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9 Machine too! with common drive for worktable and pallet shuttie.

@ The invention relates to a machine tool with a common
drive for the worktable and pallet shuttle. In accordance
with the invention, the worktable and pallet shuttle are
driven by a common motor (188) which is mounted on the
worktable base (10), thereby simplifying the machine tool
and reducing its cost. The motor (188) is coupled to the
worktable (18) by gears (202, 116) which engage when
the worktable (18) is raised to be indexed and disengage
when the worktable (18) is lowered. The motor (188) is
coupled to the pallet shuttle (54) by gears (202, 210, 212,
80) which engage when the worktable base (10) is moved
into the shuttle position and disengage when the worktable
base is moved out of the shuttle position.
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MACHINE TOOL WITH COMMON DRIVE
FOR WORKTABLE AND PALLET SHUTTLE

This invention relates to machine tools which have
Indexable worktables that are adapted to receive pallets and
have shuttle mechanlsms for sliding pallets onto and off of
the worktables.

5 In the past, the rotary drive for the worktable
and the reciprocating drive for the shuttle mechanism were
separate and required separate motors, separate gear trains,
separate position feedback systems, and separate control sys-
tems for the two drives.

10 The object of this invention is to provide a ma-
chine tool in which the rotary worktable and reciprocating
shuttle mechanism are driven by a common drive.

The present lnventlon provides a machine tool in-
cluding a bed; a table base slidably mounted on sald bed for

15 movement along a first axis; a worktable rotatably mounted
on said base for rotation about a second axls transverse to
sald first axis; a motor mounted on said base; and drive
means coupled between said motor and saild worktable to ro-
tate the worktable; characterized by a pallet shuttle slide

20glidably mounted on a frame for movement along a third axis
transverse to sald first axis and to sald second axis, said
pallet shuttle slide being positioned to slide pallets onto
and off of said worktable in one position thereof; and drive
means coupling said motor to said pallet shuttle slide when

25 said worktable is in position to transfer pallets thereto
whereby said motor drives said shuttle slide.
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By eliminating separate motors, separate gear
trains and separate control systems for gear trains and
separate systems for the rotary drive for the worktable and
the shuttle mechanism, the rotary drive for the worktable
and the shuttle mechanism, the present invention results in
simplification and reduction in cost of the machine tool.

In the drawings:

Figure 1 is a plan view of an embodiment of the
invention with the worktable thereof in the shuttle position
in operative relation with the shuttle mechanism.

Fig. 2 is an end elevational view taken on the
line 2-2 of Fig. 1l;

Fig. 3 1s a side elevational view taken on the line
3-3 of Fig. 2;

Fig. 4 is an axial sectional view of the worktable
support and indexing means therefor;

FPig. 5 1ls a cross sectional view showing the drive
motor and drive gear train for indexing the worktable;

Fig. 6 is a fragmentary axial sectional view of
the worktable showing the air ducts for cleaning the pallet
alignment depressions;

Fig. 7 1s a fragmentary axial sectional view show-
ing the outlet air duct for cleaning the pallet alignment
depressions;

Fig. 8 is a fragmentary cross sectional view show-
ing the drive gears for the shuttle slide; and

Fig. 9 is a fragmentary longitudinal sectional
view taken on the line 9-9 of Fig. 8.

Referring to Figs. 1, 2,and 3, a worktable base 10
is slidably mounted on a bed 12 (Fig. 2) by horizontal ways
14 for movement along a horizontal Z axis 16 (Fig. 1) toward
and away from a machine tool spindle (not shown). A work-
table 18 is rotatably mounted on base 10 for rotation about
a vertical axis 20 (Figs. 2 and 3) whicn is perpendicular
to Z axis 16. Worktable 18 is adapted to slidably receive
a conventional pallet 22 and to clamp pallst 22 thereto by
means described in later paragraphs.

Pallet 22 can be slid onto or off of worktable 1%
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by means of a pallet shuttle mechanism 24 which includes two
shuttle bases 26 and 28 (Fig. 2) that are located opposite
one another in position to flank worktable 18 when worktable
base 10 is moved to its shuttle position as shown in Figs.

5 1, 2, and 3. Shuttle base 26 has a bottom 30 which is at-
tached to the floor by levelling bolts 32 and supports an
upright 34 which, in turn, supports a top 36. Shuttle base
28 is identical in structure, and includes a bottom 38,
leveling bolts 40, an upright 42, and a top 44, A pair of

10 spaced apart rails 46 carrying rollers 48 are mounted on
shuttle base top 36 to slidably support a pallet 22. A si-
milar pair of spaced apart rails 50 carrying rollers 52 are
mounted on shuttle base top 44 to slidably support a pallet 22,

The shuttle mechanism also includes a comb shaped

15 shuttle slide 54 (Fig. 1) having arms 56, 58, and 60 which
extend inwardly in position to engage pallets on shuttle
bases 26 or 28 or on worktable 18. Shuttle slide 54 is
mounted for sliding movement along a horizontal axis 62 (Fig.
1, which is perpendicular to both axes 16 and 20. The shut-

20 tle slide arms 56, 58, and 60 are spaced apart to simulta-
neously transfer two pallets, one pallet being positioned in
the space between arms 56 and 53, and the other being posi-
tioned in the space between arms 58 and 60. In the position
shown in Fig. 1, shuttle slide SU4 is in position to move

25 pallet 22 from worktable 18 to shuttle base 26 and at the
same time to move a pallet (not shown) from shuttle base 28
to worktable 18. In operation, a pallet would be placed on
shuttle base 28 to replace the pallet 22 on worktable 18,
but this pallet is omitted from the drawings so that rails

30 50 and rollers 52 can be seen.

When shuttle slide 54 is moved to the left in
Fig. 1, arm 58 pushes pallet 22 onto rails 46 and moves pal-
let 22 along rails U6 to the center of shuttle base 26. At
the same time, arm 56 pushes the pallet (not shown) on shut-

35 tle base 28 along rails 50 and onto worktable 18. Worktable
18 is then moved away from the shuttle position and into
engagement with the spindle (not shown) to perform the ma-
chining operation. While the machining operation 1is in pro-
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gress, the previously machined workplece is removed from
shuttle base 26 and is replaced by an unmachined workpiece.
When the machining operation is completed, worktable 18 is
moved back to the shuttle position shown in Figs. 1, 2 and 3
5 and shuttle slide 54 is moved from left to right in Fig. 1 to
move one pallet from worktable 18 to shuttle base 28 while
the other is moved from shuttle base 26 to worktable 18,
Referring to Fig. 3, shuttle slide 54 is supported
on its rear end by an elongated bracket 64 which is attached
10 at its lower end to a rack gear 66 which is slidably mounted
in a horizontal housing 68. On its front end, shuttle slide
54 is supported by adjustable fingers 7O which slide on rails
50 and 46. The lower portion of fingers 7O are made of a
low friction plastic for ease of sliding and to prevent wear
150n rails 50 and 46. As fingers 70 wear, they are adjusted
to compensate for the wear and can be easily replaced when
theywear far enough.
The details for the mounting of the rear of shuttle
slide 54 are shown more clearly in Figs. 8 and 9. Bracket 64
201is connected to slide 54 by bolts 72 and is connected to rack
66 by bolts T4. Rack 66 is slotted at 75 and 77 to slidably
engage opposed lips 76 and 78 on the front of housing 68.
Rack 66 is engaged by a shuttle gear 80 which is
attached within housing 68 by a top plate 82 which is attach-
25 ed to housing 68 by bolts 84. Shuttle gear 80 is rotatably
attached to top plate 82 and to the bottom of housing 68 and
serves to drive slide 54 via rack 66 as is described in la-
ter paragraphs.
"Housing 68 is attached to the shuttle base tops
30 36 and 44 by brackets 86 (Fig. 1) and is supported thereby.
Housing 68 supports rack 66 which, in turn, supports the
rear end of shuttle slide 54 whose front end is supported
by fingers 7O.
Before describing the drive means for worktable 18
35 and shuttle slide 54, the structure and operation of work-
table 18 will first be described. Worktable 18 is supported
by a base plate 88 (Fig. 4) which has a hollow cylindrical
housing 90 welded thereto and an outer cylinder 92 bolted
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thereto by bolts 94. A spacer ring 96 extends between base
plate 88 and outer cylinder 92. A base ring 98 is bolted to
the bottom of outer cylinder 92 by bolts 100 and an inner
cylinder 102 is bolted to base ring 98 by bolts 104, The
above-described portions of worktable 18 comprise the fixed
base, the remaining portions of the table being journalled
for rotation on the base and for vertical movement relative
to the base.

The table top 106 has a central downwardly extend-
ing hub 108 which is slidably engaged in an upper bore 110
In inner cylinder 102. A pair of O-rings 112 are seated in
grooves in hub 108 and serve to seal in compressed air which
is introduced into an air groove 114 in hub 108 by conven-
tional means not shown. The compressed air is used to blow
chips away from the locating gulde buttons as described in
later paragraphs. Table top 106 has a ring gear 116 bolted
thereto by bolts 118 which serves to rotate table top 106
when it 1s desired to index it. The drive for ring gear 116
will be described in later paragraphs. A toothed coupling
120 is attached to table top 106 and outer cylinder 92 by
bolts 122 and 124. Toothed coupling 120 indexes table top
106 to one of a precisely determined group of angular posi-
tions when it 1s indexed. For purposes of indexing, table
top 106 is raised to break connection of the two parts of
toothed coupling 120, then is rotated via ring gear 116 by
the required number of degrees, and is then set down on
toothed coupling 120, which moves it to the exact angular
position desired.

Table top 106 is raised and lowered by hydraulic

30 fluid introduced through a duct 125 in a central piston 126

which extends through a bore 128 in hub 108 and forms a hy-
draulic chamber 130 which is bounded on the bottom by a sur-
face of piston 126 and isbounded on the top by a surface of
table top 106. When hydraulic fluid is introduced into
chamber 130 it raises table top 106 and when the fluid is
evacuated from chamber 130 it allows table top 106 to drop.
Piston 126 can be ariven down to clamp a pallet 22 on top

of table top 106 by introducing hydraulic fluid into another
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chamber 132 which is bounded on the bottom by a surface of
piston 126 and is bounded on the top by a surface of inner
cylinder 102. Hydraulic fluid is introduced into chamber
132 via ducts 134 and 136. Chamber 130 is sealed by O-rings
5 138 and 139 and chamber 132 is sealed by O-rings 140 and 142,
all of the O-rings being seated in corresponding grooves in
piston 126.
Piston 126 has a clamp member 144 attached to the
top thereof by a nut 146, Clamp member 144 has overhanging
10 edges 148 which ride in the clamping slots of pallet 22 and
bear on the lower portion thereof to clamp pallet 22 to ta-
ble top 106, Four precision alignment buttons 150 are moun-
ted on table top 106 and interact with conical alignment
depressions on pallet 22 to precisely align pallet 22 with
15 respect to the Z axis. An alignment pin 149 extends through
bores in clamp member 144 and table top 106 to prevent rela-
tive angular motion therebetween. A hydraulic chamber 152 is
formed between the bottom of clamp member 144 and table top
106 to 1lift clamp member 1} to free pallet 22 to be shuttled.
20 Hydraulic fluid is introduced into chamber 152 via ducts 154
and 156 in piston 126. O-rings 153 and 139 seal chamber 152.
When table top 106 is raised by introducing hydrau-
lic fluid into chamber 130 through duct 125, a duct 158 which
is coupled to duct 125 also introduces hydraulic fluid into
25 a chamber 160 formed between a portion of piston 126 and a
portion of base ring 98. When hydraulic fluid is introduced
into chamber 160 it causes piston 126 to rise along with ta-
ble top 106. When table top 106 and piston 126 are raised
together, clamp 144 is held down by hydraulic pressure in
30 chamber 130.
In the operation of worktable 18, to clamp pallet
22 on table top 106, hydraulic fluid is introduced into cham-
ber 132 via ducts 134 and 136. To release the clamp for
shuttling, chamber 132 is evacuated and hydraulic fluid is
35 introduced into chamber 152 via ducts 154 and 156. To raise
table top 106 and clamp 144 for indexing, chamber 132 is
evacuated and hydraulic fluid is introduced into chambers
130 and 160 via ducts 125 and 158 respectively. It should
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be noted that the clamping action also pulls table top 106
downward. Air is evacuated from the chamber 162 formed at
the bottom of hub 108 by ducts 164 and 166 when table top
106 is lowered and is admitted thereto when table top 106 is
raised.

A compressed air system is provided in worktable
18 to blow chips away from the alignment depressions in pal-
let 22 when a new pallet 22 is placed on table top 106.
This compressed air system is shown in Figs. 6 and 7. Re-
ferring to Fig. 6, compressed air is routed through ducts
168 and 170 in inner cylinder 102 into compressed air groove
114 in hub 108 of table top 106. This compressed air is
carried through ducts 172, 174, 176 and 178 in table top 106
to an annular compressed air groove 180 in ring gear 116.
From groove 180, the compressed air is fed via ducts 182
(Fig. 7) to ducts 184 in alignment buttons 150. The compres-
sed air emerges as Jjets from the tops of alignment buttons
150 and blows chips out of the matching alignment depressions
in pallet 22 when it is being initially clamped on table top
106. '

The drive means for ring gear 116 is shown in Fig.
5. Base plate 88 has an end plate 186 attached thereto to
which is bolted a motor 188. The drive shaft 190 of motor
188 is inserted into a hollow sleeve 192 which has a bevel
pinion bear 194 on its other end and is coupled thereto by
a pin 196 which extends through drive shaft 190 and engages
slots 198 in sleeve 192. Sleeve 192 is journalled to base
plate 88 by a conventional bearing assembly 200 which is
bolted to base plate 88 by bolts which are not visible in
Fig. 5. Bevel pinion 194 drives a cluster gear 202 which
has a bevel gear 204 on its bottom and a spur gear 206 on
its top. Cluster gear 202 is journalled to base plate 88 by
a conventional means and is dimensioned so that spur gear
206 is engaged with ring gear 116 when table top 106 is in
its raised position and is disengaged from ring gear 116
when table top 106 is in its lowered position. Thus, when
table top 106 is raised by the hydraulic means described in
preceding paragraphs, spur gear 206 meshes with ring gear



15

20

25

30

35

-8 - 0000874

116 and permits servo motor 188 to rotate table top 106 for
indexing purposes. Motor 188 is controlled by a conventional
electrical control circuit (not shown) to index table top 106
through a predetermined angular movement. After the indexing
movement 1s completed, table top 106 is lowered to engage
toothed coupling 120 and to disengage gears 206 and 116.

As shown in Figs. 5, 8, and 9, spur gear 206 also
drives a gear assembly 208 which has a lower gear 210 which
engages gear 206 and has an upper gear 212 (Fig. 9) which
engages shuttle gear 80 only when table base 10 is moved into
its shuttle position to drive the shuttle mechanism. Gear
assembly 208 is journalled in a block 213 by conventional
means. Block 213 is attached to the top 214 of base 10 by
bolts 216. Gears 212 and 80 are only engaged when table
base 10 is moved into the shuttle position whereby the shut-
tle mechanism can only be actuated in the shuttle position.
Servo motor 188 is controlled by its control citcuit to ope-
rate in the appropriate direction for the appropriate number
of turns to drive shuttle slide 54 in the proper direction
to shuttle pallets 22 onto or off of worktable 18. Thus
servo motor 188 drives both worktable 18 and shuttle 54 and
eliminates the need for separate drive motors for these two
units. Servo motor 188 contains a resolver and tachometer
which are used as position and velocity feedback elements
when driving the worktable 18. The motor, resolver, and
tachometer serve to provide feedback veloclity and position
information to the control system during a shuttle cycle
thus eliminating the need for other prime movers or position
feedback devices.

Although the illustrative embodiment of the inven-
tion has been described in considerable detail for the pur-
pose of fully disclosing a practical operative structure in-
corporating the invention, it is to be understood that the
particular apparatus shown and described is intended to be
1liustrative only and that the various novel features of the
invention may be incorporated in other structural forms with-
out departing from the splirit and scope of the invention as
defined in the subjoined claims.
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CLAIMS

1. A machine tool including a bed; a table base
slidably mounted on said bed for movement along a first axis;
a worktable rotatably mounted on sald base for rotatlion about
a second axls transverse to sald first axlis; a motor mounted
on said base; and drive means coupled between said motor and
sald worktable to rotate the worktable; characterized by a
pallet shuttle slide slidably mounted on a frame for move-
ment along a third axis transverse to said first axls and to
said second axis, said pallet shuttle slide (54) being posi-
tioned to slide pallets (22) onto and off of sald worktable
(10, 18) in one position thereof, and drive means coupling
said motor (188) to said pallet shuttle slide (54) when sald
worktable (10, 18) 1is in position to transfer pallets there-
to whereby sald motor drives sald shuttle slide.

2. The machine tool according to claim 1, wherein
said worktable has a top (18) which is journalled for rota-
tion about said second axls, characterized by means for mov-
ing said table top (18) along sald second axis between a
raised and lowered position; & first gear (202) driven by
said motor (188) and connected to actuate both said worktable
top (18) and said shuttle slide (5U4) selectively; and a se-
cond gear (116) coupled to said worktable top (106) and posi-
tioned to engage said first gear (202) when said worktable
top is in its raised position for rotating said worktable
top and to be disengaged from sald first gear (202) when sald
worktable top (18) 1s in its lowered position.

3. The machine tool according to claim 2, charac-
terized in that said first gear 1s a cluster gear (202) hav-
ing a first portion (206) which is positioned to engage said
second gear (116) and having a second portion (204) which is
positioned to be driven by said motor (118).

L4, The machine tool according to claim 2 or 3,
characterized by a third gear (210, 212) engaged to be driven
by said first gear (202); and a fourth gear (80) coupled to
said pallet shuttle slide (54), said fourth gear (80) being
positioned to engage said third gear (212) when sald work-
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table (10, 18) is moved into position to receive pallets so
that said fourth gear (80) willl be actuated by said third
gear (212) for driving said pallet shuttle slide (54) in 1its
path of travel to transfer pallets onto and off of said work-

5 table (18).

5. The machine tool according to claim 4, charac-
terized in that said third gear 1s a gear assembly having a
first portion (210) which is positioned to engage said first
gear (202) and having a second portion (212) which is posi-

10 tioned to engage said third gear.

6. The machine tool according to claim 4 or 5,
wherein said fourth gear is a pinion gear (80), characterized
by a rack gear (66) coupled to said pallet shuttle slide (54)
and engaged with said pinion gear (80) to be driven thereby.

15 7. The machine tool according to any of claims 1
to 6, characterized by a pair of shuttle bases (26, 28) posi-
tioned in spaced apart relation opposite sald one position
of said worktable, sald pallet shuttle slide (54) being slid-
ably mounted on top of said shuttle bases (26, 28).

20 8. The machine tool according to claim 7 as depen-
dent on claim 6, by an elongated housing (68) mounted on said
shuttle base below said pallet shuttle slide (54), said rack
gear (66) being slidably mounted on said housing (68) and
said pinion gear (80) being rotatably mounted in said hous-

25 ing (68).

9. The machine tool according to claim 8, wherein
said housing (68) supports the rear of said pallet shuttle
slide (54), characterized by fingers projecting downwardly
from the front of said pallet shuttle slide and slidably

3 supported by sald shuttle tables to support the front of said
pallet shuttle slide.
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