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The following is a description of integrat-
ing apparatus ewbodymo my invention in
the form and manner at present preferrved
by me; but it will be undel stood that vari-
ous modifications and changes may be made
without departing from the spirit of my
mven’uon and without exceeding the scope
of my claims.

MJ invention will best be understood b y
reference to the accompanying dra\v’n
in which I have illustrated the preferr od
form of devices for carrying out my inven-

=
tion and in Whlch Fig. 1is a front perspec-

tive view of the ppazatua, Fig. 2 is an
end perspective view thereof; Fw 3 1s a

perspective view of a counter iavmov at-
tached to one dial thereof a shutter for con-
cealing the numbers of said counter, such
shutter being partially broken away: Fig.
3 is a sectional view of the counter shown
in T‘lo'. 3, showing the left-hand dial of
said Fig. 3 {,lelv in elevation and partly
in section, to illustrate the manner of attach-
1‘1;; eaid shr ’uez to said dial. Like reference
characters indicate like parts throughout the
drawings.

The apparatus integrates and registers
two functions of all annlas of operation
with time of operation. “For purposes of
illus tration it will be described as instailed
upon a ship or other mobile object, travelling
at & uniform speed, and as Iemo controlled
by a master-compass to 1utﬂ0 atb, with time
of operation, the sines and cosines of all an-
O‘ular vements of aid ship or mobile ob-

ct relative to a set path. It is thus possi-
ble by means of the invention to determine
the distance which the mobile obiect has
traveled from said set path and ﬁom zts
know n pont of departure. It x»11
ever, be understood that my invention is use-
ful in other connections than as an aid o
ha\'lv ltvon, it being applicable generally

{o the integration of functions of ahblns of

.uu

operation with time of operation.
T{efeﬂ ing to the tmwlngs. At the left-

;‘D

nd side of Fig. 2 is shown a mechanism
integrating and registering in numbers
sines of amﬂﬂs of operation with time of
ope mtlon and at the right-hand side a
g integy atmo and registering
cogines of angles of operatmn
of op“mtlon Attached to rotat-
able shaft 1 at the left-hand end thereof

hmber
with time

113
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spoked wheel 2, and attached to said rotat
able shaft at the right-hand end thereof is
spoked wheeal 2o, Mounted upon spoked
wheels 2 and 2° respectively are compass
cards 3 and 3% Rotatfﬂalv mounted upon
the left-hand end of shaft 1 is yoke 4, car-
rying at the outer end of one arm set-
screw 53 and sunlhrly mounted upon the
right-hand end of said shaft 1 is yoke 47,
carrying at the outer end of one arm set-
screw 5% These set-screws are for the pm-
pose of clam pmo the yokes to the annular
pmtun s of spoked wheels 2 and 22, respec-
tively. The other arm of yoke 4 carries at
its ou*ex end a pin 6, engaging a vertical
slot in cruciform yoLﬂ (A Thereby said pin
actuates said cruciform yoke. The cruci-
form yoke is supporied by <Trooved roliers
8, “", gv and 8° on yoke-track 9. Attached to
¢ arm which carries pin 6 is a pointer 23,
is mounted in radial alienment with
srence fo the centers of shaft 1 and said
pm 6. Mounted on the lower portion of
cruciform }'okn 7 is a sine-integrating unit
driven by integrating disk 10, and con npris-
ing integrating. wheel 11, counter-driving
shaft 12 (rotaa_mg in suitable bearings), and

counters 13 and 14, carried by said shait 12.
in tegrating wheel 11 is maintained in driv-
ing contact with sine- integrating disk 10 by
Dar 15, pmssed by springs 16 and 17 against
roller 18, mounted on the lower end of said
cruciform }01 7. Yoke 42 at the right-
hand side of the device, has a yoke-pin en-
gaging a corresponding cruciform yol'
supported In like manner on a yoke- track
9“, and car rying a cosine- mteozatmo unit
comprising an integrating wheel, a counter-
driving shaft and counters 13* and 14¢, car-
ued )T' said shatt. The operative 1e1'1=10n—
ship between the C%u —mtegl wing cruci-
form yvoke 7 and its 3 oke pm is not the same
'i‘hc operative rela ’rmnsn.m between the
>omhna sine-int 1t1ug, eiements,
g such th at, as L.ppﬂm j'wnn Fig. 1,
1 the si ne-1 nte egrating cruciform yoLe {
2l with reference to Sulﬂ—lntecnatmo
. cosine-integrating cruciform yoke Ta
s ex cireme outward pos’ﬁan with refer-

10 Thus,

as

s

isati
ence to "oswe—lmemuuro disk
while sme-lmeorauno wneel 11 is in its cen-

tral oy

11on-rom_t1no' position of contact with
sine-integr ting disk 10, cosine-integrating

wheel 13"‘ is in its ezx-rema outward position
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of contact with cosine- integrating disk 107,
and therefore s  rotating at ma};imum
spcerl A corresponding i ntegrating disk
10* drives cosine- 1nt901 atmo wheel 11% In-
tegrating digks 10 und 10a are . driven,
through ~ speed-reduction . gearing (not
shown) by a motor rotatable at substan-
tially constant speed and here illustrated
as an electric motor 19, which receives its
current from any suitable source of electrical
energy (not illustrated). This motor 19
also preferably drives a clock 20. The speed
of motor 19 1s regulated in a well-known
‘manner by a cam (not shown), operated by
hand-wheel 21, and acting upon friction-
brake governor 22.  The clock 1s so designed
that it keeps correct time when the motor is
operating at normal speed, By comparison
of this clock 20 with a standard timepiece,
the correctness or incoirectness of the motor
speed may at any time be determined.

Compass card 3 3 on the cosine- -integrating
side 1s a duplicate of compass-card 3 on the
sine-integrating side, except for the reversal
of the figures thereon.

It is well known that when a rotary mem-
ber 1is plovided with a pin engaging in a
slot of a Jinearly-moving J,Aember the move-
ment of the latfer member may be correlated
to the sine or {o the cosine of the angle of

novement of the mc Xy mnmbel

The position of contact of integrating
wheel 11 and its co"responding wheel on the
‘cosine- mtematmg side with the integrating
disks, and, conquum‘tlv the rate of Loiauon
of said wheels and the value of the numbers
registered by their counters, is governad
thr cugh rotating shaft 1-by the operation of
a motor and preferably by.a step-by-step
electric mctor, 23. Thus, angular move-
ments relative to the directional element of
a primzuv compass may be caused, through
a master-compass and suitable transmitting
devices, to so energize some of the field
magnets of sten-by-step motor 28 as to ro-
tate shaft 1 and thereby blma integrating
wheel 11 to such a position of contact with
1--(e«u»aii11; 10 as to inm‘ul to it &
: by one of

Lh-‘ sine- mdv ting counters of 2 number
which represents an integration of the sine
of the angle of movement with reference to
the une\:duzml element of the primary com-
- pass. with time of operation. Simultane-
ousty. one of the cosine-indicating counters
registers in ’1[[11"])(]5 an u)teomtl on of the
cosine of such angle with time of oper ation.
Thus, through the intermediary of step-by-

gtep motor 93 the integrating units become

peratiw ely electro-magnetically locked to
the master-compass or other controlli ing de-
vice, and therefore reproduce all angular
movements thereof and integrate all such
angular movements with time of operation,

The apparatus is adjustable fo mtecr‘*e

di Hk
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with time of operation sines and cosines of
all angles of operation méh reference to in-
chcmed direction of any base-line—such ad-
justment being effected in the following
manner: When no current flows’ thlough
step-by-step motor 23, shatft 1, together with
Nl)okefl wheels 2 and 2 9" and attached COMPAss
cards 3 and 3% is freely rotatable. Slmft 1
is manually rotated until the desived points
(say 50) on the two compass cards register
with -fixed peints, such as lubber’s Tines.
Set-screws b and 5* are then released, and
cruciform yokes 7 and 7* are moved upon
their respective tracts until the cruciform
]oke pin pointers are also in alignment with
the figures, such as 50, on the 1espectlve com-
pass cards and with the respective lubber’s
Iines—yokes 4 and 4* being then clamped by
set-screws to the annular portions
of gpoked wheels 2 and 2°, respectively.
Thereafter rotative movement of shaft 1
will cause a shifting of cruciform yolkes 7
and 7 upon their tracks to positions corre-
Iated the sine and tlie cosine, respec-
tively, of such angle of rotation. 'The four
counters are then set at zevo, the clock is set,
and the motor 19 (which actuates the two
integrating disks 10 and 10* and said clock)
ig started. The initial adjustment of cru-
ciform yoke 7 has brouont sine-integrating
wheel 11 to the center of sine- mueoiatmo
disk 10, and the initial adjustment of cru-
ciform Joke 72 has brought the cosine-inte-
grating wheel to ity maximum. outward
position vom the center of cosine-integiat-
ing disk 1 Therefore motor 19 will pro-
duce no rotation of sine- integrating wheel
11, and will cause cosine-integra ilno' wheel
11* to rotate at maximum soeed These
conditions will obtain so long as there is no
riation relative to the directional element
of the primary compass from the assumed
50° pcsmon
Assuming now that there occurs an angu-
lar movement of 1° relative to the direc-
ticnal element of the primary cowpass, as
for example, by reason of veering of the
ship which cm’viﬁs the device and its con-
conipass: Through the action of a
s controtled by the plmnnv
and a suitable nmmnnthqg device,
will be actuated o
fed heels 2 and 2¢
voke 4 and yoke-pin, 6,
T \3‘?’1 be mwoved aleng its
st 1”le(' sine-integrating
non-driven position
grating fum 16 to

=

P2 RS
tiielr

e

trolling
master-con
C()il]p..hﬁ,,
step-by-gtep motor Qu

1

cneed wiil he corre-
.mOIe of 1" @n‘mfh
O'h OLb 4> and its yoke-

pin, cruciierm vmxe ﬂ will have been moved

al cno its track, thereby shifting the cosine-
iting wheel from its extreme outward
1 whereby its speed will be corre ,Lded
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to the cosine of the dn()ie of 1°. 1 prefer-
ably so fix the speed OL “otor 19 that at the
end of one hour of operation the figure
registered by one of the sine-integ mtmb
counters will represent the actual sine of
the ’111010 at which the device has been op-

erating; and the number registered by one
of the oos-*xe integrating coantels wiil e ep-
vesent the actual cosine of said an01e For
example, at the end of one hour of oyev tion
under the condition of the assumed 1°
change from the initial 50° qethQ, one of
the sine-indicating counters will 1e015u3“
0.0174, which is the sine of the angle ot 1°;
and one of the CO:L*le-lLilC..quW counters
will register 0.9998, which is the cosine of
the angle of 1°. As the counters register
numbers in which time of or beration is a
factor, such numbers will progressively in-
crease so long as the device continues to
operate at 1o deviation from the original
50° setting. If the ship has trav eled at a
uniform speed one nautical ka in said
hoax, its distance from its set path, at the
end of such hour, will be 01 4 of a nautical
mule. Tf.it has traveled at a uniform speed ¥
15 miles in said hour (as d“‘ummed by

any of the methods We}l known in naviga-
tion), it is cnly necessary to nuluply such
registered number 0.0174 by 15 to Ilearn the
distance (.261 of a nautical mile) from the
ship to its set path. Under the assumed
conditions, the number 0. 9998 on the cosine-
integra tmg side of the devi ce will indicate
the distance in nautical miles between the
known point of Oepfu'tw'ﬁ and the ship, as
projected upon th seu path, provided the
&hlp has traveled at a uniform pecu cne
nautical mﬂe in cne hour. If it hastraveled
at a uniform _speed 15 miles in thet hour,
the distance between the known point of
departure and the ship as projected upon
the set path will be 15X.9998, or 14.997
nautical miles.

It will be understood that
is required to operate for long perieds of
time, counters may be employed
largey number of mzcl tna“ '-u'nt s"’lown in

the drawings, 1t derstood
that the gear ratios may, if desis \d, be such
that the mdls will rofate more slos wiv than
above vilc;hcl For examnle, Mm gear
ratios may be such that. at the 'uzd

hour of operation, the indications

umnte}f imh will register u figure re
senting buf one-tenth the actual sine or
cosine.

5

1f the ship b ung to head parallel to
the set path of 50° me consequent 1° move-
ment relative to the uLQCL;OH‘l—l element of
the primary compass will vesult in shifting
the sine- Lntevratlnv wheel 11 b ack to the
Cenqer of Lhe sine-integrating disk 10, where
it will stop rvotat 1n0——.eawng registered
upon one of its counters a number vepresent-

3

ing the sine of the angle of 1° multiplied
by the time in hours dumnrr which the device
was operating at a 1° un016 from the initial

setting. If Lhe ship be now headed toward
its 50° get pakuh the sine- m(dcatﬂlo counter
number wiil bwm to decrease—the rvate of

suech decrease bemo m*o*)o tional to the new
angle of (intmr of the slup elative to
said set path. Thus, it the ship be headed
directly toward its set path, 1. e. at an angle
of 90° thereto, sine- -integrating wheel 11 Wnl
be shifted to its : maximum outward positio
from the center of sine- mteawmnﬂ disk 1()
and will therefore rotate in a reverse di-
rection at its ma\lmum speed. Regaidless
of the angle of direction at which the sh"p
traveling af a uniform speed, pD"O:icnes
its set paLh the sine-integrating counters
will again register ZeTO when said set path
is reached. Thus the sine-int egrating coun-

feee

e
;.

ters show at all times the mwmwtwm of
the 'DCS of all the vavious ‘anf*l es at which
the device h% opﬂ,lateu, \‘uxh 1 the various

p61 OJS of time involved in \U"h operation.
11{11‘13} the cosine-integrating counters

L\,w at all times the integration of
the cosines of all the various &n”le at whici
the lece has operated, with all the various
periods of time m‘olved in such operation.

\Vlrh the distance and direction of the
ship from its set path indicated, and with
the distance indicated between o point of
departure of known latitude and longitude
and the ship as projected upon the set path,
the position of the ship in terms of latitude
and longitude may at any time be readily
ascertained.

I employ counters of th 1'“\'el'sib1'e iy
one of each pair being “rht hand drive an:
the other left-hand drive. With both coun-
ters of the path-indicator set at zero Wh“n
the ship is heading on its set path, a veer
ing to the right causes the number showing
on the left-hand counter (I‘m‘ 1) to increase.
Simultaneously, a <nmter autcmatically cov-
ers the negative. or Cv”CI'e‘lSng, number on
the right- hand counter. I believe this ex-
‘Jemu‘-t of exposing one counter and cover-
ing the om;obﬂn cou*ﬁ or is novel in this s ATt
and if p%sesges the advantage of ms*m:w
indicating divection in which the set
path lies. Tt is fur me‘ desirabie in that the
e Izﬂm<\“ which might vesuit from the ne-
cessity of considering the values of two sets
of exposed figures Iy thereby obviated.
Moreover, when the ship, traveling at a uni-
form speed, crosses ’ne set path, one shut
will automatically close, while the OPpOs
shutter will quuomw’fica‘h open; and this
ternate closin
practical anc

all
i

l\i

‘.8

(‘

ey

te
site
al-
ml opening constituies a
1‘ea' -observable guide o the

o

set path, which plr‘u’tb oz" more accurate
steering th:m 18 1 ‘:‘ 1th any other ap-
paratus or by an nethod with which
I am familiar, ry are caused to
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operate in the described manner by attach-
ing them over the highest digit of the high-
est dial of each counter, as illustrated in ¥ig.
3. In this position they respond immediate-
ly to the reversal of the counterdriving shaft
which produces a negative reading.

My integrating apparatus may be used in
conjunction with a gyre-compass of the ty
in which an eleetric cireuit is controlled by
a rolling conductor attached to the sensitive
element of said compass and contacts with
conductors adjacent said sensitive element,
and wherein the latter conductors are rapid-
ly oscillated to overcome siatic Ivietion.
Such oscillations, which are at the rate of
about two per second, are {transmitted
throughout  the entire repeater-system—
even the repeater-compass card having an
oscillatory movement, which interferes with
accurate reading thereof.
tions (which are of orcder of 34 of one
degree in extent) were communicated to
spoked wheels 2 and 2%, to yokes 4 and 4%,
and to cruciform yokes 7 and 7¢, they would
cause the integrating wheels to constantly
shift backward and forward over the faces
of the integrating disks, and the counters
would be rapidly actuated in alternate direc-
tions. This would produce undue wear
throughout the mechanism, and would also
render difficult the reading of the counters.
Where it is desired to employ my integrat-
ing apparatus with such a gyro-compass, I
provide means for preventing the communi-
cation of the oscillations to these parts and
to the compass cards in the following man-
ner: 1 mount spcked wheels 2 and 2* rotat-
ably, instead of fixedly, on shaft 15 and at-
tach to said shaft an arm 26, the outer end
of which arm is bent at a right angle and
oscillates about the center of slot 27, between
adjustable members 28 and 28, carried by
member 29, mounted upon spoked wheel
9—vithout, however, contacting with said
adjustable members. The osciilations ave
to the spoked
wheel or to any of the devices actuated
thereby. When, however, step-by-step mo-
tor 28 moves in response to deviations of the
ship, rather than merely in response to
cillations of the electrical terminals of the
gyro-compass, arm 26 will take up a new po-
sitien, carrying with it spoked wheel 2 and
{he parts controlled thereby, and will there-
after oscillate about a new center. The
cosine side of the device will, under these
circumstances, carry similar elements for
preventing the communication of oscillations
to its compass card and parts associated
therewith. ‘

Various chart-recording devices, under
control of both gyro-compasses and mag-
netic-compasses, are shown in the prior art.
While such devices, when properly designed
and constructed, will vecord the integration

e
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of sines and cosines of angles of movements
with distances of such movements, and with
reference to a set path and a known point
of departure, they are open to the objection
that in ovder that the movements of the
stylus used in connection therewith shall be
of any advantage as a steering guide in re-
Iation to set path, the chart must be imprac-
ticably large. If large-scale charts be em-
ployed, they must be frequently changed.
Moreover, the integrations on such charts
are not shown in numbers, and distances
must therefore be measured and computed.
My apparatus is operatively independent of
charts and their limitations. Its rate of
operation is preferably such that the counter
registrations are in terms of one ten-thou-
sandth of a nautical mile, at a uniform speed
of one nautical mile per hour—thus consti-
tuting it a very sensitive and legible indica-
ticn, for steering purposes, of departures
from set path. In order that a chart might
be equally legible, it would require to be on
a scale of about 175 lineal feet per hour. If
such a chart were intended to be used in con-
necticn with maneuvering, it would require

VA
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to be proportionately wide. Therefore, as a |

path-and-position indicator, my invention
has the distinct advantage over chart-re-
cording devices of registering clearly-ob-
servable numbers which require but a simple
multiplication to convert them into the de-
sired terms of distance from set path and
distance made good on set path from known
point of departure; and of operating upon
a scale very much larger than is feasible in
a chart recorder.

What I claim as new and desire to secure
by Letters Patent of the United States is:

1. In combination, rotatable means for in-

“dicating the direction of any base line, and

mesns responsive to angular movement of
said rotatable means away from said base
line for integrating with time of operation
and registering in numbers a functicn of the
angle through which said rotatable mweans
has moved. ’

2. In combination,
producing an indication of the direction of
any base line, 2 motor and means actuated
by said motor to infegrate with time of op-

a

e i Lo e F AT £ Joa af PR
eration a funciion of angies of movement of
elative to the indica-

1

~

&

means

H
3

AU .
2. In combination, vetatable means for
producing an indication of the direction of

any hase line, a second ro

in speed fo angles of movement of
fivst rotatable means relative to . said
line in order to produce an integration
of a function of said angles of movement
with $ime of operation, and means for regis-

ing in numbers the result of such integra-
o] (=]

4, In combination, a motor rotatable ab a

rotatable means  for’
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substantially constant speed, means for pro-
ducing an indication of the direction of any
base line, said means being movable velative
to said indicated base line, means actuatec
by said motor and co-operative with said
direction-indicating means to integrate with
time of operation a function of angles of
movement of said direction-indicating means
relative to said indicated base line, and a
counter for registering in numbers the vesult
of such integration.

5. In combination, a motor, a disk driven
by said motor, a wheel driven by said disk
and movable across the face thereof, and
means for moving said wheel relative to said
disk and adjustable to indicate the divection
of any base line, said disk and wheel co-oper-
ating with said wheel-moving and dirvection-
indicating means to integrate with fime of
operation functions of angles of movement
of said direction-indicating means relative
to said indicated base line.

6. In a self-contained integrating appara-
tus, a rotatable member adjustable fo pro-
duce an indication of the direction of any
base line, and means controlled by said mem-
ber for registering in numbers the integra-
tion, with time of operation, of a function of
an angle of movement of said member rels-
tive to said indication of divection, said
means comprising a motor rotatable at a
constant speed, a disk drivea by said motor,
a wheel driven by said disk, and a device
for moving said wheel across the face of said
disk.

7. In combination, means for indicating
the direction of any base line and angularly
mevable with reference thereto, means co-
operative with said direction-indicating
means to integrate with time of operation
a function of angles of movement of said
direction-indicating means relative to said
indicated base line, a pair of counters for
registering in numbers the results of such

S5

integrations, and means operatively related
to said counters for distinguishing between
the saine.

8. In  combination, angularly-movable
moeans Ioy indicating the direction of any
base line, means co-operative with said last-
named means to integrate with time of oper-
ation two functions of angles of movement
of said dirvection-indicating means to the
vight or left of said indicated base line, and
two palrs of counters controlled by said inte-
grabing means for registering the results of
such integrations.

9. In cembination, votatable means for
indicating the direction of any base line,
means  co-operstive  with  said  rotatable
means o Incegrate with thme of operation
two functions of angles of movement of said
rotatable means relative to said indicated
base line, and two pairs of counters for reg-
istering the results of such integrations, said
counters being controlled by said integrating
means and being supported on yokes nmovable
along tracks.

10. In combination, votatable means for
indicating any base line and means respon-
sive to angular movement of said rotafable
means away from said base line for integrat-
ing with time of operation and registering
in numbers two functions of the angle
through which said rotatable means lias
movel,

11. In combination, a self-contained de-
vice including a motor rotatable at a sub-
stantlally constant speed, means actuated by
said motor to produce an indication of the
divection of any base line, said means being
movable relative to said indicated base line,
and means whereby said last-named means
integrates and registers in numbers two
funciions of such angles of movement with
time of operation.

BEDWARD L. HOLMES.
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