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Serial No. 450,853, May 8, 1930.

Application
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48 Claims.

This {nvention relates to means for determin-
ing or controlling the position or path of a tool
or other element in the performance of work, its
purpose being to secure an easily controlled
mechanism by means of which power {s applied,
preferably by fluid under pressure, to the tool or
other element to cause the same to vary in posi-
tion during the performance of work.

The invention is more particularly usefu! in
controlling the path of movement of a cutting
tool in metal working machines, the object being
to provide a comparatively simple and inexpen-
sive structure in which, through use of a model
or pattern the cutting tool is made to traverse
a predetermined path in reproduction of the con-

. tour of the model on the line or points contacted

by the tracer.

The device may be built as a component part
of or as an attachment to various metal working
machines as a lathe, planer, routing or surfac-
ing machine and the like in which the tool or
the work as may be necessary with any specific
machine i{s mechanically moved and the tool var-
ied in its relative path of movement to corre-

-spond to the contour of a model or pattern.

A further object and feature of the invention
resides in the provision of a tracer element for

contacting the surface of a model in which the

pressure of the tracer tool in contacting the sur-
face traced is negligible whereby a model hav-

ing a soft or readily deformed surface may be

used and in conjunction with such feature the
provision of means controlled by the tracer to
cause the metal working tool to correspondingly
move and perform its function during the cut-
ting operation.

Thus, by the construction permitting the light
“touch” of the tracer tool on the surface of the

model, the model may be continuously used for a

long period inasmuch as no deformation or scor-
ing of the surface traced, sufficient to affect the
operation of the cutting tool, is produced even
though a plaster model is utilized and the toal
is rigidly held in traversing a varied path, suf-
ficlent power being applied thereto through the
movement of the tracer tool to maintain the
tool in its respective position with the work or
in other words, preventing deflection from the
predetermined pa.th of movement in the cutting
operation..

It is a further object of the lnventlon to pro-
vide a means hydraulically actuated for causing
the tool to traverse a predetermined path through
movement of thie tracer or a model or pattern,

Other objects and novel features of the in-

!

(CL 82—14)

* vention reside in the various details of construc-
tion and arrangement of the parts in the per-
formance of the necessary function of c¢ontrol
of the tool by the tracer element in a hydrauli-
cally actuated device including the tracer ele-
ment and means controlled. through the varia-
tion in position of the tracer and a valve struc-

. ture associated therewith through which power
is applied hydraulically in moving the tool to
correspond exactly or proportionately to the
movement of the tracer.

.These and other various objects and features
of the invention are hereinafter more fully de-
scribed  and claimed and the preferred form of
construction of a machine embodying my in-
vention is shown in the accompanying drawings
in which:

‘Fig. 1 is an elevation showing my improved
mechanism as applied to control a planer tool, a
portion only of the planer being shown.

Fig. la is a fragmentary front view, partially
in elevation and partially in section, with a por-
tion of the drives shown diagrammatically, of the
planer illustrated in Fig. 1.

Fig. 1b is a sectional detail view taken along
line 1b—Ib of Fig. la and lllustra.ting the right
end of the feed control.

Fig. lc is a fragmentary sectional view takert
along line lc—Ic of Fig. la.

Fig. 2 is an illustration of my improved device
as applied to the control of a rotating tool.

Fig. 3 is an elevation of the device as applied

to the control of a lathe tool.
Fig. 4 is an enlarged sectional detail of a part
of the tracer element.
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Fig. 5 is a similar section of the remaining -

portion thereof.
Fig. 6 is a section taken on line 6—6 of Fig. 4
Fig. 7 is a section through a portion of the
tracer tube showing the valve ports or open-
ings.
Fig. 8 is a section through the control piston.
Fig. 9 is an end view thereof.
Fig. 10 is a section of the chambered cas-

ing attached to the tube about the said ports.
Fig. 11 is a section taken on line 11—I1{ of
Fig. 10.

Fig. 12 is a section taken on line 12—1{2 of
Fig. 10.

In all the various applications of my improved
tool controlling device some of which are shown
in Figs. 1, 2 and 3, the device may be made as
an attachable unit to the part of the machine in-
tended to carry the tool or may be built as a

. component part of the machine, the actual man-
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ner of attachment or construction of the carry-
ing mechanism not being an essential part of my
invention but, in any of the possible applications,
the tool controlling mechanism is carried by the
part causing the movement of the tool or that
supports the tool while the work moves relative
thereto.

An application of my invention to a large planer
is 1llustrated in Figs. 1 to 1c. In the form shown,
the planer comprises & horizontal bed 108 pro-

vided at the top with longitudinal ways (86 on’

which a table 107 is mounted for reciprocation.
The table 10T is adapted to be translated by a
reversible power drive which in the present in-
stance is shown as a reversible electric motor 108
connected through a speed reduction gearing 109
to- a shaft (10 in turn connected through a
pinion 111 and an idler gear 1{2 to a longi-
tudinal gear rack {13 on the underside of the
table. A reversing mechanism (14 on the side

of the bed (05, which may be of any suitable

type adapted to reverse the table drive, such, for
example, as a reversing switch in the circuits
for the motor 108, has an oscillatory control arm

"118 projecting upwardly into the path of two

spaced dogs 116 and 117 on the table 107. . These
dogs are mounted on one side of the table 107
for selective adjustment along a longitudinal
T-slot 118, and are adapted alternately to en-
gage and reverse the arm 15 so as to cause auto-
matic reciprocation of the table through a pre-
determined adjustable range. A hand lever {19
on the mechanism (14 affords means for effect-
ing manual reversal of the table drive.

A cross ‘rail or arm 96 extends transversely
over the table 107, and is mounted at one end
on a vertical column (20 rising from one side
of the bed 105. The cross rail 96 is mounted on
ways (21 for vertical adjustment by means shown
in part as comprising a vertical feed screw (22.
The front of the cross rail 96 is provided with
longitudinal ways 123 on which a slide or cradle
2 is suitably mounted for feed or indexing ad-
justment across the table 187.

Any suitable means may be provided for in-
dexing the slide 2 step-by-step in timed relation
to the successive reversals of the table 107 in
either selected direction. In the present in-
stance, this means is shown as comprising a
rotary feed screw (24 extending longitudinally
between the ways 123, and being in threaded en-
gagement with a lug 125 on the rear face of the
slide 2. The screw 124 is anchored against end-
wise movement and extends through a control
housing 128 rigid with the right end of the cross
rail 86. A hand lever 121 fixed on the end of
the screw (24 affords means for adjusting the
slide 2 manually along the ways 123.

The housing 126 encloses an automatic index
or feed mechanism having a vertical actuating
shatt 128 connected at the lower end through a
reversing clutch 129 to the drive shaft 110 for
the table 107. This clutch comprises a shifter
element 130 slidably keyed for axial movement on
the shaft 110, and provided on opposite ends
with two bevel gears 131 and 132 adapted for se-
lective movement into meshing engagement with
opposite sides respectively of a bevel gear 133
fixed on the lower end of the shaft 128. A man-
ual control lever 134 is connected to the shifter
element 138, and is adapted “for actuation to
shift the element into either end position or into
intermediate neutral position.

Slidably splined to the vertical shaft 128
‘within the housing 126 is a bevel gear (38 which
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meshes with a bevel gear 38 on a transverse
shaft 137. A gear 138 is rotatable on a cylin-
drical drum 139 rigid and coaxial with.the shaft
137, and is adapted to be clutched thereto by a
split friction clutch band 140. This band is
loosely ‘anchored to the gear 138 by a pin (41,
and is normally contracted by springs 142 into
peripheral gripping engagement with the drum
139. A radial trigger arm (43 extends oytwardly
between the split ends of the band 140 for oscil-
latory movement through an adjustable arc 148
between a fixed stop 145 integral with the hous-
ing 126 and a stop 146 selectively adjustable to
vary the amplitude of the arc. In the present
instance, the stop {46 is formed on the free end

“of a radial arm (47 rigid with a worm wheel 148

coaxial with the shaft i37. Meshing with the

-wheel 148 is a worm 149 which is fixed on the

inner end of a shaft 150 extending from the
housing 126 and provided with a hand wheel
161 on its outer end.

Upon rotation of the drum 139 in a clock-
wise . direction as viewed in Fig. 1b, the band
140 will cause rotation of the gear (38 until the
trigger arm 143 engages the stop (45. There-
upon, the arm 143 will expand the band (40 to
permit rotation of the shaft (37 independently
of the gear 138. Upon reversing rotation of the
drum (39, the band (40 will again contract, and
cause rotation of the gear (38 in the opposite
direction until the arm 143 engages the ad-
justable stop 146 to again disengage the gear
from. the shaft 131. In effect, the periodically
reversing shaft 128 serves to oscillate the gear
138 through a predetermined amplitude as de-
termined by the adjustable spacing of the stops
145 and 146.

The gear 138 meshes with a gear 152 which is
freely rotatable and axially shiftable on the shaft
extension of the screw 124, and which is formed
on opposite ends with crown ratchet elements
153 and (54 having teeth respectively of op-
posite inclination. Splined to the shaft exten-
sion at opposite sides of the gear 152 are two
ratchet elements 155 and (56 complemental to
and adapted for yieldable engagement respec-
tively with the elements 153 and i54. A manual
control lever (51 is provided for shifting the
gear 152 to move one or the other of the ele-
ments 153 and 154 respectively into engagement
with the mating elements 155 and 156 to effect
incremental rotation of the screw 124 in the de-
sired direction, or to position the gear in inter-
mediate neutral position so that the screw may
be actuated manually by means of the hand
lever 121, ;

It will be seen that through the hand controls
134 and 1517, the slide 2 may be shifted step-by-
step in either selected’ direction upon reversals
of movement of the table 107 at either selected
end of its reciprocation, and that the extent of

each index movement may be adjusted minute-

ly over a wide range from mininum to maxi-
mum by means of the hand wheel 151,

My improved tool controlling device comprises
a supporting arm | which is rigidly mounted.on
the slide 2. A swivel guide block 7 is suitably se-
cured to the face of the cross slide 2,-and is
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formed with vertical ways (58 on-which 'a .tool

head or base 6 is suitably mounted:for - sliding
movement in a general direction toward and from
the plane of the top surface of the table 107.
The tool 3 is secured as by means of clamp bolts
b to a clatter box 4 pivoted on the base 8. -Sup-
ported by the arm | also is a cylinder 8 within
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slidable base ¢ and by w the tool in the con-
struction shown in Fig. 1 may be raised or low-
ered in a vertical plane. On the arm | of the

control device is asso-
clated is another fixed arm |0 extending to the
rear of the arm { of the planer and supporting
the tracer or feeler assembly indicated generally
at 1. . .

In axial alignment therewith and attached
thereto at the upper end is a cylinder 12 corre-
sponding to that of the cylinder 8 containing the
piston connected with the tool. In this arrange-
ment of the parts the tracer tool or point 3
which may be shaped as desired dependent upon
the requirements of the work and is here shown
as being provided with a smooth rounded end
which contacts the surface of a model or pat-
tern indicated at (4* and the position of the
tracer tool in a vertical plane causes the cutting
edge of the tool 3 to vary in like manner and to
the same degree in the relative cutting traverse
along the work 14> as shown. The cylinder 12 is
shown in section in Fig. 5 within which is a pis-
ton |4 secured to a rod formed of two parts I8
and (5 that is movable longitudinally in the
cylinder through the packing glands 16 and 7
at; the respective opposite ends thereof. The
cylinder 8 and piston therein heretofore men-

tioned is practically of the same construction and

arrangement. A pipe I8 connects the upper ends

of the cylinders 8 and 12 and a pipe 19 likewise. -

connects the lower ends of the cylinders 8 and (2
and it will be seen that, by movement of the
piston (4 in the cylinder 12 the piston in the cyl-
inder 8 will be displaced in the opposite direction
to a similar extent and thus the tool under such

an arrangement will be made to cut a form the

reverse of the model which in some classes of
work is the desired manner in which to control
the tool. The cylinders 8 and 12 and the pistons
therein provide elements associated respectively
with the cutting tool and the tracer.

48 In order that the tool may move in the same

11+
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direction as the tracer rather than the reverse
thereof, as above stated, a crossover arrangement
is provided which consists of a conduit 20 open
to the conduit 18 at the fitting 21 to which it is
conrfected and to which the conduit I8 is open
and the opposite end of the conduit 20 is con-
nected in the line 19 at the point 22 there being a
valve 23 in the sald conduit 20. There is also a
valve 24 in the conduit (9 and a valve 28 in the
conduit 18. Also there is a conduit 26 which is
connected with the conduit 9 on the tracer side
of the valve 24 and with the conduit {8 on.the
tool side of the valve 28: This conduit 28 also
has a valve 21 therein. By closing the valves 24
and 26 and opening the valves 23 and 21, fluid
from the top of the pump cylinder (2 is trans-
ferred to the bottom of the tool cylinder 8 and
fluid from the bottom of the cylinder 12 is simul-
taneously transferred to the top of the cylinder
8. Under this condition, downward movement of
the piston in the cylinder 12 by the downward
movement of the tracer tool, as hereitnafter more
fully described, causes the piston in the eylinder
8 to move downwardly to the same or propor-
tionate extent thus moving the tool in the same
direction the tracer element 13 moves.

It is to be here noted that the planer construc-
tion, which is represented in Fig. 1, is of a type
in which the beam carrying the cutting tool is
stationary while the table 107 on the bed 108 is

3

caused to move relative to the tool. In such ar-
rangement the model 14* and the work 14b are
attached to the table 197 and thus are simulta-
neously moved respectively to the tracer and to
the tool and it is further to be observed that it is
not necessary to align the tracer and the cutting
tool in the same vertical plane as the tracer and
model may be positioned at any convenient point
at one side of the machine either at the side of
or forwardly or rearwardly of the tool and this
is due to the hydraulic control feature it being
possible to arrange the conduits between the
cylinder 12 and cylinder 8 to position the tracer
as may be desired. The entire tracer element ||
. may for some purposes be mounted on a holding
element, such as the slide. 2, and movable longi-
tudinally of the cross rail 96 simultaneously with
!the tool holder, -

As has been previously stated, a feature of my
Invention resides in the construction of & tool
controlling device of such character that the tra-
cer may be moved with the utmost ease while the
tool is positively moved while it is forming the
cut and thus iz subjected to considerable pres-
sure. In apparatus of this kind it is necessary
that the work shall exactly conform in its Ain-
ished surface to that of the model and thus the
tool must move to the exact extent or degree that
the tracer is moved either in the same direction
or in an opposite direction depending upon
whether the work is to be a duplicate of the model
in its formed surface or the reverse of the surface
of the model. ) :

In such cases where it is desired or necessary
that the tool move proportionately to the extent
of movement of the tracer, that is, either to a
greater or to a less extent, the tool cylinder 8 may
be of greater or less diameter than the diameter
of the cylinder 12 or otherwise arranged whereby
the displacement of fluid in the cylinder (2 by
movement of the tracer causes a lesser or a
greater displacement in the cylinder 8 and conse-
quent variation in movement of the piston in the
cylinder 8 connected with the rod 9.

To secure a tracer that may be moved with the
utmost ease, or in other words, that contacts the
model with an extremely light “touch,” I have
devised a construction. shown more clearly in
Fig. 4. . . ‘

It is fuilher to be understood that a pump of
any approved form indicated diagrammatically
at 97 may be secured to a bracket 28 or in other
approved position by means of which any desired
pressure may be maintained in the conduit 39
which is connected with the chambered casing
34. The pipe 29 opening to the gravity tank 32
1s connected by means of a pipe 30 with the fit-
ting 21 permitting the fluid in the tank 32 to flow
by gravity into the power transmission system
composed of the conduits (8, 19, 20 and 26 and
cylinders 8 and (2 thus filling the same for pur-
poses hereinafter stated. The pipe 30 has a shut-

off valve 31 therein for the purpose of separating -

the power transmission system from the gravity
tank and low pressure line 29. The power trans-
mission system may also be filled by a suitable
connection with the high pressure line '3 (not
here shown) but as will be readily understood by
those persons familiar with this art. ‘
The conduit 28 has a flexible extension 33, the
terminal end of which is connected with the
chambered casing 34 and intermediate its ends
is connected by means of a conduit 35 with a
recess in the upper end of the cylinder 41, as
shown in Fig. 5, for a purpose hereinafter de-
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scribed. Also connected with this line 33 is a
valve controlled conduit 3T extending through the
head of the stationary cylinder 38 for a purpose
hereinafter stated. .

The line 33 provides a conduit for the return
of fluld from the low pressure chambers in the
casing 34 to the gravity tank and may or may not
be under pressure depending upon the position cf
the gravity tank 32. ‘The pump 87, taking its
supply of fluid from the gravity tank, maintains
a high pressure in the discharge line 38 and con-
sequently in the high pressure chambers of the
casing 38, The tracer element, indicated gen-
erally at i, consists of a casting the axis of which
is in a vertical plane when the app:.ratus is
utilized in connection with a planer as shown in
Fig. 1 but it will be understood that, depending
upon the character of the machine tool to which
this control apparatus is associated, the tool may
be differently arranged than here shown, This
element |§ consists of a casting 40 attached at
its upper end to a cylindrical element 41 as will
be seen in Fig. 4. :

At its lower end the element 48 is cylindrical
in form within which is secured & stationary head
42 spaced from the wall of the element 40 at the
lower end and supported in place by the flange
43 attached to the lower end of the element 40.
This flange 43 has arcuate slots 44 formed there-
in as shown in Fig. 6 and a metal tube 48 is re-
ciprocable in the space between the stationary
element 42 and the lower end of the element 40
the piston being provided with packing rings 46
to prevent leakage between the tube 45 and the
piston. ’

At its lower end the sleeve is slotted from the
lower end inwardly forming four arcuate por-
tions 41 which extend through the slots 44 of the
flange 43. In assembling this element 42 and
sleeve, the sleeve is first introduced into the ele-
ment 46, the head 42 then being inserted in the
sleeve. with the portions 47 thereof extending
through the slots 44 of the flange 43. Thereafter
the tracer point 13 has the base thereof secured
in the end of the portions 41 of the sleeve in any
approved manner as by bolting the same to por-
tions 47 of the tube.

The tube 48§, as shown in Fig. 4, is reciprocable
in the space between the portion 40 and the sta-
tionary head 42 at the lower end and between the
element 41 and the stationary head 38 at the
upper end. To prevent high pressure liquid from
accumulating between the heads 38 and 42 and
the tube and thus frictionally resist movement

. of the tube, these two stationary heads are prefer-

ably constructed at their respective Inner ends
with a circumferential groove 80 and 84 and these
grooves respectively open at one point to an out-
let conduit 92 and 83 extending outwardly
through the respective heads connected with the
low pressure line 38 of the system as indicated
in Fig. 1. :

The chambered casing 34 is also brazed or
otherwise fixed to the tube at the point the ports.
are formed as will be understood from Fig. 4 and
Fig. 7 in which latter figure the casing is shown
by a dotted line. 'This chambered casing, as will
be seen in Fig. 10, has a central bore in which
the tube 45 fits and thus forming annular cham-
bers of channel-like form about the tube. The
chamber 48 is positioned on the tube to enclose
the ports 54 of the tube of which there are one
or more in the same plane in the form of slots.
The chamber 58 of the casing is of greater width
and is positioned on the tube to enclose the ports

21,644

81 on the one side and 52 on the other side, while
the chamber 53 encloses the ports 49 of the tube.
This chambered casing and ported tube co-
operate with a piston §6 that is slidable longi-
tudinally of the interior of the tube and is sup-
ported In position therein by the rod §6 secured
at its upper end to the piston-as by being thread-
ed thereto and extends through the lower end of
the head 42 and packing gland §7 thereon while
the rod 15 is similarly attached to the upper end
of the piston and extends upward through an
aperture in the wall of the stationary member 38
which is provided with a'packing gland §9 to
prevent leakage and extends upwardly into the
pump chamber 12 through an aperture in the
head 60 thereof also provided with a similar
packing gland and interiorly of the cylinder 12
is secured to the piston 36 to which is also se-
cured the rod 15 extending through the upper

end of the piston and packing gland (7 therefor. .

The piston §5 is ported near its center by the
cylindrical ports or slots 61 and 62 which are
cut inwardly toward the central core 63 of the
piston leaving the end portions 64 and 65 there-

. on supported in spaced relation with the core by .

the webs 66 there being several of the same as
shown in Fig. 9, and these spaces between the
webs 66 are open to the slots 61 and 62. The
portions 64 and 65 are also of the same diameter
as the central cylindrical portion 67 of the piston
and slidably fit the interior.of the tube. When
the piston is in neutral position, flow of fluid
under pressure must be prevented for which
purpose either the high pressure or the low pres-
sure ports must be closed. In the preferred con-
struction shown in Fig. 4, both the low pressure
ports 49 and 54 and the high pressure ports 6i
and B2 are closed.

In operation of the device the tracer tool, in
tranversing the surface of the model and due to

the configuration thereof, is either raised or low-.

ered relative to the position shown in Fig, 4.
If it be lowered, the ports 54 are opened to the
lower side of the piston and the ports 51 are
open to the port 62 of the piston and thence

through the space between the webs 66 support-

ing the parts 64 to the upper side of the piston
while the ports 49 and 52 remain closed. The
port 62 in such case receives the high pressure
liquid from the conduit 39 which is transferred
to the upper side of the piston 55 causing the
same to descend a distance equal to the extent
of movement of the port which is the distance
the tracer element moves. This causes the liquid
from the under side of the piston, during the time
the ports are open, to pass into the chamber 48
and thence to the chamber 53 by means of the
passageway 68 therebetween to the low pressure
conduit 33. The reverse condition exists on up-
ward movement of the sleeve 45 in which case the
high pressure fluid is introduced beneath the
piston and the fluid above the piston is dis-
charged to the lower pressure line 33. This ar-
rangement’ of the piston, chambered casing 34,
and ported sleeve connected with the tracer ele-
ment provides a very accurate mechanical struc-
ture causing the piston 55 to instantly move with
the movement of the tracer element as the ports
need only be opened to the slightest degree to se-
cure the necessary action.

~ As previously stated, the rod 15% which is con-
nected with the upper end of the piston 55, as
shown in Fig. 5, is also connected with the piston
14 in the pump cylinder 12 which in turn is con-
nected by the lines I8 and 19 with the tool con-
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,trolnng cylinder 8 in which latter cyllnder the

piston therein 1s connected with the rod 8. As
both cylinders 12 and 8 are maintained filled
with liquid and the valve 3f in the supply line
30 closed, any movemeént of the piston 14 in its

cylinder results in an exactly similar movement

of the piston in the cylinder 8 which is trans-
ferred to the tool.
tracer is reproduced in the movement of thé tool
to an exactly like or proportionate degree in the
arrangement shown and either the tool may move

in a direction opposite that of the tracer or in-

the same direction as heretofore stated. This
result is attained irrespective of whether the work
and pattern are moved relative to the tool and
tracer or the tool and tracer are moved respec-
tively to the work-and the pattern.

It is to be noted that the tracer and the tool
in the construction shown in Fig. 1 move in a
line contacting with the pattern and the work
and In such case either the tool and the tracer
are moved transversely of the surface of the work
each. time a cut is made or the work and pat-
tern are moved transversely of the direction of
movement of the cutter and tracer so that the
entire surface of the work will be finished to cor-
respond to the surface of the pattern, that is, an
identical reproduction or a reverse of the pattern.

In the construction shown in Fig. 3, I have
shown a lathe the cutting tool T0 of which is
carried in a block connected with the rod 11 of
the cylinder 72 which has a piston therein con-
nected with the rod Tl as in the case of the
planer shown in Fig. 1 and this pump cylinder,
by means of the conduits 13 and 14, is connected
with the upper ends of the pump cylinder 78 con-

trolled by the tracer 16. The traces 716 and cyl-

inder 17 therefor are identical with that shown
in detail In Fig. 4 except that the pump cylin-
der 75 is not in axial alignment with thé tracer
cylinder. On the contrary, the ported piston
within the chamber 17, which is constructed like
the piston 58 shown in section in Figs. 4 and 8,
has the stem 18 corresponding to that at (5* in
Fig. 5 connected with a bracket 79 which is at-
tached to a projecting rod 80 of the piston with-
in the cylinder 15. Thus, movement of the
tracer and consequent control of the position of
the piston therein is communicated to the pis-
ton in the cylinder 15 and through the lines 13
and T4 .and crossover lines connected therewith

to the piston in the cylinder 72, these parts op-

erating practically identically with that of the
conduits and crossovers between the cylinders 8
and 12 of Fig. 1. In the arrangement shown in
Fig. 3, the tool is arranged to move in a direc-
tion reversely of the direction of movement of
the tracer 76 as will be understood from the po-
sition of the tracer relative to the pattern 81 and
of the tool relative to the work 82 which is re-
volved in any approved manner as will be readily
understood. In the case shown the work and
the pattern are supportpd by the usual hea,d and
tail stocks. :

In the form of the parts shown in Fig. 2, a

rotating tool $00 is utilized for routing or sur-
facing operation which is movable by means of
the tracer 104 having the cylinder and arrange-
ment of parts as shown in Figs. 4 and 5 by means
of which the tool is caused to move. In this par-
ticular view the control mechanism is mounted
upon an arm 102. In the structure of Fig. 2,
which may be used in horizontally boring mills
or vertical milling machines, the tool 100 is sup-
ported by a casting 103 which houses the cus-

.

Thus the movement of the

.
tomary rotating mechanism supported on & rall
104 In either horizontal, vertical or angular po-
sition and Pigs. 2 and 3 are here shown prin-

cipally to-illustrate and make clear the fact that
my improved tool control mechanism is adapted

-for use with various types of metal working tools

and other adaptations Will be readily apparent
to those familiar with the various types of ma-
chine tools in use, the specific construction of
which forms no principal part of the invention
herein- disclosed. -

In any of these cases of use, the chamber 98

. at the upper end of the casting 4&f, shown in
-Fig. 5, i1s open by means of a conduit 3§ with

the low pressure line 33 of the system. This
chamber 95 is at the head of the tube or sleeve
45 and thus a light pressure may be maintained
on the end of the tube which tends to hold the
tracer in contact with the pattern in any posi-

- tion occupied by the tracer unit, that is, either

horizontal,
thereto. ]

This represents only one means by which the
tracer may be held in contact with the pattern
but other means may be employed such for in-
stance as a counterbalance for the tracer and
tube whereby the pressure with which the tracer
contacts the pattern may be reduced to a mini-
mum without departing from the spirit of the

vertical or at an angle relative

invention. With any such arrangement a light -

contact of the tracer with the pattern is secured
and due to such an arrangement of the parts, the
position of the tracer and the tube may be varied

18

freely without varying the degree of pressure to .

which the tracer is submitted and yet, by the -

mechanism - described, the power by means of
which the tool is moved is sufficiently great to

rigidly hold the tool at any point of its move-

ment through operation of the tracer.

Also, as shown in Figs. 1 and 5, there is a con-
duit 371 controlled by a valve 3T* connected with

the low pressure conduit for the purpose of pre-
venting any accumulation of air in the top of
the cylinder head 38.

From the foregoing description it is believed
evident that the various features and objects of
the invention are attained .by the construction
and relationship of the parts described, that is,
that a control device is secured by means of
which a tool is made to traverse a path corre-
sponding to the path of movement of a tracer
element contacting a model or pattern, and that
the surface of the work is made to conform ex-

actly or proportionately to that of the model,

and that the tool in the performance of the cut-
ting operation is actuated by the machine with
which this control device is associated—that is,
the machine moves the tool to perform the cut
or moves the work relative to the tool for the
same purpose.

PFurther this invention seeks to provide a hy-
draulic mechanism for causing movement of an

. element such as a tool or other device to be moved

correspondingly to the movement of a tracer in
a line at an angle ot -the surface of a pattern
and is particularly useful in machine tools as

‘in the planer or lathe construction described in

which the tool is caused to move at an angle to
the surface of the work. In any instance of use
of my improved apparatus for controlling a tool
the machine and the tool are operated to cause
movement of the tool or the work as the case
may be in the usual manner while my apparatus
is adapted to cause variation in the position of

-the tool relative to the surface being formed.
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It is further evident that my improved tool
controlling mechanism is comparatively simple
in construction and eficient in operation and
adaptable for use with various metal cutting ma-
chines in which it may be provided as an attach-
ment or as a component part thereof.

I claim as my invention:

1. In a metal forming machine, a tool and a

support therefor actuated by the machine in caus-.

ing the tool to perform a cutting operation, means
by which the tool is caused to traverse a prede-
termined path to form the work corresponding
to' the form of a pattern comprising a tool ac-
tuating element, a fluid pressure actuated con-
trol means therefor comprising a tracer arranged

to traverse the pattern in positively fixed rela- .

tion with the tool as the tool is caused to trav-
erse the work, a support for the tracer in me-

chanically fixed relation with the support for.

the tool, and means whereby movement of the
tracer either toward or from the pattern and
in a direction at an angle to its direction of move-
ment in traversing the pattern applies fluid pres-
sure to the tool actuating element to move the
toal relative to its support in a direction either
toward or from the work to a like extent.

2. In a metal forming machine including a
tool actuated by the machine in performing a
cutting operation, means by which the tool is
caused to traverse a predetermined path to form
the work corresponding to the form of a pattern
comprising a tool actuating element supported
by the machine, a control means therefor, a
tracer .supported in mechanically fixed relation
with the tool and arranged to traverse the pat-
tern as the tool actuating element is moved to
cause the tool to traverse the work, a hydrauli-
cally actuated mechanism for operating the tool
actuating element, and means whereby move-
ment of the tracer in a direction either toward
or from the pattern and at an angle to its di-
rection of movement in traversing the pattern
actuates the hydraulic mechanism to positively

move the tool in a directlon either toward or

from the work to a like extent.

3. In a metal forming machine including a
tool and a work support, means for causing a
relative movement of the tool and the work in
the cutting operation, a holding means for the
tool, means for causing movement of the hold-
ing means to cause the tool to traverse a prede-
termined path in the cutting operation compris-
ing a model or pattern, a tracer element for trav-
ersing the pattern supported in fixed relation with

88. the tool as the tool traverses the work, means
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adapted to rigidly hold the tool under hydraulic
pressure in any of its possible positions actuated
through movement of the tracer element in a
direction either toward or from the pattern and
other than its relative direction of movement in
traversing the pattern to cause the said tool

holding means to correspondingly move the tool.

in a direction either toward or from the work.

_- 4. In a metal forming machine including a tool
support and a work support and mechanical
means for. causing a relative movement of the
tool and the work, means for causing a move-
ment of the tool relative to the work in a direc-
tion other than the direction of relative move-
ment of the tool in the cutting operation com-
prising a tool engaging element, a hydraulically
actuated element associated therewith, a model
or pattern having a form corresponding to that
which it is desired to reproduce in the work, a
tracer element for traversing the pattern in pos-

" in traversing the work,

sum

itively fixed relation with the tool as the tool
traverses the work, means associated with the
tracer element for applying hydraulic pressure to
said hydraulically actuated element, and means
for controlling application of the pressure where-
by the extent of movement of the tool in & di-
rection either toward or from the work by the
hydraulic controlled means corresponds to that
of the tracer element in a direction either to-
ward or from the pattern.

5. In a metal forming machine includlng a
metal forming tool and work supporting means,

mechanical means for causing a relative move-.

ment of the tool and the work in the cutting
operation, a fluld pressure control means by
which the tool is varied in position in a direc-
tion at an angle to the direction of movement
of the work or tool by the machine, means for
predetermining the distance through which the
tool is moved by the control means consisting of
a pattern and a tracer element for traversing
the pattern as the tool traverses the work, means
for applying hydraulic power to the tool control
means to cause movement of the tool, and means
assoclated with the tracer for controlling the
sald application of hydraulic power to the tool
control means s0 arranged that the extent of
movement of the tool in & direction either toward
or from the work and other than the direction
of relative movement of the work and the tool
corresponds to the movement of the tracer in a
direction either toward or from the pattern and
other than the direction of relative movement of
the tracer and pattern.

6. In a metal forming machine including a tool
and work support arranged to cause a traverse
of the work by the tool, hydraulically controlled
mechanism for moving the tool in a direction
other than the direction of movement of the tool
comprising a cylinder
and a piston therein, a rod rigidly' connected
with the piston and the tool whereby the posi-
tion of the piston in the cylinder determines the
position of the tool, a pattern, a tracer element
arranged to traverse the pattern as the tool trav-
erses the work, means movable to cause a flow
of fluid simultaneously to on. side of the said
piston and from the other side to cause move-
ment thereof, a power means for moving said
movable means, and means whereby movement
of the tracer element In a direction other than
the direction of movement thereof in traversing
the pattern applies the power to cause movement
of the piston and.consequently of the tool to
the exact or proportional extent corresponding
to the extent the tracer element is caused to move
in traversing the pattern.

7. In apparatus of the character described the
combination with a metal cutting tool and a
pattern the form of which is to be repi-duced in
the work being shaped by the tool and mecha-
nism for causing relative movement of the tool
and work in the cutting operation, of mecha-
nism for causing the tool to take a varled path
in the cutting movement comprising a mount-
ing in which the tool is movable toward or from
the work in a direction other than the direction
of movement of the tool in the cutting opera-
tion, a tracer element for contacting the pat-
tern, a fluld pressure controlled mechanism by
which the tool is rigidly supported at any point
in its mounting, means actuated by the tracer
element to cause application of pressure to the
fluld pressure controlled mechanism to move the
tool in a direction either toward or from the
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work including & valve structure permitting ap-
plication of pressure and consequent movement
of the tool either toward or from the work to
a distance exactly corresponding to the move-
ment of the tracer element in a direction either
toward or from the pattern caused by its traverse
of the pattern. :

8. In mechanism for controlling the path of
movement of & metal cutting tool in a metal
working machine having a means for causing &
relative movement of the tool and the work,
means for predetermining the path of movement
of the tool comprising a pattern or model, a tracer
element movable over the pattern as the tool
traverses the work, a hydraulically controlled ap-
peratus for rigidly supporting the tool at any
‘point relative to the surface of the work being
formed, means for producing a flow of fluid un-
der pressure, and means operable through move-
‘ment of the tracer element in a direction either
toward or from the pattern to apply the fluld
under pressure in a manner to actuate the hy-
draulic means of the tool to move the tool in &
direction either toward or from the work to &
like extent. .

9. In apparatus of the character described, a
cutting tool and a tracer, 8 support for work and
for a pattern to be traversed respectively by the
tool and the tracer, mechanism for causing the
tool and tracer to respectively traverse the work
and pattern in a positively fixed relationship, and
mechanism for moving the tool in a direction
transversely of the direction of movement of the
tool and tracer in traversing the work and pat-
tern, comprising a cylinder, a piston therein con-
nected with the tool, means for supplying fluid to
the cylinder to cause movement of the piston in
either direction to correspondingly move the

tool, a fluid pressure actuated means for operating -

said fluld supplying means to cause fiow of fluid to
and from the said cylinder, means controlled
through movement of the tracer in a plane trans-
versely of its direction of movement in traversing
the pattern to apply fluid under pressure to the
pressure actuated means in a manner to cause

movement of the tool in the same direction and -

to the same distance the tracer is moved, and
means for causing a flow of fluid to the cylinder
and piston to cause movement of the tool to the
same extent in a direction opposite the direction
of movement of the tracer. .

10. In apparatus of the character described in

which a metal cutting tool is caused to shape a~

piece of work to correspond to the form of a pat-
tern and in which the pattern and the work are
supported in fixed relationship, a cutting tool, &
mounting therefor in which the tool is movable in
a direction transversely of the direction of move-
ment of the tool.in the cutting operation, mech-
anism for causing movement of the tool in one
direction in the cutting operation, a tracer ele-
ment including a point traversing the pattern as
the tool traverses the work whereby the tracer
element is caused to move in a direction trans-
versely of the direction of movement of the pat-

tern or tracer element in traversing the same, -

means for causing the tool to move in its mount-
ing to exactly the same degree as the tracer moves
transversely of the pattern, comprising a hydrau-
lically controlled piston engaging the tool, a cyl-
inder for the piston, means by movement of which
fluid is caused to flow to one side of the piston
and from the other whereby the piston may be
moved in either of two directions to cause move-
ment of the tool, a piston for actuating the sald

means for causing transfer of fluld to the said
cylinder, a cylinder for said last named piston,
means connected with the tracer element for ad-
mitting fluid under pressure to either side of said
last named piston to cause movement thereof and
consequent movement of the tool, sald means lim-
iting the period of application of sald pressure to
move the piston only through the distance exactly
equal to the distance the tracer is moved in either
direction in a plane transversely of the direction
of the movement of the tracer in traversing the
pattern. )

11. In apparatus for controlling the path of
movement of a metal forming tool relative to the
work during the cutting movement, a supporting
means for the work, & pattern supported in fixed
relation thereto, a tracer element caused to trav-
erse the pattern as the tool traverses the work,
a hydraulically controlled element fixedly con-
nected with the tool, means for actuating said hy-
draulically controlled element, comprising a tube
to which the tracer element is attached, a piston
in the tube, a chambered member about the tube

-and ports providing communication between the

chambers thereof and the interior.of the tube, a
cylinder in which the tube is slidable, means for
supplying fluid under pressure to the chambered
member and a discharge line therefor, move-

"ment of the tube relative to the piston opening

the high pressure chamber to the tube on one side
or the other thereof and also opening the tube on
the respective opposite side of the piston to the

- discharge line, the arrangement being such that

movement of the tube in either direction through
movement of the tracer in a plane at an angle to
its direction of movement in traversing the work

causes movement of the piston in the same direc- -
tion until the high pressure port is closed, and

means connected with the piston for causing a
transfer of fluid to and from'the hydraulic tool
controlling means to produce movement of the
tool to the same extent in a plane at an angle
to the direction of movement of the tool in
traversing the work. .

12. In apparatus of the character described in
which the metal working tool is caused to move
in a plane at an angle to its direction of move-
ment in traversing the work, the combination
with the tool, of a cylinder, a piston therein rig-
idly connected with the tool, a second cylinder

‘and piston therein, conduits extending between

the two opposite ends of the cylinders whereby
the position of the second piston longitudinally
of its cylinder determines the position of the first
piston longitudinally of its cylinder, .a tracer ele-
ment arranged to traverse a pattern as the tool
traverses the work, a tube to which the tracer s
connected, a cylindrical supporting element in
which the tube is slidable, a piston in the tube
rigidly attached to the second named piston, o
conduit for high pressure fluid and a conduit for
low pressure fluld, means whereby movement of
the tracer element in a plane at an angle to the
direction of movement of the tracer. in traversing
the work causes discharge of fluid from the high
pressure conduit to one side or the other of the
piston in the tube and the discharge of fluid from
the respective opposite side of the piston to the
low pressure ¢onduit whereby the last named pis-
ton is caused to move through a distance equal
to the distance of movement of the tube and
tracer element. ‘ i

13. In apparatus of the character described
wherein a tool is made to vary in position relative
to the surface being operated on through contact
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cally operated means through which the tool is
rigidly held and moved to correspond to move-
ment of the tracer, means, providing fluld under
pressure and a valve mechanism for controlling

the pressure flow including a supporting element,

a tube to the end of which the tracer element is
attached, said tube intermediate its ends having
a chambered member positioned thereabout, the
tube having ports providing communication be-
tween the chambers and the interior of the tube,
& piston positioned therein normally closing the
ports, sald piston having spaced central ports
opening respectively through opposite ends of the
piston to the tube, said piston, tube and respec-
tive ports being so arranged that on movement
of the tracer element and tube in either direction
relative to the piston position causes transter of
fluid under pressure to one side of the piston and
& discharge of fluid from the other side thereby
causing movement of the piston until the uncov-
ered high pressure port is closed, and means con-
necting the said ported piston with the hydraulic
tool operating means whereby movement of the
ported piston is duplicated in movement of the
tool.

14. In apparatus of the character described in

which the tool is caused to move in a plane at

an angle to the direction of movement thereof in
traversing the work, a tracer element for trav-
ersing a pattern as the tool traverses the work,
and hydraulically actuated mechanism for posi-
tioning the tool to correspand with the position
of the tracer element comprising a tube to which
the tracer element is attached, a housing in which-
the tube is slidable, a chambered casing secured
to the exterior of the tube intermediate its ends,
sald casing having chambers at its opposite ends
and a central chamber, a centrally ported piston
connected with the tool controlling apparatus of
a Jength to just close both the ports for the outer
chambers and the centra] chamber having two
ports closed by the piston when in the position
of closing the outside ports, movement of the
tube in elther directlon uncovering the port of
the respective end chamber providing communi-
cation between the interior of the tube on the
respective side of the piston and the said end
chamber and opening the central chamber

through the piston to the opposite side thereof .

whereby pressure is applied to the sald opposite
side to move the piston In the same direction as
the tube is moved until the ports are again closed
whereby movement of the tracer element and tube
is duplicated in extent and direction of movement
by the piston, and means whereby movement of

the piston causes operation of said hydraulically

Aactuated mechanism to correspondingly position
the tool. - :

15. In apparatus of the character described,
means for causing movement of a metal working
tool in a plane at an angle to the direction of
movement in traversing a piece of work, compris-
ing a tracer element caused to traverse the pat-

tern as the tool traverses the work, a hydrauli-

cally controlled apparatus actuated through
movement of the tracer in a plane at an angle
to its direction of movement in traversing the
pattern, sald means comprising a tube attached
to the tracer element, a high and a low pressure

‘conduit, a piston in the tube, means whereby

movement of the tube relative to the piston ap-
plies high pressure to one side thereof and opens
the opposite side to the low pressure conduit
whereby movement of the piston is produced

, 21,544
.of a tracer element with a pattern, a hydrauli-

duplicate in extent to the movement of the tracer
element to thereby actuate the hydraulic appara-
tus and move the tool through the same distance
in a plane at an angle to the direction of move-
ment of the tool in traversing the work, a housing
in which the tube is movable, a stationary piston
closing the open end of the tube opposite the
tracer element, a chamber into which the space
between the housing and stationary piston for
the tube is open, said low pressure line of the Sys-
tem being open to the said chamber whereby a
slight pressure is applied to the tube to hold the
tracer in contact with the pattern,

16. In apparatus of the charsdcter described,
means for causing movement of an element in a
manner. corresponding to that of the movement
of a tracer relative to a pattern, consisting of a
hydraulic mechanism including a cylinder and
piston therein connected with the element, means
for causing a flow of fluid to and from the cylin-
der in either direction of the cylinder axis, com-
prising a second cylinder and piston therein, con-
duits between the said cylinders whereby the
movement of the piston in the second cylinder
through consequent flow of fluid moves the first
named piston, means for moving the said second
piston to a predetermined extent consisting of a
tracer element for traversing a pattern, a tube
connected with the tracer elément, a piston in
the said tube operatively connected with said sec-
ond piston, the tube having ports controlled by
the position of thé piston therein and high and
low pressure lines opening to the respective ports
in such manner that movement of the tracer
element in one direction or the other may apply
fluid under pressure to a correspcnding side of
the piston in the tube and open the opposite side
to the low pressure line whereby the piston of the
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second cylinder is moved by application of fluid -

under a high pressure to the piston in the tube,
the arrangement providing a means for limiting
application of power to the piston In the tube
during movement of the piston to the exact ex-
tent the tube and tracer moves, the cubical con-
tent of the first and second cylinders further
being in such relation that the first piston and
consequently the element controlled is moved a
distance determined by the relative capacities of
the two said cylinders.

17. In apparatus of the character described,
means for causing an element to move corre-
spondingly to the extent of movement of a tracer
in a plane at an angle to the surface of a pattern
traversed thereby, comprising hydraulically ac-
tuatable.means for moving the element, means
controlled by movement of the tracer in a direc-
tion at an angle to the pattern surface to apply
pressure to the hydraulically actuatable means
consisting of a tube having ports for high and low
pressure fluid, a piston movable therein con-
nected with the hydraulically actuatable means,
high and low pressure lines opening to the re-
spective tube ports, the said piston in the tube
preventing flow from or to the high and low
pressure lines when in neutral position relative
to the ported section of the tube, movement of the
tracer end of the .ube relative to the piston per-
mitting flow of fluid from the high to the low
pressure line to thereby cause movement of the
piston in the same direction as the tube is moved,
the extent of movement of the tube and conse-
quently the distance the ported section thereof
is moved relative to the piston determining the
distance through which the piston is moved by the
flow from the high t¢ the low pressure lines to
cause cessation of flow,
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18. In apparatus of the character described,

means for causing movement of & metal working

tool in a plane at an angle to the direction of its
movement in traversing a plece of work, com-
prising & tracer element caused to traverse the
pattern as the tool traverses the work, a hydrauli-
cally controlled apparatus actuated through
movement of the tracer in a plane at an angle
to its relative direction of movement in travers-
ing the pattern, comprising a tube attached to the
tracer element, a stationary head at opposite ends
of the tube and positioned therewithin, a high and
a low pressure conduit having respective ports
opening to the interfor of the tube between the
heads, & piston in the tube which in neutral posi-

" tion covers certain of the ports in a manner to
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prevent flow of fluid to or from the tube on either
side of the plston whereby movement of the tube
relative to the piston applies high pressure to one
side thereof and opens the respective opposite
side to the low pressure conduit and causing the
piston to move to the same extent as the tracer
tube is moved, packing rings provided for said
heads within the tube, and means whereby fluid

under pressure is prevented from accumulating.

between the tube and the respective stationary
heads. :

19. In apparatus of the character described,
means for causing movement of a metal work-
ing tool in a plane at an angle to the direction
of its movement in traversing a piece of work,
comprising a tracer element caused to traverse

the pattern as the tool traverses the work, a-

hydraulically controlled apparatus actuated
through movement of thc tracer in a plane at
an angle to its relative direction of movement in
traversing the pattern, comprising a tube at-
tached to the tracer element, a stationary head
at opposite ends of the tube and positioned there-
within, a high and a low pressure conduit having
respective ports opening to the interior of the
tube between the heads, a piston .
which in neutral position covers certain of the
ports in & manner to prevent flow of fluid to or
from the tube on either side of the piston where-
by movement of the tube relative to the piston
applies high pressure to one side therdof and
opens the respective opposite side to the low pres-
sure condult and causing the piston to move to
the same extent as the tracer tube is moved, said
heads having a peripheral channel in the outer
face thereof adjacent the respective inner ends,
and means connecting the said channels with the
low pressure conduit whereby an accumulation
of high pressure fluid between the heads and the
tube is prevented. )

20. In a metal forming machine including a
tool for performing a cutting operation, means
associated with the machine for moving the tool
in a predetermined path to perform the cutting
operation, a tracer element movable with the
tool and in a predetermined path relative to the
pattern, hydraulic means associated with the tool
and tracer whereby movement of the tracer in a
direction .either toward or from the pattern at
an angle to its predetermined path of move-
ment by the machine positions the tool relative
to the work during the cutting operation, a means
of supply of liquid under pressure to the said hy-
draulic means to rigidly hold the tool from move-
ment either toward or from the work under pres-

- sure of the cutting operation and causing move-

ment of the tool in a direction either toward
or from the work through movement of the
tracer in a direction éither toward or from the

in the tube:

pattern at an angle to its predetermined path of
movement.,

21. In & metal forming machine, a cutting tool,
power means for causing the: tool to perform a
cutting operation and means for varying the
position of the tool relative to the surface being
formed to correspond with the form of a pat-
tern, consisting of a cylinder, a piston therein
connected with the tool and through movement
of which the tool is positioned relative to the
surface being formed, means for supplying the
cylinder with fluld under equal pressure upon
opposite sides of the piston whereby the piston at
any of its possible positions is rigidly supported

- from movement in either direction, a tracer

element for traversing the pattern as the tool
traverses the work, and hydraulic control means
associated with the tracer whereby movement
of the tracer due to the conflguration of the
pattern varies the position of the said piston in
its cylinder and thereby varies the position of
the tool relative to the work.

" 22. In a metal forming machine including a
tool and a support therefor moved through a
cutting path by movement of its support, means
by which the tool is caused to vary its position
relative to the surface of the work in its move-
ment in traversing the cutting path and thereby
form the work corresponding to the form of a
pattern comprising a tool actuating element car-
ried in a path corresponding to the cutting path
of the tool and in positively fixed relationship
therewith during the cutting movement of the
tool, and a fluid pressure actuated control means
for salid tool actuating element to vary the posi-

_tion of the tool in a direction either toward or

from the surface of the work while traversing
the path through which it is moved in conjunc-
tion with the cutting tool including a tracer
riding in contact with the pattern as the tool
is caused to traverse the work.

23. In a metal forming machine, a cutting tool,
a support therefor relative to which the tool is
movable in a single plane and by movement of
which support the tool 18 moved in a cutting path,
means for causing movement of the tool rela-
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tive to its support and thus to vary its position -

relative to the surface of the work being formed,
comprising a tracer element, a support for the
tracer element movable in a positively fixed re-
lation with the tool support in its movement
causing the tool to traverse a cutting path, and
a hydraulic means between the tracer and the
tool so arranged that variation of the tracer
relative to its support caused by its traverse of

‘the pattern varlably positions the tool by hydrau-

lic pressure relative to its support in a direction
toward or from the work in its traverse of the
work. )

24 In a metal forming machine including a
tool and a support therefor in which the support
is moved to cause the tool to traverse a cutting
path relative to the work, means by which the
tool is caused to vary its position in its traverse
of the cutting path comprising a tracer element,

50
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a pattern having a surface shape corresponding -

to the shape to be formed on the work, a support
for the tracer movable in fixed relation with

_ the tool support. in its traverse of the cutting

path, a hydraulically controlled means holding
the tool In a fixed position relative to the sur-
face of the work, and hydraulic means in'con-
junction with the tracer element actuated by
movement of the tracer toward or from the
pattern in a direction other than its direction
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of inovement In fixed reiation with the tool to
control the said hydraulic. holding means for

the tool to likewise move the tool toward or

from the work in'a direction other than its
direction of movement in the traverse of its cut-
ting path whereby variation in position of the
tracer in its traverse of the pattern causes the
tool to assume a like position under hydraulic
pressure in its traverse of the work. i

25. In apparatus for controlling the path of
movement of & cutting tool in which the tool

is fixed in its traverse of the work in one plane’

and may be varied in its position in a plane at
an angle to its fixed path, a control device for

varying the position of the tool during movement:

through the fixed path comprising a pattern,
the form of which is to be reproduced in the
work, a pattern engaging element having a con-
stant point contact with the pattern and being
fixed in its movement in the same plane as the
tool is fixed in ifs movement, and means con-
trolled by movement of the pattern engaging ele-
ment in a direction toward or from the pattern
caused by traverse of the pattern in the fixed
plane of movement with the tool to thereby actu-
ate the tool engaging element to cause variation
of the position of the tool in a direction toward
or from the work in a plane at an angle to its
fixed plane of movement to thereby shape the
work to correspond exactly to the pattern.

26. In a metal f-.ming machine including a
tool and a support therefor, a support for the
work to be operated upon, and means for effect-
ing the relative mov.ment of the supports and
thus of the work and tool in a cutting path,
means by which t'e tool is caused to vary its
position In the relative traverse of tool and work
in said cutting path and thereby form the work
corresponding to the form of a pattern, said
means comprising a pattern assoclated with the
wvork, and a tool actuating element assoclated
with the tool whereby the tool actuating element
and pattern are relatively moved in a path cor-
responding to the said cutting path of the tool
and in positively fixed relation therewith during
the cutting operation of the tool, and a fluld
pressure actuated control means for said tool
ectuating element to vary its position during
traverse of its said path in a direction toward

or from the work including a tracer riding in

contact with the pattern and movable thereby

in a direction toward or from the same depend- .

ing upon the surface configuration of the pattern
during relative movement of the tool and work in
the cutting path. ) -
27. In a metal forming machine, a work sup-
port, a cutting tool, a support therefor relative
o which the tool is movable in a single plane
either toward or from the work, means for ef-
fecting movement of one of said supports by
movement of which support the tool and work
are moved one with respect to the other in a
cutting path, means for causing movement of
the toal relative to its support and thus to vary
its position in said single plane of movement
relative to the surface of the work being formed,
comprising & tracer element, a support for the
tracer element movable in a fixed relation with

- the tool support in its movement causing the
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toal to traverse a cutting path, a pattern trav-

' ersed by the tracer element through movement
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its support, and a hydraulic means between
tracer and the tool so arranged that varia-
of the tracer relative to its support caused
its traverse of the pattern locates the tool

qEE
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by hydraulic pressure in any of its possible poai-
tions relative to its support in the relative move-
ment of the tool and work in the first mentioned
cutting path,

28. In a metal forming machine including a
work support, a tool, and a support therefor, in
which one of the supports is moved to cause rela-
tive traverse of the work and tool in a cutting
path, means by which the tool is caused to vary
its position in a direction either toward or. from
the work in traverse of. said cutting path, com-

prising a tracer element, a pattern having a sur-
~ face shape corresponding to

the shape to be
formed on the work, a support for the tracer in
fixed relation with the tool support and movable
therewith, the traced being movable relative to
its support in a direction either. toward or from
the pattern in its traverse thereof, a hydraulically
controlled means holding the tool in a fixed posi-
tion relative to the surface of the work, and
hydraulic means in conjunction with the tracer
element actuated by movement of the tracer
with respect to its support to control the said
hydraulic holding means for the tool to likewise
move the tool in a direction transversely of the
first mentioned cutting path whereby variation
of the position of the tracer in a ‘Plane trans-
versely of its path in the relative traverse of pat-
tern and tracer causes the tool to assume a like
position in respect to the work under hydraulic
pressure in the relative traverse of tool and work.

29. In an apparatus for controlling the path
of resultant movement of & cutting tool and work
in which there is 8 fixed path of relative move-
ment of the tool and work in one plane and the
position of the tool may be varied In a plane at
an angle to the plane of movement in sald fixed
path In a direction toward or from the work, a
control device for varying the position of the
tool In said second plane of movement during
relative movement in the plane of sald fixed path
comprising a pattern, the form of which is to be
reproduced In the work, a controlling device posi-

tively fixed in its movement in the same plane-

as the tool is fixed in its movement, including a
pattern engaging element movable in its plane
at an angle to the fixed plane of movement of
the controlling device, and means controlled by

movement of the pattern engaging element in

said last named plane caused by relative traverse
of the element and pattern in the fixed plane of
relative movement of the tool and work to there-
by actuate the tool engaging element to cause
variation of the position of the tool in its plane
of movement at an angle to said fixed plane of
movement to thereby shape the work to corre-
spond exactly to the pattern. :

30. In a metal forming machine including a
tool and work support arranged to cause a rela-
tive traverse of the work and the tool hydrauli-
cally controlled mechanism for moving the tool

in a direction other than the direction of rela-

tive traversing movement of the tool and the
work, comprising a cylinder and a piston therein,
& rod rigidly connected with the piston and the
tool whereby the position of. the piston in the
cylinder determines the position of the tool, a
pattern, a tracer element arranged to traverse
the pattern as the too] traverses the work, means
movable to cause a flow of fluid simultaneously
to one side of the said piston and from the other
side to cause movement thereof, a power means
for moving said movable means, and means
whereby movement of the tracer element in a
direction other than the direction of movement
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thereof in traversing the pattern applies the
power to cause movement of the piston and con-
sequently of the tool to the exact or proportional
extent corresponding to the extent the tracer
element is ca.used to move in traversing the
pattern.

81. In apparatus of the character described,
the combination with a metal cutting tool and
& -pattern the form of which is to be reproduced
in the work being shaped by the tool and mecha-
nism for causing relative movement of the tool
and work in the cutting operation, of mechanism

for causing the tool to take a varied path in the.

cutting movement comprising a mountlng rela-
tive to which the tool is movable ln a direc-
tion other than the first mentioned direction
of relative movement of the tool and work
ih the cutting operation, a tracer element for
contacting the pattern, a fluid pressure con-
trolied mechanism by which the tool is rigidly
supported at any point in its mounting, means
actuated by the tracer element to cause appli-
cation of pressure to the fluid pressure controlled
mechanism to move the tool relatlve to its
mounting in a direction either toward or from
the work including a valve structure permitting
application of pressure and consequent move-
ment of the tool to a distance exactly corre-
sponding to movement of the tracer element.

32. In mechanism for controlling the path of
movement of & metal cutting tool in a metal
working machine having a means for causing a
relative ‘movement of the tool and the work,
means for predetermining the path of movement
of the tool, comprising a pattern or model, a
tracer element, the tracer element and pattern
being movable one relative to the other as the
tool and the work are relatively moved, a hy-
draulically controlled apparatus for positioning
the tool relative to the surface of the work being
formed, means for producing a flow of fluld under
pressure, and means operable through movement
of the tracer element in a direction either toward
or from the pattern to apply the fluid under pres-
sure in a manner to actuate the hydraulic means
of the tool to move the tool to a like extent in a
direction either toward or from the work.

33. In a machine for producing on a work piece
a contour or proflle corresponding to that of a

pattern or master, the combination with a tracer.

and a master, of means mounting said parts for
relative movement in angularly related directions
whereby any component directional movement
may be effected, a cutter mounted in positively
fixed relation to one of said two first mentioned
parts, and a work support ‘correspondingly
mounted in respect to the other of said parts
whereby said cutter and work support are adapted
to be operatively shifted one toward or from the
other for production of a surface on a work piece
held by the support corresponding to the master,
hydraulic actuating means for effecting relative
movement of the work and cutter in either ‘of said
last named directions, a control valve mechanism
for regulating the operative effect of 'sald hy-
draulic actuating means, the tracer having a por-
tion automatically maintained 1n engagement
with the master to determine the action of the
control valve mechanism and thus the hydrauli-

- cally effected relative movement of the work and

cutter.

34. In a metal forming machine lncludlng 8
tool actuated by the machine in performing a cut-
ting operation on a piece of work, means for
causing the tool to traverse the work in a cutting

11

path, and means for varying the position of the -

tool in a direction either toward or from the work
during its traverse of said path comprising, a tool

actuating element, a control means therefor in-

cluding a tracer supported in positively fixed re-
lation with the tool and thereby caused to traverse
the pattern as the tool is caused to traverse the.
work, the sald tracer being capable of movement
in a direction toward or from the pattern at an
angle to its said path of traverse of the pattern,

10

a hydraulically actuated mechanism for operating -

the tool actuating element, and means whereby
movement of thé tracer in a direction toward or
from the pattern at an angle to' its path: ‘of trav-
erse of the pattern actuates the hydraulic, mech-
anism to move the tool to a like extent\ in a
direction toward or from the work at an angle to
its path of movement in traverse of the work.

35. In a metal forming machine, a tool and a
tracer mounted in fixed relation, a work support
carrying a plece of work to be traversed by the
tool and a pattern to be traversed by the tracer,
means for causing movement of the tool and
tracer relative respectively to the work and pat-
tern in straight lines, both the said tool and said
tracer being movable relative to the respective
supporting means therefor in a direction either
toward or from the respective work or pattern
at an angle to the relative direction of movement
in the said straight line traverse of the work and
pattern, and hydraulic mechanism actuated by
movement of the tracer in a direction either
toward or from the pattern at an angle to its
straight line movement to correspondingly move
the tool in a direction either toward or from
the work at an angle to its straight line movement
whereby the surface of the work cut by the tool
in the said straight line corresponds to the sur-
face form of the pattern across which the said

‘tracer is moved in a straight line.

36. In a metfal forming machine, a tool, a
support therefor relative to which the tool is
movable, a hydraulic cylinder and a piston there-
in connected with the tool, a tracer carried by
the tool support in fixed relation with the tool,
and relative to which the tracer is movable, a
second' hydraulic cylinder and a piston therein

. associated with the tracer, means between the

tracer and the last named piston whereby move-
ment of the tracer relative to its support causes
movement of the said last named piston to the
same extent, a work and pattern support on
which the work and the pattern are positioned
for engagement respectively with the tool and
tracer, and means for causing a relative move-
ment of the pattern and work support and *he
tool and tracer support, said cylinder associi.ted
with the tool being in a closed hydraulic circuit
with the cylinder associated with the tracer, the
said hydraulic circuit being completely filled with
liquid whereby movement of the piston asso-
clated with the tracer by movement of the tracer
relative to its said support causes movement of
the piston associated with the tool to theéreby
move the tool to like extent relative to its sald
support, said closed hydraulic circuit supporting
the pistons associated respectively with the tracer
and tool under equal pressure upon opposite sides
whereby the tool is rigidly supported in any of
its possible positions relative to the work, the
arrangement being such that the traverse of the
pattern by the tracer, due to the conflguration

ersed thereby, causes movement of the tracer rel-
ative to its support in a ‘direction other than its
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direction of traverse of the pattern and thereby
causes the tool to llkewise move relative to its

. support in a direction other than its direction

of traverse of the work and thus to form the work
in the said path of traverse of the tool to corre-
spond to the form of the tool to correspond to the
form of the pattern in the path traversed by the
tracer. :

37. In a metal forming machine, a tool, a
tracer, & support for a plece of work and a pat-
tern, means for causing a relative traverse of the
tool and work and of the tracer and pattern in a
straight path in a single plane across the respec-
tive surfaces thereof, the tool and the tracer being
supported for movement at an angle to the sur-
face of the work and of the pattern to be respec-
tively traversed thereby, and a hydraulic mech-
anism between the tool and the tracer actuated
through movement of the tracer in a direction
at an angle to its path of traverse of the pattern to
cause movement of the tool in the same direction
and to the same extent relative to its path of
traverse of the work. .

38. In a metal forming machine, a tool, a
tracer, a support for a piece of work and a pat-
tern, means for causing a relative traverse of
the tool and work and of the tracer and pattern
in a straight path simultaneously across the re-
spective surfaces thereof, the tool and the tracer
being supported for movement at an angle to the
surface of the work and of the pattern to be re-
spectively traversed thereby, and a hydraulic
mechanism between the tool and the tracer actu-
ated through movement of the tracer in a direc-
tion at an angle to its path of traverse of the
pattern to cause movement of the tool in the
opposite direction and to the same extent relative
to its path of traverse of the work.

39. In a metal forming machine, a tool and a
tracer supported in fixed relation, a support on
which a piece of work and a pattern are mounted
in fixed relation, means for causing a relative
traverse of the work by the tool and of the pat-
tern by the tracer in a straight path across the
respective surfaces thereof, the tool and the
tracer being supported for movement at substan-
tially a right angle to the surface of the work
and of the pattern to be respectively traversed
thereby, and a hydraulic mechanism between
the tool and the tracer actuated through move-
ment of the tracer at a right angle to its path
of traverse of the pattern to cause movement of

the tool at a right angle to its path of traverse.

of the work to a like extent.

40. In a metal forming machine, a tool, a
tracer, a support for a piece of work and a pat-
tern, said machine including a means for causing
a relative traverse of the tool and work and of
the tracer and the pattern simultaneously in suc-
cessive parallel straight lines whereby through
successive operations of the machine the surface
of the work and of the pattern has been traversed
throughout the surface respectively presented to
the tool and tracer, the said tool and tracer being
supported for movement at an angle to the sur-

face of the work and of the pattern to be respec- -

tively traversed thereby, and a hydraulic mecha-
nism between the tool and tracer actuated
through movement of the tracer in a direction at
an angle to its successive paths of traverse of the
pattern to thereby cause movement of the tool
to a like extent in its successive paths of traverse
of the work.

41. In a metal forming machine including a
tool and a support therefor movable by the ma-
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chine to cause the tool to traverse a plece of
work in successive parallel paths in a single plane,
means by which the tool is caused to form the

surface of the work corresponding to the form of

the surface of the pattern comprising a tool actu-
ating element, s fluid pressure actuated control
means therefor, a tracer arranged to traverse the
surface of the pattern in successive parallel paths
and in the same plane as the tool is caused to
traverse the work, and means whereby movement
of the tracer in a direction at an angle to the sur-
face of the pattern traversed actuates said fluid
pressure control means to cause movement of

10

the tool at an angle to the surface of the work - '

traversed thereby to a like extent whereby the
surface of the work is shaped to correspond to
the surface of the pattern. .

42, In a metal forming machine including a
tool and a support therefor movable by the ma-
chine to cause the tool to traverse a plece of work
in successive parallel paths in a single plane,
means by which the tool is caused to form the
surface of the work corresponding to the form of
the surface of a pattern, a tracer movable by the
machine in mechanically fixed relation with the
tool to traverse the surface of the pattern in suc-
cessive parallel paths in the same plane as the
too! Is caused to traverse the work, and a hy-
draulically controlled means actuated by the
tracer through movement thereof at an angle to

‘the said single plane of movement to cause move-

ment of the tool at the same angle to said single
plane of movement and to a like extent whereby
the surface of the work is shaped to correspond
to the surface of the pattern. ’

43. In a metal forming machine, in combina-
tion, a work support for a plece of work, a pat-
tern adapted to be mounted on said support in
fixed relation to said work, a tool support, a cut-
ting tool and a tracer mounted on said tool sup-
port respectively in. position to engage the work
and sald pattern, means for moving said supports
relatively to each other in one direction to joint-
ly index said tool and said tracer step-by-step
respectively across the work and said pattern,
means for causing relative reciprocation between
said supports respectively after successive index-
ing movements in a direction perpendicular to
sald one direction, whereby to define a series of
parallel straight-line cutting paths in a common
plane between said tool and the work, said tool
being mounted on said tool support for adjust-
ment in a direction perpendicular to sald plane,
and a hydraulic transmission mechanism con-
trolled by said tracer and operable automatically

to effect sald adjustment of said tool into and.

out of the work in the course of said relative re-
ciprocation to modify each cutting path as de-
termined by the simultaneous movement of said
tracer relatively along a corresponding element
of said pattern, said hydraulic transmission
mechanism including a source of fluid under
pressure, a hydraulic motor for effecting adjust-
ment of said tool, and a valve operable reversibly
out of intermediate neutral position in which sald
source is disconnected from said motor to con-
nect sald source reversibly to said motor, and in-
cluding two . coacting valve elements of which
one element is movable by said tracer and the
other element is movable synchronously with said
tool in a follow-up direction tending to establish
sald valve in neutral position. -

44, In a metal forming machine, in combina-
tion, a work support for a piece of work, a pat-
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tern adapted to be mounted on sald support in 78
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fixed relation to said work, a tool support, & cut-

. ting tool and a tracer mounted on said tool sup-

10

port respectively in position to engage the work
and said pattern, means for moving said supports
relatively to each other in one direction to joint-
ly index said tool and sald tracer step-by-step
respectively across the work and said pattern,
means for causing relative reciprocation between
said supports respectively after successive index-
ing movements in a direction perpendicular to

-, sald one direction, whereby to define a series of
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parallel straight-line cutting paths in a common
plane between said tool and the work, said tool
being mounted on sald tool support for adjust-
ment in a direction perpendicular to said plane,
and a hydraulic transmission mechanism con-=

trolled by said tracer and operable automatically .

to effect said adjustment of said tool into and
out of the work in the course of said relative re-

ciprocation to modify each cutting path as de--

termined by the simultaneous movement of said
tracer relatively along a corresponding element
of said pattern.

45. In a metal forming machine, in combina-
tion, a work support for a piece of work, a pattern
adapted to be mounted on said support, a tool
support, a rotary cutting tool and a tracer
mounted on said tool support in laterally fixed

relation for coacting engagement respectively -

with the work and said pattern, said tool extend-
ing axlally toward the work and having an end
cutting face, means operable independently of
said tracer for effecting relative rectilinear move-
ment at a uniform rate between said supports
to traverse sald tool across the work in a prede-
termined component cutting stroke and simul-
taneously to traverse said tracer across sald pat-
tern, and hydraulic transmission means for caus-
ing a component movement of said tool axially in
a direction perpendicular to sald rectilinear
movement into and out of the work, sald trans-

" mission means being automatically operable
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under the control of said tracer in the course of
sald rectilinear movement to modify the resultant
cutting path of said tool in accordance with the
form of said pattern.

46. In a metal forming machine, in combina-
tion, a work support for a piece of work, a pat-
tern adapted to be mounted on said support, a
tool support, a cutting tool and a tracer mounted
on sald tool support in laterally fixed relation
for coacting engagement respectively with the
work and said pattern, said tool extending gen-
erally longitudinally toward the work, means
operable independently of sald tracer for effect-
Ing relative rectilinear movemeént between said
supports to traverse said tool across the work in
a component cutting stroke and stimultaneously
to traverse said tracer across said pattern, and

hydraulic transmission means for causing a com-

ponent movement of said tool generally length-
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wise in a direction perpendicular to said recipro-
cation into and out of the work, said transmission
means belng automatically operable in the course

of said rectilinear movement and under the con- '

trol of said tracer to obtain a resultant cutting
path of said tool modified in accordance with the
form- of said pattern.

47. In a metal forming machine, in combina-
tion, a rotary work support for a plece of work,
a pattern adapted to be mounted on said support
for rotation with said work, a tool support, a cut-
ting tool and a tracer mounted on said tool sup-

port in laterally fixed relation for coacting en-’ ‘

gagement respectively with the work and said
pattern, said work being rotatable and being mov-
able axially relatively to said tool in a predeter-
mined cutting path while said pattern is similarly
movable in relation to said tracer, and hydraulic
transmission means for causing toward and from
movement of said tool axially of said work, said
means being automatically-operable under the

control of said tracer to modify said cutting path

of said tool in accordance with the form of said
pattern.

48. In a metal forming machine, in combina-
tion, a work support mounted for horizontal re-
ciprocation in a predetermined rectilinear direc-

. tion, and on which a work piece is adapted to be

positioned, a pattern adapted to be mounted on
said support in flxed relation to the work piece,
means for reciprocating said support, a slide

mounted for horizontal translation in a direction

perpendicular to said first mentioned direction,
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means for automatically translating said slide in

a step-by-step indexing movement in timed re-
la:7 . lo the reversals of sald work support, a
tracer mounted on said slide for vertical move-
ment in a direction perpendicular to the plane of
sald two first mentioned directions, a tool support
mounted on sald slide for movement in the same
direction as said tracer, a cutting tool mounted
on said tool support for movement therewith,
said tracer and said tool. being positioned respec-
tively to traverse said pattem and the work piece
in the relative reciprocations of said work sup-
port, and a hydraulic control means operatively
connecting said tracer and said tool support and
effective to adjust said tool vertically into and out

of the work piece In the course of each straight’

line traverse of sald work support to modify the
cutting path in accordance with the shape of the
corresponding element of said pattern followed
by said tracer, whereby, In the course of repeated
reciprocations of said work support respectively
after successive indexing movements of said slide,
sald tool is caused to take a series of laterally-
spaced cuts across the work modified in vertical
configuration from coplanar parallel straight-
line paths in accordance with correspondingly-
spaced tracer-contacted elements of said pattern.
CLEMENT C. RICHARD.
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