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UNITED STATES

PATENT OFFICE.

GUIDO HORN, OE BERLIN-WEISSENSEE, GERMANY.

1,406,866,
» : Application filed May 18,

Lo all whom it may concern: ‘
Be it known that I, Gumwo Honw, a citizen

of Germany and a resident of Berlin-Weis-.

sensee, in (Germany, have invented certain
new and useful Improvements in Milling
Machines, (for which I have filed applicaticn
in Germany on the 21st of August, 1916,) of
which the following is a specification,

My invention relates to milling machines
and particularly to milling machines de-
signed for producing cams and the like ob-
jects ‘of irregular contour. The object of
my present Invention is to produce an im-
proved milling machine whereby spherical
and other copy milling work may be pro-
duced by means of readily producable copy
cams. » o

'The known copy milling machines are de-
signed to transfer the contour-of a copy cam
upon the work, the milling spindle moving
either parallel within the same plane or
axially, unless the contour of the work is:
eventually produced through -correspond-
ing movements of the latter. The former
method requires very accurate copy cams
and is not applicable: for any repetition of
the same contour upon the same work, nor
for milling spherical contours. While those
milling machines -which are especially de-
signed for producing spherical contours do
not employ copy cams. : )

According. to my - present invention
spherical as well as other cam contours ave
produced after simple copy cams by means
of an oscillating milling tool which produces
the desired contours after- an evolution
method. The essential feature of thigevolua-
tion methed consists in the fact that the
oscillating milling tool is controlled by

means of a simple revolving cam and pro-

duces upon the work the desired contour
as the result of the movement of the milling
tool and the feed of the work, the latter re-
volving in a definite relation to the move-
ment of the milling tool control cam.

The milling device according to my inven-
tion is mainly designed for such revolving

Jwork on which a certain contour occurs more

than once within the effective path of the
cam. For spherical milling work the axis
of the work to be wrought upon is ar-
ranged at right angle to the axis of oscil-
lation of the milling spindle; for milling
other contours the axis of the work, the axis

MILLING MACHINE,

Spc‘ciﬁoﬁtionv of Letter's Patent. Patented Feb. 14, 1922..

1819.  Serial No. 287,713,

of the milling tool, and the axis of osci’
lation of the latter are disposed parallel.

- With a uniform revolving feed or' cross
feed milling work of this character causes

the milling ool to cut varying lengths with-

in a given unit of time. - For the economical

utilization of such a machine it is therefore.

desirable that provisions be made for a feci

1
e
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regulator that adjusts itself automatically

50 that the working capacity of the milling

tool remains constant throughout.

It is a further object.of my invention to
provide an automatically acting feed regu-
lator that adjusts the feed in relation to
the actual length of the cutting path of the
milling tool. ‘

On account of the difference in operation
from the ordinary milling machines, this in-
vention may be designated as an evolution
milling machine, thereby indicating that the
mill form does not have a form which is
similar to that of the finished piece, the form
of the latter being developed during  the
operation of the machine. ' ’
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To render my invention more clear I have

illustrated embodiments of the same in the

accompanying drawings by way of example.

In Tigures 1 to 8 I have shown a machine
according to my present invention for pro-
ducing spherical cam contours, Figure 1 be-
ing an elevation, Figure 2 a plan view, and
Figare 3 a side view of " the machine.
Figure 4 represents a milling work such as
may be produced by the machine illustrated
in Figures 1 to 3, while Figure 5 shows a
copy cam suitable -for a work shown in
Tigure 4. With the kind of work shown
for instance in Iigure 4, the milling tool
is required to perform an approximately un-
varying cutting length for a unit time
throughout, hence, no feeding speed regu-
lator is required which I ‘have thervefore
omitted -in  the construction shown in
Figures 1 to 8. However, such a device is
shown in another embodiment of my inven-
tion illustrated in Figures 6 to 8§ inclusive,
Figure 6 being an elevation, Figure 7 a side
view seen from the left of Figure 6, and
Figure 8 a plan view of the main parts of
the machine. Figure 9 shows a typical ex-
ample of a work, and Figures 10 and 11 the
milling and feeding cams for the production
of such work. The modified embodiment of
my invention as shown in Figures 6 to 8 is
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'J divided slide 4, 4/.

o

illustrated in Figure 12 in a perspoctne
view.

The machine frame 1 is provlded with a
bed like structure. carrying the tracks 1.
At one end of the frame 1 there is mounted
the spindle 2 of the circular table 3 which

s provided at its circumference with teeth
engaging a worm shaft 26 by means of which
the feed is communicated to the said table.
Upon the tracks 1’ is lengthwise movable
The slide part 4 car-
ries upon -2 hollow pivot 6" the oscillation
plate 6 with the extension 7 and the adjust-
ably mounted - gtiide voller -8 ‘mounted at
the end of the Iatter. The angular: position
of the extension 7 is rendered - adjustable
relative to. the oscillator 6 by means of a
serew and slot connection 7”.. The spindle
stock 5 is adjustably mounted upon a track
6’ of the oscillation plate 6. The axis of
the. milling spindle 13 crosses the axis of

‘osmllatlon “at n right angle; and the axis

of revolution of the work 27 to be wrought
upon is likewise disposed at a right ‘mOIe to
the axis of oscillation.

The machine is operated by means of
the shaft 10 receiving its driving power over
the belt pulley 9. Two pairs of bevel gears
11, 12 and 11/, 12’ communicate  the driving
power to the milling spindle 13. I ‘have
omitted from the drawings the milling teol
since - such tools are well -known-to those

skilled in-the art to-which this invention.

vefers. The slide part 4 carries the upright
shaft 14; on the upper end of the latier is
mounted the contour control cam.or copy
cam 15.
carries the gear wheel 16 that engages the
worm 17 upon the shaft 18, The latter is
actuated from the main shaft 10 over the
gear wheels 19 and 20.. From the-end op-
posite to the driving wheel 20, the shaft-18
actuates. the feed shaft 24 over a set:of
change wheels 21, 29, and 28. The feed shaft
24 1evolvcs the worm-shaft 26 by means of a

pair of bevel wheels 25.

55
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The worle to be wrought upon is dCblﬂ-
nated 27, and it 1s presmned that the same
is to be provided with the spherical; viz.
coricave cam groove illustrated in Figure 4.
The copy cam required for this species of
work is reproduced in Figure 5 and is-of a
very simple structure.

When the machine is set into opelatlon
the copy cam 15 is caused to revolve owing
to the gear connection above described. T he
circular table 3 revolves also and its ratio
of speed with regard to the vevolution of
the copy cam 15 1s determined by the size
of the change wheels 21 and 28. ' In the
present instance the copy cam is required to
perform six-full revolutions while the work
15 once turned, in order to reproduce the
groove contour six times. The contour that
can be pmded by means ot the ‘copy cam

The lower end of the shaft 14

1,408,866

15 can be milled into the work as many times
during one. revolution of the latter as may

“he des1red, all that is necessary isto change
‘the ratio of speed between the copy cam

and the work table correspondingly.-

70

The extent of the oscillation of the milling

tool can be adjusted by approaching or mov-
ing ;apart the slide sections 4 and 4’ and

‘readjusting the active length of the exten-

sion arm 7. Hence, figures of similar con-
tour but different size can be produced w1th
one and the same copy cam.

The described construction is designed for

spherical mllhno work of a character similar
to that shown in Iigure 4. Cams of " this
spherical curvature. are required, for in-

stance, as control cams for the gmdance of

machine ‘parts the axis of rotation-of which
meet. in' the point about which the milling
spindle oscillates.  For cams of the char acter

shown, for instance, in Figures9, 10, and 11,

I have designed the construction shown in
Figures 6 to 8. Hower er, the achine shown
in Figures 1 to 3 may "be adapted to ilike
1equ1rements by arranging the milling spin-
dle at.a right angle to the actuating shaft
and by re ndernw the machine table angu-
larly adjustable.

Referring to the construction shown in
Figures 6 to -8, the oscillation plate 6 vests
directly upon the track 1’ of the bed ‘1
which carries the shaft 14 on which the copy
cam: 15 ig secured. . The oscillation plate 6
is operated from an independent gear. The
milling tool is actuated from the driving
pullﬂy 9 receiving its power from an over-
head shaft 9’ over a pulley 9”7 and a belt
977, The stepped cone pulley 29 is provided
for the operation of the feed. The cone
pulley -29 ‘is secured upon a.shaft 18 from
which is derived the drive for the copy cam
15 and for the chuck 8 for the work in a

“similar manner as described with reference

to rthe first embodiment of the ‘invention
shown in-Tigures 1-to 8. The shaft 18 is
positively connected to ‘the shaft 14 by
means of a worm gear 17, 16, and to the
shaft 24 by means “of toothed gear wheels
21, 22, 23. The shaft 24 drives the shaft 2
and the chuck 3 secured thereon by means
of a pair of bevel wheels 25, 257, the shaft
25" and the worm gear 26, 3"

Besides the copy cam "15, the shaft 14
carries the control cam 30 for the feed ad-
justment. The latter comprises. a counter-
shaft and a pair of pulleys. The cone pullev
31 drives while the cone pulley 32 and the
stepped -pulley 33 are driven parts of the
gear.
means of a lever 35 directly controlled by
the cam 30. I provide counter weights which
are omitted for the sake of clearness and
by means of which the cam actuated parts
are kept in contact with the respective cams.

In Figure 10T have illustrated a copy
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cam adapted for the production of the
work 27”-shown in Figure 9. TIn this case
the feed control cam 30 would require a

contour similar to that shown in Figure 11,

The cooperation of the different machine
parts I will now deseribe with reference to
the modified construction shown in Figures
6 to 8. In this case both of the worm gears,
viz. that for the operation of the copy cam

5 and that for the revolution of the chuek
3 for the work, have equal numbers of
threads and teeth respectively. The change
wheel 21 upon the shaft 18 1s-half as ]aroe
as the wheel 23 upon the feed shafi 9.
Hence, the work is revolved one half a tuwn
when the worm 17 has revolved the worm
wheel 16 and the copy cam 15 a full turn.
When the work is finished, its contour is

" therefore doubled.
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The division of the sectional face of the

work 277 into 24 parts, as shown in Figure
9, c')mesponds to the division of the copy:
cam, Tigure 10, into 12 parts;
indica tlu(r the 001n01dmo anovhr osmons
the 1ar0e5u radius of the work 27/ corre-
sponds to the smallest radius of the copy
cam 15.
remains constant, the cutting capacity -of
the milling tool remains unal between the
points 1 to 5, increases between the points
5 and 6 dec1e‘vses between the points 6 and
7, is consvtderwbly less between . the points
7 and 9, and increases thereafter. in the same
proportion in which it decreased previously.
If it s desired that the machine operates
with the maximum milling tool feed allow-
able, the corresponding speed need only be
ascertained between the points 1 to 5 of
the milling tool path and the feed regu-
lator qdjustea accordingly. At the moment
when the feeding speed tends to increase the
ascending poﬁuon between the pmnts 5 and
6 of the fned control cam operates the lever
a5 of the feed 1‘ecrulflunn gear which is
thereb),r slowed down accordingly. Since
the effective curve of the cam 30" de Scends
rapidly between the points 6 and 7 and
remains ‘unchanged up o the pomt, 9 the
vesult is that the spced reculato increases
the angular speed of hoth the Work and the
copy cam to GUCh an amount that the speed
of the milling tool remains constant.

For the admshnont and readjustment of
the cutting depth I have provided the ad-
justable roller 8 (see Figure 7). By in-
creasing its distance from the extension 7,
the milling tool is caused to cut deeper mto
the work,

With the construction .shov*n in Wigures 1

to 3. the cutting depth of the milling tool:

is adjusted by a movement of the splndle
stock B upon the track 6’ of the oscillation
pL\tn 6. '

It it s desived to cive the contours pro-
duced a finishing glmdmg it ig only nee-

the ﬁo ures

If the angular speed of the feed

egsary fo.put a gundmfr ‘wheel in place of
the milling tocl and to provide a separate
drive for the same.
wheel must have a diameter as: equal as
possible to that of the willing tool as other-
wise the produced contour of the work: will
be affected.

The limit: of ithe ‘size of the copy cam
depends upon the size of the machine. A

circle ‘is made upon the copy cam plate.

This circle may be considered -as the basis
circle and is divided into as many parts as
the. contour to be miilled. Into.the latter
a basis circle is made from which the dis-
tence of the contour is measured successively

vithin the division lines and transferred
upon the copy cam plate at a proportion
equal to-the proportion of the lengths of
the levers between the oscillation axis and
milling tool and nqcﬂlatlon axis and - guide
roller. -

Shovld the form of the work require it
the circular feed of the latter may be sub-
stituted by a cross table feed.

Having now desem bed my invention, What'

Teclaim as my invention and desire to secure

bv Letters Patent of the United States, is:—

. Milling machine, comprising, in com-
Lln vtion, a table for the work to be wrought
upon, feeding mechanism for said table, a
milling Spin(.he adapted to receive a milling
tool, an oscillatory carrier for said milling
3pwdle and adapted to be cam controllecf
the axis of oscillation of said carrier bemo
disposed at a right angle. to the axis of said
spindle, a rev oluble cam for said carrier to
control  its oscillatory - movement, feedin
mechanism for said cam, said second nameg
mechanism operating in timed relation to
said  first named mechanism, actuating
means for said milling spindle, and means
in connection with said second:named mech-
anism for altering - the -ratio of speed be-
tween the feed of “said cam and the feed of
said table, wherebv the contour of said cam
may be repreduced more than once within
the course of the complete cam contour to
be produced upon. the work.

2. Milling machine, m.npnsmn. m (mnhl—
nation; a revoluble table forthe work to be
wrought upon,
hble, ) mﬂ]mo spmdle adapted to receive a
milling tool, an oscillatory earvier for- said
milling spindle and adapted to be cam con-
trolled, the axis of oscillation of said carrier
being dis sposed at a right angle to the axis of
said spmdle as well as to the axis of said

+table;a reveluble leam for gaid carrier to con-
trol its ogcillatory movement, feeding mecha-

nism for said eain, sald second named mecha-
nism operating in timed rolntwn to said first

niamed mechuusmn actnating means tor =aid
mllhnn spindle, and means in connection
wnh smd cemnd named mechanism for alter-
ing the ratio of speed between the'feed of

feeding mechanisim' for ‘said

However, the grinding ‘
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said cam and. the feed ol said f‘tble avhereby
the contour of said cam may be 1eproduccr1
repeatedly within the course of the complete
cam contour to.be reproduced upon the work.

3. Milling machine, comprising, in combi-
nation, a table for the:work to be wrought
upon, feeding mechanism for said table, a
milling Qplndle adapted to receive a milling
tool, anoscillatory carrier for said 111111111)
plndle and adapted to be cam controlled, the
axis of oscillation of said carrier being dis-
posed ‘at a right angle to the axis of said
spindle, a revoluble cam for said carrier to
control its - oscillatory movement.  feeding
mechanism for said ca 1, sail second named
mechanism operating in timed relation to
said first named gear, :1ctmt1nr> aeans for
said milling spmdle means in connection
with said second nameil mechanism for al-
lowing of altering-the ratio of speed between
the feed of said cam and the feed of said
table, whereby the contour of said cam may
bé reproduced more .than once within the
course of the complete cam contour to be.pro-

. duced upon the work, and means for adjust-

ing the position of =aid spindle upon said
C‘u'mer and relative to the v‘0rk
4. Milling' machine. comprising, in COD]bl—

nfxt1on. a revoluble table for:the work to be

wrought upon, feeding mechanism for said
table, a milling spindle adapted to receive a
111111]110' tool, an.oscillatory ‘mrr'er for said
mllhnfr splndle and adapted to be cam con-
tr olled the axis of oscillation of said carrier
being disposed at a right angle to the axis of
said Spmdle as well as to the axis of said
table; a;revoluble cam fTor said earvier to con-
trol its oscillatory-movement, feeding mech-
anism for said cam, said second named mech-
anism operating in timed. relation to said
first named mechanism, actuating means for
said -milling ‘spindle, means in connection
with said second named mechanism for alter-
ing the ratio of speed ‘betiveen the feed of
said.cam and-the feed of said table, whereby
the eontour of said cam may be xcmode
more than once within the course of the com-
plete cam contour to be reproduced upon the
work, and means for adjusting the position
of said spindle upon said carrier and rela-
tive to-the work.

5. Milling machine, conmiprising, in combl-
nation, a table for the work to be wrought

upon, Eeedmo mechanism for said table, an

o%m]htow carrier extending in opposite di-
rections from its axis of oscllhtmn. a mill-
ing spindle adapted to receive a milling tool,
said milling spindle being mounted upon one

extension of said carrier, an adjustable arm
at the extension of said carrier that is. op-
posite to said first named extension carrying
said milling spindle, said arm being adapted
to be cam ‘controlled, a revoluble cam- acting
upon said arm so as to control the REE illatory v
movement. of said carrier, the axis of oscil-

1,406,866

-lation of 'said. carrvier bu]n«r dzsposed at
right angle to the axis of said milling qu ;

dle. actu‘ltlncr means for sdid nnlhno spin-
dle, and feechno mechanism for said cam.

6. Milling mflchme, comprising, in combi-
nation, a table for the work to be wrought
upon, feedmw mechanism for said table, an
osullatow carrier extending in opposite. di-
rections-from its axis of oscﬂlatmn, a mill-
ing spindle adapted to receive a milling tool,
said milling spindle being mounted upon one
extension of said carrier, an.adjustable arm
at:the extension of said earrier that is oppo-
site to said first named extension carrying

said milling -spindle, an adjustable cam fol-
lower at the free end of said arm, a revoluble
cam acting upon said:arm:so as to. control
the oscﬂlatory movement of said carrier, the
axis of oscillation of said earrier heing dis-
posed at .a right angle to the axis of said
milling spindle, acuating means for said
mllhnrr spmdle, a slide .consisting of two
relatlvdy adjustable sections, one of said sec-
tions carrying said 050111‘11“01‘\' carrier while
the second section carries said revoluble ¢ cam,
Vhelebv the ratio of leverage between :the
axis of oscillation and the w'ctuqtmn point of
said eam on the one hand antl the millina
point on the other hand may be altered, anﬂ
actuatmo means for said:cam.

\[1]11nn machine, comprising, in com-
bm.xtxon a table for the worlk to be wrought
upon, ‘feeding mechanism for said table, an
oscillatory -carrier extending in opposme di-
rections from its axis of oscﬂhtlon a mill-
ing spindle adapted to receive a mlllmo tool,
said milling spindle being mounted upon
one extension of said carrier, an ‘adjustable
arm 2t the extension of said carrier that-is
opposite to said first named.extension carry-
g said milling spindle, 'said arm ‘being
adapted to be cam controlled, a rev oluble
cam acting upon said arm so as to control
the oscillatory movement of said carrier,
the, axis of oseillation of said. carrier being
disposed at a right angle to-the axis of said
milling spindle, actuating means for said
'mlhno spindle. and fcedmo mechanism for
said cam, said last named mechanism oper-
ating in timed relation to said first- nqmcd
m(‘chamsm

Milling machine, comprising, in com-
1)1natvon. a table for the work to be wrought
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upon, feeding mechanim for said - table, an

oscillatory cariier extending in opposite di-
rections from its axis of oscillation, a mill-
ing spindle adapted to receive a milling tool,

said -milling spindle being mounted ‘upon
one ‘extension of said. carrier, an. adjustable
arm at.the extension of said carrier-that is
opposite to said first named extension carry-
ing said milling spindle, an adjustable cam
tollower at the free end of said arm, a rev-
olnble cam - acting upon said arm- 50 as-to
control:the osmllatm} movement of said ear-
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rier, the axis of oscillation of said carrier
belng disposed at a right angle to the axis
of said milling spindie; actuating means for

said milling spmdle\ a slide consisting of

two rola‘twdy adjustable sections, one of
said sections carrying said oscﬂlatow car-
rier while the second section carries said
revoluble eam, whereby the ratio of leverage
between the axis of oscillation and the ac-
tuating point of said cam on the one hand
and the milling point on the other hand
may be altered, feedmg mechanism for said
cam, said last named mechanism operating
in timed reation to said first named mecha-
nism. :
9. Milling machine, comprising, in com-
bination, a fable for the work to be wrought
upon, feeding mechanism for said table, an
oscillatory carrier extending in opposme di-
rections from its axis of oscﬂlqtmn, a mill-
ing spindle adapted to receive a milling tool,
said milling spindle being mounted unon
one extension of said carrier, -an ad]u%t'lble
arm at the extension of said carrier that is
opposite to said first named extension car-
rying said milling spindle, said arm being
adapted to be cam controlled, a - revoluble
cam acting upon’ sald arm-so as to control
the oscillator y movement of said carrier, the
axis of oscillation of said carrier bean‘ dis-
posed at a right angle to the axis of said
milling spmd]e qctuatlng means for said
mll]mo spindle, feeding mechanism for said

cam, said Jast named mechanism operating.

in timed relation to said first named mecha-
nism. and means in connection with said
Tast named mechanism for altering the ratio
of speed between the feed of said cam and
the feed of said table, whereby the contour
of said cam may be reproduced more than
once within the course of the complete cam
contour to-be produced upon the work.

10. Milling machine, comprising, in com-
bination,a table for the work to be wr ought

upon, feeding mechanism for said table, an-

oscillatory carrier extending in opposite di-
rections from its axis of oqmllaflon, 4 mill-
ing spindle adapted to receive a milling tool,
gaid mﬂhnﬂ being mounted upon one ex-
tension of said carrier. an _adjustable arm
at the extension of said carrier that is oppo-
site to said first named extension carrving «
said milling spindle. an adjustable cam fol-
Jower at the free end of said arm, a rev-
oluble cam acting upon said arm so as to

. control the oscillatory movement of said

60
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carrier. the axis of oscillation of said carrier
heing disposed at a right angle to the axis
of said milling qmnd]e. actuating means for
said milling spindle, a slide consisting of

two  rel ‘lt]\'OlV adjustable sections one of .

which carrying said ochhtorv carrier while
the second section carvies said rvevoluble
cam, whereby the ratio of leverage between
the axis of oscillation and the ﬂctuatmd point

trolled, a revoluble

8

of said cam. on the one hand and the mill-

ing point on the other hand may be altered,

feeding mechanim for said cam; said last
named-mechanism operating in timed rela-
tion to sald first named mechanism, and
imeans in connection with said second named
feeding mechanism for altering the ratio of
speed between the feed of said cam and the
feed of said table, whereby the contour of
sald cam may be reproduced at least twice
within the course of the complete cam con-
tour to be produced upon the work.

11, Milling machine, comprising, in com-

bination, a device for holding the work to-

be wrought upon, fesding mechanismfor
said devme a milling devme an oscﬂlatory

carrier for said lmlhno device and adapted

to be cam controlled, a revoluhle cam for

said carrier to control its oseill latory move-
ment, actuating mechanism for said milling
device, feednw mechanism for said cam,
and a speed regulatmo device operatively
connected with both said first named feed-
ing mechanism and-said last named feeding
medmmsm whereby the feed of the work
and ‘the feﬂa of said cam is mtomaticnﬂv
regulated in accordance to the milling wor
to be performed,

12. Milling machine, comprising, in cow
bination, a device for holding the work to
be wrought upon, feeding 'nech‘wusm for
said devlce, a mllhno“ device g, an oqcﬂlatm ¥

carrier for said mllhnt‘ device and adapted
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to be cam controlled, a revoluble cam for _

sald carrier to control its oscillator v move-
ment, actuating mechanism for said mill-
ing dm ice, feedmo mechanism for said cam,
and a speed }'efruhtmo device operatively
connected with both said first named feed-
ing mechanism and s'ud last named feeding
mechanism and comprising a controlling
cam mounted concentrically with said hlsf
named cam and so as to p‘n ticipate of the
revolving mm‘emen{ of the latter, wherehy
the feed of he work and the feed of said
cam is ftuiomq‘c]callv roouhiod m accovdance
to the milling work to be performed.

13. Milling machine, comprising, in com-
bination, a d(\\'l(‘c for holdmo ﬂle work fo
he wrought npon feeding mechanism for
sald dovlco, a milling device. an osecillatory
carvier for said mﬂ]ma device and m(oml-
ing in opposite directions from the axis of
osmllahon said milling device being mount-
ed upon one extension of said carrier, an ad-
msﬁble arm at tho carrier extension that
1s opposite to said ﬁmt named extension,
said arm being adapted to be cam con-
camn acting upon said
arm so as to contml the OSCIH tory move-
ments of said carrier, actuating means for
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said milling device. feeding mednm&,m for -

said  cam, and a cam controlled speed
1001113’(01‘ operatively connected with  both
said first named feeding mechanism for the
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woﬂ and said last named feeding mecha-

nism- for said revoluble cam, the controlling

cam of said regulator being wounted: con-
centrically with said first naméed -cam- and
so as to participate.of the revolving move-
ments. of the latter, whereby the feed of
the work and the feed of said fivst named
controlling cam is automatically regulated
in accordance to the amount of mﬂ'mo work
to be performed. :

14. Milling mach’} B, compusm . N com-
bination, a device for holding the work to
be wrought upon,. feeding mechanism for

Csaid donce, a milling demce, an oscillatory

carrier:for said mllhnn device and fxdapted
to be cam controlled, a yevoluble cam for
said carrier to control its oscillat oLy 1move-
ment, actuating means for said milling de-
vice, feeding mechanism for said. cam, and
in operatve ‘connection. with said last named
feeding mechanism means for altering the

ratio of speed between. the feed of said cam
‘md the feed of said work holding device,
whereby the contour of said cam may be
reproduced at least twice within the course
of the complete cam contour to be produced
upon the work, and. a speed regulating de-
vice operatively connected with both said
first named. feeding mechanism and said
last named feeding mech'm}sm whereby the
feed of the work “and the Leed of said cam
is automatically regulated in accordance to
the milling work to be performed. :

15. Mllhno m‘lchme, comprising, in.com-
bination, a device for holding the work to
be wrought upon, feeding mechqn]qm for
said dence. a milling device, an oscillatory
carrier for said mllhno device and extend-
ing in opposite dn‘ec*tlom from the axis of
oscilla ation, said milling device being mount-
ed upon one extension of said carrier, an
adjustable arm at the carrier extension that

-is opposite to sald first named extension,

said arm being adapted to be cam con-

1,406,568

~trolled, a-revoluble. cam zutmrr upon said
arim so as to. control- the os"lllatorv move-.

ments of sald: carrier, actuating weans for

said mllhno device, tgcdmcv mechamsm for
a1d cam, a cam controlled speed regulator
operatively connected with both sud first
named tecdlno mechanism for the work and
said last named feeding mechanism for said
1‘evoluole cam;: the contwlhno cam. of said

regulator bemg mounted concentrmlly with
ald first named cam and so as to participate

in the revolving movements of -the latter,

whereby the feed of the work and the feed
of said first named controlling cam is auto-
matically regulated- in accordance to the
amount  of nulhnw work: to be performed,
and -in operative connection with said sec-
ond. named feeding: mechanism means for
altering the ratio of speed Dbetween the feed
of said cam and.the feed of said work hold-
mo device, whereby the contour of said cam

may be. 1eproduced at least twice within the
comse ‘of the complete-cam- contour to be
prodiced upon the work.

16. Milling machine, comprising, in' com-
bination, a device: for holding the work to
be wrought upon, feeding mechanis for
said device, a milling: device comprising a
milling spmdle of two positively conneeted
sp]ndl“ parts disposed at a right angle to
each other, an oscillatory carrier for -said
milling' device and adapted to be cam con-
llOH(,d, a revoluble cam for said carrier to

.control. its-ogcillatory movement, actuating

mechanism for said mﬂhnor device, feedmﬂr

‘mechanism forsaid cam, and a speed 1*evuht-

ing device operatively connected with Doth
smd first” named 1eedmn mechanism and
said last named feeding moolmmsm. whereby
the feed of the work and the feed of said
cam is automatically regulated ‘in accord-
ance.to the:milling Work to" be performed.

GUIDO HORN.
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