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PANY, OF CLEVELAND, OHIO, A CORPORATION OF OHIO -

ME;.I‘AL CUITING MACEINE AND CONTROL SYSTEM THEREFOR

Application filed October 25, 1930. Serial No. 491,174,

The general object of this invention is to
provide an automatic machine tool by which
a large number of different operations may be
performed on a given piece of work in a
shorter period of time than by the use of

revious machines adapted for similar uses.
peciﬁcal?, an object is to provide a boring
or drilling machine of the multiple-head type
by which a number of drilling, counter-sink-
ing and like operations may be performed
with relation to various surfaces of a piece

of work, in a definite order, but requiring

only one initiating operation on part of the
attendant or operator. S

An object is to provide a metal cutting ma-
chine by which intersecting cuts may be made
in a piece of work and in which the feed of
the cutting tools will-be adjustable in such

“manner that one tool will be automatically

20
25
30
85
. jm

45

retracted from-the point of intersection be-
fore another tool reaches such point.

More specifically, an object is to provide an
improved multiple spindle drilling machine
which will have a plurality of substantially
independent tool carrying and operating

heads, independently movable in respective

planes, all under a single control system.

Further objects include the provision of an
improved, novel and efficient operating sys-
tem for a multiple-head machine tool. An-
other object is to provide a machine tool in
which one or more tool supporting heads will
have respective efficient and flexible power
plant units supported thereby and movable
therewith at all times. - -

Further objects and features of the inven-
tion will become apparent from the following
description, relating to the accompanying
drawings, which show a preferred form of
machine. incorporating the invention. The
essential characteristics are summarized in
the claims. :

In the drawings, Fig. 1 is a side elevation

* -of a drilling or boring machine having three

tool supporting and driving heads; Tig. 2 is

. .a plan view thereof, showing two additional

heads in broken lines; Fig. 3 is a sertional

:view of one of the heads substantially ac-

250

- ¢ording to the line 3—3 on Fig. 1; Fig. 4is a

sectional view of one of the heads substan-

tially according to the line 4—4 on Fig. 2; -
Fig. 5 is a'sectional plan view through one of
the heads, according to the line 5—5 on Fig.

3; Fig. 6 1s a detail sectional view of a pump
mechanism taken along the lines 6—6 on Figs. 55
3 and 5; Fig. 7 is a fragmentary side eléva-
tion of a portion of the control mechanism of
one of the heads; Fig. 8 is a. sectional view
thereof substantially according to the line
8—8 on Fig. 7; Fig. 9 is a detail view accord- 60
ing to the line 9—9 on Fig. 1, and Figs. 10

-and 11 are work and tool diagrams. -

~In the machine illustrated herewith, there
is a base 1 having horizontal guideways 2 and
3 slidably carrying respective tool support- 65
ing and driving heads 6 and 7, and an up-
standing frame member or column 8 having
a guideway 9 for carrying a tool-supporting
and driving head 10. The heads 6, 7 and 10
are, as shown, substantially alike and, in gen- 70
eral, the description below directed particu-
larly to the head 10 will suffice for all these
heads. As shown in Fig. 2, two additional
heads and guiding supports are shown dia- -
grammatically at 12 and 18. S 76

Bearing in mind that each of the Leads are

substantially - alike, these comprise: main -
frames 20, preferably made up of suitable
castings, and arranged to support electricmo-
tors 21, spindle-driving gearing 22 (Fig. 8) 80
with spindles 23 for tools £, # and #'/ respec-
tive to the various units, and a pump unit 24,

all of which generally described parts will be

hereinafter more fully described. .

The pump mechanisms are of a generally 85
known type, (see U. S. Patent 1,485,595, for
example) but specifically adapted for the
purpose of the present invention. These
pumps are driven from the respective motors

21 and operate as variable speed gearing de- 90

vices between the motors and the ways 2, 8

9, etc. to drive the heads 6, 7 and 10 toward.
and from the work at selectively different
speeds, as desired. In general, the opera-
tion is to advance the heads toward the work 5
at a comparatively rapid speed until the tools

¢, ¢’ or ¢"” approach to their operating posi-
tion with respect to the work, and thereafter .
the advancing speed is slowed down during
the subsequent work of-the tools. As the 100




10

' also relatively rapid, in order to

2.

work: is accomplished,'thé'pﬂmps operate to,
_automatically reverse the direction of move-

ment, of the heads, and the return speed of
the heads to starting position is preferably
speed up the
production of the machine. The means
whereby the above stated objects are carried
out, and the various outlined ¢perations per-
formed, will now be described in detail, but
with reference particularly to the head 10,
its upright support and associated mecha-

- nisms. . .

15

20

"The character of the various members com-
prising frame 20 of the head is best under-
stood with reference to Figs. 1, 3 and 5.
There is a main or central housing section

1,004,975

ranged to deliver oil under pressure alter-
nately below and above the piston to raise
and lower the head as desired. The piston
cylinder indicated at 53, is supported between
upper and lower brackets 56 and 57 on the
housing section 30, which extend into the con-
fines of the column 8 which is made- hollow,
as shown in Fig. 5. The brackets are secured

/in the usual way to the housing section 30,

and may be drawn toward each other to seal
the ends of the cylinder and hold it in place,

as by means of vertical clamping and secur-

ing rods, the positions of which are shown
in Fig. 5'at 59. The piston within the cylin-

“der is shown in Fig. 4 at 60, and its connec-

30, directly supported on the guideway 9 as.

shown in Fig. 5, this housing member hav-
ing machined surfaces at 31 and heavy plates
or strips 32 forming a dovetail channel. - The
machined surfaces and plates 32 embrace op-

* positely ‘extending machined flange forma-

25

30

tions 33 on
form the guideways
At one end of the

the column 8, which flanges 33
9. .
housing section 30 (the

lowermost end with reference to the head 10) °

is a spindle.drive gearing ‘housing 35, which
contains and supports the spindles 23 and

tion to the column 8 comprises simply a cy-
lindrical heavy shaft or rod 61, extending
through suitable passages 62 in the bracket
56, forming one of the cylinder heads, the
upper end of the piston rod 61 being rigidly
secured to the column in any suitable man- -

ner. Reference is directed to the bracket

‘member 63 associated with the guideway 3,

associated parts. As shown, by way of ex-—-

ample, these parts comprise a main driving

© gear 36, spindle gears 37 and 38, one meshing

_tween the gears 37

35

and an idler. gear 39 be-
and 38. A greater or less-
er number of spindles may be provided on
the various heads, as will be obvious.

~ Surmounting the housing section 30, as

with the gear 36,

' shown in Fig. 3, there is a bracket member

40

. 50

€0

- T provide a fixed

65

40, the lower wall 41 of which, forms a cover
for the housing section 30, through which the
drive shaft 42 of a suitable motor 21, sup-
ported on. the bracket 40, extends. This
shaft }2 carries a gear 43 disposed withm 2
suitable oil casing provided partly by reason

of a horizontal partition 45 in the housing

5 section 30. The gear 43 in turn drives a

larger gear 46, also disposed in the oil cas-
ing just mentioned, and this larger gear,
through the intermediacy of a vertical shaft
47 drives the previously mentioned gear 36
of the spindle gearing mechanism
shaft 47 has suitable bearings 48 and 49, car-

which illustrates a suitable means for secur-
ing the piston rod 61’ to the base 1, which
same device may be used in connection with -
the upright column 8. . '
" As shown in Fig. 4, there are conduit lines
65 and” 67, including suitable. passageways
65" and 67’ in the respective bracket mem-
bers 57 and 56, which conduct oil from the
pump 24 to the opposite ends of the cylin-
der 55. These conduits 65 and 67, of course,
lead from the delivery means of the pump, -

which will be hereinafter described.

In order to relieve strain on the pump, the
head 10, which travels vertically, has a coun-
ter-weight mechdnism associated therewith.
This, as shown, comprises a counter-weight
70 partly enclosed by the column 8. The sup-

75

80

85

90

95

100

105

. porting cable for the counter-weight extends

ried by the partition member 45, and a brack-

et formation 50, located intermediately of the
ends of the housing section 30. Incidentally,

the pump unit 24 may also be carried on this™

bracket formation 50, as will be seen from
Fig. 3. S o
For raising and lowering the head 10, by

_means of the oil gear 24, which is_operated

from the shaft 47, as will be presently shown,
piston, operating in a cyl-
inder that is mounted on the housing -section
30, and arranged to extend parallel to the

movement of the hiead on its guideway. - The
pump, as will be hereinafter shown, is ar-

as at 71 over a suitable groove in the rocker
sheave, 72, to which the cable is suitably at-
tached. The rocker sheave is rigid on a shaft
73, which, as shown in Fig. 2, carries at its
opposite ends, grooved wheels 74 connected,
as by means of cables 75 Tunning over

grooved wheels 76, with the housing section
20. : :
Referring now to the pump 24, (see Figs.

3 .

110 -

115

3, 5 and. 6 particularly) it will be seen that .

this pump has a generally box-like casing 76
suitably closed on all sides, to contain an

adequate supply of oil. The top wall of the

casing has an enlarged tubular formation
at 85, through the walls of which portions
of the conduits 65 and 67 extend. Rigidly
supported within the formation 85 is a heavy
pintle 86, recessed to form continuations of
the conduits 65 and 67. As shown, the pintle
contains two' pairs of ducts 92 and 93, one
pair, 92, communicating with the conduit 65,
the othér pair with the conduit 67. Suit-
ably carried for rotation on the inwardly ex-

.

tending end of the pintle 86 is a generally

120

125

130



- 10

i5

1,004,078

cylindrical barrel, having'géneral'ly radial-
ly extending cylinder bores, the inner ends of
which periodically communicate with the

-ducts 92 and 93. The cylinder bores are in-

dicated at 95, and are arranged radially in
pairs. Fach cylinder bore has a port at 96,
which is brought into communication with
one or the other pair of ducts, 92 and 93, dur-

“ing rotation of the barrel. A piston 97 is

mounted for reciprocation in each cylinder,
each pair of pistons being integrally con-
nected with a cross head 98, which bears
against a reaction plate 99, removably se-
cured in the periphery of a rotatablé im-
pelling ring 100. Appropriate anti-friction
means 101 may be interposed between each
cross-head and’its corresponding -reaction
movement therebetween.

The impelling ring 100 is journalled in

plate 99, in order to prévent free lateral

. suitable bearings 102 and 108 in a cradle 104,

mounted to rock about a pintle 105 secured
within the upper part of the casing 76. Ro-

tation of the impelling ring 100 is effected
through 4 drive shaft 106, keyed thereto and .
extending outside of the oil gear ¢asing.

This shaft, as shown, carries a suitable

. sprocket gear 107 connected as by means of

. pelling ring is concentric with the pintle 86,

a suitable driving chain 107, to a sprocket
107" on the shaft 47. Tncidentally, the shaft

. 106 may also carry a sprocket 108 for driv-

ing an oil pump 109 to actuate & piston (to
be later described), which moves the cradle
104 to its various operating positions:

~ It will be seen that when the cradle 104 is
in an intermediate position, so that the im-

rotation of the impelling ring will cause the
pistons 97 to travel about the pintle 86 with-
out reciprocation within their respective cvl-
inders 95. In this position, no liquid is de-
livered by the pump. =By rocking the cradle
in one direction or another, from a neutral
position, such as just stated, the impelling

ring will be made to assume an eccentric o~

sition with respect to the pintle, and by its
rotation cause a reciprocation of the pistons
within their cylinders, thus causing the pro-

- duction of a steady flow of liquid in.opposite

(5

- upon the extent and direction of

directions through the pairs of ducts 92 and
93, at a rate and in a direction dependent
eccentricity
of the impelling ring. " ' ’

For actuating and controlling the cradle
104, T have shown a plunger 110, connected

The plunger 110 is actuated by a piston 113,
mounted in a cylinder 114 within the oil gear

casing. - Movément of the piston 113 is con- -

trolled by a pilot valve 115, reciprocably
mounted within .the plunger 110, and pro-
vided with a valve stem 116, extending lon-
gitudinally of and beyond the plunger. The

arrangement is such that when the pilot:

‘itiate and operate the pumps, I provide a sys-
‘tem of controls, including individually set-

»

3

pressure is applied to one or the other side
of the piston 113 to cause the plunger 110
and cradle 104 to -shift in a corresponding
direction, to an extent dependent upon the
extent of movement of the pilot valve.

As has been previously set forth, all of
the heads are controlled” for their recipro-
cating movement toward and away from the
work by substantially identical means, in-
cluding the pump 24, associated with each
head. It has been shown’that the oil gears
are driven by the respective motors 21
through suitable driving connections.. To in-

table cams, adjustably positioned on the
main frame parts, and pump controlling de-
vices actuated thereby. "
Description of the various parts of one of
these mechanisms just outlined will suffice for
all, since they are identical with ceftain ex-
ceptions, which will be hereinafter brought
out. oo
The link 116, see Figs..5 and 8,. which
operates the pilot valve 115 to thus control
the pump, is connected through the wall of
the housing section 10 with an. operating

“lever in the nature of a bell crank 120. This

may be mounted on a suitable bracket 121
attached to the housing section 10: The bell
crank 120 has an outwardly extending arm
122 provided with a handle 123 by which the
bell crank may be operated manually in case
of emergency, such as jamming of parts or
stopping of the heads in the wrong or abnor-
mal positions., o .

Slidably mounted in the bracket 121 is a
control bar 125 having pin and slot connec-
tion with the arm 122 at. 126. The bar 125 is
initially moved ‘to throw the pump from a
neutral position into a forward driving posi-
tion by an arm 128 splined to a shaft 130.
The arm 198 slides on the shaft 130 and is
embraced by suitable ears 131 on the bracket
121, the ears being positioned above and be-
low the arm 128." The arm 128 has a lost

<valve 115 is shifted in‘eithe'r direction, fluid .

70

- 80

86

95

R Lo

00

105

110

motion connection by reason of a slot in the *

bar 125 forming operating abutments 132 and
133, which engage’the arm. ,

Assuming the head is in its uppermost
position and that the pump is in neutral, the
bar'125 may now be moved to the limit of its
leftward movement (referring to Figs. 1 and

'8), by operation of the arm 128 against the
through links 111, with the end of the cradle”
opposite the pintle 105, as indicated at 112.-

‘abutment surface 182, This will cause the
valve piston to assume the position shown in
Fig. 5, at.- which position the head ‘is driven
downwardly at its highest speed. o

now be seen that just before the foremost tool
¢’ contacts with the work, a suitable cam 135,

_adjustable on a fixed support 136, at the side

of the column, coacts with'a suitable roller

187 on the bar 125 to move the above stated _

Referring now to Figs. 1, 7 and 8, it may i

115

120




15 js shown best in

20 as at 141, the upper end of 'which is

35 rangement 148.

4

control connections to slow down the opera-
tion of the pump and to thereby slow down
the head to the desired Wworking progress of
the tool. - )

Now, continued downward movement of
the head is
which serves to move the bar 125 to its ex-
treme right-hand position (referring to Fig.
8), which movement causes the pump valve

10 mechanism 113 to be shifted to a position

which causes the pump unit to reverse the
direction of movement of the head and at the
greatest speed the pump is capable of. The

latch and trigger mechanism, just mentioned;

~ as shown in Fig. 7, projects outwardly from
the bracket 121, providing an end abutment

. surface at 125’. Suitably arranged on the
side of the head is a trip hammer 140, pivote(aid
a -
justably arranged as by means of a screw
142 to engage the surface 125’. In order
that the hammer will give the bar a per-
cussion blow when released, the member

¢

25 140 is stressed toward the bar, as by a suit-
able spring 143, connected between the mem-

ber 140 and the bracket 121. Swingably
mounted below the hammer 140 is a trigger
145, the left-hand end of which, as shown in

30 Fig. 7,hasa latch 146 engaging a cooperating

lateh 147 on the lower end of the hammer
140. The trigger is normally swung to hold
_ the latch devices just described in engagement
with each other, as by a suitable spring ar-
The right-hand end of the
trigger 145, as shown in Fig. 7, is positioned
to engage a suitable stop 150. The stop 150 is
‘adjustably positioned on the cam support 136
and extends outwardly beyond the various

40 cam members, as shown in Fig. 8, in order

‘that the trigger will pass all the cams.

It will be seen
predetermined lowermost position, the lower
end of the cutting stroke, the trigger is moved

45 to release the latch 147, causing the instan-

taneous action of the hammer 140 by reason
of the spring 143. This moves the bar 125
to the extreme right-hand position (referring
to Fig. 8), thereby causing the return move-

50 ment of the head.

As a precaution measure, in the event the
latch and trigger mechanism fails'to operate
for any.reason, continued movement of the
head past the releasing position of the latch

85 and trigger, will bring the roller 137 into

contact with a‘cam member 152 on the sup-
port 186, which will positively move the bar
195 to such position that the pump will be
thrown into neutral, thereby stopping the

© 60 head. Thereafter,the operator may, by reason

of the manual control member 123, operate
. the head to advance or retract it at the desired
= speed. . . e

- “:Assuming the trigger. and latch mechanism

65 has properly functioned as described, the

limited by a latch and trigger

Figs. 1, 7 and 8. The bar,.

the movement of the

1,904,975

head goes all the way back to starting posi-
tion and is stopped by a suitably positioned
cam 154, whicheontacts with the roller 137
to move the bar 125 to throw the pump into
neutral position.  The latch mechanism 1is
now reestablished for subsequent operation

at the end of the working stroke of the head,

by reason of turning the shaft 130, as will be
presently described, -to. again. start the head
downwardly to perform its operation on a
new piece of work.. .

Tt will be seen that turning of the shaft
130 in a counter-clockwise direction (Fig. 8)
will, by virtue of the arm 128 engaging the
abutment surface 132, move the bar 125 to re-
store the hammer 140 to the position shown
in Fig. 7. The trigger arm 145 has been re-
tained in its normal position by a suitable

70

75

80

stop 155 on the side of the head, and in re- =

positioning the hammer 140, the latch mem-
bers 146 and 147 simply cam over each other,
as the right-hand. end of the trigger 145 is
lifted off the stop, the trigger being then
swung back to the latching position shown in
Fig. 7 by the spring. o

The shaft 130 is supported at its lower end
in a suitable bracket 160 on the column 8 and

is connected by a suitable parallel motion

linkage 161, see Fig. 9, with another shaft 163,
parallel to the shaft 130, but offset outwardly
therefrom in order to clear the head 7. . The
shaft 163 may be considered simply an exten-
sion of the shaft 130. The shaft 163 carries
a suitable main control arm 165, see Fig. 1,
which is manually shiftable to start the head.
This lever also acts to start the other heads
into operation, by virtue of the various bars
195 and latch members associated with these
heads, and which, as previously stated, are

virtually identical with those on the head 10,
- above described in detail.. .
that as the head reaches a ~

The shaft 163, upon movement of the arm
165, turns a horizontal shaft 166 through a
bevel gearing 167 in a suitable cage or sup-
port 168 on the base 1. The rocking motion
of the shaft 166 is transmitted to the bar
125’ of the head 7 through a parallel motion
connection 161’; essentially similar to that
shown in Fig. 9, except that the operating
handle 165 which is associated with the paral-
lel motion linkage 161 is omitted.

To transfer the rocking motion of the shaft
166 to the control bar 125’ (Fig. 2) of the
head 6, I may provide a connection means, in-
cluding a downwardly extending arm 170
on the shaft 166, an upwardly extending arm
172 on the shaft 130”” of the controlling mech-
anism of the head 6, and a link 171 connecting
the two arms. The linkage described is such
that the rotation of the shaft 130" will cause
lever 128 of that unit to
be in a clockwise direction, similar to the
movements in other units described.

It. may be mentioned here that the cylin-'

ders 55, as heretofore described, have been

86

80

95

100

106

110

15

120

130
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secured to their respective heads, while the side, in Fig. 10. The control assembly is

pistons 60 are fixed to the frame of the ma- indicated at C for the head 6, C’ for the head ‘

chine. The-cylinders therefore travel on .7 and C’” for the head 10. .
their respective pistons. - I find this construc- ~ For convenience, we may start with the set-

tion is extremely advantageous in that it per- ting of the controls at C’’ for the head 10,

mits short leads from the pump to the cylin- this having the slowing down cam at 135,
der and obviates the necessity for flexible con- the tripper 150 for the trigger and latch
nections which would be required were the mechanisms and the stopping cam 154, all
positions of the cylinder and piston reversed. arranged to act on the roller 187, as previously
This greatly increases the efficiency of the described. \ B

pump units by decreasing losses due to leak+  Assuming that the head 10 may be started

age, which, since the pressurés in the con- in its downward path with the cam roller 187

duits are comparatively great, are difficult to in the position shown at a, it is, for the

70

(]

eliminate entirely. moment, unimpertant how far this roller

An advantage of the present arrangement must travel before it engages the cam 135 to
not heretofore mentioned is that the heads slow downcthe speed of operation of the head,
6,7 and 10 are, or may be, completely identical byt suppose this movement requires 414 units
in construction, whereby any one of the heads of the length shown at D in the dimension
may be substituted for another, with S’ll_bSt&Il- line. The roller will be cammed over and
tially no modification thereof. For thispur- the head slowed down to working speed,
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pose, the attachment devices 75” for the coun- which we have assuried is half of the'initial

-ter-weight cables 75 may be provided on all advancing speed, when it reaches the position

the heads. Fig. 1 illustrates one of these shown at b, adjacent the cam 185. The drill
attachment devices formed on the main cas- ¢’ has now reached the work and subsequent
ing section of this head. 1 . progress of the roller from the position & to

It is, of course, understood that a suitable the position ¢ is determined b}y the depth it
arrangement for supplying cutting lubricant is desired to drill the hole O””, This depth
is provided. As shown, each head may in- of hole having been determined, the operator

- clude its own pumping system within the simply sets the trigger operating device 150

30

casing sections 30 (see Figs. 3 and 5). The so that the movement.of the roller 137 will be

~.vertical shaft 47 carries a sprocket gear 180 reversed at position¢. It will be remembered
“ which, through the intermediacy of a suitable that the operation of the stopping device 150

chain 181 drives a gear 182, comprising the on the trigger mechanism is such that the bar

‘essential driving member of a suitable con- carrying the roller 137 is thrown rapidly to

35

stant pressure pump 185. This is suitably the right, carrying the roller to the position

~ mounted within the casing section 80 and hqs d with reference to the cam support 136. .
inlet and outlet lines 186 and 187 communi-  If the length of the hole O’ is in scale with -

40

cating with any suitable oil supply and suit- the control diagram C’’, it will be seen that
able discharge means (not shown) to direct  the working stroke of the head 10, is approxi-
the cutting lubricant to the work and tools. mately 314 units D in distance. Now, in terms

Referring now to Figs. 10 and 11, it will be of time, and because the speed of the head 10

~demonstrated how. the various-controls, ini- isslowed down to half speed to bring the roll-

45

tiated by the control linkages, including the er from position - tothe position ¢, this dis-
starting arm 165, may be set and operated to tance from b to ¢ actually represents, in terms
perform work in a single operation, notwith- of time,7 units. Assuming now that the trig-

. standing the fact that the paths of the cut- - ger mechanism has engaged the stop 150, the
- ting tools intersect.” In Fig. 11, the work W head now travels upwardly at full speed. At
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may be considered as a block to be drilled a total time period of 1214 units, the roller

with openings at O, O” and O”. . Suppose, 137 will be brought to the position ¢ shown in

for example, the opening O’ has to be fulllines. This position ¢ of the roller cor--

counterbored on a larger diameter, .The respands to the position of the drill #” shown
smaller opening O’ may be drilled” with in full lines in Fig. 11, the drill moving in
the tool # of the head 7 ; the counter-bore may. the direction of the arrow, shown adjacent
be formed with the tool ¢ of the head 6, and *the drill. o : :

‘there may also be a-transverse bore.or hole Referring now- to the control dia ram por-

which opens into one or the other of the open- tion above the legend “C’ (head 7)”, it will be
ings O and O’, which transverse hole may be seen that the tool #’ must be operated in such
formed by one of the tools #’/ on the head 10. manner that it will cut its hole O’ and back

.Now, for convenience, let us take the auto- outbefore the tool ¢ is in finishing position,

80

matic control mechanisms, including the cams or the reverse must obtain, that is to say, tool
and trigger operating devices of the various 2’” must have finished its work in the region
heads and set these instrumentalities for per- in which the holes O’ and O’” intersect. To

- forming the operations just given. The three effect the first stated condition, the stop 135

€5

sets'of cam and trigger operating instrumen- may be located, as shown on the. intermedi-
talities are shown, f.r convenience side by até portion of the diagram Fig. 10, so that the
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distance from position a of the roller 137 to
its position & will be 814 units. ~This is at
full speed. The tool ¢’, therefore, starts cut-
ting the work as illustrated in Fig. 11 with
the corresponding roller 137 in this position

5. Assuming now that the head travels two’

distance units at half speed (the equivalent
of four units, in terms of time), the location
of the end of the drill #* at the end of 1215
units (in terms of time) will be that illus-
trated at ¢ in full lines in the diagram. Thus
it will be seen that the drill #/ has reached its
lowermost position and has backed up to the
position shown in full lines before the work-
ing end of the tool ¢’ has reached the position
of the opening O’’. The remaining positions
of the roller 137 are material only in that
they show the path of the roller as it goes

. back to starting position when the pump is
thrown into neutral by the stop 154. These
various positions will, therefore, not be de-
scribed in detail.

Referring now to the extreme right-hand
part of the diagram above the legend “C
(head 6)”, it will be.seen that the.counter-
boring tool #, at approximately 84 units at
high speed, will have reached the position &,
carrying the end of the tool # into contact
with the work as the speed of the head 6 is
slowed down. Actually, since. counter-bor-

ing with a considerably larger tool, requires’

a much slower speed of operation, the cam
185 used in this case, moves the roller a much
greater distance toward neutral than do the
cams 135 shown in the other parts of the dia-
gram. It may be assumed that the tool now
moves at one-half the speed of the other

* tools for their working stroke or one-third

4
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of full speed, and a measuréd distance of one
unit, therefore, requires, in terms.of time,
four times that of a single unit D. "It will
_therefore be seen that at the end of 1215 units,
measured in terms of time, the roller 137 will
have reached the position ¢ at the right hand
side of the diagram, whereby the drill ¢” will
have entered the work and backed out to the

position shown in full lines in Fig. 11 (corre-

sponding to position ¢ on the intermediate
portion of the diagram, Fig. 10), before. the

50_eounter-boring tool has reached the position
~ of the working end of the tool # when farthest

“into the work, as illustrated by the broken
lines in alignment with the tool #”.
I claim :— : SR
1. In a metal cutting machine, a frame, a
plurality of tool driving and supporting car-
riages slidably mounted on the frame, cylin-

ders fixed to respective carriages, pistons

fixed to the frame and operating in respective

0 cylinders to advance and retract the carriages

toward and from their operating positions,
pumps mounted on respective carriages, con-
nections between the pumps and their respec-
tive cylinders, valve control mechanisms
mounted on respective carriages to control

1,004,976

the action of their respective pumps, means
interconnecting the valve control  mecha-
nisms to cause their respective pumps to in-
jtiate the movement of each head simulta-

neously, and motors on respective carriages to-

drive respective pumps and tools. _
2. In a metal cutting machine, a frame, a

‘plurality of-tool driving and supporting car-

riages slidably mounted on the frame, cylin-
ders fixed to respective carriages, pistons
fixed to the frame and operating in respec-

tive cylinders to advance and retract the car-

riages toward and from their operating po-

sitions, variable displacement fluid pumps -

mounted on respective carriages and direct-

ly connected to opposite ends of their respec--

tive cylinders, a valve control mechanism for
each pump mounted on respective carriages to

control the rate and direction of flow of fluid -

in respective pumps, means interconnecting

(e
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each of the control mechanisms to cause their -
respective pumps to initiate the movement of

each head simultaneously, each of said con-
trols comprising a fluid valve and an inde-
pendent pump therefor mounted in said car-

riage, and a motor mounted on each carriage.

90

and drivingly connected to'operate the control’ ’

pump the carriage operating pump and drive
the tools. : :
3. In a metal cutting machine, a main
frame, a tool driving and supporting car-

riage slidably mounted on the main frame,

a cylinder-secured to the carriage, a piston
secured to the main frame and operating in
said cylinder to_advance and withdraw the
carriage from the work, said carriage in-

cluding a housing, a motor supported by
said housing, a variable displacement pump

within said housing, mechanism within the
housing to control the displacement of the
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pump to vary the flow from the pump to the -

cylinder, a shaft drivingly connected to said
motor, gearing connecting said shaft to said

pump, tool spindles rotatably mounted in’

said housing and arranged to carry the metal
cutting tools, gearing drivingly connecting
said shaf to said spindles and means acting
on said displacement control mechanism to

vary the speed of travel of said carriage rela-

tive to the frame while maintaining the driv-
ing connections between the motor and the
pump and the motor and the spindles.

4. In a metal cutting machine, a main
frame, a tool driving and supporting car-
riage slidably mounted on the main frame, a
cylinder secured to the carriage, a piston se-
cured to the main frame and operating in
said cylinder to advance and withdraw the
carriage from the work, said carriage in-

cluding a housing, a motor supported by said-
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housing, a variable displacement pump with- -

“in said housing and connected to opposite

ends of said eylinder, fluid operated mecha- -

nism within the housing to control the dis-
placement of the pump to vary the rate and
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direction of flow_ through the pump to the
cylinder, a second pump arranged to supply
fluid pressure to said control means, a shaft
drivingly” connected to said motor, gearing
connecting said shaft to both of said pumps,
tool spindles rotatably mounted in said hous-
ing and arranged to carry metal cutting tools

and gearing drivingly connecting said shaft -

to said spindles and whereby the speed and
direction of travel of said carriage relative
to the frame may be varied while maintain-
ing the driving connections between the mo-
tor and both of said pumps and the tools.

5. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on
said frame, a metal cutting tool rotatably
mounted on said carriage, an electric motor
mounted on said carriage and operatively
connected to rotate the tool, a pressure pump
mounted on said carriage, means drivingly
connecting the motor to the pump whereby
the pump and tool are driven simultaneously
by the motor, hydraulically responsive means
connected to said carriage and to the frame
and adapted to reciprocate said carriage, and

. a hydraulic connection between said means
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¢5 said frame, a cutting tool rotatably carried

and said pump.

6. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on
said frame, a metal cutting tool rotatably
mounted on said carriage, an electric motor
mounted on said carriage and operatively
connected to rotate the tool, a pressure pump
mounted on said carriage, means drivingly
connecting the motor to the pump whereby

the pump and tool are driven simultaneously. -
by the motor, hydraulically responsive

means connected to said carriage and to the
frame and adapted to reciprocate said car-
riage, a hydraulic connection between said
means and said pump, econtrol means car-

ried by the carriage and operated by ele-
-ments carried by the frame, and a connec-
‘tion between the pump and the control

means.”

_ 7. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on
said frame, a cutting tool rotatably mounted
in said carriage, an electric motor mounted
on said carriage and operatively .connected
to rotate said tool, a pressure pump mounted

‘on said carriage, means connecting said

motor to drive said pump, a hydraulically
responsive means connected to said frame and

5 the carriage to reciprocate said carriage and

interposed between the pump and said hy-
draulically responsive means, a valve mount-
ed on said carriage to control the displace-
ment of said pump, and means stationarily
mounted on the main frame to operate said
valve when said hydraulically responsive
means reciprocates said carriage.

8. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on

4

by said carriage, a pump mounted on said
carriage, a motor for driving the pump,
means drivingly connecting the motor to the
pump and to the tool and, wherein the axis

-of the motor and the tool and the pump are

parallel to the plane in which the carriage
reciprocates, a hydraulic ram disposed in a
plane parallel to the plane in which the car-
riage recipfocates, and a hydraulic connection
between the pump and said hydraulically re-
sponsive means.

9. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on

said frame comprising a housing, a cutting
tool rotatably mounted on said . carriage at

one end of said housing, a motor mounted on-
said carriage at the opposite end of said hous-
ing and operatively connected to rotate said
tool, a pump mounted on said carriage with-
in a secondary housing comprising a fluid
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reservoir, means disposed within the first-

named housing and connecting said motor to
drive said pump, of hydraulically responsive
means disposed between the first-named
housing and said frame to reciprocate said
carriage, a valve mounted on said carriage
and within said housings and arranged fto
control the displacement of said pump, and
means carried by the main frame to control
said valve. :
10. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on
said frame, a cutting tool rotatably carried
by -said carriage, a pump mounted on said
carriage, means including an intermediate
shaft drivingly connecting the motor to the
pump and to the tool, said ‘shaft extending
parallel to the shaft of the pump, hydraulical-
ly responsive means powered by the pump to
reciprocate the carriage and a hydraulic con-
nection on the carriage and extending
through the carriage to connect between the

. pump to said hydraulically responsive means.

11. In a metal cutting machine, a main
frame, a carriage reciprocably mounted on
the frame, a metal cutting tool spindle rotat-
ably mounted at one end of the carriage, an
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electric motor mounted on the carriage, a

hydraulically responsive piston and cylinder
operatively interposed between . the said .
frame and the. carriage, a pump mounted on
the carriage between the motor and said tool
spindle, a shaft rotatably supported by the
carriage to extend alongside of said pump,
speed reduction means connecting.the shaft
of thé motor and said shaft, a driving con-
nection between said shaft and the pump, a
gear drive connecting said shaft to'said tool
spindle, and a hydraulic connection en the
carriage extending between said pump and
said piston and cylinder. ,

12. In a metal cutting machine, a main
frame, a carriage mounted for automatic re-
ciprocation upon the frame, a metal cutting
tool spindle rotatably mounted at.one end
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of the carriage, an electric motor mounted on
the opposite end of the carriage, a hydrauli-
cally responsive piston and cylinder respec-
tively connected to the frame and the car-
riage, a variable displacement pump mount-
ed on the carriage between the motor and
said tool spindle, a shaft rotatably supported
by the carriage to extend alongside of said
pump and serving to drivingly connect the
motor and said spindle, said shaft and pump

being supported by a common ‘housing com- .

prising part of the carriage, & driving con-

nection disposed within the housing and-

operatively extending between said shaft and
the pump, a hydraulic connection on the car-

riage extending through the housing to con-

nect said pump and said piston and cylinder,
a valve in said hydraulic connection and
valve operating means mounted upon one side
of the housing for causing the valve to oper-
ate whereby pressure from the pump will
cause one complete cycle of reciprocations of
the carriage automatically. , »
18. In a metal cutting machine, a main
frame, a carriage reciprocably mounted ‘on
the frame, a metal cutting tool spindle rotat-
ably mounted at one end of the carriage, an
electric motor mounted on the opposite end
of the carriage, a housing structure compris-
ing part of the carriage and disposed between
said spindle and said motor, a hydraulic cyl-

“inder connected to the underside of the hous-

ing, a piston within the cylinder and con-
nected to the said frame, a pump mounted on
the carriage within the housing, a shaft ro-
tatably supported within the housing to ex-
tend alongside of said pump, speed reduction

means connecting the shaft of the motor and-

said shaft, a driving connection between said

shaft and the pump, a gear drive connecting

said shaft to said tool spindle, and a hy-

“draulic connection extending  through the

housing connecting said pump to said cylin-
der. - . S v ' '
14. I a metal cutting machine,”a main

frame, a carriage veciprocably mounted -on
said main frame,

" mounted in and carried by the carriage, fluid
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‘age connecting
* pumping means,

pumping means mounted. on the carriage,

said pumping means being adapted to deliver -

a liquid at high speed and low pressure and

at low speed and high pressure, an electric,

motor mounted on said carriage and driv-
ingly connected through means on the car-
riage to rotate said tooly means on the carri-
said motor to drive said
a hydraulically responsive

means connected to said frame ana to the

‘carriage to impart fast and slow reciprocating

movements to said carriage, said pumping
means serving to deliver high pressure and
slow movement to said hydraulically re-
sponsive means,
eration of said tool and greatly increased
volume of said liquid at low pressure during

a "cutting fool rotatably

1,004,975

the major reciprocating movements of the

carriage, a valve mechanism mounted on said -

carriage and interposed between the pump
and said hydraulically responsive means to
control the pressure and displacement of said
pump during the reciprocating movements
of the carriage and -means stationarily
motnted on said main frame to operate said
valve mechanism when said hydraulically re-
sponsive means reciprocatés said carriage.
15. In a metal cutting machine, a main
frame, a carriage mounted on said main

frame, and to be reciprocated at varying"

speeds, a plurality of cutting tools rotatably
mounted in and ‘carried by the carriage, a
fluid pumping means mounted on the car-
riage, said fluid pumping means being adapt-
ed to deliver a liquid at high speed and low
pressure and at low speed and high pressure,
an electric motor mounted on said carriage
and drivingly connected through means on
the carriage {o rotate said tools, means on the
carriage for connecting said motor to drive
said pumping means at a constant speed, a
hydraulically resistant piston connected to
said frame and a cylinder cooperating with
the piston and fixed to the carriage to recipro-
cate said carriage, said pumping means serv-
ing to deliver high pressure and slow rela-
tive movement to the piston and cylinder
only during the cutting operations of said
tools, and low pressure and greatly increased
movement during the major reciprocating
movements of the tool, a valve mechanism
mounted on said carriage and interposed be-
tween the pump and said hydraulically re-
sponsive mheans to control the pressure and

.displacement of. said pump and means sta-

tionarily mounted on said main frame to op-
erate said valve when said hydraulically re:
sponsive means reciprocates said carriage,
whereby the load on said motor may be sub-
stantially uniform during the driving of the
pumping means ‘when the carriage 1s being
reciprocated at high speed and when the car-
riage is moved at low speed and the tools are
cutting.

In testimony

signature. E L
© WALTER F. BABCOCK.
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:Whereof, T hereunto affix my
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_ : _ DISCLAIMER .

1,904,975.—Waller F. Babcock, Detroit, Mich. MgeTar CurTiNg MACHINE AND.
ControL System THEREFOR. Patent dated April 18, 1933. ' Disclaimer filed
August 7, 1933, by the assignee, The Foote-Burt Company. - .
Hereby enters this disclaimer by disclaiming from claims 5, 6,7, 8, and 15 any

metal cutting machine, when such a machine does not have & “pump” or *pump- .

Ing means” disposed within a secondary housing upon the carriage thereof.
¢ [Official Gazette Avgust 29, 1933.] ' :




