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) .8 .Claims.
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The-present :invention ;relates :generally o im-~
provements in :reciprocatory drives for ‘mackine
tools,:and thas particular:reference 10:a mew:and
:dmproved drive or:transmission. especially:adapted
for traversing heavy machine tool units hawing:a
Jlong.range.of imovement.

.Onewf the.objects of the.invention-is:to previde
za ‘novel reciprocatary  drive for :a .machine :tool
unitwhich isradapted:todmpart a uniform motion,
particularly :at the points :of reversal.

-Another object iis :fo :provide a mew -and dm-
‘proved drive which ‘is adapted to dimpart :a
balanced:force tothe:machine unit so:as toavoid
:any tendency of :the unit to wock crosswise of the
;guiding means. :

‘A further object is to provide a novel :drive of
‘the foregoing -character adapted :to vkranslate
the unit over a long range:of movement withoitt
requiring & -supporting -base of :a length appre-
-ciably igreater -than that mecessary :to :accom-
.modate the imoveient.

A general :object iis {to provide :a new and dm-
-proved reciprocatory -drive :for ‘heavy machine
Jool-units whichiis simple:and inexpensive:in con-
struction, -which is:sturdy and:relighle in:opera-
4ion,-and which -is ;readily adjustable to wzary the
rate and range-of movement.

Other :objects :and advantages will -become ap-
parent as the description proceeds.

In the 'accompanying ‘drawings,

Figure 1 is:.a front elevational view -of a ma-
‘chine-embodying the features of my invention.

Fig. 2-is-an end-elevationdl view-of the machine.

Fig. 3 is an-enlarged fragmentary plan view.of
the :machine, partially -in horizontal ‘section to
illustrate the drive.

‘Fig. 4 is-a ‘transverse vertical -sectional view
taken along line 4—4 of Fig. 3.

Fig, 5 is:@a-diagrammatic representation aof the
drive :and a reversal .control therefor,

Referring more ‘particularly to the drawings,
the invention s -adapted :for use .generally iin
various types of machines ;for traversing ‘heavy
machine units-adjustably over-an extended range

of movement. -Such machines :may bhe adapted 45

to perform various kinds of:metal removing opera-
tions, such for-example as;milling or:grinding long
surfaces.

The invention is :particularly wuseful -for, and
hence shown -and described :as -embodied :in, @
machine for precision -grinding -hardened :stegl
ways :and -other:surfaces-on large machine wunits,
such for :example as beds, ‘columns, tables, sad-
dles, rails, etc. Heretofore, machine ways shave
commonly:been:finished by slow:and tedious hand
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-seraping. The ‘present mackine eliminates these
‘hand ‘operations :and ‘their -attendant difficulties
by finish grinding ‘the ‘ways or -other ‘surfaces
-economically-and with a'high-degree of-accuracy.

“Fhe :machine €onstituting ‘the preferred -em-
‘bodiiment (of the ‘tvention comptises -an -&lon-
‘gated floor rplate | -adapted to support the work
1o ‘be 'machined.. For example, :a ‘machine .bed
‘tnot.shown) ‘having longitudinal way surfaces.on
‘the top to ‘be‘ground may ‘be :supported ‘in sta-
tionaryposition-on-the'plateif. "The machine:also
‘eomprises ‘a-stéitionary base structure having an.
-elongated isib-base 2 positioned -alongside the
‘Hoor plate )l, ‘and -an €lohgated bed 3, preferably

5 0T hox-~type:construction, resting on the sub-base

-and substantially coextensivesin length therewith.
The bed 8 is formed +oh ‘the ‘top -with suitable
spaced paralléllongitudinal ways:4.and § for -slid-
‘ably supperting a-reciprocible saddle 6. In the
‘present instance, the ways 4 and 5 .are formed
:along the marginal edgesof the bed 3,/one way :4
‘beinga guiding ‘V-way, and the-other way 5 being
sa flat supporting ‘way. -Suitable ;guards 7 in the
“form :of -accordion ihellows are -attached at ‘op-
posite ends to:theends:of the bed:3 and saddle 6,
‘and serves dn -all “positions :of the saddle ‘to .en-
-close the top ssurfaces -of the bed to protect ‘the
Jatter against the entry of foreign matter.
Supportet:on-one-end:of the saddle § for move-
‘ment ‘therewith is a -vertieal eclumn 8 which
‘preferably s ssquare dn ‘transverse ‘construction
:and formed -with vettical guiding means at the
ifour :corners. A stool supporting arm structure
8iismounted-onithe calumn:8 for vertical adjust-

5 ment along the guiding means, and is suitably

icounterbalancedand adapted tobeadjusted man-
‘udily by ‘operation -of a hand wheel 18 .and to . he
clamped in sélected position of adjustment. The
‘arinsstructure:§ ds formed with-oppositely extend-
ing radial ‘oveparins 44 and 42 -adapted to be
supperted welectively iin roperative wposition .over
e floor pldbe # for resiprocation swith the sad-
dle 1€ -along the ;surfaces .of ‘the workpiece to be
machined. The overaiim #l subports a -motorized
roughing ‘toel unit .or read 12 which may com-
prise a:large end face grinding ‘wheel located on
‘a vertical ;axis. Mounted ‘on the other overarm
#2:in laterally spaced relation:and for indepsnd-
entadjustment longitudinally of the arm and:also
far - angular adjustment sare $wo tool -uxits or
heads 4 ;and 5. Each of the units 44 and 5
comptises awertical grinding spindle 46 driven:by
aanotor:t7-and having:s:grinding whesl (3 on the
Iower :end adapted :to finish jgrind ‘the work .sur-
Faces. -
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The present invention relates primarily to a
reversible translatory drive for traversing the
saddle § on the bed 8, and thereby causing the
grinding wheels 18 to fraverse the surfaces of the
work to be ground. In the preferred form, the
drive comprises two parallel longitudinal gear
racks {9 and 22 mounted in fixed position in the
top of the bed 3, and disposed with their teeth
in opposed relation. Two suitable gear pinions
20 and 23 are in mesh respectively with the gear
racks 19 and 22, and are fixed on the lower ends
of two stub shafts 2! and 24 suitably journaled
in the saddle & To avoid tooth interference,
the pinions 20 and 23 and their shafts 21 and
2& are spaced longitudinally of the saddle §, and
are offset with respect to each other transversely
of the saddle. The upper ends of the pinion
shafts 2§ and 2% extend into a gear chamber 25
formed by the webs in the upper portion of the
saddle § and closed at the top by a removable
access plate 26. Secured respectively to the up-
per ends of the shafts 21 and 24 within the
chamber 25 are two worm gears 27 and 28 in mesh
at opposite sides respectively with driving worms
29 and 88. Preferably, the worms 29 and 30 are
of the hourglass type and formed to provide ex-
tensive engagement with the teeth of the worm
gears. 'To permit a close center distance between
the shafts 24 and 24, the worm gears 27 and 28
are disposed in different horizontal planes so as
to permit overlapping of their peripheries.

It will be evident that the rack and gear drive
for the saddle is simple and compact in construc-
tion. By providing the two rack and pinion as-
semblies, a strong and balanced drive is obtained,
It should also be noted that both rack and pin-
jon assemblies are located in closely spaced rela-
tion to the guiding V-way 4 with the result that
during the normal translation of the saddle §,
and particulariy at the points of reversal of move-
ment, any tendency to rock the saddle crosswise
is substantially avoided. Preferably, both racks
i and 22 are mounted in the top of the bed 3 at
the inner side of the way 4, but in closely spaced
relation thereto. The innermost rack 22 thus is
spaced somewhat further than the other rack 19
from the way &, but due to the compact arrange-
ment permitted by the use of the pinion drive,
the racks are located closely together and the
unequal spacing in relation to the way does not
have any appreciable effect. It is to be under-
stood, however, that the two racks {9 and 22
might be disposed at and along opposite sides of
the V-way if an absolutely balanced relationship
should be desired.

The drive worms 2% and 30 are, in turn, fixed
respectively on two shafts 31 and 32 which ex-
tend through the gear chamber 25 transversely of
the saddle 8 and which are suitably journaled in
bearings supported in the saddie web structure.
Provision is made for driving the worms simul-
taneously in the same direction with a balanced
or differential action so that both rack and gear
assemblies will act jointly and with equal force
to drive the saddie 8. In the present instance,
a hydraulic drive is employed, and this drive in
its preferred form comprises two rotary hydraulic
motors 33 and 34 coupled respectively to the worm
shafts 2! and 32. The hydraulic motors may be
of any suitable type, such for example as type
C-411 made by the Oilgear Company, of Mil-
waukee, Wisconsin. These motors are of the re-
versible constant displacement type, and are
flange-mounted on the rear wall of the saddle 6,
and disposed with their operating shafts in axial
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4
alinement with and directly coupled to the worm
shafts 31 and 32,

Any suitable source of fiuid under pressure may
be provided for supplying fluid reversibly to the
motors 33 and 34. In the present instance, the
pressure source comprises a rofary pump 35 driven
by an electric motor 38, and having discharge
and return sides connected in a closed circuit
through suitable conduits 37 and 38 in parallel
to the intake and exhaust sides of the motors 33
and 34. Both the pump 35 and motor 36 are
mounted on the saddle 6 and enclosed in a suit-
able control housing 39.

The pump 35 may be of the type DX—411 made
by the aforesaid Oilgear Company. The details
of this pump per se form no part of the present
invention and, therefore, are not fully disclosed
herein. It is sufficient to state that the pump
35 has a volume control member 48 which is
shiftable through a central or neutral position
defining zero displacement into opposite limit po-
sitions defining respectively preset displacements
in opposite directions of delivery. The member
40 is operable under the control of valve means
adapted to be actuated by solenocids 4f and 42.
Thus, when the solenoid 41 is excited, the pump
35 will be adjusted to deliver fluid through the
line 37 to the motors 33 and 34 and receive the
return fluid from the motors through the line 38.
Consequently, the motors 33 and 38 will operate
simultaneously to effect rotation of the pinions
20 and 23, for example in the direction of the full
arrows (Fig. 5) to translate the saddle 6 to the
right. Upon energization of the solenoid 42, the
pump 35 will be reversed to deliver fluid through
the line 38 and receive return fluid through the
line 37 so as to operate the motors 33 and 34 in
the reverse direction, and thereby effect rota-
tion of the pinions 20 and 23, for example in the
direction of the dotted arrows to translate the
saddle 6 to the left. When both solenoids are de-
energized, the pump 35 will be adjusted into po-
sition of zero displacement, under which condi-
tion the saddle 6 will be idle. It will be under-
stood that the rate of travel of the saddle 6 may
be varied by adjustably limiting the operative
positions of the pump control member 49 so that
any preset pump delivery in either direction may
be obtained.

By providing two hydraulic motors 33 and 34
of the reversible rotary type, the use of long col-
umns of fluid tending to result in unevenness of
travel is obviated, and the extent of saddle move-
ment in both directions is not restricted by any
physical limitations of the motors, bubt can be
varied both as to extent and location, restricted
only by the length of the bed 3. If motors of the
cylinder and piston type were employed, they
would be mounted within and extend longitudi-
nally of the bed, and for s given maximum length
of travel would require the bed to be provided
with a greatly increased overall length.

The two hydraulic motors 33 and 34, being
connected to receive fluid under pressure in par-
allel' from the pump 35, and being connected
through like parallel gear reduction drives to the
rack and pinion assemblies, serve to exercise a
differential action so that the pinions will exert
substantially the same thrust against their re-
spective racks {9 and 22 to share and equalize
the load, and at the same time any slight irregu-
larities or unevenness that may be present in the
gear teeth of the racks and pinions will be com-
pensated for.

Provision is made for effecting automatic re-
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-wersal of the pump 35:to reciprocate the saddle
‘6 through :a :predetermined adjustable range.
This -means comprises .a rotary control disk .43
mounted on a shaft 44 projecting from the con-
‘trol ‘housing 39. The shaft .44 :is connected for
-rotation in synchronism .with the -translation of
the saddle-8, and to this end is driven from the
worm shaft i through a.train. of reduction gears
45 to 48, as shown in Fig,.:5. "The speed ratio-is
such that the control disk 43 will be :rotated
through slightly less than (one revolution, :for
.example 300°, ‘for translation -of -the :saddle 6
through its maximum range of movement,
Adjustably mounted on:the.confrol disk 43 are

30

two reversing -stops or dogs 49 and 50 adapted 15

for engagement:alternately and respectively upon
movement of the saddle 8 in opposite directions
with.a switch operating lever ‘51. "This lever is
mounted for swinging movement at the rear of
the control disk 43 in the path of-the dogs 49 and
‘80, and has an operating shaft 52 for actuating
a limit switch 53 controlling the selective excita~-
tion of the valve solenoids 41 and 42.

In operation, at the end of the movement of
the saddle 6 in one direction into one ‘prede-
termined position, the dog 49 will engage the
switeh lever Bl to initiate swinging movement of
the latter into one extreme position, for exam-
ple as shown in Fig. 5. A suitable over-center
device (not shown) is provided :for .completing
the movement of the lever 51 with a snap action.
In this pesition, a circuit -is completed for the
solenoid 42 from a suitable source of electric cur-
rent through a line 54, one contact 55 of the
switch -53, a line 56, the solenoid 42, and :a line
57. Consequently, the pump -adjusting memiber
48 will be -actuated through neutral into-one ad-
justable limited or preset position:to reverse:the
delivery of the pump 35 and -thereby effect re-
versal of the saddle 8. Upon movement of the
saddle 6 irn the opposite direction into another
predetermined position, the other dog .50 will
engage the switech lever §1 to initiate swinging
movement of the latter into its opposite extreme
position. The lever 5{ thereupon will reverse
the switch 53 to deenergize the solenoid 42 and
energize the solenoid 4i, the circuit being com-
pleted frem the source through the line 54, the
contact 58 of the switch 53, a line 59, the sole-
noid 41, and the line 57. Consequently, the pump
adjusting member 48 will again be shifted
through neutral into its opposite adjustable limit
position to reverse the delivery of the pump, and
thereby the direction of translation of the sad-
dle 6.

With the control as shown, the saddle 6 will
continue to reciprocate back and forth and, for
each reciprocation, the total head may be man-
ually adjusted downwardly in a feed increment.
To stop the reciprocation when the work surface
has been ground to the desired depth, or for any
other purpose, the operator heed merely shift
the lever 51 into central and neutral position,
therehy opening the switch 53 and permitting
the pump adjusting member 48 to adjust the
pump for zero displacement. A positive latching
device may be provided for securing the lever 51
releasably in stop position.

It will be evident that I have provided a new
and improved hydraulically actuated reciproca-
tory drive which is simple and compact in con-
struction, and which is sturdy and reliable in
operation and adapted to impart a balanced dou-
ble thrust to the machine unit to be reciprocated.
By arranging the drive in the immediate proxim-

=i
[+

20

28

30

35

40

45

50

55

@0

66

70

75

G

ity of ithe ;guiding means for the :machine -unit,

‘any sside thrust against :the ‘guiding. means ‘is

substantially avoided. The hydraulic:drive pro-
vides an equalizing ‘force :adapted to compensate
for any .minor irregularities :in ‘the .mechanical
gear transmissiens so:that the machine unit is
operated uniformly and :smoothly. By :employ-
ing rotary hydraulic motors, long columns of fluid
under :pressure with ‘their -attendant -difficulties
are:aveided, so that the saddle will be translated
and reversed smoothly.

Iclaimasimy. invention:

1. ;A reciproeatory drive for a.translatory ma-
chine unit slidable on an elongated bed ‘having
a longitudinal guideway, said :drive comprtising,
in . combination, two.closely spaced parallel:opo-
sitely facing longitudinal gear racks mounted on
said bed . adjacent to:and-alongside said guide-
way, two :vertical shafts ;journaled in said :unit
and -having :drive pinions secured thereto -and
meshing respectively with said racks, two:trans~
verse shafts journaled in.and extending crosswise
of said unit, worm and worm gear -assemblies re-
spectively -connecting -said transverse -shafts to
said verticgl shafts, two reversible rotary hydrau-
lic. motors ‘mounted on :said unit .and -coupled
respectively .to said shafls, a reversible .variable
delivery pump mounted on -said -unit and -con-
nected iin a closed circuit :in parallel -with -said
motors whereby to rotate said ‘motors -in the
same .direction, said worm and -worm gear as-
semblies ‘being operable by said -motors to rotate
said vertical shafts relatively in opposite direc-
tions, ‘and -control means -movable .In synchro-
nism with said unit and operable gutomatically
to :reverse the. delivery-of said pump upon move-
ment of said unit respectively in opposite -direc-
tions into :predetermined -positions ‘of reversal.

2. A reciprocatory drive for a translatory ma-
chine ‘unitslidable on an elongated bed having
a longitudinal guideway, said -drive comprising,
in .combination, :two parallel longitudinal gear
racks. mounted.on said:bed-adjacent to and-along-
side said guideway, two pinion shafis. journaled
in said unit and having drive pinions secured
thereto and meshing respectively with said racks,
two drive shafis journaled in and extending
crosswise of said unit, worm and worm gear as-

 semblies respectively connecting said drive shafts

to said pinion shafts, two reversible rotary hy-
draulic motors mounted on said unit and cou-
pled respectively to said shafts, a reversible var-
iable delivery pump connected in parallel to said
motors, and control means movable in synchro-
nism with said unit and operable automatically
to reverse the delivery of said pump upon move-
ment of said unit respectively in opposite direc-
tions into predetermined positions of reversal.

3. A reciprocatory drive for a translatory ma-
chine unit slidable on an elongated bed having a
longitudinal guideway, said drive comprising, in
combination, two parallel longitudinal gear racks
mounted on said bed adjacent to and alongside
said guideway, two pinion shafts journaled in said
unit and having drive pinions secured thereto
and meshing respectively with said racks, two re-
versible rotary hydraulic motors operatively con-
nected respectively to drive said shafts, and means
for supplying fluid under pressure reversibly and
in parallel to said motors. .

4. A reciprocatory drive for a translatory ma-
chine unit comprising, in combination with an
elongated bed having longitudinal guide means
thereon, two spaced parallel oppositely facing
longitudinal gear racks mounted on said bed ad-
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jacent to and alongside said guide means, two
vertical shafts journaled in said unit and having
drive pinions secured thereto and meshing re-
spectively with said racks, hydraulic motor means
of the rotary type mounted on said unit and op-
eratively connected to drive said shafts reversi-
bly and relatively in opposite directions with a dif-
ferential action, and means for supplying fluid
under pressure reversibly to said motor means.

5. A reciprocatory drive for a translatory ma-
chine unit comprising, in combination with an
elongated bed having longitudinal guide means
thereon for said unit, two parallel longitudinal
gear racks mounted on said bed adjacent to and
alongside said guide means, two shafts journaled
in said unit and having drive pinions secured
thereto and meshing respectively with said racks,
hydrauiic motor means of the rotary type mounted
on said unit and operatively connected to drive
said shaits reversibly and relatively in opposite
directions with a differential action, and means
for supplying fluid under pressure reversibly to
said motor means.

6. A reciprocatory drive for a translatory ma-
chine unit comprising, in combination with an
elongated bed having longitudinal guide means
for said unit, dual mechanical drive means con-
nected in parallel to translate said unit reversibly
along said guide means, two rotary hydraulic
motors respectively connected to operate said
drive means jointly with a differential balanced
action, and a reversible variable delivery pump
connected in parallel in a closed circuit with said
motors to supply fluid under pressure reversibly

to the latter and thereby to effect reciprocation @

of said unit in opposite directions, and means op-
erable in response to movement of said unit into
its opposite end positions to reverse the delivery of
said pump.

7. A reciprocatory drive for a translatory ma-
chine unit comprising, in combination with an
elongated bed having longitudinal guide means
for said unit, dual mechanical drive means con-
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nected in parallel to translate said unit reversibly
along said guide means, rotary hydraulic motor
means respectively connected to operate said
drive means jointly with a differential balanced
action, and a reversible variable delivery pump
connected to supply fluid under pressure reversi-
bly to said motor means and thereby effect re-
ciprocation of said unit in opposite directions,
and means operable in response to movement of
said unit into its opposite end positions to reverse
the delivery of said pump.

8. A reciprocatory drive for a translatory ma-
chine element slidable on an elongated bed hav-
ing a longitudinal guide way, said drive compris-
ing, in combination, two closely spaced parallel
oppositely facing longitudinal gear racks mounted
on said bed adjacent to and alongside said guide-
way, two vertical shafts journaled in said unit
and having drive pinions secured thereto and
meshing respectively with said racks, and two
drive motors mounted on said unit and operatively
coubled respectively to said shafts to rotate said
pinions respectively in opposite directions,
whereby the side pressures between said racks and
said pinions are balanced.

KEITH F. GALLIMORE.
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