
falls below the equivalent of 1° error.

The'alternate base bearing. transmitter synchro 231 is

set manually by meané of a dial knob on the navigator's instrument

27~
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panel, and when the switches 238 and 239 are both thrown into
their lower positions, the track control transformer 275 is
controlled by the alternate base bearing transmitter gynchro 231
rather than from the normal source of incoming track information,
with the result that the track servo motor 224 will operate at
full speed until the track set on shaft 68 corresponds to that
set on'the dial knob which controls the alternate base bearing
transmitter synchro 231.

During normal operation, the track transmitter synchro
240 which is controlled by the position of the shaft 68 transmits

track information to the track receiver synchro 241 which is

situated in the remote indicator in the pilotis instrument panel.

When, however, the switches 242 and 243 are both thrown to their
upper bositiod, true heading data from an alternative source‘is
dlrectly transmitted to the track receiver synchro 241, which

drives the pilot's track indicator needle 2&4. Tﬁe p051tlon of

the swibches 239 and 238 is controlled by the solenoid relay 245

and the position of the sw1tches 242 and 243 is controlled by

“phe solenoid relay 2h8 whlch is connected in parallel with the

- solenoid relay 245 so that both relays will operate simultaneously

/

1ndlca$or 244 w111 1ndlcate true heading rather than track during
the perloé in which the operatlon of the track servo motor 224 is
controlled by the alternate base bearlng transmitter synchro 231.
' ALTERNATE BASE OPERATION
The,Simplified schematic 1llustrated in Figure & shows

only those circuit components which form a part of the alternate

base sub-system and-which'cpme into play during alternate base

operation.

The theory of alternate base operation will be explained

2B
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with reference to Figure 9 which shows the geometry of the problem

involved. In Figure 9, 4 represents the aircraft, O the base from

which it is operating, and B the desired alternate base.

Then vector A0 = range and bearing of O from A

present indication of computer.

° vector AB = range and bearing of B from A
= desired indication of computers
Vector AB can be derived from A0 by adding the
vector OB,
i i.e. AB = AO + OB.

10 This vector OB is, of course, the bearing and distance
of B from O, and can be determined from a map or from a prepared
table. The addition is done as follows:

(a) The track servo is adjusted to correspond to the
bearing of O from B.
.'15. (b}  The ground miles mptop;drives_at high speed until

it has fed in the distance from O to B.

That is, the computer acts as if the aircraft had turned
;'5and flown from A to AL at very rapid rate (60 000 knots). During

‘ ‘i>th1s “fllght" the displayed range and bearing change from values

 lii}defin1ng the vector AO to those deflnlng AlO which equals AB.

After this operatlon has been completed, the track servo

'-returns automatlcally to its usual role of repeating aircraft track,
n¢and normal computer operatlons proceedo In carrying out this
,operatlon, the alternate base sub-system must provxde the following

: *25 ‘ .featuresn

(a)r ' A means Of“presétﬁihg the distance and bearing of the
" alternate base from the original base, i.e., the length and

ERX bearing of vector OB.

(b) = A method of ghahging the track setting of the computer

-29-




10

15

537812

from the actual alrcraft track to a fictitious track equal to
the reciprocal of the bearing of OB (Figure 3. 8A). '
(c) Operational delays to stop the ground miles motor while
the track pointer and sine cranks change position, at both the
beginning and end of the process.
(a) An automatic cutoff to stop the process when the required
distance has been fed in.
(e) A means of storing and subsequently feeding in the ground
miles actually flown during the computation.

Referring to Figure 8, when the alternate base oberation
is to be carried out, the length of the alternate base vector is

preset by VECTOR DIST knob 300 which is situated on the front face

"of the computer. This knob is connected to the vector distance
 qursQr‘ring 301 which is transparent over the portion 302 so as to
” f§veal a sector of the fixed vector distance dial 303 which is

- fbehlnd the cursor ring 301.: The instant the cursor is moved from

: ﬁnzlts”zero point a cam (not shown) on the cursor ring 301 allows the

20

4.‘25 ,;

30

 3-sw1tch 304 to close and as the cursor line 305 passes about the 30
‘Hm;le position, another,cam (not shown) on the cursor ring 301
permits the switch 306 to close. Closure of the switch 30k switches

T oﬁ'é'lamp 304a, which‘illﬁminates the vector distance dial 303 '

;Kt(whlch suitably con51sts of a plexi glass ring) and grounds one

 ﬂ:'term1nal of the alternate base relay 307. Closure of switch 306
, shorts the re51stance 308 out of the clrcult whieh during the

Walternate base operatlon supplies power to the ground miles servo

motor 213.
The direction of the alternate base vector is preset

VECTOR BRG knob 309 which is also located on the front face of

‘the computer and which directly drives

(1) - an indicating pointer 310 which rides around the RO
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compass dial 311,

(ii) the alternate base bearing synchro 231 as well as,

(iii) a small 4° detent {not. shown) which insures accurate
and repeatable settings.
5 The setting in of the alternate base vector by means of
the VECTCR DIST knob and the VECTOR BRG knob does not interfere
~ with the normal operation of the computer, and may be done at any
time before actually performing the alternate base operation.
The only difference in the presentation from that obtained during
10 normal operation is that with the alternate base distance‘cursor
not at zero the alternate base distance dial remains illuminated
by the lamp 30ka.
The alternate'base operation is initiated by pressing
» down on the alternate base lever 412. This aétion zeros the
i5 alternate base distance counter 413 and by means of the cam 414
actuates switches 315 and 316 from the upper position shown to
‘the lower position.
The AB distance counter 413 is designed so that each
of its threé wheels, wﬁen indiéating zero, opens at least one
“20'\‘ asSbciated contact of the'cQuntér zero switch 317. In all other

s

positions, the contacts are closed. The hundreds wheel opens

‘,‘céntacﬁs A and D when displaying zero; the tens wheel opens con-
tacts B ana E when displaying zero and the units wheel opens
contact C~when displaying zero. Thus, when the counter 413 is

25; i Zefoed,‘all the contaéts of the: switch 317 are open. The siﬁult-
aneous actuation of SWitchés 315 and 316 removes power from the
gfound miles servo motéf 213 which therefore stops, diverting
incoming ground miles on td‘the memory in the ground miles system.

At the same time, power is applied to alternate base relay 307

30 and tﬁe alternate base erase relay 318. However, with the counter
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413 zeroed, contacts A, B and C of switch 317 are opened, and

the alternate base erase relay 318 has no ground connection. The
alternate base relay 307, however, has a ground connection through
switch 304 which was closed as the vector distance cursor ring 301
was moved from its zero position. The alternate base relay is,
therefore energized, and in so doing, is locked in the closed
position by the contact set 319 which connects the upper end of

it with the X1 bus which carries +28 volts direct from supply,

and contact set 320 which in the lower position grounds the X2
bus through switch 30L which is now closed. The buses X1 and

X2 afe both normally connected to tﬁe 28 volt direct current supply
via the normally closed upper contacts of switches 315 and 316.
When the X2 bus is grounded, all of the devices connected between
@he buses X1 and X2 will have voltage applied across them. As
soon as the alternate base lever 412 is released (to return to

its neutral position by spring pressure) the switches 315 and

316 arg-returned to theif original position‘and 28 volts is
‘éﬁplied to the X1 bus via the upper contacts of the alternate base
‘ierésgfrelay 318. The XZ bus is alreédy grounded as mentioned
b,ébovéQ. The devices’affected are the track transfer relay 245,

'thénérqund miles clutch solenoid‘322 and the remote track change

#elay 248+

The track transfer relay 245 replaces the track signal
which is the normal input of the computer witﬂ the alternate base
beari;é signal whiéh has been manually set into a synchro 231.
The ground miles clﬁtﬁh solenoid shifts the ground mlles clutch
218 and closes the ground'xﬁiles transfer switch 324. The remote
£rack change relay 248 replaces the track signal feeding the synchro
receiver 241 (in the remote indicator) by true heading which is

received directly from its usual source {normally the Ground Speed
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and Interception Computer). In this manner, the pilot is provided
with a suitable heading indication enabling him to hold his course
steady during the alternate base operation. The track servo
motor 224 now proceeds to follow up the alternate bearing signal,
5 the large follow up error present energizing the track error
delay relay 235 and holding open the circuit to ground miles motor
213, preventing the latter from operating.
The ground miles transfer switch 324 which was closed
by the ground miles clutch soleﬁoid 322 energizes the ground miles
10 transfer relay 325, transferring control of the ground miles servo
motor 213 from its normal channel to bus X1 which is now at 28
volts D.C. and via switch 306 and resistance 326 to bus X2 which
is now grounded through the upper contacts 320 of alternate base
relay 307 and swi£ch 30L. kIt is to be noted at this point that
15  as in normal operation the upper terminal of the ground miles servo
-motor 213 is still connecﬁed ultimately to the +28 volt terminal
~;'s6 that the ground miles motor will operate in its normal direction.
| As soon as the track error has been esliminated by reason of
| _ the‘track servo motor 224 driving the computer to the position indi-
‘:HEZOVV “cated by the alternate base béaring synchro 231, and as soon as the
! lever is up, the error voltage energizing the track error delay relay
f; dk  :~ 8 ' 230 disappears allowing its switch to fall out, energizing the ground

miles servo motor 213 which begins to drive slowly, carrying with it

_ :besides'the ball—disc,multipliers'iﬁ the computer, the aB distance
25 cursor ring 301, and the AB distance counter 413. After one mile has
been driven into‘the éompuﬁér ih this fashion, contact C of switch
| 517 is closed. This has no effect since switch 316 is in its upper
position. After ten miles have been driven in to the computer,

contacts B and E of switch 317 arc closed, and the latter shorts
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out the resistance 326 so that the full line voltage is now
applied to the ground miles servo motor 213 permitting it to
drive at full speed.

The ground miles servo motor 213 continues to drive at
full speed (which corresponds to approximately 60,000 knots) until,
with about thirty miles to go, the cam on the AB distance cursor
ring opens switch 306, thus placing the resistance 308 in series
with the ground miles servo motor 213 cutting it down to reduced
speed. As the cursor zero line reaches zero on the alternate base
distance dial 303, the switch 304 is opened removing the gfound
connection from both the alternate base relay 307 and the dial
lamp 30&5. As the alternate base relay 307 falls out, bus X2 is
connected to the 28 volt line so that the ground miles clutch
solenoid 322, the track transfer relay 245, and the remote tracg
;haﬁge‘relay 248 are all released and the ground miles servo motor
213 stopss. . |

‘Control of the track servo motor 224 isg now restored

to the track control transformer synchro 240 and the track servo

mbﬁor 224, now proceeds to drive the computer to the proper position
corresponding to aircraft track. While this is being done, the

track error delay‘relayIZBS is energiied, preventing the ground

- miles servo motor 213 from operating.

As switch 324 opens as a result of the release of the

“ground miles clutch,solehoid 322, the ground miles transfer relay

" 325 peleases returning control of the ground miles motor to the

gfound miles contactor switch 214,

As the cursor'ring 301 was being driven from its initial

setting down to zero, the alternate base distance counter 413 was

: being driven up from zerc so that at the end of the operation this

counter displays the value originally set up manually on the

=3l
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cursor ring. With this distance on the counter, it is obvious
that at least one of the contacts 4, B and C of the switch 317
will be closed so that the relay 318 will be left with a ground
connection. |
5 As the track servo motor 224 finishes driving the computer

to correspond to aircraft track, the error voltage holding in
the track error delay relay 236 disappears releasing the relay and
closing the circuit of the ground miles servo motor 213. Ground
miles contactor switch 214 is ailready closed because of the

10  ground miles stored in the memory lead screw assembly, and-the
ground miles motor 213 immediateiy drivés all the stored ground
miles into the computer on present aircraft track, after which

: normal operation of the entire computer is resumed.
A further feature of the alternate base operation is
15 £hat the whole operation may-bé un in reverse to replace the

ialternate base with the original base simply by raising the

nate base lever h12. How thls is carrled out by the various:
“éicomPOnents of the circuit 111ustraxed will now be described.
The mechanlcal connection of the alternate base lever is

»20 _:Asuch that when this lever is lifted it does not zero the alternate

P

: ase distance counter hlB. However, raising of the alternate

;base lever hlB w:ll, Jusb as in the case of alternate base operation,
_ﬁ close switches 315 and 316. Operation of these switches disconnects
" the 28 volt line from the ground miles servo motor circuit and

B

applies 1t to relays 318 and 307. The alternate base erase relay

318 it will be remembered was on’ completion of the alternate
' base operation left w1th a ground.via the counter zero sw1tch
317 and it accordingly operates and locks itself in. The alternate
base relay 307 1s not energized because the switch 304 is left
30 | open when the alternate base distance cursor ring 301 is left at
zero following the alternate base operation. The polaritj of

buses X1 and X2 is, therefore, the reverse of their polarity
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during the alternate base operation, i.e. in this instance bus
X1 is grounded while X2 carries 28 volts D.C. once the alternate
base lever is released.
The ground miles clutch solenoid 322 and relays 323
5 and 321 being insensitive to polarity are all energized just as
in the alternate base operation and the same sequence of oper-
ations now occurs involving the ground miles clutch 218, the
ground miles transfer switch 324, the ground miles transfer relay
325, and the whole track system, as is described abo&e in connection
10 with the alternate bese‘operation. The only difference is that
. reversal of the polarity of the X1 and X2 buses reverses the
direction’of rotation of the ground miles motor 213 so that in
' this case once the motor starts, it drives the alternate base
A“distance cursor ring 301 up from zero switching on the dial lamps
i 15 ‘BOha via sw1tch 304 as it does so and simultaneously driving the
'alternabe Dbase dlstance counter 413 down towards zero. The motor
_?Speed w1ll be 1ow untll, when thlrty miles have been driven in,

:1sw1tch-306 is closed by the cam on the alternate base distance

' f:cursor ring, shuntlng the resistance 308 out of the motor line
>e‘:20ﬁ,,eand cau51ng the motor to be driven at its full speed which

'3”corresponds to 60, OOO Knots.

When the alternate baSe counter 413 has been driven down
to 099 miles, contacts A and D of sw1toh 317 are opened. At 009
fmileS'contacts B and f are'also opened, the latter 1nsart1ng
Tre31stance 326 into the cr-ound ‘miles motor line to reduce the
'“7speed of the ~ground mlles motor 213 to about 1/5 of its initial
valuec This reductlon in speed eliminates the possibility of
overshoot when OOO miles is reached; at which point the alternate
base erase relay 318 falis out since it no longer will have a ground

30  connection when contaetlc of switch 317 is opened.
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At this point, the return of the track system to present
track and the return of control of the ground miles serve motor 213
to the ground miles contactor 214 takes place in exactly the same
manner as in the case of the alternate base operation, the instru-
ment being left in exactly the same condition as it was immediately
before the alternate base operation, il.e. dial lamps 30La are on
and the mileage originally set into the alternate base distance
dial will once again be indicated on it. Similarly, the alternate
base bearing indicator 310 remains set at the bearing which was
originally set into it before the initiation of the alternate
base operation. The complete sequence of adding and then sub=-

tracting the alternate base vector can be repeated as often as

- desired merely by successively pressing and then lifting the

alternate base lever 3125
o One prin01pal advantage of the alternate base system
outlined above is thatvit enables simple coordination of the

computer wmth a grid system of maps having a number of symmetrically

' spaced grld centres. In general, several bases will be included
in 2 given grld area. sharlng a common grid map. The map carries

l_polar‘coordlnates w1thror1g1n at grid centre so that by basing

himself at this point a navigator may take advantage of any

. fix however, obtained to éorrect his computed position. When he
_w1shes to return to hls own or any other alrfleld, however, he

"31mply changes his base u31ng the alternate base procedure to

o e ™

home .on the base to ‘which he wishes to proceed. The vector from

- the airfield to the grid centre may be set.up prior to take~off

and subsequently added ‘or erased whenever position fixing or
homing is to be carried outs 4n additional advantage inherent
in the erase feature of the system is that; should a vector be

incorrectly set up and added, it may be erased simply by lifting
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the alternate base lever 312, without any error having been
introduced into the dead-reckoning of the computer.

AUTOMATIC RECIPROCAL OPERATION

One of the principal difficulties encountered in the
5 successful use of a navigational system which is arranged to
produce navigational data in terms of polar coordinates is that
when flying directly over base or close to it, an extremely
high relative rate of change of bearing to base talkes place
which is in general, at ranges of appreciably less than two'
10 miles, many’times the rate of change which is encountered in
normal operation and which approaches infinity as range approaches
. BETO. -The diffioulty of coping mechanically with this gituation
46 obvious while the difficulty of coping with it electrically
isqapparent when one takes‘into consideration the fact that,
15 whatever electrical systemtof computing is used, the indication
of bearing to base must always involve the use of some mechanical
: components in the system, ‘ V
" From the practical p01nt of view, it is, of course,
obviousrthat accurate p031tlona1 information is not required from
>‘7 20 a deadmreckonlng type of computer when the alrcraft is within
v1sual or low powered radlo range of the base, and accordingly,
- 1t will be appreclated that the only essential requirement is that
on approachlng base the computing mechanism must be relleved
':erom the straln of foiiowing a change of direction to base which
 exceeds the oapablllty of the computlng ¢ireuit, and that the

computer be in appropriate condltlon on leaving the base area

once agaip_to represent accurately the polar coordinate position
of the aircraft as it continues on its course. A suitable method
of taking care of this problem is illustrated in Figure 10 which

30 is a simplified funotional schematic of the automatic reciprocal
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'sub-system preferred for use in the embodiment of the invention
which has just been described.
Basically, this sub-system takes aver control‘of the
computer whenever range becomes less than two miles, i.e. automatic
5 reciprocal operation will take place whenever the aircraft enters
a circle of two miles radius with its centre at the base. As
the aircraft enters the two mile circle, normal operation is
suspended and the automatic reciprocal sub-system takes over
control of the computer. The net result of the operation‘is
10 that a small computational error is introduced into the computation
which varies from zero to apprgximately two and one-half miles,
depending upon how nearly the aircraft passes directly over the
"4baSe. This error arises as the result of an apparent shift of
base from its original position to a position which is two
15 miles ahead of the point at which the aircraft enters the two
 qmile circle.
Referrlng now partlcularly to Figure 10, when the
range is reduced: to two miles, the two m11e switch 350 which
blS a micro switch actuated by the R cam 361 on the range lead
"207' screw 51 is operated.‘ The operatlon of switch 350 removes one 7
| .28 volt Do Co line from switch 351b of relay 351 (range lower
",11m1t) whlch howaver remalns closed, and applies this line to

. both relays 352 (bearlng transi‘er) and 500 (reciprocal). Relay

-:352 diverts control of the bearing servo motor 207 away from its

s 25 normal channel and onto another channel consisting of relays 354

(reciprocal reversing) and 353 (reciprocal sensing). Simultaneously
 relay 500 opens the ground mlles motor circuit at switch 500b
;preVentlng further action of that motor, and v1a switch 500a
‘energlzes the bearing clutch solenoid 322 whlch, by opening the

30 bearing clutch 208, mechanically disconnects the bearing servo
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motor 207 from the bearing lead screw differential. Incoming

ground miles are temporarily stored in memory, and the bearing

servo motor drives rapidly under its new control towards the

position corresponding to

9 - T equals zero, i.e., flight directly

towards base. This latter action is described more fully in

the following paragraph.

Reciprocal reversing relay 354 and reciprocal sensing

relay 353 are both, in effect, reversing switches connected in

tandem between the 28 volt supply and the bearing servo motor.

Reversal of either one of

these relays reverses the excitation

and therefore the direction of rotation of the bearing servo motor

207. The circuit connections are such that when the reciprocal

reversing relay 354 is not energized the bearing servo motor 207

drives the © p01nter, the

B

such sense as to make Q -

turns, its cams 355, 356,

Q - T shaft, ‘and the sine cranks in
T equal to zeroes As the © ~ T shaft

and 357 operate their associated

",‘switches at the values 1ndlcated on the drawing. At & - T =0,

' cam 355 closes the reciprocal sen51ng switch 358,

: ThlS applles a ground connecblon to the reciprocal

sensing relay 353 moving the contacts 353a and 353b to the lower

p051t10n reversing the sense of the excltatlon of bearing servo

motor 207 and therefore 1ts dlrectlon of rotablon, and in turn
‘ rever81ng the dlrection of movement of the reciprocal sensing

‘cam 355 and so on, settlng up a contlnual Thunting actlon of the

bearlng system cenhred about 9 - T= O and corresponding to

fllght dlrectly towards ba,se° Whlle this hunting action continues,

the ground miles relay cam 357 by reason of its notch at O°

permits the two mile over
the ground miles systemas:

notches in the ground mil

-ride switch 359 to close, re-energizing
It may be noted in passing that,the

es relay cam 357 are sufficiently wide

-4,0~




537812

that the two mile over-ride switch 359 will not be opened by the
slight back and forth movement of the sine crank shaft which
occurs during the hunting action of the bearing system about 0°
(or about 180° when the other notch comes into play).

5 The ground miles servo motor 213 no; drives the ground
milesmwhich have been stored temporarily on memory into the
computer, and computed range will decrease as though the aircraft
were headed directly towards base. The range servo has a ground
connection via the fange lower limit switch 360, which is‘a

10 micro switch also actuated by the R cam 361 on the range lead
screw 5k. In general the distance stored in the ground miles
memory will be less than two miles, and after this stored distance

"is driven into the.9omputer, a short period of normal operation
‘wiil take place until the computed range reaches zero miles. At
15  this point R cam 361 moves the:range lower limit switch 360 from
| ‘the pOSitlon shown, where it prov1des ground to the range servo
‘,7and to lower llmit relay 351, to the upper position where it picks

‘ .up the 28 volt line. With 28 volts applied to both ends of the

 rangé'servo motor 109 it is in effect short circuited and brakes
(féégv'iimmédiately to éistopé_‘The application of 28 volts to the pre—/
| “ #i&ﬁsiy grounded terminai of range lower limit relay 351 causes
T | that rela& fo open, and so to apply a ground connection to

-rec1procal reversing relay 354 via switch 35la.

o will be' observed that all of the ground miles that

‘25 have been passed into the computer>51nce the two mile circle has
beenjgntered are rﬁﬁ!iﬁ’dﬁ.the,constant beéring & - T= 0, so
“that %he fact thét tﬁe Bearing'servo:mbtor 207 is declutched
froﬁ its lead screw &ifferential is irrelevant as regards intro-

duction of positioning error.
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The closing of reciprocal reversing relay 35}, reverses
the sense of the bearing servo control aﬁd therefore makes the
existing hunting unstable. Thus the bearing serve motor drives
to the. stable hunting position at © - T = 180°, corresponding
to flight directly away from base.

While the bearing servo motor 207 is driving the
bearing system through 180°, the ground miles relay cam 357 holds
open the two mile over-ride switch 359 diverting incoming ground
miles on the memory. When © - T reaches 180°, the over-ride
switch 359 closes, and the ground miles which had been stored
enter the computer.

As the present situation corresponds to flight away

from base, the.range lead screw differential, driven by the ground

mlles 1nput, causes the range contact assembly 307 to move to
Athe "range 1ncreasmng" attltuden As soon as contact 107b supplies

Cas ground to the range servo, this servo follows, a ground being

' foprovided via the range upper limit switch 315 (see Figure 13).

20

25

‘; Immediately as range leaves jts zero position the range lower limit
- switch 360 is c105ed, and applles a ground line to range lower
k limit'relay 351. However this relay remains disengaged, as, with

“the two mile switch 350 still‘dperating the relay, it has no 28

volt connection to its coil.
As furthér ground miles are driven into the computer;

computed range increases while 0 continues to hunt about the

,rebiprocal of‘tfackg As a range of two miles is reached, the

R cam 36l'réleasés_bhe'two mile switch 350 de-energizing the
bearing transfer relay'352 and the reciprocal relay 500. The
latter releases the bearing clutch solenoid 322 via switch 500a

and restores the normal connection to the ground miles motor via

42~
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switch SOOb.
The two mile switch 350, in releasing, applies the
28 volt line to range‘lower limit relay 351 in such a manner
that this relay is energized and latches in, a resistor across
5 its coil being provided to ensure this action.
# Thus normal operation of the bearing system and of
the entire computer is resumed. As mentioned briefly above,
. the object of this entire operation is to eliminate the need
for the bearing system to function at very high (theoretically
10 infinite) speeds in the vicinity of its base without ihtroducing
large errors in the computat1on._ It will be appreciated that
" prov1s1on for such very hlgh speeds in the bearing system.would
greatly add to the complexity and bulk of the computer. A
iconSequence of the operatlon is that the aircraft’is base is
15 apparently -shifted from ‘its proper p051t10n to one which lies

two miles ahead of ‘that point at whlch the two mile clrcle was

»entered. ‘The error 1nvolved lies between O when the alrcraft
1 -{actually flles directly over base and approximately two and one-—
: ’1fha1f miles when the alrcraft touches the two mile clrcle tang-
>  ent1al1y. If the alrcraft changes course after having entered
ﬂﬁ@the two mlle clrcle, the apparent position of base will shift in
accordance with the track being flown durlng the time in the
3i'}reclprocal operatlon when the two mile over-ride sw1tch 359 is

,closed and ground mlles are belng drlven 1nto the computer.

Thus, 1f the alrcraft changes ‘course after enterlng the two
mlle clrcle, the apparent shlft of base will be increased or
:decreased sllghtly depending respectlvely upon whether the air-
' craft changes course;towards the real base or away from it.
It will be appreciated that the net result of .the

30 automatic reciprocal operation is really the same as the net
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result of an alternate base operaticn where the alternate base
vector is very short and in fact the problem involved in flying
over or very close to base can be solved equally well from a
computational point of view without the introduction of any error
5 by the carrying out first of all of an alternate base operation
as the aircraft approaches base followed by an alternate base
erase operation when the aircraft has passed a reasonable distance
beyond the base. However, if the problem is.to be overcome in
the manner just mentioned, a further difficulty must be overcome
10 to provide for the situation where the alternate base vector
happens to lie in a direction which passes directly over the real
base or directly away from it. As was mentioned in connection
~ with the alternate base operation, a situation of this sort will
"igéve the track servo motor without directional sense when the
: 15 - alternate base bearing synchro takes over or relinquishes control
,9£ the track servo motor, introducing the possibility of the intro-
qu¢£iph of i80° of error in the direction of the alternate base
Vectdr run into the cdmputera To overcome this difficulty would
‘inﬁolve the use kaalpair of relays such as relays 353 and 354
20  g;which would involve as bulky a syétem as required for the fully
: , automatic,recipfocél Sub;systém just described, while at the same
time introducing the additional mildly undesirable feature that
during the operation ﬁhe'névigator would observe false track
 information on the face of his intrument, and the pilot as
25 in the alternate base operétion; would receive true heading instead
| . of track. v | ’ |
The problem could, of course, be overcome by the introduction
and erasal of an arbitrary alternate base vector mechanically
preset in suitable means associated with the system and arranged

30 so that its direction on introduction would be at between 90 and
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180° of track., In this case, the track serve motor will never
be concerned with the situation where it has no sense indication
but such system would involve additieonal mechanical components
in the computer system as well as protective devices preventing
5 interference with the alternate baée contrcls (the two knobs
and lever) while the aircraft is within approximately two miles
of base. As it is frequently desirable, as previously mentioned,
to preset an alternate base vector to a grid centre on the
alternate base controls before take;off, the system previously
10 described is considered more desirable, and it is believed to
afford greater operamidnal versatility.

As previouély discussed, the computer of the invention
will continuously indicate the positions of a moving point (the
aircraft) relative to-é fixed point (a ground base) provided the

15 correct vector velocity of the aircraft relative to the ground
is continuously fed into it. In normal operatidn, the required
"fector is ground spéed and track, and this is normally produced
-as alread& mentioped in the GeSeI.Co or other instrument adapted
’fé proaudeithe same 6ﬁtputs which accepts true air speed, true
200 heading,and~ﬁind speed and wind direction data and produces ground
“ ‘ speed and'trackﬁas output in desired énalogué form as rates of
_rotation. |
| The cdmputervdf £hefinvention will, however, compute
the relétive positioﬁ;éf twokmnving points i.e. two aircraft in
25 eXéctly the same manner prcvided thé appropfiate vector related
' to the spéeds of the two aircraft is substituted for the ground
speed and track whicﬁ are fed into it during normal opefation. The
required vector is the sum of two other vectors, namely the velocity
of the'target7aircraft and the velocity of the interceptor aircraft,

30 relative to the air mass.
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The G.S.1.C. triangle is admirably suited to solve the
interception triangle problem inasmuch as its mechanism is set up
to deal with a wind vector problem where the convention applicable
to the representation of the vectors is 180° different from that
5 obtaining in normal vector diagrams. Consequently, although it is
the reverse of the target aircraft?s velocity through the air that
must be introduced into the G.S5.I.C. if the inter;vector relation~
ships are to be correct, the representation of the target aircraftts
velocity in the form of a wind vector analogue automatically sets up
10 the vector of target alrcraftfs velocity as its reciprocal.
Thus, if the target aircraft heading and air speed are set

into the GeSeI.Ce on the wind direction and wind speed dials

res‘“'tlvely, the output of the GoS+I.C. becomes a fictitious track

'and gfound speed related to the speed of the target alrcrafta If
'flgfi;vtheﬁp051t10n of the target aircraft at a particular time is
v fiestabllehed as base on the computer of the invention by a serlies
of alternate base. operatlons as will be described later, the RO will
»then glve a contintous 1ndicam10n of the direction to the target
: ;aircraft and the range.f ‘-

This is accompllshed as follows. (see Figure 14) -,

: Wﬁéﬁ an 1nterceptlon_operatlon is to be carried out, the G.C.I,
| station which.will be in radio contact with the aircraft so informs

the alrcraft and the RQ computer is ad;usted by an approprlate

et K

L alternate base operatlon to be ‘based on the GaCole statlonq At the

':f25{ " same time, the GaC Io stamlon will calculate the alternate base
lkvector joining the GaC Ia station with a predicted position of the
B ,target aircraft a short tlme (for instance two minutes) in the future.
This 1nformatlon is relayed +to the aireraft and the appropriate
data is set up on the alternate base bearing and alternate base

30 . distance knobs on ﬁhe,ffont panel of the instrument. At the same
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time, the target aircraftis heading and air speed are radioced to

the aircraft, and then this heading and air speed are introduced into
the G.S.I.C. by means of the wind direction and wind speed dials.

At the same time, the alternate base operation is carried out
establishing the target aircraft¥s position as base and from then on
the RO bearing pointer will indicate continuously the present bearing

of the enemy while the range counter will indicate the distance

which separates the targoﬁﬁgiforaft from the interceptor aircraft.
Changes of enemy airspeed or heading are reported from time to time
by the G.C.I. station and'ére introduced as required into the G.S.I.Co
Accurulated errors are taken out by vector corrections passed by

G.C.I. In order to intercept the target, all that is required is

: thaﬁ@the intercepter aircraft maintain the track and heading pointers

.‘20.

TR

30

on the RO dial ih élignment; . The interceptor, however, does not need

‘midff1§”avcourse-of constant,bearing. It may alter course as required,

for instance to avoid a heavily defended area or to manoeuvre into a

mofé'favourable line of approach to the target. It may however at

o aﬁy ﬁime'adopt a homing course of constant bearing by lining up the

track and bearlng pointers. Interception occurs when the range on

the RQ dlal has ‘been reduced to zero (the automatic reclprocal operation

onwilbj‘of course, come into play when range decreases below two mlles,

j {b@tkas the alrcraft w1ll be flying directly towards the targeta

'EﬁviSual or air—borne radar oontacﬁﬁshould be established by the time

+the two mlle 01rcle 13 ‘entered or very shortly thereafter).

On completion of the 1nterception m1951on, the range and

bearlng from the alrcraft to the G C I. station can be commnicated

to the ‘aircraft and w1th the latest avallable w1nd speed and wind

~ direction data once again set into the G.S.I.C. the correct range

" and bearing to the Go.CoI. station can be set into the R® by means
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of the reset levers and once again the R will continuously
indicate the range and bearing to the G.C.I. station. When
released from its interception role by the G.C.I. station, the
aircraft may be homed on its base simply by £he carrying out of
5 an appropriate alternate base operation and aligning the track
and bearing pointers until the aircraft arrives at its base.
It will be observed from the above that an aircraft
equipped with the computer of the present invention in association
" with the G.S.I.C. can be directed back to its home base by the
10 G.C.I. station with the minimum of transmission of data by radio
since the bearing and distance of the aircraft to the G.C.T.
station is all the information required to enable the aircraft
~ to home by dead-reckoning on iﬁs original base.
e The present invention whén used in conjunction with the
15v GaSeI.Coe orvother instrumeht producing a suitable output (see
- Figure 15) provides an agcurate means for dead-reckoning navigation
‘difecﬁly in polar coordiﬂates. Basically, the method of dead~
 ”ré¢koning navigation prqvided depends upon the following:
"la‘ ‘ Means withln the aircraft for continuously producing the
) ‘f*2C ‘7“analogﬁes of the speed and dlrectlon of the aircraft¥s travel !
'relatlve to the ground (suitable means including an instrument such
a5 the G.5.I.C.). |

2. ‘Means for éémputing from said analogues the polar

coordinates of the aircraft with respect to a given point on

25 = the ground (such as the RO computer described herein).

3. Means for dlsplaylng an indication of said polar coordinates
and the direction of fllght of the aircraft.
h. Means for adaustlng the indication dlsplayed by said
computing means.

30 56 Means for interrupting the operation of the computing
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means during the adjustment of the displayed indication, temp~-
orarily storing incoming information relating to the anaiogue
of the speed of the ai:craft’s travel relative to the ground
during such interruptions and feeding the thus stored information
5 into the computing means following said interruptions.
| As indieated in the foregoing description, the adjust-
ments’which may be required to be made to the displayed indication
may be of various types, for instance, if during flight a fix
is obtained, it may be desired to adjust either the range or
10 bearing indicators to eliminate any dead=reckoning error which
may be present in the instrument. It may, on the other hand, be
desired to have the computer effect dead~reckoning in polar
_‘ cgqrdinatés in respect of a different base from that with respect
E 'ﬁo which it is computing at any particular tiﬁeg In addition,.

automatic adjustmentstay Bé desired such as that which takes

place during the automatic reciprocal operation in order to
: relieve the computer from the strain whlch would result from
computations very close to the base and the resulting very high
L rate of change of bearing. All of the above adjustments require
20i a short interval of tlme for thelr accompllshment, but it is
| 1mportant at the. high rate of speed attained by modern aircraft
f ‘that the adjustments be carrled out without losing the input data
which represents the dlstance flown during the interval. No

4
3

) provision need be made for storang data relating to the dlrectlon
'25fh; of the alrcraft“s travel since as long as the alrcraft malntalns a
substantlally'constant bearlng durlng the interval required for
the carrying out of the adgustment no appreciable error will be
_ ‘introduced when the speed analogue information is fed back from

storage_into the computere.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY

OR FRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Apparatus for solving navigational problems in polar
coordinates comprisings; resolviné means} means for continuously
setting into said resolving means as a first input thereto a dis-
tance factor analogous to a cumulative distange travelled from a
datum point; means for continuously setting into said resolving
means as a second input thereto a directional factor representing
the angle between a direction being travelled and the direction to
said datum point; said resolving means being arranged to deliver a
first output and a second ocutput analogous respectively to change
of distance to said datum point and change of distance travelled
normal to,therdirection of said datum; a divider; means for setting
“said second 6utpﬁt’iﬁtdgéaid"HiVider“as an enumerator; means for
setting into.said’divider said first output as a divisorj the output
-of said divider being analogous to the change of direction to said
datum point; means for supplying a factor analogous to the change
of direction being travelled; means for subtractlng said factor
representing change of sald dlrectlon being travelled from the out-
vput of sald divider and dellverlng the resultant to said resolving
means as sald dlrectlonal factor, and means for indicating cumulamlvely
; the change of dlrectlon‘and change of distance to said datum point

~as the polar coordinateS'Of position with respect to said datum point.

20 Apparatus as defined in claim 1 wherein said resolving means,
said divider and said subtractor are mechanical and are arranged to

éccept input énd'express output as shaft rotations.

3e Apparatus as defined in claim 1 wherein said resolving means
comprises; two ball-disc multipliers arranged to receive as input to

their respective discs a rotation corresponding to sald first input
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factor; a first sine;crank associated with the first of said ball~
disc multipliers and arranged to displace the ball carriage of its
associated ball-disc multiplier an amount corresponding to the sine
of its angle of rotation from datum; a second sine-crank associated
with the second of said ball-disc multipliers and arranged to dis-
place the ball carriage of its associated ball-disc multiplier an
amount which is equal to the cosine of the angle of rotation of
said first sine crank from its datum; and means for driving both
of said sine cranks responsively to the output of said resultant

forming the second input to said resolving means.

Lo _ Apparatus as defined in claim 3 wherein the divider
comprises; a lead-screw arrangéd for rotation in’response'to the out-
put of ﬁhe first ball-disc multiplier; a nut arranged to be driven
along said lead screw by rotation thoreof; a third ball-disc
multlpller arranged to receive as input to its drum a rotation

correspondlng to the rotation of the drum of said second ball-disc

»?multlpller' and means oonnectlng said nut to the ball carriage of

sald thlrd ball-dlsc multlpller s0 that the displacement thereof

corresponds to the dlsplacement of sald nut on said lead screw,
/

‘ whereby the rotatlon of the disc of said third ball-disc multiplier

corresponds to the output of sald second ball-disc multiplier

d1v1ded by the outpub of said flrst ball-disc multlpller.

5; S Apparatus as. deflned in claim L comprising; a mechanlcal
dlfferentlal arranged to recelve as a first input the rotation of
the disc of sald thlrd ball—dlsc multlpller, as a second input
rotation of an 1nput shaft correspondlng to change of directlon
bezng travelled,~ d to produce as output a rotation corresponding
to said first 1nput mlnus said second input; and means for driving

said first and second sine cranks in accordance with said output

2l

of said differential.
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6. Apparatus as defined in claim 5 comprising servo means

arranged to drive said apparatus in accordance with the inputs fed
thereto and so arranged as to relieve the computing components

thereof of mechanical strain.

T Apparatus for solving navigational problems in polar
coordinates comprising; a first ball;disc multiplier and a second
ball-disc multiplier; means for driving the discs of said first
and second ball-disc multipliers in accordance with an input
rotation which corresponds to a cumulative distance travelled from
a datum point; a first sine crank and a second sine crank assoclated
respectively with said first and second ball-disc multipliers
. whereby the positions of said si;e cranks determine the displace-
jments‘of the ball carriages of ﬁheir associated ball-dise multipliers;
a'rénge lead screw; meané for rotating said lead screw to correspond
to the rotation of the drum of said first ball—dlsc multiplier; a
' fnut on - Sald lead screw arranged to be axially displaced by rotation
:of sald lead screw; ' a thlrd ballodlsc multiplier; means for rotating
‘the ‘drum of said third ball-dlsc multiplier in accordance with the
'i;rotaxlon of. the drum of sald second ball-disc multlpller, means, conn-
.:;ectlng said nut and the ball carrlage of said third ball-disc multipller

i

‘VT,whereby the latter is dlsplaced an amount corresponding to the dis-

: placement of sald nut oni sald lead screw and the rotation of the disc
,‘of said thlrd ball-dlsc multlpller corresponds to the rotation of’'the
- drum of said second ball~disc multlpller divided by the rotation of
the drum of sald flrst ball-dlsc mnltlpller, a mechanlcal differential;
2 means for rotating one 1nput gear of said dxfferentlal to correspond
with the rotation of the disc of said third ball-disc multiplier;
means for rotating a second input gear of said differential to

correspond to a‘direotion'being travelled, whereby the output

5V
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appearing at the third gear of said differential is the rotation

of said first input gear minus the rotation of said second input

gear; means for positioning said first and second sine cranks in

accordance with the output of said differential whereby the dis-
placements of the ball carriages of the first and second ball-
disc multipliers correspond respectively to the sine and cosine
of thewangle'through which the output gear of the differential
has been rotated from a given datum; servo means for driving
said apparatus in accordance with the inputs delivered thereto;
and “indicating means for indicating the respective angular pos-—
itions of the disc of said first ball-disc multiplier, and the
first and second input gears of said differential respectively

as distance from baée, direction to base, and direction being

’ﬁrayelled.

8o .o Apparatus as defined in claim 7 wherein sald servo means

"cdmpfiSes; a 1ead4§¢few,diffefential comprising an input shaft

VC?rtying the outbut from one of said ball-disc nultipliers; an

Gutput shaft; a lead,screw operatively associated with said

‘lﬂ‘output shaft; a nut member in.threaded engagement on said lead

1n mesh with said nut and oper-

screw, ‘an elongated -gear memb

atlvely assoczated w1th sald 1nput shaft' a servo-motor arranged

w~to drive said output shaft 1n elther directionj and control means

for said servo motor arranged to cause said motor to rotate said
Ll

lead serew in a dlrectlon which will dlsplace said. nut towards a

predetermlned zZero p051t10n on said lead screw whenever said nut

“is. displaced from said position by rotation of said nut by said

" input shaft.

9o Apparatus as defined in claim 7 wherein said servo means

comprisess an input shaft carrying the output from one of said
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ball~disc multipliers; an output shaft; a lead screw operatively
associated with said output shaft; a nut member in threaded engage-
ment on said lead screw; an elongated gear member in mesh with said
nut and operatively associated with said input shaft; a servo motor
arranged to drive said output shaft in either direction; control
means for said servo motor arranged to cause said motor to rotate
said lead screw in a direction which will displace said nut towards
a predetermined zero position on said lead screw whenever saild nut
is displaced from said position by rotation of said nut by said
input shaft; and means for aecxutching said output shaft from said

lead screw.

10.'" Apparatus as defined in claim 7 wherein said servo means

L comprises; an input shaft carrying the output from one of said ball-
’“ disc multipliers; an output shaft; a lead screw operatively assoc-
iated with said_oﬁtpﬁt‘shaft; a rut member in threaded engagement
f:on'said’lead screw; an elongated gear member in mesh with said nut
and operatlvely associated with said input shaft; a servo motor

: tarranged to. drlve sald output shaft in either direction; and limlt

switch means Operatlvely assoc1ated with said nut for controlling
the operatlon of sald servo motor, sald limit switch being arranged
to cause said servo motor to rotate said lead screw and said out-

put shaft in a dlrectlon whlch will displace- said nut towards a

predetermined zeroxp051tion on said. lead SCrew.

11, ‘ Apparatus as deflned in clalm.lO in which said servo motor
is a direct current follow—up type motor and said limit switch

comprlses a flrst contact ccnnected to one pole of a source of direct

"~ current supply'for said‘motor; a pair of second contacts resiliently

mounted one on either side of said contactor member and biased
into contact therewith, said second contacts each being connected

electrically to an opposite pole of said motor; a pair of third

5
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contacts, each resiliently suspended in spaced apart relation to
‘ one of said second contacts on the sides of said second contacts
o ‘ pemote from said first contact, said third contacts being elect~-
‘ rically comnected to the other pole of said D.C. current supply;
aﬁd a contact actuator member operatively associated with said
nut and said second contact members whereby movement of said nut
from the zero position in either direction carries one or other
of sald second contacts against one of said third contacts,

energizing said motor with a polarity which will cause it to

drive said nut back towards its zero position.

iz. Apparatus as defined in claim 11 including means assoc-
iated with said limit switch means for preventing said servo motor

from over-running said zero position of said nut on said lead screw.

.....

13. Apparatus as defined in claim 11 comprising anti-hunt
; ‘means for said servo means, said anti-hunt means comprising; an
delebtrical resistance; two—pbsition‘switch means so arranged
 that in one positién‘thereof said resistance is effectively between
. one’ of - said thlrd contacts and its connection to a pole: of sald DeCoe

'current supply, and in the other position thereof said r651stance

is effectlvely between the other of said third contacts and its
“connection to said pole of said D.C. current supply; and actuatlng
.‘means for actuatlng sald two position sw1tch means respon51vely
;’fto movement of the 31ne crank—whlch controls the p051t10n of the
‘ball carriage a55001ated w1th the ball-dlsc multiplier the output
whereof - forms the;input to said servo means, whereby said switch
is actuated whenevef\said‘sine crank moves said ball carriage across
the centre of its associated disc to change the direction of
rotation of the-input'shaft to séid‘servo meanss to maintain said

resistance in the motor connections associated with the third
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contact which is not in contact with one of said second contacts

during the normal follow-up action of said servo means.

4. Apparatus as defined in claim 13 wherein said actuating
means for said two position switch comprises cam means mounted on

the shaft of the sine crank.

15, Apparatus as defined in claim 13 wherein the servo
. means is associated with the output of the second ball-disc
miltiplier, and the servo motor drives said nut through said third

ball-disc multiplier by driving the disc theresof, and comprising

ig LR G a second electrical resistance; a second two position switch
arranged on, actuation'thereof to insert said second resistance in
the power supply line to sald motor, and actuatlng means respon31ve )

to the position of the nut on the range 1ead screw for actuating

said switch tokinsert‘said re51stance ;n the power supply line

of said motor whenever the p051t10n of the nut on the range lead

crew corresponds to a range in excess of a predetermined range.

for solving navigational problems in polar

a first ball-disc multiplier and a second

y

or driving the discs of said first

9

- and second’ iers in accordance with an input rot-

‘a«éumﬁlatiﬁe distance travelled from a

atlon ‘which corresponds
datum p01nt'-‘ flrst 51ne crank and a- second 51ne crank assoclated
A respectively w1th sald flrst and second ball-dlsc multipliers

: whereby the p051t10ns of said sine cranks determine the displace-
ments of the ball carrlages of their associated ball-disc mult-
ipliers; a rangé=lead screws means. for rotating said lead screw
to correspond to the rotation of the drum of said first ball disc

multiplier; a nut on said Jead sorew arranged to be axially dis-

placed by rotation of said lead screw; a third ball disc maltiplier;

f
)/
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means for rotating the drum of said third ball disc multiplier in
accordance with the rotation of the drum of said second ball~disc
multiplier; means connecting said nut and the ball carriage of
said third ball-disc multiplier whereby the‘latter is displaced

an amount corresponding to the displacement of said nut on said
lead screw and the rotation of the disc of said third ball-disc
multiplier corresponds to the rotation of the drum of said second
ball-disc multiplier divided by the rotation of the drum of said
first ball-disc multiplier; a mechanical differential; means for
rotating one input gear of said differential to correspond with
the rotation of the disc of said third ball-disc multiplier; means
for rotating a second input gear of said differential to correspond
to a direction being travelled, whereby the output appearing at

the third gear of said differential is the rotation of said first

“input gear minug the rotation of said second input gear; means for

~fi;respec€1velya

positioning said first and second sine cranks in accordance with

thé‘éutput of said differential whereby the displacements .of the ball

{“carrlagps %é the flrst and second ball-disc multipliers correspond

' -~

the451ne and c051ne of the angle through which the

1output gear of ‘the dlfferential has been rotated from a given datum;

'servo means for dr1v1ng sald apparatus in accordance with the inputs

delivered theret0° 1ndlcat1ng means for indicating the respectlve

' angular pos1t10ns of the dlsc of said first ball-disc multiplier,

and‘the;flrst and,secopd 1nput gears of said differential respectively

as diStance~ffom base, direction to base, and direction being travelled;
a D C, follcw—up “grmmd—mlles'i servo motor operat1valy connected

to drlve the dises of sald flrst and second ball-disc multipliers;

a "ground~m11es" lead screw; solenoid actuated clutch means; said

" motor beihg operatively associated with said lead screw through said

clutch meansy a toothed nut member in threaded engagement with said

57
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lead screw; an elongated gear member meshed with said nut whereby
rotation of said gear member rotates said nut advancing the latter
along said lead-screw; means for rotating said elongated gear member
responsively to said first input; switch means controlling the power
leads to said motor; actuating means for said switch means assoc-
iated with said nut member whereby said switch means is opened

when said nut is in a zero position on said lead-screw, and closes
when said nut is displaced from said zero position; the direction
of rotation of said motor, when energized, being such as to displace
said nut member towards said zero position on said lead-screw; and
at least 6ﬁe Ymemory" switch in the power leads of said motor whereby
said motor is rendered inoperative while said Pmemory™ switch is

open; said lead screw and said elongated gear member having sufficient

length to accommodate a predetermined amount of displacement of said
nut from its zero position, corresponding to a predetermined

quaqtity of accumulatggwiqpqt,data.m~

l7°, o Apparatus’as defined in claim 16 wherein said servo means
e comprlses, an 1nput shaft carrylng the output from one of said ball-
dlsc multlpllers, an output shaft: & lead screw operatively associated

/

1th sald.output shaft‘ a- nut member in threaded engagement on said

1Ilead screw, an elongated gear member ‘in mesh with said nut and
: I

; operatlvely a55001ated w1th -sald input shaft; a servo motor arranged

tc drlve said output shaft 1n elther direction; and control means for

: sald servo motor arranged to cause said motor to rotate said lead

';vscrew in a directlon whlch w1ll dlsplace sald nut towards a pre—
v-determlned zero po51t19n on said lead screw whenever said nut is
. displaced from said position by rotation of said nut by said input

shaft.




kf‘diéevmultipliers; an'butput shaft; a lead screw operatively assoc—~ ;,*

j‘"?éfdifection~which&will,displace said nut towards a‘predetermiﬁéd e

. zero position on said lead screw.

557818

18, Apparatus as defined in claim 16 wherein said servo means
comprises; an input shaft carrying the output from one of said ball-
disc multipliers; an output shaft; a lead screw operatively assoc-
iated with said output shaft; a nut member in threaded engagement
onfsaid lead screw; an elongated gear member in mesh with said

nut and operatively associated with said input shaft; a servo motor
aréenged to drive said output sHaft in either direction; control
means for said serve motor arranged to cause said motor to rotate
said lead screw in a direction which will displace said nut towards

a predetermined zero position on said lead screw whenever said nut

‘is displaced from said position by rotation of said nut by said input

shaft; and means for declutching said output shaft from said lead

SCrews

19, - Apparatus as defined in claim 16 wherein said servo means

comprises; an input shaft carrying the output from one of said»ball-

7_‘1ated with said output shaft' a nut member in threaded engagement on.

T / o

i

nfsald lead screw; an elongated gear member in mesh with said nut’. WL

ﬂ'and operatlvely assoclated with sald 1nput shaft' a servo motor arranged

veysald output shaft in either dlrect10n° and llmlt swltch

“~means operatlvely assoclated with said mut for controlllng the oper-s

et

'ation of said servo motor, sald Jimit switch belng ‘arranged to cause

'~’said;servoumotor to rotate;sald_lead screw and sald output shaft;ln

I

20‘; © Apparatus as defined in claim 19 in which said servo ‘motor

:15 a. dlrect current follow—up type motor ‘and sald limlt switch corm-

- priges a first contact connected to one pole of a source of dlrect

current supply for said motor; a pair of second contacts resml%ently

et
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mounted one on either side of said contacter member and biased into
contact therewith, said second contacts each being connected elect-
rically to an opposite pole of said motor; a pair of third contacts,
each{resiliently suspended in spaced apért.relation to one of said
secoﬁa contacts on the sides of said second contacts remote from said
first contact, said third contacts being electrically connected to
the other pole of said D.C. current supply; and a contact actuator
member operatively associated with said nut and said second contact
members whereby movement of said nut from the zero position in either
direction carries one or other of said second contacts against one

of said third contacts, energizing said motor with a polarity which

will cause it to drive said nut back towards its zero position.

» 21. - Apparatus as defined in claim 20 in which said limit switch
means comprises a fourth pair of contacts exterior to said third set
' of{é?ntacts and spaced apart therefrom; a normally closed fimemory"
'swiﬁghﬁarranged in power leads of the ¥ground miles' servo motor;
‘andrﬁélay~means for opening said'"mémory" switch whenever one of
sai&fﬁhird contacts is driven against one of said fourth contacts,
whefeby incoming first inpuf data is stored in the "ground miles"

" lead screw untillsaid third contact is released from said fourth

contact.e

ot
TR . i L

22¢ Apparatus as definedtih ¢claim 21 comprising a second normally
closed . ¥memory' switch in the power lines §f the "ground miles' servo
motor; a‘relay for-ac£ﬁatingfsaid second "memory“vswitch; and means

for energizing Said rélay ta‘open said switch responsively te an error
signal of predetérmined;value:derived by comparing the second input

value with the actﬁél7pdsition of the shaft which carries said input

6

into the apparatus;“““”
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23. Apparatus as defined in claim 20 comprising a solenoid
operated clutch between the lead screw of said servo means and
the serve motor; a normally closed "memory" switch connected in
the power supply line of the ¥ground miles" motor; relay means
to actuate said "memory' switch; slew switch means for applying
full power to the servo motor of said servo means with predetermined
polarity; and manually operable actuating means arranged on move-
ment to an actuating position in sequence to actuate said relay
means opening said "memory® switch, energizing the solenoid of
said solenoid operated clutch to declutch the servo motor from its
associated lead screw, and applying full power to said servo motor
to drive the latter in a predetermined direction, and upon return
;!Tpvement from said actuating position in sequence to cut~off power
‘1ffom_séid servo motor,yde-energize said solencid and de-energize

said relay to close said memory switch.

2L . Apparatus as defined in claim 23 wherein said serve motor

is provided with dynamic braking.

‘,ggf}{jv "In an apparatus as defined in claim 16, means for altering
- _the'dgfum.point With»respect to which said computing means computes
nthe’pélér‘coordinates of range and bearing, said means comprising;

,_vtmeans‘forlmanually"bresetting the'vector distance between the original

%dafﬁm point and a new datum point; a control ecircuit arranged to
11f;?;g§sume control of the. serve means driving said computing means to
cause the COmputingfﬁéans tQ éimulate a flight path corresponding to
a vector distance whicﬁ isjpreset; means for opening a Ymemory™
.+ switch iﬁ the power leads to the "ground miles' motor to divert
‘é'i§¢0ming Yiground miles" analogue data onto Ymemory'; means for
_'ééélutching the "ground miles™ motor from the *ground miles" lead

screw and operatively associating it with the means for presetiing

6/
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the vector distance; and actuating means arranged to actuate said
means in sequence to divert incoming 'ground miles' analogue data
on to fmemory", declutch the "ground miles" motor, switch control
of the ground miles motor and servo motors to the said control
circuit, and restore the normal operation of the computing means

after said preset vector has been introduced.
26. Apparatus as defined in claim 25 including indicating means

for recording the length of the vector introduced to said computing

meanse

27. Apparatus as defined in claim 26 wherein said actuating
means includes a pair of tandem connected relays controlled by

switch means so arranged that closure of said switch means a first

" time causes said control circuit to introduce said preset vector

”vffinto the computing means, but closure of said switch means a second
T aetime causes said control means to introduce into the computing means
the reciprocal of said preset vector, thus effectively withdrawing

the .preset vector first introduced.

28, In an Apparatus_as defined in claim 16 automatiec means for
opening a Ymemory' switch in thé éower supply of the "ground miles"
‘ﬁotor when the indicated polar ccordinate of range falls below
o - - - a predetermined value; and an "automatic reciprocal!? control circuit
arranged to assume cont?olféf‘said computing means while said
coordinate: is lesé"fhan-said»predetermined value and restore normal
éontrol thereto when said coordinate rises above sald predetermined
value, said contrél ciicﬁit compfising means for driving the computing
means to a position where the indicated polar coordinate of direction
is the same as the indigated direction of flight, means for reintro-

ducing "ground miles" analogue data until the indicated polar coordinate

of range equals substantially zero, means for driving the computing

L
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means to a position where the indicated polar coordinate of bearing
is the reciprocal of the indicated direction of flight of the air-
crafty means for rein£roducing "erround miles™ analogue data until
the indicated value of the polar coordinate of range equals said
predetermined value, and means for closing said ‘Ymemory" switch
and releasing said‘computing means from control by said control

circuit.

29. Apparatus for the presentation of aeronautical navigation
data comprising means for continuously producingvas separate
analogues the analogues of the speed and direction of an aircraft’s
travel relative to the ground; computing means arranged to compute
from said analogues the polar coordinates of the aircraft with
respect to a given datum point on the ground; and means for con-
tinuously displaying an indication of the value of the said polar

coordinates on the same base.

v730. . Apparatus for the presentation of aeronautical navigation
data‘éomprising means for continuously producing as separate
anélogues the énalogues'of the speed and direction of an aircraftts
trével relative to the grbund; computing means arranged to compute
 ffrom said analogﬁes the'pélar coordinates of the aircraft with res-
_ ;‘éect to a givenvdatum point onrthe ground; and means for continuously
: displayiné an indication of thevvalue of the said polar coordinates

~on the ‘same base as, and in association with, a display of the

direction of flight of the aircraft.

31, Apparatus for the présentation of aeronautical navigation
data comprising means for continuously producing as separate analogues
the analogues of the speed_and direction of an aircraft's travel

relative to the ground; computing means arranged to compute from




537819

said analogues the polar coordinates of the aircraft with respect to

a given datum point on the ground; means for continuously displaying

an indication of the value of the said polar coordinates on the

same base; means for adjusting the indications of the polar coordinates
thus displayed; means for interrupting the introduction of the ground
miles analogue to said computing means during the period required for
such adjustments; storing incoming data in respect of said ground
miles analogue during such intérruptions and reintroducing the data

stored in said means following said interruptions.

32. Apparatus for the presentation of aeronautical navigation data
comprising means for continuously producing as separate analogues the
analogues of the speed and direction of an aircraft?s travel relative
to the ground; computing means arranged to compute from said analogues
" the polar coordinates of the aifcraft with respect to a given datum
pointron the ground; means for continuously displaying an indication ‘
:‘qf the value of the said,polar coordinates on the same base as, and

in association with, a display of the direction of flight of the air-
créft; means for_adjﬁsting the indications of the polar coordinates
thusfdisplayed; means for interrupting the introduction of the ground
miies analogue to said computing means during the period requiféd for
‘éﬁch adjustments; stéring incoming data in respect of said ground miles
anélpgue dﬁring such.intérruptions and rgintroducing the data stored

'in said means following said interruptions.

" 33. ‘Apparatus for the-preséntation of aeronautical navigation
data comprising means'forfCOﬁtinuously producing as separate analogues
the analogues of the speed ahd direction of an aircraft®s travel
relative to the ground; computing ieans arranged to compute from said
analogues the polar coordinates of the aircraft with respect to a

given datum point on the ground; means for continucusly displaying an
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indication of the value of the said polar coordinates on the same

base; and manually operable means for independently adjusting the
displayed vélues of the polar coordinates, said means including means
for automatically diverting incoming data relating to the ground miles
analogue into storage means therefore in advance of said computing
means during the period during which an adjustment is being made, and
means for automatically feeding the thus stored data into the computing

means following completion of said adjustment.

3. Apparatus for the presentation of aeronautical navigation

data comprising means for continuously producing as separate analogues

the analogues of the speed and direction of an aircraft?s travel

relative to the ground; computing means arrangsd to compute from

said analogues the polar coordinates of the airecraft with respect

to a given datum point on the gfoupd; means for continuously displaying
* ah iqdication of the value of the said polar coordinates on the same

bése as, and in association wifh, a display of the direction of flight
4”§f‘phé5aircraft; and ﬁanually operable means for independently adjusting
‘f;tﬁe:displayed values of_the.poléf coordinates, said means including means

for éutdmatically diverting incomiﬁg data relating to the ground miles

‘.,§palbgue into storage means therefore in advance of said computing means

.3ydgrigg the. period during which an adjustment is being made, and means

';fpfjautomatically feeding,the thus stored data into the computing means

foliqﬁiﬁg completion of said adjustment.

35.. Appar;tus,fqr'the’presentation'of aeronautical navigation
,vdata comprising means;fér continuously producing as separate analogues
the analogues of the speéd and direction of an aircraftt®s travel
‘relative to the ground; computing meané‘arranged to compute from

said analogues the polaf coordinates of the aircraft with respect to

a given datum point on the ground: means for continuously displaying an

j
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indication of the value of the said polar coordinates on the same
base; and automatic means arranged for actuation by a physical
manifestation of the polar coordinate of range when the latter

falls below a predetermined value, said automatic means on act-
uation providing in sequence for diversion of incoming data relative

to the ground miles analogue into storage means therefore in

-advance of said computing means, actuation of serve means within

the computing means until the indicated polar coordinate of bearing
coincides with the displayed indication of direction of flight,
reintroduction of the ground miles analogue data from storage until
the polar coordinate of range egquals zero, rediversion of ground
miles analogue data into storage means, actuation of serve means
within the computer until the indicated polar coordinate of base

is the reverse of the displayed indication of the direction of

flight,:and reintroduction of ground miles analogue data into the

.computing means.

‘Apparatusffor the presentation of aeronautical navigation

. data comprising means for.continuously producing as separate analogues

the analogues of the speed and direction of an aircraft?s travél

'felative_to the ground; computing means arranged to compute from

Said'analqgues»the polar coordinates of the aircraft with respect

i

“toa given datum poéntybh‘the ground;. means for continuously dis-
" playing an indicatibﬁ of the-value df‘thé-said pélar coordinates
f4bﬁ the same basekaé; and in association with, a display of the

direction of flight'of‘the aircraft; and automatic means arranged

V“for actuation by a.pﬁysical manifestation of the polar coordinate

.of range when the latter falis below a predetermined value, said

automatic means on actuation providing in sequence for diversion

of incoming data relative to the ground miles analogue into storage

(b
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means therefore in advance of said computing means, actuation of
servo means within the computing means until the indicated polar
coordinate of bearing coincides with the displayed indication of
direction of flight, reintroduction of the ground miles analogue data
from storage until the polar coordinate of range equals zero, re-
diversion of ground miles analogue data into storage means, actuation
of servo means within the computer until the indicated polar co-
ordinate of base is the reverse of the displayed indication of the
direction of flight, and reintroduction of ground miles analogue data

into the computing means.

‘ 37. Apparatus for the presentation of aeronautical navigation

data comprlslng means for continuously producing as separate analogues

the analogues of the speed and direction of an aircraftis travel

;eletlve to the ground; computlng means arranged to compute from

' said analogues the polar coordinates of the aircraft with respect

"to a glven datum p01nb on the ground; means for continuously displaying
»anylndlcatlon of the value of the said polar coordinates on the same

base;'automatic means arranged for actuation at a predetermlned

1nd1cated value: of,the polar coordinate of range for diverting incoming

.ground:mlles analogue data 1nto a memory dev1ce, driving the computlng
‘ means under servo control while said indicated polar coordinate of
range is less than sald predetermined value, and then restoring said
‘_computlng means to normal operatlon with an indicated polar coordlnatei
of bearing which" is the reverse of the direction of flight and an
indicated polar coordlnate of range equal to said predetermined value;
~and means for feedlng 1nto the computer the ground miles data stored

in said memory device.

38, Apparatus for the presentation of aeronautical navigation

data comprising means for continuously producing as separate analogues

b/
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the analogues of the speed and direction of an aircraft’s travel
relative to the ground;.computing means arranged to compute from
said analogues the polar coordinates of the aircraft with reépect
to a given datum point on the ground; means for continuously dis-
playing an indication of the value of the said polar coordinates
on the same base as, and in association with, a display of the
direction of flight of the aircraft; automatic means arranged for
actuation at a predetermined indicated value of the polar coordinate
of range for diverting incoming ground miles analogue data into a
memory device, driving the computing means under servo control while
gsaid indicated polar coordinate of range is less than said pre-
‘detérmined value, and then restoring said computing means to normal
operation with an indicated polar coordinate of bearing which is

~-,;‘the réverse of the indicated;direction of flight and an indicated

& pdlar coordinate_of range equal to said predetermined value; and

means for féeding into the computer the ground miles data stored in

émory device.

“_ Apparatus;for'the presentation of aeronautical navigation
ﬁa"comprising meahs for continuously producing as separate anélogues
bvspeed and direction of an aircraft's travel

' relatlve to the ground‘ computlng means arranged to compute from

k:sald anaIOgues the polar coordlnates of the aircraft with respect

 ;   to a given datum point on the ground; means for continuously displaying
an indlcatlon of the value of the sald ‘polar coordinates on the same bases;
storage means for stcrlng ground mlles analogue data in advance of

v’g;gsald-computlng meaps; manually operable means for setting up an
ihdicatibn of a'giiéh‘véctor analogue; servo means controlled by the

said vector indiéaﬁion;_gnd actuating means arranged on operation

thereof .in sequence to cause diversion of incoming ground miles analogue

s
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data into said storage means, operation of sald servo means to insert
the said vector into the computing means whereby the datum point with
respect to which polar coordinates are computed is changed, and

reintroduction of ground miles analogue data from said storage means.

40 Apparatus as defined in claim 39 wherein means are provided
to reverse the operations consequent upon operation of said actuating
meéns to withdraw said vector from the computing means SO that the

originel datum point is restored.

L1, Apparatus for the presentation of aeronautical navigation
data comprising means for continuously producing as separate analogues

the analogues of the speed and direction of an aircraft’s travel

 relative to the ground4 cémputing means arranged to compute from
_ said analogues the polar coordinates of the aircraft with respect
'to a glven datum point on the ground‘ means for continuously displaying

,an indlcatlon of the value of the said polar coordinates on the same

.basefas, and in association w1th, a display of the direction of flight

of the aircraft; storage means for storing ground miles analogue data

.in-advance of said computing means; manually operable means for setting

up an 1ndlcat10n of a glven vector analogue; servo means controlled
by the sald vector 1ndlcat10n, and actuating means arranged-on operation

thereof in sequence to cause dlver310n of incoming ground mlles analogue

data 1nto said storage means, operation of said servo means to insert
‘kthe sald vector 1nto the computing means whereby the datum point w1th

ﬁrespect to which: polar coordlnates are computed is changed, and

reintroduction of ground mzles analogue data from said storage means.

L2, Apparatus as defined in claim 41 wherein means are provided
to reverse the operations consequent upon operation of said actuating

means to-withdraw said vector from the computing means so that the

orlglnal datum p01nt is restored.
»
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43. Apparatus for presenting aeronautical navigational information

comprising; an analogue triangle computer; means for maintaining the
setting of the said analogue triangle computer in conformity with
the most recently available névigational data whereby to continuously
produce in analogue form the track and ground miles travelled

- by the aircraft; an analogue resolving computer; means for feeding
the aﬁalogues of track and ground miles to said analogue resolving
computer, said computer being arranged continuously to produce as
output in analogue form the direction and distance to a given datum
point; and means for continuously indicating the values of the
analogues, direction to saiq datum point and distance from said

datum point,

Lie - Apparatus for presenting aeronautical navigational information
comprising; an analogue triangle computer; means for maintaining the
setting of the said analogue triangle computer in conformity with the
mosﬁ recently available navigational data whereby to continuously
produce in analogue form thé track and ground miles travelled by

the aircraft; an analogﬁe-resolving computer; means for feeding the
analogues of track and ground miles to said analogue resolving

cqmputer, said cbmputef beiﬁg arranged continuously to produce as
‘outpdt in analogue form the direction and distance to a given datum
RO : i ; ‘ L

- . point; and!means for continuously indicating the values of the

analogues of track, direciion to said datum point and distance from

said datum point.

L5 A method of presenting aeronautical navigational information
comprising; maintaining the setting of an analogue triangle to conform
to available navigational data with réspect to the speed and direction
éf travel of the aircraft relative to a moving object whersby contin=-

uously to produce in analogue form the relative direction of travel

)0
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of the aircraft with respect to the moving object and the speed

of the aircraft with respéct to the moﬁing object; continuously
resolving the lattér two analogues to obtain the corresponding
analogues of the bearing and range to the said object; and continuously
indicating simultaneously the respective values of the analogues

of bearing and range to the said object, together with an indication
of the value of the analogue of the relative direction of travel of

the aircraft with respect to the moving object.

Lbé. A method of presenting aeronautical navigational information
comprising; maintaining the setting of an analogue triangle to con-
form to available navigational data with respect to the speed of the
aircraff and the direction of travel thereof relative to the ground
whereby continuously to producé in analogue form the track of the
aifcrsft and the giound miles travelled by the aircraft; continuously
resolving the track and ground miles analogues to obtain the corres—
pondiné ahalogues of distance from a given datum point, and direction
from the aircraft tp the sai& datum point; and continuously indicating
-'simultanecusly the respective values of the analogues of distance

from the datum point, and direction to the datum point.

L?. e In a method as defined in claim L6, temporarlly storing
data.relatlng to the analogue of ground miles travelled by the
alrcraft' adgustlng the dlsplayed indication of the value of at
“least one of the gnalogues distance from datum point and dlrectlpn
to datum point; and then resoiving the stored and subsequent data

in relation to the datﬁm’point represented by the adjusted indication.

48 The method defined in claim 47, wherein the displayed
indication is adjusted by an amount reguired to represent the datum

point as a selected point on the ground other than the point on the 3 .

9
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ground represented by the datum point, prior to the adjustment.

ko, A method of presenting aeronautical navigatiocnal information
comprising; meintaining the setting of an analogue triangle to con-
form to available navigational data with respect to the speed of the
aircraft and the direction of travel thereof relative to the ground
whereby continuously to produce in analogue form the track of the
aircraft and the ground mlles travelled by the aircraft; continuously
resolving the track and ground miles analogues to obtain the corres-
ponding analogues of distance from a given datum point, and direction
from the aircraft to the sald datum point; and continuously indicating
simultaneously the respective values of the analogues of dlstance from

the datum point, direction to the datum point, and direction being

- travelled by the aireraft.
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