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1

This invention relates to improvements ir_l mill-~
ing machines. More particularly it provides a
milling machine which can mill irregularly
shaped profile surfaces of work pieces, such as
the profile edges of balancing webs of crank
shafts, for example. .

It is among the objects of the present inven-
tion to greatly increase the speed and efficiency
of machining the profile edges of crank shaft
webs and comparable surfaces as compared with
prior procedures. Heretofore, the balancing webs
of crank shafts have been machined on shapers
or planers involving a multiplicity of cutting
strokes in direction parallel to the axis of the
crank shaft which makes the machining of an
entire web profile relatively slow. The machine
of the present invention steps up production sev-
eral times what hag been customary and feasible
according to shaper and planer methods of pro-
filing. A rotating milling cutter is carried on a
vertically movable carriage and does the profiling
as the work is moved toward and in contact
therewith, the cutter carriage being guided in its
vertical movements by a cam whose cam surface
corresponds to the desired profile of the web
that is undergoing machining. A feature is that
the cutting is done by the periphery of the milling
cutter held in cutting relation to the work by
the action of gravity acting on the cutter car-
riage and maintaining a cam roller thereon in
contact with the cam surface.

Approximately one-half of the edge contour of
a crank shaft web may be profiled by a single
travel of the work carriage past the cutter. Then
the crank shaft is turned over and the other half
of the same web is similarly profiled, either in the
same machine with suitable interchange of work
holding jig and cam or, preferably, in a substan-
tially duplicate machine having the proper work
jig and cam thereon which conveniently may be
associated with the first machine, on a common
bed. For crank shafts having two balancing
webs requiring profiling, an efficient set up is to
have four of the duplex machines, two for rough

profiling of the two balancing webs and the other *

two for finish profiling of the same two webs.
Provision of a milling machine having the fea-
tures and capabilities as described is a further
object of this invention. i

Another object is to provide for approximately
uniform cutting speed notwithstanding that the
web profile may include one or more relatively
sharp inclines and one or more relatively long
gradual inclines. According to the invention the
speed of feed of the work to the cutter auto-
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matically reduces substantially when the cutter
is working on a steep incline as compared with
the feed of the work when the cutter is working
on a gradual incline. An electric motor having
at least two speeds is employed for driving the
work carriage and mechanism is effective for
shifting. automatically from one motor speed of
say 1200 R. P. M. to another which may be 600
R. P. M., when the cutter is working on a steep
incline, and for shifting automatically back to
the first speed.when g more gradual incline is
reached. The provision of mechanism for ac-
complishing this automatic change of speed of
work feed constitutes a further object of the in-
vention,

Still another object resides in a pneumatic con-
trol for the vertical cutter carriage. Provision
is made for pneumatic lifting of the cutter car-
riage in response to operation of a hand valve,
thereby to condition the machine for loading and
unloading. ‘

A further object of the invention is to provide
an automatic safety control which is operative
to stop the work feed if and when the speed
of the cutter drops below a predetermined mini-
mum, as when the cutting load may be too great.
A centrifugal governor operated from the tool
spindle is adapted to cause opening of the circuit
to the work feed motor if and when the cutter
speed drops below a predetermined minimum,

It is, moreover, our purpose and object gen-~
erally to improve the structure and efficiency of
milling machines.

In the accompanying drawings:

Figure 1 is a front elevation of a duplex milling
machine embodying features of the present in-
vention, a mid part of the bed being broken away;

Figure 2 is @ cross-sectional view on line 2—2
of Figure 1;

Figure 3 is & detail elevation of one of the col-
umns or heads on which the tool carriage is
mounted for vertical movement;

Figure 4 is a cross-sectional view on line 4—4
of Figure 1;-

Figure 4a is a detail cross-sectional view on
line 4a—4a of Figure 4;

Figure 5 is a front elevation of the cam and its
supporting means;

Figure 6 is a top plan view of the cam bracket;

Figure 7 is an end elevation of the cam and its
bracket and showing the means for adjusting the
cam relative to the cam roller on the tool car-
riage;

Figure 8 is an elevation of the cam-adjusting
screw;
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Figure 8 is a top plan view of the work holding
Jg;

Figure 10 is a side elevation of the work jig
showing the manner of its mounting on the work
carriage;

Figure 11 is g front end elevation of the work
Jig; ‘ ' B

Figure 12 is an elevation of a crank shaft of
the general type whose balancing webs may be
profiled in the present machine;

Figure 13 is a front elevation of the work car-
riage and its driving means, a mid portion of the
bed of the machine being broken away. for con-
servation of space;

Figure 14 is a cross-sectional view on line
{4—£4 of Pigure 13;

Figure 15 is a detail face view of the feed nut
cam; )

Figure 16 is a cross-sectional view 6n line
16—18 of Figure 13;

Figure 17 is a cross-sectional view on line
{1—4¥ of Figure 13, the motor being shown in
elevation;

Figure 18 is a cross-sectional view on line
§8—18 of Figure 1;

Figure 19 is a cross-sectional view through the
motor-speed-shifting mechanism, on line 19—19
of Figure 2;

Figure 20 is a diagrammatic view showing the
electrical connections; and

Figure 21 is an elevation looking at the end of
g crank shaft and showing the general profile of
a balancing web thereof,

Referring to the drawings, the machine shown
in front elevation in Fig, 1 is in reality two iden-
tical but reversed profiling machines mounted on
a common bed {8. Each has a column or head
12, {2’ adapted to be fixed at their respective ends
of the bed, and each has a work carriage 4, 14’
and separate feed screw shafts 16, 16’ driven by
separate motors {8, 18’ mounted on opposite-ends
of the bed I8, Inasmuch as the structure and
operation of both profiling machines is the same,
only the left hand half of the complete machine
of Fig. 1 is shown in detail in the drawings and
only that half will be described, it being under-
stood that the description applies equally to both
profiling machines which are in opposed conven-
iently spaced apart relation on bed 18 so that one

half of a balancing web of a crank shaft, for °

example, may be profiled by one profiling ma-
ching, after which the crank shaft will be trans-
ferred to the other machine for profiling of the
other helf of the web.

The bed {0 has the pair of spaced guide ways 20
extending horizontally from one end to the other
of the bed, and the base of column (2 has comple-
mentary grooves 22 in its under face for slidably
mounting the column or head on the ways 20.
However, after the column has been vositioned
as desired along the bed (8, it is fixed to the bed
by any suitable means (not shown). Retaining
plates 24 on the under face of the column base
and engaging under the ways 20 hold the column
on the ways as by the screws 26 (Fig. 3).

A tool carriage 28 is slidably mounted on the
vertical deve-tajl guide 28 of column 12 and is
operated thereon by means later to be described.
Mounted on the carriage 28, or formed integral
therewith, is the housing 32 within which is
meunted in suitable bearings 33 an upper hori-
zental shaft 3§ (Fig. 4) having the pinion gear
35 keyed thereon. The rear end of shaft 34 pro-
iects cut of the housing and has a pulley 238 keyed
thereon by which, through belt 20, shaft 24 is
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driven from the motor 42 which in Pig. 1 is shown
mounted on the column (2 and around whose
pbulley &4 the belt 40 is trained, The forward end
of shaft 34 projects through the front wall of
housing 82 and into the lower portion of a gov-
erncr housing 46 which is mounted on the front
wall of housing 32 as by the screws 48. Within
the governor housing 46, the shaft 24 extends
through suitable bearings 59 and hag on its ex-
treme forward end a bevel gear 52. Gear 52
meshes with a bevel gear 54 on the lower end of
governor shaft 55 which is vertically disposed
within the upstanding portion of the governor
housing §§. Vertical shaft 56, mounted in lower
bearings 58 and upper bearing €0 within the
housing, has the pivoted, weighted governor arms
82 thereon, the position of which under centrifu-
gal force controls an electric switch 64 for a pur-
rose later to be described. As shown in Fig. 4,
the horizontal shaft 34 is in two parts to facili-
tate assembly, with a driving inter-engagement of
the two parts at 66.

A second horizontal shaft §8 is mounted in the
combined radial and thrust bearings 70 in hous-

5 ing 32, below the shaft 34, This shaft 68 has a

spur gear 12 keyed thereon and meshing with the
pinion gear 38 on shaft 34. If constitutes a spin-
dle for receiving and driving the tool shaft 14,
for which purpose it has an axial hole extending
from end fo end, the forward tapering portion 18
of which receives the tapered portion 15 of the
tool shaft, and the rearward portion 18, of smaller
diameter, receiving the draw-bolt 80 whose for-
ward engd is screw-threaded into the end of
tapered part T8 of the tool shaft and whose head
engages the rear end of the spindle 68. A non-
round flange 82 on the tool shaft fits into a com-
plementary socket 84 in the front face of the
spindle and provides a drive connection between
spindle and shaft, maintained by the drawbolt 80.
The tocl shaft extends forwardly through a bear-
ing 86 on bracket 88 which is adjustably mounted
on the vertical carriage 28 as by the bolts 99.
These bolts have their heads slidably engaged in

" the horizontal T-slots 82 in the vertical carriage

28 and their shanks extending out of the slots and
through the bhase of bracket 88, with nuts 94
screwed on their ends for clamping the bracket
in any adjusted position thereof.

The cutting tool 86 is mounted on the reduced
portion T4a of the tool shaft, being keyed to the
shaft by the ends of pins 98 projecting from the
forward face of spindle T4 and engaging in
sockets 188 in the rear end face of the tool 96.
A ‘retaining nut 182 screws on the reduced por-
tion T4a of the shaft for holding the tool in keyed
engagement with the key pins 98. The extreme
forward end of shaft T4, further reduced as at
74D, has a bearing 184 in a second bracket 10§
which is adjustable along a horizontal T-slot
108 in a forwardly projecting part 29 of the
bracket 88, with the bolts {18 and nuts 112 for
clamping the bracket in adjusted positions. This
adjustable bracket 106 facilitates mounting and
removal .of a cutting tool. The bracket may be
leosened and drawn forward to permit a tool to
be ‘slipped oh or off the shaft after removal of
the retaining nut 102.

When the machine is in operation for cutting
a ‘profile on a work piece, the vertical carriage
28, carrying the housings 32, 46 and the shafts
34, 56, 68 and 74 mounted therein, rests hy grav-
ity on a profile cam (14 mounted on the work
carriage (4, and the vertical carriage 28, with
its -appurtenances including cutter 8§ is caused
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to rise and fall according to the contour of the
cam as the latter moves with the work carriage
14 in direction along the bed 10 of the machine.
For this purpose, a roller 116 is mounted in
bearings {18 in an under part of the housing 32
directly over the cam 114, and rides on the top
profile surface of the cam. The roller is vertically
under but set rearward of the milling cutter 95,
and is of the same diameter as the cutter. Pref-
erably, as illustrated, the roller has a slight taper
and the cam surface has a complementary in-
clination, so that a slight adjustment of the cam
in direction along the axis of the tapered roller
116 can effect a slight vertical adjustment of the
cutting tool 96. )

Cam 114 is in the nature of a heavy plate as
best seen in Figs. 5 and 7. It is secured by bolts
120. on the front face of an upstanding cam
pracket 122 whose base has the slots {24, 126 for
securement of the bracket as by bolts 128 in ad-
justed positions on a rearward part of the work
holding jig, indicated generally at {30, and
mounted on work carriage 14 in a manner later
to be described. An adjusting screw (32 loose
in lug 134 of bracket 122 threadedly engages a
rear upstanding part of the work holding jig
130. The head of the screw may be in the form
of a graduated dial 136 for micro-adjustment of
the bracket and cam in directions along the axis
of the cam roller 16, thereby to adjust the tool
96 slicht amounts, as to compensate for wear of
the cutting edges of the tool.

The work which is to be machined by tool 96
may be mounted on the work carriage in any
suitable work holding jig. As illustrated in the
drawings, and more particularly in Figs. 2,9, 10
and 11, a jig is represented for mounting crank
shafts whose balancing webs are to be profiled
by the tocl 96, which in the present case Is a
milling cutter, the cutting edges of which at its
generally cylindrieal side act on the work, as dis-
tinguished from milling operations in which the
machining is an end-milling accomplished by the
end of a milling cutter. -

The jig as shown has a base 138 resting on
work carriage 14 and adjustable on the carriage
in directions longitudinally of the machine by
reason of the bolts 140 whose head ends engage
in longitudinal T-slots 142 in the carriage 14 and
whose. shanks extend thence through the base of
the jig and have nuts 144 threaded on their ends
for clamping the jig to the carriage in adjusted
positions therealong. A key plate 148 on the
under side of the jig engages in a longitudinal
groove 148 in the carriage 14 for maintaining
5 precise predetermined alignment of the jig on
the carriage.

A crank shaft such as that shown in Fig. 12
whose endmost balancing webs are to be profiled
in the machine, is disposed crosswise of the ma-
chine with its opposite ends engaging in forward
and rear half-round cradle bearings which up-
stand from the jig base respectively at 180 and
i52. The rear bearing 152 may be capped by a
half-round bearing piece 154 which may be se-
cured in place by screws 155, The forward bear-
ing 150, however, preferably has a half-round
bearing cap piece 156 which is pivoted at {58 at
one end and has a swingable bolt and nut secure-
ment at its other end. As seen in Figs. 9-11, the
bolt 160 is pivoted at 162 in a groove in the for-
ward upstanding cradle bearing 150 and is swing-
able into and out of a groove 164 in the cap
piece, with a nut (66 on the end of the bolt for
clamping the cap piece over the end of-a crank
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shaft. This structure facilitates insertion and
removal of crank shafts in that by merely loosen-
ing nut 166 the bolt 166 may be swung out of
engagement with the cap so that the cap may
be swung to open position about its pivot 158.
The rear end of the crank shaft fits nicely in the
rear cradle bearing and can be withdrawn axially
when the front cradle cap piece is opened, to
remove a crank shaft. . To insert a crank shaft
in the jig, the rear end is thrust axially into the
rear cradle bearing and the forward end is laid
in the front cradle bearing, after which the
hinged cap piece is closed and clamped by the
bolt and nut 160, 166. :

Between the forward and rear cradle bearings
of the jig, an upstanding part 168 is shaped at
its upper portion to engage and position.a mid
web of the erank shaft so that the outermost
web will be properly positioned for profiling by
the milling cutter 86. Also a longitudinal screw
170 has its rear end carrying a clamping element
{12 which coacts with the fixed clamp element
{14 on the jig for engaging and holding the rear-
most web of the crank shaft. .

Hence, assuming that cam 114 has its top edge
shaped to provide the desired profile of approxi-
mately one-half of the balancing web of the
crank shaft, movement of the work carriage to the
left in Fig. 1 moves the crank shaft and the cam
as a unit, with the cam roller 116 of the tool car-
riage riding on the cam and causing the milling
cutter to rise and fall according to the contour of
the cam as the crank shaft balancing web which
is being profiled moves past and in contact with
When approximately one-half the
periphery of a web has been profiled, the work
carriage I4 is moved back to the right in Fig. 1,
and the crank shaft is transferred to the other
profiling machine for a similar profiling of the
other half of the same web. Then with the proper
work holding jigs on another machine like that of
Tig. 1, or substituted on the same machine, the
other balancing web may be similarly profiled.

The means for manually moving the work car-
riage 14 and for controlling its automatic screw
feed are best seen in Figs. 2 and 14-16. Asshown,
carriage 14 has a hollow depending apron 116 be-
tween which and the front wall of bed 10 the feed
serew shaft {6 extends from its inner end bearing
at 118 on the bed 10 longitudinally to the left end
of the machine where it passes through bearing
180 on bed 10 and thence into gear housing 182
suitably mounted at the end of the bed. Within
housing 182 (Fig. 17) the shaft 16 has keyed
thereon a worm gear 184 which meshes with
worm 186 keyed on shaft 188 of electric motor 18.
The motor is mounted on the end of bed 10 as
by the screws 190, and its shaft 188 extends into
housing 182 and has bearings 192 in the housing
on opposite sides of worm 186. Hence, so long
as motor 18 is running, screw shaft 16 is rotated
thereby for automatic feed of the work carriage
{4 if and when the carriage is operatively con-
nected to the feed screw 11. Motor 18 has at least
two speeds for a purpose which later will appear.
- Work carriage 14 may be connected to or dis-
connected from the feed screw (T by a mere
partial rotation of a handle 194 at the front of
carriage apron (76, The hollow nature of the
apron provides front and rear apron walls, the
rear one of which is provided with vertical ways
196 on which the two half nuts 198 are mounted
for vertical movement on opposite sides of feed
serew 17. Each half nut has a screw 200 therein
whose head projects forward between the apron
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walls for engagement in cam slots 202 in the rear
face of an enlargement. 284 of the shaft of handle
194, said shaft being horizontally disposed in &
suitable bearing 206 in the front wall of apron
{16. The cam slots, as seen in Fig. 15, are such
that when handle 194 is turned counter-clock-
wise, the half nuts 198 will be drawn into en-
gagement with the feed screw to provide auto-
maftic feed of the work carriage 14, Turning of
the handle 184 in clockwise direction will spread
the half nuts out of engagement with the feed
screw leaving the work carriage at rest and in
condition for manual movement thereof.

Manual control of carriage 14 may be effected
by rotation of hand wheel 208 which is mounted
at the front of apron {16 on shaft 219, Referring
to Fig. 16, the hand wheel shaft 240 is mounted
on the front wall of the carriage apron, project-
ing through that wall and having on its inner
end a pinion gear 2{2. The pinion meshes with
a spur gear £14 on a shaft 218, the inner end of
which shaft is formed with gear teeth as at 217
which mesh with a gear rack 218 secured as at
220 at an under forwardly projecting part of bed
10. Whenever the automatic feed is disconnected,
the carriage 14 may be manually moved in either
direction by rotation of hand wheel 268.

The vertically movable tool carriage 28, during
milling of a crank shaft web, rests by gravity on
the cam (14. In order to raise it for loading and
unloading, there is provided on the top of column
12, above the vertical carriage, a cylinder 222
(Figs. 1, 2 and 18) wherein a piston 224 is verti-
cally operable. The piston rod 225 extends
through suitable packing 227 at the bottom of the
cylinder and has its end adjustably secured as at
228 to a bracket 230 on the tool carriage 28 so
that the carriage and the piston move as a unit
in vertical directions, A pipe 232 leads from a
suitable source of compressed air and opens into
cylinder 222 on the under side of the piston, a
suitable two-way valve 234 in the pipe line pro-
viding for manual control of the compressed air,
Hence, in Fig. 2, with the handle 236 of valve 234
in: the upper position as shown, air is directed
into cylinder 222 elevating the piston 224 therein.
Tool carriage 28 is correspendingly elevated as a
result of its connection at 228, 228 to the piston.
Movement of the valve handle to iis lowermost
position closes the passage from the. air source
and opens cylinder 222 through the valve to at~
mosphere so that the carriage can descend into
working position by gravity with the piston tend-
ing to cushion its descent. Also, because the
cylinder 222 continues cpen to. atmosphere during
milling operations of the machine, the piston 224
is free to move in the cylinder in response to
vertical movements imparted to the tool carriage
by engagement of cam roller |46 with cam 144,

An important feature of the invention is that
the feed of the work past the milling cutter 96
can be at one speed during milling of a portion
of the profile and at a slower speed during milling
of another portion of the profile. This is desir-
able to maintain the cutting speed substantially
constant both when the milling cutter is working
down the relatively steep incline, at A in Fig, 21,
and when it is working up the relatively long and
gradual incline at B in Fig. 21. The invention
accomplishes this substantially constant cutting
speed by employing a motor 18 having at least two
speeds for feed of the work carriage 4. For ex-
ample, motor 18 may have one speed of 1200
R, P. M. and another of 600 R. P. M., and means
Is provided for automatically shifting from one

10

15

20

30

40

(=Y
cr

50

60

G5

motor: speed to the other during a. profiling op-
eration, so-that. feed of the work carriage 14 and
of the work thereon may be slowed by one-half
while the milling cutter 88 is working down the
sharp incline A and will feed at the higher speed
during other portions of the profiling operation.

Fig. 2, and more especially Fig, 19, and the dia-
grammatic. showing of Fig. 20, illustrate the
eans for automatic control of the work carriage
feed. Referring to Fig. 19, a switch casing 238
is mounted on a base part of the relatively fixed
column or head 12 at the rear of the machine as
viewed in Fig. 1. The long shaft 240 is slidably
and non-rotatably mounted in the bearings 242,
244 of the end walls of the casing, extending in
a horizontal plane generally longitudinally of the
bed 18 of the machine. It projects at. both ends
of ‘casing 238 and has its right hand end con-
nected as at 246 to.a smaller diameter rod 248
which extends slidably through a bracket 250 up-
standing from a rear part of work carriage (4.
Two collars 252 are adjustably fixed on rod 248,
by set screws 254, on opposite sides of bracket 250,
the collars being shown spaced apart a distance
greater than the axial extent of the bracket so
that there is lost motion as the bracket moves
from engagement with one collar into engagement
with the other. A tubular housing 288, mounted
on casing 238, encloses substantial portions of the
shaft 240 and rod 248 where they extend to the
right of the casing 238 in Fig. 19. Hence, it will
be obvious that when the work carriage {4 moves
to the left, as when advancing g piece of work
thereon to the action of the milling cutter, shaft
240 will be moved to the left by engagement of
kracket 289 with the left hand collar 252 on rod
2£8. Movement of carriage {4 to the right simi-
larly will cause movement of shaft 249 to the right
by engagement of the bracket with the right hand
collar 252. :

Within casing 238 are the two switches 258, 260
connected in the electrical circuit of the machine
as indicated diagrammatically in Fig. 20. Switch
258 is of a type whose switch element 262 (Fig.
20) is movable to cause shifting from one to an-
other speed of motor 8. In Fig. 19 switch ele-
ment, 262 is shown spring-urged to its open posi~
tion. A switch actuating member is pivoted at
284 on the switch housing and has one grm 266
engaging the end of the switch element and an-
other arm 268 with a roller 278 on its end engag-
ing the bottom of a longitudinal groove 272 in the
shaft 248. A shorter groove 214 to the left of
and aligned with groove 272 can similarly receive
roller 279, a short non-grooved portion 276 of the
shaft. being adapted to cam the roller in direction
toward the switch when the shaft 240 ig shifted
to bring the non-grooved portion 276 opposite the
roller, thus causing switch element 262 to be de-
bressed to closed position. ‘The grooves 212 and
274 are so positioned that the roller will be riding
on the periphery of the non-grooved portion 276
of the shaft when the milling cutter 96 is work-
ing down the relatively steep incline A of the
brofile of a crank shaft web, thereby to cause the
feed of the work to he diminished one half in
speed while the cutter traverses the incline. At
the start of a milling operation, the roller will be
in the left hand groove 214 5o that the initial feed
of the work toward the cutter will be at the higher
speed. When the roller reaches the right hand
end of groove 274 it rides onto the non-grooved
portion 276 and the work feed is dropped to the
lower speed until the roller rides into the longer
groove 212, to cause a return to the higher speed
of work feed,
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The switch 260 is a stop switch for stopping
motor I8 when the work has been acted upon by
the milling cutter and has passed beyond the
cutter. Its switch element 218 is spring-urged
to circuit closing position and continues closed
during a complete milling operation. Its switch
actuating member is pivoted at 280 on the switch
housing and has arm 282 engaging the end of the
switch element and arm 284 equipped with roller
286 riding in the bottom of groove 272 of shaft
240. This roller 286 continues in the same groove
212 throughout a milling operation but rides out
of the groove to open the motor circuit when
shaft 240 has moved to the left an amount suffi-
clent to bring the right hand end of groove 272
into .contact with the roller to cam it out of the
groove with resulting opening of the switch 260.

Another feature of the invention is the provi-
sion for stopping the work feed in case the speed
of the tool spindle drops below. a predetermined
speed, as from a too heavy cutting load. The
governor within (housing 46 accomplishes- this
automatic stoppage of the work feed in conjunc-
tion with the governor controlled switch 64, also
in housing 46. This switch is connected in. the
secondary control circuit of motor 18 and is open
whenever the tool spindle is at rest. It is closed
whenever the tool spindle, driven by motor 42, is
rotating above a predetermined speed, the
weighted governor arms 62 acting under centrif-
ugal force to elevate the switch element 64 to
close the switch and hold it closed so long as the
speed of the spindle is maintained. Any sub-
stantial drop in spindle speed, bringing it below
the predetermined minimum, permits the switch
element to open the control circuit of the motor
18 that drives the work carriage.

The electrical system of the machine is illus-
trated in simplified form in the diagram of Fig.
20. Both motors 18 and 42 are three phase in-
duction motors connected in the high tension
side of the system. This high tension circuit is
controlled by switch 288 whose closing starts.the
spindle-driving motor 42,

In order to start motor 42, however, prepara-
tory to the start of a work stroke, the switch 258
must be open with the roller 270 riding in the left
hand groove 214 of the shiftable shaft 240, and
the switch 260 must be closed with roller 286 rid-
ing in groove 272. Also a manually operable stop
switch 290 will be closed, and a manually oper-
able starting switch 292 will be open. Closing of
the starting switch 292 energizes a relay 294
which draws armature 296 to the left in Fig. 20 to
close the main motor control switch 288. Arma-
ture 296 also closes a switch 298 in a shunt circuit
around the starting switch 292 so that relay 294
continues energized when starting switch 292 is
released and returns to open position.

Closing of switch 288 results in starting of mo-
tor 42. When it attains a predetermined cutting
speed, the governor-controlleq switch 64 closes.
Then, by manually closing a feed off and on
switch 300, motor 18 will be started and will op-
erate at whichever of its two speeds has been de-
termined by the position of shiftable shaft 240 rel-
ative to switch 258. In Fig. 20, rod 240 is in its
position ready to start a work stroke to the left
and both the primary and the secondary circuits
are open. Hence motor {8 when started will op-
erate at its higher speed of 1200 R. P. M.

Operation of motor I8 is controlled by two relay
operated switches, one in the low speed motor ecir-
cuit as indicated at 302 in Fig. 20 and the other
in the high speed motor circuit at 304. A relay
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306 and armature 308 operate the low speed
switch 302, and a similar relay 3(0 and armature
312 operate the high speed switch. Both of these
armatures are shown as switch elements in the
secondary circuit and both are normally closed
until their respective relays become energized to
open them. However, stil] another relay 314 in
the secondary circuit controlled by switch 258 has
an armature 316 which normally closes a circuit
through the relay 310 of the high speed motor
control circuit so that, when motor 42 is operat-
ing and switches 64 and 300 are closed, the relay
310 is energized to close the high speed motor
switch 304, and motor 18 will operate at the high
speed so long as switch 258 remains open. - When
roller 270 rides up on the part 216 of shaft 240,
however, switch 258 is closed to energize the relay
314 which shifts armature 316 from its normal
position closing a circuit through high speed Te-
lay 310 to a position closing a circuit through the
low speed relay 306. Hence high speed motor
switch 304 opens and low speed motor switch 302
is closed by armature 308, and motor 18 operates
at the low speed so long as roller 279 is on the
part 276 of shaft 240, As soon as roller 278 rides
into-groove 212 of shaft 240, switch 258 opens to
de-energize relay 314, which permits armature
316 to move back to position closing g circuit
through high speed relay 310 and opening the cir-
cuit through low speed relay 308, thereby to cause
3 return to high speed operation of motor {8 until
roller 286 rides out of groove 212 to stop motor
i8 by opening of switch 260. 'The carriage {4 then
will be disconnected from the feed screw {7 for
manual return of the carriage to unloading posi-
tion.

We claim as our 1nvent10n' C

1. Tn 2 milling machine having a rotating’ cut-
ter and a work holding carriage movable to pre-
sent work held thereon to the action of the cut-
ter, the combination therewith of means for feed-
ing the carriage in direction toward the cutter in-
cluding a plural-speed electric motor, a track on
the carriage extending longitudinally of the ma~
chine génerally in the directions of travel of the
carriage, electrical connections between the mo-
tor and carriage including a speed-change switch
constantly engaging said track and relative to
which said track is bodily movable in the direc-
tions of its longitudinal extent, and means on said
track for effecting a speed-changing actuation of
said switch and for maintaining the switch in the
actuated position throughout only a predeter-
mined distance of movement of said carriage. .

2. Tn a milling machine having a rotating cut-
ter and a work holding carriage movable to pre-
sent work held thereon to the action of the cutter,
the combination therewith of means for feeding
the carriage in direction toward the cutter includ-
ing a plural-speed electric motor, means in the
motor circuit for shifting from one motor speed
to another, and an actuator having length at least
equal to the travel of the work carriage in one di-
rection and linearly movable with the work car-
riage and constantly engaging said speed shifting
means and operative on said means for causing a
shift from one motor speed to another at an in-
termediate point in the travel of the carriage,
thereby to change the speed of feed of the car-
riage.

3. In a milling machine -having a rotating
cutter and a work holding carriage movable to
present work held thereon to the action of the
cutter, the combination therewith of means for
feeding the carriage in direction toward the cut-
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ter including -a plural-speed -eleectric motor, o
switeh in the motor circuit normally connecting
the motor for operation at one speed and mov-
able to connect the motoer for operation at a dif-
Terent speed, and an -actuator for -said switch,
said switch and actuator being longitudinally
movable relatively generally in the directions of
travel of the carriage in response to movements
of the carriage and said actuator being constant-
ly -engaged - with the :switch and having a switch
actuating portion operative to shift said switeh at
an intermediate point.in the travel of the carriage,
thereby to.change the speed of the motor with re-
sulting change of speed of feed of the carriage.
4. In .a milling machine having a rotating
cutter and-a -work holding carriage movable to
bresent- work held. thereon to-the action of the
cutter, the combination therewith of means for
feeding the carriage in direction toward the.cut-

ter including:a plural-speed electric motor, means 2

in the motor circuit for shifting from one motor
speed to.another, and an actuator for saig means,
said means and-said actuator being bodily mov-
able relatively with motion- of translation in re-
sponse to movement of the carriage, and said ac-
tuator having substantial extent in the directions
of. movement of the carriage and being constantly
engaged by said. speed..shifting means, and hav-
ing a fixed cam portion operative on .said: means
at an intermediate point in the travel of the car-
riage for causing a shift from one motor speed to
another with resulting change of speed of feed-of
the .carriage.

5. .In a milling machine having a rotating: cut-
ter and a work holding carriage movable ‘to pre-
sent work held thereon to the action of the cutter,
the combination therewith of means for feeding
the carriage in direction toward.the cutter in-
cluding a  plural-speed electric .motor, a-switch
in the.motor circuit at a fixed location on the
machine, said switeh being movable between a
position closing a circuit for .operation of the
motor at one speed-and. a position closing a cir-
cuit for operation of the motor. at another speed,

a bar slidably mounted on.the machine and ex- J

tending generally in the direction of.travel of the
carriage and connected to the carriage for bodily
movement therewith, said bar-being constantly
in engagement with said switch and having means

thereon for camming engagement with -said :

switch, and connection between said. bar and the
carriage whereby the bar moves. with the carriage
and shifts said switch at.an intermediate -point
in the travel of the carriage thereby to change
the speed of feed of the carriage. )

6. In a milling machine having a rotating cut-
ter and a.work holding carriage movable to pre-
sent work held thereon to the action of the cutter,
the combination therewith of means for feeding
the carriage in direction toward the cutter includ-
ing a plural-speed electric motor, a switch in the
motor circuit at a fixed location on the machine,
said switch being movable between a position
closing a circuit for -operation of the motor at
one speed and a position closing a circuit for op-~
eration of the motor at another speed, megns
vieldably maintaining the switch in position for
operation of the motor at one speed, a bar slid-
ably mounted on the machine adjacent to said

switch and extending generally in the direction 7«

of travel of the carriage, said har constantly en-
gaging said switch and having a portion thereof
adapted to-shift-said switch when the bar is moved
relative to the switch, and connection between
the bar-and the carriage whereby the bar maoves
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with the carriage longitudinally past the switch
{0 cause a shifting of the switch at an intermedi-
ate point in the travel of the carriage, thereby
to change the speed of feed of the carriage at
said intermediate point in its travel.

7. In a milling machine having g rotating cut-
ter and a work holding carriage movable to pre-
sent work held thereon to the action of the cutter,
the combination therewith of means for feeding
the carriage in direction toward the cutter in-
cluding a plural-speed electric ‘motor, a switch
in the motor circuit yieldably urged to position
connecting the motor for -operation at.one speed
and movable to connect the motor for operation
at a different speed, a second-switch in the motor
circuit yieldably urged to: closed circuit position
and movable to an open cireuit position wherein
it stops the motor, a common actuator for both
switches. arranged adjacent to the switches and
constantly inter-engaged with both-switches, and
mounted for sliding movement in the direction of
travel of the earriage, and connections between
the actuator and the carriage ‘whereby the actu-
ator moves with the carriage, there being means
on the actuator for shifting the first said switch
at an intermediate point in the travel of the car-
riage thereby to change the speed of feed of the
carriage, and for-shifting the:second said switch
at a predetermnined lmit of travel of the carriage
thereby to stop the feed of the carriage.

8. In a miilling machine having a rotating cut-
ter and a work holding carriage movable to pre-
sent work held thereon to the action of the cutter,
the combination therewith of means for feeding
the carriage in direction toward the cutter in-
cluding a plural-speed- electric motor, means in
the motor circuit responsive to movement of the
carriage and cperative to shift from one motor
speed to another at an intermediate point in the
travel of the carriage thereby to change the speed
of feed of the-carriage, said means comprising &
switch arm yieldably urged to position for opera-
tion of the motor at one speed, a grooved actuat-
ing bar adjacent to the switch arm and ‘movable
with the carriage, and a bell crank lever having
one arm in position to engage the end of the
switch-arm and to depress it when the bell crank
lever is rocked and having its other arm engaz-
ing in the:groove of -the bar, and adapted to be
cammed out of the groove by an end wall of the
groove thereby to rock the bell crank lever and
shift said.switch. for operation of the motor at a
different speed, said -end wall-of the groove being
located to cause change of the motor :speed at
an. intermediate point in the ‘travel of the car-
riage.

9. In a machine tool, the combination of a tool
support, a work support, a variable speed electric
motor for driving the work support, a switch in
the motor circuit -operative to cause a c¢hange
from one motor speed to .another thereby to
change the rate of {ravel of the work support,
an actuator for said switch, and means carried
by said .work -support movable therewith in a
straight line past said actuator and constantly
slidably engaging said actuator during movements
of the work support, said means having g portion
at an intermediate location therealong for caus-
ing an actuation of said switch and maintenance
thereof in the actuated position throughout a
predetermined intermediate distance of travel of
the work support.

10. In a machine tool, the combination of a
tool support, a work support, a varigble speed
electric motor for driving the work support, a
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switch in the motor circuit operative to cause
a change from one motor speed to another there-
by to change the rate of travel of the work sup-
port, a second switch in the motor circuit opera-
tive to cause stopping of the motor, a separate
actuator for each said switch, and means carried
by said work support constantly slidably engag-
ing each said actuator during movements of the
work support, said means having a portion at an
intermediate lccation therealong for causing an
actuation of said speed change switch and main-
tenance thereof in the actuated position through-
out a predetermined intermediate distance of
travel of the work support, and having another
portion located for causing actuation of said stop
switch at the end of a travel of the work support
in one direction.

11. In a machine tool, the combination of a
work support, variable speed power means for
driving the work suppori, power connections be-
tween said power means and the work support
including means operative to cause a change from
one to another speed of the power means thereby
to change the rate of travel of the work support,
linear means carried by the work support having
substantial extent in the directions of travel of
the work support, said means operative to cause
a change from one to another speed being con-
stantly in resilient engagement with said linear
means carried by the work support, and the lat-
ter said means having a portion at a predeter-
mined location along its linear extent for actu-
ating said speed change means at an intermediate
stage of travel of the work support in one direc-
tion, thereby to change the rate of travel of the
work support.

12. In a2 machine tool, the combination of a
work support, a variable speed electric motor for
driving the work support, electrical connections
between the motor and the work support includ-
ing a speed change switch operable between open
and closed positions and constantly resiliently
urged to one of said positions, means carried by
the work support constantly engaging said switch
and movable with the work support linearly past
the switch and having an intermediate portion
operative to cause operation of said switch from
one of its said positions to the other and adapted
to maintain it in the new position throughout a
predetermined intermediate distance of travel of
the work support.

13. In a profile milling machine, the combina~
tion of g vertically slidable milling cutter support,
a horizontally movable work support, a profile
guide track mounted on the work support and
movable therewith, said tool support resting by
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gravity on said profile guide track, power means

for lifting the tool support away from the profile
guide track, a plural speed electric motor for
driving the work support, electrical connections
between the motor and the work support includ-
ing speed-change means mounted stationarily
relative to the work support, means carried by
the work support constantly inter-engaged with
said speed-change means, said means carried by
the work support having an intermediate portion
for causing actuation of said speed-change means
to and holding of it in a speed-changing position
throughout a predetermined intermediate dis-
tance of travel of the work support.

14, In a profile milling machine, the combina-~
tion of a vertically slidable milling cutter support,
a horizontally movable work support, a profile
guide track mounted on the work support and

movable therewith, said tool support resting by 7

60
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gravity on said profile guide track, a plural speed
electric motor for driving the work support, elec-
trical connections between the motor and the
work support including a speed-change switch
mounted stationarily relative to the work sup-
port, a longitudinally grooved bar carried on the
work support, actuating means associated with
said switch and intervening between said switch.
and bar constantly urged resiliently against the:
bar and having a portion engaging in the groove
of the bar for riding therealong during move-~
ments of the work support, said bar having means
thereon for displacing said actuating means out
of said groove at an intermediate location in the
travel of the work support.

15, In & profile milling machine, a vertically
slidable milling cutter support, a horizontally
movable work support, a profile guide track
mounted on the work support and having a rela-
tively steep sloping portion, said cufter support
resting by gravity on the track and riding there-
on during movements of the work support, &
plural speed electric motor for driving the work
support, electrical connections therefor includ-
ing a speed-change switch stationarily mounted
relative to the work support, means carried by
the work support constantly slidably engaged with
said switch and having an intermediate portion
for causing actuation of the switch from one posi-
tion thereof to another, and for causing return of
the switch after a predetermined intermediate
travel of the work support, said intermediate por-
tion being positioned relative to said switch and
said steep sloping portion of the guide track so
that the speed of the motor is changed while the
milling cutter support is riding on said steep
sloping portion of the guide track.

16, In a machine tool having a rotating tool
support and a work support, the combination
therewitin of means for feeding one of said sup-
ports in general direction toward the other on
a working stroke, said means including & variable
speed electric motor, a linear track mounted on
one of said supports, electrical connections be-
tween the motor and the other of said supports
including a speed-change switch having an actu-
ator constantly engaging said track, said track
and actuator having relative linear movement in
response {0 movement of said one support toward
the other and means on the track for effecting
a speed-changing actuation of said switch and
for maintaining the switeh in actuated position
throughout only a predetermined distance of
movement of said one support toward the other.

17. In a machine tool having a rotating tool
support and a work support, the combination
therewith of means for feeding one of said sup-
ports in general direction toward the other on
a working stroke, said means including a variable
speed electric motor, a track fixed relative to one
of said supports, electrical connections between
the motor and one of said supports including a
pair of switches each having an actuator con-
stantly engaging said track, one of said switches
being a motor-speed-change switch and the other
being a motor-stop switch, means on the frack
for effecting a speed-changing actuation of said
motor-speed-change switch at a predetermined
intermediate location in a said working stroke,
and additional means on said track for effecting
a motor-stopping actuation of said motor-stop
switch at the end of a said working stroke.

18. In a machine tool having a rotating tool
support and a work support, the combination
therewith of means for feeding one of said sup-
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ports: in: general’ direction: toward. the otheron:
a-working stroke; said means-including -a variable-
speed-electric-motor; a track fixed.relative-to one:
of. said supports, electrical. connections between,

the-motor and one of: said supports including g
speed-change switch having: an: actuator con-
stantly- engaging said track; means. on the track
for: effecting a speed-changing:actuation of said

switch at. a- predetermined- intermediate location.

16
in a:said: working:stroke, a: second switch:in said:
electrical: connections; a: second: electric. motor:
for: rotating the- tool support; and. centrifugal.
means:for actuating said:second: switch to stop
one of said motors when:rotation-of the tool sup-
port drops below a predetermined speed.

BENJAMIN-S; T. BISHOP:
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