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- Application filed June 4,

To all whom it may concern:
Be it known that T, Crnauees R Nowrw,
q eitizen of the United States, regiding at
Fravtford, in the county of Tariford and
Sgate of Connecticut. have invented a new
and useful Tmprovement in Milling-Ma-
chines: and ¥ do hereby declave the follow-
ing, when taken in conneetion with the ace-
companying drawings and the letters of vef-
erence marked thereon, tobea full, elear. and
éxact deseription of the sanie. and which
said drawings constitute part of this speci-
fieation, and represent, in—
TFieure 1 a plan view of a

nilling ma-

chine censtracted in accordance with my -

vention. Fie. 2 a view thereof in vertical
longitudinal section. Fig. 3 a view of the
machine in end clevation on an enlarged
seale looking toward the tool-carvicr.  Fig.
4 g detached view partly in elevation and
partly in vertical section showing the box-
shaped slide employed to conneet the bell-
erank lover with the tool-carrier. g, 5
a broken view in vertical scetion showing
the cluslic conncetion between the work-
enrrier and the werk-eavrier eam, Fie. 6 a
perspective view of one of the meditied
Porms which my fonvention mny asstine.
Fig. 7 a dingrammstie Hustration of the
application of my invention to a mwehine
for milling ireegnlarly placed bosses upon
a flat =urface. Fig. 8 a plan view showing
2 modification of wy improved machine.
Fig. 9 a detached plan view of the swinging-
arm 85 of the wodified constraetion shown
by Tig. 8. the eulter-enrrving arm 83 heing
broken away, and the cutter 8 and the
former-pin 15 being shown n horizontal see-
tion in theiv proper rvelations to the former
17 and the werk-blank 8, both of whieh
are supported upon fhe  work-holder 4
which is mounted upon the arm 85. The
curved path traversed by the entting tool
8 is not separately shown, but it 18 repre-
sented by the econtour of the work-blank 5.

My invention velates to that elass of mill-
ing machines which have two parts or ear-
viers movable transversely with respeet 1o
onch other, and n revolving cutter whose
vig iv ab vight angles to hoth the transverse
HItIS It of said movable parts ov car-

¢
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1910. Serial No. 565,028.
riers. the objeet being to produce.a simple,
relinble, convenient and efficient mechanism
providing for antomatically feeding the cut-
tor ar work. or both, so thut the catting
will be done in any desired irregular path,
whereas in milling machines of the same
elass of the prior art,
ment has been made by hand.

With these ends in view, my invention
consists i the combination with two parts
or enrriers movable transversely with re-
spect to ench other of a revolving cutter
having its axig at right angles to a plane
parallel to the transverse movement of both
of eid paris or earriers. and automatic
means for imparting predetermined indi-
vidually variable movements and speeds to,
{he respective parts or arriers, whereby
the same re-net npon each other to conjointly
enuse the cutting to be done by the said cutter
in a predetermined curved or irregular path.

My, nvention further consists i certain
details of vonstruction and combinations of
parts as will be hereinafter described and
pointed ont in the claims.

Tn coveyving ont my invention as herein
chown. T employ a reeiproeating work-car-
rier 2 consisting of a table suitably maomted
upon the machine frame 2 50 as to be moved
Back awd forth Tengthwise thereof. Upon
the work-carvier 2 is mounted a block or
Lead 4 to which the blank 5 to he milled
is secured. .

Tn conjunction with the work-carrier 2,
T employ a tool-carvier 6 arranged to be
moved transverselv to the movement of the
work-earrier 2 and mounted upon an up-
right frame T bolted to the machine frame
3. As shown. the teol-eavrier 6 is provided
with two rotary eutters 8 and 9 remo rably
mounted i the lower ends of spindles 10
and 11 journaled in bearings 12 secured to
the carrier 6. each spindle being furnished
with a dviving pulley 13, one cutter heing
intended to be employed as a ronghing-out
eutter and the other as a finishing cutter.

Tn cwrrying ont the embodiment of my
invention now being described. provision

| must be made for moving the work-carrier

2 aud the fool-carrier 6 automatically and

concurpently each with predetermined’ in-
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dividually variable movements and speeds,
the provision for the movement of each
being independent for the movement of the
other, so that the resultant action of the
cutters 8 and 9, either or both; upon the
blank 5 shall be to mill the latter in accord-
ance with a/predetermined pattern whether
that pattern be included in the machine or
not in the shape of a “former,” so called.

The automatic variable movements of the
carriers 2 and 6 are as herein shown, ef-
fected by means of cams having concurrent
and continuous movement during the op-
eration of the milling and provided with
paths shaped in each instance according to
the dictation of the cirved or irregular
paths in which the mitling is to be done.
In other words, every time the work to be
done changes its form new cams must be
specifically designed in accordance with that
form. Every machine made in accordance

 with my invention will probably be fur-

26
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nished with interchangeable sets of cams
covering the range of the work to be done
by the machine.

As herein shown, T empley a work-carrier
cam 18 mounted upon a horizontal cam-
shaft 19 journaled in bearings 20 and pro-
vided at its rear end with a worm-gear 21
meshed intc by a worm 22 mounted on a
worm-shaft 23 provided at one end with a
pulley 24 receiving a driving belt from any
convenient source of power, .

The work-carrier cam 18 is forn:ed with
3 cam-path 25 the specific shape of which
conjointly with the shape of its companion
cam path 41 is dictated by the form of the
path in ‘which it is designed that the cut-
ting shall be done, the cam-paths being
plotted with- the assistance of a sample
pattern of the desired ultimate form. Dif-
ferent methods of laying ont/the cam-paths
925 and 4% may, d. comée, be employed.” The

iaid path 25 is entered, as shown, by a cam-
pin 26 mounted in the rear end of the rear
section 27 of a connecting-rad, the front see-

. tion 28 of which is secured by a screw-bolt

50
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29 to the under face of the work-carrier 2.

In feeding a profiling machine by hand,
it is absolutely essential that a former and
former-pin be used. v

While ‘it is quite possible to make the
cams in my machine sufficientlv accurate to
do good work, this is a matter of some diffi-
culty, which difficulty is cncountered with
each new set of cams for a different profile.

A more serious source of inaccuracy is the
wear of the different parts of the mecha-
nism, causing loss of motion, which may
cause inaccuracy ipivarious ways. For ex-
ample, when the motion of one of the trans-
versely moving parts or carriers is reversed,
that part must respond immediately. Any
~such lost motion would cause a delay, which
would result in inaccuracy in the work and

1,040,088

such inaccuracy may also be caused in a
different manner by the wear of the cutter.

The use of the furmer and former-pin in
co: bination with the mechanism above de-
seribed and the elastic connections herein-
after wenticned, prevents this inaccuracy
and canges the piece milled to conform to
the contour ¢f the former, and the cams can
easily be made sufficiently accurate to insure
good work in such a combination.

As shown the teol-carrier 6 is formed on
its lower edge with fugs 14 for the reception
of former-pins 15 and 16 vespectively ar-
anged to operate in conjunction with the
cutters 8 and 9. One or the other of the
former-pins 15 and 16 co-acts with a former
or pattern 17 sccured to the bleck or head
4, according to the position of the carrier
6 upon the upright frame 7 as will be here-
afler explained. ,

It is essential that whichever of said pins
15 in use shall be pressed by an elastic pres-
sure into contact with the edge of the said
forwer. This elastic pressure may be pro-
vided fer in different ways.  As shown, I
provide for it by elastic connections be-
tween the cams and the work-carviers. Tor
the clustic connection Lietween the eam 18

and the work-carvier 2 T employ a conneet-

ing-red consisting of the rear and front sec-
tiens 27 and 28 alveady specified, and con-
nect their adjacent ends by means of s sleeve
30 having its ends elesed by heads'31 and
provided midway of its length with an abut-
s ent 82 baving a central opening 83 fecelv-
ing the extreinities of the adjacent portions

~of the rod-scetions 27 and 28, whereby the

sleeve 80 is divided into chambers 84 and 25.
Within the chamber 3¢ T lacate a spiral
spring 36 encireling the projecting forward
end of the rod-section 27 and interposed
between the rvear face of the abutment 382
and the front face of a collar 37 seenred
to the said rod-seetion 27, Within the cham-
ber 85 T leeate a spiral spring 38 encireling
the rear end of the rod-section 28 and inter-
posed between the inner face of the front
head 31 and the front fuce of a cellar 39 se-
cured to the rear end of the rod-seetion 8.
The said springs 86 and 88 press the collars
37 and 39 agiinst the rear head 31 and the
central abutment 32 respectively with an
elastic pressure, the rear head 31 and the
central abutment 32 both serving as abut-
ments to limit the extent of movement of the
sorings 36 and 38.. Under thé construction
described, the parts will nermally have the
positions shown in Fig. 5, and virtually act
as one piece, since the springs 36 and 38 will
be confined as above stated and strongly
compressed and sufficiently heavy not to
yield under any of the thrust exerfed by the
cam 18 through the rod-section 27 and 28 in
doing the actual cutting when a former-pin
is not employed. The springs, however,
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provide an elastic connection belween the
work-carrier 2 and the said cam 18 for nse
in connection with the former-ping iH and
16 and forner 17 as will be deseribed
later on.

For moving the tool-carvier 6 at w vight
angle to the path in which the work-carrier
2 moves, T employ a tool-carricr cam 40
mounted upon the cam-shaft 19 und pro-
vided with a cam-path 41 which will he
shaped conjointly with its companion can-
path 23, betore mentioned, in accordance
with the form of the path in which it is de-
signed that the cutting shall be dove. the
game as in the case of the eam-path 25 in
the work-carvier cam 18, The said cam-
path 41 is entered by a pin 42 monuted in
the inwardly estending arm 43 of a bell-
crank lever 44 swinging upon a vertical stud
45 and having a forwardly projecting avin
46 connected by « pin 47 with the onter end
of a connecting-rod 48 having its inner end
connected by a pivot 49 with the head 50 of
a plunger 51 onc end of which is supporied
by the bearing of its head 50 in an pright
partition 52 located within and abont mid-
way the length of a box-shaped shde 55 pro-
vided at its opposite ends with trunnicns 51
adapting it to be mounted with a apacity
for endwise sliding movement in the frame 7.
To the opposite end of the plunger 51 is

- rigidly secured a bushing 55, hearing in a
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"of the partition 56.

60
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partition 56, corresponding to the partition
52, and located near one end of the slide
53. Upon the plunger, and about midway
of its length, is rigidly secured an abulment
collar 57, forming an abutment for the ad-
jacent inner end of springs 58 and 59 encir-
cling the plunger, and abutting at their
outer ends against washers G0 and 61 re-
spectively bearing against the inner ends of
the head 50 and the bushing 55, 'The
springs 58 and 59 are con fined and strongly
compressed, and foree the washers 60 and 61
against the head 50"and the bushing 55 with
an elastic pressure, the head 50 and hush-
ing 55 but serving as abntnients to fit the
extent of movement of the springs 58 and
59. The washer 60 is also in contact with
the inner face of the partition 52, while the
washer 61 is in contact with the inner face
Under this construc-
tion, whenever the plunger 51 is moved, the
hox-like shide 53 is moved  with it. the
springs 58 and 59 being confined, as above
stated, and strongly compressed. and stift
enongh not to yigld under the resistance cre-
ated by the cutting of the blank. Tf, how-
ever, either the blank 51 or the shide 53 s

moved and the movement of the door o

with sufficient force obstructed, there will he
a relative movement of the plunger 51 iu the
partitions 52 and 56, and one of the springs
58 and 59 will be forther compressed be
tween the abutment-collar 57.and the adja-

|
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i
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?
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|

"

cont pavtition, the washer between moving
upon the plunger 51 A movement in the
oppesite  divection, if obstrucled,  would
canse the oiher spring to be further cow-
pressed, and, in either ease. a foree equal
to the strength of the spring would be ex-
orted (o restore (he parts to their normal
position.  Theve is thus formed an elastic
conneetion betwoen the tool-earrier 6 and
ihe cam 40, but this elastic connection like
fhat Detween the work-carrier € aud cam 18
may he replaced by an elastic deviee of some
other form. it being only necessary toprovide
e in the machine to constanily hold the
former-pin upon the fornwr with an elastic
pressure dorving the progress of the work.
Tt is only when the former-pin 15 or 16 and
former 17 arve hrought into play that either
of the springs 36, 38, 58 or 59 is eaused Lo
vield. "The nse of the former and- former-
pinand the ehistic connections 1 the opera-
fon of the machine will be further ex-
plained Tuger on.

Tt will be understeod that the ecam 18 will
move the work-carrier 2 with variable move-
ments sl speeds predetermined in o their
charneler by the form of the cam-path 25 s0
fhat dependent upon the form of the cam-
path 25, the work-earvier 2 will move in a
vieht T, slow or fastc or come o restor
retrent and advanee, and the some is (rue as
to (he tool-carvier 6 the cam 40 and the cam-
path 41,

in order to provide Tor shifting the tool-
carvier 6 1o bring either the cutter 8 or the
cutter 8 into plav, T form two holes 62 and

62 in the vertical wall of the hox-like slide .

a3 at points separated from each other to
correspond to the separation of the culters
& and 9. The said slide 33 is coupled with
the teol-careier 6 (heongh ane or the otler of
(he two heles 62 aud 63 by means of a cou-
pline-piv Gl secured (o w tever bundle 65 piv-

Folally suspeaded from o bracket 66 fastened

to the tool-earreier 6 whicl is formed with
a hole €7 ihrongh which ihe pin 64 prajects
into one- or the olher of ihe two holes 62
and 63 in the box-like slide 53 .
With reference now to the nse of the
former-pin and Tormer, I may say that it
will be convenienl to uge them in cutting
the cam-paths 25 and 41 in the cams 18 and
40, althoueh the eam-paths in question may
he Taid ont in some other way. Tn ease the

i nin 15 for instance, and former 17 are used

in aying oul the said eam-paths, blank cams
corresponding fo the cams 18 and 40 are
mounted npon e shatt 19 and the pins 26
and 12 veplaced by tracing pins the pointed
cnde of which will then rest upon the sur-
faee of the blank eams. Now it is apparent
{hat it the former-pin 13 is moved around
the foreer T7 in coniaet with the edge there;
of. wnd i1 the eans are at the same Gme re-
vol' ., the said tracing ping will frace upon
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the surrace of the blank cam, lines to be fol-
lowed in the cutting of the cam-paths in the
cams. The proportionate speeds of the revo-
lutien of the blank cams and the movement
of the former-pin upon the former may be
regulated as may be found expedient. When
the cam-paths are cut the cams are restored
to the machines, the pins 26 and 42 ave re-
stored thereto, and entered into the respec-
tive cam-paths. Now when the machine is
operated, the combined cam-paths in the
cams will reproduce in the combined move-
ment of the work-carrier 2 and the tool-car-
rier 6 the exact path of the former-pin 15
around the former 17. It is possible also
that the cams might be cut without remov-
ing them from the machine by replacing the
pins 26 and 42 with revelving cutters in-
stead of with tracing pins, but as already
explained I do not limit myself to any
method of laying out or cutting the cam-
paths in the cams, it being only necessavy
that they shall be shaped so that in the op-
eration of the machine, they will result m
the entting being done in the desived path.-

Assuming that the machine has been con-
structed so that the cam-paths in the camns
will cause the cutting to follow a path of
the same form as the form of the pattern
or former, it is apparent that the elastic con-
nection between the cam 18 and the work-
carrier 2 will act as one piece and that the
elastic connection between the cam 40 and
the tool-carrier 6 will act as one piece and
that none of the springs described will yield.
If, however, the former-pin used in connec-
tion with the former in tracing the cams,
is removed and veplaced by a larger former-
pin, and a cutter corresponding in diameter
to such lavger former-pin is employed, it is
apparent that one of the two springs of one
or the other of the two elastic connections
must yield in order to accommodate the
larger  former-pin with the result that the
spring cansed to yield will exert a constant
effort as long as it is compressed to force

-the former-pin against and keep it in close

contact with the former, whereby all wear,
inequalities and back lash will be taken up
and an accurate product be secured. Of
course in the movement of the former pin

- in its travel around or over the former, one

b5
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or more, or all of the springs will be caused
to yield in regular or irregular order accord-
ing to the contour of the former. '

In the modified construction shown by
TFig. 6 of the drawings, I also utilize the
transverse movement of two movable parts

- or carriers driven automatically and con:

currently with predetermined individually
variable movements and speeds for securing
an ultimate doing of the cutting in the pre-
determined path. In the employment of
this principle, T employ a work-carrier 68
upon which the blank- 69 to be milled is

1,040,883

mounted. This work-carrier 68 is furnished
at one end with a bracket 70 carrying a pin
71 entering a long slot 72 arranged at a right
angle to the axis of the work-carrier and
formed in an arm 73 at the inner end of a
bar which is connected with a.cam corrve-
sponding to the cam 18. The work-carrier
68 partakes not only of the movement of the
cam corresponding fo the cam 18, but also
of the movement of a cam corresponding to
the cam 40 for which purpose the work-
carrier 68 is mounted upon a carrier 75 mov-
ing at a right angle to the movement of the
work-carrier 68 upon an under-cut bearing

76 secured to a bed 77, the carrier 75 being

connected at one end by a bell-erank lever
78 with a cam corresponding to the cam 40,
In this modification of my invention it will
be apparent that the combination of the
movements produced by the two cams pro-
duces a movement which is imparted to the
work which is thereby fed to a revolving
stationary . cutter 79 indicated convention-
ally and extending downward from above.
If desired, of course, the work-carrier 68
might be connected with the cam 40 and the
carrier 75 with the cam 18, this being a
mere reversal of connections. What I wish
to make clear is that in this modified con-
struetion as in the construction shown in
Figs. 1 to 5 inclusive, the control of the cut-
ting in accordance with a predetermined
form is automatic rather than manual.’

T have shown and deseribed my invention
as applied to profiling objects by cutting
their edges, but my invention is equally ap-
plicable for the construction of machines
working on the same principle but milling
irregularly placed points or bosses on flat
surfaces where the cutting is being done in
an irregular path. This is illustrated dia-
grammatically in Fig. 7 in which a series of
irregularly placed bosses 80 rise above the
surface of a plate 81. By providing the
two cams 18 and 40 with cam-paths cut with
regard to the irregular placing of the bosses
80 upon the plate 81, the said hosses will,
by the ultimate irregular movement derived
from the two cams, be successively milled
off to the same level, the eutting being done
approximately in the line 82. Conversely
the manual reproduction of the line 82 may

be utilized for tracing upon blank cams lines

which, if followed, 1n cutting cam-paths in
the same blank cams, will automatically re-
produce the movement represented by the
path 82. '

It will appear from the showing of Fig.

7 that my invention ‘is not Hmited to em--

bodiment in machines designed solely for
profiling in the strict:sense of that word,
but that it is adapted to be nsed in the con-
struction of machines designed for the exe-
cution of milling operations of an unsym-
metrical character in which the path of the
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cutting is irregular as distinguished from 2
regular path. '

1 will repeat that the resultant path of
the cutling is the product of a movenent de-
rived not from either cam taken by itself,
but from both cams. Thus, although the
carriers may move in regular paths, the
variable chavacter of their movements, each
acting transversely upon the other, resulls
in the cutting bemng donc i an irregular
path. In accomplishing this result the cut-
fer and the work may both move in regular
paths or the cutter may move in an irregi-
lar path while the work remains stationary,
or the work may move in an irregular path
while the cutter remains stationary, accord-
ing to the different arrangements of the
combination, but in either arrangement the
cutting may be done in an irregular path.

While in the constructions shown in Iigs.
1to 7 of the drawings the carriers move In
straight lines, they might be so avranged as
to move in arcs of circles as shown in FFig. 8
and the same result be obtained, provided
that the carriers were moved transversely

-with respect to each other and the move-

ments and speeds of each made individually
variable so as to conjointly prodnee the cut-
ting in a predetermined path.

With regard to the modification shown in
Fig. 8, it may be said that the construction
of the frame 3, the cam-shaft 19 and its sup-
porting bearings, the cams 18 and 40, the
worm-gear 21, the worm with the worm
shaft, (not shown in this sketeh) and the
bell-crank lever 44 is the same as shown in
Fig. 1. The cutter spindle 10, however, is
mounted in bearings formed in the outer end
of a long arm 83 which is caused to swing
on the fulerum 8t at the inner end of the
arm. The culter spindle 10 is thereby
cansed to move in a curved path represcnted
by the dotted line. Movement 15 given to
the arm 83 by means of the cam-path in the
cam 40 operating through the bell-crank le-
ver 44. The arm 16 of the bell-crank lever
44 is connected to the cutter-carrying arm
83 by the connecting rod 48, as shown. The
work-carrier 2 is mounted also on the end of
a long arm 83, which is auged to swing on
a stud 86 rising from a bracket 87 seeured
to the side of the frame 3 as shown. The
work-carrier 2 is thereby caused to move in
a curved path also represented by a dotted
line. The work -carrier 2 receives move-
ment from the cam 18 through the cam-pin
96 mounted in the vear end of the rear sec-
tion 27 of a connecting rod. The front sec-
tion 28 of the connecting rod is secured to
the rear section by u pivot 88 and to the
work-carrier 2 by the pivot bolt 29. This
arrangement allows the slight lateral move-
ment -of the front section 28 required by the
curved movement of the work - carrier 2.

The work to be milled is mounted on the .

worlk-earrier 2 in position to be acted npon
by a revolving eutter mounted in the iower
ond of the spindle 10. By means of the
enms 18 and 10 and the connections de-
seribed, sneh movenients are given to the
entter spindie 10 and the work carrier 2 as
to cause the work to be milled to the re-
uiived shape. To cletermine the eam paths
i the cums 18 and 40, a former-pin 1s se-
cired in the place of the cutter in the lower
end of the spindle 10 and a former in the
plice of the blank to be cut on the work
envrier 2. The cam-pins 26 and 42 are ve-
placed by tracers and the e - paths are
fraced as beforve deseribed.  Inorder to give
a rotary movement to the cutbter spindle 10,
2 bracket is rigidly secured to the upper
cirface of the arin 83 over the fulerum 84,
[From this bracket rises the arm 89 in which
ix secured the shalt 90 upon which the pul-
fcys 91 are so mounted as to rotate thereon.
A helt descending from a vevolving shaft
overhead is turned by the pulleys 91 in a
hovizonta! diveetion, and passing around the
pulley 13 gives rvotary movement to the cut-
ter spindle 10. A brackel 92 secured to one
edee of the nr 83 provides for earrying the
former-pin 15, Provision may also be made
for the —sc of a former and former-pin in
the active operation of this device, but it
has not been considered necessary to show
it in this drawing.

The method above disclosed of determin-
ing the contouvs of cam paths is not herein
clnimed as it is made the subject of a sepa-
rate application filed September 6th, 1912,
Serial No, 718,878,

T claim— .

1. In a milling machine for milling in a
curved or irregular path, the combination
with two parts or carviers movable with re-
spect to cach other in transverse paths, of
a revolving milling cutter having continuous
independent rotary movement with its axis
at right angles to the transverse movements
of both of said parts or carriers, a single
continuously revolving shaft bearing and
giving rotary movements to two cam-paths,
and motion - transmitting independent con-
nections between said cam - paths and said
.arriers respectively, each of said cam-paths
being so shaped as to give its respective car-
vior such variable movements and speeds
that said carriers, acting conjointly in said
trangverse paths, may determine the curved

or irregular path of the cutting conformably .

to a predetermined patiern.

9. A milling machine for milling in
enrved or irregular
or i

a

cavriers movable with respect to each
other in transverse paths, a revolving mill-
ing cutter having its axis at right angles to
a plane parallel to the transverse movements
of said both parts ov carriers, and an auto-
matic feeding device including a single re-

path, having two parts.
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volving shaft bearing and giving rotary
movements to {wo cam-paths conjointly so
determined in their contours by the contour
of the path in which the milling is to be
done that when employed in' the machine
and acting through driving connections
upon the parts or carriers they conjointly
determine the path of the milling by said
milling cutter conformably to the predeter-
mined pattern, said driving connections in-
cluding means for changing the direction of
movement for one of said parts or carriers
so that they may move in transverse paths.

3. In a milling machine for milling in a
curved or irregular path, the combination
with two parls or carriers movable with re-
spect to each other in transverse paths, of a
revolving milling cutter having continuous
independeént rotary movement with .its axis
at right angles to the transverse movements
of both of said parts or carriers, a single
continuously revolving shaft bearing and
giving rotary movenients to:two cam-paths,
motion transmitting independent connec-
tions between said cam-paths and said car-
riers respectively, and a bell-crank lever for
changing the direction of motion imparted
to one carrier, each of said cam-paths being
so shaped as to give to its respective carrier
such variable movements and speeds that
said carriers acting-conjointly in said trans-
verse paths may determine the curved or
irregular path of the cutting conformably
to a predetermined pattérn.

4. In a milling machine for milling in a
curved or irvegular path, the combination
with a work-carrier and a tool-carrier mov-

‘able with respect to each other in transverse

paths, of -a single revolving shaft bearing
and giving rotary movement to two cam-
paths, a revolving milling cutter mounted

- upon said tool-carrier, means for securing

45
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80

the work to said work-carrier, and driving
connections between the respective carriers
and cam-paths including means for chang-
ing the direction of movement for one car-
rier, each of said cam-paths being shaped in
stch manner as to give to its respective car-
rier such individually variable movements
and speeds that the variable movements®of

these carriers each acting transversely upon |
t=3

the variable movements of the other in said
transverse parts conjointly determine the
curved or irregular path of the cutting by
said cutter conformably to a predetermined
pattern. :

5. In a milling machine for milling in a

curved or irregular path, the combination
with two parts or carriers, movable with re-
spect o each other in transverse paths, of g
milling cutter having a continuous inde-
pendent rotary movement, with its axis at
right angles to a plane parallel to the trans-
verse movements of both of said parts or
carriers, - automatic means, for imparting

1,040,983

such predetermined individually variable
movements and speeds 'in said fransverse
paths to the respective parts or carriers that
sald carriers By re-acting transversely, each
upon the variable movements produced by
the other, conjointly determine conformably
with a predeterimined pattern the curved or
irregular path of the cutting by said cutter
and cause the cutting to be done in said
path, which automatic means consist of a
single revolving shaft bearing and giving

rotary movement to two peripheral cam-

paths, each shaped to produce  conjointly
with the other said variable movements,
cam-ping moving in their respective cam-
paths, and connections between said cam-
paths and said carriers respectively adapted
to transmil said variable movements, and in-
cluding a bell-crank lever for changing the
direction of movement for one carrier,
whereby the carriers are caused to move in
sald transverse paths.

6. In a milling machine, the combination
with two parts or carriers movable frans-
versely with respect to each other, of two
concurrently and continuously revolving
cam-paths, a revolving cutter, a former, a
fornier-pin, driving means connecting the
respective cam-paths with the respective
parts or carriers, wherehy the said parts or
carriers are automatically driven with pre-
determined individually variable movements
and speeds re-acting upon each other to con-
jeintly cause the entting to be done in a pre-
determined path, and elastic means for

pressing the former-pin against the former.
during the operation of the cutter upen thé

worls, )

7. In a milling machine, the combination
with a work-carrier and a tool-carrier mov-
able transversely with respect to each other,
of two.concurrently revolving cam-paths, a
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worl-holder carvied by the work-carrier, a

revolving cufter mounted upon the tool-cavs

riev, a former, a former-pin, driving means
connecting the respective cam-paths with the
work-carrier and with the tool-carvier re-
spectively for .moving the samme with pre-
determined individually variable move-
ments and speeds ve-acting upon each other
to conjointly cause the cutling to be done in
a predetermined path, and elastic me £
pressing the former-pin against the former
during the operation of the cutter upon the
work. _ '

8. In a milling machine, the combination
with two parts or carriers movable irans-
versely with respect to each other, of two re-

volving cam-paths, a work-holder, a revoly-

ing cutter, a former, a former-pin, driving
connections between the respective parts or
carriers and the respective cam-paths, where-
by the said parts or carriers are automati-

cally and concurrently moved in transverse’

divections with predetermined. individually
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variable movements and speeds re-acting | In testimony whereof, I have signed this
upon each other to cause the cutting to be | specification 1n the presence of two sub-
done in a predetermined path, springs for | seribing witnesses.

pressing the said former-pin against the said CHARLES R. NORTH.
. former during the operation of the cutter |  Witnesses:
upon the work, and means for confining the S. E. Srarrorp,
said springs in a state of compression. ‘ G. J. Sparroro.
-
o
A



