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This invention relates to navigational aids and more
particularly to three disk computers used for the determi-
nation of unknown variables during navigation of aircraft,
ships and other vehicles.

In navigation, particularly aerial navigation, it is de-
sirable and necessary to frequently determine certain
variables such as distance covered and remaining, past
and anticipated speed, and fuel used and remaining.

The planning and execution of long range flights in
high performance aircraft are complex problems. Ele-
ments contributing to the complexity are the intricate in-
strumentation of modern aircraft, the high speed and
high rate of fuel consumption of jets, and the necessity
for near perfection in execution.

In the aerial navigation of high performance aircraft,
pilots must keep constantly informed concerning their fuel
consumption, distance which can be flown on the remain-
ing fuel, speed, estimated arrival time at points, and the
like. - Calculations to determine these must be made while
in flight. In recent years this has become more difficult
due to the multiplicity of time consuming duties of flying
the aircraft and the increasing speed of aircraft.

Aerial calculations in the past have been performed in
various ways such as tedious mathematical computations
and use of two disk circular slide rules. One of the prob-
lems encountered in . the latter is when determining two
or more unknown factors, separate computations had to
be made for each unknown, thus increasing the calculat-
ing time and possibility of human error.

During pre-flight planning the pilot computes ‘infor-
mation such as the distance between points and a rough
estimate of the time and fuel required to travel there-
between.

In flight the pilot knows or can quickly determine the
following known data: (1) The distance between check
points; (2) flight time elapsed; (3) fuel consumed; (4)
the distance from the last to the next check point; (5) dis-
tance from the present position to the destination and
(6) the fuel presently aboard the aircraft.

From this known data the pilot must determine the
following unknown information: (A) Time required to
reach next check point; (B) time to reach destination;
(C) fuel required to reach destination; (D) total distance
that can be flown from present position; (E) ground
speed; (F) fuel consumption; and (G) miles per fuel
unit, e.g., miles per gallon.

The information described should be determined at
least ‘once between each pair of check points along a
route and sometimes oftener, particularly if there is a
change in the original flight plan, such as may result from
a detour to avoid adverse conditions such: as weather or
from instructions received from higher authority. Such
information is necessary for the pilot to .compare his
present situation with the flight plan and to. determine
which of the possible routes, destinations. and operational
procedures to select, and to notify control personnel of
his plans.

Heretofore, the most advanced calculating methods
have involved the use of a two-disk circular slide rule.
However, such slide rule has required the aviator to ar-
range the relative positions of the disks separately to
make each computation and this has required consider-
able time and been fraught with the possibility of human
€ITOr.
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The applicant, a senior officer with the United States
Air Force, has found that for a group of pilots an aver-
age of 3.35 minutes has been required to calculate the
seven unknowns to which reference has been made, using
the conventional two-disk circular slide rule. In com-
parison, applicant has found that the same calculations
may be made in less than one minute using the three-disk
computer of the present invention. Furthermore, the
previous two-disk calculation procedures have been rela-
tively difficult for aviators to learn, remember and prac-
tice, whereas the procedure with applicant’s invention is
relatively much easier to learn, remember and practice.
Due to the greatly reduced number of steps required in
operating applicant’s invention, the likelihood of error
is substantially less than that accompanying previous
calculators.

With the present day speed of jet aircraft, the time be-
tween check points has been reduced considerably from
that with piston type aircraft. Hence, whereas with pre-
vious aircraft the time between check: points might ap-
proximate an hour, more or less, this has been reduced
with high performance aircraft to a mere fraction thereof
in many instances.

Coupled with the higher speed and shorter time be-
tween check points is the increased complexity of such
high performance aircraft. Such aircraft includes various
controls, indicators, and instruments not used on earlier
aircraft and which demand the attention of the pilot.
Thus, the pilot is under considerable pressure from the
necessity of flying his aircraft as well as constantly
monitoring and checking his instruments and controls

and maintaining necessary communication along the’

route. Such pressure is greatly increased under adverse
conditions such as bad weather which requires fuller at-
tention to the mechanics of flying the aircraft, i.e., main-
taining it in level flight on course.

As a result, pilots, particularly in solo aircraft, have
been unable to make adequate in-flight calculations and,
instead, have relied on estimates based on preflight in-
formation and information which is readily available with-
out the necessity of making calculations in flight. - Re-
sultantly, pilots have often tended to conservatively esti-
mate the distance available from the remaining fuel in the
aircraft, and maximum safe performance of the aircraft
has not been-achieved. In some instances, due to lack
of information which could have been obtained from in-
fight calculations, aircraft have run out of fuel in flight
apparently due to faulty estimate of the situation.

Thus, despite the necessity for making in-flight calcu-
lations between check points in order to obtain maximum
safe performance from aircraft, as well as to estimate ar-
rival time and select alternate destinations and the like,
pilots of high performance aircraft have generally been
able to make such calculations a relatively small fraction
of the time.

Although the invention is especially useful for pilots
of high performance aircraft, it also provides a simpler and
more convenient method of solving such problems by
pilots of relatively slower speed aircraft.

Accordingly, it is an object of the present invention
to provide a compact, lightweight calculating device. by
means of which persons concerned with navigation may
rapidly and easily solve problems and obtain information

necessary in navigating and operating various craft and.

particularly  aircraft.

A further object is the provision of a disk type calcu-
lator having an appropriate number of disks for deter-
mining information of which a pilot must be substantially
constantly apprised during a trip, said disks being so con-
structed and arranged that such information may be ob-
tained from a single setting thereof.
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A further object is to provide a multi-disk calculator
in which increased frictional means is provided be-
tween two of the disks in order to facilitate shifting a
third disk relative thereto without disturbing the relative
position between the two.

A further object is to provide a disk calculator having
aligning means with a minimum of structure above the
disks in order to avoid interference with the manipula-
tion of the disks.

These and other objects of the invention will. become
apparent from the following description.in conjunction
with the accompanying drawings, in which:

FIG. 1 is a plan view of a navigational aid-in accord-
ance with the invention and showing the relation of the
various scales on the various disks; and

FIG. 2 is a side elevation showing the relation of the
disks, the friction means, and the aligning means."

Briefly stated, the navigational aid of the present in-
vention includes three concentric rotatable disks of large,
intermediate and small diameter and arranged in stepped
relationship. The inner and outer disks have logarithmic
scales on which “fuel” and “distance” indications appear
and the intermediate disk has inner and outer logarithmic
scales on which “time” indications appear. The fuel and
distance indicia are subdivided decimally in a conven-
tional manner, each reading from 10 to 100. The outer
time scale on the intermediate disk has its origin indi-
cated at :06 minutes coincident with 60 minutes and
subdivided decimally, whereby clock time indicia may be
conveniently used. The adjacent inner scale has its 1
and 10 origins opposite the :06 and :60 origins of the
outer scale and has its integers subdivided by units of 60
in order to facilitate use of such scale with conventional
clock time readings.

In order to facilitate the use of the device, the resistance

to relative rotation between the large and intermediate
disks is made greater than that between the intermediate
and small disks and between the indicator and the large
disk. The indicator or aligning device is rotatably mount-
ed on the shaft which supports the disks and has a portion
extending over the scales of the large and mterrned1ate
disks and adjacent to the small disk.

With further reference to the drawing, there is iltus-
trated a three-disk computer having an outer relatively
large disk 10, an intermediate disk 11 and an inner
relatively small disk 12. The "disks are arranged in
stepped relation and rotatably mounted on shaft 13. An
aligning member or indicator 15 has its main portion
16 mounted on shaft 13 beneath the outer disk 10 and
has a web portion 17 and an indicator arm 18 which
overlies the outer rims of the disks 10 and 11 and has its
extremity or pointer 20 adjacent to and substantially
coplanar with the inner disk 12.

The periphery of the outer disk 10 has a base ten
logarithmic scale indication 22 with numerals indicating
a range of 10 to 100 and subidivided decimally or in
10ths and has the designation “Distance” appropriately
positioned. Similarly, the inner disk 12 has a logarithmic
scale with indicia 24 indicating a range of 10 to 100 and
divided decimally and with-a designation “Fuel.” At
the origin or 10-100 indicia there is an indicator 26 and
the legend “Read miles per gallon (or 1b.) on outer
scale.”

The intermediate disk has inner and outer logarithmic
scales 30, 31. The inner scale has indicia indicating a
range from 1 to 10 and subdivided into units of 60 inter-
mediate the integers, thus facilitating direct usage of ordi-
nary clock time units. The outer scale of the intermedi-
"ate disk has indicia 34 indicating a range of :06 to :60,
the origin being disposed opposite the 1-10 origin of the
inner scale. - The outer scale is divided decimally so that
fractions of minutes can be read to the nearest 10th,

The intermediate disk has an appropriately positioned
“Time” designation and the designation “Fuel Consump-
tion,” with an arrow 36 pointing to the fuel scale in-
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dicia 24; adjacent to the designation “Fuel Consumption”
is the designation “Ground Speed,” with an arrow 38
pointing to the scale 22 on the disk 10,

In order to facilitate manipulation of the disks and
indicator and to maintain them in proper spaced rela-
tion, washers 36, 37 and 38 are provided intermediate.
the indicator arm and lower disk, the lower and inter-
mediate disks and the intermediate and upper disks, re-
spectively. Desirably, the washer 37 between the lower
and intermediate disks provides greater resistance be-
tween disks 1¢ and 11 than between disks 11 and 12
and between disk 1@ and arm 15. In order to accom-
plish this, the washer 37 may be of a frictional sub-
stance, such as relatively soft rubber, and the other wash-~
ers of a relatively smoother substance such as plastic
or other sheet material.

Due to the relation of the scales on the disks, and the
facilitation of accurate coordination, the calculator is
relatively simple and easy to use, and unknown vari-
ables encountered in air and other types of navigation may
be more easily solved.

A comparison of the actual steps involved in solving a
hypothetical problem using a two-disk calculator of the
prior art and using applicant’s calculator is as follows:

Assuming that it is known:

(a) distance from the last check point to the present
position is 369 miles;

(b) it has required 49 minutes to reach;

(c)a fuel consumption of 170 gallons;

(d) the distance to the next check point is 109 miles;

(e) to the destination is 500 miles;

(f) 379 gallons of fuel remain.

Operation of apphcant’s three-disk computer is as fol-
lows:

(1) Align the three disks, using the alignment mem-
ber, with 369 miles on the distance scale, 49 minutes
on the time scale and 170 gallons on the fuel scale;

(2) opposite 109 miles on the distance scale, read 14
minutes time required to reach the next check -point;
opposite 500 miles on the distance scale, read 1:07 hours
and minutes required to reach destination and on the
fuel scale, read 233 gallons reqnired to reach destination;

(3) opposite 379 gallons on the fuel scale, read 821
miles that can be flown from the present position and
in 1:49 hours and minutes;

(4) opposite the ground speed arrow indicator, read
452 knots (nautical miles per hour) ground speed of the
aircraft;

(5) opposite the fuel consumption indicator, read
209 gallons per hour;

(6) opposite the miles per gallon indicator, read 2.16 -
miles per gallon. -

Using applicant’s three-disk computer, the three disks
are set in a single position from which all seven unknowns
were read.

In addition, the transition from solving one problem
using applicant’s device is greatly simplified, since usually
only slight movement of the disks is required to set
the same for the next succeeding problem on a flight after

- the ‘initial setting.

In order to assist in setting the device applicant’s has
friction means between certain of the disks to reduce the
likelihood of inadvertent relative motion therebetween
and to .assist in holding a pair of disks in adjusted posi-
tion while the third and the indicator are being set.

The foregoing is merely illustrative of the problems
which may be solved and is not intended to indicate all
possible uses of the invention.

Accordingly, it will be apparent that the invention in-
cludes three stepped superposed disks or other concen-
tric alignable means with logarithmic scales, the . outer
disk having distance markings, the onter scale of the
intermediate disk having time markings from :06 to :60
and subdivided into units of 10ths, the inner scale of
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the intermediate disk having time markings from 1:0
to 10:0 and subdivided into units of 60 minutes and
the scale of the inner disk reading from 10 to 100 and
divided into 10ths, said intermediate scale having an in-
dicator at its :06 point and at its 1:0 point; whereby
the ground speed may be read on the outer disk op-
posite the :06 index of the intermediate disk and where-
by the gallons per hour may be read on the outer disk
opposite the index of said inner disk.

It will be obvious to those skilled in the art that vari-
ous changes may be made in the described embodiment
of the invention without departing from the spirit and
scope thereof, and therefore the invention. is not lim-
ited by that which is illustrated in the drawing and de-
scribed in the specification, but only as indicated in the
accompanying claims.

What is claimed is: :

1. A navigational computer comprising three - disks
concentrically superposed in step. relationship, each of
said disks being mounted for movement relative to the
others,

(a) a logarithmic scale on the outer periphery of the

outermost ‘disk with units corresponding to distance,

(b) two logarithmic scales corresponding to time on
the intermediate disk, each extending about the full
circumference of the disk, one being radially spaced
inwardly from the-other, the outermost having units
from :06 to :60 with intermediate divisons of tenths,
the innermost having units from 1:0 to 10 with in-
termediate graduations of sixtieths, the :06 of the
outermost and the 1:0 of the innermost being in
radial alignment, a ground speed indicator marked

- at the origin of the outermost scale, a fuel con-
sumption indicator marked at the origin of the
innermost scale,

(¢) a logarithmic scale on the outer periphery of the
innermost disk with units corresponding to. fuel,

(d) friction means between the outermost and the in-
termediate disk and anti-friction means between the
innermost and the intermediate disk thus permit-
ting the innermost disk to.be rotated without rotat-
ing the intermediate and outermost disk, and

(e) a centrally mounted alignment means having a
radially extending indicator whereby all disks can
be easily brought into radial alignment and read-
ings can be easily made from units on any of the
scales in radial alignment with units’ on the other
of the scales.

2. A navigational computer comprising three members

mounted together for movement relative to each other,

(a) a logarithmic scale on an outermost member with
units corresponding to distance,

(b) two logarithmic scales corresponding to time on
the intermediate member, each spread through sub-
stantially the full extent of the member, one being
aligned with and spaced from the other, one scale
having units from :06 to :60 with intermediate divi-
sions of tenths, the other scale having units from 1:00
to 10:00 with intermediate graduations of sixtieths,
the :06 of the outermost and the 1:00 of the inner-
most being in alignment, a ground speed indicator
marked at the origin of the scale closest the member
carrying the distance units scale, a fuel consumption
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indicator marked at the origin of the scale closest
the other member, and

(c) alogarithmic scale on the other outer member with

units corresponding to fuel.

3. A navigational computer comprising three disks con-
centrically superposed in step relationship, each of said
disks being mounted for movement relative to the others,

(a) a logarithmic scale on the outer periphery of the

outermost disk with units corresponding to distance,

(b) two logarithmic scales corresponding to time on

the intermediate disk, each extending about the full
circumference of the disk, one being radially spaced
inwardly from the other, the outermost having units
from :06 to :60 with intermediate divisions of tenths,
the innermost having units from 1:00 to 10:00 with
intermediate . graduations of sixtieths, the :06 of .the
outermost and the 1:00 of the innermost being in
‘radial alignment, a ground speed indicator marked
at the origin of the outermost scale, a fuel consump-
tion indicator marked at the origin of the innermost
scale,

(¢) a logarithmic scale .on the outer periphery of the

innermost disk with units corresponding to fuel, and

(d) friction means between the outermost and the in-

termediate disk and anti-friction means between the
innermost and the intermediate disk thus permitting
the innermost disk to be rotated without rotating the
intermediate and outermost disk.

4. A navigational computer comprising three disks con-
centrically superposed in step relationship, each of said
disks being mounted for movement relative to the others,

(a) a logarithmic scale on the outer periphery of the

outermost disk with units corresponding to distance,

(b) two logarithmic scales corresponding to time on

the intermediate disk, each extending about the full
circumference of the disk, one being radially spaced
inwardly from the other, the outermost having units
from :06 to :60 with intermediate divisions of tenths,
the innermost having units from 1:00 to 10:00 with
intermediate graduations of sixtieths, the :06 of the
outermost and the 1:00 of the innermost being in
radial alignment, a ground speed indicator marked at
the origin of the outermost scale, a fuel consumption
indicator marked at the origin of the innermost scale,
and )

(c) a logarithmic scale on the outer periphery of the

innermost disk with units corresponding to fuel.
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