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To all whom it may concern: 
3e it known that I. CIA LEs R. No Tir. 

a citizen of the United States, resiling at 
artford, in the county of Hartford and 

State of ("onectic' it. have it vented a new 
and useful lip 'ovement in \illing-va - 
chines; and do hereby declare the follow 
ing, when taken in connection with the c 
companying drawings and the letters of ref 
erence marked thereon, to be a full, clear, and 
exact description of the salie, and which 
said drawings constitute part of this speci 
fication, and represent, in Figure 1 a plan view of a hilling ma 
cline constructed in accord: ice witl my in 
vention. Fig. 2 a view thereof in vertical 
longitti dinal section. Fig. 3 a view of the 
machine in end elevation on an enlargel 
scale looking toward the tool-carrier. Fig. 
4 a detached view partly in elevation and 
partly in vertical section slowing the box 
shaped slide employed to conject the jell 
crank is ver' with the tool-'arrier. Fig. 5 
a broken view in vertical section showing 
the elastic collection) between the wok 
carrier and the xy ( k-carrier' ('an. Fig. (5 : 
perspective view of nine of the not lified 
for his which y it vel) to lay assine. 
Fig. 7 a diagrannii ic illustration of the 
application of inly inventi ) to a nicline 
for illing irregularly placed bisses upon 
a flat strface. Fig. S : plan view showing 
a modification of y improved machine. 
Fig. 9 a detached plan view of the swinging 
alm S5 of the it dified (c) st' ('tic) show 
by Fig. S, the cutter-e:rrying arm S3 being 
broken away, and the citter S and the 
former-pin 15 being shown in lorizontal sec 
tion in their proper relations to the former 
17 and the work-blank 5, both of which 
are sported upon the work-holder 4 
which is not inted upon the arm S5. The 
curved path tra versed by the cutting tool 
8 is not separately shown, but it is repre 
sented by the contour of the work-blank 5. 
My invention relates to that class of mill 

ing lilachines which have two parts or car 
riers movable transversely with respect to 
::ch other, and a revolving critter whose 
xis is ai right singles to both the transverse 
at:yeligits of said raovable parts or car 

riers, the object being to produce a simple, 
reliable, convenient and efficient mechanism providing for automatically feeding the cut 
te' or work, or both, so that the cutting 
will be done in any desired irregular path, 
whereas in milling machines of the same 

55 

class of the prior art, the feeding move 
ment has been lade by hand. 
With these ends in view, my invention 

consists in the combination with two parts 
or carrie's no valle transversely with re 
spect to each other, of a revolving cutter 
hit wing its axis it right angles to a plane 
parallel to the transverse movement of both 
of snid parts or carriers, and automatic 
means for in parting predetermined indi 
vidually vari: le movements and speeds to 
the respective parts or carriers, whereby 
the same re-act upon each other to conjointly 
(": use the cutting to be done by the said cutter 
in a predetermined curved or irregular path. 

Mly invention further consists in certain 
details of 'onstruction and combinations of 
parts as will be hereinafter described and 
pointed of in the claims. 

ln carrying out my invention as herein 
shown. eploy a reciprocating work-car 
rier 2 consisting of a table suitably mounted 
upon the litehile frame 3 so as to be moved 
back all forth lengthwise thereof. Upon 
the work. callier 2 is mounted a block or 
lead 4 to which the blank 5 to be milled 
is secured. 

In conjunction with the work-carrier 2, 
I employ a tool-carrier 6 arranged to be 
moved transverselv to the movement of the 
work-carrier 2 and mounted upon an up 
right faile 7 bolted to the machine frame 
3. As shown, the tool-carrier () is provided 
with two rotary cutters S and 9 removably 
mounted in the lower ends of spindles 10 
and 11 journaled in bearings 12 secured to 
the carrier 6, each spindle being furnished 
with a driving pilley 13, one cutter heing 
intended to be employed as a roughing-out 
cutter and the other as a finishing cutter. 

In carrying of it the enbodiment of my 
invention now being described, provision 
must be made for moving the work carrier 
2 and the fool-carrier 6 automatically and concurrently 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 miting 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 
nished with interchangeable sets of caims 
covering the range of the work to be done 
by the machine. 
As herein shown, I eriploy a work-carrier 

calm 18 mounted upon a horizontal cann 
shaft 19 journaled in bearings 20 and pro 
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vided at its rear end with a worm-gear 21 
meshed into 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 formed with 

a 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 Reti, "Et form. Dif 
ferent methods of laying out the can-paths 25 and 41 nay, (), course, be employed. The 

: Said path 25 is entered, as shown, by a cam 
pin 26 mounted in the rear end of the rear 
section 27 of a connecting-od, the front sec 
tion 28 of which is secured by a screw-bolt 
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2. 29 to the under face of the work-carrier 
in feeding a profiling machine by hand, 

it is absolutely essential that a former and 
former-pin be used. 
While it is quite possible to make the 

caims in my machine sufficiently accurate to 
do good work, this is a matter of some diffi 
culty, which difficulty is encountered 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 ip various ways. For ex 
aimple, 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 
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such inaccuracy may also be caused in a 
different manner by the wear of the cutter. 
The use of the former and former-pin in 

co bination with the mechanism above de 
scribed and the elastic connections herein 
after entined, prevents this inaccuracy 
and causes the piece milled to conform to 
the contour of the former, and the cams can 
easily be made sufficiently accurate to insure 
good Work in such a combination. 
As shown the tool-carrier 6 is formed on 

its lower edge with lugs 14 for the reception 
of former-pins 15 and 16 respectively ar 
ranged to operate in conjunction with the 
(litters 8 and 9. One o' the other of the 
former-pins 15 and 16 co-acts with a former 
Ol' pattern 17 secured to the block or head 
4, according to the position of the carrier 
6 upon the upright frame 7 as will be here 
after explained. 

It is essential that whichever of said pins 
is in use shall be pressed by an elastic pres 
sure into contact with the edge of the said 
for 'er. This clastic pressure may be pro 
vided :o) in different ways. As shown, I 
provide for it by elastic connections be 
tween the caims and the work-carriers. For 
the clastic connection setween the can 18 
and the work-carrier 2 employ a connect 
ing-red consisting of the rear and front sec 
tions 2 and 2S already specified, and con 
nect their adjacent ends by means of f sleeve 
30 having its ends closed by heads' 31 and 
provided midway of its length with an abut 
is ent 32 having a cential opening 33 receiv 
ing the extreinities of the adjacent portions 
of the rod-sections 27 and 28, whereby the 
sleeve 30 is divided into chambers 34 and 35. 
Within the chamber 3! I locate a spiral 
spring 36 encircling the projecting forward 
end of the rod-section 27 and interposed 
between the rear face of the abutment 32 
and the front face of a collar 3 secured 
to the said rost-section 27. Within the cham 
ber 35 locate a spiral spring 38 encircling 
the rear end (if the rod-section 2S and inter 
posed between the inner face of the front 
head 31 and the front face of a collar 39 se - 
Cllred to the rear end of the rod-section 28. 
The said springs 36 and 38 press the collars 
87 and 39 against 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 
Springs 36 and 38. Under the construction 
described, the parts will normally 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 exerted by the 
can 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 yetweet the 
work-carrier 2 and the strict (; ; 13 for 1st 
in connection with the former -ins if all 
16 and for er 17 as will be is: i) (t 
later on. 

For moving the tool-carrier 6 at a right 
angle to the path in which the work-carrier 
2 moves, employ a tool-carrier ca. ii 4() 
mounted upon the cam-shaft 9 and pro 
vided with a cam-path 41 which will be 
shaped conjointly with its compation can 
path 25, before mentioned, in accor: Ince 
with the form of the path in which it is de 
signed that the cutting shall be done. the 
same as in the case of the eam-path 25 in 
the work-carrier can S. The said ('in 
path 41 is entered by a pin 42 nonted in 
the inwardly extending arm 43 of a belt 
crank lever 44 swinging upon a vertic: stild 
45 and having a forwardly projecting ari 
46 connected by a pin 47 with the olter end 
of a connecting-rod 4S having its inner end 
connected by a pivot 49 with the head 5() of 
a plunger 51 one end of which is spported 
by the bearing of its head 50 in an it; right 
partition 52 located within and aljit nid 
way the length of a box-shaped slick 53 pro 
vided at its opposite ends with frini is 5. 
adapting it to be mounted with a capacity 
for endwise sliding movement in the franc. : 
To the opposite end of the plunger 51 is 
rigidly secured a bushing 55, bearing in a 

35 

40 

45 

50 

60 

65 

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 secred an abutment 
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 (30 and 61 re 
spectively bearing against the inner ends of 
the head 50 and the bishing 55. The 
springs 58 and 59 are contined and strongly 
compressed, and force the washers (3?) at (31 
against the head 50 and the bisliig 55 with 
an elastic pressure, the head is () and lish 
ing 55 but serving as allatinents to in it this 
extent of movement of the springs 5S 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 
of the partition 56. Under this construc 
tion, whenever the plunger 51 is noved, the 
box-like slide 53 is moved with it, the 
springs 58 and 59 being confined as above 
stated, and strongly comiressed. and stiff 
enough not to yield under the resistance cre. 
ated by the cutting of the blank. If, how 
ever, either the blank 51 or the side 53 is: 
moved and the movement of the (or is 
with sufficient force obstricted, there will be 
a relative movement of the lunger 51 it the 
partitions 52 and 56, and one of the sirings; 
58 and 59 will be further coil pressed be. 
tween the abutment-collar 57, and the adja 

cent partition, the washer between moving 
tion tie islinger 51. A movement in the 
(i)}) ('site direction, if obstricted, would 
cats, the (iher spring to be further conn 
pressed, all, in either case. a force equal 
to the strength of the spring would be ex 
intel i? restore he parts to their no'nal 
position. Tere is its formed a elastic 
('?ile ('t it in t w ( t t t ( -carrie' (5 ald 
it ('; ), it this elastic ('s) lection like 
( :1 y (; the work (': 'it 2 at ('an 18 
11:ly live related by in elas?ic device of some 
ther firi, it being tily ci'oss; y to provide 
le: is in the la ('hile t c instantly hold the 
for:lier in on the for '1' with an elastic 
'('stre irring tile progress of the work. 

it is only when the former-)in 15 or 16 and 
torner T are rought in to play that either 
if the sigs 343, 3S. 58 or 59 is entised to 
kiel (). The tise of the former and former 

it and the listic connections in tie opera 
to (. ); cline will be 'artler ex 
laiet latei' (on. 
It wit in It's i? that tie ('til 1S will 

nov (; le wik - arrier 2 with variable nove 
an in is a see its reiteternilled in their 
l; ' ' | V | 'o' if the ("al-path 2.5 st) 

t! it ''Ile ( ) in the for of the cann 
it 25, wrk-'; 'rier 2 will int) ye in a 

right is r. slow or 'ast, or ‘ole to rest. or 
ret teai : ) ((\al (''. and the stile is trie as 
t() the tol-carric" (3 tie ('ai () : ind the cann 
}: i t . in 'de' to provile for silifting the tool 

('i ri" (; ; ) ring eith '' tha ('t ten' S or the 
("tter 9 in to play, I fol' two holes (32 and 
(33 in the vertical wall of the box-like slide. 
53 at joints separated from each other to 
correspond to the separation of the cutters 
Santi 9. The said slide 53 is coupled with 
the tro-t'; Irier is through (ne ('' ( (rule; if 
the i \, ( (lis (32 it ti:3 y nea is of a coul 

it': it (31 st it'el () a lever li:indle (3.5 liv 
() : i\' sist inted fro) ; }}" ("ket (36 fastened 
to that - : 'it' {5 \l it is formed with 
it hole (7 trols, which the pin (3-4 projects 
ini () (c. (I the tir (if the two holes (32 
anti (33 it i ( ; ) v-like slicle 53. 
With '('fere'e () w to the use of the 

fore r- it in it forer, inlay say that it 
Will be 'olveilient to use them in cutting 
fe ('in-) at is 25 and 41 in the eams 18 and 
it (, although the cam-paths in question may 
lie laid out it sole other way. In case the 
in is for instance, a former 17 are used 

it laying out the sail ('all-paths, blank cams 
(: 1'' soiling to the cans S and 10 are 
lot inted to the shaft 19 and the pins 26 

: ) ( : 'ela ('ed y tracing pins the pointed 
(; its Willic will then l'est on the sur w 

face if the blank ('ins. Now it is apparent 
that if the forlier-pin 15 is noved around 
the 'i' ('r I in 'ontact with the odge there: 
of. : E . if t' ('tils are at this satistine re 
Vol 'd, the said tracing pills \vili i race upon 
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the surface of the blank cam, lines to be foll 
lowed in the cutting of the cam-paths in the 
cams. The proportionate speeds of the revo 
lution 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 are 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 renov 
ing them from the machine by replacing the 
pins 26 and 42 with revolving 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 cans, it being only necessary 
that they shall be shaped so that in the op 
eration of the machine, they will result in 
the cutting being done in the desired path. 
Assuming that the machine has been con 

structed so that the cam-paths in the cans 
will cause the cutting to follow a path of 
the same form as the form of the pattel'n 
or former, it is apparent that the elastic con 
nection between the can 18 and the Work 
carrier 2 will act as one piece and that the 
elastic connection between the can 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 replaced by a larger former 
pin, and a cutter corresponding in diameter 
to such larger 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 caused 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 
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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. Y 

In the modified construction shown by 
Fig. 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, I employ a work-carrier 68 
upon which the blank. 69 to be milled is 
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mounted. This work-carrier 68 is furnished 
at one end with a blacket 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 corre 
sponding to the can 1S. The Work-carrier 
6S partakes not only of the movement of the 
can corresponding to the calm 1S, but also 
of the movement of a can corresponding to 
the can 40 for which purpose the Work 
carrier (3S is mounted upon a carrier 75 mov 
ing at a right angle to the movement of the 
work-carrier (3S upon an under-cut bearing 
7(3 secured to a bed 77, the carrier 73 being 
connected at one end by a bell-crank lever 
7S with a cam corresponding to the calm 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 
carriel 75 with the cam 18, this being a 
mere reversal of connections. What I wish 
to make clear is that in this modified con 
struction as in the construction shown in 
FigS. 1 to 5 inclusive, the control of the cut 
ting in accordance with a predetermined 
fol'm is automatic rather than manual. 

I have shown and described 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 S0 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 bosses willi, 
by the ultimate irregular movement derived 
from the two cams, be successively milled 
off to the same level, the cutting 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, in 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 limited to em- . 
bodiment in machines designed solely for 
profiling in the strict: sense of that word, 
but that it is adapted to be used 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 

0. 

80 

90 

95 

00 

105 

ii. 5 

2 C 

2 5 



O 

5 

20 

30 

35 

40 

4 5 

50 

55 

60 

65 

1,040,983 

cutting is irregular as distinguished from a 
regular path. 

I will repeat that the resiltant path of 
the cutting is the product of a movement de 
rived not from either can taken by itself, 
but from both cams. Thus, although the 
carrier's may move in regular paths, the 
variable character of their movements, each acting transversely upon the other, results 
in the cutting being done in an irregular 
path. In accomplishing this result the cut 
ter and the Work may both move in regular 
paths or the cutter may love in an irreg 
lar path while the work remains stationary, 
or the work may nove in an irregular path 
while the cutter renains 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 Figs. 

1 to 7 of the drawings the carriers move in 
straight lines, they might be so arranged as 
to move in arcs of circles as shown in Fig. 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 produce the cuf 
ting in a predetermined path. 
With regard to the modification shown in 

Fig. 8, it may be said that the construction 
of the fraine 3, the cam-shaft 19 and its sup 
porting bearings, the cams 18 and i (), the 
worm-geal' 21, the worm with the worm 
shaft, (not shown in this sketch) 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 S3 which is caused to swing 
on the fulcrum 84 at the inner end of the 
arm. The cutter spindle 10 is thereby 
caused to move in a curved path represented 
by the dotted line. Movement is given to 
the arm S3 by means of the cam-path in the 
cam 40 operating through the bell-crankle 
ver 44. The an 16 of the bell-crank lever 
44 is connected to the cutter-carrying arm 
83 by the connecting rod 4S, as shown. The 
work-carrier 2 is nounted also on the end of 
a long arm 85, which is caused to swing on 
a stud 86 rising from a bracket 87 secured 
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 can 18 through the cam-pin 
26 mounted in the rear end of the rear sec 
tion 27 of a connecting rod. The front sec 
tion 28 of the connecting rod is secured tof 
the rear section by : ) vot S8 and to the 
work-carrier 2 by the pivot bolt 29. This 
arrangement allows the slight lateral move 
ment of the front section 28 Sir by the 
curved movement of the work - carrier 2. 
The work to be milled is mounted on the 

Work-carrier 2 in position to be act on 
by a revolving cutter monted in the iower 
end of the spindle 10. By means of the 
calls S and 10 and the connections de 
scribed. Stich novellents are given to the 
(:::tter spill ille () and the work carrier 2 as 
to calise the Work to ie uilled to the re 
| tired shape. To determine the cam paths 
in the cit is lS and 10, a former-pin is se 
cil red in the place of the cutter in the lower 
eill of the spindle 10 and a former in the 
place of the link to be cut on the work 
(': 'i'ier 2. The cann-pits 2G and 42 are re 
placed by tracer's aid the can - paths are 
traced as before described. In order to give 
a rotary no veilent to the cutter spindle 10, 
a bi'acket is rigidly secured to the upper 
sit face of the 'in 83 over the fulcrum 84. 
Froin this blacket rises the arm S9 in which 
is secured the shaft 90 poil which the pull 
iey's 91 ai'e so not inted as to rotate thereon. 
A felt descending from a revolving shaft 
Overhead is turned by the pulley's 91 in a 
horizontal direction, and passing around the 
pulley 13 gives rotary in lovenient to the cut 
ter spindle 10. A bracket 92 secured to one 
edge of the il rial S3 provides for carrying the 
fol'ne'-pin 15. Provision may also be made 
for these 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 contolt's of cam paths is not herein 
claimed as it is inade the subject of a sepa 
rate application filed September 6th, 1912, 
Serial No. 718,S78. 

claim :-- 
1. In a milling machine for milling in a 

curvel or irregular path, the combination 
with two parts or carriers movable with re 
spect to each 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 cann - paths and said 
carrier's respectively, each of said cam-paths 
being so shaped as to give its respective car 
rier stich variable movements and speeds 
that said carriers, acting conjointly in said 
transverse paths, may determine the curved or irregular path of the cutting conformably 
to a predetermined pattern. 

2. A milling machine for milling in a 
curved or irregular path, having two 
or carriers 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 or carriers, and an auto 
matic feeding device including a single re 
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volving shaft bearing and giving rotary such predetermined individually variable 
movements to two cam-paths conjointly so 
determined in their contours by the contour 
of the path in which the milling is to be 
clone 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 carrier's 
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 parts or carriers movable with re 
spect to each 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 movenients to two cam-paths, 
notion 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 pattern, 

4. In a milling machine for milling in a 
curved or irregular 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 
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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 
such 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 
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 
patter). 

5. In a milling machine for milling in a 
curved or irregular path, the combination 
with two parts or carriers, movable with re 
spect to each other in transverse paths, of a 
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 

movements and speeds in said transverse 
paths to the respective parts or carrier's that 
said carriers by re-acting transversely, each 
upon the variable movements produced by 
the other, conjointly tietermine conformably 
with a predetermined pattern the curved or 
irregular path of the cutting by said cutter 
and cause the cutting to be done in said 
rath, which automatic means consist of a 
single revolving shaft bearing and giving 
l'otaly movement to two peripheral cam 
paths, each shaped to produce conjointly 
with the other said variable movements, 
calm-pins moving in their respective cam 
paths, and connections between said cam 
paths and said carriers respectively adapted 
to transmit 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 
said transverse paths. 

6. In a milling machine, the combination 
with two parts or earliers movable trans 
versely with respect to each other, of two 
concurrently and continuously revolving 
'an-paths, a revolving cutter, a former, a 
for ner-pin, driving means connecting the 
respective cam-paths with the respective 
parts or carriers, whereby the said parts or 
arriers are automatically driven with pre 
determined individually variable movements 
and speeds re-acting upon each other to con 
jointly cause the cutting to be done in a pre 
determined path, and elastic means for 
pressing the fol'innel'-pin against the forme: 
during the operation of the cutter upon the 
work. 

7. In a milling in achine, the combinatio: 
with a work-carrier and a tool-carrier mov 
able transversely with respect to each other, 
of two. concurrently revolving carn-paths, a 
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work-holder carried by the work-carrier, a 
revolving cutter motiated upon the tool-car. 
lier, a former, a former-pia, driving isleans 
connecting the respective cam-paths with the 
work-carrier and with the tool-carrier re 
spectively for moving the same with pre 
determined individually variable nove 
ments and speeds re-acting upon each other 
to conjointly cause the criting to be done in 
a predetermined path, and elastic met as for 
pressing the former-pin against the former 
during the operation of the cutter upon the 
work. - 

8. In a milling machine, the coiniination 
with two parts or carriers movable trans 
versely with respect to each other, of two re 
volving cam-paths, a work-holder, a revolv 
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 
directions with predetermined individually 
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variable movements and speeds re-acting 
upon each other to cause the cutting to be 
done in a predetermined path, springs for 
pressing the said former-pin against the said 
former during the operation of the cutter 
upon the work, and means for confining the 
said springs in a state of compression. 

In testimony whereof, I have signed this 
specification in the presence of two sub 
scribing witnesses. 

CHARLES R. NORTH. 
Witnesses: 

S. E. SPAFFORD, 
G. J. SPAFFORD. 


