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HOEBING MACHINE 

Otis E. Staples, Eucid, Ohio, assignor to The 
Cleveland Fobbing Machine Coapany, Euclid, 
Ohio, a corporation of Ohio 

Application April 16, 1948, Seria No. 21,493 
(C. 90-4) 3 Claims. 

1. 
The present invention relates to machine tools 

and, more particularly, to a hobbing machine 
having means for producing "in-feed' of the hob 
relative to the Work. 
An object of the invention is the provision of 

a novel means for producing “in-feed' of the 
cutting tool of a gear cutting or hobbing machine, 
Which means may be either incorporated in the 
machine when built ol' attached to existing ma 
chines without the necessity of extensive modi 
fications thereof. 
Another object of the invention is the provi 

Sion of an improved gear cutting or hobbing na-. 
chine having means for producing “in-feed' of 
the cutting tool or hob, which ineans comprises 
a mechanical interconnection between the now 
able SupportS for the tool and Work Spindles 
whereby the “in-feed' of the tool is accurately 
controlled by the relative movement between the 
tool and work spindle longitudinally of the axis 
Of the latter. 
A further object of the invention is the provi 

SiOn Of an improved gear cutting Or hobbing na 
Chine having means for producing “in-feed' of 
the cutting tool or hob, which means comprises 
fluid pressure means continuously urging the tool 
Spindle to move in a direction extending trans 
versely of the work spindle and means carried 
by the Support for the work Spindle, and operat 
ing by virtue of the relative vertical movement 
between the tool and work spindles, to control 
the movement of the tool Spindle in response to 
the action of the fluid pressure means and to 
nove Said tool Spindle in the reverse direction in 
Opposition to the action of Said fluid pressure 
e2S, 
The invention further resides in certain novel 

features of construction, and combinations and 
arrangements of parts, and further objects and 
advantages thereof will be apparent to those 
Skilled in the art to which it pertains from the 
following description of the present preferred 
embodiment thereof described with reference to 
the accompanying drawings in which similar 
reference characters represent corresponding 
parts throughout the several views, and in 
Which: 

Fig. 1 is a perspective view of a rotatable turret 
type hobbing machine embodying the present pre 
ferred form of the invention, certain portions be 
ing broken away and others omitted for the pur 
pose of clarity; 

Fig. 2 is an enlarged, fragmentary view of the 
machine shown in Fig. 1, the view being partly 
in Section and partly in elevation with the sec 
tion being taken approximately on the centerline 
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of the machine, the novel “in-feed' mechanism 
being shown in side elevation; 

Fig. 3 is an enlarged sectional view of hob 
head and associated parts shown in Fig. 2 illus 
trating the drive for the tool or hob and the drive 
for feeding and rotating the work spindle of one 
unit of the machine; 

Fig. 4 is a vertical sectional view through the 
lower portion of the work head illustrated in 
Fig. 2, the view being taken substantially on the 
lines 4-4 of Figs. 2 and 7; 

Fig. 5 is a side view, partly in section and partly 
in elevation, of the rapid traverse mechanism for 
a single unit of the machine, the section being 
taken Substantially on the line 5-5 of Fig. 6 and 
an additional portion of the housing being broken 
away to Show portions of the rapid traverse motor 
and associated brake; 

Fig. 6 is a top view of the rapid traverse mecha 
nism illustrated in Fig. 5 with portions broken 
away to more clearly show the construction; 

Fig. 7 is a Sectional view through the lower 
portion of the work head, the view being taken 
Substantially on the irregular section indicating 
line - of Fig. 4, with certain parts broken away 
to more clearly illustrate the gearing connections; 

Fig. 8 is a fragmentary sectional view through 
One of the tailstock Supporting means, the view 
being taken Substantially on the line 8-8 of 
Fig. 1; 

Fig. 9 is a Sectional view through one of the 
fluid operated tailstock mechanisms and a portion 
of the tailstock Supporting means, the Section 
being taken substantially on the section indicat 
ing line 9-9 of Fig. 8: 

Fig. 10 is a botton elevational view of One of 
the tailstock mechanisms, only a portion of the 
tailstock supporting means illustrated in Fig. 8 
being shown; 

Fig. 11 is an enlarged, fragmentary, front elevar 
tional view of One of the tool or hob heads of 
the nachine and of the novel 'in-feed' necha 
nism attached thereto; 

Fig. 12 is a detached, side elevational view of 
that portion of the novel “in-feed' mechanism 
which is connected with a tool or hob head; 

Fig. 13 is an enlarged Sectional view, taken 
Substantially on the Section indicating line 3-3 
of Fig. 12, with the actuating arm removed and 
showing the connection of a portion of the 'in 
feed' mechanism to the tool or hole head which 
is controlled thereby; 

Fig. 4 is an enlarged, fragmentary, Sectional 
view taken substantially on the section indicat 
ing line 4-4 of Fig. 12. 

Fig. 15 is a detached, side elevational view of 
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this car side assembly forming a part of the 
novel “in-feed' mechanism, the connections 
therewith to other portions of the mechanism he 
ing indicated in dot-dash lines; 

Fig. 16 is a top elevational view of the portions 
of the mechanism illustrated in full lines in 
Fig. 15; 

Fig. 17 is a fragmentary, side elevational view 
of a portion of the interior of the machine ad 
jacent the top thereof illustrating the Stationary 
can for actuating a switch mounted on the back 
of each unit of the machine; 

Fig. 18 is a fragmentary view, partly in side 
elevation and partly in section, illustrating the air 
distributing means and one set of collector rings 
mounted at the top of the machine; 

Fig. 19 is a fragmentary front elevational view 
of one of the fluid pressure control means fo1" 
controlling actuation of the clutch illustrated in 
FigS. 2 and 3; 

Fig. 20 is a longitudinal sectional view through 
one of the too or job heads. With certain re 
bers shown in elevation, 

Fig. 21 is a sectional view substantially on the 
line 2-2 of Fig. 20; 

Fig. 22 is a fragmentary front elevational view 
of the top portion of one of the work. heads of 
the machine illustrated in Fig. 1 showing, in dot 
ted lines, certain of the switches operated by 
movement of the Work head; 

Fig. 23 is a fragmentary side view of the top 
portion of one of the work heads of the machine, 
the view being partly in elevation and partly in 
section and representing the right-hand Side of 
Fig. 22; 

Fig. 24 is a fragmentary top plan view of a 
portion of the housing for the collector rings il 
lustrated in Figs. 2 and 3, the cover plate fo: 
the brushes being removed; and 

Fig. 25 is a simplified wiring diagram of a por 
tion of the electrical circuits for the machie, 
The invention is illustrated as enbodied in a 

rotatable turret type hobbing machine Sili?iilar to 
that illustrated in U. S. Patent. 2,629,291, iSSued 
February 24, 1953, on my copending application, 
Serial No. 757,256, filed June 26, 1947, in which 
many of the novel features herein illustrated and 
described are specifically claimed. 
The general nature of the machine is illiS 

trated in Fig. of the drawings and comprises 
a stationary frame A on which a turret B is 
mounted for rotation in the direction indicated 
by the arrow R. At spaced points about tha 
turret, are founted a plurality of identical too 
or hob heads C and adjacent each tool head the 
turret carries a Work head D, the latter being 
slidably supported for vertical movement rela 
tive to the corresponding tool head. Each too 
head is provided with mechanism for Suppoiting 
and rotating a hob- or other tool, the Ool being 
adapted to be rotated about an axis extending 
transversely of the vertical movement of the ad 
jacent work head. In addition, each tool head 
C includes mechanism for producing a relatively 
SOW axial movement of the hob, or other too 
While the latter is rotating. Each Work head 
includes a means E for Supporting and rotating 
a workpiece about a substantially, vertical axis, 
and mechanism. Ffor producing a feeding move 
ment of the work head vertically during a cut 
ting operation. This rotation of the workpiece 
and the feeding novement thereof are in timed 
relationship to the rotation of the hob or other 
tool. The Inachine also includes a rapid traverse 
mechanisin G for each work head to move the 
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4. 
latter at a rapid rate to bring the Work into cut 
ting relationship with the hob or other tool and 
to return the work head to its initial position 
after the cutting operation has been completed. 
Each too, or hob head, work head, Work grip 
ping means and rapid traverse mechanisin, 
which are associated together, form an Opera 
tional or hoibbing unit and are, at timeS, SO rer 
ferred to in the subsequent description and the 
subjoined clailins. In addition to these mecha 
nisis, each operational unit of the machine is 
provided with a novel mechanism. H for pro 
ducing royeraent of the hop head transversely of 
the verticai loveinent of the Work head under 
positive necijanical control of the latter, This 
novernet, of the hole head is terned 'ih-feed' 
and, while inct linited thereto, is especially use 
ful when einiloying the Inachine to cut gears on 
can shafts or the like. 

in operating the nachine, the turret thereof 
is rotated so that, the tool and Work heads Sug 
cessively pass a definite position known as the 
loading station where workpieces may he ill 
serted and renoved, the hobbing or other na 
chining operation being effected as the turret 
continues to rotate and is cenpleted by the time 
a, given operational ui init has returned to the 
loading statio. As will hereinafter appeal, the 
novel “in-feed' mechanism automatically causes 
“in-feed' of the hob or other cutting tool of 
each unit at a predetermined tine during the 
irotation of the turret. This is effected by a ne 
chanical interconnection between the novable 
Supports for the tool and work Spindles of each 
unit so that the 'in-feed' is accurately COI)- 
trolled by the relative vertical movement be 
tween the spindles. 

Referring now in fore detail to the diaWings, 
Figs, i and 2 illustrate the frai.e. A as copris 

ing a base 3 and a central, vertically extending 
courina 3 uniting with the base and forining the 
main support for the inachine. The turret B is 
rotatably supported upon the coluinn and base 
by bearings 32, 33, and 34. Rotation of the tur 
ret B is effected by raeans of a notor 35 which 
operates through a suitable reduction gearing 36 
to rotate a WOrii. 3 and thereby drive the WOTii. 
wheel 38, which is of large diameter and may be 
integral with or attached to a flange member 39. 
The member 33 is secured by bolts, or other Slit 
able means, to the lower part of a vertically ex 
tending annular in ember 40, which forms the 
nain frare of the turret B. 
Each of the tool or hob heads C coil priseS 3. 

tool or hob spindle rotatably Suppoited by a 
spindie Supporting member 2, which is in turn 
carried by a slidable head member 43 (see also 
Fig. 3). Each Spindle supporting ember 42 is 
angularly adjustable, relative to its head inen 
ber 33, about, an axis inornal to the axis of the 
hob spindle and is secured to the head neim 
ber 43 in any adjusted position by bolts 43, the 
heads of which engage Within Circular Or ar 
cuate T-shaped openings 5 in the front face of 
the member 43. The head members 43 are slida 
by Supported by horizontal ways 45 on the tur 
ret member 40, the head members being moved 
therealong in tined relationship with the ver 
tical movement of the corresponding work head 
as hereinafter described. 

Each of the work heads D is provided with a 
Work holding and rotating means E which in 
cludes a work Spindle 47 (see Fig. 4) rotatably 
supported in the lower portion 48 of the Work 
head by antifriction bearings 49, 50, and 5. The 
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upper end of each work Spindle is provided with 
a chuck and each work head is further provided 
with a tail slide 52, slidably supported by Ways 
53 on the vertical portion 54 of the Work head ID, 
the several slides 52 each being held in any 
adjusted position on the ways by suitable clamp 
ing means 55 which are illustrated as compris 
ing conventional clamping plates and bolts. The 
head members D are slidably supported on verti 
cal ways 56, provided on the turret member 40, 
and On Vertical ways 57, provided on a cap men 
ber 59 which is integral with, or secured to, the 
top of the turret member 40 in any suitable 
ale. 

vertically along the ways 56 and 57 by mechanism 
to be hereinafter described. 
The tool and work spindles, 4 and 47, respec 

tively, are rotated in predetermined timed rela 
tionship by a motor 59, hereinafter referred to as 
the 'cut' motor, which is supported upon an 
adjustable platform 60 on top of the column 3. 
This motor is operatively connected to a shaft 6 
through a flexible drive 62, the shaft 6 being 
Connected by Suitable gearing mechanism, con 
tained within the housing 63 forming a part of 
the Column 3, to a sleeve 64 which is rotatably 
supported by bearings 65 on the vertical column 
3. A bevel gear 66 is attached to the lower end 
of the sleeve 64, by means of bolts or the like, and 
the gear 66 meshes with a plurality of spaced 
bevel pinions 67, there being one bevel pinion 6 
for each hobbing unit. Each pinion ST is keyed 
to a short shaft 68 (see Fig. 3) which is rotatably 
Supported by bearings 69 and 70 in the rear por 
tion of a two-part housing 7 attached to the 
member 49 and cap portion 58 of the turret B 
adjacent the edges of an opening therethrough. 
The drives for the various hobbing units from 
the gear 65 through the gears 67 are duplicates 
and, therefore, only one will be described in 
detail. 
As shown in Fig. 3, the forward portion of the 

housing extends into the hollow interior of the 
head Innenber 43 and this portion of the housing 
is provided with an internal shoulder or fiange 
2 to the rear of which is connected a sleeve 
member 3. A shaft 4 is journalled in the sleeve 
member 3 and extends forwardly and rear 
wardly therebeyond, this shaft being selectively, 
Operatively connected with the shaft 68 by means 
of a friction plate clutch 75. This clutch is of 
Conventional design and comprises a driving 
member 6, connected to the shaft 68, and a 
driven Enenber 77 which is connected to the shaft 
4. The cooperating faces of the members 6 and 
are provided with friction material 78 and 79, 

respectively, and are normally forced into en 
gagement by a plurality of spaced compression 
coil Springs 8 exerting force between the rear 
of the driven member 77 and a housing member 

A connected with the driving member. 
The housing member 8 is provided with a plu 

rality of axially extending rods 82 which are 
slidably received in bosses integral with the rear 
face of the driven member 77, only one rod and 
cooperating boSS being shown. Pivoted to each 
rod 82 is a radially extending actuating lever 83 
which is urged to the illustrated position by the 

The Work head members D are noved 
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action of the springs 80 on the driven member T 
Since the lower portion of each lever engages a 
can Surface in a recess provided in each of the 
integral boSSes on the driven member. This ac 
tion may be assisted, if desired, by providing each 
lever 83 With a supplemental spring, not shown. 
The upper portions of the levers 83 extend adja 

70 

75 

6 
cent the shaft 74 and are adapted to be rocked 
in a counterclockwise direction by an annular 
member 84 which is rotatably supported upon a 
collar 85 slidably supported upon the sleeve 3. 
The collar 85 is straddled by the bifurcated lower 
end of an actuating member or lever 86, the for 
ward faces of the bifurcated portion bearing 
against a cooperating Surface on the sleeve 85. 
The lever 86 is pivoted intermediate its ends to a 
bracket member 87 which is mounted in an open 
ing in the forward portion of the housing . 
The upper end of lever 86 is pivotally con 

lected to a rod 88 which has an adjustable con 
nection 89 with a piston rod 90. The piston rod 
90 extends into a cylinder 9 which is supported 
upon the cap member 58 of the turret by means 
of a plate 92 having a depending backet, 93. 
The inner end of the piston rod 9 is provided 
with a piston 94 which is adapted to be actuated 
to the right, as shown in Fig. 3 by fluid pressure 
admitted to the rear end of the cylinder through 
a flexible pipe or hose 95, the forward portion of 
the cylinder being provided with an exhaust port, 
not shown, communicating the area, in front of 
the piston with the atmosphere. 
The flow of fluid under pressure to the cylin 

der 9 is controlled by a two-way valve 3 (see 
Figs. 1 and 19) mounted upon the cap member 
58 of the turret B. As shown in Fig. 9, the pipe 
O hose 95 is connected to this valve 96 which is 
also provided with a fluid pressure supply pipe or 
hose 9 and an exhaust port 98, the latter having 
an adjustable orifice, such as a needle valve or 
the like, controlled by an adjusting screty 99. 
The movable member of the valve 3 is connected 
by an actuating member or iod 8 to the arma 
ture of an electrically operated solenoid , the 
Valve being so formed that when the solenoid is 
energized Communication is established between 
the fluid Supply pipe or hose 97 and the pipe or 
hose 95 thus Supplying fiuid pressure to the cyl 
inder 9. Consequently, the piston 34 is forced 
to the right, as viewed in Fig. 3, rocking the lever 
86 clockwise. This causes the collar 85 and an 
nular member 84 to move axially to the left rock 
ing the levers 83, and the lower ends of the latter 
force the driven member 7 to the right, against 
the action of the Springs 3, disengaging the 
clutch. 
When the solenoid is deemergized the mov 

able member of the valve S6 is actuated to inter. 
rupt, the communication between pipes or hoses 
9 and 95 and to establish contil higation be-, 
tween the pipe or hose 95 and the exhaust port 98. 
Hence, the springs is of the clutch act, through 
the driven member 7, evers 33, annular member 
84 and collar 85 to rock the lever 88 in a counter 
clockwise direction, this action being assisted by 
a compression Spring 32 Youinted upon the 
bracket 8 and bearing against the lever 86 above 
its pivot. The counterciockwise movement of the 
lever 36 moves the piston 93 to the left, as viewed 
in Fig. 3, thus discharging the fiuid in the cylinder 
9f through the pipe or hose 35, valve 96 and the 
exhaust port 98. The adjustable orifice in the 
port 98 controls the rate of discharge of the 
fluid and hence the rate of engagement of the 
driven member 77 of the clutch with the driving 
member 6, under the action of the springs 33, 
thus preventing grabbing. The manner in which 
the solenoid if is energized and deenergized dur 
ing the Working cycle of the machine to effect 
Operation of the clutch 75 will be hereinafter de 
Scribed. 
A bevel gear i03, provided with an integral 
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sleeve 24, is keyed to the shaft 74 intermediate 
the ends of the latter, the sleeve C4 being jour 
halled by bearings (55 in the shoulder 2 of for 
ward cortion of the housing . The sleeve 88, 
and hence the gear 83, are held against axial 
displacement by a nut, G3, threaded upon a re 
duced end of the sleeve and engaging the adia 
cent end of the inner race for the bearingS 5. 
The outer end of the shaft i? is Spined and 

provided with a bevel gear if which is slidably 
keyed to the spined portion of the shaft. The 
gear 92 is provided with an integral sleeve por 
tion 33 which is rotatably supported in a nern 
ber its by bearings f, the gear being held 
against longitudinal displacement relative to its 
bearings by a nut threaded lipon the sleeve 
portion f {8 and the member SS being attached 
to the spindle Supporting member 32. The outer 
face of the gear S is preferably proided with a 
cylindrica. In entier 2 which surrounds the 
olter ejad of shaft, 74 to protect the latter. 
The bevel gear i 3 fileshes with a bevel gear 3 

connected with the Lipper end of a vertical shaft 
; : 3, the latter being journalled by bearings is 
in an opening in the lower side of the forward 
polition of the housing fi. This shaft for; as a 
part of the work spindle rotating and feeding 
inechanism, which will be subsequently described 
in detail. The gear is is in mesh with another 
bevel gear 6 mounted ipon a shaft and 
forning a part of the drive for rotating and 
axially innoving the tool or hob Spindle 4 ... it will. 
be apparent therefore, that when the clutch 5 
is engaged, the shaft & Will be 'otated by the 
cut motor S through the gear's 85, 8, shaft 68, 
and clutch 5 thus diving the shaft. A 3 for rotat 
ing and feeding the Work Spindle, as hereinafter 
described, the shaft it also being rotated for 
rotating and axially moving the tool spindle. 
Conversely, disengagement of the clutch 5 inter 
rupts rotation of the shaft, 4 sinnultaneously 
stopping the mechanism driven thereby. 
As shown in Fig. 4, the lower end of shaft 4 

is Splined aind passes through a helical gear 8 
which is keyed to the splined portion of the shaft 

A to be irotaied thereby, the Splining permitting 
the gear to be slid axially along the shaft. The 
gear 8 is positioined within a hoising 9, at 
tached to the lower portion 48 of the Work head 
D, the gear being prevented from axial displace 
linent relative to the housing by naeans of a nut 
and Washer a SSerably 2 Which engage one side 
of the iniher race for the antifriction bearings 2 
in which tile shaft is journalled, the other 
Side of the inner race of these bearings being in 
engage:12t, With a shoulder formed by a sleeve 
like portion of the gear 3. The lower end of 
the shaft it extei is into a lore of the housing 

9 and is journailed by antifriction hearings 23, 
Which are positioned between a cylindrical sleeve 
extension of the gear 8 and the enlarged upper 
end of the aforea entioned hore in the housing 

S. 
The helical gear 3 raeshes with another heli 

cal gear 23 mounted upon a stub shaft 23, the 
lattel being journalled in a portion of the housing 
is by naeans of antifriction bearing 25, 28 (see 
Fig. 7). The gear 23 is also in nesh with a heli 
cal gear 27 which is keyed to one end of a shaft 
f28, the latter being rotatably supported by anti 
friction bearings 29, 30 in the housing is and 
in the portion 48 of the work head, respectively. 
The other end of the shaft 23 carries a spur 
gear f3 for rotation therewith, and the gear 3 
meshes with a Spur gear 32 rotatably mounted 
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3 
upon a stub shaft 33, the latter being Supported 
by a bracket 34 connected with the portion 48 
of the work head. The shaft 33 is also pro 
vided with a spur gear 35, connected to rotate 
with the spur gear 32, and the gear 35 meshes 
with a spur gear 36 keyed to one end of a worm 
shaft, i3 the latter being journalled by suitable 
antifriction bearings 33 and 39 in a sleeve 
like support 4, mounted in the portion 48 of the 
work head D. Intermediate its ends, and Within 
the interior of the portion 88 of the Work head, 
the shaft 37 carries a worn 4 which meshes 
With a won wheel i2 secured to the Work spin 
dile 4. Therefore, when the clutch 25 is engaged, 
the notor 59 Will offect rotation of shaft 4 
thereby rotating the work spindle 4 through the 
gears 8, 23, 27, 31, 32, 35, 36, worm f f 
and yorii) is heel 2. 
The end of the Worm shaft 3, opposite to the 

end on which is attached the gear 36, is provided 
with a pinion 53 which reshes with a gear 44 
rotatably mounted upon a stub shaft 45, the 
latter being supported by a bracket 46 connected 
to portion 48 of the work head. The shaft 45 
also supports a gear 4 which is mounted to 
rotate with the gear 45. The gear 4 meshes 
With a gear 48 which is keyed to a shaft 3, this 
shaft being journalled by antifriction bearings 
59 and 5i in the portion 48 of the work head D. 
The illner end of the shaft S is provided with 
a Worn 52, which drives a worm wheel 53 form 
ing a part of a feed nut 53. As shown in Fig. 4, 
the feed nut 54 comprises a cylindrical sleeve 
like extension of the worn. Wheel i3 and is in 
ternally threaded to cooperate With the threads 
On a feed Screw or shaft 55. he sleeve-like pol 
tion of the feed nuit is journailed in a suitable 
bore-like opening within the portion 48 of the 
work head member by antifriction bearings 56 
and 57, the nut being held against axial dis 
placement relative to its bearings by means of an 
integral shoulder cooperating with bearing 56 
"and a nut 53 cooperating with the bearing 57. 
The bCre in Which the feed nut and Screw are 
located inay be closed by a suitable cap 59 to 
prevent, the entrance of dirt, chips or the like. 
The construction is Such that When the clutch 

is is engaged, the notor 59 Will drive the shaft 
4 thereby rotating the worn shaft 3, in the 

manner previously described, and this rotation of 
the shaft 3 operates through the gears 43, 44, 
4, 33, worm 52, and worn Wyleel f 53, forming 

a, part of the feed nut 34, to cause the latter to 
rotate relative to the feed Screw or shaft f S5. 
Since the feed inut 54 is supported against axial 
movement, this rotation. Calges the Said Int, and 
hence the entire work haad, to move vertically as 
the nut, threads aiding the Screw or Shaft, 5s. As 
previously mentioned, the Gwer end of the Shaft 
f it is Splined so that the gear 3 may move 
therealong during this operation. Soreover, the 
rotation of the work spindle 3, and the vertical 
movement thereof, are in predetermined timed 
relationship and may be simultaneously started 
and stopped by the operation of the single clutch 
75. This vertical movement of the work head and 
Work Spindle is that which is commonly known 
as a "feeding movement' and is effected at a 
relatively slow rate While the hob or other tool 
Supported upon the spindle 4f performs a cutting 
Or hobbing Operation upon the work carried by 
the Work Spindle 4. 

Each Work head D may be rapidly moved in a 
vertical direction by means of a separate rapid 
traverse mechanism G (see Figs. 5 and 6) which 
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includes a motor 60, the shaft 6 of which is 
connected to a worn shaft 62 upon which is 
mounted a worm 63. The worm 63 cooperates 
With a worm wheel 64 connected for rotation 
With the lower end of the feed screw or shaft 
55, the lower end of the latter being supported 

by suitable antifriction bearings f5 and 66 in 
the housing for the rapid traverse mechanism C. 
Hence, when the motor 60 is rotated, the feed 
Screw 55 is rotated leiative to the feed nut 54, 
thereby causing vertical movement of the Work 
head D at a relatively rapid rate, hereinafter 
referred to as rapid traverse. The notor 88 is 
preferably reversible and its shaft S, or the 
worn shaft f62 connected thereto, is provided 
with an electrically operated brake 67 which is 
Spring actuated to normally engage the shaft for 
preventing rotation of the latter and of the feed 
screw 55, the brake being provided with an elec 
tromagnet which releases the brake when ener 
gized. It will be observed that there is a separate 
rapid traverse motor 60 for each of the work 
heads carried by the machine so that the rapid 
traverse movement of each work head is inde 
pendent of that of all the others. The vertical 
movement of the work heads is selectively effected 
at either the feed rate by notor 59, or at the rapid 
traverse rate by motor 50, as determined by 
actuation of switches in an electrical circuit here 
in after described. 

Each of the work heads D of the machine is 
provided with a fluid operated work holding 
means E for securing a workpiece to the work 
spindle. in the illustrated machine, this means 
comprises an internal Chuck 63 Secured to the 
upper end of the WOrk spindle for rotation 
therewith. As shown in iFig. 4, the body of this 
chuck and the work spindle A are provided with 
aligned bores through which a chuck actuating 
rod 69 extends, the upper end of the rod being 
provided with an enlarged portion having a Sub 
stantially conical Surface slidable within a 
counterbore provided at the upper end of the 
chuck. Extending radially outward through the 
side walls of the upper portion of the chuck are 
a plurality of work-gripping fingers the fingers 
being slidable radially and having inclined 
camming surfaces on their inner ends for Cooper 
ation with the conical surface it. The construc 
tion is such that, when the rod 69 is moved 
downwardly within the chuck 68, the fingers to 
are forced radially outwardly to engage a Work 
piece W and securely hold the latter. 
Movement of the rod 69 is effected by a fluid 

operated means which comprises a cylinder 72 
attached to the lower portion. A 3 of the work head 
D by a suitable plate or bracket 73. The lower 
end of the rod f 69 extends within the cylinder 
i 2 and is provided therein with a piston, not 
shown, which is adapted to be moved Vertically 
in either direction by fiuid undel' pressure Sup 
plied through pipes or hoses 4 and 75, which 
are connected to a Source of fluid under pressure 
in a nanner hereinafter described. Hence, when 
fluid pressure is allowed to enter the cylinder 72 
through one of the pipes, the rod 69 is lowered 
thereby actuating the fingers into work 
gripping position. Reversing the direction of 
application of fluid pressure to the pipes 4 and 
75, and hence to the cylinder i2, elevates the 

rod 69 thereby releasing the fingers and 
freeing the workfor ready removal. The internal 
construction of the fluid Operated means, gen 
erally designated as a cylinder 2, is substantially 
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10 
like that employed for the tail stock mechanism. 
about to be described, 
Referring now to Figs. 2, 8, 9 and 10, it will be 

Seen that the tail stock mechanism for each 
unit of the machine, generally designated 76, 
is supported by the tail slide 52 upon the Ways 
53 of the vertical portion 54 of work head D, 
the tail slide being provided with clamping plates 
and Screws 55 cooperating with the ways 53 (see 
Fig. 8) so that the tail slide and the tail stock 
mechanism may be moved along the Ways to a 
desired position and Secured to the Ways at that 
position. The tail slide 52 is provided, on its 
outer end, With a bore in which is positioned 
the lower, reduced diameter portion T of a cyl 
inder 78 which forms the main body of the tail 
stock mechanism. This lower portion of the 
cylinder is provided with one or more longi 
tudinally extending tapered slots or grooves, such 
as 9 and 80, at spaced points on that side 
thereof which is adjacent the work head, and 
tapered gibs or Wedges 8 and 82 are inserted 
in the tapered grooves 79 and 80, respectively, 
to cooperate with the bore of the tail slide 52 and 
thereby clamp the lower portion 7 of the cyl 
inder therein. 
The tapered gibs or wedges are actuated by 

ScreWS 83 and 84 which are threaded into the 
upper Wall of a recess provided in the lower Sur 
face of the tail slide 52, these screws each being 
provided with an enlarged integral collar or 
Washer 85, 86 which fits in a slotted opening 
in the Side of the corresponding gib or Wedge i8 
and 82. Hence, when the said screws 83 and 
84 are threaded inwardly, they carry the wedges 

or gibS upWardly, as viewed in Fig. 9, thus firmly 
gripping the portion 77 of the cylinder 78 and 
retaining the latter in proper position within 
the tail Slide 52. A retainer 8 is provided in 
the tail slide 52, below the gibs or wedges 8, 
82 to prevent the latter from dropping out of 
the slide if the Screws 83 or 84 should be dis 
engaged from their threaded bores. A suitable 
collar or washer 88 may be provided between a 
shoulder on the cylinder 78 and the top surface 
of the slide member 52, if desired, to provide a 
predetermined spacial relationship between the 
cylinder and the tool side. 
A piston rod 89 extends from the hollow in 

terior of the cylinder 78 through an aligned bore 
in the lower portion 77. Adjacent its upper end, 
the piston rod is provided With a piston plate 
96, which is illustrated as being integral with 

the piston rod and having a sliding fit within 
the interior of the cylinder 78. Piston packings 
f 9 and 92 are provided upon the upper and 
lower Surfaces of the piston plate, respectively, 
and retained thereon by rings 23 and 94, re 
Spectively, which are connected to the piston 
plate 90 by Screws 95 and 96, respectively. 
There is thus provided a fuid-tight piston which 
moves downwardly within the cylinder when fluid 
under pressure is supplied through an opening 
97 in the cover plate 98, exhaust, being effected 
through an opening 99 in the lower side of the 
cylinder below the piston. The piston is moved 
upWardly within the cylinder when fluid pres 
Sure is Supplied through the opening 99, the 
opening 97 then acting as the exhaust. A seal 
ing means 280 is provided in the bottom of the 
cylinder 78 and cooperates with the piston rod 
i89 to prevent the leakage of fluid thereabout. 
The lower end of the piston rod 89 is longi 

tudinally bored for a considerable distance, and 
Within this bore is inserted a tail center 20. 
The upper end of the tail center is recessed and 
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provided with a ball 232 for cooperation. With a 
wear plate 203 provided at the inner end of the 
bore in the piston rod, the ball 22 and Wear 
plate 263 permitting Substantially frictionleSS O 
tation of the tail center relative to the piston 
rod. The tail center 20 is provided with an 
annular groove 204 with which the reduced di 
ameter, inner end of a set Screw 23; cooperates, 
the head of the Screw being flush With or counter 
sunk below the outer Surface of the piston rod 
33 so as not to interfere with the sliding of the 

latter within the bore of the cylindrical portion 
it. The tail center 26 is also preferably pro 

vided with a helical lubricating groove 236 com 
municating With aligned lubricating openingS in 
the slide 52 and the portion 24 of the tail stock, 
an oil cup 20; being Screwed into these openings. 

It will be apparent, from the construction just 
described, that when the piston is noved down 
Wardly by the application of fiuid pressure to the 
opening 92, the piston rod 88 moves the tail. 
center 2 into engagement with the upper end 
of a Workpiece clamped upon the chuck 53. he 
tail Stock Will remain in firm engagement With 
the workpiece throughout the machining opera 
tion by virtue of the fluid pressure acting upon 
the piston, rotation of the tail center with the 
workpiece being permitted by the rotataibie 
mounting of the tail center in the hollow bore in 
the lower end of the piston rod. When the 3: 
machining operation has been completed, the 
application of fluid pressure to the opening 99 
and the use of the opening 93 as the exhaust, 
moves the piston and piston rod upwardly with 
dira Wing the tail center 2: i fron engageinen, 
With the Workpiece So that the atter may be 
removed, it being renheinbered that the Work 
gripping fingers it of the chuck are also released 
at this time. 
The tail slide 52 for mounting the fluid pres 

Sure operated tail stock may be of substantially 
Solid constriction or may be formed as a rela 
tively hollow inember constructed similar to 
those illustrated in U. S. Patents Nos. 2,292,260 
and 2,231,386. A mounting of the latter type 
is he'e disclosed to reveal how such tail slides 
may be nodified to incorporate the illustrated 
tail stogk mechanism. As shown in Fig. 8, the 
tail slide 32 comprises a casting in which are 
formed Suitable ways for cooperation with the 
vertical ways 53 of the portion 54 of the work 
head D. The tail slide is further provided With a 
tranSvel'Sely extending bore 28 within one end 
of which is positioned a pinion 289 formed upon 
the inner end of a Substantially cylindrical mem 
ber 2 8. The nember 2 has a central bore 
through Which paSSes a bolt 2, the outer end of 
the latter being provided with a substantially 
cylindrical locking member 2 2. The locking 
member 22 has a tapered inner surface cooper 
atting With a Correspondingly tapered inner Sul'. 
face on a Second cylindrical nember 23 which is 
positioned within a bore 24 extending substan 
tially transversely of the bore 208. A bolt 25, 
having a headed portion resting in a slotted 
opening in the vertical portion 54 of the Work. 
head D, extends outwardly through the cylindri. 
cal member 2 3 and is provided on its outer end 
with suitable nuts 26. The outer end of the 
bolt 2 is likewise provided with nuts 27. It 
will be seen, therefore, that when the nuts 26 
and 2 are tightened, the members 22 and 2 3 
will be locked in engagement and the bolt 25 
Will clamp these members, and hence the slide 
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This caping is further assisted by the pre 
viously described clamping means 35 which Coria 
prise suitable plates and screws cooperating with 
the vertical ways 53. 
The interlocking of the members 2:2 and 2 3 

position the pinion 269 for cooperation with a 
vertical lack 2 8 attached to the vertical portion 
56 of the work head by suitable Screws 85). By 
slightly loosening the nuts 28 and the claimp 
ing means 55 and by rotating the Yenage: 3 E3, 
the pinion 299 thereon causes the tail side 52 to 
move vertically with respect, to the Work head 
inhennber by Wirtue of the cooperation betwee: 
the pinion 299 and the teeth of the rack 23. 
When the tail slide has reached the desired po 
sition the claimping means may be re-tightened to 
retain the tail slide in its adjusted position. 

in the tail slide mechanisms of the aforemein 
tioned patents there was no provision for vertical 
movement of the tail center relative to the tail 
Side, and hence a lack and pinion arrangefinest, 
sirniiar to that just mentioned, for adjusting the 
tail slide was necessary to Secure the proper ein 
gagement of the tail ceinter With the WOik. 
Therefore, an operating handie WaS provided for 
the member 2 . In the forin of the tail Stock, 
herein disciosed, it is no longer neceSSary G 
nove the tail slide to effect engageistent and re 
lease of each workpiece, since the tail center 2i 
is now innoved vertically by fluid pressure to effect 
engagement With the Work and Subsequent '3- 
lease therefronn. Hence, the tail slide need only 
be adjusted once for each size of work and this 
adjustment need not be made with great exacti 

It follows that the rack 2, 3 and the Co 
operating pinion inechanism are no longer 183 
essary, since adjustment of the Slide Inay b3 
effected by simply loosening the clanping in eans 
and manually moving the tail slide upon tile 
ways. Hence, when the tail slide nechanisians Cf 
the aforementioned patents are to be converted 
for use with the fluid operated tail Stock herein 
disclosed, the reduced cylindrical portion t Of 
tie latter is simply inserted. Within the cylin 
drical opening provided in the tail slide 62 of 
the prici art type of tail center, and the Operat 
ing handie for the rack and pinion mechanism is 
then replaced by a simple disk or cover plate 
such as 22, the rack 2 9 being onitted or left 
in place as desired since it no longer has any 
necessary function in the device. 

In accordance with this inventici, a nOWei 
mechanism is provided for moving ea Ch hob Gi 
tool head towards and away from the coop3rating 
Work head in tinned relationship with the Ver 
tical movements of the latter, thereby cal) sing 
“in-feed' of the hob or other tool to periori in the 
desired hobbing or other machining operation 
and automatic return of the hob or other tool to 
its initial position after the desired operation 
has been completed. The mech2.his:a for effect." 
iing this movement for each of the hob leads is 
the same and hence only one such liechanisia 
will be described in detail. 
As shown in Figs. 1, 2 and 11 through 16, the 

pressint, preferred form of this mechanisirl in 
ciudes a substantially channel-shaped iihexabel 
22 which is secured to one side of the slidable 
itember 43 of the tool head by means Cf hol&S 
222 and drive pins 223, a suitable Spacer 224, Ol' 
plurality of spacers, being interposed between 
the Inembers 43 and 221 where necessary due to 
tine shape of the former so that the web of the 
rhember 22 is rigidly held in substantially vel 

52, to the vertical portion 34 of the work head. tical plane. A member 225 is slidably supported 
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by the legs and the web of this channel member, 
the sliding member being prevented from dis 
placement, other than sliding movement, by gibS 
226 and 222, attached to the legs of the channel 
member and Cooperating With horizontally ex 
tending recesses in the front face of the meinber 
225 adjacent the upper and lower edges of the 
atter. The slide member 225 is also provided 
with a longitudinally extending bore 228, ex 
tending therein from the right-hand side there 
of, as viewed in Fig. 12, and within this bore is 
positioned a sleeve nut, 229 which is held fi'Orn 
rotation and axial novernent by drive pin 23; 
cooperating with a flattened Side of the nut or 
passing through a secantly disposed slot Or hole 
therein. Screwed into the sleeve nut 228 is one 
end of an adjusting screw 23 which is rotatably 
supported, adjacent its other end, by an end 
plate 232 secured to the forward end of the chan 
nel member, the screw 23 f being held from lon 
gitudinal displacement by any Suitable means. 
In the construction shown, longitudinal dis 

placement of the screw 23 is provided by an 
integral collar 233 provided upon the Screw and 
cooperating with one side of the end plate 232. 
Forwardly of the collar, a non-threaded por 
tion of the screw is journailed in the end plate, 
and adjacent the forward face of the end plate 
the screw is threaded and provided with a lock 
nut 234, the lock nut, in turn having a Set Screw 
235 to prevent loosening of the lock nut. The 
forward end of the adjusting screw 23 is pro 
vided with a polygonally shaped portion 236 to 
receive a wrench or other tool by which the ad 
justing screw may be turned to thereby adjust the 
position of the sliding member 225 relative to 
the channel member 22. The extent of this 
adjustment is indicated by a calibrated dial 23, 
which is secured to the screw between the polyg 
onally shaped portion and the lock nut, the 
indicia, on the dial cooperating with a mark Or 
arrow upon the end plate 232. 
One end of a link 238 is pivotally Secured to 

the slide member 225 adjacent the inner end 
of the latter, the left-hand end as viewed in 
Figs. 12 and 14, by means of a stud bolt or 
the like 239. The other end of the link 238 is 
pivotally connected to the lower arm 240 of a 
bell crank lever, generally designated 26, by 
means of a stud or the like 242. This bell crank 
lever is pivoted intermediate its ends to a bracket 
243, which is secured in a manner hereinafter 
described, to the annular member 43 of the turret 
B, he other arm. 24. Of the bell crank lever 
has its outer or upper end pivotally connected ; 
to the bifurcated lower portion of a threaded 
rod 245, the threaded portion of which is 
screwed into an adjusting sleeve 248, the bore 
of the latter being provided with oppositely di 
rected threads in the upper and lower portions 
thereof. Threaded into the upper end of the 
adjusting sleeve 238 is the threaded lowei' end 
of a piston rod 23, the threads of which ex 
tend in the opposite direction to the threads 
on the rod 245. The upper end of the piston rod 
24 is connected with a piston 243 slidable with 
in a cylinder 289. This cylinder is pivotally 
mounted upon the cap member 58 of the turret 
B by means of a bracket 250 which has a de 
pending ear 25 received between Spaced, up 
wardly extending ears 252 and 253 attached to, 
or integral with, the upper end of the cylinder 
249, a suitable pivot pin or the like 254 passing 
through aligned openings in the ears 25, 252 
and 253. The cylinder 249 is adapted to have 
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fluid pressure Supplied thereto through an operi 
ing adjacent the bottom thereof by means of a 
pipe or conduit 255 so that the fluid under pres 
Sure thus admitted to the cylinder acts upon 
the piston 248 to urge the latter upwardly, any 
fluid above the piston being exhausted through 
a port not shown. 
The construction thus far described is. Such 

that fluid pressure applied to the cylinder 249 
through the pipe or conduit 255 acts upon the 
piston and through the piston rod 24 to rock 
the bell crank lever 24 in a counterclockwise 
direction, as viewed in Figs. 2 and 12. This 
rocking of the lever 24 tends to move the slide 
member 225 to the right, as viewed in Figs. 2 
and 12, and since the slide member 225 is con 
nected to the channel member 22 by the screw 
23, and since the channel member is in turn 
connected with the sliding head member 3, this 
rocking movement of ever 24 tends to move 
the head member 43 of the hob head forwardly, 
that is to the right, as viewed in Fig. 2. Hence, 
the movable portion of the hob head is urged 
or biased in the direction of the work head thus 
tending to cause “in-feed' of the hobbing 
Spindle and of the hob or other tool attached 
thereto. Movement of the tool or hob head in 
the direction just mentioned is, however, posi 
tively controllied by a cam carried by the co 
Operating Work head D, as hereinafter described, 
So that “in-feed' of the hob or other tool is 
effected only in exact predetermined relation 
Ship With the vertical movement of the work 
head. The force with which the head rember 
43 is urged in Wardly as just mentioned may be 
adjusted by adjusting the sleeve member 246, 
thereby varying the effective leverage of the 
bell crank lever 24, while the initial and final 
positions of the tool or hob head upon its ways 
46, and hence the position of the tool relative 
to the Work, may be adjusted by turning the 
adjusting Screw 23. 
The lower portion A8 of the work head ) is 

provided with a bracket 256 into which is screwed 
the threaded lower end of a cam supporting 
shaft 257. The threaded upper end of shaft 
257 is screwed into an enlarged boss 258 which 
is integral With, or attached to, a Substantially 
vertical extending cam plate 259. The shaft 
257 is provided with a polygonally shaped por 
tion 260 intermediate its ends by which the shaft 
may be rotated and thereby adjust the eleva 
tion of the can plate relative to the bracket 
256, it being understood that the opposite ends 
of the shaft 25 are provided with oppositely 
directed threads. The threaded portions of the 
shaft 25 are provided with jam nuts 26 and 
262 for cooperation with the backet 255 and 
bOSS 258, respectively, to thereby lock the shaft 
25 in its adjusted position. 
The can plate 259 is supported for vertically 

Sliding movement by a plate-like member 263, 
the lower end of which is connected to a bracket 
264 which is in turn connected to the adjacent, 
Vertical Way 56 for the lower portion 48 of the 
Work head ID. As will be seen from Fig. 15, this 
plate-like member 263 is provided substantially 
Centrally thereof with a substantially rectan 
gularly shaped opening through which the boss 
258 freely extends so that the shaft 25, is dis 
posed on One Side of the plate 233 while the 
cam plate 259 is disposed on the other side of 
the plate 263, the construction being such that 
the cam plate 259 extends closely adjacent the 
front face of the slide member 225 adjacent the 
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forward or right-hand end thereof as viewed in 
Figs. 2, 12 and 15. The cam plate 259 is pro 
vided with a suitable can Surface, which is here 
illustrated as comprising an elongated Open 
ing 265 with a forwardly extending recess or 
offset adjacent its lower end, and within this 
opening 263 is received a cam roller 266 ro 
tatably mounted upon the slide member 225. The 
can plate 259 is guided in its vertical nove 
ments by means of gibs 26 and 268, attached 
to rearwardly extending shoulders on the plate 
like member 283 adjacent the longitudinal edges 
thereof, which gibs cooperate With Suitable re 
cesses in the can plate 259 So as to form guide 
ways for the latter, as is clearly shown in Fig. 16. 
As inentioned above, the application of fluid 

pressure through the pipe or conduit 255 to the 
cylinde" 28 exerts force upon the movable por 
tion 43 of the tool or nob head C in a direction 
tending to move the latter, and hence the tool 
or hob spindle i, toward the work spindle car 
ried by the work head so that the cam roller 
26S is held in positive engagement with the for 
ward edge of the cam shaft 265. When the 
Work head is in its lowermost position, however, 
the can rollier SS upon the slide 255 Will be 
positioned in the upper end of the can slot Ol' 
opening 233 in the can pate 259 and hence the 
hob or tool head is prevented from moving for 
Wardy under the action of the fuid pressure 
applied to the cylinder 249. As the Work head 
ld raioves vertically upwardly the enlarged or re 
cessed portion of the cam slot 265 will eventually 
cone opposite the cam roller 266 and, since the 
roller is constantly urged against the forward 
edge of the can slot, 285, the hob head will then 
be noved forwardly, or to the right as viewed in 
Figs. 2, 12 and 5, under the force exerted by 
the pressure firid in the cylinder 249. The cam 
slot receSS is so designed that this movement of 
the tool head provides the desired amount of 'in 
feed.’ Additional vertical movement of the work 
head D occurs after this 'in-feed' movement of 
the hob head, as will be seen from Fig. 15, during 
Which additionai vertical movement the hobbing 
of the workpiece is effected. It will be understood 
that tine relative diamensions of the several pol 
tions of the can slot 285 which are shown are 
Silpily illustrative of the one embodiment of the 
device and that these dimensions may be changed 
to effect greater or less vertical movement of 
the work head before the “in-feed' occurs and/or 
greate movement of the work head in its 'in 
fed' position. 

Prior to the title that the lower end of the 
slot 265 engages the cam roller 256 the upward 
Veitical feeding movement of the work head is 
discontinued by reans hereinafter described and 
the work head is then returned to its initial po 
Sition. During this return the can plate 259 now 
noves downwardly so that the slot 265 forces 
the tool or hob head away from the work spindle, 
or to the left as viewed in Figs. 2 and 15, it being 
understood that this movement is in a direction 
opposite to that in which the tool or hob head 
is urged by the fiuid pressure applied to the 
cylindel' 233 so that, the can roller 286 is always 
it positive engagement with the cooperating cam 
surface in the slot 285 and hence the hob head 
is rinoved in either direction in exact predeter 
mined relationship with the movement of the 
work head. The rearward movement of the tool 
or hob head acts through the mechanism con 
nected between the latter and the piston 248 to 
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move the latter against the fluid pressure ap 
pied to the cylinder 249. 

During the normal operation of the machine, 
fiuid pressure is continuously applied to the cyl 
inder 249 So that the can roller 263 is at all 
times infirm engagement with the forward edge 
of the cam slot 265. It is not necessary, how 
ever, that this biasing of the hob head in the 
direction of the work head be effected exactly 
as here illustrated and described. For example, 
a suitable spring may be substituted for the cyl 
inder 289. Moreover, either a spring or fiuid 
pressure operated device could be connected di 
rectly with the slide member 225 rather than 
through the disclosed lever System. 

ihe fluid preSSure for Operating the clutch, the 
tail center and the chuck mechanisms and for 
exerting force to move the tool or hob head in 
the 'in-feed' direction may be either hydraulic 
or pneumatic and may be supplied from any suit 
able Source Such as a reservoir and pump mounted 
in the base of the machine. As shown in the 
drawings, however, air pressure is utilized and 
is Supplied to the machine from an outside Source 
of supply such as the air line commoniy provided 
in factories for cleaning purposes or the like. 
The air preSSure is conducted from Such a Sup 
ply to the machine at the top thereof through 
a stationary pipe 269 (see Figs. 1 and 18). This 
pipe has a vertical extending portion 20 Sub 
stantially in alignment with the vertical axis of 
the machine and the lower end thereof is jour 
nalled in a rotatable air distributing chest 28 f. 
This chest is supported above the motor 39 by 
a spider-like framework 22 having radially ex 
tending arms 273 connected with veltically ex 
tending frame members 274 which extend up 
wadiy from the turret cap member 38 and are 
circumferentially spaced thereabout. Hence, the 
Chest 27 rotates with the turret When the ro 
tation motor 35 is energized. The air distribut 
ing chest 2 is provided with a plurality of ra 
dially extending pipes 2.5 for conducting the air 
pressure from the chest to each operational unit 
of the machine. Since all of the operational units 
of the machine are identical the air distribution 
from only one of the pipes 25 Will be described. 
The pipe 275 of each unit is connected to one 

end of a fiexible conduit or hose 26 the other 
end of which is connected by a 27 to the pipe 
or hose 28, and to a pipe or hose 279. The pipe 
or hose 28 is connected by a T 280 to the fluid 
pressure supply line 97 for the valve 96, which 
controls the operation of the clutch for the unit, 
and to the pipe or conduit 255 connected to the 
cylinder 249 of the “in-feed' mechanism. The 
pipe 279 is connected to a Solenoid operated two 
way valve 28, the Solenoid 282 of which is ener 
gized by an electrical current flowing in a cable 
283 extending to a Suitable Outlet 284 upon the 
cap member 58 of the machine's turret. From 
the valve 28 a pipe or hose 235 extends verti 
cally downward adjacent the vertical portion of 
the work head D, the lower end of the pipe being 
connected with a T 286 from which a pipe or 
hose 287 extends to a pressure regulator 288. 
From the lower end of the pressure regulator, 
the previously mentioned pipe or hose 4 extends 
to the upper connection for the cylinder 72 of 
the fluid pressure operated chuck, Abranch pipe 
or hose 289 extends from the T 286 to the upper 
opening 97 of the fluid pressure operated tail 
Stock. 
From the lower portion of valve 28t, a pipe or 

hose 290 leads vertically downward adjacent the 
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portion 54 of the Work head D, the lower end of 
this pipe or hose terminating in a T 29 to Which 
is connected a pressure regulator 292 from Which 
a branch pipe or hose 293 leads to the side exhaust 
opening 99 in the fluid operated tail stock. Also 
connected to the 29 is one end of the previously 
mentioned pipe or hose 75, the other end of 
which is connected to the cylinder T2 for the 
fluid Operated chuck. 
The valve 28 is so constructed that When the 

Solenoid 282 is deemergized the Valve is positioned 
to cause fluid pressure from the pipe or hose 276 
to communicate with the pipe 285, the pipe 290 
being vented to the atmosphere through the valve. 
When the Solenoid 282 is energized the valve 28 
is operated to apply fiuid preSSure to the pipe 
290, the pipe 285 then being vented to the atmos 
phere. It follows, therefore, that when the sole 
noid is deenergized the valve 28 causes fluid 
pressure to be supplieu through the pipes 285, 
28, and 74 to the cylinder 72 causing the rod 
69 of the chuck 8 to actuate the latter for 

firmly engaging a workpiece. Fluid pressure is 
also supplied, through the pipe 289 causing the 
piston of the tail stock mechanism to be moved 
downwardly to engage the tail center 20? with 
the workpiece. Fluid pressure Will be maintained 
in these lines throughout a cutting or hobbing 
operation, thus holding the parts in their afore 
mentioned positions. When the cutting or hob 
bing operation is completed, the Solenoid 282 is 
energized, as hereinafter described, actuating the 
valve 284 to went the pipes T4, 287, 289 and 285 
and to Supply fluid pressure through the pipes 
29, 75 and 293 thereby releasing the chuck and 
actuating the tail center 2 in a reverse direc 
tion to release the Workpiece. 

Since the chuck and tail center are held in 
Work gripping positions by air pressure, a failure 
of the supply of air preSSure to the pipe 269 would 
partially release the Work with consequent dam 
age thereto and to the hoo or tool T if the latter 
is operating upon the Work. Also, since the clutch 
is held in its disengaged position and the tool or 
hob head is continuously urged towards the work 
Spindle by air preSSure, a failure of the Supply of 
these mechanisms Would allow the clutch to in 
properly engage and Would also cause improper 
operation of the “in-feed' mechanism. To pre 
Went such conditions from occurring, the pipe 269 
is provided With a pressure responsive electrical 
Switch 294 (see Fig. 1). This Switch is normally 
closed but if the air pressure drops below a pre 
determined Walue the SWitch opens thus stopping 
the entire machine as Will become apparent from 
the Subsequent description of the electrical cir 
cuit for the machine. 
The machine is provided with a coolant system 

for Supplying a cutting or cooling liquid to the 
hobs or tools during a machining or hobbing op 
eration. The coolant or cutting liquid is supplied 
from a reservoir within the base of the machine 
by means of a pump, not shown, and by a con 
duit 295 and a pipe or pipes 296 to a trough reser 
Woir Which is not ShOWn but Which is located in 
the cap member 58 of the rotatable turrret. 
Equally Spaced pipes 29, one for each unit, con 
duct the coolant or cutting liquid from the trough 
to Valves 298, and to each of the latter is con 
nected a pipe 299 (see Fig. 1). The lower end of 
each pipe 239 is provided With a nozzle 300 adja 
cent the hob or tool Spindle 4f of the unit, and 
So directed that the coolant or cutting fluid Will 
foW over the hob or other tool and the work 
being cut thereby, the liquid being returned to 
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the base of the machine by gravity for cleaning 
and further circulation. The valve 298, between 
the pipes 292 and 293 for each unit, is eisectrically 
Operated and is controlled in a manner, herein 
after described, Such that coolant is allowed to 
fiOW Only When a cutting operation is being per 
formed and is automatically terminated when the 
cutting operation has been coimpleted. Lubrica 
tion for the machine is provided by a circulating 
System of conventional design, the vertical supply 
pipe 3 of which extends through the hollow 
turret (See Fig. 2). 

Referring now to Fig. 20, it will be seen that 
the Spindie Supporting member 2 is provided 
With an Outboard bearing support 3 C2 and an 
inboard bearing support 33, the latter preferably 
being integral With the member 2. The bearing 
Support 32 is provided With a non-rotatable 
Sleeve bearing or bushing 383 and the bearing 
Support 33 is provided with spaced antifriction 
bearingS 35 and 386, the spindle being jour 
nalled in the bearings for rotation and axial slid 
ing by means of sleeves 307 and 38. The sleeve 
30 both rotates and slides with the spindle A 
relative to the bushing 3 A while the sleeve 38 
rotates but is prevented from sliding relative to 
the bearingS 35 and 366 by an integral shoulder 
309 and by the mechanism connected thereto 
Which is hereinafter described. 
The Spindle : i has a shoulder 3 intermediate 

?tS ends for engaging one side face of a hob or 
other tool T, indicated by dot-dash lines in Fig. 
20, the Sleeve 36 engaging the other side face of 
the tool, with the tool and sleeve being held 
against iongitudihai displacement relative to the 
Spindle by means of a nut 3i provided upon 
the threaded outer end of the spindle . In the 
event the longitudinal extent of the tool T is less 
than the distance between the inner end of sleeve 
38 and the shoulder 33, as is the situation 
illustrated in Fig. 20, one or more spacing collars 
Or WasherS 3:2 may be employed as shown. A 
keyWay 33 is provided in the Spindle A by means 
of Which the tool is keyed to the spindle to pre 
went relative rotation therebetween. 
Attached to the Spindie Supporting member 

42, and to the bearing support 363, is a housing 
34 containing the mechanism for rotating and 
axially moving the tool or hob spindle is . This 
mechanism includes a gear 3.5, disposed within 
the housing 3 is and slidably keyed or otherwise 
attached for rotation with the spindle A and for 
relative axial movement therebetween. This 
gear, and hence the Spindle, are driven by a gear 
36 Which is fixed upon the outer end of the shaft; 

7 for rotation. With the bevel gear is (see Fig. 
3) When the clutch 5 connects shaft it for ro 
tation by shaft 68. The gear 325 has a cylindri 
cal sleeve-like extension 3 ER extending through 
an Opening in an inner Wall 3 of the housing 
34, and the Spindle 4 has a threaded portion 
39 of reduced diameter extending beyond the 
outer end of this sleeve extension 37 of the gear 
35. ScrewS 32 extend through the sleeve ex 
tension 3 of gear 35 and are threaded into the 
flange or shoulder 39 of the sleeve 38 thus con 
necting these members for rotation together. 
ScreWed upon the inner end of the threaded 

portion 39 of the too spindle 4 is a sleeve nut, 
32 the inner end of which is externally flanged. 
Between the flange of nut, 32 and the adjacent 
end of the sleeve extension 3 of gear 35 is 
disposed a Spacer 322. The sleeve nut, 32 is 
provided with external threads on which is 
threaded one end of a sleeve 323, the outer end 
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of the latter being serrated. A pin 324 is inserted 
into the sieeve and sleeve nut, after the former 
has been screwed upon the latter, to prevent 
relative rotation between these partS Wheil aS 
serabled. Within the sleeve 323 is disposed a 
sleeve nut 325 which threadably engages the 
threads on the portion 39 of the Spindle, the 
outer end of this sleeve nut having a portion of 
reduced diameter forming an external shoulder 
which cooperates with an internal shoulder in 
the outer end of sleeve 323. 
The sleeve nut 325 extends beyond the end of 

the sleeve 323 and has an annular member 323 
keyed thereto, the inner face of the latter being 
serrated to cooperate with the serrations on the 
outer end of sleeve 323. The outer end portion 
of the nut 325 has a polygonally shaped axial 
opening 327 in which is disposed a correspond 
ingly shaped inner end of a stud 323. This stud 
extends beyond the sleeve nut 325 and the ailinu 
lar member 328 and is preferably threaded in 
termediate its ends to receive a lock inut 329 
which engages the outer face of the annular 
member. The stud is retained within the sleeve 
nut by means of a transversely extending difive 
pin 333 and the outer end 33 of the Stud is 
polygonally shaped to receive a wrench Or similar 
tool for a purpose hereinafter described. 
A cap member 332 having an internal shoul 

der, in which is provided a Spacer 333, is slipped 
over the inner end of the sleeve 323 and is COll 
nected to the sleeve extension 3 of gear 35 by 
one or more screws 333. The Spacer 333 in the 
cap member 332 engages the flange oil the sleeve 
nut 32; thus preventing axial displace inent of 
the latter while permitting relative rotation 
therebetween. The threaded portion 39 of the 
tool spindle, the sleeve nut 325, and the Sleeve 
323 are rotatably supported by antifriction bear 
ings 335 in a cover plate 336 removably mounted 
upon the outer end of the housing 3 by nealls 
of screws 33. 
An annular gear supporting plate 338, having 

a central opening for rotatably receiving the 
cap member 332, is disposed within the housing 
3:4 between the wall 3:3 and the cover plate 336. 
This gear supporting plate is fastened, as by 
means of one or more stud bolts 339, see Fig. 21, 
to the inner wall 38 in the housing, thereby Se 
curing the plate against rotation while permit 
ting its easy removal. The lower portion of the 
plate 338 has an arcuate opening 349 there 
through within a portion of which is positioned a 
segmental plate member 34. The Outer Sur 
faces of this segmental plate are substantially 
coplanar with the outer Surfaces of the plate 
336 and has a width slightly less than the Width 
of the opening 34. So as to have a sliding fit 
therein. The inner surface of the plate 338, 
adjacent the opposing 340 is recessed, as by mill 
ing or like operation, and fitted therein is a 
fianged portion 342 of the segmental plate 34. 
A compression Spring 343 is disposed between One 
end of the arcuate opening 34 and the adjacent 
end of the segmental plate 34 , and a bolt 3.4 is 
threaded into a threaded bore provided in the 
other end of the segmental plate. 
A shaft 345 passes through the arcuate opening 

34 adjacent the head of the bolt 3A4, the inner 
end of the shaft being journalled in a bore pro 
vided in the wall 38 of the housing 3 Eli. The 
outer end of this shaft is journalled in a boss 
346 formed integrally with the cover plate 336 
for the gear housing 34. Within the confines 
of the arcuate opening 340 the shaft 345 is pro 

5 

25 

5 5 

65 

70 

75 

20 
vided with a cam 347, herein illustrated as a 
circular member having a flattened side. This 
cam engages the head of the bolt 345 and is 
keyed to the shaft, 345 to rotate therewith. The 
outer end of the shaft 345 is provided with a suit 
able handle 348 for rocking the shaft and cain 
to bring the flattened face of the latter into en 
gagement with the head of the bolt 344. When 
the cam is so positioned, the spring 343 moves 
the segmental plate 33 in a clockwise direction, 
as viewed in Fig. 21, for the purpose of disen 
gaging the gearing for axially moving the hob 
spindle, which is about to be described. When 
the handle 348 is rocked to position the can as 
shown in Fig. 21, the spring 343 is compressed 
and the gearing is engaged. A pair of project 
ing rods or studs 349 and 350 (see Fig. 11) are 
provided on the cover plate 336, one on each 
side of the handle, to limit the movernent of the 
latter and define these two positions of the cann. 
Wear between the can and bolt head are com 
pensated for by adjusting the position of the bolt 
344 Within its threaded bore in the Segmental 
plate 34 f. 
To effect, axial raoweinent of the hob or tool 

spindie 4, an epicyclic gearing, preferably of the 
planetary type, is employed so that the axial 
novelinent of the hob or other too may be ef 

fected by the Sarine mechanism which rotates the 
tool, but at a very siow rate with respect thereto. 
This gearing coin prises a Sun gear 35 which is 
mounted upon a reduced diaineter portion of cap 
member 332 aind keyed or otherwise connected 
thereto for rotation there with when the gear 3 5 
is driven. The gear 35; is in innesh with a gear 
332 which is one of a pair of planetary gears 
rotatably Supported upon a short shaft or bolt 
353, the latter being adjustably connected in a 
slot 353 in the gear Supporting plate 333 to permit 
propei' alignment of the gears. Integrai with, or 
connected to, the gear 352 is a Smaller gear 355 
Which aleshes with a gear 356 rotatably supported 
tipOn a short shaft or bolt 35 connected in a 
Slot 358 in plate 338. The gear 356 is also in 
iilesh with a gear 359, which is the smaller of two 
integral gears, supported by means of a short 
shaft or bolt 360 in a Siot 36 provided in the 
piate 338. The lai'ger gear 352, which is integral 
With the gear 359, meshes with a gear 353 ro 
tatably Supported on a short sihaft or bolt 334 
Which is adjustably nounted in a slot 385 pro 
vided in the plate 333. The gear 333 is the larger 
of an integral pair of gears, the Sinaller of which, 
designated 3S, meshes with a gear 358 rotatably 
Supported upon a shaft or bolt 369 mounted on 
the Segmental plate 34. The gear 358 also 
lineshes With a second Sun gear 37 keyed to the 
sleeve 323 which, as pi'eviously mentioined, sur 
rounds the sleeve nut 325 cooperating with the 
threaded portion 3 3 of the hob or tool spindle 4. 
The construction just described is such that 

When the clutch 75 is engaged to provide rotation 
of the shaft 74, gear f6 and shaft i? 7, the gear 
3:6 on the latter drives the gear 3:5 (see Figs. 3 
and 20). Rotation of the gear 35 1rotates the 
Spindle 4f and consequently the hob or tool T 
is rotated in timed relationship with the rota 
tion of the Work spindle 41 and with the feed 
ing movement of the latter, imparted by shaft 

4, Since all these elements are driven from 
the common shaft. 74. When the hob or tool 
Spindle 4 is rotated during the cutting or hob 
bing operation, the said spindle and the tool 
thereon are also axially moved at a very slow 
rate by Operation of the planetary gearing mech 
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anism just described. That is to say, rotation of 
the gear 35 rotates the gear 35A, since the latter 
is keyed to the cap member 332 which is in turn 
connected to the gear 3 i5, and the gear 35 in 
turn drives gears 352 and 355 (see FigS. 2G and 
21). The latter gear drives gear 359 through the 
idler gear 358 with consequent rotation of the 
gear 32, since the latter is integral or connected 
to the gear 359. The gear 362 drives the integral 
gears 363 and 36, the latter driving the Second 
Sun geal' 38 through the idler gear 368. Rota 
tion of the gear 3 causes the sleeve 323 to ro 
tate, since these members are keyed togethel'. 
The serrations on the Outer end of the sleeve 323 
being held in engagement with the Serrations On 
the annular member 326 by the nut 329, the an 
nular member is also rotated with consequent 
rotation of the sleeve nut 325 which is keyed With 
the annular member. The sleeve nut 32 is also 
rotated since the sleeve $23 is connected thereto 
by the pin 328. This rotation of the sleeve nuts 
32 and 325 causes the spindle 4 to be slowly 
advanced in an axial direction by Virtue of the 
cooperation of the internal threads on the nuts 
with the threaded portion 3.9 of the Spindle, the 
spindle sliding within sleeve 308 and the sleeve 
33 siding within the bearing 352. 
The sleeve nut 32 is provided to take up any 

play between the sleeve nut 325 and the threaded 
portion 3 9 of the spindle. 
loosening the lock nut 329 sufficiently to disen 
gage the serrations on the annular member 326 
from the serrations on the end of sleeve 323. . A 
Wrench or other tool is then applied to the Outer 
end 33 of the stud 328 and the latter is rotated 
sightly thus rotating the nut 325 relative to the 
sleeve 323. The nut 32 remains stationary dur 
ing this adjustment since it is connected with the 
sleeve 323 and hence the spindle is held stationary 
so that the nut 325 is rotated relative to the '' 
spindle sufficiently to take up the play therebe 
tween. After this adjustment is effected the an 
nular member is reenagged with the sleeve 323 
and the lock nut 329 tightened thus reestablish 
ing the driving relationship between the Sleeve 4 
323 and the sleeve nut 325. 
The several gears in the planetary System may 

have any desired ratios but are preferably So 
chosen that the axial feed of the hob Spindle is 
Irelatively slow. 
the rate is such as to produce complete axial 
movement during an interval of one work. Shift 
such as eight hours or the like. Hence, the hob 
or similar tool is so operated that the Wear there 
upon is substantially uniformly distributed Over 5: 
the entire surface of the hob. When the hob 
has been advanced its maximum amount in an 
axial direction, operation of that unit of the ina 
chine is automatically interrupted, after itS Work 
ing cycle is completed, in a manner hereinafter 
described, and the operator is advised thereof by 
the lighting of an electrical Signal light L. (See 

This, however, does not inter 
fere with the operation of the otheir units of the 
machine and hence the return of the hob to its 
initial position can be effected When it is con 
weiaient, 
The hob spindle and hob are returned to their 

initial positions by first rotating the handle 348 
to position the flattened portion of the cam 34? 
in engagement with the head of the bolt 344. 
The compression spring 363 will then move the 
segmental plate 34 within the opening 340 an 
amount sufficient to permit the gear 368 to be 
disengaged from the gear 367, the gear 368, 

his is effected by 
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however, remaining in continuous mesh with the 
gear 3. This disconnects the planetary gear 
ing from the spindle advancing mechanism, and, 
by application of a wrench or similar tool to 
the polygonally shaped end portion 33 of stud 
328 the latter may be rotated thus threading the 
portion 39 of spindle 3 through the nuts 32 
and 325 and thereby returning the spindle and 
its hob to their initial positions, which Will be 
evidenced by extinguishing of the signal light 
I. The hob or tool T is replaced and the Wrench 
or other too removed from the polygonally 
shaped portion 33 of stud. 328. The handle 348 
is then rotated in a leverse direction to again 
position the can 34 with its rounded portion in 
engagement with the head of bolt 344, as shown 
in Fig. 21, thus reengaging the gear 363 with the 
gear 3, the alignment of the gears being main 
tained by the continuous meshing of the gear 
368 with the geal 33 and by the cooperating 
arcuate shapes of the opening 355 and the sides 
of the segmental plate 34. The planetary gear 
ing is thus reengaged to again slowly advance 
the hob when this unit of the machine is Once 
more placed in operation. As previously men 
tioned, the rods or studs 349 and 359 upon the 
Outer surface of the cover plate 335 limit the 
movement of the handle 3 i3, thereby in Suring 
proper positioning of the can 342 in either of its 
two aiorementioned positions. 

Extending outwardly from the bearing Support 
33 of the hop shifting mechanism is a housing 
3 for the electrical Switch 32 which is actu 
ated by the axial movement of the hob spindle 
to its extrerine positions and controls Operation 
of the Spindle and of the previously mentioned 
signal light. Preferably, the Switch 32 is of 
the type known as a “microswitch' having a 
double set of contacts, however, tWo Separate 
“rnicroSwitches' each having a Single Set of Con 
tacts may be employed. The Switch 3:2 is pro 
vided with an operating bar 33 extending Sub 
stantially parallel with the outer Surface of the 
bearing support 333 and cooperating with actu 
atting pins 3 is and 35 suitably mounted in bores 
extending through the bearing housing 383 adja 
cent, the inner faces of the bearings 35 and 
36, respectively. The tool or hob Spindle it is 
provided with a transverse bore in which is dis 
posed a two-piece pin 38, the Wo portions of 
which are separated by a compreSSion Spring 3. 
This spring urges the two portions of the pin out 
Wardly of the bore in the Spindle So as to extend 
through an axial slot, 38 provided in the sleeve 
33. The Outer ends of this pin are positioned 
Within a circular groove oi receSS On the inner 
face of a switch operating ring 379, the latter 
being slidably mounted on the Outer Surface of 
the sleeve 3 (28 intermediate the bearings 335 and 
36. 
The construction is such that when the spin 

die A is at its starting or retracted position, as 
illustrated in Fig. 20, the SWitch Operatig ring 
379 engages the actuating pin 35 thereby mov 
ing the switch operating bar 33 in a manner 
which operates the Switch 3:2 to extinguish the 
signal light is and prepare the electricai circuit, 
hereinafter described, of that operational unit of 
the machine for a new operation. When the 
spindle 4 has been moved to its extreme ad 
vanced position, i. e., to the left aS shown in Fig. 
20, the Switch operating ring 39 engages the 
actuating pin 34, causing the latter to move 
outwardly thereby moving the operating bar 33. 
This operates the switch 372 in a manner to light 
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the signal light L. and open a portion of the elec 
trical circuit for the corresponding hobbing unit, 
of the machine to prevent the starting of the 
unit upon a new machining cycle until the spin 
dile has been returned to its initial position, as 
above described. 
The base 30 of the machine is provided with 

a vertically extending standard 388 and with a 
shield or cover 38i for the lower portion of the 
machine, the said standard being to one side of 
the loading station which is formed by reduc 
ing the height of a portion of the cover 38 (see 
Fig. 1). Adjacent the top of Standard 38 is 
mounted a Switch box 382 for controlling the 
rotation notor 35, the cut notor 59, and the 
motor for the coolant pump which is provided 
in the base of the machine and pumps coolant 
or cutting fluid through the conduit 295 and 
pipes 296 to the trough reservoir in the cap mem 
ber 58. The Switch box 382 is provided with a 
start button 383 and a stop button 384 for the 
rotation motor 35; start and stop buttons 385 
and 386, respectively, for the cut notor 59; and 
start and stop buttons 387 and 388, respectively, 
for the motor of the coolant pump. The electri 
cal interconnections of the Switches operated by 
these buttons and their cooperating circuits are 
Schematically represented in Fig. 25 together with 
a Scherinatic representation of the electrical cir 
cuits for one unit of the hobbing machine. 
The relays and circuit.S operated by the start 

and stop buttons 383 to 328, inclusive, aire en 
closed in a main control box 389 mounted upon 
the standard 380. This box is provided with a 
COVer 390 and positioned Within the box is a 
safety Switch 39 i which is adapted to interrupt 
the Supply of electrical power to the machine 
When the cover is open, the switch being held in 
circuit closing position when the cover 380 is 
closed. 

Electrical power is conducted to each of the 
rotating operational units of the machine by two 
Separate sets of collector rings and brushes. As 
Shown in Fig. 18, one of these sets comprises a 
pair of Spaced collector rings 392, 393 mounted 
upon, but insulated fron, a supporting ring mem 
ber 394 which is bolted to the underside of the 
Spidel frannework 2.2 supporting the air chest 
2, and hence the collector rings are supported 
for rotation with the turret B. The collector 
rings are shielded by a cover which may be an 
integral part of the Spider framework 22 or a 
Separate member connected thereto. Cooperat 
ing With the collector rings 392 and 383, respec 
tively, are brushes 395 and 336 which are sta 
tionarily supported by an ai'in or bracket 33 
mouted upon the top of the cut notor 58. Wires, 
which are not shown in Fig. 18, conduct eiec 
trical power fl'On the main control box 369 to 
the brushes 395 and 393 and other wires are con 
lected to the collector rings at Spaced points 
thereabout to conduct the electrical power to sep 
arate control cabinets or boxes 358 (see Figs. 1, 
2 and 18) of which there is one for each oper 
ational unit of the machine. 
The control cabinets or boxes 39S are mounted 

adjacent the top of the turret B upon the verti 
cally extending frame innember's 274 and each box 
contains the relays and circuits for controlling 
the Operation of the adjacent hobbing unit. 
Each cabinet 398 is provided with a cover 339 and 
positioned within each cabinet is a safety switch; 
the Switches for the Several cabinets being desig 
nated 399a, 39Sb, 399c, 339d, 399e, 399f, 3.99g and 
399h, respectively, there being eight operational 
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units in the illustrated machine each of which 
has a control cabinet 398. Each of these switches 
is adapted to interrupt the Supply of electrica 
power to the machine when the corresponding 
cabinet cover 399 is open, power being restored 
Only when all of the covers are closed. 
The other set of collector rings and brushes, 

for conducting electrical power to the operational 
units of the machine, are mounted upon the cap 
member 58 of the turret. As shown in Figs. 2, 3 
and 24, there are three spaced collector rings 400, 
40 and 402 insulatedly mounted upon the upper 
Surface of the cap member for rotation there 
with. Cooperating with the collector rings 400, 
40 and 42, respectively, are stationary brushes 
493, 44 and 495 mounted in a housing formed 
by an annular flange 406 provided upon the lower 
end of the stationary housing 63. The brushes 
are accessible through an opening 407 in the 
flange 06 and this opening is normally closed 
by a cover plate, not shown. Mounted upon the 
fiange 486 within the opening 497, and positioned 
to be operated by the cover therefor, is a safety 
switch 408 which is adapted to interrupt the 
Supply of electrical power to the machine when 
the cover is open, the Switch being held in cir 
cuit closing position when the cover is replaced. 
Hence, if a Workman removes the cover for the 
purpose of inspection or replacement of the 
brushes he cannot come into contact with a “live' 
portion of the circuit. The brushes 493, 434 and 
495 are connected with a power supply circuit in 
the main control box 389 and the collector rings 
409, 40 and 462 are connected, at spaced points 
thereabout, to the circuits in the separate con 
trol cabinets 398 for each unit. 

Depending from each cabinet 398 is a station 
or unit switch box 409 provided with the pre 
viously mentioned light L. associated with the 
hobbing shifting mechanism, and with switch 
Operators 4 0, 4 and 4:2 for controlling the 
Coolant valve and the starting and stopping of 
the hobbing operation, respectively, for that unit. 
A toggle Switch 4 i3 is mounted at the bottom of 
the box 409 to Selectively condition the unit for 
either manual or automatic operation as herein 
after described. As shown in Figs. 1 and 2, one 
Side of each of the cabinets 398 is provided with 
a hobbing Selector Switch 44, an automatic re 
turn Switch 45, a feed control switch 46 and 
an adjustable timer 41, each of which is man 
ually Settable for controlling the operation of the 
hobbing unit as hereinafter described. In addi 
tion, a Switch 418, one for each unit, is mounted 
On the rear Surface of one of the vertically ex 
tending frame members 274 for the correspond 
ing unit (See Fig. 17). These latter switches are 
of the type which are spring urged to circuit 
Opening position and each is provided with a 
rocking arn 49 on the outer end of which is 
positioned a roller 429 extending into the path of 
a single stationary cam 42 f. This cam is formed 
On or attached to the outer end of an elongated 
rod or bai' 422, positioned adjacent the loading 
Station for the machine and having its inner end 
Supported upon the top of the machine between 
the motor support 68 and stationary housing 
member 63. Hence, as the turret of the machine 
rotates, the Switches 4 8 are sequentially oper 
ated to closed position by the cam 42, the 
Switches moving to open position as soon as the 
rollers thereof have passed the cam. 

Referring now to Figs. 1, 2, 22 and 23 it will be 
Seen that one side of the upper portion of the 
work head D, adjacent the ways 57, is provided 
With a plate 423 having spaced vertical slots 424 



2,684,016 
25 

and 425. A longitudinally extending cam mem 
ber 426 is adjustably mounted on the inner face 
of the plate by a bolt or bolts 27 passing through 
the slot 425, and a pair of spaced projections 428 
and 429 are adjustably connected adjacent the 
top and bottom of the sot 425 by bolts 3 and 
43, respectively. Adjacent the plate 423 of each 
Work head the cap member 58 is provided with 
a Switch 432 having a rocking actuating arm 433 
extending into the path of the Cain 426. A SWitch 
i34 is also mounted upon the cap member 53 ad 
jacent the plate 423 and is provided with a rock 
ing operating arm 435 extending into the path of 
the spaced projections 428 and 29 for operation 
thereby. The cap member 58 is further provided 
with electrical Switches 36, One for each hobbing 
unit, each having an operating arm 43 extend 
ing into the path of spaced projections 33 and 
439 which are adjustably connected to the other 
side of the top portion f the work head. 
The switch operator 4 it is a knob, innovable 

between “on' and 'off' positions for actuating 
the movable contact did, (see Fig. 25) to and 
from circuit closing position, thereby Controlling 
a Solenoid CS which operates the coolant Supply 
valve 293. Switch operator 4 is a push button, 
hereinafter referred to as the 'start' button for 
the unit, adapted to actuate the movable-contact 

it into engagement With the Stationary con 
tacts of the start switch, the contact 4 a now 
ing to open position when the button or oper 
ator A is released. The Switch operator 42 
is a push button, hereinafter referred to as the 
“stop' button for the unit, adapted to move the 
contact, 32d from normally closed engagement 
with one set of Stationary contacts and to Simul 
taneously move the cointact 42 into engage 
ment with a second set of Stationary contacts, 
the movable contacts 42d and t2t being re 
turned to their initial positions upon release of 
the button & 2. The toggle switch 43 comprises 
two movable contacts of biades 3d and Ab for 
movement to and from circuit closing position, 
marked “Alto' and “Main.' in Fig. 25, the blades 
being maintained by the toggle mechanism in the 
position to which they have been actuated. 
The Switch 432 includes two spaced contacts 

(332d, and 336, the Switch being adapted to move 
its upper contact 320 from a position in en 
gage:nent with Cie set, of Stationary contacts and 
to simultaneously nove its lower contact 4326) 
into engagement with another set of stationary 
contacts when the switch operating arm 433 
moves beyond the can member 428, the contacts 
of the Switch ireturning to their positions as shown 
in Fig. 25 when the arm A.33 again engages and 
rides upon the can member. The switch É34 
likewise coinprises two spaced movable contacts 
£3ta, and 3355, the Switch being adapted to love 
its upper contact 34a, from a position in en 
gagenheit, With One set of stationary contacts and 
to Sirni.itaneously in Ove itS OWei contact, 33Ab 
into engagement with a second set of stationary 
contacts when the arm 435 engages the projection 
E23. he nowable contacts A34g, and 3A) remain 
in this new positicin until the arra $35 engages 
the projaction 328 at which time the contacts are 
noved back to their initial position. The SWitches 
f38 for each of the Work units are each provided 
with norinally open contacts 436a and normally 
closed contacts $33b, the contacts 436a for all 
of the Switches being connected in parallel and 
this parallel connection is in turn in series with 
a safety relay SR; the contacts 36b of this 
switch losing connected in series with one of the 
main power supply lines for the control circuit of 
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the corresponding unit. The switches 436 are 
Spring urged to maintain their contacts in these 
positions, each Switch being operated to close its 
contacts 436d and open its contacts $36b When 
the Operating arm 43 strikes either the adjust 
able projection é38 or 439, mounted in slots upon 
the Opposite side of the top of the hob head from 
the projections 428 and 29. The nowable con 
tacts of the switch 436 return to their original 
positions. When the arm is noved out of engage 
ment with either of the projections 438 or 339. 

he hobbing Selector switch 48 is movable 
between two positions corresponding to the two 
different aethods of hobbing which may be per 
formed by the nacinine, namely “normal' and 
"climb.' This Switch is provided with movable 
blades 3 4.g., 43 Ab, & 4c., 4:4d, a lie and 44f 
Which inove together to change the circuit rela 
5ionships hereby preparing the machine for 
Operation in accordaince with the selected mode 
of hobbing as hereinafter described. The auto 
natic return Switch 45 is provided with two Inov. 
able contacts or blades 45a and 45 b, operable 
together between “on' and “off’ positions. The 
feed control or selector switch is 6 is likewise pro 
vided with two contacts or blades at 6a, and is 8b, 
operable together between “on' and “off’ posi 
tions. The adjustable timer 47 comprises a con 
Ventional tirne relay TA having a novable con 
tact TA- which is actuated at a predetermined 
time after the relay TA is energized, the length 
of this time interval being regulated by adjust 
(asin, of the knob is a of the timer. 
As shown in Fig. 25, power is supplied to the 

hobbing machine from power supply lines 49, 4. 
and & 2 provided with a circuit breaker 443. The 
power supply lines 853 and 455, on the machine 
side of the circuit breaker 343 are connected by 
wires S44 and 445 to the primary of a transformer 
$43, the secondary of which is connected with a 
circuit controlled by the previously mentioned 
Start and stop buttons 383 and 338, inclusive, for 
controlling the operation of the rotation motor 
35, the cut motor 59 and a motor 44 for the 
coolant, pump. Thus, one lead 48 of the sec 
ondary of the transformer is connected through 
the normally open contacts PC-6 of a power con 
toiler PC, normally closed current overload 
switches 539, 458 and 45 to one side of the stop 
switch controlled by the button 384, the other side 
of this switch being connected to one side of the 
starting switch controlled by the button 383, the 
other side of the latter being connected with the 
rotation motor relay RT. The other side of the 
rotation motor relay RT is connected to a wire 452 
leading to the other side of the secondary for 
the transformer $46. The relay RT is provided 
with four sets of normally open contacts RT-, 
RT-2, RT-3 and RT-4. The contacts RT- are 
adapted to provide a holding circuit around the 
Start, lutton 383 when the relay is energized. 
The contacts RT-2, RT-3 and RT-3 are adapted 
to close an energizing circuit for the rotation 
motor 35 to the power lines 453, 454 and 355 
which are respectively connected to normally open 
contacts PC-A, PC-2 and PC-3, these contacts in 
turn being connected with the circuit breaker 443. 
The power controller relay PC, which operates 

the contacts PC-i, PC-2, PC-3 and PC-6, is 
connected in series with the secondary of the 
transformer 646 by the wire A52, brush 335, col 
lector ring 332, unit control cabinet, normally 
closed switches 333d to 399h, normally closed con 
tagts SR-, switch 48, collector ring 333, brush 
386 and normally closed contacts 39 a. and 294d, 
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the circuit being completed by a wire 456 connect 
iing the latter contacts with the lead 448 for the 
transformer. The contacts 399 a to 399h are the 
switches which are mounted within the control 
cabinets 338, while the SR- contacts 3i'e Oper 
ated by the SR relay, the energization of the lat 
te: eing controlled by the overtravel limit 
Switches 435 mounted adjacent the upper-end of 
each of the Wolk heads. The Switch 498 is that 
which is operated by the cover plate for the 
brushes 433, 804 and 435, and contacts 39 a. are 
those contained with the SWitch 39 which is oper 
ated by the cover 390 for the main control box 
333. The contacts 234d. are those Which are 
contained within the pressure responsive Switch 
294 and are operated by the fluid pressure within 
the Supply pipe 263. Consequently, the PC relay 
cannot be energized unless all of the cabinet cow 
ers have been secured in place, the cover placed 
Over the collector ring brushes, fluid pressure of 
predetermined value is supplied to the machine, 
and each of the work heads of the latter is Within 
its predetermined limits of travel. If all of these 
conditions be satisfied the PC relay is energized 
thus closing the contacts PC-, PC-2, PC-3 and 
PC-i supplying power to the machine. In the 
event any of the above mentioned conditions have 
not been fulfilled the PC relay will be deener 
gized thus opening its contact, PC-i, PC-2, PC-3 
and PC-4 interrupting all power to the machine 
except that supplied to the primary of the trans 
foiler 46. 
Assuming that, all of the conditions have been 

met and the PC relay has been energized, the 
rotation motor 35 is started by depressing the 
start, button 383 thus energizing the relay RT, 
closing its contacts RT-1, RT-2, RT-3 and RT-4. 
In the event the rotation motor draws exceS 
sive current due to some abnormal condition, 
one or both of current overload relays A57, 458, 
provided in two of the power leads for the motor, 
operate to open the cintacts 449 thus deenergizing 
the RT relay and opening the circuit to the motor 
35. During normal operation, however, the ro 
tation motor, once energized, Will remain in Op 
eration until the stop button 384 is actuated Or 
the PC-I, FC-2, and PC-3 contacts are opened 
by an abnormal condition in the operation as 
previously mentioned. 

Between the current, overload SWitch 45 and 
the stop switch controlled by the button 384 is 
connected a wire 459 to which the stop switch 
controlled by the button 388, the start switch 
controlled by the button 387 and the relay P are 
connected in series, the circuit being completed 
by the wire 452. The relay P is provided with 
four sets of normally open contacts P-, P-2, 
P-3 and P-4. The contacts P- provide a hold 
ing circuit around the start switch controlled by 
the button 337 while the contacts P-2, P-3 and 
P-4 aire adapted to close the circuit fron the 
power lines 453, £54 and 455 to the motor 447 for 
the coolant pump. Disposed within two of the 
leads to the coolant motor 447, between the 
latter and the contacts P-2, P-3, are a pair of 
current overload relays 369 and A6 which oper 
late to open the current overload switch 450 in 
the event, the notor 44 draws excessive current. 
It Will be seen, therefore, that during normal op 
eration of the machine, the pump for supplying 
coolant to the trough reservoir in the cap of the 
turret B is energized by operating the push but 
ton 337 aind remains in operation until the stop 
button 388 is operated. 
In parallel with the circuits for the RT and 

P relayS is a circuit extending in Series from the 
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wire 459 through the stop switch controlled by 
the button 386, the start Switch controlled by 
the button 385, and through the CT relay to the 
wire 452. The CT relay is provided with four 
normally open contacts CT-i, CT-2, CT-3 and 
CT-4 which are closed by energization of the 
CT relay when the start button 385 is actuated. 
The CT-I contacts provide a holding circuit 
about the start button while the CT-2, CT-3 
and CT-4 contacts close a circuit from the wires 
453, -454 and 455 to the cut notor 59 for ener 
gizing the latter. Disposed within two of the 
leads for the cut motor are a pair of current 
overload relays -482 and 463 adapted to open the 
current overload Switch 45 if the notor 5) 
should draw excessive current due to abnormal 
operation. During normal operation, however, 
the cult motor 59 remains in continuous operation, 
when once energized, until the stop button 386 
is operated. 
on the machine side of the PC., PC-2 and 

PC-3 contacts wires 464, 465 and 466 are con 
nected with the power lines 453, 454 and 455. 
The other ends of these wires 464, 465 and 465 
are, respectively, connected to the stationary 
brushes 403, 44 and 405 which, respectively, 
cooperate with the collector rings 43 (), 40 and 
402 mounted within the housing 406 at the top 
of the cap member 58. A control circuit for 
each operational unit of the hobbing machine is 
connected to the collector rings by Wires Such 
as 467, 468 and 459. Only one of these control 

: circuits is illustrated in detail in Fig. 25 since 
the others are identical and may be connected 
to the collector rings in parallel with the illus 
trated circuit by means of wires such as 370, 4 
and 472. The connections of the Switches aSSO 
ciated with each operational unit of the machine 
and their mode of operation will be readily appa'. 
ent from a consideration of Fig. 25, illustrating 
the circuit and switches for one of the units, in 
conjunction with the following detailed descrip 
tion of the operation thereof. 

OPERATION 

Conventional or 'normal’ hobbing.-Automatic 
operation. 

When all of the covers for the control cabinets 
or boxes and the cover for the housing of the 
Collector brushes 403 to 4C5 are closed, air under 
pressure is applied to the pipe 269, and all of the 
work heads are at their lower positions within 
their predetermined limits of travel, the machine 
-is prepared for conventional or "normal' hobbing 
by first closing the circuit breaker 443 thereby 
supplying, current through the wires 464 and 445 
to the transformer 446. This energizes the PC 
relay closing its contacts PC-, PC-2, PC-3 and 
PC-4. The operator then presses the rotation 
start, button 383 thus energizing the RT relay 
“causing the contacts RT-, RT-2, RT-3 and 
RT-4 to close. Contacts RT- provide a holding 
circuit about the Stait button 383 So that the 
latter may now be released without deemergizing 
the relay RT. The contacts RT-2, RT-3 and 
RT-4 Supply three phase electrical power from 
the power lines 453, .454 and 455 to the rotation. 
motor 35 energizing the latter thus driving the 
worm 37 and worm wheel 38 causing the turret 
B to rotate. 
The operator -next presses the cut motor start 

button 385 thus energizing the relay CT which 
closes its contacts. CT-1, CT-2, CT-3 and CT-4. 
The contacts CT-I provide a holding circuit for 
the relay CT maintaining the latter energized 



2,684,016 
29 

after the start button 385 is released. The con 
tacts CT-2, CT-3 and CT-4 supply three phase 
electrical power from the power lines 453, 454 and 
455 to the cut motor 59 energizing the latter 
and thus driving the flexible drive 62, sleeve 64 
and bevel gear 66. The bevel gear 66 in turn 
drives the bevel gears 6 rotating the driving 
member 6 of the clutch 5 of each unit. These 
clutches are held in their disengaged positions 
Since the clutch Solenoids iO are energized, as 
hereinafter described, by the closing of the con 
tacts PC-i, PC-2 and PC-3, thus actuating the 
valves 96 to supply air pressure to the cylinders 
9 thereby moving the driven member of each 
clutch out of engagement with its driving 
member. 
The Operator also presses the start button 38 

thus energizing the relay P thereby causing the 
contacts P-, P-2, P-3 and P-4 to close. Con 
tacts P-I provide a holding circuit for the relay 
P maintaining the latter energized after the 
start button 38' is released. The contacts P-2, 
P-3 and P-3 connect the notor 48 for the coolant 
pump to the three phase power lines 453, 45.4 
and 455. Cutting fluid or coolant is, therefore, 
pumped from the reservoir in the base of the 
machine to the trough reservoir in the turret cap 
member 58. The coolant cannot, however, flow 
through the nozzle 35 at this time since the 
valves 298 are closed. 
The circuits thus established are normally not 

disturbed during the operation of the machine 
but in the event that any of the motors 35, 59 or 
44 draw excessive current the operation of all 
three notorS is terminated. Thus, excessive cur 
rent flow to the motor 35 causes the relay 45 
Or relay 458 to open the current overload con 
tacts 449; excessive current flow to the motor 
44 causes the relay 469 or relay 46 to open the 
current overload contacts 450; and excessive 
current flow to the motor 59 causes the relay 462 
or relay 463 to open overload contacts 45. Also, 
opening of any of the covers of the control boxes, 
Opening of the cover for the brushes 403 to 405, 
failure of the air supply, or over travel of any 
of the work heads of the machine deemergizes 
the PC relay thereby stopping the entire ma 
chine including the notors 35, 59 and 447. In 
addition, each of these motors 35, 59 and 447 
may be individually stopped, if desired, by op 
erating the corresponding stop buttons 384, 386 
O 388. 
As the turret rotates, the hobbing units suc 

cessively pass the loading station adjacent the 
vertical standard 389. As each unit approaches 
this station the operator sets the hobbing selec 
tor Switch 64 on the unit control cabinet 398 
for "normal' or conventional hobbing, the auto 
imatic return switch 4, 5 to the “off’ position, and 
the feed control switch 5 S to the “off’ position. { 
He also moves the toggle switch 43 to its “Auto.' 
(automatic) position, and turns the coolant con 
trol knob 4 to its “on' position. 
The previously mentioned closing of the con 

tacts PC-i, PC-2 and PC-3 has supplied elec 
trical current through the wires 464, 465 and 466 
to the brushes 493, 494 and 495, and thence to 
the collector rings 40, 4 and 42 to which are 
connected the power supply lines 46, 468 and 
469 for the unit. Hence, current is Supplied 
through the wires 46 and 469 to the primary 
of a transformer 43. The secondary of this 
transformer is connected through fuses 4A and 
45 to wires 476 and A. Current is thus Sup 
plied through wire 4 S and the normally closed 
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contacts CL-, of relay CL, to the solenoid Of 
for the clutch valve 96, the circuit being com 
pleted through a wire 78 connected to the wire 
477. Therefore, the valve 96 has been operated 
to Supply air pressure for effecting disengage 
ment of the clutch as previously described. The 
circuit to the solenoid 282, for the valve 28f con 
trolling the chuck and tail stock, is open at the 
normally open Contacts AS- and AS-2, of a 
relay AS, and hence the Solenoid 282 is deerher 
gized. Therefore, the valve 28 is positioned to 
Supply air pressure for holding the chuck and tail 
center in their closed or work-engaging positions. 
As the unit approaches the loading station, the 

operator momentarily depresses the stop button 
42. This opens the circuit through the contact 
42d and closes a circuit through the contact 
42b. This circuit extends from the wire 46 
through the normally closed contacts 436b of the 
overtravel limit Switch 436 for the Unit, current 
overload contacts 49, wire 480, the lower con 
tact 42b of the stop switch. wire 48 wire 482, 
Wire 483 and through the coil of a relay DR to 
the wire 478. Hence, the DR relay is energized 
closing its normally open contacts OR-, DR-2 
and DR-3. Closing of the contacts DR- pro 
vides a holding circuit for the DR relay about 
the stop switch so that the relay remains ener 
gized when the stop button 42 is released open 
ing the circuit through its lower contact 42b. 
The initial positioning of the toggle switch 4 3 

to its “Auto.' position and the automatic return 
switch 4 f5 to its 'off' position now provides a 
circuit from Wire 48 through the now closed con 
tacts DR-, contact 4 3b of switch is 3, contact 
45a of switch 45, normally closed contacts 
FR-4 and FC-3 of relays FR, and FC, and through 
the now closed contacts DR-3 and the coil of 
relay AS to the wire 478. Hence, the relay AS 
is energized closing its contacts AS- and AS-2 
and thereby supplying current from wires 467 
and 469 to the solenoid 282 for the valve 28. The 
latter is, therefore, operated to supply air pres 
Sure to the tail stock and chuck mechanisms in 
a direction to Open or disengage the chuck and 
retract the tail center. The operator then in 
serts a workpiece between the chuck and tail 
center and depresses the start button 4 . 

Actuation of the start, button cases its 
contact 4 d to close a circuit extending from 
wire 476 through the normally closed contacts 
436b of the overtravel limit switch 43, the nor 
mally closed contacts & 9 of a current, limit; 

is switch, the upper contact 4 2a of stop switch 42 
to a wire 484 and from the latter through a wire 
485 contact; 4 to, wire 486, contact A, 4to, of the 
hobbing selector switch 414, contact 434a of 
switch 434, contact A &c of the hobbing selector 
switch 44, wire 487, and through the coil of the 
relay FR, to the wire 478. This energizes relay 
FR closing its normally open contacts FR- and 
FR-2 providing a holding circuit for the relay 
about the start button so that the relay FR, 
remains energized when the button is released. 
The contacts FR-3 are also closed for a reason 
to be explained hereinafter. The contacts FR-4 
of the relay are opened thus deemergizing the re 
lay AS causing the latter to open its contacts 
AS-5 and AS-2 and thereby deenergize the sole 
noid 282. This deenergization of solenoid 282 
allows the valve 23 to nove to a position which 
supplies air under pressure to the chuck and tail 
Stock mechanisms in a manner to cause the chuck 
to grip the Work and the tail center to move into 
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engagement. With the upper end of the Work 
piece. The energization of the relay FR also 
has effected opening, of the normally closed con 
tactS FR-3 for a purpose hereinafter described. 
AS the turret continues to rotate, the hobbing 

lilit, Which as just been provided With a work 
piece, cairl'ies its l'oitation controlled switch 48 

- Oil the back of the Vertical Support 274 past the 
Stationary carin 42 and the latter engages the 
roller (29 of the switch nomentarily moving its 
normally open contacts Sa to closed position. 
This closes a circuit from the wire 24 through 
the previously closed contacts FR-S, wire 388 and 
the now closed contacts DiR-2 and l. 8a, wire 489 
and through tine coil of a relay ER to the wire 
43. This 8:2rgizes the relay ER causing it to 
close its nor:aily open contacts ER-, ER-2 and 
E-3 and to open its normally closed contacts 
ER-6. The contacts ER-i provide a holding cir 
cuit about the contacts & SCI, of Switch. 4 3 main 
taining the relay ER energized after the turret 
has noved the Switch is a past the cam 42. 
Closing of the contacts E-2 closes a circuit from 
the Wire 485 through the normally closed con 
tactS 3a of the hoi) shift, actuated Switch 32, 
the now closed contacts ER-2, wire $38, the nor 

ally closed contact TA- of the time delay 
Gaechanisin and the upper contact; i32d of the 
Switch 333, to and through the coil of the RU 
Irelay circuit to the wire 3. This energizes the 
RJ relay causing the latter to close its normally 
open contacts RU-?, RU-2, and RJ-3. The clos 
ing of these contacts Supplies current froin the 
Wii'es 48, 368 and 89 through the wires 49, 
432 and Á83, the now closed contacts RU-, RU-2 
and RT-3, and the hobbing selector contacts 
&:3e, Af, to the rapid traverse notor 60 for 
the linit. Interposed in the Wires (9 and 32 
are cuirrent, oveikoad relays 495 and 495 which 
ai'e adapted to open the current overload con 
tactS i3 if the Yictor 6 should draw excessive 
creat. 
The rapid traverse notor 63, which is a re 

versible three-phase moor, is therefore energized 
in a directicn to move the work head vertically 
upward thirough the action of the Worm 63, 
wjorin wheel S4 and feed shaft 55, the worm 
shaft, 82 being freed for rotation by the Supply 
ing of current from the wires 49 , 693 through 
the indinally closed contacts BR-, 3R-2 to the 
electrically operated brake 6: which is thus re 
leased. Since the ciutch 5 is held in its dis 
engaged position at this time, the feed nut 54 
Will renain stationary due to the locking action 
of the worn viheel 53 and the worn 52 so that 
the rotation of the feed shaft 55 causes the work 
head ) to love vertically upward at a rela 
tively rapid rate. This movement of the Work 
heat continues until the arra 33 of the Switch 
432 noves off of the can 428, the latter heing 
adjusted so that this action occurs when the 
unper portion of that part of the workpiece 
which is to be hobbed is adjacent the hob. 
throughout this rapid rovement of the Work 
head, the tool or hob head C remains stationary 
upon its ways (35 since, although the fluid pres 
sure which is continuously supplied to the cyl 
indel 258 biases or urges the tool head towards 
the work head, the interengagement of the can 
iroiler 266, carried by the tool head, in the nar 
low polition of the can Surface or slot 255 car 
ried by the work head prevents the tool head 
from "in-feeding' at this time. This narrow 
upper portion of the can surface or slot 265 has 
Sufficient length and the cam 428 is so adjusted 
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that the relatively rapid movement of the work 
head is terminated when the roller 266 is just 
leaving that portion of the slot 285. 
The closing of the ER-2 and ER-3 contacts 

closes a circuit from the Wire 484 through the 
contacts 372d, ER-2, ER-3, wire 496, wire 29, 
the normally - closed contacts Cir-2 and the coil 
of a relay TR to the Wire 473. The TR relay is 
of the time delay type adapted to open its con 
tact TR-8 a few seconds after the relay is ener 
gized. Consequently, a Short time after the TR 
relay is energized the contact TR- is opened 
deenargizing the FC relay, which was initially 
energized by the closing of the ER-3 contacts 
through a circuit extending fron Wire 435 
through the ER-3 contacts, Wire 336 and the 

R-S contact. iihe TR- contact is held Open. 
maintaining the FC relay deenergized until the 
C?., relay is energized as hereinafter described. 
his in ovement, cf the arrin 33 moves the con 

tacts 332 (1 and 33.2b from their positions as shown 
in Fig. 25 to bring the contact li32b into circuit 
closing relationship and to open the circuit 
through the contact 633a. This deenergizes the 
relay RU thereby opening the contacts RU-l, 
RU-2 and RU-3 so that the rapid traverse motor 
if 30 and the Solenoid for the brake 6 are de 
energized. Consequently, the brake is applied to 
the worm shaft 62 preventing any residual ro 
tation thereof and thus terminating the relative 
rapid movement of the Work head simultaneously 
with the deenergization of the motor 60. 
The contact. 432B of the Switch 432 now closes 

a circuit, from the wire 498 through the contact 
Aiga of the coolant, switch, which was initially 
positioned to its closed or "on' position, and 
through the solenoid CS to the wire GTi and the 
energization of the solenoid CS effects opening 
of the coolant valve 298. A circuit is also con 
pleted from the wire 499 through the contact 
532b and a wire 498 to and through the coil of 
the relay CL to the wire 478. Energization of 
the C, relay opens its normally closed contacts 
CL- and CL-2 and closes its normally. Open con 
tacts CL-3. Opening of the contacts CI-de 
energizes the solenoid 0 whereby actuating the 
valve 98 in a manner to terminate the Supply 
of air under pressure to the clutch operating cyl 
inder 9 and also establishing communication 
with the cylinder through the valve to the ex 
haust port 98. Consequently, the Springs 86 of 
the clutch 75 now act to engage the driving and 
driven members thereof, this action being re 
tarded, however, by the fact that the exhaust of 

; air from the cylinder 9 is regulated by the ad 
justable orifice controlled by the screw 98. Hence, 
the members of the clutch are engaged at 2, Suit 
able rate to prevent grabbing. The cut motor 
59 now drives the shaft 4 through the gears 
66, 67, shaft 68, clutch 75, shaft, 4 and the gears 
3 and f3. Also the shaft is rotated by 

the gear 6 which meshes with gear is splined 
to the Shaft 4. 
The rotation of the shaft 3, acting through 

the gearing mechanism contained in the lower 
portion A8 of the work head D, rotates the worm 
4 and Worm wheel 42 thereby rotating the 
Work spindle 47 and the Workpiece supported 
thereon by the chuck 68 and tail center 28. In 
addition, the rotation of the shaft 4, acting 
through the gearing in the lower portion of the 
work head D, rotates the worm 52 and worm 
wheel 53 thus causing the nut 54 to rotate about 
the feed screw 55 which is now held fron ro 
tation by the engagement of the brake 6. With 
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the worm shaft S2. The rotation of the nut 54 
therefore causes the work head to move verti 
cally at a relatively slow feeding rate carrying 
the workpiece in cutting engagement with the 
hob which is now rotating, the hob being driven 
by the shaft through the gears 3 f6 and 35, 
it being understood that the initial part of the 
Work head movement at the feeding rate brings 
the recessed portion of the can slot 265 Opposite 
the cam roller 266 so that the hob or other tool is 
moved into engagement with the Workpiece under 
the force of the fluid pressure in cylinder 248. 
The Width of the recess in the cam slot and the 
adjustment of the “in-feed' mechanism are such 
that the hob or other tool engages the workpiece 
for the desired depth of cut. Consequently, the 
workpiece is hobbed as it is moved past the hob 
at the relatively slow feeding rate. In addition 
to its rotation and “in-feed,' the hob is also 

5 

axially moved at a very slow rate by operation of 
the planetary gearing connected therewith and 
during the hobbing operation, coolant is Supplied 
to the hog and workpiece through the nozzle 30 
since the valve 293 has been opened by the pre 
viously mentioned energization of the CS solenoid 
which controls this valve. 
The opening of the CL-2 contacts by the ener 

gization of the CL relay deenergizes the TR, relay 
causing the TR- contact to close the circuit 
through the relay FC thus energizing the latter. 
The energization of the FC relay causes it to close 
its normally open contacts FC- and open its nor 
mally closed contacts FC-2 and FC-3. The ver 
tical feeding movement and the rotation of the 
workpiece together with the rotation of the hob : 
now continue until the Work head has moved up 
wardly the predetermined distance sufficient to 
complete the hobbing operation on the Workpiece, 
the projection 29 being set to engage the arm 
435 of SWitch 434 when this distance has been 
traversed and which distance is less than the 
length of the recessed portion of the cam slot So 
that the arm 435 is actuated before the cam roller 
266 engages the bottom of the cam slot. The 
engagement of arm 435 with the projection 23 
moves the contacts of the SWitch 434 from the po 
Sition shown in Fig. 25 to bring the lower con 
tact A34b thereof into circuit closing position and 
to open the circuit through the upper contact 
434d. This breaks the circuit for the relay FR 
deenergizing the latter thus opening its contacts 
FR- and FR-2 in the holding circuit, opening 
its contacts FR-3, closing its contacts FR-3 in 
the circuit of relay AS, and closing its contacts 
FR-5. 
Opening of the contacts FR- deemergizes the 

relay FR and also deenergizes the relay ER caus 
ing the latter to open its contacts ER-, ER-2, 
ER-3 and close its contacts ER-4. Opening of the 
contacts ER- removes the bridging circuit about 
the contacts DR-2 and is 8d, while opening of the 
contacts ER-2 opens the circuit to the Solenoid 
CS for the coolant valve 298 and the circuit for 
the CL relay. The deenergization of the CS sole 
noid causes the valve 298 to close terminating 
the Supply of coolant to the work and hob while 
deenergization of the CL relay closes the con 
tacts CL- and CL-2. Closing of the contacts 
C-2 reenergizes the Solenoid Operating the 
Valve 95 to supply air under pressure to the 
cylinder 9 thus disengaging the clutch 5 so 
that the feeding movement of the work and the 
rotation thereof and of the hob are terminated. 
The workpiece is not immediately released, how 
ever, since the circuit to the AS relay is now open 
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at the FC-3 contacts due to the continued ener 
gization of the FC relay under control of the 
contract TR- of the time relay TR. The de 
energization of the CL relay, however, again 
closed the CL-2 contacts, thus reenergizing the 
TR relay which operates a few seconds later to 
Open its TR-8 contact thus denergizing the FC 
relay. 
The deemergization of the FC relay opens its 

Contacts FC-, closes its contacts FC-2 and its 
contacts FC-3. Closing of the contacts FC-3 now 
provides a circuit therethrough and through the 
iR-3 contacts, which remain closed under the 
continued energization of the DR relay, for ener 
gizing the AS relay. This causes the AS- and 
AS-2 contacts to close thereby energizing the 
Solenoid 282 which in turn operates the valve 28 
to supply air pressure to the chuck and tail stock 
mechanisms in a direction to cause the chuck to 
be released and the tail center to move from en 
gagement with the workpiece thus releasing the 
latter. This time delay of the release of the 
Workpiece, due to the TR relay, is provided to 
insure that the clutch has entirely disengaged 
prior to the release of the workpiece. 
The operation of the machine is so timed that 

each hopping unit is sequentially returned to the 
starting or loading station by the time the hobbing 
Operation of that unit is completed and its chuck 
and tail center are released. As each unit reaches 
the starting or loading station, the operator re 
moves the Work and again presses the start but 
ton & moving the contact 4 a. into circuit clos 
ing position. A circuit is therefore closed from 
the Wire 484 through the contact { a, a wire $99, 
Wire 563, movable contact 44 b of the hobbing se 
lector SWitch 46, the contact 434 b of the switch 
634 which is now in its lower or circuit closing 
position, contact is id of the hobbing selector 
SWitch 44, the normally closed contacts FC-2 and 
through the coil of a relay DN to the Wire 48 
thus energizing the relay DN. The FC-2 contacts 
are provided to prevent energization of the DN 
relay until after the TR relay has operated to 
Open its TR- contact and thus deemergize the 
relay FC, thereby providing a time delay to in 
Sure complete disengagement of the clutch 5 
prior to energization of the rapid traverse motor 
60 for moving the work head back to its initial 

position. 
The energization of the DN relay closes its nor 

inally open contacts ON-, DN-3, DN-4 and 
DN-3 and opens its normally closed contacts 
DN-2. The contacts DN- provides a holding 
circuit for the relay DN about the start switch so 
that when a button 4 thereof is released the 
relay remains energized. Closing the contacts 
DN-3, DN- and DN-5 supplies current to the 
inotor 6 in a direction to cause the latter to 
rotate in the opposite direction from that in 
Which it rotated when energized through the 
RU-, RU-2 and RU-3 contacts. This is ef 
fected by So connecting contacts DN-3 and DN-d 
that they reverse the notor leads 49 and 892. 
The current supplied by the leads 4s and 892 
also flows as before through the normally closed 
contacts BR-, BR-2 energizing the solenoid of 
the brake 3: thus releasing the latter. Hence, 
the rapid traverse motor A is rotates and drives 
the worn 3 and worn wheel 64 in the reverse 
direction to that in which they were actuated 
during the upward rapid traverse of the work 
head. Consequently, the work head is now noved 
downwardly at a rapid rate and during this 
do WinWard movement, the cam 326 engages the 
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arm 433 effecting resetting of the switch 432 to 
the position illustrated in Fig. 25. As the Work 
head Inoves downwardly the cam plate 259, being 
carried therewith, forces the roller 266, and hence 
the hob head, back to the initial position in 
which the role 26 S is in the narrow upper poli 
tion of the can slot and the hob is removed from 
its forward, operating position. 
When the Work head D has reached its lower 

position the projection 23 engages the arm 435 
moving the contacts of the Switch 3& back to 
their initial positions as illustrated in Fig. 25 thus 
opening the circuit through the contact i38t. 
This breaks the circuit for the relay PN deen 
ergizing the latter and opening its contacts DN-, 
JN-3, DR-š and DN-5 and closing its contacts 
lf-3. Opening the contacts DN-T breaks the 
hoiding circuit for the DN relay while opening 
of tie contacts DN-3, DN- and DN-5 deemer 
gizes the rapid traverse motor f69 and the sole 
noid for the brake 3: so that the notor is 
Stopped and the brake applied thus terjininating 
novereint of the Work head which occurs before 

the role 238 strikes the top of the can slot 263. 
The closing of the iN-2 relay does not perform 
any function at this time but is employed for a 
purpose hereinafter described. 
This rapid traverse back to the initial position 

is completed while the work head unit is still 
passing the loading station and the cycle may be 
repeated by inserting a new Workpiece and 
nomentarily depressing the start button 3. . 
This will again close the circuit through the 
contacts $3éa of the SWitch 434 to energize the 
FR, relay, the circuit Operating as before de 
Scribed and therefore the description thereof 
need not be repeated except to note that the 
energization of the FR relay opens its contacts 
FR-3 thus deemergizing relays AS, opening the 
contacts AS-1, AS-2 of the latter. This deener 
gizes the solenoid 282 for the valve 28t, thus 
again allowing air pressure to operate the chuck 
and tail stogk mechanisms to grip the new Work 
piece, the chuck and tail stock mechanisms hav 
ing been held in their open positions during tha : 
rapid traverse downwardly of the work head. 
his operation of inserting and removing work 

pieces and nioinentarily depressing the start 
button is performed for each work head as it, 
noves past the loading station. Hence, the 

operator has simply to press a single button for 
eagh unit and to load and unload the Work, 
during the normal operation of the machine, the 
initiai actuation of the stop button being neces 
Sary only when the unit is first placed in opera- 3 
tion, since the DR relay, when once energized by 
Operation of the stop button, remains energized 
throughout Subsequent operations. 
In the event it is desired to stop a unit during 

its operation, the Stop button 42 is momentarily 
depressed thus opening the circuit, through the 
contact 2a, thereby deemergizing all of the 
Irelays and Solenoids for the unit except the AS 
relay and the clutch Solenoid 0: which control 
the Work 
tively. Consequently, when the stop switch is 
actuated during an operation of the unit, air 
preSSure is Supplied to the cylinder 9 and to the 
Cylinders for the chuck and tail stock mecha 
nisins to hold the clutch 5 disengaged and to 
release the chuck and tail stock. Since the IDN 
and RU relays will also be deenergized, all move 
ment of the Work head is terminated and the 
Workpiece is released. 
In the event the work head travels either above 

ripping means and the clutch respec- to 
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or below its predetermined limits the correspond 
ing projection 438 or 433, respectively, Will oper 
ate the arm 437 of the Switch 436 moving the 
contact 436a of the latter to close the circuit 
therethrough which is in Series with the SR relay. 
The SR relay is thus energized and O22ns its 
SR- contacts which are in Series with the power 
controller relay PC. The PC relay is therefore 
deenergized openings its contacts PC-, PC-2, 
PC-3 and PC-4 which consequently reimove all 
power from the machine thereby terminating the 
operation of all units and also of the rotation. 
Inotor 33, cut notor 59 and coolant pump notor 
Ali. The contacts 436a for all of the overtravel 
limits SWitches 436 are connected in parallel so 
that if any one of the work heads travels above 
or below its predetermined limits the SR relay 
is energized as above described. There is pref 
erably only one SR relay for all the units of the 
machine, the control circuits for the other units 
being connected to extensions of the Wires 363 
and 4. The Switch 436 of each unit is also 
provided with a set of normally closed contacts 
438b in series with the main energization circuit 
for the relays and switches of each unit so that 
operation of the Switch 433 opens the circuits 
through these contacts 433b as an additional 
Safety precaution. Also, as previously men 
tioned, the supply leads 43 and 432 for the rapid 
traverse motor 60 are provided with current 
overload relays 494 and 95 which operate to 
open the contacts 49 in the current supply path 
for the relays of the unit in the event the motor 
6 draws excessive current. 
During the normal operation of the hobbing 

machine the hob of each unit is slowly advanced 
in an axial direction by the nechanish i S 
trated in FigS. 8 and 9 to uniforniy distribute the 
Wear on the hob along its entire length. When 
the hob has reached its extreme forward posi 
tion, corresponding to the tirne when it, shguld 
be replaced or reground, the switch operating 
ring 39 engages the actuating pin 33 closing tha 
contacts 37.2b of the switch 372 and picning : 
contacts 372a thereof. Ciosing of the contacts 
32b will close a circuit from the wire & 84 through 
the normally closed contacts ER-4 and the light, 
I of the unit to the wire 48 thus lighting the 
light and indicating that the hob has reached 
its extreme position. However, the ER-3 con 
tacts are held open except when the work head 
is moved downwardly after the hobbing opera 
tion has been completed or When the work head 
is in its starting position. Therefore, the light, 
is not energized if the work head be noviing up 
Ward in rapid traverse or is effecting hobbing but 
is energized only when the work head is moving 
Wertically downward or is at its starting position. 
Opening of the contacts 32d prevents energi 

zation of the RU, FC and CL relays. This means 
that if a new cycle is attempted to be started, 
after the hob has shifted its entire length and 
lighted the light I, the cycie cannot actually 
begin since the rapid traverse motor Wii i not be 
energized. However, if the hob be in the process 
of cutting or hobbing, When it has reached its 
predetermined limit and opened the co, tacts 
32c, the hob will continue to perform its con 
plete operation upon the Workpiece because the 
2C- contacts are now closed and provide a hoid 
ing circuit for the CL relay through tie 3.3-3 
contacts. This results from the fact that the en 
ergization of the ER, relay at the beginning of the 
cycle has closed the ER-2 and ER-3 contacts and 
the Subsequent energization of the CL relay has 
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opened the CL-2 contacts. Hence, the TR relay 
is dee;nergized so that the contact TR- is in cir 
cuit closing position and the FC relay has there 
fore been energized through the closed contacts 
ER-2 and ER-3. The energization of the FC 
relay closes its C- contacts providing 8, hold 
ing circuit therefor and also providing a circuit 
for continuing energization of the C, relay. It 
follows therefore that, the contacts 32d of the 
Switch 3:2 will prevent the beginning of a new 
Work cycle of the hob unit, but will not interfere 
with the completion of a work cycle already 
begun. 

This action of the switch 372, in preventing the 
start of a new cycle for a hobbing unit when the 
loo thereof has moved to its exterine advance 
position, does not interfere With the operation of 
the other units of the machine. The unit thus 
placed out of operation may be restored to op 
erating relationship by returning the spindle 4 
to its extreme retracted position. This is effected 
by disengaging the planetary gearing through 
Operation of the handle 348 and rotating the 
stud 328 by a wrench or other tool placed upon 
the polygonally shaped end 33 thereof. When 
the spindle has thus been returned to its initial 
position, the sing 373 thereon engages the pin 35 
thlis operating the switch 32 to close its contacts 
3.2c and open its contacts 3:2b, this being indi 
cated by the extinguishing of the light L. The 
unit may then be again placed in operation by 
actuating the start button 4. 
The contacts FR-3 are provided in parallel 

across the contacts R-i to enable the operation 
of the unit to be picked up after a current failure 
by actuating the start button A : . These con 
tacts are necessary since a current failure Will 
have deemergized the relay DR, opening its hold 
ing contact R-4, in order that the unit may be 
started by simply actuating the start button 4 , 
it is necessary that a means be provided for again 
energizing the DR, relay by this actuation of the 
start, button. in the circuit shown this is possi 
ble because actuation of the start button ener 
gizes the FR, reiay thus closing the contacts : 
FR-3 and thereby providing an energizing cir 
cuit for the relay R, the energization of Which 
again closes the contacts R-i re-establishing 
the holding circuit for the DR, relay. 
Contentional or “normal’ hobbing Dith “clean 

up.'-Azttomatic Operation. 
in certain instances it is desirable to maintain 

the Workpiece and hob in rotation but without 
feeding of the workpiece at the end of the hobbing 
or cutting operation to provide for "clean-up.' 
This is readily effected in the machine by Setting 
the feed control Switch is to the “on' position, 
the setting of the other switches remaining the 
same as previously described. This setting of the 
control SWitch moves the contacts $6a and 4:5t) 
into circuit closing relationship. The hobbing 
unit is then placed in operation and functions aS 
above described until the work head has reached 
its uppermost position where the projection 429 
engages the arm 435 of the Switch 434 noving 
the latter to place its lower movable contact 43 Ab 
in circuit closing position. While the ER, relay 
is deemergized by this operation of the Switch 
436, the clutch 5 is not now disengaged as before 
since a holding circuit therefor has been provided 
through the FC-3 contacts, wire 495, contacts 
CL-3, contact, 3.6b of the feed control Switch 4i, 
wire $93, contact TA-, contact 432b of the Switch 
£32 which has been moved into circuit closing 
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condition by the movement of the work head, 
and through the Wire 98 to and through the 
CL relay to the Wire 48. Likewise, the CS Sole 
noid for operating the coolant valve 298 also re 
mains energized, it being remembered that the 
contact AGd has been placed in the "on' posi 
tion by operation of the control knob i? . There 
fore, when the work head has reached the upper 
position, moving the switch 434 to open the cir 
cuit through contact 434a, the CL relay remains 
energized. 
The opening of the circuit through the contact 

334a, however, deenergizes the relay FR, thus 
closing its contacts FR-5 and this provides a cir 
cuit from the wire 484 through the now closed con 
tacts FC-, Wire 496, contact, 4.6d, contacts FR-5 
and the coils of the relays TA and BR, in parallel, 
to the wire ?is. Energization of the BR relay 
opens its normally closed contacts BR- and 
SR-2 and closes its normally Open contacts 
BR-3 and 8R-6. Consequently, the solenoid for 
the brake 6A is energized through the Contacts 
BR3 and BR-4 releasing the brake and thus al 
lowing the worm 63, the worm wheel 6 and the 
feed screw 55 to rotate freely. The clutch 5 has 
remained in engagement since the contacts CL 
are open holding the Solenoid deenergized so 
that air pressure is not supplied to the cylinder 
3 for the clutch, the latter being in continunica 
tion with the exhaust port 98. The continued 
rotation of the worm 52 and the nut 5 g by 
means of the shaft A will, however, no longer 
cause feeding im ovement of the Work head because 
the feed Screw 55 is now free to turn. So that, 
there is no relative movement between it and the 
nut. Consequently, the Work head Stands still 
While the Work continues to rotate being driven by 
the worn 4 and the Worn wheel 42 operated 
by the Shaft 4. Likewise, the hob remains in 
continuous rotation. Since the drive thereto has 
not been interrupted at the clutch 5. 
The relay iA is a part of the adjustable tinner 

$ which has been set to provide a predetermined 
'dwell' before the relay TA is effective to oper. 
ate its movable contact, TA-. After this 'dwell' 
has elapsed the TA- contact Will be in oved open 
ing the circuit to the relay C, and the coolant, 
Solenoid CS thus deemergizing these relays. De 
energization of the C1, relay closes its contacts 
CL- thereby energizing the solenoid is for 
operating the valve 96 to supply air under pres 
Sure to the operating cylinder for the clutch a 5 
thus disengaging the latter. Therefore, the ro 
t3tion of the Work and hob are terminated. The 
deenergization of the CL relay also closes its Ci-2 
contacts thereby energizing the relay TR, which 
operates a short time later to open the TR- coin. 
tact. With consequent deenergization of the FC 
relay. The deemergization of the FC relay opens 
its contacts FC-i, thus deemergizing the TA and 
BR relayS. Deenergization of the BR relay opens 
the contactS BR-3 and 3R- and closes the cory. 
tacts BR- and BR-2 so that the brake 3i is 
again applied to the worm shaft, f 82 connected 
With the rapid traverse motor. Deenergization of 
the FC relay also closes its FC-3 contacts thus 
energizing the AS irelay and the latter therefore 
closes its AS- and AS-3 contacts to energize the 
solenoid 282. The solenoid 282 therefore operates 
the valve 23 supplying air pressure to the chuck 
and tail stock nechanism for releasing the work. 
The operator then emoves the work and again 

preSSes the strat, button thus closing the circuit 
to the IDN relay through the contact 34b and the 
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FC-2 contacts as previously described. The 
FC-2 contacts insure that the DN relay cannot 
be energized by means of the start button until 
after the time interval provided by the TR relay 
to insure that the clutch has had time to Com 
pletely release before the rapid traverse motor 
is energized through operation of the DN relay. 
When the DN relay has been energized as de 
scribed, the work head moves rapidly back to its 
starting position as previously described, the cycle 
being completed and reinitiated in the Same 
manner as before. 

Conyentional or “normal’ hobbing Uith auto 
matic return.-Automatic Operation 

When it is desired to have the work head re 
turned to its initial or starting position after ter 
mination of the hobbing operation without again. 
actuating the start button 4 f, the automatic re 
turn switch 4, 5 on the cabinet 393 of the unit 
is set, at its “ol’ position. This moves the nov 
able contact 45a of the Switch 45 into circuit 
opening position and contact 45b into circuit 
closing position, the circuit otherwise remaining 
as illustrated in Fig. 25. The operation of the 
unit, is started as before by depressing the start 
button 4 i, the operation continuing as above 
described until the work head reaches its upper 
most position at which time the Switch 434 is 
howed to open the circuit through its contacts 

A34a and close the circuit through its contact 
i;346. The workpiece is, however, not released 
from the chuck and the tail Stock mechanisms 
at this time since the DN-2 contacts are now Op 
erative in the AS relay circuit. Hence, as Soon 
as the FC relay is deenergized by opening of the 
circuit through the TR- contact, a circuit is in 
in ediately closed through the DR-1 contacts, wire 
632, contact 415b of the automatic return Switch, 
wire 5G, contact 44 b of the hobbing Selector 
switch, contact 434b of switch 43, contact 44d 
of the hobbing selector switch and the now closed 
contacts FC-2 and the coil of the DN relay to 
the Wire 473. This energizes the DN relay So that 
the contacts DN-2 are opened substantially Si 
multaneously with the closing of the contacts 
SC-3 in the circuit for the AS relay. Hence, the 
circuit, to the AS relay is not closed for any ap 
preciable length of time with the result that the 
valve 28 is not operated to supply air pressure 
for releasing the chuck and tail Stock mecha 
Inisms. 
The energization of the IDN relay closes its con 

tacts DN-3, DN-4, and DN-5 so that the work 
head is rapidly traversed back to its original posi 
tion without the necessity of again operating the 
start button. When the Work head reaches its 
starting position, the switch 434 is actuated by 
the projection 28 moving the contacts 434a and 
is 32b to their positions illustrated in Fig. 25. This 
teenergizes the DN relay thus deemergizing the 
rapid traverse notor f G0 and closing the DN-2 
contacts thereby completing the circuit for el 
ergizing the AS relay. The latter now closes its 
AS- and AS-2 contacts operating the Solenoid 
283 which in turn actuates its Valve 28 for Sup 
plying air pressure to the chuck and tail Stock 
so that the workpiece is released. A new work 
piece may be placed in the unit and the cycle 
started by again pressing the Start button. 
The provision of the contacts FC-2 in the cir 

cuit of the relay DN insures that the rapid 
traverse downwardly of the work head cannot oc 
cur until after sufficient time has elapsed to ef 
fect complete disengagement of the clutch. This 
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time interval being provided, as above described, 
by the TR, relay, the contact, TR- of which con 
trols the FC relay preventing the closing of the 
FC-2 contacts until a few seconds after the CL 
l'elay has been deenergized. 

It Will be observed that in this iode of opera 
tion the Work head moves downwardly at the 
lapid traverse rate with the work retained in 
chucked relationship and is therefore carried back 
through the hob until the latter is innoved rear 
Wardly by the action of the can slot 283 upon 
the can roller 266. 

Conventional or “normal’ hobbing with “clean 
lip' and automatic return.-Autonotic Operatio 
A 'dwell' may be provided in the work head 

In ovement at the end of the cutting operation 
ffect 'clean-up' in conjunction with auto 

i}iatic reful' by Setting both the automatic return 
SWitch is and the feed control switch 4:8 to 
their 'on' positions prior to starting of the cycle. 
The Operation is then the same as described for 
"norinai' automatic operation with “clean-up' 
except that instead of operating the start but 
toil i to 'eturn the work head at, the end of 
the 'clean-up' operation this return is attornati 
cally effected as just described. As previotasiy 
noted, this automatic return cannot begin until 
the C- contacts are closed and these contacts 
cannot be closed until after the “clean-up period 
has elapsed. This results from the fact, that, the 
It- contact, which controls the FC alsy, is 
operated by the TR relay and the latter is con 
trolled by the CL-2 contacts operated by the CL 
relay, the CT, relay in turn being contro: led by 
tile contact TA- of the adjustable ficer. 
Corventional or “normal’ hobbing-Rigatai op 

eration 

in initially setting up the machine it, is is 
quently desirable to operate a hobbing init; with 
Olt, rotation of the turret. This Inay is leadily 
effected in the present machine by depressing the 
start buttons 385 and 38 for energizing the cl: , 
motor 59 and the coolant pump motor it as pie 
viously described. The operator next momen 
tarily depresses the stop button i 2 thus ener 
32ing relay DR causing the latter to close its C 
mally Open contacts DR-i, DR-2 and DR-3. Clos. 
ing of the contacts DR- provides a holding cir. 
cuit for relay DR, while closing of the contacts 
DR-3 closes the circuit for energizing the AS re 
lay. Energization of the AS relay causes the lat 
tet to close its contacts AS-; and AS- thereby 
energizing the solenoid 232 Operating the valvo 
28 for applying air pressure to the chick and 
tail stock mechanisms in a direction for releas 
iing the chuck and retracting the tail center. e 
Operator then inserts a workpiece between the 
ghuck and tail center and moves the toggle switch 
i8 to its "Man.” (manual) position and also 

positions the coolant switch knob iii) to its 'on' 
position. Operation of the toggle switch : 3 
moves the contacts 4:2a and 4:30 of the atter 
into circuit closing and circuit Opening positig:25; 
respectively. The circuit for the AS relay is, now 
O; en at the contact 4 3B deenergizing this relay 
&nd thus causing the AS-i, AS-2 CC12t2Cts to 
9pen With consequent deenergization of SOiCilioid 
882 and reversal of the position of the valve 38: 
Therefore, the chuck and tail center mechanisis 
e now operated by air pressure into work grip 

ping positions. t 

The Operator next presses the start ution f : 
for the hobbing unit. The switch i? 0, which is 
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operated by rotation of the turret, is now by 
passed by the contact 3d so that operation of 
the unit is initiated without rotation of the turret. 
That is to say, operation of the start Switch 4ff 
energizes the FR relay, as before, closing the con 
tacts of the latter which now provide a circuit for 
relay ER froin the wire 584 through the contacts 
FR-S, wire 338, contact, 33a of the Switch 3, 
wire 489 and through the coil of the relay ER to 
the Wire 38. Energization of the relay ER ini 
tiates the rapid traverse movement of the work 
head to bring the Workpiece into hobbing position 
as previously described under the heading of 
'Coinventional or 'normal hobbing.-Automatic 
operation.' Likewise, the Workpiece is hobbed 
and the work head is stopped at its uppermost 
position as previously described, the movement 
of the Work head and the hobbing of the Work 
piece being under control of the FR relay, ener. 
gization of which is terminated when the Work 
head reaches its uppermost position by nove 
ment of the contact 454d of the work head actu 
&ted SWitch 35 to circuit opening position. 

ihis actuation of Switch 434 breaks the circuit 
for the SR, relay causing the latter to open its 
contacts FR- thereby deenergizing the ER, relay 
With constan, deemergization of the CL, relay, 
Which controls the clutch 5, as previously de 
scribed. The workpiece is not, however, released 
When the Work head has reached its uppermost 
position as before since the circuit for energizing 
the AS relay has been opened at the contact 3b 
of the Switch 43. In order to release the Work 
piece it is now necessary to move the switch 3 
back to its “Auto,” (automatic) position thereby 
ciosing the circuit through the contact A38 to 
the AS relay, energizing the latter and causing 
release of the workpiece as previously described. 
he work head is then returned to its initial posi 

tion by again operating the start button 3: , the 
operatioi of the apparatus in this part of the 
cycle being the same as that described before. 
The automatic "clean-up' feature may be en 

ployed With manual operation by setting the feed 
control switch is a 6 to its “on' position, “clean-up' 
operation then being the same as described above 
for 23 tonnatic operation with “clean-up.' 

fi the circuit has also been set for automatic 
return by noving the switch 45 to its “on' po 
Sition and the operator has also set the Switch 
$ 3 for manual operation, the work head will 
autoignatically return to its starting position aft 
er the hobbing has been completed, the work 
piece being carried back through the hob since 
the circuit for operating the AS relay to effect; 
release of the Work is opened at the contact 43b. 

“Climb' hobbing.-Automatic Operation 
The improved hobbing machine of this inven 

tion is also capable of being operated for hobbing 
in accordance with the 'climb' method by set 
ting the hob selector switch 44 to its “climb' 
position, and by interposing an idler gear in the 
feed train comprising the gears 43, 44, 4 and 
A 63 to change the direction of rotation of the 
worn 32, the worm wheel 53 and the feed nut 
E54. Setting of the hob selector switch 44 
for “climb' hobbing moves the contacts 4.4a, 
É. Ab, lic, A 4d, 44e and 44f from their posi 
tions as shown in Fig. 25 and into engagement 
with the stationary contacts 50 , 592, 503, 504, 
565 and 56, respectively. Assuming that the 
operation is to be effected automatically and 
Without "clean-up' or automatic return, the 
SWitch 43 is set to its "Auto.' position and 
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switches 415 and 46 are set to their "off’ posi 
tions. 

Operation of the hobbing machine is now 
started as before by depressing the start buttons 
383,385 and 38, thus energizing the rotation Imo 
tor 35, cut motor 59 and the coolant purp notor 
43. As the turret begins its rotation the Op 
erator also operates the coolant switch knob & 8 
to its “on' position and presses the hob unit 
start, button 4. i. Operation of the start Switch 
& now closes a circuit from the Wire 36 through 
the contacts $36b, 379, is 2a, wire is 85, contact 
4: a, wire 399, Wire 50, contact is tib, contact 
SG2, wire 587, contact 43áa, contact ific, contact 
303, and through the FC-2 contacts and the coil 
of the DN relay to the wire 58. The N relay 
is therefore energized closing its contacts iN-, 
DN-3, DN-4 and DN-5 and opening its contacts 
DN-2. Closing of the contacts N-S provides a 
holding circuit for the DN relay about the start 
Switch, while closing of the contacts DN-3, N 
and DN-5 energize the rapid traverse motor 63, 
the direction of the current this supplied to the 
inotor being reversed at the contacts 55, & fie 
and 588, 4.4f so that the motor is energized to 
rotate in a direction which noves the Work head 
upwardly. Current is also supplied through the 
normally closed contacts BR-, BR-3 to the SO 
lenoid for brake 6, releasing the latter. 
The Work head therefore rapidly traVeises to 

its upper nost position and during this motion 
the can 325, carried by the Work head, operates 
the SWitch 32 to move its lower contact 33b 
into circuit closing position and to open the cir 
cuit through the upper contact A32C. In the 
latter portion of this movement of the work head, 
the can slot 265 allows the hob head to “in-feed.' 
out no hobbing is effected at this time Since ho 
workpiece has as yet been placed in the inachine. 
At the top of the travel of the work head the 
projection A39 thereon operates the switch 33A 
opening the circuit through the contact 34a and 
moving the contact A34b into circuit closing posi 
tion. Opening of the circuit through the coin 
tact 34 a deenergizes the DN relay with con 
Sequent Stopping of the rapid travelise motor 6 
and re-application of the brake 6. The pro 
jection 29 is So positioned that this action 
occurs after the work head has been elevated 
high enough so that a Workpiece positioned there 
in Will clear the 'in-feed' but before the cain 
roller 266 Solidly abuts the lower end of the car 
Slot. 
The operator now monentarily depresses the 

Stop button (2 thereby closing a circuit through 
its contact 2b from the Wire 48 to the Wire 
i8 i and through the wires 482 and 383 to ener. 
gize the DR relay thus closing the contacts DF 
R-2 and DR-3 of the latter. Closing the coin 

tacts R- provides a holding circuit for the 
DR relay while closing of the DR-3 contacts close 
3. Circuit for energizing the AS relay. Energiza 
tion of the AS relay closes the contacts AS 
and AS-2 energizing the Solenoid 233 thus caus. 
ing the valve 28 to supply air pressure to the 
chuck and tail stock mechanisms moving these 
mechanisins to disengaging positions. A Work 
piece is now inserted between the chuck and tail 
center and the start button 4 is again ringine 
tarily actuated. Actuation of the start button 
4 i now closes a circuit through its contact 4 ia, 
wire 486, contact 4 &c., contact 5) , contact, 834 b, 
contact 4 did, contact 504, wire 588 and wire (38. 
to and through the FR relay to the Wire f3. 
tience, the FR relay is energized causing it to 
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close its contacts FR-S, FR-2, FR-3 and Open 
its contacts FR-4 and FR-5. Closing of the 
contacts FR- and FR-2 provide a holding circuit 
for the relay FR, while opening of the contacts 
FR-4 opens the circuit to the relay AS. This 
opens the AS- and AS-2 contacts thereby open 
ing the circuit to the solenoid 282 so that the air 
valve 28i is operated to supply air pressure to 
the tail stock and chuck mechanisms to effect 
gripping of the workpiece. 
As the turret rotates, due to the operation of 

the motor 35, the stationary cam 42 at the top 
of the machine operates the Switch 8 of the 
unit to momentarily close the contact 48a. 
This energizes the ER relay through the contacts 
FR-, DR-2, 48a and wire 489. Energization 
of the ER, relay closes its contacts ER-, ER-2 
and ER-3 and opens its contacts ER-A. Closing 
of the contacts ER- provides a holding circuit 
for the ER relay about the contact 48d. So that 
when the switch 48 has moved past the Star 
tionary can the opening of the contact S Will 
not cause the relay ER to be deenergized. Since 
the switch 432 has been moved to bring its Con 
tact, 432 b into circuit losing position during the 
movement of the work head to its uppermost 
position, closing of the contacts ER-2 now pro 
vides a circuit from the wire 684 through Con 
tacts 372d, contacts ER-2, wire 480, contact 
TA-, contact 432b, and wire 498 for energizing 
the CL relay. A parallel circuit is also provided 
through the contact at 9a to energize the CS 
solenoid. Consequently, the clutch 5 is engaged 
and cooiant is supplied to the hobbing unit in 
the same manner as previously described for 
“nonal' hobbing. Energization of the CL, relay 
has also opened the CI-2 contacts So that the 
FC relay is now energized through the contacts 
372a, ER-2, ER-3, wire 496 and the TR-1 con 
tact. 
contacts FC- and opens its contacts FC-2 and 
FC-3. 
The work head begins noving downwardly at 

the feeding late and the hob and work Spindles 
are rotated. Since the hob head is now at its 
“in-fed' position, hobbing begins and continues 
as the work head noves down Wardly until the 
can 426 causes the Switch 432 to nove its Con 
tacts A32d, and 333b back to the position shown 
in Fig. 25. This deenergizes the CL relay with 
consequent disengagement of the clutch 75 and 
closing of the coolant Supply valve 298. De 
energization of the CL, relay by movement, of 
switch 432, has also closed the contacts CL-2 
thereby energizing the TR, relay, and hence the 
jatter operates its TR-8 contact a short time 
thereafter to break the circuit to the FC relay. 
The TR- contact is held open by the continued 
energization of the TR relay through the con 
tacts ER-2, ER-3 and C-2 so that the circuit 
for the FC relay is held open. The deemergiza 
tion of the FC irelay opens its contacts FC- and 
closes its contacts FC-2 and FC-3. Closing of 
the FC-3 contacts does not, however, energize the 
AS relay since the SR-4 contacts are still held 
open by the continued energization of the FR 
relay. Consequently, the work is held by the 
chuck and tail center While the Work head rapid 
traverses downwardly to itS starting position. 
This latter operation is effected by closing of the 
circuit for the RU relay through the cointacts 
3:2a, ER-2, wire A30, contact TA-, and contacts 
432d of switch 432. Energization of the RU relay 
closes its contacts RU-, RU-2 and RU-3 for 
supplying current to the motor 60 and the sole 

Energization of the FC relay closes its 
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noid of brake 67, the direction of current Sup 
plied to the motor being reversed by the contacts 
44e and 4 4f of the hobbing selector SWitch 44 
so that the motor 60 is energized for rotation 
in the direction which moves the Work head 
downwardly. It will be understood that the posi 
tion and shape of the cam plate are Such that 
the can roller 266 rides in the narrow portion 
of the cam slot 265 during this portion of the 
work head movement so that the hob is retracted 
from engagement with the workpiece and there 
fore the hob clears any projections on the Work 
piece adjacent the portion thereof which has 
just been hobbed. 
When the Work head reaches its lowermost or 

initial position the projection 428 operates the 
switch 434 back to its position as shown in Fig. 25 
thus opening the circuit through the contact 
A34b deemergizing the FR relay. The deener 
gization of the relay FR opens its contacts FR-?, 
FR-2, FR-3 and closes its contacts FR-4 and 
FR-5. The opening of the contactS FR-A de 
energizes the relay ER, which in turn OpenS its 
contacts ER-, ER-2 and ER-S thereby deeher 
gizing the relay RU and the holding circuit for 
the relay ER. Deenergization of relay RU opens 
the circuit to the rapid traverse motor 66 and 
to the brake 67, causing the latter to reengage 
the Worm shaft f62. The deemergization of the 
relay FR completes a circuit for energizing the 
AS relay through the FR-4, FC-3, and DR-3 con 
tacts. Therefore, the AS- and AS-2 contacts 
are opened, deenergizing the Solenoid 232 and 
thereby effecting release of the chuck and tail 
Stock mechanisms, as previously described, SO 
that the workpiece may be rein oved. 
The contacts FC-2, which are now closed, pre 

pare the circuit for a new operation. Therefore, 
When the start button 4 is actuated to start the 
new cycle, the work head now moves upwardly 
with its chuck and tail center in released posi 
tions. After the work head reaches its upper po 
sition, a new workpiece is positioned and the start 
button again actuated. This causes the Work 
piece to be gripped and the work head to begin its 
feeding movement downwardly as previously de 
scribed. As in the case of "normal' hobbing, it is 
necessary to actuate the stop button. A 2 to ope1'- 
ate the chuck and tail center Inechanisms only 
when initially starting the machine, Since the 
relay DR remains energized throughout the nor 
nal Operation of the machine. 
As mentioned under “noria' hobbing, the 

Switch 372 is controlled by the extremes of axial 
movement of the hob Spindle in order to in 
dicate When the hob should be replaced or re 
ground and also to prevent further use of the 
unit until the Spindle has been retracted to its 
initial position after it has reached its extreme 
forward position. In the event the hob has aid 
vanced to its extreme forward position, thereby 
actuating the Switch 32 to open the contacts 
32d and to close the contacts 32b thereof, dul 
ing a cycle of operation, the cycle is not inter 
rupted but will continue to completion. This is 
due to the fact that the contacts FC-i are closed 
While the CL relay is energized for effecting en 
gagement of the clutch 5, and these contacts 
FC- provide a circuit from the Wire 484 through 
the contacts ER-3 to the wire 49B thus bridging 
the contacts 32d. Since the hob is Shifted only 
When the clutch is engaged, this means that open 
ing of the contacts 322d after the hob has started 
upon a hobbing operation, will not interrupt this 
operation which will continue to completion. 
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Moreover, if the hob be in operation when the 
Switch 372 is operated, the ER-4 contacts will 
be open so that the light L will not be illuminated 
by closing of the contacts 32b. However when 
the work head is returned to its initial or lower 
position, the ER, relay is deemergized by opera 
tion of Switch 434. This closes the ER-4 con 
tacts and hence the light I, Will be illuminated if 
the contacts 32b have been closed by the shift 
ing of the hob spindle to its extreme forward po 
Sition. Nevertheless, the work head may be re 
turned to its upper position by again actuating the 
Start button even though the Switch 32 has 
been operated to Open its contacts 32d and close 
its contacts 32b. A new hobbing operation can 
not be started however, Since the open condition 
of the contacts 320 will now prevent a new en 
ergization of the CL, relay. Returning of the 
hob Spindle to its extreme retracted position will 
again close the contacts 372d. and open the con 
tacts 32b, thus preparing the unit for a new cycle 
of Operation and extinguishing the light L. 

“Climb' hobbing with feed “clean-up.’-Auto 
matic Operation 

Automatic feed “clean-up' is not possible with 
a rachine having a control circuit as illustrated 
in Fig. 25 when “clinib' hobbing is used. This is 
due to the fact that when the hobbing has been 
completed by the work head moving to the point, 
a, which the Switch 432 is operated back to its 
initial position illustrated in Fig. 25, the circuit 
for the CL l'elay is opened by this switch. Hence, 
the timer A, which includes the TA relay and 
the A- contact, cannot maintain a circuit for 
the CT, relay which controls the clutch 5. 

“Ölimb' hobbing with automatic return.-Auto 
natic Operation 

ASSuiring that the DR, relay has been pre 
viously energized and that the hobbing selector 
switch 4 has been set for "climb' hobbing, an 
actuation of the automatic return Switch 45 to 
its “on' position immediately closes a circuit 
from the Wire 8 through the contacts DR-, 3 
Wire A32, contact 45b, wire 500, contacts 46b 
and 582, wire 5, contact 434a, contacts 44c and 
583, contacts FC-2 and through the IDN relay to 
the wire 4:3. This energizes the DN relay clos 
ing its contacts DN-, DN-3, DN-4, and DN-5. 
Closing the contacts DN- provides a holding cir 
cuit for the relay DN, while closing of the con 
tacts DN-3, DN-4 and DN-5 energizes the rapid 
traverse notor .69 in a direction to elevate the 
work head since the Contacts 44e and 44f are 
in engagement with the contacts 505 and 506, 
respectively, the brake 6 being released by cur 
rent Supplied through the normally closed con 
tacts BR-, SR-2. The energization of the DN 
relay also opened its contacts. DN-2 which have 
been placed in the circuit of the AS relay by the 
movement of the contact 4 f5d to its “on' posi 
ion when the Switch 4 f5 was initially positioned. 
Hence, the AS relay is not energized so that the 
chuck and taili center are in work engaging posi 
tions while the work head rapid traverses to its 
upper position. 
When the Work head reaches its uppermost 

position the projection 429 actuates the SWitch 
i3 is, breaking the circuit through the contact 
A33d and closing the circuit through the con 
tact, 434b. This deenergizes the relay DN which 
opens its contacts DN-, DN-3, DN-4 and DN-5 
thus stopping the rapid traverse motor and reap 
plying the brake. The deemergization of the DN 

5 

0 

30 

3 5 

40 

5) 

5 

60 

65 

70 

75 

46 
relay also closes the DN-2 contacts thus complet 
ing the circuit therethrough to the AS relay 
Since the DR-3 contacts are held closed by the 
DR-4 relay. The resulting energization of the 
AS relay closes the contacts AS- and AS-2 
thus energizing the relay 282 effecting release of 
the Work gripping means as previously described. 
During the upward movement of the Work head, 
the can 326 thereon has reversed the position 
of the switch 432 moving its lower contact $32b 
into circuit closing position and opening the cir 
cuit through the contact 432d, thus preparing 
circuits for effecting the hobbing operation. 
Also, the cam plate 259 has controlled the move 
ment of the hob head so that the hob moves 
to its “in-fed’ position. 
The operator now inserts a workpiece between 

the chuck and tail center and presses the start 
button k . This closes a circuit through the 
contact 3 id of the start switch as above de 
Scribed under the heading of ''Climb' hobbing 
Automatic operation.' Consequently, the FR 
relay is now energized, opening its contacts 
FR-4 and thereby deemergizing the AS relay 
and the Solenoid 282 So that the chuck and tail 
center are actuated to work gripping positions. 
Also, the ER, relay is energized, as before, so 
that the clutch T5 is engaged with the result 
that the Work head is moved downwardly at a 
feeding rate With simultaneous rotation of the 
Workpiece and hob. Hence, the work is hobbed, 
coolant or cutting fluid being supplied thereto 
during the hobbing. 
When the Work head has moved downwardly 

the predetermined distance for which the can 
426 is set, the latter actuates the switch 32 
back to the position illustrated in Fig. 25 thus 
deenergizing the CI. relay and thereby effecting 
disengagement of the clutch 5 so that the feed 
of the Work head and rotation of the hob and 
Workpiece are terminated. The supply of coolant 
is also terminated by opening of the circuit 
through the Solenoid CS, all as above described. 
The actuation of Switch 432 has also energized 
the RU relay So that the work head is now noved 
at the rapid traverse rate the remaining dis 
tance back to its original starting position, the 
hob head being retracted by the cam slot 265, 
as previously described. When the starting 
position is reached, the projection 428 reversed 
the Switch 434. This results in deenergization 
of relays FR, ER, and RU thus terminating the 
rapid traverse movement of the work head in 
the downward direction. The movement of the 
SWitch 434 at this time causes the contact, 43.4c. 
to again close the circuit for the DN relay 
through the contact 4 f5a of the automatic return 
Switch. So that the work head immediately is 
rapid traversed upwardly again, carrying with 
it the workpiece firmly gripped by the chuck 
a.ind tail stock since the DN-2 contacts are 
Opened Substantially simultaneously With the 
closing of the FR-4 and FC-3 contacts so that 
the circuit to the AS relay is not completed at 
this time. However, when the work head again 
reaches its uppermost position and is stopped by 
the projection 429 moving the switch i3 is to 
break the circuit to the DN relay, closing of the 
contacts iN-2 of the latter now closes a circuit 
for energizing the AS relay with consequent re 
lease of the WOrkpiece. Hence, the hobbed Work 
piece may be removed and a new Workpiece in 
serted, the cycle being repeated by simply de 
pressing the start button 4 . 
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“Climb' hobbing-lactatoll Operation 
When it is desired to employ the hobbing ma 

chine for "ciimb' hobbing but without rotation 
of the turret, the operation is effected by initially 
actuating the start buttons 385 and 38 thereby 
energizing the cut motor 59 and the motor 44 for 
the coolant punp. With the hobbing Selector 
switch 44 set, for “climb' and the Switches 45 
and 5.6 set to their “off’ positions, the operator 
presses the start button & . The operation Will 
then be the same as that described for "climb' 
nobiing, automatic operation since the DN relay 
is energized through the Start SWitch contact 
is a thus causing the work head to rapid traverse 
to its uppermost position. Since the manual 
Switch is 3 has not yet been set to itS manual pO 
sition, a circuit is provided through the contacts 
R-, contact 4:35, 4.5a, FR-4, FC-3 and DR-3 

for energizing the AS relay. Therefore, the AS 
relay is einergized so that its AS-, AS-2 Con 
tacts are closed energizing the Solenoid 282 and 
thereiby operating the valve 28 to release the 
chuck and tail center. A Workpiece is now in 
serted and the chuck and tail center are operated 
to work gripping positions by moving the SWitch 
E3 to its manual position. This breaks the ener 
gizing circuit for the AS relay at the contact 4:3b 
With the result that the Solenoid 282 is deener 
gized so that valve 28i now drops back to the 
position in which air pressure is Supplied to the 
cinuck and tail stock mechanisms for gripping the 
work. 
The operator then presses the start button 4. 

This completes a circuit through Wii'es 483, 
contacts 4 ia, 50l., 434b, 6 4d, 504, wire 508, Wire 
is and the coil of the FR relay to the Wire 48. 
Thus the FR relay is energized which in turn 
energizes the ER, relay, the rotation controlled 
switch is 8a being bypassed by the contact 3d 
of the manual switch. The energization of the 
ER, relay closes the circuit through the SWitch 
(332 for the C, relay as has previously been de 
scribed in detail. The work head therefore noveS 
downwardly and a hobbing operation is per 
formed upon the workpiece, as before, until the 
can 626 actuates the switch 32 to deenergize 
the clutch relay CL and energize the RU relay 
thuis disengaging the ciutch and energizing the 
motor S) to move the work head down Wardly at 
rapid traverse rate. When the 
reaches its lowermost position, the projection 
4:23 operates the switch 434 to the position as 
illustrated in Fig. 25 thus deemergizing the cir 
cuits for the ER, ER, and RU relays. Hence, the 
traverse movement, downwardly is terminated. 
The AS relay is not energized due to the closing 
of the FR-A contacts, however, since the circuit 
is open at the contact 43b. Hence, in order 
to remove the workpiece at this time it is neceS 
sary to restore the switch 43 to its automatic 
position. The Work head is returned to its upper 
laost position by again operating the Stop button 
A . 

If the SWitch 45 be set for automatic return 
When the Switch 3 has been Set for inaual op 
eration the Work head upon reaching itS OWei 
most position Will in Inediately be rapid trav 
ersed upwardly without the necessity of manu 
aily actuating the start button 4. The Work 
piece Will be carried back up through the hob 
due to the fact that the circuit to the AS relay 
is open at the contact 4.35 of the switch 443, 
the can plate 259 controlling movement of the 
hob head as previously described. When the 
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work head has returned to its uppermost posi 
tion, the workpiece may be released by moving 
the switch 43 to its autoimatic position thus COm 
pleting a circuit for energization of the AS relay 
With consequent release of the Workpiece. 

Summary 

It will now be apparent, from the foregoing 
description of the present preferred eir bodiment 
of the invention that a new and improved hob 
ping machine has been provided in which the 
hob head is automatically moved towards and 
away from the work head in timed relationship 
with the relative vertical movementS between 
these heads so that gear teeth, Splines, or other 
machining operations may be performed upon a 
Selected portion of a can shaft or other WOrk 
piece which has outwardly extending pi'Ojections 
On one or both sides of the Selected portion. The 
mechanism for accomplishing this resuit is 
sinple in construction yet accurate in Operation 
and may either be provided as an attachinent 
upon existing machines or incorporated in neW 
machines during the Construction of the latter. 
IVioreover, the “in-feed' mechanism. Kay be en 
ployed with either a single spindle machine or 
with various types of multiple Spindle machines. 
Furthermore, the incorporation of the novel 
"in-feed' mechanism in a nultiple Spindle, tur 
ret-type machine, of the type illustrated and 
described, provides a plurality of Operational 
units which are automatically operated to effect 
accurate hobbing or similar machine operations 
in accordaince With either the 'Orna.' Ol' 
'climb' principles and upon those portions of 
Workpieces Which could not be SO Operated upon 
by prior automatic machines, the in proved ina 
cine being provided with ineans to gradually 
axially shift the hop or other tool of each opera 
tional unit to compensate for Weal' aid auto 
natic Controls being provided SO that the Op 
erator is required Only to load and unload the 
Work and manipulate a relatively few electrical 
SWitches. 
The illustrated embodiment of the invention 

is particularly useful for cutting helical geai's Ol' 
the like upon portions of can ShaftS or Similar 
Workpieces, which portions are relatively inac 
cessible due to the presence of outwardly pro 
jecting can lobes or the like which the nob or 
other tool must not contact. The present ina 
chine accurately effects the necessary inward 
and OutWard movements of the hob or other too 
when operating upon Such Workpieces by posi 

; fively controlling such movements of the hop in 
accordance With the relative vertical ovement 
between the latter and the Work Spindle which 
Supports the Workpiece. In the event a worn 
gear is to be cut upon the Workpiece there is ino 
nally no relative vertical movemen, between the 
hob and the Workpiece. Nevertheless, the neces 
Sary in and Out movement of the hoo lay be 
effected by a mechanism substantially like that, 
which has been illustrated and described. This, 
the hob head is continuously urged towards the 
Work head by the fluid pressure acting in cylin 
der 249, or by equivalent means. Likewise, the 
hoo head is provided With a cain roller such 
as 266 for cooperation with a movable cam Sur 
face to control the noverent of the hop head. 
The configuration of this can surface will, how 
ever, differ from that illustrated for the can slot 
265 and will be such as to provide the desired 
rate of movement of the hob head. Also, the 
pinion 43 or one of the gears cooperating there 
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with (see Fig. 7) will be removed so that the 
Workhead is not vertically moved when the clutch 
75 is engaged to effect rotation of the hob and 
Work Spindles. Since the Work head does not 
now move during the hobbing operation, the cam 
Surface controlling the in and Out movement of 
the hob head is moved by suitable gearing (not 
shown) operatively connected with the shaft 8. 
While the invention has been illustrated and 

described as embodied in a machine for perform 
ing certain hobbing operations, it will be readily 
apparent that the invention is not limited there 
to but may be embodied in machine tools for 
performing other machining operations by the 
Substitution of Suitable tools and actuating mech 
anisms in place of the bobs and hob shifting 
mechanisms. These as Well as other modifica 
tions and adaptations, which may be made by 
those skilled in the art, are considered as en 
braced in the present invention. Hence, the in 
vention is not confined to the particular con 
struction illustrated and described but is limited 
only as required by the spirit, and scope of the 
appended claims. 

Having thus described my invention, I claim: 
1. A machine tool of the character described 

comprising a frare, a rotatable tool Spindle, a 
rotatable Work Spindle, means including vertical 
guideways on Said frame slidably Supporting said 
Work Spindie in a manner to permit movement of 
Said Work Spindie relative to said tool spindle in a 
Substantially vertical direction, means including 
Substantially horizontal guideways on said frame 
Slidably Supporting Said tool Spindle foi' move 
linent towards and away from said work spindle 
tranSVel'Sely of Said vertical movement, means 
including interconnected gearing for rotating said 
Spindles in timed relation to each other, means 
operatively connected between said frame and 
Said Work Spindle Supporting means for pro 
ducing Said relative vertical movement between 
Said Spindles, and Separate means for noving 
Said tool Spindle horizontally in timed relation 
Ship With respect to the said relative vertical 
movenient, the last-named means including a 
mechanical interconnection between movable por 
tions of the Supporting means for said spindles. 

2. The combination as defined in claim 1 and 
further comprising means to adjust the initial 
position of Said tool spindle towards or away 
from the Work Spindle transversely of said rela 
tive vertical movement. 

3. The combination as defined in claim 1 and 
in which Said last-named means includes means 
for maintaining the movable portion of said tool 
Spindle Supporting means at a predetermined 
location during a predetermined portion of said 
relative vertical movement between said work and 
tool Spindles. 

4. A machine tool of the character described 
Comprising a frame, a rotatable tool spindle, a 
rotatable Work spindle, means including guide 
Ways On Said frame extending at substantially 
right angles to each other for supporting said 
Spindles upon the frame in a manner to per 
mit movement of each of said spindles at Sub 
stantially right angles to each other, means in 
cluding a common power Source and intercon 
nected gearing for rotating said spindles in timed 
relation to each other, means connected with 
Said power Source for moving One of said spin 
dles along its guideways, means continuously urg 
ing the other Spindle for movement in one di 
rection along its guideways, and means carried 
by the Supporting means of Said work spindle 
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and cooperating with the supporting means for 
Said tool spindle to control the movement of 
Said other Spindie in Said one direction and to 
move the Said other Spindle in the opposite 
direction along its guideways in timed relation 
ship with the movement of the said one spindle. 

5. The combination as defined in claim 4 and 
in which the Said means for controlling move 
ment of Said other spindle includes a can Surface 
mounted upon. One of Said Supporting means 
and cooperating with a cann follower carried by 
the other of Said Supporting means. 

6. A machine tool of the character described 
comprising a frame, a rotatable tool Spindle, a 
rotatable Work Spindle, means including guide 
ways on Said frame extending at Substantially 
right angles to each other for supporting said 
spindles upon said frame in a manner to per 
nit movement of one of Said Spindies relative to 
the other in a vertical direction and horizontal 
movement of the other of Said Spindles, means 
including a common power Source and intercon 
nected gearing for rotating Said spindles in timed 
relation to each other, means connectible with 
said power Source for producing vertical move 
ment of one of said spindles, fluid pressure means 
continuously urging the other spindle for hori 
Zontal movement in one direction transversely 
of the said one spindle, and interengaging means 
carried by the supporting means for the spin 
diles to control the movement of the said other 
spindle in response to the action of the fluid 
pressure means and to horizontally move Said 
other spindle in the reverse direction in opposi 
tion to the action of the fluid pressure means in 
timed relationship with respect to the Said ver 
tical movement between the Spindles. 

7. The combination as defined in claim 6 and 
further comprising means to adjust the initial 
position of said other spindle horizontally towards 
or away from said One spindle. 

8. The combination as defined in claim 6 and in 
which the interengaging means includes a cam 
surface mounted upon one of Said spindle Sup 
porting means for cooperation with a cam foll 
lower carried by the other of said spindle Support 
ing ineans. 

9. The combination as defined in claim 8 and in 
which said cam means is provided with a dwell 
Such that a tool on said tool Spindle engages a 
workpiece carried by said Work Spindle during a 
predetermined portion of said vertical movement. 

10. A machine tool of the character described 
comprising a frame, a rotatable tool spindle and 
a rotatable work spindle independently supported 
upon said frame in a manner to permit move 
ment of one of said spindles relative to the other 
in a vertical direction and horizontal movement 
of the tool spindle towards and away from said 
work Spindle, means carried by said work spindle 
for supporting a workpiece thereon, selectively 
operable means for rotating the said spindles in 
timed relationship to each other and for moving 
one of the spindles relative to the other in a ver 
tical direction at a relatively slow rate in timed 
relationship to the rotation of said spindles, selec 
tively operative means for moving the said one 
of the spindles at a relatively rapid rate without 
rotation of the Spindles, means to initiate opera 
tion of Said means for producing vertical move 
ment of said one spindle at said relatively rapid 
rate, means actuated by the vertical movement 
of said one Spindle to automatically terminate the 
operation of said means for producing relatively 
rapid vertical movement and to initiate operation 
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of said means for rotating the said spindles and 
for moving the said one Spindle vertically at the 
relatively slow rate, and means for moving said 
tool spindle horizontally towards and away from 
Said work spindle in timed relationship with the 
vertical movement of Said one spindle, the last 
mentioned means including a mechanical inter 
connection between the supports for said Spindles 
to control Said horizontal movement in timed 
relationship with the vertical movement, whereby 
a tool on said tool spindle automatically effects 
a machining Operation upon a Workpiece Sup 
ported upon said work spindle. 

1. A machine tool of the character described 
comprising a frame, a rotatable tool spindle and 
a rotatable Work spindle independently supported 
upon said frame in a manner to permit movement 
of one of said spindles relative to the other in a 
vertical direction and horizontal movement of 
the tool spindle towards and away from Said work 
Spindle, means carried by said work Spindle for 
Supporting a Workpiece thereon, selectively op 
erable means for rotating the said spindles in 
timed relationship to each other and for moving 
One of the Spindles relative to the other in a ver 
tical direction at a relatively slow rate in timed 
relationship to the rotation of said Spindies, selec 
tively Operative means for moving the said one of 
the Spindles at a relatively rapid rate without 
rotation of the Spindles, means to initiate opera 
tion of said ineans for producing vertical move 
ment of said one spindle at said relatively rapid 
Tate, means actuated by the vertical movement 
of said one spindle to automatically terminate 
the operation of said means for producing rela 
tively rapid vertical movement and to initiate op 
elation of Said means for rotating the said spin 
diles and for moving the Said one spindie verti 
cally at the relatively slow rate, ineans continu 
Ously urging the tool Spindle for horizontal hove 
ment, in one direction relative to said work spindle, 
and Ileans carried by the Supporting means for 
the said work Spindle to control the horizontal 
In Ovennent of the tool Spindle in Said one direc 
tion and to innove the tool spindle in the opposite 
horizontal direction against the action of the con 
tinuously urging ineans in timed relationship with 
respect to the said vertical movement, whereby 
a tool on Said tool Spindle automatically effects a 
machining Operation upon a Workpiece supported 
upon Said work Spindle. 

i2. A machine tool of the character described 
comprising a frame, a rotatable tool spindle and 
a rotatable work spindle independently supported 
upon Said frame in a manner to permit move 
inent of One of Said Spindles relative to the other 
in a vertical direction and horizontal movement 
of the tool spindle towards and away from said 
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work spindle, means carried by said work spindle 
for Supporting a Workpiece thereon, Selectively 
operable means for rotating the Said Spindles in 
timed relationship to each other and for moving 
one of the Spindles relative to the other in a ver 
tical direction at a relatively slow rate in timed 
relationship to the rotation of Said spindles, selec 
tively operative means for moving the said one 
of the spindles at a relatively rapid rate without 
rotation of the Spindles, means to initiate Opera 
tion of said means for producing vertical move 
ment of said one spindle at said relatively rapid 
rate, means actuated by the vertical innovelinent of 
said one spindle to automatically terminate the 
operation of said means for producing relatively 
rapid vertical movement and to initiate opera 
tion of said means for rotating the Said Spindles 
and for moving the said one spindle vertically at 
the relatively slow rate, fluid pressure leans con 
tinuously urging the tool Spindle in a horizontal 
direction towards the Work Spindle, a can neans 
carried by the Supporting means for one of said 
spindles and cooperating with the Supporting 
means of the other of said spindles to control 
the horizontal movement of Said tooi Spindle to 
wards said work Spindle and to horizontally move 
the tool spindle a Way from said Work Spindle 
against the action of the fluid pressure means in 
timed relationship with ireSpect to said vertical 
movement between the spindles, whereby a too: 
On Said tool Spindle automatically eifectS a. ina 
chining operation upon a workpiece Supported 
upon Said Work Spindle. 

13. A combination as defined in clain 12 and in 
which the Said Cam means includes a diweil pO'- 
tion for maintaining a predetermined engage 
ment of a tool on the tool Spindle with a work 
piece carried by the Work Spindle during a pre 
determined portion of said relative vertical nove 
ment of the Spindles. 
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