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Patented Oct. 31, 1933 

UNITED STATES 
1933,500 

PATENT OFFICE 
1,933,500 v . 

RADEAL SPSNDLE CHUCKING IMACENE 
Joseph J. Spring, Berii, Cogna., assigner to The 
Goss a beate Washiae Conaipality, New 
Britain, Conn., a corporation of Connecticut 

Application arch i, 33, Seia, No. 432,296 
3. Csilis. 

This invention relates to chucking machines 
of that type in which work-pieces are carried 
by radially disposed rotating Spindles and are 
presented Successively to the action of a plurality 
of Suitable tools located at separated tooling 
stations. A chucking machine of this type is 
disclosed in my application Serial No. 266,386, 
filed March 31, 1928, of which this application 
is, in part, a continuation. 
One of the objects of this invention is to pro 

vide a chucking machine capable of handling 
relatively large work-pieces and so to construct 
the machine, that it will be comparatively uni 
versal in its action, being adapted to perform 
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either internal or external operations (or both) 
at each of its tooling stations. 
Another object is to provide common means 

for synchronously rotating all of the work spin 
dles; to provide speed change means for simul 
taneously varying the late of rotation of all of 
Said spindles; to combine therewith means for 
giving to each tool an individual rate of feed 
and to provide individual means for varying the 
rate of relative rotation between certain ones 
of said work-spindles and certain ones of said 
tools. 
A further object of the invention is to provide 

a simplified transnission for effecting rapid 
traverse and slow feeding movements of the tools, 
and indexing moveinents of the work turret and 
simplified automatic controls therefor, whereby 
all of those movements may be effected automati 
cally in a predeterrained cycle with compara 
tively few elements. . . . . . 

Still another object is 

to control itself and the other and 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 

trains that normally, the operative cycle of the 
machine would be automatically repeated and 
to provide autornatically actuated interference 
means, under the control of the operator, for 
bringing the machine to rest just prior to the 
beginning of a new indexing movement. 
Another object is to eliminate the possibility 

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 mechanisin is in operation and to pre 
vent any of the mechanisms getting out of time 
due to such interference. 

5 5 
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A still further object of the invention is so to 
construct the machine parts and the various 
transmissions that they readily may be assembled 
and to provide in said transmissions ineans, in 
the nature of timing couplings, whereby each 
feed-can may be timed individually with respect 
to its drive shaft, . . . . . . 

SO to combine the feed 
and index trains that each is adapted partially 

viewed from the rear of the nachine. 

(C, 29-38) 
Another object is to provide an improved pneu 

imatically actuated turret locking means. 
An object of the invention also is to provide. 

a pneumatic counter-balance for one of the cam 
actuated elements of the machine tool. . . . . . 
Other objects and advantages will be in part 

indicated in the following description and in part 
reindered apparent therefrom in connection with 
the annexed drawings. . . . . 

To enable others skilled in the art so fully to 
apprehend the underlying features hereof that 
they may embody the same in the various ways 
contemplated by this invention, drawings de 
picting a preferred typical construction have 
been annexed as a part of this disclosure and, 
in such drawings, like characters of reference. 

O. 

3. 

denote corresponding parts throughout all the 
views, of which:- . . . . . . 

Figure i is a front elevation of a radial spin 
dle chucking machine embodying this inven 
tion. Fig.2 is a right end elevation thereof. Fig. 
3 is a plan of Fig. 1. Fig. 4 is a section (partly in 

so 

elevation) substantially on the line 4-4 of Fig. . 
i showing the work-spindle driving traia. Figs. 
5 and 6 are side and end elevations, respectively; 
of a polition of the nachine casing sinowing. a 
Speed change mechanisia, later to be referred to, 
for varying the Speed of rotation of all the work 
Spindles. Fig. 7 is a side elevation of a gear box 
containing Speed change gearing and actuating: 

ea, S therefoi, for varying the late of transa 
tion of the tool-heads, said gear box also con 
taining mechanism to render the feed and index 
mechanisms effective alternately. Fig. 8 is a 
right end elevation of the gea box illustrated in 
Fig. 7. Fig. 9 is a section substantially on the line 
9-9 of Fig. 7. Fig. 10 is a section substantially 
on the line 0-10 of Fig. 7. Fig.11 is a section 
Substantially on the line 11-11 of Fig. 8. Fig. 
12 is a Section Sustantially on the line 12-12 of 
Fig. 8 showing the drive for one of the slide actu 
atting ca, S, a polition of the index control means 
and a portion of the Rea:3 alternately to reinder 
eifective a fast and a slew feed train, all later. 
to be described. Fig. 13 is a section Substantially 
on the line 13-13 of Fig. 12 the parts being shown 
noved in the direction indicated by the arrow ap 
proximately ten degrees from the positions shown 
in Fig. 12. Fig. 14 is a horizontal sectional view 
through the gear box and a portion of the ima 
chine frame showing the drive to the index shaft, 
a portion of the tool feed actuating train and a 
portion of a feed control mechanism later to be 
described, said mechanisms being shown as 

Fig. 15 
is a vertical Sectional view through the turret 
Support showing more particularly, the indexing 
means for the turret and a turret clamping 
mechanism later to be described. Fig. 16 is a 
horizontal sectional view disclosing the turret in 
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2 
dexing mechanism and a turret locking mecha 
nism later to be described, together with an au 
tomatically actuated control for said locking 
mechanisin. iiig. 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. 9 is a detail sec 
tional view of an ingositive driving coupling en 
bodied in the index drive train. Fig. 2G is a sec 
tion on the line 20-20 of Sig. 19. Fig. 21 is a 
central Section of a tinning coupling one of which 
is embodied in each of the three tool-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 diagraminatic figure illustrating the 
Spindle driving trains, the tool-head feed trains, 
the turret index trains, and the turret locking and 
clamping mechanisins. Fig. 26 is a diagram 
matic View illustrating the relative tinning of the 
turret lock, turret clamp, and turret indexing 
mechanisinS. Fig. 27 is a diagrammatic View il 
lustrating the nain slide reciprocating can in 
conjunction. With the dogs which shift a clutch 
member alternately to render effective rapid and 
slow drives for said can. . 

Referring more specifically to the drawings, the 
invention is disclosed as embodied in a chucking. 
machine coinprising a, Substantially T-shaped 
main frame or base i 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 E. Within which 
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are rotatably journaled four equally spaced and 
radially disposed rotating Work-spindles 2, each 
carrying, at its Outer end, a Suitable Work-holide 
Or chuck 3. 
As clearly shown in Fig. 3 there 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 Tu. 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 renove the finished 
Work-pieces therefroin after they have been na 
Chined. 
Stated briefly, the present nachine includes 

the following mechanisms: 
(d) Spindle rotating mechanism, 
(b) Feed and traverse mechanism for tool 

slides, 
(c) Turret indexing mechanism, 
(d) Turret lock, 
(e) Turret clamp; 

and Suitable controls for all of Said lechanisas. 
For convenience, these mechanisms will be 

described in the Order named: 
Spindle rotating mechanism (Figs. 1, 4, 5, 6, 15 

(End 25) 

AS ShoWn in FigS. 1 and 4, the turret K is jour 
naled in and supported 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 notor 6 mounted on the machine 
frame as shown in Figs. 1 and 3. This motor is 
connected by a chain it, or other Suitable trans 
raission (see Fig. 25). With 2, Shaft 3 journaled 
in an upstanding portion 18 of the main frame 1. 1st to carry the tool into contact with the work 

,933,500 
A bevel gear set 9 connects the shaft 8 with a 
shaft 10 also journaled in the frame portion 18 
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 1a. The gears 
11 and 12 are in the nature of pick-off gears and 
may be removed and replaced by others having 
a different ratio, thereby to vary the speed ratio 
betWeen the shafts 10 and 13. 
Spined to shaft 13 is a gear unit 14 providing 

gear's 148 and 14b adapted selectively to be neshed 
With complemental gears 158 and 15b on a shaft 15 
journaled lengthwise of the machine frame. A 
hand lever 16, and arm 169 actuated thereby, serve 
to shift the gear unit 14 selectively to mesh said 
ge&i'S. 
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 198, secured to 
a portion of the main frame. A gear 20 fixed 
upon the upper end of the shaft 19 drives a gear 
21 fixed upon a shaft 22 journaled, at one end, 
in the bracket 19 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. A gear 28, also Secured upon each of the shafts 
27 is maintained permanently in mesh. With a 
gear 29 provided by a spool 298 rotatably and 
translatably journaled on each of the work 
Spindles 2. Each of the spools 29a affords 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 298, is secured upon 
an end Wise movable rod 348 journaled in the tar 
ret. Clutch actuating levers 35 journaled in . 
brackets 35 Supported by a turret cover piate ic, 
have portions engaging the slide rods 34a 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 35b (Fig. 4). This connects 
the friction clutch element 30 on the continuously 
rotating Spool 29 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. 
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the lever 35 to the position 350, thus, shifting 3 
the Spool in Wardly and engaging the toothed 
clutch elements 31 and 33. Thereafter 
Spindle is rotated positively. 
From the foregoing it will be perceived that all 

of the work spindles are rotated in the same 3. 
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, MI. 
and N, preferably are supported on slides and 
these slides are given the necessary movements, 

the 
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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 con 
pleted. Inasmuch as the machine is adapted to 
perform 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 piturality of tool Support.S. These 
Supports are adapted to carry the tool equired 
to perfor in the desired operation on the WOrk 
piece being machined. The machine is illustrated 
as providing, at each tooling station, a nain Slide 
MS fited to move horizontally toward and from 
the Work on guides 36 (see Fig. 53). At the sta 
tions and N the guides 36 are: provided by up 
standing portioins 1a of the main frame, but at 
station IM, for convenience of manufacture, they 
are provided by a Sub-fraine or gear-bOX GB Sup 
ported upon the main frame and housing certain 
mechanisin later to be described. The gear-bOX is 
in effect a portion of the nain frane and may be 
so considered. Each of the rain slides is given 
regiprocatory motion fron a can 33 secured upon 
a Supporting drun 38k carried by a rotairy Shaft 
Q journaled respectively in the upstanding por 
ions 18 and in the gear box G3. A can groove 
332 formed in each of said cans is tracked by a 
roller 33b carried by an arm 389 depending irona, 
side 38 d having an adjustable connection with 

The can 38.is preferably made 
of two serini-cylindrical sections 38' and 38' re 
movably Secured to a drum 38, as show; ii). FigS. 
13 and 18. These sections inay be regioved and 
replaced by others affording a different cala 
groove, should the nature of the operation t 
be performed make this desirable. 
An adjusting screw 39, journailed in an upward 

extension of each side 38, is threaded into main 
tool side and affords ineans for manually adjust 
ing eachinain slide toward and from the work 
piece and relative to its actuating can. 

i:ach main slide is provided at if S upper. Side 
With a seat, having therein a plurality of T-slots 
t adapted to have secured thereto any suitable. 
form of tool-holder. Inasmuch as the tool-holder. 
and the tool carried thereby may be conventional 
and form no part of this invention detailed illus 
tration and description thereof is deemed Lin 
necessary. . . . . . - . . . . .' 

For certain operation, such, for example, as 
drilling, boring and rearning, it may be desirable 
to produce, between one or nore of the tools and 
the Work, a Speed of relative rotation either faster 
or slower than the speed at which all of the work 
spindles are rotated. To that end, each of the 
main slides is preferably provided with a bore b 
within which may be journaled a tool spindie 
S adapted to carry a Suitable tools'. In FigS. i. 
and 3, the main slide at the station. T, is shown 
as fitted. With a rotary tool Spide. The rain. 
sides at the stations IM and IN may also be so 
fitted if the nature of the operation to be per 
formed at those stations demands it. 
To enable the tool ?pindle to be rotated either 

in the direction of, or in opposition to, the direc 
tion of rotation of the work spindle, thereby either 
to decrease or increase the rate of relative rota 
tioin between the Work and the tool, individual 
variable Speed, eversible notors. m. may be. Se 
cured upon brackets in fitted to seats an? pro 
vided by each of the main slides. The motors in 
are each connected by a chain in 3, or other suit 
able transatission, With a transverse. Shafi, n., 
journaled in the gracket m, which shaft is con 
nected, as by a worm and worm-wheel, with the 

is illustrated 

. Inay carry tools. 

3. 
tool spindles. Conventional means (not shown) 
is provided for controlling the Speed and direc 
tion of rotation of the notOS in. 

Certain machining operations require the USe 
of an externally operating tool movable trans 
verse to the axis of the Work-piece. Any One Or 
all of the stations i, xi and N nay, therefore, be 
provided with an upright Standard 40 (See FigS. 
1, 2, 3 and i8) upon which is slidably mounted, 
a vertically movable cross slide CS adapted to 
have a suitable tool secured thereto. The Stand 
ards 40 are removably secured upon seats pro 
vided by the naiin frame and the gear-bOX. 
Reciprocatory noverents are given to the CrOSS 
slides by a rotary can 41 having a caril-grOOWe 41 
tracked by a roiler 42 journaled on a Stud. 42 
carried by the cross-slide. The can 41 is pref. 
erably riade of two seni-cylindrical portions 41 
and 4.ie (similar to those of Cains 38). Which are 
Secured upon a sleeve 43 journaied in a bearing 44 
Supported by the standard 49. A can drive Sihaft 
O journaled in the standard 49 extends upWardly 
through the sleeve 43 and is coninected to the 
sleeve by a timing coupling 4.5 similar to that dis 
ciosed in Figs. 21, 22 and 23 later to be described. 
A gear 46 on the lower end of each shaft O serves 
to transit iotation to said SinaftS. 
To reduce the load on the cross-slide cams 41 

and thereiy reduce wear on the cara grooves 418 
and role:S-42, pietratic e3S is provided for 
sustaining the weight of the cross-slides and the 
parts carried theire)y. This is effected by for in 
ing in the cross-slide a vertically disposed cyl 
inder 4.d into which is fitted a piston 4ie fixe 
to a rod 41 winich rests upon a portion of the 
standard 40. Air pressure is admitted into the 
upper end Gif 8 cyliide as through a pipe 418. 
Sufficient air pressure is applied between the end 
of the listii and the cylinder end, Wall to Sub 
stantially Support tie weight of the cross-slide 
and its attached parts thereiy Substantially bal 
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ancing the cross-slide. The can groove 41a is, 
therefore, required to exert only a relatively slight 
preSSure oil the rolei. 42 to irove the CIOSS-side 
either Wardly or doWinWardy. 
Any suitable tool may be carried by the cross 

Slides CS and thage tools :ay Work independently 
of or in conjunction with the tools carried by the 
main slides. One for of tcc.incider and too ly 

in Fig. 8 a.d. at Station TWI in Fig. 3. 
It is to be Linderstood, however, that other forms 
of tool-holders and tools may be substituted and 
that the cross-slides at the Stations Li and N also 

Power to rotate the cans 38 and 4.1 is provided 
by a notor 47 nou inted on a suitable portion of 

20 
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the inachine frame. This notor is connected by . 
3. a chain 48 or other Sitable trainSinission, With 

one end of a shaft, A. iournaled in the gear-box 
GB supported upon the rearwardly extending 
portion of the inain fraine, a gliacent, the tooling 
station M. . . he opposite end of the shaft. A 
carries a gear 49 which drives, through an inter-. 
mediate gear 49, a gear 50 rotatably journaled 
on a short shaft a secured in tine gear-box. A 
Spool 51 rotataily and translatably mounted on 
the shaft a provides a toothed clutch element 
58, adapted to engage a toothed clutcin element 
593 integral with the gear 50, and a gear 5b par 
manently in mesh with a gear 52 fixed. Upon a 
shaft R, also journaled in the gear-box. 
shaft R cairies a, bevel gear 53, which drives: a tes. 

Sirhilar gear 538. Secured upon a shaft S. . . Fower 
may be taken from the shaft B through either 
of two trains, thereby to rotate the tool-slide feed 

The . 
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4. 

caims 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 convenience, one train may be 
considered the main tE’ainsmission and the other 
a Supplemental tranSinission. The rapid traverse 
train will be described first. 
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65 - 
cured at 74% upon one end of a shaft D also 

O 

5 

- With others having a different ratio. 

Rapid traverse for tool Slides 
Rotatably journaled on the shaft B is a gear 54. 

permanently in nesh. With a gear 55 rotatably 
mounted on a shaft F journaled in the gear-box. 
A clutch Spool 56, Splined to the shaft 8, pro 
Wides toothed clutch teeth 562, adapted to be en 
gaged With similar clutch teeth 54 integral with 
the gear 54. A sinilar clutch spool 57 splined to 
the Shaft F has clutch teeth 57 adapted to en 
gage clutch teeth 559 cariied by the gear 55. 
Thus when the clutch elements 56 and 57 are 
shifted to the left in Sigs. and 11 and upwardly 
in Figs. 24 and 25, rotation Will be transmitted 
to the shaft F at Substantially the Spead of rota 
tion of the shaft 3. A gear 53, fixed upon the 
Shaft F. dives a gear 59 Secured upon & Shai?t C, 
also journaled in tie gear-box. A fi:St oranch 
line feed shaft, journaled in the gear-box trans 
verse to the shaft 6 and driven therefron by bevel 
gears 60 and 61, carries a irst worrin 62 which 
meshes with and drives the cross-slide driving 
gear 46, and a Second WOI: 63 Yeshing. With a 
WOrr-Wheel 64 fast upon the rai-Side cann 
shaft Q. 

Journaled lengthwise of the main frame 1 is a 
Shaft S, (See FigS. 3, 4, 1, 24 and 25) connected 
by bevel gear sets 65 and 63 With Second and third 
ranch line feed shafts aid if SiGilar to shaft, 
P extending beneath the tooling stations N and I 
respectively. Each of these shafts also has se 
cured to it a cross-slide actuating woria. 62 aid a 
main slide actuating worn 63 connected to actu 

shaft S is driven from the shaft G by spur gears 
67 and 68 and bevel gears 69 and 70. 
With the clutch eleinents 56 and 5' engaged 

With the clutch teeth 548 and 558, rapid rotation 
Will be tra,Sritted to the cans 38 and 41 ocated 
at each of the tooling Stations and this rapid 'O- 
tation is exployed rapidly to t1'2nslate the toals 
to and from the work-pieces. Eilese rapid in Ove 
ments are highly desirable ina.Sinuch as it re 
duces, to a minimum, the time required for the 
Working cycle. 

Slow feed for tool slides 
As hereinbefore stated, rotation ray be trans 

mitted from the shaft B to the shaft F at a re 
duced rate and thence to the tool slides to give 
to the tools a relative slow feeding overnent 
during the tooling operation. This is effected 
as will now be described. Reisovably Secured 
upon the shaft B, exteriorly of the gear-box is a 
gear 71 which drives a gear 72 journaled on a 
Stulb shaft 728 Secured in the gear-box. Renov 
ably secured to the gear 72 is a gear 73 which 
drives a gear 74 renovably and firictionally Se 

journaled in the gear-box. The gears 71-72 
and '73-'74 are in the nature of pick-off change 
gears and may be i'einCVed and interchanged 

Adjacent 
the other end of the shaft , there is Secured a 
relatively small gear 75 which drives a larger 
gear 76 forming a part of a gear unit 768, rotat 
ably journaled on a stub shaft E and affording 
also a smaller gear 77. This latter gear drives a 
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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 57b 
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 588 and 54a and the clutch element 57 
shifted to engage the clutch teeth 578 and 548 
rapid rotation Will be transmitted to the Shaft E, 
Whereas by leaving the clutch teeth 568 and 54 
engaged and Shifting the clutch element 57 to 
engage the clutch teeth 57b and 82 slow rotation 
Will be transmitted to the Shaft F. The Speed 
of rotation of the feed cams, and thereby the 
Speed of translations of the tool slides, is propor 
tionate to the speed of rotation of 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 feed drive trains may be interrupted by 
manually shifting the spool 51 to the left (Figs. 100 
10, 14 and 24), thereby disengaging the clutch 
teeth 509 and 518. For this purpose a feed con 
trol ever Y is located at the front of the na 
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95 

chine. This lever is fixed upon one end of a shaft 
y having at its other end an arm yi connected 105 
by a link y2 to a similar army3 secured to a shaft 
y journaled in the gear-box. A clutch shifting 
fork y is secured upon the shaft gy and engages 
the Spool 51 to move it axially. 

Hand feed and indea 0 

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 act which meshes with a bevel gear ac? 
rotatably journaled on the shaft d. Fixed to gear 
ac? is a clutch element affording clutch teeth c3 
adapted to be engaged by clutch teeth 51% pro 
vided by the spool 51. The lever Y and the parts 
connected therewith, also serve to shift the spool 
51 to engage the clutch teeth 51x and ac thereby 
to render the manual drive effective. This man- 125 
tal drive may be used to advantage in setting up 
the machine for any specific work-piece. 

5 
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Turret indeacing mechanism 
As hereinbefore stated, the work turret K is 30 

periodically indexed to carry a work-piece from 
the initial Or loading Station. Successively to the 
tooling stations L, i? 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 imovement produced by an 

-i. Du 

improved Geneva, index mechanism comprising 
a slotted disk 83 secured to the underside of the 
Work turret and having radial slots 83a formed 
therein. These slots are engaged by rollers 84a 
and 84b carried by a rotary 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 
alnetrically opposite sides of the axis thereof. 
This produces a continuous movement of the tur 
1'et, after which the disk 84 has a further move 
ment for a purpose later to be explained. 
Power to actuate the indexing mechanism may 50 
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be obtained from any suitable source but prefer 
aibly it will be taken from the tool-feed train as 
shown in Figs. 24 and 25. To that end, there is 
rotatably journaled on the shaft B. a gear 85 
adapted, at certain times, to be secured to said 
shaft by the clutch spool. 56, clutch teeth 56 
of said spool being adapted to engage similar teeth 
858 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 
inaled in the gear-box. The forward end of the 
shaft is fitted within a sleeve 89 journaled in a 
hearing 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 Worn-wheel 95 fixed upon a shaft 96, to 
which the index disk 84 also is secured. . 

Turret lock 
To accurately locate the turret and to insure 

against its accidental movement during the ma 
chining operation a turret-locking mechanism is 
rendered effective after each complete indexing 
movement of the turret. This mechanism com 
prises a lock-bolt 97 slidingly fitted in a guide 
way 978 provided by the ring 4. The forward end 
of the bolt 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-bolt 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. 
tion, the radial Walls serve merely as abutments 
and are not subjected to wear. Any wear on the 
bolt and wais of the locking notches is effected 
on the inclined sides thereof and this does not 
affect the accurate positioning of the work tur 
ret but merely necessitates a slightly greater 
movement of the locking bolt. The lock-bolt 97 
is preferably actuated by fluid pressure and its 
movements are automatically controlled in timed 
relation with the indexing mechanism. 
A differential fluid-pressure motor W having 

relatively large and Small cylinders up and u, 
(see Sig. 16), separated by a partition w8, contain 
similarly large and Small pistons u8 and U, re 
spectively. These pistons are Secured to a piston 
rod 205 and the cylinders are supported by the ring 
4. adjacent the rear end of the lock-bolt... The pis 
tons are connected with the lock-bolt by any Suit 
able means, SUch for example as by the connec-. 
tion 97d shown in Fig. 16. A fluid pressure line '98 
is permanently connected by a port wit with the 
Sinailer cylinder U2 at a point between the parti 
tion i6 and the piston U, whereby the fluid pres 
Sure in the cylinder U2 constantly tends to retract 
the lock-bolt. The fluid pressure line is also con 
nected by a port w8, with a chamber w9 formed in 
a valve casing u10. A piston valve U12 slidable in 
tie casing it jermits (in one position) fluid un 
despiressure to flow from the chamber up through 
poits 2413 and U14 into the large cylinder D1 be-, 
tween the piston D3 and the partition up6. There 
upcin tile pieSSUre. On the larger piston overcomes 
the preSSure on the Smaller piston and advances 

By reason of this construc 
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the lock-bolt into locking position. In another 
position of the valve up12 a cylindrical portion w1. 
of the valve closes the port 2013 and OpenS an ex 
haust port up!6 whereupon the cylinder ul is 
opened to the atmosphere and pressure in the 
cylinder 252 behind the piston 294 retracts the lock 
bolt, . . . .: s: 

A spring 99, enclosed in the valve casing, nor 
mally tends to shift the valve inwardly to the posi 
tion shown in Fig. 16. To effect automatic actu 
ation of the waive in timed relation with the index 
ing mechanism the inner end of the valve stem 
is passed through a guide 100 and carries a roller 
40i, which tracis the pariphery of the index disk 
84. A can i{ia on the periphery of the disk.84 
acts upon initial movement of the disk, to force 
the valve outwardly in opposition to the spring 
99 to effect retraction of the lock-bolt. Near the 
end of the indexing movement of the disk 84, the 
roller101 rides down the incline 101b and thereby 95 
the Valve is shifted to the position which causes 
the lock-bolt to be advanced. The valve up also 
may be retracted manually by the hand grasp. g . 
should circumstances require it. 
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Turret clamp. 
To insure absolute rigidity during the ma 

Chining. Operations, this invention provides 
means rendered operative after each indexing 
of the turret, for clamping the turret to a sta 
tionary part of the ia achine. This is preferably 
effected by a clan.p C of annular form com 
prising two semi-circular members c and c 
(See FigS. 3, 4 a.ind. 15) hinged together at c3 and 
having inner V shaped grooves, c, with walls di- 110 
Werging outwardly to receive and cooperate with 

: opposed annular tapered flanges, ic? and 48 pro 
Wided by the turret K and ring 4, respectively. 

he claimping ring inenbers Surround the 
flanges ic and 48 peripherally and the tapered 115 
Was of the grooves enorace the tapered flanges 
laterally. The ring naenbei's are adapted to be 
constricted about the tapered flange walls 
thereby to force the lower horizontal Seat ic3. Of 
the turret down upon the upper horizontal seat 120 
4 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 ics having its opposite 
ends threaded into ears co-projecting from said 125 
ring members. The screw c5 is rotated, to open 
and close the clamp c, in timed relation with 
the turret indexing mechanism. ... To that end 
a cam groove c", formed in a drum c8 fixed to the 
turret indexing shaft, 96, is tracked by a roller c, 130 
carried by one end of a lever c0, fulcrumed at 
cll in a bracket c12, Supported by the main frame. 
The other end of the lever c10 is connected to 
one end of a link c13 whose other end is con 
nected with an arin c14 fixed to the screw c5. 135 
Traverse, feed and indea 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 alternately to engage the clutch teeth 56- . 

Each of these Wo trains a C 
tuates mechanis which in turn shifts the 
clutch-spool to discontinue the drive to the then 
operative mechanism and to further shift the 145 
clutch-spool to render effective the other train. 
For example, the index mechanism causes the 
clutch-spool to be shifted to disconnect the in- . 
dex clutch-teeth 56b and 85a and to engage the 
clutch-teeth 568 and 54a of the feed drive train. 150 

105 
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Likewise, rotation of the feed shaft. Q at sta 
tion M shifts the clutch-spool 56 to discontinue 
the drive to the feed train and to connect the 
index drive. 

Rotatably journaled on the index shaft, 96 be 
'neath the worn-wheel 95 is an arm 102 nor 
mally held in contact with a stud 1028, carried 
by the tuirret clamp can druin c3, by a coil. Spring 
103 connecting the hub of the ever with said 
can drum (see Fig. 14). During the rotation 
of the index disk 84, the rounded outer end of 
the arm 102 engages a stud i04 carried by One 
ai'in of a tWO-arred ever 105 fulcrushed at iO58. 
in a bracket 105 secured to the inain frame. A 
detent 19, later to be referred to, tenporarily 
holds the lever 105 against oscillation whereupon 
the shaft 96 and can drum c. continue to rotate 
independent of the arm 102, the Spring 103 being 
extended and put under tension. Continued ro 
tation of the can drun ci brings a stud 102 into 
contact with the rear wall of the lever 102, as 
shown in Fig. 14. 
the drum, and pin 02 carried thereby, Swings 
the lever 102 counter-clockwise, causing its 
rounded oute end or exert a, carn action on the 
Stud 04, thereby Overcoining the action of the 
detent hereinbefore referred to and causing the 
level 105 also to be swung counter-ciockwise. 
The other arm of the lever 105 is connected by 
a link 106 to an airn 107 secured upon one end 
of a shaft 108 journaled in bearings provided 
by the gear-box. To the other eind of the shaft 
108 is Secured an arin i? 9 to which is connected 
One end of a link 110 which, at its other end, is 

5. Connected to a SWinging arm 111 journaled on 
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a stud ii.2 fixed in the gear-box. A second iiink. 
113 connects the aim ii. With one aria 348 of 
a tWO arrned lever 14 rotatably mounted upon 
a shaft 1.5 journaled in the gear-box, which 
shaft has secured to it a fork, 116 engaging the 
clutch-Spool 56. 

Fixed upon the outer end of the shaft 115 is an 
arm 1" having its free end arranged between lugs 
1140 and 11.4d projecting from the lever 14. The 
lever 114 is also formed with a, beveled nose i8 
engaging the bevelled end of a Spring piressed 
plunger 119 slidingly mounted in a casing Sup 
ported by the gear-box. This plunger 119 com 
prises the detent means which temporarily holds 
the lever 105 against Swinging when the stud 104 
thereof is first engaged by the airin iO2. As shown 
in Fig. 7, the lever 114 is in an intermediate posi 
tion through Which it passes in shifting the 
clutch-Spool fron feed to inde: position and vice 
Versa. During the feeding of the tool heads the 
plunger 119 engages the upper inclined wall of 
the nose 18 and during tine index of the turret it 
engages the lower inclined Wall thereof. Due to 
the lost notion between the lugs 1140 and 14d 
and the airn 117 and the action of the Spring 
plunger on the nose 118 of the lever 14, those 
elements constitute a carry-over mechanisin for 
completing the shifting of the clutch-Spool 56. 
As the rounded outer end of the arm 32, acting 
on the stud 104, cams the lever 05 counter-clock 
Wise, the lever 114 is rotated clockwise, causing 

Ri (), 

the lower inclined wall of the nose 118 to wipe 
past the nose of the plunger 119 depressing it in 
opposition to its Spring 113' until the apex of the 
nose has reached the apex of the plunge, as 
shown in Fig. 7. This initial movement of the le 

75. 

wer 114 has no effect, upon the aim 117 or the 
shaft 115 and fork 116 connected therewith. In 
stantly upon the passing of the apex of the nose 
beyond the apex of the plunger, the Spring 119 

A further slight rotation of 
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forces out Wardly on the plunger and its lower . 
bevelled edge acts upon the upper bevelied edge 
of the nose 18, thereby giving the lever 1149. 
quick rotation in a clockwise direction. This 
YY1OWenzent causes the lug 1140 to engage the arm 
117 and give it, and the shaft, 115, and fork 16 
COrnected thereWith, a, Sirnia clock Wise nove 
nent thereby shifting the clutch-Spool 56 to dis 
engage the index clutch-teeth 56b and 85 and to 
engage the feed clutch-teeth, 568 aind 548. The 
parts are shifted in the opposite directions to 
disengage the feed drive and to re-engage the 
index drive by 2iechanisia later to be described. 
The final clockwise movement of the lever 114, 
under the influence of the plunger, pulls the links 
113 and 110 and thereby through airn 09, shaft 
108, arm 187, and link 106 causes the lever 105 to 
be swung clockwise to move the stud 404 out of 
contact With and out of the path of the airn 102. 
innediately upon this final noverent of the 
stud, the spring 103 swings the lever 102 about 
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the shaft 96, bringing the forward Wall of lever 
into contact. With the stop Stud 102. 
The clutch-spool 56, fork 116, shaft. ii.5, arm. 

117, and lever 114 aire swung counter-clockwise to 
disengage the feed ciutch-teeth and to engage the 
index clutch-teeth by renechanisii, actuated from 
the feed shaft Q of the station A as now Will be 
described. Rotatably alounted on the shaft Q is 
the hub of an arm 120 which projects outwardly 
through apsrtures in the can druin 38* and in 
one of the cam sections secured tiereto. A Spring 
1203 connected with the hub of the arm and the 
can druin 38: Inorinally tends to swing the arm 
clockwise about the shaft, but permits it to be 
moved in the opposite direction. The arm 120 
passes through a U-shaped guide 121 secured to 
the can druin, which guide prevents movement of 
the arm axially of the shaft Q. The outer end of 
the arm carries a can i20' which, during rota 
tion of the shaft Q, 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 W, there is 
secured an arm 124 connected by a link 125 with 
an arra 14b of the lever 114. When, during rota 
tion of the feed shaft Q, the can 129 engages the 
stud 122, the arm 120 is temporarily held against 
rotation with the shaft due to the fact that the 
arm 123 and parts connected therewith are in 
positively held against movement by the plunger 
119. The arm 120 remains stationary, thereby 
placing the spring 1208 under tension until the 
wall 1218 of the U shaped guide 121 engages the 
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arm and moves it against the resistance offered 
by the spring-pressed plunger 119. Movement of 
the arm 120 causes the can 120 thereof to shift 
the arm 123 counter-clock. Wise as viewed in Fig. 
12. This movement of the arm 123 effects, 
through the connection previously described, 
counter-clockwise novelinent of the lever 14, 
shaft 15 and fork 116, thereby shifting the clutch 
spool 56 to disengage the feed clutch-teeth 56 
and 54a and (unless further mowerinent of the 
fork is prevented by interference ineans herein 
after to be described) to engage the index clutch 
teeth 56b and 85 to initiate a new cycle. In 
throwing out the feed, the lever - i.14, ary 17, 
and plunger 119 act as a carry-Over device as 
hereinbefore described, but in the reverse direc 
tion. After the apex of the nose li8 has p2.SSed 
the apex of the plunger and as the lever 114 is 
moved by the plunger, the arm 123 is SWung to the 
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position shown in dotted lines in Fig. 12, thereby 
moving the stud 122 out of the path of the cam 
120b and permitting the arni 120 to be swung to 
its normal position by the spring 1209. Final 
counter-clockwise movement of the lever 114 
under the action of the plunger causes, through 
the links 113, 110, 106, etc., the stud 104 again to 
be placed in the path of the rounded end of the 
lever 102 for a subsequerit operation. Likewise, 
final clockwise movement of the lever 114 under 
the influence of the pitinger again places the stud 
122 in the path of the can i20. 
To prevent breakage of the parts should, for any 

reason, the arm 120 or cam 120 interfere with 
the return movement of the arrn 123, the link 125 
is preferably made of two sections held in their 
normal position by a heavy coil spring 125, which 
permits relative movement of the sections in the 
event of interference, a 

. Tool slide rotte control - 

The clutch-spool 57, which determines 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 Mare 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 a 
shaft U, journaled in the gear-box parallel with 
the shaft W. To the other end of the shaft. U 
(Fig. 7) there is fixed an arm 131, connected by 
a link 132, with an arm. 133 rotatably mounted 
upon a shaft 134, to which is secured a fork 135 
engaging the clutch-spool. 57. The arim 133 is 
provided with lugs 1333 and 133b and a bevelled 
nose 1330 similar to those of the lever 114 previ 
ously referred to. A spring pressed plunger 136 
co-operates with the nose 133c. Similariy to the 
plunger 119. Fixed to the outer end of the shaft 
134 is an arm 1.37 having its free end arranged 
between the lugs 1338 and 133b. When, during 
the rotation of the feed shaft Q, the dog 127 en 
gages the stud. 129, the arms 130 and 13 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 578 and 558 to effect 
rapid rotation of the feed cams. The dog 128 
shifts the parts in the opposite direction and 
causes the clutch-teeth 57b and 82 to be engaged 
to render effective the slow drive to the feed cams. 

Ideac interference and throuy-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 nost instances, undesir 
able ina.Sinuch as it gives the operator. Only a 
limited annount of tine to remove the finished 
work-piece from the work-holder and place a new 
piece therein. To prevent this, automatic start 
ing of the index and to place the starting of a 
new cycle under the control of the operator, this 
invention provides an interference device which, 
when the feed is discontinued, limits the auto 
matic movement of the clutch-spool 56 to an 
intermediate neutral position. Slidingly mounted 
in bearings g8 and g provided in the gear-box be 
neath and transversely of the shaft. Q is a rod 138 
adapted during the rotation of the cann drum 38% 
to be noved axially toward the left, as viewed in 

alm 139, thereby to permit the clutch-fork, 116, 

7 
Fig. 9, to project the end 1388 thereof into the 
path of movement of an arm 139 seculed upon 
the shaft 115. Movement of the rod in that direc 
tion is effected by a lever 140, fulcrumed at 140, 
and having one arm adapted, during the rotation : 80 
of the feed cann, to be engaged by a stud 41 car 
ried by the can drum and turned counter-clock 
wise (Fig. 9).. Another arm of the lever 140 car 
ries a pin 148b engaging, at one Side, a collar 142 
fixed to the rod 138 and at the other side a collar 85 
143 slidingly kaounted on the rod but inormally 
held against relative movement with respect to 
the rod by a coil spring 144 surrounding the rod 
and interposed between the slidiing collar 443 and 
a collar 145 also fixed to the rod. Thus, during 
the rotation of the feed can 38, the end 138 is 
projected into the path of the airn 139 which 
thereby limits the return in ovement of the clutch. 
shifting fork 16 to a neutral position. The spring 
144 serves to preventioreakage of the parts should, 
for any reason the rod 138 be prevented from 
moving axially. 
Manual means is provided for retracting the rod 

138 to remove its end 1388 cut, of the path of the 
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under the influence of the spring plunger 119, to 
engage the index clutch-teeth 56 and 858 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 a shaft 146 carrying, 105 
at its other end, an arm. 147 connected by a link 
148 with a similar arm 149 on a shaft 150 (see 
Fig. 9). A second arm. 151, fixed to the shaft 150, 
carries a stud 152 which engages a collar 153 fixed 
to the rod.138. Thus, by Swinging the hand lever 
Z, the operator may nove the rod 138 to the right 
(Fig. 9) thereby renoving the end 1388 out of the 
path of the arm 139. 

Slip coupling 
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To prevent damage to the machine parts 
should, for any reason, the turret be held against 
rotation when the index train is rendered effec 
tive, there is embodied in the index train, pref 
erably between the shaft I and the sleeve 89, a 
slip. coupling SC (See FigS. i4, 9, 20 and 24). 
This coupling is adapted to transmit a prede 
termined torque sufficient 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 comprises a disk 154, formed inte 
gral with the sleeve 89, and provided with a 
plurality of tapered cavities i55 into which are 
seated the rounded end of pins 156 slidingly fitted 
in bores 157 formed in a collar 153 keyed to the shaft I. A heavy coil spring 159 interposed be 
tween a collar 160, threaded on the shaft I, and 35 
a washer 161, slidingly ?ounted on the shaft and 
engaging rear ends of the pins 56, serves to 
hold the rounded ends of the pins in the ca,V- 
ities 155 with a force sufficient normally to effect 
a driving connection between the collar i 58 and 40 
the fiange 154 of the sleeve 89. Should the tur 
ret or any part of the turret driving train be 
yond the sleeve 89 be held against rotation, the 
pins 156 will cam themselves out of the cavities 
155, forcing backwardly on the washer 161 and 45 
compressing the spring 159, thereby permitting 
the shaft is to turn relative to the sleeve 89. 
To insure that each of the pins 156 will accu 
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rately fit its cavity 155, so that they will all serve 
as driving elements, it is essential that the end 50 
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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. Fig. 20 shows the 
cavities 155 arranged at different distances &- 
dially, so that only one pin may engage any one 
of the cavities. AS SIowa, the difference in dis 
tance between tine axis of the Shaft I and the 
cavities are greatly exaggerated for the purpose 
of illustration. Actually the distances need to 
Vary only slightly. 

Tining coupingS 
To facilitate assembling the Iihachine and COF 

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 comprise two fanges, t and t Se 
cured upon adjacent ends of aligned Shaft Sec 
tions. One of the flanges is provided With Six 
holes it and the other with eight holes through 

the coin 
bination of the six and eight holes produces 
twenty-four different angular positions in Which 
the two fianges may be secured together, thereby 
affording twenty-four angular adjustinents of 
15 degrees each of one shaft Section relative to 
the other. Inasmuch as the can drunS&re each 
driven by a Speed reduction WOII and WOrr 
wheel, an adjustinent of 15. degrees in One shaft 
Section Will produce a very slight angular adjust 
ment of the can drun which may be as low as a 
fraction of a degree, dependent, UpOI) the ratio 
between the worm and worn-wheel. it will thus 
be perceived that a very fine and accurate ad 
justment of the can rinay be obtained. For COIn 
venience in effecting this adjustment, the shaftS 
P1, P2 and P3 are preferably formed with Squared 
outer ends p2, accessible from the outside of the 
machine, as shown in Figs. 8 and 8 to Which a 
suitable crank nay be applied. 
The timing couplings 45 for the CrOSS-Side 

cam-drives afford means for similarly timing the 
cross-slide cans and these couplings may be Simir 
lar in construction to the couplings hereinbefore 
described. 

Operation. 
Assuming now that the work turret is at 'est 

with the turret-camp set and the lock-bolt ad 
vanced, engaging one of the notches 97, that 
the spindle driving motor 6 and the feed, and 
index motor 47 are running and that the neces 
sary tools have been secured to the main and 
cross-slides, the cycle of operation of the na 
chine is as follows, referring particularly to FigS. 

60. 
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1, 4, 14, 15, 16, 26 and 27:-The operator, Sta 
tioned at the front of the inachine, places a 
work-piece in the work-holder. He then grasps 
the lever 35, pushes it from him to Connect the 
friction drive for the work Spindle. AS Soon aS 
the work chuck has attained a Substantial Speed 
of rotation, which is almost instantly, the Op 
erator pulls the lever 35 toward him to connect 
the positive drive clutch elements. Next, he 
moves the control lever Z, clockwise, thereby to 
remove the end 1388 of the rod 138 Out of the 
path of the arrin 139, whereupon the Spring plung 
er 119 causes the clutch-teeth 56 of the clutch 
element 56 to engage the clutch-teeth 85. On the 
index drive gear 85. This starts the index train. 
Initial rotation of the shaft 96 and Geneva disk 
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84, of 30 degrees, as indicated at of Fig. 26, cauSeS 
the can portion 1018, to shift the air valve Ul 
outward y which, in turn, effects retraction of 
the lock-bolt 97. At Substantially the sanie tiae 
the bolt is being retracted, the cam c rocks the 
lever c10 which effects release of the turret clamp 
c as indicated at O2 in Fig. 26. 
The turret is now unclamped and unlocked and 

ready to receive its 90 degree indexing noVerent 
to carry the Workpiece from the loading Station 
to tooing station L. jhis index is effected by a 
two-stage movement of 45 degrees each, the roll 
ers 84a and 84b Successively engaging the slots 83 
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 o3. During the latter part of the index 
movement and Within the next 10 degree rota 
tion of the shaft 96, as shown at of the roller 
101, on the stem of the air valve up12 rides down 
the incline 101b causing the lock-bolt 97 to be 
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advanced and forced into One of the notches 970, . 
thereby definitely locating the turret and lock 
ing it against rotation. Lirther rotation of 32 de 
grees of the shaft 96 and can drum c, as indi 
cated at of, causes the turret clamp again to be 
Set. 
The indexing is now completed, the Work 

piece is at station, 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 O2, carried by Said shaft, ein 
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 568 and 548. Inasmuch as the machine had 
previously come to rest with the clutch-spool 56 
Shifted to engage the clutch teeth 578. With the 
rapid traverse clutch-teeth 548, the tool side feed 
trains, including the shafts P, P1 and P2, and the 
tool feed cans rotated thereby are rotated 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. 1, 12 and 27) adjustably 
Secured upon the disk 126 rotated with the feed 
shaft Q at station IM, 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 578 and 
55a, and to engage the slow feed clutch-teeth 57 
and 82. The speed of rotation of the feed cans 
is thus reduced and the tool slides are advanced 
at a relatively SioW 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. 
The final rotation of the shaft, Q, station ly, 

causes the can 120b, carried by the airn 120, to 
engage the stud 122 on arm 123 thereby, through 
the connections hereinbefore described, to shift 
the clutch-spool 56 to disconnect the clutch-teeth 
56a and 54a 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 nember 138 lying in the path of 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 analysis, the foregoing will so. 

fully reveal the gist of this invention that others 
can, by applying current knowledge, readily adapt 
it for various utilizations by retaining one or more 

a -- of the features that, from the standpoint of the 
prior art, fairly constitute essential character 
istics of either the generic or specific aspects of . 
this invention and, therefore, such adaptations 
should be, and are intended to be, comprehend 
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85 on said tool slide and operatively connected to 

'40. tool spindle; a tool carried by said cross slide; 

4. reciprocate said cross slide; and a rotatable work 
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60 means to cause all of said tools simultaneously 

of the following claims." 
Having thus revealed this invention, I claim 

aS new and desire to secure the following con 
binations and elements, or equivalents thereof, 
by Letters Patent of United States:-. . . . 

1. A radial spindle chucking machine combin 
ing a frame; a work turret rotatably mounted 
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 
turret; a pair of tool slides adapted to be re 
movably supported 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 means permitting 
the removal of any of said tool slides. 

2. A radial spindle chucking machine combin 
ing a 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 maini slide; an electric motor mounted 

rotate said tool spindle; an upright standard 
mounted upon one of said seats; a cross slide 
translatably mounted on said standard and mov 
able in a plane transverse to the axis of said 

a rotating cam mounted beneath said main slide 
and operatively connected therewith to recipro 
cate said main slide; a rotating cam mounted 
in said standard and operatively connected to 

turret rotatably mounted on said frame, and 
adapted to present work-pieces successively to 
Said tooling stations. 

3. A radial spindle chucking machine combin 
ing a frame providing a plurality of tooling sta 
tions; a work turret rotatably mounted on said 
frame and adapted to present work-pieces suc 
cessively to said tooling stations; a tool located 
at each of said tooling stations and adapted to 
operate on said work-piece; an additional tool 
located at one of said tooling stations, the two 
tools at said one of the tooling stations being 
adapted to perform, respectively, internal and . . . . " A. 

tools being rotatable; a prime mover connected external operations on the work-piece; and 
to perform their tooling operations. 

4. A radial Spindle chucking machine.combin 
ing a frame providing a plurality of tooling 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 

'7G Spindle journaled in said bore; a non-rotary tool 
Secured upon said tool seat; an electric motor 
mounted on said tool slide. and operatively con 
nected to rotate said tool spindle; a tool located 
at each of the other tooling stations; and a 
rotatable work turret rotatably mounted on said 

9 
frame and adapted to present work-pieces suc 
cessively to said tooling stations. . . . . . " . . . 

5. A radial spindle chucking machine combin 
ing a frame providing a plurality of tooling sta 
tions each. affording a horizontally disposed 
guideway... and a horizontally disposed seat; a 
Work turret adapted to present a. work-piece SUIC 
cessively to Said tooling stations; a main tool 
slide translatably mounted on each of said guide 

ed within the meaning and range of equivalency ways; an upright standard mounted on each of 
said seats; a cross slide translatably mounted 
On each standard; a shaft arranged vertically 
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in each standard; a cross slide actuating cam 
on each of Said shafts; a main slide actuating 
cam located adjacent each of Said main slides; 
a feed shaft extending to each of said tooling 
stations; means for driving a main slide cam and 
a cross slide caim from each of said feed shafts; 

90 

and a containon 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 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 to op 
erate 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 rate of rotation of said rotatable 
tool under the action of said prime mover, there 
by to vary the rate of relative rotation between 
the tool and an adjacent work spindle. . . . 

7. 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 
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 
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frame and adapted successively 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 
direction of rotation of said rotatable tool under 
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-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 
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 to operate on 

20. 
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work-pieces carried by said Spindles, one of said 

with said rotatable tool; and means to vary the 
rate and direction of rotation of said rotatable 
tool under the action of said prime mover, there 
by to vary the rate of relative rotation between 
the tool and an adjacent work spindle. . . . 

9. A chucking machine of the work-rotating 
type combining a frame; a rotatable work turret 
Supported on said frame; means including a 

dexing said turret; a plurality of rotatable work 
spindles journaled in said turret; means includ 
ing a motor and a power transmission actuated 
thereby to rotate all of said tool spindles at a 
connon rate; manually actuated speed change 
gearing embodied in said transmission to vary 
the rate of rotation of all of said spindles; a 
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motor and mechanism actuated thereby for in 

45 
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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 fraine 
providing a plurality of tooling stations; a trans 
latable tool slide supported by said frame at 
each of said stations; a rotary can 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 
ring 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 said stations; a rotary cam operatively 
connected to reciprocate each of said tool slides: 
a high speed transmission for rotating Said cairns; 
a slow speed transmission for rotating Said 
cams; a single clutch means for rendering either 
of said transmissions effective; and nea,InS actu 
ated in timed relation with One of Said CanS for 
actuating said clutch means thereby to vary the 
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 can 
operatively connected to reciprocate each of Said 
tool slides; a high Speed tra,I).Sinission 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 clutch 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 canS for actuating 
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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 cans adapted to recipro 
cate said tools; a prime mover; means actuated 
from said prime nover 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 between the turret 
indexing means and the tool feed transmission, 
alternately to 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 clutch element to feed position; and 
a delayed action mechanism actuated by the tool 
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feed transmission 
position. ". . . . . , 

14. In a chucking machine, a plurality of tool 
ing stations; a reciprocatory tool at each station; 
a rotatable work turret; indexing means for said 
turret; reciprocating means for each of said tools; 
a prime move"; a main power transmission actu 
ated fron said pine inover and having a branch 

to shift said clutch to index 

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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nected with said main transimission to actuate 
said oranch lines and thereby the tool recipro 
Eting ineans at another rate; and automatically 
actated means for rendering the nain transmis 
io: ineffective and for rendering effective Said 
pplemental transmission. 
15. In a chucking innachine, a plurality Of tool 

ing stations; a reciprocatory tool at each station, 
a rotatable work turret; indexing means for said 
turret; reciprocating means for each of said tools; 
a prine mover; a main power tranSinission actu 
ated from said prine novex and having a branch 
line extending to each tooling station for actu 
ating said tool-reciprocating means at one rate; 
a Suppleinental transmission adapted to be con 
nected with said main transmission to actuate 
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 ireciprocation of Said tools 
through said Suppienental tranSinission; and au 
to:Yatically actuated means for rendering the 
main transmission ineffective and for rendering 
effective said Supplemental transmission. 

26. A chucking machine combining a frame 
affording a plurality of tooling stations; a recipe 
rocatory tool at each station; a rotatable work 
turret; indexing means for said turret; recipro 
cating means for each of Said tools: a prime now 
er; a main power transmission actuated from 
said prime mover and having a branch line ex 
tending to each tooling station for actuating 
said tool reciprocating means at one rate; a Sup 
plemental transnission located partly Within Said 
frame and having shaft ends projecting outward 
ly therefron, said supplemental transmission be 
ing adapted to be connected with said main trans 
mission to actuate said branch lines and thereby 
the tool reciprocating neans at another rate; 
pick-off gears removably secured to the project 
ing ends of said shafts and adapted to be inter 
changed, thereby to vary the rate of reciprocation 
of Said tools through said supplemental trans 
inission; and automatically actuated means for 
rendering the main transmission ineffective and 
for rendering effective said supplemental trans 
raission. 

17. In a chucking machine, a plurality of tool 
ing stations; a reciprocatory tool at each station; 
a rotatable work turret; indexing means for said 
turret; reciprocating means for each of said tools; 
a prine mover; a main power transmission actu 
ated fron 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 transmission, to actuate 
the tool recipiocating inneans at another rate; 
automatically actuated means for rendering the 
nair transmission ineffective and for rendering 
effective said supplemental transmission; means 
for disconnecting both of said transmissions from 
said prime nover; and manual means for actu 
atting Said transmissions. 

18. A chlicking innachine combining a frame; 
a work turret rotatably mounted thereon; a plu 
rality of tool slides translatably 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; and interference means to 
prevent said indexing, means being rendered effec. 
tive by said feed means. 

19. A chucking inachine combining a frame: 
a; Wolk turret mounted thereon; a plurality of 
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tool slides translatably mounted on said frame 
about Said turret; mechanism to index said turret; 
means to feed said tool slides; a single clutch ele-, 

tive end of the notor, thereby to advance said ment. shiftable to two positions selectively to 
tender effective said turret index mechanism and 
tool feed Ineans; 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 neans actuated by said feed means 
to shift said clutch element to render ineffective 

ments; a rotatable work turret mounted on said the tool feed means and tending to engage the 
clutch 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 translatably 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 said interference means in 
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effective, . . . . 

21. A machine tool, combining a frame afford 
ing a plurality of tooling stations; an actuated 
element at each of said stations; individual means 
at each of said stations for actuating said ele 
ments; a prime mover; a transmission extending 
from said prime mover to all of Said element 
actuating means; and a tinning 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 can 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 carriers and individualtiming of said. 

bore; a can connected with said tool slide to 
23. A machine tool, as set forth in claim 22, in 

which the power transmission includes a plurality 
of shafts each comprising a plurality of sections 
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 
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shaft, sections, said fianges being provided With 
unequal numbers of pairs of bolt holes, Whereby 
said sections may be secured together in a plu 
Itality of angular positions by bolts passed through 
compleinental 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 predetermined positions, said lock 
ing means comprising a lock-bolt adapted to 
enter apertures formed in said turret; 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 

5 valve connecting said air pressure line with the 

least effective end thereof. . 
25. A chucking machine combining a substan 

1. 
most effective end of said motor; and means actu 
ated by said indexing mechanism to actuate said 
valve to admit air pressure into the most effec 
lock-boit in opposition to the air pressure in the 

tially inverted f-shaped frame as viewed from 
the front; a tooling station provided at the left, 
rear and right extremities of said frame; a re 
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85 ciprocatory tool at each tooling station; means 
adjacent each tool to give it reciprocatory move 

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 
power transmission actuated by said motor; a 
first feed shaft Pi connecting said power trans 
mission with the rear tool feeding means; a shaft 
G extending toward the front of its machine; a 
Shaft S. journaled in said frame substantially par 
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allel with the front thereof and actuated from the 
Shaft G; Second and third feed shafts P2 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 motor 
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 
matically actuated. : . . . . 

27. In a machine tool a fixed member; a ver 
tically 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 can and Said tool slide for reciprocating the . 
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latter by rotation of the former; a piston fitted in 
Said cylindrical bore; a rigid connection between 
Said piston and said fixed member; and means to 
admit fluid pressure into said bore above said 
piston to transmit to said piston and thereby to 
Said fixed member a 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 

give it vertical reciprocations on said standard; 
and fluid pressure actuated means, including a 
pistOn fitted in Said bore, a rigid connection be 
tween said piston and said standard and means 
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 said cam is mate 
rially reduced. " . . 

29. A chucking machine combining a frame 
providing 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 between the turret ag. 
indexing means and the tool feed transmission 
whereby when the clutch element is shifted in 

dered effective and when the clutch element is 
shifted in the opposite direction the tool re 

1. A 

one direction the turret indexing means is ren 
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ciprocating means is rendered effective; means 
actuated by the turret. indexing means to move 
Said clutch element, in the last named direction; 
and means actuated by the tool reciprocatirig 
means to shift said element in the first Ynentioned 
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 
means comprising a, lock-bolt adapted to enter 
apertures formed in said turret; a pneumatic 

1,933,500 
motor connected to actuate said lock-bolt; an air 
pressure line; a reciprocating valve associated 
With Said notor for admitting and releasing air 
preSSure thereto, a rotatable Cain driven intined 
;"elation 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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