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This mvent‘cn 1elateu to chucking machines
of -that type in’ which work-pigcés are carried
by radially disposed -rotating spindles and  are
presented successively to the action of a plurality
of suitable -todls located” at separated uoohng
stations. - A chucking machine of this type is
disclosed in my application  Serial No. 266,326,
filed March 31, 1928, of which th]b apphcatlon
" is, in part, a contintuation.’

One of the objects of this invention is to pro-
vide a chucking machine capakle of handling

relatively large WOll(-pl\,CES and so to construct

 the ‘machine, that it will' he comparativel y uni-
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versal ‘in - its action; baing adapted to perfoim

5 either internal or externsal opﬂrgtlons (or both)

at each of its uoohng stations.

Another cbject is to pfOVlde co*n*non reans
for synchronously rotatlrw all of the work spin-
dles; to provide speed’ change means for simul=
taneously varying the rate of rotation of all of
said spindles; to -combine therewith means for
giving to each ‘tool an 1nd1v1dual rate of feed
and to provide individual means for varying the
rate of relative rotation between certain ones

of said work- spmdles and certain ones of said-

tools:
A further object of the invention'is to provide
o simplified: transmission for effecting rapid

traverse and slow feeding movements of the tools, -

and indexing movements of the work turret and
simplified automatic controls therefor, whereby
all of those movements may be effected automati-
cally ‘in a predetermined cycle Wlth _compara-
tlvely féw elements.
Still another object is

“and index trains that each is adapted partially:

to control itself and the other ahd to embody in

the feed trains means whereby it will be capable_

of varying its own rate of action.
A further object is so to combine the various
traing that normally the operative cycle of the

machine would  be aabomatmally repeated and-

to provide automatically actuated interference
means, under the control ‘of the operator, for

5 bringing the machine to rest just prior to the

beginning of a new indexing movement.

Another object is to eliminate the poh,sfolhty
of breakage of any part of-the machine should
for any reason, movement of the work turret be
interfered with during the time that the turret
indexing mechams n iz in operation and to pre-

vent any of the mechanisms getting out of time -

. due to such. interference.

It
it

60

A still Turther ohject of the 1nv'=nt1on is so to
construct the ‘machine parts- and the various
transmissions that they readily may. be gssembled
and to provide in said trangmi isslonis means, in
the nature of timing couplmpfs, whereby each

feed-cam may he tlmefi 1nd1v1dually Wlth re spect

to its drive shaft

so-to combine the feed rig

-viewed from the rear of the machine.

Serial No. 432,296
(f‘i 49-—-—.38)

Anothﬂi omect is to provide an 1mproved pneu-" ‘

natically actuated turret locking means.

An object of the-invention also is to provide..

'z pneumatic counter-balance for one of the cam-' .

actuated elements of the machine fool.
* Other objects and advantages will be in- pa‘rt
indieated in the following description and in part

rendered apparent therefroin in connection Wlth’ :

‘cbe annexed drawings.

T'o enable others skilied m the art so fully ‘to
apprehend the underlyihg feauures hereof that
they may embody the same in the variots ways
contemplated by this invention, drawings de-
picting
been annexed as a
in- such

part -of this disclosure and,

a preferred- typical .construction have:

drawings, like characters of reference:

T

2]

denote corresponding parts throughoub all- the, K

views, of which:—

Figure 1 is & front e‘evatlon of a- radial spin~
dle ‘chuckmg machine emoodymg ‘this inven-

tion Mg, 2 is a right end elevation thereof. Fig.

isaplanof Fig. 1. ®ig.4isa semon'(raﬁly in
elevatxo’l) suhuant:wlw on the ling 4—4 of Fig.
1 showing the work-spindle driving train. = Figs.
5 and 6
of a portion of the machine casing showing-a

-speed change mechanizm, later to be referred to,

for varying the speed of rotation of all the work-
spindles. Pig. 7 ig a-side elevation of a gear box
containing speed change
means therefor, for varying the rate of transla-
tion of the tool-heads,

mechanisms  effective -alternately. Fig. 8 is a
ight end elevation of the gear box
Flig. 7. - Fig. 8 is a section substantially on the line
9—9 of IMg. 7. Fig. 10 is g section substantially
on the line 10-—10 of Fig. 7. Fig. 11 'is a section
substantially on the line 11—11 of Fig. 8. Fig,
12 is g section substantially on the line 12—12'of
Fig. 8 showing the drive for one of the slide actu-
ating cams, a portion of the -ﬁdey conirol means
and a portion cf the means alternately to render

efective-a fast and a slow feed. train, all later
to be described. - Fig. 18 is a section uostantm.u.y

on the lins 13——13 of Fig. 12 the par
moved in the direction indicated by the arrow ap-

proximately ten degrees from the positions shown E

in Fig. 12, - Fig. 14 is a horizontal sectional view
through the gear box and a portion of the ma-
chine frame showing the drive to the index shaft,
a-portion of the tool feed actuating train and a

porticn of a feed contirol mechanisim later to be

shown ‘as
Fig, 15
tional view through the turret

described, - said mechanisms being

is ‘a vertical sec

nupport showing more particularly the indexing

means for the turret and-a turret clamping
mechanism later to be described, Fig, 16 is a

- horizontal secticnal view disclosing the curret in-

are side and end elevations; respectively;

gearing and actuating’

said gear box also con-’
taining mechanism to rendsr the feed and index:

illustrated in

vt3 being shown”
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dexing mechanism and a turret locking mecha-
nism later to be described, together with an au-
tomatically actuated control for said locking
mechanism. ™ig. 17 is a detail section on the
line 17—17 of Fig. 16. Fig. 18 is a central verti-
cal section through one of the main slides and
one of the cross sides and their actuating means,
all later to be described. Fig. 19 is a detail sec-
tional view of an impositive driving coupling em-
bodied in the index drive train. Fig, 20 is a sec-
tion on the line 20—20 of Fig. 19. Fig. 21 is 2
central section of a timing coupling one of which
is embodied in each of the three tocl-head feed
trains. Fig. 22 is a left side elevation of the tim-
ing coupling shown in Fig. 2. Fig. 23 is a right
side elevation thereof. Fig. 24 is a development
of the tool-head feed and turret indexing trains.
Fig. 25 is a diagrammatic figure illustrating the
spindle driving trains, the tool-head feed trains,
the turret index trains, and the turret locking and
clamping mechanisms. Fig, 26 is a diagram-
matic view iliustrating the relative timing of the
turret lock, turret clamp, and turret indexing
mechanisins. Fig. 27 is a diagrammatic view il-
lustrating the main slide reciprocaiing cam in
conjunction with the dogs which shift & clutch
member alternately to render effective rapid and
slow drives for said cam.

Referring more specifically to the drawings, the
invention is disclosed as embodied in & chucking
machine comprising a  substantially T-shaped

“main frame or base 1 affording at its extremities,

tooling stations indicated generally as L, M and
N, each of which is adapted to be provided with
one or more tools. Intermediate the tooling sta-

* tions the base supports a turret X within which

40

45
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are rotatably journaled four equally spaced and
radially disposed rotating work-spindles Z, each
carrying, at its outer end, & suitable work-holder
or chuck 3.

As-clearly shown in Fig, 3 thers is one more
work-holder than there are work-stations, thus,
during the machining operations, one work-hold-
er will always be located between the tooling sta-
tions N and L. This idle position is used as a
loading and unloading station at which the opera-
tor is located to place the unfinished work-pieces
in the work-holders and to remove the finished
work-pieces therefrom after they have been ma-
chined. )

Stated briefly, the present machine includes
the following mechanisms:

(@) Spindle rotating mechanism,

(b) Feed and traverse mechanism for. tool
slides,

(e) Turret indexing mechanism,

(d) Turret lock,

(e) Turret clamp;
and suitable controls for all of said mechanisms.

For convenience,  these mechanisms will be
described in the order named:

Spindle rotating mechanism (Figs. 1, 4, 5, 6, 15
and 25)

As shown in Figs. 1 and 4, the turret ¥ is jour-
naled in and supporited upon a ring 4, secured
upon a central upstanding part 1’ of the base 1.
Within the turret are journaled, as in bearings
5, the rotatable work spindles 2 previously re-
ferred to. Power to rotate the spindles 2 is de~
rived from a motor 6 mounted on the machine
frame as shown in Figs. 1 and 3. This motor is
connected hy o chain 7, or other suitable trans-
mission (see Fig. 25) with a shaft 8 journaled
in an upstanding portion 12 of the main frame 1.

1,988,500

A bevel gear set 9 connects the shaft 8 with a
shaft 10 also journaled in the frame portion 12
and which, as shown in Figs. 5 and 6, has one end
extending exteriorly of said portion and has re-
movably secured thereto a gear 11. This gear
meshes with, and drives, a gear 12 removably
secured upon the exposed free end of a shaft 13
also journaled in the frame portion 12. The gears
11 and 12 are in the nature of pick-off gears and
may be removed and replaced by others having
g different ratio, thereby to vary the speed ratio
between the shafts 10 and 13.

Splined to shaft 13 is a gear unit 14 providing
gears 142 and 14P adapted selectively to be meshed
with complemental gears 15* and 15° on g shaft 16
journaled lengthwise of the machine frame. A
hand lever 16, and arm 162 actuated thereby, serve
to shift the gear unit 14 seleclively to mesh said
gears. )

. The shaft 15 extends to within the upstanding
portion 1’ of the machine frame and carries at
its forward end a bevel gear 17 which drives a
similar gear 18 secured upon a short vertical shaft
19, journaled in a bearing bracket 192, secured to
a portion of the main frame. A gear 20 fixed

upon the upper end of the shaft 19 drives & gear

21 fixed upon a shaft 22 journaled, at one-end,
in the bracket 192 and adjacent the other end in
the turret K. To the upper end of shaft 22 is
secured a gear 23, which meshes with and. drives
four gears 24, each of which carries a bevel gear
25 which in turn serves as a driver for a similar
gear 26 fixed to a shaft 27 journaled in the turret
K. Agear 28, also secured upon each of the shafts
27 is maintained permanently in mesh with a
gear 29 provided by a spool 292 rotatably and
translatably journaled on each of the work
spindles 2. Each of the spocls 292 afiords also a
friction clutch element 30 and a tooth clutch ele-
ment 31 adapted selectively to be engaged respec-
tively with a friction cone 32 and a tooth clutch
element 33 both fixed upon the work spindle 2.
A fork 34 engaging the spool 292, is secured upon
sn endwise movable rod 342 journaled in the tur-

ret. Clutch actuating levers 35 journaled in 2¢

brackets 352 supported by a turret cover nlate k,
have portions engaging the slide rods 342 selec-
tively to engage the friction and toothed clutches.
In the operation of the machine, after placing a
work-piece in one of the chucks, the operator first
pushes the lever forward to the position indicated
by the dotted lines 35°.(¥ig. 4). This connects
the friction clutch element 30 on the continuously
rotating spool 292 with the then stationary clutch
element 32 fixed to the tool-spindle, thus, starting
the rotation of the spindle and work-piece imposi-
tively and without shock and undue strain on the
spindle drive. After the spindle has attained a

substantial speed of rotation the operator pulls.

80

85

90

96

180

105

115

the lever 35 to the position 35¢ thus, shifting ;3:

the spool inwardly and engaging the toothed
clutch- elements 31 and: 33. Thereafter the
spindle is rotated positively.

From the foregoing it will be perceived that all

of the work spindles are rotated in the same -4,

direction and at a common speed, which speed,
however, may be varied as hereinbefore explained.

Tool slides and actuating means therefor

‘To effect relative bodily movement between
the work-piece and the tools adapted to operate

thereon, tools, located at the tooling stations L, M -

and N, preferably are supported on slides and
these. slides are given the necessary movements;
1st to carry the tool into contact with the work-

i
Y
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@ journaled respectively in the_ upstanding. por-

‘the main-slide.

- extension.of each slide 2

-form of tool-hgolder.

-spindles are rotated. To that end, each
main slides is preferably provided with a bore b

‘and.3; the main slide at the station L
‘as fith

‘cured-upon brackets m! fitted to seats m?2-

1,933,500

piece, 2nd to give the tool a feeding movement
during the machining operation; and 3rd to re-
tract the tool after the tooling operation is com-
pleted. Inasmuch as the machine iz adapted to
perforin various types of operations; both internal

and external, on various forms of work-pieces, it.

has been found advantageous to provide at each
tooling station a piurality of tool supporis. These
supports are adapted to carry the tool required
to perform the ‘desired operation onithe work-
piece being machined. 'The machine is illustrated
as providing, at each tooling station, a main slide
MS fitted to move horizontally toward and from
the work on guides 36 (sse Fig. 18). . At the'sta-
tions Liand N the guides 36 ars:provided by up-

" standing portioiis 12 of the main frame, but: at:

station M, for convenience of manufacture, they
are provided. by a sub-frame or gear-box GB sup-
ported upon the main frame and housing certain
mechanism later to be described, "The gear-box is
i effect a portion of the main frame and may be
so considered. Hach of the main slides is given

aciprocatory motion from a can 38 secured upon
'z, su‘ap.htmb drum 38% carried by a rotary shail

ions 12 and in the gear boxz GBI A cam groove
28> formed in each of said cams is tracked by a
roller 38 carried by an arm 28c depending from-a
siide 384 having an adjustakle connection with
The cam 38.is preferably made
of two semi-cylindrical sections 38’ and 38’’ re-
movably secured to a drum 38%, as.shown in Figs.
13 and 18. These sections may be removed and
replaced . by others affording: a - different cam
groove, should the nature of the. operation to
be performad make this desirable.”

An adjusting screw 39, jourhaled inan upward
84, is threaded into main
tool stide and affords means for manually adjust-
ing each ain slide toward and.irom’the work-
piece aund- relative to.its-actuating cam.

‘REach -main- slide is provided at ifs upper: side
with a seat having therein & plurality of T-slots
t adapted to have secured thereto any suitable.
Inasmu.ch gs the tool-holder-
and the tool carried thereby may he- conventional

and form no part of this inveniion detailed illus~

tration and descr;puon bberﬂm is d med Lm—
necessary.

For certain operatlon. stieh; for ‘example, as
drilling, boring and reaming, it may be desirable
to produce, between one or-more of ‘the tools and
the work, a speed of relative rotation either faster
or slower than the speed at which all of the work
of - the

within whicti may be -Journaled a {ool" spindie
s adapled to carry a suitable tool &', In Figs. 1
is shown
4 wiih- a rotary ‘tocl spindle. : The main-

slides at the stations M and N may alsc be 50

fitted-if the nature of the operation to-be per~-

formed at those stations demands it.

~To enable the tool npindle. to: be-ro ated either
in the direction of, or-in opposition to, the direc-
tion of rotation of the work spmdle thereby either
to decrease or increase the rate of relative rota-
tion between the work and the tool, individual
varigble speed. reversible motors: m may be se-
pro~
vided by each of the main slides. The motfors.m
are each connected by a chain m3, or other suit-
able transmission, with a. transverse. shafi m?,

journaled in the bracket m?!;, which shaft is con-

nected, as by a worm and worm-=wheel, with the

s illustrated

‘by. a. motor 47 mounted on a
metor is cennected by -

-GB supported: upon

3

tool spindle 5. Conventional means (not shown)

is .provided for controlling the speed and direc-

tion ‘of rotation of the motors m.

Certain machining: operations. require the use ’

of an externally cperabing ool movable trans-
verse to the axis of the work-piece. Any one or
all of the stations L, M and N may, therefore, be
provided with an upright standard 40 (see Figs.
1, 2, 3 and 18) upon which is slidably mounted,
a -vertically movable cross slide CS adapied to
have a suitable tool secured thereto. The stand-

‘ards 45 are removably secured upon seats pro-

vided by -the main frame and .the gear-box.
Reciprocmory movements are given to the cross-
slides by a rotary cam 41 having a cam-~groove 412
tracked by a roller 42 journaled on a.stud 422
carried by the cross-slide. The cam 41 is pref-
erably made of two semi-cylindrical portions 41k
and 41¢ (similar to those of cams 38) which are’
secured upon a sleeve 43 journaled in a bearing 44
supported by the standard 40. A cam drive shaft
O journaled in the standard 49 extends upwardly
through the sleeve 43 and is connected to the
siceve by & timing coupling 45 similar to that dis-

- closed in Figs. 21, 22 and 23 lafer to be described.

A gear 48 on the lower end of each shaft O-serves
to transmit rotation to said shafts.

To reduce the lead on the cross-slide cams 41

“and therely fudme wear on the cara grooves 412

and rollers 42, pneurnatic -1&.3.1’13 ig provided for
sustgining the Wexgm of the cross-slides and the
part; carried thereby. 'This is effected by form-
ing in the cross -s? de a vertically disposed cyl-

inder 41¢ into which is fitted a ylStOl’l 4ie fixe
toa rod 41% which rests upon a portion. of the
standard 40. Al prassure is admitted into- the
upper end of the cylinder as through g pipe 418,
Sufficient air pressure is applied between the end
of ‘the piston and the ¢ylinder end wall to sub-
stantially support the weight of the cross-slide
and its attached parts therehy substantially bal-
ancing the cross- s‘ii_d_e. The cam-groove 412 is,
therefore, required vo exert only a reiatively slight
pressure on thie roller 42 to move the cross-slide
either upwardly or downwardly. h
Any-sultable tool may be carried by the cross-
slides CS and these tools may work independently
of ‘'or in sonjunction with the tools carried by the
main slides. One form of tocl-holder and tool w
in Fig, 18 and at station M in Fig. 3.
that other forms

Tt is to be understood, however,

of tool-holders and tools may be substituted and

that the cross-slides at the stat tions L and N also

.may carry teols. -

cams 08 and 41 is provided
suitable portion of

Power to rotate the

the machine frame. Thi
a:chain 48 or other suitable transmission, with
one end of 5 shaft A journaled in the gear-box
the rearwardly  extendin
portion of the main frame, adjacent the tooling
station M. . The opposite end of. the shaft A

carries a gear 49 which drives, through an. inter-.-

mediate gear 482, a gear 50 rolatably journaled
oun a short shaft ¢ secured in the gear-box. A
spool 51 rotatably and translatably mounted on
the shaft o provides a toothed clutch element
512, adapted to ensage a toothed cluteh element
502 integral with the gear 50, and a gear 51b per-
manent;y in 'mesh with a gear 52 fizxed upon a

haft- R also joufnaled in the gear-box.  The.
shaft B carries a bevel gear B3, which drlves a-
similar gear 532 secured upon g shait B. ‘Power-
may be taken from the shaft B through either
of two.trains, thereby 1o rotate the tool-slide feed-
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cams 38 and 41 either at a rapid rate to effect
rapid traverse of the tools to and from the work
or' at a slow feeding rate during the machining
operation. For convenierice, one train may. be
considered the main transmission and the other
a supplemental transmission. 'The rapid traverse

~ train will be described first.
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“cured at 74* upon one end of a shaft D also
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Rapid traverse for tool slides

Rotatably journaled on the shaft B is a gear 54
permanently in mesh with a gear 55 rotatably
mounted on a shaft F journaled in the gear-box.
A clutch spool 58, splined to the shaft B, pro-
vides tocothed ciutch teeth 562 adapted to be en-
gaged with similar clufch teethh 542 integral with
the gear 54. A similar clutch spool 57 splined to
the shaft I has clutch teeth 572 adapted to en-
gage clutch teeth b55* carried by the gear 55.
Thus when the clutch elements 56 and 57 are
shifted to the left in Figs. 7T and 11 and upwardly
in ¥igs. 24 and 25, rotation will be transmitted
to the shaft F at substantially the spesed of rota-~
tion of the shaft B. A gear 58, fixed upon the
shaft ¥ drives a gear 59 secured upon & shaft G,
also journaled in the gear-box. A first branch
line feed shait P, journaled in the gear-box trans-
verse to the shaft 6 and driven therefrom by bevel
gears 60 and 61, carries a first worm 62 which
meshes with and drives the cross-slide driving
gear 46, and a second worm 63 meshing- with a
worm-wheel 64 fast upon the main-slide cam-

shaft Q.
Journaied lengm_mse of the main frame 1 is
shaft 8, (see Figs. 3, 4, 11, 24 and 25) connecded

by bevel gear sets 65 and 68 with second and third
branch line feed shafts P! and P2 gimilar to shaft
P extending beneath the tooling stations N and L
respectively. Bach of these shaifls also has se-
cured to it a cross-slide actuating wori 62 and a
main slide actuating worm 63 connected to actu-

shaft S is driven from the shait G by spur gears
67 and 68 and kevel gears 69 and 70. :

With the clutch elements 56 and 5'( engaged
with the clutch teeth 542 and 552 rapid rotation
will be transmitted to the cams 38 and 41 iocated
at each of the tooling stations and this rapid ro-
tation is employed rapidly to frenslate the tools
to and from the work-pieces. 'These rapid move-
ments are highly desirable inasmuch as it re-
duces, to a minimum, the time reguired for the
working cycle.

Slow feed for tool slides
As hereinbefore stated, rotaticn may be trans-

" mitted from the shaft B to the shaft F al a re-

duced rate and thence to the teool slides to give
to the tools a relative slow feeding movement
during the tooling operation. This is effected
as will now be described. Removably secured
upen the shaft B, exteriorly of the gear-box is a
gear 71 which drives a gear 72 journaled on a
stub shaft 722 secured in the gear-boz. Remov-
ably secured to the gear 72 is a gear 13 which
drives a gear 74 removaply and frictionally se-

journaled ‘in the gear-boz.. The gears T1—72
and 73—74 are in the nature ¢f pick-off change
gears and may be remcved and inferchanged
with others having a different ratic. Adjacent
the other end-of the shait D, there is secured a
relatively small gear 75 which drives a larger
gear 76 forming a part of a gear unit 762 rotat-
ably journaled on g stub shaft E and affording
also a smaller gear 77. This latter gear drives a

s ' 1,933,500

larger gear 78 forming a part of a gear unit 79
rotatably journaled on the shaft D. A smaller

gear 80, also provided by the gear unit 79, is

permanently in mesh with a relatively large gear
81 rotatably journaled on the shaft F. Integral
with the gear 81 is a toothed clutch portion 82
adapted to be engaged by a toothed portion 57°
of the clutch element 57 previously referred to.
from the foregoing it will be perceived that with

the clutch element 56 shifted to engage the clutch

teeth 58* and 542 and the clutch element 57
shifted to engage the clutch teeth 572 and 542
rapid rotation will be transmitted to the shaft F,
whereas by leaving the clutch teeth 562 and 54
engaged and shiffing the clutch element 57 to
engage the clutch teeth 57° and 82 slow rotation
will be transmitted to the shaft F. The speed
of rotation of the feed cams, and thereby the
speed of franslations of the tool slides, is propor-
tionate to the speed of ‘rotation cf the shaft F.
The frictional mounting of the gear 74 comprises
a safety device for the feed train.

The power drive from the main feed shaft A
to the feéd drive trains may be interrupted by
manually shifting the spool 51 to the left (Figs.
10, 14 and 24), thereby disengaging the clutch-
teeth 502 and 512, For this purpose a feed con-
trol lever Y is located at the front of the ma-

" chine. This lever is fixed upon one end of a shaft

v having at its other end an arm y! connected
by a link %2 to a similar arm y3 secured to & shaft
y* journaled in the gear-box. A clutch shifting
fork 95 is.secured upon the shaft y* and engages
the spool 51 te move it axially.

Hand feed and index

Manual means also is provided for actuating
the feed trains and turret index. This means
comprises a shaft X extending to the front of the
machine and having a squared end adapted to
receive a. suitable actuating crank, not shown.
On the inner end of shaft X, there is secured a
bevel gear 2! which meshes with a bevel gear z2
rotatably journaled on the shaft ¢. Fixed to gear
z? is a clujch element affording clutch teeth x3
adapted to be engaged by clutch teeth 51* pro-
vided by the spool 51. - The lever Y and the parts
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connected therewith, also serve to shift the spool

51 to engage the clutch teeth 51* and z3 thereby
to render the manual drive effective, This man-
ual drive may be used to advantage in sefting up
the machine for any specific work-piece.

Turret indexing mechanism

As hereinbefore stated, the work turret K is
periodically indexed to carry a work-piece from
the initial or loading station successively to the
tooling stations I, M and N and thence back to

the initial station where the finished work-piece-

is removed from the chuck, Each of these ninety
degree movements of the work turret is effected
by a two-stage index movement. produced by an
improved Geneva index mechanism comprising
a slotted disk 83 secured to the underside of the
work turret and having radial slots 83* formed
therein. - These slets are engaged by rollers 842
and 840 carried by a rofary disk 84 which is
given one complete rotation for each ninety de-
gree movement of the turret. The rollers are so
located on the disk 84, that they are not on di-
ametrically opposite sides of the axis thereof.
This produces a continuous movement of the tur-
ret, after which the disk 84 has a further move-
ment for a purpose later to be explained.

Power to actuate the indexing mechanism may
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be obtained from any. suitable source but: prefer-
aply it will be taken from the tool-feed train as
shown in Figs. 24 and 25. To that end, there ‘is
rotatahly. journaled on' the shaft B a gear 85
adapted, at certain times, to be secured to said
shaft by the clutch spool 55, clutch teeth 56b
of said =pool being adapted to engage similar teeth
852 formed on the hub of the gear 85. This gear
drives a gear 86 fixed adjacent one end of a shaft
J journaled in the gear-box, which shaft carries
adjacent its opposite end a gear-87 connected by
gear 88 with a shaft I having its rear end jour-
naled in the gear-box.  The forward end of the
shaft T'is fitted within a sleeve 89 journaled in a
bearing 90 provided by the main frame (see Fig.
19). A slip coupling SC, later to be described, in-
tervenes between the shaft I and the sleeve 89. A
gear 91, secured upon the sleeve 89, drives a gear
92 fixed to a shaft 93 journaled in the main frame
and upon this shaft is secured-a worm 94 which
drives a worm-wheel 95 fixed upon a shaft 96, to
which the 1ndex disk 84 -also is secured

Turret lock

To accurately locate the turret and to insure :

against its aceidental movement during the ma-
chining operation a turret-locking mechanism is
rendered eifective after. each complete indexing
movement of the turret. 'This mechanism com-
prises -a-lock-bolt 97 slidingly fitted 'in' a guide-
way 97 provided by the ring 4. . The forward end
of the polt is tapered as indicated at 97° and this
tapered end engages similarly shaped notches 97°
formed in the periphery of the disk 83. One wall
of each notch 97¢ and the complemental wall of
the lock-holt are arranged substantially radial to
the disk 84. - The opposite walls of the notch and

lock-bolt are at a substantial angle to said radial

wall and serve, upon advance of the lock=bolt, to
cam the turret to a predetermined angular posi-
tion, which position is determined by engagement
cf said radial walls.
ticn, the radial walls serve merely as abutments
and are not subjected to wear. Any wear on the
bolt and walls of the locking notches is effected
on the inclined sides thereof and this does not
affect the accurate positioning of the work tur-

_reb-but merely necessitates a . slightly greater

movement of the locking bolt. The lock-bolt 97

“is preferably actuated by fluid pressure and its

mevements are automatically controlled in timed
relation with the indexing mechanism.
" A differential fluid-pressure motor W having

-relatively large and small cylinders w! and w?,
- (see Fig. 16), separated by a partition w8, contain

similarly large and small pistons w?® and-w?, re-

spectively. These pistons are secured to a piston

rod w? and the cylinders are supported by the ring
4-adjacent the rear end of thelock-bolt..  The pis-

> tons are connected with the lock-bolt by any suit-
able means, such for example as by.the connec-.

ticn 974 shown in Fig. 16, A fluid pressure line 98
is permanently connected by a port w’? with the
smaller eylinder w?.at a point between the parti-
tion w8 and the pviston w?, whereby the fluid pres-~
sure in ths.cylinder w? constantly tends to retract

the lock-kolt. The fluid pressure line is also con-

nected by a port w8, with a chamber w° formed in
2 valve casing w0, - A piston valve w!? slidable in
the casing w1° permits (in one position) fluid un-
der pressure to flow from the chamber w? through
poits wid and w into the large cylinder w! be-
tween the piston w3 and the partition ws.” There-
upen the pressure on the larger piston overcomes
the pressure on the smaller piston.and advances

By reason.of this construc-

.852 and 582542,

“For example,

S

the lock-bolt into locking position.: In another
position of the valve w2 a cyhndncal portion w13
of ‘the valve closes the port w!3 and opens an ex-
haust . port w!® whereupon the. cylinder w! is
opened to the atmosphere and pressure in the.
cylinder 22 behmd the p1ston wt r;ttacts the lock-’

“bolt.

A spring 28, enclosed in the valve casmg, nor-
mally tends to shift the valve inwardly to the posi-
tisn shown in Fig. 16.  To effect automatic actu=
ation of the valve in vimed relation with the index-
ing rechanism the inner end of the valve stem
is passed throtigh a guide 100 and carries a roller
101 which tracks the pariphery of the index disk
84.. A'cam 101® on the periphery of the disk 84
acts upon initia} movement of the disk, to force
the valve outwardly in opposition to the spring

85

99 to effect retraction of the lock~bolt.  Near the

end of the indexing movement of the disk 84, the.
roller 101 rides down the incline 1017 and thereby
the valve is shifted to the position which causes
the: lock-bolt to he advanced. The valve w2 also
may be retracted manually by the hand grasp g .
‘*hould circumstances require it.

100

95

Tvrrei clamp

To insure absolute rigidity during the ma-
chining  coperations, this invention provides
means rendered coberatbive: after ‘each indexing -
of the turret;, for .clamping the turret to a sta~ 105
tionary part.of theée machine.  This is preferably
effected: by a clamp ¢ of annular- form com-
prising ftwo - semi-circular members ¢t and ¢?
(see Figs. 8, 4 end-15) hinged together at ¢3 and.
having inner V shaped grooves ¢t with walls di- 110
verging outwardly-to receive and cooperate with

- opposed annular tapered flanges k2 and 4* pro-

vided by the turret K and ring 4, respectively.

- The - clamping .ring members surround: the
flanges k2 and '4® ‘peripherally and the tapered 115
walls of the grooves embrace the. tapered flanges
laterally. - The ring members are adapted to be
constricted :about the tapered flange walls
thereby to force the lower horizontal seat k3. of
the turret down upon the upper horizontal seat 120
4b of the ring 4 and to clamp the ring and turret
against relative: movement.  Contraction of the
ring members is preferably. effected by a right -
and left threaded. screw ¢® having its opposite
ends threaded into ears c® projecting from said 125
ring members. The screw ¢® is rotated, to open
and close the clamp ¢, in" timed relation . with -
the turret indexing mechanism. - To that end

‘g, cam groove ¢7, formed in & drum c8 fixed to the

turret indexing shaft 96, is tracked by a roller ¢, 130
carried hy one end of a lever c', fulcrumed at
¢!l in g bracket ¢!?, supported by the main frame.

‘The other énd of the lever ¢!? is connected to

one end of a link ¢ whose other end. is con-
nected with -an arm ¢4 fized to the screw ¢3. 135
Traverse, feed dnd index control mechanism.

As hereinbefore pointed. out, the turret index-
ing train-and tool-feed train-are - ‘alternately
rendered effective by shifting of the clutch spool 140
56 alwernately to engage the clutch teeth 58°—

Bach of these two trains ac-
tuates- mechanigm -which in turn shifts “the
clutch-spool 1o discontinue the drive to the then
operstive mechanism and to further shift the 145
clutch-spool to render effective the other train, -
the index mechanism causes the
clutch-spool to be shifted to-disconnect the in-~
dex clutch-teeth 56" and 85% and to engage the
clutch-teeth 56* and 54 of the L\.ed drlve train. 180
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Likewise, rotation of the feed shaft Q ab sta-
tion M shifts the cluich-spool 58 to digcontinue

. rounded outer end to ezert a cam action on

the drive to the feed train and to connect the

index drive.

Rotatably journaled on the index shafi 96 be-

‘neath the worm-wheel 95 ig an arm 102 nor-

mally held in contact with a stud 1022, carried
by the turret clamp cam drum ¢, by a coil spring
103 connecting the hub of the lever with said
cam drum. (see Fig.. 14). During the robation
of the index disk 84, the rounded outer end of
the arm 102 engages a stud 104 carried by one
arm of a two-armed lever 105 fulcrumed at 1052
in a bracket 105% secured to the main frame. A
detent 119, later to be referred 4o, temporarily
holds the lever 105 against oscillation whereupon
the shaft 96 and cam drum c? continue to rotate
independent cof the arm 102, the spring 143 being
extended and put under tension. Continued ro-

“tation of the cam drum ¢8 brings g stud 162P into

contact with the rear wall of the lever 162, as
shown in Fig. 14. A further slight rotation of
the drum, and pin 102° carried thereby, swings
the lever 102 counter-clockwise . causing its
the
stud 104, thereby overcoining the action of the
detent hereinhefore referred to and causing the
lever 105 alsc. to be swung counter-ciockwise.
The other arm of the lever 185 is connected by
‘a link 108 to an arm 107 secured upon one end
of a shaft 108 journaled in bearings provided
by the gear-box. -To the other end of the shait
108 is secured an arm 128 to which is conuected
one end of a link 118 which, at its other end, is

. connected to a swinging arm 111 journaled on

g stud 112 fixed in the gear-box. A gecond link
113 connects the arm 11l with one arm 1142 of
a two armed lever 114 rotatably mounted upon
a,-shaft 115 journaled in the gear-box, which
shaft has secured to it a fork 116 engaging the
clutch-spool 56.

Fixed upon the outor end of the shatt 115 is an
arm 117 having its free end arranged between lugs
114¢ and 1144 projesting from the lever 114. ' The
lever 114 is also formed with s bevelled nose 118
engaging . the bevelled end of a spring pressed
plunger 119 slidingly mounted in a casing sup-
ported by the gear-box. This plunger 119 comn-~
prises the detent means which temporarily holds

- the lever 105 against swinging when the stud 104

thereof is first engaged by the arm 102. As shown
in Fig. 7, the lever 114 is in an intermediate posi-
tion through which it passes in shifting the
clutch-zpool from feed to index position and vice
versa. During the feeding of the tool heads the
plunger 119 engages the uppar inclined wall of
the nose 118 and during the index of the turret it
engages the lower inclined wall thereof. Due to
the lost motion between the lugs 114¢ and 1144
and the arm 117 and the action of the spring
plunger on the nose 118 of the lever 114, those
elements constitute a carry-over mechanism for
completing the shifting of the cluich-spool 58.
As the rounded outer end of the arm 132, acting
on the stud 164, cams the lever 105 counter-clock-

. wise, the lever 114 is rotated clockwise, causing

0.

the lower inclined wall of the nose 11§ to wipe
past the nose of the plunger 119 deprassing it in
opposition to its spring 118’ until the apex of the
nose has reached the apex of the plunger, as

. 'shown in Fig. 7. This initial movement of the le-

75-

ver 114 has no effect upon the arm 117 or the
shaft 115 and fork 116 connecied therewith. In-
stantly upon the passing of the apex of the nose
beyond the apex of the plunger, the spring 119’

1,938,500

forces outwardly on the plunger and its lower -

bevelled edge acts upon the upper hevelled edge
of -the nose 118, thereby giving the lever 1i42
quick rotation in a clockwise direction. This
movement causes the lug 114¢ to engage the arm

117 and give it and the shaft 115, and fork 116

connected therewith, a similar clockwise move-
ment thereby shifting the clutch-spool 58 to dis-
engage the index clutch-testh 56 and 85* and to
engage the feed cluich-testn 562 and 542, ~The
parts are shifted in the opposite. directions to
disengage the feed drive and to re-engage the
index drive by mechanism later to ke described.
The final clockwise movemsnt of the lever 114,
under the influence of the plunger, pulis the links
118 and 119 and thereby through arm 103, shaft
108, arin 107, and link 106 causes the lever 108 to
be swung clockwise to move the stud 104 out of
contact with and out of the path of the arm 102.
Imrmediately upon this final movement of the
stud, the spring 103 swings the lever 102 about
the shaft 85, bringing the forward wall of lever
into contact with the stop stud 1022,

The clutch-spool 56, fork 118, shaft 115, arm
117, and lever 114 are swung. counter-clockwise to
disengage the feed clutch-teeth and to engage the
index clutch-~teeth by mechanism actuated from
the feed shaft @ of the station M as now will be
described. Rotatably mounted on the shaft Q is
the hub of an arm 128 which projects outwardly

‘through apertures in the cam drum 38% and in

one of the cam sections secured thereto. A spring
1202 connected with the hub of the arm and the
cam drum 38¢ normally tends to swing the arm
clockwise about the shaft but permits it to be
moved in the opposite direction. The arm 120
passes through & U-shapsd guide 121 secured to
the cam drum, which guide prevents movement of
the arm axially of the shaft Q. The outer end of
the arm carries a'cam 120° which, during rota-
tion of the shaft @, and after the tool slides have
been advanced and subsequently substantially re-
tracted, engages a stud 122 carried by an arm 123
fixed upon one end of a rock shaft V journaled
in the gear-box transverse to the axis of the shaft
Q. Upon the other end of the shaft V, there is
secured an-arm 124 ¢onnected by a link 125 with

an arm 1149 of the lever-114. When, during rota- .

tion of the feed shaft @, the cam 120 engages the
stud 122, the arm 1290 is temporarily held against
rotation with the shaft due to the fact that the
arm 123 and parts connected therewith are im-
positively held against movement by the plunger
119. The arm 120 remains stationary, thereby
placing the spring 126* under tension until the
wall 1212 of the U shaped guide 121 engages the
arm and moves it against the resistance offered
by the spring-pressed plunger 119. Movement of
the arm 120 causes the cam 129" thereof to shift
the arm 123 counter-clockwise as viewed in Fig.
12. . This movement of the arm 123 effects,
through the connection previously described,
counter-clockwise movement of the lever 114,
shait 115 and fork 116, thereby shifting the cluich
spool 58 to disengage the feed clutch-teeth 562
and 54* and (unless further mevement of the

. fork is prevented by interference means herein-

after to be described) to engage the index cluich-
teeth 5680 and 85> .to initiate a new cyecle. In
throwing out the feed, the lever-il4, arm 117,
and plunger 118 act as a carry-over device as
hereinpefore described, but in the reverse direc-
tion. After the apex of the nose 118 has passed
the apex of the plunger and as the lever 114 is
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position shown in dotted lines in Fig. 12, thereby
moving the stud 122 -out of :the path of the cam
120% and permitting the arni 120 to be swung to
its. normal position by the spring 1202 . Final
counter-clockwise movement. of the lever 114
under the action of the plunger causes, through
the links 113, 118, 106, etc.; the stud 104 again to
be placed in the path of thﬂ roundsd end of the
lever 102 for a subsequesit-speration. - Likewise,
final clockwise moveraent of the lever 114 under
the influence of the vlunger again places the stud
122 in the path of the cam 1205. : .

To prevent breakage of the partsshould, for any
reason; the arm 120 or cam 120 ‘inferfere with

the return movement of the arm 123, the link 125
is preferably made of two sections held in their:

normal position by a heavy coil spring 1252 which
permits relative movement of the sections in the
event of interference. - .

Tool slzdﬂ rate control

The clutch-spool 57, which detéermines whether
the drive to the tool slides shall be at a rapid
traverse rate or a slow feeding rate, is shifted by
means similar to that which shifts clutch-spool
56. Adjustably secured, in any desired position,

upon a disk 126 carried by the feed worm-wheel

64 at. station M.are a rapid traverse dog 127 and

a slow feed-dog 128 which, during rotation of the-
cam drum, alternately engage a stud 129 (Fig. 11) -

carried by an arm 130 fixed upon one end of 2
shaft U, journhaled in the gear-box parallel with
the shaft V. To' the other end of the shaft U
(Fig. 7). there is fixed an arm 121, connected by
a link 132, with an arm 133 rotatably mounted
upon & shaft 1384, to which is secured a fork 135
engaging the clutch-spool 57. The arm 133 is
provided with lugs 1332 and 133k and a: bevelled
nose 133¢ similar to those of the lever 114 previ-
ously referred-fo. A spring pressed plunger 136
co-operates ‘with the nose 133° similarly to the
plunger 119, Fixed to the outer end of the shaft
134 is.an arm 137 having its free end arranged
between the lugs 1332 and 133P. When, during
the rotation of the feed shaft @, the dog 127 en-
gages the stud- 129, the arms 130 and 131 are
rotated clockwise, thereby rotating the arm 133
counter-clockwise -and causing the fork 135 to
shift the clutch-spool 57 to the left (Fig. 7) en-
gaging ‘the clutch-teeth 572 and 55* to - effect
rapid-rotation.of the feed cams. The dog 128
shifts the parts in the opposite direction and
causes the clutch~teeth 570 and 82:tc be engaged

to render effective the slow drive to the feed cams.

Index interference and throw-in mechanism

As hereinbefore stated, the spring plunger 119
would, upon shifting the clutch spool 56 to dis-
connect the feed drive, (unless prevented) im-
mediately connect the index drive to.initiate a
new cycle. - This is, in most instances, undesir-
able. inasmach as it gives the operator-.only a
limited amount of time to remove the finished
work-piece from the work-hcider and place a new
piece therein. To prevent this.automatic start-
ing of the index and fo place the starting of a
new cycle under the contrel of the operator, this
invention provides an interference device which,
when the feed is discontinued, limifs the auto-
matic movement of
intermediate neutralposition. - Slidingly mounted
in bearings g3 and ¢* provided in'the gear-box be-
neath and transversely of the shaft @ is a rod 1338
adapted during the rotation of the cam drum 38%

. to.be moved a}xially toward-the left, as.viewed in

the clutch-spool 56 to an’

7
Fig. 9, to. project the end 1382 theleof into’ the

path of movement of an arm 139 secured upon
the shaft 115. Movement of the rod in that direc~

“tion is effected by a lever 140, fulcrumed at 1407,

and having one grm adapted, during the rotation
of the feed cam, to be engaged by a stud 141 car-
ried by the cam drum and turned counter-clock-
wise (Fig.9)." Another arm of the lever 145 -car-
ries a pin 148 engaging, at one side, a collar 142
fixed to the rod 138 and at the other side a collar
143 slidingiy mounted on ths rod but normally
held against reiative movement with respect to

the rod by a coil spring 144 surrounding the rod-

and interposed between the sliding collar 143 and

a coliar 145 also fixed to the rod.. Thus, during

the rotaticn of the feed cam 38; the end 1382 is

: 80
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projected into the path of the arin 139 which

thereby-limits thae return movement of the clutch:
shifting fork 11610 a neutral position.

The spring
144 serves to prevent breakage of the parts should,
for -any reason :the rod 108 be prevented from
moving axially.

Manual means is p10v1ded forretracting the rod
138 to remove its end 1382 cut of the path of the

. arm 139, thereby.to permit the clutch-fork 116,

under the influence of the spring plunger 119, to
engage - the index clutch-teeth 56P and 852 to
initiate a new cycle. 'This means comprises a con-
trol lever Z arranged at the front of the machine
and secured-upon one end of & shaft 146 carrying,

at its other.end, an arm. 147 connected by a- lmk

‘148 with a similar aim 149 on a shaft 150 (see

Fig. 9). A'second arm- 151, fixed to the shaft 150,
carries a stud 1562 which engages a collar 153 fixed
tothe rod:138. . Thus, by swinging the hand lever
7., the operator may move the rod 138 to the right

(Fig. 9) thereby removing the end 1382 out of the»

path of thﬂ arim 139.
- Slip co‘;’olmg
To prevent damage o the machine parts

should, for any reason, the turret be held against

rotetion when the index train is rendered effec-
tive, there is embodied in the-index train, pref-
erably bhetween the shaft I and the slesve 389, a
slip: coupling SC (see Figs. 14, 19, 20 and 24).
This coupling is adapted to transmit a prede-
termined torque sufiicient to effect indexing of
the work turret and to slip should the load there-
on be materially increased, such as might be
caused by a work-piece, carried by one of the
work-holders, coming into contact with one of
the tool slides. As shown in Figs. 19 and 20,
this coupling comprisas a disk 154, formed inte-
gral with the sleeve 89, and provided with a
piurality of tapered :cavities 155 into which are
seated the rounded end of pins 156 slidingly fitted
in bores 157 formed in .2 coilar 158 keyed to the
shaft I. A heavy coil spring 159 interposed be-
tween a collar 160, threaded on the shaft I, and
a washer 161, slidingly mounted ofi the shaft and
engaging rear ends of the pins 156, serves to
hold the rounded ends of thes pins in the cav-
ities 155 with a force sufficient normally to effect
a driving connection. between the collar 158 and
the fiange 154 of the sleeve 89. Should the tir-
ret or any part of the furret driving frain be-
yond the sleeve 89 be held against rotation, the
pins 1566 will cam themselves out ‘of the cavities
155, forcing backwardly on the washer 161 and
compressing the spring. 159, thersby permitting
the shaft I.to furn relative to- the. slesve 89.
To insure that-each of the pins 156 will accu-

rately fit its cavity 155, so that they will all serve

as driving eléments, it is-essential that. the end
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. friction drive for the work spindle.
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of . the pin be ground into its cavity. To the
end that each of the pins need be fitted to only
one cavity, each pin is preferably located at
a different distance radially from the axis of
the shaft I, as is also an individual cavity to
receive each individual pin. ¥Tig. 20 shows the
cavities 155 arranged ai different distances ra-
dially, so that only one pin may engage any one
of the cavities. As shown, the difference in dis-
tance between the axis of the shaft T and the
cavities are greatly ezaggerated for the purpose
of illustration. Actually the distances need to
vary only slightly.
Timing couplings

To facilitate assembling the machine and cor-
rectly timing the feed cams 38, the shafts G and
S are each formed of a plurality of sections and
said sections are connected by timing couplings
T (see Figs. 24 and 25). These couplings are
preferably constructed, as shown in Figs. 21, 22
and 23 and coimnprise two flanges, £¢ and %% se-
cured upon adjacent ends of aligned shaft sec-
tions. One of the flanges is provided with six
holes t7 and the other with eight holes through
The com-
bination of the six and eight holes produces
twenty-four different angular positions in which
the two fanges may be secured together, thereby
affording twenty-four angular adjustments of
15 degrees each of one shaft section relative to

the other. Inasinuch as the cam drums.are each

driven by a speed reduction worm -and worm-
wheel, an adjustment of 15 degrees in one shait
section will produce a very slight angular adjust-
ment of the cam drum which may be as low as a
fraction of a degree, dependent upon the ratio
between the worm and worm~wheel., It will thus
be perceived that a very fine and accurate ac-
justment of the cam may b€ obtained. For con-
venience in effecting this adjustment, the shafts
P, P? and P3 are preferably formed with squared
outer ends 2, accessible from the cutside of the
machine, as shown in Figs. 8 and 18 to which a
suitable crank may be applied.

The timing couplings 45 for the cross-siide
eam-~drives afford means for similarly timing the
eross-slide cams and these couplings may be simi-
iar in coustruction to the couplings hereinbefore
described.

: Operation

Assuming now that the work turret is at rest
with the turret-clamp set and the leck-bolt ad-

55 vanced, engaging one of the notches 87¢, that

the spindle driving motor 6 and the feed and
index motor 47 are running and that the neces-
gary tools have been secured to the main and
cross-slides, the cycle of operation of the ma-

pos chine ig as follows, referring particularly to Figs.

1, 4, 14, 15, 16, 26 and 27:—The operator, sta-
tioned at the front of the machine, places a
work-piece in the work-holder. He then grasps
the lever 35, pushes it from him to connect the
As soon as
the work chuck has attained s substantial speed
of rotation, which is almost instantly, the op-
erator pulls the lever 35 toward him to connect
the positive drive clutch elements. MNext, he

0. moves the control lever Z clockwise, thereby to

remove the end 1238 of the rod 138 out of the

path of the arm 139, whereupon the spring plung--

er 119 causes the clutch-teeth 56 of the clutch
element 56 to engage the clutch-teeth 852 on the
index drive gear 85. This starts the index train.
Tnitial Totation of the shaft 26 and Geneva disk

1,933,500

84, of 30 degrees, as indicated at ol Fig. 26, causes
the cam portion 1012 to shift the air valve w!2
outwardly which, i turn, effects retraction of
the lock-bolt 97. At substantially the saine time

-the bolt is being retracted, the cam. ¢’ rocks the

lever ¢1® which effects release of the turret clamp
¢ as indicated at 02 in ¥ig. 26.-

The turret is now unclamnped and unlocked-and
ready to receive its 90 degree indexing movement
to carry the work-piece from the loading station
to tooling station L. This index is effected by a
two-stagé movement of 45 degrees each, the roll-
ers 842 and 84 successively engaging the slots 832
in the disk 83 and rotating said disk. The index-
ing movement of the turret requires rotation of
the shaft 96 approximately 270 degrees as indi-
cated at 3, During the latter part of the index
movement and within the next 10 degree rota-
tion of the shaft 96, as shown at o* the roller
101, on the stem of the air valve w*? rides down
the incline 101 causing the lock-bolt 87 to be
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advanced and forced into one of the notches 97c, -

thereby definitely locating the turret and lock-
ing it against rotation. Further rotation of 32 de-
grees of the shaft 96 and cam drum c8, as.indi-
cated at 05 causes the turret clamp again to be
set. . .

The indexing is now completed, .the work-
piece is al station L and the shaft 96 and the parts
rotated thereby still have a further rotation of
18 degrees. During the final rotation of the
shaft 96, the arm 192, carried by said shaft, en-
gages the stud 104 on lever 105 and through the

connections hereinbefore ‘described causes the.

clutch-spool 56.to be shifted to disengage the in~
dex clutch-teeth and to engage the feed clutch-
teeth 562 gnd 542, Inasmuch as the machine had
previously come to rest with the clutch-spool 56
shifted to engage the clutch-teeth 572 with the
rapid traverse clutch-teeth 542, the tool slide feed
trains, including the shafts P, P! and P2, and the
tool feed cams rotated thereby are rctated at a
rapid rate. This effects traverse movement of the
tool-slides rapidly to advance the tools toward the
adjacent work piece. At a predetermined point,
the dog 128, (see Figs. 11, 12 and 27) adjustably
secured upon the disk 126 rotated with the feed
shaft @ at station M, engages the stud 129 on the
arm 130 which, through the connections herein-
before described, shifts the clutch-~-spool 57 to dis-
engage the rapid traverse clutch-teeth 572 and
552 and to engage the slow feed clutch-teeth 570
and 82. The speed of rotaticn of the feed cams
is thus reduced and the tool slides are advanced
at a relatively slow rate during the tooling op-
erations. At another predetermined point, as de-
termined by the setting of the dog 127, the arm
130 is shifted in the opposite direction to throw
out the slow feed and to throw in the rapid trav-
erse for the purpose of rapidly retracting the tool
slides after the machining operations have been
completed. S

The final rotation of the shaft Q, station M,
causes the cam 1209, carried by the arm 120, to
engage the stud 122 on arim 123 thereby, through
the connections hereinbefore described, to shift
the clutch-spool 56 to disconnect the chutch-testh
56 and 54& thereby to stop rotation of the feed
train. This movement also tends to again en-
gage the index clutch-teeth to initiate a new cy-
cle, which, however, is presented by the inter-
ference member 1382 lying in the path ¢f the arm
139 as previously described.” This completes the
cycle of the machine, which cycle is repeated.for
each operation on the work-piece. .’ .
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Without further analysm the foregoing will so.
fully reveal the gist of this invention that others-

can, by applying curvent knowledge, readily adapt

it for various utilizations by retaining one or more

PEIR)

of the features that, from the stanidpoint of the
prior-art, fairly constitute essential character-

istics ‘of either the generic or gpecific aspects of .

this inventicn and, therefore, such.adaptations

of-the following claims,"

“Having thus revealed this invention, I claim
as new and desire to secure the following com-
binations and elements, or eguivalents thereof
by Letters Patent of United Statc\:—"—

1. A radial spindle chucking machine comblnw
ing a frame; a work turret rotatably mmounted
thereon; Work holders carried by said. turret;
means to index said turret to deliver a” work-
piece :carried by a “work-holder ‘successively to
a, plurality: of tooling stations located about: said

- furret; a ‘pair of tool slides adapted. to be re-

movably supporteéd by said frame at each of said

stations; individual means for reciprocating each .

of ‘said.slides, the slides of each pair being mov-

able-in transverse planes; and méans permlttlng 8

the ‘removal of any:of said tool slides.
2:7Arradial spindle chuckmg machine combin-

'ing g frame providing a plurality of tooling sta-
tions each -affording a horizontally disposed,

guideway. and a horizontally disposed - seat; - a

main: tool slide: translatably mounted- on one of-

said guideways; a rotary tool spindle journaled
in said main slide; anelectric motor mounted

on' said ‘tool slide and operatively. connected: to.

rotaté said tool spindle; an upright standard
mounted upon oneof said seats; a cross slide
translatably mounted-on said standard and mov-

able in-a plane transverse to the axis of said

tool spindle;. 4 tool carried by said cross slide;
a rotating cam mounted beneath said main slide
and operatively connected therewith to recipro-
cate said main- slide; a rotatmg ‘cam - mounted
in said standard and operatively connetted to
reciprocate said cross slide; and a’rotatable work
turret rotatably mniounted on said frame. and
adapted to present work-pieces successwely to
said tooling stations.

3; A radial spindle chuckmg machine combin-
ing-a frame providing a plurality of toohng sta-.

tions; a work turret rotatably mounted on said
frame and’ adapted to présent work-pieces suc-

cessively-to said tooling stations; a tool located’
} at each of said tooling ‘stations and adapted to .

erate ‘on said. work-piece; ‘an additional tool
located at one of said tooling stations, the two

tools ‘at 'said one of the tdoling stations. being’
adapted to perform, respectively, internal and

external operations on ' the work-piece; -and
means to cause all of said tools 51mu1taneously
to perform their tooling operations. :

4.'A radial spindle chucking machine combm-
ing‘a’ frame providing a plurality of fooling sta~
tions one of which affords a ‘horizontally’ dis-
posed guideway; a main tool slide  translatably
mounted on said guideway, said tool slide being
provided with a motor supporting seat, tool sup-

porting seat, and a spindle bore; a rotary tool

spindle journaled. in said bore .8 noh-rotary tool

mounted on said tool slide: anﬁ operatively con-

- nected to rotate said tool spindle;.a tool-located

at ‘each .of ‘the other tooling -stations; and 2’

5 rotatable work turret rotatably mounted on said

9

frame and adapted to present work- p1eces sue-

cess1ve1y to said tooling stations:

‘5. A radial spindle chucking machine combm-
ing a frame providing a plurality of tooling sta-
tions ‘‘each. affording a horizontally disposed

-gmdeway and ‘a ‘horizontally ' disposed ‘seat; a

work turret adapted to present a work-piece suc-
cessively-to.said tooling stations; a° miain tool
slide translatably:mounted -on each of said guide-
ays; an upright standard mounted on each-of
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said . seats; a. cross slide translatably mounted. -

on’ each standard;.a shaft ‘arranged vertically

in each standard; g -cross slide actuating .cam -

on each of said shafts; & main slide actuating
cam located-adjacent each’ of said main slides;
5 Teed shaft extending to" each .of ‘said tooling
stations; means for driving a main‘slide cam and

a cross slide cam from:éach of said feed shafts;.

and a coramon. driver for:-all of said feed: shafts.

6. A chucking machine: of ‘the work-rotating
type combining a frame; a rotatable work turret
supported on said.frame; a.plurality of rotatable
work . spindles journaled -in- said ‘turret; means

to rotaté all of said:tool spindles-at a common’

1‘ate means to- vary -the-rate of rotation of &ll
of said spindles; a plurality of’ tools mounted

‘on said frame and adapted successively to. op-

erate: on -work-pieces calrled by said spindles,
one of said tools being rotatable; a; prime mover
connected with said rotatable tool “and means

t0 vary the rate of rotation of said rotatable

tool under the action of said prime mover, there-
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by: to vary the rate of relative rotation between - .

the tool and: an adJacent work -spindle.

7. A chucking machine, of:the" work—rotatlhv'

type combining a frame;-2a- Totatable work turret
supborted-on said frame; a plurality of rotatable

- work spindles journsgled in-said turret; means to

rotate all of said tool splndles at a common rate;
means to vary the rate of rotation. of all of said
spindles; - a -plurality  of tools mounted -on said
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frame and -adapted- suécessively “to ‘operate-on.
work-pieces ‘carried by said spindles, one of said’ -
tools being rotatable; a prime mover connected

‘with' said rotatable tool; and means to vary the

the action of said prime mover, thereby to vary
the rate of relative rotation between the tool
and an adjacent: work spindle. .

8. A chucking machine of the. work-lotatmg

.type combining a frame; a rotatable work turret
- supported on said frame; a plurality of rotatable

work spmdles journaled-in said turret; means to
rotate all of said tool spindles at a common rate;

‘means to vary the rate-of rotation’of all of said
-Spindles; . a' plurality of tools mounted -on said

frame and-adapted -successively - t0 operate on

120 -

_direction of rotation of said rotatable tool under -
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'work-pieces’ carried-by said spindles, one of said

tools’ being -rotatable; a- prime mover connected

with said, rotatable tool; and means to vary the

rate and dlrecmon 'of rotation ‘of said rotatable-

tool under the action’ of sald prime mover, there—‘
by to-vary the rate of relative rotation between
the tool and an adjacent work spindle. )

9. A chuckmg machine-of. the work-rotating

supported on - said frame; “means including a

dexing said turret; a plurality of rotatable work
spindlés journaled in said turret; means includ-
ing a motor and-a power transmission actuated
thereby ‘to rotate all of said tool .spindles at.a
common rate; manitally actuated speed ‘change
gearing embodied in said transmission to’ vary
the rate of rotation of 'all of said spindles; a

140 .
type combining a frame; a rotatable work turret :

'mdtor-and mechanism actuated thereby for in- -

145

15C




210

20

30

L]
(=3

i,
=]

10

plurality of - tools mounted on said frame and
adapted successively to operate on work-pieces
carried by said spindles, one of said ‘tools being
rotatable; a motor connected with said rotatable
tool; and means to vary the rate of rotation of
said rotatable tool under the action of said motor,
thereby to vary the rate of relative rotation be-
tween the tool and an adjacent work spindle.

10. A chucking machine combining a. frame
providing a plurality of tooling stations; a trans-
latable tool slide supported by said frame at
each. of said stations; a rotary cam. operatively
connected with each of said tool slides; a trans-
mission having a branch line extending to each
of said stations to rotate said cams.thereby to
effect translation of said tool -slides; and means
actuated from one of said branch lines for vary-

‘ing the rate of rotation of all of said cams;

11, A chucking machine combining a. fraine
providing a plurality of tooling stations; a trans-
latable tool slide ‘supported by said frame at
each of sald stations; a rotary cam operatively
connected to reciprocate each of said tool slides;

“a.high speed transmission for rotating said cams;

a slow speed transmission for rotating said
cams; a single clutch means for rendering either
of said transmissions effective; and means actu-
ated in fimed relation with one of said cams for
actuating said clutch means thereby to vary ihe
rate of rotation of all of said:cams.

12. A chucking machine combining a frame;
a plurality of tooling stations provided by.said
frame; a translatable tool slide supported by
said frame at-each of said stations; a rotary cam

.operatively connected to reciprocate each of said

tool slides; a high speed transmission for ro-
tating said cams to effect rapid traverse of said
tool slides; a slow speed transmission to rotate
said cams to effect slow feeding movement of
said tool. slides; a single clutch element con-
trolling both of -said transmissions; means: to
shift said ciutch element; a-dog rotatable with
one of said cams and adapted to actuate said
clutch shifting means to render: effective said
high speed transmission; and a second dog ro-

" tatable with said one of said cams for actuating
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“alternately - to

said clutch shifting means for rendering effective
said slow speed transmission.
13. In a chucking machine, a rotatable turret

a plurality of reciprocable tools located about
said turret; individual cams adapted to recipro-
cate said tools; a prime mover; means actuated
from said prime mover to index said turret; pow-
er transmission mechanism connecting said prime
mover with all of said cams to rotate ‘the latter,
thereby to effect feeding movements of said tools;

- a clutch element interposed bhetween the turret

indexing means and the teol feed transmission,
render  them - effective;  detent
means acting to hold said clutch element in
either -its indexing or feed positions; a-delayed
action mechanism actuated by said index means
to shift said elutch element to feed position; and
a delayed action mechanism actuated by the tool
feed transmission to shift said clutch to index
position. ‘

14. In a chucking machme a plurality of tool-
ing stations; a'reciprocatory tool at each station;
a rotatable worl«: turret; indexing means for said
turret; reciprocating means for each of said tools;
a prime mover;.a main power transmission actu-
ated frem-said prime-mover and having a branch
line extending to each tooling station for actuat-

ing.said tool-reciprocating means at one rate; a-
supplemental - transmission adapted to be con-
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nbctvd with said main transmission to actuate
said branch-lines-and. thereby the tool recipro-
bing means at ancther rate; and automatically
ated means for rendering the main transmis-
sion ineffective and for rendering eﬁectlve said
uoplomcnta* transmission.

15, In a chucking machine, & plurality of $00l~
ing stations; a reciprocatory tool at each station;
a rosdatable work turret; indexing means for said
turret; reciprocating means for each-of said teols;
a prime mover; a main power fransmission actu-
ated from said prime mover and -having a. branch
line extending to each tooling station for actu-
ating said tool-reciprocating means at one rate;
a- supplemental transmission adapted to be con-
nected with said main ftransmission to aectuate
said branch lines and thereby the tool reciprocat~
ing means at another rate; speed change mecha-
nism embodied in said supplemental transmission
to vary the rate of reciprocation of said tools
through:said supplemental transrission; and au-

tomatically actuated. means for rendering the:

main transmission meuectwp and for rendering
fFective said supplemental transmission.
16. A chucking machine combining a frame

“affording a plurality of tooling stations;.a recip-

rocatory tool at each station; a rotatable work
turrat; indexing means for said. turret; recipro-
cating means for each of said tools; a prime mov-
er; a. main power itransmission actuated from
said prime mover and having a branch line ex-
tending to each tooling station for actuating
said tool raciprocating means a} one rate; a sup-
plemental transmission-located partly within said
frame and having shaft ends projecting outward-
ly therefrom, said supplemental transmission be«
ing adapted to he connected with said main trans-
mission $o0 actuate said branch lines and thereby
the- tool reciprocating means at another rate;
pick-0ff gears removably secured to the project=
ing ends of said shafts and adapted to be infer-
changed, thereby to vary the rate of reciprocation
of said tools through said supplemental-frans-
mission; and sultcmatically actuated means for
rendering. the main transmission: ineffective and
for rendering enebmve qald supplemental trans-
mission.
17. In a chucking maﬂhine 2 plurality of tool-
ing stations; a reciprocatory tool at each station;
% rotatable work turret; indexing means for said

turret; reciprocating means for each of said tools;

a prime mover; a main power transmission actu-
ated from said prime mover and having a branch
line extending o each tooling station for actu-
ating said.tocl reciprocating means. at one rate;

a supplemental transnzission adapted to. be.con-
nectod with said main trahsmission- to actuate
the ‘tool reciprocating means at ‘another rate;
automatically actuated means for rendermg the
main transmission ineffective and for rendering
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effective said supplemental transmission; means

for disconnecting both of said transmissions from
said prime mover; and manual means for actu-
ating said transmissions.

18. A chucking machineé combining 2 frame;
a work turret rotatably mounted thereon; a plu-
rality of tool slides translatably mounted on said
frame aboud szid turret; means o index said
turret; means to feed said tool slides; means
actuated by the teol feed tending to render the
index means effective; and interference means.to
prevent saidindexing means being reﬂaared effec-
tive by said feed means.

'19. A chucking machine combmmg 2 fra,m

o work turret mounted thereon; a plurality of

140

150



‘10

15

20

‘25

1,938, 500

tool slides translatably mounted on said frame

‘about said turret; mechanism to index said turret;

means to feed said tool slides; 4 single clutch-ele-

ment. shiftable - to two positions selectively 0
vender effective said turret-index mechanism and .

tool feed means; means actuated by the index
mechanism to shift said clutch element to render
effective the tool feed means; a member movable
with said clutch element; an interference member
moved by said feed means into the path of said
member; and means.actuated by said feed means
to shift said clutch, element to render ineffective

the tool feed means and tending to engage the’

cluteh element with said index mechanism, said
interference member engaging:-said member to
limit.the movement of said clutch element to:a
neutral position. -

20.-A chucking machine combining - a frame;
a work .turret’ mounted thereon; a plurality of
tool slides uranslatably mounted on said frame
about said turret; means to.index ‘said turret;

- means to feed said tool slides; means actuated by

the tool feed tending to render the index means
effective; interference means positioned by said
feed means to prevent said index means being
rendered effective by said feed means; and manual

" means to render- sald 1nterference means in-
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effective.

21. A machine tool, comblnmg a Ira,me afford—
ing a plurality of tooling stations; an actuated
element at each of said stations; individual means
at each of said statiouns for actuating .said ele-

ments; a prime mover; a transmission extending

from said prime mover to all of said element
actuating means; and a timing coupling embodied
in said transmission adjacent each of said sta-
tions for permitting individual timing of each of
said element actuating means.

22. A machine tool combining a frame afford-
ing a plurality of tooling stations, a translatable
tool at each of said stations; a rotary cam at each
of ‘said stations for translating said tool carriers;
a prime mover, a power transmission extending
from said prime mover. to all of said stations for
rotating all of said cams; a timing coupling em-
bodied in said transmission adjacent each of said
stations for permitting individual rotation of said
cams relative to and independently of said prime
mover, thereby to permit. individual adjustment
of said tool cavners and md1v1dual timing of sald
cams,

23. A machme tool as set for Lh in claim 22;.in.

which the power transmission includesa plurality

of shafts each comprising a plurality of sections.
" tween said piston and said standard and means

arranged end to end and in which timing cou-
plings connect the adJacent ends of said shaft
sections, said timing- couplings each comprising
flange elements fixed to the adjacent ends of said
shaft sections, said flanges being provided with
unegual numbers of pairs.of bolt holes, whereby
said sections may be sscured together in a plu-
rality of angular positions by bolts passeéd through
complemental pairs of said holes, the number of
angular positions obtainable being greater than
the number. of holes in either flange.

24. In a machine tool, -a rotatable turret;
mechanism to index said turret; means to lock
said turret in predetermmed positions, said lock=
ing mesns comprising -a. lock-bolt adapted to

enter apertures formed in said uurret, a differen-

tial pneumatic motor connected. with'said-lock-
bolt; an air pressure line permanently connected
with the least effective end of said motor and
tending - constantly to retract .said lock- bolt; a

. valve connectmg said air pressure 11ne Wlth the

- 11

‘most. effectwe end of sa1d motor and means actu-

"ated by said indexing mechanism to actuate said
. valve to admit air-pressure:into the most effec-

tive end of the motor, thereby to.advance said
lock-bolt in. opposition to:the air pressure m the

“least effective end thereof. '
25.” A’ chucking machine comblnlng a subsuan—

tially inverted “r-shaped. frame as viewed from
the front; a tooling station provided at the left,

rear and right extremities of said frame;.a re-’
ciprocatory tool at: each tooling station; means
~adjacent each tool to give it reciprocatory move-

ments; a rotatable work turret-mounted on said
frame intermediate’ its extremities; means to
index said turret successively to present to the

tools at said left, rear and right tooling stations-

work-pieces carried thereby; a driving motor; a
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power transmission dctuated by said motor; a

“first feed shaft P! conngcting said power trans-

mission with the rear tool feeding means; a shaft

95

G ‘extending toward the front of its machine; a

shaft S journaled in said.frame substantially par-

allel with the front thereof and actuated from the :

shaft G; second and third feed shafts P? and P3
journaled in said frame adjacent the right and

* left tooling stations and actuated from the shaft

S, said shafts P2 and P3 serving to transmit power
to the right and left tool feeds.

26. A chucking machine as specified -in . claim
25, in which the turret is indexed by:the moctor
which: actuates the tool feeds and in which index
and feed control mechanism is mounted on'the
rearward . extremity of the frame and is auto-

atlcally actuated.- .

- 97..In a machine tool a fixed member, a ver-
ticwlly translatable tool slide, formed with a ver-
tically arranged cylindrical bore, supported by

said member; a rotating cam journaled in said
fixed member; an operative connection between
said cam and said tcol slide for reciprocating the-
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latter by rotation of the former; a piston fitted in -
said cylindrical bore; a igid connection between -
said piston and said fixed member; and means to .
admit fluid- pressure into. said bore sbove said

piston to transmit to said-piston and thereby. to
said fixed member g substantial portion of the
weight of said tool slide..

28. In a chucking machine, a standard a tool

.slide vertically movable on said standard and

provided with a vertically arranged cylindrical

bore; a cam connected: with said tool slide to

give it vertical reciprocations on said standard;
and fluid pressure actuated means, including a
piston fitted in said bore, a rigid connection be-

to admit fluid pressure into said cylindrical bore
above said piston, to-support-a substantial por-
tion of the weight of said tool slide, whereby the
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load required to be lifted by sand cam is mate- o

rially reduced.

- 29. A chucking machme comblmmr a frame
prov1dm<T a plurality of tooling stations; a tool
translatably mounted at each of said stations;
a work turret; work holders carried thereby;

means to index said turret successively to pre- ;

sent’ work pieces carried by .said work holders to
the action of said tools; means to reciprocate said
tools toward and from the work pieces; power
transmission means for said reciprocating means;

a clutch element interposed befween the turret -
,mdexmg means and the tool feed transmission

whereby when the clutch element is shifted in -

ohe direction the turret indexing means is ren-

dered effective: and when the clutch element is
shifted in the opposite direction the tool. re- --
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ciprocating means is rendered effective; means
actuated by the turret indexing means tc move
said clutch element - in the last named direction;
and means actuated by the tocl reciprocating
means to shift said element in the first mentioned

_ direction.

30. In a machine tool, a rotatable turret; .in-
dexing means for said turret; means to lock said
turret in predetermined positions, said locking

‘rneans comprising a. lock-bolt adapted to. enter

" apertures formed in said furret; a-pneumatic
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motor connhected to actuate said lock-bolt; an air
pressure. line; a reciprocating valve .associated
with said motor for admitting and releasing air
pressure thereto; a rotatablecam driven in tirned
velation with said indexing means and. directly
cooperating with said valve for controlling the
latter; a spring normally urging said valve into
engagement with said cam; and means for manu-
ally moving said valve against the pressure of said
spring for controlling said motor at will.
: JOSEPH J. SPRING.
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