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To all whom it May concern:
Be it known that I, ryMer W. HusBarb, amtuen of
the United States of America, and a captain in the

Artllery Corps of the United States-Army, stationed

at Fort Revere, Hull, in the county of Plymouth and
State of Massachusetts, have invented eertain new and
useful Improvements in Automatic Gunner y-Correct-
ing Devices, of which the following 1sa spec ification.
This invention relates f0. improvements in devices
for giving the necessary. -corrections in lmtlllory firing;
and the object of the invention is to provide a device of
the class described which shall give with greater speed
and facility and with less liability to error the necessary
gunnery corrections for use in artillery firing (especially

with heavy seacoast guns) than any device heretofore
known and which shall interfere in no way with the

usual operations of plotting at the plotting board or
with working of the gun itself.

- In heavy artillery firing, ‘as is well known, the range
tables used are computed on the basis that atmospheric
conditions, muzzle velocity of powder, charge, welght
and torm (}f projectile, cte., are all normal or standard.
As a majority of these condltlons are seldom fulfilled it

follows that. various corrections must be applied in

clevating and.sighting the gun. In addition the mo-

~ tion of the ship or target must be allowed for.

30

3o

40

49
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“of the barometer and thermometer.

“and ahead of her at which she will arrive
o0

In the United States Coast Artillery Service the range
or actual distance from gun to target at any instant is
usually corrected for the following conditions or causes,
Viz; | | ‘

1. Wind, or effect of the wind in shortening or in-

creasing the range attained by the projectile in its flight.

2. Powder velocity or rather the variations of the |

mitial velocity given the projectile by the powder
charge used from the normal or standard. |

3. Tide, or height of tide at the time, usually reck-
oned abovc the plane of mean low water. ~ The cffect
of the variation of the tide, as is well known, is to

change the height of the gun about the plane of the tar-

get’and hence in turn affects the clevation to he given
to the gun for a given horizontal range.

4: Atmospheric density as determined by readings
This in turn af-
fects the range attained by the projectile. |

5. Motion of the target or the increase or decrease of
range during the time elapsing from the instant the
range is determined until the projectile strikes. That
is, one must aim to hit a point in the track of the ship
at the time the
projectile strikes. The time elapsing from the instant
the range is determined to the instant the shot strikes
and is evidently made up of two periods: («) The pre-

- diction interval, or interval from the instant the range

is determined to the instant the gun s dise harged.

This interval is usually a constant one and covers the [ scribed here,

“chanically the corrected range.

| time consumed in plotting and determination -of the

vartous corrections, time of transmission of mtu]llgence
%{"-Ltmg of gun, ete.; (b) the time of fight of the pro-

Jectile, a well hnnwn imferval, which for any particular

Based

gun, powder charge, ete., varies with the range.

on a known change of range for any particular interval,
say twenty secoads, it is obvious that the range correc--
tions to be applicd would be found by solving a simple -

proportion for a numher of scconds cqual to sum of pre-
diction interval and time of flight. -

6. An arbitrary correction may be applied depend-
ent on the range attained by the previous shot or shots.

While the above are the usual corrections applied in
heavy artillery firing, my devices can be readily adapt-
ed to make any nther range correc tums or & less number,
as may be desired. |

The various range effects described above could be
allowed or corrected for by making suitable changes

~or corrections in the clevation of the gun as given in

range tables for the particular range considered. 1t is
customary, however, to estimate the effect on the range
of the shot of a certain cause and apply the correction
to the range.

tical method is to add 50 yards to the actual distance
of 5000 yards, thus giving a working range of 5050 on
which the elevation is based.  Similarly with the other
causes noted above. Thus if a certain cause tends to
shorten the range attained by the projectile the correc-
tion is an additional one and vice versa. These effects
may be cither positive or negative, positive when an
increase of range results and negative in case of a de-
crease. The corrections to be applied obviously are
of theopposite sign.  Supposing in case of a given range,
all the various range corrections, each taken with its
proper sign, are applied to the distance of the target
or range. The result is a fictivious or working range
on which the angular elevation of the gun is based and
(s contmonly (‘¢1llf=d the * corrected range.”

The object of this device is to give quickly and me-
It may also, as will
appear hereafter, be used with Pqtml facility to attain
the “correction” to be applied, 4. e. the algebraic sum
of the various correetions,  This is a matter of detail
and depends on the particular system of fire adopted.

The device for making range corrections is independ-
ent of the particular system of fire adopted and may be
used with a plotting board orany device or devices which
give at regular intervals, say every fifteen, twenty, or
thirty seconds, (called the “observation interval”) the

following data, viz: 1. Range oy distance of target frgm

gun at any partienlar instant. 2. Change of
during the previous observation interval.
are found by well known means which need not he de-

When arranced to give the total cor-

range

Thus if at 5000 yards the effect of a cer-
tain wind is to shorten the range by 50 yards the prac-

. 80
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rected range this fan:g"erWOiﬂd‘ obviously be c'ommimi'_-'
cated: direct to the gun. When arranged to give the
correction only such correction would be applied to the

range by well known methods. | . |
This device can similarly. be applied to finding the
sight setting or azimuth setting to be given the gun.

The corrections usually=applied in a horizontal plane, .
‘due to the _errdrs of deviation are those due to the fol-
lowing causes, viz: 1. Wind, or effect of the wind in |
fcaits;ing' the projectile to depart to the right or left of the .
blang of fite. 2. Drift, or the well known effect of the

rifling in causing the projéctile to depart from the plane

- of fire. 3. Travel, (}r_"'-ffﬁji}; offect of the miotion of the

15

20

tatget considgred as an angular chinge of position as

viewed fromjthe gufi. 4. Angular error of 1ast shot as

deterinined By observation. It is-to be nioted, how-

ever, that in Case 1T, so-called; of the U. S. Artillery
Corps Position Finding System in which direction - is
aiven by thé sight and elevation by an elevation scale
attached to the gun carriage and where the sight is pro-
vided with afi horizontal scale, allowafice must be
made for the motion of the target, or ship, for the time

. of flight only. This since a condition of aiming re-

| 30
35

40

. quires thie index or vertical wire of the sight to be on
of said

the tatget at the instant of firing. i The setting of s
index would include the allowance for travel. But in

Tdse 111, so-called, of the U. 8. Artillery Corps Position.
- Finding System where the direction of pointing is set
“on an dzimuth circle on the guh carridge, and the ele-

vation by an elevation scale attiched to said carriage
it is obvious that the cortection must include a correc-

tion for the motion of the ship diiring the ““prediction
“interval” plus the time of flight precisely as in the case

of the range device previously described.
- 'As shown later this device 18 adapted either to Case
If or Case III. It is obvious that to secure the cor-

rected range for the various heavy coast defense guns,

tthdet any and all conditions by coinputation 1t must
necessarily lead to great liability to. costly errors es-
pecially when this work must be performed by enlisted

men of ho technical education as is generally the case.

Evidently therefore it is desirable that some device
should be provided by which the corrected range may
he sectired without this liability of error and by which

.. 45 .5 hon-technical maxn or one with little education may

‘mechanically: make the various corrections necessary
to inisuré theyaccuracy of each'shot fired from the gun.

To provide such a device is the purposge of the pres-

. ent inventioni which is fully illustrated in the accom-

panying d fawings -ih which

- 4

Figure 1 represents one embodiment of. the inven-

tioit adapted primarily for use in obtaining corrected
ranges. Iig. 2 represents-a partial elevation of the

 sae drawn to an enlarged scale with the adding or

35

"coiﬁi)ﬁtii}g de_vice shown in section. Fig. 3 represents

~ a transverse section of same on line 3—3 on Fig. 2.~ Fig.

60

65

4 represents a transverse section of the same on line.
4—4 on Fig. 2. Fig. 5 represents 4 transverse section |
through the reading scale, its erooved supporting mem-

ber, and index plate, on line 3—3 on Fig. 2, drawn to

a yet larger scale.  Fig. 6 represents the reverse of an
- atmosphere scale showing a subtractive ‘graduation
“thiereon, drawnl to ah enlarged scale. Fig. 7 represents

4 twenty-second obgervation interval scale, enlatged.

. R 1

|

865,247

scale and the adding or computing device therefor, the

various members of which are in their normal or cen-
tral position. Figs. 9 and 10 represent respectively

‘enlarged sections on lines 9—9 and 10--10, on Fig. 1,

and Figs. 11 and 12 represent respectively an elevation

| and section of a modified form of adding or computing
device. = . -~ B |
Simijar characters designate like parts throughout .

the several figures of the drawings. .
In the drawings, 10 represents a suitable hackboard
in which is secured a plurality of studs 11 on each of

rollers 12 support a tongue 13 forming with 2 head 14 a

suitable.T square which is adapted ‘for movement lon-"
gitudinally of said tongue between the rollers 12. The
' tongue 13 is provided with a groove 15 longitudinally
thereof in which is mounted a slidable member 16..

' which is mounted a revoluble grooved roller 12. The

70

75

80

The member 16 consists of a bar 17 having secured to -

either face thereof a scale 18 or 19 the scale 18 on one

side being graduated in yards of range to a.certain

point while the_graduations are continued upon the -

other scale 19 tqgéther with a suitable overlap of the

ranges. Tt is obvious from an inspection of Fig. 4 that
this member 16 may be readily withdréwn' from the
eroove 15 and be returned therein in reversed position
- with the scale 19 facing outwardly or it may be re-
‘moved entirely and another member with different
range graduations thereon substituted for it. This~

90

consiruction of the reversible scale dispenses with the

nécessity of having too long a tongue 13 which would
‘otherwise be required. A plate 20 is hinged at 21 to
' the upper portion of the tongue 13 and to the front face

of this plate 20 is secured an index plate 22 by means

of the screw 23 extending through slots 24 thereti,

these slots providing a ready méans for securing accu-

100

rate adjustment of said index plate longitudinally of

the tongue 13.

vided with an index 26 'adéptéd to register with the

oraduations on the reading range scale ‘18 and having.
therein a window 27-through which the operator may

read the scale 28 formed upon the lower outer: face of

- Below the tongue 13 is mounted a member 25 pro-

105

the tongue 13. The member 25 is provided with a

nally thereof. - The origin of this scale is 2000- and

reads in either direction for 500 yards and 1s adapted -

‘second index pointer 29 adapted fo register with the
| egraduations of the scale 28 as it is moved longitudi-

116~

for use in connection with the gun arm of any suitable .

plotting device. - | |
The member 25 is provided on its under face with a
suitable nut 30 to which is threaded a screw 31 pro-

vided with an operating héad 32 and having bearings

115

33 in a member 34. It is obvious that by turning the -

head 32 the screw 31 will operate upon the nut 30 to

| move the member 25 longitudinally of the member 34

in either direction thereby causing the index 35 there-

adjacent edge of thé front face of the rectangular box
member 34. SR .
' The graduations 36 on the member 34 are for the

predetermined manner adapted for use in any desired
system whereby a movement of the index 35 to any
given graduation on the wind scale 36 would make the

Fig. 8,_r‘ei3§'é‘ééht's an 'enl'zirged. clevation of the reading | desired correction for wind on the reading range scale

“on to register with the graduations formed upon the

purpose of correcting for wind and are spaced in any

1

120

126

130, -
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the wir 1 scale is %wm as 300 but any other number
might as well be assumed provided it agreed with
other systems with which the device might be used.

To the hottom of the member 34 is secured a nut 37
to which is threaded o screw 38 provided with an oper-
ating head 39 and mounted? \m hearings in a similar
rectanguiar box member 40. ¥To the front face of the
member 40 is detachably secured a scale 41 provided
with arbitrary markings thereon adﬂpted to correct for
a given tide for the various ranges.

The scale 41 is provided with suitable slots engaged
by clamping screws 42 which retain said scale in posi-
tion and which may be operated to release the scale

and allow it to be reversed or another scale inserted in -

its place. It i8 obvious that various scales must he
used each having its predetermined arbitrary mark-
ings thereon for making corrections for tides of ditfer-
ent heights and for different types of guns. In the
same manner other rectangular hox members 43—44
are located beneath the members 34—40 and are simi-
larly moved lengthwise of one another by means of the

- operating heads 45—46 of the screws 47—48 threaded

20

30

35

40

49

o0

090

to nuts extending downwardly from the bottom of ithe
members 46 and 43. The member 43 is provided with

‘means of attaching thereto an atmosphere correction

scale, said scale being provided with suitable arbitrary
gradu&tmns which have been predetermined and are
adapted to make corrections for a given atmosphere,

‘the scale shown in Fig. 1 being adapted to make cor-

rections for a, 12 atmosphere which is an additive cor-
rection..

- The atmospheric origin is.16 and all corrections for
atmospheres above 16 are subtractive corrections and

in this case the arbitrary markings will be upon the
~opposite side of the center as indicated on the scale

50 shown in Fig. 6. The index 51 on the member 40

-registers with the arbitrary markings on the atmos-

phere scale and the member 43 to which the atmos-
phere scale is secured is provided with an index 52
which registers with the arbitrary markings for the
powder scale 53, detachably secured to the member
44. - It 18 obvious that for different muzzle velocities

~and different types of guns various scales must be used

and for this reason the scales are made readily detach-
able so that a new scale for a new muz,zle VGIOL‘itY may
be attached convemently

The member 44 is operated by means of the screw 54

having bearings in the lower rectangular box member
00 and provided with an operating head 56 by which
the member 44 may be adjusted longitudinally thereof

so that the index 57 upon sald member 44 may be

'moved lengthwise of the correction scale 58 by the
screw 54 to add' or subtract any arbitrary number of

yards to the previous range given. This scale 58 is
permanently secured to the backboard 10 by means of
bolts 59, with the zero of said scale in the axis z. y., see
Fig. 8, while the indexes of the various movable mem-
bers 25—34--40—43, and 44 are all in this axis when in
their normal position

It 18 obvious fmm an 1nspec't10n of the drawings that

cach of the rectangular box members 25—34-—40—43

44 may be moved independently longitudinally of the

‘member beneath to make any subtractive or additive

For mnvempnm the origin of the graduations of }

ried since the last reading.

3

carry with it all the members mounted thereon without
disturbing any other settings and the swid of the va-
rious corrections thus made will be indicated by
means of the index 26 upon the reading range scale
18 thereby automatic ally and mechanically giving
the corrected range to be used at the gan. It is also
obvious that where the conditions of either one of these
causes s constant it is unnecessary to make any
changes in that particular member, the only operation
necessary being a change for any cause which has va-
1t i¢ also evident that this
device at all ‘times shows clearly what correction has
beer: made and whether any correction has or has not
been made, this varying from other devices for similar
purposes 1n use in which one or more corrections may
ne made and no indication be shown, as to whether
this has been accomplished or not.  This uncertainty
often requires that the entire operation should be re-
commenced,” while when the failure to make any de-
sired correction is not discovered in time, costly errors
creep into the calculations which are entmly ob-
viated by the present device. Again it is cnlmly
immaterial which correction is made first, or in what
order the various corrections are made. As the changes

for tide, atmosphere, and muzzle velocity usually re-

main practically the same for a considerable period
tor any ‘particular day the proper scales to be used for

“the particular tide, atmosphere, and powder, will

be placed In position at the commencement, of opera-
tions and these only will be exposed to view thus pre-
venting the operator from being confised on mistaking
other scales for different conditions of tide, atmosphere,
and powder as in the case of other devices now in use.
A great advantage accrues from having these detach-
able scales graduated in ranges rather than yvards as
all that is'necessary to secure the proper corrections
for these various causes is to.set the proper index to the
mark designating the range given by the observer or
otherwise obtained.

While the box members 25——34_—40_-4%---14 fare

| shown as adjustable longitudinally by means of scrows

mounted In bearings and threaded to units on the
members immediately above said screws, it is per-

fectly obvious that any other suitable means may be

used which will permit one member being moved lon-
gitudinally of the other and then {.lcxmped in said ad-
Justed position. One such modification is shown in
Figs. 11 and 12 in which each member has an upwardly
extending rib 60 entering a groove in the member next
above, which meémber is adapted to be moved on
sald r1b and clamped in adjusted position by the set
screw 61. - | 4

The arbitrary correction scale 58 is only used after

‘2 shot has been fired from the gun and found upon

plotting to have fallen over or short, as for Instance,
if it fell 100 yards short, to correct for the last shot,
100 yards would be added, this being at:comphshr,d
by a movement of the index 57 along the scale 58 1intil
it reads 100 yards “more.” If the shot plotied 200
yards over, then a correction of 200 yards less would be
required and the index 57 moved to the 200 on the

left of zero, thereby making the proper correction.

It i3 obvious from the foregoing and from an 1nspec-
tion of the drawings that whatever corrections are

correction while the movement of any member will | made by means of this *nbltmry correction scale or
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- any of the movable scales superimposed {hereon for the | val of fifteen seconds while the scale 78 shown éniarged
- purpose of making corrections of powder, atmosphere,

“tide, or wind, the algebraic sum of the corrections. will
" pe indicatéd upon the range scale 18 by the index 26
where it may be rcadily used and transmitted to the

euns as the corrected range to be ubed, this range scale
previously having been moved in the groove 15 until

~ the given range, say 7000, registers with the index 22.

10

15

With 7000 as a given range thé proper indexes on
the movable box members must register with the 7
mark ox the tide, atmosphere, and powder-scales.” A
glancé by the range officer at the device would imme-
diately disclose to such officer whether or not tHese

different members were properly- set. As shown in
Fig. 1 the corrected range for the corrections made

fram the various causes provided for is 7,130, this read-

ing being obtained from the scale 18 which shows the.

index a little beyond the number 71 which indi-
* cates 7,100 and the part of a graduation is equal to 30

20

25

~ travel of the targets during the time of flight and the

30

making the total of 7,130. This would be the’correct
range for a fixed target but as the targets are usually
movable targets, in active service being the vessels of
the enemy moving in various directions to confuse the
gunners, and in practice being targets towed by means
of tugs, it is necessary to take.into consideration the

prediction interval. It must be assumed that the

automatic coinputing device has corrected for the vari-

ous causes heretofore mentioned and that the corrected
range which for these causes, is,-as for instance, in.this
particular case 7,130, is now fixed. Hence, if we know

" by any means the travel correction of the target dur-

.40

45

ing the prediction interval and time of flight would be
plus 200 yards, i. e. the target would move 200 yards
further away from the gun before the projectile struck,
it is obvious that the actual corrected range for the tar-
get moving at this speed away from the guns must
necessarily be 7,130 plus 200 yards, making a total cor-
rected range of 7,330, which should be the range sent
to the gunners. In order to provide for this and secure

corrected data for the travel of a target during this pre-

diction interval and time of flight the head 14 of the
T square is provided with a guide 62 at right angles

{o the tongue 13. On this guide 62 is mounted 2 tram-

mel 63 having a clamp screw 64 by which said trammel

may be clamped in any adjusted position. The tram-
mel is provided with a downwardly pro] ecting pin 63 (see
~ Fig. 9) entering a slot 66 in an arm 67 pivoted at 68 to a

plate 69 secured to the front of the range hoard 19.
Tha arm 67 is adapted to be moved about the pivot 68

byj_ff;ileans of 4 handle 70. Ina suita_blé; groove on said
arm 67 is slidably mounted a time of flight scale 71-
~provided with an index 72 and a plurality of range

- graduafions 73 with which the index 74 on said tram-

mel is adapted to register. The index .72 is adapted

 to register with graduations forming a prediction inter-

val scale 75 extending lengthwise ol said pivoted arm
67. Detachably secured to’ the iront of the bhack-

" board 10 is a travel in observation interval scale 76

60

- seconds. -
65

held in position by means of suitable set- screws 77.

‘Several of these scales are provided for various ob-

servation intervals and any one of these scales may
be selected for use as, for instance, 10, 15, 20, or 30

The spa;le'shewn in Fig. 1 1s for an observation inter-

in Fig. 7 1s for an observation interval of twenty sec- -

onds. TFach includes only so much of the scale as
would correspond to a speed of twenty-five miles per
hour for a target moving directly to or from the gun.

70

Thus on fifteen seconds scale an extreme travel of 200
yards is shown inasmuch as a vessel going at the ex- .~

treme speed of twenty-five miles an hour would prac-.

tically go over 12 yards in one second and in fifteen

seconds fiftcen times that, or only 180 yards, shhowil;g
conclusively that with the extreme speed of the avessel
tor o, fifteen-seconds interval only 200 yards are needed
in extreme cases. The other travel and observation

interval scales are similarly proportioned. It 1s ob-
80

vious that if the atm 67 is moved about its pivot to the
200-yard mark upon. the travel and observation inter-
val scale the tongue 13 of the T square being con-

strained to move in a direct line upon the rollers 12

15

will be moved into the position shown in dotted lines

upon Fig. 1 and cause 2 new reading upon the range
scale; this being the total corrected range to be sent to
the gun. Before the arm 67 is swung into this position

the index 72 must register with the prediction interval

used and.the trammel 63 moved so that its index 74

registers with the given range, 1. e. 7000. The time

of flight scales are interchangeable and other similar

scales for different muzzle velocities or different types
of guns may be inserted in lieu of the one shown in the

drawings. The travel in. observation interval - scale

is entirely independent from the prediction interval
scale so that the observations may be continued at
stated intervals irrespective of the time of firing of the

gun. This is 2 great adimntag‘e_ as observations may

be taken at different and shorter intervals than the

prediction intervals and as a consequence the varia-
tions of speed and travel of the target may be observed

and used more nearly at the time of firing of the gzun.

90

95

By this means changes In speed can be inore accu-

rately ascertained at the time of firing than in the
case where the last observation has to be taken. -1t is
obvious that this same board may be used for different
calibers of guns by changing the time of flight scale
and the various detachable scales on the Automatic

105

computing deviceor others prepared for another tyie

of gun as for instance 2 127 B. L. R. o

In the operation of the device the range ofiicer or
chief plotter at the beginning of practice determines
the condition for the day—powder, atmosphere, tide,

| etc., and Pplaces on the box members 40—43—44 the
corresponding scales. The time of flight scale 67.18
now set to the prédetermined prediction interval and -

the proper observation interval scale attached to the
backboard. The observer at the range finder ob-
serves the position of the target and transmits the
range and the range from the gun to the target is found
by the plotting detail which in the present example
will be assumed to be 7000 yards. Proper tide, at-
mosphere, and powder scales having been placed 1n
position upon their respective box members the oper-
ator manipulates the screw heads 39—45—46 to adjust

115
12';9 .

129

the tide, atmosphere and powder indexes to the arbi-
trary markings fe- 7000-yard range. The index 74

' i3 sct at 7000-yara .enge and the wind index is set for
‘any reading which may be given by any suitable wind

_dévice.
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"may be used. Moreover,
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206 on the range scale 18.

67 which obviously is a great ci{l‘nlllt.clg{*
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On the next observation fifteen scconds later in the
present example the target 1s first plotied as usual and
travel 1s then called off.  Supposing the travel cqualed
100 yards, or 200 yards on the scale, take hold of the
knob 70 and throw the arm 67 to 200 on the scale 76.
At once the total corrected range is read at the index
This correeted range goes

direct 1o the gun. The distance to last plotied POs1-

tion of the 1 target 18 now called off and all operations
“continue as before, everything now being ready for

travel on the next observation. One throw. of the
arm 67 thus solves the proporiional travel and at the

same time adds it into the range as previously cor-

rected giving total corrected range. DBy this means
the corrected range is hield and travel determined by
last observation interval is quickly added in to give
the total. | X

It is believed that from the for cgoing the operation
will he fully understood without any further deserip-
tion. The construction and operation of the device
is so imple that enlisted men of ordinary intelligence
may be readily taught the principles of the device
and operate it effectively as to operate this device
requires no knowledge of gunnery.

In many other devices utilized for this purpose tho
(*{1111]}11L&Limif-: are so many and the operations are so
complicated that only trained men are capable of
operating the saine and as these trained men are often
scarce it 18 a greatl advantage 1o have g deviee whicl
may be readily operaied by the IMAJority of thé mem-
hers of a coast artillery ortanization. Morcover,
another advantage of the present device is the absence

of curves, strings, and charls, which are lable to (Jaqily

got oul of order and be affec 111} by the changes in the
weather conditions. The present device is free from
all of these objections, all of the parts heing mechanic-
ally constructed and united in such a manner as to
make cach uction positive and accurate.

Where the wind, tide, atmosphere, and powder and

cother arbitrary corrections remain constaut as is often

the case all the corrections for these conditions includ-
ing the travel may be made by one motion of the lever
Another
great advantage in this device is that the travel |
determined on the olserved teavel in the Tast observa-
tion Interval instead of as usual in the one preceding,
Any changes of speed are therefore more elogely {ol-
lowed, Tt s nu]y necessary in the use of the present
device for an expert, that is the range oflicer or ¢hiof
plotter, to defermine the conditions at the he NN
of practice and adjust the scales.  1n this device only
actual - conditions are exposcd therchy imintmizing

“errors by the ,,{ilmmm 1on of all Seules not in actual use.

The provision of a device of this nature where hy L]u:-
prediction interval may be changed at will and
which any desirel interval may be used s a oreat f.ul
vantage and this is also true of the ability to freely

another advantage in thig
connection is the entire 1ndf=pr ndence of the observa-
tion interval from the prediction interval whereby
there is no necessit y of the intervals being the same
and an opportunity is afforded of changing either of

these intervals according to the degree of ofﬁuen(,y of

the personnel opu&tmguthe dlff( rent devices.

f

 bosition of said arm e
independent of but cooperating with said seale and adapt-

I‘or | angles to the normal posltion of said arm

arimn may be regulated to any predetermined point ;

O

Instance with la,pld trained plotters 1t might be
possible to take two ohservations during one prediction
interval. | | -

The apparatus has been more particularly described
to make various corrcections for different causes and
register the sane upon the range scale 18 from which
may be read the total corrected range to be sent to the
gun for use in aiming or laying. The apparatus: is
equally well adapted to indicate by meansof the scale
28 upon the tongue 13 the algebraic sum of the total cor-
rections to be made, the index 29 registering with said
scale 28 1o 111(11(‘*211:{le thereon the exact algehratle sum
of the total corrections to he applied on the gun arm
of 3 plotting hoard or to be used in any other compi-
tatlons in connection with other systems Whldl may
be in use.

It 1s obviously an advantage to have provision made
in a single apparatus whu(,by the total corrected range
may be indicated to be sent directly to the gun or the

total sum of the various corrections indicated which

nay be used in conneciion with other systems for
aiming and laying.

While the device herein shown is adapted primarily
for use as a range board for the purpose of securing
cither the algebraic sum of the total corrections to he
used or the total corrected range to be sent to the gun
it 15 obvieus that by slight changes of some of the
scales the device s equally applicable to be used for
a deflection board to make correetions in deviation to
the right or left of the target, i.—e. giving the total

sight setting in any adopted system which may he

uged or Lo give the total corrected dz:lllllltll selting by
which the gun 1s to be laid,

(] clllllf:u

b, "Phe combination of an arm adapted to be moved
about o center; means by whieh the movement of said
4 mov-
able scale pivoted (o said arm and slidable in a- fived
path at right angles fo the wormal position of said arm ,;
and an auntomatic computing device independent of said
seile but codperating therewith to make varieus gunnery
corrections and indicate upon said scale the actual cor-
rected data to he used in aiming and laying.

2. The combination of an .arm adapted to be moved
about a center; a scale pivoted thereto and movable
thereby in a fixed path at right angles 1o the normal
position of said arm; and an automatic wmputuw device
independent of bhut ‘cofperating with said secale to make
varjous "uuum_x corrections and indicale upon said seale
the actunl corrected data Lo be used in auning and laying,.

d. The combination of an arm adapted to be moved
about a center; a fixed scale by which the movement of
sald aroy may be regulated : a seale pivoted fo said arm
movable in a.fixed path at right angles to-the normal
and an automatic computing device

od to make various gunner Y coirrections and indicate upon
said scale the actual cunec{:d data 1o be used in aiming
and laying.

4. "The combination of an arm adapted to e moved
about a center; a seale movable in -a fixed path at right
angles to the norinal position of said arm; means inter-
posed between said scale and arm for varying ihe move-
ment of the scale by the movement of said arm; and an

automatic compuling device independent of but ¢ooperating

with said secale to make various gunnery corrections and
indicate upon said scale the actudl C{}IIELtLd data to be
used In aiming and laying.

. The eombmqtion of an arm adapted to he moved
about a center; a scale mavable in a fixed path at right.

a connector
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device independent of but colperating with said scale to

‘make various gunnery corrections and indicate upon said

scale the actual corrected-data to be used in alming and
laying. . - ’ , |

'6. The  combination 'of an arm adapted .to be moved
about a center: a scale movable in a fixed path at right
angles to-the normal position ¢f sald arm; “an adjustable
connector between said scale and arm adapted to vary
the movement of said seale; and an automatic computing
device independent of but cotbperating with said scale

to make various gunnery corrections and indicate upon

said scale the actual corrected data to be used in ‘aiming
and laying. | .

7. The combination of an arm adapted to be moved
about a center; a scale movable in a fixed path at right

angles to the nLormal position of said arm; means by
which the movelnent of said arm may be regulated to any
predetermined point; an adjustable connector Dbetween:

said scale and arm adapted to vary the amount of move-
ment of said scale by the movement of said arm; and an

automatic computing device coGperating with said scale

to make various gunnery corrections and indicate upon

‘gaid scale the actual corrected data to be used in aiming

-

and laying.

8. The combination of an arm adapted to be moved
apout a center; a scale movable in a fixed path at right
ﬁngles ‘to the normal position of said arm: a connector
hetween said scale and arm’; means for moving said con-
nector to and from said center to vary the movement of
said scale;

gunnery- corrections and indicate upon said scale the
actual corrected data to be used in aiming and laying.

9. The combination of an arm adapted to be moved
about a center: ‘means by which the movement of said
arm may be regulated to any predetermined point; a scale
movable in a fixed path at right angles to the normal po-
sition of said arm; a connector between said scale anid
arm’; means for moving said connector to and from said
center to vary the movement of said scale; and an auto-
matic computing ‘device cobperating with said scale to
make various gunnery corrections and indicate upon said
seale the actual corrected data to be used in aiming and
layiny., L |

10: The combination of an arm adapted to be moved
about a center; a plurality of graduations thereon: a
scale movable in a fixed path at right angles to the normal
position of sald arm: a comnector hetween said scale and
arm adapted to be adjusted:to register with any prede-
fermined graduation on said arm; and an automatic com:

" puting device codperating with-said scale-to make various

gunnery corrections and indieate upon said scale . the
actual corrected data to he used in aiming and laying.
11. The combination of an arm a'd;}p'ted to be moved

“ahout a center; an interchangeable member thereon pro-

‘scale and arm adapted to be adjusted- to Pegister w

vided with a plurality of graduations ; a scale movable

in a fixed path at right angles to .the normal position of

said arm; a connector between said scale and arm adapt-
ed to be adjusted (0 register with any predetermined

eradnation on said member; and an automatic computing

device cobperating with said scale to make -various gun-
nery -corrections and .indicate upon said scale the actual
corrocted data to bé used in Riming and laying.

12. The combination of an arm adapted to he moved

about a center and provided with a -longitudinal groove; .
- an interchangeable scale slidable in said groove ; a scale’

movable in a fixed path at right angles to the ‘normal

- position of said arm: a connector between said scale and

arm adapted to be adjusted to regiter any predetermined
eraduations on sald scale; and an antomatie computing
device cobperating with said scale to make various gun-
nevy corrections and indicate upon said scale the actual
corrected data to be used in aiming and laying:.

13. The combination of an arm adapted to be moved

about a center; a g‘rmh;ated member slidable thereon; a

fixed scale adapted to locate the position of sald graduated

member ; a scale movable in a fixed .path at right angles to
the normalt

b

and an automatic computing device inde-
pendent of but codperating with said scale to make various

- pendent

about a center; a

position of: said arm ; a connector between said

865,247

an automatic computihg device independent of but coOp-

data to Le used in aiming and laying. - -
 14. The combination of an arm adapted to be, moved

‘about a center; a time of flight scale thereon; 2 scale mov-

able’in a fixed path at right angles to the normal position

of -said arm; a connector between said scaie and arm

sdapted to be adjusted to- register with any given range
on said timde flight scale; and an. automatic computing
device cofperating with said scale to. make various gun-
nery corrections and indicate upon said scale they actual
corrected data to be used in aiming and laying. .

 15. The combination of an arm adapted to be moved
abouf a center; an interchangeable time of 1ﬁight'vscale
thereon : a scale movable in a fixed dith at right angies fo
the normal pesition of said arm; a ¢qunector betweed said
scale and arm adapted to be adjustet to 1'egister_with any
oiven range on said time of flight scale; and an automatic

hfltweéﬁ said scale and arm; and dn automatic computing F'predetefmined graduations on said slidablef/member ; and

erating with said scale to make various gunnmery correc-
tions and indicate upon sald. scale the actual corvected

.ﬂrm‘
A

90

099

106

computing device independent of but codperating with said

scale to make various gunnery corirections and indicate

upon suid scale the actual corrected data to be-used in

aiming and laying. | . __ | |
16. The combination of an arm adupted to he moved
about a center; &an interchangeable. time of flight scale

slidable thereon ;. a scale movable in a fixed path af -right

. anglés to the normal position of sald arm; a connectﬂr be-
tween said scale and arm adapted to e adjusted to reg-
of flight scale; and an.

ister any given range on said time

automatic computing device cobperating with .said scale

‘to make various gunnery corrections -and indicate upoln
‘said scale the actual corrected data to be used in aiming .
.and laying. - - |

17. The combination of an arm adapted to Dbe moved

about a center; a time of flight scale slidable ‘thereon; a
prediction - interval scale registering therewith

movable in a fixed path at right angles to-the normal posi-
tion of said arm : a connector between said scale and arm
adapted to be adjusied to register with any glven range on
snid time of flight scale; and an automatic computing de-
vice coodperating with said scale to make various }:unnery

a scgle'
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120

corrections -and indicate upon said scale: the, actual cor-

rected data to be used in aiming and laying.

18. The combination of an arm adapted to be moved
about a center; a
mal position of said arm: a scale movably mounted upon
«aid member:; and an automatic computing device inde-
of but cobperating .with said scale to make various
sunnefy corrections and indicate upon sald
corrected data to e used in aiming and laying. .

19, The combination of an arm adapted to Dhe moveld
alout a center; a member pivotally contrected thereto and
movahle thereby in a fixed path at right angles to the nor-

member pivotally connected thereto and
movalle thereby in a fixed path at right angles to the nor--

scale the actual

125

mal position of said arm; a reversible scale movably .

mounted upon said member; and an automatic ‘computing
device independent of but coperating with said secale fo
make various gunnery corrections and indicate upon said
seale the actual corrected data to be used 'in aiming and
laying. S | - . o

0. The combination of an arm adapted to be moved
about a center ; a member movable in a fixed path at right
angles to the normal position of said arm-; a scale slidably
mounted thereon: an -adjustable connector between g i«
arm and movable member ;. and an _automatic_compdting

"device inﬂependent of but colperyting with said scale to
wake various gunnery corrections and indicate upon said

seale the actual corrected. data to- he used in aiming and
laying., g - o o |

91. The combination of an arm adapted to be moved
f member movable in a fixed path
at right angles to the normal position of said arm; a

“scale slidably mounted thereon; a time of flight seale on

said farn&; a connector between said movable member and
said’ arm moyable to register with any iven range on sald
time of flight scale; and an automatic -computing device

independent ‘of but codperating with said scale to make

various gunnery corrections and indicate upon sald scale
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ith any | the actual corrected data to be used in aiming’and laying. 160
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22. The combination of an arm adapted to be moved
ahout a center ; means for regulating the movement of said
arm-to any predetermined point: & member pivotally con-
nected to said arm and movable thereby in a fixed path at
right angles to the normal pesition of said arm; a scale
movably mounted upon said member: and an automatic
computing device independent of hut cooperating with said
seale to make various gunnery correclions and indicate
upon said scale the actual corrected data to e used in
aiming and laying. |

23. The combination of an arm adapfed to Dbe moved
about a center; a memher pivofally connected thereto and
movithle theveby in a fixed path at right angles to the nor-
mal position of «aid arm; a scale movably mounted upon
sald member; an index on said member lregistering with
said seale; and an automatic computing device independ-
ent. of but coiperating with said seale 1o make various
gunnery corrvections and indieate upon saild seale the actual
correcled data to e used in aiming and laying.

24, The combination of an arm adapled to be moved
about a cenfer: a member movable in o fived path
at right angles to the normal position of said arm:’ a
scale slidably mounted thereon: an index adjustably se-
cured to said member and roegistering with said scale: an
adjustabie connecior hetween said arm and movable eI -
her ;) and an aufomatic computing deviee mmdependent of
but cooperating with satd secale to make various Lunnery
corrections and indicate upon sadd scale the actual copr-
rected data to Be used in-aiming and laying.

23, The combination of an.arm adapted to be moved
Ahout o conter: a laterally movable mrembeoer : a seale slid-
ably mounied thercon; o slidable ‘eraduated member on
sald arm: a fixed seale on said arm tg register the position
of said slidable member; a connector hetween said movable
member and said arm movable to register with any pre-
determined graduation on said slidable graduated moembeoer
andd an attfomatic computling device cooperating with said
seale and adapted to make various ;_:"umw]',r corredtions and
indicafe upon said seale the aciual corrected data to be
used i aiming and laving, | |

26, The combination of an arm adapted 1o be moved
dowt o centers a member movabiie inoa fixed path at
right angles to the normal position of said oy a seale
slidably mounted thereen : a stidable eraduated member
on sid arm oo connector between said novable membor
and said armeomovable to register with any predetermined
range on siid range seale s and an awlomatic computing
aevice cooperating with said scle to make yvarvious gun-
nery corrections and indicate upon said seale the actual
correeled data 1o be used in aiminge and layving,

27. The combination of an arm adapted to bHe moved
about a1 center: o memher movahble in oa fixed path at
tight angles to (he normal position of =<aid arm: a seale
shdably mounied thereon ; a slidalle time of fHight seale
on said arm: o connector hetween siid movable moember
and =aid arm woviabie to register with any given gradua-

fion on said graduated member: and an aulainaliec eon-

puting device cobperating with soid seale (o make CUNITerY.

corrections and indicate upon said. seale the actual cor-
rected data to be used in aimine and lavine,

25, The combination of an arn adapied {o he moved
about a conter; a lateraliy movable member: a head
therefo provided with a guide at right angles (o said mov-
able member o oa trammel movable upon said guide provided
with an index: a graduated member upon said oarme wills
which said index is adapted (o rogister; a pin upon said
frammel extending into a groove in osaid orm e oa seale
slidable upon said movable membor: and an automntic
compufting device codperating with said H{.‘.Hll: and adapted
to make varvious gunaery corrvections and indicaie upon
said scale the actual correcled data to he used in aiming
and laying.

249, The combinatjon of an arm adapted to he moved
about a center; a laterally movable member: a  head
Lthereto provided with a guido at right angles to said mov-
able Illi‘ll'il-lttl'; a trammel movahle upon said guide provided

~with an index; a time of flight scale upon said arm with

which said index is adapted to register? a pin upon said

“trammel] extending into a groove in said arm : a scale slid-
able upon said movabje member; and an automatic com-

865,247

l

.

vided wiith {wo indexes one of whieh

l?

puting device eodperating with said scale and adapted to
make various gunnery corrections and indicate upon said
scale the actual corrected data to be used in aiming and
laying,

30, The combination with a scale, and an automatic
computing device codperating with said scale and adapted
to make various gununery corrections and indicate upon
said scale the actual corrected data to be used in aiming
and layving; of a tixed graduated member; and a screw
mounted in bearings in said member and threaded to a nut
on  sad computing deviee adapted to move the Jfatter
lengfhwise of said graduated member.

o1, The combination with a movable member provided
with a longitudinal groove; a scale slidable in said
groove . an index plare hinged to said member and regis-
tering with saird scale; and an :.‘m&n:rmtir computing de-
vice cooperating with said seale and -adapted to make vari-
ous gunnery corrections and indicate upon said scale the
actual corrected data to be used in aiming and laying,

22, The combination with a movable member provided
with a2 longitudinal  greove; a scale slidable in  said
giroove : a plate hinged to said member; an index adjust-
ably mounted thereon and registering with said scale ; and
an auntomatic compuiing device cooperating with said
seale and adapted to make various gunnery correetions
and indicate upon said seale the actual corrceted data to
Le used in aiming and laying.

a0, The combination with a movable member provided
with a Jlongitudinal groove: o seale slidable in said

groove ; an index fiixed reiative to said grooved - member
and registering with said scale; anotlhier index movable
relative to sald. grooved member registering with said
seale; and an automatic computing device colperating
with said movable index adapted to make various gunrietvy
corrections and cause said index fo indicate on said sceale
the actual correeted data to be used in aiming and laying.

a4 The combination with a movable member provided
with a Jongitudinal grocve: a sceale slidable in said
groove D an index fixed relative to said grooved member
and registering with said scale; a plate movable relative
to said grooved member and provided with two indexes
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adapted to register respectively with said seale, and a plu- .

rality of graduntions on said movable member; and an
dittomatic computing deviee cooperating with 'said secale
and adapled to make various gunnery correetions and indi-
cate upon saud scale and graduations the actual corrected
diain o be-used in alming and laving.

The combination wiith a movable member provided
with a longitudinal grocve: a scale slidable in  said
groove t an ndex movable relative to said grooved mem-

-l-""'

sk,

Cher adapted to register with said seale; and a plurality of

interlocked slidabie members adapied to be moved together

or independently of each other, cach of said members being

provided with a plurality of graduations adapted fo regis-
ter with an index on an adjacent member to make various
gunnery corrections and indicate upon  said scale the
actual corrected data to be used in aiming and layving.

56, The combination with a movable member protvided
with o Jongitudinal groove; a scale slidable in said
groove ;- a member movable relative to said grooved mem-
bher provided with two indexes one of which is adapted to
register with said seale; a nut seceured to said index moem-
et D a wember provided with a plurality of graduations
with which the ofber index is adapted 1o register: and a
serew revolable in said member and threaded to said nut
wherehy a gonnery correetion may he made on said gradu-
ated mether and the corrected data to be used in aiming

and layvimg indicaied upon said slidable seale.

37. The combination with a movable member provided
with a longitudinal grocve ; o seale slidable in said groove
a member movable relative to said grooved member pro-
s adapted to register
with said seale: a member parallel thereto provided with
a plurality of graduations with which the other index is
dapted to register; and means interpesed beltween sald

‘members wherehy one of said members may be adjusted

relative to the other and secared in adjusted position io
cause 1 gubnery correetion to be made and the actual cor-
rected data to he used in aiming.or laying to he indicated
on said slidable scale, |
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38,
with a longitudinal groove : a scale glidable in satd groove
a member movable relative Lo wnid grooved member pro-
vided with two indexes one of which iy adapted t) register
with sald seate: a member parallel thoereto provided with
a4 plurality of apradittions with whieh the other index is
andapted to register and aleo with anolher index ; GRS
tor adjusting pne of sald members lengthwise of the

other: a third member parallel to the otheis; a correction
seale: and means for removably attaching said scale to

said third menber whereby the index on the gecond mems-

"herr may recister therewith ; means for adjusting onc of the

List-mentioned membhers relative to the other wherehy viarl-

cus eunnery corrections may he made and indicate. upon

saiad slidable scale the actual corrected data to be used in
aiming and laying.

39. The combination of an arm addpted to be moved
about a center: a scale indicating inter rals of travel hy
which the movement of said arm may e rezulated ) @ mov-

able scale pivoted to said arm moviable in a fixed path at

rieght angles to the normal position of said arm; and an
antomatic computing device independent of Lut coiperat-
ing with said scale to

10. The combination of an arm adapted to be moved
ahout a center : a time of flight gseale thereon ;) a prediction
interval scale by whieh to set said time of flight scale;
movable scale:; a connector. between gaid seale and arm
adapted to he adjusted to register with any given range
on suid time of flight scale; and an automatic computing
device ¢ bperating with shid gseale and adapted to make
varicus gunnery corrections and indicate upon said scale
the actual corrected data to he used in aiming and laying.

41. The combination of an arm adapted to he moved

about a center; a time of flight scale thereon; a prediction
interval seale on said arm to set sald time of flisht scale
a4 travel interval scale by which to set gaid arm; a mov-.

able seale ;2 connector between said scale and arm adapted
to he adjusted to register with any given range on said

tinie of flisht scale; and an automatic computing device

cobperating with said scale and adapted to make various
cunnery corrections and indicate upon said scale the ac-
tual corrected data to he usged in aiming and laying,

49 Mhe combination of an arm adapted to be moved
about n eenter; a member earrying two scales adaptéd for

Jongitudinal movement pivetally connected to said arm
and wovable at right angles to the normal position of said

arm’: and an automatic computing device independent of
but cobperating with scales to indicate on one the cor-

ke
et .

fhe combination with a movable member provided |

to said arm and movable between

make various gunnery coriections
and indicate upn said scale the qetnal corrected data to o
bhe used in aiming and laying.

diming and laying the gun, _ L
Signed by me at Boston, Massachusetts, this 15th day of -

865,247 ' | -

rected range to be used at the gun and on the other the
sum of all the corrections to be applied for various causes.

1%, The combination of a pendent swinging arm; a han-
dle secured thereto for moving said arm; a scale pivoted

to snid arm and movable hetween guides in a horizontal
paih; and an automatic computing device independent of
but ecobperating with gaid scale to make, various gunnery
corrections and indicate upon snid scale the actual cor-
rected data to be used in aiming and laying said device,
consisting of a plurality of scaled members parallel with
«aid scale and adapted for longitudinal movement relative
to each other. . j | I |
41, The combination of a pendent swinging arm; a han-
dle secured thereto for moving said arm; a scale
guides ; another scale

slidable longitudinally of said first mentioned scale; and

an autemalic computing device independent of but codp-

erating with said scale to make various gunnery corvec-
tions and indicate upon said scale the actual corrected
dita to be used in aiming and laying said device, con-
sisting of a plurality of scaled members parallel with said
seate and adapted for longitudinal movement relative to
each other. - | -

47. The combination of a pendent swinging arm; a han-
dle secured thereto for moving sald arm ; a member pivoted
to said arm and movible between ouides ; a scale slidable
longitudinally  of said member ; and an automatic com-
puting device independent of but coOperating }vith' gaid
scale to make various gununery corrections -and indicate
upon said seale the actual corrected data to be used in
aiming and laying said device, consisting of a plurality of

scaled members parallel with said scale and adapted for

longitudinal movement relative to each other.

46, The combination of a frame; a scale normally fixed
thereon : a computing device consisting of a plurality of
seales pafallel to eanclh other and to said fixed scale, ad-
justable relative to each other to secure various readings

and relative to said fixed scale for correcting for too great

or too short a range; and.a slidable scale mounted upon

«id frame covperating with xthe side of sald computing

Jovice furthest removed from said fixed scale and adapted
to indicate thereon the actual corrected data to be used in

August 1906, _ | | |
| ' ITLMER W. HUBBARD.
Witnesses | | |

[TanroLp II. BROWN,
WALTELR 3. LOMBARD.,

pivoted.
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