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1

The present invention relates to hobbing ma-
chines and, more particularly, to hobbing ‘ma-
chines .of the axial feed. type .as distinguished
from tangential feed type hobbing machines.

In_ the operation of hebbing machines of the
axial feed type, it has heretofore been customary
‘to.periodically advance the hob, that.is;move the
hob.tangentially of the work.spindle. after s num-
ber of hlanks have: heen cut so.as to-bring a new
section of the hob .inte cutting  position.  This
Practice does not make full use.of the hob since,
in .order to.insure that an entirely new section
thereof is in. cutting pesition, it is necessary to
leave an unused portion between: the section that
has just:been used and the. next section.to be uti-
lized. These portions, intermediate:suceessive.get-
tings have performed no, or very little, cutting
.50 that the wear, etec., incident. to- the. cutting
operation heing performed: is not unifermly. dis-
tributed over the usable or effective length -of
the hob. More recently the hob. has been con-
tinuously advanced or moved tangentially of the
work during the eutting operation in such.a.man-
ner that the hob. is. advanced. an amount egual
to.its usable or effective length once during some
relatively .long period of time, such..as.a work
day, a half day, or the like. At the.end of each
period.the hob is replaced;.if necessary,.and. the
direction of advanee reversed.or the mechanism
returned ‘to is: original position. and the -cycle
repeated. ]

The: principal. object. of the present invention
:ds.the provision of a. nével and improved: hob-
-bing machine and hob head, of the .character
referred to, comprising means for effecting a; con-
tinuous. advance.of the hob tangentially of the
work, during, the cutting operation, whick-ineans
ingludes. novel mechanism for stopping the ma-
‘thine at the completion of the particular cut
or cycle -of -operations being performed gt ‘the
time the hob reaches -a-predetermined point in
its:advance tangentially of the work.

Another-object of the invention is: the-provision
-of & novel and:improved hobbing: machine and
‘hob- ‘head -as set forth in-the preceding object
-and wherein.the mechanism: for stopping the.ma-
chine; in response to.a predetermined tatigential
advance of the hob,.is-readily adjustable to-per-
mit. selection of the .extent. of -that .advance,

whereby:the machine and: mechanismiare readily

‘adapted:for use of hobs:of different length and/or
to work periods.of different.durations.

A further-object. of :the .invention is the pre-
vision.of a;novel and improved: hobbing machine

.-and hob: bead .a$ set forth in the two. preceding.
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objects ‘wherein the mechanisih responsive. to
tangential or-axial advanee of the hob is con-
veniently located adjacent the end of ‘the hob
head housing so that it is readily accessible Tor
servicing and adjustment, ‘

An ‘additienal object of the invention is the
provision of a novel ang improved hobbing ma-
chine:and hob head as set forth in any of the
Dreceding -objects, and wherein the mechanism
for stopping the machine .t the completion of
the predetermined advance of the hob includes
g, :signal for automatically indicating that the
predetermined point.in the tangential advance of
the hob has been reached.

The invention also. has ag an cbjéct. the pro-
vision of a,novel and improved hobibing machine
and hob head. as set forth in the preceding ob-
jects wherein the mechanisi responsive to tan-
gential or axial advance .of the hob ig relatively

‘economical to.manufacture, easy to iiistall and is

so-located in the maechine that it does ot require

‘inerease in the:size of the hob head adjacent. the

hob carried thereby.
The invention further resideg in certain con~

o structions. and combinations and. arrangements
.of parts and further objects and advantages will

be:-apparent. from the following description -of

ithe preferred embodiment, deseribed with refer-

ence to-the accompanying drawings, forming a
part; of this:specification, in which similar ref-
erence characters designate corrésponding parts,
and in which: ‘

Fig. 1 is.a. perspective view of g hobbing ma-
chine embodying the present. invention;

Fig. 2 is a sectional view, with portions in ele-
vation, through the center lihe of the hob. head
and approximately on the line 2-—2 of Fig, 3:

., Fig. 3 is a sectional view substantially on the
line’ 3—3 of Fig. 2, with certain parts in eleva~
tion; .

Fig. 4 is an enlarged fragmentary view of a
portion of :the right-hand side of Fig. 2 more
clearly illustrating, in section, the mechanism, for
axlally shifting the hob and for operating the
stopping Mmechanism, affer & predetermined ad-
vance.of the hob; and

Fig. 5.is.a simplified, s¢chematic wiring diagram
for the eleetrical circuit.of the machine. -

Although the invention is susceptible of vari-
ous modificatiens and: alternative-constructions,
it is herein shown and described as-embodied in
a_hobbing machine similar to. that shown in
United. States Patent No. 2,307,428, issued; Janu-

- ary 5,.1943, except that: the shape of the machine
. is'slightly different, some of the. electrical control
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devices have been relocated, and the hob head

is carried by a member slidably supported in &
cylindrical aperture in the vertical column or
frame rather than being supported on horizontal
ways.

Generally speaking, the machine is of vertical
construction and comprises a base 4, a vertical
column or gooseneck B supporfed upon the base
A, a work head C vertically movable upon verti-
cally spaced pairs of ways 10, 11 on the column
B, and a tool or hob head D carried by a cylin-
drical member slidably supported in a horizon-
tal cylindrical aperture in the column B and ad-
justable therein toward and from the work head.
The work, which may be a gear blank, a shaft
to be splined, or the like, is adapted to be ro-
tatably supported in the work head C by having
one end supported in g chuck or some other suit-
able means, not shown, attached to the upper end
of the work spindle i2. The other end of the
work is engaged and supported by a tail center
13 carried by a tail slide 14, the latter being sup-
ported for vertical movement toward and from
the work spindle upon ways 15, i6 formed on the
work head.

The hob spindle or arbor 1T is rotatably sup-

- ported in the hob head D in a manner herein-
after more specifically described and during op-
eration of the machine is rotated in timed rela-
tion to the rotation of the work spindle 12 by a
cut motor located in the lower part of the col-
umn B and operatively connected to the respec-
tive spindles in a manner similar to that disclosed
in the aforesaid patent and hence is not here
shown nor described in detail. The hob head D
is preferably provided with a conventional means
F for supplying a cutting fluid to the hob and
work. ’ :

The work head C is adapted to pe reciprocated
along the vertically spaced pairs of ways ig, 11,
to cause a work blank carried by the work head
to be moved axially past a hob fixed to the hob
arbor 11 and to return the work head to its in-
jtial position, by a cooperating lead screw and
nut connected to the work head C -and the bhase
A, respectively. - The lead screw is located with-
in the chip guard 18 and is driven at a relatively
slow speed in timed relation to the rotation of
‘the hob and work spindles from the work spindle
drive. The nut is rotatably supported ina hous-
ing 19, bolted to the base A, and is adapted to
be rotated at a relatively high speed through
the medium of a worm and worm wheel drive by
& high speed, reversible traverse motor located
within the column B and connected thereto by
the shaft 20. These mechanisms are likewise sim-
ilar to those shown in the aforementioned pat-
ent to which reference is had for the details
thereof. i : :

The cylindrical member 21 which carries the
hob.head D is slidably supported in a cylindri-
cal aperture in fhe column B and is concentric
with respect to the main drive shaft 22 of the

“machine. ‘The member 21 is adapted to be
moved longitudinally within the cylindrical ap-
erture by means of a sCrew 23 to effect adjust-
ment. of the hob toward and from the work
spindle, the member 21 being clamped in any
adjuste(_i'position by a clamp mechanism actu-
ated by a clamp -screw 24 and being prevented
from rotating in the cylindrical aperture by &
key 25. ~The hob head D comprises a hob head
housing 26 having a cylindrical portion 26a pro-
jecting into a cylindrical aperture in the front

. end of the member 21 and through the medium
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of which the housing 26 and, in turn, the hob
head D are rotatably connected to the front end
of the member 21 concentric with the axis of
the shaft 22.. The hob head D is adapted to be
secured in any desired angular position by holts
21, the heads of which engage within a circu-
lar T-groove 28 in the front face of the mem-
ber 21. :

The hob H, which is indicated by broken lines
in Fig. 2, is keyed to the arbor 11 intermediate
a shoulder 29, formed on the arbor by a change
in its diameter, and a sleeve 30 which is re-
tained on the arbor by a nut 3i provided on the
threaded outer end of the arbor. Hobs of dif-
ferent lengths may be utilized by employing.a
spacing washer or sleeve between the hob and

" the shoulder 29 and/or by utilizing a sleeve 30

of different length from that shown. .

The sleeve 30 is slidably and rotatably sup-
ported in a bushing 32 provided in an outboard
support 33 which is attached to the hob hous-
ing 26, the bushing being held from axial move-
ment by combined refainers and oil seals 34 and
35. The arbor 7, to the right of the hob as
viewed in Fig. 2, is slidably supporied in a-sleeve
36. This sleeve is rotatably supported in the hob
head housing 26 by pairs of antifriction bear-
ings 87 and 83. The bearings 31 are retained in
place between a shoulder in the housing 26 and
a nut and washer -assembly 39 secured to the
outer end of the sleeve 26, an oil seal 40 being
interposed between the nut and washer assem-
bly and the adjacent surface of the housing 26.
The bearings 38 are rebained in place between
a shoulder in the housing 26 and a plate 41 se-
fill;red to the housing by machirie screws or the

e. . :

The right-hand portion of the hob arbor or

‘spindle 11, as viewed in Fig. 2, is splined; and

slidably keyed thereto is a hob arbor gear 42
which is connected to an external flange on
thg right-hand - end of the sleeve 36 by ma-
'ghlne screws 43.  The gear 42 is continuously
in mesh-with a hop drive pinion 44 formed on
the right-hand end of a shaft 45 which is ro-
tatably supported in the housing 26 by anti-
friction bearings 4 and 47. The left-hand end
of the shaft 45 has a bevel gear 48 keyed there-
to, the gear being held in place by a nut 49 on
1.;he threaded end of the shaft 45. The gear 48
is continuously in mesh with a bevel drive gear
50 which has an elongated splined hub 51 in
which is received the splined end portion of the
drive shaft 22. The hub 5l of the gear 50 is
rotatably supporfed by a pair of antifriction
bearings 52 mounted in a bearing cap or mem-
ber 53 which is connected by screws 54 to the
rear end of the. cylindrical portion 26a of the
hopsing 26, a bearing retaining plate §5 and
shims 56 being interposed between the bearing
cap and the hob head housing. The rear por-
tion of the inner race of the bearings 52 is en-
gaged by .a nut 57 threaded upon the hubh 51 of
?he gear 50 and a suitable oil retainer or seal 58
is provided between the nut 57 and the rear
portion of the bearing cap 53. The bearings
52 and their retainers cooperate with the gear
50 to prevent axial displacement of the latter,
the hob head housing 26 and the cylindrical -
member 21, however, being movable axially of
the drive shaft 22 to permit adjustment of the

-hob héad toward and.from the work spindle.

The gear 50 is provided with a cylindrical shaft

seal 59 Yo protect the end of: the.drive shaft 22,
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5
“when ‘it projects forwardly -of {he-gear 50, ‘and
‘to prevent the entrance-of “foreign “matter-into
the splines.of the gear-and shaft. )

As ‘mentioned heretofore, ‘the “hob “arbor:or
spindle 17, in-addition ‘to ‘its rotation, is given
& slow-axial movement-or feed. For ‘this pur-
pose “the ‘hub of ‘the gear 42 is ‘elongated and
has a stepped -portion' 60 -on ‘which -a ‘gear: 61
is. supported, the gears 42 'and 81 being ‘con-
nected for rotation by a key 6fa. The gear-61
meshes 'with a -gear 62 “which is -corihected ‘to
rotate 'with ‘a-gear 63 by means-gt a pin’orrod
84 ‘extending ‘through the two last-mentioned
gears. ‘The:gears 62 and ‘63 are ‘supported upon
& "bushing ‘65 which, in turn, is rotatably ‘sup~
ported upon a-cylindrical ‘portion 66 of a shaft
67 by antifriction bearings 68 and-g9. The por-
tion ‘66 is ‘eccentrically disposed-with ‘respect ‘to
‘the'axis of the shaft 67 so that the gears 62-and
63 'may ‘be placed in ‘mesh with or disengaged
Trom the gears 61 and 10 respectively as- herein-
after ‘described.

The gear 10, ‘which ‘is -adapted -to ‘mesh with
the gear 63, is ‘mounted -upon g bearing retain-
ing-ring 71, ‘the ring being connected for vota-
tionwith the gear 10 by 'a key 72. ‘The bearing
Tetaining ring 71, -and hence the -gear 10, are
Journalled .for rotation upon 4 reduced -Giam-
eter portion 73 of the hub of the gear 42 by -anti-
friction ‘bearings 14 and 18, the 'vearings ‘being
‘held in: place by a nut 76 screwed upon ‘the
threaded -end of the ‘saifl-reduced diameter “por-
tion 78." The bearing ring 11 has a hollow cylin-
drical ‘cap -member 71 connected ‘thereto by ‘ma-
chine screws 18 which extend through = fAange
‘of ‘the cap ‘member and are screwed into tapped
‘holes in: the ring Ti. "The outer end of this cap
‘member ‘17 “projects through an opening ‘in an
end cover .19 for ‘the “hob ‘head ‘housing 2§, an
oil seal ‘80 preferably surrounding the cap mem-
‘ber ‘adjacent the opening through the -cover 19.

‘The outer end of ‘the cap ‘member 11 is aper-
tured toreceive g cylindrical portion 81 of 'a hob
‘arbor - shifting "sérew. 82 which “extends within
the cap member and is freely received inan axial
bore “provided .in the ‘adjacent end ‘of ‘the hob
‘arbor or ‘spindle {7. ‘A flange 83 is provided ‘in-
“termediate the threads of the screw 82-and ‘the
‘cylindrical portion ‘81 thereof, ‘this flange *being
disposéd within ‘a recess in the inner face of the
end-of ‘the cap member 17 ‘and secured ‘thereto
by screws such as 84:50-that the hob shiftserew
82 is rotatable with ‘the cap meniber 17 ‘and-the
gear 1. Exteriorly of the ‘cap member the hob

shifting screw ‘82 is'provided with a polygonally- ¢

‘shaped “portion -85 'which - is ‘adapted to ‘be ‘en-
gaged by a ‘wrench or-other-tool for ‘actuation
‘of the mechanism when returning the hob -arbor
or ‘spindle to its initial ‘position ‘as hereinafter
described.

Threadably “engaged with ‘the “hcb shifting
'screw ‘82 °is ‘a nut member -86 ‘which. is secured
by screws 87:to the adjacent end of the hob
arbor {1, Also threaded upon ‘the hob shifting

screw 82, and" disposed intermediate the nut 86

-and flange 83, is a second nut ‘member ‘88, ‘the
‘hub” of which ‘is extended and preferably ‘pro-
“vided with 2 locking spring 89. “The outer ‘pe-~
‘ripheries of the nut members 86 and 88-are pro-
vided with splines or gear teeth 90 ‘and 91, re-
spectively. Surrounding ‘the ‘peripheries of the
nut members-86 -and 88 isan adjusting lock gear
92, the interior of which ‘is provided ‘with ‘two
-spaced ‘series of :gear teeth-or splines 93 and 94
-pooperating, respectively, with ‘the gear ‘testh or -
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“into -eontact ‘with “the -control

6

-splines 90,9 (- on the ‘nut members 88, '88:50 thit
the ‘two ntut ‘members ‘are ‘heéld-from:relative dis-
‘placement. during-operation-of the mechanism.

The nut88 and the lock gear: 92 ‘cooperdte with
the ‘nut 86 ‘to “provide a ‘means for “preventing
backlash ‘between the $hreads of ‘the ‘screw 82
and of the nut 86. To effect adjustment ot these
parts, the'lock:gear 92 is ‘moved-axially until the
gear teeth -or ‘splines 190,93 “on the ‘nit 386 and
the ‘lock-gear 92 :are ‘disengaged, the gear teeth
‘or’splines-81,84.on ithe nut‘88-and the lock gear,
‘however, ‘remaining in ‘engagement, “The 1ock
gear 92 -ig ‘then rotated, ‘while ‘the. ‘screw 82 ‘s
held stationary, until dhere ‘is ‘no backlash be-
tween “the screw ‘and the ‘nuts whereupon ‘the
Jock “gear “is axially ‘moved to ‘the ‘position as
shown in Figs. 2 and 4 so ‘that the gear ‘teeth
‘or:splines'90, §3 :are ‘reengased. Since ‘the ‘gear
‘teeth ‘or -splines "84, ‘94 remain in ‘engagement,
and -since ‘the 'nut ‘86 ‘is -connected to the “hob
arbor, ‘the adjusted position-of ‘the nut ‘88 relstive
to the nut ‘86"is retained. "'To ‘facilitate ‘this ad.
Jjustment, ‘the -nut 86 may -‘be provided “with
‘grooves 9e, which are extensions of ‘the grooves

5 ‘or-spaces between theteeth or splines-on the nut

‘86,-and ‘the lock 'gear-92 ‘may 'be provided with
‘one -or more longitudinal ‘marks or ‘Brooves 'so
‘that ‘the -extent of ‘rélative rotation ‘between “the
lock 'gear 92 'and the nut-§§ ~during--adjustment
‘may be readily determined.

‘The ‘outer ‘periphery:of ‘the lock gear 92 s
‘threaded, and screwed ‘thereon “is-a pair of ‘con~
trol rings ‘or-nut menibers ‘95-and 96, ‘the ‘bores
‘of ‘which +are ‘threaded to “‘cooperate with “the

5 ‘threads-on the ‘lock gear 92 ‘so that the ring or

Ut ‘members ‘may ‘be disposed -at any . positions
dlong ‘the length of ‘the ‘member-92, -Preferably,
‘however, ‘the -nut -or ring ‘member ‘96 -remains
‘adjacent ‘the rear -or ‘left-hang end -of ‘the ‘lock
gear 92 while the ring or nut member 957is ad=
justed ‘to ‘various positions axially “of “the Tock
‘gear to provide for ‘control of the machine ‘in
‘response :‘to different predetermined -axial -dis-
tances -of ‘movement of the ‘hob ‘arboras herein-
‘after described.

Sliddbly disposed “upon the inner “cylindrical
surface of the ‘cap member 17 is s, relatively thin
‘eylindrical ‘sleeve 97 the ‘end. portion of ‘which,
adjacent the closed end of ‘the ‘cap ‘member 77
is turned inwardly to provide & flange 98. 'This
flange forms:an abutment forone‘end of ‘8 com-
:pr.essioq Spring-99, the other engd ‘of 'which*bears
‘against the innerface of ‘the end ot ‘cap member
A1, “the :spring 99 being ‘normally uncompressed
as indicated in Figs. "9 and 4. "The cap member
11 -adjacent ‘the ‘inner or unfilanged ‘end of ‘the
sleeve 97 is provided ‘with a plurality of ‘radisl
-openings. .Afeed contro] Ting 100is ‘slidably ‘dis-
bosed exteriorly of the cap member 77 and-is
connected ‘with the 'sleeve member -97 “by ‘fAst-
‘headed screws 101 which extend outwardly from
‘the sleeve ‘member 97 bassing through ‘bushings
102 between the sleeve 97 ‘and ring 100; the ‘outer
‘ends of ‘the screws being provided “with nits 4103.
"The :diameters ‘of the bushings 102 ‘are ‘such
’ghat; they have a sliding fit within the elongated
:slots in ‘which they -are ‘disposed “so “that “the
‘sleeve ‘member ‘i ‘constrained ‘to rotate with the
‘cap ‘member - and ‘in- addition can move axially
‘relative thereto g limited extent,.

. The cap member 17 is also provided with g plu-
Tality “of slots 104, 0f which one ‘only is. shown
In’'Figs. 2 and 4,in which levers 105 ‘are pivetally
mounted ‘with -one -eng of "the leverg ‘extending
Ting 100. “"The
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other ends of the levers 105 extend inwardly of
the hore of cap member 11 and into the path of
movement of the ring or nut member 85, which
in its advanced position, i.-e., the extreme left-
hand position indicated in broken lines in Figs.
2 and 4, is adapted to engage the levers and rock
the latter. ’

The cover member 19 is provided with a radial
opening through which passes a portion of a
bent lever 108; the lever being provided with a
pivot pin 167 which is supported in this opening
of the housing 19. - The inner or lower end of
the lever 106, as viewed in Figs. 2 and 4, is pro-
vided with a somewhat spherical enlarged por-
tion or knob 188 which is adapted to engage the
control ring 180. The portion -of the lever on
the other side of ‘the pivot {07, and exteriorly
of the housing 19, is bent at substantially right
angles and has a portion thereof engaging the
actuating pin or member of a microswitch 109
which is adjustably supported upon the housing
19: TIntermediate the point of engagement of
switch 109 with the lever {86 and the substan-
tially vertical portion of the latter, the lever is
provided with an elongated slot through which
passes a pin 118, The lower end of this pin is
secured to the adjacent outer surface of the
Thousing 19 and between the said housing and the
lever is disposed a compression spring ({1, the
outer end of the pin | {0 being threaded and pro-
vided with nuts 112. The construction just de-
seribed is such that-the spring (11 continuously
urges the lever 166 to the position as shown in
Figs. 2 and 4, but the lever may rock about its
pivot. 107 when the ring {08 moves to the right
ag viewed in these figures, thereby operating the
switch 109. The switch 109 and the portion of
the .lever 06 exteriorly of -the housing 79 are
.prelferably enclosed by suitable cover plates such
as 113. . -

It will now be apparent that rotation of the
drive shaft 22 is transmitted through the bevel
‘gears 50.and 48, thus rotating the shait 46 and
‘pinion 44 and the latter drives the gear 42 there-
by rotating the hob arbor [1 and the hob X
-attached thereto. In addition, this rotation of
the gear 42 drives the gear 6! which, in turn,
causes the gears 62 and 63 to rotate since the
former is connected to the latter. Consequently,
the gear 10, the cap member 71, and the feed
‘screw 82 are rotated. 'The speed of rotation of
the feed screw 82 is equal to that of the hob arbor
_plus or minus a very small increment so that feed
‘screw rotates relative to the hob arbor or spindle
{1 at a very slow rate thereby causing the latter
o be moved axially through the sleeve 36 dug
‘to the action of the nuts 88 and 88. As the hob
_spindle thus moves axially it carries therewith
the control rings or nués 85 and 98. When the
“hob arbor has moved axially a sufficient distance
to dispose the control ring or nut 95 in its ex-
treme left-hand, broken line position, as shown
in Figs. 2 and 4, it engages the levers {85, rock=
ing the latter counterclockwise, as viewed in these
figures, thus forcing the ring (08 and hence the
sleeve 97 to the right against the force of the
compression spring 99. This movement of the
control ring 180 rocks the lever 188 counterclock-
wise about its pivot {07, thereby actuating the
switch 109, which, as hereinafter described in de-
tail, is connected in' the control circuit for the

machine so as to stop the operation of the latter

-at the completion of a hobbing operation and
light a signal lamp L indicating that the hob has
_advanced to its predetermined position and musb
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be replaced or reground. - The extent of the shift
of the hob and its spindle prior to actuation of
the switch 109 may be adjusted by adjusting the
position of the control nut 95 upon the adjust-
ing lock gear 92, the limits of this adjustment
for the illustrated machine being indicated by
the full and broken line positions of this ring or
nut member adjacent the extremities of the
threads on the member 92.

As mentioned heretofore, the advance of the
hob arbor and the hob carried thereby is ex-
tremely slow and yet this is effected by a min-
imum -of gears, the gearing shown for this pur-
pose being that known as “differential gearing,”
the construction and operation of which is more
fully described and claimed in the copending ap-~
plication of Thomas Barish, Serial No. 86,482,
filed April 9, 1849. For the present purposes, it
is sufficient to note that this gearing is such that
the ratio of the nhumber of teeth on at least one
of the pairs of meshing gears 61, 62 and 63, 10-
is not a whole number. That is to say, the
quotient of the number of teeth on the. gear €1
by the number of teeth on the gear 62, for ex-
ample, is equal to a whole number plus or minus
a small integer. The sign, whether plus or
minus, depends upon the hand of the thread on

the screw 82 and upon whether the mechanism

is adapted to shift the hob arbor to the right or
to the left. By way of example but without lim-
itation thereto, the number of teeth on gears

‘61, 62, 63 and 18 may be, respectively, 244, 81, 83

and 250. With such a ratio of gears the.screw

82 is given one revolution relative to the hob

arbor spindle for approximately every 10,000 rev-
olutions of the latter and, if there be 10 threads
to the inch on this screw, it will be readily ap-
parent that the advance of the hob arbor.is in
the order of 10 millionths of an inch per revolu-

. tion of the arbor. Consequently, by suitable ad-

justment of the control ring or nut 95 upon the
lock gear 92, the length of time required for the
hob arbor to move axially to the position for
actuation of the switch 108 can be made equal
to the length of a work shift or any desired rel-
atively long interval of time so that the machine
may be serviced in its normal idle time and its
productive time is not interrupted. Moreover,
since the hob is being continuously advanced, the
wear on its surface is equally distributed there-
over so that the hobs will perform’ satisfactory
service for longer periods of time than when they
are adjusted intermittently as previously men-
tioned. The rate of hob advance and its direction
for @ given screw 82 may be readily selected by
substituting for the gears 81, 62, 63 and 10 others
having different numbers of teeth. . Moreover,

the direction of axial movement of the hob arbor
may be readily reversed for a given set of these

gears by simply reversing their positions.

As stated above, the gears 62 and 63 are jour-
nalied upon an intermediate portion of the shaft
67 which. is eccentric with respect to the axis of
that shaft. 'To the right of the eccentrie portion
5, as viewed in Fig. 2, the shaft 67 has a con-
centri¢ portion of reduced diameter which -is

‘journalled in the cover member 13 by antifriction

bearings 114, a collar 1i5 being disposed between
the bearings 114 and the eccentric portion of the
shaft. Exteriorly of the cover member 19, the
shaft 61 has a handle member 116 keyed there-

_to, the outer end of the shaft 67 being threaded

and provided with a nut 111 to retain the handle
in place. The inner, or left-hand, portion 118 of

.the shaft 67 is concentric and is journalled -in
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a.bore. provided.in the housing .26 and between
the pertions. 66 and’ 18" the shaft 6T has a con-
centric. portion. (9 of larger” diameter: forming
shoulders: abutting the housihg-26 and the bear-
ings. 69. ‘

The portion. | 8 of the shaft 61'is provided with
two. recesses. spaced: 180° apart with: which a
spring, pressed ball detent' 120° selectively cooper=-
ates. to. retain the shaft: in either of two posi-
tions: corresponding with the engaged and: dis-
engaged positions of gears 62 and 63 with respect
to.the.gears 61 and T0;- That is; with the handle
{16 disposed as illustrated in Fig. 2; the eccentric
portion. 6. of shaft 67, is at its uppermost posi-
tion so.that the gears 62; and 63 are engaged with
the:gears 61" and 70. Hence, rotation of the hob
arbor. or: spindle. (1. also causes- the latter-to be
slowly: moved or. shifted axially. When the hob
arbor has moved axially the predetermined’ dis-
tance,. as. determined By the setting of the con-
trol.nut 95, the switch 109 is actuated, as above
described; . terminating. operation of the machine
and"lighting, the.signal lamp T..  'The operator
then: rocks the handle 116 through 180° to- the
second. position thereof thus disposing the eccen-
tric..portion” at, ifs lowermost- position and' dis=
engaging. the gears 62 and 63 from the gears 6i
and . 10.thereby interrupting the driving connee-
_tions.hetween the Hob arbor 17 and the hob shift-
ing screw. 82.. A wrench. or other tool may then
be-applied. to the polygonally shaped portion 85
of:screw. 82, and-the latter, togethér with the hob
arbor returned. to its initial position. When the
hob-arbor: has reached its extreme left-hand po-
sition,.as. viewed in. PFigs. 2 and 4, the ring or
nut-96: engages. the flange 98 of the sleeve 97.
This slightly: compresses. the spring 89; moving
the.feed. control. ring, 190 sufliciently to actuate
the.switch: 109, thereby relighting the indicating
lamp L. The hob arbor.is then moved in the op~
posite.direction, that is, to the left as viewed in
‘Figs.. 2.and 4, until the lamp 1. is. extinguished.
This represents the position in which the ring
or-nut.98. has moved from.engagement with. the
flange 98 so:that the spring 99 is no longer com-
pressed. and. hence the control ring 100 is so dis-
posed that. the. lever. 106. returns.to its initial
position under influence.of the spring 141
Inithe.event.the advance.of. thie hob arbor to
its: extreme: forward. .or. left-Band’ position, as
shown. in Figs.. 2.and. 4, has.occurred at a time
_such.that.the: machine is.conditioned to begin a
cutting or-hobbing operation which has been pre-
vented.by the actuation.of switeh. 108, the circuit
to.the cut.motor should be.opened before return-
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ing the hob.arbor to.its initial.position, in order -

to insure:that the machine will not. automatically
resume operations before -the hob. has.been re-
placed: and. properly ‘positioned. Even though
the operation.of the machine is ‘stopped by switch

189 at:the end of a.hobbihg cperation and before

the machine is-conditioned for a.new operation,
it.is. good. practice.to .opén the circuit to the cut
motor while-returning the Yob arbor to its initial
position.. :

‘When.the. hob. arbor. has been. returned to-its.

initial. position, the handle 116" is again rocked

60

through. 1807 thus. reengaging the gears 62 and -

63 with the gears @1 and 78. The circuit to the
cut.motor is:then. restored and operation of the
machine may then be resumed. The spring-de-
tent 120 holds the shaft 67; and hence the-gears
62 and" 63, iv either of the two- above~described
positions after-being-moved thereto-by the-oper-
ator- rocking~the- handle: £18" through- an» are: of

70

75°
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180°, the two positions:of the handle being indi-
cated' by broken lines in: Fig: 3;

THe operation: of the' machine: is: electrically
controlled. - For this purpose the -vertical 'column
B of' the- machine’ is: provided: with: & control
panel 12# having a start'switch. {22! a:stop switch
123; a-switch- (24 for controiling the: direction: of
rotation: of" the: hob and’ work, a.‘“job. selector”
switch: 28" for controlling: the: direction: of the
operating cycle; a' “feed: on—off”” switch. 128,
and‘a- switeh: 127 for automatically: terminating
the-feed' prior to: stopping the" rotation.of the
work and-hob. The start-and stop: switches: are
preferably of’ the push button: type, while the
switches {24; {25! 126'and’ 2T are: multiple. con-
tact switches:Havihg two operating ‘positions. for
the movable-contactsthereof, Adjacent the low-
er ways-10°of the machine is-a housing 12§:which
18" provided' with a- work head travel controlled
switch 186 operated: by the: adjustable stop: {28
and‘a-second work-head travel:control switch: 137
operated- by the adjustable stops: $86" and: 134
carried By the lower portion. of the:work: head.
The other side- of the: work: head is preferably
provided" with: two: spaced. stops: or abutnients,
not'shown, adapted to actuate an overtravel lime
it switeh mounted on the: column: B.

Briefly stated: the:operation of the machine:is
as follows: A work blank: is: pesitioned: in: the
work head, being held by-a:chuck: on the work
spindle 12 and by thetail eenter {3; and the:mai-
chine'is then:started by pushing: the start button
122, This energizes the: rapid traverse motor,
which is.connected: with: the shaft 20, thus ‘caus-
ing relatively: rapid vertical' movement: of the
work: head. € to bring the- work adjacent: the
hob'H. Just prior to the time:the work: engages
the hob, the stop.member: 129. actuates: a switch
in. the housing 128, stopping the rapid. traverse
motor and: starting the cut: motor. The: latter
rotates the shaft 22 and: hence rotates both. the
work- and:the hob:and: eauses the: work: hesd: to
move vertically at:a:relatively slow rate. After
the work: has: been: moved: at: the: slow rate: past
the hob: so that the: latter has cut or ‘hobbed:the
work, the stop 134 engages: another. switch. with-
in the housing. 128, terminating operation of ‘the
cut.motor and hence the:rotation of the ‘workrand
the hob:and: therrelatively: slow movement of:the
work: head.. The: work: is then removed, and,
upon- again: depressing: the' start: button, rapid
traverse: motor- is again: energized: movihg: the
work-head C rapidly back: to.its initial position,
movement: i this: direetion. being: terminated by
the:stop: 180:engaging: the: last:mentioned: switch
within the:housing 28 Asmentioned:ah ove; the
hob: arbor-isslowly -skifted in-an: axial: direction
when:the hob: is in' rotation-and, after:the: arbor
has shifted: to: the: maximum: extent: as: deter-
mined -by: the:setting: of -the: control: ring-or-nut
95, the switch. 199!is: actuated; thus lighting: the
lamp L; which is: preferably mounted- upon: the
control: panel: {21 If: the machine: be: effecting
& hobbing- operation: when: the switch- 109: is:.op=
erated; the-machine:does:not stop-at: this time,
but.only-after the operation-has been:completed,
whereupon the hob. may: be: replaced: and: the
operations repeated.as. above, described.

The electrical control system for the machine
is 50 arranged:that thie cycles ‘of ‘operation of the
machine. may- be. started: with. the. work . head C
in either-of: its. normally -extreme. vertical. posi-
tions. . That: isi to: say, with. the:switch: 125: set
in:one:position; eireuits. are-set up: to:effect: the
cyele of operations:such: that, the: work: head:C
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moves in an upward direction during the hob~
bing operation, and with the switch 125 set in
the other. position thereof, the work head C is
moved downwardly during the hobbing opera-
tion.. The selector switch 124 controls the direc-
tion of rotation of the motor driving the hob ar-
bor and the work so that rotation in either direc-
tion may be effected as desired. Therefore it will
be apparent that either “climb” hobbing or “con-
ventional” hobbing can be effected in either di-
rection of movement of the work head by suitable
setting of the switches 124 and 125, and by in-
serting or removing an idler gear in the work
spindle drive change gears or in the feed change
gears of the mechanism, as is described in the
previously-mentioned Patent 2,307,428.

The switch 127 enables the feed of the work
to be automatically terminated a predetermined
time before the stopping of the hob arbor-in order
to.provide for “clean up” of the work, while the
switch 126 enables the feeding movement of the
machine to be terminated at any time without
interrupting the rotation of the hob and work.
This latter feature is advantageous in setting up
the machine or for checking its operation.
Moreover, the machine is provided with the
usual suitable safety switches, such as the
previously-mentioned overtravel limit switch for
‘the work head to prevent the latter from being
.moved - beyond a predetermined point in the
event the switch operated by the stops 130, i8i
should fail to operate.

Tig. 5 of the drawings represents a simplified,
schematic wiring diagram showing the manner

in which the above-mentioned switches are con-

‘nected to effect the previously-mentioned opera-
tions. As shown -therein, the cut motor 132,
which effects rotation of the hob arbor and work
spindle and feeding movement of the latter, as
well as the rapid. traverse motor {33 are alter-
nating current motors of the 3-phase reversible
‘type. Hence, the power supply-lines Li, L2 and
‘1.3 ‘are connected to a source of alternating cur-
rent of the 3-phase type, the motors 132 and 133
being connectible therewith by operation of the
switches 124, 125 and certain contacts of various
relays, the coils of which are represented in the
lower part of Fig. 5 which forms the contirol por-
tion of the circuit, this portion of the circuit
being energized through wires 184 and {35 con-
nécted respectively with the power supply lines
1.2 and LI, It will be understood that, if desired,
the wires 134 and 135 may be supplied with elec-
trical power through a transformer connected be-
tween these wires and the power lines Li and
1.2 instead of connecting the wires directly to the
power supply lines. Likewise, a conventional
cutout switch may be employed in the power
supply circuit connected with the power supbly
lines L1, 1.2 and 1.3 if desired. The connections
of the various switches together with the relays
‘employed for controlling the operation of the
machine will be readily apparent from a con-
sideration of Fig. 5 in conjunction with the fol-
jowing detailed description of the various modes
~of operation of the machine.

OPERATION
“Conventional”’ cutting, feed “up”

With the switch (25 set for effecting hobbing
while .the work head is moving upwardly, the
“movable contacts 125a, 125b, (25c, 125d, 125e,
125f, and 125¢ are all moved into engagement
with the stationary contacts indicated directly
therebelow in Fig. 5. The switch 124 is then seb
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for rotation of the cut motor- 132 by moving the
switch 124 to dispose its contacts 124a, 124b and
{28c in engagement with the stationary contacts
indicated directly therebelow. The switch. {28 is
set so that its movable contact-126a engages the
stationary contact indicated directly therebelow,
while the switech 127 is set so that its contacts
127 and 121b are in engagement with the sta-
tiohary contacts indicated to the right of these
movable contacts. The machine is thus condi-
tioned to perform. its cycle of operations by
effecting a rapid traverse of the work head up-
wardly to a position which disposes the work ad-
jacent the hob, the work head thereafter moving
upwardly at the relatively slow feeding rate with
the hob rotating clockwise, as viewed in Fig. 1.
At the beginning of the cycle of operations the
work head C is at its lowermost or “down” posi-

tion so that switch 136 operated by the stops 130

and (31 has its contacts 136a closed and its con-
tacts 136b open. Likewise, the contacts i3Tg and
i37p of the switeh 137, which is actuated by the
stop 129, are respectively closed and opened.
After the operator has positioned a work blank
in the work head C, the machine is started by
depressing the start push button {22, thus causing
the latter to bridge across the stationary contacts
{38, 139 and 148. This closes a circuit from the
wire 134 through the normally closed contacts
{a1, of the previously-mentioned overtravel limit
switch, through the normally closed stop switch
123 to a wire 142, thence through a wire {43, the
now depressed start switch {22 and wire 144 to
a wire 145 connected with one terminal of the
coil of a relay £86. The circuit is completed from
the other terminal of coil of relay {46 through
a wire 147, the contact 125f of switch 125, con-
taicts 1362, to a wire 148 and thence through the
normally closed contacts 149a and !50a to the
wire (35.  Consequently, the relay 146 is ener-
gized thereby closing its normally open contacts

"186¢ and 146¢c and opening its normally closed

contacts 146b. . ‘
Closing of the contacts (46¢ completes a circuib

‘from the wire (42 through a wire 151 to a wire

152 which is connected with one terminal of the
coil for a relay I53. 'The other terminal of the
coil of this relay is connected by a wire 184 with

‘the lower stationary contact cooperating with the

movable contact 125d which, it will be remem-
bered, has been initially positioned in- its lower-
most position. Hence, this . circuit extends
through contacts 137e to a wire (85, which is
connected with the wire 147, so that the circuit
for the relay 153 is likewise completed through
the contacts 125f, 136a, wire 148, contacts 149a

“and 150a to the wire 185, with the result that the

relay 153 is energized. This closes the contacts
1530, 153, 153c, and {53d of relay i63. . Con-
tacts- 153d provide a holding circuit for relay 153
about the contacts 146a and the start switch 122.

. Hence, when the start switch 122 is released and
returns to its initial position, the resulting de-

energization of relay 146 does not deenergize re-
lay 153. Moreover, as soon as the start switch
has returned to its initial position relay (46 is
again energized through the now closed contacts
i53d so that the contacts 143a, f46c are again
closed and the contacts 146b opened.

The contacts 153a, 153, and (53¢ are respec-
tively disposed intermediate wires 155 and 156,
157 and 158, 159 and 160 which connect the rapid
traverse motor 133 with the power supply lines
L¢, L2 and L3 through the contacts {25q, 125D
and 125¢ of switch 125. The latter contacts being
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disposed” i their lowermost: positions as: previ-
ously:- mentioned;' the: rapid: traversermotor- 133: is
energized for-rotatiomn insa:direction:which effeets
rapid-movement-of-the-work: head: itv an-upwazrd
direction. Current is also supplisd: from: the
wires 156, 158 through. the normally closed con-
tacts (61a and” 1516+ 0f & relay- 16} to-the wires
162. and. 163 connected with the terminals of the
solenoid. 164" of ", solenoid-operated brake, This
Brake. 18 asseciated with the shaft. 20: conrnected
to: the. power. outhbut 'shaft of ‘the rapid traverse
motor, and’is of;the conventional type; the-braie
being: normally - engaged with* the  shaft- by a
spring, but'is,disengaged by energization of ‘sole-
noid’164.. . Consequently; the shaft 20-is-freed: for
rotation at. the same time that the motor- 1283-is
energized,,

As. the result;of; the.relay operations: just: de=
seribed, the: work head is:now moved rapidly up-
ward: un$il’ the. stop. 128 ‘engages: the switch: 37
i the Housing. 28; thus moving: the contacts

3T to. open: position” and the contacts: 137b to

closed: position.. Opening the contacts 1374 de-
energizes: the reldy. 153, thus:opening ‘the con=
tacts. 153, 1538, 153c and 153d with consequent
deeriergization. of the rapid traverse motor- (33
and of the solenoid 164 for the brake.  Tlerefore,
the movement of .the work lHead at the relatively
rapid rate is terminated.  The closing of thecon-
tacts: 13Th: now erersizes a. relay (65 through a
circuit. extending from the wire [42; through the
closed. contacts. (46a, start switch’ 122 closed con-
taets 108¢.and wires 168 ‘and 167 to one terminal
of: the coil. of the relay 165, the other terminsl
of ‘tlie relay being connected by wires {68.and (69
to, thie: Jower stationary. contact. with. which the
movable contact. (256 was initially engaged, the
eircuit: being completed through the now closed
contacts. (310 and. wite. 155, ete., to the wite. 135.
The  energization of the relay. (65 closes. its
normally; open contacts 1652, 1650 185 and 1854,
The:contacts.i65d provide a.holding circuit about
the contacts. 1464, but this, function is not neces-
sary. ab. this time, The.contacts. {83¢. and 165D
and. [65¢. are. connected. intermediate wires. 170
and. B11, 112 and (13, {14 and. 115, respectively,
conneeting; the:power. supply. lines. Li; I2; and
L3, through. the. contacts- (24a, 1246.and’ (24¢ to
the.cut. motor: 132, “Consequently, tHe cut motor
is.niow. energized. and. rotates.the holi. it a, clock-
wise_direction as. viewed in.Fig. 1.. This motor
also.effécts a. feeding: movement. of the.work head
in.a; vertically upward_ direction_and rotates.the
work.spindle: or support. [2.. Consequently, the
work is now; carried into engagement with the.hob
and progressed therepast ai.a féeding rate so'that
the.work is Hobbed,. After the hohbing, has.been
completed;. as. determined. by, the. setting;.of :the
stop;131; the latter engages. the.switeh. | 36.in the
housing: 128, opening. the. contacts. 1364 and
closing. the. contacts. £38b. thereof. Opening, of
the. contacts 136a. deenergizes. the. relay 165,
thereby:opening, its.contacts 165a, i 65D, 185¢ and
165" so. that: the . cut. motor (32 is. deenergized
withi the result that. the rotation of the Hob and
work are discontinued as well as the vertical feed-
ing-movement of the work Head: Opening the
contacts 186a-has-also:opened the-circuit through
the'relay-146so-that-the laster is-deenergized and
tHe:holding' circuit through its-contacts- (48 is
released]: the: latter: contacts: and: contacts: {4%¢c
being: opened: andithe: contacts: 1485 Being:closed
by the déeenergization:ofivelay: 146: ‘
The: finishied- work: i$: now: removed: from- the
~work:liead"C-and-the: start: button: 122 agsin dé-
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pressed::into: engagement: with: the: contacts: 138,

39 and- 140:. This:closes:a: circuit; from. the - wire.
142 through the: wire: I48;and the:depressed start
button: 122:t0 a:wire: 176 connected; between:- the-
contact: 139 and a:wire- 177, the:circuit: extending
from: the:wire: 117: through: the: normailly: closed
contacts: 146D of relay: i48:t0; the coil: of: a.relay
118 and! from. the latter-through: a: wire: 119 t0
and: through: the: contact: 125g; the: now:- closed
contacts 138b, wire (48; and contacts. 189a; 150a
to: the: wire 135.. Consequently, the relay: 118:is
nhow.-energized: and closes:its-normally-open: con=
tacts. 118¢; 178D, 118cand 178d:. Closing: of: the
contacts 1184 provides:a holding circuit: for the
relay: 138: around: the: start: switch, 122 so.. that
the: relay remains: energized. when: the. start
switch is: released -and returns: to-its. initial: posi=
tion:. Closing of -the. contacts; 178z: has: inters
connected the.wires 158 and: 158; while closing-of
the: contacts: 178b: has' interconnected” the: wires
187 with: 156, the:contacts: 118¢ again: connecti
ing-the wire 159 with  160: Therefore: the: rapid
traverse motor 133 now. has:two: of its: leads:re~
versed with the.result:that it:is.energized:for:ro-
tation inthe reverse:direction; that is; insa direc
tion which effects:movement-of the work-head:in
a- downward directionr. Simultaneouslyswith: the
energization: of the motor: 183;. the: solenoid: 164
is-energized through themnormally-closedicontacts
161 and: 161b with the result that:the:brake: on
shait 20 is-releasediso that: the work:Headiissnow
movedirapidly: downward:

During: the: downward movement: of the: work
head, the: stop 29-thereon: engages: the- switch
31.to.again close the contacts: 1372 and open:the
contacts: {87b. - This-hasino: effect: onthe: cireuit
othier- than- to: prepave. it for! a: new: operation:
When the work head:reaches its:lowermost:posi=
tion, the stop: 130: engages the ‘switch: 136 again
closing:'its.-contacts: 1360 and: opening “ifis:.con-
tacts 136b. - Opening of the:contacts i26b-de<en~
ergizes. the: relay: {18, thereby: obening- contacts
178a, 1780, 178¢: and . 1180 so: that: the: solenoid
184 of the brake: and:the: rapid: traverse. motor
133 are-deenergized with: the result: that:move-
mentiof - the work head -is-terminated:

The: operation may: be repeated: with: a: new
workpiece by: simply: Dpositioning: tHe:latter-in:the
work head and: operating-the:start-button, and

: the-above-describedicycleof operation is repeated.

It will be-remembered, however; that: for-each
revolution: of the hob:the latteris shifted: axially
a.- small’extent whieli. may; for example; be: it
the order of 10 millionths of ‘anrinch:per revolip-
tion of*the:arbor. Consequently; eventually-the
arbor- will' have: shiftedr suffieiently: to-cause-the
ring-or nut 28 to-ensage thelevers 1855 thusishitft
ing.the: control:rihg- 149 ‘and*the:sleeve: 9% to: the
right'as-viewed:in:Figs. 2‘and 4, againstthe forece
of' the .spring- 8. This: rocks ther lever: (86> and
operates the switeh: 198 to- opew its: normally
closed: contacts 188a:and: close its normally-open
contacts: {08%: I the-work head' be- moving: ip-
and-hence  hobibing be
int progress; the: relay- 185: controlling- the- cut
motor- 132  as-mentioned: above, will'be:closed and
will' be- held: energized. by~ its- holding- contacts
I85d: Consequently,  opening: of’ the. contacts
08¢ -will'not prevent the contihuance of the Kob-
bing -operation: Nevertheless, the closing of the
contacts' {#8% closes g, circuit from: the wire: 145
through- wires: 186" and* 181" whieh - connect: the
lamp Iy with- the contacts: 1095-and ‘the wire 148;
with - the-result- that- the: lamp- I ig- illuminated,
indicating: that the hop: should: be:replaced:
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- When the hobbing operation is completed, the
work head may be traversed to its lowermost
position, as above deseribed, by operation of the
start button . 122. If, however, the operator
should now position a new workpiece in place and
start the machine again by actuating the button
122, the work head simply rapidly traverses to
bring the work adjacent the hob, as above de-
sceribed. When the work has reached this posi-
tion and hence the contacts 13Ta have. been
opened and the contacts 137 closed, the relay
165. is not now energized since the circuit through
the contacts 168a is now open. Consequently, the
cut motor 32 is not energized so that hobbing
cannot be effected with the worn hob and the
jatter must be replaced as previously described.
While returning the hob arbor to its initial posi-
tion and replacing the hob, the switch 124 should
be placed in its intermediate position so that the
contacts 124a, §24b and {24c are disposed as in-
dicated in Fig. 5. This prevents the cut motor
132 from being energized while work of replacing
the hob is being effected.

As mentioned aliove, the hob arbor is returned
to its initial position by rocking the handle 118
through 180° to disengage the gears 62 and €3
from the gears 61 and 10 and then rotating the
screw 82 through means of a wrench or other
tool applied to the polygonal head 85. As the
hob arbor begins its return movement, the nut
95 moves from engagement with the lever 165 so
that the spring 99 returns the sleeve 87 and con-
trol ring 100 to their initial positions so that
the lever 106 rocks clockwise, as viewed in Figs.
2 and 4. This closes the contacts 108¢ and opens
the contacts 109b of the switch 169. Closing of
the contacts 109a does not, however, result in
energization of the cut motor 132 since the switch
124 has been moved to circuit opening. position.

Opening of the contacts 109 extinguishes the 4

lamp L. When the hob arbor has been returned
to its extreme retracted position, the nut 96 en-
gages the flange 98 again actuating the switch
{09 opening the contacts 109¢ and closing the
contacts 109b. The closing of the contacts 109b
again lights the lamp L indicating that the hob
arbor has been fully retracted. The operator
then rotates the screw 82 in the reverse direc-
tion until the lamp L is extinguished thus in-
dicating that the spring 89 is no longer com-
pressed and the contacts 109¢ are closed while the
contacts 109b are open. After the hob has been
replaced and the gears reengaged by operation
of the handle {16, the switch (24 is again ac-
tuated to position its contacts [24q, 124b and
124c into engagement with the lowermost co-
operating contacts, whereupon the motor 132 will
be energized, since the contacts 189¢ are now
closed go that the relay 165 is energized there-
through. It will be apparent, therefore, that a
hobbing operation once started is carried to com-
pletion and is not interrupted while work is being
hobbed. Nevertheless, the machine is so con-
trolled that a hew hobbing operation cannot be
commenced until the worn hob has been replaced.

In the event it is desired to stop the machine
at any time, this may be readily effected by
depressing the stop button 123 thereby opening
the .control circuit and deenergizing any of the
relays that may then be energized. ILikewise,
if the switch 136 should fail to operate at the
_proper time, the excessive travel of the work head
operates the switch 141, opening the control cir-
cuit and stopping the machine. Moreover, if
either the cut.motor 132 or the rapid traverse
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motor 133 should draw excessive current for any
reason, the corresponding current overload relay.
149 or 150, which respectively control the con-
tacts (49¢ and 1808a, operate to deenergize the
control circuit.

_“Conventional” culting, jeed “down’”’

The machine may be operated so that the
cutting operation will be in the. conventional
manner, but the direction of feed will be down-
wardly, by merely reversing the switches {24 and
{25 from their positions for effecting hobbing
while the work head is fed upwardly. This will
place the contacts 124a, 124b and {24¢c of the
former gwitch in engagement with the upper-
most stationary cooperating contacts of that
switch, and the contacts {25a, 125b, 12bc, 125d,
i25¢, 1257 and 1289 of the latter swifch in en-
gagement with. their uppermost stationary con-
tacts. It will be apparent, therefore, that when
the motor 132 is energized during the operation
of the machine; the hob and. work will rotate
in the reverse direction to that previously de-
seribed and the feed will be in the downward
direction. ‘Hence the type of cutting will be the
same as previously referred to or, in other words,
will be “conventional.” )

With the switches 124 and 125 in the positions
just mentioned, actuation of the start switch 122
into engagement with the contacts 138, 139 and
140 now closes a circuit from the wire 142 through
the wire 143, the start switch 122, wires 176, {171
and the normally closed contacts 146b to the relay
{18 and from the latter through the wires 179
and 182 to the contact 125f, which is now in
engagement with the adjacent upper stationary
contact of the switch, as viewed in Fig. 5, thence
through the now closed contacts (36a, wire 148,
contacts 149a, 153¢ to the wire 135. Relay 118
i{s therefore energized closing its normally open
contacts {18a, 178, 118¢c and 178d. Closing the
contacts 1784 provides a holding circuit for the
velay 118 about the start switch 122 so that the
relay 118 remains energized when the start switch
is released and returns to its initial position.
Closing of the contacts 118a, 1780 and 178c re-
spectively connect the wires 155 and 188, 151
and 156, 159 and 160. But since the contacts
125q, 125b and 125¢ are now in engagement with
their uppermost stationary contacts, the rapid
traverse motor 133 is energized for rotation in a
forward direction. At the same. time, current
is supplied through the normally closed contacts

{6ia, 161b energizing the solenoid {64 of the brake

with the result that the rapid traverse motor now
moves the work head rapidly upward. During
the upward movement of the work head the stop
129 engages and operates the switch {37, thus
moving the contacts 137¢ to open position and
the contacts 137b to closed position. This pre-
pares the circuit for subsequent operation but
does not initiate operation of the cut motor at
this time. since the relay 146 has not been en-
ergized and hence the contacts 146 are open so
that no circuit can be completed to the relay {685.
-When the work head reaches its uppermost
position, the stop 131 engages and actuates the
switch 136, thus moving the contacts 1362 to
open position and the contacts. 136 to closed
position. :Opening the contacts 136a interrupts
the circuit through the relay 178 deenergizing
the latter and thereby opening the contacts 118a,
{18b, 118c, 118d with the result that the rapid
traverse motor is stopped and the brake applied
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80 .that .the .movement .of the work. head ter-

‘minates. ‘
A workpiece may:now be positioned.in dhe.woik
head.and. upon:again depressing. the.start button
122, a:circuit 1is..completed .from- the .vire 142
through. the wire. 143, .the. start switeh.122 in;its
depressed position, . wire {44 and -[45 [to _and
Ahrough relay: 146, the.wire {41, and the.contacs
1259 which is now in.engagement . with its upper
stationary..contact, to.and ;through the - now
closed:contact. 136D, wire (48, contacts (49q.and
150 ;to the.wire 35, Relay.[46.4is therefore. en-
ergized elosing.its..contacts.l46q . .and 186c .and
.opening.its contacts 146b. . The-closing. of eon-

Sacts 146a:completes. .a reircuit. therethrough: and

through wires t51,152 to.and -through the relay
-#83:t0 the.contact 125e, which it will be: remem-
bered is in:-engagement withits -upper stationary
scontact, thence through. the mow. closed.contacts
-431b, which were closed during the upward move-
sment:.ofthe swork: head. .The.cireuit is com-
.pleted through the wire: 55, contact.125g; and the
:now-closed contact-136b; which was.closed .when
-the ‘work -head reached..its upper- position, .the
-cireuit continuing . through. the wire, 148,.contacts
:149a rand -50a:to the . wire -i35. Relay 183 ..is
stherefore :energized, ,closing its normally. open
scontacts 453¢, ; 183b .183¢c and -453d. . Contacts
:483d:provide a holding,circuit; for the. relay- 153,
:80ithat .when-the start switch is released.and
-returns:to. ibs: initial.pesition, the.resulting..de-
senergization ; of ;relay 446 ~does, not - deenergize
relays193. Upon: nof the start:switeh.to its
snitial; position :the:relay; 146 4s-again. energized
rthrough: the:;contacts:153d. :Relay {46:therefore
sagainclosesritsscontacts; 146a. ‘ :
:Theclosing: of iithe r.contacts -453a, - 153b, 153¢
.energizes the:motor; 133 for.rotation.-in ithe. re-
sverse jdivection, ; it sheing remembered :that -the
scomtacts 425,11 28band; 125¢-wererinitially posi-
wtionedsin-engagement:with their: upper stationary
~contacts. - :Alsp, icurrent s -supplied ~threugh
~closed ccontacts 46 1a, 1481b:t0-the solenoid <164
#0f;the brake and henee the:motor: {33 Jnoves.the
~work :head:rapidly-downwardly-until the-werk .is
radjacent:the hob:as -determined. by the position
sofutheistop:129. ~When:this.position-is: reached,
«the:stop:129 ‘engagesithe switeh: 131 .moving.the
scontacts: #37a; to:closedsposition:and the contacts
1370.;tol.opensposition. + Opening wofsthe-eontacts

q

:431b:deenergizesirelay;153:s0: that therapig trav- -

terse maotor133:issstoppediand the brake applied.
£Closing:iof:; ontacts :i81a :now -completes «a
yeireuitfromrwire:t42:through thenow: closed.con-
vtacts . 148,  Start .switeh 122, -contacts . 109¢,

swires:166:and (6T+touthe: relay (65 and:from. the 55

~latterithrough the.wires: 468,469 and:{ 83:to-the
wcontact 128d. This seircuit .continues ;through
#bhercontact :125d «and :the . new.:closed contacts
i131a, wire::1565, contact 425g and. the scontacts

»t36buwhich,: it will be; remembered, swere closed:

“when:the work:-head:reached.its uppermost; posi-
Ttion, toithewire:d48:and thence through,the.con-
stactsii48a,150a b0 the:wire r135.

“Thexrelay 185 iis; therefore .energized .closing
-its:normally-open contacts. 165a, 48580, -165¢c. and
:165d. » Contacts 4 65d provide.a:holding:eircuit for
«the relay,.while:contacts; 185z, .465b,.and . 165¢
energize the motor 132, it being remembered that
sthe initial. positioning: of .the switch-124 disposes

«~the contacts::(24a,.124b ;and: 124¢ ;such: that the"

smotor: $32mow. rofates ing direction.-which causes
the work head to move downwardly at:the.feed-
«ing :rate rand :;also provides . proper. directional

¥otation;of ;the-hob.and. .work. - Therefore, the

20

30 :the contacts - 188a. “Likewise, ;at--this .fime

35 ting rthe,hobqavhor to: its

.65
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work. is, hobbed-as. the. head is.fed downwardly
until -the .stop . 130 .engages .and -actuates “the
.switch . 136 . moving the. contacts (1365 'to .open
Jposition arnd the contacts.136a.to ¢losed position.
Opening  the contacts 126b deenergizes.the rélay
146 .and .relay 165, thus deenergizing the motor
132 so that the feeding movement and’ the rota-~
tion of the hob and work spindles is terminated
and-the. circuit.is.prepared. for.a. new. operation.
After the work has been removed, the pre-
-viously-deseribed. gycle: of roperation may: be:re-
«peated: again 1and again until. the hob :has-ad~
~vanced the predetermined distance for whiech the
ring errnut 85 has:been.set. When, however,.the
hiab:arbor-and hob have advanced to their extreme
-positions, thereby actuating the switeh109,.clos-
ingitsicentacts -189p and:opening its-eontacts
-+08a,: further. hobbing- oBerations: are-prevented,
Jbut'ahobbing eperation in, progress-may.be:com-

&

10

20 rpleted. Thus, the:work-head may. be rapid trav-

ersed:to.its uppermost positien as.akove.deseribed
by depressing the start button, werk may-be-load-
ied-into the maching and. the;work rapid traversed
s6ewn-to:a point. sadjacent-the hob by:again. de-
:pressing - the-start- button. . However,, when; the
-work-comes-adjacent the-hoby:so-that the ;5 riteh
-£31 isvactuated by -the istop 429, the ~cut metor
s432.ds:n0t energized;since. the.ci Uit to. the.relay
1468, which- controls :the. motor,.is:now; open. :at
-the
contacts 1090 will be closed so that.the, lamp. I,
s lighted, -indieating ;that-the: hob.must be:re-
iplaced. - -The-machine may: he restored.to. op-
-erating-condition.as <above-described ; ur.
its dnitial position:which
~will :result. in-.clesing. of rthe . contacts: 1092 and
sextinguishing the damp. L:by: opening .the:con-
«bacts: 109b.

““ClUmb” eutting, feed “up”

40

;As «deseribed rin .the ipreviously : mentioned
-Patent 2,307,428, a machine- of the $ype here
dllustrated: andr-describied:may have.an idler.gear
vnserted in:the,feed:change.gears so::that.the
direction+of :feed:is reversed without. reversing

5 -the direction :of -rotation: of:the-hob and work.
«In ‘other words, with the:switch 1424 setswith -its
~contacts 124e,-124b:and 1 24c. a4 Sheiruppermeost
spositions:as viewed:in {Fig.:5, the. :hob--will now
srotate dini a ceounterclockwise .Or sTeverse,
ttion-as viewediinFig. «1, iwhile.the feed. will
“up”instead:of ‘down.” “With the feed: ‘‘up” and
ithevhob:rotating ias; Just:mentioned:the hob:will
~attempt ito:sclimb: the swork=duringrthe-cutting. or
-hobbing:operation or,dnsother words,-the opera-
stion will:be “climb”cutting: or, hobbing. -Hence,
swith the switeh 125 set:so that.its movable con-
itacts ‘aredn:their Jowermost positions-as. viewed
-in Fig. 5, the first described-cyele. of- operations
iwillthe:repegted, the;only, rdifferencer being ithe
sdirection:of rotation;ofthe;hob. Hencethe.de-
sseriptionsof wthe ciréuityand operations swill: net
“be:repeated,. it. being/noted that the switch 409
coperates vas before : tolprevent Further-hobbing
‘operations: after vthe 1hob thas reached ibs ex=
“treme .of-axial:movement:and:the: cycle has been
<campleted. B

“Climb” . cutiing, feed “Cown”

‘The machine can likewise be operatedto €ffect
““elimb” “cutting ~or “hobbing “bitt twith-‘the “feed
.being, produced by ‘downward ‘movement of: the

. work “head 'C by utilizing an’ idler -gear-in “the
“feed.change gears and’ by reversing thepositions

5.0 the. syvitéhes 124 and 125, "The cycle of ‘opera-
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tion is the same as that described with respect
to “conventional” = cutting, feed “down” and

‘hence will not be repeated. In this mode of op-
eration also the switch 109 operates to prevent
further hobbing operations after the hob has
reached its extreme of axial movement and the
cycle of operation has been completed.

Automatic feed cutout—clegnup operation

-."As previously mentioned, the machine is pro-
vided with a switch {27 to enable the machine to
be operated with a cleanup feature. That is to
say, the machine is so operated that at the com-
pletion of the hobbing operation the feeding
movement of the work head is terminated a pre-
determined time interval before the rotation of
the work and hob cease so that the hob remain-
ing in engagement with the work and without
feed of the latter thereby effecting -a cleanup
of the end of the cut. This feature is especially
useful when splining or the like is being cut
‘since it insures that the ends of the splines will
all lie in the same transverse plane. When this
feature of the machine is to be employed, the
switch 127 is positioned so that its movable con-
tacts 127¢ and 127b engage the left-hand sta-
“tionary contacts adjacent thereto as viewed in
Fig. 5. Let it be assumed that the operation will
otherwise be “conventional” cutting or hobbing
with the feed “up.”

The machine is started, as before described,
by depressing the start putton and operates as
mentioned above to rapid traverse the work adja-
cent the hob. When this point is reached the
switeh. 131 is actuated, as previously described,
“closing ‘contacts 137b and opening the contacts
{31¢. Hence, the work is now moved at a feeding
yate while the hob and work are rotated since
the cut motor is energized through the energi-
zation of the relay 165. - At the same time that
the relay 165 is energized, a relay 184 is ener-
“gized by the closing of the contacts 1370, the
_circuit for this relay extending from the wire
{42 through the contacts 146a, wire 151 and
wire 185 to the relay 184, thence from the latter
through the wire 186 and wire 169, contact 125¢
and the closed contacts 1315 to the wire (55,
“the circuit continuing through the latter wire
and the contacts 1257, contacts 136a to the wire
148, thence through the contacts 149a, 150 to
the wire 135.  Energization of the relay (84
closes its normally open contacts (84a which
“are connected between the wire 165 and the nor-
- mally closed contact 18Ta of & timing relay {87.
The contact 187¢ is connected by & wire 188 to
~the contact 121b which is now closed with the
" cooperating - stationary contact connected by a
wire 189 to the wire 148.

- Consequently; a holding circuit is provided for
the relay 146 about the switch 136 through the
wire 155, contacts 184a, 187a, wire 188, contact
127b and wire 189. The cutting or hobbing oper-
ation continues during the upward movement of
the work head at the feeding rate imparted by
" the motor 132 as previously described under
« «Conventional’ cutting, feed ‘up’.” ‘When, how-
ever, the upper limit of this movement has been
reached so that the stop 13f moves the contacts
136¢ to open position and the contacts 136D to
closed position, relay 146 is not now deenergized
since the above-described holding circuit there-
for has been provided through the contacts 184a,
{8T¢ and [27b. Likewise, relay (65 remains
_energized through the contacts i84a, 181a, etic.,
50 that the cut motor 132 remains in operation
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for a predetermined period of time after opera-
tion of the switch 136, the length of this period
being determined by the relay 187 which is a
timing relay, preferably adjustable, and operates
the contact 18Ta as hereinafter described.

While the ¢ut motor 182 remains in operation,
thus rotating the hob and work spindles, there
is no feeding of the work head at this time
since the operation of switch 138 has completed
a circuit through the now closed contacts - 146¢
of relay 146, wires 180 and 191 to the relay 161
and through the latter and the contact i26a,
which is in its lowermost position, wires 192 and
193, contact 127a to and through the contact
125g and the now closed contacts {360, the cir-
cuit being completed through wire 148, contacts
{49a, 150a to the wire 135.  The relay 161 is
therefore energized thus opening ibs normally
closed contacts 16ia and 1616 and closing its
normally open contacts (6lc and i6id. - Cur-
rent is therefore supplied fo the solenoid - 164
of the brake for shaft 20 energizing the latter.
Therefore, the shaft 22 is free to rotate and hence
the screw and nut assembly which effects ver-
tical movement of the work head is ineffective to
produce this movement since both the screw and
the nut freely rotate. As a result the work is
not fed even though the latter and the hob are
rotated and hence the final portion of the cutting
operation is subjected to a. cleanup operation
which, as mentioned before, enables work such as
splining to be cut so that all the upper ‘ends of
the splines lie in the same transverse plane.”

The operation of switch 136 at the upper limit
of travel of the work head has, as mentioned
before, closed the contacts 136b. -This energizes
the timing relay 187 through the now closed con-
tacts 146c, the wire 190, the coil of relay 81,
wire 195, contacts 127a, 125g and - 136b to wire
{48. Since the relay 181 is a fiming relay, it
does not operate its contact 18Ta immediately
upon energization but only at the end of a pre-
determined time interval thereafter. The tim-
ing relay 1871 is of conventional type and is
adjusted to provide the desired amount of ‘rota~
tion. of the hob and work after termination of
the feed of the work head. This time interval
may, for example, be in the order of the length
of time required for one complete revolution of
the work after termination of the feeding.. -

‘When the predetermined time interval for
which relay 187 is set has elapsed, this relay
moves its contact to circuit opening position thus
deenergizing relay 146. Deenergization of relay
{46 opens its contacts [45q-and 148c thereby
deenergizing relays (65, 184 and 187 so that the
motor 132 is deenergized. . The relay (6i, how-
ever, remains energized for & short time interval
after the deenergization of the motor 132 so as
to insure that the brake is not applied before
the desired rotation of the work and hob have
been completed, thus insuring against incomplete
cleanup operation. For: this purpose the relay
161 is provided with another set of contacts lble

" which are normally open but which -are closed

upon energization of relay 161 to provide a hold-
ing circuit for the latter. This circuit extends

from the wire 142 through the contacts 16le,

the normally closed contact 194a of a second
timing relay 194, the relay (61, contact 126a,
wires 192, 183, contact 127a, contact 125g, con-
tacts 136, wire 148, and contacts 49z and 150a
to the wire 135:

The energization of the timing relay (94 is
under control of the ‘normally-open contacts
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6 ke-and-a pair of-normally closed-contacts 1464
‘of -relay ‘146,  Consequently, when the -contacts
" f61e-are closedand-while' the-relay-i146- is still
energized,-that:is, prior‘to the deenergization of
“the motor®132; the timing relay 194 4s-not-ener-
'gized ~since - the -contacts “146d - are “held open.
‘After- the -relay “(87 “has -operated to move its
‘contact’ 187’ to- circuit ‘opening -pesition: thereby
deenergizing relays-146; 85 and 165-so-that the
motor-132-is-deenergized, the circuit to the relay
"194-is then: completed through “the “now--closed
‘contacts 1484 -of ‘relay ‘146, the “circuit extend-
ing“from “the-wire ‘142 through*the “now-closed
contacts 161le, wire 196, normally closed contacts
148d, relay - 194, ~wire ~193, ~contacts ‘2T1a,125g,
ard (8860 -to wire [48. -Since the relay:#94-is-a
‘timing" relay,=so that -energization-of this ‘Telay
‘does not’ immediately -result-invoperation-of the
contact” 184a to -open-position,; the latter-remains
‘closed “fora predetermined time“interval after
“the -energization “6f* the relay #94. - At the-end
“0f “$his “interval -the -contact 194a*is ‘moved-to
‘open-position thus'deenergizing relay 161 so that
“the sblenoid 164 of the brake'is deenergized; thus
‘applying -the*brake. ~This-time-delay is inter-
“posed to-insure that the brake ismnot prematurely
:applied while “the desired rotation”imparted: by
“the-cut- motor to-the-work-and the arbor is-still
continuing, ras “by “coasting, “after ‘the: motor-is
“deenergized. ‘The‘deenergization of'the relay 161
reopens its-contacts t6 le-so that the timing relay
194 “is ~deenergized, ‘restoring the -circuitto the
‘condition “suchthat-the work-may now “be+re-
‘moved®from -the work head, ‘the “machine~being

returned-to-its-initial position-by-again opersting .

“the:start “button- 122, as described -above -under
“““Conventional-cutting; feed ‘up*”
~The-above-described automsatic feed: cutoutto
“provide “cleanup -may-also “be utilized: when the
machine is-operating-4n. accordance -with the
abovesdescribed -cycle of operations <known :as
“*‘Conventional’ - cutting, : feed “*down’” :In ‘this
‘instance; the switches- 124 and 125-are positioned
-as-above‘described for this type of operation; that
“is*to say, with their movable contacts'in-engage-
‘ment-with’the cooperating: upper ‘adjacent: sts-
Alonary-contacts-and the switch 127 is‘moved:to
“engage-its-contacts’ 127¢ and 127b+with’ the -ad=-
‘jacentleft*hand ‘contacts as viewed in g, 55.
The switch 126-is likewise positionedswith its.con-

tact 1260 in engagement with the:contact con-

"necteéd’ to wire 192,

“With ‘themachine thussét: upithe:initial :ae-
«tuation of:the start button 122:causes therwork
‘head: to srapidly. move “upwardly. asvabove:de-

:seribed wunder ;the :heading -.0f “‘Conventional’

-eutting, feed “down’.” .-During this movement,
therstop i129..on the.work head engages.and:ae-
tuates. the. switch. 137 to. close its-contacts A3Th
and.open contacts. (3Ta. . At the end of the. ver-
tical movement. stop. 131 actuates. switch 136 5
.close the .contacts 136b and.open.the contacts
"136a, thereby terminating the rapid movement
‘in‘the upward direction. The workpiece is then
applied”to “the ‘work’ hedd and the start button
122 again aetuated. “The woik head moves rap-
Adly downward until'the work is adjacent the hob
at which time the switeh ‘137 is again operated
by the work ‘head to°terminate the. rapid move-

“ment’and ‘begin-the cutting or hibbbing operation .

-and “feeding " movement,” these operations being
~effected and continuing as above ‘described under
“the heading of ““*Conventional’ .cutting, feed

‘down*” until the work"head-has-moved to’ a. po-
<sition~corresponding“to* the ‘end -6f* the- cutting

<
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operation,: t-herebyﬁa"ctuatingfi"‘fthe--sswitbh 136:ito
close’ the- contacts *136a ~arid open:the -contacts
136b. “Thé motor #32-is-not ‘deenergized:at this
time, hewever, but-continues:to+ rotate withoit
further feed of the work-head; the relay: 165 re-
maining ‘energized: through the contaets 125d,
137a, {84, 187a; wire:i88, contact:121b,.and wire
189 whichis-connected with wire 48, "Likewise,
the operation of the switch £36:t0-closed position
hasvenergized:the:rélay: 161 through:the: cireuit
extending ‘from:the wire. 142, :the now-elosed:con-
tacts 148c, wire-190, wire 191 ; thecoil 6fithe re-
lay {61, contact 1260, wires 192:ard: 193> coritact
127a, -viire “182, -contasts 125f <and : 136a-to::the
wire 148. "Therefore;the-contacts 16 le-and: 4614d
are closed and contacts 16 lesand 16 b: are-opened
with-the result that the solenoid 164 forithe brake
isenergized -so:that: the ‘continued-rotation +6f
the'motor (32 does not-effect any further‘feed-of
the~work head. "“This continued- rotation éffects
cleanup-of ‘the work-and: is terminated-by-epera-
tion:6f:the relays (8T-and 194 as'above described
for -the«cleanupwith ““‘Conventional” -catting,
feed :fup’.”

The:cleanup’ feature above ‘described-may:also
‘be-employed iwith*“elimbh™: hobbing with- the’feed
being:&ither “up” or “down’ in‘the same man-
ner-as-described’ for ““conventional” ~cutting ~or
hobbing with feed “up™ or “downi:” - In-all -eases
‘the :switch 109: actuated by ‘the:axial movement
'of-the hob -arbor prevents further hobbing opera~-
‘tions:when:the hob arbor has-moved: to"its-ex-
treme-advanced position.

Feed out

‘The:switch 12 6:is:provided-for:the Jpurpose:of
‘permitting : operation .iof ithe zmachine * withous
feeding- movement:of-theswork head. ~This ‘mode
of ‘operation is.useful in: cutting :or hobbing cer-
‘tain types . of r'work.and is especially useful in sét-
ting up'the machine or inschecking its operation.
«_When itids desired to thus operate, the switch 126
1s:positioned so-that its movable contact 126q en=
:gages: its upper :stationary contact, as:viewed in
Eig.-5.  Let.it be-assumed ithat the: machine :is
.oj;herwise set-for ",fconventiona‘l”':hobbing’ or cut-
{mng:with:theifeed “up”.and:that the:work ‘head
18 »provided <with ug workpiece. “Depressing the
stal_*t button 122 now operates; :as-before; tosen-
ergize the relay 146 and the relay 153, the latter
effecting energization ‘6f“the-rapiditraverse mo-
tor 133 in a direction such that the work head
-moves upwardly, it being ‘remembered“that the
~brake: is-réleased by energization: 6f the’ solenoid
164 through'the ‘norm#lly-closed contacts “[§ia
and 16iv,

“When the:work ‘head’ has:traversed “the"pre-
“determined distance required-to “bring “the “work
“adjacent the hob, the ‘swit¢h 13T operates;-as-he-
~fore, to-¢lose the ‘contacts 1310 and open ‘the con-
stacts 187a, thus deenergizing ‘relay 153 and-con-
-Sequently: deenergizing ‘the- rapid’traverse*motor
133 “and’ reapplying the ‘brake, “The “elosing of

contacts: 13Tv-results in- energization of the réiay
165, as: previously desctibed, so' that the cut mo-
‘for 132+ isplaced in operation ‘causing ‘the hab
‘and-the:work to rotate.” “At the:same »timé;howQ
~€ver;.a eircuit: has'been. completed from: wire £42
ithrough the now closed-contacts 146¢c, wires 199
cand 191; the eoil of relay lsl;‘contact‘lzsa, “wires
“197,:486%and’ 169:10 the contaet 25¢,*the-circuit
"‘qontinuing"through the now closed contacts’ 1370,
f\virewlss;fcontacts 1257, arid 186a to'the wire 148,
Thzs ~energizes-relay: 161, ‘thus ‘closing its “eon-
“tacts ‘f8te, “16kd, 18 1e and- opening*its-contacts
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161a, 181b. ' Therefore, the solenoid {64 -of the
brake.is energized so that both the feed screw
and nut may freely rotate with the result that
there is no feeding of the work head and hence
the machine will continue in this condition until
the switch 12§ is positioned to bring its contact
{26c into engagement with its lower stationary
contact, which is connected with the wire 92,
thereby deenergizing the relay 16! so that the
brake is reapplied and feeding may be effected,
the operation of the machine then continuing in
the same manner as before deseribed.

This no-feed feature may likewise be employed
with “conventional” cutting or hobbing with feed
in the downward direction by setting the switches
1284 and 125 for such operation but with the
switeh 126 set so that its contact 1264 closes the
circuit to the wire 197. The machine will then
operate as previously described for “‘Conven-
tional’ ‘cutting, feed ‘down’ ¥ until the work head
has brought the work adjacent the hob at which
time the rapid traverse motor 33 is deenergized
and the cut motor 132 is energized, as previously
deseribed. However, no feeding of the work oc-
curs since the relay 1684 is then energized through
the circuit extending from:the wire 142 through
contacts 146¢ and relay 161 to and through the
contact - 126a, wires 187, 186, 169, 183, contacts
125d, 137a, wire 155, contact {25¢ and the now
closed contacts 136 to the wire 148. Tence the
hob and work are rotated without feed of the
work head until the switch 126a is moved to en-
gage the contact which is :connected with the

~ wire 192, whereupon relay 161 is deenergized and

the operation continuesto completion.

The no-feed feature may also be employed
with “climb” cutting or hobbing. Furthermore,
the feed may be interrupted during a cutting or
hobbing operation of either the “conventional”
or “climb” type by simply actuating the switch
126 to position its contact {26a in engagement
with the upper stationary contact connected with
the wire §97. When cutting or hobbing is in
progress the relay (46 will be energized so that
contacts 146c are closed and hence the actuation
of switch 126 will result in energization of relay

61 thereby terminating the feed without inter- -

rupting the rotation of the hob and work. Peed-~
ing may be resumed by simply reversing the po-
sition of switch 126.

Stop-and-start switches

" 'Both the start switch 122 and the stop switch
{23 are of the push button type and include fer-
ruleés 198 and 199, respectively. The ferrule 198,
associated with the start button 122 is adapted
to. secure the latter in an intermediate. position,
as indicated by dotted lines in Fig. 5, in which
position the movable - contact of the switch is
out of engagement with all of its stationary con-
tacts. This feature is employed to facilitate
setting up of the machine and operates as fol-
lows: The start button (22 is initially depressed
into engagement with its contacts 188, 139 and
140, and the ferrule 188 is adjusted so that when
the button is released by the operator, it will
be held in its intermediate position as indicated
by the dotted lines in Fig. 5. The initial de-
pression of the start button 122 closes the circuit
from the wire 142 through the wire 143 and start
putton. 122 to the wire 144, thus energizing re-
lay. {46 when the machine is-set for ¢ ‘Conven-
tional’ cutting, feed ‘up’.” - This energization of
relay 146 closes its normally open contacts 146a
thus energizing relay 153 through the last-men-
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tioned: contacts, wire 151, wire {52, the coil of
the relay 153, wire 154 and contacts 125d, 131a,
wire 155, contact (25f and contacts 136a, the
circuit extending to the wire i48 and through
the contacts (48a, 150a to the wire 135. Hence,
relay 153 is energized, closing its normally open
contacts 153d and providing a holding circuit
for the relay 153 so that when the start button
22 is released the resulting deenergization of
relay 148 does not result in deenergization of re-
1ay 153.. Moreover, the relay {46 is not again
energized since it will be remembered that the
start button 122 is now held in its intermediate
position.

The energization of the relay (53 has closed
its contacts 153, (53b, and i53c thereby en-
ergizing the motor 133 effecting rapid traverse of
the work head to bring the work adjacent the
hob, whereupon the switch 137 is actuated to
open -its contacts 137a and close its . contacts
151b. This deenergizes the relay (53 so that the
motor 133 and movement of the work head stop.
The cireuit to the relay 165 is not completed at
this time however, since the start button is held
in its intermediate position.  Consequently, the
motor 132 is not energized so that the work
head does not move and the hob and work are
not rotated. This enables the hob to be adjusted
relative to the work and fo effect such other
adjustment of the mechanism. as is necessary.
The machine may be started upon the remain-
ing portion of its cycle by simply returning the
ferrule 188 to its initial position thus releasing

‘the latter which is then depressed again, This

actuation of the start button 122 completes a cir-
cuit through the button in its depressed posi-
tion and through the wire 144, contacts 109a,
wire 166 and wire (67 to the relay 165 and from
the latter through the contact 125¢, contacts 1370,
which are now closed, wire {55, contact {257, con-
tact 136 to the wire 148, The relay 169 is there-
fore energized closing its contacts {65a, 1650, 165¢
and 165d. The latter contacts provide a holding
circuit for the relay 165 maintaining the latter
energized when the start bubton is released, while
the contacts 165a, 1650 and 165¢ effect energiza-
tion of the cut motor 132 so that the hob and
work - are rotated and the work head is moved
vertically at the feeding rate, the operations
continuing as previously described.

The machine may likewise be operated by
employing the ferrule 198 to hold the start but-
ton (22 in an intermediate position when the
machine is employed for “conventional” cutting,
feed “down.”- In this situation the start button
is initially depressed, the ferrule not yet being
adjusted to hold the button partially depressed,
with the result that the work head is rapidly
traversed to its uppermost position in the usual
manner, When- the start button is again de-
pressed to effect downward movement of the
work head, the ferrule is then actuated to hold
the start button in its intermediate position.
The operation is then substantially as described
above, the work head being now moved down-
wardly at the rapid rate until the work is ad-
jacent the hob at which time the switch 137
will be actuated to deenergize the rapid traverse
motor, but the intermediate position of the start
button prevents the relay 165 from being en-
ergized so that the motor 132 is not energized
and there is no rotation of the hob or the work
nor any feeding movement of the work head.

The operation of the machine when employing
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the. ferrule. and. with: the apparatus set fo
“elitli” hobbing, with' féed either “tip™or “down”
is the same as. for:conventional cutting-with: cor-
responding feed.”

. The ferrule 199. provided :for the stop:button 5

123 is adapted.to hold the latter in its depressed
or:opern. position.. Hence, this stop button may
be. dépressed ‘and the ferrule actuated to hold it
in’that position whenever it is.desired to work
upon..the machine: or otherwise ;prevent opera-
tion.of "any of the parts thereof; since.the stop -
button. 123’ controls. energization. of the . entire

control circuit.
SUMMARY "

Variations: may.: be : made: in- the: types:-of:
switclies:and relays-employed and-certain: of:the
features-described:may: be omitted:. In all Cases,
however, that'is; whether the-cutting-or hobbing
be:*conventional” or “climb” and-with:feed: “up”
or“‘down;” also whether with or ‘without-clean- .
up, the axial shift of the hob arbor: to:its:pre-
determined . extreme: advanced - position: effects
actuation ' of ‘the switch~109;: thus ‘lighting: the
lamp L by:closing the contacts:1898b; and prevents
arnewi:cycle ofhobbing: from: being ‘started by
opening the'contacts :109q; it being; noted, how-
ever, that :a: hobbing operation in progress when
thie switch 109 is-actuated is ‘allowed to-be’ com-
pleted:

- It=should therefore now be:apparent:that the ;
invention provides a:novel and improved hobbing
machine employing axial:shift of ‘the:hob arbor
at .a:relatively slow:rate:and ‘so' controlled that
wlien-the Hob has been:shifted 'a’ predetermined
extént, operation-of the:machine: is: terminated -
at’the"end- of " a: hobbing eycle: and ‘ cannot  be
resumed ‘until -the hob.arbor:has: been returned
to-its initial ‘position: Moreover, the mechanism
for-thus: controlling thie machine:in accordance
with-the hob' shift ‘is: easily accessible. and may
be ‘readily -adjusted to vary the predetermined
distance of shiftthat'may occur-befére actuation
of’the switch 108 Fiurthermore, the said ‘mecha-
nism 'is‘so located adjacent:the end of' the hob
head-that no increase: is required in‘ the - size
of “thelatter- adjacent: the: hob: carried by :the
head 'so-that the head may be-readily -adjusted
angularly without - interference” with' the: work
-hedd orthework: supported therein::

"While-the: preférred embodiment of: the: inven-
tion has-been-described 'in ‘considerable: detail; i’
is“to' be-understood that this-is by way of exam-
ple-only-and- that!the invention-is not limited to
the particular-details-shown and-deseribed.:

Having thus described the-invention; we:claim: 5 5

1:-A‘ hob~head" for-an- electrically:-controlled *
hobbingmachine comprising a“hob arbor-driven
by an: electric motor, means journalling said hob
arbor “for rotary and‘axial ‘movements, means

“adapted to be rotated and including gearing oper-
atively connected to said arbor adjacent 'one end:
of “the-latter for producing rotation’ and axial

" movement ‘of the-arbor; the distance of the said
axial. movement for-each hobbing operation per-

formed. by a hob" on’ said” arbor being o small . g:

fraction ‘of . the. useful length. of “the hob,. means
connected ‘with’ said hob arbor intermediate said
gearing and the adjacent end of said-arbor for
mnovement with -the ldtter, an  eléctrical switch

. adapted to . be, connected. inn_ the. control  circuit. 7o:

for. the. hobbihg .machine. to. control’ the motor
which operates. said.arbor, and means cooperat-
ing. with.said:switch and.the. said. means. con-
nected .with: the arbor.te.actuate. the . said switch

- when the. arbor has.moved. axially. a,.predeter-. 75
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mined distance corresponding to the useful length
of‘the hobon said-arbor:

2."A" hob ‘head as*defined-in’ cldima:1 and 'in
which' the: means-connected with: said arbor-in-
cludes means for-securing the said means-tg:the
arbor-at- different- axial® positions: ‘tHerealong:-to
thereby seléct the  extent of-axial’movementof
the arbor prior to-the-actiiation of said switch,

3" A* hob-head- as~défined “in- claim~-1 ‘and ‘in
whichthe ‘means- cooperating -with said ‘switch
and 'withthe said means connected'with the arbor
includes:means:*for-operating -said- switeh'“when
the arbor-has reached-either extreme of its pre-
determined extent of-axial movement:

4 A*hob-head“as- defined-in-claim-1 and-in
which the means cooperating with said switch
and”~ with, the- said” means connected with-the
arbor :comprises apivoted lever and means “OT=
mally; urging-said-lever-into - engagement’ with

‘said switch:

5. A~ hob head- for- an-electrically - controlled

hobbing machine-driven: by an‘electric motor; the
said -head comprising-a‘ hob-arbor; means- jour-
nalling said hob-arbor for rotary and-axial move=
ments; means adapted: to be rotated ‘and-inclid-
ing gearing-operatively- connected to-said: arbor
adjacentone end of “the-latter for producing-ro=
tation and-axial-movement of the arbor upon
‘energization- of “the motor of  the -hobbing -ma-
chine, the- distance -of "‘tHe said ‘axial ‘movement
for -each-hobbing ‘operation performed by a hob
onsaid arbor being'a-small fraction of the useful
length of the hob;: a first-member connected with
said hob arbor-intermediate said: gearing-and-the
adjacent” end:of “said-arbor for: movement with
the latter, a second- member supported: adjacent
said’. one end of: said’ arbor-for limited :move-
ment- relative” to 'said* arbor; means adjacent
either ‘end ‘of 'said ‘second member adapted ‘to be
engaged by -said- first” member “and ' to. thereby
move~ the - said second” member; an eléctrical
switch supported ‘adjacent the, said" one end:of
the arbor and adapted ‘to be connected: in the
control “circuit ' for -thte hobbing machine to con-
trol" the motor of-the machine, and means .co-
.operating with - said  second “member and. said
switch for actuating the:latter when the. former
is"moved by the said. fitst member whereby the
-sald switch: is actuated ‘at eithier extreme of “the
.extent’ of axial “movement of ‘said. arbor corre-
sponding to-the useful length of the Lob: on.the
arbor, ‘

6." A hob head'as defined in.claim 5 and where-
in- the: connection of “said first: member. to -said
arbor-includes.means for securing the. said first
member. to:the arbor. at different. axial positions
therealong :to. thereby.select .the. extent 0f axial
movement .of:the arbor prior te actuation.of:said
switeh.

7--:Axhob-head" for; an: elegtrically; controlled
hobbing::machine; the -said: head: comprisingza
hob -arbor, means: journalling said-hob:arbor.for
rotary-and-axial movements, a housing: enclosing
one-end of'said-arbor and ‘providing -a‘support
“forsaid-journalling ‘means; means adapted to-be
rotated and-including: gearing within-said “hous-
ing operatively connected to said arbor adjacent
the enclosed end of ‘the.latter.for producing rota-
tion. and axial movement of .the.arbor, a first
member connected ; with. said. Hob arbor. within

..said housing: intermediate said’ gearing. and. the

enclosed end, of “said arbor. for movement_with
the latter, a .second member. supported., within
_sald housing adjacent said.encldsed.end.of said
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arbor for limited axial movement with respect
to said arbor, means adjacent either end of said
‘second member adapted to be engaged by the
said first member and to thereby axially move
said second member, an electrical switch sup-
‘ported by said housing adj acent the said enclosed
end of the arbor and adapted to be connected
in the control circuit of the hobbing machine,
means cooperating with the said second member
and said switch for actuating the latter when
the former is axially moved by the said first
member whereby the said-switch is actuated at
either extreme of the extent of axial movement
of said arbor and of the means connected: there-
with."

8. ‘A hob head for an electrically controlled
hobbing machine, the said head comprising a hob
arbor, means journalling said hob arbor for ro-
tary and axial movements, means adapted to be
rotated and -including gearing operatively con-
nected to said arbor adjacent one end of the lat-
ter for producing rotation and axial movement

* of the arbor, a first member connected coaxially

‘with said hob arbor -intermediate said gearing :

_and the adjacent end of said arbor for move-
‘ment with the latter, a second member supported
in radially spaced coaxial relationship with re-
“spect to said one end of said arbor for limited
-axial movement with respect to said arbor, means
normally urging said second member in one di-
rection of its axial movement, means adjacent
either end of said second member adapted to be
-engaged by said first member and to thereby ax-
ially move the said second member in the direc-
‘tion opposite to that in which it is urged, an
“electrical switch supported adjacent the said one
‘end of the arbor and adapted to be connected in
‘the control circéuit for the hobbing machine, and
means cooperating with said second member and
.said switch for actuating the latter when the
former is axially moved by the said first member,
whereby the said switch is actuated at either ex-
‘treme of the extent of axial movement of said
‘arbor and of the means connected therewith.

9. A hob head as defined in claim & and where-
in the connection of said first member to said

arbor includes means for securing the said first:

'member to the arbor at different axial positions
‘therealong to thereby select the extent of axial
movement of the arbor prior to actuation of said
switeh.

10. A hob head for a hobbing machine having
“electrical means including a motor and a con-
trol circuit for effecting operation of the ma-

chine, the said hob head comprising a housing, i

a hob arbor, means in said housing journalling
said hob arbor for rotary and axial movements
with respect ‘to the housing, a shaft rotatably
‘supported in said housing and adapted to be op-
eratively connected for rotation by said motor,
means including gearing within said housing ad-
jacent one end of the latter and operatively con-
- necting said shaft and arbor for producing ro-
. tation and axial movement of the latter when said
shaft is rotated, means adjustably connected to
said hob arbor intermediate said gearing and the
. adjacent end of said housing for movement with
“the arbor, an electrical switch supported on said
housing adjacent the said one end of the arbor,
" the said switch being connected in the control
circuit of the hobbing machine to control the en-
ergization of said motor, and means cooperating
with said switch and the said means connected
with the arbor to actuate the said switch when
- the arbor has moved axially a predetermined dis-
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t"c’anc'ef:ar’résponding to the adjusted position of
the said means connected to said arbor.

11, In a hobbing machine having -a rotatable
and axially movable hob arbor, the combination
of means. adjustably connected with said hob
arbor. adjcent one end of the latter to move
therewith, an electrical switch mounted adja~
cent the said one end of the hob arbor, means
cooperating with the said means on the ‘hob
arbor and with the said switch to actuate the
Iatter when the hob arbor has moved axially a
predetermined distance as determined by the ad-
justed position  of said first-mentioned means,
and an electrical eircuit controlled by the actua-
tion of said switch, the said circuit including

‘relay means establishing circuit relationships in

response to actuation of said switch for prevent-
ing the beginning of a new hobbing operation
while permitting a hobbing operation in progress
at the time of the switch actuation to. continue
to completion. :

12. A hobbing machine as defined in claim 11
and .further comprising ‘an indicating means in
said eircuit and controlled by actuation of said

‘gwiteh- for indicating a predetermined distance
-of axial movement of said hob arbor.

13. Tn an electrically controlled hobbing ma-

_chine having a rotatable and axially movable hob

arbor, the improvement which comprises, & mem-
ber disposed coaxially of said hob arbor adja-
cent one end of the latter, means to connect said
member to said arbor at different axial distances
therealong adjacent said one end of the arbor, an
electrical switch mournted adjacent the said one
end of the hoh arbor and connected in.the control
civeuit for the machine, means cooperating with
said switch and adapted to be engaged by the

- said member to operate the switch when the hob

arbor has moved axially a preselected distance
corresponding to the -adjusted position of the
member, and an electrical circuit controlled by

.the actuation of said switch, the said circuit in-

cluding - relay means establishing circuit rela-
tionships in response to actuation of said switch
for preventing the beginning of a new hobbing
operation while permitting a hobbing operation
in progress at the time of the switch actuation
to continue to completion. : .

14. A hobbing machine comprising a hob arbor,

_a work support, means including an electric-mo-
50

tor -for rotating said arbor and support and to
produce relative movement between said arbor
and support axially of the axis of said work sup-
port, means including gearing connected with
said hob arbor adjacent one end of the latter to
axially shift the arbor in response to rotation
thereof, an electrical circuit for controlling -the

- energization of said motor, manually - operable
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switch means in said circuit for initiating a hob-

bing operation, means in said circuit for auto-

matically deenergizing said motor when a hob-
bing operation has been completed, switch means
in said circuit adapted when actuated to pre-
vent energization of said motor, means includ-
ing a member adjustably connected with said
hob arbor intermediate said gearing and the ad-
jacent end of said arbor for actuating the last-
mentioned switch means when said hob arbor has
moved axially a predetermined distance, and

“means in said circuit for maintaining said mo-

tor energized after a hobhing operation has been
started and until that hobbing operation is com-
pleted regardliess of the actuation of said last-
mentioned switch means during the hobbing op-
eration, the last-mentioned means being inef-
fective to permit energization of said motor when
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sald manually operable switch means is actuated REFERENCES CITED
to initate another hobbing operation after the The following references are of record in the
said last-mentioned switch means has been ac- file of this patent:
tuated.
15. A hobbing machine as defined in claim 14 UNITED STATES PATENTS

and further comprising an indicating means in * Number Name Date
said control circuit and controlled by actuation. 1757929 Shawetal. _________ May 6, 1930
of said last-mentioned switch means for indi- 1,785,395 Shawetal, _._._____ Dec. 16, 1930
cating a predetermined distance of axial move- 2,374,254 Zimmermann _______ Apr. 24, 1945
ment of said hob arbor. 10 2,481,974 Bradner ___________ Sept. 13, 1949

OTIS E. STAPLES. 2,484,856 Purvin ..__________ Oct. 18, 1949

ANTHONY J. BENT, 2,537,967 Carlin ______________ Jan. 16, 1951




