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Improvements in Navigational Calculating Insiruments.

I, Epwarp Jowms WiLiis, a citizen
of the United States of America, of 119,
Mutual Building, in the City of Rich-
mond, State of Virginia, United States of
America, do hereby declare the nature
of this invention and in what manner the
same is to be performed, to be particularly
described and ascertained in and by the
following statement :—

This invention relates to navigational
calculating instruments,

As is well known, the determination of
his line of position is a problem which
constantly confronts the mnavigator.
According to the methods generally em-
ployed, the drawing of the mavigator's

* line of position involves the calculation of
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the altitude and azimuth of the celestial
body from the dead-reckoned position {St.
Hillaire or Sumner Method), or the calcu-
lation of the hour-angle and azimuth of
the celestial body from the dead-reckoned
position (‘‘ time-sight >’ method).

Altitude and azimuth are obtained from
the declination of the celestial body, thé
dead-reckoned latitude and the dead-
reckoned hour-angle.  Hour-angle and
azimuth are obtained from the declination
of the heavenly body, the dead-reckoned
latitude and the observed altitude of the
celestial body. In any case, the present
practice of determining the two desired
items involves either the use of thigher
mathematies and somewhat difficult caleu-
lations, or the use of extensive and com-
plicated tables.

In an attempt to obviate the difficulties
involved in determining the two desired
items, many types of instruments have
been proposed and produced whereby the
two unknown items may be obtained from
the three known items. So far as I am
aware however, none of these instruments
has come into extended use due to inherent
disadvantageous features. Most of these
Instruments are designed to solve spherical
triangles, and are therefore difficult to set
up and operate, and many instruments of
this nature are of such a mechanical con-
struction that results canmot be relied
upon as being sufficiently accurate.

The principal object of the present in-
vention is to provide an accurate instru-

[Price 1/-1

ment capable of being easily set up and
readily and simply operated, and with
which, from the knowledge of any three
of the factors altitude, hour-angle, lati-
tude, declination and azimuth, the other
two factors are simultaneously obtained
by a simple mechanical operation of the
instrument and without the necessity of
using tables and caleulations. In short,
it is the primary purpose of this inven-
tion to provide an instrument which will
do for the navigator exactly what the
adding machine does for the bookkeeper,
viz., simply, quickly and accurately give
unknown factors upon the sefting up of
the instrument according to known fac-
tors.

In certain situations, and with some
difficulty, the instrument may be made to
solve spherical triangles, although it is
not intended as a mechanical solver of
spherical triangles, since navigation may
be accomplished through the wuse of the

instrument by a navigator who has ne-

knowledge of spherical triangles. I
fact, the invention is primarily intended
for use by this type of navigator. Itisa
machine, which on operating a hand wheel
or the like gives simultaneous values of
hour-angle, altitude and agimuth for any
heavenly body, from any geographical
location. Tf desired, the instrument also
may be used to delermine latitude and
declination,

The operation of my instrument is based
on the principle that a revolution about
an axis through the observer’s position
and parallel to the earth’s axis produces
exactly the same effect as if the revolution
were (as it really is) about the earth’s
own axis so far as altitude and azimuth
are concerned. The invention consists
in providing an instrument or machine
wherein the five important items of navi-
gation, namely, latitude, hour-angle, de-
clination, altitude and azimuth are repre-
sented on five graduated ares which are
adapted to partake of rotary motion abouf
their axes and which are so connected
that all five axes will continuously and
simultaneously intersect at a single point,
which is the observer’s position, and in
which shafts are retatably mounted fo de-
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ﬁne the axes of rota’uon of- the azimuth
~ and hour-angle arcs, said shafts being
< arranged in a common plane and movable
- relatively-to each other in said. plane.
725 ‘TRegardless of the size, shape and loca-

“tion of the arcs, the machine will function

. as desired proudmnP the hour-angle arc

R “and axis‘are-at all times respectlvely per- -
~toward-each other to engage the pedestal

-7 pendicularto the dechLatmn arcand axis,
- 10 the latitude arc and axis respectively per-
pendicular to hour-angle arc and axis, the
‘azimuth-are and axis-r espectlvely perpen-
~-dicular-to the latitude arc and axis, and

] -ihe altitude arc and axis respectlvely -per-
15 pend_mulal to-the azimuth arc-and axis. .

: -By this arrangement; ‘the altitude arc and -
- —tlgh‘tened down provides a micrometer

-adjustment for the latitude arc 14.

~the declination arc are parallel on both
- meridians. -

- In the accomp“ﬁylnﬂ d awmgs T have -

B 26 shorn several: efnbodlmen’cs of fhe mven-
tIOIL In this showing, -

Bmken away,”

-~ 7.~ Figure 2 is a plan view, -
',:,:25 :

v1ew on line 3—3 of Figure 2,

Lo 77 Figure 4 is a tlansverse seetlon on lme

g S of Figure I,
- Figure 51 isa smular v1eW on- lme 5——
30 of Figurs 1,.
I‘lf“\u:e 6is a frawmentary face view oi
2 safety device and associated elements,
parts being shown in seetlon, :

 Figure Tisa plan view of a modlﬁeé:

35 ferm “of ms’crument and,

VleW on-line 8—8 of Figure 7.

Referring to FIU‘III’ES 1t 6 1nc1u31ve{'

-the numeral 10 deswna,tes a base casting

4() as.a whole in the upper face of which is -

formed a recess to Teceive a bearing ring
11, Thisvine rotatably supnorts = r»eﬂe"-

tal plate 12 to the: upper face of which
is secured a ring 13 ealibrated from- s
, “center to.its ends from Q° to 90°, arsr }?t;
E o
-+ ~degree of latitude of the. cbserver at the -
_timeof an observatlon is registered on the -
- Tatitude are; and whén the latitude and-..
-declination a’c the time'of o‘bservatlon have”

~-14 and 14* o form a latitude arc.

“the same signs, the latitude is rewls’(ere(l
"“on the portlon 14, while -the latitude is
" registered on the portion” 14* when - the
lat1tude and .declination. have opposite
signs. . For the purpose of expediency the
calibrated portion of the ring 13 is here-

o Loaew
>3 B

" inafter refelred toas a, Whole as fhe 1&’(1- )

' ~tude are.

“a nut 18 at its lower end engaging a disk

, 19 as shown in Figure 3. The uppey part:

of the hub 16 ro’ra’cablv supports the inner -
" inside the ?]hhmn ares. 06 As shawn,

‘35 end of an arm 20 the’ outer. end of Whmh

- face of the ring 13.
.22 is arranged beneath the arm 20 and is

-Figure lisa s1de elevatmn, parts bemc"

I‘mme 3-is a central vertlcal sectlonal,

I‘Iﬂ‘ure 8 1s-a° cenitral vertlcal sectlonali )

. The pedostal plate I s conne(‘ted by
:spokes 15 to a hub 16 through- “which
passes a pivot bolt 17.- “This bolt carries

is offset as at 21 to extend across the upper
A clamping plate

provided . Wlﬂl an openmﬂ' ‘in which is

‘threaded the lower end of the screw 23

passing - upwardly through the arm 20.

Rotation of the screw 23 obvmusly clamps-

the outer ends of the plate 22 and arm 20

plate 12 and ring 18 to prevent rotation
thereof relatively to the arm 20. A tan-
gent screw 24 has its inner end arranged

“in a socLet in the free end of the arm

20 -and is threaded through a support 25

-carriéd by the base 10. Rotatlon of the

tapgent screw 24 when the screw 23 is

. A plate 26 is bolted against the upper

‘face of the ring 12 and is provided with
-_-an upstanding pedes’cal 27 carrying a hori-
zontal ‘bearing housing 28 -at its upper

end: The housmo‘ 98 receives a spindle
29, furning “about 2 horizontal axis and
ball bearrrms ‘indicated as a whole by the

-~ numeral 80 are arranged in opposite end<

of the. housing 29. A -nut 31 on the
smaller end of the spindle permits all end

- play of the spindle to be removed,. {hus
: ,assmtlmﬁ

- operation;
-of the spindle 29 is perpendicular to-and

in - preventing inaccuracy in
Tt will be noted that the axis

intersects the axis of Iotahon of ‘rhe
ldtltuue are. -

The inner end of the br«mdle 29 carries
a plate 52 secured to s hub 33, formed
integral with en annulau member 34

“This member. carries a ring 85 the peri-

pherv of which 1s_ca11brated to provide
two -portions ‘each having graduations

-from (° to 1809, as shown in Tigure 4.

The ring 35 1s hiereinafter termed ﬂle azi-
muth are, since the angle of az1muth is
revietered thereon. A vernier 35" is pro-
v1ded for-the’ azimuth are.

A pair of  semi-circular members 36
have their ends rigidly secured to the an-
nular me-ﬂ’“e" 34, Fach semi-circular
member 36-is .calibrated -from its onter
ends towards its. center. O° to 90°. ° The

“outer faces of hoth mem.,elq 36 ave simi-

larly calibrated for convenience in read-
ing in the operation of the device. The
members 36 are termed the altitude arcs,

" since the altitude of the observed body is

registered on these arcs. The altitude
arcs are perpendicular to the azimuth arc
35-and the axes of the arcs 35 and 36 are
perpendicular to and intersect each other
and the axis of the latitude arc 13 at a
common point. .

‘A yoke 37 is mvohlly eonnecfed as
at 38 to projections 89 carried by the an-
nular member 34, and the yoke rotates
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the axis of the arcts 86 passes
through the axis of the pivols 38
of the yoke 37. 'The yoke is pro-
vided with an extending arm 40, which
1s termed the altitude index, since it car-
ries verniers 41 from which the altitude of
the observed body is read. A pair of sup-
porting frames 42 extend upwardly from
the left end of the base 10, as viewed in
Figure 3. The members 42 carry hall
bearings indicated as a whole by the
numeral 43 to rotatably support a shaft
44. Adjacent one end of the shaft 44 is
mounted a hand wheel 45 operative for
rotating the shaft 44. A pin 46, carried
by the hand wheel, is pivotally connected
to the upper end of an arm 47, the free
end of which is normally urged inwardly
toward the shaft 44 by a spring 48 having
one end connected to the arm 47 and the
other end connected to the hand wheel as
at 49. Intermediate its ends, the arm 47
carries a tooth 50 engageable with the
teeth of a wheel 51 rigidly connected to
the shaft 44. The engagement between
the tooth 50 and wheel 51 transmits turn-
ing movement between hand wheel and
its shaft 44, provided the latter is not
locked against rotation, and accordingly,
it will be apparent that forced rotation
of the wheel 45 under such conditions per-
mits the tooth 50 to escape over the teeth
of the wheel 51 to prevent damaging the
apparatus.

A clamp plate 52 is carried by the
shaft 44. A clamp 53 has portions
arranged on opposite sides of the plate
62 and tightly engageable therewith upon
operation of the screw 54. The clamp 53
is carried by the outer end of an arm 55

the inner end 56 of which is rotatable

about the hub of the plate 52. A tangent
screw D7 has ome end conmected to the
clamp arm 55 and is threaded through a
support 88 carried by a connecting arm 59*
extending between the frames 42. Opera-
tion of the tangent screw 57 when the
screw 54 is tightened obviously provides
micrometer adjustment means for the
shaft 44. ,

The shaft 44 carries an annular member
59 to the peripheral portion of which is
connected a ring 60. One face of the ring
60 is calibrated from 0° to 360°, as shown
in Figure 5. The ring 60 is termed the
hour-angle are, since the hour-angle at 2
given observation is recorded on the cali-
brations of the ring. As shown, the
axis of rotation of the hour-angle arc is
perpendicular to and intersects the axis
of rotation of the latitude are. A vernier
60" is provided for the hour-angle are.

In this connection it will be noted that

:totation of the hour-angle arc Is the rota-

tation which occurs with time, and the

hand wheel, when turned, performis the
same action relative to change of altitude

-and azimuth that occurs as a celestial body

apparently takes its course through the
sky.

As in the case of the spindle 29, it is
desired that all lost motion be eliminated
from the shaft 44 and accordingly a nut
61 is adapted to take up end play, and
all radial movement of the shaft is elimin-
ated by the substantial and finely fitted
bearing means for the shaft. To assist in

_the accuracy of the instrument, a counter-

weight 62 1s carried by the plate 52 for
a purpose to be described.

The inner end of the shaft 44 carries a
plate 63 to which is secured a second plate
64 supporting a quadrant 65. Obviously
the quadrant 65 is rigidly connected to the
shaft 44 to rotate therewith. The angle
of declination is recorded on the quadrant
65, and accordingly this element is desig-
nated as the declination are. The axis of
the declination arc is perpendicular at
all times to the axis of rotation of the
hour-angle arc. The declination are is
calibrated from its free end toward its
inner end frem 0° to 90°, as indicated
in Figure 2. '

In order that the quadrant 65 may be
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stopped in a position which corresponds-

to the meridian, or 0° on the hour-angle
arc, a stop 66 is secured to the base 10,
as shown in Figure 1, and has its upper
end arranged in the path of rotation of the
quadrant 65 to limit its downward move-
ment. For adjustment purposes, the
lower end of the stop 66 is threaded as at
67 in a lug 68 carried by the base 10, and
a lock nut 69 is provided for securing the
stop in adjusted position corresponding
to the meridian, as stated.

As shown in Figures 2, 3 and 6, the de-
clination arc carries an inner guide 70
upon which is slidable a rider 71 carrying
a vernier 72 associated with the declina-
tion are. A pin 73 projecting from the
altitude index 40 extends into an opening
in the rider and is engaged preferably by
four pins 74 slidable axially with respect
to the pin 73 in guides 75. The pins 74
carry outer heads 76 engageable against
the guides 75, as shown in Figure 6.
Springs 77 are connected between the
heads 76 to urge the pins 74 inwardly
against the projecting pin 73. The resili-
ent mounting of the pins 74 is provided in
order to prevent the instrument From
being strained, and injured should anyone
attempt to operate the instrument with
any of the clamns improperly locked.
Under normal conditions however the pins
74 serve to accurately position the pin
78 with respect to the rider 71. This
safety feature is important as is the en-
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. strument.
5 a pin 77" to one end of an arm 78. This
arm is eccentrically connected as at 79 to.

gagement of the tooth 50 with the wheel
5l since any springing or flexing of the
parts is fatal to the accuracy of the in-
The rider 7171s connected- by

an operating léver 80 having concentric
pivotal connection 81 with a slide 82. A
clamping screw 83 is carried by the slide
82 and is engageable with the declination
quadrant to lock the slide against move-
ment. When the slide 82 is locked, move-
ment of the handle 80, through the eccen-
tric 79 permits fine adjustment of the
rider 71, and the rider 1s adapted to be
secured in such adjusted position by a
clamp serew 84, : :
As shown in the drawings, suitable

- verniers and tangent adjustments and

clamps are provided for the declinatiom,
latitude and hour-angle arcs, but the alti-
tude or azimuth ares, have no clamps,
for the verniers of these arcs must be free

. to move when turning for time with the

hand wheel 45. : '
Corner posts 85 extend upwardly from
the base at the corners thereof to protect

* the parts from injury and also to permit
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the instrument to stand on either end or
side to permit easy reading of the verniers,
and the counter-weight 62 is provided to
compensate for the weight of the declina-
tion quadrant 65. = - .

The form of the invention shown in
Figures 7 and 8 is quite similar to the
form previously described and need not be
referred to in detail. The same reference
numerals have been used in Figures 7 and
8 to designate parts which correspond to
the parts illustrated in the form of the
invention already des~ribed.

. In the modified form of the invention,

the use of the single shaft 44 mounted i
spaced bearings and connected to a de-
clination quadrant is somewhat changed.
In place of this construction, a semi-
circular declination arc 86 is employed,
this are being connected at opposite ends
to shafts 87 and 88. The hand wheel and
hour-angle are and the elements connecled
thereto are -associated with the shaft 87,
and since these elements are substantially
identical with the elements previously de-
seribed, no further description thereof is
necessary. The shaft 87 is supported in
a ball bearing indicated as a whole by the
numeral 88* and supported by the upper
end of a frame or pedestal 89. .A nut 90
on the outer end of the shaft 87 serves
to-take up.any end play in the shaft as
will be apparent. . - e
In place of the clamp plate 52, » similar

plate 91 may be. carried by the shaft 88,
although it will be apparent that the
clamp plate may be connected fo the shaft

B T R P

87 if desired. A clamp 92 is associated
with the plate 91 and is adapted to be
operated by a tangent screw 93 threaded
through a supporting lug 94 carried by
the base of the instrument. : )

The operation of both forms of the in-
vention ig the same and will he apparent
to one skilled in the art. By way of
proof of the proper operation of my in-
strument, it is well known that the five
angles commonly used in navigation, viz.,

-declination (D), latitude (L), hour-angle

(1); altitude (A), and azimuth (Z), are at
all times and under all conditions related
by the following well known equations:
Sin A=sin D sin L+cos D cos Lieos ¢
Sin Z=Séc. A cos Dsin £
Since, as explained above, the instru-
ment follows the two eguations which are
followed in nature, the navigator sets the
declination on quadrant 65 by moving the
rider 71 to the proper position. As pre-
viously stated, the exact positioning of
the rider may be accomplished by locking
the serew 83, operating the handle 80 by
moving it into desired direction, and then
clamping the screw 84. The dead-
reckoned latitude is then set on the proper
latitude arc 14 or 14* by rotating the plate
12 to the proper position. This proper
position obviously can be obtained aceur-
ately by tightening the screw 23 and oper-
ating the tangent screw 24.
The hand wheel 45 is then rotated until

the sextant altitude reads on either scale I

of either of the altitude arcs 36. The
clamp screw 54 is then locked in position
to prevent rotation of the shaft 44 and
the parts carried thereby. When the
parts are so locked the navigator then
reads the hour-angle on the hour-angle arc
60 and the azimuth on the azimuth are
35. With these two factors he then draws
his line of position in the usual or custom-
ary manner. ) -

Tustead of operating the machine in the
manner just described, the navigator max
first set the declination on the declination
quadrant 65 (or the are 86 shown in
Figures 7 and 8) and the dead-reckoned
latitude on the latitude arc 14 or 147,
whereupon the hand wheel 45 may be
rotated until the hour-angle are 60 records
the dead-reckoned hour-angle after which
the clamp plate 52 is Jocked in position.
The navigator then may read his altitude
on either scale of either altitude arc 36,
and azimuth on the azimuth are, after
which the line of position on the chart
may be drawn in the usual manner.

Regardless of whether the first or second
method is employved, the same line of posi-
tion will be produced. The first method
is called the ** Time-Sight Method ’’ and
the last is called either the ““St. Hillaire”
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or the °“ Sumner ” method. The methods
referred to are both now in general use,

some navigators using ene and some the

other, while some navigators wuse both
methods to obtain-a checl: on their work.

The instrument is unquestionably theor-
slcudiy sound and its extreme accuracy is
dus largely to structural features. For
example, accuracy is obtainable largely
through the use of the yoke 87 and its
mounting, and in this connection it will
be noted that the projecting pin 73 on
the index 40 permits the accurate swing
of the yvoke on the turret head or member
34 and associated elements. The pin 73
and associated elements also permits the
yoke to swivel freely and accurately with
respect to the rider 71.

The instrument has its spindles 29 and
44 (or the spindle 29 and shaft 87 illus-
trated in Figures 7 and 8) set in accurate
ball bearings having no lost motion, both
spindles being parallel to 1he base. The
angle at which the two axes intersect each
other obviously is determined by the lati-
tude.  The rotation of the spindle 29
represents the change in azimuth, while
the rotation of the shaft 44 represents the
change in hour-angle which occurs with
time. The means for connecting the two
spindles is the yoke 37, index 40 and pin
13. The angle at which this connection is
made is determined by the position of the
turret head (represented by the housing
28 oand elements associated therewith)
with respect to the declination arc. The
movement occurring with the turn o the
hand wheel, which is the action of time,
simultaneously and automatically moves
the altitude vernier and the azimuth are
{o their proper places without any adjust-
ment whatsoever and with no friction or
danger of locking. Tt is largely these
features which make the instrument opera-
tive, practical and useful.

Having now particularly deseribed and
ascertained the nature of my said inven-
tion and in what manner the same is to
be performed, I declare that what I claim
is ;—

1. A navigational calculating instru-
ment comprising five rotatable calibrated
arcs representing respectively altitude,
latitude, azimuth, declination and hour-
angle, said arcs being so mounted with re-
speet to each other that the five axes of
rotation at all times intersect at a com-
mon point which corresponds to the posi-
tion of the observer, and shafts rotatably
mounted to define the axes of rotation of
the azimuth and hour-angle arcs, said
shafts being arranged in a common plane
and movable relatively to each other in
said plane.

2. A navigational calculating instru-

ment according. to. claim 1, in which
ong of the shafts is mounted to revolve
in the: common plane. along with the lati-
tude arc, about the axis.thereof.

3. A navigational calculating instru-
ment acording to claim 1 or 2, comprising
clamps for the latitude, declination and
hour-angle arcs.

4. A navigational calculating instru-
ment according to claim 1, 2 or 3 in which
the latitude arc has its axis perpendicular
to the axis of rotation of the shaft of the
azimuth arc.

5. A npavigational calculating instru-
ment according to any of claims i—4,
having verniers associated with the gradu-
ated arcs, and a swivel connection between
the verniers of the altitude and declina-
tion arcs to permit such verniers to move
together and to freely assume angular
positions with respect to each other accord-
ing to the angular positions of said witi-
tude and declination ares with respect to
each other.

6. A navigational calculating instru-
ment according to claim 5, in which the
bearings for the shaft of the azimuth are
are rotatable with the latitude arc and the
altitude arc is rigidly connected to said
azimuth arc, and the vernier of the alti-
tude arc is pivotally connected to the azi-
muth arc to swing about an axis perpen-
dicular to the altitude are.

7. A navigational calculating instru-
ment according to claim 6, comprising a

ygke pivotally connected to the azimuth -

arc on an axis perpendicular to the alfi-
tude arc and carrying the vernier for the
altitude are.

8. A navigational calculating instru-
ment according to claim 7, in which the
declination arc is rotatable with the hour-
angle arc about the axis of the latter, and
a rider slidable along the declination arc
carries the vernier thereof and has a
swivel connection with the index of the
altitude are to permit the verniers of
said altitude and declination ares to freely
assume different angles according to the
relative angularity of the altitude and
declination arcs.

9. A navigational calculating instru-
ment according to claim 8, in which the
index for the altitude arc has a projecting
pin extending loosely into an opening in
the rider on the declination arc and mak-
ing contact with a plurality of spring
pressed pins extending {lirough the rider
radially with respect to the first-named
pin.

10. A navigational calculating instru-
ment according to any of claims 1—9 com-
prising a hand wheel mounted on the shaft
of the hour-angle are, and a resiliently en-
gaged clutch connecting the hand wheel to
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the shaft of the hour—angle are. = Co ARTHUR W. P ARI‘ITT

I1. The navigational calculating in-
“struments . herein described and 1illus- Stafford %artere%g aff)(i?xt é}é}’,‘zg Strand
..strated in the accompanying drawings. - amor ouse ,
: o London, w.C.2.

Da’ced thls lst day of July, 1931.

Redhxli Punted -for His Majesty’s Statmnery Office, by Love &, Malcomson, Ltd.—1932.




[This Drawing s & reproduction of the Original on a reduced scale]
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