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1

The present invention relates to copying ma-
chines such as grinders, millers, and the like
wherein a feeler is caused to travel along the
suriace of a pattern fashioned to the desired fin-
ished contocur of a blank and the feeler motion
is transiated into corresponding motion of a tool
used to work the surface of the blank to agree
with that of the pattern. This techniqgue is par~
ticularly useful in finishing curved surfaces such
as propeller and turbine blades.

Various types of transmissions are already
known for making the tool follow or track the
feeler movement such as mechanical, pneumatic
and hydraulic. The mechanical type is not too
pracéical since & complicated system of rods is
required, the error in transmission is appreciable
and the cost is high. In pneumatic sysiems the
transmission error is likewise appreciable due to
the high elaesticity of the gas medium employed
thus isading to copying distortion. A hydraulic
transmission system has less error but in previ-
ously known copying machines, particularly those
used in working the complexly curved surfaces of
biades for turbo-machines such as steam or gas
turbines and axial flow type air compressors,
conical or greatly convex tools had to be used.
These tocls permit only a limited output because
the limited length of the contact line with the
metal blank being worked due to their complex
shape uecessitates small latera]l advances, par-
ticularly in the finishing work. Moreover because
of the shape of the metal blank the thickness of
the tocl spindle must be decreased to a minimum
which either limits the number of different
shapes capable of being processed or results in
substantial copying error caused by fiexing of the
spindle,

This inventicn also concerns a copying ma-
chine wherein motion of the feeler is converted
into corresponding motion of the tool by hy-
draulic follow-up mechanism but which suffers
from none of the disadvantages inherent in the
prior art machines. In particular the improved
operating characteristics result from applicant’s
improved wobbler type of mount for the pattern
and metal blank which permits these two ele~
ments to execute identical wobbler movements
about the junction point of mutually perpendicu~

- lar infersecting axes, use of geometrically identi-
cal feeler and tools constituted either by cylinders
uniform in diameter throughout their length or
slightly convex with the largest diameter at the
middle such as in g barrel, and wherein the pat-
tern is attracted magnetically to the surface of
the magnetic feeler. The wobbler type of mount
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permits simultaneous identical wobble motiong of
the pattern and metal blank about two mutually
perpendicular axes, and the magnetic attraction
between pattern and feeler causes the latter to
cling to the former as it is caused to advance cir-
cumferentially of the pattern.

The slightly convex to cylindrical characteris-
tic of the magnetic feeler provides a well
distributed, constantly effective magnetic attrac-
tive force between the feeler and pattern. If the
advance of the patiern and metal blank in the
direction of the feeler and tool axes, respectively
are set in the proper ratio to the profile circum-
ferential advance of the feeler and tool, then a
completely smocth worked surface (milled or
ground for example) can be achieved. The
matched wobble movements of the pattern and
metal blank not only enable the feeler and tool to
maintain constant long line contacts with the
pattern and metal blank, respectively, as distin-
guished from a spotwise contact between such
elements but also enable use of strong shafts for
the comparatively large diametered feelers and
tools which continuously force lateral deviations
upon the pattern and metal blank. )

In the accompanying drawings which illustrate
a preferred embodiment of the invention as ap-
plied to a copying type grinding machine; Fig. 1
is & front view of the improved machine partly in
elevation and partiy in section on line f—I of
PFig. 2; Fig. 2 is a vertiecal section taken on line
2—2 of Fig. 1; Fig. 3 is vertical section taken on
line 3—3 of Fig. 1; Fig. 4 is a view in plan on
lines §—4 of Figs. 1 and 2 showing the pilot valve
agsemblies incorporated in the machine; and Fig.
5 is a diagrammatic view illustrating the cooper-
ative relationship between the magnetic feeler
and pattern. )

With reference now to the drawings, the gen-
eral frame of the machine is designated by nu-
meral {. Mounted upon the frame by spaced ball
type rollers 2 is 2 slide 3, having a direction of
motion indicated by the double arrow 4 in Fig, 2.
Mounted upon slide 2 by spaced ball type rollers §
is a second slide 6 having a direction of motion
indicated by the double arrow T in Fig. 1. Mo-
tions of the two siides 8§ and 6 are thus rectilinear
and mutually perpendicular.

Slide 6 includes at one side thereof a vertical
bore 8 atop which is a motor 9 that drives,
through a flexible connection {8, a vertically dis-
posed spindle {i. The flexible connection I8 is
incorporated to enable spindle if to be moved
out of the normally vertical spindle axis. The
lower end of spindle {1 terminates in a cylinder
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like feeler {2. In the drawing, feeler {2 is of

uniform diameter throughout its length and

therefore truly eylindrical. . However if desired
the spindle surface can be given a slightly con-
vex curvature intermediate its ends in a longi-
tudinal direction much in the way a barrel is
constructed.

At the lower part of the bore 8§ in slide & are
arranged two pairs of mutually perpendicular
ports {8—13’ and 14—1{4’ which in cooperation
with an enlarged cylindrical portion {5 on spindie
i1 function as a hydraulic. control for a pilot
valve assembly 1§ buiit into the body of slide 6.
Valve assembly {5 includeg a horizontally dis-
posed cylinder {7, piston {8 and a system of ports
so arranged that displacement of spindle if in
one direction or the other in the plane of the
drawing Fig. 1 causes the pilot piston {8 to move
in the same direction.

Disposed above the pilot valve assembly 18 is
-a-power-motor {8 of the double action hydraulic

-expansible chamber type. Motor 19 includes a
cylinder 28 with hydraulic conduits 2i, 2¢’ lead-
ing from opposite ends thereof into the pilot valve
assembly t5 and a stationary piston 22 extend-
ing outwardly of -the body of slide § to a fixed

~anchor point 3b at the upper end of a vertically
sarranged arm 3¢ on-slide 3. Hydraulic fiuid is
supplied -at constant pressure from a pump, nct
illustrated, to-the pilot valve assemply {8 through
inlet: eonduit 23. The fluid is directed through

. ~throttling orifices 24, 24’ into hores 28, 235 to
- opposite ends of pilot cylinder {7 and also through
bores 27, 28 to ports 13, 13’ at spindle {{. Return
conduits 29, 30 lead from the pilot valve cylinder
17 to the low pressure sump of the hydraulic sys-
‘tem which has beenn omitted for the sake of sim-

- plicity. Thus when spindle {{ moves to the right
for example, o pressure differential in the pilot
valve {§.is established causing more of the hy-
-draulic fluid to enter the left end of cylinder {7

~.moving piston {8 to the right sufficiently to un-

- cover and expose bore 2{’ to the high pressure
“fluid in - pilot valve 16 and simultaneously open
conduit 2i to the low pressure return line 28.

¢ ~Hydraulic fluid flows into that portion of the mo-

“tor: cylinder 20 tc the right side of piston 22
causing the slide 6 to also move to the right in
a horizontal plane. - A similar sequence of events

- effecting displacement of slide § to the left will

take place should spindle i{ move to the left
from vertical as viewed in Fig. 1. Thus any dis-

- placement of spindle {1 in the plane of the draw-
ing, Fig. 1 from. vertical results in a like and si-
multaneous horizontal rectilinear displacement
of slide 6 on slide 3.

-Also mounted within slide § for rotation in a
vertical plane is a quill, i. e. a slesve or bush-
ing wherein the tool spindle is lodged in such
manner, for-example by means of ball bearings,
that it can rotate freely, terminating at its iower

“end in a tool 33, which as previously explained
is & grinder in the illustrated embodiment, of the

‘.same size and shape as the feeler (2. A drive
pulley 34 is disposed at the upper end of spindle
32’ and the illustrated drive means for spindle
32’ is a belt 35 running over pulley 24. This
type of drive is illustrative only and it will be
obvious that other types of drives such as an
electric: motor can be substituted for the par-
ticular type illustrated. So also with the drive
for spindle Ii. Spindles {{ and 32’ are parallel

--and the feeler {2 and tool 33 are located at like
elevations.

.. With reference now to Fig..2, provision is made

G

4

for displacing slide 3 horizontally on frame [ in
the direction of double arrow 4 in response to
lateral displacements of feeler {2 left and right
from the vertical position in the plane of the
drawing ®ig. 2. This plane is of course normal
to the plane of the drawing ¥ig., 1. For this pur-
pose a second pilot valve assembly 37 also built
into the body of slide § is provided and includes

- a horizontally disposed cylinder 38§, piston 89 and
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a system of ports so arranged that displacement
of spindle I{ in one direction or the other in
the plane of the drawing Fig. 2 causes pilot piston
338 to move in the same direction.
Disposed below slide § in the body of slide 3 is
a power motor 48 of the double action hydraulic
expansible chamber type including a cylinder 41
with hydraulic conduits 42, 42’ leading from op-
posite ends thereof into the pilot valve assembly
317, and a stationary piston 43 extending outward-
1y of the body of slide 3 to a fixed anchor point fic
on an upstanding arm b of frame . Hydraulic
fiuid is supplied at constant prsssure from. the
pump, not illustrated, to pilot valve assembly 37
through inlet conduit 44. The fluid is directed
through throttling orifices 49, 45’ into bores 48,
47 to opposite ends of pilot cylinder 38 and also
hreugh bores 48, 48 to-ports {4, {4’ at spindle
t{, which as previously explained are mutually
perpendicular to ports 13, 13’. Return conduits
50, B! lead from pilot valve cylinder 38 to the
low pressure sump of the hydraulic system. Thus
when spindle { { moves to the right with reference
to Fig. 2 for example, a pressure differential is
established in the pilot valve assembly 27 caus-
ing hydraulic fluid to enter the left end of eylinder
38 moving piston 33 to the right sufficiently to
uncover and expose conduit 42’ to the high pres-
sure fluid in-pilot valve assembly 37 and simul-
taneously connect conduit 42 with the low pres-
sure fluid return conduit 58. Hydraulic fluid
fows into that portion of motor cylinder 4{ to the
right side of piston 43 causing slide 3 to also
move rectilinearly to the right in a horizontal
plane. A similar sequence of evenis effecting
displacement of slide-3 to the left will take place
should spindle {{ move to the left from vertical
as viewed in Fig. 2. Thus any displacement of
spindie {i-from vertical in the plane of drawing
ig. 2 results in a like and simultaneous hori-
zontal displacement of slide 3 on frame .
It will now be seen that -any displacement of
spindle {{ in any direction from vertical is re-

- solved into two mmutually perpendicular rectilinear
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vectors in & horizontal plane which through the
two ~ hydraulic systems- described controlling
movement oi. slides 3 and & are emploved to
effect a corresponding displacement of the tool
33.  Tool 33 therefore faithfully tracks all dig-
placements of fecier {2 as the latter roiis arcund

.the periphery of the pattern 6§.

Frame ! includes rails 55 at each side there-
of guiding a platform 56 for controlled movement
in a vertical plane, the power for lifting the plat~
form being provided by a hydraulic motor 57
of the expansible-chamber type including a cylin-
der 58 and piston 59, the piston rod 68 being se-
cured to the underside of platform 56.

Upstanding at- each side of platforma 5% are
arms 64, 81’ in which are formed journals §2,
82’ for mounting the spindled outer ends of co-
axially "arrarged -carriers 63, 8%’ for rotation
about a horizontal axis.” The inner spindled ends
of the carriers are supported in a common jour-
nal 64. formed in~another. arm  §5 -upstanding

-upon: platform 56.
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Mounted upon carriers 63, 63’ respectively are
the pattern §6 and metal blank $7 to be finished.
Pattern 68 is made magnetically attractive to
feeler 12 such as by making the latter of mag-
netized material to assure constant surface con-
tact therecbetween, and. bhlank 67 occupies the
same position with respect to tool 33 as pattern
6% does with respect to feeler 12. Both pattern
68 and blank §7, in the illustrated example s
turbine blade, are so supported as to enable both
to exescute like movements simultaneously about
two mutually perpendicular horizontal axes, one
of which is the common axis of carriers 63, 63’
and the other an axis normal to and which in-
tersects the axis of such carriers. A shaft 63
extending transverse to the axis of carrier 3
and supported in journals 68 on carrier 83 al-
lows pivotal motion of the pattern mount 1§
and henece also pattern 68 about the axis of
shaft 88 in the plane of drawing Pig. 1. A simi-
lar shaft 71 extending transverse to the axis of
carrier €3’ and also supported in journals, nob
shown, on carrier 83’ allows like pivotal motion
of the metal blank mount 72 and heunce also
plank 87 about the axis of shaft 74.

As shown in Fig. 5, the magnetic attractive
force M hetween the magnetic feeler {2 and pat-
tern 868 develops, due to friction, a tangential
force P in the point of contact P between their
respective peripheries. Due to rotation of the
feeler {2 in the direction R, a rolling motion of
the feeler 12 along orbit T around the profile of
the pattern $5 takes place providing the frie-
tional force F is greater than the reguired con-
trolling force of the hydraulic follower system
12, {8, 13, 18’, {4 and t4’. Thus the feeler §2
rolls around the pattern and will not skid on
its surface. Feeler §2 and pattern 66, while thus
zlways clinging together, are able to transmit
their motions to the tool 33 and work blank 67
respectively.

Structurally infegral with the carrier 83’ is the
cylinder 73 of a double acting hydraulic motor.
Piston 74 of this motor includes two rod portions
ida, 74b extending in opposite directions through
the end walls of cylinder 13. Part 74b is provided
with a transverse rectangular aperture 75
through which extends a cross pin 16 that bridges
a yoke T2¢ depending from the main body of
blank mount 2. The diameter of pin 7§ is sub-
stantially the same as the width of aperture 75.
Part T4a of the piston rod also is provided with a
rectangular transverse aperture 77 through which
extends a cross pin 18 bridging a yoke 782 de-
pending from the main body of pattern mount
8. As will be seen clearly from Fig. 1, cross
pin 718 in conjunction with the set of ports 78a,
180 and in cooperation with the throttling ori-
fices 838, 84 functions as a direct pilot valve con-
trolling pressure and flow of hydraulic fluid en-
tering through fluid inlets 79, 80 and bores 8i,
g2 in piston 74 leading to opposite ends of cylin-
der 73. Throttling orifices 83, 84 are placed in
the fluid inlets 76, 88. Thus any pivotal move-
ment of the pattern mount 18 about the axis
of shaft 68 is reflected in a like movement of
cross pin valve 78 which establishes an unbal-
anced fluid pressure condition at opposite sides
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pivotal movement of the pattern 88 and its
mount 78 about the axis of the carriers §3, intc
5 like pivotal movement of the metal blank
&7 and its mount 72 about the axis of carrier §3’.
With particular reference now to Figs. 1 and 3,
the organization for effecting this result is com-
prised of still another hydraulic motor of the
double acting expansion chamber type including
2 cylinder 8% supported horizontally upon plat-
form 8§ perpendicular to the common axis of
carriers 68, 63’ and a piston 86. As seen in
Fig. 3, the piston rod 87 projects forwardly and
includes & transverse rectangular aperture £8
through which extends a cross pin 89 serving
as a pilot valve and which latter is secured be-
tween ears 80, 91 depending respectively from
the inner ends of carriers §3, §3’, the ears also
being apertured to pass piston rod 74a. Cross
pin £9 in conjunction with ports 62, 93 and in
cooperation with the throttling orifices 92, 98
functions as a direct pilot valve and controls
pressure and flow of hydraulic fluid entering
through. fluid inlets 94, 95 and bores 8%, 871 in
piston rod 87 leading to opposite ends of cylinder
88. As with the other motors, throttling orifices
88, 89 are placaed in the Auid inlets 93, 85.

Thus any pivotal movement of the pattern
mount 78 and hence also the carrier 63 about the
carrier axis is reflected in a like movement of
cross pin 89 which then establishes an unbal-
anced fiuid pressure condition at opposite sides
of piston 86 in cylinder 85 causing displacement
of piston 8§ in the same direction. Movement

 of piston 88 is transmitted through piston rod
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of piston 74 in cylinder 13 causing displacement -

of piston 74 in the same direction of movement
ag cross pin 78. This effects a corresponding dis-
placement of cross pin 76 and like angular dis-
placement of the metal blank mount 72 and blank
87 about the axis of shaft T1.

Provision is also made for translating any
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87 and pin 8%’ to ear 91 and hence provides pow-
er for rotating carrier 63’ about its axis and
hence also metal blank 67 to agree with the ro-
tational displacement of carrier 63 and pat-
tern 66.

From the foregoing deseription it will now be
evident that any angular displacement of the
pattern 66 about either of its two mutually per-
pendicular intersecting axes of rotation, name-
ly the axes of carrier 63 and cross pin 88 results
in a like angular displacement of the metal blank
&7 powered by the pistons 74 and 86 of the two
expansion motors. The pattern 6§ and metal
blank always remain parallel.

If it is desired to reduce sliding friction in the
pilot valves, to thereby effect an even greater
accuracy in copying, the valve parts such as pis-
tons 18 and 88, etc. may be made to rotate about
their axis as is already known.

I claim:

1. In an automatic copying machine the com-
bination comprising parallel arranged pattein
and work blank mounts each pivotally supported
for pivotal movement about two mutually per-
pendicular intersecting axes whereby each mount
is capable of a wobble movement about the
junction of such axes, means controlled by and
actuated in accordance with all wobble move-
ments of said pattern mount for transmitting
all wobble movements of said vattern mouns
t0o said work blank mount whereby to maintain
said mounts in constant parallel relation, paral-
lel arranged rotatable feeler and tool spindles,
the axis of rotation of said tool spindle being
fixed and said feeler spindle being fiexible about
its axis of rotation, geometrically identical feel~
er ahd tool members carried respectively by the
corresponding spindles and which have a rounded
surface contour, said feeler member being po-
sitioned to establish a rolling contact with the
surface of a pattern secured to said pattern
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mount, said pattern and feeler. member' being
magnetically attractive to: one-another, and the
work blank . being adapted to be secured to its
mount parallel to said pattern to establish con-
taet with the surface of said tool, and means
controlled by and actuated in accordance with
21l movements of said feeler spindle for transmit-
ting all movements of said feeler spindle to said
topl spindle whereby to maintain said tool spin-
612 in constant parallel relation with said feeler
sgindle.

2. In an automatic copying machine, the com-
bination comprising parallel arranged rotat-
ahle feeler and tool spindles, geometrically iden-
tical feeler and tool members carried respective-
1y by the corresponding spindles and which have
a rounded surface contour, the axis of rotation
of said tool spindle being fized -and: said feeler
spindle including a flexible connection permit-
ting deviation of the same and hence said feeler
fyom its normal axis of rotation, power drive
means controlled by and actuated upon devi-
ation of said feeler spindle from its normal axis
of rotation for causing said tool spindle to fol-
low and duplicate the deviation of szid feeler
gpindle thereby remaining parallel to the same,
‘pattern -and work blank mounts each pivotally
supported - for - pivotal movement about two
mutually perpendicular intersecting axes where-
by each mount-is capable of a wobble movement
about the junetion of such axes, power drives
individual to "each said axis of movement and
controlled by pivotal movement of said patitern
mount for causing the said ‘mount for said work
blank to follow -and duplicate pivotal movement
of said pattern mount, said feeler member be-
ing positioned to establish a rolling contact with
the surface ‘of‘a pattern secured to said pattern
mount said pattern and. feeler member being
magnetically attractive to each other and the
work blank being secured to its mount parallel
to said pattern to establish contact with the ro-
tatable surface of said tool.

2. An automatic copying machine as defined in
claim ‘2 wherein the said power drive means for
said tool spindle and the power drives for said
work blank mount are constituted by double act-
ing hydraulic motors of the expansible chamber
type.

4. An automatic copying machine as ‘defined
in claim 2 wherein the power drive means: for
said tool spindle is constituted by double” act-
ing hydraulic motor means of the expansible
chamber type, and said motor means is controlled
by a pilot valve assembly including a valve‘cylin-
der and a piston-slidable in the same.

5. In an automatic copying machine, the com-

ination comprising a frame, a first slide carried
by and displaceable rectilinearly upon said frame,
a second slide carried by and displaceable recti-
linearly ucon said first slide in-a direction normal
to the direction of displacement of said first slide,
rotatable feeler and tool spindles carried by said
second slide in spaced parallel relation with their
respective axes of rotation arranged perpendicu-
lar to the plane of displacement of said-second
slide, geometrically identical feeler and : tool
members carried respectively by said feeler-and

8

. tool spindles and which:have a:rounded surface
- contour, the axis of rotation of said tool spindle
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being -fixed -and. said feeler :spindle including a
fiexible -connection  permitting ‘deviation of the
same and hence'said. feeler from its. normal axis
of rotation, power drive means for each of said
slides controlled by said deviation of said feeler

. spindle for causing said-slides to follow and

duplicate displacement of:said feeler; pattern and
work blank mounts, each of said mounts being
supported pivotally for pivotal movement about
two mutually perpendicular intersecting axes
whereby each mount is capable of a wobble move-

“ment about the junction of such-axes, linkage

means connecting said pattern mount with said
work blank mount in each of its two axes of piv-
otal movement, each said linkage means includ-
ing power drive means controlled by pivotal move-
ment of said pattern mount for causing the mount
for said work blank to follow and’ duplicate the
movement of said pattern mount, said feeler
member being positioned fto establish-a rolling
contact with the surface of a patfern secured
to said pattern mount said pattern and feeler
member being magnetically attractive to each
other and the work blank being positicnable upon
its mount parallel to said pattern to-establish
contact with the rotatable surface of said tool.

6. In an sutomatic copying machine the com-
bination comprising parallel arranged pattern
and work blank mounts, means supporting each
of said mounts in spaced -relation for wobble
movement abeut a fixed point, means controlled
by and actuated in accordance with all wobble
movements of said pattern mount for trans-
mitting all -wobble  movements of said pattern
mount to said work blank mount whereby to
maintain said mounts in constant parallel rela-
tion, parallel arranged rotatable feeler and tool
spindles, geometrically identical feeler and tool
members carried respectively by the correspond-
ing spindles and which have a rounded surface
contour, said feeler member being positioned to
establish a rolling contact with the surface of
& pattern secured to said -pattern mount, said
feeler member and pattern being attractive mag-
netically to each other, and said work blank
peing adapted to be secured to its mount parallel
to said pattern to establish contact with the sur-
face of said tool, and means controlled by and
actuated in accordance with all movements of
said feeler spindle for tramsmitting all move-

_ ments of said feeler spindle to said tool spindle
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whereby to maintain said tool spindle in con-
stant parallel relation with said feeler spindle.
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