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1

‘This invention relates to devices for making
‘relief or three-dimensional maps, and particu-
jlarly to devices of this kind which include curva-
“ture of the surface as a whole as one of the factors
‘determining the form of the map. Thus a map
produced by such a device may not only have the
tops of the hills standing at the proper heights
above the bottoms of the valleys respectively ad-
jacent to.them, but alsc as a whole the map may
be curved in simulation of the curvature of the
earth. :

Speaking generally the invention concerns that
type of mapping mechanism which, as commonly
conceived, consists essentially of a stylus and
mechanism to move the stylus to various positions
latitude-and-longitude-wise with respect to a
three-dimensional medium of some sort, and at
each of those positions cause the stylus to cut
into the medium deep or shallow as may be nec-
essary to appropriately outline the hills and val-
leys o be portrayed.. For example, the stylus may
be a rotary drill and the medium to be marked
a block of plaster, the drill being driven into the
plaster at each of a large number of places. o a
depth corresponding to the elevation of the cor-
responding point on the land being mapped.  Or
the stylus may be a rotary drill capable of cut-
ting at its side as well 25 at its end.. 'The tool or
stylus then may be moved bodily through the
plaster block sidewise, crossing and reerossing it
repeatedly along different paths, and at the same
time ‘cut. deeper or shallower into the plaster as
the elevation of -the land changes from point to
point along corresponding paths on the terrain.
When = sufiicient number of such cuts have been
formed (speaking generally, the greater the num-~
ber of cuts the greater will be the degree of ge-
curacy of the map), the walls and projections be-
tween cuts may be broken out and the generally
rough surface remaining smoothed off more or
less to hlend the bottoms of adjacent cuts into
each other. The result is a model of the terrain
mapped at whatever horizontal and vertical scales
may have been chosen for the operation.

Curvature is brought in as a factor by, as it
were, measuring the depths of pentration of the
tcol into the medium from the center or centers
of the desired curvature. According to the pres-
ent invention, the curvature is introduced by em-
ploying, speaking generally, supports disposed af,
opposite sides of the apparatus from each other,
and a structure, generally arched in form, to run
back and forth over ‘those supports, across the
space between them, and additionally that is so
arranged that it is independently movable in a
direction or directions which is or are st an angle
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or angles to its movements on the said supports.
In the course of the movements of the structure,
each of its parts describes (i. e. moves along, as
it were). a curved surface which is a composite
of the two metions or sets.of motions. The stylus
or the medium to be marked (usually the stylus)
is mounted on the structure, and the relative lati-
tude-and-longitude movements of the stylus and
medium are brought about by moving the struc-
ture. At the same time the stylus and medium
to be marked are made adjustable toward and
from each other, one with respect to the other,
independently of the supporting structure, so that
the stylus can be made to penetrate into the me-
dium various distances, during the course of the
operations, without an accompanying change in
the length of the radius or radii of curvature of
the surface described by the part of the struc-
ture to which the stylus or medium is attached,
and the depths of penetration are measured from,
as it were, the surface described by that part of
the structure. Where the data for the relief map
are to be taken from a.contour map about as de-
seribed hereafter, and in any other situations
where the medium is to be marked along egqui-
elevational lines, the stylus-medium adjustment
can be made by the use of styli of different

iengths, one for edch level, and a holder for the

styli that is of such nature that one stylus ean be
substituted for another readily. In the alterna-
tive, either the medium to be marked or the stylus
can be mounted in a holder or carrier that is
capable of projecting and retracting the medium
or stylus, as the case may be, variable distances
from and toward the other holder, bodily, ‘and
more or less directly toward and from the curved
surface described by that part of the structure
on which the holder is mounted. Such an ar-
rangement is suitable both for cases where equi-
elevational lines are followed in marking the me-
dium and cases where more or less continuous
changes in the depth of penetration are required.
The result is the incorporation into the relief
map of a curvature which more or less corresponds
to the curved surface described by the part of the
movable structure on which the stylus or medium
to be marked is mounted, although not necessarily
of the same radii as appears hereafter. If both
motions or sets of paths of the part of the struc-
ture which carries the medium or stylus are eir-
cular, and have coincident centers (i. e. the same
center, or intersecting centerlines, or the center
of one on the line of centers of the other), the
curvature of the map will be-spherical curvature.
" Preferably the arrangement is a composite of
two systems, one of which consists of parallel side
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supports and a structure mounted on them for
movement in the one direction but which is so
constrained inherently that in moving on its sup-
ports at least a part of it moves about a particu-
lar center or line of centers, and the other of
which consists of a second pair of supports mount-
ed on and at opposite sides of the first structure
and a second structure mounted on the second
pair of supports for movement-in the second di-
rection, but which also is so constrained inher-
ently that at least a part of it too moves about a
particular center or centers. The stylus or me-
dium is mounted on such a:part of the second
movable structure.

It is desirable that the curvature be adjustable,
so that different maps can be given -different
curvatures. This can be accomplished readily
with the arch-form type of structure as appears
hereafter. Preferably too the arrangement is
such that the bodily movement as the stylus
penetrates deeper into the medium it marks and
withdraws, is along radii of the curvature. This
also is readily accomplished with the arched
type described hereafter. However such radial

movement is not altogether necessary; for ex- o3

ample it will not be necessary where the map
spans very small arcs and where the degree of
accuracy required of the map permits of the
errors which non-radial bodily movements of the
stylus tend to introduce, or where a correction is
applied for those errors. When a positive map
ig desired (i. e. one in which the hills project
above the valleys) the medium on which the
stylus acts can he located between the stylus

and the centers of curvature; when a negative ;

is required (i. e. one in which the valleys project
outwardly from the hilltops) the stylus can be
located between the medium and the centers.

The scales of the vertical and horizontal
measurements and of the radii may be alike, or
they can be different as desired.

The accompanying drawings illustrate the in-
vention as applied particularly to the preferred
composite structure and the preferred radial
movements.

In those drawings Figs. 1 to 4 are diagrams
referred to in describing the principles. underly-
ing that preferred type of composite structure.
Fig. 5 is an isometric projection of a machine

constructed and operating in accordance with :

those principles. Fig. 6 illustrates diagrammat-
ically -a type of apparatus by which the opera-
tions of such a machine as Fig. 5, for example,
can be directed. Fig. 7 illustrates a device
whereby the data required by such a machine
as Fig. 5 can be obtained from a contour map.
Figs. 8 and 9 illustrate alternative details repre-
sentatively.

Referring to Fig. 1: If { and 2 are two pins or
short bars fixed in position and projecting from
the paper as it were, and if 3 and 4 are two
straight rigid bars which rest on | and 2 and
which are rigidly joined at 5 so that the angle
6 between them remains constant, then so long
as the common plane of the two bars 3 and 4
(i. e. the plane which passes through the joint
5 and also through both bars 3 and 4, or which
is parallel to both those bars if they are offset
one from the other) is perpendicular to the
axes of the two bars or pins | and 2, the joint
5 must be in the arc T of a circle the center of
which is at 8. In other words, the joint 5 may
he moved from near | to near 2, or from 2 to |,
but in moving between these two places describes
or passes along the arc T; it can take no other
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path. Also, if two other pins or short bars I{
and 12 are carried on the joint 5 so as to move
with it, but always are held parallel to the pins
or short bars | and 2 and also are so held that
a, straight line 9 joining them is at right angles
to the radius 10 from the center 8 to the joint
5 regardless of where 5 may be along the arc
1, and if 13 and 14 are two straight rigid bars
which rest on the short bars or pins (I and 2
and which are rigidly joined at 15 so that the
angle 16 between them remains constant, then so
long as the common plane of the two bars 13 and
14.is perpendicular to the two bars or pins {1 and
12 and the bars.3-and 4 are constrained to move

5 as before described, the joint {5 must remain

in the arc {71 of a circle, the center of which
also may be at 8. In other words, the joint § can
be moved from near | to near 2 and vice versa,
and the joint {5 can be moved from near ({ to
near (2 or vice versa, simultaneously or inde-
pendently of each other, but during such various
movements the joint 15 either remains at rest
in or moves along the arc (T; it can fake no
other path, providing the conditions mentioned
above are ohserved. In brief, the system |—2—
3—4, and the system I1—i2—13—14 mounted
on it, are two independently operable systems
taking part in determining the path and mo-
mentary positions of the joint 15 (and the paths
and momentary positions of every other point
on the upper structure 13—I14), and under the
conditions pointed out the movement of the joint
15 is constrained to an arc of a circle.

Now if instead of mounting the system
{1—{2—13—14 in such a position that the com-
mon plane of the bars 13 and 14 is the same as
the common plane of the bars 3 and 4, the sys-
tem {1—f2—{3—1{4 is swung around 90° as it
were, 1. e. so that the axes of the short bars or
pins 1 and 2 are at right angles to the axes
of the pins of short bars { and 2, as shown in
the plan view of Fig. 2 and in the elevation of
Fig. 3, and consequently the paths of movement
of 15 under the action of bars 13 and 14 are at
right angles to the path of movement of joint
5, then as joint 5 moves between | and 2 and
joint {5 moves between I{ and (2, the joint 5
will describe or move in a section or arc of a
curved surface, every other point on the upper
structure 13—14 will describe a curved surface
also, and if, for example, both the center of the
motion of joint 5 on the bars or supports { and
2, and the center of the motion of the joint
{5 on the bars or supports Il and 12, are at the
same point such as 8, the surface described by
the joint 15 will be a spherical surface, such as
il;dicated at 20 in Figs. 2 and 3, also centered
at 8.

Fig. 4 illustrates a variation of the foregoing.
In this figure {l¢ and 12a are two spaced pins or
short ‘bars which can be regarded as generally
corresponding to the pins or bars If and 2 of
Figs. 2 and 3. Two straight rigid bars 134 and
{4a, joined at 1%a at a fixed angle to each other,
rest on the pins or bars {le and i2a. The two
pins or bars lHa and 12a are carried by a bracket
22 which is-mounted on and rotatable around the
center line of the pin or shaft 23; it may be ro-
tatable around this pin or shaft as shown. If
the supporting structure or bracket 22 is held
at rest and the structure {3a—I4a is moved, in
the plane of the paper, so that the joint {5a
passes from fle to (2a or vice versa, the joint
18¢ will travel the circular arc 24 and every point
adjacent i%5az also will travel in a circular arc;
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they can follow no other paths. - On the other
hand, if the structure 13a—I4a is held at rest on
the pins or bars [la and {2¢ and the bracket 22
(and- therewith ‘the angled or arch structure
[8a—I8a) is rotated on 23, the joint i5g will re-
main at rest in space if it is in the axial center
line of 28, but if the joint is at any other place
between Ila and 12a, then the joint will travel
in a circular path at right angles to the paper,
the particular path traveled depending on the
position of the joint with respect to {ia and (2a.
Likewise each other point on the structure
{8a—I4a between lla and 12¢ will travel a cir-
cular path, except as a point may be on the-axial
center line of 23 at the moment. The center line
of these circles (. e. the line joining the centers
of the various circles) will be the axial center
line of the pin or shaft 23 of course. It follows
accordingly that if the structure 13a—I8a is
shifted back and forth on its pins or bars lia
and 12a¢, and simultaneously the bracket 22 is
rotated or oscillated, the joint I15¢ will describe
an arc of a spherical surface, and likewise every
point on structure {3a—ida adjacent “t5a will
describe an arc of a spherlcal surface. T‘ley can
follow no other paths.

It is to be observed that the foregomg is gen-
erally true regardless of whether or not the center
line of rotation of the bracket 22 is on a perpen-
dicular to a line joining the bars or pins Iig and
{2¢ as shown.- Thus, for example, the pin or
shaft 23 can be so displaced that its axial center
line (and accordingly the axis of rotation or
oscillation of the bracket 22) is along the line 25,
or along the line 26. In all such cases also the
joint 18a and all points on the structure adjacent
to it, will describe arcs of curved surfaces as the
structure (3a—I4a is shifted on its pins I fe and
{2a and, in effect, simultaneously therewith the
bracket 22 is rotated or oscillated on 23. When-
ever the center line of the rotation or oscillation
(e. g. 28, or 26) passes through the center of the
circular arc. 24 described by the joint 15¢ in mov-
ing on the pins or bars I1a and 12a, the arcs de-
scribed as the composite result of the various
motions, will be arcs of spherical surfaces, other-
wise they will be arcs of other curvatures as
will be understood.

According to the present invention, speaking

generally, the holder for the stylus or the medium
to be marked by the stylus is mounted on the
upper structure [3-—i4 of a composite of the type
shown in Figs. 2 and 3, or- on the structure
f3a—14g of a composite of the type shown in
Fiz. 4, the holder for the other (i. e. the medium
or the stylus) being mounted above or below that
structure. Usually the holder that is mounted
on the structure, is mounted at or near the point
{5 or {5a of the structure or at a point corre-
sponding to the point I5 or 15¢. The two strue-
tures 3—4-and 13—Ii4, or 23 and 13a—!4a, or
structures - corresponding to them, are then
shifted to establish various desired latitude-and-
longitude relations between the medium and the
stylus, and either the holder for the stylus or
the holder for the medium to ‘be marked is moved
toward and from the other as necéssary to enable
the stylus to outline the hills and valleys within
the medium in a vertical direction. Generally
at least the mounting of the movable holder (or
both of the holders if each is movable toward
and from the other) is such that the stylus can
be penetrated into the medium to be marked in-
dependently of the structure (13—I4; 13a—I4a)
on which one of them is mounted, i. e. without
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changing the angle between its parts or shifting
it, and generally at least the range of movement
is such that, independently of the structure ex-
cept for the movements necessary to establish
latitude-and-longitude positions, the stylus and
medium can be brought fo their various relative
latitude-and-longitude positions without engage-
ment of the stylus with the medium. The extent
of the projections and retractions may be meas-
ured with respect to the point on the respective
structure to which the stylus or the medium (as
the case may be) is attached. If the mounting
is at the joint 15 and the center of the path of
the joint 5 is coincident with the center of the
path or paths described by the joint 15, or if the
mounting is at {5¢ and the axis of rotation of
bracket 23 passes through the center of curva-
ture of arc 24, the curvature of the map pro-
duced by the device will be a spherical curvature.

The stylus or the medium fo be marked can

- be mounted at various places on the upper struc~

ture or sytem. Preferably it is mounted at the
joint 15 or {5a (or at s corresponding point in
action). Also the bodily movements of the stylus
or the medium, one toward and from the other
whereby the stylus is driven into the medium and

" withdrawn, can be at.right angles to the plane
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that, at point {5 or 15¢ wherever this may be in
its travels, is tangent to the surface described by
that point as it moves from one position to an-
other. With this mounting and the penetrating
action in this direction, and assuming that the
arc described is spherical, then the curvature
of the may will not only be spherical, but also
it 'will have the same center as that point (e. g.,
at 8), and the penetration of the stylus into the
medium to be marked will be along radii of the
curvature and therefore suitable under all con-
ditions to outline the hills and valleys properly.
Further, with such relations the relative angular
movements of the medium and the stylus will
tend to equal the angular movements of the
joints so that the medium and stylus can be
brought exactly to the various desired latitude-
and-longitude positions quite readily and simply.
As alternatives however, the stylus may be so
mounted on the composite structure that it bi-
sects the angle of the structure (e. g. 18), or the
medium fto be marked may be so mounted on the
composite structure that, say, its vertical center
line bisects this angle, or either may he mounted
on and projected from one of the bars at a point
more or less remote from the joint 15 or I5a.
In all such latter positions also the sidewise
bodily movement of the element that is mounted
on the composite structure tends to be along a
spherically curved surface (assuming that the
supporting structure is arranged for spherical
curvature), but usually at least the center of the
curvature will not be at the coincident centers
but at a more remote point. Further, the move-
ments by which the stylus is penetrated into the
medium to be marked will not then be along radii
of the curvature at all times, and the angular
movements will not be wholly equal to, for ex-
ample, the angular movements of the joints §
and (5. Accordingly such alternative mountings
of the stylus or medium tend to introduce dif-
ficulties and errors into the map, and we prefer
those mountings wherein the movements of the
stylus into the medium to be marked and the
reverse, are at right angles to the tangent plane
as before described, although, as before indicated,
an alternative mounting may be used when the
degree of accuracy permits the errors inherent
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in the alternative mounting, or when corrections
are made for those errors. '

It will be understood of course that any. de-
sired radii. of the curvature can be given to the
two structures or systems. Thus the radius: of
the path of joint.§, i.-e. the radius of the curve 7,
is equal to the distance from the pin | to the
pin 2 divided by two.times the sine of the angle
8, and the radius of the path of joint 15 is equal
to the distance from.pin I to pin 12 divided by
two times the sine of the angle {8. By giving
such factors appropriate values therefore, the
two radii can be made.of any desired lengths.

Fig. 5 illustrates the form of machine built
and operating in. accordance with the foregoing
which we prefer at preésent. The holder 29 of
the medium to be marked 39, holds this medium
in a fixed position. The medium may he a block
of plaster. -At its-sides (or at its sides -extended)
two spaced parallel shafts 21 and 32, which cor-
rvespond to the bars or pins { and 2 of Figs. 2
and 3, are carried in. fixed bearings. At one end
of the machine, two gtraight rigid bars 3%.and 32
are jointed together at a pin 35 at appropriate
angle to each other. Preferably this angle is
adjustable; e. g. the two bars may be loose on
pin 35 and a clamping bolt 38, passing into .or
through one of them and through an arcuate slot
37 in the other, may be employed to lock the bars
together at the desired angle.
and 34 rest on the two shafts 31 and 32.  Also
two other straight rigid bars 38 -and. 39 rest on
the shafts 31 and 32 adjacent the bars 23 and
34, and are joined together at 49 at the same

angle as the bars 33 and 24; they may be con- :

nected in the same manner as 33 and 34. How-
ever the joint at 49. is spaced somewhat from
the joint at 85. -A bracket &{ is carried on the
hinge pin 35 and the corresponding hinge
pin at the joint 40. One of these -four
straight bars, for example 38, is provided with
gear teeth at one edge and the shaft 21 on which
it rests has-fixed to it a gear wheel meshing with
the teeth on the bar. The other bars 33, 24 and
292 may slide on plane surfaces on the shafts. 31
and 32. Collars 45 carried on the shafts at the
sides of the four bars hold the bars in planes
perpendicular to the axes of the shafts. Accord-
ingly when the shaft 31 is turned forward or
hack its gear and the gear teeth on bar 38 cause
the bars 23, 34, 38 and 39 to move lengthwise
of themselves on the two shafts, and in turn
carry the bracket 41 with them. However the
arrangement described is such that at all times
the bracket 41 is held tangent, or parallel to the
tangent, of the circle in- which jeints 25 and 49
run, at whatever place the bracket may be at the
moment. The bars 33 and 38 correspond fo the
bar 3 of the previous figurss, and 24 and 39 cor-
respond to 4, and the hracket 4 can be con-
"1de1ed as corresponding in action fo the joint

% of Figs. 2 and 3.

At the opposite end- of the machme are four
similar straight rigid bars 53, 24, 58 and 99,
similarly fastened together -in pairs at the same
angle as bars 33 and 24, similarly carrying a
similar bracket 61, and similarly resting on the
shafts 34 and 32 and similarly movable by the
shaft 3{. These also can be considered as cor-
responding to 3, 4 and 5 of Figs. 2 and 3.

A shaft €2 is mounted in the bracket 4! trans-
verse to shafts 31 and 32, and a parallel shaft 62
is mounted in bracket 6. These two shafts cor-
respond to the pins or bars il and 12 of Figs. 2
and 3. Four bars 68, respectively joined together

The two bars 33
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8
in pairs-at equal angles-and with their joints
displaced somewhat from each other, rest on
adjacent ends of the shafts §2 and 63; also four
similar and- similarly connected bars 65 rest on
the opposite ends of the shafts €2 and €3. In
construction and arrangement each of these two
groups of four bars is similar to the group 33,
34, 38 and 33. A carriage 66 is mounted on the
pivot pins of the eight bars 64 and 65, ahove
the plaster-block 30 to be cut by the stylus. One
of -the bars 64 and one of the bars 65 is provided
with gear teeth and the shaft 63 has fixed to it
gears meshing with the teeth of these two bars
respectively. The other six of these hars may
ride on smooth surfaces of 62 and 63, and as
before the shafts 62 and 63. are provided with
collars 67 to hold the bars 65 and 65 upright.
By turning the shaft 63 forward and back there-
fore the carriage 66 can be oscillated hetween
82 and 63. However the arrangement is such
that at all times the carriage 86 is held, at a point
midway between the joints of the respective pairs
of joints of those bars, wherever they may be at
the moment, tangent, or parallel to the tangent,
to the paths of those joints in being shifted on
the shafts 62 and 63, and this in conjunction
with the tangency of the brackets 41 and 6!
hefore described, causes the carriage 85 to be at
all times in a plane, or parallel to a plane, that
locally is tangent to the curved surface described,
as it were, by the carriage 65 as it moves under
the joint actions of both geared shafts. The
bars 64 and 65 correspond to the bars i3 and 14
of Figs. 2 and 3, and so far as the action of joint
{5- has been described, the carriage 66 can bhe
considered as corresponding to that joint.

While the spacing between. the two shafts or
supports 31 and-32 of the lower structure is fixed,
the radius of curvature of the path of this struc-
ture in moving over those shafts (e. g. the radii
of the paths of the brackets 4f and §1), can be
made to be of substantially any length by set-
ting the bars of the pairs 33—34 and 38—38 at
an appropriate angle to-each other at their joints
85 and 40 and similarly setting the bars of the
pairs 53—54 and 58—59 at an appropriate angle
at their corresponding joints. Likewise the
radius of curvature of the path of the upper
structure in moving over the upper or movable
supports, i. e. the shafts 62 and 63, can he made
to be of substantially any length that may be
desired by similarly setting the bars of the various
bar-pairs of the groups 64 and 65 at appropriate
angles to each other at their joints. In the pres-
ent instance the radil of the joints 35 and 49
and the corresponding joints of the opposite bar-
pairs 53—54 and 58—59 are assumed to lie in
the line A—A and the radii of the joints of the
bars 64 .and 65 to-lie in a line B—B which inter-
sects A—A at 68. As a result the stylus car-
riage 66, in moving as directed by the bars de-
scribes a spherical surface centered at the inter-
section 68.

The stylus 18 is a rotary drill eapable of cut-
ting at its side as well as at its end. Its holder
may be an ordinary drill chuck mounted on the
carriage 66 for reciprocation toward and from
the carriage and the holder 28 of the medium
to be marked. A motor 72 on the carriage 66
rotates the chuck, and therewith the drill, con-
tinuously during the operations, and a mech-
anism 713, also mounted on the carriage 85 and
of a form appropriate to the form of operations
contemplated but preferably a synchro type
mechanism, reciprocates the chuck as directed




12,608,907

to cause the drill to penetrate into and withdraw
from the medium 30, and in the present instance
‘also causes the 'drill 10 to cut deep or shallow
into the medium as the mechanism is directed.
In the present instance the stylus or drill 710 is
projected and retracted perpendicularly to-the
carriage 66, and ‘accordingly perpendicular to
the tangent plane of the carriage 66 before re-
ferred to.

The stylus-projecting mechanism 73 may be
a synchro receiver (see Fig. 6 also), or a servo-
mechanism controlled by such a synchro-re-
ceiver, which projects the drill more or less deeply
into the plaster block 30 as directed by a synchro
transmitter T4, Fig. 6. Likewise the shaft 63
may be oscillated by a synchro receiver 75, or a
servomechanism controlled by a synchro receiver,
as directed by a synchro transmitter 18; and
also the shaft 31 may be oscillated by a synchro
receiver 76, or a servo controlled by a synchro
receiver, as directed by another synchro trans-
mitter 79, Fig. 6. 'This is a convenient arrange-
ment whereby the operations of the mapping
machine can be directed electrically. Thus by
actuating the synchro 18 the stylus can be moved,
say, latitude-wise, and by the synchro 19 it can
he moved, say, longitude-wise, and accordingly
by the conjoint action of the two the drill can
be made to, say, cut a trace or series of traces
“in the face of the plaster block or other medium
30 and thus made to occupy successively selected
positions corresponding to certain places on the
‘terrain” being mapped. By simultaneously os-
cillating the rotor of the synchro T4 in-accord-
ance with changes in level of the ground from
each of those places to the next, a trace or'traces
will be cut to depths representative of the hills
and valleys of the ground as will be apparent.
The map may then be completed by breaking
away the walls between the traces and smoothing
the rough surfaces as before explained.

. The required data; i.-e. the data of longitude
and latitude and elevatmn, can be supplied to
the rotors of the transmitting synchros 74, 18 and

19 in various ways‘as will be understood, manu-
ally ot otherwise. ~Also the data may be collected
and transmitted to the transmitting synchros in
various ways.
an arrangement for deriving the data from con-
tolir maps.

‘In Fig. 7, the contour map 80 is laid on a board
carrying rails 81 on which a carriage 82 runs.
At one end the carriage 82 carries the synchro
transmitter 18 which has a gear on its rotor shaft
meshing with a rack 83 affixed to the board. Also
the carriage 82 carries a pair of Tails 84 on which
a second carriage 85 runs, and:a parallel rack 85.
The' second carriage 85 carries a tracing point
87 and also the synchro transmitter 79, Fig. 6,
with a gear on its rotor shaft meshing with the
rack 86. The elevation-transmitting synchro 14,
Tig. 6, is assumed to be close to the hand of the
operator of the device of Fig. 7, and its rotor
manually operable by a handle 89; it may be pro-
vided with an index hand and a scale 88 on which
the .elevations represented by the various posi-
tions of the rotor are inscribed.

In order then to make a relief map from the
data furnished by a contour map 88 (the motor
12, Fig. 5, being in operation and rotating the
drill 7¢, and the drill being, say, elevated- well
above the plaster block 30) the operator selects
a contour line on the map 80, and moves the
tracing point 87 to some point on it. - In doing
this he moves the carriages 82 and 8%, and there-
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by shifts the rotors of the synchro transmitters
78 and 79 accordingly, and this causes the syn-
chro receivers 15 and 16 to respond and thus
place the drill 710, Fig. 5, above a spot on the
block 30 corresponding to the latitude and longi-
tude position of the. tracing point. The opera-
tor now turns the handle 87 and thereby the ro--
tor of the synchro transmitter 88 until its index
hand points to the elevation represented by the
contour line touched by the tracing point. In
turn this brings the synchro receiver 73 into ac~
tion, with the result that the drill is thrust down
into the plaster block 30 to a position chosen as
representative of that elevation. The operator
now moves the tracing point 87 along the selected
contour line, and thereby causes the drill 70 to
cut-a path in the plaster corresponding in shape
to the contour line and at the selected elevation.
When this cut is finished, the operator selects an-
other contour line and moves his tracing point
to it, thus shifting the stylus latitude-and-longi-
tude-wise correspondingly. Also he turns the ro-
tor of the synchro- transmitter 74 to the new
(higher or lower) elevation, and thereby changes
the -depth of the drill cut. He now moves the
tracing point along this second contour line, and
while doing this the drill 10 cuts a trace corre-
sponding in shape to the shape of the new con-
tour line and at a depth representative of the
land elevation indicated by that contour line.
Such operations are repeatéd at, say, each con-
tour line-of the map 808, and when all have been
traced over the block of plaster is ready to have
its standing walls broken away and its resulting
surface smoothed ag before described, thus com-
pletmg the desired relief map.

It will be observed of course that in view of the
receiving synchro or servomechanism 73 as de-
scribed, the stylus holder illustrated in the pres-
ent instance is-of what may be called the in-
cremental type. - That is to say, it is capable of
forcing the drill stylus deeper and withdrawing it
by various increments, quite as though it consisted
of a hand operated vertical screw having the drill
rotating on its lower end. ' It is not necessary
therefore, with-the stylus holder of Fig. 5,  that
the stylus be moved along equi-elevational con-
tour lines as described above; instead it -can bhe
moved along any paths, and hy appropriate ac-
tuation of the rotor of the synchro transmitter
14 simultaneously, moved in- depth more or less
continuously as the land rises and falls along
corresponding paths on the terrain being mapped.
In view of this it is not necessary, with a stylus
holder of this general type, that the mapping data
be obtained from a contour map; the data can
be derived from any other. forim of reports of
surveys of the territory to be mapped, say in the
form of continuous or intermittent reports of
changes in. elevation along paths crossing the
land; the required data may even be transmitted
to the mapping machine and applied by it while
a survey is in progress.

On the other hand, when the stylus is to be
moved along equi-elevational contour lines, a step
by step form of depth adjustment can be sub-
stituted for the incremental type. Thus in lieu
of the drill holder involving the motor 72 and
synchro ‘18 of Fig. 5, a common form of grill
chuck 90, Fig. 8, can be mounted on the carriage
66 by, for example; a common form of drill press
so that its drill can'be raised from or forced into
the plaster block ‘30, and arranged to be rotated
continuously by a motor, and a selection of drills
91 of various appropriate lengths provided. Thus
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thele may be a drill of su1taole length for follow-
ing the highest contour w ‘hen the drill pr ess holds
the chuck.at its lowest position, another a little
longer for following the next lower contou1 when
. the chuck is in the same position, & third sufii-
mently longer to follow the ccnfour below the
second, and so on for as many contours and
depths as may be necessary. Thus one of the
drills will be substituted for another in the chuck
82 as the operator completes tracing one contour

and moves on to the next.

Or again, Fig. 9, a number of drills of various
lengths, one for each of a number of contours,
can be mounted in a magazine carried by, say,
the carriage 66. The magazine illustrated com-
prises primarily an annulus 84 carrying in its cir-
cumference a number of rotatably mounted drill
chucks 85. Each of these chucks carries a gear
856 for rotating it. The annulus 84 is mounted
rotatably on a circular stub 97 projecting from a
bracket $8 which is slidable in ways 88. 'These
ways are mounted on, say, the carriage €6 of Fig.
5. A cap 188, having a projecting threaded bolt
to screw into the face of the stub §1, serves to

hold the annulus on the stub; a projecting wing ¢

i21 on the cap permits the cap to be unscrewed
angd reset readily, thereby permitting the maga-
zine {0 be loosened for turning on the stub 87 so
that each chuck 85 in turn can be brought to the
lowest or operating position on the bracket 93.
An arm on cap (008 carries a spring latch (82 to
enter holes 1023 in the annulus 94 so that the
annulus can be-held against rotation with any
chuck lowermost. At its opposite side, the bracket
68 carries a shaft {84 which has a gear 105 fixed
to its lower end in a position to intermesh with
any chuck gear 96 that may be brought to it.
The shaft 184 is slidable in a sleeve (not shown)
which is driven continuously by a motor also car-
ried on, say, the carriage 66, and which rotates
the shaft. - Each chuck 95 is furnished with a
rotary drill 166 of appropriate length to cut one
_contour when in the lowest position on the bracket
98 and the bracket 98 is at its lowest- position.

The bracket 98 is arranged to rise high enough 4

to permit even the longest drill to be withdrawn
completely from the plaster block. In operation,
the operator first selects a contour to be traced.

With the bracket 98 in its highest position, he -

turns the annulus 94 to bring the appropriate
drill for that contour to the lowest position on
the bracket. He then (say again using the mech-
anism of Fig. 7) brings the tracing point 81 to

some point on the selected contour (thereby plac-.

ing the drill properly latitude-and-longitude-wise
with respect to the medium to be marked), and
with the drill being rotated by shaft 104, he
moves the bracket 98 down to its lowest posi-
tion, thereby penetrating the drill into the me-
dium to the proper depth for that contour. The
operator then traces along the selected contour,
thereby causing the drill to cut a trace in the
medium corresponding to the contour (the syn-
chros on and confrolling the shafts of the map-
ping machine shifting the drill sidewise as before
described). When this conftour is finished, the
operator again raises the bracket 88 to its high-
est position, and then repeats the operation with,
say, each of the other drills in the magazine.
When the operator has traced all the contours
for which the drills in the magazine are suit-
able, he may either substitute another set of
longer or shorter drills in the chucks of the

_ same annulus, or remove the magazine with ifs -

drills from the bracket and substitute another

5

10

20

30

40

60

12

magazme ‘having a complement ‘of drills suitable
for . proceedmg with ‘other - contours In either
case he is then ready to proceed with “‘further
contours.

The foregomg W111 selve to 111ustlate the prin-
ciples and apphcatlon of ‘our invention. It will
be understood of course that the invention is
not limited to the mechanism and operations
deseribed above in detail. - For example, it is niot
necessary that the movement of the frée end of
the stylus be s1mp1y toand from ‘the ‘carriage
on which the stylus is mounted; thus a map mak-
ing method has “been proposed in Whlch ‘the
stylus oscillates; fhe oscillating form of “stylus
mounting can be employed here if desired, as will
be a,pparent Also the invéntion is not necessarily
limited to the mtroductmn of cyhndrlcal curva-
ture into maps. Wh11e cylindrical ‘curvature
seems to us at present 'to be the most 1mportant
when curvature is required, it is apparent that
cylindrical, elhptmal and complex’ eurvatures can
be incorporated in maps if the desire for ‘such
curvatures should arise; this can he done by
using dlﬁerent angular relatlons between "the
various bars and theréby employmg different
centers for the bar systems, by arranging ‘the bar
systems so that the paths of the joinits of the two
systems cross ‘each other at angles other than
90°, efc., as w111 be understood from the fore-
going.

In general therefme itis-to be understood that
our invention is not lirhited to the details of eon-
struction and operatmn described above except as
appears hereafter in the clalms

We claim:

1. In a machine Tor making relief maps, sup-
ports spaced from each other, a- structure mov-
able on said supports said structure having a
surface arched across -the .space between said
supports and-said- suriace restmg on said sup-
ports, the structure thereby béifig movable in a
curved path crossing the space between the said
supports and the structure also being independ-
ently movable in paths-angled ‘with respect to its
said movements on said- supports, each of said
paths having a fixed center of curvatire, a holder
for a stylus, and-a- holder for the medium.to be
marked, one of said holders bemg mounted on
said structure, and one of said holders being
movable toward and from the other. 1ndependently
of said structure to -cause the stylus to pene-
trate into the mediun.

2. The subject matter of claim 1, characterized
by the fact that the holder that is movable to
cause the stylus-to penetrate into the medium is
the holder that is mounted on said structure.

3. The subject matter of claim 1, charactenzed
by the fact that the stylus holder is the’ holder
that is mounted on said stlucture and is the
holder that-is movable to- cause, the stylus to
penetrate into the medium to be marked.

4, In a machine for ma,kmg maps, supports
spaced from each other, a structure movable on
said supports, sa1d structure having a surface
arched across the ‘space between said supports
and said surface resting on said supports the
structure thereby being movable in a curved path
crossing the space between the said supports and
the structure also being 1ndependent1y movable
in. paths angled with reSpect to its said move-
ments on said supports, each of said supports
having a fixed centér of cutvature, a holder for
said stylus, and a holder for. the medium to be
marked, one of said holders being mounted on
said structure, and one of said holders being an
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incremental type of holder to project the element
it carries toward and withdraw it from the other
holder to different degrees to cause the stylus.to
penetrate into the said medium to various depths.

5. In a machine for making relief maps, sup-
ports spaced from each other, a structure span-
ning the space between said supports and mov-
able thereon in a curved path crossing said space,
a second group of supports mounted on said
structure at opposite sides thereof, a second
structure movable on said second supports, inde-
pendently of said movement of the first men-
tioned structure, in a curved path substantially
transverse of the first mentioned structure, said
first and second mentioned curved paths having
the same center of curvature, a stylus holder, a
holder for the medium to be marked, one of said
holders being mounted on the second mentioned
structure and one of said holders being movable
toward and from the other to cause the stylus to
penetrate into the medium, a reversible motor
to reciprocate the first mentioned structure on
its supports as directed, and a reversible motor
to reciprocate the second mentioned structure on
its supports as directed.

6. The subject matter of claim 5, characterized
by the fact that said holder which is movable, is
movable toward and from the other independent-
ly of both of said structures.

7. The subject matter of claim 5, characterized - ¢

by the fact that the stylus holder is the holder
that is mounted on the second mentioned struc-
ture, and is the holder that is movable toward
and from the other holder, and is an incremental

type of holder to cause its stylus to penetrate into

the medium to be marked to various depths.

8. In a machine for making relief maps, sup-
ports spaced from each other, a structure span-
ning the space between and movable on said sup-
ports and including at least two bars one of which
rests on one of said supports at one side of said
space and the other of which rests on another
of said supports at the opposite side of said space
and the said two bars being joined together be-
tween the said supports at an adjustable angle
to each other, a second group of spaced supports
mounted on said structure at opposite sides there-
of, a second structure spanning the space be-
tween and movable on supports of the latter
group and including at least two bars one of
which rests on one of the latter supports at one
side of the first mentioned structure and the
other of which rests on one of the latter supports
at the opposite side thereof and which are joined
at an adjustable angle to each other, a stylus
holder, and a holder for the medium to be
marked, one of said holders beinhg mounted on
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the second structure for movement by the con-

joint action of the two structures moving on their
respective supports, and one of said holders be~
ing movable toward and from the other to cause
the stylus to penetrate into said medium.

9. The subject matter of claim 8, characterized
by the fact that one of the first mentioned sup-
ports is a shaft having gear teeth, the said bar
which rests on it has gear teeth meshing with
the gear teeth of said shaft, one of the supports
of the second group is a shaft and has gear teeth,
one of the bars resting on the latter support has
gear teeth meshing with the gear teeth of the
latter support, and the said two shafts are ro-
tatable independently of each other.

10. The subject matter of claim 8 characterized
by the fact that the holder which is mounted on
the second structure is the holder that is movable
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toward and from . the other and is $0 mounted
thereon that it is projected and retracted sub-
stantially at right angles to the plane which is

tangent, at that holder, to the curved surface

described by the part of the second structure
to which the said holder is attached.

11. In a machine for making relief maps, sup-
ports spaced from each other, a first pair of
straight bars spanning the space between and
movable on said supports and between said sup-
ports being joined together at an angle to each
other, a second pair of straight bars spanning
the space between and movable on supports of
those first mentioned, the bars of said second
pair being respectively parallel to but spaced
from the bars of the first pair and being joined
together at a like angle, supports carried by the
said two pairs of bars, a third pair of bars
spanning the space between the first and sec-
ond pairs of bars and movable on supports last
mentioned and therebetween being joined to-
gether at an angle, a fourth pair of bars also
spanning the space between the first and sec-
ond pairs of bars and movable on supports last
mentioned, the bars of said fourth pair being
respectively parallel to the bars of the third pair
and being joined at the same angle as the bars
of the third pair, a stylus holder, and a holder
for the medium to be marked, one of said holders
being mounted on the said third and fourth
pairs of bars. -

12. In a machine for making relief maps, a
pair of parallel shafts spaced from each other,
a pair of straight bars resting on said two shafts
respectively and joined together at an angle to
each other between the shafts, a second pair of
straight bhars, remote from but respectively
parallel to the bars of the first pair, also rest-
ing on the said two shafts and joined together
at the same angle, a shaft mounted on each of
said two pairs of bars, at right angles to the
first mentioned shafts, a third pair of straight
bhars resting on the latter shafts respectively and
joined together at an angle between the latter
shafts, 2 fourth pair of hars, remote from but
respectively parallel to the bars of the third pair,
also resting on the latter shafts and joined to-
gether at the same angle as the bars of the third
pair, one bar of each pair having gear teeth
and the shaft it rests on respectively having gear
teeth meshing with the gear teeth of the bar,
and a stylus holder, adapted to project and re-~
tract a stylus with respect to the holder, mounted
on the third and fourth pairs of bars.

13. The subject matter of claim 12, character-
ized by the fact that a synchromechanism is
provided to direct the rotation of each shaift
having gear teeth and a synchromechanism is
provided to direct the projection and retraction
of the stylus.

14. In a machine for making relief maps, a
pair of parallel shafts spaced from each other,
a2 pair of straight bars resting on said two
shafts respectively and adjustably joined to-
gether at an angle to each other between the
shafts, another pair of straight bars resting on
the said shafts respectively, adjacent the first
mentioned pair, and adjustably joined together
at an angle to each other, the joints of the two
bar-pairs bheing displaced from each other trans-
versely of the two shafts, a bracket mounted on
the said two pairs of bars adjacent the joints
thereof, a shaft on said bracket transverse to
the said two shafts, a like group of four bars
also resting on the said two shafts but remote
from the first group, a bracket similarly mounted
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on the second -group and: a transverse shaft on
the latter hracket, two similar groups of four
bars-each resting on said transverse shafts re-
mote from-each other, at least one bar of the
first mentioned two groups and at least -one
bar of the last mentioned two groups having
gear teeth and the shafts on which the said two
bars rest having. gear teeth meshing with.said
gear teeth-of the bars whereby the oscillation
of those shafts will shift the bar groups trans-
versely of the shafts on which they rest respec-
tively, a stylus holder, and a holder for-the
medium te -be :marked, one of said holders be-
ing mounted.on:the last. mentioned two groups
of bars adjacent the joints thereof and one of
said holders being:movable toward and from the
other to esuse.a. stylus in the stylus. holder to
penetrate the.said medium.

15. The subjsct matter of. claim 14; character-
ized by -the fact that the bars of the various
pairs. of the first mentioned two groups of-bars
are jeined.together at like angles, and the bars
of the varicus pairs of the second mentioned two
groups-are joined together .at like angles.

18, The subject matter of claim 14, character-
ized by the fact that a -synchromechanism- is
provided to-direct the oscillation of each-of the
said two shafts-which have gear teeth, the stylus
holder is the holder that is mounted -on the
bars and is the holder- which is- movable with
respect to the other, and a synchromechanism
is provided fo direct the projection and retraction
of -the stylus holder.

17. The combinaticn with the.subject matter
of -claim 16, of-a carriage movable -across a
contour -map, a -synchro transmitter -connected
to-said -carriage for actuation thereby, a second
carriage mounted on -the first mentioned car-
riage for movement thereon transversely to the
direction of movement of the first mentioned
carriage, a synchro transmitter connected to said
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second carriage for actuation thereby, electrical
connections to. connect-said transmitters one to
each of -the synchromechanisms of: the. shafts
of :said:mapping machine, and a,synchro trans-

mitter conneeted ‘to the synchromechanism

which  directs the projection -and retraction. of
the stylus.of the mapping machine.

18. In -a- machine for making relief maps, a
bracket, -a mounting for said bracket -on which
the bracket can be turned angularly, supports
carried by said hracket, said- supports being
spaced from each other, an arched structure

‘movable on:said supports in a curved path cross-

ing the space between- said supports and having
a center of curvature that is located in the-axis
of -said-bracket extended, a holder- for. a stylus,
and -a holder-for a medium to.be marked, one
of said-holders-being mounted.on the structure,
and one of said holders being movable toward
and away from-the-other independently.of said
structure ‘to cause the stylus to. penetrate.into
the medium.
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